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Strategies for pest control in sorghum in india
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Abstract. Host-plant resistance in conjunction with natural
enemies and cultural practices should form the backbone of
future pest control programmes. Sources of resistance to Athe-
rigona soccata Rond., Chilo partelius Swin. and Contarinia sorgh-
icofa Cog. have been identified. Efforts ‘should be made to
incorporate resistance into plants with good agronomic back-
ground and to strengthen the level of resistance. Resistance to
pests and grain yield should be given equal censideration ih the
development and release of new cultivars. Cultivars with loose
panicles may be developed for areas endemic to head bugs and
head caterpillars. Pest avoidance through timely planting as
decided by pest-population dynamics and rainfall patterns, bal-
anced fertilizer application, clean cultivation, and proper crop
combinations should he papularized among the farmers to reduce
. crop losses. Readily available and inexpensive insecticides may
be used as and when necessary based on economic thresholds.

Introduction

Sorghum is the third most important cereal crop in India
after rice and wheat. Grain yields on peasant farms are

generally low (500-800 kg/ha) mainly because, of insect -

-pest damage. Nearly 12% of the actual crop produce is
lost because of insect pests (NCEAR, 1967}, and earhead
pests alone cause a minimum annual crop loss valued at
Rs.972 million {Leuschner and Sharma, 1983).

Nqarly 150 insect species have been reported as pests
on sorghum (Reddy and Davies, 1979; Jotwani ef a/., 1980)
of which 31 are of potential econorn‘i’c importance (Table
1). Shoot fly, Atherigona soccata Rond., stem borer, Chilo

parte/lus Swin., armyworm, Mythimna separata Wik.,

midge, Contarinia sorghicola Coq., headbug, Calocoris
angustatus Leth., and head caterpillars, Heliothis armi-
gera Hb., Eublema spp. and Cryptoblabes spp., can be
considered the major pests in India. This paper sum-
~marizes current knowledge on various pest control com-

ponents and formulates a future strategy for-pest control in

sorghum in India.

Current pest control recommendations and
their use in farmer’s fields

Most farmers consider pest control unnecessary untit

the damage becomes visible and threatens to reduce crop. ..

yields substantially. A number of pest control recommen-
dations involving cultural practices, insecticiqes, and in
some cases resistant varieties have been developed. Our
experience shows that farmers pay little attention to pest
control on sorghum and many other crops in the semi-arid
regions. The farmers’ pest control operations rarely go
beyond adopting various cultural practices, growing less
susceptible traditional cultivars, and occasionally dusting

“investigated and
suppress pest populations are best suited for sorghum

or spraying with readily-available cheap.insecticides. The
main factors that seem to restrict the adoption of effective
pest control measures are low cost-benefit ratios, non-
availability of inputs such as fertilizers and pesticides, and
ignorance of the potential benefits of pest control.

_In traditional farming systems, farmers may adopt such
pest management practices as optimum sowing dates,

'high seeding rate, weeding, interculture, mixed cropping,

and crop rotations. However, they are unlikely to adopt
modern pest control practices until production levels
justify the extra input involved. '

Pest control components in the sorghum

‘agro-ecosystems

Cultural practices

A number of.crop husbandry practicesvwhl'c';.li directly or
indirectly h,elp reduce pest damage have become an inte-
gral component of farming systems. The need for ecologi-
cally sound, effective, and -economic’ methods for pest
control has prompted renewed ‘interest dn’ cultural
methods. The merit of many of these traditional farm prac-
tices has been confirmed by learning why farmers do what
they do, but some practices still remain to be thoroughly
understood. Cultural * practices to

growing regions because: (1) they have become an inte-
gral component of crop-hdsbandry practices; (2) they
involve no additional costs and (3) they do not disturb
natural enemies of the pests concerned.

Tillage. Ploughing after harvest and before planting
reduces the numbers and carryover of such‘inse.ct's. as
white grubs, Holotrichia sp., grassh’oppei's, Hieroglyphus
banian Fab., H. nigrorepletus Bol., Colemania sphe-
nerioides Bol., hairy caterpillar, Amsacta moorei Butl.,
and stem borer, C. partelius Swin., by exposing them to
parasites, predators, and su;h adverse weather factors as
high temperatures and tow relative humidity {(Gahukar and
Jotwani, 1980).

Fertilizer and nutrient balance. The extent and nature of
fertilizer application influences thé susceptibility of the
crop to insects. During the 1983 rainy season, unfertilized
plots of CSH 1 at ICRISAT Center suffered heavy shoot fly
damage compared with fertilized plots. Nitrogenous fertil-
izers are reported 1o decrease A. soccata Rond. incidence
in sorghum (Reddy and Narashimarao, 1975; Chand ef al.,
1979) possibly by increasing plant vigour. However, Kundu
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Table 1.
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Insect and mite pests of sorghum

Common name

Scientific name

Nature of damage

Pest status

. SOIL PESTS
White grub
White grub
False wireworm
False wireworm

SEEDLING PESTS
Flea beetle
Flea beetle

Shoot fly

Pink stem borer

Spotted stem borer

FOLIAGE PESTS
Grey weevil
Maize aphid

Shoot bug

~Red hairy caterpillar

Armyworm

Leaf folder

Leat folder

Deccan wingles;

grasshppper

Paddy grasshopper
Paddy grasshopper

" Mite

EARHEAD PESTS
Blister beetle
Blister beetle
Midge fly
Headbug
Painted bug
Red cotton bug

. Head caterpillar
Head caterpillar
Head caterpillar

Head caterpillar
Thrips

Anomaia polita Blanch.

Holotrichia consanguinea Blanch.
Gonocephalum dorsogranosum Frm,

Gonocephalum vagum Stev.

