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ABSTRACT 
 

Cotton is the most profitable crop produced in the Texas High Plains, but water 

deficiency is a crucial factor affecting both the yield and fiber quality in the region. 

Increasing cotton tolerance to water stress will be of even greater importance in the 

future. We tested the hypothesis that different cotton phenotypes, with okra and normal-

leaf morphology, will have similar values for physiological responses related to water 

stress, such as, stomatal conductance, photosynthetic rate, vapor pressure deficit levels, 

internal CO2  concentration, and transpiration rate, under varying water availability and 

that these responses will similarly be related to yield. A two year field study was 

conducted to determine the effects and interactions of irrigation amounts and cultivars on 

yield and quality of cotton and to analyze and identify the physiological traits associated 

with drought tolerance in Lubbock County, Texas in 2008 and 2009. The experiment 

consisted of three irrigation amounts and two cultivars in each year. An important 

objective of the study was to see whether the yield and fiber quality will be independent 

of the phenotypes and the irrigation treatments. 

In both the years the yield was significantly different between the phenotypically 

different cultivars. Yields were also not independent of the irrigation in 2009. Fiber 

quality parameters showed varying response to irrigation amounts in both years. Stomatal 

conductance, photosynthetic rate and the internal CO2 concentration increased with 

increase in irrigation in 2009. The normal leaf phenotype was more responsive to 

irrigation than the okra leaf cultivar and also achieved higher yield. In both cultivars, 

stomatal conductance and photosynthesis were positively correlated with water 
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availability. As expected, vapor pressure deficit was negatively correlated with water 

availability. Because the normal leaf cultivar was more responsive to water availability 

we reject our hypothesis. 
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CHAPTER I 

INTRODUCTION 
 

The growth and productivity of crops depends to a large extent on their 

vulnerability to environmental constraints, water deficit being a major stress. This is why, 

despite ranking No. 1 in U.S. cotton production, Texas cotton production is still far from 

achieving full yield potential (Smith, 2002). Even with soil and climate in this region 

being favorable for cotton to prosper, drought is the primary factor restricting crop yield 

and determining crop distribution. Drought tolerance has been defined as physiological 

and biochemical adaptations that enable a plant to withstand water deficits (Clarke and 

Durley, 1981). Plants have developed survival tactics such as adaptation mechanisms to 

deal with the unfavorable conditions or avoidance mechanisms such as adoption of 

specific growth habits to evade stress conditions (Ramanjula and Bartels, 2002). 

Understanding plant tolerance to drought is therefore of fundamental importance.  

Due to its capability to withstand periods of water deficit and to yield an 

economic return, cotton (Gossypium hirsutum L.) and sorghum (Sorghum bicolor (L.) 

Moench) are the summer crops traditionally grown in the rain-fed or supplemental 

irrigated areas of the semi-arid South Great Plains.  

Numerous traits appear to confer drought tolerance to cotton. Identifying traits 

that influence tolerance to drought is a complicated task because of several factors- the 

physiology of the plant (Kirda, 2002), the multidimensional aspect of the phenomenon 

(stress) itself, the involvement of various biological mechanisms, etc (Abdulai, 2005; 

Ingram and Bartels, 1996). In spite of these complexities, research has identified specific 
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stress related genes in a variety of crop species (Cattivelli et al., 2002; Li et al., 2005; 

Ramanjulu and Bartels, 2002; Shen et al., 2003). Such research is instrumental in 

understanding and mitigating the constraints of water deficit on crop productivity. 

Fiber quality improvement has seldom been the main focus for breeding 

programs, (Calhoun and Bowman, 1999; Culp and Harrell, 1973; May and Jividen, 

1999). A couple of decades back fiber quality was thought of as a future priority (Baker 

and Verhalen, 1973). Today, however, breeding for cultivars with improved yield under 

drought conditions is a major research arena (Cattivelli et al., 2008). Rizza et al. (2004) 

identified genotypes with high yield potential while studying physiological parameters 

under different irrigation treatments. The target of getting a good cotton harvest that is 

high in both yield and quality is obstructed by either environmental or economic factors. 

But the penalty for a reduction in lint yield is much greater that the penalty for poor fiber 

quality (Bednarz et al., 2002). 

Plant physiologists can provide novel insights and assemble new tools to 

understand the complex network of drought-related traits, while molecular biologists 

have conceived a transgenic approach to identify key genes that affect yield under 

drought or the expression of drought tolerance-related traits (Cattivelli et al., 2008).  

With good management practices, deficit irrigation can result in substantial water 

savings with little impact on the quality and quantity of cotton yield (Kirda, 2002). But it 

is difficult to judge the effect and extent of water deficiency in cotton because of its 

ability to maintain low leaf water potential, and capability to osmotically regulate leaf-

turgor pressure (Kirda, 2002). Sprinkler and drip irrigation have been suggested  to be 
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beneficial because they supply frequent and uniform applications of water, and hence can 

be adapted  over a wide range of topographic and soil conditions (Cetin and Bilgel, 2002; 

Dagdelen et al., 2006).  

Cotton is an excellent candidate for irrigation. Under limited water conditions, 

different irrigation systems such as drip irrigation, sprinkler irrigation, subsurface drip 

irrigation and low energy precision application (LEPA) should be considered to provide 

growers with high irrigation efficiency. Lyle and Bordovsky (1998) demonstrated the 

practicality of LEPA in terms of both water and energy savings. Hill et al. (1990) 

demonstrated the economical feasibility of shifting to LEPA systems for farmers. Cetin 

and Bilgel (2002) also reported that cotton yield and WUE were higher with drip 

irrigation than furrow and sprinkler irrigation. Mateos et al. (1991) reported that WUE 

was 30 % higher with drip irrigation, indicating a definite advantage of this method under 

conditions of limited water supply. The first SDI system to be installed in the Texas High 

Plains was in 1984 (Colaizzi et al., 2009). Bordovsky and Porter (2008) estimated 

approximately 100,000 ha of SDI in the Texas High Plains.  

A few physiological parameters such as stomatal conductance, transpiration and 

respiration rates have been studied in relation to yield potential, some in different water 

regimes (Barbour et al., 2000; Bray, 1993; Radin et al., 1994; Ulloa et al., 2000) but no 

single parameter has been identified as the sole trait of improving yield (Bray, 1993; 

Hasegawa et al., 2000). Stomatal conductance response to changes in leaf water status 

and environment is important in regulating transpiration and photosynthesis, which in 

turn affect yield. In West Texas, where the climate is dry and water resources limited, the 
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study of the relationships between stomatal resistance, leaf water potential, leaf 

temperature, and environmental factors such as temperature and humidity are particularly 

important to growers. There is substantial variation in the stomatal responses of higher 

plant species to atmospheric humidity, soil water availability, and other environmental 

factors. This is important to agriculture, as water availability often limits production, and 

stomatal traits could well be major determinants of water use efficiency. Lu et al. (1998) 

found a positive correlation between yield increases and increases in stomatal 

conductance of cotton. 

New chances to further improve crop productivity under limiting conditions come 

from the past years’ progress in the identification of physiological traits that show a 

response mechanism to stress. Realizing the impact of water deficiency on crop 

production and deriving inspiration from previous studies, this study was carried out to 

see the outcome of various irrigation levels on yield and fiber quality of different cotton 

phenotypes in the Texas High Plains. 

Hypotheses  

The different cotton phenotypes, with okra and normal-leaf morphology, will 

behave similarly in various irrigation treatments and the fiber production and quality will 

be maintained across the treatments. The physiological response (stomatal conductance, 

photosynthesis, transpiration, vapor pressure deficit) during the growing season will be 

independent of the phenotypes and the irrigation regimes and these responses will have 

no correlation to cotton yield. 
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Objectives  

i. To determine the physiological response of phenotypically different cotton 

cultivars (with okra and normal-leaf morphology) to different levels of moisture 

stress  

ii. To determine the yield and fiber quality of phenotypically different cotton 

cultivars grown under different irrigation regimes. 

iii.  To determine the relationship of some physiological responses to yield and fiber 

quality of cotton phenotypes (with okra and normal shaped leaves) grown under 

different irrigation regimes. 

Literature Review 

Drought is an abiotic stress often affecting cotton yield. Though water deficit is 

the major issue with regards to cotton production, the advancement made in this area of 

crop production has been slow due to the complexity of drought tolerance mechanisms.  

There are limited numbers of studies with drought tolerance as the primary 

breeding objective. Drought tolerance is usually addressed indirectly under other major 

objectives such as improved yield, pest resistance, etc. In recent years, however, new 

insights in drought tolerance have been attained through crop physiology and genomic 

studies which have presented breeders and producers with new knowledge and tools for 

plant improvement (Tuberosa and Salvi, 2006). 

The United States of America is the largest exporter of raw cotton with sales of 

$4.9 billion, followed closely by Africa, with sales of $2.1 billion. Therefore the 

importance of high cotton yield and quality in the Texas High Plains, where the majority 
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of the US cotton is produced cannot be stressed enough. 

Irrigation of cotton 

The Ogallala Aquifer is the primary source of water for the southern Great Plains. 

The aquifer is being drained at a rate faster than it is being replenished (Guru and Horne, 

2000). The Texas High Plains is the most critical groundwater depletion area of the High 

Plains (Ogallala) Aquifer (Musick et al., 1988). As with all resources that are scarce, 

water is a high value input. Therefore in the agricultural sector, where water is an 

indispensable input, it is imperative that this dwindling resource be utilized efficiently 

and that crop water productivity (CWP) be enhanced in order to increase profit margins. 

Quite a number of previous studies have demonstrated a decrease in seed cotton yield 

under water-stress conditions (Cook and El-Zik, 1993; Dagdelen et al., 2006; Gerik et al., 

1996; Lopez et al., 1995; Pettigrew, 2004; Saranga et al., 1998)  

Water is essential to maintain all the vital activities of plants. In areas where rain 

fed agriculture can prove to be risky, cotton can not only survive but thrive in times of 

prolonged water stress. Under limiting soil moisture cotton exhibited the highest 

efficiency of water transport compared to corn and sorghum (Robert et al., 1977). In the 

absence of drought stress at critical growth stages (early to mid-bloom), the water use 

efficiency (WUE- a measure of the amount of dry matter produced per unit of water used 

by the plant) in cotton is generally higher under managed deficit irrigation than under full 

irrigation  

Cotton is a reliable crop in areas with limited water availability. In order to 

increase profit margins, it is very important to optimize irrigation management. DeTar 



Texas Tech University, Esha Poudel Rai, May 2011 
 

7 
 

(2007) discusses the negative effects of overwatering cotton (such as rank growth, 

nutrient leaching, and possible contamination of local groundwater) and the decreased 

yield from under-watering. It has been suggested that an individual cotton plant requires 

about 37.85 liters of water during the growing season to achieve maximum yield potential 

(Bednarz et al., 2003). Cotton inherently is capable of exhibiting an indeterminate growth 

habit and hence may continue fruit initiation for an extended period given sufficient 

resources. 

