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ABSTRACT

Soybean [Giycine max (L.) Merr.] is usually grown under water
deficit conditions in the southern USA and is often attacked by defoliat-
ing insects. Field studies were conducted during a 2-yr period with
’Centennial’ (insect susceptible) and D75-10169 (insect resistant) 
bean genotypes. Plants were grown either with or without irrigation
to determine the influence of water-stressed plants on soybean looper
|Pseudoplusia includens [(Walker)] oviposition, development, survival,
and damage to plants. There were no significant (P < 0.05) differences
in egg deposition on the two plant genotypes, and effect of irrigation
on egg deposition was not consistent. At 2 wk after insect release on
plants, neither genotype nor irrigation treatment significantly affected
number of larvae. Larvae developing on nonirrigated plants of both
genotypes were significantly smaller than those developing on irrigated
plants. All surviving larvae on Centennial pupated and all larvae on
D75-10169 died by 18 d after the onset of oviposition. Defoliation by
insects of irrigated plants of both genotypes was more than 50%
greater than defoliation of nonirrigated plants. Without insects, seed
yields of the two genotypes were similar and were greater from irrigated
than from nonirrigated plants. Insect infestation significantly reduced
yield of both genotypes, but the decrease in Centennial yield was
greater. Yield reduction resulting from insect infestations was greater
for irrigated than for nonirrigated plants. These findings show that
soybean plants growing under water deficit conditions may allow a
delay in initiation of soybean looper control measures, especially since
yield potential and resulting profit potential are low.

SOYBEAN LOOPER is a major defoliator of soybean and
has become resistant to several insecticides (Leonard

et al., 1990). Soybean producers, when faced with dam-
aging insect populations, must make decisions about
using an insecticide which may or may not give control
on a soybean crop that is growing under yield limiting,
water deficit conditions. When drought conditions per-
sist, insecticide costs may not be recouped through the
prevention of insect damage and/or increased yield.

There have been no field studies that show the influence
of insect susceptible or resistant soybean genotypes,
grown under water deficit conditions, on the development
of and damage by insects. Additionally, no evaluations
have been made to determine the influence of soybean
plants growing under water deficit conditions on the
expression of insect resistance. It has been shown with
greenhouse-grown plants, using laboratory bioassays,
that insect susceptible soybean cultivars grown under
water deficit conditions reduce the development rate
of soybean looper (Lambert and Heatherly, 1991) and
Mexican bean beetle (Epilachna varivestis Mulsant;
McQuate and Conner, 1990).

Resistance in soybean to foliar feeding insects was
identified in 1968 (VanDuyn et al., 1971). Since that
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time, more than 45 advanced breeding lines and three
cultivars with insect resistance have been developed
(Lambert, 1988). With advances in the development 
resistance to insect damage in soybean, it is anticipated
that within a few years many recommended cultivars
will be resistant to foliar feeding insects.

We conducted field studies with insect susceptible
and resistant soybean genotypes to determine effects of
irrigation on soybean looper oviposition, development,
survival, and damage to plants.

MATERIALS AND METHODS

Field studies were conducted at the USDA-ARS Jamie Whir-
ten Delta States Research Center at Stoneville, MS, during
1990 and 1991 on Sharkey clay (very-fine, montmorillonitic,
nonacid, thermic, Vertic Haplaquept). Soybean genotypes
D75-10169 [MG VII, resistant to foliar feeding insects (Hart-
wig et al., 1984)] and ’Centennial’ [MG VI, susceptible to foliar
feeding insects (Hartwig et al., 1976)] were used. Experimental
design was a randomized complete block with a split-plot
factorial arrangement of treatments in four replicates. Irrigation
comprised the main plot and genotype the subplot. Subplots
were four 1-m-wide rows 21.5 m long. Main plots were isolated
from each other by a 2-m-wide fallow area to provide a
nonshrinking buffer zone between irrigation treatments neces-
sary to contain irrigation water on this shrinking soil.