Chaetocnema sp.
Phyliotreta chotanica Duv.
Atherigona soccata Rond,

Sesamia inferens Walk.

Chilo partellus Swin.

Mpyllocerus spp.
Rhopalosiphum maidis Fitch.

Peregrinus maidis Ashm.

Amsacta moorei Butl,

Mythimna separata Walk.
Marasmia suspicalis WIk.

Marasmia trapezalis Gue.
Colemania sphenerioides Bal.

Hieroglyphys banian Fab.

Hieroglyphus nigrorepletus Bo:!.’

Qligonychus indicus Hirst.

Cylindrothorax tenuicollis Pall.
Mylabris pustuiata Thunb.
Contarinia sorghicoia Coq.

Calocoris angustatus Leth. -

Bagrada cruciferarum Kirk.

. Dysdercus Koenigi Fab.

Celama analis W. and W.
Eublema silicula Swin.
Heliothis armigera Swin.

Cryptobiabes gnidiefla Mill.
Hapiothrips ganglebaueri Sch.

{Coleoptera: Melonthidae)
(Coleoptera: Melonthidae)}
(Coleoptera: Tenebrionidae)

(Coleoptera: Tenebrionidae)

(Coleoptera: Curculionidae)
(Coleoptera.: Curculionidae)
{Muscidae: Diptera)

. (Noctuidae : Lepidopiera)

{Pyralidae: Lepidoptera)

{Curculionidae: Coleoptera)
(Aphididae: Hemiptera)

(Delphacidae: Hemiptera)

(Arctiidae: Lepidoptera)
{Noctuidae: Lepidoptera)
(Pyralidae: Lepidoptera)

" (Pyralidaé: Lepidoptera)

(Acridiidae: Orthoptera)
{Acridiidae: Orthoptera)
(Acridiidae: Orthoptera)

(Acarina: Tetranychidae)

(Coleoptera: Meloidae)
(Coleoptera: Meloidae)
(Cecidomyiidae: Diptera)
{Miridae: Hemiptera)
{Pentatomidae : Hemiptera)

(Pyrrhocoridae: Hemiptera)

{Noctuidae: Lepidoptera)

{Noctuidae: Lepidoptera)

{Noctuidae: Lepidoptera)

(Pyralidae: Lepidoptera)
(Thripidae: Thysanoptera)

Feed on roots

Feed on roots .

Feed on germinating seeds,
seedlings and roots

" Feed on germinating seeds,

seedlings, and roots

Feed on leaves

Feed on leaves

Feed on the growing point
and .produce a deadheart

Larvae feed on leaves and
stem producing shot holes,
deadheart, and later stem-
tunnelling

Larvae feed on leaves and
stem producing shot hoies,
deadheart and later stem-
tunnelling

Feed on leaves )

Sucks sap frcm the whorl
leaves and the earhead

Sucks sap from the whorl
leaves and the earhead

Feed on leaves

Feed on leaves

Fold the leaves and feed
inside on the green matter

Fold the leaves and feed
inside on the green matter

Feed on leaves and the

" milky grain

Feed on leaves and the
milky grain )

Feed on leaves and the
milky grain

Sucks sap from the
leaves

Feed on infiorescens

Feed on infiorescens

Feed on the deveioping
ovary

" Sucks sap from the

developing grain
Sucks sap

Sucks sap
Feed on developing grain

Feed on developing grain.

Feed on developing grain

Feed on deveioping grain
Feed on developing grain

Minor
Minor
Minor

Minor

Minor
Minor

_Major

Major

More serious on
the post-fainy
season crop

Major

More serious on
fodder sorghum in
North India and
occasionally on the
main crop in South
India

Minor

Minor. Occasionally
serious

Minor. Becomes
serious during
dry periods, and.

, particularly so on
the rabi crop

Minor :

Major

Minor. Occasionally
becomes serious

Minor. Occasionally
‘becomes serious

Minor

Minor

Minor

Minor. Becomes serious
during dry periods

assuming the siatus of
a regular pest

Minor
Minor
Major

Major -

" Minor. Occasionally

becomes serious
Minor. Occasionally
becomes serious
Minor. Occasionally
becomes serious
Mirior. Occasionally
. becomes serious
Major. Becoming
serious on compact
headed genotypes
Minor
Minor
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et al. (1978) observed no effect of nitrogenous fertilizers on
shoot fly damage. Channabasavanna et a/. (1969) reported
a decrease in shoot fly damage after the application of
phosphatic fertilizers, but Venugopal et a/. (1977a) and
Rajashekhara ef a/. (1973) found no such evidence. Nitro-
genous fertilizers also decrease C. partellus damage
(Lakshmlnarayana and -Subba Rao, 1975). These differ-
ences in fertilizer response may be due to genotypic varia-
tion. Shoot fly damage is also affected by the influence of
herbicides on plant growth (L. R. House, 1984, personal
communication).

Soil moisture. Soll moisture influences crop damage

through its effect on plant vigour and growth. Plants
growing under drought stress suffer higher damage from
A. soccata, C. parteéllus and P. maidis Ashm. In rainfed
agriculture, however, there is little scope for manipulating
soil moisture content except by moisture-conserving prac-
tices and irrigation.

