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The impact of brown stink bug, Euschistus servus (Say), and southern green stink
bug, Nezara viridula (L.), injury was evaluated on preflowering and flowering cotton,
Gossypium hirsutum L., plants in no-choice tests. Vegetative stage cotton seedlings
and reproductive structures, including flower buds (square) and bolls, were
infested with adults and/or nymphs of both species. There were no significant
differences in height, height to node ratio, square retention, and flower initiation
for cotton seedlings or plants with a match-head square between southern green
stink bug adult- or brown stink bug adult-infested and noninfested treatments.
Abscission for individual large squares (precandle) and multiple squares (medium
and small square on the same sympodial branch) was not significantly different
among infested and noninfested treatments for the following species and
developmental stages: brown stink bug adults, southern green stink bug adults,
and third and fourth to fifth instar southern green stink bug nymphs. In boll
infestation studies, the relationship between boll maturity, expressed as heat
units beyond anthesis, and boll growth, abscission, hard locked carpels,
seedcotton yield, and seed germination was measured. Brown stink bug induced
abscission in bolls that had accumulated >0-350 heat units beyond anthesis. Boll
growth and seedcotton yield was significantly lower for bolls infested with brown
stink bug through 266.5 and 550 heat units beyond anthesis, respectively. The
proportion of hard locked carpels per boll was significantly greater for the
infested treatment in a cohort of bolls that accumulated from 51 to 400 heat units
beyond anthesis. Seed germination in bolls infested with brown stink bug was
significantly lower in bolls aged 101-600 heat units beyond anthesis.
Keywords: Pentatomidae, integrated pest management, boll development, fiber quality, fruit injury
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Hemipteran pests of cotton, Gossypium hirsutum L., have become significant pests in the mid-southern and
southeastern United States. Tarnished plant bug, Lygus lineolaris (Palisot de Beauvois); brown stink bug, Euschistus
servus (Say); southern green stink bug, Nezara viridula (L.); and green stink bug, Acrosternum hilare (Say), are the
most common species in this complex. Lygus spp. infested 8,111,090 acres and stink bugs infested 6,180,966 acres
across the 17 states of the Cotton Belt in 2001, ranking third and fourth, respectively, among all insect pests (Williams 2002).
The increased occurrence of hemipterans is related to the reduction of broad-spectrum insecticide applications against key
cotton pests, the use of target-selective insecticides, adoption of Bollgard cotton, and producer participation in boll weevil,
Anthonomous grandis grandis Boheman, eradication programs (Greene and Herzog 1999, Leonard et al. 1999, Roberts 1999). In the
past, insecticides that targeted boll weevil and other key cotton pests coincidently controlled infestations of tarnished plant
bugs and stink bugs (Layton 2000).
Cotton seedlings and flower buds (squares) are particularly sensitive to injury from tarnished plant bug (Tugwell et al. 1976).
Tarnished plant bug feeding in the terminal of cotton seedlings can cause the terminal to abort (Tugwell et al. 1976). Small (pinhead and match-head) squares and bolls fed on by tarnished plant bug can abscise from the plant (Tugwell et al. 1976, Russell 1999).
Larger squares will not abscise from the plant upon feeding; however, the ensuing flower (anthers and corolla) may be
malformed (Tugwell et al. 1976, Burris et al. 1997). Generally, in the mid-southern and southeastern United States, tarnished plant bug
infestations are controlled in preflowering cotton when first position square retention on sympodial branches falls below an
acceptable level (70-80%), and adults or nymphs are present.
Most of the data collected on southern green stink bug and green stink bug injury to cotton is related to their occurrence
during boll development stages. Stink bugs can cause small bolls to abscise, decrease seedcotton yields, reduce lint quality,
and inhibit seed germination (Wene and Sheets 1964b, Barbour et al. 1990, Greene et al. 1999). Limited data have been published on the
effects of stink bugs on cotton seedlings or squares. However, the recent changes in integrated pest management (IPM)
practices have increased the occurrence of stink bugs in cotton fields from seedling emergence until harvest.
Presently, concerns exist about the effects of stink bugs on preflowering cotton plants and squares, and at what age a boll is
tolerant to injury. Therefore, studies were conducted to determine the effects of brown stink bug and southern green stink
bug on cotton plant seedlings and reproductive structures of various ages.

Materials and Methods
Study Site and Plant Material.
These studies were conducted at the Macon Ridge Research Station near Winnsboro, LA (Franklin Parish), during 2001,
2002, and 2003. The soil was a Gigger-Gilbert silt loam complex. Infestation studies on cotton seedlings (presquaring),
cotton with small (match-head) squares, and individual fruiting structures (squares and bolls) were planted to 'DP458BR' in
2001 and 2003 and to 'Stoneville 4892BR' in 2002. Cultural practices and IPM strategies recommended by the LSU
AgCenter were used to maintain the plots for optimum productivity. No supplemental irrigation was applied to plots.

Insects.
Brown stink bug and southern green stink bug adults and nymphs were collected early season (May and June) from
mustard, Brassica spp., and field corn, Zea mays L. Late-season (July and August) colonies were established from
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soybean, Glycine max (L.) Merrill. Insects were collected using a standard 38.1-cm-diameter sweep net or removed from
plants by hand. Insects were held in a polypropylene cage (30.0 by 30.0 by 30.0 cm, BugDorm, Megaview Science
Education Services Co. Ltd., Taichung, Taiwan) for 24 h and fed washed green beans, Phaseolus vulgaris (L.), and
peanut, Arachis hypogae L., seeds. After the 24-h period, a cohort of stink bugs was selected that displayed normal
behavior, without obvious signs of physical injury or parasitism (Todd 1989). Individual stink bugs were placed in nylon no. 280
mesh cages (bags) and transported to the field in a chilled cooler to eliminate mortality from heat stress. In the field, cages
were used to restrict individual stink bugs to specific plant structures. The size of the cage varied depending on the type of
plant structure infested.

