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CHAPTER I 

INTRODUCTION AND LITERATURE REVIEW 

The Texas High Plains (THP) is the world's most concentrated cotton 

producing region with over three million acres harvested and over three million bales 

of cotton lint produced per year (Williams 2002). In the THP, approximately 55%) of 

the cotton acreage is under irrigation. Water availability is often the most limiting 

factor for crop yields in the THP. Producers must utilize available water resources 

judiciously to obtain desired crop yield and quality within the constraints of limited 

irrigation resources. 

The most common type of irrigation application in the THP utilizes above-

grou îd center-pivot irrigation systems with several configurations based upon the 

method of water application to the crop. The low energy precision application (LEPA) 

irrigation concept was developed to maximize the use of seasonal rainfall and increase 

irrigation efficiencies in arid and semi-arid areas (Bordovsky et al. 1992). LEPA 

system utilizes drag hoses whereby the water is deposited directly onto the soil surface 

at the point of use within fiirrow-diked beds. This type of application eliminates most 

ofthe loss of water due to wind evaporation and water runbff. Low elevation spray 

application (LESA) applies water onto the plant canopy or surrounding soil surface in 

the form of spray originating from low elevation sprinkler heads positioned with in the 

plant canopy. Compared to systems with higher elevated sprinkler heads, LESA 

applications eliminate some ofthe moisture lost to wind evaporation. 

Irrigation is the most crucial factor in production of many agricultural crops 

including cotton. A large proportion ofthe cotton grown in the United States is 

produced under non-irrigated cultiiral practices where insufficient rainfall limits plant 

growth and yield (Cook and El-Zik 1993). Guinn et al. (1981) conducted a thorough 



study on determining the influence of irrigation timing on cotton plant growth, 

fruiting, and crop yield. Vegetative and reproductive growth, yield and quality 

characteristics of cotton are greatly affected by soil moisture, which in tum often 

depends upon irrigation. The amount of irrigation applied and method of application 

can have a significant impact on crop phenology and arthropod composition present in 

the crop. There is a lack of information on how plant phenological differences related 

to irrigation affects arthropod activity and abundance. 

Arthropod pests reduce cotton lint yield by about 10% across the United States 

armually (Williams 2002). Of all cotton producing states, percent yield loss caused by 

arthropod pests is highest in Texas. A 5-year average (1996-2001) crop loss statistic 

shows that cotton yield loss across the United States due to arthropod pests ranged 

from 7 to 9%, while yield loss in Texas ranged from 8 to 16%; the THP lost 6-19% of 

cotton yield to arthropod pests. The data clearly indicate the economic importance of 

arthropod pests to High Plains cotton production. 

Major arthropod pests of cotton include thrips, cotton fleahopper, cotton 

bollworm and tobacco budworm, beet armyworm, plant bugs, and cotton aphids 

(Table 1.1). Thrips are the early season pests that infest cotton from cotyledon stage to 

the next 5 weeks, whereas, cotton fleahoppers are most damaging during the early 

squaring phase of cotton development. Among the insect pests that damage cotton, 

the cotton fleahopper is one ofthe most damaging pests of cotton in Texas and the 

third most damaging cotton insect pest in the United States (King et al. 1998). Other 

pests such as boUworms and tobacco budworms, plant bugs, and cotton aphids are 

generally considered late-season pests in THP cotton. In most cases, prophylactic 

measures are used to control thrips, while other pests are managed through periodic 

crop monitoring and chemical intervention when necessary. 

A significant number of cotton arthropod predator species occur in the THP 

that provide natural suppression of cotton arthropod pests. These predatory arthropods 

include lajly beetles, big-eyed bugs, minute pirate bugs, green and brovra lacewings, 



damsel bugs, assassin bugs, and several species of spiders (Table 1.1). To utilize this 

"cost-free" beneficial complex in agricultural ecosystems, the population dynamics of 

the arthropod complex must be evaluated in ways that are useful to growers (Ellington 

and Southwood 1999). The interactions between pests and their predators are essential 

for successful pest management (Parajulee et al. 1997). Smith et al. (1976) also noted 

the importance of a working knowledge ofthe complex interactions between pest and 

beneficial insect populations, their hosts, and the environment. 

Potential factors influencing insect population abundance and activity in cotton 

include cotton cultivar, planting date, fertility levels, and irrigation management. Of 

these factors, irrigation management practice is least focused fi^om the pest 

management standpoint. Generally, insect populations are greatest at higher plant 

densities and with more frequent irrigation (Leigh et al. 1974). Leigh et al. (1969) 

recorded differential distribution of insects among plots under several regimens of 

irrigation and nitrogen management. The influence of irrigation regimes on behavior 

and ecology of cotton arthropods in not clearly understood. Selection of cultivar also 

plays a major role in cotton insect pest management. The cultivars respond differently 

to the irrigation practices thereby affecting arthropod composition. Both the reaction 

ofthe insect to cotton genotypes and also the reaction ofthe cotton genotypes to insect 

attack must be determined (Scales and Hacskaylo 1974). 

An understanding of insect activity pattems and pojiulation estimation is the 

cornerstone of an integrated pest management. Sampling is performed to estimate 

insect abundance and their distribution pattems before management decisions are 

made. Sampling methods must be developed that are fast, accurate, reliable, and 

sufficiently inexpensive to be implemented at the field level (Ellington and Southwood 

1999). Efficient sampling methods are necessary to estimate insect population 

dynamics, their distribution and then use this information to aid in crop management. 

Implementation of integrated pest management strategies frequently requires that 

treatment decisions be based on pest densities (Fleischer et al. 1985). Lack of 



ecological information has hindered the development of reliable sampling plans for 

cotton arthropods in the THP. 

The overall objective of this project was to examine the influence of irrigation 

levels and irrigation delivery methods on crop growth and development and its 

resulting influence on cotton arthropod seasonal activity patterns. 

The specific objectives of this study were to: 

(1) Determine the influence of irrigation regimes and crop cultivar on 

cotton growth phenology, yield, and lint quality characteristics. 

(2) Determine the seasonal activity and abundance patterns of pest and 

beneficial cotton arthropods in relation to irrigation regimes and 

cultivar. 

(3) Compare the relative efficiency of vacuum and sweepnet sampling 

methods in estimating arthropod abundance in THP cotton. 

The outcome of this research project is expected to provide ecological 

information on the interaction of irrigation management (irrigation amount and 

delivery method), crop growth phenology, and arthropod activity. The resulting 

information on reliable and cost effective sampling plans will have direct applications 

in cotton crop management at the producer level. 
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Table 1.1. Common arthropod groups prevalent in THP cotton 

Arthropod group 

Pest groups 

Sucking pests 

Cotton fleahopper 
Lygus spp 

Cotton aphid 

Caterpillar group 

Bollworm 
Tobacco budworm 
Beet armyworm 
Cabbage looper 
Fall armyworm 

Cotton whitefly 
Western flower thrips 

Predatpr groups 

Beetle group 

Convergent lady beetle 
Scymnus beetle 
Hooded beefle 
Soflwinged flower beetle 

Sucking insects 

Big-eyed bug 
Minute pirate bug 
Damsel bug 
Leafliopper assassin bug 

Green lacewing 
Celer crab Spiders 

Scientific name 

Pseudatomoscelis seriatus [Renter] 
Lygus hesperus [knight] 

Lygus elisus [Van DuzeeJ 

Aphis gossypii [Glover] 

Heliothis zea [Bodtfie] 
Heliothis virescens [Fabricius] 
Spodoptera exigua [Hubner] 

Trichoplusia ni [Hubner] 
Spodoptera frugiperda [J.E.] 
Bemesia tabaci [Gennadius] 

Frankliniella occidentalis [Pergande] 

Hippodamia convergens [Guerin-Meneville] 
Scymnus loewii [Mulsant] 

Notoxus spp 
Collops vittatus [say] 

Geocoris punctipes [Say] 
Orius tristicolor [White] 

Nobis capsiformis [Germar] 
Zelus renardii [Kolenati] 

Chrysopa carnea [Stephens] 
Misumenops celer [Hentz] 

Family 

Miridae 
Miridae 
Miridae 

Aphididae 

Noctuidae 
Noctuidae 
Noctuidae 
Noctuidae 
Noctuidae 

Aleyrodidae 
Thripidae 

Coccinellidae 
Coccinellidae 

Anthicidae 
Melyridae 

Lygaedae 
Anthocoridae 

Nabidae 
Reduviidae 
Chrysopidae 
Thomicidae 

Order 

Hemiptera 
Hemiptera 
Hemiptera 

Hemiptera 

Lepidoptera 
Lepidoptera 
Lepidoptera 
Lepidoptera 
Lepidoptera 
Hemiptera 

Thysanoptera 

Coleoptera 
Coleoptera 
Coleoptera 
Coleoptera 

Hemiptera 
Hemiptera 
Hemiptera 

Heteroptera 
Neuroptera 
Arachnidae 



CHAPTER II 

INFLUENCE OF IRRIGATION REGIMES AND CULTIVAR ON COTTON 

GROWTH, YIELD, AND FIBER QUALITY 

Introduction 

Approximately 55% ofthe cotton acreage is under irrigation in THP. The 

primary irrigation practices in THP include low energy precision application (LEPA), 

low elevation spray application (LESA), sub-surface drip irrigation, and fiirrow 

irrigation. Water is often the most limiting factor in crop production in the THP. 

Therefore, farmers are challenged to utilize available water resources judiciously to 

obtain desired crop yield and quality within the constraints of limited irrigation 

practices-

A significant proportion of cotton grown in the United States is produced 

under non-irrigated cultural practices where insufficient rainfall limits plant growth 

and yield (Cook and El-Zik 1993). Irrigation is the most crucial factor in the 

production of many agricultural crops including cotton. Radin et al. (1992) 

demonstrated possibility of increased yield from irrigation. Numerous researchers 

(Spooner et al. 1958, Bmce 1959, Bruce and Shipp 1962, S'carsbrook et al. 1959, 

Pettigrew 2004) reported that cotton yield is reduced by low soil moisture (50% yield 

reduction from dry land than irrigated). Low soil moisture regimes affect vegetative 

grov^h ofthe plant that results in negative effect to the fruiting phenology ofthe crop 

(Bmce and Shipp 1962). A severe water deficit increases the rate of boll abscission 

and decreases yield in cotton (Ewing 1918, Lloyd 1920). Guinn et al. (1981) 

conducted a detailed study to determine the influence of timing of irrigation on 

growth, fruiting, and yield of cotton. They reported that the delaying of first irrigation 

eliminate4 the need for one irrigation and slightly increased the yield. Also water 



deficit during blooming greatly decreased the yield. Though primary consideration in 

cotton production is the yield and lint quality, plant phenological parameters that 

contribute to the yield and lint quality should be examined (Grimes et al. 1969). For 

example, water stress has been shovm to reduce the number of flowers, fmiting 

positions, and boll retention, resulting in the reduction of lint yield and poorer lint 

quality (Stockton et al. 1961, Marani and Amirav 1971, Jordan 1979, Guinn and 

Mauney 1984). Walhood and Counts (1955) emphasized the importance of adequate 

plant size for fruit production and lint yield. 

In this study, the efficacy of low energy precision application (LEPA) and low 

elevation spray application (LESA) methods, two common irrigation practices used in 

cotton production in THP were compared on cotton growth phenology, yield, and lint 

quality. The LEPA irrigation concept was developed to maximize the use of seasonal 

rainfall and to increase irrigation efficiencies in arid and semi-arid areas (Bordovsky et 

al. 1992). This technique delivers the irrigation water to the base ofthe plant thereby 

reducing the water loss due to evapotranspiration as compared with LESA. The LESA 

technique applies water on the canopy in the form of spray. Several studies were 

conducted on the flower losses due to spray irrigation resulting in yield reduction. 

Pennington and Pringle (1987) reported that moming spray irrigation applications on 

open cotton flowers resulted in 65% ofthe shedding of wetted flowers. Burke (2003) 

reported a yield loss of 13-21%) under sprinkler irrigation cbmpared with the drag sock 

(similar to that in LEPA) treatment. Many researchers investigated the application 

efficiency and imiformity of LEPA and LESA irrigation methods but less focus has 

been given to compare the effectiveness of these two methods in relation to lint yield 

and quality. In light of irrigation water issues, the selection of cultivar is a critical 

management issue in crop production. Development of cotton germplasm possessing 

greater drought tolerance and escape mechanisms could increase lint production in 

areas subjected to seasonal water deficits (Cook and El-Zik 1993). 



The overall objective of this study was to examine the influence of three 

irrigation water levels (severely deficit, moderately deficit, and full irrigation), two 

irrigation methods, and four cultivars on cotton growth phenology and yield. Specific 

objectives were to determine the influence of irrigation regimes and cultivars on 1) 

vegetative growth parameters such as plant height, 2) bloom production and cutout, 3) 

lint yield and percentage lint turnout, 4) fiber quality characteristics, and 5) water use 

efficiency. 

Materials and Methods 

The study was conducted in 2002 and 2003 at the Westem Peanut Growers 

Farm located near Denver City, Gaines County, Texas. The soil type was Brownfield 

loamy sand. The study comprised of three separate experiments each testing the 

influence of one of three treatments: irrigation application rate, irrigation application 

metiaod, and cultivar, on cotton growth phenology and reproductive parameters. The 

study was conducted in two spans of a 0.4 km center pivot system with seed beds 

listed to 91.4 cm rows. The total area under two spans was 4.45 hectares. For each 

study (see below) the experiment was deployed in a randomized complete block 

design with four replications. Experimental plots were 16-row wide in 2002 and 12-

row wide in 2003 and 36.6 m long (91.4 cm row spacing). Cotton was planted on 6 

June 2002 and 10 June 2003 with a seeding rate of 17 kg/ha. Temik @ 3.43 kg /ha was 

applied at planting for thrips management. 

Experiment 1. Influence of irrigation application rate. Three irrigation 

application levels targeting 50% (severe deficit), 15% (moderate deficit) and 100% 

(full irrigation) evapotranspiration (ET) replacement were evaluated to quantify the 

effect on cotton growth phenology and yield. The ET levels represented 48.9, 67.4, 

and 85.9 cm of water during 2002 and 39.5, 53.1, and 66.8 cm of water during the year 

2003. All irrigation water was applied using the LEPA system. Water was applied by 

drag hose§.in altemate, diked furrows. The field was listed in a circular planting 

10 



pattern to facilitate the use ofthe LEPA system. In both years, the cotton cultivar 

PM2326RR was used in this experiment. 

Experiment 2. Influence of irrigation application method. Two irrigation 

application methods, LEPA and LESA (with low drift spray nozzles) systems, were 

evaluated to quantify the effect on cotton growth phenology and yield. An ET of 75% 

was maintained throughout the experimental field requiring 9.65 to 10.97 cm of 

irrigation water per week, split into two weekly applications. In both years, the cotton 

cultivar PM2326RR was used. 

