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Biology and population dynamics of sorghum
head bugs (Hemiptera: Miridae)
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AsstracT. Four mirid head bugs, Calocoris angustatus Leth., Creontiades pallidus Ramb., Eurystylus
beltevoyei Put. and Reut., and Campylomma sp., infest sorghum at ICRISAT Centre in India. C. angustatus
is the predominant species, followed by Campylomma sp., C. pallidus and E. bellevoyei. The incidence of C.
angustatus is higher in craps grown on Vertisols than on Alfisols, and maximum numbers are recorded
in panicles at the milk stage. Females of €. angustalus lay eggs inside the glumes before anthesis, whereas
the other species tnsert their eggs in the grain at the milk stage. The life cycle is completed in 15-20,

17-23, 14-16 and {6-17 days by C. angustatus, C. pallidus, E. bellevoyei, and C am}n‘lmnma sp., respectively.

The maximum numbers of €. angustatus, . pallidus and E. bellrroyet were recorded during September—
October, whereas Campylomma sp. tended to be most active during March—June. Lower minimum
temperature {<18°C) and relative humidity {r.h.) {<30%) were associated with a decline in €.
angustatus density durmq November-January, while higher temperatures (>32°C) and lower r.h.

(<30%) restricted its numbers during March—Junc. During the rainy season, rainfall, remperature
and r.h. were generally pasitively associated with populations of C. engustatus, €. ;‘)allzdus and £, bellevoyer.

However, there were some exceptions in some years. During the post-rainy season, higher
temperatures { > 32°Cj and moisture deficit had a negative association with numbers of €. angustatus,
C. pallidus and E. bellevoyel. However, these factors were positively associated with numbers of
Campylomma, Weather parameter means for the same week and two preceding weeks showed a greater

effect on C. angustatus populations.

Kevyworns: Calocorts angustatus: Creontiades pallidus: Eurystvles bellevoyei; Camprlomima, biology; population

dynamics; Lrythemelus helopeltidis; parasitoid

Introduction

Sorghum (Sorghum bicolor (L.) Moench.) is one of the
most important cereal crops after rice and wheat in
India, Africa and Latin America, and insect pests are
one of the most important factors limiting production
on farmers’ fields. The mirid head bugs, Calocoris
angustatus Leth., Ewrysiylus bellevoyer Put, and Reut,,
Creontiades pallidus Ramb., and Campylomma spp., are
one group of key pests. They feed on the developing
sorghum grain from the initiation of ovary develop-
ment to the hard-dough stage and inflict severe losses
in grain vield and quality (Sharma, 1985a). Of these,
C angustatus is the predominant species in India, while
Eurystylus spp. are damaging in both India and West
Africa (McFarlane, 1984; Doumbia and Bonzi, 1985;
Nwanze, 1985; Sharma 1985b, 1986); Campylomma
angusiior Popp., C. subflava Odh., C. nicolast Put. and
Reut., C. pallidus Ramb., Lygus sp., Paramixia suluralis
Reut., and Talorilvgus vasseleri Popp. are the other
mirids reported to damage sorghum in Alfrica
{Schmutterer, 1969; McFarlane, 1984; Nwanze, 1985;
Seshu Reddy and Omolo, 1985).

Total avoidable losses from insects, including head
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bugs, feeding on paniclcs, have been valued at nearly
$100 x 10% year™ ! in India (Leuschner and Sharma,
1983). With the introduction of medium-maturity,
high-yielding varieties and hybrids, head bugs have
become a key limiting factor in sorghum production.
In situations of moderate to heavy infestation, two
insecticide sprays are necessary to minimize the quan-
titative losses from head bugs {Sharma and Leuschner,
1687;.

In view of the increasing importance of head bugs
and the limited information available on them, the
studies reported here were carried out between 1980
and 1986 to collect information on their biology and
population fluctuations, as a prelude to host-plant
resistance studies and management of these insects.

Materials and methods

Species of mirids infesting sorghum

Seventy-~five panicles at the milk stage were sampled at
random from the centre of a 0.5ha plot of sorghum
hybrid CSH 1 during the 1980 rainy season at
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ICRISAT Centre. Each panicle was carefully covered
with a 45 x 30 cm polyethylene bag containing a small
cotton swab soaked with 2ml ethyl acetate. The
panicle was tapped 5-10 times to dislodge the mirids,
which were then brought to the laboratory and sorted
into species using a 10 x magnifying lens. This proce-
dure was adopted throughout.

