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CHAPTER I 

 

INTRODUCTION 

1.1 Introduction and literature review 

 

Cotton belongs to the genus Gossypium (Malvales: Malvaceae).  It is a 

multipurpose crop that produces lint (fiber), oil, seed meal, and hulls.  Cotton lint is the 

most important source of natural fiber currently used in the textile industry (Bajaj 1998).  

The United States is the second largest producer of cotton in the world, and Texas is the 

largest cotton producing state. 

In 2003, Texas producers planted 5,620,000 acres of cotton (Gossypium hirsutum 

L.) which represented 41.7% of the total United States cotton acreage.  The average 

Texas yield was 480 pounds/acre, resulting in 5,395,000 bales of cotton or 24.0% of U.S. 

production (Williams 2004).  In 2004, a total of 5,871,000 acres of cotton were planted in 

Texas, representing 43.0% of the United States total cotton acreage.  In 2004 the average 

cotton yield for Texas was 674 pounds/acre, and production was 7,540,000 bales of 

cotton or 32.8% of United States production (Williams 2005).  Damaging insects infested 

12,556,433 acres in the U.S. during 2003 and were responsible for a 4.16% lost in 

production valued at $337,024,194.  Of this loss, 1.39% was attributable to the 

bollworm/budworm [Helicoverpa zea (Boddie)/Heliothis virescens (Fabricius) 

(Lepidoptera: Noctuidae)] complex, which ranked as the most damaging pests.  Second in 

ranking were Lygus [Lygus lineolaris (Palisot de Beauvois), Lygus hesperus Knight and 

1 
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Lygus elisus Van Duzee (Hemiptera: Miridae)] bugs which reduced yields by 0.90%.  

Stink bugs (Hemiptera: Pentatomidae) ranked third with a 0.74% yield reduction.  Cotton 

fleahoppers [Pseudatomoscelis seriatus (Reuter) (Hemiptera: Miridae)] ranked fourth 

with a 0.32% reduction, and thrips (Thysanoptera: Thripidae) completed the top five 

pests with a yield reduction of 0.26% (Williams 2004).  In 2004, pest insects infested 

13,701,298 acres of cotton in the U.S. causing a yield reduction of 4.18% and an 

estimated loss of $370,533,721. The bollworm/budworm complex and Lygus were 

numbers one and two in rank causing losses of 1.23% and 1.06%, respectively.  Stink 

bugs ranked third causing a 0.59% loss, and thrips moved from number five in 2003 to 

number four in 2004 with 0.56% yield reduction.  Cotton fleahoppers ranked fifth with a 

0.19% yield reduction (Williams 2005). 

Due to the success of the boll weevil, [Anthonomus grandis Boheman 

(Coleoptera: Curculionidae)], eradication program and the widespread use of Bollgard™ 

cotton for suppressing bollworm/budworm complex infestations, insects that were once 

considered secondary pests are increasing their pest status and causing major problems.  

Cotton fleahopper, Lygus bugs, thrips and stink bugs were often controlled by the 

insecticide applications made for boll weevils, bollworms and tobacco budworms.  The 

Texas Rolling Plains region comprises about 16 million acres, and cotton and wheat are 

the two important crops in the area (Frank and Slosser 1996). Three major pests cause 

significant losses in the Rolling Plains:  the bollworm/budworm complex, cotton 

fleahopper and aphids reduced yield by 2% in 2004 (Williams 2005).  The cotton 

fleahopper is a major pest in the Rolling Plains during the early season.  Shrestha et al. 

 2
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(2003) found that infestations began approximately 44 days after planting (6-8 true leaf 

stage) in the Texas High Plains and continued through the season with one population 

peak 103 days after planting.  No fleahoppers were detected 135 days after planting when 

95% of the bolls were open.  However, Slosser (1993) found in the neighboring Texas 

Rolling Plains that cotton fleahopper densities can be affected by planting date.   

 

1.1.1 Conservation Tillage 

Conservation tillage is a crop production system that minimizes cultivation.  

Typically, maintaining 30% of a cover crop is considered the criterion that defines 

conservation tillage.  This system often utilizes cover crops such as wheat, barley or rye, 

among others (Gajri et al. 2002), planted prior to the cotton to reduce soil erosion, 

provide early season wind protection to the crop and to conserve and trap rainfall within 

the field. Cottons with resistance to glyphosate enable the grower to control weeds using 

this herbicide, thereby reducing the need to cultivate for weed control.  Reduced 

cultivation of the soil reduces soil moisture loss. 

Due to lower production costs, use of reduced tillage systems has been expanding 

in the Texas Rolling Plains area.  Reduced tillage offers some advantages over 

conventional tillage, and some researchers have found significant improvements in cotton 

yield with conservation tillage systems.  This yield increase was attributed to enhanced 

soil moisture retention.  The heavy cover crop residue mulch in conservation tillage 

systems reduced evaporation from the soil (Johnson et al. 2005; Lentz and Hanks 2005). 

 3
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Optimal management strategies are needed to reduce production costs in cotton. 

Conservation tillage and efficient irrigation systems can help reduce production costs 

through improved soil/water relationships, increased habitat for beneficial insects and 

greater stability within the agroecosystem (Tillman et al. 2004). 

 

1.1.2 Irrigation 

Drip irrigation systems can approach near 100% efficient water delivery due to 

the defining trait of application of water directly to the roots of the crop through pipes on 

or below the soil surface.  This type of irrigation reduces evaporation and enhances water 

use efficiency (Dasberg and Or 1999). 

Some cotton pests such as the cotton aphid, Aphis gossypii Glover (Homoptera: 

Aphidae), are more abundant in non-water stressed plants than in cotton plants grown 

under dryland conditions (Slosser et al. 2001), but pests such as bandedwinged whitefly, 

[Trialeurodes abutiloneus (Haldeman) (Homoptera: Aleyrodidae)], are more abundant in 

water-stressed cotton (Parajulee et al. 2002).  Adkisson (1957) found that irrigated cotton 

plants, especially highly fertilized ones, attract greater numbers of cotton fleahoppers 

than non-irrigated plants.  Monitoring of cotton development is essential for 

understanding potential fleahopper damage to cotton plants and for selecting appropriate 

control measures (Leser 2004). 

 4
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1.1.3 Cotton Biology 

Upland cotton (Gossypium hirsutum L.) is the cotton type most widely used in the 

world, representing 96.7% of the U.S. acreage, and 100% of the cotton acreage in the 

Texas Rolling Plains.  Cotton is a tropical plant, but adapted cultivars can be grown as 

annuals in regions with late freeze seasons (Kohel and Lewis 1984).  In the Texas Rolling 

Plains, cotton planting can begin in late April, but can be delayed until late June.  In the 

Rolling Plains, cotton is generally grown as a “dryland” crop without supplemental 

irrigation, but some cotton acreage is irrigated using furrow, center pivot or drip systems.  

