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Introduction 

Myx o m y c o t a . This group includes u n i c e l l u l a r fungi that p r o d u c e 
P l a s m o d i u m o r p s e u d o Plasmodium. T h e s e fungi are m o s t l y propagated 
by m o t i l e zoospores formed in P l a s m o d i u m . R e s t i n g spores are also 
p r o d u c e d . 

K u m y c o t a . T h i s group consists of filamentous f u n g i . T h e s e are 
c l a s s i f i e d into five s u b d i v i s i o n s based on s e x u a l s p o r e s . 

M a s t i g o m y c o t i n a . They p r o d u c e a s e x u a l spores in s p o r a n g i a . They 
i n c l u d e d o w n y m i l d e w s and m a n y p a t h o g e n i c species of the w a t e r m o l d 
g e n e r a . T h e i r m y c e l i u m is m o s t l y n o n s e p t a t e , and t h e spores 
liberated from t h e sporangia may be m o t i l e in some c a s e s . M a n y 
species c a u s e seed d e c a y and s e e d l i n g failure of plants that are 
grown in w e t s o i l s . T h e e x a m p l e s are Pythium and Phytophthora. 

Z y g o m y c o t i n a . These include Rhizopus spp. and Mucor s p p . T h e 
sexual spores are z y g o s p o r e s . 

A s c o n y c o t i n a . T h e s e fungi d e s t r o y foliage and parts of plants that 
are a b o v e ground by abundantly p r o d u c i n g a s c o s p o r e s on infected 
f o l i a g e t h a t spreads by w i n d and w a t e r . F i l a m e n t o u s a s c o m y c o t i n a 
p r o d u c e s e v e r a l spores t h a t spread w i t h splashing rain or by air. 
It i n c l u d e s p o w d e r y m i l d e w and sexual stages of fungi such as 
Aspergillus flavus, Cerospora arachidicola, and Cercosporidium 
personatum. 

B a s i d i o a y c o t i n a . T h e s e include rusts and smuts that are h o s t 
s p e c i f i c p a t h o g e n s , and often have a c o m p l e x life c y c l e . 

D e u t e r o m y c o t i n a , or F u n g i i m p e r f e c t i . In t h e s e fungi t h e sexual 
r e p r o d u c t i v e stage is unknown or seldom found. T h i s g r o u p 
i n c l u d e s l e a f - s p o t t i n g fungi such as species of Alternaria, 
Cercospora, Phoma, and Colletotrichum. T h e p e r f e c t s t a g e , i.e., 
t e l e o m o r p h , if found, are u s u a l l y in a s c o m y c o t i n a , a l t h o u g h some 
are in B a s i d i o m y c o t i n a . 
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Fungi 

F u n g i are n o n c h l o r o p h y l l o u s , n u c l e a t e d , u n i c e l l u l a r , o r m u l t i c e l l u l a r 
filamentous bodies t h a t are reproduced by sexual or a s e x u a l s p o r e s . 
P l a n t p a t h o g e n i c fungi survive in s o i l , seed, and w e e d s . T h e s e are 
d i s p e r s e d by i n s e c t s , w i n d , w a t e r , and a n i m a l s . F u n g i live as either 
s a p r o p h y t e s on dead tissue or as parasites on living t i s s u e . Some fungi 
are b i o t r o p h s , i.e., active only in the living h o s t . T h e fungal 
p a t h o g e n s are classified into two m a j o r d i v i s i o n s , M y x o m y c o t a and 
E u m y c o t a (Ainsworth e t a l . 1 9 7 3 ) . 

D i s e a s e is an a l t e r a t i o n in o n e or m o r e n o r m a l p h y s i o l o g i c a l p r o c e s s e s , 
r e s u l t i n g in a loss in u t i l i z a t i o n of energy in p l a n t s . T h e c o n c e p t of 
d i s e a s e e m b r a c e s any loss of a plant's ability to function normally or to 
c o o r d i n a t e t h e p r o d u c t i o n and u t i l i z a t i o n of e n e r g y . O r g a n i s m s causing 
d i s e a s e s are f u n g i , b a c t e r i a , v i r u s e s , and n e m a t o d e s . 



Nematodes 

N e m a t o d e s (Greek for t h r e a d ) a r e e l o n g a t e , t u b u l a r o r g a n i s m s t h a t m o v e 
like a s n a k e . T h e s e a r e n o n s e g m e n t e d round w o r m s , s o m e t i m e s r e f e r r e d to 
as e e l w o r m s or s i m p l y n e m a s . T h e i r body is long, n a r r o w , and t h e 
i n t e r n a l o r g a n s c o n s i s t s of a set of tubes e n c l o s e d by t h e b o d y w a l l . 
T h e a l i m e n t a r y c a n a l runs d i r e c t l y b a c k from the a n t e r i o r m o u t h c h a m b e r 
(stoma) to t h e p o s t e r i o r a n u s . T h e e x c r e t o r y system is a long c o i l e d 
t u b e or set of t u b e s t h a t d i s c h a r g e to the e x t e r i o r through a d u c t in the 
body w a l l in t h e a n t e r i o r third of the body. T h e r e a r e no b l o o d v e s s e l s . 
T h e n e r v o u s s y s t e m c o n s i s t s of a limited n u m b e r of n e r v e c e l l s c l u s t e r e d 
in a g r o u p a n t e r i o r l y and a n o t h e r p o s t e r i o r l y . N e r v e fibers e x t e n d a l o n g 
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An a g e n t t h a t t r a n s m i t s a v i r u s is c a l l e d a v e c t o r . In m a n y 
p l a n t s , v i r u s e s are t r a n s m i t t e d u n d e r n a t u r a l c o n d i t i o n b y i n s e c t s . Some 
of t h e m a r e also t r a n s m i t t e d b y m e c h a n i c a l sap i n o c u l a t i o n . V i r u s e s are 
also t r a n s m i t t e d by s e e d , e s p e c i a l l y in t h e plants of Leguminosae. 

o T h e y a r e c o m p o s e d of protein and nucleic acid. 

o T h e y c o n t a i n o n e t y p e of nucleic acid, e i t h e r R N A , or DNA. 

o T h e y m u l t i p l y only in t h e h o s t c e l l (obligate p a t h o g e n s ) . 

o T h e R N A and p r o t e i n subunits are formed s e p a r a t e l y in t h e h o s t 
c e l l and c o m b i n e t o form i n t a c t v i r u s p a r t i c l e s . 

o V i r u s e s do n o t p o s s e s s e n z y m e s y s t e m s , r e q u i r e d to p e r f o r m 
m e t a b o l i c p r o c e s s e s . 

o T h e y a r e t r a n s m i t t e d by graft i n o c u l a t i o n s , by s a p , by 
i n s e c t s , and b y n e m a t o d e s . 

Viruses 

T h e w o r d 'virus' m e a n s p o i s o n o r t h e poisonous e l e m e n t b y w h i c h infection 
is c o m m u n i c a t e d . T h e v i r u s can be defined as a t r a n s m i s s i b l e p a r a s i t e 
w h o s e n u c l e i c acid g e n o m e is less than 3 x 108 d a l t o n s in m a s s and t h a t 
need r i b o s o m e s and o t h e r c o m p o n e n t s of their h o s t c e l l s for 
m u l t i p l i c a t i o n (Gibbs and Harrison 1 9 7 6 ) . P l a n t v i r u s e s a r e 
s u b m i c r o s c o p i c e n t i t i e s showing obligate r e l a t i o n s h i p w i t h living c e l l s 
of t h e h o s t and a b i l i t y to c a u s e specific d i s e a s e s . T h e m a j o r i t y of t h e 
p l a n t v i r u s e s p o s s e s s t h e following c h a r a c t e r i s t i c s (Feakin 1 9 7 3 ) . 

Bacteria 

B a c t e r i a a r e u n i c e l l u l a r , p r i m i t i v e , p l a n t - l i k e , p r o c a r y o t i c o r g a n i s m s , 
and lack an o r g a n i z e d n u c l e u s . P l a n t pathogenic b a c t e r i a a r e m o s t l y rod 
shaped, n o n m o t i l e , o r m o t i l e b y m e a n s o f o n e o r m o r e f l a g e l l a o n t h e i r 
b o d y . P l a n t p a t h o g e n i c bacteria are usually g r a m - n e g a t i v e . T h e b a c t e r i a 
are m a i n l y d i s p e r s e d through seed, s o i l , a i r , and w a t e r . S o m e t i m e s 
insects a l s o t r a n s m i t b a c t e r i a l c e l l s . B a c t e r i a l infection in p l a n t 
causes specific d i s e a s e s such as b l i g h t , soft r o t , leaf s p o t s , t u m o r s , 
c a n k e r s , and v a s c u l a r w i l t . 



t h e b o d y w a l l . Most, n e m a t o d e s are c i r c u l a r in c r o s s s e c t i o n . T h e dorsal 
(back) r e g i o n d i f f e r s from the v e n t r a l . T h e r i g h t and l e f t lateral 
sectors are d i s t i n c t from e i t h e r t h e d o r s a l o r v e n t r a l sector (Fig. 1 ) . 

T h e sexes a r e s e p a r a t e in m o s t n e m a t o d e s p e c i e s . F e m a l e s are larger 
than m a l e s . T h e female gonad consists of o n e or two e l o n g a t e d t u b e s . 
T h e gonad w a l l is a single layer of flat cells forming a t u b e w i t h m a n y 
d i s t i n c t r e g i o n s . T h e ovary is at the d i s t a l end. T h e region of cell 
d i v i s i o n (germinal zone) c o n t a i n s small c e l l s , c a l l e d o o c y t e s . T h e s e 
e n l a r g e and in t h e growth zone a c c u m u l a t e t h e c e l l u l a r m a c h i n e r y for 
e m b r y o f o r m a t i o n . T h e gonad lining changes and the gonad narrows in the 
n e x t s e c t i o n ( o v i d u c t ) . T h i s c o n n e c t s the o v a r y to t h e u t e r u s , a region 
of e n l a r g e d d i a m e t e r . A p o u c h - l i k e s t r u c t u r e , t h e s p e r m a t h e c a is 
situated b e t w e e n the o v i d u c t and u t e r u s . T h e sperms are stored in 
s p e r m a t h e c a . F r o m t h e u t e r u s , a s h o r t m u s c u l a r v a g i n a leads to a v e n t r a l 
o p e n i n g t h r o u g h the body w a l l , the v u l v a (Dropkin 1 9 8 0 ) . In some species 
m a l e s h a v e lateral c u t i c u l a r e x t e n s i o n s in the tail r e g i o n , t h e caudal 
a l a e , a l s o c a l l e d the b u r s a e (Dropkin 1 9 8 0 ) . 

Figure 1. A plant parasitic n e m a t o d e . (Source: Dropkin 1980) 

SDS no. 6 7 HRDP 

Disease Assessment 

To p r o t e c t a c r o p from d i s e a s e s , it is i m p o r t a n t to k n o w t h e causal 
o r g a n i s m s , s y m p t o m s , m e t h o d of i n f e c t i o n , and t h e m e t h o d s for recording 
o b s e r v a t i o n s and for c o r r e c t i n t e r p r e t a t i o n of d a t a . T h e q u a n t i t a t i v e 
study of d a m a g e to p l a n t s due to d i s e a s e is called p a t h o m e t r y or 
p h y t o p a t h o m e t r y . The p a t h o m e t r i c m e t h o d s are v i s u a l a s s e s s m e n t , severity 
r e l a t i o n s h i p ( I - S ) , inoculum d i s e a s e r e l a t i o n s h i p s ( I - D ) , r e m o t e sensing 
or v i d e o image a n a l y s i s (Mayee and Datar 1 9 8 6 ) . T h e former t h r e e are 
frequently used for g r o u n d n u t d i s e a s e a s s e s s m e n t . 



Diseases of Groundnut 

Virus Diseases 

T h e m a j o r v i r u s d i s e a s e s o f g r o u n d n u t are bud n e c r o s i s , c l u m p , r o s e t t e , 
p e a n u t s t r i p e , and p e a n u t m o t t l e (MP 1 1 - 1 4 ) . P e a n u t c l u m p v i r u s i s 
t r a n s m i t t e d by t h e fungus Polymyxa graminis; chlorotic and green r o s e t t e 
v i r u s e s a r e t r a n s m i t t e d b y a p h i d s ; bud n e c r o s i s v i r u s c a u s i n g bud 
n e c r o s i s d i s e a s e i s t r a n s m i t t e d b y t h r i p s . P e a n u t m o t t l e and p e a n u t 
stripe v i r u s e s a r e t r a n s m i t t e d b y a p h i d s . 
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Nematode Diseases 

S e v e r a l n e m a t o d e s a r e p a r a s i t i c t o g r o u n d n u t . T h e s e a r e r o o t - k n o t 
n e m a t o d e s (Meloidogyne arenaria, Meloidogyne hapla, Meloidogyne 
javanica), r o o t lesion n e m a t o d e (Pratylenchus brachyurus), r i n g n e m a t o d e 
(Macroposthonia ornata), sting n e m a t o d e (Belonolaimus longicaudatus), and 
t e s t a n e m a t o d e (Aphelenchoides arachidis) in M P ' s 1 6 — 2 1 . 

B a c t e r i a l w i l t o f g r o u n d n u t c a u s e d b y Pseudomonas s o l a n a c e a r u m E.F. Sm. 
w a s first reported from Indonesia (1905) and later in G e o r g i a , U S A 
( 1 9 3 1 ) . P r e s e n t l y , this d i s e a s e is d i s t r i b u t e d w o r l d w i d e in c u l t i v a t e d 
areas o f g r o u n d n u t i n c l u d i n g A s i a and A f r i c a (MP 1 5 ) . 

Bacterial Disease 

S e e d r o t s and seedling d i s e a s e s . Many soil inhabiting f u n g i i n f e c t 
and d a m a g e the seed and germinatin g seedlings of g r o u n d n u t (MP 1 
and M P 2 ) . They m a y b e identified b y fungal spores t h a t g i v e 
c h a r a c t e r i s t i c c o l o r a t i o n s to the seed, e.g., gray s p o r e s i n d i c a t e 
R h i z o p u s arrhizus, black spores are A s p e r g i l l u s niger, and green or 
b l u e spores are Panicillium s p . T h e f u n g u s , A s p e r g i l l u s flavus, 
p r o d u c e s a f l a t o x i n and causes aflaroot of groundnut (MP 3 and MP 
4 ) . 

F o l i a r d i s e a s e s . T h e m a j o r foliar diseases of g r o u n d n u t c a u s e d by 
fungi are r u s t (Puccinia arachidia S p e g . ) (MP's 5, 6, and 7 ) , late 
leaf s p o t (Cercosporidium personatum recently renamed 
P h a e o i s a r i o p s i s peraonata Berk & C u r t ) , and early leaf s p o t 
(Cercospora arachidicola H o r i ) (MP's 8, 9, and 1 0 ) . R u s t and late 
leaf s p o t a r e i m p o r t a n t d i s e a s e s i n India and m o s t o f t h e 
s e m i - a r i d t r o p i c (SAT) r e g i o n s . Early leaf spot is an i m p o r t a n t 
d i s e a s e in A f r i c a , p a r t i c u l a r l y in southern A f r i c a . 

In g r o u n d n u t , fungi c a u s e seed rots and seedling d i s e a s e s such as r o o t 
r o t , s t e m r o t , w i l t s , b l i g h t , .pod r o t ; and foliar d i s e a s e s s u c h as r u s t 
and e a r l y and late leaf s p o t s . 

Fungal Diseases 



T h e i m p o r t a n t fungi-causing seed rots and seedling d i s e a s e s , and their 
s y m p t o m s are g i v e n in T a b l e 1 (Subrahmanyam and R a v i n d r a n a t h 1 9 8 8 ) . 