Subsurface drip irrigation is capable of producing higher yields with higher water 

efficiency than any other irrigation method (Phene, 1991). Previous studies have reported 

the advantage of drip irrigation methods in terms of high WUE and yield for different 

crops including cotton (Abu-Awwad 1994; Dagdelen et al., 2006; El-Hendawy et al., 

2008; Ibragimov et al., 2007; Mateos et al., 1991; Ramesh et al., 1994; Weerathaworn et 

al., 1992). Colaizzi et al. (2009) found that cotton production in Texas was best under 

SDI as compared to other systems like low energy precision application (LEPA), low 

elevation sprays application (LESA), and mid elevation spray application (MESA). 

Another advantage of SDI is that the soil surface remains dry, reducing the occurrence of 

soil borne diseases and weeds, therefore reducing input costs. DeTar et al. (1994) found 

that cotton yields under SDI were as high as those with furrow irrigation, with 44. cm less 

irrigation water used.  

Crops behave differently in different environments and as a result the task of 

crediting a particular physiological parameter as a reliable indicator of yield in drought 

conditions becomes complicated, therefore yield performance over a range of 
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environments should be used as the main indicator for drought tolerance (Voltas et al., 

2005). An irrigation termination study on cotton shows that the plots with the last 

irrigation termination and therefore receiving the most water during the growing season 

had the highest cotton yield across the cultivars (Silvertooth et al., 2000). But yield alone 

is not the only important attribute. Results of this study also demonstrated that increase in 

yield was matched with an increase in micronaire value which is undesirable as it causes 

a discount for the price of the crop fiber. Micronaire caused the greatest change in quality 

adjustments in the price received for the lint (Anthony et al., 2005). DeTar (2007) 

reported that an irrigation rate that averaged 95% of pan evaporation and 117% of CIMIS 

evapotranspiration (CIMIS being an ET reference site) was the optimal amount of 

irrigation for the site, and resulted in the highest water use efficiency. “This rate 

represents the least amount of water applied that still produced essentially maximum 

yield, and it had the highest effective water use efficiency.” (DeTar, 2007). A decrease of 

5% lower than the aforementioned treatment would result in an approximate decrease of 

4.6% in yield. 

Physiological response 

Plant physiological studies from the past few decades have aimed at identifying 

some traits which are associated with plant adaptability to drought-prone environments. 

Traits such as small plant size, reduced leaf area, early maturity and prolonged stomatal 

closure lead to a reduced total seasonal evapotranspiration and to a reduced yield 

potential (Fischer and Wood, 1979; Karamanos and Papatheohari, 1999). 

Assessment of the degree of drought tolerance of different cultivars under 
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different biotic and abiotic settings is of utmost importance. Measures of certain 

physiological traits that are related to drought response have been helpful in the 

identification of tolerant and susceptible varieties. 

A few physiological parameters, such as stomatal conductance, transpiration and 

respiration rates, have been studied in relation to their performance in different irrigation 

regimes. The study of the involvement of many other physiological traits in determining 

their influence on drought tolerance is constrained. The difficulty in identifying a 

physiological parameter as a reliable indicator of yield in dry conditions has suggested 

that yield performance over a range of environments should be used as the main indicator 

for drought tolerance (Voltas et al., 2005). Some other studies have expressed yield 

potential with regard to an environment-related physiological trait, such as canopy 

temperature or water potential (Cattivelli et al., 2002). Physiological traits correlated with 

the responses to and/or modified by drought span a wide range of vital processes (Table. 

1). It is also significant to note that the timing and intensity of the stress may vary with 

time and place and plants that have been adapted to a specific type of stress may under-

perform when that particular condition is different or absent (Cattivelli, 2008). Rainfall 

can fluctuate between abundant downpours to scarce showers from season to season and 

also between years. The different crop developmental stages show different sensitivity to 

drought stress. There is no single response pattern that is highly correlated with yield 

under all drought environments.  

Stomatal conductance and maximal rates of photosynthesis were positively 

correlated with increased yields of advanced cultivars, while leaf temperatures were 
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Table 1. Physiological traits relevant for response to drought conditions. 

 
PLANT TRAITS     EFFECTS RELEVANT      MODULATION       REFRENCES 
                                              FOR YIELD               UNDER STRESS 

Stomatal conductance       More/less rapid              Stomatal            Jones (1999),                 
                                        water consumption.        resistance          Lawlor and  

Leaf Temperature             Leaf temperature            increases           Cornic   (2002) 
                                          reflects the                     under stress 
                                          evaporation and 
                                          hence is a function of 
                                          stomatal conductance 
 
 
Photosynthetic capacity     Modulation of              Reduction           Lawlor and  
                                          concentration of           under stress         Cornic (2002) 
                                          Calvin cycle       
                                          enzymes and elements 
                                           of the light reactions       
 
Osmotic adjustment          Accumulation of             Slow response      Serraj and 
                                          solutes : ions, sugars,        to water             Sinclair  
                                          poly-sugars, amino           potential             (2002)                      
                                          acids, glycinebetaine 
 
 

Adapted from L. Cattivelli et al. / Field Crops Research 105 (2008) 1–14. 
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negatively correlated Fischer et al. (1998). A difference in the drought tolerance 

mechanism was also found between cultivars. Siddique et al. (1990) evaluated the 

relationships between conductance and leaf water potential in modern wheat cultivars, 

and suggested that newer varieties may be ‘‘opportunistic’’ in relation to available water 

with high rates of leaf conductance when soil moisture was favorable, and markedly 

reduced leaf conductance when soil moisture was limiting. Old cultivars, on the other 

hand, were characterized by a ‘‘conservative strategy’’ with lower leaf conductance even 

at high soil moisture. Various traits work to combat drought through different 

mechanisms.  

Photosynthetic rates measured in the same leaves used to measure stomatal 

conductance were not positively correlated with yields (Radin et al., 1994). Thus, higher 

stomatal conductance appears to favor higher yields by a mechanism not directly related 

to photosynthesis. Similarly, it has been suggested that osmotic adjustment (OA) may not 

be considered equally useful in all crops and/or drought conditions, but there is a broad 

positive association between yield and OA in conditions of severe water stress where 

yields tend to be low (Serraj and Sinclair, 2002). Osmotic adjustment (OA) helps to 

maintain water absorption and cell turgor pressure, thus contributing to sustained higher 

photosynthetic rate and expansion growth. 

Transpiration, vapor pressure deficits and internal to ambient CO2 ratio, are some 

of the many parameters which can modify and which are affected by water status. In a 

study on wheat, results showed that a high Ci/Ca leads to lower transpiration efficiency 

(Farquhar and Richards, 1984).Transgenic plants have been developed either to regulate  
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the general stress response or to reproduce specific metabolic or physiological processes 

previously shown to be related to drought tolerance by classical physiological studies. 

Given the response of physiological parameters in regulating drought response, studies to 

substantiate the same have been many (Kizis and Pages, 2002; Li et al., 2005; Mare et al., 

2004; Shen et al., 2003).In this study we assessed the effect of irrigation amounts on 

several physiological responses in order to understand drought tolerance in two cotton 

phenotypes. This section is a summary determining the relationship of these 

physiological attributes with drought tolerance/ resistance. These attributes are an 

indication of drought tolerance directly or indirectly, through their effect on other 

attributes which could, in turn affect drought tolerance. 

Stomatal conductance (Cond) (molCO2 mol-1air) 
 

Conductance is the ease with which gases can exchange between two places. 

Exchange occurs through stomatal pores in the epidermis. Plants control water loss by 

varying stomatal apertures. Under severe water stress, stomatal conductance has been 

shown to decrease substantially in cotton varieties. Many studies have also emphasized 

the association of drought resistance with the rate of excised leaf water loss, stomatal 

closure, and abscisic acid (ABA) accumulation in the plants under water deficient 

conditions. 

Stomatal regulation, or adjustments that facilitate CO2 diffusion while minimizing 

water loss, might enhance the drought tolerance of plants subjected to temporal or 

sustained water deficits. This is a mechanism to adjust the water loss (Fambrini et al., 

1995; Fernandez and McCree, 1991; Franca et al., 2000). Stomatal closure is typically 

http://crop.scijournals.org/cgi/content/full/45/2/766#BIB13�
http://crop.scijournals.org/cgi/content/full/45/2/766#BIB13�
http://crop.scijournals.org/cgi/content/full/45/2/766#BIB14�
http://crop.scijournals.org/cgi/content/full/45/2/766#BIB15�
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detected before changes in leaf water potential during drought conditions. Stomatal 

conductance is very important in understanding the consequences of water stress since it 

is affected by several internal and external parameters such as the leaf water status, plant 

genotype, vapor pressure deficit, etc. Stomatal conductance affects several other 

physiological attributes which are also indicators of drought tolerance/resistance such as 

photosynthetic rate, vapor pressure deficit levels, etc. 

Reduced stomatal conductance increases water use efficiency but decreases 

absolute rate of net photosynthesis. Stomatal closure causes a greater decrease in 

transpiration than photosynthesis due to additional resistance to diffusion of CO2 relative 

to water vapor in the leaf (Sinclair, 1975). Reduced stomatal conductance also causes a 

loss in photosynthetic N use efficiency (instantaneous use of N for photosynthetic C 

gain). Other studies have shown that stomata close in response to lower conductance of 

the soil to leaf pathway via soil drying to prevent xylem cavitation (Sparks and Black; 

1999; Tyree et al., 1994). Many studies have also emphasized the association of drought 

resistance with the rate of excised leaf water loss, stomatal closure, and abscisic acid 

(ABA) accumulation in the plants under water deficient conditions. In a study in irrigated 

crops it was concluded that high stomatal conductance could be used as a selection trait 

for high yields in irrigated crops grown at high temperature (Barbour et al., 2000). 

