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Apsrract.  Avoidable losses and cconomic injury levels {E1Ls) were (()mpulcd [or the sorghum
head bug, Calocoris angustatus Leth., on three cultivars during three rainy seasons (1985 l‘)87) at
[ICRISAT. Grain yield in plots protected with 2-5 insecticide sprays (car ]xuyl at 500 g a.i./ha)
between the half-anthesis and the dough stage was significantly hlqhu than in untreated plnts
with cost~benefit ratios > 1. Plots that were not protected at hall- anthesis and/or complete-antliesis,
and at milk and dough siages, sullered a slqmlu ant loss in yield. Bug damage spoiled the grain
quality in terms of germination, 1000-grain mass, grain hardness and percentage Qoaters. Three
to four sprays between complete-unthesis and the dough stage prevented a significant reduction
in grain quality. Head bug density at halfzanthesis, complete-anthesis, milk and dough stages was
signilicantly and negatively associated with grain \wld Bug density at dillerent stages explained
43-94% ol the variance in yield. Direct effects of l)ua_{ numbers at the milk stage and the indirect
elfects of head bug density at other stages through the milk stage contributed towards maximum
reduction in yield. Maximum avoidable losses were recorded in cultivar ICSV 1 (88 6%}, followed
by CSH 1 { )‘l 9%, and CSH 5 (53-9% in 1986 and 55:0% in 1987). Loss in grain vield/ha due
to one insec l/[mnu le at hall-anthesis and that based on natural increase, were 548 und 232 kg
in CSH 5 during 1986 and 1987, respectively, 251 kg in IGSV 1, and 77 kg in CSH 1. EILs based
on a cost-benefit ratio of 1:1 ranged from 1-3-1-4 insects/panicle for GSH 1, 0+ for ICSV 1, and
0406 and 0-2-0-4 for CSH 5 during 1986 and 1987, respectively, hlmpk cost estimates for
insccticide sprays and the resultant saving in grain yield are a useful tool for decision-making in
pest management.
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Introduction

Sorghum {Serghum bicolor (1.} Moench.) is one of the
most important ccrcal crops in Asia, Alrica, and
Latin America. Grain vields on peasant farms are
generally low, parllv because of insect pests {Sharma,
1985a). Nex ul\ 32:1% ol the production is lost
because of insect pests (Borad and Mittal, 1983).
Panicle-feeding insects alone result in an annual l(m
of nearly US “1]00 million in India {Leuschner and
blmmm, 1983).

Calocorts angustatus is one of the most important
pests of grain sorghum in India. Adults and nymphs
leed on the endosperm of the developing grain from
anthesis to the hard-dough stage, and this results in
severe loss in grain yield and quality (Sharma,
1985h).

Avoidable losses and economic injury levels (EILs)
have Dbeen determined Tor relatively  few  pests,
although these are central issues in decision-making
in pest management. The problem lies in adopting
an appropriate methodology to compute losses, and
the variation in the cost of inputs and the associated
savings in vield {Pedigo, Hutchins and Higley, 1986).
In sorghum, ElLs have been reported for shoot
fly, midge, armyworm, and some coreid and penta-
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tomid bugs (Hall and Teetes, 1982), but not for mirid
head bugs. This paper reports the results of studies

on the losses and ElLs for €. angustatus on three
sorghum cultivars. An attempt has also been made

to compute EILs from a cost=benelit ratio ol 1:1,
based on one insect across all panicle developmental
stages or by following the natural increase of hugs.
EILs were also computed by the formula of Norton
(1976) and compared with those calculated from
cost—henelit ratios.

The loss of grain quality due to damage by head
bugs is important. Endosperm texture is an important
characteristic in food preparatdon. Vitreous and hard
endosperm is prelerred for several p('n'ridg es {Rooncey
and Murty, 1982). Bug feeding increases amylase
activity, and severely aflects the grain quality, both
physic al]\ and “biochemically. During the rainy
scason, bug feeding renders the grain sus((puhlv to
mould infection, causing further deterioration in
grain quality. Bug damage changes the endosperm
texture and spoils the grain qualil\’ Dat were
recorded on 1000-grain mass, grain hardness, per-
centage  floaters and percentage  germination, (o
evaluate the eflect of bug damage on grain quality
during the 1987 rainy season.
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430 Sorghum head bug and grain yield

