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Abstract 

Small-scale farmers in southern Afr ica have t radi t ional ly relied on sorghum and mi l l e t to feed 
their families. Seventy-five delegates f rom 17 countries part icipated in the SADC/ICRISAT 
Regional Sorghum and Pearl M i l l e t Workshop he ld at Gaborone, Botswana, 2 5 - 2 9 Jul 1994, to 
discuss ways of improving sustainable food produc t ion in semi-arid areas. Recent research on 
sorghum and pearl m i l l e t was reviewed th rough presentations that discussed the role of three 
broad disciplines—genetic enhancement, crop protect ion, and technology transfer—in increas­
ing food security at household level. Pr ior i ty areas include enhancement of seed product ion , 
strategies of crop protect ion, reliable on-farm trials to identify promising varieties, and more 
effective technology transfer. 

Cover photo: Cooking sorghum-deta i l f r o m a wool len carpet woven in Botswana. 
Photography International Consultancies Ltd. 
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Editorial Notes 

1. The Lat in binomials for the pr incipal crops ment ioned in this book are: 
Sorghum: Sorghum bicolor (L.) Moench 
Pearl mi l l e t : Pennisetum glaucum (L.) R.Br. 
Finger m i l l e t : Eleusine coracana (L.) Gaertn. 
2. I n some papers i t has not been possible t o ci te references w i t h fu l l publicat ion data. Should 
readers thus have di f f icu l ty i n ident i fying sources, staff at SADC/ICRISAT w i l l be glad t o assist. 
Address: Matopos Research Station, PO Box 776, Bulawayo, Zimbabwe. Te l : + 2 6 3 83 8311. 
Fax: + 2 6 3 83 8253 or + 2 6 3 94 1652. E-mail : i c r i sa tzw@CGnet . com [Dia l com 157 :CGI222] . 

The views expressed in this publ icat ion are those of the authors and not necessarily those of 

ICRISAT. The designations employed and the presentation of the material in this publicat ion do 

no t i m p l y the expression of any opin ion whatsoever on the part of ICRISAT concerning the legal 

status of any country, t e r r i to ry , c i ty , or area, or of its authorities, or concerning the de l imi ta t ion 

of its frontiers or boundaries. W h e r e trade names are used this does not consti tute endorse-

men t of or discr iminat ion against any product by the Ins t i tu te . 
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Foreword 

L K Mughogho1 

T h i s W o r k s h o p was a n i m p o r t a n t e v e n t f o r t h r e e reasons. 

F i r s t , i t r epresen t s one o f several l o n g e r - t e r m responses t o t h e D r o u g h t E m e r g e n c y 

o f 1 9 9 1 / 2 b y t h e sc ien t i f i c c o m m u n i t y i n s o u t h e r n A f r i c a . E v e n w h i l e t h e i n i t i a l 

d i s t r i b u t i o n o f i m p r o v e d seeds t o f a r m e r s was b e i n g o rgan ized t o a v o i d a r e p e t i t i o n o f 

t h e e m e r g e n c y , i t b e c a m e clear t h a t a g r i c u l t u r a l research s t a f f w o u l d b e cha l l enged t o 

answer l e ad ing ques t ions a b o u t f u t u r e f o o d s e c u r i t y i n t h e r eg ion . Spec i f i ca l ly , h o w 

can p a r t i c u l a r a t t e n t i o n b e g i v e n t o t h e i m p r o v e m e n t o f s taple c rops t h a t are k n o w n 

t o b e d r o u g h t - t o l e r a n t ? A n d h o w can n a t i o n a l , r eg iona l , a n d i n t e r n a t i o n a l researchers 

m o s t e f f e c t i v e l y w o r k w i t h f a rmers , t o o p t i m i z e t h e exchanges o f i n f o r m a t i o n a n d 

t e c h n o l o g i e s o n w h i c h u p - t o - d a t e approaches t o a g r i c u l t u r a l research a n d d e v e l o p ­

m e n t are n o w based? 

I t t h e r e f o r e s e e m e d i m p o r t a n t t o b r i n g t o g e t h e r l ead ing researchers i n t h e S A D C 

r e g i o n w h o c o u l d c o n t r i b u t e resu l t s , e x p e r i e n c e , a n d ideas t o a deba te o f these a n d 

r e l a t e d issues. T h e o u t c o m e was t h e c o n v e n i n g o f t h e S A D C / I C R I S A T Regional Sor­

g h u m a n d Pear l M i l l e t W o r k s h o p , h e l d i n G a b o r o n e , Bo t swana , i n J u l y 1994 , t h e 

m a j o r agenda o f w h i c h c o n c e r n e d O n - F a r m Research a n d T e c h n o l o g y Exchange , 

c o u n t r y b y c o u n t r y . T h i s was f o l l o w e d b y w o r k - p l a n n i n g m e e t i n g s a n d appraisals o f 

t h e resources f o r i m p r o v e m e n t t h a t are c u r r e n t l y avai lable . 

T h e s econd reason f o r t h e W o r k s h o p ' s i m p o r t a n c e i s t h a t p a r t i c i p a n t s w h o p r e ­

s e n t e d papers w e r e asked t o emphas ize research f i n d i n g s i n t h e b r e e d i n g o f s o r g h u m 

a n d p e a r l m i l l e t , i n p l a n t p r o t e c t i o n , a n d i n e c o n o m i c s w h i c h c o u l d have ea r ly a p p l i ­

c a t i o n , o r w h i c h r e p r e s e n t e d s igni f icant advances i n o u r k n o w l e d g e o f cons t r a in t s i n 

p r o d u c i n g a n d m a r k e t i n g these c rops . T h e 4 7 papers p u b l i s h e d i n t h i s b o o k t h e r e f o r e 

c o m p r i s e a b e n c h m a r k o f a g r i c u l t u r a l research a c h i e v e m e n t i n t h e S A D C r e g i o n i n 

1 9 9 4 , p r o v i d i n g h e l p f u l gu idance o n s t reng ths a n d weaknesses. 

I t i s w o r t h y o f n o t e t h a t , i n e d i t o r i a l c o n s i d e r a t i o n o f t h e c o n t e n t s , i t was agreed 

f o r m a l t o p i c subheadings s h o u l d n o t b e used . W e f e l t t h a t t h i s w o u l d i m p o s e a r i g i d 

s t r u c t u r e o n t h e p u b l i c a t i o n t h a t m i g h t obscure t h e m u l t i d i s c i p l i n a r y n a t u r e o f t h e 

resea rch r e p o r t e d . T h e papers are t h e r e f o r e loose ly g r o u p e d b y t h e m e , s o t h a t readers 

m a y focus m o r e r e a d i l y o n ac tua l o r p o t e n t i a l i m p a c t s o f research a t v i l l age l e v e l 

r a t h e r t h a n o n t h e sc ien t i f i c a n d s o c i o e c o n o m i c d i sc ip l ines i n v o l v e d . 

T h i r d l y , t h e W o r k s h o p i s t h e f i r s t o f i t s k i n d i n w h i c h i t has been poss ib le t o 

i n c l u d e papers f r o m p a r t i c i p a n t s i n S o u t h A f r i c a . T h e S A D C research c o m m u n i t y has 

t h u s b e e n c o n s i d e r a b l y s t r e n g t h e n e d b y these a d d i t i o n a l c o n t r i b u t i o n s o f e x p e r i e n c e 

a n d k n o w l e d g e d i r e c t l y r e l evan t t o t h e t o p i c s c u r r e n t l y d e m a n d i n g o u r a t t e n t i o n . 

S ince t h e t i m e o f t h e W o r k s h o p f o l l o w - u p ac t i v i t i e s i n t h e S A D C r e g i o n have 

c o m p r i s e d n a t i o n a l annua l research m e e t i n g s t o discuss t e c h n o l o g y t rans fe r p lans f o r 

1. E x e c u t i v e D i r e c t o r , ICRISAT Sou the rn and Eastern A f r i c a Region, M a t o p o s Research S ta t ion , PO B o x 

776 , Bu lawayo , Z i m b a b w e . 

v i i 



s o r g h u m a n d p e a r l m i l l e t i n d r o u g h t - p r o n e regions . A n d i t i s p leas ing t o n o t e t h a t 

exchanges b e t w e e n n a t i o n a l , r eg iona l , a n d i n t e r n a t i o n a l research w o r k e r s , so c l ea r ly 

e n h a n c e d d u r i n g t h e W o r k s h o p , have c o n t r i b u t e d s ign i f i can t ly t o ac t iv i t i e s w i t h i n t h e 

n e w D e s e r t M a r g i n s I n i t i a t i v e ( D M I ) f o r A f r i c a , l a u n c h e d i n Jan 1995 . T h e r eg iona l 

D M I w o r k s h o p f o r s o u t h e r n A f r i c a h e l d i n G a b o r o n e i n Sep 1995 , a t t h e same t i m e a s 

r eg iona l w o r k s h o p s f o r w e s t e r n a n d eas te rn A f r i c a , e n d o r s e d t h e f o r m a t i o n o f N a ­

t i o n a l C o o r d i n a t i o n C o m m i t t e e s f o r p a r t i c i p a t i n g c o u n t r i e s (Bo t swana , B u r k i n a , 

K e n y a , M a l i , N a m i b i a , a n d N i g e r ) . T h u s t h e scope a n d t h r u s t o f o u r ear l ie r W o r k s h o p 

i s e x p e c t e d t o r ece ive i n t e r n a t i o n a l f u n d i n g a n d s u p p o r t f o r r e l a t e d ac t i v i t i e s i n 

p r i o r i t y d r o u g h t - p r o n e areas spec i f i ca l ly se l ec ted f o r D M I a c t i o n . 

v i i i 



Opening Remarks 

L P Gakale1 

D i s t i n g u i s h e d G u e s t s , F e l l o w Researchers, Ladies a n d G e n t l e m e n : 

I t i s m y p leasure t o w e l c o m e y o u a l l t o t h e 1994 S A D C Regiona l S o r g h u m a n d 

Pear l M i l l e t W o r k s h o p . M y v e r y w a r m w e l c o m e goes especia l ly t o o u r col leagues 

f r o m o u r s is ter i n s t i t u t i o n s i n I n d i a a n d w e s t e r n A f r i c a , w h o have c o m e he re t o share 

t h e i r expe r i ences w i t h u s i n t a c k l i n g t h e p r o b l e m s o f s o r g h u m a n d m i l l e t p r o d u c t i o n 

i n t h e i r r eg ions . 

I a m a w a r e s o m e o f y o u have b e e n i n G a b o r o n e since last w e e k f o r t h e p l a n n i n g , 

m o n i t o r i n g , a n d e v a l u a t i n g w o r k s h o p a n d y o u have a l ready seen m u c h o f G a b o r o n e . I 

w a n t t o u rge y o u , h o w e v e r , t o use y o u r spare t i m e t o see m o r e o f t h e c o u n t r y a n d o u r 

research f a c i l i t i e s . 

L e t m e e x t e n d t o a l l o f y o u m y M i n i s t r y ' s w a r m w o r d o f w e l c o m e . W e w i s h y o u a l l 

a successful W o r k s h o p o v e r t h e cour se o f t h e w e e k . 

O u r a p p r e c i a t i o n goes t o o u r sponsors , U S A I D , G T Z / B M Z , a n d C I D A f o r c o n t i n -

u e d s u p p o r t t o t h e S A D C S o r g h u m a n d M i l l e t I m p r o v e m e n t P ro jec t , w h i c h has m a d e 

poss ib le o u r g a t h e r i n g h e r e t h i s m o r n i n g . T h e organizers are t o b e c o m m e n d e d f o r t h e 

a r r a n g e m e n t s t h e y have m a d e f o r t h e W o r k s h o p , w h i c h I h o p e y o u w i l l f i n d adequa te 

f o r y o u r needs . 

L e t m e n o w i n v i t e o u r G u e s t o f H o n o r , M r T i b i , t h e D i r e c t o r o f C r o p P r o d u c t i o n 

a n d F o r e s t r y , t o o f f i c i a l l y o p e n o u r W o r k s h o p . 

1 . D i r e c t o r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , Gabo rone , Botswana 
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Welcome Address 

K S W Tibi1 

M r C h a i r m a n , D i r e c t o r o f S A C C A R , E x e c u t i v e D i r e c t o r o f S A D C / I C R I S A T , D i r e c t o r 

o f A g r i c u l t u r a l Research , D i s t i n g u i s h e d Sc ien t i s t s , Ladies a n d G e n t l e m e n : 

I t gives m e grea t p leasure t o w e l c o m e y o u t o G a b o r o n e , Bo t swana , f o r t h e 

S A D C / I C R I S A T Reg iona l S o r g h u m a n d Pearl M i l l e t W o r k s h o p . I u n d e r s t a n d some o f 

y o u have b e e n i n G a b o r o n e s ince last w e e k p a r t i c i p a t i n g i n a research p l a n n i n g , 

m o n i t o r i n g , a n d e v a l u a t i o n w o r k s h o p t h a t was also sponso red b y t h e S o r g h u m a n d 

M i l l e t I m p r o v e m e n t P r o g r a m ( S M I P ) o f S A D C / I C R I S A T . These w o r k s h o p s p r o v i d e 

a n o p p o r t u n i t y f o r sc ien t i s t s t o sha rpen t h e i r sk i l l s a n d exchange exper iences i n 

s o r g h u m a n d m i l l e t research . I have great e x p e c t a t i o n s f r o m t h i s w o r k s h o p , a n d I 

w i s h y o u f r u i t f u l d iscuss ions . I h o p e t h a t t h e f ac i l i t i e s avai lable t o y o u are adequa te 

a n d c o n d u c i v e t o ser ious w o r k . E q u a l l y avai lable are f ac i l i t i e s f o r r e l a x a t i o n a n d 

exerc i se , t o h e l p y o u k e e p y o u r energy levels h i g h d u r i n g y o u r 2 - w e e k stay he re . B u t 

r e m e m b e r t h a t t o o m u c h w o r k makes J o h n n y a d u l l b o y ! I n Setswana w e say: ' d in t sa 

d i b a f i l w e ' . I t m e a n s ' C o m e i n , t h e dogs are leashed ' . 

S M I P b e c a m e o p e r a t i o n a l i n 1984 f o l l o w i n g a r eques t t o I C R I S A T b y S A D C t o 

i m p r o v e sus ta inable f o o d p r o d u c t i o n i n s e m i - a r i d areas o f t h e S A D C reg ion t h a t are 

m o s t l y c u l t i v a t e d b y s m a l l h o l d e r f a rmer s . F o o d p r o d u c t i o n a n d f o o d s ecu r i t y i n these 

areas are adve r se ly a f f e c t e d b y i n a d e q u a t e r a i n f a l l a n d p e r i o d i c d r o u g h t s . T h e o n l y 

w a y t o increase f o o d s e c u r i t y a t h o u s e h o l d l e v e l i s t h r o u g h t h e d e v e l o p m e n t o f 

a p p r o p r i a t e t e c h n o l o g i e s f o r d r o u g h t - t o l e r a n t c rops . S o r g h u m a n d m i l l e t are u n ­

d o u b t e d l y t h e m o s t i m p o r t a n t f o o d grains f o r these areas. 

H i s t o r i c a l l y , these f o o d c rops w e r e c o n s i d e r e d p o o r m e n ' s c rops , a n d n o t e n o u g h 

was d o n e t o d e v e l o p t h e m , e v e n t h o u g h s m a l l h o l d e r f a rmer s have t r a d i t i o n a l l y r e l i e d 

o n s o r g h u m a n d m i l l e t t o f e e d t h e i r f a m i l i e s . B u t since 1984 , w h e n S M I P s t a r t e d i t s 

w o r k , w e have m a d e grea t s t r ides i n d e v e l o p i n g a n d i m p r o v i n g s o r g h u m a n d m i l l e t i n 

S A D C . T h e research c a p a c i t y f o r s o r g h u m a n d m i l l e t i n n a t i o n a l a g r i c u l t u r a l research 

sys tems ( N A R S ) has b e e n inc reased t h r o u g h i n f r a s t r u c t u r a l a n d h u m a n resource de ­

v e l o p m e n t . Spec i f i ca l ly : 

• M o r e t h a n 9 0 sc ien t i s t s f r o m S A D C N A R S have been sponsored f o r t r a i n i n g a t 

g r adua te a n d p o s t g r a d u a t e levels b y S M I P . 

• A n u m b e r o f i m p r o v e d c u l t i v a r s o f s o r g h u m a n d m i l l e t have b e e n d e v e l o p e d a n d 

re leased, a n d several are n o w i n p r o d u c t i o n . 

T h e t r a i n i n g r e c e i v e d b y N A R S sc ien t i s t s has g r e a t l y increased s o r g h u m a n d m i l l e t 

r e sea rch capab i l i t i e s across t h e S A D C r e g i o n . A c h i e v i n g reg iona l c o o p e r a t i o n i n agr i ­

c u l t u r a l research t h r o u g h t h e i n i t i a t i v e o f S A C C A R a n d S M I P i s a m i l e s t o n e f o r S A D C . 

A l r e a d y m a n y o f t h e re leased s o r g h u m a n d m i l l e t cu l t i va r s are a d a p t e d t o f a r m i n g 

c o n d i t i o n s i n m a n y S A D C c o u n t r i e s . 

1. D i r e c t o r , C r o p P r o d u c t i o n a n d Fores t ry , M i n i s t r y o f A g r i c u l t u r e , P O Bag 0 0 3 , Gaborone , Botswana. 
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S h o r t f a l l s i n t h e a v a i l a b i l i t y o f seed can n o w p o t e n t i a l l y b e m e t f r o m reg iona l 

sources . T h i s year , f o r e x a m p l e , B o t s w a n a w i l l i m p o r t Okashana 1 p e a r l m i l l e t seed 

f r o m N a m i b i a f o r s m a l l h o l d e r f a rmer s i n d r o u g h t - a f f e c t e d areas. S i m i l a r seed e x -

change w i l l t a k e p lace w i t h s o r g h u m . 

T h e m o s t i m p o r t a n t r e m a i n i n g task f o r y o u scient is ts i s t o ensure t h a t t h e t e c h n o l -

ogies y o u have d e v e l o p e d r e a c h f a r m e r s . Phase I I I o f S M I P a ims t o b r i n g n e w t e c h n o l -

ogies d i r e c t l y t o such f a rmer s . T h e N A R S , i n c o l l a b o r a t i o n w i t h S M I P , w i l l t e s t 

ava i lab le t e c h n o l o g i e s i n s m a l l h o l d e r f a r m e r s ' f ie lds a w a y f r o m e x p e r i m e n t s t a t ions . 

T h e s e t e c h n o l o g i e s s h o u l d b e e v a l u a t e d ca r e fu l l y f o r f a r m e r acceptance . Real i m p a c t 

w i l l b e r e a l i z e d w h e n f o o d p r o d u c t i o n a n d s e c u r i t y i m p r o v e a t h o u s e h o l d l e v e l . 

E x p e r i e n c e has t a u g h t u s t h a t d o m e s t i c f o o d s e c u r i t y can b e ach ieved o n l y w h e n 

c o n s u m e r s o f basic f o o d grains are able t o p r o d u c e t h e m a t f a r m h o u s e h o l d l e v e l . 

T h e r e f o r e , t h e r e i s a n e e d t o c o n t i n u e t o w o r k w i t h s m a l l h o l d e r f a rmers t o ensure 

t h a t avai lable t e chno log i e s bene f i t t h e m f u l l y . I ca l l u p o n g o v e r n m e n t a n d p u b l i c -

sec to r i n s t i t u t i o n s a n d N G O s t o w o r k w i t h s m a l l h o l d e r f a rmer s i n t h e research, 

d e v e l o p m e n t , p r o d u c t i o n , a n d m a r k e t i n g o f s o r g h u m a n d m i l l e t . 

L e t m e t e l l y o u h o w w e i n B o t s w a n a have been w o r k i n g t o es tab l i sh a susta inable 

s o r g h u m a n d m i l l e t i n d u s t r y . T h e d e v e l o p m e n t o f s o r g h u m gra in d e h u l l e r s b y R u r a l 

I n d u s t r i e s I n n o v a t i o n C e n t e r , a n N G O , was i n s t r u m e n t a l i n t h e c o m m e r c i a l i z a t i o n o f 

s o r g h u m f l o u r . Because o f these d e h u l l e r s , s o r g h u m i s m i l l e d i n b o t h r u r a l a n d u r b a n 

areas. T h e B o t s w a n a M i l l O w n e r s ' A s s o c i a t i o n c o n t i n u e s t o p r o v i d e s o r g h u m f l o u r t o 

a l l c o m m u n i t i e s i n t h e c o u n t r y . A d d i t i o n a l i m p r o v e m e n t s w i l l be n e e d e d t o c o n t i n u e 

t o m a k e s o r g h u m a c o m m e r c i a l c o m m o d i t y . W e ca l l o n t h e p r i v a t e sec tor t o c o n t i n u e 

t o f i n d w a y s o f m a r k e t i n g a n d us ing s o r g h u m t o achieve susta inable g r o w t h i n t h e 

i n d u s t r y . S m a l l h o l d e r f a rmer s s t a n d t o reap m o r e benef i t s f r o m h i g h e r p r o d u c t i o n 

a n d m a r k e t i n g a t h o u s e h o l d l e v e l . 

W h e n I was r e c e n t l y t a l k i n g t o a f a r m e r i n one o f t h e r u r a l c o m m u n i t i e s , h e said 

' H u n g e r has b e e n ban i shed f r o m t h i s h o u s e h o l d ' . H e was r e f e r r i n g t o a favorab le 

s o r g h u m harves t o f 50 bags f r o m a 10-ha area. T h i s represents 3 5 0 kg ha - 1 o f s o r g h u m 

g r a i n — a l o w y i e l d b y t h e s tandards o f c o m m e r c i a l f a r m i n g b u t v e r y h i g h f o r a 

s m a l l h o l d e r f a r m e r . 

T h e D e p a r t m e n t o f A g r i c u l t u r a l Research has re leased t h r e e s o r g h u m var ie t i e s a n d 

one h y b r i d s o r g h u m f o r p r o d u c t i o n i n Bo t swana . T w o pea r l m i l l e t var ie t ies are i n t h e 

prere lease phase o f t h e i r d e v e l o p m e n t . T h e n e w so rghums are d r o u g h t - t o l e r a n t a n d 

w i l l y i e l d m o r e t h a n c u r r e n t l y avai lable so rghums . E v e n a n o m i n a l y i e l d increase w i l l 

m e a n a subs t an t i a l increase i n s o r g h u m p r o d u c t i o n a t h o u s e h o l d l e v e l . T h i s , ladies a n d 

g e n t l e m e n , w i l l m a k e f o o d s e c u r i t y a r e a l i t y . 

I n t h e r e g i o n t h e r e have been impres s ive successes i n t h e p r o d u c t i o n o f s o r g h u m 

a n d p e a r l m i l l e t . Z i m b a b w e a n d N a m i b i a have each re leased n e w c u l t i v a r s w i t h 

s ign i f i can t increases in g r a in p r o d u c t i o n in t h e past 2 seasons. 

T h e r o l e o f t h e p r i v a t e sec to r m u s t increase across S A D C . Seed c o m p a n i e s p l a y a 

v i t a l r o l e i n e n s u r i n g t h a t seeds o f n e w var ie t ies a n d h y b r i d s reach s m a l l h o l d e r 

f a r m e r s o n t i m e . M a r k e t o u t l e t s m u s t b e s t r e n g t h e n e d t o l i n k n a t i o n a l , r eg iona l , a n d 

i n t e r n a t i o n a l s o r g h u m a n d m i l l e t m a r k e t s . W e m u s t f i n d a l t e r n a t i v e uses f o r s o r g h u m 

a n d m i l l e t i n such areas a s o f f - t h e - s h e l f consumables a n d l i v e s t o c k feeds. 
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Lad ie s a n d g e n t l e m e n , t h e B o t s w a n a g o v e r n m e n t r e m a i n s d e e p l y c o m m i t t e d t o 

i nc reas ing a n d e n s u r i n g f o o d s e c u r i t y a t h o u s e h o l d l e v e l . I m p r o v e d s o r g h u m a n d 

m i l l e t p r o d u c t i o n b y s m a l l h o l d e r f a r m e r s i n s e m i - a r i d areas o f S A D C rema ins t h e best 

means t o ach ieve t h i s goa l . 

O n b e h a l f o f S A D C , I t h a n k t h e d o n o r c o m m u n i t y , espec ia l ly U S A I D , f o r c o n t i n u -

i n g t o s u p p o r t S M I P . I t h a n k S A C C A R a n d S M I P f o r t h e l eade r sh ip ro les t h e y have 

p r o v i d e d i n t h e d e v e l o p m e n t o f s o r g h u m a n d m i l l e t i n S A D C . A n d , l a s t ly , I c o n g r a t u -

l a t e y o u S A D C sc ien t i s t s f o r y o u r c o n t r i b u t i o n t h r o u g h y o u r N A R S . 

T h a n k y o u . 
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Workshop Objectives 

L M Mazhani1 

I a m p leased t o p r e sen t t h e ob jec t ives o f t h i s W o r k s h o p a s p r o v i d e d f o r m e b y t h e 

S t e e r i n g C o m m i t t e e o f t h e S A D C / I C R I S A T S o r g h u m a n d M i l l e t I m p r o v e m e n t P r o -

j e c t ( S M I P ) . I t i s v e r y i m p o r t a n t t h a t t h e ob jec t ives are s t a t ed c lea r ly , because t h e y 

w i l l p r e s c r i b e t h e d i r e c t i o n o f y o u r discussions. 

I n o r d e r t o m a i n t a i n close i n t e r a c t i o n w i t h n a t i o n a l s o r g h u m a n d m i l l e t research 

p r o g r a m s , S M I P has u n t i l n o w been sponsor ing annua l w o r k s h o p s a t t e n d e d by r e -

search w o r k e r s i n t h e r e g i o n . T h i s a p p r o a c h has changed , a n d S M I P w i l l n o w m a i n t a i n 

w o r k i n g con t ac t s w i t h t h e n a t i o n a l sc ient is ts t h r o u g h special w o r k s h o p s . Emphas i s 

w i l l s h i f t f r o m r e v i e w papers t o o r i g i n a l research papers , a n d t h i s is t h e f o r m a t t h a t 

has b e e n a d o p t e d f o r t h i s W o r k s h o p , t h e m a i n ob jec t ives o f w h i c h are: 

• T o p r o v i d e a n o p p o r t u n i t y f o r s o r g h u m a n d m i l l e t sc ient is ts i n S A D C c o u n t r i e s t o 

p r e s e n t papers o n any aspect o f t h e i r o r i g i n a l research. 

• T o exchange i n f o r m a t i o n a n d e x p e r i e n c e o n s o r g h u m a n d m i l l e t t e c h n o l o g y t rans -

fe r a c t i v i t i e s . 

I t i s c lear f r o m these t w o ob jec t ives t h a t t h e W o r k s h o p presents a n o p p o r t u n i t y f o r 

y o u t o d i s s e m i n a t e y o u r research f i n d i n g s f o r t h e b e n e f i t o f t h e sc ien t i f i c c o m m u n i t y 

i n t h e S A D C r e g i o n . I a m sure y o u w i l l agree w i t h m e t h a t t h i s f o r u m is a g o o d basis 

f o r c o l l a b o r a t i o n . 

I also h o p e t h a t t h i s W o r k s h o p w i l l n o t b e t h e last , a n d I l o o k f o r w a r d t o a n o t h e r i n 

t h e f u t u r e w h e n y o u w i l l b e able t o r e p o r t n e w ach i evemen t s . 

T h a n k y o u . 

1. D e p u t y D i r e c t o r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , Gaborone , Botswana. 
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On-Farm Testing of Prereleased Sorghum Varieties 
in Botswana 

E Makhwaje1 

Abstract 

In the two seasons of data collection during this initial study, there were no 

significant yield differences either between prereleased varieties alone or between 

prereleased varieties and the local control. A further comparison between re-

search- and farmer-managed yield results shows a higher yield gap for the p r e -

released varieties than for the local control. This indicates that, unlike the 

prereleased varieties, the local control might do almost as well under the worst 

and the best management conditions. 

On a yield basis, there is a strong case for farmers to continue using Segaolane. 

But, taking color and taste of porridge as indicators, farmers prefer Macia, 

suggesting that this variety may be used as a food-crop substitute for Segaolane. 

SDS 2583, a malting variety with red grain and bitter porridge, is the least 

preferred by farmers as a food crop. 

The limited duration of this study means that its results can be regarded as 

only indicative and, therefore, that more data collection and analysis are needed. 

Introduction 

T h i s p a p e r presents t h e resul t s o f o n - f a r m t r i a l s i n B o t s w a n a i n t h e 1 9 9 2 / 9 3 a n d 

1 9 9 3 / 9 4 seasons o f t h r e e p re re leased s o r g h u m var ie t ies ( M a c i a , S D S 2 5 8 3 , a n d 

S D S L 8 7 0 1 9 ) . A l o c a l v a r i e t y , Segaolane, was used as a c o n t r o l . T h e var ie t ies w e r e 

e v a l u a t e d o n y i e l d a n d f a r m e r - p e r c e p t i o n . 

O f i m p o r t a n c e i s t h e c o m p a r i s o n b e t w e e n o n - f a r m a n d o n - s t a t i o n resu l t s , a n d t h e 

i m p l i c a t i o n s f o r s m a l l h o l d e r s . 

1 . Research Of f i ce r , D e p a r t m e n t o f A g r i c u l t u r a l Research, PO Bag 0 0 3 3 , Gaborone , Botswana. 

M a k h w a j e , E . 1996 . O n - f a r m tes t ing o f prereleased so rghum variet ies in Botswana. Pages 1-5 i n D r o u g h t -

t o l e r a n t crops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t 

W o r k s h o p , 2 5 - 2 9 J u l 1994, G a b o r o n e , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 5 0 2 

3 2 4 , A n d h r a Pradesh, Ind ia : I n t e rna t i ona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T rop ic s . 
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Results 

On-farm yields 

Figu re 1 shows average y i e ld s o f t h e 1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 seasons f r o m o n - f a r m 

t r i a l s o f t h e t h r e e p re re leased s o r g h u m var ie t ies , M a c i a , S D S L 8 7 0 1 9 , and S D S 2 5 8 3 , 

a n d t h e loca l c o n t r o l , Segaolane. T h e averages are across t h r e e a g r i c u l t u r a l regions 

( C e n t r a l , N o r t h East, a n d S o u t h e r n regions) n ine sites (v i l lages) , a n d 108 loca t ions 

( f a r m e r s ) w i t h i n these regions . 

E x c e p t fo r S D S L 8 7 0 1 9 , t h e o t h e r t w o var ie t ies have s l i gh t l y l o w e r y ie lds t h a n t h e 

loca l c o n t r o l . H o w e v e r , t h e r e w e r e n o s igni f icant y i e l d d i f fe rences b e t w e e n var ie t ies . 

These resu l t s i n d i c a t e t h a t , i n t e r m s o f y i e l d a lone, i t i s n o t w o r t h w h i l e t o cons ide r 

M a c i a , S D S L 8 7 0 1 9 , o r S D S 2 5 8 3 a s subs t i t u t e s fo r Segaolane. 

O n average, f a rmer s i n Bo t swana p l o w and sow 5 h a y r - 1 . U s u a l l y , 8 0 % o f t h i s i s 

s o w n t o s o r g h u m a n d t h e rest t o some o t h e r c r o p . A l s o , t h e subsis tence r e q u i r e m e n t 

fo r an average f a m i l y o f six persons i s 1262 kg y r - 1 . T a b l e 1 compare s t o t a l y i e lds f r o m 

each r e spec t ive v a r i e t y t o t h e subsis tence r e q u i r e m e n t . M u l t i p l y i n g average y i e l d 

values g i v e n in F igu re 1 by f o u r gives t o t a l y i e l d f igures fo r each v a r i e t y ( T a b l e 1). 

F i g u r e 1 . Y i e l d r e su l t s f r o m s o r g h u m o n - f a r m t r i a l s , 1 9 9 2 - 9 4 , B o t s w a n a . 
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Table 1 . D i f ference b e t w e e n average yield per year fo r prereleased sorghum vari-
eties a n d subsistence gra in requ i rement (1262 kg), Botswana, 1992 -94 . 

Var iety 

Macia 
SDS 2583 
S D S L 87019 
Segaolane 

Total y ield at 4 ha y r 1 (kg) 

1800 
1723 
2229 
1844 

Di f ference1 (kg) 

+ 538 
+ 461 
+ 967 
+ 582 

1. Refers to total yield at 4 ha yr-1 for each variety minus subsistence requirement. The total yield was obtained by 
multiplying average yield (Fig. 1J for each variety by four. 

T a b l e 1 shows t h a t a l l var ie t ies m o r e t h a n satisfy t h e subsistence r e q u i r e m e n t . T h i s 

i m p l i e s t h a t , besides t h e loca l v a r i e t y , t h e a l t e r n a t i v e var ie t ies , t o o , have t h e p o t e n t i a l 

t o satisfy t h e subsis tence r e q u i r e m e n t u n d e r f a r m e r - m a n a g e d c o n d i t i o n s . T h e e x t r a 

y i e l d c o u l d b e used fo r i n c o m e g e n e r a t i o n . 

Yield gap II 

Y i e l d gap I I refers t o y i e l d d i f f e rences b e t w e e n p o t e n t i a l and ac tua l f a r m y i e l d . 

P o t e n t i a l y i e l d was t a k e n t o b e y i e l d f r o m research-managed and r e sea rch - imp le -

m e n t e d (RMR1) t r i a l s a n d ac tua l y i e l d a s y i e l d f r o m f a r m e r - m a n a g e d a n d f a r m e r -

i m p l e m e n t e d ( F M F I ) o n - f a r m t r i a l s . These y i e l d d i f fe rences are usual ly due t o b i o l o g -

ica l a n d / o r s o c i o e c o n o m i c fac tors . F igure 2 shows such y i e l d d i f f e r en t i a l s f o r sor-

g h u m var ie t i e s f o r t r i a l s c o n d u c t e d b e t w e e n 1992 a n d 1994 . 

Variety 

F i g u r e 2 . Y i e l d gaps for R M R I and F M F I trials w i t h sorghum, Botswana. 
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T h e pe rcen tage y i e l d gaps b e t w e e n F M F I and R M R I for t h e t w o seasons w e r e : 

5 3 . 5 % ( M a c i a ) , 3 6 . 6 7 % ( S D S L 8 7 0 1 9 ) , 16 .03% (Segaolane) , and 4 4 . 2 9 % ( S D S 

2 5 8 3 ) . 

I t can be seen t h a t t h e gap i s larger fo r t h e a l t e rna t i ve v a r i e t i e s — 3 7 to 5 4 % fo r 

M a c i a , S D S L 8 7 0 1 9 , a n d S D S 2 5 8 3 — t h a n fo r Segaolane ( 1 6 % ) . Since t h e o n l y 

d i f f e r e n c e b e t w e e n t h e t w o t r i a l s i s t h e m a n a g e m e n t fac tor , a h i g h level o f manage-

m e n t i s r e q u i r e d fo r these n e w var ie t ies t o y i e l d a s e x p e c t e d . L i k e w i s e , a h i g h leve l o f 

m a n a g e m e n t i s n o t a p r e r e q u i s i t e fo r h i g h y ie lds o f t h e loca l v a r i e t y . H e n c e , u n d e r 

f a r m e r - m a n a g e d c o n d i t i o n s , t h e loca l v a r i e t y i s m o r e cos t - e f fec t ive t h a n t h e t h r e e 

p re re leased va r ie t i e s . 

F i n a l l y , t h e resu l t s p r e s e n t e d i n t h i s subsec t ion emphas ize t h e i m p o r t a n c e o f o n -

f a r m research i n v e r i f y i n g o n - s t a t i o n f i n d i n g s . T h u s , var ie t ies t h a t m i g h t p e r f o r m w e l l 

u n d e r research m a n a g e m e n t m i g h t n o t p e r f o r m a s w e l l u n d e r f a r m e r - m a n a g e d c o n d i -

t i o n s . W e also emphas ize t h e i m p o r t a n c e o f local var ie t ies w h e n c o n s i d e r i n g a l te rna-

t i ve s . T h e l o w e r y i e l d gap f o r t h e l oca l v a r i e t y i s a n i n d i c a t i o n o f a m u c h m o r e stable 

v a r i e t y g iven t h e w o r s t a n d best scenarios. 

Farmers' preference 

T a b l e 2 p resen ts t h e resu l ts o f a f a r m e r - p e r c e p t i o n tes t c o n d u c t e d in t h e ag r i cu l t u ra l 
reg ions m e n t i o n e d ear l ie r . T h e values f o r pe rcen tage acceptance re la te t o those i n d i -
v i dua l s w h o c o u l d accep t a p a r t i c u l a r va r i e t y r a t he r t h a n t h e o the rs as a f o o d c r o p . 

Table 2. Farmers ' acceptance (%) of prereleased varieties as f o o d crops ( tota l 
respondents = 4 8 ) . 

Acceptance 

Macia 

99.9 

SDS 2583 

25 

SDSL 87019 

56 

Segaolane 

75 

J u d g m e n t o n accep tance was based o n c o l o r and taste o f p o r r i d g e p r e p a r e d f r o m 

milia m e a l o f each v a r i e t y . A l t h o u g h S D S 2 5 8 3 has r e d g ra in , i t was t h e least ac -

c e p t e d v a r i e t y because i ts p o r r i d g e has a b i t t e r tas te . I t i s w o r t h n o t i n g t h a t t h i s 

v a r i e t y was d e v e l o p e d p r i m a r i l y fo r b r e w i n g beer. T h e o t h e r var ie t ies w i t h h i g h 

accep tance pe rcen tage have w h i t e grains t h a t p r o d u c e w h i t e p o r r i d g e . T h e a l m o s t 

100% accep tance of M a c i a ind ica t e s t h a t t h i s v a r i e t y c o u l d be used as a subs t i -

t u t e / c o m p l e m e n t f o r t h e loca l v a r i e t y . Fa rmer s l i k e d b o t h t h e c o l o r and taste o f t h e 

p o r r i d g e f r o m t h i s v a r i e t y m o r e t h a n those o f t h e o the r s . 

These resul t s i n d i c a t e t h a t w h i t e g ra in i s p r e f e r r e d fo r p o r r i d g e over r e d g ra in . 

Tas te a n d c o l o r o f p o r r i d g e p l ay a b ig ro l e i n d e t e r m i n i n g w h e t h e r o r n o t a p a r t i c u l a r 

v a r i e t y w i l l be a c c e p t e d as a f o o d c r o p . T h i s i m p l i e s t h a t i t is i m p o r t a n t for b reeders 

t o i d e n t i f y key charac ters o f var ie t ies r e l a t e d t o t h e i r i n t e n d e d uses. 

T a b l e 3 presents f a r m e r s ' p e r c e p t i o n o f t h e prere leased var ie t ies i n m o n e t a r y 

t e r m s . H e r e , f a r m e r s w e r e g iven a t o t a l o f P 1 0 0 . 0 0 ( U S $ 3 5 . 6 5 ) and asked t o spend i t 

o n any o f these va r ie t i e s . A g a i n , tas te a n d c o l o r o f p o r r i d g e w e r e used a s i n d i c a t o r s . 
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Table 3. Expendi ture on prereleased sorghum varieties as f o o d crops, expressed in 
pula (Botswana currency). 

Respondents 
Expendi ture 

( in pula) 

Macia 

22 

16.04 

SDS 2583 

3 

2.50 

SDSL 87019 

9 

6.42 

Segaolane 

14 

10.70 

T a b l e 3 ind ica tes t h a t , g iven c o l o r and taste of p o r r i d g e as i nd ica to r s , f a rmers 

w o u l d spend ve ry l i t t l e m o n e y o n S D S 2 5 8 3 a s a f o o d c r o p . A l s o , f a rmers w o u l d n o t 

spend as h i g h a percentage of t h e i r funds as t h e t ab le m i g h t i m p l y on o n l y one v a r i e t y . 

T h u s , w h e n i t comes t o m o n e y , f a rmers are m o r e cau t ious and scept ica l o f n e w 

i n n o v a t i o n s . 

Conclusions 

Lessons l ea rned f r o m t h i s s t u d y , subjec t t o f u r t h e r t r i a l s a n d analysis, are t h e 

f o l l o w i n g . 

- Subs is tence r e q u i r e m e n t s can be sat isf ied us ing t h e prere leased var ie t ies . 

- T h e y i e l d gap in var ie t i es a s one moves f r o m o n - s t a t i o n to o n - f a r m resul ts gives t h e 

poss ib le v a r i a b i l i t y i n y i e l d a s one m o v e s f r o m research-managed t o f a r m e r - m a n -

aged s i t ua t i ons . 

S u c h i n f o r m a t i o n gives a r a t i o n a l basis for d e t e r m i n i n g research p r i o r i t i e s i f r e l a t ed 

p r o d u c t i o n cons t r a in t s can be i d e n t i f i e d . 

I t i s v e r y i m p o r t a n t t o i n c l u d e f a rmers i n t h e e v a l u a t i o n o f var ie t ies be fo re t h e y are 

re leased. Fa i l u r e t o do so m a y re su l t i n d e v e l o p i n g var ie t ies t h a t socie ty does n o t 

w a n t . 
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Development of and Institutional Support 
Systems for Sorghum-Milling Technology1 

M D Mmapatsi and J M Maleke2 

Abstract 

This paper presents an overview of the process of developing technology aimed at 

answering a felt need in the market and putting in place institutions that support 

the targeted technology. A small-scale unit for dehulling and milling sorghum was 

developed by the Rural Industries Innovation Centre, Botswana, for import sub-

stitution purposes. It relieves women and children from hand-processing sorghum, 

thereby releasing their time for alternative productive activities and creating 

income-earning activities for villagers. 

The success of the sorghum dehulling technology clearly demonstrates that, 

alongside good technology, there should be sound facilitatory and backup organi-

zations and institutions to support the technology. 

The paper contends that, where technology is developed to meet a specific need, 

with total involvement by the concerned target group, such technology is bound to 

be successful and sustainable. 

It is also argued that the development of this unit has led not only to creation of 

employment in rural food processing, but has also created both backward and 

forward linkages in the rural economy. As it therefore contributes significantly 

towards household food security, it is recommended that the Botswana govern-

ment should continue to support such technology development. 

Technology Development Strategy 

A m a j o r c o n c e r n c o n s t a n t l y be ing e c h o e d in m o s t d e v e l o p i n g c o u n t r i e s i s t h e s l o w 

ra te a t w h i c h these c o u n t r i e s ' e conomies g r o w . T e c h n o l o g i c a l progress i s one o f t h e 

i m p o r t a n t fac tors t h a t c o n t r i b u t e t o w a r d s e c o n o m i c g r o w t h , b u t u n f o r t u n a t e l y m o s t 

o f these c o u n t r i e s are s t i l l lagging b e h i n d i n t e r m s o f t e c h n o l o g y d e v e l o p m e n t and 

a d a p t a t i o n . T e c h n o l o g i c a l progress i t s e l f resul ts f r o m i m p r o v e d a n d n e w ways o f 

1. Paper p rev ious ly presented a t t h e FAO W o r k s h o p on Exper ience G a i n e d in A f r i c a on the I m p r o v e m e n t 

o f Post Harves t Techno logy , 4 - 8 Jul 1994. 

2 . Rural Indus t r ies I n n o v a t i o n Cen t r e , PO Bag 0011, Kanye, Botswana. 

M m a p a t s i , M . D . , and M a l e k e , J . M . 1996. D e v e l o p m e n t o f and in s t i t u t iona l suppor t for s o r g h u m - m i l l i n g 

t echno logy . Pages 7 - 1 8 in D r o u g h t - t o l e r a n t crops for southern Af r i ca : proceedings of the S A D C / I C R I S A T 

Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K. , and 

M a n t h e , C.S. , eds.). Patancheru 502 324 , A n d h r a Pradesh, India: In te rna t iona l C r o p s Research I n s t i t u t e 

for t h e S e m i - A r i d T r o p i c s . 
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a c c o m p l i s h i n g t r a d i t i o n a l tasks. T h e d e v e l o p m e n t o f d e h u l l i n g t e c h n o l o g y was a n e w 

w a y o f a c c o m p l i s h i n g a t r a d i t i o n a l task. 

R u r a l I n d u s t r i e s P r o m o t i o n C o m p a n y ( B o t s w a n a ) , w h i c h runs t h e Rura l I ndus t r i e s 

I n n o v a t i o n C e n t r e ( R I I C ) , i s p r i m a r i l y a r u r a l d e v e l o p m e n t o rgan iza t i on a n d uses 

t e c h n o l o g y a n d r u r a l t e c h n o l o g i c a l t r a i n i n g o n l y a s a means to an e n d . T h e f o l l o w i n g 

are t h e C e n t r e ' s speci f ic ob jec t ives . 

1 . To research , d e v e l o p , t ransfer , a n d d i s semina te t echno log ies a p p r o p r i a t e fo r 

B o t s w a n a . 

2 . T o t r a i n a n d s u p p o r t art isans i n t h e i n f o r m a l sector t o get i n t o business. 

3 . T o t r ans f e r t h e m a n u f a c t u r e o f d e v e l o p e d t echno log ies t o t h e p r i v a t e sector . 

4 . T o genera te i n c o m e . 

T h e m a n d a t e o f t h i s o r g a n i z a t i o n d ic ta tes t h a t i ts ac t iv i t i e s s h o u l d b e those t h a t t r y 

to solve p r o b l e m s o f r u r a l d e v e l o p m e n t . As a r e su l t , t e c h n o l o g y d e v e l o p m e n t i s to a 

large e x t e n t c o n c e p t u a l i z e d a n d i m p l e m e n t e d in a systems pe r spec t ive . 

C l e a r m e c h a n i s m s have been p u t i n p lace t h a t i n v o l v e a l l d e p a r t m e n t s o f t h e 

C e n t r e , n a m e l y , t h e Research a n d D e v e l o p m e n t , E x t e n s i o n Services, a n d C o m m e r -

c ia l D e p a r t m e n t s . A l l w o r k t o g e t h e r i n t h e d e v e l o p m e n t and d i s s e m i n a t i o n o f n e w 

ideas, p r o d u c t s , a n d services. 

T h e c o n s t i t u e n c y o f users i s v a l u e d and i t inf luences t h e d i r e c t i o n o f t h e p r o d u c t 

range. T h i s ensures t h a t t e c h n o l o g y d e v e l o p m e n t i s n o t o n l y c o n s i d e r e d i n i t s t o t a l i t y , 

b u t i t i s also p r o b l e m - a n d d e m a n d - l e d . 

T h e process o f d e v e l o p i n g t e c h n o l o g y recognizes l inkages and over laps t h a t ex is t i n 

t h e s y s t e m . A n d , i n i t s ques t t o seek t e c h n o l o g y - l e d so lu t ions t o r u r a l d e v e l o p m e n t , 

t h e c o m b i n a t i o n o f research, e x t e n s i o n , and user l inkages i s c en t r a l t o t h e C e n t r e ' s 

a c t i v i t i e s . 

T h e D e v e l o p m e n t o f S o r g h u m M i l l i n g i n B o t s w a n a 

S o r g h u m has t r a d i t i o n a l l y been t h e m a i n s taple f o o d fo r t h e m a j o r i t y o f Batswana, 

f o l l o w e d b y ma ize , m i l l e t , a n d pulses . B u t , d u r i n g t h e 1970s, t h e r e was g r o w i n g 

c o n c e r n i n B o t s w a n a t h a t t h e r e was a sh i f t away f r o m b o t h p r o d u c t i o n and c o n s u m p -

t i o n o f s o r g h u m t o w a r d s ma ize . 

M a i z e h a d g r a d u a l l y b e c o m e m o r e o f a cash c r o p , t h e r e b y c r ea t i ng incen t ives f o r 

f a rmer s t o g r o w i t , d e s p i t e t h e fac t t h a t t h e c l i m a t i c c o n d i t i o n s o f t h e c o u n t r y favor 

t h e p r o d u c t i o n o f s o r g h u m . Because o f t h e incen t ives c r ea t ed b y t h e m a r k e t , suffi-

c i e n t suppl ies o f ma i ze w e r e p r o d u c e d t o m e e t t h e increas ing d e m a n d , a n d sma l l 

grains such a s s o r g h u m and m i l l e t r e m a i n e d i n t h e t r a d i t i o n a l sector ( G i b b s 1 9 8 6 ) . 

A s a r e su l t o f t h e r eady a v a i l a b i l i t y o f ma ize f l ou r i n t h e m a r k e t , c o n s u m e r p re fe r -

ence also s w i t c h e d t o t h i s c o m m o d i t y . T h e o t h e r c o n t r i b u t o r y factors w e r e t h e 

r e l a t i v e l y l o w p r i c e a n d p r epackag ing o f t h e ma ize f lour . A n d process ing s o r g h u m t o 

m a k e f lour , w h e n c o m p a r e d w i t h t h e process ing o f ma ize , r equ i re s t e d i o u s h a n d -

s t a m p i n g . 
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M o s t o f t h e ma ize f l o u r t h a t came o n t o t h e m a r k e t was f r o m S o u t h A f r i c a and , 

because o f i ts p o l i c y o f f o o d se l f - suf f ic iency , t h e Botswana g o v e r n m e n t was d e t e r -

m i n e d t o set i n t r a i n measures t h a t w o u l d persuade consumers t o s w i t c h back f r o m 

ma ize t o s o r g h u m . T h i s l a t t e r c r o p i s w e l l a d a p t e d t o t h e soi l and c l i m a t i c c o n d i t i o n s , 

a n d has f o r a l o n g t i m e been t h e s taple f o o d in t h e c o u n t r y . 

Small-scale milling industry 

In 1977 , t h e C e n t r e c a r r i e d o u t a p r o b l e m - i d e n t i f i c a t i o n a n d needs assessment survey 

i n 5 3 vi l lages . T h e resul t s s h o w e d t h a t one o f t h e m a j o r p r o b l e m areas was t h e h a n d -

s t a m p i n g o f s o r g h u m gra in , a l abor ious and t i m e - c o n s u m i n g task t h a t i s c a r r i ed o u t by 

w o m e n a n d c h i l d r e n i n t r a d i t i o n a l househo lds . T h e C e n t r e t h e r e f o r e began a p ro j ec t 

t o i d e n t i f y , adap t , and d e v e l o p t echno log ies su i tab le fo r t h e e s t ab l i shmen t o f s m a l l -

scale s o r g h u m m i l l s f o r use i n r u r a l areas i n Botswana . T h e p r o j e c t had t w o objec t ives : 

1 . T o release w o m e n ' s and c h i l d r e n ' s t i m e fo r m o r e p r o d u c t i v e o r social ly r e w a r d i n g 

a c t i v i t i e s , b y r ep l ac ing hand-process ing w i t h mach ine -p rocess ing . 

2 . T o encourage increased c o n s u m p t i o n a n d p r o d u c t i o n o f s o r g h u m , a d r y l a n d c r o p 

r e l a t i v e l y t o l e r a n t o f d r o u g h t a s c o m p a r e d w i t h maize . 

The Pitsane commercial and RIIC service mills 

I n 1974 t h e B o t s w a n a g o v e r n m e n t es tab l i shed t h e Bo t swana A g r i c u l t u r a l M a r k e t i n g 

B o a r d , p r i m a r i l y t o s t i m u l a t e f o o d p r o d u c t i o n i n Bo t swana , p a r t i c u l a r l y s o r g h u m . 

G o o d pr ices fo r s o r g h u m a n d o t h e r c rops w e r e gua ran teed y e a r - r o u n d . 

T h e m a n a g e m e n t o f t h e B o a r d a p p r o a c h e d I D R C i n Canada fo r t e c h n i c a l and 

f inanc ia l assistance. An a g r e e m e n t was reached fo r t h e e s t ab l i shmen t o f a p i l o t sor-

g h u m m i l l i n Pi tsane. 

A f t e r t h e m i l l was c o m m i s s i o n e d , p r o f i t was rea l ized i n a s h o r t t i m e , desp i t e t h e 

fac t t h a t s o r g h u m f l o u r was p r i c e d a t 2 3 % above maize f lour ( G i b b s 1986 ) . A n d w h e n 

t h e Pi tsane m i l l was b e i n g c o m m i s s i o n e d , RI IC ' s N a t i o n a l N e e d s Assessment R e p o r t 

( 1 9 7 7 ) i n d i c a t e d t h a t t h e r e was a need fo r a t e c h n o l o g y t h a t c o u l d replace h a n d -

s t a m p i n g in t h e m a k i n g o f s o r g h u m f lour . R I I C t h e r e f o r e s t a r t ed w o r k to adapt a 

d e h u l l e r s i m i l a r t o t h e one used a t Pitsane and m o d i f i e d c e r t a i n c o m p o n e n t s t o c o m e 

u p w i t h a b e t t e r p r o d u c t . 

The decortication process in technology development 

T h e d e v e l o p m e n t o f t h e d e h u l l e r f o r d e c o r t i c a t i o n was c a r r i e d o u t b y R I I C i n co l l ab -

o r a t i o n w i t h I D R C . 
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A d a p t e d f r o m a ba r l ey th re she r , t h e m a c h i n e f u n c t i o n s w i t h d r y , abrasive w h e e l s . 

Bas ica l ly i t i s a h o r i z o n t a l b a r r e l w h i c h inco rpo ra t e s 13 even ly-spaced c a r b o r u n d u m 

w h e e l s t h a t r o t a t e c l o c k w i s e against t h e grains a t a p p r o x i m a t e l y 2 0 0 0 rev m i n - 1 . T h e 

ba r r e l has l in ings o f r e i n f o r c e d r u b b e r m a t e r i a l t o p r o v i d e grea ter abras ion a n d r e d u c e 

noise l e v e l . T h e p r i n c i p l e e m p l o y e d i s t h a t o f progress ive abras ion o f t h e o u t e r layers 

o f grains t h r o u g h o u t t h e l e n g t h o f t h e d e h u l l e r ba r r e l . T h e w h e e l d i m e n s i o n i s 

2 5 . 0 c m d i a m e t e r a n d 2.1 c m t h i c k . D r y s o r g h u m i s f e d i n t o t h e h o p p e r ( w i t h 

2 5 - k g h o l d i n g c a p a c i t y ) t h r o u g h a n adjus table t h r o u g h p u t c o n t r o l m e c h a n i s m . T h e 

husks and b r a n , r e m o v e d by t h e abrasive a c t i o n , are e x t r a c t e d by means o f a s u c t i o n 

a s p i r a t i o n fan a n d d u c t i n g sy s t em l o c a t e d a t t h e t o p o f t h e ba r r e l , t o b e c o l l e c t e d via 

c y c l o n e in bags. T h e d e h u l l e d s o r g h u m , be ing heavier , i s e x t r a c t e d e i t h e r t h o u g h a 

side c h u t e fo r c o n t i n u o u s process ing, o r by a b o t t o m t r a p d o o r i n t h e case o f b a t c h 

f eed ing . (See t h e d iagrams in Figures 1 and 2 a n d t h e d i a g r a m m a t i c r e p r e s e n t a t i o n of 

t h e d e h u l l i n g / m i l l i n g process i n F igure 3.) 

Extension and Marketing Strategies 

F o r R I I C , t h e d e v e l o p m e n t o f t h e d e h u l l e r t e c h n o l o g y was n o t a n e n d i n i t se l f , b u t 

was r a t h e r seen as a v e h i c l e f o r r u r a l d e v e l o p m e n t . T h e g o v e r n m e n t , on t h e o t h e r 

h a n d , s u p p o r t e d t h e d e v e l o p m e n t o f s o r g h u m m i l l i n g because t h i s i n d u s t r y c o u l d 

c o n t r i b u t e t o w a r d s b o t h na t i ona l f o o d s ecu r i t y and ru r a l d e v e l o p m e n t . 

R I I C e n c o u r a g e d a n d s u p p o r t e d t h e g r o w t h o f a m i l l i n g i n d u s t r y t h a t w o u l d b e 

d e c e n t r a l i z e d w i t h d iverse , r u r a l l y -based , a n d i n d i g e n o u s l y - o w n e d m a n a g e m e n t . T h i s 

s u p p o r t was based o n t h e r ea l i za t i on t h a t , i f service m i l l i n g p r o s p e r e d , i t w o u l d o f f e r 

m o r e sus ta inable e m p l o y m e n t i n r u r a l areas a n d raise t h e l abor p r o d u c t i v i t y o f w o ­

m e n a n d c h i l d r e n b y re leas ing t h e m t o engage i n a l t e rna t ive ac t iv i t i e s t h a t have a 

h i g h e r l abo r o p p o r t u n i t y cos t ( G i b b s 1986; D i n a t 1987 ) . 

T h e d e v e l o p m e n t o f t h e t e c h n o l o g y f o l l o w e d t h e n o r m a l e x t e n s i o n cyc l e , w h i c h 

e n s u r e d t h a t t h e research u n d e r t a k e n was d e m a n d - and p r o b l e m - l e d . 

C o n s u m e r in te res t s and d e m a n d fo r t h e p r o d u c t d r e w R I I C , w h i c h had h i t h e r t o 

been m o r e i n t e r e s t e d i n t e c h n o l o g y d e v e l o p m e n t , i n t o p r o d u c t m a r k e t i n g and s u p p l y . 

B u t , because these are t h e concerns o f t h e e x t e n s i o n and m a r k e t i n g wings o f t h e 

C e n t r e , these t w o d e p a r t m e n t s w e r e cha rged w i t h r e s p o n s i b i l i t y fo r m a r k e t i n g t h e 

research a n d d e v e l o p m e n t p r o d u c t s ( D i n a t 1987 ) , a n d o f k e e p i n g close c o n t a c t w i t h 

users a n d t h e o p i n i o n s o f t h e u l t i m a t e consumers . 

T h u s , f r o m t h e i n i t i a l stages, t h e f o l l o w i n g steps w e r e t a k e n t o m a r k e t t h e d e h u l l e r 

t e c h n o l o g y . 

1 . In J u l y 1979 t h e m a c h i n e r y was e x h i b i t e d a s 'state o f t h e a r t ' t e c h n o l o g y a t t h e 

a g r i c u l t u r a l t r a d e fa i r . T w o p r o t o t y p e mach ines w e r e i n s t a l l ed i n t w o vi l lages, and 

these p r o v i d e d su f f i c i en t i n f o r m a t i o n t o enable p r o d u c t i o n o f a l i m i t e d n u m b e r o f 

u n i t s . 

2 . T o c rea te f u r t h e r awareness o f t h e n e w p r o d u c t , i n t ens ive m a r k e t i n g research was 

c a r r i e d o u t . M e e t i n g s w e r e h e l d t h r o u g h o u t Bo t swana i n vil lages a t t h e t r a d i t i o n a l 
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g a t h e r i n g places (kgot la) t o b r i e f t h e vi l lagers a b o u t t h e p r o d u c t . E x t e n s i o n t eams 

w e r e b r i e f e d o n t h e s o c i o e c o n o m i c f ea s ib i l i t y o f t h e m i l l i n g u n i t and , a s a r e s u l t o f 

these exercises , v i l lagers w e r e i n v i t e d t o have t h e i r c rops m i l l e d a t n o charge. 

3 . T h e s t r o n g i n t e r e s t s h o w n i n t h e m i l l i n g package encouraged t h e E x t e n s i o n D e -

p a r t m e n t a t R I I C t o p u t t o g e t h e r a n ope ra to r ' s m a n u a l , a n d d e v e l o p a c u r r i c u l u m 

f o r a t r a i n i n g course f o r p o t e n t i a l buye r s . Seminars w e r e also h e l d w i t h i n t e r e s t e d 

buye r s , a n d t h e c u r r i c u l u m was r e v i e w e d d u r i n g these ga ther ings . 

4 . A m e c h a n i s m was p u t i n p lace t o ge t f eedback f r o m t h e f i e l d , and a database o f 

t e c h n i c a l p r o b l e m s was c r e a t e d t o address t h e c o m m o n ones. A s so lu t ions t o these 

p r o b l e m s w e r e w o r k e d o u t , a n e n t i r e g e n e r a t i o n o f d e h u l l e r s h a d t o b e r eca l l ed f o r 

m o d i f i c a t i o n t o i m p r o v e t h e i r p e r f o r m a n c e . I n s t a l l a t i o n p rocedu re s w e r e rev ised 

t o ensure e f f e c t i v e b a c k u p s u p p o r t . 

5 . R I I C saw t h e n e e d f o r an o rgan ized user c o n s t i t u e n c y , a n d began c o n t a c t i n g m i l l e r s 

i n 1 9 8 2 . T h i s user g r o u p l a t e r became Bo t swana M i l l O w n e r s ' A s s o c i a t i o n , w h i c h 

m a t u r e d i n t o a n i n d e p e n d e n t N G O t h a t concerns i t s e l f w i t h m i l l o w n e r s ' in te res t s . 

6 . I n o r d e r t o e f f e c t i v e l y address d e m a n d s o f t h e m a r k e t , resources w e r e o rgan ized 

a n d r eg iona l agents f o r spare par t s w e r e also engaged. 

7 . Success i n t h e d e v e l o p m e n t o f t h e t e c h n o l o g y a n d m a r k e t i n g was la rge ly a r e su l t o f 

t h e a b i l i t y o f t h e o rgan i za t i on t o m a t c h t h e t e c h n o l o g y o n o f f e r w i t h t h e need o f 

t h e user c o n s t i t u e n c y . T h i s also m e a n t t h a t t h e i n t e r l i n k e d e l e m e n t s o f ob jec t ives , 

m e t h o d s , o rgan iza t iona l means , a n d t a rge t ca tegory h a d t o b e ad jus ted o r a l l o w e d 

to se l f -adjus t as any one e l e m e n t changed . 

T h e process f lowchar t i n F igu re 4 ind ica tes t h e steps u n d e r t a k e n f r o m t h e fea-

s i b i l i t y s t u d y stage t o t e c h n o l o g y t ransfer . 

Targeting and Employment Creation 

T h e N a t i o n a l N e e d s Assessmen t R e p o r t ( R I I C 1977) v e r i f i e d t h a t h a n d - s t a m p i n g o f 

s o r g h u m has t r a d i t i o n a l l y b e e n a d o m a i n o f w o m e n a n d c h i l d r e n i n Bo t swana . 

A s t u d y u n d e r t a k e n by N a r a y a n - P a r k e r ( 1 9 8 2 ) revea led t h a t us ing a d e h u l l e r re-

leased w o m e n ' s a n d c h i l d r e n ' s t i m e s o t h a t t h e f o r m e r n o w have 4 1 % t i m e t o engage 

i n ' p r o d u c t i v e a c t i v i t i e s ' , w h i l e c h i l d r e n s i m i l a r l y have 5 0 % ( T a b l e 1). 

Table 1 . Saved t i m e redis tr ibut ion . 

Family 
member 

W o m a n 

C h i l d 

Feed preparation 
t i m e (h) 

4 - 6 

3 

T i m e saved 

(h) 

2.5 

2.0 

Household ac-
t i v i t y (%) 

57 

31 

Productive 
activity (%) 

41 

50 

Other 
(%) 

2 

19 
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Figure 4. Process f lowchart: the technology in format ion system. 

A s t u d y by G r o t h e t a l . ( 1 9 9 2 ) has s h o w n t h a t abou t 2 2 4 jobs have been gene ra t ed 

b y 5 6 m i l l i n g packages t h a t have been set u p c o u n t r y w i d e , a n d b o t h males a n d 

females r e g i s t e r e d equa l n u m b e r s i n t h e m i l l s . I n d e e d , t h i s c o u l d b e a sign o f equa l 

o p p o r t u n i t i e s i n e m p l o y m e n t i n t h i s subsector . 
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Relationship between Commercial and Service Mills 

T h e service a n d c o m m e r c i a l m i l l s f u n c t i o n t o service c o m m u n i t i e s i n t h e i r r e spec t ive 

l o c a t i o n s a n d t h e r e f o r e , i n m o s t cases, d o n o t c o m p e t e w i t h each o t h e r . 

T h e serv ice m i l l s are gene ra l ly l o c a t e d i n s m a l l vi l lages i n r u r a l areas, w h i l e t h e 

c o m m e r c i a l ones are s i t u a t e d in u r b a n areas a n d m a j o r vi l lages. H o w e v e r , t h e r e are a 

f e w m i l l s t h a t d o b o t h service a n d c o m m e r c i a l m i l l i n g , and t h e targets f o r such 

services are d i f f e r e n t . F inanc i a l analysis data f o r b o t h c o m m e r c i a l a n d service m i l l s 

a n d t e c h n i c a l da ta o n t h e d e h u l l e r are avai lable f r o m R I I C , i f r e q u i r e d . 

Institutional Support for the Milling Industry 

Success i n t h e d e v e l o p m e n t a n d w i d e d i s t r i b u t i o n o f t h e d e h u l l e r t e c h n o l o g y i s 

l a rge ly a t t r i b u t a b l e t o t h e ef fec t iveness a n d f l e x i b i l i t y o f t h e i n s t i t u t i o n s t h a t w e r e 

c h a r g e d w i t h va r ious r e spons ib i l i t i e s . W e have a d o p t e d t h e B inswanger and R u t t a n 

( 1 9 7 8 ) v i e w of i n s t i t u t i o n s as a set o f behav io ra l ru les t h a t g o v e r n a p a r t i c u l a r p a t t e r n 

o f a c t i o n a n d r e l a t i o n s h i p s . A n o rgan iza t ion , h o w e v e r , i s a d e c i s i o n - m a k i n g u n i t . A n 

o rgan iza t ion ' s a c t i v i t i e s are g u i d e d b y t h e s t r u c t u r e a n d o r d e r o f i n s t i t u t i o n s , and t h i s 

i n d e e d shows t h a t t h e r e i s n o t m u c h d i f f e r e n c e b e t w e e n organiza t ions and i n s t i t u -

t i o n s . T h e f o l l o w i n g R I I C u n i t s are r e l evan t i n t h i s c o n t e x t . 

T e c h n o l o g y T r a n s f e r U n i t . T h i s was set u p i n 1989 t o t r ans fe r t h e m a n u f a c t u r e o f 

' q u a l i f i e d ' t e c h n o l o g i e s t o loca l eng inee r ing w o r k s h o p s , and has been h e l p f u l i n f a c i l i -

t a t i n g , a m o n g o t h e r t echno log ie s , t h e m a n u f a c t u r e o f t h e s o r g h u m d e h u l l e r . T h r o u g h 

t h i s i n i t i a t i v e , R I I C has been able t o m e e t t h e d e m a n d f o r t h e s o r g h u m dehu l l e r s b y i t s 

c l i e n t s a n d , i n t h e process , has inc reased loca l use o f s o r g h u m p r o d u c t s — i n p a r t i c u -

lar , s o r g h u m f lou r . 

Ins ta l la t ion U n i t . T h i s c o n t i n u e s t o assist c l i en t s i n s e t t i n g u p t h e d e h u l l e r s f o r t h e i r 

use, a f t e r purchase . 

Extens ion U n i t . S t a f f e d b y a t e a m o f t e c h n i c a l off icers , t h i s u n i t c o n t i n u e s t o 

m a x i m i z e t h e sale o f t h e d e h u l l e r s t h r o u g h d i r e c t c o n t a c t w i t h t h e t a rge t p o p u l a t i o n . 

M a r k e t i n g U n i t . A n a r m o f t h e R I I C C o m m e r c i a l D e p a r t m e n t , t h i s u n i t a ims a t 

e n s u r i n g t h e d i v e r s i f i c a t i o n o f t h e C e n t r e ' s p r o d u c t range b y i d e n t i f y i n g p r o d u c t s 

su i t ab le f o r l oca l m a n u f a c t u r e o r d i s t r i b u t i o n . I t also m a r k e t s RI IC ' s f i n i s h e d p r o d u c t s 

w i t h i n a n d o u t s i d e t h e c o u n t r y . T o t h i s e n d , RI IC ' s s o r g h u m d e h u l l e r has been dis-

s e m i n a t e d n o t o n l y i n B o t s w a n a b u t also i n 1 0 o t h e r A f r i c a n c o u n t r i e s : L e s o t h o , 

M a l a w i , M a l i , N a m i b i a , Senegal , S o u t h A f r i c a , S w a z i l a n d , Tanzania , Z a m b i a , a n d 

Z i m b a b w e . O t h e r m a r k e t i n g p r o g r a m s are p l a n n e d . 

T h e associa ted Bo t swana M i l l O w n e r s ' Association a ims a t m a x i m i z i n g t h e c o n t r i -

b u t i o n o f s o r g h u m m i l l i n g t o e c o n o m i c g r o w t h b y p r o m o t i n g a d e c e n t r a l i z e d , v i l l age -

based, a n d l o c a l l y - o w n e d i n d u s t r y i n t h e b e l i e f t h a t t h i s i n i t i a t i v e w i l l m a x i m i z e 
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e m p l o y m e n t o p p o r t u n i t i e s a n d t h e t r ans fe r o f ski l ls t o r u r a l areas w h e r e m o s t p e o p l e 

l i v e . N o n e t h e l e s s , t h e m a i n ob jec t ives o f t h e A s s o c i a t i o n can b e s u m m a r i z e d a s 

f o l l o w s : 

1 . T o o f f e r a business adv i so ry service t h a t assists m e m b e r s i n b o t h c o m m e r c i a l a n d 

service m i l l i n g . 

2 . T o a c t i v e l y p r o m o t e t h e c o n s u m p t i o n o f so rghum-based p r o d u c t s r e l a t i ve t o o t h e r 

grains , a n d t o p r o m o t e research i n t o n e w foods f r o m s o r g h u m . 

3 . T o l iaise w i t h r e l e v a n t g o v e r n m e n t m i n i s t r i e s a n d organiza t ions c o n c e r n i n g p o l i c y 

issues a f f e c t i n g t h e i n d u s t r y a n d r ep re sen t ing t h e in te res t s o f m e m b e r m i l l s . 

Summary and Conclusions 

T h e d e v e l o p m e n t o f t h e s o r g h u m d e h u l l e r b y R I I C has p r o v e d t h a t t e c h n o l o g y based 

o n peop le ' s p e r c e i v e d needs w i l l be a c c e p t e d a n d used , a n d creates a p o s i t i v e i m p a c t 

o n t h e i r s t a n d a r d o f l i v i n g . T h i s i s p a r t i c u l a r l y d e m o n s t r a t e d b y t i m e r e d i s t r i b u t i o n 

d e r i v e d f r o m us ing t h e m i l l i n g t e c h n o l o g y . I n a d d i t i o n , t h e m i l l i n g i n d u s t r y has 

o p e n e d u p i n c o m e - e a r n i n g o p p o r t u n i t i e s t h r o u g h j o b c r e a t i o n , and t h u s enhanced 

f o o d s e c u r i t y f o r a cons ide rab le n u m b e r o f p e o p l e i n Bo t swana . I t has also c o n t r i b ­

u t e d s i gn i f i c an t l y t o i m p o r t s u b s t i t u t i o n a n d r e d u c e d re l iance o n c o m m e r c i a l l i n k s 

w i t h S o u t h A f r i c a . 

In d e v e l o p i n g c o u n t r i e s w i t h l i m i t e d f inanc ia l resources, a s i n Bo t swana , t h e r e i s a 

n e e d t o d e v e l o p t e c h n o l o g y a long t h e l ines d e p i c t e d b y H o l t a n d S c h o o r l ( 1 9 8 9 ) : t o 

f u l f i l l t h e search f o r t h e e n d w e already" k n o w t o be des i rable . G i v e n t h e fact t h a t 

research a n d d e v e l o p m e n t ac t i v i t i e s d o n o t r ead i ly p r o d u c e t h e resul ts t h a t cover 

t h e i r costs, i t w o u l d a lways b e w i s e t o s p e n d m o n e y o n d e v e l o p m e n t o f t echno log ies 

t h a t m e e t t h e i d e n t i f i e d a n d f e l t needs o f consumers . 

I n B o t s w a n a , t h e sh i f t i n emphas is f r o m se l f - suf f ic iency t o f o o d secu r i t y c a m e 

a b o u t t h r o u g h p r i c e i ncen t ives t h a t f a v o r e d cash c rops against s taple f o o d crops such 

a s s o r g h u m . T h i s d i r e c t l y encouraged p r o d u c e r s t o s w i t c h c rops . C o n s e q u e n t l y , i n d i g ­

enous t e c h n i c a l k n o w l e d g e o f s o r g h u m p r o d u c t i o n b u i l t u p ove r t h e years has b e e n 

u n d e r u t i l i z e d , o r c o u l d b e los t . 

T h e r e f o r e i t i s r e c o m m e n d e d t h a t t h e Bo t swana g o v e r n m e n t s h o u l d c o n t i n u e t o 

s u p p o r t R I I C a n d s i m i l a r organiza t ions t o research a n d d e v e l o p t echno log ies geared 

t o w a r d s l i b e r a t i n g t h e p o o r a n d d i sadvantaged f r o m hunge r . T h u s t h e success o f t h e 

d e h u l l e r a n d o t h e r t echno log ie s d e v e l o p e d b y R I I C i s a t e s t i m o n y t o t h e fac t t h a t 

funds f r o m g o v e r n m e n t a n d o t h e r sources have been p u t t o g o o d use. 
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Sorghum Variety Release in Malawi: the Case of 
Pirira 1 and Pirira 2 

E M Chintu1, C F B Chigwe2, A B Obilana3, R W Chirwa4, and F S Msiska5 

Abstract 

The major area of sorghum production in Malawi is the Lower Shire. Major 

constraints to production have been: lack of suitable cultivars, unsatisfactory 

cultivation practices, drought, and pest damage. Current sorghum breeding work 

has identified new varieties which are superior to those currently being grown. 

Two new varieties have been tested on-station between 1984/85 and 1992/93 

cropping seasons in replicated trials in six environments, compared with other 

varieties and controls. Their performances have also been verified in 1992/93 in 

on-farm trials, compared with farmer varieties, at eight locations in two districts 

of Chikwawa and Nsanje in the Lower Shire. Results from these 14 environments 

provide usable data to confirm superiority of the two elite sorghum varieties 

tested. In the station environments, variety SPV 351 yielded 2.28 t ha1 and SPV 

475 2.44 t ha1, relative to five other test varieties ranging from 1.5 t ha-1 to 1.84 

t ha-1, and two controls with 1.41 t ha-1 (PN 3) and 1.85 t ha-1 (DC 75). In the 

on-farm locations they also yielded better at 2.03 t ha-1 and 2.60 t ha-1, respec-

tively, than the farmers' local landrace variety (LLV Thengalamanga: 1.99 t 

ha-1). The two varieties also mature earlier (71 and 76 days to 50% flowering) 

than the control PN 3 (74 days) and other test entries (ranging from 80 to 87 

days), and have better storage and grain characters. 

Based on significant yield differences (62 and 73% higher grain yield) of the 

two sorghum varieties relative to PN 3 (in station trials) and (2 and 31% higher 

yield) relative to LLV Thengalamanga (in on-farm tests), the two varieties from 

ICRISAT, SPV 351 and SPV 475, were released in Malawi as Pirira 1 and 

Pirira 2. 

1. Senior Research Of f i ce r , Kas in thula Research S ta t ion , PO Box 28 , C h i k w a w a , M a l a w i . 

2 . Senior Plant Breeder and Lec tu re r , Bunda Col lege o f A g r i c u l t u r e , PO Box 219, L i l o n g w e , M a l a w i . 

3 . P r inc ipa l Scient is t , S A D C / I C R I S A T , PO Box 776, Bulawayo, Z i m b a b w e . 

4 . Senior Plant Breeder, Ngabu Research S ta t ion , PO Box 48 , Ngabu , M a l a w i . 

5 . A g r o n o m i s t , C h i t e d z e Research S ta t ion , PO B o x 158, L i l o n g w e , M a l a w i . 
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C h i n t u , E . M . , C h i g w e , C . F . B . , O b i l a n a , A . B . , C h i r w a R . W . , and M s i s k a , F.S. 1996. S o r g h u m V a r i e t y 

Release in M a l a w i : t h e Case of Pi r i ra 1 and Pir i ra 2 . Pages 1 9 - 2 5 in D r o u g h t - t o l e r a n t crops for sou thern 

A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional So rghum and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, 

G a b o r o n e , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 502 324 , A n d h r a Pradesh, Ind ia : 
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Introduction 

S o r g h u m a n d pea r l m i l l e t are i m p o r t a n t cereals i n t h e Sh i r e V a l l e y ( a s e m i - a r i d area 

i n M a l a w i ) w h e r e a p p r o x i m a t e l y 5 2 1 0 0 0 p e o p l e l i v e ( V e n e m a 1991) . I n t h i s area, 

w h i c h i s m a r g i n a l f o r m a i z e p r o d u c t i o n , t h e t w o cereals f o r m t h e m a i n s taple f o o d . 

D e s p i t e t h e i r i m p o r t a n c e a s a s taple f o o d f o r 6 .5% o f t h e c o u n t r y ' s p o p u l a t i o n , 

y i e l d s o f s o r g h u m a n d m i l l e t i n t h e Sh i r e V a l l e y are l i m i t e d b y several fac tors such a s 

l a c k o f i m p r o v e d c u l t i v a r s , unsa t i s f ac to ry c r o p p r o d u c t i o n prac t ices , d r o u g h t , pests, 

a n d diseases ( C h i n t u 1 9 8 5 ) . 

A v e r a g e g r a i n p r o d u c t i o n a t f a r m l e v e l i s b e l o w 6 0 0 k g ha-1 c o m p a r e d w i t h 2 0 0 0 k g 

ha-1 a t t h e resea rch l e v e l . T h i s y i e l d d i f f e r e n c e can b e a t t r i b u t e d la rge ly t o t h e use b y 

f a r m e r s o f u n i m p r o v e d L L V s a n d p o o r a g r o n o m i c p rac t i ces . P r o d u c t i o n i s also l i m i t e d 

b y p o o r a n d e r r a t i c d i s t r i b u t i o n o f r a i n f a l l . C r o p loss d u e t o pests ( b i rd s ) a n d insects 

( s t e m bo re r s a n d w e e v i l s ) i n t h e f i e l d a n d storage can b e q u i t e h i g h . 

I n v i e w o f t h e above cons t r a in t s , C h i n t u a n d C h i g w e ( 1 9 8 6 ) o u t l i n e d t h e f o l l o w i n g 

s t r a t egy f o r i m p r o v i n g s o r g h u m a n d m i l l e t i n M a l a w i : 

- s c r een ing L L V a n d e x o t i c b r e e d i n g m a t e r i a l , t o d e v e l o p n e w a n d a d a p t e d h i g h -

y i e l d i n g va r i e t i e s ; 

- i m p r o v i n g c u l t i v a t i o n p rac t i ces f o r so i l a n d w a t e r c o n s e r v a t i o n a n d increased so i l 

f e r t i l i t y ; 

- u s ing t h e c o r r e c t p l a n t p o p u l a t i o n , ea r ly s o w i n g , a n d t i m e l y w e e d c o n t r o l ; a n d 

- s t u d y i n g t h e p rocess ing a n d storage t e c h n i q u e s , a n d t h e f o o d a n d o t h e r uses o f t h e 

g r a i n . 

T h e ob j ec t i ve s o f t h i s pape r are t o : r e p o r t t h e a g r o n o m i c p e r f o r m a n c e o f p r o m i s i n g 

t e s t s o r g h u m var ie t i e s i n m u l t i l o c a t i o n a l a n d r e p l i c a t e d t r i a l s , a n d desc r ibe t h e d e v e l ­

o p m e n t , q u a l i t y , a n d release o f t h e t w o s u p e r i o r var ie t ies . 

Materials and Methods 

Seven s o r g h u m var ie t i e s w e r e e v a l u a t e d f o r g ra in y i e l d p e r f o r m a n c e , g ra in q u a l i t y , 

pe s t res is tance , a n d a g r o n o m i c charac te rs , t o g e t h e r w i t h t w o c o n t r o l s . These var ie t i e s 

w e r e s c r eened a t several e n v i r o n m e n t s i n t h e L o w e r Sh i re f o r o n - s t a t i o n t e s t i n g ( s ix 

e n v i r o n m e n t s ) a n d o n - f a r m v e r i f i c a t i o n ( e i g h t l o c a t i o n s ) . T h e six o n - s t a t i o n e n v i r o n -

m e n t s are: 1 : N g a b u 1 9 8 4 / 8 5 ; 2 : K a s i n t h u l a 1 9 8 5 / 8 6 ; 3 : K a s i n t h u l a 1 9 8 6 / 8 7 ; 4 : 

N g a b u 1 9 9 0 / 9 1 ; 5 : K a s i n t h u l a 1 9 9 0 / 9 1 ; 6 : K a s i n t h u l a 1 9 9 2 / 9 3 . T h e e i g h t o n - f a r m 

l o c a t i o n s are: f a r m e r f i e ld s F1 to F7 a n d K a s i n t h u l a f i e ld . 

T h e y w e r e a r r anged i n a r a n d o m i z e d c o m p l e t e b l o c k des ign w i t h f o u r r e p l i c a t i o n s . 

A gross p l o t size of 4 r o w s x 5 m l o n g x 0 .75 m b e t w e e n r o w s was used . D a t a w e r e 

c o l l e c t e d f r o m a n e t p l o t size of 2 r o w s x 4 m l o n g x 0 .75 m b e t w e e n r o w s . N i t r o g e n 

a n d p h o s p h o r u s w e r e a p p l i e d b e f o r e s o w i n g a t t h e rates o f 4 0 a n d 1 7 k g ha - 1 respec-

t i v e l y , f r o m urea a n d D A P fe r t i l i z e r s . F o u r seeds w e r e s o w n pe r s t a n d a t 2 5 c m 

b e t w e e n p l a n t s . Seedl ings w e r e t h i n n e d t o t w o p lan t s pe r s t and w h e n a b o u t 1 5 c m 

h i g h . D a t a w e r e s t a t i s t i c a l l y ana lyzed us ing s i m p l e A N O V A . 
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F o r t h e purposes o f end-use q u a l i t y , t h e grains o f t es t var ie t ies , w i t h S P V 3 5 1 a n d 

S P V 4 7 5 a s c o n t r o l s , w e r e e v a l u a t e d us ing q u a l i t a t i v e a n d q u a n t i t a t i v e m e t h o d s f o r 

p h y s i c a l a n d c h e m i c a l t r a i t s . A l l tes ts w e r e based o n r ep re sen ta t i ve samples o f ha r -

v e s t e d a n d u n t r e a t e d grains f r o m t r i a l s , t h e n s t o r e d u p t o t h e t i m e o f analysis a t 4 ° C . 

G r a i n s w e r e e q u i l i b r a t e d t o r o o m t e m p e r a t u r e a n d h u m i d i t y s t a n d a r d i z e d t o a m o i s -

t u r e c o n t e n t o f 10.5 ± 0 . 8 % p r i o r t o a l l tests . Q u a l i t y pa rame te r s sc reened f o r i n c l u d e : 

g r a i n c o l o r , p e r i c a r p a n d tes ta presence, e n d o s p e r m c o l o r , g r a in size, g ra in v isua l 

hardness , % m i l l i n g y i e l d , % d e h u l l i n g loss, a n d t a n n i n c o n t e n t . 

Results and Discussion 

Sign i f i can t d i f f e r ences w e r e o b s e r v e d ( T a b l e 1 ) b e t w e e n var ie t i es f o r g ra in y i e l d i n a l l 

s ix e n v i r o n m e n t s . M o r e t h a n 2 0 0 0 k g h a - 1 g ra in y i e l d was ach ieved i n t h r e e ( 1 , 2 , a n d 

6 ) o u t o f s ix e n v i r o n m e n t s t e s t e d . T h e o t h e r t h r e e e n v i r o n m e n t s p r o d u c e d p o o r 

resu l t s d u e t o b a d w e a t h e r . 

S P V 3 4 6 p r o d u c e d t h e h ighes t g r a in y i e l d i n e n v i r o n m e n t 1 . T h i s y i e l d was n o t 

s i gn i f i can t ly d i f f e r e n t f r o m S P V 4 7 5 a n d S P V 3 5 1 , w h i c h r a n k e d second a n d t h i r d 

r e s p e c t i v e l y . These var ie t ies ( S P V 351 a n d S P V 4 7 5 ) r a n k e d f i r s t a n d second i n 

e n v i r o n m e n t 2 a n d v i ce versa in e n v i r o n m e n t s 4 and 5. 

O n average, t h e g r a in y i e l d s o f S P V 3 5 1 a n d S P V 4 7 5 w e r e 2 2 8 4 k g ha-1 a n d 2 4 4 3 

k g ha-1 r e spec t i ve ly , across t h e s ix e n v i r o n m e n t s . These w e r e 6 2 % a n d 7 3 % above P N 

3 , a n d 2 4 % a n d 3 2 % above D C 75 , r e spec t ive ly . 
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Table 1 . S u m m a r y of gra in yield (kg ha - 1 ) of sorghum varieties tested w i t h SPV 351 
a n d SPV 4 7 5 in six env i ronments in M a l a w i . 

Var ie ty Env. 1 Env. 2 Env. 3 Env. 4 

SPV 351 2680 3433 1231 1882 
SPV 346 2860 2501 1463 
SPV 475 2690 2804 1298 2514 
SPV 472 2470 1985 713 
SPV 386 2120 1754 1212 
SPV 615 1800 2780 426 
SPV 245 2040 1961 500 

Con t ro l 
PN 3 (variety) 990 2355 898 
DC 75 (hybr id) - - - 1013 

Tr ia l mean 2206 2447 967 1316 
( n = 8 ) ( n = 8 ) ( n = 8 ) n = 1 5 

L S D (P 0.05) 680 1014 595 579 
C V ( % ) 20.9 28.1 35.0 58.7 

Env. 5 

1792 
521 

1937 
-
-
-

-

-
917 

1112 
n = 1 6 

718 
45.3 

Env. 6 

2884 
-

2221 
-
-
-

-

-
3608 

2081 
n = 1 2 
1114 

37.2 

Mean 

2284 
1836 
2443 
1723 
1695 
1669 
1500 

1414 
1846 



Table 2 . M e a n p e r f o r m a n c e of SPV 351 a n d SPV 4 7 5 relat ive to o ther test entr ies in six 
locat ions in M a l a w i . 

Var ie ty 

SPV 351 
SPV 346 
SPV 475 
SPV 472 
SPV 386 
SPV 615 
SPV 245 

Con t ro l 
PN 3 (Var ie ty) 
D C 7 5 (Hyb r i d ) 

Tr ia l mean 
L S D (P 0.05) 
C V ( % ) 

Gra in 
y ie ld 

(kg ha - 1) 

2284 
1836 
2443 
1723 
1695 
1689 
1500 

1414 
1846 

1836 

Days to 
50% 

flower 

71 
80 
76 
82 
81 
87 
81 

74 
-

79 
7 
4.8 

No . o f 
panicles 

p lot - 1 

34 
33 
32 
25 
36 
10 
11 

25 
-

26 
15 
32.6 

Gra in 
mass 

(g) 

36 
44 
39 
29 
39 
47 
59 

39 
-

42 
14 
18.4 

Threshing 
panicle 

( % ) 

52 
56 
57 
49 
44 
43 
43 

48 

-

49 
14 
14.4 

Plant 
h t (cm) 

153 
162 
149 
191 
188 
155 
131 

116 
-

158 
17 
66.1 

T a b l e 2 shows t h e m e a n p e r f o r m a n c e fo r five a g r o n o m i c t r a i t s p lus y i e l d . S igni f i -

can t v a r i e t a l d i f f e r ences w e r e obse rved i n a l l a g r o n o m i c characters measu red . T h e 

ear l ies t va r i e t i e s t o reach 5 0 % f l o w e r i n g i n 7 1 - 7 6 days w e r e S P V 3 5 1 , P N 3 , and S P V 

4 7 5 . T h e s e va r i e t i e s w e r e s e m i d w a r f , d w a r f , a n d s e m i d w a r f , r e spec t ive ly , a n d 1 1 6 -

153 c m i n p l a n t h e i g h t . 

A l t h o u g h t h e g r a i n w e i g h t p e r p a n i c l e o f S P V 3 5 1 , S P V 4 7 5 , a n d S P V 3 4 6 was n o t 

large ( 3 6 - 4 4 g ) c o m p a r e d w i t h S P V 2 4 5 ( 5 9 g ) , these var ie t ies h a d t h r e s h i n g values 

o f m o r e t h a n 5 0 % . T h e i m p l i c a t i o n i s t h a t S P V 351 and S P V 4 7 5 have m o r e grains pe r 

p a n i c l e . 

W i t h t h e e x c e p t i o n o f P N 3 a l l var ie t ies t e s t e d scored m o r e t h a n 3 o u t o f 5 f o r 

g r a i n hardness , i n c l u d i n g S P V 3 5 1 a t 3 .4 a n d S P V 4 7 5 a t 3 .2 ( T a b l e 3 ) . These grains 

are t h u s h a r d i n c o m p a r i s o n w i t h t h e sof t g r a in o f P N 3 ( sco r ing 2 . 5 ) . These observa-

t i o n s agree w i t h t h e o b s e r v e d grea te r i n c i d e n c e o f s torage w e e v i l i n P N 3 ( w i t h a n 

average o f 0 . 2 6 w e e v i l s / p a n i c l e ) c o m p a r e d w i t h S P V 351 a n d S P V 4 7 5 ( w i t h 0 . 0 6 

a n d 0 . 0 2 w e e v i l s / p a n i c l e ) i n t h e f i e l d (pers . c o m m . T h i n d w a ) . I n c i d e n t a l l y , P N 3 i s 

w h i t e w i t h b r o w n specks w h i l e S P V 3 5 1 a n d S P V 4 7 5 are c r e a m y - w h i t e . T h e m i l l i n g 

q u a l i t y o f t h e t e s t ma t e r i a l s ( T a b l e 3 ) are i n d i c a t e d b y t h e t h r e e tests o f m i l l i n g y i e l d , 

d e h u l l i n g loss, a n d g r a i n hardness (score 1 : sof t ; 5 : v e r y h a r d ) . 

T h e resu l t s o f g r a in q u a l i t y e v a l u a t i o n i n T a b l e 3 i n d i c a t e t h a t S D S L 8 9 4 2 0 , S P V 

3 5 1 , a n d S D S L 8 8 2 9 8 h a d t h e least loss o f 12 .25%, 15 .50%, a n d 15 .75% re spec t ive ly . 

T h e o the r s , s u c h a s S P V 4 7 5 a n d t w o S A D C / I C R I S A T S M I P var ie t ies , h a d 2 0 % loss 

each, w h i l e P N 3 h a d t h e largest loss o f 2 7 % . 

T h e d e h u l l e d g r a i n i s p rocessed i n t o w h i t e f l o u r d u r i n g m i l l i n g . T h e f l o u r i s a 

m e a s u r e d p r o p o r t i o n o f g r a i n . V a r i e t i e s S D S L 8 9 4 2 0 a n d S P V 3 5 1 p r o d u c e d t h e 
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Table 3 . Gra in qua l i ty evaluat ions of SPV 351 a n d SPV 4 7 5 w i t h o ther advanced 
cult ivars o f s o r g h u m in M a l a w i . 

Traits 

Gra in color 

Pericarp 

Testa 

Endosperm color 

Gra in mass (g/100] 

Visual hardness 

% Mi l l i ng y ie ld 

% Dehul l ing loss 

Tannin content 

Cult ivars 

SPV 351 

Creamy 
W h i t e 

Th in 

N o 

W h i t e 
Pearly 

2.64 

3.4 

83.00 

15.50 

L / N 

SPV 475 

Creamy 
W h i t e 

Th in 

N o 

W h i t e 
In termed. 

2.90 

3.2 

78.10 

20.48 

L / N 

SDSL 
87021 

Creamy 
W h i t e 

Th in 

N o 

W h i t e 
Pearly 

2.47 

4.6 

74.85 

22.00 

L / N 

SDSL 
89420 

Creamy 
W h i t e 

Th in 

N o 

W h i t e 
Pearly 

2.48 

4.4 

84.70 

12.25 

L / N 

SDSL 
88298 

Red 

Th in 

N o 

Wh i t e 
Pearly 

1.82 

3.4 

80.55 

15.75 

M 

P N 3 

W h i t e 
Brown 
Speck 

-

-

-

-

2.5 

71.3 

26.9 

-

h ighes t a m o u n t o f f l o u r ( 8 5 % a n d 8 3 % , r e spec t i ve ly ) w h i l e S D S L 8 8 2 9 8 a n d S P V 

4 7 5 p r o d u c e d 8 1 % a n d 7 8 % c o m p a r e d t o 7 1 % o f P N 3 . 

G r a i n w e e v i l s w e r e c o l l e c t e d f r o m 100 panicles pe r va r i e ty , a t h a r d d o u g h stage. 

O n l y a t M a k o k a a n d i n va r i e ty c o n t r o l P N 3 , d i d 4 7 % o f t h e panicles c o l l e c t e d s h o w 

signs o f w e e v i l a t t a c k ( w e e v i l i n g ) . A t K a s i n t h u l a a n d B v u m b w e w e e v i l i n g i n P N 3 was 

10% a n d 2 0 % re spec t ive ly c o m p a r e d w i t h 1 % and 4 % i n S P V 4 7 5 a n d 5 % a n d 13% i n 

S P V 3 5 1 . O n average, Thenga lamanga , t h e L L V , s h o w e d n o w e e v i l i n g s y m p t o m s . 

R e l a t i v e l y , S P V 4 7 5 w i t h 2 % a n d S P V 351 w i t h 6 % c o u l d b e m o d e r a t e l y res is tant . P N 

3 was suscep t ib le w i t h a 2 6 % w e e v i l i n g c o u n t . 

I n a d d i t i o n t o c a r r y i n g o u t o n - f a r m v e r i f i c a t i o n t o crea te awareness a n d assess t h e 

accep tance o f t h e i m p r o v e d var ie t ies a m o n g g r o w e r s , a survey was c o n d u c t e d t o 

d e t e r m i n e g r o w e r s ' p re fe rences a n d c h o i c e . Results s u m m a r i z e d b y Smale ( 1 9 9 3 ) 

s h o w e d t h a t g r o w e r s r a n k e d S P V 351 f i r s t a n d S P V 4 7 5 second, based o n g ra in y i e l d . 

T h e t w o var ie t i e s w e r e p r e f e r r e d because o f t h e i r large g ra in size a n d ear ly m a t u r i t y . 

S m a l e r e p o r t e d t h a t t h e f e w g r o w e r s w h o c o n s u m e d these var ie t ies said t h a t b o t h 

var ie t i e s p r o d u c e d w h i t e f l o u r a n d t h a t t h r e s h i n g was easier a n d t h e f l o u r e x t r a c t i o n 

ra t e was h i g h e r i n these , c o m p a r e d w i t h t h e L L V ( i .e . , Thenga lamanga) . 

O n - f a r m resu l t s s h o w n in T a b l e 4 are f r o m a research-managed a n d f a r m e r - i m p l e -

m e n t e d t r i a l . C o m p l e t e data fo r a l l t es t en t r i es w e r e o b t a i n e d o n l y a t K a s i n t h u l a 
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Table 4 . Gra in y ie ld d a t a ( t ha - 1 ) o f t h e n e w varieties in o n - f a r m trials a t seven 

f a r m e r locat ions a n d a t Kasinthula Sta t ion in t h e Lower Shire in 1 9 9 2 / 9 3 . 

Locations 

Variet ies 

SPV 351 

SPV 475 

Kuyuma 

Thengalamanga 

Seredo 

F1 

0.40 

0.50 

0.35 

-

-

F2 

1.40 

1.45 

1.15 

0.90 

-

F3 

1.79 

1.54 

0.73 

-

-

F4 

3.8 

4.4 

-

-

-

F5 

5.80 
-

-

3.29 

2.96 

F6 

0.78 

1.01 

0.55 

-

-

F7 

4.10 

3.93 
-

-

2.88 

F8 

2.58 

1.40 

1.31 

1.80 

0.18 

Mean 

2.60 

2.03 

0.85 

2.00 

S t a t i o n ; w h e r e S P V 3 5 1 p r o d u c e d 2 . 5 8 t ha - 1 . G o o d resul t s w e r e also a c h i e v e d b y 

f a r m e r 7 , w h e r e S P V 3 5 1 a n d S P V 4 7 5 p r o d u c e d 4 .10 a n d 3 .93 t ha - 1 r e spec t i ve ly . 

O n average, t h e y i e l d o f S P V 3 5 1 , S P V 4 7 5 , a n d Seredo was above 2 t ha - 1 . T h i s was 

s i m i l a r t o research resu l t s . 

Based o n t h e above research a n d o n - f a r m resul t s , s o r g h u m var ie t i es S P V 3 5 1 a n d 

S P V 4 7 5 w e r e re leased i n t h e L o w e r Sh i r e . T h e p r o p o s e d names f o r these va r ie t i e s 

are: P i r i r a 1 = S P V 3 5 1 a n d P i r i r a 2 = S P V 4 7 5 . 

I m p r o v e d va r i e t i e s o f s o r g h u m w e r e se l ec ted f r o m t h e I C R I S A T c o l l a b o r a t i v e 

t r i a l s , w h i c h w e r e s o w n a t N g a b u a n d a f e w o t h e r e x p e r i m e n t a l sites i n t h e L o w e r 

S h i r e b e t w e e n 1 9 8 0 a n d 1984 . S e l e c t i o n o f these var ie t i es , n a m e l y S P V 3 5 1 , S P V 

3 4 6 , S P V 4 7 5 , S P V 4 7 2 , S P V 3 8 6 , S P V 615 , a n d S P V 2 4 5 was based o n g ra in y i e l d , 

g r a i n q u a l i t y , m a t u r i t y , a n d a g r o n o m i c p l a n t aspect scores. A f t e r s e l ec t ion , t e s t i n g o f 

these va r i e t i e s f o r g r a i n y i e l d a n d a g r o n o m i c charac te rs was d o n e a t N g a b u a n d 

K a s i n t h u l a i n severa l e n v i r o n m e n t s , f r o m 1 9 8 4 / 8 5 t o 1 9 8 6 / 8 7 . 

I t was s h o w n t h a t va r ie t i e s S P V 3 4 6 , S P V 4 7 5 a n d S P V 3 5 1 gave t h e h ighes t g ra in 

y i e l d s . A l t h o u g h t h e largest v a r i a t i o n i n g r a i n y i e l d was o b s e r v e d i n 1 9 8 6 / 8 7 , t h e same 

va r i e t i e s l i s t e d gave t h e h ighes t o v e r a l l g r a i n y i e ld s d u r i n g t h e 3-year p e r i o d o f t e s t i n g . 

D u r i n g t h e 3 r d year i n 1 9 8 6 / 8 7 S P V 3 5 1 o u t y i e l d e d P N 3 b y ove r 7 0 % . 

W i t h o u t p u t t i n g m u c h emphas i s o n 1 9 8 6 / 8 7 da ta , t h e e x p e r i m e n t was m o d i f i e d 

a n d r e p e a t e d t o c o n f i r m t h e above f i n d i n g s d u r i n g t h e 1 9 9 0 / 9 1 a n d 1 9 9 2 / 9 3 seasons, 

r e s p e c t i v e l y . 

T h e c o m b i n e d N g a b u a n d K a s i n t h u l a resu l t s o b t a i n e d i n 1 9 9 0 / 9 1 i n d i c a t e d t h a t 

S P V 4 7 5 a n d S P V 3 5 1 w e r e again t o p - y i e l d i n g var ie t i es . These resul t s t h e r e f o r e 

c o n f i r m t h e p r e v i o u s f i n d i n g s o f 1 9 8 4 / 8 5 a n d 1 9 8 5 / 8 6 : t h a t t h e t w o i m p r o v e d v a r i -

e t ies are a d a p t e d a n d s u p e r i o r t o P N 3 i n a l l respects . 

H o w e v e r , t h e bes t r e su l t s w e r e o b t a i n e d i n 1 9 9 2 / 9 3 d u e t o favorab le w e a t h e r . 

S ign i f i can t v a r i e t a l d i f f e r e n c e s w e r e o b s e r v e d o n g ra in y i e l d . V a r i e t i e s s u c h a s D C 7 5 , 

S P V 3 5 1 , a n d T h e n g a m a l a n g a p r o d u c e d t h e h ighes t g r a in y i e ld s a t K a s i n t h u l a , w h i l e 

S P V 4 7 5 r a n k e d 6 t h . 

D u r i n g t h e t e s t p e r i o d s o f 1 9 8 4 / 8 5 t o 1 9 8 6 / 8 7 a n d 1 9 9 0 / 9 1 t o 1 9 9 2 / 9 3 , average 

a n n u a l r a i n f a l l i n t h e S h i r e V a l l e y r anged f r o m 3 9 3 . 9 m m i n 1 9 8 6 / 8 7 t o 1108.4 m m i n 

1 9 8 4 / 8 5 w i t h v a r i a t i o n s b e t w e e n t h e 5-year p e r i o d . 
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On-Farm Evaluation of Pearl Millet Varieties in 
Malawi for Farmer Preferences, Grain Yield, and 
Food Quality Traits 

E M Chintu1, E S Monyo2, and S C Gupta3 

Abstract 

During the 1993/94 season two types of on-farm trials (research-managed and 

farmer-managed), were conducted in 66 farmers' fields in the Shire Valley to 

verify crop performance and to expose new varieties to the farming community. 

Both trials were implemented by farmers. Three new pearl millet varieties 

(SDMV 89004, SDMV 89005, and ICMV 88908) and two controls (Nigerian 

Composite-tall [NC-tall], and farmers' local landrace varieties [LLV]) were 

evaluated for plant and grain traits preferred by farmers, yield potential, and for 

their acceptability as food. 

Variety SDMV 89004 had the highest grain yields: 1.95 t ha1 when research-

managed and 1.47 t ha1 when farmer-managed. Under research-management the 

three test varieties and NC-tall performed similarly and were superior to the LLV 

used, whereas, under farmer-managed trials, the three test varieties produced 

similar yields that were superior to both NC-tall and the LLV. 

Of the 164 farmers who evaluated the pearl millet on-farm trials for plant and 

grain traits, the majority preferred ICMV 88908 as their favorite, followed by 

SDMV 89004, and SDMV 89005 based on field observations. All the varieties 

were ranked better than the LLV for grain traits (grain size, dehulling, grinding 

ease). However, for food taste NC-tall was the most preferred, followed by 

SDMV 89005, SDMV 89004, and ICMV 88908. 

These results, and those from previous years, indicate that farmers prefer the 

new varieties because of their high grain yield, good grain traits, and accep-

tability as food (taste). These varieties will therefore be recommended soon for 

release in Malawi. 
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Introduction 

Pear l m i l l e t i s t h e s econd m o s t i m p o r t a n t cereal c r o p (a f te r s o r g h u m ) , b o t h i n respec t 

o f area a n d p r o d u c t i o n , i n t h e Sh i r e V a l l e y i n M a l a w i . I t i s g r o w n t o g e t h e r w i t h e i t h e r 

m a i z e o r s o r g h u m , b u t i t i s ha rves t ed ear l ie r t h a n s o r g h u m a n d ma ize a n d p r o v i d e s 

f o o d ea r ly i n t h e season. 

I n t h e S h i r e V a l l e y w h e r e t h e r e i s t h e p o s s i b i l i t y o f d r o u g h t i n 1 o u t o f eve ry 5 

years ( K u m w e n d a 1 9 9 3 ) , s o r g h u m a n d pea r l m i l l e t are t h e o n l y c rops t h a t can p r o -

d u c e g r a i n . M u n y e n y e m b e ( 1 9 9 3 ) r e p o r t e d t h a t pea r l m i l l e t p r o d u c t i o n i n t h e Sh i re 

V a l l e y was 5 8 % o f t h e n a t i o n a l p r o d u c t i o n d u r i n g t h e 1 9 9 2 / 9 3 season. Pear l m i l l e t 

g r a i n y i e l d o n t h e f a r m has been l o w , w i t h 6 0 0 k g h a - 1 c o m p a r e d w i t h 2 0 0 0 k g ha-1 a t 

t h e research s t a t i o n ( C h i n t u 1 9 9 3 ) . T h i s y i e l d gap has l a rge ly been a t t r i b u t e d t o 

c o n t i n u e d use o f l oca l var ie t ies , p o o r a g r o n o m i c p rac t i ces b y f a rmers , a n d p o o r a n d 

e r r a t i c d i s t r i b u t i o n o f r a i n f a l l . M u n y e n y e m b e ( 1 9 9 3 ) also a t t r i b u t e d t h e f a i l u r e o f 

f a r m e r s t o t a k e u p n e w t echno log ie s , d u e t o social a n d e c o n o m i c cons t r a in t s . 

S ince 1 9 8 0 , researchers i n M a l a w i have eva lua t ed n e w pear l m i l l e t var ie t ies i n t h e 

S h i r e V a l l e y a t N g a b u a n d K a s i n t h u l a research s ta t ions . T h r o u g h t h i s e f f o r t N i g e r i a n 

C o m p o s i t e - t a l l ( N C - t a l l ) was re leased i n 1983 . 

R e c e n t l y t h e research d e p a r t m e n t has i d e n t i f i e d t h r e e i m p r o v e d var ie t ies fo r o n -

f a r m e v a l u a t i o n . These var ie t i es have been eva lua t ed o n t h e f a r m w i t h t h e f o l l o w i n g 

ob j ec t i ve s : (a) t o eva lua te t h e p e r f o r m a n c e o f t h e n e w var ie t ies u n d e r f a r m e r s ' a n d 

i m p r o v e d m a n a g e m e n t s , a n d ( b ) t o assess f a r m e r s ' acceptance o f t h e var ie t ies a n d 

d e t e r m i n e t h e reasons f o r accep tance o r nonaccep tance . T h i s exerc ise was geared 

t o w a r d s i n v o l v i n g f a r m e r s t hemse lve s i n se lec t ing var ie t ies a c c o r d i n g t o t h e i r 

p re fe rences . 

Materials and Methods 

Agronomy 

F i v e v a r i e t i e s — S D M V 8 9 0 0 4 , S D M V 8 9 0 0 5 , I C M V 8 8 9 0 8 , N C - t a l l , a n d L L V 

( f a r m e r ' s l o c a l l and race v a r i e t y ) — w e r e eva lua t ed i n research-managed f a r m e r - i m p l e -

m e n t e d ( R M F I ) , a n d f a r m e r - m a n a g e d f a r m e r - i m p l e m e n t e d ( F M F I ) t r i a l s . R e c o m -

m e n d e d c u l t i v a t i o n p rac t i ces w e r e f o l l o w e d i n R M F I t r i a l s , whereas t h e f a r m e r s ' loca l 

p r ac t i ce s w e r e f o l l o w e d i n F M F I t r i a l s . 

In t h e case o f R M F I t r i a l s , t h e gross p l o t size was 10 r o w s o f 10 m l o n g , 0 .75 m 

apa r t . T h e c e n t r a l 8 r o w s , each 8 m l o n g w e r e ha rves t ed . T h e p l o t size in F M F I t r i a l s 

was o b t a i n e d b y m a r k i n g t h e area w h i c h each v a r i e t y h a d o c c u p i e d a t t h e t i m e o f 

s o w i n g a n d a t ha rves t . F ive seeds w e r e s o w n 4 0 c m apar t a n d t h i n n e d t o 2 p lan t s pe r 

s t a n d a t t h e 1 5 - c m seed l ing stage i n R M F I t r i a l s . I n these t r i a l s f e r t i l i z e r s w e r e a p p l i e d 

p e r p l o t a t t h e r a t e o f 8 1 0 g a t s o w i n g a n d 5 4 0 g urea a t t h e t h i n n i n g stage. No 

r e c o m m e n d a t i o n was f o l l o w e d f o r F M F I t r i a l s . These t r i a l s w e r e s o w n i n 1 1 e x t e n s i o n 

p l a n n i n g areas ( E P A ) . In each EPA, 3 u n r e p l i c a t e d sites ( f a r m e r s ) w e r e se lec ted , f o r 
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each o f t h e R M F I a n d F M F I t r i a l s . Fa rmers w e r e t r e a t e d a s rep l ica tes ( r a n d o m i z e d ) i n 

each EPA. 

T h e da ta w e r e ana lyzed f r o m 22 R M F I sites over 10 EPAs a n d f r o m 18 F M F I sites 

ove r 8 EPAs, f o l l o w i n g m u l t i l o c a t i o n a l analysis us ing t h e S A S p r o g r a m . 

D u r i n g t h e season, research a n d e x t e n s i o n s t a f f j o i n t l y v i s i t e d t h e t r i a l s t o observe 

a n d r e c o r d t h e p e r f o r m a n c e o f t h e var ie t ies w i t h t h e f a r m e r p a r t i c i p a t i o n . T h e f o l ­

l o w i n g data w e r e c o l l e c t e d f r o m R M F I a n d F M F I ne t p lo t s : 

- m a t u r i t y o f t h e var ie t ies a s ear ly (E) m e d i u m ( M ) a n d la te ( L ) ; 

- p l a n t h e i g h t a t harves t f r o m p l a n t base t o t i p o f panic le ; 

- p l a n t c o u n t : t h e n u m b e r o f p lan t s pe r n e t p l o t a t harvest ; 

- h e a d c o u n t : t h e n u m b e r o f heads pe r n e t p l o t a t harvest ; 

- g r a i n y i e l d : o b t a i n e d b y m u l t i p l y i n g t h e t h r e s h i n g percentage w i t h p l o t head w e i g h t 

1 k g h e a d w e i g h t pe r p l o t was t h r e s h e d t o d e t e r m i n e t h r e s h i n g percentage; 

- a s a m p l e o f 5 0 0 g g ra in was c o l l e c t e d f r o m each p l o t to d e t e r m i n e t h e 1000-gra in 

mass a n d m o i s t u r e c o n t e n t . T h e m o i s t u r e c o n t e n t was used t o adjust t h e g r a in y i e l d 

t o 12% m o i s t u r e . T h e m a t u r i t y da ta w e r e r e c o r d e d b y fa rmers themse lves , a n d t h e 

o t h e r t r a i t s w e r e r e c o r d e d j o i n t l y w i t h researchers a n d e x t e n s i o n off icers . 

Be fo re harves t , 31 f a rmer s a t L i v u n z u , 25 fa rmers a t M i t o l e , 36 fa rmers a t D o l o , 23 

f a r m e r s a t M p a s a , 18 f a rmers a t D z u n d e a n d 31 f a rmers a t N y a c h i l e n d a w e r e g a t h e r e d 

a t t h e s i te t o eva lua te t h e var ie t ies i n t h e f i e l d acco rd ing t o p l a n t and g ra in t r a i t s . Fo r 

e v a l u a t i o n purposes each i n d i v i d u a l f a r m e r was asked t o i n d i c a t e w h e t h e r t h e n e w 

var ie t i es w e r e b e t t e r , t h e same o r w o r s e t h a n his o r he r o w n loca l landrace v a r i e t y . 

T h e y w e r e also asked t o r a n k t h e var ie t ies a cco rd ing t o t h e i r p re fe rence . 

A f t e r t h e t r i a l p l an t s w e r e ha rves ted , t h e f a r m e r was advised t o t h r e s h a n d s tore 

t h e g r a i n o f each v a r i e t y separa te ly . A 10-kg gra in sample o f each v a r i e t y was o b t a i n e d 

f o r e v a l u a t i o n o f g ra in t r a i t s a n d p a l a t a b i l i t y tests . T h i s eva lua t i on was c o n d u c t e d i n 

t h e s ix EPAs ( L i v u n z u , D o l o , M i t o l o , Mpasa , D z u n d e a n d N y a c h i l e n d a ) fo r g ra in t r a i t s 

a n d i n t h e t h r e e EPAs ( M i t o l e , Mpasa , a n d N y a c h i l e n d a ) fo r p a l a t a b i l i t y tests . 

Palatability tests 

T h e 1-kg g r a i n s ample was used t o p repare f l o u r and f o o d ( t h i c k p o r r i d g e ) f r o m each 

v a r i e t y . A t each s i te w o m e n fa rmers o r f a rmer s ' w i v e s d e h u l l e d a n d g r o u n d t h e g ra in 

i n t o f l o u r , u s ing pest les a n d m o r t a r s . A t Mpasa and N y a c h i l e n d a , d u e t o shortage o f 

t i m e , f l o u r was p r e p a r e d b y h a m m e r m i l l . 

Seven w o m e n f a rmer s a t M i t o l e , s ix w o m e n fa rmers a t Mpasa , a n d f i v e w o m e n 

f a r m e r s a t N y a c h i l e n d a w e r e g a t h e r e d t o d e h u l l a n d p repa re f l o u r a n d f o o d ( t h i c k 

p o r r i d g e ) . These f a r m e r s w e r e i n d i v i d u a l l y asked t o i n d i c a t e w h e t h e r each o f t h e f o u r 

va r i e t i e s was b e t t e r , t h e same, o r w o r s e t h a n he r o w n L L V . T h e i r responses w e r e 

r e c o r d e d . F i n a l l y a t o t a l o f 2 0 m e n a n d w o m e n fa rmers a t M i t o l e , 1 9 m e n a n d w o m e n 

f a r m e r s a t M p a s a , a n d 3 4 m e n a n d w o m e n fa rmers a t N y a c h i l e n d a w e r e g r o u p e d a t 

each s i te t o tas te t h e p r e p a r e d f o o d , w i t h o r w i t h o u t b e e f r e l i sh . These f a rmers w e r e 
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i n d i v i d u a l l y a sked d u r i n g t a s t i n g t o i n d i c a t e w h e t h e r each o f t h e f o u r var ie t ies was 

b e t t e r , t h e same, o r w o r s e t h a n t h e i r L L V . A g a i n , responses w e r e r e c o r d e d . 

Results and Discussion 

T h e r e w e r e s ign i f i can t d i f f e r e n c e s a m o n g var ie t i es i n respec t o f g r a in y i e l d , 1000-g ra in 

mass, p l a n t h e i g h t , p l a n t c o u n t , a n d h e a d c o u n t across 1 0 EPAs ( 2 2 si tes) i n t h e R M F I 

t r i a l ( T a b l e 1 ) a n d across 8 EPAs (18 si tes) i n t h e F M F I t r i a l ( T a b l e 2 ) . A l l t h e t h r e e 

n e w va r i e t i e s p r o d u c e d s ign i f i c an t l y h i g h e r g r a i n y i e l d t h a n t h e L L V a n d N C - t a l l i n t h e 

R M F I t r i a l ( T a b l e 1 ) a n d t h a n t h e L L V i n t h e F M F I t r i a l ( T a b l e 2 ) . H o w e v e r , t h e 

d i f f e r e n c e s i n g r a i n y i e l d a m o n g t h r e e n e w var ie t i es w e r e n o t s igni f icant i n b o t h t h e 

t r i a l s . 

S D M V 8 9 0 0 4 p r o d u c e d t h e h ighes t g r a in y i e l d averaged ove r sites u n d e r research-

m a n a g e d (1 .95 t ha - 1 : T a b l e 1) a n d f a r m e r - m a n a g e d (1 .47 t ha - 1: T a b l e 2) t r i a l s . These 

r e su l t s o f o n - f a r m t r i a l s f r o m t h e 1 9 9 3 / 9 4 season are i n a g r e e m e n t w i t h t h e 1 9 9 2 / 9 3 

season. S D M V 8 9 0 0 4 p r o d u c e d t h e h ighes t g ra in y i e l d (1.91 t ha - 1 ) based o n t h e 

m e a n da t a o f 2 2 l oca t i ons d u r i n g t h e 1 9 9 2 / 9 3 season ( I C R I S A T / S E A Regional P ro -

g r a m , 1 9 9 4 ) . D u r i n g t h e 1 9 9 3 / 9 4 season, i n b o t h t h e R M F I a n d F M F I t r i a l s , i .e . , u n d e r 

i m p r o v e d a s w e l l a s f a r m e r s ' m a n a g e m e n t , t h e L L V gave t h e l o w e s t y i e l d . 

I C M V 8 8 9 0 8 h a d t h e largest g r a in mass, whereas t h e L L V h a d t h e smal les t g r a in 

u n d e r b o t h m a n a g e m e n t sys tems (Tables 1 a n d 2 ) . S D M V 8 9 0 0 4 r a n k e d 2 n d a n d 

S D M V 8 9 0 0 5 3 r d f o r g r a in mass. 

O n f a r m e r s ' p r e f e r e n c e , t h e var ie t i es w e r e r a n k e d i n s ix EPAs b y f a rmers . Seven ty -

t h r e e f a r m e r s e v a l u a t e d R M F I t r i a l s whereas 6 6 f a rmers eva lua t ed F M F I t r i a l s . I n b o t h 

t r i a l s , f a r m e r s r a n k e d I C M V 8 8 9 0 8 a s t h e i r f i r s t c h o i c e , f o l l o w e d b y S D M V 8 9 0 0 4 

a n d S D M V 8 9 0 0 5 , w h i l e N C - t a l l r a n k e d f o u r t h a n d a n d t h e L L C f i f t h . 

Table 1 . Per formance of pear l mi l le t o n - f a r m tr ial varieties averaged over 1 9 - 2 2 
fa rmers under a research-managed system, M a l a w i , 1 9 9 3 / 9 4 season. 

Var ie ty 

S D M V 89004 

I C M V 88908 

S D M V 89005 

N C - t a l l 

LLV 

SE 
Mean 
C V ( % ) 

Gra in y ie ld 
( t ha-1) 

1.95 

1.87 

1.84 

1.82 

1.26 

±0.105 
1.75 

28.0 

1000-grain Plant height 
mass (g) (cm) 

10.04 215 

12.00 191 

9.82 214 

9.13 265 

8.34 294 

±0.362 ±4.7 
9.88 235 

17.2 9.3 

Plant count 
(ha - 1) 

36510 

39683 

38700 

35476 

41771 

±990.5 
38414 

11.8 

Head count 
(ha - 1) 

90602 

89452 

89287 

78509 

94178 

±4256.7 
88319 

21.0 
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Table 2 . Performance of pearl mil let on - farm trial varieties averaged over 1 6 - 1 8 
farmers under a f a r m e r - m a n a g e d system, M a l a w i , 1993 /94 season. 

Var ie ty 

S D M V 89004 

S D M V 89005 

I C M V 88908 

N C - t a l l 

LLV 

SE 
Mean 
C V ( % ) 

Gra in yie ld 
( t ha -1) 

1.47 

1.44 

1.38 

1.00 

0.93 

±0.122 
1.26 

41.0 

1000-grain Plant height 
mass (g) (cm) 

9.80 212 

9.04 217 

11.58 184 

8.34 259 

7.60 280 

±0.323 ±5.6 
9.35 228 

14.66 10 

Plant count 

(ha -1) 

35139 

34583 

33750 

30236 

35114 

±1671.4 
33688 

20 

Head count 

(ha -1) 

81417 

88069 

76819 

65069 

87064 

±6424.5 
79272 

32 

T h e r e was n o EPA b y v a r i e t y i n t e r a c t i o n f o r g ra in y i e l d a n d g ra in mass u n d e r b o t h 

m a n a g e m e n t s . T h e i m p l i c a t i o n o f t h i s i s t h a t each v a r i e t y can p e r f o r m equa l ly w e l l i n 

a l l t h e EPAs w h e r e var ie t i es w e r e t e s t e d . 

Responses o n g ra in t r a i t s w e r e o b t a i n e d f r o m fa rmers a t six EPAs ( T a b l e 3 ) . A t a l l 

EPAs, t h e m a j o r i t y o f f a r m e r s f e l t t h a t S D M V 8 9 0 0 4 , I C M V 8 8 9 0 8 , S D M V 8 9 0 0 5 , 

a n d N C - t a l l w e r e b e t t e r t h a n t h e i r L L V i n respec t o f g ra in size. S i m i l a r responses 

w e r e o b t a i n e d i n r e spec t o f g r a in c o l o r a t f i v e EPAs ( e x c e p t a t D o l o f o r I C M V ) . A t 

D o l o , 8 3 % o f f a rmer s r e p o r t e d I C M V 8 8 9 0 8 w o r s e a s c o m p a r e d w i t h t h e L L V . 

Resul t s o b t a i n e d f r o m t h r e e EPAs f o r f o o d tas te are p r e s e n t e d i n T a b l e 3 . A l l t h e 

n e w var ie t i e s a n d N C - t a l l w e r e p r e f e r r e d ove r t h e L L V b y a m a j o r i t y o f f a rmers i n a l l 

t h e t h r e e EPAs i n respec t o f f o o d tas te w i t h r e l i sh a s w e l l a s w i t h o u t r e l i sh . B y 

c o m p a r i n g t h e p r e f e r e n c e o f d i f f e r e n t var ie t ies over t h e L L V , N C - t a l l was p r e f e r r e d 

m o s t b y f a rmer s , f o l l o w e d b y S D M V 8 9 0 0 4 , S D M V 8 9 0 0 5 , a n d I C M V 8 9 0 0 8 . 

A t M i t o l e 8 0 % o f t h e f a rmers f e l t t h a t N C - t a l l t a s t ed b e t t e r t h a n t h e L L V w i t h o u t 

r e l i s h , w h i l e 7 0 % o f t h e m f e l t S D M V 8 9 0 0 5 h a d b e t t e r taste , f o l l o w e d b y S D M V 

8 9 0 0 4 w i t h 5 5 % . F o r w i t h r e l i sh , 7 0 % o f t h e f a rmers t h o u g h t t h a t b o t h N C - t a l l a n d 

S D M V 8 9 0 0 4 t a s t ed b e t t e r t h a n t h e L L V . 

A t M p a s a a m a j o r i t y o f t h e f a rmers f e l t t h a t a l l t h e f o u r var ie t ies w e r e b e t t e r t h a n 

t h e L L V w i t h o u t r e l i s h ( 7 4 - 8 4 % p re fe rence ) a n d w i t h r e l i sh ( 5 3 - 7 4 % p r e f e r e n c e ) . 

A t N y a c h i l e n d a , a b o u t h a l f o f t h e f a rmers i n d i c a t e d t h a t I C M V 8 8 9 0 4 was w o r s e 

t h a n t h e L L V . F i f t y - s i x p e r c e n t o f t h e f a rmers t h o u g h t t h a t S D M V 8 9 0 0 4 t a s t ed 

b e t t e r , w h i l e 5 3 % o f t h e m m e n t i o n e d S D M V 8 9 0 0 5 . 

T h e d i f f e rences a m o n g var ie t i es w e r e s i m i l a r w i t h a n d w i t h o u t r e l i sh . 
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Farmer Participation in On-Station Evaluation of 
Plant and Grain Traits: the Case of Pearl Millet in 
Namibia 

S A Ipinge1, W R Lechner,1 and E S Monyo2 

Abstract 

This study was initiated to develop information for use in breeding improved 

pearl millet genotypes for Namibia. A select group of farmers was encouraged to 

participate in on-station evaluation of varieties under test. Each variety was 

assessed separately, and both negative and positive characters were recorded. 

Five pearl millet varieties which were found promising in the Namibian na-

tional pearl millet trial of 1992/93 were sown at the Omahenene Research Sta-

tion during 1993/94 for evaluation of farmer preferences for plant and grain 

traits. The five varieties were evaluated against the farmers' local landrace v a r i -

ety (LLV) and Okashana 1. Based on farmers' experience, 15 highly preferred 

plant and grain traits were recorded. Each of the five experimental varieties was 

assessed for these traits and compared with the farmers' LLV and Okashana 1. 

The study concluded that early maturity, grain size, and resistance to drought 

are the most preferred traits for pearl millet under Namibian growing conditions. 

The most preferred grain trait was palatability, followed by ease of processing 

(threshability, dehulling, and grinding to make flour). Varieties SDMV 92040 

and SDMV 90016 were identified as satisfying most farmer requirements. These 

varieties were as short-duration and drought-tolerant as Okashana 1, produced a 

better tasting product, and were easier to dehull and grind into flour. They were 

also superior to the farmers' LLV in all these aspects. 
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Introduction 

Pear l m i l l e t i s a s i m p o r t a n t a s m a i z e i n N a m i b i a i n t e r m s o f p r o d u c t i o n a n d c o n s u m p -

t i o n , each ce rea l c o n t r i b u t i n g a p p r o x i m a t e l y 2 5 % o f t h e n a t i o n a l ca lo r i e 

c o n s u m p t i o n . 

Pea r l m i l l e t i s g r o w n w i d e l y i n t h e seven regions o f N a m i b i a — C a p r i v i , O k a v a n g o , 

O s h i k o t o , O k a s h a n a , O h a n g w e n a , O m u s a t i , a n d K u n e n e — c o v e r i n g a b o u t 3 5 5 2 0 0 h a 

o f l a n d ( M i n i s t r y o f A g r i c u l t u r e , W i n d h o e k , N a m i b i a , pers . c o m m . 1 9 9 4 ) . 

T h e i m p o r t a n c e o f t h i s c r o p t o t h e N a m i b i a n p e o p l e c a n n o t b e o v e r s t a t e d . O n l y 

8 % o f t h e c o u n t r y ' s area rece ives > 5 0 0 m m y r - 1 r a i n f a l l . A b o u t 3 7 % receives 3 0 0 - 5 0 0 

m m y r 1 r a i n f a l l , a n d t h i s i s w h e r e m o s t o f t h e pea r l m i l l e t i s g r o w n . T h e res t o f t h e 

c o u n t r y rece ives < 3 0 0 m m annua l r a i n f a l l a n d i s u n s u i t a b l e f o r c u l t i v a t i o n . 

T h e m a i n o b j e c t i v e o f t h i s s t u d y was t o c a p t u r e t h e f a r m e r s ' e x p e r t i s e w h i c h 

r ep re sen t s a n e x t e n s i o n o f t h e o n - f a r m t r i a l . F a r m e r s w e r e g i v e n t h e o p p o r t u n i t y t o 

assess va r i e t i e s a t an ea r ly stage o f t h e s e l ec t i on process, a n d t h u s w e r e able t o share 

t h e i r e x p e r t i s e d i r e c t l y w i t h sc ient is t s o n t h e s t a t i o n a n d select var ie t ies f o r t e s t i n g i n 

t h e i r o w n f i e l d s . T h e p a r t i c i p a t o r y exerc i se m a d e t h e f a r m e r s f ee l m o r e r e spons ib le 

a n d c o m m i t t e d t o t h e i r o n - f a r m t r i a l s . T h i s i s essent ial t o i n s t i l l a m o n g t h e f a rmer s a 

sense o f ' d o i n g s o m e t h i n g f o r ourse lves ' a s against ' s o m e t h i n g b e i n g d o n e f o r us. ' T h i s 

t y p e o f p a r t i c i p a t o r y research he lps i n o b t a i n i n g m o r e specif ic i n f o r m a t i o n f o r 

b r e e d e r s t h a n t h a t gene ra l ly used . 