Photosynthesis (Photo) (µmolCO2m-2s-1) 
 

Inadequate water availability is probably the main factor limiting photosynthesis 

and, consequently, plant growth and yield worldwide. At the whole plant level, the effect 

of stress is usually perceived as a decrease in photosynthesis and growth. This in turn is 
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usually due to lowered diffusion rate of CO2 in the leaves as a consequence of stomatal 

closure. The rate of photosynthesis is also affected by a combination of stomatal and 

nonstomatal limitations under conditions of moisture stress (Ephrath et al., 1990; Faver et 

al., 1996; Genty et al., 1987; Marani et al., 1985; Turner et al., 1986). There is also a 

hypothesis that the non stomatal limitation could in actuality be the effect of patchy 

stomatal closure which causes inhomogeneous photosynthetic activity. 

 Reduced photosynthetic C assimilation (and therefore reduced crop dry matter 

accumulation) is a principal effect of soil water deficit in cotton and other crops (Said and 

Hugh, 2005). Measurements based on the photosynthetic response to chloroplast CO2 

often confirm that the photosynthetic capacity is preserved but photosynthesis is limited 

by diffusive resistances in drought and salt-stressed leaves (Flexas et al., 2004). 

Therefore reduced photosynthates in moisture deficit episodes result in reduced yields. 

Internal carbon dioxide concentrations (Ci) (µmolCO2mol-1) and Ci/Ca ratio  
 

Ci/Ca is intercellular CO2 /ambient CO2. Plant gas exchange provides a highly 

sensitive measure of the degree of drought stress to which a crop is exposed. The study of 

Ci under increasing drought conditions has revealed that under initial stomatal control, 

there is substantial reduction in Ci as stomatal conductance decreased. The ratio of 

internal to atmospheric CO2
 concentration also decreases from plants with adequate 

watering to plants under drought. A high correlation was found to exist between 

(Ci/Ca)min and leaf water potential measured at (Ci/Ca)min. In the absence of patchy 

stomatal closure, (Ci/Ca)min gives a good representation of the drought tolerance of the 

plant. Subject to water stress, the decrease in both these parameters is an important 

http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB3�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB5�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB5�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB6�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB19�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB31�
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indication of drought manifestation. Farquhar and Richards, 1984 concluded in their 

study on wheat, that water use efficiency in drought conditions showed a positive 

correlation with Ci/Ca. Internal CO2 concentration affects photosynthesis and it is now 

established that stomatal closure and the ensuing reduction in leaf internal CO2 

concentration (Ci) are the major reasons for reduced leaf photosynthetic rates under mild 

or moderate water stress (Chaves, 1991; Cornic, 2000; Flexas et al., 2004). 

Vapor pressure deficit (Vpdl) (kPa) 
 

Higher VPD lowers the stomatal conductance, due to turgor pressure deficit, and 

hence provides for higher WUE, because gas exchange would be more restricted when 

evaporative demand and potential transpiration rates were high. As in most plants, leaf 

water potential is reduced under drought conditions, but cotton has the ability to 

osmotically adjust and maintain a higher leaf turgor potential (Nepomuceno et al., 1998; 

Turner et al., 1986). Leaf water status interacts with stomatal conductance and 

transpiration and under water stress a good correlation can be observed between leaf 

water content and stomatal conductance (Medrano et al., 2002). 

Transpiration (Trmmol) (mmolH2Om-2s-1) 
 

Transpiration rates are higher for plants not suffering moisture stress. Guard cells 

are turgid and stomata are open allowing for the diffusion of water vapor. Drought 

induced reduction in the rate of transpiration was noted in cotton by Leidi et al. (1993). 

Various studies have been conducted to show the effect of water deficit on transpiration. 

At low values of plant available water, the portion of the soil water holding capacity that 

http://crop.scijournals.org/cgi/content/full/45/6/2374#BIB5�
http://crop.scijournals.org/cgi/content/full/45/6/2374#BIB6�
http://crop.scijournals.org/cgi/content/full/45/6/2374#BIB18�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB21�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB31�
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can be absorbed by a plant, a reduction in transpiration is generally accompanied by 

reduction in stomatal conductance as well as decrease in photosynthesis rate, dry matter 

accumulation and economic yield (Turner, 1974). Farquhar and Richards (1984) 

concluded that water use efficiency in drought conditions showed a negative correlation 

with transpiration. Abscisic acid contents of shoots increased during the period of drought 

as water potentials decreased. The increase in levels of ABA was closely associated with 

a decrease in rate of transpiration (Roberts et al., 1986). 

Leaf temperature (Tleaf) ⁰C 
 

Leaf temperature is affected to a great extent by leaf movement. The 

diaheliotropic movement of cotton leaves increases leaf temperature. The evaporation 

heat of transpiration helps to keep the leaf temperature under check. Leaf temperature is 

affected by both the water status of the plant (Meyer and Walker, 1981) and the water 

status of the soil (Wang et al., 1993). Studies in the past have shown that leaf temperature 

measurements and canopy temperature measurements are good indicators of plant 

tolerance / resistance to drought and that it is feasible to use such data to quantify plant 

water deficit (Ko and Piccinni, 2009).  
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CHAPTER II 

    MATERIALS AND METHODS 
 

A two year study was conducted at the Texas Tech New Deal Research Farm in 

2008 and 2009. In 2009 an additional study was carried out at the Texas Tech Quaker 

Avenue Research Farm. The New Deal Research Farm is located at 33° 44' 13.76" N, 

101° 43' 58.04"W at an elevation of 3,256 feet (992 m) above sea level. The site is on a 

Pullman clay loam soil typical of the fine-textured soils found from Lubbock to Amarillo, 

(Fine, mixed, superactive, thermic Torrertic Paleustolls). The Quaker Avenue Research 

Farm is located at 33° 41' 36.4596" N, 101° 54' 18.612"W and the elevation is 3,256 feet 

(992 m) above sea level on Quaker Avenue in Lubbock, TX. The soil on the Quaker farm 

is an Acuff sandy clay loam (Fine-loamy, mixed, superactive, thermic Aridic Paleustolls). 

Both the study sites are equipped with subsurface drip irrigation (SDI). 

Cultural practices 

Customary pre-planting field preparations such as disking, pre-emergence 

chemical application and irrigation application were implemented. The plots were disked 

before being bedded on 1.016 m centers. A sub surface drip irrigation system was 

designated for the experiment at both locations. The SDI tape was placed 0.2 m below the 

soil surface under each row with eight rows in one zone. Each zone had two plots. Each 

plot consisted of four rows that were 10.66 m long and plots were separated by alleys 

1.52 m wide. A total of 79 kg/ha of nitrogen were applied to the entire field prior to 

planting through the SDI in both year at both locations. 
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Planting and Treatment 

The field design was a split plot design with three replications where the main 

plots were irrigation treatments and the sub-plots were cotton cultivars. The study was 

carried out with two cultivars in each year. During 2008 the cultivars FM832 (okra-leaf) 

and the normal leaf FM958 were planted at the New Deal Research Farm. In 2009, 

SiokraL23 (okra-leaf) and CS50 (normal leaf) were planted at both locations. Both 

cultivars were planted on May 22, 2008 at the New Deal Research Farm. During 2009 the 

cultivars were planted on May 21 at the New Deal Research Farm and on the Jun 2 at the 

Quaker Farm. The seeds were planted at the rate of 16.4 seeds m-1. A John Deere 1720 

MaxEmerge four row planter equipped with research cones was used for planting the 

cotton seeds. On May 20, 2008 and May 11, 2009, Treflan (a,a,a-trifluoro-2,6-dinitro-N, 

N-dipropyl-p-toluidine) was applied pre-plant at a rate of 1.75 L/ha at both the New Deal 

Research Farm and the Quaker Farm for weed control. 1.17 L/ha of Prowl (pendimethalin 

N-(1-ethylpropyl)-3,4-dimethyl-2,6- dinitrobenzenamine) and 1.53 L/ha of Dual Magnum 

(S-metolachlor ) were applied on May 20, 2008 and May 15, 2009 for  pre emergent 

weed control. On May 15, 2009, Roundup (glyphosate N-(phosphonomethyl) glycine) 

was applied at a rate of 3.21 L/ha for weed control. 

Irrigation and Rainfall 

The Long Term Average precipitation (LTA) for Lubbock (National Weather 

Forecast Service) during the growing season (May-Oct), from 1997-2007 was around 301 

mm. Rainfall  received during the 2008 growing season at New Deal was 537 mm with 

rainfall events ranging from 46 mm to a high of 231 mm. In contrast, 2009 was a 
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relatively dry year with precipitation during the growing season at both locations below 

the LTA (Fig. 1). Irrigation was started on Jun 6 in 2008 and was continued to Sep 2, 

2008. In 2009 irrigation was started on Jul 7 with the last run on Sep 21 at both locations. 

The total amount of irrigation water for years 2008 and 2009 are given in Table. 2. 

The cultivars were subject to three irrigation regimes which were i) non-irrigated, 

ii) irrigation to maintain approximately 25% soil volumetric water content and iii) 

irrigation to maintain approximately 30% soil volumetric water content. Irrigation 

amounts were 6.27 mm/ha/day for the medium irrigation treatment and 15.02 mm/ha/day 

for the high irrigation treatment.  

Soil moisture content was measured once a week using a Troxler Soil Moisture 

Meter (neutron probe). Twelve steel access tubes 1.524 meters in length were installed at 

all research locations in randomized plots that encompassed one of each irrigation regime 

per cultivar. The access tubes were installed after a plant stand was established. Neutron 

probe measurements were taken from 20-120 cm in 20 cm increments. In 2008, readings 

were obtained on Jun 4, Jun 11, Jun 19, Jun 30, Jul 3, Jul 9, Jul 17, Jul 21, Jul 24, Jul 28, 

Aug 4, Aug 12, Aug 27 and Sep 4. In 2009, we were able to take readings on only 3 dates 

(12, 16, 19 of Aug) at Quaker and none at New Deal. The neutron probe was calibrated 

using an equation derived from regression analysis of the neutron count versus 

volumetric water content (θv)  A core sample taken from the field at an earlier date was 

dried and the dry weight was measured. This was used to calculate the θg. The volumetric  
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Figure 1. Long Term Average rainfall and the total rainfall received during the 
growing season. 
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Table 2. Rainfall totals (mm), applied water (mm/ha) and total water received 
during the growing season (mm) at Quaker and New Deal (2008-2009). 

