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ABSTRACT 

Observationson o v i p o s i t i o n  on sorghum p l a n t s  by Atherigona Goccata Rand, a t  
ICRISAT Center ,  near  Hyderabad, I n d i a ,  confirmed i t s  high r a t e  of inc idence  
p a r t i c u l a r l y  during p o s t r a i n y  season.  Eggs were normally l a i d  on t h e  under 
sur face  of t h e  f o u r t h  o r  f i f t h  l e a f ,  usua l ly  one egg per  p l a n t  was l a i d .  The 
number of eggs l a i d  was h ighes t  per  u n i t  a rea  a t  high p l a n t  dens i t i es - -10  mm 
o r  l e s s  between p l a n t s .  A t  these  d e n s i t i e s  more p l a n t s  were l a i d  on,  and 
t h i s  appl ied  t o  both main p l a n t s  and t i l l e r s .  There was a very high c o r r e l a -  
t i o n  between t h e  number of p l a n t s  l a i d  on and t h e  number showing dead h e a r t  
symptoms. Very few p l a n t s  a t  low d e n s i t i e s  escaped a t t a c k .  s o i l  type d i d  not  
a f f e c t  ov ipos i t ion .  I t  was concluded t h a t ,  f o r  maximizing shoot  f l y  build-up 
f o r  sc reen ing  f o r  r e s i s t a n c e  i n  sorghum, dense p l a n t  popula t ions  should be 
sown i n  t h e  spreader  rows, bu t  f o r  m a t e r i a l  under t e s t  spacings of 200 mm o r  
more were optimal.  

INTRODUCTION 

Atherigom soccata Rond. i s  t h e  p r i n c i p a l  spec ies  of  shoot  f l y  a t t a c k i n g  
Sorghtrm bicolor ( L ~ M . )  Moench i n  Afr ica  and Asia (Nye, 19601 Blum, 19671 
Jotwani e t  a l . ,  1970; Seshu Feddy and Davies, 1977). Eggs a r e  l a i d  on young 
seedl ings  and t h e  la rvae  which emerge cause t y p i c a l  "dead h e a r t "  symptoms. 
As p a r t  of a research  p r o j e c t  aimed a t  i d e n t i f y i n g  sorghum c u l t i v a r s  with 
r e s i s t a n c e  t o  shoot  f l y ,  d e t a i l e d  s t u d i e s  on maximizing o v i p o s i t i o n  on p l a n t  
m a t e r i a l  under t e s t  were c a r r i e d  o u t .  

MATERIALS AND METHODS 

The observa t ions  on genera l  ov ipos i t ion  were c a r r i e d  o u t  by examining t e n s  
of thousands of  sorghum seedl ings  f o r  shoot  f l y  eggs.  The seedl ings  were 
grown on var ious  p l o t s ,  0 . 1  ha t o  6 ha i n  s i z e  i n  t h e  experimental  blocks 
f o r  agronomic and breeding t r i a l s  a t  ICRISAT Center during 1974 t o  1977. 
Sowings were made a t  var ious  t imes of t h e  year  on both A l f i s o l s  and Ver t i -  
s o l s .  The former i s  shallow, l i g h t  reddish  brown s o i l  of pH 5.5 t o  7.0 well  
leached and dra ined  and t h e  l a t t e r  is of dark grey and ca lcareous ,  low i n  
organic  mat te r  and poor ly  dra ined ,  wi th  a p H  of  7 t o  8 . 5 .  

Data on t h e  e f f e c t  of  p l a n t  d e n s i t y  on shoot  f l y  o v i p o s i t i o n  were 
obtained by sowing experiments i n  both s o i l  types  a t  per iods  of  heavy shoot 
f l y  incidence.  I n  t h e  f i r s t  season ( r a i n y  season,  1975) t h r e e  randomised 
blocks were sown u t i l i s i n g  f i v e  spacings of  10, 2 5 ,  50, 100 and 200 nun, 
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with an in ter row spacing of  0.75 m. Each count p l o t  consisted o t  one row of 
6 m, r ep l i ca t ed  f i v e  t imes.  The r e q u i s i t e  p l a n t  d e n s i t i e s  were obtained by 
th lnning t o  s tand wi thin  7 days following germination. Comparable p l an t  den- 
s l t i e s  were obta ined a t  a l l  t he  th ree  s i t e s .  The same p lan t  densities were 
used i n  a  subsequent r a iny  season of 1977 with the  add l t ion  of one treatment 
where two rows of sorghum a t  the  10 mm spaclng were sown on each r idge.  I n  
the  t r i a l  sown i n  1977 p l o t s  cons i s t ed  of f i v e  rows, 75 cm apa r t  and 5 m In  
length and each t rea tment  r e p l i c a t e d  four  t imes.  A l l  p l a n t s  In  p l o t s  were 
counted and examined. 