T h i s p a r t i c i p a t o r y a p p r o a c h also enables f a rmer s t o c o n t r i b u t e t h e i r e x p e r t i s e a n d 

g o o d j u d g e m e n t ea r ly o n , w h i c h w o u l d f a c i l i t a t e i d e n t i f i c a t i o n o f va r ie t i e s f o r o n - f a r m 

t e s t i n g . W i t h b e t t e r u n d e r s t a n d i n g o f f a r m e r s ' p r i o r i t i e s f o r p l a n t a n d g r a i n t r a i t s , 

b r e e d e r s c a n m o r e e f f e c t i v e l y address conce rns o f f a rmer s a t a n ea r ly stage o f cross ing 

a n d s e l e c t i o n . T h e risk o f u s ing resources o n d e v e l o p i n g a v a r i e t y w h i c h w i l l e v e n t u -

a l l y e n d u p b e i n g r e j e c t e d w o u l d t h e r e f o r e b e r e d u c e d . 

Materials and Methods 

F i v e va r i e t i e s , S D M V 9 0 0 1 6 , S D M V 9 2 0 4 0 , S D M V 91018 , S D M V 9 2 0 3 9 , a n d 

I C M V - F 8 6 4 1 5 , a n d t w o c o n t r o l s (Okashana 1 a n d t h e f a r m e r s ' L L V ) w e r e u sed i n 

t h i s s t u d y . 

W o m e n f a r m e r s f r o m t h e T u n e t u W o m e n ' s C o o p e r a t i v e P ro jec t a t T s a n d i p a r t i c i -

p a t e d i n e v a l u a t i n g g r a i n size a n d c o l o r , d e h u l l i n g , g r i n d i n g , c o o k i n g q u a l i t y , a n d 

p a l a t a b i l i t y . T h e C o o p e r a t i v e de r ives m o n e y f r o m se l l ing p e a r l m i l l e t - d e r i v e d p r o d -

u c t s ( o n t a k u a n d oshithima). 

T h i s p a r t i c u l a r g r o u p was chosen because, t r a d i t i o n a l l y , w o m e n are c lose ly i n -

v o l v e d i n s u c h a c t i v i t i e s eve ry d a y a n d t h e y are i n a g o o d p o s i t i o n t o eva lua te these 

t r a i t s o b j e c t i v e l y a n d e f f e c t i v e l y . 
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The evaluation process 

G r a i n size a n d color. T e n w o m e n t o o k p a r t i n t h i s exerc ise . G r a i n samples o f each 

o f t h e seven var ie t i e s w e r e k e p t i n n u m b e r e d jars . Pa r t i c ipan t s w e r e i n d i v i d u a l l y 

i n t e r v i e w e d a n d asked t o assess g r a i n size a n d c o l o r i n con f idence . 

D e h u l l i n g . A 3 -kg s ample o f grains o f each o f t h e seven var ie t ies was d e h u l l e d us ing 

a m o r t a r a n d pes t le . T h e m a x i m u m t i m e a l l o w e d f o r t h i s a c t i v i t y was 9 m i n . F i v e 

judges a n d a t i m e - k e e p e r supe rv i sed t h e e v a l u a t i o n o f d e h u l l i n g . 

G r i n d i n g . Assessmen t c r i t e r i a a n d m e t h o d s w e r e t h e same a s those used f o r 

d e h u l l i n g . 

C o o k i n g qual i ty test. Each o f t h e seven var ie t ies was c o o k e d in a 2 - L p o t i n a 

t r a d i t i o n a l m a n n e r : omahangu f l o u r i s a d d e d to b o i l i n g w a t e r , a n d t h e p o r r i d g e i s 

c o n t i n u o u s l y s t i r r e d t i l l i t reaches t h e d e s i r e d cons i s tency . T i m e t a k e n t o c o o k a n d 

ease o f c o o k i n g w e r e c a r e f u l l y r e c o r d e d . T h e f i re was k e p t a t t h e same leve l f o r a l l 

va r i e t i e s . F a r m e r s w e r e p a r t i c u l a r l y i n t e r e s t e d i n o b t a i n i n g a s m o o t h p o r r i d g e w i t h o u t 

l u m p s . 

Palatabi l i ty test. A f t e r c o o k i n g , each p a r t i c i p a n t t a s t e d t h e p o r r i d g e p r e p a r e d f r o m 

each o f t h e seven va r ie t i e s . A housekeeper was a p p o i n t e d to m a k e sure t h a t each 

p a r t i c i p a n t t a s t e d a l l t h e samples . 

A f t e r t h e s a m p l e t a s t i n g session, a pane l d iscuss ion was h e l d t o ra te a n d eva lua te 

t h e va r ie t i e s . 

Results and Discussion 

F a r m e r s i n N a m i b i a a lways p r e f e r s h o r t - d u r a t i o n , d rough t - r e s i s t an t var ie t ies w i t h 

large, b o l d gra ins . O t h e r p r e f e r r e d t r a i t s i n c l u d e g o o d g ra in y i e l d , g o o d seed-set, 

p leas ing c o l o r ( m a i n l y c r e a m o r l i g h t g r ay ) , h i g h t i l l e r i n g a b i l i t y , a n d ease o f t h r e s h i n g . 

T h i s i s w h y t h e f a r m e r s i n t e r v i e w e d se lec ted Okashana 1 a n d S D M V 9 2 0 4 0 (Tables 

1-4). Okashana 1 i s l i g h t gray i n c o l o r , a n d S D M V 9 2 0 4 0 i s c r e a m - c o l o r e d . B o t h 

va r i e t i e s have a l l t h e qua l i t i e s d e s c r i b e d above. 

S D M V 9 0 0 1 6 i s n o t b o l d - s e e d e d b u t i s c r e a m - c o l o r e d a n d has v e r y g o o d t i l l e r i n g 

a b i l i t y . I t has m e d i u m - s i z e d seed ( 1 0 0 0 seed mass 10-12 g c o m p a r e d to 12-14 g f o r 

Okashana 1) . T h e var ie t i es classif ied as " w o r s t " by t h e f a rmers ( T a b l e 1 ) w e r e charac-

t e r i z e d b y e i t h e r ( l o n g d u r a t i o n f a r m e r s ' L L V ) , p o o r seed-set m a i n l y d u e t o d r o u g h t , 

( I C M V - F 8 6 4 1 5 , f a r m e r s ' l oca l a n d S D M V 9 2 0 3 9 ) , o r unpleasan t c o l o r ( I C M V - F 

8 6 4 1 5 ) . T h e s e var ie t i e s p e r f o r m e d p a r t i c u l a r l y b a d l y i n poo r , sandy soils. T h e f a rmers 

also p o i n t e d o u t t h a t these var ie t ies w o u l d b e d i f f i c u l t t o t h r e s h because t h e g l u m e s 

c o m p l e t e l y s u r r o u n d t h e g r a in , a n d t h e g r a i n i t s e l f was n o t f u l l y d e v e l o p e d . T h i s i s a 

m a n i f e s t a t i o n o f d r o u g h t . 
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Table 1 . Eva luat ion pr ior i ty p lan t a n d gra in trai ts in on-s ta t ion trials, N a m i b i a , 1993 . 

Farmer rat ing 

H i g h 
Okashana 1 
S D M V 92040 

S D M V 90016 

Low 
I C M V 86415 
LLV 
S D M V 92039 

Selection cri ter ia 

Resists drought 
Short durat ion 
Large grain size (Okashana, S D M V 92040) 
G o o d seed-set 

Pleasing color ( S D M V 90016, 92040) 
H igh t i l ler ing ( S D M V 90016) 
Easy to thresh 

Small grain size 
Long durat ion 
Poor seed-set 
Succumbs to drought 
N o t a pleasing color 
Does poorly in poor soils 

W o m e n f a r m e r s f r o m t h e T u n e t u W o m e n ' s C o o p e r a t i v e P ro j ec t eva lua t ed g ra in 

c o l o r a n d size, ease o f d e h u l l i n g , a n d g r i n d i n g , f o o d p r e p a r a t i o n qua l i t i e s , a n d tas te o f 

t h e seven va r i e t i e s . Each o f these va r ie t i e s was c o m p a r e d t o t h e f a r m e r s ' l oca l v a r i e t y 

a n d O k a s h a n a 1 . 

O n l y t w o va r i e t i e s ( S D M V 9 2 0 4 0 a n d Okashana 1 ) h a d larger grains t h a n those o f 

t h e f a r m e r s ' l o c a l v a r i e t y . Seven ty p e r c e n t o f t h e w o m e n fa rmers i d e n t i f i e d S D M V 

9 2 0 4 0 a s s u p e r i o r t o Okashana 1 i n t e r m s o f g r a in size, w h i l e t h e r e m a i n i n g 3 0 % 

t h o u g h t t h e t w o var ie t i e s h a d s i m i l a r g r a in size. S i m i l a r l y , 9 0 % o f t h e f a rmers r a t e d 

O k a s h a n a 1 s u p e r i o r t o t h e i r L L V , w h i l e o n l y 10% t h o u g h t t h e y w e r e s i m i l a r ( T a b l e 

3 ) . W i t h r e g a r d t o g r a i n c o l o r , t w o var ie t ies w e r e i d e n t i f i e d a s b e t t e r t h a n t h e f a r m e r s ' 

l o c a l v a r i e t y : S D M V 9 2 0 4 0 ( 8 0 % classif ied a s b e t t e r ) a n d S D M V 9 0 0 1 6 ( 4 0 % classi-

f i ed a s b e t t e r a n d 4 0 % as i d e n t i c a l ) ( T a b l e 3 ) . 

T h e T u n e t u W o m e n ' s C o o p e r a t i v e r a n k e d t h r e e o f t h e v a r i e t i e s — S D M V 9 2 0 4 0 , 

O k a s h a n a 1 , a n d S D M V 9 0 0 1 6 — a s " e x c e l l e n t " i n t e r m s o f g ra in t r a i t s . W i t h t h e 

e x c e p t i o n o f Okashana 1 , t h e y w e r e a l l easy t o d e h u l l a n d g r i n d ( a l l t o o k < 9 m i n t o 

process 3 k g g r a i n ) . A l l t h r e e w e r e also r a t e d "ve ry g o o d " w i t h r ega rd t o f o o d ( m a -

hangu pap) p r e p a r a t i o n qua l i t i e s . 

O k a s h a n a 1 was i d e n t i f i e d a s p a r t i c u l a r l y d i f f i c u l t t o d e h u l l a n d g r i n d . I t n o r m a l l y 

r e q u i r e d 2-3 r u n s t o process Okashana 1 p r o p e r l y . F o o d p r e p a r a t i o n q u a l i t y was 

e v a l u a t e d a c c o r d i n g t o t h e t e n d e n c y o f t h e f l o u r t o f o r m l u m p s , a n d ease o f b r e a k i n g 

these t o m a k e a s m o o t h p o r r i d g e d u r i n g c o o k i n g . T h e f a r m e r s ' L L V was r a t e d "ve ry 

g o o d " i n t e r m s o f ease o f d e h u l l i n g , g r i n d i n g , accep tab le p r o d u c t c o l o r , a n d c o o k i n g 

q u a l i t y . A l l t h e t h r e e va r i e t i e s above , p lu s t h e f a r m e r s ' L L V c o n t r o l w e r e r a t e d a s 

h a v i n g g o o d tas te a n d " v e r y accep tab le" b y t h e pane l . 
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Table 2 . Farmer ra t ing of gra in traits a n d reasons for the ir choice, a n d gra in yield, 
N a m i b i a , 1993 . 

Var ie ty / 
rating 

S D M V 92040 

Okashana 1 

S D M V 90016 2 

Farmers' 
LLV 

S D M V 91018 

I C M V - F 86415 

Gra in yie ld 
(kg p lo t - 1 ) 

3.0 

3.6 

2.2 

2.2 

2.0 

2.0 

Farmer 
score1 

5 

5 

5 

4 

3 

2 

Reasons 

Easy to dehull 
Easy to grind 
Acceptable color 
Large grain size 

Large grain size 
Acceptable taste 
Dif f icu l t to dehull 
Di f f i cu l t to grind 
Acceptable cooking quality 

Easy to dehull 
Easy to grind 
Resists storage pests 
G o o d cooking qualities 
G o o d taste 

Acceptable color 
Easy to dehul l 
Easy to gr ind 
Very good cooking quali ty 
G o o d taste 

Small grain size 
Di f f icu l t to dehull 
Di f f icu l t to grind 
Taste unacceptable 

Poor seed-set 
N o t a pleasing color 
Dif f icu l t to dehull 
Di f f icu l t to grind 
Unacceptable taste 

1. Scored on a 1-5 scale, where 1 = poor, and 5 = excellent. 
2. Some farmers thought that the wedge-shaped grains of S D M V 90016 would discourage storage pests. 

S D M V 91018 was r a t e d "average", a n d I C M V - 8 6 4 1 5 "poor" . B o t h h a d sma l l 

gra ins , a n d w e r e d i f f i c u l t t o d e h u l l a n d g r i n d i n t o f l o u r . T h e i r tas te was also sco red a s 

u n a c c e p t a b l e , a n d I C M V - 8 6 4 1 5 was p a r t i c u l a r l y n o t e d a s hav ing an unp leasan t ly 

c o l o r e d p r o d u c t . T h i s v a r i e t y i s d e e p gray a n d t h e f l o u r f r o m i t was v e r y d a r k w h e n 

c o m p a r e d w i t h t h e o the r s . A l l t h e var ie t i es e x c e p t I C M V - F 86415 a n d S D M V 91018 

w e r e r a t e d a s h a v i n g b e t t e r f o o d p r e p a r a t i o n qua l i t i e s t h a n t h e f a r m e r s ' L L V ( T a b l e 

3 ) . W i t h r ega rd t o tas te , o n l y S D M V 9 0 0 1 6 was r a t e d b e t t e r t h a n t h e L L V 

c o n t r o l . H o w e v e r , S D M V 9 2 0 4 0 was r a t e d s i m i l a r t o t h e loca l , w h i l e o n Okashana 1 
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Table 3 . Overal l g r a i n preference rat ings (%) o f e l i te cultivars c o m p a r e d w i t h t h e 
f a r m e r s ' LLV, N a m i b i a , 1 9 9 3 . 

Gra in t ra i t 

Gra in size 
Gra in color 
Dehu l l ing 
Gr ind ing 
Food prepn. 
Food taste 

Gra in size 
Gra in color 
Dehu l l i ng 
Gr ind ing 
Food prepn. 
Food taste 

Gra in size 
Gra in color 
Dehu l l ing 
Gr ind ing 
Food prepn. 
Food taste 

N o . o f 
responses 

10 
10 
25 
25 
25 
25 

10 
10 
25 
25 
25 
25 

10 
10 
25 
25 
25 
25 

S D M V 92039 

Better 

10 
0 
0 
0 

100 
0 

Same 

10 
20 

100 
100 

0 
0 

Worse 

80 
80 

0 
0 
0 

100 

S D M V 90016 

Better 

10 
40 

100 
100 
100 
100 

Same 

20 
40 

0 
0 
0 
0 

Worse 

70 
20 

0 
0 
0 
0 

S D M V 91018 

Better 

0 
0 
0 
0 
0 
0 

Same 

10 
40 

0 
0 

100 
0 

Worse 

90 
60 

100 
100 

0 
100 

S D M V 92040 

Better 

70 
80 

100 
100 
100 

0 

Same 

30 
20 

0 
0 
0 

100 

Worse 

0 
0 
0 
0 
0 
0 

I C M V - F 86415 

Better 

0 
0 
0 
0 
0 
0 

Same 

10 
30 

0 
0 

100 
0 

Worse 

90 
70 

100 
100 

0 
100 

Okashana 1 

Better 

90 
20 

0 
0 

100 
20 

Same 

10 
30 

0 
0 
0 

40 

Worse 

0 
50 

0 
100 

0 
40 

t h e f a r m e r s w e r e s p l i t , w i t h 2 0 % r a t i n g i t b e t t e r t h a n t h e L L V , 4 0 % t h e same a s t h e 

l o c a l a n d 4 0 % w o r s e t h a n t h e L L V . S D M V 9 2 0 3 9 , I C M V - F 8 6 4 1 5 , a n d S D M V 91018 

w e r e r a t e d b y a l l p a n e l m e m b e r s a s w o r s e t h a n t h e L L V i n t e r m s o f f o o d tas te . I t i s 

w o r t h n o t i n g h e r e t h a t t w o o f t h e va r ie t i e s , S D M V 91018 a n d I C M V - F 8 6 4 1 5 , are 

c u r r e n t l y u n d e r f a r m e r v e r i f i c a t i o n i n o n - f a r m t r i a l s . I f t h e above i n f o r m a t i o n h a d 

b e e n ava i lab le b e f o r e s end ing t h e m f o r large-scale d e m o n s t r a t i o n a n d v e r i f i c a t i o n 

w i t h f a r m e r s , a l o t o f resources c o u l d have been saved. T h i s i s h o w f a r m e r p a r t i c i p a -

t i o n ea r ly o n i n t h e b r e e d i n g process b e c o m e s v e r y u s e f u l . 

I n s i m i l a r c o m p a r i s o n s w i t h Okashana 1 , o n l y S D M V 9 2 0 4 0 , a n d S D M V 9 0 0 1 6 

w e r e i d e n t i f i e d a s s u p e r i o r i n t e r m s o f f o o d tas te . These var ie t i es , p l u s t h e f a r m e r s ' 

L L V w e r e also r a t e d s u p e r i o r t o Okashana i n t e r m s o f d e h u l l i n g a n d g r i n d i n g ease. 
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Table 4 . Overal l gra in preference rat ings (%) of el i te cultivars c o m p a r e d w i t h 
Okashana 1 , N a m i b i a , 1993 . 

Gra in t ra i t 

Gra in size 
Gra in color 
Dehu l l ing 
Gr ind ing 
Food prepn. 
Food taste 

Gra in size 
Gra in color 
Dehu l l ing 
Gr ind ing 
Food prepn. 
Food taste 

Gra in size 
Gra in color 
Dehu l l ing 
Gr ind ing 
Food prepn. 
Food taste 

N o . o f 
responses 

10 
10 
25 
25 
25 
25 

10 
10 
25 
25 
25 
25 

10 
10 
25 
25 
25 
25 

S D M V 92039 

Better 

0 
0 
0 
0 
0 
0 

Same 

10 
30 

0 
0 

100 
100 

Worse 

90 
70 

100 
100 

0 
0 

S D M V 90016 

Better 

0 
50 

100 
100 

0 
100 

Same 

40 
20 

0 
0 

100 
0 

Worse 

60 
30 

0 
0 
0 
0 

S D M V 91018 

Better 

0 
10 
0 
0 
0 
0 

Same 

0 
20 

0 
0 

100 
0 

Worse 

100 
70 

100 
100 

0 
100 

S D M V 92040 

Better 

40 
60 

100 
100 
100 

0 

Same 

60 
40 

0 
0 
0 

100 

Worse 

0 
0 
0 
0 
0 
0 

I C M V - F 86415 

Better 

0 
10 

0 
0 
0 
0 

Same 

0 
20 

0 
0 

100 
0 

Worse 

100 
70 

100 
100 

0 
100 

Farmers' LLV 

Better 

0 
20 

100 
100 

0 
40 

Same 

0 
70 

0 
0 
0 

40 

Worse 

100 
10 
0 
0 

100 
20 

H o w e v e r o n l y S D M V 9 2 0 4 0 was r a t e d b e t t e r t h a n Okashana 1 i n f o o d p r e p a r a t i o n 

q u a l i t y t h o u g h S D M V 9 0 0 1 6 was r a t e d t h e same a s Okashana 1 . 

T h e f a r m e r s ' L L V was r a t e d w o r s e t h a n Okashana 1 i n t h i s aspect, t h o u g h S D M V 

9 0 0 1 6 was r a t e d o n a par w i t h Okashana 1 . I t c o u l d b e i m p o r t a n t t o f i n d o u t w h a t 

causes d i f f e r ences i n f o o d p r e p a r a t i o n qua l i t i e s . O n e e x p l a n a t i o n i s t h e possible 

d i f f e r ences i n t h e i r s t a rch s w e l l i n g t e m p e r a t u r e . A s t h e p o r r i d g e swel l s a n d t h i c k e n s , 

i t b e c o m e s d i f f i c u l t f o r m o r e f l o u r to dissolve; a s a r e su l t l u m p s f o r m a n d a s m o o t h 

p o r r i d g e c a n n o t b e o b t a i n e d . 

T h e s e s tud ies s h o w e d t h a t t h e f a r m e r s ' L L V i s v e r y g o o d f o r g r i n d i n g a n d d e h u l l -

i n g . I t has a p leas ing c o l o r a n d tastes g o o d . T h i s p r o b a b l y accounts fo r some o f t h e 

reasons t h a t t h e f a r m e r s have k e p t t h i s v a r i e t y fo r cen tu r i e s . S o m e o f t h e i m p r o v e d 

var ie t i e s such a s S D M V 9 2 0 4 0 , S D M V 9 0 0 1 6 , a n d Okashana 1 have t h e same q u a l i -
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t i e s a s t h e f a r m e r s ' l o c a l c o n t r o l above, a n d i n a d d i t i o n t h e y m a t u r e a b o u t 3 w e e k s t o 

1 m o n t h ea r l i e r . T h i s ensures f o o d s e c u r i t y f o r t h e f a r m e r a n d his f a m i l y i n g o o d years 

a n d i n seasons o f t e r m i n a l d r o u g h t . These var ie t ies can also b e s o w n u p t o 

1 m o n t h l a t e r t h a n t h e locals a n d s t i l l ensure some harves t f o r t h e f a m i l y . 

Conclusion 

I d e n t i f y i n g p o t e n t i a l va r i e t i e s such a s t h e ones d iscussed above ea r ly i n t h e b r e e d i n g 

a n d s e l e c t i o n process , a n d c o n c e n t r a t i n g e f fo r t s a n d resources o n f u r t h e r i m p r o v i n g 

t h e m w i l l b e m o r e cos t - e f f ec t i ve , a n d bear b e t t e r resul t s . F a r m e r p a r t i c i p a t i o n w i t h 

b r e e d e r s i n e v a l u a t i n g , se lec t ing , a n d advanc ing p r o m i s i n g gene t i c ma te r i a l s ear ly i n 

t h e b r e e d i n g p r o g r a m i s a sure w a y o f ach i ev ing t h i s . 
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Pearl Millet Production System(s) in the 
Communal Areas of Northern Namibia: Priority 
Research Foci Arising from a Diagnostic Study 

C M Matanyaire1 

Abstract 

Pearl millet is the major crop in northern Namibia where 60% of the population 

live. Although agricultural research was conducted in these areas during the pre-

independence period, the first study to obtain baseline information was conducted 

in 1993. 

The study confirmed the predominance of pearl millet in northern Namibia, 

with an average sown area per household of 3.5 ha. The farmers identify short 

duration as the most preferred varietal trait above grain yield, and research 

needs to be targeted in line with the farmers' preferences. Drought was identified 

as the major constraint on pearl millet production followed by lack of draft power. 

Farmers do recognize the importance of a good crop stand, early thinning, and 

weeding. The use of manure is widespread while the use of chemical fertilizer is 

very limited. 

Research priorities identified in the study include the development of drought-

alleviating technologies, development of pearl millet cultivars that meet the 

farmers' preference, and improvement of soil fertility and crop management 

strategies. 

A large pearl millet grain yield gap was identified with on-farm yields of 0.15 

to 0.20 t ha1 compared with on-station yields of 3.63 to 3.87 t ha1 during the 

1992/93 season. The yield gap analysis shows the comparative grain yield gains 

of improved management to be between 134 and 725% (for the levels of manage-

ment identified) compared with varietal change yield gains of 6 to 44% at the 

specified management levels. Based on these findings the Ministry of Agriculture, 

Water and Rural Development (MAWRD) is requested to put more effort into 

resource management research as opposed to genetic improvement, with more 

emphasis on on-farm research. 

1 . Research S ta t ion D e v e l o p m e n t Of f i ce r , ICRISAT-Namib i a , PO Box 272 , T s u m e b , N a m i b i a . 

ICRISAT Confe rence Paper no. CP 1063 

M a t a n y a i r e , C M . 1996. Pearl m i l l e t p r o d u c t i o n system(s) i n the c o m m u n a l areas o f n o r t h e r n N a m i b i a : 

p r i o r i t y research f o c i ar is ing f r o m a diagnost ic s tudy . Pages 4 3 - 5 8 in D r o u g h t - t o l e r a n t crops for sou the rn 

A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, 

Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 502 324 , A n d h r a Pradesh, Ind ia : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T rop i c s . 

4 3 



Background 

T h e f a r m e r s i n t h e n o r t h e r n c o m m u n a l areas o f N a m i b i a , n a m e l y , C a p r i v i , Kavango , 

a n d t h e f o u r reg ions c o v e r i n g t h e f o r m e r O w a m b o l a n d — O s h i k o t o , Oshana , O h a n g -

w e n a , a n d O m u s a t i — p r a c t i c e a m i x e d f a r m i n g s y s t e m . T h e s y s t e m i s based o n c r o p 

a n d l i v e s t o c k p r o d u c t i o n sys tems t h a t are i n t e r d e p e n d e n t . 

Pear l m i l l e t i s t h e d o m i n a n t c r o p . W i t h n o f o r m a l pear l m i l l e t g r a i n m a r k e t s , 

h o u s e h o l d f o o d s e c u r i t y i s t h e t a rge t f o r m o s t f a rmers . 

T h e r e are v e r y f e w basel ine da ta o n t h e f a r m i n g sy s t em a n d l i t t l e u n d e r s t a n d i n g o f 

i t s c o m p o n e n t p r o d u c t i o n sys tems ( U N I C E F 1 9 8 9 ) . D u r i n g t h e p r e - i n d e p e n d e n c e 

p e r i o d , research o n p e a r l m i l l e t a n d associated p r o d u c t i o n sys tems was n o t g i v e n 

a t t e n t i o n . T h e f a r m e r s l i v i n g i n these areas k n o w w h a t i s g o o d f o r t h e m ; t h e i r su rv iva l 

i s a d e q u a t e t e s t i m o n y t o t h e i r a u t h o r i t y . T h i s basel ine survey i s t h e f i r s t r e c o r d e d 

c o m p r e h e n s i v e a t t e m p t t o o b t a i n q u a n t i t a t i v e da ta o n pea r l m i l l e t - b a s e d p r o d u c t i o n 

s y s t e m ( s ) o f n o r t h e r n N a m i b i a . T h e s t u d y seeks t o i d e n t i f y research p r i o r i t i e s a n d 

f o c i based o n t h e k n o w l e d g e a n d p e r c e p t i o n s o f f a rmers . 

Method of Data Collection 

A su rvey , u s i n g a s t r u c t u r e d q u e s t i o n n a i r e , was c o n d u c t e d b e t w e e n M a y a n d A p r i l 

1 9 9 3 . A g r i c u l t u r a l e x t e n s i o n off icers d i d t h e e n u m e r a t i o n i n t h e i r r e spec t ive areas. A 

r a n d o m s a m p l e o f a t least 2 0 f a r m e r s was i n t e r v i e w e d a r o u n d each A g r i c u l t u r a l 

D e v e l o p m e n t C e n t r e ( A D C ) . T h e A D C i s t h e l o c a t i o n o f a g r i c u l t u r e e x t e n s i o n off ices 

w i t h i n t h e r e g i o n a n d subregions . T h e r e was n o p r e s e l e c t i o n o f r e sponden t s a n d 

p resence a t h o m e d u r i n g t i m e o f v i s i t was a n i m p o r t a n t d e c i d i n g f ac to r i n t h e ' c h o i c e ' 

o f r e s p o n d e n t s . C o n s i d e r i n g t h e fac t t h a t t h e p o p u l a t i o n dens i t ies i n these areas are 

r e l a t i v e l y l o w , t h e s ample size a t each A D C makes t h e r e sponden t s r ep resen ta t ive o f 

t h e f a r m i n g c o m m u n i t i e s i n n o r t h e r n N a m i b i a . T h e ac tua l s ample sizes w e r e a s 

f o l l o w s : C a p r i v i 18; Kavango 107; O m u s a t i 3 8 ; O n d a n g w a 2 8 ; a n d O s h i k o t o 18. 

I n a n a c c o m p a n y i n g exerc i se t h e areas o f pea r l m i l l e t a n d s o r g h u m g r o w n b y 

f a r m e r s i n t h e 1 9 9 2 / 9 3 season w e r e m e a s u r e d . T h i s was d o n e b y e x t e n s i o n of f icers 

u s i n g m e a s u r i n g w h e e l s , w i t h a t a rge t o f m e a s u r i n g 2 0 arable h o l d i n g s pe r A D C . T w o 

h u n d r e d a n d s ix f a m i l y h o l d i n g s i n t h e Kavango a n d O w a m b o regions w e r e measu red . 

Results 

Average size of holding 

N o n a t i o n a l f i g u r e s are avai lable . T h e resu l t s o f t h e area m e a s u r e m e n t s c o n d u c t e d 

d u r i n g t h e 1 9 9 2 / 9 3 season are p r e s e n t e d i n T a b l e 1 e x c l u d i n g t h e e x t r e m e values 

w h i c h h a d f e w e r t h a n f i v e observa t ions i n each class. O n t h e l o w e r e n d o f t h e da ta set 

o n l y f o u r obse rva t ions w e r e d i s c o u n t e d . T h e average size o f area s o w n t o p e a r l m i l l e t 

4 4 



Table 1 . Area o f pearl mi l le t g r o w n by indiv idual 
fa rmers surveyed in 1993 . 

Class l im i t (ha) 

0.5-1.4 

1.5-2.4 

2.5-3.4 

3.5-4.4 

4.5-5.4 

5.5-6.4 

6.5-7.4 

7.5-8.4 

Mean 

SD 

Class value (ha) 

1 

2 

3 

4 

5 

6 

7 

8 

3.5 

±1.76 

Observed frequency 

20 

37 

42 

38 

17 

10 

9 

6 

p e r h o u s e h o l d f r o m t h i s data set i s 3.5 ha. I f classes w i t h 10 o r f e w e r observa t ions are 

d r o p p e d , t h e m e a n i s r e d u c e d t o 2 . 9 6 ha. 

Constraints on pearl millet production 

A p r i m a r y o b j e c t i v e was t o i d e n t i f y t h e m a j o r cons t ra in t s l i m i t i n g pear l m i l l e t p r o d u c -

t i o n . T h e r a n k o r d e r o f t h e cons t ra in t s was es tab l i shed us ing a score c a l c u l a t e d a s t h e 

s u m o f t h e p r o d u c t of : 

( N u m b e r o f r a n k i n g r e sponden t s x r ank o r d e r va lue) 

w h e r e f i r s t i s v a l u e d 3 , s econd is v a l u e d 2 , a n d t h i r d i s v a l u e d 1 . 

D r o u g h t i s t h e m o s t i m p o r t a n t c o n s t r a i n t r ecogn ized b y fa rmers . N e x t i s l ack o f 

d r a f t p o w e r , w i t h l ack o f i m p r o v e d seed c o m i n g t h i r d ( T a b l e 2 ) . V i e w i n g t h e p r o d u c -

Table 2 . Constraints on pearl mi l let product ion in nor thern Namib ia ident i f ied by a 

d iagnost ic survey: May-Jun 1993 . 

Constraint 

Drough t 

Lack of draf t power 

Lack of improved seed 

Lack of grain market 

Lack of fert i l izer 

Lack of extension 

Low soil fe r t i l i t y 

Lack of manure 

Score1 

409 

321 

269 

176 

173 

170 

144 

76 

Regional rank by score 

Nat ional 

1 

2 

3 

4 

5 

6 

7 

8 

Capriv i 

3 

4 

1 

2 

5 
-

-

-

Kavango 

1 

2 

3 

6 

5 

4 

6 

4 

O w a m b o 

1 

2 

3 
-
-

5 

-

-

1. Score = (Number of ranking respondents x rank order value). 

4 5 



t i o n c o n s t r a i n t s b y r e g i o n , t h e m a j o r s h i f t f r o m t h e n a t i o n a l p a t t e r n i s n o t e d i n 

C a p r i v i w h e r e l a c k o f i m p r o v e d seeds a n d l a ck o f a g r a i n m a r k e t are c lass i f ied a s t h e 

m a j o r c o n s t r a i n t s . T h i s m a y b e d u e t o t h e w e t t e r e n v i r o n m e n t associated w i t h annua l 

pu rchase o f m a i z e h y b r i d seed, a n d t h e r emotenes s o f t h e C a p r i v i r e g i o n f r o m a l l 

u r b a n cen t e r s a n d ra i l -heads . 

Desired traits in pearl millet varieties 

I t was i m p o r t a n t t o e s tab l i sh reasons f o r pea r l m i l l e t c u l t i v a r p re fe rences , i n o r d e r t o 

p r o v i d e g u i d e l i n e s t o t h e n a t i o n a l p e a r l m i l l e t b r e e d i n g p r o g r a m d u r i n g i t s f o r m a t i v e 

phase . T h e s c o r i n g s y s t e m u s e d f o r c o n s t r a i n t r a n k i n g was also a p p l i e d t o r a n k t r a i t 

d e s i r a b i l i t y . T h e resu l t s are g i v e n i n T a b l e 3 . S h o r t d u r a t i o n i s t h e m o s t des i rab le t r a i t 

f o l l o w e d b y g r a i n y i e l d . D r o u g h t t o l e r ance a n d g ra in size are also t o p o n t h e l i s t , w a y 

above g r a i n s t o r a b i l i t y a n d insec t a n d disease resis tance. 

Table 3 . Desired traits in i m p r o v e d pearl mi l le t varieties: survey results May-Jun 
1 9 9 3 . 

Tra i t 

Short dura t ion 
Gra in y i e ld 
Drough t tolerance 
G r a i n size 
Plant height 
Head size 
Insect resistance 
Gra in color 
Gra in s torabi l i ty 
Disease resistance 
B i rd tolerance 
S tem thickness 
Stover y ie ld 
M i l l i n g qual i ty 

Score1 

89 
72 
59 
55 
44 
41 
39 
38 
34 
27 
25 
24 
22 

3 

Rank 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 

Respondents ranking first (%) 

21.0 
14.6 

9.5 
12.5 

5.7 
8.8 
4.8 
7.3 
5.3 
3.0 
3.0 
2.3 
1.5 
0.5 

1. Score = (Number of ranking respondents x rank order value). 

Crop management 

Seedbed p r e p a r a t i o n . T h e m a j o r i t y o f t h e f a r m e r s use a n i m a l p o w e r a n d s o w t h e i r 

c r o p o n t h e f l a t . H o w e v e r , t h e r e are s t r i k i n g r eg iona l d i f fe rences . N i n e t y - f i v e p e r c e n t 

o f t h e f a r m e r s i n C a p r i v i , 9 2 % i n Kavango , a n d 6 7 % O s h i k o t o s o w o n t h e f l a t . O n t h e 

o t h e r h a n d 8 1 % , 6 5 % , a n d 3 3 % o f t h e Oshana , O m u s a t i , a n d O s h i k o t o f a r m e r s s o w o n 

t h e r i d g e a n d b r o a d b e d . 
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M u l c h i n g i s n o t a c o m m o n p r a c t i c e . I n Kavango 3 7 % o f t h e r e sponden t s c o l l e c t t h e 

c r o p res idues a n d b u r n t h e m d u r i n g t h e process o f seedbed p r e p a r a t i o n . I n O w a m b o , 

t h e c r o p res idues are gene ra l ly g razed d o w n be fo re t h e onse t o f t h e ra ins . 

S o w i n g a n d t h i n n i n g the crop. F i f t y p e r c e n t o f t h e fa rmers s o w t h e i r pea r l m i l l e t 

c r o p o n h i l l s , i n a r o w p a t t e r n , a n d 3 4 % s o w o n sca t t e red h i l l s . 

D i b b l i n g a long r o w s a n d b roadcas t i ng are n o t popu la r , each p r ac t i c e b e i n g used b y 

f e w e r t h a n 10% o f t h e r e sponden t s . 

T h e m a j o r i t y o f t h e C a p r i v i r e sponden t s ( 7 2 % ) sow f e w e r t h a n five seeds pe r h i l l 

( T a b l e 4 ) . A large percen tage o f t h e C a p r i v i a n s ( 3 8 % ) also d o n o t t h i n t h e i r c r o p 

( T a b l e 5 ) . T h e m o s t c o m m o n reason g i v e n fo r n o t t h i n n i n g i s shortage o f l abor . 

N a t i o n a l l y , 4 8 % o f t h e r e sponden t s s o w b e t w e e n 5 a n d 10 seeds per h i l l . 

Table 4 . Propor t ion of fa rmers (%) sowing t h e indicated n u m b e r of seeds per hill: 
1993 survey results. 

Nat ional 
Capr iv i 
Kavango 
Omusat i 
Ondangwa 
Osh iko to 

Number of seeds sown per h i l l 

< 5 

27.8 
72.2 
26.2 

7.9 
35.7 
22.2 

5-10 

47.8 
16.7 
48.6 
78.9 
21.4 
50.0 

10-15 

10.0 
5.6 
9.3 

13.9 
17.9 

0 

15-20 

5.3 
0 
6.5 
0 

10.7 
5.6 

> 2 0 

7.7 
5.6 
8.4 
0 

14.3 
11.1 

Table 5 . Propor t ion of fa rmers (%) th inn ing thei r pearl mi l let crop to t h e levels 
ind icated: 1993 survey results. 

Region 

Nat ional 
Capr iv i 
Kavango 
Omusat i 
Ondangwa 
Osh iko to 

Don ' t Th in 
th in to 1 

6.2 2.9 
38.9 0 
5.6 1.9 
0 2.6 
0 10.7 
0 0 

Th in Th in 
t o 2 to 3 

17.7 44.5 
11.1 27.8 
12.1 53.3 
21.1 42.1 
28.6 32.1 
33.3 33.3 

Th in 
t o 4 

23.5 
11.1 
21.5 
31.6 
28.1 
16.7 

Th in 
t o 5 

5.3 
5.6 
5.6 
2.6 
0 

16.7 

T w e n t y - e i g h t p e r c e n t o f t h e r e sponden t s sow f e w e r t h a n 5 seeds per h i l l . I t is 

i n t e r e s t i n g t o n o t e t h a t close o n 8% o f t h e fa rmers sow over 2 0 seeds pe r h i l l . 

F o r t y - f i v e p e r c e n t o f t h e f a rmers t h i n t o t h r e e seedlings pe r h i l l a n d 8 5 % t h i n t o 

b e t w e e n t w o a n d f o u r seedlings pe r h i l l ( T a b l e 5 ) . 

A p l a n t p o p u l a t i o n c o u n t a t t w o A D C s i n Kavango also came u p w i t h a m e a n o f 

t h r e e t o f o u r p l an t s pe r h i l l . 
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T h i n n i n g a n d w e e d i n g t i m e . T i m e l i n e s s o f t h i n n i n g a n d w e e d i n g was e q u a l l y o f 

c o n c e r n to t h e base l ine da ta c o l l e c t i o n exerc i se . Tab les 6 , 7 , a n d 8 c o n t a i n t h e 

i n f o r m a t i o n o n t h i n n i n g t i m e , w e e d i n g t i m e , a n d t h e n u m b e r o f w e e d i n g s p e r c r o p 

c y c l e r e s p e c t i v e l y . F a r m e r s genera l ly f o r g e t t o t h i n a n d w e e d o n t i m e . Seven ty - f ive 

p e r c e n t o f t h e f a r m e r s p l a n n e d t o t h i n a n d 7 2 % t o w e e d t h e i r p e a r l m i l l e t c r o p w i t h i n 

3 w e e k s o f e m e r g e n c e . O n l y 8 % o f t h e r e sponden t s t h i n , a n d 6 % W e e d t h e i r c rops 

l a t e r t h a n 4 w e e k s a f t e r e m e r g e n c e . These f igures are cons i s ten t , c o n s i d e r i n g t h e fac t 

t h a t m o s t f a r m e r s t h i n a n d w e e d i n o n e o p e r a t i o n . 

Table 6 . Propor t ion of f a rmers (%) th inn ing the i r crop a t t h e indicated t imes: 1993 
survey results. 

Region 

Nat ional 

Capr iv i 

Kavango 

Omusa t i 

Ondangwa 

Osh iko to 

Th inn ing 

3.3 

33.3 

0.9 

0 

0 

0 

T im ing of th inn ing after emergence (days) 

< 1 4 

30.5 

16.7 

22.4 

42.1 

53.6 

27.8 

14-20 

42.1 

27.8 

41.0 

55.3 

35.7 

44.4 

21-28 

14.8 

5.6 

21.5 

0 

10.7 

22.2 

> 2 8 

7.7 

16.7 

10.3 

2.6 

0 

5.6 

Table 7 . P ropor t ion of fa rmers (%) w e e d i n g the i r pearl mi l let crop dur ing t h e indi-
ca ted per iod : 1 9 9 3 survey results. 

Region 

Nat ional 
Capr iv i 

Kavango 

Omusa t i 

Ondangwa 

Osh iko to 

T im ing of weeding after emergence (weeks) 

< 2 

36.7 

10.5 

28.0 

45.0 

71.4 

43.8 

2-3 

39.0 

31.6 

42.1 

55.0 

14.3 

31.3 

3-4 

18.1 

42.1 

21.5 

0 

14.3 

18.8 

> 4 

6.2 

15.8 

8.45 

0 

0 

6.3 

Table 8 . P ropor t ion of fa rmers (%) w e e d i n g thei r pearl mi l let crop 1 - 4 t imes dur ing 

t h e season: 1 9 9 3 survey results. 

Nat iona l 

Capr iv i 

Kavango 

Omusa t i 

Ondangwa 

Osh iko to 

Number of weedings per season 

1 

32.4 

68.4 

30.8 

20.0 

17.9 

56.3 

2 

59.5 

31.6 

69.2 

47.5 

75.0 

31.3 

3 

6.7 

0 

0 

27.5 

7.1 

6.3 

4 

1.0 

0 

0 

2.5 

0 

6.3 
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I t m a y b e n o t e d f r o m T a b l e 8 t h a t 6 0 % o f t h e f a rmer s w e e d t h e i r pea r l m i l l e t c r o p 

t w i c e . O v e r 2 7 % o f t h e O m u s a t i r e sponden t s w e e d t h e i r c r o p t h r i c e , c l ea r ly d e m o n ­

s t r a t i n g t h a t f a r m e r s are f u l l y aware o f t h e i m p o r t a n c e o f w e e d i n g . H o w e v e r , 6 8 % o f 

r e s p o n d e n t s i n C a p r i v i a n d 5 6 % o f r e sponden t s i n O s h i k o t o w e e d t h e i r pea r l m i l l e t 

c r o p o n l y o n c e . 

T h e m a j o r i t y o f t h e f a rmer s ( 8 4 % ) use t h e h a n d - h o e f o r w e e d c o n t r o l . T h e use o f 

a n i m a l - d r a w n c u l t i v a t o r s i s n o t c o m m o n , w i t h 2 4 % o f t h e Kavango , 16% o f t h e 

C a p r i v i , a n d 6 % o f t h e O s h i k o t o f a rmer s m a k i n g use o f a n i m a l - d r a w n i m p l e m e n t s f o r 

w e e d c o n t r o l . 

Fertility management 

A n o t h e r specif ic p u r p o s e o f t h e survey was t o es tabl i sh t h e r e g u l a r i t y o f use o f k raa l 

m a n u r e , f e r t i l i z e r , r o t a t i o n s , a n d i n t e r c r o p p i n g . N a t i o n a l l y , 2 . 8 % o f t h e f a rmer s r e g u -

l a r l y use c h e m i c a l f e r t i l i z e r s , 2 1 . 6 % use t h e m s o m e t i m e s , a n d 7 5 . 5 % have never u s e d 

c h e m i c a l f e r t i l i z e r . A l l r e sponden t s i n C a p r i v i s o m e t i m e s use f e r t i l i z e r . Seven ty - s ix 

p e r c e n t o f t h e r e s p o n d e n t s i n O s h i k o t o s o m e t i m e s use f e r t i l i z e r . I n Kavango ( 2 1 % ) , 

O m u s a t i ( 1 4 % ) , a n d Oshana (13%) t h e f a rmers s o m e t i m e s use f e r t i l i z e r . N - P - K 

c o m p o u n d f e r t i l i z e r s are t h e m o s t c o m m o n l y used c h e m i c a l f e r t i l i z e r s b y t h e f e w 

f e r t i l i z e r users, f o l l o w e d b y s t r a igh t P f e r t i l i z e r s . T h e q u a n t i t i e s o f c h e m i c a l f e r t i l i z e r s 

used p e r f a r m e r are s m a l l , b e i n g less t h a n 50 kg pe r f a r m e r (average f o r a l l users) 

d u r i n g t h e 1 9 9 2 / 9 3 season. 

N o n e o f t h e r e sponden t s i n C a p r i v i uses m a n u r e . E i g h t y - f o u r p e r c e n t o f t h e 

Kavango r e s p o n d e n t s never use m a n u r e a n d o n l y 8% use i t s o m e t i m e s . By con t r a s t 

4 0 % o f t h e r e sponden t s i n t h e f o r m e r O w a m b o l a n d regions r egu l a r ly use m a n u r e , a n d 

4 8 % use i t s o m e t i m e s . T h e q u a n t i t i e s u sed d u r i n g 1 9 9 2 / 9 3 pe r f a r m e r (averaged f o r 

users o n l y ) r anged f r o m 2.5 t i n Kavango to 3 t i n t h e f o r m e r O w a m b o l a n d regions . 

T h e usage o f organic a n d ino rgan ic m a n u r e pe r u n i t area was n o t easy t o es tabl i sh 

because o f f a r m e r s ' d i f f i c u l t i e s i n area e s t i m a t i o n . 

F a l l o w i n g as a f e r t i l i t y m a n a g e m e n t s t ra tegy i s n o t c o m m o n ; o n l y 1.6% of t h e 

f a r m e r s r e g u l a r l y d o i t . E i g h t e e n p e r c e n t o f t h e f a rmers s o m e t i m e s leave t h e i r lands 

f a l l o w t o res to re f e r t i l i t y w h i l e 7 9 % never d o i t . 

I n t e r c r o p p i n g i s a c o m m o n p r a c t i c e w i t h 4 5 % o f t h e r e sponden t s ' cereal c r o p lands 

b e i n g r e g u l a r l y i n t e r c r o p p e d w h i l e 3 4 % are s o m e t i m e s i n t e r c r o p p e d ( T a b l e 9 ) . 

Table 9 . Propor t ion of farmers (%) using legumes for intercropping: 1993 survey 
results. 

Region 

Nat ional 
Capr iv i 
Kavango 
Omusa t i 
Ondangwa 
Oshikoto 

Never 
intercrop 

17.1 
33.3 
12.9 
20.9 
14.3 

5.6 

Sometimes 
intercrop 

34.2 
48.6 
33.6 
36.3 
28.6 
11.8 

Regularly 
intercrop 

45.2 
15.2 
51.1 
43.4 
47.6 
70.6 
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C o w p e a i s t h e d o m i n a n t l e g u m e u s e d f o r i n t e r c r o p p i n g w i t h 9 8 % o f t h e f a r m e r s u s ing 

i t . I t i s t h e sole l e g u m e u s e d i n t h e i n t e r c r o p p i n g s y s t e m o f t h e O s h i k o t o a n d Oshana 

reg ions . T h e c o w p e a dens i t i e s u s e d are gene ra l ly l o w a n d t h e p e a r l m i l l e t t o c o w p e a 

r a t i o was n o t easy t o q u a n t i f y . C r o p r o t a t i o n i s n o t c o m m o n , w i t h 7 4 % o f t h e lands 

b e i n g u n d e r c o n t i n u o u s p e a r l m i l l e t . O n l y 5 % o f t h e lands are r e g u l a r l y r o t a t e d a n d 

17% o f t h e lands are s o m e t i m e s r o t a t e d . 

Discussion: Implications for Research 

The pearl millet area in Namibia 

T h e area s o w n t o s o r g h u m a n d pea r l m i l l e t n a t i o n a l l y d u r i n g t h e 1 9 9 2 / 9 3 season i s 

g i v e n b y t h e N a m i b i a n E a r l y W a r n i n g a n d F o o d I n f o r m a t i o n S y s t e m a s 171 2 0 0 ha. 

T h i s i s m a d e u p o f 143 0 0 0 h a i n O w a m b o , 1 7 0 0 0 i n Kavango a n d 1 1 2 0 0 i n C a p r i v i . 

T h e s e f i g u r e s are n o t based o n any k n o w n m e a s u r e m e n t s . 

T h e 1991 p o p u l a t i o n census b y t h e M i n i s t r y o f H o m e A f f a i r s e s t ab l i shed t h a t t h e 

p o p u l a t i o n o f t h e p e a r l m i l l e t g r o w i n g areas o f t h e n o r t h i s 8 2 9 0 0 0 , w h i c h i s 6 0 % o f 

t h e n a t i o n a l p o p u l a t i o n . T h e r eg iona l f i g u r e s w e r e a s f o l l o w s : 

O w a m b o 6 0 1 0 0 0 , Kavango 157 0 0 0 , a n d C a p r i v i 7 1 0 0 0 . 

T h e average f a m i l y sizes w e r e e s t ab l i shed t o b e 4 .6 ( C a p r i v i ) , 6 .0 ( O w a m b o ) , a n d 

6 .2 ( K a v a n g o ) . T h e census f i g u r e s also i n d i c a t e t h a t 8 0 % o f t h e p o p u l a t i o n i n 

O w a m b o i s r u r a l . O f t h e 140 0 0 0 househo lds i n t h e p e a r l m i l l e t g r o w i n g areas o f 

n o r t h e r n N a m i b i a , 112 0 0 0 are e s t i m a t e d t o b e r u r a l c u l t i v a t o r s . 

A M A W R D / I C R I S A T M i l l e t subsec tor s t u d y ( K e y l e r 1993) e s t i m a t e d t h e average 

h o u s e h o l d hectarages d u r i n g t h e 1993 harves t t o b e 3.5 h a f o r O w a m b o a n d 2 .9 h a f o r 

Kavango . T h i s i s i n a g r e e m e n t w i t h t h e area m e a s u r e m e n t s w e c o n d u c t e d d u r i n g t h e 

1 9 9 2 / 9 3 season ( T a b l e 1) . O u r survey resu l t s also i n d i c a t e d t h a t t h e s o r g h u m area pe r 

c u l t i v a t o r was less t h a n 0 .1 h a a n d t h e ma ize area was neg l ig ib l e . T h e N a m i b i a n Ea r ly 

W a r n i n g a n d F o o d I n f o r m a t i o n S y s t e m r e p o r t s a ma ize area o f 1 4 8 0 0 h a i n C a p r i v i 

d u r i n g t h e 1 9 9 2 / 9 3 season, a n d n o ma ize i n Kavango a n d O w a m b o . 

F r o m t h e above i n f o r m a t i o n t h e n a t i o n a l area s o w n t o pea r l m i l l e t has b e e n r e -

e s t i m a t e d . U s i n g t h e l o w e r m e a n pea r l m i l l e t hectarage pe r c u l t i v a r o f 2 . 9 6 ha, i t i s 

e s t i m a t e d t h a t t h e area u n d e r pear l m i l l e t d u r i n g t h e 1 9 9 2 / 9 3 season i n n o r t h e r n 

N a m i b i a was 3 3 1 5 0 0 ha . I t i s u n l i k e l y t h a t t h i s area varies g rea t ly f r o m year t o year . 

T h u s any N a m i b i a n research e f f o r t t a r g e t e d t o t h e small-scale c r o p g r o w e r s has t o b e 

o n p e a r l m i l l e t a n d i t s associa ted p r o d u c t i o n sys tems. 

Drought: the major constraint 

T h e p e a r l m i l l e t - g r o w i n g c o m m u n a l areas o f n o r t h e r n N a m i b i a are cha rac t e r i zed b y 

l o w , e r r a t i c r a i n f a l l r ang ing f r o m 3 0 0 m m y - 1 i n t h e w e s t t o 6 0 0 m m y - 1 i n t h e east. 

Season l e n g t h ranges f r o m 8 0 t o 100 days ( H u t c h i n s o n 1 9 9 3 ) . T h e h i g h p o t e n t i a l 

e v a p o t r a n s p i r a t i o n a n d t h e l o w w a t e r - h o l d i n g capac i ty o f t h e p r e d o m i n a n t l y sandy 
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soils w i t h a l o w organ ic c o n t e n t f u r t h e r des tabi l izes t h e a l ready p reca r ious so i l m o i s ­

t u r e ba lance p o t e n t i a l f o r successful c r o p p i n g . 

T h e f a r m e r s ' k n o w l e d g e o f t h e i r e n v i r o n m e n t i s g o o d ; a n d t h e y d o recognize t h i s 

so i l m o i s t u r e l i m i t a t i o n ( d r o u g h t ) a s t h e m a j o r c o n s t r a i n t o n p e a r l m i l l e t p r o d u c t i o n . 

W h i l e n o da ta are avai lable t h e y i e ld s are k n o w n t o b e v e r y va r iab le f r o m year t o year 

a n d t o b e t o t a l l y d e p e n d e n t o n season q u a l i t y . T h e p r o d u c t i o n es t ima tes f r o m t h e 

N a m i b i a n E a r l y W a r n i n g a n d I n f o r m a t i o n S y s t e m b e t w e e n 1 9 9 0 / 9 1 a n d 1 9 9 2 / 9 3 

c l ea r ly i n d i c a t e t h i s t r e n d . Research p r i o r i t i e s are t h e d e v e l o p m e n t a n d a d a p t a t i o n o f 

t e c h n o l o g i e s t h a t m i n i m i z e t h e d e t r i m e n t a l effects o f d r o u g h t o n r a i n f e d p e a r l m i l l e t 

p r o d u c t i o n . T h e t e c h n o l o g y m u s t raise y i e ld s a n d increase y i e l d s t a b i l i t y . 

Draft power constraint 

T h e h u m a n p o p u l a t i o n a n d l i v e s t o c k n u m b e r s i n t h e n o r t h e r n c o m m u n a l areas d o n o t 

r e f l e c t a n o b v i o u s sca rc i ty o f a n i m a l d r a f t p o w e r . H o w e v e r , t h e resul ts o f t h e su rvey 

c o m e u p w i t h l ack o f d r a f t p o w e r a s t h e n u m b e r t w o cons t r a in t . 

R a p i d r u r a l appraisals c o n d u c t e d i n Kavango d u r i n g 1993 also i d e n t i f i e d l a ck o f 

d r a f t p o w e r a s o n e o f t h e m a j o r cons t r a in t s o n c r o p p r o d u c t i o n ( M o r r o w 1 9 9 3 ) . 

T h e r e i s a n e e d t o es tab l i sh t h e l i v e s t o c k o w n e r s h i p pa t t e rns i n these c o m m u n a l 

areas, w h i c h t h e s t u d y d i d n o t d o . T h e da ta o n m a n u r e use, h o w e v e r , suggest a m o r e 

w i d e s p r e a d c a t t l e o w n e r s h i p p a t t e r n i n f o r m e r O w a m b o l a n d a n d m a y b e a sharper 

s k e w i n Kavango . 

I n t h e f o r m e r O w a m b o l a n d regions t h e r e i s e x t r e m e grazing pressure a r o u n d t h e 

vi l lages . C a t t l e are m o v e d away f r o m h o m e d u r i n g t h e d r y season o n l y t o r e t u r n w h e n 

t h e graz ing has r e c o v e r e d f o l l o w i n g t h e onse t o f t h e rains . T h e r e i s n o s u p p l e m e n t a r y 

f e e d i n g f o r t h e l i v e s t o c k , t h o u g h f a rmer s a t t a c h l i t t l e i m p o r t a n c e t o c r o p res idues . 

T h u s , a t t h e s t a r t o f t h e season t h e r e are n o an imals i n t h e v i l lage t o p r o v i d e t h e 

n e e d e d d r a f t p o w e r . T h e f e w t h a t m a y b e p resen t are usua l ly t o o w e a k t o p l o w . 

L i v e s t o c k m a n a g e m e n t s trategies t h u s aggravate t h e d r a f t p o w e r scarc i ty c o n s t r a i n t 

o n c r o p p r o d u c t i o n . T e c h n o l o g i e s t h a t w o u l d e x t e n d t h e areas w o r k e d b y t h e f e w 

d r a f t an ima l s avai lable a n d / o r m a k e t h e avai lable a n i m a l d r a f t p o w e r m o r e p r o d u c t i v e 

f r o m t h e onse t o f t h e ra ins s h o u l d b e d e v e l o p e d a n d adap t ed . 

Lack of improved seed 

T h e l ack o f i m p r o v e d p e a r l m i l l e t seed i s a r e su l t o f p r e - i n d e p e n d e n c e neg lec t o f 

research o n t h e c r o p ( U N I C E F 1 9 8 9 ) . T h e p o s t - i n d e p e n d e n c e release o f Okashana 1 

a n d p r o v i s i o n o f seed f o r t h e v a r i e t y b y G o v e r n m e n t has gene ra t ed a large i n t e r e s t i n 

t h e use o f i m p r o v e d pea r l m i l l e t seed. T h e C a p r i v i f a rmers have h a d p r e - i n d e p e n -

d e n c e e x p o s u r e t o i m p r o v e d ma ize a n d s o r g h u m seed d u e t o t h e c o m p a r a t i v e l y 

h i g h e r a g r i c u l t u r a l p o t e n t i a l o f t h e i r r eg ion ; hence t h e i r greater a p p r e c i a t i o n o f i m -

p r o v e d seed. T h i s d e m a n d f o r i m p r o v e d seed needs t o b e addressed w i t h i n t h e 

f r a m e w o r k o f t h e des i rab le c u l t i v a r t r a i t s a s i d e n t i f i e d b y f a r m e r s . T h e f ac t t h a t 
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f a r m e r s p u t m o r e emphas i s o n v a r i e t y earl iness ove r g r a in y i e l d m a y i n d i c a t e t h e i r 

c o n c e r n f o r g r a i n y i e l d s t a b i l i t y a n d / o r t h e n e e d f o r a n ea r ly harves t . 

F a r m e r s associate v a r i e t a l earl iness w i t h g r a i n y i e l d s t a b i l i t y . T h e r e is, h o w e v e r , n o 

sc i en t i f i c research da ta t o back t h e a s s u m p t i o n t h a t va r i e t a l earliness i m p r o v e s g ra in 

y i e l d s t a b i l i t y . 

F u r t h e r m o r e , f a r m e r s s t i l l cons ide r d r o u g h t t o l e r ance a s a n i m p o r t a n t t r a i t r e ­

q u i r e m e n t i n i m p r o v e d c u l t i v a r s , c l ea r ly s h o w i n g t h e i r c o n c e r n a b o u t t h e a r i d i t y o f 

t h e i r e n v i r o n m e n t . G r a i n a n d h e a d size are also p l a c e d h i g h o n t h e f a r m e r s ' p r i o r i t y 

l i s t o f des i r ab l e c u l t i v a r t r a i t s . T h e fact t h a t disease a n d pest t o l e r ance are n o t r a n k e d 

h i g h m a y i n d i c a t e t h e i r l o w i n c i d e n c e i n t h e e x i s t i n g pea r l m i l l e t p r o d u c t i o n sys tems. 

T h e f a r m e r s i n d i c a t e t h a t Okashana 1 m e e t s t h e i r expec t a t i ons fo r des i rab le t r a i t s 

i n i m p r o v e d p e a r l m i l l e t va r i e t i e s . T o a v o i d p u t t i n g a l l t h e i r eggs i n one ' u n k n o w n ' 

baske t t h e f a r m e r s d o w i s e l y c o n t i n u e t o g r o w t h e i r l andrace c u l t i v a r s . 

T h e c u l t i v a r s t o b e d e v e l o p e d i n t h e s h o r t - t e r m w o u l d t h u s have t o t a k e i n t o 

c o n s i d e r a t i o n these c l ea r ly d e f i n e d f a r m e r s ' va r i e t a l t r a i t p references . T h u s , d e v e l o p ­

m e n t a n d a d a p t a t i o n o f i m p r o v e d pea r l m i l l e t c u l t i v a r s t h a t d o satisfy t h e f a r m e r s ' 

des i r ab le t r a i t s , i .e . , earl iness, g r a i n y i e l d , a n d d r o u g h t to l e rance , are t h e research 

p r i o r i t i e s . 

Use of fertilizer 

T h e r e c o g n i t i o n o f cons t r a in t s such a s l ack o f f e r t i l i z e r a n d m a n u r e ind ica tes t h e 

f a r m e r s ' s e n s i t i v i t y t o t h e p r o b l e m s o f p o o r soi l f e r t i l i t y . T h e h i g h r i s k s o f f a i l u r e t h a t 

g o w i t h c r o p p i n g i n t h e s e m i - a r i d zones r e su l t i n v e r y l i m i t e d use o f e x t e r n a l l y 

p u r c h a s e d i n p u t s . T h e l ack o f a g u a r a n t e e d f o r m a l g r a in m a r k e t also discourages t h e 

use o f c o s t l y p u r c h a s e d i n p u t s . C o n s e q u e n t l y less t h a n 3 % o f t h e f a rmer s r egu la r ly 

use f e r t i l i z e r a n d ove r 7 5 % never use i t . H o w e v e r , t h e fac t t h a t some f e r t i l i z e r i s used 

o n p e a r l m i l l e t i nd i ca t e s t h a t t h e c r o p i s o f grea t i m p o r t a n c e i n t h e N a m i b i a n f a r m i n g 

s y s t e m , u n l i k e t h e s i t u a t i o n i n o t h e r S A D C c o u n t r i e s . Fo r e x a m p l e , n o f a r m e r i n 

Z i m b a b w e i s k n o w n t o a p p l y f e r t i l i z e r o n pea r l m i l l e t . 

T h e m a j o r i t y o f f a r m e r s i n t h e f o r m e r O w a m b o l a n d regions also a p p l y m a n u r e o n 

p e a r l m i l l e t . T h e l i m i t e d use o f m a n u r e i n Kavango a n d C a p r i v i m a y b e r e l a t e d t o t h e 

l o w h u m a n p o p u l a t i o n pressure a l l o w i n g f o r some s h i f t i n g c u l t i v a t i o n . 

T h e r e are, h o w e v e r , n o f e r t i l i z e r o r m a n u r e use r e c o m m e n d a t i o n s f o r t h e f a rmer s 

i n t h e n o r t h e r n c o m m u n a l areas o f N a m i b i a . Research p r i o r i t i e s s h o u l d , t h e r e f o r e , b e 

t h e d e v e l o p m e n t a n d a d a p t a t i o n o f l o w - c o s t so i l f e r t i l i t y m a i n t e n a n c e s trategies 

based o n a c o m b i n a t i o n o f organic a n d ino rgan ic f e r t i l i z e r s . 

Intercropping and crop rotations 

Pear l m i l l e t / c o w p e a i n t e r c r o p p i n g i s a v e r y c o m m o n p rac t i c e , w i t h 9 8 % o f t h e pea r l 

m i l l e t f a r m e r s us ing t h e s y s t e m . H o w e v e r , t h e pea r l m i l l e t / c o w p e a r a t i o i n t h e 

c r o p p e d lands var ies f r o m f a r m e r t o f a r m e r . T h e r e i s n o o p t i m u m spat ia l a r r a n g e m e n t 
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k n o w n f o r N a m i b i a n c o n d i t i o n s w h i c h e x t e n s i o n s t a f f can r e c o m m e n d t o f a rmer s . 

T h e use o f i n t e r c r o p p i n g a s d r o u g h t insurance i s w i d e l y u sed i n s i m i l a r regions , a n d 

research e l s e w h e r e has d e m o n s t r a t e d increased a n d m o r e s table y i e ld s f r o m i n t e r -

c r o p s c o m p a r e d w i t h sole c rops ( W i l l e y 1 9 7 9 ) . T h e e c o n o m i c r e t u r n s i n N i g e r u n d e r 

t r a d i t i o n a l f a r m i n g c o n d i t i o n s have b e e n r e p o r t e d t o b e subs tan t i a l ly h i g h e r f o r i n t e r -

c r o p p e d p e a r l m i l l e t t h a n s o l e - c r o p p e d m i l l e t (Spencer a n d S i v a k u m a r 1 9 8 6 ) . T h e r e -

f o r e , t h e research p r i o r i t i e s are t o d e v e l o p a n d adapt pea r l m i l l e t / c o w p e a 

i n t e r c r o p p i n g t echno log i e s t h a t enhance t h e p r o d u c t i o n sys tems ' g r a i n y i e l d a n d y i e l d 

s t a b i l i t y , a n d use c u l t i v a r s o f b o t h p e a r l m i l l e t a n d cowpeas t h a t are acceptab le t o t h e 

f a r m e r s . 

Seedbed conf igurat ion. T h e use o f f lat seedbeds i s associated w i t h sandy soils o f 

h i g h i n f i l t r a t i o n a n d g o o d dra inage . O n t h e o t h e r h a n d , t h e use o f r idges a n d b r o a d -

beds i s associa ted w i t h soils o f p o o r dra inage s i t u a t e d o n v e r y f l a t t e r r a i n . R i d g i n g i s 

r e p o r t e d t o i m p r o v e seed l ing e s t a b l i s h m e n t (Fussel e t a l . 1 9 8 6 ) , especia l ly d u r i n g 

o v e r - w e t p e r i o d s . T h e r e is, h o w e v e r , n o f o l l o w - u p t o l i n k these drainage measures 

w i t h m o i s t u r e c o n s e r v a t i o n t echno log ies l a t e r i n t h e season w h e n t h e c r o p w a t e r 

d e m a n d s are h i g h e r a n d t h e p o t e n t i a l benef i t s o f m i n i m i z i n g r u n o f f greater . T h e 

research p r i o r i t i e s are t h u s t h e d e v e l o p m e n t a n d a d a p t a t i o n o f t echno log ies t h a t 

m i n i m i z e r u n o f f d u r i n g t h e l a t t e r h a l f o f t h e c r o p c y c l e b y t r a n s f o r m i n g o r m a n i p u l a t -

i n g t h e surface w a t e r dra inage t echno log ie s c u r r e n t l y i n use. 

U s e o f crop residues. F a r m e r s w h o use t h e hand -hoe f o r p r i m a r y l a n d p r e p a r a t i o n 

b u r n c r o p res idues a t t h e t i m e o f l a n d p r e p a r a t i o n . T h e fa rmers say t h i s reduces 

w e e d s a n d pests . 

H o w e v e r , t h e p r a c t i c e o f b u r n i n g c r o p residues i n a n e n v i r o n m e n t w h e r e soils are 

d e v o i d o f o rgan ic m a t t e r a n d have a v e r y l o w n i t r o g e n status needs r e v i e w i n g . 

T h e r e is m e r i t , t h e r e f o r e , i n d e v e l o p i n g t echno log ie s t h a t w i l l enable t h e f a r m i n g 

s y s t e m t o b e n e f i t f r o m t h e c r o p res idues i r r e spec t ive o f t h e m e t h o d o f p r i m a r y 

c u l t i v a t i o n . E x p e r i m e n t s i n I n d i a have s h o w n t h a t use o f organic m u l c h e s , f o r e x a m -

p l e , can increase pea r l m i l l e t y i e l d b y 2 5 % , especia l ly i n years o f p o o r l y d i s t r i b u t e d 

r a i n f a l l (Spence r a n d S i v a k u m a r 1 9 8 6 ) . 

T h e p r a c t i c a l i t i e s a n d e c o n o m i c s o f m u l c h i n g i n t h e s i t u a t i o n o f t h e s m a l l f a r m e r 

r e m a i n s q u e s t i o n a b l e . W h e r e c r o p residues are avai lable , t h e r e i s m e r i t i n us ing t h e m 

t o poss ib le advantage . T h u s , t h e d e v e l o p m e n t a n d a d a p t a t i o n o f t echno log ies t h a t 

e x p l o i t t h e so i l i m p r o v e m e n t capab i l i t i e s o f c r o p residues, w h i l s t address ing t h e 

f a r m e r s ' r e q u i r e m e n t t o m i n i m i z e c a r r y o v e r o f w e e d s a n d pests, are t h e research 

p r i o r i t i e s . 

C r o p t h i n n i n g a n d w e e d i n g . Fa rmer s k n o w t h e i m p o r t a n c e o f g o o d seedl ing estab-

l i s h m e n t , e a r ly t h i n n i n g a n d w e e d i n g , i n c l u d i n g t h e p o t e n t i a l benef i t s o f k e e p i n g t h e 

c r o p c l ean t h r o u g h o u t i t s g r o w t h c y c l e . Ea r ly t h i n n i n g a n d w e e d i n g are k n o w n t o 

c o n t r i b u t e t o g o o d y i e l d s ( G a u t a m a n d K a u s h i k 1980a) , a n d y i e l d r e d u c t i o n s o f 

b e t w e e n 2 5 a n d 5 0 % d u e t o w e e d c o m p l e t i o n have b e e n e s t i m a t e d (Spence r a n d 

53 



S i v a k u m a r 1 9 8 6 ) . I n t h e f o r m e r O w a m b o l a n d regions a n d i n Kavango , w h e r e pea r l 

m i l l e t i s t h e d o m i n a n t ce rea l , w e e d i n g i s d o n e 2 to 3 t i m e s d u r i n g t h e season. 

T h e f i n d i n g t h a t t h e m a j o r i t y o f C a p r i v i r e sponden t s o n l y w e e d once m a y b e 

e x p l a i n e d b y t h e f ac t t h a t i n t h i s c o m p a r a t i v e l y h i g h a g r i c u l t u r a l p o t e n t i a l area, pea r l 

m i l l e t b e c o m e s a ce rea l o f t e r t i a r y i m p o r t a n c e t o ma i ze a n d s o r g h u m . T h e reason w h y 

t h e m a j o r i t y o f O s h i k o t o f a r m e r s w e e d o n l y once i s n o t c lear . I t m a y b e r e l a t e d t o l o w 

w e e d pressures . T h i s needs v e r i f i c a t i o n . 

T h e l i m i t e d use o f a n i m a l - d r a w n , i n t e r r o w w e e d e r s m a y b e d u e t o t h e f a r m e r s ' 

a n d e x t e n s i o n o f f i c e r s ' l i m i t e d e x p o s u r e t o t h e t e c h n o l o g y d u e t o p r e - i n d e p e n d e n c e 

h u m a n m o v e m e n t r e s t r i c t i o n s . S ince f a r m e r s are aware o f t h e i m p o r t a n c e o f t i m e l y 

w e e d i n g , any f a i l u r e t o c o n t r o l w e e d s i s associated w i t h l abor shortages. C o n s e ­

q u e n t l y , t h e use o f t e c h n o l o g i e s t h a t w o u l d m a k e w e e d c o n t r o l easier w o u l d b e 

b e n e f i c i a l t o c r o p p r o d u c t i o n . T h e research p r i o r i t i e s are t h e r e f o r e t o d e v e l o p , i n t r o ­

d u c e , a n d a d a p t a n i m a l - b a s e d w e e d - c o n t r o l t e chno log ie s t h a t f i t i n t o t h e p e a r l m i l l e t 

p r o d u c t i o n sys tems u s e d i n n o r t h e r n N a m i b i a . 

The pearl millet yield gap 

T h e N a m i b i a n E a r l y W a r n i n g a n d F o o d I n f o r m a t i o n S y s t e m , t h e o n l y source o f 

n a t i o n a l s t a t i s t i c s , e s t i m a t e d t h e 1 9 9 2 / 9 3 p e a r l m i l l e t a n d s o r g h u m g ra in y i e ld s t o b e 

b e t w e e n 0 . 2 4 t ha - 1 a n d 0 . 2 6 t ha - 1 . D u r i n g t h e 1 9 9 1 / 9 2 d r o u g h t season, y i e ld s w e r e 

e s t i m a t e d t o b e 0 .1 t h a - 1 f o r t h e m a i n p e a r l m i l l e t g r o w i n g areas o f O w a m b o a n d 

K a v a n g o . 

T h e o n - s t a t i o n a n d o n - f a r m research da ta c o l l e c t e d d u r i n g t h e 1 9 9 2 / 9 3 a n d 

1 9 9 3 / 9 4 seasons are u s e d separa te ly in Figures 1 a n d 2 to i l l u s t r a t e t h e p e a r l m i l l e t 

y i e l d gap w i t h r e s p e c t t o b o t h t h e f a r m e r s ' loca l l andrace var ie t i e s ( L L V s ) a n d t h e 

i m p r o v e d re leased c u l t i v a r Okashana 1 . T h e M A W R D / I C R I S A T pea r l m i l l e t subsec tor 

s t u d y y i e l d f i g u r e s u s e d i n t h e 1 9 9 2 / 9 3 y i e l d gap i l l u s t r a t i o n are o f s i m i l a r m a g n i t u d e 

t o t h e e s t i m a t e s u s e d b y t h e N a m i b i a n Ea r ly W a r n i n g a n d F o o d I n f o r m a t i o n S y s t e m . 

B y c o n t r a s t , t h e o n - s t a t i o n y i e l d s are a b o u t 2 0 t i m e s h i g h e r t h a n t h e f a r m e r s ' e s t i ­

m a t e d p e a r l m i l l e t g r a i n y i e l d s . 

B o t h F igures 1 a n d 2 also s h o w t h e y i e l d gains d u e to c u l t i v a r change a n d manage­

m e n t change . U s i n g t h e 1 9 9 2 / 9 3 data , i t i s i n t e r e s t i n g t o n o t e t h a t t h e change i n 

c u l t i v a r r e su l t s i n g r a i n y i e l d gains o f b e t w e e n 6 a n d 4 4 % a t t h e t h r e e i d e n t i f i e d levels 

o f m a n a g e m e n t , w h i l e t h e g r a i n y i e l d gains b y m o v i n g f r o m one m a n a g e m e n t l eve l t o 

t h e o t h e r are 1 3 4 % a n d 7 2 5 % f o r Okashana 1 , a n d 2 1 8 % a n d 6 6 0 % f o r t h e f a r m e r s ' 

L L V . 

T h e 1 9 9 3 / 9 4 p e a r l m i l l e t g r a i n y i e l d gains are less spec tacu la r b u t t h e r e l a t i v e 

m a g n i t u d e o f m a n a g e m e n t versus c u l t i v a r change gains i s m a i n t a i n e d . 
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A and B = management change yield gain C = variety change yield gain 

Figure 1 . T h e 1 9 9 2 / 9 3 yield gap o f O k a s h a n a 1 a n d the farmers ' LLVs in N a m i b i a . 

A and B - management change yield gain C - variety change yield gain 

Figure 2 . T h e 1 9 9 3 / 9 4 yield gap o f O k a s h a n a 1 and the farmers' LLVs. 
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Short-term options for the Namibian NARS 

T h e h u m a n r e sou rce c a p a c i t y o f t h e N a m i b i a n N A R S f o r c r o p research i s v e r y l i m i t e d . 

C o n s e q u e n t l y , n o t a l l t h e p r i o r i t i e s e n u m e r a t e d above can b e addressed i n t h e s h o r t 

t e r m . T h i s cal ls f o r s o m e s t r i n g e n t , h a r d choices a n d r e p r i o r i t i z a t i o n . 

T h e y i e l d g a i n i n d i c a t i o n s i n F igures 1 a n d 2 suggest t h a t t h e largest p o t e n t i a l 

r e t u r n s t o i n v e s t m e n t i n research w o u l d c o m e f r o m c r o p / s o i l / m o i s t u r e m a n a g e m e n t 

r e sea rch a s c o m p a r e d w i t h c r o p gene t i c i m p r o v e m e n t . T h e M A W R D is, t h e r e f o r e , 

r e q u e s t e d t o s e r ious ly c o n s i d e r t h e s t r e n g t h e n i n g o f t h e n a t i o n a l capac i ty f o r t h e 

d e v e l o p m e n t o f m a n a g e m e n t t e c h n o l o g i e s i n l i n e w i t h t h e p r i o r i t i e s i d e n t i f i e d above 

u s i n g t h e ava i lab le resources i n o r d e r t o m a x i m i z e p o t e n t i a l s h o r t - t e r m research 

bene f i t s . 

C o n s i d e r i n g t h e l i m i t e d N A R S research capac i ty a n d t h e D i v i s i o n o f A g r i c u l t u r a l 

E x t e n s i o n ' s a d o p t i o n o f o n - f a r m t r i a l s a n d d e m o n s t r a t i o n s a s a n e x t e n s i o n s t ra tegy, 

t h e r e t u r n s o n resea rch m a y b e f u r t h e r inc reased b y e m p h a s i z i n g o n - f a r m research i n 

c o l l a b o r a t i o n w i t h e x t e n s i o n . Research s h o u l d t h e r e f o r e cons ide r scal ing d o w n o n -

s t a t i o n research . M o r e o v e r , m a n a g e m e n t - r e l a t e d t echno log ie s t e n d t o b e l o c a t i o n -

spec i f ic a n d o n - f a r m resea rch p r o v i d e s a cos t - e f f ec t i ve a n d t i m e - e f f i c i e n t s t ra tegy t o 

address l o c a t i o n - s p e c i f i c t e c h n o l o g y a d a p t a t i o n a n d d e v e l o p m e n t r e q u i r e m e n t s . Pre-

l i m i n a r y i n d i c a t i o n s f r o m t h e o n - f a r m t r i a l s resul ts seem t o i n d i c a t e t h a t b l a n k e t , 

n a t i o n a l c u l t i v a r a n d / o r m a n a g e m e n t r e c o m m e n d a t i o n s w o u l d n o t b e a p p r o p r i a t e . 

E x t e n s i o n r e c o m m e n d a t i o n s m a y have t o b e s t r a t i f i e d o n t h e basis o f r a i n f a l l zones, 

w i t h w i t h i n - z o n e m o d i f i c a t i o n s f o r so i l t y p e . B r o a d l y , t e c h n o l o g y d e v e l o p m e n t a t t h i s 

stage m a y b e t a r g e t e d a t f i v e zones: O w a m b o W e s t , O w a m b o East, Kavango W e s t , 

K a v a n g o East , a n d C a p r i v i . 

Prospects for technology adoption 

T h e w e l l - k n o w n aver s ion t o r i s k a n d t h e l i m i t e d resources o f smal l -scale f a r m e r s 

m a k e i t necessary t o r e v i e w p rospec t s f o r t e c h n o l o g y a d o p t i o n . T h e N a m i b i a n p e a r l 

m i l l e t f a r m e r s have a l r eady d e m o n s t r a t e d t h e i r d y n a m i s m a n d a b i l i t y t o a d o p t a p p r o -

p r i a t e a n d a f f o r d a b l e t e c h n o l o g y t h r o u g h t h e i r q u i c k u p t a k e o f Okashana 1 . I n 2 

years , 3 8 % o f t h e f a r m e r s i n O w a m b o h a d a d o p t e d t h e n e w v a r i e t y ; a n d b y t h e 3 r d 

yea r i t i s e s t i m a t e d t h a t 5 0 % o f t h e f a r m e r s w e r e g r o w i n g Okashana 1 . T h i s i s 

c e r t a i n l y o n e o f t h e success s tor ies o f t e c h n o l o g y a d o p t i o n i n t h e SADC s e m i - a r i d 

r eg ions . T h e m a i n advantage o f gene t i c t e c h n o l o g y i s t h a t i t i s cheap . M a n a g e m e n t 

t e c h n o l o g i e s are gene ra l ly c o m p a r a t i v e l y m o r e expens ive , especia l ly t h e use o f i n o r -

ganic f e r t i l i z e r s . 

T h e f a c t t h a t s o m e N a m i b i a n f a r m e r s are a l r eady us ing m a n u r e ( large n u m b e r s ) 

a n d i n o r g a n i c f e r t i l i z e r s ( f e w f a r m e r s ) o n p e a r l m i l l e t i s a n encourag ing s ign. T h e 

p r o s p e c t s o f N a m i b i a n f a r m e r s a d o p t i n g n e w m a n a g e m e n t t echno log ie s w i l l , t h e r e -

f o r e , l a rge ly d e p e n d o n t h e appropr ia t eness , a f f o r d a b i l i t y , re levance , a n d e c o n o m i c s 

o f t h e t e c h n o l o g y . T h e a v a i l a b i l i t y o f a g r a i n m a r k e t f o r f a r m e r s t o d ispose o f su rp lu s 

p r o d u c t i o n w o u l d b e a g o o d s t i m u l u s f o r t h e use o f p u r c h a s e d i n p u t s s u c h a s f e r t i l -
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izers . I nc rea sed y i e l d s m a y also p r o m o t e a d o p t i o n o f cash c rops s ince h o u s e h o l d 

a n n u a l f o o d r e q u i r e m e n t s are sat isf ied f r o m a r e d u c e d p e a r l m i l l e t c r o p area. So i t i s 

i m p o r t a n t i n t h e m e d i u m t e r m f o r N A R S t o i d e n t i f y p o t e n t i a l cash c rops t h a t f i t i n t o 

t h e ag roeco log ica l zones w h e r e p e a r l m i l l e t i s c u r r e n t l y t h e m a j o r a n d / o r sole c r o p . 
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On-Farm Evaluation of Improved Pearl Millet 
Varieties in Namibia 

C M Matanyaire1 and S C Gupta2 

Abstract 

Pearl millet varieties for on-farm testing in Namibia were selected from on-

station testing during the 1990/91 and 1991/92 seasons. The on-farm trials were 

conducted at up to 14 locations in Owambolands and Kavango during the 

1992/93 and 1993/94 seasons. During both seasons research-managed farmer-

implemented (RMFI) trials were conducted. Farmer-managed farmer-imple­

mented (FMFI) trials were also conducted at five locations during the 1993/94 

season. Under RMFI trials, Okashana 1 gave significantly higher grain yields over 

the farmers' local landrace variety (LLV) in Owambolands. In Kavango the 

performance of Okashana 1 and the farmers' LLV control was the same over the 

last 2 years of testing. 

Under farmer management all the varieties produced similar yields to the 

farmers' LLV. However, in the RMFI trial, varieties responded to fertilizer, and 

Okashana 1 was significantly superior to the farmers' LLV in respect of grain 

yield. Without any improvement in crop management practices, there seemed to 

be a little yield gain from cultivar change. None of the improved varieties under 

test produced higher grain yield than Okashana 1. The development of pearl 

millet cultivars needs to be targeted to zones currently broadly defined as 

Owambo and Kavango. 

Introduction 

Pear l m i l l e t i s t h e m o s t i m p o r t a n t c r o p i n n o r t h e r n N a m i b i a w h e r e 6 0 % o f t h e 

n a t i o n ' s p o p u l a t i o n l ives . L o w r a in f a l l ( 3 0 0 m m y - 1 i n t h e w e s t increas ing t o 7 0 0 m m 

y - 1 i n t h e east) , a n d t h e p r e d o m i n a n t l y sandy soils i n t h e area l i m i t t h e f a r m e r s ' c r o p 

choices i n t h e w e s t t o p e a r l m i l l e t o n l y . D u r i n g t h e p r e - i n d e p e n d e n c e era n o research 

o n p e a r l m i l l e t was c o n d u c t e d . T h e i n t r o d u c t i o n o f a pea r l m i l l e t nu r se ry b y 

1 . Research S ta t ion D e v e l o p m e n t Of f ice r , ICRISAT-Namib ia , PO Box 2 7 2 , T s u m e b , N a m i b i a . 

2 . P r inc ipa l Scient is t , S A D C / I C R I S A T , P O B o x 776 , Bulawayo, Z i m b a b w e . 

ICR1SAT Confe rence Paper no . CP 1068 

M a t a n y a i r e , C . M . a n d G u p t a , S .C . 1996. O n - f a r m evaluat ion o f i m p r o v e d pear l m i l l e t variet ies i n 

N a m i b i a . Pages 5 9 - 6 3 in D r o u g h t - t o l e r a n t crops fo r sou thern Af r i ca : proceedings o f the S A D C / I C R I S A T 

Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner, K . , and 

M a n t h e , C.S. , eds.). Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In te rna t iona l Crops Research I n s t i t u t e 

fo r t h e S e m i - A r i d T r o p i c s . 
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S A D C / I C R I S A T S M I P i n 1987 t h r o u g h t h e Rossing F o u n d a t i o n l e d t o t h e subsequen t 

release o f O k a s h a n a 1 f o l l o w i n g t h e f a r m e r s ' i d e n t i f i c a t i o n o f t h e v a r i e t y a s a p r e f e r -

r e d t y p e . T h e p o s t - i n d e p e n d e n c e g o v e r n m e n t , h o w e v e r , i s v e r y s u p p o r t i v e o f p e a r l 

m i l l e t r esearch . T h e N A R S ' c o l l a b o r a t i o n w i t h b o t h S A D C / I C R I S A T S M I P a n d o t h e r 

r e g i o n a l N A R S has p r o v i d e d a r e a d y source o f p e a r l m i l l e t c u l t i v a r s f o r t e s t i n g . 

F o l l o w i n g o n - s t a t i o n t e s t i n g d u r i n g t h e 1 9 9 0 / 9 1 a n d 1 9 9 1 / 9 2 seasons, va r ie t i e s f o r 

o n - f a r m t e s t i n g w e r e i d e n t i f i e d . T h e o n - f a r m t r i a l s w e r e c o n d u c t e d i n t h e O w a m b o -

lands a n d K a v a n g o reg ions d u r i n g 1 9 9 2 / 9 3 (11 loca t ions ) a n d 1 9 9 3 / 9 4 (14 loca t ions ) 

seasons w i t h t w o ob jec t ives : (a) t o s t u d y t h e y i e l d p o t e n t i a l o f i m p r o v e d var ie t ies i n 

f a r m e r s ' f i e l d s w i t h a n d w i t h o u t t h e use o f i m p r o v e d c u l t i v a t i o n p rac t i ces , a n d (b ) t o 

s t u d y t h e t r a i t s p r e f e r r e d a n d n o t - p r e f e r r e d b y f a rmers i n n e w var ie t i es . I n t h i s paper , 

t h e g r a i n y i e l d p o t e n t i a l o f n e w var ie t ies i s d iscussed. 

Materials and Methods 

D u r i n g t h e 1 9 9 2 / 9 3 season, e i g h t var ie t i es o f pea r l m i l l e t w e r e e v a l u a t e d i n f a r m e r s ' 

f i e l d s a t 1 1 l o c a t i o n s . T h e va r i e t i e s i n c l u d e d i n t h e t r i a l w e r e I C M V - F 8 6 4 1 5 , I C M V 

8 2 1 3 2 , K a u f e l a ( a Z a m b i a n re leased v a r i e t y ) , S D M V 8 9 0 0 4 , Okashana 1 ( t h e im-

p r o v e d c o n t r o l ) , K a n t a n a 1 , K a n t a n a 2 , a n d t h e hos t f a r m e r s ' o w n l o c a l l andrace 

v a r i e t y ( L L V ) . K a n t a n a 1 a n d K a n t a n a 2 are l oca l landraces t h a t w e r e i d e n t i f i e d d u r i n g 

t h e 1 9 9 0 / 9 1 season. T h e s e R M F I t r i a l s w e r e g i v e n a r a n d o m i z e d c o m p l e t e b l o c k 

de s ign ( R C B D ) , w i t h t w o r e p l i c a t i o n s pe r s i te . P l o t size was 10 r o w s , 5 m long , a n d 

0 . 7 5 m apa r t . H i l l - t o - h i l l spacing was 0 . 5 0 m . E i g h t c e n t r a l r o w s w e r e ha rves t ed . T h e 

c r o p w a s t h i n n e d t o t h r e e p l an t s pe r h i l l 3 - 4 w e e k s a f te r s o w i n g . A l l p l o t s w e r e 

f e r t i l i z e d a t t h e r a t e o f 4 0 k g P ha-1 a n d 6 0 k g N ha - 1 . T h e N was a p p l i e d i n t w o s p l i t 

a p p l i c a t i o n s : o n e - t h i r d a t s o w i n g a n d t w o - t h i r d s j u s t be fo re t h e b o o t stage. 

I n t h e 1 9 9 3 / 9 4 season, t h e R M F I t r i a l was c o n d u c t e d i n a R C B D w i t h t w o f a c t o r s -

e i g h t va r i e t i e s , a n d t w o levels o f f e r t i l i z e r s ( w i t h a n d w i t h o u t ) — a n d r e p l i c a t e d t w i c e 

p e r l o c a t i o n . I n c l u d e d i n t h e t r i a l w e r e t h r e e n e w var ie t ies ( S D M V 9 0 0 1 6 , S D M V 

9 1 0 1 8 , a n d S D M V 9 0 0 0 4 ) , t h r e e se l ec t ed var ie t i es f r o m t h e 1 9 9 2 / 9 3 o n - f a r m t r i a l 

( I C M V - F 8 6 4 1 5 , S D M V 8 9 0 0 4 , a n d Okashana 1) , a n d t w o c o n t r o l s ( K a n t a n a a n d t h e 

h o s t f a r m e r ' s L L V ) . T h e f e r t i l i z e r a p p l i e d was 15 kg P ha - 1 a n d 40 kg N ha - 1 , based on 

t h e r e su l t s o f t h e 1 9 9 2 / 9 3 f e r t i l i z e r response i n o n - f a r m t r i a l s . T h e N was also a p p l i e d 

i n t w o s p l i t a p p l i c a t i o n s a s f o r t h e p r e v i o u s e x p e r i m e n t . T h e c r o p was s o w n a n d 

m a n a g e d i n t h e same m a n n e r a s t h e 1 9 9 2 / 9 3 R M F I t r i a l s c r o p . P l o t size was r e d u c e d 

t o f i v e r o w s w i t h a n e t p l o t size o f t h r e e r o w s . F o u r t e e n loca t ions ( e i g h t i n Kavango 

a n d s ix i n O w a m b o l a n d s ) w e r e i n c l u d e d i n t h i s s t u d y . R M F I t r i a l s w e r e m a n a g e d b y 

e x t e n s i o n w i t h t h e assistance o f researchers . 

F i v e e n t r i e s , n a m e l y S D M V 8 9 0 0 4 , I C M V - F 8 6 4 1 5 , Okashana 1 , Kan tana , a n d t h e 

h o s t f a r m e r ' s L L V w e r e also e v a l u a t e d d u r i n g t h e 1 9 9 3 / 9 4 season u n d e r t h e f a r m e r ' s 

m a n a g e m e n t . E a c h f a r m e r p r o v i d e d a r e p l i c a t e , a n d t h e t r i a l was s o w n a t f i v e loca-

t i o n s w i t h f o u r f a r m e r s ( r ep l i ca t e s ) a t each l o c a t i o n . T h e p l o t size was 5 x 5 m, w i t h a 

n e t p l o t size o f 3 x 3 m . T h e f a r m e r s s o w e d a n d m a n a g e d t h e c r o p i n t h e same 
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m a n n e r a s t h e y usua l ly d o f o r t h e i r p e a r l m i l l e t c r o p f ie lds . N o e x t e n s i o n / r e s e a r c h 

i n f l u e n c e was i m p o s e d o n manag ing these t r i a l s . 

T h e analysis o f var iance was c a r r i e d o u t us ing A N O V A ( S A S I n s t i t u t e , 1 9 8 5 ) . 

P o o l e d analysis w a s d o n e b y zone ( r e g i o n ) . T h e zones w e r e based o n agroecologica l 

p o t e n t i a l a s d i c t a t e d b y r a i n f a l l , a n d t o a lesser e x t e n t b y soils. T w o m a j o r zones 

i d e n t i f i e d w e r e a s f o l l o w s : 

a ) O w a m b o , w h i c h has a n annua l r a i n f a l l o f 3 0 0 - 4 0 0 m m . T h i s can b e f u r t h e r 

d i v i d e d i n t o O w a m b o W e s t ( p o o r dra inage d u e t o t e r r a i n a n d soi l c h e m i c a l c o m -

p o s i t i o n ) , a n d O w a m b o East ( n o dra inage p r o b l e m s ) . 

b ) Kavango , w h i c h receives b e t w e e n 4 0 0 a n d 6 0 0 m m o f r a i n f a l l pe r year. T h i s can b e 

f u r t h e r d i v i d e d i n t o Kavango W e s t a n d Kavango East w h i c h rece ive 4 0 0 - 5 0 0 m m 

a n d 5 0 0 - 6 0 0 m m annua l r a i n f a l l r e spec t i ve ly . 

Results and Discussion 

T h e g r a i n y i e l d da ta f o r 1 9 9 2 / 9 3 season i n f o u r zones a re p r e s e n t e d i n T a b l e 1 . F o u r 

va r i e t i e s i n O w a m b o W e s t a n d t h r e e i n O w a m b o East w e r e s ign i f i can t ly supe r io r t o 

t h e f a r m e r s ' L L V c o n t r o l i n respec t o f g ra in y i e l d p r o d u c t i o n . H o w e v e r , none o f t h e 

i m p r o v e d var ie t i e s was s u p e r i o r t o t h e f a r m e r s ' L L V i n t h e Kavango East a n d Kavango 

W e s t zones, a l t h o u g h t h e y p e r f o r m e d eq u a l l y w e l l a s t h e f a r m e r s ' L L V T w o v a r i -

e t i e s — O k a s h a n a 1 a n d S D M V 8 9 0 0 4 (re leased i n Z i m b a b w e a s P M V 2 ) — p r o d u c e d 

s i gn i f i c an t l y h i g h e r g r a i n y i e ld s i n c o m p a r i s o n w i t h t h e f a r m e r s ' L L V i n b o t h O w a m b o 

W e s t a n d O w a m b o East zones. These Jesui ts suggest t o so me e x t e n t t h a t t h e i m -

p r o v e d va r i e t i e s are m o r e a d a p t e d t o t h e zones o f O w a m b o t h a n t o t h e zones o f 

Kavango . 

Table 1 . M e a n gra in yie ld ( t ha - 1 ) tr ia l d a t a o f o n - f a r m pearl mi l let varieties averaged 
over o n e to f o u r locations in d i f ferent regions of N a m i b i a , 1 9 9 2 / 9 3 season. 

Varie ty 

Okashana 1 
I C M V - F 86415 
S D M V 89004 
I C M V 82132 
Kaufela 
Kantana 1 
Kantana 2 
Farmers' L L V cont ro l 

SE 
Mean 
C V ( % ) 
N u m b e r of locations 

Owambo Owambo 
West East 

1.71** 1.83* 
1.48** 1.42 
1.39* 2.19** 
1.44** 1.44 
1.11 1.75* 
1.01 0.97 
1.02 1.22 
1.05 1.33 

±0.096 ±0.118 
1.27 1.52 

11.0 
3 1 

Kavango 
West 

1.93 
2.14 
2.03 
1.78 
2.13 
1.57 
2.07 
2.00 

±0.142 
1.95 
-

3 

Kavango 
East 

1.25 
1.34 
1.17 
1.03 
1.18 
1.13 
1.20 
1.33 

±0.066 
1.20 
-
4 

*, ** Significantly different from farmers' control variety at 5% and 1% levels of probability respectively. 
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Table 2 . M e a n squares (M.S. ) f o r gra in yield ( t ha - 1 ) t r ia l d a t a o f o n - f a r m pearl mi l le t 

r esearch -managed f a r m e r - i m p l e m e n t e d variet ies in t w o regions o f N a m i b i a : 

Kavango a n d O w a m b o l a n d s , a n d across t w o regions, 1 9 9 3 / 9 4 season. 

Sources 

Variet ies ( V ) 

Fert i l izers (F) 

Locations (L) 

V * F 

L * V 

L * F 

L * V * F 

Pooled error 

Owambolands 

d.f. 

7 

1 

5 

7 

35 

5 

35 

90 

M.S 

0.336** 

2 .265* * 

14 .708** 

0.052 

0 . 2 7 1 * * 

0 .313* * 

0 .148* 

0.088 

Kavango 

d.f. M.S 

7 0.128 

1 3 .679** 

7 32 .048* * 

7 0.125 

49 0.089 

7 0.296 

49 0.148 

120 0.171 

Namibia 

d.f. M.S 

7 0.261 

1 5 . 9 4 1 * * 

13 2 2 . 9 4 1 * * 

7 0.106 

91 0.168 

13 0 .280* 

91 0.142 

210 0.136 

*, * * , Significant at 5% and 1% levels of probability respectively. 

D u r i n g t h e 1 9 9 3 / 9 4 season, R M F I t r i a l s w e r e c o n d u c t e d w i t h a n d w i t h o u t f e r t i l -

i ze r a t 14 si tes. C o m b i n e d da ta analysis suggests t h a t t h e d i f f e rences a m o n g var ie t ies 

w e r e s ign i f i can t o n l y i n O w a m b o l a n d s a n d n o t i n Kavango ( T a b l e 2 ) . These resul ts are 

i n a g r e e m e n t w i t h t h e f i n d i n g s o f t h e 1 9 9 2 / 9 3 season. 

T h e m e a n squares d u e t o f e r t i l i z e r s a n d loca t ions w e r e s igni f icant i n O w a m b o l a n d s 

a n d K a v a n g o a s w e l l a s o n a c o m b i n e d - l o c a t i o n basis ( T a b l e 2 ) . W i t h t h e a p p l i c a t i o n 

o f f e r t i l i z e r s , o n a n o v e r a l l basis, g r a i n y i e l d s increased s ign i f i can t ly f r o m 0 .73 t o 0 . 9 5 

t ha - 1 in O w a m b o l a n d s , a n d f r o m 0 . 6 7 to 0 .91 t ha - 1 in Kavango . I t i s i n t e r e s t i n g to 

n o t e t h a t t h e r e w e r e n o i n t e r a c t i o n s b e t w e e n var ie t ies a n d f e r t i l i z e r s ( T a b l e 2 ) , a n d 

t h e r e f o r e t h e v a r i e t y means o v e r f e r t i l i z e r levels are d iscussed. 

Table 3 . M e a n gra in y ie ld ( t ha - 1 ) t r ial d a t a o f o n - f a r m pearl mi l let research-managed 

f a r m e r - i m p l e m e n t e d variet ies averaged over t w o fer t i l i ty levels a n d e ight locations 

in K a v a n g o , six locat ions in O w a m b o l a n d s , a n d across 14 locations, Namib ia , 1 9 9 3 / 9 4 

season. 

Var ie ty 

Okashana 1 

S D M V 90016 

S D M V 91018 

S D M V 90004 

S D M V 89004 

I C M V - F 86415 

Farmers' L L V 

Kantana 

SE 

Mean 

Owambolands 

1.00** 

0 .93* 

0.92 

0.90 

0.87 

0.79 

0.76 

0.63 

±0.061 

0.85 

Kavango 

0.73 

0.74 

0.92 

0.81 

0.80 

0.82 

0.80 

0.72 

±0.073 

0.79 

Namibia 

0.85 

0.82 

0.92 

0.85 

0.83 

0.81 

0.78 

0.68 

±0 .049 

0.82 

* ** Significantly different f rom farmers' control variety at 5% and 1% levels of probability respectively. 
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Table 4 . M e a n gra in yield ( t ha - 1 ) t r ial d a t a o f o n - f a r m peart mi l le t f a r m e r - m a n a g e d 
f a r m e r - i m p l e m e n t e d varieties averaged over th ree locations in Kavango, t w o loca-
t ions in O w a m b o l a n d s , a n d across f ive locations, Namib ia , 1 9 9 3 / 1 9 9 4 season. 

Var ie ty 

Okashana 1 
S D M V 89004 
I C M V - F 86415 
Farmers' L L V 
Kantana 

SE 
Mean 

Owambolands 

0.72 
0.76 
0.77 
0.67 
0.44 

±0.087 
0.68 

Kavango 

0.32 
0.35 
0.32 
0.36 
0.31 

±0.035 
0.33 

Namibia 

0.49 
0.51 
0.50 
0.49 
0.36 

±0.040 
0.47 

T w o var ie t i e s i n t h e R M F I t r i a l — O k a s h a n a 1 a n d S D M V 9 0 0 1 6 — p r o d u c e d s igni f i -

c a n t l y h i g h e r g r a in y i e l d s a s c o m p a r e d w i t h t h e f a r m e r s ' L L V i n O w a m b o l a n d s ( T a b l e 

3 ) . T h e resu l t s f o r t w o seasons suggest t h a t Okashana 1 has y i e l d e d s ign i f ican t ly 

h i g h e r t h a n t h e f a r m e r s ' L L V i n O w a m b o l a n d s . 

T h e e v a l u a t i o n o f t h e i m p r o v e d var ie t ies u n d e r f a r m e r s ' o w n m a n a g e m e n t d u r i n g 

t h e 1 9 9 3 / 9 4 season s h o w e d t h a t n o n e o f t h e i m p r o v e d var ie t ies h a d g ra in y i e l d 

s u p e r i o r i t y t o t h e f a r m e r s ' L L V i n b o t h Kavango a n d O w a m b o regions ( T a b l e 4 ) . 

T h e resu l t s o f 2 years o f t e s t i n g i n d i c a t e t h e f o l l o w i n g f i n d i n g s : 

1 . U n d e r research m a n a g e m e n t , Okashana 1 gave s ign i f i can t ly h i g h e r g r a i n y i e l d ove r 

t h e f a r m e r s ' L L V i n O w a m b o l a n d s . I n Kavango t h e p e r f o r m a n c e o f Okashana 1 

a n d t h e f a r m e r s ' L L V was t h e same ove r t h e last 2 years o f t e s t i n g . 

2 . U n d e r f a r m e r m a n a g e m e n t , a l l t h e var ie t ies p r o d u c e d s i m i l a r y i e ld s t o t h e 

f a r m e r s ' L L V . H o w e v e r , i n t h e R M F I t r i a l , var ie t ies r e s p o n d e d t o f e r t i l i z e r , a n d 

Okashana 1 was s ign i f i can t ly supe r io r t o t h e f a r m e r s ' L L V i n respect o f g r a i n y i e l d . 

W i t h o u t any i m p r o v e m e n t i n c r o p m a n a g e m e n t p rac t ices , t h e r e s e e m e d t o b e a 

l i t t l e y i e l d ga in f r o m c u l t i v a r change. 

3 . N o n e o f t h e i m p r o v e d var ie t ies u n d e r t e s t p r o d u c e d h ighe r g ra in y i e l d t h a n 

Okashana 1. 

4 . T h e d e v e l o p m e n t o f pea r l m i l l e t c u l t i v a r s needs t o b e t a r g e t e d t o zones c u r r e n t l y 

b r o a d l y d e f i n e d a s O w a m b o a n d Kavango . 
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Evaluation of Crop Performance and Farmer 
Preference for Pearl Millet Varieties in Tanzania 

E A Letayo1, H M Saadan2, S I Mndolwa3, S C Gupta4, and E S Monyo5 

Abstract 

This study was carried out to select an improved pearl millet variety acceptable to 

the farming community of Tanzania, after comparison with farmers' local land-

race varieties (LLVs). Twenty-one farmers from three districts participated. Im-

proved varieties TSPM 91018 and TSPM 91001, which had been used in national 

on-station trials for more than three seasons and were found to be promising, were 

established in the farmers' fields in three districts in the 1993/94 season. The 

farmers' LLV and Serere 17, an improved released variety, were included in the 

Singida district trial for additional comparison. 

The variety TSPM 91018 was selected by farmers because of its earliness in 

maturity, long heads, large grain size and high yield. This variety was superior 

overall to the farmers' LLV and the improved released variety Serere 17. Across 

villages in the three districts TSPM 91018 produced 2.31 t ha-1 of grain, 43% more 

than the farmers' LLV (1.62 t ha-1). In Dodoma district, where both the farmers' 

LLV and Serere 17 were included, the new variety yielded 28% and 48% more 

respectively. This variety matures about 2 weeks earlier than the farmers' LLV, 

which gives it an advantage of escaping drought in seasons characterized by the 

early termination of rains—a normal occurrence in the central plateau of Tanzania. 

Introduction 

T h e Tanzan ia n a t i o n a l a g r i c u l t u r a l research p r o g r a m a n d S A D C / I C R I S A T / S M I P have 

p a r t i c i p a t e d i n a j o i n t p r o j e c t t o i m p r o v e p e a r l m i l l e t var ie t ies fo r Tanzan ia s ince 

1 . A g r i c u l t u r a l Research Of f i ce r , A g r i c u l t u r a l Research Sub-Sta t ion , H o m b o l o , PO B o x 299 , D o d o m a , 

Tanzania. 

2 . C o o r d i n a t o r ( S o r g h u m a n d M i l l e t Research), A R I - I l o n g a , P O Bag Kilosa, M o r o g o r o , Tanzania . 

3 . Pearl M i l l e t Breeder , A R I - I l o n g a , PO Bag Kilosa, M o r o g o r o , Tanzania. 

4 . P r inc ipa l Scient is t , S A D C / I C R I S A T , P O Box 776 , Bulawayo , Z i m b a b w e . 

5 . P r inc ipa l Scient is t (Breed ing) , I I T A O f f i c e , Sabo Bak in Z u w o Road, P M B 3 4 9 4 , Kano, Niger ia ( f o r m e r l y 

a t S A D C / I C R I S A T ) . 

ICRISAT Confe rence Paper no . CP 1069 

L e t a y o , E . A . , Saadan, H . M . , M n d o l w a , S . I . , G u p t a , S .C. , and M o n y o , E.S. 1996. Eva lua t ion o f c r o p 

pe r fo rmance a n d f a rmer preference for pearl m i l l e t variet ies in Tanzania. Pages 6 5 - 7 0 in D r o u g h t -

t o l e r a n t crops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional So rghum a n d Pearl M i l l e t 

W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Pa tancheru 5 0 2 

3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d T r o p i c s . 
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1 9 8 9 . T h r o u g h t h i s p r o j e c t several h i g h - y i e l d i n g var ie t ies have been d e v e l o p e d a n d 

t e s t e d i n severa l research s ta t ions t h r o u g h o u t t h e c o u n t r y . 

Pear l m i l l e t i s a m a j o r c r o p , p a r t i c u l a r l y i n t h e c e n t r a l p a r t o f Tanzania , c o m p r i s i n g 

D o d o m a , S ing ida , a n d Sh inyanga reg ions . T h e c r o p covers a b o u t h a l f o f t h e l a n d 

u n d e r ce rea l c u l t i v a t i o n i n t h e t h r e e regions and , apar t f r o m s o r g h u m , i t i s a c r o p o n 

w h i c h f a r m e r s d e p e n d f o r t h e i r f o o d . T h e average annua l r a i n f a l l i n these areas i s 

a b o u t 6 0 0 m m . T h e f a r m e r s have b e e n g r o w i n g t h i s c r o p f o r a l o n g t i m e a n d t h e m o s t 

c o m m o n va r i e t i e s are s t i l l t h e i r l o c a l landraces . I t i s a c r o p o f h i g h va lue i n t h e 

c o m m u n i t y a n d i t i s u s e d f o r f o o d , p a r t i c u l a r l y i n t h e p r e p a r a t i o n o f b o t h t h i n a n d 

s t i f f p o r r i d g e , as w e l l as a source of cash. 

T h e l o c a l l and race va r i e t i e s ( L L V s ) t a k e a l o n g t i m e to m a t u r e and , a s a r e s u l t o f 

t h e s m a l l a m o u n t o f r a i n f a l l i n t h i s p a r t o f t h e c o u n t r y , i n m o s t years t h e p lan t s are 

u n a b l e t o f i l l t h e g r a i n d u e t o ea r ly t e r m i n a t i o n o f t h e ra ins . So i t is des i rab le t o o b t a i n 

a v a r i e t y t h a t m a t u r e s ea r l i e r t h a n f a r m e r s ' L L V s . Ear l i e r , Serere 17 was b r e d to serve 

t h i s p u r p o s e . B u t i t was o b s e r v e d t o m a t u r e t o o ear ly , i .e . , i t s m a t u r i t y c o i n c i d e d w i t h 

t h e a n n u a l m i g r a t i o n o f que lea b i r d s i n t h e p e a r l m i l l e t zone . A s a r e s u l t t h i s v a r i e t y 

s u f f e r e d cons ide r ab l e damage f r o m b i r d a t t ack , a n d i s n o longer p o p u l a r i n t h e 

f a r m i n g c o m m u n i t y . 

Essen t i a l ly , a n i m p r o v e d v a r i e t y i s n e e d e d t h a t i s ea r l i e r t h a n t h e f a r m e r s ' L L V s , t o 

escape t e r m i n a l d r o u g h t w h i c h i s o f t e n e x p e r i e n c e d b y these c u l t i v a r s , b u t w i t h 

s l i g h t l y l a t e r m a t u r i t y t h a n Serere 17, i n o r d e r t o a v o i d m a t u r i n g w h e n quelea b i r d s 

m i g r a t e . 

S ince s u p e r i o r i t y o f a n e w v a r i e t y ove r t h a t o f t h e f a r m e r s ' L L V s m u s t b e estab-

l i s h e d i n o n - f a r m c o n d i t i o n s , t h e Tanzan ia n a t i o n a l s o r g h u m a n d m i l l e t s p r o g r a m 

began o n - f a r m research i n D o d o m a a n d Singida regions , w h i c h are t h e e x t e n s i o n 

t a r g e t areas f o r t h e c r o p . O n - f a r m research gave f a rmers a chance t o g r o w n e w pea r l 

m i l l e t va r i e t i e s i n t h e i r o w n e n v i r o n m e n t s a n d a n o p p o r t u n i t y t o select t h e v a r i e t y o f 

t h e i r c h o i c e . 

Materials and Methods 

F a r m e r s w e r e s e l ec t ed f r o m f i v e d i f f e r e n t vi l lages i n t h r e e d i s t r i c t s t o r ep resen t t h e 

f a r m e r s i n t h e t a r g e t area, s o t h a t n e w var ie t i es c o u l d subsequen t ly b e r e c o m m e n d e d 

f o r a d o p t i o n w i t h t h e assistance o f e x t e n s i o n p e r s o n n e l . T h e vil lages i n v o l v e d i n t h e 

t r i a l s w e r e I l o l o a n d C h a n h u m b a i n D o d o m a r u r a l d i s t r i c t , N t o n d o a n d U n y i a n g a i n 

S ing ida r u r a l d i s t r i c t , a n d T u l y a i n I r a m b a d i s t r i c t . 

I n genera l m o s t o f t h e vi l lages h a d sandy l o a m a n d sandy c lay l o a m soils. D r y 

seed ing i s n o r m a l l y d o n e i n D o d o m a i n N o v e m b e r w h i l e , i n S ingida , seed i s n o r m a l l y 

s o w n i n J anua ry a f t e r t h e l a n d has b e e n t i l l e d w i t h a n o x e n - d r a w n p l o w . These t r i a l s 

w e r e s o w n i n D e c 1993 i n D o d o m a d i s t r i c t a n d t h e rains c ame ea r ly i n Jan 1994 . I n 

S ing ida a n d I r a m b a d i s t r i c t s s o w i n g was d o n e f r o m ear ly January t o ea r ly Feb rua ry . 

I n a l l v i l lages seeds w e r e s o w n a t a spacing o f 8 0 x 3 0 c m (41 6 6 7 p lan t s ha - 1 ) . M o s t 

f a r m e r s i n D o d o m a d i d n o t use any f e r t i l i z e r s o r m a n u r e , whe reas m o s t f a r m e r s i n 

S ing ida a n d I r a m b a a p p l i e d f a r m y a r d m a n u r e j u s t be fo re s o w i n g a t a r a t e o f 10 t ha - 1 
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( 2 5 0 g h o l e - 1 ) . T h e n u m b e r o f w e e d i n g s was var iab le ; w h i l e m o s t f a r m e r s i n D o d o m a 

w e e d e d t w i c e , t hose i n S ing ida d i d u p t o t h r e e weed ings be fo re t h e c r o p f l o w e r e d , 

a n d i n I r a m b a w e e d i n g was d o n e t w i c e . 

I n a l l t h r e e d i s t r i c t s n o disease o r pest c o n t r o l p r o g r a m was u n d e r t a k e n because 

f i e l d pests a n d diseases w e r e n o t a m a j o r p r o b l e m i n t h e 1 9 9 3 / 9 4 season. A s d u r i n g 

t h e p r e v i o u s g r a i n harves t , t h e m a j o r p r o b l e m e n c o u n t e r e d was storage pests, a n d 

f o l l o w - u p s tud ies are p l a n n e d . 

F i e l d da ta w e r e c o l l e c t e d b y t h e e x t e n s i o n pe r sonne l and , because da ta o n t h e 

n u m b e r o f days t o f l o w e r i n g a n d t h e n u m b e r o f days t o m a t u r i t y w e r e n o t r e c o r d e d a t 

a l l l o c a t i o n s , t h i s i n f o r m a t i o n i s n o t p r e s e n t e d i n t h e tables . T h e data c o l l e c t e d w e r e 

f r o m a s a m p l e area o f 4 5 m 2 a n d i n c l u d e d t h e f o l l o w i n g paramete rs : 

1 . N u m b e r o f h i l l s : d e t e r m i n e d b y c o u n t i n g t h e n u m b e r o f h i l l s f r o m t h e s ample 

areas. 

2 . H e a d c o u n t : t h e n u m b e r o f heads ha rves ted f r o m a sample area. 

3 . H e a d w e i g h t : d e t e r m i n e d b y w e i g h i n g t h e d r i e d heads f r o m t h e sample area. 

4 . G r a i n y i e l d : a f te r t h r e s h i n g t h e g ra in was c o l l e c t e d a n d w e i g h e d i n g rams p e r p l o t . 

5 . F a r m e r p re fe r ence : i .e . , w h i c h v a r i e t y was m o s t p r e f e r r e d , f o l l o w e d b y t h e s econd 

c h o i c e . 

Results and Discussion 

I n D o d o m a d i s t r i c t T S P M 91018 p r o d u c e d t h e h ighes t g ra in y i e l d (1 .44 t ha-1) a n d 

was s ign i f i can t ly s u p e r i o r t o a l l o t h e r var ie t ies i n respect o f g ra in p r o d u c t i o n ( T a b l e 

1) . T h i s v a r i e t y h a d a y i e l d advantage o f a b o u t 2 9 % over t h e f a r m e r s ' L L V . T h i s v a r i e t y 

also h a d s ign i f i can t ly h i g h e r t h r e s h i n g percentage a s c o m p a r e d w i t h t h e f a r m e r s ' L L V 

a n d Serere 17. T S P M 91001 h a d t h e h ighes t p l a n t p o p u l a t i o n , whereas Serere 1 7 

p r o d u c e d t h e h ighes t n u m b e r o f heads pe r p l o t . 

Table 1 . Per formance d a t a of pearl mi l le t o n - f a r m veri f icat ion tr ial entries averaged 
over a t o t a l of e igh t unrepl icated sites in t w o vil lages, D o d o m a rural d is t r i c t T a n -
zania , 1 9 9 3 / 9 4 season. 

Var ie ty 

T S P M 91018 
T S M P 91001 
Farmers' LLV 
Serere 17 

Mean 
SE 
C V ( % ) 

Plant count 
(ha - 1) 

25703 
29609 
27656 
27344 

27578 
±985 

10.1 

Head count Threshing 
(ha - 1) (%) 

76094 67.9 
76796 61.6 
50625 58.8 
92813 60.0 

74082 62.1 
±5291 ±2.8 

20.2 12.9 

Gra in y ie ld 
( t ha - 1) 

1.44 
1.13 
1.12 
0.97 

1.17 
±0.10 
24.2 
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Table 2 . Per fo rmance d a t a of pear l mi l le t o n - f a r m veri f icat ion tr ial entr ies averaged 
over a t o t a l of n ine unrep l ica ted sites in t w o vil lages, Singida rural district, Tanzania , 
1 9 9 3 / 9 4 season. 

Var ie ty 

T S P M 91018 
T S P M 91001 
Farmers' LLV 

Mean 
SE 
C V ( % ) 

Plant count Head count 
(ha - 1) (ha - 1) 

37500 100089 
36736 97917 
31000 84125 

35625 95357 
±3336 ±4002 

28.1 12.6 

Threshing 
( % ) 

59.6 
60.5 
47.5 

57.1 
±4.2 

6.2 

Gra in y ie ld 
( t ha - 1) 

2.90 
2.40 
1.98 

2.46 
±0.14 
16.9 

I n S ing ida d i s t r i c t , T S P M 91018 gave s ign i f i can t ly h ighe r g r a in y i e l d a s c o m p a r e d 

w i t h T S P M 9 1 0 0 1 a n d t h e f a r m e r s ' L L V ( T a b l e 2 ) . I t h a d y i e l d advantage o f a b o u t 

4 6 % o v e r t h e f a r m e r s ' L L V , a n d 16% ove r T S P M 91001 ( T a b l e 2 ) . Serere 1 7 was n o t 

i n c l u d e d i n t h i s t r i a l . B o t h T S P M 91018 a n d T S P M 91001 w e r e supe r io r t o t h e 

f a r m e r s ' L L V i n r e spec t o f h e a d c o u n t pe r hec ta re and t h r e s h i n g percentage . 

I n I r a m b a d i s t r i c t T S P M 91018 also p r o d u c e d s ign i f i can t ly h ighe r g ra in y i e l d a s 

c o m p a r e d w i t h o t h e r va r i e t i e s ( T a b l e 3 ) . T h e r e w e r e n o s igni f icant d i f fe rences a m o n g 

va r i e t i e s f o r o t h e r t r a i t s . 

Table 3 . Per formance d a t a of pear l mi l let o n - f a r m ver i f icat ion tr ial entries averaged 
over a t o t a l of f o u r unrepl icated sites in o n e vil lage, I ramba district, Tanzania , 
1 9 9 3 / 9 4 season. 

Var ie ty 

T S P M 91018 
Farmers' LLV 
T S M P 91001 

Mean 
SE 
C V ( % ) 

Plant count 
(ha - 1) 

25469 
32188 
25313 

27656 
±2724 

19.7 

Head count 
(ha - 1) 

48281 
58125 
47656 

51354 
±6229 

24.3 

Threshing 

( % ) 

73.0 
76.7 
71.0 

73.5 
±4.2 
11.3 

Gra in y ie ld 
( t ha -1) 

3.01 
2.18 
2.05 

2.41 
±0.28 
23.3 

Based o n t h e m e a n o v e r a l l t h e sites across t h r e e d i s t r i c t s , T S P M 91018 p r o d u c e d 

t h e h ighes t g r a i n y i e l d ( 2 . 3 1 t ha - 1 ) f o l l o w e d b y T S P M 91001 (1.85 t ha - 1) ( T a b l e 4 ) . 

T S P M 91018 h a d 4 3 % y i e l d advantage over t h e f a r m e r s ' L L V a n d 2 5 % over T S P M 

9 1 0 0 1 . T S P M 91018 h a d a h i g h e r t h r e s h i n g percentage , a n d a grea te r n u m b e r o f heads 

p e r p l o t a s c o m p a r e d w i t h t h e f a r m e r s ' L L V . 

A l t h o u g h da ta o n days t o f l o w e r i n g w e r e n o t c o l l e c t e d i n a l l vi l lages, i n those 

vi l lages w h e r e t h e y w e r e t a k e n Serere 1 7 was t h e ear l ies t t o f l o w e r ( 4 2 days a f te r 

s o w i n g ) , f o l l o w e d b y T S P M 91018 ( 4 7 days) a n d T S P M 91001 ( 5 5 days) , w h i l e t h e 
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Table 4 . Per formance d a t a o f pear l mi l le t o n - f a r m ver i f icat ion tr ia l entr ies averaged 
over 21 unrepl icated sites across f ive vil lages of th ree districts: D o d o m a rural , 
Singida rura l , a n d I r a m b a , Tanzania , 1 9 9 3 / 9 4 season. 

Var ie ty 

T S P M 91018 
T S P M 91001 
Serere 17 
Farmers' LLV 

Mean 
SE 
C V (%) 

Plant count 
(ha - 1) 

30000 
31845 
27344 
29705 

30192 
±1290 

19.6 

Head count Threshing 
(ha - 1) (%) 

79079 65.9 
80297 62.9 
92812 60.0 
62242 59.7 

76759 62.5 
±3017 ±1.6 

18.0 11.5 

Gra in y ie ld 
( t ha - 1) 

2.31 
1.85 
1.62 
1.62 

1.82 
±0.08 
21.2 

f a r m e r s ' L L V t o o k 6 4 days. Because i t m a t u r e s 3 0 - 3 5 days ear l ie r t h a n t h e f a r m e r s ' 

L L V , Serere 17 i s se r ious ly a t t a c k e d by b i r d s . I t was also obse rved t h a t t h e f a r m e r s ' 

L L V suffers f r o m t e r m i n a l d r o u g h t . 

Farmers' Preference 

T h r o u g h o u t t h e g r o w i n g season, f a rmers obse rved t h e p e r f o r m a n c e o f var ie t ies i n o n -

f a r m t r i a l s . 

Jus t a f t e r emergence , 7 0 % o f t h e f a rmers se lec ted T S P M 91018 a s t h e i r f i r s t 

c h o i c e , p a r t i c u l a r l y o n t h e basis o f seedl ing v igor , w h i l e t h e r e m a i n i n g fa rmers s e -

l e c t e d t h e i r L L V a s t h e f i r s t c h o i c e . 

O n t h e basis o f p l a n t v i g o r (be fo re head ing) , t h e f i rs t c h o i c e was T S P M 91018, 

f o l l o w e d b y t h e f a r m e r s ' L L V , T S P M 9 1 0 0 1 , a n d Serere 17. 

A f t e r n o t i n g t h e days t o f l o w e r i n g , a l l f a rmers se lec ted T S P M 91018 a s t h e i r f i r s t 

c h o i c e , f o l l o w e d b y T S P M 9 1 0 0 1 , t h e i r L L V , a n d Serere 17. T h e reasons g i v e n f o r 

c h o o s i n g T S P M 91018 are t h a t i t f l o w e r e d ear l ie r t h a n t h e i r L L V a n d t h e heads w e r e 

v e r y l o n g . 

T h e f o u r t h e v a l u a t i o n was d o n e w h e n a l l var ie t ies h a d m a t u r e d . T h e f a r m e r s ' f i r s t 

c h o i c e was s t i l l T S P M 91018 . Reasons fo r t h i s cho ice w e r e t h a t i t was ear l ie r i n 

f l o w e r i n g a n d m a t u r e d i n 7 9 days, w h i l e t h e i r L L V t o o k m o r e t h a n 100 days t o 

m a t u r e . T h e y also c i t e d l o n g heads a n d larger g r a in size as a d d e d advantages over t h e 

L L V s . 

S ince Serere 17 i s no longe r p o p u l a r in t h i s area f o r t h e reasons a l ready n o t e d , i t i s 

des i rab le t o o b t a i n a v a r i e t y t h a t m a t u r e s l a te r t h a n Serere 17 b u t ear l ier t h a n t h e 

f a r m e r s ' L L V . T S P M 91018 m a t u r e s 1 5 days a f te r Serere 1 7 b u t ear l ier t h a n t h e 

f a r m e r s ' L L V s . T h i s v a r i e t y was also s u p e r i o r i n y i e l d t o a l l t h e var ie t ies t h a t w e r e 

e v a l u a t e d o n f a r m e r s ' f i e l d s , i n c l u d i n g t h e f a r m e r s ' L L V s used i n a l l t h e loca t ions . 

6 9 



Conclusion 

T S P M 91018 was o b s e r v e d t o possess t h e des i rab le charac ters o f earl iness a n d h i g h 

g r a i n y i e l d . I n a d d i t i o n , i t was t h e f a r m e r s ' f i r s t c h o i c e i n a l l t h e vi l lages w h e r e t h e 

t r i a l s w e r e c o n d u c t e d . T h i s v a r i e t y also f i t s w e l l i n t o t h e s h o r t r a i n y season o f t h e 

c e n t r a l Tanzan ia zone . D u e t o i t s p r o v e n s u p e r i o r i t y i n b o t h y i e l d a n d a c c e p t a b i l i t y b y 

f a r m e r s , t h i s v a r i e t y w i l l be r e c o m m e n d e d t o t h e v a r i e t y release c o m m i t t e e f o r 

prere lease i n N o v 1 9 9 4 , f o r poss ib le release i n O c t 1995 . D u r i n g t h e 1 9 9 4 / 9 5 season 

i n f o r m a t i o n w i l l b e c o l l e c t e d f r o m m o r e vi l lages i n m o r e d i s t r i c t s t h r o u g h o u t T a n -

zania to m a k e a s t ronge r case f o r release. 
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Farmers' Priorities for New Sorghum and Pearl 
Millet Varieties based on On-Farm Trials in Semi-
Arid Tanzania 

G Holtland1 

Abstract 

In the 1993/94 cropping season the Mvumi Rural Training Centre (MRTC) 

conducted on-farm trials with new sorghum and pearl millet varieties in coopera-

tion with the Ilonga research station and the SADC/ICRISAT Sorghum and Millet 

Improvement Program (SMIP). Postharvest aspects were tested on-station. Taste 

preferences and farmers' priorities for further breeding were identified through 

discussions in selected villages. 

All new sorghum varieties have poor postharvest qualities. Based on field 

observations, farmers liked SDS 2293-6 most. SV 1 was found to be too similar to 

the introduced variety Tegemeo to be of interest. Pearl millet variety TSPM 91018 

was successful: it outyielded others by more than one-third and has good pos thar -

vest characters. TSPM 91001 is too similar to the local variety to be of interest. 

In general improved pearl millet varieties merit high research priority because 

this is the most important food crop and it has no postharvest or marketing 

problems. New and available pearl millet varieties would be an incentive for 

farmers to further improve the management of their crops. The pure seeds needed 

could be produced by the MRTC in cooperation with research staff. 

Introduction 

T h e M R T C i s a c h u r c h - b a s e d N G O , b u t i t s e x t e n s i o n w o r k i s d o n e b y vi l lage e x t e n -

s ion w o r k e r s ( V E W s ) f r o m t h e M i n i s t r i e s o f A g r i c u l t u r e a n d L i v e s t o c k a n d o f N a t u r a l 

Resources . A s a r e s u l t o f t h i s c o o p e r a t i o n , t h e M R T C was asked b y t h e Regiona l 

E x t e n s i o n O f f i c e r o f D o d o m a t o c o n d u c t o n - f a r m t r i a l s i n c o o p e r a t i o n w i t h t h e 

T a n z a n i a n S M I P p r o g r a m i n I l onga . A s one o f t h e a ims o f t h e M R T C i s t o d e v e l o p n e w 

t echno log i e s i n a p a r t i c i p a t o r y w a y , i t agreed t o d o so. 

1 . A g r i c u l t u r a l i s t , Rura l T r a i n i n g C e n t r e , P O Box 38 , M v u m i , D o d o m a Rural D i s t r i c t , Tanzania. (Present 

address: Pr ivate Bag, Sonnenbergweg 7, 8271 RJ, I j sse lmuiden, t he Ne ther lands . ) 

H o l t l a n d , G . 1996. Farmers ' p r io r i t i e s for n e w so rghum and pearl m i l l e t variet ies based o n on - f a rm t r ia ls i n 

s emi -a r id Tanzania. Pages 7 1 - 8 0 in D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings of t h e 
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Background Information 

T h e M v u m i d i v i s i o n i s p a r t o f U g o g o , t h e d r y h e a r t o f s e m i - a r i d Tanzan ia . I t s p r o b -

l e m s are c h a r a c t e r i s t i c o f s e m i - a r i d A f r i c a : u n r e l i a b l e a n d l o w r a in f a l l ( 5 5 0 m m y - 1 ) , 

p o o r ( s andy l o a m ) soi ls , o v e r p o p u l a t i o n ( 7 5 i n h a b i t a n t s k m - 1 ) , o u t m i g r a t i o n o f m e n 

( 3 8 % ) , a n d ove rg raz ing . 