LOCATION TREATMENT RAINFALL 
APPLIED 
WATER 

TOTAL 
WATER 

  
(MM) (MM/HA) (MM/HA) 

     New Deal 
2008 

low 537 76 613 
medium 537 148 685 

 
high 537 231 768 

     New Deal 
2009 low 143 81 224 

 
medium 143 109 252 

 
high 143 273 416 

     Quaker 2009 low 223 154 377 

 
medium 223 312 535 

 
high 223 648 871 
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water content was calculated using the θg and the bulk density of the soil. The θv was 

then plotted against the corresponding neutron probe counts, and the best straight line 

plotted through the points. This line is the calibration equation, relating neutron probe 

counts to volumetric soil moisture. 

The form of the calibration equation is: 

Volumetric soil content = (Neutron Probe Count/ Standard Count) * Slope + Intercept 

Chemical application 

In 2008 sprayings of plant growth regulator, Stance (cyclanilide and mepiquat 

chloride) at 0.219 L/ha was done on Jul 10 (49 DAP) and Jul 31 (70 DAP). In 2009, crop 

growth was also controlled by two sprayings of Stance at 0.22L/ha on Jul 13 (53 DAP) 

and another on Aug 3 (74 DAP). On May 2008, 0.048L/ha of the insecticide Intruder 

(Acetamiprid) was used for aphid control. 

Defoliation 

Toward the end of each growing season, harvest aids were applied to the fields in 

both years. In 2008 the fields were treated with 1.75 L/ha Finish (ehephon and 

cyclanilide) and 0.44 L/ha Ginstar (thidiazuron and diuron), on Oct 4 and Oct 23. In 

2009, the same amounts of the defoliants were used at both the New Deal Research Farm 

and the Quaker Research Farm on Oct 2 and Oct 8, 2009 to aid in defoliation.  

Plant mapping 

In 2009 plant mapping was done in which height measurements, node counts and 

node above white flower (NAWF) counts were taken. Five plants per plot were selected
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randomly and plant height measurements were taken. Measurements were taken at both 

the Texas Tech Quaker Farm and the Texas Tech New Deal Research Farm at about two 

week intervals on the same dates. This was done four times during the 2009 growing 

season (Jul 26, Aug 8, Aug 22 and Sep 6). The main-stem node counts were conducted at 

the same time as the height measurements and on the same plants. The main-stem nodes 

were counted starting with the cotyledons as zero. NAWF is a measure of crop maturity. 

NAWF counts were also taken at the same time as height measurements and main-stem 

node counts. 

 Plant physiological parameters measurement 

In 2009, a Li-Cor 6400 portable photosynthesis system (Licor Bioscience) was 

used to take reading of the physiological parameters such as stomatal conductance, 

photosynthesis, transpiration, leaf temperature and vapor pressure deficit.  

The fluctuation of CO2 and water during plant growth are measured on a portion 

of a leaf enclosed in a chamber where the CO2 concentration, humidity, leaf temperature 

and light are controlled. The Li-COR 6400 calculates the rates of CO2 assimilation and 

transpiration, stomatal conductance and the concentration of CO2 in the intercellular 

airspaces within the leaf.  

The measurements of the fluxes of water and CO2 exchange were taken by 

enclosing the leaf in a chamber of the Li-Cor 6400 for 30 seconds. Measurements were 

made on fully expanded leaves on the upper nodes which received direct sunlight, in the 

afternoon between 2.00pm to 3.00 pm on 12, 17 and 19 Aug at the Quaker Research 

Farm and between 2.30pm to 3.30pm on 20 and 26 Aug at the New Deal Research Farm 
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in 2009.  

Yield  

In 2008 the plots at New Deal were harvested on Oct 27. In 2009, the Quaker 

Farm research study was harvested on the Oct 28 and the New Deal plots were harvested 

on Nov 5. All the plots were harvested using a John Deere 7455 Stripper equipped with 

weigh scales to determine yield. As with all other readings, only the center two rows 

(21.32 m long) of four rows per plot were harvested for yield data in order to remove the 

border effect, and a sample was taken from the burr cotton to determine gin turnout. The 

samples were ginned at Bayer Crop Science’s ginning facility in Lubbock, TX. The Fiber 

and Biopolymer Research Institute in Lubbock, TX performed High Volume Instrument 

(HVI) and Advanced Fiber Information Systems (AFIS) classing tests on the samples that 

were obtained from the ginned lint.  

Statistical Analysis 

Statistical analyses were conducted on: height, total nodes, NAWF, lint yield, lint 

percentage, fiber quality and physiological parameters. The data were analyzed using 

Proc GLM and Proc REG (SAS version 9.1) where irrigation treatments, cotton cultivars, 

and treatment by cultivar interactions were considered fixed effects and replications, 

replication by treatment, and residual error were random effects. Significant differences 

among or between lines was determined at p <0.05. Duncan’s Multiple Range Test was 

used to separate significant differences at the 5% level of probability. 
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CHAPTER III 

 RESULTS AND DISCUSSION 

 Irrigation and Rainfall 

The total water (rainfall plus rainfall) for the high water treatment ranged from 

871 mm (Quaker 2009) to 416 mm (New Deal 2009) (Table. 2, Fig. 2. A,B). For the low 

water treatment, total water ranged from 224 mm (New Deal 2009) to 613 mm (New 

Deal 2008). 

Neutron probe data showed the total amount of water in the soil profile from 0- 

120 cm (Fig. 2). Volumetric water content is theta (θ) and is an average of the three plots 

that are within the same irrigation treatment. For the 2008 study at New Deal (Fig. 3. A, 

B) and the 2009 Quaker study (Fig. 4. A, B) the lowest volumetric water content was 

observed for the lowest irrigation treatment while the highest values were observed for 

the highest irrigation treatment. 

Plant mapping data  

On four dates during the 2009 growing season, height, number of nodes, and 

NAWF were measured on five randomly selected plants within each plot (Fig. 5). Height 

was not significantly (p≤0.05) affected by cultivar on any date at either site (Table. 3). On 

the other hand, irrigation treatment significantly affected height (p<0.05) at each date at 

both sites. Height decreased as irrigation decreased. This was similar to findings of 

Siddique et al. (2000) in wheat and Sikuku et al. (2010) on rice. The cultivar x irrigation 

interaction was not significant (p≤0.05), except at Quaker on 6 Sep.  
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A. FM 958 

 
 

 
B. FM832 

 

Figure 2. Total water present in each soil profile interval for each variety and 
irrigation treatment averaged over the measurement period at New Deal (2008). 
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A. FM958 

 

 
 

B. FM 832 
 

Figure 3. Volumetric water content (%) in each soil profile, over the measurement 
period at New Deal (2008). 
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A. SIOKRA L23 
 

 

 
B.  

C. CS50 
 

Figure 4. Volumetric water content (%) in each soil profile over the measurement 
period at Quaker (2009).   
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Table 3. Analysis of variance for height, node and nodes above white flower 
measurements (2009). 
 
 
LOCATION          DATE     SOURCE      DF      HEIGHT(CM)    NODE(CT)    NAWF(CT) 
 

Quaker       7/26/2009 Rep 2 NS NS * 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 ** * * 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

12.91 9.6 15.37 
Quaker 8/8/2009 Rep 2 NS NS NS 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 ** ** NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

14.73 8.33 15.22 
Quaker 8/22/2009 Rep 2 NS NS NS 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 * NS NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

10.08 21.75 65.99 
Quaker 9/6/2009 Rep 2 NS NS NS 

  
Cultivar 2 NS NS * 

  
Irrigation 1 ** NS NS 

  
Cul X Irri 2 ** * NS 

  
Error 10 

   
  

CV% 
 

4.5 5.78 38.57 
New Deal 7/26/2009 Rep 2 NS NS * 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 ** NS NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

23.13 8.3 14.7 
New Deal 8/8/2009 Rep 2 NS NS NS 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 ** ** NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

10.52 5.35 30.26 
New Deal 8/22/2009 Rep 2 NS NS NS 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 * NS NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

13.63 9.88 37.96 
New Deal 9/6/2009 Rep 2 NS NS NS 

  
Cultivar 1 NS NS NS 

  
Irrigation 2 ** * NS 

  
Cul X Irri 2 NS NS NS 

  
Error 10 

   
  

CV% 
 

7.53 6.57 63.9 
 

*significant at P≤0.05 
**significant at P≤0.01 
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A. New Deal 

 

 

B. Quaker 

 
Figure 5. Height measurements trends for 2009 (numbers in parenthesis are LSD 
values from Duncan's Multiple Range Test)  
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Number of nodes was not significantly (p≤0.05) affected by cultivar on any date at either 

site (Table. 3). This was contrary to what Galanopoulou-Sendouka et al. found in 1980. 

Irrigation treatment significantly (p<0.05) affected number of nodes on two dates each at 

Quaker (Jul26, Aug 8) and New Deal (Aug 8, Sep 6). The cultivar x irrigation interaction 

on number of nodes was not significant (p≤0.05), except at Quaker on 6 Sep.  

The NAWF count decreases as the growing season progresses. We had mixed 

results for the significance of the main effects. At Quaker the irrigation effect was 

significant (p<0.01) only on Jul 26 (Table. 3). The effect of cultivars was also significant 

(p<0.01) on Sep 6. There was no significant effect of either the cultivars or the irrigation 

treatment at any other time. At New Deal neither the cultivar nor the irrigation treatments 

showed any significance on any of the measurement dates. The cultivar x irrigation 

interaction was not significant (p≤0.05) at any date for both locations.  

Yield and Lint Percentage 

Of the main effects, cultivar was significant (p<0.01) for lint yield in the 2008 

study (Table. 4). The FM958 variety yielded more than FM832 for all irrigation 

treatments. In 2008, irrigation treatment did not significantly (p<0.01) affect the yield of 

the crop. But even though there was no significant difference between irrigation 

treatments, both cultivars performed better in the medium irrigation treatment in 2008 

(Fig. 6). Lint percentage was significantly affected by cultivar (p<0.05) and irrigation 

(p<0.01) with FM958 producing the higher lint percentage. FM985 had the highest lint 

percentage at the low irrigation treatment (Fig. 7). Krida’s (2002) study also noted that 

deficit irrigation can result in substantial water savings with little impact on the quality 
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Table 4. Analysis of variance summary for Lint Yield and Lint percentage (2008). 

  
LOCATION  DATE SOURCE LINT 

YIELD 
LINT 

PERCENTAGE 
New Deal 2008 rep NS NS 

  
cultivar ** * 

  
irrigation  NS ** 

  
culX irri NS NS 

  
cv% 11.11 9.84 

 

 
*significant at P≤0.05 
**significant at P≤0.01 
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Figure 6. Effect of cultivar and irrigation on yield at New Deal (2008). 

