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A b s t r a c t . Four mi rid head bugs, Calacoris anguslalus Leth., Creontiades pailidus Ramb., Eurystylus 
bdlevoyei Put. and Reut., and Campylomma'.sp., infest sorghum at IC R  I SAT Centre in India. C. anguslalus 
is the predominant species, followed by Campylomma'.sp., C. pailidus and E. bdlevoyei. The incidence o f C. 
anguslalus is higher in crops grown on Vertisols than on Alfisols, and maximum numbers are recorded 
in panicles at the milk stage. Females oi'C. anguslalus lay eggs inside the glumes before amhesis, whereas 
the other species insert their eggs in the grain at the milk stage. The life cycle is completed in 15-20.
! 7-23, 14—16 and 16-17 days by C. anguslalus, C. pailidus. E. bdlevoyei. and Campylomma sp., respectively. 
The maximum numbers o f  C. anguslalus, C. pailidus and E. bdlevoyd were recorded during September- 
Octobcr, whereas Campylomma sp. tended to be most active during M arch-June. Lower minimum 
temperature (< 18°G ) and relative humidity (r.h.) (< 3 0 "» ) were associated witli a decline in C. 
anguslalus density during November-January, while higher temperatures ( >  32°C i and lower r.h.
( <  30"«j restricted its numbers during March-June. During the rainy season, rainfall, temperature 
and r.h. were generally positively associated with populations ol'C. anguslalus, C. pailidus and E. bdlevoyd. 
However, there were some exceptions in some years. During the post-rainy season, higher 
temperatures ( >  32°C) and moisture deficit had a negative association with numbers oi'C. anguslalus, 
C. pailidus and E. bdlevoyd. However, these factors were positively associated with numbers o f 
Campylomma. Weather parameter means for the same week and two preceding weeks showed a greater 
effect on C. anguslalus populations.

K e y w o r d s : (,'atocon.\ angm lalus; Creontiades pailidus: Etirvsl\ii<.\ bd levoyd ; C am prkm m a; b i o l o g y ;  p o p u l a t i o n  
d y n a m i c s ;  Erythcmdus hdupellidis; p a r a s i t o i d

Introduction

S orghu m  {Sorghum bicolor (L .) M o cn ch .)  is one o f  the 
m ost im portant cereal crops after rice and wheat in 
India , A frica  ancl Latin A m erica , and insect pests are 
one o r  the most im portant factors lim iting production  
on  farmers' fields. T h e  m irid head bugs, Calocoris 
anguslalus Leth ., Eurystylus bellevqyei Put. and R eut., 
Creonliades pailidus R a m b ., and Campylomma spp., are 
cine grou p  o f  key pests. T h e y  feed on the develop ing 
sorghum  grain from  the initiation o f  ovary  deve lop ­
m ent to the hard -dou gh  stage and inflict severe losses 
in grain yield and quality (Sharm a, 1985a). O f  these, 
C angustatus is the predom inant species in India, while 
Ewystylus spp. are dam aging  in both  India and West 
A frica  (M cF arlane. 1984; D ou m b ia  a n d B on z i, 1985; 
N w anze, 1985; Sharm a 1985b, 1986); Campylomma 
angustiar P opp., C. subflava O d h ., C. nicolasi Put. and 
R eut., C. pailidus R a m b ., Lrgus sp., Paramixia suluralis 
R eu t., and Talorilygus vassekri Popp, are the other 
mirids reported to dam age sorghum  in A frica 
(Schm utterer. 1969; M cF arlane, 1984; N w anze. 1985; 
Seshu R e d d y  and O m o lo , 1985).

T ota l avoidable losses from  insects, including head

0261-2194 /90 ,(03/016+ -10
'C 1990 B u u cru orth -H cin em a n n  Ltd
C R O P  P R O T E C T I O N  V o l. 9 J t m e  199 0 . 1 6 4 -1 7 3

bugs, feeding on  panicles, have been valued at nearly 
S lO O x 10B y ea r" 1 in Ind ia  (Leuschner and Sharm a,
1983). W ith  the in troduction  o f  m ed u m w n atim ty , 
h igh -yield ing varieties and hybrids, head bugs have 
b ecom e  a key lim iting factor in sorghum  production . 
In  situations o f  m oderate to heavy infestation, two 
insecticide sprays are necessary to m inim ize the qu an ­
titative losses from  head bugs f  Sharm a and Leuschner, 
1987;.

In  view  o f  the increasing im portance o f  head bugs 
and the lim ited inform ation available on them, the 
studies reported here were carried ou t betw een 1980 
and 1986 to collect inform ation on  their b io logy  and 
population  fluctuations, as a prelude to host-plant 
resistance studies and m anagem ent o f  these insects.

Materials and methods

Species o f  mirids infesting sorghum

Seventy-five panicles at the milk stage were sam pled at 
ran dom  from  the centre o f  a 0.5 ha p lot o f  sorghum  
hybrid  C S H  1 du rin g  the 1980 rainy season at
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IG R IS A T  Centre. Each panicle was carefully covered 
with a 45 x  30 cm  polyethylene bag  contain ing a small 
cotton  sw ab soaked with 2 ml ethyl acetate. T h e 
panicle was lapped 5 -1 0  times to d islodge the mirids, 
w hich  were then brought to the laboratory  and sorted 
into species using a 10 x m agnifying lens. This p roce­
dure was adopted  throughout.

Head bug numbers in sorghum grown on different soil types 
(Alfisols and Vertisols)

H ead bug populations were recorded in sorghum  
grow n on the tw o m ajor soil types at IG R IS A T  
Centre: Alfisols flight-red-sandy loam  soils) and V er­
tisols (deep -b lack -clay  soils) in rain-fed and irrigated 
fields. T w enty-five random ly selected panicles were 
sam pled at each location.