T h e a c c e l e r a t e d so i l e r o s i o n r e s u l t i n g f r o m t h e o v e r e x p l o i t a t i o n o f t h e n a t u r a l 

resources c o u l d b e s t o p p e d o n l y b y e n f o r c e d d e s t o c k i n g i n 1 9 8 6 b y t h e D o d o m a so i l 

c o n s e r v a t i o n p r o j e c t ( H A D O ) . S ince 1 9 9 1 , t h e M R T C has been successful ly i n t r o -

d u c i n g ze ro -g raz ing i n t h e area: i t i s e c o n o m i c a l l y v i ab le a n d eco log ica l ly s o u n d ( H o l t -

l a n d 1 9 9 4 a ) . 

T h e c r o p p i n g s y s t e m i s based o n h o e c u l t i v a t i o n . F a l l o w pe r iods are r e d u c e d t o 

n e a r l y n i l a n d c r o p res idues are b u r n t . T w o m a j o r t ypes o f f i e l d s can b e d i s t i n g u i s h e d : 

1 . Migunda ( 8 4 % o f t h e area): d r y - p l a n t e d cereals, i n t e r c r o p p e d w i t h m i n o r c rops 

s u c h as C u c u r b i t a c e a e , l ab lab , c o w p e a , a n d p igeonpea . Pear l m i l l e t occup ies 

r o u g h l y 7 5 % o f t h e area, w h i l e ma i ze a n d s o r g h u m o c c u p y each h a l f o f t h e r e m a i n -

i n g 2 5 % . D r y - p l a n t i n g i s essent ia l because t h e r a iny season can s ta r t o r s t o p a t any 

t i m e . 

2 . Vigundu ( 1 2 % ) : g r o u n d n u t s a n d b a m b a r a n u t s in p u r e stands, s o w n af te r a p r o p e r 

l a n d p r e p a r a t i o n a f te r t h e onse t o f t h e r a i n y season. 

O v e r t h e years m a n y i m p r o v e d c r o p p i n g prac t i ces have been t r i e d . A l l have f a i l e d , 

i n c l u d i n g o x e n - d r a w n t i l l age a n d t h e use o f c h e m i c a l f e r t i l i z e r . D e s p i t e t h i s , a n d 

d e s p i t e t h e r e d u c e d f a l l o w , t h e average y i e l d i s s t i l l t h e same a s 50 years ago ( ± 5 0 0 kg 

ha - 1 ) d u e t o a n i m p r o v e d m a n a g e m e n t o f t h e c rops ( t h r o u g h increased l abor i n p u t 

h a - 1 ) . Because o f t h e d e t e r i o r a t i n g exchange ra te b e t w e e n e x t e r n a l i n p u t s a n d loca l 

p r o d u c t s ( d u e t o t h e l i b e r a l i z a t i o n p o l i c y o f t h e Tanzan ian G o v e r n m e n t ) f o r t h e near 

f u t u r e o n l y i n n o v a t i o n s t h a t b u i l d o n t h i s s l o w process o f i n t e n s i f i c a t i o n can b e 

successful . S o n e w var ie t i e s t h a t r e s p o n d b e t t e r t o i m p r o v e d m a n a g e m e n t m u s t b e a n 

i m p o r t a n t c o m p o n e n t o f any e x t e n s i o n message, t o g e t h e r w i t h p l a n t i n g o n l ines a n d 

h i g h e r p l a n t dens i t i e s ( H o l t l a n d 1 9 9 4 b ) . 

Methodology 

T h e t r i a l s i n v o l v e d s o r g h u m a n d p e a r l m i l l e t . F o u r var ie t ies w e r e used o f each c r o p : a 

l o c a l l and race v a r i e t y ( L L V ) , t h e l o c a l l y u sed i m p r o v e d v a r i e t y , a n d t w o n o t y e t 

re leased va r i e t i e s f r o m t h e T a n z a n i a n S o r g h u m a n d M i l l e t I m p r o v e m e n t P r o g r a m 

( S M I P ) . 

T o m a k e t h e t r i a l s r ea l i s t i c , a q u a r t e r o f a n acre (0 .101 ha) was s o w n w i t h each 

v a r i e t y . A s o n l y s m a l l a m o u n t s o f seeds w e r e avai lable , t h e n u m b e r o f f a r m e r s h a d t o 

b e l i m i t e d t o 1 2 p e r c r o p . These 1 2 w e r e d i v i d e d ove r t w o vil lages se lec ted b y t h e 

M R T C . 

T h e f a r m e r s w e r e s e l e c t e d b y t h e V E W s i n c o o p e r a t i o n w i t h t h e M R T C c o m m i t -

t e e o f t h e v i l l age . T h e V E W s a n d t h e M R T C assisted t h e f a rmer s i n se l ec t ing t h e 
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f i e l d s f o r t h e t r i a l . A s t h e seeds w e r e o b t a i n e d ra the r - l a te , m o s t f a rmers h a d a l ready 

p l a n t e d m o s t o f t h e i r (bes t ) f i e l d s . S o m a n y f i e l d s w e r e n o t u n i f o r m . 

T h e seeds w e r e g i v e n t o t h e f a rmers w i t h o n l y one p r e c o n d i t i o n : t h e y s h o u l d p l a n t 

o n l ines 7 5 x 3 0 c m . T h e f a rmer s d e c i d e d o n t h e m a n a g e m e n t ( w e e d i n g a n d t h i n n i n g ) 

t h e m s e l v e s , so no organic o r ino rgan ic f e r t i l i z e r was used . ( O n a f u t u r e occas ion t h e 

spac ing m i g h t also be l e f t t o t h e f a rmers to dec ide , because d i f f e r e n t var ie t ies have a 

d i f f e r e n t o p t i m u m p l a n t d e n s i t y . ) 

I n o r d e r t o assess t h e harves t , subsamples w e r e t a k e n f r o m a l l p l o t s . D u e t o t h e 

h i g h v a r i a b i l i t y o f t h e f i e l d s a n d t h e m o d e s t n u m b e r o f f a rmers , c o m p l e t e r a n d o m 

s a m p l i n g was n o t d o n e because i t w o u l d p r o b a b l y n o t have p r o v i d e d any s t a t i s t i ca l ly 

s ign i f i can t da ta . S o da ta f r o m o b v i o u s l y d e v i a t i n g t r i a l areas w e r e o m i t t e d f r o m t h e 

s a m p l i n g : m o s t l y a f te r l e n g t h y discussions w i t h t h e f a r m e r o n t h e h i s t o r y o f t h e f i e l d 

a n d o t h e r causes o f t h e o b s e r v e d v a r i a t i o n ( o l d kraals , o l d r i v e r beds, e t c . ) . A s m o s t o f 

t h e d e v i a t i n g areas i n t h e p l o t s w e r e b a d , t h e m e a s u r e d y i e ld s are h ighe r t h a n t h e real 

y i e l d s . I t i s m o r e t h e p o t e n t i a l y i e l d u n d e r g o o d f a r m e r m a n a g e m e n t w h i c h i s m e a -

s u r e d t h a n t h e ac tua l y i e l d u n d e r average f a r m e r m a n a g e m e n t c o n d i t i o n s . T h i s i s i n 

l i n e w i t h t h e n e e d t o o b t a i n n e w var ie t ies t h a t r e s p o n d b e t t e r t o i m p r o v e d 

m a n a g e m e n t . 

T h e y i e l d o f t h e subsamples w e r e t a k e n t o t h e M R T C w h e r e t h e t h r e s h i n g , d e h u l l -

i n g , a n d m i l l i n g was d o n e ( a n d t h e t i m e t a k e n was r e c o r d e d ) . T h e f l o u r was t a k e n 

b a c k t o t h e vi l lages a n d a b l i n d tas te t e s t was c o n d u c t e d . O n t h e same occasion t h e 

f a r m e r s w e r e asked t o eva lua te t h e var ie t ies a n d t o g ive t h e i r p r i o r i t i e s f o r n e w 

var ie t i es . T h i s was d o n e i n t h r e e steps: f i r s t t h e f a rmers w e r e asked t o m e n t i o n t h e 

d i f f e r ences b e t w e e n pairs o f var ie t ies . T h e m o s t i m p o r t a n t d i f fe rences w e r e t h e n 

t a k e n as c r i t e r i a to eva lua te a l l var ie t ies sys t ema t i ca l ly . T h e last s tep was to ask 

f a r m e r s t o i n d i c a t e t h e m o s t i m p o r t a n t characters o f possible n e w var ie t ies . I n d e -

s c r i b i n g these , t h e f a rmer s w e r e o b l i g e d t o p r i o r i t i z e t h e m b y a l loca t ing m o r e o r less 

o f t h e 2 0 p o i n t s avai lable (v i sua l i zed b y ma ize cobs) t o t h e d i f f e r e n t characters . I n 

t h i s last s t ep m e n a n d w o m e n r e c o r d e d t h e i r f i n d i n g s separately . 

T h e r a i n y season o f 1 9 9 3 / 9 4 was reasonable. I t s t a r t e d v e r y la te ( 0 5 Jan) b u t 

c o n t i n u e d w i t h o u t d r y spells u n t i l m i d - M a r c h . S o d rough t - e scap ing c rops d i d re la-

t i v e l y w e l l c o m p a r e d w i t h d r o u g h t - t o l e r a n t c rops . 

Results 

Sorghum 

I n t r o d u c t i o n . L o c a l l y , m a n y landrace var ie t i es o f s o r g h u m are g r o w n . A l l are l o n g -

s t r a w , o p e n - h e a d e d , w h i t e - s e e d e d , a n d l a t e - m a t u r i n g . M o s t are g r o u p e d u n d e r t h e 

n a m e L u g u g u , a G u i n e a t y p e o f s o r g h u m (Rao e t a l . 1 9 8 9 ) . Ea r l i e r a d a p t e d var ie t ies 

f r o m o u t s i d e t h e area are Sandala a n d Bangala w h i c h are sho r t e r a n d e a r l i e r - m a t u r i n g . 

T h e l oca l l andrace v a r i e t y ( L L V ) chosen f o r t h i s t r i a l was M h o p u t a , w h i c h m a t u r e s 

s l i g h t l y ea r l i e r t h a n t h e o t h e r s i n t h e L u g u g u g r o u p . 
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U p t o n o w t h e o n l y successful ly i n t r o d u c e d v a r i e t y i s T e g e m e o : a sho r t , ea r ly -

m a t u r i n g v a r i e t y , re leased i n 1 9 8 3 . I t i s a p p r e c i a t e d f o r i t s earliness a n d h i g h y i e ld s , 

b u t has a n u m b e r o f disadvantages: p r o b l e m s w i t h pests ( i n t h e f i e l d a n d d u r i n g 

s to rage) , d e h u l l i n g i s d i f f i c u l t ( a n d gives h i g h losses), a n d i t has a p o o r tas te . So i t i s 

d i f f i c u l t t o se l l l o c a l l y . A n d because t h e e x p e c t e d i n d u s t r i a l m a r k e t d i d n o t m a t e r i a l -

i ze , m a r k e t i n g i s p r o b l e m a t i c . T h e p r i c e i s 2 0 % l o w e r t h a n f o r o t h e r so rghums . T h i s i s 

o n e o f t h e m a j o r reasons ( n e x t t o l o a n r e p a y m e n t p r o b l e m s ) f o r t h e f a i l u r e o f t h e 

G l o b a l 2 0 0 0 p r o g r a m t o t r a n s f o r m t h e f a r m i n g s y s t e m i n D o d o m a . T h i s f a i l u r e also 

m a d e f a r m e r s shy a w a y f r o m cap i t a l - i n t ens ive , m a r k e t - o r i e n t e d messages f r o m t h e 

e x t e n s i o n se rv ice . 

I n a d d i t i o n t o M h o p u t a a n d T e g e m e o , t w o n e w var ie t ies w e r e se l ec ted fo r i n c l u -

s i o n i n t h e t r i a l b y t h e T a n z a n i a n SMIP : S V 1 a n d S D S 2 2 9 3 - 6 . 

T h e seeds w e r e d r y - p l a n t e d b y 1 1 o f t h e 1 2 f a rmer s . A f t e r t h e onse t o f t h e rains t h e 

i m p r o v e d seeds g e r m i n a t e d v e r y p o o r l y . I n t h e f a r m e r s ' f i e l d s o n l y 5 - 2 0 % e m e r g e d , 

w h i l e i n a n o n - s t a t i o n g e r m i n a t i o n t e s t o n l y 5 1 - 6 2 % o f t h e i m p r o v e d seeds p r o v e d 

v i a b l e . T h e cause o f t h e p r o b l e m was p o o r storage o f t h e seeds i n I longa . T h e L L V h a d 

n o g e r m i n a t i o n p r o b l e m s . S o t h e seeds w e r e r ea l l oca t ed t o t h e bes t f i e l d s a n d soaked 

b e f o r e s o w i n g . T h u s , i n t h e second r o u n d , a f e w fa rmers m a n a g e d t o get e n o u g h 

p l a n t s t o assess t h e basic charac te rs o f t h e var ie t ies . 

G r a i n yields. O n l y t w o f i e l d s h a d a f a i r s t a n d o f a l l va r ie t i es a n d t h e y w e r e u sed t o 

assess t h e y i e l d . T a b l e 1 gives t h e resu l t s . I t shows t h a t a l l n e w var ie t ies o u t y i e l d e d t h e 

L L V . T h e t w o n e w var ie t i e s p r o d u c e d a b o u t o n e - t h i r d m o r e , w h i l e T e g e m e o p r o -

d u c e d o v e r 5 0 % m o r e . A s t h e L S D ( 5 % ) i s 1040 k g ha - 1 o n l y i n t h e case o f T e g e m e o , 

t h e d i f f e r e n c e i s s t a t i s t i c a l l y s ign i f i can t . 

Table 1 . Average gra in yield (kg ha - 1 ) o f four 

s o r g h u m variet ies, M v u m i , 1 9 9 3 / 9 4 . 

Var ie ty 

Mhopu ta ( L L V ) 

Tegemeo 

SV 1 

SDS 2293-6 

SE 

C V ( % ) 

Mean 

1929 

3026 

2648 

2607 

±327 

13 

Postharvest aspects. T a b l e 2 gives a n o v e r v i e w o f t h e pos tha rves t charac ters o f t h e 

f o u r va r i e t i e s . 

T h e n e w va r i e t i e s have b igger seeds a n d h ighe r t h r e s h i n g rates b u t l o w e r 

f l o u r / g r a i n r a t i o s . T h e losses d u r i n g d e h u l l i n g d e p e n d o n h o w c lean t h e e n d - p r o d u c t 

s h o u l d be . S o m e p e o p l e w a n t t h e f l ou r t o be a s w h i t e a s poss ible ( i . e . , l e a d i n g t o losses 

o f 4 5 % f o r S D S 2 2 9 3 - 6 ) , w h i l e o t h e r s d o n o t d e h u l l a t a l l . Poor p e o p l e , u s ing m i l l i n g 

s tones , have to do a p r o p e r d e h u l l i n g , o t h e r w i s e m i l l i n g i s i m p o s s i b l e . Bigger losses 

d u r i n g t h e d e h u l l i n g are a c c o m p a n i e d b y longe r d e h u l l i n g t i m e s . T h e e x t r a t i m e 
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Table 2 . S o m e postharvest characters o f t h e f o u r s o r g h u m variet ies. 

Mhopu ta 

Tegemeo 

SV 1 

SDS 2293-6 

Mass 

(g /100 

seeds) 

1.8 

2.3 

2.1 

2.6 

Threshing 

rate (%) 

68 

78 

74 

78 

Minutes to 

dehul l 4 kg 

(1 mortar) 

15 

20 

20 

21 

Flour/grain 

rat io (%) 

75 

60 

63 

61 

Flour y ie ld 

(kg ha - 1) 

1447 

1816 

1668 

1590 

n e e d e d i s a b o u t o n e - t h i r d . I n t h e o v e r a l l process f r o m grains t o f l o u r ( i n c l u d i n g 

w i n n o w i n g , s econd p o u n d i n g , s econd w i n n o w i n g , a n d soaking) t h e e x t r a t i m e n e e d e d 

i s a b o u t 2 0 % f o r T e g e m e o a n d S V 1 a n d 2 5 % f o r S D S 2 2 9 3 - 6 . 

C o m p a r e d w i t h M h o p u t a , t h e y i e l d i n t e r m s o f k g f l o u r ha - 1 i s o n l y 10-15% h ighe r 

f o r S V 1 a n d S D S 2 2 9 3 - 6 a n d 2 5 % f o r T e g e m e o . 

T h e t h r e e tas te tests ( i n c l u d i n g 3 9 r e sponden t s ) d i d n o t g ive clear resu l t s . T o o 

m a n y fac tors c o n t r i b u t e t o t h e f i n a l tas te , a m o n g t h e m t h e cleanl iness o f t h e f l o u r 

( d e p e n d i n g o n t h e e x t e n t t o w h i c h t h e d e h u l l i n g was ' c o m p l e t e d ' ) , t h e process o f 

c o o k i n g ( i . e . , w a t e r c o n t e n t a n d w h e t h e r i t was w e l l c o o k e d ) , a n d c u s t o m s ( some 

p e o p l e are n o t u sed t o d e h u l l e d s o r g h u m a n d o the r s n o t t o f e r m e n t e d f l o u r ) . I n 

genera l t h e L L V sco red best . I f i t i s w e l l p r e p a r e d ( m e a n i n g b i g losses d u r i n g d e h u l l -

i n g ) , S D S 2 2 9 3 - 6 also has a g o o d tas te . T e g e m e o a n d SV 1 have a s i m i l a r taste , w h i c h 

i s n o t c o n s i d e r e d g o o d b u t i s accep tab le . 

F a r m e r s ' e v a l u a t i o n . D u e t o t h e g e r m i n a t i o n p r o b l e m s , o n l y a f e w fa rmers have a 

c lear i m p r e s s i o n o f t h e n e w var ie t ies . I n genera l , t h e y w e r e i m p r e s s e d b y S D S 2 2 9 3 - 6 

because i t i s v igo rous , has b i g s e m i c o m p a c t e d heads w i t h b ig w h i t e seeds, m a t u r e s 

ea r ly , a n d i s n o t t o o t a l l . I t s v igo r i s associated w i t h h i g h y i e ld s a n d d r o u g h t - t o l e r a n c e . 

S o m a n y f a r m e r s w h o saw t h e t r i a l f i e l d s are k e e n t o o b t a i n S D S 2 2 9 3 - 6 seeds. A s 

t h r e s h i n g t h e n e w var ie t ies h a d n o t been s t a r t e d a t t h e t i m e o f w r i t i n g , t h e f a rmers 

have n o o p i n i o n a b o u t t h e pos tha rves t aspects o f t h e t r i a l . 

F a r m e r s ' p r i o r i t i e s f o r n e w v a r i e t i e s . T a b l e 3 gives t h e c r i t e r i a f a rmers w o u l d l i k e t o 

b e u sed i n se l ec t ing n e w var ie t i es . 

M o s t p r i o r i t i e s are i n l i n e w i t h those o f t h e Tanzan ian s o r g h u m b r e e d i n g p r o g r a m , 

as g i v e n by Rao e t a l . ( 1 9 8 9 ) , e x c e p t f o r t h e tas te . S u r p r i s i n g l y , f a rmers g ive tas te a 

l o w e r p r i o r i t y t h a n researchers . Fa rmers a i m t o i m p r o v e h o u s e h o l d f o o d s e c u r i t y a n d 

are p r e p a r e d to eat e v e r y t h i n g t h a t i s avai lable . T h a t a b a d taste makes m a r k e t i n g 

d i f f i c u l t seems t o b e less i m p o r t a n t . 

T h e p r i o r i t y f o r h i g h y i e l d s i s c lear t o eve ryone , b u t t h e i m p o r t a n c e o f losses d u r i n g 

d e h u l l i n g i s n o t e x p l i c i t l y m e n t i o n e d b y Rao e t a l . ( 1 9 8 9 ) . Saadan a n d M n d o l w a 

( 1 9 9 3 ) , o n t h e o t h e r h a n d , suggest t h a t t h i s has been a n i m p o r t a n t c r i t e r i o n i n 

se l ec t ing n e w var ie t i e s . I t seems t h a t t h e r e s u l t i s n o t y e t g o o d e n o u g h , s o w o m e n 

w a n t d e h u l l i n g p r o b l e m s t o b e addressed. 
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Table 3 . Farmers, priori t ies f o r t h e n e w varieties (each g r o u p could a l locate 20 
points ) . 

Yie ld 

Earliness 
Taste1 

Storage 
Easy pound ing 2 

Plant leng th 3 

Beer qual i ty 
Covered kernel smut 

Male farmers 

M v u m i maku lu 

5 
6 
4 
2 
1 

1 

1 

I d i f u 

4 
4 
3 
3 
2 

2 
1 
1 

Female farmers 

M v u m i maku lu 

5 
3 
2 
3 
1 
3 

2 
1 

I d i f u 

4 
4 
3 
2 
2 
2 
2 
1 

To ta l 

18 
17 
12 
10 

6 
5 
5 
4 
3 

1. Good taste is associated w i th white seeds. 
2. Easy pounding is associated w i th small dehuiling losses. 
3. No t too tall plants make bird scaring easier and there is less lodging. 

R e g a r d i n g diseases, c o v e r e d k e r n e l s m u t i s t h e biggest p r o b l e m . F o r f a r m e r s i n 

M v u m i i t m e r i t s a h i g h e r p r i o r i t y t h a n i t does i n t h e p resen t b r e e d i n g p o l i c y (Rao e t 

a l . 1 9 8 9 ) . 

C o n c l u s i o n s . F a r m e r s are m o s t i m p r e s s e d b y t h e v i g o r o f S D S 2 2 9 3 - 6 , b u t T e g -

e m e o h a d t h e h ighes t y i e l d . S V 1 does n o t d i f f e r m u c h f r o m T e g e m e o , s o i t s h o u l d b e 

r e p l a c e d by a v a r i e t y t h a t i s s e l ec t ed f o r i t s d r o u g h t t o l e r ance a n d easy d e h u i l i n g . 

A s i n d u s t r i a l m a r k e t i n g has f a i l e d , m o r e a t t e n t i o n s h o u l d b e p a i d t o so lv ing sor-

g h u m p o s t h a r v e s t i n g h a n d l i n g p r o b l e m s i n r u r a l househo lds . 

Pearl millet 

I n t r o d u c t i o n . D u e t o i t s p r o p e r t y o f c r o s s - p o l l i n a t i o n , o n l y one ( v e r y h e t e r o -

geneous) p e a r l m i l l e t l o c a l l andrace v a r i e t y ( L L V ) i s avai lable i n M v u m i : U w e l e . A f t e r 

t h e s e c o n d w o r l d w a r B u l u m a was i n t r o d u c e d f r o m B u r m a . Peop le l i k e d i t s earl iness 

a n d b i g heads. B u t , because o f i t s c r o s s - p o l l i n a t i o n , t h e v a r i e t y d i sappeared . I n t h e 

1970s Serere was i n t r o d u c e d : a c o m p o s i t e v a r i e t y t h a t r ipens v e r y ear ly . I t has a s h o r t 

s t r a w a n d s m a l l heads, b u t t h e seeds are b i g . I t has n o t been w i d e l y a d o p t e d i n M v u m i 

because i t i s o f t e n ea ten b y b i r d s o r s to l en , a n d f a rmers d o n o t l i k e t h e s m a l l heads. 

I n t h e t r i a l , a d d i t i o n a l l y t o U w e l e a n d Serere , t w o var ie t i es n o t y e t re leased f r o m 

S M I P w e r e u sed : T S P M 9 1 0 0 1 a n d T S P M 91018 . 

N i n e o f t h e 1 2 f i e l d s w e r e d r y - p l a n t e d . O n l y 7 f i e l d s w e r e f i n a l l y i n c l u d e d i n t h e 

analysis : o n e f a r m e r p l a n t e d t o o la te , one f a i l e d t o p l a n t o n l ines p r o p e r l y , t w o f a i l e d 

t o d o t h e w e e d i n g o f t h e d i f f e r e n t va r ie t i e s w i t h i n a reasonable t i m e span, a n d one 

f i e l d s h o w e d a c lear g r a d i e n t i n so i l f e r t i l i t y . 
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G r a i n y i e l d s . T a b l e 4 shows t h e y i e ld s o f t h e f o u r pea r l m i l l e t var ie t ies . T h e y i e l d s 

are s m a l l e r t h a n those o f s o r g h u m , b u t s t i l l h a d cons ide rab ly m o r e t h a n t h e average o f 

n o r m a l f a r m e r s ' f i e l d s . O n l y T S P M 91018 p r o d u c e d m o r e ( 3 8 % ) t h a n t h e L L V . A s 

t h e L S D ( 5 % ) i s 3 8 2 kg ha - 1 t h e d i f f e r e n c e i s s t a t i s t i ca l ly s igni f icant . 

Table 4 . Average gra in yield (kg ha - 1) o f f o u r mil let varieties, M v u m i , 1 9 9 3 / 9 4 . 

Varie ty 

Uwele 
Serere 
T S P M 91001 
T S P M 91018 

SE 
C V ( % ) 

Mean 

1239 
1076 
1217 
1696 

±382 
14 

P o s t h a r v e s t aspects . T a b l e 5 shows t h e m o s t i m p o r t a n t pos tharves t characters o f 

t h e f o u r p e a r l m i l l e t var ie t ies se lec ted . 

Table 5 . Some postharvest characters of t h e f o u r mi l let varieties. 

Uwele ( L L V ) 
Serere 
T S P M 91001 
T S P M 91018 

Mass 
(g /100 
seeds) 

0.7 
1.1 
0.7 
0.9 

Threshing 
rate (%) 

68 
65 
60 
71 

Minutes to 
dehul l 4 kg 
(1 mortar) 

16 
17 
14 
16 

Flour/grain 
ratio (%) 

75 
74 
70 
74 

Flour y ie ld 
(kg ha -1) 

922 
796 
852 

1255 

Serere a n d T S P M 91018 have bigger seeds a n d a h igher t h r e s h i n g ra te ( spec ia l ly 

T S P M 91018) t h a n t h e L L V . T h e t i m e fo r d e h u l l i n g a n d t h e f l o u r / g r a i n r a t i o d o n o t 

d i f f e r m u c h . 

T h e t w o tas te tests gave cons i s t en t resul t s . M a n y peop l e c o u l d n o t i d e n t i f y t h e L L V 

a n d T S P M 9 1 0 0 1 a n d T S P M 91018 scored b e t t e r t h a n t h e o the r s i n b o t h cases. 

F a r m e r s ' e v a l u a t i o n . T h e f a rmer s apprec ia te T S P M 91018 grea t ly . T h e y l i k e i t s 

t i m e o f m a t u r i t y (ear ly , b u t n o t s o ear ly t h a t i t i s ea ten b y b i r d s ) , i t s l o n g heads a n d 

b i g seeds ( b o t h associated w i t h h i g h y i e l d ) , i t s a p p r o p r i a t e l e n g t h and , o f course , i t s 

h i g h y i e l d . T h e y have d o u b t s a b o u t i t s d r o u g h t t o l e rance : a l t h o u g h n o l o n g d r y spells 

o c c u r r e d i n 1 9 9 3 / 9 4 , some fa rmers c l a i m e d i t was t h e w o r s t v a r i e t y i n t h i s respec t . 

Serere i s c o n s i d e r e d use fu l as a h u n g e r - r e l i e f c r o p , b u t i t s earliness a t t r ac t s t o o 

m a n y b i r d s a n d th i eves . Several so lu t ions are advoca t ed f o r t h i s : s o w i n g a r o u n d t h e 

house o r i n t e r p l a n t i n g b e t w e e n t a l l e r var ie t ies , b r e a k i n g o f t h e f i r s t heads ( a n d har -

v e s t i n g t h e r e g r o w t h ) , a n d la te s o w i n g . O n l y i n t h e f i r s t case i s t h e advantage o f a n 
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ea r ly ha rves t a c h i e v e d . I t s a b u n d a n t t i l l e r i n g was a p p r e c i a t e d , b u t i t was n o t c o n s i d ­

e r e d v e r y d r o u g h t - t o l e r a n t . 

T S P M 9 1 0 0 1 was c o n s i d e r e d t o b e t h e same a s t h e L L V i n nea r ly a l l respects . 

F a r m e r s ' priori t ies for n e w p e a r l mi l l e t va r i e t i e s ( T a b l e 6 ) . M o r e t h a n i n t h e case o f 

s o r g h u m , t h e m a i n i n t e r e s t expressed seems t o b e f o o d s e c u r i t y . T h e o n l y o t h e r 

p r i o r i t i e s are t h e p r e v e n t i o n o f diseases i n t h e f i e l d a n d t i l l e r i n g . 

T h e f a r m e r s ' p r i o r i t i e s are c lose ly s i m i l a r t o those o f t h e Tanzan ian m i l l e t b r e e d i n g 

p r o g r a m , a s d e s c r i b e d b y Saadan a n d M n d o l w a ( 1 9 9 3 ) . 

Table 6 . Farmers ' priorit ies f o r n e w pearl mi l let varieties ( w i t h up to 20 points a l ­
located f o r each g r o u p ) . 

Yie ld 1 

Drough t resistance 
Earliness2 

Field diseases 
T i l le r ing 
Easy dehul l ing 3 

Taste 
Beer qual i ty 
Plant length 
Storage 

Male farmers 

Chanhumba 

6 
10 
4 

I lo lo 

5 
5 
5 
2 
2 

1 

Female farmers 

Chanhumba 

5 
5 
5 
2 
1 
2 

I lo lo 

8 
4 
3 
1 

1 
1 
1 
1 

Tota l 

24 
24 
17 

5 
3 
2 
2 
1 
1 
1 

1. Associated w i t h long heads. 
2. Associated w i th short straw. 
3. Associated w i th easy milling. 

C o n c l u s i o n . T S P M 91018 p e r f o r m e d v e r y w e l l , b o t h i n t h e f i e l d a n d d u r i n g pos t -

ha rves t h a n d l i n g . F a r m e r s l i k e i t v e r y m u c h . T h e charac te rs o f T S P M 91001 are t o o 

s i m i l a r t o t h e L L V t o b e o f i n t e r e s t . 

T h e T a n z a n i a n b r e e d i n g p r o g r a m f o r pea r l m i l l e t seems t o b e o n t h e r i g h t t r a c k 

f r o m t h e p o i n t o f v i e w o f f a r m e r s i n M v u m i . 

Discussion 

T h e r e p o r t e d o n - f a r m t r i a l s a n d o n - s t a t i o n tests w i t h s o r g h u m a n d pea r l m i l l e t 

y i e l d e d m a n y u s e f u l da ta a n d ins igh t s . A n i n t e r e s t i n g q u e s t i o n i s w h e t h e r a l l t h e w o r k 

r e q u i r e d t o c o l l e c t t h e da ta was w o r t h t h e e f f o r t . I n o t h e r w o r d s : d o t h e da ta p r o v i d e 

i n s igh t s t h a t c o u l d n o t b e g a i n e d b y discussions w i t h farmers? I n genera l t h e answer 

s h o u l d b e nega t ive . T h e da ta o n y i e l d s a n d pos tha rves t process ing o n l y endorse t h e 

f a r m e r s ' o w n ideas a n d h a r d l y a d d t o t h e m . Neve r the l e s s , a n i m p o r t a n t ga in f r o m 
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da ta c o l l e c t i o n i s t h a t t h e researcher , w h e n d o i n g t h i s w o r k , has t o acqua in t h i m s e l f o r 

h e r s e l f t h o r o u g h l y w i t h t h e f a r m i n g sy s t em. T h i s i s w h e r e t h e l ea rn ing process starts , 

because i t enables t h e researcher t o s ta r t a rea l ly e f f ec t i ve d i a logue w i t h t h e f a r m i n g 

c o m m u n i t y . I n o t h e r w o r d s , such da ta c o l l e c t i o n g r e a t l y i m p r o v e s t h e q u a l i t y o f 

i n t e r a c t i o n w i t h t h e f a rmers . 

T h e u l t i m a t e d i a logue , o f course , i s n o t a b o u t data n o r t h e i r s t a t i s t i ca l s ignif icance. 

I t i s a b o u t seeds. Spec i f i ca l ly , f o r t h e c ros s -po l l i na t i ng pea r l m i l l e t c r o p a p e r m a n e n t 

source o f p u r e seeds ( g r o w n i n i so l a t i on ) i s n e e d e d . I n t h i s respec t t h e n e w seed 

p r o d u c t i o n p o l i c y o f t h e Tanzan i an g o v e r n m e n t i s a m a j o r s tep f o r w a r d s ( L u j u o 

1 9 9 4 ) . U n d e r t h i s n e w leg i s l a t ion t h e M R T C c o u l d p r o d u c e t h e seeds n e e d e d i n 

M v u m i i n c o o p e r a t i o n w i t h SMIP . 

Conclusions and Recommendations 

F o r s o r g h u m i t seems d i f f i c u l t t o o f f e r n e w var ie t ies t o f a rmers a s l o n g a s pos tha rves t 

p r o c e s s i n g — p a r t i c u l a r l y d e h u l l i n g a n d m a r k e t i n g — r e m a i n s p r o b l e m a t i c . Fa rmer s 

w i l l engage i n m a r k e t - o r i e n t e d p r o d u c t i o n again o n l y i f t h e y have conf idence i n a w e l l 

e s t ab l i shed m a r k e t . 

T h e d e v e l o p m e n t o f b e t t e r pea r l m i l l e t var ie t ies f o r h o m e c o n s u m p t i o n s h o u l d 

rece ive t h e h ighes t p r i o r i t y because o f t h e severe shortages o f f o o d i n t h e o v e r p o p u -

l a t e d M v u m i d i v i s i o n , a n d t h e h i g h percen tage o f f a r m i n g l a n d o c c u p i e d b y t h e c r o p . 

N e w var ie t i e s t h a t r e s p o n d w e l l t o i m p r o v e d m a n a g e m e n t can increase c r o p p i n g -

s y s t e m p r o d u c t i v i t y . 

T S P M 91018 p e r f o r m e d ve ry w e l l i n t h e 1 9 9 3 / 9 4 season. I f i t also proves t o b e 

d r o u g h t - t o l e r a n t , i t s h o u l d be re leased as a v a r i e t y fo r w i d e s p r e a d use. In t h a t even t , 

S M I P s h o u l d s u p p l y t h e M R T C a n d o t h e r r u r a l p ro jec t s i n D o d o m a w i t h f o u n d a t i o n 

seed, s o t h a t t h e y can p r o d u c e t h e a m o u n t o f p u r e seeds n e e d e d . 

A c k n o w l e d g m e n t . T h i s paper i s t h e resu l t o f a l o t o f w o r k b y m a n y peop l e : p a r t i c -

u l a r l y t h e f a rmer s i n t h e se lec ted vil lages a n d t h e i r v i l lage e x t e n s i o n w o r k e r s : M z e e 

Ga lahenga , J S i j i l a , E D u n s t a n , a n d A M u h e m b a n o . At t h e M R T C t h e assistance o f R 

M a k a l i was v e r y s u p p o r t i v e . O u t s i d e t h e M R T C t h a n k s g o t o M r Mussa , t h e Regiona l 

E x t e n s i o n O f f i c e r o f D o d o m a f o r l i n k i n g t h e M R T C w i t h S M I P . A n d t h e h e l p f u l a n d 

o p e n - m i n d e d c o o p e r a t i o n o f f e r e d by H M Saadan, t h e na t i ona l s o r g h u m a n d m i l l e t 

c o o r d i n a t o r i n Tanzan ia , i s g r a t e f u l l y a c k n o w l e d g e d . 
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Sorghum and Pearl Millet On-Farm Research Work 
in Zimbabwe

N Mangombe1 and J N Mushonga2

Abstract

The Department of Research and Specialist Services, jointly with the Department 
of Technical and Extension Services and four NGOs, conducted research- and 
farmer-managed trials of sorghum and pearl millet in Natural Regions IV  and V  
of Zimbabwe in 1992/93. The objectives were to verify the performance of elite 
lines, and to promote released varieties in the communal areas where farmers still 
plant traditional landrace varieties. In the research-managed farmer-imple­
mented trials farmers were supplied with inputs and agronomic packages, 
whereas in the farmer-managed farmer-implemented trials, farmers used their 
own cultivation practices.

Sorghum hybrids were superior to open-pollinated varieties in both trials. 
Newly developed open pollinated varieties performed better than released vari­
eties under research rather than farmer management. Both SDMV 89007, a pearl 

... millet variety, and SDSH 148, a sorghum hybrid, gave the best yields in both 
trials. The most preferred varieties by farmers were not necessarily the highest- 
yielding, but had other desirable aspects such as color, grain size, earliness, and 
drought tolerance. Open-pollinated varieties were preferred to hybrids because 
farmers can retain their seed for sowing in subsequent seasons.

Introduction

Sorghum and pearl millet are the most important cereals grown by Communal 
farmers in Natural Regions IV and V of Zimbabwe (Vincent and Thomas 1961). The 
regions are characterized by a low, erratic and poorly distributed rainfall (<650 mm 
y r 1). In these regions, sorghum and pearl millet play an important role in stabilizing 
household food security.
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N a t i o n a l average y i e l d s o f s o r g h u m ( 4 0 1 k g ha - 1 ) a n d pea r l m i l l e t ( 4 6 2 k g ha - 1 ) are 

l o w l a rge ly because c o m m u n a l f a r m e r s s t i l l p l a n t t h e i r l o w - y i e l d i n g l oca l l andrace 

va r i e t i e s ( L L V s ) ( C e n t r a l S t a t i s t i c a l O f f i c e 1 9 9 0 ) . D r o u g h t , pests , diseases, a n d p o o r 

so i l f e r t i l i t y also c o n t r i b u t e t o these l o w y i e l d s . 

S o r g h u m a n d p e a r l m i l l e t va r i e t i e s are d e v e l o p e d a t research s ta t ions u n d e r im-

p r o v e d m a n a g e m e n t , w h i c h i s n o t r ep re sen t a t i ve o f c o m m u n a l - a r e a e n v i r o n m e n t s . 

F a r m e r s are r a r e l y i n v o l v e d i n t h e i d e n t i f i c a t i o n a n d e v a l u a t i o n o f t echno log ie s o f 

w h i c h t h e y are t h e f u t u r e benef ic ia r ies . I n t e r a c t i o n b e t w e e n f a rmers , researchers , a n d 

e x t e n s i o n s t a f f he lp s t o i d e n t i f y needs a n d cons t r a in t s i n t h e g e n e r a t i o n o f n e w 

t e c h n o l o g i e s b y t h e pa r t i e s i n v o l v e d , a n d can also p r o m o t e t h e a d o p t i o n o f n e w 

t e c h n o l o g i e s . T h u s t h e ob jec t ives o f t h e o n - f a r m research w e r e a s f o l l o w s : 

- T o eva lua te i m p r o v e d var ie t i e s u n d e r f a r m e r s ' c o n d i t i o n s . 

- T o i n v o l v e f a r m e r s i n t h e i d e n t i f i c a t i o n a n d g e n e r a t i o n o f n e w t echno log ie s . 

- T o i d e n t i f y needs a n d cons t r a in t s i n gene ra t ing n e w techno log ies . 

- T o p r o m o t e d e v e l o p e d t e c h n o l o g y t h r o u g h f o r m a l a n d i n f o r m a l con tac t s w i t h , a n d 

b e t w e e n , f a r m e r s . 

O r g a n i z a t i o n s p a r t i c i p a t i n g i n these ac t i v i t i e s w e r e : t h e M i n i s t r y o f Lands A g r i c u l -

t u r e a n d W a t e r D e v e l o p m e n t ( t h e D e p a r t m e n t o f Research a n d Specia l i s t Services 

[ D R & S S ] ; t h e D e p a r t m e n t o f A g r i c u l t u r a l T e c h n i c a l a n d E x t e n s i o n Services [ A G R I -

T E X ] ; S A D C / I C R I S A T ; a n d t h e f o l l o w i n g N G O s : C O O P I B O ; E n v i r o n m e n t a l D e v e l o p -

m e n t A c t i v i t i e s ( E N D A - Z i m b a b w e ) ; a n d C o o r d i n a t e d A g r i c u l t u r e R u r a l D e v e l o p -

m e n t ( C A R D ) . 

Methods and Materials 

T w o sets o f s o r g h u m a n d p e a r l m i l l e t t r i a l s—resea rch -managed f a r m e r - i m p l e m e n t e d 

( R M F I ) , a n d f a r m e r - m a n a g e d f a r m e r - i m p l e m e n t e d ( F M F I ) — w e r e p l a n t e d across 1 3 

d i s t r i c t s i n a r a n d o m i z e d c o m p l e t e b l o c k s des ign ( T a b l e 1). 

I n t h e R M F I t r i a l s t h e r e w e r e 1 0 en t r i e s o f s o r g h u m o r pea r l m i l l e t i n c l u d i n g t h e 

f a r m e r s ' L L V s ( T a b l e 2 ) . T h e p l o t size f o r a l l t h e t r i a l s was 7 5 m 2 (10 r o w s x 1 0 m 

l o n g ) . T h e p l a n t p o p u l a t i o n f o r p e a r l m i l l e t t r i a l s was t h i n n e d t o 4 4 4 4 4 p l an t s h a - 1 

( 0 . 7 5 m b e t w e e n r o w s a n d 0 . 3 0 m b e t w e e n p l a n t s ) , a n d f o r s o r g h u m i t was t h i n n e d 

t o 8 8 8 8 9 p l a n t s ha - 1 ( 0 . 7 5 m b e t w e e n r o w s a n d 0.15 m b e t w e e n p l a n t s ) . A l l p l o t s 

r e c e i v e d 2 0 0 k g h a - 1 C o m p o u n d D f e r t i l i z e r a t s o w i n g ( 2 4 k g ha - 1 N , 4 2 k g ha - 1 P 2 O 5 , 

a n d 2 1 k g ha - 1 K 2 O ) a n d 100 k g h a - 1 a m m o n i u m n i t r a t e i n a t o p d r e s s i n g ( 6 0 k g h a - 1 N ) . 

T h e t r i a l s w e r e r e p l i c a t e d t w i c e a t each l o c a t i o n . 

S i x en t r i e s , i n c l u d i n g t h e f a r m e r s ' L L V w e r e t e s t e d i n t h e s o r g h u m F M F I t r i a l , a n d 

t h e r e w e r e f i v e e n t r i e s i n c l u d i n g t h e f a r m e r s ' L L V i n t h e pea r l m i l l e t t r i a l ( T a b l e 2 ) . 

T h e f a r m e r u s e d h i s / h e r o w n c u l t i v a t i o n p rac t i ces i n a l l F M F I t r i a l s . I n d i v i d u a l 

f a r m e r s w e r e u s e d a s r e p l i c a t i o n s . E i g h t c e n t r a l r o w s w e r e ha rves t ed e x c l u d i n g 0 .5 m 

l e n g t h a t b o t h ends . T h e heads w e r e t h r e s h e d , a n d g ra in w e i g h t a n d m o i s t u r e c o n t e n t 

w e r e r e c o r d e d . 
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Table 1 . List of locations, Z i m b a b w e . 

Abbrevia t ion 

Tsho 
Bing 
H w a n 
Lupa 
P lum 
Beit 
G w a n 
M u t o 
M u d z 
Maro 
G u t u 
Ch iv 
Muza 
Buhe 
Mara 

Ful l name (Province) 

Tsholotsho (Matebeleland Nor th ) 
Binga (Matebeleland Nor th ) 
Hwange (Matebeleland N o r t h ) 
Lupane (Matebeleland N o r t h ) 
Plumtree (Matebeleland South) 
Beitbridge (Matebeleland South) 
Gwanda (Matebeleland South) 
M u t o k o (Mashonaland East) 
M u d z i (Mashonaland East) 
Marondera (Mashonaland East) 
G u t u (Masvingo) 
C h i v i (Masvingo) 
Muzarabani (Mashonaland Central) 
Buhera (Manicaland) 
Marange (Manicaland) 

Natural 
Region 

I V 
V 
V 
I V 
I V 
V 
I V 
I V 
I V 
I I I 
I V 
I V 
I V 
I V 
I V 

Table 2 . Entries used in research-managed f a r m e r - i m p l e m e n t e d (RMFI) a n d fa rmer -
m a n a g e d f a r m e r - i m p l e m e n t e d (FMFI) trials, Z i m b a b w e , 1 9 9 2 / 9 3 . 

R M F I tr ia ls 
Sorghum 

S D S H 148 (hybr id) 
S D S H 378 (hybr id) 
S D S H 48 (hybr id) 
Z W S H 1 (hybr id) 
8 7 3 9 H (hybr id) 
8 7 2 5 H (hybr id) 
N L 829 
SV 2 
L A R S V Y T 46 
Farmers' LLV 

F M F I tr ia ls 
Sorghum 

SV 2 
N L 829 
L A R S V Y T 46 
N L 609 
Farmers' LLV 
S D S H 148 (hybr id) 

Pearl M i l le t 
S D M V 89007 
S D M V 89008 
P M V 2 
S D M V 89005 
S D M V 87001 
S D M V 89002 
S D M V 89001 
Z W P M V 4 6 
Composi te D 
Farmers' LLV 

Pearl M i l l e t 
S D M V 89007 
P M V 2 
S D M V 89005 
Composi te D 
Farmers' LLV 
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S t a b i l i t y analysis ( F i n l a y a n d W i l k i n s o n 1 9 6 3 ) was u s e d t o d e t e r m i n e t h e r e l a t i v e 

a d a p t a t i o n o f v a r i e t i e s across d i s t r i c t s . 

F i e l d v i s i t s w e r e c o n d u c t e d w i t h t h e h o s t f a r m e r a n d s t a f f o f A G R I T E X , D R & S S , 

a n d S A D C / I C R I S A T t o e v a l u a t e each e n t r y i n t h e t r i a l s . W e asked t h e h o s t f a r m e r t o 

t e l l u s h i s / h e r bes t e n t r i e s , a n d w h y h e / s h e s e l e c t e d t h e m . T h o s e e n t r i e s s e l e c t e d 

m o s t f r e q u e n t l y w e r e c o n s i d e r e d t o b e g e n e r a l l y p r e f e r r e d i n t h a t area. O b s e r v a t i o n s 

r e c o r d e d w e r e : 

d a t e o f p l a n t i n g ; dates o f f e r t i l i z e r a p p l i c a t i o n ; 

g r a i n y i e l d ; f a r m e r ' s f i r s t t w o p r e f e r r e d var ie t ie s . 

N u m b e r o f t r i a l s : 

s o r g h u m : R M F I ( 1 0 ) ; F M F I ( 1 3 ) ; 

p e a r l m i l l e t : R M F I ( 1 0 ) ; F M F I (11). 

Results 

Sorghum 

R M F I trials. H y b r i d s w e r e s u p e r i o r t o o p e n - p o l l i n a t e d var ie t ies across l o c a t i o n s 

( T a b l e 3 ) . A t T s h o l o t s h o a n d M u z a r a b a n i , t h e o p e n - p o l l i n a t e d v a r i e t y , N L 8 2 9 , was 

t h e best- y i e l d i n g v a r i e t y . T h e y i e l d ga in o f t h e t o p - y i e l d i n g h y b r i d o v e r t h e f a r m e r s ' 

L L V e x c e e d e d 4 0 % . O p e n - p o l l i n a t e d var ie t ies , d e s p i t e h a v i n g l o w e r y i e l d s t h a n h y -

b r i d s , w e r e r e l a t i v e l y m o r e s table i n y i e l d across l o c a t i o n s . F a r m e r s ' L L V s , a l t h o u g h 

t h e l o w e s t - y i e l d e r s , w e r e t h e m o s t c o n s i s t e n t across l o c a t i o n s . T h e t r i a l s a t 

T s h o l o t s h o , Binga, M a r o n d e r a , a n d M u t o k o h a d h i g h c o e f f i c i e n t s o f v a r i a t i o n . 

F M F I trials. H y b r i d S D S H 148 o u t y i e l d e d a l l var ie t ies i n c l u d e d i n t h e t r i a l s ( T a b l e 

4 ) . T h e re leased o p e n - p o l l i n a t e d v a r i e t y , S V 2 , was s u p e r i o r t o a l l o t h e r o p e n - p o l l i -

n a t e d v a r i e t i e s . T h e f a r m e r s ' L L V a n d N L 6 0 9 w e r e t h e l o w e s t - y i e l d e r s across loca-

t i o n s . S V 2 a n d L a r s v y t 4 6 p e r f o r m e d c o n s i s t e n t l y i n t h e i r y i e l d across l o c a t i o n s 

c o m p a r e d w i t h S D S H 148 a n d N L 8 2 9 . T h e C V s w e r e p a r t i c u l a r l y h i g h i n Binga a n d 

M a r o n d e r a d i s t r i c t s . 

Pearl millet 

R M F I trials. T w o v a r i e t i e s o f p e a r l m i l l e t ( S D M V 8 9 0 0 7 a n d S D M V 8 9 0 0 8 ) o u t -

y i e l d e d o t h e r var ie t ie s , i n c l u d i n g t h e l o c a l c h e c k ( P M V 2 ) , across l o c a t i o n s ( T a b l e 5 ) . 

A t P l u m t r e e ( P l u m ) , t h e f a r m e r s ' L L V was t h e h i g h e s t - y i e l d i n g e n t r y . Z W P M V 4 6 , 

w i t h t h e l o w e s t β-value w a s t h e ear l ies t e n t r y t o m a t u r e . 

F M F I trials. T h e r e w e r e n o n e w var ie t ie s t h a t p e r f o r m e d s i g n i f i c a n t l y b e t t e r t h a n 

t h e re leased v a r i e t y , P M V 2 , across l o c a t i o n s ( T a b l e 6 ) . H o w e v e r , S D M V 8 9 0 0 7 was 

8 4 



8 5 



8 6 



8 7 



8 8 



t h e b e s t - y i e l d i n g v a r i e t y a t seven o u t o f t h e e l even sites. A t T s h o l o t s h o , t h e f a r m e r ' s 

l o c a l v a r i e t y w a s s u p e r i o r t o a l l t h e n e w var ie t ies . T h e h ighes t g r a i n y i e l d s w e r e 

o b s e r v e d a t C h i v i . 

Farmers' selection 

F a r m e r s genera l ly s e l ec t ed S V 2 , N L 8 2 9 , a n d L a r s v y t 4 6 a s t h e i r bes t s o r g h u m 

en t r i e s i n b o t h F M F I a n d R M F I t r i a l s . F o r p e a r l m i l l e t , f a r m e r s genera l ly se lec ted P M V 

2 a n d S D M V 8 9 0 0 7 a s t h e i r bes t en t r i e s . 

Discuss ion 

R M F I g r a i n y i e l d s o f b o t h s o r g h u m a n d pea r l m i l l e t t r i a l s w e r e s i m i l a r t o t hose o f F M F I 

t r i a l s a t s o m e sites. T h i s was because fa rmers r e c e i v e d free i n p u t s f r o m t h e g o v e r n -

m e n t f o r d r o u g h t r e c o v e r y t h a t t h e y used o n t r i a l s . I n a d d i t i o n , t h e r e was e x t r a 

m a n a g e m e n t e f f o r t b y f a r m e r s t o impress research a n d e x t e n s i o n staff . 

T h e y i e l d gap b e t w e e n t r a d i t i o n a l a n d e l i t e var ie t ies was grea te r i n R M F I t r i a l s t h a n 

i n F M F I t r i a l s across l oca t ions . F a r m e r s ' L L V s w e r e a d a p t e d t o l o w levels o f i n p u t s a n d 

d i d n o t r e s p o n d m u c h t o i m p r o v e d m a n a g e m e n t . 

S o r g h u m . H y b r i d s w e r e genera l ly supe r io r t o a l l o p e n - p o l l i n a t e d var ie t ies across 

l oca t i ons . H o w e v e r , f a r m e r s p r e f e r r e d w h i t e , o p e n - p o l l i n a t e d var ie t ies t o h ighe r -

y i e l d i n g h y b r i d s because t h e seed o f o p e n - p o l l i n a t e d var ie t ies can b e r e c y c l e d f o r 

s o w i n g , u n l i k e h y b r i d seed. As a resu l t , f a r m e r s ' p re fe rence var ie t ies w e r e n o t neces-

sar i ly r e l a t e d to r a n k e d y i e l d . O t h e r fac tors , such a s earliness, g ra in size a n d c o l o r , 

g r a i n q u a l i t y , r e c y c l i n g o f seed, a n d end-use o f t h e v a r i e t y w e r e i m p o r t a n t . 

C h i v i h a d t h e h ighes t g ra in y i e ld s because i t i s l o c a t e d o n t h e b o u n d a r y o f N a t u r a l 

Regions I I I a n d I V w h i c h has a g o o d r a i n f a l l . I n a d d i t i o n , t h e m a n a g e m e n t p rac t ices o f 

f a r m e r s i n t h i s area are e x c e l l e n t because t h e y have b e e n e x p o s e d t o research t r i a l s . 

F a r m e r s se l ec ted S D M V 148, N L 8 2 9 , a n d S V 2 a s t h e i r best s o r g h u m en t r i e s . 

F a r m e r s s e l ec t ed these en t r i e s because t h e y m a t u r e d ear ly , h a d w h i t e b o l d g ra in a n d 

large panic les , w e r e d r o u g h t - t o l e r a n t a n d o f f e r e d t h e o p t i o n o f seed r e c y c l i n g . E a r l y -

m a t u r i n g en t r i e s p r o v i d e d f o o d ear ly d u r i n g t i m e s o f c r i t i c a l f o o d shortages, a s h a p -

p e n e d i n 1 9 9 2 / 9 3 af te r a d r o u g h t . W h i t e - g r a i n e d s o r g h u m var ie t ies w e r e p r e f e r r e d t o 

r e d s o r g h u m s because t h e y w e r e easy t o t h r e s h a n d c o u l d b e u sed i n t h e p r e p a r a t i o n 

o f f o o d a s w e l l a s f o r b r e w i n g beer , whe reas r e d so rghums c o u l d b e u s e d o n l y f o r beer . 

S i m i l a r obse rva t ions w e r e m a d e b y G o n o e t a l . ( 1 9 9 4 ) . Fa rmers genera l ly p r e f e r r e d 

o p e n - p o l l i n a t e d va r i e t i e s i n c o m p a r i s o n w i t h h y b r i d s because t h e y c o u l d r e t a i n seed 

f o r s o w i n g i n t h e n e x t season a n d t h u s r e d u c e i n p u t costs . 

P e a r l mi l l e t . F a r m e r s se l ec t ed P M V 2 a n d S D M V 8 9 0 0 7 f r e q u e n t l y because t h e y 

m a t u r e d ea r ly , f o r m e d m a n y p r o d u c t i v e t i l l e r s , w e r e easy t o t h r e s h a n d h a d l i t t l e 

chaf f , a n d w e r e d r o u g h t - t o l e r a n t . A l l f a n n e r s d i d n o t select t h e i r L L V s because these 

w e r e t a l l a n d l a t e - m a t u r i n g a n d f a i l e d t o p r o v i d e f o o d w h e n f o o d s u p p l y was c r i t i c a l . 
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F i e l d v i s i t s c o n d u c t e d a t p h y s i o l o g i c a l m a t u r i t y o f t h e c rops i n d i c a t e d t h a t m o s t o f 

t h e t r i a l si tes w e r e h i g h l y va r i ab le d u e t o n o n u n i f o r m i t y i n so i l f e r t i l i t y , u n e v e n 

a p p l i c a t i o n o f m a n u r e , p resence o f a n t h i l l s i n t r i a l s , a n d w a t e r l o g g e d areas. T h e 

resu l t s also i n d i c a t e d t h a t s o r g h u m h a d t h e h ighes t g r a i n y i e l d pe r u n i t area across 

l o c a t i o n s . H o w e v e r , t h e l a n d area a l l o c a t e d t o pea r l m i l l e t was far m o r e t h a n t h a t f o r 

s o r g h u m , pos s ib ly i n d i c a t i n g t h a t f a rmer s p r e f e r r e d p e a r l m i l l e t . 

F a r m e r s r a r e l y u s e d t h e p l a n t spac ing t h a t w a s r e c o m m e n d e d b y research a n d 

e x t e n s i o n p e r s o n n e l . F r o m genera l observa t ions , e x t e n s i o n r e c o m m e n d a t i o n s o n 

p l a n t spac ing a n d o n c r o p - m a n a g e m e n t w e r e n o t a p p r o p r i a t e f o r t h e d r y regions . N e w 

r e c o m m e n d a t i o n s n e e d t o b e d e v e l o p e d u n d e r f a r m e r s ' c o n d i t i o n s . 

Conclusions 

H y b r i d s o f s o r g h u m w e r e gene ra l ly s u p e r i o r t o o p e n - p o l l i n a t e d var ie t i es . N e w v a r i -

e t ies o f p e a r l m i l l e t a n d s o r g h u m seem t o b e a p p r o p r i a t e u n d e r g o o d m a n a g e m e n t 

p r ac t i c e s . T h u s , t h e r e i s n e e d t o v e r i f y o u r t e c h n o l o g y ove r seasons u n d e r f a r m e r s ' 

c o n d i t i o n s . F a r m e r s are i n t e r e s t e d n o t m e r e l y i n y i e l d w h e n se lec t ing var ie t ies ; o t h e r 

fac to rs also p l a y a n i m p o r t a n t r o l e . 
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Crop Management: Nutrients, Weeds, and Rain 

M D Clegg1 

Abstract 

Data derived from experiments with sorghum and pearl millet in the USA, r e l a -

tive to the amounts of several nutrients that are taken up by different crops, show 

the effect of added nitrogen and the removal of weeds on yield and water-use 

efficiency (WUE). For a sorghum yield of 2 t ha-1 the crop's annual requirements 

in t ha-1 are 60 N, 20 P, and 60 K. Rotation with soybean increased the yields of 

sorghum and pearl millet, and additional nitrogen benefits yields. But the c u l t i v a -

tion practices of removing competitive weeds and increasing WUE are shown to 

increase the yields of both crops, whether they are grown continuously or in 

rotation with soybean. WUE gains of between 2.9 and 7.5 kg ha-1 mm-1 are 

reported, and complete weed control was found to increase WUE on average by 10 

kg ha-1 mm-1. It is concluded that, mainly through the more efficient use of rain, a 

single application of nonrenewable nutrients and effective weed control can dou-

ble or triple crop yields. 

Introduction 

T h e m o s t c o m m o n l i m i t i n g fac tors i n c r o p p r o d u c t i o n are t h e ava i l ab i l i t y o f n u t r i e n t s 

a n d w a t e r . P o p u l a t i o n g r o w t h i n m a n y c o u n t r i e s has r e d u c e d t h e ava i l ab i l i t y o f g o o d 

l a n d f o r f a r m i n g . T h u s , t h e same l a n d i s c o n t i n u o u s l y b e i n g f a r m e d w i t h n u t r i e n t s 

b e i n g r e m o v e d w i t h t h e ha rves t ed c r o p . T h i s becomes c r i t i c a l a s m a n y soils d o n o t 

have large q u a n t i t i e s o f n u t r i e n t s , p a r t i c u l a r l y o f such a n o n r e n e w a b l e n u t r i e n t a s 

p h o s p h o r u s . W i t h o u t w a t e r , even t h e best insect - a n d disease-resistant c rops , g r o w n 

w i t h p r o p e r c u l t i v a t i o n p rac t i ces , w i l l n o t y i e l d w e l l . 

E f f o r t a n d resources have been d i r e c t e d t o w a r d s t h e i m p r o v e m e n t o f o p e n - p o l l i -

n a t e d va r i e t i e s o r h y b r i d s s o t h a t c rops g r o w n f r o m i m p r o v e d seed have b e t t e r y i e l d 

p o t e n t i a l t h a n t h e y i e l d s b e i n g o b t a i n e d f r o m loca l landrace var ie t ies . H o w e v e r , t h e r e 

are c u l t i v a t i o n p rac t i ces t h a t can i m p r o v e t h e c r o p p r o d u c t i v i t y o f soils w i t h p o o r 

f e r t i l i t y , a n d also i m p r o v e m o i s t u r e use. 

1 . C r o p Physiologis t , D e p a r t m e n t o f A g r o n o m y , U n i v e r s i t y o f Nebraska, L i n c o l n , N E 68583-0817 , USA. 

C l e g g , M . D . 1996. C r o p management : nu t r i en t s , weeds, and ra in . Pages 9 1 - 9 7 i n D r o u g h t - t o l e r a n t crops 

f o r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 -

29 J u l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 5 0 2 3 2 4 , A n d h r a 

Pradesh, Ind ia : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d T rop ic s . 
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Nutrients 

T h e a m o u n t o f n u t r i e n t s t h a t are t a k e n u p i n r e l a t i o n t o y i e ld s t y p i c a l l y o b t a i n e d w i t h 

s a m p l e c r o p s are s h o w n i n T a b l e 1 . A l l f ive n u t r i e n t s s h o w n are t a k e n u p i n r e l a t i v e l y 

large a m o u n t s , b u t n i t r o g e n a n d p o t a s s i u m u p t a k e i s t h e greatest . Un le s s t h e so i l has a 

large c a p a c i t y f o r these n u t r i e n t s , any o n e can b e c o m e l i m i t i n g a n d r e d u c e y i e l d . O n l y 

N i s a r e n e w a b l e n u t r i e n t w i t h i t s r e d u c t i o n t o usable f o r m s in b i o l o g i c a l sys tems, 

i n c l u d i n g l e g u m e n o d u l e s . 

Table 2 . N u t r i e n t u p t a k e (kg ha - 1 ) by gra in s o r g h u m f o r d i f fe rent yield levels.1 

Yie ld level 

500 
1000 
1500 
2000 

Tota l nut r ient uptake 

N 

15.0 
30.0 
45.0 
60.0 

P 2 O 5 

5.0 
11.0 
16.0 
21.0 

K2O 

15.0 
30.0 
45.0 
60.0 

Gra in nut r ient uptake 

N 

7.5 
15.0 
22.5 
30.0 

P 2 O 5 K2O 

3.7 2.0 
7.5 3.9 

11.2 5.9 
15.0 7.8 

1. Source: Potash and Phosphate Institute, Atlanta, GA, USA. 

T h e t o t a l a n d g r a i n u p t a k e b y s o r g h u m a t var ious y i e l d levels are c o m p a r e d i n 

T a b l e 2 . T o o b t a i n a y i e l d o f 2 t ha - 1 , t h e c r o p w i l l r e q u i r e 6 0 , 2 0 , a n d 6 0 k g ha - 1 o f N , 

P , a n d K r e s p e c t i v e l y . T h i s has to be avai lable each year . R e m o v i n g a l l t h e b iomass 

r e m o v e s a b o u t 1 0 0 % m o r e N , 4 0 % m o r e P , a n d 6 5 0 % m o r e K i n c o m p a r i s o n w i t h 

r e m o v a l i n t h e g r a i n . I n t r a d i t i o n a l m e t h o d s o f f a r m i n g , i n w h i c h a l l t h e c r o p i s 

n o r m a l l y r e m o v e d f o r use, so i l f e r t i l i t y i s q u i c k l y r e d u c e d . T h i s i s espec ia l ly t r u e i f t h e 

so i l has l o w organ ic m a t t e r . 

S o r g h u m a n d p e a r l m i l l e t responses t o a p p l i e d N a n d i n r o t a t i o n w i t h soybean are 

s h o w n i n Tab l e s 3 a n d 4 . A p p l y i n g N resul t s i n t h e greates t y i e l d increase w i t h t h e 

f i r s t i n c r e m e n t . G r a i n y i e l d i s f u r t h e r inc reased w i t h a d d e d N . N i t r o g e n a p p l i e d t o 
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Table 1 . N u t r i e n t u p t a k e by d i f ferent crops.1 

C r o p 

Maize 
Groundnu t 
Sorghum 
Sunflower 
Napier grass 
Banana 

Y i e l d 
( t ha1) N P 2 O 5 K2O M g S 

(kg ha -1) 
12.54 298 128 298 73 37 
4.48 
8.96 
3.36 

26.43 
26883 

269 2 

266 
169 
335 
448 

44 
94 
67 

121 
448 

207 
269 
123 
482 

1680 

28 
45 
40 
75 

175 

24 
43 
16 
52 

-

1. Source: Potash and Phosphate Institute, Atlanta, GA, USA. 
2. Nitrogen-fixing crop. 
3. Plants ha-1. 



Table 3 . The e f fect o f n i t rogen a n d soybean-sorghum ro ta t ion on s o r g h u m gra in 
y ie ld . 

Cropp ing system 

Cont inuous 

Rotat ion 

Ni t rogen t reatment 
(kg ha -1) 

0 
57 

114 
171 

0 
57 

114 
171 

Gra in y ie ld 
( t ha - 1) 

3.5 
6.5 
7.9 
8.8 

7.1 
8.0 
8.7 
8.6 

these c rops f o l l o w i n g soybean i n r o t a t i o n also resul ts i n grea te r y i e ld s . C o m p a r i n g t h e 

c o n t i n u o u s a n d r o t a t i o n sys tems w i t h n o a p p l i e d N s h o w e d t h a t t h e c rops , a f t e r 

soybean , y i e l d e d a t a l eve l equa l t o a b o u t 57 kg N ha-1. T h i s bene f i t o f greater y i e ld s o f 

s o r g h u m a n d also m a i z e seems to be cons i s t en t ove r a range o f e n v i r o n m e n t s ( C l e g g 

1 9 9 2 ) . 

Weeds 

T h e e f f e c t o f w e e d s o n c rops depends o n m a n y fac tors . These i n c l u d e t h e t ypes o f 

w e e d s , t h e c rops , a n d t h e i r responses t o t h e e n v i r o n m e n t . A field w i l l s u p p o r t t h e 

p r o d u c t i o n o f a f i n i t e a m o u n t o f b iomass d e p e n d i n g o n i t s resources. T h i s b iomass i s 

p a r t i t i o n e d i n t o e i t h e r w e e d s o r c rops because w e e d s d i r e c t l y c o m p e t e fo r n u t r i e n t s 

a n d w a t e r . 

Inc reased w e e d b iomass r e d u c e d s o r g h u m gra in y i e l d a l m o s t k i l o g r a m fo r k i l o g r a m 

i n a s t u d y i n N e b r a s k a ( F i g . 1) . S i m i l a r l y , i n Kansas, w e e d s r e d u c e d s o r g h u m g ra in 

y i e l d ( F i g . 2 ) . T h e i m p a c t o f t h e w e e d s was n o t a s severe i n t h e Kansas s t u d y . 
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Table 4 . The ef fect o f n i t rogen a n d soybean-pear l mi l let ro ta t ion on pearl mi l le t 
g ra in y ie ld. 1 

Cropp ing system 

Cont inuous 

Rotat ion 

Ni t rogen t reatment 
(kg ha -1) 

0 
45 
90 

0 
45 

Gra in y ie ld 

1986 1987 
(kg ha -1) 

5.69 
6.42 
7.13 

6.54 
7.04 

4.22 
5.88 
6.85 

5.73 
7.28 

1. Mohamed and Clegg, 1993, Agronomy Journal 85:1009-1013. 
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Weed biomass (kg ha-1) 

F i g u r e 2 . Effect o f w e e d biomass on gra in y ie ld as a percentage of y ie ld obta ined 

f r o m t h e w e e d - f r e e t r e a t m e n t ( L e l e 1 9 9 3 ) . 

Weed biomass (t ha-1) 

F i g u r e 1 . Effect o f w e e d biomass o n sorghum gra in yie ld ( M a l i r o 1 9 9 3 ) . 



H o w e v e r , i n b o t h cases, cons ide rab le g r a i n y i e l d was los t . T h e e f f e c t o f w e e d s 

m i g h t b e c o m e even m o r e c r i t i c a l w h e n resources are l i m i t e d . 

Rain 

R a i n i s t h e source o f w a t e r f o r c rops , unless i r r i g a t i o n i s avai lable . W h e r e w a t e r s u p p l y 

i s l i m i t e d , i t s e f f i c i e n t use i s necessary t o m a x i m i z e p r o d u c t i v i t y . T w o i m p o r t a n t w a y s 

t o increase t h i s e f f i c i ency are b y a d d i n g n u t r i e n t s t h a t are l i m i t i n g a n d b y r e m o v i n g 

c o m p e t i t i v e p l an t s ( w e e d s ) . 

W a t e r - u s e e f f i c i ency ( W U E ) i s d e f i n e d a s g ra in y i e l d ( k g ha - 1) d i v i d e d by t h e 

a m o u n t o f r a i n ( m m - 1 ) f o r t h a t c r o p p i n g year ( T a b l e 5 ) . W U E was increased b y 7.5 k g 

ha - 1 m m - 1 w i t h t h e h ighes t N t r e a t m e n t a s c o m p a r e d w i t h n o N i n s o r g h u m g r o w n 

c o n t i n u o u s l y . T h e increase was o n l y 2 .9 k g ha - 1 m m - 1 f o r t h e same compar i sons w i t h 

s o r g h u m g r o w n af te r soybean. C o m p a r i n g t r e a t m e n t s w i t h n o N i n b o t h sys tems 

s h o w e d W U E was inc reased b y 5.1 k g h a - 1 m m - 1 w h e n s o r g h u m was g r o w n i n r o t a t i o n . 

S i m i l a r resu l t s w e r e o b t a i n e d w i t h pea r l m i l l e t g r o w n c o n t i n u o u s l y a n d i n r o t a t i o n 

w i t h soybean ( T a b l e 6 ) . B a t i o n o e t a l . (1991) r e p o r t e d t h a t , w i t h pea r l m i l l e t , w a t e r -

use e f f ic ienc ies increased 2 .2 t o 4 .4 t i m e s w i t h a d d i t i o n o f f e r t i l i z e r . 

T h e a f f ec t o f w e e d m a n a g e m e n t o n W U E i s s h o w n i n T a b l e 7 . C o m p l e t e w e e d 

c o n t r o l inc reased W U E on t h e average 10 kg ha - 1 mm - 1 a n d a l l t h e geno types re-

s p o n d e d i n t h e same w a y . E v e n d e l a y e d w e e d i n g i n t h i s s t u d y increased W U E v e r y 

s ign i f i can t ly ( 5 . 8 8 k g ha - 1 m m - 1 ) . T h e h y b r i d s w e r e m o r e e f f i c i en t t h a n t h e v a r i e t y 

Segaolane i n us ing t h e r a i n . 

W U E s f o r s o r g h u m , w h e t h e r f r o m i m p r o v e m e n t w i t h N o r w e e d c o n t r o l , v a r i e d 

a c c o r d i n g t o t h e year . T h i s v a r i a t i o n was because d i f f e r e n t a m o u n t s o f r a i n w e r e 

c r e d i t e d t o t h e g r o w i n g seasons. L o w a m o u n t s o f r a i n d i d n o t necessari ly r e su l t i n 

l o w e r W U E s . T h i s i s because r a i n a t t h e m a i n g r o w t h stages t h r o u g h o u t t h e season i s 

e x t r e m e l y i m p o r t a n t . 

Table 5 . The effect of n i trogen a n d soybean-sorghum 
r o t a t i o n on water-use efficiency (WUE)1 . 

Cropping system 

Continuous 

Rotation 

Nitrogen treatment 
(kg ha -1) 

0 
57 

114 
171 

0 
57 

114 
171 

WUE 
(kg ha-1 m m - 1 ) 

4.8 
9.0 

11.0 
12.3 

9.9 
11.2 
12.2 
11.9 

1. WUE is defined as grain yield (kg ha-1) divided by rain mm-1 (total rain = 720 
mm) . 
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Table 6 . The e f fec t o f n i t rogen a n d soybean-pear l mi l let ro ta t ion on mi l le t w a t e r -
use eff ic iency (WUE)1. 

Cropp ing system 

Cont inuous 

Rotat ion 

Ni t rogen 
t rea tment 
(kg h a 1 ) 

0 
45 
90 

0 
45 

WUE (kg ha-1 m m - 1 ) 

1986 

7.75 
8.74 
9.71 

8.91 
9.59 

1987 

10.55 
14.70 
17.12 

14.32 
18.20 

1. WUE is defined as grain yield (kg h a ' ) divided by rain mm-1 (total rain in 1986 = 734 mm; in 1987 = 400 mm). Source: 
Mohamed and Clegg, 1993, Agronomy Journal 85:1009-1013. 

Table 7 . The e f fec t o f w e e d m a n a g e m e n t a n d g e n o t y p e on wate r -use eff iciency 
(WUE) of g r a i n s o r g h u m , M e a d , NE, USA, 1990 1 . 

W e e d 
management 

No weeding 
Cu l t i va t ion 
Clean 

Mean 

Genotype 

D K 48 DK 39Y Segaolane Mean 

WUE (kg ha-1 m m - 1 ) 
5.09 

12.09 
14.89 

10.69 

3.79 4.44 
10.12 8.75 
17.60 10.81 

10.50 8.00 

4.44 
10.32 
14.44 

1. WUE is defined as grain yield (kg ha-1) divided by rain mm-1 (total rain = 321 mm). Source: Maliro (1993). 

Conclusion 

Y i e l d s o f c r o p s g r o w n c o n t i n u o u s l y o n fields w i t h o u t a d d e d i n p u t s w i l l b e c o m e less 

each year . I f any n u t r i e n t i s l i m i t i n g , n e i t h e r gene t i c i m p r o v e m e n t o f var ie t ies o r 

h y b r i d s n o r adequa t e w a t e r w i l l b e s u f f i c i e n t t o increase y i e l d s . T h e d e s i r e d y i e l d 

l e v e l a n d so i l t y p e w i l l d i c t a t e t h e n u t r i e n t s n e e d e d a n d t h e a m o u n t t h a t w i l l have t o 

b e a p p l i e d . A d d i n g n u t r i e n t s t o c o r r e c t def ic ienc ies w i l l b e r e q u i r e d . H o w e v e r , a 

s ingle a p p l i c a t i o n o f n o n r e n e w a b l e n u t r i e n t s can b e e f f e c t i v e f o r several years ( S o l -

b e r g e t a l . 1 9 9 3 ) . L e g u m e s can b e u s e d t o increase N a v a i l a b i l i t y . W e e d c o n t r o l 

increases p r o d u c t i v i t y t h r o u g h r e d u c t i o n o f t h e use o f n u t r i e n t s a n d w a t e r . T h e 

a d o p t i o n o f o n l y t h e l a t t e r t w o c u l t i v a t i o n p rac t i ces can d o u b l e o r e v e n t r i p l e y i e l d , 

m a i n l y t h r o u g h m o r e e f f i c i e n t use o f r a i n . 
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Response of Sorghum Genotypes to Drought in 
Zimbabwe 

N Mangombe1, L T Gono2, and J N Mushonga3 

Abstract 

This study determined the yield response of 20 sorghum genotypes to late-season 

drought at Chiredzi and Lucydale, over two seasons, 1992/93 and 1993/94. 

Chiredzi is on a clay loam soil in Natural Region V, whereas Lucydale is on a 

sandy loam soil in Region IV. The 1992/93 season had higher and more evenly 

distributed rainfall compared with the 1993/94 season, which experienced a late-

season drought. Genotypes were evaluated for grain yield, days to 50% flowering, 

plant height, exsertion of panicle, and 1000-seed mass. 

At both Chiredzi and Lucydale, sorghum genotypes-varied in yield depending 

on season. Under good rainfall at Chiredzi in 1992/93, NL 803, SV 1, NL 

836-2, and NL 265 gave the highest yields. However, under late-season drought 

conditions in 1993/94, SV 1, NL 535, NL 699, and NL 692 gave the highest 

yields. At Lucydale, Chibonda, NL 265, NL 836-2, and SV 1 had the highest 

yields under adequate rainfall in 1992/93, but under late-season drought in 

1993/94 season, SV 1, SV 2, NL 267, and NL 653 had the highest grain yields. 

Grain yield was positively correlated with plant height, exsertion of panicle, 

and 1000-seed mass, but not days to 50% flowering. Our breeding effort, there-

fore, should aim to develop cultivars that mature early for those areas in which 

late-season drought is common. 

Introduction 

S o r g h u m i s g r o w n m a i n l y b y c o m m u n a l fa rmers ( 9 0 % ) a n d a f e w large-scale c o m m e r -

c ia l f a r m e r s (10%) u n d e r r a i n f e d c o n d i t i o n s i n N a t u r a l Regions I I I , I V , a n d V o f 

Z i m b a b w e . These regions are genera l ly cha rac t e r i zed b y l o w , e r r a t i c , a n d p o o r l y 

d i s t r i b u t e d r a i n f a l l ( < 6 5 0 m m y r - 1 ) ( V i n c e n t a n d T h o m a s 1961) . S o r g h u m g r o w n i n 

1 . Plant Breeder , C r o p Breed ing I n s t i t u t e , D e p a r t m e n t o f Research and Specialist Services, PO B o x CY 

5 5 0 , Causeway, Hara re , Z i m b a b w e . 

2 . A g r o n o m i s t , C r o p Breed ing I n s t i t u t e , a t t h e same address. 

3 . H e a d , C r o p Breed ing I n s t i t u t e , a t t h e same address. 

M a n g o m b e , N . , G o n o , L . T . , and M u s h o n g a , J . N . 1996. Response o f so rghum genotypes t o d rough t i n 

Z i m b a b w e . Pages 9 9 - 1 0 4 i n D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings o f t h e S A D C / I C R I -

SAT Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner, K . , 

a n d M a n t h e , C.S. , eds.). Pa tancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : In te rna t iona l Crops Research 

I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 
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Regions I I I , I V , a n d V i s sub jec t t o u n p r e d i c t a b l e d r o u g h t , e i t h e r a t t h e b e g i n n i n g , i n 

t h e m i d d l e , o r t o w a r d s t h e e n d o f t h e g r o w i n g season, r e s u l t i n g i n l o w g r a i n y i e l d s 

( a b o u t 4 0 1 k g ha - 1 ) ( Z i m b a b w e C S O 1 9 9 3 ) . Because d r o u g h t c o n s t i t u t e s a m a j o r 

y i e l d c o n s t r a i n t i n these regions , t h e r e i s a n e e d t o i d e n t i f y geno types t h a t g ive h i g h 

y i e l d s u n d e r d r o u g h t c o n d i t i o n s . 

S e l e c t i o n a m o n g t r a d i t i o n a l l o c a l l andrace var ie t i es ( L L V s ) o r t h e i r progenies , 

u n d e r d r o u g h t - p r o n e c o n d i t i o n s , i s t h e m o s t c o m m o n a n d e f f i c i e n t a p p r o a c h t o 

b r e e d i n g f o r d r o u g h t stress (Sneep e t a l . 1 9 7 9 ) . U n d e r d r o u g h t c o n d i t i o n s , G a r r i t y e t 

a l . ( 1 9 7 9 ) r e p o r t e d d i f f e r ences i n g r a i n y i e l d s a m o n g geno types . R a p i d s t a n d estab-

l i s h m e n t , ea r ly m a t u r i t y , p h o t o p e r i o d s ens i t i v i t y , c o n t r o l o f e v a p o t r a n s p i r a t i o n losses, 

d e s i c c a t i o n t o l e r a n c e , a dense r o o t s y s t e m , a n d r a p i d r ecove ry a f te r d r o u g h t stress 

w e r e i m p o r t a n t d r o u g h t - r e s i s t a n c e m e c h a n i s m s (Sneep e t a l . 1 9 7 9 ) . 

T h e o b j e c t i v e o f t h i s s t u d y was t o i d e n t i f y s o r g h u m geno types su i tab le f o r p r o d u c -

t i o n u n d e r d r o u g h t c o n d i t i o n s i n Regions I V a n d V o f Z i m b a b w e . T h e y i e l d response 

o f these g e n o t y p e s t o late-season d r o u g h t was o f p a r t i c u l a r i n t e r e s t , because l a t e -

season d r o u g h t c o m m o n l y occur s i n these regions . 

Materials and Methods 

T w e n t y s o r g h u m var ie t i e s ( T a b l e 1) se-

l e c t e d f o r t h e i r h i g h y i e l d a n d o t h e r 

a g r o n o m i c charac te rs i n d r o u g h t -

sc reen ing nurser ies b e t w e e n 1986 a n d 

1991 w e r e p l a n t e d a t C h i r e d z i ( a l t i t u d e 

4 2 9 m ) , a n d L u c y d a l e ( a l t i t u d e 1338 

m ) . A l l t h e va r i e t i e s w e r e d e v e l o p e d b y 

t h e D e p a r t m e n t o f Research a n d Spe-

c i a l i s t Services w i t h t h e e x c e p t i o n o f 

C h i b o n d a , a f a r m e r ' s L L V a n d S V 1 a n d 

S V 2 t h a t o r i g i n a t e d f r o m S A D C / I C R I -

S A T . T h e e x p e r i m e n t was s o w n i n 

1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 us ing a r a n -

d o m i z e d c o m p l e t e b l o c k des ign w i t h 

t h r e e r e p l i c a t i o n s . L u c y d a l e i s l o c a t e d 

i n R e g i o n I V a n d i s o n sandy l o a m soils, 

w h e r e a s C h i r e d z i i s i n R e g i o n V on c lay 

soi ls . I n 1 9 9 2 / 9 3 , C h i r e d z i r e c e i v e d 

5 2 6 m m a n d L u c y d a l e 6 3 8 m m r a i n f a l l 

b e t w e e n s o w i n g a n d p h y s i o l o g i c a l ma-

t u r i t y . H o w e v e r , i n 1 9 9 3 / 9 4 , C h i r e d z i 

r e c e i v e d 3 5 0 m m a n d L u c y d a l e r e -

c e i v e d 2 9 2 m m r a i n f a l l . T h e m e a n d a i l y 

Table 1 . List of sorghum genotypes 
used in the study. 

Genotype 

N L 632 
SV 1 
N L 265 
N L 836-2 
N L 267 
N L 692 
N L 699 
N L 753 
N L 335 
N L 535 
SV 2 

N L 653 
N L 634 
N L 852 
N L 471 
N L 775 
N L 768 
N L 803 
N L 205 
Chibonda 

Days to 50% 
flowering 

67 
75 
74 
73 
71 
74 
74 
76 
73 
70 
68 
69 
75 
73 
75 
74 
77 
94 
78 
92 
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t e m p e r a t u r e a t C h i r e d z i d u r i n g t h e g r o w i n g season was 3 1 . 5 ° C , a n d a t L u c y d a l e , 

2 7 . 4 ° C 

A t C h i r e d z i , t r i a l s w e r e s o w n o n 2 4 N o v 1992 , a n d 1 3 N o v 1 9 9 3 . A t L u c y d a l e , 

t r i a l s w e r e s o w n o n 1 7 D e c 1992 , a n d 1 6 D e c 1993 . Seed was d i b b l e d b y h a n d i n t o 

r o w s 7 5 c m apar t . Seedl ings w e r e t h i n n e d t o a p l a n t p o p u l a t i o n o f 8 8 8 8 9 p l an t s h a - 1 

3 w e e k s a f t e r emergence . F e r t i l i z e r was a p p l i e d a t t h e ra te o f 24 kg N ha - 1 , 42 kg 

P 2 O 5 ha - 1 , a n d 21 kg K 2 O ha - 1 a t s o w i n g . At 6 w e e k s af ter s o w i n g , 60 kg N ha - 1 was 

a p p l i e d as a t o p d r e s s i n g . Each p l o t h a d f o u r r o w s 5 m l o n g . T h e cen t e r t w o r o w s w e r e 

h a r v e s t e d i n o r d e r t o d e t e r m i n e g ra in w e i g h t . W e also r e c o r d e d days t o 5 0 % f l o w e r -

i n g , p l a n t h e i g h t , e x s e r t i o n o f pan ic l e , a n d 1000-seed mass. G r a i n y i e l d per hec ta re 

was c a l c u l a t e d a t 12 .5% seed m o i s t u r e c o n t e n t . 

T h e analysis o f var iance was c o n d u c t e d us ing M S T A T C . D i f f e r e n c e s a m o n g seasons 

a t each l o c a t i o n w e r e t e s t e d us ing t h e r e p l i c a t i o n x year m e a n square as t h e e r r o r 

t e r m . C o r r e l a t i o n s a m o n g t h e t r a i t s m e a s u r e d w e r e d e t e r m i n e d us ing r a w da ta c o l -

l e c t e d across l oca t ions . 

Results 

A t b o t h C h i r e d z i a n d L u c y d a l e , g r a in y i e l d a m o n g genotypes v a r i e d w i t h season. D a y s 

t o 5 0 % f l o w e r i n g , p l a n t he igh t , e x s e r t i o n o f pan ic le , a n d 1000-seed mass also gener-

a l ly v a r i e d w i t h season a t b o t h loca t ions . G r a i n y i e l d was s ign i f ican t ly c o r r e l a t e d w i t h 

p l a n t h e i g h t ( r = 0.35***), pan ic le e x s e r t i o n ( r = 0.16**), a n d 1000-seed mass ( r = 

0.29***), b u t n o t days t o 5 0 % f l o w e r i n g ( r = 0 .10) ( T a b l e 2 ) . 

Table 2 . Corre lat ion coefficients (r) of gra in yield w i t h 
f o u r characters. 

Character 

Days to 50% flowering 
Plant height 
Exsertion of panicle 
Seed mass 

Grain yie ld (r value)1 

0.10 
0.35*** 
0.16** 
0.29*** 

1. *, **, *** = significant at P <0.05, P <0 .01 , P <0.001, respectively. 

Y i e l d s w e r e genera l ly larger i n 1 9 9 2 / 9 3 t h a n i n 1 9 9 3 / 9 4 a t b o t h C h i r e d z i a n d 

L u c y d a l e ( T a b l e 3 ) . 

A t C h i r e d z i , i n 1 9 9 2 / 9 3 t h e f o u r h i g h e s t - y i e l d i n g geno types w e r e N L 8 0 3 , S V 1 , 

N L 8 3 6 - 2 , a n d N L 2 6 5 . H o w e v e r , i n 1 9 9 3 / 9 4 , S V 1 , N L 5 3 5 , N L 6 9 9 , a n d N L 6 9 2 

w e r e a m o n g t h e h i g h e s t - y i e l d i n g geno types . C h i b o n d a , a loca l landrace v a r i e t y , a n d 

N L 8 0 3 d i d n o t f l o w e r a t C h i r e d z i i n 1 9 9 2 / 9 3 . 
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Table 3 . Gra in yields ( t ha - 1 ) o f 20 s o r g h u m genotypes , Chiredzi a n d Lucydale, Z i m -
b a b w e , 1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 . 

SV 1 
N L 265 
N L 632 
N L 836-2 
N L 267 
N L 692 
N L 699 
N L 753 
N L 335 
N L 471 
N L 535 
SV 2 
N L 653 
N L 775 
N L 634 
N L 768 
N L 852 
N L 803 
N L 205 
Chibonda 

Mean 
SE 
C V ( % ) 

Chi redz i 

1992 /93 

5.26 
4.99 
4.90 
5.06 
4.84 
4.81 
4.02 
4.90 
3.97 
3.94 
4.08 
3.89 
4.27 
4.10 
3.84 
3.92 
4.24 
5.70 
3.12 
2.07 

4.30 
±0.39 
16 

1993 /94 

2.76 
1.95 
1.90 
1.98 
1.99 
2.45 
2.45 
1.34 
1.91 
1.92 
2.73 
1.24 
2.11 
1.28 
1.57 
2.23 
1.15 
0.00 
0.84 
0.00 

1.69 
±0.21 
21 

Mean 

4.01 
3.47 
3.40 
3.52 
3.42 
3.63 
3.23 
3.12 
2.94 
2.93 
3.41 
2.56 
3.19 
2.69 
2.71 
3.07 
2.69 
2.85 
1.98 
1.03 

2.99 
±0.22 
18 

Lucydale 

1992 /93 

4.09 
4.61 
4.06 
4.30 
3.80 
3.77 
3.70 
3.52 
3.47 
3.52 
3.07 
4.09 
2.58 
4.03 
3.91 
3.44 
2.99 
2.88 
2.86 
4.63 

3.66 
±0.50 
24 

1993 /94 

2.76 
2.07 
2.25 
1.76 
2.43 
1.82 
2.25 
1.87 
2.25 
2.11 
1.54 
2.73 
2.38 
1.82 
1.81 
1.50 
2.36 
0.69 
2.35 
0.59 

1.92 
±0.22 
19 

Mean 

3.16 
3.34 
3.16 
3.03 
3.11 
2.79 
2.97 
2.70 
2.86 
2.81 
2.31 
2.42 
2.48 
2.92 
2.86 
2.47 
2.67 
1.78 
2.60 
2.61 

2.80 
±0.27 
24 

Across 
sites 

means 

3.72 
3.41 
3.28 
3.27 
3.27 
3.21 
3.10 
2.91 
2.90 
2.87 
2.86 
2.86 
2.84 
2.81 
2.78 
2.77 
2.68 
2.32 
2.29 
1.82 

2.90 
±0.18 
21 

A t L u c y d a l e , C h i b o n d a , N L 8 3 6 - 2 , N L 2 6 5 , a n d S V 1 w e r e a m o n g t h e best-

y i e l d i n g g e n o t y p e s i n 1 9 9 2 / 9 3 . H o w e v e r , i n 1 9 9 3 / 9 4 , S V 1 , S V 2 , N L 2 6 7 , a n d N L 

6 5 3 w e r e t h e h i g h e s t - y i e l d i n g geno types . C h i b o n d a a n d N L 8 0 3 , t h e l a t e r - m a t u r i n g 

g e n o t y p e s h a d t h e l o w e s t g r a i n y i e l d s i n 1 9 9 3 / 9 4 . 

Discussion 

Y i e l d s w e r e r e l a t e d t o t h e a m o u n t o f r a i n f a l l r e c e i v e d . I n 1 9 9 2 / 9 3 , C h i r e d z i r e c e i v e d 

5 2 6 m m , a n d L u c y d a l e , 6 3 8 m m o f r a i n f a l l b e t w e e n p l a n t i n g a n d 5 0 % p h y s i o l o g i c a l 

m a t u r i t y . H o w e v e r , i n 1 9 9 3 / 9 4 , C h i r e d z i r e c e i v e d 3 5 0 m m a n d L u c y d a l e , 2 9 2 m m 

r a i n f a l l . I n 1 9 9 2 / 9 3 , r a i n f a l l was w e l l - d i s t r i b u t e d t h r o u g h o u t t h e g r o w i n g season. 

H o w e v e r , i n 1 9 9 3 / 9 4 , ra ins s t o p p e d d u r i n g t h e 1st w e e k o f Feb 1994 w h e n t h e c r o p 
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was s t i l l b o o t i n g . H e n c e , c rops s o w n i n 1 9 9 3 / 9 4 su f f e r ed f r o m a late-season d r o u g h t 

w h i c h m a y have adverse ly a f f e c t e d g r a i n - f i l l i n g , r e s u l t i n g i n p o o r g r a in y i e l d s . 

A t C h i r e d z i , N L 8 0 3 , S V 1 , N L 8 3 6 - 2 , a n d N L 2 6 5 h a d h i g h y i e ld s u n d e r h i g h 

r a i n f a l l i n 1 9 9 2 / 9 3 . I n 1 9 9 3 / 9 4 , S V 1 , N L 5 3 5 , N L 6 9 2 , a n d N L 6 9 9 w e r e t h e b e t t e r -

y i e l d i n g geno types because t h e y f l o w e r e d a n d m a t u r e d be fo re t h e d r o u g h t set i n . 

C h i b o n d a a n d N L 8 0 3 , w h i c h t o o k l o n g t o f l o w e r a n d m a t u r e w e r e adverse ly a f f e c t e d 

b y t h e late-season d r o u g h t . D i f f e r e n c e s a m o n g geno types i n y i e l d response t o d r o u g h t 

w e r e also r e p o r t e d by G a r r i t y e t a l . ( 1 9 7 9 ) . Ac ros s seasons, SV 1 gave t h e h ighes t 

g r a i n y i e l d s , suggest ing t h a t t h i s g e n o t y p e m a y b e su i tab le i n those areas l i k e l y t o 

e x p e r i e n c e a late-season d r o u g h t . 

A t L u c y d a l e , C h i b o n d a , N L 2 6 5 , N L 8 3 6 - 2 a n d S V 1 w e r e a m o n g t h e f o u r h ighes t -

y i e l d i n g geno types u n d e r adequa te r a i n f a l l i n 1 9 9 2 / 9 3 . H o w e v e r , u n d e r late-season 

d r o u g h t i n 1 9 9 3 / 9 4 , S V 1 , S V 2 , N L 2 6 7 , a n d N L 6 5 3 w e r e t h e b e t t e r - y i e l d i n g 

geno types . T h e h i g h e s t - y i e l d i n g g e n o t y p e across seasons was N L 2 6 5 . S V 1 was 

a m o n g t h e t o p geno types i n b o t h seasons, again suggest ing t h a t t h i s g e n o t y p e m a y b e 

su i t ab l e i n areas p r o n e t o late-season d r o u g h t . C h i b o n d a a n d N L 8 0 3 h a d h i g h y i e ld s 

i n a g o o d season ( 1 9 9 2 / 9 3 ) , b u t y i e l d e d p o o r l y u n d e r late-season d r o u g h t i n 1 9 9 3 / 9 4 . 

T h e l a t t e r geno types t o o k l o n g t o f l o w e r a n d m a t u r e and , hence , w e r e u n s u i t a b l e 

u n d e r late-season d r o u g h t c o n d i t i o n s . 

C o r r e l a t i o n s b e t w e e n g ra in y i e l d a n d p l a n t he igh t ( r = 0.35***), e x s e r t i o n o f p a n i -

c le ( r = 0.16***), a n d 1000-seed mass ( r = 0.29**) suggested t h a t these t r a i t s m a y b e 

i m p o r t a n t i n d e t e r m i n i n g y i e l d u n d e r d r o u g h t c o n d i t i o n s . A g e n o t y p e w i t h g o o d 

pan i c l e e x s e r t i o n m a y ensure t h a t i ts pan ic l e comes o u t o f t h e f l a g l e a f a n d sets seed 

even i f a d r o u g h t p e r i o d occurs a t b o o t i n g . I n t h e even t o f a late-season d r o u g h t , t h e 

capac i ty o f a p l a n t t o r e m o b i l i z e a n d t rans loca te d r y m a t t e r t o t h e g ra in fo r g r a i n -

f i l l i n g m a y b e a n i m p o r t a n t d rough t - r e s i s t ance m e c h a n i s m . U n d e r such c o n d i t i o n s , 

t h e size o f t h e p l a n t m a y d e t e r m i n e h o w m u c h can b e t r a n s f e r r e d t o t h e g ra in . O u r 

da ta s t r o n g l y suggested t h a t geno types t h a t t o o k l ong t o f l o w e r a n d m a t u r e w e r e 

u n s u i t a b l e i n areas p r o n e t o late-season d r o u g h t . T h i s was i n ag reemen t w i t h observa-

t i o n s m a d e b y G o n o e t a l . ( 1 9 9 4 ) w h e n t h e y eva lua t ed d i f f e r e n t s o r g h u m geno types 

o n f a r m e r s ' f i e l d s i n Z i m b a b w e . W e t h e r e f o r e n e e d t o b r e e d fo r earliness t o ensure 

t h a t t h e c r o p m a t u r e s w i t h i n t h e avai lable sho r t season t y p i c a l o f m o s t s o r g h u m -

g r o w i n g areas i n Regions I I I , I V , a n d V . 

Conclusions 

S o r g h u m g e n o t y p e s a t C h i r e d z i a n d L u c y d a l e d i f f e r e d i n g r a in y i e ld s d e p e n d i n g o n 

t h e season. S V 1 was a m o n g t h e h i g h e s t - y i e l d i n g geno types regardless o f l o c a t i o n o r 

season. G e n o t y p e s t h a t t o o k l o n g t o f l o w e r a n d m a t u r e genera l ly gave p o o r g r a i n 

y i e l d s u n d e r late-season d r o u g h t c o n d i t i o n s . T h e a b i l i t y o f a g e n o t y p e t o ge t i t s 

p a n i c l e o u t o f t h e flag l e a f shea th , a n d fill i t s grains w e r e also i m p o r t a n t t r a i t s u n d e r 

late-season d r o u g h t c o n d i t i o n s . 
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areas o f N a t u r a l Regions I I I , I V , a n d V ( 4 5 0 - 6 5 0 m m y r - 1 ) ( V i n c e n t a n d T h o m a s 

1961) . C o m m e r c i a l f a r m e r s p r o d u c e t h e r e m a i n d e r o f t h e c r o p (10%) w h i c h i s u s e d 

m a i n l y f o r b r e w i n g o r f e e d i n g l i v e s t o c k . 

G r a i n y i e l d s o f s o r g h u m i n t h e c o m m u n a l areas are s t i l l v e r y l o w ( a b o u t 4 0 1 k g 

ha-1) i n s p i t e o f t h e large area d e v o t e d t o t h e c r o p ( Z i m b a b w e C S O 1 9 9 3 ) . T h i s i s 

p r o b a b l y caused b y i n a d e q u a t e so i l f e r t i l i t y because c o m m u n a l f a rmer s r a r e ly a p p l y 

m a n u r e o r f e r t i l i z e r s t o t h e i r c r o p a l t h o u g h t h e i r soils are gene ra l ly d e f i c i e n t i n 

n i t r o g e n a n d p h o s p h o r u s ( M a s h i r i n g w a n i 1 9 8 3 ) . Fa rmer s t h e r e f o r e n e e d s o u n d rec-

o m m e n d a t i o n s o n h o w m u c h n i t r o g e n a n d p h o s p h o r u s t o p u t o n t h e i r s o r g h u m c r o p 

t o i m p r o v e y i e l d s a n d m a x i m i z e p r o f i t s . F e r t i l i z e r s tudies i n s o r g h u m s h o w e d s igni f i -

c a n t y i e l d responses t o n i t r o g e n ( Z h a r a r e a n d W h i n g w i r i 1986 ; G o n o 1 9 9 0 ) . H o w -

ever , t h e y i e l d - i n p u t r e l a t i o n s h i p s i n these s tud ies w e r e n o t c o n t i n u o u s , a n d c o u l d n o t 

b e u s e d t o d e r i v e f e r t i l i z e r r e c o m m e n d a t i o n s f o r s o r g h u m . 

I n t h i s s t u d y , w e t e s t e d t h e h y p o t h e s i s t h a t p o o r s o r g h u m g r a i n y i e ld s w e r e caused 

b y l o w so i l n i t r o g e n a n d l o w so i l p h o s p h o r u s . W e f i t t e d a q u a d r a t i c f u n c t i o n t o t h e 

da t a a n d d e r i v e d n i t r o g e n a n d p h o s p h o r u s r e c o m m e n d a t i o n s f o r d i f f e r e n t l oca t ions i n 

Z i m b a b w e . 

Materials and Methods 

T e n l o c a t i o n s w e r e s e l ec t ed f o r t h e s t u d y ( T a b l e 1) . S ix o f these l oca t ions ( G w e b i , 

P a n m u r e , K a d o m a , M l e z u , M a k o h o l i , a n d M a t o p o s ) w e r e a t e x p e r i m e n t a l s ta t ions , 

w h e r e a s t h e o t h e r f o u r l o c a t i o n s ( C h i w u n d u r a , M a r a n g e N o r t h , Jerera, a n d Rushinga) 

w e r e o n f a r m e r s ' f i e l d s . G w e b i , P a n m u r e , a n d K a d o m a w e r e o n heavy , c lay soils 

w h e r e a s t h e o t h e r l oca t i ons w e r e genera l ly o n l i g h t , sandy soils . T h e s t u d y was 

c o n d u c t e d o v e r t h r e e seasons ( 1 9 8 7 / 8 8 , 1 9 8 8 / 8 9 , a n d 1 9 8 9 / 9 0 ) . W h e r e w e d i d n o t 

have t h r e e seasons' da ta , t h e t r i a l was e i t h e r d i s c o n t i n u e d ( G w e b i , P a n m u r e , Ka -

d o m a , M a r a n g e N o r t h a n d Jerera) o r w r i t t e n o f f because o f p o o r s t and e s t a b l i s h m e n t 

( C h i w u n d u r a ) . T a b l e 1 s h o w s t h e s o w i n g dates , r a i n f a l l r e c e i v e d f r o m s o w i n g t o 5 0 % 

p h y s i o l o g i c a l m a t u r i t y , s o i l t e x t u r e , a n d so i l n i t r o g e n a n d so i l p h o s p h o r u s s ta tus 

b e f o r e p l a n t i n g . 

T h r e e levels o f n i t r o g e n ( 0 , 5 0 , a n d 100 k g N ha - 1 ) , a n d t h r e e levels o f p h o s p h o r u s 

( 0 , 3 0 , a n d 6 0 k g P 2 O 5 ha - 1 ) w e r e t e s t e d i n r a n d o m i z e d c o m p l e t e b l o c k designs w i t h 

t h r e e r e p l i c a t i o n s . W e u s e d a m m o n i u m n i t r a t e ( 3 4 . 5 % N ) a n d single s u p e r p h o s p h a t e 

( 1 8 . 5 % P 2 O 5 ) a s sources o f n i t r o g e n a n d p h o s p h o r u s , r e spec t i ve ly . Po t a s s ium was 

a p p l i e d a t a u n i f o r m ra t e o f 3 0 k g K 2 O h a - 1 u s ing m u r i a t e o f p o t a s h ( 6 0 % K 2 O ) . H a l f 

t h e n i t r o g e n , a n d a l l t h e p o t a s h a n d p h o s p h a t e w e r e b a n d e d a t p l a n t i n g . W e u s e d a 

t w o - p r o n g e d hoe t o m a r k o u t separate f u r r o w s f o r seed a n d f e r t i l i z e r . T h e r e m a i n i n g 

n i t r o g e n w a s t o p d r e s s e d a t 4 w e e k s a f te r p l a n t i n g . 

S o r g h u m v a r i e t y SV 2 was p l a n t e d u s i n g a seed ra te o f 16 kg ha - 1 . S o w i n g was 

g e n e r a l l y s c h e d u l e d t o b e g i n d u r i n g t h e 1st w e e k o f D e c e m b e r . Seed was d i b b l e d b y 

h a n d i n t o r o w s 0 . 7 5 m apa r t a n d 3 0 m m d e e p . T h e gross p l o t area was 2 2 . 5 m 2 ( 6 

r o w s a t 0 . 7 5 m x 5 m) w h e r e a s t h e n e t p l o t area was 12.0 m 2 (4 r o w s a t 0 . 75 m x 

4 m ) . T h e n e t p l o t was o b t a i n e d a f t e r d i s c a r d i n g one r o w o n e i t h e r s ide o f t h e gross 
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Table 1 . Descr ipt ion o f exper imenta l sites. 

Locat ion 

G w e b i 

Panmure 

Kadoma 

Mlezu 

Makoho l i 

Matopos 

Natura l 

Region 

I la 

l I b 

l I b 

I I I 

I V 

I V 

Chiwundura I I I 

Marange 

N o r t h 

Jerera 

Rushinga 

I I I 

I V 

I V 

Year 

1988 

1989 

1988 

1989 

1988 

1989 

1988 

1989 

1990 

1988 

1989 

1990 

1988 

1989 

1990 

1988 

1990 

1988 

1989 

1988 

1989 

1988 

1989 

1990 

Rainfall 

( m m y r - 1 ) 

726 

616 

682 

581 

780 

423 

636 

284 

380 

526 

213 

410 

500 

343 

362 

551 

693 

402 

509 

450 

261 

638 

830 

452 

Sowing 

date 

2-12-87 

5-12-88 

1-12-87 

6-12-88 

14-12-87 

11-12-88 

2-12-87 

3-12-88 

2-12-89 

8-12-87 

1-12-88 

1-12-89 

22-12-87 

19-12-88 

6-12-89 

1-12-87 

11-12-89 

4-12-87 

3-12-88 

10-12-87 

2-12-88 

4-12-87 

8-12-88 

28-12-89 

Soil 

tex ture 1 

MgSaCL 

n.s. 

MgSaCL 

n.s. 

MgSaCL 

M g S C L 

n.s. 

MgS 

M g S L 

MgS 

MgS 

MgS 

n.s. 

n.s. 

n.s. 

MgS 

MgS 

MgS 

MgS 

MgS 

MgS 

M g S L 

M g S L 

MgSL 

Incubated 

N (ppm) 

33 

n.s. 

23 

n.s. 

38 

30 

n.s. 

18 

12 

8 

24 

15 

n.s. 

n.s. 

n.s. 

18 

19 

8 

18 

15 

13 

15 

15 

19 

Resin 

P 2 O 5 (ppm) 

21 

n.s. 

42 

n.s. 

46 

42 

n.s. 

16 

21 

51 

14 

48 

n.s. 

n.s. 

n.s. 

8 

9 

14 

12 

16 

2 

13 

24 

33 

1. MgSaCL = medium-grained sandy clay loam 
MgS = medium-grained sand 
MgSCL = medium-grained sand clay loam 
MgSL = medium-grained sand loam 
MgSaC = medium-grained sandy clay 
n.s. = not sampled 

p l o t a n d 0 .5 m on e i t h e r e n d . T h i n n i n g was d o n e a t 3 w e e k s a f te r p l a n t i n g to achieve a 

u n i f o r m p l a n t p o p u l a t i o n o f 100 0 0 0 p l an t s ha - 1 . 

T h e t r i a l was c o n d u c t e d u n d e r r a i n f e d c o n d i t i o n s . A l l pests a n d diseases w e r e 

c o n t r o l l e d a s a n d w h e n necessary. W e ha rves t ed t h e n e t p l o t a f te r 5 0 % p h y s i o l o g i c a l 

m a t u r i t y t o d e t e r m i n e g ra in y i e l d . T h e analysis o f var iance ( A N O V A ) was c o n d u c t e d 

o n g r a i n y i e l d u s i n g SAS (SAS 1 9 8 5 ) . W e used regression p rocedu re s t o f i t q u a d r a t i c 

f u n c t i o n s t o t h e response da ta . O n t h e a s s u m p t i o n t h a t t h e f a r m e r s ' o b j e c t i v e was t o 
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m a x i m i z e p r o f i t , p a r t i a l d e r i v a t i v e s f r o m t h e p r o f i t f u n c t i o n (# ) w e r e c a l c u l a t e d i n 

o r d e r t o d e r i v e n i t r o g e n ( N * ) a n d p h o s p h o r u s (P*) r e c o m m e n d a t i o n s , a s d e s c r i b e d b y 

D e b e r t i n ( 1 9 8 6 ) . 

Q u a d r a t i c f u n c t i o n : 

Y = f ( Y ) = a + b N + cP + d N P + eN2 + fP2 

w h e r e Y = g r a i n y i e l d ( k g ha - 1 ) 

N = n i t r o g e n ( k g ha - 1 ) 

P = p h o s p h o r u s ( k g P 2 O 5 ha - 1 ) 

a, b, c, d, e, a n d f = regress ion coe f f i c i en t s 

P r o f i t f u n c t i o n : 

# = p [ f ( Y ) ] - r N - r P 
= P ( a + b N + c P + d N P + e N 2 + f p 2 ) - r N - r P 

w h e r e # = p r o f i t ($ ha-1) 

r N = p r i c e of n i t r o g e n = $ 1.23 kg - 1 N 

rP = p r i c e of p h o s p h o r u s = $ 0 . 9 6 kg - 1 P 2 O 5 

p = p r i c e of g r a i n s o r g h u m = $ 0 . 5 2 k g - 1 . 

Results and Discussion 

N i t r o g e n inc reased g r a i n y i e ld s a t t w o o n - s t a t i o n ( M l e z u a n d M a k o h o l i ) a n d a t a l l o n -

f a r m l o c a t i o n s ( C h i w u n d u r a , M a r a n g e N o r t h , Jerera, a n d Rushinga) ( T a b l e 2 ) . O n -

f a r m l o c a t i o n s w e r e gene ra l ly d e f i c i e n t i n n i t r o g e n ( < 2 0 p p m ) ( T a b l e 1) . H e n c e , 

a p p l i c a t i o n o f n i t r o g e n i m p r o v e d g ra in y i e l d s . 

1 0 8 

Table 2 . Analysis o f var iance on gra in yield (kg h a 1 ) . 1 

Locat ion 

G w e b i 
Panmure 
Kadoma 2 

Mlezu 
Makoho l i 
Matopos 
Ch iwundura 
Marange 
N o r t h 
Jerera 
Rushinga 

Year N 

** 

** 

*** 
* *** 

*** 
*** 

*** * 
** *** 

*** 

P N x P Year x N Year x P 

* 
** *** 

** 

* 

** ** * 

Year x N x P 

* 

1. *, **,*** Significant at P<0.05, P<0.01, and P <0 .001 , respectively. 2. No data available. 
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P h o s p h o r u s h a d a s m a l l e f f e c t o n g r a i n y i e l d a n d t h i s d e p e n d e d o n t h e season a t 

M l e z u , C h i w u n d u r a , a n d Rushinga ( T a b l e 2 ) . I n t e r a c t i o n s b e t w e e n n i t r o g e n a n d 

p h o s p h o r u s w e r e s ign i f i can t o n l y a t M a r a n g e N o r t h . 

Because o f s ign i f i can t d i f f e r ences i n g r a i n y i e l d a m o n g seasons a t m o s t l oca t ions 

( T a b l e 2 ) , w e f i t t e d regressions f o r i n d i v i d u a l seasons a n d loca t ions ( T a b l e 3 ) . W e 

d e r i v e d e c o n o m i c levels o f n i t r o g e n ( N * ) a n d p h o s p h o r u s (P*) us ing these regressions. 

T h e q u a d r a t i c f u n c t i o n p r o v i d e d a reasonably g o o d f i t t o t h e da ta w i t h R 2 va lues 

r a n g i n g f r o m 0 . 0 3 a t Rushinga i n 1 9 8 8 / 8 9 t o 0.72*** a t C h i w u n d u r a i n 1 9 8 9 / 9 0 . O n 

average, a b o u t 6 0 k g N ha - 1 a n d 2 1 k g P 2 O 5 h a - 1 w e r e o p t i m a l o n heavy, c lay soils i n 

reg ions I l a a n d l I b , w h e r e a s o n i n f e r t i l e , sandy soils i n regions I I I a n d I V , a b o u t 6 5 k g 

N ha - 1 a n d 2 7 k g P 2 O 5 h a - 1 w e r e adequa te . T h e o p t i m a l levels o f n i t r o g e n ( N * ) a n d 

p h o s p h o r u s (P*) d e r i v e d f r o m t h i s f u n c t i o n are genera l ly w i t h i n t h e ranges r e c o m -

m e n d e d f o r s o r g h u m ( 5 0 - 6 0 k g N ha - 1 , a n d 3 5 - 4 5 k g P 2 O 5 ha - 1 ) b y o u r C h e m i s t r y 

a n d S o i l Research I n s t i t u t e . T h e s e levels t h u s p r o v i d e a genera l g u i d e t o f a r m e r s o n 

h o w m u c h n i t r o g e n o r p h o s p h o r u s t o p u t o n s o r g h u m i n o r d e r t o increase y i e ld s a n d 

m a x i m i z e p r o f i t s . 

Conclusions 

N i t r o g e n i nc r ea sed s o r g h u m g r a i n y i e l d s a t M l e z u a n d M a k o h o l i ( o n - s t a t i o n ) , a n d a t 

a l l o n - f a r m sites ( C h i w u n d u r a , M a r a n g e N o r t h , Jerera, a n d Rush inga) . Phosphorus 

g e n e r a l l y h a d a s m a l l e f f e c t o n g ra in y i e l d , w h i c h v a r i e d w i t h season. 

A q u a d r a t i c f u n c t i o n p r o v i d e d a reasonably g o o d f i t t o t h e y i e l d response da ta 

( R 2 = 0 . 0 3 - 0 . 7 2 * * * ) , a n d e n a b l e d u s t o d e r i v e b o t h a g r o n o m i c a l l y a n d e c o n o m i c a l l y 

s o u n d n i t r o g e n a n d p h o s p h o r u s r e c o m m e n d a t i o n s f o r g r a i n s o r g h u m . 
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Classification of Sorghum Races in the Southern 
Africa Sorghum Germplasm 

A B Obilana1, K E Prasada Rao2, N Mangombe3, and L R House4 

Abstract 

As a component of the characterization of indigenous sorghum germplasm col-

lected in Zimbabwe from the 10 countries of the SADC region, a total of 1217 

accessions, from 8 of the 10 countries, were classified for basic and hybrid races. 

The race classification exercise identified 5 basic races containing 600 accessions, 

and 10 intermediate hybrid races containing 611 accessions, and a wild group 

(Drummondii) of 6 accessions only. Both basic and hybrid races were found to be 

almost equally present in the SADC region's sorghum germplasm. 

Introduction 

C h a r a c t e r i z a t i o n o f g e r m p l a s m i s a n i m p o r t a n t f i r s t s tep , a f te r c o l l e c t i o n , i n t h e 

i d e n t i f i c a t i o n a n d e v a l u a t i o n o f i nd igenous accessions. A s igni f icant c o m p o n e n t o f 

c h a r a c t e r i z a t i o n i s t h e c lass i f ica t ion o f t h e d i f f e r e n t t y p e s o f accessions c o n t a i n e d i n 

t h e c o l l e c t i o n . W i t h i n t h e d i f f e r e n t t ypes o f s o r g h u m accessions i n t h e w o r l d , several 

f o r m s have b e e n i d e n t i f i e d . These w e r e o r i g i n a l l y classif ied i n t o c u l t i v a t e d (31 spe-

cies) a n d r e l a t e d w i l d species (17 species) ( S n o w d e n 1936; 1 9 5 5 ) . 

T h e va r ious g roups o f s o r g h u m a n d t h e i r d i s t r i b u t i o n w e r e f u r t h e r d e s c r i b e d b y d e 

W e t e t a l . ( 1 9 7 0 ) . I t was n o t u n t i l l a t e r t h a t a m e t h o d o f c lass i f ica t ion o f t h e c u l t i -

v a t e d s o r g h u m s was d e v e l o p e d b y H a r l a n a n d d e W e t ( 1 9 7 2 ) . T h e y d i v i d e d t h e 

c u l t i v a t e d s o r g h u m s (subspecies bicolor), i n t o f ive basic races: B i c o l o r ( B ) , G u i n e a 

( G ) , C a u d a t u m ( C ) , K a f i r ( K ) , a n d D u r r a ( D ) ; a n d 1 0 h y b r i d races w h i c h are c o m -
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b i n a t i o n s , a n d r ea l l y s table i n t e r m e d i a t e h y b r i d s , o f t h e basic races. These i n c l u d e 

G u i n e a - B i c o l o r ( G B ) , G u i n e a - C a u d a t u m ( G C ) , G u i n e a - K a f i r ( G K ) , G u i n e a - D u r r a 

( G D ) , C a u d a t u m - B i c o l o r ( C B ) , K a f i r - B i c o l o r ( K B ) , K a f i r - C a u d a t u m ( K C ) , K a f i r -

D u r r a ( K D ) , D u r r a - B i c o l o r ( D B ) , a n d D u r r a - C a u d a t u m ( D C ) . H a r l a n a n d d e W e t 

( 1 9 7 2 ) u s e d m a t u r e s p i k e l e t t y p e s f o r t h e i r c lass i f ica t ion . 

Severa l reasons can b e a d d u c e d f o r c lass i fy ing c u l t i v a t e d so rghums i n t o races. T h e 

m o s t i m p o r t a n t o f these are based o n t h e uses t o w h i c h t h e i n f o r m a t i o n d e r i v e d i s 

p u t . T h e s e i n c l u d e : 

- i d e n t i f i c a t i o n o f sources o f such des i rab le t r a i t s a s disease, pest , a n d d r o u g h t 

res is tance; 

- i d e n t i f i c a t i o n o f a d a p t a t i o n zones; 

- f o r m s o f p r o d u c t i v i t y a n d s t a b i l i t y a m o n g d iverse genotypes ; 

- l o c a l k n o w l e d g e a n d f a r m e r p a r a d i g m s i n s o r g h u m c u l t i v a t i o n ; a n d 

- b e t t e r u n d e r s t a n d i n g a n d use o f r e l a t i onsh ips a m o n g species, a n d geno types w i t h i n 

species, t o i m p r o v e t h e c r o p . 

T o ach ieve t h e above , a n d f o r purposes o f conse rva t i on , I C R I S A T , NARS o f t h e 1 0 

c o u n t r i e s o f S A D C , a n d I P G R I , have c o l l e c t e d a n d assembled 3 0 1 0 s o r g h u m g e r m -

p l a s m accessions f r o m t h e r e g i o n ( M e n g e s h a a n d A p p a Rao 1 9 9 0 ) . O u t o f these , 2 2 3 4 

are k e p t a t S A D C / I C R I S A T S M I P a t M a t o p o s , B u l a w a y o , as a w o r k i n g c o l l e c t i o n . 

S o m e o f these have b e e n ca t ego r i zed w i t h passpor t da ta ( A p p a Rao a n d M u s h o n g a 

1 9 8 7 ) , b u t n o t c h a r a c t e r i z e d a n d e v a l u a t e d i n d e t a i l . 

Materials and Methods 

A set o f 1217 s o r g h u m accessions, o u t o f t h e 2 2 3 4 t h a t c o n s t i t u t e s o r g h u m g e r m -

p l a s m f r o m t h e S A D C r e g i o n , w e r e s o w n , a s a g e r m p l a s m c h a r a c t e r i z a t i o n exerc ise , a t 

A i s l e b y a n d M u z a r a b a n i i n t h e 1 9 8 8 / 8 9 a n d 1 9 9 2 / 9 3 c r o p seasons ( t h e l a t t e r f o r 

N a m i b i a n g e r m p l a s m o n l y ) . T w o r e p l i c a t i o n s w e r e used i n each l o c a t i o n . These 

accessions w e r e p a r t o f t h e t o t a l w o r k i n g c o l l e c t i o n o f 1 2 3 4 3 c u l t i v a t e d s o r g h u m 

g e r m p l a s m accessions f r o m a l l ove r t h e w o r l d t h a t are b e i n g conse rved a t M a t o p o s . 

T h e y also r e p r e s e n t g e r m p l a s m f r o m e i g h t S A D C c o u n t r i e s : A n g o l a , Bo t swana , Les-

o t h o , M a l a w i , N a m i b i a , S w a z i l a n d , Tanzan ia , a n d Z i m b a b w e . 

O b s e r v a t i o n s w e r e r e c o r d e d f r o m t w o - r o w p l o t s f o r 1 3 d e s c r i p t o r s a s d e s c r i b e d i n 

'Rev i sed S o r g h u m D e s c r i p t o r s ' ( I B P G R a n d I C R I S A T 1 9 8 4 ) . H o w e v e r , f o r t h e p u r -

poses o f t h i s s t u d y , o n l y t h r e e o f t h e de sc r ip to r s , n a m e l y h e a d shape, g r a in c o v e r i n g , 

a n d g r a i n shape, w e r e u s e d i n c lass i fy ing t h e accessions i n t o race g roups . 

A t harves t , t w o h e a d samples p e r accession w e r e c lose ly o b s e r v e d b e f o r e t h r e s h i n g 

f o r t h e i r shape, t h e c o v e r i n g o f t h e g r a i n b y g l u m e s , a n d t h e shape o f t h e gra ins . 

O b s e r v a t i o n s w e r e r e c o r d e d f o r each accession i n each r e p l i c a t i o n a t A i s l e b y a n d 

M u z a r a b a n i . T h e da ta w e r e p rocessed w i t h s i m p l e analysis o f var iance , a n d f o r p r i -

m a r y s t a t i s t i c a l p a r a m e t e r s . 
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Results and Discussion 

T o t a l n u m b e r s a n d percentages f o r t h e d i f f e r e n t basic a n d i n t e r m e d i a t e h y b r i d races 

o f s o r g h u m f o r each o f t h e e igh t S A D C c o u n t r i e s are s h o w n i n T a b l e 1 . T h e r e w e r e n o 

o b s e r v e d va r i a t i ons i n h e a d shape, g l u m e c o v e r i n g , a n d g ra in shape o f t h e 1217 g e r m -

p l a s m access ions—an i n d i c a t i o n o f t h e s t a b i l i t y o f these t h r e e de sc r i p to r s w i t h n o 

e n v i r o n m e n t a l e f f e c t o n t h e i r exp res s ion . 

I n t h e g e r m p l a s m accessions classif ied ( T a b l e 1), a l l t h e f i ve basic r a c e s — B i c o l o r 

( B ) , G u i n e a ( G ) , C a u d a t u m ( C ) , K a f i r ( K ) a n d D u r r a ( D ) — a n d t h e 1 0 h y b r i d 

r a c e s — D C , G B , C B , K B , D B , G C , G K , G D , K C , a n d K D — d e s c r i b e d ea r l i e r b y 

H a r l a n a n d d e W e t ( 1 9 7 2 ) , w e r e i d e n t i f i e d , based o n t h e i r c lass i f ica t ion m e t h o d , 

u s i n g m a t u r e sp ike le t s , a n d c o m b i n e d w i t h classes o f h e a d a n d g r a i n shapes. 

A m o n g t h e basic races G u i n e a was m o s t a b u n d a n t ( 2 7 6 ) , f o l l o w e d b y K a f i r ( 1 3 2 ) , 

C a u d a t u m (118) , a n d D u r r a ( 6 1 ) . B i c o l o r was l eas t -abundan t w i t h o n l y 1 1 o u t o f t h e 

1217 accessions classif ied. I n t e r e s t i n g l y , a m o n g t h e i n t e r m e d i a t e h y b r i d races, t h i s 

l ea s t - abundan t basic race c o m b i n e d i n n a t u r e w i t h one o f t h e a b u n d a n t races t o f o r m 

a s table n a t u r a l h y b r i d , C B ( C a u d a t u m - B i c o l o r ) . T h i s race, w i t h 149 accessions, was 

n e x t t o t h e m o s t a b u n d a n t i n t e r m e d i a t e race G C , w h i c h h a d 187 accessions. T h e 

t h i r d m o s t a b u n d a n t o f t h e h y b r i d s was D C w i t h 124 accessions. These resu l t s are o f 

s igni f icance f o r t h e r e l a t i v e i m p o r t a n c e o f t h e races, a n d t h e i r c o m b i n i n g ab i l i t i e s i n 

c r o p i m p r o v e m e n t . C a u d a t u m , w i t h a f r e q u e n c y o f o n l y a b o u t 10 .0%, was r e c o r d e d 

a s t h e bes t n a t u r a l c o m b i n e r . I t p roduces , i n na tu re , s table h y b r i d s w i t h t h r e e o t h e r 

races, G , B , a n d D , a n d f o r m s t h e m o s t a b u n d a n t h y b r i d races i n t h e r e g i o n . These 

C a u d a t u m h y b r i d races o c c u r w i t h 15 .4% ( G C ) , 12 .3% ( C B ) , a n d 10 .2% ( D C ) f r e -

quenc ies , r e l a t i v e t o t h e r e m a i n i n g seven races t h a t range f r o m 0 . 6 % ( K B ) t o 3 .7% 

( K D ) . T h e K a f i r race has t h e least a b i l i t y t o c o m b i n e w i t h o t h e r races i n n a t u r e , a s 

i n d i c a t e d f r o m t h e r e l a t i ve f requenc ies (percentages) o f o c c u r r e n c e o f t h e i n t e r m e d i -

ate h y b r i d races. 

A w i l d a n d w e e d y s o r g h u m g r o u p , D r u m m o n d i i ( D R ) , appea red i n t h e g e r m p l a s m 

o n l y f r o m A n g o l a a n d N a m i b i a , b o t h w i t h o n l y s ix accessions ( 0 . 5 % o f t h e t o t a l ) . I t 

t e n d s t o b e i m p o r t a n t i n A n g o l a d u e t o i t s r e l a t i ve f r e q u e n c y o f 2 0 . 0 % i n t h e c o u n -

t r y ' s v e r y s m a l l g e r m p l a s m c o l l e c t i o n . T h e w e e d y f o r m m i g h t have r e s u l t e d f r o m a 

c ross ing o f c u l t i v a t e d a n d w i l d s o r g h u m a s suggested b y d e W e t e t a l . ( 1 9 7 0 ) . 

T a b l e 1 p resen ts t h e s ign i f ican t d i f fe rences i n t h e r e l a t i ve f requenc ies a n d d i s t r i b u -

t i o n o f s o r g h u m g e r m p l a s m i n s o u t h e r n A f r i c a . I n t e r e s t i n g l y , Kaf i r , w h i c h i s absent 

f r o m w e s t e r n A f r i c a a n d r e s t r i c t e d m o r e t o eas tern a n d s o u t h e r n A f r i c a (de W e t 

1 9 7 2 ) , was f o u n d i n o n l y f i v e o f t h e e i g h t c o u n t r i e s s t u d i e d . E x c e p t f o r N a m i b i a , 

w h e r e i t i s o n l y 2 . 3 % o f t h e accessions, i t i s f a i r l y a b u n d a n t i n Bo t swana ( 1 7 . 0 % ) , 

L e s o t h o ( 1 3 . 8 % ) , S w a z i l a n d ( 2 8 . 0 % ) , a n d Z i m b a b w e ( 1 6 . 2 % ) . 

A n o t h e r i n t e r e s t i n g o b s e r v a t i o n i n t h i s s t u d y i s t h e appearance o f D u r r a i n s igni f i -

c a n t p r o p o r t i o n s i n B o t s w a n a ( 2 0 . 0 % ) a n d N a m i b i a ( 1 4 . 7 % ) . T h i s i s a n e w , i m p o r t a n t 

f i n d i n g . I n t h e d e s c r i p t i o n b y d e W e t e t a l . ( 1 9 7 0 ) , t h e D u r r a so rghums w e r e r e -

s t r i c t e d t o w e s t e r n A f r i c a a n d eas te rn A f r i c a above l a t i t u d e 5 ° S . T h e f i n d i n g o f 

C a u d a t u m ( 2 1 . 7 % ) a n d D u r r a - C a u d a t u m ( 2 0 . 9 % ) i n N a m i b i a n s o r g h u m g e r m p l a s m 

i s also n e w t o t h e d i s t r i b u t i o n p r e s e n t e d b y d e W e t e t a l . ( 1 9 7 0 ) , a n d poss ib ly n o t 
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h i t h e r t o r e c o r d e d b y any o t h e r s t u d y . W i t h t h e abundance i n N a m i b i a o f t h e t w o 

h y b r i d races, G C a n d D C , i t can b e h y p o t h e s i z e d t h a t t h e c o u n t r y c o u l d b e a n area o f 

n a t u r a l h y b r i d i z a t i o n o f C a u d a t u m and D u r r a f o l l o w e d b y t h e i r d i v e r s i f i c a t i o n i n t o 

i n t e r m e d i a t e h y b r i d races. T h i s p h e n o m e n o n c o u l d b e usefu l w h e n paren ts are c h o -

sen f o r c r o p i m p r o v e m e n t i n t h e S A D C reg ion , genera l ly , a n d N a m i b i a , spec i f ica l ly . 