 

 

Figure 7. Effect of cultivar and irrigation on lint percentage at New Deal (2008). 
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and quantity of cotton yield. The cultivar x irrigation interaction was not significant 

(p<0.05). 

 In 2009 at New Deal, both irrigation (p<0.01) and the cultivar x irrigation 

(p<0.05) interaction had a significant effect on yield (Table. 5). The effect of cultivars 

was not significant (p≤0.05). Both cultivars had the highest yield output at the high 

irrigation treatment (Fig. 8 A). This was similar to the results of an irrigation termination 

study (Silvertooth et al., 2000) where the plots receiving the most irrigation water had the 

highest yield. At Quaker during 2009, irrigation (p<0.05) as well as cultivar (p<0.01) 

significantly affected cotton yield (Table. 5). For both cultivars, yield increased as the 

amount of irrigation water was increased (Fig. 8 B). The CS50 variety yielded higher at 

all levels of irrigation treatment with the highest yield output at the high irrigation 

treatment (Fig. 8 B). The cultivar x irrigation interaction effect was not significant 

(p≤0.05). 

High Volume Instrument (HVI) Data 

Producers are concerned about the quality of cotton because the premiums and 

discount in the market are determined by fiber quality. The textile industry is also 

concerned with properties that affect textile processes such as spinning, weaving, and 

dyeing (Calhoun and Bowman, 1999). Textile manufacturers need fiber that can 

withstand the rigorous manufacturing processes. These realizations have slowly put focus 

on research on fiber quality improvement (Calhoun and Bowman, 1999; El-Zik & 

Thaxton, 1992; May & Taylor, 1998; Meredith et. al, 1991; Meredith et. al, 1996). The 

High Volume Instrument (HVI) in was developed in 1969 for the United States 
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Table 5. Analysis of variance summary for Yield (2009). 

 
LOCATION 

 
DATE SOURCE 

LINT 
YIELD 

 
New Deal 

 
2009 rep NS 

 
 

 
 cultivar NS  

 
 

 
 irrigation **  

 
 

 
 cul X irrig *  

 
 

 cv% 9.13  
 

 
 

  
 

 
Quaker 

 
2009 rep NS 

 

 
 

 cultivar *  
 

 
 irrigation **  

 
 

 cul X irrig NS  
 

 
 cv% 13.17 

 
*significant at P≤0.05 
**significant at P≤0.01 
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A. New Deal 

 

 

B. Quaker 

Figure 8. Effect of cultivar and irrigation on yield (2009). 
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Department of Agriculture (USDA) (Hsieh, 1999). The USDA assesses cotton quality 

based on key fiber traits such as length, uniformity, micronaire, strength, and grade  

 (Cotton Division, 1993). Charkraborty et al. (2000) demonstrated that color contributed 

the largest amount to the lint price at 30%, while micronaire, cleanliness, and staple were 

all very close in importance at 22%, 23%, and 20%, respectively. Strength was shown to 

contribute very little to the pricing at only 5%. 

Micronaire 

Micronaire (MIC) is an indirect measure of fiber maturity and fineness of cotton. 

It measures the relationship between air flow and linear density, which gives an 

indication of maturity. Air flow is introduced in a chamber where a constant mass of 

cotton fibers is compressed. The permeability of air flowing through the cotton mass is 

measured to determine the MIC value. The premium range for micronaire values is 3.7 - 

4.2; anything lower than 3.5 and higher than 4.9 will be considered in the discount range. 

Cotton with a low MIC value must be processed at slower speeds to reduce the risk of 

weakening the fibers since fineness affects the processing performance and the quality of 

the end product. Also, the higher the maturity, the better the absorbency and retention 

quality. Micronaire is greatly influenced by factors such as moisture, temperature, 

sunlight, plant nutrients and plant or boll population (Anonymous, 2010d).  

In 2008, at New Deal, cultivar had a significant (p<0.01) effect on micronaire 

with FM958 having the higher micronaire value irrespective of the irrigation treatments 

(Table. 6, Fig. 9A). This was similar to the results of Bayles et al. (2005) and 

Galanopoulou-Sendouka et al. (1980) where cultivar significantly affected MIC values. 
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Table 6. Analysis of variance summary for High Volume Instrument (HVI) data; Micronaire, Staple, Strength, Color 
grade (reflectance and yellowness) and Uniformity for 2008 and 2009. 
 

LOCATION DATE SOURCE MICRONAIRE STAPLE UNIFORMITY STRENGTH REFLECTANCE YELLOWNESS 

         New Deal 2008 rep NS NS NS  NS NS NS 

  
cul ** NS NS  NS NS ** 

  
irrig ** NS NS ** NS NS 

  
culX irri ** NS NS  NS NS NS 

  
cv% 7.03 1.63 0.86 2.17 1.28 4.68 

         New Deal 2009 rep NS * * NS NS NS 

  
cul NS ** ** ** * NS 

  
irrig ** ** NS NS * NS 

  
culX irri NS NS NS NS NS NS 

  
cv% 5.74 1.15 0.73 2.72 0.8 3.94 

         Quaker 2009 rep NS NS NS * NS NS 

  
cul NS NS NS ** NS NS 

  
irrig NS NS NS * * NS 

  
culX irri NS NS NS NS NS NS 

  
cv% 7.97 6.09 1.3 3.05 1.6 3.8 

 

 
*significant at P≤0.05 
**significant at P≤0.01 
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A. New Deal (2008). 

 

 
B. New Deal (2009). 

 

Figure 9. Effect of cultivar and irrigation on micronaire. 
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MIC was also significantly (p<0.01) affected by irrigation treatments. The normal 

leaf variety had higher values of micronaire than the okra leaf variety. However the 

values were not high enough to fall in the range of discount. Between cultivars, FM958 

under the low irrigation treatment showed the highest MIC value while the lowest MIC 

was recorded with the high irrigation treatment. The okra leaf variety (FM832) 

demonstrated the same trend. There was a significant (p<0.01) interaction effect on 

micronaire (Table. 6). In 2009, irrigation treatment had a significant (p<0.01) effect on 

the micronaire value of the fibers at New Deal. Fibers from the low and medium 

irrigation regimes had a higher MIC values (Fig. 9.B). The cultivar did not have a 

significant (p<0.05) effect here. The cultivar x irrigation interaction effect was not 

significant (p≤0.05). There was no significance (p≤0.05) noted for either of the main 

effects for micronaire at the Quaker site. The cultivar x irrigation interaction effect was 

also not significant (p≤0.05). (Data not shown). 

Staple  

Fiber length (staple) is the average length of the longer one-half of the fibers 

which is measured by passing a "beard" of parallel fibers through a sensing point. A 

beard of parallel fibers is formed by combing and brushing straight a sample of cotton. It 

is then passed through a sensing point which records the length (Anonymous, 2010a). 

Yarn strength and other post processing qualities are affected by staple length of cotton 

fibers and water stress may shorten the length (Anonymous, 2010b; Anonymous, 2010d). 

In 2008, the cultivars failed to have any significant (p<0.05) impact on fiber 

length (Table. 6). Neither the main effect of irrigation nor the interaction term showed 
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any significant (p≤0.05) effects on fiber length. The results of the 2009 Quaker study 

were similar to the 2008 New Deal study, with neither the cultivar nor the irrigation 

treatments having any significance (p<0.05) on staple. The cultivar x irrigation 

interaction effect was also not significant (p≤0.05). (Data not shown). 

Unlike the results from 2008, in 2009, cultivar and irrigation levels had significant 

(p<0.01) effects on fiber length at New Deal (Table. 6). Staple increased with irrigation. 

Water stress causes a decrease in fiber length and fiber immaturity (Mert, 2004; Ritchie 

et al., 2005). The okra leaf cultivar (Siokra L23) had longer staple at all irrigation regimes 

(Fig. 10). The cultivar x irrigation interaction effect was not significant (p≤0.05). 

Fiber length is highly controlled by genetics, but is also influenced by plant nutrient 

status and various environmental and processing conditions (Anonymous, 2010c). 

 Length uniformity  

Length uniformity is the ratio between the mean length and the upper half mean 

length of the fibers. Expressed in percentage, the uniformity will always be less than 100 

since there always is a natural variation in the length of cotton fibers. Values <80 % are 

considered to be low. The classification is given in Table. 7. (Anonymous, 2010a). 

Like the length of fibers, uniformity also affects yarn quality, and the efficiency 

of the spinning process (Anonymous 2010a; Anonymous 2010c). The absence or 

presence of imperfections (thick and thin places) is very important (Calhoun and 

Bowman, 1999; Price et al., 1999) with respect to quality. 

In 2008 there was no significant (p≤0.05) effect of cultivars, irrigation treatments 

or the cultivar x irrigation interaction on uniformity of the fibers (Table. 6). In 2008 the 
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Figure 10. Effect of cultivar and irrigation on staple at New Deal (2009). 
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Table 7. Classification of uniformity. 

Degree of Uniformity Uniformity Index (Percent) 

Very High Above 85 

High 83-85 

Intermediate 80-82 

Low 77-79 

Very Low  Below 77 

 

Adapted from http://www.cottoninc.com/ClassificationofCotton/?Pg=5 
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fibers displayed an intermediate grade of uniformity. At Quaker in 2009 there were no 

significant main effects or interaction effects (Table. 6). The only significant (p<0.01) 

main effect on uniformity was cultivar at New Deal where SiokraL23 showed higher 

fiber uniformity than CS50 (Table. 6, Fig. 11). Even though irrigation treatment did not 

have a significant effect on uniformity, the general trend shows that the crop had the 

highest uniformity at the medium irrigation regime. 

Strength 

Strength is measured in Tex per gram. The same beards of cotton that are used for 

measuring fiber length are also used for determining fiber strength. The cotton beard is 

clamped between two sets of jaws, one-eighth inch apart, and the amount of force 

required to break the fibers is recorded as the strength (Anonymous, 2010b). Cultivar 

affects the strength of the fibers to a great extent along with influence by plant nutrient 

deficiencies and weather (Anonymous, 2010c). High fiber strength results in stronger 

yarn and lower susceptibility to breakage during processing. Cultivars did not show any 

significant (p≤0.05) effect on the strength of the fibers in 2008 (Table. 6). Irrigation 

treatments had a significant (p<0.01) effect on strength with the crop under the low 

irrigation treatment having the greatest fiber strength (Table. 6, Fig. 12. ). There was no 

significant (p≤0.05) interaction effect (Table. 6). In 2009 at Quaker, both cultivar 

(p<0.01) and irrigation (p<0.05) had a significant effect on strength while only the effect 

of cultivar was significant at New Deal (Table. 6). At Quaker the normal leaf cultivar 

(CS50) had higher strength (Fig. 13. B) where as at New Deal the okra leaf (SiokraL23) 

showed more strength (Fig. 13. C). In 2008 cultivars recorded strength above the average  
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Figure 11. Effect of cultivar and irrigation on uniformity at New Deal (2009). 
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A. New Deal  

 

Figure 12 Effect of cultivar and irrigation on Strength (2008).  
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A. . New Deal  

 

 
 

B. Quaker  

Figure 13. Effect of cultivar and irrigation on Strength(2009).  
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value of 26-28 Tex per gram for all irrigation treatments. In 2009, fiber strength ranged 

from a low of 28 to a high of 34.4 Tex per gram. 

