
Introduction

Plains Cotton Growers, Inc. (PCG) has been a strong supporter of cotton insect research
and extension activities in west Texas for many years. Most notably, PCG was
instrumental in securing state funds for the Boll Weevil Research Facility at the Lubbock
Center and provided both financial and political support to conduct boll weevil biology
and ecology research even before the boll weevil became a significant economic pest of
the High Plains region. After the initial entry of the boll weevil into the eastern edge of
the High Plains, PCG promoted and along with USDA-APHIS administered the boll
weevil diapause suppression program involving a team effort that continued to include
Texas A&M University. PCG also supported Texas Cooperative Extension (now Texas
A&M AgriLife Extension Service) efforts to annually evaluate the diapause suppression
program, conduct applied research trials to develop boll weevil management practices
that would enhance the diapause suppression , and in the 1990s
supported an annual survey of High Plains overwintering sites and grid trapping of cotton
across the High Plains area. The team effort of PCG, Texas A&M AgriLife Research and
AgriLife Extension Service over several decades resulted in a comprehensive
understanding of boll weevil ecology and behavior. Under the strong and cooperative
leadership of PCG, the boll weevil eradication program for the High Plains area
progressed much more rapidly than anticipated. Now, the successful boll weevil
eradication program has eliminated the boll weevil from this region for two decades.

With a successful boll weevil eradication program and increased adoption of the
transgenic Bt technology (now >70%), the cotton insect research and extension program
focus has changed considerably during the last 20 years. Our current research/extension
focus is on developing ecologically intensive strategies for cotton pest management,
including crop phenology, cultivar, non-crop habitat, irrigation, and fertility management
towards reducing insect pest pressure. Our research has demonstrated the need for
continuing investigation of basic behavior and life patterns of insects while having strong
field-based applied research to bridge the gap between basic, problem-solving science
and producer-friendly management recommendations. We have assembled a strong group
of people to work as a team to examine multiple disciplines within the broad theme of
Cotton IPM. We invest considerable time and manpower resources in investigating the
behavior and ecology of major cotton pests of the High Plains with the goal of
developing management thresholds based on cotton production technology and
economics, with particular focus on limited water production system. Our Program has
successfully leveraged research funds based on the funding provided by PCIC to support
our research effort. We are excited about and greatly value our Cotton Entomology
research and extension partnerships with multidisciplinary scientists at the Texas A&M
AgriLife Research Center in Lubbock and statewide field crop entomologists, together
with area IPM agents in the region, to continue this partnership as we challenge ourselves
to deliver the best cotton insect-pest management recommendations to our Texas High
Plains producers. Together, we have maintained the Texas High Plains area as a
characteristically low cotton insect-pest prevalence region in the U.S. cotton belt.
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EFFECT OF NITROGEN FERTILITY ON COTTON CROP
RESPONSE TO INSECT DAMAGE

A long-term study investigating the effects of differential
nitrogen fertility on cotton aphids and cotton fleahopper
population dynamics in a typical drip-irrigation Texas High
Plains cotton production system has been ongoing since
2002. Differential nitrogen fertility (0, 50, 100, 150, and 200
lbs N/acre) is being examined for its effect on cotton plant
physiological parameters, thereby influencing cotton insect
injury potential and plant compensation. Recent focus has
been to examine the effect of residual nitrogen on crop
response to simulated cotton fleahopper damage.

PROGRAM OVERVIEW: The Cotton Entomology Program at Lubbock combines basic and applied research with strong
outreach, industry, and grower partnerships to produce information to enhance the ability of the cotton industry in the
Texas High Plains to mitigate cotton yield losses due to insect pests through the use of ecologically intensive integrated
pest management. Selected projects of the Program are briefly highlighted in this exhibit.

SEASONAL ABUNDANCE PATTERNS OF BOLLWORM AND
TOBACCO BUDWORM MOTHS IN THE TEXAS HIGH PLAINS

A long-term study is investigating the seasonal moth
flight activity patterns of bollworm and tobacco
budworm in the Texas High Plains. The regional adoption
of cotton and corn cultivars incorporating Bt technology
has contributed to reduced level of these lepidopteran
pests in recent years; however, constant threat of insect
resistance to transgenic technology and diminishing
underground water availability for irrigation is
necessitating lower crop inputs, such as transgenic seed
costs, for increasing dryland crop acreage, increasing the
importance of these pests. STATEWIDE RESEARCH-EXTENSION PROJECT TO ADDRESS

CURRENT COTTON INSECT MANAGEMENT ISSUES

Multi-year statewide studies are being conducted at
several Texas locations to represent cotton fields
surrounded by variable vegetation/crop complexes and
regional insect population pressure in cotton. Study
objectives are to evaluate spray tip selection and its
impact on insecticide efficacy, cultivar sensitivity to
cotton fleahopper herbivory, fleahopper threshold, and
cotton bollworm pyrethroid resistance. Research and
Extension entomologists from south, central, and north
Texas, including IPM agents from throughout Texas
cotton production regions collaboratively conduct
research to address these project objectives. Lubbock
Cotton Entomology Project focuses on cotton fleahopper
cultivar susceptibility and threshold.

COTTON FLEAHOPPER SUSCEPTIBILITY OF PRE-FLOWER
COTTON UNDER LIMITED IRRIGATION PRODUCTION

The objective of this project is to investigate the growth
and fruiting response of cotton after cotton fleahopper
infestation at three discrete cotton fleahoper susceptible
stages (prior to visible squares, 1-2 square, and 3-4
square stages) of cotton under three irrigation water
levels. We also quantify cotton compensatory potential
following cotton fleahopper induced square loss under
phenological stage x irrigation treatments.

Texas Pheromone (TP) and “Bucket” traps used to monitor moths

ECONOMIC EVALUATION OF INSECT-PEST MANAGEMENT
IN WATER-DEFICIT COTTON PRODUCTION

Reduced water availability, low rainfall, higher pumping
cost of limited water, and increased input cost limit
cotton productivity in the Texas High Plains and
correspondingly lower profit margins, warranting for
higher water use efficiency in our crop production. The
impact of two key insect-pests at two distinct cotton
phenological stages (thrips – seedling stage and cotton
fleahopper – early squaring stage) will be evaluated with
five combinations of single versus multiple-species
infestations under two water-deficit (dryland and full-
irrigation) conditions (10 pest management scenarios).
This study will enable development of research-based
action thresholds considering variable yield potential
under different water deficit scenarios. These data will
be utilized to develop a dynamic optimization economic
model that maximizes the net returns from management
of single versus multiple pest infestations under water-
deficit crop production conditions. This will enable real-
world decision support under various production
settings and empower producers to optimize input
resources for profitable cotton production.

Cotton fleahopper augmentation in multi-plant cages to 
quantify the response of variable rates of N to FH injury

Field evaluation of spray tip on thrips management

Predictable occurrence of thrips at seedling stage and cotton 
fleahopper during the early squaring stage in the Texas High Plains

Cotton fleahopper augmentation at three 
crop phenological stages and inspection to 

determine insect colonization and crop injury
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Project Summary 

The recent increase in limited-irrigation cotton production in the Texas High Plains has demanded 

development of pest management strategies at low-input production system. Our current 

understanding is that cotton fleahoppers can be injurious to cotton during 3-weeks of squaring until 

about the appearance of first flower. That may warrant possible management of cotton fleahoppers 

up to three discrete stages of cotton prior to flowering as stated earlier. Impact of cotton 

fleahoppers on pre-squaring stage, especially when fleahoppers migrate to cotton prior to the 

occurrence of visible squares, and late squaring/first-flower stage is not quantified. Our earlier 

work on cotton fleahopper compensation studies suggest that cotton plants can tolerate up to 20% 

fruit loss. This project aims to investigate the growth and fruiting response of cotton after cotton 

fleahopper induced square loss at three discrete cotton fleahoper susceptible stages of cotton under 

deficit-irrigation scenario. The specific objectives of the study were to 1) quantify the damage 

potential of cotton fleahopper (feeding injury and/or square abortion) at square initiation (prior to 

visible squares), 1-2-square, and 4-5-square stages of cotton under dryland, deficit irrigation versus 

full irrigation, 2) determine cotton growth parameters and fruiting profiles as influenced by cotton 

fleahopper injury at three discrete cotton fleahoper susceptible stages of cotton under deficit-

irrigation scenario, and 3) quantify cotton compensatory potential following cotton fleahopper 

induced square loss under phenological stage x irrigation treatments. 

This study is expected to generate a significant amount of data to elucidate the damage potential 

of cotton fleahoppers at three discrete cotton fleahopper susceptible stages under two drought-

stress conditions, including low/supplemental irrigation (drought stress) and full irrigation (no 

drought stress), and cotton’s response to cotton fleahopper injury under each production scenario. 

The data regarding how the cotton fleahopper injury x drought-stress conditions impact cotton 

performance at three discrete phenological stages will be useful in making management decisions 

based on economic models. 

Cotton fleahopper infestation at pre-squaring stage reduced cotton lint yield across all three 

irrigation treatments, although significant only under dryland condition. It is plausible that 

fleahoppers fed on growing terminals and likely damaged the invisible squares which ultimately 

reduced the lint yield. Cotton fleahoper infestation also impacted fiber quality, with improved 

micronaire values under full irrigation. The two-year study clearly suggests that there is an 

apparent interaction between fleahopper-induced injury to cotton and irrigation water availability 

for plants to overcome the injury effect, thereby influencing the lint yield and fiber quality. 

Additional 2-3 years of studies will provide more insight into these results. 
 



 

 

Introduction 

The cotton fleahopper, Pseudatomoscelis seriatus (Reuter), is a significant economic pest of cotton 

in the Texas High Plains. Injury by cotton fleahoppers to squaring cotton often causes excessive 

loss of small squares during the early fruiting period of plant development (first 3 weeks of 

squaring). There has been some evidence that cotton fleahoppers also infest pre-squaring cotton 

plant terminals, perhaps when squares are developing on the plant. Both adults and immatures feed 

on new growth, including small squares. Greater damage is observed on smooth leaf varieties than 

on hirsute varieties, which may extend the susceptible period into early bloom, especially under a 

high-input production regime. Generally, cotton is affected by cotton fleahopper injury from about 

the fifth true leaf through first week after initiation of flowering. Squares up to pinhead size are 

most susceptible to damage, and yield loss is most likely from feeding during the first three weeks 

of fruiting. Cotton fleahopper damage also delays crop maturity and thus increases the 

vulnerability of cotton to late season pests such as Heliothine caterpillars and Lygus bugs, 

particularly when natural enemies are destroyed by insecticides directed against cotton 

fleahoppers. 

Predominantly, cotton fleahoppers feed upon pinhead-sized or smaller squares, which results in 

abortion of these young fruits, thereby impacting yields. While cotton fleahopper feeding 

preferences serve as a baseline for their management in cotton fields, a detailed understanding of 

cotton plant responses to fleahopper damage remains unachieved. Because cotton vulnerability to 

cotton fleahoppers spans over a period of 3-4 weeks, information on acute infestation of cotton 

fleahopper at phenologically-specific crop stages may help cotton producers make appropriate 

management decisions in low-input, water-deficit production systems. Cotton plant growth is 

sensitive to numerous environmental and management input factors, particularly irrigation and 

cultivar traits. Cotton growth responses to various input factors are well-documented and growth 

models have been developed. However, the specific cotton plant responses to cotton fleahopper 

injury at phenologically discrete cotton fleahopper susceptible stages remain uninvestigated. This 

research project proposes to evaluate the cotton crop growth parameters and lint yield following 

cotton fleahopper acute infestations at three distinct cotton fleahopper susceptible cotton stages 

(pre-squaring, 1-2-square stage, 4-5-square stage) under deficit-water versus full-irrigation 

production regimes. 

Methodology 

The study was conducted at the Texas A&M AgriLife Research farm in Lubbock.  A 5-acre 

subsurface drip irrigation system has been in place for this study. Main-plot treatments included 

full irrigation, supplemental irrigation, and dryland. The full irrigation water level was created via 

90% replenishment of evapotranspiration (ET) requirement for THP, whereas the supplemental 

irrigation treatment received 30% ET replenishment. Cotton cultivar DP 1820B3XF was planted 

on 18 May 2020. In 2021, cotton cultivar DP1845B3XF was planted on 18 May, but the crop was 

destroyed by repeated rain and hailstorm events and the test was replanted on 9 June. Sub-plot 

treatments included three discrete phenological stages of cotton that is considered susceptible to 

cotton fleahopper damage: 1) prior to the occurrence of visible squares on seedling cotton or “pre-

square” cotton, 2) cotton at 1-2 visible squares stage or early squaring stage, and 3) cotton with 4-

5 squares and close to the occurrence of first flower or late squaring). 



 

 

Two 3-ft sections of uniform cotton were flagged in the middle two rows of each treatment plot (3 

irrigation treatments x 3 phenological stages x 2 insect augmentation treatments x 4 replications = 

48 experimental units) for insect treatment deployment. At each phenological stages, 5 cotton 

fleahopper nymphs per plant versus no fleahopper augmentation as control were deployed in these 

designated row sections to simulate an acute infestation of cotton fleahoppers. 

