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ABSTRACT

The tarnished plant bug, Lygus lineolaris 
(Palisot de Beauvois), is the most significant insect 
pest of cotton, Gossypium hirsutum (L.), in the 
mid-southern United States (Arkansas, Louisiana, 
Mississippi, Missouri, and Tennessee). Past research 
has shown the impact that planting date, nitrogen 
rate, and variety selection has on tarnished plant 
bug populations, but a paucity of data exists on the 
effect irrigation timing has on tarnished plant bug. 
Experiments were conducted at the Mississippi 
State University Delta Research and Extension 
Center in Stoneville, MS to determine if insecticide 
applications targeting the tarnished plant bug could 
be reduced in response to irrigation timings. Treat-
ments were in a strip-block arrangement, with the 
main plot factor being irrigations initiated at squar-
ing, first flower, peak flower, and a non-irrigated 
control. The sub-plot factor was tarnished plant 
bug management that consisted of insecticide ap-
plications made weekly, at threshold, and a non-
treated control. Overall, insecticide applications 
for tarnished plant bug increase yield. Irrigation 
initiated at squaring resulted in tarnished plant 
bugs exceeding the recommended treatment thresh-
old significantly more than when irrigations were 
initiated later in the growing season. Also, when 
irrigation was postponed until peak flower, no yield 
loss or delay in maturity was observed. These results 
indicate that irrigation timing could be a potential 
cultural control practice that reduces the number 
of insecticide applications targeting tarnished plant 
bug populations in Mid-South cotton.

Insecticide resistance has become prevalent in 
tarnished plant bug, Lygus lineolaris (Palisot de 

Beauvois), populations in the mid-southern United 
States (Arkansas, Louisiana, Mississippi, Missouri, 
and Tennessee) (Snodgrass et al. 2009, Snodgrass 
1996), and three to seven pesticide applications are 
often made to prevent economic losses (Williams 
2014). In general, the risk of yield losses from 
tarnished plant bug is lower during the pre-bloom 
period compared with the bloom period (Musser et al. 
2009); however, yield losses can be severe if tarnished 
plant bugs are not adequately controlled throughout 
the entire season (Layton 2000). Several agronomic 
practices have been shown to reduce tarnished plant 
bug populations in cotton or diminish their impacts on 
final yields. Most notably, promoting early maturity 
of the crop through planting date and variety selection 
can significantly reduce the number of insecticide 
applications for tarnished plant bug and their impact 
on yield (Adams et al. 2013). In Mississippi, planting 
cotton prior to 15-May was shown to reduce the 
number of insecticide applications compared to 
later planting dates (Adams et al. 2013), and yield 
losses from tarnished plant bug averaged 26% for 
an early maturing variety compared with 45% for a 
late maturing variety. Fertilization also can impact 
tarnished plant bug management in cotton. Fewer 
insecticide applications were needed where 90 kg of 
nitrogen was applied per hectare compared to higher 
rates, without losing yield (Samples 2014).

Little is known about the impact of irrigation on 
tarnished plant bug populations, despite the fact that 
approximately 65% of cotton planted in Mississippi 
is irrigated (Perry et al. 2012). In general, cotton is 
considered a relatively drought tolerant crop; how-
ever, adequate water is needed for proper growth and 
development (Burke and Ulloa 2017). A reduction in 
photosynthesis, as well as fruit abscission and yield 
loss, may occur if cotton becomes severely drought 
stressed. Demands for water are greatest during the re-
productive and early boll maturation periods with 53% 
of total water use occurring from first square to peak 
flower (Janat 2008), which is when tarnished plant bug 
infestations tend to be most prevalent. Drought stress 
and insect pests such as the tarnished plant bug can 
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result in significant yield loss; however, the interaction 
between these factors has not been studied.