Color grade  

The color grade is determined by the degree of reflectance (Rd) and yellowness 

(+b) where reflectance is an indication of how bright or dull a sample is and yellowness, 

an indication of the degree of color pigmentation. A three-digit color code is used. The 

color code is determined by locating the point at which the Rd and +b values intersect on 

the Nickerson-Hunter cotton colorimeter diagram for Upland cotton (Anonymous, 

2010a). The color of the fibers, and hence the efficiency to absorb dyes, can be affected 

by  factors such as rainfall, freezes, insects and fungi, grass and soil stains  and conditions 

such as  excessive moisture and temperature. 

In 2008, there was no significance (p≤0.05) of main effects or interactions for 

reflectance whereas cultivars had a significant (p<0.01) effect on yellowness of the fibers 

(Table. 6). FM832 registered more yellowness, which is undesirable (Fig. 14). At both 

Quaker and New Deal, in 2009, irrigation levels were found to significantly (p<0.05) 

affect the reflectance values (Table. 6). A significant (p<0.01) effect of cultivars was also 

seen at New Deal (Table. 6). The CS50 cultivar showed a better color grade as far as 

reflectance was concerned (Fig. 15. A, B). Neither the cultivars nor the irrigation 

treatments showed any significance (p≤0.05) on the yellowness of the fibers. Cultivar x 

irrigation interaction was not significant (p≤0.05) at either location in either year (Table. 

6). (Data for locations that were insignificant have not been shown). Final color grade 

values cannot be statistically analyzed, so statistical analysis was not performed on those. 
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Figure 14. Effect of cultivar and irrigation on Yellowness (+b) at New Deal (2008). 
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Figure 15. Effect of cultivar and irrigation on reflectance (2009). 
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 Advanced Fiber Information System (AFIS) Data 

In today’s market the demands placed on fiber quality are constantly intensifying 

and during these competitive times, high quality fiber is the key to U.S. cotton’s 

competitive edge (Braden and Smith, 2004; Deussen 1992). In 1998, May and Taylor 

suggested that AFIS data measurements should be considered valuable tools for 

improving yarn tenacity which is a desirable fiber quality. Meredith et al. (1996) realized 

the potential of AFIS data for developing better cultivars of cotton.  

Maturity Ratio 

The maturity ratio (Mat Ratio) is a measurement of the relative amount of 

cellulose in the cross -section of a cotton fiber. MAT values range from 0.7-1.2 with 

higher ratings being attributed to more mature cotton. Values between the intermediate 

range of 0.80 to 0.89 were observed. The effect of cultivar and irrigation as well as that of 

the cultivar x irrigation interaction was found to be significant (p<0.01) for Mat Ratio 

(Table. 8). The normal leaf variety showed higher MAT ratios at all irrigation regimes. 

This study showed an inverse relationship of MIC to irrigation treatment. Both the 

cultivars showed higher values of MAT ratio (more mature cotton) as the amount of 

water in the irrigation treatment decreased (Fig. 16). This could be because by applying 

more irrigation water in the other irrigation treatments, crop maturity is delayed and 

therefore cellulose deposition is decreased resulting in immature fibers. 

Immature Fiber Content 

The immature fiber content (IFC [%]) is the percentage of fibers within a sample 

that are immature. Both main effects were significant (p<0.01) for IFC in 2008 (Table. 8).  
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Table 8. Analysis of variance summary for Advanced Fiber Information System 
data at New Deal (2008). 

SOURCE 
MATURIT
Y RATIO 

IMMATURE 
FIBER CONTENT 

(IFC [%]) 
FINENESS 
(FINE) [mTex]  

NEP COUNT (NEP 
PER GM) 

     rep ** ** ** * 
cultivar ** ** ** ** 
irrigation  ** ** ** * 
cul X irri ** NS ** NS 
cv% 1.25 5.56 2.46 1.67 

 

*significant at P≤0.05 
**significant at P≤0.01 
NS-not significant 
Cv%-coefficient of variation 
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Figure 16. Effect of cultivar and irrigation on Maturity ratio (Mat Ratio) at New 
Deal (2008). 

 
 

 
 

Figure 17. Effect of cultivar and irrigation on Immature Fiber Content (IFC [%]) at 
New Deal (2008). 
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The FM958 variety had lower values of IFC which means that it had less percentage of 

immature fiber at all levels of irrigation compared to FM 832 (Fig. 17). The low 

irrigation treatment showed significantly lower values than the other two treatments. 

However there was no observance of significance (p≤0.05) of the interaction terms  

Fineness  

Fineness is a measurement of weight per unit length of fibers, or linear density. 

Fiber fineness (fiber linear density) is expressed in millitex (mTex). The practical range  

range of fineness for U.S. Upland cotton is about 125-225 mTex. In 2008 cultivar had a 

significant (p<0.01) effect on fineness (Table. 8). FM958 showed a higher value of 

fineness at all three irrigation treatments as compared to FM832 (Fig. 18). Fineness was 

also significantly (p<0.01) affected by irrigation treatments. It was an inverse 

relationship, with the lowest irrigation treatment showing highest value of fineness and 

vice-versa. Interaction between the cultivars and the irrigation treatments was also 

significant (p<0.01) (Table. 8). Within cultivars, both the varieties demonstrated the 

highest values of fineness for the low treatment and the lowest for the high treatment. 

Nep Count 

A NEP is a small entanglement of cotton fibers often as a result of mechanical 

processing. Neps are non-existent in cotton bolls. The presence of neps is undesirable 

because it lowers the quality of the fibers. The NEP count (nepct) is the number of neps 

counted in a 0.5 gram sample of cotton fibers. Irrigation significantly (p<0.05) affected 

the NEP count, with the count decreasing with decreased irrigation (Fig. 19). Of the main  
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Figure 18. Effect of cultivar and irrigation on Fineness (Fine [mTex]) at New Deal 
(2008). 
 
 

 
 

Figure 19. Effect of cultivar and irrigation on Neps count at New Deal (2008). 
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effects, the effect of cultivar was also significant (p<0.01) with okra leaf  having the 

higher count which is an unwanted quality (Table. 8). 

Li-Cor-6400 Data 

Stomatal conductance (molCO2 mol-1air)  

Under severe water stress, stomatal conductance has been shown to decrease 

substantially in cotton varieties. The results in this study show similar trends with the 

values of stomatal conductance decreasing as the water in the irrigation treatments 

decreased, with the low treatment having the lowest conductance and the high water 

treatment having the highest conductance for both cultivars at both Quaker and New Deal 

in 2009 (Fig. 20. A, B). This finding was similar to a study on woody angiosperms, in 

which stomatal conductance decreased substantially under water stress (Ni  and Pallardy, 

1992). The main effect of irrigation was significant (p<0.01) for all the measurements at 

both locations (Table. 9). The effect of cultivar was not significant (p≤0.05) at either 

location during any of the measurement dates. The cultivar x irrigation interaction was 

also not significant (p≤0.05) (Table. 9). Even though the effect of cultivar was not 

significant, the general trend was that CS50 had marginally higher rates of stomatal 

conductance compared to SiokraL23, suggesting that this higher rate could be associated 

with higher yield (Fig. 20. A, B).  

Ko and Piccinni (2009) evaluated the relationship between cotton lint yield and 

leaf gas exchange measurements under limited availability soil moisture. They found 

positive correlations for each relationship of lint yield with stomatal conductance, 
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A.New Deal 

 

 

B.Quaker 

Figure 20. Effect of cultivar and irrigation on stomatal conductance (2009). 
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Table 9. Analysis of variance summary for photosynthesis, stomatal conductance, 
vapor pressure deficit,  intercellular CO2 and Ci/Ca ratio (2009). 
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Quaker 224 cul 2 NS NS * * * 
  irri 1 ** ** ** ** ** 
  cul X irri 2 * NS NS NS NS 
  Error     10      
  cv%  13.99 9.36 11.66 8.21 8.9 
Quaker 229 cul 2 NS NS NS NS NS 
  irri 1 ** ** ** ** ** 
  cul X irri 2 NS NS NS NS NS 
  Error     10      
  cv%  23.39 45.61 12.38 11.6 12.6 
Quaker 231 cul 2 * NS NS NS NS 
  irri 1 ** ** ** ** ** 
  cul X irri 2 NS NS NS NS NS 
  Error     10      
  cv%  16.83 38.55 9.9 6.81 7.39 
New 
Deal 

232 cul 2 ** NS * NS NS 

  irri 1 NS ** ** ** ** 
  cul X irri 2 NS NS NS NS NS 
  Error   10      
  cv%  14.43 39.48 11.15 4.58 5.62 
New 
Deal  

238 cul 2 * NS * NS NS 

  irri 1 ** ** ** ** ** 
  cul X irri 2 NS NS NS NS NS 
  Error     10      
  cv%   18.57 48.8 10.98 5.8 7.01 

*significant at P≤0.05; **significant at P≤0.01 
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transpiration rate, and soil moisture at 60 cm depth. The results of this study support 

these results. 

High photosynthetic rates achieved due to increased CO
2 
flux as a result of high 

stomatal conductance could favor higher biomass and crop yields (Sikuku et al., 2010). 

Fisher (1998) also found that stomatal conductance was positively correlated with yield 

of wheat. Statistical analysis showed that stomatal conductance had a significant (p<0.01) 

effect on photosynthesis, transpiration, vapor pressure deficit, leaf temperature, internal 

CO2 and internal CO2 to ambient CO2 ratio (Table. 10 A B). With the increase in stomatal 

conductance there was an increase in photosynthetic rate as well. Transpiration rate also 

increased whereas the VPD level decreased. This was not surprising because the 

mechanism of gas flux that drives the above physiological processes is controlled by the 

stomata. 

