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Abstrect. Sorghum midge, Contanmia sorghicola Coq (Cect
domyndae Diptera), 1s the most important pest of grain sorghum
worldwide The effect of midge-resistant cultivars on economic
injury levels (EILs) for sorghum midge was studied on two midge-
resistant (ICSV 197 and ICSV 745) and four commercial cutivars
(CSH 1, CSH 5, ICSV 1 and ICSV 112) There was a linear relation-
ship between midge density and percentage loss of grain in the
midge-susceptible cultivars CSH 1, CSH 5, and ICSV 112 How-
ever, there was only a marginal increase in midge damage with an
increase In midge density in the midge-resistant cultivars ICSV
197 and ICSV 745 while ICSV 1 showed a moderate increase in
midge damage Insect density-damage relationships were better
correlated when the cultivars were infested four tmes with a
range of midge densities (5-40 midges/panicle) than with single

(b-vaiue) and of
determination m’%) increased with number of infestations and
insect density in the midge-susceptible cultivars EILs based on
four infestations (across infestation levels) were 0 1-0 2 midges/
panicle for the commercial cultivars ICSV 1, ICSV 112, and CSH 1,
and 25 and 33 midges for the midge-resistant cultivars ICSV 187
and ICSV 745, respectively EiLs at 40 midges/panicle (across
number of were. 0'2 midg le for CSH 1, ICSV
1, and ICSV 112 compared with 67 midges for ICSV 745, and 100
midges tor ICSV 197 Economic injury levels for sorghum midge
therefore ditfer with plant resistance, Insect densities, and the
number of days for which the panicles are exposed to the midge
fies Panicles infested with a range of mnsect densities, and for
three to four days give a rehiable estimate of ElLs for sorghum
midge. it is important to determine EILs for resistant and suscep-

tible cuttvars for pest
1. Introduction

Sorghum midge, C ini g Coq. (Diptera:
Cecidomyiidae), is a major pest of grain sorghum (Harris,
1976). ¢ of ghi midge includes cultural

practices, host-plant resistance, natural enemies, and
chemical control. Chemical control is euaﬂy and numer-
ous i are required if i is

because of staggered flowering. The pvospoc‘a 1or
successful implementation of cultural control by synchro-
nized plantings have their limitations since all the far-
mers in a region may not be able to plant the same cultivar
mmmm‘UWmmwﬂmﬂmnMImw
staggered p gs which may midge popula-
tions. In such situations, there may be a complete loss of
grain in late-sown crops.

Host-plant resistance is a viable component in inte-
grated pest management and this tactic has a wide appli-

cability and function. Midge-resistant vareties are one of
the most effective means of controlling this insect (John-
son et al, 1973; Sharma et al., 1992; Sharma, 1993).
Economic injury levels (EILs) may or may not change with
different cultivars depending upon the criterion used for
establishing the ElLs (e.g. insect numbers, % damage,
etc.), and the mechamsms of resistance to the insect (non-
pi 3 or (Sharma, 1993). Since
thresholds for midge are based on the non-damaging
adult populations, the ElLs would be expected to change
with the level of host-plant resistance

The present studies examined the change in ElLs tor
sorghum midge on ly-developed it
cultivars, and determine insect denslty—damage relation-
ships for different infestation levels, number of infesta-
tions across , and culti for g insec-
ticide usage in integrated pest management in sorghum.

2. Materlals and methods

The experiments were carried out between 1985 and
1989 at the International Crops Research Institute for the
Semi-Arid  Tropics (ICRISAT), Patancheru, Andhra
Pradesh, India, and the ICRISAT sub-station at the
University of Agricultural Sciences. Dharwad, Karnataka,
India.