Little is also known about the attractiveness of 
cotton to tarnished plant bug under different irrigation 
regimes. Previous research has shown that tarnished 
plant bug is attracted to vigorously growing cotton 
compared to stressed cotton (Willers et al. 1999, 
Willers and Akins 2000). It is hypothesized that tar-
nished plant bug populations will not be as attracted 
to drought stressed cotton during the squaring period 
which can result in decreased tarnished plant bug 
populations compared to those found in cotton irri-
gated according to standard practices. Understanding 
the interaction between irrigation strategy, tarnished 
plant bug populations, and the impact of these factors 
on final cotton yield must be understood to develop 
more cost-efficient production practices. Therefore, 
the objective of this study was to determine if insec-
ticide applications targeting the tarnished plant bug 
could be reduced in response to irrigation timings.

MATERIALS AND METHODS

An experiment was conducted at the Delta Re-
search and Extension Center in Stoneville, MS to 
evaluate the effect furrow irrigation timing has on 
tarnished plant bug populations. Phytogen 499 WRF 
was planted on 20 May 2013 and 9 May 2014, at 
113,668 seeds/ha. Seed were commercially treated 
with a premix of imidacloprid and abamectin along 
with select fungicides. Plots consisted of eight 1.01-
m rows that were 15.2-m long. Treatments were in a 
strip-block arrangement in a randomized complete 
block design with four replications. The main-plot 
factor was irrigation timing which consisted of a non-
irrigated control, irrigation beginning at early squaring, 
first flower, or peak flower. Plots were furrow irrigated, 
where water was pumped through 30.5 cm diameter 
polyethylene tubing laid perpendicular to the cotton 
rows. Holes were punched in the polyethylene tubing 
to allow water to run down every furrow. Plots were 
arranged across the field to allow furrow irrigation to 
easily be controlled and prevent inadvertent irrigation 
of non-irrigated rows. After irrigation was initiated 
for a specific treatment, subsequent irrigation events 
for that treatment were based on soil moisture sensor 
readings. Three IRROMETER Watermark moisture 
sensors (IRROMETER Company Inc., Riverside, CA) 
were set at depths of 15, 30, and 61 centimeters. These 
sensors measure soil water tension by reading the 
amount of water absorbed through a granular matrix. 

The sensors were set in the fourth row of the middle 
tier of each replication and were monitored weekly. 
Irrigation was initiated when soil moisture readings 
from the three sensors averaged over -100 centibars, 
indicating a depletion in adequate soil moisture. Ir-
rigation events were completed when the soil was 
adequately saturated based on soil moisture sensors.

The sub-plot factor was tarnished plant bug 
management within each irrigation timing. Tarnished 
plant bug management included weekly insecticide 
application, applications made based on the recom-
mended treatment thresholds, and a non-treated 
control. Rows four through seven of all plots were 
sampled twice per week to determine tarnished 
plant bug adult and nymph densities. During the 
pre-flowering stages (squaring), tarnished plant bug 
densities were determined by taking 25 sweeps with 
a standard 38-cm diameter sweep net. During the 
flowering period, tarnished plant bug densities were 
determined by taking two drop cloth samples with a 
0.76-m black drop cloth in each plot. For the weekly 
spray treatment, insecticide applications were made 
every week beginning at first square and continued 
until physiological cutout. For the threshold treatment, 
insecticide applications were made when tarnished 
plant bugs exceeded threshold beginning at first 
square and continued until physiological cutout. An 
insecticide application was applied to the appropriate 
plots based on the recommended threshold (Catchot 
2013). The thresholds were eight tarnished plant bugs 
per 100 row sweeps during the squaring period and 
three tarnished plant bugs per 1.52-m of row once 
flowering began. Insecticide mixtures that provide 
maximum control of tarnished plant bug were used 
for all spray treatments. Insecticides utilized were 
acephate (Orthene 90S, Valent Corporation, Walnut 
Creek, CA), sulfoxaflor (Transform WG, Dow Agro-
Sciences, Indianapolis, IN), thiamethoxam (Centric 
40 WG, Syngenta Crop Protection, Greensboro, NC), 
and acephate tank mixed with bifenthrin (Brigade, 
FMC Corporation, Princeton, NJ). The non-irrigated 
and the squaring irrigation timing were the only treat-
ments sampled throughout the entire sampling period. 
It was assumed that tarnished plant bug numbers in 
the first flower and peak flower treatments prior to 
irrigation initiation would not be different from the 
non-irrigated treatment because those plots had not 
yet received irrigation treatments. As such, sampling 
did not begin in those treatments until irrigations were 
initiated. To account for differences in the numbers 
of samples and the potential impact on yields, yields 
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were determined from different rows than those that 
were sampled as indicated above. Final plant heights 
and nodes above white flower counts were taken at 
week six of the flowering period. Nodes above white 
flower data were determined by counting the number 
of mainstem nodes from the highest first-positon white 
flower to the apical meristem. All sampling methods 
were terminated after the sixth week of flowering at 
physiological cutout. At the end of the season, rows 
two and three of every plot, were harvested mechani-
cally with a spindle type picker modified for small plot 
harvest and seed cotton weights were recorded. Lint 
yield was calculated as 38% of the seed cotton weights.

