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ABSTRACT 

Greenhouse and field experiments were conducted to determine how proximity 

fiictors and water stress interact to influence competition between purple nutsedge and 

upland cotton. Purple nutsedge produced more total dry weight than cotton in wet 

conditions but produced less or similar total dry weight in dry conditions. Cotton's ability 

to extract water from greater soil depth and maintain a high rate of photosynthesis during 

water stress enabled it to maintain higher RGR. (relative growth rate), LAR (leaf area 

ratio), and leaf expansion than nutsedge. Absolute growth rate (AGR), initial propagule 

weight, and early shoot production were important parameters for purple nutsedge 

competition with cotton. Moisture stress afiected the relative importance of intraspecific 

and interspecific competition between species in both greenhouse and field experiments. 

Intraspecific competition was more important than interspecific competition in determining 

cotton biomass production in wet conditions but drier conditions fiirther reduced the 

relative importance of interspecific competition. The results of all experiments indicate 

that greenhouse addition series competition experiments can be applicable to field 

conditions provided the &q)erimental design takes into account the biological 

characteristics of the species being studied. Pot size had a large influence on intra- and 

interspecific competition between purple nutsedge and cotton. 

In greenhouse experiments, physiological measurements were initiated one hour 

after irrigation and repeated every 2 h throughout the day. One hour after the cessation of 

water stress, the photosynthetic rates of both species increased, but photosynthesis 
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recovered &ster in cotton than in purple nutsedge. The &ster recovery of photosynthesis 

in cotton was probably due to the osmotic adjustment that occurred in cotton leaves that 

protected enzymes and other cellular components during water stress. 

In additive field experiments, seed cotton yield was reduced because the number of 

harvestable bolls m~^ was reduced as purple nutsedge density increased. Yield was also 

reduced by cotton seedling death at the highest nutsedge density. The interference of 

purple nutsedge with cotton cannot be reduced through water management alone. But, 

based on the growth characteristics of indeterminate cotton varieties, we suggest that 

delaying the first post-planting irrigation of some cotton varieties could reduce the 

competition of purple nutsedge with cotton without affecting final seed cotton yield. 



INTRODUCnON TO THE DISSERTATION 

14 

Purple nutsedge {Cyperus rotundas L. CYPRO), a perennial C4 weed, is one of 

the most troublesome weeds in the world (Holm, et ai, 1977) and is commonly associated 

with field crops such as upland cotton (Gossypium hirsutum L.) (Byrd, 1991; Holt and 

Orcutt, 1991). This species, along with yellow nutsedge (Cyperus esculentus L. # 

C YPES), is an increasingly serious weed problem in cotton growing areas of the United 

States of America (Heathman, 1990; Byrd, 1991) and northern Mexico (Quezada and 

Agundis, 1984). Purple nutsedge is among the ten most fi-equently reported weeds that 

cause cotton yield losses in the United States (Chandler and Cooke, 1992). In 1994, 

nutsedges infested 795,416 ha or 16% of United States cotton production areas and 

reduced cotton yield by 123,000 bales (Byrd, 1995). Cotton yield losses caused by 

nutsedge interference have been estimated at 8.5% (Byrd, 1995) with the extent of yield 

loss depending on nutsedge density and duration of competition (Keeley and ThuUen, 

1993). Purple nutsedge is the most important weed in Arizona cotton fields based on its 

relative abundance and mean field density (McCloskey, etal., 1998), and its competition 

with cotton reduced seed cotton yield an average of 15% (Byrd, 1995). However, a purple 

nutsedge density of450 shoots m'̂  at 4 weeks after planting reduced seed cotton yield by 

^ Letters following this symbol are a WSWS-approval computer code fi-om Composite 

List of Weeds, Revised 1989. Available fi'om WSWS, 309 West Clarck Street, 

Champaign, IL 61820. 
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50% (Cinco-Castro and McCloskey, 1998). 

Purple nutsedge is a highly competitive weed (Horowitz, 1992). It spreads rapidly 

from rhizomes which produce many underground tubers that each contain a much larger 

store of nutrients than is contained in a cotton seed (Holt and Orcutt, 1991). Tubers 

produced by purple nutsedge may remain dormant in the soil for several years thus 

escaping control methods. Purple nutsedge also reproduces by seed but seed germination 

rarely averages more than 1 to 5% (Hall and Valdiver, 1991). In the Central Vall^ of 

California, purple nutsedge has a higher relative growth rate (RGR) and a higher absolute 

growth rate (AGR) than cotton during the seedling stage which allows more rapid 

emergence and establishment of purple nutsedge (Holt and Orcutt, 1991). 

Water stress during seedling ecesis might be expected to favor purple nutsedge 

since C4 plants typically have greater water use efSciencies than C3 plants such as cotton 

although water use efi5ciency is not necessarily correlated with control of the water 

resource (Radosevich, Holt and Ghersa, 1997). In Arizona cotton fields, purple nutsedge 

is a greater problem in sandy loam soils where fields are irrigated earlier and more 

frequently after planting than in heavier soils (personal observation, W.B. McCloskey). 

Purple nutsedge has a fibrous root system, and may not experience water stress in coarse 

textured soils because irrigations occur more frequently, supplying water more often to 

the upper portion of the soil profile. The longer intervals between irrigations on heavier or 

fine textured soils results in the top of the soil profile being drier for a longer period of 

time between irrigations than in coarse textured soils. Thus, heavier soils may favor cotton 
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in competition with purple nutsedge because cotton's deeper tap root system enables it to 

utilize water deeper in the soil profile (MoSett and McCloskey, 1998). 