Woolly croton, a cotton fleahopper weed host, was harvested from locations in and near College 

Station, Texas, in early February and stored in cold storage until fleahoppers were needed for the 

study. Conditions conducive to cotton fleahopper emergence were simulated in a laboratory 

environment to induce hatching of overwintered eggs embedded in the croton stems, and emerged 

cotton fleahoppers were subsequently reared using fresh green beans as a feeding substrate. 

Considerable effort was expended to ensure synchronization of rearing efforts with cotton crop 

development for optimal release timing for each of the three cotton phenological stages. A single 

release nymphal cotton fleahopper was timed to simulate the acute heavy infestation of cotton 

fleahoppers (3-4 days of feeding) at each stage. This arrangement ensured significant damage on 

treatment plots to quantify the variation in damage potential as influenced by cotton phenological 

stage. The actual release dates in 2020 were 20 June (pre-square), 1 July (early square), and 21 

July (late square). Cotton fleahopper rearing cages were installed about a month prior to the first 

release (e.g., 20 May 2020 for 20 June 2020 release) and staggered the cage installation for the 

next 4-5 weeks to ensure a continuous supply of cotton fleahopper nymphs for the study. In 2021, 

actual release dates for pre-square, early square and late-square cotton stages were 2 July, 16 July 

and 26 July, respectively.  

The release was accomplished by manually placing second- to third-instar cotton fleahopper 

nymphs from the laboratory colony onto the terminals of plants in each treatment plot at the rate 

of 5 nymphs per plant; the control plots received no fleahoppers and were kept fleahopper-free 

during the entire study period. Because natural infestation of cotton fleahopper was absent at the 

experimental farm, the control plots received no insecticidal intervention. An insecticide (acephate 

97% 6 oz/acre) was used to kill all remaining cotton fleahoppers after the one-week feeding period 

in all experimental units to ensure complete removal of released cotton fleahoppers. The entire test 

was kept insect-free for the remainder of the study to isolate the effect of cotton fleahopper injury 

only. 

 

Data collection included monitoring of flowering patterns, fruit abscission, and plant height. In 

2020, flower monitoring was initiated on 20 July and conducted every 2-3-day intervals with total 

of 14 sample dates, and in 2021, flower monitoring was started on 7 August and ended on 10 

September with a total of 18 sample dates. Harvest aids Boll’d® 6SL (Ethephon [(2-chloroethyl) 

phosphonic acid] @ 1 qt//acre (boll opener) and Folex® 6 EC (S, S, S-tributyl phosphorotrithioate) 

1 pint/a (defoliant) were applied on 12 October in 2020, and in 2021, Boll’d® 6SL (Ethephon [(2-

chloroethyl) phosphonic acid] @ 1 qt//acre (boll opener) and Gramoxone® SL 2.0 (Paraquat 

dichloride (1,1’-dimethyl-4,4’-bipyridinium dichloride) were applied on 25 October and 5 

November, respectively, to accelerate opening of matured unopened bolls and begin the defoliation 

process. Test plots were hand-harvested on 11 and 12 November. Hand-harvested yield samples 

were ginned, and the samples were analyzed for fiber quality parameters (HVI) at Cotton 

Incorporated. 



 

 

Results and Discussion 
 

2020 Study 

Cotton fleahopper induced square injuries exerted very low level of square abscission (10-15%). 

Irrigation water level significantly influenced the cotton lint yield, as expected, with significantly 

higher yield with increased level of irrigation. Averaged across cotton fleahopper augmentation 

treatments, dryland produced the lowest lint yield (1102 lb/acre), followed by low water (1420 

lb/acre), and the highest lint yield was observed under full irrigation (1691 lb/acre) (Fig. 1). Despite 

low insect injury, cotton fleahopper infestation at pre-squaring stage (before the onset of visible 

squares) reduced cotton lint yield across all three irrigation treatments, although the value was 

statistically significant only under dryland condition (Fig. 2). Even though not significant due to 

high data variation, lint yields were conspicuously reduced in both supplemental and full irrigation 

treatments when cotton fleahoppers were augmented at pre-square stage (Fig. 2). It is plausible 

that fleahoppers fed on growing terminals and likely damaged the invisible squares which 

ultimately reduced the lint yield. Also, cotton fleahopper infestations at early as well as late 

squaring (pre-flower) cotton did not reduce lint yield at any of the three irrigation regimes. Figure 

2 suggests that cotton compensated or overcompensated (numerically) any fruit loss due to 

fleahopper-induced injury, ultimately showing no significant effect on lint yield. Early square 

stage of cotton appeared to be more susceptible to cotton fleahoppers than late squaring cotton 

under dryland condition; however, irrigated cotton did not show such differential responses. 

Manual removal of squares (100% squares removed at the time of first flower coinciding with the 

fleahopper infestation at late squaring stage) significantly reduced the lint yield under dryland 

condition, but plants compensated the manually removed fruit abscission under both irrigated 

conditions. 

Cotton fleahopper infestation also impacted fiber quality while the plant response to cotton 

fleahopper injury was influenced by irrigation water level.  High water treatment resulted in 

micronaire values in the premium range for all fleahopper augmentation sub-plot treatments (Fig. 

3). Interestingly, lint fiber from the uninfested control plots had micronaire in the premium range, 

but the micronaire values increased and moved away from premium range to base range for all 

FH-augmented plots (Fig. 3). All sub-plot treatments resulted in micronaire values at base range 

under supplemental irrigation. Manual removal of squares resulted in premium micronaire value 

under dryland and base value under both irrigation regimes. Other fiber quality parameters varied 

marginally with insect augmentation X irrigation interactions (Table 1). These data clearly 

suggested an apparent interaction between fleahopper-induced injury to cotton and irrigation water 

availability for plants to overcome the injury effect, thereby influencing the lint yield and fiber 

quality. 



 

 

 

Fig. 1. Average cotton lint yield across cotton fleahopper augmentation treatments under three 

irrigation water regimes, Lubbock, Texas, 2020. Different lowercase letters indicate treatment 

means were significantly different from each other. 

 

 

Fig. 2. Cotton lint yield following cotton fleahopper infestations at three cotton phenological stages 

and manual square removal at first flower under three irrigation water treatments, Lubbock, Texas, 

2020. Average values were compared across five treatments within each irrigation treatment; same 

lowercase letters indicate treatment means were not significantly different from each other. Pre-

square FH = fleahoppers augmented prior to the occurrence of visible squares in plants; Early 

square FH = fleahoppers released at 1-2 visible squares; Late square FH = fleahoppers released 

when cotton was about to begin flowering; Manual Removal = all visible squares removed from 

plants at first flower. 



 

 

 

 

Fig. 3. Cotton fiber micronaire values (units) following cotton fleahopper infestations at three 

cotton phenological stages and manual square removal at first flower under three irrigation water 

treatments, Lubbock, Texas, 2020. Two blue lines indicate the region of micronaire values for the 

premium lint value. Pre-square FH = fleahoppers augmented prior to the occurrence of visible 

squares in plants; Early square FH = fleahoppers released at 1-2 visible squares; Late square FH = 

fleahoppers released when cotton was about to begin flowering; Manual Removal = all visible 

squares removed from plants at first flower. 

 

 

 

 

 



 

 

Table 2. HVI fiber quality parameters influenced by cotton fleahopper augmentation treatments 

under three irrigation water treatments, Lubbock, Texas, 2020 

Fiber 

Parameters 

Irrigation 

Treatment 

Fleahopper 

Simulation 

Uninfested 

Control 

Pre-Square 

Fleahopper 

Early square 

Fleahopper 

Late-square 

Fleahopper 

Micronaire Dryland 3.08 3.40 4.36 4.51 4.54 

Fiber length Dryland 1.10 1.13 1.14 1.16 1.14 

Uniformity Dryland 80.18 80.43 81.33 81.60 81.50 

Strength Dryland 30.95 31.80 32.13 32.35 32.30 

Elongation Dryland 7.73 7.68 7.65 7.83 7.73 

Micronaire Low 3.43 3.83 4.45 4.30 4.56 

Fiber length Low 1.15 1.16 1.14 1.16 1.16 

Uniformity Low 81.44 81.66 81.55 81.63 82.00 

Strength Low 31.91 31.60 31.88 32.00 31.93 

Elongation Low 7.84 7.99 7.73 7.93 7.85 

Micronaire High 3.00 3.39 3.93 4.24 4.22 

Fiber length High 1.17 1.17 1.20 1.21 1.20 

Uniformity High 80.73 80.94 82.08 82.23 82.60 

Strength High 31.61 31.71 32.15 31.78 31.00 

Elongation High 8.04 8.11 8.28 8.30 8.30 

 

 



 

 

2021 Study 

The effect of pre-square cotton fleahopper release was assessed when plants already had significant 

number of squares on the plant (10 days post-release) which showed 10% square loss, whereas 

early-square stage had 32% square loss and 21% square loss was observed at late-square stage. 

Flower initiation began around 7 August and continued beyond 10 September. Peak flower 

initiation was recorded on 26 August at all water level treatments; however, the highest number of 

flowers were recorded in dryland plots (Fig. 4) which was largely attributed to incessant rainfall 

during the cotton flowering stages that likely equalized all irrigation main treatment plots. 

 
Figure 4. Temporal abundance of white flowers (number of white flowers per row-ft per sample 

date) recorded from cotton fleahopper infested plots under dryland versus irrigated production 

conditions, Lubbock, Texas, 2021. 

 

Irrigation level did not significantly influence the lint yield. Replanting of the test delayed the crop 

maturity and reduced the overall yield. As stated previously, frequent rain events equalized the lint 

across three irrigation treatments (Fig. 5). Averaged across cotton fleahopper augmentation 

treatments, dryland produced 570 lb/acre, followed by 763 in low water and 697 in full irrigation 

treatments (Fig. 1). Insect release treatments significantly affected lint yield in dryland plots, with 

627, 453, 793, and 407 lb/acre lint yield in uninfested control, thrips only, cotton fleahoppers only, 

and thrips+cotton fleahoppers plots, respectively. Even though thrips-induced damage was not 

apparent during the seedling stage, lint yield was dampened in thrips-release plots in dryland, albeit 

not statistically significant, and thrips+cotton fleahopper plots had significantly the lowest lint 

yield (Fig. 6) Lint yield did not vary amongst insect management treatments in low or high 

irrigation water treatments. 

Cotton fleahopper infestation impacted fiber quality while the plant response to cotton fleahopper 

injury was influenced by irrigation water level (Fig. 7, Table 3).  Micronaire values ranged from 

poor quality (<3.4) to premium (3.7-4.2) fiber across all three water treatments. Two insect-

infested treatments in high water treatment had micronaire values in the premium range, but none 

on low water or dryland plots had micronaire in the premium range. There was no clear explanation 

for the observed variation in micronaire across treatments. Other fiber quality parameters varied 

marginally with insect augmentation X irrigation interactions (Table 3). These data suggested an 

apparent interaction between fleahopper-induced injury to cotton and irrigation water availability 

for plants to overcome the injury effect, thereby influencing the lint yield and fiber quality. 



 

 

 

Figure 5. Average cotton lint yield across cotton fleahopper augmentation treatments under three 

irrigation water regimes, Lubbock, Texas, 2021. Same lowercase letter for each value indicates 

treatment means were not significantly different from each other. 
 

 

Figure 6. Cotton lint yield following cotton fleahopper infestations at three cotton phenological 

stages under three irrigation water treatments, Lubbock, Texas, 2021. Average values were 

compared across five treatments within each irrigation treatment; same lowercase letters indicate 

treatment means were not significantly different from each other. 

 

Figure 7. Cotton fiber micronaire (units) values influenced by cotton fleahopper infestation timing 

under three irrigation treatments, Lubbock, Texas, 2021. 



 

 

Table 3. HVI fiber quality parameters influenced by cotton fleahopper augmentation treatments 

under three irrigation water treatments, Lubbock, Texas, 2021. 

Parameters Irrigation  Control Pre-Square  Early Square Late Square  

Micronaire Dryland 3.48 3.29 3.36 3.48 

Fiber length Dryland 1.15 1.17 1.18 1.18 

Uniformity Dryland 80.20 79.62 80.77 80.37 

Strength Dryland 31.67 32.07 32.77 31.65 

Elongation Dryland 7.20 7.27 7.37 7.42 

Micronaire Low 3.61 3.42 3.35 3.46 

Fiber length Low 1.16 1.17 1.18 1.16 

Uniformity Low 80.47 81.00 80.10 80.75 

Strength Low 31.42 32.30 32.82 32.52 

Elongation Low 7.75 7.80 7.60 7.47 

Micronaire High 3.52 3.86 3.25 3.81 

Fiber length High 1.19 1.18 1.16 1.18 

Uniformity High 81.20 80.70 80.47 81.95 

Strength High 32.82 30.45 31.77 32.57 

Elongation High 7.80 7.77 7.70 7.67 
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PROJECT SUMMARY 

The Texas High Plains (THP) is a semi-arid region with characteristic low rainfall, with production 

agriculture supported by limited irrigation or rain-fed. As a result, the cropping system in this 

region is largely low-input and the producer decision-making in economically profitable input use 

is a challenge. THP has been facing some significant drought conditions in recent years, causing 

disproportionate depletion of the underground water, significantly shifting the cotton production 

outlook in THP to even more low-input with dryland acreage reaching to >65%. The shift in cotton 

production system due to devastating droughts in an already semi-arid region has altered our input 

resources, cultivars, and management practices. Low cotton market price, increased nitrogen 

fertilizer price, and reduced water availability have forced farmers to move toward reorganizing 

available input resources to sustain their production enterprise. Thus, transitioning to the new crop 

production reality via developing economic data-based input management practices has become 

our priority to sustain producer profitability. 