Head bug incidence in relation to stage of panicle development

Sorghum  panicles (com m ercial hy brid G SH  1) were 
random !)' sam pled in a 0.5 ha p lot at pre-anthesis, 
50"i' anthesis, com plete-anthesis, milk, and dough  
stages, and at physiological m aturity. Ten  panicles 
were sam pled, as described earlier, at each stage o f  
developm ent.

Biology

Studies on the b io logy  ai'Calocoris angusiatus, Creontiades 
pallidus. Eurvstylus bellevovei and Campylomma sp. were 
carried out under laboratory  conditions. Fresh 
panicles o f  com m ercia l hybrid  G S H  1 at pre-anthesis, 
but free o fh e a d  bu g  infestation, were used to study the 
oviposition  by C. angustalus, since the females lay eggs 
inside the glumes before anthesis. F ive prim ary bran ­
ches were detached  from  the pan icle at pre-anthesis 
and placed in a glass vial contain ing water. T h e  vial 
was p laced  inside a 1 1 plastic ja r  with a m odified  lid that 
had a 10 cm  diam eter wire mesh. O n e  pair o f  newly 
em erged adult bugs was released in each jar. Sorghum  
branches provided  for oviposition  were changed every­
day. Florets were dissected under a 10 x  m icroscope, 
and the num ber o f  eggs counted. A ll the eggs were kept 
for hatching on 3°o agar-agar con ta in ing 1 (,<> form alin, 
in a Petri dish. For C. pallidus, E. bellevovei and Campy­
lomma sp., prim ary branches at the milk stage were 
sim ilarly provided  for oviposition . T hese bugs lay eggs 
inside the grain at the milk stage. Sorghum  grain with 
eggs were p laced on  agar-agar in a Petri dish. N ym phs 
o f  all species were reared on  milk grain in a 25 m l glass 
vial, covered  with a cotton  plug. T h e  vials were placed 
in an in cu bator at 2 5 ± 2 ° C  tem perature and 6 5 ± 5 ‘\> 
r.h. Food was changed on alternate days. N ym phs 
were observed every day, and data recorded on the 
duration o f  developm ent o f  different instars. T here 
were 20 insects under observation for C. angustalus. 30 
for C. pallidus and 41 each for Campylomma sp. and E. 
bellevoyei.

Population monitoring

Populations o f  the four m irid species were m onitored 
at fortnightly intervals at the IG R IS A T  farm for 5 
years (1 9 8 2 -19 8 6 ). Irrigated and rain-fed fields in 
Alfisols and Vertisols, and in pesticide-free and 
sprayed areas, were selected for population  m on i­
toring. H ead  bug samples were collected  from  three 
spots d iagonally  across a held. Ten  random ly selected 
panicles were sam pled at each spot. Sam pling was 
carried out in a crop  at the milk stage.

T h e  crop p in g  pattern at IG R IS A T  ensures the 
continuous availability o f  sorghum  panicles through­
out the year, except during M a y -J u n e . T his is ideal for 
studying insect popu lation  dynam ics and for evaluat­
ing the role o f  environm ental factors in the population  
fluctuation o f  an insect.

T h e  m ean num ber o f  bugs recorded was plotted on 
a graph. T h e  population  density o f  C. angustalus was 
also plotted in relation to w eather data. Analysis o f  the 
data  on  head bug populations in relation to weather 
on  a yearly basis d id  not show' any trend and the 
correlation  coefficients were very low . T h e  correlation 
and regression coefficients o f  w eather param eters with 
bug populations were therefore com pu ted  separately 
for the rainy and the post-rainy seasons.

Results

Species o f  mirids infesting sorghum

C. angustalus, Campylomma sp., C. pallidus and E. bellevoyei 
constituted 96.0, 3.9, 0.1 and 0.01 V  respectively, o f  
the total head bugs collected  from  75 panicles o f  
sorghum  at the milk stage during the 1981 rainy 
season.

"i

Head bug incidence in sorghum grown on different soil types

N um bers o f  C. angusiatus and Campylomma sp. were 
greater in a crop  grow n  on  Vertisols than on  Alfisols, 
while those o f  C. pallidus and E. bellevoyei were low  on 
both  soils {Table 1).

Head bug incidence in relation to stage o f  panicle development

C. angusiatus and Campylomma sp. activity was observed 
in panicles from  25"o anthesis to hard -dou gh  stage, 
with a peak activity at the milk stage and physiological 
m aturity, respectively [Table 1). C. pallidus was 
recorded  in panicles from  50°<> anthesis to the hard- 
d ou gh  stage, while E. bellevoyei was recorded  in panicles 
from  the milk stage to physiological m aturity.

Biology

Females o f  C. angustalus laid eggs inside the glumes 
before anthesis. A n  average o f  1 8 2 ± 2 1  (x ± s .e .)  eggs 
during the rainy season, after a pre-oviposition  period 
o f  2 -4  days, and 113 ±  12 eggs during the post-rainy
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1 (>() Sorghum  h a id  bug populations

I wu !• I . K i  ! .i ! ! m  j j iu i i l i c i '  < i lT om  h ea d  lmi» >jn-< i t i n  re la tion  u> son ' l l  u m  p;mi< le de\ e l o p m e m  an d  soil ty p e  at I C R  I S A T  C en tre .  1980

N o .  o f  l m i^  per  10 p a n ic k y

( m I i)IO II'i C .r e m ilu u tc \  C a m p i t o m m a t i u m h l u ) .

u n i ’ m t a l u 'i p a l l i d u s  <[>. b f l U v o r f i

Soil  t\ pr
.M/i •>(<)> 3 1 47
WriiMils 180 1 82

'" '•'•I
23 0 -> 0

2f> anthi'Ms 35 0 I 1)
50  anthesi-. 63 1 5 0
f 'u l l -a iu h r ' i s -15 1 4 0

:vj (1 6 0
M ilk 87 0 87 I
H a r d - d o u y h 46 1 ■W 15
l ’ h\sioloirii al m atur ity 8 o 104 4