Seedling emergence occurs four to nine days after planting (DAP).  Development from 

cotyledon and first true leaves on vegetative branches to the appearance of first squares 

on fruiting branches (sympodial branches) occurs approximately 30 DAP.  First blooms 

appear approximately 60 DAP, after which bolls begin to develop.  Plants will normally 

reach cutout (defined as the cessation of vegetative growth) within 80 to 90 DAP. Five 

nodes above white flower (NAWF) is used as an indication of cutout.  After bolls mature 

and open, the plants die following a killing freeze or application of a harvest-aid 

chemical, and harvest takes place 120 to 150 DAP (Landivar and Benedict 1996).  

 

1.1.4 Cotton Fleahopper 

The cotton fleahopper is a pest throughout the United States.  Blatchley (1926) 

reported that the insect ranged from Maryland to Arizona and from Colorado to the 

Pacific coastline. Although it has a wide range, the fleahopper is considered a significant 

 5
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pest of cotton only in Arkansas, Louisiana, Mississippi, and Texas (Shaefer and Panizzi 

2000). 

Pseudatomoscelis seriatus (Reuter) is classified in the family Miridae (Insecta: 

Hemiptera), also known as the plant bugs.  Cotton fleahoppers overwinter as eggs in 

several species of weeds, with the more important weed species classified in the genera 

Croton, Monarda and Gaura (Knight 1926; Holtzer and Sterling 1980; Reinhard 1927, 

1928).  Once the primary weed hosts begin to senesce and desiccate, cotton fleahoppers 

move to more succulent plants.  Although cotton is not a preferred host, cotton 

fleahoppers can invade fields due to mobility of adults looking for suitable hosts.  

Nymphs will remain close to the hatch site (Holtzer and Sterling 1980).  Cotton 

fleahopper adults and nymphs feed on tender plant parts including new terminal growth 

and small squares, and the period of greatest susceptibility to fruit damage is from square 

initiation until bloom (Pfadt 1985).  The piercing, sucking mouthparts of the fleahopper 

penetrate small squares causing desiccation from sap removal (Leser 2004).  Irrigation 

and fertilization can affect fleahopper densities, while rain can stimulate population 

increase (Adkisson 1957).  Planting date can be another factor affecting fleahoppers 

populations.  Slosser et al. (1994) reported that in the Texas Rolling Plains, cotton 

planted in late April attracted fewer cotton fleahoppers than cotton planted in late June. 
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CHAPTER II 

 

EFFECT OF IRRIGATION AND TILLAGE PRACTICES ON COTTON 

FLEAHOPPER Pseudatomoscelis seriatus (REUTER) AND PREDATOR ACTIVITY 

IN THE TEXAS ROLLING PLAINS 

 

2.1 Introduction 

Cotton has a perennial growth habit and is easily affected by water stress.  

Therefore, the development of strategies to help prevent water deficiencies is vital to 

cotton production.  The Texas Rolling Plains (TRP) water regimens in cotton production 

include several practices.  Dryland crop production dominates the system while limited 

acreage is irrigated in which the irrigation water is applied by furrow or sub-surface drip 

method.  Due to its delivery efficiency drip irrigation is gaining greater acceptance in the 

TRP area.  To conserve the limited underground water available in the TRP, farmers also 

use cultural practices such as conservational tillage that help prevent water evaporation 

and soil erosion. 

Advantages of conservational tillage as compared to conventional tillage have 

been reported over the last decade (Smart et al. 1994, Enciso et al. 2001, Kennedy and 

Hutchison 2001).  Negative side effects associated with conservational tillage, such as 

severe weed infestations due to the lack of tillage and increased insect populations 

because of the shelter provided by the cover crop, may occur in some production 

scenarios.   
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Predators play an active role in TRP pest insect control.  Frank and Slosser (1996) 

found 36 species of predaceous insects in 28 genera, representing 18 families and six 

orders (Hemiptera, Coleoptera, Thysanoptera, Hymenoptera, Neuroptera and Diptera) in 

wheat and cotton.  There are two families, 10 genera and 23 species of neuropterans 

described for North Central Texas and some of these can act as predators of cotton pests 

(Vogtsberger 1990). 

Predator abundance and activity patterns can be affected by water regimens.  

Bommireddy (2004) compared two irrigation application methods, low energy precision 

application (LEPA) and low elevation spray application (LESA) systems, for effect on 

insect numbers in the Texas High Plains region.  LEPA irrigated plots had significantly 

higher insect numbers than LESA irrigated plots.  The same pattern was shown for 

beneficial arthropods.  Predator numbers were dominated by predaceous bugs and green 

lacewings. 

Some predators of the cotton fleahopper include the red predaceous mite 

Bochartia spp., the convergent lady beetle Hippodamia convergens (Reinhard 1926), 

flower bugs Orius spp. (McGregor 1942), big-eyed bugs Geocoris spp., the assassin bug 

Sinea spinipes (Isely 1927) and damsel bugs Nabis spp. (Whitcomb and Bell 1964).  A 

list of 22 species of spiders observed to feed on fleahoppers was published by Dean et al. 

(1987).  Breene et al. (1989) found a total of 451 predators recovered from cotton with 

traces of radioactivity indicating consumption of radiation labeled prey.  These predators 

included 18 species of spiders from 11 families and 10 species of insects in nine families.   

 11



Texas Tech University, Walter A. Albeldaño, December 2007 
 

 With an increasing number of growers switching to conservational tillage, 

questions about how these practices could affect insect populations have arisen.  Some 

workers have presented evidence that conservational tillage may enhance insect 

populations (Lentz and Hanks 2005, Shrestha and Parajulee 2005) while others have 

indicated that there is a low impact on cotton insect populations (De Spain et al. 1990, 

1992, Gencsoylu and Yalcin 2004). 

 Understanding the behavior of insects as affected by cultural practices such as 

tillage and irrigation method can lead to better integrated pest management strategies.  

The influence of conservational tillage practices on insect pests and their predators is not 

well understood in the TRP, and there are few data available to develop the potential 

integrated pest management strategies.   

 The objectives of this study were to assess the behavior of cotton fleahoppers and 

predators in different irrigation and tillage systems that are in common use in the TRP, 

and to evaluate the possible interactions of these practices on abundance activity patterns 

of cotton fleahoppers and arthropod predators.   