B i c o l o r i s a l m o s t absent f r o m s o u t h e r n A f r i c a , e x c e p t fo r A n g o l a w h e r e 3 0 . 0 % o f 

t h e accessions are B i c o l o r t ypes . T h i s i s i n l i ne w i t h t h e d i s t r i b u t i o n o f c u l t i v a t e d 

s o r g h u m s g iven b y d e W e t e t a l . ( 1 9 7 0 ) . 

M a l a w i i s p r e d o m i n a n t l y a G u i n e a - s o r g h u m c o u n t r y ( 6 7 % G , 14% G C ) . Tanzania 

( 2 5 . 0 % ) , Z i m b a b w e ( 1 6 . 2 % ) , a n d Botswana (11.0%) f o l l o w i n t h e i m p o r t a n c e o f 

G u i n e a i n t h e i r s o r g h u m g e r m p l a s m . Frequenc ies t o those i n M a l a w i w e r e r e c o r d e d 

in N i g e r i a fo r G u i n e a so rghums (Prasada Rao e t a l . 1985 ) . 

F igu re 1 shows t h e d i s t r i b u t i o n o f s o r g h u m races w i t h average r a in fa l l f o r t h e e igh t 

S A D C c o u n t r i e s s t u d i e d . F r o m t h e f requencies o f so rghum-race d i s t r i b u t i o n , i t i s 

o b s e r v e d t h a t i n Tanzania , M a l a w i , a n d A n g o l a ( coun t r i e s b e t w e e n l a t i t udes 2 and 

1 7 ° S , a n d w i t h h i g h average annual r a in fa l l b e t w e e n 8 0 9 and 1320 m m ) , basic sor-

g h u m races w e r e equa l l y o r m o r e f r e q u e n t l y obse rved t h a n h y b r i d races. I n con t r a s t , 

i n N a m i b i a , Z i m b a b w e , Bo t swana , Swaz i l and , and L e s o t h o ( coun t r i e s f u r t h e r away 

Countries 

Figure 1 . D i s t r i b u t i o n of sorghum races w i t h average annual ra infal l for eight S A D C 

countries . 
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f r o m t h e e q u a t o r , b e t w e e n l a t i t u d e s 1 7 a n d 3 2 ° S , a n d w i t h l o w e r average annua l 

r a i n f a l l o f 5 0 0 - 9 0 0 m m ) , h y b r i d s o r g h u m races w e r e m o r e , o r a s f r e q u e n t l y , o b -

s e r v e d as t h e basic races. 

U s i n g t h e analysis o f p a t t e r n s o f a l l o z y m e v a r i a t i o n i n w i l d a n d c u l t i v a t e d s o r g h u m , 

A l d r i c h e t a l . ( 1 9 9 2 ) c h a r a c t e r i z e d t h e geograph ic d i s t r i b u t i o n o f gene t i c d i v e r s i t y i n 

b o t h s o r g h u m t y p e s . T h e i r analysis s h o w e d t h a t levels o f gene t ic d i v e r s i t y are g rea te r 

i n w i l d s o r g h u m t h a n i n c u l t i v a t e d s o r g h u m , a l t h o u g h v a r i a b i l i t y w i t h i n t h e c u l t i v a t e d 

s o r g h u m s w a s m o r e t h a n i n w i l d s o r g h u m s , a c c o r d i n g t o d e W e t e t a l . ( 1 9 7 0 ) . I n u s ing 

a l l o z y m e analysis f o r c r o p i m p r o v e m e n t , i t w o u l d b e necessary t o s t u d y t h e cor res -

p o n d e n c e b e t w e e n G u i n e a a n d C a u d a t u m o f s o u t h e r n A f r i c a a n d those o f w e s t e r n 

A f r i c a . T h e e x p e c t e d resu l t s w o u l d f a c i l i t a t e s o r g h u m breeders t o cap i t a l i ze o n g e -

n e t i c d i v e r s i t y a n d v a r i a b i l i t y across t h e t w o regions . 
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Influence of Soil Fertility and Soil Salinity on the 
Performance of some Sorghum Genotypes 

M Denic1 

Abstract 

Sorghum is one of the three most important crops in Mozambique. It is grown 

throughout the country, but mainly in northern and central regions. It is sown in 

diverse soil types, mostly by smallholder farmers. 

The performance of some sorghum genotypes under increased conditions of acid 

and saline soil is reported. Several groups of the genotypes were evaluated on acid 

soil in the central part of the country (Chimoio), and on saline soil in the south 

(Umbeluzi). There was a large variation in tolerance of both soil acidity ( a l u m i -

num toxicity) and soil salinity. Many genotypes exhibiting tolerance of soil ac-

idity/aluminum toxicity also demonstrated tolerance of soil salinity. Work on the 

evaluation and selection of the most suitable genotypes continues. 

Introduction 

Because o f inc reased d e m a n d s fo r f o o d p r o d u c t i o n , a c i d a n d saline soils are b e i n g 

b r o u g h t i n t o c u l t i v a t i o n . A c c o r d i n g t o F o y (1983a ) , l i m i n g a n d f e r t i l i z a t i o n t o o p t i ­

m u m levels w e r e p r o f i t a b l e o n m o d e r a t e l y ac id ic soils w h e n l i m e , f e r t i l i ze r s , a n d f u e l 

w e r e n o t expens ive . So i l s a l i n i t y i s a s i m i l a r p r o b l e m . I n m a n y d e v e l o p i n g c o u n t r i e s , 

u s i n g s u c h i n p u t s has neve r b e e n p r a c t i c a l . A l s o , f o r m a r g i n a l soils i n some par t s o f t h e 

t r o p i c s a n d s u b t r o p i c s , sc ient i s t s are d e v e l o p i n g n e w techno log ies based o n c r o p 

p r o d u c t i o n w i t h m i n i m u m i n p u t s r a t h e r t h a n fo r m a x i m u m o u t p u t . So, b r e e d i n g 

p l an t s f o r t o l e r a n c e o f stress c o n d i t i o n s i s r e ce iv ing increas ing a t t e n t i o n , p a r t i c u l a r l y 

i n d e v e l o p i n g c o u n t r i e s . T h e m o s t i m p o r t a n t benef i t s o f a p l a n t b r e e d i n g a p p r o a c h t o 

s o l v i n g so i l i n f e r t i l i t y are t h a t i t i s eco log ica l ly c lean , energy conserv ing , a n d cheaper 

t h a n a m e n d i n g t h e so i l ( F o y 1 9 8 3 b ) . 

S o r g h u m i s one o f t h e t h r e e m o s t i m p o r t a n t c rops i n M o z a m b i q u e . I t i s g r o w n 

t h r o u g h o u t t h e c o u n t r y ( 4 6 1 5 4 0 ha ) , w i t h 4 2 . 6 % o f t o t a l s o r g h u m area i n t h e n o r t h , 

a n d 5 0 . 3 % i n c e n t r a l reg ions . I t i s p r o d u c e d m a i n l y b y s m a l l h o l d e r f a rmers i n d ive rse 

so i l t y p e s . 

1 . C r o p P r o d u c t i o n Of f i ce r , M a i z e / S o r g h u m , S E M O C , C P 2 4 0 2 , M a p u t o , M o z a m b i q u e . 

D e n i c , M . 1996. Inf luence o f soil f e r t i l i t y and soil sa l ini ty o n t h e per formance o f some so rghum genotypes . 

Pages 119-138 in D r o u g h t - t o l e r a n t crops fo r sou the rn A f r i c a : proceedings of t h e S A D C / I C R I S A T Regional 

S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner, K . , a n d M a n t h e , 

C.S. , eds.) . Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In te rna t iona l C r o p s Research I n s t i t u t e f o r t h e 

S e m i - A r i d T r o p i c s . 
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Research r e p o r t e d i n t h i s pape r was u n d e r t a k e n t o s t u d y t h e p e r f o r m a n c e o f s o m e 

g r o u p s o f s o r g h u m g e n o t y p e s u n d e r inc reased so i l a c i d i t y a n d / o r s a l i n i t y . 

Materials and Methods 

T h e s o r g h u m g e n o t y p e s s t u d i e d have d i f f e r e n t o r ig ins . T h e y c o m p r i s e d p r o m i s i n g 

o p e n - p o l l i n a t e d va r i e t i e s ( O P V s ) a n d h y b r i d s f r o m d i f f e r e n t seed c o m p a n i e s f r o m 

S o u t h A f r i c a (Pannar , A g - S e e d , Sensako) , Z i m b a b w e (Seed C o o p ) , a n d Z a m b i a 

( Z a m - S e e d ) , t o g e t h e r w i t h M o z a m b i c a n m a t e r i a l . L a t e r a d d i t i o n a l m a t e r i a l c o m ­

p r i s e d a d v a n c e d p r o m i s i n g w h i t e s o r g h u m l ines f r o m S A D C / I C R I S A T , Z i m b a b w e , 

w h i c h m a d e poss ib le t h e c r e a t i o n o f t h e i n i t i a l S E M O C C o l l e c t i o n . A d d i t i o n a l l y , a 

set o f 1 1 r e d g r a i n l ines , a n d a set o f 3 9 l ines t o l e r a n t o f a c i d soils, w e r e o b t a i n e d f r o m 

S A D C / I C R I S A T . I n 1992 a set o f 2 7 geno types was r e c e i v e d f r o m t h e same source . 

A f t e r e v a l u a t i o n o f these m a t e r i a l s , t h e m o s t p r o m i s i n g geno types w e r e se lec ted 

a n d , i n 1 9 9 3 / 9 4 , t h e y w e r e a m a l g a m a t e d a s S E M O C C o l l e c t i o n s 1 a n d 2 . I n 1993 

s o m e n e w m a t e r i a l s w e r e r e c e i v e d f r o m Z a m b i a ( M o u n t M a k u l u Research S t a t i o n ) . 

T h e s e w e r e e v a l u a t e d i n a c i d so i l i n C h i m o i o ( c e n t r a l M o z a m b i q u e ) a n d / o r i n ' no r -

m a l ' a n d sal ine so i l i n t h e s o u t h ( U m b e l u z i ) . 

C h e m i c a l analyses w e r e d o n e a t I N I A ( N a t i o n a l I n s t i t u t e f o r Research i n A g r o n -

o m y , M a p u t o ) f o l l o w i n g t h e m e t h o d s r e c o m m e n d e d b y Juo . 

Results and Discussion 

Principal chemical soil characteristics related to soil acidity and 
salinity 

D u r i n g m a i z e a n d s o r g h u m seed p r o d u c t i o n i t was obse rved t h a t , i n m a n y places i n 

t h e f i e l d , p l a n t s a f te r e m e r g e n c e s h o w e d s y m p t o m s o f m i n e r a l n u t r i e n t de f i c i ency , 

w i t h s u b s e q u e n t decrease i n y i e l d . I n o r d e r t o s t u d y t h e possible i n f l uence o f soi l i n 

t h i s s i t u a t i o n , so i l samples w e r e ana lyzed f o r t h e p r i n c i p a l c h e m i c a l charac te r i s t i cs 

r e l a t e d t o so i l a c i d i t y a n d s a l i n i t y . D a t a are p r e s e n t e d i n T a b l e 1 , s h o w i n g d i f f e r e n t 

t y p e s o f soils f o u n d i n f o u r l oca t i ons . 

U m b e l u z i . Sa l ine s o i l , w i t h n o r m a l p H values, m e a s u r e d i n w a t e r (6 .1) a n d K C 1 

( 5 . 7 ) b u t w i t h o u t H ions a n d so lub le A l ( n o s a t u r a t i o n w i t h H + A l ) . H o w e v e r , t h e 

s u m o f exchangeab le bases ( C a , M g , K , N a ) was h i g h ( 5 2 . 2 m e 100 g - 1 o f s o i l ) , w i t h 

1 0 0 % s a t u r a t i o n o f exchangeab le bases a n d h i g h e l e c t r i c a l c o n d u c t i v i t y ( E C ) : 7 .8 m S 

cm - 1 f o r s o i l e x t r a c t a n d 2 8 . 1 f o r paste . 

L i o n d e . A l k a l i n e a n d sal ine s o i l , w i t h h i g h e r p H values i n w a t e r ( 7 . 8 ) a n d K C l ( 7 . 5 ) 

w i t h o u t H ions a n d so lub l e A l ( n o s a t u r a t i o n w i t h H + A l ) , a n d a v e r y h i g h s u m o f 

exchangeab le bases ( 9 3 . 7 m e 100 g - 1 o f s o i l ) , w i t h 1 0 0 % s a t u r a t i o n o f exchangeab le 
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bases a n d v e r y h i g h e l e c t r i c a l c o n d u c t i v i t y f o r so i l 

e x t r a c t ( 2 2 . 5 m S c m - 1 ) a n d f o r paste (81 .4 m S 

c m - 1 ) . T h i s so i l was c o m p l e t e l y i n f e r t i l e f o r sor-

g h u m p r o d u c t i o n . H o w e v e r , o t h e r soils less a f -

f e c t e d w i t h s a l i n i t y w e r e u s e d f o r p r o d u c i n g 

s o r g h u m seeds. 

C h i m o i o . A c i d so i l , w i t h l o w p H values b o t h i n 

w a t e r ( 4 . 6 ) a n d K C l ( 4 . 0 ) , a n increased a m o u n t o f 

H ions a n d so lub le A l ( 4 . 4 m e 100 g - 1 o f s o i l ) , a h i g h 

l e v e l o f s a t u r a t i o n ( 7 8 . 6 % ) w i t h H ions a n d A l , a 

v e r y l o w s u m o f exchangeable bases (1.2 m e 100 g - 1 

o f s o i l ) , l o w s a t u r a t i o n w i t h exchangeable bases 

(21 .4%) a n d v e r y l o w e l ec t r i ca l c o n d u c t i v i t y o f so i l 

e x t r a c t ( 0 . 0 1 m S c m - 1 ) . 

N a m i a l o . ' N o r m a l ' so i l , w i t h g o o d p H values i n 

w a t e r ( 6 . 7 ) a n d K C l ( 5 . 5 ) , l o w c o n c e n t r a t i o n a n d 

s a t u r a t i o n w i t h H ions a n d so lub le A l (1.3 m e 100 

g - 1 o f so i l a n d 8 .4% o f A l s a tu ra t i on , r e s p e c t i v e l y ) , 

exchangeable bases a t 14.2 m e 100 g - 1 o f so i l a n d 

9 1 . 6 % s a t u r a t i o n . E l e c t r i c a l c o n d u c t i v i t y o f so i l e x -

t r a c t i s l o w ( 0 . 0 8 m S c m - 1 ) , i n d i c a t i n g t h a t t h e sal t 

c o n c e n t r a t i o n i s also v e r y l o w . 

Influence of soil acidity/AI toxicity on the 
performance of some sorghum 
genotypes 

D a t a p r e s e n t e d i n T a b l e 2 s h o w t h e y i e l d o f 1 4 

s o r g h u m geno types u n d e r h i g h a n d l o w i n p u t s a t 

t h e S E M O C f a r m i n C h i m o i o . Be fo re t h e s o w i n g 

o f t h e t r i a l , 2 t h a - 1 o f l i m e w e r e a p p l i e d t o r e d u c e 

t h e so i l a c i d i t y / A l t o x i c i t y . D u r i n g t h e vege ta t ive 

p e r i o d t h e t r i a l s w e r e i r r i g a t e d w h e n e v e r a shor tage 

o f r a i n f a l l o c c u r r e d . T h e average y i e l d u n d e r h i g h 

i n p u t s was 6 .41 t ha - 1 . T w o var ie t ies , Z S V 1 a n d S V 

2 , y i e l d e d o v e r 8 t ha - 1 . O t h e r h i g h - y i e l d e r s w e r e 

A n a , W S V 3 8 7 , a n d M a c i a w i t h y i e l d s o f a b o u t 

7 t ha - 1 . 

R e l a t i v e l y h i g h y i e l d s w e r e o b t a i n e d also u n d e r ' 

l o w i n p u t s ( w i t h o u t f e r t i l i z e r s a n d i n sec t i c ide s ) . 

T h e average y i e l d was 4 .19 t ha - 1 , w h i c h i s 3 5 % less 
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Table 2 . S o r g h u m g e n o t y p e t r ia l , Ch imoio , 1 9 9 0 / 9 1 . 

Genotype 

P N R 8544 
Framida 
Segoalane SC 
W S V 387 
Segoalane AS 
SASK. 52 
Z S V 1 
Mamonhe 
P N R 8564 
G 766 W 
P N 3 
S V 2 
Ana 
Macia 

Mean 

H i g h inputs 

% of mean 

96.1 
103.7 

78.3 
109.2 

92.0 
92.9 

127.8 
89.9 

101.6 
71.5 
93.1 

126.2 
110.1 
108.6 

100.0 

t ha-1 

6.16 
6.65 
5.02 
7.00 
5.90 
6.02 
8.19 
5.76 
6.51 
4.58 
5.97 
8.09 
7.06 
6.96 

6.41 

C V ( % ) 

13.6 
9.4 
9.3 

13.7 
7.3 

12.8 
11.8 

5.3 
2.8 
6.8 
5.0 
7.8 
9.9 

13.4 

15.9 

L o w inputs 

% of mean 

97.4 
90.9 
73.5 

112.4 
89.7 

143.2 
128.9 
85.0 

122.0 
51.1 
91.2 

127.0 
88.3 

100.5 

100.0 

t ha-1 

4.08 
3.81 
3.08 
4.71 
3.76 
6.00 
5.40 
3.56 
5.11 
2.14 
3.82 
5.32 
3.70 
4.21 

4.19 

C V ( % ) 

6.2 
19.8 
21.5 
14.2 
17.8 
17.4 

2.3 
7.0 

13.2 
20.4 
15.3 
14.8 
20.4 
11.6 

24.5 

Ratio 
low:high 

inputs 

0.66 
0.57 
0.61 
0.67 
0.64 
0.99 
0.66 
0.62 
0.78 
0.47 
0.63 
0.66 
0.52 
0.60 

0.65 

t h a n t h e average y i e l d u n d e r h i g h i n p u t s . M a x i m u m y i e l d s w e r e o b t a i n e d w i t h S A S K 

5 2 ( 6 . 0 t ha - 1 , Z S V 1 ( 5 . 4 0 t h a - 1 ) , S V 2 ( 5 . 3 2 t ha - 1 ) , a n d t h e P N R 8 5 6 4 h y b r i d (5 .11 

t h a - 1 ) . A s e x p e c t e d , average v a r i a t i o n d u e t o e n v i r o n m e n t was l o w e r u n d e r h i g h 

i n p u t s ( C V = 15 .9%) t h a n u n d e r l o w i n p u t s ( C V = 2 4 . 5 % ) . 

D a t a f r o m r e d s o r g h u m a t C h i m o i o , w i t h h i g h i n p u t s b u t w i t h o u t l i m i n g , are 

s h o w n i n T a b l e 3 . T h e average y i e l d was 2 . 8 6 t ha - 1 . T h e h ighes t y i e l d was o b t a i n e d 

w i t h S D S L 8 8 2 9 8 ( 3 . 9 8 t h a - 1 ) , f o l l o w e d b y Z S V 3 ( 3 . 3 2 t ha - 1 ) , S D S L 8 9 4 7 3 ( 3 . 2 6 

t h a - 1 ) , a n d S D S 1710-1 ( 3 . 0 7 t h a - 1 ) . 

T h e p e r f o r m a n c e o f S D S l ines t o l e r a n t o f a c i d soils a t C h i m o i o , w i t h 1 t h a - 1 o f 

l i m e a n d h i g h i n p u t s , i s s h o w n i n T a b l e 4a. These da ta s h o w a v e r y h i g h average y i e l d 

o f 4 . 9 7 t ha - 1 . T h e m a x i m u m y i e l d o f 8 . 96 t h a - 1 was a c h i e v e d w i t h l i n e 4 3 - 1 ( S D S 

6 0 2 1 ) , f o l l o w e d b y t h e l i n e M - 9 0 8 1 2 ( S D S 6 0 1 4 ) . A n o t h e r 1 0 l ines e x h i b i t e d y i e l d s 

b e t w e e n 6 a n d 8 t ha - 1 . A l - t o l e r a n t l i n e IS 8 5 7 7 ( H i l l e t a l . 1989 ) also s h o w e d h i g h 

y i e l d a t 7 . 4 6 t h a - 1 ( 5 0 % h i g h e r y i e l d t h a n t h e average o f a l l l ines i n t h e t r i a l ) . 

T h e y i e l d s o f t h e S E M O C c o l l e c t i o n f r o m m u l t i p l i c a t i o n p l o t s ( n o n r e p l i c a t e d , 

1 0 0 m 2 ) f r o m t h r e e l o c a t i o n s are s h o w n i n T a b l e 4 b . T h e average y i e l d ove r l oca t i ons 

w a s 2 . 4 1 t ha - 1 , b e i n g t h e h i g h e s t i n C h i m o i o ( 2 . 5 3 t ha - 1 ) , f o l l o w e d b y N a m i a l o ( 2 . 4 1 

t h a - 1 ) , w i t h t h e l o w e s t i n L i o n d e (1 .71 t h a - 1 ) . T h e h ighes t -y i e lde r s o v e r l oca t ions 

w e r e M a c i a ( 3 . 4 7 t h a - 1 ) , W S V 3 8 7 - S 1 ( 3 . 2 1 t ha - 1 ) , K u y u m a ( 2 . 9 8 t ha - 1 ) , a n d S V 2 

( 2 . 9 3 t h a - 1 ) . 

I t s h o u l d b e n o t e d t h a t these t h r e e l o c a t i o n s r ep re sen t t h r e e d i f f e r e n t t y p e s o f 

soi ls : s a l i n e / a l k a l i n e s o i l ( L i o n d e ) , a c i d so i l ( C h i m o i o ) , a n d ' n o r m a l ' s o i l ( N a m i a l o ) . 

T h e d i f f e r e n c e i n y i e l d s b e t w e e n t h e l o c a t i o n s m i g h t t h u s b e a t least p a r t l y a sc r ibed 

t o so i l c o n d i t i o n s . 
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Table 4 a . Trial w i t h ac id - to lerant SDS lines, Ch imoio (acid soil), 1991 /92 . 

SDS no. 

600 

6002 

6003 

6004 

6005 

6007-1 

6007-2 

6008 

6009 

6010 

6012 

6013 

6014 

6015 

6016 

6017 

6018 

6019 

6020 

6021 

6022 

6023 

6024 

6025 

6026 

6027 

6028 

6029 

6030 

6031 

6032 

6033-1 

6033-2 

6034 

6036 

6037 

6038 

6039 

6040 

Or ig in 

IS-2765 

IS-3071 

IS-6944 

IS-8577 

IS-8931 

IS-8959 

IS-8959 

IS-8996 

IS-9084 

M N - 4 5 0 8 

IS-7173C 

M-3 5585 

M-9 0812 

M - 9 0975 

M - 9 019 

M - 9 1057 

D-7 1020 

SPV 475 

IS-12664-3 

43-1 

Tor t i l l e ro 

PPQ-2 

PPQ-4 

I S - 1 0 5 4 X E N 

(3332-2) D E R 

2 K X 1 7 wh i t e 

( M S F G l ) - 6 8 - 3 1 1 

( M S F G - l ) - 6 8 - 3 1 2 

( M S F G - l ) - 6 8 - 3 2 1 

( M S F G - l ) - 6 8 - 3 2 2 

(MSFG-1 ) -102 -531 

(MSFG-1 ) -107 -212 

(MSFG-1 ) -139 -212 

(MSFG-1 ) -139 -212 

(MSFG-1 ) -139 -221 

(MSFG-2 -157 -211 ) 

(MSFG-2 -195 -411 

(MSFG-4 -157 -211 ) 

(MSFG-4 -165 -411 ) 

(MSFG-4 -165 -421 ) 

Mean 

Y ie ld 

( t ha - 1) 

3.18 

6.66 

1.22 

7.46 

6.06 

3.67 

3.79 

3.53 

4 . 3 2 + 

6.17 

1.80 

7.24 

8 .16+ 

6.73 

5.06* 

2.97 

5.89 

3.88 

3.57 

8 .96** 

6 .57* 

5.88 

3.70 

4.06 

2 . 9 9 + 

1.94+ 

4.07 

5.03 

5.91 

6 . 5 9 + 

5 .90** 

7.44 

7.34 

4.16 

2.57 

5.1 

4 .69* 

3.77 

5.95 

4.97 

% o f 

mean 

64.0 

134.1 

24.6 

150.2 

122.0 

73.9 

76.3 

71.1 

87.0 

124.2 

36.2 

145.8 

164.3 

129.5 

101.9 

59.8 

118.6 

78.1 

71.9 

180.4 

132.3 

118.3 

74.5 

81.7 

60.2 

39.1 

81.9 

101.3 

119.0 

132.3 

118.8 

149.8 

147.8 

83.8 

51.7 

103.3 

94.4 

75.9 

119.8 

100.0 

Plant 

stand 

('000 ha - 1) 

92 

80 

58 

58 

85 

94 

90 

96 

60 

86 

50 

56 

80 

58 

54 

61 

57 

63 

79 

50 

53 

85 

87 

63 

85 

62 

66 

75 

63 

54 

56 

90 

91 

57 

57 

51 

52 

65 

58 

68.7 

Days 

t o 

harvest 

145 

128 

114 

114 

145 

142 

142 

128 

142 

114 

114 

145 

114 

114 

114 

114 

114 

114 

128 

114 

114 

128 

145 

145 

145 

114 

145 

128 

128 

114 

114 

114 

145 

114 

114 

114 

114 

114 

114 

-

Crop 

aspect 

(1-5) 

3 

2 

5 

3 

3 

3 

3 

3 

3 

3 

4 

2 

1 

3 

3 

2 

3 

3 

2 

3 

2 

3 

3 

3 

3 

3 

3 

3 

3 

2 

2 

2 

3 

3 

3 

3 

2 

2 

2 

2.7 

Bird damage: + = 5-7%;* = 15-17%;** = 20%. 
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Table 4 b . Yie ld d a t a ( t ha - 1 ) f r o m sorhgum mult ip l icat ion plots in t h r e e locations, 
M o z a m b i q u e , 1991/92 . 

Genotype 

Mamonhe 

Macia 

S V 2 

Z S V 1 

W S V 387-S1 

Z S V 5 

Z S V 6 

Z S V 8 

Sima 

Kuyuma 

S D S L 2690 

S D S L 89420 

S D S L 87019 

S D S L 89566 

Mean 

Lionde 

2.00 

1.72 

1.7 

1.41 

-

1.96 

2.13 

1.41 

1.93 

-

0.62 

1.01 

1.91 

2.67 

1.71 

Ch imoio 

1.50 

3.84 

3.08 

3.34 

3.52 

3.26 

2.52 

3.5 

3.62 

3.05 

1.58 

2.46 

3.54 

3.09 

2.99 

Namialo 

4.68 

4.84 

4.00 

2.58 

2.89 

1.64 

1.03 

2.36 

1.91 

2.91 

1.28 

2.89 

0.89 

1.49 

2.53 

Mean 

2.73 

3.47 

2.93 

2.44 

3.21 

2.29 

1.89 

2.42 

2.48 

2.98 

1.16 

2.12 

2.11 

2.42 

2.41 

Severa l g roups o f geno types have t h e r e f o r e also b e e n eva lua ted on saline a n d 

nonsa l ine soils . 

Influence of soil salinity on the performance of some sorghum 
genotypes 

R e d s o r g h u m o n saline soil. D a t a o b t a i n e d w i t h r e d s o r g h u m g r o w n o n saline so i l 

(a t U m b e l u z i ) are s h o w n i n T a b l e 5 . T h e average y i e l d o f 2 . 7 9 t ha - 1 , w i t h t h e same 

geno types , was s i m i l a r t o t h a t o b t a i n e d o n a c i d so i l i n C h i m o i o ( 2 . 8 6 t ha - 1 ) . T h e o n l y 

v a r i e t y t h a t e x h i b i t e d h i g h e r y i e l d t h a n t h e average, o n b o t h a c i d a n d saline so i l , was 

Z S V 3. 

T h e S E M O C C o l l e c t i o n o n nonsaline soil. Resul ts f r o m t h e t r i a l w i t h t h e S E M O C 

C o l l e c t i o n o f geno types g r o w n o n nonsa l ine so i l a t U m b e l u z i , u n d e r m e d i u m i n p u t s 

( 5 0 % o f t hose f o r m a i z e ) , are p r e s e n t e d i n T a b l e 6 . T h e average y i e l d o f 4 .41 t h a - 1 

was o b t a i n e d w i t h a r e l a t i v e l y l o w p l a n t d e n s i t y (61 5 0 0 p lan t s ha - 1 ) . T h e h ighes t y i e l d 

( 6 . 2 1 t ha - 1 ) was o b t a i n e d w i t h S D S L 8 9 5 6 6 , f o l l o w e d b y Z S V 6 a t 6 .01 t ha - 1 . These 
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Table 6 . S E M O C Collect ion, Umbe luz i 1992/93 , M o n g o l i m e 

G e n o t y p e / 
populat ion 

S D S L 87019 

SDS 2690 

S D S L 89566 

Kuyuma 

Sima 

ZS V - 8 

ZS V - 6 

ZS V - 5 

Mamonhe 

Macia 

Z S V 1 

W S V 387 S1 

SV 2 

S D S L 89420 

Mean 

Y i e l d ( t ha -1) 

Mean 

4.26 

4.23 

6.26 

3.90 

5.79 

3.77 

6.01 

5.78 

1.73 

3.81 

3.90 

4.75 

3.98 

3.52 

4.41 

C V ( % ) 

20.1 

24.4 

(4.21) 

12.5 

11.3 

6.5 

21.7 

6.2 

28.4 

21.2 

9.2 

28.7 

24.5 

24.5 

20.2 

Plant stand ( '000 ha -1) 

Mean 

62.1 

55.7 

36.9 

72.7 

32.4 

72.0 

49.4 

51.1 

73.0 

67.4 

78.4 

61.0 

72.7 

76.5 

61.5 

C V ( % ) 

20.4 

10.2 

17.2 

13.3 

15.3 

4.5 

4.3 

19.4 

12.9 

6.9 

1.3 

25.1 

1.4 

3.0 

11.1 

Gra in 
per 

head (g) 

56.8 

56.4 

83.5 

52.0 

77.2 

50.3 

80.2 

77.1 

23.0 

50.7 

52.0 

63.3 

53.1 

46.9 

58.8 

Days to heading 

Mean 

72.0 

80.3 

78.5 

71.0 

79.0 

73.8 

79.5 

77.3 

74.0 

71.0 

72.0 

72.0 

72.5 

68.3 

74.4 

C V ( % ) 

4.5 

1.9 

1.3 

2.8 

2.1 

2.8 

1.3 

2.7 

3.2 

2.8 

0.0 

3.9 

1.4 

0.7 

2.2 

t w o g e n o t y p e s e x h i b i t e d also t h e h ighes t g r a i n mass pe r head ( 8 3 . 5 g a n d 8 0 . 2 g , 

r e s p e c t i v e l y ) . A h i g h y i e l d o f 5.8 t ha - 1 was also o b t a i n e d w i t h S i ma a n d Z S V 5 . 

W h i t e s o r g h u m o n n o n s a l i n e s o i l . D a t a f r o m t h e g r o u p o f S A D C w h i t e s o r g h u m 

g e n o t y p e s g r o w n o n nonsa l ine so i l a t U m b e l u z i are s h o w n i n T a b l e 7 . T h i s t r i a l was 

s o w n w i t h a m e d i u m a p p l i c a t i o n o f f e r t i l i z e r ( k g ha - 1 : N : P 2 O 5 : K 2 O = 6 4 : 3 6 : 1 8 ) a n d 

gave an average y i e l d o f 3 .87 t ha - 1 . T h e best y i e l d e r was S D S L 8 8 1 6 0 (5 .14 t ha - 1 ) , 

o b s e r v e d t o b e res i s tan t t o disease, f o l l o w e d b y S D S L 8 8 2 1 9 ( 4 . 7 8 t ha - 1 ) a n d S D S 

2 6 9 0 ( 4 . 7 2 t h a - 1 ) — a l l d i s p l a y i n g a g o o d aspect d u r i n g g r o w t h . 

A c i d - t o l e r a n t sorghums o n ' n o r m a l ' a n d saline soil. T h e p e r f o r m a n c e o f 4 0 g e -

n o t y p e s t o l e r a n t o f a c i d so i l was s t u d i e d i n U m b e l u z i o n ' n o r m a l ' ( n o n -

a c i d i c / n o n s a l i n e ) so i l a n d sal ine s o i l . T h e resu l t s are p r e s e n t e d i n T a b l e 8 . T h e 

average y i e l d o f t h e t r i a l g r o w n o n n o r m a l so i l was 2 .23 t ha - 1 , a n d 2 . 7 8 t ha - 1 o n sal ine 

so i l , i .e . , s o m e w h a t h i g h e r a t 19 .8%. T h e c r o p aspect was b e t t e r o n saline t h a n o n 

nonsa l ine so i l . T i m e t o h e a d i n g o n nonsa l ine so i l averaged 74 .2 days, a n d o n saline so i l 

7 6 . 3 days . T h e average score f o r pes t damage ( m a i n l y aph ids ) o n nonsa l ine so i l was 

3 .6 , a n d o n sal ine 2 . 0 . 

T h e bes t y i e l d e r s o n nonsa l ine so i l w e r e S P V 4 7 5 ( 4 . 6 8 t ha - 1 ) , D - 7 1 0 2 0 ( 3 . 8 

t h a - 1 ) , a n d ( M S F G ) 1 6 5 - 4 - 1 - 1 ( 3 . 0 6 t ha - 1 ) . A n o t h e r t h r e e geno types gave y i e l d s close 
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to 3 t ha - 1 . On sal ine so i l t h e best y i e lde r s w e r e geno types 4 3 - 1 ( 4 . 0 6 t ha - 1 ) , T o r -

t i l l e r o ( 4 . 0 4 t ha - 1 ) , IS 9 0 8 4 ( 3 . 8 8 t ha - 1 ) , a n d S P V 4 7 5 ( 3 . 6 9 t ha - 1 ) . T h e r e w e r e 

a n o t h e r s ix geno types w i t h y i e l d s ove r 3 t ha - 1 . T e n geno types gave h ighe r y i e l d s t h a n 

average o n b o t h nonsa l ine a n d sal ine so i l . M o s t o f t h e geno types t h a t h a d a g o o d 

aspect on sal ine so i l also e x h i b i t e d a g o o d aspect on nonsa l ine so i l , a n d v i c e versa. B u t 

w i t h pes t damage t h e s i t u a t i o n was d i f f e r e n t . M a n y geno types t o l e r a n t o f pes t d a m -

age on sal ine so i l w e r e less t o l e r a n t on nonsa l ine so i l . 

S E M O C S o r g h u m Col lect ions 1 a n d 2 on saline soil. T h e o r ig ina l S E M O C C o l l e c -

t i o n o f 1 4 geno types was a u g m e n t e d b y 2 4 geno types se lec ted f r o m a c i d - t o l e r a n t l ines 

(see Tab le s 4 a a n d 8 ) a n d S A D C w h i t e s o r g h u m ( T a b l e 7 ) , i n c l u d i n g t w o n e w g e -

n o t y p e s : E tosha a n d C h o k w e . These ma te r i a l s n o w c o n s t i t u t e C o l l e c t i o n 1 ( T a b l e 9 ) 

a n d C o l l e c t i o n 2 ( T a b l e 10) . 

B o t h C o l l e c t i o n s w e r e s o w n a t U m b e l u z i o n saline so i l . T h e average y i e l d f r o m 

C o l l e c t i o n 1 was 3 .03 t ha - 1 ( T a b l e 9 ) . T h e best y i e ld s w e r e o b t a i n e d w i t h S D S 2 6 9 0 -

S3 ( 4 . 3 5 t ha - 1 ) a n d S D S 6014-S1 ( M - 9 0 8 1 2 ) ( 4 . 0 3 t ha - 1 ) , f o l l o w e d by Z S V 6-S4 

( 3 . 8 4 t ha - 1 ) , Z S V 5-S4 ( 3 . 5 8 t ha - 1 ) , a n d S D S L 87019-S3 ( 3 . 5 0 t ha - 1 ) . A n o t h e r f i v e 

g e n o t y p e s e x h i b i t e d y i e l d s ove r 3 t ha - 1 . In t h e case of C o l l e c t i o n 2 ( T a b l e 10) , t h e 

average y i e l d was 2 . 2 5 t ha - 1 . T h e bes t y i e l d e r s w e r e S D S L 8 8 1 6 0 ( 3 . 5 2 t ha - 1 ) a n d 

S D S 6 0 1 8 - S I (3 .13 t ha - 1 ) . A n o t h e r f ive geno types gave y i e ld s over 2.5 t ha - 1 . 

T h e average n u m b e r o f panic les was 79 5 0 0 ha - 1 f o r C o l l e c t i o n 1 a n d 73 7 0 0 f o r 

C o l l e c t i o n 2 . T h e r e w e r e also p o s i t i v e d i f fe rences b e t w e e n average values o f o t h e r 

a g r o n o m i c charac te rs ( p l a n t he igh t , days t o f l o w e r i n g , v igor , c r o p a n d g ra in aspect , 

a n d pes t damage) i n favor o f geno types f r o m C o l l e c t i o n 1 . 

Sorghums f r o m M o u n t M a k u l u o n saline soil. A g r o u p o f geno types f r o m M o u n t 

M a k u l u ( Z a m b i a ) was g r o w n a t U m b e l u z i o n saline so i l ( T a b l e 11). T h e average y i e l d 

was 2 . 9 4 t ha - 1 . T h e bes t y i e ld s w e r e o b t a i n e d w i t h Z S V 5 (4 .21 t ha - 1) a n d SV 15 

( 3 . 9 5 t ha - 1 ) , f o l l o w e d by Z S V 14 ( 3 . 7 7 t ha - 1 ) a n d Z S V 7 ( 3 . 7 1 t ha - 1 ) . 

I n a separate t r i a l w i t h t h r e e o p e n - p o l l i n a t e d var ie t ies ( O P V s ) a n d f i v e h y b r i d s 

f r o m Z a m b i a ( T a b l e 12) , t h e average y i e l d was 3 .39 t ha - 1 . H y b r i d s p e r f o r m e d b e t t e r 

(average y i e l d 3 . 6 8 t ha - 1 ) t h a n t h e O P V s (average y i e l d 2 .91 t ha - 1 ) . T h e best 

g e n o t y p e a m o n g t h e h y b r i d s was M M S H 413 ( 4 . 6 8 t ha - 1) and , a m o n g t h e O P V s , 

Z S V 1 2 ( 3 . 3 0 t h a - 1 ) . 

Adaptability of Different Sorghum Genotypes under 
Diverse Soil Conditions 

T o o b t a i n a n i n d i c a t i o n o f t h e p e r f o r m a n c e o f d i f f e r e n t s o r g h u m groups , a n d t h e 

g e n o t y p e s w i t h i n each g r o u p , i n d i f f e r e n t so i l c o n d i t i o n s , average r e l a t i ve y i e l d s w e r e 

c a l c u l a t e d (see T a b l e 13 ) . A b s o l u t e y i e l d s o f t r i a l s u n d e r d i f f e r e n t t y p e s o f soils are 

p r e s e n t e d . 
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Table 11 . Trial w i t h advanced s o r g h u m cultivars f r o m M o u n t M a k u l u , Umbeluz i (sa-
l ine soil), 1 9 9 3 / 9 4 . 

Cul t ivar 

Z S V 13 

Z S V 14 

9017-5-1-1 

Z S V 6 

Z S V 7 

W S V 387-10-1 

Z S V 3 

Z S V 5 

SDS 4282-1 

Z S V 15 

Z S V 16 

SDS 3291-2 

43-1 

Z S V 17 

Z S V 18 

SDS 4345-2 

Z S V 19 

Framida 

Sima 

Kuyuma 

Mean 

S D 

% o f 

mean 

95.2 

128.2 

91.1 

101.4 

126.2 

76.5 

94.2 

143.2 

117.3 

134.4 

104.4 

80.3 

72.1 

84.0 

101.0 

77.2 

90.8 

90.1 

100.3 

89.10 

100.0 

Y ie ld 

( t h a 1 ) 

2.80 

3.77 

2.68 

2.97 

3.71 

2.25 

2.77 

4.21 

3.45 

3.95 

3.07 

2.36 

2.12 

2.47 

2.97 

2.27 

2.67 

2.65 

2.95 

2.62 

2.94 

0.59 

S D 

1.02 

0.79 

0.45 

0.17 

1.09 

0.57 

0.33 

(1.38) 

0.50 

0.98 

0.42 

0.37 

1.06 

0.46 

0.99 

0.52 

0.40 

0.56 

0.30 

0.39 

0.64 

Table 12 . Trial w i t h s o r g h u m hybrids a n d open-po l l ina ted varieties f r o m M o u n t 

M a k u l u , U m b e l u z i , 1993 /94 . 

H y b r i d / O P V 

Sima 

Kuyuma 

Z S V 12 

M M S H 375 

M M S H 413 

M M S H 928 

W S H 287 

W S H 1256 

Mean 

S D 

% of mean 

81.1 

79.1 

97.3 

110.4 

138.1 

105.3 

111.5 

77.9 

100.0 

Yie ld (t ha -1) 

2.75 

2.68 

(3.30) 

3.74 

4.68 

3.57 

3.78 

2.64 

3.39 

0.70 

S D 

0.67 

0.73 

(1.89) 

0.91 

1.14 

0.98 

0.47 

0.73 

0.79 

T a b l e 1 4 s h o w s t h e r e l a t i v e y i e l d s u n d e r d i f f e r e n t so i l c o n d i t i o n s . I n t h i s g r o u p t h e 

g e n o t y p e s g i v i n g t h e h ighes t m e a n r e l a t i v e y i e l d w e r e : S D S 6 0 2 1 ( 1 4 3 . 7 % ) , S D S 6 0 1 9 
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Table 13. Relative yields (%) of S o r g h u m genotypes f r o m t h e SEMOC Col lect ion in 
d i f fe ren t types of soils. 

Genotype 

Mamonhe 

Macia S 2 

SV 2 

Z S V 1 

W S V 387 - S4 

Z S V 5 

Z S V 6 

Z S V 8 

S I M A 

Kuyuma 

S D S L 2690 

S D S L 89420 

S D S L 87019 

S D S L 89566 

Mean ( t ha - 1) 

Ch imo io 

A c i d soil 

50.2 
128.4 

103.0 

111.7 

117.7 

109.0 

84.3 
117.1 

121.1 

102.0 
52.8 

82.3 

118.4 

103.3 

2.99 

Umbeluz i 

Saline soil 

143.4 

81.8 

84.2 

103.0 

114.2 

118.2 

126.7 

83.5 

54.8 

106.6 

143.6 

88.8 

117.2 

100.3 

3.03 ' 

'No rma l ' soil 

39.2 
86.4 

90.2 

88.4 

107.7 

131.1 

136.3 

85.5 

131.3 

88.4 

95.9 

79.8 

96.6 

142.0 

4.41 

Mean 

77.6 

98.9 

92.5 

101.0 

113.2 

119.4 

115.8 
95.4 

102.4 

99.0 
97.4 

83.6 

110.7 

115.2 

3.48 

1. Mean of 20 genotypes from Collection 2. 

Table 14. Relative yields (%) of ac id- to lerant SDS lines in d i f ferent soils. 

SDS no. 

6001 

6002 

6003 

6004 

6005 

SV 2 

6007 - 1 

6007 - 2 

6008 

6009 

6010 

6012 

6013 

6014 

6015 

6016 

6017 

6018 

A c i d soil 

64.0 

134.1 

24.6 

150.2 

122.0 
-

73.9 

76.3 

71.1 

87.0 

124.2 

36.2 

145.8 

164.3 

129.5 

101.9 

59.8 

118.6 

Saline soil 

120.5 

97.31 

65.31 

59.4 

103.6 

60.8 

73.7 

90.3 

73.7 

139.6 

114.31 

49.6 

47.61 

127.51 

78.91 

122.71 

118.7 

120.61 

Normal soil 

112.0 

61.9 

115.0 

40.9 

109.9 

116.0 

41.4 

104.7 

113.8 

63.8 

87.9 

23.7 

126.7 

87.5 

135.3 

112.9 

113.8 

163.8 

Mean 

98.8 

97.8 

68.3 

83.5 

111.8 

88.4 

63.0 

90.4 

86.2 

96.8 

108.8 

36.5 

106.7 

126.4 

114.6 

112.5 

97.4 

134.3 

Continued 
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Table 14. Continued 

SDS no. 

6019 
6020 
6021 
T o r t i l l e r o 
PPQ 2 
PPQ 4 
IS-1054Xender 
2 K X 1 7 w h i t e 
( M S F G 1)68-311 

68-312 
68-321 
68-322 
102-531 
107-212 
139-212 
139-212 
139-221 

( M S F G 2)157-211 
195-411 

( M S F G 4)157-211 
165-411 
165-421 

Mean ( t ha -1) 

A c i d soil 

78.1 
71.9 

180.4 
132.3 
118.3 

74.5 
81.7 
60.2 
39.1 
81.9 

101.3 
119.0 
132.3 
118.8 
149.8 
147.8 

83.8 
51.7 

103.8 
94.4 
75.9 

119.8 

4.97 

Saline soil 

132.7 
86.7 

122.21 

106.21 

73.61 

96.4 
84.9 

110.1 
49.6 
45.0 
87.4 
90.01 

79.71 

74.01 

95.01 

99.71 

86.4 
104.5 

87.1 
112.2 

88.9 
97.9 

2.52 

'Norma l ' soil 

201.7 
90.9 

128.4 
116.0 
122.0 
121.0 

97.0 
111.6 

51.7 
37.9 

107.8 
66.8 
75.0 
91.8 
94.8 
81.4 
90.5 

128.4 
105.6 

92.7 
131.3 
114.0 

2.32 

Mean 

137.5 
83.2 

143.7 
118.7 
104.7 
97.3 
87.9 
94.0 
46.8 
54.9 
98.8 
91.9 
95.7 
94.9 

113.2 
109.6 

86.9 
94.9 
98.8 
99.8 
98.9 

110.6 

3.27 

1. Mean of two experiments. 

( 1 3 7 . 5 % ) , S D S 6 0 1 8 ( 1 3 4 . 3 % ) , a n d S D S 6 0 1 4 ( 1 2 6 . 4 % ) . F o u r o t h e r geno types e x h i b -

i t e d a m e a n r e l a t i v e y i e l d o v e r 110% o n b o t h a c i d a n d saline so i l , a n d t h e h ighes t 

va lues w e r e a c h i e v e d b y S D S 6 0 2 1 (151 .3%) a n d S D S 6 0 1 4 ( 1 4 5 . 9 % ) . 

I n a g r o u p o f 1 1 r e d s o r g h u m g e n o t y p e s o n l y Z S V 3 e x h i b i t e d h i g h r e l a t i ve y i e l d o n 

b o t h a c i d a n d sal ine so i l ( T a b l e 15) . 

S o i l analysis ( T a b l e 1 ) i n d i c a t e d t h a t a l o w p H va lue i s f o l l o w e d b y l o w c o n c e n t r a -

t i o n s o f C a a n d M g a n d h i g h c o n c e n t r a t i o n s o f A l a n d M n . C o n s e q u e n t l y , t h i s reduces 

t h e so i l t o a l o w pe rcen tage o f exchangeab le base s a t u r a t i o n a n d a h i g h percen tage o f 

A l s a t u r a t i o n . I n t h e case o f sal ine a n d s a l i n e / a l k a l i n e soils , t h e r e i s a c o n t r a r y s i tua-

t i o n : h i g h exchangeab le base s a t u r a t i o n a n d l o w A l s a t u r a t i o n . A c c o r d i n g t o Jackson 

( 1 9 6 7 ) , i n f e r t i l i t y o f a c i d soils i s d u e t o o n e o r m o r e o f t h e f o l l o w i n g fac tors : A l 

t o x i c i t y , C a o r M g d e f i c i e n c y , M n t o x i c i t y . T h i s f i n d i n g i s i n a g r e e m e n t w i t h o u r 

resu l t s o b t a i n e d w i t h d i f f e r e n t ma i ze geno types f r o m t h e t r o p i c a l zone ( D e n i c a n d 

V i d a k o v i c 1 9 8 4 ) a n d t h e t e m p e r a t e zone ( D e n i c a n d Lazic-Jancic 1 9 9 2 ) . S i m i l a r 

r eac t ions w e r e f o u n d i n t h e case o f s o r g h u m ( G o u r l e y a n d Salinas 1 9 8 7 ) . A l - t o l e r a n t 

l i n e I S 8 5 7 7 ( H i l l e t a l . 1 9 8 9 ) e x h i b i t e d a h i g h y i e l d o n a c i d so i l a t C h i m o i o . 
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Table 15. Relative yields (%) of red sorghums in acid a n d saline soils. 

Genotype 

Z S V 3 
SDS 1948-3 
SDS 1710-1 
SDS 342 
S D S L 88928 
S D S L 89502 
S D S L 89473 
L A R S V Y T 19 
Marupantse 
Town-Check 
Serena-Check 

Mean ( t ha - 1) 

Ch imo io 

Ac id soil 

116.1 
104.9 
107.3 

73.8 
138.5 

95.1 
114.0 

74.1 
87.7 

102.4 
97.6 

2.86 

Umbeluz i 

Saline soil 

106.1 
88.9 
94.3 

115.1 
89.6 
76.3 
89.2 

106.5 
115.5 

89.2 
131.9 

2.79 

Mean 

111.1 
96.9 

100.8 
94.5 

114.1 
85.7 

101.6 
90.3 
99.6 
95.8 

114.8 

2.83 

S i m i l a r t o so i l a c i d i t y / A l t o x i c i t y v a r i a t i o n t h e r e i s also w i d e v a r i a t i o n b e t w e e n a n d 

w i t h i n g e n o t y p e s ' t o l e r ance o f so i l s a l i n i t y . I n t h e case o f s o r g h u m , t h e resul t s o f 

Iga r tua e t a l . ( 1 9 9 3 ) s h o w e d w i d e v a r i a t i o n i n E C 5 0 values b e t w e e n d i f f e r e n t sor-

g h u m g e n o t y p e s ( range f r o m 6 .85 t o 11.50 d S m c m - 1 ) . 

I t has b e e n r e p o r t e d t h a t synthes is o f specific p r o t e i n s responds d r a m a t i c a l l y t o 

such a b i o t i c fac to rs a s d r o u g h t , salt , heat , a n d c a d m i u m stress. O u r resul ts (Laz ic -

Jancic e t a l . 1991) d e m o n s t r a t e t h a t t h e 5 4 k D a a n d 6 5 k D a , syn thes ized f r o m m R N A s 

i s o l a t e d f r o m A l - s t r e s s e d roo t s , w e r e also p resen t a m o n g i n - v i t r o t r a n s l a t i o n p r o d u c t s 

f r o m h e a t - s h o c k e d p lan t s . These p r o d u c t s a c c u m u l a t e d t o a h ighe r e x t e n t i n t h e roo t s 

o f t h e t o l e r a n t g e n o t y p e t h a n i n t h e sensi t ive one . T h i s m i g h t also suggest t h a t a 

c o m m o n m e c h a n i s m i s i n v o l v e d i n t o l e r ance o f so i l s a l in i ty . O u r resul ts s h o w t h a t t h e 

g r o u p o f a c i d - t o l e r a n t geno types i n c l u d e d seven ( 1 7 . 9 % o f t h e t o t a l ) t h a t also e x h i b -

i t e d t o l e r a n c e o f sal ine so i l . A n d t h e g r o u p o f so rghums c o m p r i s i n g t h e o r i g i n a l 

S E M O C C o l l e c t i o n , a n d t h e g r o u p o f r e d s o r g h u m s — 2 1 . 4 % a n d 9 . 1 % o f geno types 

r e s p e c t i v e l y — e x h i b i t e d g o o d t o l e r a n c e o f b o t h a c i d a n d saline so i l . 
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Pearl Millet Research in Botswana 

M Mogorosi1 

Abstract 

A variety trial was conducted at three locations in Botswana in the 1993/94 

season in which 15 varieties of pearl millet were compared with Serere 6A and the 

farmers' local landrace variety (LLV) as controls. The sowing of a demonstration 

plot at Etsha 8 confirmed that improved varieties SDMV 89004, at a yield of 

1267 kg ha-1, and ICMV 88908 at 798 kg ha-1, should be considered as p r e -

release varieties because of their superiority to other test varieties. 

Introduction 

Pear l m i l l e t ranks t h i r d i n p r o d u c t i o n af ter s o r g h u m a n d ma ize . O n average, 6 0 % o f 

t h e l a n d i s s o w n t o s o r g h u m alone, w h i l e maize occupies 2 3 % a n d m i l l e t 6%. H o w -

ever , such n a t i o n a l p r o d u c t i o n figures d o n o t reveal pea r l m i l l e t ' s i m p o r t a n c e . T h i s i s 

because, i n t h e areas w h e r e i t i s s o w n , i t reverses t h e na t i ona l t r e n d , s o m e t i m e s 

o c c u p y i n g a s m u c h a s 9 0 % o f t h e c r o p p e d l a n d , a s i n t h e refugee s e t t l e m e n t vi l lages o f 

Etsha i n t h e n o r t h w e s t . 

Methods 

Pear l m i l l e t research i n Bo t swana evaluates var ie t ies f r o m S A D C / I C R I S A T SMIP f o r 

a d a p t a t i o n a n d y i e l d s t a b i l i t y . T h e a d a p t e d m a t e r i a l i s t h e n t e s t e d i n t h e f a r m e r s ' 

f i e l d s f o r v e r i f i c a t i o n . I n t h e 1 9 9 3 / 9 4 season a na t i ona l pear l m i l l e t v a r i e t y y i e l d t r i a l 

was c o n d u c t e d a t t h r e e loca t ions i n t h e c o u n t r y : Sebele, M a t s a u d i , a n d Etsha 8 . T h e 

t r i a l cons i s t ed o f 15 var ie t i es w i t h Serere 6A a n d t h e f a r m e r s ' LLV a s c o n t r o l s . A 

r a n d o m i z e d b l o c k des ign w i t h f o u r r ep l i c a t i ons was used . A t s o w i n g 3 0 0 k g h a - 1 o f 

c o m p o u n d f e r t i l i z e r c o n t a i n i n g N P K i n a r a t i o o f 2 :3 :2 was used . T w o var ie t ies , 

S D M V 8 9 0 0 4 a n d I C M V 8 8 9 0 8 ( p o p u l a r l y k n o w n a s Okashana 1) , o u t y i e l d e d Serere 

6 A a n d t h e f a r m e r s ' LLV a t a l l t h r e e loca t ions . These t w o var ie t ies are a l ready b e i n g 

t e s t e d i n t h e f a r m e r s ' f i e l d s . 

1 . Pearl M i l l e t Breeder , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O B o x 7 1 , G u m a r e , Botswana. 

M o g o r o s i , M. 1996. Pearl m i l l e t research in Botswana. Pages 1 3 9 - 1 4 3 i n D r o u g h t - t o l e r a n t crops for 

sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 

J u l 1994, G a b o r o n e , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 5 0 2 324 , A n d h r a 

Pradesh, Ind ia : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d T rop i c s . 
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Results and Discussion 

T h e h ighes t g r a in y i e ld s w e r e o b t a i n e d f r o m Sebele (Tab l e 1). T h i s i s m a i n l y d u e t o 

t h e m o r e f e r t i l e so i l i n t h e eas tern pa r t o f t h e c o u n t r y w h i c h has a h i g h w a t e r - h o l d i n g 

capac i t y c o m p a r e d w i t h t h e o t h e r t w o sites. S D M V 8 9 0 0 4 and I C M V 8 8 9 0 8 o u t -

y i e l d e d Serere 6A a n d t h e f a r m e r s ' LLV. T h e h i g h y ie lds a t Sebele are also again d u e t o 

t h e f a i r l y w e l l d i s t r i b u t e d r a i n f a l l f r o m s o w i n g w h i c h o c c u r r e d a r o u n d N o v / D e c t o 

t h e e n d o f M a r c h ( F i g . 1) . 

Table 1 . M e a n s of t h r e e traits of promis ing pearl mil let varieties g r o w n at Sebele, 
Botswana, 1 9 9 3 / 9 4 . 

Varie ty 

S D M V 89004 
S D M V 89005 
I C M V 88908 
Serere 6A 
Farmers' LLV 

C V (%) 
Mean 
SE 

Days to 
flowering 

59 
59 
59 
58 
67 

5.82 
63 
±1.84 

Plant height 
(cm) 

165 
182 
147 
140 
205 

7.23 
247 

±8.95 

Grain yield 
(kg ha-1) 

3797 
3793 
3406 
2903 
1483 

16.57 
3317 
±275 

Month 

Figure 1. Rainfall distribution at Sebele Research Station, Botswana, 1993/94. 
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A t M a t s a u d i i n t h e n o r t h w e s t , t h e gra in y ie lds w e r e l o w e r t h a n those a t Sebele a n d 

Etsha 8 , caused by sandy soils w i t h l o w f e r t i l i t y a n d a l o w w a t e r - h o l d i n g capac i ty . T h e 

h i g h e s t - y i e l d e r was I C M V 8 8 9 0 8 a t 6 8 8 k g h a - 1 and Serere 6 A was t h e l o w e s t a t 3 4 5 

kg ha - 1 ( T a b l e 2 ) . 

Table 2 . M e a n s of th ree trai ts of promising pearl mil let varieties g r o w n at M a t s a u d i , 
Botswana , 1 9 9 3 / 9 4 . 

Var iety 

I C M V 88908 
S D M V 89004 
S D M V 89005 
Farmers' LLV 
Serere 6A 

C V (%) 
Mean 
SE 

Days to 
flowering 

59 
76 
70 
76 
64 

12.67 
69 
±4.38 

Plant height 
(cm) 

135 
120 
148 
143 
118 

21.92 
127 
±13.92 

Grain yield 
(kg ha -1) 

688 
550 
503 
503 
345 

45.51 
455 

±104 

W h i l e t h e t o t a l r a in fa l l a t M a t s a u d i was also reasonable, i t was n o t w e l l - d i s t r i b u t e d ; 

a b o u t h a l f t h e t o t a l r a in fa l l f e l l i n January (F ig . 2 ) . T h e l o n g - t e r m average r a in fa l l was 

w e l l - d i s t r i b u t e d i n c o m p a r i s o n w i t h t h a t i n t h e 1 9 9 3 / 9 4 season. 

Month 

Figure 2 . Ra in fa l l d i s tr ibut ion at the M a t s a u d i tr ia l location, Botswana: comparison 

b e t w e e n 1 9 9 3 / 9 4 seasonal data a n d long- term averages. 
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T h e g r a i n y i e ld s a t Etsha 8 w e r e h ighe r t h a n those a t M a t s a u d i ; as e x p e c t e d , 

S D M V 8 9 0 0 4 a n d I C M V 8 8 9 0 8 o u t y i e l d e d Serere 6 A and t h e f a rmer s ' LLV ( T a b l e 

3 ) . H e n c e these va r i e t i e s are b e i n g t e s t e d i n t h e f a r m e r s ' f ie lds . T h e r a in f a l l p a t t e r n 

f o r Etsha 8 i s s i m i l a r t o t h a t o f M a t s a u d i (F ig . 3 ) . M o r e t h a n h a l f t h e t o t a l r a i n f a l l f e l l 

i n January ( 3 8 0 m m ) a n d t h e r e was n o ra in fa l l i n M a r c h . 

Table 3 . M e a n s of th ree trai ts of promising pearl mil let varieties g r o w n at Etsha 8, 
Bo tswana , 1 9 9 3 / 9 4 . 

Var ie ty 

S D M V 89005 
S D M V 89004 
I C M V 88908 
Serere 6A 
Farmers' LLV 

C V (%) 
Mean 
SE 

Days to 
f lowering 

59 
59 
59 
58 
67 

9.38 
58 
±2.77 

Plant height 
(cm) 

182 
165 
147 
140 
205 

16.32 
162 
±13.25 

Gra in yield 
(kg h a ' ) 

1016 
893 
776 
600 
430 

55.34 
758 

±204 

Month 

Figure 3. Rainfal l d i s t r i bu t i on at the Etsha 8 t r i a l location, Botswana: comparison between 

1 9 9 3 / 9 4 seasonal data and long- te rm averages. 
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F o r t h e f i r s t t i m e we h a d a d e m o n s t r a t i o n p l o t a t Etsha 8 f o r these prerelease 

va r i e t i e s . T h e p l o t size was 7.5 m w i d e by 40 m l o n g f o r each v a r i e t y . No f e r t i l i z e r was 

a d d e d t o t h e p l o t . T h e resu l t s are p r e s e n t e d i n T a b l e 4 . These var ie t i e s o u t y i e l d e d o u r 

s t a n d a r d v a r i e t y , a n d t h e f a r m e r s ' L L V . O n 2 3 M a r 1994 w e h a d a F i e l d D a y a t E tsha 

8 , a n d m o s t f a r m e r s p re sen t w e r e i m p r e s s e d b y t h e p e r f o r m a n c e o f these va r ie t i e s . 

Table 4 . Yield d a t a f r o m t h e demonst ra t ion p lot a t 
Etsha 8 , Botswana, 1 9 9 3 / 9 4 . 

Var ie ty 

S D M V 89004 
I C M V 88908 
Serere 6A 
Farmers' LLV 

Gra in y ie ld 
(kg ha - 1) 

1267 
798 
515 
313 
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Selection Gains in Pearl Millet Composites in 
Zambia 

F P Muuka1 and Pheru Singh2 

Abstract 

Half-sib and mass selection procedures are employed to improve grain yield and 

other characters of composites in the Zambian Pearl Millet Improvement P r o -

gramme. Currently six composites are in different cycles of improvement, four of 

which formed the basis of the present study. The method used to improve the 

composites and derive varieties from them under limited physical facilities, re-

sources, and skilled technical personnel is described. The test of cycle bulks over 2 

years indicated increased grain yield and corresponding plant height without any 

change in head length and flowering dates over initial bulks. Fourth-cycle bulks of 

early and medium composites outperformed their original counterparts, giving 

4.0% and 2.6% gains per cycle respectively. 

Similarly, third-cycle dwarf and late composites gave 4.7 and 3.3% gains per 

cycle. Medium and late composites showed higher yield potential and are there-

fore the source of high-yielding varieties. Lubasi, a variety mass-selected from 

medium composite has been released. And ZPMV 90521, which was developed by 

mass selection from the CO cycle of late composite, is the most promising among 

the new varieties. 

Introduction 

T h e c h o i c e o f b r e e d i n g m e t h o d i s d e t e r m i n e d b y t h e o b j e c t i v e o f t h e p r o g r a m , 

cha rac t e r u n d e r s e l ec t i on , i ts gene a c t i o n a n d avai lable phys i ca l f ac i l i t i e s , resources 

a n d p e r s o n n e l . T h e m a i n goal o f t h e Z a m b i a n Pear l M i l l e t B r e e d i n g P r o g r a m m e i s t o 

d e v e l o p b r o a d l y a d a p t e d , h i g h - y i e l d i n g , disease- a n d pes t - res is tant var ie t ies t h r o u g h 

mass a n d ha l f - s ib s e l ec t i on schemes. T h e p r o g r a m i s c u r r e n t l y i m p r o v i n g s ix gene t -

i c a l l y d ive rse a n d m o r p h o l o g i c a l l y d i s s i m i l a r c o m p o s i t e s . 

A c c o r d i n g t o A n d r e w s e t a l . ( 1 9 8 5 ) , i t i s poss ible t o change gene f requenc ies f o r 

some i m p o r t a n t charac te rs i n pea r l m i l l e t p o p u l a t i o n s us ing r e c u r r e n t s e l ec t ion . 

1 . Pearl M i l l e t Breeder , Kaoma Research S ta t ion , PO Box 910064 , M o n g u , Zambia . 

2 . Senior Pearl M i l l e t Breeder , a t t h e same address. 

M u u k a , F .P. a n d S i n g h , P . 1996. Se lec t ion gains in pear l m i l l e t composi tes in Z a m b i a . Pages 1 4 5 - 1 5 2 in 

D r o u g h t - t o l e r a n t crops for sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and 

Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l Crops Research I n s t i t u t e for t h e S e m i - A r i d 

T r o p i c s . 
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R e c u r r e n t s e l e c t i o n can m o b i l i z e large gene t i c v a r i a t i o n a n d increase t h e f r e q u e n c y o f 

des i r ab le genes a n d gene c o m b i n a t i o n s b y p r o v i d i n g r e c o m b i n a t i o n a m o n g se lec ted 

l ines . S i n g h e t a l . ( 1 9 8 8 ) c o m p a r e d a range o f b r e e d i n g m e t h o d s t o i m p r o v e p e a r l 

m i l l e t c o m p o s i t e s a n d c o n c l u d e d t h a t n o n e o f t h e m e t h o d s p r o v e d supe r io r t o t h e 

o t h e r , a l t h o u g h s t r i c t s c i en t i f i c c o m p a r i s o n c o u l d n o t b e m a d e a s p o p u l a t i o n size, 

s e l e c t i o n i n t e n s i t y , e tc . , w e r e n o t c o n s t a n t across m e t h o d s a n d c o m p o s i t e s . 

Mass s e l e c t i o n uses p h e n o t y p i c p e r f o r m a n c e of i n d i v i d u a l p lan t s as a s e l ec t i on 

c r i t e r i o n o n t h e a s s u m p t i o n t h a t p h e n o t y p i c va lue o f t h e se lec ted i n d i v i d u a l i s co r -

r e l a t e d w i t h i t s g e n o t y p i c va lue . Cha rac t e r s w i t h h i g h h e r i t a b i l i t y can b e easily i m -

p r o v e d b y t h i s m e t h o d , w i t h t h e ra te o f ga in be ing p r o p o r t i o n a l t o t h e m a g n i t u d e o f 

h e r i t a b l e values ( R a t t u n d e e t a l . 1 9 8 9 ) . T h e m a i n p r a c t i c a l advantages o f mass selec-

t i o n are i t s s i m p l i c i t y , w h i c h p e r m i t s t h e h a n d l i n g o f large p o p u l a t i o n s w i t h l i t t l e 

e f f o r t , a n d r a p i d t u r n - a r o u n d (one g e n e r a t i o n pe r c y c l e ) . B u t mass se l ec t ion i s t h e o -

r e t i c a l l y less e f f i c i e n t d u e t o l a c k o f c o n t r o l o n t h e m a l e parentage o f t h e o f f s p r i n g a n d 

t h e i n a c c u r a t e assessment o f t h e p e r f o r m a n c e o f t h e i n d i v i d u a l s . 

P re fe r ence o f f a m i l y s e l e c t i o n ove r mass s e l ec t i on arose because o f t h e d i f f i c u l t y i n 

d e t e r m i n i n g t h e gene t i c w o r t h o f a n i n d i v i d u a l a n d l o w h e r i t a b i l i t i e s o f m o s t t r a i t s o f 

e c o n o m i c i m p o r t a n c e . F a m i l y s e l ec t i on i s genera l ly e f f ec t ive i n i m p r o v i n g t r a i t s w i t h 

c o m p l e x i n h e r i t a n c e a n d l o w h e r i t a b i l i t i e s because i t makes use o f t h e i n f o r m a t i o n o n 

t h e b r e e d i n g va lue . H a l f - s i b s e l ec t i on , l i k e o t h e r f a m i l y se l ec t ion p rocedure s , invo lves 

t h r e e phases, i .e . , d e v e l o p m e n t o f p rogenies , t h e i r eva lua t i on over e n v i r o n m e n t s , a n d 

i n t e r m a t i n g t h e s e l ec t ed progenies . These steps are r e p e a t e d u n t i l t h e ob jec t ives o f 

t h e s e l e c t i o n p r o g r a m are a t t a i n e d . A n adequa te n u m b e r o f p lan t s are necessary t o 

s a m p l e t h e gene t i c v a r i a b i l i t y i n t h e p o p u l a t i o n , whereas adequa te t e s t i n g i s necessary 

t o i d e n t i f y t h e gene t i c d i f f e r ences a m o n g t h e s a m p l e d f ami l i e s . 

Materials and Methods 

T h r e e m a i n steps i n v o l v e d i n p o p u l a t i o n i m p r o v e m e n t are: f o r m a t i o n o f a base p o p u -

l a t i o n ; i m p r o v e m e n t t h r o u g h a n a p p r o p r i a t e s e l ec t ion scheme; a n d u t i l i z a t i o n o f t h e 

i m p r o v e d p o p u l a t i o n . T h e base p o p u l a t i o n i s f o r m e d b y i n t e r m a t i n g su i tab le paren ts 

i n a n i s o l a t i o n p l o t f o r a t least t h r e e genera t ions . D u r i n g t h e i n i t i a l i n t e r m a t i n g s , m i l d 

s e l e c t i o n i s a p p l i e d t o e l i m i n a t e w e a k a n d undes i r ab l e p l an t s . A t t h e e n d o f t h e f i n a l 

r a n d o m - m a t i n g 3 0 0 - 5 0 0 s u p e r i o r ha l f - s ib p lan t s are se lec ted , based o n t h e i r p h e -

n o t y p i c p e r f o r m a n c e . 

T h e p rogen ies o f t h e se l ec t ed p l an t s are eva lua t ed i n r e p l i c a t e d nurser ies a t one o r 

m o r e l o c a t i o n s f o r g r a i n y i e l d , disease resis tance, a n d o t h e r characters . S u p e r i o r ha l f -

s ib p rogen ies are i d e n t i f i e d o n t h e basis o f t h e i r o v e r a l l p e r f o r m a n c e . I n t h e b e g i n n i n g , 

f o r t h r e e cyc les i n each c o m p o s i t e , i n d i v i d u a l p l a n t se lec t ions w e r e m a d e f r o m t h e 

a d d i t i o n a l set o f ha l f - s ib n u r s e r y p lan t s g r o w n f o r r a n d o m - m a t i n g i n i s o l a t i o n . Pe r fo r -

m a n c e o f p rogen ies was t h e m a i n c r i t e r i o n f o r s e l ec t ion . M o s t l y b e t t e r p l an t s f r o m 

s u p e r i o r p rogen ies w e r e se l ec ted . H o w e v e r , i n some cases, t h e o u t s t a n d i n g p lan t s 

f r o m o t h e r p rogen ies w e r e also chosen . S e l e c t i o n in t ens i t i e s w e r e k e p t r e l a t i v e l y l o w 

w i t h 3 0 - 3 5 % progen ies i d e n t i f i e d f o r s e l ec t i on o f single p l an t s . T h e m a i n a i m i n t h e 
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i n i t i a l cyc les was t o a l l o w su f f i c i en t r a n d o m - m a t i n g a n d e l i m i n a t e t h e undes i r ab le 

v a r i a b i l i t y w i t h o u t r i s k i n g t h e use fu l v a r i a b i l i t y i n t h e c o m p o s i t e s . I n t h i s w a y one 

c y c l e i n one c r o p season was c o m p l e t e d . 

F r o m t h e t h i r d cyc l e o n w a r d , t h e ha l f - s ib se l ec t ion m e t h o d was f o l l o w e d . T h e 

r e m n a n t seed o f t h e se l ec t ed progenies was b u l k e d a n d g r o w n i n i so l a t i on f o r r a n d o m -

m a t i n g a n d s e l ec t i on o f i n d i v i d u a l p lan t s . T h e ha l f - s ib progenies w e r e eva lua t ed a n d 

se l ec t ed i n t h e n e x t season. I n t h i s w a y , t h r e e c r o p seasons w e r e r e q u i r e d t o c o m p l e t e 

a c y c l e . D u r i n g se l ec t ion , i n a d d i t i o n t o gra in y i e l d a n d q u a l i t y , emphas is was p l a c e d 

o n i d e n t i f y i n g t h e m o s t c o m m o n diseases: d o w n y m i l d e w (Sclerospora graminicola 

[ S a c c ] S c h r o e t . ) , s m u t (Tolyposporium penicillariae B r e f . ) , a n d e rgo t (Claviceps 

fusiformis L o v . ) 

Formation of Varieties 

I n each s e l e c t i o n c y c l e n e w var ie t ies are f o r m e d b y us ing t h e r e m n a n t seed o f s u p e r i o r 

p rogen ies . S o m e t i m e s s u p e r i o r p lan t s f r o m o u t s t a n d i n g progenies i n i s o l a t i o n p l o t s 

are h a r v e s t e d a n d t h e i r seed i s b u l k e d a n d p l a n t e d i n i s o l a t i o n t o f o r m t h e v a r i e t y . 

S u c h var ie t i e s are f u r t h e r mass-selected a t a l o w se lec t ion i n t e n s i t y a t one o r m o r e 

l oca t i ons t o e l i m i n a t e t h e u n d e s i r e d v a r i a b i l i t y a n d t o i m p r o v e t h e i r a d a p t a t i o n . I t 

m a y b e n o t e d t h a t i n t ens ive subsequen t s e l ec t ion i n t h e absence o f a p p r o p r i a t e 

p o p u l a t i o n size w i t h i n a v a r i e t y m a y lead to a loss o f gene t ic v a r i a b i l i t y , r e s u l t i n g in 

i n b r e e d i n g a n d excessive u n i f o r m i t y . T h i s m a y l i m i t t h e b u f f e r i n g capac i ty a n d adap-

t a t i o n o f t h e v a r i e t y t o p e r f o r m w e l l over a range o f e n v i r o n m e n t a l c o n d i t i o n s a n d 

m a n a g e m e n t r eg imes e x i s t i n g a m o n g pea r l m i l l e t f a rmers . 

Sowing and Evaluation 

T h e d i f f e r e n t cyc l e b u l k s o f ear ly ( P M E C ) , d w a r f ( P M D C ) , m e d i u m - m a t u r i n g 

( P M M C ) , a n d l a t e - m a t u r i n g ( P M L C ) c o m p o s i t e s w e r e eva lua t ed a long w i t h some 

var ie t i es d e r i v e d f r o m t h e m i n a r a n d o m i z e d c o m p l e t e b l o c k des ign w i t h f o u r r ep l i ca -

t i o n s i n t w o t r i a l s a t f o u r a n d t h r e e loca t ions d u r i n g t h e 1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 c r o p 

seasons r e s p e c t i v e l y . 

Sowings c o i n c i d e d w i t h t h e onse t o f regular rains, usua l ly b e t w e e n m i d - N o v e m b e r 

a n d m i d - D e c e m b e r . T h e r e c o m m e n d e d h i l l p l a n t i n g w i t h a n i n t e r r o w a n d i n t r a r o w 

spac ing o f 0 . 6 0 m w i t h five t o e i g h t seeds pe r h i l l was f o l l o w e d . P l o t size cons i s t ed o f 

f o u r r o w s o f 4 . 2 m l o n g . T w o - w e e k o l d seedlings w e r e t h i n n e d t o t h r e e o r f e w e r 

p l a n t s pe r h i l l . T h e r e c o m m e n d e d ra te o f f e r t i l i z e r s ( 4 0 k g h a - 1 n i t r o g e n w i t h 2 0 k g 

ha - 1 p h o s p h o r u s ) w e r e a p p l i e d . 

D a t a c o l l e c t e d i n c l u d e d : g r a i n y i e l d i n k g a f te r s u n - d r y i n g a n d t h r e s h i n g ; days t o 

f l o w e r i n g ( n u m b e r o f days f r o m s o w i n g t o 5 0 % f l o w e r i n g ) ; p l a n t h e i g h t i n c m m e a -

s u r e d f r o m g r o u n d l e v e l t o t h e t i p s o f t h e panicles ; h e a d l e n g t h i n c m (average l e n g t h 

o f f i v e r a n d o m l y se l ec t ed pan ic les ) ; n u m b e r o f heads n r 2 ; a n d a g r o n o m i c score o n a 

scale f r o m 1 ( v e r y g o o d ) to 5 ( v e r y p o o r ) . 
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Results and Discussion 

C o m p a r i s o n o f c y c l e b u l k s o f f o u r c o m p o s i t e s i n t w o t r i a l s c o n d u c t e d over 2 years 

i n d i c a t e d t h a t s e l e c t i o n has b e e n e f f e c t i v e i n increas ing t h e g ra in y i e l d levels o f t h e 

c o m p o s i t e s . T h e m a g n i t u d e o f t h e ga in p e r c y c l e over t h e years d i f f e r e d subs tan t i a l ly 

(Tab l e s 1 a , 1 b ) . I n 1 9 9 2 / 9 3 , t h e gains pe r cyc l e f o r g r a in y i e l d r anged f r o m 6 . 4 % i n 

ea r ly c o m p o s i t e t o 11.4% i n la te c o m p o s i t e . S u c h rates o f gain are o b v i o u s l y h i g h , 

w h i c h c o u l d b e m a i n l y d u e t o t h e f e w e r cycles i n v o l v e d . T h e ra te o f gains pe r cycles 

f o r g r a i n y i e l d i n 1 9 9 3 / 9 4 w i t h a n e x t r a cyc le r anged f r o m 2 . 6 % i n P M M C t o 4 . 7 % 

p e r c y c l e i n P M D C ( m u c h l o w e r t h a n 1 9 9 2 / 9 3 ) . A n d r e w s e t . a l . ( 1 9 8 5 ) obse rved 

gene t i c gains f o r g r a i n y i e l d o f f r o m 1.8 t o 5 .0% pe r cyc le i n Supe r Serere a n d D 2 

c o m p o s i t e s r e s p e c t i v e l y . I n ma ize , gains f r o m 2 .0 t o 4 . 6 % , o b t a i n e d b y d i f f e r e n t 

w o r k e r s u s i n g va r ious m e t h o d s , w e r e r e p o r t e d b y Sprague a n d E b e r h a r t ( 1 9 7 7 ) . T h e 

p o o l e d da t a f o r g r a i n y i e l d f o r t h e b u l k , c o m m o n over b o t h years, s h o w e d gains f r o m 

4 . 4 % ( i n P M M C ) t o 10 .3% ( i n P M D C ) pe r cyc l e . 

I n t e r e s t i n g l y , t h e increase i n g ra in y i e l d was f o u n d t o b e associated w i t h t h e 

increase i n p l a n t h e i g h t i n a l l c o m p o s i t e s ove r b o t h years. H o w e v e r , t h e f l o w e r i n g 

da t e a n d h e a d l e n g t h r e m a i n e d u n c h a n g e d . A n increase i n head n u m b e r pe r p l o t was 

o b s e r v e d i n a l l c o m p o s i t e s e x c e p t P M M C w h e r e s e l ec t i on emphas i s has been o n 

la rger heads . A l l t h e c o m p o s i t e s i m p r o v e d i n t h e i r a g r o n o m i c score over cycles . T h i s 

i s poss ib le d u e t o t h e g radua l e l i m i n a t i o n o f t h e undes i r ab le p r o p o r t i o n o f t h e 

v a r i a b i l i t y . 

Performance of Varieties 

T h e c o m p a r a t i v e m e a n g ra in y i e l d o f t h e var ie t ies a n d t h e i r pa r en t a l c o m p o s i t e b u l k s 

are r e p o r t e d i n T a b l e 2 . I n 1 9 9 2 / 9 3 t h e var ie t ies o u t p e r f o r m e d t h e i r pa ren ta l b u l k s 

f r o m 4 . 6 t o 31 .8%. I n 1 9 9 3 / 9 4 such p e r f o r m a n c e ranged o n l y f r o m 8.4 t o 21 .4%. I n 

f ac t , t h e v a r i e t y Z P M V 9 0 5 2 1 , w h i c h was d e r i v e d b y mass se l ec t ion f r o m t h e C O 

c y c l e o f l a te c o m p o s i t e , has p e r f o r m e d w e l l i n several t r i a l s c o n d u c t e d over seasons 

a n d l o c a t i o n s a s w e l l a s i n f a r m e r s ' d e m o n s t r a t i o n p l o t s . T h e large and l o n g panic les o f 

t h i s v a r i e t y are a n a d d i t i o n a l a t t r a c t i o n f o r f a rmer s . H o w e v e r , S ingh e t a l . ( 1 9 8 8 ) 

r e p o r t e d e v i d e n c e t o t h e e f f e c t t h a t var ie t i es m a y n o t m a r k e d l y o u t p e r f o r m t h e 

c o m p o s i t e b u l k s f r o m w h i c h t h e y w e r e d e r i v e d . 

A n o t h e r v a r i e t y , L u b a s i , re leased i n Z a m b i a i n 1993 , was d e v e l o p e d f r o m t h e 

m e d i u m - m a t u r i n g c o m p o s i t e b y mass s e l ec t i on . I n 140 r e p l i c a t e d tests c o n d u c t e d 

o v e r 6 years, L u b a s i has g i v e n 4 9 . 8 % m o r e g r a i n y i e l d t h a n t h e loca l l andrace v a r i e t y 

( L L V ) ( T a b l e 3 ) . Because o f i t s e x c e l l e n t p e r f o r m a n c e i n f a r m e r s ' f i e l d s i n t h e 

d r o u g h t - p r o n e areas o f W e s t e r n p r o v i n c e , i t i s p o p u l a r l y k n o w n a s M a l u b a s i ( m o t h e r 

o f f a m i l y ) . 

1 5 0 



Table 2 . C o m p a r a t i v e m e a n gra in yield per fo rmance (kg ha - 1 ) o f varieties w i t h the i r 

parenta l compos i te bulks, Z a m b i a , 1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 . 

Bulk /var ie ty 

P M L C CO 

Z P M V 90521 

P M M C C O 

Z P M V 88402 

P M M C C1 

Z P M V 90411 

L S D (kg ha - 1) 

CV (%) range 

1992 /93 

(5 locations) 

1856 

2447 

1948 

2373 

1793 

1875 

5 7 4 - 9 0 5 

21 .1 -28 .7 

1993 /94 

(3 locations) 

2728 

2957 

2762 

2283 

2773 

4 5 7 - 8 6 5 

15.3-21.4 

Var iety as % of cycle bu lk 

1992 /93 

100 

131.8 

100 

121.8 

100 

104.5 

1993 /94 

100 

108.4 

100 

100 

121.4 

Table 3 . C o m p a r a t i v e pe r fo rmance of Lubasi w i t h Kaufela a n d t h e local landrace 

var iety (LLV), Z a m b i a , 1 9 8 7 / 8 8 to 1 9 9 2 / 9 3 . 

Year 

1987 /88 

1988 /89 

1 9 8 9 / 9 0 

1990 /91 

1991 /92 

1992 /93 

Tota l 

Mean 

% of Kaufela 

% o f LLV 

Trials 

1 

3 

6 

8 

5 

7 

30 
-

Locations 

1 

13 

33 

39 

17 

37 

140 
-

Gra in y ield (kg h a 1 ) 

Lubasi 

3050 

3559 

2363 

3205 

2619 

2069 

-

2811 

112.2 

149.8 

Kaufeia 

2590 

3238 

2069 

2932 

2308 

1895 

-

2505 

100 

133.5 

LLV 

1590 

2571 

1554 

2243 

1861 

1440 

-

1877 

74.9 

100 

Conclusion 

P r e l i m i n a r y resu l t s have s h o w n t h a t i t i s poss ible t o i m p r o v e t h e y i e l d i n g a b i l i t y o f 

p e a r l m i l l e t c o m p o s i t e s u s ing a c o m b i n a t i o n o f t h e r e l a t i v e l y cheap mass s e l ec t i on a n d 

h a l f - s i b r e c u r r e n t s e l e c t i o n p r o c e d u r e s . A d d i t i o n a l l y , s u p e r i o r var ie t i es c an b e d e r i v e d 

f r o m t h e c o m p o s i t e s . 
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The Potential of Local Landrace Varieties in Pearl 
Millet Improvement 

E S Monyo1, S A Ipinge2, S Mndolwa3, N Mangombe4, and E Chintu5 

Abstract 

SADC/ICRISAT SMIP jointly evaluated with NARS the pearl millet germplasm 

from Tanzania and Zimbabwe in 1988/89, and from Namibia in 1991/92. The 

objectives were to identify some superior accessions that could be rapidly im-

proved through grid mass selection or limited backcrossing and then release these 

back to the farming community for cultivation; and to select accessions that could 

be incorporated into the breeding program by crossing to create a diversified 

segregating population from which new improved varieties could be developed. 

Much heterosis vigor was observed in crosses between local landrace variety 

(LLV) accessions with improved released varieties. Yield superiority of 6.8-

46.6% over the released variety in Zimbabwe (PMV 2) was observed among 

intervarietal hybrids with LLVs from Zimbabwe. Heterosis values as high as 

98.9% over superior parents and a yield superiority of up to 89.8% over the 

released variety in Tanzania (Serere 17) were observed within crosses involving 

Tanzanian LLVs. In backcross studies to improve Okashana 1, progenies similar 

to Okashana in grain size and time to maturity, but with up to 24% superiority in 

yield and other trait advantages, were identified in the third backcross 

generation. 

This study suggests that considerable potential exists for improving yield and 

other traits preferred by farmers through greater utilization of LLVs in breeding 

programs. 
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Introduction 

Pear l m i l l e t i s t h e t h i r d m o s t i m p o r t a n t cerea l a f te r ma ize a n d s o r g h u m i n t e r m s o f 

area u n d e r p r o d u c t i o n i n t h e S A D C r e g i o n . Tanzania , Z i m b a b w e , a n d N a m i b i a are t h e 

la rges t p r o d u c e r s a n d c o n s u m e r s o f t h i s c r o p , w h e r e i t occup ies r o u g h l y 12 .1 , 9 . 1 , a n d 

4 2 . 3 % r e s p e c t i v e l y o f t h e t o t a l area u n d e r cereal p r o d u c t i o n ( F A O 1 9 8 9 ) . 

T h e c r o p i s g r o w n o n m a r g i n a l lands w i t h p o o r soils, w h i c h are o f t e n t o o i n f e r t i l e 

f o r o t h e r c rops t o s u r v i v e . A n n u a l r a i n f a l l i n these loca l i t i e s i s l o w ( < 6 0 0 m m ) a n d 

v e r y e r r a t i c a l l y d i s t r i b u t e d . T o c o m p o u n d these p r o b l e m s , t h e f a rmer s i n these areas 

s t i l l g r o w t h e i r L L V s , w h i c h are l o c a l l y a d a p t e d b u t have p o o r y i e l d p o t e n t i a l . 

I n c o l l a b o r a t i o n w i t h S A D C / I C R I S A T , NARS have released i m p r o v e d pea r l m i l l e t 

va r i e t i e s i n Z a m b i a , Z i m b a b w e , a n d N a m i b i a . M o r e var ie t ies are a t t h e o n - f a r m 

v e r i f i c a t i o n stage a n d m a y soon b e re leased i n M a l a w i a n d Tanzan ia . T h e greates t 

advantage these n e w re leased var ie t i e s have ove r L L V s i s ear ly m a t u r i t y , w h i c h assures 

f a m i l y f o o d s e c u r i t y , espec ia l ly i n years o f severe d r o u g h t . 

T h e y i e l d p o t e n t i a l o f these var ie t i es , t h o u g h o n l y s l i g h t l y b e t t e r t h a n L L V s , can b e 

s i gn i f i c an t l y i m p r o v e d . L L V s f r o m Tanzan ia , Z i m b a b w e , a n d N a m i b i a i n t h i s s t u d y 

w e r e u s e d t o d i v e r s i f y t h e gene t i c base o f t h e b r e e d i n g ma te r i a l s f r o m w h i c h n e w 

va r i e t i e s are t o b e d e v e l o p e d . T h e m a i n o b j e c t i v e o f t h e s t u d y was t o e x p l o i t t h e 

h e t e r o t i c v i g o r i n h e r e n t i n loca l g e r m p l a s m , m u c h o f w h i c h has r e m a i n e d u n d e r -

u t i l i z e d . Essen t ia l ly , t h e e q u a t o r i a l p h o t o s e n s i t i v e g e r m p l a s m f r o m Tanzania has r e -

m a i n e d i s o l a t e d f r o m t h e res t o f t h e S A D C r e g i o n because o f i t s d a y l e n g t h spec i f i c i t y 

( i . e . , i t r e q u i r e s s h o r t days t o f l o w e r ) . 

Materials and Methods 

G e r m p l a s m c o l l e c t i o n miss ions w e r e c a r r i e d o u t b y S A D C / I C R I S A T a n d t h e c o n -

c e r n e d N A R S f o r M a l a w i ( A p p a Rao e t a l . 1 9 8 6 ) , Tanzan ia (Prasada Rao a n d M e n -

gesha 1 9 8 0 ) , Z i m b a b w e ( A p p a Rao a n d Mengesha 1982; IBPGR 1 9 8 7 ) , a n d N a m i b i a 

( A p p a Rao e t a l . 1 9 9 2 ) . A t o t a l o f 361 accessions w e r e c o l l e c t e d f r o m Tanzania , 2 7 7 

f r o m M a l a w i , 9 6 1 f r o m Z i m b a b w e , a n d 1 0 0 0 f r o m N a m i b i a . Each o f t h e g e r m p l a s m 

c o l l e c t i o n s was e v a l u a t e d i n i t s c o u n t r y o f o r i g i n a n d a t S A D C / I C R I S A T loca t ions i n 

Z i m b a b w e ( e x c e p t f o r t h e T a n z a n i a n g e r m p l a s m w h i c h was e v a l u a t e d i n Tanzan ia 

because o f i t s p a r t i c u l a r d a y l e n g t h r e q u i r e m e n t ) . 

Sowing and evaluation of the Tanzania germplasm 

T h e 3 6 1 en t r i e s w e r e a r r anged in a s i m p l e l a t t i c e des ign (19 x 19) , r e p l i c a t e d t w i c e . 

T h e t r i a l w a s s o w n a t t w o loca t i ons i n Tanzan ia : U k i r i g u r u Research S t a t i o n ( 2 ° S 

3 3 ° E ) o n 1 F e b 1 9 8 9 ( d e l a y e d f r o m D e c 1 9 8 8 ) , a n d a t I longa Research S t a t i o n ( 7 ° S , 

3 7 ° E ) o n 2 7 F e b 1 9 8 9 ( n o r m a l m o n t h ) . A t b o t h loca t ions , seeds w e r e s o w n 7 5 c m 

b e t w e e n r o w s a n d p l a n t s w e r e t h i n n e d t o 4 0 c m apar t w i t h i n t h e r o w , r e t a i n i n g o n l y 

o n e p l a n t p e r h i l l . P l o t size was one r o w 5 m l o n g . T h i n n i n g was d o n e d u r i n g t h e t h i r d 
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w e e k a f te r e m e r g e n c e . T h e c r o p a t U k i r i g u r u was ha rves t ed f r o m t h e e n t i r e r o w o n 

2 0 J u n 1 9 8 9 . T h e I longa t r i a l was ha rves t ed o n 1 4 J u l 1989 . 

T h e g e r m p l a s m was e v a l u a t e d f o r m a t u r i t y , y i e l d , a n d a g r o n o m i c d e s i r a b i l i t y . 

S e l e c t i o n o f ma t e r i a l s f o r p r o m o t i o n i n t o t h e b r e e d i n g p r o g r a m was based m a i n l y o n a 

v i sua l score because b i r d damage a n d e rgo t a t t a c k w e r e v e r y severe o n some en t r i e s . 

Sowing and evaluation of the Zimbabwe germplasm 

T h e 9 6 1 en t r i e s w e r e s i m i l a r l y a r ranged in a 31 x 31 s i m p l e l a t t i c e des ign r e p l i c a t e d 

t w i c e . P l o t size was one r o w 4 m l o n g . S o w i n g was d o n e in a s i m i l a r m a n n e r a t t w o 

loca t i ons i n Z i m b a b w e : A i s l e b y near B u l a w a y o ( 2 0 ° S , 2 6 . 5 ° E ) a n d M a k o h o l i near 

M a s v i n g o ( 2 0 ° S , 3 1 ° E ) . T h e t r i a l s w e r e s o w n o n 2 9 N o v 1988 a n d 2 D e c 1988 

r e s p e c t i v e l y . H a r v e s t i n g a t A i s l e b y was d o n e o n 1 7 A p r 1989 a n d a t M a k o h o l i o n 

24 A p r 1989 . T h e data w e r e ana lyzed a s a r a n d o m i z e d c o m p l e t e b l o c k des ign because 

t h e M S T A T A N O V A l a t t i c e c a n n o t hand le a 3 1 x 3 1 l a t t i c e . A s i n Tanzania above, 

r e l i ance was p l a c e d on v i sua l scores i n se lec t ing b r e e d i n g ma te r i a l s . 

Collection and evaluation of the Namibian germplasm 

D u r i n g c o l l e c t i o n e f fo r t s w e r e m a d e t o i d e n t i f y geno types t h a t c o u l d b e u sed d i r e c t l y 

i n b r e e d i n g w o r k t o p r o d u c e var ie t ies i n t h r e e o r f o u r seasons o n l y . F o r t y - n i n e such 

accessions w e r e i d e n t i f i e d . T h i s special c o l l e c t i o n o f 4 9 o u t o f t h e t o t a l o f 1000 was 

s o w n i n o u r off-season nu r se ry i n M u z a r a b a n i d u r i n g t h e w i n t e r o f 1 9 9 1 , a long w i t h 

t h e o t h e r s fo r m u l t i p l i c a t i o n , i n o r d e r t o o b t a i n su f f i c i en t seed fo r eva lua t i on o f t h e 

e n t i r e g e r m p l a s m . A b o u t 3 0 0 0 i n d i v i d u a l p lan t s w e r e se lec ted f r o m t h e specia l c o l ­

l e c t i o n , a n d crosses w e r e m a d e w i t h 1 2 o u t s t a n d i n g var ie t ies f r o m S A D C / I C R I S A T , 

r e s u l t i n g i n 1208 i n d i v i d u a l crosses. T h e o b j e c t i v e o f t h e crosses was t o crea te seg-

r e g a t i n g p o p u l a t i o n s t h a t c o m b i n e d g o o d charac ters f r o m b o t h sources. A d e q u a t e 

seed q u a n t i t i e s o f t h e e n t i r e g e r m p l a s m w e r e p r o d u c e d b y hand - s ibb ing f o r evalua-

t i o n a t t h r e e l oca t ions : t w o i n N a m i b i a a n d one i n Z i m b a b w e . T h e g e r m p l a s m was 

s p l i t i n t o t h r e e sets o f 2 5 6 en t r i e s each, a n d a l l these sets w e r e s o w n a t each o f t h e 

t w o loca t ions i n N a m i b i a ( O m a h e n e n e a n d Masha re ) a n d one l o c a t i o n i n Z i m b a b w e 

( M u z a r a b a n i ) . O m a h e n e n e i s l o c a t e d a t 1 7 ° S 1 4 ° E , Masha re a t 1 7 . 5 ° S 1 9 ° E , a n d 

M u z a r a b a n i a t 1 6 . 5 ° S 3 1 . 5 ° E . 

S o w i n g was d o n e a t t h e e n d o f D e c 1990 a t a l l t h r e e loca t ions . T h e r e was adequa te 

r a i n f a l l f o r g e r m i n a t i o n a n d c r o p e s t a b l i s h m e n t was g o o d a t a l l l oca t ions . T h e r a iny 

season e n d e d i n l a t e January a n d t h e M u z a r a b a n i e v a l u a t i o n f a i l e d t o t a l l y . D a t a 

c o l l e c t i o n a n d f u r t h e r s e l ec t i on w e r e t h e r e f o r e possible o n l y f r o m t h e N a m i b i a t r i a l s , 

w h i c h d i d n o t suf fe r a s m u c h d r o u g h t a s Z i m b a b w e . 

Selection of LLVs for use in breeding 

Several accessions from each LLV evaluated were selected according to plant type, 
t ime to maturi ty, and grain type and quality. Preference was given to plants that had 
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s t r o n g s ta lks , res is tance t o l o d g i n g , a n d g o o d t i l l e r i n g a n d y i e l d ab i l i t i e s . V a r i e t i e s w i t h 

b o l d o r large grains are k n o w n t o b e p r e f e r r e d a n d w e r e t h e r e f o r e t a r g e t e d f o r 

s e l e c t i o n . W h i t e - a n d c r e a m - c o l o r e d accessions w e r e s i m i l a r l y se l ec t ed f o r t h e i r 

k n o w n g o o d g r a i n q u a l i t y , i n c l u d i n g a h a r d co rneous e n d o s p e r m . Seven teen en t r i e s 

w e r e s e l ec t ed f r o m t h e T a n z a n i a n g e r m p l a s m , 1 8 f r o m Z i m b a b w e , a n d 4 9 f r o m 

N a m i b i a . E a c h o f these has b e e n crossed w i t h se lec ted S A D C / I C R I S A T var ie t ies , w i t h 

t w o ob jec t ives : 

1 . T o i m p r o v e t h e de s igna t ed L L V f o r p a r t i c u l a r t r a i t s us ing t h e i m p r o v e d v a r i e t y a s 

d o n o r p a r e n t . 

2 . T o c rea t e a range o f d i v e r s i f i e d segregat ing p o p u l a t i o n s f r o m w h i c h n e w i m p r o v e d 

va r i e t i e s c an b e d e v e l o p e d . 

Results and Discussion 

Performance of intervarietal hybrids 

I n i m p r o v i n g t h e L L V accessions f r o m Z i m b a b w e a n d Tanzania w e also e x a m i n e d 

t h e i r p o t e n t i a l f o r c r e a t i n g i n t e r v a r i e t a l h y b r i d s . Pear l m i l l e t has a great p o t e n t i a l f o r 

i n t e r v a r i e t a l h y b r i d i z a t i o n because o f i t s p r o t o g y n o u s n a t u r e . B y c a r e f u l l y se lec t ing 

t h e ' m a l e ' a n d ' f e m a l e ' pa ren t s t h a t d i f f e r i n t i m e t o f l o w e r i n g — s u c h t h a t t h e r e i s 

a lways p l e n t y o f p o l l e n w h e n t h e f e m a l e i s a t s t igma s t a g e — h y b r i d s can b e p r o d u c e d . 

F r o m t h e Z i m b a b w e g e r m p l a s m some i n t e r v a r i e t a l h y b r i d s w e r e o b t a i n e d w h i c h 

h a d y i e l d s u p e r i o r i t y r ang ing f r o m 6 .8 t o 4 6 . 6 % over t h e i m p r o v e d re leased c o n t r o l 

v a r i e t y P M V 2 ( T a b l e 1) . T h e 1 9 8 9 / 9 0 season was a n o r m a l season, a n d p e r f o r m a n c e 

o f va r i e t i e s w a s i n d i c a t i v e o f t h e i r n o r m a l p o t e n t i a l . P M V 2 gave a y i e l d o f 2 . 9 4 t ha - 1 , 

w h e r e a s t h e h i g h e s t - y i e l d i n g i n t e r v a r i e t a l h y b r i d ( a cross b e t w e e n I B M V 8 5 0 2 a n d 

S D M V 8 7 0 0 6 ) p r o d u c e d 4 .31 t h a - 1 g r a i n . T h i s c l ea r ly d e m o n s t r a t e d t h e advantages 

a n d p o t e n t i a l o f i n t e r v a r i e t a l h y b r i d s . 

T h e h i g h e s t - y i e l d i n g i n t e r v a r i e t a l h y b r i d c o n s t i t u t e d f r o m a cross b e t w e e n a n 

i m p r o v e d v a r i e t y ( S D M V 8 9 0 0 3 ) a n d a L L V ( S D P M 6 2 6 ) p r o d u c e d 3 .93 t ha-1 g r a in . 

T h i s y i e l d was 3 3 . 7 % h i g h e r t h a n t h e re leased v a r i e t y P M V 2 . T h e r e i s some h e t e r o t i c 

v i g o r i n h e r e n t i n crosses o f such d ive r se b a c k g r o u n d s a s L L V s a n d i m p r o v e d var ie t i es 

i n t r o d u c e d f r o m o u t s i d e t h e r e g i o n . A s can b e seen i n t h e l a s t - m e n t i o n e d cross, t h e 

he te ros i s v a l u e o v e r t h e s u p e r i o r p a r e n t ( S D P M 6 2 6 ) was 5 7 . 2 % . H e t e r o s i s values 

r a n g i n g f r o m 1 8 t o 7 2 % w e r e o b s e r v e d b e t w e e n L L V s a n d i m p r o v e d var ie t ies , a n d 

g r a i n y i e l d s u p e r i o r i t y o v e r t h a t o f t h e P M V 2 c o n t r o l r anged f r o m 6.8 t o 3 3 . 7 % . T h e 

h i g h e s t he te ros i s va lue ove r t h e bes t p a r e n t r e c o r d e d was 8 7 . 4 % , w i t h a y i e l d s u p e r i -

o r i t y o v e r P M V 2 o f 4 6 . 6 % ( T a b l e 1) . 

A n a l m o s t s i m i l a r s i t u a t i o n was o b s e r v e d w i t h r ega rd t o crosses b e t w e e n i m p r o v e d 

va r i e t i e s a n d 1 7 o f t h e bes t L L V s o u t o f t h e g e r m p l a s m f r o m Tanzan ia . H e t e r o s i s 

va lues a s h i g h a s 9 8 . 9 % w e r e r e c o r d e d a n d y i e l d s u p e r i o r i t y o f 8 9 . 8 % over t h e 

i m p r o v e d re leased v a r i e t y Serere 1 7 was r ea l i zed ( T a b l e 2 ) . A s s t a t ed above, one o f 

t h e o b j e c t i v e s i n m a k i n g these crosses was t o i m p r o v e t h e g o o d L L V , a s a l ready 

i d e n t i f i e d , w i t h a f e w des i rab le t r a i t s . T h e i m p r o v e d var ie t i e s u s e d w e r e t h e r e f o r e 
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m a i n l y s e l ec t ed o n t h e basis o f d e s i r e d t r a i t s f o r t h i s t ransfer . I t i s e x p e c t e d t h a t n o t 

m o r e t h a n t h r e e backcrosses w i l l be r e q u i r e d t o t r ans fe r these se lec ted t r a i t s t o t h e 

L L V ( S A D C / I C R I S A T 1993; 1 9 9 4 ) . 

I n t h i s m a n n e r w e o b t a i n m o s t o f t h e genes o f t h e e l i t e va r i e ty w h i l e r e t a in ing some 

o f t h e qua l i t i e s o f loca l a d a p t a t i o n . H o w e v e r , i f m o r e o f t h e t r a i t s o f t h e L L V are 

r e q u i r e d , t h e n , af ter t h e r e q u i r e d t r a i t f r o m t h e d o n o r pa ren t has been o b t a i n e d , t h e 

L L V s h o u l d b e used a s t h e p o l l e n d o n o r i n t h e subsequent backcrossing, each t i m e w i t h 

se lec t ion f o r t h e r e q u i r e d t r a i t u n t i l i t i s f i x e d . T h e t r a i t s m o s t sought fo r i n c l u s i o n i n t o 

L L V s are ear ly m a t u r i t y , t i l l e r i n g a b i l i t y , gra in size, and , some t imes , y i e l d p o t e n t i a l . 

A s can b e seen f r o m T a b l e 2 , t h e L L V s w e r e v e r y la te , a l l r e q u i r i n g a t least 7 0 days 

t o r e a c h 5 0 % f lower ing , a n d s o m e r e q u i r i n g a s m a n y a s 102 days. T h i s means t h a t t h e 

L L V s r e q u i r e a g r o w i n g season o f b e t w e e n 110 a n d 130 days to reach m a t u r i t y . As a 

r e s u l t , w h e n t h e r a i n y season ends ear ly t h e r e i s n o r m a l l y a massive c r o p f a i l u r e . 

T h e r e i s t h u s a n e e d t o r e d u c e t h e t i m e t h e y t ake t o m a t u r e . 

Performance of LLV backcross progenies 

B y 1 9 9 2 / 9 3 t h e f i r s t backcrosses m a d e h a d a l ready r eached t h e t h i r d backcross 

g e n e r a t i o n a n d w e r e e v a l u a t e d across loca t ions i n Z i m b a b w e a n d c o m p a r e d w i t h t h e i r 

pa r en t s a n d re leased v a r i e t y c o n t r o l s Okashana 1 , Kaufe la , a n d P M V 2 . 

T h e o b v i o u s s u p e r i o r i t y o f these backcross progenies over t h e i m p r o v e d v a r i e t y 

pa ren t s w a s n o w o b v i o u s ( T a b l e 3 ) . Y i e l d i m p r o v e m e n t s i n c o m p a r i s o n w i t h t h e L L V 

i n these l o c a t i o n s r a n g e d f r o m 3 7 . 8 t o 71 .3%. S i m i l a r l y , i m p r o v e m e n t s over t h e 

re leased v a r i e t y P M V 2 r anged f r o m 4 .4 t o 2 4 . 3 % . A t t h e same t i m e y i e ld s o f 

p a r t i c u l a r i m p r o v e d var ie t i e s a n d t h e L L V s used i n t h e s t u d y w e r e v e r y s ign i f i can t ly 

i m p r o v e d . 

F r o m t h e e x a m p l e o f t h e cross S D P M 6 2 6 ( L L V ) x S D M V 8 7 0 0 6 ( i m p r o v e d 

v a r i e t y ) , w h i c h gave a y i e l d o f 5 .07 t ha - 1 averaged ove r loca t ions , i t i s seen t h a t t h i s 

y i e l d i s 3 7 . 8 % s u p e r i o r t o t h a t o f S D P M 6 2 6 ( 3 . 6 8 t ha - 1 ) , a n d 5 7 . 4 % supe r io r t o t h a t 

o f S D M V 8 7 0 0 6 ( 3 . 2 2 t ha- 1 ) . A n o t h e r e x a m p l e o f a d e s i r e d i m p r o v e m e n t i s s h o w n 

i n t h e backcross i n v o l v i n g S D G P 1514 a n d I C M V 8 8 9 0 8 (Okashana 1). T h e r e s u l t i n g 

B C 3 F 1 p rogen ies l o o k c lose ly s i m i l a r t o Okashana 1 , a s i n t e n d e d . T h i s backcross 

p r o g e n y r e t a i n e d t h e earl iness o f Okashana 1 , f l ower ing in 58 days v s 56 days f o r 

O k a s h a n a 1 , a n d i t has t h e same large b o l d g r a i n in a s l i g h t l y t a l l e r p l a n t (169 vs 159 

c m ) , b e t t e r t i l l e r i n g a b i l i t y (assessed b y c o u n t i n g t h e n u m b e r o f harves table panic les 

p e r 6 m 2 ) , a n d a y i e l d i m p r o v e m e n t ove r Okashana o f 2 4 % . 

I n t h e e v a l u a t i o n o f F 4 p rogenies r e s u l t i n g f r o m advanc ing some o f t h e segregat ing 

backcross p rogen ies a t L u c y d a l e d u r i n g 1 9 9 3 / 9 4 , m a n y o f t h e progenies h a d y i e l d 

s u p e r i o r i t y t h a t m o r e t h a n d o u b l e d t h a t o f t h e f a r m e r s ' L L V ( T a b l e 4 ) . 

O u t o f t h e t o p 2 0 en t r i es f r o m a nurse ry o f 144, t h e r e was o n l y one va r i e ty , S D M V 

9 0 0 1 6 ( w h i c h r a n k e d 1 4 t h a n d y i e l d e d 1.30 t ha - 1 vs 1.99 t ha - 1 f r o m t h e p rogeny of t h e 

t o p - r a n k i n g backcross) t h a t h a d a 2 4 % grain y i e l d s u p e r i o r i t y over c o n t r o l e n t r y P M V 2 . 

T h e o n l y nonbackc ross -de r ived en t r ies i n t h e t o p 2 0 w e r e h y b r i d s (Tab le 4 ) . Y i e l d 

s u p e r i o r i t y o f t h e t o p 2 0 en t r i es i n t h i s t r i a l over P M V 2 ranged f r o m 7.6 t o 89 .5%. 
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Conclusion 

T h i s s t u d y suggests t h a t cons ide rab le p o t e n t i a l exis ts f o r i m p r o v i n g y i e ld s t h r o u g h 

u s i n g L L V s ava i lab le i n t h e r e g i o n . S o m e o f t h e gains r e p o r t e d p r o b a b l y arise f r o m t h e 

f a c t t h a t m o s t i m p r o v e d a n d avai lable var ie t i es are d e r i v e d f r o m crosses b e t w e e n 

i n t r o d u c e d m a t e r i a l s . T h e r e i s n o t i c e a b l e unre la tedness b e t w e e n these i m p r o v e d 

va r i e t i e s a n d t h e L L V s w h i c h i s m a n i f e s t e d i n t h e he teros is obse rved . T h i s i s t o b e 

e x p e c t e d , because m u c h o f t h e g e r m p l a s m w i t h i n t h e S A D C r e g i o n was c o l l e c t e d less 

t h a n 1 0 years ago a n d has t h e r e f o r e n o t b e e n f u l l y u t i l i z e d i n r eg iona l b r e e d i n g 

p r o g r a m s . T h e s e m a t e r i a l s t h u s r ep re sen t a va luable source o f v a r i a b i l i t y f o r t h e 

f u t u r e i m p r o v e m e n t o f va r i e t i e s f o r use b y f a r m e r s i n t h e r eg ion . 
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First Results of Research on the Armored Bush 
Cricket (Acanthopolus discoidalis) on Pearl Millet 
in Namibia: Population Dynamics, Biology, and 
Control1 

B Wohlleber2 

Abstract 

Annual attacks by the bush cricket (Acanthopolus discoidalis/. Iris 1992) cause 

severe losses in pearl millet production in Owamboland, Namibia, of approx-

imately 10 000 t yr-1, e.g., 30% of the total harvest in 1993. Research in this study 

is geared to the development of an integrated pest management (IPM) system 

based on the biology and ecology of the cricket relevant to the socioeconomic 

environment of communal farmers in Namibia. Understanding of the biology and 

population dynamics of the cricket should provide adequate knowledge for the 

development of integrated pest management components with special emphasis on 

(a) the development of a population forecasting method; (b) the development of 

yield loss evaluation methods in farmers' fields, involving the quantification of 

damage caused by the insect at different stages in its growth cycle; and (c) the 

development of cultural, biological, and chemical control methods. 

The data reported comprise selected results from second-season trials and are 

therefore subject to later reassessment. 

Introduction 

Stud i e s o n t h e b i o l o g y a n d c o n t r o l o f t h e a r m o r e d b u s h c r i c k e t associated w i t h pea r l 

m i l l e t p r o d u c t i o n w e r e s t a r t e d i n N o v 1992 . T h e research p r o j e c t was i n i t i a t e d b y 

K L e u s c h n e r ( S A D C / I C R I S A T ) a n d t h e D e p a r t m e n t o f Research i n t h e M i n i s t r y o f 

1. T h i s paper presents p r e l i m i n a r y data, subject to fu r t he r P h D studies, in a cooperat ive research p ro jec t 

organized b y t h e D e p a r t m e n t o f Research, M i n i s t r y o f A g r i c u l t u r e , W a t e r and Rura l D e v e l o p m e n t , 

N a m i b i a , t h e I n s t i t u t e o f A p p l i e d Zoology , Jus tus-Liebig U n i v e r s i t y , Giessen, G e r m a n y , a n d 

S A D C / I C R I S A T , Bu lawayo , Z i m b a b w e . T h e data are n o t for c i t a t i o n and a l l r i gh t s are reserved by t h e 

au tho r . 

2 . Research S tuden t , O m a h e n e n e Research S ta t ion , PO Box 144, Oshaka t i , N a m i b i a . (Present address: 

Ma inze r s t r . 18, 65719 H o l h e i m , G e r m a n y . ) 

W o h l l e b e r , B . 1996. F i r s t resul ts o f research on t h e a r m o r e d bush c r i cke t (Acanthopolus discoidalis) on 

pear l m i l l e t in N a m i b i a : p o p u l a t i o n dynamics , b io logy , a n d c o n t r o l . Pages 1 6 3 - 1 7 2 i n D r o u g h t - t o l e r a n t 

c rops f o r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k -

shop, 2 5 - 2 9 J u l 1994, G a b o r o n e , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 5 0 2 324 , 

A n d h r a Pradesh, I nd i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T r o p i c s . 
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A g r i c u l t u r e , W a t e r , a n d R u r a l D e v e l o p m e n t . T h e p r o j e c t was l o c a t e d a t t h e 

O m a h e n e n e Research S t a t i o n i n n o r t h e r n O w a m b o l a n d . T h e s t a t i o n i s i n t h e c e n t e r 

o f a large area i n f e s t e d by t h e pes t . 

A n o b j e c t i v e o f t h e p r o j e c t i s t o d e t e r m i n e t h e m o s t i m p o r t a n t fac tors i n f l u e n c i n g 

t h e p o p u l a t i o n d y n a m i c s o f t h e c r i c k e t . S tud ies o n t h e r e p r o d u c t i v e cyc l e , a s w e l l a s 

an analysis o f i n t e r a c t i o n s b e t w e e n t h e p l a n t , t h e pest , a n d t h e i r e n v i r o n m e n t w i l l 

t h e r e f o r e b e necessary, a f t e r w h i c h i t i s i n t e n d e d t o d e v e l o p a n a p p r o p r i a t e c o n t r o l 

s t r a t egy . I n o r d e r t o ensure t h a t research f i n d i n g s are r e l evan t t o specif ic s i tua t ions 

w i t h i n t h e p r o d u c t i o n s y s t e m i n c o m m u n a l areas o f O w a m b o l a n d , f i e l d t r i a l s are 

c a r r i e d o u t o n - f a r m i n close i n t e r a c t i o n w i t h t h e f a rmers . A n I P M a p p r o a c h t o pes t 

c o n t r o l measures i s f a v o r e d ove r those based on t h e sole use o f chemica l s . 

Methods 

T h e l i f e c y c l e o f t h e c r i c k e t was s t u d i e d w i t h s ingly-caged n y m p h a l stages i n a 

sc reenhouse a n d i n p e a r l m i l l e t h e a d cages i n f a r m e r s ' f i e l d s . F e e d i n g a n d f o o d 

p r e f e r e n c e s tud ies w e r e c a r r i e d o u t i n screenhouse cages. 

Yield loss analysis in the field 

T o d e t e r m i n e y i e l d losses a m o d i f i c a t i o n o f t h e loss-assessment m e t h o d p r o p o s e d b y 

Pan ten ius a n d K r a l l ( 1 9 9 3 ) was chosen a s r e l evan t t o t h e p r o b l e m s a n d a g r i c u l t u r a l 

c o n d i t i o n s o f t h e area. 

T h e m o d i f i c a t i o n s w e r e t h e f o l l o w i n g : 

a ) M e a s u r e m e n t s w e r e c a r r i e d o u t o n m a r k e d p lan t s i n t h e t r i a l p l o t s (16 p lan t s 

p l o t - 1 ) . 

b ) Panic les w e r e c lass i f ied a c c o r d i n g t o t h e i r degree o f compac tness i n t o t h r e e 

classes: (1) c o m p a c t ; ( 2 ) less c o m p a c t ; ( 3 ) loose . F o r every class a m u l t i p l i c a t i o n 

f a c t o r ( g c m - 2 ) was d e t e r m i n e d b y means o f a l inear regress ion m o d e l : 

Class 1 : 0.15 g c m - 2 ( r 2 = 0 . 7 6 * * ; n = 2 7 6 ) 

Class 2 : 0 .10 g c m - 2 ( r 2 = 0 . 8 1 * ; n = 1 3 0 ) 

Class 3 : 0 . 0 7 g c m - 2 ( r 2 = 0 . 6 8 * ; n = 1 3 0 ) 

S u b s e q u e n t l y t h e w e i g h t o f each pan i c l e was c a l c u l a t e d b y m e a s u r i n g t h e surface 

o f t h e h e a d a n d b y m u l t i p l y i n g i t w i t h t h e r e spec t ive class f ac to r . D a m a g e s u f f e r e d b y 

t h e p l a n t a t d i f f e r e n t stages was e s t i m a t e d f o l l o w i n g Panten ius a n d K r a l l ' s ( 1 9 9 3 ) loss 

assessment m e t h o d . 

I n o r d e r t o ensure p r e c i s i o n i n t h e c a l c u l a t i o n o f severe degrees o f damage , t h e 

damage l e v e l was d e t e r m i n e d b y e s t i m a t i n g f eed ing damage o n b o t h sides o f t h e 

p a n i c l e . T h e average damage w a s t h e n m u l t i p l i e d b y t h e n u m b e r o f d a m a g e d p l an t s i n 

t h e p l o t o r f i e l d . T h e c o m b i n a t i o n o f these m e t h o d s t h u s p r o v i d e d a n accura te 

assessment o f y i e l d a n d loss f o r p e a r l m i l l e t expressed i n k g ha-1 . 
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Loss evaluation of different cricket stages 

C r i c k e t s o f d i f f e r e n t stages ( 4 - 7 ) w e r e w e i g h e d a n d p u t i n t o pan ic l e cages ( 3 5 x 1 5 

c m : one cage-1) p l a c e d o n pea r l m i l l e t heads a t t h e p l an t ' s d e v e l o p m e n t stages 5 - 9 i n 

a f a r m e r ' s f i e l d , based on d e v e l o p m e n t stages p r o p o s e d by M a t i a n d B i d i n g e r (1981) . 

T h e s e range f r o m 0 to 9: 5 = b o o t stage, 6 = 5 0 % flowering, a n d 7 - 9 = cove r g r a in 

d e v e l o p m e n t . 

A f t e r 1 0 days t h e c o n t e n t o f t h e cages, i n c l u d i n g t h e pea r l m i l l e t head , was mea­

s u r e d a n d w e i g h e d i n t h e l a b o r a t o r y . T h e f eed ing damage was e s t i m a t e d a n d t h e 

w e i g h t o f t h e c r i c k e t s a n d t h e faeces was d e t e r m i n e d . 

F o r each c r i c k e t a n d p e a r l m i l l e t d e v e l o p m e n t stage t h r e e rep l ica tes w e r e c a r r i e d 

o u t . T h e t r i a l was r e p e a t e d t h r e e t i m e s . A t o t a l o f 6 0 cages w e r e u sed f o r eve ry t r i a l . 

F o r each c r i c k e t d e v e l o p m e n t stage t h e a m o u n t o f g ra in c o n s u m e d a t d i f f e r e n t 

g r a i n d e v e l o p m e n t stages was c a l c u l a t e d i n g d a y - 1 p l a n t - 1 (Pan ten ius a n d K r a l l 1 9 9 3 ) . 

F o r t o t a l y i e l d loss p e r hec ta re , data f r o m 1 0 0 0 0 p l a n t i n g h i l l s w e r e r e c o r d e d , 

because 10 0 0 0 p l an t s ha - 1 represents an average pea r l m i l l e t p l a n t d e n s i t y on f a r m e r s ' 

f i e l d s i n O w a m b o l a n d . 

Integrated pest management 

C h o i c e o f s o w i n g d a t e a n d m i l l e t v a r i e t y . T o es tabl ish t h e e f f ec t o f s o w i n g da te a n d 

va r i e t i e s ' t i m e (days) t o m a t u r i t y o n c r i c k e t damage, t h e f o l l o w i n g var ie t ies a n d 

s o w i n g dates w e r e t e s t e d i n f a r m e r s ' f i e l d s ( L L V = loca l landrace v a r i e t y ) : 

1 : L L V : 120 days s o w i n g da te 2 0 N o v 1993 

2 : L L V : 120 days s o w i n g da te 3 1 Jan 1994 

3 : Okashana 90 days s o w i n g da te 31 Jan 1994 . 

Each p l o t ( 2 0 x 2 0 m ) was h a n d - s o w n b y t h e f a r m e r . 

T h e r a n d o m i z e d b l o c k l a y o u t cons i s t ed o f t h r e e rep l ica tes fo r each t r e a t m e n t . 

L L V s cons i s t o f a gene t i c m i x o f a w n e d a n d n o n a w n e d p lan ts , a n d i t i s c l a i m e d t h a t 

a w n e d p l an t s are less f r e q u e n t l y a t t a c k e d b y t h e c r i c k e t . T o v e r i f y t h i s , t h e r e f o r e , a t 

t h e d o u g h stage 48 a w n e d p lan t s w e r e se lec ted o u t o f var ie t ies 1 a n d 2 a n d w e r e 

assigned t o t h r e e g roups ( t h r e e r ep l i ca t e s ) . 

D u r i n g t h e g r o w i n g p e r i o d f a rmer s w e r e asked t o fill i n f o r m s at 3-day in t e rva l s 

c o n c e r n i n g : p l a n t stage, c r i c k e t stage, n u m b e r o f c r i cke t s , a n d 2 0 % damage pe r p l a n t 

(Jago 1 9 9 3 ) . O b s e r v a t i o n s b y f a r m e r s w e r e c o n t r o l l e d a n d v e r i f i e d a t 7-day in t e rva l s . 

T h e da t e o f ha rves t was d e t e r m i n e d b y t h e f a rmers (19 M a y 1 9 9 4 ) . Y i e l d s w e r e 

e s t i m a t e d a n d damage was c a l c u l a t e d . C o l l e c t i o n o f c r i c k e t s w i t h i n t h e t r i a l p l o t s was 

a v o i d e d . 

C h a n g e o f harvest ing procedure . C r i c k e t s , especia l ly d u r i n g m i g r a t i o n a n d aggrega-

t i o n , are a t t r a c t e d t o f i e l d edges o f t a l l e r c rops a n d l a n d m a r k s w i t h i n a h a r v e s t e d f i e l d . 

T h i s b e h a v i o r i s espec ia l ly expressed d u r i n g m a t i n g a n d o v i p o s i t i o n . I t was a s sumed 

t h a t c r i c k e t a d u l t s w o u l d aggregate a t spec i f ica l ly c r e a t e d l a n d m a r k s ( s tooks o f 
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h a r v e s t e d p l a n t s ) a n d c o u l d b e c o n t r o l l e d e i t h e r b y h a n d c o l l e c t i o n o r chemica l s . A n y 

egg p o d s l a i d a t t h i s spo t c o u l d b e easi ly d e s t r o y e d b y d igg ing t h e m u p , t h u s enab l ing 

t h e f a r m e r t o r e d u c e t h e n e x t year ' s p o p u l a t i o n . 

T o e x p l o i t t h i s m e t h o d o f c r i c k e t c o n t r o l , b e f o r e o v i p o s i t i o n 1 8 p l o t s , each cove r -

i n g a n area o f 4 0 0 m 2 , w e r e h a r v e s t e d ear ly ( s h o r t l y a f te r p h y s i o l o g i c a l m a t u r i t y ) b y 

r e m o v i n g t h e w h o l e p l a n t s w h i c h w e r e t h e n s t acked t o lean against b o t h sides o f 

t r e s t l e s . T h e s e cons i s t o f a w o o d e n b e a m s u p p o r t e d o n t w o poles . I n t h i s w a y t e n t -

l i k e l a n d m a r k s w e r e c r e a t e d i n t h e bare f i e l d . These t r i a n g u l a r s tooks also p r o v i d e d 

t h e shade u n d e r n e a t h r e q u i r e d f o r egg- laying. T h e n u m b e r o f c r i c k e t s c o n c e n t r a t e d 

o n a s ingle s t o o k c o u l d b e r e c o r d e d w e e k l y . T h r e e s imi l a r - s i zed p l o t s , w h i c h w e r e n o t 

h a r v e s t e d , s e r v e d as c o n t r o l s . 

A f t e r t h e n a t u r a l d e c l i n e o f t h e p o p u l a t i o n a t t h e b e g i n n i n g o f M a y , t h e d e n s i t y o f 

egg p o d s was d e t e r m i n e d u n d e r each s t o o k (15 m 2 ) a n d i n t h e r e m a i n i n g area 

( 3 8 5 m 2 ) , a n d c o m p a r e d w i t h t h e egg p o d d e n s i t y i n t h e u n h a r v e s t e d p l o t s ( n u m b e r 

o f egg p o d s m - 2 ) . I n t h i s area, also, a p l o t o f 1 5 m 2 was se l ec ted t o s i m u l a t e t h e area 

u n d e r a s t o o k . 

Results and Discussion 

Cricket life cycle and pearl millet development 

A t t h e b e g i n n i n g o f t h e r a i n y season i n January , f i r s t - ins ta r n y m p h s s ta r t t o h a t c h f r o m 

t h e egg p o d s . T h e ra t e o f h a t c h i n g i s d e p e n d e n t o n so i l m o i s t u r e . T h e t o p s o i l l ayer 

(15 cm d e e p ) has to be m o i s t f o r a t least 3 days be fo re h a t c h i n g star ts a t 11-20 days 

a f t e r w a r d s . T h i s f i nd ing has t o be v e r i f i e d , a n d c o u l d be used a s an i n d i c a t o r fo r 

f o r e c a s t i n g t h e h a t c h i n g o f c r i c k e t n y m p h s . 

H a t c h i n g c o i n c i d e s w i t h t h e g e r m i n a t i o n o f p e a r l m i l l e t . A f t e r h a t c h i n g t h e c r i c k e t 

d e v e l o p s o v e r s ix n y m p h a l stages b e f o r e t h e a d u l t stage a f te r a b o u t 70 days. C r i c k e t s 

can d e v e l o p o n l y o n gene ra t ive p l a n t pa r t s ( f l o w e r s a n d g r a i n ) , a l t h o u g h t h e y are able 

t o m a i n t a i n t h e m s e l v e s f o r s o m e t i m e o n leaves w i t h o u t f u r t h e r d e v e l o p m e n t . A s l o n g 

a s p e a r l m i l l e t i s i n t h e vege ta t ive g r o w t h stage c r i c k e t n y m p h s d e p e n d f o r f o o d o n 

t h e g e n e r a t i v e p l a n t pa r t s o f grasses a n d b r o a d l e a f e d w e e d s . 

T h e f i r s t damage o n p e a r l m i l l e t appears o n l y a t f l o w e r i n g ( F i g . 1) . T h e m o s t 

ser ious damage w i l l b e caused b y t h e n y m p h stages 4 - 6 a n d b y a d u l t c r i c k e t s . D u r i n g 

t h e m i l k stage p e a r l m i l l e t i s m o s t sens i t ive t o c r i c k e t damage . M o s t ser ious damage 

can b e e x p e c t e d w h e n t h e m i l k stage co inc ides w i t h t h e c r i c k e t stages 5 - 7 . La t e r , a t 

g r a i n m a t u r i t y , p e a r l m i l l e t g r a i n w i l l b e t o o h a r d f o r t h e m o u t h - p a r t s o f t h e c r i c k e t 

a n d t h e r e f o r e less a t t r a c t i v e d u r i n g a l l c r i c k e t stages. A t t h e e n d o f t h e season t h e 

c r i c k e t lays i t s egg p o d s i n t h e shaded so i l o f p e r e n n i a l t rees a n d shrubs t h a t d o n o t 

s h e d leaves a n d a t t h e base o f p e a r l m i l l e t p lan t s i n t h e f i e l d . T h e eggs r e m a i n i n 

d iapause i n t h e so i l u n t i l e m b r y o n i c d e v e l o p m e n t s tar ts i n O c t o b e r . F u l l y d e v e l o p e d 

e m b r y o s r e m a i n i n eggs u n t i l m o i s t u r e c o n d i t i o n s are r i g h t f o r h a t c h i n g , a s m e n t i o n e d 

above . 
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Yield loss caused by different cricket development stages 

F i g u r e 2 shows t h a t , w i t h inc reas ing pea r l m i l l e t d e v e l o p m e n t (g ra in m a t u r i t y ) , f e e d -

i n g w i t h a l l t e s t e d c r i c k e t d e v e l o p m e n t stages approaches 0 . T h i s r e l a t i o n b e t w e e n 

damage a n d g r a i n m a t u r i t y can b e seen c lea r ly b y c o m p a r i n g t h e bars o f pea r l m i l l e t 

and c r i c k e t stages. A l l c r i c k e t stages cause m o s t severe loss a t t h e m i l k stage o f t h e 

p l a n t . H o w e v e r , t h e a d u l t stages cause t h e highest y i e l d loss. 