T.un.i-.  2. Lite c yi ie >tmiiYs o f  ( :. (■'. palhdtn. 1V. i/fUirmn a w l  (.ampylfmma .sp. u n d e r  la b o r a to r y  i o n d i t ion s  25  ±  2 aC  a n d  65  ±  5" r.l i.;

D u r a t io n  <if d e v e l o p m e n t  ’ d a v s ;
Kuo  inc i ihat ion 'I o t a !  us'tnpha} 5 e x  n i l j o

H e a d  1 ins' specie-. per iod  M a y s ;  Itisiai I Instar II Instar  111 Ins iur  I V Instar  V p er iod ? M :F i

7 - 8  2 .U ± 0 . f ) f ) 1.3 ± 0 . 1 4 1.7 ±  0 .14 2.1 ± 0 . 1 3 2 3 ± 0 . 1 6 9 .3  ± 0 . 1 0 1:2.0
pnliiihi \ 6 R  2.1 ± 0 . 1 0 2.1 ± 0 . 1 0 2 . 4 ± 0 . 1 5  2 .7  ± 0 . 1 5 3 .2  ± 0 . 1 6 1 2 . 8 ± 0 . 2 0 1:1.7

h . Ixlleiuri'i 7 2.1 ±  0 .09 1.2 ± 0 . 0 9 1.4 ± 0 , 0 9  1.8 ±  O.Ifl 1.8 ± 0 . 0 7 7 . 3 ± 0 . 0 7 1 :1 .4
CnmpYlomma sp. 3 2 .6  ± 0 . 1 3 I . 7 ± 0 . | 5 ! .8 ± 0 .15  l . y ± 0 . 1 . 3 2 .2  ± 0 . 1 4 11.1 ±  1.15 1:1.2

season, after a pre-oviposition  period  o f5 ~ 8  days were 
recorded . Eggs hatched in 7 -8 days. E gg  hatch ing was 
higher in the rainy ( 9 3 ± 2 ,,«.) than in the post-rainy 
(73 ±  II “ «>) season. T here are five nym phal instars and 
the developm ent was com pleted  in 8 -1 2  days ( Table2). 
Ballard (1916) and Gherian, K ylasam  and Krish- 
nam urti (1941) reported that this insect took 15-17 
days to com plete its life cycle. Females survived lor 
14-23 days during the rainy season and 12-23 days 
during the post-rainy season.

T h e  host range o f  C. angusiatus is not restricted to 
sorghum  and it has been observed to feed on  pearl 
m illet (Pennisetum glaucum (L .) R . Br.) and m aize i^ea 
mays L .) foliage and inflorescence, both  during the 
rainy and post-rainy seasons. H ow ever, no nym phs 
have been recorded  on  the vegetative stage o f  these 
crops. E gg laying and breeding seem to be restricted to 
the reproductive phase o f  the crop . T h is has also been 
reported  by  Ballard (1916) and G herian el al. (1941). 
D uring the sum m er season (A pril to Ju n e), this insect 
has been  recorded on  sum m er sorghum  in fanners' 
fields. N o  insects have been recorded  in sorghum  stalks 
or in grasses grow ing in and along w ater channels at
IG R IS A T .

Females o f  C. pallidus lay eggs in grain al the milk 
stage. E gg1-, are inserted inside the grain and the tip or 
opercu lum  o f  the egg can be seen from  outside. T h e 
grain pericarp develops a red -brow n  or black ring 
around the egg. T h e  pre-oviposition  period lusted 2- 5 
days and eggs hatched in 6 -8  days. Females were 
observed to lay 45 251 eggs. Five nym phal instars

were recoi’ded and the developm ent was com pleted  in 
11-15 days. A dult longevity  was 11 days for males, and 
13 days lor  females. Erylhemdiis helopellidis G ahan  was 
recorded as an egg  parasile on this species. C. pallidus 
has also been observed to feed on  pearl millet and 
p igeonpea  at IG R IS A T .

Females oi'E. bellevoyei also laid their eggs in the milk 
grain and the egg  tip projected outside the pericarp. 
Eggs hatched in 7 days and nym phal developm ent was 
com pleted  in 7 -8  days: the entire life cycle  took 14-16 
days. N ot m uch is know n about natural enemies, 
alternate hosts and off-season carry-over o f  this 
species.

Campylomma sp. laid its eggs inside the milk grain. 
Eggs [latched in 5 days. Five nym phal instars were 
recorded  and the developm ent was com pleted  in 11 
clays. Species belonging to this genus are known to feed 
on m any crops (Schm utterer, 1969).

In  the absence o f  food , all the mirid head bugs are 
cannibalistic and are also predacious on m em bers o f 
the other species. T h e y  are also predatory on the 
sorghum  m idge, Cantarinia sorghicola G oq . T h e  antho- 
corid , Onus maxidentex G hauri, is a com m on  predator o f 
all head bug species.

Population monitoring

C. angusiatus was the predom inant head bug species 
infesting sorghum  at IG R IS A T  (F igureI), follow ed by 
Campylomma sp., C.pallidus and E. bellevoyei. T h e  peak in 
C. angustalus num bers occurred  betw een 10 Septem ber
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F igu re  1. Population fluctuations of a, C. anguslahu. b, pallulus. c, 
Camjiylomma sp.. and d . E. bcUevmei uneans o('f> vrars 1982 -1986 ; at 
IC R IS A T  Centre

and 10 O ctober. Its population  declined sharply from  
N ovem ber onw ards, even though there was a con tin ­
uous availability o f  sorghum  panicles until the next 
April. A  sm aller peak was recorded in F ebruary - 
M arch . T here was a third peak d u r in g ju lv  on  lim ited 
sorghum  planted during sum m er. T h e  head bug 
num bers increased on this crop  nearly one m onth  after 
the onset o f  m onsoon  rains.

