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INSECT PESTS OF SORGHUM AND THEIR MANAGEMENT

H.C. SHARMA

International Crops Rescarch Institute for the Semi--Arid Tropics (ICRISAT) Patan-
cheru P.O., Andhra Pradesh 502 324, India.

1. INTRODUCTION

Sorghum is the third most important cercal crop in India after ricc and wheat.
The average grain yield is 675 kg ha-1, although yields up to 7200 kg ha-1 have been
obtained at rcsearch stations. Sorghum is grown during the rainy (Kharif) and the
postrainy (rabi) scasons. Since high yielding cultivars and improved technology for
production are alrcady available, more emphasis nceds to be placed on crop protection
so as to increase, as well as stabilize the yield on farmers’ ficlds.

Nearly 150 insect species have been reported as pests on sorghum. However,
only nine of them are considered as important pests (Table 1). Shoot fly (Atherigona
soccata Rond.), stem borer (Chilo partellus Swin.), oricntal armyworm (Mythinna sepa-
rata WIk.), midge (Contarnia sorghicola Coq.), hecad bug (Calocoris angustatus Leth.),
and head caterpillars (Heliothis armigera Hb., Eublema spp, and Cryptoblabes spp) are the
major pests of sorghum in India. In this paper, the major pest problems arc discussed
and a strategy for their management has been suggested.

2. EXTENT OF AVOIDABLE LOSSES AND ECONOMIC THRESHOLDS

There is a wide variation in the estimates on the extent of avoidable losses due
to insect pests. The National Council of Applied Economic Research (1967) estimated
that nearly 129 of the actual sorghum production is lost because of insect damage.
Since then, there has been a dramatic change in the cultivars grown, pest spectrum, and
the damage levels. Borad and Mittal (1983) have reported that nearly 32.29, of the
grain yield is lost due to insect damage. On all India basis, shoot fly has been rcported
to cause an average loss of 5% (Jotwani, 1983). Yield loss of 55 to 83 9 has been record-
ed due to stem borer infestation in northern India (Jotwani ct al., 1971). Oricntal army-
worm has been reported to cause yield loss up to 55.7% (Giraddi and Kulkarni, 1983).
Losses due to panicle pests have been estimated to be over Rs. 972 millions annually
(Leuschner and Sharma, 1983).

Economic injury level for shoot fly has been reported to  be 3.4 to 5.9 9; dead-
hearts, and 19 increase in deadhcart formation may result in a yicld loss of 21 to 143
kg ha-1 (Puri, 1983). However, there is a tremendous scope for compensation in yield
because of tillering, and deadhearts up to 209 may not result in a significant reduction
in grain yield. Twenty percent deadheart formation due to stem borer results in a signi-
ficant reduction in grain yicld, however, stem tunnelling of the plants up to 609, docs not
reduce yield (S.L. Taneja 1985, ICRISAT, Personal Communication). Giradi and
Kulkarni (1984) reported that the economic threshold for armyworm is onc larva/plant
for three generations. For sorghum midge, 1 midge fly/panicl: constitutes the econo-
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mic threshold (Taley, 1983). Five pairs of head bugs per panicle at hcad emergence
can result in a 339 reduction in grain yicld and renders the grain unfit for humnan con-
sumption (Sharma, 1984b).  The cconomic thresholds for  other pests arc not available.

3. BIOLOGY AND ECOLOGY

The biology of major insect pests is described below. The number of genera-
tions vary according to locations and scasons, and depend upon the rainfall and cropping
pattern.