Materials and methods

E ﬂz’t[ of different spray schedules on head bug numbers and
grain yield

Studies were carried out at [CRISA'l" during three
rainy scasons (1985-1987), with sorghum cultivars
ICSV 1 and CSH 1 studied in 1985, and CSH 5 in
1986 and 1987. The crop was planted on ridges 75 ¢cm
apart, and the scedlings were thinned to a 10c¢m
spacing within the row 15 days after emergence,
Carbofuran 3G at 40 kg/ha, 1.e. -2 kg a.i./ha, was
applied at the time of planting to protect the crop
from shoot fly and stem borer damage. T'wo infester
rows of hybrids CSH 1 and CSH 5 were planted
every eight test rows 20 days before the experimental
plots. Each plot measured 6 X 9 m. The experiments
were laid out in a randomized block design and there
were four replications. Head bugs collected from
other fields were uniformly spread in the infester rows
at panicle emergence. The bugs multiplied lor one
generation and then moved to the test plots. This
provided uniform infestation and increased the head
bug population in the experimental plots.

Carbaryl (1-naphthyl methylcarbamate) at 500 ¢
ad./ha was sprayed at 500 1/ha with a knapsack
sprayer, with a hollow cone nozzle, and a pump
pressure of 2:5-3:0 kg/em®. A polycthylene screen
(2 x 2m) was held downwind o minimize drift to
adjacent plots. The spray schedules are given in
Tables 1.

Head bugs were counted in 10 randomly selected
panicles in cach plot 24 h after cach spraying during
1985, and 24 h before and after cach spraying during
1986 and 1987, at diflerent stages of panicle
development. At maturity, sorghum panicles from
the central {our rows of cach plot were harvested for
grain yield.

Data on bug numbers and grain yield were
subjected Lo analysis of variance, and the treatment
means were compared using the least mgmhctmt
difference (LSD). Correlation and regression coeffi-
cients of bug numbers and grain yield at different
stages of panicle development were computed. The
data were also subjected to path cocflicient analysis
to determine the direct and indirect cflects of bug
numbers at diflerent stages of panicle development
on grain yield.

Tapre 1. Effect ol carbaryl sprays on head bug numbers and grain yield au different stages of panicle development in CSH 1 (1985 rainy season?
No. of head bugs { panicle alter spray
Grain vield Cost-benelit

Treatment HA CA M D HD ikgiha} ratio
T1 HA" 0-3{0-H* 3-6(1-8) 21-7(46) 81-6(8-7) F7(21] 1109 i 90
T2 HA + CA () 140-2) 0-1{0-3) 2:0(1-4) 16-3(3-9) 50722 1605 35
T3 HA+CA+ M 0-4{0-6) 0-4{0-6) 0-4{0-3) 18-7(4+-0) 40(" 0) 1496 : 33
T4HA+CA+ M+ D 0-0{0-0) 0-3(0-3) 0-5(0-7) 1-5{1-1) 1-3{0:9) 1159 16
T5 HA+ CA+ M+ D+ 1D 0-2{0-3) 0-4(0-6) 0-4{0-5) 2:7(1-6) 0-0{0:0) 1678 0 244
T6 CA+ M + D + HD 7.0{2:6) 0-2(0+4) 0-5(0-6) 2:5(1-4) 0-3{0-3) 1383 ;99
T7M + D + HD +7(241) 15:3(3-8) 0-3{0-3) 1-1{1-0 0-2{0-3) 1575 I 36
T8 D + HD 56(2.3) 18:3 (1) 56:3(7-3) 100-9) 0-3{0-4) 633 I: 08
19 HD 11:7(3-0) 22.0(-4) 64-0{7-9) 65-0(8-0) 0-3(0-4) 155 1:—09
TI10 Untreated—check 18:7(3-7) 10-3(3-1) 51:3{7-1) 61-{7-7) 6-0(2-2) 305 s
SE +10-36) + (0-47) + (031 +(0:76) +{0-31) +106-8

"HA, Hall anthesis; CA, complete anthesis; M, milk stage; D, dough stage; HD, bard dough stage;

~
; Migures in parentheses are n translormations

TasLe 2. Ellect of carbaryl sprays on head bug numbers and grain yield at different stages of panicle devetopment in TGSV 1 {1985 rainy season?