Plantings were made on 25 May 1990 and 7 June 1991 in a
stale seedbed (seedbed prepared in fall; Heatherly and Elmore,
1983) at 33 seed -~ of r ow with a conventional pl anter. No
fertilizer amendments were required. Planted seed were treated
with carboxin (5,6-dihydro-2-methyl-l,4-oxathiin-3-carbox-
anilide) plus thiram (tetramethylthiuram disulfide) and met-
alaxyl (N-(2,6-dimethylphenyl)-N-(methoxyacetyl)alanine
methyl ester] for seedling disease control. Vegetation at plant-
ing was killed with glyphosate [N-(phosphonomethyl) glycine]
both years. Cultivation plus pre- and postemergence herbicides
were used to maintain all plots weed free. Irrigation water
was applied by the furrow method through gated pipe. Watering
was begun near beginning of bloom (R 1; Fehr and Caviness,
1977) and was continued through beginning seed fill (early
September). Irrigation scheduling was determined with tensi-
ometers placed at 30-cm depth, and water was applied when
average tensiometer readings were -70 kPa. Both cultivars
were irrigated on the same dates in all cases. Weather data
(Table 1) were obtained from a National Oceanic and Atmo-
spheric weather station within 1 km of the experimental site.

On 3 Aug. 1990 (Centennial at full bloom stage; D75-10169
at 7 d prior to beginning bloom stage) and 24 Aug. 1991 (both
genotypes at beginning podset stage), plastic screen cages
1.8 by 1.8 by 3.64 m high were placed over a portion of two
rows of each plot. Twelve pairs (ce and 9) of soybean looper
adults were released into each cage. Insects used in the test
were obtained from the USDA-ARS Southern Insect Manage-
ment Lab. at Stoneville, MS. They had been reared for more
than 10 generations. All insects were held in an environmental
control chamber at 25.6 + 0.5°C and 60 to 70% relative
humidity with a 10-h dark-14-h light cycle during larval devel-
opment and after adult emergence until initiation of oviposition.

Determination of the relative number of eggs deposited on
each treatment was made 3 d after the release of insects by
counting all eggs on the central leaflets of 10 randomly selected,
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Table 1. Average maximum OVlax) and minimum (Min) air temperature, rainfall, and pan evaporation at Stoneville, MS.’~

Air temperature Rainfall and pan evaporation

Max Min 1990 1991

Period 1990 1991 1990 1991 Rain Evaporation Diff.:~ Rain Evaporation Diff.~:

°C mm
1-10 June 30 32 20 21 65 68 - 3 11
11-20 June 35 32 23 23 33 90 - 57 22
21-30 June 34 32 22 22 2 79 - 77 39
1-10 July 35 34 24 23 0 81 - 81 25
11-20 July 30 34 20 22 36 58 - 22 11
21-31 July 33 32 22 23 39 65 - 26 27
1-10 Aug. 30 34 20 22 8 57 - 49 24
11-20 Aug. 33 31 21 20 3 56 - 53 0
21-31 Aug. 36 30 22 20 0 77 - 77 24
1-10 Sept. 35 31 22 22 3 64 - 61 19
11-20 Sept. 32 32 20 19 72 46 26 3
21-30 Sept. 29 25 14 11 0 47 - 47 49

82 - 71
70 - 48
64 -25
71 - 46
77 - 66
67 - 40
66 - 42
57 - 57
50 - 26
49 - 30
55 - 52
53 -4

Temperature and pan evaporation
MS.
Diff. = rain - evaporation.

measurements made by National Oceanic and Atmospheric Admin.,Mid-South Agric. Weather Service Center, Stoneville,

fully expanded leaves from plants in each plot. Relative number
of larvae among treatments was determined 10 and 12 d (1990)
and 9 and 13 d (1991) after the release of insects. These
determinations were made by the same procedure used to
determine egg deposition, except counts were made on whole
leaves. Relative leaf area and percentage defoliation (Table 2)
were determined 12 (1990) and 13 (1991) d after insect release.
Percentage defoliation was determined by measuring, with an
area meter, the area of the central leaflet of trifoliolates from
which larval number had been determined and the area of a
paper pattern of the leaflets’ intact area and calculating the
difference between the two. Area of undamaged leaflets was
represented by the paper patterns. Relative larval weights
among treatments were determined 10 and 12 d after insect
release in 1990 and 9 and 13 d after release in 1991. These
determinations were made by randomly collecting and weighing
10 larvae from plants in each treatment in each replication.

