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SUMMARY

A generation mean a na ly si s o f  resistance to two sorghum ( Sorghum 
b i c o l o r  L. Moench)grain molds, namely,  _C. lunata and F. mon i 1 i fo rme, 
was c a r r i e d  ou t.  Parental ,  Fp.  anc* backcross generations o f  e i g ht  
crosses,  representing high s u s c ep t i b l e  x low s u s ce p t i b l e ,  high su sce pt ib le  x 
high su s ce p t i b le  and lew s u s c ep t i b l e  x low su sce pt ib le  combinations were 
studi ed a f t e r  e valuat ing grain mold s u s c e p t i b i l i t y  by i noculat ions in the 
f i e l d .  The resul ts i ndi ca te d large dominance e f f ec ts  and s i g n i f i c a n t  
e p i s t a t i c  e ff ect s f or  resistance t o both C_. lunata and _F. moni 1 i —  
forme* In a ma jor i ty  of the crosses du pl i ca te  type o f  i n te ra ct io ns 
.governed resistance t o _F. moni 1 i forme. Although a d d i t i v e  and a d d i t i v e  x 
a d d i t i v e  e f fe ct s  were present,  they were only  next  in importance to the 
dominance e f f e c t s .

A dd i t i o n a l  index Words: Sorghum b i c o l o r (Mdench) Cur vu la r i a  lunata (Wakker)
Fusariurn moni 1 iforme (She I d ) ,  PeVcent i n f e c t i o n ,  I nheri tance,  Gene e f f e c t s ,
Genic i n t e r a c t i o n ,  Dupl icate e p i s t a s i s .

INTRODUCTION

Grain molds are recognized as a major l i m i t i n g  f a c t o r  f o r  increased 
producti on o f  sorghum ( Sorghum b i c o l o r  L. Moench)stnce' they .reduce the y i e l d  
and q u a l i t y  o f  grain (Wi l l iams and Rao, 1980).  Ear ly  maturing improved 
c u l t i v a r s  which f requently  mature during wet weather are p a r t i c u l a r l y  
v uln e ra bl e  to grain molds. C u rv u l a r i a  spp. and Fusarium spp. have been 
i d e n t i f i e d  as the most important p a r a s i t i c  fungi t ha t  cause sorghum grain 
molds in the tropi cal  as w e l l  as temperate countries (Ca sto r  and Frederiksen,  
1980; Wi l l i ams and Rao, 1980) .  E x p l o i t a t i o n  o f  host p l a nt  resistance is an 
economic and r e l i a b l e  s o l u t i o n  to the problem o f  sorghum grain molds and 
some p r o g r e s s h a s  been made towards t h i s  end (Murty e t  a l . I98O ) .  Prel iminar y 
studies by Murty et  al  .£l980) indi  cated that  resistance o f  sorghum grains to 
C u rv u la r i a  lunata (Wakker) Boedi j n.and Fusari  urn moni 1 iforme Sheld.  is polygenic.  
Fu rt he r studi es on generation means o f  resistance to these two- fungi were taken 
up to make an assessment o f  the nature and magnitude o f  various types o f  gene 
act ion c o n t r o l l i n g  resistance to these two fungi and the resul ts  are reported 
in t h i s  paper.-
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MATERIALS AND METHODS

in 1 9 7 7 > a set  o f  e i g ht  g e n e t i c a l l y  homozygous c u l t i v a r s ,  
comprising f ou r  low mold s u s c ep t i b l e  and f ou r  high s u s ce p t i b le ,  were 
chosen f o r  t h i s  s tu dy ,  on the basis o f  p re l i m i n a r y  screening c a r r i e d  
out  a t  1CRISAT Center on a wide range o f  germplasm and breeding material  
under a r t  i f  I ci a 1 l y  i noculated mol d condi t  ions ( Rao and Wi l l  iams, 1980).
The high s u s c e p t i b l e  c u l t i v a r s  were SC-120,  SPV-104, 370 (CSV-3)  and 
H-112 wh i l e  IS-9327,  IS-9530,  E35-1 and CS-3541 (CSV-4)  were the low 
su sce pt ib le  parents.  Per icarp c o l o r  o f  a l l  the parents except IS-9530 
was’ wh it e.  These e i g h t  parents were used to make e i g h t  crosses 
representing low su s ce p t i b le  x high s u s c e p t i b l e ,  low s u s c ep t i b l e  x low 
su sce pt ib le  and high s u s ce p t ib l e  x  high su s ce p t i b le  combinations.  The 
parents and the cross combinations were so chosen as to minimize wide 
segregation f o r  p l a n t  and seed c o l o r  and days to 50%  f l o w e r i n g ,  since 
grain mold assessments on w i de l y  segregating material  could be biased 
due to v a r i a t i o n  in mat ur i ty  and c o l o r  o f  the g r a in s .  The e i g h t  Fj 
crosses were advanced to the F2  generation and a ls o backcrossed to t h e i r  
respect ive parents.  The p arent s,  F « ,  F.and backcross generations o f  the 
crosses were planted on 27 June 197? a t  the ICRISAT Center ,  Patancheru 
f o r  an assessment o f  i n f ec t io n  caused to the grains by _C. 1 unata and 
_F. mon 11» fo rme.

