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Abstract 
 
Experiment that contrasted stink bug and plant bug populations, and their damage, with plant performance factors 
were established in commercial Bollgard IIÒ in 2003 and 2004. Severe weather affected the tests in 2003.  The 
thresholds of 10% internal damaged bolls, 15% dirty blooms, and 1 stink bug per row feet were frequently exceeded 
in the untreated plots and sometimes exceeded in the treated plots, in spite of frequent insecticide application. Yields 
and hard lock were significantly improved (increased and decreased, respectively) with insecticide in one 2004 test 
that showed a seasonal average boll damage of 57.9%. A second test showed no significant yield improvement, or 
reduced hard-lock incident, in treated plots in spite of a seasonal boll damage of 47% in the untreated plots. Data 
presented are preliminary and are intended to be part of a more comprehensive database designed to clarify the 
associations between plant-feeding bugs, their damage, and plant performance characteristics. 
 

Introduction 
 

In the past, insecticide use in cotton was high, averaging 12 to 14 insecticide applications per season for control of 
boll weevil and caterpillar pests (Roof 1994).  These insecticides gave coincidental control of late season plant bugs 
and stink bugs.  Throughout the 1990s, cotton production in the southeast experienced a dramatic decline in 
insecticide use due to the combined impact of the USDA Boll Weevil Eradication Program and widespread adoption 
of B.t. cotton  (Bollgard®) (Mann et al. 1997, Turnipseed et al. 2001). In 1986, the year prior to initiation of the boll 
weevil eradication program, each acre of GA-grown cotton received an average of 7 insecticide applications for the 
boll weevil and 7.3 for the budworm / bollworm complex (King et al. 1987). Bollgard®, B.t. cotton varieties were 
introduced in 1996 and provided excellent control of many caterpillar pests (Greenplate et al. 1998). By 2000, there 
were no applications for weevils and only 1.1 for all caterpillar pests (Williams 2002a). North Carolina was first to 
be free of boll weevil and is among the highest users of  B.t. varieties (Williams 2004). 

 
The creation of the “low spray environment” in cotton fields has resulted in an outbreak of plant-feeding bugs across 
the cotton belt.  For example, stink bug infestations in GA reached outbreak levels in 2003 and the losses assigned to 
stink bugs exceeded $33 million (Williams, 2004).  Many fields not treated with insecticide for stink bug control 
were significantly damaged and in a few instances destroyed. Additionally, in North Carolina, Bacheler (2004a) 
reported damage levels from end-of-season surveys of commercial cotton fields. In 2004, bug damage averaged 
15.3% and 7.1% for B.t. and conventional cotton, respectively, compared to the 1996 through 2003 damage 
averages of 3.1% (B.t.) and 0.8% (conventional).  

 
The pest status of late season bugs in cotton may continue to increase. In 2003, advanced B.t. cotton , Bollgard II®, 
was introduced. Field studies have shown that Bollgard II® may need no supplemental insecticide for caterpillar 
pests (Jackson et al. 2003, Bacheler and Mott, 2003), whereas Bollgard® frequently receives one to two sprays for 
caterpillars. Additionally, Widestrike®  B.t. cotton was labeled for grower use in 2004, by Dow Agrosciences 
Company, and Syngenta Crop Protection Company is developing VIP Cotton® varieties. These advanced B.t. 
cottons also will need little or no insecticide for caterpillar control. Growing advanced B.t. cottons increases the 
opportunity for bug pests to inhabit cotton, for most of the season, without encountering insecticide, unless it is 
applied specifically against the bugs.  