Plants were harvested for seed yield and weight on 30
Oct. 1990 and 10 Nov. 1991. Yield was determined by hand
harvesting two 1-m row sections from the two interior rows
of each plot inside and outside the caged areas. All 1-m sections
harvested were bordered on each end by at least 1 m of row.
Two 100-seed samples were randomly taken from the harvested
seed to determine individual seed weight. Both seed yield and
seed weight were corrected to 130 g kg-~ moisture content.
All data were analyzed by analysis of variance procedures
(SAS Institute, 1990) to evaluate the significance of treatment
effects and their interactions. Where significant interactions
occurr6d, mean separation was achieved with an LSD0.05 value
calculated with either the whole unit or subunit error terms

or an adjusted error term made up of main unit and subunit
errors (Cochran and Cox, 1957). Error mean squares were
pooled whenever they were not significantly different. Where
pooled errors were used and a significant interaction occurred,
only one LSD value is presented for determining differences
between or among interaction means.

RESULTS AND DISCUSSION

From 11 June through 10 July 1990, higher average
maximum temperature and greater pan evaporation (Ta-
ble 1) occurred than for the same period in 1991. From
11 July through 10 Aug., average maximum temperature
and pan evaporation were greater in 1991. From 11
Aug. through 10 Sept. 1990, the weather was hotter
with less rainfall and greater pan evaporation than in
1991. In both years, rainfall was well below pan evapora-
tion amounts and plant stress occurred during July and
August. The effect of this stress was evidenced in both
years by smaller leaves (Table 2) and lower seed yield
(Table 3) and in 1990, by larger seed (Table 4) 
nonirrigated plants.

Because of the different weather patterns of the two
years, irrigation was started and continued dissimilarly.
In 1990, irrigation was applied on 9 and 17 July, 2, 14,
23, and 30 Aug., and 7 Sept. (both genotypes at early
seed fill stage). In 1991, irrigation was applied on 25
July, 6 and 19 Aug., and 4 Sept. (Centennial at Stage R5;

Table 2. Area and percentage defoliation by soybean looper of center leaflet of 10 randomly selected leaves of Centennial and D75-10169
soybean grown under nonirrigated and irrigated conditions at Stoneville, MS, in 1990 and 1991.

Leaf area Defoliation
Irrigation
treatment Centennial D75-10169 Mean Centennial D75-10169 Mean

cm2

15 Aug. 1990~

Nonirrigated 57.4 62.6 60.0 34.0 6.4 20.2
Irrigated 63.4 73.2 68.3 50.6 11.1 30.8

Mean 60.4 67.9 42.3 8.7

6 Sept. 1991~

Nonirrigated 47.7 48.0 47.9 18.4 4.0 11.2
Irrigated 57.0 57.6 57.3 26.0 8.4 17.2

Mean 52.3 52.8 22.2 6.2

Significant irrigation treatment and genotype effect for both leaf area and defoliation.
Significant irrigation treatment effect for leaf area and defoliation; significant genotype effect for defoliation.
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Table 3. Seed yield and weight of seed of soybean-looper-infested and noninfested Centennial and D75-10169 soybean grown under
nonirrigated and irrigated conditions at Stoneville, MS, in 1990 and 1991.

Seed yield Weight of seed
Irrigation Insect
treatment infestation Centennial D75-10169 Centennial D75-10169

g m-2 mg seed-~

1990,

Nonirrigated Without 163.1 154.4 96 107
Irrigated Without 271.2 249.7 93 92

Mean 217.2 a 202.0 a 95 b 99 bc
Nonirrigated With 50.0 92.6 123 112
Irrigated With 76.3 172.6 108 99

Mean 63.2 c 132.6 b 116 a 105 b
1991,

Nonirrigated Without 58.2 c 59.3 c 92 87
Irrigated Without 169.3 a 149.5 a 94 89
Nonirrigated With 20.7 d 60.9 c 90 90
Irrigated With 31.8 d 96.3 b 92 86

Mean 92 88

For seed yield and weight of seed, irrigation treatment effect and genotype x insect infestation interaction are significant. Genotype x insect infestation
means followed by the same letter are not significantly different (LSD0.os = 40.9 for yield; LSD0.05 = 6 for weight of seed).
For seed yield, irrigation treatment x genotype x insect infestation interaction is significant at P -< 0.05. Means followed by the same letter are not
significantly different (LSD0.0s = 21.1). For weight of seed, genotype effect significant at P -< 0.05.