Infestation of Adults on Preflowering Cotton Plants.
The two treatments in these studies included stink bug-infested and noninfested plants. The experimental design was a
randomized block, with infestation dates as blocks. Similar, adjacent plants within each block (date) were paired and were
randomly infested or noninfested. Noninfested plants also had cages placed over each respective structure. Cotton plants or
fruiting forms including seedlings (plant terminals including two to three main stem nodes above the cotyledon), match-head
squares (first position on a sympodial branch, seven to eight main stem nodes above the cotyledon, 3-4 mm in diameter),
and large squares (>8 mm diameter, 15-16 d old squares on the first position of a sympodial branch, nine to 15 main stem
nodes above the cotyledon) were infested with brown stink bug adults and southern green stink bug adults. Data for all
variables were analyzed using paired t-test procedures ( = 0.05) by comparing infested and noninfested plants (PROC
TTEST, SAS Institute 1998). Data for 2001, 2002, and 2003 were pooled for analysis. Experiments on preflowering cotton for
brown stink bug adults were duplicated for southern green stink bug adults. Sample sizes ranged from 43 to 154 paired
plants for each stink bug species.
One adult per cage (15 by 15 cm [length by width]) was confined to the plant terminal on a cotton seedling. A plant terminal
was defined as the uppermost, two to three main stem nodes of the plant containing the apical meristem. The opening of the
cage was tightly closed around the main stem of the plant with a drawstring. Stink bugs were caged on each plant for 7 d
after which time the cages and insects were removed. At 7, 14, and 21 d after infestation, plants were observed for aborted
terminals and main stem height (centimeters) was recorded. Height on an individual plant was measured from the soil
surface to the tip of the terminal. At 21 d after infestation, square retention (total number of squares/total number of fruiting
sites) and total number of main stem nodes per plant were recorded. Individual plant heights and number of nodes were
used to calculate height to node ratios (plant height/number of nodes) and provide an estimate of sympodial development.
On plants with a match-head square, infestations were performed similar to cotton seedling infestations, except cages
measured 17.5 by 16 cm, and the duration of infestation was 5 d. Each caged plant terminal contained one match-head
square. Square retention for each plant was measured at 5, 12, and 19 d after infestation. The number of days from planting
to first flower and the growth stage corresponding to that date (total number of main stem nodes above the cotyledon) was
determined.
Individual large squares on cotton plants were infested with one adult per cage (15 by 15 cm). The opening of the cage was
tightly closed around the peduncle of the square with a drawstring. The duration of each infestation was 5 d. At 9 d after
mesh cages were removed (14 d after infestation), infested and noninfested plants were assessed for percentage of square
abscission, flowers with necrotic anthers, and boll abscission.

Infestation of Nymphs on Cotton Squares.
The two treatments in these studies were stink bug-infested and noninfested plants. The experimental design and data
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analysis for these studies were similar to those described for adult infestations. Multiple squares on cotton plants (growth
stage of five to seven main stem nodes above a flower located on the first position of a sympodial branch) were infested with
two stages of southern green stink bug nymphs. A medium square ( 6 mm in diameter, 12-13 d old on the first position of a
sympodial branch) and a small square ( 4 mm in diameter, on the second position on the same sympodial branch as the
medium square) were infested. Cages (15 by 15 cm) containing either third instar (two per cage) or fourth to fifth instars (one
per cage) were placed on a fruiting branch containing both squares. The opening of the cage was tightly closed around the
sympodial branch between the main stem and the first position on the sympodial branch. The duration of each infestation
was 7 d. Abscission was recorded for medium and small squares. Medium squares were further monitored for occurrence of
a flower with necrotic anthers, occurrence of a boll, and boll abscission. A total of 84 and 105 paired plants were used for
third instar and fourth to fifth instar infestations, respectively.

Brown Stink Bug Adults Infested on Bolls.
Cotton plants were monitored biweekly until the first week of flowering. First position flowers (flower located on the first
position of a sympodial branch from the main stem of the plant) were marked with a yellow "snap-on-tag" (A.M. Leonard,
Inc., Piqua, OH) placed on the sympodial branch between the peduncle of the flower and the main stem of the plant. The
date of anthesis was recorded on the tag in permanent ink to ascertain boll age at the time of infestation. Boll age was
calculated using heat unit accumulation beginning at anthesis, as described by Bagwell and Tugwell (1992). Heat units were
calculated for each day of infestation as [(maximum daily temperature + minimum daily temperature)/2] - 15.5, where 15.5°C
(60°F) is the minimum adequate temperature for cotton plant development.
The two treatments in these studies were stink bug-infested and noninfested flowers or bolls. The treatments were arranged
in a completely randomized design. Infestation procedures were similar to that used by Adamczyk et al. (1998) and Russell (1999) for
caging lepidopterous larvae and tarnished plant bug, respectively, on cotton bolls. One brown stink bug adult per cage was
placed on an individual boll by using the same procedures for large square infestations. For each infested boll, a blue snapon-tag was also placed in the same position as the yellow snap-on-tag and labeled with the date of infestation and the date
of white flower. Noninfested treatments consisted of cages placed on bolls, with blue snap-on-tags placed on the sympodial
branch labeled as the control with the corresponding date of infestation and date of flower. On each infestation date, equal
numbers of infested and noninfested bolls were used. Stink bugs were caged on each boll for 72 h, at which time the cages
and insects were removed. Stink bug infestations were initiated at flower (0 heat units) and continued through 892 heat units
beyond anthesis.
In 2002, the diameter of each nonabscised boll was recorded using a dial caliper (Forestry Suppliers, Inc., Jackson, MS) at
72 h after infestation. Individual boll measurements were taken at the widest diameter by using two diametrically opposite
points. Boll diameter was also measured on bolls without cages (controls) by using the same procedure as described above;
however, bolls were not paired with infested and noninfested bolls. In total, 90 bolls were measured for 25 d, each at
intervals of 2 to 3 d.
The number of abscised bolls was recorded at 72 h after infestation and at harvest. All harvestable bolls were individually
collected and seedcotton weights were recorded. In 2002, the proportion of hard locked carpels (carpel [locule] with lint
visible, but not fluffed open sufficiently to be harvested with a mechanical picker) within each boll was recorded. Cumulative
abscission data, individual boll weights, and proportion of hard locked carpels per boll within the same heat unit were
grouped into 17 classes of 50 heat units (0-50 through 851-900). Seedcotton from bolls infested at the same age and on the
same date were separated into lint and seed with a laboratory gin. Seed were grouped into nine classes of 100 heat units (0100 through 801-900) to ensure an adequate sample size for germination tests. The standard warm germination test for
cotton seed was used, which measures the percentage of seedlings that have a combined hypocotyl and root length of 3.75
cm (Association of Official Seed Analysts 2000).
http://docserver.ingentaconnect.com/deliver/co...igh&checksum=CBFAD3133DFF2624E455B35693721597 (4 of 9) [7/9/2013 10:15:11 AM]

Injury to Preflowering and Flowering Cotton by Brown Stink Bug and Southern Green Stink Bug

For each heat unit class, boll size, seedcotton yield, hard locked carpels, and seed germination were analyzed using a
paired t-test by comparing diameter, weight, proportion, and percentage of germination, respectively, of infested bolls to
those of noninfested bolls (PROC TTEST, SAS Institute 1998). Boll diameter data were also analyzed using regression analysis
(PROC REG, SAS Institute 1998). Within infested, noninfested, and noncaged treatments, diameter (dependent variable) was
plotted against heat unit accumulated (independent variable) of that same boll on the day cages were removed. Boll
abscission data for infested bolls was corrected for natural abscission in the noninfested bolls by using Abbott's formula
(Abbott 1925) and analyzed using regression analysis (PROC REG, SAS Institute 1998). Corrected abscission (dependent variable)
data were plotted against accumulated heat units (independent variable) of infested bolls to determine regression equations
describing the relationship. The analytical model included only those heat units in which abscission occurred. The data for all
variables measured in 2001 and 2002 were pooled for analysis. In total, 480 and 555 plant pairs were used in 2001 and
2002, respectively.