Table 1. Pungi causing seed rots and seedling diseases of groundnut. 

Fungi Disease Symptoms 

Aspergillus flavus Aflaroot or 
yellow mold 

Affected seeds are shriveled and dried, 
covered by yellow or greenish spores. 
Cotyledons show necrotic lesions with 
reddish brown margins. Seedlings are 
highly stunted, leaf size greatly reduced, 
with pale to light green color. 

Aspergillus niger Crown rot or 
collar rot 

Germinating seeds are covered with masses 
of black conidia, rapid drying of plants. 
Later, whole collar region becomes shaded 
and dark brown. 

Fusarium solani and 
Fusarium oxysporum 

Wilt Lower end of tap root becomes brown to 
reddish brown. Secondary roots become 
brown and brittle. Leaves turn grayish 
green and plants dry. 

Rhizopus arrhizus and 
sclerotium rolfsii 

Seed and 
seedling rot, 
stem rot 

Sudden wilting of lateral branches that 
are completely or partially in contact 
with soil. White coating of fungus 
mycelium on affected plants. 

Rhizoctonia solani Root rot, pod 
break down, 
wilt 

Preemergence death of seedlings; 
shrunken, elongate dark brown areas on 
on the hypocotyl. The decayed areas are 
covered with light-brown mycelium. 

Pythium ultimum and 
Pythium myriotylum 

Damping off Soft rot of the hypocotyl region causing 
damping off. 

Verticillum alboatrum Vascular wilt Wilting of leaflets and petioles, 
leaflets are curled and chlorotic. 

o F o l l o w a c r o p r o t a t i o n , i.e., c e r e a l - c e r e a l - g r o u n d n u t . 

o S o w good q u a l i t y and d i s e a s e - f r e e seed. 

o A v o i d d a m a g e to t h e seed testa and d e e p p l a c e m e n t of seed at 

s o w i n g . 

o T r e a t t h e seed w i t h t h i r a m e 3 g kg-1 s e eds or w i t h c a r b e n d a z i m % 2 
g kg-1 s e e d s . 

MP 1. Seed Rots and Seedling Diseases of 
Groundnut 

Control Measures 

HRDP SDS no. 6 9 



o Use c e r e a l - c e r e a l - g r o u n d n u t c r o p r o t a t i o n and seed t r e a t m e n t w i t h 

t h i r a m . 

o A v o i d d r o u g h t at pod formation and m a t u r i t y . 

o A v o i d h e a v y i r r i g a t i o n b e f o r e h a r v e s t i n g . It w i l l lead to pod rot 
if h a r v e s t i n g is d e l a y e d . 

o G r o w v a r i e t i e s t o l e r a n t to stem and pod rots : ICGV 8 7 1 5 7 , or ICGV 
8 6 5 9 0 . 

T h e y e l l o w m o l d f u n g u s , Aspergillus flavus, is c o m m o n l y found in t h e seed 
of b o t h rotten and a p p a r e n t l y h e a l t h y pods of g r o u n d n u t . M a n y strains of 
this fungus are c a p a b l e of p r o d u c i n g a f l a t o x i n s t h a t r e n d e r t h e seed 
u n a c c e p t a b l e d u e to high t o x i c i t y for h u m a n or anima l c o n s u m p t i o n (Reddy 
and M c D o n a l d 1 9 8 3 ) . A f l a t o x i n c o n t a m i n a t i o n i n g r o u n d n u t c a n o c c u r i n 
the s t e m s o f s e e d l i n g s , p o d s , and s e e d s . T h e fungus is c a p a b l e of 
invading g r o u n d n u t seeds b e f o r e h a r v e s t , d u r i n g p o s t h a r v e s t d r y i n g , and 
d u r i n g s t o r a g e . 

T h e A. flavus g r o u p s of fungi are f a c u l t a t i v e p a r a s i t e s . T h e y 
invade p l a n t t i s s u e s d i r e c t l y o r a t t a c k t i s s u e s t h a t h a v e b e e n 
p r e d i s p o s e d by e n v i r o n m e n t a l stresses such as d r y w e a t h e r or d a m a g e s 
c a u s e d b y i n s e c t s , n e m a t o d e s , n a t u r a l c r a c k i n g , and h a r v e s t e q u i p m e n t 
(Pettit 1 9 8 4 ) . 

A f l a t o x i n s a r e c a r c i n o g e n i c and p r o d u c e d by t h e Aspergillus flavus 
g r o u p o f f u n g i t h a t h a v e b e e n identified a s B 1 , B 2 , G 1 , a n d G2. T h e 
m a x i m u m a f l a t o x i n level for groundnut acceptable in U S A is 20 p p b (Pettit 
1 9 8 4 ) . 
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MP 2. Groundnut Pod Rots 

Control Measures 

M o s t o f t h e pod r o t s a r e d u e t o t h e c o m b i n e d a t t a c k o f s e v e r a l f u n g i . 
Important p a t h o g e n s of t h e pod rot c o m p l e x a r e Fusarium solani, F. 
oxysporum, M a c r o p h o m i n a phaseolina, Rhizoctonia solani, Sclerotium 
rolfsii, and Aspergillus niger. 

T h e o c c u r r e n c e o f pod r o t s m a y b e s e v e r e d u e t o a t t a c k s o f 
n e m a t o d e s , t e r m i t e s , and m i l l i p e d e s o n p o d s , thus p r e d i s p o s i n g t h e 
invasion b y fungi and b a c t e r i a (Reddy and M c D o n a l d 1 9 8 3 ) . 

MP 3. Groundnut Yellow Mold 

Symptoms 

Y e l l o w m o l d f i r s t a p p e a r s o n g r o u n d n u t c o t y l e d o n s a f t e r t h e e m e r g e n c e o f 
s e e d l i n g s . N e c r o t i c spots b e c o m e c o v e r e d w i t h m a s s e s o f y e l l o w - g r e e n 
s p o r e h e a d s of t h e A. flavus g r o u p of f u n g i . F u n g u s t o x i n s a r e 



o H a r v e s t at p r o p e r m a t u r i t y and d i s c a r d t h e w i l t e d and dead plants 
as such plants are likely to h a v e seeds infected by Aspergillus 
flavus. 

o D r y t h e g r o u n d n u t pods to 6-8% m o i s t u r e c o n t e n t i m m e d i a t e l y after 

h a r v e s t i n g and discard the infected pods and s e e d s . 

o A v o i d d a m a g e to t h e testa w h i l e d e c o r t i c a t i n g . 

o P r e v e n t d r o u g h t s t r e s s , and also p r e v e n t w a t e r logging ( 4 0 - 8 0 % of 
field c a p a c i t y ) at late stages of g r o w t h . 

o C o n t r o l n e m a t o d e b e c a u s e t h e y m a y p r e d i s p o s e p l a n t s to a t t a c k by 
fungal p a t h o g e n s . 

To d e t e r m i n e the invasion and c o l o n i z a t i o n by y e l l o w m o l d (Aspergillus 
flavus) in g r o u n d n u t , M e h a n and M c D o n a l d (1983) s u g g e s t e d t h e following 
p r o c e d u r e : 

1. T a k e n o n d a m a g e d , m a t u r e pods from each p l o t to p r o v i d e : 
a. 50 g seeds for m o i s t u r e d e t e r m i n a t i o n , and 
b. 20 g seeds for t h e c o l o n i z a t i o n t e s t . 

2. U s e sample 'a' for m o i s t u r e d e t e r m i n a t i o n . 

3. P l a c e 20 g seeds (sample 'b') in a c l e a n b e a k e r w i t h s u f f i c i e n t 
aqueous solution of sodium h y p o c h l o r i t e (0.5%) to rover t h e s e e d s . Soak 
seeds for 2 m i n , d r a i n off e x c e s s s o l u t i o n , then r i n s e seeds in two 
c h a n g e s o f d i s t i l l e d w a t e r . Drain-off w a t e r . 

4. H y d r a t e seeds to about 2 0 % m o i s t u r e c o n t e n t by soaking them for 10-15 
m i n in d i s t i l l e d w a t e r . T h e e x a c t t i m e of s o a k i n g is d e t e r m i n e d by the 
i n i t i a l m o i s t u r e c o n t e n t of t h e s e e d s . 

5. P l a c e seeds a s e p t i c a l l y in a s t e r i l e p e t r i d i s h (9 cm d i a m e t e r ) and 
apply 1 mL of a suspension of spores of a t o x i g e n i c strain of A. flavus 
(4 x 10' c o n i d i a mL - 1) in distilled w a t e r . N o w r o l l the seeds gently 
around the dish to spread the inoculum e v e n l y o v e r t h e i r s u r f a c e s . T h e 
spore suspension should be prepared from 8-10 d a y - o l d c u l t u r e . 
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Control Measures 

t r a n s l o c a t e d t h r o u g h o u t t h e seedling in the t r a n s p i r a t i o n stream. 
Infected p l a n t s g e n e r a l l y b e c o m e stunted w i t h s y m p t o m s o f v e i n c l e a r i n g 
c h l o r o s i s on t h e l e a f l e t s . Such seedlings lack a s e c o n d a r y r o o t system, 
a c o n d i t i o n known as "aflaroot." Y e l l o w - g r e e n Aspergillus c o l o n i e s 
d e v e l o p o n o v e r m a t u r e and d a m a g e d seeds and p o d s . 

MP 4. Determination of Seed Resistance to 
Colonization by Aspergillus flavus 



9. To c l a s s i f y the level of r e s i s t a n c e to invasion and c o l o n i z a t i o n by 
A. flavus, use the following c r i t e r i a : 

a. R e s i s t a n t = S p o r u l a t i n g growth on less t h a n 1 5 % of t h e s e e d s , 
w i t h g r o w t h and s p o r u l a t i o n s p a r s e . 
b . M o d e r a t e l y r e s i s t a n t = S p o r u l a t i n g g r o w t h o n 1 6 - 3 0 % o f s e e d s , 
s p o r u l a t i o n m o d e r a t e t o d e n s e . 
c . S u s c e p t i b l e = S p o r u l a t i n g growth on 3 1 - 5 0 % of s e e d s , 
s p o r u l a t i o n d e n s e . 
d. H i g h l y s u s c e p t i b l e = S p o r u l a t i n g g r o w t h on over 5 0 % of seeds 
w i t h d e n s e g r o w t h and s p o r u l a t i o n . 

R u s t (Puccinia arachidis) is i d e n t i f i e d by t h e a p p e a r a n c e of o r a n g e 
p u s t u l e s (uredinia) on t h e a b a x i a l (lower) s u r f a c e of leaves and r e d d i s h -
b r o w n u r e d i n i o s p o r e s ( u r e d o s p o r e s ) . S y m p t o m s are m a i n l y c o n f i n e d t o 
leaflets b u t p u s t u l e s c a n be seen on a l l t h e a e r i a l parts of a p l a n t 
e x c e p t t h e f l o w e r . B r o w n t o d a r k r e d d i s h - b r o w n p u s t u l e s a p p e a r o n t h e 
lower s u r f a c e w i t h t h e u p p e r s u r f a c e d e v e l o p i n g y e l l o w , c h l o r o t i c spots 
w i t h n e c r o t i c b r o w n areas in the c e n t e r . At a late s t a g e , t h e p r i m a r y 
p u s t u l e s a r e s u r r o u n d e d by secondary s o r i . T h e u r e d i n i a s a r e u s u a l l y 
c i r c u l a r , 0.3 m m — 1.0 m m i n d i a m e t e r , and can d e v e l o p o n a l l t h e a e r i a l 
p a r t s o f t h e p l a n t e x c e p t flowers and p e g s . 
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MP 5. Groundnut Rust 

Symptoms 

Control Measures 

o A c e r e a l - c e r e a l - g r o u n d n u t c r o p r o t a t i o n and r e m o v a l of v o l u n t e e r 
g r o u n d n u t p l a n t s from t h e field w i l l h e l p t o c h e c k r u s t i n o c u l u m 
b u i l d - u p . 

o A d j u s t t h e s o w i n g t i m e to avoid t h e m o s t c o n d u c i v e e n v i r o n m e n t a l 
c o n d i t i o n for r u s t d e v e l o p m e n t ( i . e . , h i g h h u m i d i t y , c l o u d y 
w e a t h e r ) t o h e l p r e d u c e d a m a g e c a u s e d b y r u s t . 

B x 100 
A 

c. P e r c e n t a g e of seeds invaded = 
surfaces (B) 

8. T h e o b s e r v a t i o n s r e c o r d e d a r e : 
a. N u m b e r of s e e d s p e t r i d i s h - 1 (A) 
b. N u m b e r of seeds w i t h s p o r u l a t i n g g r o w t h s of A. flavus on their 

6. T h e p e t r i d i s h e s a r e a r r a n g e d over w a t e r in s e m i r i g i d p l a s t i c b o x e s 
provided w i t h c l o s e fitting l i d s . S e a l t h e lids w i t h c e l l o t a p e and p l a c e 
t h e b o x e s in an incubator at 25°C for 8 d a y s . 

7. R e m o v e boxes and p e t r i d i s h e s after 8 days of i n c u b a t i o n . E x a m i n e 
seeds u n d e r a s t e r e o s c o p i c - m i c r o s c o p e for infection and c o l o n i z a t i o n by 
A. flavua. This should be d o n e with the m a t e r i a l in a l a m i n a r f l o w h o o d 
or in a c h a m b e r w i t h t h e air v o i d e d to t h e o u t s i d e . It is n e c e s s a r y to 
w e a r a s u r g i c a l m a s k and gloves w h i l e r e c o r d i n g t h e d a t a . 



o Sprays of b o r d e a u x m i x t u r e and d i t h i o c a r b a m a t e h a v e been found 
e f f e c t i v e to c o n t r o l r u s t and late leaf s p o t s . C h l o r o t h a l o n i l 0.2% 
spray has been found e f f e c t i v e a g a i n s t r u s t and late leaf s p o t , 
w h e n sprayed 30 days after germination t i l l 15 days b e f o r e 
h a r v e s t i n g at regular 10-15 day i n t e r v a l s . H o w e v e r , this schedule 
c o u l d be m o d i f i e d using a suitable d i s e a s e f o r e c a s t system based on 
t e m p e r a t u r e , h u m i d i t y , c l o u d y w e a t h e r , and r a i n f a l l p a t t e r n to save 
the fungicide and reduce the spray c o s t . C a l i x i n is e f f e c t i v e 
a g a i n s t r u s t b u t n o t a g a i n s t leaf s p o t s , w h e r e a s b e n o m y l is 
e f f e c t i v e a g a i n s t leaf spots b u t not a g a i n s t r u s t (Subrahmanyam et 
a l . 1 9 8 4 ) . 

o G r o w r e s i s t a n t c u l t i v a r s : ICGV 87160 or ICGV 8 6 5 9 0 . 
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MP 6. Rust Screening in the Field 

The screening of genotypes to assess r u s t r e s i s t a n c e in t h e field is done 
a t two stages (Subrahmanyam e t a l . 1 9 8 0 ) . 

P r e l i m i n a r y screening. P r e l i m i n a r y screening is c a r r i e d o u t in 
n o n r e p l i c a t e d p l o t s (1 r o w , spaced 60-cm a p a r t and 4-m long) at ICRISAT 
C e n t e r . T h e h i g h l y s u s c e p t i b l e standard c h e c k s are grown as infector 
rows t h r o u g h o u t the field w i t h e v e r y o n e to four rows of t h e t e s t 
g e n o t y p e . Each t e s t genotype is scored using a 1-9 scale o n e w e e k before 
h a r v e s t i n g . G e n o t y p e s scored 1 to 5 are selected for advanced screening 
and g e n o t y p e s w i t h scores between 6 to 9 are d i s c a r d e d . T h e description 
of t h e d i s e a s e scale is in T a b l e 2. 