Shoot fiy (Atherigona soccata) lays cggs singly on the underside of the Icaves, at
the 1 to 7 lcaf stage. They hatch in 24 to 48 h.  The larva first moves to the leaf whorl
and finally rcaches the growing point which it cuts, producing a deadheart. Larval
development is completed in 8 to 10 days and pupation takes place mostly in the soil.
The pupal period is about 8 days. The entire life cycle is completed in 17 to 21 days.
The shoot fly population begins to increase in July, peaks in August-Scptember, and
declines thercafter. Temperatures above 35 C and below 18 C, and continuous rainfall
reduce the survival rate of shoot flics (Jotwani et al,, 1970).  In the off-scason, the inscct
survives on alternate hosts (Echinochloa colonum Link., E. procera Hubb., Cymbopogon
sp., Paspalum scrobiculatum Linn., and Pennisetum americanum Leeke.) and off-scason
sorghum.

Spotted stem borer (Chilo partellus) females can lay upto 500 eggs in batches of
10 to 80 ncar the midrib on the under surface of the Icaves.  They hatch in 4 to S days.
The larvac move to the leal whorl and feed on tender leaves resulting in leaf-scarification
and shot-holes. Third instar larvac move to the base of the plant and bore into the shoot
thereby causing a deadheart.  In the mature plants, the larvae tunnel inside the stem.
The larval period is completed in 19 to 27 days. Pupation takes place inside the stem
and the adults emerge in 7 to 10 days. During the off-season, the larvae enter diapause
in stalks. With the onset of rainy scason, the larvae pupate and the adults cmerge in
7 days. In northern India, the moth catch in light traps begins to increase during the
last week of July and peaks during August-September, while in southern India, the peak
in moth catches has been recorded during January and February (Sharma et al., 1983b).

Oricntal armyworm (Mythimna separata) females lay 500 to 900 eggs. The
eggs hatch in 2 to 7 days. Larval development is completed in 14 to 22 days and the
pupal stage lasts for 8 to 9 days. The adults live for 4 to 5 days.  Mating occurs on
the third and oviposition on the fourth day after eclosion. The larvae mostly fced on
Icaves during the night, and migratc when the food is exhausted. Maximum larval
density occurs during August. Peak moth catches occur in light traps during Septem-
ber. Trap catches are highest during a period of low rainfall, preceded by a 2 to 4 week
period of normal to high rainfall, moderate temperatures, and high humidity (Sharma et
al., 1982).
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Sorghum midge (Contarinia sorghicola) females lay 30 to 300 cggs singly into
florets during flowering. Eggs hatch in 1 to 4 days. The larvac suck the contents of
developing ovaries and complete development in 7 to 12 days. Larvac pupate inside
the glumes.  The pupal period lasts for 3 to 8 days. The midge damaged florets can be
recognized by the presence of pupal cases. Adults live for 2 10 48 h. The population
builds up 2 to 3 months after the onset of monsoon rains. A small proportion of the
larvac enter diapause in the florets in cach generation, which may last up to 3 to 4 ycars.
The larval diapause is terminated by warm and humid wcather (25 to 30 C and > 60%,
relative humidity).

Head bug (Calocoris angustatus) females lay cggs in florets from panicle emer-
gence to shortly after post-anthesis. A female lays 150 to 200 eggs.  The eggs hatch in
5 to 7 days. Nymphal development is completed in 15 to 17 days. Nymphs develop
on milky and soft dough grains. The population builds up during August-Scptember.
During the off-season, the bugs feed on fodder sorghum. There is no cvidence of dia-
pause.

Earhead caterpillars feed on the developing sorghum grain.  Hellothis armigera
is a polyphagous pest of a number of crops.  The eggs are laid singly all over the panicle.
A female lays approximately 700 creamy white cggs, which hatch in 4 to 6 days. The
larvae complete development in 3 to 4 weeks.  Pupation oceurs in the soil and the adults
emerge after 2 to 4 weeks. Maximum damage to sorghum occurs  during August and-
Scptember.  Eublema sillcula is a serious pest on sorghum varictics having compact pani-
cles. The caterpillars feed on the maturing grain.  The caterpillars are hairy and brow-
nish-yellow in color. The cgg, larval, and pupal periods last for 4, 12 to 13, and 12 days
respectively.  Cryptoblabes spp. have also been reported as a serious pest of hybrids
and high yielding varietics. The cggs are laid on the spikelews and tender grain.  Cater-
pillars are dark brown in color. Egg and larval periods last for 3 to 4 and 9 to 10 days
respectively.  The cntire life cycle lasts for 22 to 24 days.