 

2.2 Materials and Methods 

2.2.1 Introduction 

This study was conducted over a period of three years in the Texas Rolling Plains 

at Munday, Knox County, using the cultivar Sure Gro 215 BG/RR.  Cotton was planted 

with a John Deere Max Emerge® planter [7300 Series, 8 row, 40” (1.0 meter) row 

spacing].  Cotton planting dates were 28 May, 9 June, and 19 May in 2003, 2004 and 

 12
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2005, respectively.  In each year, three irrigation methods (treatments) were compared: 1) 

cotton grown using subsurface drip lines spaced 40” apart, 2) cotton grown using 

subsurface drip lines spaced 80” apart, and 3) cotton grown using standard furrow 

irrigation.  Standard conventional tillage was compared to conservational tillage practices 

within each irrigation system The field experiment was deployed in a completely 

randomized block design in a 2 x 3 factorial arrangement, with three blocks.  In 

conservational tillage plots, cotton was planted into a terminated rye cover that was 

established in early to mid-winter.  Commonly used TRP rye cultivars were utilized for 

the cover crop. In 2003, the rye was planted on 9 January at 67.2 kg/ha.  For the 2004 

study, the rye was planted on 15 December 2003 at 64.9 kg/ha.  In  2005, the rye was 

planted on 6 January at 64.9 kg/ha.   In all three years the rye cover was terminated with 

glyphosate (Roundup®, Monsanto, Saint Louis, MO) at a rate of 1.12 kg a.i./ha, 

approximately two weeks prior to planting cotton.   

 

2.2.2 Irrigation and crop management 

The drip irrigation system was designed with 18 individually controlled zones, 

hereinafter referred to as plots, consisting of 0.16 hectare each.  Plots  were 16 rows wide 

by 100 meters long and could either be irrigated on 40-inch (1 m) or 80-inch (2 m) drip 

line centers or furrow irrigated.  Water meters, installed at each plot, recorded actual 

water use. 

Furrow irrigation plots were watered on 10 July 2003, 14 July 2004 and 20-21 

July 2005.  Drip irrigation plots were watered beginning on 7 July 2003, 9 July 2004 and 

 13
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20 July 2005.  Drip irrigated plots with lines spaced 80” apart received half of the water 

as plots with lines spaced 40” apart.  Fertilizer applications were made in 2003, 2004 and 

2005, using the following rates, 44.8 kg/ha of nitrogen, 22.4 kg/ha of phosphorous and 

11.2 kg/ha of potassium.  Fertilizer was side-dressed after cotton establishment. 

An application of mepiquat chloride (Pix®, BASF, Florham Park, NJ) was applied 

on 20 July 2005 at a rate of 0.84 kg a.i. per hectare for control of excessive vegetative 

growth.  Crop growth regulator was not used in 2004 or 2006. Glyphosate was applied as 

needed to suppress weeds, and plots were hand-hoed once or twice each season as 

needed.    

 

2.2.3 Insect sampling and plant monitoring 

2.2.3.1 Vacuum sampling: Insect sampling began on 8 July during the 2003 

season, and continued on a weekly basis until 18 August (7 weeks).  Sampling during the 

2004 season began on 13 July and continued weekly until 17 August (6 weeks).  

Sampling during the 2005 season began on 29 June and continued weekly until 9 August 

(7 weeks).  A vacuum sampler (Model 1612 backpack aspirator, John W. Hock Co., 

Gainesville, Florida) was used to monitor populations of cotton fleahoppers associated 

arthropod predators in all 18 plots.  Sampling was conducted by walking down the 

middle row of a plot for 30 seconds with the cone on the end of the vacuum hose held 

directly over the cotton plant terminals.  The mesh collection bag was removed from the 

cone after the 30 seconds and tied at the top to prevent insects from escaping.  Samples 

were taken to the laboratory and placed in the freezer.  Processing consisted of removing 
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the bag from the freezer, separating the insects from leaves and other plant debris using a 

no. 10 U.S.A. standard testing sieve with an opening of 2 mm (Sargent Welch Scientific, 

Buffalo, NY), then separating and counting cotton fleahoppers and predators.  The data 

were recorded as the number of fleahoppers and predators per 30 seconds of vacuum 

sample per plot. The 30-second sample unit was chosen to cover a uniform area of 

sampling within the 100 meters-long plots for each treatment. 

The predators counted in the survey were big-eyed bugs, Geocoris spp. 

(Hemiptera: Lygaeidae), the convergent lady beetle, Hippodamia convergens Guérin-

Méneville (Coleoptera: Coccinelidae), damsel bugs, Nabis spp. (Hemiptera: Nabidae), 

and different species of spiders, (Arachnida: Araneae). 

 

2.2.3.2 COTMAN plant mapping: Plant mapping was not conducted in 2003, but 

a plant mapping system called COTMAN was used in both 2004 and 2005 to measure the 

effect of tillage and irrigation treatments on crop growth phenology and fruit retention. 

Both SQUAREMAN and BOLLMAN components of the monitoring system were used 

(Danforth et al. 2004). 

Field information included field (plot) acreage, variety planted, planting date, row 

spacing, first fruiting node, and soil type.  Plant density was estimated by counting the 

number of plants in one meter of row in four adjacent rows at two locations in each plot.  

To facilitate counting plants, we constructed a “T” shaped sampling device using a 1-m 

PVC pipe attached to a 1.3-meter PVC handle.  This measuring device was used to push 

plants over to allow rapid counts in the 1-m section selected within each row.  We 
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determined the first fruiting node (1st sympodial branch) on each of five plants in two 

adjacent rows at one location in the field.  We counted from the cotyledon node 0 up to 

the first sympodial branch to determine first fruiting node. 

 

2.2.3.2.a SQUAREMAN data collection: Plant measurements were taken weekly.  

We began collecting SQUAREMAN data when the crop started squaring, on 12 July 

2004 and on 29 June 2005.  Plant height was measured in inches from the soil to the 

terminal.  Presence or absence of first position squares was determined by starting at the 

initial fully expanded true leaf in the terminal and continuing down the plant to the first 

sympodial branch.  We recorded a “1” if a square was present and a “0” if the square had 

been shed.  Five consecutive plants were inspected in two adjacent rows  for a total of 10 

plants per plot. 

