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ABSTRACT 

The Southern High Plains of Texas (SHPT) representing a major cotton 

iGossypium hirsutum L.) growing area ofthe United States and the world is 

characterized as a semiarid environment with inadequate rainfall to meet the high 

evaporative demand. Soil water content and evaporative demand interact with the plant 

to determine tissue water status. Leaf water potential (^L) , the primary indicator of 

plant water status, is commonly used in crop simulation models to determine growth 

rates and yield potential. Functional relationships between cotton ^PL and soil water 

supply and evaporative demand have not been well-defmed for cotton grown in the 

SHPT area. A field experiment was conducted for two years to determine the 

relationship between *FL of cotton plants as a function of Ts, plant size and 

atmospheric factors affecting evaporative demand. Three irrigation levels (0%, 50% , 

and 100%) of replacement of water used as evapotranspiration (ETa) were used to 

provide a range of soil water supplies in two soil types (Amarillo loamy sand and 

Pullman clay loam), ^ L , soil water supply as indicated by soil matric potential Q^s), 

air temperature, relative humidity, incident and absort)ed solar radiation, and plant 

growth were monitored throughout the growing season. Correlation and stepwise 

multiple regression were used to investigate and develop relationships between ^ L 

and ^ s and the evaporative demand. The variables highly correlated with ^ L were 

^ s , and daily (24 hrs) average air temperatures (Tavg) as the most effective 

parameters of the evaporative demand. The relative contribution of each parameter on 

the variation explained for ^ L was shown not to be sensitive of plant growth stage as 

indicated by LAI ranges, but was sensitive to existing soil water supply. The overall 

effect of soil water supply was more dominant than the evaporative demand across the 

entire period of data measurement and within all LAI ranges. Crop growth rate 
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(CGR), mainstem elongation rate (MER) and leaf area growth rate (LAGR) declined 

sharply when ^ L declined from its non-limiting conditions of -1.2 MPa to -1.6 MPa. 

From -1.6 MPa to -2.5 MPa ^ L ^ growth rates continued to decline but at a slower 

rate. Essentially zero growth of all parameters was observed when ^ L dropped 

below -2.7 MPa. Results also indicated no differential sensitivity of reproductive 

versus vegetative growth rates to declining ^'L- In general, for cotton grown in the 

SHPT area, plant water status should be maintained above -1.6 MPa for maximum 

growth. 
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CHAPTER I 

INTRODUCTION 

Cotton iGossypium hirsutum L.) production in the Southern High Plains of Texas 

(SHPT) has an important impact on the local economy since it constitutes over 60% of 

the total cotton production in the state of Texas. The SHPT area is characterized as a 

semiarid region with a high evaporative demand and an annual rainfall less than 500 

mm. Ehie to the elevation ofthe SHPT (> 1000 m), the growing season length 

measured in heat units rather than days is less than what is required for maximum 

cotton development and maturity making water management the most critical aspect of 

the cotton production system. 

Lack of an adequate water supply throughout the life of plants is the greatest 

limitation to attainment of genetic yield potential of the crop species. Adequate water is 

needed to maintain plant tissue water status in a favorable range for physiological 

processes to proceed for maximum growth and productivity. The most common 

measure of plant water status is leaf water potential (^L)- Leaf water potential 

depends on interactions occurring within the soil-plant-atmosphere continuum which 

determine the water supply and the evaporative demand. Understanding the response 

of intCTnal water status to variations in evaporative demand and soil water status in the 

rooted volume of soil has been significantiy enhanced by experimentation in controlled 

environments whwe one variable can be altered at a time. However, these relationships 

are complex and not well-defmed as an integrated multivariable function for field grown 

plants. Effects ofthe soil-plant-atmosphere continuum on the plant water status have 

not yet been thoroughly integrated nor experimentally tested. Also critical ranges of 

plant water status affecting aop growth rates and other characteristics are not cleariy 

defined. 



Plant productivity in limited water conditions depends on the plant water status and 

can be improved by either increasing die amount of water available to the plants or by 

improving the water use efficiency (WUE) of plants. Field studies to define the 

response in the plant water status to evaporative demand and soil water supply, and to 

define critical ranges of plant water status affecting growth and development processes 

could provide valuable information for appropriate management strategies to improve 

crop productivity. Such information also could be incorporated in comprdiensive crop 

simulation models to enhance their predictive capability and usefulness. Since 

GOSSYM, a physiologically based cotton crop simulation model, uses ^ L as the 

primary determinant of growth processes and physiological functions, it is imperative 

that a comprehensive understanding of ^ L ^̂  developed. 

The objectives of this study w^e: 

(a) To defme the relationships between cotton plant water status and soil 

water supply and evaporative demand in the SHPT area; and 

(b) To determine the critical leaf water potential affecting growth ofthe 

cotton plant grown in the SHPT area. 



CHAPTER II 

LEAF WATER POTENTIAL OF COTTON AS A 

FUNCTION OF SOIL WATER SUPPLY 

AND EVAPORATIVE DEMAND 

Abstract 

Tissue water status usually defined as leaf water potential i^i), provides the 

physiological criteria for the rate and extent of many growth and developmental 

processes. Soil watersupply(^s) and evaporative demand have major impact on the 

existing ^ L ; however, functional relationships among the fiactors affecting ^ L ^ave 

not been well-defined for field grown cotton iGossypium hirsutum L.). A field 

experiment was conducted for two years to determine the relationship between ^ L O^ 

cotton plants as a function of soil water supply, plant size and atmosphoic factors 

affecting evapOTative demand for the semiarid environment of the Southern High 

Plains of Texas (SHPT). Three irrigation levels and two soil types (Amarillo loamy 

sand and Pullman clay loam) were used to provide a range of soil water supplies. Soil 

matric potential (H's) with increasing depth, air temperature, relative humidity, incident 

solar radiation, and ^'L were monitored throughout the growing season. Correlation 

and stepwise regression were used to develop relationships between ^ L and soil water 

supply ( ^ s ) and the components of the evaporative demand as the plants grew. The 

variables highly correlated with ^'L ^^^ ^S and average daily (24 hrs) air 

temperature (Tavg). The relative contribution of each parameter on the variation 

explained for ^L was not shown to be sensitive of plant growth stage but sensitive to 

existing soil water supply. 



Introduction 

Maintenance of the tissue water status in a biologically favorable range for 

physiological processes to proceed is critical for cotton plant growth and productivity 

(Ackerson et al., 1977; Grimes and Yamada, 1982; Marani et al., 1985; Turner, 

1986). The most common measure of plant water status is the leaf water potential 

Leaf water potential depends on complex interactions occurring within the soil-

plant-atmosphere continuum. In general, *FL should reflect the water supply-demand 

relationships of the crop system. Water supply is defined as the effective root volume 

and associated soil water matric potential (^s). The evaporative demand is a function 

of the incident solar radiation, vapor pressure deficit (VPD) and a crop factor reflecting 

species and size. These relationships are complex and ̂ L has not been well-defined 

as an integrated multivariable function for field grown cotton plants. Furthermore, 

GOSSYM, a physiologically based cotton crop simulation model, uses ^ L as the 

primary determinant of growth processes and physiological functions; therefore, it is 

imperative that a comprehensive understanding of ^^be developed. 