The objectives of this project were to: 1) quantify the impact of single (thrips or cotton fleahoppers) 

versus multiple (thrips and cotton fleahoppers sequentially) pest infestations on cotton lint yield 

and fiber quality under three irrigation water regimes (water-deficit treatments), and 2) develop a 

dynamic optimization economic model that maximizes the net returns from management of single 

versus multiple pest infestations under water-deficit crop production conditions. Thus, the scope 

of this proposed work entails integrating production practices and pest management options under 

numerous cotton management scenarios and the management options would be developed based 

on breakeven value and net return of each option for farmers to choose depending on the 

availability of water resources on their farms. 

Thrips and fleahoppers impacting cotton production risks were evaluated during 2018-2021 with 

five combinations of single versus sequential infestations under three water-deficit (near-zero 

deficit or full irrigation, supplemental, and high deficit or dryland) regimes. Water deficit 

conditions and insect infestations impacted crop growth profile as well as lint yield. For example, 

fleahopper infestation resulted in increased apical growth of the plants in water-deficit conditions, 

whereas sequential infestation of two pests increased the plant apical growth in irrigated plots 

(2018). Lint yield was similar across all five treatment combinations under dryland condition 

(2018 and 2019) while sequential infestations of two pests significantly reduced lint yield under 

dryland in 2020; the sequential infestation of two pests (2018) and cotton fleahopper augmentation 

(2019) significantly reduced the lint yield under irrigated condition. In 2021, thrips and 

thrips+fleahopper significantly reduced lint yield compared to fleahopper treatment in dryland, 

however, yield was similar across insect treatments in low and high-water treatments, indicating 

the impact of drought conditions on modulating the effect of insect pests as well as the plant’s 

compensatory ability.  
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INTRODUCTION 

The Texas High Plains (THP) is a semi-arid region with characteristic low rainfall (average annual 

rainfall of 15-18 in.), with production agriculture supported by limited irrigation or rain-fed. As a 

result, the cropping system in this region is largely low-input and the producer decision-making in 

economically profitable input use is a challenge. THP has been facing some significant drought 

conditions in recent years, resulting in disproportionate depletion of underground water and 

significant shift in the cotton production outlook in THP to even more low input with dryland 

acreage reaching to about 65%. The shift in cotton production system due to recurring droughts in 

already a semi-arid region has altered our input resources, cultivars, and management practices. 

Low cotton market price, increased nitrogen fertilizer price, and reduced water availability have 

forced farmers to move toward reorganizing available input resources to sustain their production 

enterprises enterprise (Dhakal et al. 2019, Lascano et al. 2020). While the drought and heat 

conditions are unpredictable, the anticipated changes in global climate patterns may exacerbate the 

water-deficit conditions further in the Texas High Plains. Thus, transitioning to the new crop 

production reality via developing economic data-based input management practices has become 

our priority to sustain producer profitability and for future success of the U.S. cotton industry. 

Much has been reported on direct and indirect effects of drought stress on cotton, but the effect of 

drought stress on cotton insect pest dynamics, feeding potential, and plant’s response to insect 

injury under drought-stressed conditions are limited. In addition, the paucity of information on 

integration of pest management decisions and crop production decisions has hindered producers’ 

ability to predict economic risks of optimizing limiting input resources. Predicting pest populations 

under different water-deficit crop production scenarios and understanding how these conditions 

influence those populations to impact crop production risks, are critically important components 

for implementing pest management strategies as crop cultivars and other input variables continue 

to change. Reduced water availability, low rainfall, higher pumping cost of limited water, and 

increased input cost may result in lower yields and correspondingly lower profit margins, 

warranting for higher water use efficiency in our crop production and optimal use of inputs. 

Therefore, cotton producers must carefully consider costs of pest management options against 

potential benefits to overall net profit margin of the crop production enterprise. The objectives of 

this project were to: 1) Quantify the impact of four combinations of single versus sequential 

infestations of two major insects (thrips and cotton fleahoppers) on cotton lint yield and fiber 

quality under three irrigation water regimes (water-deficit treatments – dryland, low irrigation, and 

full irrigation), and 2) Develop a dynamic optimization economic model that maximizes the net 

returns from management of single versus sequential pest infestations under water-deficit crop 

production conditions. Thus, the goal of this project was to integrate production practices and pest 

management options under numerous cotton management scenarios and the management options 

are being developed based on breakeven value and net return of each management option for 

farmers to choose depending on the availability of water resource on their farms. 

 

 

 



METHODOLOGY 

A multi-year study was initiated in 2018 on a five-acre subsurface drip irrigation cotton field 

located at the Texas A&M AgriLife Research farm (Lubbock County, TX).  

Irrigation water level treatments. Three irrigation water levels (dryland, supplemental irrigation, 

and full irrigation) simulated three water-deficit production conditions, including high water-

deficit (dryland condition), limited water condition, and no water-deficit. A high-water treatment 

maintained >90% evapotranspiration replenishment through subsurface drip irrigation throughout 

the crop growing season, supplemental irrigation maintained about 40% ET replenishment, and 

the dryland treatment received pre-planting irrigation to facilitate proper seed germination and no 

additional irrigation for the remainder of the growing season. In 2018, only dryland and full 

irrigation main plot treatments were available; 2019-2021 had all three water levels. 

Planting and field management. The 2018 study followed the conventional tillage system of 

cotton cultivation and regionally adopted production practices were followed, including pre-

planting application of 80 lb N/acre. Cotton cultivar DP 1646 B2XF (seed with no insecticide or 

fungicide seed treatment) was planted on 31 May 2018. In 2019, wheat was planted on 14 February 

2019 as a cover crop to minimize pre-planting soil erosion and prevent cotton seedlings from 

sandblasting during May/June. Cotton cultivar DP 1646 B2XF was planted on 14 May 2019 and 

the wheat was terminated on 20 May 2019 with Roundup WEATHERMAX® (48.8% glyphosate) 

@ 32 oz./acre to facilitate thrips movement to emerging cotton seedlings. Other field management 

activities included the tank-mixed application of herbicide XTENDIMAX® (48.8% dicamba) @ 

22 oz./Acre and Roundup WEATHERMAX® (48.8% glyphosate) @ 32 oz./Acre on 17 June 2019 

for weed management, field cultivation on 24 June 2019 for soil aeration and weed management, 

and fertilizer application (100 lb. N/acre) via side-dressing on 23 July 2019. In 2020, cotton 

cultivar DP1820B3XF was planted on 18 May 2020 following pre-plant fertilizer application @ 

80 lb N/acre. Weed management was achieved via Roundup WEATHERMAX® (48.8% 

glyphosate) @ 32 oz/acre and XTENDIMAX® (48.8% dicamba) @ 22 oz/acre tank-mix 

applications on 18 May 2020 and 3 June 2020 and field cultivation on 21 July 2020 for soil aeration 

and weed management. In 2021, Treflan @ 1qt/acre. was incorporated with field preparation. 

Wheat was planted on 7 April as cover crop to minimize pre-planting soil erosion and prevent 

cotton seedlings from sandblasting during May/June. Cotton cultivar DP 1845 B3XF was planted 

on 12 May 2021 following pre-plant fertilizer application of @ 60 lb N/acre on 22 April 2021. 

Due to heavy rain events and hailstorm, the first planting crop was damaged, and the same cultivar 

was replanted on 9 June 2021. Weed management in 2021 was achieved via Roundup 

WEATHERMAX® (48.8% glyphosate) @ 32 oz/acre and XTENDIMAX® (48.8% dicamba) @ 16 

oz/acre tank-mix applications on 14 July and three field cultivation trips during the growing season 

for weed management. 

Insect infestation treatments. Two key insect-pest species (thrips and cotton fleahoppers) 

impacting cotton production risks were evaluated with five combinations of single versus 

sequential infestations under three water-deficit (zero, medium, and high) regimes, replicated four 

times (total 60 plots); only zero and high water-deficit regimes were evaluated in all (2018-2021) 

studies. Five possible insect infestation scenarios were evaluated where the infestations were 

simulated during the most vulnerable stage of cotton for each target insect (Table 1). Targeted 

insect management options were achieved via natural colonization and/or artificial augmentation 

of insect pests. Because THP cropping conditions rarely warrant more than a single insecticide 

application to suppress either of the two major insect pest groups (thrips at seedling stage and 



cotton fleahoppers at early squaring stage), this study was designed to infest the treatments at the 

most vulnerable stage of crop for the species infested. 

Table 1. Five insect management scenarios evaluated under three irrigation water 

treatments, Lubbock, Texas, 2018-2021. 

Treatment 

# 

Insect Infestation Treatment 

Simulated via Artificial Infestation 

1 All insects suppressed (No insect infestation) (sprayed control) 

2 Thrips occurring at 1-2 true leaf stage 

3 Cotton fleahoppers occurring during the first week of squaring 

4 Thrips and cotton fleahoppers infested sequentially 

5 No insect management (untreated control) 

 

2018 study 

Thrips. Thrips were released to seedling cotton on 19 June 2018 when the crop was at 1-2 true leaf 

stage. Thrips infested alfalfa terminals were excised from a healthy alfalfa patch and these 

terminals were laid at the base of young cotton seedlings. Thrips were expected to move onto the 

cotton seedlings as excised alfalfa sections began to dry. Approximately 6 thrips per seedling were 

released to two 5 row-ft sections (approximately 12 plants per section) per plot (approximately 

140 thrips per thrips-augmented plot). Thrips were released on all 16 thrips-augmentation plots 

(treatments #2 and #4 x 2 water levels x 4 replications) on the same day. Thrips were released on 

four additional plots to estimate thrips movement onto the cotton seedling via absolute sampling 

of seedlings and washing of thrips 3 days post-release. Data showed that the seedlings received an 

average of 1.2 live thrips per seedling which is the threshold density for 1-2 leaf stage seedling 

cotton. 

Uncharacteristic high daytime temperatures for the next 7 days following the thrips release (103-

107 oF) contributed to low thrips feeding performance and perhaps high thrips mortality after the 

thrips moved to the seedlings. Consequently, no visible signs of thrips-feeding effect were 

observed in thrips-augmented plots. 

Cotton fleahoppers. Woolly croton, with embedded overwintering fleahopper eggs, was harvested 

from rangeland sites near College Station, Texas, in early February 2018 and then placed into cold 

storage. Eighty 1-gallon sheet metal cans, each containing 4 ounces of dry croton twigs per can, 

were initiated to generate the required number of cotton fleahopper nymphs for the experiment. 

Conditions conducive to cotton fleahopper emergence were simulated in a laboratory environment 

in order to induce hatching of overwintered eggs embedded in the croton stems, and emerged 

cotton fleahoppers were subsequently reared on fresh green beans. The single release of nymphal 

cotton fleahoppers (2nd instars) was timed to simulate the acute heavy infestation of cotton 

fleahoppers (4-5 days of feeding) while cotton was highly vulnerable to the fleahopper injury (1st 

week of squaring). The release was accomplished on 10 July 2018 by transferring second-instar 

fleahoppers from the laboratory colony into 15 cm X 10 cm plastic containers, then cautiously 

depositing them onto the terminals of plants in each treatment plot at the rate of 5 nymphs per 

plant. Immediately after cotton fleahoppers were released onto the fleahopper-augmentation plots 



(treatments #3 and #4; total 16 plots), control plots were sprayed with Orthene® 97. All treatment 

plots, except treatment #1, were sprayed with Orthene® 97 on 17 July 2018 and kept insect-free 

for the remainder of the study to isolate the effect of various treatments. 

The flowering profile was monitored from all 40 experimental plots for five sample dates (31 July, 

6 August, 9 August, 15 August, and 28 August 2018) to determine the effect of insect infestation 

and water-deficit condition on fruiting delays and/or flowering patterns. Plant height was also 

recorded from all plots at the time of harvest. Hand harvesting was done on 16 November 2018 

from flagged area and cotton was ginned on 17 December 2018. Lint samples were analyzed at 

Cotton Incorporated for fiber parameters. 

2019 study 

Thrips. Wheat cover was terminated on 20 May 2019 with glyphosate to facilitate thrips movement 

to emerging cotton seedlings to achieve natural infestation of thrips on experimental plots. 

Uncharacteristic heavy rain events during 23-26 May (4.51” rainfall) with associated small hail 

event compromised the study field for desired plant stand. Thrips were all dislodged from the 

wheat cover as well as those already transferred to cotton seedlings. Therefore, thrips were 

manually augmented on two 5-ft sections per treatment plots on 4 June 2019 via collecting 

immature thrips from nearby alfalfa terminals and releasing them onto the cotton seedlings, by 

placing thrips-infested alfalfa terminals at the base of each seedling @ approximately 5 thrips per 

cotton seedling. This rate of infestation is expected to result in about 1 thrips per seedling after 

80% mortality of released thrips. Unexpected storms occurred on 5 and 6 May with additional 1” 

of rain dislodging all released thrips. We re-released thrips on 7 June 2019, but the ensuing hot 

and windy days following the second release did not allow thrips to colonize in the experimental 

plots. Consequently, we assumed no thrips effect on our experimental plots. Nevertheless, we 

conducted the visual ranking of the experimental plots on 11, 17, and 22 June 2019 to discern if 

any thrips-induced injury was inflicted on the seedlings. We found no thrips-inflicted injury nor 

observed any thrips colonization. 