D75-10169 5 d prior to Stage R5). Centennial reached R1
on 24 and 29 July in 1990 and 1991, respectively, and
D75-10169 reached R1 on 10 and 12 Aug. in 1990 and
1991, respectively.

Under the no-choice conditions imposed in the experi-
ment, neither irrigation treatment nor genotype signifi-
cantly affected number of eggs deposited in 1990 (Table
4). In 1991, significantly more eggs were deposited on
leaves of plants growing under irrigated conditions, but
again genotype had no effect on egg deposition. Thus,
no trend was evident in this study about the effect of
soil water supply on egg deposition by soybean looper
on leaves of resistant and susceptible soybean genotypes.

Number of larvae per 10 leaves (Table 4) was higher 
1990 than in 1991. Number of larvae was not significantly
different between irrigated and nonirrigated plants or
between genotypes at 10 and 12 d after insects were
released into cages in 1990. In 1991, number of larvae

at 9 d after release was higher on D75-10169 leaves and
on leaves of plants grown without irrigation; however,
absolute differences were small. At 13 d after insect
release in 1991, neither irrigation treatment nor genotype
significantly affected number of larvae. Increase in num-
ber of larvae between the two sample dates was greater
on Centennial than on D75-10169. Eighteen days after
insect release, all surviving larvae on Centennial had
pupated and all larvae on D75-10169 had disappeared
(data not shown). No pupae were found on plants or 
leaf litter of D75-10169. It appears that larvae died before
reaching pupation on both irrigated and nonirrigated
D75-10169 plants.

Weights of larvae from Centennial plants (Table 4)
in 1990 were higher than from plants of D75-10169 in
both nonirrigated and irrigated environments at both 9
and 13 d after release of insects, while irrigation had a
significant effect on larvae weight only at 13 d after

Table 4. Eggs of soybean looper deposited per center leaflet, and number and weight of larvae per whole leaf of 10 randomly selected
trifoliolates of Centennial (Cent) and D75-10169 (D75) soybean grown under nonirrigated and irrigated conditions at Stoneviile, MS,
in 1990 and 1991.

Days after insect release

3 10, 9"~ 12, 13~" 10, 9"t 12, 13"~

Number of eggs Number of larvae Larval weightIrrigation
treatment Cent D75 Mean Cent D75 Mean Cent D75 Mean Cent D75 Mean Cent D75 Mean

mg
1990,

Nonirrigated 6.3 5.7 6.0 7.1 8.7 7.9 8.8 7.4 8.1 7.2 3.3 5.2 32.8 b 10.9 c 21.8
Irrigated 4.2 5.0 4.6 7.3 10.2 8.8 11.0 10.1 10.6 8.7 4.5 6.6 47.4 a 13.6 c 30.5

Mean 5.3 5.4 7.2 9.4 9.9 8.8 7.9 3.9 40.1 12.2
1991§

Nonirrigated 1.9 1.9 1.9 1.1 1.6 1.4 2.4 1.7 2.1 12.3 7.5 9.9 67.2 38.9 53.0
Irrigated 3.3 2.2 2.8 0.8 1.0 0.9 1.9 1.8 1.9 18.5 10.3 14.4 80.3 48.4 64.3