Previous research has revealed that available soil water and prevailing air 

temperature have been found to be best correlated with cotton ^ L (Stegman et al., 

1976) and leaf relative water content (Namken, 1964) with soil water being a better 

predictor of ^ L than temperature (Bielorai and Hopmans, 1975; Richter, 1976; 

Tumer,1986). Erickson et al. (1991) reported for peanuts that Uie leaf relative water 

content (LRWQ appeared to be affected by the evaporative demand more tiian by soil 

relative water content (SRWQ at high levels of water (above 50% of SRWC), whereas 

below 50% SRWC, LRWC was highly correlated witii SRWC. 



Brady et al. (1974) reported a linear relationship between ^ L and *Fs which 

explained about 68 % of the variation in ^ L ^^ soybeans iOlycine max L. Merr.). 

Karamanos( 1980) reported a similar relationship for field beans (Vzdfl^w L.) with 

76% of the variation in ^'L explained by ^s- I" ^^ studies, it was mentioned that the 

day-to-day variation in evaporative demand was probably the cause ofthe unexplained 

variation in the regression equations. Grimes et al. (1987) also reported that day-to-day 

variation in atmosphoic conditions causes a degree of irregularity in cotton ^ L and 

they suggested a normalization process, based on average daily maximum air 

temperature and the observed maximum air temperature, for ^'L to account for this 

effect 

Kharche (1984) developed a site-specific equation to predict midday ^ L ^̂ at is 

currentiy used in the cotton growth simulation model GOSSYM (Baker et al. 1983; 

Whisler et al., 1986) to predict midday ^i^. This equation determines ^'L based 

primarily on ^̂ g but includes an interactive term of incident solar radiation and average 

day temperature with ^^ to account for the environmental impact on ^L- The same 

equation is used across the entire range of simulated leaf area. The equation's 

prediction range for ^ L is between -0.8 and -2.0 MPa and may not be adequate to 

accommodate *FL less than -2.0 MPa, which is common for cotton plants growing in 

semiarid areas under limited soil water supply conditions. 

Saranga et al. (1991) developed an equation for calculating cotton T L based on soil 

water content, environmental and plant factors. Soil watCT content displayed the 

highest correlation with ^'L. They mentioned that a possible limitation of their 

developed equation is that under different environments, the correlation of temperature 

or other climatic parameters with ^ L "^Y ^ary. 



Transpiration rate of leaves greatiy influences ^ L (Ackerson and Krieg, 1977). 

The magnitude of whole plant transpiration is determined by plant factors, such as 

stomatal opening and leaf area, but is also influenced by the water potential gradient 

between soil and atmosphere. The vapor pressure deficit (VPD) of the air is a good 

indicator of the watCT potential diffo-ence betwen the leaf and the ambient environment, 

since soil water potential is usually very high compared with the water potential of the 

air (Richter, 1976). None ofthe above mentioned relationships includes the effect of 

plant parameters such as leaf area on ^L. Improvement in the relationship of ^ L 

withes and evaporative demand might be achieved if the existing leaf area is taken 

into consideration in the development of a multivariable relationship. These 

relationships could be int^rated in comprehensive crop simulation models and enhance 

their predictive capability. 

The objective of this study was to investigate the relationship between ^ L , soil 

water supply and evaporative demand for cotton growing in the semiarid environment 

of the Southern High Plains of Texas. The effect of increasing leaf area during the 

growing season on ^ L within the various soil water supply and evaporative demand 

ranges was also evaluated. 

Materials and Methods 

Field experiments were conducted during 1986 and 1987 at Brownfield, Terry 

County, TX and at Lubbock, Lubbock County, TX. The Terry County soil is 

classified as Amarillo loamy fme sand (fine, loamy mixed, tiiermic, Aridic Paleustalf), 

whereas a Pullman clay loam (fme, mixed, thermic, Torrertic, PaleustoU) exists in 

Lubbock County. Paymaster 792, a moderately determinate stripper cotton cultivar, 

was used in all experiments. The plots received 50 kg N and 50kgP2O5 and 



herbicide (Prowl, a.i. pendimethalin, 2.0 L ha"̂ ) as a preplant application and a 

preplant irrigation (100 mm) to bring the top 1.0 m of soil to field capacity. 

The experimental design was a randomized block design with three levels of soil 

water supply replicated three times. Irrigation was provided with a sprinkler system at 

each location. The water supplies represented different levels of replacement of actual 

watCT lost as evapotranspiration (0,50, and 100% replacement of ETa). Crop water 

use rates were determined using a modified Penman equation (Dooroibos and Pruitt, 

1977). Irrigation frequency was defined as the time required to use 50 mm of water as 

estimated from the potential evapotranspiration (ETp) derived from weather data and the 

existing LAI during each time period. Plant population ranged from 130,000 to 

200,000 plants ha'̂  across years, locations and water supply treatments. These 

treatments wCTe used to provide a wide range of soil water supply and plant 

characteristics. 

Leaf area was measured using ali-Cor model 3100 leaf area metCT(LICORInc, 

Lincoln, NE), on plants grown in 1 m- ground area from each replication to determine 

LAI at about 15 day intervals during the growing season. Soil water content was 

monitored on a weekly basis witii a neutron scattering system (Troxler probe, model 

3332, Troxler Inc.), from 0.2 m to 1.6 m, at 0.2 m intervals. Aluminum access tubes 

for the neutron system were installed within the planted row in each replication of each 

irrigation level. The neutron scattering system was calibrated for each site. The water 

content in die top 0.2 m soil was determined gravimetrically due to inaccuracy of the 

neutron scatt^ing system near tiie soil surface especially in dry soils. Water contait at 

each depth increment was converted to soil matric potential (^s) based on die soil 

moisture retention curves developed for each soil type using tiie recommended 

procedures for GOSSYM (Whisler, 1982). The developed soil hydrology files for 



GOSSYM, are named "Amar" and "Pullman" for the Amarillo loamy fme sand and 

the Pullman clay soil type, respectively. The soil water supply was represented by its 

^s during die course in tiiis study. The ^s at tiie top 0 to 0.3 m, 0 to 0.5 m, 0 to 0.7 

m, 0 to 0.9 m, 0 to 1.1 m, 0 to 1.3 m and 0 to 1.5 m was averaged and used for 

correlation with *FL. 

Leaf water potential ( ^ L ) was measured on 5- to 7-day intervals on cloudless days 

at 1400-1600 h CST on all treatments from four leaves within each replication. This 

time frame represents maximum incident radiation and near maximum VPD. Leaf 

tissue sampling was done on a fiilly expanded leaf, four nodes down from the 

uppermost visible leaf Leaf discs were punched from leaves and immediately sealed in 

the psychrometer chamber (Merril "leaf cutter" psychrometers) and transferred to die 

field laboratory where they were equilibrated in a water bath for 4 hours at 30 "C prior 

to measuring the leaf water potential using a microvolt metCT (model 85, by J.RD. 

Merrill, Logan, UT). 

Weather data were collected with a Class A automated weather station (CR-10 

datalogger by Campbell Scientific Inc., Logan, UT) located near the field plots. 