4. COMPONENTS OF PEST MANAGEMENT

4.1, Cultural practices :

The need for ecologically sound, cffective, and cconomic methods for pest con-
trol has prompted renewed intercst in cultural methods. The use of cultural practices
for insect control is best suited for sorghum growing regions becausc: they have become
an integral component of crop husbandry practices, they involve no additional costs,
and they do not harm the natural cnemics. The cultural practices that help reduce insect
damage are listed in Table 2.

4.2. Host plant resistance :
Host plant resistance as a method of pest control offers many advantages in

the semi-arid tropics. The most attractive feature is that virtually no skill or cash in-
vestment is involved by the farmers. Host-plant resistance can be used as a principal
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component of pest control supplemented by cultural, biological, and chemical control
in an integrated pest-management program.  Sources of resistance to important sorghum
pests have been identified (Table 3).  Reasonable levels of resistance have been reported
against shoot fly, stem borer, and midge. DJ 6514 and PM 11344 (SPV 692) are resis-
tant to sorghum midge and arc being introduced for cultivation in midge-endemic areas
of Karnataka. M 35-1, which is less susceptible to shoot fly and stem borer, is widely
cultivated in the postrainy season. SPV 504 and SPV 491 arc less damaged by shoot
fly and are being distributed to farmers in Maharashtra (D.R. Bapat, 1985; Mahatama
Phule Krishi Vidyapeeth, Rahuri, Personal Communication). Cultivars with multiple
resistance need to be developed for specific pests, and regions.

Host plant resistance may also cnhance the effectivencss of Insecticides eg.,. loose
panicles allow better penetration of the insccticides meant to kill panicle fecding insects,
and provide casy access to parasites and predators. Resistance bascd on imbalanced
nutrition or toxic substances incrcases the susceptibility of insccts to insccticides (Sharma,
1985). Resistant cultivars also help preserve natural enemics through reducing the reed
to use pesticides.

4.3. Natural enemies :

Natural enemics of insccts feeding on sorghum have been listed by Pradhan
(1971), Reddy and Davies (1979), Gahukar and Jotwani (1980), Thontadarya et al. (1981),
and Sharma (1985). The Natural cnemies of important pests of sorghum are listed in
Table 4. In sorghum, the scope for total biological control appears to be limited be-
cause there is no crop continuity to sustain the natural encmies and their hosts. Future
research on natural enemies should focus on: activity periods, efficiency, usefulness, and
studying farming systems, crop combinations, and crop cultivars that cncourage the
activity of natural encmies.

4.4. Chemical control :

Chemical control should only be adopted as a last resort.  Varlous aspects of
chemical control of inscct pests of sorghum have been discussed by Gahukar and Jotwani
(1980) and Sharma (1985). The insccticides reported to be cffective against various insect
pests of sorghum between 1960 to 1984 (Sharma, 1985) are depicted in Fig. 1.BHC, lindanc,
carbaryl, carbofuran, malathion, and cndosulfan can be used effectively to control seedl-
ing pests. Dcpending on the insect to be controlled, time, and mode of application,
dusts, granules, or sprays may be applicd. Seed treatment with carbofuran, (0.5 g ai/kg)
and mixing the treated sced with untreated seed (1 to l.;_ times) has given encouraging
results for shoot fly control. For carhcad pests, dusts or sprays of BHC, carbaryl,
endosulfan, quinalphos, or malathion may be applied at the panicle emergence, half-
anthesis, post-anthesis or milky stages depending on the pest to be controlled. Care should
be taken to use insecticides that do not lecave harmtul residues on the grain. Consider-
ing the difficulties involved in conventional high volume spraying, dusts, granules, and
ULYV applications may be considered for applying insccticides.
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Insect control involving pheromones, bacteria, viruses, chemosterilants, genetic
sterility, irradiation, antifcedants, and repellents have been tricd on somc crops/insects
with varying degrees of success. Sex pheromones can be used as male attractants for
monitoring populations of C. partellus and Il. armigera. Antifeedants from neecm
(Azadirachta Indica A. Juss) sced kerncels reduce the damage by spotted stem borer, otien-
tal armyworm, shoct bug, and head bug, and can result in a yicld increase of 25-30%,
(Sharma er al., 1983). More research is needed on the efficacy and uscfulness of these
control mcasures against the insect pests of sorghum.