T h e  m axim um  density o f  C. pailidus was recorded 
during Septem ber and O cto b e r  {Figure / ) ,  with low  
densities for the rest o f  the year. Campylomma sp. 
populations show ed a great deal o f  fluctuation over the 
year. H ow ever, its num bers tended to be higher during 
the post-rainy and sum m er seasons (F ebruary-June) 
than in the rainy season (J u n e -O ctob er) {Figure J ). E. 
bellevoyei had tw o distinct peaks during M arch  and 
O cto b e r  [Figure 1). Its num bers rem ained low  during 
the coo ler  and hot dry  periods o f  the year.

Population dynamics o f  C . angustatus

T h e  population  density o f  C. anguslalus was greater in 
1982, follow ed by  1984, and low  during 1983. 1985, 
and 1986 (Figure 2 .). H ow ever, the average population  
was m uch  higher in 1983 than in 1984 and 1985. 
T hree  peaks were recorded in 1982, and four in 1983. 
T h e  peak in Ju ly  was not recorded in 1982 and 1984. 
T h e  first peak during F eb ru a ry -M a rch  was recorded

25 25 23 21 18 15 13 10 0 31
Ja n  Ja n  Feb Mar A p r May Ju n  Ju l Aug 5ep Oct Nov Dec Dec 

Time of su rve y  (date  and month)

i'ltii'UE 2. Population flur i nations olY.'. nngwiUtftn bet wren 1982 and 1986
at IC R I S A T  Centre, a . ---- , I9fi:n ----. 1986; h. 1983; ..... 198-1;
c. ———. 1982; - — , 5-vcar mean

earlier in January in 1983, and very low  num bers were 
recorded in 1984. M a x im u m  num bers during 
S ep tem b er-O ctob er  were observed across years, 
a lthough there was som e shift in peaks over the years. 
T h e  bu g  population  rem ained quite low  during the 
drought years o f  1985 and 1986.

T h e  relationships betw een head bug num bers and 
the environm ental factors o f  rainfall, m axim um  and 
m inim um  tem perature and relative hum idity are 
given in Figure3. H ead  bu g  num bers declined sharply 
in A pril when m axim um  and m inim um  tem perature 
rose above 32 and 20°C , respectively and r.h. fell below  
70 and 30% , respectively {Figure3 ).  D u ring  1984 and 
1985, interm ittent rains increased the relative hum i­
dity and low ered the tem perature during the post- 
rainy season, and, as a result, there was a correspond­
ing increase in head bu g  num bers soon after rainfall 
during these years.

D uring the first part o f  the rainy season (Ju ly - 
O ctob er ), tem peratures (2 8 -3 2 °C ) and r.h. ( > 8 0 ‘'<.) 
were m oderate and steady and favoured a steady 
increase in insect num bers during this period 
{Figure 3 ) .  H ow ever, during  the second h a lf o f  the rainy 
season (N ov em b er-D ecem b er) head bu g  density 
declined sharply with a fall in m inim um  r.h. ( <  40% ) 
and tem perature ( <  18°C). T h e  decline in head bug 
num bers began 3 0 -4 0  days after the rains ceased 
(except in 1983). G enerally, an increase in head bug 
num bers was associated w ith the onset o f  rainfall in 
N ov em b er-D ecem b er  (see 1982, 1983, 1985 and 
1986). Tem peratures > 3 2 °C  o r  < 1 8 °C  and r.h. 
< 3 0 °o  appear to affect head bug populations 
adverselv.
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F ia v n t  3. Populations o r C. angustalm in relation to m axim um  and m inim um  temperatures and relative hum idity (1982-19(56). — > N o. n f C. atiguiMu-K
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Association oj weather parameters with head bug numbers

Rainy season. R ainfall (except in 1986) and tem per­
ature (except in 1983) show ed a positive association 
with fortnightly means for the popu lation  density ofC . 
angusiatus {Table3). R elative hum idity  was positively 
correlated with head bu g  num bers during 1984 and 
1985. M oisture deficit and w ind velocity  show ed a

negative effect on  head bu g  num bers, though the 
correlation  coefficients w ere low  and non-significant. 
T h e  w eather param eters explained 80.2 and 85.7%  o f  
the variance (R 2) in 1983 and 1984, respectively.

T h e  association o f  w eather param eters with head 
bug num bers was also analysed for weekly means 
betw een 1981 and 1983 {Table4 ). R ain fall was posi­
tively correlated w ith C. angusiatus num bers during

'I ABi.fc 3. C orrelation and ret'ression analysis o f  fortnightly means for \\ rather parameters and head hug num bers during the rainy season at IC R  IS A T

C orrelation  coefficient i r)

1982 1983 v 
Param eter , < VI [Y2\

1984
( i ’i !

1985
(IV )

1986
0 5 )

Caloaim iwginlatu\
R ainfall (A 7j 0 .7 6 **"  0.20 0.64* 0.53" -0 .3 5 '’
Pan evaporation  i.Vl’ j 0.09 - 0 .1 6 - 0 .3 4 - 0 .1 9 0.09
M axim um  tem perature (X 3 ; 0 .7 3 *  0.002 0.24 0.50 0.36
M inim um  tem perature :X 4i 0 .43 — 0.1 1 0.39 0.54 0.17
M axim um  r.h. .;.Y:J; - 0 . 2 0  - 0 .3 2 0.52 0.53 0.38
M inim um  r.h. (A'6‘ : 0 .26 - 0 .1 2 0.41 0.56 - 0 .1 0
W ind velocity ;A 7 ; - 0 . 3 3  - 0 .2 0 - 0 .3 3 - 0 .1 9 -  0.25
Sunshine iX8) - 0 . 0 2  0.006 - 0 .1 6 - 0 .4 6 - 0 .0 7