Results and Discussion
Infestation of Adults on Preflowering Cotton Plants.
There were no significant differences (P > 0.05) in plant height on 7, 14, and 21 d after infestation between cotton seedlings
(presquaring) that were infested with brown stink bug or southern green stink bug adults and the noninfested plants (Table
1). Additionally, there were no differences (P > 0.05) in height to node ratios and square retention between infested and
noninfested plants at 21 d after infestation (Table 1). No aborted terminals or atypical main stem development were
observed in the infested or noninfested treatment.
Square retention on cotton with match-head squares on 5, 12, and 19 d after infestation was not significantly different (P >
0.05) between brown stink bug or southern green stink bug-infested and noninfested plants (Table 1). The number of days
after planting to a first flower was not significantly different (P > 0.05) between infested and noninfested plants (Table 1).
Additionally, the plant growth stage (number of main stem nodes above the cotyledon) during which that flower occurred was
not significantly different (P > 0.05) between treatments (Table 1).
Results from studies with tarnished plant bug were different from that observed for brown stink bug and southern green stink
bug in the current study. Significant reductions in plant height were observed after 72-h infestations of tarnished plant bug
(one adult per plant) on cotyledons and cotton with 2, 4, and 6 nodes above the cotyledon (Hanny et al. 1977). Infestations of
three bugs per plant for 22 d on seedling cotton (one fully expanded leaf) reduced plant height through 9 wk after infestation.
Tarnished plant bug (one to three adults per plant) feeding has caused the abortion of terminals in 87-98% of infested plants
(Wene and Sheets 1964a, Hanny et al. 1977). Injury by tarnished plant bugs during presquaring growth stages also delayed the initiation
of sympodial branches (Hanny et al. 1977).
Square abscission between plants infested with brown stink bug or southern green stink bug adults and noninfested plants
was not significantly different (P > 0.05) (Table 2). Squares that did not abscise within each treatment became a white
flower. On brown stink bug- and southern green stink bug-infested plants, 29.0 and 33.3%, respectively, of the white flowers
were produced from squares on 2, 3, and 4 d after infestation. Flowers produced on these days were bolls on the day that
cages were removed because anthesis occurs within a 24-h period. White flowers were examined for necrotic anthers, and
no significant differences (P > 0.05) were observed between infested and noninfested plants (Table 2). Fruiting forms were
examined daily until 14 d after infestation, and there was no significant difference (P > 0.05) in boll abscission between
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infested and noninfested plants (Table 2). Although boll abscission was not significantly different between infested and
noninfested plants, the larger proportion of boll abscission in infested plants was due to the larger proportion of bolls present
on the day cages were removed (Table 2). Plant development during the study allowed stink bugs to be offered bolls that
were produced from the squares that were initially infested. Therefore, stink bug feeding induced boll abscission.
demonstrated tarnished plant bug and clouded plant bug, Neurocolpus nubilus (Say) (one adult or
nymph per plant), induced 18% abscission of squares 3 mm or larger after 24 h of exposure. Tarnished plant bug injury also
has induced darkened anthers in nonabscised squares (Pack and Tugwell 1976, Tugwell et al. 1976). Squares exhibiting 60-90% of the
total anthers damaged resulted in 67% boll abscission (Pack and Tugwell 1976). Inadequate pollination was believed to cause
subsequent boll abscission (Pack and Tugwell 1976). In our studies, brown stink bug and southern green stink bug were initially
infested on squares, but they later were exposed for a short duration to flowers and small bolls, resulting in no abscission for
either one. In cotton, flowers typically do not abscise, but bolls ~5 to 10 d beyond anthesis are very sensitive to abscission
(Guinn 1986). Bolls that mature to 18 d beyond anthesis demonstrate low rates of abscission (Guinn 1986).
Pack and Tugwell (1976)

Infestation of Nymphs on Cotton Squares.
For third instars of southern green stink bug, there were no significant difference among treatments in abscission of first
position, medium squares (infested, 23.1 ± 11.1; noninfested, 0 ± 0; df = 4, t = 2.08, P = 0.0532) or second position, small
squares (infested, 28.4 ± 12.1; noninfested, 15.5 ± 10.9; df = 4, t = 0.8, P = 0.4699) (Fig. 1). Abscission of medium
(infested, 17.6 ± 8.9; noninfested, 5.9 ± 3.4; df = 4, t = 1.22, P = 0.2889) and small squares (infested, 31.4 ± 7.1;
noninfested, 27.4 ± 2.0; df = 4, t = 0.53, P = 0.6213) by fourth to fifth instars of southern green stink bug was not
significantly different. However, for both stages of nymphs, abscission of medium squares ( 6 mm in diameter) in the
infested treatment was consistently higher. The results of third instar infestations on first position squares of medium size for
7 d suggest nymphs ( 1 nymph per fruiting branch) may induce abscission in some instances. However, in all other
infestation studies that occurred on squares of any size (brown stink bug and southern green stink bug adults on matchhead and large squares, and nymphs on squares), square abscission was not significantly different (P 0.1). Additionally, a
large proportion of second position ( 4 mm in diameter), small squares abscised from the plant, regardless of treatment. In
cotton, abscission of squares and young bolls can be a natural occurrence and is accentuated by overcast weather, extreme
temperatures, and water stress (Oosterhuis and Jernstedt 1999). Also, abscission rates of squares and bolls on second positions of a
sympodial branches are higher because first position fruiting is more competitive for assimilates during the stage of
development when they are most vulnerable to abscise (Cothren 1999). Our abscission data for second position structures on
infested and noninfested fruiting branches confirm these findings.
Nonabscised squares in infested and noninfested treatments became a flower. Flowers were examined for necrotic anthers,
and no significant differences between infested and noninfested plants were observed (infested third instar, 17.2 ± 11.8;
noninfested, 3.0 ± 5.3; df = 4, t = 1.91, P = 0.0647 and infested fourth to fifth instar, 13.7 ± 14.8; noninfested, 3.9 ± 3.4; df =
4, t = 1.12, P = 0.1631). White flowers in all treatments pollinated normally and produced bolls. There were no significant
differences in boll abscission between infested and noninfested plants (infested third instar, 18.6 ± 9.5; noninfested, 9.2 ±
0.8; df = 4, t = 1.71, P = 0.081 and infested fourth to fifth instar, 13.7 ± 14.8; noninfested, 7.9 ± 3.4; df = 4, t = 0.67, P =
0.2700).