Table 2. Description of groundnut rust scoring scale (1 to 9 ) . 

Score Description Disease severity (%) 

1 No disease. 0 

2 Lesions sparsely distributed largely at lower leaves. 1- 5 

3 Many lesions on lower leaves, necrosis evident; very few lesions 
on middle leaves. 6- 10 

4 Numerous lesions present on lower and middle leaves; severe 
necrosis on lower leaves. 11- 20 

5 Severe necrosis of lower and middle leaves; lesions may be 
on top leaves but less severe. 21- 30 

6 Extensive damage to lower leaves. Lesions densely present on 
middle leaves with necrosis; lesions also on top leaves. 31- 40 

7 Severe damage to lower and middle leaves; lesions densely 
distributed on top leaves. 41- 60 

8 100% damage to lower and middle leaves; lesions on top 
leaves with severe necrosis. 61- 80 

9 Almost all leaves withering; bare stems present. 81-100 



A d v a n c e d s c r e e n i n g . A d v a n c e screening is done by growing g e n o t y p e s in 
replicated plots (at least t h r e e r e p l i c a t i o n s ) of t h e same p l o t size as 
in p r e l i m i n a r y screening p l o t s . Each test p l o t is s e p a r a t e d by an 
infector r o w t h a t is a m i x t u r e of susceptible g e n o t y p e s . T h e infector 
rows are sown 2 w e e k s b e f o r e the t e s t m a t e r i a l . Infector rows are 
inoculated w i t h a u r e d i n i o s p o r e suspension at flowering, u s i n g t h e 
artificially inoculated potted 'spreader' p l a n t s . Such potted p l a n t s are 
placed t h r o u g h o u t the field to serve as an a d d i t i o n a l s o u r c e of inoculum. 
A f t e r i n o c u l a t i o n , t h e field is irrigated with a purfo i r r i g a t i o n system, 
on a l t e r n a t e d a y s or as required until h a r v e s t . T h e o b s e r v a t i o n s a r e 
recorded using the 1—9 scale (Fig. 2 ) . 

F i g u r e 2. Diagrams of rust damages (1—9 scale) on g r o u n d n u t p l a n t s . 
(Source: P. Subrahmanyam, ICRISAT, p e r s o n a l c o m m u n i c a t i o n 1990) 

14 SDS n o . 6 HRDP 

6 

2 1 3 

5 4 

7 8 9 



R u s t i n o c u l a t i o n in the laboratory is done using t h e following 
p r o c e d u r e s : 

1. R u s t spores from infected leaves are c o l l e c t e d in a glass tube w i t h 
the h e l p of a 'cyclone spore c o l l e c t o r ' . 

2. T h e collected spores are suspended into d i s t i l l e d w a t e r w i t h a few 
d r o p s (1 mL lot-1) of w e t t i n g agent (Tween 8 0 ) . C o m p l e t e 
s u s p e n s i o n is m a d e e i t h e r by m a g n e t i c stirring or by m a n u a l 
shaking. 

3. I n o c u l u m is adjusted to a p p r o x i m a t e l y 50 000 spores mL- 1 of 
s o l u t i o n . T h e spores are counted w i t h the h e l p of a 
'Hemocytometer'. 

4. T h e inoculum is sprayed on the lower side of leaves u s i n g a plastic 
a t o m i z e r . 

5. The inoculated leaves are arranged w i t h their p e t i o l e s buried in 
m o i s t river sand in a plastic tray covered with a p o l y e t h y l e n e bag 
w i t h s u f f i c i e n t m o i s t u r e . They are kept in an incubator in the 
dark initially and later for a 12 h p h o t o p e r i o d at 25°C. T h e 
d i s e a s e symptoms w i l l start developing after 7 d a y s . 

F i g u r e 3. Rust reaction (%) on groundnut l e a v e s . 
(Source: P. Subrahmanyam, ICRISAT, p e r s o n a l communication 1990) 
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MP 7. Rust Inoculation in the Laboratory 

This p r o c e d u r e can be carried out on single plants grown in small 
pots as w e l l as on rooted detached l e a v e s . T h e d e t a c h e d leaves are 
arranged in a tray w i t h river sand s u p p l e m e n t e d w i t h Hogland solution. 
T h e p e r c e n t a g e infection could be e s t i m a t e d u s i n g the leaf d i a g r a m s 
d e p i c t i n g known p e r c e n t a g e s o f d a m a g e caused b y rust (Fig. 3 ) . 



Early leaf spot. It is caused by Cercospora arachidicola H o r i . It 
develops small n e c r o t i c f l e c k s , t h a t usually h a v e light to d a r k - b r o w n 
c e n t e r s , and a y e l l o w h a l o . T h e spots m a y range from 1 m m — 1 0 mm in 
d i a m e t e r . Sporulation is on the adaxial (upper) s u r f a c e of l e a f l e t s . 

Late leaf spot. It is caused by Phaeoisariopsis personata (Berk & C u r t ) 
V. A r x . It develops small necrotic flecks t h a t e n l a r g e and b e c o m e light 
to d a r k b r o w n . T h e y e l l o w h a l o is e i t h e r a b s e n t or less c o n s p i c u o u s in 
late leaf s p o t . S p o r u l a t i o n is common on the a b a x i a l (lower) s u r f a c e of 
l e a v e s . C o m p a r i s o n s of e a r l y and late leaf spots are in T a b l e 3. 

Table 3. The comparisons of early and lata leaf spot of groundnut. 

Character Early leaf spot Late leaf spot 

Stage of occurrence Early infection Usually late infection 

Shape of spot Circular to irregular Usually circular 

Leaf surface on which most 
spores are produced and 
their arrangement ' 

Upper surface, 
random 

Lower surface, in 
concentric rings 

Color of spot on 
upper leaf surface 

Light brown to black, 
tending towards brown 
with some yellow halo 

Brown to black, 
tending towards 
black 

Color of spot on 
lower leaf surface1 Brown Black 

' Important distinguishing features. 

o A c r o p r o t a t i o n of c e r e a l - c e r e a l - g r o u n d n u t and b u r y i n g all 
g r o u n d n u t crop residues by d e e p p l o w i n g w i l l r e d u c e i n i t i a l 
inoculum. A d j u s t the date of sowing to avoid c o n d i t i o n s 
f a v o r a b l e for rapid d i s e a s e d e v e l o p m e n t . 

o M u l t i p l e a p p l i c a t i o n s of a fungicide such as b e n o m y l , c a p t a f o l , 
c h l o r o t h a l o n i l , copper h y d r o x i d e , m a n c o z e b , o r s u l p h u r 
fungicides m a y control early and late leaf spot (Smith 1 9 8 4 ) . 
H o w e v e r , c a r b e n d a z i m (0.05%) c o n t r o l s both leaf spots v e r y 
e f f e c t i v e l y . 

o T h r e e sprays of 0.2% c h l o r o t h a l o n i l at i n t e r v a l s of 10—15 d a y s 
starting 40 days after germination up to 90 days p r o v i d e s 
e f f e c t i v e c o n t r o l to early and late leaf s p o t s , and r u s t . 

o G r o w c u l t i v a r s t o l e r a n t to late leaf s p o t : ICGV 87160 or ICGV 
8 6 5 9 0 . 
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Control Measures 

Symptoms 

MP 8. Early and Late Leaf Spots of Groundnut 



T h e p r e l i m i n a r y and advanced screening m e t h o d o l o g y d i s c u s s e d for rust is 
also a p p l i c a b l e for screening of leaf s p o t s . N o r m a l l y , leaf spots are 
scored on t h e 1 to 9 scale (Table 4 and F i g . 3 ) . 

Table 4. Description of leaf spots scale (1—9). 

Leaf spot 
score Description Disease severity (%) 

1 No disease 0 

2 Lesions largely on lower leaves; no defoliation. 1- 5 

3 Lesions largely on lower leaves; very few lesions 
on middle leaves; defoliation of some leaflets evident on 
lower leaves. 6- 10 

4 Lesions on lower and middle leaves, but severe on lower 
leaves; defoliation of some leaflets evident on lower leaves. 11- 20 

5 Lesions on all lower and middle leaves; over 50% 
defoliation of lower leaves. 21- 30 

6 Lesions severe on lower and middle leaves; lesions 
on top leaves but less severe; extensive defoliation of lower 
leaves; defoliation of some leaflets evident on middle leaves. 31- 40 

7 Lesions on all leaves but less severe on top leaves; 
defoliation of all lower and some middle leaves. 41- 60 

8 Defoliation of all lower and middle leaves; lesions severe on 
top leaves and some defoliation of top leaves evident. 61- 80 

9 Defoliation of almost all leaves leaving bare stems; some 
leaflets may be present, but with severe leaf spots. 81-100 
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S u b r a h m a n y a m et a l . (1980) d i s c u s s e d the p r o c e d u r e for screening 
for t h e leaf s p o t d i s e a s e s in t h e g r e e n h o u s e . P l a n t s a r e grown in 
p l a s t i c p o t s (15-cm d i a m e t e r ) c o n t a i n i n g a m i x t u r e of soil and farmyard 
m a n u r e (4:1 v / v ) . I n each p o t , two p l a n t s are g r o w n . 

I n o c u l u m (conidia) of Phaeoisariopsis personata (late leaf 
s p o t ) is c o l l e c t e d from incubated, infected, and d e t a c h e d leaves of the 
s u s c e p t i b l e c u l t i v a r s . C o n i d i a are suspended in s t e r i l e t a p w a t e r 

T h e f u n g i c i d a l c o n t r o l of d i s e a s e s is m o r e e f f e c t i v e if a disease 
f o r e c a s t i n g system based on t e m p e r a t u r e and r e l a t i v e h u m i d i t y during the 
g r o w i n g s e a s o n , as has b e e n d e v e l o p e d in G e o r g i a , is u s e d . T h e 
fungicides are applied w h e n the t e m p e r a t u r e and leaf w e t n e s s conditions 
are favorable for d i s e a s e d e v e l o p m e n t . I n d i s c r i m i n a t e a p p l i c a t i o n of 
fungicides to c o n t r o l early and late leaf spots r e s u l t s in n o n d e s i r a b l e 
e f f e c t s . F o r e x a m p l e , u s e of e x c e s s i v e c h l o r o t h a l o n i l for c o n t r o l of 
foliar d i s e a s e s increases the severity of Sclerotinia b l i g h t (Smith 
1 9 8 4 ) . 

MP 9. Screening for Early and Late Leaf Spots 



a. D e f o l i a t i o n . T h e number of leaflets on t h e m a i n s t e m and t h e 
number of abscised leaves are counted on each p l a n t to c a l c u l a t e 
d e f o l i a t i o n p e r c e n t a g e . 

b. Leaf area d a m a g e . It is estimated for each leaf on t h e m a i n stem 
in c o m p a r i s o n to the d i a g r a m d e p i c t i n g t h e known p e r c e n t a g e of the 
area affected (Fig. 5 ) . 

c. Infection frequency. T h e number of lesions on e a c h leaf of t h e 
main stem is counted 2 8 days after i n o c u l a t i o n . T h e leaf area is 
estimated using a leaf area m e t e r . Infection frequencies are 
reported as number of lesions cm- 2 of leaf a r e a . 

d. L e s i o n d i a m e t e r . The diameter of 10 randomly selected lesions are 
m e a s u r e d on the leaves of t h e m a i n stem. 

e. S p o r u l a t i o n . F i v e leaflets are taken from each m a i n stem 42 days 
after inoculation and incubated on m o i s t filter paper in p e t r i 
dishes at 25°C under continuous illumination in a p e r c i v a l p l a n t 
growth chamber for 5 d a y s . On the 6th d a y , the lesions are 
examined under a s t e r e o s c o p i c - m i c r o s c o p e (x20) to s c o r e t h e d e g r e e 
of sporulation on a 5-point s c a l e . 

f. S u b j e c t the p e r c e n t a g e v a l u e of recorded data to a r c s i n e / a n g u l a r 
t r a n s f o r m a t i o n for a n a l y s i s . 

g. Rating d e s c r i p t i o n (5-point s c a l e ) . 
1 No sporulation 
2 V e r y few spores 
3 M o d e r a t e sporulation 
4 M o r e sporulation than score 3 
5 E x t e n s i v e sporulation 
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c o n t a ining a few drops of w e t t i n g a g e n t , 'Tween 8 0 ' . B e f o r e s p r a y i n g t h e 
inoculum c o n c e n t r a t i o n is adjusted to a p p r o x i m a t e l y 50 000 c o n i d i a mL - 1 

of s o l u t i o n . 

Inoculation is carrie d o u t , first w h e n seedlings are 30-day 
old and the second time w h e n p l a n t s are 50-day o l d . 

D i s e a s e d e v e l o p m e n t is r e c o r d e d at 28 and 42 d a y s a f t e r 
inoculation to e v a l u a t e the following p a r a m e t e r s : 



9 

6 

3 

Figure 4. Leaf spots damage (1 to 9 scale) on groundnut p l a n t s . 
(Source: P. Subrahmanyam, ICRISAT, personal communication 1990) 
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F i g u r e 5. Leaf area damage (%) caused by leaf spots on g r o u n d n u t . 
(Source: P. Subrahmanyam, ICRISAT, p e r s o n a l c o m m u n i c a t i o n 1990) 
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1. The scoring for leaf area damage (%) is done 40-45 days after plant 
e m e r g e n c e at intervals of 10 or 15 d a y s on s e p a r a t e d a t a sheets 
(Annexures 1 and 2 ) . 

2. Five to ten plants are randomly selected and labeled plot"1 for each 
g e n o t y p e in each r e p l i c a t i o n . 

3. O b s e r v a t i o n s of d e f o l i a t i o n are taken on the m a i n axis starting at 
the first leaf node and m o v i n g u p w a r d . 

4. The damage caused by each d i s e a s e (rust or leaf s p o t ) is r e c o r d e d 
u s i n g the d i a g r a m in F i g . 2 or F i g . 4. T h e data are converted to 
c a l c u l a t e p e r c e n t a g e d a m a g e for each l e a f l e t . In this w a y , 
c o m p l e t e d a t a are recorded on 5 plants giving p e r c e n t a g e d a m a g e on 
each leaflet at regular intervals of 15 d a y s . 

5. M e a n d i s e a s e d a m a g e (%) based on the individual leaf infection is 
c a l c u l a t e d . 

T a b l e 5. T h e o b s e r v a t i o n s recorded for treatment 2 of r e p l i c a t i o n 1, 
plot 1. 