Ciimpvlomma sp.
R ainfall i.V /j 0 .25 - 0 .2 7 “ 0.68 0.49“ - 0 .4 6 “
Pan evaporation  f A’2 ; 0 .40 0.18 - 0 .3 5 - 0 .1 5 0,19
M axim um  tem perature iX 'h  0.13 - 0 .2 2 0.05 0.42 0.34
M inim um  temperature ; A '/j —0.04 —0.37 0.25 0.37 0.22
M axim um  r.h. i.VJ; - 0 .3 3  - 0 .4 6 0.44 0.29 0.22
M inim um  r.h. \X6) - 0 .1 7  - 0 .3 3 0.31 0.36 - 0 .0 3
W ind velority  iX 7 ; - 0 .1 7  - 0 .2 7 -0 .3 1 0.32 - 0 .2 3
Sunshine t AT?> - 0 .1 1  0.18 - 0 .2 4 - 0 ,4 5 - 0 ,1 5

Crmitiadt'i pallidas
Rainfall [X I ,  0 .66* 0 .28“ 0.05" 0 .56“ - 0 .2 3
Pan ev a p o ra tio n \X2) —0.16 - 0 .1 1 -0 .2 1 0.06 0.18
M axim um  tem perature iX !h  0 .22 0.40 0.24 0.G7* 0.46
M inim um  tem perature ( AVi 0 .30 0.33 0.14 0.60 0.51
M axim um  r.h, X5> 0 .16 0.25 0,31 0.57 0.32
M inim um  r.h. 0 .37 0.2 ! 0.13 0.57 0.19
W ind velocity (A 7. - 0 .2 1  - 0 .1 3 - 0 .2 9 0.30 - 0 .4 9
Sunshine :.Y<9; - 0 .3 0  - 0 .2 8 0.17 - 0 .5 3 - 0 .3 7

luim lrlm  beUetnxei
Rainfall ;A7s 0 .52 0 .40“ 0 .85** 0 .6 9 *“ - 0 .2 8 “
Pan evaporation  [X 2 ; - 0 .3 6  - 0 .0 0 * * - 0 .5 5 0.01 0.23
M axim um  tem perature ; .YJ; 0 .09 —0.1 ! 0.14 0.71* 0.40
M inim um  tem perature 1X4) 0 .35 0.35 0.38 0.68* 0.33
M axim um  r.h. ;A ’5 ; 0 .47 0.34 0.71* 0.67 0.18
M inim um  r.h. iX6= 0 .60 0.47 0.54 0.67* 0.07
W ind velocity \X7\ - 0 .1 8  0.49 - 0 .4 5 0.42 - 0 .2 1
Sunshine •,X8- —0.35 —0.44 - 0 .3 0 - 0 .5 6 - 0 .1 8

Regression equations 

ani’uitatu',
12 =  3564 +  3 .2 A 7 -  1 .8AI’  +  0 .7 .0 +  1.1A7 -  2 .7 A j -  1 .2A V +0.1  A 7 +  0.7A7? -R - =
13 =  1614 +  3,4A7 -  6 .0 A’!’ — 154.5.YJ4-174AV +  2 9 .Y J -53.1 XC> +  8 .2 A 7 +  20.3A7i f

8 0 .2 V  
/?- =  85.7 V

(Campylomma sp.
2 7 =  1061 +  1.4A74- 0 .1 A'_’ -  45.4 .YJ+ 23,OA'/ +  3.3A’J — 9.6A"6'+ 4 .4 A 7 — 2.3A7J I ( : 
13 =  -  37 +  0.8A7 -  1.2A_ -  i 3.9.Y3 +  20.5AV +  5 .7 X 5 - 8.6A7J+ B.6A7 +  0.5A'fl iR-

=  76.7 , 
=  68.3 •

( ’. pallidus
2 7 =  107.3 ■+ 0 .2 A7 -f 0 .0 4 .Y --  6 .4 .Y J+ 3 .1 X4 +  0,9A ’i — i ,2A'6‘ -  0.01 A 7 — 1.2 A'# \R- =  96.4 V  
2 3 =  598 — 8.2A7 -  l.HA'l’ -  4.1 .Y.7 +  4 A V -  1.2 .Y 5 -2 .8 .Y £ -7 .9 A 7  +  4A77 J i : =  96.4"..}

/•,. bcllevuxei
2 7 =  -  32,9 +  0.03A7 +  0,04A'2 +  0 .1X 3 -  0 .5A V +  0.5AVJ+ 0.2 A V -  0 .1 A 7 -  0.3A77 >R2 =  100 
2 3 =  14.5 +  0.02A7 -  0 .03A ?  +  0.9A’J +  0.8AV +  0.1 AVI- 0.2A'6 -  0 .1A 7 +  0 .1 X8 > R 2 =  9 1 .8 V

" ,  "  Sii’ iuruMiil at /><  0.U3 an d  U .O l. r i 'sp ertiw ly ; 1 re-iclu.tl is u rea ltr  than the v aria n ce  for rc i're^ in n  aiialyMi
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170 Sorghum  head  bug populations

1981 !982  : )  1'i 19B3 ■ l ’J>
K tnirom nental
parauu'ti.T .v ir 117 jr.? s i r 117 ir : ’ .v ir 117 II-’

Rainiall ( .\7i 0.53 0.33" 0.18 0.22 - 0 .0 3 - - 0.01 - 0 .4 1 - 0 .4 8 — 0.42''
M axim um  temperature ?.V». -0 .1 1 0.21 0.43 0.50 0.39 - 0 .2 6 0.08 0.35 0.57
M inim um  tem perature XU; 0.31 0.59 0.33 - 0 .0 2 - 0 .0 3 0.18 - 0 .2 4 - 0 .1 3 0.08
M axim um  r.h. 1 AV 0.67* 0.36 0.26 0.20 0.02 0,31 -0 .5 1 - 0 .3 2 - 0 .0 7
M inim um  r.li. L\'S;, 0.44 -  0 .0] - 0 .4 3 -0 .2 3 - 0 .2 0 0.33 - 0 .3 9 - 0 .3 2 - 0 .1 6