Mean 2.6 2.1 0.9 1.3 2.2 1.8 15.4 8.9 73.8 43.6

First number for 1990; second number for 1991.
No significant (P < 0.05) differences for number of eggs or for number of larvae on either sampling date; significant genotype effect for larval weight
on first sampling date; significant irrigation treatment × genotype interaction for larval weight on second sampling date (LSD0.0s = 5.9).
Significant (P _< 0.05) irrigation treatment effect for number of eggs; significant irrigation treatment effect and genotype effect for number of larvae 
first sampling date; no significant differences for number of larvae on second sampling date; significant irrigation treatment effect and genotype effect
for larval weight on both sampling dates.
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release on Centennial plants. In 1991, weight of larvae
was greater from Centennial plants and from irrigated
plants at both 9 and 13d after release. Larval development
in both nonirrigated and irrigated treatments and on
both genotypes was faster (greater larvae weight at first
sampling) in 1991 than in 1990, but this was more than
offset by the fewer larvae in 1991. The slower rate of
development of larvae on nonirrigated plants than on
irrigated ones demonstrates that water deficit conditions
make soybean less suitable for insects and supports find-
ings previously reported (Lambert and Heatherly, 1991)
from greenhouse-laboratory bioassays. Under natural
conditions with insect susceptible soybean where insect
infestations are low or moderate, water deficit may allow
a longer period of time in which natural controls can
operate, which may delay or eliminate the need for control
measures. Additionally, when insecticides are used, they
should result in better control since small larvae require
smaller amounts of insecticide to be lethal than do large
larvae. The low yield and resulting low net return from
nonirrigated soybean in this region (Heatherly and Spur-
lock, 1993) dictates that all inputs be minimal, and
these results indicate that insect control inputs may be
minimally required for nonirrigated soybean.

On 15 Aug. 1990 (12 d after insect release) and
6 Sept. 1991 (13 d after insect release), defoliation of
nonirrigated and irrigated Centennial was greater than
defoliation of D75-10169 (Table 2). Both irrigated and
nonirrigated Centennial plants were 100% defoliated by
14 and 18 d after insect release in 1990 and 1991,
respectively. Defoliation levels of D75-10169 never ex-
ceeded 31 % on irrigated plants and 17% on nonirrigated
plants either year, at which time larval populations disap-
peared. These low levels of defoliation of D75-10169
would not have required treatment for control, especially
in the nonirrigated treatment. The significant and 53%
greater defoliation of irrigated plants in both years was
apparently due to drought stress imposed by water deficit
conditions on the nonirrigated plants.

Seed yields (Table 3) of Centennial and D75-10169
averaged across irrigation treatments were similar when
insects were not present, while average seed yield of
D75-10169 was greater than that of Centennial with
insects present in 1990. Irrigation significantly increased
yield of both genotypes in the insect-infested and nonin-
fested environments. Insect infestation significantly re-
duced yield in both nonirrigated and irrigated environ-
ments, but the decrease was less in D75-10169 than in
Centennial. In 1991, yields of Centennial and D75-10169
were again similar in the nonirrigated and irrigated treat-
ments without insects. Insect infestation significantly re-
duced yields of nonirrigated and irrigated Centennial but
significantly reduced yields of D75-10169 only in the
irrigated treatment.

In 1990, average weight of seeds (Table 3) from
nonirrigated plants of both genotypes was significantly
greater than average weight of seeds from irrigated plants
of both genotypes regardless of insect infestation treat-
ment. Where growing conditions reduce the number of
seeds reaching maturity, a common response of soybean
is to produce larger seeds (Reicosky and Heatherly,
1990). Centennial with vs. without insects produced

heavier seeds, while insect infestation did not signifi-
cantly affect weight of seeds of D75-10169. Measured
differences in seed weight in 1990 are apparently the
result of water deficit and/or insect-induced stress. In
1991, the differences in seed weight between irrigation
treatments and insect infestation treatments were not
significant. Seed of Centennial were slightly heavier than
those of D75-10169.

Findings of this study show that when control decisions
for soybean looper are being made, the water supply
available to plants should be considered. Under low to
moderate insect infestations such as those likely to occur
in some years under natural conditions, it may be possible
to delay the initiation of control measures for insect
susceptible soybean growing under water deficit condi-
tions. This finding is especially important when coupled
with that of Heatherly and Spurlock (1993) showing that
nonirrigated soybean in the region is only marginally
profitable. These findings should be confirmed under
natural infestation conditions where damage to insect
resistant genotypes should be minimal vs. that sustained
under the stringent conditions imposed in this study.
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