Location of the weather station was at least 30 m away of any building structure or 

irrigation system. Data included houriy values (average of one minute measurements) 

for air temperature, relative humidity, incident solar radiation, rainfall and soil 

temperature (at 0.05 and 0.2 m depth). Wind speed was measured at 2.0 m height 

Statistical analyses of the data was accomplished using die appropriate packages of 

tiie Statistical Analyses System software (SAS Institute Inc., 1985). Correlation and 

stepwise regression analyses were used to determine relationships among factors 

involved in the determination of *FL. 
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Results and Discussion 

The correlation of ^ L with individual components defining the water supply and 

tiie evaporative demand is shown in Table 2.1. The variable best correlated witii ^ L 

was tiie air temperature (Tpoint) measured at die time of ^ L measurement (r = - 0.92 

across all LAI ranges). Available soil watCT supply as indicated by soil matric potential 

(̂ ŝ) averaged over the 1.5 m soil profile was the next most highly correlated variable 

with H'L (r=0.75 to 0.89 across LAI ranges). Maximum (Tmax) and average daily 

temperatures (Tavg) were about equally correlated with ^L. Maximum vapor 

pressure deficit (VPDmax) was bettCT correlated with H'L dian average vapor pressure 

deficit (VPDavg). Incident solar radiation was the least correlated with ^i^ with 

average day solar radiation (RSavg) being less highly correlated with *PL ̂ ^̂ an 

maximum solar radiation (RSmax). The lack of effect of incident solar radiation on 

^L was confounded because measurements of ^ L were taken under cloudless 

conditions. 

*S was better correlated (r = 0.83) with ^'L ^an Tavg or Tmax (0.61, and 0.70, 

respectively) across the entire season of data measurements. Similar results for the 

dominant role of ^S on^L ^^^ been reported for various environmental conditions 

(Bielorai and Hopmans, 1975; Stegman et al., 1976; Richter, 1976; Kharche, 1984; 

Saranga, 1991). Namken (1964) reported that soil moisture and ambient temperature 

had a significant effect on relative water content of cotton leaves. He also concluded 

that soil water was the dominant factor affecting ^ L and vapor pressure deficit was 

not found to be significantiy affecting ^ L at tiie 1 % level due to interdependence 

between ambient temperature and VPD (r =0.72). Stegman et al. (1976) also 

concluded that ambient temperature was bettCT correlated witii ^ L than VPD or solar 

radiation. 



Data in Table 2.1 are presented for tiie entire range of LAI (LAI=0-4) and witiiin 

each of tiuee ranges of LAI (LAI=0-1,1-2 and 2-4). The rationale for tiie LAI 

separation was to investigate any possible effect of LAI on tiie differential sensitivity 

between ^ L and *?§, and evaporative demand variables. The evaporative demand 

determines the intensity of water losses from tiie crop and LAI detamines the quantity 

of water lost from crops. Losses are also dependent on available soil water and the 

distribution and length of the root system. Therefore the hypothesis that the ratio of 

LAI and root length remained constant through the season of data measurement was 

investigated with this approach. 

At low leaf area (LAI<1) die water supply in the top 0.7 m of soil was better 

correlated with ^ L ^̂ an the ̂ s averaged over the 1.5 m soil depth. This seems 

reasonable since, at LAI<1, the cotton root system has not fully exploited the 1.5 m 

depth, based on measured soil water extraction patterns. Average daily temperature and 

average VPD were also better correlated with ^ L at LAI < 1 than the same variables 

across the entire LAI range. It appears that the soil water supply has a more dominant 

effect on ^L than the evaporative demand when LAI> 1. Leaf area affects ^'L by 

largely determining the magnitude of total plant transpiration. The different correlation 

coefficients shown between ^ L and the above variables across the entire LAI range 

and within each of the three LAI ranges indicate the realtive impact of leaf area on ^ L 

during the growing season. Later in the growing season when plants developed a 

deepCT root system and increased their leaf area, the effect of water supply on plant 

water status became more dominant than the evaporative demand. However, the LAI 

=2-4 range represents mostiy well irrigated cotton plants in this study. In the area of 

SHPT, dryland cotton rarely exceeds an LAI of 2, unless rainfall amount and 

distribution is favorable during the growing season. 
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To assess the impact of Hf^ versus evaporative demand on ^'L within discrete soil 

water supply ranges, tiie data were sorted based upon average ^s in tiie 1.5 m soil 

deptii and correlations developed. The results are presented in Table 2.2. At eitiier soil 

water range, the variables defining evaporative demand wCTe almost equally correlated 

with ^L. However, the correlation of ^Lwith ^s varied within each soil water 

supply. A higher correlation of 4̂ 5 at 1.5 m was observed at ^s higher than -

0.03 MPa tiian when ^s was less than -0.03 MPa. The relationship between ^̂ s 

and averaged midday values of ^'L at indicated soil water supply ranges and soil 

depths, is shown in Figure 2.1 for various ranges of ^s- L^^ water potential 

decreased almost linearly as *?§ declined. When ^s is less than -0.03 MPa the 

average ^ L is approximately -1.2 MPa. A small decrease in ^ L was observed as 

soil depth increased. The relationship between ^s and ^ L was similar within each 

soil type, thus Figure 2.1 illustrates the pooled data from both soil types. The effect 

of soil texture was eliminated by expressing the soil water supply as F̂g rather than as 

volumetric water content. 

Crop growth simulation models use daily average air temperature values for 

modeling plant growth and development Average daily values are very often highly 

correlated with critical time points in the diurnal cycle. For the area of Southern High 

Plains of Texas, Tpoint is highly correlated (Table 2.3) witii maximum (Tmax) 

temperature (r = 0.94) and strongly correlated with daily average (Tavg) temperature 

(n=0.83). VPD calculated based on average or maximum daily temperature and average 

or minimum daily relative humidity is highly correlated (r = 0.82 and 0.85, 

respectively) witii VPD calculated based on temperature and relative humidity measured 

at die time of ^ L measurement. Also daily Tavg (based on 24 hrs) is highly 
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correlated witii Tavg calculated based on the average of Tmax and Tmin . The equation 

describing this relationship is: 

Tavg=-0.6266 + [(Tmax+Tmin)/2] * 1.014 (r = 0.96). 

Although the fitness is very high in this relationship, the slope indicates some 

underestimation of Tavg when calulated based on Tmax and Tmin. 

Stepwise regression models of ^ L witii tiie most significant variables (P <0.01) 

affecting ^'L and readily available parameters for crop simulation models are shown 

in Tables 2.4 and 2.5 across leaf area and soil water supply ranges, respectively. 

Across tiie entire range of data the average effect of ^s at different deptiis on ^ L was 

more dominant than the evaporative demand primarily expressed by the air temperature 

and solar radiation. Although Tmax was more highy correlated (r = 0.7) with ^ L 

than Tavg (r^ 0.61) in the simple correlation analysis, the average tempwature was 

the next most significant variable in the stepwise model. This may have been caused by 

a high degree of interdependence between the two variables (Table 2.3). V/hen 

stepwise analysis was used with all variables in the model but excluding Tavg, Tmax 

also showed a high correlation (R2 = 0.78) as compared with the model of Tavg (R^ = 

0.81). Namken (1964) has similarly reported that interrelation among the atmospheric 

variables can cause one or more variables to be left out of the model. He mentioned 

that practically any combination of atmospheric variables can be used along with soil 

moisture without SCTiously reducing the predictive ability of the regression equation. 