D a i l y losses o f 5 k g p o t e n t i a l harves t can b e e x p e c t e d i f a n a r b i t r a r y p o p u l a t i o n o f 

10 0 0 0 c r i c k e t s ha - 1 i s t a k e n i n t o c o n s i d e r a t i o n . C o m p a r a t i v e l y , c r i c k e t stage 4 does 

n o t c o n t r i b u t e m u c h t o t h e y i e l d loss e x c e p t a t t h e m i l k stage. M o d e s t y i e l d losses 

f r o m p h y s i o l o g i c a l m a t u r i t y o n w a r d s c o u l d b e e x p l a i n e d b y d i f f i c u l t i e s e x p e r i e n c e d 

b y c r i c k e t s i n c r a c k i n g t h e g r a in . 

T h e resu l t s i n d i c a t e t h a t m a j o r g ra in damage c o u l d b e a v o i d e d i f t h e m i l k a n d soft 

d o u g h g ra in d e v e l o p m e n t stages o f pear l m i l l e t d o n o t c o i n c i d e w i t h t h e m o s t vora-

c ious f e e d i n g stages o f t h e c r i c k e t . 

Heading 5 Flowering 6 M i l k stage 7 Dough stage 8 Maturi ty 9 

Pearl mi l le t development stages 

Figure 2 . C r i c k e t damage , i.e., food in take b y stages 4 - 7 ( k g h a 1 ) d a y 1 a t pear l 

mi l le t deve lopment stages 5 - 9 ( M a t i a n d Bidinger 1981) . 
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Integrated pest management 

C h o i c e o f sowing date and mil let variety. Y i e l d a n d damage was e s t i m a t e d a n d 

r e s p e c t i v e l y c a l c u l a t e d a c c o r d i n g t o t h e s i g m o i d cu rve fo r q u a n t i f i c a t i o n o f g ra in loss 

( F i g . 2 ) . In F igu re 3 t h e damage ra t ings (classes) can be c o n v e r t e d i n t o % y i e l d loss. 

Severe g ra in damage caused by c r i c k e t s i s h i g h l y c o r r e l a t e d w i t h la te s o w i n g da te 

( L L V : 4 2 % ) ( F i g . 4 ) , w h i l e a l o w leve l o f damage o n t h e same va r i e ty i s associated 

w i t h ea r ly s o w i n g da te (11%). L a t e - s o w n Okashana s u f f e r e d 2 2 % damage, b u t i t 

p a r t i a l l y escaped severe c r i c k e t f eed ing because o f i ts ear ly m a t u r i t y ( 9 0 days) . 

T o u n d e r s t a n d h o w y i e l d losses are caused b y c r i cke t s , t h e pest 's l i f e cyc le a n d t h e 

damage p o t e n t i a l o f i t s d i f f e r e n t stages m u s t be c o n s i d e r e d . I f a 120-day v a r i e t y i s 

s o w n la te , t h e sens i t ive pear l m i l l e t stages 5, 6, a n d 7 w i l l c o i n c i d e w i t h t h e o l d e r 

c r i c k e t stages t h a t cause t h e m o s t damage. I f t h e same v a r i e t y i s s o w n a t an ear l ie r 

da t e , severe damage can b e p r e v e n t e d t h r o u g h ear l ie r m a t u r i n g o f t h e g ra in . T h e 

Okashana 90 -day v a r i e t y takes a n i n t e r m e d i a t e p o s i t i o n , because t h e t i m e r e q u i r e d 

fo r g r a in d e v e l o p m e n t t o m a t u r i t y i s shor te r . 

Damage classes (1-15) 

Figure 3 . S igmoid curve for quanti f icat ion of grain losses caused by crickets. D i f ­

ferent d a m a g e ratings are shown for each loss quant i ty as classes f r o m 1 to 15 

(x axis) . T h e d a m a g e level in % is shown by the y axis. F r o m class 1 to 7 the 

d a m a g e d part of the panicle surface is est imated. F r o m class 8 to 15 the non-

d a m a g e d par t of the panicle surface is est imated (negative d a m a g e est imation 

m e t h o d ) . 
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Late - sown Late - sown Early - sown Ran. select. 

L L V Okashana L L V awned variety 

Late - and early - sown varieties 

F i g u r e 4 . Y i e l d loss caused b y c r i c k e t s f o r d i f f e r e n t s o w i n g da tes a n d va r i e t i e s 

e x p r e s s e d i n % a n d k g h a 1 . 

T h e resu l t s i n d i c a t e t h a t , i f s o w i n g dates are w e l l managed a n d var ie t ies are se­

l e c t e d f o r t h e i r t i m e t o m a t u r i t y , c r i c k e t damage can b e a v o i d e d o r r e d u c e d . A n d 

i n i t i a l da ta suggest t h e r e i s some e f fec t by awns , i n t h e a w n e d v a r i e t y , w h i c h reduces 

c r i c k e t damage . T h i s needs t o b e f u r t h e r i nves t iga t ed . 

Change in harvest procedure 

By ha rves t ing ea r ly (F ig . 5 ) a n d by e r e c t i n g s tooks before egg-laying starts , t h e c o n ­

c e n t r a t i o n o f egg pods u n d e r t h e s tooks can be obse rved . U n d e r s tooks (15 m 2 ) an 

average o f 7 1 egg pods w e r e f o u n d i n c o m p a r i s o n t o 2 1 egg pods f o u n d i n t h e 

r e m a i n i n g ha rves t ed area ( 3 8 5 m 2 ) s u r r o u n d i n g t h e s tooks . O n average 0 .23 egg pods 

m - 2 w e r e r e c o v e r e d w i t h i n t h e ha rves t ed a n d s t o o k e d areas ( 4 0 0 m 2 ) . I n t h e t r a d i -

t i o n a l l y l a t e -ha rves t ed area ( 4 0 0 m 2 : panicles o n l y ) an average o f 5 egg pods w e r e 

f o u n d i n r a n d o m l y se lec ted 1 5 - m 2 p l o t s ( s i m u l a t i n g t h e area u n d e r s tooks ) . I n t h e 

r e m a i n i n g area o f 3 8 5 m 2 a n average o f 101 egg pods w e r e f o u n d . I n t h e r a n d o m l y 

se lec ted area egg p o d d e n s i t y was 0 .33 n v 2 , c o m p a r e d w i t h 0 . 2 6 egg pods n r 2 i n t h e 

r e m a i n i n g area, w h i c h shows t h a t egg pods are r a n d o m l y l a i d w h e n pear l m i l l e t p lan t s 
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Early harvest: stook Late harvest: traditional 
technique panicle harvest technique 

Figure 5 . N u m b e r of egg pods found under stooks (15 m 2 ) and the surrounding 

area ( 3 8 5 m 2 ) compared w i t h egg pods found in a tradit ional ly harvested area 

(15 m 2 , selected) a n d the surrounding area ( 3 8 5 m 2 ) . 

are i n t h e f i e l d . T h e resul ts s h o w c lear ly t h a t s t o o k i n g concen t ra tes egg-laying i n t h e 

s t o o k e d areas in t h e f i e ld . 

T h e reason w h y f a rmers leave t h e i r pea r l m i l l e t c r o p i n t h e f i e l d af ter g ra in m a t u -

r i t y i s t o l e t t h e g ra in d r y to a l o w m o i s t u r e c o n t e n t su i tab le for storage. Such d r y i n g i s 

also poss ible w i t h ear ly ha rves t ing and t h e s t o o k i n g o f w h o l e p lan t s . So, a s t h e s tooks 

a t t r a c t a d u l t c r i c k e t s fo r m a t i n g and o v i p o s i t i o n , aggregated adul t s c o u l d b e h a n d -

c o l l e c t e d f r o m t h e s tooks , a n d egg pods c o u l d be d e s t r o y e d la te r i n t h e season by 

d igg ing t h e m u p . 

Conclusion 

T h e t w o m e t h o d s o f c o n t r o l d e s c r i b e d — e a r l y p l a n t i n g i n c o m b i n a t i o n w i t h ear ly 

m a t u r i t y , a n d s t o o k i n g af ter h a r v e s t i n g — a r e p r o m i s i n g c o m p o n e n t s o f a possible 

i n t e g r a t e d pest m a n a g e m e n t sy s t em. O t h e r c o m p o n e n t s , such as c l e a n - w e e d i n g and 

c o n t r o l w i t h ba i t , are u n d e r i nves t i ga t i on and , a f ter carefu l t e s t i ng i n f a rmer s ' f i e l d s , 

are a d d i t i o n a l cand ida tes fo r i n c l u s i o n in an i n t e g r a t e d pest m a n a g e m e n t sys t em for 

t h e sus ta inable c o n t r o l o f a r m o r e d c r i c k e t i n N a m i b i a . 
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Methodology for Screening Sorghum Resistance 
to Storage Pests 

K Leuschner1 

Abstract 

To assist plant breeders in obtaining suitable material for screening sorghum 

resistance to storage insect attack, test grain from a susceptible variety (Red 

Swazi) was used to determine the best combination of minimal trial material with 

optimal infestation. Three masses of 10, 15, and 20 g were infested with 10, 15, 

20, 25, 30, 35, and 40 10-day-old adult weevils ( S i t o p h i l u s oryzae ) and with the 

same quantities of eggs of the grain moth (Si to t roga cerealel la ) . Results are 

discussed according to progeny output in relation to infestation levels and grain 

mass. Combinations of 30 weevils and 20 g of grain, and 40 grain moth eggs and 

15 g of grain are recommended for use in further resistance screening. 

Introduction 

A d e q u a t e s torage o f s o r g h u m g r a i n b y small-scale f a rmers i s v i t a l f o r f o o d s e c u r i t y i n 

r u r a l areas o f t h e S A D C r e g i o n . F a r m e r s usua l ly s to re 5 0 % o f t h e i r ha rves t ed g r a i n f o r 

va r ious l eng ths o f t i m e d e p e n d i n g o n t h e a m o u n t ha rves t ed ( G i g a 1 9 8 6 ) . O n e o f t h e 

m a i n c o n s t r a i n t s t o storage i s a t t a c k b y insects w h i c h , a c c o r d i n g t o G i g a a n d K a t e r e r e 

( 1 9 8 6 ) , can d e s t r o y 6 - 1 5 % o f t h e s t o r e d harves t i n one storage season i n Z i m b a b w e . 

T h e m a i n storage insects in t h e r e g i o n are Sitophilus zeamais ( M o t s c h u l s k y ) , S. oryzae 

( L . ) ( C u r c u l i o n i d a e : C o l e o p t e r a ) , a n d Sitotroga cerealella ( O l i v i e r ) ( G e l e c h i i d a e : 

L e p i d o p t e r a ) . S o r g h u m is m a i n l y i n f e s t e d by Sitophilus oryzae ( 9 5 % ) a n d Sitotroga 

cerealella. 

In sec t i c ide s s u c h a s m a l a t h i o n a n d p i r i m i p h o s m e t h y l ( a c t e l l i c ) are c o m m o n l y 

u s e d t o c o n t r o l these insects because t h e y are e f f e c t i v e . B u t b o t h can b e h a r m f u l t o 

h u m a n s i f n o t p r o p e r l y used , a n d t h e y are expens ive . 

1 . P r inc ipa l Scient is t , S A D C / I C R I S A T , PO B o x 776 , Bulawayo , Z i m b a b w e . 

I C R I S A T Confe rence Paper no . CP. 1060 

Leuschne r , K. 1996. M e t h o d o l o g y fo r screening so rghum resistance to storage pests. Pages 1 7 3 - 1 7 9 in 

D r o u g h t - t o l e r a n t c rops f o r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and 

Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner, K . , and M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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F o r t u n a t e l y , h o w e v e r , f a r m e r s are f u l l y aware o f t h e a l t e rna t i ve advantages t h a t 

c an b e g a i n e d t h r o u g h s o w i n g va r i e t i e s w i t h h o s t - p l a n t resis tance. T h i s cha rac te r i s 

o f t e n p r e s e n t i n l o c a l l and race va r i e t i e s o f s o r g h u m , a n d b r e e d i n g f o r t h e se l ec t ion o f 

t h i s c h a r a c t e r i s a n i n e x p e n s i v e a n d d u r a b l e c o n t r o l m e t h o d , t h a t i s h a r m f u l n e i t h e r t o 

t h e e n v i r o n m e n t n o r t o h u m a n s . 

Because f a r m e r s p l ace g rea t emphas i s o n insec t resis tance w h e n t h e y evalua te n e w 

va r i e t i e s i n t h e i r f i e l d s , i t i s necessary t h a t any n e w v a r i e t y p r o p o s e d f o r release t o 

f a r m e r s s h o u l d b e c a r e f u l l y sc reened f o r i t s l e v e l o f resis tance t o storage insects . 

Sources o f res is tance are avai lable ( S A D C / I C R I S A T 1 9 9 3 ) , a n d b reeders are en ­

c o u r a g e d t o use t h e m t o i m p r o v e res is tance levels i n n e w l y b r e d var ie t i es . T o assist i n 

t h i s process , i t b e c a m e necessary to d e v e l o p a r e l i ab l e a n d e f f i c i en t resis tance- screen­

i n g m e t h o d t h a t r e d u c e d t o a m i n i m u m t h e a m o u n t o f seed r e q u i r e d f o r b r e e d i n g 

t r i a l s a n d e n s u r e d a n o p t i m u m n u m b e r o f i n f e s t i n g insects . T h e o b j e c t i v e o f t h i s 

s t u d y was t o i d e n t i f y t h e o p t i m u m r a t i o o f insects t o t h e g ra in o f f e r e d f o r t e s t i n g i n 

f u r t h e r s c reen ing . 

Materials and Methods 

A d u l t w e e v i l s (Si tophi lus oryzae) a n d g ra in m o t h (Si to t roga cerealella) eggs w e r e 

o b t a i n e d b y l a b o r a t o r y c u l t u r e . ( I n ea r l i e r tes ts w i t h S . cerealella egglaying was f o u n d 

t o b e h i g h l y va r i ab le w h e n adu l t s w e r e used . C o n s e q u e n t l y , i n t h i s s t u d y g ra in m o t h 

i n f e s t a t i o n was d o n e w i t h eggs r a t h e r t h a n a d u l t females . ) 

T h e insects w e r e r e a r e d o n t h e suscep t ib le s o r g h u m v a r i e t y R e d Swaz i a t 2 7 ° C 

a n d 7 0 % R H . T h r e e d i f f e r e n t masses o f R e d Swaz i g r a in (10, 15, a n d 2 0 g ) w e r e 

i n f e s t e d w i t h 10, 15, 2 0 , 2 5 , 3 0 , 3 5 , a n d 4 0 , 1 0 - d a y - o l d a d u l t weev i l s ; a n d t h e same 

masses o f g r a i n w e r e i n f e s t e d w i t h t h e same n u m b e r o f eggs o f t h e g ra in m o t h . Eggs 

w e r e c o l l e c t e d a c c o r d i n g t o a m e t h o d d e s c r i b e d b y M i l l s ( 1 9 6 5 ) . Befo re i n f e s t a t i o n 

t h e g r a i n w a s d e e p - f r o z e n f o r 4 8 hou r s ( - 2 4 ° C ) t o e l i m i n a t e any n a t u r a l i n f e s t a t i o n . 

G r a i n m o i s t u r e w a s 13 .5%, m e a s u r e d w i t h a D o l e G r a i n M o i s t u r e M e t e r . 

W e e v i l s f o r i n f e s t a t i o n w e r e n o t sexed , since separa t ion o f sexes can b e d o n e o n l y 

b y e x a m i n i n g t h e i r gen i t a l i a , w h i c h i s a t i m e - c o n s u m i n g process. I t was a s sumed t h a t 

a 1:1 f e m a l e t o m a l e r a t i o ex is t s , w h i c h i s s u p p o r t e d b y W i d s t r o m e t a l . ( 1 9 7 8 ) . E a c h 

i n s e c t / g r a i n mass c o m b i n a t i o n was r e p l i c a t e d 2 0 t i m e s , a n d k e p t i n p i l l boxes m e a ­

s u r i n g 3 5 m m i n d i a m e t e r a n d 6 0 m m i n h e i g h t f o r w e e v i l tests , a n d 6 0 m m d i a m e t e r 

a n d 7 5 m m h e i g h t f o r g r a i n m o t h tes ts . T h e t r i a l w a s o rgan i zed a s a r a n d o m i z e d b l o c k 

des ign a n d t h e m a t e r i a l was k e p t a t 2 7 ° C a n d 7 0 % R H i n a t e m p e r a t u r e - a n d 

h u m i d i t y - c o n t r o l l e d r o o m . A d u l t w e e v i l s w e r e l e f t f o r 7 days i n t h e t e s t jars a n d t h e n 

r e m o v e d t o ensure o v i p o s i t i o n f o r a g i v e n p e r i o d o n l y . 

T h e p r o g e n i e s — a d u l t w e e v i l s a n d m o t h s — w e r e c o l l e c t e d f r o m 2 8 days a f te r 

i n f e s t a t i o n o n w a r d s a t 1-day i n t e rva l s f o r a t o t a l o f 1 4 days. D a t a f r o m b o t h tests w e r e 

s u b j e c t e d t o analysis o f va r i ance . 
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Results and Discussion 

Grain weevil 

Resul t s s h o w e d s ign i f i can t d i f f e rences i n p rogeny o u t p u t f r o m t h e d i f f e r e n t g r a in 

masses (P = 0 .01) ( T a b l e 1) . 

Table 1. N u m b e r of Sitophilus oryzae progenies deve loping f r o m d i f ferent adu l t 
in festa t ion levels a n d th ree gra in masses, SADC/ICRISAT, Z i m b a b w e , 1994 . 

No. o f adults 

10 
15 
20 
25 
30 
35 
40 

SE 
Mean 
C V (%) 

10 g of grain 

41.1 
50.9 
50.8 
55.2 
69.6 
85.4 
78.6 

±2.05 
61.63 
31.39 

15 g of grain 

42.4 
57.8 
68.9 
78.9 
91.6 

127.7 
109.9 

±3.35 
82.46 
35.19 

20 g of grain 

56.5 
64.2 
65.3 
78.2 

137.21 

165.2 
187.5 

±5.31 
107.69 

35.39 

1. Selected and recommended combination. 

Progenies d e r i v e d f r o m t h e i n f e s t a t i o n o f 1 0 g o f g ra in w i t h 1 0 - 4 0 w e e v i l s i n d i c a t e 

t h a t t h e ga in i n p rogenies w i t h increas ing i n f e s t a t i o n i s sma l l u p t o 2 5 w e e v i l s . 

P rogeny o u t p u t peaks a t 3 5 w e e v i l s , a n d dec l ines i n real t e r m s w i t h 4 0 ( F i g . 1 ) w h e n 

p r o g e n y d i f f e r ences b e t w e e n 3 5 a n d 4 0 are t a k e n i n t o accoun t . 

C o m p a r i s o n o f these resu l t s w i t h p r o g e n y o u t p u t s f r o m gra in masses o f 1 5 a n d 2 0 g 

( T a b l e 1 ) shows t h a t a 10-g mass i s t o o l o w , a n d l i m i t s t h e n u m b e r o f eggs l a i d and , 

c o n s e q u e n t l y , t h e o u t p u t o f a d u l t p rogeny . 

A s i m i l a r t r e n d is o b s e r v e d f r o m 15 g of g r a in i n f e s t e d . A f a i r l y s teady l inear 

increase i n p rogen ies can be obse rved f r o m 10 to 30 w e e v i l s . B u t a t 35 w e e v i l s a 

s ign i f i can t p r o g e n y p e a k ( 1 2 7 . 7 ) appears, f o l l o w e d by a d e c l i n e i n rea l t e r m s a t 40 

w e e v i l s ( F i g . 2 ) . L i m i t e d ava i l ab i l i t y o f g ra in f o r o v i p o s i t i o n seems t o b e t h e d o m i n a t ­

i n g f a c t o r w h e n 4 0 w e e v i l s are used fo r i n f e s t a t i o n . 

W h e n a g r a i n mass o f 20 g was i n f e s t e d , t h e r e was a l o w increase in progenies up to 

25 w e e v i l s a n d a s ign i f ican t peak (137 .2 ) a t 30 w e e v i l s ( T a b l e 1). H i g h e r i n f e s t a t i o n 

levels o f 35 a n d 40 w e e v i l s s h o w e d a f u r t h e r increase b u t , i n rea l t e r m s , a d e c l i n e 

c o m p a r e d w i t h 3 0 w e e v i l s ( F i g . 3 ) . 

T h e resu l t s o f a l l t h r e e g ra in masses i n d i c a t e t h a t a c r i t i c a l n u m b e r o f weev i l s i s 

r e q u i r e d f o r m a x i m u m p r o g e n y o u t p u t . T h i s c r i t i c a l i n f e s t a t i o n l eve l can o n l y s h o w 

i t s f u l l r e p r o d u c t i o n p o t e n t i a l i f e n o u g h o v i p o s i t i o n sites (grains) are avai lable . T h i s i s 

i l l u s t r a t e d ( T a b l e 1 ) b y t h e increas ing progenies p r o d u c e d b y t h e c o m b i n a t i o n s o f 
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Number of weevils 

F i g u r e 1 . I n c r e a s e / d e c r e a s e i n w e e v i l p r o g e n y o u t p u t w i t h 1 0 g o f g r a i n b e t w e e n 

d i f f e r e n t i n f e s t a t i o n levels . 

Number of weevils 

F i g u r e 2 . I n c r e a s e / d e c r e a s e i n w e e v i l p r o g e n y o u t p u t w i t h 1 5 g o f g r a i n b e t w e e n 

d i f f e r e n t i n f e s t a t i o n leve ls . 
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Number of weevils 

F i g u r e 3 . I n c r e a s e / d e c r e a s e i n w e e v i l p r o g e n y o u t p u t w i t h 2 0 g o f g r a i n b e t w e e n 

d i f f e r e n t i n f e s t a t i o n levels . 

35 w e e v i l s 10 g - 1 , 35 w e e v i l s 15 g - 1 , a n d 30 w e e v i l s 20 g - 1 (Tab l e 1). W i t h each 5-g 

increase o f g ra in mass, p rogeny n u m b e r s a p p r o x i m a t e l y d o u b l e d . 

S ince in t h e case o f 40 w e e v i l s and 10 a n d 15 g o f g ra in p rogeny n u m b e r s decreased 

i n real a n d r e l a t i ve t e r m s , i t i s assumed t h a t 3 5 w e e v i l s are t h e o p t i m u m n u m b e r fo r 

these masses o f t es t g r a in . 

I n t h e case o f 2 0 g o f g ra in 3 0 weev i l s p r o d u c e d t h e o p t i m u m n u m b e r o f progenies , 

f o l l o w e d b y a r e l a t i ve d e c l i n e w h e n w e e v i l n u m b e r s w e r e increased t o 3 5 and 4 0 

( F i g . 3 ) . 

A c o m p a r i s o n b e t w e e n p rogeny o u t p u t based on 30 weev i l s across t h e t h r e e d i f f e r -

e n t g ra in masses s h o w e d t h a t t h e largest increase t o o k place w i t h 20 g (F ig . 3 ) . W h e n 

increased p rogeny o u t p u t f r o m 30 to 35 weev i l s was c o m p a r e d in t h e same w a y , 15 g 

y i e l d e d an increase over 10 g b u t s h o w e d a re la t ive dec l ine at 20 g (Figs 1, 2, 3 ) . 

T h i s can be i n t e r p r e t e d t o m e a n t h a t 15- a n d 20 -g g ra in masses are s t i l l t o o l o w t o 

real ize t h e f u l l r e p r o d u c t i o n p o t e n t i a l o f t h i s i n f e s t a t i o n l eve l . T h e r e f o r e 3 0 w e e v i l s 

a n d 20 g o f seed mass are c o n s i d e r e d o p t i m a l fo r f u t u r e resistance screening tests . 

Grain moth 

T h e resu l t s o f t h e t r i a l ( T a b l e 2 ) s h o w e d n o s ignif icant p rogeny o u t p u t d i f fe rences 

b e t w e e n g ra in masses. T h i s i s also i l l u s t r a t e d in F igure 4 , w h i c h shows t h e clear l inear 

r e l a t i o n b e t w e e n i n f e s t a t i o n levels a n d p rogeny o u t p u t . 
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Table 2 . N u m b e r of Sitotroga cerealella progenies deve loping f r o m d i f fe rent e g g 
in fes ta t ion levels a n d t h r e e gra in masses, SADC/ICRISAT, Z i m b a b w e , 1994 . 

N o . of eggs 

10 
15 
20 
25 
30 
35 
40 

SE 
Mean 
C V ( % ) 

10 g of grain 

6.5 
9.2 

17.0 
22.8 
19.1 
24.1 
37.6 

±0.98 
19.44 
33.69 

15 g of grain 

8.2 
7.7 

16.9 
22.9 
28.2 
26.9 
38.61 

±1.02 
21.34 
29.45 

20 g of grain 

7.4 
12.0 
15.2 
19.0 
27.4 
27.5 
36.6 

±0.97 
20.69 
31.86 

1. Selected and recommended combination. 

T h i s c an b e i n t e r p r e t e d i n t w o ways . T h e m o s t obv ious e x p l a n a t i o n i s t h a t , i n t h i s 

t e s t , o n l y r e l a t i v e l y s m a l l n u m b e r s o f eggs have been used fo r i n f e s t a t i o n . T h e lar-

vae :gra in r a t i o w a s t h e r e f o r e la rge ly i n favor o f t h e g ra in , a n d e n o u g h g r a i n ke rne l s f o r 

f e e d i n g w e r e ava i lab le . Based o n t h e 1000-g ra in mass o f 1 6 g o f R e d Swaz i s o r g h u m , 

6 2 5 , 9 2 5 , a n d 1 2 5 0 grains w i l l have been avai lable f o r f eed ing t h e 1 0 - 4 0 larvae 

d e v e l o p i n g f r o m t h e egg i n f e s t a t i o n . 

F i g u r e 4 . D i f f e r e n c e s b e t w e e n t h r e e g r a i n masses i n f e s t e d w i t h d i f f e r e n t n u m b e r s 

o f g r a i n m o t h eggs . 
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In a d d i t i o n , because o f t h e i r f ragi le na tu re , S . cerealella adu l t s can in fe s t o n l y t h e 

t o p l aye r o f a g r a i n mass ( M i l l s 1 9 8 5 ) . T h i s means t h a t o n l y t h e grains o n t h e surface 

o f t h e g r a i n mass, a n d n o t t h e t o t a l n u m b e r o f grains, d e t e r m i n e s t h e n u m b e r o f eggs 

l a i d . T h e r e s u l t i n g larvae also m a y n o t have p e n e t r a t e d d e e p l y i n t o t h e g ra in mass, 

f e e d i n g o n l y o n t h e t o p 5 c m o f t h e heap ( i n t h e absence o f m a n u a l d i s t u r b a n c e ) . 

La rge r t e s t ja rs w e r e t h e r e f o r e used i n t h i s tes t t o increase t h e g ra in surface. 

Based o n these resu l t s , any o f t h e egg /g ra in mass c o m b i n a t i o n s c o u l d t h e o r e t i c a l l y 

have been used . B u t i t was d e c i d e d t o select t h e c o m b i n a t i o n 40 eggs a n d 15 g o f 

g r a i n . T h i s reduces t h e d e m a n d f o r b reeders ' seed a n d gives a f a i r l y h i g h i n f e s t a t i o n 

l eve l f o r b e t t e r d e t e r m i n i n g t h e d i f fe rences b e t w e e n progenies poss ib ly r e l a t e d t o 

levels o f s o r g h u m v a r i e t y resis tance. 

A c k n o w l e d g m e n t . I t h a n k E l l i o t T e m b o f o r his h e l p i n c o l l e c t i n g a n d ana lyz ing t h e 

da ta . 
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Incidence of Sorghum Downy Mildew in Relation 
to Date of Sowing in Botswana 

P Ditshipi1 

Abstract 

The disease incidence due to downy mildew of sorghum induced by Per-

onosc le rospora so rgh i in relation to time of sowing for 1993/94 was assessed in 

the epidemic area of Pandamatenga in Botswana. Fields of sorghum with different 

downy mildew incidences were obtained by evaluating crops sown at three differ-

ent dates: Dec, Jan, and Feb. The percentage disease incidence was inversely 

proportional to the sowing date. There was a highly significant negative c o r r e l a -

tion between percentage of downy mildew incidence and date of sowing. Late-

sown crops had a high percentage incidence of sorghum downy mildew disease. 

Introduction 

S o r g h u m d o w n y m i l d e w , i n d u c e d b y Peronosclerospora sorghi ( W e s t o n a n d U p p a l ) 

S h a w i s a ser ious disease in Pandamatenga fa rms in Bo t swana . A l t h o u g h no sys t ema t i c 

a n d w e l l p l a n n e d s tud ies o n e s t i m a t i o n o f loss i n y i e l d have been c o n d u c t e d i n 

B o t s w a n a , t h e r e have b e e n r e p o r t s o f y i e l d loss u p t o 8 6 - 9 0 % i n maize caused b y 

d o w n y m i l d e w ( B o t s w a n a 1 9 8 0 ) . Pandamatenga p rov ides a n idea l e n v i r o n m e n t f o r 

t h e s p o r e - g e r m i n a t i o n , g r o w t h , a n d d e v e l o p m e n t o f s o r g h u m d o w n y m i l d e w because 

o f i t s annua l r a i n f a l l , a n d soils w i t h h i g h w a t e r - r e t e n t i o n capac i ty . T h i s paper r e p o r t s 

t h e resu l t s o f a s t u d y a i m e d a t assessing t h e percentage i n c i d e n c e o f s o r g h u m d o w n y 

m i l d e w i n r e l a t i o n t o da te o f s o w i n g i n t h e Pandamatenga area. 

Materials and Methods 

T h e pe rcen tage disease i n c i d e n c e was m o n i t o r e d a n d eva lua t ed t h r o u g h a survey o f 

f a r m e r s ' f i e l d s a n d research s ta t ions w h e r e s o r g h u m var ie t ies Segaolane, N K - 2 2 2 , a n d 

M a c i a w e r e b e i n g g r o w n . T h e i n c i d e n c e (pe rcen tage c a l c u l a t e d o n t h e basis o f t h e 

1 . A g r i c u l t u r a l Research O f f i c e r (p lan t pa tho logy) , D e p a r t m e n t o f A g r i c u l t u r a l Research, PO Bag 0 0 3 3 , 

Gabo rone , Botswana. 

D i t s h i p i , P . 1996. Inc idence o f so rghum d o w n y m i l d e w i n r e l a t ion t o date o f sowing i n Botswana. Pages 

181-183 in D r o u g h t - t o l e r a n t crops for sou the rn A f r i c a : proceedings of t h e SADC/ ICR1SAT Regional 

S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner, K . , and M a n t h e , 

C.S. , eds.) . Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e 

S e m i - A r i d T r o p i c s . 
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n u m b e r o f diseased p l an t s ove r t h e t o t a l p lan t s ) o f t h e d o w n y m i l d e w was assessed 6 0 

days a f te r s o w i n g . 

T h e m o n i t o r i n g o f s o r g h u m d o w n y m i l d e w percentage i n c i d e n c e i n research sta-

t i o n s a n d f a r m e r s ' f i e l d s was eva lua t ed o n t h e basis o f t h r e e dates o f s o w i n g : ear ly , 

mid - season , a n d la te . A l l t h e c o m m e r c i a l f a rms w e r e v i s i t e d t w i c e , a n d t h e e a r l y - s o w n 

c r o p was c o m p a r e d w i t h t h e mid- season and l a t e - sown c r o p , t o assess t h e percentages 

o f disease i n c i d e n c e . 

Results 

T h e r e l a t i o n b e t w e e n t h e i n c i d e n c e o f d o w n y m i l d e w and da te o f s o w i n g i s s h o w n i n 

F i g u r e 1 . Fo r t h e t h r e e dates t h e percen tage i n c i d e n c e ranged f r o m a p p r o x i m a t e l y 5.0 

t o 81 .8%. T h e r e was a h i g h l y s igni f icant negat ive c o r r e l a t i o n b e t w e e n t h e i n c i d e n c e o f 

s o r g h u m d o w n y m i l d e w and da te o f s o w i n g . 

Varieties 
F i g u r e 1 . T h e r e l a t i o n b e t w e e n t h e i n c i d e n c e o f d o w n y m i l d e w a n d s o w i n g d a t e f o r 
t h r e e s o r g h u m va r i e t i e s , P a n d a m a t e n g a area, B o t s w a n a , 1 9 9 3 / 9 4 . 
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L o w percen tage i n c i d e n c e o f s o r g h u m d o w n y m i l d e w was r e c o r d e d i n t h e ea r ly -

s o w n c r o p a n d h i g h pe rcen tage i n t h e l a t e - s o w n c r o p . A n e s t i m a t e d y i e l d r e d u c t i o n o f 

4 5 . 7 - 7 3 . 2 % was e x p e c t e d f o r t h e l oca l v a r i e t y , Segaolane, i n t h e l a t e - s o w n c r o p 

c o m p a r e d w i t h t h e e a r l y - s o w n c r o p . T h e percentage i n c i d e n c e o f d o w n y m i l d e w was 

h i g h f o r Segaolane a t a l l dates . 

F r e d e r i k s o n e t a l . ( 1 9 9 3 ) r e p o r t e d t h e presence o f s o r g h u m d o w n y m i l d e w i n 8 3 % 

o f t h e f i e l d s i n w h i c h t h e inc idences w e r e 4 - 5 5 % loca l l es ion d o w n y m i l d e w a n d 1 1 % 

f o r t h e s y s t e m i c f o r m , i n a survey c o n d u c t e d i n m i d - F e b 1992 i n Pandamatenga . 

Discussion 

T h i s i n v e s t i g a t i o n has s h o w n t h e h i g h percentage i n c i d e n c e o f s o r g h u m d o w n y m i l -

d e w w h i c h can cause e n o r m o u s losses i n y i e l d i n t h e e p i d e m i c - p r o n e r e g i o n (Panda-

m a t e n g a ) o f B o t s w a n a i n l a t e - s o w n c rops . E a r l y - s o w n c rops escape t h e i n f e c t i o n i n 

m o s t cases. Released s o r g h u m var ie t ies c o u l d t h e r e f o r e be u se fu l l y eva lua t ed r ega rd -

i n g t h e p a r a m e t e r o f s o w i n g da te . T h i s w o u l d p e r m i t t h e e l i m i n a t i o n o f t h e m o s t 

suscep t ib l e va r ie t i e s a t an ear l ie r stage. 

T h e resu l t s i n d i c a t e t h a t w h i l e M a c i a , N K - 2 2 2 , a n d Segaolane w e r e n o t res is tant , 

t h e y w e r e t o l e r a n t o f s o r g h u m d o w n y m i l d e w , t h e r e b y i n d i c a t i n g t h a t t h e t h r e e 
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Evaluation of Systemic Seed Dressings for the 
Control of Covered Kernel Smut on Sorghum in 
Zimbabwe 

E Mtisi1 

Abstract 

Covered kernel smut disease ( S p o r i s o r i u m sorghi [Ehrenberg] Link: syn Space-

l o t h e c a so rgh i [Link] Clinton) is widespread on sorghum in some areas of Z i m -

babwe. In the search for control measures, two systemic seed-dressing fungicides, 

Apron Plus® 50 DS and Vitavax® 75% WP, were evaluated in the field and 

greenhouse in the 1993/94 season. In both experiments the two fungicides were 

effective in controlling the disease. 

Introduction 

C o v e r e d k e r n e l s m u t i s a seedborne p a t h o g e n of s o r g h u m . A n a t i o n a l pest survey 

c o n d u c t e d i n 1985 i n d i c a t e d t h a t c o v e r e d k e r n e l s m u t was w i d e s p r e a d i n t h e c o m m u ­

na l areas o f Z i m b a b w e (Page e t a l . 1 9 8 5 ) . I n s p e c t i o n o f r ecords o f t h e samples 

a r r i v i n g a t t h e P l an t P r o t e c t i o n A d v i s o r y C l i n i c i n t h e 1 9 9 2 / 9 3 season r evea led t h a t 

c o v e r e d k e r n e l s m u t i s w i d e s p r e a d i n t h e M a r a n g e a n d C h i r e d z i areas. O u r r e c e n t o n -

f a r m t r i a l v i s i t s d u r i n g t h e 1 9 9 3 / 9 4 season also c o n f i r m e d these r epo r t s , w i t h Sabi 

a n d G w a n d a n o w a d d e d t o t h e l i s t o f areas a f f ec t ed b y t h e disease ( G o n o e t a l . 1 9 9 4 ) . 

I n s u m m a r y , these r e p o r t s c o n f i r m t h a t c o v e r e d k e r n e l s m u t i s increas ingly ga in ing 

i m p o r t a n c e i n t h e c o m m u n a l areas w h e r e f a rmer s c o n t i n u o u s l y use u n i m p r o v e d a n d 

u n c e r t i f i e d seed. 

T h e i m p o r t a n c e o f t h i s disease c a n n o t b e o v e r e m p h a s i z e d . I t causes d i r e c t y i e l d 

loss o f grains b y r e p l a c i n g t h e m w i t h s m u t so r i . Seedborne i nocu la f ac i l i t a t e t h e r a p i d 

sp read o f t h e disease t o areas w h e r e i t was p r e v i o u s l y absent . 

I t has a l r eady b e e n es t ab l i shed t h a t seed t r e a t m e n t s are e f f ec t ive i n c o n t r o l l i n g 

c o v e r e d k e r n e l s m u t ( F r e d e r i k s e n 1 9 8 6 ) . I n Z i m b a b w e t h e r e i s n o fung ic ide spec i f i -

c a l l y r e g i s t e r e d f o r t h e c o n t r o l o f c o v e r e d k e r n e l s m u t . I t was t h e r e f o r e d e c i d e d t o set 

1. P r i n c i p a l Research Of f i ce r , P lant P r o t e c t i o n Research I n s t i t u t e , PO Box CY 550 , Causeway, Hara re , 

Z i m b a b w e . 

M t i s i , E . 1996. Eva lua t ion o f sys temic seed dressings for t h e c o n t r o l o f covered ke rne l s m u t o n so rghum i n 

Z i m b a b w e . Pages 1 8 5 - 1 8 8 i n D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings o f t h e S A D C / I C R I -

SAT Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K . , 

a n d M a n t h e , C.S. , eds.) . Pa tancheru 502 324 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research 

I n s t i t u t e fo r t h e S e m i - A r i d T r o p i c s . 
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u p a n e x p e r i m e n t t o sc reen fung i c ide s w h i c h c o u l d t h e n b e r e g i s t e r e d f o r t h e c o n t r o l 

o f t h i s disease. 

V i t a v a x ® 7 5 % W P ( c a r b o x i n ) , a w e l l - k n o w n f u n g i c i d e t h a t has been e f f e c t i v e i n 

c o n t r o l l i n g loose s m u t (Ust i lago tritici) on w h e a t , was chosen as a c a n d i d a t e . A p r o n 

Plus® 50 DS ( m e t a l a x y l + c a r b o x i n + f u r a t h i o c a r b ) , a seed dress ing n o w e x t e n s i v e l y 

u s e d i n N i g e r i a , B u r k i n a , a n d M a l i (pers . c o m m . M t e t w a 1993) was s i m i l a r l y se l ec ted 

as a c a n d i d a t e . 

Materials and Methods 

Seed was o b t a i n e d f r o m a f a r m e r i n t h e c o m m u n a l area M a r a n g e w h o s e f i e l d was 

h e a v i l y i n f e s t e d w i t h c o v e r e d k e r n e l s m u t ( a b o u t 1 0 0 % disease i n c i d e n c e ) . A f t e r 

t h r e s h i n g , t h e seed was dense ly c o v e r e d w i t h s m u t spores. T h e seed was d i v i d e d i n t o 

t h r e e 1-kg p o r t i o n s a n d t r e a t e d j u s t b e f o r e s o w i n g , a s f o l l o w s : 

1 . C o n t r o l : no seed dress ing . 

2 . V i t a v a x ® 7 5 % WP ( c a r b o x i n ) : a t t h e ra te o f 150 g 100 kg - 1 seed (1.5 g p r o d u c t 1 

kg-1 seed) . 

3 . A p r o n Plus® 50 D S : a t t h e ra te of 10 g p r o d u c t 1 kg - 1 seed. 

Field experiment 

T h e t r i a l w a s s o w n i n M a r a n g e area i n N a t u r a l Reg ion I V , near Bazeley B r i d g e , i n a 

r a n d o m i z e d b l o c k des ign w i t h f i v e r e p l i c a t i o n s . Each p l o t cons i s t ed o f f i v e r o w s , 

spaced a t 4 x 0 . 7 5 x 0 .2 m. Basal f e r t i l i z e r , c o m p o u n d D, was a p p l i e d a t t h e r a t e o f 

5 0 k g ha*1. T o p d r e s s i n g w i t h a m m o n i u m n i t r a t e was n o t d o n e because t h e ra ins 

s t o p p e d ea r ly i n t h e g r o w i n g season. W e e d i n g was d o n e 3 w e e k s a f te r emergence , a n d 

s t a n d p o p u l a t i o n s w e r e c o u n t e d 6 w e e k s a f t e r s o w i n g . T h e n u m b e r o f i n f e c t e d p l an t s 

w e r e c o u n t e d a t t h e sof t d o u g h stage a n d expressed a s a percen tage o f t h e t o t a l 

p o p u l a t i o n p e r p l o t ( % disease i n c i d e n c e ) . W e ana lyzed percen tage disease i n c i d e n c e 

a n d p l a n t p o p u l a t i o n p e r p l o t . N o y i e l d s w e r e r e c o r d e d a t ha rves t ing because w e 

o b s e r v e d s o m e o f f - t y p e s i n t h e p l o t s . 

Pot experiment 

Seed t h a t was l e f t a f t e r s o w i n g t h e f i e l d e x p e r i m e n t s was b r o u g h t t o H a r a r e s t a t i o n 

a n d p l a n t e d i n p o t s , u s i n g t h e same l a y o u t a n d des ign a s i n t h e f i e l d . T h e p l a n t s w e r e 

t h i n n e d to f ive p l a n t s p e r p o t 2 w e e k s a f t e r emergence . Disease i n c i d e n c e was r e -

c o r d e d a t t h e so f t d o u g h stage. 
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Results and Discussion 

Resul t s o f b o t h e x p e r i m e n t s f o l l o w e d t h e same t r e n d . A l l p l o t s a n d p o t s w i t h seed-

dress ing t r e a t m e n t s h o w e d c o m p l e t e c o n t r o l o f t h e disease, a n d a l l t h e c o n t r o l p l o t s 

o f t h e f i e l d e x p e r i m e n t h a d diseased p lan t s , t h o u g h n o t u p t o 1 0 0 % i n c i d e n c e . I n t h e 

p o t e x p e r i m e n t , t w o r e p l i c a t i o n s o f t h e c o n t r o l t r e a t m e n t s h a d n o disease. T h i s i s 

p r o b a b l y d u e t o 'escape' because t h e p lan t s w e r e f e w pe r p o t . A s a resu l t , t h e p o t 

e x p e r i m e n t resu l t s w e r e n o t ana lyzed . T h e r e f o r e , t h e resul t s d iscussed b e l o w re la te 

t o t h e f i e l d e x p e r i m e n t o n l y . 

T h e t w o seed-dress ing t r e a t m e n t s w e r e e f f e c t i v e i n suppress ing t h e disease a n d 

t h e l e v e l o f e f f icacy seems t o b e t h e same ( T a b l e 1). T h e e x p l a n a t i o n f o r t h i s m i g h t b e 

t h a t b o t h fung ic ides have c a r b o x i n a s o n e o f t h e ac t ive i ng red i en t s . C a r b o x i n i s k n o w n 

t o b e e f f e c t i v e against s m u t s o f s m a l l grains a n d i s a l ready r eg i s t e red i n Z i m b a b w e f o r 

c o n t r o l o f loose s m u t i n w h e a t ( M u c h e n j e a n d M c C l a y m o n t 1 9 9 0 ) . 

Table 1 . Effect o f seed-dressing t r e a t m e n t on covered kernel smut , Z i m b a b w e , 
1 9 9 3 / 9 4 . 

Treatment 

Con t ro l 
V i tavax® 

A p r o n Plus® 

SE 
L S D (5%) 
P ( 5 % ) 

Disease 
incidence (%) 

16.5 
0.0 
0.0 

±3.7 
12.2 
0.021 

Plants ha-1 

( '000) 

141 547 
142 187 
144 427 

±4 050 
13 206 

0.872 

D u r i n g t h e o n - f a r m t r i a l v is i t s i n t h e 1994 season, i t was o f i n t e r e s t t o n o t e t h a t 

o n l y t h e f a r m e r s ' l oca l l andrace var ie t i es w e r e a t t a c k e d b y c o v e r e d k e r n e l s m u t , b u t 

n o t t h e i m p r o v e d var ie t i es . I t has n o t y e t b e e n es tab l i shed w h e t h e r t h e i m p r o v e d 

va r i e t i e s are res i s tan t to t h e disease, w h e t h e r seed was disease-free, o r w h e t h e r t h i s i s 

d u e t o seed t r e a t m e n t . 

Conclusions 

Since these are p r e l i m i n a r y resul t s , f u r t h e r inves t iga t ions are r e q u i r e d o n t h e 

f o l l o w i n g : 

1 . U s i n g d i f f e r e n t seed dress ing rates t o f i n d t h e m o s t e c o n o m i c ra te . 

2 . T e s t i n g i n d i f f e r e n t l oca t ions i n o r d e r t o o b t a i n conc lus ive resu l t s . 

3 . Y i e l d - l o s s s tud ies . 

4 . C h e c k i n g w h e t h e r i m p r o v e d var ie t i es are res is tant . 
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Field Evaluation of Seed-Dressing Fungicides for 
the Control of Sorghum Downy Mildew in Zambia 

G M Kaula1 

Abstract 

Chemical control of downy mildew (Pe ronosc le rospora sorghi ) through the use of 

seed-dressing fungicides was tested with Apron Plus®, Ridomil®, and thiram, 

applied to seeds of susceptible and resistant sorghums (three hybrids and two 

varieties) sown in a disease hot-spot in Zambia. Data from the one-season trial 

were insufficient to be conclusive, and it is therefore being continued. But initial 

results show that Apron Plus® controlled systemic downy mildew 84% better than 

the untreated control, with comparative data for Ridomil® at 74% and thiram at 

13%. A similar trend was observed in the control of local lesions. 

Introduction 

Research o n s o r g h u m d o w n y m i l d e w has progressed s m o o t h l y a n d successful ly i n 

Z a m b i a . T h e m a i n emphas i s has been o n d e t e r m i n i n g t h e sources o f resis tance us ing 

t h e s p r e a d e r - r o w t e c h n i q u e t o screen a l l b r e e d i n g ma te r i a l s . By us ing t h i s m e t h o d , a 

n u m b e r o f res i s tan t l ines have b e e n i d e n t i f i e d . T h e p resen t i n v e s t i g a t i o n o f a m e t h o d 

o f c h e m i c a l c o n t r o l was c a r r i e d o u t a t a s o r g h u m d o w n y m i l d e w h o t - s p o t , a n d supp l e -

m e n t s h o s t - p l a n t res is tance b r e e d i n g research. 

T h e t r i a l t o eva lua te seed-dressing fung ic ides was s t a r t e d i n t h e m a i n r a i n y season 

o f 1 9 9 3 / 9 4 . T w o m e t a l a x y l - b a s e d fung ic ides ( A p r o n Plus® a n d R i d o m i l ® ) w e r e eva lu -

a t e d t o g e t h e r w i t h t h e c o m m o n l y - u s e d f u n g i c i d e t h i r a m . T h e w e a t h e r d u r i n g t h e 

season was n o t c o n d u c i v e t o t h e d e v e l o p m e n t o f d o w n y m i l d e w because t h e r e w e r e 

several d r y spel ls . 

1 . Senior A g r i c u l t u r a l Research Of f i ce r , Mt M a k u l u C e n t r a l Research Sta t ion , PO Bag 7 , Chi langa, 

Z a m b i a . 

K a u l a , G . M . 1996. F i e l d evaluat ion o f seed-dressing fungicides for t h e c o n t r o l o f so rghum d o w n y m i l d e w 

in Z a m b i a . Pages 1 8 9 - 1 9 3 i n D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings o f t h e S A D C / I C R I -

SAT Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K . , 

a n d M a n t h e , C.S. , eds.) . Patancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : I n t e rna t i ona l C r o p s Research 

I n s t i t u t e fo r t h e S e m i - A r i d T r o p i c s . 
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Materials and Methods 

T h e s o r g h u m d o w n y m i l d e w h o t - s p o t se lec ted f o r t h e t r i a l was i n G o l d e n V a l l e y , 

Z a m b i a . F ive s o r g h u m en t r i e s o f d i f f e r e n t levels o f s u s c e p t i b i l i t y t o d o w n y m i l d e w 

w e r e u sed . T h e s e i n c l u d e d t h r e e c o m m e r c i a l l y g r o w n h y b r i d s : M M S H 3 7 5 a n d 

M M S H 413 ( o f m o d e r a t e s u s c e p t i b i l i t y ) a n d M M S H 9 2 8 (as a res is tant c o n t r o l ) ; a n d 

t w o var ie t i e s : K u y u m a ( res i s tan t c o n t r o l ) a n d S D S 3 8 4 5 ( suscep t ib le c o n t r o l ) . T h e 

fung ic ides t e s t e d w e r e A p r o n Plus® at 10 g kg - 1 of seed, R i d o m i l ® , also a t 10 g kg - 1 of 

seed ( m e t a l a x y l - b a s e d fung ic ides ) a n d t h i r a m ( T h i r a s a n M ® ) a t 2 g kg - 1 o f seed. 

T h i r a m was u s e d as a c o n t r o l because i t i s c o m m e r c i a l l y m a r k e t e d in t h e c o u n t r y as a 

seed dress ing . 

T h e h e a l t h y seeds o f va r ious s o r g h u m en t r i e s w e r e t h o r o u g h l y m i x e d w i t h f u n -

g ic ides i n t h e p las t i c con t a ine r s . T h e seed-lots o f a l l fung ic ides w e r e t r e a t e d d r y . 

T h e s e seed- lots w e r e t h e n s o w n i n a s p l i t - p l o t des ign w i t h fungic ides a s m a i n p l o t s 

a n d s o r g h u m en t r i e s as subp lo t s . T h e p l o t size was 3 x 4 m w i t h 0.3 m b e t w e e n 

p l a n t s . E a c h t r e a t m e n t was r e p l i c a t e d f o u r t i m e s . 

T h e e x p e r i m e n t was l o c a t e d a t one s i te c o m p r i s i n g v i r g i n l a n d s u r r o u n d e d w i t h 

w i l d s o r g h u m , a s sumed to be Sorghum halepense, w h i c h i s h i g h l y suscep t ib le t o 

d o w n y m i l d e w . N o a r t i f i c i a l i n o c u l u m was a p p l i e d o n t h e t r e a t e d seed-lots . 

Results and Discussion 

T h e t h r e e fung ic ides v a r i e d i n t h e i r p e r f o r m a n c e . D a t a f r o m t h e t r i a l , ove r 1 year , 

s h o w t h a t A p r o n Plus® c o n t r o l l e d t h e sys t emic d o w n y m i l d e w 8 4 % b e t t e r t h a n t h e 

u n t r e a t e d c o n t r o l , f o l l o w e d b y R i d o m i l ® a t 7 4 % , w h i l e t h i r a m was o n l y 13% b e t t e r 

t h a n t h e u n t r e a t e d c o n t r o l . T h e u n t r e a t e d p l o t s h a d t h e h ighes t i n c i d e n c e o f sys t emic 

d o w n y m i l d e w , a n d l o w e s t w e r e t h e p l o t s t r e a t e d w i t h A p r o n P l u s ® ( F i g . 1) . T h e 

re su l t s w e r e s t a t i s t i c a l l y s igni f icant a t 1 % . 

R e g a r d i n g t h e c o n t r o l o f l oca l lesions b y t h e same chemica l s ( F i g . 2 ) , t h e t r e n d i s 

t h e same. A p r o n Plus® was 5 7 % b e t t e r t h a n t h e u n t r e a t e d c o n t r o l , R i d o m i l ® b y 3 6 % , 

a n d t h i r a m b y o n l y 9%. 

H o w e v e r , a f t e r t h e p e r f o r m a n c e o r t h e eff icacy o f t h e fung ic ides was c o m p a r e d 

w i t h t h e t w o i n f e c t i o n t y p e s — o o s p o r e i n f e c t i o n ( s o i l b o r n e a n d p r i m a r y ) a n d c o n i d i a 

( a secondary i n f e c t i o n ) , i t was o b s e r v e d t h a t t h e fungic ides c o n t r o l l e d so i l bo rne 

( s y s t e m i c ) i n f e c t i o n b e t t e r t h a n t h e secondary i n f e c t i o n ( loca l lesions) ( F i g . 2 ) . Ba­

s ica l ly , t h e m e t a l a x y l - b a s e d fung ic ides , w h e n u sed a s seed dressings, p r o t e c t t h e 

p l an t s f r o m i n f e c t i o n b y s o i l b o r n e pa thogens . 

D a t a f o r t h e s o r g h u m en t r i e s t r e a t e d w i t h these seed-dressing fung ic ides w e r e 

s ign i f ican t a t 1 % . H o w e v e r , t h e en t r i e s r e a c t e d d i f f e r e n t l y ( F i g . 3 ) . A s e x p e c t e d , 

K u y u m a a n d M M S H 9 2 8 w e r e res i s tan t t o sys t emic d o w n y m i l d e w , M M S H 413 

s h o w e d m o d e r a t e res is tance, whe reas M M S H 3 7 5 a n d S D S 3 8 4 5 w e r e suscep t ib le . 

L o c a l lesions r e a c t i o n f r o m s y s t e m i c d o w n y m i l d e w ( F i g . 4 ) was d i f f e r e n t : 

K u y u m a a n d M M S H 9 2 8 r e m a i n e d f ree f r o m t h e i n f e c t i o n . A m o n g t h e suscep t ib le 

1 9 0 



Fungicides 

F i g u r e 1 . T h e c o m p a r a t i v e eff icacy o f t h r e e seed-dress ing f u n g i c i d e s u sed i n t h e 

c o n t r o l o f s o r g h u m d o w n y m i l d e w . 

Fungicides 

F i g u r e 2 . T h e r e l a t i v e p e r f o r m a n c e o f t h r e e seed-dress ing f u n g i c i d e s i n c o n t r o l l i n g 

s y s t e m i c s o r g h u m d o w n y m i l d e w a n d l o c a l les ions . 
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Entries 

F i g u r e 3 . Y i e l d p e r f o r m a n c e o f s o r g h u m en t r i e s ( h y b r i d s a n d va r i e t i e s ) i n t h e f u n ­

g i c i d e t r i a l . 

F i g u r e 4 . C o m p a r a t i v e e f f icacy o f t h r e e f u n g i c i d e s i n c o n t r o l l i n g s o r g h u m d o w n y 

m i l d e w l o c a l l es ions . 
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so rghums , M M S H 3 7 5 h a d a h igher r a t i n g t h a n S D S 3 8 4 5 , a n d M M S H 413 was 

m o d e r a t e l y suscep t ib le . 

D a t a o n y i e l d s h o w t h a t , even t h o u g h A p r o n Plus® p e r f o r m e d b e t t e r t h a n o t h e r 

fung ic ides i n suppress ing t h e disease, t h e d i f fe rences w e r e n o t s igni f icant ( F i g . 5 ) . 

Fungicides 

F i g u r e 5 . C o m p a r a t i v e eff icacy o f t h r e e f u n g i c i d e s i n c o n t r o l l i n g s o r g h u m d o w n y 

m i l d e w b y y i e l d p e r f o r m a n c e . 

Conclusion 

F r o m these p r e l i m i n a r y resul ts no conc lus ive inferences can be d r a w n . T h e t r i a l i s 

e x p e c t e d to c o n t i n u e fo r a n o t h e r 2 years. 
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Status of Striga Species in Tanzania: Occurrence, 
Distribution, and On-Farm Control Packages 

A M Mbwaga1 

Abstract 

St r iga species are important as endemic pests of cereals, including sorghum, 

maize, millets, and upland rice, grown in the semi-arid tropical and equatorial 

regions of Tanzania. The distribution of S t r iga species of economic importance in 

the country has been extensively surveyed. The most frequently observed species 

included S. asiatica, S. h e r m o n t h i c a , and S. fo rbes i i . Each has been found to have 

a different geographic range, some of which overlap. 

Farmers interviewed recognized S t r iga as a major constraint in cereal p r o d u c -

tion, and they requested an immediate solution to the problem. Preliminary 

results from on-farm trials have shown that early-sown cereal crops yielded more 

than late-sown ones, despite higher S t r iga infestation in early-sown crops. Sor-

ghum or maize intercropped with cowpea (the spreading type) in the same row 

had the least S t r iga emergence, and the highest cereal yield was obtained from this 

treatment. 

Sorghum varieties SAR 29, Weijita, and Serena showed very low incidence of 

S. asiatica and S. f o r b e s i i compared with the susceptible varieties Tegemeo and 

Sandala. Serena was also observed to have the least infestation by S. h e r m o n t h i c a 

at Ukiriguru. 

A postemergence herbicide, 2,4-D, applied twice at a rate of 2 kg a.i. ha-1 at 8 

and 10 weeks after emergence of sorghum, had the least S t r iga infestation. The 

highest sorghum grain yield was also obtained from this treatment. 

Introduction 

Striga species (Sc rophu la r i aceae f a m i l y ) are ob l iga te h e m i r o o t parasi tes o f s o r g h u m , 

m a i z e , u p l a n d r i c e , m i l l e t s , sugar cane, a n d c o w p e a , especia l ly i n t h e Sahel ian a n d 

savanna zones o f A f r i c a ( M ' b o o b 1 9 8 6 ) . I n Tanzania , pea r l m i l l e t has b e e n obse rved t o 

be f ree o f Striga a t t a c k ( M b w a g a a n d O b i l a n a 1 9 9 3 ) . T h e parasi te i s p a r t i c u l a r l y 

1. Senior A g r i c u l t u r a l Research Of f i ce r , A g r i c u l t u r a l Research and T r a i n i n g I n s t i t u t e , I longa, Kilosa, 

Tanzania. 

M b w a g a , A . M . 1996 . Status o f Striga species i n Tanzania: occurrence, d i s t r i b u t i o n , a n d o n - f a r m c o n t r o l 

packages. Pages 1 9 5 - 2 0 0 in D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings of t h e S A D C / I C R I -

SAT Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , 

a n d M a n t h e , C.S. , eds.) . Pa tancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research 

I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 

195 



i m p o r t a n t a s a n e n d e m i c pes t o f cerea l c rops g r o w n i n t h e s e m i - a r i d t r o p i c a l a n d 

e q u a t o r i a l reg ions o f Tanzan ia . 

Striga species r e p o r t e d in Tanzan ia i n c l u d e S. asiatica ( L . ) K u n t z e , S. aspera 

( W i l d ) B e n t h . , S. elegans B e n t h . , S. euphrasiodes B e n t h . , S. forbesii B e n t h . , S. fulgens 

H e p p e r , S . gesnerioides ( W i l d ) V a t k e , a n d S . hermonthica ( D e l . ) B e n t h . ( O b i l a n a a n d 

R a m a i a h 1 9 8 8 ) . Striga asiatica, S. hermonthica, a n d S. forbesii are of e c o n o m i c i m p o r -

t a n c e because t h e y paras i t ize s taple f o o d c rops . H e n c e Tanzania l ies i n a u n i q u e b e l t 

o f t h e t r o p i c s w h e r e t h e t h r e e m o s t d a m a g i n g a n d e c o n o m i c a l l y i m p o r t a n t Striga 

species i n A f r i c a e x i s t i n o v e r l a p p i n g associa t ion . 

Distribution of Striga Species 

S . asiatica ( r e d - f l o w e r e d ) i s t h e m o s t ex t ens ive a n d c o m m o n species c o v e r i n g t h e 

largest area o f t h e c o u n t r y ( F i g . 1) , f r o m L a k e V i c t o r i a i n t h e n o r t h t o R u v u m a r eg ion 

i n t h e s o u t h , a n d also a long t h e coasta l regions f r o m Tanga t o M t w a r a r e g i o n i n t h e 

s o u t h , i n f e s t i n g s o r g h u m , m a i z e , u p l a n d r i ce , a n d f inger m i l l e t . 

T h e p r e d o m i n a n t Striga species i n n o r t h a n d n o r t h w e s t e r n Tanzania a r o u n d L a k e 

V i c t o r i a i s S . hermonthica, w h i c h over laps w i t h S . asiatica in Shinyanga a n d M w a n z a 

reg ions . I t e x t e n d s f u r t h e r n o r t h i n t o N y a n z a p r o v i n c e o f K e n y a . T h e w e e d has been 

o b s e r v e d i n f e s t i n g s o r g h u m , ma ize , a n d f inger m i l l e t . 

S. forbesii has b e e n f o u n d in o n l y a f e w areas, especia l ly in M o r o g o r o r e g i o n w h e r e 

i t in fes t s s o r g h u m , m a i z e , u p l a n d r i c e , a n d sugar cane. I t over laps w i t h S . asiatica i n 

t h i s r e g i o n . T h e t w o Striga species have been o b s e r v e d t o appear o n t h e same f i e l d s 

a n d t h e y have e v e n b e e n f o u n d i n f e s t i n g t h e same hos t p l a n t . In m a n y cases S . forbesii 

w a s o b s e r v e d to e m e r g e ea r l i e r t h a n S . asiatica. I t has also b e e n obse rved t h a t 

S. forbesii is m o r e aggressive t h a n S . asiatica, b u t t h i s needs to be c o n f i r m e d . 

Farmers' Awareness of the Striga Problem 

D u r i n g a n e x t e n s i v e paras i t i c w e e d survey c a r r i e d o u t i n t h e 1992 a n d 1994 c r o p p i n g 

seasons, i t w a s f o u n d t h a t f a r m e r s r e c o g n i z e d Striga a s o n e o f t h e m a j o r cons t r a in t s i n 

ce rea l p r o d u c t i o n i n t h e c o u n t r y . T h e y have r e p o r t e d y i e l d losses u p t o 9 0 % a n d 

above caused by Striga damage . 

T h e m a j o r reasons g i v e n f o r Striga increase i n t h e last 1 0 - 1 5 years are: t h e c o n t i n -

u o u s g r o w i n g o f su scep t ib l e cereals i n m o n o c u l t u r e ; m e c h a n i z a t i o n i n l a n d p repa ra -

t i o n ( w h i c h encourages t h e sp read o f t h e w e e d ) ; loss o f so i l f e r t i l i t y (because m a n y 

f a r m e r s c a n n o t a f f o r d t o b u y f e r t i l i z e r ) ; a n d l i m i t e d c r o p r o t a t i o n caused b y a s h o r t -

age o f arable l a n d . I t was also o b s e r v e d t h a t f a r m e r s use t h e i r o w n seeds ha rves t ed 

f r o m S t r i g a - i n f e s t e d f i e l d s , w h i c h m a y b e t h e m a j o r source o f i t s sp read t o S t r i ga - f r ee 

fields. 
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F i g u r e 1 . D i s t r i b u t i o n o f Striga species i n T a n z a n i a . 

Farmers' Striga Control Practices 

F a r m e r s w e r e obse rved to ca r ry o u t some Striga c o n t r o l measures. These i n c l u d e d : 

h a n d - p u l l i n g o r h o e - w e e d i n g a n d leaving t h e Striga p lan ts t o d r y o n t h e surface o f t h e 

f i e l d ; c r o p r o t a t i o n w i t h such noncerea l c rops as cassava, g r o u n d n u t , and sesame fo r 

1-2 years; l eav ing t h e l a n d f a l l o w fo r 2 - 3 years; t h e m i x e d c r o p p i n g o f such c o m b i n a -

t i o n s a s m a i z e / s o r g h u m / c a s s a v a , s o r g h u m / m a i z e / p i g e o n p e a , s o r g h u m w i t h g r o u n d -

n u t , o r ma i ze w i t h u p l a n d r i c e . F e w fa rmers w e r e observed t o t r ansp l an t u p l a n d r i ce 

o r s o r g h u m a n d t h u s enable t h e c r o p to escape severe Striga damage. 

F r o m f a r m e r s ' e x p e r i e n c e none o f these c o n t r o l prac t ices offers s igni f icant Striga 

c o n t r o l . T h i s m a y b e d u e t o lack o f k n o w l e d g e abou t t h e b i o l o g y o f Striga, a b o u t t h e 

o p t i m a l t i m e t o ca r ry o u t c o n t r o l measures , and abou t p r a c t i c a l means fo r i ts c o n t r o l 

i n t h e f i e l d . 
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On-Farm Striga Control Packages 

Effect of sowing date on infestation of cereals by S. hermonthica 

Cerea l s ( s o r g h u m a n d m a i z e ) s o w n i n January (ea r ly ) w e r e c o m p a r e d w i t h those 

s o w n a m o n t h l a t e r f o r S . hermonthica i n f e s t a t i o n . E a r l y - s o w n c rops h a d h i g h e r g r a i n 

y i e l d s t h a n l a t e - s o w n c rops , d e s p i t e a h i g h Striga c o u n t pe r hos t p l a n t f r o m ear ly -

s o w n c r o p s ( T a b l e 1) . E a r l y s o w i n g gives a ce rea l c r o p t h e chance t o es tab l i sh i t s e l f 

b e f o r e Striga has h a d t i m e t o damage t h e c r o p ( B u r t t - D a v y 1 9 0 4 ) . F r o m a l a t e - s o w n 

c r o p n o t a l l Striga w e e d s e m e r g e above t h e g r o u n d because o f so i l c r u s t i n g ; i t i s t h e n 

poss ib le t o c o u n t o n l y t h e Striga p l an t s t h a t have m a n a g e d t o emerge . 

Table 1 . Ef fect o f s o w i n g d a t e on cereal in festat ion w i t h Striga a t Ukir iguru, M w a n z a , 
Tanzan ia . 

Sowing date 

Early sowing 
Late sowing 

Mean 
S D 

Crop infested 

Maize 

Striga 
count plant - 1 

7 
3 

5.0 
2.0 

Y ie ld 
(kg ha - 1) 

333.4 
35.6 

184.5 
148.9 

Sorghum 

Striga 
count p lant - 1 

9 
7 

8.0 
1.0 

Yie ld 
(kg ha - 1) 

1508.0 
757.0 

1132.5 
375.5 

Effect of intercropping cereal wi th cowpea to control Striga 

L o w Striga i n f e s t a t i o n was o b s e r v e d i n p l o t s w i t h i n t e r c r o p p i n g , especia l ly w h e r e 

ce rea l w a s i n t e r c r o p p e d w i t h c o w p e a i n t h e same r o w (Tab les 2 a n d 3 ) . T h e r e l a t i v e l y 

l o w Striga e m e r g e n c e i n t h e i n t e r c r o p p e d p l o t s c o u l d b e d u e t o t h e shading e f f ec t o f 

t h e c o w p e a , w h i c h o n t h e o t h e r h a n d w i l l have c r e a t e d un favo rab l e c o n d i t i o n s fo r 

Striga g e r m i n a t i o n . I t i s also k n o w n t h a t c o w p e a s t i m u l a t e s Striga g e r m i n a t i o n b u t i t 

does n o t s u p p o r t i t s d e v e l o p m e n t ( D o g g e t t 1 9 5 3 ) . 

Table 2 . S o r g h u m a n d c o w p e a in tercropping for t h e control o f Striga a t Ukir iguru, 
M w a n z a , Tanzania . 

Trea tment 

Sorghum pure stand 
Sorghum in alternate rows w i t h cowpea 
Sorghum in the same r o w w i t h cowpea 

Mean 
S D 

Striga 
count plant - 1 

9 
8 
5 

7.3 
1.7 

Gra in y ie ld 
(kg ha -1) 

1351 
1431 
1742 

1508.0 
168.7 
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Table 3 . M a i z e a n d c o w p e a in tercropping f o r t h e contro l o f Striga a t Uki r iguru, 

M w a n z a , Tanzania . 

Maize pure stand 

Maize in alternate rows w i t h cowpea 

Maize in the same row w i t h cowpea 

Mean 

S D 

Striga 

count plant - 1 

5 

6 

2 

4.3 

Gra in y ie ld 

(kg ha - 1) 

107.6 

214.4 

672.0 

331.4 

244.8 

Evaluation of Sorghum Varieties for Striga Resistance 

S i x s o r g h u m var ie t i e s , t w o w i t h p a r t i a l resis tance t o Striga ( S A R 2 9 a n d Serena) , one 

t o l e r a n t ( W e i j i t a ) , a n d t h r e e suscep t ib le w e r e e v a l u a t e d f o r t h e i r p e r f o r m a n c e o n 

f a r m e r s ' f i e l d s i n f e s t e d w i t h Striga. O n e set was p l a n t e d a t M a n g a e ( M o r o g o r o r u r a l ) , 

an area i n f e s t e d w i t h S. asiatica a n d S. forbesii, w h i l e t h e s econd set was s o w n at 

U k i r i g u r u , in a field t h a t is a h o t - s p o t f o r S. asiatica a n d S. hermonthica. 

A t M a n g a e , S A R 2 9 a n d W e i j i t a w e r e obse rved t o b e f ree o f Striga i n f e s t a t i o n , 

w h i l e Serena s h o w e d a v e r y l o w l eve l o f Striga i n f e s t a t i o n a t b o t h loca t ions . T e g e m e o 

h a d t h e h ighes t levels o f Striga c o u n t a t b o t h loca t ions , i .e . , U k i r i g u r u a n d M a n g a e 

( T a b l e 4 ) . 

Table 4. Striga in festa t ion levels of s o r g h u m varieties under fa rmers ' crop 

m a n a g e m e n t . 

Sorghum 

variety 

SAR 29 

We i j i t a 

Serena 

Tegemeo 

Sandala 

Nchengaviduha 

Locat ion1 

Mangae2 

% Striga 

infestat ion plant - 1 

0 

0 

30 

80 

110 

-

Uk i r i gu ru 3 

% Striga 

infestat ion p lant - 1 

50 

1110 

9700 

9200 

Gra in y ie ld 

(kg ha - 1) 

1231.7 

270.2 

234.7 

275.0 

1. Striga infestation (inf. plant*1) was calculated by dividing the total Striga count plot'1 by the plant stand count at 
harvest. 

2. Mangae = S. asiatica and S. forbesii. 
3. Ukiriguru = S. asiatica and S. hermonthica. 
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Control of Striga Using Herbicide 2,4-D Amine 

T h e h e r b i c i d e 2 , 4 - D a m i n e was a p p l i e d o n s o r g h u m v a r i e t y T e g e m e o ( suscep t ib le ) a t 

U k i r i g u r u to c o n t r o l b o t h S . asiatica a n d S . hermonthica a t a ra te of 2 kg a . i . ha - 1 . T h e 

nozz l e w a s d i r e c t e d t o t h e area b e t w e e n r o w s s o t h a t t h e spray l i q u i d t o u c h e d o n l y 

t h e l o w e r s ta lks o f t h e c r o p , 8 - 1 0 w e e k s a f t e r emergence . 

P o s t e m e r g e n c e a p p l i c a t i o n o f 2 , 4 - D gave t h e bes t c o n t r o l o f Striga, e spec ia l ly 

w h e n i t w a s a p p l i e d t h r e e t i m e s ( T a b l e 5 ) . A l t h o u g h s o r g h u m y i e l d was genera l ly 

a f f e c t e d b y d r o u g h t , r e l a t i v e l y h i g h y i e l d was o b t a i n e d f r o m t h e t r e a t m e n t w h e r e 

2 , 4 - D was a p p l i e d t w i c e . S i m i l a r r esu l t s have b e e n r e p o r t e d e l s ewhe re ( E d g e r t o n 

1 9 5 5 ) . 

Table 5 . Chemica l contro l of Striga using 2 ,4-D a m i n e at Ukir iguru, M w a n z a , 
Tanzan ia . 

Trea tment 

Hoe-weeding (no pre-emergence herbicide) 
Hoe-weeding ( w i t h pre-emergence herbicide) 
2 , 4 - D amine applied once 
2 , 4 - D amine applied tw ice 

Mean Striga 
count plant - 1 

2.5 
5.0 
0.7 
0.2 

Gra in y ie ld 
(kg ha -1) 

26.7 
155.6 
222.2 
800.0 
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Screening Sorghum Cultivars for Resistance to 
Witchweed (Striga asiatica) in Zimbabwe 

S Mabasa1 

Abstract 

Pot and field experiments were conducted at Henderson Research Station and 

Chiwundura Communal Area, respectively, in the 1991/92, 1992/93, and 

1993/94 seasons to evaluate the resistance of 17 sorghum cultivars to the p a r a s i -

tic weed S t r iga asiatica (L.) Kuntze. S. asiatica emerged and flowered within 

64.8-71.6 and 88-105.6 days from sorghum sowing, respectively. The sorghum 

cultivars SAR 29, SAR 33, SAR 35, SAR 37, and SAR 16 significantly supported 

low S. asiatica infestation counts, compared with the recommended cultivars DC 

75, SV 1, and SV 2. Although the SAR cultivars showed considerable resistance to 

S. asiatica, their grain yields were very low. The cultivars DC 75, SV 1, SV 2, and 

MMSH 413, which were highly infested with S. asiatica, outyielded these resis-

tant cultivars and can probably be described as tolerant of S. asiatica. There is 

therefore a need to improve the grain yield potential of the SAR cultivars through 

breeding. 

Introduction 

I n Z i m b a b w e , s o r g h u m i s m a i n l y g r o w n b y s m a l l h o l d e r f a rmers i n N a t u r a l Regions 

I I I , I V , a n d V w i t h annua l ra infa l l s o f 6 5 0 - 8 0 0 m m , 4 5 0 - 6 5 0 m m , a n d 4 5 0 m m o r 

less, r e s p e c t i v e l y . T h e paras i t ic w e e d s Striga asiatica ( L . ) K u n t z e a n d S. forbesii 

B e n t h . are a m a j o r c o n s t r a i n t to s o r g h u m p r o d u c t i o n in s m a l l h o l d e r f a r m i n g areas. S . 

asiatica i s t h e m o s t c o m m o n paras i t ic w e e d i n t h e c o u n t r y ( Z i m b a b w e A g r o n o m y 

I n s t i t u t e 1 9 9 3 ) . S o r g h u m g r o w n i n f a r m e r s ' f i e l d s i n Striga ho t - spo t s can f a i l t o 

p r o d u c e g r a i n . M a i z e a n d s o r g h u m y i e l d losses o f 5 - 4 0 % have been a t t r i b u t e d t o t h i s 

w e e d ( K n e p p e r 1 9 8 9 ) . 

W i t c h w e e d s are d i f f i c u l t t o c o n t r o l us ing c u r r e n t l y avai lable c o n t r o l m e t h o d s , 

p r o b a b l y because o f t h e l i f e c y c l e o f Striga. O n e Striga p l a n t can p r o d u c e u p t o 

5 0 0 0 0 0 seeds t h a t m a y su rv ive f o r 2 0 years i n f a r m e r s ' f i e l d s ( H o l m e t a l . 1 9 7 7 ) . 

T h o m a s ( 1 9 7 0 ) r e p o r t e d t h a t Striga was no longer a p r o b l e m on large-scale c o m m e r -

1 . T e a m Leader, W e e d Research, H e n d e r s o n Research S ta t ion , PO Bag 2 0 0 4 , M a z o w e , Z i m b a b w e . 

M a b a s a , S . 1996. Screening s o r g h u m cul t ivars for resistance to w i t c h w e e d (Str iga asiatica) in Z i m b a b w e . 

Pages 2 0 1 - 2 0 9 in D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings of the S A D C / I C R I S A T Regional 

S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , and M a n t h e , 

C.S. , eds.) . Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e 

S e m i - A r i d T r o p i c s . 
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c i a l f a r m s . H e sugges ted t h a t e f f e c t i v e m e t h o d s o f c o n t r o l l i n g w i t c h w e e d w e r e : 

t r e a t m e n t w i t h s u c h p o s t e m e r g e n c e he rb i c ide s a s 2 , 4 - D a n d M C P A , use o f t r a p o r 

c a t c h c rops , a n d p r e v e n t i n g t h e w i t c h w e e d f r o m s e t t i n g seed. H o w e v e r , these c o n t r o l 

m e t h o d s are t o o e x p e n s i v e f o r s m a l l h o l d e r f a rmer s . S o t h e use o f res is tant s o r g h u m 

c u l t i v a r s b y f a r m e r s i s t h e m o s t feasible c o n t r o l m e t h o d . 

S o r g h u m c u l t i v a r s t h a t are res i s tan t to S . asiatica have been i d e n t i f i e d in I n d i a 

( O b i l a n a e t a l . 1991) . T h e o b j e c t i v e o f t h e s t u d y was t h e r e f o r e t o screen s o r g h u m 

c u l t i v a r s f o r t h i s res is tance charac te r . 

Materials and Methods 

Pot screening 

T e n s o r g h u m c u l t i v a r s — S A R 2 9 , S A R 3 3 , S A R 19, S A R 3 5 , S A R 3 7 , M M S H 413 , 

D C 7 5 , S V 2 , S V 1 , a n d M M S H 3 7 5 — w e r e sc reened i n p o t e x p e r i m e n t s a t H e n d e r -

son Research S t a t i o n i n t h e 1 9 9 1 / 9 2 season. N o p o t e x p e r i m e n t s w e r e c a r r i e d o u t i n 

t h e f o l l o w i n g year a n d , i n t h e 1 9 9 3 / 9 4 season, cu l t i va r s S A R 2 9 , S A R 19, a n d M M S H 

3 7 5 w e r e n o t t e s t e d because o f a shor tage o f seed. T h e y w e r e r e p l a c e d b y S A R 16, 

S D S H 148, S D S H 3 7 8 , M u c h a y e n i , a n d C h i b o n d a . I n Z i m b a b w e , S V 1 , S V 2 , a n d 

D C 7 5 are t h e r e c o m m e n d e d c u l t i v a r s a n d M u c h a y e n i a n d C h i b o n d a are loca l l a n d -

race va r i e t i e s . D C 7 5 was u sed a s t h e suscep t ib le c o n t r o l . T h e s o r g h u m seeds w e r e 

s u p p l i e d b y S A D C / I C R I S A T a t M a t o p o s Research S t a t i o n . 

F i v e seeds o f s o r g h u m w e r e s o w n o n 1 7 D e c i n 1 9 9 1 / 9 2 a n d o n 2 1 D e c i n 1 9 9 3 / 9 4 , 

i n p o t s f i l l e d w i t h sandy s o i l . Each p o t m e a s u r e d 2 2 . 2 c m i n d i a m e t e r a n d 22 .3 c m i n 

d e p t h . A b o u t 0 . 0 2 g o f S . asiatica seed w e r e m i x e d i n t h e t o p 5 c m o f so i l be fo re 

s o w i n g . S o r g h u m was t h i n n e d t o one p l a n t pe r p o t a t 2 w e e k s a f te r c r o p emergence . 

S o r g h u m was s u p p l i e d w i t h t h e f o l l o w i n g n u t r i e n t s : 170 k g h a - 1 o f N , 5 6 k g h a - 1 o f 

P 2 O 5 , a n d 2 8 k g h a - 1 o f K 2 O . I n a l l p o t s a l l t h e K a n d P a n d o n e - t h i r d o f N w e r e 

a p p l i e d a t s o w i n g a n d t h e ba lance of N was a p p l i e d as a t o p d r e s s i n g at 6 a n d 8 w e e k s 

a f t e r c r o p e m e r g e n c e . T h e p o t s w e r e w a t e r e d d a i l y . O t h e r w e e d s w e r e h a n d - p u l l e d . 

A r a n d o m i z e d b l o c k des ign w i t h f o u r r ep l i ca tes was used . 

A l t h o u g h t h e n u m b e r o f e m e r g e d S . asiatica was n o t e d i n each p o t eve ry 2 days, 

t h e n u m b e r a t p e a k e m e r g e n c e (110 days f r o m s o w i n g ) was u sed f o r s ta t i s t i ca l anal-

ysis . T h e n u m b e r o f days t o f i r s t S . asiatica e m e r g e n c e a n d f l o w e r i n g was r e c o r d e d f o r 

each p o t . T h e s o r g h u m m e a s u r e m e n t s w e r e a s f o l l o w s : days t o f l o w e r i n g , days t o 

m a t u r i t y , r o o t d r y w e i g h t , p l a n t h e i g h t , a n d g r a i n y i e l d . Ana ly s i s o f var iance was d o n e 

o n these m e a s u r e m e n t s a n d t r e a t m e n t means w e r e c o m p a r e d us ing t h e least s ign i f i -

c a n t d i f f e r e n c e ( L S D , P < 0 . 0 5 ) . S . asiatica c o u n t s w e r e ana lyzed af te r l o g a r i t h m i c 

t r a n s f o r m a t i o n o f da ta ( l o g [ c o u n t s + 1 ] ) ( M e a d a n d C u r n o w 1 9 8 3 ) . T h e days t o 

f l o w e r i n g , days t o m a t u r i t y , p l a n t h e i g h t , a n d g r a i n y i e l d da ta f o r s o r g h u m w e r e 

c o r r e l a t e d w i t h t h e c o u n t p o t - 1 f o r S . asiatica. 
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Field screening 

T h e f i e l d sc reen ing was d o n e a t H e n d e r s o n Research S t a t i o n ( N a t u r a l Reg ion I I , 8 0 0 

m m average a n n u a l r a i n f a l l a n d c lay l o a m so i l ) a n d C h i w u n d u r a C o m m u n a l A r e a 

( N a t u r a l R e g i o n I I I , 6 5 0 - 8 0 0 m m annua l r a i n f a l l a n d sandy soi l s ) . T e n s o r g h u m 

c u l t i v a r s — S A R 2 9 , S A R 3 3 , S A R 19, S A R 3 5 , S A R 3 7 , A G 9 , S V 1 , S V 2 , M M S H 

413 , a n d M M S H 3 7 5 w e r e e v a l u a t e d f o r g ra in y i e l d p r o d u c t i o n i n a Striga-free 

e n v i r o n m e n t a t H e n d e r s o n Research S t a t i o n i n 1 9 9 2 / 9 3 . A t C h i w u n d u r a t h e same 

c u l t i v a r s w e r e g r o w n i n f i e l d s n a t u r a l l y i n f e s t e d w i t h Striga, a n d M a r u p a n z i was used 

a s t h e suscep t ib l e c o n t r o l i n 1 9 9 2 / 9 3 a n d A G 9 i n 1 9 9 3 / 9 4 . 

L a n d p r e p a r a t i o n a t H e n d e r s o n i n 1992 i n v o l v e d p l o w i n g i n J u l y a n d d i s k i n g i n 

O c t o b e r . A t C h i w u n d u r a , p l o w i n g was d o n e i n N o v e m b e r i n b o t h seasons. I n 

1 9 9 2 / 9 3 s o r g h u m c u l t i v a r s w e r e s o w n o n 2 8 D e c a t H e n d e r s o n a n d o n 8 a n d 3 D e c a t 

C h i w u n d u r a i n 1 9 9 2 / 9 3 a n d 1 9 9 3 / 9 4 , r e spec t ive ly . A seed ra te o f 18 kg ha-1 was 

u sed . T h e s o r g h u m r o w s w e r e 7 5 c m apar t . T h i n n i n g o f t h e c r o p t o one p l a n t a t eve ry 

1 5 c m w i t h i n t h e r o w was d o n e a t 2 w e e k s a f te r emergence . A t C h i w u n d u r a a n d 

H e n d e r s o n t h e gross p l o t s m e a s u r e d 2 .0 x 3 .0 m a n d 5.0 x 3 .75 m, r e spec t ive ly . 

T h e r e w e r e t h r e e p l o t s p e r c u l t i v a r a t C h i w u n d u r a a n d f o u r a t H e n d e r s o n . T h e 

c u l t i v a r s w e r e a r ranged i n a r a n d o m i z e d c o m p l e t e b l o c k des ign. A t C h i w u n d u r a t h e 

s o r g h u m c u l t i v a r s M a r u p a n z i ( 1 9 9 2 / 9 3 ) a n d A G 9 ( 1 9 9 3 / 9 4 ) w e r e s o w n i n f o u r 

( su scep t ib l e ) p l o t s s u r r o u n d i n g t h e t e s t p l o t , f o r m i n g a c h e c k e r b o a r d l a y o u t 

( V a s u d e v a Rao 1 9 8 7 ) . 

A t a l l si tes, 5 6 k g h a - 1 P 2 O 5 , 2 8 k g h a - 1 K 2 O , a n d 3 2 k g h a - 1 N w e r e a p p l i e d a t 

s o w i n g a n d t h e n 62 kg ha - 1 N as a t opd re s s ing at 3 weeks af ter c r o p emergence . 

W e e d i n g was d o n e t w i c e d u r i n g t h e season. T o d e t e r m i n e g ra in y i e l d a t t h e e n d o f t h e 

season, t h e s o r g h u m was ha rves t ed in an area of 2 .0 x 1.5 m at C h i w u n d u r a a n d 4 . 0 x 

2 . 2 5 m a t H e n d e r s o n . A t C h i w u n d u r a , c r o p h e i g h t was m e a s u r e d a t harves t a n d 

S . asiatica c o u n t s w e r e t a k e n in t w o c r o p r o w s o f 2 m , a t 115 days a f te r s o r g h u m 

s o w i n g . I t was n o t poss ib le t o c o l l e c t da ta on days to f i r s t S . asiatica emergence a n d 

f l o w e r i n g i n 1 9 9 3 / 9 4 a t C h i w u n d u r a . 

S o r g h u m g r a i n y i e l d da ta w e r e ana lyzed fo r var iance . I n i t i a l l y t h e analysis o f c o v a r i -

ance was d o n e on S . asiatica c o u n t s i n t h e tes t p l o t s us ing t h e m e a n c o u n t f r o m f o u r 

ad jacen t p l o t s as a cova r i a t e . H o w e v e r , a b e t t e r p i c t u r e was o b t a i n e d by d o i n g analysis 

on l o g a r i t h m i c a l l y t r a n s f o r m e d S . asiatica c o u n t s ( log [ c o u n t s + 1 ] ) . So data i n t e r -

p r e t a t i o n was based o n t h e l a t t e r . T r e a t m e n t compar i sons a n d c o r r e l a t i o n analysis 

w e r e a s d e s c r i b e d i n p o t screening . 

Results 

Striga asiatica emergence 

T h e days t o S . asiatica emergence w e r e n o t s ign i f i can t ly d i f f e r e n t ( P < 0 . 0 5 ) i n 

1 9 9 1 / 9 2 a t H e n d e r s o n ( T a b l e 1), a n d r anged f r o m 56 .3 a n d 7 6 . 5 . I n 1 9 9 3 / 9 4 t h e days 

to S. asiatica e m e r g e n c e w e r e s ign i f i can t ly d i f f e r e n t (P < 0 . 0 0 1 , T a b l e 1) . S. asiatica 
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Table 1 . M e a n days to first Striga asiatica emergence in sorghum cultivars at Hender -
son, Z i m b a b w e ( p o t screening), 1991 /92 a n d 1993 /94 . 1 

Cult ivars 

SAR 29 
SAR 33 
SAR 19 
SAR 35 
SAR 37 
SAR 16 
D C 75 
S V 2 
S V 1 
M M S H 413 
M M S H 375 
S D S H 148 
S D S H 378 
Muchayeni 
Chibonda 

SE 
Mean 
L S D (P < 0 . 0 5 ) 
C V ( % ) 

1991 /92 

6 9 3 
70.0 
49.0 
76.5 
67.8 

-

68.5 
63.0 
63.8 
56.3 
63.3 

-
-
-

-

±12.0 
64.8 

-
31.8 

1993/94 

-

85.8 
-

90.0 
80.0 
84.5 
73.0 
54.3 
87.8 
60.3 

-

63.0 
60.8 
64.5 
54.8 

±6.0 
71.6 
12.2 
16.9 

1. - = not tested. 

e m e r g e d e a r l y i n S V 2 a n d C h i b o n d a , a n d la te i n S A R 3 5 . T h e m e a n days t o f i r s t 

e m e r g e n c e , across t h e t w o seasons, r anged f r o m 6 4 . 8 t o 71.6 . 

Striga asiatica f lowering 

T h e days t o f i r s t S . asiatica f l ower ing , w h i c h w e r e n o t s ign i f i can t ly d i f f e r e n t 

( P > 0 . 0 5 ) across s o r g h u m c u l t i v a r s , r a n g e d f r o m 7 8 . 0 t o 101.5, 9 0 . 0 t o 116.5, a n d 

71.3 t o 9 7 . 3 i n 1 9 9 1 / 9 2 , 1 9 9 3 / 9 4 , a n d 1 9 9 2 / 9 3 , r e spec t i ve ly . I n 1 9 9 1 / 9 2 S . asiatica 

i n S A R 3 5 a n d S A R 3 7 f a i l e d t o f l o w e r . T h e m e a n days t o f i r s t f l o w e r i n g r anged f r o m 

8 8 . 2 t o 1 0 5 . 6 across t h e t h r e e seasons. 

Striga asiatica counts 

T h e S . asiatica c o u n t s i n s o r g h u m c u l t i v a r s w e r e n o t s ign i f i can t ly d i f f e r e n t ( P > 0 . 0 5 ) 

a t H e n d e r s o n i n 1 9 9 1 / 9 2 ( T a b l e 2 ) . H o w e v e r , i t s e e m e d t h e S A R c u l t i v a r s S A R 2 9 , 

S A R 3 3 , S A R 19, S A R 3 5 , a n d S A R 3 7 s u p p o r t e d l o w S . asiatica c o u n t s c o m p a r e d t o 

o t h e r s o r g h u m c u l t i v a r s , i n c l u d i n g D C 7 5 , t h e c o n t r o l . T h e c u l t i v a r D C 7 5 p r o d u c e d 

t h e h i g h e s t S . asiatica c o u n t a n d S A R 1 9 t h e l o w e s t . T h e s o r g h u m c u l t i v a r s i n f l u -
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Table 2 . M e a n Striga asiatica counts in s o r g h u m cultivars at Henderson (counts pot - 1 ) 
a n d C h i w u n d u r a (counts 3 m - 2 ) , Z i m b a b w e , 1991 /92 to 1 9 9 3 / 9 4 . 1 

Cult ivars 

SAR 29 
SAR 33 
SAR 19 
SAR 35 
SAR 37 
SAR 16 
D C 75 
Marupanzi 
A G 9 
SV 2 
SV 1 
M M S H 413 
M M S H 375 
S D S H 148 
S D S H 378 
Muchayeni 
Chibonda 

SE 
L S D (P < 0 . 0 5 ) 
C V ( % ) 

Henderson 

1991 /92 

10 .3 (1 .01) 
3.8 (0.58) 
0.3 (0.08) 
1 .5(0.18) 

13 .0 (1 .11) 
-

35 .0 (1 .54 ) 
-
-

21 .8 (1 .34 ) 
22 .0 (1 .34 ) 
26 .0 (1 .42 ) 
16 .5 (1 .22) 

-
-
-
-

±0.30 

61.1 

1993 /94 

-
5.3 (0.71) 
-
1.8(0.25) 
3.5 (0.54) 
4.0 (0.60) 

18 .8 (1 .27) 
-
-

20 .3 (1 .30 ) 
9.3 (0.97) 

12 .5 (1 .11) 
-

28 .0 (1 .45 ) 
24 .3 (1 .38 ) 
14 .5(1 .16) 
6.0 (0.78) 

±0.18 
0.37 

32.9 

Ch iwundura 

1992/93 

25 .3 (1 .39 ) 
34 .7 (1 .54 ) 
28 .0 (1 .43 ) 
48 .7 (1 .68 ) 
23 .0 (1 .36 ) 

-
-

34 .3 (1 .53 ) 
-

41 .7 (1 .62 ) 
38 .7 (1 .58 ) 
29 .7 (1 .47 ) 
42 .7 (1 .63 ) 

-
-
-
-

±0.05 
0.11 
6.1 

1993 /94 

5.0 (0.70) 
6.0 (0.78) 
6.0 (0.78) 
5.7 (0.76) 
3.7 (0.57) 
-
-
-

19.7 (1 .29) 
1.7(0.23) 

16 .0 (1 .18) 
57 .7 (1 .76 ) 
41 .3 (1 .62 ) 

-
-
-
-

±0.29 

56.1 

1. Numbers in parenthesis = log10(x + 1). 
- = not tested. 

e n c e d S . asiatica c o u n t s (P < 0 . 0 1 ) i n 1 9 9 3 / 9 4 a t H e n d e r s o n . C u l t i v a r s S A R 35 a n d 

S D S H 148 p r o d u c e d l o w e s t a n d h ighes t coun t s , r e spec t i ve ly . T h e S A R c u l t i v a r s 

s u p p o r t e d l o w S . asiatica c o u n t s c o m p a r e d w i t h o t h e r c u l t i v a r s , i n c l u d i n g D C 7 5 . 

C h i b o n d a , a l oca l l andrace v a r i e t y g r o w n b y c o m m u n a l f a rmers , s u p p o r t e d l o w 

c o u n t s of S. asiatica. 

A t C h i w u n d u r a S . asiatica i n f e s t a t i o n was h ighe r i n 1 9 9 2 / 9 3 t h a n i n 1 9 9 3 / 9 4 . 

S o r g h u m c u l t i v a r s a f f e c t e d t h e Striga c o u n t s i n 1 9 9 2 / 9 3 ( P < 0 . 0 1 ) a n d n o t i n 

1 9 9 3 / 9 4 ( P > 0 . 0 5 ) . C u l t i v a r s S A R 3 7 a n d S A R 3 5 p r o d u c e d t h e l o w e s t a n d h ighes t 

S . asiatica c o u n t , r e s p e c t i v e l y , i n 1 9 9 2 / 9 3 . T h e 1 9 9 3 / 9 4 C h i w u n d u r a da ta c lose ly 

f o l l o w e d t h a t o b t a i n e d f r o m po t s a t H e n d e r s o n ( 1 9 9 1 / 9 2 ) . 

Grain yield 

S o r g h u m c u l t i v a r s p r o d u c e d g r a i n y i e ld s t h a t w e r e s ign i f i can t ly d i f f e r e n t i n p o t eva l -

u a t i o n s a t H e n d e r s o n i n 1 9 9 1 / 9 2 ( P < 0 . 0 0 1 ) a n d 1 9 9 3 / 9 4 ( P < 0 . 0 1 ) ( T a b l e 3 ) . I n 

1 9 9 1 / 9 2 S V 2 , D C 7 5 , M M S 3 7 5 , M M S H 413 p r o d u c e d h i g h g r a i n y i e l d a n d S A R 
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Table 3 . S o r g h u m m e a n gra in yields a t Henderson a n d C h i w u n d u r a , Z i m b a b w e , 
1 9 9 1 / 9 2 t o 1993 /94 .1 

Cul t ivars 

SAR 29 
SAR 33 
SAR 19 
SAR 35 
SAR 37 
SAR 16 
D C 75 
Marupanzi 
A G 9 
SV 2 
SV 1 
M M S H 413 
M M S H 375 
S D S H 148 
S D S H 378 
Muchayeni 
Chibonda 

SE 
L S D ( F < 0 . 0 5 ) 
C V ( % ) 

Henderson 2 

1991 /92 
(g po t - 1 ) 

6.3 
2.3 
3.4 
1.4 
2.9 
-

16.3 
-
-

17.1 
9.4 

10.3 
15.7 

-
-
-

-

±3.2 
6.6 

55.7 

1993 /94 
(g po t - 1 ) 

. 

5.8 
-

10.8 
7.8 
5.0 

17.0 
-
-
8.8 
3.3 

14.3 
-

8.8 
11.0 

5.5 
12.0 

±2.3 
4.7 

50.6 

1992 /93 
( t ha - 1) 

3.2 
1.8 
2.6 
1.8 
2.2 
-
-
-
2.7 
1.7 
4.5 
6.7 
4.2 
-
-
-

-

±0.2 
0.5 

11.3 

Ch iwundura 

1992 /93 
( t ha - 1) 

2.0 
2.5 
2.1 
2.4 
2.0 
-
-
2.9 
-
3.9 
2.8 
4.6 
2.6 
-
-
-

-

±0.5 
1.1 

29.3 

1993 /94 
( t ha - 1) 

0.8 
0.5 
0.8 
1.0 
0.9 
-
-
-

0.8 
1.2 
1.4 
1.7 
1.4 
-
-
-

-

±0.3 
-

46.0 

1. - = not tested. 
2. Striga-free environment. 

c u l t i v a r s l o w y i e l d . A c o m p a r a b l e t r e n d o f resu l t s was o b t a i n e d i n 1 9 9 3 / 9 4 , b u t S V 1 

a n d M u c h a y e n i w e r e a m o n g t h e l o w - y i e l d i n g c u l t i v a r s . 

I n f i e l d eva lua t ions , s o r g h u m c u l t i v a r s p r o d u c e d g ra in y i e ld s t h a t w e r e s ign i f i can t ly 

d i f f e r e n t i n 1 9 9 2 / 9 3 a t H e n d e r s o n ( P < 0 . 0 0 1 ) a n d C h i w u n d u r a ( P < 0 . 0 5 ) . A t 

C h i w u n d u r a g ra in y i e l d s w e r e n o t s ign i f i can t ly d i f f e r e n t ( P > 0 . 0 5 ) i n 1 9 9 3 / 9 4 . 

M M S H 413 p r o d u c e d t h e h ighes t g r a in y i e l d s a t H e n d e r s o n a n d C h i w u n d u r a . C u l t i -

vars S A R 3 3 a n d S A R 3 7 p r o d u c e d l o w g r a i n y i e l d s . 

Association of 5. asiatica counts with sorghum parameters 

In 1 9 9 1 / 9 2 S . asiatica c o u n t was nega t ive ly associated w i t h s o r g h u m days t o f l ower -

i n g a n d days t o m a t u r i t y ( T a b l e 4 ) . S o r g h u m g r a i n y i e l d was p o s i t i v e l y associated w i t h 

S . asiatica c o u n t . I n 1 9 9 3 / 9 4 t h i s was nega t ive ly associated w i t h s o r g h u m days t o 

m a t u r i t y a n d p o s i t i v e l y associa ted w i t h s o r g h u m h e i g h t . I n t h e f i e l d eva lua t ions a t 

C h i w u n d u r a , S . asiatica c o u n t was n o t associated w i t h s o r g h u m pa rame te r s . 
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Table 4. The associat ion of Striga asiatica count w i t h sorghum parameters (r values), 
Henderson a n d C h i w u n d u r a , Z i m b a b w e , 1991 /92 t o 1 9 9 3 / 9 4 . 

Days to 50% f lower ing 
Days to matu r i t y 
Plant height 
Root dry weight 
Gra in y ie ld 

Henderson 

1991 /92 

- 0 . 8 0 7 * * 
- 0 . 7 8 6 * * 
- 0 . 1 2 0 N S 
- 0 . 6 1 0 NS 

0.383* 

1993 /94 

- 0 . 2 4 4 NS 
- 0 . 2 9 4 * 

0.292* 
0.140 NS 
0.087 NS 

Chiwundura 

1992 /93 

0.419 NS 
0.317 NS 
0.054 NS 

0.205 NS 

1993 /94 

0.024 NS 

0.126 N S 

0.264 NS 

Discussion 

S . asiatica was f o u n d t o emerge w i t h i n 6 4 . 8 a n d 71.6 days f r o m s o r g h u m s o w i n g . T h i s 

p e r i o d l ies w i t h i n t h e range r e p o r t e d f o r S . hermonthica ( O l i v i e r e t a l . 1991) . S . 

asiatica emerges w h e n m o s t f a rmer s have c o m p l e t e d t h e i r w e e d i n g . T h i s p a r t l y 

exp l a in s w h y f a rmer s d o n o t c o n t r o l S . asiatica i n c o m m u n a l areas o f Z i m b a b w e . Fo r 

ins tance , t h e survey c a r r i e d o u t i n M a n g w e n d e a n d C h i v i C o m m u n a l Areas ( S h u m b a 

1 9 8 6 ) s h o w e d t h a t f a r m e r s w e r e n o t c o n t r o l l i n g Striga even i f i t was p resen t . S . 

asiatica i n S A R 3 5 a n d S A R 3 7 f a i l e d t o f l o w e r . These cu l t i va r s are i m p o r t a n t i n 

r e d u c i n g S. asiatica seed p r o d u c t i o n . 

D a t a f r o m p o t a n d f i e l d eva lua t ions s h o w e d t h a t cu l t i va r s S A R 2 9 , S A R 3 3 , S A R 

19, S A R 3 5 , S A R 3 7 , a n d S A R 16 cons i s t en t l y s u p p o r t e d l o w S . asiatica coun t s . T h i s 

m e a n t t h a t these c u l t i v a r s w e r e res is tant to S . asiatica. S i m i l a r resul ts w e r e o b t a i n e d 

i n B o t s w a n a a n d Tanzan ia (Riches 1988; O b i l a n a e t a l . 1991) . K n e p p e r e t a l . (1991) , 

u s i n g t h e m o d i f i e d c h e c k e r b o a r d des ign , i d e n t i f i e d S . forbesii resis tance to o r t o l e r -

ance o f f i v e s o r g h u m c u l t i v a r s : S A R 2 9 , S A R 3 3 , S A R 19, S A R 3 5 , a n d S A R 3 7 . 

T h e c o m b i n e d F e b r u a r y a n d M a r c h r a i n f a l l o f 2 4 5 . 3 m m i n 1 9 9 1 / 9 2 a n d 3 2 . 0 m m 

in 1 9 9 3 / 9 4 c o u l d have a c c o u n t e d f o r t h e d i f fe rences in t h e S . asiatica c o u n t s ob-

t a i n e d i n t h e t w o seasons a t C h i w u n d u r a . T h e suppressive e f f ec t on S . asiatica 

e m e r g e n c e caused b y S A R s o r g h u m cu l t i va r s was m o r e p r o n o u n c e d i n a season o f l o w 

r a i n f a l l ( 1 9 9 3 / 9 4 ) t h a n a season o f h i g h r a i n f a l l ( 1 9 9 2 / 9 3 ) a t C h i w u n d u r a . 

D i f f e r e n c e s i n s o r g h u m gra in y i e ld s o b t a i n e d a t C h i w u n d u r a i n t h e t w o seasons 

c o u l d b e a c c o u n t e d f o r b y t h e d i f f e rences i n t h e r a i n f a l l r e ce ived . T h e s o r g h u m g r a i n 

y i e l d da ta o b t a i n e d f r o m p o t a n d f i e l d eva lua t ions s e e m e d t o b e r e l a t e d . For ins tance , 

t h e s o r g h u m c u l t i v a r s t h a t w e r e h i g h - a n d l o w - y i e l d i n g i n po t s w e r e also h i g h - a n d 

l o w - y i e l d i n g i n t h e f i e l d . T h e c u l t i v a r M M S H 413 p r o d u c e d h i g h g ra in y ie lds i n b o t h 

p o t a n d f i e l d eva lua t ions , whe reas S A R 3 3 a n d S A R 3 7 i n v a r i a b l y p r o d u c e d l o w 

y i e l d s . 

A l t h o u g h s o r g h u m c u l t i v a r s D C 75 , S V 1 , S V 2 , M M S H 413 , a n d M M S H 3 7 5 

p r o d u c e d h i g h g r a i n y i e l d s ( H e n d e r s o n 1 9 9 1 / 9 2 p o t da ta a n d C h i w u n d u r a 1 9 9 3 / 9 4 

f ie ld d a t a ) , t h e y s u p p o r t e d h i g h S . asiatica coun t s . So these s o r g h u m cu l t i va r s s h o u l d 

p r o b a b l y b e d e s c r i b e d a s t o l e r a n t o f S . asiatica. O n t h e o t h e r h a n d , t h e S A R c u l t i v a r s 
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c o n s i s t e n t l y s u p p o r t e d l o w S . asiatica c o u n t s a n d p r o d u c e d l o w g r a i n y i e l d s . T h i s 

c o u l d e x p l a i n w h y S . asiatica was p o s i t i v e l y associated w i t h s o r g h u m g r a i n y i e l d i n 

1 9 9 1 / 9 2 , a n d t h e l a c k o f associa t ion i n t h e o t h e r seasons. 

Conclusions 

T h e f a c t t h a t da t a f r o m p o t s w e r e a l m o s t r e l a t e d t o t hose f r o m t h e f i e l d means t h a t 

t h e p o t t e c h n i q u e i s essent ia l i n sc reen ing s o r g h u m cu l t i va r s fo r Striga res is tance. 

H o w e v e r , t h i s t e c h n i q u e c a n n o t a c c o m m o d a t e a large n u m b e r o f c u l t i v a r s . A n a l t e r -

n a t i v e i s to use t h e r e c e n t l y d e v e l o p e d agar gel assay t e c h n i q u e s (Hess e t a l . 1991) . 

S ince t h e S A R c u l t i v a r s have b e e n r e p o r t e d to be res is tant t o e i t h e r S . asiatica o r 

S . forbesii in B o t s w a n a , Tanzan ia , a n d Z i m b a b w e , t h e y p r o b a b l y have s table resis-

t ance . I n areas w h e r e f a r m e r s have f a i l e d t o g r o w cereals because o f w i t c h w e e d 

i n f e s t a t i o n , t h e S A R c u l t i v a r s — S A R 2 9 , S A R 19, S A R 3 3 , S A R 3 5 , S A R 3 7 , a n d S A R 

1 6 — m a y b e r e c o m m e n d e d f o r c r o p p i n g . H o w e v e r , t h e r e i s a n e e d t o f i n d o u t 

w h e t h e r s m a l l h o l d e r f a r m e r s w i l l accep t t h e m . So t h e r e is also a n e e d t o i m p r o v e t h e 

g r a i n y i e l d p o t e n t i a l o f t h e S A R c u l t i v a r s t h r o u g h c o n t i n u e d b r e e d i n g w o r k t h a t 

i n c l u d e s o n - f a r m t r i a l s . 

A c k n o w l e d g m e n t s . I w o u l d l i k e t o t h a n k A B O b i l a n a , S A D C / I C R I S A T , f o r p r o v i d -

i n g t h e S A R s o r g h u m seeds a n d S N y a h u n z v i , D C h i r o n g a , S S h o n i w a , a n d J D z i v a fo r 

m a n a g e m e n t o f t h e e x p e r i m e n t s a n d f o r data c o l l e c t i o n . 
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Fingerprinting of Sorghum Disease Nursery 
Cultivars by Random Amplified Polymorphic DNA 
Markers 

M Qhobela1 

Abstract 

Random amplified polymorphic DNA (RAPD) markers were used to characterize 

sorghum cultivars in the SADC/ICRISAT disease nursery. The use of single 

primers, 10 nucleotides in length, and of arbitrary nucleotide sequence resulted in 

the amplification of DNA fragments that were unique to some cultivars in the 

disease nursery. Fingerprint images of 10 cultivars are presented, and the appli-

cation of RAPD fingerprinting for the identification of cultivars, the general 

evaluation of germplasm, and the possible improvement of the sorghum breeding 

program are discussed. It is concluded that genetic marker-based technology can 

be used to assist researchers in future sorghum breeding work. 

Introduction 

S o r g h u m i s b e c o m i n g t h e m o s t i m p o r t a n t cereal c r o p i n t h e A f r i c a n c o n t i n e n t w h e r e 

d r o u g h t i s pe r s i s t en t . N o t o n l y has s o r g h u m p r o v e d t o b e a n idea l f o o d c r o p f o r pa r t s 

o f t h e c o n t i n e n t w i t h l o w a n d m a r g i n a l r a i n f a l l , b u t i t can also b e u sed o u t s i d e t h e 

f o o d i n d u s t r y . S o r g h u m , p a r t i c u l a r l y s w e e t s o r g h u m , has a huge p o t e n t i a l as an ene rgy 

source ( S c h a f f e r t a n d G o u r l e y 1 9 8 2 ) . C o n s i d e r a b l e gene t ic d i v e r s i t y ex is t s i n b o t h 

c u l t i v a t e d a n d w i l d s o r g h u m s . C o n s i d e r a b l e e f f o r t has b e e n spen t o n t h e c o l l e c t i o n , 

assembly , a n d storage o f s o r g h u m g e r m p l a s m ( M e n g e s h a a n d Prasada Rao 1 9 8 2 ) . T h e 

i m p o r t a n c e o f a b r o a d gene t i c base f o r d e v e l o p m e n t o f n e w cu l t i va r s i s a r e cogn ized 

necess i ty . T r a d i t i o n a l l y , t h e c o l l e c t e d m a t e r i a l i s eva lua t ed f o r m o r p h o - a g r o n o m i c 

charac te rs , insec t a n d disease resis tance, a n d d r o u g h t t o l e r ance . 

T h e ef fec t iveness o f us ing these t r a i t s i n o t h e r c rops t o e s t i m a t e gene t i c d i v e r s i t y 

has b e e n q u e s t i o n e d ( B r o w n 1 9 7 9 ) . T h e r e l a t i v e l y l o n g g e n e r a t i o n t i m e o f some 

1 . Plant Pathologis t , D e p a r t m e n t o f M i c r o b i o l o g y , U n i v e r s i t y o f Cape T o w n , Rondebosch 7700 , S o u t h 

A f r i c a . 

Q h o b e l a , M . 1996. F i n g e r p r i n t i n g o f so rghum disease nursery cu l t ivars b y r a n d o m a m p l i f i e d p o l y m o r p h i c 

D N A markers . Pages 2 1 1 - 2 1 8 i n D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings o f t h e 

S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gabo rone , Botswana 

(Leuschner , K . , a n d M a n t h e , C.S . , eds.) . Patancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s 

Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 
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accessions also m e a n s t h a t s o m e o f t h e a g r o n o m i c t r a i t s c a n b e assessed o n l y a t 

m a t u r i t y . T h e p r o b l e m i s c o m p o u n d e d f u r t h e r b y t h e fact t h a t s o m e o f these t r a i t s 

are i n f l u e n c e d b y e n v i r o n m e n t a l f ac tor s . F u r t h e r m o r e , t h e r e are v e r y s t r o n g possi-

b i l i t i e s t h a t s o m e landraces o b t a i n e d f r o m f a r m e r s ' f ie lds are r e v e r t e d h y b r i d s , b e -

cause t h e r e i s a t e n d e n c y f o r s o m e s m a l l h o l d e r f a r m e r s t o reuse t h e i r h y b r i d seed. 

A s m o l e c u l a r a n d b i o c h e m i c a l m a r k e r s are n o t sub ject t o e n v i r o n m e n t a l i n f l u e n c e , 

t h e y p r o v i d e a n o p p o r t u n i t y t o e x a m i n e t h e g e n e t i c v a r i a b i l i t y w i t h i n c o l l e c t e d acces-

sions. T h i s t e c h n o l o g y has b e e n u s e d successful ly w i t h a n u m b e r o f c r o p s ( B e r n a t z k y 

a n d T a n k s l e y 1 9 8 9 ) . I s o z y m e s are c u r r e n t l y t h e m e t h o d o f c h o i c e f o r r o u t i n e charac-

t e r i z a t i o n o f m a i z e accessions (pers . c o m m . , N o w e l l 1 9 9 4 ) . N u c l e a r r e s t r i c t i o n frag-

m e n t l e n g t h p o l y m o r p h i s m (RFLP) has b e e n a n d i s s t i l l b e i n g u s e d t o f i n g e r p r i n t a 

w h o l e range o f p l a n t species, b u t i t r e q u i r e s t h e d e v e l o p m e n t o f specif ic probes , a n d 

i t i s o f t e n t i m e - c o n s u m i n g a n d l a b o r - i n t e n s i v e . T h e same c o u l d b e said f o r m i n i -

s a t e l l i t e D N A sequences t h a t have b e e n u s e d t o d i s t i n g u i s h b e t w e e n g e n o t y p e s o f t h e 

m e m b e r s o f t h e Rosaceae f a m i l y ( N y b o m e t a l . 1 9 9 0 ) . R e c e n t l y , t h e i d e n t i f i c a t i o n o f 

D N A p o l y m o r p h i s m i n p l a n t s based o n t h e p o l y m e r a s e c h a i n r e a c t i o n (PCR) has b e e n 

d e s c r i b e d ( W i l l i a m s e t a l . 1990; W e l s h a n d M c C l e l l a n d 1 9 9 0 ) . 

T h e l a t t e r t e c h n i q u e does n o t have m a n y o f t h e disadvantages o f classical m e t h o d s 

o f g e n o m i c f i n g e r p r i n t i n g . A n d i n t h i s p a p e r I r e p o r t t h e a p p l i c a t i o n o f t h e R A P D 

m a r k e r s y s t e m ( W i l l i a m s e t a l . 1 9 9 0 ) i n f i n g e r p r i n t i n g s o r g h u m g e n o t y p e s f r o m t h e 

S A D C / I C R I S A T disease n u r s e r y . 

Materials and Methods 

Plant material 

Seeds f r o m t h e s o r g h u m c u l t i v a r s l i s t e d i n T a b l e 1 w e r e o b t a i n e d f r o m t h e 

S A D C / I C R I S A T S o r g h u m a n d M i l l e t I m p r o v e m e n t P r o g r a m , M a t o p o s , B u l a w a y o , 

Z i m b a b w e . T h e seeds w e r e g e r m i n a t e d o n m o i s t f i l t e r p a p e r i n a p e t r i p l a t e . L e a f 

m a t e r i a l was h a r v e s t e d 2 days a f t e r g e r m i n a t i o n . G e n o m i c D N A was e x t r a c t e d f r o m 

t h e l e a f t i s sue a c c o r d i n g t o a m o d i f i e d m e t h o d o f C o y n e e t a l . ( 1 9 9 4 ) , w i t h t h e 

f o l l o w i n g m o d i f i c a t i o n s . T h e D N A e x t r a c t i o n was p e r f o r m e d i n a safe-lock 1 . 5 - m L 

e p p e n d o r p h t u b e a n d t h e l e a f t i s sue w a s i n i t i a l l y m a c e r a t e d i n 0.5 m L o f T E b u f f e r 

( 1 0 m M t r i s [ h y d r o x y m e t n y l ] a m i n o m e t h a n e , 1 m M e t h y l e n e d i a m i n o t e t r a a c i t i c a c i d 

[ E D T A ] p H 7 . 6 ) . T h e r e l a t i v e c o n c e n t r a t i o n s o f S D S ( s o d i u m d o d e c y l s u l p h a t e ) , 

p r o t e i n a s e K , N a C l a n d C T A B ( h e x a d e c y l t r i m e t h y l a m m o n i u m b r o m i d e ) w e r e a s 

a c c o r d i n g t o t h e o r i g i n a l p r o t o c o l . T h e e x t r a c t e d D N A was r e s u s p e n d e d i n a f i n a l 

v o l u m e o f 1 0 0 μ L . 

Polymerase chain reaction (PCR) 

PCR r e a c t i o n s ( 5 0 μ L f i n a l v o l u m e ) c o n t a i n e d t h e f o l l o w i n g : 100 n g g e n o m i c D N A 

d i l u t e d i n T E b u f f e r , 2 0 0 μ M each i n f i n a l c o n c e n t r a t i o n o f d A T P , d C T P , d G T P , a n d 
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T a b l e 1 . Cultivars i n t h e s o r g h u m v a r i e t y disease nursery 

u s e d f o r c h a r a c t e r i z a t i o n . 

Cult ivar 

N . M e x 31 

Hegari 

Cargi l l 40 

SA 394 

B T X 378 RedLan 

S C 0 1 7 5 - 1 4 E 

B T X 3 9 8 - M a r t i n 

Q L 11 

SV 1 

QL 3 India 

Color 

Red 

W h i t e 

Red 

W h i t e 

Red 

W h i t e 

Red 

W h i t e 

W h i t e 

W h i t e 

d T T P , a n d 0.5 μ M p r i m e r . T h e r e a c t i o n was r u n i n I X Taq p o l y m e r a s e b u f f e r 

c o n t a i n i n g 2 m M M g 2 + i o n c o n c e n t r a t i o n , a n d 2.5 u n i t s o f Taq D N A p o l y m e r a s e 

( P r o m e g a ) . E a c h r e a c t i o n was o v e r l a i d w i t h 5 0 μ L o f s ter i le m i n e r a l o i l t o p r e v e n t 

e v a p o r a t i o n o f t h e r e a c t i o n m i x t u r e . T h e r a n d o m n u c l e o t i d e sequence d e c a m e r s u s e d 

i n t h i s s t u d y w e r e p u r c h a s e d f r o m O p e r o n T e c h n o l o g i e s I n c . , a n d are l i s t e d i n 

T a b l e 2 . 

T a b l e 2. Base s e q u e n c e of p r i m e r s used in this study. 

Primer number 

OPJ-2 

OPJ-3 

OPJ-4 

OPJ-5 

OPJ-6 

OPJ-7 

Sequence 5' to 3' 

C C C G T T G G G A 

T C T C C G C T T G 

C C G A A C A C G G 

C T C C A T G G G G 

T C G T T C C G C A 

C C T C T C G A C A 

% G + C 

70 

6 0 

70 

70 

6 0 

60 

F o r a m p l i f i c a t i o n o f p o l y m o r p h i c m a r k e r s , t h e samples w e r e s u b j e c t e d t o 4 5 

repeats o f t h e f o l l o w i n g t h e r m a l c y c l e i n a J D I T h e r m a l C y c l e r , m o d e l 8 0 1 2 : 1 m i n a t 

9 4 ° C f o l l o w e d b y 1 m i n a t 3 6 ° C a n d 2 m i n a t 7 2 ° C . T h e f i r s t d e n a t u r a t i o n s t e p was 

p r e c e d e d b y a n i n i t i a l d e n a t u r a t i o n s t e p o f 9 3 ° C f o r 2 m i n . T h e p e n u l t i m a t e e x t e n -

s i o n was also f o l l o w e d b y a f i n a l e x t e n s i o n o f 7 2 ° C f o r 5 m i n . T h e f r a g m e n t s gener-

a t e d b y r a n d o m a m p l i f i c a t i o n w e r e s e p a r a t e d a c c o r d i n g t o size i n a 2 % h o r i z o n t a l 

agarose ge l slab r u n i n I X T B E ( 8 9 m M t r i s - H C L [ p H 8 . 3 ] , 8 9 m M b o r i c a c i d , 5 m M 

E D T A ) . T h e gel was s t a i n e d w i t h e t h i d i u m b r o m i d e a n d v i sua l i zed o n a U V t r a n -

s i l l u m i n a t o r set a t 2 5 4 n m . T w e n t y μ L o f t h e a m p l i f i c a t i o n p r o d u c t w e r e l o a d e d o n 

e a c h gel a n d a t least o n e lane o f X D N A c u t w i t h Pst 1 was i n c l u d e d as a m o l e c u l a r 

w e i g h t m a r k e r . 
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Results and Discussion 

A n a p p r o x i m a t e c o n c e n t r a t i o n o f 100 n g μ L - 1 was o b t a i n e d f o r each D N A e x t r a c t i o n 

o f t h e 1 0 c u l t i v a r s . T o d e t e r m i n e t h e s u i t a b i l i t y o f t h e R A P D t e c h n i q u e t o f i n g e r p r i n t 

s o r g h u m c u l t i v a r s , s ix d i f f e r e n t d e c a m e r p r i m e r s ( T a b l e 2 ) w e r e used t o a m p l i f y 

speci f ic sequences w i t h i n t h e g e n o m e s o f t h e 1 0 c u l t i v a r s o f s o r g h u m . Figures 1 t o 5 

s h o w t h a t a m p l i f i c a t i o n p r o d u c t s c o u l d b e o b t a i n e d f r o m al l t h e s o r g h u m c u l t i v a r s 

a n d t h a t these p r o d u c t s c o u l d b e easily r e s o l v e d i n a 2 % agarose gel slab. T h e a m p l i -

f i c a t i o n p r o d u c t s r a n g e d i n size f r o m a p p r o x i m a t e l y 2 0 0 b p t o 4 k b . 

O f t h e six p r i m e r s t e s t e d , one f a i l e d t o p r o d u c e a m p l i f i c a t i o n p r o d u c t s , even a f te r 

r e p e a t e d a t t e m p t s . T h e l i k e l i h o o d t h a t i t s sequence i s n o t p r e s e n t i n t h e s o r g h u m 

g e n o m e i s m i n i m a l . T h e m o s t l i k e l y e x p l a n a t i o n f o r t h e n o n a m p l i f i c a t i o n i s t h e 

presence o f s o m e i n h i b i t o r y f a c t o r i n t h e p r i m e r s t o c k s o l u t i o n . A s t h e p r i m e r s w e r e 

p u r c h a s e d f r o m O p e r o n T e c h n o l o g i e s i n f r e e z e - d r i e d f o r m a n d w e r e t h e n resus-

p e n d e d i n t h e l a b o r a t o r y , i t i s poss ible t h a t a n i n h i b i t o r y substance m a n a g e d t o 

c o n t a m i n a t e t h e p r i m e r d u r i n g t h e resuspens ion process. 

A l l t h e o t h e r p r i m e r s w e r e able t o p r o d u c e a m p l i f i c a t i o n p r o d u c t s , a n d t h e i r 

p a t t e r n s o n agarose gels c o u l d be o b s e r v e d w i t h ease. P r i m e r O P J - 7 was o b s e r v e d t o 

b e t h e best f o r d i s c r i m i n a t i n g b e t w e e n t h e d i f f e r e n t c u l t i v a r s , a l t h o u g h t h i s p r i m e r 

c o u l d n o t d i f f e r e n t i a t e b e t w e e n c u l t i v a r s S C 0175-14E, B T X 3 9 8 - M a r t i n a n d Q L 11. 

F i g u r e 1 . R A P D f i n g e r p r i n t s o f sorghum cultivars using pr imer O P J - 3 . λ D N A c u t 

w i t h Pst 1 ( lane 1), N . M e x 3 1 ( lane 2 ) , H e g a r i ( lane 3 ) , C a r g i l l 4 0 ( lane 4 ) , S A 3 9 4 

( lane 5 ) , B T X 3 7 8 R e d L a n ( lane 6 ) , S C 0175-14E ( lane 7 ) , B T X 3 9 8 - M a r t i n ( lane 8 ) , 

Q L 1 1 ( lane 9 ) , S V 1 ( lane 10), a n d Q L 3 I n d i a ( lane 11). 
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Figure 2 . R A P D f i n g e r p r i n t s o f sorghum cultivars using pr imer O P J - 4 . λ D N A c u t 

w i t h Pst 1 ( lane 1), N . M e x 3 1 ( lane 2 ) , H e g a r i ( lane 3 ) , C a r g i l l 4 0 ( lane 4 ) , S A 3 9 4 

( lane 5 ) , B T X 3 7 8 R e d L a n ( lane 6 ) , S C 0175-14E ( lane 7 ) , B T X 3 9 8 - M a r t i n ( lane 8 ) , 

Q L 1 1 ( lane 9 ) , S V 1 ( lane 10), a n d Q L 3 I n d i a ( lane 11). 

Figure. 3 . R A P D f i n g e r p r i n t s o f sorghum cultivars using pr imer O P J - 5 . λ D N A c u t 

w i t h Pst 1 ( lane 1), N . M e x 3 1 ( lane 2 ) , H e g a r i ( lane 3 ) , C a r g i l l 4 0 ( lane 4 ) , S A 3 9 4 

( lane 5 ) , B T X 3 7 8 R e d L a n ( lane 6 ) , S C 0175-14E ( lane 7 ) , B T X 3 9 8 - M a r t i n ( lane 8 ) , 

Q L 1 1 ( lane 9 ) , S V 1 ( lane 10) a n d Q L 3 I n d i a ( lane 11). 
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F i g u r e 4 . R A P D f i n g e r p r i n t s o f sorghum cultivars using pr imer O P J - 6 . λ D N A c u t 

w i t h Pst 1 ( lane 1), N . M e x 3 1 ( lane 2 ) , H e g a r i ( lane 3 ) , C a r g i l l 4 0 ( lane 4 ) , S A 3 9 4 

( lane 5 ) , B T X 3 7 8 R e d L a n ( lane 6 ) , S C 0175-14E ( lane 7 ) , B T X 3 9 8 - M a r t i n ( lane 8 ) , 

Q L 1 1 ( lane 9 ) , S V 1 ( lane 10), a n d Q L 3 I n d i a ( lane 11). 

Figure 5 . R A P D f i n g e r p r i n t s o f sorghum cultivars using pr imer O P J - 7 . λ D N A c u t 

w i t h Pst 1 ( lane 1), N . M e x 3 1 ( lane 2 ) , H e g a r i ( lane 3 ) , C a r g i l l 4 0 ( lane 4 ) , S A 3 9 4 

( lane 5 ) , B T X 3 7 8 R e d L a n ( lane 6 ) , S C 0 1 7 5 - 1 4 E ( lane 7 ) , B T X 3 9 8 - M a r t i n ( lane 8 ) , 

Q L 1 1 ( lane 9 ) , S V 1 ( lane 10), a n d Q L 3 I n d i a ( lane 11). 
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T h i s pape r represen ts t h e f i r s t k n o w n a t t e m p t t o use R A P D m a r k e r s t o f i n g e r p r i n t 

s o r g h u m c u l t i v a r s . A r e l a t i v e l y s m a l l subset o f s o r g h u m geno types was e x a m i n e d a n d 

a n e v e n s m a l l e r n u m b e r o f p r i m e r s w e r e e x a m i n e d . Neve r the l e s s , R A P D s have 

p r o v e n t o b e a n a l t e r n a t i v e m e t h o d o f d i s c r i m i n a t i n g b e t w e e n a t least some s o r g h u m 

c u l t i v a r s . M o r e i m p o r t a n t l y , t h e t e c h n i q u e i s s i m p l e a n d q u i c k t o p e r f o r m a n d does 

n o t use r a d i o a c t i v e i so topes , a s i n RFLP m a p p i n g ; t h u s i t can b e u sed i n loca l i t i e s 

w h e r e r a d i o a c t i v e d i sposa l i s n o t w e l l d e v e l o p e d . F u r t h e r m o r e , t h e a m o u n t o f D N A 

r e q u i r e d t o p e r f o r m RFLP m a p p i n g i s o f several m a g n i t u d e s m o r e t h a n t h a t n e e d e d t o 

p e r f o r m R A P D s . 