Head bug numbers i sorghum grown on different soil {ypes
( Aifisols and Vertisols)

Head bug populations were recorded in sorghum
grown on the two major soil types at ICRISAT
Centre: Alfisols (light-red-sandy loam soils) and Ver-
tisols (deep- l)lacl\—(ld\ soils) in rain-fed and irrigated
fields. Twenty-five l’mdoml} selected panicles were
sampled at each location.

Head bug incidence in relation to stage of panicle development

Sorghum panicles (commercial hybrid CSH 1) were
randomly sampled in a 0.5 ha plot at pre-anthesis,
50% anthesis, complete-anthesis, milk, and dough
stages, and at physiological maturity. Ten panicles

were sampled, as described earlier, at each stage of

development.

Biology

Studies on the biology of Calocorts angusiatus, Creontiades
pallidus, Eurystylus bellevoyvei and Campvlomma sp. were

arried out under laboratory conditions. Fresh
panicles of commercial hybrid CSH 1 at pre-anthesis,
but free of head bug infestation, were used to study the
oviposition by C. angustatus, since the lemales lay eggs
inside the glumes before anthesis. Five primary bran-
ches were detached from the panicle at pre-anthesis
and placed in a glass vial containing water. The vial
was placed inside a I 1 plastic jar with a modified lid that
had a 10 cm diameter wire mesh. One p'lir of newly
emerged adult bugs was released in each jar. Sorghum
branches provided for oviposition were changed every
day. Florets were dissected under a 10 X microscope,
and the number of eggs counted. All the eggs were kept
for hatching on 3% agar-agar containing ! % formalin,
in a Petri dish. For C. pallidus, E. bellevover and Campy-
lomma sp., primary branches at the milk stage were
similarly provided for oviposition. These bugs lay eggs
inside the grain at the milk stage. Sorghum grain with
eggs were placed on agar-agar in a Petri dish. Nymphs
of all species were reared on milk grain in a 25 mi glass
vial, covered with a cotton plug. The vials were placed
in an incubator at 25+ 2°C temperature and 65 £ 5%
r.h. Food was changed on alternate days. Nymphs
were observed every day, and data recorded on the
duration of development of different instars. There
were 20 insects under observation for C. angustatus, 30
for C. pallidus and 41 each for Campylomma sp. and E.
bellevoyel.

Population monitoring

Populations of the four mirid species were monitored
at fortnightly intervals at the ICRISAT farm for 5
vears (1982-1986). Irrigated and rain-fed fields in
Alfisols and Vertisols, and in pesticide-frec and
sprayed areas, were selected for population moni-
toring. Head bug samples were collected from three
spots diagonally across a field. Ten randomly selected
panicles were sampled at each spot. Sampling was
carried out in a crop at the milk stage.

The cropping pattern at ICRISAT ensures the

continuous availability of sorghum panicles through-

out the year, except during May—June. This is ideal for
studying insect population dynamics and for evaluat-
ing the role of environmental factors in the population
fluctuation of an insect.

The mean number of bugs recorded was plotted on
a graph. The population density of C. angustatus was
also plotted in relation to wee ather data. Analysis of the
data on head bug populations in relation to weather
on a yearly basis did not show any trend and the
correlation coefficients were very low. The correlation
and regression coeflicients of weather parameters with
bug populations were therefore computed separately
for the rainy and the post-rainy seasons.

Results

Species of mirids infesting sorghum

C. angustatus, Campvlomma sp., C. pallidus and E. bellevoyet
constituted 96.0, 3.9, 0.1 and 0.01%, respectively, of
the total head bugs collected from 75 panicles of
sorghum at the milk stage during the 1981 rainy
season.

,i

Head bug incidence in sorghwm grown on different soil types

Numbers of C. angustatus and Campylomma sp. were
greater in a crop grown on Vertisols than on Alfisols,
while those of C. pallidus and E. bellevoyer were low on
both soils ( Table I).

Head bug incidence in relation to stage of panicle development

C. angustatus and Campylomma sp. activity was observed
in panicles from 25% anthesis to hard- dough stage,
with a peak activity at the milk stage and physiological
maturity, respectwely (Tablel). C. pallidus was
recorded in panicles from 30% anthesis to the hard-
dough stage, while E. bellevoye was recorded in panicles
from the milk stage to physiological maturity.