Also, tiie equation developed by Saranga et al. (1991) included air temperature in die 

model along with soil water supply. In their study, die reciprocal of soil water content 

in the upper 1.05 m of the soil profile was found to be die highest correlated parameter 

witii ^L. 
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The relative sensitivity of ^̂ s and Tavg was shown not to be different when plant 

development and available water supply were considered separately. At LAI<1 die 

partial contribution of ^s at 0.7 m soil deptii was higher (0.59) tiian Tavg (0.20) on 

tiie total variation explained for ^'L , and RSmax contributed (0.07) and was 

included in die model. When LAI was greater tiian 1 tiie soil water supply (at 1.5 m 

deptii) again had die most dominant effect during the rest of the growing season 

especially in die range of LAI from 1 to 2. The effect of ^s on ^ L was again slightiy 

higher tiian Tavg at LAI>2. The RSmax variable ontributed (0.07) in die explained 

variation at LAI>2 and was included in themodeL These results indicate that the 

relative contribution of LAI in the relationship between T L and ̂ s and evaporative 

demand was not shown to be significant and it appears that the ratio of LAI and root 

l^gth remained constant through the period of measurements. 

At high soil water conditions ( -0.03 MPa < ^s)' the evaporative demand (Tavg) 

appeared to influence ^i^ more than the soil water supply (Table 2.5). In contrast, 

under less favorable water conditions (^s <-0.03 MPa) the soil water affected ^i^ 

more than the evaporative demand W^enotherrangesofwater supply were selected 

(i.e., -0.04 MPa <^s'^ "^-^ MPa), the same relative contribution was noticed. 

Results of Erickson et al. (1991) indicated similar patterns widi peanut leaf relative 

water content and soil relative water content. 

The observed midday ^L^f cotton grown in the Southern High Plains of Texas 

area is often lower than -2.0 MPa especially under rainfed conditions. Midday values 

of ^L (1400-1500 h CST) were shown to represent die lowest ^'L in tiie diurnal cycle. 

Perry et al. (1983) and Sung and Krieg (1979) reported tiiat both gross and net 

photosynthesis in cotton grown in the Southern High Plains of Texas area begins to be 

affected as ^ L declined from approximately -1.8 to -2.0 MPa. ^ L was determined 
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with the pressure bomb method, in these studies which usually results in lower ^'L 

than found with diermocouple psychrometers. Turner et al. (1986) similarly reported 

for cotton grown in Australia, that photosynthetic rate and leaf conductance at high 

midday quantum flux densities progressively declined with ^ L between-1.9 MPa 

and -3.5 MPa. Ackerson et at (1977a) and Jordan and Ritchie (1971) demonstrated 

that stomata of field grown cotton do not close at ^ L approaching -2.7 MPa or even 

lower. 

The response of ^ L to ^ S and parameters defining evaporative demand in an 

interactive manner can be illustrated using multiple regression analyses for a 

multivariable model. The coefficients of determination (R2) obtained in this study are 

high indicating strong statistical relationships between the variables. Ranges of 

favorable soil water supply and air tempoatures can be identified from such models 

which may represent favorable or unfavorable conditions for cotton plant water status. 

Such information could be easily utilized in a crop simulation model and furth«Tiiore in 

a crop management system. Irrigation scheduling can be achieved to maintain plant 

water status in a favorable range and optimize crop productivity, based on 

measurements of soil water supply and environmental conditions. 

Results of this study demonstrated the strong influence of soil water supply and 

evaporative demand conditions (in the form of ambient temperature) on the *PL The 

effect of the water supply on ^^ appeared to be more dominant dian die effect of 

evaporative demand during most of die growing season. Multivariable models 

developed of ^ L as a function of ^s and evaporative demand illustrated the strong 

interactive effect of die predictor variables on ^L. The relative contribution of each 

parameter on the variation explained for *PL was not shown to be sensitive of plant 

growth stage but it was sensitive to existing soil water supply. 
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The results of this study can be incorporated in the cotton crop smulation model, 

GOSSYM, for validation and application of this model in the area of Southern High 

Plains of Texas. Furthermore, information obtained in this study can be used for 

development of management strategies in a cotton crop production system. 
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Table 2.1 Simple correlation coefficients (r) for leaf water potential (^'J 
and various variables defining soil water supply and evaporative 
demand. Data are presented across ranges of leaf area index 
(LAI). 

Variable 

^ S 0.3 

^ S 0 5 

^ S 0.7 

^ S 0.9 

^ S 1.1 

^ S 1.3 

^ S 1.5 

Tmax 

Tavg 

Tpoint 

RSmax 

RSavg 

VPDmax 

VPDavg 

VPDpoint 

0 - 4 

0.64 

0.61 

0.72 

0.51 

0.49 

0.68 

0.83 

-0.70 

-0.61 

-0.92 

-0.31 

-0.56 

-0.61 

-0.45 

-0.81 

Simple 1 

0 - 1 

0.78 

0.72 

0.88 

0.62 

0.74 

0.72 

0.79 

-0.71 

-0.73 
-0.92 

-0.03 

-0.47 

-0.68 

-0.66 

-0.78 

Correlation Coefficient (r) 

1-2 

0.71 

0.50 

0.67 

0.47 

0.53 
0.67 

0.89 

-0.73 

-0.55 

-0.93 

-0.42 

-0.76 

-0.66 
-0.37 

-0.80 

2 - 4 

0.62 

0.52 

0.55 

0.45 

0.35 

0.55 

0.75 

-0.64 

-0.63 
-0.91 

-0.17 

-0.25 

-0.44 

-0.37 

-0.76 

where: 
^s 0.3.0.5,0.7.0.9.1.1.1.3.1.5 = Average soil matric potential (-MPa) 

at 0.3, 0.5, 0.7, 0.9, 1.1, 1.3 and 1.5 m soil depth, respectively. 
Tmax = Maximum daily temperature (** Q 
Tavg = Average daily temperature (° Q 
Tpoint = Temperature at time of ^L measurement i° C). 
RSmax = Maximum day Incident Solar Radiation (W m-2) 
RSavg = Average day Incident Solar Radiation (W m"- ). 
VPDpoint = Vapor Pressure Deficit (kPa) measured at time of ^L measurement. 
VPDmax = Vapor Pressure Deficit (kPa) based on Tmax and minimum day 

relative humidity. 
VPDavg = Vapor Pressure Deficit (kPa) based on Tavg and average day relative 

humidity. 
All coefficients are significant at die 0.001 probability level. 
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Table 2.2. Simple correlation coefficients (r) for leaf water potential {"¥ J 
and various variables defining soil water supply (4^5) and 
evaporative demand. Data are presented across ranges of soil 
water supply. 