 

2.2.3.2.b BOLLMAN data collection: When cotton began flowering, nodes above 

white flowers (NAWF) were determined beginning 3 August 2004 and 19 July 2005.  We 

counted the number of nodes above the uppermost first position white flower from five 

plants in one row and five plants in an adjacent row.  A total of 10 plants were examined 

in each of the 18 plots at weekly intervals.  We selected only plants with a white flower 

on the first fruiting position.  We stopped collecting BOLLMAN data when treatment 

averages reached 5 NAWF, on 7 September 2004 and on 16 August 2005. 
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2.2.4 Data analysis 

The field experiment was deployed in a completely randomized block design in a 

2 x 3 factorial arrangement, with three blocks.  Data were analyzed as a repeated 

measures analysis of variance (ANOVA) (PROC MIXED, SAS Institute 2003) for tillage 

and irrigation with sampling date as the repeated variable.  Main effects (irrigation and 

tillage) and interactions were examined.  Protected least significance difference at α=0.05 

was used to separate means.  To prevent heterogeneity of error, fleahopper counts were 

transformed to log (count + 1) for adults, and square root (count + 0.5) for nymphs (Steel 

and Torrie 1964).  The SAS macro pdmix800 (Saxton 1998) was used to alter the 

complex PROC MIXED output and simplify interpretation of results into a tabular 

format.  

COTMAN analysis was made using data directly extracted from the software.  

Variables used were average plant height, height-to-node ratio and number of square 

positions per plant.  Data were analyzed using analysis of variance (ANOVA) (PROC 

GLM, SAS Institute 2003).  The SAS macro pdglm800 (Saxton 1998) was used to 

simplify interpretation of PROC GLM output. 

 

2.3 Results 

2.3.1 Seasonal abundance of cotton fleahoppers 

2.3.1.1 Year 2003:  Both tillage and irrigation main effects significantly 

influenced adult abundance for this year (Table 2.1).  The tillage x irrigation interaction 

was also significant. With irrigation held constant the only significant difference between 
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conservation tillage and conventional tillage means were in drip irrigated plots with lines 

spaced 40” apart, with 13.2 versus 5.0 adult fleahoppers per 30 second vacuum per plot 

sample, respectively. With tillage held constant irrigation treatments showed significant 

differences at both tillage levels.  Under conservation tillage, mean number of adults in 

drip irrigated plots at 40” row spacing (drip/40”) was significantly higher than in 80” 

spacing (drip/80”) drip plots, but not different than in furrow irrigated. In conventional 

tillage, furrow irrigated plots had a significantly higher mean number of fleahoppers, than 

the other two irrigation treatments. 

There was no significant interaction between main effects in the number of 

fleahopper nymphs.  Numbers of fleahopper nymphs were relatively low when compared 

to adults (Tables 2.1, 2.2) but significantly higher numbers of nymphs were found in 

conservation tillage plots than in conventional tillage plots (1.17 vs. 0.77, respectively).  

No significant differences were observed between irrigation treatment means (Table 2.2).  

Though not significant, furrow irrigated plots had the highest numbers of nymphs in 2003 

with 1.15 per sample.  For total number of fleahoppers collected, a significant interaction 

between main effects was observed (Table 2.3).  In drip/40” plots, conservation tillage 

had 14.4 total fleahoppers per sample, significantly higher than the 5.7 collected in the 

conventional tillage plots.  Tillage produced no significant effect in either of the other 

two irrigation treatments.  With tillage held constant, drip/40” spacing had significantly 

higher numbers of total fleahoppers than the other two treatments with 14.4 per sample.  

No significant differences were observed between irrigation treatments in conventional 

tillage plots.   
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2.3.1.2 Year 2004:  There were no significant interactions between main effects in 

2004 for adult, nymphal or total fleahoppers.   Neither tillage nor irrigation treatments 

produced a significant effect on numbers of either adult or total fleahopper (Tables 2.1, 

2.3). Significantly more fleahopper nymphs per sample were found in conservation 

tillage plots (0.47) than in conventional tillage plots (0.13) (Table 2.2).  The highest  

fleahopper nymphs numbers were collected in drip irrigated plots with lines spaced 40” 

though treatment means were not significantly different.  For this year tillage was the 

only significant variable that influenced numbers of fleahopper nymphs (Table 2.2).  

Irrigation did not vary within treatments for nymphal numbers.  No interaction was 

present for nymphs.  For total number of fleahoppers no significant differences were 

observed in the irrigation level (Table 2.3).  Numbers of fleahoppers were not affected by 

tillage this year.  Interaction among levels was not significant. 

2.3.1.3 Year 2005:  Numbers of fleahoppers for this year were lower than in 

2002-2003 with the highest mean of 1.7 total fleahoppers per sample in conservation 

tillage x furrow irrigated plots.  There were no interactions and no significant differences 

between means for either tillage or irrigation treatments (main effects) (Tables 2.1, 2.2, 

2.3). 

 

2.3.2 Seasonal abundance of predatory arthropods 

There were no significant interactions between main effects for any of the 

predators sampled. Although differences were not always significant, conservation tillage 

plots had numerically higher numbers of predators than conventional tillage with the 
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exception of damsel bugs in 2005. This type of strong pattern was not observed in the 

irrigation treatments.   

 2.3.2.1 Big-eyed bugs: No significant differences between tillage treatment means 

were present in years 2003 and 2004 of the study (Tables 2.4, 2.5). However, in 2005 

significantly higher numbers of big-eyed bugs were found in conservation tillage plots. 

Irrigation treatments produced no significant effect in any year of the study, and means 

were generally highest in 2003 ranging from 0.67 to 0.88, as compared to 0.08 to 0.31 for 

2004 and 2005, combined. 

 2.3.2.2 Lady beetles:  Numbers of lady beetles were not significantly affected in 

any of the three years by irrigation treatments or tillage practices (main effects) (Table 

2.4 and 2.5). As mentioned above, numbers were consistently higher in conservation 

tillage plots than in conventional tillage plots.  Lady beetle abundance in irrigation 

treatments did not show any trend across years.  

2.3.2.4 Spiders:  Numbers of spiders were significantly higher in conservation 

tillage plots in the year 2003, with 1.37 spiders per sample versus 0.90 in the 

conventional tillage plots (Table 2.4).  Irrigation treatments had no significant effect on 

numbers of spiders for this year (Table 2.5).  Neither tillage (Table 2.4) nor irrigation 

treatments (Table 2.5) significantly affected numbers of spiders present in cotton in 2004 

or 2005.   

 2.3.2.3 Damsel bugs:  Tillage showed no significant effect on numbers of damsel 

bugs for the year 2003 (Table 2.4). Significant differences were observed in both 2004 

and 2005. Numbers were very low in both years, and in 2005 significantly higher 
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numbers of damsel bugs were found in conventional tillage plots.  This is the only 

instance of a significantly higher number of predators found in conventional tillage plots 

in the entire study.  The total numbers of damsel bugs varied significantly for irrigation 

level in 2003 with higher numbers in furrow irrigated plots (Table 2.5).  In 2004 and 

2005, no significant effect of irrigation treatments was observed. 