Experiment 3. Influence of crop cultivar. Four cotton cultivars, ST2454R, 

PM2326RR, ST4793R, and DP5415RR were evaluated under a 75% ET replacement 

regimen with water applied using the LEPA system. The selection of cultivar was 

based on plant architecture, leaf smoothness, and adaptability ofthe cultivar to the 

region. 

Plant phenologv parameters 

In both years and in all three tests, the number of white blooms per 8 m row 

per plot was counted weekly from 1̂ ' week of August (initiation of blooming) to 1̂ ' 

week of September (no visible blooms in the test plot). The plant height (n=20 plants 

per plot) was measured at the end ofthe season. In 2003, the number of mainstem 

nodes above the white flower (NAWF) at the first fruiting position was counted 

weekly on 10 plants per plot to observe the fmiting phenology ofthe crop. 

Lint yield and qualitv 

Cotton was terminated on October 19, 2003 by using Paraquat as a harvest aid 

and in 2002 no harvest aid was used. All test plots were harvested on November 26, 

2002 and November 3, 2003 using a 2-row John Deere strip harvester. Approximately 

16.8 kg of cotton was harvested per 33.5 m The seed cotton from each plot was 

ginned to obtain lint yield and percentage lint tumout. Small samples of lint from each 

plot were.< ênt to Intemational Textile Center, Lubbock for fiber quality analyses. 

11 



Water use efficiency in relation to irrigation regimes and cultivar 

Water use efficiency was calculated as WUE = LY/ET, where WUE is water 

use efficiency (Kg ha'' cm"'), LY is lint yield (Kg ha"') from a given irrigation 

treatment, and ET is the total water use (cm) from each irrigation treatment. The total 

water use included irrigation and rainfall during the growing season. The rainfall data 

was obtained from the weather station located on the farm. 

Crop production budgets 

Crop production budgets for the LEPA and LESA irrigation systems and for 

the three irrigation levels (50, 75, and 100% ET) 'Were calculated for both 2002 and 

2003 crop years. The retums included price of cotton lint and seed. Both fixed and 

variable costs incurred during the growing season were included imder expenses. All 

the units in these crop budgets are presented in English units to ensure the 

applicability to the local cotton producers. 

Data analyses 

Data were analyzed using analysis of variance (ANOVA, PROC MIXED; SAS 

Institute 2003) and the difference in treatment means were evaluated using protected 

least significant difference at a=0.05. For traits where year interacted with treatments, 

the results were presented by year, otherwise treatment means were combined across 

years. A randomized block design with 4 blocks was used to analyze these data. For 

Experiments 1 and 2, the treatments ET level and irrigation method were not randomly 

assigned to experimental units within each block. The effect of possible lack of 

independence was addressed in the analysis by using an autoregressive variance-

covariance stmcture for the ET and irrigation method effect as a main plot factor in the 

analysis. For Experiment 3, cultivars were the main plot factor. Effect of year was 

included as repeated measures in all the analyses. 

12 



Results 

Plant height 

The plants receiving 100% ET were 68.39 cm taller followed by 50% 

(64.71cm), and 75% (63.64cm) ET plots. However Plant height did not significantly 

vary among ET treatments (Table 2.1). Overall, the 2-year results showed that the 

plants were significantly taller in LESA irrigated plots compared with that in LEPA 

irrigated plots. The LESA irrigated plots produced 8 and 31% taller plants than LEPA 

irrigation system in 2002 and 2003, respectively. The four cotton cultivars 

significantly varied in heights during 2002 and 2003. In both years, ST4793R was 

tallest and DP5415RR the shortest ofthe four cultivars evaluated. 

Bloom counts 

Number of white blooms per meter row significantly varied with ET level. 

Temporal frequency of bloom count increased gradually with highest counts in the 3"̂  

week of bloom initiation. Plants at 100% ET plots produced significantly more blooms 

per row meter followed by 75 and 50% ET. For 2 sample dates, bloom frequency 

(number of blooms per meter of row) was significantly higher in 100% ET plots 

followed by 75 and 50%) ET plots (Table 2.2). However, bloom frequency did not 

significantly v£iry with irrigation method (Figure 2.1). Bloom production frequency 

and timing did not significantly vary among cultivars (Figure 2.2). 

Crop cutout (Nodes above white flower or NAWF) 

The crop cutout for cotton grdwrth is set when the number of mainstem nodes 

above white flower (NAWF) equals to 5 and any increase in number of flowers after 

that is less likely to increase the yield (Bourland et al. 1992). The NAWF counts 

significantly varied with irrigation level (ET). During the first week of bloom 

initiation, 75% ET plots had significantly more NAWF than other two ET treatments, 

but the difference between the ET treatments was not significant for other sample 

dates (Table 2.3). Overall, 100% and 75% ET plots had higher NAWF than 50% ET 
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plots. Physiological cutout (NAWF=5) occurred 7 days later in 100% ET plots than in 

50 or 75%) ET plots. The four cultivars did not significantly vary in NAWF counts 

(Figure 2.3). 

Lint yield and percentage lint tumout 

The lint yield averaged across years was 1099, 1039, and 950 Kg/ha in 100%, 

75%, and 50% ET plots respectively, but there was no statistical significance in lint 

yield among the ET levels. The percentage lint turnout also did not significantly vary 

with irrigation level (Table 2.4). 

Overall, lint yield was marginally higher in LESA irrigated plots compared 

with that in LEPA irrigated plots, but the difference was not significant {F = 0.06; P = 

0.81, Table 2.4) Percentage lint tumout was also not significantly influenced by the 

irrigation method. 

^ The four cotton cultivars showed significant difference in lint yield in both 

years, but the difference was not consistent among the cultivars. The cultivar 

ST2454R produced highest lint yield in 2002 but it produced lowest yield in 2003, 

whereas ST4793R produced lowest yield in 2002 and highest yield in 2003. Averaged 

across both years, DP5415RR produced slightly higher lint yield than other cultivars 

while PM2326RR produced the lowest yield (Table 2.4). The percentage lint tumout 

also significantly varied among the four cultivars in both ypars. 

Water use efficiency TWUE) 

The WUE significantly varied among the three ET levels and this difference 

was consistent between the two years. During both years, 50% ET had significantly 

greater WUE followed by 75 and 100% ET (Table 2.5). The irrigation method did not 

significantly influence the WUE. No significant differences in WUE were detected 

among the cultivars. Though statistically not significant, WUE varied inconsistently 

among the cultivars. 
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Fiber quality characteristics 

Most ofthe fiber quality characteristics significantly varied among ET levels 

but this difference was inconsistent (Table 2.6). Fiber strength increased with decrease 

in irrigation. Cotton that received 50% ET had higher fiber strength than 75 and 100% 

ET. Fiber length was similar at 50 and 75% ET but it increased with 100% ET. 

Micronaire values were 4.36, 4.51, and 4.21 at 50, 75, and 100% ET treatments, 

respectively. So the 100% ET had the best micronaire value to receive premium while 

50 and 75% ET treatments received neither premium nor penalty. There was no 

significant difference in loan value among the ET levels. 

The fiber quality traits micronaire, fiber length, uniformity and span length 

were slightly greater in LEPA irrigated than in LESA irrigated cotton. But these fiber 

quality traits we evaluated were not varied significantly with irrigation method (Table 

2.7). In terms of ideal range to receive premium, the fiber qualities did not differ 

between the methods. Loan value did not differ with the irrigation method. 

Fiber quality traits significantly varied with crop cultivar (Table 2.8). 

PM2326RR and ST4793R had significantly higher micronaire than DP5415RR and 

ST2454R there by receiving zero premium. PM2326RR had significantly strongest 

fiber than the other three cultivars evaluated. Fiber length was significantly higher in 

DP5415RR than in other cultivars, whereas both Stoneville cultivars resulted in the 

lowest fiber elongation (Table 2.8). PM2326RR had the greatest uniformity that 

received premium price while DP5415RR had the lowest uniformity. Loan value 

significantly varied with the cultivar. The cultivar DP5415RR had highest loan value 

of all the remaining three cultivars 

(F= 5.27; P = 0.02). 

Crop production budgets 

In 2002, the yield was very low in both LEPA and LESA irrigation treatments 

due to bollworm infestation, resulting in negative net retums (Table 2.9). In 2003, the 

production was better compared with that in 2002, with a net profit of $145.78 and 
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$199.14 per acre for LESA and LEPA irrigation systems, respectively (Table 2.10). In 

2002, the three ET treatments resulted in negative returns due to lower yield (Table 

2.11). In 2003, 100% ET level resulted in a net profit of $293.95, followed by 75% 

($276.98) and 50% ET plots ($235.37, Table 2.12). 

Discussion 

This study examined the crop growth and reproductive phenology of cotton for 

different irrigation regimes and cultivars. Early researchers have reported an increase 

in plant height with increase in irrigation (Stockton and Doneen 1955, Scarsbrook et 

al. 1959, Stockton et al. 1961, Grimes et al. 1969,-Guinn et al. 1981, Pettigrew 2004). 

However, ET levels did not significantly influence the plant height in our study, 

although, 100%) ET resulted in the tallest plants. Plant size influenced yield through its 

increased boll size and the number of flowers produced (Hamilton et al. 1958). The 

LESA irrigation which resulted in taller plants produced marginally higher yield than 

LEPA irrigation; also, 100% ET resulted in slightly higher lint yield than at other ET 

levels 

The temporal frequency of white bloom production significantly varied with 

irrigation level and method. Several researchers (Stockton and Doneen 1955, Stockton 

et al. 1961, Grimes et al. 1969, Guinn and Mauney 1984, Pettigrew 2004) have also 

reported an increased flower production with increased rat? of irrigation water 

resulting in higher lint yield. Our results also showed that the increased ET level 

resulted in higher flower production that ultimately resulted in at least marginally 

increased lint yield. The cultivar PM2326RR had highest number of flowers during 

early weeks of sampling but resulted in lower lint yield than the other 3 cultivars. The 

NAWF counts varied significantly with irrigation ET level. The 100%) ET plots had 

more NAWF than 70 and 50% ET. Physiological cutout occurred 7 days later in 100% 

ET plots compared with that in the other two ET levels. The cultivar ST4793R 

produced ftiore mainstem nodes and had cutout time 7 days later than rest ofthe 
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cultivars. These delayed cutout and more nodes resulted in marginally higher yield in 

this cultivar compared with that in the other three cultivars. 

The irrigation level did not have significant influence on lint yield. However, 

the lint yield increased numerically with the increased irrigation level, with 100%) ET 

producing marginally higher yield followed by 75 and 50% ET (Table 2.4). These 

results are in agreement with the findings of other studies (Scarsbrook et al. 1959, 

Stockton et al. 1961, Bruce and Shipp 1962, Grimes et al. 1969, Guinn and Mauney 

1984, Pettigrew 2004). An increase in the number of flowers could have contributed to 

higher lint yield in plots with 100% ET. Guinn and Mauney (1984) reported higher lint 

yield in plots with sub-optimal irrigation, which had higher flower counts when 

compared with dryland plots. The percentage lint tumout was higher at 75%) ET than 

at 100 or 50% ET. Grimes et al. (1969) also reported an increase in lint percentage up 

to an optimum level of irrigation and decreasing at higher levels. 

The lint yield did not vary significantly with irrigation method. Both LESA 

and LEPA irrigation systems resulted in similar yield in 2002 and 2003. Our results 

contradicted with Burke (2003) who reported 13̂ 21%) yield reductions under sprinkler 

irrigation compared with the drag sock treatment. The average lint tumout was similar 

in both LEPA and LESA irrigation systems in our study. 

Lint yield did not vary significantly among the four cultivars evaluated. 

However, averaged over two years, DP5415RR and ST47S>3R produced slightly 

higher lint yield compared with ST2454R and PM2326RR. The percentage lint tumout 

followed the same frend for lint yield among the four cultivars. 

The water use efficiency significantly varied with ET level in both years. The 

2-year average data showed that 50% ET had greater WUE than 75 and 100% ET. But 

Guinn et al. (1981) and Cook and El-Zik (1993) reported that WUE was greater under 

normal irrigation and non-stress treatments. The LEPA and LESA irrigation systems 

did not differ in WUE. The cultivars ST4793R and DP5415RR showed marginally 
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higher WUE than the other two cultivars, which is evident from their higher lint yield 

per amount of water applied (Table 2.5). 

Most ofthe fiber quality traits were significantly influenced by ET level but 

this difference was not consistent with the ET level. Fiber strength increased with 

decrease in irrigation water level. Cotton at 50% ET treatment resulted in stronger 

fiber compared with that at 75 and 100% ET. Grimes et al. (1969) and Pettigrew 

(2004) also reported similar findings. Soil moisture had been shown to affect the fiber 

characteristics, especially the fiber length (Stockton and Doneen 1955, Hanson et al. 

1957, Spooner et al. 1958, Jackson and TiU 1968, Grimes et al. 1969, Pettigrew 2004). 

In our study, fiber elongation appeared to be higher in 100%) ET compared with that in 

75 and 50%) ET treatments, but the difference was marginal (P = 0.13). The loan value 

was not significantly influenced by the ET levels. 

None ofthe fiber quality traits we evaluated were significantly influenced by 

irrigation method. As expected, lint quality traits and loan value varied among 

cultivars. The cultivar PM2326RR had highest fiber strength, uniformity and 

micronaire than the other three cultivars, whereas fiber elongation was higher in 

ST4793R. 

Some ofthe components we evaluated did not confer with some other research 

findings. The reason might be the difference in cultivars used in the studies. As there 

is no big difference in the yield between 75% and 100%) ET, the practice of applying 

moderate irrigation may be the best means to conserve water. Regarding the irrigation 

application method, our study showed no yield difference between the two methods. 