No. ol head bugs { panicle alter spray

Grain yicld

Cost-benetit

Treaunent HA CA M D HD {kgfha riio
T1 HA“ 1-9(1-3)* 0-8(0-9) 12:7 (3-1) 6-7(2:4) 0-1{0-2 2366 1204
T2HA + CA 1-7(1-1) 0-3(0-4) 0-8 (0-9) 2:5{1-5) 11{0-6) 2151 1108
TIHA+CA+ M 0-5{0-6) 0-4{0+6) 0-3 (0-3) 30(1-3) 0-3{0-3) 2253 I 63
T+HA+CA+ M+ D 1-3(0-8) 0 -4(0-6) 0-0 (0 0-1{0-1) 0-1(0-2) 2599 I+ 58
TSHA+CA+ M+ D+ HD 3:6(1-7) 3 2(1-6) 01 (0-1) ['l 1(0-1) 0-1(0:2) 2161 1 37
T6CA+ M+ D+ HD 17-5(+1) [l -7(0-8) 03 (0-3) 0-2(0-3) 0-1(0-2) {895 1: 4+
‘T7 M +D + HD 12:5{3-4) 38:-7(6:1) 0-7 (0-7) (l -0(0-0} 0-0{0:0} 169 1: 06
T8 D + HD 11:0(3-2) 22.7(4-8) 872 (9-3) 0-1(0-3) 0-0(0-0) 296 1: 00
T9 HD 14:0(3-2) 19-1(3-3} 895 (9-1) 10:3(2-8) 0-0{0-0% 587 1: 29
T10 Unireated-check 9-7{2:9) 34-2(5-3) 159-2(12-4) 4224 0-0(0-03 296 ——
SE + (0-40) +{0-73) + (0:70) + (O +(0-21) + 1991

“bAsin Table |
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TABLE 3.

Eflect of carbaryl sprays on head bug numbers and grain yield a ditferent stages of panicle development in GSH 5 {1986 rainy season)

Neo. ol bead bugs | punicle

CA D
Grain Cost~
Belore After Before Alter Belore After yield Henelit
Treatment spriy spray spray spray spray spray tkg/ha ratio
Ptil-1; +0:1-9) 11-043-2; 2770 1:14 144
0-8{0-9} 8027 (3{0-6 2766 1: 714
04041 32{1.8} 11 1:0) 2121 2003 1: 515
i2-81 {2:7; 52-2(6-9; 1-1{1-03 +0{1-8) 2406 1: 504
7:212-67 32(2-2% 56-0(7-4) 92.7(8-93 3M7(6-6) 1531 1: 1.92
110325 +5{2-1} 60-7{7-6) 70-5({8-3) 370075 1339 1+ 1.00
Sk {019 +{0:197 +10:59) +{0:96; +(0:763 + (053] +172:8
" As in Table |
Tapte 4+ Efleet of carbaryl sprays on head bug numbers and grain yicld in sorghum hybrid CGSH 3 {1987 rainy scason}
No. ol head bugs | panicle .
HA CA M D
Grain Cost—
Belore Alter Belore Alter Belore Alter Betore After vicld henefit
Treatment spray spray spray. Sprity spray Spray SPray spray {kg/ha) rittio
T HA" 0-0(00; 11- 0(‘% 2y 30(1-6) 15800122 96-0 (97 3+0(7-3)  12:5{3-3) 2170 1:10:95
T2 HA + CA 00040} 0- 01() ) 220 (+5) 80 (28]  160(-+0] 90{2-9) 2348 I 657
T3 HA + CA + M 0-000-0) 0-0{0-0) 15-0 (3-8) 20 {1-5) 170013 8-0(2.8) 2128 1: 331
THHA +CA+ M+ D 0-000-0} ] 00{ 00) 9.0 [" 94 30 {1-5) 8-002-8) 2:2{1-5) 2633 1: 390
THCA 4 M+ D 501223 10-0{3-1) 150 13:8) 30 {1-6) 30{2-23 20{1-3) 2351 1: 125
TeM +D +0(2-1 17-0{2:6) 182:0(12:3) 40 (2:0) 7-0(2:6) 1214} 1770 1: 348
T7 D 50721 7-H2-6) 161-0(12:5) 630 (8:40)  32:0(60) 2.2(1-4) 1150 1. 075
T8 Untreated -check 5-0(2:-13 10043-1) 165-0(12:5) 1TE {104} 30-0(5-3) 8:0{2:7} 1075 :
SE FI0200 2020y H£(057)  £{072) +{0:98) +{0:39) £{042)  £(032) 1701

**As in Table 1

Effect of head bug damage on grain qualily

During the 1987 rainy season, grain {rom diflerent
treatments was given various quality tests. One
hundred grains were taken at random from cach
replication and placed in the folds of moist filter
paper in a Petri dish at 25 + 2°C for a germination
test. The paper was moistened every 24 h and the
number ol‘e;rcuns that germinated counted alter 72 h.