Purple nutsedge is inferior to cotton with respect to light capture because it is 

shorter than cotton, has a grass-like canopy architecture and has a low tolerance for shade 

conditions (Patterson, 1982; Santos, etal., 1997). However, during the first three weeks 

of competition, purple nutsedge may be competitively superior to cotton for light capture 

because purple nutsedge has a larger leaf area shortly after emergence. Given the 

characteristics of these two species, environmental factors such as water stress and 

temperature, biological factors such as growth rates (AGR and RGR) and root 

architecture, and proximity factors would be expected to influence competition between 

these two species. 

Interference among plants is influenced by factors that can be categorized as 

environmental, biological, or proximity factors. Environmental factors include resources 

such as light, water and nutrients, and environmental conditions such as temperature, soil 

compaction, pathogens and insects (Radosevich, 1988). Biological factors include 

emergence time, seed or propagule size, canopy architecture, reproductive strategy, 

genetic variation, physiological e£Bciency, phenology, growth rate, allelochemics, and 

growth forms (Radosevich, 1988). The proximity factors involved in plant competition 

include density, spatial arrangement, and species proportion (Radosevich, 1988). The goal 

of this research is to understand how proximity factors (e.g., density and species 

proportion), environmental factors (e.g., moisture stress), and biological factors interact 
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and influence competition between purple nutsedge and cotton in warm season production 

environments. A portion of this research project used an addition series ocperimental 

design (Regm^ek, et at., 1989) to address research questions such as: how does water 

stress affect intra- and interspecific competition in purple nutsedge and cotton? What are 

the physiological processes that determine competitive success between these species? 

Growth analysis experiments were used to address the following questions: what are the 

plant growth characteristics that make purple nutsedge an effective competitor with 

cotton? How does soil moisture stress affect the growth of purple nutsedge and cotton? 

We hypothesized that purple nutsedge was a superior competitor to cotton during early 

growth based on plant characteristics (i.e., photosynthetic rate, propagule weight and 

relative growth rate [RGR]). We also hypothesized that moderate moisture stress might 

shift the competitive balance in favor of cotton thereby suppressing purple nutsedge 

growth. Understanding how proximity, environmental, and biological factors influence 

competition is critical to developing sustainable practices (e.g., the use of crop rotation 

and other cultural practices such as water management) for the control of purple nutsedge 

in warm season crops in the southern U.S. and western Mexico. 

This dissertation includes the results of five studies which are appended as five 

manuscripts to be submitted for publication. APPENDIX A examines the effect of 

moisture stress on the growth characteristics and physiological processes of purple 

nutsedge and upland cotton in greenhouse conditions. One cotton seed or nutsedge tuber 

was grown per pot in two soil moisture regimes. The two soil moistures were 



accomplished by irrigating when soil water potential reached -3 to —4 IcPa for the wet 

treatment and -60 to -65 kPa for the dry treatment. Purple nutsedge produced more total 

dry weight than cotton in wet conditions but produced less or similar total dry weight than 

cotton in dry conditions. Cotton's ability to extract water from greater soil depth and 

maintain a higher rate of photosynthesis during water stress enabled cotton to maintain 

greater RGR, LAR, and leaf expansion than nutsedge. The net result may be a decrease in 

the impact of purple nutsedge competition on cotton growth under dry soil moisture 

conditions. 

The second manuscript (APPENDIX B) includes investigations on the effects of 

moisture stress, density and species proportion on intra- and interspecific competition 

between purple nutsedge and cotton using addition series experiments (Rejmwek, et ai, 

1989) conducted at two different levels of soil moisture in greenhouse conditions. Intra-

and interspecific competition coefGcients derived fi"om reciprocal yield models for purple 

nutsedge and cotton were used to determine the relative competitive ability of each 

species. Intraspecific competition was more important in water-stressed conditions than in 

well-watered conditions for both species and interspecific competition was reduced by 

water-stress. 

APPENDIX C deals with the interactions and effects of water stress, plant density 

and species proportions on intra- and interspecific competition in field conditions. These 

experiments were conducted in the field to assess the applicability of greenhouse studies to 

the field. As in the greenhouse experiments (Appendix B), intraspecific competition was 
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more important than interspecific competition in determining cotton biomass production in 

the wet soil moisture regime and drier conditions further reduced the relative importance 

of interspecific competition. The results of all experiments indicated that greenhouse 

addition series competition ^eriments can be applicable to field conditions provided the 

experimental design takes into account the biological characteristics of the species being 

studied. 

The fourth manuscript (APPENDIX D) includes studies of the effect of water 

stress on photosynthesis and the recovery of photosynthesis in cotton and purple nutsedge 

following the cessation of water stress to elucidate the physiological basis of water stress 

effects on competition. The physiological characteristics that were measured as a fimction 

of water stress included leaf water potential, CO2 assimilation rate, quantum yield and 

osmotic adjustment. These experiments were conducted in a greenhouse where water was 

withheld until both cotton and purple nutsedge leaf water potentials were between -2.6 to 

-2.3 MPa. At this time, the physiological characteristics of both species were measured 

and then the plants were irrigated. One hour after irrigation, additional physiological 

measurements were made and repeated every 2 h throughout the day. One hour after the 

cessation of water stress, photosynthetic rates of both species increased, but 

photosynthesis recovered faster in cotton than in purple nutsedge. The faster recovery of 

photosynthesis in cotton plants was due to the osmotic adjustment that occurred in cotton 

leaves that protected enzymes and other cellular components duiing water stress. 

The fifth manuscript (APPENDIX E) describes additive competition experiments 
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which were conducted with two soil moisture regimes and various purple nutsedge 

densities to determine the effects of these &ctors on seed cotton yield and the competitive 

interaction between the two species. Seed cotton yield was reduced because the number of 

harvestable bolls m~^ of row was reduced as purple nutsedge density increased. Yield was 

also reduced due to cotton seedling death at the highest nutsedge density. The interference 

of piuple nutsedge with cotton could not be reduced through water management alone. 