Conclusion 

I have d e m o n s t r a t e d t h a t R A P D m a r k e r s m a y b e used t o gene t i ca l ly f i n g e r p r i n t 

s o r g h u m c u l t i v a r s . A larger s ample o f geno types a n d p r i m e r s needs t o b e i n c l u d e d i n 

f u r t h e r s tud ies . I t i s a n t i c i p a t e d t h a t t h e m e t h o d d e s c r i b e d i n t h i s pape r can have a 

m a j o r i m p a c t on t h e m a n a g e m e n t o f s o r g h u m resources, a n d can act a s a ca ta lys t f o r 

t h e use o f gene t i c m a r k e r - b a s e d t e c h n o l o g y fo r t h i s v e r y i m p o r t a n t c r o p . 
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Socioeconomic Reflections on the Development 
and Performance of Improved Small Grains: 
Experiences from Zimbabwe 

E P Mazhangara1 

Abstract 

This paper outlines the development and diffusion of new sorghum and pearl 

millet varieties, and documents the setbacks encountered in the process. The paper 

then reviews the performance of two improved, small-grain varieties, PMV 2 

(pearl millet) and SV 2 (sorghum), based on various studies that include the 

initial findings of the SADC/ICRISAT/DR&SS Small Grains Impact-Assessment 

Study under way in Zimbabwe in 1994. Both varieties were welcomed by farmers 

because they were high-yielding, of short duration, and easy to thresh; but 

farmers found PMV 2 very susceptible to bird damage. Concerning taste, both 

varieties were rated good but were less preferred to local landrace varieties, and 

both have limited storability due to their softness. Improved small grains, how­

ever, contribute to overall farm profitability. 

Issues arising from small-grains research in Zimbabwe are identified as: (a) 

reducing the gap between yields obtained on research-managed plots and those of 

farmers; (b) the need to involve farmers in selecting for plant traits; (c) revitaliz­

ing agronomy programs; and (d) the need for researchers to take an interest in the 

technology- transfer process. 

Introduction 

S o r g h u m a n d p e a r l m i l l e t are t r a d i t i o n a l f o o d c rops i n Z i m b a b w e , b u t t h e y have b e e n 

m a r g i n a l i z e d w i t h t h e inc reased s o w i n g o f ma ize . T h e expans ion o f ma ize a t t h e 

expense o f s m a l l grains c a m e a b o u t t h r o u g h v igo rous research e f fo r t s t h a t s t a r t e d i n 

t h e 1930s, a n d t h e f o r m u l a t i o n o f va r ious po l i c i e s f a v o r i n g t h e p r o d u c t i o n o f ma ize 

( K u p f u m a 1993a ) . I n 1949 , o f f i c i a l c r o p p r o d u c t i o n es t imates f o r t h e A f r i c a n f a r m -

lands i ssued f o r t h e 1947 , 1948 , a n d 1949 harvests s h o w e d t h a t ma ize a c c o u n t e d f o r 

a b o u t h a l f o f t h e g r a i n o u t p u t , f o l l o w e d b y s o r g h u m , f i n g e r m i l l e t , a n d pea r l m i l l e t 

1 . Senior Research Of f i ce r , L o w v e l d Research S ta t ion , PO B o x 9 7 , C h i r e d z i , Z i m b a b w e . 

M a z h a n g a r a , E .P . 1996. Soc ioeconomic ref lect ions o n t h e deve lopmen t and pe r fo rmance o f i m p r o v e d 

smal l grains: experiences f rom Z i m b a b w e . Pages 2 1 9 - 2 2 5 in D r o u g h t - t o l e r a n t crops f o r sou the rn A f r i c a : 

proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, G a b -

orone , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.) . Patancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T rop ic s . 
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( M a s t e r s 1 9 9 0 ) . Research o n s m a l l grains began i n t h e 1940s a n d was m a i n l y gea red 

t o w a r d s m a l t i n g r e d - o r b r o w n - g r a i n var ie t i es t h a t w e r e g r o w n m o s t l y b y c o m m e r c i a l 

f a r m e r s . I t w a s n o t u n t i l 1 9 7 9 t h a t ob jec t ives w e r e r e m a p p e d t o i n c l u d e d e v e l o p m e n t 

o f w h i t e - g r a i n a n d h a r d - e n d o s p e r m var ie t i e s su i t ab le f o r h u m a n f o o d c o n s u m p t i o n 

( M u s h o n g a a n d Rao 1 9 8 6 ) . B r e e d i n g w o r k i n i t i a t e d b y t h e D e p a r t m e n t o f Research 

a n d Spec ia l i s t Services ( D R & S S ) c u l m i n a t e d i n t h e d e v e l o p m e n t o f t w o o p e n - p o l l i ­

n a t e d s o r g h u m var i e t i e s , S V 1 a n d S V 2 , a n d t w o p e a r l m i l l e t va r ie t i es , P M V 1 a n d 

P M V 2 . 

T h i s p a p e r o u t l i n e s t h e d e v e l o p m e n t o f t h e n e w var ie t ies a n d d o c u m e n t s t h e 

se tbacks e n c o u n t e r e d i n t h e process . I t f u r t h e r r e v i e w s t h e p e r f o r m a n c e o f t h e i m ­

p r o v e d s m a l l g ra ins a m o n g t a rge t f a r m e r s based o n i n i t i a l f i n d i n g s o f t h e S A D C / I C R I -

S A T / D R & S S S m a l l G r a i n I m p a c t - A s s e s s m e n t S t u d y , a n i n i t i a t i v e u n d e r w a y i n 

Z i m b a b w e i n 1 9 9 4 . 

Development of the Improved Varieties 

T h e t w o s o r g h u m var ie t i e s , S V 1 a n d S V 2 , w e r e d e v e l o p e d f r o m segregat ing m a t e r i a l 

i n t r o d u c e d f r o m I C R I S A T i n I n d i a ( M u s h o n g a a n d Rao 1 9 8 6 ) . T h e y are b o t h h i g h -

y i e l d i n g , p e a r l w h i t e - g r a i n e d a n d easily d e h u l l a b l e var ie t i es . S V 1 was re leased i n 

1 9 8 5 , a n d S V 2 t w o years l a t e r . T h e p e a r l m i l l e t var ie t ies , P M V 1 a n d P M V 2 , w e r e 

re leased i n 1 9 8 7 a n d 1 9 9 1 . T h e o r i g i n a l p o p u l a t i o n f r o m w h i c h P M V 1 was se l ec ted 

c a m e f r o m t h e U S A . P M V 1 was i d e n t i f i e d f r o m mass s e l ec t i on a n d t e s t e d against 

l o c a l m a t e r i a l . T h e v a r i e t y was f o u n d t o b e h i g h - y i e l d i n g a n d o f s h o r t d u r a t i o n 

( 8 0 - 1 0 0 d a y s ) . M a t e r i a l f o r P M V 2 c a m e f r o m S A D C / I C R I S A T , o r i g i n a l l y b r o u g h t 

f r o m p o p u l a t i o n s a t I C R I S A T A s i a C e n t e r . P M V 2 was t e s t e d a t M a t o p o s a n d i n t h e 

D R & S S t e s t i n g p r o g r a m s u n d e r d i f f e r e n t e n v i r o n m e n t s against l oca l m a t e r i a l , a n d 

w a s f o u n d t o b e s u p e r i o r i n y i e l d a n d d u r a t i o n . 

C o m m e r c i a l seed p r o d u c t i o n o f i m p r o v e d var ie t i es re leased b y research services i s 

d o n e b y t h e Z i m b a b w e Seed C o - o p e r a t i v e u n d e r a t r i p a r t i t e a g r e e m e n t w h i c h gives 

t h e Seed C o - o p e r a t i v e ( S e e d C o - o p ) m o n o p o l y r i gh t s t o p r o d u c e seed c o m m e n s u ­

r a t e w i t h t h e n a t i o n a l d e m a n d f o r t h e m a j o r g r a in staples ( S A D C / I C R I S A T 1 9 9 3 ) . 

F o l l o w i n g t h e release o f S V 1 i n 1 9 8 5 , b r e e d e r seed was s u p p l i e d t o t h e Seed C o - o p 

f o r b u l k i n g b u t n o t h i n g w a s d o n e u n t i l 1 9 8 9 / 9 0 . I n 1987 , S V 2 a n d P M V 1 w e r e 

re leased a n d also g i v e n t o t h e Seed C o - o p . A g a i n , c o m m e r c i a l seed m u l t i p l i c a t i o n 

s t a l l e d . P M V 2 , re leased i n 1 9 9 1 , f aced t h e same p r o b l e m . F o r pea r l m i l l e t , t h e Seed 

C o - o p e n c o u n t e r e d a specia l p r o b l e m . C o n t r a c t e d c o m m e r c i a l seed m u l t i p l i e r s 

f o u n d p e a r l m i l l e t p r o d u c t i o n less p r o f i t a b l e t h a n ma ize , a n d m o r e r i s k y because o f 

b i r d damage . I t was n o t u n t i l 1 9 9 2 / 9 3 t h a t t h e Seed C o - o p c o n t r a c t e d a n N G O , 

E n v i r o n m e n t a l D e v e l o p m e n t A c t i v i t i e s ( E N D A ) , t o m u l t i p l y P M V 1 a n d P M V 2 a t 

a l m o s t t w i c e t h e G r a i n M a r k e t i n g B o a r d p r i c e , u s ing c o m m u n a l f a r m e r s . T h e exer ­

cise p r o d u c e d e n o u g h seed t o cove r o n l y 5 % o f t h e na t i on ' s p r o j e c t e d pea r l m i l l e t 

hec ta rage f o r t h e 1 9 9 3 / 9 4 p l a n t i n g season ( S A D C / I C R I S A T 1 9 9 3 ) . 

T h e s l o w d i f f u s i o n o f i m p r o v e d s m a l l gra ins i s l a rge ly a r e s u l t o f t h e m a l f u n c t i o n i n g 

o f t h e seed m u l t i p l i c a t i o n m e c h a n i s m . H o w e v e r , t h e seed m a r k e t i n g s y s t e m also 
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r e s t r i c t e d t h e a v a i l a b i l i t y o f i m p r o v e d s o r g h u m a n d p e a r l m i l l e t seed. U p u n t i l t h e 

r e c e n t d r o u g h t - r e c o v e r y p r o g r a m e f f o r t s , seed was never w i d e l y d i s t r i b u t e d t o c o m -

m u n a l f a r m e r s . M o s t f a rmer s h a d l i t t l e o r n o access t o i m p r o v e d s m a l l g r a i n seed 

( R o h r b a c h 1991) . T h o u g h t h e r e w e r e s ign i f ican t p r o b l e m s i n t h e d i f f u s i o n o f i m -

p r o v e d s m a l l grains , some f a r m e r s m a n a g e d t o ge t access t o t h e seed a n d g r e w i t f o r 

several seasons. F e e d b a c k f r o m these f a r m e r s o n t h e p e r f o r m a n c e o f t h e i m p r o v e d 

s m a l l grains f o r m s a n i n t e g r a l p a r t o f t h e research process t o ensure t h a t n a t i o n a l a n d 

r e g i o n a l research p r o g r a m s are d e l i v e r i n g t h e r i g h t ma te r i a l s . 

Farmers' Feedback 

A n y n e w t e c h n o l o g y d e v e l o p e d s h o u l d , a m o n g o t h e r t h ings , o f f e r a y i e l d advantage 

o v e r f a r m e r s ' c u r r e n t p rac t i ces , t a k e cognizance o f t h e g ra in a n d p l a n t t r a i t s p r e f e r r e d 

b y f a r m e r s w i t h i n t h e f a r m i n g sy s t em, a n d b e c o m p a t i b l e a n d p r o f i t a b l e g i v e n t h e 

r e source base o f t h e t a rge t areas. F o r s e m i - a r i d areas, SV 2 a n d P M V 2 are t h e 

r e c o m m e n d e d va r i e t i e s . A n assessment o f t h e t w o var ie t ies based o n y i e l d l e v e l , 

p r o f i t a b i l i t y , a n d p l a n t t r a i t s i s p r e s e n t e d b e l o w . 

Yield level 

T a b l e 1 p resen ts t h e resu l t s o f t h e p e r f o r m a n c e o f t h e i m p r o v e d var ie t ies i n c o m p a r i -
son w i t h loca l l and race var ie t ies ( L L V s ) d u r i n g t h e 1 9 9 2 / 9 3 c r o p p i n g season. T h e 
da ta revea l t h a t r esea rch -managed t r i a l resu l t s are m o r e t h a n t w i c e t h o s e a t t a i n e d b y 
f a r m e r s g r o w i n g t h e S V 2 a n d L L V s o r g h u m . I t i s also i n t e r e s t i n g t o n o t e t h a t t h e 
i m p r o v e d - s o r g h u m y i e l d s are g rea te r t h a n t h o s e o f L L V s ( t h e e x p e c t e d scena r io ) , b u t 
t h e o p p o s i t e i s t r u e f o r p e a r l m i l l e t . 

Table 1. M e a n gra in yields (kg ha - 1 ) of i m p r o v e d varieties SV 2 a n d P M V 2 c o m p a r e d 
w i t h LLVs based on o n - f a r m trials a n d fa rmers ' est imates, Z i m b a b w e , 1 9 9 2 / 9 3 . 

O n - f a r m t r ia l results 
C o m m u n a l area harvest 

Source: SADC/ICRISAT 1993. 

Sorghum Pearl millet 

SV 2 L L V P M V 2 L L V 

2061 1764 1616 1257 
1000 649 547 770 

Profitability 

Seed t e c h n o l o g y i s m o r e l i k e l y t o b e a d o p t e d t h a n o t h e r a g r i c u l t u r a l t e chno log i e s 

because i t i s cheape r t o a c q u i r e . H o w e v e r , p r o f i t a b i l i t y i s a f f e c t e d n o t m e r e l y b y a n 
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a d d i t i o n o f seed cos t o n t o t h e va r i ab le costs . O t h e r fac tors such a s y i e l d levels , m a r k e t 

a v a i l a b i l i t y , a n d p r i ce s c o m e i n t o p l a y . Mazhangara ( 1 9 9 3 ) u n d e r t o o k a s t u d y t o 

eva lua te t h e p o t e n t i a l i m p a c t o f t i e d r idges , S V 2 , a n d ino rgan ic f e r t i l i z e r usage o n 

f a r m - r e s o u r c e a l l o c a t i o n , e n t e r p r i s e m i x , a n d f a r m h o u s e h o l d i n c o m e s i n l o w - r a i n f a l l 

areas o f Z i m b a b w e . Resu l t s o f t h e s t u d y s h o w e d t h a t u p t a k e o f S V 2 a lone inc reased 

n e t f a r m i n c o m e b y 9%, w h i l e t h e a d o p t i o n o f t i e d r idges i m p r o v e d n e t f a r m i n c o m e 

b y 2 2 % . A c o m b i n a t i o n o f t h e t w o t echno log i e s ra i sed n e t f a r m i n c o m e b y 3 0 % . S V 2 

satisfies t h e h o u s e h o l d , a n n u a l - m i n i m u m gra in-subs is tence l eve l w i t h less hectarage 

c o m p a r e d w i t h L L V s because i t in tens i f ies p r o d u c t i o n a n d releases l a n d t o cash c rops , 

w h i c h f u r t h e r increase f a r m p r o f i t a b i l i t y . W h e n l i n k e d t o a m o i s t u r e - e n h a n c e m e n t 

t e c h n o l o g y , t h e i m p a c t o f S V 2 o n i n c o m e increases. 

Plant traits assessment 

F a r m e r s a d o p t n e w c r o p var ie t i e s o n t h e basis o f accep tab le p l a n t t r a i t s apa r t f r o m 

y i e l d gains. 

S t o v e r y i e l d i s u sua l l y c o n s i d e r e d less i m p o r t a n t t h a n g ra in y i e l d a n d q u a l i t y . 

S t o v e r i s i m p o r t a n t f o r g ranary c o n s t r u c t i o n a n d c a t t l e f eed ing . I n g r o u p i n t e r v i e w s 

c o n d u c t e d i n M a s v i n g o , M i d l a n d s , a n d M a t e b e l e l a n d p r o v i n c e s b y S A D C / I C R I S A T , 

P M V 2 s tove r w a s d e e m e d less pa la tab le a n d s l o w t o d e c o m p o s e . M o s t p e a r l m i l l e t 

s t ove r t e n d s t o b e s i m i l a r . F a r m e r s p r e f e r r e d t h e s tover f r o m S V 2 because o f i t s 

' s t ay -g reen ' q u a l i t y . 

T h e i n t e r v i e w e d f a r m e r s s t a t e d t h a t t h e y saw n o m a j o r d i f f e rences b e t w e e n t h e 

L L V s a n d t h e i m p r o v e d var ie t i e s w i t h r ega rd t o pes t a n d disease t o l e r a n c e o r 

s u s c e p t i b i l i t y . 

F a r m e r s f o u n d P M V 2 t o b e suscep t ib l e t o b i r d damage . Fa rmer s p o i n t e d o u t t h a t , 

i n c o n t r a s t , b r i s t l e d va r i e t i e s w o u l d b e less suscep t ib le . T h e p l a n t h e i g h t o f t h e 

i m p r o v e d s m a l l gra ins was f avo rab ly c o m m e n t e d o n b y t h e f a rmer s . S h o r t t o m e ­

d i u m - h e i g h t p l a n t s w e r e p r e f e r r e d f o r ease o f ha rves t ing . 

F a r m e r s also s t r o n g l y a p p r o v e d t h e s h o r t d u r a t i o n o f t h e i m p r o v e d var ie t i es . 

Grain traits assessment 

S m a l l gra ins d i f f e r f r o m m a i z e i n t h e w a y t h e y are p rocessed f o r c o n s u m p t i o n . T h e y 

are t h r e s h e d a n d w i n n o w e d b e f o r e b e i n g p o u n d e d i n a m o r t a r f o r d e h u l l i n g . A f t e r 

d e h u l l i n g , t h e gra ins are r o a s t e d t o d r y t h e m , a n d t o enhance f l a v o r . T h e y are t h e n 

g r o u n d o n a s tone o r sent t o a g r i n d i n g m i l l t o p r o d u c e f l o u r . I t i s poss ib le t h e m o r t a r 

stage w i l l b e by-passed b y t h e use o f m e c h a n i c a l d e h u l l e r s , p r o t o t y p e s o f w h i c h have 

b e e n t e s t e d a n d r e v i e w e d f a v o r a b l y i n t h e m a i n s o r g h u m a n d p e a r l m i l l e t g r o w i n g 

areas o f Z i m b a b w e . H o w e v e r , t h r e s h i n g s t i l l has t o be d o n e m a n u a l l y . F a r m e r s s t a t e d 

t h a t b o t h P M V 2 a n d S V 2 w e r e easy t o t h r e s h , a f a c t o r t h a t s t r eng thens t h e accep­

t a n c e o f t h e i m p r o v e d va r i e t i e s . 

W i t h r e g a r d t o tas te , b o t h P M V 2 a n d S V 2 w e r e r a t e d i n f e r i o r t o t r a d i t i o n a l L L V s . 
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T h e f a r m e r s expres sed t h e n e e d o f a g r a in v a r i e t y t h a t s h o u l d last u p t o 3 years i n 

s t o r a g e — a n i m p o r t a n t t r a i t i n s e m i - a r i d areas. L L V s can last f r o m 5 t o 1 0 years i n 

s torage. T h e i m p r o v e d var ie t i e s t e n d t o b e sof t , a n d hence v e r y suscep t ib le t o w e e v i l 

damage . 

Emerging Issues for Small-Grains Research in Zimbabwe 

T h e gap b e t w e e n t h e researchers ' y i e l d s a n d t h e f a r m e r s ' y i e ld s i s b e c o m i n g a cause 

f o r c o n c e r n . B r e e d i n g p r o g r a m s t a rge t t h e release o f h i g h - y i e l d i n g var ie t i es . H o w e v e r , 

t h e f a r m e r s d o n o t a t t a i n y i e ld s r e m o t e l y a p p r o a c h i n g these . I n c o n d u c t i n g a n eco-

n o m i c analysis o f any t r i a l resu l t s , a 5 - 3 0 % y i e l d - a d j u s t m e n t f a c t o r i s p u t o n e x p e r i -

m e n t a l y i e l d s t o r e f l ec t w h a t f a rmer s ac tua l l y rece ive a s a r e s u l t o f d i f f e rences i n 

m a n a g e m e n t , p l o t sizes, ha rves t dates , a n d m e t h o d s o f harves t ( C I M M Y T 1 9 8 8 ) . T h i s 

i s g o o d p r a c t i c e f o r ana ly t i c a l purposes because i t i s a s tep t o w a r d s r e a l i t y . 

M u c h o f t h e p o t e n t i a l t o r e d u c e t h e y i e l d gap lies w i t h c r o p husband ry , o r manage-

m e n t o f t h e n e w var ie t i e s . Release o f h i g h - y i e l d i n g var ie t ies has s h o w n t h a t i t i s n o t 

a lways t r u e t h a t d o u b l i n g t h e y i e ld s w i l l l ead t o u p t a k e . B r e e d i n g s h o u l d t a k e i n t o 

c o n s i d e r a t i o n o t h e r p l a n t a n d g ra in t r a i t s a s w e l l . W h i l e b reeders d o l o o k a t some o f 

these aspects, i t i s t h e w e i g h t a t t a c h e d t o these t r a i t s t h a t needs t o b e o p e n l y d e m o n ­

s t r a t e d . I n v o l v e m e n t o f f a r m e r s i n t h e s e l ec t i on process i s one s tep i n t h e r i g h t 

d i r e c t i o n , espec ia l ly f o r grains w h o s e end-use i s h o m e c o n s u m p t i o n r a t h e r t h a n t h e 

m a r k e t . 

I n s t i t u t i o n s s h o u l d rea l loca te resources t o t a p t h e vast a g r o n o m i c p o t e n t i a l . 

A g r o n o m i s t s s h o u l d w o r k w i t h social sc ient is t s a n d f a rmers . M o s t o n - f a r m t r i a l s have 

b e e n r e sea rch -managed a n d have t e n d e d t o p r o d u c e y i e l d levels t h a t d i f f e r f r o m t h e 

f a r m e r s ' . A g r o n o m i c r e c o m m e n d a t i o n s n e e d t o b e rev i sed . F o r ins tance , research 

r e c o m m e n d a t i o n s on f e r t i l i z e r a p p l i c a t i o n are unusab le because t h e y are t a r g e t e d a t 

h i g h - p o t e n t i a l , large-scale c o m m e r c i a l f a r m i n g , a t o t a l l y d i f f e r e n t ag ro - soc ioeconomic 

e n v i r o n m e n t . 

M o m b e s h o r a e t a l ( 1 9 8 9 ) r e p o r t e d t h a t f a rmers i n s e m i - a r i d areas d o n o t use 

f e r t i l i z e r s a t a l l . W h e r e c u r r e n t f e r t i l i z e r r e c o m m e n d a t i o n s o n s o r g h u m a n d pea r l 

m i l l e t m a y p r o d u c e s t a t i s t i ca l ly s ign i f ican t y i e l d d i f f e r e n c e , t h e levels o f f e r t i l i z e r 

a p p l i e d t e n d t o b e u n e c o n o m i c ( K u p f u m a 1 9 9 3 b ) . T h e r e f o r e , f a rmer s d o n o t e v e n 

a p p l y f e r t i l i z e r o n s m a l l grains ( C h i p i k a 1 9 8 8 ) . W o r k w i t h o t h e r f o r m s o f s o i l - f e r t i l i t y 

m a i n t e n a n c e r a t h e r t h a n c h e m i c a l f e r t i l i z e r s , i n c o m b i n a t i o n w i t h m o i s t u r e - e n h a n c e -

m e n t t e c h n i q u e s , s h o u l d b e t r i e d . 

O n - f a r m t r i a l s t h a t are research-managed t e n d t o h e l p researchers t o t e s t t h e 

p e r f o r m a n c e o f t e chno log i e s i n so i l a n d phys i ca l e n v i r o n m e n t s d i f f e r e n t f r o m those 

o n t h e s t a t i o n , b u t t h e y d o n o t p e r m i t t h e i n f l uence o f f a r m e r - m a n a g e m e n t t o b e f e l t . 

A s i n t h e case o f t h e P M V 2 a n d S V 2 , some o f t h e weaknesses o f t h e va r i e t i e s w e r e 

n o t a p p a r e n t , e v e n u s i n g o n - f a r m t r i a l s . A s a s o l u t i o n , f a r m e r - m a n a g e d v e r i f i c a t i o n 

t r i a l s o u g h t t o be i n t r o d u c e d ea r ly i n t h e t e c h n o l o g y - g e n e r a t i o n process a s a s o l u t i o n . 

I n s u c h t r i a l s , researchers s h o u l d p r o v i d e o n l y seed (o r t h e t e c h n o l o g y ) a n d i n f o r m a -

t i o n o n t h e n e w t e c h n o l o g y , t h e n m a k e p e r i o d i c v is i t s t o observe a n d c o l l e c t manage-
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m e n t a n d y i e l d r e co rds , g e t t i n g f a r m e r s ' c o m m e n t s . S u c h t r i a l s s h o u l d b e g i v e n m o r e 

w e i g h t s ince t h e y enab le saving o f research funds t h r o u g h f a c i l i t a t i n g ea r ly d e t e c t i o n 

o f a c t i v i t i e s t h a t n e e d f i n e - t u n i n g . 

T h e r e i s s o m e c u r r e n t t h i n k i n g i n favor o f p r o m o t i n g d r o u g h t - t o l e r a n t cash-c rop-

p i n g i n t h e s e m i - a r i d areas i n v i e w o f g r a i n l i b e r a l i z a t i o n , s o t h a t f a r m e r s can sel l cash 

c r o p s a n d , w i t h t h e i n c o m e , b u y g ra in f r o m surp lus areas. W h i l e conce ivab le i n 

t h e o r y , t h i s i s n o t r e a l l y p r a c t i c a l because t h e f o o d - f i r s t s t ra tegy i s f i r m l y r o o t e d 

a m o n g m a n y s m a l l h o l d e r s . F a r m e r s i n s e m i - a r i d areas p r e f e r t o p r o d u c e d u a l - p u r p o s e 

c r o p s , i .e . , c r o p s t h a t a re m e a n t f o r h o m e c o n s u m p t i o n a n d are m a r k e t a b l e w h e n e v e r 

a s u r p l u s ex i s t s . T h i s i s o n e a m o n g n u m e r o u s reasons w h y ma ize i s p r o d u c e d i n s e m i -

a r i d areas. I m p r o v e d s m a l l grains , p a r t i c u l a r l y s o r g h u m , enhance ove ra l l f a r m p r o f -

i t a b i l i t y b y re leas ing l a n d t o b e s o w n t o h ighe r -va lue c rops w h i l e m e e t i n g t h e subsis-

t e n c e f o o d c o n s u m p t i o n w i t h m i n i m u m hectarage. 

T e c h n o l o g y t r a n s f e r has t r a d i t i o n a l l y been a c o n c e r n o u t s i d e a g r i c u l t u r a l research. 

T h e r e c e n t b r e a k d o w n in seed m u l t i p l i c a t i o n f o r i m p r o v e d s m a l l grains serves a s a 

r e m i n d e r o f t h e n e e d t o c o n c e n t r a t e s o m e energy a n d resources t o w a r d s t h e t r ans fe r 

o f t e c h n o l o g i e s i f r esearch i s t o have s om e i m p a c t . 

Conclusion 

Inc r ea sed a v a i l a b i l i t y o f n e w sma l l -g r a in va r ie t i e s cons ide rab ly e n h a n c e d f o o d p r o -

d u c t i o n i n t h e s e m i - a r i d areas o f Z i m b a b w e . 

F a r m e r s i n t e r v i e w e d i n g roups a p p r e c i a t e d t h e s h o r t d u r a t i o n a n d d r o u g h t t o l e r -

ance o f t h e i m p r o v e d va r ie t i e s . T h e y p o i n t e d o u t , h o w e v e r , t h a t tas te a n d g ra in 

s torage w e r e weaknesses o f t h e i m p r o v e d var ie t ies . Y i e l d w i s e , a large gap r ema ins 

b e t w e e n t h e f a r m e r s ' a n d researchers ' p l o t s , a n d e f f o r t i s n e e d e d t o r e d u c e i t . R e v i -

t a l i z i n g a g r o n o m y p r o g r a m s , a n d ea r ly i n v o l v e m e n t o f f a rmer s i n t h e research process 

s h o u l d g o a l o n g w a y i n r e d u c i n g t h i s gap. 
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Promotion of Small Grains Seed Production by an 
NGO in Zimbabwe 

D Shumba1 

Abstract 

Hybrid seed has been replacing local landrace varieties (LLVs) grown by s m a l l -

holder farmers, leading to the disappearance of local germplasm. For its conserva-

tion, and to increase its availability, participants in the ENDA-Zimbabwe 

Indigenous Seeds Project have collected the LLV seed of 116 small grains (sor-

ghum, pearl millet, finger millet) and of 11 open-pollinated maize varieties, and 

subsequently characterized, selected, and improved these LLVs. Seeds have been 

multiplied for distribution, and an exchange program between communal farmers 

is in operation. Additionally, two sorghum and two pearl millet improved LLVs 

are being evaluated by Zimbabwe's Research and Specialist Services. 

ENDA has subcontracted smallholder farmers to multiply improved varieties 

of small grains. In 1994 they provided about 90% of the supply of released pearl 

millet seed in the formal market, but an insignificant amount of sorghum seed. 

Dehulling and grinding technology has been developed and commercialized, 

with 71 systems in place, and meal marketing trials for small grains were started 

in 1994. 

Introduction 

E N D A - Z i m b a b w e ( E N D A ) was es tab l i shed i n 1983 f r o m ac t iv i t i e s c o n n e c t e d w i t h 

d r o u g h t r e l i e f . I t s p r o g r a m o f w o r k has e v o l v e d a n d e x p a n d e d t o i n v o l v e r u r a l a n d 

u r b a n h o u s e h o l d s i n va r ious p ro j ec t s t h a t address issues o f f o o d secur i ty , e n v i r o n -

m e n t - r e s o u r c e m a n a g e m e n t , a n d e m p l o y m e n t . 

E N D A s t r ives t o p r o m o t e a n d d e v e l o p o p p o r t u n i t i e s f o r w e a l t h c r e a t i o n fo r t h e 

r u r a l a n d u r b a n p o o r t h r o u g h susta inable n a t u r a l resource use a n d d e v e l o p m e n t o f t h e 

c a p a c i t y o f Z i m b a b w e a n h u m a n a n d i n s t i t u t i o n a l resources. I t s m i s s i o n i s t o e m p o w e r 

l oca l c o m m u n i t i e s t o i d e n t i f y t h e i r needs a n d p a r t i c i p a t e i n t h e f o r m u l a t i o n o f sus-

t a i n a b l e d e v e l o p m e n t p r o g r a m s . 

1 . Pro jec t C o o r d i n a t o r , E n v i r o n m e n t a l D e v e l o p m e n t A c t i v i t i e s ( E N D A - Z i m b a b w e ) , P O B o x 3 4 9 2 , H a -

rare, Z i m b a b w e . 

S h u m b a , D . 1996. P r o m o t i o n o f smal l grains seed p r o d u c t i o n b y a n N G O i n Z i m b a b w e . Pages 2 2 7 - 2 3 4 i n 

D r o u g h t - t o l e r a n t crops f o r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and 

Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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A m a j o r E N D A t h r u s t i s t o ach ieve h o u s e h o l d f o o d s ecu r i t y i n t h e m a r g i n a l r a i n f a l l 

areas o f Z i m b a b w e b y p r o m o t i n g t h e p r o d u c t i o n o f s m a l l grains , because t h e y are 

m o r e d r o u g h t - t o l e r a n t a n d can b e s t o r e d l onge r t h a n t h e c o u n t r y ' s s taple c r o p : m a i z e . 

A m o n g o t h e r fac tors i d e n t i f i e d , k e y cons t r a in t s i n sma l l grains p r o d u c t i o n i n Z i m -

b a b w e are: 

- L o w c r o p p r o d u c t i v i t y . 

- H i g h l a b o r r e q u i r e m e n t s . 

- L o w m a r k e t p r i ce s (espec ia l ly i n f o r m a l m a r k e t s ) . 

- N o n a v a i l a b i l i t y o f i m p r o v e d var ie t i es . A l t h o u g h several var ie t i es have been re -

leased, t h e i r d i f f u s i o n t o s m a l l h o l d e r f a rmer s has b e e n l i m i t e d . 

- Aggress ive m a r k e t i n g a n d e x t e n s i o n o f ma ize h y b r i d seeds b y t h e seed i n d u s t r y a n d 

g o v e r n m e n t agencies. 

- L o w tas te p r e f e r e n c e f o r s m a l l grains . 

- L o w a n d u n c e r t a i n r a i n f a l l i n t h e areas w h e r e s m a l l grains are g r o w n . 

T h i s p a p e r descr ibes t h r e e E N D A pro jec t s t h a t p r o m o t e t h e p r o d u c t i o n , c o n -

s u m p t i o n , a n d a l t e r n a t i v e use o f s m a l l grains i n m a r g i n a l r a i n f a l l areas o f Z i m b a b w e . 

Indigenous Seeds Project 

Introduction 

I n M a y 1 9 8 5 E N D A l a u n c h e d t h i s ac t ion- resea rch p r o j e c t des igned t o e x p l o r e t h e 

t r a d i t i o n a l c u l t i v a t i o n a n d use o f ma i ze a n d s m a l l grains i n t h e m a r g i n a l r a i n f a l l areas 

o f Z i m b a b w e . T h e Z i m b a b w e Seeds A c t i o n N e t w o r k ( Z S A N ) p r o j e c t was b o r n a s a 

r e s u l t o f t h e f r e q u e n t d r o u g h t s a f f e c t i n g s m a l l h o l d e r f a rmers l o c a t e d i n d r o u g h t -

p r o n e areas. T h e research p r o j e c t a i m e d t o p r o m o t e t h e c u l t i v a t i o n o f s m a l l grains 

a n d d e v e l o p a n a l t e r n a t i v e t o t h e use o f h y b r i d seed. 

E N D A f o u n d t h e a l t e r n a t i v e t o h y b r i d seed t o b e a t r a d i t i o n a l seed n e t w o r k t h a t 

r e s u l t e d i n t h e c o n s e r v a t i o n , m u l t i p l i c a t i o n , a n d d i s s e m i n a t i o n o f these seeds. T h e 

goal was n o t t o u n d e r m i n e h y b r i d seed p r o d u c t i o n , b u t r a the r t o c o m p l e m e n t i t i n a n 

e f f o r t t o ensure t h a t c o m m u n a l f a r m e r s i n r e m o t e d r o u g h t - p r o n e areas o f Z i m b a b w e 

h a d a m o r e r e l i a b l e f o o d base. A f u r t h e r goal was to es tab l i sh a n e t w o r k l i n k i n g 

f a r m e r s , g o v e r n m e n t bod ie s , l o c a l a g r i c u l t u r e - o r i e n t e d i n s t i t u t i o n s , a n d d e v e l o p m e n t 

a i d o rgan iza t ions c o n c e r n e d w i t h s m a l l h o l d e r f o o d p r o d u c t i o n . 

A resea rch p r o j e c t was c a r r i e d o u t t o i d e n t i f y w h i c h cu l t i va r s are s o w n i n m a r g i n a l 

r a i n f a l l areas, h o w t h e y are p r e s e r v e d a n d used , a n d f a r m e r s ' a t t i t u d e s t o w a r d s t h e m . 

T h e research m e t h o d o l o g y c o n s i s t e d o f secondary da ta c o l l e c t i o n , i n - f i e l d f a r m e r 

d iscuss ions , q u e s t i o n n a i r e a d m i n i s t r a t i o n , a n d p l a n n i n g a t t h e grassroots l e v e l . 

F r o m t h i s research E N D A es t ab l i shed t h a t t r a d i t i o n a l L L V s o f m a i z e a n d s m a l l 

gra ins are g r o w n in r e m o t e , d r o u g h t - p r o n e areas; t h a t these grains p l a y a s ign i f ican t 

r o l e i n t h e l o c a l e c o n o m y ; a n d t h a t c o m m u n a l f a rmer s w e r e en thus ias t i c a b o u t p a r t i c -

i p a t i n g i n a grassroots i n i t i a t i v e t o p r o d u c e , s to re , a n d d i s t r i b u t e i n d i g e n o u s seed. S o 

t h e c o m p o n e n t o f a seed exchange p r o g r a m a m o n g p a r t i c i p a t i n g f a rmer s i n d i f f e r e n t 

2 2 8 



areas w a s a d d e d t o t h e p r o j e c t . T h i s necess i ta ted t h e a d d i t i o n a l e s t a b l i s h m e n t o f 

d e m o n s t r a t i o n p l o t s t o eva lua te t h e p e r f o r m a n c e o f t h e L L V s . 

F a r m e r s p l a y e d a s ign i f i can t r o l e i n conse rv ing p l a n t gene t ic resources i n s i t u b y : 

- a c t i v e l y p a r t i c i p a t i n g i n c o l l e c t i n g a n d p rese rv ing L L V s ; 

- sha r ing t h e i r k n o w l e d g e o f L L V d i v e r s i t y , t h u s m a k i n g i t poss ib le t o c a p t u r e a l l t h e 

d i f f e r e n t al leles; 

- d o i n g o n - f a r m c h a r a c t e r i z a t i o n a n d eva lua t i on w o r k a n d i d e n t i f y i n g p r e f e r r e d c r o p 

charac te r s ( o f p a r t i c u l a r va lue i n subsequent v a r i e t y i m p r o v e m e n t ) ; 

- e s t ab l i sh ing seed i m p r o v e m e n t p r o g r a m s a n d seed d i s t r i b u t i o n a n d s u p p l y sys tems. 

E N D A bel ieves i n a p a r t i c i p a t o r y m o d e l o f d e v e l o p m e n t - a c t i o n t o ensure t h a t a l l 

r e l e v a n t t e c h n o l o g i e s are l e a r n e d b y a l l p a r t i c i p a n t s , a n d t o m a x i m i z e t h e chances t h a t 

p r o j e c t s c o n t i n u e a n d d e v e l o p even w h e n o u t s i d e assistance has c o m e t o a n e n d . T h e 

I n d i g e n o u s Seeds P ro j ec t was t h e r e f o r e i m p l e m e n t e d w i t h f u l l f a r m e r i n v o l v e m e n t . 

A t o t a l o f 116 L L V s o f s o r g h u m , pea r l m i l l e t , a n d f i n g e r m i l l e t w e r e c o l l e c t e d f r o m 

M a n i c a l a n d , M a s h o n a l a n d East, a n d M a t e b e l e l a n d S o u t h a n d N o r t h . These i n c l u d e d 

3 4 p e a r l m i l l e t , 5 5 s o r g h u m , a n d 2 7 f i n g e r m i l l e t L L V s . A l s o c o l l e c t e d w e r e 1 1 o p e n -

p o l l i n a t e d ma ize L L V s . 

A s e l ec t ed n u m b e r o f these L L V s w e r e m u l t i p l i e d i n 1 9 8 5 / 8 6 a n d d i s t r i b u t e d t o 

f a r m e r s . T h e t e c h n i q u e o f mass se l ec t ion i n o r d e r t o i m p r o v e t h e seed was u s e d i n t h e 

f o l l o w i n g areas: 

M a n i c a l a n d P r o v i n c e 

M i d l a n d s P r o v i n c e 

M a t e b e l e l a n d S o u t h 

M a s h o n a l a n d East 

- C h i p i n g e D i s t r i c t 

- Zv ishavane D i s t r i c t 

- P l u m t r e e D i s t r i c t 

- M u t o k o D i s t r i c t 

- C h e c h e c h e W a r d 

- M o t o t i W a r d 

- E m p a n d e n i W a r d 

- N y a m u t s a h u n i 

a n d K a w e r e W a r d s 

I n i t s seed i m p r o v e m e n t p r o g r a m , E N D A emphasizes t h e i m p o r t a n c e o f w o r k i n g 

o n - f a r m . A f t e r t h e 1 9 9 2 / 9 3 season, t w o se l ec t ed L L V s o f s o r g h u m ( C h i b o n d a , M u -

c h a y e n i ) a n d t w o p e a r l m i l l e t L L V s ( T s h o l o t s h o Bea rded , Hanga r iya ) w e r e sent t o t h e 

Research a n d Spec ia l i s t Services f o r e v a l u a t i o n o f t h e i r p e r f o r m a n c e . 

Farmer participation in selection work 

T h e L L V m a t e r i a l c o l l e c t e d was sub jec t t o t h o r o u g h se l ec t i on a n d accession. G r o u p s 

o f f a r m e r s , p a r t i c u l a r l y w o m e n , w e r e i n v o l v e d i n t h e s e l ec t i on process. T h e y w e r e 

c o m p e t e n t i n i d e n t i f y i n g such c r o p accessions charac ters as: p r e f e r r e d h u s k a n d seed 

c o l o r ; size o f g ra in ; ease w i t h w h i c h t h e h u s k can be r e m o v e d ; c o o k i n g q u a l i t y ; 

p a l a t a b i l i t y ; s torage q u a l i t y ; a n d s u i t a b i l i t y t o d i f f e r e n t t ypes o f so i l a n d t e r r a i n . 

N e g a t i v e g e n o t y p i c o r p h e n o t y p i c r e semblance t o a k n o w n charac te r was c o n s i d e r e d , 

b u t t h e m o s t i m p o r t a n t f ea tu re was h o m o g e n e i t y o f t h e r e su l t an t m a t e r i a l . T h i s w o r k 

p r o v i d e d accu ra t e i n f o r m a t i o n o n t h e charac ters p resen t i n t h e m a t e r i a l a n d t hose 

p r e f e r r e d b y users. 
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S i x vi l lages i n each w a r d , c o n s i s t i n g o f 100 househo lds , p a r t i c i p a t e d . F a r m e r s i n 

each p r o j e c t area e l e c t e d a w a r d seed c o m m i t t e e , w h i c h was asked t o assist t h e l oca l 

c o o r d i n a t o r i n s e l ec t i ng p l o t h o l d e r s . T h e s e w e r e i n v o l v e d i n m a n y ac t iv i t i e s : g e r m -

p l a s m c h a r a c t e r i z a t i o n , e v a l u a t i o n , a g r o n o m i c t r i a l s , seed i m p r o v e m e n t , a n d organ iz -

i n g m e e t i n g s o f f a r m e r s f o r specif ic a c t i v i t i e s . T h e p r o j e c t t h u s b e c a m e c o m m u n i t y -

o r i e n t e d a n d h a d a bene f i c i a l e f f e c t on h o u s e h o l d s ' s o c i o e c o n o m i c s tatus . 

Indigenous Seeds Project Phase II 

I n t h i s s e c o n d phase t h e research p r i o r i t y i s t o f a c i l i t a t e t h e g r o w t h o f seed s u p p l y 

sys t ems w h i c h can b e a l t e rna t ives t o t h e p resen t f o r m a l s y s t e m . 

E N D A t r a i n s f a r m e r s t o m u l t i p l y a n d use t h e e l i t e seed s t o c k best s u i t e d t o t h e i r 

c o n d i t i o n s . T h e f a r m e r i s e n c o u r a g e d t o c o n t i n u e t o use h i s / h e r i m p r o v e d L L V s . T h i s 

ensures t h e e f f e c t i v e use o f t h e s u p e r i o r g e r m p l a s m w i t h o u t any serious r i sk o f l o s ing 

h i t h e r t o u n e x p l o r e d s u p e r i o r g e r m p l a s m p resen t i n t h e L L V p o p u l a t i o n . 

V a r i e t i e s d e v e l o p e d f r o m loca l l y a d a p t e d L L V s c o u l d also b e used a s c o n t r o l 

e n t r i e s i n t h e n a t i o n a l c r o p i m p r o v e m e n t p r o g r a m , t o enhance t h e process o f selec-

t i o n o f va r i e t i e s t o b e re leased. 

O b j e c t i v e s o f t h e s econd phase are: 

1 . T o cha rac t e r i ze ( o n - f a r m ) a l l c o l l e c t e d g e r m p l a s m . 

2 . T o assess i t s o v e r a l l a g r o n o m i c p e r f o r m a n c e i n c o m p a r i s o n w i t h n a t i o n a l l y re leased 

va r i e t i e s . 

3 . T o assess a n d inves t iga te t h e s o c i o e c o n o m i c , c u l t u r a l a c c e p t a b i l i t y , a n d sus-

t a i n a b i l i t y f ac to r s i n v o l v e d i n es tab l i sh ing a loca l s m a l l grains seed m u l t i p l i c a t i o n , 

d i s t r i b u t i o n a n d s u p p l y s y s t e m . 

4 . T o e s t ab l i sh c o m m u n a l f a r m e r sha reho lde r seed c o m p a n i e s . 

I n 1 9 9 3 / 9 4 t h e c o n t r o l l e d seed m u l t i p l i c a t i o n o f L L V s m a l l grains was i n progress 

i n t h e f o u r p r o j e c t areas, a n d 2 4 t was m u l t i p l i e d b y t h e 2 4 p a r t i c i p a t i n g vi l lages . 

S o m e o f t h e L L V s p r o v e d t o b e f a i r l y h i g h - y i e l d e r s ( T a b l e 1) . 

T h e I n d i g e n o u s Seeds P r o j e c t f ac i l i t a t e s f o r m a l seed exchange a m o n g c o m m u n a l 

f a r m e r s , a r e f o r m t h a t creates o p t i o n s a l t e r n a t i v e t o t h e p resen t m o n o p o l i s t i c seed 

s u p p l y s y s t e m . I t conserves t h e l o c a l l y - p r o d u c e d L L V s i n r ega rd t o v a r i e t a l p e r f o r -

m a n c e , a n d t h e r e appears t o b e a s m a l l y i e l d gap b e t w e e n t h e i m p r o v e d var ie t i es a n d 

t h e L L V s t e s t e d . I m p r o v e d var ie t i e s m a t u r e ea r l i e r t h a n L L V s , a n d t h e r e f o r e have t h e 

b e n e f i t o f a t t a i n i n g p h y s i o l o g i c a l m a t u r i t y w h e n r a i n y seasons are s h o r t (see T a b l e 1 

f o r c o m p a r i s o n : s o r g h u m S V 2 m a t u r e s i n 115 days a n d pea r l m i l l e t P M V 2 i n 8 5 - 9 0 

days ) . 

Small Grains Seed Multiplication Program 

D u r i n g t h e 1 9 9 2 / 9 3 season E N D A was a p p r o a c h e d b y t h e Seed C o - o p C o m p a n y o f 

Z i m b a b w e t o s u b c o n t r a c t s m a l l h o l d e r f a r m e r s i n t h e c o m m u n a l areas t o p r o d u c e 
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Table 1 . Average yield a n d d u r a t i o n of s o r g h u m a n d pearl mi l le t LLVs in f ive loca-
t ions , Z i m b a b w e , 1993 /94 . 

Crop 

Sorghum 

Pearl m i l le t 

Var ie ty 

Muchayeni 

Chibonda 
Muswewehachi 
Muchayeni 

Chibonda 
Muswewehachi 
Mukadziusaenda 

Muswewehachi 
Mu tode (short) 

Nyakashir i 

Bandara 
Tsholotsho bearded 

Days to 
matur i t y 

122 

119 
128 
122 

119 
128 
110 

130 
107 

113 

107 
110 

Locat ion1 

M u t o k o Kawere 
N R I V 

Nyamutsahuni 
N R I V 

Chipinge 
N R I V 

M u t o k o 
N R I V 

Plumtree 
N R V 

Average y ie ld 
( t ha - 1) 

0.725 

1.180 
1.083 
1.123 

1.065 
0.615 
1.108 

0 
0.900 

1.015 

0.318 
0.415 

1. NR = Natural Region: NR IV - annual rainfall 400-650 mm; 
NR V - annual rainfall < 400 mm. 

seed o f s o r g h u m v a r i e t y S V 2 , p e a r l m i l l e t v a r i e t y P M V 2 , f i n g e r m i l l e t v a r i e t y F M V 2 , 

a n d g r o u n d n u t va r i e t i e s B i b i a n o B r a n c o a n d Fa l con . T h e m a j o r task was t o p r o v i d e 

s m a l l h o l d e r f a r m e r s i n t h e s e m i - a r i d areas o f Z i m b a b w e a n d o t h e r S A D C c o u n t r i e s 

w i t h s m a l l grains because m o s t c o m m e r c i a l seed p r o d u c e r s o f f e r o n l y h y b r i d ma ize , 

soybean , g r o u n d n u t , a n d w h e a t . O n l y a f e w large-scale c o m m e r c i a l f a rmer s are en -

gaged i n t h e b u l k p r o d u c t i o n o f s o r g h u m seed. A n d , because o f p r o b l e m s associated 

w i t h seed p r o d u c t i o n , n o Z i m b a b w e a n c o m m e r c i a l f a r m e r has p a r t i c i p a t e d i n pea r l 

m i l l e t seed b u l k i n g . T h e m a i n reasons are t h e l o w y i e l d o f t h e c r o p , t h e p o s s i b i l i t y o f 

severe b i r d a t t a c k , a n d t h e n e e d t o harves t b y h a n d . 

N a t i o n a l a n d e x p o r t seed r e q u i r e m e n t s f o r s o r g h u m a n d pea r l m i l l e t , based o n 

d e m a n d p r o j e c t i o n s , are s h o w n in T a b l e 2 . Tables 3 a n d 4 i n d i c a t e da ta f o r seed sales 

r e c o r d s i n Z i m b a b w e a n d f o r e x p o r t , a n d s h o w t o w h a t e x t e n t s m a l l h o l d e r f a rmer s 

c o n t r i b u t e t o t h e b u l k i n g o f s m a l l grains seed. 

U p t o 1 9 9 4 s m a l l h o l d e r f a r m e r s have c o n t r i b u t e d a n ins ign i f i can t a m o u n t o f sor-

g h u m seed b u t a s m u c h a s 9 0 % o f p e a r l m i l l e t seed. E N D A has n o t b e e n m e e t i n g i t s 

t a rge t s i n s m a l l gra ins p r o d u c t i o n f o r several reasons: 

a ) N o s t a f f w e r e a l l o c a t e d spec i f i ca l ly f o r seed b u l k i n g w o r k , w h i c h m a d e m o n i t o r i n g 

d i f f i c u l t . 

b ) F e w s m a l l h o l d e r f a r m e r s u s e d f e r t i l i z e r s because t h e y w e r e r e c o v e r i n g f r o m t h e 

1 9 9 1 / 9 2 d r o u g h t . 
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Table 2 . N a t i o n a l a n d e x p o r t seed requ i rements , Z i m b a b w e , 1 9 9 3 / 9 4 - 1 9 9 5 / 9 6 . 

C r o p 

Sorghum 

S V 2 

Pearl m i l l e t 

P M V 2 

Finger m i l l e t 

F M V 2 

G r o u n d n u t 

Bibiano Branco 

Falcon 

Seed requ i rement 1 ( t ) 

9 3 / 9 4 

2000 

94 /95 

2000 

400 

200 

350 

500 

9 5 / 9 6 

2000 

1450 

100 

Produced by 

commerc ia l farmers ( t ) 

92 /93 

84.85 

0 

0 

93 /94 

1540 

0 

0 

Produced by small-

holder farmers via 

E N D A contract ( t ) 

92 /93 

30 

15 

10 

10 

93 /94 

4 

20 

0.35 

13 

66 

1. Requirement based on demand projections. 
Source: Seed Co-op Company: 1994/95 Seasons Estimated Sales Report. 

Table 3 . S o r g h u m seed sales ( t ) , Z i m b a b w e , 1 9 8 5 / 8 6 - 1 9 9 3 / 9 4 . 

Sales 

(local) 

1985 /86 

1986/87 

1987 /88 

1988 /89 

1989 /90 

1990/91 

1991 /92 

1992/93 

1993/94 

Carry-over 3 1 / 0 3 / 9 4 

Est imated 1993 /94 

p roduc t ion 

To ta l availabil i ty 

Est imated local 

sales 1994 /95 

Est imated expor t 

sales 1994/95 

Carry-over 

Drough t 

re l ie f 

0 

0 

0 

0 

0 

0 

0 

400.6 

229.7 

D C 75 

65.48 

76.9 

36.6 

61.55 

100 

77.5 

164.75 

131.1 

114.8 

16.75 

360 

376.75 

250 

56.75 

70 

SV 2 

0 

0 

58.45 

61.95 

48.05 

69.3 

93.75 

34.55 

114.85 

0 

1545 

1545 

395 

1150 

% change 

(SV 2) 

0 

0 

0 

5.98% 

-22.43% 

44.22% 

35.28% 

-63.14% 

232.4% 

1245.23 

Produced by 

smallholder 

farmers 

0 

30 

4 

4 

% o f 

to ta l 

0 

26.12 

0.26 

0.26% 
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Table 4 . Pearl (PMV) a n d f inger (FMV) mi l le t seed sales ( t ) , Z i m b a b w e , 1991 /92-
1 9 9 3 / 9 4 . 

Sales (local) 

1991/92 
1992/93 
1993/94 

Carry-over 
31/03/94 

Estimated 1993/94 
production 

Total available 

Estimated local 
sales 1994/95 

Estimated export 
sales 1994/95 

Carry-over 

Drought 
relief 

0 
112.15 
245.5 

0 

0 

0 

0 

0 

0 

Required production 
1994/95 

PMV 2 

14.1 
0 
7 

66.2 

60 

126.2 

126.2 

0 

0 

840 

FMV 1 

0 
0 
0 

25 

25 

25 

25 

0 

0 

FMV 2 

0 
0 
0 

0 

0 

0 

0 

0 

0 

75 

Total 

14.1 
0 
7 

66.2 

85 

151.2 

151.2 

0 

0 

915 

Change 
( % ) 

-100% 

Produced 
by ENDA 

25 
20.4 

20.4 

% o f 
total 

17.3 

17.3 

c ) F a r m e r s i n c o m m u n a l areas have a n average o f 2 .5 h a arable l a n d ; i n r e s e t t l e m e n t 

areas ± 5 h a arable ; a n d i n smal l -scale c o m m e r c i a l f a r m i n g areas ± 5 0 ha . T h u s t h e 

hec tarage s o w n f o r seed c rops b y i n d i v i d u a l f a rmer s varies, a n d some c o m p e t e n t 

f a r m e r s are l i m i t e d b y t h e area o f l a n d avai lable t o t h e m . 

I n t h e 1 9 9 4 / 9 5 season i t is p l a n n e d t h a t E N D A w i l l s u b c o n t r a c t 2 1 0 0 f a rmers t o 

p r o d u c e 5 7 5 t o f s o r g h u m seed ( S V 2 ) , 4 7 5 t o f p e a r l m i l l e t seed ( P M V 2 ) , 5 0 t o f 

f i n g e r m i l l e t seed ( F M V 1), a n d 4 7 5 t o f L L V pea r l m i l l e t a n d s o r g h u m . 

Small Grains Milling Project 

Since 1 9 8 6 E N D A has b e e n c o m p l e m e n t i n g i t s e f fo r t s i n p r o m o t i n g s m a l l grains 

p r o d u c t i o n b y i n t r o d u c i n g s m a l l grains d e h u l l i n g a n d m i l l i n g systems i n r u r a l areas 

w i t h m a r g i n a l r a i n f a l l , i n o r d e r t o r e m o v e b o t t l e n e c k s i n s m a l l grains process ing, a n d 

d i v e r s i f y o w n e r s h i p i n t h e m i l l i n g i n d u s t r y . 

E N D A d e v e l o p e d t h e d e h u l l e r s t o su i t t h e r u r a l f a r m e r s ' c o n d i t i o n s b y m o d i f y i n g 

large-scale d e h u l l e r s . B y 1 9 9 4 7 1 sys tems w e r e o p e r a t i o n a l , a n d o w n e r s h i p ranges 

f r o m i n d i v i d u a l w o m e n t o w o m e n ' s g roups a n d bus inessmen . T h e y are l o c a t e d across 

t a r g e t zones i n M a n i c a l a n d , M a t e b e l e l a n d N o r t h , M a t e b e l a n d S o u t h , a n d M i d l a n d s 

p r o v i n c e s . A m a r k e t i n g t e s t f o r s o r g h u m a n d p e a r l m i l l e t m e a l has b e e n s t a r t e d , w i t h 

a v i e w t o f i n d i n g n e w w a y s o f s e l l i ng s m a l l grains . 
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Summary of Achievements in these Projects 

E N D A has: 

• H e l p e d s i g n i f i c a n t l y i n harness ing t h e e r o s i o n o f g e r m p l a s m i n t h e s e m i - a r i d areas 

t o g e t h e r w i t h c o m m u n a l f a r m e r s . 

• D e v e l o p e d a n d i m p l e m e n t e d s m a l l grains seed c h a r a c t e r i z a t i o n a n d m u l t i p l i c a t i o n 

p r o g r a m s w i t h c o m m u n a l f a r m e r s . 

• C o n s e r v e d i n - s i t u a n d e x - s i t u g e r m p l a s m . 

• F o r m e d s m a l l gra ins seed c o m m i t t e e s a t w a r d l e v e l t h a t are respons ib le f o r t h e 

p r o d u c t i o n a n d d i s t r i b u t i o n o f seed. 

• I n t r o d u c e d d e h u l l e r t e c h n o l o g y i n t o s m a l l grains p r o d u c t i o n areas o f Z i m b a b w e 

( w h e r e 3 3 % o f t h e n e w sys tems are o w n e d b y w o m e n a s i n d i v i d u a l s o r g r o u p s ) . 

• E n c o u r a g e d t h e p r o d u c t i o n o f s m a l l grains i n m a r g i n a l r a i n f a l l areas. 

• Ra i sed h o u s e h o l d i n c o m e s t h r o u g h t h e p r o d u c t i o n o f seed. 

• E s t a b l i s h e d b a c k u p s e e d - p r o d u c t i o n p l o t s i n areas o f b e t t e r r a i n f a l l pa t t e rn s . 

• I n v e s t i g a t e d s t ra tegies f o r m a r k e t i n g s m a l l gra ins p r o d u c t s . 

The Future 

T h o u g h these a c h i e v e m e n t s are b e i n g c o m p l e m e n t e d b y t h e g o v e r n m e n t ' s p o l i c y o n 

f o o d s e c u r i t y f o r m a r g i n a l r a i n f a l l areas, m u c h r ema ins t o b e d o n e t o change t h e 

c u r r e n t s ta tus o f s m a l l gra ins i n t h e m a r k e t i n g scenar io i n Z i m b a b w e . W h e n e v e r a n 

excess o f s m a l l g ra ins i s p r o d u c e d , s m a l l h o l d e r f a r m e r s have f e w advantageous w a y s 

o f d i s p o s i n g o f t h e su rp lu s . 

T h e m u l t i p l e cho ices t h a t arise i n u s ing s m a l l grains p r o d u c t s m u s t b e m a d e k n o w n 

t o a w i d e r p u b l i c . I f such k n o w l e d g e adds va lue t o t h e c rops t h e y m i g h t c o m p e t e 

b e t t e r i n t h e m a r k e t w i t h m a i z e , w h i c h c u r r e n t l y has a p r i c e advantage o f 6 0 % . A n d 

a n u p w a r d p r i c e m o v e m e n t w o u l d h e l p t o m o t i v a t e f a rmer s t o p r o d u c e e n v i r o n m e n -

t a l l y a p p r o p r i a t e c rops i n m a r g i n a l r a i n f a l l areas. 
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Studies on Sorghum-Based Products in Botswana 

O Ohiokpehai and M Kebakile1 

Abstract 

In order to popularize the use of sorghum and pearl millet in Botswana, attempts 

were made to produce attractive and ready-to-eat food products from sorghum 

and millet flour after abrasive milling. Sorghum pasta, instant beer powder, 

health food powder, fermented sorghum (dry t i n g ) powder and a nonalcoholic 

'malt' drink were produced and evaluated. The production processes were im-

proved to permit the food and beverage product to be prepared in small-scale 

enterprises for income generation. Also, the unbalanced diet of the most vu lne r -

able in the society was investigated. Sorghum flour-product was fortified with 

legumes found in Botswana and neighboring countries and fried or steamed to 

improve their nutrient intake for growth and development during critical stages in 

their lives. The study shows that there is potential in the use of sorghum and millet 

for food and beverage production. 

Introduction 

I n A f r i c a , s o r g h u m i s u sed e x t e n s i v e l y . Pa lmer (1992 ) s t a ted t h a t w e are t h e p r o d u c t 

o f o u r geography . I t i s easier t o g r o w w h e a t and ba r l ey i n E u r o p e a n d n o r t h A m e r i c a 

t h a n s o r g h u m i n A f r i c a . S o w e r e m i n d ourselves: s o r g h u m i s t h e n a t u r a l cereal o f t h e 

A f r i c a n c o n t i n e n t a n d o t h e r s e m i - a r i d regions o f t h e w o r l d . 

W h y i s t h e r e a p r o b l e m w i t h so rghum? O n e reason i s t h a t m o d e r n research a n d 

t e c h n o l o g y seem t o have n e g l e c t e d s o r g h u m . H o w e v e r , i t i s s t i l l possible t o change 

t h i s s i t u a t i o n i f w e w o r k t o g e t h e r t o p r o d u c e t h e q u a n t i t y a n d q u a l i t y o f s o r g h u m 

n e e d e d f o r beverages a n d f o o d t h a t can a l lev ia te hunge r a n d m a l n u t r i t i o n i n m a n y 

A f r i c a n a n d A s i a n c o u n t r i e s . 

I n m o s t pa r t s o f t h e d e v e l o p i n g w o r l d , research o n s o r g h u m s h o u l d re f l ec t t h e 

needs o f p e o p l e r a t h e r t h a n sc ien t i f i c c u r i o s i t y ( P a l m e r 1 9 9 2 ) . A n d i n Bo t swana , 

w h e r e ha r sh c l i m a t i c c o n d i t i o n s are n o t favorable f o r g r o w i n g c rops , t h e r e i s a p a r t i c u -

lar n e e d t o search f o r a l t e rna t ives i n t h e d e v e l o p m e n t o f t h e r u r a l popu lace . 

1 . Senior F o o d Techno log i s t and F o o d Technolog is t , F o o d Techno logy Research Service, PO Bag 0 0 8 , 

Kanye, Botswana. 

O h i o k p e h a i , O . , and K e b a k i l e , M . 1996. Studies o n sorghum-based p roduc t s i n Botswana. Pages 2 3 5 - 2 4 7 

in D r o u g h t - t o l e r a n t c rops for sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d 

Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner, K . , and M a n t h e , C.S. , eds.). 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l Crops Research I n s t i t u t e for t h e S e m i - A r i d 

T r o p i c s . 
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S i g w e l e ( 1 9 9 3 ) r e v i e w e d t h e reasons w h y t h e g o v e r n m e n t o f B o t s w a n a s w i t c h e d 

f r o m a f o o d se l f - su f f i c i ency p o l i c y i n a g r i c u l t u r e t o one o f f o o d s e c u r i t y a t b o t h 

h o u s e h o l d a n d n a t i o n a l leve ls . T h e g o v e r n m e n t r ea l i zed t h a t increases i n f o o d p r o d u c -

t i o n a lone w e r e n o t s u f f i c i e n t t o ensure p e r m a n e n t access t o f o o d . I t b e c a m e c lear 

t h a t t h e f o o d se l f - su f f i c i ency p o l i c y d i d n o t i m p r o v e t h e l i v e l i h o o d o f t h e poores t : 

m o s t l y w o m e n , c h i l d r e n , a n d t h e u n e m p l o y e d . S o t h e f o o d - s e c u r i t y p o l i c y o f B o t -

swana c u r r e n t l y s u p p o r t s e f f e c t i v e d o m e s t i c f o o d p r o d u c t i o n , e x t e r n a l t r a d e , a n d 

s u c h b a c k u p a c t i v i t i e s a s c r e a t i o n o f t h e S t ra teg ic G r a i n Reserve a n d b o t h a g r i c u l t u r a l 

a n d n o n a g r i c u l t u r a l d i v e r s i f i c a t i o n — f o r t h e g e n e r a t i o n o f e m p l o y m e n t a n d i n c o m e 

t h a t enables p e o p l e t o b u y f o o d a t a l l t i m e s . 

T h i s g o v e r n m e n t a l s u p p o r t f o r d i v e r s i f i c a t i o n has b e e n i n t e r p r e t e d by us as a 

m a n d a t e f o r t h e f o r m a t i o n a n d n u r t u r i n g o f m a n u f a c t u r i n g en te rpr i ses i n t h e area o f 

f o o d p rocess ing a n d e n g i n e e r i n g . S u c h t e c h n o l o g y enables f o o d t o b e p r e s e r v e d eco-

n o m i c a l l y a n d i n a n u t r i t i o n a l l y c o m p l e t e a n d c o m p a c t f o r m , a n d s h o u l d t h u s b e 

p r o m o t e d a s a means o f a c h i e v i n g l o n g - t e r m f o o d s e c u r i t y . 

The Importance and Uses of Sorghum in Botswana 

Introduction 

S o r g h u m i s g r o w n f o r c o n s u m p t i o n b y b o t h s m a l l h o l d e r v i l lagers a n d u r b a n d w e l l e r s . 

S o a n a t i o n a l p r o d u c t i o n p o l i c y f o r t h e c r o p m u s t t a k e i n t o a c c o u n t i ts use b y t h e v e r y 

p o o r a s w e l l a s i t s use in m a n u f a c t u r i n g . 

B o t s w a n a c o n s u m e s 6 0 0 0 0 t o f s o r g h u m annua l ly ( N i c h o l s o n 1 9 9 2 ) . A b o u t h a l f i s 

p r o d u c e d w i t h i n t h e c o u n t r y a n d t h e res t i s i m p o r t e d , m o s t l y f r o m S o u t h A f r i c a . I n 

m i l l i n g t h e d o m e s t i c p r o d u c e , t h e h o r i z o n t a l abrasive d e h u l l e r i s used , w i t h a range o f 

p r o d u c t s : m a l t s , m e a l , g r i t s , r i c e - l i k e grains, a n d a s a n i m a l feeds ( V a n V u u r e n 1 9 9 2 ) . 

T h e r e i s a n e e d t o increase p u b l i c awareness o f t h e d i f f e r e n t f o o d p r o d u c t s t h a t 

can b e m a d e f r o m s o r g h u m . T h i s pape r t h e r e f o r e descr ibes pos tha rves t p r o d u c t i o n 

p r o c e d u r e s , i n v o l v i n g s o r g h u m ' m a l t ' d r i n k , s o r g h u m pasta, h e a l t h f o o d , i m p r o v e d 

s o r g h u m bee r p o w d e r , m a l t e d s o r g h u m , d r i e d ting, a n d s o r g h u m - l e g u m e b l ends (ting 

+ d i t l o o ; s o r g h u m + c o w p e a ) , t h a t have b e e n d e v e l o p e d a n d t e s t e d by t h e F o o d 

T e c h n o l o g y Research Serv ice ( F T R S ) . A l s o , t h e use o f p r o d u c t s f r o m these foods i n 

h o u s e h o l d s a n d f o r i n c o m e g e n e r a t i o n i s d iscussed . 

Commercial uses 

S o r g h u m i s u s e d i n m a k i n g a w i d e range o f sof t a n d s t i f f po r r i dges , f e r m e n t e d 

beverages, a n d f e r m e n t e d f o o d s . 

E n r i c h e d s o r g h u m m e a l . T h i s i s u s e d b y b o t h o l d a n d y o u n g i n t h e f o r m o f s t i f f 

(bogobe) o r so f t (metogo ) p o r r i d g e . S o r g h u m f l o u r i s p r o d u c e d m a i n l y b y S o u t h 

2 3 6 



A f r i c a n c o m p a n i e s a n d i m p o r t e d i n t o Bo t swana . H o w e v e r , Foods Bo t swana , S e r o w e , 
p r o d u c e s s o m e l o c a l l y . 

S o r g h u m m a l t ( m o m e l a ) . T h i s i s also i m p o r t e d f r o m S o u t h A f r i c a a s ' m a l t a m e l l a ' 

o r f r o m Z i m b a b w e a s ' m a l t a b e l l a ' . I n r e c e n t t i m e s Foods Bo t swana has p r o d u c e d 

s m a l l q u a n t i t i e s f o r sale. 

S o r g h u m m a l t for s o r g h u m bee r b r e w i n g . S o m e s o r g h u m m a l t i s p r o d u c e d f o r beer 

( b o j a l w a ) m a k i n g . T h e m a l t i s p r o d u c e d b y Shapane M a l t F a c t o r y , T u l i B l o c k , a n d 

F o o d s B o t s w a n a , S e r o w e . H o w e v e r , m o s t g o o d - q u a l i t y m a l t i s i m p o r t e d f r o m S o u t h 

A f r i c a . 

Ins tant beer p o w d e r . T h i s p r o d u c t consists o f m a l t e d s o r g h u m , p r e g e l a t i n i z e d 

ma ize , yeast , sugar, a n d preserva t ives . M o s t b rands m a r k e t e d i n Bo t swana are p r o ­

d u c e d i n S o u t h A f r i c a . 

W e a n i n g food. Tsabana i s a w e a n i n g f o o d ( I n s t i t u t e o f B r e w i n g 1992) p r o d u c e d b y 

Foods B o t s w a n a , S e r o w e . I t i s d i s t r i b u t e d free a t g o v e r n m e n t c l i n i c s t o c h i l d r e n aged 

4 - 3 6 m o n t h s . 

L i v e s t o c k f e e d . S o m e s o r g h u m i s u sed i n a n i m a l r a t ions i n f eed ing p o u l t r y , c a t t l e , 

a n d pigs. 

Global Uses of Sorghum 

T h e r e have b e e n i n i t i a t i v e s i n u t i l i z i n g s o r g h u m a n d o t h e r sma l l grains i n t h e U S A a n d 

A f r i c a n c o u n t r i e s t h a t w i l l have a bene f i c i a l l o n g - t e r m e f f e c t o n t h e w a y t h a t s o r g h u m 

i s used . I n N i g e r i a i t s use f o r b r e w i n g lager beer a n d f o r p r e p a r i n g b a k e d p r o d u c t s a n d 

w e a n i n g foods ( O l a t u n j i 1993 ; A i s i e n 1989) i s n o t e w o r t h y . S o r g h u m m a l t i s also u sed 

f o r n o n a l c o h o l i c a n d o t h e r a l c o h o l i c beverages ( O h i o k p e h a i 1991) . 

I n r e c e n t years t h e r e have b e e n h e l p f u l i m p r o v e m e n t s i n t h e m a l t i n g process 

( O h i o k p e h a i e t a l . 1992 ; D e w a r a n d T a y l o r 1 9 9 2 ) . I t i s b e l i e v e d t h a t m o d i f i c a t i o n o f 

t h e m a l t i n g / b r e w i n g p r o c e d u r e a n d use o f a p p r o p r i a t e s o r g h u m cu l t i va r s w i l l r e d u c e 

t h e q u a n t i t y o f e n z y m e s used i n b r e w i n g w i t h s o r g h u m . 

R o o n e y ( 1 9 9 2 ) r e p o r t e d t h a t i n t h e U S A n e w s o r g h u m h y b r i d s w i t h w h i t e ke rne l s , 

t a n p l a n t a n d s t r a w g l u m e s , a n d h a r d e n d o s p e r m h a d b e e n released. I t i s also r e p o r t e d 

t h a t p a r b o i l i n g enhances s o r g h u m a n d pea r l m i l l e t m i l l i n g y i e ld s , a n d t h a t p a r b o i l i n g 

m a k e s t h e p r o d u c t i o n o f couscous a n d f r i e d r i c e p r o d u c t s easier. Leka lake ( 1 9 9 3 ) 

d e s c r i b e d t h e p r o d u c t i o n o f nood les f r o m 100% s o r g h u m f l o u r : t h e f l o u r i s k n e a d e d 

i n t o a p a r t l y g e l a t i n i z e d f l o u r t o p r o d u c e a d o u g h w h i c h i s r o l l e d i n t o nood le s w i t h a 

h a n d - o p e r a t e d e x t r u d e r . Bes t resu l t s are o b t a i n e d w h e n a w h i t e f o o d - t y p e s o r g h u m i s 

u s e d . 
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Research a n d d e v e l o p m e n t w o r k b y G o m e z a n d C h i g u m i r a ( Z i m b a b w e ) , Faure 

a n d F l i e d e l ( C I R A D , F rance ) , a n d o the r s has a d d i t i o n a l l y a d d e d t o o u r k n o w l e d g e o f 

p o t e n t i a l uses o f s o r g h u m . 

Special Technologies in the Food Industry 

T o m a i n t a i n t h e m o m e n t u m o f t h i s w o r k o n b o t h t r a d i t i o n a l a n d ' n e w ' p r o d u c t s o f 

s o r g h u m , b r eede r s m u s t p r o v i d e f o o d t e c h n o l o g i s t s w i t h a p p r o p r i a t e var ie t ies . B i o ­

c h e m i s t s m u s t use i n n o v a t i o n s i n b i o t e c h n o l o g y , b r e w i n g , a n d a n i m a l science t o assist 

i n c r e a t i n g p r o d u c t s t h a t are accep tab le t o c o n s u m e r s i n respec t o f c o l o r , f l a v o r , 

t e x t u r e , v i s c o s i t y , a n d n u t r i t i o n . A n d engineers m u s t o v e r c o m e t h e b a c k l o g o f w o r k i n 

i m p r o v i n g s o r g h u m process ing t e c h n o l o g y f o r f o o d a n d beverage p r o d u c t s . 

Experimental Food Preparation with the Help of Enzymes 

Use of enzymes in the food industry 

E n z y m e s are b ioca ta lys t s f o u n d i n a w i d e v a r i e t y o f l i v i n g organisms . T h e y ca ta lyze 

m o s t o f t h e r eac t ions o c c u r r i n g i n n a t u r e . E n z y m e s are c o m p o s e d o f l o n g chains o f 

a m i n o acids , a r r anged s t r i c t l y i n a n o r d e r l y sequence. T h e r e f o r e t h e y are p r o t e i n s . 

T h e m a n u f a c t u r e o f enzymes f o r f o o d app l i ca t i ons i s sub jec t t o g o v e r n m e n t c o n ­

t r o l , a n d p r o d u c e r s are r e q u i r e d t o adhere t o s t r i c t gu ide l ines . E n z y m e s are e n v i r o n ­

m e n t - f r i e n d l y , safe f o r t h e c o n s u m e r , a n d f u n c t i o n o p t i o n a l l y u n d e r m i l d changes i n 

t e m p e r a t u r e , p H , pressure , a n d m o i s t u r e c o n t e n t . 

T h e m o s t i m p o r t a n t aspect o f enzymes i s t h a t v e r y s m a l l q u a n t i t i e s are n e e d e d f o r 

a r e a c t i o n to t a k e p lace . S a m p l e reac t ions are as f o l l o w s : 

- A l p h a - a m y l a s e : h y d r o l y s e s s t a r ch to sugar a n d d e x t r i n e . 

- N e u t r a l p ro tease : h y d r o l y s e s p r o t e i n t o a m i n o acids a n d p e p t i d e s . 

- F u n g a l amylase : h y d r o l y s e s s t a r ch to f e r m e n t a b l e sugars a n d l i m i t s d e x t r i n e . 

- A m y l o g l u c o s i d a s e ( A M G ) : h y d r o l y s e s a l p h a - l i n k e d d e x t r i n e s t o g lucose . 

- C e l l u l a s e : h y d r o l y s e s ce l lu lose a n d o t h e r b e t a - l i n k e d glucose p o l y m e r s t o g lucose . 

- Beta-glucanase: h y d r o l y s e s be ta -g lucans to g lucose . 

Materials and methods used in the experiments 

G r o u n d p e a r l m i l l e t ( f r o m S e n y a n w e M i l l s , S e n y a n w e ) p u r c h a s e d a t a s u p e r m a r k e t 

i n G a b o r o n e . 

G r o u n d s o r g h u m (Segaolane v a r i e t y s u p p l i e d b y Bo t swana A g r i c u l t u r a l M a r k e t i n g 

B o a r d , P i t sane: p e a r l w h i t e gra ins w i t h e x c e l l e n t d e h u l l i n g a b i l i t y ) . T h e s o r g h u m was 

c o m m e r c i a l l y g r o u n d b y abrasive m i l l i n g . 
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C o w p e a ( T V X - 3 2 3 6 - 0 1 6 v a r i e t y s u p p l i e d b y t h e D e p a r t m e n t o f A g r i c u l t u r a l Re­

search, Sebe le ) . 

Jugo bean , ditloo, a n d ma ize w e r e b o u g h t i n t h e o p e n m a r k e t a t t h e C e n t r a l M a l l , 

G a b o r o n e . T h e ditloo was h a n d - p i c k e d t o o b t a i n a u n i f o r m c r e a m co lo r . T h e grains 

w e r e g r o u n d w i t h a h a m m e r - m i l l ( R e d u c t i o n a n d S a m p l i n g E q u i p m e n t C o . , S o u t h 

A f r i c a ) . 

M a l t e d s o r g h u m (was p r o d u c e d i n t h e m a n n e r d e s c r i b e d b y O h i o k p e h a i e t a l . 

1 9 9 2 ) . 

O t h e r i n g r e d i e n t s : ascorbic ac id , t a r t a r i c ac id , c i t r i c a c i d , benzo ic ac id , b r e w i n g 

salts, d r i e d yeast , hops , c a r a m e l , s tabi l izers , e tc . These i ng red i en t s w e r e p u r c h a s e d 

f r o m N a t i o n a l Foods P r o d u c t s , Johannesburg . 

T h e solar d r y e r u s e d was d e v e l o p e d a n d b u i l t b y t h e Eng inee r ing U n i t o f t h e 

B o t s w a n a T e c h n o l o g y C e n t e r , G a b o r o n e . 

E n z y m e s : t e r m a m y l a c t i v i t y , 120 L ( t e m p e r a t u r e - s t a b l e , a lpha-amylase) : N o v o 

N o r d i s k L t d . 

N e u t r a s e ( n e u t r a l p ro tease) a c t i v i t y , 0 .5 L : N o v o N o r d i s k L t d . 

F u n g a m y l ( funga l a lpha-amylase) a c t i v i t y , 8 0 0 L , N o v o N o r d i s k , L t d . 

A m y l o g l u c o s i d a s e ( A M G , g lucoamylase ) a c t i v i t y , 3 0 0 L : N o v o N o r d i s k L t d ( l i q u i d 

a n d p o w d e r f o r m s ) . 

Preparation of sorghum ting 

A n e l d e r l y l a d y was asked t o p r o d u c e t i n g a s she w o u l d n o r m a l l y d o a t h o m e . She 

s u p p l i e d u s w i t h s o m e o f t h i s t i n g p r e p a r e d a t h o m e a s a ' s tar ter ' f o r c o m p a r i s o n . 

W h i l e she w o r k e d , w e m o n i t o r e d t h e pa rame te r s t h a t w o u l d assist u s i n m a k i n g t h e 

p r o d u c t i n t h e same w a y : t e m p e r a t u r e o f t h e w a t e r a n d m o i s t u r e c o n t e n t o f t h e 

m i x t u r e a t t h e b e g i n n i n g a n d e n d o f f e r m e n t a t i o n . 

W h e n t h e f e r m e n t e d s o r g h u m was p r o d u c e d w i t h o u t a ' s tar ter ' , t h e p H was 

m o n i t o r e d f o r 5 0 h . T h e p r o d u c t i o n process was a s f o l l o w s . 

F l o u r ( 2 8 0 8 g ) was a d d e d t o w a r m w a t e r ( t e m p e r a t u r e 4 5 - 5 0 ° C , 2 4 5 0 m L ) p l u s 

6 0 0 g o f w e t ' s t a r te r ' . T h e m i x t u r e was t h o r o u g h l y m i x e d a n d t e m p e r a t u r e a n d p H 

readings w e r e r e c o r d e d ( p H 6 - 7 a t 3 5 - 3 7 ° C ) , a n d t h e p las t ic con t a ine r was t h e n 

c o v e r e d . 

I n o r d e r t o ensure t h a t f e r m e n t a t i o n w o u l d b e ach i eved w i t h i n 2 4 h i n o u r p i l o t 

p l a n t , a t a t e m p e r a t u r e o f 2 0 - 2 5 ° C , t h e c o n t a i n e r cover u sed d u r i n g t h e s u m m e r was 

a b l a n k e t ; b u t d u r i n g t h e w i n t e r t w o b l a n k e t s w e r e necessary. 

W e a t t e m p t e d t o t a k e readings o f t h e b r i g h t p i n k c o l o r o f t h e f i n i s h e d p r o d u c t , 

u s i n g a s p e c t r o p h o t o m e t e r a t 3 0 0 n m . B u t these readings w e r e a b a n d o n e d because 

t h e y w e r e n o t cons i s t en t . T h e f i n i s h e d p r o d u c t was also t a s t ed b y a l l t h e na t iona ls i n 

t h e l a b o r a t o r y , a n d t h e p H a n d m o i s t u r e c o n t e n t w e r e r e c o r d e d w h e n t h e c o m p l e t i o n 

o f f e r m e n t a t i o n w a s c e r t i f i e d . 

T o d r y t h e t i n g t h e w a t e r was d e c a n t e d b y a l l o w i n g i t t o d r a i n a t 2 2 ° C f o r 4 h o u r s . 

A f t e r t h e i n i t i a l l e a r n i n g process , t h e a m o u n t o f f l o u r was ad jus ted t o 2 0 0 0 g , w a t e r t o 

1 8 0 0 m L , a n d s t a r t e r t o 4 5 0 g . T h e t e m p e r a t u r e a n d p H r e m a i n e d t h e same. 
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T h e p r o d u c e d ting w a s d r i e d i n t h e solar d r y e r c a b i n e t w i t h p e r f o r a t i o n s a t t h e 

b o t t o m , d e s i g n e d t o a l l o w w a t e r t o d r a i n o u t a n d h o t a i r t o en t e r . 

A f t e r d r y i n g , s t i f f p o r r i d g e was p r e p a r e d . B u t w e f o u n d t h a t t h i s was n o t a s sour a s 

t h e o r i g i n a l w e t ting. T h i s d e v e l o p m e n t p r o m p t e d u s t o t h i n k o f r e p l a c i n g t h e acids 

l o s t d u r i n g d r y i n g . I d e a l l y , l a c t i c a c i d was t h e a c i d t o a d d , b u t w e d e c i d e d t o a d d 

t a r t a r i c a c i d a t 2 % . T a r t a r i c a c i d i s easy t o purchase f r o m shops i n r u r a l areas, a n d i t 

w a s a l r e a d y b e i n g u s e d b y o t h e r p r o d u c e r s . T h e process sequence i s s h o w n b e l o w : 

- S o r g h u m g r a i n 

- C l e a n 

- A b r a s i v e m i l l i n g 

- A d d w a t e r (1:1) + ' s t a r t e r ' 

- M i x w e l l ( m i x t u r e a t 3 5 - 3 8 ° C , p H 6 - 7 ) 

- F e r m e n t ( a t 2 0 - 2 5 ° C f o r 2 4 h ) 

- D r a i n w a t e r ( p H 3 . 5 - 3 . 7 ) 

- D r y r e s i d u e 

- G r i n d r e s i d u e 

- A d d v i t a m i n C + b e n z o i c a c i d + t a r t a r i c a c i d . 

Sorghum health food (snack or breakfast cereal) 

S o r g h u m f l o u r w a s p r e c o o k e d w i t h t h e a d d i t i o n o f t e r m a m y l , neut rase , f u n g a m y l , a n d 

a m y l o g l u c o s i d a s e a t d i f f e r e n t t e m p e r a t u r e s a n d c o n t a c t t i m e (Jepsen 1993; A i s i e n 

1 9 8 9 ) . T h e m i x t u r e w a s a l l o w e d t o d r y i n t h e solar d r y e r . A f t e r d r y i n g t h e f l o u r was 

g r o u n d , a n d c i t r i c a c i d , v i t a m i n C , a n d preserva t ives w e r e a d d e d . T h e p r o d u c t was 

p a c k a g e d i n p o l y bags o f 2 0 0 g each . 

Pasta production 

Pasta was p r o d u c e d b y t h e g r adua l a d d i t i o n o f w a t e r t o s o r g h u m f l o u r , w i t h m i x i n g t o 

ensure e v e n d i s t r i b u t i o n . T h e a m o u n t o f w a t e r a d d e d was j u s t e n o u g h t o a l l o w f o r t h e 

m i x t u r e t o f o r m s m a l l ba l l s . 

L a t e r , d o u g h 'ba l l s ' w e r e p r e p a r e d b y press ing t h e f l o u r t o g e t h e r . T h e d o u g h bal ls 

w e r e c o o k e d i n excess w a t e r f o r 3 0 m i n , c o o l e d , a n d t h e n c u t i n t o pieces w i t h a k n i f e . 

T h e s e p ieces w e r e p l a c e d i n t h e e x t r u d e r , a n d a sma l l - s i zed d i e was u sed f o r e x t r u d -

i n g t h e n o o d l e s . A b e n c h pas t a -make r was u s e d (Pasta Express M a c h i n e , M o d e l 

X 2 0 0 0 , C r e a t i v e T e c h n o l o g i e s C o r p . B r o o k l y n , N Y ) . 

T h e e x t r u d e d n o o d l e s w e r e c u t , b o i l e d , d r a i n e d , a n d d i p p e d i n i c e - c o l d w a t e r . 

T h e y w e r e separa ted , p l a c e d o n an a l u m i n u m f o i l , a n d t h e n d r i e d a t 5 0 ° C i n t h e 

o v e n . D r i e d pas ta w a s t h e n p a c k a g e d i n p o l y bags. D e t a i l e d m e t h o d o f pasta p r o d u c -

t i o n i s a s r e p o r t e d b y L e k a l a k e ( 1 9 9 3 ) . A l s o s o m e o f t h e nood le s w e r e f r i e d a n d 

p a c k e d i n p o l y bags. 
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Alcoholic powdered drink (instant beer powder) 

T h i s c o n s i s t e d o f d r y g e l a t i n i z e d s o r g h u m a n d ma ize f l o u r , sugar, d r i e d yeast , m a n u -

c o l , A M G , b r e w i n g salts, v i t a m i n C , a n d preservat ives . W a t e r was a d d e d a t 5 L t o 1 k g 

o f p o w d e r . T h e s e i n g r e d i e n t s w e r e m i x e d w e l l a n d packaged i n p o l y bags. 

Nonalcoholic 'malt ' drink 

B r e w i n g o f s o r g h u m a n d m i l l e t m i x t u r e was c a r r i e d o u t us ing A M G , b r e w i n g salts, 

f o o d - g r a d e a c i d , hops , c a r a m e l , m a n u c o l , a n d ascorbic a c i d , a s r e p o r t e d by Jepsen 

( 1 9 9 3 ) , in a m o d i f i e d process, as f o l l o w s : 

- M a s h i n g ( m i l l e d s o r g h u m / m i l l e t ) 

- M a s h f i l t r a t i o n 

- W o r t b o i l i n g 

- T r u b sepa ra t ion 

- C o o l i n g 

- F i l t r a t i o n 

- Packaging 

- P a s t e u r i z a t i o n 

- D i s t r i b u t i o n . 

Sorghum-legume blends (weaning foods or snacks) 

T h r e e s o r g h u m - a n d - l e g u m e f l o u r m i x t u r e s w e r e p r e p a r e d : 

Ting + ditloo ( f e r m e n t e d s o r g h u m p lus j u g o beans, 5 0 : 5 0 ) . 

S o r g h u m 4- c o w p e a ( 7 0 : 3 0 ) . 

Tsabana s o r g h u m + soybean (as s t anda rd i zed by t h e I n s t i t u t e o f B r e w i n g 1 9 9 2 ) . 

T h e s e w e r e f o r m u l a t e d t o c o m p a r e w i t h t h e c o m m e r c i a l l y p r o d u c e d w e a n i n g f o o d 

(Tsabana) w h i c h was d e v e l o p e d b y t h e F o o d T e c h n o l o g y Research Serv ice f o r t h e 

M i n i s t r y o f H e a l t h . T h e p r o t e i n c o n t e n t f o r t h e m i x t u r e s was 15%. W e envisaged t h a t 

these m i x t u r e s c o u l d be u sed a s w e a n i n g foods a n d / o r h i g h - q u a l i t y foods , a f t e r 

b o i l i n g o r f r y i n g i n t o akara o r s t e a m e d cake a t h o u s e h o l d a n d n a t i o n a l l eve l , f o r 

i n c o m e g e n e r a t i o n . 

T h e s o r g h u m / c o w p e a b l e n d was h y d r a t e d w i t h w a t e r ( 5 7 - 6 0 % ) t o m a k e a paste . 

T h i s pas te was f r i e d i n s m a l l q u a n t i t i e s i n h o t o i l . D u r i n g f r y i n g t h e bal ls f l o a t e d o n 

t h e o i l a n d r e t a i n e d a f l a t s t r u c t u r a l i n t e g r i t y . T h e y w e r e r ega rded a s ready f o r e a t i n g 

w h e n t h e i r o u t e r coats t u r n e d g o l d e n b r o w n . S t e a m e d cakes w e r e also p r o d u c e d b y 

p l a c i n g t h e paste i n a f o l d e d a l u m i n u m f o i l a n d b o i l i n g i t i n a p o t . 

C h e m i c a l analysis was c a r r i e d o u t b y t h e A O A C m e t h o d ( 1 9 9 0 ) ; a n d d e t e r m i n a -

t i o n o f t h e s o r g h u m d ias t a t i c p o w e r ( S D U ) f o l l o w e d t h e m e t h o d p r o p o s e d b y M o r r a l 

e t a l . ( 1 9 8 6 ) . 
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Results 

Dry fermented sorghum production 

E x p e r i e n c e g a i n e d b y p a r t i c i p a t i n g i n t h e p r o d u c t i o n o f ting b y t r a d i t i o n a l r u r a l 

m e t h o d s assis ted g r e a t l y i n i m p r o v i n g t h e process a n d i n p r o d u c i n g a p r o d u c t accep t ­

able t o n a t i o n a l c o n s u m e r s . I t was i m p o r t a n t t h a t t h e tas te , c o l o r , a n d c h e m i c a l 

c o m p o s i t i o n o f ting p r o d u c e d b y u s s h o u l d b e c lose ly s i m i l a r t o l o c a l l y - p r o d u c e d ting 

(see c o m p a r a t i v e da ta i n T a b l e 1) . T h e p H l e v e l i s p a r t i c u l a r l y i m p o r t a n t because, i n 

o r d e r t o ach ieve a n accep tab le sour tas te , i t m u s t b e b e l o w 4 . 0 ( c f L o r r i [ 1 9 9 3 ] f o r 

f e r m e n t e d m a i z e f r o m T a n z a n i a ) . 

Table 1 . Chemica l compos i t ion o f f e r m e n t e d s o r g h u m . 

Sample 

Sorghum 
Ting prepared at 

vil lage level 
Ting prepared by a 

nat ional at FTRS 
Ting prepared by 

FTRS staff 

Mo is tu re 
content (%) 

10.4 

8.7 

12.4 

6.5 

Crude 
prote in (%) 

10.1 

15.8 

15.8 

14.7 

Fat 
( % ) 

3.5 

2.5 

2.5 

2.7 

p H 

3.7 

3.6 

3.6 

T i t rab le 
acidity 

1.5 

1.6 

1.4 

I t was s u p p o s e d t h a t d r y i n g t h e f e r m e n t e d s o r g h u m w o u l d m a k e i t easier f o r 

p a c k a g i n g . B u t i t w a s f o u n d t h a t d r y i n g r e d u c e d t h e sourness. T h i s was r e s t o r e d b y 

a d d i n g t a r t a r i c a c i d . C i t r i c a c i d was also a d d e d t o g ive zest, p l u s v i t a m i n C a n d / o r 

b e n z o i c a c i d f o r p r e s e r v a t i o n purposes . 

L o r r i a n d Svanberg ( 1 9 9 3 ) have r e p o r t e d t h a t t h e k e e p i n g q u a l i t y o f f e r m e n t e d 

f o o d s i s v e r y g o o d . S o i t was c o n c l u d e d t h a t d r y i n g i n t h e presence o f preserva t ives 

w o u l d increase t h e s h e l f - l i f e a n d m a k e i t easier t o p r o d u c e large q u a n t i t i e s s u i t a b l y 

p a c k a g e d f o r sale. L o r r i a n d Svanberg also i n d i c a t e d t h a t f e r m e n t e d cereals have 

h e a l t h - p r o m o t i n g values , t h o u g h t h i s i s n o t y e t p r o v e n i n h u m a n s . M e n s a h e t a l . 

(1991) r e p o r t e d t h a t t h e r e was a n a n t i m i c r o b i a l e f f e c t f r o m f e r m e n t e d d o u g h ( m a i z e ) 

w h e n d i a r r h e a - c a u s i n g pa thogens w e r e i n o c u l a t e d i n t o t h e m a t p H < 4 . 

Other sorghum products 

I n o u r q u e s t t o f i n d n e w i n c e n t i v e s f o r v i l lagers t o ea rn a l i v e l i h o o d t h r o u g h f o o d 

p rocess ing , a n d t h u s b e e n c o u r a g e d t o r e m a i n i n r u r a l areas, w e e x a m i n e d o t h e r 

s o r g h u m p r o d u c t s t h a t c an b e m a r k e t e d i n B o t s w a n a . 
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S o r g h u m hea l th food . T h e s o r g h u m h e a l t h f o o d p r o d u c t h a d a 4 0 % sugar c o n t e n t 

w i t h o u t t h e a d d i t i o n o f sugar a s c o m p a r e d w i t h s o r g h u m f l o u r . T h e sugar i s d e r i v e d 

f r o m t h e b r e a k d o w n o f s t a r ch t o s i m p l e sugars w i t h enzymes ( t e r m a m y l a n d / o r 

A M G ) . W e envisage t h a t t h i s p r o d u c t c o u l d b e ea ten b y b o t h o l d a n d y o u n g , i n 

s ickness a n d h e a l t h , as a snack or breakfas t cerea l . 

S o r g h u m pasta. T h i s pasta was p r e p a r e d w i t h w a t e r . H o w e v e r , w i t h e x p e r i e n c e , i t 

w a s f o u n d t h a t m i l k can b e u s e d w i t h o r w i t h o u t t h e a d d i t i o n o f eggs. T h i s p r o c e d u r e 

w i l l increase t h e n u t r i t i o n a l q u a l i t y o f t h e p r o d u c t , b u t i t w i l l r e q u i r e h y g i e n i c c o n d i -

t i o n s o f p r e p a r a t i o n . W e f o u n d t h a t i t was easier t o p r o d u c e nood les t h a n any o t h e r 

shape i f w e s u b s e q u e n t l y w a n t e d t o f r y t h e p r o d u c t . T h e f l a t pastas d i s i n t e g r a t e d 

d u r i n g f r y i n g , s o t h e nood le s w e r e f r i e d over a l o w hea t u n t i l g o l d e n . W o r k i s c o n t i n u -

i n g t o i m p r o v e t h e adhesiveness o f o u r pasta, t o g ive b e t t e r p r o d u c t s w h e n t h e y are 

f r i e d . 

Ins tant beer p o w d e r . T h i s i s cheaper t h a n t h e r e a d y - t o - d r i n k chibuku a n d i s m o r e 

c o n v e n i e n t . A l s o , t h e F T R S f o r m u l a i s a n i m p r o v e m e n t o n t h e c o m m e r c i a l l y p r o -

d u c e d i n s t a n t bee r p o w d e r w h i c h takes 2 4 h t o f e r m e n t , whe reas t h e F T R S beer takes 

o n l y 5-6 h . A d d i t i o n a l l y , f e r m e n t e d c o m m e r c i a l beer p o w d e r has a 3 - 4 % a l c o h o l 

c o n t e n t , b u t t h e F T R S one has 5%. A n d , b y d e l e t i n g t h e d r i e d yeast a n d sugar 

c o n t e n t , a t a s ty n o n a l c o h o l i c d r i n k can be p r o d u c e d . 

M a l t e d s o r g h u m . A s a l r eady n o t e d , w h e n t h e O h i o k p e h a i e t a l . ( 1 9 9 2 ) m e t h o d f o r 

m a l t i n g Segaolane s o r g h u m was u sed ( T a b l e 2 ) , t h e s o r g h u m d ias ta t ic u n i t ( S D U ) 

was 4 3 , w i t h p o o r g r a i n m o d i f i c a t i o n — a n obse rva t ion close t o t h a t r e p o r t e d b y 

G o m e z ( 1 9 9 2 ) . 

Table 2 . Chemica l compos i t ion (%) of d i f ferent sorghum products. 

Food products 

Sorghum health food (snack) 
Sorghum pasta 
Commerc ia l instant beer powder 
M a l t e d sorghum 

Mois ture 

10.4 

11.2 
9.3 
9.8 

Protein 

10.4 
8.8 

10.4 
9.5 

Fat 

1.2 
1.8 
1.5 
1.7 

Ash 

1.4 
1.9 
1.3 

R o o n e y ( 1 9 9 2 ) a r g u e d t h a t s o r g h u m m a l t i n g f o r beverages a n d f o o d was a n e f f i -

c i e n t w a y t o use s o r g h u m . M a l t i n g i m p r o v e s t h e n u t r i e n t s i n s o r g h u m b y t h e g r adua l 

b r e a k d o w n o f s t a r ch a n d o t h e r c o m p o n e n t s t o g ive s i m p l e sugars a n d v i t a m i n B b y t h e 

r e a c t i o n o f g r o w t h enzymes i n t h e m o i s t g r a i n . B u t h e c o n c l u d e d t h a t i m p r o v e d 

m a l t a b l e va r i e t i e s w e r e n e e d e d . 

S o r g h u m - l e g u m e blends (composite f l o u r s ) . W h a t e v e r a t t e m p t m a y b e m a d e t o 

i m p r o v e t h e p r o t e i n o f s o r g h u m , i t can never b e a s g o o d a s t h a t f r o m legumes . D e n d y 

( 1 9 9 3 ) has s t a t e d t h a t c o m p o s i t e f lours s h o u l d n o t be used as a s top-gap p r o c e d u r e , 
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b u t s h o u l d b e b u i l t i n t o n a t i o n a l g r a i n po l i c i e s . W e c a n n o t b u t agree w i t h t h i s . 

H o w e v e r , i n B o t s w a n a a c o m p o s i t e f l ou r (Tsabana) has b e e n successful ly d e v e l o p e d 

a n d c o m m e r c i a l i z e d w i t h g o v e r n m e n t a l s u p p o r t . S o t h e m e c h a n i s m f o r i n t r o d u c i n g 

c o m p o s i t e f l o u r s i s a l r eady i n p lace , a n d t h i s m u s t b e harnessed a n d e n h a n c e d — i . e . , 

t h e r e i s a n e e d t o en large t h e m a r k e t f o r c o m p o s i t e f l o u r f r o m w h i c h q u a l i t y f o o d 

p r o d u c t s are m a d e f o r p o p u l a r c o n s u m p t i o n . 

Discussion 

F r o m discuss ions w i t h m o t h e r s a n d s c h o o l c h i l d r e n w e l e a r n e d t h a t , t h o u g h Tsabana 

w a s d e v e l o p e d f o r c h i l d r e n aged 4 - 3 6 m o n t h s , p e o p l e i n a l l age g roups n o w c o n s u m e 

i t . W e f e e l i t i s o u r d u t y t o m a k e b o t h g o v e r n m e n t a n d p e o p l e aware t h a t su i t ab le 

c o m p o s i t e f l o u r t e c h n o l o g y a l ready ex i s t s f o r m a k i n g b r e a d o r any o t h e r a t t r a c t i v e 

p r o d u c t s . T h e r e f o r e , t h e r e i s r o o m f o r m o r e c o m p o s i t e f l o u r s . 

C o w p e a i s a g o o d source o f p r o t e i n a n d v i t a m i n B . Jugo bean , o n t h e o t h e r h a n d , i s 

a c o m p l e t e f o o d w i t h h i g h levels o f c r u d e fa t t h a t i s a m e n a b l e t o process ing . 

T h e b l e n d s c o m p a r e w e l l w i t h c o m m e r c i a l l y p r o d u c e d Tsabana ( T a b l e 3 ) . T h e 

b l e n d s w e r e also f o r t i f i e d w i t h v i t a m i n s , a s i s Tsabana. 

Akara cakes m a d e f r o m h y d r a t e d m i x t u r e s f r i e d i n h o t o i l r e q u i r e a p u b l i c aware -

ness p r o g r a m t o increase p o p u l a r i n t e r e s t i n t h e p r o d u c t . T h e same i s t r u e o f t h e 

s t e a m e d cakes. B u t as B o t s w a n a na t iona l s are used to ea t ing magwinya ( f a t c ake ) , 

w h i c h i s s i m i l a r t o akara, i t s i n t r o d u c t i o n i n t o t h e m a r k e t a s a c o n v e n i e n c e f o o d 

s h o u l d n o t b e d i f f i c u l t . 

Table 3 . Chemica l c o m p o s i t i o n (%) o f f o o d products , r a w mater ia ls , a n d the i r b lends. 

Produc t / 
raw ma te r i a l / 
b lend 

Sorghum 
Jugo bean 
[ditloo) 
Cowpea 
( T V X - 3 2 3 6 - 0 1 6 ) 
Ting 
Ting + ditloo 
(50:50) 
Sorghum + cowpea 
(70:30) 
Sorghum + soybean 
(commerc. p roduced 
by Tsabana) 

Mois ture 

10.4 

10.1 

9.3 
6.5 

10.4 

9.7 

11.5 

Protein 

10.1 

17.3 

27.5 
14.7 

14.7 

15.7 

15.7 

Fat 

3.5 

6.7 

2.0 
2.7 

5.5 

2.4 

5.1 

Ash 

1 3 

3.4 

3.2 
1.4 

1.3 

1.6 

1.0 
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T h e use o f s o r g h u m a n d w h e a t f l o u r m i x was suggested f o r m a k i n g a t r a d i t i o n a l 

matlebekwane d o u g h n u t ( N i c h o l s o n 1 9 9 2 ) — a suggest ion i n a g r e e m e n t w i t h o t h e r 

a u t h o r s . 

T o f u r t h e r i m p r o v e t h e f e r m e n t e d s o r g h u m , ting, l e g u m e f l o u r ( d i t l o o ) was a d d e d . 

T h e s e m i x t u r e s can be ea t en as a t h i n p o r r i d g e — c o o k e d a n d s w e e t e n e d — o r ex-

t r u d e d t o m a k e ' n e w ' c o n v e n i e n c e foods . 

T h e p r o d u c t i o n o f t h e ' m a l t ' d r i n k beverage i s s t i l l i n i ts i n f ancy . B u t i t i s c lear t h a t 

i t i s a h e a l t h y source o f s i m p l e sugars (g lucose) . W i t h n o a d d i t i o n o f sugar, t h e 

e c o n o m i c s o f p r o d u c t i o n w o u l d b e v e r y g o o d a n d p r o f i t a b i l i t y h i g h . P r e l i m i n a r y 

s tud ies s h o w t h a t e x i s t i n g b r e w e r i e s w i l l have n o p r o b l e m i n p r o d u c i n g i t . 

I t i s i m p o r t a n t t o r e i t e r a t e t h a t ca re fu l hyg iene , san i t a t ion , a n d adequa te pas teu r i z ­

a t i o n m u s t b e a d h e r e d t o i n t h e p r o d u c t i o n o f t h i s v e r y swee t d r i n k . I t i s a g o o d 

subs t r a t e f o r t h e d e v e l o p m e n t o f m i c r o o r g a n i s m s a n d t h e r e f o r e o f i n f e c t i o n s (Jepsen 

1 9 9 3 ) . 

Conclusion and Future Work 

I t i s i m p e r a t i v e t o p r o m o t e t echno log ies t h a t can use s m a l l grains f o r f o o d a n d 

n o n f o o d p r o d u c t s , i n o r d e r t o d i v e r s i f y a n d s t r e n g t h e n t h e i n c o m e - g e n e r a t i n g agr i ­

c u l t u r a l p rocess ing sector . A n d a s t r o n g f o o d t e c h n o l o g y a n d e x t e n s i o n t e a m m u s t b e 

i n p lace , t o increase p u b l i c awareness a b o u t cereal process ing. W e cons ider t h e f o l ­

l o w i n g R & D a c t i v i t i e s t o b e o f p r i o r i t y i m p o r t a n c e i n Bo tswana : 

- A d e t a i l e d s t u d y o f t h e n u t r i t i o n a l effects o f cereal f o o d p r o d u c t s s h o u l d be 

u n d e r t a k e n . 

- M o r e w o r k s h o u l d b e d o n e t o s t u d y p r o d u c t she l f - l i f e . 

- M o r e e x p e r i m e n t a l p r o d u c t s s h o u l d b e p r o d u c e d , t o g e t h e r w i t h suggestions a b o u t 

h o w t o m a k e t h e m p o p u l a r l y accep tab le . 

- A n easier w a y o f m e a s u r i n g i n g r e d i e n t s a t v i l l age l eve l s h o u l d be dev i sed . T h i s w i l l 

h e l p i n s t u d y i n g t h e h o u s e h o l d p r e p a r a t i o n o f cereal p r o d u c t s . 

- P r i o r i t y s h o u l d b e g i v e n t o d i s s e m i n a t i n g i n f o r m a t i o n o n h o w t o p repare o r p r o d u c e 

s m a l l grains f o o d p r o d u c t s . 

- A n d a n a t i o n w i d e p u b l i c awareness p r o g r a m a b o u t t h e uses o f s o r g h u m s h o u l d b e 

u n d e r t a k e n . 

A c k n o w l e d g m e n t . T h e a u t h o r s t h a n k t h e M a n a g i n g D i r e c t o r o f Bo t swana T e c h n o l -

ogy C e n t r e , G a b o r o n e , f o r p e r m i s s i o n t o p r e sen t t h i s paper . T h e f inancia l s u p p o r t o f 

t h e M i n i s t r y o f C o m m e r c e a n d I n d u s t r y i s a p p r e c i a t e d . W e also a c k n o w l e d g e t h e 

c o n t r i b u t i o n s of J T a y l o r , J T r z e c i e s k i , F T e h i n s e , a n d A M o s h a . 

W e express g r a t i t u d e t o N o v o N o r d i s k F e r m e n t , S w i t z e r l a n d , f o r t h e s u p p l y o f 

e n z y m e s ; t o B A M B , Pi tsane , G S M a p h a n y a n e , a n d E M o s a r w e f o r t h e s u p p l y o f 

grains; a n d to R Rake reng a n d J G a b o s e k w e f o r t e c h n i c a l assistance. 
F i n a l l y , w e t h a n k R L e k a l a k e f o r t h e s u p p l y o f t h e pas t a -mak ing m a c h i n e . 
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Relaunch of Research Work on Sorghum in 
Western and Central Africa 

A Toure1 and S Dossou-Yovo2 

Abstract 

A regional Workshop for agricultural research staff in western and central Africa 

was convened in Feb 1994 at Bamako to identify the constraints that hamper 

sorghum production in the main agroecological zones in the region. Participants 

representing 17 member countries of the Sorghum Network demonstrated the need 

for a regional approach to research in order to obtain data which can help 

transform traditional agriculture through the transfer of improved technologies. 

Mainly in tabular form, the paper presents working-group assessments of con­

straints to and methods of technology transfer, proposals for the establishment of a 

regional Research Network Center for sorghum, and prioritized research projects 

for the Sudanian and Northern Guinea zones. A Steering Committee with seven 

members from Benin, Burkina, Chad, Mali, Niger, and Nigeria has already 

begun its work and has recommended a project concerning high-yielding cultivars 

adapted to the [Northern Guinea) zone for early attention. 

Introduction 

I n t h e 1 7 c o u n t r i e s o f w e s t e r n a n d c e n t r a l A f r i c a s o r g h u m i s c u l t i v a t e d o n m o r e t h a n 

1 0 m i l l i o n ha, o u t o f 1 9 m i l l i o n h a f o r a l l A f r i c a . Y i e l d s are genera l ly l o w , a n d va ry 

b e t w e e n 2 0 0 a n d 9 0 0 k g ha - 1 . 

M a n y e f f o r t s have b e e n m a d e t o increase n a t i o n a l levels o f p r o d u c t i o n . B u t t h e r e 

have b e e n several cons t r a in t s : r e l a t i v e l y f e w n a t i o n a l research staff, l i m i t e d resources 

a l l o c a t e d f o r research w o r k , t h e o p e r a t i o n a l i s o l a t i o n o f na t i ona l a g r i c u l t u r a l research 

sys tems ( N A R S ) , a n d i n a d e q u a t e d i s s e m i n a t i o n o f o n - f a r m research f i n d i n g s . 

Faced w i t h t h i s s i t u a t i o n , w e s t e r n a n d c e n t r a l A f r i c a n c o u n t r i e s a c k n o w l e d g e d t h e 

necess i ty t o c o o p e r a t e i n o rgan iz ing a n d r e i n f o r c i n g sc ien t i f i c a n d t e c h n i c a l co l l abora ­

t i o n a m o n g N A R S i n o r d e r t o achieve resul t s t h a t can t r a n s f o r m t r a d i t i o n a l agr i ­

c u l t u r a l sys tems . 

1 . W C A S R N C o o r d i n a t o r , IER S ta t ion de Recherche A g r o n o m i q u e de Satoba, BP 4 3 8 , Bamako, M a l i . 

2 . P lant Breeder , I N R A B / S R C V - I N A , B P 3 , N ' D a l i , Ben in . 

T o u r e , A . , a n d D o s s o u - Y o v o , S . 1996. Relaunch o f research w o r k o n sorghum i n wes t e rn a n d cen t ra l 

A f r i c a . Pages 2 4 9 - 2 6 4 i n D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings o f t h e S A D C / I C R I S A T 

Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , a n d 

M a n t h e , C.S. , eds.) . Pa tancheru 5 0 2 324 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e 

f o r t h e S e m i - A r i d T r o p i c s . 
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A r e g i o n a l W o r k s h o p w a s t h e r e f o r e i n i t i a t e d a n d o rgan ized b y t h e M a l i a n I n s t i t u t e 

o f R u r a l E c o n o m y ( I E R ) , t h e I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i -

A r i d T r o p i c s ( I C R I S A T ) , a n d t h e Sahel ian I n s t i t u t e ( I N S A H ) , a n d was h e l d i n B a m a k o 

i n F e b r u a r y 1 9 9 4 . I t was f i n a n c i a l l y s u p p o r t e d b y U S A I D a n d t h e Spec ia l P r o g r a m f o r 

A f r i c a n A g r i c u l t u r a l Research (SPAAR) , a n d was a t t e n d e d b y 1 7 m e m b e r c o u n t r i e s o f 

t h e S o r g h u m N e t w o r k , a s w e l l a s b y represen ta t ives o f C I R A D a n d I L C A ( n o w I L R I ) . 

T h e W o r k s h o p ' s ob j ec t i ve s w e r e : 

- t o i d e n t i f y t h e m a i n c o n s t r a i n t s o f s o r g h u m p r o d u c t i o n across agroecologica l zones; 

- t o i n v e n t o r y o n - g o i n g research a c t i v i t i e s w i t h t h e a i m o f r e m o v i n g t hose 

c o n s t r a i n t s ; 

- t o i d e n t i f y r e sea rch o p p o r t u n i t i e s a n d de f ine p r i o r i t y research i n t h e reg ion ' s 

ag roeco log ica l zones; a n d 

- t o set up a S t e e r i n g C o m m i t t e e to oversee agreed ac t i v i t i e s . 

T h i s p a p e r p resen t s t a b u l a r s u m m a r i e s o f t h e W o r k s h o p ' s d e l i b e r a t i o n s , i n w h i c h a 

p a r t i c i p a t o r y a p p r o a c h was e m p h a s i z e d . 

Constraints to Sorghum Production and Working Groups 

Based o n papers f r o m p a r t i c i p a n t s , a t ab l e o f t h e m a i n cons t r a in t s t o t h e t r ans fe r o f 

t e c h n o l o g y i n t h e t h r e e zones o f t h e r e g i o n was c r e a t e d (see T a b l e 1), i n r e l a t i o n t o 

t h e f o l l o w i n g resea rch areas: 

- G e n e t i c resources , seeds, a n d c u l t i v a r s 

- C l i m a t e , b i o - a g r o c l i m a t o l o g y 

- S o i l , a g r o n o m y 

- Insec ts , diseases, a n d p l a n t pests 

- Pos tha rves t t e c h n o l o g i e s 

- S o c i o e c o n o m i c s . 

F i v e W o r k i n g G r o u p s w e r e f o r m e d w i t h t h e f o l l o w i n g ob jec t ives . 

Group 1: Institutional Development 

- T o e s t ab l i sh t h e means b y w h i c h research capaci t ies i n t h e r e g i o n c o u l d b e i m ­

p r o v e d t h r o u g h e f f i c i e n t c o l l a b o r a t i o n b e t w e e n N A R S a n d i n t e r n a t i o n a l i n s t i t u t i o n s 

o r o t h e r N A R S . 

- T o i d e n t i f y t h e necessary t y p e s o f t r a i n i n g a n d i n s t i t u t i o n s t h a t have t h e p o t e n t i a l 

t o g ive assistance t o N A R S i n t h i s f i e l d . 

- T o d e f i n e t h e c o m p o s i t i o n , size, f u n c t i o n , a n d d u r a t i o n o f t h e m a n d a t e o f t h e 

S t e e r i n g C o m m i t t e e . 
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Group 2: Technology transfer and impact 

- T o i d e n t i f y e l e m e n t s f o r t h e e v a l u a t i o n o f t e chno log i e s ( n e w c u l t i v a r s , i m p r o v e d 

a g r o n o m i c p r ac t i c e s i n t r a d i t i o n a l f a r m i n g sys tems) , based o n agroecologica l zones. 

- T o t a k e i n t o a c c o u n t t h e i m p o r t a n c e o f f a r m e r s ' r isks a n d d i f f e r e n t ob jec t ives i n 

t h e process o f t e c h n o l o g y a d a p t a t i o n . 

- T o eva lua te t h e i m p a c t o f i n n o v a t i o n s i n t h e real w o r l d . 

- T o e s t ab l i sh p o t e n t i a l a g r i c u l t u r a l po l i c i e s t h a t f a c i l i t a t e t h e i n t r o d u c t i o n o f n e w 

t e c h n o l o g i e s . 

Groups 3, 4, and 5: Research constraints and opportunities across 
agroecological zones 

- T o t h o r o u g h l y assess a n d p r i o r i t i z e research cons t r a in t s a n d o p p o r t u n i t i e s f o r each 

o f t h e Sahe l i an a n d N o r t h e r n G u i n e a agroecologica l zones. 

- T o des ign a n d ca tegor ize research p r o j e c t s i n t o t w o categories based o n cons t r a in t s 

t h a t have b e e n i d e n t i f i e d : C a t e g o r y 1 = p ro j ec t s t h a t can be s t a r t e d d u r i n g t h e 1994 

season; C a t e g o r y 2 = p r o j e c t s t h a t can w a i t u n t i l t h e e n d o f t h a t p e r i o d . Se l ec t ed 

p r i o r i t y p r o j e c t s w i l l t h e n b e sub jec t t o l o n g - t e r m p l a n n i n g . 

F i n d i n g s o f t h e W o r k i n g G r o u p s are d e s c r i b e d i n t h e f o l l o w i n g paragraphs a n d 

t ab les . 

Institutional Development 

T h e R e s e a r c h N e t w o r k C e n t e r c o n c e p t 

D i s c u s s i o n o n t h e n e e d t o re -es tab l i sh NARS gave rise t o t h e c o n c e p t o f a Research 

N e t w o r k C e n t e r ( R N C : Pole i n F r e n c h ) , t o i n c l u d e a l l m e m b e r c o u n t r i e s o f t h e 

p r e v i o u s n e t w o r k . P r e c o n d i t i o n s f o r h o s t i n g a R N C w e r e d e f i n e d a s f o l l o w s : 

- T o have m e d i u m - a n d l o n g - t e r m s t ra tegic plans . 

- To have w e l l - e s t a b l i s h e d n a t i o n a l research t e a m s a n d have, w i t h i n those t eams , a 

s i gn i f i c an t n u m b e r o f researchers o f h i g h sc ien t i f i c s t a n d i n g w h o are capable o f 

u n d e r t a k i n g r e g i o n - w i d e a c t i v i t i e s . 

- T o have s u i t a b l e i n f r a s t r u c t u r e s a n d e q u i p m e n t o r have t h e capac i ty t o d e v e l o p 

t h e m . 

- T o b e ab le t o o f f e r ag roeco log ica l c o n d i t i o n s t h a t are favorable t o c o n d u c t i n g one o r 

severa l t h e m e - b a s e d c o o p e r a t i v e research p ro j ec t s . 

The Sorghum RNC 

T h i s i s p e r c e i v e d a s a N A R S t h a t i s o p e n t o r eg iona l c o l l a b o r a t i o n . I t m u s t i nves t i t s e l f 

f u l l y i n t h e r e g i o n a l p r o g r a m m i n g o f resea rch t h e m e a c t i v i t i e s i t coo rd ina t e s , a n d i t 

m u s t ensu re a d i s t r i b u t i o n o f r e spons ib i l i t i e s w i t h i n o t h e r c o m p o n e n t s . 
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Based o n p r e c e d i n g e x p e r i e n c e , t h e M a l i S o r g h u m C e n t e r was p r o p o s e d a s t h e 

h o s t o f t h e S o r g h u m R N C . 

T h e g r o u p f o c u s e d i t s d i scuss ion o n t h e o r g a n i z a t i o n a n d f u n c t i o n s o f t h e R N C , o n 

c o l l a b o r a t i o n w i t h p a r t i c i p a n t s , a n d o n a n i n t e r o r g a n i z a t i o n a l f l o w - c h a r t . I t p r o p o s e d 

t h a t t h e R N C s h o u l d b e p r i m a r i l y c o n c e r n e d w i t h basic research f o r t h e d e v e l o p m e n t 

o f k n o w l e d g e , a n d w i t h a d a p t a t i o n research, i n w h i c h c o l l a b o r a t i n g NARS w o u l d n e e d 

t o : 

- o p e n t h e i r research p r o g r a m s t o t h e R N C , 

- f a c i l i t a t e t h e c i r c u l a t i o n o f i n f o r m a t i o n a n d researchers ' m o b i l i t y , 

- i m p l e m e n t research a n d t r a i n i n g ac t i v i t i e s t h a t have been se lec ted b y t h e R N C . 

T h e g r o u p p r o p o s e d a f l o w - c h a r t c o m p o s e d o f t h e W o r k s h o p , t h e S t ee r ing C o m ­

m i t t e e , a n d t h e C o o r d i n a t o r o f P rograms . 

T h e S t e e r i n g C o m m i t t e e , w i t h seven m e m b e r s , w o u l d b e respons ib le f o r R N C 

m a n a g e m e n t a n d f o r m o n i t o r i n g i t s f u n c t i o n s . 

T h e C o o r d i n a t o r w o u l d head t h e Programs C o o r d i n a t i o n of f ice a n d w o u l d b e 

r e spons ib le fo r : 

- i m p l e m e n t i n g research p ro jec t s , 

- t h e a d m i n i s t r a t i v e a n d f i n a n c i a l m a n a g e m e n t o f t h e R N C , a n d 

- t h e secre ta r ia t o f t h e S tee r ing C o m m i t t e e a n d t h e d i s s e m i n a t i o n o f i n f o r m a t i o n . 

Technology Transfer and Impact 

T h e f i n d i n g s o f t h i s g r o u p are d e r i v e d essent ia l ly f r o m p a r t i c i p a n t s ' genera l k n o w l ­

edge, w i t h o u t r e fe rence t o specif ic data on t h e agroecological zones i n v o l v e d : see 

Tab l e s 2 a n d 3. 

Proposed Research Projects: Objectives, Activities, Results 

F i v e p ro j ec t s a n d poss ib le l ead ing c o u n t r i e s are l i s t e d i n T a b l e 4 . 

High-yielding and adapted cultivars (priority 1) 

Object ives . 

1. Increase a n d s tab i l i ze y i e l d s . 

2 . I d e n t i f y a d a p t a t i o n fac tors a n d m e c h a n i s m s . 

3 . A d o p t h i g h - y i e l d i n g c u l t i v a r s . 

Activ i t ies . 

1 . O n - f a r m t r i a l s o f e x i s t i n g va r ie t i e s . 

2 . P l a n t p h y s i o l o g y s tud ies o n t h e use o f resources a n d t h e d e v e l o p m e n t o f h i g h -

y i e l d i n g c u l t i v a r s . 
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Table 2 . M e t h o d s o f t e c h n o l o g y t ransfer a n d impac t eva lua t ion . 

Improved technologies 

Improved seeds 

Cropping techniques 

Abiotic factors 

(fertility and drought) 

and biotic factors 

Socioeconomic factors 

Information exchange 

Transfer methods 

1. Organize seed mul t ip l i ca t ion 

in research centers or on-

fa rm, taking in to account 

seed produc t ion 

2. Instal l d is t r ibut ion facil i t ies 

3. Ensure cont inu i ty of seed 

mul t ip l i ca t ion and 

d is t r ibut ion 

Guarantee the availabil ity and 

d is t r ibut ion of all needed 

inputs and equipment 

1 . In col laboration w i t h 

extensionists and village 

associations, demonstrate 

the potent ia l and mer i ts of 

new technologies 

2. In col laboration w i t h 

extensionists and village 

associations, demonstrate 

the potent ia l and mer i ts of 

resistant cult ivars ( to Striga, 

midge, etc.) , using 

integrated pest management 

approach 

1. Conduc t socioeconomic 

surveys by mul t id isc ip l inary 

team of researchers to 

define the objectives of and 

constraints to on- farm 

adopt ion of new 

technologies 

2. Develop and evaluate 

technologies in the f ield by 

mul t id isc ip l inary teams w i t h 

the users' part ic ipat ion 

3. Fol low up of the progress 

w i t h technologies in real 

w o r l d to obtain a feedback. 

1. Workshops, conferences, 

meetings 

2. Vis i ts 

3. Publications 

4. Train ing programs 

Impact evaluation in t ime 

1. Number o f farmers w h o 

have received released seeds 

2 . Number o f farmers w h o 

have actually sown the 

released cultivars 

3. Cul t ivated area 

Product ion increase 

1. Cul t ivated area 

2. Product ion data 

3. Stable yields 

4. Increase in income 

5. Number of farmers w h o 

have adopted the 

technologies in t roduced 

Comparison before and after 

the adoption of technologies or 

comparison between adopters 

and nonadopters: 

1. Area cul t ivated 

2. Increase in product ion 

3. Increase in income 
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Table 3 . Concrete proposals f o r t h e Research N e t w o r k Center . 

Shor t - te rm (1-2 years): t ransi t ion per iod 

Imp roved seeds 

Ident i f y the countries and cult ivars whose 

seeds must be mu l t i p l i ed 

Establish a database on those seeds and 

other technologies 

C r o p p i n g techniques 

Ident i fy some improved cropping systems 

that have already demonstrated impact 

Col lec t results in to a database 

Ident i fy and evaluate in selected NARS of 

appropriate cult ivars and technologies for 

Striga cont ro l 

Inventory improved cultivars and 

technologies in t roduced on- farm 

Conduct a thorough study on the use of 

sorghum 

In fo rma t i on exchange 

Organize a workshop at the end of the 

per iod to assess the results of the 1994/95 

season 

Arrange exchange visits between staff in 

N e t w o r k member countr ies 

Set up an in format ion database and publ ish 

periodical ly a news bul le t in 

Fund training for technicians and 

researchers at research inst i tut ions in the 

region 

Disseminate results of Striga cont ro l to the 

other countr ies 

Long-term (more than 2 years) 

Publ icat ion of results 

Training of technicians in seed technology 

Assistance in developing facil it ies for seed 

product ion 

Determine the stabi l i ty o f improved 

cropping systems 

Exchange of results between all member 

countries 

3 . S o c i o e c o n o m i c s tud ies ( i m p a c t / a d o p t i o n ) . 

4 . Sc reen ing o f c u l t i v a r s based o n m e c h a n i s m s t h a t have been i d e n t i f i e d . 

5 . T e s t s o f h i g h - y i e l d i n g c u l t i v a r s t h a t have b e e n d e v e l o p e d . 
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Table 4 . Ident i f i ca t ion , by project , o f eva luat ion indicators a n d of possible leading 
countries . 

Projects 

1. High-yie ld ing and 
adapted cultivars 

2. Integrated pest 
management 

3 . Improvement of 
sorghum-based 
farming systems 

4. Risks in the 
in t roduc t ion o f new 
technologies 

5. Processing and 
produc t improvement 

Cat.1 

1 

1 

1 

2 

2 

Indicators 

Increase of y ie ld , number of 
cultivars, sown areas, 
product ion of improved seeds 

Resistant cultivars, adopted 
control methods 

Resistant cultivars, adopted 
control methods, reduct ion of 
loss in product ion 

Val ida t ion of models, change 
of research and extension 
approaches 

N e w products 
Use of inputs 
Industr ial processing 

Count ry 

M a l i , Senegal, 
Mauritania, Niger, 
Chad, Burkina, 
Cameroon, Nigeria 
Leader: M a l i , Burkina, 
Niger (CERAAS) 

Same countries 
Leader: Niger, 
Mauritania, M a l i 

Same countries 
Leader: Burkina, 
Senegal, Mauritania 

Same countries 
Leader: M a l i , Senegal, 
Chad 

Same countries 
Leader: M a l i , Senegal, 
Niger 

1. Category 1: Can be started in 1994. 
Category 2: After 1994. 

Expec ted results. 

1 . I d e n t i f i c a t i o n o n - f a r r n o f h i g h - y i e l d i n g c u l t i v a r s . 

2 . Q u a n t i f i c a t i o n o f t h e e f f i c i ency o f resource-use ( l i g h t , m o i s t u r e , n u t r i e n t s ) b y 

d i f f e r e n t c u l t i v a r s . 

3 . I m p r o v e d m e t h o d s o f s c reen ing c u l t i v a r s . 

4 . A w a r e n e s s o f c r i t e r i a f o r f a r m e r s ' accep tance o f c u l t i v a r s . 

5 . D i s t r i b u t i o n o f h i g h - y i e l d i n g c u l t i v a r s . 

Integrated pest management of sorghum pests (priority 1) 

Objec t ives . 

1 . R e d u c e loss i n s o r g h u m p r o d u c t i o n a n d q u a l i t y . 

2 . D e v e l o p m e t h o d s o f e c o n o m i c a l e n v i r o n m e n t p r o t e c t i o n c o n t r o l . 

Activ i t ies . 

1 . A s s e s s m e n t o f c r o p losses. 

2 . B i o e c o l o g i c a l s t ud i e s . 
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3 . Sc reen ing o f c u l t i v a r s f o r resis tance t o s m u t , h e a d b u g , m i d g e , s t e m b o r e r a n d 

Striga a t t a c k . 

4 . E x p e r i m e n t a t i o n o f c o n t r o l c r o p p i n g t e chn iques . 

5 . O n - f a r m t r i a l s o f i n t e g r a t e d pest m a n a g e m e n t . 