Thousand-grain samples were taken at random
with an automatic grain counter and cquilibrated
overnight for moisture content in an oven at 37°C.
Grain mass was recorded the following day, and the
samples were subjected to a grain-floater test to
evaluate the cflect of bug damage on grain density.
We followed the procedure of Hallqren and Murty
(1983) and conducted the test using a sodium nitrate
solution of specific density 1-31. Very lew grains of
the test cultivar, GSH 5, settled at the bottom in
sodium nitrate solution, so we compared the percent-
age Hoatersin plain water, which has a specific density
ol 1-0. The heavy grains settling at the bottom were
removed and dried overnight at 40°C. The mass
of the heavy grains was recorded and expressed as a
percentage of the total grain mass.

Grain hardness was recorded on the Kiya® rice
hardness tester. Twenty-five grains selected at ran-
dom were tested for hardness in each replication.
Moisture content was equilibrated in an oven at 37°C
lor 24 h before the test. The maximum force required
to break an individual grain was recorded as the
hardness score. Data were analysed statistically to
compute the least significant dillerence between
treatments. Correlation coefficients between grain
quality parameters were also computed.

Avotdable losses

Avoidable losses were computed from the grain yield
recorded in untreated check plots and those receiving
maximum protection against bugs. Avoidable losses
() were computed by:

C=MX 100

a
where (V= avoidable loss (%); a = grain yield in

protected plots, and b = grain yield in unprotected
plots.
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Iconomic injury level (L1L)

Economic injury levels were computed [rom a

cost—henefit ratio of 1:1, that is when the cost of

control was equal to Lh(‘ value of the grain saved.
EILs were based on one insect per panicle across all

stages ol panicle development, and on the rate of

natural increase in the untreated check plots. For

example, in GSH 1 the rate of natural increase of

head bugs in the untreated conwrol plots was 1, 0.8,
3-7, 4-5 and 0-4 insccts/panicle at the hall- anthesis,
complete-anthesis, milk, dough and hard-dough
stages, rcspu‘u\ clv The l(m in grain yield from one
insect per panicle at half~anthesis was computed by
using the rate of natural increase of bugs at diflerent
stages in the regression equation ( Tables 7 and 9).

EILs were also computed by the Iormula of Norton
(1976), as discussed by Pedigo ef al. (1986):

C
MM =5 Dk
where C = cost of insecticide use per hectare,
P=price ol produce/quintal (one quintal
(q) =100 kg)
D =loss in grain yield (q/ha) associated with
one inscct/panicle, and
K = reduction in pest attack (0-80).

Results

Liffect of different spray schedules on head bug numbers and
grain yield

During the 1985 rainy scason, bugs remained under
check in plots sprayed at hall;anthesis and/or
complete-anthesis to hard-dough stage {treatments
T2 (0o T 6) (Table 1). However, there was some
increase in bug numbers in plots sprayed at hall-
anthesis and complete-anthesis only. Grain yield did
not differ significantly among plots treated at
half-anthesis + complete-anthesis and those treated
up to hard-dough stage with 3-5 sprays (T3 to TH).
In ICSV 1, plots not protected at hall-anthesis +
complete- anlh(‘sn suffered a significant loss in grain
yield (Table 2). This suggests that protection during
the initial stages of grain d(vdopmcnt (hall~anthesis
to complete-anthesis stages) is most critical [or head
bug control. However, cultivar susceptibility to bugs
at a particular stage ol dcvc‘l(‘:pmcnt also seems o
affect the extent of grain damage: e.g. TGSV 1
appears to be more susccpul)lc to head bugs during
the initial stages of grain dev vlnpmcnl compared with
CSH 1. TCSV | has a small grain and compact
panicle, compared with the bold grain and semi-
compact panicle of CSH 1. These characteristics may
also account for the differences in susceptibility of
these cultivars to bugs.