Variable 

^ S 0.3 

*^S 0.5 

^ S 0.7 

*^S 0.9 

*^S 1.1 

^ S 1.3 

^ S 1.5 

Tmax 

Tavg 

RSmax 

RSavg 

VPDmax 

VPDavg 

Full range 

0.64 

0.61 

0.72 

0.51 

0.49 

0.68 

0.83 

-0.70 

-0.61 

-0.31 

-0.56 

-0.61 

-0.45 

Simple 

*s 

Correlation Coefficient (r) 
1? a fi o<* rt^ W _ 

; < -0.03 MPa ^s > 

0.63 

0.50 

0.64 

0.44 

0.43 

0.61 

0.82 

-0.73 
-0.72 

-0.25 

-0.49 

-0.64 

-0.54 

-0.03 MPa 

0.49 

0.58 

0.66 

0.66 

0.61 

0.56 

0.52 

-0.71 

-0.70 

-0.32 

-0.30 

-0.55 

-0.60 

where: 
^8 0 3.0.5,0.7.0.9.11. 1.3.1.5 = Average soil matric potential (-MPa) 

at 0.3, 0.5, 0.7, 0.9, 1.1, 1.3 and 1.5 m soil depth, respectively. 
Tmax = Maximum day temperature (** C) 
Tavg = Average daily temperature (° C) 
RSmax = Maximum day Incident Solar Radiation (W m'-) 
RSavg = Average day Incident Solar Radiation (W m"- ). 
VPDmax = \apor Pressure Deficit (kPa) based on Tmax and minimum day 

relative humidity. 
VPDavg = Vapor Pressure Deficit (kPa) based on Tavg and average day relative 

humidity. 
All coefficients are significant at die 0.001 probability level. 
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Table 2.3. Correlation matrix coefficients for components of the evaporative 
demand. 

Tavg Tmax Tpoint VPDavg VPDmax VPI>point 

Tavg 1.000 

Tmax 0.833 1.000 

Tpoint 0.826 0.936 1.000 

VPDavg 0.849 0.837 0.815 1.000 

VPDmax 0.719 0.964 0.890 0.890 1.000 

VPDpoint 0.639 0.829 0.898 0.819 0.846 1.000 

Whoe: 

Tmax = Maximum day temperature (^ C). 
Tavg = Average daily temperature (** C). 
Tpoint = Temperature measured at time of ^L measuement (° C). 
VPDpoint = Vapor Pressure Deficit (kPa) measured at time of ^ L measurement. 
VPDmax = Vapor Pressure Deficit (kPa) based on Tmax and minimum day 

relative humidity. 
VPDavg = Vapor Pressure Deficit (kPa) based on Tavg and average day relative 

humidity. 
All coefficients are significant at die 0.001 probability level. 
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Table 2.4. Stepwise regression equations with partial and total coefficients 

of determination (R )̂ of 4'L with soil water supply (4 ŝ) and 

environmental variables which are significantiy correlated with 

^L- The ^s values are averaged over 1.5 m soil depth. 

Data are presented across ranges of leaf area index (LAI). 

Equation Partial Total Prob >F 
R2 R2 

LAI = 0 - 4 

TL = 0.35 + 11.47*4^80 7 0.65 0.0001 

-0.059*Tavg 0.16 0.81 0.0001 

T L = 0 . 3 3 + 10.603*4^81.5 0.67 0.0001 

-0.045*Tmax 0.11 0.78 0.0002 

LAI = 0 -1 
TL = 10.37 + 23.93*4^8 o.7 0.55 0.0002 

-2.90*4^8 0.3 0.17 0.0775 

-0.012*RSmax 0.07 0.79 0.0088 

LAI = 1 -2 

4'L = 0.125 + 11.34*4*81.5 0.79 0.0001 
-0.049*Tavg 0.07 0.86 0.0114 

LAI = 2-4 

4 ' L = -1.511 + 23.20*4^81.5 0.55 0.0006 
-0.057*Tavg 0.23 0.0018 
+0.0024*RSmax 0.07 0.85 0.0268 

where: 
4'L = Leaf water potential (-MPa). 
4̂ 8 0.3.0.7.1.5 = Soil matric potential (-MPa) averaged at 0-0.3 m, 0-0.7 m and 

0-1.5 m deptii, correspondingly. 

Tavg and Tmax = Average daily and maximum day temperature (**Q. 

Rsmax = Maximum incident solar radiation (W m-2). 

Note: In all ranges of LAI die degree of multicollinearity K, for die stepwise 

procedure at upper bound condition was less than 5.00 (very low). 
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Table 2.5. Stepwise regression equations with partial and total coefficients 

of determination (R )̂ of 4'L with soil water supply (4*8) and 

environmental variables which are significantiy correlated with 

4'L. The 4*8 values are averaged over 1.5 m soil depth. 

Data are presented across ranges of soil water supply (4^8). 

Equation Partial 
R2 

Total 
R2 

Prob>F 

4'L =0.35 + 11.47*4'8 
Full range 

-0.059*Tavg 

0.65 0.0001 

0.16 0.81 0.0001 

vj/g > _o.o3 MPa 
4'L = 0.711 - 0.059*Tavg 0.56 0.0001 

+26.86*4'8 0.13 0.69 0.0017 

4'L = 0.098 + 9.556*4's 

4'8 < -0.03 MPa 

0.055*Tavg 

0.61 0.0001 

0.14 0.75 0.0017 

where: 
4'L = Leaf water potential (-MPa). 

4's = Soil matric potential (-MPa). 

Tavg = AvCTage daily temperature (° C). 

Tmax = Maximum day temperature (° C). 

Note: In all ranges of LAI die degree of multicollinearity K, for die stq)wise 

procedure at upper bound condition was less than 5.00 (very low). 
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Figure 2.1. Leaf water potential of cotton (4'L) as a function of soil water 
supply (4's) range. 4'L averaged at die indicated deptiis. 
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CHAPTER III 

CRmCAL RANGES OF LEAF WATER POTENTIAL FOR 

COTTON iGOSSYPIUM HIRSUTUM L.) GROWTH 

RATES IN A SEMIARID ENVIRONMENT 

Abstract 

Growth and development of cotton iGossypium hirsutum L.) is highly related to 

die plant water status. A field experiment was conducted for two years to investigate 

critical ranges of leaf water potential (4'L) which affect growdi rates of cotton grown 

in the semiarid environment ofthe Soutiiem High Plains of Texas. Three irrigation 

levels and two row spacings widiin each water supply were used in two soil types 

(Amarilk) loamy fine sand and Pullman clay loam) to provide a range of cotton growth 

rates and development characteristics. Crop growdi rate (CGR), mainstem elongation 

rate (MER), leaf area growtii rate (LAGR), 4'L, and atmospheric conditions were 

monitored throughout the growing seasoa Results from this study demonstrated that 

ovCTall crop growth rates, mainstem etongation and leaf area growth rates declined 

sharply when 4'L declined firom its non-limiting status of-1.2 MPa to -1.6 MPa; 

thereafter, the growth rates declined at a slower rate. Minimum growth of all 

parameters was indicated below -2.7 MPa. Reduction of growth rates was significant 

at 4'L below -1.6 MPa and percent reduction varied for each parameter. Results also 

indicated no differential sensitivity of reproductive and vegetative growth rates to 

declining 4'L. In general, for cotton grown in die SHPT area plant water status 

should be maintained above-1.6 MPa for maximum growth. 
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Introduction 

Cotton iGossypium hirsutum L.) is widely grown in semiarid environments 

where water supply represents die major yield limiting faaor. Cotton growdi and 

development processes are affected by water supply and environmental conditions 

such as temperature and evaporative demand. Studies have described die effects of 

plant water stress on cotton photosyndiesis, transpiration and odier physiological 

processes (Richter, 1976; Ackerson and Krieg, 1977; Ackerson et al., 1977; Krieg and 

Sung, 1978; Guinn and Mauney, 1984; Marani et al., 1985; Turner et al., 1986). 