Cotton fleahoppers. Woolly croton, with embedded overwintering fleahopper eggs, was harvested 

from rangeland sites near College Station, Texas, 18 February 2019 and then placed into cold 

storage. Eighty 1-gallon sheet metal cans, each containing 4 ounces of dry croton twigs per can, 

were initiated on 10 May 2019 to generate the required number of cotton fleahopper nymphs for 

the study. Conditions conducive to cotton fleahopper emergence were simulated in a laboratory 

environment in order to induce hatching of overwintered eggs embedded in the croton stems, and 

emerged cotton fleahoppers were subsequently reared on fresh green beans. Cotton fleahopper 

emergence began on 19 June 2019. The single release of nymphal cotton fleahoppers (2nd instars) 

was timed to simulate the acute heavy infestation of cotton fleahoppers (4-5 days of feeding) while 

cotton was highly vulnerable to the fleahopper injury (1st week of squaring). The release was 

accomplished on 4 July 2019 by transferring second instar fleahopper nymphs from the laboratory 

colony onto the terminals of plants in each treatment plot at the rate of 5 nymphs per plant. Control 

plots had no insect activity to warrant any insecticide intervention. Unfortunately, a heavy rainfall 

occurred on 6 July 2019 (2.75”) and dislodged the released cotton fleahoppers and the treatment 

deployment was totally ineffective. The field was too wet to re-augment the cotton fleahopper 

within the next 2-3 days, but another storm passed through west Texas on 11 July 2019 that brought 

a damaging hail onto our field, causing significant damage to the test plots. Consequently, the crop 

stand was very poor with significant hail damage to the growing terminals for the crop to perform 



normally. Nevertheless, we introduced a manual square-removal treatment to selected control plots 

to evaluate the simulated fleahopper-induced square removal and resulting crop growth profile 

across three irrigation treatments. However, the unusual rainfall patterns might have already 

compromised our irrigation treatments. Treatments #1 and #3 were sprayed with BRACKET® 97 

(acephate 97%) @ 3 oz./acre on 7 and 17 June 2019 to ensure insect-free plots to isolate the effect 

of insect-release plots. Square removal treatment was deployed on 26 July 2019 by removing 100% 

squares from all plants in two 5-row ft sections per plot. Plant mapping was conducted 10 days 

after cotton fleahopper release to assess the fruit set on all experimental plots. 

We also monitored flowering profile by counting number of white flowers in two 5-row ft sections 

per experimental plots twice a week (23, 26, and 30 July, 2, 5, 9, 12, 16, 19, 23, 26, and 30 August, 

and 3 and 11 September) during the cotton flowering period (total 14 sample dates). Pre-harvest 

plant mapping was done on 30 October 2019 and hand harvesting was done on 1 November 2019 

from flagged area. Cotton was ginned on 14 November 2019 and the lint samples were sent to 

Cotton Incorporated for fiber analysis. 

2020 study 

Thrips. Thrips sampling was performed via whole-plant removal of 10 seedlings per plant in a 

mason jar for later processing of the samples in the laboratory to extract thrips from plant washing 

technique. Thrips samplings were done on 29 May, 1 June, 4 June, and 11 June 2020. Treatments 

#1 and #3 were sprayed with BRACKET® 97 (acephate 97%) @ 3 oz./acre on 29 May and 8 June 

to ensure insect-free plots to isolate the effect of thrips. Because natural thrips colonization was 

insignificant, thrips were manually augmented on two 6-ft sections per treatment plots on 20 June 

2020 via collecting immature thrips from nearby alfalfa terminals and releasing them onto the 

cotton seedlings, by placing thrips-infested alfalfa terminals at the base of each seedling @ 

approximately 10 thrips per cotton seedling. This rate of infestation was expected to result in about 

2 thrips per seedling after 80% mortality of released thrips. Thrips-released plots were visually 

inspected three times to assess for thrips colonization. We found no apparent thrips-inflicted injury 

on these test plots. 

Cotton fleahoppers. Woolly croton, with embedded overwintering fleahopper eggs, was harvested 

from rangeland sites near College Station, Texas, 2 February 2020 and then placed into cold 

storage. Forty 1-gallon sheet metal cans, each containing 4 ounces of dry croton twigs per can, 

were initiated on 15 June 2020 to generate the required number of cotton fleahopper nymphs for 

the study. Conditions conducive to cotton fleahopper emergence were simulated in a laboratory 

environment in order to induce hatching of overwintered eggs embedded in the croton stems, and 

emerged cotton fleahoppers were subsequently reared on fresh green beans. Cotton fleahopper 

emergence began on 24 June 2020. The single release of nymphal cotton fleahoppers (2nd instars) 

was timed to simulate the acute heavy infestation of cotton fleahoppers (4-5 days of feeding) while 

cotton was highly vulnerable to the fleahopper injury (1st week of squaring). The release was 

accomplished on 2 July by transferring second-instar fleahoppers from the laboratory colony onto 

the terminals of plants in each treatment plot at the rate of 5 nymphs per plant. Control plots had 

no insect activity to warrant any insecticide intervention. Unfortunately, a heavy windstorm 

occurred in the evening of 2 July and likely compromised the fleahopper colonization in the plant. 

In addition, we introduced a manual square-removal treatment to selected plots to evaluate the 

crop growth profile across three irrigation treatments. Plant mapping was performed on July 28 to 

assess the cotton fleahopper-induced injury. 



Temporal flower pattern was monitored for 14 sampling dates, starting on 20 July and conducted 

every 2-3-day intervals. Harvest aids Boll’d® 6SL (Ethephon [(2-chloroethyl) phosphonic acid] @ 

1 qt//A (boll opener) and Folex® 6 EC (S, S, S-Tributyl phosphorotrithioate) 1 pint/A (defoliant) 

were applied on 12 October to accelerate opening of matured unopened bolls and begin the 

defoliation process. Test plots were hand-harvested on 23 October. Hand-harvested yield samples 

were ginned, and fiber analysis was performed at Cotton Incorporated for HVI parameters. 

2021 study 

Thrips. Visual observation of test plots indicated that we had no thrips colonization in our study 

site due to late planting (replanted crop) and frequent inclement weather events. Because natural 

thrips colonization was non-existent, thrips were manually augmented on two 6-ft sections per 

treatment plots on 18 June 2021 via collecting immature thrips from nearby alfalfa terminals and 

releasing them onto the cotton seedlings, by placing thrips-infested alfalfa terminals at the base of 

each seedling @ approximately 10 thrips per cotton seedling. This rate of infestation was expected 

to result in about 2 thrips per seedling after 80% mortality of released thrips. We again released 

thrips on all thrips-release plots (T2, T4 plots) as previously released thrips failed to cause 

noticeable injury to the test plot seedlings. We still found no apparent thrips-inflicted injury on 

these test plots 7 days after the second release. 

Cotton fleahoppers. Woolly croton, with embedded overwintering fleahopper eggs, was harvested 

from rangeland sites near College Station, Texas, 8 February 2021 and then placed into cold 

storage. sixty 1-gallon sheet metal cans, each containing 4 ounces of dry croton twigs per can, 

were initiated on 20 June 2021 to generate the required number of cotton fleahopper nymphs for 

the study. Conditions conducive to cotton fleahopper emergence were simulated in a laboratory 

environment in order to induce hatching of overwintered eggs embedded in the croton stems, and 

emerged cotton fleahoppers were subsequently reared on fresh green beans. Cotton fleahopper 

emergence began on 27 June 2021. The single release of nymphal cotton fleahoppers (2nd instars) 

was timed to simulate the acute heavy infestation of cotton fleahoppers (4-5 days of feeding) while 

cotton was highly vulnerable to the fleahopper injury (1st week of squaring). The release was 

accomplished on 16 and 19 July by transferring second-instar fleahopper nymphs from the 

laboratory colony onto the terminals of plants in each treatment plot at the rate of 5 nymphs per 

plant. Control plots had no insect activity to warrant any insecticide intervention. 

Temporal flower pattern was monitored for 18 sampling dates, from August 7 to September 10. 

Harvest aids Boll’d® 6SL (Ethephon [(2-chloroethyl) phosphonic acid] @ 1 qt//acre (boll opener) 

and Folex® 6 EC (S, S, S-Tributyl phosphorotrithioate) 1 pint/acre (defoliant) were applied on 21 

October to accelerate opening of matured unopened bolls and begin the defoliation process. Test 

plots were hand-harvested on 11-12 November and ginned on 23 November 2021. Fiber analysis 

was performed at Cotton Incorporated for HVI parameters. 

 

RESULTS 

2018 study 

Extremely high temperatures during the seedling stage complicated the study in 2018, especially 

the released thrips failed to exert the desired significant infestation on the young cotton seedlings. 

As a result, thrips damage to seedlings was not apparent on visual observation. Cotton fleahoppers 

caused about 20% square loss overall across all experimental plots. Because cotton fleahoppers 



were released when plants had 2-3 total squares (all were fleahopper susceptible squares), the 

effect was not apparent immediately and plants outgrew the effect of early season fleahopper-

induced square loss. Nevertheless, insect injury manifested some noticeable effect on flowering 

patterns, plant height, and lint yield. 

Untreated control plots showed slightly higher flower densities in irrigated versus dryland cotton 

effect all throughout the month-long monitoring period, with significantly higher flower densities 

in late August. Contrasting to this phenomenon, the flowering patterns were near identical between 

irrigated and dryland plots when cotton fleahoppers were infested singly or sequentially with thrips 

infestation (Fig. 1). When thrips were infested alone, flowering patterns between dryland and 

irrigated main-plot treatments were generally similar to what was observed in untreated or sprayed 

control plots. Overall, average flower abundance was similar across five insect augmentation 

treatments within each irrigation treatment (Fig. 2). While cotton flowering occurs daily during 

the active flowering period and the average of flower monitoring only five times may not reflect 

the production potential of cotton, these patterns clearly indicate that insect infestation, particularly 

cotton fleahoppers, rendered overall flowering patterns between irrigated and dryland similarly 

(Figs. 1-2). The average flower abundance was significantly lower in dryland compared to that in 

irrigated cotton only at untreated control plots while all other treatments were not significantly 

different between the two irrigation regimes (Fig. 2). These data suggest that the insect infestation 

during pre-flower stage exerts some significant physiological response to cotton during the 

flowering stage. Multi-year data will hopefully add more insights into this phenomenon. 

Pre-harvest plant measurement showed that insect-augmented plots in irrigated cotton had 

significantly taller plants compared to that in untreated control plots, but the effect was 

considerably diminished under dryland conditions (Fig. 3). There was significant “noise” on plant 

height data under dryland condition in which fleahopper-infested plants resulted in the tallest 

plants while thrips followed by fleahoppers resulted in the shortest plant heights. We find no 

reasonable explanation for why cotton fleahopper-infested plots resulted in both tallest and shortest 

plants. 

Lint yield was significantly higher in irrigated cotton compared to that in dryland cotton across all 

five treatment combinations (Fig. 4). This suggests that the dryland plots were sufficiently water-

stressed during the growing season, despite several rainfall events during the crop maturation 

phase in late September - early October. The highest lint yield under irrigation treatment was 

observed in the untreated control treatment (1,607 lb/acre), while the lowest (1,253 lb/acre) was 

recorded in the thrips+fleahopper sequential infestation treatment (Fig. 4). Lint yield in other 

treatments (spray control, thrips only, and fleahoppers only) did significantly differ from the 

untreated control or thrips+fleahopper sequential treatments (Fig. 4). Lint yield did not 

significantly vary across five insect augmentation treatments. As expected, the yield threshold in 

dryland cotton was much lower than that for irrigated cotton and thus the lower yield across all 

treatments can be partially attributed for lack of insect treatment effect on lint yield. 



 

Figure 1. Temporal abundance of white flowers (number of white flowers per 10 row-ft per sample 

date) recorded from thrips and fleahopper infested plots under dryland versus irrigated production 

conditions, Lubbock, Texas, 2018. 



 

Figure 2. Average abundance of white flowers (number of white flowers per 10 row-ft; n=5 sample 

dates) recorded from thrips and fleahopper infested plots under dryland versus irrigated production 

conditions, Lubbock, Texas, 2018. Average values were compared across five treatments within 

each irrigation treatment; same lowercase letters indicate treatment means were not significantly 

different from each other. 

   

 

Figure 3. Plant height impacted by thrips and fleahopper infestations under dryland versus irrigated 

production conditions, Lubbock, Texas, 2018. Average values were compared across five 

treatments within each irrigation treatment; same lowercase letters indicate treatment means were 

not significantly different from each other.   

 



 

Figure 4. Cotton lint yield losses due to thrips and fleahopper infestation under dryland versus 

irrigated production conditions, Lubbock, Texas, 2018. Average values were compared across five 

treatments within each irrigation treatment; same lowercase letters indicate treatment means were 

not significantly different from each other. 

2019 study 

Atypical heavy rain events during the pre-squaring stage of cotton with associated small hail event 

compromised the early season portion of the study. Thrips were all dislodged from the wheat cover 

as well as those already transferred to cotton seedlings. Manually augmented thrips also suffered 

from recurring storm events and thrips could not colonize in the study plots. As stated in the 

Methods section above, we effectively abandoned the possibility of exerting thrips-induced injury 

effect on seedling cotton. Visual ranking of the experimental plots indicated no evidence of thrips-

inflicted injury nor we observed any thrips colonization. 