6 . I n t r o d u c t i o n a n d t r ans fe r o f resis tance. 

Expec ted results. 

1 . D e v e l o p m e n t o f c u l t i v a r s res is tant t o s m u t , h e a d bugs, m i d g e , s t e m borers , a n d 

Striga. 

2 . I d e n t i f i c a t i o n o f sources o f resis tance t o c r i c k e t s . 

3 . D e v e l o p m e n t o f a p p r o p r i a t e c r o p p i n g sys tems. 

4 . D e v e l o p m e n t o f i n t e g r a t e d pest m a n a g e m e n t m e t h o d s . 

5 . I m p r o v e d k n o w l e d g e i n b i o e c o l o g y a n d m e t h o d o l o g y . 

Improvement of sorghum-based farming systems (priority 2) 

Object ives . 

1 . Secure a n d increase s o r g h u m p r o d u c t i o n . 

2 . I m p r o v e n a t u r a l resources m a n a g e m e n t a n d t h u s p r o m o t e conse rva t i on o f t h e 

e n v i r o n m e n t . 

Activit ies . 

1 . Sc reen ing o f c u l t i v a r s against e x i s t i n g p reda to r s . 

2 . T r i a l t e s t i n g d r o u g h t stress. 

3 . T r i a l t e s t i n g so i l n u t r i e n t def ic ienc ies . 

4 . F a r m i n g sys tems t r i a l ( f a l l o w i n g , i n t e r c r o p p i n g , r o t a t i o n s ) t e s t i n g d r o u g h t stress. 

5 . F a r m i n g s y s t e m s / s o i l t r i a l : i m p r o v e d f a l l o w i n g , i n t e r c r o p p i n g , r o t a t i o n . 

6 . O n - f a r m t r i a l s o f i n t e g r a t e d systems. 

Expec ted results. 

1 . C u l t i v a r s a d a p t e d t o f a r m i n g sys tems. 

2 . C r o p p i n g t e chno log i e s a d a p t e d t o soi l a n d c l i m a t i c c o n d i t i o n s . 

3 . I m p r o v e d u t i l i z a t i o n o f resources . 

Analysis of risks in the introduction of new technologies (priority 2) 

Object ives . 
1 . U n d e r s t a n d b e t t e r t h e r isks l i n k e d w i t h t h e i n t r o d u c t i o n o f n e w t echno log ie s i n t o 

t h e e x i s t i n g f a r m i n g sys tems. 

2 . Assess t h e i m p a c t o f n e w t echno log ie s i n f a r m i n g systems. 
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Activi t ies . 

1 . E v a l u a t i o n a n d a d a p t a t i o n o f m o d e l s i n t h e Sahel ian p r o d u c t i o n s y s t e m . 

2 . E x p l o i t a t i o n o f m o d e l s d e v e l o p e d t o eva lua te p r o d u c t i o n r isks . 

3 . V e r i f i c a t i o n o f p r o j e c t i o n s . 

E x p e c t e d results. 

1 . I d e n t i f i c a t i o n o f sus ta inable t e chno log i e s . 

2 . R i sk assessment m e t h o d o l o g y . 

3 . T o o l s f o r t h e d e f i n i t i o n o f research a n d d e v e l o p m e n t strategies. 

Sorghum processing and its improvement in the Sahelian Zone 
(priority 2) 

Objec t ives . 

T o s t i m u l a t e u r b a n p r o d u c t i o n a n d c o n s u m p t i o n t h r o u g h t h e d i v e r s i f i c a t i o n o f sor-

g h u m - b a s e d p r o d u c t s . 

Activ i t ies . 

1 . S t u d i e s o f t h e e c o n o m i c s o f t r a d i t i o n a l f o o d sys tems. 

2 . I d e n t i f i c a t i o n a n d d e v e l o p m e n t o f sc reen ing m e t h o d s . 

3 . D e v e l o p m e n t o f n e w p r o d u c t s . 

4 . D e v e l o p m e n t o f processes a n d e q u i p m e n t a d a p t e d t o t h e m a k i n g o f n e w p r o d u c t s . 

5 . Sc r een ing o f c u l t i v a r s . 

E x p e c t e d results. 

1 . K n o w l e d g e o f t e c h n o l o g i c a l cha rac te r i s t i c s r e q u i r e d fo r var ious uses o f s o r g h u m . 

2 . I d e n t i f i c a t i o n o f c u l t i v a r charac te rs r e q u i r e d f o r process ing . 

3 . Spec i f i c t e c h n i q u e s a n d e q u i p m e n t u sed i n var ious process ing m e t h o d s . 

4 . D e v e l o p m e n t o f n e w subs t i t u t e s f o r i m p o r t e d p r o d u c t s . 

5 . Increase o f m a r k e t shares. 

Proposed Category 1 Projects for the Sudanian Zone 

T h e s e are l i s t e d a n d d e s c r i b e d i n T a b l e 5 . 

Constraints and Research Opportunities in the Northern 
Guinea Zone 

T h e s e are l i s t e d a n d d e s c r i b e d , w i t h p r i o r i t i e s a n d p a r t i c i p a t i n g c o u n t r i e s i n Tab le s 6 

t o 8 . 
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Table 6 . S o r g h u m product ion constraints a n d research oppor tun i t ies in t h e N o r t h e r n 

Guinea Zone . 

Research areas 

Genet ic resources 

Seeds 

Water def ic i t 

Soil 

Cul t ivar improvement 

Synthesis of farming 

practices and 

bio-agrocl imatology 

Processing 

Socioeconomic factors 

Constraints 

• Local landrace varieties 

(LLVs) insuff icient ly 

col lected and evaluated 

for each country 

• Lack of facil it ies for 

conservation 

• Unavailabi l i ty of seeds in 

suff icient quant i ty and 

qual i ty 

• Drought at vegetative 

stage 

• Drought at grain-f i l l ing 

stage 

• Low organic mat ter and 

nitrogen content 

• Low C E C and 

exchangeable cations 

• Low phosphoric content 

• Fragile soils 

• Low phosphoric content 

• Low yields 

• Susceptibi l i ty to pests 

• Insuff icient characterizing 

of farming systems 

adopted by farmers 

• Lack of appropriate 

cultivars for industr ial 

processing 

• Lack of socioeconomic 

data on pr ic ing, market ing, 

credi t system and storage 

Research opportuni t ies 

• Characterizing LLVs 

• Use of LLVs in cult ivar 

improvement programs 

• Mu l t ip l i ca t ion of breeder 

seed 

• Development of cultivars 

resistant at the vegetative 

phase 

• Development of cult ivars 

that survive end-of-season 

drought 

• Improvement in soil 

fer t i l i ty and product iv i ty 

• Development of 

acceptable and high-

yielding cultivars 

• Development of resistant 

cultivars (tolerant of b iot ic 

stress) 

• Improvement of the 

product iv i ty of sorghum-

based farming systems 

• Improvement of industr ial 

ut i l izat ion of sorghum 

• Creat ion of databases 
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Table 7 . I m m e d i a t e a n d f u t u r e research w o r k o n 
s o r g h u m in t h e N o r t h e r n Guinea Zone. 

Immed ia te research 

M a i n priorities 

1. Seeds 
2. Cu l t ivar improvement 

Secondary priority 

Genet ic resources 

Future research 

Main priorities 

1. Soil 
2. Farming 

systems 
3. Processing 
4. Socioeconomics 

Secondary priority 

Water defici t 

Steering Committee Activities 

D u r i n g t h e W o r k s h o p , a s even -man S t ee r i ng C o m m i t t e e was p r o p o s e d f o r t h e t r a n s i -

t i o n phase, i n c l u d i n g one C h a i r m a n , a C o o r d i n a t o r , a n d f i ve m e m b e r s c o n s t i t u t i n g a 

m u l t i d i s c i p l i n a r y t e a m . 

P a r t i c i p a n t s p r o p o s e d t h a t t h e C h a i r m a n o f t h e S t ee r i ng C o m m i t t e e b e t h e D i r e c -

t o r G e n e r a l o f t h e N A R S h o s t i n g t h e R N C . 

D o n o r agencies, sub reg iona l , r eg iona l , a n d i n t e r n a t i o n a l i n s t i t u t i o n s w e r e t o b e 

i n v i t e d t o p a r t i c i p a t e i n C o m m i t t e e m e e t i n g s a s observers . T h e C o m m i t t e e ' s r o l e i s 

t o : 

- f i n a l i z e t h e w o r k p l a n f o r t h e 1994 season, 

- f i n a l i z e t h e i n s t i t u t i o n a l d o c u m e n t p r e p a r e d b y t h e W o r k s h o p , 

- spec i fy t h e C o o r d i n a t o r ' s r e spons ib i l i t i e s , 

- d i s s e m i n a t e i n f o r m a t i o n , a n d 

- a d o p t t h e b u d g e t . 

M e m b e r s p r o p o s e d w e r e a s f o l l o w s : 

C h a i r m a n : O u m a r N i a n g a d o ( D i r e c t o r G e n e r a l , IER, M a l i ) 

M e m b e r s : I b r a h i m M a g a g i ( N i g e r ) 

Sansan D a ( B u r k i n a ) 

N d j e k o u n k o s s e D . Yagoua ( C h a d ) 

S ig i sbe r t D o s s o u - Y o v o ( B e n i n ) 

K e h i n d e A . E l e m o ( N i g e r i a ) 

C o o r d i n a t o r : A b o u b a c a r T o u r e ( M a l i ) . 

Based o n t h e r e s p o n s i b i l i t i e s assigned t o t h e S t ee r i ng C o m m i t t e e , t w o m e e t i n g s 

w e r e h e l d t o f i n a l i z e t h e resea rch a c t i v i t i e s a n d t h e b u d g e t f o r t h e 1994 season. 

D u r i n g t h e t r a n s i t i o n phase, t h e S t ee r i ng C o m m i t t e e , a f t e r a t h o r o u g h analysis o f 

t h e p r o j e c t s p r o p o s e d b y W o r k s h o p p a r t i c i p a n t s , has d e c i d e d t o emphas i ze t h e v e r i -

f i c a t i o n o f ava i lab le t e c h n o l o g i e s . F o r t h i s reason o n l y one p r o j e c t was se l ec t ed f o r 
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i n i t i a l a c t i o n : H i g h - y i e l d i n g c u l t i v a r s a d a p t e d t o t h e zone . I t i s c o m p o s e d o f t h e 

f o l l o w i n g t w o m a i n a c t i v i t i e s : 

1 . O n - f a r m c u l t i v a r tes ts . 

2 . M u l t i p l i c a t i o n o f i m p r o v e d seeds. 
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The Sorghum Improvement Program at the Grain 
Crops Institute, South Africa 

A J Pretorius, N W McLaren, J van den Berg, and W G Wenzel1 

Abstract 

The sorghum improvement program comprises five disciplines: agronomy, grain 

quality, plant pathology, entomology, and breeding. Plant pathology research 

emphasizes the seedling disease complex, ergot resistance breeding, and root and 

stalk rots. Entomological research is aimed at developing an 1PM system for stem 

borers and involves the use of host-plant resistance and insecticides. The breeding 

program is aimed at producing lines with increased malting quality and resis­

tance to stem borers and aphids. The majority of accessions in the germplasm 

bank, comprising 3000 genotypes, have been evaluated for stem borer resistance. 

Research activities and results are described. 

Introduction 

T h e s o r g h u m i m p r o v e m e n t p r o g r a m a t t h e G r a i n C r o p s I n s t i t u t e c o m p r i s e s f i v e 

d i s c ip l i ne s : a g r o n o m y ( c u l t i v a r e v a l u a t i o n ) , g r a in q u a l i t y , p l a n t p a t h o l o g y , e n t o m o l ­

ogy , a n d p l a n t b r e e d i n g . T h e o v e r a l l a i m o f t h e p r o g r a m i s t o m i n i m i z e p r o d u c t i o n 

r i sks b y t h e o p t i m i z a t i o n o f p r o d u c t i o n p rac t i ces a n d t h e a d a p t a b i l i t y o f geno types . 

T h e p r o g r a m i s a i m e d a t b o t h c o m m e r c i a l a n d s m a l l h o l d e r f a rmers , a n d research 

goals are u n i q u e t o each sec tor i n t e r m s o f i n p u t costs a n d g e n o t y p e r e q u i r e m e n t s . 

Agronomy (Cultivar Evaluation) 

T h e i n f o r m a t i o n g e n e r a t e d b y t h e c u l t i v a r e v a l u a t i o n p r o g r a m plays a n i m p o r t a n t r o l e 

i n t h e p r o d u c t i o n p l a n o f s o r g h u m p r o d u c e r s . 

C o m m e r c i a l a n d n e w s o r g h u m cu l t i va r s have been eva lua t ed i n s t anda rd c u l t i v a r 

t r i a l s ( 3 0 - 4 0 loca l i t i e s p e r year ) f o r t h e past 2 0 years. T r i a l s w e r e p l a n t e d ove r 

l oca l i t i e s r ang ing f r o m t h e d r i e r w e s t e r n p r o d u c t i o n areas w i t h h i g h t e m p e r a t u r e s , t o 

1 . G r a i n C r o p s I n s t i t u t e , P O Bag 1251, P o t c h e f s t r o o m 2520 , S o u t h A f r i c a . 

P r e t o r i u s , A . J . , M c L a r e n , N . W . , van d e n B e r g , J . , a n d W e n z e l , W . G . 1996. T h e S o r g h u m I m p r o v e m e n t 

P rog ram a t t h e G r a i n C r o p s I n s t i t u t e , S o u t h A f r i c a . Pages 2 6 5 - 2 7 3 i n D r o u g h t - t o l e r a n t crops fo r 

s o u t h e r n A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional So rghum and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 

J u l 1994, G a b o r o n e , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.). Patancheru 5 0 2 3 2 4 , A n d h r a 

Pradesh, I n d i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T rop i c s . 
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t h e w e t t e r , ea s t e rn p r o d u c t i o n areas w i t h l o w e r t e m p e r a t u r e s . S o i l t y p e s v a r i e d f r o m 

s h a l l o w , l o w - p o t e n t i a l , sandy soils i n t h e w e s t , t o soils w i t h a h i g h clay c o n t e n t i n t h e 

east. 

D u r i n g t h e 1 9 9 2 / 9 3 season, 3 1 o f t h e 4 9 c u l t i v a r s i n c l u d e d i n t h e n a t i o n a l t r i a l s 

w i t h g r a i n s o r g h u m w e r e c o m m e r c i a l c u l t i v a r s , w h i l e 1 8 n e w c u l t i v a r s w e r e e v a l u a t e d 

( P r e t o r i u s a n d B r u w e r 1 9 9 3 ) . T h e s e en t r i e s i n c l u d e d ' swee t ' a n d b i r d - p r o o f c u l t i v a r s , 

a n d s o m e w i t h a t a n p l a n t c o l o r . D u r i n g t h i s season, w h i c h was cha rac t e r i zed b y h i g h 

r a i n f a l l , h i g h y i e l d s w e r e o b t a i n e d in a l l t r i a l s . A y i e l d d i f f e r e n c e o f 1.2 t ha - 1 was 

o b s e r v e d b e t w e e n t h e h i g h e s t - y i e l d i n g c u l t i v a r ( D C 75 : 5 .80 t ha - 1 ) a n d t h e l o w e s t 

( S N K 3 6 4 0 : 4 . 6 0 t h a - 1 ) . B o t h these c u l t i v a r s are b i r d - p r o o f . 

A n i n d i c a t i o n o f y i e l d p o t e n t i a l i n d i f f e r e n t r a i n f a l l areas i s a s f o l l o w s : t r i a l p l a n t e d 

a t B e t h l e h e m in t h e eas te rn p r o d u c t i o n area w h i c h gave a m e a n y i e l d o f 6 . 7 9 t ha - 1 

w i t h a r a i n f a l l o f 6 9 0 m m ; a t r i a l p l a n t e d a t S t a n d e r t o n i n t h e c e n t r a l p r o d u c t i o n area 

gave a m e a n y i e l d o f 2 . 3 8 t h a - 1 w i t h a r a i n f a l l o f 4 9 6 m m . 

Re l i ab l e c u l t i v a r r e c o m m e n d a t i o n s can b e m a d e o n l y af ter t h o r o u g h s t a t i s t i ca l 

analysis o f t h e da ta . Regress ion l ines ( F i g . 1 ) a n d y i e l d r e l i a b i l i t y analyses have b e e n 

u s e d . 

F i g u r e 1 . R e g r e s s i o n l i n e s s h o w i n g t h e r e l a t i o n b e t w e e n m e a n y i e l d p o t e n t i a l o f t r i a l 

a n d h y b r i d y i e l d o f c u l t i v a r S N K 3 0 0 3 . 
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Grain Quality 

Q u a l i t y e v a l u a t i o n o f s o r g h u m i s d e t e r m i n e d b y m a r k e t needs. S ince t h e t w o m a i n 

s o r g h u m p r o d u c t s f o r h u m a n c o n s u m p t i o n are s o r g h u m beer a n d s o r g h u m m e a l , a l l 

c o m m e r c i a l a n d n e w c u l t i v a r s are eva lua t ed f o r beer ( m a l t i n g q u a l i t y ) a n d m e a l 

p r o d u c t i o n . 

C u l t i v a r s f a l l i n t o t h r e e d i f f e r e n t classes d e p e n d i n g o n m a l t i n g q u a l i t y : mal t -c lass 

g r a i n s o r g h u m ( G M ) ; l o w - t a n n i n g ra in s o r g h u m ( G L ) ; a n d h i g h - t a n n i n g r a i n s o r g h u m 

( G H ) . T h e r e are 1 2 c u l t i v a r s i n t h e G M class ( s w e e t c u l t i v a r s su i t ab le f o r m a l t i n g ) . 

T h e r e are f o u r c u l t i v a r s i n t h e G H class ( b i r d - p r o o f c u l t i v a r s su i tab le f o r m a l t i n g ) . 

T h e c u l t i v a r s i n t h e d i f f e r e n t classes va ry i n y i e l d p o t e n t i a l , l e n g t h o f g r o w i n g 

season, a n d a d a p t a t i o n t o d i f f e r e n t p r o d u c t i o n areas. S o r g h u m su i tab le f o r m a l t 

p r o d u c t i o n can t h e r e f o r e b e p r o d u c e d i n any p r o d u c t i o n area. 

C o n s u m e r p r e f e r ence , a n d t h e ava i l ab i l i t y o f process ing e q u i p m e n t d e t e r m i n e t h e 

cha rac te r i s t i c s o f a s o r g h u m m e a l . Preferences va ry f r o m f i n e t o coarse m e a l , w i t h 

c o l o r r ang ing f r o m w h i t e ( p e r i c a r p r e m o v e d be fo re m i l l i n g ) t o r e d / b r o w n (processed 

w i t h t h e p e r i c a r p ) . S o r g h u m m e a l i s also eva lua t ed o n t h e abrasive hardness i n d e x , 

a n d c o l o r o f t h e d e c o r t i c a t e d g ra in . O n l y p r e l i m i n a r y w o r k was d o n e o n s o r g h u m 

m e a l ; m o r e i n t ens ive e v a l u a t i o n w i l l s ta r t i n 1995 . 

Crop Protection 

Plant pathology 

M a n y diseases o f s o r g h u m have been i d e n t i f i e d i n S o u t h A f r i c a ( T a b l e 1), b u t f e w are 

o f m a j o r e c o n o m i c i m p o r t a n c e . Research has e m p h a s i z e d seedl ing disease c o m p l e x , 

Table 1 . S o r g h u m diseases ident i f ied in South Afr ica. 

Disease 

Anthracnose 
Bacterial streak 
Charcoal rot 
D o w n y m i l dew 
Ergot 
Leaf b l ight 
Leaf b lo tch 
Leaf spot 
Maize dwar f mosaic 
Rust 
Smuts 

Stalk rot 

Causal organism 

Colletotrichum graminicola 
Xanthomonas holcicola 
Macrophomina phaseolina 
Sclerospora sorghi 
Sphacelia sorghi 
Exerohilum turcicum 
Phoma sorghina 
Pseudomona syringae 
M D M virus 
Puccinia purpurea 
Sphacelotheca cruenta 
S. reiliana 
S. sorghi 
Fusarium moniliforme 

Reference 

Dyer 1951 
Van der plank 1954 
Cronje 1965 
Doidge et al. 1953 

Doidge et al. 1953 
Van der plank 1957 /58 
Pauer 1966 

Doidge & Bottemley 1931 
Doidge et al. 1953 
Doidge et al. 1953 
Doidge 1924 

S o u r c e : G o r t e r 1 9 7 7 . 
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e rgo t , a n d , m o r e r e c e n t l y , r o o t a n d s ta lk ro t s . D i sea se - con t ro l research a t t h e G r a i n 

C r o p s I n s t i t u t e has b e e n a i m e d a t i n t e g r a t i n g disease resis tance, a n d c r o p p r o d u c t i o n 

m e t h o d s . 

Seedl ing diseases. These are t y p i f i e d b y p r e - a n d pos t emergence d a m p i n g - o f f a n d 

s eed l i ng b l i g h t . T h e l a t t e r i s a c c o m p a n i e d b y va r ious degrees o f s t u n t i n g w h i c h o f t e n 

resu l t s i n p l an t s f a i l i n g t o r each m a t u r i t y . P r i m a r y isolates f r o m i n f e c t e d seedlings are 

Fusarium moniliforme, F. oxysporum, a n d m a n y Curvularia a n d Drechsclera spp. 

( M c L a r e n 1 9 8 7 ) . 

T h e i n c i d e n c e o f seed l ing diseases i s associated w i t h seed l ing stress. T h i s i nc ludes 

h e r b i c i d e a p p l i c a t i o n s a t s u b o p t i m a l c o n d i t i o n s , c o l d stress d u r i n g t h e f i r s t 3 w e e k s o f 

g r o w t h , a n d p H values o f less t h a n 5 . 

T i l l a g e p rac t i ces w h i c h c o n c e n t r a t e c r o p s t u b b l e i n t o t h e u p p e r so i l levels increase 

t h e c o n c e n t r a t i o n o f so i l bac t e r i a a n d f u n g i , w h i c h i n t u r n have been associated w i t h 

i nc reased d a m p i n g - o f f a n d seed l ing b l i g h t ( M c L a r e n 1 9 8 7 ) . 

S c r e e n i n g f o r disease res is tance in s o r g h u m geno types i s an on -go ing p r o g r a m . 

Resis tance i n m a n y g e n o t y p e s i s associated w i t h c o n c o m i t a n t t o l e r ance t o such stress 

f ac to r s a s l o w t e m p e r a t u r e a n d p H . 

Ergot . T h i s i s r e g a r d e d as t h e m a j o r disease o f s o r g h u m in S o u t h A f r i c a . I t i s a 

p a r t i c u l a r p r o b l e m i n s e e d - p r o d u c t i o n f i e l d s w h e r e m a l e - s t e r i l i t y i s used . Emphas i s i n 

t h e s o r g h u m p r o g r a m has been o n q u a n t i f y i n g t h e r e l a t i o n s h i p b e t w e e n c l i m a t e a n d 

disease i n c i d e n c e ( M c L a r e n a n d W e h n e r 1990 , 1 9 9 2 ) . S tud ies i n t o disease c o n t r o l b y 

means o f fung ic ides have s h o w n m a n i p u l a t i o n o f f l o w e r i n g dates t o b e u n e c o n o m i c a l 

a n d u n r e l i a b l e . 

R o o t a n d stalk rots. R o o t r o t s are a p a r t i c u l a r p r o b l e m w h e r e soi l m o i s t u r e i s a 

l i m i t i n g f ac to r . H i t h e r t o , t h e emphas i s has been o n d e f i n i n g t h e causal organisms 

( M o o l m a n 1 9 9 2 ) . Sc reen ing f o r r o o t - r o t resis tance i s c a r r i e d o u t i n f i e l d t r i a l s w h e r e 

s e l e c t i o n i s based o n r o o t d i s c o l o r a t i o n . M o s t geno types are suscep t ib le t o r o o t d i s -

c o l o r a t i o n ; o n l y seven geno types w i t h s igni f icant resistance t o t h e so i l -bo rne p a t h o g e n 

c o m p l e x have b e e n i d e n t i f i e d . 

P r i m a r y s t a lk r o t s are f u s a r i u m s ta lk r o t ( F u s a r i u m moniliforme) a n d charcoa l r o t 

( M a c r o p h o m i n a phaseolina). As these are p r i m a r i l y diseases of senescing s ta lk t issues, 

g e n o t y p e s w i t h a ' s t ay-green ' cha rac t e r are se lec ted . 

Entomology 

E n t o m o l o g i c a l research a t t h e G r a i n C r o p s I n s t i t u t e i s a i m e d a t d e v e l o p i n g a n i n t e ­

g r a t e d pes t m a n a g e m e n t ( I P M ) s y s t e m f o r t h e m o s t i m p o r t a n t s o r g h u m pests i n 

S o u t h A f r i c a . T h i s I P M s y s t e m invo lves t h e use o f h o s t - p l a n t res is tance, a n d 

i n s e c t i c i d e s . 

A n u m b e r o f pests are associa ted w i t h g ra in s o r g h u m i n S o u t h A f r i c a ( T a b l e 2 ) . 

H o w e v e r , m a n y o f these are o f m i n o r i m p o r t a n c e a n d o c c u r spo rad ica l ly . D i r e c t costs 
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Table 2 . Insect pests of s o r g h u m in South Afr ica. 

G r o u p 

Aph ids 

Fly maggots 

Beetles 

Stem borers 

C u t w o r m s 

Bo l lwo rm 

A r m y w o r m s 

M i n o r or 

sporadic pests 

Type 

Sorghum aphid 

Maize aphid 

Whea t aphid 

Sorghum midge 

Shoot f ly 

Spot ted maize beetle 

Black maize beetle 

Maize stem borer 

Ch i lo borer 

Black c u t w o r m 

Brown c u t w o r m 

C o m m o n cu two rm 

Gray c u t w o r m 

Af r ican bo l lwo rm 

Lesser a rmyworm 

A r m y w o r m 

W i r e w o r m larvae 

False w i r e w o r m larvae 

G r o u n d weevils 

Scientif ic name 

Melanaphis sacchari 

Rhopalosiphum maidis 

Schizaphis graminum 

Contarinia sorghicola 

Anatrichus erinaceus 

Astylus atromaculatus 

Heteronychus orator 

Busseola fusca 

Chilo partellus 

Agrotis ipsilon 

Agrotis longidentifera 

Agrotis segetum 

Agrotis subalba 

Helicoverpa armigera 

Spodaptera exigua 

Spodoptera exempta 

Protostrophus spp. 

(Homoptera: Aphid idae) 

(Homoptera : Aphididae) 

(Homoptera: Aphididae) 

(Dip tera: Cecidomyi idae) 

(Diptera: Chloropidae) 

(Coleoptera: Melyr idae) 

(Lepidoptera: Pyralidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Pyralidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Lepidoptera: Noctuidae) 

(Coleoptera: Elateridae) 

(Coleoptera: Tenebrionidae) 

(Coleoptera: Curcul ionidae) 

Source: Annecke and Moran 1982. 

f o r i n sec t i c ides u s e d o n s o r g h u m a m o u n t t o a p p r o x i m a t e l y R 5 m i l l i o n (US$ 1.36 

m i l l i o n ) p e r year . 

S t e m borers . T h e m o s t i m p o r t a n t pests o f s o r g h u m i n t h e r e g i o n are t h e s t e m 

bore r s , Busseola fusca ( L e p i d o p t e r a : N o c t u i d a e ) , a n d Chilo partellus ( L e p i d o p t e r a : 

P y r a l i d a e ) . V a n d e n B e r g e t a l . (1991) f o u n d C . partellus t o b e t h e m o r e damag ing o f 

t h e t w o , w h e n o c c u r r i n g i n m i x e d p o p u l a t i o n s i n s o r g h u m . 

C h e m i c a l c o n t r o l o f C . partellus was s t u d i e d b y V a n d e n Berg a n d V a n Rensburg 

( 1 9 9 1 , 1 9 9 2 ) . T h e y e v a l u a t e d t h e eff icacy o f va r ious insec t ic ides f o r t h e c o n t r o l o f 

la rvae b e h i n d s o r g h u m l e a f sheaths. 

C u r r e n t research i s a i m e d a t t h e d e v e l o p m e n t o f a n I P M sys t em i n v o l v i n g t h e use 

o f h o s t - p l a n t res is tance a n d c h e m i c a l c o n t r o l . 

C o m m e r c i a l s o r g h u m h y b r i d s w e r e e v a l u a t e d f o r C . partellus resis tance ( V a n d e n 

B e r g e t a l . 1 9 9 3 ) . T h e r e w a s n o an t ib ios i s resis tance, b u t large d i f f e rences i n t o l e r a n c e 

w e r e o b s e r v e d . I n f o r m a t i o n o n h y b r i d t o l e r ance t o damage, days t o f l o w e r i n g , a n d 

y i e l d p o t e n t i a l u n d e r d i f f e r e n t e n v i r o n m e n t a l c o n d i t i o n s , p e r m i t t h e r e c o m m e n d a -
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t i o n o f spec i f ic h y b r i d s f o r s o w i n g i n c e r t a i n p r o d u c t i o n areas. T h i s i n f o r m a t i o n 

s y s t e m f o r m s t h e basis o f t h e I P M s y s t e m t h a t i s b e i n g d e v e l o p e d . 

A p h i d s . A l t h o u g h m a n y a p h i d species o c c u r o n s o r g h u m i n S o u t h A f r i c a , o n l y t h e 

h o n e y d e w a p h i d , Melanaphis sacchari ( H o m o p t e r a : A p h i d i d a e ) i s of e c o n o m i c im-

p o r t a n c e . T h e eco logy o f t h i s pes t was s t u d i e d b y V a n Rensburg ( 1 9 7 3 ) . C h e m i c a l 

c o n t r o l i s c u r r e n t l y t h e o n l y m e t h o d f o r l i m i t i n g pes t damage . 

I n 1 9 8 7 a res is tance b r e e d i n g p r o g r a m was i m p l e m e n t e d . Screen ing f o r resis tance 

i s d o n e u n d e r n a t u r a l i n f e s t a t i o n ; m a n y res i s tan t sources have been i d e n t i f i e d . Resis-

t a n t m a t e r i a l i s i n c l u d e d i n t h e b r e e d i n g p r o g r a m . 

H o s t - p l a n t resistance t o s tem borers . T h e s t e m b o r e r resis tance b r e e d i n g p r o g r a m 

i n v o l v e s a n n u a l e v a l u a t i o n of s o r g h u m l ines f o r resis tance to B. fusca a n d C. partellus 

u n d e r a r t i f i c i a l i n f e s t a t i o n . T h e accep tab le se lec t ions are f u r t h e r eva lua t ed f o r c o m -

b i n i n g a b i l i t y t o d e v e l o p A a n d R l ines . L o c a l e v a l u a t i o n o f s o r g h u m l ines f o r resis-

t ance to C . partellus was i n i t i a t e d in 1 9 8 7 . F i f t y - t h r e e r e l a t i v e l y res is tant l ines have 

b e e n i d e n t i f i e d ( V a n d e n B e r g a n d W e n z e l , i n press) . 

T h e B . fusca p r o g r a m s t a r t e d in 1989 . Sources o f an t ib ios i s against l e a f f eed ing , a n d 

t o l e r a n c e t o damage have b e e n i d e n t i f i e d ( V a n d e n Berg e t a l . 1 9 9 4 ) . H o w e v e r , m a n y 

o f t h e r e s i s t an t sources are o f t r o p i c a l o r i g i n , a n d n o t a g r o n o m i c a l l y su i tab le f o r S o u t h 

A f r i c a n c o n d i t i o n s . 

T h e i m p o r t a n c e o f eva lua t i ng f o r b o r e r resis tance u n d e r loca l c o n d i t i o n s was e m -

phas i zed b y V a n d e n B e r g a n d W e n z e l ( i n p r i n t ) w h o f o u n d t h a t t h e s t a b i l i t y o f 

res is tance var ies b e t w e e n d i f f e r e n t geograph ica l areas. For e x a m p l e , i t was f o u n d t h a t 

res i s tan t I C R I S A T i n b r e d l ines , such a s IS 1044 , su f f e r ed h i g h l e a f damage in loca l 

f i e l d t r i a l s . S i m i l a r l y , l ines r e p o r t e d as res is tant to C . partellus in K e n y a a n d I n d i a 

w e r e suscep t ib l e u n d e r l o c a l c o n d i t i o n s . H o w e v e r , t h e r e w e r e also cases w h e r e i n b r e d 

l ines , w h i c h p r o v e d res i s t an t l o c a l l y , w e r e suscep t ib le i n o t h e r c o u n t r i e s . 

Sorghum Breeding 

T h e s o r g h u m b r e e d i n g p r o g r a m was i n i t i a t e d i n 1983 . T h e emphas is was o n pest 

res is tance , d r o u g h t t o l e r a n c e , a n d m a l t i n g q u a l i t y . 

South African sorghum germplasm collection 

T h i s c o l l e c t i o n c u r r e n t l y con ta in s m o r e t h a n 3 0 0 0 accessions, o f w h i c h a b o u t o n e -

t h i r d have b e e n c o l l e c t e d l o c a l l y . T h e res t w e r e o b t a i n e d f r o m I C R I S A T , va r ious 

A f r i c a n c o u n t r i e s , A u s t r a l i a , A r g e n t i n a , T a i w a n , Japan, E u r o p e , a n d d i f f e r e n t sor-

g h u m b r e e d i n g s ta t ions i n t h e U S A , n o t a b l y t h e Texas A & M U n i v e r s i t y . 
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Grain quality 

I n S o u t h A f r i c a , t h e p r i m a r y m a r k e t f o r s o r g h u m i s t h e bee r i n d u s t r y . L o c a l l y c o l -

l e c t e d accessions w e r e i d e n t i f i e d as hav ing d o u b l e t h e m a l t i n g q u a l i t y , expres sed as 

d i a s t a t i c p o w e r , t h a n t h e p r e s e n t l y c u l t i v a t e d h y b r i d s . Crosses w e r e m a d e b e t w e e n 

these accessions i n o r d e r t o i m p r o v e t h e i r a g r o n o m i c a c c e p t a b i l i t y , a n d g ra in y i e l d . 

W i t h t h e same ob jec t ives , crosses w e r e also m a d e us ing i m p o r t e d h i g h f l o w e r - e x t r a c -

t i o n va r i e t i e s . 

Aphid resistance 

P r o m i s i n g i n b r e d l ines a n d var ie t i es have b e e n i d e n t i f i e d ( W e n z e l a n d Bate 1987 ) 

w i t h i m p r o v e d resis tance t o t h e s o r g h u m a p h i d ( M . sacchari). Since these l ines w e r e 

s e l ec t ed f o l l o w i n g n a t u r a l i n f e s t a t i o n , i t i s n o t k n o w n w h e t h e r t h e i r i m p r o v e d resis-

t ance i s d u e t o an t ib ios i s o r n o n p r e f e r e n c e . A n e w l y d e v e l o p e d aph id - re s i s t an t h y b r i d 

was e v a l u a t e d i n t h e 1 9 9 3 / 9 4 season t o d e t e r m i n e i t s c o m m e r c i a l w o r t h . 

Stem borer resistance 

I n o r d e r t o d e v e l o p h i g h - y i e l d i n g l ines , a n d var ie t ies w i t h i m p r o v e d s t e m b o r e r resis-

t ance , i m p o r t e d sources o f resis tance t o C . partellus w e r e used i n crosses w i t h l o c a l l y 

a d a p t e d i n b r e d l ines . Progenies f r o m these crosses y i e l d e d o f f s p r i n g w i t h levels o f 

an t ib ios i s h i g h e r t h a n those o f t h e o r i g i n a l sources. E f f o r t s are n o w u n d e r w a y t o 

i m p r o v e t h e i r a g r o n o m y a n d y i e l d p o t e n t i a l . 

Hybrid development program 

H y b r i d s are d e v e l o p e d f r o m single crosses b e t w e e n A ( f e m a l e ) a n d R ( m a l e ) l ines , 

s e l ec t ed f o r t h e i r s u p e r i o r c o m b i n i n g a b i l i t y o r he teros is . S ix n e w l y d e v e l o p e d A l ines 

have b e e n re leased t o seed c o m p a n i e s i n 1 9 9 3 / 9 4 . T h e p r o g r a m i s geared t o release 

n e w A a n d R l ines a n n u a l l y . Since t h e l ines are se lec ted a t P o t c h e f s t r o o m , t h e y 

u sua l l y e x h i b i t i m p r o v e d d r o u g h t resis tance ( W e n z e l a n d C i l l i e r s , i n r e v i e w ) . 

Variety development program 

A c o o p e r a t i v e v a r i e t y i m p r o v e m e n t p r o g r a m b e t w e e n t h e G r a i n C r o p s I n s t i t u t e a n d 

t h e N a t i o n a l U n i v e r s i t y o f L e s o t h o was i n i t i a t e d i n 1993 . T h e ob jec t ives are t o 

i d e n t i f y a n d d e v e l o p a d a p t e d va r i e t i e s w i t h i m p r o v e d g ra in y i e l d a n d q u a l i t y . V a r i -

e t ies w i t h res is tance t o t h e m a j o r pests a n d diseases, a n d a d a p t e d t o l o w - i n p u t f a r m 

m a n a g e m e n t , are n e e d e d . 
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Pilot Project for Small-Scale Pearl Millet Seed 
Production in Namibia 

W R Lechner1 

Abstract 

At a meeting convened in 1993 by the Agricultural Development Centre (ADC) in 

the Omusati Region of Namibia, local farmers were invited to participate in a 

pilot project for the production and multiplication of pearl millet seed (Okashana 

1 variety). Fifty farmers registered; but this number was later reduced to 10 after 

the suitability of their farms was assessed on-site in accordance with five criteria. 

These farmers were supplied with seed for sowing, but followed their normal crop 

management practices, with occasional guidance, and brought their crop to the 

purchasing center for machine threshing and Grade-1 quality assessment. An 

encouraging ±17 t of seed was produced from 70 ha of smallholder farmland. 

Introduction 

A smal l -sca le seed p r o d u c t i o n p i l o t p r o j e c t was l a u n c h e d i n t h e O m u s a t i R e g i o n o f 

N a m i b i a a t t h e b e g i n n i n g o f t h e 1 9 9 3 / 9 4 season. T h e p r o j e c t was sponsored b y F A O . 

T h e p r o j e c t w a s d e s i g n e d t o t r a i n se l ec ted f a rmer s t o b e c o m e t h e f u t u r e seed 

p r o d u c e r s o f t h e r e g i o n . T h e y w o u l d p r o d u c e t h e seed t h a t t h e g o v e r n m e n t h a d 

h i t h e r t o b e e n p r o d u c i n g . T h e seed, Okashana 1 , i s a pea r l m i l l e t v a r i e t y t h a t i s o f 

s h o r t d u r a t i o n , a n d i s v e r y su i t ab le f o r N a m i b i a n c o n d i t i o n s . I f f i n d i n g s f r o m t h e p i l o t 

p r o j e c t w e r e encou rag ing , p ro j ec t s w o u l d b e l a u n c h e d i n t h e o t h e r t w o regions o f t h e 

A g r i c u l t u r a l D i v i s i o n N o r t h C e n t r a l , w h i c h compr i s e s t h e f o u r O w a m b o R e g i o n s — 

O m u s a t i , Oshana , O h a n g w e n a , a n d O s h i k o t o . 

I t was e x p e c t e d t h a t t h e s e l ec t ed f a r m e r s w o u l d f o r m a seed coope ra t ive , a n d t h e n 

a seed c o m p a n y w h i c h w o u l d c o n t r o l a l l seed p r o d u c t i o n a n d sales i n t h e r e g i o n . 

1 . C h i e f A g r i c u l t u r a l Research Of f i ce r , O m a h e n e n e Research S ta t ion , PO B o x 144, Oshaka t i , N a m i b i a . 

L e c h n e r , W . R . 1996. P i l o t p r o j e c t f o r small-scale pear l m i l l e t seed p r o d u c t i o n i n N a m i b i a . Pages 2 7 5 - 2 7 7 

i n D r o u g h t - t o l e r a n t c rops f o r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d 

Pear l M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I nd i a : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d 

T r o p i c s . 
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Activities 

Farmer selection 

A m e e t i n g o f f a r m e r s i n t h e O m u s a t i Reg ion was c o n v e n e d a t t h e A D C l o c a t i o n a t 

O u t a p i , a n d m e t h o d s f o r o n - f a r m seed p r o d u c t i o n a n d m u l t i p l i c a t i o n w e r e e x p l a i n e d 

t o t h e m . A b o u t 5 0 f a r m e r s r e g i s t e r e d t h e m s e l v e s . 

Seed distribution 

T h e r e a f t e r , t h e A D C c a r r i e d o u t a su rvey o f t h e r eg i s t e r ed f a rms t o d e t e r m i n e t h e i r 

s u i t a b i l i t y , a c c o r d i n g t o t h e f o l l o w i n g c r i t e r i a : 

1 . T h e f a r m s h o u l d be s i t u a t e d so t h a t t h e seed c r o p i s a t least 2 0 0 m away f r o m 

n e i g h b o r i n g mahangu ( l oca l l andrace v a r i e t y p e a r l m i l l e t ) p l o t s , t h u s a v o i d i n g 

c o n t a m i n a t i o n b y c r o s s - p o l l i n a t i o n . 

2 . T h e f a r m e r s h o u l d n o t b e a l l o w e d t o s o w any o t h e r mahangu v a r i e t y e x c e p t t h e 

seed c r o p . H e m a y , h o w e v e r , s o w o t h e r c rops , e.g., s o r g h u m . 

3 . T h e seed t o b e u s e d s h o u l d b e t h e basic seed s u p p l i e d b y t h e D i r e c t o r a t e o f 

Research . 

4 . T h e f a r m e r ' s l a n d s h o u l d b e f e r t i l e . 

5 . T h e c r o p s h o u l d b e p r o t e c t e d against an ima l s a n d o t h e r pests. 

E a c h f a r m e r was i s sued w i t h seed su f f i c i en t t o cover h i s / h e r l a n d . S o m e f a rmer s 

h a d t o c o l l e c t seed t o s o w f o r t h e second a n d even t h e t h i r d t i m e because o f losses 

f r o m d r o u g h t a f t e r s o w i n g . Each f a r m e r t h e n m a n a g e d his l a n d i n t h e n o r m a l w a y a s 

i n t h e past . 

Farm visits 

V a r i o u s stages o f c r o p g r o w t h w e r e m o n i t o r e d d u r i n g f a r m v i s i t s . F a r m e r s w e r e 

a d v i s e d o n t h e m a n a g e m e n t o f t h e c r o p . T h e n e e d t o rogue v o l u n t e e r a n d o t h e r 

u n d e s i r a b l e p l a n t s was e m p h a s i z e d , espec ia l ly t h a t o f sh ibra ( w i l d m i l l e t ) , w h i c h 

o c c u r s c o m m o n l y w i t h t h e mahangu c r o p . T h e f a r m e r s w e r e also adv i sed t o t h i n a n d 

w e e d ea r l y . 

Harvesting and threshing 

T h e f a r m e r s w e r e a d v i s e d t o ha rves t i n g o o d t i m e because o f t h e s u s c e p t i b i l i t y o f 

O k a s h a n a 1 t o p o s t m a t u r i t y i n sec t a t t a c k . T h e p r o j e c t i n c l u d e d t h e p r o v i s i o n o f a 

t h r e s h e r f o r use a t basic cos t . T h e c r o p was t h e n b r o u g h t t o M a h e n e n e Research 

S t a t i o n f o r seed-c lean ing . T h e c r o p s w e r e c l eaned a n d g raded , a n d o n l y t h e G r a d e 1 
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c r o p was a c c e p t e d a s seed. T h i s was p a i d fo r , a n d t h e f a r m e r t o o k back t h e r e m a i n d e r 
f o r c o n s u m p t i o n . 

Conclusion 

T h e resu l t s o f t h e p r o j e c t w e r e encourag ing . A p p r o x i m a t e l y 1 7 t o f seed was p r o ­

d u c e d f r o m a n area o f 7 0 h a b y some 1 0 f a rmers . 

T h e seed was b o u g h t f r o m t h e f a rmers a t a b o u t N $ 3 7 0 0 0 ( N $ l = 1 R a n d = U S $ 

3 . 5 ) . I t w i l l b e u s e d as seed s u p p l y f o r t h e 1 9 9 4 / 9 5 s o w i n g season a n d s o l d t o f a r m e r s 

i n O m u s a t i , Oshana , a n d O h a n g w e n a / O s h i k o t o Regions. 

I t i s r e c o m m e n d e d t h a t t h e f a r m e r s ' seed coope ra t i ve s h o u l d b e s t r e n g t h e n e d s o 

t h a t i t can p r o d u c e seed u n d e r g o v e r n m e n t c o n t r o l . 
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A Review of Cultivar Release Procedures, Seed 
Production, and Extension Work for Sorghum and 
Pearl Millet in Zambia 

M Chisi1 and F Muuka2 

Abstract 

Sorghum and pearl millet are important traditional cereal crops in Zambia. 

Statistics available on the production area and yield are unreliable and generally 

based on local landrace varieties (LLVs). The Sorghum and Millet Improvement 

Programme (SMIP) has developed and released such varieties and hybrids as 

Kuyuma, MMSH 375, ZSV 12, Kaufela, Lubasi, etc., for the different categories 

of farmers in Zambia. C u l t i v a r s released meet the stringent requirements of the 

Seed Control and Certification Institute (SCCI). But their adoption has been slow 

because of problems related to seed production and marketing: lack of trained 

extension personnel, and reluctance of the Zambia Seed Company to produce seed 

of such noncommercial crops as sorghum and pearl millet. However, limited 

efforts by SMIP to promote them in major production areas are beginning to pay 

off, as farmers learn the advantages in sowing improved cultivars. 

Introduction 

S o r g h u m a n d p e a r l m i l l e t are i m p o r t a n t t r a d i t i o n a l cerea l c rops i n d r o u g h t - p r o n e 

areas o f Z a m b i a . Re l i ab le s ta t i s t ics o n t h e hectarage a n d p r o d u c t i o n f i g u r e s o f these 

c rops are n o t r e a d i l y avai lable a n d are d i f f i c u l t t o v e r i f y . Best es t imates g iven i n Tab les 

1-3 have la rge ly b e e n based o n L L V s a n d are d e r i v e d f r o m c r o p forecasts ( Z a m b i a 

S ta t i s t i c s S e c t i o n 1 9 9 2 ) a n d sales a t c o o p e r a t i v e u n i o n s . T h e s i t u a t i o n i s confus ing , 

p a r t i c u l a r l y w h e n m i l l e t s are c o n s i d e r e d . I t i s n o t easy t o separate f i n g e r m i l l e t a n d 

p e a r l m i l l e t w i t h i n t h e avai lable s ta t i s t ics ( T a b l e 3 ) . H o w e v e r , f i n g e r m i l l e t i s p r e ­

d o m i n a n t l y g r o w n i n t h e h i g h e r r a i n f a l l areas w i t h ac id ic soils i n Region I I I , w h i l e 

m o s t o f t h e p e a r l m i l l e t i s g r o w n i n t h e l o w e r r a in f a l l areas a n d sandy soils o f Regions I 

a n d IIb. 

1 . S o r g h u m Breeder a n d T e a m Leader, S o r g h u m and M i l l e t I m p r o v e m e n t Programme, P O Bag 7 , C h i -

langa, Z a m b i a . 

2 . Pearl M i l l e t Breeder , Kaoma Research S ta t ion , P O B o x 910064 , M o n g u , Zambia . 

C h i s i , M . , a n d M u u k a , F . 1996. A r e v i e w o f c u l t i v a r release procedures , seed p r o d u c t i o n , a n d ex tens ion 

w o r k f o r s o r g h u m a n d pear l m i l l e t i n Z a m b i a . Pages 2 7 9 - 2 8 6 i n D r o u g h t - t o l e r a n t crops f o r s o u t h e r n 

A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, 

G a b o r o n e , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.) . Patancheru 502 3 2 4 , A n d h r a Pradesh, I nd i a : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 
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Table 1 . N a t i o n a l statistics on s o r g h u m a n d mil let: area sown, product ion , a n d sales, 
Z a m b i a , 1 9 8 1 - 9 3 . 

Year 

1993 

1992 

1991 

1990 

1989 

1988 

1987 

1986 

1985 

1984 

1983 

1982 

1981 

Sorghum 
area 

( '000 ha) 

46.6 

40.3 

31.8 

48.5 

52.0 

47.5 

47.5 

59.6 

24.8 

21.8 

16.6 

21.5 

60.4 

Sorghum 
product ion 

( '000 
90-kg bags) 

393.8 

144.5 

232.7 

217.7 

375.0 

253.0 

291.0 

499.9 

224.8 

166.3 

139.1 

155.4 

486.9 

Sorghum 
sales 
( '000 

90-kg bags) 

58.9 

7.4 

11.2 

2.3 

3.9 

30.8 

3.8 

9.9 

12.5 

3.2 

1.1 

1.7 

1.6 

M i l l e t 
area 

( '000 ha) 

52.7 

66.6 

45.3 

58.7 

47.4 

44.1 

43.6 

18.5 

22.4 

19.0 

19.9 

-

-

M i l l e t 
product ion 

( '000 
90-kg bags) 

415.5 

533.7 

284.1 

350.5 

302.9 

299.9 

336.3 

129.6 

216.0 

150.0 

141.1 

-

-

M i l l e t 
sales 
( '000 

90-kg bags) 

61.9 

122.5 

49.1 

1.5 

4.3 

6.0 

2.2 

3.2 

0.5 

0.2 

1.1 

-

-

Source: Planning Division, Ministry of Agriculture, Food, and Fisheries, 1994. 

Table 2 . S o r g h u m in Z a m b i a : area (ha) , product ion a n d sales (90-kg bags) for 
1 9 9 2 / 9 3 a n d expected produc t ion figures for 1 9 9 3 / 9 4 , by province. 

Province 

Centra l 

Copperbel t 

Eastern 

Luapula 

Lusaka 

N o r t h e r n 

N / W e s t e r n 

Southern 

Wes te rn 

Area 
sown in 
1992 /93 

10 595 

3 497 

7 389 

1 502 

1 276 

2 621 

5 458 

6 963 

7 262 

Total Zambia 46 563 

Area 
sown in 
1993 /94 

12 140 

9 634 

3 493 

1 120 

2 425 

513 

2 463 

14 875 

8 582 

55 245 

Production 
1992/93 

106 155 

26 647 

48 863 

24 012 

28 262 

23 758 

41 710 

67 821 

26 638 

393 866 

Expected 
product ion 

1993/94 

132 270 

91 688 

28 673 

3 691 

5 582 

6 416 

11 006 

71 840 

38 503 

389 669 

Sales 
1992/93 

14 743 

3 580 

234 

9 522 

10 530 

53 

759 

14 799 

4 799 

58 999 

Retention 
1992/93 

91 412 

23 067 

48 629 

14 490 

17 732 

23 705 

40 951 

53 022 

21 859 

33 486 

Source: Planning Division, Ministry of Agriculture, Food, and Fisheries, 1994. 
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Table 3 . M i l l e t in Z a m b i a : area (ha) , p roduct ion a n d sales (90 -kg bags) f o r 1 9 9 2 / 9 3 
a n d expected p roduc t ion f igures f o r 1 9 9 3 / 9 4 , by province. 

Province 

Cent ra l 

Eastern 
Luapula 
Lusaka 
No r the rn 
N / W e s t e r n 
Southern 
Western 

Area 
sown in 
1992 /93 

3 467 
205 

3 932 
8 466 

14 
17 998 

910 
2 513 

15 149 

T o t a l Zamb ia 52 654 

Area 
sown in 
1993 /94 

10 444 
810 

5 256 
3 727 

0 
37 355 

1 430 
10 927 
12 353 

82 302 

Product ion 
1992 /93 

27 733 
2 198 

16 861 
71 084 

142 
205 625 

7 255 
10 379 
74 216 

415 493 

Expected 
product ion 

1993 /94 

86 250 
12 520 
29 916 
57 467 

0 
408 202 

11 919 
23 418 
66 347 

696 039 

Sales 
1992 /93 

1 800 
1 002 
1 912 
8 589 

0 
37 962 

506 
758 

9 413 

6 1 942 

Retent ion 
1992 /93 

25 933 
1 196 

14 949 
62 495 

142 
167 663 

6 749 
9 621 

64 803 

353 551 

Source: Planning Division, Ministry of Agriculture, Food, and Fisheries, 1994. 

I t i s e s t i m a t e d t h a t 5 5 0 0 0 h a are d e v o t e d t o s o r g h u m a n d 8 2 0 0 0 h a are u n d e r 

b o t h m i l l e t s (see Tab le s 2 a n d 3 ) . I n t e r m s o f p r o d u c t i o n t h e es t imates are g i v e n a s 

3 6 0 0 0 t y r - 1 f o r s o r g h u m a n d 2 4 0 0 0 t y r - 1 f o r s o r g h u m a n d p e a r l m i l l e t r e s p e c t i v e l y 

( H e e m s k e r k 1991) . S o r g h u m i s w i d e l y g r o w n i n t h e c o u n t r y ( T a b l e 2 ) . T h e b u l k o f 

t h e p r o d u c t i o n i s i n S o u t h e r n P r o v i n c e w h i c h accounts f o r a b o u t 2 6 % o f t h e s o r g h u m 

area. W e s t e r n P r o v i n c e accoun t s f o r a b o u t 16%, w h i l e C o p p e r b e l t a n d C e n t r a l P r o -

v inces are also m a j o r s o r g h u m p r o d u c i n g areas. T h e rest o f t h e c o u n t r y p r o d u c e s l i t t l e 

s o r g h u m ( N C D P a n d Z A T P I D I I 1 9 8 9 ) . Pear l m i l l e t , o n t h e o t h e r h a n d , i s p r e d o m i -

n a n t l y g r o w n o n t h e sandy soils o f regions I a n d l I b o f S o u t h e r n a n d W e s t e r n P r o -

v inces ( T a b l e 3 ) . 

A n d r e n e t a l . (1991) r e p o r t e d t h a t seed p r o d u c t i o n a n d d i s t r i b u t i o n o f i m p r o v e d 

s o r g h u m a n d p e a r l m i l l e t c u l t i v a r s w e r e a m a j o r p r o b l e m i n t h e a d o p t i o n o f these 

c r o p s b y f a r m e r s . I n t e r m s o f seed p r o d u c t i o n , M o b e r g (1994 ) e s t i m a t e d t h a t a b o u t 

9 3 0 0 0 h a o f b o t h s o r g h u m a n d m i l l e t w e r e u n d e r c u l t i v a t i o n a n d g ra in y i e ld s w e r e 

e s t i m a t e d a t 7 0 0 k g ha - 1 . I t i s d i f f i c u l t t o gauge progress u n d e r these c i r cums tances , 

w h e n s u c h v i t a l da ta o f area a n d y i e l d are n o t r e l i ab le . H o w e v e r , i n d i c a t i o n s are t h a t 

t h e use o f i m p r o v e d c u l t i v a r s i s ga in ing m o m e n t u m a s t h e i r ag ronomic advantages are 

r e c o g n i z e d a n d t h e e s t a b l i s h m e n t o f f o r m a l m a r k e t s i s encouraged . 

Cultivar Release Requirements 

T h e s e r e q u i r e m e n t are s t i p u l a t e d b y t h e S C C I ( M u l i o k e l a 1990 ; F r e d r i k s s o n 1 9 9 0 ) . 

A l l va r i e t i e s i n Z a m b i a are re leased t h r o u g h a V a r i e t y Release C o m m i t t e e o f t h e 

S C C I . T h e SCCI ' s m a i n t a sk i s t o ensure t h a t o n l y h i g h - q u a l i t y a n d c e r t i f i e d seed i s 

s o l d t o f a r m e r s . T h e S C C I f o l l o w s gu ide l ines f o r t h e c h a r a c t e r i z a t i o n o f c u l t i v a r s 
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sugges ted b y t h e I n t e r n a t i o n a l U n i o n f o r t h e P r o t e c t i o n o f N e w V a r i e t i e s o f P lants 

( U P O V ) . T h e c u l t i v a r release p r o c e d u r e s i n Z a m b i a t h e r e f o r e m e e t i n t e r n a t i o n a l 

s t andards . T h e f u n c t i o n s o f t h e V a r i e t y Release C o m m i t t e e are t o screen n e w c u l t i -

vars s u b m i t t e d b y p l a n t b reeders f o r a g r o n o m i c a n d p r o d u c e va lue , a n d t o phase o u t 

o u t d a t e d c u l t i v a r s . B o t a n i c a l a n d a g r o n o m i c da ta s u c h a s g r a i n y i e l d , t i m e t o m a t u r i t y , 

res is tance t o diseases a n d pests , aspects o f seed q u a l i t y , pos tha rves t use, a n d area o f 

a d a p t a t i o n are r e q u i r e d b e f o r e a c u l t i v a r can be c o n s i d e r e d f o r release. T h e b r e e d e r i s 

e x p e c t e d t o s u b m i t a s a m p l e f o r i n d e p e n d e n t tes ts b y t h e S C C I , a n d each s a m p l e i s 

assessed f o r a range of charac te rs , as d e s c r i b e d b e l o w , in tests t h a t last f o r a t least 2 

years . T h e C o m m i t t e e m e e t s once a year i n J u n e / J u l y be fo re t h e c r o p - g r o w i n g season 

begins . A n d q u a l i t y c o n t r o l i n i t s w o r k i s m a i n t a i n e d t h r o u g h seed c e r t i f i c a t i o n , 

d o c u m e n t a t i o n , l a b o r a t o r y assessment tests , a n d f i e l d in spec t ions . 

Cultivars Released by SMIP 

T h e P r o g r a m m e has m a d e m u c h progress since i t s i n c e p t i o n i n 1983 b y d e v e l o p i n g 

h i g h - y i e l d i n g a n d d r o u g h t - t o l e r a n t c u l t i v a r s f o r b o t h s m a l l h o l d e r a n d c o m m e r c i a l 

f a r m e r s ( V e r m a a n d S i n g h 1 9 9 2 ) , m o s t o f w h i c h w e r e re leased i n 1987 . 

B e f o r e 1 9 8 3 , h o w e v e r , t w o i m p r o v e d var ie t ies , F r a m i d a a n d Z S V 1 , h a d b e e n 

o f f i c i a l l y re leased . F r a m i d a , se lec ted in S o u t h A f r i c a f r o m a C h a d i a n v a r i e t y , has a 

so f t e n d o s p e r m a n d b r o w n grains a n d i s su i t ab le f o r b r e w i n g . T h e v a r i e t y i s w e l l 

k n o w n i n A f r i c a f o r i t s res is tance t o Striga ( w i t c h w e e d ) . Z S V 1 was i n t r o d u c e d f r o m 

I C R I S A T A s i a C e n t e r i n I n d i a . I t i s a h i g h - q u a l i t y w h i t e - g r a i n v a r i e t y . B o t h var ie t i e s 

h a d reasonable g r a i n y i e l d p o t e n t i a l b u t F r a m i d a was f o u n d t o b e suscep t ib le t o 

an th racnose a n d Z S V 1 was suscep t ib l e t o ma i ze mosa ic v i r u s . B o t h have t h e r e f o r e 

b e e n w i t h d r a w n f r o m t h e m a r k e t . 

Sorghum white grain cultivars 

S i m a ( W S V 1 8 7 ) . Released i n 1987 , t h i s i s a m e d i u m - t a l l a n d l a t e - m a t u r i n g ( 1 3 0 

days ) , d u a l - p u r p o s e v a r i e t y . I t i s k n o w n f o r i t s h i g h - q u a l i t y g r a in a n d i t s s u i t a b i l i t y f o r 

si lage. I t has large a n d h a r d grains a n d i s i d e a l f o r d e h u l l i n g a n d storage. I t has h i g h 

g r a i n y i e l d p o t e n t i a l , u p t o 6 t ha - 1 . I t i s r e c o m m e n d e d m a i n l y f o r c e n t r a l a n d 

n o r t h e r n pa r t s o f t h e c o u n t r y b u t g r o w s e q u a l l y w e l l o n f e r t i l e soils i n t h e s o u t h . 

K u y u m a ( W S V 3 8 7 ) . Released i n 1 9 8 7 , t h i s i s a s h o r t - s t e m m e d , ea r ly v a r i e t y (110 

days ) , h i g h l y res i s t an t t o d r o u g h t a n d su i t ab le f o r c o m b i n e ha rves t ing . I t has a g r a i n 

y i e l d p o t e n t i a l o f 4 - 6 t h a - 1 a n d i s r e c o m m e n d e d f o r d r y zones (va l leys a n d o t h e r 

d r o u g h t - p r o n e areas) . I t i s also su i t ab le f o r s o w i n g b y b o t h s m a l l h o l d e r a n d c o m m e r -

c i a l f a r m e r s i n t h e s o u t h e r n pa r t s o f t h e c o u n t r y . T h e v a r i e t y i s a l ready p o p u l a r a m o n g 

f a n n e r s i n t h e va l l eys . 
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W S H 2 8 7 . Released i n 1 9 8 7 , t h i s i s a n ear ly (110 days) , h i g h - y i e l d i n g , w i d e l y 

a d a p t e d h y b r i d . T h e r e are s o m e seed p r o d u c t i o n p r o b l e m s w i t h t h i s h y b r i d , s o t h e 

seed i s s e l d o m avai lab le . A n a l t e r n a t i v e w h i t e h y b r i d , M M S H 9 2 8 , has t h e r e f o r e b e e n 

p re - re l eased f o r f a r m e r s ' use. 

M M S H 9 2 8 . A h y b r i d p re re leased i n 1993 w h i c h i s shor t , e a r l y - m a t u r i n g a n d h i g h -

y i e l d i n g . I t i s i d e a l f o r c o m m e r c i a l f a rmer s i n Regions I a n d I I . 

Z S V 12 . Released i n 1 9 9 3 , t h i s v a r i e t y i s r e c o m m e n d e d f o r n o r t h e r n h i g h - r a i n f a l l 

areas. I t i s t o l e r a n t o f a c i d soils a n d res i s tan t t o an thracnose . I t i s a t a l l v a r i e t y w i t h 

h i g h - y i e l d p o t e n t i a l . 

Sorghum brown grain hybrids 

M M S H 4 1 3 . Released i n 1 9 9 2 , t h i s h y b r i d i s w i d e l y - a d a p t e d , h i g h - y i e l d i n g ( 6 t 

ha - 1 ) , a n d e a r l y - m a t u r i n g , especia l ly su i tab le fo r b r e w i n g . I t i s n o t suscep t ib le t o b i r d 

a t t a c k a n d m a t u r e s i n a b o u t 120 days. I t i s r e c o m m e n d e d fo r b o t h c o m m e r c i a l a n d 

s m a l l h o l d e r f a r m i n g . 

M M S H 3 7 5 . Released i n 1992 , i t i s v e r y w i d e l y a d a p t e d a n d h i g h - y i e l d i n g ( 6 - 7 t 

ha - 1 ) w i t h l o w e r levels o f t a n n i n t h a n M M S H 413 a n d i s su i tab le f o r b r e w i n g a n d 

l i v e s t o c k f e e d . T h e c r o p m a t u r e s i n 120 days a n d i s r e c o m m e n d e d f o r b o t h s m a l l -

h o l d e r a n d c o m m e r c i a l f a r m i n g . 

Sorghum forage hybrid 

F S H 2 2 . T h i s was p re re leased i n 1993 a n d i s a h i g h - t i l l e r i n g h y b r i d t h a t can b e c u t 

f r e q u e n t l y , w i t h t h i n , j u i c y , a n d s w e e t s tocks w h i c h p r o v i d e h i g h - q u a l i t y forage a n d 

silage. 

Pearl millet varieties 

W C - C 7 5 . Released a s Z M P V 8 7 1 i n 1987 , b u t w i t h d r a w n af te r t h e release o f 

K a u f e l a . 

I C M V 8 2 1 3 2 . Released a s Kau fe l a i n 1989 . I t m a t u r e s i n 1 0 5 - 1 1 0 days, has l o n g , 

s m a l l pan ic les , i s s m u t - r e s i s t a n t , a n d y i e l d s 1 .5-2 .5 t ha - 1 . 

L u b a s i . Released i n 1 9 9 3 , t h i s v a r i e t y i s h i g h e r - y i e l d i n g t h a n Kaufe l a , e spec ia l ly i n 

d r i e r areas. I t i s s h o r t e r t h a n K a u f e l a a n d has t h i c k panic les . I t i s m o d e r a t e l y res i s tan t 

t o d o w n y m i l d e w a n d s m u t . 
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Criteria for Cultivar Selection 

T h e f o l l o w i n g are t h e charac te r s sough t i n t h e s e l ec t i on o f i m p r o v e d s o r g h u m a n d 

p e a r l m i l l e t va r i e t i e s a n d h y b r i d s f o r release i n Z a m b i a . T h e y s h o u l d : 

- g ive 3 0 - 5 0 % h i g h e r g r a i n y i e l d t h a n L L V s u n d e r m a r g i n a l a n d i m p r o v e d f i e l d 

c o n d i t i o n s ; 

- b e e a r l i e r - m a t u r i n g t h a n L L V s ( 9 5 - 1 1 5 v s 1 2 0 - 1 4 0 days) ; 

- b e s h o r t e r i n s t a t u r e t h a n L L V s a n d p h o t o p e r i o d - i n s e n s i t i v e ; 

- have l o w - i n p u t r e q u i r e m e n t s ( o p t i m u m y i e l d s h o u l d b e o b t a i n e d w i t h 3 0 - 4 0 k g N 

h a - 1 + 2 0 P 2 O 5 ha - 1 ) w i t h a p o p u l a t i o n o f 6 0 0 0 0 - 9 0 0 0 0 p l an t s ha - 1 ; 

- b e w e l l a c c e p t e d f o r f o o d a n d / o r b r e w i n g , w i t h a specif ic f l a v o r , a n d have g o o d 

s torage q u a l i t i e s ; 

- b e easy t o p o u n d because o f t h e i r large o r m e d i u m g r a i n size; 

- b e b r o a d l y a d a p t e d t o c o n d i t i o n s i n Regions I a n d I I ; 

- r e q u i r e e a r l y s o w i n g w i t h t h e f i r s t w e l l - e s t a b l i s h e d rains (because l a t e - s o w n c rops 

su f fe r f r o m s h o o t f l y ( A t h e r i g o n a approximata) damage i n Reg ion l I b ; a n d 

- be m o r e res i s tan t t h a n L L V s to m a j o r diseases: d o w n y m i l d e w (Sclerospora gram-

inicola), e r g o t (Clav iceps fusiformis), a n d s m u t (Tolyposporium penicillariae). 

The Role of SMIP 

U n t i l r e c e n t l y , t h e l e v e l o f seed p r o d u c t i o n o f s o r g h u m a n d m i l l e t s was l o w , p r i m a r i l y 

because t h e r e w a s n o m a r k e t f o r t h e c rops . T h e i n e x p e r i e n c e o f e x t e n s i o n s t a f f i n 

p r o m o t i n g t h e c rops , a n d t h e r e l u c t a n c e o f t h e Z a m b i a n Seed C o m p a n y t o p r o d u c e 

n o n c o m m e r c i a l seed f o r a n u n c e r t a i n m a r k e t a d d e d t o t h e n o n a v a i l a b i l i t y o f i m -

p r o v e d seeds t o f a r m e r s . S M I P has a c t i v e l y p r o m o t e d t h e use o f i m p r o v e d va r i e t i e s 

a n d h y b r i d s b y c o n d u c t i n g a series o f o n - f a r m t r i a l s , f i e l d days, a n d d e m o n s t r a t i o n s i n 

t h e m a i n s o r g h u m a n d p e a r l m i l l e t p r o d u c t i o n areas o f Siavonga a n d Senanga. 

A l s o , t h e p e r f o r m a n c e o f these n e w c u l t i v a r s , a n d t h e increased f r e q u e n c y o f 

d r o u g h t seasons, has inc reased awareness o f t h e i r g o o d qua l i t i e s a m o n g s m a l l h o l d e r 

a n d c o m m e r c i a l f a r m e r s . I n c o m p a r i s o n w i t h ma ize , t h e i m p r o v e d so rghums have 

d e m o n s t r a t e d t h e i r s u p e r i o r i t y i n t h e d r o u g h t - p r o n e s o u t h e r n h a l f o f t h e c o u n t r y . I n 

1 9 9 2 , a yea r o f e x t r e m e d r o u g h t , n e w c u l t i v a r s d i d n o t f a i l a n d gave a m o d e r a t e g r a i n 

y i e l d o f 1 . 5 - 2 . 0 t ha - 1 . I n t h e c o n t r a s t i n g year o f g o o d r a i n f a l l ( 1 9 9 3 ) , t h e same 

c u l t i v a r s p r o d u c e d g r a i n y i e l d s o f 4 - 6 t ha - 1 w i t h n o - t o - m o d e r a t e a d d i t i o n s o f 

f e r t i l i z e r . 

A s a r e s u l t , t h e n e w c u l t i v a r s have b e e n p o p u l a r i z e d , b u t seed p r o d u c t i o n b e c a m e a 

m a j o r b o t t l e n e c k i n t h e i r a d o p t i o n . S o S M I P , i n c o n j u n c t i o n w i t h Z a m b i a Seed C o m -

p a n y , r e c e n t l y s t a r t e d t r a i n i n g f a r m e r s i n t h e p r o d u c t i o n o f seeds, s u p p o r t e d b y t h e 

F a r m i n g S y s t e m s Research T e a m , W e s t e r n P r o v i n c e ( L o f a n d N c h e m b a 1 9 9 4 ) . T h e 

m e c h a n i c s o f seed p r o d u c t i o n a n d d i s t r i b u t i o n have t h u s b e e n i m p r o v i n g each year , 

a f t e r s o m e i n i t i a l d i f f i c u l t i e s . 
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E x t e n s i o n A c t i v i t i e s 

T h e r o l e o f e x t e n s i o n w o r k e r s , a m o n g o the r s , i s t o c a r r y research f i n d i n g s t o f a r m e r s 

a n d r e p o r t b a c k t h e p r a c t i c a l e x p e r i e n c e o f f a rmers t o researchers . T h e research 

b r a n c h o f t h e D e p a r t m e n t o f A g r i c u l t u r e a d o p t e d a p r o b l e m - o r i e n t e d a p p r o a c h f r o m 

1 9 8 0 , w h e n p r o v i n c i a l A d a p t i v e Research P l ann ing T e a m s (ARPTs) w e r e f o r m e d . 

A l m o s t a l l p r o v i n c e s h a d a n A R P T w h o s e ac t iv i t i e s are s i m i l a r t o t hose o f a F a r m i n g 

Sys tems Research T e a m (FSRT) . T h e w o r k invo lves c l u s t e r i n g f a r m e r s i n g roups o r 

d o m a i n s , a n d i n each d o m a i n p r i o r i t y p r o b l e m s are i d e n t i f i e d t h r o u g h d iagnos t ic 

surveys . 

T h e e x t e n s i o n appara tus i n Z a m b i a was genera l ly de s igned t o p r o m o t e m a i z e 

p r o d u c t i o n because o f t h e g o v e r n m e n t ' s emphas i s o n t h a t c r o p i n t h e past . S o b o t h 

e x t e n s i o n w o r k e r s a n d f a rmer s are conver san t w i t h t e c h n i c a l i n f o r m a t i o n a b o u t ma i ze 

p r o d u c t i o n . T h e e x t e n s i o n b r a n c h uses t h e T r a i n a n d V i s i t ( T & V ) s y s t e m t o i n f o r m 

f a r m e r s a b o u t any n e w t e c h n o l o g y , based o n r e c o m m e n d a t i o n s f o r m u l a t e d i n l i a i son 

w i t h FSRTs, w h o v e r i f y t h e p r o d u c t i o n packages d e v e l o p e d b y C o m m o d i t y Research 

T e a m s (see A R P T / I R D P N W P 1 9 9 3 ) . 

H o w e v e r , ARPTs ope ra t e i n a l l pa r t s o f Z a m b i a e x c e p t t h e S o u t h e r n P rov ince , a n 

area t h a t i n c l u d e s Siavonga, t h e m a i n s o r g h u m - p r o d u c i n g area. A n d i n some areas 

A R P T a c t i v i t i e s have c o m e to a h a l t because t h e y are d o n o r - f u n d e d a n d t h e r e f o r e 

sub jec t t o u n c e r t a i n f i n a n c i n g . A l s o , f o r s u c h t r a d i t i o n a l c rops a s s o r g h u m a n d p e a r l 

m i l l e t a speci f ic e x t e n s i o n p r o g r a m i s l a c k i n g . 

So, i n t h e absence o f a n es tab l i shed e x t e n s i o n service f o r these c rops , S M I P has 

a d d e d t o i t s r e s p o n s i b i l i t i e s i n f o r m a l p r o m o t i o n ac t i v i t i e s i n areas w h e r e s o r g h u m a n d 

p e a r l m i l l e t are i m p o r t a n t c rops . S u c h w o r k i n c l u d e s f i e l d days o n f a r m e r s ' f i e l d s , o n -

f a r m d e m o n s t r a t i o n s , c r o p p r o d u c t i o n u n i t s i n schools , a n d v i l l age m e e t i n g s i n t h e 

p r e s o w i n g season. R e c e n t l y S M I P has e m b a r k e d on a t r a i n i n g p r o g r a m f o r e x t e n s i o n 

s t a f f — w o r k t h a t i s b e g i n n i n g t o pay o f f , j u d g i n g b y responses f r o m b o t h t h e e x t e n -

s ion s t a f f a n d f a r m e r s , a n d b y ev idence o f a n increas ing d e m a n d f o r i m p r o v e d sor-

g h u m a n d p e a r l m i l l e t c u l t i v a r s . 
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The Potential of Improved Sorghum Technologies 
in the Marginal Rainfall Areas of Swaziland 

J Pali-Shikhulu1, L M Nsibandze2, and P Shongwe3 

Introduction 

T h e i n i t i a l w o r k r e p o r t e d i n t h i s paper i s a n a t t e m p t t o s h o w t h e s u p e r i o r i t y o r 

o t h e r w i s e o f i m p r o v e d s o r g h u m techno log ies over ma ize i n t h e m a r g i n a l a g r i c u l t u r a l 

areas, a n d t o s h o w h o w these can c o n t r i b u t e t o a f o o d - s e c u r i t y p o l i c y . T h i s ev idence 

i s d r a w n f r o m o n - f a r m c u l t i v a r t r i a l s s u p p o r t e d b y f a r m e r i n t e r v i e w s , a n d a c r o p p i n g 

sys tems e v a l u a t i o n t r i a l c o n d u c t e d d u r i n g t h e 1 9 9 3 / 9 4 season. 

Materials and methods 

These t r i a l s w e r e c o n d u c t e d i n s ix areas ( M g a m u d z e , G i l g a l i , M l i b a , N k a m b e n i , 

M a k h a v a , a n d M a d v u b e n i ) l o c a t e d i n t h e l o w v e l d m o i s t sub -a r id subzone o f S w a z i -

l a n d . T h e ob jec t ives w e r e : t o i n t r o d u c e i m p r o v e d s o r g h u m varie t ies t o these m a r g i n a l 

f a r m i n g areas; t o assess t h e p e r f o r m a n c e o f these i m p r o v e d t echno log ies u n d e r 

f a r m e r s ' m a n a g e m e n t a n d / o r resource c o n d i t i o n s ; a n d t o evaluate f a r m e r s ' p e r c e p -

t i o n s a n d t o i d e n t i f y t h e i r cons t r a in t s . 

O n l y 3 0 % o f t h e t r i a l s s u r v i v e d t h e d r o u g h t d u r i n g t h e c r o p e s t ab l i shmen t a n d 

ear ly g r o w t h pe r i ods , w h i c h d i scouraged fa rmers f r o m w e e d i n g a n d t h i n n i n g , a n d 

d e p r e d a t i o n s f r o m l i v e s t o c k a n d b i r d s . 

C o o p e r a t i n g f a r m e r s w e r e p r o v i d e d w i t h seeds o f t h e t h r e e released s o r g h u m 

var ie t i e s ( M R S 12, M R S 13, a n d M R S 9 4 ) a n d a maize h y b r i d , P H B 3 4 3 5 . T h e res t o f 

t h e m a n a g e m e n t i n p u t s w e r e p r o v i d e d b y fa rmers : t h e y w e r e respons ib le f o r t h e 

p r e p a r a t i o n o f t r i a l f i e l d s , w e e d a n d f e r t i l i z e r managemen t , a n d b i rd - sca r ing . W h e r e 

necessary t h e research s t a f f c a r r i e d o u t some w e e d i n g as w e l l a s pest c o n t r o l . 

1 . Cereals A g r o n o m i s t , M a l k e r n s Research S ta t ion , PO Box 4 , Ma lke rns , Swazi land. 

2 . E n t o m o l o g i s t , a t t h e same address. 

3 . Research O f f i c e r (Economics ) , a t t h e same address. 

P a l i - S h i k h u l u , J . , N s i b a n d z e , L . M . , a n d S h o n g w e , P . 1996. T h e po t en t i a l o f i m p r o v e d so rghum t e c h n o l o -

gies in t h e marg ina l r a in fa l l areas of Swazi land . Pages 2 8 9 - 2 9 3 in D r o u g h t - t o l e r a n t crops f o r sou the rn 

A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, 

G a b o r o n e , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.). Patancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I nd i a : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d T rop ic s . 
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Results and discussion 

O n - f a r m cult ivar evaluat ion trials . T h e resul ts o f t h e n i n e successful t r i a l s , w h i c h 

are c lo se ly associa ted w i t h c r o p m a n a g e m e n t a n d r a i n f a l l d i s t r i b u t i o n , are r e p o r t e d i n 

T a b l e 1 . T h e f o l l o w i n g t e n t a t i v e conc lus ions can b e d r a w n : 

- S o r g h u m p r o d u c t i v i t y i n these m a r g i n a l a g r i c u l t u r a l areas can b e a s h i g h , i f n o t 

h ighe r , t h a n t h a t r e c o r d e d f o r ma ize . 

- T h e bes t y i e l d s w e r e r e c o r d e d b y M R S 9 4 i n t h e m a j o r i t y o f t h e t r i a l s . 

- M R S 1 3 w a s t h e c u l t i v a r m o s t suscept ib le t o b i r d damage. 

- F a r m e r s i n genera l w e r e u n w i l l i n g t o inves t i n f e r t i l i z e r a n d l abor f o r w e e d c o n t r o l , 

t h i n n i n g , a n d b i r d - s c a r i n g . 

- M a n y insec t pests w e r e obse rved d u r i n g r o u t i n e m o n i t o r i n g o f o n - f a r m t r i a l e x p e -

d i t i o n s . T h o s e c o n s i d e r e d o f e c o n o m i c i m p o r t a n c e w e r e shoo t f ly ( A t h e r i g o n a 

soccata), m a i z e a p h i d (Rhopals iphum maidis), s t e m borers ( C h i l o partellus, Buss-

eola fusca), p i n k b o r e r (Sesemia calamistis), b o l l w o r m (Hel icoverpa armigera), a n d 

sap-suck ing bugs (Dolycor i s indicus, Nezara viridula). 

S o r g h u m / c o w p e a intercropping systems t r ia l . T h e p l a n n e d objec t ives o f t h i s t r i a l 

w e r e t o i d e n t i f y sys tems t h a t are p r o d u c t i v e , e c o n o m i c a l l y sa t i s fac tory , a n d m o s t 

l i k e l y t o c o n t r i b u t e t o h o u s e h o l d sus ta inab i l i ty a n d f o o d secur i ty . T h e focus was o n 

s o r g h u m a s a n associate c r o p . T h e t w o var ie t ies used w e r e M R S 9 4 , a r e d s o r g h u m , 

a n d a v e r y s h o r t - d u r a t i o n c o w p e a l i n e f r o m I I T A , I T 8 2 D 8 8 9 , w h i c h , i f p l a n t e d ea r ly 

e n o u g h , enables t h e f a r m e r t o g r o w t w o c rops i n a season. 

O n l y t h e o n - s t a t i o n t r i a l c o n d u c t e d a t t h e L o w v e l d E x p e r i m e n t S t a t i o n s u r v i v e d , 

t h e resu l t s o f w h i c h ( T a b l e 2 ) suggest t h e f o l l o w i n g conclus ions : 

- W h e n i n t e r c r o p p e d , b e t t e r y i e ld s w e r e r e c o r d e d w h e n t h r e e r o w s o f s o r g h u m w e r e 

g r o w n w i t h o n e r o w o f c o w p e a . T h e least p r o d u c t i v e c o m b i n a t i o n i n v o l v e d o n e r o w 

o f s o r g h u m t o t h r e e o f c o w p e a . 

- I n t e r m s o f b i o l o g i c a l e f f i c i ency , l a n d e q u i v a l e n t ra t ios suggest t h a t t h e best s y s t e m 

i s t h e c r o p c o m b i n a t i o n i n v o l v i n g one r o w o f s o r g h u m t o t h r e e r o w s o f c o w p e a : a n 

L E R 1.36 was r e c o r d e d . 

P a r t i a l b u d g e t s w e r e c o n s t r u c t e d f o r t h e y i e l d da ta ( f o l l o w i n g P e r r i n e t a l . 1 9 7 7 ) , i n 

w h i c h t h e cos t o f b i r d - s c a r i n g was t h e o n l y cos t t h a t was v a r i e d . T h e subsequent 

b u d g e t r e v e a l e d t h a t t h e h ighes t benef i t s accrue f r o m t h e s o r g h u m / c o w p e a i n t e r -

c r o p p i n g c o m b i n a t i o n w i t h o n e r o w o f s o r g h u m t o t h r e e r o w s o f c o w p e a . T h e n e t 

bene f i t s f o r these t h r e e sys tems w e r e w e l l i n excess o f E 2 0 0 0 ha - 1 . S o r g h u m g r o w n i n 

m o n o c u l t u r e r e c o r d e d t h e least benef i t s a n d i s c lea r ly m u c h less a t t r a c t i v e f o r i nves t -

m e n t . A f u r t h e r analysis o f t h e costs o f p r o d u c t i o n a n d t h e i r i n c l u s i o n i n t o t h e b u d g e t 

( T a b l e 3) s h o w e d t h a t s o r g h u m as a sole c r o p c a n n o t be r ega rded as an e c o n o m i c 

p r o p o s i t i o n because i t y i e ld s a m e r e E 2 0 0 h a - 1 c o m p a r e d w i t h t h e p r o f i t a b i l i t y 

a c h i e v e d w h e n i t i s i n t e r c r o p p e d even on a 3:1 r a t i o f o r s o r g h u m a n d c o w p e a respec­

t i v e l y . I n d e e d , t h e e v i d e n c e shows t h a t i n t e r - a n d i n t r a c r o p p i n g s o r g h u m w i t h c o w -

pea can c o n t r i b u t e s ign i f i can t ly t o t o t a l f a r m i n c o m e . 
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Table 3. Budget analysis results f r o m the sorghum/cowpea intercropping trial (Table 2) . 

Cropping system 

1 1 S : 3 C ( A L ) 

2 2S:2C ( A L ) 

3 3 S : 1 C ( A L ) 

4 1 S : 3 C ( A M ) 

5 2S:2C ( A M ) 

6 3 S : 1 C ( A M ) 

7 1 S : 3 C ( A H ) 

8 2S:2C ( A H ) 

9 3 S : 1 C ( A H ) 

10 2S:2C ( W L ) 

1 1 2 S : 2 C ( W M ) 

12 2 S : 2 C ( W H ) 

Mono-sorghum 

Mono-cowpea 

Cowpea 
adj. 

yields 
(kg ha -1) 

1255 

673 

230 

1138 

715 

377 

1272 

584 

281 

800 

592 

740 

0 

1400 

Sorghum 
adj. 

yields 
(kg ha -1) 

784 

882 

1597 

597 

921 

1259 

344 

896 

1491 

874 

621 

967 

1701 

0 

Cowpea 
gross 
value 

(E) 

2510 

1345 

459 

2275 

1429 

754 

2543 

1169 

563 

1600 

1904 

1479 

0 

2799 

Sorghum 
gross 
value 

(E) 

392 

441 

798 

298 

460 

629 

172 

448 

745 

437 

310 

483 

851 

0 

Tota l 
gross 

ou tput 
(E) 

2902 

1787 

1257 

2573 

1889 

1383 

2715 

1616 

1308 

2037 

2215 

1963 

851 

2799 

Tota l 
variable 

costs 

(E) 

710 

610 

610 

710 

610 

610 

710 

610 

610 

610 

610 

610 

810 

710 

N e t 

benefits 

(E) 

2192 

1177 

647 

1863 

1279 

773 

2005 

1006 

697 

1947 

1605 

1353 

241 

2089 

Conclusions 

T h e s e p r e l i m i n a r y r e su l t s suggest t h a t s o r g h u m has cons ide rab le p o t e n t i a l i n m a r g i n a l 

r a i n f a l l eco logies . W h i l e i t i s a c k n o w l e d g e d t h a t s o r g h u m i s n o t a n i m p o r t a n t c o m p o ­

n e n t o f t h e d i e t s o f t h e r u r a l S w a z i , t h e a t t a i n m e n t o f reasonable y i e l d s b y f a r m e r s i n 

these areas c an ensure s o m e f a r m i n c o m e o n w h i c h househo lds can d e p e n d f o r t h e i r 

f o o d a n d o t h e r h o u s e h o l d r e q u i r e m e n t s . 

T h e r e su l t s r e p o r t e d also i n d i c a t e t h a t f a r m e r s i n these ecologies can m i n i m i z e 

r i s k s a n d m a x i m i z e t h e i r o u t p u t f r o m t h e i r resources t h r o u g h i n t e r c r o p p i n g s o r g h u m 

w i t h a n i m p r o v e d c o w p e a t h a t i s n o t o n l y d e t e r m i n a t e b u t i s o f s h o r t d u r a t i o n a s w e l l . 

T h e h i g h e r bene f i t s a c c r u i n g f r o m i n t e r c r o p p i n g can b e u s e d t o c o m p e n s a t e o r pay f o r 

t h e l a b o r h i r e d o r d e p l o y e d i n b i r d - s c a r i n g . 

H o w e v e r , f o r these i m p r o v e d t e c h n o l o g i e s t o be a d o p t e d t h e r e i s a n e e d f o r a 

c l e a r l y d e f i n e d s o r g h u m m a r k e t i n g p o l i c y , w h i c h , a c c o r d i n g t o f a rmer s , i s e i t h e r 

absen t o r u n f a v o r a b l e . 
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On-Farm Sorghum Technology Assessment by 
Farmers in Swaziland 

P Shongwe1 

Introduction 

I n S w a z i l a n d s o r g h u m i s g r o w n b y a f e w fa rmers f o r spec ia l ized uses. M a i z e accoun t s 

f o r 7 6 % o f t h e t o t a l c r o p l a n d a n d s o r g h u m 1.7% ( S w a z i l a n d C S O 1 9 8 9 ) . H o w e v e r , i n 

t h e m a r g i n a l r a i n f a l l areas ( d r y M i d d l e v e l d a n d L o w v e l d ) , w h e r e t h e annua l r a i n f a l l i s 

u sua l l y 6 0 0 m m o r less, ma i ze p r o d u c t i o n i s m o s t l y a f a i l u r e . T h e g o v e r n m e n t , 

t h r o u g h t h e M i n i s t r y o f A g r i c u l t u r e a n d C o o p e r a t i v e s , i s encourag ing f a rmer s w i t h i n 

t h i s area t o s w i t c h t o s o r g h u m because t h e c l i m a t i c c o n d i t i o n s are n o t favorab le f o r 

m a i z e p r o d u c t i o n . T h e p r o m o t i o n o f s o r g h u m i s a n e f f o r t t o p r o m o t e f o o d s e c u r i t y a t 

h o u s e h o l d l e v e l . 

S o r g h u m research i n S w a z i l a n d c o m m e n c e d i n 1 9 8 4 / 8 5 w i t h t h e s u p p o r t o f 

S A D C / I C R I S A T S M I P t o i n t r o d u c e i m p r o v e d a n d a d a p t e d s o r g h u m var ie t ies t h a t 

c o u l d i m p r o v e y i e ld s a n d increase p r o d u c t i o n t h r o u g h se lec t ion ( b r e e d i n g ) . 

T h i s p a p e r i s based o n f a r m e r s ' assessment o f t h e 1 9 9 3 / 9 4 c r o p p i n g season o f o n -

f a r m s o r g h u m c u l t i v a r t r i a l s . 

Objectives and methods 

T h e ob j ec t i ve s w e r e : 

- T o assess f a r m e r s ' p e r c e p t i o n s o f t h e o n - f a r m s o r g h u m t r i a l s . 

- T o i d e n t i f y f a r m e r s ' obse rva t ions o n cons t r a in t s o n s o r g h u m p r o d u c t i o n . 

- T o assess a n d d e t e r m i n e b o t t l e n e c k s i n t h e s o r g h u m t echno logy - t r ans f e r process . 

T h e s t u d y was c o n d u c t e d f r o m 4 t o 1 2 J u l 1994 af ter t h e f a rmers ha rves t ed t h e i r 

c r o p s . A f o r m a l su rvey w i t h a n i n t e r v i e w i n g schedule was used i n g u i d i n g discuss ions . 

T h e r e w e r e e l even ques t i ons r e l a t i n g t o w h y fa rmers l i k e d o r d i s l i k e d p a r t i c u l a r 

s o r g h u m c u l t i v a r s g r o w n i n t h e o n - f a r m t r i a l s . I n t h e responses r e q u e s t e d t h e r e was a 

c h o i c e f o r 'yes ' , ' n o ' , o r ' n o t su re ' c e n t e r e d a r o u n d : h i g h y i e l d , d e n s i t y o f p l a n t s t and , 

large g r a i n a n d h e a d size, t o l e r a n c e o f diseases, w e e d s , d r o u g h t , a n d s t a lk bo re r , a p h i d , 

a n d b i r d a t t a c k , a n d w h e t h e r o r n o t f e r t i l i z e r was a p p l i e d . T h e f a rmers chosen f o r t h e 

1 . Research Of f i ce r , M a l k e r n s Research S ta t ion , PO B o x 4 , Ma lke rns , Swazi land. 

S h o n g w e , P . 1996. O n - f a r m so rghum technology assessment by farmers in Swazi land. Pages 2 9 5 - 2 9 7 in 

D r o u g h t - t o l e r a n t c rops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d 

Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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s t u d y h a d p a r t i c i p a t e d i n t h e o n - f a r m s o r g h u m t r i a l s w h i c h w e r e c o n d u c t e d i n t h e 

m a r g i n a l r a i n f a l l areas o f S w a z i l a n d . T h e y w e r e v i s i t e d a t t h e i r homes teads . 

T h e s t u d y area c o m p r i s e d M l i b a , N k a m b e n i , M a d u b e n i , M a k h a v a , M g a m u d z e , a n d 

G i l g a l . O n l y e i g h t f a r m e r s w e r e i n t e r v i e w e d . 

Results and discussion 

C u l t i v a r characters assessed i n the f i e l d . Because t h e n u m b e r o f f a rmer s i n t e r -

v i e w e d w a s v e r y l i m i t e d , o n l y genera l conc lus ions can b e d r a w n . T h e m a j o r i t y o f 

f a r m e r s r e s p o n d e d 'yes ' t o a l l t h e ques t ions , a n d h i g h y i e l d , large g ra in size, a n d 

d r o u g h t t o l e r a n c e f e a t u r e d a s t h e m o s t i m p o r t a n t ones. A b o u t t w o - t h i r d s o f t h e 

f a r m e r s a p p l i e d basal f e r t i l i z e r . 

I n t h e ' n o ' responses a b o u t a q u a r t e r o f t h e f a r m e r s w e r e n o t sa t isf ied w i t h t h e 

h e a d size, a p h i d t o l e r a n c e , a n d c r o p s t and . M o r e t h a n 8 0 % o f t h e f a r m e r s w e r e n o t 

sa t i s f ied w i t h b i r d t o l e r a n c e . 

I n t h e ' n o t su re ' g r o u p a b o u t a q u a r t e r o f t h e f a r m e r s m e n t i o n e d response t o 

f e r t i l i z e r , w e e d t o l e r a n c e , a n d t o l e r a n c e o f s ta lk b o r e r a n d disease. M a n y f a rmer s d o 

n o t use f e r t i l i z e r because o f t h e expense , a n d some t h i n k t h a t f e r t i l i z e r b u r n s t h e 

p l a n t s . 

T h e gene ra l l y p o s i t i v e response i m p l i e s t h a t t h e c u l t i v a r s are l i k e d b y t h i s s m a l l 

g r o u p o f f a r m e r s . 

P r o d u c t i o n costs a n d m a r k e t i n g . M o s t o f t h e f a rmer s said t h a t s o r g h u m costs less 

t h a n m a i z e t o p r o d u c e because i t does n o t r e q u i r e h i g h rates o f f e r t i l i z e r a p p l i c a t i o n 

o r m u c h w e e d i n g a n d t h i n n i n g . F o r such ac t i v i t i e s a s l a n d p r e p a r a t i o n , s o w i n g , a n d 

w e e d i n g f a r m e r s sa id t h e y h a d n o t h i r e d any l abor . 

S o m e o f t h e f a r m e r s c o m p l a i n e d a b o u t l o w pr ices i n t h e f o r m a l m a r k e t s . T h e 

S w a z i l a n d M i l l i n g C o m p a n y o f f e r e d i n 1994 t o b u y a 7 0 - k g bag o f s o r g h u m a t E 3 5 . 5 0 

( = U S $ 9 . 6 7 ) . F a r m e r s p r e f e r t o se l l t h e i r p r o d u c e i n t h e i n f o r m a l , i n t r a r u r a l m a r k e t 

w h e r e t h e p r i c e i s U S $ 1 3 . 0 8 - 1 9 . 0 7 p e r 7 0 - k g bag. 

F u t u r e plans. F a r m e r s w e r e a d d i t i o n a l l y asked ques t ions a b o u t t h e f u t u r e , t h e m a i n 

ones b e i n g : 

- D o y o u w a n t t o a d o p t any o f t h e cu l t iva r s? 

- W h i c h c u l t i v a r d o y o u l i k e : M R S 12, M R S 13, o r M R S 14? 

- D o y o u w a n t t o s o w o n - f a r m t r i a l s n e x t season? 

A l l f a r m e r s sa id t h e y w o u l d l i k e t o a d o p t s o m e o f t h e t e s t e d c u l t i v a r s t h e n e x t 

season, M R S 1 3 b e i n g t h e p r e f e r r e d one . M o s t o f t h e m w o u l d also l i k e t o increase 

t h e i r area u n d e r s o r g h u m p r o d u c t i o n i n excess o f t h e size o f t h e t r i a l d e m o n s t r a t i o n 

p l o t . A l l p a r t i c i p a n t s l i k e t h e p r o p o s a l t o have a n o t h e r set o f d e m o n s t r a t i o n t r i a l s 

d u r i n g t h e n e x t season, m a i n l y t o g a i n m o r e t i m e f o r l e a r n i n g h o w t o g r o w s o r g h u m 

p r o p e r l y a n d t o have access t o i m p r o v e d seed. 
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B u t , a l t h o u g h f a r m e r s w e r e genera l ly i m p r e s s e d b y t h e p l a n t s t and , h e a d size, a n d 

d r o u g h t - t o l e r a n c e o f t h e t e s t e d cu l t i va r s , o n l y one f a r m e r said h e w a n t e d t o g r o w 

s o r g h u m o n a la rger scale. T h e r e m a i n i n g ones s t i l l w a n t e d t o g r o w ma ize , w h i c h t h e y 

p r e f e r r e d t o s o r g h u m . 

Conclusions 

1 . F a r m e r s w h o p a r t i c i p a t e d i n t h e o n - f a r m t r i a l s l i k e d t h e i m p r o v e d s o r g h u m c u l t i -

vars because o f t h e i r h i g h - y i e l d i n g charac ters , large g r a i n size, t h e c a p a b i l i t y o f t h e 

c r o p t o w i t h s t a n d d r o u g h t , a n d i t s pos i t i ve response t o f e r t i l i z e r app l i ca t i ons . 

2 . M o s t o r a l l o f t h e c u l t i v a r s w e r e p r o n e t o b i r d damage , a n d t h i s nega t ive ly a f f e c t e d 

f a r m e r s ' m o t i v a t i o n i n g r o w i n g s o r g h u m . 

3 . F a r m e r s w h o d i d n o t p a r t i c i p a t e i n t h e t r i a l s s h o w e d n o i n t e r e s t i n g r o w i n g sor-

g h u m because o f b i r d d e p r e d a t i o n ; t h e y w e r e u n i n f o r m e d a b o u t t h e c rop ' s uses 

w h e n c o n s u m e d a n d u n c e r t a i n a b o u t t h e ava i l ab i l i t y o f a m a r k e t . 

4 . Pu re s tands o f s o r g h u m a n d c o w p e a w e r e p r e f e r r e d t o i n t e r c r o p p i n g sys tems. 

5 . M o s t f a r m e r s w a n t e d t o increase t h e n u m b e r o f d e m o n s t r a t i o n p l o t s fo r g r o w i n g 

s o r g h u m . 

6 . F a r m e r s w h o d i d n o t p a r t i c i p a t e i n t h e t r i a l s agreed t h a t s o r g h u m can g r o w b e t t e r 

t h a n ma ize i n t h e i r areas. 

Recommendations 

1. S o r g h u m is b r o a d l y v i e w e d as a f o o d - s e c u r i t y c r o p in t h e c o u n t r y . So t h e r e is a 

n e e d t o increase t h e n u m b e r o f f a rmer s w h o p a r t i c i p a t e i n f u t u r e c u l t i v a r t r i a l s . 

2 . A s o r g h u m c u l t i v a r t h a t i s t o l e r a n t o f b i r d damage i s r e q u i r e d . 

3 . F a r m e r s s h o u l d b e p e r s u a d e d t h a t s o r g h u m i s m a r k e t a b l e . 

Reference 

S w a z i l a n d : C e n t r a l Statist ical O f f i c e . 1989 . S w a z i l a n d census o f a g r i c u l t u r e 1 9 8 3 -
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Sorghum and Pearl Millet Research in 
Mozambique: A New Approach 

E M de Figueiredo1 

Introduction 

S o r g h u m a n d p e a r l m i l l e t have been s t u d i e d i n M o z a m b i q u e t o o n l y a s m a l l e x t e n t . 

T h e r e are s o m e references i n t h e l i t e r a t u r e , b u t f e w are o f c u r r e n t p r a c t i c a l i n t e r e s t , 

o r are c o n c e r n e d w i t h t e chno log i e s avai lable t o s m a l l h o l d e r f a rmer s w h o f a r m t h e 

largest areas o f these t w o c rops . 

S ince 1 9 8 5 , e x p e r i m e n t a l c o o p e r a t i v e t r i a l s c o n d u c t e d a t one l o c a t i o n i n t h e s o u t h 

o f M o z a m b i q u e have i d e n t i f i e d g o o d ma te r i a l s , w h i c h w e r e r e c o m m e n d e d . H o w e v e r , 

t h e l ack o f a research p r o g r a m t h a t covers t h e p o t e n t i a l s o r g h u m a n d pea r l m i l l e t 

p r o d u c t i o n areas, a n d satisfies t h e real needs o f t h e t a rge t g r o u p ( t h e f a m i l y sec to r ) 

l e d t o t h e p r e p a r a t i o n i n 1993 o f t h e F i r s t N a t i o n a l S o r g h u m a n d Pearl M i l l e t T e c h -

n o l o g y T r a n s f e r W o r k s h o p . 

S ince inc reas ing t h e p r o d u c t i v i t y o f s o r g h u m a n d p e a r l m i l l e t i s essential t o a t t a i n 

f o o d s e c u r i t y a n d es tab l i sh f a r m i n g sys tems i n t h e d r o u g h t - p r o n e regions o f o u r 

c o u n t r y , t h e I n s t i t u t o N a c i o n a l d e Inves t igacao A g r o n 6 m i c a ( I N I A ) i n i t s M e d i u m -

T e r m P lan d e f i n e d s o r g h u m as a p r i o r i t y c r o p i n i t s research p r o g r a m . 

State of sorghum and pearl millet 

I t i s e s t i m a t e d t h a t s o r g h u m occup ies 3 5 % , and pea r l m i l l e t 1.9%, o f t h e t o t a l area 

s o w n t o cerea l c rops , a n d t h e p r o d u c t i o n o f these t w o c rops a m o u n t s t o 2 9 . 7 % f o r 

s o r g h u m a n d 0 . 9 % f o r p e a r l m i l l e t o f t o t a l cereal p r o d u c t i o n . 

T h e average y i e l d i s 4 5 0 kg ha - 1 a n d t h e m a i n cons t r a in t s are: 

- w e a k research w o r k o n t h e t w o crops ; 

- l a ck o f i m p r o v e d c u l t i v a r s avai lable t o f a rmers ; a n d 

- p o o r e x t e n s i o n service . 

T h e p r i n c i p a l cons t r a in t s t h a t a f fec t t h e e x t e n s i o n service are: l ack o f a n i n f r a s t ruc -

t u r e ; l ack o f t r a i n e d pe r sonne l ; f i n a n c i a l p r o b l e m s ; a n d l ack o f adequa te t e c h n o l o g i c a l 

packages f o r e x t e n s i o n . 

1 . A g r o n o m i s t , N a t i o n a l A g r i c u l t u r a l Research I n s t i t u t e ( I N I A ) , P O Box 3 6 5 8 , M a p u t o , M o z a m b i q u e . 

de F i g u e i r e d o , E . M . 1996. S o r g h u m a n d pear l m i l l e t research i n M o z a m b i q u e : a n e w approach . Pages 2 9 9 -

301 i n D r o u g h t - t o l e r a n t crops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m 

a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d 

T r o p i c s . 

2 9 9 



S c i e n t i f i c i n f o r m a t i o n a b o u t these t w o c rops has b e e n i n s u f f i c i e n t f o r f i e l d app l i ca -

t i o n , m a i n l y d u e t o l a c k o f research a n d q u a l i f i e d staff , f inanc ia l p r o b l e m s , a n d , i n 

r e c e n t years , i n su rance p r o b l e m s . H o w e v e r , some specif ic w o r k , i n c l u d i n g t h e i n t r o -

d u c t i o n a n d s e l e c t i o n o f l i n e s / c u l t i v a r s f r o m I C R I S A T A s i a C e n t e r ( I n d i a ) a n d 

S A D C / I C R I S A T ( Z i m b a b w e ) , has l e d t o t h e i d e n t i f i c a t i o n a n d se l ec t i on o f t h e f o l l o w -

i n g i m p r o v e d c u l t i v a r s : M a m o n h e ; S V 1 ; M a c i a ; A N A ; K u y u m a ; S D S L 8 8 2 9 8 ; a n d 

S D S L 8 9 4 7 3 . 

D e s p i t e these p r o b l e m s , t h e r eg iona l s t ra tegy i s t o t r ans fe r a n d v e r i f y n e w t e c h n o l -

ogy , t o p lace emphas i s o n a large c u l t i v a r e v a l u a t i o n p r o g r a m , o n - f a r m t r i a l s , a n d 

r e l a t e d measures t o f a c i l i t a t e t h e d i s t r i b u t i o n a n d a d o p t i o n o f i m p r o v e d c u l t i v a r s . 

T h e c o o r d i n a t e d s o r g h u m a n d pea r l m i l l e t p r o g r a m , i n a u g u r a t e d i n 1993 , c o m b i n e s 

t h e e f f o r t s o f t h e seed c o m p a n y , S E M O C , a n d W o r l d V i s i o n I n t e r n a t i o n a l , a n N G O . 

Impact of new technologies 

T h e a c t i v i t i e s o f S A D C / I C R I S A T S M I P f o r M o z a m b i q u e are o r i e n t e d t o s u p p o r t t h e 

f o l l o w i n g goals: 

- P r o m o t e t h e t r ans f e r o f n e w t echno log ie s t o t h e f a m i l y sector . 

- D e v e l o p a p r o g r a m t o i d e n t i f y i m p r o v e d var ie t i es a n d h y b r i d s . 

- P r o m o t e g e r m p l a s m c o l l e c t i o n , e v a l u a t i o n , a n d exchange . 

R e l a t e d a c t i v i t i e s i n c l u d e : 

- O n - f a r m t r i a l s t o v e r i f y t h e t e chno log i e s u n d e r f a m i l y - s e c t o r c o n d i t i o n s . 

- T r a i n e x t e n s i o n agents. 

- P repa re t e c h n i c a l r e c o m m e n d a t i o n s f o r t h e f a m i l y sector . 

- A s s i s t i n seed p r o d u c t i o n . 

- I n t r o d u c e n e w l i n e s / c u l t i v a r s . 

- I d e n t i f y , t es t , a n d se lec t p r o m i s i n g c u l t i v a r s . 

Improved cultivars available for sorghum 

Elite varieties 
M a c i a a n d M a m o n h e W S V 3 8 7 ( K u y u m a ) S V 1 a n d S V 2 

Promising varieties 
C h o k w e S D S L 8 8 2 9 8 S D S L 8 8 4 7 3 

S D S L 8 9 4 2 0 S D S L 8 9 5 6 6 S D S L 8 7 0 4 9 

S D S L 8 8 0 0 3 S D S L 8 8 0 0 4 L a r s v y t 4 6 - 8 5 

S V 3 S P V 3 5 1 S D S L 8 7 0 4 6 

T h e last 1 1 va r i e t i e s are f r o m S A D C / I C R I S A T S M I P . 
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Improved cultivars available for pearl millet 

El i te varieties for field use 

R M P 1 ( P M V 1 ) P M V 2 Okashana 1 

El i te varieties for evaluat ion in o n - f a r m trials 

S D M V 8 9 0 0 5 S D M V 9 0 0 3 1 S D M V 9 1 0 1 8 

Varie t i e s for m u l t i n a t i o n a l trials 

S D M V 8 9 0 0 4 S D M V 9 1 4 0 2 S D M V 9 0 0 0 4 

I C M V 155 I C M V 8 8 9 0 8 S D M V 9 2 0 3 9 

S D M V 9 2 0 0 2 I C M P 8 8 5 0 6 

Available resources 

W e r e l y o n t h e c o l l a b o r a t i o n o f t h e f o l l o w i n g i n s t i t u t i o n s : 

- D i r e c c a o N a c i o n a l de D e s e n v o l v i m e n t o R u r a l ( D N D R ) . 

- D i r e c c a o N a c i o n a l d e A g r i c u l t u r a ( D I N A ) : c o o r d i n a t i o n o f a g r i c u l t u r a l p o l i c y . 

- Seed e v a l u a t i o n a n d m u l t i p l i c a t i o n ( S E M O C ) . 

- W o r l d V i s i o n : t e c h n i c a l a n d f inanc ia l c o l l a b o r a t i v e research, e x t e n s i o n , a n d t r a i n i n g 

p r o g r a m . 

Location of projects 

T h e f o l l o w i n g p r o v i n c e s , w h e r e s o r g h u m a n d pear l m i l l e t are e c o n o m i c a l l y i m p o r t a n t , 

have b e e n p r i o r i t i z e d , a n d t h e i r agroecologica l c o n d i t i o n s have b e e n n o t e d . 

S o r g h u m M i l l e t 

N a m p u l a T e t e 

M a n i c a Z a m b e z i a 

T e t e C a b o D e l g a d o 

Z a m b e z i a 

Priority activities 

A d iagnos t i c survey i s n e e d e d t o i d e n t i f y t h e poss ible l i m i t i n g fac tors i n each 

ag roeco log ica l r e g i o n . U n f o r t u n a t e l y , t h i s has n o t b e e n d o n e because o f o rgan iza t iona l 

p r o b l e m s . 
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Preliminary Evaluation of ICRISAT Sorghum 
Varieties at Sigaro, Zimbabwe 

S B Zengeni1 

Introduction 

T h e o b j e c t i v e o f t h e t r i a l s c o n d u c t e d a t Sigaro a n d o t h e r sites i n Z i m b a b w e was t o 

eva lua te t h e p e r f o r m a n c e o f t h e I C R I S A T var ie t ies o f s o r g h u m a n d c o m p a r e t h e m 

w i t h t w o l o c a l l y g r o w n o p e n - p o l l i n a t e d var ie t ies , a loca l h y b r i d , a n d a n e x p e r i m e n t a l 

h y b r i d . 

Materials and methods 

T h e f o l l o w i n g 1 2 s o r g h u m var ie t i es w e r e i n t r o d u c e d f r o m t h e S A D C / I C R I S A T Sor-

g h u m a n d M i l l e t I m p r o v e m e n t P r o g r a m ( S M I P ) , a n d s o w n o n 2 3 N o v 1993 a t Sigaro 

f a r m , l o c a t e d 3 5 k m f r o m H a r a r e . T h e o t h e r en t r i es w e r e Segaolane, S V 1 , D C 7 5 

a n d M R W h i t e ( f r o m Pacif ic Seeds) . 

1 . 

2 . 

3 . 

4 . 

5. 

6 . 

7. 

8. 

S D S L 8 7 0 4 9 d w a r f 

S D S L 8 7 0 4 9 t a l l 

S D S L 8 7 0 4 6 

S D S L 8 9 5 6 6 

S D S L 8 9 5 4 4 

S D S L 8 9 5 6 9 

S D S L 9 0 1 4 7 

S D S L 9 0 1 5 2 

9 . S D S L 9 0 1 8 1 

10 . S D S 2 6 9 0 

1 1 . L a r s v y t 4 6 - 8 5 

12 . M a c i a 

13 . S V 1 

14 . Segaolane 

15 . D C 75 

16 . M R W h i t e 

T h e e x p e r i m e n t w a s c o n d u c t e d i n a f a i r l y u n i f o r m f i e l d l o c a t e d a t Sigaro f a r m 

w h i c h has r e d , c lay , l o a m y so i l . T h e e n v i r o n m e n t was k e p t a s u n i f o r m a s p r ac t i c ab l e 

s o t h a t v a r i a t i o n s o b s e r v e d w o u l d b e d u e t o d i f f e rences i n t h e geno types . 

T h e en t r i e s w e r e s o w n i n a r a n d o m i z e d c o m p l e t e b l o c k des ign w i t h t h r e e r e p l i c a -

t i o n s . P l o t size w a s 1 8 m 2 , r o w l e n g t h 6 m , a n d r o w a n d w i t h i n - r o w spacing w e r e 

7 5 c m a n d 1 5 c m r e s p e c t i v e l y . T h e e s t i m a t e d p l a n t d e n s i t y was 162 5 0 0 ha-1 . 

1 . Research Manager , N a t i o n a l T e s t e d Seeds, PO B o x 2 7 0 5 , Hara re , Z i m b a b w e . 

Z e n g e n i , S .B. 1996 . P r e l i m i n a r y eva lua t ion o f ICRISAT so rghum variet ies a t Sigaro, Z i m b a b w e . Pages 3 0 3 -

3 0 4 i n D r o u g h t - t o l e r a n t c rops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m 

a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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G e n e r a l a g r o n o m y i n c l u d e d basal a p p l i c a t i o n o f n i t r o g e n ( 1 0 0 k g ha - 1 ) , p h o s p h o r u s 

( 6 0 k g ha - 1 ) a n d p o t a s s i u m ( 5 0 k g h a - 1 ) . T h e f e r t i l i z e r was b roadcas t a n d d i s k e d i n 

d e e p l y b e f o r e p l o w i n g . N i t r o g e n t o p d r e s s i n g was a p p l i e d 6 w e e k s a f te r s o w i n g . A 

g r a n u l a r i n s e c t i c i d e w a s p l a c e d in t h e f u n n e l a s a p r e c a u t i o n against a t tacks by s t e m 

b o r e r s ( C h i l o partellus). T w o g u a r d r o w s s u r r o u n d e d t h e t r i a l t o r e d u c e edge e f fec t s . 

T h e t r i a l w a s h o e - w e e d e d t w i c e d u r i n g t h e g r o w i n g p e r i o d t o k e e p i t w e e d - f r e e . 

S i x cha rac te r s w e r e s t u d i e d a n d t h e y i n c l u d e d days t o 5 0 % f l o w e r i n g , days t o 

m a t u r i t y , p l a n t h e i g h t , s t a n d a b i l i t y , r e a c t i o n t o l e a f b l i g h t (Exserohi l ium turcicum) 

a n d g r a i n y i e l d . 

Results and discussion 

D a y s t o 5 0 % f l o w e r i n g r a n g e d f r o m 6 4 t o 7 9 a n d t h e average was 7 1 days. M R W h i t e , 

a d w a r f h y b r i d f r o m Pacif ic Seeds, was t h e ear l ies t a n d S D S 2 6 9 0 was t h e la tes t . D a y s 

t o m a t u r i t y f o l l o w e d t h e same genera l t r e n d a s f l o w e r i n g . Segaolane was t h e la tes t 

e n t r y . 

L e a f b l i g h t i n f e c t i o n was w i d e s p r e a d across t h e geno types . D C 7 5 was t h e m o s t 

s u s c e p t i b l e e n t r y w i t h severe f o l i a r s y m p t o m s . S D S L 8 7 0 4 9 t a l l was t h e m o s t t o l e r -

a n t e n t r y . 

T h e m a j o r i t y o f t h e s o r g h u m en t r i e s d i d n o t l odge . E n t r i e s w h i c h s h o w e d p o o r 

s t a n d a b i l i t y i n c l u d e d D C 7 5 , L a r s v y t 4 6 - 8 5 , S D S L 8 9 5 6 6 , a n d S D S L 9 0 1 4 7 . 

Y i e l d s w e r e gene ra l l y h i g h across t h e 1 6 geno types . S D S 2 6 9 0 gave t h e h ighes t 

y i e l d , 7 .73 t ha - 1 . T h i s was s ign i f i can t ly s u p e r i o r t o t h e best c o n t r o l , D C 7 5 . T h e o t h e r 

I C R I S A T m a t e r i a l s w h i c h o u t y i e l d e d D C 7 5 w e r e S D S L 9 0 1 5 2 , S D S L 8 9 5 4 4 , a n d 

S D S L 8 9 5 6 9 . M R W h i t e gave a r e l a t i v e l y g o o d y i e l d a n d S D S L 90181 gave t h e l o w e s t 

g r a i n y i e l d . 

T h e r e su l t s are p r e l i m i n a r y a n d s h o w t h e p e r f o r m a n c e o f t h e s o r g h u m en t r i e s 

w h e n g r o w n a t a h i g h a l t i t u d e a n d in a h i g h - r a i n f a l l area t h a t i s t r a d i t i o n a l l y u n s u i t a b l e 

f o r s o r g h u m . 
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Development of a National Pearl Millet Breeding 
Program for Namibia 

S A Ipinge1, W R Lechner2, and E S Monyo3 

Introduction 

Pear l m i l l e t accoun t s f o r 2 4 % o f t o t a l ca lo r i e i n t a k e a s c o m p a r e d w i t h 2 3 % fo r ma ize 

a n d 13% f o r w h e a t ( S A D C F o o d S e c u r i t y B u l l e t i n 1991) . I t p lays a n i m p o r t a n t r o l e i n 

t h e d i e t o f N a m i b i a n s a n d i s w i d e l y g r o w n i n 7 o f N a m i b i a ' s 1 3 p o l i t i c a l regions w h i c h 

c o v e r a n e s t i m a t e d 3 5 5 2 0 0 h a o f l a n d (pers . c o m m . N a m i b i a M i n i s t r y o f A g r i c u l t u r e 

1 9 9 4 ) . E x c e p t f o r t h e d i m i n i s h i n g r a i n f a l l a s one m o v e s f r o m t h e eas tern p a r t o f 

N a m i b i a ( C a p r i v i ) t o w e s t e r n O m u s a t i , m o s t o f t h e c o u n t r y ' s pea r l m i l l e t b e l t l ies i n 

t h e same b e l t a s t h e m i l l e t - g r o w i n g areas o f Z i m b a b w e , w h e r e i m p r o v e d S A D C p e a r l 

m i l l e t m a t e r i a l s have been d e v e l o p e d a n d t e s t e d . 

W i t h s u p p o r t f r o m t h e N a m i b i a n g o v e r n m e n t a n d e x t r a f i n a n c i a l s u p p o r t f r o m 

C I D A , S M I P assisted i n t h e e s t a b l i s h m e n t o f a pea r l m i l l e t b r e e d i n g p r o g r a m , c o n c e n -

t r a t i n g i n i t i a l l y o n e x p l o i t i n g l oca l g e r m p l a s m a n d a f e w i n t r o d u c e d c u l t i v a r s t h a t are 

a d a p t e d t o N a m i b i a ' s c o n d i t i o n s . 

Namibian pearl millet germplasm collection 

M o s t o f t h e p e a r l m i l l e t - g r o w i n g areas w e r e t h o r o u g h l y c o v e r e d d u r i n g a g e r m p l a s m 

c o l l e c t i o n m i s s i o n j o i n t l y o rgan ized b y t h e M i n i s t r y o f A g r i c u l t u r e a n d S A D C / I C R I -

S A T f r o m 1 8 A p r t o 1 2 J u n 1 9 9 1 . A t o t a l o f 1 0 0 0 pea r l m i l l e t accessions w e r e 

c o l l e c t e d . O n e b a t c h was l e f t i n N a m i b i a , a second was t a k e n t o M u z a r a b a n i i n 

Z i m b a b w e f o r m u l t i p l i c a t i o n , a n d a t h i r d f o r l o n g - t e r m storage a t I C R I S A T . 

Evaluation of the germplasm 

T h e 7 5 0 accessions o f t h e pea r l m i l l e t g e r m p l a s m c o l l e c t e d i n N a m i b i a w e r e e v a l u -

a t e d d u r i n g t h e 1 9 9 1 / 9 2 c r o p p i n g season a t t h r e e d i f f e r e n t l oca t ions ( O m a h e n e n e 

1 . A g r i c u l t u r a l Research Of f i ce r , O m a h e n e n e Research S ta t ion , PO B o x 144, Oshaka t i , N a m i b i a . 

2 . C h i e f A g r i c u l t u r a l Research Of f i ce r , a t t h e same address. 

3 . P r inc ipa l Sc ien t i s t (Breed ing) , I I T A Of f i ce , Sabo Bak in Z u w a Road, P M B 3494 , Kano, Nige r i a ( f o r m e r l y 

a t S A D C / I C R I S A T ) . 

I C R I S A T C o n f e r e n c e Paper no . CP 1071 

I p i n g e , S .A. , L e c h n e r , W . R . , and M o n y o , E.S. 1996. D e v e l o p m e n t o f a na t iona l pear l m i l l e t b reed ing 

p r o g r a m fo r N a m i b i a . Pages 3 0 5 - 3 0 9 i n D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings o f t h e 

S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana 

(Leuschner , K . , a n d M a n t h e , C.S. , eds.). Patancheru 502 324 , A n d h r a Pradesh, Ind ia : In t e rna t iona l C r o p s 

Research I n s t i t u t e fo r t h e S e m i - A r i d T r o p i c s . 
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a n d M a s h a r e i n N a m i b i a a n d M u z a r a b a n i i n Z i m b a b w e ) . V e r y use fu l va r i a t ions w e r e 

o b s e r v e d . S o m e o f t h e c o l l e c t i o n g r e w t o a h e i g h t o f 2 - 3 m a n d p r o d u c e d t w o t o f i v e 

s t o u t basal t i l l e r s w i t h t h i c k s t ems . T h e heads w e r e 3 0 - 4 0 c m l o n g w i t h c o n i c a l t o 

c y l i n d r i c a l pan ic l e s . T h e y m a t u r e d b e t w e e n 105 a n d 120 days . 

T h e gra ins w e r e gray, w h i t e , o r a m i x t u r e o f co lo r s w i t h p a r t l y co rneous e n d o ­

s p e r m . M o s t o f t h e accessions h a d m e d i u m t o large grains . S e l e c t i o n o f s u p e r i o r 

accessions was m a d e f r o m t w o l o c a t i o n s i n N a m i b i a f o r t h e i n i t i a t i o n o f a b r e e d i n g 

p r o g r a m . 

Gene pool f rom the germplasm 

V a r i a b i l i t y i n t h e g e r m p l a s m l i m i t e d o u r c h o i c e o f p h e n o t y p e s o n w h i c h gene poo l s 

w e r e based , a s f o l l o w s . 

E a r l y - m a t u r i n g gene poo l ( < 6 5 days t o 5 0 % f l o w e r i n g ) . T h i s cons i s t ed o f accessions 

t h a t are c o m m o n l y o f s h o r t s t a tu re , have t h i n s tems , a n d s m a l l - t o m e d i u m - s i z e d 

pan ic les a n d t i l l e r s ( w i t h s o m e e x c e p t i o n s i n w h i c h p l an t s i n t h i s g r o u p have l o n g 

pan ic les a n d t h i c k s t ems , a n d are l o w t i l l e r i n g ) . 

M e d i u m - m a t u r i n g gene poo l ( 6 5 - 7 0 days t o 5 0 % f l o w e r i n g ) . Access ions are o f 

m e d i u m d u r a t i o n , m e d i u m t o t a l l p l a n t h e i g h t , m e d i u m s t e m d i a m e t e r , m e d i u m t o 

h i g h t i l l e r i n g , m e d i u m t o l o n g pan ic l e , a n d m e d i u m t o large grains . 

L a t e - m a t u r i n g gene poo l ( 7 0 days t o 5 0 % f l o w e r i n g ) . Access ions are o f la te m a t u r i t y , 

t a l l h e i g h t , t h i c k s t e m , m e d i u m t o l o w t i l l e r i n g , l o n g pan ic l e , m e d i u m t o b r o a d 

p a n i c l e d i a m e t e r , m e d i u m t o large seed size. 

L a r g e panic le gene poo l . Access ions are o f m e d i u m t o la te m a t u r i t y , va r iab le h e i g h t , 

m e d i u m t o t h i c k s t ems , va r i ab le t i l l e r i n g , m e d i u m t o l o n g pan ic l e , b r o a d t o v e r y 

b r o a d ( i n c l u d i n g c l u b h e a d t y p e ) pan i c l e , m e d i u m t o large seed size. 

Bris t l ed gene poo l . T h i s i n c l u d e s a l l t y p e s o f b r i s t l e d panic les . 

R e d u c e d p l a n t he ight gene poo l . Access ions are o f s h o r t h e i g h t , b u t n o t d w a r f , w i t h 

v a r i a b l e s t e m t h i c k n e s s , t i l l e r i n g a b i l i t y , p a n i c l e l e n g t h a n d d i a m e t e r , a n d seed size. 

Main features of the breeding program adopted 

F r o m these gene p o o l s w e e m b a r k e d o n a b r e e d i n g p r o g r a m t h a t spec i f ica l ly def ines 

t w o m a i n areas o f focus . 

3 0 6 



S h o r t - t e r m variety releases. These var ie t i es are h i g h - y i e l d i n g , res i s tan t t o pests a n d 

diseases, a n d gene ra l ly a d a p t e d t o a w i d e range o f N a m i b i a n eco log ica l c o n d i t i o n s . 

T h i s w o r k was a c h i e v e d b y g r o w i n g a large p o p u l a t i o n cons i s t ing o f 5 0 0 0 p l an t s a n d 

m a k i n g a p p r o x i m a t e l y 2 0 0 0 - 2 5 0 0 selfs. These s e l f - p o l l i n a t e d p lan t s w e r e h a r v e s t e d 

a f t e r r e l i a b l e da ta h a d b e e n c o l l e c t e d a n d eva lua t ed o n t h e i r y i e l d p e r f o r m a n c e , p l a n t 

h e i g h t , p l a n t t y p e , a n d days t o 5 0 % f l o w e r i n g . C o m p o s i t e p o p u l a t i o n s w e r e t h e n 

f o r m e d : 

- N a m i b i a D r o u g h t - T o l e r a n t C o m p o s i t e ( N D T C ) , d e v e l o p e d f r o m t h e accessions 

t h a t s u r v i v e d t h e 1992 d r o u g h t a t M u z a r a b a n i i n Z i m b a b w e . 

- N a m i b i a C o m p o s i t e 9 0 ( N C 9 0 ) , d e v e l o p e d i n 1990 b y r a n d o m - m a t i n g e i g h t 

va r i e t i e s a n d t w o p o p u l a t i o n s se lec ted f r o m t h e i n t r o d u c t o r y nu r se ry o f 

S A D C / I C R I S A T S M I P b r e e d i n g ma te r i a l s g r o w n a t Okashana , p lus a b u l k o f 1 4 

N a m i b i a n g e r m p l a s m l ines . 

- N a m i b i a W h i t e G r a i n C o m p o s i t e ( N W G C ) , f o r m e d b y r a n d o m - m a t i n g 4 6 w h i t e -

g r a i n accessions f r o m t h e N a m i b i a n pea r l m i l l e t g e r m p l a s m a n d a n equa l n u m b e r 

f r o m S A D C W h i t e - G r a i n e d C o m p o s i t e . T h i s i s b e i n g f o r m e d t o p r o v i d e a source o f 

a g r o n o m i c a l l y e l i t e l ines w i t h m e d i u m t o large, h a r d , r o u n d , w h i t e g r a in , f o r t h e 

s e l e c t i o n o f va r ie t i e s t h a t can b e c o m m e r c i a l l y m i l l e d t o p r o d u c e a w h i t e m e a l o r 

flour. 

- M a r i a K a h e r e r o C o m p o s i t e ( M K C ) , based o n a set o f ha l f - s ib progenies t a k e n f r o m 

a f a r m e r ' s f i e l d i n Ruacana d u r i n g t h e 1 9 9 1 / 9 2 r a i n y season. T h e f a r m e r h a d 

o b t a i n e d seeds o f Okashana 1 ( I C T P 8 2 0 3 ) d u r i n g 1 9 8 9 / 9 0 w h i c h h e i n t e r s o w e d 

w i t h his l oca l l andrace v a r i e t y ( L L V ) . I n d i v i d u a l p l a n t s e l ec t i on was c a r r i e d o u t 

based o n t h e Okashana 1 p h e n o t y p e , b u t w i t h emphas is o n grea ter v i g o r a n d 

t i l l e r i n g a b i l i t y t h a n t h e o r i g i n a l Okashana 1 . 

S 1 p r o g e n y s e l e c t i o n i s b e i n g c a r r i e d o u t o n a l l c o m p o s i t e p o p u l a t i o n s t o i m p r o v e 

p r o d u c t i v i t y a n d g ra in q u a l i t y t r a i t s , a n d t o p r o d u c e var ie t ies o f a w i d e range o f 

p h e n o t y p e s a d a p t e d t o N a m i b i a n e n v i r o n m e n t s . 

T h e S A D C E a r l y B o l d G r a i n C o m p o s i t e ( S D E B G C ) a n d S A D C W h i t e G r a i n C o m -

p o s i t e ( S D W G C ) are b e i n g u t i l i z e d i n t h e n a t i o n a l p r o g r a m . T h e p e r f o r m a n c e data o f 

t h e f o u r c o m p o s i t e p o p u l a t i o n s g r o w n a t O m a h e n e n e Research S t a t i o n d u r i n g 

1 9 9 3 / 9 4 are s h o w n i n T a b l e 1 . 