Plant water status is commonly measured by leaf water potential (4'L). Most 

common mediods of measurement include die pressure chamb^ and die leaf 

psychrometers. The leaf water potential is affected by die imbalance between water 

uptake and transpiration rates (Ackerson and Krieg, 1977). Therefore, any factor in die 

soil-plant-atmosphere continuum which influences die water supply for uptake or die 

transpirational demand can proportionaly affect 4'L (Richter, 1976; Turner, 1986). 

Changes in leaf water potential can occur rapidly due to changes in evaporative 

demand or gradually due to soil water supply. 

Grimes and Yamada (1982) reported diat mainstem elongation essentially stopped 

when minimum 4'L dropped to -2.4 MPa for cotton grown in die San Joaquin Valley 

of California. In a recent study similar to the one above. Grimes and Kerby (1992) 

reported that reduced mainstem growth rate was observed as midday 4'L declined 

below -1.2 MPa and boll growth declined when 4'L was less than -2.3 MPa, for both 

Pima and Upland cotton cultivars. Critical levels of plant stress and soil water supply 

required to initiate irrigation appeared similar for both cultivars. Retention of young 

bolls was reduced as 4'L declined below -2.0 MPa. Guinn and Mauney (1984) 

reported a threshold 4'L value of -1.9 MPa for boll shedding to increase. 

Marani et al. (1985) reported diat under controlled environmental conditions die 

rate of increase in cotton plant height and leaf area declined when midday 4'L was less 
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tiian -1.4 MPa and die rate was almost zero at about -2.3 MPa. Relationships 

developed from diis study (Marani et al., 1985) are used in die cotton crop simulation 

model GOSSYM to predict growdi and development (Baker and Landivar, 1991). 

Heam and Constable (1984) developed an irrigation strategy for cotton based on a 

water stress day defined by a direshold 4'L =-1.8 MPa for die first 90 days of 

development and -2.4 MPa diereafter. They also concluded tiiat diere is no single set of 

irrigation practices diat is always best in every season. Plaut et al. (1992) reported diat 

maximum cotton production in the Negev region of Israel was obtained when plant 

water status was maintained above -1.5 MPa during die growing season. De Kock et 

al. (1990) reported on the relative sensitivity of upland cotton to water stress during the 

reproduaive growth phase and indicated that boll development stage was the most 

sensistive to stress. 

The relationships of plant water status with growth and development processes of 

cotton cultivars grown in the semiarid and short growing season of SHPT area have 

not been well established. Water relationships are important along with fertility 

interactions in developing management strategies for maximizing cotton production in 

short season and semiarid environments (Morrow and Krieg, 1990). The objective of 

this part ofthe study was to define critical ranges of leaf water potential tor growth 

rates of cotton cultivars growing in die semiarid environment of the SHPT. 

Materials and Mediods 

Field experiments were conducted during 1986 and 1987 at Brownfield, Terry 

County, TX. and at Lubbock, Lubbock County, TX. The soils were classified as 

Amarillo loamy fme sand (fine, loamy mbted, diermic, Aridic Paleustalf) and Pullman 

clay loam (fme, mixed, diermic, Torrertic, PaleustoU) for Terry and Lubbock County, 

respectively. Paymaster 792, a moderately determinate stripper cotton cultivar, was 
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used in all experiments. The plots received 50 kg N and 50 kg P205 and herbicide 

(Prowl, a.i. pendimethalin, 2.0 L ha-1) as a preplant application and a preplant 

irrigation (100 mm) to bring die top 1.0 m of soil to field capacity. 

The experimental design was a randomized bk)ck design with three levels of soil 

water supply replicated three times and two row spacings randomized within each 

water supply level. Irrigation was provided with a sprinkler system at each location. 

The soil water supplies represented different levels of replacement of actual water lost 

as evapotranspiration (0,50 and 100% replacement of ETa). Irrigation amount and 

frequency were determined using a modified Penman equation (Doorenbos and Pruitt, 

1977). Application frequency was defined as the time required to use 50 mm of water 

as estimated from the potential evapotranspiration (ETp) derived from weather data and 

the existing LAI during each time period 

The two row spacings used within each water supply level were 0.67 m and 1.0 m 

wide rows. Plant population ranged from 140,000 to 160,000 (mean population = 

156,000) plants ha-1 across years, locations and water supply treatments. The 

treatments were used to provide a wide range of water supply and plant devetopment 

characteristics. 

Growth analyses were conducted four times during the growing season essentially 

during die linear phase of growdi. Data were collected from a 1 m̂  ground area from 

each treatment and replication to determine plant population, plant height, node number, 

leaf area (using a Li-Cor 3100 model leaf area meter), number of squares and bolls, and 

dry mass P M , at 70 °C) for each of die above collected plant parts. Crop growdi 

rates (CGR), mainstem elongation rates (MER) and leaf area growdi rates (LAGR) 

were calculated and adjusted to a per plant basis. The CGR was calculated using die 

following equation (Radford, 1967): CGR=dw/dt=(W2-Wi)/(t2-ti), where W, is die 

total dry mass at time ti and W2 is die total dry mass at time ti. 
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Leaf water potential (4'L) was measured weekly on cloudless days between 1400-

1500 h CST on all treatments from four leaves within each replication. This 4'L 

should represent minimal levels of 4'L during the diurnal cycle. Leaf tissue sampling 

was done on a ftilly expanded leaf, four nodes down from the uppermost visible leaf 

Leaf discs were punched from leaves and immediately sealed in the psychrometer 

chamber (Merrill "leaf cutter" psychrometers) and transferred to the field laboratory 

where they wCTe equilibrated in a water bath for 4 hours at 30 **C prior to measuring die 

leaf watCT potential using a microvolt meter (model 85, by J.R.D. Merrill, Logan, UT). 

Measurement of 4'L were averaged over the periods of each growdi data 

measurement. 

Weather data were collected with a Class A automated weather station (CR-10 

datalogger; Campbell Scientific, Inc.) located adjacent to the field plots. Data were 

measured at about 1.8 m and included hourly values (average of one minute 

measurements) for air temperature, relative humidity, incident and photosynthetically 

aaive radiation, rainfall and soil temperature (at 0.05 and 0.2 m depth). Wind speed 

was measured at 2.0 m height These data were used to calculate ETp. 

Statistical analyses of die data was accomplished using die appropriate packages of 

die Statistical Analyses System software (SAS Institute Inc., 1985). Regression 

analysis was used to establish relationships between leaf wato-potential and plant 

growth and development parameters. 

Results and Discussion 

The effect of plant water status (4'L) on cotton crop growdi rates (CGR), 

mainstem elongation rates (MER) and leaf area growtii rates (LAGR) was investigated 

in this study. The regression equations and coefficients of determinations (R2) for die 

rates of total growdi, mainstem elongation and leaf area growdi are shown in Table 

3.1. Extrapolatwn beyond die range of data shown should be avoided due to die 
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polynomial response of growtii rates to 4'L; however the measured 4'L range is 

sufficient to accommodate the most common plant water status levels met under field 

conditions and the polynomial response is statistically significant and biologically 

realistic within this data range. 