RESULTS 

General Oviposit ion 

Data on shoot f l y  egg d i s t r i b u t i o n  t y p i c a l  of f a r  more extensive counts a r e  
given i n  Table I .  These show t h a t  t he  number of p l a n t s  with eggs a s  a  pro- 
por t ion of those  examined i s  h ighes t  i n  t h e  pos t r a iny  season, and t h a t  i n  
the  r a iny  season t h e r e  i s  a  c l e a r  tendency f o r  the  number of p l a n t s  wlth 
eggs t o  inc rease  a s  sowing is  delayed. Both these  observations conflrm pre- 
vious observat ions  i n  India .  

A s i n g l e  egg i s  most commonly l a i d  on a  p l a n t ,  where shoot f l y  popula- 
t i o n s  a r e  d e l i b e r a t e l y  f o s t e r e d ,  mul t ip le  oviposi t lon was common. Individual  
p l a n t s  with more than 10 eggs were very infrequent ,  and i n  four seasons of 
counting a t  ICRISAT Center ,  t he  maximum number of eggs found on a  seedl ing 
was 20. A s t r i k i n g  f e a t u r e  of these  da ta  was t h a t  considerable d i f f e rences  
i n  ov ipos i t ion  l e v e l s  could occur wi thin  shor t  d i s t ances ,  even when sowing 
dates  were the  same. There were no cons i s t en t  d i f f e rences  i n  oviposi t ion re-  
l a t e d  t o  s o i l  type.  

Observations were made on ov ipos i t ion  s i t e ,  using a  known suscep t ib l e  
hybr id ,  CSH-1. The l e a f  and s i t e  chosen f o r  oviposi t ion were noted Table 2. 
Eggs were very seldom l a i d  on the  f i r s t  l e a f  and c l e a r l y  the  fou r th  and 
f l f t h  leaves  were p r e f e r r e d  f o r  ov ipos i t ion .  The t h l r d  and s i x t h  leaves  
were f r equen t ly  chosen. On 385 p l a n t s  examined, 444 eggs were l a i d ,  274 of 
them on t h e  mld-leaf undersurface and 130 towards the  base of t he  l ea f  b lade ,  
again on the  undersurface.  Almost no eggs were l a l d  towards the  t i p  and none 
were observed on t h e  upper l ea f  su r face ,  although t h l s  has been recorded 
r a r e l y  In  o t h e r  counts.  

Oviposit ion was in f r equen t  on seedl ings  of many c u l t i v a r s  o lde r  than 
6 weeks, bu t  it was confirmed i n  t h i s  s tudy t h a t  on the  CSH-1 hybr id ,  eggs 
were l a i d  a s  l a t e  a s  10 weeks and t h a t  larvae  emerqlng from such eggs were 
ab le  t o  become es t ab l i shed  and sever  the  growing t i p .  On some c u l t i v a r s  ~t 
was observed t h a t  A.  soccata was ab le  t o  l ay  eggs on nodal t i l l e r s  up t o  3 m 
from ground l e v e l  and t h a t  larvae  from these  eggs developed normally i n t o  
a d u l t s .  





Effects of Intrarow Spacing on Oviposition 

It is important, for screening work, to determine which plant densities 
maximize egg numbers and which are best for screening for oviposition 
nonpreference and resistance. In routine screening work, it had been 
observed that when few plants emerged in a test row, fewer plants than 
expected had eggs laid on them. In three experiments in the rainy season 
of 1975, the number of seedlings with eggs increased significantly at 
higher plant densities (P >0.001) and the correlation coefficients be- 
tween number of plants and number with eggs were high in all three 
trials (0.97, 0.95, and 0.94) Table 3. However, when these data were 
converted to percentage plants with eggs, the trend was reversed; 
attack was maximized at the 200 mm spacing. Subsequent 'dead heart' 
counts clearly reflected these findings--the number of plants with 
'dead hearts' was significantly higher at high plant densities, but the 
percentage was again the reverse. 

These findings were confirmed in the trial carried out in the rainy 
season of 1977, when significantly more eggs were laid per unit area at 
high plant densities, but the percentage of plants with eggs was greatest 
at low plant densities. Very few plants were free of eggs at this spacing 
and larvae established in almost all plants, since there was an extremely 
close relationship between the number of plants with eggs and the number 
of 'dead hearts' (Fig. 1). A t  the 200 mm intrarow spacing, 78 of the 79 
plants with eggs developed 'dead hearts', but even at the 10 mm (two-row) 
spacing the relationship was close--1,181 plants with eggs, 1,173 with 
dead hearts. A study of the total number of eggs laid on these plots 
shows that at the 200 mm spacing only 121 eggs were laid while at the 
latter some 2,240 were laid on an area of the same size. The mean number 
of eggs laid, on plants selected for oviposition was nevertheless higher 
on the 200 mm spacing--1.5 compared to 1.2 per plant. This observation 
was confirmed by analysis of the percentage of plants having multiple 
egg numbers which clearly showed that multiple egg numbers were more 
common at the low plant densities. 