 2.3.2.5 Total predators:  The effect of tillage level on the abundance of total 

predators varied significantly in 2003 only (Table 2.4).  In 2003, significantly more 

predators were found in conservation tillage plots with 2.99 versus 2.33.  Irrigation 

treatments caused no significant effect on total predator abundance in any year of the 

study.  

2.3.3 Influence on plant phenology 

2.3.3.1 Year 2004: COTMAN monitoring system was used to record cotton 

development through the season.  In 2004 the average plant height did not vary 

significantly among treatments (Table 2.6). Height-to-node ratio showed no significant 

difference between treatments (Table 2.7) for this year either.  The number of square 

positions per plant did not show significant variation among treatments (Table 2.8).  

2.3.3.2 Year 2005: In 2005 plant height was not influenced by the treatments 

(Table 2.6), and these findings are similar to those reported in 2004.  The only COTMAN 

variable that showed significant differences between treatments for this year was height-

to-node ratio, which interaction analysis revealed to be significantly higher in 

conservation tillage plots with both 40 and 80 inch spacing drip irrigation treatments, but 
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not furrow. (Table 2.7). Treatments had no significant effect on number of square 

positions per plant (Table 2.8).   

2.4 Discussion 

Numbers of cotton fleahoppers were not consistent across years; in 2003 

abundance of fleahoppers was similar between furrow irrigated plots and drip irrigated 

plots with lines spaced 40” apart. Bommireddy et al. (2003) found that the LEPA 

irrigation method had significantly higher numbers of cotton fleahoppers and beneficial 

arthropods as compared with numbers in the LESA system.  Also the average numbers of 

Lygus and fleahoppers were significantly higher in irrigation application rate of 75% and 

100% evapotranspiration than in 50%.  Leigh et al.  (1974) found that insect numbers 

were significantly higher in plots with frequent irrigation than in those with limited 

irrigation.  Plant density and plant canopy could be factors that attract fleahoppers into 

cotton fields as suggested by our results.  Adult numbers were significantly higher than 

nymphal numbers, indicating fleahopper movement rather than reproduction.  Though not 

all comparisons were significant, in every case higher numbers of adult, nymphal and 

total fleahoppers were found in conservation tillage plots in all three years of the study, 

even in 2005 when fleahopper numbers were very low.   

 A significant interaction for adults and total fleahoppers in 2003 revealed the 

significant difference to be in drip/40” spacing irrigation plots. In all three years, total 

fleahopper numbers were composed mostly of adults with relatively small numbers of 

nymphs. 
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Conservation tillage systems can cause some concern about insect pest build up in 

the cover crop as our study also showed some marginally higher abundance in 

conservation tillage plots.  Nevertheless, our results also suggested that tillage has little 

effect on cotton fleahopper populations; only in the year 2003 was there a significant 

difference in total fleahopper numbers.  In a 4-year study near Corpus Christi, Texas, 

cotton fleahopper numbers were higher under conventional management during the early 

season in June (De Spain et al.  1992). Conservational tillage plots tended to harbor fewer 

numbers of fleahoppers in the Texas High Plains although comparisons of abundance 

between tillage were not significantly different (Shrestha et al.  2003). Thrips species 

were not influenced by two different tillage systems (Gencsoylu and Yalcin 2004, Lentz 

and Hanks 2005, Sansone and Minzenmayer 2005).  Generally, insect pests are less 

abundant in conservational tillage plots with the exception of cotton aphids (Steward 

2003), which are often reduced by imported fire ants (Solenopsis invicta Buren) that 

protect them from predators.  Fire ants are usually present in higher numbers in 

conservational tillage plots. 

Irrigation had practically no effect on predator abundance in this study, and the 

only group affected was damsel bugs in the year 2003.  Results were consistent to Leigh 

et al.  (1974) who found species of Geocoris not affected by irrigation, but species of 

Orius were.  Irrigation and tillage practices had little or no effect on fleahopper and 

selected arthropod activity.  Thus, the resources for implementation of these practices can 

be wisely administrated each season depending on requirements. 
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The use of COTMAN software simplified the analysis of variables used to 

determine plant water usage and potential insect damage. Plant height did not vary among 

treatments or within years, although unusually rainy weather occurred during both years 

of the study making assessment of this parameter difficult.   

COTMAN monitoring system has proved to be an excellent tool for monitoring 

growth and cotton development as well as to measuring effects of planting date, row 

spacing, irrigation and tillage practices (Cranmer et al. 2004). The little variation 

measured by COTMAN indicated that irrigation and tillage have little impact on 

fleahopper populations that could significantly disturb plant phenology.  
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Table 2.1. Average seasonal abundance of adult cotton fleahoppers influenced by three 
irrigation regimes under two tillage practices.abc 

Irrigation treatment Tillage 
 treatment 40” 80” Furrow X  

  8 July – 18 August, 2003  

Conservation 13.2 a A 8.6 a B 11.3 a AB 11.03 a 

Conventional 5.0 b B 6.1 a B 10.0 a A 7.03 b 

X  9.10 B 7.35 B 10.60 A   
 

 
  13 July – 17 August, 2004  

Conservation 12.2 9.1 10.9 10.73 a 

Conventional 8.6 7.9 8.4 8.30 a 

X  10.40 A 8.50 A 9.65 A 
 

 
  29 June – 9 August, 2005  

Conservation 1.4 1.4 1.4 1.40 a 

Conventional 0.9 1.1 1.1 1.03 a 

X  1.20 A 1.25 A 1.25 A  

aIn the event of a significant interaction in any year, mean separation letters are next to 
simple effect means.  Otherwise, letters are next to main effect means. 

bBy year, means within a column, followed by the same lower case letter, are not 
significantly different (P>0.05. ANOVA) 

cMeans within a row, followed by the same upper case letter are not significantly 
different (P>0.05, Protected LSD).
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Table 2.2. Average seasonal abundance of cotton fleahopper nymphs influenced by 
three irrigation regimes under two tillage practices.abc 