Cost=benefit ratios were >1 in plots protected
with -5 sprays from the hall-anthesis and hard-

CROP PROTECTION Vol. 8 December 1989

dough stages in CSH 1, and between the complete-
anthesis and hard-dough stages in ICSV 1.

A three-spray schedule was followed during the
1986 rainy season on CSH § ( Table 3). Plots prolected
at the mmplct( -anthesis, milk and dough stages gave
the maximum grain yield, followed by those treated
at the complete-anthesis and milk stages. These
treatments also gave good control ol bugs. Plots no
treated at (()mplcw anthesis suffered a significant
reduction in grain yield. Plots protected at the dough
stage only, sullered as much bug damage as the
untreated check plots. Cost—henefit ratios ranged
from 5:15 to 14-14 in plots treated with 1-3 sprays
between the complete-anthesis and dough stages.

Durmg the 1987 rainy scason, four spuns were
applied in different combinations on CSH 5 ( Table
4). Plots protected at all lour stages of panicle
development yielded 2630 kg/ha compared with 1075
kg/ha in the unprotected plots. Plots protected at the
half-anthesis and/or complete-anthesis and milk
stages did not differ significantly from those receiving
complete protection. However, plots that were not
protected at these stages suffered heavy losses in grain
yield. Plots protected with 34 sprays ol insecticide
gave cost~benelit ratios of 3-5-4-3.

Effect of head bug damage on grain qualily

Grain germination (% thousand-grain mass, heavy
grain (%), and grain hardness were slth(‘ mll\
higher when the panicles were protected between the
half=anthesis and dough stages, and between the
complete-anthesis and dough stages ( Table 5). Plots
not protected cither at the complete-anthesis and/or
milk and dough stages, suffered a significant redue-
tion in grain qualltv Similarly, plots not protected
cither at the complete-anthesis dnd/m the milk stage
showed a greater reduction in grain qlhlll[\’

Corrclation cocfficients between grain hardness,
]()()U-grdm mass, percentage floaters and  grain
germination were positive and significant, indicating
that damage by head bugs alfects all the grain quality
parameters ( Table ).

TaBLe 5. Germination {93, 1000-grain mass, heavy grain (%5 and
grain hardness of CSH 5 grain from plots protected at different stages
ol panicle development {1987 rainy season’

1000- Heavy
Germination  grain grain Grain
Treatment O mass i) o hardness

TT HAY 115 1681 59-6 0-19
T2 HA + CA 10-0 1796 591 +
T3 HA + CA + Al 10-3 17-95 7-H0)

TEHA 4+ CA+ M+ D 260 20-15 92.5

TSCA+ M+ D 21-3 20-02 2.8

T6M+D 15-3 16-17 ERD

T7 D R 13.71 20-7

T8 Untreated-check 33 12.87 100

SE +3.01 087 #9335 00405

As e Table |
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Direct and indirect effect of head bug density al different
stages of panicle dezelopment on grain yield

The dircet and indirect effects of bug density at
different stages of panicle development on grain yield
arc given in Table 7. Head bug numbers at the
hall=anthesis (o dough stages were significantly and
negatively associated with loss in grain yield, except
in bug numbers at the dough stage in TCSV T and
CSH 5 during 1987, Correlation coefficients indi-
cated  that head bug numbers at the complete-
anthesis and milk stages had maximum eflect on
grain yicld, and their regression coeflicients were also

Tantk 6. Correladon cocflicients between grain germinaton %3,
FO00-grain mass, heavy grain §%,5, and grain hardness in CSH S i
ruin

SO

Germination  1000-grain Grain Heavy
bardness  grain {%,3

A JREH

Germination iv,:

1000-grain mass 0-71%

Grain hardness 0-57% O-54*

Heuvy grain ¢ 0-67* (-83%* {:06* 1-00

o ESignihcant at £ = 005 awd P = 0-01, respeetively

TaBLE 7.

significant (except CSH 1 and CSH 5 during 1986).
Head bug de nsity after spraying at different stages
of panul( deve ]()pmcnl (,\[)Lllll(’d 42:6% of the
variance in grain yield for CSH 1; this percentage
was 72:6% for IGSV 1, and 82-:0% for CSH 5. During
1987, the mean numbers of bugs belore and after
spraying at cach stage of panicle development were
considered for regression analysis. All the regression
cocllicients were significant, and they explained
93-7% ol the variance in grain vield. Thus, l)uq
density before and after spraying during the various
dcvclr)plm ntal stages is important in determining the
loss in grain vield.