Brown Stink Bug Adults Infested on Bolls.
There was a negative linear relationship describing cumulative abscission of infested bolls (F = 7.09; df = 1,5; P < 0.0448)
as a function of heat unit accumulation (Fig. 2). Boll abscission ranged from 50.9% for bolls infested at 51 to 100 heat units
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to 0% for bolls infested at 351 heat units (14.0 d; based upon each day accumulating 25 heat units) beyond the date of
anthesis. Abscission of small bolls from feeding by the Say stink bug, Chlorochroa sayi Stål; Euschistus
impectiventris Stål; green stink bug; and brown stink bug has been documented by several researchers (Wene and Sheets
1964b, Barbour et al. 1990, Fromme 2000). In other studies with E. servus, all infested bolls 3 d beyond anthesis abscised (Fromme
2000). Abscission of young bolls is also characteristic of injury by tarnished plant bug (Burris et al. 1997, Russell 1999).
Seedcotton yields for bolls infested with brown stink bug were significantly reduced (P < 0.05) compared with noninfested
bolls for age classes infested from 0 to 550 heat units (22.0 d) beyond anthesis (Fig. 3). Mean weight per boll through 550
heat units beyond anthesis in the infested and noninfested treatment was 3.247 and 4.265 g, respectively. No significant
reductions in yield were observed for bolls infested after they accumulated >551 heat units (22.0 d) beyond anthesis. Mean
weights for bolls across age classes >551 heat units beyond anthesis was 4.024 and 4.167 g for the infested and
noninfested treatment, respectively. Although no stink bug-induced abscission occurred on bolls that accumulated 351 heat
units (14.0 d) beyond the date of anthesis, seedcotton yield was reduced. Significant yield losses were observed for bolls
infested after they had accumulated 351 to 550 heat units (P < 0.05).
infested brown stink bug on bolls (one adult per boll) aged 11 and 14 d beyond anthesis and observed a 59 and
45% reduction, respectively, in seedcotton yield. The impact of brown stink bug on yield was not evaluated in bolls beyond
14 d (351 heat units) of anthesis; however, destructive sampling indicated the presence of internal injury in bolls up to 17 d
beyond anthesis (338 heat units) (Fromme 2000). In similar studies with southern green stink bug, infestations of fifth instars for
7 d significantly reduced seedcotton yield in bolls aged 4 d (74 heat units), 8 d (171 heat units), 10 d (220 heat units), 14 d
(315 heat units), 18 d (401 heat units), and 21 (472 heat units) d beyond anthesis (Greene et al. 1999, Greene et al. 2001). No
significant reductions in seedcotton yield were observed in bolls aged 25 d (559 heat units) and 30 (658 heat units) d beyond
anthesis (Greene et al. 2001).
Fromme (2000)

In 2002, 32 ages of bolls, ranging from 0 to 823.5 heat units, were infested with adult brown stink bug for a total of 15 age
classes of 50 heat units each. The proportion of hard locked carpels within bolls infested with brown stink bug were
significantly greater (P < 0.05) compared with noninfested bolls for age classes infested from 51 to 400 heat units (3.0
through 16.0 d) beyond anthesis (Fig. 4). Mean proportion of hard locked carpels per boll within these age classes was 0.48
and 0.17 for infested and noninfested bolls, respectively. No significant increases in hard locked carpels were observed for
bolls that had been infested in four of the seven age classes >401 heat units (17.0 d) beyond anthesis. Green stink bug
infestations (three adults per plant) have also been associated with reductions in the amount of harvestable cotton as the
duration of infestation and number of punctures per boll increased (Barbour et al. 1990).
The percentage of seed germinated from bolls previously exposed to brown stink bug was significantly lower (P < 0.05)
compared with noninfested bolls in age classes infested from 101 to 600 heat units (24.0 d) beyond anthesis (Fig. 5). Mean
germination across this range of ages was 35.2 and 50.8% for infested and noninfested bolls, respectively. No significant
reductions in germination were observed for bolls that had been infested in two of the three age classes >601 heat units
(25.0 d) beyond anthesis. Lower seed germination also has been observed in whole plant infestations of E. conspersus
and Chlorochroa uhleri Stål, and green stink bug as the number of stink bugs per plant and duration of exposure
increased, respectively (Toscano and Stern 1976, Barbour et al. 1990).
In 2002, 32 ages of bolls, ranging from 0 to 823.5 heat units, were infested with adult brown stink bug. There was a
significant relationship between the age (heat unit) of an individual boll on the day cages were removed and the
corresponding diameter (centimeters) for that same boll when infested (diameter = 0.529 + 9.49 × 10-3 heat unit - 7.5 × 10-6
heat unit2, P < 0.0001, r2 = 0.87) or noninfested (caged) (diameter = 0.816 + 8.79 × 10-3 heat unit - 7.06 × 10-6 heat unit2, P
< 0.0001, r2 = 0.87) (Fig. 6). There was also a significant relationship between age and diameter for noncaged bolls
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(diameter = 0.059 + 1.33 × 10-2 heat unit - 1.34 × 10-5 heat unit2, P < 0.0001, r2 = 0.94). According to values predicted by
the model, the maximum diameter and corresponding heat unit for infested, noninfested caged, and noncaged bolls were
3.52 cm (593.1 heat units), 3.55 cm (622.5 heat units), and 3.33 cm (493.7 heat units), respectively. Noncaged bolls had a
lower maximum diameter compared with infested and noninfested caged bolls; however, the relationship describing boll
diameter as a function of heat unit accumulation was similar. Measurements on noncaged bolls were temporally separated
from infested and noninfested bolls and may explain the differences in these results. Diameters of bolls infested with brown
stink bug were significantly lower compared with noninfested bolls for 12 of the 14 boll age classes infested from 0 to 266.5
heat units ( 10-11 d) (P < 0.05) (Fig. 7).
Boll size is largely influenced by the rate of fiber elongation. Fiber length increases rapidly in the first several days beyond
anthesis, with the greatest increase in elongation at 12 d. Final length is attained at 27 d beyond anthesis (Schubert et al. 1973).
Leffler (1976) has shown final boll size, as measured by fresh and dry weight, occurs at 21 to 28 d beyond anthesis. In our
studies, brown stink bug significantly reduced boll diameter during the period when rate of fiber elongation is greatest. As
growth continued, brown stink bug seemed to hinder boll development. Bolls infested with brown stink bug attained
maximum size 29.4 heat units before noninfested bolls, resulting in a 0.03 cm decrease in diameter.
Results from field studies demonstrated that infestations of brown stink bug and southern green stink bug adults on cotton
seedlings (presquaring), cotton with a small (match-head) square, and individual large (precandle) squares did not
negatively affect growth and development of plants, and production of bolls from squares. Persistent infestations of third
instar and fourth to fifth instars of southern green stink bug may have the ability to induce abscission or injure squares. If
adults immigrate into cotton fields early in the season and oviposit, the subsequent immatures are forced to feed on
preflowering cotton. Nymphs do not have the ability to emmigrate to other hosts; therefore, squares would be the structure
most likely to be injured. During this period, other pests, including tarnished plant bugs and thrips, are more likely to induce
square abscission.
Brown stink bug adults are capable of significantly injuring cotton when bolls are present. These data are similar to that for
other stink bug species and life stages. In our studies, brown stink bug induced abscission in bolls that accumulated ≤350
heat units beyond anthesis ( 14 d beyond anthesis). Bolls infested with brown stink bug that accumulated >351 heat units
beyond anthesis, even if fed upon, did not abscise from the plant. During early boll development (through 266.5 heat units
beyond anthesis), injury may be associated with reduced boll diameter during the period when fiber elongation is most rapid.
Bolls infested with brown stink bug produced significantly fewer harvestable carpels per boll (≤400 heat units) and lower
seedcotton yields (≤550 heat units). Seed harvested from bolls previously infested with brown stink bug had reduced
germination in bolls ≤600 heat units beyond anthesis.
The results from these studies should provide a better understanding of the susceptibility of selected fruiting forms to stink
bug injury and to define those periods in which to intensively scout for stink bugs in cotton fields. Therefore, these studies
indicate control measures for stink bugs should be initiated at the time plants begin to set bolls. Small bolls are very sensitive
to abscission. However, larger bolls that are injured by stink bugs remain on the plant. No injury to bolls occurred when a boll
accumulated 600 heat units beyond anthesis ( 24 d beyond anthesis). The studies did not demonstrate significant injury to
cotton before flowering. Injury to preflowering cotton could potentially occur if infestations of nymphs persist over long
periods or if cotton is the only available host for adults to reproduce.
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impact of brown stink bug, Euschistus servus (Say), and southern green stink
, Nezara viridula (L.), injury was evaluated on preflowering and flowering cotton,
sypium hirsutum L., plants in no-choice tests. Vegetative stage cotton seedlings
reproductive structures, including flower buds (square) and bolls, were
sted with adults and/or nymphs of both species. There were no significant
erences in height, height to node ratio, square retention, and flower initiation
cotton seedlings or plants with a match-head square between southern green
k bug adult- or brown stink bug adult-infested and noninfested treatments.
cission for individual large squares (precandle) and multiple squares (medium
small square on the same sympodial branch) was not significantly different
ong infested and noninfested treatments for the following species and
elopmental stages: brown stink bug adults, southern green stink bug adults,
third and fourth to fifth instar southern green stink bug nymphs. In boll
station studies, the relationship between boll maturity, expressed as heat
s beyond anthesis, and boll growth, abscission, hard locked carpels,
dcotton yield, and seed germination was measured. Brown stink bug induced
cission in bolls that had accumulated >0-350 heat units beyond anthesis. Boll
wth and seedcotton yield was significantly lower for bolls infested with brown
k bug through 266.5 and 550 heat units beyond anthesis, respectively. The
portion of hard locked carpels per boll was significantly greater for the
sted treatment in a cohort of bolls that accumulated from 51 to 400 heat units
ond anthesis. Seed germination in bolls infested with brown stink bug was
ificantly lower in bolls aged 101-600 heat units beyond anthesis.