All data were analyzed with Analysis of Vari-
ance, PROC MIXED (Littell et al. 1996). Regarding 
tarnished plant bug densities in the non-irrigated and 
irrigation initiated at squaring treatments, data were 
analyzed as a repeated measures analysis of variance 
with week, irrigation timing, and spray treatments as 
fixed effects and week as the repeated effect. All irriga-
tions had been initiated by week six, therefore data for 
non-irrigated, squaring, first flower and peak flower 
irrigations were analyzed for weeks five and six. It 
was during these weeks that all plots in the trial were 
sampled. In weeks five and six, data were analyzed 
with irrigation timings and spray treatments as fixed 
effects in the model. Replication nested within year 
served as the random statement, and the Kenward-
Rogers degrees of freedom method was used. Final 
yield data were analyzed by year due to extreme differ-
ences in rainfall between the two years. Year, irrigation 
timing, and spray treatment were considered fixed 
effects. Replication nested within year served as the 
random statement, and the Kenward-Rogers degrees 
of freedom method was used. Means were separated 
using the LSMEANS statement. Differences were 
considered significant for α=0.05.

RESULTS AND DISCUSSION

Differences in rainfall between 2013 and 2014 
impacted the results of this experiment, and the 
summer of 2013 was characterized by relatively dry 
conditions; whereas, there was ample rainfall in June 
and July of 2014 (Table 1). However, tarnished plant 
bug populations were moderate to high during both 
growing seasons. No three-way interaction (F=0.88; 
df=2, 317; P=0.41) between irrigation timing, spray 
treatment and sample week was present for tarnished 
plant bug densities in the irrigation treatment initi-
ated at squaring and the non-irrigated control. There 

was an interaction between spray treatment and week 
(F=3.14; df=10, 317; P<0.01) for mean number of 
tarnished plant bugs in drop cloth samples. Except 
for the first sampling time, the non-treated control 
had significantly more tarnished plant bugs than all 
other treatments (Fig.1). The weekly spray treatment 
had the fewest number of tarnished plant bugs at first 
flower and at peak flower. During squaring, second 
week of flowering, third week of flowering, and fifth 
week of flowering, tarnished plant bug numbers in 
the threshold spray treatment was not significantly 
different than the weekly spray treatments (Fig. 1).
Table 1. Rainfall and heat unit accumulation (DD60, 

Landivar and Benedict 1996) by month and year for 2013 
and 2014 at Stoneville, MS (http://www.deltaweather.
msstate.edu/).

Month and Year Precipitation (cm) DD60
May 2013 14 311
June 2013 9.3 547
July 2013 4.9 560

August 2013 5.1 647
Total 33.3 2,065

May 2014 14.4 355
June 2014 14.6 598
July 2014 12.2 542

August 2014 5 609
Total 46.2 2,104
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Figure 1. Effect of spray treatment regime and week of 
sampling on mean (SEM) number of tarnished plant 
bugs per 3.04-m of row by week across 2013 and 2014 in 
Stoneville, MS. Means separated by common letter are not 
significantly different at α=0.05.
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treatment for all irrigation timings (Table 3). No 
differences were observed among the irrigation 
timings within the non-treated control or weekly 
spray treatments. For the threshold spray regime, 
there were significantly more tarnished plant bugs 
when irrigation was initiated at squaring than 
where irrigation was initiated at first flower, peak 
flower, and the non-irrigated control (Table 3).