Stomatal conductance is not the only parameter limiting photosynthesis. Studies 

have found that non-stomatal limitations sometimes more significantly affect 

photosynthesis (Hutmacher and Krieg, 1983; Ni and Pallardy, 1992). If only stomatal 

conductance were to affect photosynthesis then there would be an increase in yield with a 

parallel increase in water loss by transpiration. This would then be of major concern for 

water deficit crop production. So even though conductance is a major rate limiting factor 

(Jones 1973) it is not the only one (Hutmacher and Krieg, 1983). The present study does 

not examine the non stomatal limitations. Radin et al. (1994) also suggested that there 

may be instances when stomatal conductance supports higher yield through another 

mechanism rather than photosynthesis. This present study showed a positive relation  
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Table 10 Effect of stomatal conductance on photosynthesis, transpiration, vapor 
pressure deficit, internal CO2  and leaf temperature (2009).  

A. SiokraL23 (2009). 

 
 
LOCATION  RESPONSE EQUATION+ r p 
Neal Deal photosynthesis Y= 0.0485X-0.6304     0.8831 <.0001 

 
transpiration Y= 0.0958X-0.3627         0.8831 <.0001 

 
vapor pressure deficit Y= -0.4016X+1.4693 -0.7937 <.0001 

 
intercellular CO2 Y=  0.0099X-1.8816 0.8831 <.0001 

     Quaker photosynthesis Y= 0.0342X-0.328     0.8602 <.0001 

 
transpiration Y= 0.0791X-0.2268 0.8888 <.0001 

 
vapor pressure deficit Y= -0.3084X+1.2519 -0.8062 <.0001 

 
intercellular CO2 Y= 0.0067X-1.0355 0.8602 <.0001 

     +   Y indicates the response variable and X is stomatal conductance (molCO2 mol-1air). 
 
 
 
 
B. CS50 (2009). 

 

LOCATION  RESPONSE EQUATION+ r p 
Neal Deal photosynthesis Y= 0.0569X-0.9436 0.8124 <.0001 

 
transpiration Y= 0.1386X-0.7548 0.8888 <.0001 

 
vapor pressure deficit Y= -0.5682X+1.9592 -0.781 <.0001 

 
intercellular CO2 Y= 0.0138X-2.6018 0.8485 <.0001 

     Quaker photosynthesis Y= 0.0394X-0.5298 0.9219 <.0001 

 
transpiration Y= 0.088X-0.3155 0.8944 <.0001 

 
vapor pressure deficit Y= -0.3444X=1.369 -0.8306 <.0001 

 
intercellular CO2 Y= 0.0078X-1.1647 0.911 <.0001 

     +   Y indicates the response variable and X is stomatal conductance (molCO2 mol-1air). 



Texas Tech University, Esha Poudel Rai, May 2011 
 

61 
 

between conductance and yield. The higher yielding CS50 also showed higher rates of 

stomatal conductance across the treatments (Fig. 20. A, B). This was in agreement with  

other studies where increase in yield was accompanied by an increase in stomatal 

conductance (Levi et al., 200; Lu et al., 1994). Thus, as Barbour et al. (2000) point out, 

stomatal conductance could be used as a determinant for high yields. 

Photosynthesis (µmolCO2m-2s-1) 

Photosynthesis is the basis of plant production. As water stress increases there is a 

decrease in photosynthetic rate. Photosynthesis decreases with decrease in irrigation, 

responding in a similar manner to stomatal conductance (Ni and Pallardy 1992) (Fig. 21. 

A B). There are both stomatal and non stomatal factors affecting photosynthesis (Ephrath 

et al., 1990; Faver et al., 1996; Turner et al., 1986). It was seen that photosynthesis rates 

were significantly affected by stomatal conductance (Table. 10. A,B). Water-stressed 

plants had lower leaf conductance and net photosynthesis compared with irrigated plants 

(Hutmacher and Krieg, 1983). In keeping with this principle this study too showed a 

higher rate of photosynthesis at the high irrigation treatment at both locations (Fig. 21. A, 

B). 

Cultivar was significant (p<0.05) for one date (Aug 19) at Quaker whereas the 

effect of irrigation was significant (p<0.01) at all times (Table. 9). Cultivar x irrigation 

interaction was also significant (p<0.05) for one date (Aug 12) at Quaker. At New Deal, 

cultivar was significant (p<0.05) with CS50 having a higher rate (Fig. 21. A, B). 

Irrigation was significant (p<0.01) for one date (Aug 26) whereas cultivar x irrigation 

was not significant (p≤0.05) (Table. 9). Reduced photosynthetic carbon assimilation (and  

http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB3�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB3�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB5�
http://crop.scijournals.org/cgi/content/full/44/4/1265#BIB31�
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A. New Deal 

 
B. Quaker 

 
Figure 21. Effect of cultivar and irrigation on photosynthesis (2009). 
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therefore reduced crop dry matter accumulation) is a principal effect of soil water deficit 

in cotton and other crops (Said et al., 2005). Results support the above in that the lowest 

yields were obtained for cultivars at the low irrigation treatment where the photosynthesis 

rate was low as well and higher yields were at the high irrigation regime with higher 

photosynthetic rates (Fig. 21 A, B). 

Internal CO2 concentrations (Ci) (µmolCO2mol-1) and Ci/Ca ratio  

Subject to water stress, the decrease in both these parameters is an important 

indication of drought manifestation. Photosynthesis is positively correlated with Ci/Ca 

(Farquhar and Richards, 1984; Rebetzte etal., 2002). The results of this study showed a 

positive correlation between stomatal conductance and Ci and Ci/Ca (Table. 10. A,B). As 

stomatal conductance decreased it was accompanied by a decrease in both these. 

parameters Irrigation significantly (p<0.01) affected Ci concentration and Ci/Ca (Fig. 22 

A,B and Fig. 23. A,B). Drought stressed plants had lower levels of Ci concentration and 

Ci/Ca. Significance of cultivar (p<0.01) was observed only at Quaker on Aug 12 for both  

Ci and Ci/Ca (Table. 9). No interaction effects were seen between cultivar and irrigation 

(Table. 9). 

Vapor pressure deficit (kPa) 

Cultivar (p<0.05) and irrigation (p<0.01) treatments had a significant effect on the 

vapor pressure deficit levels at the New Deal location (Table. 9). The normal leaf cultivar 

had lower VPD levels compared to the okra leaf cultivar (Fig. 24. A). At Quaker 

irrigation was significant (p<0.01) throughout the study but the significant (p<0.05) effect   
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A. New Deal 
 
 

 
 

B. Quaker 
 

Figure 22. Effect of cultivar and irrigation on Ci  (2009).  
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A. New Deal 

 

 
 

B. Quaker 
 

Figure 23. Effect of cultivar and irrigation on Ci/Ca (2009).  
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A. New Deal 

 
 

 
 

C. Quaker 
 

Figure 24. Effect of cultivar and irrigation on vapor pressure deficit levels (2009).  
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of cultivars was seen only on Aug 12 (Table. 9). Cultivar x irrigation interaction was not 

significant (p≤0.05) during measurements at either location (Table. 9). Irrigation 

significantly (p<0.05) affected VPD values and so did the cultivar (p<0.01). Cotton crops 

in the study showed an inverse relationship with water treatment (Fig. 24. A, B). This 

was similar to a study where lint yields were found to be negatively correlated to the 

vapor pressure deficit level (Howell et.al., 1984). VPD is important because together with 

air and canopy temperature, it helps to estimate crop water stress. Higher VPD lowers the 

stomatal conductance, due to turgor pressure deficit, and hence provides for higher WUE. 

Higher the VPD, greater the crop water stress. In this study, at both locations, the low 

irrigation treatment had the highest VPD levels. The okra leaf cultivar showed higher 

VPD at both locations. 



Texas Tech University, Esha Poudel Rai, May 2011 
 

68 
 

CHAPTER IV 

CONCLUSION 
 

The response of phenotypically different cotton cultivars (with okra and normal-

leaf morphology) to different amounts of water input was examined during two field 

experiments at Lubbock, Texas. It was hypothesized that the two cotton cultivars would 

be no different with respect to physiological response, lint yield and fiber quality  

In the 2008 study the normal leaf variety, FM958 yielded better at all irrigation 

levels. Yields were maximized at the medium irrigation regime (685 mm/ha total water). 

The percentage of lint was also higher for the normal leaf variety. The effect of cultivars 

on yield was significant in 2008 the study at New Deal. There was no cultivar x irrigation 

for either yield or for lint percentage. Maximum lint percentage after ginning for both 

varieties was at the low irrigation treatment (613 mm/ha), stressing the insignificance of 

over irrigation with respect to profit. In 2009, the highest yields were obtained in the high 

irrigation treatment at both Quaker (871 mm/ha) and New Deal (416 mm/ha). In 2008 

there was heavy rainfall so the total water for the low irrigation treatment in 2008 was 

closer to the total water for the high and medium irrigation treatments in 2009.  

Plant mapping showed that the heights of plants grown under the different 

irrigation regimes were different. But this difference did not cause any harvest 

difficulties. The cultivar x irrigation interaction was not significant for all but one 

measurement date. 

Fiber quality analysis showed varying results within a season. Irrigation regimes 

were significant for most quality parameters that determined premiums and discounts in 
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the cotton market. Micronaire, staple and uniformity of the fibers were significantly 

affected by irrigation and cultivars in 2009 at New Deal whereas at Quaker neither the 

main effects nor their interaction were significant at p≤0.05. In 2008 the main effects 

were significant only for micronaire. The micronaire value for FM958 was within the 

favorable range while the FM832 cultivar registered low values which could result in 

discounted selling rates. The water treatment also had a significant effect in determining 

the strength of the fibers in both years. Higher strength of fibers was reported for cotton 

grown under the low irrigation regime in 2008. This was expected because in the 

presence of excessive wetness the maturity and strength of fibers decreases. In 2009 the 

cultivars were significant at both locations.  

Physiological processes such as photosynthesis, transpiration and stomatal 

conductance were significantly affected by the irrigation treatment. The cultivars that 

registered higher values for these parameters were also the ones with higher yield. 

Irrigation treatment significantly affected most measurements during the study whereas 

the effect of cultivar was less pronounced. Cultivar and interactions terms were not 

consistently significant for physiological response during the measurement period.  