words: Pentatomidae, integrated pest management, boll development, fiber quality, fruit injury
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pteran pests of cotton, Gossypium hirsutum L., have become significant pests in the mid-southern and
eastern United States. Tarnished plant bug, Lygus lineolaris (Palisot de Beauvois); brown stink bug, Euschistus
us (Say); southern green stink bug, Nezara viridula (L.); and green stink bug, Acrosternum hilare (Say), are the
common species in this complex. Lygus spp. infested 8,111,090 acres and stink bugs infested 6,180,966 acres
s the 17 states of the Cotton Belt in 2001, ranking third and fourth, respectively, among all insect pests (Williams 2002).
creased occurrence of hemipterans is related to the reduction of broad-spectrum insecticide applications against key
pests, the use of target-selective insecticides, adoption of Bollgard cotton, and producer participation in boll weevil,
onomous grandis grandis Boheman, eradication programs (Greene and Herzog 1999, Leonard et al. 1999, Roberts 1999). In the
nsecticides that targeted boll weevil and other key cotton pests coincidently controlled infestations of tarnished plant
and stink bugs (Layton 2000).

n seedlings and flower buds (squares) are particularly sensitive to injury from tarnished plant bug (Tugwell et al. 1976).
hed plant bug feeding in the terminal of cotton seedlings can cause the terminal to abort (Tugwell et al. 1976). Small (pinand match-head) squares and bolls fed on by tarnished plant bug can abscise from the plant (Tugwell et al. 1976, Russell 1999).
r squares will not abscise from the plant upon feeding; however, the ensuing flower (anthers and corolla) may be
med (Tugwell et al. 1976, Burris et al. 1997). Generally, in the mid-southern and southeastern United States, tarnished plant bug
ations are controlled in preflowering cotton when first position square retention on sympodial branches falls below an
table level (70-80%), and adults or nymphs are present.

of the data collected on southern green stink bug and green stink bug injury to cotton is related to their occurrence
boll development stages. Stink bugs can cause small bolls to abscise, decrease seedcotton yields, reduce lint quality,
hibit seed germination (Wene and Sheets 1964b, Barbour et al. 1990, Greene et al. 1999). Limited data have been published on the
s of stink bugs on cotton seedlings or squares. However, the recent changes in integrated pest management (IPM)
ces have increased the occurrence of stink bugs in cotton fields from seedling emergence until harvest.

ntly, concerns exist about the effects of stink bugs on preflowering cotton plants and squares, and at what age a boll is
nt to injury. Therefore, studies were conducted to determine the effects of brown stink bug and southern green stink
n cotton plant seedlings and reproductive structures of various ages.

terials and Methods

dy Site and Plant Material.

studies were conducted at the Macon Ridge Research Station near Winnsboro, LA (Franklin Parish), during 2001,
and 2003. The soil was a Gigger-Gilbert silt loam complex. Infestation studies on cotton seedlings (presquaring),
with small (match-head) squares, and individual fruiting structures (squares and bolls) were planted to 'DP458BR' in
and 2003 and to 'Stoneville 4892BR' in 2002. Cultural practices and IPM strategies recommended by the LSU
nter were used to maintain the plots for optimum productivity. No supplemental irrigation was applied to plots.

cts.

n stink bug and southern green stink bug adults and nymphs were collected early season (May and June) from
rd, Brassica spp., and field corn, Zea mays L. Late-season (July and August) colonies were established from
an, Glycine max (L.) Merrill. Insects were collected using a standard 38.1-cm-diameter sweep net or removed from
by hand. Insects were held in a polypropylene cage (30.0 by 30.0 by 30.0 cm, BugDorm, Megaview Science
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ation Services Co. Ltd., Taichung, Taiwan) for 24 h and fed washed green beans, Phaseolus vulgaris (L.), and
t, Arachis hypogae L., seeds. After the 24-h period, a cohort of stink bugs was selected that displayed normal
ior, without obvious signs of physical injury or parasitism (Todd 1989). Individual stink bugs were placed in nylon no. 280
cages (bags) and transported to the field in a chilled cooler to eliminate mortality from heat stress. In the field, cages
used to restrict individual stink bugs to specific plant structures. The size of the cage varied depending on the type of
structure infested.

station of Adults on Preflowering Cotton Plants.

wo treatments in these studies included stink bug-infested and noninfested plants. The experimental design was a
mized block, with infestation dates as blocks. Similar, adjacent plants within each block (date) were paired and were
mly infested or noninfested. Noninfested plants also had cages placed over each respective structure. Cotton plants or
g forms including seedlings (plant terminals including two to three main stem nodes above the cotyledon), match-head
es (first position on a sympodial branch, seven to eight main stem nodes above the cotyledon, 3-4 mm in diameter),
rge squares (>8 mm diameter, 15-16 d old squares on the first position of a sympodial branch, nine to 15 main stem
above the cotyledon) were infested with brown stink bug adults and southern green stink bug adults. Data for all
les were analyzed using paired t-test procedures ( = 0.05) by comparing infested and noninfested plants (PROC
T, SAS Institute 1998). Data for 2001, 2002, and 2003 were pooled for analysis. Experiments on preflowering cotton for
stink bug adults were duplicated for southern green stink bug adults. Sample sizes ranged from 43 to 154 paired
for each stink bug species.