The relationship of CGR widi 4'L is shown in Figure 3.1. CGR declined from 

1.5 g plant-i day-i widi 4'L of -1.2 MPa to 0.55 g plant' day^ as 4'L declined to 

-1.7 MPa The growdi rates remained almost constant between -1.8 MPa to -2.5 

MPa Aldiough the data are limited, minimum growth was observed when 4'L 

approached -3.0 MPa. A significant reduction ofthe growth rate was apparent when 

4'L was decreasing firom -1.2 MPa to -1.6 MPa This initial 4'L is in agreement with 

the results of Grimes and Kerby for expansive growth (1992). Studies of 

photosynthesis of cotton in the SHPT area (Ackerson et al., 1977; Sung and Krieg, 

1979; Perry et al., 1983) showed diat diese processes were measurably affeaed as 4'L 

declined from approximately -1.8 MPa to -2.0 MPa. Perry and Krieg (1983) reported 

for cotton grown in the SHPT area that photorespiration expressed as a proportion of 

net photosyndiesis had increased from 30% at 4'L =-1.6 MPa to 50% at 4'L=-2.4 MPa 

largely in response to elevated canopy temperature. Results of CGR from this study 

were similar to die reported values by Gerik (1985) under bodi irrigated and dryland 

conditions at Lubbock, TX. 

To determine differential sensitivity of die two types of dry matter accumulation, die 

total dry mass of CGR was separated into dry mass of leaves and stems representing 

vegetative growth rate (VGR), and in dry mass of squares and bolls representing 

reproductive growdi rate (RGR), and die results are depicted in Figure 3.2 . Growdi 

rates for bodi vegetative and reproduaive dry matter widi declining 4'L were shown to 

be similar. There was not an apparent differential sensitivity of vegetative growtii type 

over reproductive growdi. Bodi growdi types decreased sharply as 4'L declined to 

about -1.5 MPa Growdi decreased at a slower rate after diis point and approached 
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almost constant rate within the range of -1.8 MPa to -2.5 MPa; essentially zero growth 

rate was observed at -3.0 MPa for both growth types. 

A slight water stress during the vegetative growth stage was found to depress 

vegetative growth and induce flowering and boll formation (Grimes and Yamada, 

1982). In contrast, water stress at a later stage enhanced boll abscision (Guin and 

Mauney, 1984) and boll size was also slightiy affected (McMichael and Heskedi, 

1982). Johnson et al. (1989) reported that maximum cotton yield was obtained when 

first irrigation was applied at -1.5 MPa 4'L and second and subsequent irrigations at 

-1.8 MPa 4'L. However, differences in stress sensitivity were shown between 

determinate and indeterminate type of cotton cultivars. It appears diat plants subjected 

to a severe stress at any growth stage may not recover in a later growth stage, even 

when adequate soil water supply is available. The advantage of stressing plants at 

vegetative stage to induce more flowering will most probably be counterbalanced by 

the smaller boll size or harvestable boll number later on die growing season, 

especially in a short season and semiarid area. 

The reduction of growth rates with declining plant water status was investigated. 

The percent reduction of CGR with declining 4'L is illustrated in Figure 3.3. 

Reduction rate was based on maximum measured CGR. The regression equation and 

coefficients of determinations (R2) for the percent reduction on rates of CGR, MER 

and LAGR witii 4'L are shown in Table 3.2. The rate of crop growdi was reduced by 

25% at 4'L about -1.3 MPa. A 50% and 75% decrease of CGR was observed at 

4'L about -1.4 MPa and-1.9 MPa, respectively. Stegman (1982) reported diat when 

4'L declined from its non-limiting condition of -1.2 MPa to about -2.0 MPa relative 

grain yield of com was reduced in a linear mode to about 50% and 30% at pollination 

and grain-filled periods, respectively. 

The cotton lint yield reduction observed in this study ranged from 4% to 36% for 

die limited irrigated treatments and from 37% to 56% for die dryland ptots compared 
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widi the well irrigated treatments. Therefore, the 25% and 50% levels of growth 

reduction represent realistic ranges for the field conditions in die area of SHPT. Also 

reduction in yield of 75% often occurs under dryland field conditions based on die 

potential growdi of some cultivars. Results also indicated that detrimental levels of 

growdi decrease occur in the range of 4'L from -1.6 MPa to -1.9 MPa Plant water 

status should not be allowed to decline more than the indicated range for maximum 

growth to occur. Results of Plaut et al. (1992) indicated diat maximum cotton 

produaion resulted when irrigation frequencies maintained 4'L above -1.5 MPa during 

all growth and development phases. 

The sensitivity of expansive growdi to 4'L was measured using mainstem 

elongation and leaf area changes. The relationship of mainstem elongation rate 

(MER) with 4'L is depiaed in Figure 3.4. The pattern of decreasing elongation rates 

with declining 4'Lwere similar to crop growth rates. MER decreased rapidly from 4'L 

of -1.2 MPa to -1.5 MPa after which the rate of change was less to -2.5 MPa In 

contrast to CGR, MER continuously decreased although at a slower rate after -1.5 

MPa to about -2.5 Mpa where it decreased faster. Elongation rates were essentially 

zero at -3.0 MPa Figure 3.5 illustrates the percent reduction of MER with declining 

4'L. Reduction in elongation to 25%, 50%, and 75% was observed at 4'L about -1.3 

MPa,-1.5 MPa and -2.5 MPa, respectively. MER reduction was slightly more 

sensitive dian CGR to declining 4'L especially at low 4'L levels. That was mainly due 

to the more linear decrease of MER with 4'L as compared to the curvilinear deaease of 

CGR. Marani et al. (1985) and Grimes and Yamada (1982) reported diat plant height 

increase essentially stopped at 4'L of -2.0 MPa to -2.5 MPa Studies of Grimes and 

Kerby (1992) indicated diat mainstem expansive growdi declined as 4'L dropped 

below -1.2 MPa and approached zero elongation at -2.5 MPa. 

The effect of 4'L on leaf area expansive growdi is illustrated in Figure 3.6. LAGR 

declined slightiy faster dian CGR and MER widiin die 4'L range of-1.0 MPa to-1.6 
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MPa and approached zero growdi at -2.7 MPa, which was a slightiy higher plant 

water status dian shown for zero growdi rates on CGR and MER. Reduction of 

LAGR widi declining 4'L is illustrated in Figure 3.7. Reductionlevelsof 25%, 50%, 

and 75% occurred at 4'L of -1.2 MPa, -1.35 MPa and -1.6 MPa, respectively, 

indicating a greater percent reduction of leaf area growdi in die 4'L range of -1.2 MPa 

to -1.6 MPa dian CGR or MER. LAGR is due to production of new leaves and size 

of existing leaves. Although die contribution of each was not determined in diis study, 

previous work (Hicks, 1983) has shown diat leaf number is die dominant component 

of dianges in LAGR in cotton as a fimction of water supply. 