L e a f a r e a d a m a g e (%) 

L e a f n o . R u s t L a t e l e a f s p o t D e f o l i a t i o n (%) 

1 — — 1 0 0 

2 — — 1 0 0 

3 — — 1 0 0 

4 — — 1 0 0 

5 5 0 5 -

6 5 0 4 -

7 5 0 3 — 

8 5 0 - -

9 4 0 — -

1 0 2 0 — -

1 1 1 0 — — 

1 2 5 — — 

M e a n 2 3 % 1 % 4 0 0 / 1 2 = 3 3 % 
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MP 10. Use of Cob's Diagram for Percentage Leaf 
Area Damage by Rust and Early and Late Leaf 
Spots 

A 1—9 scale is used for scoring foliar d i s e a s e s of g r o u n d n u t as it saves 
t i m e . To study the d i s e a s e d e v e l o p m e n t and to assess the efficacy of 
c h e m i c a l a p p l i e d , t h e Cob's d i a g r a m and p e r c e n t a g e d a m a g e of leaves are 
c o n s i d e r e d . T h e d i a g r a m for scoring rust and leaf spots in field 
c o n d i t i o n s can be used as f o l l o w s : 

E x a m p l e . T h e following data w e r e taken from an e x p e r i m e n t . T h e r e 
w e r e e i g h t t r e a t m e n t s w i t h t h r e e r e p l i c a t i o n s w h e r e rust ( R ) , late leaf 
spot (LS) and p e r c e n t a g e d e f o l i a t i o n (DEF) d a t a w e r e recorded (Table 5 ) . 



o U s e r e s i s t a n t / t o l e r a n t c u l t i v a r s : ICGS 1 1 , ICGS 4 4 , ICGV 8 7 1 4 1 , 
ICGV 8 7 1 8 7 , ICGV 8 7 1 1 9 , ICGV 8 7 1 2 1 , ICGV 8 7 1 6 0 , ICGV 8 7 1 5 7 , or ICGV 
8 6 5 9 0 . 

o C o n t r o l of v e c t o r ( t h r i p s ) . 

o A d j u s t d a t e of sowing to avoid the p e a k d i s e a s e i n c i d e n c e . 

o S o w g r o u n d n u t at a high p l a n t d e n s i t y and m a i n t a i n a good p l a n t 
stand. 

o I n t e r c r o p p i n g of groundnut w i t h c e r e a l s , i.e., p e a r l m i l l e t w i l l 
r e s t r i c t spread of the v i r u s . 

o A v o i d g r o u n d n u t c u l t i v a t i o n a d j a c e n t to t h e c r o p s t h a t are 
s u s c e p t i b l e to B N V , such as green gram or black gram. 
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Control Measures 

Symptoms 

Initial symptoms are concentric rings or c h l o r o t i c spots on y o u n g 
l e a f l e t s . S u b s e q u e n t l y t e r m i n a l bud necrosis o c c u r s e s p e c i a l l y w h e n day 
t e m p e r a t u r e s exceed 30°C. Plants infected at early stages are severely 
stunted. O c c a s i o n a l l y , necrosis may spread to the p e t i o l e s and then to 
the stem leading to death of the p l a n t . Later infected p l a n t s m a y o n l y 
s h o w bud n e c r o s i s on a few branches and axillary shoot p r o l i f e r a t i o n s m a y 
be r estricted to the terminal p ortion (Reddy e t a l . 1 9 9 1 ) . 

In e a r l y i n f e c t i o n , p o d s are seldom produced. In late i n f e c t i o n s , 
pod size is reduced, shriveled, and m o t t l e d with d i s c o l o r e d t e s t a . T h e 
v i r u s is n o t t r a n s m i t t e d by seed; it is t r a n s m i t t e d by t h r i p s . 

E x p l a n a t i o n . T h e data showed that t h e first four leaves w e r e 
d e f o l i a t e d o n m o s t p l a n t s . T h e average rust infection on the r e m a i n i n g 
plants is 2 3 % ; w h i l e the m e a n for late leaf spot infection is only 1%. In 
the same w a y , the m e a n of each t r e a t m e n t can be c a l c u l a t e d and t h e 
transformed v a l u e could be subjected to analysis and further 
i n t e r p r e t a t i o n . 

Bud necrosis d i s e a s e (BND) is caused by two serologically d i s t i n c t 
v i r u s e s , bud n e c r o s i s v i r u s (BNV) and tomato spotted w i l t v i r u s ( T S W V ) . 
BND w a s first recorded in Brazil in 1 9 4 1 , and s i g n i f i c a n t c r o p losses by 
this d i s e a s e have been reported from A u s t r a l i a , I n d i a , and the U S A (Reddy 
1 9 8 4 a ) . 

MP 11. Bud Necrosis 



MP 12. Groundnut Rosette 

o S e v e r a l long-duration cultivars with r e s i s t a n c e to r o s e t t e are 
c u r r e n t l y a v a i l a b l e . These include RG 1, RMP 1 2 , RMP 9 1 , KH 14-9 
A, M 25-M 6 8 , and M 6 9 - M 101. Short duration rosette 
r e s i s t a n t c u l t i v a r s are being developed. 

o A p h i s c r a c c i v o r a is m a i n l y r e s p o n s i b l e for t h e spread of rosette 
d i s e a s e . Spray of endosulfan 4% d u s t w i t h 1 kg a.i. ha'1 or 
d e m e t o n - s - m e t h y l 72-96 mL a.i. ha - 1 p r o v i d e e f f e c t i v e c o n t r o l for 
a p h i d s . It is e s s e n t i a l to k n o w t h e p e a k period of aphid migration 
before application of i n s e c t i c i d e s . 

o T h e e r a d i c a t i o n of v o l u n t e e r g r o u n d n u t p l a n t s is h e l p f u l to prevent 
p e r p e t u a t i o n o f virus inoculum d u r i n g the o f f - s e a s o n . 

o Early sowing and m a i n t e n a n c e of a good p l a n t stand are h e l p f u l in 
r e d u c i n g the d i s e a s e i n c i d e n c e . 
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Control Measures 

Symptoms 

G r o u n d n u t c h l o r o t i c r o s e t t e (GCR) is c h a r a c t e r i z e d by g e n e r a l c h l o r o s i s , 
w i t h a few green islands on y o u n g l e a f l e t s . E a r l y infected plants are 
stunted, p r o g r e s s i v e l y p r o d u c i n g small c h l o r o t i c , c u r l e d , and puckered 
l e a f l e t s . Older leaflets are b r i g h t - y e l l o w with d a r k - g r e e n p a t c h e s . 
Plants infected late, s h o w t y p i c a l leaf symptoms w i t h o u t t h e m a r k e d 
stunting and bushy a p p e a r a n c e (Reddy 1 9 8 4 b ) . 

G r o u n d n u t green rosette (GGR) infected p l a n t s s h o w m i l d and 
n a r r o w c h l o r o t i c streaks on y o u n g l e a f l e t s . T h e older leaflets are d a r k -
green and reduced in size with their m a r g i n s r o l l e d o u t w a r d . Early 
infected p l a n t s are stunted and b u s h y , w h e r e a s on late infected plants a 
p r o l i f e r a t i o n o f axillary shoots m a y be observed (Reddy 1 9 8 4 b ) . 

T h r e e r o s e t t e d i s e a s e s h a v e been recognized. They are "groundnut 
c h l o r o t i c r o s e t t e " ( G C R ) , "groundnut green r o s e t t e " ( G G R ) , and "groundnut 
m o s a i c r o s e t t e " ( G M R ) . GCR and GMR are p r e d o m i n a n t in e a s t e r n and 
southern A f r i c a , w h e r e a s GGR appears to be restricted to w e s t e r n A f r i c a 
(Reddy 1 9 8 4 b ) . 



Symptoms 

A f f e c t e d p l a n t s are severely stunted, and the n e w q u a d r i f o l i a t e s e x h i b i t 
m o s a i c m o t t l i n g and c h l o r o t i c r i n g s . Subsequently p r o d u c e d leaflets tur 
dark green w i t h faint m o t t l i n g . Infected plants b e c o m e b u s h y and produc 
several f l o w e r s . V e r y few pods are produced on infected p l a n t s and t h e 
size of pod is reduced (Nolt and Reddy 1 9 8 4 ) . 

o A v o i d sowing v i r u s - i n f e c t e d seed. 

o U s e soil s o l a r i z a t i o n for at least 70 days d u r i n g summer m o n t h s . 

o U s e a soil b i o c i d e such as c a r b o f u r a n . 

M e c h a n i c a l or sap inoculation is the application of p l a n t e x t r a c t s or 
solutions c o n t a i n i n g v i r u s e s on the leaves of h e a l t h y p l a n t s . T h i s is 
done in such a w a y t h a t the v i r u s can e n t e r t h e p l a n t c e l l s . V i r u s e s 
that are t r a n s m i t t e d b y aphids n o n p e r s i s t e n t l y , t h o s e w h i c h m u l t i p l y in 
e p i d e r m a l o r m e s o p h y l l c e l l s , and those that reach v e r y high 
c o n c e n t r a t i o n in p l a n t s are u s u a l l y m e c h a n i c a l l y t r a n s m i s s i b l e . T h e 
s a p - t r a n s m i s s i b l e v i r u s e s u s u a l l y p r o d u c e m o s a i c , m o t t l e o r ring s p o t 
s y m p t o m s . B y c o n t r a s t , v i r u s e s t h a t a r e p e r s i s t e n t l y t r a n s m i t t e d b y 
insects are r e s t r i c t e d to the x y l e m or p h l o e m and a r e n o t m e c h a n i c a l l y 
t r a n s m i s s i b l e . 
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P e a n u t c l u m p i s caused by peanut c l u m p v i r u s ( P C V ) . E a r l y - i n f e c t e d 
p l a n t s d o n o t p r o d u c e p o d s . E v e n i n late-infected p l a n t s , y i e l d losses 
o f u p t o 6 0 % h a v e been o b s e r v e d . 

MP 13. Peanut Clump 

MP 14. Detection and Inoculation of Plant 
Viruses 

Control Measures 

V i r u s d e t e c t i o n requires a w e l l - e q u i p p e d laboratory and highly trained 
t e c h n i c i a n s . T e c h n i q u e s for t h e d e t e c t i o n of p l a n t v i r u s e s h a v e b e e n 
d e s c r i b e d in a m a n u a l p r e p a r e d by the V i r o l o g y U n i t at ICRISAT C e n t e r . 
Steps include s e r o l o g y , e l e c t r o n m i c r o s c o p y , and t r a n s m i s s i o n t e c h n i q u e s 
(Reddy 1 9 8 7 ) . 

Detection Techniques 

Mechanical inoculation of plant viruses 

R e a c t i o n on a s e t of h o s t s , and s e r o l o g i c a l t e c h n i q u e s a r e w i d e l y b e i n g 
used for d e t e c t i o n and assay of m e c h a n i c a l l y t r a n s m i t t e d p l a n t v i r u s e s . 



a. Dissolve 7.08 g of dibasic p o t a s s i u m p h o s p h a t e (K 2 HPO4. 3H 2O) and 
1.2 g of m o n o b a s i c p o t a s s i u m p h o s p h a t e a n h y d r o u s (KH 2PO4.) in 500 mL 
of d i s t i l l e d w a t e r . M a k e up t h e v o l u m e of t h e s o l u t i o n to 1000 mL 
w i t h d i s t i l l e d w a t e r . 

b. A d d 1.56 mL of 2-mercaptoethanol or 0.75 mL of t h i o g l y c e r o l or 1.26 
g of Na 2SO 3 to the above 1000 mL b u f f e r . A l l of t h e s e a r e reducing 
agents that retard the inactivation of t h e v i r u s by o x i d i z i n g 
e n z y m e s , and thus p r e s e r v e i n f e c t i v i t y . 

c. It is n e c e s s a r y to store the b u f f e r at 4°C. If t h i s is n o t 
p o s s i b l e , use freshly prepared and chilled b u f f e r for each 
i n o c u l a t i o n . 
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Precautions 

G r e a t e r p r e s s u r e and e x c e s s i v e c a r b o r u n d u m d u s t e d on t h e leaf surface m a y 
lead to scorching of t h e t i s s u e . Soon after i n o c u l a t i o n , t h e leaf 
s u r f a c e is w a s h e d w i t h tap w a t e r and p l a n t s a r e c o v e r e d w i t h m o i s t e n e d 
n e w s p a p e r s for o n e d a y . W a s h hands after each i n o c u l a t i o n e i t h e r w i t h 
soap o r t r i s o d i u m p h o s p h a t e s o l u t i o n . C a r b o r u n d u m d u s t should not b e 
inhaled as it can settle in the l u n g s . It t a k e s at least 5 m i n after 
d u s t i n g to s e t t l e the c a r b o r u n d u m on t h e leaf s u r f a c e . 

Procedure of inoculation 

a. Expose plants to darkness before m a k i n g t h e sap i n o c u l a t i o n . It is 
better to do the inoculation e i t h e r early in the m o r n i n g or late in 
the afternoon (during summer m o n t h s ) . 

b. Dust 600 m e s h c a r b o r u n d u m on leaves u s i n g a spray b o t t l e . 

c. Hold the leaf on the palm of your left hand. N o w gently rub the 
inoculum o v e r the leaf s u r f a c e . T h i s is d o n e e i t h e r u s i n g a cotton 
swab or a piece of m u s l i n cloth soaked w i t h inoculum. 

Preparation of plant extracts 

a. C o l l e c t 1 g foliage showing t y p i c a l v i r u s s y m p t o m s (leaves showing 
initial symptoms are p r e f e r r e d ) . 

b. Grind the tissue in 9 mL of cold p h o s p h a t e b u f f e r in a m o r t a r and 
p e s t l e . K e e p the m o r t a r and p e s t l e on ice b e f o r e u s e . T r i t u r a t i o n 
is done till all the leaves are finely ground. 

c. T h e e x t r a c t is filtered through two layers of c h e e s e c l o t h . T h e 
e x t r a c t is ready for i n o c u l a t i o n . 

Preparation of phosphate buffer (PB) 0.05 M pH 7.0 



Step 1. A d d v i r a l antigens present in purified p r e p a r a t i o n s and adhered 
to t h e w e l l s u r f a c e of t h e E L I S A plate by incubating the e x t r a c t s for 1 h 
at 37°C. T h e p l a t e is w a s h e d three times in P B S - t w e e n a l l o w i n g 3-min 
soaking for each w a s h . This w i l l result in the a t t a c h m e n t of v i r u s to 
t h e w a l l s . 

Step 2. A d d a h i g h d i l u t i o n of c r u d e a n t i s e r u m (usually o v e r 1 : 1000) and 
incubate at 37°C for 1 h. W a s h as in step 2, r-globulins are a t t a c h e d to 
v i r u s p a r t i c l e s t h a t a r e attached to the w a l l s o f t h e w e l l . 

Step 3. A d d a n t i - r a b b i t F c - s p e c i f i c gamma globulins e n z y m e (prepared in 
goat's s e r u m ) c o n j u g a t e d w i t h alkaline p h o s p h a t a s e . I n c u b a t e at 37°C for 

1 h. W a s h w i t h d i s t i l l e d w a t e r and P B S - t w e e n as in step 2. A n t i - r a b b i t 
globulins are attached to the virus p l a t e . 

Step 4. A d d t h e s u b s t r a t e for a l k a l i n e p h o s p h a t a s e (normally P-nitro 
p h e n y l p h o s p h a t e i s u s e d ) o r t h e s o d i u m p e n i c i l l i n i n b r o m o t h y m o l b l u e . 
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Enzyme-linked immunosorbent assay (ELISA) 

a. A p p r o a c h g r a f t i n g . In this system, t h e scion is not d e t a c h e d from 
the m o t h e r p l a n t . A splice is m a d e on the scion and the stock and 
both the surfaces are united. 

b. B u d g r a f t i n g . A small p i e c e of stem t i s s u e from t h e scion is 
grafted on to t h e stock after m a k i n g a s p l i c e to fit t h e s c i o n . 

c. W e d g e g r a f t i n g . A w e d g e is m a d e in t h e stock and the scion is c u t 
to fit the w e d g e and inserted into the stock. 

T h e m a j o r i t y of p l a n t v i r u s e s are t r a n s m i t t e d by g r a f t i n g . T h e r e are 
t h r e e t y p e s o f g r a f t i n g s . 

Procedures for grafting 

Extracts from e i t h e r t o m a t o spotted w i l t v i r u s o r p e a n u t m o t t l e v i r u s 
infected leaves are used. Several dilutions of the i n o c u l u m (1 : 1 0 , 
1:100, 1:1000) are applied using the half leaf t e c h n i q u e . An edge of the 
leaf is p u n c t u r e d with a forceps to d i s t i n g u i s h b e t w e e n t h e t w o p r i m a r y 
leaves i n o c u l a t e d . A l l treatments are randomize d and u s u a l l y e i g h t 
r e p l i c a t i o n s are u s e d . 