dult per cage (15 by 15 cm [length by width]) was confined to the plant terminal on a cotton seedling. A plant terminal
efined as the uppermost, two to three main stem nodes of the plant containing the apical meristem. The opening of the
was tightly closed around the main stem of the plant with a drawstring. Stink bugs were caged on each plant for 7 d
which time the cages and insects were removed. At 7, 14, and 21 d after infestation, plants were observed for aborted
als and main stem height (centimeters) was recorded. Height on an individual plant was measured from the soil
e to the tip of the terminal. At 21 d after infestation, square retention (total number of squares/total number of fruiting
and total number of main stem nodes per plant were recorded. Individual plant heights and number of nodes were
o calculate height to node ratios (plant height/number of nodes) and provide an estimate of sympodial development.

ants with a match-head square, infestations were performed similar to cotton seedling infestations, except cages
ured 17.5 by 16 cm, and the duration of infestation was 5 d. Each caged plant terminal contained one match-head
e. Square retention for each plant was measured at 5, 12, and 19 d after infestation. The number of days from planting
flower and the growth stage corresponding to that date (total number of main stem nodes above the cotyledon) was
mined.

dual large squares on cotton plants were infested with one adult per cage (15 by 15 cm). The opening of the cage was
closed around the peduncle of the square with a drawstring. The duration of each infestation was 5 d. At 9 d after
cages were removed (14 d after infestation), infested and noninfested plants were assessed for percentage of square
ssion, flowers with necrotic anthers, and boll abscission.

station of Nymphs on Cotton Squares.

wo treatments in these studies were stink bug-infested and noninfested plants. The experimental design and data
sis for these studies were similar to those described for adult infestations. Multiple squares on cotton plants (growth
of five to seven main stem nodes above a flower located on the first position of a sympodial branch) were infested with
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ages of southern green stink bug nymphs. A medium square ( 6 mm in diameter, 12-13 d old on the first position of a
odial branch) and a small square ( 4 mm in diameter, on the second position on the same sympodial branch as the
m square) were infested. Cages (15 by 15 cm) containing either third instar (two per cage) or fourth to fifth instars (one
ge) were placed on a fruiting branch containing both squares. The opening of the cage was tightly closed around the
odial branch between the main stem and the first position on the sympodial branch. The duration of each infestation
d. Abscission was recorded for medium and small squares. Medium squares were further monitored for occurrence of
er with necrotic anthers, occurrence of a boll, and boll abscission. A total of 84 and 105 paired plants were used for
nstar and fourth to fifth instar infestations, respectively.

wn Stink Bug Adults Infested on Bolls.

n plants were monitored biweekly until the first week of flowering. First position flowers (flower located on the first
on of a sympodial branch from the main stem of the plant) were marked with a yellow "snap-on-tag" (A.M. Leonard,
Piqua, OH) placed on the sympodial branch between the peduncle of the flower and the main stem of the plant. The
f anthesis was recorded on the tag in permanent ink to ascertain boll age at the time of infestation. Boll age was
ated using heat unit accumulation beginning at anthesis, as described by Bagwell and Tugwell (1992). Heat units were
ated for each day of infestation as [(maximum daily temperature + minimum daily temperature)/2] - 15.5, where 15.5°C
) is the minimum adequate temperature for cotton plant development.

wo treatments in these studies were stink bug-infested and noninfested flowers or bolls. The treatments were arranged
ompletely randomized design. Infestation procedures were similar to that used by Adamczyk et al. (1998) and Russell (1999) for
g lepidopterous larvae and tarnished plant bug, respectively, on cotton bolls. One brown stink bug adult per cage was
d on an individual boll by using the same procedures for large square infestations. For each infested boll, a blue snapg was also placed in the same position as the yellow snap-on-tag and labeled with the date of infestation and the date
te flower. Noninfested treatments consisted of cages placed on bolls, with blue snap-on-tags placed on the sympodial
h labeled as the control with the corresponding date of infestation and date of flower. On each infestation date, equal
ers of infested and noninfested bolls were used. Stink bugs were caged on each boll for 72 h, at which time the cages
sects were removed. Stink bug infestations were initiated at flower (0 heat units) and continued through 892 heat units
d anthesis.

2, the diameter of each nonabscised boll was recorded using a dial caliper (Forestry Suppliers, Inc., Jackson, MS) at
fter infestation. Individual boll measurements were taken at the widest diameter by using two diametrically opposite
. Boll diameter was also measured on bolls without cages (controls) by using the same procedure as described above;
ver, bolls were not paired with infested and noninfested bolls. In total, 90 bolls were measured for 25 d, each at
als of 2 to 3 d.

umber of abscised bolls was recorded at 72 h after infestation and at harvest. All harvestable bolls were individually
ted and seedcotton weights were recorded. In 2002, the proportion of hard locked carpels (carpel [locule] with lint
, but not fluffed open sufficiently to be harvested with a mechanical picker) within each boll was recorded. Cumulative
ssion data, individual boll weights, and proportion of hard locked carpels per boll within the same heat unit were
ed into 17 classes of 50 heat units (0-50 through 851-900). Seedcotton from bolls infested at the same age and on the
date were separated into lint and seed with a laboratory gin. Seed were grouped into nine classes of 100 heat units (0rough 801-900) to ensure an adequate sample size for germination tests. The standard warm germination test for
seed was used, which measures the percentage of seedlings that have a combined hypocotyl and root length of 3.75
sociation of Official Seed Analysts 2000).

ach heat unit class, boll size, seedcotton yield, hard locked carpels, and seed germination were analyzed using a
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t-test by comparing diameter, weight, proportion, and percentage of germination, respectively, of infested bolls to
of noninfested bolls (PROC TTEST, SAS Institute 1998). Boll diameter data were also analyzed using regression analysis
C REG, SAS Institute 1998). Within infested, noninfested, and noncaged treatments, diameter (dependent variable) was
d against heat unit accumulated (independent variable) of that same boll on the day cages were removed. Boll
ssion data for infested bolls was corrected for natural abscission in the noninfested bolls by using Abbott's formula
1925) and analyzed using regression analysis (PROC REG, SAS Institute 1998). Corrected abscission (dependent variable)
were plotted against accumulated heat units (independent variable) of infested bolls to determine regression equations
bing the relationship. The analytical model included only those heat units in which abscission occurred. The data for all
les measured in 2001 and 2002 were pooled for analysis. In total, 480 and 555 plant pairs were used in 2001 and
respectively.

sults and Discussion

station of Adults on Preflowering Cotton Plants.

were no significant differences (P > 0.05) in plant height on 7, 14, and 21 d after infestation between cotton seedlings
quaring) that were infested with brown stink bug or southern green stink bug adults and the noninfested plants (Table
ditionally, there were no differences (P > 0.05) in height to node ratios and square retention between infested and
ested plants at 21 d after infestation (Table 1). No aborted terminals or atypical main stem development were
ved in the infested or noninfested treatment.