Biology

Females of C. angustatus laid eggs inside the glumes
before anthesis. An average of 18221 (¥4s.e.) eggs
during the rainy scason, after a pre-oviposition period

of 2-4 days, and 113£12 cggs during the post-rainy
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Tanee 1. Relathe mnpbers of four head bug speeies in relation o sorghum panicle development and soil type at ITCRISAT Centre, 1980

No. of bugs per 10 panicles

Calocoriy

Creonttades Campylomma Eurvstrius

angustats pallidus Sp. bellevovet
Sml G
Allsols 3 1 +7 [
Vertsols 186 1 82 ]
Grrowth stage of panicle
Presanthesis 23 [¢] 2 0
anthesis 35 0 1 0
307 anthesis 63 i 3 0
f 111!~dlllhl N7 43 ! + 0
Post-anthesis 39 (} 6 0
Milk 87 0 87 4
Hard-dough 16 i 0 15
Physiolowical maturity 8 0 104 +

Tantk 4. Lile oyvele studies of €, angustatus, O, pallidir, E. bellevayei and Campylomma sp. under [aboratory conditions 125 £ 2°C and 65 £ 5% v.ha

Egg incubation

Duration of developnient fdays;

Total ayaphul Sex ratio

Head hug species period idays; [ustar [

Instar I1

(. angusiatuy 78

2.0 % 0.00 1.3£0.14
(. pallidus 6-8 21010 2,1+0.10
£, bellevoyei 7 2.1 £0.09 1.2+0.09
Campvlommae sp. K] 26x0.13 172015

tascar I Instar 1V Instar V period iNLT
172014 214013 230,16 93£0.16 1:2.0
2.4£0.15 2.7x0.15 3.94£0.16 12.8£9.20 1.7
142009 L8010 1L.8£G.07 732007 114
L8015 L9%0.13 22044 11.1+1.13 1:1.2

scason, after a pre-oviposition period of 5-8 days were
recorded. Eggs hatched in 78 days. Egg hatching was
higher in the rainy (9342%) than in the post-rainy
{73 & 110 season. There are five nymphal instars and
the development was completed in 8- 12 days { Table 2).
Ballard (1916) and Cherian, Kylasam and Krish-
namurti (19415 reported that this insect took 15-17
days to complete its life cycle. Females survived for
14-23 days during the rainy season and 12-23 days
during the post-rainy scason.

The host range of C. angustalus is not restricted to
sorghum and it has been observed to feed on pe'ul
millet (Pennisetum glavciwom (L.} R. Br.} and maize (Jea
mays L.) foliage and inflorescence, both during the
rainy and post-rainy seasons. However, no nymphs
have been recorded on the vegetative stage of these
crops. Egg layving and breeding seem to be restricted to
the reproduct]ve phase of the crop. This has also been
reported by Ballard (1916) and Cherian ef af. (1941).
During the summer season {April to June), this insect
has been recorded on summer sorghum in farmers’
fields. Noinsects have been recorded in sorghum stalks
or in grasses growing in and along water channels at
ICRISAT,

Females of C. pallidus lay cggs in grain at the milk
stage. Eggs are inserted inside the grain and the tip or
operculum of the egg can be seen from outside. The
grain pericarp develops a red-brown or black ring
around the egg. The pre-oviposition period lasted 2-5
days and eggs hatched in 6-8 days. Females were
observed to lay 45-251 eggs. Five nymphal instars
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were recorded and the development was completed in
11-15 days. Adult longevity was | 1 days for males, and
13 days for females. Erythemelus /wlo;u*flzdn Gahan was
recorded as an egg parasite on this species. C. pallidus
has also been observed to feed on pearl millet and
pigeonpea at ICRISAT.

Females ol E. bellevoyei also laid their eggs in the milk
grain and the egg tip projected outside the pericarp.
Eggs hatched in 7 days and nymphal development was
completed in 7-8 da)s. the entire life cycle took 1416
days. Not much is known about natural enemies,
alternate hosts and ofl-season carry-over of this
species.

Campylonima sp. laid its eggs inside the milk grain,
Eggs hatched in 5 days. Five nymphal instars were
recorded and the development was completed in 11
days. Species belonging to this genus are known to feed
on many crops (Schmutterer, 1969).

In the absence of food, all the mirid head bugs are
cannibalistic and are also predacious on members of
the other species. They are also predatory on the
sorghum midge, Contarinia sorghicola Cog. The antho-
corid, Orius maxidentex Ghauri, is a common predator of
all head bug species.