Test  p lant s were sprayed separately  wi t h  inoculum o f  e i t h e r  
C. 1 unata o r  F. mon i 1 i fo rme Fol lowi ng the methods described by Rao and 
Wi l l i ams (1980) .  . T h e  inoculum was an aqueous m yc e l i al / c on i d ia l  suspension 
(20,000 conidi a /ml) o f  e i t h e r  C u r v u l a r i a  1 unata o r  Fusarium mon i 1 i fo rme.
The inoculum was sprayed on the pani cles two days a f t e r  anthesis and the 
panicles were covered wi t h  paper bags. The bags were removed from the 
panicles 25 days a f t e r  f low er i ng .  Days to 50%  f lower  o f  i n d iv i du a l  panicles 
inoculated ranged from 62 to 79. General experience of  sorghum workers is 
that  wet  weather f ol low in g f l ower in g is necessary f o r  gr ai n mold development. 
The r a i n f a l l  during the month o f  September and the f i r s t  week o f  October 1979 
recorded a t  the ICRISAT Center t o t a l l e d  362mm0wh i l e  t^e maximum and minimum 
temperature and r e l a t i v e  humidity  averaged 32 C to 21 C and 95 to 52 
percent r e s p e c t i v e l y .  C l i m a t i c  condit ions were conducive f o r  the development 
o f  grain molds. T hi s was also evi  denced by the' f a c t  t ha t  s u s c ep t i b l e  parents 
showed profuse mold development. Grain mold damage due to Cu r vu l ar i a  and 
Fusari  um were rated on the basis o f  percent  grain i n f ec t i o n  p er  p a ni c i e .  The 
number o f  p lant s inoculated wi t h  each o f  the two fungi s epar ately  in the 
parental  and F, generation was around. 50 wh i l e  in the backcross generation 
i t  ranged from Ikk to 222 and in the generation from 351 to ^86. 
Approximately ten percent o f  the panicTes i noculat ed wi t h  e i t h e r  Curvul a ri a 
i unata o r  Fusarium monl l i forme showed some natural  i n f ec t i o n  wi t h  other 
fungi a l s o.  However, such pani cl es  were scored only  f o r  i n f e c t i o n  by the 
fungus i noculated.

An examination o f  the i n d iv i du a l  mold rat ings among the segregat ing 
and n on- segr egat ing populat ions showed t ha t  t h e i r  d i s t r i b u t i o n  was not 
normal as approximately 251 o f  the values were ou tsi de the 20 to 80% 
i nf ec t i on  range. Since also the c o r r e l a t i o n  between the means and the 
variances was n o n - s i g n i f i c a n t  the o r i g i n a l  percentages were trans^forrosd
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t o arcsi ns (Sokal and Rohlf,  1969 ) t o compute means and variances f o r  the 
A,  B and C s c a l i n g  tests o f  Mather and J inks (1971) .  As the s c a l i n g  tests 
Eradicated s i g n i f i c a n t  devi ati ons from a simple a d d i t i v e  dominance gene 
act ion model, generation means o f  the transformed data were analysed 
f o l lo w in g  the two gene i nt er a ct io n  models and formulae o f  Mather and 
J i nks {1971) - The computations o f  [ m ] , [ d ] 5[ h ] ,  [ i ] ,  [ j ]  and [ l ]  e ff ect s 
was done considering the low mold su sc ep t ib l e  parent as p^.