Irrigation treatment Tillage  
treatment 40” 80” Furrow X  

  8 July – 18 August, 2003  

Conservation 1.2 1.1 1.2 1.17 a 

Conventional 0.7 0.5 1.1 0.77 b 

X  0.95 A 0.80 A 1.15 A  

 
  13 July – 17 August, 2004  

Conservation 0.5  0.5  0.4  0.47 a 

Conventional 0.3  0.0 0.1  0.13 b 

X  0.40 A 0.25 A 0.25 A  

 
  29 June – 9 August, 2005  

Conservation 0.1 0.1 0.3 0.17 a 

Conventional 0.1 0.0 0.1 0.07 a 

X  0.10 A 0.05 A 0.20 A  

aNo significant interactions were observed.  All mean separation letters are next to main 
effect means. 

bBy year, means within a column, followed by the same lower case letter, are not 
significantly different (P>0.05. ANOVA) 

cMeans within a row, followed by the same upper case letter are not significantly 
different (P>0.05, Protected LSD). 
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Table 2.3. Average seasonal abundance of total cotton fleahoppers (adults and nymphs 
combined) influenced by three irrigation regimes under two tillage practices.abc 

Irrigation treatment Tillage  
treatment 40” 80” Furrow X  

  8 July – 18 August, 2003  

Conservation 14.4 a A 9.7 a B 12.5 a B 12.20 a 

Conventional 5.7 b A 6.6 a A 11.1 a A 7.80 b 

X  10.05 A 8.15 B 11.80 A  

 
  13 July – 17 August, 2004  

Conservation 12.7 9.6 11.3 11.20 a 

Conventional 8.9 7.9 8.6 8.43 a 

X  10.80 A 8.75 A 9.95 A  

 
  29 June – 9 August, 2005  

Conservation 1.5 1.5 1.7 1.57 a 

Conventional 1.0 1.1 1.2 1.10 a 

X  1.25 A 1.30 A 1.45 A  

aIn the event of a significant interaction in any year, mean separation letters are next to 
simple effect means.  Otherwise, letters are next to main effect means. 

bBy year, means within a column, followed by the same lower case letter, are not 
significantly different (P>0.05. ANOVA) 

cMeans within a row, followed by the same upper case letter are not significantly 
different (P>0.05, Protected LSD).
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Table 2.4. Average seasonal abundance of arthropod predators in cotton as influenced by 
two tillage practices.ab 

 

Year Tillage Big-
eyed 
bugs 

Lady 
beetles 

Spiders Damsel 
bugs 

Total 
predators 

       
2003 Conservation 0.70 a 0.38 a 1.37 a 0.54 a 2.99 a 
 Conventional 0.89 a 0.22 a 0.90 b 0.32 a 2.33 b 
       
2004 Conservation 0.24 a 0.39 a 1.19 a 0.15 a 1.97 a 
 Conventional 0.20 a 0.19 a 1.13 a 0.04 b 1.56 a 
       
2005 Conservation 0.30 a 0.10 a 1.71 a 0.00 b 2.11 a 
 Conventional 0.11 b 0.05 a 1.65 a 0.08 a 1.89 a 
       
aNumbers are total number collected in a 30-second vacuum per plot sample. 
bBy year, means within a column, followed by the same letter are not significantly 

different (P>0.05, ANOVA). 
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Table 2.5. Average seasonal abundance of arthropod predators as influenced by three 
irrigation regimes.ab 
 
Year Irrigationc Big-eyed 

bugs 
Lady 
beetles 

Spiders Damsel 
bugs 

Total 
predators 

       
2003 1 0.67 a 0.24 a 1.14 a 0.26 b 2.31 a 
 2 0.83 a 0.31 a 0.90 a 0.31 b 2.35 a 
 3 0.88 a 0.36 a 1.36 a 0.71 a 3.31 a 
        
2004 1 0.31 a 0.36 a 1.25 a 0.08 a 2.00 a 
 2 0.08 a 0.11 a 1.08 a 0.06 a 1.33 a 
 3 0.28 a 0.39 a 1.14 a 0.14 a 1.95 a 
       
2005 1 0.29 a 0.10 a 1.33 a 0.00 a 1.72 a 
 2 0.19 a 0.10 a 1.90 a 0.07 a 2.26 a 
 3 0.14 a 0.02 a 1.81 a 0.05 a 2.02 a 
       
 
aNumbers are total number collected in a 30-second vacuum per plot sample. 
bBy year, means within a column, followed by the same letter are not significantly 

different (P>0.05, Protected LSD). 
cIrrigation treatments: 1= Drip irrigation, lines spaced 40” apart; 2= Drip irrigation, lines 

spaced 80” apart;. 3= Furrow irrigation. 
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Table 2.6. Average plant heights influenced by irrigation and tillage treatment 
combinations in the years 2004 and 2005.ab 

 

Irrigation treatment Tillage  
treatment 40” 80” Furrow X  

 
   2004  

Conservation 16.6  16.8  17.1  16.83 a 

Conventional 17.2  16.0  17.4  16.86 a 

X  16.90 A 16.40 A 17.25 A 
 

 
   2005  

Conservation 12.7  12.8  12.4  12.63 a 

Conventional 11.2   10.4  11.6  11.07 a 

 X  11.95 A 11.60 A 12.00 A 
 

aBy year, means within a column, followed by the same lower case letter, are not 
significantly different (P>0.05. ANOVA) 

bMeans within a row, followed by the same upper case letter are not significantly 
different (P>0.05, Protected LSD). 
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Table 2.7. Average  plant height-to-node ratios influenced by irrigation and tillage 
treatments in the years 2004 and 2005.ab 
 

 

Irrigation treatment Tillage  
treatment 40” 80” Furrow X  

 
   2004  

Conservation 1.4  1.5 1.5  1.47 a 

Conventional 1.4  1.4  1.4  1.40 a 

X  1.40 A 1.45 A 1.45 A 
 

 
   2005  

Conservation 1.3 a A 1.2 a A 1.2 a A 1.23 

Conventional 1.0 b A 1.0 b A 1.2 a A 1.07 

X  1.15 1.10 1.20 
 

 
aBy year, means within a column, followed by the same lower case letter, are not 

significantly different (P>0.05. ANOVA) 
bMeans within a row, followed by the same upper case letter are not significantly 

different (P>0.05, Protected LSD). 
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Table 2.8. Average abundance of squares per plant influenced by irrigation and tillage 
treatments in the years 2004 and 2005.ab 
 

 

Irrigation treatment Tillage  
treatment 40” 80” Furrow X  

 
   2004  

Conservation 6.3  6.2  6.5  6.33 a 

Conventional 6.8  6.4  6.7  6.63 a 

X  6.55 A 6.30 A 6.60 A 
 

 
   2005  

Conservation 4.5  4.8  4.9  4.73 a 

Conventional 5.0  4.7  4.8  4.83 a 

X  4.75 A 4.75 A 4.85 A 
 

aBy year, means within a column, followed by the same lower case letter, are not 
significantly different (P>0.05. ANOVA) 

bMeans within a row, followed by the same upper case letter are not significantly 
different (P>0.05, Protected LSD). 
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CHAPTER III 

 

IDENTIFICATION OF THRIPS SPECIES ON COTTON IN THE TEXAS ROLLING 

PLAINS 

 

3.1 Introduction 

Thrips have been one of the most important pests during past years and cause 

damage to cotton seedlings in the early-season.  From 2000 to 2004, thrips have infested 

a total of 63,020,335 acres throughout the U.S. and have caused a loss of 789,230 bales 

of cotton (Table 3.1) (Williams 2001-2005).   