However, many researchers showed reduced yields with LESA irrigation as the 

flowers get damaged with the water spray. It is possible that the newer Roundup 

Ready cultivars may be more tolerant to the flower damage due to water spray than the 

more conventional cultivars that the earlier studies had used. 
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Table 2.1. End-of-season plant height measurement as influenced by irrigation 
treatments and cultivar 

Year Treatments 

Irrigation level 

2002 

2003 

Average 

2002 

2003 

Average 

2002 

2003 

Average 

50% ET 

72.39+4.60a 

57.02±4.60a 

64.71±3.83a 

75% ET 

78.20±4.60a 

49.09±4.60a 

63.64+3,83a 

Irrigation method 

LEPA 

78.20+4.38a 

49.09±4.38b 

63.64±3.65b 

LESA 

84.85±4.38a 

70.78±4.38a 

77.81±3.65a 

100% ET 

81.38+4.60a 

55.40±4.60a 

68.39±3.83a 

Cultivar 

2,00 

1.69 

1.58 

1.62 

17.22 

12.79 

0.17 

0.22 

0.28 

0.24 

0.004 

0.04 

ST2454R PM2326RR ST4793R DP5415RR 

73.23+4.16b 78.20±4.16b 82.77±4.16a 69.18±4.16bc 6.58 0.003 

56.07+4.16a 49.08±4.16b 60.67+4.16a 54.20±4.16b 4.34 0.02 

64.68+3.83b 63.64+3.83b 71.72+3.83a 61.69±3.83b 7.23 0.001 
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Table 2.2. Number of white blooms (flowers) per meter of row of PM2326 cotton at 3 
irrigation levels (ET) under LEPA irrigation system 

Irrigation level Sample week 

50% 

75% 

100% 

Aug 1" week 

5.35±4.08a 

5.73±4.08a 

8.53±4.08a 

Aug 2"'' week 

14.73+4.08a 

23.20±4.08b 

33.01±4.08c 

Aug 3'̂ '' week 

17.24+4.08a 

26.50±4.08b 

31.97±4.08b 

Aug 4''' week 

1.64±4.08a 

3.97+4.08a 

6.51±4.08a 

Sep 1 ̂ ' week 

0.72+4.08a 

0.94+4.08a 

1.35±4.08a 

Means within the column followed by same letter are not statistically significant 
(P<0.10) 
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Table 2.3. Number of nodes above a sympodial branch with a first position white 
flower (NAWF) in cultivar PM2326RR at 3 irrigation levels (ET) under LEPA 
irrigation system 

Irrigation level 

50% 

75% 

100% 

Aug 5 

5.95±0.34b 

7.20±0.34a 

6.20±0.34b 

Sample week 

Aug 12 

4.80±0.34a 

4.90±0.34a 

5.56±0.34a 

Aug 19 

4.00+0.34a 

4.40±0.34a 

4,65±0.34a 

Aug 26 

2.50+0.34a 

3.20±0.34a 

2.85±0.34a 

Means with in the column followed by same letter are not statistically significant 
(P<0.10) 
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Table 2.4. Influence of rate of irrigation level, irrigation method, and crop cultivar on 
lint yield and percentage lint tumout 

Year Treatments Lint yield (Kgha-l) Lint percentage (%) 

2002 

2003 

Average 

2002 

2003 

Average 

2002 

2003 

Average 

Irrigation level 

50% ET 

75% ET 

100%ET 

50% ET 

75% ET 

100% ET 

50% ET 

75% ET 

100% ET 

Irrigation method 

LEPA 

LESA 

LEPA 

LESA 

LEPA 

LESA 

Cultivar 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP54I5RR 

587.54+119.79a 

598.41+119.79a 

297.70±119.79a 

1313.23±II9.79a 

I480.32±l 19.79a 

160I.42±I 19.79a 

950.39168.953 

1039.36±68.95a 

1099.56±68.95a 

598.4I±59.72a 

726.48±59.72a 

I3I9.65±59.72a 

1228.98±59.72a 

959.03+51.94a 

977.73+51.94a 

775.69±90.33a 

598.4 I±90.33a' 

425.21±90.33a 

554.38±90.33a 

1324.65±90.33a 

I480.32±90.33a 

1759.38±90.33a 

1650.77±90.33a 

1050.17±70.61a 

1039.36±70.6Ia 

1092.30±70.61a 

1102.58±70.61a 

0.21+O.OIa 

0,19±0.01a 

0.18+0.0 la 

0.25±0.01a 

0.28±0.01a 

0.28±0.01a 

0.23±0.01a 

0.24±0.01a 

0.23±0.01a 

0.194±0.0Ia 

0.208±0.01a 

0.269±0.0Ia 

0.255+O.Ola 

0.231±0.01a 

0.232+0.0 la 

0.222±0.01b 

0.194±0.01ac 

O.185±0.01a 

0.203±0.0Ibc 

0.298±0.0Ia 

0.279±0.01a 

0.329±0.01bc 

0.326±O.0Ic 

0.260±0.004a 

0.236±0.004b 

0.257±0.004a 

0.246±0.004a 
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Table 2.5. Effect of irrigation regimes and cultivar on water use efficiency (WUE) 

Year Treatments 

Irrigation level 

50% 

75% 

100% 

50% 

75% 

100% 

50% 

75% 

100% 

Irrigation method 

LEPA 

LESA 

LEPA 

LESA 

LEPA 

LESA 

Cultivar 

ST2454R 

PM2326RR 

ST4793R 

DP54I5RR 

ST2454R 

PM2326RR 

ST4793R 

DP54I5RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

Total water applied 
(cm) 

48.96 

67.44 

85.92 

39.50 

53.14 

66.78 

44.23 

60.29 

76.35 

67.44 

67.44 

53.14 

53.14 

60.29 

60.29 

67.44 

67.44 

67.44 

67.44 

53.14 

53.14 

53.14 

53.14 

60.29 

60.29 

60.29 

60.29 

WUE 
(Kg h a ' c m ' ) 

12.00+1.66a 

8.87+1.66ab 

6.96± 1.66b 

19.68± 1.66a 

27.87±1.66ab 

23.98±1.66b 

12.84± 1.10a 

18.37±1.10b 

15.47±1.10c 

8.87±I.04a 

10.77±1.04a 

24.83±1.04a 

23.13±1.04a 

16.85±0.89a 

I6.95±0.89a 

II.50±1.64a 

8.87±1.64a 

6.30±1.64a 

8.22±1.64a 

24.93±1.64a 

27.86+1.64a 

33.11±I.64a 

3I.10±1.64a 

18.21±1.27a 

I8.37±1.27a 

19.71±1.27a 

19.64+1.27a 

2002 

2003 

Average 

20O2 

2003 

Average 

2002 

2003 

Average 
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Table 2.6. Effect ofthe rate of irrigation level on fiber quality characteristics in 
cultivar PM2326RR under LEPA irrigation system 

Fiber quality 
traits 

Micronaire 

•Fiber strength 

Fiber elongation 

Uniformity 

Span length 

rd 

Loan value 

50% 

4.36+0.1 lab 

30.96±0.28a 

6.78±0.I3a 

83.68+0.15a 

1.09+0.0 la 

73.85±0.61a 

0.55±0.01a 

ET level 

75% 

4.51±0.11a 

30.54±0.28a 

6.78±0.13a 

83.10+0.15b 

1.08+0.0 lb 

72.50+0.6Ia 

0.54±0.0Ia 

100% 

4.21+0.1 lb 

29.51±0.28b 

7.00±0.13a 

83.64±0,15a 

L08+0.01b 

71.95±0.61a 

0.54+O.OIa 

F 

3.52 

9.93 

3.00 

5.38 

4.47 

2.61 

0.89 

P 

0.09 

0.01 

0.13 

0.05 

0.06 

0.10 

0.44 
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Table 2.7. Fiber quality characteristics of PM2326RR as influenced by 
irrigation method 

Fiber quality traits 

Micronaire 

Fiber strength 

Fiber elongation 

Uniformity 

Span length 

rd 

Loan value 

Irrigation 

LEPA 

4.36+0.08a 

30.91±0.36a 

6.71±0.07a 

83.86+0.3 la 

1.08+0.01 a 

75.19±0.46a 

0.54±0.0Ia 

method 

LESA 

4.34+0.08a 

31.00+0.3 6a 

6.61±0.07a 

83.41+0.31a 

1.07±0.01a 

74.69±0.49a 

0.5±0.0I5a 

F 

0.10 

0.03 

1.01 

1.57 

0.90 

0.77 

0.34 

P 

0.11 

0.87 

0.35 

0.29 

0.41 

0.44 

0.60 
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Table 2.8. Fiber quality characteristics of four cotton cultivars at 75% ET under 
LEPA irrigation system, Denver City, TX, 2002-2003 

Fiber quality traits 

Micronaire 

Fiber strength 

Fiber elongation 

Uniformity 

Span length 

rd 

Loar^ value 

ST2454R 

3.90±0.09b 

28.40±0.36b 

6.63±0.14bc 

82.38±0.I9b 

1.05±0.01c 

77.00±0.49c 

0.53±0.01b 

( 

PM2326RR 

4.51±0.09a 

30.54±0.36a 

6.75±0.14b 

83.10+0.19a 

1.08±0.01b 

74.7I±0.49b 

0.54+O.OIb 

Cultivar 

ST4793R 

4.38±0.09a 

29.09±0.36a 

6.48±q.l4c 

82.76±0.19ab 

1.08±0.0Ib 

74.40±0.49b 

0.53±0.01b 

DP5415RR 

3.95±0.09b 

29.24±0.36a 

7.26±0.14a 

82.31±0.19a 

1.12±0.0Ia 

78.91±0.49a 

0.56+O.Ola 

13.42 

6.54 

18.80 

3.53 

19.78 

18.66 

5.27 

0.001 

0.01 

0 .0003 

0.05 

0.0003 

<.0001 

0.02 
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Table 2.9. Crop production budgets for LEPA and LESA irrigated cotton for the year 
2002, Denver City, Texas 

Item Unit Price 

dollars 

LEPA LESA 

Quantity Amount 

dollars 

Quantity Amount 

dollars 

Income 

Cotton lint 

Cotton seed 

Total Income 

Direct Expenses 

Seed 

Seed-cotton (RR) 

Seed treatment 

Herbicide 

Fertilizer 

Fertilizer (p) 

Fertilizer (N) 

Cultivation 

jCustom 

Fertilizer application - dry 

Insecticide + application 

Harvest aid application 

Strip & module 

Ginning 

lb. 

ton 

lb 

acre 

acre 

lb 

lb 

acre 

cwt 

cwt 

Crop insurance for irrigated cotton acre 

Operator labor 

Implements hour 

Tractors hour 

Hand labor 

Implements hour 

Hoeing hour 

Irrigation labor 

Irrigation - Center Pivot (natural gas) hour 

Diesel fuel 

Tractors gal 

Gasoline 

Self-Propelled Equipment gal 

Natural gas 

Itrigatjon - Center Pivot (natural gas) ac-in 

0.50 

100.00 

534.00 

0.48 

267.00 

48 

315 

1.40 

12.00 -

0.35 

0.22 

0.21 

4 

3.30 

10.50 

25.00 

1.25 

2.25 

20.00 

8.00 

8.00 

8.00 

8.00 

15.0000 

1.0000 

30.0000 

25.0000 

48.0000 

2.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1.9099 

0.5062 

0.5400 

21.00 

12.00 

10.50 

5.62 

10.08 

8.00 

3.30 

21.11 

25.00 

42.50 

76.50 

20.00 

13.47 

15.27 

4.05 

4.36 

8.00 0.7680 6.14 

1.06 8.7498 9.27 

1.45 3.5175 5.10 

648.5 

0.58 

324.25 

58 

382.25 

15.0000 

1.0000 

30.0000 

25.0000 

48.0000 

2.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

21.00 

12.00 

10.50 

5.62 

10.08 

8.00 

3.30 

21.11 

25.00 

42.50 

76.50 

1.0000 20.00 

1.6844 

1.9099 

0.5062 

0.5400 

13.47 

15.27 

4.05 

4.36 

0.7680 6.14 

8.7498 9.27 

3.5175 5.10 

3.92 25.55 100.16 25.55 100.16 
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Table 2.9. Continued. 

Item Unit Price LEPA LESA 

dollars Quantity Amount 

dollars 

Quantity Amount 

dollars 

Repair & maintenance 

Implements 

Tractors 

Self-Propelled Equipment 

Irrigation - Center Pivot (natural | 

Interest on operating capital 

ground acr 

ground acr 

ground acr 

ac-in 

ground acr 

20.87 

21.42 

0.28 ' 

2.03 

12.58 

1.0000 

1.0000 

1.0000 

25.55 

1.0000 

20.87 

21.42 

0.28 

51.87 

12.58 

1.0000 

1.0000 

1.0000 

25.55 

1.0000 

20.87 

21.42 

0.28 

51.87 

12.58 

Total direct expenses 

Retums above direct expenses 

Fixed expenses 

Implements 

Tractors 

Self-Propelled Equipment 

Irrigation - Center Pivot (natural gas) ground acr 

Total fixed expenses 

Total specified expenses 

Retums above fixed expenses 

Allocated cost items 

Cash rent 

Residual retums 

520.45 

-205.45 

ground acr 

ground acr 

ground acr 

ground acr 

acre 

32.76 ' 

32.61 

0.46 

33.60 

45.00 

1.0000 

1.0000 

1.0000 

1 

1.0000 

1.0000 

32.76 

32.61 

0.46 

33.60 

99.43 

619.88 

215.57 

45.00 

-349.88 

520.45 

-138.20 

1.0000 32.76 

1.0000 

1.0000 

1.0000 

32.61 

1.0000 0.46 

33.60 

99.43 

619.88 

282.82 

45.00 

-282.63 

All units in the table are presented in English units. 
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Table 2.10. Crop production budgets for LEPA and LESA irrigated cotton for the year 
2003, Denver City, Texas 

Item 

Income 

Cotton lint 

Cotton seed 

Total Income 

Direct Expenses 

Seed 

Seed-cotton (RR) 

Seed treatment 

Herbicide 

Fertilizer 

Fertilizer (p) 

Fertilizer (N) 

Cultivation 

Custom 

Fertilizer application - dry 

Insecticide + application 

Harvest aid application 

Strip & module 

Ginning 

Crop insurance for irrigated cotton 

Operator labor 

Implements 

Tractors 

Hand labor 

Implements 

Hoeing 

Irrigation labor 

Irrigation - Center Pivot (natural gas) 

Diesel fuel 

Tractors 

Gasoline 

Self-Propelled Equipment 

Natural gas 

Irrigation - Center Pivot (natural gas) 

Unit 

lb. 

ton 

lb 

acre 

acre 

lb 

lb 

acre 

acre 

cwt 

cwt 

acre 

hour 

hour 

hour 

hour 

hour 

gal 

gal 

. ac-in 

Price 

dollars 

0.60 

120.00 

1.50 

12.00 

0.35 

0.23 

0.26 

4 

3.30 

10.50 

25.00 

1.25 

2.25 

20.00 

8.00 

8.00 

8.00 

8.00 

8.00 

1.06 

1.47 

5.35 

LEPA 

Quantity 

1177.85 

0.95 

15.0000 

1.0000 

26.0000 

25.0000 

48.0000 

1.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1.5945 ,, 

0.1908 

0.5400 

0.7680 

7.0466 

3.5175 

22.13 

Amount 

dollars 

706.71 

114 

820.71 

22.50 

12.00 

9.1 

5.97 

12.48 

4.00 

3.30 

21.00 

25.00 

42.50 

76.50 

20.00 

13.47 

12.75 

1.52 

4.36 

6.14 

7.46 

5.17 

118.39 

LESA 

Quantity 

1096.92 

0.91 

15.0000 

1.0000 

26.0000 

25.0000 

48.0000 

1.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1.5945 

0.1908 

0.5400 

0.7680 

7.0466 

3.5175 

22.13 

Amount 

dollars 

658.15 

109.2 

767.35 

22.50 

12.00 

9.1 

5.97 

12.48 

4.00 

3.30 

21.00 

25.00 

42.50 

76.50 

20.00 

13.47 

12.75 

1.52 

4.36 

6.14 

7.46 

5.17 

118.39 
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Table 2.10. Continued. 