Population montloring

(. angustatus was the predominant head bug species
infesting sorghum at ICRISAT (Frgure 1), {ollowed by
G mn/nfonmm sp., C. pallidis and E. bellevaver. The peak in
(. angustatus numbers occurred hetween 10 September
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Figure 1. Population fluctuations of a, €. angustatus, b, C. pallidus, ¢,

Camglomma sp., and d, E. bellevoyer {means of 3 vears 198219865 at
FCRISAT Centre

and 10 October. Its population declined sharply from
November onwards, even though there was a contin-
uous availability of sorghum panicles until the next
April. A smaller peak was recorded in February-
March. There was a third peak during July on limited
sorghum planted during summer. The head bug
numbers increased on this crop nearly one month after
the onset of monsoon rains.

The maximum density of C. pallidus was recorded
during September and October (Figure 1), with low
densities for the rest of the year. Campylomma sp.
populations showed a great deal of fluctuation over the
year. However, its numbers tended to be higher during
the post-rainy and summer seasons {February—June)
than in the rainy season (June—October) (Figure1). E.
bellevover had two distinct peaks during March and
October (Figure 1). Its numbers remained low during
the cooler and hot dry periods of the year.

Populalion dynamics of C. angustatus

The population density of C. angustalus was greater in
1982, followed by 1984, and low during 1983, 1985,
and 1986 (Figure 2.). However, the average populauon
was much higher in 1983 than in 1984 and 1985.
Three peaks were recorded in 1982, and four in 1983.
The peak in July was not recorded in 1982 and 1984.
The first peak during February—March was recorded
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Frorre 2. Population fluctuations ol €. angustatus between 1982 and 1986
at ICRISAT Centre, a, , 1985, -~ e, 1986; b, —- -, 1983; -, 198,
¢, === 1982; ~ - - 5-year mean

carlier mjanuan in 1983, and very low numbers were
recorded in 1984, 1\I’nlmum numbers during
September-October were observed across years,
although there was some shift in peaks over the years.
The bug population remained quite low during the
drought years of 1985 and 1986.

The relationships between head bug numbers and
the environmental factors of rainfall, maximum and
minimum temperature and relative humidity are
given in Figure 3. Head bug numbers declined sharply
in April when maximum and minimum temperature
rose above 32 and 20°C, respectively and r.h. fell below
70 and 30%, respectively (Figure 3). During 1984 and
1983, intermittent rains increased the relative humi-
dity and lowered the temperature during the post-
rainy season, and, as a result, there was a correspond-
ing increase in head bug numbers soon after rainfall
during these years.

During the first part of the rainy season (July—
October), temperatures (28-32°C) and r.h. (>80%)
were moderate and steady and favoured a steady
increase in insect numbers during this period
(Figure 3). However, during the second halfof the rainy
season (November—December) head bug density
declined sharply with a fall in minimum r.h. ( <40%)
and temperature ( < 18°C). The decline in head bug
numbers began 30-40 days after the rains ceased
{except in 1983). Generally, an increase in head bug
numbers was associated with the onset of rainfall in
November-December (see 1982, 1983, 1985 and
1986). Temperatures >32°C or <18°C and r.h.
<30% appear to affect head bug populations
adversely.

CROP PROTECTION Vol. 9 June 1990
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Association of weather parameters with head bug numbers

Rainy season.  Rainfall {except in 1986) and temper-
ature {except in 1983} showed a positive association
with fortnightly means for the population density of C.
angustatus { Table 3). Relative humidity was positively
correlated with head bug numbers during 1984 and
1985. Moisture deficit and wind velocity showed a

negative eflfect on head bug numbers, though the
correlation coefficients were low and non-significant.
The weather parameters explained 80.2 and 85.7% of
the variance (R?) in 1983 and 1984, respectively.