The western flower thrips, Frankliniella occidentalis (Pergande), is the most 

common thrips plaguing cotton in the Texas High Plains, and economic infestations in 

seedling cotton are common  (Rummel and Arnold 1989).  In a three year study 

conducted in the Texas Rolling Plains at three different locations, Slosser et al. (2005) 

found 10 species of thrips infesting wheat and 8 species infesting cotton. In this study,  

sticky traps were used for collecting thrips from wheat and both sticky traps and a plant 

washing technique (Burris et al. 1990) for collecting thrips on cotton. These authors 

found that in cotton F. occidentalis was the predominant species comprising 51.56% of 

the thrips population followed by Frankliniella fusca (Hinds) and Thrips tabaci 

Lindeman with 21.87% and 14.49%, respectively.  In southwestern Oklahoma the most 

common thrips species included F. occidentalis, Frankliniella tritici (Fitch) and F. fusca 

(Karner and Cole 1992). 
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In 2003 in the Texas High Plains, Leser and Vandiver (2003) found heavy 

infestations of thrips in cotton that persisted for over five weeks post planting, with the 

predominant species being  F. occidentalis. During the years 1996 to 1998 a field survey 

was conducted in the cotton production areas in Louisiana (Cook et al. 2000). This survey 

found that the thrips infesting cotton during the seedling stage were dominated by F. 

tritici, F. fusca, F. occidentalis and Neohydatothrips variabilis (Beach), all together 

representing more than 99% of the thrips collected. Similar species compositions were 

noted in Arkansas, where F. occidentalis and F. fusca were the two dominant species in 

cotton fields (Kharboutli and Allen 2001). 

 The objective of this study was to determine the thrips species that are present 

during the seedling stage of cotton in the Texas Rolling Plains. 

 

3.2 Materials and method 

The study was conducted in the Texas Rolling Plains at Munday in Knox County. 

Thrips were collected weekly from cotton from 11 May to 1 June during 2004, and from 

2 June to 21 June during 2005. These time periods represented plant development ranging 

from cotyledon to first, pinhead squares because of the different planting dates in those 

years. 

 A plant washing technique was used for collecting the thrips (Rummel and Arnold 

1989, Burris et al. 1990).  Fifteen plants were selected randomly from each of 6 fields. 

Plants were pulled from the soil and placed in a .945 L jar containing approximately 100 

ml of  70% ethanol. Samples were taken back to the laboratory and were processed using 
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the washing technique described by Burris et al. (1990). The jar was filled with 500 ml of 

tap water and 10 ml of household bleach, and one drop of liquid detergent was added to 

break the surface tension of the washing solution. The jar was agitated vigorously for 30 

seconds, and the contents were poured into a No. 25 sieve (U.S.A. standard testing sieve, 

Sargent Welch Scientific, Buffalo, NY) on the top of a No. 230 sieve, and the sieves were 

rinsed to dislodge any remaining thrips. Plants were discarded, and the sediment was 

backwashed with 70% ethanol into a 10 cm diameter Buchner funnel lined with a 

standard drip coffee filter. The liquid was then suctioned off using a sink pump. The 

coffee filter was examined under a stereomicroscope, and both adult and nymphal thrips 

were counted. Thrips were removed carefully from the paper with an artist’s brush and 

placed into a labeled vial containing 70% ethanol.  

Thrips were then separated into adults and immatures, and adult thrips were 

mounted on microscope slides and covered with glass slips using PVA mounting medium 

(BioQuip Products, Inc., Rancho Dominguez, CA). Adult thrips were identified to 

species using morphological keys (Mound and Kibby 1998 and Moritz et al. 2001). 

 

3.3 Results 

A total of nine species of thrips were found across both years; however, only 

seven species were found in the individual years of 2004 and 2005. Thrips numbers are 

shown in Table 3.2, and Figures 3.1 to 3.20 show the identifying characteristics and give 

a brief description of each species.  In our study thrips numbers were high at the 
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beginning of the season and slowly declined in both years during the 4 weeks of sampling 

(Figures 3.21 and 3.22). 

Western flower thrips, Frankliniella occidentalis (Figs. 3.1, 3.2 and 3.3), was the 

most abundant species found in both years (Table 3.2). The western flower thrips is quite 

variable in size and color but easily recognized by 8-segmented antennae and the 

presence of postocular setae.  F. occidentalis is one of the most important species on 

crops (Moritz et al. 2001) due to its feeding damage and ability to act as a vector of 

tospoviruses.  On cotton in California this species is considered beneficial because it also 

feeds on mites. (Mound and Kibby 1998) 

 

 

 

 

 

 

 

 

Figure 3.1. Frankliniella occidentalis, presence of a postocular seta I. 
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Figure 3.2. F. occidentalis, tergite VIII comb of microtrichia complete and ctenidia 
anterolateral to spiracle. 
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Figure 3.3. F. occidentalis, showing  8-segmented antenna. 
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Onion thrips, Thrips tabaci (Figs. 3.4 and 3.5), was the second most common 

thrips found in the study (Table 3.2). The onion thrips is highly polyphagous and an 

important vector of tospoviruses. It can also act as a predator of small arthropods. It has a 

cosmopolitan distribution (Moritz et al. 2001).  
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Figure 3.4. Thrips tabaci, showing 7-segmented antenna. 

 

 

 

 

 

 

 

 

Figure 3.5. T. tabaci, tergite VIII comb of microtrichia complete and ctenidia 
posteromedial to spiracle. 
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The third most predominant species was tobacco thrips, Frankliniella fusca (Figs. 

3.6 and 3.7) (Table 3.2). The tobacco thrips is widespread within the United States and 

Mexico. It has an ample range of hosts and causes significant damage to groundnuts, 

tobacco and cotton (Moritz et al. 2001). 

 

 

 

 

 

 

 

 

Figure 3.6. Frankliniella fusca, showing dark brown body color. 