Item 

Repair & maintenance 

Implements 

Tractors 

Self-Propelled Equipment 

Irrigation - Center Pivot (natural gas) 

Interest on operating capital 

Total direct expenses 

Retums above direct expenses 

Fixed expenses 

Implements 

Tractors 

Self-Propelled Equipment 

Irrigation - Center Pivot (natural gas) 

Total fixed expenses 

Total specified expenses 

Retums above fixed expenses 

Allocated cost items 

Cash rent 

Residual retums 

Unit 

ground 
acr 

ground 
acr 

ground 
acr 

ac-in 

ground 
acr 

Price 

dollars 

17.49 

17.21 

0.28 

2.03 

Quantity 

1.0000 

1.0000 

1.0000 

22.13 

LEPA 

Amount 

dollars 

17.49 

17.21 

0.28 

44.92 

Quantity 

1.0000 

1.0000 

1.0000 

22.13 

LESA 

Amount 

dollars 

17.49 

17.21 

0.28 

44.92 

ground 
acr 

ground 
acr 

ground 
acr 

ground 
acr 

11.75 

27.74 

24.53 

0.44 

33.60 

acre 45.00 

1.0000 11.75 

515.26 

330.45 

1.0000 27.74 

1.0000 24.53 

1.0000 ' 0.44 

1.0000 

1.0000 

1.0000 

33.60 

86.31 

576.57 

734.40 

45.00 

199.14 

1.0000 

1.0000 

1.0000 

1.0000 

1.0000 

11.75 

515.26 

277.09 

27.74 

24.53 

0.44 

33.60 

86.31 

576.57 

681.04 

45.00 

145.78 

All units in the table are presented in English units 
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Table 2.11. Crop production budgets for three ET levels of irrigated cotton for the year 
2002, Denver City, Texas 

Item 

Income 

Cotton lint 

Cotton seed 

Total Income 

Direct Expenses 

Seed 

Seed-cotton (RR) 

Seed treatment 

Herbicide 

Fertilizer 

Fertilizer (p) 

Fertilizer (N) 

Cultivation 

Custom 

Fertilizer application - dry 

Insecticide + application 

Harvest aid application 

Strip & module 

Ginning 

Crop insurance for irrigated cotton 

Operator labor 

Implements 

Tractors 

Hand labor 

Implements 

Hoeing 

Irrigation labor 

Irrigation - Center Pivot (natural gas) 

Diesel fuel 

Tractors 

Gasoline 

Self-Propelled Equipment 

Natural gas. 

irrigation - Center Pivot (natural gas) 

Unit 

lb. 

ton 

lb 

acre 

acre 

lb 

lb 

acre 

acre 

cwt 

cwt 

acre 

hour 

hour 

hour 

hour 

hour 

gal 

«al 

ac-in 

Price 

dollars 

0.50 

100.00 

1.40 

12.00 

0.35 

0.22 

0.21 

4 

3.30 

10.50 

25.00 

1.25 

2.25 

20.00 

8.00 

8.00 

8.00 

8.00 

8.00 

1.06 

1.45 

3.92 

50%ET 

Quantity 

524.41 

0.48 

15.0000 

1.0000 

30.0000 

25.0000 

48.0000 

2.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1.9099 

0.5062 

0.5400 

0.7680 

8.7498 

3.5175 

17.12 

Amount 

dollars 

262.21 

48 

315 

21.00 

12.00 

10.50 

5.62 

10.08 

8.00 

3.30 

21.11 

25.00 

42.50 

76.50 

20.00 

13.47 

15.27 

4.05 

4.36 

6.14 

9.27 

5.10 

67.11 

75%ET 

Quantity 

534.10 

0.48 

15.0000 

1.0000 

30.0000 

25.0000 

48.0000 

2.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1 .^099 

0.5062 

0.5400 

0.7680 

8.7498 

3.5175 

25.55 

Amount 

dollars 

267.10 

48 

315 

21.00 

12.00 

10.50 

5 62 

10.08 

8.00 

3.30 

21.11 

25.00 

42.50 

76.50 

20.00 

13.47 

15.27 

4.05 

4.36 

6.14 

9.27 

5.10 

100.16 

Quantity 

533.48 

0.48 

15.0000 

1.0000 

30.0000 

25.0000 

48.0000 

2.0000 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1.0000 

1.6844 

1.9099 

0.5062 

0.5400 

0.7680 

8.7498 

3.5175 

33.98 

100%ET 

Amount 

dollars 

266.74 

48 

315 

21.00 

12.00 

10.50 

5.62 

10.08 

8.00 

3.30 

21.11 

25.00 

42.50 

76.50 

20.00 

13.47 

15.27 

4.05 

4.36 

6.14 

9.27 

5.10 

133.20 
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Table 2.11. Continued. 

Item Unit Price 50%ET 75%ET 100%ET 

dollars Quantity Amount Quantity Amount 

dollars dollars 

Quantity Amount 

dollars 

Repair & maintenance 

Implements 

Tractors 

Seif-Propelled Equipment 

ground 
acr 

ground 
acr 

ground 
acr 

Interest on operating capital ground 
acr 

20.87 1.0000 20.87 10000 20.87 

21.42 1.0000 21,42 1.0000 21.42 

0.28 

Irrigation - Center Pivot (natural gas) ac-in 2.03 

1,0000 '0,28 1,0000 0.28 

17.12 34.75 25.55 51.87 

1,0000 20.87 

1.0000 21.42 

1.0000 

33.98 

0,28 

68.98 

12.58 1.0000 12.58 1.0000 12.58 1.0000 12.58 

Total direct expenses 

Retums«bove direct expenses 

Fixed expenses 

Implements 

Tractors 

Self-Propelled Equipment 

ground 
acr 

ground 
acr 

ground 
acr 

Irrigation - Center Pivot (natural gas) ground 
acr 

Total fixed expenses 

Total specified expenses 

Returns above fixed expenses 

Allocated cost items 

Cash rent 

Residual returns 

470.28 

-163.07 

520.45 

-205.45 

0.46 1.0000 0.46 1.0000 0.46 

33.60 1.0000 33.60 1.0000 33.60 

99.43 99.43 

569.71 619.88 

207.78 215.57 

45.00 1.0000 45.00 1.0000 45.00 

-307.50 -349.88 

1.0000 

1.0000 

570.60 

-255.86 

32,76 1,0000 32.76 1.0000 32.76 1.0000 32.76 

32.61 1.0000 32.61 1.0000 32.61 1.0000 32.61 

1.0000 0.46 

33.60 

99.43 

670.03 

215.31 

45.00 

-400.29 • 

All units in the table are presented in English units 

34 



Table 2.12. Crop production budgets for three ET levels of irrigated cotton for the year 
2003, Denver City, Texas 

Item 

Income 

Cotton lint 

Cotton seed 

Total Income 

Direct Expenses 

Seed 

Seed-cotton (RR) 

Seed treatment 

Herbicide 

Fertilizer 

Fertilizer (p) 

Fertilizer (N) 

Cultivation 

Custom 

Fertilizer application - dry 

Insecticide + application 

Harvest aid application 

Strip & module 

Ginning 

Crop insurance for imgated cotton 

Operator labor 

Implements 

Tractors 

Hand labor 

Implements 

Hoeing 

Irrigation labor 

Irrigation - Center Pivot (nahiral gas) 

Diesel fiiel 

Tractors 

Gasoline 

Self-Propelled Equipment 

Natural gas. 

Irrigation - Center Pivot (natural gas) 

Unit 

lb. 

ton 

lb 

acre 

acre 

lb 

lb 

acre 

acre 

cwt 

cwt 

acre 

hour 

hour 

hour 

hour 

hour 

gal 

?al 

ac-in 

Price 

dollars 

0,60 

120,00 

1.50 

12.00 

0.35 

0.23 

0.26 

4 

3.30 

10.50 

25.00 

1.25 

2.25 

20.00 

8.00 

8.00 

8.00 

8.00 

8.00 

1.06 

1.47 

5.35 

50%ET 

Quantity 

1172.11 

1.04 

15.00 

1.00 

26.00 

25.00 

48.00 

1.00 

1.0000 

2.0000 

1.0000 

34.0000 

34 0000 

1.0000 

1.6844 

1,5945 

0,1908 

0.5400 

0.7680 

7.0466 

3.5175 

14.83 

Amount 

dollars 

703,27 

124,80 

828,07 

22.50 

12.00 

9.1 

5.97 

12.48 

4.00 

3.30 

21.00 

25.00 

. 42.50 

76.50 

20.00 

13.47 

12.75 

1.52 

4.36 

6.14 

7,46 

5.17 

79.34 

75%ET 

Quantity 

1321.25 

1.09 

15.00 

1.00 

26.00 

25.00 

48.00 

1.00 

1.0000 

2.0000 

1.0000 

34.0000 

34.0000 

1,0000 

1.6844 

1.5945 

0.1908 

0.5400 

0.7680 

7.0466 

3.5175 

22.13 

Amount 

dollars 

792.75 

130.80 

923.55 

22.50 

12.00 

9.1 

5.97 

12.48 

4.00 

3.30 

21.00 

25.00 

42.50 

76.50 

20.00 

13.47 

12.75 

1.52 

4.36 

6.14 

7.46 

5.17 

118.39 

Quantity 

1429,34 

1 14 

15,00 

1.00 

26.00 

25.00 

48.00 

1.00 

1.0000 

2.0000 

1.0000 

34.0000 

34,0000 

1,0000 

1,6844 

1,5945 

0.1908 

0.5400 

0.7680 

7.0466 

3,5175 

29,43 

100%ET 

Amount 

dollars 

857,60 

136.80 

994.40 

22,50 

12,00 

9.1 

5.97 

12.48 

4.00 

3.30 

21.00 

25.00 

42.50 

76.50 

20.00 

13.47 

12.75 

1.52 

4.36 

6.14 

7.46 

5.17 

157.45 
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Table 2.12. Continued. 

Item 

Repair & maintenance 

Implements 

Tractors 

Unit Price 

ground 
acr 

ground 
acr 

50%ET 75%ET 100%ET 

dollars Quantity Amount Quantity Amount 

dollars dollars 

17.49 1.0000 17.49 1,0000 17,49 

17.21 1.0000 17.21 1.0000 17.21 

Self-Propelled Equipment ground 

acr 

0.28 1.0000 ' ' 0 .28 1.0000 0.28 

Irrigation - Center Pivot (natural gas) ac-in 2.03 14,83 30.10 22.13 44.92 

Interest on operating capital ground 
acr 

11.75 1.0000 11.75 1.0000 11.75 

Quantity Amount 

Dollars 

1.0000 17.49 

1 0000 17.21 

1.0000 

29.43 

0.28 

59.74 

1.0000 11.75 

Total direct expenses 

Retunis^bove direct expenses 

Fixed expenses 

Implements 

Tractors 

Self-Propelled Equipment 

Irrigation - Center Pivot (natural gas) 

Total fixed expenses 

Total specified expenses 

Retums above fixed expenses 

ground 
acr 

ground 
acr 

ground 
acr 

ground 
acr 

27.74 

24.53 

0.44 

33.60 

I.0000 

1.0000 

1.0000 

1.0000 

461.39 

366.68 

27,74 

24,53 

0,44 

33.60 

86.31 

547.70 

741.46 

1.0000 

1.0000 

1.0000 

1.0000 

515.26 

408.29 

27.74 

24.53 

0.44 

33.60 

86.31 

601.57 

837.24 

Allocated cost items 

Cash rent 

Residual retums 

acre 45.00 1.0000 45.00 1.0000 45.00 

235,37 276.98 

569.14 

425.26 

1.0000 27.74 

I.OOOO 24,53 

1.0000 0.44 

1.0000 

1.0000 

33.60 

86.31 

655.45 

908.09 

45.00 

293.95 

All units in the table are presented in English units 
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Figure 2.1. Number of white blooms per row meter between LEPA 
and LESA irrigated plots. 
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Figure 2.2. Number of white blooms per row meter in four cotton 
cultivars at 75% ET level under LEPA irrigation system. 
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Figure 2.3. Number of nodes above a sympodial branch with the first position 
white flower (NAWF) in four cotton cultivars at-75% ET level under LEPA 
irrigation. 
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CHAPTER III 

COTTON ARTHROPOD SEASONAL ACTIVITY AND ABUNDANCE 

PATTERNS IN RELATION TO IRRIGATION REGIMES AND CULTIVAR 

Introduction 

Arthropod pests reduce cotton lint yield by approximately 10% across the 

United States annually (Williams 2002). Ofall cotton producing states, percent yield 

loss caused by arthropod pests is highest in Texas. The 5-year average (1996-2001) 

crop loss statistic showed that cotton yield loss across the United States due to 

arthropod pests ranged from 7 to 9%, while yield loss in Texas ranged from 8 to 16%; 

theJTHP lost 6-19% ofcotton yield to arthropod pests. These data clearly indicate the 

economic importance of arthropod pests to THP cotton production. 

Cotton insect pests that are of economic importance to THP cotton include 

thrips, cotton fleahoppers, bollworms and tobacco budworms, plant bugs, beet 

armyworms, and cotton aphids (Chapter 1). Major arthropod predators of these pest 

insects include lady beetles, lacewings, minute pirate bugs, big-eyed bugs, damsel 

bugs, and several species of spiders (Chapter 1, Table 1.1).' During the past three 

decades, much ofthe cotton insect pest management research that originated in Texas 

had an emphasis on the ecology and management ofthe boll weevil, Anthonomus 

grandis Boheman (Rummel et al. 1975, Rummel and Carroll 1983, Rummel et al. 

1999); other studies focused on the bollworm (Rummel et al. 1986), thrips (Rummel 

and Arnold 1989), and cotton aphid (Rummel et al. 1995). Currently, the THP region 

is in boll weevil suppressed status and it is expected that weevil populations will fall 

below detectable levels in all five eradication zones within the next two years. During 

the last 4-'5 years, Lygus spp. have emerged as potential economic pests in the High 

Plains, indicating a potential shift in the insect pest complex. After boll weevil 
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eradication, the damage inflicted by historically minor or occasional insect pests may 

become more pronounced (Ruberson et al. 1994), resulting in a significant change in 

the current pest population complex. Arthropod natural enemies decimated by 

insecticides applied for boll weevil control are likely to cause additional pest mortality 

in the reduced-spray environment. Clearly, there is a pressing need to examine the 

extent and role ofthe arthropod complex in area cotton management practices in an 

effort to address emerging pest concerns, and to take full advantage ofthe effect of 

natural arthropod enemies of pests that are preserved by elimination ofthe boll weevil. 

An understanding ofthe interactions between pests and their arthropod 

predators is essential for successful integrated pest management. Smith et al. (1976) 

noted the importance of a working knowledge ofthe complex interactions between 

pest and beneficial insect populations, their hosts and the environment. Not much 

emphasis has been placed on including pest suppression by beneficial arthropods in 

pest management programs. As the importance of beneficial arthropods to IPM is 

recognized, the abundance, distribution, and interaction of beneficial insects with their 

pests should be studied thoroughly. 

Potential cultural factors influencing insect population abundance and activity 

in cotton include cotton cultivar, planting date, plant stand density, fertility rate, and 

irrigation management. Of these factors, irrigation management practice has received 

the least attention in efforts to understand effects of cultural farming practices on IPM. 