2.1. Crop

At ICRISAT Center, the crop was planted on ridges
75cm apart. Seedlings were thinned to a spacing of 10cm
between the plants 15 days after emergence. Carbofuran
3G (1:2kg a.i./ha) was applied at the time of sowing to
protect the seediings against sorghum shoot fly (Atheri-
gona soccata Rond.) and spotted stem borer (Chilo par-
tellus Swin.). Cypermethrin (Cymbush 3ED) (R) was also
sprayed 15 days after seedling emergence to control the
sorghum shoot fly. No insecticide was applied during the
reproductive phase of the crop. The crop was raised under
rainfed conditions during the rainy season (July—
October), and under irrigated conditions during the post-
rainy season (October~March). At Dharwad, the crop was
sown with carbofuran 3G on fiat beds, with rows spaced
50cm apart, and the seedlings thinned to a distance of
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Table 1. Economic injury leveis for sorghum midge across different number of infestations and infestation leveis (ICRISAT Center,

1985-1988)
Location Year No. ot No. of Cuttivar Regression Coefficient of ElL
infestations fiies/ coefficien determination (No. of midges/
panicie () (FF %) panicie)
cB8 N
Dharwad 1985 4 1-10 CSH§ 36" 82 o082 10
IC8V 197 05 34 634 78
Dharwad 1985 5 1-10 CSH 5 36" 99 o082 10
ICsv 197 -01 12 3170 417
Patancheru 1985 4+5 1-10 CSH5 94 128 16
combined Icsv 1 85 In 39
Icsv 197 86 634 78
Dharwad 1985 1 4-50 CSH 5 80 368 46
ICSV 197 ] 3170 216
Patancheru 1988 1 5-60 CSH 1 92 474 56
ICsV 1 92 1555 54
ICsv 197 72 52:83 62:5
IC8V 745 93 2525 313

EIL = Economic injury level, C:B = EIL based on a costbenefit ratic of 1:1. and N = EIL computed by the formula of Norton
(1976). '
***Regression coefficient signiticant at # = 005, and 0-01, respectively.

10cm between plants 15 days after emergence. During
the 1985 rainy season, the commercial hybrid CSH 5 and
the midge resistant variety ICSV 187 were sown at Dhar-
wad, and CSH 5, ICSV | and ICSV 197 at ICRISAT Center.
During the 1988 rainy season CSH 1, ICSV 1, ICSV 197 and
ICSV 745 were sown, and during the 1989/90 post-rainy
season ICSV 187, ICSV 745, ICSV 1, ICSV 112, and CSH 1
were sown at ICRISAT Center for estimating EiLs.

Each cultivar was planted in 108 m? plots. At flowering,
the panicles were tagged at random and infested with
different numbers of midge females using the headcage
technique (Sharma et a/., 1988). Each infestation level was
replicated on 20 panicles. Cultivars tested, number of
midges released/panicle, and the number of infestations
are given in Table 1.

22 Insects
Adult females were from ing sorgl
panicles in 200 mi plastic aspirators in the morning (08.30
to 10.00h), and were i d on sorgh
ingide head at of fi g. The
d i of a wire- d cage (16cm

diameter, 20cm long, with three vertical support wires)
having a loop at the top. Extensions of the vertical wires
were tied around the peduncle. The cage was covered
with a blue cloth bag (30cm long, and 16cm diameter)
having an inlet hole at the top (5cm diameter, and 5cm
long) (Figure 1) (Sharma ef al., 1988). Midge intestation
was repeated on subsequent days as per experimental
details (Table 1). Midge females lay eggs inside the spike-
lets, and die within 4-8h. The larvae feed on the deveiop-

Figure 1. Wire-framed headcage used to confine midge femaies
ing grain. As a result, the infested spikelets become with the sorghum panicles at anihesis for determining insect density~
chaffy. The panicies were checked 1 week after infestation damage relationships.
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Figure 2. Insect density-yield loss relationships for sorghum midge, C. sorghicola (8 = Dharwad, 1985 rainy season; b = Patancheru, 1985
rainy season; c = Dharwad, 1985 rainy season; and d = Patancheru, 1988 rainy season).