But, based on the growth characteristics of the indeterminate cotton varieties, we suggest 

that delaying the first post-planting irrigation of some cotton varieties could reduce the 

competition of purple nutsedge with cotton without affecting final seed cotton yield. 

LITERATURE REVIEW 

Ecology and Distribution of Purple Nutsedge 

The family Cyperaceae includes 3,000 species, of which 220 species interfere with 

crop production and, therefore, are considered to be weeds (Bendixen and Nandihalli, 

1987). Purple nutsedge ranks among the world's worst weeds and resists many control 

practices commonly used in modem agriculture. Purple nutsedge is a problem throughout 

the thermal belt in 52 crops and in more than 90 tropical and subtropical countries of the 

world (Hobn, et al., 1977). In the continental United States, purple nutsedge occurs 

across the Southwest and Western states including New Mexico, Arizona, and California 

and is distributed fi^om Texas to Virginia (Stoller, 1973). The geographic distribution of 
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purple nutsedge is related to variations in climatic and edaphic &ctors with temperature 

and moisture appearing to be the two dominant environmental factors. Purple nutsedge is 

sensitive to cold temperatures and it is restricted to areas where the average minimimi air 

temperature for January is higher than -1 C (Bendixen and Nandihalli, 1987). However, 

Holt and Orcutt (1996) reported that the temperature range for sprouting of purple 

nutsedge tubers was 8.3 to 46.3 C. Purple nutsedge tolerates wet soOs, and grows best 

where soil moisture is high as in upland rice, sugarcane and in irrigated crops in warm, 

arid regions (Bendixen and Nandihalli, 1987; Li, 1993). Purple nutsedge grows well in 

almost every soil type and soil pH, and can survive the highest temperatures encountered 

in agriculture areas (Hall and Vandiver, 1991). It does not tolerate shade (Patterson, 

1982), therefore, cold temperature and shade seem to be the most important factors 

limiting the growth and spread of this weed. 

Methods for Studying Competition 

The methods used to study crop and weed interactions and to analyze data are 

critical components for an accurate assessment of competitive interactions among plant 

species. Several approaches that differ in the way proximity factors such as density, spatial 

arrangement of plants, and species proportion are controlled have been used to study crop 

and weed interactions. The additive design is probably the most common design of 

competition experiments used by weed scientists in agriculture. In this design, crop density 

is held constant and crop yield is measured as a fiinction of various weed densities 
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(Radosevich, 1988; Cousens, 1991). In additive experiments both the proportion of 

species and the total density of plants change with changes in weed density. Thus, the 

additive approach confounds the effects of the total density and proportion of the two 

species, and it does not allow the separation of the effects of intraspedfic competition 

(weed-to-weed) and interspecific competition (weed-to-crop) (Radosevich, 1988; 

Cousens, 1991). Additive studies of crop and weed competition are relevant because they 

mimic real fields where crops tend to be sown at a constant seeding rate, resulting in a 

fairly constant crop density. These studies also can be used to assess the benefits of weed 

control to crop production in either biological (e.g. yield) or economic terms (e.g. 

economic thresholds) (Oliver, 1988; Radosevich, 1988; Cousens, 1991). 

In a thorough review of additive competition experiments, Zimdahl (1980) 

documented that crop yields decreased as weed densities increased. It is widely believed 

that crop yield responses to increasing weed density can be described by a sigmoidal curve 

which implies that there is some minimum number of weeds that crops can tolerate 

without yield losses (Aldrich, 1987). This sigmoidal relationship occurs only when weed 

species do not compete aggressively for light with the crop (Coble and Byrd, 1991). 

Detailed mathematical and statistical analyses have shown that crop yield response to 

weed density is generally described by a rectangular hyperbola rather than a sigmoidal 

curve, indicating that even very low weed densities can cause yield losses (Cousens, 

1985). This is especially true when weed species grow taller than the crop limiting light 

availability and causing interference even at low weed densities, resulting in linear and 
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additive crop yield losses (Coble and Byrd, 1991). Common eq)erimental designs usually 

can not show statistically significant crop yield reductions at low weed densities due to the 

large variance associated with field experiments. 

Other experimental designs including substitutive (i.e., replacement series) and 

addition series designs have been developed to control the influence of proximity factors in 

competition experiments. In substitutive designs, the densities of two species are varied so 

their total density remains constant but their proportions vary and the experiment is 

interpreted based on the premise that the yield of mixtures can be predicted fi'om the 

species' monoculture yields (Radosevich, 1988; Cousens, 1991). The substitutive 

approach relies heavily upon the law of constant final yield. At very low densities the 

number of plants is small and the area available to them is large so that yield responds 

dramatically to small changes in density, however, at high densities yield reaches an 

equilibrium and is unresponsive to fiirther increases in plant number (Radosevich, 1988). 

This design has been mainly used to find out which of the two species is the better 

competitor and to Kcamine the way the two species interact (Cousens, 1991). Advantages 

of the replacement series design include; a) total density is held constant so that effects of 

species proportion and total density are not confounded, b) there are four models for 

interpreting interactions between species, and c) yield totals can be calculated to describe 

patterns of resource use and relative aggressiveness among species (Radosevich, 1988). A 

disadvantage of the replacement series design is that there is experimental evidence that 

the results of replacement series competition experiments are not independent of total 
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plant density (Rejmanek, et al., 1989) and therefore the information obtained using this 

design is relevant only in the context of the total density used in the experiment (Cousens, 

1991). Since results depend on the density chosen, the replacement series design cannot be 

used to predict population dynamics or to separate the effects of inter- and intra-specific 

competition (Cousens, 1991). Limitations of the replacement series design in 

differentiating between no competition and equal competition between species and in 

separating intra- and interspecific competition were partially overcome by including as a 

treatment a single plant without either species as neighbors (Cousens, 1991). Thus, the 

yield of mixtures can be predicted firom the species monoculture yields using models for 

the four possible outcomes for the interaction of two species described by Radosevich, 

Holt and Ghersa (1997). 