Generally, insect populations are greatest at higher plant densities and in fields 

receiving more frequent irrigation (Leigh et al. 1974). Leigh et al. (1969) recorded 

differential distribution of insects among plots under several regimens of irrigation 

management and nitrogen fertilization. The influence of irrigation regimes on behavior 

and ecology ofcotton arthropods is not clearly understood. Selection of resistant 

cotton cultivar is also a key in insect pest management. Parker et al. (2000) reported 

that increased fleahopper damage was observed on smooth leaf cotton cultivars, which 

may exteryd the susceptible period into early bloom. This emphasizes the importance 
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of cultural practices in insect pest management. Both the reaction ofthe insect to 

cotton genotypes and also the reaction ofthe cotton genotypes to insect attack are 

important (Scales and Hacskaylo 1974). The lack of information on arthropod ecology 

as affected by cultural management practices has hindered the systems approach to 

cotton insect pest management. 

The objectives of this study were to evaluate the influence of irrigation application 

rate, irrigation application method, and selected cotton cultivars on cotton arthropod 

abundance patterns in cotton. 

Materials and Methods 

The study was conducted in 2002 and 2003 at Westem Peanut Growers Farm 

near Denver city, Gaines County, Texas. The soil type was Brownfield loamy sand. 

Cotton was planted on 6 June 2002 and 10 June 2003 with a seeding rate of 17 kg/ha. 

Temik @ 3.43 kg/ha was applied at planting for thrips management. In both 2002 and 

2003, 54.5 kg/ha nitrogen was applied in two applications. 

The experiment was deployed as a randomized complete block with three 

replications. The study comprised of three separate experiments each testing one of 

three treatments: irrigation application rate, irrigation application method, and cultivar. 

The study was conducted in two spans of a 0.4 km center pivot system listed to 91.4 

cm rows. The total area under two spans was 4.45 hectares, Experimental plots were 

16 and 12 rows wide in 2002 and 2003, respectively. The three experiments were 

conducted to quantify the effect of irrigation level, irrigation method, and cultivar on 

arthropod seasonal activity and abimdance pattems. 

Experiment 1. Influence of irrigation application rate. Three irrigation 

application levels targeting 50% (deficit irrigation), 75% (moderate irrigation), and 

100% (fiiU irrigation) evapotranspiration replacement were evaluated to quantify the 

effect on arthropod activity. The ET levels represented 48.96, 67.44, and 85.92 cm of 

water during 2002 and 39.5, 53.14, and 66.78 cm during 2003. The water was applied 

using the low energy precision application (LEPA) system using drag hoses in 
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Iternate, diked furrows. The field was listed in a circular planting pattem to facilitate 

le use ofthe LEPA system. In both years, the cultivar PM2326RR was used in this 

xperiment. 

Experiment 2. Influence of irrigation application method. Two irrigation 

pplication methods: low energy precision application (LEPA) system and low 

levation spray application (LESA) system (low drift spray nozzles) were evaluated 

or effects on arthropods. An ET of 75% evapotranspiration replacement was 

laintained throughout the span requiring 9.65 to 10.97 cm of irrigation water per 

/eek, split into two weekly applications. In both years, the cotton cultivar PM2326RR 

^̂ as used. 

Experiment 3. Influence of crop cultivar. Four cotton cultivars ST2454R, 

•M2326RR, ST4793R and DP5415RR were evaluated under a 75% 

vapotranspiration replacement regimen with water applied using the LEPA system, 

'ultivars were chosen based on plant architecture, leaf trichomes, and adaptation to 

he region. 

nsect sampling 

The objective ofthe study was to sample pest insects including cotton 

leahoppers, plant bugs, and cotton aphids and the complete predator guild. However, 

ilant bugs and cotton aphids were below ecologically signi,ficant levels for both years, 

'herefore, in both years and in all three tests, one pest species and seven arthropod 

iredator species were sampled. The pest sampled was the cotton fleahopper. The 

leneficial arthropods sampled were minute pirate bugs £ind insidious flower bugs 

Orius spp., big'cyed bugs {Geocoris spp.), assassin bug {Zelus spp), lady beetles 

Hippodamia, Coleomegilla and Scymnus spp.), spiders, and green lacewings, 

Chrysopa spp. (Chapter 1, Table 1.1). Arthropods were sampled using a standard 38 

m sweepnet. A sample unit consisted of 75 to 100 sweeps per plot per week. 

lampling,-was performed weekly from the first week in August to the second week in 

September during both years. The sweepnet sample counts were converted to numbers 
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per acre by calculating number of arthropods per plant and multiplying with number of 

plants per acre. 

Data analyses 

Statistical analyses were performed by ANOVA (PROC MIXED, SAS 

Institute 2003). Mean separation of treatment effects was performed using a protected 

LSD at a=0.05 level. Results were presented by year as well combined over two 

years. The experiments were designed and data were analyzed as a randomized 

complete block with 3 blocks. In Experiments I and II, the treatments ET level and 

irrigation method were not randomly assigned to experimental units within each block. 

The effect of possible lack of independence was addressed in the analysis by using an 

autoregressive variance-covariance stmcture for the ET and irrigation method effects 

as main plot factors in the analysis. In Experiment III cultivar was the main plot factor. 

Sampling periods were averaged in each of two years prior to the analysis of variance. 

The year effect was included in the model as a repeated measures effect. Additionally, 

data collected each week during the 2 years were analyzed; in this analysis, both 

sample week and year were repeated measures. 

Results 

Seasonal activity pattems and abundance of arthropods 

None ofthe arthropod species we evaluated showed significant differences in 

numbers between the plots treated with the three irrigation levels (50, 75, and 100% 

ET) in both seasonal and weekly analyses. The arthropod activity was higher during 

mid- to late-August with declining numbers in September. 

Experiment 1. Influence of irrigation application rate. 

Cotton fleahopper. Seasonal average abundances of fleahopper were 2621, 

2743, and2532 per acre in 50, 75, and 100% ET levels, respectively (Table 3.1). 

However, the irrigation level (ET) had no significant effect on seasonal average 
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abundance of fleahoppers (F= 0.24; P = 0.78). In all weekly samples, 100 or 75% ET 

replacement plots had higher numbers of fleahoppers than 50% ET replacement plots 

(Table 3.2). Also, the weekly analyses showed no significant difference in fleahopper 

numbers between the three ET levels. Plots treated at the 75% ET level had highest 

numbers on five ofthe six sampling weeks while 100% ET replacement had the 

highest numbers of fleahoppers on week three of August. Cotton fleahoppers showed 

sudden increase in numbers detected in the third August sample week, and this 

increase is evident for all the three ET levels. 

Predatory beetles. The seasonal average of total predatory beetles did not 

show any significant difference between the three irrigation levels (Table 3.1). In 

examining the weekly data either full or deficit irrigation plots had higher beetle 

number than moderate irrigation plots in all samples. During the third and fourth week 

of August, 100%) ET level plots had higher numbers of predaceous beetles than plots 

ofthe other two ET levels. The influence of ET level was appeared to be more 

pronounced when the insect densities were higher. Like fleahoppers, beetle numbers 

were highest during the third and fourth sampling weeks of August then declined after. 

Predatory bugs. Seasonal average numbers of predatory bug populations did 

not differ significantly with irrigation level (Table 3.1). Results from the weekly 

analyses showed that either 50 or 100% ET level plots had higher predatory bug 

numbers than the 75% ET plots throughout the season, with the exception ofthe first 

week in September when plots treated at the 75% ET level had the highest numbers. 

Throughout the sampling period, predatory bug numbers fluctuated widely with a peak 

occurring during the fourth week of August. 

Lacevyings. Seasonal average lacewing populations did not vary significantly 

between plots ofthe three irrigation levels (F= 0.49; P = 0.63). In the weekly analyses 

75%) ET level supported more lacewings from the third to the fourth weeks of August. 

During the rest ofthe season, weekly numbers were higher either in 50% or 100%) ET 

level plot§. Once again this difference was evident only at higher lacewing population 
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densities. The lacewing estimates increased progressively at each successive sample 

date until the last week of August, with the most rapid increase occurring from the 

third to the fourth week of August. 

Spiders. Seasonal average numbers of spiders appeared to be similar in plots 

treated with the three ET levels. Weekly analyses indicated one minor population peak 

at fourth week (August) of sampling. During three ofthe six sampling weeks, plots 

with 50% ET level supported more spiders than the other two ET levels. 

Total predators. The seasonal estimates of total predators were 1954, 1888, 

and 2167 per acre in 50%, 75%, and 100% ET level plots respectively. However these 

numbers were not statistically significant. From the weekly analyses it was clear that 

total predator numbers increased gradually as the season progressed from the first 

week in August to the fourth week and declined afterward. During the sampling 

period, predator numbers were higher in fiiU irrigation plots in 2 out of 6 weeks and 

numbers declined in these plots on the last two sampling dates. Plots at 50% ET 

supported higher total predators on 5 of 6 weeks when compared to 75% ET plots. 

Overall, total predator numbers were lower in 75% ET plots. 

Experiment 2. Influence of irrigation application method. 

Most ofthe arthropod species evaluated were marginally higher in LEPA 

irrigated plots compared to LESA irrigated plots but no significant differences were 

noted between LEPA and LESA treated plots in the seasonal (except for fleahoppers) 

and weekly data analyses. The arthropod activity was higher during mid to late August 

and numbers declined after fourth week of August. 

Cotton fleahopper. The seasonal average fleahopper densities from LEPA and 

LESA plots were significantly different. LEPA irrigated plots had higher fleahopper 

numbers when compared to LESA irrigated plots (Table 3.3). Weekly analyses 

showed a gonstant increase in fleahopper numbers at each successive date up to the 

fourth week of August then a decline beginning in late August. During the first four 
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weeks fleahopper numbers were similar in both the LEPA and LESA plots and late in 

the season plots with LEPA irrigation systems supported more fleahopper numbers 

(Figure 3.1). 

Predatory beetles. The seasonal beefle populations were not significantiy 

different between the two irrigation methods (F= 0.00; P = 0.97) and means were 

very similar (395.4-LEPA, 393.1 LESA, Table 3.3). The beetie populations increased 

progressively up to the fourth week in August with a population peak at the fourth 

week, then declined sharply into September. Population trend curves for LEPA and 

LESA plots were very similar (Figure 3.2). 

Predatory bugs. The seasonal average of predatory bugs estimated in LEPA 

and LESA plots were not significantiy different (Table 3.3). The weekly predatory bug 

populations did not increase continuously through the sampling period but had two 

major population peeks at the second and fourth weeks, with a dip in numbers during 

the third week. The numbers of predatory bugs in LEPA and LESA plots appeared to 

be similar throughout the sampling period except for the fourth week during which 

LESA irrigated plots supported a sharply higher number of predatory bugs (Figure 

3.3). 

Lacewings. The lacewing numbers were 595 per acre in LEPA irrigated plots 

and 262 per acre in LESA irrigated plots (Table 3.3), but the seasonal lacewing 

population estimates did not differ significantly by the irrigation method. Weekly 

population trend curves indicated gradual increase in lacewing numbers through the 

first three weeks of August, followed by a sharp increase and a major peak occurring 

at the fourth week in plots of both treatments. This peak was much more pronounced 

in the LEPA plots (1302 in LEPA plots and 561 in LESA plots). LEPA irrigated plots 

had numerically higher numbers of green lacewings into September (last 2 sample 

weeks) (Figure 3.4). 

Spiders. Irrigation method did not have significant effect on spider 

populatioi^s. The spider population trends were somewhat similar to that ofthe 
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predatory bugs with a valley during the third week of August, peaks on the second and 

fourth weeks and a decline afterward. LESA irrigated plots supported marginally 

higher numbers of spiders than LEPA plots on 4 of 6 weeks (Figure 3.5). 

Total predators. Predator numbers were 1888, 1627 per acre in LEPA and 

LESA irrigated plots, however, the irrigation method did not significantly influence 

the seasonal average of total predators. Predator numbers increased through August to 

a pronounced peak during the fourth week, with one small dip in population occurring 

during the third week. Populations then declined in September. Trend curves for 

LEPA and LESA plots were similar throughout the sample period, with LEPA 

irrigated plots having moderately higher numbers of predators during the last four 

sample weeks (Figure 3.6). 

Experiment 3. Influence of crop cultivar 

Of all the arthropod species, seasonal average of fleahoppers and lacewings 

were significantly varied by the cuhivar. No significant differences were noted among 

the cultivars (except for lacewings) in the weekly data analyses. 

Cotton fleahopper. Fleahopper seasonal abundance did differ significantly 

between the four cotton cultivars tested {F= 3.02; P = 0.07). The cotton cultivar 

PM2326RR supported significantly higher numbers of fleahoppers than cultivars 

DP5415RR, and ST2454R (Table 3.4). There were no significant differences in 

weekly fleahopper numbers between the four cultivars. Though there is no statistical 

significance, PM2326RR supported the highest fleahopper populations in five ofthe 

six weeks (Table 3.5). 

Predatory beetles. The seasonal predatory beetle estimates did not vary 

significantly among the cultivars (Table 3.4). No statistical difference was found 

among cultivars in weekly analyses. But cultivars did differ in beetle numbers. This 

difference was very inconsistent and a pattern was difficult to discern. In all the 
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cultivars number of beetles increased from progressively from the first to the fourth 

week (Table 3.5). 

Predatory bugs. The four cotton cultivars ST2454R, PM2326RR, ST4793R, 

and DP5415RR supported 508, 586, 577, and 477 fleahopper per acre and these 

cultivars did not show any significant influence on seasonal abundance of predatory 

bug populations (Table 3.4). Weekly analyses also revealed no significance in 

predatory bug numbers between the four cultivars. In four of six weeks the two 

Stoneville varieties (ST4793R and ST2454R) supported more predatory bugs. The 

number of bugs attracted by the four cultivars was not consistent during the sampling 

period. The predatory bug activity was peaked in'ST2454R at 988 bugs per acre (2470 

per hectare) during the fourth week of August (Table 3.5). 

Lacewings. ST4793R supported significantly greater number of lacewings 

followed by DP5415RR, ST2454R, and PM2326RR (Table 3.4). Weekly analyses also 

shotved significant influence of cultivar on the lacewing population. ST4793R 

supported significantly higher numbers for five of six weeks. The lacewing densities 

increased progressively at each sampling week until the first week of September with 

sudden increase in lacewing population during the fourth week (Table 3.5). 

Spiders. The four cotton cultivars had no significant seasonal influence on 

spider populations {F= 1.01; P = 0.43). Numbers were lowest on cultivar DP5415RR. 

From the weekly analyses it was evident that the four cultivars differed in ability to 

support spider populations during the sampling period. Again this difference was not 

consistent among the four cultivars (Table 3.5). 