Procedure for local lesion assay 

Procedure (Fig.6) 

This is by far one of the m o s t w i d e l y used and s e n s i t i v e s e r o l o g i c a l 
t e s t . It p e r m i t s analysis of several samples u n d e r i d e n t i c a l test 
c o n d i t i o n s . T h e m o s t simple form of E L I S A is c a l l e d t h e d i r e c t antigen 
c o a t i n g (DAC) p r o c e d u r e . This is suitable for d e t e c t i n g v i r u s e s that 
reach high c o n c e n t r a t i o n in p l a n t t i s s u e s , in seed, and in d i s e a s e 
s u r v e y s . 



In c a s e of a p o s i t i v e reaction t h e r-globulins attached to t h e antigens 
attached to the w e l l surface w i l l react with gamma g l o b u l i n s . T h i s w i l l 
facilitate the a t t a c h m e n t of c o n j u g a t e d a n t i - r a b b i t F c - a l k a l i n e 
p h o s p h a t a s e anti-Fc reacts w i t h the s u b s t r a t e and p r o d u c e s c o l o r e d 
h y d r o l y s a t e s . T h e intensity of color is m e a s u r e d at 405 nm t h a t is 
p r o p o r t i o n a l to the c o n c e n t r a t i o n of v i r a l a n t i g e n s . 

In c a s e of a n e g a t i v e r e a c t i o n , the specific gamma g l o b u l i n s are 
n o t r e t a i n e d , thus the a n t i - r a b b i t F c - s p e c i f i c globulins are washed away 
during the w a s h i n g . Since alkaline p h o s p h a t a s e is n o t r e t a i n e d , the 
s u b s t r a t e w i l l now b e c o m e y e l l o w . 

A s p e c i a l E L I S A reader is used to m e a s u r e t h e a b s o r b a n c e at 405 nm 
(for P-nitro p h e n y l p h o s p h a t e t h a t is c o n v e r t e d into n i t r o p h e n o l ) . In 
case of sodium p e n i c i l l i n , the p o s i t i v e reaction shows light-green 
initially which turns d a r k - y e l l o w showing a strong p o s i t i v e r e a c t i o n . 

d. S u b s t r a t e buffer (pH 9.8) 

N a C l = 8.0 g 
KH 2PO 4 = 0.2 g 
Na 2 HPO 4 2H2O = 2.9 g or Na 2 HPO 4 = 1.15 g 
KCl = 0.2 g 
T w e e n - 2 0 = 0.5 Ml 
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P B S (T) = 500 m L 
P o l y v i n y l p y r o l l i d o n e = 10 g (2%) 
O v a l b u m i n = 1 g (0.2%) 

Dissolve the above c h e m i c a l s in d i s t i l l e d w a t e r and m a k e the v o l u m e 
up to 1 L. 

The composition of ELISA buffers are: 

a. C o m p o s i t i o n of c a r b o n a t e b u f f e r . 

Na 2CO 3 1.59 g (0.02 M ) 
Na 2HCO 3 2.93 g (0.02 M ) 

A d d c h e m i c a l s to d i s t i l l e d w a t e r and m a k e up to 1 L. T h e pH of the 
buffer should be 9.60. 

b. C o m p o s i t i o n of p h o s p h a t e b u f f e r saline ( P B S - t w e e n ) . 

A d d HCl to obtain a pH 9.8 and m a k e t h e v o l u m e up to 1 L. 

97.0 m L d i e t h a n o l m i n e 
800 m L d i s t i l l e d w a t e r 
0.2 g NaNO 3 

c. C o m p o s i t i o n of c o n j u g a t e b u f f e r . 



Precautions 

N e v e r r i n s e n e w ELISA plates before c o a t i n g w i t h the a n t i g e n , u s e t h e m a s 
they a r e s u p p l i e d b y the m a n u f a c t u r e r . T h o r o u g h w a s h i n g b e t w e e n e a c h 
step is required to remove the excess r e a g e n t s , thus a v o i d i n g a 
n o n s p e c i f i c r e a c t i o n . C a r b o n a t e buffer is used for c o a t i n g t h e a n t i g e n s . 
T h e p h o s p h a t e s b u f f e r saline c o n t a i n i n g T w e e n - 2 0 (PBS-tween) is used for 
w a s h i n g E L I S A plates between the s t e p s . A n t i b o d i e s and c o n j u g a t e d 
g a m m a - g l o b u l i n s are d i l u t e d in a c o n j u g a t e b u f f e r and the s u b s t r a t e is 
prepared in a s u b s t r a t e b u f f e r . 

F i g u r e 6. D i r e c t antigen c o a t i n g ELISA. 
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Wash 3 t imes in P B S -
Iween solut ion. Sook 
for 3 min. Tap plates 
over a towel to dry. 

Take a new polyethylene 
plate Add plant ex t ract , 
incubate 1h at 37 C. 
(Hydrophobic act ion) 

Step 1 Step 2. 

Add ant iser-
um, incubate 
1h at 37 C. 

Rinse 3 t imes 
with P B S -
tween. Dry 

on towel. 

r—globulins 
at tached to 
virus part icles. 

Virus part icles at tached 
to walls. 

Step 3. 

Add enzyme- labe led 
anti —rabbit r—glabulins 
Incubote at 37 C for 
1 h. 

Wash with disti l led 
water ond P B S -
tween. 

Anti rabbit r—glabulins 
with enzyme at tached 
to virus. 

or 

Orange—yellow 
strong pos i t i -
ve react ion. 

Light—green 
weak positive 
reoct ion. 

Add sodium or 
potassium solt 
of penicill in 
with bromothy-
mol blue. 

Step 4. 

N o t e . T h e d e t a i l s of PAC and DAS d i s c u s s e d in the 'Identification 
and d e t e c t i o n of legume v i r u s e s ' a r e a v a i l a b l e in t h e V i r o l o g y U n i t 
at I C R I S A T . 



T e c h n i c a l t e r n s used i n E L I S A 

P B S P h o s p h a t e b u f f e r s a l i n e 

V i r u s T r a n s m i s s i b l e a g e n t p o s s e s s i n g d e f i n i t e s h a p e . They are 
i n t r a c e l l u l a r , and c a n n o t be c u l t u r e d on a r t i f i c i a l 
m e d i a . They can b e seen o n l y u n d e r a n e l e c t r o n 
m i c r o s c o p e . 

A n t i s e r u m Blood serum c o n t a i n i n g a n t i b o d i e s . 

r-globulins 
(IgG) 

C o m m o n e s t type of antibodies in serum. 

A n t i - r a b b i t 
(IgG) 

A n t i b o d i e s raised animals in o t h e r t h a n r a b b i t s . 

A n t i g e n A substance that stimulates the p r o d u c t i o n of an 
antibody w h e n introduced into animal t i s s u e s . 

S e r u m A w a t e r y liquid t h a t separates from c o a g u l a t i n g blood. 

(Source: P e r s o n a l c o m m u n i c a t i o n w i t h Dr D.V.R. R e d d y and Mr S u d a r s h a n 
R e d d y , I C R I S A T 1 9 9 1 ) . 

Young infected plants show sudden w i l t i n g of stem and f o l i a g e w i t h leaves 
on dead plants r e m a i n i n g g r e e n . In m a t u r e infected plants a g r a d u a l 
d e c l i n e causes the foliage to turn y e l l o w . Infected p l a n t r o o t s b e c o m e 
d i s c o l o r e d and are dead. Dying branches often curl to form a "shepherd's 
c r o o k " . T h e d i s e a s e can be identified by dark-brown spots in t h e xylem 
and p i t h . T h e streaming m a s s e s of b a c t e r i a from c u t e n d s of stems placed 
in w a t e r can be seen (Gitaitis and Hammons 1 9 8 4 ) . 
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o A c r o p r o t a t i o n w i t h c e r e a l m a y reduce the i n c i d e n c e of a b a c t e r i a l 
w i l t . 

o U s e t h e seed p r o d u c e d in u n a f f e c t e d a r e a s . 

o T h e g r o u n d n u t v a r i e t y , S c h w a r z 21, has a h i g h level of b a c t e r i a l 
w i l t r e s i s t a n c e . 

o F o l l o w p l a n t q u a r a n t i n e regulations to p r e v e n t t h e d i s e a s e b e i n g 
introduced into n e w a r e a s . 

Control Measures 

MP 15. Bacterial Wilt of Groundnut 

Symptoms 



C o n c e n t r a t e t h e n e m a t o d e s in a small v o l u m e of w a t e r s u s p e n s i o n in a 
s m a l l p e t r i d i s h . U n d e r a d i s s e c t i n g m i c r o s c o p e , r e m o v e i n d i v i d u a l 
specimens by u s i n g a long-pointed p i c k . L i f t a n e m a t o d e from t h e b o t t o m 
of t h e d i s h w i t h t h e p i c k . W h e n it is at t h e s u r f a c e of w a t e r , pass t h e 
p i c k u n d e r t h e s p e c i m e n and lift i t through t h e a i r - w a t e r i n t e r f a c e . I t 
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MP 16. Methods to Identify Plant Parasitic 
Nematodes 

T h e i d e n t i f i c a t i o n o f n e m a t o d e s requires c o l l e c t i o n , p r e s e r v a t i o n , and 
p r e p a r a t i o n of slides of nematodes for m i c r o s c o p i c e x a m i n a t i o n followed 
by their i d e n t i f i c a t i o n . 

A. Extraction from soil 

N e m a t o d e infested soil samples are collected w i t h a spade or s a m p l i n g 
tube from t h e v i c i n i t y of p l a n t roots and stored in p l a s t i c b a g s in t h e 
laboratory at a l o w t e m p e r a t u r e (15-25°C). 

1. Recovery by decantation of a soil suspension 

2. Use of differential centrifugation with a solution of high specific 
gravity 

A d d a b o u t 500 cm3 of soil to 3-4 L of w a t e r in a b u c k e t and stir 
v i g o r o u s l y to b r e a k up the soil particles so t h a t n e m a t o d e s are r e l e a s e d . 
L e a v e t h e s o l u t i o n for 1 m i n to let the soil p a r t i c l e s s e t t l e to the 
b o t t o m of t h e b u c k e t , leaving the n e m a t o d e s in s u s p e n s i o n . T r a n s f e r t h e 
suspension into another b u c k e t through a n e s t of sieves with o p e n i n g of 
850 μm, 250 μm, and 38 μm (=20, 2 5 0 , and 400 m e s h i n c h " 1 ) . R e t u r n the 
third to t h e first b u c k e t . R e p e a t the p r o c e s s , again by s t i r r i n g , 
leaving t h e soil to s e t t l e , and by d e c a n t i n g through s i e v e s . F i n a l l y , 
pass t h e w a t e r through sieve in t h e second b u c k e t a g a i n . C o l l e c t t h e 
n e m a t o d e s from t h e sieve by w a s h i n g them with a fine s t r e a m of w a t e r from 
b e h i n d t h e s i e v e into a b e a k e r . 

P r e p a r e a s u s p e n s i o n of 100 cm3 s o i l in 600 mL of w a t e r and stir w e l l . 
Pour through a c o u r s e sieve (850 μm p o r e size) into a c o n t a i n e r to r e m o v e 
stones and p l a n t p a r t i c l e s . N o w t r a n s f e r the soil s u s p e n s i o n t o 
c e n t r i f u g e tubes and c e n t r i f u g e the m i x t u r e at 1000 x g r a v i t y for 5 m i n . 
A d d a small amount of kaolin to the soil b e f o r e c e n t r i f u g a t i o n , if clay 
c o n t e n t in s o i l is low. P o u r off t h e s u p e r n a t a n t , w h i p t h e u p p e r p a r t of 
t h e c e n t r i f u g e tubes to remove d e b r i s . A d d a s u c r o s e s o l u t i o n to t h e 
tubes (490 g s u c r o s e d i s s o l v e d in 1 L of w a t e r ) . R e s u s p e n d soil in the 
tubes and c e n t r i f u g e as a b o v e . L e t it s e t t l e in w a t e r . 

B. Preparation of slides 

P r e p a r e slides to e x a m i n e t h e nematodes at high m a g n i f i c a t i o n s . T h i s can 
b e d o n e b y m a k i n g t e m p o r a r y slides o r p e r m a n e n t s l i d e s . 

1. Temporary slides 



T h e s i m p l e s t w a y is to c u t samples of infected p l a n t p a r t s (roots or 
o t h e r p l a n t t i s s u e s ) into 1-cm p i e c e s and p l a c e t h e m in an e l e c t r i c 
b l e n d e r t o g e t h e r w i t h w a t e r . A f t e r 20-30 sec o f m a c e r a t i o n , t h e tissues 
w i l l b e separated into small p i e c e s , b u t t h e n e m a t o d e s r e m a i n intact and 
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C. Extraction from plants 

Mo u n t i n g . P i c k u p the nematodes individually and t r a n s f e r t h e m to a d r o p 
of g l y c e r i n on a s l i d e . P l a c e a few glass fibers in the d r o p as s p a c e r s . 
A d d a c o v e r g l a s s and seal to p r e v e n t g r a d u a l loss of t h e fluid and 
g r a d u a l a b s o r p t i o n o f m o i s t u r e from t h e a t m o s p h e r e . 

a. T r a n s f e r t h e nematodes from the fixative to a small dish containing 
0.5 mL s o l u t i o n of 9 6 % e t h a n o l 20 p a r t s ; g l y c e r i n 1 p a r t ; distilled 
w a t e r 79 p a r t s . 

b. P l a c e t h e c o n t a i n e r w i t h t h e n e m a t o d e s in a d e s i c c a t o r c o n t a i n i n g 
9 6 % e t h a n o l for 12 h at 35-40°C. 

c. R e m o v e the c o n t a i n e r w i t h t h e n e m a t o d e s , and fill w i t h a solution 
of 5 p a r t s g l y c e r i n in 95 p a r t s of 9 6 % e t h a n o l , p l a c e in a partly 
c l o s e d p e t r i dish and m a i n t a i n at 40°C for 3 h or u n t i l t h e alcohol 
e v a p o r a t e s . N o w t h e n e m a t o d e s should b e i n pure g l y c e r i n . T h e r e 
a r e s e v e r a l o t h e r p r o c e d u r e s (Dropkin 1 9 8 0 ) . 

I n f i l t r a t i o n w i t h g l y c e r i n . W a t e r c o n t e n t s of t h e fixed specimens are 
g r a d u a l l y replaced to fix n e m a t o d e s w i t h p u r e g l y c e r i n . T h i s c o u l d be 
a c c o m p l i s h e d in few hours or over a long period. T h e p r o c e d u r e involves 
the following: 

F i x a t i o n of n e m a t o d e s . This requires fixation of specimen in aqueous 
solution of 1 1 % formalin plus 6% g l y c e r i n . C o n c e n t r a t e t h e specimens in 
few m i l l i l i t e r s of w a t e r in a v i a l . Bring the fixative to b o i l in a test 
tube and rapidly add a small quantity of fixative to the v i a l , e q u a l to 
t h e a m o u n t of w a t e r in the v i a l . C a p the v i a l . T h e specimens are w e l l 
fixed after a few hours and are u s u a l l y s t r a i g h t . 

Specimens are placed in pure glycerin for p e r m a n e n t s l i d e s . 
L a c t o p h e n o l with a d i l u t e c o n c e n t r a t i o n of c o t t o n blue (0.0025%) is used 
for s e m i p e r m a n e n t p r e p a r a t i o n . A d d a d r o p of the tinted lactophenol to a 
slide and w a r m it on a hot p l a t e to 65-70°C. T r a n s f e r t h e s p e c i m e n s 
d i r e c t l y from the fixative to t h e hot lactophenol and m a i n t a i n t h e 
t e m p e r a t u r e for 2-3 m i n . Then t r a n s f e r them to nontreated tinted 
l a c t o p h e n o l , cover and s e a l . 