The direct eflects of bug numbers at the milk stage
were maximum in both CSH 1 and [CSV 1. Bug
numbers at the half- and complete-anthesis stages
also showed negative direct effects and on Llw
correlation and regression coctficients. The indirect
cilects of head bug numbers at these stages thmuqh
head bug density at the milk stage were also negative.
In GSH 1, bug density at the dough stage also showed
considerable negative direct effects.

Dircet ellects of bug density at the (Omplelc
anthesis, milk, and dough stages were negative in
CSH 5 in 1986. The bug numbers at the complete-

Direct and indirect ellects of head bug density at different stages ol panicle development on grain vield {1985~1987 rainy scasons)

Half Complete Flurd Correlation Regression
anthesis anthesis Milk Dough daugh cocfficient caeflicient
{FLAG 1CA} (M T MDD ir ih)
CSH 1. 1985 rainy season”
FIA —0-13 —0:02 —(25 - 0-06 —0-0002 —0-16% — 110
CcA =009 —0:03 —0:30 —0-02 —0-003 —0-16% - 1.7
Mo =006 — 002 —0:50 —0-08 0-008 —(hGTF* —  Gu*
D —003 — 001 —0-17 —~ 025 0-007 —(-40%* — 3
HD —0-001 0-01 —0-02 —0:09 0-02 —0-10 335
X o= 047 Intereept = 1-423%; R = 426
FOSY 1L 1985 ramy season”
HA —0-36 ~{-12 —0-12 001 0-02 —(-58%* — H20*
CA =010 ~ (43 —0-15 0-01 001 —(-67%* — 22.6%
M —(HU' 016 —0-¢1 —0-01 001 —0-67** - T 1*
D 0-05 006 —0-05 —0-0-4 —0-01 0-01 - 77
D 009 0-08 0-07 —0-01 —0-08 014 —120:0
N =094 Intereept = 2480%; £ = 726
CISH 5. 198067
CA —0-20 — (34 —0-10 —()-(-4¥* — 793
M -0-11 — 060 —017 - ()-89%* — 13-
8] —0-08 — Ot —02+ e —0-76*%* - 89
X =016 Intercept = 3296%; £ = 93.7
CSH 5. 1987
HA «~0-40 — ()-89 0-36 0-21 — 072 —156-5*
CA —027 —1-30 0-72 —0-0¢ — (L gO** — B34k
AN =015 — (97 097 — 063 —(L7O** Q.t*
D 010 —0-05 0-63 —0-96 —(-30 — 95.7%
X = 006 [ntercept = 3652: K2 = 937

“Number of Tiead bugs alter spraving: *mean number of head bugs before and alter spraving: ***significant ac 2 = 005 and P = 001, respectively: RS coellivient of

determinaiion 200X ellect of resddual factors
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anthesis and dough stages also showed negative
indirect effects through head bug density at the milk
stage.

On the basis of mean bug numbers before and
alter spmvmq during 1987, the direct eflects were
negative and greater for hcad bug density at the
hall-anthesis, complete-anthesis, and milk stages.
However, both the direct and mdm‘(l effects of head
bug density at the milk stage were pnsmw indicating
that much of the loss in grain yield is inflicted by
bugs before or even after the milk stage.

Head bug density alter spraying explained 52-5%
Ul'thc variation in direct and indirect effects for CSH

, 76-1% lor ICSV 1, and 84.3% for CSH 5 (during
198() The mean bug numbers considered during
1987 explained 97-3% of the variance.

Avoidable losses

Maximum avoidable losses were recorded in ICSV
1 (88-6%), followed by CSH 1 (69-9%) and CSH 5
(53-9% in 1986, and 55-0% in 1987) (Table 8). Loss
in grain yield/ha due to one inscct/pzmi('le across all
stages was 286 kg in CSH 5 in 1987, 209 kg in ICSV
1 in 1985, 154 kg in CSH 5 in 1986 and 22 kg in

'SH 1 in 1985. However, when we consider the
natural rate of increase in head bug numbers in the
memlcctcd plots and use it in the regression
(’quatmn the loss in grain ywld/lm was 548 kg in
CSH 5 in 1987, 251 kg in ICSV 1 in 1985, 232 kg
in CSH 5 in 1986 and 77 kg in CSH 1 in 1985 ( Tuble
9).