Regression equations

Y! { S W ) =  -  101(1 +  0.1 A7 +  30.4.Y2 - • 46.5.Y3 + 8.0 AV +  6.B.V5 ; r t - = 4 i .2  .
V I( H':?,i =  220 +  O.OA7 +  4 4 .3 A 7 -  1 13 . I A'.7+ I 5 .6 A 7 -  5.7A'5 ■ li-

)2 (S W )  =  -  5419 -  1.6A7 +  83.8A'.? +  45.D A 7+ 27.5AV -  6.7.Y5 . H- =  9 2 .T ^ :
V J(\V 2) =  -  2116 -  I . I A 7 -7 7 .4 A 2  + 142.0A’J + 3 6 . IA V -2 9 .4 A : R- = 5 4 .0 " ../

W I O =  1526+  0.01 A 7 - 3 7 .0 ^ 4 - 3 3 .8 A : ? - 9 .2A V -4 .IL V 5 = 8 8 .9  ’-, > 
}'3( t l ' t f  =  - m ~  Q .lA 't-  3 .IW 2+ IH JiA 'J— 5 .9 A V -  25 .V 5  tJi- = 9 6 S )"o }

.VII'. m eans for w eatlier pa ra m eter, fur the sam e w eek . I I '/ .  m eans fur w eather pa ra m eter- (.ne w eek  b clo re . am i II ':1. m ean 1, fo r w eath er p a ra m eter. 2 w eeks b efore  head  lim ; 
e o u n tv  *  sinm fieam  at /< < 0 .0 .i ;  " residual sjreater (lia/t the e a r i.i it c c1 hr r e i 'r r w o n  anaK  >ii

1981 but negatively during the 1983 rainy season. T his 
variation m ay be due to different rainfall distribution 
patterns {Figure3 )  and crop  grow th  during these years. 
M a x im u m  tem perature show ed a positive association 
with head bug density, as tem peratures were low  to 
m oderate (2 5 -3 2 °C j du rin g  the rainy season. R elative 
hum idity  was positively associated with head bug 
density (except in 1983). W eather param eters 
accounted  for 41.2 , 92.2 and 88.9%  o f  the variance for 
the sam e week and 86.1, 54.0 and 8 .4 "o 2 weeks before 
head b u g  counts during 1981, 1982 and 1983, respec­
tively. T hus, head bug num bers seem to be strongly 
influenced by w eather conditions during the same 
week and the preced in g^  weeks. This also fits well with 
its life cycle, w hich is com pleted  in nearly 2 weeks.

Campylomma d id  not show  a consistent pattern in its 
association with w eather param eters (Table 3 ). H o w ­
ever, its population  density was higher during hot dry 
m onths and such relationships were apparent during 
the post-rainy season. W eather param eters explained 
76.7 and 68.3%  o f  the variance during 1982 and 1984, 
respectively.

R ain fall (except in 1986), tem perature and relative 
hum idity were positively associated w ith populations 
o f  C. pailidus during the rainy season (Table3 ). W ind  
velocity  (except in 1985) and sunshine hours (except in
1984) show ed negative association. H ow ever, the 
correlation  coefficients were not significant. W eather 
factors explained 96 .4U<. o f  the variance during 1982 
and 1986.

E. bellevoyei populations were positively correlated 
w ith rainfall (except in 1986), tem perature (excep t in 
1983), and r.h. during the rainy season (Table 3 ). 
M oisture deficit was significantly and negatively 
associated with its num bers during 1983. W eather 
param eters accounted  for 100.0 and 91 .8 (’ o o f  the 
variance during 1982 and 1984, respectively.

Post-rainy season. M oisture deficit and m axim um  tem ­
perature show ed significant and negative effects on  C. 
anguslatus num bers in 1983 (Table5 ). R elative hum i­
dity was positively associated with head bu g  density. 
H ow ever, the pattern o f  correlation  coefficients was 
not consistent across years. W eather param eters 
explained 68.9 and 70.4%. o f  the variance during 1984 
and 1986, respectively.

T h e  role o f  w eather param eters in C. anguslalus 
popu lation  fluctuations was also studied on  a weekly 
m ean basis during the 1982 post-rainy season 
(Table6 ).  T em perature show ed a negative and r.h. a 
positive association with C. anguslalus populations.

T em perature show ed a positive (except in 1983 and 
1986) and r.h. a negative (except in 1983) association 
with num bers o f  Campylomma sp. (T able5 ). W eather 
param eters explained 75.0, 71.7 and 84.2%  o f  the 
variance during 1982, 1984 and 1986, respectively. 
Based on  weekly population  means, tem perature 
show ed a positive and r.h. a negative association with 
Campylomma populations. This is the reverse o f  the 
pattern observed in the case o f  C. angustatus.

C. pailidus num bers were significantly and negatively 
associated w ith m oisture deficit and tem perature, and 
positively associated with r.h. and w ind velocity  
du rin g  1984. T em perature was positively associated 
with E. bdlevoyei populations. H ow ever, the correlation 
coefficients were not significant.