for the presence of other panicle-feeding insects such as heavy midge infestation, there may be up to 100 midges/
head bugs and head caterpillars, and these insects were panicle. In susceptible cultivars, 40 midges/panicle
removed by tapping the panicle. cause 100% damage (Sharma et a/., 1988). Therefore, we

In general, there are 5-20 midges/panicie under natural selected a range of insect densities representing low (1~
conditions (Sharma et al., 1988). However, in situations of 10 midges/panicle) or high (5-40 midges/panicle) midge



an H. C. Sharma of ol.

h Also, 1 g in sorg con-
tinues for 4-8 days, when the midge females lay eggs
inside the spikelets at anthesis (Marris, 1976). However, in
shuations of cloudy weather, rain, and low temperatures,
midge emergence and oviposition may be restricted to 1
or 2 days. Th the pani were infested
brlorldlyalogﬂlnmo'wm-dnmm
rolationships across a range of insect densities and
number of infestations.

2.3. Observations

The p age of midge ged 8p (grain)
were ded at maturi y, the female midge
m-mnmmmwwmmnm
pletes its lite cycle on a single grain resulting in complete
chaffiness of the spikelet. Percentage midge damage
therefore is equal to percentage loss in grain yield, since
there is very little scope for compensation in grain yield as
a result of midge damage (Haliman et a/., 1984a). Midge
damage was recorded at maturity in a sample ot 500
spikoiots selected at random. The CV% is <20% in a
sample of 500 spikelets, and hence this was used to
estimate midge damage in the infested panicies (Sharma
ot af., 1988).

2.4, Statistical analysis
Data were subjected to reg lysis to
the refationship between insect density and/or number of
intestations with percentage loss in grain. EiLs were com-
puted by two methods; (1) based on a cost:benefit ratio of
1:1, and (2) by the formula of Norton (1976) as used for
ostimating EiLs for sorghum head bugs (Sharma and
Lopez, 1988). The cost of one application of insecticide
was estimated at Rs 250/ha, and the market price of
sorghum grain was taken at Rs 2500/t. For a cost:benefit
ratio of 1:1, the EiLs were computed on the basis of mean
Mpmmmmcu&vmowbclmmmulmm
dl b Project, which was
315,320,321, 318 301, lnd39|l/hl'ovlCSV197 Icsv
745, ICSV 1, ICSV 112, CSH 1, and CSH 5, respectively
(AICSIP, 1885, 1990). Loss of grain yield due to one midge/
panicle wes obtained by:

Yxb
100

where L = j08s in grain yield due to one midge/panicle
(t/ha)
Y = yiokd potentiai of the cultivar (t/ha)
b = regreesion coefficient (% grain loss due to one
midge/panicie)

ElLs based on a cost:benelit ratic of 1:1 were i

L=

sulficient to justify the cost of one insecticide applica-
tion).
EiLs by Norton's (1976) formula were computed as fol-
lows:

[+
Bl oxixk
where C = cost of control, i.e. Rs 250/ha
P = price of grain, i.e. Rs 2500/t
L = ioss of grain due to 1 midge/panicie (t/ha)
K = reducti i.e. iency of the insec-
ticide to control the insect (taken here as 0-80).

3. Results
3.1.  Insect density-yieid loss rslanansh:ps for
midge-rest and ptible across

seasons and infestation levels

There was a linear relationship between midge density
ber of midges panicle) and damage (per-

centage of spikelets without grain) in CSH 5 and ICSV 1
both across infestation days {one or four to five infesta-
tions) and across different midge densities (1~10 or 4~-60
midges/panicie) (Figure 2, Table 1). Mowever, the re-
gression coefficient (b-value) was lower for the midge-
resistant genotypes, ICSV 197 and ICSV 745 than the
commercial cultivars, CSH 5, CSH 1 and ICSV 1. Re-
gression coefficients were groater when the panicies were
intested four to five times with 1-10 midges compared
with panicles infested with 4~60 midges only once. Thus,
single infestations resulted in a poor relationship botweon
midge density and d Coettici of
(A*%) were poor for ICSV 197 compared with CSH 5
(except in 1985 and 1988 ) b of its i
resistance to sorghum midge.