Economic injury level (EIL)
Economic injury level (EIL), based on a cost—henelit
ratio ol 1:1 and Norton’s procedure (Norton, 1976)

Tasre 8. Fxtent of avoidable losses due 1o head bugs in three
cultivars {1985-1987 rainy seasons)

Grain yield [kg/ha)

Avoidable

Culuivar Proteeted Unprotected losses (97,
CSH 1 (1983 1677 305 69-89
1G5V | {1985 2599 296 8861
CSH 5 (1986) 2603 1339 53-88
CSH 5 (1987) 2388 1075 3408

was 1-3-1-¢ insccts/panicle for GSH 1 (45 insccty/
panicle based on one insect/panicle across all stages;
and 0-4-0-6 msc(‘ls/pdm(lc for ICSV 1 and CSH 5
(EIL for CSH 5 in 1987 was 0-2 insects/panicle),
EILs calculated by the Norton (1976} formula were
close to those calculated on the basis of a cost—benefit
ratio ol 1:1 (Tuble 9).

Discussion

Grain yield did not differ significantly between plol,s
treated at the half~anthesis to dough stages with 2-]
sprays. However, plots that were not protected at
hallanthesis and compl(: ¢ anthesis suflered a signifi-
cant loss in grain yield, indicating that bug damage
during the initial stages of panicle development
results in severe losses in grain yield. This observation
supports carlier findings (Sharma and Leuschner,
1987) that protection around complete anthesis is
most critical in preventing head bug damage.
Cost=benelit ratios were > 1 for plots protected with
2-4 sprays between the hali~anthesis and dough
stages, and thus control of head bugs on high-yielding
cultivars is cconomically feasible, to minimize the
losses in grain yield and quality.

Head bug damage caused a severe loss in grain
quality. The quality of grain from plots protected
with 3—4 sprays at the halffanthesis to dough stages
diflered substantially from those treated with 1-2
sprays and hall anthesis and complete anthests.
However, grain yield from plots protected with
1-2 sprays at the half-anthesis andfor complete-
anthesis stages did not differ significantly {rom those
protected with 34 sprays. Therefore, it seems that
even though the quantitative reduction in yicld may
not be great, the quality can be severely aflected
with partial protection or by low levels of head bug
infestation.

Avoidable losses due to head bugs ranged {rom
53-9% on CSH 5 (0 88:6% in ICSV 1. Loss of grain
yield was gener rally much greater in ICSV 1 and

'SH 5 than in GSH 1. The former has a compact
panicle, which is suitable for the growth and survival
of bugs, whereas the rate of pnpulatmn build- -up on
CSH 1 may be slower because ol its semi-loose
panicle. Therefore, sorghum cultivars should mainly

TapLe 9. Economic injury levels (EILs) for C. angustatus (1985-1987 rainy scasons)

Loss in grain yield (kgfha)

One inscct

Following natural

EIL {one mseet EIL ibased on L1

Cultivar Ycear per panicle* increase” across stages)* natural increasey’ iNorton, 10765
CSH ] 1985 2 77 +5 13 1+
[ICSV | 1985 209 251 0-5 (-4 -+
CSH 5 1986 154 348 06 0-4 0:3
GSH 5 1987 286 232 (hd 0-2 0-2

*Based on one inseetpanicle across all stages, pe X0 AL Y and Y= 1 inre are ik

Lo I, 09, 3-8 45 and 03 bugsipanicle in unprotected plots at lmlf-.lmln
respectively, in GSH Tor F= 1123 1LY, — 1-7X ~ 94X, — 44, o+
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Yoo Lier regression coelfie

; *hased on Ildlll[‘]l increase of the inseel in naprotecte
i, milk dough 1oand hard-dough §.V 3 stages
cuts in Fable 730 ‘cost benelit ratio, 131




R. C. Siarva axp V. F. Lorez 435

be bred for a loose o semicompact panicle, (o
minimize losses due to head bugs.

Economic injury levels ranged from 13 10 14 {or
CSH 1, from 0-4 10 0-6 for ICSV 1, and from 0-2 (o
0-4 Tor CSH 5. EILs based on a cost—henefit ratio
ol 1:1 and those calculated by Norton’s formula
(Norton, 1976) were closely comparable.
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