Cotton fleahopper augmentation resulted in 50-55% square abortion compared to 15-20% abortion 

in control plots; square abortion was similar between dryland and full irrigation plots (Fig. 5). 

While significant weather events occurred soon after cotton fleahoppers were released, the 

fleahopper augmentation exerted significant square loss as desired.  

Untreated control plots and sprayed control plots showed higher flower densities in both irrigated 

and dryland cottons compared with that in insect augmented plots; this difference was more 

pronounced in irrigated plots than in dryland plots (Fig. 6). Full irrigation and supplemental 

irrigation plots displayed similar flowering patterns throughout the season. The plots with manual 

square removal to mimic cotton fleahopper-induced square loss displayed synchronized fruiting 

patterns across irrigation treatments. Overall, average flower abundance was similar amongst 

unsprayed control, sprayed control, and manual square removal plots, whereas the flower 

abundance on these three treatments were generally higher than that in all other insect augmented 

treatments; this trend was similar across all three irrigation water levels (Fig. 6). These patterns 

clearly indicate that insect infestation, particularly cotton fleahoppers, rendered overall flowering 

patterns between irrigated and dryland similarly. The average flower abundance was significantly 



lower in dryland compared to that in irrigated cotton at control plots while other treatments were 

not consistent across water treatments. These data suggest that the insect infestation during pre-

flower stage exerts some significant physiological response to cotton during the flowering stage. 

Pre-harvest plant measurement showed that insect augmentation treatments did not result in 

increased plant heights as observed in 2018. It was expected because the early rain/hailstorm 

events had severely thinned out the plant stand which allowed plants to grow laterally rather than 

adding the mainstem nodes following insect infestations. Nevertheless, plots in irrigated cotton 

had significantly taller plants compared to that in dryland plots as expected. 

Lint yield was significantly higher in irrigated cotton (both full and supplemental) compared to 

that in dryland cotton across all five treatment combinations (Fig. 7). This suggests that the dryland 

plots were sufficiently water-stressed during the growing season, despite several rainfall events 

during the early to mid-season; there was a noticeable drought condition during the latter part of 

the growing season. The highest lint yield under full irrigation treatment was observed in the 

untreated control treatment (1,268 lb/acre), while the lowest (883 lb/acre) was recorded in the 

fleahopper infestation treatment (Fig. 7). These were the only treatments that resulted in significant 

yield difference. Lint yield did not significantly vary across insect augmentation treatments. Under 

dryland condition, lint yield did not significantly vary across treatments. As expected, the yield 

threshold in dryland cotton was much lower than that for irrigated cotton and thus the lower yield 

across all treatments can be partially attributed for lack of insect augmentation treatment effect on 

lint yield. Also, lint yield was generally similar between supplemental and full irrigation main 

treatments, owing to frequent rainfall events during early and mid-season that provided sufficient 

moisture profile in root zones in supplemental irrigation plots to carry the crop’s water demand 

through the season. Thrips only treatment resulted in significantly lower yield under supplemental 

irrigation compared to that in other treatments (Fig. 8). However, we are unable to speculate the 

reason for this yield reduction since there were no visible thrips injury during the early growth 

period of the crop. 

 

Figure 5. Percentage square loss (number of missing squares with respect to total squares set per 

plant) recorded following cotton fleahopper infestations in dryland versus full irrigation production 

conditions, Lubbock, Texas, 2019. 



 

 

Figure 6. Temporal abundance of white flowers (number of white flowers per 5 row-ft per sample 

date) recorded from insect-release treatment plots under dryland, supplemental (low), and full 

(high) irrigation production conditions, Lubbock, Texas, 2019. 

 

Figure 7. Cotton lint yield losses due to thrips and fleahopper infestations under dryland versus 

full irrigation production conditions, Lubbock, Texas, 2019. Average values were compared across 

five treatments within each irrigation treatment; same lowercase letters indicate treatment means 

were not significantly different from each other. 



 

 

Figure 8. Cotton lint yield losses due to thrips and manual square removal (100% squares pruned 

at first flower stage to mimic severe cotton fleahopper damage) under three irrigation water 

regimes, Lubbock, Texas, 2019. Average values were compared across four treatments within each 

irrigation treatment; same lowercase letters indicate treatment means were not significantly 

different from each other. 

2020 study 

The natural thrips colonization was also insignificant in 2020 as in previous two years. Because 

natural colonization was inconsequential, thrips were manually augmented per treatment plots. 

Nevertheless, environmental conditions (e.g., incessant dry wind) did not allow thrips to colonize 

and exert significant injury to the plants in test plots. Therefore, the manual augmentation did very 

little to exert injury pressure on cotton plants. Similarly, a heavy windstorm occurred in the 

evening of 2 July and likely compromised the fleahopper colonization in the plant. As a result, 

cotton fleahoppers exerted mild injury pressure on plants, which caused about 10-14% square 

abscission and only increased plant height and more nodes on mainstem compared to that in control 

plots. The plant height effect, too, was only evident under dryland conditions as the irrigated plots 

all compensated this low level of early fruit abscission. 

Because fleahopper-induced square loss was not significant, flowering profile was generally 

similar across all treatments. Nevertheless, considerable variations existed amongst treatments on 

temporal flowering patterns. Uninfested and sprayed control plots showed greater flower densities 

earlier than cotton fleahopper and thrips+cotton fleahopper infested plots (Fig. 9). Clearly, insect 

infested plots delayed peak flowering and even had slightly fewer total flowers than the uninfested 

plots. Limited irrigation plots showed greater flower densities in most treatments, but insect-

infested treatments had conspicuously lower flower densities for limited irrigation plots during the 

early reproductive phase of the crop compared to that for uninfested plots (Fig. 9, left versus right 



panel). High irrigation plots had the lowest flower densities compared to low irrigation or dryland 

plots under thrips+fleahopper infested treatment. The plots with manual square removal to mimic 

cotton fleahopper-induced square loss displayed similar fruiting patterns across irrigation 

treatments. Even at low rate of insect-induced square removal during pre-flower stage, significant 

physiological responses can be exerted to cotton during the flowering stage. 

 

Figure 9. Temporal abundance of white flowers (number of white flowers per 5 row-ft per sample 

date) recorded from insect-release treatment plots under dryland, supplemental (low), and full 

(high) irrigation production conditions, Lubbock, Texas, 2020. 

 

As expected, lint yield varied with irrigation treatments. Lint yield was significantly higher in 

irrigated cotton (High irrigation: 1623 lb/acre; Low irrigation: 1350 lb/acre) compared to that in 

dryland (1046 lb/acre) cotton across all five treatment combinations (Fig. 10). This suggests that 

the dryland plots were sufficiently water-stressed during the growing season. The highest lint yield 

under full irrigation treatment was observed in the uninfested control treatment (1877 lb/acre), 

while the lowest (890 lb/acre) were recorded in the thrips and thrips+fleahopper infestation 

treatments (Fig. 10). Overall, thrips+fleahopper treatment resulted in the lowest yield across all 

three irrigation treatments, although statistically significant only under dryland condition. Another 

conspicuous trend was that fleahopper alone treatment that exerted only 10-14% square loss did 

not significantly rendered the yield loss. It is known from the past studies that a low level of 

fleahopper injury compensates or even overcompensates the insect-induced fruit loss. However, 

when fleahopper caused even a low-level injury sequentially with a low-level thrips injury, yields 

were reduced considerably across all irrigation treatments. The lack of statistical significance 



across sub-treatments under irrigated treatments can be attributed to a large variation in data. 

Although thrips infestation and thrips-induced injuries were insignificant, lint yields were 

numerically (irrigated plots) or significantly (dryland) lower across all irrigation treatments. 

 

Figure 10. Cotton lint yield losses due to thrips and cotton fleahopper infestations under three 

irrigation water treatments, Lubbock, Texas, 2020. Average values were compared across four 

treatments within each irrigation treatment; same lowercase letters indicate treatment means were 

not significantly different from each other.  

Overall, irrigation treatments did not significantly alter the HVI parameters. However, there was 

a considerable irrigation x insect infestation interaction in influencing the fiber parameters (Fig. 

11). In general, low level of thrips and fleahopper injuries appeared to increase micronaire values, 

except for low irrigation. In fact, uninfested control plots had the micronaire in the discount range 

under both dryland and high irrigation treatments, whereas all insect-infested plots had micronaire 

in premium range (high irrigation) or premium/base range (dryland). It was interesting to note that 

the micronaire values were at base range for low irrigation treatment for all insect-augmentation 

treatments. Other fiber parameters, including fiber length, uniformity, strength, and elongation 

were generally similar across all insect-infestation treatments within each irrigation level (Table 

2). Irrigation water treatment had only marginal effect on other HVI parameters. 

 

 

 

 

 

 

 

 



Table 2. HVI fiber quality parameters influenced by thrips and cotton fleahopper infestation 

singly as well as sequential infestation of both insects under three irrigation water 

treatments, Lubbock, Texas, 2020. 

 

 

 

 

 

 

Fiber 

Parameters 

Irrigation 

Treatment 

Uninfested 

Control 
Thrips Fleahopper 

Thrips+ 

Fleahopper 

Micronaire Dryland 3.40 4.39 4.51 4.24 

Fiber length Dryland 1.13 1.14 1.16 1.14 

Uniformity Dryland 80.43 80.88 81.60 80.90 

Strength Dryland 31.80 31.35 32.35 31.13 

Elongation Dryland 7.68 7.68 7.83 7.70 

Micronaire Low 3.83 4.42 4.30 4.30 

Fiber length Low 1.16 1.15 1.16 1.15 

Uniformity Low 81.66 82.05 81.63 81.90 

Strength Low 31.60 31.63 32.00 31.75 

Elongation Low 7.99 7.90 7.93 7.93 

Micronaire High 3.39 3.96 4.24 4.16 

Fiber length High 1.17 1.20 1.21 1.19 

Uniformity High 80.94 81.35 82.23 82.28 

Strength High 31.71 31.55 31.78 32.03 

Elongation High 8.11 8.15 8.30 8.15 



 

 

Figure 11. Cotton fiber micronaire (units) values influenced by thrips and cotton fleahopper 

infestations under three irrigation water treatments, Lubbock, Texas, 2020. Average values 

between 3.7-4.2 indicate premium cotton fiber. 

 

2021 study  

The natural thrips colonization was insignificant in 2021 as in previous two years. Visual 

observation of test plots indicated that we had no thrips colonization in our study site due to late 

planting (replanted crop) and frequent inclement weather events. Manually augmented thrips also 

failed to colonize and exert significant injury to the plants in test plots. Cotton fleahoppers exerted 

significant injury pressure on plants, which caused about 32% square abscission and increased 

plant height and more nodes on mainstem compared to that in control plots. 

Because cotton fleahopper-induced square loss was significant, variations existed amongst 

treatments on temporal flowering patterns. Uninfested control plots showed greater flower 

densities earlier than cotton fleahopper and thrips+cotton fleahopper infested plots (Fig. 12). 

Clearly, cotton fleahopper infested plots delayed peak flowering than the uninfested plots. 

Flowering dynamics was influenced by irrigation water and insect infestation treatment 

interactions. 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12. Temporal abundance of white flowers (number of white flowers per row-ft per sample 

date) recorded from insect-release treatment plots under dryland, supplemental (low), and full 

(high) irrigation production conditions, Lubbock, Texas, 2021. 

 

 

The 2021 study suffered with frequent early-season rain events. Replanting of cotton delayed plant 

growth, fruiting and crop maturity, resulting in overall low lint yield across all main-plot 

treatments. Lint yield was similar across irrigation treatments as well as insect management 

treatments, except for the lowest yield in thrips+cotton fleahopper treatment in dryland condition 

(Fig. 13). Also, thrips and thrips+fleahopper treatments significantly reduced lint yield compared 

to only fleahopper treatments in dryland, however, lint yield was similar across all insect 
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treatments in low water and high-water treatments, indicating the impact of drought conditions on 

modulating the effect of insect pests as well as the plant’s compensatory ability. Averaged over 

four years, there was a clear trend that sequential infestations of thrips and fleahoppers reduced 

the lint yield across all irrigation treatments, but detailed economic analyses are pending.  

 

Figure 13. Cotton lint yield losses due to thrips and cotton fleahopper infestations under three 

irrigation water treatments, Lubbock, Texas, 2021. Average values were compared across four 

treatments within each irrigation treatment; same lowercase letters indicate treatment means were 

not significantly different from each other. 

Averaged data indicated a decline in yield of 20%, 3%, and 28.7% compared to the uninfested 

control for dryland under thrips, fleahopper, and thrip and fleahopper pressure, respectively. In the 

deficit irrigated scenario, yield declined 14%, 1.8%, and 8.3% compared to the control for thrips, 

fleahopper, and thrip and fleahopper pressure, respectively. In the full irrigated scenario, cotton 

yield declined by 9%, 11.4%, and 24.6% compared to the control for the thrips, fleahopper, and 

thrip and fleahopper pressure, respectively. A partial budget analysis will include revenue and cost 

estimations. 

 
 

Figure 14. Cotton lint yield, averaged across four years (2018-2021), as influenced by irrigation 

water x insect infestation treatments.  