 
In most states, the currently used thresholds for stink bugs in cotton have been adapted from Greene et al. (2001) 
and are estimated at 1 bug per 6 row feet, as measured from drop cloth counts, or from 10% to 20% of medium-
sized bolls displaying internal bug feeding damage. Tarnished plant bugs are reported to contribute to boll damage 
only during the earlier stages of  boll development (Tugwell et al. 1976, Russell et al. 1999, Horn et al. 1999). In 
North Carolina, the published boll damage threshold for stink bugs, and post-bloom plant bug, is 10%; a second 
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threshold of 15% bug damaged blooms (dirty blooms) is also used for plant bugs (Bacheler 2004b). These 
thresholds are not precise (e.g. vary from 10% to 20%, Green et al. 2001), are static, and have not been verified in 
North Carolina, at the northern part of the cotton belt.  Additionally, the currently used technique of dissecting small 
immature bolls, and examining for internal bug damage, is time consuming and difficult to use when scouting 
commercial cotton. This sampling technique is poorly defined, in respect to quantifying damage symptoms and 
relating those symptoms to yield losses under differing environmental conditions. 
 
The goal of this research is to develop a database on stink bug / plant bug related parameters that may be associated 
with cotton plant performance characteristics. Ultimately, we hope that improved relationship definitions may lead 
to a better understanding of late season plant bug and stink bug pest status, more accurate thresholds, and more user 
friendly scouting methods. 
 

Material and Methods 
 
Initial field experiments were designed to compare bug populations, injury symptoms, yield, and lint grade under 
sprayed (TRT) and unsprayed (UTC) conditions. In 2003, two tests were conducted in Chowan and Perquimans 
Counties, NC. Hurricane Isabel destroyed the Chowan test and damaged the other. In 2004, two tests were 
conducted in Perquimans County. 

 
Tests were located in areas known for stink bug and / or plant bug infestations. Randomized complete block 
experiments were located in commercial cotton fields and consisted of 18 row  (36 in. or 38 in. row spacing) X 50 
foot long plots, with four replications. The Bollgard II® varieties, Delta and Pineland DP424 BGII/R (Test 1, 2003) 
or Stoneville 646 BGII/R (Test 2 and Test 3, 2004), were used in the tests.  Contrasting plant bug / stink bug 
population levels (treatments) were established  by using no insecticide or preemptive insecticide. Insecticide was 
applied from a CO

2
 charged backpack sprayer, fitted with two hollow-cone nozzles on a two row boom, and 

calibrated to deliver 9.8 GPA (2003) or 8.8 GPA (2004) at 58 psi.  Five or six applications were made on a seven 
day (+ 1 day) interval. The 2003, applications were initiated on 07/14/03 (Test 1, six applications), or in 2004 on 
07/06/04 (Test 2, six applications) or 07/14/04 (Test 3, five applications). In 2003, Orthene 97 ST (0.75 lb/acre) + 
Centric 40 WG (3 oz/acre) was use on the first three applications followed by Capture 2EC (3.2 oz/acre) + Centric 
40WG (3 oz/acre). In 2004, all applications used Orthene 97 ST (1.0 lb/acre) + Centric 40WG (3 oz/acre). 

 
Scoring included examining blooms, sampling small bolls, collecting beat-cloth samples (2004), examining for hard 
lock, and gathering yield samples. Blooms were examined for bug feeding (dirty blooms), and plant bug adults and 
nymphs, on a weekly schedule so long as blooms were available. Small boll samples (“quarter sized bolls”) were 
collected weekly into plastic bags, transported (in a cooler with ice) to the laboratory, and placed into a refrigerator. 
The bolls were dissected within four days of collection and examined for internal callus growth (warts) or necrotic 
spots in the developing lint (stain).  Boll samples were collected so long as adequate small bolls occurred on the 
plants. Yield samples were collected from undisturbed rows by collecting four sub-samples (10 foot each in 2003 or 
five feet each in 2004) with “Shop Vac” style vacuum cleaners in 2003 or by hand in 2004. In the 2004 tests, each 
sub-sample harvest site was evaluated for bolls with “hard locked” locks remaining after the hand picking. Lint 
samples were sent to the USDA, Florence, SC (2003) or Cotton Incorporated, Cary, NC (2004). Data were subjected 
to the Student-Numan-Keuls test, p=.05. 