There was a significant interaction between 
irrigation timing and spray treatment for tarnished 
plant bug numbers (F=5.98; df=2, 317; P<0.01). 
The control treatment for both irrigation timings 
had significantly more nymphs than the weekly 
and threshold spray treatments (Fig. 2). In the 
non-irrigated treatment, there was no difference 
in the number of tarnished plant bugs between the 
threshold and weekly spray treatments. In contrast, 
there was a significant difference in tarnished plant 
bug densities between the threshold spray treatment 
and the weekly spray treatment for the squaring 
irrigation treatment (Fig. 2).

Figure 2. Impact of irrigation treatment and spray treatment 
regime on mean number of tarnished plant bugs per 3.04-
m of row across 2013 and 2014 in Stoneville, MS. Means 
separated by a common letter are not significantly different 
at α=0.05.
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For the threshold spray regime, irrigation 
significantly affected the number of times tar-
nished plant bug populations exceeded threshold 
(F=7.63; df=3, 21; P<0.01). When irrigation was 
initiated at squaring, tarnished plant bug popula-
tions exceeded threshold more often than all other 
irrigation treatments (Table 2).

For tarnished plant bug numbers with all 
irrigation treatments included, there was a sig-
nificant interaction between irrigation timings 
and spray treatment (F=2.96; df=6, 178; P<0.01). 
The non-treated control had more tarnished plant 
bug nymphs than the threshold and weekly spray 

Table 2. Mean ± SEM number of times that different 
irrigation treatments exceeded the recommended threshold 
for tarnished plant bug in the threshold spray regime in 
Stoneville, MS (averaged for 2013 and 2014). 

Irrigation Initiation Number of Times  
Exceeded Threshold

Non-Irrigated 1.6±0.37 b
Squaring 3.6±0.65 a

First Flower 1.9±0.39 b
Peak Flower 1.5±0.32 b

Means followed by common letter are not significantly 
different at α=0.05.

Table 3. Mean ± SEM number of tarnished plant bugs per 
3.04-m of row by irrigation and insecticide spray regimes 
averaged across weeks 5 and 6 of the flowering period for 
2013 and 2014 in Stoneville, MS.

Irrigation 
Initation Non-Treated Weekly Threshold

Non-
Irrigated 13.4±2.9 a 0.5±0.2 d 1.8±0.6 cd

Squaring 12.7±1.7 a 0.8±0.3 cd 9.2±4.1 b
First Flower 15.1±1.8 a 1.1±0.4 cd 4.3±0.7 c
Peak Flower 13.1±2.6 a 0.7±0.3 cd 1.8±0.6 cd

Means followed by common letter are not significantly 
different at α=0.05.

There was no interaction between irrigation 
timing and spray treatment for final cotton heights 
(F=0.51; df=6, 56; P=0.79). Spray treatment 
did not affect cotton height (F=1.45; df=2, 56; 
P=0.24), but irrigation did affect final plant height 
(F=3.70; df=3, 21; P=0.02). Plants were taller 
when irrigation was initiated at squaring compared 
with plants in the non-irrigated treatment (Fig. 3). 
Plant heights for the first flower irrigation regime 
(115.79±5.1 cm) and the peak flower irrigation 
regime (117.7±5.1 cm) were not significantly dif-
ferent from either of the other treatments.