The association of weather parameters with head
bug numbers was also analysed for weekly means
between 1981 and 1983 (Table4). Rainfall was posi-
tively correlated with C. angustatus numbers during

Tasre 3. Correlation and regression analysis of fortnightly means for weather parameters and head bug numbers during the rainy season at ICRISAT

Correlation caefficient {7}

1082 1983 1984 1985 1986
Parameter REPES (¥Y2; P {14) (13)
Calocorts angnstatus
Rainfall (X7 0.76%*" 0.20 0.64* 0.53" —0.35"
Pan evaporatien (.Y2; 0.09 =0.16 —0.34 —0.19 -« 0.09
Maximum temperatur 0.73* 0.002 0.24 0.50 0.36
Minimum te mp( rature (X4} 0.43 —=0.11 0.39 0.54 0.17
Maximum r.h. 4 X5 —0.20 —0.32 0.52 0.53 0.38
Minimum r.h. 1.\6_,» 0.26 —0.12 0.41 0.56 —0.10
Wind velocity {.17; —0.33 —0.20 —0.33 =0.19 -0.25
Sunshine {.18) —0.02 0.006 —0.16 =046 =0.07
Campylonana sp.
Rainfall £.Y1 0.25 —0.27° 0.68 0.49° —0.467
Pan evaporation { Y2 0.40 0.18 -0.35 -0.15 0,19
Maximum temperature {13 0.13 -0.22 0,05 0.42 0.34
Minimum lcmptr.nun IR = 0.04 —0.37 0.25 0.37 0.22
Maximum r.h. { —0.33 —0.46 0.+ 0.29 0.22
Minimum r.h. -0.17 -0.33 0.31 ' 0.36 —0.03
Wind velocity —-0.17 —0.27 —.31 0.32 —0.23
Sunshine (X8 =0.11 0.18 —0.24 =045 —-0.15
Creontiades palliduy .
Rainfalt (X7} 0.66* 0.28¢ 0.05¢ 0.56¢ -0.23
Pan evaporation 4.X2; ={0.16 —-0.11 =021 0.06 0.18
Maximum temperature ;Y53 0.22 0.40 0.24 0.67* 0.46
Minimum temperature (.44 0.30 0.33 0.14 0.60 0.51
Maximum r.h, 0.16 0.25 0.31 0.57 0.32
Minimum r.h, 0.37 0.21 0.13 0.57 0.19
Wind velocity —0.21 —0.13 —0.29 0.30 -0.49
Sunshine {18 -0.30 -0.28 0.17 -0.53 —0.37
Eurystvlus bellevoyei
Rainfall iY77} 0.52 0.40° 0.85%* 0.69*¢ —0.28¢
Pan evaporation { Y23 —0.36 —={().80%* -0.55 0.01 0.23
Maximum temperature {3 0.09 -0.14 0.1+ 0.71* 040
Minimum tempers 0.35 0.33 0.38 0.68* 0.33
Maximum r.h. {5 0.47 0.34 0.71%* 0.67 0.18
Minimum r.h, 0.60 047 0.5 0.67* 0.07
Wind velacity -0.18 049 —0.45 0.42 -0.21
Sunshine {.V4; —=0.35 — 044 -0.30 —0.56 =0.18

Regression equations

(.. angustatus

12=3564+3.2X/ - LBA2+ 0783+ 1IN/ =275 - 1236+ 0147+ 0,748 R* = 80.2%:
F3= 1614+ 34X/ = 6.0X2- 54303+ 1 7404+ 2905 - 53 146+ 8.2.Y7+ 203 Y8 { R =837}

Campylomma sp.

FI=1061+ 1407+ 0.1 V2= 4543+ 23,054+ 3.3X5 - 9.6 06+ 4417 - 2.3 9 { R* = 767"

13=—=37+08X/-1.202- 13,943+ 20514+ 5.7X5-8.6.36+ 8.6.17+0.5.49 (R* =68.

(. pallidus

FI=107.34+02X+0.04X7-64X3+ 3. 1.0+ 0,945 1.2Y6-0.01 17— 1.2Y8 { R
7.9X7 4+ X8 (RS =96.4"2

Yi=3598—-8.2Y7/ - 1.8.\2— £ 143+ 444~ 1.2¥5-2,8Y6—

rf= —')‘l,9+003\1+()0+\’+0 LA3= 0534+ 0545+ 0.236-0.1.37 - 0.3.X8 {R* = 100"
Fi=1+5+0.02X7=0.03X2+ 0933+ 083+ 0. 1.V5 = 0.0.X6 - 0. 1 A7+ 0. 1. \8 T R* =91.8%

=06.4"}

> *= Significant at p< .05 and .01, respectively; * residual is greater than the variance for regression analysis
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Taste 4. Correladion and regression coetficients bevween € angustatus pumbers and environmenta) parameters during the rainy season § Vertisols:

1981 < 1'7; 1982 : ¥ 1983  1'5;
Lnvironmental
parameter S 157 n? S I3 e sne W 1172
Rainfall 1 .X73 0.53 0.33" 0.18 022 =0.03¢ —0.01 —0.41 —048 =042
Maximum temperature £.32; ~0.11 0.21 0.43 0.30 0.39 —-0.26 0.08 0.35 0.37
Minimum temperature ¢ 0.31 (.59 0.33 ~0.02 -0.03 0.18 -02+4 -0.13 0.08
Maximum .. P84 0.67* (.36 0.26 0.20 0.02 031 -0.31  -032 -06.07
Minimum r.h, {45 D44 0.0 —0.43 -0.23 =020 0.33 -0.39 -032 -0.16

R g ressi on equa tions

YHOSH )=~ 1010+ 0.1.X7+ 30.4X2 - 16.5X3+ B.0N4+ 6.8
FIEU2p =220+ 0.6.X7+$43.57 - 1313+ 15687 - 5,715 ¢

12(851 )= = 5419 — L.6.X7 + 83.8X2+45.9Y3+ 27304 - 6.7.X5 1 R* = 92,9

P2(102)= = 2116 - LIXT = 7742+ 2,003+ 36104 — 20405 i R = 5.4

F3(ST)=1526+0.01.X7 - 37082+ 33803 - 90.2.X4 —4+.8.X5: R* =88.9".%
P37 j=428— 0. LY/ — 3002+ 18,513 - 5,904 — 25457 I R* = 96.9%

SH means for weather parameters for the same weeks W2 means for weather parameters ane week belore, and 172, means for weather parameters 2 weeks before head bag

county, * significans at p <0.03; " residnad greater dhan the variance for cegression analyds

1981 but negatively during the 1983 rainy season. This
variation may be due to different rainfall distribution
patterns [ Figure 3) and crop growth during these years.
Maximum temperature showed a positive association
with head bug density, as temperatures were low to
moderate (25-32°C) during the rainy season. Relative
humidity was positively associated with head bug
density  [except in 1983). Weather parameters
accounted for 41.2, 92.2 and 88.9% of the variance for
the same week and 86.1, 54.0 and 8.4% 2 wecks before
head bug counts during 1981, 1982 and 1983, respec-
tively. Thus, head bug numbers seem to be strongly
influenced by weather conditions during the same
week and the preceding 2 weeks. This also fits well with
its life cyele, which is completed in nearly 2 weeks.

Camprlomma did not show a consistent pattern in its
association with weather parameters (Table 3). How-
ever, its population density was higher during hot dry
months and such relationships were apparent during
the post-rainy scason. Weather parameters explained
76.7 and 68.3" of the variance during 1982 and 1984,
respectively.

Rainfall (except in 1986), temperature and relative
humidity were positively associated with populations
of €. pallidus during the rainy season (Table 3). Wind
velocity (except in 1985) and sunshine hours {exceptin
1984) showed negative association. However, the
correlation coeflicients were not significant. Weather
Jactors explained 96.4% of the variance during 1982
and 1986.

E. bellevoyei populations were positively correlated
with rainfall (except in 1986}, temperature {except in
1983), and r.h. during the rainy season {7able 3.
Moisture deficit was significantly and negatively
associated with its numbers during 1983. Weather
parameters accounted for 100.0 and 91.8% of the
variance during 1982 and 1984, respectively.
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Post-rainy season.  Moisture deficit and maximum tem-
perature showed significant and negative effects on C.
angustatus numbers in 1983 (Table5). Relative humi-
dity was positively associated with head bug density.
However, the pattern of correlation coeflicients was
not consistent across years. Weather parameters
explained 68.9 and 70.4% of the variance during 1984
and 1986, respectively.

The role of weather parameters in C. angustalus
population {luctuations was also studied on a weekly
mean basis during the 1982 post-rainy scason
(Table6). Temperature showed a negative and r.h. a
positive association with C. angustalus populations,

Temperature showed a positive (exceptin 1983 and
1986) and r.h. a negative (except in 1983) association
with numbers of Campylomma sp. (Table5}. Weather
parameters explained 75.0, 71.7 and 84.2% of the
variance during 1982, 1984 and 1986, respectively.
Based on weekly population means, temperature
showed a positive and r.h. a negative association with
Campylomma populations. This is the reverse of the
pattern observed in the case of C. angustalus.