EllLs were higher on the midge-resistant cultivars ICSV
197 and ICSV 745 (6:34 to 31'7 midges/panicie) compared
with the commercial cultivars, CSH 1 and CSH 5 (0'82 to
1'6 midges/panicie when the panicles were infested four
1o five times with 1-10 midges). Estimates for EiLs were
two to seven times higher on the susceptible cultivars
when infested with 5-60 midges for 1 day than when
intested with 1-10 midges four to five times.

3.2 insect density—o; lationships for five
sorphwnoulfwnrsmdfffomntmfeamhonlomw

number of infestations

3.21. Infe loveis. R i tfici were
low for the cultivars ICSV 197 (b=001 to
1m)wocsv745(b 0-26 to 1:42) compared with the

by:
Q
Bl = 1

where O = loss of grain (i/ha) sufficient 1o justiy insecti-
cide appiication (Le. loss of 0'1t of sorghum grain/ha is

ftivars (b= 138 to 1175 for ICSV 1, 1:09 to
1ssocmcsv112.mdszsmsasucsm)(rmz
Figure 3). The regr with an
increase in infestation levels (except for ICSV 197 and
ICSV 745 st 20 and 40 midges/panicle). Regreasion
coefficients were significant at 20 and 40 midges/panicie
for the midge-suaceptible cultivars (except for ICSV 112 at
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Figure 3. Insect density-yield loss rolationships for sorghum midge, C. sorghicols, across number of infestations (ICRISAT Center, 1988/89

post-rainy season).
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Table 2. Insect density-damage relstionships for sorghum midge at different infestation leveis mn five
gorghum cultivars (ICRISAT Center, 1969/90 post-rainy season)

Coefticient of
Regression coefficient (b) determination (A? %)
Cuttivar 5 10 20 40 5 10 20 40
ICSV 197 R 0-01 1:08* 024 004 - 84 — -
IC8V 745 R 028 142° 094 048 - 78 82 3
Icsv 1 MS 141 1:38 518" 1175 43 6 98 96
ICSV 112 s 109 414 540 16'50"" - 34 67 99
CSH 1 s 525 580 860" 15:38° ] 10 88 86
A = Resistant, MS = and § =
- = Residual greater than Y-vanate
“** = Regression coefficient significant at P = 005, and 0:01. respectively.
Table 3. Insect! density-damage relationships for sorghum midge at four infestations in five sorghum culti-
vars (ICRISAT Center, 198990 post-rainy season)
Coetticient of
Regression coetficient (b) determination (R? %)
Cultvar 1 2 3 4 1 2 3 4
ICSV 197 R 102 197* 161 o088 29 98 68 60
ICSV 745 R 014 041 067 012 - - 29 -
ICSV 1 MS 397 565* 934 14:35° 24 89 93 88
IC8V 112 S 505 9:06* 1696" 17:24" 40 74 79 7
CSH 1 s 853" 7-81° 10-14* 18:88° 94 84 85 85

R = Resistant, MS - and S -

~ Residual greater than Y-varate.

“** = Regression coefficient significant at P - 0'05, and 0'01, respectively

20 midges/panicle). A? values were 86-99% at 20 and 40
midges/panicle for the commercial cultivars.

3.22. Number of infestations. Regression  coef-
ficionts were greater for the commercial cultivars CSH 1,
ICSV 112, and ICSV 1 than for ICSV 197 and ICSV 745, and
increased with an increase in the number of infestations
(except for ICSV 197 and ICSV 745 for four intestations)
(Figure 4, Table 3). Regression coefficients were signi-
ficant for panicles infested two to four times in the com-
mercial cultivars; CSH 1, ICSV 1, and ICSV 112. For the

pared with 6'7 midges for ICSV 745, and 100 midges for
ICSV 197. ElLs were lowest for the midge-resistant cuiti-
vars at 10 midges/panicle and at two infestations. For the
commercial cultivars, four infestations and 40 midges’
panicle resulted in lowest estimates tor EiLs.