Total predators. The cultivar ST4793R had No significant differences in the 

total seasonal number of predators were observed between the cultivars. However, the 

seasonal average of predators did vary with the four cotton cultivars; ST4793R 

supported the highest total predator numbers followed by ST2454R, DP5415RR, and 

PM2326RR. The weekly analyses of variance showed some differences in total 

predator nXimbers among the four cultivars. The total predator numbers increased at 
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each successive week till late in the season (week of September 1). With the exception 

of PM2326RR, the other cultivars followed this same population pattern. The total 

predator activity was highest during the fifth week of sampling. 

Discussion 

We evaluated the 50, 75, and 100% ET levels (cotton cultivar PM2326RR), 

which represented deficit, moderate, and full irrigation regimens. None ofthe 

arthropod groups examined in this study were significantly influenced by the three ET 

levels. However, seasonal averages of predatory beetles, predatory bugs, spiders, and 

total predators appeared to be higher in fiiU irrigation plots (100% ET) followed by 

deficit irrigation plots, whereas cotton fleahoppers and spiders were higher in 

moderate irrigation plots. Overall, plots with moderate irrigation (75% ET) supported 

less arthropod numbers when compared to 50 or 100% ET treatments. Weekly 

analyses also resulted in similar findings. Leigh et al. (1974) reported greater number 

of cotton insects at wet and optimum irrigation conditions compared to drought 

conditions. Greater numbers of Nabis alternatus were observed in the plots irrigated 

bi-weekly than in weekly-irrigated plots (Flint et al. 1994). They also reported no 

other significant differences in irrigation treatments for other insect species such as 

cotton fleahopper, Orius spp., Geocoris spp, green lacewings, ladybeetle, assassin 

bugs, and nabids. The results of this study in general seem, to affirm results ofthe 

earlier studies that suggest that wetter conditions favor higher predaceous arthropod 

populations. Our results, however, indicate that this is not the case for all species. 

Cotton fleahoppers and green lacewings developed higher populations (seasonal) at 

75%) or moderate ET replacement. Predatory beetles and bugs developed higher 

populations in the wettest environment (100% ET). Numbers of spiders in the three 

treatments did not vary greatly. In this experiment there were no significant 

differences either in weekly or seasonal analyses so it is difficult to draw many firm 

conclusions. One pattern does appear fairly clear: each predator species favor a 

different aegree of moisture, so "dry" or "wet" environments do not favor all the 
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species in the predator complex. Overall, though, a higher irrigation rate and so a 

wetter environment does seem to favor most ofthe complex, while not affecting other 

parts. 

The two irrigation methods, LEPA and LESA showed no significant effect on 

the arthropod populations we evaluated except for that of fleahoppers. LEPA irrigated 

plots had significantly more fleahoppers when compared to LESA plots. Though 

statistically not significant, the arthropod species such as predatory bugs, lacewings, 

and total predators were marginally higher in LEPA irrigated plots whereas spider 

numbers were more in plots with LESA irrigation systems. We assume the reason the 

LEPA irrigated plots supported higher numbers of arthropods compared with LESA 

irrigated plots is that overhead spray of water physically dismpted insect colonization 

in cotton canopy. 

The four cotton cultivars did not differ significantly with most ofthe arthropod 

species we observed. Only in the numbers of fleahoppers and lacewings were 

significant differences observed between the cultivars. PM2326RR had the highest 

fleahopper numbers and lowest total predators. The cultivar ST2454R supported the 

lowest number of fleahoppers. The higher abundance of fleahoppers in PM2326RR 

could be attributed to the number of leaf trichomes in this cultivar, which is the lowest 

ofthe three cultivars tested. 
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Table 3.1. Seasonal average abundance ofcotton arthropods in relation to irrigation 
(ET) level 

Arthropod groups 

Fleahoppers 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

50% ET 

2621.18+263.21a 

494.70+75.24a 

666.60±93.98a 

446.29±I 34.53a 

343.98±42.34a 

1954.08+186.29a 

75% ET 

2743.35+263.21a 

395.41+75.24a 

586.49±93.98a 

595.41±134.53a 

308.60+42.34a 

1888.42±186.29a 

100% ET 

2532.06+263.21a 

522.23+75.24a 

738.37+93.98a 

569.30±I 34.53a 

340.14±42.34a 

2I67.5±I86.29a 

F 

0.24 

1.15 

0.76 

0.49 

0.21 

1.57 

P 

0.78 

0.34 

0.49 

0.63 

0.81 

0.24 
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Table 3.2. Weekly average numbers ofthe cotton arthropods as affected by irrigation level 

Sample week 

Treatments Aug I" week Aug 2"''week Aug 3'" week Aug 4'" week Sep ["week Sep 2"" week 

50% 

75% 

100% 

50% 

75% 

100% 

50% 

75% 

100% 

50% 

75% 

100% 

50% 

75% 

100% 

50% 

75% 

100% 

560.79±680.51 

640.90±680.51 

440.62±680.51 

420.69±141.36 

280.39±141.36 

280.39±141.36 

520.73±145.28 

200.28±145,28 

300.42±145.28 

100.14±310.08 

60.08±310.08 

60.08±310.08 

400.56±78.08 

400.56±78.08 

420.59±78.08 

1442.03±353.54 

941.32±353.54 

1061.49±353.54 

131I.89±680.5I 

132l.86±680.51 

1141.60±680.51 

180.25±141.36 

480.68±141.36 

460.65±141.36 

700.98±145.28 

781.10±145.28 

821.15±145.28 

100.14±310.08 

80.11±310.08 

140.20+310.08 

400.56+78.08 

340.58±78.08 

260.37±78.08 

1381.94+353.54 

1682.36±353.54 

1682.36±353.54 

Fleahoppers 

4I45.82±680.51 

4265.99±680.5I 

4526.36±680.51 

Predatory beetles 

721.01±141.36 

540.76±141.36 

841.18+141.36 

Predatory bugs 

640.90±145.28 

560.79+145.28 

540.76±145.28 

Lacewings 

240.34±310.08 

300.42±310.08 

220.31±310.08 

Spiders 

340.48±78.08 

360.51±78.08 

220.31±78.08 

Total predators 

1942.73±353.54 

1762.48+353.54 

1822.56±353.54 

4426.22±680.5I 

4085.74+680.51 

3384.76±680.5I 

801.13±141.36 

761.07±141.36 

1021.44±141.36 

954.67±145.28 

514.06±145.28 

1468.73±145.28 

954.67+310.08 

1301.83±310.08 

961.35+310.08 

580.82±78.08 

594.17±78.08 

474.00±78.08 

3291.29±353.54 

3171.12±353.54 

3925.52+353.54 

3625.09±680.5I 

3845.40±680.5I 

2984.19±680.5I 

400.56±14l.36 

160.23±141.36 

400.56±141.36 

380.53±145.28 

540.76±145.28 

500.70±I45.28 

520.73+310.08 

1361.91±310.08 

1381.94±310.08 

300.42±78.08 

220.31±78.08 

300.42±78.08 

1602.25±353.54 

2283.21±353.54 

2583.63+353.54 

2423.40±680.51 

3004.22±680.5I 

3044.28±680.51 

340.48+141.36 

93.83±141.36 

140.20±141.36 

560.79±145.28 

323.89±145.28 

580.82±145.28 

741.04±310.08 

651.54±310.08 

781.10+310.08 

260.37±78.08 

129.56±78.08 

180.25±78.08 

1922.70±353.54 

1201.26±353.54 

1662.34±353.54 
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Table 3.3. Seasonal average abundance ofcotton arthropods in relation to 
irrigation method 

Arthropod groups 

Fleahoppers 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

LEPA 

2743.35+245.40a 

395.41+65.89a 

586.49±78.84a 

595.41±148.98a 

308.60+40.42a 

1888.42±I99.44a 

LESA 

2135.5+245.40b 

393.05±65.89a 

564.29±78.84a 

261.87±48.98a 

407.57±40.42a 

1626.79±I 99.44a 

F 

9.8 

0.00 

0.06 

2.51 

3.0 

0.86 

P 

0.05 

0.97 

0.82 

0.21 

0.13 

0.37 
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Table 3.4. Seasonal average abundance ofcotton arthropods in four selected cotton 
cultivars 

Arthropod groups ST2454R PM2326RR ST4793R DP5415RR 

Fleahoppers 1846.59+235.22b 2743.35+235.22a 2436.42+235.22ab 2004.82±235.22b 3 02 0.07 

Predatory beetles 5l3.72±56.99a 395.41±56.99a 372.86+56.99a 401.23±56.99a 1.42 0.27 

Predatory bugs 508.55+80.65a 586.49±80.65a 576.8l±80.65a 477.50±80.65a 2.10 0.13 

Lacewings 8l4.14±2ll.29b 595.41±211.29b I216.04±211.2ab 883.07+211.29b 4.23 0.04 

Spiders 310.44+40.32a 308.60±40.32a 350.83+40.32a 257.36+40.32a 1.01 0.43 

Total predators 2146.85+268.34a 1888.42±268.34a 2516.54±268.34a 2021.67±268.34a 1.25 0.32 
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Table 3.5. Average weekly abundance of arthropod species observed in four selected cotton 
cultivars 

Sample week 

Treatment 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

ST2454R 

PM2326RR 

ST4793R 

DP5415RR 

Aug 1" week 

200.28+660.28 

640.90+660.28 

400.56±660.28 

60.08±660.28 

200.28±118.02 

280.39±118,02 

160.23±118.02 

40.06±118.02 

I80.25±128.96 

200.28±128.96 

260.37+128.96 

100.14±128.96 

0±491.87 

60.08±491.87 

40.06±491.87 

60.08+491.87 

240.34±74.32 

400.56±74.32 

400.56±74.32 

180.25+74.32 

Aug 2"" week 

761.07+660.28 

132l.86±660.28 

921.29±660.28 

660.93±660.28 

420.59±I 18.02 

480.68±118.02 

180.25±118.02 

140.20±118.02 

440.62±128.96 

781.10±128.96 

680.96+128.96 

360.51+128.96 

60.08±491.87 

80.11±49l.87 

120.17±491.87 

0±491.87 

280.39±74.32 

340.48±74.32 

320.45174.32 

100.14+74.32 

Aug 3"" week Aug 4"' week Sep r' week Sep 2"'' week 

Fleahoppers 

2683.77±660.28 

4265.99±660.28 

2844.00+660.28 

2743.86±660.28 

Predatory beetles 

560.79±118.02 

540.76±118.02 

400.56±118.02 

260.37±118.02 

Predatory bugs 

260.371128.96 

560.79±128.96 

640.90+128.96 

320.45±128.96 

Lacewings 

160.23±491.87 

300.42+491.87 

440.62±491.87 

340.48±491.87 

Spiders 

260.37174.32 

360.51±74.32 

260.37174.32 

120.17+74.32 

3224.531660.28 

4085.741660.28 

3284.61+660.28 

3645.121660.28 

881.241118.02 

761.071118.02 

667,60+118.02 

1034.791118,02 

988.051128.96 

514.061128.96 

660.931128.96 

647.58il28.96 

2042.871491.87 

1301.831491.87 

2349.971491.87 

1568.87+491.87 

300.42174.32 

594.17174.32 

226.99174.32 

360.51174.32 

3064.31+660.28 2183.07+660.28 

3845.401660.28 3004.22±660.28 

3484.90l660.28 3424.811660.28 

3665.15+660.28 2163.04+660.28 

500.701118.02 

160.231118.02 

440.62+118.02 

240.341118.02 

560.791128.96 

540.76±128.96 

580.821128.96 

440.621128.96 

2323.261491.87 

I361.91±491.87 

3825.371491.87 

2823.971491.87 

320.45174.32 

220.31174.32 

600.84174.32 

240.34+74.32 

440.62+118.02 

96.06±118.02 

340.481118.02 

580.32+118.02 

400.56+128.96 

325.171128.96 

420.59±128.96 

700.981128.96 

821.15+491.87 

613.24+491.87 

1642.31+491.87. 

1021.44+4^1.87 

240.34174.32 

124.72l74.32 

120.17174.32 

360.51174.32 
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Table 3.5. Continued. 

Sample week 

Treatment Aug I" week Aug 2"" week Aug 3"* week Aug 4"' week Sep 1" week Sep 2"" week 

ST2454R 

PM2326RR 

ST4793R 

DP54I5RR 

620.871574.89 

941.321574.89 

861.21+574.89 

380.531574.89 

1201.691574.89 

1682.361574.89 

1301.831574.89 

600.841574.89 

Total predators 

1241.741574.89 

1762.481574.89 

1742.451574.89 

I041.46l574.89 

4212.591574.89 3705.21±574.89 1902.671574.89 

3171.121574.89 2283.211574.89 1173.55+574.89 

3905.491574.89 5447.65+574.89 2523.55±574.89 

3611.741574.89 3745.26l574.89 2683.77+574.89 
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Figure 3.2. Weekly average abundance of predatory beetles as 
influenced by two irrigation methods. 
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Figure 3.3. Weekly average abundance of predatory bugs as 
influenced by two irrigation methods. 
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Figure 3.4. Weekly average abundance of lacewings as influenced 
by two irrigation methods. 
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Figure 3.5. Weekly average abundance of spiders as influenced 
by two irrigation methods. 

64 



ii 
k. 
w 

ii 
D. 

s 

3500 

2800 

2100 -

1400 -

700 

A
ug

 1
st

 

13 
C 

(N 
60 
3 
< 

13 

60 
3 
< 

Sample 

.^ 
^ 

00 
3 
< 

week 

.̂  
^ 

a. 
t/5 

^ 
^ 

13 
C 

CN 
n. u 

1/3 

Figure 3.6. Weekly average abimdance of total predators as 
Influenced by two irrigation methods. 
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CHAPTER IV 

COMPARISON OF VACUUM AND SWEEPNET SAMPLING 

METHODS IN ESTIMATING ARTHROPOD ABUNDANCE 

IN COTTON 

Introduction 

It is critically important to understand and be able to estimate insect activity 

when making research and pest management decisions. Sampling is done to estimate 

insect abundance and distribution pattems before any management decision is made. 

Sampling methods must be developed that are fast, accurate, reliable, and sufficiently 

inexpensive to be implemented at the field level (Ellington and Southwood 1999). 

Implementation of integrated pest management strategies frequently requires that 

treatment decisions be based on pest densities (Fleisher et al. 1985). Integrated pest 

management programs rely on sampling methods that allow the optimization of 

control measures (Rancourt et al. 2000). Several different techniques are used to 

sample arthropods in cotton (Ellington et al. 1984b), vacuum (Dietrick 1961, Smith et 

al. 1976, Parajulee and Slosser 1999), drop cloth (Fleisher et al. 1985, Gonzalez et al. 

1977), and sticky traps (Parajulee and Slosser 2003). The sweepnet and vacuum 

sampler are mostly used to sample cotton arthropods in the THP. Sweepnetting is the 

most widely used method of sampling cotton insects in the southwest because it is 

inexpensive and easy to use (Ellington et al. 1984b). Nuessly and Sterling (1984) 

opined that vacuimi sampling is a rapid method for sampling the entire cotton surface 

over a large area in a short time period, but the method is labor intensive, noisy, 

expensive and the machinery involved is difficult to operate. There are several types 

of suction devices used to obtain estimates of insect populations: Summers et al. 