Irrigations in the Mid-South are typically de-
layed as long as possible to allow for early season 
field operations such as herbicide and nitrogen 
application (Perry et al. 2012). Also, growers 
believe water stress early in the growing season 
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will enhance root development (Perry et al. 2012). 
Water needs are low during the early growing sea-
son, but demand increases drastically during the 
reproductive stages (Table 1). Many growers in 
the Mid-South initiate irrigations when squaring 
begins. Yet, initiating irrigation during the squar-
ing period caused tarnished plant bugs to exceed 
the threshold significantly more than if irrigations 
had been postponed until later in the growing 
season. Irrigation initiated at squaring resulted in 
significantly taller plants, and that may have af-
fected sampling efficiency or the level of control 
that was achieved with foliar insecticide applica-
tions. There seems to be a relationship between 
attractiveness of cotton after irrigation initiation 
and tarnished plant bug feeding as seen by the 
number of tarnished plant bugs in the squaring 
irrigation treatment. Making cotton more attrac-
tive during the pre-flowering stage may compound 
damage observed from tarnished plant bug as there 
are many examples of tarnished plant bugs caus-
ing yield loss during this time frame (e.g., Layton 
2000, Tugwell et al. 1976).

in the threshold regime had more nodes above white 
flower than the weekly spray treatment (2.59±0.32) 
(Fig. 4). Irrigation timing also had an effect on 
the number of nodes above white flower (F=3.37; 
df=3, 15; P=0.04). Irrigation initiated at squaring 
(3.18±0.33) and at first flower (3.14±0.33) resulted 
in cotton with significantly more nodes above white 
flower than cotton in which irrigation was initiated 
at peak flower (2.62±0.32). Non-irrigated cotton 
(2.8±0.32) had a similar number of nodes above 
white flower to cotton in which irrigation was initi-
ated at all other timings (Fig. 5). These data indicate 
that greater tarnished plant bug control minimized 
delays in maturity and that, when irrigations were 
postponed, no delay in maturity was observed.
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Figure 3. Impact of irrigation initiation timings on final mean 
(±SEM) plant heights averaged across 2013 and 2014 in 
Stoneville, MS. Means separated by common letter are not 
significantly different at α=0.05.

There was no interaction between irrigation 
timing and spray treatment on nodes above white 
flower (F=1.11; df=6, 40; P=0.37). Spray treatment 
had an effect on the number of nodes above white 
flower (F=9.45; df=2, 40; P<0.01). Cotton in the 
non-treated control (3.28±0.32) had significantly 
more nodes above white flower than cotton in the 
threshold treatment regime (2.93±0.32), and cotton 
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Figure 4. Impact of tarnished plant bug spray regime on 
mean (SEM) nodes above white flower counts averaged 
across 2013 and 2014 in Stoneville, MS. Means separated 
by common letter are not significantly different at α=0.05.

Figure 5. Impact of irrigation timing on mean (SEM) nodes 
above white flower counts averaged across 2013 and 2014 
in Stoneville, MS. Means separated by common letter are 
not significantly different at α=0.05.
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There was a significant year by spray treatment 
interaction (F=3.88; df=2, 48; P=0.02) and a year by 
irrigation timing interaction (F=4.31; df=3, 18; P<0.01) 
for lint yield. Therefore, yields were analyzed by year. 
There was more rainfall in 2014 compared to 2013 with 
a total of 31.8 cm of rain from June-August in 2014 
compared with only 19.3 cm during that same time 
frame in 2013 (http://www.deltaweather.msstate.edu/).

There was no irrigation timing by spray treat-
ment interaction (F=1.61; df=6, 24; P=0.18) for 
mean lint yield during 2013. Irrigation initiation 
timing had a significant effect on lint yield (F=9.86; 
df=3, 9; P<0.01) (Table 3). Irrigation initiated at 
squaring (1,568±41 kg/ha), first flower (1,497±41 
kg/ha) and peak flower (1,472±41 kg/ha) resulted 
in greater yields than cotton that was non-irrigated 
(1,085±41 kg/ha) in 2013. Spray treatment also had 
an effect on lint yield (F=81.86; df=2, 24; P<0.01) 
(Table 4). Cotton sprayed weekly (1,634±35 kg/ha) 
and sprayed based on threshold (1,537±35 kg/ha) 
yielded significantly greater than the non-treated 
control treatment (1,047±35 kg/ha) in 2013.