Time of sowing. Sowing time considerably influences
the extent of insect damage. Normally, farmers plant
sorghum with the first good monsoon showers. Synchro-
nous sowing of cultivars in similar maturity groups over
large areas in a short span of time helps reduce yield
losses caused by shoot fly (Jotwani et al., 1970; Thim-
‘mai~ah et al., 1973b; Ramnath et a/., 1974), midge (Hardas
et al, 1972; Jotwani et al., 1972b), and head bug
(Thimmaiah et a/.,-1972). In Tamil Nadu there is an old
adage among farmers ‘“Inform your neighbour before you
plant sorghum lest his crop be destroyed by shoot fly and
headbugs-’’. '

Piant’ density. The traditional practice of using a high
séeding rate helps to maintain optimum plant stands and
reduce A. soccata damage (Gahukar and Jotwani, 1980).
During the 1981-82 post-rainy season at ICRISAT Center,
plots of CSH 5 thinned 30 days after emergence, suffered
less shoot fly infestation than plots thinned 10 days after
emergence. Shoot fly damage is higher when plant popu-
Jations are low (Davies and Reddy, 1981).

Interculture. During intercuiture, the pupae of A. soccata
and M. separata, and larvae of Holotrichia sp., Gono-
cephalum spp., M. separata efc., are exposed to parasites,
predators, and other adverse environmental factors.

Weeding. Timely weeding helps reduce damage from
some insects. Many common weeds act as hosts for ovipo-

sition, provide better ecological niches, and places for

insects to-hide, thus shielding them from natural enemies

and insecticide sprays. Crops_that are free from weeds

suffer lower armyworm damage than weed-infested cr0ps
(Sharma et al., 1982).

Field sanitation. Collecting and burning stubble and
chaffy earheads reduces the carryover of C. partelius and
C. sorghicola. Stalks from the previous season should be
fed to cattle or burnt before the onset of monsoon rains to
reduce the carryover of stem borer (Gahukar and Jotwani,
1880).

Fallowing and close season. Fallowing reduces the
carryover and build up of pest populations from one
season to the next. Strict observance of a closed season
during summer can possibly reduce the carryover of A.
soccata and C. angustatus.

Crop rotation. Crop rotation is another means of
reducing pest infestation. It breaks the continuity of the
food chain of oligophagus pests. Sorghum is generally
rotated with cotton, groundnut or sugarcéne. This may halt
any increase in the populations of A. soccala, C. sorghi-
cola and C. angustatus.

Cropping systems. A carefully-selected cropping system
{intercropping or mixed cropping) can help reduce pest
incidence or minimize the. risks involved in monocultures,
Sorghum is generally intercropped with pigeonpea,
cotton, cowpea, saffiower or other pulses. Atherigona
soccata and C. sorghicola damage is reduced when
sorghum is intercropped with leguminous crops (Hardas et
al., 1980). '

1 Biological control

In sorghum, the scope for total biological control
appears limited because the cropping period is short and
there is no crop continuity to sustain the natural enemies
and their hosts. Natural enemies of important pests of
sorghum are listed in Table 2. Future attention .should
focus on: identifying natural enemies and studying their
activity periods, efficiency, and usefulness, and studying
farming systems, crop combinatio/ns’,’ and -crop: cultivars‘
that encourage the activity of natural enemies.

Host-plant resistance

The best plant protection for the future should be one
based on host-plant resistance (Ff"ankel and Bennet, 1970).
This method is particularly relevant to subsistence farming
systems of the semi-arid tropics‘f Breeding for pest resist-
ance has received little attention in the past, but now the
importance of breeding not only for yield, but for gquality,
adaptability, and pest resistance is being increasingly rec-
ognized. According to Blum (1872) plant .breeders, in
general, appear to lack an understanding of insects and
their hosts and tend to regard the insect populations as a
fixed environmental parameter, with all the consequent
implicat'i'ons. The release of superior but otherwise sus-
cep'tible crop varieties in the tropics will not achieve real
yield potential (Pradhan, 1973). However, cultivars that
help increase crop vields.(e.g. CSH 1) but change the pest
complex should be watched carefully and the newer pest
problems countered effectively until cultivars. with ade-
quate levels of .resistance are developed (L. R. House,
1984, personal communication). ' o

Plant resistance as a method of pest control offers many
advantages in sorghum growing regions; for some insect .
species it is the only way of effective pest control. The
most attractive feature of using resistant cultivars is that
virtually no skill in pest controi application technigues or
cash investment is involved. But resistant cultivars are not
a panacea for ail pest probiems (Painter, 1951). They are
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most effective when carefully fitted into systems designed
to control specific pests.

Sources of resistance. The search for pest-resistant sor-
ghums began in the mid-1960s. Over the last 20 years, a
number of germplasm lines resistant to important insect
pests have been identified (Table 3). Reasonable levels of
resistance to shoot fly, stem borer and midge have been
reported. Many of these are currently being utilized in the
All India Co-ordinated Sorghum Improvement Project
(AICSIP) and the International Crops Research Institute for
the Semi-Arid Tropics (ICRISAT) to develop crop varieties
with acceptable levels of yield and resistance. The search
for resistance against headbugs and head caterpillars has
been limited, and so far no sources of resistance have
been identified. The loose panicled sorghums, which have
long been suspected to be less susceptible to headbugs
and head caterpillars, can be completely devoured when
they flower during peak infestation periods of these
insects. However, they do allow easier access to parasites
and predators that may lower insect numbers under
normal circumstances.

HOSt-p/aht resistance in integrated pest control. Host-
plant resistance can be used as a principal component of
pest confrol, an adjunct to cultural, biological, and chemi-
cal control and as a check against the release of suscep-
tible cultivars. '

Principal control method. Plant resistance to insects was
used as the principal control method before the advent of
insecticides. In sorghum, this still seems to be the most
practical method of keeping pest populations at low levels.
A sorghum cultivar, DJ 6514, has been released for culti-
vation in midge-endemic areas of Karnataka. State for the
control of sorghum midge, while M 35-1, which is less
susceptible to shoot fly, is widely cultivated in the post-

rainy season. Resistant cultivers need to be developed for

specific pests, areas and regions. Cultivars with adequate
levels of resistance can be developed for shoot fly, stem
borer, and midge.