(1984) compared a new suction sampler constructed by Echo Power Blower to 

standafd backpack vacuum and reported that the Echo sampler was superior to the 
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standard sampler in suction, lighter in weight, and quieter. Further, it was to be equal 

or superior to the standard vacuum sampler in capturing a diverse complex of 

arthropods. During the early stages ofcotton development, vacuum is the best sample 

method because plants are small and fragile and other methods tend to cause plant 

damage. Later in the season, when the plants grow taller, vacuum and sweepnet will 

collect only those insects on the tops ofthe plants. So it is always desirable to rely on 

more than one method to estimate insect numbers. 

Several studies have been carried out to evaluate the effectiveness of sampling 

methods in sampling cotton insects. Ellington et al. (1984a) reported that their Insect 

Vac captured more insects and gave more accurate estimates of population densities 

than the sweepnet samples. Gonzalez et al. (1977) also reported the similar results 

using D-VAC® instead ofthe Insect Vac. According to Wilson and Guitierrez (1980) 

the sweepnet is usefiil for estimating relative numbers of insects on cotton, but 

captures only a relatively small percentage ofthe insects on the plant and efficiency is 

influenced by plant phenology. Race (1960) used sweepnet and a mechanical 

collection device (a type of vacuum sampler) to collect Lygus and stink bugs and 

concluded that sweepnet failed to provide a dependable population index of Lygus and 

stink bugs on cotton plants during the later half of the growing season. The resources 

devoted to s£impling in pest management programs are almost always limited, and 

knowledge of sampling method performance characteristics is important in the 

development of reliable and efficient monitoring tools (Naranjo et al. 1995). 

Information on abundance and distribution of predator and pest species is needed 

because successfial integrated pest management requires thorough knowledge ofthe 

interactions between pests and predators. Generally population density estimates are 

more reliable when the sample size is large, but often this is impractical and not 

economically feasible. An effective sampling program for insect pests requires 

determiniilg the smallest sample size that would give the desired reliability ofthe 

density estimate. This is called optimum sample size (Karadinos 1976). 
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Knowledge ofthe reliability of sampling methods is essential in entomological 

research. Reliable estimates ofcotton arthropod populations are foundation in 

development of insect control strategies that can be incorporated into pest 

management programs. The objective of this study was to evaluate the vacuum and 

sweepnet sample techniques, by determining the relative catch efficiency and cost-

reliability ofthe two methods in sampling cotton arthropods in THP. A secondary 

objective was to determine the optimum sample size for different population 

estimates. 

Materials and Methods 

The study was conducted in 2002 and 2003 at Westem Peanut Growers 

Research farm at Gaines County, Texas. The experimental design was a randomized 

complete block design with three replications. The study field was listed to 91.44 cm 

rov^. irrigated using a center pivot irrigation system. Study plots were 16 rows wide in 

2002 and 12 rows wide in 2003. No insecticides were applied in the study area during 

the study period. 

Two sampling methods, vacuum and sweepnet (treatments), were compared 

during both years. These two methods were chosen because they are commonly used 

to sample cotton arthropods in the study area. Seven samples per treatment (method) 

were taken from each block on each sample date. Each sweiepnet sample consisted of 

75 to 100 sweeps per sample. The handle on the sweepnet was 0.7 m in length and the 

diameter ofthe net ring was 36.83 cm. Sweepnet sampling was accomplished by 

sweeping the net through the foliage alternatively away from and toward the 

investigator as the investigator walked along the row. 

Vacuum sampling was performed using a 2-cycle backpack vacuum sampler 

(Model 1612, J. W. Hock Company, Gainesville, FL) fitted with 30 cm diameter 

sampling cone. The vacuum sample unit consisted of approximately 30 m row 

sampled v/ith a 30-second vacuum sampling time interval per sample. The suction 

cone was placed over each plant as the investigator walked along the row. The 
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arthropods collected from each sample were transferred to a plastic bag, retumed to 

the lab and refrigerated. The samples were processed and insects identified to species 

next day. Samples were taken weekly from the first week in August to the first week 

in September (5 weeks) during both the years. Sampling was conducted between 10:00 

AM and 12:00 PM and care was taken not to take two samples from the same row. 

A total of 13 adult and immature pest and beneficial arthropod species were 

counted and used to compare the two sampling methods. The pest species collected 

included cotton fleahoppers {Pseudomoscelis seriatus (Renter)) and Lygus bugs 

{Lygus elisus and Lygus hesperus). These two pest species were compared 

individually, while beneficial arthropods were grouped according to their feeding 

habit. The lady beetles {Hippodamia convergens), Scymnus beetles {Scymnus loweii), 

hooded beetles {Notoxus spp), and soft-winged flower beetie {Collops spp) were 

grouped as predatory beetles. Minute pirate bugs {Orius spp), damsel bugs {Nabis 

spp)* assassin bugs {Zelus renardii), and big-eyed bugs {Geocoris punctipes) were 

grouped piercing and sucking bugs. The lacewings included both green and brown 

lacewings {Chrysopa spp). The spider group included mainly Misumenops spp. but 

included other unidentified species. Finally, all the beneficial arthropods were 

combined to create a total predator statistic. Arthropod species presented are combined 

adult and larva or nymph numbers. 

Data analysis 

The data fi'om both methods were converted to numbers per acre by 

multiplying number of insects per plant by the number of plants per acre. Data were 

analyzed by combining the two years using PROC MIXED (SAS institute 2003). 

Mean separation of treatment effects was performed using protected LSD at a=0.05. 

In cases where year interacted with treatment (method), the results were presented by 

year, otherwise treatment means vvere combined across years. A randomized complete 

block design with 3 blocks was used to analyze these data. The sampling method was 

the main plot factor. Sampling periods were averaged in each of two years to use in 
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the analysis of variance. The effect of year was designated as a repeated measures 

effect. Additionally week was included in the analysis, and also designated a repeated 

measure. 

Optimum sample size (OSS) 

As the arthropod densities estimated in our study ranged from 100 to 8000 per 

acre, we calculated OSS for 3 different densities: 100, 1000, and 10,000 per acre. The 

OSS was calculated using the equation developed by Ruesink (1980) and Wilson and 

Room (1982), who incorporated Taylor's Power Law into Karandinos equation. 

« = t̂ a/2 D-̂  a x*"̂  

Where n = optimum sample size 

t = standard normal variate for a two-tailed confidence interval 

D ^ fixed level of precision 

a,b = Taylor's coefficients 

The Taylor's coefficients were obtained by regressing In (S )̂ on In {X) (Taylor 1961) 

for each sample method and arthropod group. The precision level was set at 10% (0.1), 

which has been cited as a desirable level for ecological research (Southwood 1978). 

Relative cost variability 

A sampling method should be inexpensive, practical to use and should give 

reliable estimates. The basic criterion for evaluating a sarnpling procedure is based on 

its cost to obtain an estimate with a given level of reliability (Wilson et al. 1989). In 

this study we attempted to estimate the cost reliability ofthe vacuum and sweepnet 

sampling methods by the equation, C = « (0 + 4>)> 

where C = cost (time required to obtain samples) for a given level of reliability 

for the sampling procedure 

n = number of samples required for an estimate with a given level of reliability 

9 =. time required to complete an individual sampling unit 

4) r time required to move from sample unit to sample unit 
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Relative catch efficiency 

The catch efficiency ofthe two sampling methods was calculated by regressing 

vacuum against sweepnet as we treated sweepnet the consistent procedure. Arthropod 

numbers from both sampling methods were converted to the same unit (numbers per 

acre). A no-intercept (forced regression) model was used and the slopes ofthe 

regression lines were tested for equivalence to one. Correlations between sweepnet 

and vacuum were also calculated using the estimates obtained from each week 

throughout the sampling period. 

Results 

Sampling methods and arthropod seasonal activity pattems 

In considering averages ofthe two study years for each ofthe arthropods 

counted, several trends are apparent. Fleahopper numbers increased as the season 

progressed. Peak activity of fleahoppers was observed during the first week of 

September. Predatory beetles, spiders, lacewings, and total predators were in greater 

numbers at around the last week of August. Lacewing populations increased almost 

six fold from the third to the fourth week of August. Predatory beetles increased in 

numbers until the final week in August then declined. The sweepnet method was 

efficient in capturing all arthropods except fleahoppers. The vacuum sampler detected 

more fleahopper numbers when compared to sweepnet.. 

Comparison of two sampling methods 

Cotton fleahopper. Across year, seasonal fleahopper means significantly varied 

between the two sampling methods {F= 8.73; P = 0.02) (Table 4.1). The vacuum 

captured significantly more fleahoppers than the sweepnet. Fleahopper captures were 

2855 and 2317 for vacuum and sweepnet, respectively. Weekly trend curves showed 

that sweepnet detected more fleahoppers than vacuum for the first three weeks and 
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after that, during late season vacuum detected more numbers than sweepnet (Figure 

4.1). Comparison analysis of regression slopes of both sample methods were 

statistically equal to 1 indicating that either method can be used with equal 

effectiveness to estimate fleahopper densities (Table 4.2). Correlations of fleahopper 

counts between sweepnet and vacuum showed significant positive relationship {R = 

0.52). 

Lysus bugs. When averaged across year and week, vacuum captured 

significantly fewer Lygus bugs when compared to sweepnet (F= 15.41; P = 0.002) 

(Table 4.1). Throughout the sampling period, there was no significant difference 

between Lygus estimates made using sweepnet and vacuum methods except during the 

fourth week, during which the sweepnet captured more Lygus numbers than the 

vacuum sampler (Figure 4.2). Lygus numbers were higher in the year 2003 when 

compared to 2002 (Table 4.1). From the regression analysis it was evident that relative 

catch efficiency ofthe vacuum sampler was 66% of sweepnet and correlations of 

sweepnet and vacuum were significant (/'<0.0001) with a positive relationship (r = 

0.50) (Table 4.3). 

Predaceous beetles. Across year and week, the sweepnet captured significantly 

more predaceous beetles than the vacuum sampler {F= 33.43, P = 0.03) with a 

seasonal average capture over four times higher (Table 4.1). Even when numbers were 

low at the begirming ofthe sampling period the sweepnet ckptured significantly higher 

number of beetles than vacuum (Figure 4.3). Throughout the sampling period the 

sweepnet showed greater catch efficiency than the vacuum sampler. Weekly average 

captures were significantly different between the two sampling methods for every 

week. It was quite evident with the regression that vacuum is not efficient in capturing 

beetles when compared to sweepnet. The regression was significant (Table 4.2) and 

correlation coefficient was very weak at 0.08. 

Predaceous bugs. The sweepnet caught significantly more numbers of 

predaceous bugs per acre (583.26) than the vacuum sampler (475.80) {F= 5.02; P = 
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0.09) (Table 4.1). The weekly analyses indicated the sweepnet captured significantly 

more bugs than the vacuum sampler in 3 of 5 weeks (Figure 4.4). The regression of 

vacuum sampler against sweepnet was significant (i'<0.0001) with a correlation 

coefficient of 0.30. The vacuum sampler was only 54% as efficient as the sweepnet. 

Lacewings. Sampling method did not show any significant difference in 

detecting lacewing populations (F= 0.27; P = 0.62, Table 4.1). The lacewing 

populations observed during the study included about 96% of green lacewings and 4% 

of brown lacewings. From weekly analyses it was evident that both vacuum and 

sweepnet captured similar number of lacewings for the first two weeks of August 

(Figure 4.5). The sweepnet captured more lacewings during the third and fourth weeks 

of August. The vacuum sampler captured more green lacewings on the last sample 

date, possibly due to the usual late season increase in adults, which would tend to be 

easily sucked up by the vacuum. The slope of forced regression analysis indicated that 

the'yacuum sampler was 82% as efficient as sweepnet in capturing lacewings. The 

correlation coefficient was 0.76 and the regression was highly significant {P <0.0001). 

Spiders. Number of spiders captured during the season significantly varied 

between the two sampling methods (F= 73.82; P<0.0001) (Table 4.1), with the 

sweepnet capturing more spiders than the vacuum sampler. Separate analyses by year 

also gave the same results (Table 4.1). Weekly analyses also varied significantly with 

the sampling method, sweepnet captured more spiders durihg the first four weeks of 

sampling, but during the fifth week, the vacuum detected more spiders (Figure 4.6). 

The regression of vacuum on sweepnet for spiders was highly significant {P <0.0001) 

with a correlation coefficient of 0.25 indicating positive relationship between these 

two sampling methods. The relative catch efficiency ofthe vacuum sampler was 44% 

of that ofthe sweepnet. 

Total predators. Significant differences (F= 15.91; P = 0.06) between the two 

sampling methods were observed for total predators (Table 4.1). The sweepnet 

captured greater numbers per acre than vacuum: 2076 and 1380, respectively. 
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Significant differences between sweepnet and vacuum counts were also observed 

among weeks (F= 52.98; P<0.0001) (Figure 4.7). Total predator numbers increased 

gradually as the season progressed; there was a large increase in numbers from the 

third to the fourth week of sampling period. Sweepnet captured significantly higher 

numbers than vacuum in each week, except for the fifth week, during which predator 

numbers captured by sweepnet were lower than vacuum. Even though the sweepnet 

method captured more total predators than vacuum, it was not consistent in estimating 

the numbers whereas vacuum method was consistent throughout the sampling period. 

The forced regression analysis indicated a significant relationship between two 

sampling methods (P<0.0001) with a correlation coefficient of 0.61.The catch 

efficiency ofthe vacuum sampler was 66% that of sweepnet. 

Determination of OSS and sampling cost efficiency 

The parameters a and b which were obtained from regressing log variance on 

log mean were used in the calculation of OSS (Table 4.4). Time required to take one 

single sample was less with the vacuum when compared to sweepnet (Table 4.5). The 

OSS decreased as the arthropod density increased for sweepnet and vacuum sampling 

methods at a precision level of 10%. The OSS was different for each arthropod group 

for each sampling method (Table 4.6). 

For fleahoppers, Lygus bugs, lacewings, spiders, and total predators the 

sweepnet method required fewer samples to estimate different densities when 

compared to the vacuum sampler. The vacuum sampler required greater number of 

samples to estimate different population densities of Lygus bugs and spiders at a 

precision level of 10% (Table 4.6). For the rest ofthe arthropods such as predatory 

beetles and predatory bugs sample size required to achieve adequate precision was less 

with vacuum sampler than sweepnet. However, based on the relative cost (or time) 

required to give reliable estimates of arthropods, it was evident that the sweepnet was 

more cost-effective in estimating fleahoppers, Lygus bugs, and spiders while the 
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vacuum sampler was more effective in capturing predatory beetles, lacewings, 

predatory bugs, and total predators. 