e retention on cotton with match-head squares on 5, 12, and 19 d after infestation was not significantly different (P >
between brown stink bug or southern green stink bug-infested and noninfested plants (Table 1). The number of days
planting to a first flower was not significantly different (P > 0.05) between infested and noninfested plants (Table 1).
onally, the plant growth stage (number of main stem nodes above the cotyledon) during which that flower occurred was
gnificantly different (P > 0.05) between treatments (Table 1).

ts from studies with tarnished plant bug were different from that observed for brown stink bug and southern green stink
the current study. Significant reductions in plant height were observed after 72-h infestations of tarnished plant bug
adult per plant) on cotyledons and cotton with 2, 4, and 6 nodes above the cotyledon (Hanny et al. 1977). Infestations of
bugs per plant for 22 d on seedling cotton (one fully expanded leaf) reduced plant height through 9 wk after infestation.
hed plant bug (one to three adults per plant) feeding has caused the abortion of terminals in 87-98% of infested plants
nd Sheets 1964a, Hanny et al. 1977). Injury by tarnished plant bugs during presquaring growth stages also delayed the initiation
mpodial branches (Hanny et al. 1977).

e abscission between plants infested with brown stink bug or southern green stink bug adults and noninfested plants
ot significantly different (P > 0.05) (Table 2). Squares that did not abscise within each treatment became a white
. On brown stink bug- and southern green stink bug-infested plants, 29.0 and 33.3%, respectively, of the white flowers
produced from squares on 2, 3, and 4 d after infestation. Flowers produced on these days were bolls on the day that
were removed because anthesis occurs within a 24-h period. White flowers were examined for necrotic anthers, and
nificant differences (P > 0.05) were observed between infested and noninfested plants (Table 2). Fruiting forms were

ned daily until 14 d after infestation, and there was no significant difference (P > 0.05) in boll abscission between
ed and noninfested plants (Table 2). Although boll abscission was not significantly different between infested and
ested plants, the larger proportion of boll abscission in infested plants was due to the larger proportion of bolls present
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day cages were removed (Table 2). Plant development during the study allowed stink bugs to be offered bolls that
produced from the squares that were initially infested. Therefore, stink bug feeding induced boll abscission.

demonstrated tarnished plant bug and clouded plant bug, Neurocolpus nubilus (Say) (one adult or
h per plant), induced 18% abscission of squares 3 mm or larger after 24 h of exposure. Tarnished plant bug injury also
duced darkened anthers in nonabscised squares (Pack and Tugwell 1976, Tugwell et al. 1976). Squares exhibiting 60-90% of the
nthers damaged resulted in 67% boll abscission (Pack and Tugwell 1976). Inadequate pollination was believed to cause
quent boll abscission (Pack and Tugwell 1976). In our studies, brown stink bug and southern green stink bug were initially
ed on squares, but they later were exposed for a short duration to flowers and small bolls, resulting in no abscission for
one. In cotton, flowers typically do not abscise, but bolls ~5 to 10 d beyond anthesis are very sensitive to abscission
986). Bolls that mature to 18 d beyond anthesis demonstrate low rates of abscission (Guinn 1986).

d Tugwell (1976)

station of Nymphs on Cotton Squares.

ird instars of southern green stink bug, there were no significant difference among treatments in abscission of first
on, medium squares (infested, 23.1 ± 11.1; noninfested, 0 ± 0; df = 4, t = 2.08, P = 0.0532) or second position, small
es (infested, 28.4 ± 12.1; noninfested, 15.5 ± 10.9; df = 4, t = 0.8, P = 0.4699) (Fig. 1). Abscission of medium
ed, 17.6 ± 8.9; noninfested, 5.9 ± 3.4; df = 4, t = 1.22, P = 0.2889) and small squares (infested, 31.4 ± 7.1;
ested, 27.4 ± 2.0; df = 4, t = 0.53, P = 0.6213) by fourth to fifth instars of southern green stink bug was not
cantly different. However, for both stages of nymphs, abscission of medium squares ( 6 mm in diameter) in the
ed treatment was consistently higher. The results of third instar infestations on first position squares of medium size for
uggest nymphs ( 1 nymph per fruiting branch) may induce abscission in some instances. However, in all other
ation studies that occurred on squares of any size (brown stink bug and southern green stink bug adults on matchand large squares, and nymphs on squares), square abscission was not significantly different (P 0.1). Additionally, a
proportion of second position ( 4 mm in diameter), small squares abscised from the plant, regardless of treatment. In
, abscission of squares and young bolls can be a natural occurrence and is accentuated by overcast weather, extreme
ratures, and water stress (Oosterhuis and Jernstedt 1999). Also, abscission rates of squares and bolls on second positions of a
odial branches are higher because first position fruiting is more competitive for assimilates during the stage of
opment when they are most vulnerable to abscise (Cothren 1999). Our abscission data for second position structures on
ed and noninfested fruiting branches confirm these findings.

bscised squares in infested and noninfested treatments became a flower. Flowers were examined for necrotic anthers,
o significant differences between infested and noninfested plants were observed (infested third instar, 17.2 ± 11.8;
ested, 3.0 ± 5.3; df = 4, t = 1.91, P = 0.0647 and infested fourth to fifth instar, 13.7 ± 14.8; noninfested, 3.9 ± 3.4; df =
1.12, P = 0.1631). White flowers in all treatments pollinated normally and produced bolls. There were no significant
nces in boll abscission between infested and noninfested plants (infested third instar, 18.6 ± 9.5; noninfested, 9.2 ±
= 4, t = 1.71, P = 0.081 and infested fourth to fifth instar, 13.7 ± 14.8; noninfested, 7.9 ± 3.4; df = 4, t = 0.67, P =
0).

wn Stink Bug Adults Infested on Bolls.
was a negative linear relationship describing cumulative abscission of infested bolls (F = 7.09; df = 1,5; P < 0.0448)

unction of heat unit accumulation (Fig. 2). Boll abscission ranged from 50.9% for bolls infested at 51 to 100 heat units
for bolls infested at 351 heat units (14.0 d; based upon each day accumulating 25 heat units) beyond the date of
sis. Abscission of small bolls from feeding by the Say stink bug, Chlorochroa sayi Stål; Euschistus
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ctiventris Stål; green stink bug; and brown stink bug has been documented by several researchers (Wene and Sheets
Barbour et al. 1990, Fromme 2000). In other studies with E. servus, all infested bolls 3 d beyond anthesis abscised (Fromme
Abscission of young bolls is also characteristic of injury by tarnished plant bug (Burris et al. 1997, Russell 1999).