C. pallidus numbers were significantly and negatively
associated with moisture deficit and temperature, and
positively associated with rli. and wind velocity
during 1984. Temperature was positively associated
with E. belleroyei populations. However, the correlation
coefficients were not significant.

Discussion

C. angustatus is the predominant head bug species
infesting sorghum in India and it is also reported as a
pest of sorghum in East Africa. Ewrysiylus spp., which
are the most important head bugs infesting sorghum in
West Alrica, tend to remain at lower population
densities in India. This may be due to interspecific
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3. Correlation and regression coeflicients bevween fortmightly means Tor weather parametersand head bug numbers during the post-raiuy season at
[CRISATF Cennre

Correlation cocflicient ir:

19482 1983 198+ 1985
Parameter 1 s i1 iH
Calororis angustatus
Rainfall . V7; — (4 . 0,16 —=0.27¢ 0.24
Pan evaporation : X2 0.07 —).79%* 0.48 0.25 0.12
Maximum temperature / 0.014 —N.gg** .48 0.33 0.11
Minimum temper .03 —0.72% 0.76%* —0.19 0.27
Maximum r.h. { —0.11 0.88** 0.28 —0.57 0.01
Minimum r.h. {\¢ —0.21 0.91** —=0.11 0.10
Wind velocity 7. —0.34 =0.19 .25 0.36
Sunshine § 0.32 —0.63 0.8 (.54 0.46
Campiylomma sp.
Rainfall X7 0.29 =0.04" 0.85% 0.28¢ 0.20
Pan evaporavon {.V2; 0.78%* =017 045 0.65* 0.06
Maximum remperature £33 0.75%* —-0.24 0.43 0.6:4* 0.04
Minimum temperature £.44; 0.81*%* —0.02 0.20 0.30
Maximum r.h. {X5: — .52 0.26 —-0.-18 0.40
Minimum r.h. 1% —0.51 0.31 =0.70% © 0.25
Wind velocity 0.36 —0.58 0,68
Sunshine § =0.25 0.30 0.26
Creontindes pallidns
Rainfall 1 ¥4 0.62 = 0.20 — 0.4 0.57° 0.02
I evaporation {423 0.5+ 0.36 —0.80** —0.24 0.49
Maximum temperature H 0.54 0.23 —0.72% —0.24 043
Minimum emperatare V4 0.50 0.35 —0.62 — .31 0.33
Maximum r.h. ;.Y —0.59 -0.23 0.81%* 0.24 —0.02
Minimum r.h. {.X —0.41 0.07 .66* 0.78** —0.20
Wind velocity 0.17 0.35 0.41 0.75% 0.11
Sunshine | (.60 046 - —-{.21 —0.74* (.53
Lurystelus bellevovel
Rainfall 1 X713 =0.15 ~0.08"
Pan evaporation { X2; .58 0.:43
Maximum temperature { X3; 047 0.43
Minimum temperature £ .V 0.58 0.37
Maximum r.h =0.37
Minimum r.h. {. =045
Wind velocity {.\7; 0.06
Sunshine £ .Y8; —-0.30
Regression equations
(. angustalus
Fi=641=34X2= 16, [ X5+ 315V — 3945 - 10N+ 7948 : R* = 68.9
Y5=576—41.0X3+ 39004~ 1445~ L.9XA = 13307+ 37808 R =7
Campylonona sp,
Fr=—640—0937 = 7.0 3+ 31504+ L2405 - 2,046+ 39408
F3=—0.7+00312=0.1X3-0.1.44+0.1.X5- 0,136 - 0.3.\%
F5=177-133\3+ 13.604+0.2\5— 1.6 X6—28\7+8.7X8: R* =842
¢ pallidus
Fr=12+01X7-0.1.Y3 - 0.0+ +0.02X7 - 0.03Y6  R* = &
P3=—=63140.1.42+48.213- 1.9.Y4+ LN+ L3YA+ Y
F5=—46.5+0.9X3- 04X+ 015+ 0246 - 0317 + 1.9V i R?
£ bellevoyet
2= —39824+ 0042+ 51703 — 1L BY+ (2. 245+ 7.0Y6+ 1285X8  R¥ =848
*** Signilicant at p <003 and 0.01, respectively: # residual is greater (han the variance (or regression analysis
competition with C. angustatus, which infests and multi- All the four species complete development in 1520
plies on sorghum panicles about 10-15 days earlier days and thus they are capable of assuming serious
than Fugystvlus. This is also supported by our obser- proportions within a single cropping season. Ofl-
vations in the 1984 rainy season, when numbers of season carry-over of C. angustatus seems to be as the
E. bellevoyer became quite high in an experiment on adult stage on summer sorghum. Long-distance
insecticide control of C. angustatus (Sharma and Leu- migration may be another possible mode of survival
schner, 1987}, and dispersion. Future studies are needed on the
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Tasre 6. Correkuion and regression caellicients between head bug numbers and environmental parameters during the post-rainy season, 1982 { Vertisals:

Calocorts angustatus

Camgivlommna sp.

Aduls 117

Nymphs {12

Adults 1 13 Nymphs i 143

Enviromental parameters s 1 12 S 1177 2 sne ny 12 Sy 1 2
Maximum

temperature { X7 -0.52 —0.37 —0.24 —0.62 =04 =029 0.6 (1.48 (X8 1¢] (.47 0.72% 0.65*
Minimum

temperature {49 —0.37 -0  —0H39 —-065* -030 —0.37 0.58 0.50 (.41 0.57 0.74* 0,59
Maximum r.h, (.Y 0.36 0.73* 0.13 (.48 0,32 001 ~035  ~0.0+4 —011  -064% —022  —-030
Minimum r.he {3V 0.63*  0.19 0.06 0.41 0.07 018 0.08  ~041 =019 -031 —047  —0.48

Regression analysis

YW =84 =7 101 +48X24+ 31X - 11V {R*=43.8")

Y3 (S )= —1050+323X7-9.2X2-2.2X3+ 1 1.8 (R*=80.0";
P = =96 —0.1.X7+ 4. 1X2+ 05483028 (R =026.5";
Vf(I2) =~ 226+ (2.0 — 9.6 32— Q.63+ 2241 R = 166"

SWIVT IS avin Table d; * significant at #<0.03; " residual is greater than the vananee lor regresson analysis

off-scason carry-over and natural enemy complex of
all the mirid head bugs in Asia and Africa.

The major peak in C. angustalus was observed in
September and October. In India, its maximum
density has earlier been reported during this period at
Hyderabad (Sharma, 1985a), during May-June at
Bhavanisagar (Balasubramanian and Balasubra-
manian, 1979) and during August at Dharwad
(Thimmaiah e/ al., 1972), and it seems to follow the
cropping and rainfall pattern at these locations.

Observations on the population dynamics of head
bugs are a valuable input in screening and breeding for
resistance to head bugs at ICRISAT. Sorghum sown
between 15 July and 8 August flowers during the peak
population density of head bugs. To a limited extent,
these observations can also be used in avoiding head
bug damage by adjusting planting dates. The crop
flowering between November and April suffers mini-
mum head bug damage. It is probably for this reason
that farmers in the vicinity of ICRISAT, and some
other areas in India, plant and use the rainy season
crop only for fodder, and the post-rainy season crop for
grain. Furthermore, the market value of the post-rainy
season produce is greater than the rainy-season grain,
and head bug damage and grain moulds are to a large
extent responsible for this difference. The severity of
mould incidence also increases with head bug damage
(Sharma, 1985h).

Rainfall, temperature (25-32°C) and r.h. {(50-95%)
were positively associated with C. angustatus, C. pallidus
and E. bellevoyei populations during the rainy season.
However, there were distinct exceptions in some years.
During the post-rainy season, higher temperatures
(>32°C) and moisture deficit exercised a negative
effect on C. angustaius, C. pallidus and E. bellevoyei
populations. Relative humidity was positively assoc-
iated with head bug density (with some exceptions).
However, higher temperatures and lower r.h. seem to
favour Camprlomma populations, a pattern opposite to
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that of other head bug species. Campylomma tends to
multiply during hot and dry periods, when the ¢
angustalus population is low. Thus, different combina-
tions of weather parameters influence head bug den-
sity during the rainy and the post-rainy seasons.
Weather parameter means for the same week and 2
preceding weeks showed a greater effect on head bug
populations. This fits well with the life cycle of head
bugs, which is completed in nearly 2 weeks. The
influence of weather parameters on head bug density
is, therefore, evident in the following generations as
well.

These results emphasize the need for a thorough
understanding of the interactions between the insect,
host-plant and the environment. This information is
also vital for the management of insect pests.
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