3.3. Insect density~damage relationships across
infestation levels and number of infestations

Regression coefficients were higher for number of
infestations than for levels. Reg i

dg Iti the reg s
were non-significant (except for ICSV 197 for two infesta-
tions). A? values were 74-93% for panicles infested two to

four times in CSH 1, ICSV 1, and ICSV 112.

3.2.3. Economic injury levels. Estimates for ElLs de-
creased with an increase in the number of infestations in
the susceptible cultivars. In ICSV 197 and ICSV 745, the
ElLs were higher at four infestations than at one to three
infestations (Table 4). EiLs were 0'1 to 02 midges/panicle
for the commercial cultivars, ICSV 1, ICSV 112, and CSH 1
compared with 33:3 midges for ICSV 197 and 25:0 midges
for ICSV 745 when the panicies were infested four times.
ElLs decreased with an increase in midge density on ICSV
1, ICSV 112, and CSH 1. At 40 midges/panicie, the ElLs for
the commercial cultivars were 0-2 midges/panicle com-

tfi for ICSV 197 and ICSV 745 were lower than
those for ICSV 1, ICSV 112 and CSH 1 both for the number
of int and the i levels (Table 5, Figure
5). R? values were < 50% (except for infestation levels for
ICSV 112), indicating that averaging the data either across
infestation levels or number of infestations does not ex-
plain the relationship between insect density and grain
damage for computing EILs. Insect density-damage rela-
tionships across culti improved with an in
insect numbers/panicle (Figure 5(b)).

EiLs were lower for number of infestations than for
infestation levels (Table 5). EiLs varied from 0-3 to 0'6
midges/panicle for ICSV 1, ICSV 112, and CSH 1 com-
pared with 4'0 midges/panicle for ICSV 745, and 91
midges/panicie for ICSV 197 across number of infesta-
tions. Across infestation levels, the EiLs were 2:8-4'5
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Figure 4. Insect density~yield loss relationships for sorghum midge, C. sorghicola, across infestation levels (ICRISAT Center, 1988/88 post-rainy
season).
midges/panicle for with

4. Discussion

25-50 midges for ICSV 745 and ICSV 197. The estimates

for ElLs were much higher than those obtained with
damage-density relationships for number of i i

and infestation levels.

M»dge density-damage relationships were linear for the

CSH 1, CSH 5, ICSV 1 and

|csv 112 across seasons and/or number of infestations.
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Tabie 4. Economic injury leveis (number of midges/panicie) for sorghum midge across four infests-
tion days and four insect densities in five sorghum cultivars (ICRISAT Certer. 1989/90 post-rainy

season)
EiLs at different ElLs at different
number of infestations infestation leveis
(No. of midges’pa
Cuttivar 1 2 3 s 10 20 40
ISV 197 3 16 20 333 3333 29 128 1000
ICSV 745 200 77 48 250 122 22 33 67
Icsv 1 08 06 03 02 22 23 06 02
ICSV 112 (4] 04 02 02 29 08 06 o2
CSH 1 03 03 03 01 05 o5 03 02
Table 5. Insect density-damage relationships for sorghum midge on tive sorghum cultivars across

number of infestations and at different insect densities (ICRISAT Center, 1989/90 post-rainy season)

ElLs (No of midges/panicie)

No. of Intestation No. of Intestation

infestations levels (IL) infestations levels
Cultivar b R*(%) b R (%) ce N cB N
ICsV 197 034 t 012+ 33 91 1M1 250 333
ICSV 745 078" 19 003 3 40 50 500 1250
ICSV 1 493" 16 069" 47 06 08 45 56
ICSV 112 600" 13 103" 58 o5 o7 35 a8
CSH 1 867" 28 092" 48 03 05 28 38