cotton yields for bolls infested with brown stink bug were significantly reduced (P < 0.05) compared with noninfested
or age classes infested from 0 to 550 heat units (22.0 d) beyond anthesis (Fig. 3). Mean weight per boll through 550
nits beyond anthesis in the infested and noninfested treatment was 3.247 and 4.265 g, respectively. No significant
ions in yield were observed for bolls infested after they accumulated >551 heat units (22.0 d) beyond anthesis. Mean
ts for bolls across age classes >551 heat units beyond anthesis was 4.024 and 4.167 g for the infested and
ested treatment, respectively. Although no stink bug-induced abscission occurred on bolls that accumulated 351 heat
14.0 d) beyond the date of anthesis, seedcotton yield was reduced. Significant yield losses were observed for bolls
ed after they had accumulated 351 to 550 heat units (P < 0.05).

infested brown stink bug on bolls (one adult per boll) aged 11 and 14 d beyond anthesis and observed a 59 and
eduction, respectively, in seedcotton yield. The impact of brown stink bug on yield was not evaluated in bolls beyond
351 heat units) of anthesis; however, destructive sampling indicated the presence of internal injury in bolls up to 17 d
d anthesis (338 heat units) (Fromme 2000). In similar studies with southern green stink bug, infestations of fifth instars for
gnificantly reduced seedcotton yield in bolls aged 4 d (74 heat units), 8 d (171 heat units), 10 d (220 heat units), 14 d
heat units), 18 d (401 heat units), and 21 (472 heat units) d beyond anthesis (Greene et al. 1999, Greene et al. 2001). No
cant reductions in seedcotton yield were observed in bolls aged 25 d (559 heat units) and 30 (658 heat units) d beyond
sis (Greene et al. 2001).

(2000)

2, 32 ages of bolls, ranging from 0 to 823.5 heat units, were infested with adult brown stink bug for a total of 15 age
es of 50 heat units each. The proportion of hard locked carpels within bolls infested with brown stink bug were
cantly greater (P < 0.05) compared with noninfested bolls for age classes infested from 51 to 400 heat units (3.0
gh 16.0 d) beyond anthesis (Fig. 4). Mean proportion of hard locked carpels per boll within these age classes was 0.48
17 for infested and noninfested bolls, respectively. No significant increases in hard locked carpels were observed for
hat had been infested in four of the seven age classes >401 heat units (17.0 d) beyond anthesis. Green stink bug
ations (three adults per plant) have also been associated with reductions in the amount of harvestable cotton as the
on of infestation and number of punctures per boll increased (Barbour et al. 1990).

ercentage of seed germinated from bolls previously exposed to brown stink bug was significantly lower (P < 0.05)
ared with noninfested bolls in age classes infested from 101 to 600 heat units (24.0 d) beyond anthesis (Fig. 5). Mean
nation across this range of ages was 35.2 and 50.8% for infested and noninfested bolls, respectively. No significant
ions in germination were observed for bolls that had been infested in two of the three age classes >601 heat units
d) beyond anthesis. Lower seed germination also has been observed in whole plant infestations of E. conspersus
hlorochroa uhleri Stål, and green stink bug as the number of stink bugs per plant and duration of exposure
sed, respectively (Toscano and Stern 1976, Barbour et al. 1990).

2, 32 ages of bolls, ranging from 0 to 823.5 heat units, were infested with adult brown stink bug. There was a
cant relationship between the age (heat unit) of an individual boll on the day cages were removed and the
ponding diameter (centimeters) for that same boll when infested (diameter = 0.529 + 9.49 × 10-3 heat unit - 7.5 × 10-6
nit2, P < 0.0001, r2 = 0.87) or noninfested (caged) (diameter = 0.816 + 8.79 × 10-3 heat unit - 7.06 × 10-6 heat unit2, P
01, r2 = 0.87) (Fig. 6). There was also a significant relationship between age and diameter for noncaged bolls
eter = 0.059 + 1.33 × 10-2 heat unit - 1.34 × 10-5 heat unit2, P < 0.0001, r2 = 0.94). According to values predicted by
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odel, the maximum diameter and corresponding heat unit for infested, noninfested caged, and noncaged bolls were
m (593.1 heat units), 3.55 cm (622.5 heat units), and 3.33 cm (493.7 heat units), respectively. Noncaged bolls had a
maximum diameter compared with infested and noninfested caged bolls; however, the relationship describing boll
ter as a function of heat unit accumulation was similar. Measurements on noncaged bolls were temporally separated
nfested and noninfested bolls and may explain the differences in these results. Diameters of bolls infested with brown
bug were significantly lower compared with noninfested bolls for 12 of the 14 boll age classes infested from 0 to 266.5
nits ( 10-11 d) (P < 0.05) (Fig. 7).

ze is largely influenced by the rate of fiber elongation. Fiber length increases rapidly in the first several days beyond
sis, with the greatest increase in elongation at 12 d. Final length is attained at 27 d beyond anthesis (Schubert et al. 1973).
976) has shown final boll size, as measured by fresh and dry weight, occurs at 21 to 28 d beyond anthesis. In our
s, brown stink bug significantly reduced boll diameter during the period when rate of fiber elongation is greatest. As
h continued, brown stink bug seemed to hinder boll development. Bolls infested with brown stink bug attained
mum size 29.4 heat units before noninfested bolls, resulting in a 0.03 cm decrease in diameter.

ts from field studies demonstrated that infestations of brown stink bug and southern green stink bug adults on cotton
ngs (presquaring), cotton with a small (match-head) square, and individual large (precandle) squares did not
vely affect growth and development of plants, and production of bolls from squares. Persistent infestations of third
and fourth to fifth instars of southern green stink bug may have the ability to induce abscission or injure squares. If
immigrate into cotton fields early in the season and oviposit, the subsequent immatures are forced to feed on
wering cotton. Nymphs do not have the ability to emmigrate to other hosts; therefore, squares would be the structure
ikely to be injured. During this period, other pests, including tarnished plant bugs and thrips, are more likely to induce
e abscission.

n stink bug adults are capable of significantly injuring cotton when bolls are present. These data are similar to that for
stink bug species and life stages. In our studies, brown stink bug induced abscission in bolls that accumulated ≤350
nits beyond anthesis ( 14 d beyond anthesis). Bolls infested with brown stink bug that accumulated >351 heat units
d anthesis, even if fed upon, did not abscise from the plant. During early boll development (through 266.5 heat units
d anthesis), injury may be associated with reduced boll diameter during the period when fiber elongation is most rapid.
nfested with brown stink bug produced significantly fewer harvestable carpels per boll (≤400 heat units) and lower
otton yields (≤550 heat units). Seed harvested from bolls previously infested with brown stink bug had reduced
nation in bolls ≤600 heat units beyond anthesis.

esults from these studies should provide a better understanding of the susceptibility of selected fruiting forms to stink
jury and to define those periods in which to intensively scout for stink bugs in cotton fields. Therefore, these studies
te control measures for stink bugs should be initiated at the time plants begin to set bolls. Small bolls are very sensitive
cission. However, larger bolls that are injured by stink bugs remain on the plant. No injury to bolls occurred when a boll
mulated 600 heat units beyond anthesis ( 24 d beyond anthesis). The studies did not demonstrate significant injury to
before flowering. Injury to preflowering cotton could potentially occur if infestations of nymphs persist over long
s or if cotton is the only available host for adults to reproduce.
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