In addition series designs the total plant density and species proportion are both 

varied systematically, so that the effects of intra- and interspecific competition on yield can 

be distinguished (Radosevich and Roush, 1990; Cousens, 1991). In this design, the 

reciprocal yield law is used as a basis of describing plant interactions. Spitters (1983) 

proposed the following linear regression: 

1/W = A + BX 

where (1/W) is the average yield of an individual plant, and (X) is plant density. The 

intercept (A) can be interpreted as the reciprocal mean yield of an isolated plant, and the 

coefScient (B) represents intraspecific competition. Although (A) represents the 

theoretical maximum value for an individual plant, it is important to emphasis that this is 
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an estimation and that negative estimated values of the intercept A have been reported 

(Rejmanek, et ed., 1989). Despite the negative intercept found by Rejmanek, et al. (1989), 

the high r^.94 obtained from the multiple regression analysis indicated that the equation 

or model by Spitters (1983) provided a good eq)lanation of the biological phenomenon. 

Thus, the A intercept can be considered as an adjustment value. Because the intra- and 

interspecific competitive effects on individual plant weight are additive, the yield density 

model can be expanded to include species mixtures (Walldson, 1980). Thus, the reciprocal 

yield model for multiple species is (Spitters, 1983): 

1/Wi = Ai + BiiXi + Bij^q 

where 1/Wi is the reciprocal yield of an individual plant i, Ai is the theoretical maximum 

yield of an individual plant i, Bii is the intraspecific competition between individuals of 

species i, Bij is the interspecific competition between species i and j; Xi is the density of 

species i; and 5Q is the density of species j. In this model, both total density and relative 

density (proportions) are incorporated to quantify competitive interactions (Roush, et al., 

1989; Rejmwek, et al., 1989). Multiple linear regression equations are commonly used to 

describe the mean reciprocal yield of individual plants and total stand yields as a function 

of plant densities in this approach to the study of competition (Rejmwek, et ai, 1989; 

Radosevich and Roush, 1990; Alcocer-Ruthling, 1992). The coefficients in the regression 

equations quantify the effects of intra- and interspecific competition in mixtures 

independent of total plant densities (Rejmwek, et ai, 1989; Radosevich and Roush, 1990; 

Alcocer-Ruthling, 1992). 
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Several recent papers have compared the different &q)erimental designs and 

methods of analysis discussed above and have shown the utility and advantages of addition 

series designs for the study of crop and weed interactions (Regmanek, et cd., 1989; 

Radosevich and Roush, 1990; Alcocer-Ruthling, 1992). Addition series designs are also an 

effective means of studying competition between weed species (Patterson, 1990). It is 

important to note that, as in other designs, the results of addition series experiments can 

be strongly influenced by enviroiunental &ctors such as water stress and by biological 

factors such as seed or propagule size and allelopathy. 

Data analysis with methods that provide the best predictive value over a realistic 

range of densities is important in determining the competitive interactions between 

species. Cousens (1991) conducted an mcellent review of experimental designs and data 

analysis. The replacement series experiments usually are analyzed based on relative yield 

responses but no single method of statistical analysis has been adopted to quantify 

interaction between species (Thomas, 1970). For example, Roush, etal. (1989) used two 

statistical analyses to determine competitive interactions between species. The first method 

used regression analysis where a test for significant nonlinear fit of the data was used to 

indicate if competition occurred between species. The second was Students' t-test to 

compare mean relative yields of each species to the interaction line, while Santos, et al. 

(1997) compared means Avith Fisher's Protected LSD test. In addition series experiments, 

the use of multiple regression models has been generalized to determine interactions 

between species (Spitters, 1983; Roush, etcd., 1989; Rejm^ek, etal., 1989; Cousens, 
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1991). multispecies reciprocal yield models, the effects of intra- and interspecific 

competition, and the relative competitive ability of the species can be determined. Roush, 

etal (1989) and Rqm^ek, etcd. (1989) concluded that this reciprocal yield approach 

offered more quantitative and definitive interpretations of the data, and it is a simple 

method of analysis to determine the relative importance of intra- and interspecific 

competition between species. 

Purple Nutsedge Competition With Crops 

Purple and yellow nutsedge are among the most troublesome weeds found in 

cotton fields across the cotton belt of the United States of America (Byrd, 1995; 

Heathman, 1990; McClosk^, et at., 1998). They are also similar in their morphology, 

physiology and biology (Holm, etal., 1977; Stoller and Sweet, 1987; Wills, 1987) and 

similar in their effects on cotton (Keeley, 1987; Holt and Orcutt, 1991; Mofifett and 

McCloskey, 1998). Purple and yellow nutsedge are perennial €< plants. In addition to 

utilizing COj more efBciently, C4 plants have a higher optimum temperature for 

photosynthesis than C3 plants such as cotton and photosynthesis becomes light saturated 

at much higher light intensities in C4 plants than in C3 plants (Li, 1993; Radosevich, Holt 

and Ghersa, 1997; Wills, 1987; Pearcy, etal., 1981). Purple nutsedge reproduces 

prolifically from rhizomes and tubers (Wills, 1987), and occasionally from seed 

characterized by poor germination (1 to 5%) (Hall and Valdiver, 1991) . Rhizomes that 

grow downward produce tubers that can form other tubers resulting in chains of tubers 



28 

and those rhizomes that grow upward form new shoots (Wills, 1987). Purple and yellow 

nutsedge tubers contain large amounts of carbohydrates that can &cilitate rapid growth 

following emergence. Holt and Orcutt (1991) found that propagule weight (/.e., seed and 

tuber weight) and photosynthetic capacity were important plant characteristics related to 

competitiveness and that the competitive superiority of purple and yellow nutsedge against 

cotton could be attributed to higher early rates of photosynthesis and faster early growth. 