The impact of resistant cultivars on.insect population

ievels can be explained using the simple models of Knip-
ling (1964). The possible effect of growing a moderately
resistant cultivar (IS 12664C, half as susceptible as CSH 1)
and a highly resistant cultivar (DJ 6514, six times less
susceptible than CSH 1 to midge under no-choice
conditions) (Sharma et a/., 1983) has been demonstrated
in Table 4, as a hypothetical example. It is estimated that
at the end of the first season, the insect population would
be 18 times less on the moderately- resislant, and-over
1000 times less on the resistant cultivar. During the second
year, the insect would be relatively rare on the resistant
cultivar. The populadtion on the moderately-resistant culti-
var would remain the same but would none the less be
several times less than that on the susceptible cultivar.
Another advantage in growing a resistant cultivar is that
the reduced rate of population increase can‘prolong the
time required to reach economic thresholds (Figure 1).

This is partncularly true when there is prolongation of the
developmental period and mortality during the immature
stages. Further, the economic threshold of a resistant cul-
tivar is much higher than that of a susceptible cultivar.

Although these rr;odels may exaggerate the usefuiness
of resistant cultivars, they do bring out the tremendous
effect the resistant cultivars would have on insect
numbers. As we know, the insect population structure will
not follow the postulated trend because: (1) it is not pos-
sible to plant the same cultivar- over large areas.at the
same time, (2) the same cultivar will not behave uniformly
in space and time, {3) insect populations are highly vari-
able and dynamic in nature and are mfluenced by many
biotic and abiotic factors.

Resistant cultivars and chemical control. The most
common form of integrated control involves the use of
moderately-resistant cultivars and insecticides. The pest
numbers are reduced in each generation and this process
slows down the population growth of the insects {Painter,
1951). Even a moderately resistant cultivar in combination
with insecticides can bring about a substantial reduction in
pest numbers (Table 5). A moderately resistant variety (IS
12664C) may require insecticide applications in midge
endemic areas or years. Assuming that one application of
insecticide would reduce insect numbers by 90%, the com-
bined action of the moderately resistant cultivar and- the
insecticide would produce a 24-fold difference in popu-
lation between a highly susceptible (CSH 1) and a mp‘der—
ately resistant (IS 12664C) cultivar. /Further; it--would
reduce the population carryover 31 t‘i-rﬁes, and thus result
in a substantial reduction in insect numbers in the follow--
ing year. '

Plant resistance may also enhance the effectiveness of
the insecticides through better penetration of the insecti-
cides to the target insect through modified plant morphol-
ogy, e.g. loose earheads would allow better penetration of
the insecticides meant to kill headbugs and head
caterpillars and easy access to parasites and predators.
Moderate resistance based on imbalanced nutrition or
toxic substances may increase the susceptibility of insects
to insecticides.

Resistant cuitivars and biological control. Resistant cul-
tivars are mostly compatible with biological control. The
advantage of using resistant cultivars is that they can help
preserve natural enemies through redu¢ing the need to
use pesticides. As pointed ouf earlier, efforts can also be
made to identify and breed cultivars that encourage
natural enemies. :

Resistant cultivars and cultural control. Resistant culti-.
vars can be used in conjunction with cultural control oper-
ations. This will have the same effect on the population
dynamics of the pest species in question as the combined
action of insecticides and resistant cultivars. For example,
late planting of M 35-1 during the post-rainy season can
substantially reduce shoot fly damage. ’



175

Pest control in sorghum in India

(L261) ueypeiy

(8961) UeIIIINON PUE UBLISSIM
{€561) oAON pue uspmog
(e2261) /2 12 810ys))y
(6461) s199¢
(5281) suehelen
(8261) '12 12 [emieby
(egs6lL) ‘18 30 1W1R N
‘(GZ61) eUUSIIEWEY PUE [UIBYINY
(ays61) 18 10 uelesebuey

(cg61) 12 19 BULIIRYS

(2861) luemor
(0s6l) "12 19 YbUIg
(6261) "1 Jo luBM)OP
{r261) 1€ Jo 1wemoor

{261} wemior pue npuny

(e861) /& Jo BlLIBYS
(z861) 1 12 pjun|eg

{qzgsL) slop pue jedeg

(ezg6l) @10W pue jedeg

(1861) 12 jo SloW

(8261) “12 }o ybuig

(8/81) orY eqQgng pue eueABiEWIYSHET]
(5281) ewieUS PuE NpUNY)

(8261) BURARIBN pUuE ybBulg UBYSOY
(p261) ‘18 18 yreuwey

) (L261) epoyn
(8261) /& 18 Ybuig ‘(8/61) BURARIEN
pue ybuig ueysoy ‘(z.61) /v 18 oey

-20UBPIL) %07 >

. 8€6 1O U0 sl g-g¢ 0}
paiedwad peay/sall} 2-0
20UapIdU] %g
psbewep sse7

SOBNE WOU) 9344

3|qndeosns ss97
a)|gndeosns sso

dlgndeosns ssa7 -

$4910B.1BYD Juouolbe
poob ypm Buisjwold Alybiy
20UBISISAI (RIS MOYS
£5-dgX|-S€-W Jo saAneAliag

Buisjwoad Aybiy

a|qudaosns ss3q

Aif 100ys op sunwuy

Bursitioid 1sopy

a|qes Alubiy

SIS0IqIIUE SMoUg

1810¢ WaLs 0}
a|qiideosns sso| os|y

s|qiidaosns ssen

'0v6G SI ‘9595 S 'S.¥G S| ‘Z6YS SI ‘686G S| ‘V8ES Sl |

‘082S St ‘SS6Y Sl '98% S| ‘0/8F SI '898Y S| ‘668 SI
‘Z€8Y S) '808Y S| 28V S1 'L9LY Sl ‘1617 S| ‘seov Si
'695Y S| ‘¥rSy Si8esy SI ‘[1Sy SI ‘LLvy S| ‘6epy SI
Ly Sl ‘9LER SI '80EY SI ‘208¥ SI '066€ Sl ‘2L¥E SI
‘5022 SI '0912 SI ‘8951 S| '2¥Sh S ‘0LGL SI ‘10Sk SI