These results appear realistic and comparable widi diose of other studies. Marani 

et al. (1985) reported a minimum LAGR at -2.4 MPa from die curvilinear response 

fitted to their data. They also mentioned that some discrepancies among results on 

growth rates and plant water status reported in various studies may be due to the 

measurement intervals of data taken (instantaneous rates versus daily increments) or 

osmotic adjustment during a drying cycle. CutiCT and Rains (1977) reported that leaf 

growth was affected by conditioning treatments more than was mainstem growth. 

Physiological studies have shown that expansive growth may be the most sensitive 

process to water stress (Hsiao and Acevedo, 1974). 

Results on growth rates from diis study are similar in pattern with reported studies. 

However, the magnitude of growdi rate may vary firom reported studies since results 

were obtained either in controlled environment studies (Marani et al., 1985) or using 

cultivars widi different development characteristics studied under different conditions 

dian die environment of die SHPT (Grimes and Yamada, 1982; Grimes and Kerby, 

1992). The cultivar used in diis study (Paymaster 792) is a determinate type of cotton 

and die final height did not exceed 0.6 m in diis study. Most commonly grown 

stripper type cultivars in tiie SHPT area reach final heights of less dian 1.0 m. 
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Results from diis study demonstrated die effect of plant water status on cotton 

growth rates. In the semiarid environment ofthe SHPT area, cotton growth rates of 

major growth processes contributing to yield deaeased when midday 4'L declined. 

Overall growth rates, mainstem elongation and leaf area growdi rates decreased sharply 

till 4'Lreached about-1.6 MPa. Growth decreased at a slower rate between -1.9 

MPa to -2.4 MPa . Minimum growth was observed between -2.7 to -3.0 MPa. 

Reduction of growth rates was significant between -1,6 MPa and-1.9 MPa, and die 

percentreduction was differentiated for each parameter below-1.6 MPa Results also 

indicated no differential sensitivity of reproductive and vegetative growth rates to 

declining 4'L. In general, for cotton grown in the SHPT area, plant water status 

should be maintained above -1.6 MPa for maximum growth. 
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Table 3.1. Regression equations and coefficients of determination (R )̂ developed for 
the relationship of crop growth rate (CGR), mainstem elongation rate (MER), leaf 
area growth rate (LAGR), vegetative growtii rate (VGR) and reproductive growth 
rate (RGR) widi cotton leaf water potential (4'L) • 

Equation R2 

CGR = 10.44 + 14.06*4'L + 6.47*4'L2 + 0.98*4'L3 0.70 

MER = 5.46 + 6.29*4'L + 2.70*4'L^ + 0.40*4'L3 0.54 

LAGR = 0.052 + 0 .071*4'L + 0 .033*4'L2 + 0 .005*4'L3 0.53 

VGR = 9.95 + 13.97*4'L + 6.57*4'L2 + 1.01*4'L3 0.54 

RGR = 5.75 +7.55*4'L + 3.41*4'L2 + 0.51*4'L3 0.58 

where 
4 ' L = Leaf water potential (-MPa). 
CGR = Crop growdi rate (g DM plant"̂  dayi). 
MER = Mainstem etongation rate (cm day-i). 
LAGR = Leaf area growdi rate (m^ planr ̂  day*̂ ). 
VGR = Vegetative growdi rate (g DM planf^ day^). 
RGR = Rq)roductive growtii rate (g DM planf^ day-^). 
Note: All regression coefficients are significant at P=0.01, 

All R2 are significant at P = 0 . 0 0 1 . 
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Table 3.2. Regression equations and coefficients of determination (R )̂ developed for 
the relationship of percent reduction of crop growth rate (CGR), mainstem 
elongation rate (NffiR) and leaf area growth rate (LAGR) with cotton leaf water 
potential (4'L). 

Equation R2 

CGR (%) = -536.26-893.26*4'L -411.08*4'L2 -62.26*4'L^ 0.70 

MER(%) = -273.66-430.93 *4'L - 184.63*4'L2 -27.26*4'L^ 0.54 

LADR (%) = - 638 .46-1014 .70*4 'L - 470.95*4'L2 -72.61 *4'L3 0.53 

where 
4 ' L = Leaf water potential (-MPa). 
CGR% = Crop growtii rate reduction (%). 
MER% = Mainstem elongation rate reduction (%). 
LAGR% = Leaf area growtii rate reduction (%). 
Note: All regression coefficients are significant at P=0.01. 

All R2 are significant at P=0 .001 . 
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Figure 3.1. Cotton crop growdi rate (CGR) as a ftmction of leaf water 
potential (4'L). 
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Figure 3.2. Cotton vegetative (VGR) and reproductive (RGR) growdi rates as 
a fimction of leaf water potential (4'L). 
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Figure 3.3. Cotton crop growth rate (CGR) percent reduction as a ftmction of 
leaf water potential (4'L). 
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Figure 3.4. Cotton mainstem elongation rate (MER) as a ftmction of leaf water 
potential (4'L). 
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Figure 3.5. Cotton mainstem elongation rate (MER) percent reduction as a 

ftmction of leaf watCT potential (4'L). 
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Figure 3.6. Cotton leaf area growdi rate (LAGR) as a ftmction of leaf water 
potential (4'L). 
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Figure 3.7. Cotton leaf area growdi rate (LAGR) percent reduction 
function of leaf water potential (4'L). 
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CHAPTER IV 

GENERAL SUMMARY AND CONCLUSIONS 

Cotton plants growing on tiie Soutiiem High Plains of Texas are required to 

witiistand an evaporative demand tiiat exceeds die water supply during die growing 

season. When an imbalance exists between tiie evaporative demand and die water 

supply, die plant response is a lowering of the internal water stattis which can cause 

severe stress conditions. 

Results of diis sttidy demonstrated die sttx)ng interaction and influence of soil water 

supply and evaporative demand on die cotton plant water status. Among atmospheric 

variables, the daily average air tempCTattire (Tavg) exerted die strongest influence on 

leaf water potratial ( 4'L), a commonly used measure of plant water status. Incident 

solar radiation was not as good indicator of 4'L as were die temperature and the VPD 

mainly due to the fact that measurements were takoi under cloudless conditions and 

therefore the range of radiation levels was small. The soil water supply in the rooted 

soil volume was strongly correlated with 4'L. The overall effect of 4's was more 

dominant than the evaporative demand across the entire period of data measurement 

and within all LAI ranges. The stepwise regression analysis revealed that the relative 

contribution of each parameter to its effect on 4'L was not shown to be sensitive of 

plant growth stage but it was sensitive to existing soil water supply. Across the entire 

range of measured LAI, the 4's showed the most dominant contribution to the 

variation explained for 4'L. Under less than optimum water supply, the soil water 

supply was shown to influence 4'L more than evaporative demand did. 

Crop growth rates, mainstem elongation rate and leaf area growth rates decreased 

sharply when 4'L declined firom its non-limiting conditions of -1.2 MPa to about -1.6 

MPa. Growth rates decreased at a slower rate between -1.9 MPa to -2.4 MPa, 
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Minimum growth of all three parameters was observed below -2.7 MPa. Results also 

indicated no differential sensitivity of reproductive versus vegetative growth rates with 

declining plant water status. In general, for cotton grown in the Southem High Plains 

of Texas, plant water status should be maintained above -1.6 MPa for maximum 

growth. 
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