 

I 

II 

VII and VIII 

V III 

IV 
VI 

 

 

 

 

 

 

 

Figure 3.7. F. fusca, showing 8-segmented antenna and postocular setae I absent. 
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The grass thrips, Anaphothrips obcurus (Müller) (Figs. 3.8 and 3.9), was also 

recovered from cotton (Table 3.2). With a cosmopolitan distribution, A. obscurus 

reproduces on grasses and cereals. No males for this species have been reported (Moritz 

et al. 2001). This species is easily recognized by the 9-segmented antennae. 

 

 

 

 

 

 

 

 

Figure 3.8. Anaphothrips obscurus, showing predominant yellow body color with some 
brown markings. 
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Figure 3.9. A. obscurus, showing characteristic 9-segmented antenna. 
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The corn thrips, Frankliniella williamsi Hood (Fig. 3.10), has been reported to 

breed on maize (Zea mays). The corn thrips is very similar to F. occidentalis but has one 

or two discal setae on the second abdominal sternite (Moritz et al. 2001). 

 

 

 

 

 

 

 

 

 

Figure 3.10. Frankliniella williamsi displaying one discal seta on sternite II. 
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Soybean thrips, Neohydatothrips variabilis (Figs. 3.11, 3.12 and 3.13), specimens 

were also collected from cotton (Table 3.2). The soybean thrips is bicolored and found on 

a variety of plants. It has been reported that Orius insidiosus (Say) feeds on this thrips 

(Isenhour and Yeargan 1981).   

 

 

 

 

 

 

 

 

Figure 3.11. Neohydatothrips variabilis, showing both meso- and metasternal endofurca 
with spinula. 
 

 

 

 

 

 

 

 

Figure 3.12. N. variabilis showing several rows of microtrichia on abdominal tergites. 
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Figure 3.13. N. variabilis, showing 8-segmented antenna. 

Commonly found on grasses, a specimen from the genus Plesiothrips Hood (Figs. 

3.14 and 3.15) was collected from cotton samples (Table 3.2). This species has a weakly 

developed ovipositor and oviposits on the flower head of grasses rather than into the 

tissue (Moritz et al. 2001). 

 

 

 

 

 

 

 

 

Figure 3.14. Plesiothrips sp., showing 7-segmented antennae and sharply bicoloured 
body.  
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Figure 3.15. Plesiothrips sp., showing that metathoracic endofurca is not lyre-shaped and 
metasternal furca is without spinula. 

 

Individuals from the genus Arorathrips Bhatti (Figs. 3.16 and 3.17) are known to 

lay eggs and develop in grass flowers. However, a few individuals were recovered from 

cotton (Table 3.2). This genus is widely spread throughout the western hemisphere 

(Mound and Kibby 1998). 

 

 

 

 

 

 

 

Figure 3.16. Arorathrips sp., showing bicoloured body and forewings acute at apex. 
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Figure 3.17. Arorathrips sp,. showing fore-tibial apex extending laterally around first 
fore-tarsal segment, trapezoidal pronotum and small head. 

 

A specimen of the family Aeolothripidae (Figs. 3.18, 3.19 and 3.20), a predaceous 

species was recovered from the cotton samples (Table 3.2).  Aeolothripidae species have 

9-segmented antennae, are predacious and are restricted to the northern hemisphere 

(Moritz et al. 2001). Keys were not available to identify this specimen to species. This 

family has been reported from cotton in Arizona (Sisterson et al. 2004), and specimens 

from the genus Aeolothrips were found on cotton in Greece (Athanassiou et al. 2002). 
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Figure 3.18. Individual from the family Aeolothripidae displaying broad forewing shape 
and rounded apex with veins present. 
 

 

 

II 

V 

I 

III 
IV 

VI 
VII 

VIII and IX 

 

 

 

 

 

 

 

Figure 3.19. Aeolothripidae family, showing 9 antennal segments. 
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Figure 3.20. Characteristic linear sensoria along the length of antennal segments III and 
IV from Aeolothripidae individual. 

 

3.4 Discussion 

Frankliniella occidentalis was the predominant species in both years followed by 

Thrips tabaci and Frankliniella fusca in that order (Table 3.2).  

Slosser et al. (2005) found 6 species in cotton using plant wash sampling where F. 

occidentalis was the most common species with an average of 51.56% with highest 

numbers in Hardeman Co. TX. Frankliniella fusca and T. tabaci were the next most 

abundant with an average of 21.87% and 14.49%, respectively, and both were more 

abundant in Knox Co than in Hardeman Co. 

In Southwestern Oklahoma, F. occidentalis was the most commonly collected 

species and F. tritici the second most collected. Frankliniella fusca and T. tabaci were 

collected only occasionally (Karner and Cole 1992). Leser and Vandiver (2003) also 

reported F. occidentalis as a predominant thrips species in the Texas High Plains.  

Similar findings were reported from Kharboutli and Allen (2001) in Arkansas and by 
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Cook et al. (2000) in Louisiana, where F. occidentalis and F. fusca were the two major 

species found in cotton.  
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Table 3.1. Thrips damage in U.S. cotton from year 2000 to 2004. (Extracted from 
Williams 2001 - 2005). 

  

 

 

 

 

Year  Acres infested % Reduction Bales lost 
2000  12,091,338 0.589 172,160 
2001  13,755,469 0.795 235,966 
2002  12,659,849 0.109 118,484 
2003  11,504,430 0.322 90,573 
2004  13,009,249 0.559 172,047 

      X              12,604,067             0.475 157,846 
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Table 3.2. Number (and percentages) of thrips species recovered from cotton plant wash 
samples 2004-2005.  

 

Species 2004 2005 Total 

Frankliniella occidentalis 221  (56.96) 97  (51.32) 318  (55.11)

Thrips tabaci 82    (21.13) 30  (15.87) 112  (19.41)

Frankliniella fusca 64   (16.49) 45  (23.81) 109  (18.89)

Anaphothrips obscurus  8     (2.06) 5   (2.65) 13     (2.25)

Frankliniella williamsi  11    (2.84) 8    (4.23) 19    (3.29)

Neohydatothrips variabilis  1     (0.26) 0   (0.00) 1      (0.17)

Plesiothrips sp. 1     (0.26) 0   (0.00) 1      (0.17)

Arorathrips sp. 0     (0.00) 3   (1.59) 3      (0.52)

Aelothripidae 0     (0.00) 1   (0.52) 1     (0.17)
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Figure 3.21. Thrips abundance in 2004. Total number of thrips per week. 
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Figure 3.22. Thrips abundance in 2005. Total number of thrips per week. 
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