Maturity delay caused overall decrease in lint quality parameter values across all treatments in 

2021. Micronaire values were all in the base range (Table 3, Fig. 15). 

 

Table 3. HVI fiber quality parameters influenced by thrips and cotton fleahopper infestation singly 

as well as sequential infestation of both insects under three irrigation water treatments, Lubbock, 

Texas, 2021. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fiber 

Parameters 

Irrigation 

Treatment 

Uninfested 

Control 
Thrips Fleahopper 

Thrips+ 

Fleahopper 

Micronaire Dryland 3.4 3.4 3.3 3.3 

Fiber length Dryland 1.1 1.1 1.1 1.1 

Uniformity Dryland 80.2 80.6 80.7 80.7 

Strength Dryland 31.6 32.9 32.7 33.1 

Elongation Dryland 7.2 7.4 7.3 7.3 

Micronaire Low 3.6 3.3 3.3 3.2 

Fiber length Low 1.1 1.1 1.1 1.1 

Uniformity Low 80.4 80.9 80.1 80.4 

Strength Low 31.4 32.5 32.8 31.9 

Elongation Low 7.5 7.4 7.6 7.4 

Micronaire High 3.5 3.5 3.2 3.3 

Fiber length High 1.1 1.1 1.1 1.2 

Uniformity High 81.2 80.3 80.4 81.1 

Strength High 32.8 32.1 31.7 32.6 

Elongation High 7.8 7.6 7.7 7.7 



   

Figure 15. Cotton fiber micronaire (units) values influenced by thrips and fleahopper infestations 

three irrigation water treatments, Lubbock, Texas, 2021. 

 

We have begun to develop the structure of the profitability model using these four-year data prior. 

These data will be used to analyze and compare the economics of management of thrips and cotton 

fleahoppers singly or in sequential combinations under three water-deficit production regimes. A 

set of economic profitability models will empower cotton producers in production decision-

making in their specific production scenarios (insect pest management options in relation to water 

availability in their production enterprises). Economic decision-making models will be developed 

based on crop yield response and crop budget analyses. Crop yield response functions will be 

generated for each of the 5 insect management treatments within each water-deficit production 

systems, with 10 separate production scenarios. Cotton yield response to each insect treatment 

under three water levels will be fitted to calculate the slope (coefficient) of each treatment. 

Functional form will consider cotton yield and insect exposure (treatment) as fixed effect, and year 

as random. Insect management treatments within each water level will be ranked based on 

likelihood ratio test. Although the last three years of data were highly variable and inconsistent 

between the years, we expect that these data will help us develop the foundation of the model and 

the final year of data will aid in refining the management model. 
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Abstract 

 
Effect of manual removal of early versus late-stage fruits was evaluated on two cotton cultivars as influenced by water 
level. Experimental design consisted of three fruit abscission treatments (removal of 100% squares prior to the 
initiation of flowering to mimic cotton fleahopper infestation, 20% bolls removed from the top 1/3rd of the plant 
canopy at crop cut-out to mimic late season Lygus infestation, and control), two water levels (high versus low), and 
two cultivars (PHY 350 W3FE versus ST 4946 GLB2), replicated three times and deployed in a randomized complete 
block design (total 36 plots). Significantly higher lint yield was recorded from ‘High’ water regime (730 lb/acre) 
compared to that in ‘Low’ water regime (490 lb/acre). No significant difference in lint yield was recorded between 
fleahopper simulated treatments and control plots regardless of the water regime. Square removal did not result in 
significant differences in lint yield between cotton variety PHY 350 W3FE (471 and 683 lb/A) and ST 4946 GLB2 
(509 and 779 lb/A) in low and high water, respectively. Lint yield did not significantly vary between 20% late-season 
fruit loss via manual pruning and control plots, but the yield penalty of 20% late fruit loss was more prominent in low 
water treatment than in high water regime. Early-season square removal resulted in increased micronaire values at 
both irrigation regimes, reaching to the discount range under high water regime. The effect of late-season simulated 
Lygus-induced fruit removal did not significantly influence the lint micronaire. The increased irrigation water level 
(high water regime) increased micronaire values in both cotton cultivars, but PHY 350 W3FE had micronaire in the 
premium range at both irrigation levels while the micronaire values in ST 4946 GLB2 increased to move away from 
the premium range to the base range. 

 
Introduction 

 
Cotton fleahopper and Lygus appear to be an emerging concern to the Texas High Plains growers in recent years. 
Several suitable host plants that support overwintering of these plant bug species exist in the Texas High Plains. The 
shift in cotton production system from 60:40% irrigated: dryland to 40:60% in the last two decades has altered how 
we grow cotton. This shift from irrigated to dryland farming warranted to manage cotton pests effectively to increase 
profitability. Plant bugs have a general inclination to attack the stressed plants and cause significant damage. Cotton 
plant responses to cotton fleahopper and Lygus injury under a range of irrigation regimes remain uninvestigated. The 
overall goal of this study was to characterize the effects of simulated cotton fleahopper and western tarnished plant 
bug on cotton lint yield and fiber quality in relation to available irrigation water levels. 
 

Materials and Methods 
 
Effect of manual removal of early-stage fruits versus control was evaluated on two cotton cultivars, PHY 350 W3FE 
and ST 4946 GLB2, as influenced by irrigation water level. Experimental design consisted of three fruit abscission 
treatments (removal of 100% squares prior to the initiation of flowering to mimic cotton fleahopper infestation, 20% 
bolls removed from the top 1/3rd of the plant canopy at crop cut-out to mimic late season Lygus infestation, and 
control), two water levels (high versus low), and two cultivars (PHY 350 W3FE versus ST 4946 GLB2), replicated 
three times and deployed in a randomized complete block design (total 36 plots). The experimental unit of each fruit 
abscission treatment was a 10-ft section of a uniform cotton row flagged in the middle of a 4-row x 300-ft plot. Square 
abscission treatments, 1) control (zero square removal) and 2) manual removal of 100% squares, were deployed when 
cotton was highly vulnerable to fleahopper injury (2-3 weeks into cotton squaring). The test plots were monitored for 
the occurrence of any other insects, but no such occurrences were observed throughout the growing season. At crop 
cut-out, 20% bolls from the top of cotton plants were removed from Lygus injury simulated plots. 
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Results and Discussion 
 

Simulation of cotton fleahopper infestations. Combined over two cultivars, significantly higher lint yield was 
recorded from ‘high’ water regime (730 lb/acre) compared to that in ‘low’ water regime (490 lb/acre) (Fig. 1). No 
significant difference in lint yield was recorded between fleahopper simulated treatments and control plots regardless 
of the water regime (Fig. 1). Square removal did not result in significant differences in lint yield between cotton variety 
PHY 350 W3FE (471 and 683 lb/A) and ST 4946 GLB2 (509 and 779 lb/A) in low and high water, respectively. 

Simulation of late-season boll abortion. Lint yield did not significantly vary between 20% late-season fruit loss via 
manual pruning and control plots, but the yield penalty of 20% late fruit loss was more prominent in low water 
treatment than in high water regime (Fig. 2). Also, PHY 350 WFE was more susceptible to late-season fruit loss than 
ST 4946 GLB2 (Fig. 2). Both in ‘low’ and ‘high’ water regimes, significantly higher micronaire was recorded between 
fleahopper simulated treatments and control plots; however, no significant differences in micronaire were detected 
between Lygus simulated treatments and control plots both in ‘low’ and ‘high’ water regimes.  
 

 
Figure 1. Average lint yield under high and low water regimes (left) and the yield following manual removal of 100% 
squares prior to first flower versus control plots, Lamesa, Texas, 2019. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. Average lint yield influenced by simulated Lygus-induced fruit removal in late season in two cotton varieties 
under high and low water regimes, Lamesa, Texas, 2019. Average values were not statistically significant due to high 
variation in data. 
 
Averaged over two cotton cultivars, early-season square removal resulted in increased micronaire values at both 
irrigation regimes, reaching to the discount range under high water regime. The effect of late-season simulated Lygus-
induced fruit removal did not significantly influence the lint micronaire. The increased irrigation water level (high 
water regime) increased micronaire values in both cotton cultivars, but PHY 350 W3FE had micronaire in the premium 
range at both irrigation levels while the micronaire values in ST 4946 GLB2 increased to move away from the premium 
range to the base range (Fig. 3). 
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Figure 3. Average micronaire values influenced by simulated early-season cotton fleahopper damage and late-season 
Lygus-induced fruit removal in two cotton cultivars under high and low irrigation regimes, Lamesa, Texas, 2019. The 
area enclosed by two red lines (3.7-4.2) indicates the micronaire values for premium quality cotton lint. 
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Abstract 

 
The western flower thrips, Frankliniella occidentalis Pergande were field-collected and released on seedlings of six 
cotton varieties in the greenhouse at 1-2 true-leaf stage @ 0.5, 1, and 2 thrips per plant. Three weeks after releasing 
thrips, seedlings were carefully clipped, preserved in ethyl alcohol and washed to recover thrips. Visual ranking of the 
seedlings was conducted, and chlorophyll readings were recorded. Leaf area was measured using a LI-COR® leaf area 
meter. Adult thrips numbers retrieved after three weeks of study were the highest in the 0.5 and 1 thrips per plant 
treatments while the lowest numbers were observed in control. No significant differences in thrips densities were 
detected between cultivars. Thrips density augmentation significantly influenced the degree of seedling injury as 
reflected in visual ranking of the cotton seedlings. Thrips density treatments did not affect chlorophyll readings.    

 
Introduction 

 
The western flower thrips (WFT), Frankliniella occidentalis, Pergande (Thysanoptera: Thripidae), is an important 
polyphagous pest of many crops including greenhouse crops throughout the world. WFT is an important pest of 
seedling cotton throughout the United States cotton belt. In Texas, WFT is considered as the most significant growth 
stressor for seedling cotton. WFT can cause stunted growth, loss of apical dominance, leaf area destruction, delayed 
maturity, and reduced lint yields. Excessive feeding of thrips leads to the browning of leaves on the edges, 
development of a silvery leaf surface color, or curling upward from the edges. WFT can be found in cotton throughout 
the growing season, but cotton is the most vulnerable to thrips damage for the first three to four weeks following 
planting and cotyledon emergence or 3-4 true leaf stage. In the U.S., thrips infested 9.4 million acres in 2016 while in 
Texas, thrips infested 5.4 million acres causing yield loss of approximately 6,720 bales (Williams 2017). Early 
infestations of thrips can reduce as much as 50% of the leaf area but cotton plants can regain lost leaf area once thrips 
infestations cease (Lei and Wilson 2004). Gaines (1934) documented that the plants injured by thrips set bolls two 
weeks later and produced 44 percent fewer bolls per plant than normal plants; however, it is pertinent to observe that 
relatively small number of studies indicating no yield losses even in presence of heavy thrips presence (Harp and 
Turner 1976). This may be due to the ability of cotton varieties to compensate for early season damage in favorable 
environmental conditions (Kerns et al. 2009, Vandiver et al. 2009, Cook et al. 2011). Limited information is available 
on the impact of different densities of thrips on seedling cotton in the Texas High Plains. The objective of this study 
was to evaluate the impact of thrips augmentation on seedling cotton health.  

 
Materials and Methods 

 
A 3-year greenhouse study (2013-2015) was conducted at the Texas A&M AgriLife Research and Extension Center, 
Lubbock. Six cotton cultivars (07-7-1001 CT-1206, 07-7-1407 CT-1205, PHY367 WRF, SSG HQ212 NCT, FM 
1740B2RF and ST 5458B2RF) were planted in 16-oz Styrofoam® cups. The study was deployed in a completely 
randomized block design with six cultivars, four thrips densities, and four replications. Field-collected immature 
thrips, provisioned for 24 h on green beans in the laboratory, were released using a small camel brush to dislodge 
thrips from the green beans onto the cotton seedlings. Thrips densities released included: no thrips (Control); ½ thrips 
per plant (e.g., one thrips per two plants) (Density 0.5); one thrips per plant (Density 1); and two thrips per plant at the 
1- to 2-true leaf stage (Density 2). Orthene® 97 was sprayed to manage thrips on control treatments. 
Visual leaf tissue damage rankings of all plants were recorded prior to plant clipping 21 days after the deployment of 
thrips augmentation treatments. Thrips damage ranking was based on a scale of 1-10: 1-2) no or insignificant damage 
(<5% damage), 3-4) slight damage (<25% damage), 5-6) moderate damage (<50% damage), 7-8) severe damage 
(<75% damage), 9) <90% leaves and terminals damaged, and 10) 100% leaves damaged and plant stunted or dead. 
Leaf area from each treatment was recorded using a leaf area meter to test whether leaf surface area was reduced by 
thrips density treatments. Chlorophyll readings were also recorded using a chlorophyll meter to determine if thrips 
densities and/or tested cotton varieties influenced the chlorophyll level. Three weeks after initial releases, seedlings 
were clipped near the soil surface and placed into a mason jar containing 75% denatured ethyl alcohol, and the adult 
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and juvenile thrips were quantified (Rummel and Arnold 1989). Adults and juveniles were counted using a microscope 
at a 10X or higher magnification.  
 