2. Permanent slides 

w i l l be held on the pick by surface t e n s i o n . T h e n s u b m e r g e t h e t i p o f 
t h e pick in a d r o p of w a t e r on a slide or small v i a l to r e l e a s e t h e 
n e m a t o d e s from t h e p i c k . T h e d r o p should c o n t a i n just e n o u g h fluid to 
spread c o m p l e t e l y to t h e e d g e s of a cover s l i p . C o v e r t h e d r o p w i t h a 
c o v e r g l a s s and seal the edges w i t h m e l t e d p a r a f f i n , v a s e l i n e , or w i t h 
n a i l p o l i s h t o p r e v e n t rapid e v a p o r a t i o n . R a p i d l y m o v i n g specimens can 
be t e m p o r a r i l y immobilized by h e a t i n g t h e s l i d e b r i e f l y to a b o u t 50°C or 
u s e of a n a e s t h e t i c s like 0.25% p r o p y l e n e p h e n o x i t a l in w a t e r or in 1% 
aqueous c a r b o x y m e t h y l c e l l u l o s e . 



T h e r o o t - k n o t n e m a t o d e s (Meloidogyne s p p . ) are t h e m o s t i m p o r t a n t 
n e m a t o d e species c a u s i n g d a m a g e ranging from 2 0 % t o 9 0 % i n infested 
fields o f g r o u n d n u t (Rodriguez-Kabana 1 9 8 4 a ) . 

R o o t g a l l s c o n t a i n w h i t e swollen a d u l t f e m a l e s . T h e b o d y tapers 
a n t e r i o r l y to a n a r r o w n e c k and m o b i l e head w i t h s t y l e t , m a s s i v e m e d i a n 
b u l b and large e s o p h a g e a l g l a n d s . A n egg sac o f t e n p r o t r u d e s p o s t e r i o r l y 
from t h e f e m a l e t o t h e e x t e r i o r o f t h e g a l l . I t c o n t a i n s s e v e r a l h u n d r e d 
e g g s . O f t e n o n e o r m o r e e l o n g a t e m a l e s a r e p r e s e n t i n a n e g g s a c . T h e 
females a r e 0.5 mm to 0.8 mm long. At t h e c e n t e r of its p o s t e r i o r 
r e g i o n , t h e female c u t i c l e h a s a p a t t e r n of c u t i c u l a r m a r k i n g s 
s u r r o u n d i n g t h e anus and v u l v a . T h e second stage of juveniles i n v a d e 
roots a t o r c l o s e t o t h e t i p and m i g r a t e t o t h e site o f d i f f e r e n t i a t i n g 
v a s c u l a r t i s s u e s . C o n s e q u e n t l y s e v e r a l g i a n t c e l l s form a r o u n d t h e 
n e m a t o d e s h e a d . T h e c o m p l e t e life c y c l e t a k e s 3 w e e k s or m o r e , d e p e n d i n g 
on h o s t and t e m p e r a t u r e . M a l e s a v e r a g e a b o u t 1.1 mm in l e n g t h . T h e 
p o s t e r i o r is c h a r a c t e r i s t i c a l l y twisted through 90 d e g r e e s or m o r e . 
L a r v a e a r e a b o u t 400 μm long and h a v e a d e l i c a t e s t y l e t (Dropkin 1 9 8 0 ) . 

32 SDS no. 6 HRDP 

MP 17. Root-knot Nematode 

W a s h t h e r o o t t h o r o u g h l y i n t a p w a t e r . B r i n g t i n t e d l a c t o p h e n o l t o 
b o i l in a w e l l v e n t i l a t e d p l a c e , and b o i l roots in the s t a i n i n g solution 
for 1 m i n . W a s h o u t e x c e s s stain with t a p w a t e r and b l o t off t h e excess 
w a t e r . P l a c e i n c l e a r lactophenol s o l u t i o n u n t i l t h e roots are 
t r a n s l u c e n t in 1-2 d a y s . E x a m i n e the r o o t s in l a c t o p h e n o l or g l y c e r i n 
u n d e r t h e d i s s e c t i n g m i c r o s c o p e at 20X. T h e n e m a t o d e s r e t a i n t h e d y e 
w h i l e t h e p l a n t t i s s u e s are d e s t a i n e d . M e r i s t e m a t i c r e g i o n s w i l l also b e 
stained (Dropkin 1 9 8 0 ) . 

c a n b e r e c o v e r e d from t h e s u s p e n s i o n . 

A n o t h e r w a y is to u s e a m i s t c h a m b e r w h e r e t h e w a t e r is sprayed 
intermittently from nozzle s w i t h s m a l l o p e n i n g s . T h e flow of w a t e r is 
c o n t r o l l e d by a solenoid and a timer to o p e r a t e t h e spray a b o u t 1 0 % of 
t h e t i m e . F u n n e l s a r e p l a c e d u n d e r t h e s p r a y , e a c h d r a i n i n g into a test 
t u b e . T h e f l o w of w a t e r is very s l o w so t h a t n e m a t o d e s are w a s h e d into 
the t u b e and r e m a i n a t t h e b o t t o m w h i l e aerated w a t e r slowly c i r c u l a t e s 
through t h e t u b e and flows o u t of t h e t o p . Both p l a n t t i s s u e s and soil 
m a y be e x t r a c t e d in a m i s t c h a m b e r . In c o o l c o n d i t i o n s , t h e w a t e r m u s t 
b e h e a t e d t o avoid low t e m p e r a t u r e s d u r i n g e v a p o r a t i o n o f t h e spray. T h e 
e x t r a c t i o n u s u a l l y p r o c e e d s for up to 1 w e e k for c o m p l e t e recovery of 
n e m a t o d e s from r o o t s o r soil (Dropkin 1 9 8 0 ) . 

S t a i n i n g n e m a t o d e s w i t h i n root t i s s u e s . T h i s requires p r e p a r a t i o n o f two 
lots of l a c t o p h e n o l solution (phenol 20 g; lactic acid 20 g; g l y c e r i n 40 
g; d i s t i l l e d w a t e r 20 m L ) . To o n e s o l u t i o n add 5 mL of a 1% a q u e o u s 
solution acid fuchsin (red) o r c o t t o n b l u e . L e a v e t h e o t h e r w i t h o u t d y e . 



Disease Symptoms 

Control Measures 

o A c r o p r o t a t i o n of c e r e a l - c e r e a l - g r o u n d n u t can s i g n i f i c a n t l y 
d e c r e a s e t h e level of root-knot nematode infestation in s o i l s . 

o N e m a t i c i d e s used in g r o u n d n u t are fumigant and n o n f u m i g a n t types 
w i t h c o n t a c t or systemic p r o p e r t i e s . A p p l i c a t i o n of a fumigant 
n e m a t i c i d e like ethylene d i b r o m i d e (EDB) is m a d e 18 cm d e e p at a 
soil t e m p e r a t u r e between 15—21°C @ 18 or 19 L ha - 1 . N o n f u m i g a n t 
n e m a t i c i d e s are a l d i c a r b , c a r b o f u r a n , and p h e n a m i p h o s . T h e s e 
n e m a t i c i d e s are e f f e c t i v e when applied at sowing @ 2-3 kg a.i. ha - 1 . 
T h e best results are obtained w h e n a p p l i c a t i o n s of n e m a t i c i d e s are 
m a d e in a band 17-25 cm w i d e and incorporated 2-4 cm into t h e soil 
(Rodriguez-Kabana 1 9 8 4 a ) . 

o Soil solarization during the h o t dry s e a s o n , a l s o h e l p s to c o n t r o l 
n e m a t o d e s . 

o G r o w r e s i s t a n t c u l t i v a r s : NC 3 4 3 , NC 3 0 3 3 , N C A C 1 7 0 9 0 , or ICGS 2. 

R o o t - l e s i o n n e m a t o d e s (Pratylenchus brachyurus) are small v e r m i f o r m 
n e m a t o d e s . T h e adults are generally less than 0.5 mm in length. Females 
have a long slender stylet w i t h rounded k n o b s , w h e r e a s m a l e s usually have 
less d e v e l o p e d or no s t y l e t s . Body a n n u l a t i o n s are f i n e . T h e v u l v a is 
in the p o s t e r i o r p o r t i o n of the body. T h e r e is a single o v a r y . T h e 
p r o c o r p u s and m e t a c a r p u s are fused and t h e c r e s c e n t i c plates are large. 
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T h e s ymptoms of d a m a g e c a u s e d by Meloidogyne hapla a r e s i m i l a r to t h o s e 
c a u s e d by M. arenaria. R o o t - k n o t n e m a t o d e s e n t e r and d a m a g e g r o u n d n u t 
r o o t s , p e g s , and p o d s . Infected plants d e v e l o p e n l a r g e d roots and p e g s . 
G a l l s d e v e l o p into v a r i o u s sizes resulting from an i n t e r n a l swelling from 
the root t i s s u e . Infected pods d e v e l o p k n o b s , p r o t u b e r a n c e s , o r small 
w a r t s . Infected p l a n t s w i t h r o o t - k n o t n e m a t o d e s m a y s h o w v a r i o u s degrees 
of s t u n t i n g and c h l o r o s i s . R o o t d e v e l o p m e n t is r e d u c e d , and v a s c u l a r 
systems of infected tissues are disrupted, resulting in the poor flow of 
w a t e r and n u t r i e n t s from the roots (or p e g s ) to t h e s h o o t . Infected 
p l a n t s t e n d t o w i l t u n d e r d r o u g h t c o n d i t i o n s . 

MP 18. Root-lesion Nematode 

Disease Symptoms 

L e s i o n n e m a t o d e s are m i g r a t o r y e n d o p a r a s i t e s t h a t attack g r o u n d n u t r o o t s , 
p e g s , and p o d s . They feed w i t h i n p a r e n c h y m a t o u s t i s s u e s . Both 
m e c h a n i c a l and c h e m i c a l damage result from the n e m a t o d e s feeding w i t h i n 
t h e t i s s u e s . R o o t lesions d e v e l o p and w i t h large n e m a t o d e p o p u l a t i o n s 
t h e s e lesions c o a l e s c e , c a u s i n g e x t e n s i v e d i s c o l o r a t i o n and d a m a g e t h a t 
results in reduced growth and pod p r o d u c t i o n . 



o A p p l y c a r b o f u r a n @ a . i . 4-8 kg ha- 1 in the infected r o w s . 
o G r o w r e s i s t a n t g e n o t y p e s such as PI 3 9 0 6 0 6 , PI 3 9 5 2 3 3 , or PI 

3 6 5 5 5 3 . 
o S o l a r i z e t h e s o i l d u r i n g the h o t dry season to c o n t r o l r o o t lesion 

n e m a t o d e s . T h e soil t e m p e r a t u r e d u r i n g s o l a r i z a t i o n should rise 
a b o v e 60°C to kill the nematodes as w e l l as s o i l b o r n e f u n g i . 

U s u a l l y only a large p o p u l a t i o n of n e m a t o d e s p r o d u c e s y m p t o m s of a 
c h l o r o t i c a p p e a r a n c e t h a t h a v e been called "peanut y e l l o w s . " In 
m i c r o p o t s i n o c u l a t e d w i t h a b o u t 10 000 n e m a t o d e s p l a n t s - 1 , t h e r o o t s , 
p o d s , and pegs of A r g e n t i n e and S t a r r c u l t i v a r s w e r e found s e v e r e l y 
d i s c o l o r e d w i t h b r o w n n e c r o t i c l e s i o n s . M a n y root p r i m o r d i a and y o u n g 
roots w e r e k i l l e d , r e s u l t i n g in a few lateral r o o t s . Pod y i e l d s from 
n e m a t o d e - i n f e s t e d plants w e r e only 5 0 % o f t h e h e a l t h y p l a n t y i e l d s 
(Minton 1 9 8 4 ) . 
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T h e pod lesions begin as tiny, tan to b r o w n , p i n - p o i n t areas on the 
s u r f a c e . A s t h e n e m a t o d e s feed and r e p r o d u c e t h e a f f e c t e d a r e a b e c o m e s 
larger and d a r k e r . Old lesions are c h a r a c t e r i z e d by their b l o t c h y 
a p p e a r a n c e and i n d i s t i n c t m a r g i n s . T h i s is c a u s e d by t h e d a r k e r 
necrotic p a r e n c h y m a , t h e outer cells of t h e pod and t h e n e c r o t i c areas 
b e c o m e d i f f u s e d . S o m e t i m e n e m a t o d e s are e s t a b l i s h e d i n t h e r o o t s w i t h o u t 
v i s u a l s y m p t o m s a b o v e the g r o u n d , and c a u s e y i e l d r e d u c t i o n (Boswell 
1 9 8 4 ) . 

MP 19. Ring Nematode 

Disease Symptoms 

R i n g n e m a t o d e s (Macroposthonia xenoplax) are s h o r t and t h i c k b o d i e d 
n e m a t o d e s . They m o v e slowly and c a n n o t be c o l l e c t e d from t h e soil in 
B a e r m a n n f u n n e l s , b u t m a y b e recovered after c e n t r i f u g a l flotation o r b y 
m i g r a t i o n from s o i l in s h a l l o w l a y e r s . 

T h e females are fusiform and have less than 200 a n n u l u s e s . T h e s e 
are b r o a d , o f t e n o v e r l a p p i n g , and have s m o o t h , irregular p o s t e r i o r 
m a r g i n s of t h e a n n u l a t i o n s . T h e y h a v e a s i n g l e o u t s t r e t c h e d o v a r y . T h e 
v u l v a i s located p o s t e r i o r l y , c l o s e t o t h e a n u s . M a l e s h a v e l o n g i t u d i n a l 
i n c i s u r e s i n lateral fields and c a n d a l a l a e . T h e s e n e m a t o d e s a r e 
e c t o p a r a s i t e s , p a r t l y embedded in root tissues w i t h a long s t y l e t , 
r e a c h i n g w e l l into t h e root (Dropkin 1 9 8 0 ) . 

Control Measures 

o F o l l o w a c r o p rotation such as t o b a c c o - m a i z e - g r o u n d n u t to r e d u c e 
t h e p o p u l a t i o n o f n e m a t o d e s , 

o F u m i g a n t s and o r g a n o p h o s p h a t e n e m a t i c i d e s a r e e f f e c t i v e a g a i n s t 
r i n g n e m a t o d e s , 

o S o l a r i z e the s o i l d u r i n g t h e h o t d r y s e a s o n . 

Control Measures 



MP 20. Testa Nematode 

T e s t a n e m a t o d e is an e n d o p a r a s i t e of g r o u n d n u t . This causes 
d i s c o l o r a t i o n of seed t i s s u e s , reduces seed s i z e , and causes seed 
s h r i v e l i n g . This nematode occurs w i t h i n the tissues of p o d s , t e s t a , 
r o o t s , and h y p o c o t y l . Infected g r o u n d n u t seed c o a t s a r e d i s c o l o r e d w h e n 
m o r e t h a n 2 000 nematodes testa - 1 are p r e s e n t , o f t e n m o r e than 25 000 
n e m a t o d e s are p r e s e n t . Heavily infected s e e d s , i m m e d i a t e l y removed from 
fresh m a t u r e pods h a v e a t r a n s l u c e n t t e s t a . Infected testa of dry seed 
are o f t e n w r i n k l e d and dark b r o w n . Infection also reduces the seed mass 
and seedling e m e r g e n c e (Rodriguez-Kabana 1 9 8 4 c ) . 