Data from this experiment showed that far more tillers per plot 
were produced at the denser spacings, but that the number per plant was 
higher at the wider spacings. More eggs were laid on tillers per plot 
at the denser spacings and the larvae produced from these eggs gave 
correspondingly high numbers of dead hearts; however, the ratio of eggs 
to dead hearts produced was obviously higher at the low plant densities 
Table 4. 

DISCUSSION 

The results are of relevance in the context of resistance screening and 
breeding programmes for Atherigom soccata. To maximize shoot fly in- 
crease in susceptible spreader-row sowings, spacings of 10 mm or less 
batween plants will maximize both egg numbers and numbers of dead hearts, 
thus ensuring maximum shoot fly challenge to plant material under test. 



Table 2. The number o f  Atherigona soccata eggs  l a l d  on l e a v e s  o f  sorghum a t  
ICRISAT C e n t e r ,  J u l y  1974. 

P l a n t s  Germi- T o t a l  
examined n a t i o n  

Leaf number t o g e t h e r  w i t h  number of  eggs  d e t e c t e d  

(no.)  d a t e  
1 2 3 4 5 6 7 8 9 10 11 12 1 3  ;zy: 

2989 6/7/74 13  23 37 51  74 60 18 18 5 6 3 4 0 312 

3072 6/7/74 3 7 37 62 77 68 38 54 42 39 14 1 0  4 455 

385 19/7/74 2 16 96 180 100 40 8 2 0 0 0 0 0 444 

Table 3. Number and a r c  s i n e  p e r c e n t a g e  of  sorghum s e e d l i n g s  w i t h  Atherigom 
aoccata eggs  a t  t h r e e  s i t e s  and f i v e  p l a n t  s p a c i n q s  (ICRISAT C e n t e r ,  
r a i n y  season  1975) .  

Spacing 
Mean number and p e r c e n t a g e  s e e d l i n g s  w i t h  e g g s  p e r  p l o t  

Experiment Experiment Experiment 
(mm) 

No. 1 Trans  %a No. 2 Trans B No. 3 T r a n s  % 

a ~ r c  s i n e  t r a n s f o r m a t i o n  used f o r  a n a l y s i s  of  d a t a .  

Table 4.  The r e l a t i o n s h i p  between t i l l e r  p r o d u c t i o n ,  p l a n t  d e n s i t y ,  and ovi- 
p o s i t i o n  by A.  soccata a t  ICRISAT C e n t e r ,  r a i n y  season  1977. 

Mean t i l l e r  number p e r  p l o t  
Spaclng T o t a l  With eggs With dead Mean No. 

h e a r t s  e g g s  

10 mm (2 rows) 2511 909 495 1009 



Since more t i l l e r s  pe r  u n i t  a r ea  a r e  a l s o  produced a t  these  high d e n s i t i e s  
and more dead hea r t s  a r e  obta ined,  maximum shoot f l y  production is ensured. 
Data ind ica t e  t h a t  a high propor t ion of p l a n t s  oviposi ted  on w i l l  produ.$e 
dead h e a r t s  a t  a l l  d e n s i t i e s .  

When using percentage da ta  i n  assess ing mater ia l  f o r  shoot f l y  re- 
s i s t a n c e ,  spacing between p l a n t s  should be not l e s s  than 200 m t o  ob ta in  
repeatable  r e s u l t s ,  s ince  escapes ,  ( i . e . ,  p l a n t s  which a r e  not l a i d  on) 
a r e  f a r  l e s s  f requent  a t  wider spacings.  A t  spacings c l o s e r  than 100 m, 
the  percentage of p l a n t s  a t tacked i s  reduced, making se l ec t ion  of d e f i n i t e 1  
resistant p l a n t s  more d i f f i c u l t .  

Data on ov ipos i t ion  s i t e s  confirmed t h a t  eggs a r e  normally l a i d  on 
the  lowersu r faceso f  leaves ,  p a r t i c u l a r l y  the  mid-leaf a rea  (Ponnaiya, 
1951; Langham, 1968),  and t h a t  genera l ly  only one egg per  p l an t  is l a i g ,  
(Soto,  1974). The observat ion t h a t  t he  t h i r d  t o  seventh leaves  a r e  p re fe t r ad  
f o r  oviposi t ion ( P o ~ a i y a ,  1951; Soto,  1974) were s t rong ly  supported. 

These da ta  indicated t h a t  reduction i n  p o t e n t i a l  s tand los ses  by 
shoot f l y  a r e  poss ib l e  by sowing t h i c k l y  and roguing out  of  p l a n t s  p r i o r  
t o  the  development of t he  second generation of shoot f l y  within the  crop. 
These observat ions  confirmed those made elsewhere (Swaine, and Wyatt, 
1954; Davies and Jowet t ,  1966) t h a t  e a r l y  sowing reduced the  l e v e l  of 
a t t ack .  Data ind ica t e  t h a t  a s l i g h t  delay i n  sowing r e s u l t s  i n  g r e a t l y  
increased oviposi t ion.  
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