Discussion

C. anguslatus is the predom inant head bu g  species 
infesting sorghum  in Ind ia  and it is also reported as a 
pest o f  sorghum  in East A frica. Eurystylus spp., w hich 
are the m ost im portant head bugs infesting sorghum  in 
W est A frica, tend to rem ain at low er population  
densities in India. T h is m ay be  due to interspecific
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T a i i i . i  5. C orrelation and rei'trssion i oedicient-. ln-uvi cn ton  nil'll tlv m ean- lor weather parameters and head bus' tmmber.i during the post-raiu\ season at 
IC R IS A T  O n m -

Parameter
1982

)1 :

C om -

1983 
' 11>.

lation coellicient ■ r

1984 1985 
Y.i .1 4

1986 
• )J

Cn!urori\ tiw’mfiilin
Rainfall A7; - 0 .4 8 '' -0 .2 9 " ' 0,16 — 0.27“ 0.24
Pan evaporation  ■ -V- • 0.07 — 0.79* * 0.48 0.25 0.12
M axim um  temperature X3. 0.09 -1 1 .8 8** 0.48 0.33 0.11
M inim um  lem perature \ 4. 0.03 - 0 .7 2 * 0 .76** - 0 .1 9 0.27
M axim um  r.li. /A .7, - 0 .1 1 0 .88** 0.28 - 0 .5 7 0.01
M inim um  r.li. :\ fj- — 0 21 0 ,91** -  0 ,11 - 0 .4 9 0.10
W ind velocity < X7 - 0 ,3 4 - 0 .1 9 0.25 - 0 .5 6 0.36
Sunshine > AV?. 0,32 - 0 .6 3 0.1)8 0.54 0.46

Campvh/mmn sp.
Rainfall i \ h 0.29 - 0 . 0 1'1 0 .85** 0.2H' 0.20
Pan evaporation  J .Vi' (1.78** - 0 .1 7 0,15 0.65* 0.06
M axim um  tem perature >A.'f> 0 .75** -0 .2 -1 0.43 0.64* 0.0-1
M inim um  temperature .W ; 0 .81** - 0 .0 2 0.35 0.2(1 0.30
M axim um  r.h. • A’,7 -11.62 0.26 - 0 .4 9 - 0 ,1 8 0.40
M inim um  r.h. ; AY); -0 .5 1 0.31 - 0 .4 0 - 0 .7 0 *  “ 0.25
W ind velocity : A7. 0.32 0.36 - 0 .4 0 - 0 .5 8 0.68
Sunshine : XH, I) 29 - 0 .2 5 - 0 .0 2 0.3(1 0.26

(.'mmtuulf', pti/lithn
R ainfall :A 7 ; 0.62 - 0 .2 0 — 0.44" 0.57" 0.02
Pan evaporation  ' .VI') 0,54 0.36 - 0 .8 0 * * - 0 .2 4 0.49
M axim um  temperature X3- 0,54 0.23 - 0 .7 2 * - 0 .2 4 0.43
M inim um  temperature X4 0.50 0.35 - 0 .6 2 -0 .3 1 0.53
M axim um  r.h. • A'.'7. - 0 ,5 9 - 0 .2 3 0 .8 !* * 0.24 - 0 .0 2
M inim um  r.h. !.X fi- - 0 .4 1 0.07 0.66* 0 .78** - 0 .2 0
W ind velocity : A 7; (1,17 0.35 0,11 0 7 5 * 0,11
Sunshine > AV?; 0.60 0.46 -0 .2 1 - 0 .7 4 * 0.53

Eun\!xlu\ brllei(mi
Rainfall X h  
Pan evaporation  •’ A’2; 
M axim um  tem perature -.X3‘- 
M in im um  temperature X I  
M axim um  r.h. ;.Y5; 
M in im um  r.h. {AV/;
W ind velocity : A7=
Sunshine >' AV/;

1 
1

I 
I

I
I

Regression equations 

t>nU'Usi(iUt\
j ;y — (5-11 -  16,1A J +  3 1 .5 A V - 3 .9 A 5 -4 .0 A V ; +  7. 
r ,J=  5 7 6 - 4 1 .6 .Y 3 + 3 9 .6 A V - 1.4 AM— 1.9AV/— I 3 .3 A 7 + :

9 AT? R : =  6 8 .9 ' « 
47.8 A #  R : =  70.4 v .

C.ampxhmma sp.
VI =  -  649 -  0.9A7 -  17 .0 X 3 +  31 .5AV +  4 .2 A 5 -  '2 .2X6+  39.4A'tf : R : =  75.0 
} J =  -  0.7 +  ().03A'i’ - 0 .1  A 'J?-0.1 A7 +  0 .1 A 5 -  0,1 AY/ -  0.3A7/ i R : =  71.7 ? 
Y5 =  1 7 7 - 1 3.3A’J +  13.6AV +  0 .2 A 5 -  1.6A7J- 2 .8A 7 +  8.7A7/ R 1 = 8 4 :1

( i  pallidum
Y! =  1.2 +  0 .! X I -  0.1 A W - 0.04A7 4- (I.02AV J-0.03A 7 R- =  94.3 . 5 
Y 3 =  - 6 3 1  + 0 .1  X2  +  8 .2A'.V — L9AV +  1 .9A J+  1.3AV/+ 21.1 XU R : =  B8.3 
Y 5 =  — 46.5 +  O.9.Y.? — 0.4AV +  0.1 A 5 +  0 .2 A 6 '-  0 .3A 7  +  1.9A7/ ( « -  =  96.6

E. hfllt'vor?i
Y 2=  -  3982 +  0.9.Y.' +  51 .7 X 3 -  1 L 8 A 7 +  12.2.Y5+ 7.0AV> +  !28,5.V5 ‘ R 1 =  8 4 .8 •

* . * * S in iiilica iii at />< 0 .05  ciiul 0 .0 1. iV 'p iT th  ely : ‘ rt.-idn.il i-. ureau-r ilian ilu- variance  for rc i'r c '-itm  .m aly -i-

com petition  with C. anguslalus. w hich infests and m ulti­
plies on  sorghum  panicles about 10-15 days earlier 
than Euryslylus. T his is also supported by ou r obser­
vations in the 1984 rainy season, w hen num bers o f
E. bellevoyei becam e quite high in an experim ent on 
insecticide control o f  C. anguslalus (Sharm a and L eu ­
schner, 1987).