Control Measures 

S t i n g n e m a t o d e s (Belonolaimus longicaudatus) are large slender nematodes 
w i t h an o f f - s e t head separated by grooves into four l o b e s . A stylet is 
a b o u t 100 μm long. The procorpus has a long coiled lumen w h e n the stylet 
is r e t r a c t e d . T h e r e is a single incisure in t h e lateral field. T w o 
o v a r i e s a r e p r e s e n t . T h e female t a i l is c y l i n d r i c a l and e q u a l in length 
t o t h r e e t i m e s the body w i d t h a t the a n u s , t h e t e r m i n u s i s r o u n d . T h e 
c a u d a l a l a e of the m a l e are large. The e s o p h a g e a l glands o v e r l a p t h e 
i n t e s t i n e (Dropkin 1 9 8 0 ) . M a l e s and females of this n e m a t o d e s are 
m o r p h o l o g i c a l l y s i m i l a r . They range in length from 2 mm to 3 mm and h a v e 
a s t r o n g l y s t r i a t e d c u t i c l e (Rodriguez-Kabana 1 9 8 4 b ) . 
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MP 21. Sting Nematode 

o A v o i d sowing t h e infected seed. 

o Soak t h e infected seed in cold w a t e r for 15 m i n , followed by a hot 
w a t e r (60°C) t r e a t m e n t for 5 m i n . 

o Dry t h e h a r v e s t e d pods in the hot sun or drier to a low m o i s t u r e 
c o n t e n t ( 8 % ) . 

Symptoms 

T e s t a n e m a t o d e s (Aphelenchoides arachidis) feed on fungi and p a r a s i t i z e 
buds and leaves of the p l a n t s . They are long, slender nematodes w i t h a 
large m e t a c a r p u s and b l u n t or pointed t a i l s . T h e i n t e s t i n e joins 
d i r e c t l y to the m e t a c a r p u s and the e s o p h a g e a l glands o v e r l a p t h e 
i n t e s t i n e in a long lobe. M a l e s lack c a u d a l a l a e and h a v e a 
c h a r a c t e r i s t i c thorn shaped s p i c u l e . M a n y species possess a sharp tip on 
the tail c a l l e d the m u c r o n . T h e lateral fields have a few incisures 
(Dropkin 1 9 8 0 ) . 



Disease Symptoms 

A f f e c t e d p l a n t r o o t s b e c o m e g n a r l e d and s t u b b y , w i t h t h e t a p r o o t 
frequently b e i n g t h e o n l y r o o t left o v e r . F e e d i n g r e s u l t s t i n y lesions 
along t h e r o o t s , affected plants b e c o m e c h l o r o t i c w i t h s t u b b y , s p a r s e 
r o o t . A f f e c t e d roots and pods h a v e s m a l l , d a r k n e c r o t i c s p o t s . T h e y a r e 
e c t o p a r a s i t i c and rarely found internally in roots and pods 
(Rodriguez-Kabana 1 9 8 4 b ) . 
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Control Measures 

U s e of t h e n e m a t i c i d e , f e n s u l f o t h i o n , p r o v i d e s e f f e c t i v e c o n t r o l for 
sting n e m a t o d e s . 
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I n d i a : T a m i l N a d u A g r i c u l t u r a l U n i v e r s i t y , A g r i c u l t u r a l C o l l e g e a n d 

R e s e a r c h I n s t i t u t e . 

R e d d y , D . V . R . , N i g h t m a n , J . A . , B e s h e a r , R . J . , H i g h l a n d , B . , B l a c k , M . , 
S r e e n i v a s u l u , P . , D w i v e d i , S . L . , D e m s k i , J . W . , M c D o n a l d , D . , S m i t h J r . , 
J . W . , a n d S m i t h , D . H . 1 9 9 1 . B u d n e c r o s i s : A d i s e a s e o f g r o u n d n u t c a u s e d 
b y t o m a t o s p o t t e d w i l t v i r u s . I n f o r m a t i o n B u l l e t i n n o . 3 1 , P a t a n c h e r u , 
A . P . 5 0 2 3 2 4 , I n d i a : I n t e r n a t i o n a l C r o p s R e s e a r c h 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 . 

R o d r i g u e s - K a b a n a , R . 1 9 8 4 a . R o o t - k n o t n e m a t o d e s . P a g e s 3 8 — 4 1 i n 
C o m p e n d i u m o f p e a n u t d i s e a s e s ( P o r t e r , D . M . , S m i t h , D . H . , a n d R o d r i g u e z -
K a b a n a , R . , e d s . ) . S t . P a u l , M N , U S A : A m e r i c a n P h y t o p a t h o l o g i c a l 
S o c i e t y . 

R o d r i g u e s - K a b a n a , R . 1 9 8 4 b . S t i n g n e m a t o d e s . P a g e s 4 2 — 4 3 i n C o m p e n d i u m 

o f p e a n u t d i s e a s e s ( P o r t e r , D . M . , S m i t h , D . H . , a n d R o d r i g u e z - K a b a n a , R . , 

e d s . ) . S t . P a u l , M N , U S A : A m e r i c a n P h y t o p a t h o l o g i c a l S o c i e t y . 

R o d r i g u e s - K a b a n a , R . 1 9 8 4 c . O t h e r n e m a t o d e s . P a g e 4 4 in. C o m p e n d i u m o f 

p e a n u t d i s e a s e s ( P o r t e r , D . M . , S m i t h , D . H . , a n d R o d r i g u e z - K a b a n a , R . , 

e d s . ) . S t . P a u l , M N , U S A : A m e r i c a n P h y t o p a t h o l o g i c a l S o c i e t y . 

S m i t h , D . H . 1 9 8 4 . E a r l y a n d l a t e l e a f s p o t s . P a g e s 5—7 i n C o m p e n d i u m 

o f p e a n u t d i s e a s e s ( P o r t e r , D . M . , S m i t h , D . H . , a n d R o d r i g u e z - K a b a n a , R . , 

e d s . ) . S t . P a u l , M N , U S A : A m e r i c a n P h y t o p a t h o l o g i c a l S o c i e t y . 

S u b r a h m a n y a m , P . , G i b b o n s , R . W . , N i g a m , S . N . , a n d R a o , V . R . 1 9 8 0 . 
S c r e e n i n g m e t h o d s a n d f u r t h e r s o u r c e s o f r e s i s t a n c e t o p e a n u t r u s t . 

P e a n u t S c i e n c e 7 : 2 5 3 - 2 5 6 . 

S u b r a h m a n y a m , P . , M c D o n a l d , D . , a n d H a m m o n s , R . O . 1 9 8 4 . R u s t . P a g e s 

7—9 i n C o m p e n d i u m o f p e a n u t d i s e a s e s ( P o r t e r , D . M . , S m i t h , D . H . , a n d 

R o d r i g u e z - K a b a n a , R . , e d s . ) . S t . P a u l , M N , U S A : A m e r i c a n 

P h y t o p a t h o l o g i c a l S o c i e t y . 

S u b r a h m a n y a m , P . , a n d R a v i n d r a n a t h , V . 1 9 8 8 . F u n g a l a n d n e m a t o d e 

d i s e a s e s . P a g e s 4 5 3 — 5 2 3 i n G r o u n d n u t ( R e d d y , P . S . , e d . ) . N e w D e l h i , 

I n d i a : I n d i a n C o u n c i l o f A g r i c u l t u r a l R e s e a r c h . 
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Rust Scoring Data Sheet 

Date: 
Treatment : 
Observation not 

L i n e n o . 
n o . 
LAD (%) 

Plot n o . 1 

L A D (%) 
Plot n o . 

L A D (%) 
Plot 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

13. 

1 4 . 

15. 

T o t a l 

M e a n 

1. L A D (%) = Leaf A r e a Damage (%) 
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Entry not 
Replication : 
Field not 
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Leaf Spot Scoring Data Sheet 

Lin e no: 
n o . 

Plot n o . 1 

L A D (%) 

Plot n o . 

L A D (%) 

Plot 

L A D (%) 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

1 0 . 

11. 

1 2 . 

1 3 . 

1 4 . 

1 5 . 

T o t a l 

M e a n 

1. L A D (%) = Leaf A r e a D a m a g e (%) 

Entry no: 
Replication: 
Field no: 
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Date : 
Treatment : 
Observation no: 
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Evaluation 

Select the most appropriate answer and check the correct answer at the 
end of the booklet. 

1. A n y d i s t u r b a n c e in the p h y siological processes of a p l a n t is a 
a ) c a u s a l organism. b) d i s e a s e , 
c ) p e s t . d ) s t r e s s . 

2. N o n c h l o r o p h y l l o u s , nucleated, unicellular or m u l t i c e l l u l a r 
filamentous b o d i e s t h a t are reproduced by sexual or a s e x u a l spores 
are 
a ) b a c t e r i a . b ) v i r u s . 
c ) f u n g i . d ) m i c r o b e s . 

3. B i o t r o p h s are active only in 
a) n o n l i v i n g h o s t . b) living h o s t . 
c ) v e c t o r s . d ) s o i l . 

4. T h e fungi that are m o s t l y propagated by m o t i l e zoospore formed in 
s p o r a n g i a , w i t h o u t p r o d u c t i o n of h y p h a e are 
a ) A s c o m y c e t e s . b ) B a s i d i o m y c e t e s . 
c ) D e u t e r o m y c e t e s . d ) P h y c o m y c e t e s . 

5. T h e u n i c e l l u l a r o r g a n i s m s of v e r y small cells that lack organized 
nucleus are 

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

6. Generally bacteria c a u s i n g p l a n t d i s e a s e s are 
a) gram p o s i t i v e . b) gram n e g a t i v e . 
c) gram n e u t r a l . d) none of the a b o v e . 

7. T h e submicroscopic organisms composed of protein and nucleic acid, 
t h a t m u l t i p l y only in the host c e l l and do not p o s s e s s an enzyme 
system are 
a ) f u n g i . b ) b a c t e r i a . 
c ) m y c o p l a s m a . d ) v i r u s e s . 

8. A v e c t o r is an a g e n t w h i c h t r a n s m i t s 
a) b a c t e r i a . b) fungi. 
c ) v i r u s . d ) m y c o p l a s m a . 

9. T h e seed and seedling diseases caused by fungi in g r o u n d n u t are 
a) bud n e c r o s i s , m o t t l i n g , and stripe. 
b ) r o o t r o t , w i l t , and aflaroot. 
c) rust and leaf s p o t s . 
d ) r o o t k n o t and stunting. 

1 0 . G r o u n d n u t rust is caused by 
a) Cercosporidium personatum. b) Aspergillus niger. 
c) Puccinia arachidis. d) Cercospora arachidicola. 
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1 1 . Late leaf spot of groundnut is caused by 

a) Cercospora arachidicola. b) Puccinia arachidia. 
c) Cercosporidium personaturn, d) Aspergillus flavus. 

1 2 . Early leaf spot of groundnut is caused by 

a) Aspergillus niger. b) Puccinia arachidis. 
c) Phaeoisariopsis personata. d) Cercospora arachidicola. 

1 3 . The vector of peanut clump virus is 

a) Aspergillus niger. b) Aspergillus flavus. 
c) Polymyxa graminis. d) Puccinia arachidis. 

1 4 . Bacterial wilt of groundnut is caused by 

a) Pseudomonas solanacearum. b) Corynebacterium 
insidiosum. 
c) d) Agrobacterium tumefaciena. 

1 5 . Aflaroot or yellow mold in groundnut is caused by 

a) Aspergillus niger. b) Aspergillus flavua. 
c) Botrytis cineria. d) Fusarium solani. 

1 6 . Crown rot or collar rot of groundnut is caused by 

a) Aspergillus niger. b) Aspergillus flavua. 
c) Botrytis cineria. d) Fusarium aolani. 

1 7 . Stem rot of groundnut is caused by 

a) Cylindrocladium crotalariae. b) Pythium myriotylum. 
c) Sclerotinia minor. d) Sclerotium rolfsii. 

1 8 . In groundnut Rhizoctonia aolani and Pythium myriotylum cause 

a) seed and seedling rot. 

b) crown or collar rot. 

c) damping off, root rot, and pod break down. 

d) vascular wilt. 

1 9 . Groundnut pod rots are caused by 

a) Fusarium solani and F. oxyaporum. 
b) Macrophomina phaaeolina and Rhizoctonia aolani. 
c) Sclerotium rolfaii and Aspergillua niger. 
d) the combined attack of all the above. 

2 0 . In groundnut, the sudden wilting of lateral branches at an early 

stage with the affected branches becoming chlorotic and turning 
brown are symptoms of 
a) blight. b) black rot. 

c) stem rot. d) vascular wilt. 

2 1 . When germinating seeds are covered with masses of black conidia, or 

there is rapid drying of infected plants with a shaded dark brown 

color in the collar region, these are symptoms of 

a) wilt. b) collar rot. 

c) blight. d) stem rot. 
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2 2 . P r e e m e r g e n c e death of seedlings w i t h shrunken e l o n g a t e d dark-brown 
a r e a s on the h y p o c o t y l are symptoms of 
a) Rhizoctonia solani. b) Fusarium solani. 
c) Aspergillus flavus. d) Verticillium alboatrum. 

2 3 . W i l t i n g , c u r l i n g , and chlorotic symptoms on leaflets and p e t i o l e s 
a r e d u e to an infection caused by 
a) F u s a r i u m oxysporum. b) Aspergillus flavus. 
c) R h i z o p u s arrhizus. d) Verticillium alboatrum. 

2 4 . F o l l o w i n g a c e r e a l - c e r e a l - g r o u n d n u t r o t a t i o n , seed d r e s s i n g s , and 
c l e a n g r o u n d n u t c u l t i v a t i o n are h e l p f u l t o c o n t r o l 
a) foliar d i s e a s e s . b) seed and seedling d i s e a s e s . 
c ) v i r u s e s . d ) a l l t h e d i s e a s e s . 

2 5 . W h e n infected plants b e c o m e stunted, w i t h v e i n c l e a n i n g chlorosis 
on t h e l e a f l e t s , and w h e r e seedlings lack secondary r o o t s y m p t o m s , 
the d i s e a s e m a y 
a) a f l a t o x i n . b) toxin. 
c ) a f l a r o o t . d ) w i l t . 

2 6 . T h e lines are identified as resistance to invasion and c o l o n i z a t i o n 
by Aspergillus flavus w h e n sporulating growth of fungus is up to 
a) 1 1 - 2 0 % of s e e d s . b) 1—16% of s e e d s , 
c) 1 5 — 2 5 % of s e e d s . d) 3 0 — 5 0 % of s e e d s . 

2 7 . T h e a p p e a r a n c e of o r a n g e c o l o r e d p u s t u l e s (uredinia) in g r o u n d n u t 
plants and reddish brown u r e d o s p o r e s o n t h e a b a x i a l s u r f a c e o f 
leaves are symptoms of 
a) early leaf s p o t . b) late leaf s p o t . 
c ) r u s t . d ) v i r u s . 

2 8 . T h e m a i n symptoms of g r o u n d n u t rusts are confined to t h e 
a ) r o o t s . b ) s t e m s , 
c ) leaflet and aerial p a r t s . d ) f l o w e r s . 

2 9 . C h l o r o t h a l o n i l is u s e f u l to c o n t r o l g r o u n d n u t 
a) e a r l y leaf s p o t . b) late leaf s p o t . 
c ) r u s t . d ) all the a b o v e . 

3 0 . T h e n o n r e p l i c a t e d t e s t genotypes are grown w i t h plants 60-cm apart 
in o n e - r o w plots of 4-m length w i t h the infector rows for 
a) advanced screening of r u s t . 
b) p r e l i m i n a r y screening of rust and leaf s p o t s . 
c ) s c r e e n i n g for v i r u s . 
d) screening for n e m a t o d e s . 

3 1 . T e s t genotypes ar e replicated 2 or 3 times and each test p l o t is 
separated by an infector r o w for 

a) advanced screening of rust only. 
b) advanced screening of rust and late leaf s p o t s . 
c) screening for v i r u s . 
d) screening for n e m a t o d e s . 
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3 2 . F o r r u s t , infector rows are inoculated w i t h u r e d i n i o s p o r e 
s u s p e n s i o n s of 
a ) v o l u n t e e r p l a n t s . b ) potted spreader p l a n t s , 
c ) infector r o w p l a n t s . d ) n a t u r a l i n f e c t i o n . 