Discussion 

The results of this study indicate that sampling method had no significant 

effect in estimating lacewing densities. For all the other arthropod groups, sweepnet 

was significantly more efficient in estimating population densities when compared to 

the vacuum sampler. The vacuum sampler captured significantly more fleahoppers 

than the sweepnet. It was evident from the comparison of two sampling methods that, 

late in the season the efficiency of sweepnet in estimating arthropod numbers 

decreased for all the species sampled. However, the arthropod numbers captured by 

vacuum increased at each successive week. The reason could be that the plants grow 

larger during the season and sweepnet samples a smaller proportion ofthe total plant 

area. Also late in the season the plant has more bolls which obstruct sweeping. Though 

the vacuum sampler captured significantiy lower numbers of arthropods than the 

sweepnet, this method was consistent in estimating numbers throughout the sampling 

period. Agreement ofthe results of this study with the findings of several other 

researchers varied. Ellington et al. (1984a) reported that Insect Vac produced samples 

with greater predictive value in retum for less human effort than the sweepnet. Amin 

and Sawiers (1994) found that Insect Vac caught more insepts per unit area than 

sweepnet in cotton in New Mexico. Race (1960) also reported that mechanical device 

was more efficient in estimating Lygus numbers than the sweepnet because Lygus 

bugs tend to inhabit the periphery ofthe plants, and can be collected by the 

mechanical device. 

According to Karandinos (1976), for a fixed precision level (D), required 

sample size decreases with increasing population density. Optimum sample size to 

obtain a precision level of 10%o decreased as the arthropod population density 

increased for both sweepnet and vacuum sampling methods. The slopes of regression 

lines of all the arthropod groups (except fleahoppers) were significantly different from 
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1 indicating the difference in relative catch efficiency between sweepnet and vacuum 

sampling methods. The slopes also showed positive significant relationship for all the 

arthropod groups. Correlation coefficients varied from 0.08 to 0.76 indicating weak to 

moderate correlations. 

Finally after taking into consideration catch efficiency, time efficiency and cost 

reliability, we believe that no single sampling method is ideal for determining 

population densities of all the arthropod groups in cotton. The sweepnet was effective 

for estimating fleahoppers, Lygus bugs, and spiders, whereas vacuum sampler was 

efficient in capturing beetles, predaceous bugs, lacewings, and total predators. Each 

method has its ovm advantages and disadvantage's. Vacuum covers larger areas and 

requires less time for sampling but it is expensive to maintain and one mns the risk of 

mechanical failure. By contrast, sweepnet is easy to operate and inexpensive but 

limited in coverage of sampling area. Hence combinations ofthe vacuum sampler and 

sw^jjnet methods could be an effective option for estimating reliable arthropod 

population densities in cotton. The selection of method will depend upon the arthropod 

species being sampled, their occurrence within the crop canopy, crop stage, and cost 

of sampling. Hence combination of vacuum and sweep net sampling methods could 

provide a better estimate for all the arthropod species of interest than a single 

technique used alone. 
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Table 4.1. Seasonal average abundance ofcotton arthropods detected by vacuum and 
sweep net sampling 

Year 

- 2002 

2003 

Average 

2002 

2003 

Average 

Arthropod groups 

Fleahoppers 

Lygux bugs 

Lacewings 

Spiders 

Sampling method 

Vacuum Sweepnet 

3855.41+219.583 2486.92±219 58b 

1927.70+219.58a 2373.62+219.58a 

2855.00+145 49a 2317.97+145.49b 

24.37 

0,57 

8.73 

0.0008 

0.47 

0.02 

2002 

2003 

Average 

2002 

2fi03 

* 
Average 

2002 

2003 

Average 

Predatory beetles 

Predatory bugs 

27.66±10.78b 

135.35+10.78a 

82.19±6.15b 

59.46±55.01b 

84.35±55.01b 

71.91+49.62b 

322.21±36.89a 

598.78+36.89b 

460.49±31.17b 

96.1410.78a 

139.31±10.78a 

116.31±6.15a 

497.84+55.01a 

409.72±55.01a 

453,78+49.62a 

245.30±36.89a 

873.23±36.89a 

559.26±31.17a 

26 83 

0.14 

15.41 

37.92 

20.89 

33.43 

2.55 

32.42 

5.02 

0.0002 

0.72 

0.002 

0.01 

0.03 

0.03 

0.17 

0.002 

0.09 

1129.79±152.09a 

16871±152.09a 

649.25+121.18a 

1260.44±I5l09a 

184.26+152.09a 

722.35+121.18a 

0.43 

0.01 

0.27 

0.53 

0.94 

0.62 

2002 

2003 

Average 

2002 

2003 • 

Average 

Total predators 

113.39+24.51b 

280.72±24.51b 

197.06+18.24b 

1627,62±186.65b 

1132.56±186.65b 

1380.09±158.92b 

185.02+24.51a 

495.55+24.51a 

340.29±18.24a 

2188.60±186.65a 

1962.76+186.65a 

2075.68±158.92a 

9.23 

83.04 

73.82 

3.63 

16.18 

15,91 

0.023 

< .0001 

0.0001 

0.06 

0.02 

0.06 
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Table 4.2. Descriptive statistics and linear relationship between vacuum and sweepnet 
sampling estimates for different arthropod groups 

Arthropod groups 

Fleahopper 

Lygus bugs 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

Dependent 

variable 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Vacuum 

Independent 

variable 

Sweepnet 

Sweepnet 

Sweepnet 

Sweepnet 

Sweepnet 

Sweepnet 

Sweepnet 

Slope (+) SE 

0.93+0.05 

0.66+0.06 

0.03±0.01 

0.54+0.04 

0.82±0.04 

0.44+0.05 

0.66±0.04 

R' 

0.59 

0.38 

0.16 

0.41 

0.63 

0.29 

0.58 

CV 

90.24 

186.81 

167.77 

111.19 

172.09 

158.12 

115.24 

t 

17.28 

11.42 

1.16 

12.14 

18.83 

9.28 

16.85 

P 

0.20 

<0.0001 

<.0001 

<0.000I 

<0.0001 

<0.0001 

<0.0001 

The data obtained from August 1*' week to September 1̂ ' week were used in the 
regression analyses. The Lygus bugs included L. elisus and L. hesperus. Predatory 
beetles included ladybird beetles {Hippodamia convergens), Scymnus beetles 
{Scymnus loweii), hooded beetles {Notoxus spp), and soft-winged flower beetle 
{Collops spp). Predatory bugs included minute pirate bugs {Orius spp), damsel bugs 
{Nabis spp), assassin bugs {Zelus renardii), £ind big-eyed bugs {Geocoris punctipes). 
The lacewings included both green and brown lacewings {Chrysopa spp). The spider 
group included mainly Misumenops spp. and other unidentified species. Total 
predators included all the above predatory arthropods combined. 
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Table 4.3. Simple correlation between vacuum and sweepnet sampling 
estimates of selected cotton arthropod groups 

Arthropod groups 

Fleahopper 

Lygus bugs 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

Correlation coefficient 

0.52 

0.50 

0.08 

0.30 

0.76 

0.25 

0.61 

P 

<0.0001 

<0.0001 

0.25 

<0.0001 

<0.0001 

0.0003 

<0.0001 

See Table 4.2 for different species of arthropod groups. 
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Table 4.4. Spatial distribution of selected cotton arthropod groups as indicated by the 
Taylor's Power Law 

Sample 

method 

Vacuum 

Sweepnet 

Arthropod groups 

Fleahoppers 

Lygus bugs 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

Fleahoppers 

Lygus bugs 

Predatory beetles 

Predatory bugs 

Lacewings 

Spiders 

Total predators 

a 

0.96 

1.75 

1.96 

2.2 

1.33 

1.69 

0.61 

1.49 

1.83 

1.62 

1.55 

1.51 

2.72 

1.07 

b±SEM 

1.52+0.10 

I.33±0.11 

1.13±0.13 

1.04±0.15 

1.52±0.10 

1.26±0.15 

1.64±0.19 

1.36±0.11 

1.13±0.16 

1.28±0.18 

1.29±0.15 

1.48±0.24 

0.79±0.16 

1.53±0.42 

R' 

0.98 

0.95 

0.90 

0.86 

0.97 

0.87 

0.90 

0.95 

0.86 

0.86 

0.91 

0.83 

0.74 

0.62 

P 

<.0001 

<.0001 

<.000I 

<.0001 

<.0001 

<.0001 

<.0001 

<.0001 

0.0001 

<.0001 

<.0001 

0.0002 

0.0014 

0.007 
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Table 4.5. Time required (in minutes) to obtain 1 sample per sampling episode by 
vacuum and sweep sampling methods 

Sample method Total Sample time Movement between Time/plant Relative time efficiency 

time plots 

Vacuum 3 2.5 0.5 0.008 1 

Sweepnet 4.6 4.1 0.5 0.01 0.8 
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Table 4.6. Optimum sample size and cost efficiency for estimating the abundance of 
cotton arthropods (precision = 10%) at different population densities 

Arthropod 

groups 

Fleahoppers 

Lygus bugs 

Predatory beetles 

Predatory bugs 

-» 

iJacewings 

Spiders 

Total predators 

Sample 

method 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Vacuum 

Sweepnet 

Optimum sample size 

at different densities 

100/ac 

110 

92 

103 

43 

51 

72 

43 

68 

162 

159 

68 

22 

135 

127 

1000/ac 

37 

21 

22 

6 

7 

14 

5 

13 

54 

48 

12 

1 

59 

43 

10000/ac 

12 

5 

'5 

0.8 

0.9 

3 

0.5 

3 

18 

14 

2 

0.1 

26 

15 

Cost of sampling in minutes 

to estimate different densities 

100/ac 

330 

423.2 

297 

197.8 

210 

331.2 

135 

312.8 

480 

731.4 

177 

101.2 

420 

584.2 

1000/ac 

111 

96.6 

63 

27.6 

36 

64.4 

18 

59.8 

159 

220.8 

30 

4.6 

189 

197.8 

10000/ac 

36 

23 

12 

3.68 

6 

13.8 

2.1 

13.8 

54 

64.4 

6 

0.46 

84 

69 
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Figure 4.1. Weekly average numbers of fleahoppers detected 
by vacuum and sweepnet sampling. 
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Figure 4.2. Weekly average abundance of Lygus bugs detected 
by vacuum and sweepnet sampling. 
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by vacuum and sweep net sampling. 
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CHAPTER V 

CONCLUSION 

The vegetative and reproductive components ofcotton with respect to 

irrigation and cultivar were evaluated to examine how these factors influence crop 

phenology and yield. Plant height was not consistent among the three irrigation levels. 

The reproductive characteristics such as bloom production and nodes above white 

flower (NAWF) increased with increase in irrigation level resulting in marginally 

higher lint yield. Cotton produced under LESA irrigation, which resulted in taller 

plants, produced marginally higher yields than cotton that received LEPA irrigation. 

Though LESA irrigation resulted in lower flower production, the lint yield was 

marginally higher than LEPA system. Cuhivar ST4793R produced the tallest plants of 

the four cultivars evaluated and resulted in higher lint yield. The cultivar ST4793R 

produced more mainstem nodes and had physiological crop cutout time seven days 

longer than the other three cultivars. These delayed cutout and increased number of 

nodes helped increase the yield observed for ST4793R. 

The water use efficiency (WUE) was greater at 50% ET target replenishment 

rate followed by 75 and 100% ET. The LEPA and LESA irrigation systems did not 

differ in WUE. Cultivars ST4793R and DP5415RR showed marginally higher WUE 

than the two remaining cultivars, which is evident from their higher lint yields per unit 

volume of irrigation water. 

Fiber quality characteristics were not consistent with any ofthe treatments to 

reach a specific conclusion. Some ofthe components we evaluated did not confer with 

some other research findings. The reason might be the difference in cultivars used in 

the studies. As there is no big difference in the yield between 75% and 100% ET, the 

practice of applying an irrigation rate targeting a slightly reduced ET replacement 

level may be a better management practice to conserve water resulting in lower cost 
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inputs while obtaining an acceptable yield. Regarding the irrigation application 

method, our study showed no significant yield difference between the two methods but 

LESA irrigation resulted in marginally higher yield than LEPA irrigation. However 

many researchers have previously reported reduced yields with LESA irrigation as the 

flowers get damaged with the water spray. So the study needs to be repeated to draw 

any firm conclusions about irrigation method efficiency. 

The 50, 75, and 100% ET replenishment levels, which represented deficit, 

moderate, and full irrigation, were evaluated using the cultivar PM2326RR. The three 

ET levels did not significantly influence any ofthe arthropod groups we sampled. 

However, the seasonal average of predatory beetles, predatory bugs, spiders, and total 

predators appeared to be higher in full irrigation plots (100% ET) followed by deficit 

irrigation plots, whereas fleahopper and spider numbers were higher in moderate 

irrigation plots. 

The LEPA and LESA irrigation systems did not show significant differences in 

supporting the arthropods, but cotton produced under LEPA irrigation appeared to 

support marginally higher number of arthropods when compared to LESA irrigation 

system. We speculate that the reason for the LEPA irrigated plots to support higher 

number of arthropods when compared to LESA irrigated plots is that an overhead 

spray of water hampers frequent insect recolonization in the cotton canopy. 

The four cotton cultivars did not differ significantly' with most ofthe arthropod 

species we sampled. Nevertheless, PM2326RR had highest fleahopper numbers and 

lowest total predators. The cultivar ST2454R supported the lowest number of 

fleahoppers. The higher abundance of fleahoppers in PM2326RR could be attributed 

to the lowest amount of leaf trichomes in this cultivar compared with the other three 

cultivars. 

The reliability and efficiency of vacuum and sweepnet sampling methods for 

estimating the abundance ofcotton, arthropods were evaluated over a 2-year period. 

There werp significant differences in numbers collected by the two sampling methods 
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for all the arthropod groups even at low densities. The sweepnet method was most 

effective in estimating population densities of all arthropods we sampled except for 

fleahoppers. Vacuum sampling appeared to be more efficient in capturing cotton 

fleahoppers than sweep net sampling. The optimum sample size for different 

arthropod groups decreased as the population densities increased to achieve a fixed 

precision level. The relative catch and cost efficiencies ofthe two sampling methods 

were also determined. Taking into consideration of both efficiency and reliability 

parameters, we concluded that the sampling method efficiency depended on the 

species sampled; vacuum was efficient for estimating some species of arthropods 

while sweep net was more effective for others. Thus, combination of vacuum and 

sweep net sampling methods could provide a better estimate for total arthropod 

species rather than using a single technique. 

In summary, several phenological characteristics and yield and quality 

parameters were similar across the three ET levels evaluated in this study. The insect 

abundance and seasonal activity pattems also did not vary among the three ET levels 

to impact the crop pest management practices. Growers never could afford applying 

their irrigation water to 100% ET level, but it ranges from 50 to 80%. It appears that 

the cotton receiving >50% ET replenishment may exhibit insignificant variation in 

plant growth parameters with increased level of ET replenishment. Future research 

needs to evaluate plant phenology and insect activity pattems in dry land, 33%) ET, 

and 100% ET replenishment that represent three typical cotton production practices in 

the THP, including no irrigation, deficit irrigation, and ftiU irrigation. 
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