5. CURRENT PEST CONTROL RECOMMENDATIONS AND SCOPE FOR
ADOPTION ON FARMERS FIELDS

Most farmers consider pest control unnecessary until the damage becomes
visible and threatens to rcduce crop yields substantially. A number of pest control
rccommendations involving cultural practices, insecticides, and in some cases resistant
varictics have becn made. The main factors that scem to restrict the adoption of effe-
ctive pest control measures are low benefit/cost ratios, non-availability of agronomically
superior pest resistant cultivars, pesticides, and ignorance of the potential benefits  of
pest control.

6. STRATEGY FOR PEST CONTROL

Economic thresholds based on reliable means of monitoring pest populations
or damage caused by them should form the basis of pest management. This informa-
tion should be generated by the Agricultural Universities and Rescarch Institutes, and
then passcd to extension agencies in a particular region for dissemination to the farmers.

Cultural pest control operations such as synchronous planting of  the same
cultivar, (particularly hybrids) or different cultivars with similar maturity with the first
good monsoon showers can substantially reduce the damage by shoot fly, midge, and
possibly head bugs by reducing the chances of population build up. Balanced fertilizer
application, field sanitation, weeding, and cropping systems that help reduce insect
damage should form an essential component of crop husbandry. Pest resistant
cultivars with moderate yicld and acceptable grain quality (e.g. SPV 504, SPV
491, M 35-1 against shoot fly and SPV 692 against midge) should be recommended for
cultivation. Loose panicled cultivars should be grown in head bug and head caterpillar
endemic areas. Granules, dusts, and ULV application of insecticides can be substituted
for conventional high volume spraying. A pest control schedule for the management
of insect pests of sorghum is given in Table 5.

7. NEED FOR FUTURE RESEARCH

The pest problems and their relative importance are fairly understood. How-
ever, pest surveys in farmers’ ficlds need to be undertaken to determinc the actual ex-
tent of pest caused losses. More emphasis should be placed on  determining cconomic



126

thresholds.  Information is available on population fluctuations and biology of the
important pest specics. Simple techniques to monitor populations of aphids, shoot
bug, midge, and hcad bugs nced to be developed. The role of diapause/carryover in
insect abundance and damage needs to be clarificd.

A number of cultural practices are known to decrease inscct damage, and stu-
dies should be undertaken to evaluate their effectivencss. The role of natural enemies
in pest suppression needs to be determined in conjunction with other pest management
practices. Sources of resistance have been identified against different insect pests. How-
ever, sources of stable resistance against aphids, shoot bug, armyworm, head bugs, and
head caterpillars still need to be identified. Recsistance to shoot fly, stem borer, and
midge should be transferred to cultivars (preferably hybrid parents) with good agrono-
mic backgrounds. Major emphasis should be placed on developing cultivars with multi-
ple insect and discase resistance. A number of insccticides have been identified for the
control of different inscct pests.  However, effective and economical pest control sche-
dules for different agro-climatic zones need to be developed. Finally, an integrated pest
management system involving cultural, biological, host-plant resistance, and chemical
control should be developed for various agro-ecosystems.
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1

Fig.1 . Chemical control of important insect pests of sorghum,
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1Bas‘ed on reports published between 1965 to 1982 (Sharma, 1985)
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