'viyL S| TLYL S| 29yt S| 4SvL SI 'LSLE St 2801 SI

‘6201 S ‘¥90L Si‘L20L'S] 'v00L S| ‘200L°S] 'St sl

" 6L 0ao
. : BORUNN.
mv._x<mm.2mx<o%m.m>wo_m_NN.f._n_w

82y WYL ‘1-82¢ uepng Jadid ‘1¥SE S
€6 d9 ‘9L ¢ 'ga1D ‘601 H '€SL |

£661 PN ‘€0€ 3 Ly} oull ‘208 3 PUB $09 ‘962 ‘vr. | ‘€08 S
LPSE SD ‘Y09 ‘bz ¥ ‘OL Y

- 2998} S
‘¥8G81 S1 '8/58} SI ‘L2581 SI '€/98) SI '1558L S1 ‘62l SI |
‘2295 S| ‘v09G SI '98SS S1 'LLSS SI ‘09SS SI ‘8ESS Sl

‘602 S1 'S022 S ‘8912 S| €12 SI ‘€212 S ‘PrOL Sl

¥09 3 ‘609 3 ‘209 3 ‘L09 3 ‘Y09 3 'e0G I ‘TS 3 10 3
698 Q2980 '858 0 '6S¢ A '2/L A ’'89L A

9/€ N '8¢ N ‘€€ N ‘8Lz N ‘162 NA 'S¥e NA ‘86 nNA ‘61 NA
(pg6e-SIXES-da) €0€ 3 Pue {gJoped X£s-d9) 2o¢ 3

. . 22y dul

16581 SI ‘9955 S1 ‘¥P8YS SI ‘06¥S Si

‘y9or SI '€99¥ Sl ‘s612 Sl ‘22t Sl ‘286l Sl

326€ Si PUB L-g-z WD ‘Jaueog panoiduw|

(so108ds pym) sojoorsien wnybiog

PUR Winaoues-paindind wnybios

gl leueog panoidw) 'X1-GE N

‘Ge¥ PdXL-G€ W '2g-H¥ 'd

X1-G¢ W ‘OL-18ur0g paaoiduit

XGL AN ‘S-g-p 1lousys X H¥ r'd

Mol °d 'PYE d ‘M8 rd 'ME d Y102 Hd Me Pd

. OvyS Sl pue 69%6 S

ge-INZX 'a-TvIn ‘gg-Le N

‘.M.mmcf_om:w\/ pue temojjeyr

#09S S| pue g€21g Sl

{etor ebnn) L-v-§

JouRO0g

{v501 SI) 1-GE N

Bjoo1yb108 BIULIBILOD
SNsonoBwW EnIeooIAN

siprew wnydisoypdoyy
> gipieul snujibeiod

gjeIRdos pULIIIAN

snyaried ofiyo

21p000s BUOBLIBYY

2ouaJai9y

syIeweay

1eAlND

1098U|

wnyb.os 10 s)sad josupueliodwt 1SUebe Payuspl 0OUBISISO. JO S80IN0S L 01qBL



'pal|nsu0d aq Aew spoded LyYSIHO! PUB diSOIY 2U) ‘Uoiiewutojul pojielep 104
‘(€861 "/ 19 BLIIBYS) ©|qE) S|} Ul POPN|DUI UBBQ DABY BOURS|SAU 9|Gereadal Buimoys
mwo_... ._. “lgjuen ._.<w_mo_ 2y 1B poIsa} AloAlsuoixa uaag aney wco.«owscu Ewm_aE»wm ysey} B} WO PRYIUSP) SSOUYL PUB 181IBD PolI0dS) SOURISISA JO SB2INOS YL

"PBLIIRUOD BQ O} SPOdU ple ‘UOIJRAISSGO SUOSEIS BUO Ud uwwwg uayo ayinb sy sysed j09sU| JuslayIp 1sulebe paliadas S0UB}S|SAU JO [AD) ayl

(9261) uos|im
{6261) i@ 18 ueluBWERIgNSEIEG

{e861) 12 jo BWIERYS

(6261) 'J& 3o UelURWERIQNSE|RY

(g86l) ‘12 12 ewireus

(6261) ‘& J2 uosueyor
(6261) "j2 jo sued

(6461) obed '(g261) 'I& 1o oyosusnm

{8261) 1uemior

{agz61) 12 jo juieyny

{8261) weuewWERIGNS pUB AN
(LL81) ‘1B Jo ueypeAY

(p2261) /& 3o |edobnusp

(£261) onsssoy

aﬁm: BAIEPEIUOL) PUR BPMOD)

H. C. Sharma

{9.261) ‘e 18 sued

(9261) & 10 uBWIASIM

(g/6)) 1mvjlueley pue oepory
(5z61) ‘/& 1o repunsweiys
"(G261) '/ 1o ueWOSIM
{5261) e 15 onessoy

(y261) 1o 30 1potEd

(v261) "12 19 1sInbbiag

(¥261) "fE 18 UBWIBSIM
(0€£61) fe 18 UBWOSIM
(e261) 'fe 12 uosueyor

pobewep sson

pofewep sso7
sbeopesy

Japun pabewep $so7
Bnq pesy j0

suoljendod mo| jroddng

L HSO
ul g yum pasedwoo

¢> Jo Buped
ofewep e paaddey

juesisas Alybiy
oul| 2|q.Is 15O

Bunet abewep g.p> .