 
Results  

 
The 2003 test was primarily infested with plant bugs, whereas stink bugs (green and brown) dominated the bug 
population in 2004. Significant levels of dirty blooms were observed on all bloom counts in 2003 (Table 1); an early 
August count was missed due to poor weather. Mean dirty bloom counts were above the 15% threshold on all 
sampling dates and averaged 37.2%, across the period, in the UTC, versus 5.2% in TRT plots. However, significant 
numbers of plant bugs were observed on only one date. Internal damage in small bolls showed distinct, and usually 
significant, differences across the sampling period and averaged 44.2% in the UTC, over the sampling period, versus 
10.8% in the TRT (Figure 1). The estimated lint yield difference was ca. 138 lbs/acre but treatment means were not 
significantly different (Table 2). Lint quality classification parameters showed no significant differences in any 
category. However, both yield and quality data was likely affected by Hurricane Isabel before seed cotton samples 
were collected.   
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In 2004, the two experiments were sited close to each other, Test 2 at the edge of a large open area and Test 3 at the 
interior of the open area. In Test 2, dirty bloom counts were significantly different on two of the four sampling dates 
and averaged 12.6% (below threshold) in the UTC versus less than 1% in the insecticide treated (Table 3).  Numbers 
of plant bugs were also low. However, stink bug counts were above the 1 bug / row foot threshold population on two 
of the five sampling dates with peak numbers occurring in the late-July-early-August period (Figure 2).  Boll 
damage counts were above the 10% NC threshold on all sampling dates in the UTC and averaged 57.9% across the 
sampling period (Figure 3). In contrast, the TRT plots were above threshold on four of the seven sampling dates and 
averaged 14.4 % damage (above the 10% NC threshold but below the 20% maximum threshold proposed by Green 
et al. 2001).  Harvest time statistics failed to show differences in open bolls, closed bolls, or total bolls on 09/10/04 
(Table 4). However, numbers of hard lock bolls and estimated lint yield were significantly improved in the TRT 
plots. The average yield increase was 375 lb lint/acre, showing a 32% reduction to bugs in the UTC.  The second 
2004 test, Test 3, showed a lower infestation of bugs during the test period.  Dirty bloom counts were significantly 
different on two of the three dates but remained below threshold in both treatments on all dates (Table 5). Similarly, 
plant bugs found within blooms were also low.  Stink bug counts (Figure 4) showed counts of adults + nymphs to be 
above threshold only on one date (08/04/04). Stink bug counts in the TRT were very low across the sampling period. 
However, boll damage estimates were above threshold on five of the six sampling dates and averaged 47% over the 
period (Figure 5). In comparison, the TRT was above the 10% threshold on two dates and averaged 11.5% over the 
sampling period. Harvest time statistics showed no significant differences (Table 6). As in Test 2, no effect was 
shown on open boll, closed boll, or total boll counts. There was a trend for hard locked bolls to be more numerous in 
the UTC and yields to be higher in the TRT.  A non-significant 117 lb lint/acre increase was shown in the TRT 
plots. 

 
Discussion 

 
Data presented herein are preliminary and are intended to be a part of a much larger database. However, tests 
conducted to date suggest that the NC threshold of 10% boll damage is likely too low, and also, perhaps, the 20% 
maximum threshold proposed by Green et al. 2001. When evaluating bolls, we counted all callused tissue and stain 
symptoms; this is in line with the extension recommendations of most states. In our case, there was no segregation 
between symptoms of the same kind but of differing magnitude, even between small calluses or stained areas versus 
eruptions of callus or ruined locks. The seemingly poor association between damaged boll and yield data suggests 
that our boll data is influenced by symptomatic, but tolerated, damage.  Differences between 2004 shake cloth 
counts of stink bugs and boll damage estimates indicated that the relationship between the 1 stink bug per row foot 
threshold and 10% to 20% boll damage threshold might be weak.  
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Table 1. Dirty blooms and plant bugs observed in blooms. Perquimans Co., NC. 2003. Test 1.                                  