Table 1 . Per formance d a t a o f f o u r compos i te popula t ions g r o w n a t O m a h e n e n e 
Research Sta t ion , N a m i b i a , 1 9 9 3 / 9 4 . 

Populat ion 

N C 90 
M K C 
SDWGC 
SDEBGC 

Days to matu r i t y 
(50% f l ower ing ) 

Mean 

63.38 
62.12 
60.71 
63.95 

Potential y ie ld ( t ha - 1) 

Mean 

2.03 
2.04 
2.11 
1.99 

Range 

0 .3 -4 .0 
0 .3 -3 .9 
0 . 4 - 4 . 0 
0 .7 -3 .2 
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L o n g - t e r m b r e e d i n g o f cult ivars for qual i ty a t tr ibutes a n d a good mi l l ing p r o -

f i l e . T h o u g h m o s t N a m i b i a n p e a r l m i l l e t f a r m e r s n o w use o p e n - p o l l i n a t e d va r i e t i e s 

o f c o m p o s i t e p o p u l a t i o n s , w e are never the less d e v e l o p i n g a series o f i n b r e d l ines t h a t 

w i l l c o n s t i t u t e o u r p o l l i n a t o r sources f o r t h e d e v e l o p m e n t o f h y b r i d pea r l m i l l e t f o r 

c o m m e r c i a l f a r m e r s . 

T h e f o o d - q u a l i t y l a b o r a t o r y t h a t i s t o b e u s e d i n screening t h e var ie t ies o r c o m p o -

sites f o r t h e i r q u a l i t y t r a i t s m a y n o t a lways b e avai lable d u e t o l a ck o f resources o r 

t r a i n e d p e r s o n n e l , b u t c o n s u m e r d e m a n d r equ i r e s t h a t w e devise a w a y o f t e s t i n g t h e 

va r i e t i e s f o r t h e i r needs . A l s o , t h e h y b r i d p r o g r a m requ i r e s t h a t a n a p p r o p r i a t e service 

f o r t h e p r o d u c t i o n , m a i n t e n a n c e , a n d c e r t i f i c a t i o n i s i n p lace t o guarantee t h e q u a l i t y 

o f seeds t h a t are d e l i v e r e d t o f a r m e r s . 

I n 1 9 9 4 seed p r o d u c t i o n , d i s t r i b u t i o n , a n d d e v e l o p m e n t i s h a n d l e d b y t h e M i n i s t r y 

t h r o u g h researchers a t research s ta t ions . B u t i t i s envisaged t h a t a N a t i o n a l Seed 

Se rv ice U n i t w i l l b e f o r m e d t o t a k e ove r r e s p o n s i b i l i t y f o r seed b u l k i n g a n d 

d i s t r i b u t i o n . 

National cultivar testing 

T h e s y s t e m o f t e s t i n g n o w i n o p e r a t i o n i n N a m i b i a invo lves (a) advance n a t i o n a l 

v a r i e t y t r i a l s ; ( b ) i n i t i a l v a r i e t y t r i a l s c o n d u c t e d each season; (c ) r eg iona l c o l l a b o r a t i v e 

v a r i e t y a n d h y b r i d t r i a l s w i t h S A D C / I C R I S A T S M I P . A l l these f eed p r o m i s i n g m a t e -

r ia ls t o t h e o n - f a r m v e r i f i c a t i o n p r o g r a m . S ix var ie t i es i d e n t i f i e d t h r o u g h t h i s sy s t em 

w e r e u n d e r f a r m e r s ' v e r i f i c a t i o n t r i a l s i n 1 9 9 4 . 

A t o t a l o f 119 c u l t i v a r s w e r e se l ec ted f o r use i n t h e n a t i o n a l t e s t i n g f r o m t h e 

c o l l a b o r a t i v e t r i a l s . S D M V 9 0 0 1 6 a n d I C M V - F 86415 have y i e l d e d 1 2 - 1 6 % m o r e 

t h a n t h e f a r m e r s ' L L V i n 2 years o f t e s t i n g ( T a b l e 2 ) . 

T w o Okashana 1-based h y b r i d s ( S D M H 9 2 0 1 2 a n d S D M H 9 2 0 1 8 ) are a m o n g t h e 

m a t e r i a l s s e l e c t e d f o r t e s t i n g . These have s h o w n a y i e l d s u p e r i o r i t y o f 1 5 - 2 3 % over 

O k a s h a n a 1 a t O m a h e n e n e Research S t a t i o n ( T a b l e 3 ) . T h e advantage o f these t o p -

cross h y b r i d s i s t h a t b o t h Okashana 1 a n d t h e h y b r i d s can be u sed as seed. O t h e r 

p r o m i s i n g h y b r i d s are also i n d i c a t e d i n T a b l e 3 . 

Table 2 . Per fo rmance d a t a of e l i te variet ies under N a m i b i a n condi t ions across sea-
sons a n d locat ions. 

Var ie ty 

Okashana 1 
S D M V 90016 
I C M V - F 86415 
Farmers' LLV 

Mean y ie ld 1 ( t ha - 1) 

1992 /93 

1.89(24)2 

1.77(16) 
1.69(11) 

1993 /94 

1.14(14) 
1.12(12) 
1.15(15) 
1.00 

1. Yield averages across the three locations. 
2. Numbers in parentheses indicate yield superiority over farmers' LLV. 
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Table 3 . Per formance d a t a of selected hybrids under N a m i b i a n condit ions across 

seasons a n d locat ions. 

Var ie ty 

S D M H 91004 

I C M H 88088 

S D M H 90005 

I C M H 87913 

S D M H 92012 

S D M H 92025 

S D M H 92018 

Okashana 1 

Mean y ie ld ( t ha - 1) 

1992 /93 1 

2.57(13) 3 

2.53(11) 

2.36 (4) 

2.08(-8) 

-

-

-

2.27 

1993/942 

1.89(38) 

1.30(-5) 

1.56(14) 

1.73(26) 

1.57(15) 

1.75(28) 

1.69(23) 

1.37 

1. Yield averages across three locations. 
2. Yield averages across two locations. 
3. Numbers in parentheses indicate yield superiority over the improved local (Okashana 1). 

Conclusion 

T h e p o t e n t i a l l y h i g h - y i e l d i n g L L V s i d e n t i f i e d t h r o u g h e v a l u a t i o n o f loca l g e r m p l a s m 

are a l ready b e i n g i m p r o v e d f o r a g r o n o m i c d e s i r a b i l i t y b y r e c u r r e n t s e l ec t ion a n d 

t h r o u g h a process o f l i m i t e d backcross ing i n v o l v i n g Okashana 1 a n d t h e S A D C W h i t e 

G r a i n C o m p o s i t e . These ma te r i a l s are i n t h e i r t h i r d backcross i n 1994 a n d w i l l f o r m 

t h e nuc l eus o f t h e b r e e d i n g p r o g r a m . 
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Pearl Millet Shoot Fly Resistance Screening and 
Determination of Dates of Sowing in Zambia 

E M Musonda1 

Introduction 

D u r i n g t h e 1 9 9 3 / 9 4 season, t h e s o r g h u m / m i l l e t t e a m d e c i d e d t o screen p e a r l m i l l e t 

f o r res is tance t o s h o o t f l y a t t a c k a n d t o d e t e r m i n e t h e o p t i m a l da t e o f s o w i n g . T h i s 

t r i a l w a s c o n d u c t e d a t L o n g e a n d Ka taba i n W e s t e r n P r o v i n c e . 

Materials and methods 

F o u r i m p r o v e d c u l t i v a r s a n d one l oca l l andrace v a r i e t y w e r e s o w n a t L o n g e w i t h f o u r 

s o w i n g dates a n d a t Ka taba w i t h t h r e e s o w i n g dates . T h e t r i a l s w e r e s o w n 2 w e e k s 

a f t e r t h e n o r m a l s o w i n g d a t e t o ensure m a x i m u m i n f e s t a t i o n . A t s o w i n g a basal 

f e r t i l i z e r d ress ing o f 2 0 0 k g ' D ' c o m p o u n d ha - 1 was a p p l i e d , a n d 3 5 - 4 0 days l a t e r 

urea was a p p l i e d a t t h e ra te o f 100 kg ha - 1 a s a t opd re s s ing . A t 2 5 - 3 0 days a f t e r 

e m e r g e n c e t h e f o l l o w i n g w e r e obse rved : 

- N u m b e r o f p l an t s entry - - 1 . 

- N u m b e r o f p l an t s w i t h deadhear t s entry - - 1 . 

- Percentage o f deadhea r t s based o n t h e t o t a l n u m b e r o f p lan t s e n t r y - 1 . 

Results 

T h e resu l t s o b t a i n e d ( F i g . 1 ) i n d i c a t e t h a t s o w i n g da t e I ( 2 7 / 1 1 / 9 3 ) h a d t h e l o w e s t 

pe rcen tage o f deadhear t s , i .e . , t h e r e was less pea r l m i l l e t shoo t f ly damage a s c o m -

p a r e d w i t h t h e o t h e r t w o s o w i n g dates ( I I : 1 2 / 1 2 / 9 3 ; I I I : 2 7 / 1 2 / 9 3 ) w h i c h h a d t h e 

h ighes t pe rcen t age o f deadhear t s . T h e pe rcen tage f o r s o w i n g d a t e I V ( 1 1 / 0 1 / 9 4 ) i n 

L o n g e was s u r p r i s i n g l y l o w f o r u n k n o w n reasons. 

A s regards v a r i e t a l r e a c t i o n , t h e l oca l l andrace v a r i e t y ( L L V ) p e r f o r m e d w e l l 

( F i g . 2 ) , c o m p a r e d w i t h t h e o t h e r va r ie t i e s w h i c h , e i t h e r i n t h e s econd o r t h i r d 

1 . A g r i c u l t u r a l Research O f f i c e r ( e n t o m o l o g i s t ) , M o u n t M a k u l u C e n t r a l Research S ta t ion , PO Bag 7 , 

Chi langa , Z a m b i a . 

M u s o n d a , E . M . 1996. Pearl m i l l e t shoot f l y resistance screening and d e t e r m i n a t i o n o f dates o f sowing i n 

Z a m b i a . Pages 3 1 1 - 3 1 4 in D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings o f t h e S A D C / I C R I S A T 

Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , and 

M a n t h e , C.S. , eds.) . Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : I n t e rna t i ona l C r o p s Research I n s t i t u t e 

f o r t h e S e m i - A r i d T r o p i c s . 
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Date of sowing 

F i g u r e 1 . T h e e f f ec t o f d a t e o f s o w i n g o n s h o o t f ly d a m a g e , expressed a s a p e r c e n t -

age o f p e a r l m i l l e t d e a d h e a r t s , L o n g e , Z a m b i a , 1 9 9 3 / 9 4 . 

Cultivars 

F i g u r e 2 . P e r f o r m a n c e d i f f e r e n c e s b e t w e e n c u l t i v a r s i n r e l a t i o n t o d a t e o f s o w i n g , 

e x p r e s s e d a s a p e r c e n t a g e o f p e a r l m i l l e t d e a d h e a r t s r e s u l t i n g f r o m s h o o t f l y d a m -

age, L o n g e , Z a m b i a , 1 9 9 3 / 9 4 . 
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Cultivars 

F i g u r e 3 . P e r f o r m a n c e d i f f e r ences b e t w e e n c u l t i v a r s i n r e l a t i o n t o d a t e o f s o w i n g , 

exp re s sed a s a p e r c e n t a g e o f p e a r l m i l l e t d e a d h e a r t s r e s u l t i n g f r o m s h o o t f l y d a m -

age, K a t a b a , Z a m b i a , 1 9 9 3 / 9 4 . 

s o w i n g , had m o r e deadhear t s t h a n t h e L L V . A t Kataba (F ig . 3 ) t h e s h o r t - d u r a t i o n 

c u l t i v a r P M E C p e r f o r m e d b e t t e r t h a n a l l t e s t ed cu l t iva r s , f o l l o w e d b y Kaufe la and , 

l as t ly , t h e L L V , f o l l o w e d b y P M L C a n d Kaufe l a . 

Discussion 

Percentage o f deadhear t s increased i n r e l a t i o n t o late s o w i n g . So, d e l a y i n g s o w i n g 

causes m o r e shoo t f ly damage . 

S h o o t f ly damage i n s o w i n g da te I was h a l f t h a t o f s o w i n g dates I I a n d I I I (F ig . 1) . 

T h i s i s because t h e r e i s less shoo t f ly p o p u l a t i o n a t t h e onset of t h e rains . 

V a r i e t a l r e a c t i o n t o pear l m i l l e t shoo t f ly a t Longe (F ig . 2 ) ind ica tes t h a t t h r e e o f 

t h e f i v e t e s t e d c u l t i v a r s — t h e L L V , t h e s h o r t - d u r a t i o n P M E C , a n d t h e l o n g - d u r a t i o n 

P M L C — h a d less shoo t f ly damage i n c o m p a r i s o n w i t h t h e m e d i u m - d u r a t i o n Lubas i 

a n d K a u f e l a w h i c h h a d m o r e damage o n t h e second s o w i n g da te . A t Kataba (F ig . 3 ) , 

P M E C , Kaufe l a , a n d P M L C p e r f o r m e d b e t t e r i n t e r m s o f deadhear t s t h a n Lubas i a n d 

t h e L L V . 

These data o n va r i e t a l r e a c t i o n t o shoo t f ly a t t ack , h o w e v e r , d o n o t i n d i c a t e w h i c h 

c u l t i v a r i s m o r e res i s tan t t h a n t h e o the r s . 
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Conclusion 

S o w i n g l a t e causes loss o f t h e c r o p d u e t o damage b y s h o o t f l y . So, s o w i n g ea r ly 

s h o u l d b e e n c o u r a g e d . 
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Sorghum Marketing and Utilization 
in South Africa 

P R Skinner1 

Introduction 

I n S o u t h A f r i c a , i n d u s t r i e s t h a t have m a i n t a i n e d t h e i r c o n t r o l o f t h e m a r k e t b y f i x i n g 

p r i ces a t b o t h ends c a m e i n fo r a great dea l o f c r i t i c i s m f r o m p r o p o n e n t s o f deregula -

t i o n , w h i l e t hose w h o a d o p t e d a m o r e m a r k e t - r e l a t e d a p p r o a c h have, b y a n d large, 

b e e n able t o m a i n t a i n a g o o d dea l o f s t a b i l i t y . S t r u c t u r e d o r phased d e r e g u l a t i o n has 

d i s t i n c t advantages ove r s i m p l y s t r i p p i n g a g o v e r n m e n t agency o f a l l i t s s t a t u t o r y 

p o w e r s . S o t h e t i m e has c o m e f o r a g r i c u l t u r a l i n d u s t r i e s t o r econs ide r o u t d a t e d 

m a r k e t i n g s t r u c t u r e s a n d po l i c i e s t o a v o i d b e i n g c o m m e r c i a l l y bypassed . 

So, w h a t has a c t u a l l y changed? 

F i r s t , t h e r e have b e e n d o m e s t i c pressures t o increase m a r k e t i n g e f f i c i ency . 

S e c o n d l y , t h e r e has also b e e n a m o v e t o w a r d s m a r k e t l i b e r a l i z a t i o n . 

A n d , t h i r d l y , S o u t h A f r i c a i s ad jus t ing t o grea ter pressures t h a n b e f o r e f r o m i n t e r -

n a t i o n a l c o m p e t i t i o n . 

The Sorghum Board's deregulation 

Since t h e i n c e p t i o n o f t h e S o r g h u m B o a r d i n 1986 , i t has a c t i v e l y encouraged d i r e c t 

farmer-access t o t h e m a r k e t s , l a rge ly b y a r ranging a f l o o r - p r i c e scheme i n w h i c h t h e 

B o a r d , a s a l as t - resor t b u y e r , p u r c h a s e d on average o n l y 12% of t h e s o r g h u m c r o p 

b e t w e e n 1 9 8 6 a n d 1 9 9 3 . I n 1994 t h e B o a r d d e c i d e d t o o p t f o r f u r t h e r d e r e g u l a t i o n b y 

a m e n d i n g i t s m a r k e t i n g a r r angemen t s t o ca te r f o r a v o l u n t a r y - p o o l scheme f o r sor-

g h u m f a r m e r s . R e m a r k a b l y , t h e B o a r d has r e c e i v e d a grea t dea l o f s u p p o r t f o r t h i s 

a r r a n g e m e n t , w i t h s o m e 6 0 % o f t h e c r o p f l o w i n g t o i t t h i s year , t h e r e b y causing t h e 

v o l u n t a r y c e n t r a l i z a t i o n o f su rp lus s tocks . 

T h e B o a r d has b e e n p r e p a r e d t o pay p a r t i c i p a n t s i n t h e p o o l a m i n i m u m p r i c e f o r 

s o r g h u m o n t h e basis o f a n a n t i c i p a t e d f u t u r e m a r k e t p r i c e . So, a f te r d e d u c t i n g a l l 

costs r e l a t i n g t o t h i s v o l u n t a r y p o o l , t h e B o a r d w i l l be able t o m a k e d e f e r r e d pay-

m e n t s t o t h e p a r t i c i p a n t s . 

1 . S o r g h u m Board , P O B o x 5 6 6 5 0 , A r c a d i a 0 0 0 7 , Pre tor ia , S o u t h A f r i c a . 

S k i n n e r , P .R. 1996. S o r g h u m m a r k e t i n g a n d u t i l i z a t i o n in S o u t h A f r i c a . Pages 3 1 5 - 3 1 9 i n D r o u g h t -

t o l e r a n t crops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional So rghum and Pearl M i l l e t 

W o r k s h o p , 2 5 - 2 9 J u l 1994, Gabo rone , Botswana (Leuschner , K . , and M a n t h e , C.S. , eds.). Patancheru 5 0 2 

3 2 4 , A n d h r a Pradesh, Ind ia : I n t e r n a t i o n a l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d T r o p i c s . 
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B y a d o p t i n g these p r o c e d u r e s t h e B o a r d has b e e n able t o m a i n t a i n i t s re levance 

w i t h i n t h e S o u t h A f r i c a n s o r g h u m i n d u s t r y — o n t h e one h a n d e n s u r i n g s t a b i l i t y o f 

s u p p l y a n d , o n t h e o t h e r , m a i n t a i n i n g i t s s ta tus a s t h e b u y e r o f last r e so r t . 

Other functions of a statutory marketing organization 

P r o m o t i o n a n d advert is ing. A d v e r t i s i n g campaigns , t o a c t i v e l y encourage t h e use o f 

s o r g h u m , have b e e n i n i t i a t e d b y t h e B o a r d i n r e c e n t years, o n r a d i o a n d T V a n d i n t h e 

press . A l t h o u g h r e l a t i v e l y expens ive , these campa igns have been e f f e c t i v e i n increas-

i n g p e r c a p i t a c o n s u m p t i o n levels . F u t u r e gener ic a d v e r t i s i n g s h o u l d b e s t r o n g l y 

s u p p o r t e d b y b r a n d a d v e r t i s i n g , a n d a n A d v e r t i s i n g a n d P r o m o t i o n s W o r k i n g G r o u p 

has b e e n e s t ab l i shed t o assist t h e B o a r d i n f o r m u l a t i n g i t s f u t u r e s t ra tegy. 

Research. I t i s w e l c o m e n e w s t h a t a g r i c u l t u r a l research i s a p r i o r i t y c o n c e r n o f t h e 

n e w g o v e r n m e n t , w i t h m o r e emphas i s o n d e v e l o p i n g a g r i c u l t u r e t h a n i n t h e past . A n 

u r g e n t r e q u i r e m e n t i s t h e s t r e n g t h e n i n g o f research o n s o r g h u m . A n d i n 1994 t h e 

B o a r d i s p u b l i s h i n g a m a n u a l c o v e r i n g a l l aspects o f s o r g h u m p r o d u c t i o n fo r s m a l l ­

h o l d e r f a r m e r s . 

T h e B o a r d ' s r o l e i n s o r g h u m research i s m a i n l y t h a t o f f i n a n c i e r a n d f a c i l i t a t o r , i n 

t h e sense t h a t research p r o j e c t s are c o n s i d e r e d o n t h e i r m e r i t a n d t h e i r va lue t o 

i n d u s t r y . A g r o n o m i c research, w h i c h i s c o n d u c t e d e x c l u s i v e l y b y t h e A g r i c u l t u r a l 

Resea rch C o u n c i l ( A R C ) a n d m o r e spec i f i ca l ly b y i t s G r a i n C r o p s I n s t i t u t e , i s a i m e d 

a t r e d u c i n g r i sks , m a x i m i z i n g i n c o m e , a n d s e t t i n g s tandards . 

O t h e r r e sea rch a c t i v i t i e s i n c l u d e those r e l a t e d t o t h e m a n u f a c t u r e a n d use o f 

s o r g h u m p r o d u c t s , i n c l u d i n g e x t r u s i o n t e c h n o l o g y a n d h e a l t h aspects. I n b o t h i n -

stances t h e B o a r d acts o n r e c o m m e n d a t i o n s f r o m i n d u s t r y ( i . e . , f a rmers a n d m a n u f a c -

t u r e r s ) , w h i c h are assessed a n d f o r w a r d e d o n t h e basis o f c r i t e r i a es tab l i shed b y t h e 

B o a r d ' s Resea rch A d v i s o r y C o m m i t t e e . 

T w o r e c e n t p r o j e c t s w e r e t h e d e t e r m i n a t i o n (a) o f t h e m i l l i n g qua l i t i e s o f c o m -

m e r c i a l s o r g h u m c u l t i v a r s ( an o n g o i n g s t u d y ) , a n d (b ) o f t a n n i n levels , w i t h t h e a i d o f 

a r a p i d c h l o r o x t e s t f o r use u n d e r f i e l d c o n d i t i o n s . 

M a r k e t a n d p r o d u c t deve lopment . M a n u f a c t u r e r s o f s o r g h u m p r o d u c t s f o r h u m a n 

c o n s u m p t i o n g e n e r a l l y pu rchase t h e i r s o r g h u m d u r i n g t h e ha rves t ing season, a n d t h e 

B o a r d c o n s e q u e n t l y has t o sel l o f f m o s t o f i t s s tocks i n t o o t h e r sectors . These are 

t e r m e d a l t e r n a t i v e m a r k e t i n g channe l s , o f t e n c o m p r i s i n g spec ia l i t y m a r k e t s , e.g., d o g 

f o o d a n d m i x e d p o u l t r y feeds . I n v a r i a b l y m o s t su rp lu s s o r g h u m i s d i sposed o f i n t h e 

l i v e s t o c k - f e e d sec tor , w h e r e i t i s u sed m a i n l y i n t h e m a n u f a c t u r e o f p o u l t r y r a t i ons . 

O t h e r m a r k e t a n d p r o d u c t d e v e l o p m e n t w o r k relates t o t h e m a n u f a c t u r e o f m i l l e d 

s o r g h u m ( m e a l a n d g r i t s ) , c o m p o s i t e foods , a n d i n s t a n t s o r g h u m p r o d u c t s ( d r y - a n d 

w e t - b a s e d ) . 

T h e B o a r d has also assisted i n e s t ab l i sh ing a M a l t i n g T e c h n o l o g y W o r k s h o p b y 

c o s p o n s o r i n g t h e f i r s t c o u r s e i n 1 9 9 3 . ( M s J D e w a r , F o o d t e k , C S I R , P O B o x 3 9 5 , 

P r e t o r i a 0 0 0 1 , S o u t h A f r i c a , has da t a o n f u t u r e courses . ) 
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I n f o r m a t i o n serv ice a n d da tabase . T h i s enables t h e B o a r d t o advise i n d u s t r y o n m o s t 

aspects o f s o r g h u m p r o d u c t i o n , m a r k e t i n g , and process ing. I n f o r m a t i o n on a g r o n o m y 

( o f t e n r e l a t e d t o p r o d u c t i o n p r o b l e m s ) , m o s t l y d e r i v e d f r o m t h e A g r i c u l t u r a l Re­

search C o u n c i l , is d i s s e m i n a t e d to f a rmers via t h e Board ' s n e w s l e t t e r Sorghum Forum. 

T h i s also covers m a r k e t i n g and o t h e r i n d u s t r y news , and i s c i r c u l a t e d free o f charge to 

al l s o r g h u m p r o d u c e r s and o t h e r i n d u s t r y m e m b e r s . 

A n e w p u b l i c a t i o n soon t o b e l a u n c h e d fo r m e m b e r s o f t h e t r ade— In fo -Forum: 

Sorghum in Perspective—will cover i n f o r m a t i o n on p r o d u c t v o l u m e s , t h e e c o n o m y of 

s o r g h u m , a n d i n t e r n a t i o n a l s o r g h u m news . Re t ro spec t ive data o n p r o d u c t i o n achieve-

m e n t s in t h e m a n u f a c t u r i n g sector , p u b l i s h e d by t h e Boa rd , are s h o w n in Figures 1 

t o 3. 

Year 
F i g u r e 1 . S o r g h u m v o l u m e s p rocessed i n t o v a r i o u s f o r m s o f m e a l i n S o u t h A f r i c a , 

1 9 8 7 - 9 3 . 

The future 

T o m e e t t h e needs o f a g r o w i n g p o p u l a t i o n i n S o u t h A f r i c a and t h e s u b c o n t i n e n t i t i s 

necessary t o p l a n a n d organize t h e s o r g h u m i n d u s t r y acco rd ing ly . T h e f o l l o w i n g 

p o i n t s are a n a t t e m p t t o answer t h e q u e s t i o n ' W h a t i s e x p e c t e d t o h a p p e n i n t h e 

i n d u s t r y ? ' . 
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Year 

F i g u r e 2 . S o r g h u m v o l u m e s e m p l o y e d i n t h e m a n u f a c t u r e o f i n d o o r a n d f l o o r m a l t 

i n S o u t h A f r i c a , 1 9 8 7 - 9 3 . 

Year 

F i g u r e 3 . S o r g h u m v o l u m e s p rocessed i n t o v a r i o u s f o r m s f o r h u m a n c o n s u m p t i o n 

i n S o u t h A f r i c a , 1 9 8 7 - 9 3 . 
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• G r e a t e r c o n s u m p t i o n w i l l r e q u i r e m o r e s o r g h u m hectarage. T h e m a r k e t w i l l have 

t o b e d e m a n d - l e d , n o t v i ce versa. 

• Seed b reede r s w i l l p l a y an i m p o r t a n t r o l e i n m a r k e t - o r i e n t e d p r o d u c t i o n , n o t o n l y 

i n t e r m s o f q u a n t i t i e s b u t also w i t h r ega rd t o p l a n t charac te rs r e q u i r e d f o r p a r t i c u -

lar processes. 

• M o r e s o p h i s t i c a t e d , b u t a f fo rdab le , s o r g h u m p r o d u c t s w i l l have t o b e p r o d u c e d , 

a n d f o r t h i s i n n o v a t o r s i n t h e f o o d science sec tor are r e q u i r e d . 

• T r a i n i n g w i l l be n e e d e d at several levels , t o i n c l u d e courses o n f a r m i n g t e c h n o l o g y , 

m a l t i n g , m i l l i n g , a n d process ing . 

• S o r g h u m - r e l a t e d research w i l l n e e d m a i n t e n a n c e a n d e x t e n s i o n a t a l l levels . 

• T e c h n o l o g y t rans fe r , a n d m e t h o d s t a n d a r d i z a t i o n , w i l l b e necessary t h r o u g h o u t t h e 

i n d u s t r y . 

• C o m m u n i c a t i o n w i l l have t o b e i m p r o v e d w i t h i n t h e i n d u s t r y — t o i n c l u d e m o r e 

m e a n i n g f u l p a r t i c i p a t i o n b y S o u t h A f r i c a n ag r i cu l t u r a l i s t s . 

F i n a l l y , t h e B o a r d e x p e c t s t h a t t h e s o r g h u m i n d u s t r y w i l l go f r o m s t r e n g t h t o 

s t r e n g t h . T h e p r e s e n t w o r k s h o p represen ts a n o t h e r s tone l a i d i n t h e f o u n d a t i o n o f a n 

i n d u s t r y w h i c h i s d e s t i n e d f o r g rea t t h i n g s . 

3 1 9 





Zimbabwe Farmers' Union Activities in Promoting 
Small Grains Production in Zimbabwe 

G S T Magadzire1 

Introduction 

T h e Z i m b a b w e F a r m e r s ' U n i o n ( Z F U ) represen ts A f r i c a n f a rmers i n t h e c o m m u n a l , 

r e s e t t l e m e n t , smal l -sca le c o m m e r c i a l , p e r i u r b a n p l o t h o l d e r , a n d e m e r g e n t large-scale 

c o m m e r c i a l subsectors . T h e s m a l l h o l d e r f a r m i n g sec tor represents a b o u t 1.3 m i l l i o n 

f a r m e r s . 

T h e U n i o n has a s t r u c t u r e s i m i l a r t o t h a t o f l oca l g o v e r n m e n t , f r o m t h e loca l t o t h e 

n a t i o n a l l e v e l . T h e l o c a l n u c l e i are c l u b s i n c o m m u n a l areas i n eve ry v i l l age a n d 

associat ions i n c o m m e r c i a l areas. T h e c lubs a n d associat ions f o r m c o m m i t t e e s a t area 

a n d d i s t r i c t l e v e l , a n d t h e d i s t r i c t c o m m i t t e e s f o r m t h e i r p r o v i n c i a l - a n d n a t i o n a l -

l e v e l c o m m i t t e e s . A d d i t i o n a l l y , t h e U n i o n has C o m m o d i t y C o m m i t t e e s c o n c e r n e d 

w i t h G r a i n a n d Oi l s eeds , L i v e s t o c k , C o t t o n , D a i r y , H o r t i c u l t u r e , T o b a c c o , Tea , a n d 

C o f f e e . 

Activities directly related to small grains 

C l u b a c t i v i t i e s i n l i a i son w i t h s m a l l grains research a n d e x t e n s i o n agencies are ar­

r a n g e d a t n o cos t a n d a t s h o r t n o t i c e f o r e x t e n s i o n , t r i a l , a n d f i e l d d e m o n s t r a t i o n 

f u n c t i o n s . 

F i e l d days , a g r i c u l t u r a l shows , a n d c r o p - g r o w i n g c o m p e t i t i o n s r e l a t e d t o s m a l l 

gra ins p r o d u c t i o n are h e l d a t a l l levels , p a r t i c u l a r l y i n s e m i - a r i d regions i n t h e c o u n t r y . 

A Z F U b i m o n t h l y magaz ine c i r c u l a t e d t o c o m m u n a l f a rmers con ta ins a r t ic les o n 

s m a l l grains p r o d u c t i o n . 

T h e Z F U fac i l i t a t e s t h e m a r k e t i n g o f s m a l l grains t h r o u g h b r o k e r i n g con t r ac t s a n d 

p r o v i d i n g a f f o r d a b l e t r a n s p o r t services. 

S o m e o f t h e funds ra i sed t h r o u g h levies o n c r o p sales are c h a n n e l e d t o sma l l grains 

research p r o g r a m s . 

S t u d y h a n d b o o k s o n s m a l l gra ins are d i s t r i b u t e d f o r f a r m e r s ' c lubs . 

T h e Z F U p r o m o t e s t h e c o n s u m p t i o n o f s m a l l grains t h r o u g h t h e p r o v i s i o n o f 

g r i n d i n g m i l l s . 

1 . Pres ident , Z i m b a b w e Farmers ' U n i o n , P O B o x 3755 , Harare , Z i m b a b w e . 

M a g a d z i r e , G . S . T . 1996. Z i m b a b w e Farmers ' U n i o n act iv i t ies i n p r o m o t i n g smal l grains p r o d u c t i o n i n 

Z i m b a b w e . Pages 3 2 1 - 3 2 2 i n D r o u g h t - t o l e r a n t crops fo r sou thern A f r i c a : proceedings o f t h e S A D C / I C R I -

SAT Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K . , 

a n d M a n t h e , C.S. , eds.) . Patancheru 502 324 , A n d h r a Pradesh, Ind ia : I n t e rna t i ona l C r o p s Research 

I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 
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A G r a i n s C o m m o d i t y A s s o c i a t i o n has b e e n e s t ab l i shed spec i f ica l ly t o p r o m o t e t h e 

p r o d u c t i o n o f s m a l l g ra ins . 

T h e Z F U p a r t i c i p a t e s a c t i v e l y i n t h e f o r m u l a t i o n o f g o v e r n m e n t po l i c i e s r e l a t i n g t o 

s m a l l gra ins p r o d u c t i o n , w i t h p a r t i c u l a r r ega rd t o p r o d u c e r pr ices a n d c r e d i t . 

3 2 2 



Seed Production and Certification: the Botswana 
Experience 

W P Emmanuel1 

Introduction 

I n B o t s w a n a t h e g o v e r n m e n t c o n t r o l s t h e seed i n d u s t r y t h r o u g h t h e Seed M u l t i p l i c a -

t i o n U n i t ( S M U ) o f t h e M i n i s t r y o f A g r i c u l t u r e . Seed q u a n t i t i e s increased f r o m 3 3 t 

p e r season i n t h e 1950s t o ove r 2 0 0 t a t t h e e n d o f t h e 1970s. 

V e r y s m a l l q u a n t i t i e s w e r e p r o d u c e d d u r i n g 1 9 8 1 - 8 4 d u e t o severe d r o u g h t . 

T h e S M U , e s t ab l i shed a r o u n d 1 9 6 5 / 6 6 , i s t h e sole p r o d u c e r o f i m p r o v e d seed f o r 

s o r g h u m , m a i z e , m i l l e t , c o w p e a , s u n f l o w e r , a n d g r o u n d n u t . Bo t swana i s u sua l ly self-

s u f f i c i e n t i n s o r g h u m seed, b u t has t o i m p o r t seed o f o t h e r c rops nea r ly every year . 

H y b r i d s are l i t t l e - u s e d since o n l y c o m m e r c i a l f a rmer s can a f f o r d t o purchase t h e 

expens ive seed. A Seed C e r t i f i c a t i o n A c t , passed by P a r l i a m e n t i n 1976 , p r o v i d e s f o r 

t h e r e g u l a t i o n a n d c o n t r o l o f seed p r o d u c t i o n a n d d i s t r i b u t i o n , a n d c o n t r o l s m i n i m u m 

s tandards f o r p u r i t y a n d g e r m i n a t i o n i n a c e r t i f i c a t i o n scheme . T h e S M U i s d i v i d e d 

i n t o t h r e e s e c t i o n s — S e e d P r o d u c t i o n , Seed T e s t i n g L a b o r a t o r y , a n d Seed Processing 

a n d D i s t r i b u t i o n . 

Seed production 

T h e Botswana Handbook of Seed Certification Standards and Rules states t h a t seed 

m u l t i p l i c a t i o n i s l i m i t e d t o des igna ted var ie t ies , a n d g rower s m u s t regis ter w i t h t h e 

A u t h o r i t y . 

S t anda rds o f seed q u a l i t y have been es t ab l i shed f o r basic a n d c e r t i f i e d seeds o f 

s o r g h u m , m a i z e , m i l l e t , c o w p e a , s u n f l o w e r , a n d g r o u n d n u t . 

Basic seed. T h e p r o d u c t i o n o f t h i s seed, s t a r t e d a t Sebele Research S t a t i o n i n t h e 

l a t e 1960s , i s n o w p r o d u c e d b y t h e S M U i n c o l l a b o r a t i o n w i t h t h e Esta te M a n a g e m e n t 

U n i t . T h e l a t t e r p r o v i d e s t h e S M U w i t h f a r m e q u i p m e n t a n d labor , b u t t e c h n i c a l 

aspects s u c h as seed i n s p e c t i o n , r o g u i n g , a n d seed s a m p l i n g r e m a i n t h e sole r e s p o n -

s i b i l i t y o f t h e S M U . 

1 . Ass is tan t A g r i c u l t u r a l Research Of f i ce r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , Gabo rone , 

Botswana . 

E m m a n u e l , W . P . 1996. Seed p r o d u c t i o n and ce r t i f i ca t ion : t h e Botswana exper ience . Pages 3 2 3 - 3 2 5 i n 

D r o u g h t - t o l e r a n t crops fo r sou the rn A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and 

Pear l M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.). 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : I n t e rna t i ona l C r o p s Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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C e r t i f i e d seed. C e r t i f i e d seed p r o d u c t i o n i s c a r r i e d o u t t h r o u g h t h e use o f c o n t r a c t 

seed g r o w e r s . T h e s e w e r e f i r s t u s e d i n 1 9 7 0 b y i d e n t i f y i n g 'mas te r f a r m e r s ' . H o w e v e r , 

d u e t o s eed -c rop fa i lu res i n 1 9 8 2 / 8 3 , t h e p o l i c y was c h a n g e d s o t h a t m o s t o f t h e seed 

w o u l d b e p r o d u c e d b y a f e w b i g g r o w e r s w h o h a d t h e resources t o p r o d u c e a c r o p 

e v e n i n a yea r o f p o o r r a i n f a l l . A l t h o u g h t h e c o n t r a c t e d area has b e e n g r e a t l y i n -

c reased s ince 1 9 8 5 / 8 6 , d u e t o l o w r a i n f a l l , t h e S M U has b e e n b u y i n g seed f r o m 

n o n c o n t r a c t e d g r o w e r s i n o r d e r t o m e e t t h e n a t i o n a l d e m a n d . 

T h e t o t a l p r o d u c t i o n o f seed o f va r ious c rops s ince t h e 1 9 8 2 / 8 3 season i s s h o w n i n 

T a b l e 1 , a n d i n c l u d e s seed p r o d u c e d by c o n t r a c t g r o w e r s a s w e l l a s seed p u r c h a s e d by 

t h e S M U f r o m o t h e r g r o w e r s . 

Table 1 . A n n u a l seed p r o d u c t i o n ( t ) , Botswana, 1 9 8 2 - 8 8 . 

Season 

1982 /83 
1 9 8 3 / 8 4 
1984 /85 
1 9 8 5 / 8 6 
1986 /87 
1987 /88 

Sorghum 

1114 
1647 
3448 
4649 

-

6138 

Maize 

956 
1127 

732 
724 

-
1264 

M i l l e t 

5 
61 

5 
18 

-
50 

Cowpea 

100 
132 

36 
7 
-

51 

Sunflower 

14 
3 

13 
30 

-
7 

G roundnu t 

14 
5 

11 
3 
-

69 

Tota l 

2203 
2975 
4245 
5431 

-
7579 

Source: Annual Reports for the Division of Arable Crops Research 1982-88. 

I n B o t s w a n a , n e w p l a n t c u l t i v a r s a n d o t h e r t echno log ie s are c l ea r ed b y t h e V a r i e t y 

R e c o m m e n d a t i o n C o m m i t t e e . M e m b e r s h i p o f t h e c o m m i t t e e c o m p r i s e s p e o p l e f r o m 

a g r i c u l t u r a l r e sea rch , a g r i c u l t u r a l e x t e n s i o n , a n d t h e B o t s w a n a C o l l e g e o f A g r i c u l t u r e . 

Seed-testing laboratory 

T h e l a b o r a t o r y i s l o c a t e d a t Sebele A g r i c u l t u r a l Research S t a t i o n . I t i s d i v i d e d i n t o a 

s e c t i o n f o r p u r i t y analysis a n d a n o t h e r f o r g e r m i n a t i o n . W h i l e t h e l a b o r a t o r y i s n o t y e t 

a m e m b e r o f t h e I n t e r n a t i o n a l Seed T e s t i n g A s s o c i a t i o n ( I S T A ) , i t uses t h e I S T A ru les 

a n d t h e f o l l o w i n g m e t h o d s i n t e s t i n g seed: 

- Seeds are s a m p l e d i n p r o p o r t i o n t o t h e n u m b e r o f bags i n a seed lo t . 

- T h e w o r k i n g s a m p l e f o r p u r i t y analysis i s separa ted i n t o c o m p o n e n t s o f p u r e seed, 

o t h e r c r o p seed, w e e d seed, a n d i n e r t m a t t e r . 

Paper t o w e l l i n g i s t h e m e t h o d c o m m o n l y u s e d i n g e r m i n a t i o n analysis. O n average, 

t h e seed t e s t i n g l a b o r a t o r y tes ts 6 0 0 samples p e r season. 

Seed processing and distribution 

A l l basic a n d c e r t i f i e d seed i s p rocessed a t t h e t w o Sebele process ing p l an t s . O n e i s a n 

o l d - v e r s i o n C l i p p e r p l a n t w i t h a p rocess ing capac i t y o f 3 t h - 1 . A n o t h e r , a m o d e r n 
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p l a n t w i t h a p rocess ing capac i ty o f up to 8 t h - 1 was i n s t a l l e d i n 1990 . I t has an 

a i r sc reen c leaner , p r e c i s i o n grader , i n d e n t e d c y l i n d e r , g r a v i t y t a b l e , a n d t r e a t e r . Seed 

p rocess ing i n v o l v e s seed c l ean ing , separa t ing a n d u p g r a d i n g , t r e a t i n g , packaging , a n d 

l a b e l i n g . 

S ince t h e i n c e p t i o n o f a g r i c u l t u r a l c r e d i t schemes, such a s t h e A r a b l e L a n d D e v e l -

o p m e n t P r o g r a m m e ( A L D E P ) , A c c e l e r a t e d R a i n f e d P r o g r a m m e ( A R A P ) , a n d t h e 

D r o u g h t R e l i e f S c h e m e , t h e n a t i o n a l seed d e m a n d has increased . F o r ins tance , t h e 

n a t i o n a l seed d e m a n d was 7 0 0 0 t d u r i n g t h e 1 9 8 8 / 8 9 c r o p p i n g season. 

Seed d i s t r i b u t i o n i s c a r r i e d o u t t h r o u g h t h e D e p a r t m e n t o f C r o p P r o d u c t i o n a n d 

F o r e s t r y ( D C P F ) , B o t s w a n a A g r i c u l t u r a l M a r k e t i n g B o a r d ( B A M B ) , Bo t swana C o o p e r -

a t ive U n i o n ( B C U ) , a n d , t o a lesser e x t e n t , b y t h e O n e S t o p Service C e n t r e f o r 

A g r i c u l t u r e ( O S S C A ) . T h e b u l k o f t h e seed i s d i s t r i b u t e d a s free seed b y D C P F u n d e r 

t h e D r o u g h t R e l i e f S c h e m e . W h e n t h i s scheme began, f a rmer s w e r e issued w i t h 

e n o u g h seed t o p l a n t u p t o 1 0 ha. D u r i n g t h e c r o p p i n g season 1 9 9 3 / 9 4 f a rmers w e r e 

i s sued w i t h seed t o cove r u p t o o n l y 5 ha. C r o p s t h a t are c o v e r e d u n d e r t h e D r o u g h t 

R e l i e f S c h e m e i n c l u d e s o r g h u m , ma ize , m i l l e t , and , t o s om e e x t e n t , c o w p e a . 

B A M B i s t h e s econd m a j o r s e e d - d i s t r i b u t i o n agency, a n d B C U i s t h e t h i r d . B o t h 

o rgan iza t ions b u y seed f r o m t h e S M U a t t h e w h o l e s a l e p r i c e a n d sel l i t t o t h e p u b l i c a t 

t h e m a r k e t p r i c e . Seed p r ices are h i g h l y subs id i zed since t h e y are set a n d c o n t r o l l e d 

b y t h e g o v e r n m e n t . F o r ins tance , 1 0 k g o f s o r g h u m seed costs t h e loca l e q u i v a l e n t o f 

a b o u t U S $ 1 . 0 0 a n d i s so ld a t a b o u t U S $ 1 . 5 0 . 

T h e t o t a l d i s t r i b u t i o n o f seed o f va r ious c rops s ince t h e 1 9 8 2 / 8 3 season i s i n d i -

c a t e d i n T a b l e 2 . 

Table 2 . A n n u a l seed d i s tr ibut ion by agency ( t ) , Botswana, 1 9 8 2 - 8 8 . 1 

Season 

1982 /83 
1983 /84 
1984 /85 
1985 /86 
1986 /87 
1987 /88 

BAMB 

280 
439 
370 
419 
207 
383 

BCU 

91 
201 
118 
134 
104 

26 

DCPF 

1808 
2300 

27839 
5718 
5708 
6677 

OSSCA 

-

-
-

2 
8 

20 

Research 

6 
49 

100 
74 
14 
32 

Source: Annual Reports for the Division of Arable Crops Research 1982-88. 
1. For an explanation of the acronyms, see the text. 

Conclusion 

T h e r e i s a n u r g e n t n e e d t o d e v e l o p t h e seed i n d u s t r y i n B o t s w a n a . C o m m e r c i a l seed 

s h o u l d b e i n c o r p o r a t e d i n t o t h e g o v e r n m e n t ' s seed i n d u s t r y . 
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Sorghum Variety Evaluation, Release, and Seed 
Production in Swaziland 

J Pali-Shikhulu1 and S Simelane2 

Introduction 

T h i s p a p e r discusses t h e s ta tus o f t h r e e s o r g h u m var ie t ies t h a t have b e e n re leased i n 

S w a z i l a n d a f te r e v a l u a t i o n . 

T h e A g r i c u l t u r a l Research D i v i s i o n o f t h e M i n i s t r y o f A g r i c u l t u r e a n d C o o p e r a -

t i ves i s r e spons ib l e f o r a l l v a r i e t a l tests; a t p re sen t da ta f r o m o t h e r tests are n o t 

a c c e p t e d . D a t a f r o m o t h e r N A R S can b e u s e d o n l y a f te r t h e 1st year o f t e s t i n g u n d e r 

o n - f a r m c o n d i t i o n s . T h e stages o f v a r i e t y e v a l u a t i o n are d e p i c t e d i n T a b l e 1 . 

Table 1 . Invest igat ion procedures in var iety eva luat ion in Swazi land. 

Year 1 

Year 2 

Year 3 

Year 4 

Year 5 

Year 6 

Summer 

In t roductory nurseries at one location 

Ident i fy promising lines 

Advanced evaluation tr ials: 

1 low-potent ia l location 

1 high-potent ia l location 

El i te variety tr ials: 

6 on-stat ion sites 

O n - f a r m trials 

El i te variety trials 

Agronomy (seed rate, fert i l izer, 

t i m e of sowing, etc) 

El i te variety tr ials 

O n - f a r m trials 

Release variety 

Agronomic recommendations 

Commerc ia l seed product ion 

W i n t e r 

Seed mu l t i p l i ca t ion / 

pur i f icat ion 

Seed mu l t i p l i ca t ion / 

pur i f icat ion of best 

lines ident i f ied 

Seed mu l t i p l i ca t ion / 

pur i f icat ion of best lines 

ident i f ied 

Basic seed generation 

Foundation seed 

generation 

1 . Cerea ls A g r o n o m i s t , M a l k e r n s Research S ta t ion , PO B o x 4 , Ma lke rns , Swazi land. 

2 . Swaz i l and Seed Q u a l i t y C o n t r o l Registrar, same address. 

P a l i - S h i k h u l u , J . , a n d S ime lane , S . 1996 . V a r i e t y evaluat ion , release, and seed p r o d u c t i o n in Swazi land . 

Pages 3 2 7 - 3 2 9 in D r o u g h t - t o l e r a n t crops for sou the rn A f r i c a : proceedings of t h e S A D C / I C R I S A T Re-

gional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 Ju l 1994, Gaborone , Botswana (Leuschner , K . , a n d 

M a n t h e , C.S. , eds.) . Pa tancheru 5 0 2 324 , A n d h r a Pradesh, I nd i a : In t e rna t iona l C r o p s Research I n s t i t u t e 

f o r t h e S e m i - A r i d T r o p i c s . 
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Assessment and on-farm testing 

T h e f o l l o w i n g aspects are assessed: 

- y i e l d 

- m a t u r i t y 

- disease r e a c t i o n s t o e r g o t , l e a f b l i g h t , a n d d o w n y m i l d e w 

- pests , e spec ia l ly s t e m bo re r s 

- p l a n t t y p e 

- end-use charac te r s 

- f a r m e r a c c e p t a b i l i t y . 

A g r o n o m i c tes t s i n c l u d e t hose f o r f e r t i l i z e r , p l a n t p o p u l a t i o n , seed rates, a n d t i m e 

o f s o w i n g . 

B e f o r e release, va r i e t i e s are t e s t e d u n d e r f a r m c o n d i t i o n s . Bes t - adap ted var ie t i es 

are i d e n t i f i e d u n d e r l o w a n d va r i ab le p r o d u c t i o n c o n d i t i o n s . A l s o , f a rmers are able t o 

eva lua te these va r i e t i e s against l o c a l l andrace var ie t i es . 

Assembling and publication of data 

T h e da ta c o l l e c t e d are ana lyzed , a n d a doss ier i s p r e p a r e d f o r each v a r i e t y . T h e 

N a t i o n a l V a r i e t y Release C o m m i t t e e t h e n cons iders t h e dossier . O t h e r N A R S , re ­

g i o n a l p r o g r a m s , a n d p r i v a t e c o m p a n i e s m a y b e c i t e d i n s u p p o r t o f t h e s u b m i s s i o n f o r 

release. 

T h e r e s h o u l d b e e n o u g h f o u n d a t i o n seed f o r c o n t i n u a l , c o m m e r c i a l seed p r o d u c ­

t i o n ( T a b l e 2 ) . 

Table 2 . Status of variet ies released in Swaz i land . 

Var ie ty 
name 

T o be 
given 

Local ICRISAT 
accession accession 

M R S 94 SDS 1594-1 
M R S 13 SDS 1513 
M R S 12 I C S V 112 

Year of Year of 
f irst test release 

1985 1991 
1985 1991 
1985 1992 

Quant i t ies of seed (kg) 

Basic1 

50 
50 
50 

Founda-
t i o n 2 

200 
50 

200 

C o m -
merce 3 

7000 

Sources: 
1. Responsibility of SADC/ICRISAT SMIP or the Agricultural Research Division (ARD). 
2. Responsibility of the A R D . 
3. Swazi American Pioneer Seed Company. 

T h e d e s c r i p t i o n o f t h e d i s t i nc tnes s , u n i f o r m i t y , a n d s t a b i l i t y o f t h e v a r i e t y i s 

p r e p a r e d b y t h e b r e e d e r , i n c o l l a b o r a t i o n w i t h t h e n a t i o n a l a g r o n o m i s t , a n d t h e 

S w a z i l a n d S e e d Q u a l i t y C o n t r o l a u t h o r i t i e s . T h e d e s c r i p t i o n s i n c l u d e t h e range o f 
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v a r i a t i o n s t o b e e x p e c t e d i n t h e c u l t i v a r . These charac te r i s t i cs are u sed s u b s e q u e n t l y 
i n : 

- m o n i t o r i n g t h e p u r i t y o f t h e seed 

- assessing t h e gene t i c p u r i t y by c e r t i f i c a t i o n a u t h o r i t i e s 

- e n s u r i n g t h a t t h e seed i s p r o p e r l y l abe l ed . 

Variety Release Committee 

M e m b e r s h i p o f t h i s c o m m i t t e e consists o f : 

- Regis t ra r o f Q u a l i t y C o n t r o l 

- Rep re sen t a t i ve o f f a rmer s 

- Rep re sen t a t i ve o f seed m e r c h a n t s 

- B r e e d e r f r o m t h e U n i v e r s i t y o f S w a z i l a n d 

- P l a n t P r o t e c t i o n O f f i c e r 

- R e p r e s e n t a t i v e o f seed p r o d u c e r s 

- Rep re sen t a t i ve f r o m E x t e n s i o n Services 

- Represen ta t ives o f C h i e f Research O f f i c e r 

- A s o c i o e c o n o m i s t . 

Information required by the Variety Release Committee 

T h i s i n c l u d e s : 

- M e t h o d o f i d e n t i f i c a t i o n 

- V a r i e t y p e r f o r m a n c e i n c o m p a r i s o n w i t h s t anda rd v a r i e t y 

- A r e a o f a d a p t a t i o n 

- P r o p o s e d end-uses 

- A m o u n t o f basic seed avai lable f o r m u l t i p l i c a t i o n a n d d i s t r i b u t i o n 

- R e c o m m e n d e d m e t h o d o f seed increase a n d m a i n t e n a n c e 

- P r o p o s e d m e t h o d o f seed d i s t r i b u t i o n . 

Variety promotion 

F a r m e r s are i n f o r m e d o f t h e n e w v a r i e t y t h r o u g h : 

- F i e l d days a t t h e research s t a t i o n 

- F a r m e r e v a l u a t i o n o f o n - f a r m t r i a l s a n d d e m o n s t r a t i o n s 

- D e m o n s t r a t i o n s ; e x t e n s i o n services, a n d N G O s 

- D e m o n s t r a t i o n s c o n d u c t e d by t h e l oca l seed c o m p a n y 

- Seed e x t e n s i o n by seed c o m p a n i e s a n d m e r c h a n t s 

- M a r k e t i n g , d i s t r i b u t i o n , a n d a d v e r t i s e m e n t s by seed compan ies . 
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Cultivar Release Procedures, Production and 
Distribution of Seed, and Extension 
Recommendations in Tanzania 

H M Saadan1 and S I Mndolwa2 

Introduction 

A l t h o u g h s m a l l h o l d e r f a r m e r s i n Tanzan ia a c c o u n t f o r 9 0 % o f f o o d a n d cash-c rop 

p r o d u c t i o n , o n l y 10% o f t h e m use c e r t i f i e d seed ( L u j u o 1 9 9 4 ) , because c o m m e r c i a l 

seed c o m p a n i e s focus o n c r o p s t h a t p r o v i d e q u i c k r e t u r n s a n d have h i g h - v o l u m e 

v a l u e . T h e seed p r o d u c t i o n p r o g r a m i s u n d e r t h e m a n d a t e o f t h e Tanzania O f f i c i a l 

Seed C e r t i f i c a t i o n A g e n c y ( T O S C A ) . Seed c e r t i f i c a t i o n was es tab l i shed t h r o u g h t h e 

1 9 7 3 Seeds R e g u l a t i o n A c t , S e c t i o n 5 ( a ) , a n d subsequen t r egu la t ions w e r e a d d e d i n 

1 9 7 5 . T h e A g e n c y f u n c t i o n s u n d e r t h e M i n i s t r y o f A g r i c u l t u r e w i t h a C h i e f C e r t i f i c a ­

t i o n O f f i c e r l o c a t e d a t M o r o g o r o . 

Seed c e r t i f i c a t i o n invo lves i n s p e c t i o n o f ped ig ree r eco rds o f e l ig ib l e c r o p c u l t i v a r s 

t o m a k e avai lable h i g h - q u a l i t y seeds a n d p r o p a g a t i n g ma te r i a l s o f supe r io r c u l t i v a r s t o 

ensu re gene t i c i d e n t i t y . 

' C e r t i f i e d Seed ' i n c l u d e s a l l t h e seed grades: Breede r , F o u n d a t i o n , Reg i s te red , a n d 

C e r t i f i e d , a n d refers t o seed t h a t has b e e n p r o d u c e d , processed , tagged, l abe l ed , a n d 

sealed i n acco rdance w i t h t h e ru les , r egu la t ions , a n d p r o c e d u r e s o f T O S C A o r b y any 

o t h e r o f f i c i a l l y r e c o g n i z e d seed c e r t i f i c a t i o n agency o u t s i d e Tanzania . 

Seed release procedures 

T h e V a r i e t y Release C o m m i t t e e i s a s u b c o m m i t t e e o f t h e Seed P r o d u c t i o n C o m m i t ­

t ee . T h e r e q u i r e d c o n t e n t s o f a r ev i sed v a r i e t y release r e p o r t are a s f o l l o w s . 

I n t r o d u c t i o n . B a c k g r o u n d i n f o r m a t i o n , w h i c h inc ludes : 

- Reasons f o r i n i t i a t i n g t h e w o r k 

- W h e n t h e w o r k was b e g u n 

1 . C o o r d i n a t o r f o r S o r g h u m a n d M i l l e t I m p r o v e m e n t a n d S o r g h u m Breeder, A g r i c u l t u r a l Research a n d 

T r a i n i n g I n s t i t u t e , I longa, Ki losa , Tanzania. 

2 . A g r i c u l t u r a l Research Of f i ce r , a t t h e same address. 

Saadan , H . M . , a n d M n d o l w a , S . I . 1996 . C u l t i v a r release procedures , p r o d u c t i o n a n d d i s t r i b u t i o n o f seed, 

a n d ex t ens ion r e c o m m e n d a t i o n s in Tanzania. Pages 3 3 1 - 3 3 4 in D r o u g h t - t o l e r a n t crops f o r sou the rn 

A f r i c a : proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, 

G a b o r o n e , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.). Patancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I nd i a : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e f o r t h e S e m i - A r i d T r o p i c s . 
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- S o u r c e o f i n i t i a l g e r m p l a s m 

- L i t e r a t u r e r e v i e w 

- I n d i v i d u a l s i n v o l v e d . 

Materials and methods 

- I d e n t i f y t h e p a r e n t a l m a t e r i a l s f r o m w h i c h t h e c u l t i v a r t o b e re leased i s d e r i v e d 

- D e s c r i b e h o w t h e t e s t i n g was d o n e 

- I n d i c a t e t h e m e t h o d o f da ta analysis a n d c o m p a r i s o n s m a d e 

- S t a t e i f any spec ia l n o n s t a n d a r d m e t h o d s w e r e u s e d a n d w h e t h e r t h e y have b e e n 

d e s c r i b e d c l e a r l y . 

Results/data presentation 

- I n c l u d e da t a by s e a s o n / l o c a t i o n / e x p e r i m e n t , e tc . , a t least f o r t h e seasons 

- A n a l y z e c o m b i n e d da ta 

- C h e c k t h e soundness o f c o m b i n e d da ta 

- I n c l u d e a p p r o p r i a t e r e f e r ence o r c o n t r o l c u l t i v a r s i n each g r o u p o f da ta so a s t o 

s h o w t h e m e r i t s o f t h e c u l t i v a r 

- C h e c k w h e t h e r e c o n o m i c analysis i s a p p r o p r i a t e 

- E x h a u s t a l l s u p p o r t i v e da ta t o d e f e n d t h e c u l t i v a r 

- C h e c k w h e t h e r c l i m a t e o r so i l da ta are r e q u i r e d t o emphas i ze t h e va lue o f t h e n e w 

c u l t i v a r 

- A n a l y z e t h e i n f o r m a t i o n o n f a r m e r s ' a c c e p t a b i l i t y 

- P re sen t da ta f r o m o n - f a r m / v i l l a g e - l e v e l tes ts 

- C h e c k w h e t h e r t h e c u l t i v a r has b e e n t e s t e d f o r s t a b i l i t y . 

Discussion and justification for release 

- D e s c r i b e t h e m e r i t s o f t h e n e w c u l t i v a r r ega rd ing y i e l d , pests, diseases, e n v i r o n ­

m e n t , ava i lab le a l t e r n a t i v e c u l t i v a r s , cash r e t u r n s , m e t h o d s o f seed p r o d u c t i o n , 

soc ia l v a l u e , n u t r i t i o n a l s ta tus , s torage qua l i t i e s , e t c . 

- I n d i c a t e t h e area o f release a n d c o n d i t i o n s o f p r o d u c t i o n 

- I n d i c a t e t h e m e t h o d o f seed m a i n t e n a n c e , i f d i f f e r e n t f r o m o t h e r c u l t i v a r s 

- I n d i c a t e w h e t h e r t h e c u l t i v a r has any s h o r t c o m i n g s 

- I n d i c a t e any spec ia l m a n a g e m e n t r e q u i r e m e n t s , e.g., p l a n t d e n s i t y , e x t r a w e e d i n g , 

e t c . 

- I n d i c a t e a p p r o p r i a t e s o w i n g dates . 

Conclusion 

- P r epa re a conc i se , a u t h o r i t a t i v e s t a t e m e n t to i n d i c a t e t h e n e e d to release t h e 

c u l t i v a r 

- I n d i c a t e w h i c h c u l t i v a r w i l l b e r e p l a c e d f r o m t h e c u r r e n t l i s t o f r e l e a s e d / c o m m o n 

c u l t i v a r s 

- Suggest an a p p r o p r i a t e n a m e ( o p t i o n a l l y d e f e r r e d u n t i l a f t e r t h e c u l t i v a r has b e e n 

a c c e p t e d b y V a r i e t y Release C o m m i t t e e ) . 
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S u m m a r y / a b s t r a c t / s y n o p s i s 

- D e s c r i b e t h e c u l t i v a r conc i se ly i n a t e x t f o r m 

- I n d i c a t e b r i e f l y t h e area o f release a n d c o n d i t i o n s o f p r o d u c t i o n . 

A d m i n i s t r a t i v e preparat ions 

- F i l l i n a p p r o p r i a t e f o r m s o b t a i n a b l e f r o m t h e secre ta r ia t o f t h e V a r i e t y Release 

C o m m i t t e e 

- N o t i f y T O S C A a n d t h e Seed C o o r d i n a t o r a t least 2 m o n t h s b e f o r e t h e C o m m i t ­

tee ' s a n n u a l m e e t i n g o f t h e i n t e n t i o n t o release t h e n e w c u l t i v a r 

- P repa re a s a m p l e o f t h e n e w c u l t i v a r f o r r e t e n t i o n b y T O S C A a n d t h e C u r a t o r o f 

t h e N a t i o n a l P l an t G e n e t i c Resources i f i t i s re leased 

- C h e c k seed s tocks t o k n o w h o w m u c h i s avai lable f o r t h e p r o d u c t i o n a s b r e e d e r 

seed. 

Seed certification 

T h e Seed P r o d u c t i o n C o m m i t t e e sha l l : 

- Serve a s t h e adv i so ry b o d y to t h e C e r t i f i c a t i o n A g e n c y 

- M a k e p roposa l s f o r release a n d m u l t i p l i c a t i o n o f n e w c u l t i v a r s 

- D e f i n e e l i g i b i l i t y r e q u i r e m e n t s o f seed s tocks 

- R e c o m m e n d fees a n d p r i ce s r e l a t e d t o seed c e r t i f i c a t i o n . 

Eligibility of growers and definition of seed grades 

G o v e r n m e n t Seed M u l t i p l i c a t i o n F a r m s a n d t h e Tanzan ia Seed C o m p a n y ( T A N -

SEED) are i n v o l v e d i n ped ig ree -g rade seed p r o d u c t i o n . Large n u m b e r s o f c o n t r a c t 

g r o w e r s a n d p r i v a t e seed p r o d u c e r s are n e e d e d t o m e e t t h e seed needs o f t h e 

c o u n t r y . 

B r e e d e r g r a d e ( G r e e n L a b e l ) . I n d i c a t e s seed r e c o g n i z e d b y t h e C o m m i s s i o n e r o f 

C r o p D e v e l o p m e n t o f t h e M i n i s t r y o f A g r i c u l t u r e . 

F o u n d a t i o n seed ( W h i t e L a b e l ) . R e s t r i c t e d t o Seed M u l t i p l i c a t i o n F a r m s des igna t ed 

b y t h e M i n i s t r y o f A g r i c u l t u r e a n d t h e Seed P r o d u c t i o n C o m m i t t e e ; a n d ind ica t e s t h e 

a p p r o v e d p r o g e n y o f b r e e d e r seed. 

Registered seed ( P u r p l e L a b e l ) . P r o d u c e d b y T A N S E E D a n d Seed M u l t i p l i c a t i o n 

F a r m s , i n c l u d i n g c o n t r a c t g r o w e r s . Refers t o t h e a p p r o v e d p r o g e n y o f b r e e d e r a n d 

f o u n d a t i o n seed. 

C e r t i f i e d seed ( B l u e L a b e l ) . P r o d u c e d b y T A N S E E D a n d Seed M u l t i p l i c a t i o n F a r m s , 

i n c l u d i n g c o n t r a c t g r o w e r s . Refers t o t h e a p p r o v e d p r o g e n y o f b r eede r , f o u n d a t i o n , 

a n d r e g i s t e r e d seed. 
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S u b s t a n d a r d seed ( Y e l l o w L a b e l ) . C e r t i f i e d i n t h i s w a y because t h e seed f o r m s p a r t 

o f a s e e d l o t t h a t does n o t m e e t n o r m a l c e r t i f i c a t i o n s tandards . 

Seed distribution 

T A N S E E D , r e spons ib l e f o r p r o d u c i n g , process ing , a n d m a r k e t i n g c e r t i f i e d seeds, i s a 

pa ras ta ta l o r g a n i z a t i o n i n t h e M i n i s t r y o f A g r i c u l t u r e w i t h 6 2 . 5 % shares c o n t r o l l e d b y 

t h e N a t i o n a l A g r i c u l t u r a l a n d F o o d C o r p o r a t i o n ( N A G C O ) , a n d w i t h 3 7 . 5 % shares 

o w n e d b y t h e C o m m o n w e a l t h D e v e l o p m e n t C o r p o r a t i o n ( C D C ) . Seed d i s t r i b u t i o n 

i s d o n e t h r o u g h T A N S E E D branches , depo t s , T a n g a n y i k a F a r m e r s ' A s s o c i a t i o n ( T F A ) , 

a n d r e g i o n a l c o o p e r a t i v e u n i o n s a n d s tock i s t s a p p o i n t e d b y t h e c o m p a n y ( M o s h i a n d 

N n k o 1 9 8 9 ) . 

P r i v a t e seed c o m p a n i e s have t h e i r o w n b r e e d e r seed. F o r e x a m p l e , C a r g i l l m u l t i -

p l i e s i t s seed t h r o u g h c o n t r a c t g r o w e r s , a n d process ing a n d packaging are d o n e a t i t s 

A r u s h a p l a n t . I t sells i t s seed t h r o u g h s tock is t s . I n genera l , t h e seed d i s t r i b u t i o n 

s y s t e m i n t h e c o u n t r y i s n o t v e r y e f f i c i e n t . 

Extension recommendations 

T h e s e r e l a t e t o i m p r o v e d t e c h n o l o g i e s t h a t c o u l d increase f a r m e r s ' p r o d u c t i v i t y . 

M o s t o f these t e c h n o l o g i e s are d e v e l o p e d a t research s ta t ions a n d are e v a l u a t e d across 

e n v i r o n m e n t s . E v e n t u a l l y t h e y c o u l d b e loca t ion - spec i f i c o r have b l a n k e t r e c o m m e n -

d a t i o n s . T e c h n o l o g i e s are s c r u t i n i z e d b e f o r e b e i n g a c c e p t e d a s e x t e n s i o n r e c o m m e n -

d a t i o n s b y t h e V a r i e t y Release C o m m i t t e e , t h e F e r t i l i z e r R e c o m m e n d a t i o n 

C o m m i t t e e , a n d t h e C r o p P r o t e c t i o n C o m m i t t e e . I n each o f these , e x t e n s i o n o f f i -

cers , N G O s , p r i v a t e c o m p a n i e s , a n d sc ien t i s t s are i n v o l v e d . 

R e c o m m e n d e d t e c h n o l o g y i s d i s s e m i n a t e d t o f a rmer s b y t h e Regiona l E x t e n s i o n 

O f f i c e r t h r o u g h t h e D i s t r i c t E x t e n s i o n O f f i c e r a n d v i l l age e x t e n s i o n services. O t h e r 

m e t h o d s i n c l u d e r a d i o , m o n t h l y magazines (e .g. , U k u l i m a w a kisasa), p a m p h l e t s , a n d 

pos t e r s . 

A l t h o u g h m o s t o f t h e t e c h n o l o g i e s have b e e n d e v e l o p e d a n d e v a l u a t e d across 

e n v i r o n m e n t s , t h e e c o n o m i c s ta tus o f s m a l l h o l d e r , r e sou rce -poor f a rmer s has n o t 

i m p r o v e d . T h e r e f o r e , researchers r e c o m m e n d t h a t any t e c h n o l o g y d e v e l o p e d s h o u l d 

b e assessed b y f a r m e r s t h r o u g h o n - f a r m e v a l u a t i o n . 
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Involvement of Extension Staff in On-Farm 
Research in Singida Region, Tanzania 

E D W Mlingi1 

Extension staff 

T h e f o l l o w i n g e x t e n s i o n s t a f f are e m p l o y e d i n t h e Singida Reg ion o f Tanzania : 

V i l l a g e E x t e n s i o n O f f i c e r s 3 4 2 

D i v i s i o n a l E x t e n s i o n O f f i c e r s 2 8 

D i s t r i c t E x t e n s i o n O f f i c e r s 1 8 

E x t e n s i o n O f f i c e r s 2 3 

A s 2 3 6 0 9 0 f a rmer s are r e a c h e d b y t h e e x t e n s i o n service, t h e r e i s a r a t i o o f a b o u t 

6 9 0 f a r m e r s t o each V i l l a g e E x t e n s i o n O f f i c e r . 

Regional development goals 

C r o p p r o d u c t i o n i s e x p e c t e d t o increase subs t an t i a l ly b y 1998 (see T a b l e 1) . 

Table 1 . C u r r e n t (1994) a n d e s t imated (1998) product ion (kg ha - 1 ) o f principal crops 
in Singida Region, Tanzania . 

C r o p 

Maize 
Sorghum 
Mi l l e t s 
Paddy 
C o t t o n 
Sunflower 
Tobacco 
G r o u n d n u t 

To ta l for the Region 

Product ion (1994) 

2 050 
1 800 

950 
2 000 

460 
880 
800 
450 

428 665 ( t ) 

Estimated product ion (1998) 

3 250 
2 0 0 0 
1 000 
4 500 

500 
1 500 
1 000 

500 

653 370 ( t ) 

1 . Regional A g r i c u l t u r a l E x t e n s i o n Of f i ce r , PO B o x 3 4 , Singida, Tanzania. 

M l i n g i , E . D . W . 1996 . I n v o l v e m e n t o f ex tens ion s ta f f i n on - f a rm research i n Singida Region, Tanzania. 

Pages 3 3 5 - 3 3 6 in D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : proceedings of the S A D C / I C R I S A T Re-

gional S o r g h u m a n d Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner , K . , a n d 

M a n t h e , C.S. , eds.) . Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, I nd i a : In t e rna t iona l C r o p s Research I n s t i t u t e 

fo r t h e S e m i - A r i d T r o p i c s . 
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Problems in agricultural development 

- L a c k o f c r e d i t f a c i l i t i e s f o r i n p u t p r o c u r e m e n t 

- L a c k , shor tage , o r u n t i m e l y s u p p l y o f f a r m i n p u t s 

- S h o r t a g e o f q u a l i f i e d e x t e n s i o n s t a f f 

- L a c k o f s tock i s t s f o r f a r m i n p u t s 

- S h o r t a g e o f p a s t u r e l a n d . 

Problems in sorghum promotion and production 

- L a c k o f a g o o d m a r k e t i n g a n d d i s t r i b u t i o n s y s t e m 

- T a n n i n s i n s o r g h u m a n d m i l l e t s d i m i n i s h t h e i n d u s t r i a l use o f these c rops 

- W e a k l inkages b e t w e e n research , e x t e n s i o n , i n d u s t r y , a n d N G O s 

- L a c k o f a d e q u a t e supp l i e s , a n d p o o r q u a l i t y , o f s o r g h u m a n d m i l l e t t o t h e f e e d a n d 

beverage i n d u s t r i e s 

- L a c k , a n d u n t i m e l y a v a i l a b i l i t y , o f c r o p p r o d u c t i o n i n p u t s . 

Extension-research linkages 

W i t h t h e i n c e p t i o n o f t h e N a t i o n a l A g r i c u l t u r e a n d L i v e s t o c k E x t e n s i o n R e h a b i l i t a -

t i o n P r o j e c t ( N A L E R P ) i n 1 9 8 9 / 9 0 , e x t e n s i o n off icers w e r e o rgan ized t o v i s i t f a r m e r s 

i n t h e i r areas w i t h r e c o m m e n d a t i o n s f o r p r o b l e m - s o l v i n g , a n d w e r e p r o v i d e d w i t h 

t r a n s p o r t a n d t e c h n i c a l r e c o m m e n d a t i o n k i t s . 

I n 1 9 9 4 t w o d i s t r i c t s , S ing ida a n d I r a m b a , w e r e i n v o l v e d i n o n - f a r m t r i a l s . T h e 

va r i e t i e s u n d e r t r i a l are S V a n d T e g e m e o f o r s o r g h u m , a n d those f o r p e a r l m i l l e t 

i n c l u d e B u r u m a 9 1 0 0 1 a n d 91018 . 
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Procedures for Cultivar Release and Seed 
Production for Sorghum and Pearl Millet in 
Zimbabwe 

J N Mushonga1 and N Mangombe2 

Introduction 

S o r g h u m a n d p e a r l m i l l e t are m a j o r s u m m e r c rops i n Z i m b a b w e . B o t h cereals are 

s taple f o o d c rops f o r m o s t r e source -poor f a rmers l o c a t e d i n t h e marg ina l - r a in f a l l 

areas. T h e y are also u s e d a s m a l t i n b o t h c o m m e r c i a l a n d t r a d i t i o n a l opaque beer 

p r e p a r a t i o n s . In a d d i t i o n , t h e cereals are u sed as l i ve s tock f eed a n d t h e i r s tovers as 

b u i l d i n g m a t e r i a l s . A l t h o u g h s o r g h u m and pea r l m i l l e t research dates back t o t h e 

1940s , ser ious research t o i m p r o v e b o t h c rops began o n l y af ter i n d e p e n d e n c e . 

Cultivar development 

B e f o r e a n e w l y - d e v e l o p e d c u l t i v a r i s re leased t o f a rmer s , i t goes t h r o u g h t h e f o l l o w i n g 

stages. 

P r e l i m i n a r y cul t ivar t r i a l . R e p l i c a t e d t r i a l s are g r o w n a t t w o sites t o c o m p a r e t h e 

p e r f o r m a n c e o f a n e w l y - d e v e l o p e d c u l t i v a r w i t h a s t anda rd c o n t r o l c u l t i v a r . 

I n t e r m e d i a t e cult ivar t r i a l . P r o m i s i n g geno types f r o m t h e p r e l i m i n a r y c u l t i v a r t r i a l 

are t e s t e d i n r e p l i c a t e d t r i a l s g r o w n a t f i v e d iverse sites. P o p u l a t i o n dens i ty , p l a n t 

h e i g h t , seed g r a i n c o l o r , g ra in size, d r o u g h t t o l e r ance , days t o m a t u r i t y , a n d y i e l d are 

n o t e d . 

A d v a n c e d cul t ivar t r i a l . C u l t i v a r s p e r f o r m i n g w e l l are t e s t e d i n a t least e igh t eco log-

i c a l zones f o r t h r e e c o n s e c u t i v e seasons to d e t e r m i n e a supe r io r g e n o t y p e . 

O n - f a r m eva luat ion . T h i s i s c o n c u r r e n t w i t h advanced t e s t i ng and gives i n f o r m a t i o n 

o n t h e p e r f o r m a n c e o f t h e c u l t i v a r i n f a r m e r s ' f i e l d s . 

1 . H e a d , C r o p Breed ing I n s t i t u t e , D e p a r t m e n t o f Research and Specialist Services, P O Box C Y 550 , 

Causeway, Hara re , Z i m b a b w e . 

2 . P lan t Breeder , C r o p Breed ing I n s t i t u t e , a t t h e same address. 

M u s h o n g a , J . N . , a n d M a n g o m b e , N . 1996. Procedures for cu l t iva r release and seed p r o d u c t i o n fo r 

s o r g h u m a n d pear l m i l l e t in Z i m b a b w e . Pages 3 3 7 - 3 3 9 i n D r o u g h t - t o l e r a n t crops for sou thern A f r i c a : 

proceedings o f t h e S A D C / I C R I S A T Regional S o r g h u m and Pearl M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, G a b -

orone , Botswana (Leuschner , K . , a n d M a n t h e , C.S. , eds.). Patancheru 502 3 2 4 , A n d h r a Pradesh, Ind ia : 

I n t e r n a t i o n a l C r o p s Research I n s t i t u t e for t h e S e m i - A r i d T rop ic s . 
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C u l t i v a r release procedures . O n i d e n t i f y i n g t h e c u l t i v a r t o b e re leased, t h e b r e e d e r 

w r i t e s u p a release p r o p o s a l , w h i c h i n c l u d e s t h e f o l l o w i n g : 

- P r o p o s e d n a m e o f t h e c u l t i v a r 

- Y i e l d d a t a f o r severa l years 

- Ped ig ree 

- A g r o n o m i c cha rac te r s 

- Q u a l i t y da t a 

- N u m b e r o f si tes u s e d f o r t e s t i n g 

- R a i n f a l l d a t a 

- N u m b e r o f years o f t e s t i n g . 

Presentat ion t o t h e V a r i e t y Release C o m m i t t e e . T h e p roposa l i s c o n s i d e r e d b y t h i s 

C o m m i t t e e , w i t h m e m b e r s h i p a s f o l l o w s : 

- D i r e c t o r , D e p a r t m e n t o f Research a n d Spec ia l i s t Services ( C h a i r m a n ) 

- D e p u t y D i r e c t o r , C r o p s 

- H e a d , C r o p B r e e d i n g I n s t i t u t e 

- D e p u t y D i r e c t o r , Spec ia l Services 

- H e a d , P l a n t P r o t e c t i o n Research I n s t i t u t e 

- H e a d , Seed Services 

- C h i e f Research O f f i c e r , C r o p B r e e d i n g I n s t i t u t e 

- D i r e c t o r , A g r i c u l t u r a l E x t e n s i o n a n d T e c h n i c a l Services 

- G e n e r a l M a n a g e r , G r a i n M a r k e t i n g B o a r d 

- H e a d , R a t t r a y A r n o l d Research S t a t i o n (Seed C o o p C o m p a n y ) 

- P r e s i d e n t , Z i m b a b w e F a r m e r s ' U n i o n 

- C h a i r m a n , C o m m e r c i a l F a r m e r s ' U n i o n 

- H e a d , A g r o n o m y I n s t i t u t e 

- C h a i r m a n , Seed C o o p C o m p a n y 

- I n d u s t r y r e p r e s e n t a t i v e f o r a specif ic c r o p 

- T h e b r e e d e r p r o p o s i n g t h e c u l t i v a r 

- T h e S e c r e t a r y f r o m C r o p B r e e d i n g ( t o t a k e m i n u t e s ) 

I f t h e c u l t i v a r i s a p p r o v e d , t h e b r e e d e r (a) s u b m i t s a t least 5 0 k g o f b r e e d e r seed t o 

t h e seed c o m p a n y r e spons ib l e f o r b u l k i n g ; a n d (b ) appl ies t o t h e Seed Services f o r 

r e g i s t r a t i o n o f t h e c u l t i v a r u n d e r t h e t e r m s o f t h e P l a n t Breeder s ' R igh t s A c t a n d t h e 

Seed C e r t i f i c a t i o n S c h e m e . 

Procedures to develop certified seed 

B r e e d e r seed. T h e b r e e d e r releases b r e e d e r seed t o t h e c o m p a n y , i n t h i s case Seed 

C o o p C o m p a n y o f Z i m b a b w e . T h e b r e e d e r also m a i n t a i n s a s tock o f p u r e seed o f t h e 

re leased c u l t i v a r s . 
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F o u n d a t i o n seed A . T h e Seed C o o p makes a r rangements w i t h some g r o w e r s t o 

p r o d u c e f o u n d a t i o n seed A f r o m b r e e d e r seed. A Seed Services i n s p e c t o r inspec t s t h e 

c r o p o f t h i s f o u n d a t i o n seed f o r i t s p u r i t y . 

F o u n d a t i o n seed B . Seed o f f o u n d a t i o n seed A i s used to g r o w f o u n d a t i o n seed B . 

T h e Seed C o o p m a i n t a i n s s tocks o f b o t h f o u n d a t i o n seed A a n d B . 

C e r t i f i e d seed. F o u n d a t i o n seed B i s t h e n used to p r o d u c e t h e c e r t i f i e d seed. 
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Linkages in Planning and Implementing On-Farm 
Trials in Zimbabwe 

D N Masendeke1 

Introduction 

Research i n s t i t u t i o n s i n A s i a n a n d A f r i c a n coun t r i e s p r e v i o u s l y u n d e r c o l o n i a l a d m i n -

i s t r a t i o n w e r e f o c u s e d o n increas ing t h e p r o d u c t i o n o f h igh-va lue e x p o r t c o m m o d i -

t i e s . I n Z i m b a b w e these c o m m o d i t i e s w e r e tobacco , cof fee , tea , c o t t o n , m a i z e , 

sugarcane, e tc . , g r o w n e x c l u s i v e l y b y fo r e ign set t lers and compan ies . E x t e n s i o n a c t i v -

i t i e s w e r e d e v e l o p e d a n d geared t o service these c o m m e r c i a l c l i en t s , w i t h t h e r e s u l t 

t h a t s m a l l h o l d e r c o m m u n a l f a rmers b e n e f i t e d o n l y f r o m d e m o n s t r a t i o n s d e v e l o p e d 

f o r t h e c o m m e r c i a l sec tor . 

T h e r e w e r e t w o separate e x t e n s i o n d e p a r t m e n t s : t h e D e p a r t m e n t o f C o n s e r v a t i o n 

a n d E x t e n s i o n ( C O N E X ) , w h i c h c a t e r e d fo r c o m m e r c i a l fa rmers , a n d t h e D e p a r t -

m e n t o f N a t i v e A g r i c u l t u r e , c a t e r ing t o s m a l l h o l d e r A f r i c a n fa rmers ( l a t e r r e n a m e d 

t h e D e p a r t m e n t o f A g r i c u l t u r a l D e v e l o p m e n t : D E V A G ) . C O N E X en joyed close, w e l l -

i n f o r m e d , a n d pe r sona l l i n k s w i t h research s t a f f o f t h e D e p a r t m e n t o f Research a n d 

Spec ia l i s t Services (DR&SS) a s t h e y b o t h d i r e c t e d t h e i r e f fo r t s t o w a r d s t h e same 

c l i e n t — t h e large-scale c o m m e r c i a l f a r m e r . 

A l t h o u g h b o t h d e p a r t m e n t s , C O N E X a n d DR&SS, be longed t o t h e same m i n i s t r y , 

t h e r e w a s n o f o r m a l l i n k b e t w e e n t h e t w o . E x t e n s i o n s t a f f w e r e respons ib le f o r 

s e r v i c i n g c o m m u n a l f a rmer s , b u t es tab l i shed f o r m a l and p r o d u c t i v e l i nks w i t h r e -

search s t a f f o n l y a f t e r i n d e p e n d e n c e i n 1980 . 

Postindependence extension and research 

A f t e r i n d e p e n d e n c e t h e g o v e r n m e n t m e r g e d t h e t w o ex t ens ion services, D E V A G a n d 

C O N E X , i n t o o n e t o ca t e r f o r a l l f a r m i n g sectors. T h e r e su l t was t h e D e p a r t m e n t o f 

A g r i c u l t u r e a n d T e c h n i c a l E x t e n s i o n Service ( A G R I T E X ) i n 1981 . T h e n e w d e p a r t -

m e n t ' s emphas i s was t o b e o n small-scale p roduce r s , i .e . , c o m m u n a l f a rmers . 

Research i n Z i m b a b w e h a d la rge ly i g n o r e d s m a l l h o l d e r f a rmers ' c i r cums tances : t h e 

d i f f i c u l t i e s o f f a r m i n g i n m a r g i n a l areas w i t h p o o r soils and l o w a n d e r ra t i c r a i n f a l l . 

1 . Senior A g r i c u l t u r a l E x t e n s i o n Specialist , A G R I T E X , PO B o x 1927, Bulawayo, Z i m b a b w e . 

M a s e n d e k e , D . N . 1996 . Linkages i n p l ann ing a n d i m p l e m e n t i n g on - f a rm tr ials i n Z i m b a b w e . Pages 3 4 1 -

3 4 3 i n D r o u g h t - t o l e r a n t c rops fo r sou the rn A f r i c a : proceedings o f the S A D C / I C R I S A T Regional S o r g h u m 

a n d Pear l M i l l e t W o r k s h o p , 2 5 - 2 9 J u l 1994, Gaborone , Botswana (Leuschner, K . , a n d M a n t h e , C.S. , eds.) . 

Pa tancheru 5 0 2 3 2 4 , A n d h r a Pradesh, Ind ia : In te rna t iona l Crops Research I n s t i t u t e fo r t h e S e m i - A r i d 

T r o p i c s . 
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T h e a p p l i c a b i l i t y o f r esea rch f i n d i n g s ( f o c u s e d o n t h e needs o f b e t t e r - p l a c e d c o m m e r -

c i a l f a r m e r s ) t o t h e s m a l l h o l d e r sec to r was t h e r e f o r e q u e s t i o n a b l e . 

T h e n e e d t o address a g r i c u l t u r a l p r o b l e m s i n t h e ha rsh e n v i r o n m e n t s f aced b y 

s m a l l h o l d e r f a r m e r s l e d t o s o m e o f f - s t a t i o n t r i a l s i n these e n v i r o n m e n t s . T h i s was t h e 

b e g i n n i n g o f t h e n o w i m p o r t a n t a n d p o p u l a r o n - f a r m t r i a l s . 

O n - f a r m resea rch f i r s t t o o k t h e f o r m o f r e p l i c a t i o n s o f o n - s t a t i o n t r i a l s i n c o m m u -

n a l areas t o address t h e d i f f e r e n t e n v i r o n m e n t a l fac tors t h e r e : p o o r sandy soils , w e e d 

c o m p e t i t i o n , a n d f a r m e r s ' l a c k o f resources . ( P o o r p e r f o r m a n c e o f i m p r o v e d t e c h n o l -

ogies o n s m a l l h o l d e r f a r m s h a d o f t e n been b l a m e d o n t h e f a r m e r s ' p o o r m a n a g e m e n t 

sk i l l s . ) 

A l t h o u g h o n - f a r m t r i a l s w e r e c o n d u c t e d w i t h b o t h research a n d e x t e n s i o n s t a f f 

p l a y i n g t h e i r d i f f e r e n t ro les , t h e r e was s t i l l n o f o r m a l l inkage b e t w e e n t h e t w o d e p a r t -

m e n t s . T h i s m e a n t t h a t , t h o u g h A G R I T E X was n u m e r i c a l l y f o u r t o f i v e t i m e s b igger 

t h a n t h e D R & S S , i t c o u l d n o t use i t s l oca l e x p e r i e n c e t o emphas ize t h e n e e d f o r 

p r o b l e m - o r i e n t e d resea rch . O n - f a r m t r i a l s w e r e n o t address ing loca t ion - spec i f i c p r o b -

l e m s , a n d researchers c o u l d n o t i n f l u e n c e t h e c o n t e n t a n d t y p e o f d e m o n s t r a t i o n s 

c o n d u c t e d by A G R I T E X . T h e f a r m e r ' s r o l e c o u l d , a t best , be d e s c r i b e d a s a p r o v i d e r 

o f l a n d a n d l abo r . 

Technology generation, transfer, and adoption linkages (Fig. 1) 

T h e n e e d t o f o r m a l i z e l inkages b e t w e e n t h e t w o d e p a r t m e n t s r e s u l t e d i n t h e f o r m a -

t i o n o f t h e C o m m i t t e e f o r O n - F a r m Research a n d E x t e n s i o n (COFRE) i n 1 9 8 6 . I t s 

o v e r a l l o b j e c t i v e i s t o c o o r d i n a t e t h e f a r m research a n d d e m o n s t r a t i o n ac t i v i t i e s o f 

t h e D R & S S a n d A G R I T E X t h r o u g h c o m m o d i t y s u b c o m m i t t e e s a t na t i ona l a n d reg iona l 

l eve l s . C O F R E l i n k s researchers , ex tens ion i s t s , a n d f a rmer s t h r o u g h i t s Regiona l O n -

F a r m Research a n d E x t e n s i o n ( R O F R E C ) C o m m i t t e e s , a n d i t p e r f o r m s t h e f o l l o w i n g 

f u n c t i o n s : 

1 . Fac i l i t a t e s i n t e r a c t i o n b e t w e e n A G R I T E X s u b j e c t - m a t t e r special is ts , f i e l d staff, a n d 

D R & S S researchers i n i d e n t i f y i n g t e c h n i c a l cons t r a in t s i n a g r i c u l t u r a l p r o d u c t i o n i n 

c o m m u n a l f a r m i n g sectors , a n d p r i o r i t i z e s these p r o b l e m s f o r a t t e n t i o n b y r e -

search a n d / o r e x t e n s i o n s taff . T h i s i s m a i n l y d o n e b y c o n d u c t i n g d iagnos t i c 

su rveys . 

2 . T rans l a t e s resea rch f i n d i n g s i n t o t e c h n i c a l r e c o m m e n d a t i o n s . 

3 . Tes t s r e c o m m e n d a t i o n s t h r o u g h o n - f a r m t r i a l s t o ensure t h e i r a p p l i c a b i l i t y , eco -

n o m i c bene f i t s , a n d r e l i a b i l i t y . 

4 . V e t s a l l p roposa l s f o r r esea rch o r d e m o n s t r a t i o n a n d r e c o m m e n d s n e w p ro j ec t s f o r 

f u n d i n g o r t h e t e r m i n a t i o n o f e x i s t i n g p r o j e c t s . 

O t h e r o rgan iza t ions i n v o l v e d i n t h e g e n e r a t i o n , t ransfe r , a n d a d o p t i o n o f t e c h n o l -

ogy i n s e m i - a r i d areas o f Z i m b a b w e i n c l u d e f a rmer s , S A D C / I C R I S A T S M I P , t h e 

D R & S S , a n d A G R I T E X . N G O s a d d i t i o n a l l y p r o v i d e log i s t i c s u p p o r t a n d d e v e l o p pos t -

p r o d u c t i o n t e c h n o l o g i e s , e.g., d e h u l l e r s , g r a i n s torage f ac i l i t i e s , a n d seed b u l k i n g . 
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F A R M E R 

- Provides land and labor 

- Evaluates technology 

both on-farm and at the 

research station to guide 

research and extension staff 

T E C H N O L O G Y 

D I A G N O S T I C S 

O N - F A R M R E S E A R C H 

D E M O S T R A T I O N S 

D R & S S ( A ) and I C R I S A T (B) 

A: Conducts diagnostic 
surveys 

A: Coordinates on-farm 
research 

A & B : Provide inputs and 
logistic support 

A & B : Assist i n training 
f i e l d staff 

A & B : Analyze and 
interpret research findings 
and feedback to extension 

A G R I T E X 

- Conducts diagnostic 

surveys 

- Selects host farmers 
and sites 

- Monitors and f i l ls in 

record books 

- Assists farmers to sow and 
manage trails 

- Feeds results back to 
farmers 

- Trains f ie ld staff 

- Conducts demonstrations 

F i g u r e 1 . T e c h n o l o g y g e n e r a t i o n , t r ans fe r , a n d a d o p t i o n l i n k a g e s . 

Conclusion 

I f a n a t i o n a l a g r i c u l t u r a l research a n d e x t e n s i o n p r o g r a m i s t o m e e t t h e asp i ra t ions o f 

s m a l l h o l d e r f a r m e r s , i t i s necessary to d e v e l o p a c l o s e l y - l i n k e d m e c h a n i s m t h a t i s 

d e v o i d o f b u r e a u c r a t i c i n t e r f e r e n c e t h a t m e e t s those needs, a n d t h a t c l ea r ly shows 

w h a t r e c o m m e n d e d t echno log i e s seek t o address o r achieve. A n d , since f a r m e r s ' 

c i r c u m s t a n c e s are d y n a m i c , t h e r e i s also a n e e d to r e v i e w t h e m e c h a n i s m p e r i o d i c a l l y , 

a n d m a k e a p p r o p r i a t e a d j u s t m e n t s i n t h e l i g h t o f soc ioeconomic changes. 
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Appendices 



Appendix 1: Closing Remarks 

J N Mushonga1 

T h e C h a i r m a n , t h e B o t s w a n a G o v e r n m e n t , t h e S A C C A R Represen ta t ive , U S A I D , 

C I D A , G T Z , I n v i t e d G u e s t s , a n d a l l P a r t i c i p a n t s : 

I t i s a g r e a t p l easu re f o r m e t o have t h i s o p p o r t u n i t y o f saying a f e w w o r d s a t t h i s 

las t m o m e n t i n o u r d e l i b e r a t i o n s . 

I t has p e r s u a d e d m e t o r e f l e c t b a c k t o 1 9 8 2 - 8 3 w h e n i n i t i a l miss ions w e r e m a d e 

f r o m I C R I S A T C e n t e r i n I n d i a i n search o f a p lace t o l oca t e I C R I S A T ' s s o u t h e r n A f r i c a 

r e g i o n a l c e n t e r . I r e m e m b e r c l e a r l y h o w t h e f o r m e r E x e c u t i v e D i r e c t o r , Lee H o u s e , 

a n d I t r a v e l e d t o d i f f e r e n t pa r t s o f Z i m b a b w e u n t i l t h e p r e s e n t c e n t e r was f i n a l l y 

c h o s e n a s a s u i t a b l e p l ace t o d o r e sea rch—a l o c a t i o n t h a t g r e w f r o m one large house 

t o w h a t i t i s t o d a y . 

A n d I f i n d i t i n t e r e s t i n g t o r e m e m b e r t h e w o r k s h o p s t h a t w e r e o rgan ized b y 

I C R I S A T w h e n o n l y a h a n d f u l o f r e g i o n a l sc ien t i s t s h a d BSc a n d M S c degrees. T e n 

years l a t e r t h e s t a n d a r d a n d q u a l i t y o f papers has i m p r o v e d g r e a t l y , a n d a l m o s t eve ry 

c o u n t r y has a t least o n e P h D sc ien t i s t . 

T h i s W o r k s h o p has b e e n w e l l a t t e n d e d , a n d t h e d i v e r s i t y i n p a r t i c i p a n t s ' d i s c i ­

p l i n e s i s i m p r e s s i v e . 

So I f e e l t h e W o r k s h o p has b e e n a success, w i t h t h e f o l l o w i n g a s p o i n t s o f 

a c h i e v e m e n t . 

- B e t t e r p r e s e n t a t i o n s t h a n d u r i n g t h e last W o r k s h o p — p r o b a b l y a n i n d i c a t i o n o f 

success i n t h e d e g r e e - t r a i n i n g p r o g r a m . 

- P a r t i c i p a t i o n by such d i f f e r e n t g r o u p s as e x t e n s i o n a n d s e e d - c o m p a n y staff , N G O s , 

a n d f a r m e r s , w h i c h r e s u l t e d i n q u a l i t y i n t e r a c t i o n s o f c o n c e r n t o u s a l l . 

- I n v o l v e m e n t b y t h e S o u t h A f r i c a n t e a m a n d W e s t A f r i c a n N e t w o r k of f ic ia l s , w h i c h 

has b e e n m o s t w e l c o m e a n d has p r o v e d t o b e q u i t e a n eye-opener . 

I n s p i t e o f t hese successes, I f e e l S M I P s t i l l has g u i d a n c e a n d a c t i o n t o o f f e r i n 

r e s p e c t o f : 

- T r a i n i n g N A R S sc ien t i s t s i n t h e use o f v i sua l aids a n d i n t h e e f f i c i e n t p r e s e n t a t i o n o f 

t ab les a n d g raphs . 

- A n n o u n c i n g s u c h w o r k s h o p s a s t h e p r e s e n t o n e w e l l i n advance , s o t h a t t h e r e i s 

e n o u g h t i m e t o p r e p a r e f o r t h e m . 

O n b e h a l f o f t h e S t e e r i n g C o m m i t t e e a n d t h e N A R S , I w o u l d l i k e t o t h a n k t h e 

f o l l o w i n g : 

- T h e G o v e r n m e n t o f B o t s w a n a , f o r i t s w a r m w e l c o m e a n d a l l t h e assistance w e 

r e c e i v e d f r o m o u r col leagues i n t h e research a n d e x t e n s i o n sys tems . 

1 . O u t - G o i n g S t ee r ing C o m m i t t e e C h a i r m a n a n d H e a d , C r o p B r e e d i n g I n s t i t u t e , D e p a r t m e n t 

Research a n d Specia l is t Services, P O B o x C Y 5 5 0 , Causeway, Hara re , Z i m b a b w e . 

o f 
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- T h e S A C C A R D i r e c t o r a t e a n d M a n a g e m e n t , f o r s u p p o r t i n g u s b y t h e i r presence 

a n d g u i d a n c e . 

- O u r d o n o r s — U S A I D , C I D A , a n d G T Z — w h o c o n t r i b u t e d generous ly t o t h e i m p l e -

m e n t a t i o n o f t h i s W o r k s h o p p r o j e c t . 

- T h e S M I P D i r e c t o r a t e a n d staff , f o r t h e i r i n p u t s t h a t have m a d e t h i s W o r k s h o p a 

success. 

- K l a u s L e u s c h n e r f o r successful ly o rgan iz ing a n d c o o r d i n a t i n g t h e W o r k s h o p . 

- Sue H a l l , t h e p roceed ings e d i t o r , f o r p r o v i d i n g o n t i m e t h e b a c k u p services w e 

n e e d e d . 

- B a r r y H a l l , f o r p r o v i d i n g p h o t o g r a p h s . 

- I r e n e T a p e l a , f o r h e r a c c o u n t i n g w o r k a n d r e l a t e d i nc iden t a l s . 

- N o m h l e B h e b h e a n d Sehle N y a t h i f o r p r o v i d i n g u s w i t h super secre tar ia l services. 

- K e l e b o g i l e Se leke , f r o m t h e Bo t swana N A R S , f o r p r o v i d i n g u s w i t h such g o o d 

sec re ta r i a l s u p p o r t . 

- S h e r a t o n G a b o r o n e m a n a g e m e n t a n d s t a f f f o r c r e a t i n g a w a r m a t m o s p h e r e f o r o u r 

c o m f o r t , a n d f o r t h e i r e x c e l l e n t f o o d a n d service . 

- A l l t h e p a r t i c i p a n t s , f o r t h e i r p resen ta t ions a n d a t t endance a t such a n i m p o r t a n t 

W o r k s h o p . 

- A n d , last b u t n o t least , I w a n t t o t h a n k m y col league a n d i n c o m i n g S t e e r i n g 

C o m m i t t e e C h a i r p e r s o n , C h r i s M a n t h e , f o r w e l c o m i n g t h e NARS scient is ts , a n d 

f o r g i v i n g a l l o f u s t h e assistance w e n e e d e d . I w i s h h i m g o o d l u c k d u r i n g his t e r m o f 

o f f i c e . 
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Appendix 2: Participants 

W o r d s a d d e d i n parentheses i n d i c a t e t h e p a r t i c i p a n t ' s d i s c i p l i n e , w h e n k n o w n . 

R E A r m s t r o n g , G e n e r a l D e v e l o p m e n t O f f i c e r ( A g r i c u l t u r a l e c o n o m i c s ) , U S A I D , 

P O B o x 6 9 8 8 , C a u s e w a y , H a r a r e , Z i m b a b w e . T e l : + 2 6 3 7 2 8 2 8 2 . 

N B h e b h e , Sec re t a ry , S A D C / I C R I S A T , P O B o x 7 7 6 , B u l a w a y o , Z i m b a b w e . 

Fax: + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . T e l e x : 5 0 5 8 1 I C I S A D Z W . 

E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

H S C h a m b o , A g r i c u l t u r a l Research O f f i c e r (P lan t b r e e d i n g ) , Research S u b - S t a t i o n , 

H o m b o l o , P O B o x 2 9 9 , D o d o m a , Tanzania . T e l e x : 5 3 2 0 8 P u b l i c . 

E M C h i n t u , Sen io r Research O f f i c e r (P lan t b r e e d i n g ) a n d S o r g h u m a n d M i l l e t 

C o o r d i n a t o r , K a s i n t h u l a Research S t a t i o n , P O B o x 2 8 , C h i k w a w a , M a l a w i . 

T e l : + 2 6 5 4 2 3 2 5 5 . 

M D C l e g g , C r o p Phys io log i s t , D e p a r t m e n t o f A g r o n o m y , U n i v e r s i t y o f Nebra ska , 

L i n c o l n , N E 6 8 5 8 3 - 0 8 1 7 , U S A . Fax: + 1 4 0 2 4 7 2 3 6 5 4 . T e l : 4 0 2 4 7 2 3 0 6 0 . 

E - m a i l : a g r o 0 0 9 @ U N l v m . u n l . e d u . 

E M de F i g u e i r e d o , A g r o n o m i s t , N a t i o n a l A g r i c u l t u r a l Research I n s t i t u t e ( I N I A ) , 

P O B o x 3 6 5 8 , M a p u t o , M o z a m b i q u e . T e l : + 2 5 8 4 6 0 0 9 7 . 

M D e n i c , C r o p P r o d u c t i o n O f f i c e r , M a i z e / S o r g h u m , S E M O C , C P 2 4 0 2 , M a p u t o , 

M o z a m b i q u e . Fax: + 2 5 8 1 4 6 0 146. T e l : 1 4 6 0 2 0 7 . T e l e x : 6-166 SEEDS M O . 

P D i t s h i p i , A g r i c u l t u r a l Research O f f i c e r (P l an t p a t h o l o g y ) , D e p a r t m e n t o f 

A g r i c u l t u r a l Research , P O Bag 0 0 3 3 , G a b o r o n e , Botswana . Fax: + 2 6 7 3 2 8 9 6 5 . 

T e l : 3 2 8 7 8 0 . T e l e x : 2 7 5 2 S A C A R B D . 

S D o s s o u - Y o v o , P l a n t Breede r , I N R A B / S R C V - I N A , BP 3 N ' D a l i , B e n i n . 

Fax : + 2 2 9 611 0 4 4 . 

W P E m m a n u e l , Ass i s t an t A g r i c u l t u r a l Research O f f i c e r (Seed t e c h n o l o g y ) , 

D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , G a b o r o n e , Bo t swana . 

Fax: + 2 6 7 3 2 8 9 6 5 . T e l : 3 2 8 7 8 0 . T e l e x : 2 7 5 2 S A C A R B D . 

L P G a k a l e , D i r e c t o r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , 

G a b o r o n e , B o t s w a n a . Fax: + 2 6 7 3 7 3 8 4 7 . T e l : 3 5 9 7 8 0 . T e l e x : 2 7 5 2 S A C A R B D . 
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L T G o n o , A g r o n o m i s t , C r o p B r e e d i n g I n s t i t u t e , D e p a r t m e n t o f Research a n d 

Spec ia l i s t Serv ices , P O B o x C Y 5 5 0 , C a u s e w a y , H a r a r e , Z i m b a b w e . 

Fax : + 2 6 3 7 2 8 3 1 7 . T e l : 7 0 4 5 3 1 . T e l e x : 2 2 4 5 5 A G R I C Z W . 

S C G u p t a , P r i n c i p a l S c i e n t i s t ( M i l l e t b r e e d i n g ) , S A D C / I C R I S A T , P O B o x 7 7 6 , 

B u l a w a y o , Z i m b a b w e . Fax : + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . 

T e l e x : 5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

B D H a l l , P h o t o g r a p h y I n t e r n a t i o n a l C o n s u l t a n c i e s L t d , T h e M a n s e , H a t c h 

B e a u c h a m p , T a u n t o n , S o m e r s e t , T A 3 6 T H , U n i t e d K i n g d o m . 

Fax : + 4 4 1 8 2 3 2 5 9 5 2 6 . T e l : 1823 4 8 0 9 5 3 . 

S D H a l l , M a n a g e r , E d i t o r i a l U n i t , I n f o r m a t i o n M a n a g e m e n t a n d Exchange 

P r o g r a m , I C R I S A T A s i a C e n t e r , P a t a n c h e r u 5 0 2 3 2 4 , A n d h r a Pradesh , I n d i a . 

Fax : + 9 1 4 0 2 4 1 2 3 9 . T e l : 4 0 5 9 6 161 . E - m a i l : s . h a l l @ C G n e t . c o m . 

G M H e i n r i c h , O n - F a r m Research S c i e n t i s t , S A D C / I C R I S A T , P O B o x 7 7 6 , 

B u l a w a y o , Z i m b a b w e . Fax : + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . 

T e l e x : 5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

G H o l t l a n d , A g r i c u l t u r a l i s t , R u r a l T r a i n i n g C e n t e r , P O B o x 3 8 , M v u m i , D o d o m a 

R u r a l D i s t r i c t , Tanzan ia . (P resen t address: P r iva t e Bag, S o n n e n b e r g w e g 7 , 8 2 7 1 RJ, 

I s s e l m u i d e n , t h e N e t h e r l a n d s . ) 

S A I p i n g e , A g r i c u l t u r a l Research O f f i c e r (Pear l m i l l e t b r e e d i n g ) , O m a h e n e n e 

Resea rch S t a t i o n , P O B o x 144 , O s h a k a t i , N a m i b i a . Fax: + 2 6 4 6 7 1 2 0 3 2 3 . 

T e l : 6 7 5 151 0 5 1 . 

R M K a t n o n a , D e p a r t m e n t o f A g r i c u l t u r e , P O B o x 5 0 2 9 1 , Lusaka , Z a m b i a . 

N S K a t u l i , M a n a g e r , F a r m a n d E n g i n e e r i n g Services P r o g r a m , S A D C / I C R I S A T , P O 

B o x 7 7 6 , B u l a w a y o , Z i m b a b w e . Fax : + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . T e l e x : 

5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

G M K a u l a , S e n i o r A g r i c u l t u r a l Research O f f i c e r ( P l a n t p a t h o l o g y ) a n d S o r g h u m 

a n d M i l l e t C o o r d i n a t o r , M o u n t M a k u l u C e n t r a l Research S t a t i o n , P O Bag 7 , 

C h i l a n g a , Z a m b i a . Fax : + 2 6 0 1 2 9 2 6 5 3 . T e l : 2 7 8 4 7 6 . 

T G K e l l e y , P r i n c i p a l S c i e n t i s t ( E c o n o m i c s ) , S o c i o e c o n o m i c s a n d P o l i c y D i v i s i o n , 

I C R I S A T A s i a C e n t e r , P a t a n c h e r u 5 0 2 3 2 4 , A n d h r a Pradesh , I n d i a . Fax: + 9 1 4 0 2 4 1 

2 3 9 ; 2 3 8 4 5 1 . T e l : 4 0 5 9 6 1 6 1 . E - m a i l : t . k e l l e y @ C G n e t . c o m . 

M K o k o r o , C h i e f T e c h n i c a l A s s i s t a n t , D e p a r t m e n t o f A g r i c u l t u r a l Research, 

P O Bag 0 0 3 3 , G a b o r o n e , B o t s w a n a . Fax : + 2 6 7 3 2 8 9 6 5 . T e l : 3 2 8 7 8 0 . 

T e l e x : 2 7 5 2 S A C A R B D . 
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S T P K u n d i , F o o d T e c h n o l o g i s t , A g r i c u l t u r a l Research a n d T r a i n i n g I n s t i t u t e , 
I l o n g a , K i l o s a , Tanzan ia . T e l : K i losa 4 9 . T e l e x : 5 5 0 8 7 C A R P E T T Z . 

M L K y o m o , D i r e c t o r , S A C C A R , PO Bag 0 0 1 0 8 , G a b o r o n e , Bo t swana . 

Fax : + 2 6 7 3 7 5 2 0 4 . T e l : 3 2 8 8 4 7 . T e l e x : 2 7 5 2 S A C A R B D . 

W R L e c h n e r , C h i e f A g r i c u l t u r a l Research O f f i c e r , O m a h e n e n e Research S t a t i o n , 

P O B o x 144 , O s h a k a t i , N a m i b i a . Fax: + 2 6 4 6 7 1 2 0 3 2 3 . T e l : 6 7 5 151 0 5 1 . 

E A L e t a y o , A g r i c u l t u r a l Research O f f i c e r ( A g r o n o m y ) , A g r i c u l t u r a l Research S u b -

S t a t i o n , H o m b o l o , P O B o x 2 9 9 , D o d o m a , Tanzania . T e l e x : 5 3 2 0 8 P u b l i c . 

K L e u s c h n e r , P r i n c i p a l Sc i en t i s t ( E n t o m o l o g y ) , S A D C / I C R I S A T , P O B o x 7 7 6 , 

B u l a w a y o , Z i m b a b w e . Fax: + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . 

T e l e x : 5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

S M a b a s a , T e a m Leader , W e e d Research, H e n d e r s o n Research S t a t i o n , 

P O Bag 2 0 0 4 , M a z o w e , Z i m b a b w e . T e l : + 2 6 3 2 2 3 0 2 3 . 

E M a k h w a j e , Research O f f i c e r ( E c o n o m i c s ) , P r o d u c t i o n Sys tems P r o g r a m m e , 

D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 0 0 3 3 , G a b o r o n e , Bo t swana . 

Fax: + 2 6 7 3 5 0 5 0 0 . T e l : 3 5 0 4 2 5 . T e l e x : 2 7 5 2 S A C A R B D . 

N M a n g o m b e , P l a n t B r e e d e r ( S o r g h u m a n d m i l l e t ) , C r o p B r e e d i n g I n s t i t u t e , 

D e p a r t m e n t o f Research a n d Spec ia l i s t Services, P O B o x C Y 5 5 0 , Causeway , 

H a r a r e , Z i m b a b w e . Fax : + 2 6 3 7 2 8 317 . T e l : 7 0 4 5 4 1 . T e l e x : 2 2 4 5 5 A G R I C Z W . 

C S M a n t h e , Leade r , C e r e a l I m p r o v e m e n t P r o g r a m ( E n t o m o l o g y ) , D e p a r t m e n t o f 

A g r i c u l t u r a l Research , P O Bag 0 0 3 3 , G a b o r o n e , Bo t swana . Fax: + 2 6 7 3 2 8 9 6 5 . 

T e l : 3 2 8 7 8 0 . T e l e x : 2 7 5 2 S A C A R B D . 

S G M a p h a n y a n e , C h i e f A g r i c u l t u r a l Research O f f i c e r (P lan t b r e e d e r ) , D e p a r t m e n t 

o f A g r i c u l t u r a l Research , P O Bag 0 0 3 3 , G a b o r o n e , Botswana . Fax: + 2 6 7 3 2 8 9 6 5 . 

T e l : 3 2 8 7 8 0 . T e l e x : 2 7 5 2 S A C A R B D . 

D N M a s e n d e k e , S e n i o r A g r i c u l t u r a l E x t e n s i o n Special is t , A G R I T E X , PO B o x 1 9 2 7 , 

B u l a w a y o , Z i m b a b w e . T e l : + 2 6 3 3 1 2 7 4 . 

C M M a t a n y a i r e , Research S t a t i o n D e v e l o p m e n t O f f i c e r , I C R I S A T - N a m i b i a , 

P O B o x 2 7 2 , T s u m e b , N a m i b i a . Fax: + 2 6 4 6 7 1 2 0 3 2 3 . T e l : 6 7 1 21176; 6 7 1 21177 . 

E P M a z h a n g a r a , S e n i o r Research O f f i c e r ( E c o n o m i c s ) , L o w v e l d Research S t a t i o n , 

P O B o x 9 7 , C h i r e d z i , Z i m b a b w e . T e l : + 2 6 3 312 3 9 7 . 
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L M M a z h a n i , D e p u t y D i r e c t o r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O Bag 

0 0 3 3 , G a b o r o n e , B o t s w a n a . Fax : + 2 6 7 3 2 8 9 6 5 . T e l : 3 2 8 7 8 0 . 

T e l e x : 2 7 5 2 S A C A R B D . 

A M M b w a g a , S e n i o r A g r i c u l t u r a l Research O f f i c e r ( P l a n t p a t h o l o g y ) , A g r i c u l t u r a l 

Resea rch a n d T r a i n i n g I n s t i t u t e , I l onga , K i l o s a , Tanzan ia . T e l : Ki losa 4 9 . 

T e l e x : 5 5 0 8 7 C A R P E T T Z . 

R M c C o l a u g h , A g r i c u l t u r a l a n d N a t u r a l Resources D e v e l o p m e n t O f f i c e r , U S A I D , 

P O B o x 2 4 2 7 , G a b o r o n e , B o t s w a n a . T e l : + 2 6 7 3 5 3 3 8 2 . 

E D W M l i n g i , Reg iona l A g r i c u l t u r a l E x t e n s i o n O f f i c e r , PO B o x 3 4 , S ing ida , 

T a n z a n i a . T e l : + 2 5 5 2 1 4 0 ; 2 6 1 4 . 

M M m a p a t s i , T e c h n o l o g y D e v e l o p m e n t O f f i c e r , R u r a l I n d u s t r i e s I n n o v a t i o n 

C e n t r e , P O Bag 0 0 1 1 , K a n y e , B o t s w a n a . Fax: + 2 6 7 3 4 0 6 4 2 . T e l : 3 4 0 3 9 2 . 

S I M n d o l w a , A g r i c u l t u r a l Research O f f i c e r ( M i l l e t b r e e d i n g ) , A g r i c u l t u r a l Research 

a n d T r a i n i n g I n s t i t u t e , I l o n g a , K i l o s a , Tanzan ia . T e l : K i l o s a 4 9 . 

T e l e x : 5 5 0 8 7 C A R P E T T Z . 

M M o g o r o s i , Pear l M i l l e t B reede r , D e p a r t m e n t o f A g r i c u l t u r a l Research, P O B o x 

7 1 , G u m a r e , B o t s w a n a . 

C T M o k h o r o , Research O f f i c e r ( F o o d sc ience) , A g r i c u l t u r a l Research D i v i s i o n , 

P O B o x 8 2 9 , M a s e r u , L e s o t h o . T e l : + 2 6 6 312 3 9 5 . T e l e x : 4 5 1 0 L A P I S L O . 

D M o k u b u n g , I n f o r m a t i o n O f f i c e r , M i n i s t r y o f A g r i c u l t u r e , P O Bag 0 0 3 , 

G a b o r o n e , B o t s w a n a . Fax : + 2 6 7 3 5 6 0 2 7 . T e l : 3 5 0 5 0 0 . 

M M o l e f e , A g r i c u l t u r a l Research O f f i c e r ( A g r o n o m y ) , D e p a r t m e n t o f A g r i c u l t u r a l 

Research , P O Bag 0 0 3 3 , G a b o r o n e , B o t s w a n a . Fax: + 2 6 7 3 2 8 9 6 5 . T e l : 3 2 8 7 8 0 . 

T e l e x : 2 7 5 2 S A C A R B D . 

B M o n n a a n o k a , Broadcas te r , R a d i o B o t s w a n a , P O Bag 0 0 6 0 , G a b o r o n e , B o t s w a n a . 

T e l : + 2 6 7 3 5 2 5 4 1 . 

E S M o n y o , S e n i o r S c i e n t i s t ( M i l l e t b r e e d i n g ) , S A D C / I C R I S A T , P O B o x 7 7 6 , 

B u l a w a y o , Z i m b a b w e . Fax : + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . 

T e l e x : 5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

M J M o t l e n y a n e , A s s i s t a n t P r o g r a m m e O f f i c e r , PO Bag 0 0 1 0 8 , G a b o r o n e , 

B o t s w a n a . F a x a n d T e l : + 2 6 7 3 2 8 8 4 7 . 

3 5 2 



S M p o t o k w a n e , F o o d T e c h n o l o g y T r a i n e e , P O Bag 0 0 8 , K a n y e , Bo t swana . 
Fax: + 2 6 7 3 4 0 713 . T e l : 3 4 1 159 . 

E M t i s i , P r i n c i p a l Research O f f i c e r ( P a t h o l o g y ) , P lan t P r o t e c t i o n Research I n s t i t u t e , 

P O B o x C Y 5 5 0 , C a u s e w a y , H a r a r e , Z i m b a b w e . Fax: + 2 6 3 7 2 8 317 . 

T e l : 7 0 4 5 3 1 . T e l e x : 2 2 4 5 5 A G R I C Z W . 

B M u k w e n d e , P r o j e c t O f f i c e r , Z i m b a b w e Fa rmer s ' U n i o n , P O B o x 3 7 5 5 , H a r a r e , 

Z i m b a b w e . Fax : + 2 6 3 7 5 0 4 5 6 ; 7 0 0 8 2 9 . T e l : 7 3 7 7 7 3 . 

J N M u s h o n g a , H e a d , C r o p B r e e d i n g I n s t i t u t e , D e p a r t m e n t o f Research a n d 

Spec ia l i s t Services , P O B o x C Y 5 5 0 , Causeway , H a r a r e , Z i m b a b w e . 
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E M M u s o n d a , A g r i c u l t u r a l Research O f f i c e r ( E n t o m o l o g y ) , M o u n t M a k u l u C e n t r a l 

Research S t a t i o n , P O Bag 7 , C h i l a n g a , Z a m b i a . T e l : + 2 6 0 2 7 8 0 0 8 ; 

2 7 8 4 2 6 . 

F P M u u k a , Pear l M i l l e t Breeder , K a o m a Research S t a t i o n , PO B o x 9 1 0 0 6 4 , 

M o n g u , Z a m b i a . T e l : + 2 6 0 7 3 6 0 0 8 9 . 

G M N d l a n g a m a n d l a , Cerea ls A g r o n o m i s t ( E x t e n s i o n ) , PO B o x 5 0 1 , M a n z i n i , 

S w a z i l a n d . Fax: + 2 6 8 5 2 7 7 5 . T e l : 5 2 0 5 1 . 

C T N k w a n y a n a , P r i n c i p a l P r o g r a m m e s O f f i c e r , SACCAR, PO Bag 0 0 1 0 8 , 

G a b o r o n e , B o t s w a n a . Fax: + 2 6 7 3 7 3 8 4 8 . T e l : 3 7 3 8 4 7 ; 314 0 7 5 . 

T e l e x : 2 7 5 2 S A C A R B D . 

S N y a t h i , Sec re t a ry , S A D C / I C R I S A T , P O B o x 7 7 6 , B u l a w a y o , Z i m b a b w e . 

Fax: + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8 3 1 4 . T e l e x : 5 0 5 8 1 I C I S A D Z W . 

E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

A B O b i l a n a , P r i n c i p a l Sc i en t i s t ( S o r g h u m b r e e d i n g ) , S A D C / I C R I S A T , P O B o x 7 7 6 , 

B u l a w a y o , Z i m b a b w e . Fax: + 2 6 3 8 3 8 2 5 3 . T e l : 8 3 8311 t o 8314 . T e l e x : 5 0 5 8 1 

I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 1 5 7 : C G I 2 2 2 ] . 

O O h i o k p e h a i , Sen io r F o o d T e c h n o l o g i s t , F o o d T e c h n o l o g y Research Service , 

P O Bag 0 0 8 , K a n y e , B o t s w a n a . Fax: + 2 6 7 3 4 0 713. T e l : 341 159. 

M O t i h a b a n y e , R e p o r t e r , B o t s w a n a A g r i n e w s , P O Bag 0 0 3 , G a b o r o n e , B o t s w a n a . 

T e l : + 2 6 7 3 5 0 5 8 9 . 

B O u e n d e b a , P l a n t B r e e d e r a n d Cereals P r o g r a m Leader , I n s t i t u t n a t i o n a l de 
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A f r i c a . Fax : + 2 7 1 2 3 2 3 2 4 6 7 . T e l : 1 2 3 2 8 4 0 8 4 . 

A J P r e t o r i u s , A g r o n o m i s t , G r a i n C r o p s I n s t i t u t e , P O Bag 1 2 5 1 , P o t c h e t s t r o o m 

2 5 2 0 , S o u t h A f r i c a . F a x + 2 7 148 2 9 4 7 1 4 6 . T e l : 148 2 9 7 7 2 1 1 . 

E S P u l e , P O Bag 0 0 3 , G a b o r o n e , B o t s w a n a . T e l : + 2 6 7 3 5 0 6 5 4 . 

M Q h o b e l a , P l a n t Pa tho log i s t , D e p a r t m e n t o f M i c r o b i o l o g y , U n i v e r s i t y o f C a p e 

T o w n , R o n d e b o s c h 7 7 0 0 , S o u t h A f r i c a . Fax : + 2 7 2 1 6 5 0 4 0 2 3 . T e l : 2 1 6 5 0 3 2 6 3 . 

E - m a i l : m o l a p o @ M O I b i o l . u c t . a c . z a . 
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8311 t o 8 3 1 4 . T e l e x : 5 0 5 8 1 I C I S A D Z W . E - m a i l : i c r i s a t z w @ C G n e t . c o m [ D i a l c o m 
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K S W T i b i , D i r e c t o r , D e p a r t m e n t o f C r o p P r o d u c t i o n a n d Fores t ry , M i n i s t r y o f 
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Appendix 3: Acronyms and Abbreviations 

A D C 

A G R I T E X 

A M G 

B M Z 

C A R D 

C I A T 

C I D A 

C I R A D 

C O F R E 

C V 

d A T P 

d C T P 

d G T P 

D N A 

D R & S S 

d T T P 

E N D A 

EPA 

F A O 

F M F I 

FTRS 

G T Z 

I D R C 

I I T A 

I L R I 

I P M 

L L V 

M A W R D 

M R T C 

N A R S 

N C 

N G O 

A g r i c u l t u r a l D e v e l o p m e n t C e n t r e ( N a m i b i a ) 

D e p a r t m e n t o f A g r i c u l t u r e a n d T e c h n o l o g i c a l E x t e n s i o n Serv ice 
( Z i m b a b w e ) 

amylog lucos idase 

B u n d e s m i n i s t e r i u m f u r W i r t s c h a f t l i c h e u n d E n t w i c k l u n g 

Z u s a m m e n a r b e i t ( G e r m a n y ) 

C o o r d i n a t e d A g r i c u l t u r a l R u r a l D e v e l o p m e n t ( Z i m b a b w e ) 

C e n t r o I n t e r n a c i o n a l d e A g r i c u l t u r a T r o p i c a l ( C o l o m b i a ) 

C a n a d i a n I n t e r n a t i o n a l D e v e l o p m e n t A g e n c y 

C e n t r e d e c o o p e r a t i o n i n t e r n a t i o n a l e n r eche rche a g r o n o m i q u e p o u r 

l e d e v e l o p p e m e n t (France) 

C o m m i t t e e f o r O n - F a r m Research a n d E x t e n s i o n ( Z i m b a b w e ) 

c o e f f i c i e n t o f v a r i a t i o n 

2 ' - d e o x y a d e n o s i n e 5 ' - t r i p h o s p h a t e 

2 ' - d e o x y c y t i d i n e 5 ' - t r i p h o s p h a t e 

2 ' - d e o x y g u a n o s i n e 5 ' - t r i p h o s p h a t e 

d e o x y r i b o n u c l e i c a c i d 

D e p a r t m e n t o f Research a n d Specia l i s t Services ( Z i m b a b w e ) 

2 ' - d e o x y t h i m i d i n e 5 ' - t r i p h o s p h a t e 

E n v i r o n m e n t a l D e v e l o p m e n t A c t i v i t i e s ( Z i m b a b w e ) 

e x t e n s i o n p l a n n i n g area 

F o o d a n d A g r i c u l t u r e O r g a n i z a t i o n o f t h e U n i t e d N a t i o n s ( I t a l y ) 

f a r m e r - m a n a g e d f a r m e r - i m p l e m e n t e d ( t r i a l s ) 

F o o d T e c h n o l o g y Research Service (Botswana) 

D e u t s c h e Gese l l s cha f t f u r T e c h n i s c h e Z u s a m m e n a r b e i t ( G e r m a n y ) 

I n t e r n a t i o n a l D e v e l o p m e n t Research C e n t r e (Canada) 

I n t e r n a t i o n a l I n s t i t u t e o f T r o p i c a l A g r i c u l t u r e ( N i g e r i a ) 

I n t e r n a t i o n a l L i v e s t o c k Research I n s t i t u t e ( E t h i o p i a / K e n y a ) 

i n t e g r a t e d pes t m a n a g e m e n t 

l o c a l l and race v a r i e t y 

M i n i s t r y o f A g r i c u l t u r e , W a t e r a n d Rura l D e v e l o p m e n t ( N a m i b i a ) 

M v u m i R u r a l T r a i n i n g C e n t r e (Tanzania) 

n a t i o n a l a g r i c u l t u r a l research sys tem(s ) 

N i g e r i a n C o m p o s i t e ( s o r g h u m ) 

n o n g o v e r n m e n t a l o r g a n i z a t i o n 
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OBJ-7 

O P V 

PCR 

R A P D 

R C B D 

R & D 

RFLP 

R H 

R I I C 

R M F I 

S A D C 

S C C I 

SE 

S M I P 

S M U 

s y n 

Taq 

T O S C A 

t r i s - H C l 

U S A I D 

V E W 

W U E 

Z F U 

a p r i m e r 

o p e n - p o l l i n a t e d v a r i e t y 

p o l y m e r a s e c h a i n r e a c t i o n 

r a n d o m a m p l i f i e d p o l y m o r p h i c D N A 

r a n d o m i z e d c o m p l e t e b l o c k des ign 

resea rch a n d d e v e l o p m e n t 

r e s t r i c t i o n f r a g m e n t l e n g t h p o l y m o r p h i s m 

r e l a t i v e h u m i d i t y 

R u r a l I n d u s t r i e s I n n o v a t i o n C e n t r e ( B o t s w a n a ) 

r e s e a r c h - m a n a g e d f a r m e r - i m p l e m e n t e d ( t r i a l s ) 

S o u t h e r n A f r i c a n D e v e l o p m e n t C o m m u n i t y ( B o t s w a n a ) 

S e e d C o n t r o l a n d C e r t i f i c a t i o n I n s t i t u t e ( Z a m b i a ) 

s t a n d a r d e r r o r 

S o r g h u m a n d M i l l e t I m p r o v e m e n t P r o g r a m ( S A D C / I C R I S A T , 
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w a t e r - u s e e f f i c i e n c y 

Z i m b a b w e F a r m e r s ' U n i o n 
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A b o u t ICRISAT 

The semi-arid tropics (SAT) encompasses parts of 48 developing countries including most of 

India, parts of southeast Asia, a swathe across sub-Saharan Africa, m u c h of southern and 

eastern Afr ica , and parts of Lat in America. Many of these countries are among the poorest in 

the w o r l d . Approx ima te ly one-sixth of the world 's population lives in the SAT, wh ich is 

typ i f i ed by unpredictable weather, l im i t ed and erratic rainfall, and nutrient-poor soils. 

ICRISAT's mandate crops are sorghum, pearl mi l l e t , finger mi l l e t , chickpea, pigeonpea, and 

groundnut ; these six crops are vi tal to life for the ever-increasing populations of the semi-arid 

t ropics. ICRISAT's mission is to conduct research wh ich can lead to enhanced sustainable 

p roduc t ion of these crops and to improved management of the l im i t ed natural resources of the 

SAT. ICRISAT communicates informat ion on technologies as they are developed through w o r k -

shops, networks, training, library services, and publishing. 

ICRISAT was established in 1972. It is one of 16 nonprofit , research and training centers 

funded through the Consultative G r o u p on International Agricul tural Research (CGIAR). The 

CGIAR is an informal association of approximately 50 public and private sector donors; it is co-

sponsored by the Food and Agricul ture Organization of the Un i t ed Nations (FAO), the U n i t e d 

Nations Development Programme (UNDP) , the U n i t e d Nations Environment Programme 

(UNEP), and the W o r l d Bank. 