Bune.s sbewep ¢>
@oUapIoUl %04 >
Buisjwoig

peay/pebiows Aebpiw | >

Buires abewep 99.2>
o|qndoosns sse
22UapIoU| %0t >

90USPIOUl %28-1g
offewep 1sB9] pamoysg
juejsisay

afplw 0y Juelts|o],
JsjoriRYD 8wn|b paso|p

Bugpes wm.m::w_o G>
Bupes sbewep g>
Buiyes sbewep G.p>

091 SH
wejoysusyn

¢ aweN-oN-‘BejadeAp ‘eBioyieg '19/2 S|

wejoyousy)
¥1¥6L Sl
‘201G SI ‘9/8Y1 S| ‘L28YL S| 've8YL S
‘099921 Sl ‘clzet SI 'LLLLL S '2LL01 S
'2086 S) 'v2L8 SI ‘1228 Sl ‘€148 SI 'LL48 Sl
‘L/G8 SI '¥828 SI 289/ Sl 'S00L Si ‘L9vE Sl
1947 S1 ‘122 S '9952 WVL 'P1SO PQ '8¢ AV
9/9zL SI ‘e642h SI,
‘1g£8 Sl 8% Sl 'gvLL S1 'LL08 SI 06LST S
) 82 v
¥9921 Sl '08092L SI
0.6/ S| ‘0LL0E I ‘09292 Sl
L HA THID S ‘86226 2Q0 ‘6219 SI 'P219 S) ‘0219 SI ‘268 S
'5S6¥ Sl ‘808F Sl 'OLyy SI 'VLLY S '920¥ S| 2LVE Sl
‘2.2 Sl ‘5022 S 'Sk SI ‘LSLL SI ‘26426 O3
¥159 ra
e ‘8L 0D ‘LL 0D ¥ 00
: 20L AdS ‘26 AdS 08 AdS '7 AdS
€4/2-6.8 ‘e4/6-626 ‘LW 141D S ‘¥169 1a
972G OS ‘PI-GLL 08 '6-GLL OS VL1662 OS 'ZLL 4V ‘82 4V
0219 St ‘2265 Sl ‘0v6S S| '08% Si ‘LIbp SI ‘2LPE S
o L HN-THIO S 9952 WY.L
X 84€ X1V 080S¢ S1 '0L0ST S| '9952 WYL '86¢ XLV
WO BF/L "WO LELL ‘WO 212} ‘WO 60Z) ‘VBFE 3
L-HW-THID § PU® ¥6/26 D3 ‘26476 28
7189 ra
WO LEET ‘WO |ZEZ ‘W 6081
92 dv
VLNj ufeiny
- . £992 SI ‘0992 S|
{sesupyiy)

_JSLLL '(UM 60) 2 2 ¥228 VS) Z10E dUIT '(2ET Su) Jw /g9

eoUIT .Ammmmwmv jw &?w BOUIT {JW YIN| JopeuaID 'SZ ¥
IHN-THIDS

099921 SI“0zL9zt @ oﬁmm S1'0918¢ S| ‘0652 Sl

: 19€9 S '9029 S|

85 Sl ‘6419 sl otm Sl ‘€919 Sl '9F19 St ‘226G Sl

guabiuiie siyioior

smepsnbue s11090j8D

ERITEIEIETE|

syreway -

feaning

joasu|

176

wnyb.os 40 sysad Joosuy Jurioduit }5UIBSE PalIIUBP] BOUBISISS. JO S82IN08 '€ 9(GEL



Pest control in sorghum in India . 177

Téble 4. Population increase of sorghum midge on CSH 1
(susceptible), IS 12664C (moderately resistant) and DJ 6514
(resistant) (a hypothetical example based on Knipling (1964) and

Sharma et al. (1983))

Table & Population increase of sorghum midge on CSH 1

(susceptible) and IS 12664C (moderately resistant) plus one insec-

ticidal spray in first generation (a hypothetical example based on
Knipling (1964) and Sharma et al. (1983))

C8H 1* IS 12664C*

DJ B514* CSH 1* IS 12664C*
(no. of midge {no. of midge {no. of midge {no. of midge (no. of midge
Generation flies/ha} flies/ha) flies/ha} Generation flies/ha) flies/ha)
First year First year

P1 100t 100* 100* P1 1001 100t

F, 600 300 100 F, (+ insecticide)} 60 30

Fa 3600 ) 900 100 F, 360 . 90

Fs 21,600 2700 100 Fsy 2160 270

Fa 129,600 8100 100 Fa ’ 12,960 810
Diapause Diapause population 155 ’ 12
population '

(%1 - 1554 120 4 Second year : ’
v _ P2 155 12
Second year ‘ ) F, (+ insecticide)} 93 4

P2 1554 120 4 Fa 558 12

F, 9324 360 4 Fs 3348 36

F, . 55,944 1080 4 F, 20,088 108

Fs 335,664 3240 4 . .

F, 2,113,084 9720 4 Diapause population 241 2 )
Diapause * The population of midge increased six times on CSH 1 and
population three times on IS 12664C (Sharma et a/., 1983). .
(8%) : 25,149 142 1 T The midge. population at the beginning of the season is

* Midge population increased six times on CSH 1, three times
on IS 12664C, and once on DJ 6514 (Sharma et a/., 1983).

t The midge - population at the beginning of the season is
assumed to be 100 flies/ha.