A ll the four species com plete developm ent in 15-20 
days and thus they are capable  o f  assuming serious 
proportions within a single crop p in g  season. O ff­
season carry-over o f  C. anguslalus seems to be as the 
adult stage on  sum m er sorghum . Long-distance 
m igration  m ay be another possible m ode of.survival 
and dispersion. Future studies are needed on the
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i 72 Sorghum  head bug populations

(.'almorii tini’mtaliu C.timpyfumma sp.

A d u lts ! 2 7* Nvm phs : 1'2- Adults ■ 1'J N y m p h s : )4 :

K nvirom em al parameters S\V 117 1 12 .V))' 117 .S'H' 117 I ! ’.? .S ir

M axim um
tem perature 1X I , - 0 .5 2 - 0 .3 7 - 0 .2 4 - 0 .6 2 - 0 .4 4 -  0 29 0.46 0.48 0.40 0.47 0.72*

M inim um
tem perature A’2) - 0 .3 7 - 0 .4 4 - 0 .3 9 -0.<>5* - 0 .5 0 -0 - 3 7 0.58 0.50 0.41 0.57 0.7-!* 0,59

M axim um  r.h. (X3) 0.36 0,73* 0.13 0.48 0.32 0 .0 1 — 0.35 - 0 .0 4 - 0 .1 1 -  0.64* — 0.22 - 0 .3 0
M inim um  r.h. 0 .63* o . iy 0.06 0.41 0.07 0 18 0.08 — 0.41 - 0 .1 9 -0 .3 1 - 0 .4 7 -  0,41)

Regression analysis

2 7 /1 1 7 ;  = 1 )4 — 7.1A7 +  4.MA-’  +  3.1 A ',? -  4 .1AV \ R 2 =  43.8"~j 
13 ( S ] \ ' ) ~ ~  1 050 +  3 23 A 7 - 0 . 2 . V I ' - ‘1 . 2 X3 +  I l.RAV <R2 =  80.0“ .; 
Y4 ( \ Y } ) =  -  %  — 0 .1 A7 +  4.1 .V2 +  0 .5 A '3 -0 .2 A 7  <RS =  26.5 ■;
Y4 ( IV2)=*  - 2 2 6 +  12.0A7 -  9 .6 X 2 — 0 .0 .0  + 2 .2  AV >.Ri =  10.6 ' >

.V IC . 1 1 7 , 11.1' ; n  in  T n b l/i ,  * y y u i l i r a m  a l  /> <  0  O S; " r e s i d u a l  is  u r e a t r r  i l i . u i  t in -  w \ r i a m  c  t i . r  i r u u - v . i o n

oif-scason carry-over and natural enem y com plex  o f  
al] the m irid head bugs in Asia and Africa.

T h e  m ajor peak in C. angustalus was observed in 
Septem ber and O ctob er . In  India , its m axim um  
density lias earlier been reported  during this period  at 
H yd erabad  {Sharm a, 1985a), during M a y -J u n e  at 
B havanisagar (Balasubram anian and Balasubra- 
m anian, 3 979) and du rin g  A ugust at D harw ad 
(T h im m aiah  et al., 1972), and it seems to follow  the 
crop p in g  and rainfall pattern at these locations.

O bservations on  the population  dynam ics o f  head 
bugs are a valuable input in screening and breeding for 
resistance to head bugs at IC R IS A T , Sorghum  sown 
betw een 15 Ju ly  and 8 A ugust flowers during the peak 
population  density o f  head bugs. T o  a lim ited extent, 
these observations can also be used in avoid ing  head 
bu g  dam age by adjusting planting dates. T h e  crop  
flow ering betw een N ovem ber and A pril suffers m ini­
m um  head bu g  dam age. It is p robab ly  for this reason 
that farmers in the vicinity o f  IC R IS A T , and som e 
other areas in India , plant and use the rainy season 
crop  on ly  for fodder, and the post-rainy season crop  for 
grain. Furtherm ore, the m arket value o f  the post-rainy 
season produ ce  is greater than the rainy-season grain, 
and head bu g  dam age and grain m oulds are to a large 
extent responsible for this difference. T h e  severity o f  
m ou ld  incidence also increases w ith head bu g  dam age 
(Sharm a, 1985b).

R ainfall, tem perature (2 5 -3 2 °C ) and r.h. (5 0 -9 5 % ) 
w ere positively associated w ith C. angusiatus, C. pallidus 
and E. bellevoyei populations during the rainy season. 
H ow ever, there were distinct exceptions in som e years. 
D u ring  the post-rainy season, h igher tem peratures 
(> 3 2 ° C )  and m oisture deficit exercised a negative 
effect on  C. angustalus, C. pallidus and E. bellevoyei 
populations. R elative hum idity was positively assoc­
iated with head bu g  density (w ith som e exceptions). 
H ow ever, higher tem peratures and low er r.h . seem to 
favour Campylomma populations, a pattern opposite to

that o f  other head bug species. Campylomma tends to 
m ultiply during hot and dry periods, w hen the C. 
angustalus population  is low'. Thus, different com b in a ­
tions o f  w eather param eters influence head bug den ­
sity during the rainy and the post-rainy seasons. 
W eather param eter m eans for the same week and 2 
preceding wreeks show ed a greater effect on  head bug 
populations. This fits w ell with the life cycle  o f  head 
bugs, w hich  is com pleted  in nearly 2 weeks. T h e  
influence o f  w eather param eters on  head bu g  density 
is, therefore, evident in the follow ing generations as 
well.

These results em phasize the need for a thorough 
understanding o f  the interactions betw een the insect, 
host-plant and the environm ent. T h is inform ation is 
also vital for the m anagem ent o f  insect pests.
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