Cotton yield losses due to weed interference may occur in several ways. Cotton 

yield losses from the competitive effects of nutsedges have been estimated at 8.5% (Byrd, 

199S), but the potential yield losses from nutsedge can increase with the density and 

duration of interference (Keeley, 1987; Keel^ and ThuUen, 1993; Chandler and Cooke, 

1992). In addition to yield losses, yellow and purple nutsedge can reduce cotton fiber 

quality and increase production costs (Chandler and Cooke, 1992). Several studies have 

assessed the competitive effects of purple and yellow nutsedge on cotton. Holt and Orcutt 

(1991) used a replacement series design to compare the competitiveness of yellow and 

purple nutsedge with cotton for the first 10 weeks after cotton emergence. Both yellow 

and purple nutsedge were more competitive than cotton, and yellow nutsedge was more 

competitive than purple nutsedge as determined by aggressivity values (Holt and Orcutt, 

1991). In contrast, under optimal growing conditions it has been reported that purple 

nutsedge is more vigorous and competitive than yellow nutsedge (Wills, 1987). In 

irrigated cotton in central California, yellow nutsedge competition for 6 to 8 weeks after 

emergence reduced cotton yield 20% while fiill season competition reduced cotton yields 
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34% and delayed crop maturity (Keeley and Thullen, 1975). In central Arizona, yellow 

nutsedge fiiU-seascn competition reduced cotton yield 24% in additive design competition 

^eriments in wet and dry soil moisture conditions (Moffett and McCloskey, 1998). 

Yellow nutsedge free periods of 4 to 12 weeks substantially decreased cotton yield losses 

compared to yields when cotton was subjected to season-long yellow nutsedge 

competition (Keeley and Thullen, 1983). Late season competition of yellow and purple 

nutsedge with cotton is not as severe as early-season competition because the cotton 

canopy eventually shades the shade-intolerant nutsedges (Patterson, 1982). 

Influence of Water Stress on Competition 

An important goal of this research was to elucidate the effects of moisture stress 

on competition between cotton and purple nutsedge. Many studies provide evidence for 

the effects of moisture stress on competition but their conclusions were frequently based 

on results from field studies with uncontrolled environmental conditions. Climatic 

variations occurring during field studies have led to speculation on the way in which 

moisture stress may affect competition. Bloomberg, et al. (1982), investigating 

competition between common cocklebur (Xcmthiian permsylvanicum) and soybean 

(Glycine max), noted that below average rainfall during one year of the study led to 

reduced soybean production that was unrelated to cocklebur density. They concluded that, 

during that year soil moisture availability had a greater effect on soybean yield than weed 

density. Menges and Tamez (1981) came to the same conclusion based on similar results 
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in a study of sunflower (flelianlhus ammus) interference in onions {Allium cepa). 

Harrison, et cd. (1985) found that reduced soil moisture availability, due to erratic 

precipitation during one year of their study, reduced the competitive effect of giant foxtail 

{Setaria faberi) on soybean during that year. Similarly, Coble, er a/. (1981) found that 

weather induced dry conditions reduced the weed free period requirements for soybean 

infested with common ragweed {Ambrosia atemisiifolia) indicating that the competitive 

impact of the weed was reduced by suboptimal soil moisture. In contrast, Hagood et al. 

(1980) noted an increase in the competitive effect of velvetleaf {Ahutilon theophrasti) on 

soybean under conditions of reduced soil water availability. 

The effect of soil moisture availability on the competitive balance between cotton 

and various weeds has also been investigated with conflicting results. In a field experiment 

investigating the area of influence of cocklebur in cotton, Byrd and Coble (1991) found 

that under normal soil moisture conditions cocklebur competition reduced cotton biomass. 

But under conditions of low rainfall (and confounding herbicide damage) cocklebur 

competition was negligible regardless of the weed's distance from the cotton. However, 

th^ went on to cite many studies suggesting that, due to deeper root growth, cocklebur 

would have a competitive advantage over cotton in obtaining water in dry environments. 

Vencill, et al. (1992) studied the competition between cotton and coastal bermudagrass 

{Cynodon dactylon), a C4 perennial plant, and found that competition was most severe 

early in the season. Soil moisture measurements at various depths led these researchers to 

conclude that, under adequate moisture conditions, weed density did not affect soil water 
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content except in the top IS cm of the soil profile and that water was not the most limiting 

resource. Th^ also concluded, based on the root architecture of these two species, that 

coastal bermudagrass is competitively superior to cotton in obtaining soil moisture eariy in 

the season during cotton establishment. Holt and Orcutt (1991) used similar root 

architecture comparisons as the basis for explaining some aspects of purple nutsedge 

competition with cotton. A greater allocation of biomass to root and vegetative 

reproduction by purple nutsedge, as compared to greater above ground accumulation in 

cotton, provided purple nutsedge with a competitive advantage in attaining soil water and 

nutrients. Holt and Orcutt (1991) indicate that this, combined with other advantages of C4 

plants such as greater photosynthetic rates, may aid in explaining purple nutsedge's 

competitive superiority over cotton. However, in moisture stress conditions, cotton could 

have an advantage over purple nutsedge because cotton root length density increased 

significantly at lower soil depths (>30 cm) and cotton used more water fi-om deeper in the 