 Fiber quality analysis of this study showed varying results. Normal leaf cultivars 

showed better quality for some measurements while the okra leaf cultivar was superior in 

some qualities. This inconsistence makes it difficult to draw solid conclusions about 

which cultivar is better in terms of quality. However it was seen that in terms of yield, the 

normal leaf cultivar was superior to the okra leaf cultivar at all irrigation levels. 
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APPENDIX A 

AFIS  DATA 
 
Table 11. Analysis of variance for fiber length by weight [L(w)], length by weight 
coefficient of variation [L(w) CV], fiber length by number [L(n)], length by number 
coefficient of variation [L(n) CV],  upper quartile length by weight [UQL (w)], short 
fiber content by weight [SFC(w)], short fiber content by number [SFC(n)] and 
length of upper 5 % by number [L%(n)] at New Deal (2008). 

 

Effect 
L(w) 
[in] 

L(w) 
CV 
[%] 

L(n) 
[in] 

L(n) 
CV 
[%] 

UQL 
(w) 
[in] 

SFC 
(w) 
[%] 

SFC 
(n) 
[%] 

L5% 
(n) 
[in] 

irrigation  
       low 1.02 35.73 0.80 52.53 1.25 8.93 27.28 1.41 

medium 1.02 36.75 0.79 53.52 1.27 9.23 27.92 1.44 
high 1.00 38.13 0.76 55.30 1.24 10.40 30.25 1.42 
cultivar 

        FM832 1.01 37.71 0.78 54.32 1.25 9.91 29.04 1.42 
FM958 1.02 36.03 0.79 53.24 1.25 9.13 27.92 1.42 
irrigation X cultivar 

       low X FM832 1.01 36.93 0.79 53.43 1.25 9.53 28.17 1.42 
low X FM958 1.02 34.53 0.81 51.63 1.24 8.33 26.40 1.40 
med X FM832  1.03 37.07 0.80 53.37 1.27 9.20 27.63 1.44 
med X FM958 1.02 36.43 0.79 53.67 1.26 9.27 28.20 1.43 
high X FM832 0.99 39.13 0.75 56.17 1.23 11.00 31.33 1.41 
high X FM958 1.01 37.13 0.78 54.43 1.25 9.80 29.17 1.42 
CV% 2.62 3.91 4.35 4.73 1.78 14.49 10.98 1.83 
SOV 

        Cultivar(cul) NS * NS NS NS NS NS NS 
Irrigation  NS * NS NS NS NS NS NS 
Cul x Irrigation NS NS NS NS NS NS NS NS 
*Significant p<0.05 
**Significant p<0.01 
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Table 12. Analysis of variance for nep size [nep size(um)], neps per gram [neps 
per(g)], seed coat nep size [scn size(um)], seed coat nep count per gram[scn cnt(g)], 
fineness (Fine), immature fiber content (IFC[%]), and Maturity ratio[MAT] at New 
Deal (2008). 

Effect 

Nep 
size 
(um) 

Neps 
per 
Gm 

SCN 
(Cnt/g) 

Fine 
[mTex]  

IFC 
[%] 

Mat 
Ratio 

irrigation  
     low 704.17 455.00 28.00 151.33 8.05 0.86 

medium 703.50 509.83 28.67 141.00 8.85 0.84 
high 708.67 674.00 41.00 136.67 9.70 0.81 
cultivar 

      FM832 709.89 664.22 35.33 134.56 9.48 0.82 
FM958 701.00 428.33 29.78 151.44 8.26 0.85 
irrigation X cultivar 

     low X FM832 713.00 612.00 32.67 137.33 9.10 0.83 
low X FM958 695.33 298.00 23.33 165.33 7.00 0.89 
med X FM832  705.00 590.33 30.00 134.67 9.20 0.83 
med X FM958 702.00 429.33 27.33 147.33 8.50 0.85 
high X FM832 711.67 790.33 43.33 131.67 10.13 0.80 
high X FM958 705.67 557.67 38.67 141.67 9.27 0.82 
CV% 25.78 1.55 5.01 26.93 3.11 8.82 
SOV 

      Cultivar(cul) NS ** NS ** ** ** 
Irrigation  NS * * ** ** ** 
Cul x Irrigation NS NS NS ** NS * 

*Significant p<0.05 
**Significant p<0.01 
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Table 13. Analysis of variance for total count [total cnt (g)], trash size [trash 
size(um)] dust count [dust cnt(g)] trash [trash(g)] and visible foreign matter[VFM 
%] at New Deal (2008). 
 
 

 
 
  

Effect 
Total 
Cnt/g 

Trash 
Size 
[um] 

Dust 
Cnt/g 

Trash 
Cnt/g 

VFM   
[%] 

irrigation  
    low 418.83 357.33 331.00 87.50 1.69 

medium 643.00 366.00 502.50 139.83 2.63 
high 951.50 371.00 749.17 201.83 3.93 
cultivar 

     FM832 736.89 364.67 578.67 157.56 3.05 
FM958 605.33 364.89 476.44 128.56 2.45 
irrigation X cultivar 

    low X FM832 501.67 351.00 397.67 103.67 1.97 
low X FM958 336.00 363.67 264.33 71.33 1.41 
med X FM832  802.33 363.00 628.00 173.33 3.16 
med X FM958 483.67 369.00 377.00 106.33 2.10 
high X FM832 906.67 380.00 710.33 195.67 4.02 
high X FM958 996.33 362.00 788.00 208.00 3.83 
CV% 24.28 5.46 25.32 22.38 20.02 
SOV 

     Cultivar(cul) NS NS NS NS * 
Irrigation  ** NS ** ** ** 
Cul x Irrigation NS NS NS NS NS 

 

 
*Significant p<0.05 
**Significant p<0.01 
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APPENDIX B 

LICOR SYSTEM 
 
Table 14. Analysis of variance summary for transpiration and leaf temperature 
(2009).  

LOCATION DATE SOURCE DF TRANSPIRATION 
       LEAF 
TEMPERATURE 

    
mmolH2Om-2s-1               ⁰C 

Quaker 224 cul 1 NS NS 
  

 
irri 2 ** ** 

  
 

cul X irri 2 NS NS 
  

 
Error  10 

 
 

  
 

cv% 
 

21.55 2.21 
Quaker 229 cul 1 NS NS 
  

 
irri 2 ** ** 

  
 

cul X irri 2 NS NS 
  

 
Error 10 

 
 

  
 

cv% 
 

25.09 2.2 
Quaker 231 cul 1 NS NS 
  

 
irri 2 ** ** 

  
 

cul X irri 2 NS NS 
  

 
Error 10 

 
 

  
 

cv% 
 

13.69 1.86 
New Deal 232 cultivar 1 NS NS 
  

 
irri 2 ** ** 

  
 

cul X irri 2 NS NS 
  

 
Error 10 

 
 

  
 

cv% 
 

15.69 1.25 
New Deal 238 cul 1 * NS 
  

 
irri 2 NS ** 

  
 

cul X irri 2 NS NS 
  

 
Error 10 

 
 

  
 

cv%   19.56 1.43 
*significant at P≤0.05 
**significant at P≤0.01 
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Table 15. Analysis of variance for transpiration (2009). 

   
                                            NEWDEAL                              QUAKER 
 
SOURCE 
 

DATE 
 232 

DATE 
238 

DATE  
224 

DATE 
229 

DATE 
231 

irrigation  
    low 5.92 5.92 5.73 4.53 4.06 

medium 10.32 10.32 7.37 6.52 8.29 
high 15.19 15.19 11.13 14.42 13.09 
cultivar 

     SiokraL23  9.12 9.44 8.64 7.99 7.97 
CS50 10.66 11.51 7.51 8.99 8.98 
irrigation X cultivar 

    low X SiokraL23  6.87 5.08 5.67 3.88 3.16 
low X CS50 12.07 6.75 5.8 5.18 4.95 
med X SiokraL23  9.5 8.86 8.96 6.11 8.32 
med X CS50 11.48 11.77 5.78 6.94 8.25 
high X SiokraL23  10.98 14.36 11.29 13.99 12.44 
high X CS50 12.07 16.01 10.96 14.84 13.73 
source of variation 

    cv% 15.69 19.56 21.55 25.09 13.69 
cultivar NS * NS NS NS 
irrigation  ** NS ** ** ** 
Cul x Irrigation NS NS NS NS NS 
*significant at P≤0.05 
**significant at P≤0.01 
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Table 16. Analysis of variance for leaf temperature (2009). 

 
 
SOURCE 
 

NEWDEAL 
   

QUAKER 
 

 
 

DATE 
 232 

DATE 
  238 

DATE 
224       

 
DATE 

229 
DATE 

231 
irrigation 

     low 33.37 33.37 31.06 35.82 33.57 
medium 31.86 31.86 30.82 34.9 32.15 
high 30.33 30.33 29.34 33.03 30.44 
cultivar 

     SiokraL23  28.92 32.04 30.11 34.55 32.03 
CS50 28.64 31.67 30.7 34.62 32.08 
irrigation X cultivar 

    low X SiokraL23  29.44 33.45 30.66 35.75 33.26 
low X CS50 28.03 33.29 31.46 35.89 33.87 
med X SiokraL23  29.01 32.25 30.15 34.85 32.03 
med X CS50 28.42 31.47 31.49 34.95 32.27 
high X SiokraL23  28.32 30.42 29.51 33.05 30.78 
high X CS50 28.03 30.24 29.16 33 30.09 
source of variation 

    cv% 1.25 1.43 2.21 2.2 1.86 
cultivar NS NS NS NS NS 
irrigation  ** ** ** ** ** 
Cul x Irrigation NS NS NS NS NS 
*significant at P≤0.05 
**significant at P≤0.01 
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Table 17. Significance of physiological parameters to yield (2009). 

LOCATION New Deal Quaker 
SOURCE 

  stomatal conductance ** ** 
photosynthesis ** ** 
vapor pressure deficit ** ** 
transiration * * 
leaf temperature ** ** 
intercellular CO2 ** ** 
intercellular  to ambient CO2 ratio ** ** 

 

 
*significant at P≤0.05 
**significant at P≤0.01 
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APPENDIX C 

LIST OF CHEMICALS USED 
 
Table 18. List of chemicals and their active ingredients used in 2008 and 2009. 

 
Trade name Active Ingredient 
  Stance Cyclanilide 

Mepiquat chloride 
 
Treflan 

 

Trifluralin 
 
 

(a,a,a-trifluoro-2,6-dinitro-N, N-
dipropyl-p-toluidine) 
 

Roundup  Glyphosate 
Intruder Acetamiprid 
Finish Ethephon 

Cyclanilide 
Ginstar Thidiazuron 

Diuron 
 

 Gramoxone 
 

 

Paraquat 
dichloride 
 
 

(1,1’-dimethyl-4,4’-
bipyridinium) 
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