I In each generation, 1% of the total populations is assumed to
enter diapause. )

P1, P2, parent population;

F,—F4, no. of insect generations.
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Figure 1. Trends of population increase of sorghum midge on
resistant and susceptible cultivars and attainment of economic
thresholds (A hypothetical example: the initial midge population
is one midge/head (assumed); the midge population multiplies six
times on CSH-1, three times on 15-12664C and once on DJ-6514
{Tables 4, 5).

assumed to be 100 fiies/ha.

I The insecticide is applied on F, and is presumed to kill 90%
of the population.

§ In each generation 1% of the total population is assumed to
enter diapause.

Chemical controf

Chemical control of pest populations should only be
adopted as a last resort but it still remains the main tool in
pest management. A number of insecticides have been
tested ‘and found effective against importaht sorghum
pests (Table 6, Figure 2). BHC, lindane, carbaryi, carbo-
furan, malathion and endosulfan can be used effectively to
control seedling pests. Dusts, granules, or sprays may‘ be
applied, depending on the insect, time and mode of appli- '
cation. Further investigation is required to evaluate the
effectiveness of some newer insecticides such as fensulfo-
thion, isophenophos, mephospholan and synthetic pyre-
throids against seedling pests. For earhead pests, dusts or
sprays of BHC, carbaryl, endosulfan, quinaiphos or mala-
thion may be applied at the half-anthesis, post-anthesis or
milky stages of the earhead, depending on the pest to be
controlled. ‘Care should be taken to use insecticides that
are readily biodegradeable and do not leave harmful re§i-
dues on the grain. Considering the difficulties involved in
conventional high volume spraying, dusts, granules and
u.l.v. applications may be considered for applying insecti-
cides.

Future strategies for pest control in sorghum

Pest control programmes should be based on economic
thresholds. Economic thresholds and reliable means of
monitoring pest populations or damage caused by them
need to be established. Shoot fly populations can be moni-
tored using fish meal traps {Figure 3). Populations of stem
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Table 6. Chemical control of imporitant insect pests of sorghum*
Insect Insecticides References

Shoot fly, Aldicarb Dimethoate Isophenphos Singh and Jotwani (1975), Hsieh (1977)
(Atherigona soccata) BHC Disulfoton Mephospholan Srivastava and Jotwani (1976a),

Carbary] Endosulfan Methyl demeton Srivastava (1976), Balasubramanian et a/.
Carbofuran Fensulfothion Monocrotophos (1976), Bhimnawawar et a/. (1976),
- Diazinon Fenvalerate Phorate Mote and Pokharkar (1975), Mote and
Phosalone Talgeri (1975), Srivastava et al: {1973),
Vibhute et al. (1975), Rajasekhara et a/.
(1973), Thirumurthi et a/. (1973a, b),
Thimmaiah ef a/. (1973a), Rathore ef a/.
(1972), Kulkarni et a/. (1972}, Thobbi
et al. (1979), Sukhani and Jotwani (1980),
Sadakathulla (1981a), Srivastava ef a/. {1980),
Sandhu and Dhaliwal (1982), .
Mote (1982), Singh and Saha (1969), Baskaran
(1972), Ketkar (1974), Rathore et a/ (1970),
Mittal ef a/. (1973}, Sandhu and Young
(1974), Jotwani et a/. (1971)

Stem borer BHC Fenvalerate Quinalphos Vaishampayan and Veda {1978), Kishore

(Chilo partellus) Carbaryi Lindane and Jotwani (1977), Kundu and Sharma
Carbofuran Malathion {1974), Srivastava and Jotwani (1976b),.
Endosulfan Manocrotophos Srivastava (1976), Bhimanawar et a/.

Phenoate (1978), Vibhute et al. (1975), Venugopal ,
et al. (1977b), Kundu and Kishore (1980),
Sadakathulla (1981b), Bhanot et a/. (1982),
Manoharan and Balasubramanian (1982),
David et al. (1969}, Rathore et al. (1970},
Rangarajan et al. (1973), Agarwal et a/.
(1976), Baskaran (1972), Ghode and Katiyar
(1971), Jotwani and Kishore (1973)

Armyworm BHC Dimethoate Malathion Kishore and Jotwani (1976), Bhimanwawar
(Mythimna separata) . Carbaryi Endosulfan ' et al. (1976), Bindra and Rathore (1965)

Sorghum- m|dge BHC ‘Disuifoton Malathion Rossiter (1977), Carq and Taley. (1877b),
(Contar/ma sorgh/co/a) Carbaryi Endosulfan Methamidophos Venugopal et al. (1975, 1! 9770) Rac (1976),

Carbophenathion Ethion Methyl-demeton Deshmukh et a/. (1978); ‘Rusas (1979),
Chlorfenvinphos  Lindane Methyl-parathion Reis ef al. (1977), Nunes et a/. (1976),
Diazinon Fenvalerate ' Monocrotophos Lara et af. (1976), Deering and Randolph
Dichlorvos Dimethoate Permathrin (1968), Huddlestone ef a/. (1972),
Dimethoate Phenthoate Borle et al. (1979), Gowda and Thontadaroya
Phosalone {19762), MacQuillan et al. (1975),
Quinalphos Thimmaiah et al. {1974}, Lara (1974),
Tetrachlorfonvinphos Kuishrestha and Singh (1967), Barrow
‘ " (1974), Aburto and Castro (1979),
Randolph et af. (1871), Sarkate and Raodeo
(1978), Rocha ef a/. (1979), Roth and. ’
Pitre (1973), Stanfords et a/. (1972),
Wiseman et af. (1973a,b), Singh ef a/.
(1979), Radke et al. (1978a,b), Castillo
and Querevedo (1980), Sadakathulla
{1981b), Mogal et af. (1980), Bhanot
et al. (1982), Ward et af. (1972),
* Sadakathulla ef af. {1978), Coutin (1970)