RESULTS AND DISCUSSION

The mean reaction o f  the parents,  F , , F_ and backcross generations 
to gr ai n mold inoculat ion wi t h  C u rv u l a r i a  lunata and Fusari  um monil i  forme 
on the o r i g i n a l  scale are presented in Tables 1 and2_. A cursory 
examination o f  the parental  and F-j generation means computed from the 
o r i g i n a l  as wel l  as transformed data revealed that  in most o f  the crosses 
st ud ie d,  the F  ̂ hybrids were less su sce pt ib le  to C_. 1 unata and _F. moni 1 ?- 
forme than the mi d-parent ,  I n d i c a t i n g  t ha t  resistance e x h ib i te d  dominance 
e f f e c t s .  There were s i g n i f i c a n t  h e t e r o t i c  e f f ec ts  f o r  low s u s c e p t i b i l i t y  
in the cross SC-120 x SPV-10A. The resul ts  o f  the i n di vi du al  A, B and C 
s c a l i n g  tests o f  Mather and J i nks (1971) c a r r i e d  out on the transformed 
data showed, h i g h l y  s i g n i f i c a n t  d e v i a t i o n s  from a si mpl e 
a d d i t i v e  dominance model, f o r  a l l  the e i g h t  crosses.

Estimates o f  the a d d i t i v e ,  dominance and i n t er a c t i o n  components 
obtained by applying the s i x  parameter model o f  Mather and J inks (1971) 
are given in Tables.  3 and 4. In the case o f  reaction to _C. l u n a ta , the 
[ d ]  values representing a d d i t i v e  e f f ec ts  were s i g n i f i c a n t  in a l l  the 
crosses except iS 9327 x !S 9530 and were g ener al ly  sma l l er  than the 
dominance e f f e c t s .  The dominance o r  [ h ]  e f fe ct s  were s i g n i f i c a n t  in f i v e  
crosses and were of  large magn itude,  pa r t i c u l  a r l y  in the crosses SC 120x 
SPV 104 and E35"1xCS 35^1. S i g n i f i c a n t  a d d i t i v e  x  dominance o r [ j J e f f e c t s  
were present  in most o f  the crosses and were large p a r t i c u l a r l y  in the 
cross SC 120xiS 9327. The [ l ]  e f f ec ts  representing dominance x dominance 
i n te r a c t i o n s  were s i g n i f i c a n t  o nl y  in two crosses,  namely,  SC 12Qx SPV 104 
and E35-1 x CS 35^1. These two crosses were h e t e r o t i c  and the signs o f  
the [ h ]  and [ 1] ,  e f fe ct s  were in opposite d i r e c t i o n s ,  i n d i c a t i n g  " d u p l i ca t e"  
type o f  i n t e r a c t i o n .

The components o f  generation means f o r  reaction to F. mor. 13 i fo rme 
i ndicat ed ( T a b l e 4 )  that the dominance and dominance x dominance 
i n t e r a c t i o n  e ff ect s were l a r g e r  in magnitude than any of  the ot he r 
parameters.  They c o n si s t e nt l y  showed opposite signs i n d i c a t i n g  that 
" d u p l i c a t e "  type o f  i n t er a ct io n s were o f  major importance in the genetic 
control  o f  resistance to _F. mon 111 fo rme. The a d d i t i v e  x dominance types 
o f  i n t e r a c t i o n  were s i g n i f i c a n t  and large in the crosses SC 120xlS 9327, 
370x!S 9327 and CS 35^1 x 370. The a d d i t i v e  x a d d i t i v e  i n t er a c t i o n  e ff ect s 
were s i g n i f i c a n t  and were o f  su bs ta nt ia l  magnitude in crosses 370 x IS 9327 
and CS 35^1 x 370. Although the i nte rp re ta ti ons e st abl i sh  the s i g n i f i c a n c e  
o f  gene i n te ra ct io ns in the i nher it ance o f  resistance to Fusari  um and 
C u r v u l a r i a , they s u f f e r  from l i m i t a t i o n s  a r i s i n g  from the assumptions o f  the 
genetic models a pp li ed.  These models do not account f o r  l inkage and 
h i g he r  orde r i nt er a ct io n  e f f ec ts  as these were assumed t o be absent.  
Dabholkar and Baghel (2)  reported s i g n i f i c a n t  general combining a b i l i t y  
and s p e c i f i c  combining a b i l i t y  e ff ect s f o r  resistance to £ .  lunata on the
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basis o f  and d i a l l e l  cross study and our  re sul t s confirm t h e i r  
obs ervat ion,  as s p e c i f i c  combining a b i l i t y  is a t t r i b u t e d  to dominance and ep 

st as is  G ri ff ing( l956) .T hese re sul t s a ls o suggest that  i n t e r c r o s s i n g  e ar ly  
segregating material  fol lowed by s e l e c t i v e  inbreeding could be adopted 
to improve the level  o f  resistance t o C u r v u l a r l a  1 unata and Fusariurn 
mon i 1 i forme.
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