soil profile in dry conditions (McMichael, 1980; Ball, etaL, 1994). Similar results were 

reported by Moflfett and McCloskey (1998) in yellow nutsedge and cotton competition 

experiments in wet and dry soil moistures. Cotton plants in dry treatments consistently 

used more water firom the deeper portions of the soil profile (61 to 122 cm) than cotton in 

the wet treatments. Field studies by Riffle, et al. (1990) found that the interference of 

devil's-claw {Proboscidea louisimica) with cotton yield was increased during a year of 

low rainfall. Measurements of water content in the soil profile led to the conclusion that 

the cotton yield reduction was due to the ability of the weed to deplete soil moisture early 
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in the season. Green, et al. (1988) studied the effects of silvedeaf nightshade {SoUatum 

elaeag^folitmi) competition in diyland and irrigated cotton using soil water profile 

measurements and also concluded that cotton yield reduction under dry conditions was 

due to competition for water resources. 

The above evidence indicates that competition for soil moisture is an important 

component in determining the competitive balance between weeds and crops. The 

variability of this evidence also suggests that the role moisture plays in competition 

depends to a large degree on the species involved, the densities of those species, and other 

environmental factors (Mortensen and Coble, 1988). To provide more detailed 

information on how moisture stress may affect crop-weed competition, several field and 

greenhouse studies have attempted to clarify the effects of moisture stress on competition 

by manipulating soil water content. 

Mortensen and Coble (1988) conducted a field experiment to look at interference 

between cocklebur and soybean under high and low moisture conditions. Control of 

moisture levels was achieved through the use of rain exclusion shelters and controlled 

irrigation. Using an area of influence planting design th^ found that drought stress 

reduced the competitive effect of cocklebur on soybean yield due to the fact that 

cocklebur was more affected by water stress than was soybean growth. Mortensen and 

Coble (1988) concluded that competition effects vary depending on soil moisture 

availability. 

Under controlled greenhouse conditions, Peterson and Nalewaja (1992) looked at 
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how drought stress influenced competition between wheat (Triticum aestivum), a C, 

annual, and green foxtail {^etaria faberi), a C^ annual weed. Using an additive 

competition design, these species were grown in competition and subjected to three 

temperature regimes, 15, 23 and 30 °C and two irrigation treatments (well watered and 

drought stressed). As could be predicted from the higher temperature optimum for 

photosynthesis in C4 plants, green foxtail reduced wheat fresh weight the most at the 

higher temperatures. Wheat fresh weight reduction due to competition from green foxtail 

was greater in the well watered pots at 23 and 30 °C and in the drought stressed pots at 

15 °C (Peterson and Nalewaja, 1992). Green foxtail growth was not influenced by soil 

moisture regime at 15 °C probably because of its slow growth at this temperature. 

In contrast, in a replacement series experiment conducted at three different soil 

moisture levels, Pearcy, et al., (1981) found that the competitive balance between 

lambsquater (̂ henopodium albian), a C3 plant, and redroot pigweed {Amaranthus 

retoflexus), a C^ plant, was not altered by drought stress. Although C4 plants are 

characterized by greater water use efriciency than C3 plants, this does not necessarily mean 

that they are more drought tolerant since the two characteristics are not related (Pearcy, et 

al., 1981; Radosevich, Holt and Ghersa, 1997). However, since few studies have 

addressed this issue, new studies on the effect of drought stress on competitive balance 

between C3 and C4 plants are necessary. 

In some studies of weed and crop competition, measurements such as stomatal 

conductance and leaf water potential have been made in order to determine the 
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physiological basis for competition (Stuart, et cd., 1984; GrifSn, et al.̂  1989; Patterson and 

ICghsmith, 1989). This ^proach promises to provide more insights into the mechanisms 

mediating competition and allow qualitative predictions of how changing environmental 

conditions might affect crop-weed competition. In a field experiment using three pigweed 

densities and two irrigations regimes in which soil water profile measurements were 

combined with leaf water potential measurements, Stuart, et al. (1984) sought to 

investigate the way in which weed density and soil water availability affected competition 

between cotton and smooth pigweed (A. Hybridus). These researchers found that 

increasing smooth pigweed density decreased total cotton dry weight in both high and low 

soil moisture levels but reduced cotton leaf water potential only in low soil water 

conditions. Thus, the reduction in cotton dry matter production by the competitively 

superior smooth pigweed in the high soil moisture treatment was not correlated with 

reduced leaf water potentials. Smooth pigweed had the capacity to maintain higher leaf 

water potentials than cotton, had lower transpiration rates due to higher diffusive 

resistances and extracted soil moisture firom a greater depth in the soil profile (Stuart, et 

al., 1984). In this study, the C4 plant, smooth pigweed, was more drought tolerant than 

the C3 plant, cotton, in contrast to the study ofPearcy, et al. (1981) cited above. 

In a replacement series experiment. Griffin, et al. (1989) found that soybean was 

more competitive than Florida beggarweed {Desmodium tortuosum) when there was 

adequate soil moisture, but less competitive than Florida beggarweed when both the crop 

and weed were subjected to water stress. The authors measured leaf water potential and 
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stomatal conductance of monocultures of soybean and Florida beggarweed as a fimction 

of soil water potential and found that soybean had a more negative leaf water potential for 

a given soil water potential and that soybean stomatal conductance declined more rapidly 

with decreases in leaf water potential. Griffin, et al. (1989) speculated that these changes 

associated with leaf water potential changes were more detrimental to soybean than to 

Florida beggarweed and may explain the competitive outcomes that occurred in the 

species mixtures. Patterson and Highsmith (1989) conducted a greenhouse competition 

study using a replacement series design to investigate intra- and interspecific competition 

between cotton and two weed species, spurred anoda (Anoda cristatd) and velvetleaf 

Plants were subjected to a nine day drought and then compared to well watered controls. 