Results 

In 2013 greenhouse study, several highly significant factors were observed between thrips densities released and thrips 
numbers recovered. Thrips density augmentation significantly increased thrips densities in sampled seedlings 
compared to that in control, indicating that the thrips movement across treatments was minimal (Fig. 1). In 2013 study, 
total thrips retrieved were the highest at 1 thrips per plant treatment, followed by 2 thrips per plant, and the lowest 
numbers were in 0.5 thrips per plant, all significantly different from each other. In 2014, highest densities were 
recovered from Density 2 treatment; Density 0.5 and 1.0 had similar thrips densities. In 2015, thrips colonization was 
much higher than in 2013 and 2014 (Fig. 1). 
 

 
Figure 1. Numbers of total thrips (adults plus larvae) recovered from six-
seedling sample unit in the greenhouse using a plant washing technique, 

2013-2015. 
 
Thrips augmentation reduced leaf surface area in two of the three years of the study, whereas the effect was not clearly 
separated in 2015 (Fig. 2). Additionally, leaf area did not vary across the six cultivars evaluated. Overall, visual injury 
rankings increased with increased thrips densities, clearly suggesting that the density of 0.5 to 1 thrips per seedling 
can exert significant injury to the young cotton seedlings (Fig. 3). 
 

 
Figure 2. Leaf area per 6-cotton seedlings as affected by 

varying densities of western flower thrips in the greenhouse. 

5072021 Beltwide Cotton Conferences, Virtual, January 5-7, 2021



 
Figure 3.  Visual damage ranking (1=no damage to 10= extreme damage 
and death of the seedling) of the cotton seedlings influenced by varying 

densities of western flower thrips in the greenhouse. 
 

Acknowledgements 

Funding for this study came in part from Cotton Incorporated Core Program and Plains Cotton Improvement Program.  
 

References 

Cook, D., A. Herbert, D. S. Akin, and J. Reed. 2011. Biology, crop injury, and management of thrips (Thysanoptera: 
Thripidae) infesting cotton seedlings in the United States. Integrated Pest Management 2: 1-9. 
 
Gaines, J. C. 1934. A preliminary study of thrips on seedling cotton with special reference to the population, migration, 
and injury. Journal of Economic Entomology 27: 740-743. 
 
Harp, S. J., and V. V. Turner. 1976. Effects of thrips on cotton development in the Texas Blacklands. Southwestern 
Entomologist 1: 40-45. 
 
Kerns, D., M. N. Parajulee, M. Vandiver, M. Cattaneo, and K. Siders. 2009. Developing an action threshold for thrips 
in the Texas High Plains pp. 734-740. In, Beltwide Cotton Conferences, 2009, Memphis, TN. National Cotton Council. 
 
Lei, T. T., and L. J. Wilson. 2004. Recovery of leaf area through accelerated shoot ontogeny in thrips damaged cotton 
seedlings. Annals of Botany 94: 179-186. 
 
Rummel, D. R., and M. D. Arnold. 1989. Estimating thrips populations in cotton with conventional sampling and a 
plant washing technique. Southwestern Entomologist14: 279-285. 
 
Vandiver, M., D. L. Kerns, and M. Cattaneo. 2009. Thrips management options in irrigated cotton on the Texas High 
Plains, pp. 721-733. In, Beltwide Cotton Conferences, 2009, Memphis, TN. National Cotton Council. 
 
Williams, M. R. 2017. Cotton insect losses-2016, pp. 710-754, Beltwide Cotton Conferences, National Cotton Council, 
Dallas, TX. 

5082021 Beltwide Cotton Conferences, Virtual, January 5-7, 2021



Received: 27 January 2021 Accepted: 7 May 2021

DOI: 10.1002/ael2.20048

R E S E A R C H L E T T E R

Soil acidification in a continuous cotton production system

Rajan Ghimire1 Megha N. Parajulee2 Pramod Acharya1 Dol P. Dhakal2

Abdul Hakeem2 Katie L. Lewis2

1 New Mexico State University Agricultural
Science Center, Clovis, NM, USA
2 Texas A&M AgriLife Research, Lubbock,
TX, USA

Correspondence
Rajan Ghimire, New Mexico State University
Agricultural Science Center, Clovis, NM,
USA.
Email: rghimire@nmsu.edu
Megha N. Parajulee, Texas A&M AgriLife
Research, Lubbock, TX, USA.
Email: m-parajulee@tamu.edu

Assigned to Associate Editor Ryan Haden.

Abstract
Effects of nitrogen (N) fertilization on soil organic carbon (SOC) and total N are well
established, but their effects on soil acidification and emerging soil health indicators
such as labile N and carbon (C) pools are not adequately documented. This research
evaluated soil N and C pools and soil pH with long-term N management in continuous
cotton (Gossypium hirsutum L.) production. Residual soil inorganic N, potentially
mineralizable N and C, total N, SOC, pH, and electrical conductivity were measured
after 17 yr of continuous N application. Comparison of five N rates (0, 56, 112, 168,
and 224 kg ha�1) showed an increase in residual inorganic N pools and decrease in
pH with an increase in N application rate, while other parameters did not change
significantly. Soil acidification was significant with 168 and 224 kg N ha�1 rates.
Soil pH dropped by 0.039 per kilogram increase in residual inorganic N. Optimizing
N rate that minimizes residual inorganic N can reduce soil acidification.

1 INTRODUCTION

Nitrogen (N) is a primary nutrient essential for all crops. It
is added to soil as fertilizer and manure and through atmo-
spheric deposition, biological fixation by legume crops, and
mineralization of crop residues and organic amendments. All
of the applied N is not used by crops. The inorganic N remain-
ing in the soil after the crop harvest is residual inorganic N.
In semiarid environments, large amounts of residual inorganic
N are present in soils because moisture limitations often con-
strain plant assimilation and soil nutrient movement. Residual
soil N can be credited to the recommended N rate to a sub-
sequent crop. If the N rate is not adjusted to meet the crop
demand, continuous use of chemical N fertilizer at high rates
can increase soil acidification, affecting nutrient availability
and crop production (Ghimire et al., 2017 ).

Abbreviations: EC, electrical conductivity; PMC, potentially mineralizable
carbon; PMN, potentially mineralizable nitrogen; SOC, soil organic carbon.

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided the original
work is properly cited.
© 2021 The Authors. Agricultural & Environmental Letters published by Wiley Periodicals LLC on behalf of American Society of Agronomy, Crop Science Society of America, and
Soil Science Society of America

Soil acidification has become one of the significant envi-
ronmental problems associated with N addition, challenging
agricultural sustainability and profitability (Guo et al., 2010;
Limousin & Tessier, 2007). Ion-exchange reactions strongly
buffer soils, and it typically takes 100 to 1,000 yr to change
soil pH under natural conditions (Chadwick & Chorover,
2001; Singh et al., 2003 ). However, a large amount of soil N
not used by plants and microorganisms in arid and semiarid
regions remains in the soil profile as a residual N (Ghimire et
al., 2017). Therefore, there is a high chance of rapid soil acid-
ification in arid and semiarid environments with high resid-
ual inorganic N. Specifically, ammoniacal N remaining in the
profile decreases soil pH.

Soil acidification could affect cotton (Gossypium hirsutum
L.) production in the Texas High Plains, one of the highly
productive agricultural ecosystems in the United States, with
∼1.7 million ha planted in 2019 (NASS, 2021). High N fertil-
izer costs already challenge cotton farmers. Nitrogen manage-
ment alone accounts for 15�20% of cotton production costs

Agric Environ Lett. 2021;6:e20048. wileyonlinelibrary.com/journal/ael2 1 of 6
https://doi.org/10.1002/ael2.20048
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(Bronson et al., 2004; Dhakal et al., 2019 ). Improved knowl-
edge of the N fertilization rate and the extent of soil acidifica-
tion will help sustain cotton farming in the Texas High Plains.
The main objective of this study was to evaluate soil N pools,
soil pH, and acidification rate with long-term N management
in a continuous cotton production system.

2 MATERIALS AND METHODS

A long-term field study was established in 2002 at the Texas
A&M AgriLife Research farm near Plainview, TX (34.15 N,
101.95 W, 1072 m asl). The study site has a Pullman clay loam
soil (fine, mixed, superactive, thermic Torrertic Paleustoll)
(Soil Survey Staff, 2020) and a hot, dry, semiarid environ-
ment, with annual mean maximum and minimum tempera-
tures of 23 and 7.3 �C, respectively, and average annual pre-
cipitation of 506 mm.

The study consisted of a randomized complete block design
with five N rate treatments (0, 56, 112, 168, and 224 kg ha�1)
and four replications from 2002 to 2018. The treatments were
fixed so that each plot received the same rate of N fertil-
izer and conventional tillage each year. Individual plots were
12.2 m by 36.6 m. Each plot received pre-bloom side-dressed
N from urea ammonium nitrate (32:0:0) using a soil knife
injection applicator based on the treatment N rate. Residual
inorganic N was monitored in June 2019 at 0-to-15-cm and
15-to-30-cm depths, right before applying N treatments. The
experimental detail, 2002�2015 carryover NO3-N, and cot-
ton lint yield are summarized in Dhakal, Lange, Parajulee,
and Segarra (2019), which analyzed soil residual inorganic
N (NO3-N and NH4-N) along with other soil health indi-
cators to understand the drivers of acidification. Regionally
adapted commercial cotton cultivars were used throughout
this study. Cotton was planted in the third week of May using
a John Deere four-row planter and harvested in November
using a John Deere cotton stripper with a field cleaner. The
seeding rate was 138 k seeds ha�1 in 0.76-m rows. All plots
were irrigated with a subsurface drip irrigation system. Stan-
dard chemical management protocols were followed to man-
age weeds, insect pests, and diseases.

Soil samples were collected in June 2019, after 17 yr of
experiment establishment, from four random locations within
each plot using a Giddings hydraulic probe of 2-cm inner
diameter. Soils were collected at 0-to-30-cm depth, and each
core was divided into 0-to-15-cm and 15-to-30-cm depth
increments. The four cores from each plot were composited
by depth, homogenized, bagged, and transported to the labo-
ratory. A separate set of four subsamples was collected from
0-to-15-cm and 15-to-30-cm depths of each treatment using a
bulk density probe (i.d. 2.1 cm) and composited to determine
soil bulk density.

Core Ideas

∙ N rates of 168 and 224 kg ha�1 resulted in 73�
167% higher residual inorganic N than lower rates.

∙ Soil pH decreased by 0.039 per kg increase in
residual N at 0-to-15-cm depth.

∙ Optimizing N rate that minimizes residual N while
maintaining yields can reduce soil acidification.

In the laboratory, gravimetric water content was deter-
mined by oven-drying 20-g soil samples from each plot for
24 h at 105 �C. Soil residual inorganic N was determined by
extracting 5-g subsamples with 25-ml 1 M KCl solution and
analyzing for NO3-N and NH4-N contents in an automated
Timberline Ammonia Analyzer (Timberline Instruments).
Potentially mineralizable carbon (PMC) was determined by
4-d aerobic incubation of 20-g soil samples (Zibilske, 1994)
and subsequent measurement of the headspace CO2-C using
LI-820 Infrared Gas Analyzer (Li-COR Biosciences). The
potentially mineralizable N (PMN) content was determined
by extracting 5-g incubated samples on Day 4 and analyzing
NO3-N and NH4-N as for residual inorganic N. The PMN
was also estimated by extracting another set of 5-g soil
samples in hot-KCl (Gianello & Bremner, 1986). Soil organic
C (SOC) and total N were determined in a dry combustion
analyzer (LECO Corporation). Soil bulk density samples
were collected using 2-cm-diam. soil cores and oven-drying
of soil samples for 24 h at 105 �C. Bulk density was calculated
by dividing the oven-dried soil by the core volume.

Data were tested for and met the criteria for normality of
residuals and homogeneity of variance. Data on all soil prop-
erties were analyzed using a MIXED model procedure of a
statistical analysis system (SAS v.9.4, SAS Institute). For all
analyses, treatments were considered a fixed effect and repli-
cations as a random factor. Treatment means were separated at
p< .05 unless otherwise stated. Simple linear regression anal-
ysis was performed to explain the relationship of inorganic N
with soil pH. Since the same rate of N was applied for the last
17 yr, the sum of total N applied for the entire study period
was used to calculate the acidification rate.

3 RESULTS

Soil N pools were significantly different among N rates.
Specifically, N application rates of 168 and 224 kg ha−1 had
greater residual inorganic N than the lower N rates at both 0-
to-15-cm and 15-to-30-cm soil depths (Table 1). Soil PMN
analyzed using an aerobic incubation method and hot-KCl
extraction showed the same trend, higher PMN contents with
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168 and 224 kg ha−1 rates than with the other treatments.
Soil total N at 0-to-15-cm depth was significantly greater with
the 224 kg N ha−1 rate than with 0 kg N ha−1, and other
treatments remained intermediate between these rates. At 15-
to-30-cm depth, soil N was greater with 0 and 224 kg N ha−1

rates than the other N rates. Soil PMN measurement using
aerobic incubation and hot-KCl extraction showed 98% simi-
larity in variation in PMN with increasing N rates.

The SOC content did not increase with increasing N rate in
either soil depth, while the C/N ratio was lower with the 168
and 224 kg ha�1 rates than other rates at 0-to-15-cm depth
(Table 1). At 15-to-30-cm depth, the C/N ratio was not signif-
icantly different among N rate treatments.