                                               Dirty Blooms / 75 Blooms                                       Adults+Nymphs/75 Blooms  
Date 7/31 8/14 8/21 7/31 8/14 8/21 
TRT* 4.8a 5.4a 1.5a 0.0a 1.5a 0.0a 
UTC 26.3b 29.4a 27.9b 13.5b 6.0a 1.6a 
*  Treated 5 times at weekly intervals 
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 Figure 1. Percent bug damaged bolls*.  Perquimans Co., NC. 2003. Test 1 
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* Quarter sized bolls; damage = warts and/or stained lint; 25 bolls / plot sampled. 

 
 
 
Table 2. Bug test harvest-time statistics. Perquimans Co., NC. 2003. Test 1. 

Entry Est. Lint /Acre*10/31/03 
TREATED 987.8a 

UTC 849.3a 
* Totals from 4, 5 row-foot hand-picked samples 
 
 
 
Table 3. Dirty blooms and plant bugs observed in blooms.  Perquimans Co., NC. 2004. Test 2. 
                                        Dirty Blooms / 75 Blooms                                      Adults + Nymphs / 75 Blooms 
Date 7/14 7/21 7/29 8/5 7/1 7/21 7/29 8/5 
TRT* 1.0a 3.0a 0.0a 2.8a 0.3a 0.3a 0.0a 1.8a 
UTC 10.8b 16.3b 6.0b 5.0a 2.3a 4.5b 4.5b 2.3a 

* Treated 6 times at weekly intervals. 
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Figure 2. Stink bugs* counts per 10 row feet. Perquimans Co., NC. 2004. Test 2.  
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* Brown and green stink bugs 

 
 
 
Figure 3. Percent bug damaged bolls.* Perquimans Co., NC. 2004. Test 2. 
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* Quarter sized bolls; damage = warts and/or stain; 25/plot sample 
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Table 4. Bug test harvest-time statistics. Perquimans Co., NC. 2004. Test 2. 
 

Entry Open Bolls 
9/10* 

Closed Bolls 
9/10* 

Total Bolls* 
9/10 

# Hard Locks 
10/6 ** 

Est. Lint /Acre 
10/6 ** 

TREAT 49a 30.8a 79.8a 71.5a 1184a 
UTC 48a 31a 71.8a 137.8b 809b 

* Per 10 plants    ** Totals from 4, 5 row-foot hand-picked samples. 
 
 
 
Table 5. Dirty blooms and plant bugs in blooms. Perquimans Co., NC. 2004. Test 3. 

 
                                               Dirty Blooms / 75 Blooms                                 Adults + Nymphs / 75 Blooms 
Date 7/21 7/29 8/5 7/21 7/29 8/5 
TRt* 3.8a 0.5a 0.0a 0.0a 0.0a 0.0a 
UTC 6.5a 7.5b 5.0b 0.3a 2.5b 2.0a 
* Treated 5 times at weekly intervals. 
 
 
 

Figure 4. Stink bug* counts / 10 row feet. Perquimans Co., NC. 2004. Test 3. 

 

* Brown and green stink bugs 
 
 
Figure 5. Percent bug damaged bolls*. Perquimans Co., NC. 2004. Test 3. 
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* Quarter sized bolls; damage = warts and/or stain; 25/plot sample* quarter sized bolls; damage = warts and/or stain; 
25/plot sample 
 
Table 6. Bug test harvest-time statistics. Perquimans Co., NC. 2004. Test 3. 

Entry Open Bolls* 
9/10 

Closed Bolls* 
9/10 

Total Bolls* 
9/10 

Hard Lock** 
10/6 

Est .Lint 
/Acre** 10/6 

TREAT 37.3a 42.8a 80a 89.8a 1192a 
UTC 34.8a 37a 72a 116.3a 1075a 

* Per 10 plants    ** Totals from 4, 5 row-foot hand picked samples 
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