Leaf water potentials of all three species were reduced by moisture stress and cotton 

biomass accumulation was reduced by competition fi-om spurred anoda and velvetleaf 

however, water stress did not alter the relative competitive abilities of the three species. 

Some of the ambiguous results obtained in these replacement series studies may be due to 

the fact that plant proximity and density factors were not controlled when leaf water 

potential and stomatal conductances were measured. 

Effect of Water Stress on Leaf Photosynthesis 

When soil water is gradually depleted a number of plant functions are negatively 

affected. Water relations of cotton plants and the response of physiological processes to 

water deficits have been reviewed by Jordan (1983). Under water stress conditions, leaf 
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water potential decreased resulting in damage to physiological processes. Turner, et al. 

(1986) and Ephrath, et al. (1993) reported that at high irradiance, cotton leaf 

photosynthesis decreased as leaf water potential decreased. Marani, el cd. (1985) found 

that water stress reducted cotton leaf photosynthesis and adversely affected cotton yield. 

Faver, et al. (1996) concluded that water stress reduced leaf photosynthesis because both 

stomatal and non-stomatal &ctors limited cotton leaf gas exchange and assimilation 

capacity. However, Ackerson (1981) and Ackerson, et al. (1977) reported that cotton 

plants adapted to water stress maintained turgor to a leaf water potential of-2.2 MPa, 

allowing photosynthesis to continue in adapted leaves. Peny and Krieg (1983) indicated 

that the ratio of carbo^lation to oxygenation was unaffected by increasing water stress 

down to a leaf water potential of -2.4 MPa, but leaf photosynthesis began to decrease as 

leaf water potential declined below -2.0 MPa. Numerous reports suggest that non-

stomatal control of photosynthesis occurs in cotton, even though stomatal changes are 

evident as leaf water potential declines (Ephrath, 1993; Ackerson, 1981; Ackerson, et ai, 

1977; Ackerson and Herbert, 1981). Osmotic adjustment and its contribution to the 

maintenance of leaf turgor potential during water stress in cotton has been reported by 

many scientists (Fernandez, et al., 1996; Oosterhuis and WuUschleger 1987; Ackerson 

1981; Ackerson, etal., 1981). In addition, Mofifett and McCloskey (1998) suggested that 

the lack of significant differences in cotton photosynthetic rates between wet and dry soil 

moisture regimes, despite the differences in leaf water potential was due to cotton leaf 

osmotic adjustment. 
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Other effects of water stress include reductions in cell growth and enlargement, 

leaf eq)ansion, assimilate translocation, and transpiration (Hsiao, 1973). The decrease in 

leaf area growth under water-stressed conditions is well documented in cotton. Leaf 

elongation rate in cotton declined almost lineariy when predawn leaf water potentials 

declined below -O.S MPa (Cutler and Rains, 1977). Marani, et cd. (1985) found that the 

rate of leaf area growth in cotton plants grown in a controlled-environment chamber 

declined when midday leaf water potential was less than -1.4 MPa, and was almost zero at 

-2.0 to -2.5 MPa. Kramer and Boyer (1995) reported that ceU elongation in sunflower 

and soybean was more affected than photosynthesis as leaf water potential decreased. 

Similarly, Femwdez, et al. (1996) indicated that leaf growth was highly sensitive to water 

deficits and declined as leaf water potential became more negative. Ball, et al. (1995) 

reported that leaf expansion rates were significantly lower in water-stressed cotton plants 

than non-stressed plants. 



PRESENT STUDY 

The methods, results, discussion and conclusions of this study are presented in the 

manuscripts appended to this (tissertation. The following is a summary of the most 

important findings in these papers. 

Growth analysis of purple nutsedge {Cyperus rotundus L.) and cotton {Gossypivm 

hirsutum L.) in wet and dry soil moisture conditions (APPENDIX A). 

Growth analysis experiments were conducted to measure the efifect of moisture 

stress on growth characteristics and physiological processes of purple nutsedge and cotton 

in greenhouse conditions. The AGR of purple nutsedge was greater than that of cotton in 

the wet and dry experiments, while RGR was greater in cotton than in purple nutsedge in 

all experiments. Purple nutsedge photosynthetic rates were reduced more than cotton 

photosynthetic rates in water-stressed conditions. Leaf expansion was negatively affected 

by water stress. Final leaf area was reduced 38% in cotton and 49% in purple nutsedge at 

56 DAP in the dry treatments compared to the wet treatments. Purple nutsedge produced 

more total dry weight than cotton in wet conditions but produced less or similar total dry 

weight in dry conditions. These productivity differences were related to differences in the 

way the two species responded to water stress. Cotton's ability to extract water fi-om 

greater soil depth and maintain a higher rate of photosynthesis during water stress enabled 

cotton to maintain greater RGR, LAR, and leaf expansion than purple nutsedge. The 

implication of these results may be a decrease in the impact of purple nutsedge 

competition on cotton growth during water stress. 
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Effect of soil moisture on purple nutsedge ifZypervs rotundas L.) competition with 

cotton in greenhouse experiments (APPENDIX B). 