3 3 . For r u s t i n o c u l a t i o n in the laboratory, spores are c o l l e c t e d in a 
glass tube w i t h t h e h e l p of 
a) a sucking p u m p . b) t h e h a n d . 
c) a c y c l o n e s p o r e c o l l e c t o r . d) none of the a b o v e . 

3 4 . F o r inoculation purposes the r u s t inoculum is adjusted to  
spores mL-1 of s o l u t i o n . 
a) 20 000 b ) 30 000 
c ) 40 000 d ) 50 000 

3 5 . T h e spores in t h e inoculum are counted u s i n g a 
a) c y c l o n e spore c o l l e c t o r , b) m i c r o s c o p e , 
c ) h e m o c y t o m e t e r . d ) h y g r o m e t e r . 

3 6 . A f t e r rust inoculation the d i s e a s e s y m p t o m s start d e v e l o p i n g i n 
a) 3 d a y s . b) 5 d a y s , 
c) 7 d a y s . d) 9 d a y s . 

3 7 . Leaf d i a g r a m s w i t h a known p e r c e n t a g e of d i s e a s e d a m a g e a r e u s e f u l 
for e s t i m a t i o n of 
a) leaf area d a m a g e . b) p e r c e n t a g e of i n f e c t i o n . 
c ) d i s e a s e severity. d) d i s e a s e intensity. 

3 8 . Hogland solution is u s e f u l for 
a) inducing d i s e a s e i n f e c t i o n . b ) r e d u c i n g d i s e a s e i n f e c t i o n . 
c ) e n h a n c i n g p l a n t g r o w t h . d ) i n d u c i n g r o o t d e v e l o p m e n t . 

3 9 . S m a l l n e c r o t i c flecks w i t h a light to d a r k - b r o w n c e n t e r and a 
y e l l o w h a l o are the symptoms of infection caused by 
a) e a r l y leaf s p o t , b) late leaf s p o t , 
c ) r u s t . d ) v i r u s . 

4 0 . S m a l l n e c r o t i c flecks that e n l a r g e and b e c o m e light to d a r k brown 
w i t h o u t a y e l l o w halo and sporulations on the a b a x i a l s u r f a c e of 
leaves are symptoms of infection caused by 
a) r u s t . b) early leaf s p o t , 
c) late leaf s p o t . d) v i r u s . 

4 1 . E x c e s s i v e u s e of c h l o r o t h a l o n i l for the c o n t r o l of foliar diseases 
increases t h e severity of 
a ) R h i z o c t o n i a b l i g h t . b ) w i l t . 
c ) v i r u s e s . d ) S c l e r o t i n i a b l i g h t . 

4 2 . A score of 1 on a 1—9 scale for leaf spots or r u s t in g r o u n d n u t 
leaf d i s e a s e s e v e r i t y is e q u a l to d a m a g e , 
a) 0% b ) 1-2% 
c ) 2-3% d ) 4-5% 
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4 3 . W h i l e scoring on 1 to 9 scale for leaf s p o t or r u s t d i s e a s e 
s e v e r i t y (%) in g r o u n d n u t a score of 3 indicates d a m a g e . 
a ) 1-5% b ) 6-10% 
c ) 1 1 - 2 0 % d ) 2 1 - 3 0 % 

4 4 . E s t i m a t i o n of each leaf d a m a g e in c o m p a r i s o n to t h e d i a g r a m 
d e p i c t i n g t h e known p e r c e n t a g e of the area of late leaf spot damage 
is u s e d for c a l c u l a t i n g 
a) d e f o l i a t i o n . b) leaf area d a m a g e . 
c ) infection frequency. d ) s p o r u l a t i o n . 

4 5 . T h e n u m b e r of late leaf spot lesions cm - 2 of leaf a r e a is 
a) leaf a r e a d a m a g e . b) d e f o l i a t i o n . 
c) infection frequency. d) lesion d i a m e t e r . 

4 6 . C o n c e n t r i c r i n g s or c h l o r o t i c spots on y o u n g leaflets and 
s u b s e q u e n t l y t e r m i n a l bud necrosis is caused by 
a ) w i l t . b ) p e a n u t stripe v i r u s , 
c ) t o m a t o spotted w i l t v i r u s . d ) iron c h l o r o s i s . 

4 7 . T h e v e c t o r s of t o m a t o spotted w i l t virus are 
a ) a p h i d s . b ) j a s s i d s . 
c ) t h r i p s . d ) s p o d o p t e r a s . 

4 8 . G e n e r a l c h l o r o s i s w i t h a few green islands on y o u n g l e a f l e t s , 
stunting of p l a n t s , and small c h l o r o t i c , c u r l e d , and p u c k e r e d 
leaflets are c a u s e d by 
a ) g r o u n d n u t green r o s e t t e . b ) g r o u n d n u t m o s a i c r o s e t t e , 
c ) g r o u n d n u t c h l o r o t i c r o s e t t e . d ) p e a n u t stripe v i r u s . 

4 9 . T h e symptoms of n a r r o w c h l o r o t i c streaks on dark green young 
l e a f l e t s , a reduced leaf size with upward rolled m a r g i n s of older 
leaves a r e c a u s e d by 
a ) g r o u n d n u t c h l o r o t i c r o s e t t e . b ) g r o u n d n u t m o s a i c r o s e t t e , 
c ) p e a n u t s t r i p e v i r u s . d ) groundnut green v i r u s . 

5 0 . G r o u n d n u t rosette r e s i s t a n t c u l t i v a r s are 
a) ICGS 11 and ICGS 4 4 . b) RG 1 and 69-M 1 0 1 . 
c) TMV 2 and JL 2 4 . d) I C G ( F D R S ) 4 and ICG(FDRS) 1 0 . 

5 1 . T h e insect v e c t o r s o f g r o u n d n u t r o s e t t e v i r u s are 
a ) j a s s i d s . b ) t h r i p s . 
c ) a p h i d s . d ) s p o d o p t e r a s . 

5 2 . S y m p t o m s o f severe s t u n t i n g o f t h e p l a n t w i t h m o s a i c m o t t l i n g , 
c h l o r o t i c r i n g s , and a b u s h y a p p e a r a n c e of infected plants are 
c a u s e d b y 
a ) g r o u n d n u t r o s e t t e v i r u s . b ) p e a n u t s t r i p e v i r u s , 
c ) t o m a t o spotted w i l t v i r u s . d ) p e a n u t c l u m p v i r u s . 

5 3 . P e a n u t c l u m p v i r u s i s transmitted by 
a) Aphis craccivora b) S c i r t o t h r i p s dorsalis. 
c) Polymyxa graminis. d) n o n e of t h e s e . 
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5 4 . T h e b e s t w a y t o d e t e c t p l a n t v i r u s i s 
a ) m e c h a n i c a l i n o c u l a t i o n . b ) local lesion a s s a y . 
c ) g r a f t i n g . d ) E L I S A a s s a y . 

55. T h e a p p l i c a t i o n of v i r u s e x t r a c t s on to t h e leaves of h e a l t h y p l a n t 
t o f a c i l i t a t e v i r u s i n f e c t i o n i s 
a ) g r a f t i n g . b ) E L I S A . 
c ) m e c h a n i c a l i n o c u l a t i o n . d ) local lesions a s s a y . 

5 6 . T h e v i r u s e s t r a n s m i t t e d b y insects a r e r e s t r i c t e d t o 
a ) l e a v e s . b ) stem. 
c ) r o o t s . d ) x y l e m and p h l o e m . 

5 7 . W h e n a s u b s t a n c e introduced into a n i m a l t i s s u e s t i m u l a t e s t h e 
p r o d u c t i o n of an a n t i b o d y it p r o d u c e s 
a) a v i r u s . b) an a n t i s e r u m . 
c) an a n t i g e n . d) a f u n g i . 

5 8 . A w a t e r y liquid that separates from c o a g u l a t i n g b l o o d is 
a) an a n t i g e n . b) an a n t i b o d y , 
c) a v i r u s . d) a serum. 

5 9 . T h e sudden w i l t i n g of t h e g r o u n d n u t stem and foliage w i t h g r a d u a l 
y e l l o w i n g and c u r l i n g of d r y i n g b r a n c h e s to form a s h e p h e r d ' s 
c r o o k , w i t h dark spots in the xylem and pith is caused by 
a ) f u s a r i u m w i l t . b ) tomato spotted w i l t v i r u s , 
c ) r o o t r o t . d ) b a c t e r i a l w i l t . 

6 0 . A b a c t e r i a l w i l t r e s i s t a n t v a r i e t y of g r o u n d n u t is 
a) RG 1. b) ICGS 1 1 . 
c ) I C G ( F D R S ) 4 . d ) S c h w a r z 2 1 . 

6 1 . A n e l o n g a t e d t u b u l a r u n s e g m e n t e d o r g a n i s m t h a t looks like thread is 
a ) f u n g i . b ) b a c t e r i a , 
c ) n e m a t o d e . d ) v i r u s . 

6 2 . T h e r o o t - k n o t n e m a t o d e s can c a u s e d a m a g e r a n g i n g from 
a) 1-5%. b) 5-10%. 
c ) 1 0 - 1 5 % d ) 2 0 - 9 0 % 

6 3 . T h e n e m a t o d e a f f e c t e d r o o t s , p e g s , and pods d e v e l o p into galls 
c a u s e d b y 
a ) r o o t - l e s i o n n e m a t o d e . b ) sting n e m a t o d e . 
c ) r o o t - k n o t n e m a t o d e . d ) ring n e m a t o d e . 

6 4 . T h e m o s t a p p r o p r i a t e t i m e for a p p l i c a t i o n of n e m a t i c i d e in 
n e m a t o d e - i n f e s t e d field is 
a) seed t r e a t m e n t . b) after sowing. 
c ) a t t h e t i m e o f s o w i n g . d) after infection i s n o t i c e d . 

6 5 . T h e b e s t r e s u l t of n e m a t i c i d e a p p l i c a t i o n in a f f e c t e d areas is 
o b t a i n e d b y 
a ) b r o a d c a s t i n g . b ) m i x i n g w i t h seed, 
c) b a n d a p p l i c a t i o n 2 cm to 4 cm d e e p . d) foliar s p r a y i n g . 
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6 6 . O n e of the m a n a g e m e n t practice u s e f u l for the c o n t r o l of nematodes 
is 
a) d e e p p l o w i n g . b) s h a l l o w p l o w i n g . 
c ) d e e p i r r i g a t i o n . d ) soil s o l a r i z a t i o n . 

6 7 . T h e n e m a t o d e w h i c h is a m i g r a t o r y e n d o p a r a s i t e and can attack on 
g r o u n d n u t r o o t s , pegs, p o d s , and feed w i t h i n p a r e n c h y m a t o u s tissue 
is 
a ) r o o t - k n o t n e m a t o d e . b ) r o o t - l e s i o n n e m a t o d e . 
c ) ring n e m a t o d e . d ) testa n e m a t o d e . 

6 8 . T h e n e m a t o d e t h a t can d e v e l o p in side root w i t h o u t v i s u a l symptoms 
a b o v e the ground and cause yield reduction is 
a ) r o o t - k n o t . b ) r o o t - l e s i o n , 
c ) r i n g . d ) t e s t a . 

6 9 . R o o t lesion n e m a t o d e r e s i s t a n t genotypes are 
a) ICGS 11 and ICGV 7 6 . b) TMV 2 and JL 2 4 . 
c) PI 390606 and PI 3 9 5 2 3 3 . d) CS 9 and ICG(FDRS) 1 0 . 

7 0 . T h e soil t e m p e r a t u r e d u r i n g solarization to kill nematodes should 
rise above 
a) 30°C. b) 40°C. 
c) 50°C. d) 60°C. 

7 1 . T h e short and thick bodied nematodes t h a t m o v e slowly and can not 
be c o l l e c t e d from the soil in B a e r m a n n f u n n e l s , b u t can be 
recovered after c e n t r i f u g a l flotation is 
a ) r o o t - k n o t n e m a t o d e . b ) r o o t - l e s i o n n e m a t o d e . 
c ) ring n e m a t o d e . d ) t e s t a n e m a t o d e . 

7 2 . T h e c h l o r o t i c symptoms called p e a n u t y e l l o w s are caused by t h e 
infection due to 
a ) r o o t - l e s i o n n e m a t o d e . b ) r o o t - k n o t n e m a t o d e . 
c) testa n e m a t o d e . d) ring n e m a t o d e . 

7 3 . T h e n e m a t o d e t h a t feeds on s o i l fungi and parasitize on buds and 
leaves of the p l a n t is 
a ) r o o t - l e s i o n n e m a t o d e . b ) testa n e m a t o d e . 
c ) r o o t - k n o t n e m a t o d e . d ) ring n e m a t o d e . 

7 4 . D i s c o l o r a t i o n of g r o u n d n u t seed t i s s u e s , reduction in seed s i z e , 
and s h r i v e l i n g of seeds a r e caused by 
a) r o o t - l e s i o n n e m a t o d e . b) root-knot n e m a t o d e . 
c ) ring n e m a t o d e . d ) testa n e m a t o d e . 

7 5 . C old and hot w a t e r seed treatment can kill 
a) root lesion n e m a t o d e . b) testa n e m a t o d e . 
c ) r o o t - k n o t n e m a t o d e . d ) ring n e m a t o d e . 

7 6 . G n a r l e d and stubby appearance of affected plants w i t h b a r e l y left 
o v e r t a p roots showing necrotic spots are the symptoms c a u s e d by 
a ) sting n e m a t o d e . b ) testa n e m a t o d e , 
c ) ring n e m a t o d e . d ) r o o t - knot n e m a t o d e . 
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1. b ) ; 2 . c ) ; 3 . b ) ; 4. d ) ; 5. c ) ; 6. b ); 7. d ) ; 8 . c ) ; 9. b ) ; 

1 0 . c ) ; 1 1 . c ) ; 1 2 . d ) ; 1 3 . c ) ; 1 4 . a ) ; 1 5 . b ) ; 1 6 . a ) ; 1 7 . d ) ; 

1 8 . c ) ; 1 9. d ) ; 2 0 . c ) ; 2 1 . b ) ; 2 2 . a ) ; 2 3 . d ) ; 2 4 . d ) ; 2 5 . c ) ; 

2 6 . b ) ; 2 7 . c ) ; 2 8 . c ) ; 2 9 . d ) ; 3 0 . b ) ; 3 1 . b ) ; 3 2 . b ) ; 3 3 . c ) ; 

3 4 . d>? 3 5 . c ) ; 3 6 . c ) ; 3 7 . b ) ; 3 8 . d ) ; 3 9 . a ) ; 4 0 . c ) ; 4 1 . d ) ; 

4 2 . a ) ; 4 3 . b ) ; 4 4 . b ) ; 4 5 . c ) ; 4 6 . c ) ; 4 7 . c ) ; 4 8 . c ) ; 4 9 . d ) ; 

5 0 . b ) ; 5 1 . c ) ; 5 2 . d ) ; 5 3 . c ) ; 5 4 . d); 5 5 . c ) ; 5 6 . d ) ; 5 7 . c ) ; 

5 8 . d ) ; 5 9 . d ) ; 6 0 . d ) ; 6 1 . c ) ; 6 2 . d ) ; 6 3 . c ) ; 6 4 . c ) ; 6 5 . c ) ; 

6 6 . d ) ; 6 7 . b ) ; 6 8 . b ) ; 6 9 . c ) ; 7 0 . d ) ; 7 1 . c ) ; 7 2 . d ) ; 7 3 . b ) ; 

7 4 . d ) ; 7 5 . b ) ; 7 6 . a ) . 
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Correct responses to the questions. 
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