There was no significant irrigation timing by spray 
treatment interaction (F=1.69; df=6, 24; P=0.16) for 
lint yield during 2014. In addition, irrigation timing 
did not have an effect on lint yield (F=0.18; df=3, 9; 
P=0.90) in 2014. Spray treatment did have a signifi-
cant effect on lint yield (F=62.18; df=2, 24; P<0.01) 
(Table 4). Cotton yields were greater when sprayed 
weekly compared to when sprays were based on 
threshold as well as non-treated control, and yields 
was significantly greater when sprayed based on 
threshold compared to the non-treated control.

The effect of environmental conditions between 
the two years can be observed in lint yields between 
the irrigation treatments. Fewer irrigations were 
needed during the summer of 2014 compared to the 
summer of 2013, and irrigation had a significant im-
pact on yield in 2013 but not in 2014. In 2013, irriga-
tion events were triggered four times in the squaring 
treatment, three times in the first flower treatment, 
and once in the peak flower treatment. In 2014, the 
squaring treatment received two irrigation events, first 
flower treatment received one, and the peak flower 
irrigation treatment was not irrigated. Also, when ir-
rigation was postponed until the point of peak flower, 
no significant decrease in yield was observed.

CONCLUSION

Based on these data, a grower may be able to 
reduce insecticide applications without a penalty in 
yield by postponing irrigations until peak flower or 
not irrigating at all when sufficient rainfall occurs. 
However, the amount of stress placed on a cotton 
plant not receiving supplemental irrigation should be 
considered. Postponing irrigation reduced the number 
of times tarnished plant bugs exceeded threshold, but 
lush, freshly irrigated plants were nearby to dry non-
irrigated plants. This may have influenced tarnished 
plant bug densities because they were able to freely 
move among the plots and select preferred feeding 
sites. Initiating irrigation at peak flower reduced 
the number of times tarnished plant bugs exceeded 
threshold and resulted in similar yields compared to 
when irrigation was initiated at squaring. A grower 

Table 4. Impact of irrigation and insecticide spray regimes on mean ± SEM lint yields (kg/ha) for 2013 and 2014 in Stoneville, MS.

2013
Irrigation Initiation Non-Treated Weekly Threshold Mean

Non-Irrigated 859±89 1,250±72 1,150±45 1,085±63 b
Squaring 1,186±193 1,837±94 1,675±94 1,568±111 a

First Flower 1,050±73 1,719±91 1,722±19 1,497±101 a
Peak Flower 1,089±125 1,723±177 1,621±174 1,472±118 a

Mean 1,047±65 b 1,634±79 a 1,537±74 a
2014

Irrigation Non-Treated Weekly Threshold Mean
Non-Irrigated 1,558±147 1,994±131 1,941±125 1,831±91

Squaring 1,611±84 2,256±46 1,801±84 1,889±89
First Flower 1,598±57 2,104±45 1,869±86 1,857±71
Peak Flower 1,587±58 2,108±97 1,959±58 1,885±76

Mean 1,586±43 c 2,112±46 a 1,889±44 b

Means within a column or row followed by common letter are not significantly different at α=0.05.

http://www.deltaweather.msstate.edu/


27JOURNAL OF COTTON SCIENCE, Volume 23, Issue 1, 2019

may save money by not only reducing the number 
of irrigations, but also by reducing the number of 
insecticide applications. The current price to pump 
2.54 centimeters per hectare of water is $8.23, and a 
single insecticide application averages $30 per hectare, 
eliminating one irrigation and one insecticide applica-
tion on 250 hectares of cotton could save $12,500, all 
while not sustaining a significant yield penalty (Mis-
sissippi State University 2013). The longevity of the 
growing season in the mid-southern U.S. also needs to 
be considered as results may not be the same in areas 
with shorter growing environments, so more research 
is still needed in separate regions and environments. 
Nonetheless, using simple cultural control methods, 
such as the manipulation of irrigation, can reduce 
the input costs associated with cotton production in 
Mississippi.
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