Headbug BHC ‘Diazinon Quinalphos Rangarajan ef af. (1973}, Rangarajan

(Calocoris angustatus)  Carbaryi Endosulfan et af. (1974a}, Usman (1967), Subba Rao
) Carbophenathion Fenvalerate et al. (1980), Sundararaju ef af. (1977),
Chiorfenvinphos  Lindane Kulkarni and Parameshwarappa (1978),
Malathion Paul and Srinivasan (1978) David et a/.
{1969)

Head caterpillars BHC Dichlorvos Monocrotophos Kishore and Jotwani (19786}, Srivastava
(Heiiothis armigera) Carbaryi - Dimethoate Permethrin and Singh (1975a,b}, Bhonot ef a/. (1982),
Eublemma spp. Cypermethrin Endosulfan Phenthoate Kishore and Jotwani (1971}, Darekar-and
Cryploblabes sp. Decamethrin Fenvalerate Quinalphos Talgeri (1976), Rawat et a/. (1970},

Jotwani ef al. (1978), Borle ef al. (1979),
Kulkarni et a/. (1880)

* Based on the published reports between 1965 and 1982.
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Insecticides

Carbaryl
Carbofuran
Carbophenathion
Chlorfenvinphos
Cypermethrin
Decamethrin
Diazinon
Dichlorvos
Dimethoate
Disulfoton
Eundosulfan
Ethion

Aldicarb
BHC

Insects

Shoot fly

Quinelphos
Tetrachlorfenvinphon

Phenthoate

Phorate

Methyl-parathion
Phosalone

Fensulfothion
Fenvalerate
Isophenphos
Lindane
Malathion
Mephospholan
Metharmidophos
Methyl-demeton
Monocrotophos
Pgrmathrin

Stem
borer

Army-
worm

Soréhum
midge

Head bug

Head
cater-
pillars

Figure 2. - Chemical control of important insect pests of sorghum. B, indicates the effectiveness of the insecticide.

borers. and Heliothis ‘can be monitored using light and
pheromone traps (Figure 4). At present, populations of
midge and headbugs (Figure 5) can only be monitored
through field surveys. Based on the population dynamics
of these pests, sowing dates can be adjusted or insecti-
cides applied to keep the pests in check. Such exercises
should be carried out by agricuitural universities, research
institutes and extension agencies in a particular geo-

300.0001
100,000
90,000 -
80,000 |
70,000
60,000 -
50,000
40,000

50,000 —

No. of shootilies caught/trap per day

graphical region, and should be pursued on the lines of
operational integrated pest control projects on such crops
as cotton and rice. The necess,&i}y inform‘atic;n can be con-
veyed to the farmers by radio, tejevision, newspapers or
extension agencies.

Cultural pest control operations such as date of sowing,
seeding rates, fertilizer application, field sanitation,
weeding and cropping systems should form an essential

— 1

0 T T T T T
Jan Feb Mar Apr May

June

T T T
Oct Nov

July Aug Dec

T
Sept

Figure 3. Catches of shootflies in fishmeal traps at ICRISAT Center (1977-79} (Sharma and Davies, 1982).
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Figure 4. Chilo catches in light and pheromone traps at ICRISAT Center, 1980-81 (/CR/SA 7, 1982).

component of the pest-management systems. Extension
agenbies can play a major role in making farmers aware
of the benefits of cvulturavl practices for pest control.

The use of pest-resistant cultivars should form the back-
bone of future pest. management systems. Efforts to
develop, release and popularize varieties that are resist-
ant to key pests should be intensified. Several cultivars
resistant to midge, shoot fly, and stem borer have been
reported (Table 8), and may be recommended for cultiva-
tivon in endemic-areas. Efforts should be made to incorpo-
rate resistance into cultivars with- good agronomic
backgrounds and to strengthen the level of resistance
through geneﬂpyr-amiding. Re’sistancev to headbugs has still
not been found. Major emphasis should be placed on such

T

(a)

3

1981

w oA oo

. (weekly means)
N

No. of midge flies/5 heads
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.
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Figure 6. Population dynamics of (a) sorghum midge, Contarinia
sorghicola, at /CRISAT Center, 1980-81 (ICRISAT, 1984) and (b)
sorghum head bug, Calocoris angustatus, at /CRISAT Center,
19871-82 (ICRISAT, 1984).

management practices as sowing date, and the use of cul-
tivars that flower during periods of low bug activity. Loose
panicled cultivars need to be developed for aréas where
headbugs and head caterpillars are major pests. Cultivars
resistant to more than one pest need to be deve!oped'
through “heterolines’ or by combining resistance to differ-
ent pests through population breeding techniques. - '

" Insecticide effectiveness and sel'éctivity should form the
basis of chemical control. Insecticide residues on grain
should be determined so that safety intervals can be fixed.
Greater emphasis should be placed on the mode of insec-
ticide application. Granules, dusts and u.l.v. applications
can easily be substituted for conventional spraying, thus
avoiding the difficulties involved in conventional high-
volume spraying.

Cropping systems and cultivars that encourage natural
enemies should be identified and fitted into pest control
schedules. ‘

The possibility of using attractants, repellants and anti-
feedants in pest management systems should be explored.
Insecticides of plant origin such as those obtained from
Azadirachta indica, Acorus calamus, Catharanthus roseus,
Bluemea eriantha etc., should be exploited for pest
control.

Remote-sensing satellites: could be employed to deter-
mine host density, location, and extent of damage. Remote
sensing can help to detect damage early and determine
the effectiveness of control measures. It offers an efficient
and cheaper method for pest surveys.

Conclusions

Insect pest resistant varieties and cultural practices
should form, the backbone for pest control programs in
sorghum agro-ecosystems. Insecticides may be used
_when necessary based upon economic thresholds.
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