C:B = ElLs based on a cost:benefi ratio of 1°1, and N = ElLs based on Norton's (1976) formula
*** = Regression coefficient significant at P - 0:05, and 0-01. respectively

However, increase in midge damage was low for the
midge-resistant cuitivars ICSV 197 and ICSV 745. A poor
relationship by midge infs ion and p 0
loss in grain (% midge damage) was also evident in terms
of low R? values for the midge-resistant cultivars. Low
damage in the midg i It is largely because
of low oviposition due to short and tight glumes (Sharma
et al., 1990).

Insect density—damage relationships were better when
the panicles were infested repeatedly four to five times
than when using a single infestation (Tables 1 and 3). R*
values were >79% for the midge-susceptible cultivars
with three or four infestations and with 40 midges/panicle,
and these provided a fair esti for puting ElLs.

level of one midge’panicle for the midge-susceptible
hybrids and five midges/panicle for the midge-resistant
hybrids. ElLs for the midge-resistant cultivars were much
greater than those reported for the midge-resistant
hybrids. EiLs for sorghum midge were 0-1 to 0'2 midges/
panicle for the susceptible cultivars CSH 1, CSH 5, ICSV 1,
and ICSV 112 compared with 25 midges/panicle for ICSV
745 and 33 midges for ICSV 197 for four infestation levels.
At 40 midges/panicle, the ElLs ranged from 0-2 midges/
panicle tor the susceptible cultivars to 6:7 midges for ICSV
745, and 100 midges for ICSV 197. EiLs for midge varied
with insect density, number of infestations, and host-plant
resistance. Four infestations across a range of midge

ElLs for the midge-resistant cultivars varied widely be-
cause of a poor relationship between midge density and
percentage midge damage. ElLs computed on the basis
of a cost:benefit ratio ot 1:1 were similar to those obtained
by Norton's (1976) formula.
Economic thresholds for sorghum midge have been
to be 1-0 midge/panicle in Texas (USA), India,
and Argentina (Hoelscher and Teetes, 1981; Limonti and
Villata, 1880; Karanjakar and Chandurwar, 1978), 2-3
midges/panicle in Mississippi (Pitre et al., 1975), over 6:0
midges in Australia (Passlow, 1973), and 0'6 midges in
Taiwan (Hong, 1987). Hluman ot al. (1984b) studied midge
density ps for midge-resistant and

(5~40 midges/panicle) and 40 midges/panicle
(across number of mlostaloons) provided similar and reli-
able tor puting EILs for sorghum midge.
ElLs vary across cumvars (Sharma and Lopez, 1989,
1993, Sharma, 1993), seasons/locations, and depend
upon the prevailing market costs of the inputs and the
value of the produce. They are a useful tool for decision-
making in pest management. ElLs for sorghum midge
increase with an increase in the level of cultivar resistance
to C. sorghicola (Sharma, 1993). Thus, it is important to
ine EILs for pest-resi it to avoid waste-
ful usage of pesticides or other means of pest control
Determination of ElLs for pest-resistant cultivars also
provides information on whether the available levels of

mldga-wmpﬂbb hybrids. They suggested a hok

are q to withstand prevailing pest
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Figure 5. Insect density-yield loss relationships for sorghum
midge, C. sorghicola, across genotypes and number of infestations
(ICRISAT Center, 1988/89 post-rainy season).

and ICSV 197, resp y for four
sorghum midge change with insect density, number of
infestations, and the level of host-plant resistance. For
determining ElLs for sorghum midge, it is important to
infest the test cultivars for three to four days with a range

of insect (5-40 midges/p ). ElLs should be

determined for different cultivars grown in a region to
i i ic i tor grated pest

management.
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