Soil pH at 0-to-15-cm depth varied significantly across N
augmentation treatments (Table 1). The long-term application
of N at high rates (>112 kg ha�1) reduced soil pH. Although
regression analysis between different N pools revealed a
strong relationship between residual inorganic N and two
methods of PMN measurements (Figure 1a,b,c), residual
inorganic N was the best predictor of soil acidification
(Figure 1d,e). Soil pH decreased by 0.039 and 0.01 per kilo-
gram increase in residual inorganic N at 0-to-15-cm and 15-
to-30-cm depths, respectively. Soils under different N rates
received 0 to 3,808 kg N ha�1 during 2002�2018. The soil
pH decline rate was 0.4 pH units per 1,000 kg N addition at
0-to-15-cm depth and 0.07 units per 1,000 kg N addition at
15-to-30-cm depth.

Soil electrical conductivity (EC) did not differ among N
rates at 0-to-15-cm depth nor did soil bulk density at either
depth (Table 1). Soil EC at 15-to-30-cm depth was greater
with the 168 and 224 kg ha�1 rates than with the 0 and 112 kg
ha�1 N rate treatments. Soil EC with the 56 kg N ha�1 treat-
ment was lower than soil EC with the 224 kg ha�1 rate but not
significantly different from that of 168 kg ha�1 rate.

4 DISCUSSION AND CONCLUSION

Evaluation of different N pools after 17 yr of five rates of N
augmentation treatments in continuous cotton showed more
residual soil inorganic N and PMN at higher N rates than soils
receiving 0 fertilizer N. High residual inorganic N suggests
greater N availability at 0-to-30-cm soil depth than N needed
for the crop. Consistently high residual inorganic N accumu-
lation in the soil profile of semiarid soils, where N rates are
not adjusted based on residual inorganic N and where the N
is not lost through drainage and runoff, can cause gradual
acidification of soil (Tang et al., 2002 ; Ghimire, Machado,
& Bista, 2017). We observed more than 59.0 kg ha�1 resid-
ual inorganic N and 39.3 to 41.7 kg ha�1 PMN in the surface
0-to-15 cm in those soils that received more than 112 kg N
ha�1, which were correlated with significant soil acidifica-
tion. The rate of soil acidification decreased as soil residual
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F I G U R E 1 Relationship between different N pools and soil pH; (a) inorganic N and PMN by aerobic incubation, (b) inorganic N and PMN by
hot-KCl extraction, and (c) between two methods of PMN estimation, (d) residual soil inorganic N and soil pH in 2019, and (e) total N inputs during
2002�2018 and soil pH in 2019. PMN = potentially mineralizable N

inorganic N content decreased. The 15-to-30-cm depth had a
lower acidification rate than did surface soil. When acidifica-
tion rate with reference to cumulative N input was calculated,
soil pH decreased by 0.4 and 0.07 per 1,000 kg N addition at
0-to-15-cm and 15-to-30-cm depths, respectively. This acidi-
fication rate is greater than the 0.2 to 0.3 pH unit per 1,000 kg
N addition seen in winter wheat (Triticum aestivum L.)�fallow
rotations in the U.S. Pacific Northwest (Ghimire, Machado, &
Bista, 2017) and in the southwestern part of Australia (Singh,
Odeh, & McBratney, 2003).

The PMN is often considered a good indicator of biolog-
ically available N and serves as a better predictor of crop
yield than inorganic N alone (Sharifi et al., 2007). The relative
response of PMN measured by hot-KCl extraction and aerobic
incubation showed a similar decrease in pH with increasing

PMN contents. Although both methods were equally effec-
tive in estimating soil acidification with an increasing N rate,
residual inorganic N was the best predictor of soil acidity in
the cotton production system.

In contrast to N pools and soil pH, higher N rate treatments
did not affect PMC and SOC. An increase in N rate is expected
to increase biomass production and thereby increase labile
and total SOC content. Cotton lint yield was higher at high N
rate treatments (Dhakal, Lange, Parajulee, & Segarra, 2019),
but a corresponding increase in biomass formation on a scale
that could be measured as change in SOC was not observed.
Greater residual inorganic N under high N rate treatments may
have increased the decomposition rate, leading to a higher
SOC turnover in treatments receiving a high amount of N.
Reduced C/N ratio at higher N rate treatments also suggests
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N accumulation with no change in SOC. Slight acidifica-
tion of alkaline soils increases nutrient availability. However,
continuous acidification decreases crop production through
several changes in soil reactions. Continuous N fertilizer addi-
tion significantly decreased soil pH and affected crop produc-
tion in drylands of the inland U.S. Pacific Northwest (Mahler,
2002; Ghimire, Machado, & Bista, 2017), the rainfed agroe-
cosystems of South Asia (Ghimire & Bista, 2016), major crop
production regions of China (Guo et al., 2010), and the semi-
arid regions of Australia (Singh, Odeh, & McBratney, 2003).
The change in soil pH in this study is small. However, previ-
ous studies showed that when soil pH decreased to below 5.5,
cotton plants began showing Al and Mn toxicity symptoms
and affect lint quality (Singh, Odeh, & McBratney, 2003).
Because soil pH is measured on a logarithmic scale, even
a small change in pH indicates a large increase in H+ ions
and consequently affects soil health and nutrient availabil-
ity. Plant and microbial uptake of N are expected to decrease
with increasing soil acidity (Motavalli et al., 1995 ), further
increasing residual inorganic N and accelerating the rate of
acidification.

Continuous monitoring of N management effects on resid-
ual inorganic N and soil acidification will determine the rate
of N that maximizes cotton production while reducing nega-
tive impacts on soil health and sustainability. Results of this
study suggest that adding more than 112 kg N ha�1 annually
in a continuous cotton production system may reduce soil pH
below the critical limit for cotton production, affecting both
crop production and the environment of the largest cotton-
producing area in the United States.

AC K N OW L E D G M E N T S
The research was supported by New Mexico State Univer-
sity Agricultural Experiment Station funding and Texas A&M
University AgriLife Research Cotton Entomology Program.

AU T H O R C O N T R I B U T I O N S
Rajan Ghimire: Conceptualization; Data curation; Formal
analysis; Funding acquisition; Investigation; Methodology;
Software; Writing-original draft. Megha N. Parajulee, Con-
ceptualization; Funding acquisition; Investigation; Project
administration; Writing-review & editing. Pramod Acharya:
Data curation; Investigation; Methodology; Writing-review &
editing. Dol P. Dhakal: Data curation; Investigation; Writing-
review & editing. Abdul Hakeem: Data curation; Investi-
gation; Writing-review & editing. Katie L. Lewis: Funding
acquisition; writing-review & editing.

C O N F L I C T O F I N T E R E S T
The authors declare no conflict of interest.

O R C I D
Rajan Ghimire https://orcid.org/0000-0002-6962-6066
Katie L. Lewis https://orcid.org/0000-0001-9393-9284

R E F E R E N C E S
Bronson, K. F., Zobeck, T. M., Chua, T. T., Acosta-Martínez, V., van Pelt,

R. S., & Booker, J. D. (2004). Carbon and nitrogen pools of south-
ern High Plains cropland and grassland soils. Soil Science Society of
America Journal, 68, 1695�1704. https://doi.org/10.2136/sssaj2004.
1695

Chadwick, O. A., & Chorover, J. (2001). The chemistry of pedogenic
thresholds. Geoderma, 100(3�4), 321�353. https://doi.org/10.1016/
S0016-7061(01)00027-1

Dhakal, C., Lange, K., Parajulee, M. N., & Segarra, E. (2019). Dynamic
optimization of nitrogen in plateau cotton yield functions with nitro-
gen carryover considerations. Journal of Agricultural and Applied
Economics, 51(3), 385�401. https://doi.org/10.1017/aae.2019.6

Ghimire, R., & Bista, P. (2016). Crop diversification improves pH in
acidic soils. Journal of Crop Improvement, 30(6), 657�667. https:
//doi.org/10.1080/15427528.2016.1219894

Ghimire, R., Machado, S., & Bista, P. (2017). Soil pH, soil organic mat-
ter, and crop yields in winter wheat�summer fallow systems. Agron-
omy Journal, 109, 706�717. https://doi.org/10.2134/agronj2016.08.
0462

Gianello, C., & Bremner, J. M. (1986). A simple chemical method of
assessing potentially available organic nitrogen in soil. Communi-
cations in Soil Science and Plant Analysis, 17(2), 195�214. https:
//doi.org/10.1080/00103628609367708

Guo, J. H., Liu, X. J., Zhang, Y., Shen, J. L., Han, W. X., Zhang, W.
F., Christie, P., Goulding, K. W. T., Vitousek, P. M., & Zhang, F. S.
(2010). Significant acidification in major Chinese croplands. Science,
327(5968), 1008�1010. https://doi.org/10.1126/science.1182570

Limousin, G., & Tessier, D. (2007). Effects of no-tillage on chemical
gradients and topsoil acidification. Soil & Tillage Research, 92(1�2),
167�174.

Mahler, R. L. (2002). Impacts and management of soil acidity under
direct-seed systems: Status and effects on crop production. In R.
Veseth (Ed.), Proceedings of the Northwest Direct Seed Crop-
ping Systems Conference (pp. 16�18). Northwest Direct Seed
Conference.

Mahler, R. L., Halvorson, A. R., & Koehler, F. E. (1985). Long-term
acidification of farmland in northern Idaho and eastern Washington.
Communications in Soil Science and Plant Analysis, 16(1), 83�95.
https://doi.org/10.1080/00103628509367589

Motavalli, P. P., Palm, C. A., Parton, W. J., Elliott, E. T., & Frey,
S. D. (1995). Soil pH and organic C dynamics in tropical forest
soils: Evidence from laboratory and simulation studies. Soil Biol-
ogy and Biochemistry, 27(12), 1589�1599. https://doi.org/10.1016/
0038-0717(95)00082-P

NASS. (2021). Crop production. USDA National Agricultural Statistics
Service. https://www.nass.usda.gov/Publications/AgCensus/2017/
Full_Report/Volume_1,_Chapter_2_County_Level/Texas/

Sharifi, M., Zebarth, B. J., Burton, D. L., Grant, C. A., Porter, G. A.,
Cooper, J. M., Leclerc, Y., Moreau, G., & Arsenault, W. J. (2007).
Evaluation of laboratory-based measures of soil mineral nitrogen and
potentially mineralizable nitrogen as predictors of field-based indices
of soil nitrogen supply in potato production. Plant and Soil, 301, 203�
214. https://doi.org/10.1007/s11104-007-9438-7

Singh, B., Odeh, I. O. A., & McBratney, A. B. (2003). Acid buffering
capacity and potential acidification of cotton soils in northern New
South Wales. Soil Research, 41(5), 875�888. https://doi.org/10.1071/
SR02036

Soil Survey Staff. (2020). Web soil survey. http://websoilsurvey.sc.egov.
usda.gov/App/WebSoilSurvey.aspx

https://orcid.org/0000-0002-6962-6066
https://orcid.org/0000-0002-6962-6066
https://orcid.org/0000-0001-9393-9284
https://orcid.org/0000-0001-9393-9284
https://doi.org/10.2136/sssaj2004.1695
https://doi.org/10.2136/sssaj2004.1695
https://doi.org/10.1016/S0016-7061(01)00027-1
https://doi.org/10.1016/S0016-7061(01)00027-1
https://doi.org/10.1017/aae.2019.6
https://doi.org/10.1080/15427528.2016.1219894
https://doi.org/10.1080/15427528.2016.1219894
https://doi.org/10.2134/agronj2016.08.0462
https://doi.org/10.2134/agronj2016.08.0462
https://doi.org/10.1080/00103628609367708
https://doi.org/10.1080/00103628609367708
https://doi.org/10.1126/science.1182570
https://doi.org/10.1080/00103628509367589
https://doi.org/10.1016/0038-0717(95)00082-P
https://doi.org/10.1016/0038-0717(95)00082-P
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Texas/
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_2_County_Level/Texas/
https://doi.org/10.1007/s11104-007-9438-7
https://doi.org/10.1071/SR02036
https://doi.org/10.1071/SR02036
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx
http://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx


6 of 6 GHIMIRE ET AL.

Tang, Y., Garvin, D. F., Kochian, L. V., Sorrells, M. E., & Carver, B.
F. (2002). Physiological genetics of aluminum tolerance in the wheat
cultivar Atlas 66. Crop Science, 42(5), 1541�1546. https://doi.org/10.
2135/cropsci2002.1541

Zibilske, L. M. (1994). Carbon mineralization. In R. W. Weaver, J.
S. Angle, & P. S. Bottomley, (Eds.), Methods of soil analysis:
Part 2. Microbiological and biochemical properties (pp. 835�863).
SSSA.

How to cite this article: Ghimire, Rajan, Parajulee,
Megha N, Acharya, Pramod, Dhakal, Dol P, Hakeem,
Abdul, & Lewis, Katie L. Soil acidification in a
continuous cotton production system. Agric Environ
Lett. (2021);6:e20048.
https://doi.org/10.1002/ael2.20048

https://doi.org/10.2135/cropsci2002.1541
https://doi.org/10.2135/cropsci2002.1541
https://doi.org/10.1002/ael2.20048

	01Intro
	2Pager Cotton Entomology 03212022
	3CI Core Project 20-246 Report 2021-Parajulee
	4CI TSSC Project 18-099TX Report 2021-Parajulee
	5Dhakal Beltwide 2021
	6Hakeem Beltwide 2021