Several addition series competition experiments were conducted in greeniiouse 

conditions to determine the effects of water stress, plant density and species proportion on 

competition between purple nutsedge and cotton. Two water regimes were imposed with 

either IS or 24 combinations of density and proportion. Intra- and interspecific 

competition coefficients derived fi'om reciprocal yield models for purple nutsedge and 

cotton were used to determine the relative competitive ability of each species. Purple 

nutsedge was more competitive than cotton under well-watered conditions in 1994 (15 

L-pot) and 1997 (7.5 L-pot). The competitive abilities of cotton and purple nutsedge 

were similar in 1996 and 1997 in 30 L pots under wet soil moisture conditions but the 

relative competitive ability of cotton was greater than that of purple nutsedge under water-

stressed conditions. Intraspecific competition became more important in water-stressed 

conditions than in well-watered conditions for both species and interspecific competition 

was reduced under water-stressed conditions. Niche differentiation was greater in the dry 

than in the wet experiments in 1996 and 1997. Niche differentiation was greater in 30 L 

pots than in 15 L and 7.5 L pots in both wet and dry conditions. Large, tall pots allowed 

cotton roots to use resources deeper in the soil profile reducing interspecific competition 

with purple nutsedge. 
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Purple nutsedge (Cyperus rottmdus L.) competition with cotton {Gossyphan hirsutum 

L.) in wet and dry soil moisture regimes in field experiments (APPENDIX C). 

Several addition series competition experiments were conducted in field conditions 

to measure the interaction and effects of water stress, plant density and species 

proportions on intra- and interspecific competition between purple nutsedge and cotton. In 

wet conditions, purple nutsedge produced 75% more abovegroimd dry weight than it 

produced in dry conditions. In contrast, cotton abovegroimd dry weight was about 53% 

greater in wet than in dry soil moisture conditions. In all experiments, intraspecific 

competition was greater in dry than in wet conditions for both cotton and purple nutsedge. 

Interspecific competition between species decreased or remained similar in dry compared 

to wet soil moisture conditions. Cotton was more competitive than purple nutsedge under 

water limiting conditions as indicated by greater interspecific coefiBcients. We concluded 

that intraspecific competition was more important than interspecific competition in 

determining cotton biomass production in wet conditions but drier conditions fiirther 

reduced the relative importance of interspecific competition. The results of all experiments 

indicate that greenhouse addition series competition experiments can be applicable to field 

conditions provided the experimental design takes into account the biological 

characteristics of the species being studied. 

Recovery of photosynthesis on cotton and purple nutsedge {Cyperus rotundus L.) 

following water stress in greenhouse conditions (APPENDIX D). 

Two greenhouse experiments were conducted to measure leaf water potential. 
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quantum yield, osmotic adjustment and recovery of photosynthesis in cotton and purple 

nutsedge before and after cessation of water stress. When cotton plants were at the 10-leaf 

growth stage, water was withheld until both cotton and purple nutsedge leaf water 

potentials were between —2.6 and -2.3 MPa. At that time, the physiological characteristics 

of both species were measured and the plants were irrigated. One hour after irrigation, 

additional physiological measurements were initiated and repeated every 2 h throughout 

the day. The photosynthetic rate of purple nutsedge was greater than that of cotton in 

well-watered conditions throughout the day. In water-stressed conditions, cotton had 

greater photosynthetic rates than purple nutsedge. One hour after the cessation of water 

stress, photosynthetic rates of both species had increased, but photosynthesis recovered 

faster in cotton than in purple nutsedge. Cotton under water-stressed conditions 

osmotically adjusted -0.586 MPa. Osmotic potentials of water stressed purple nutsedge 

indicated there was no osmotic adjustment in these plants. No differences in quantum yield 

were detected between species during the water stress recovery period indicating that 

photosynthetic electron transport was not affected by the degree of water stress imposed. 

We concluded that the faster recovery of photosynthesis in cotton plants was due to 

osmotic adjustment and protection of enzymes and other cellular components during water 

stress. 

EfTect of purple nutsedge (Cyperus rotundus L.) on cotton yield in wet and dry soil 

moisture conditions in the field (APPENDIX E). 

Two sets of additive competition experiments were conducted, each with two soil 
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moisture regimes and various purple nutsedge densities, to determine how these factors 

affected seed cotton yield and the competitive interaction between the two species. In the 

first set of additive competition experiments (experiment I), purple nutsedge shoot 

densities in native patches were counted 4 weeks after planting. There was a linear 

decrease in cotton stem dry weight and cotton seed yield as purple nutsedge density 

increased in both wet and dry soil moisture regimes. Yield was reduced because the total 

number of harvestable bolls m'̂  of row was reduced as purple nutsedge density increased. 

In addition, due to seedling death at the highest nutsedge density, fewer cotton plants 

were harvested in this treatment. Plant height was reduced about 22 and 18 percent at the 

highest purple nutsedge densities in wet and dry treatments, respectively. Seed cotton 

yield and cotton stem dry weight were not affected by the two different levels of moisture 

stress that were imposed prior to the first irrigation after planting in experiment I because 

the wet and dry treatments were irrigated at the same water stress level after the first post-

planting irrigation. 

In the second set of additive competition experiments (experiment II), seed cotton 

yield was reduced as nutsedge density increased in the dry and in the wet treatment and 

seed cotton yield was reduced in the water stressed treatments compared to the well 

watered treatments in 1995, 1996 and 1997. These results were consistent in all 

experiments where the same target cotton level was used to schedule all irrigations in 

the dry treatment for the entire season. There was no significant interaction between soil 

moisture effects and purple nutsedge density effects on seed cotton yield and cotton stem 
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dry weight. Purple nutsedge shoot numbers were reduced by 50 percent when water stress 

was imposed between irrigations for the entire season. No increase in seed cotton yield 

due to reduction in interspecific competition was observed because of the negative effect 

of water stress on cotton. We concluded that the interference of purple nutsedge with 

cotton cannot be reduced through water management alone. But, based on the results of 

experiment I and growth characteristics of indeterminate cotton varieties, we suggest that 

delaying the first post-planting irrigation of some cotton varieties could reduce the 

competition of purple nutsedge with cotton without affecting final cotton stem dry weight 

and yield. 

Future work 

These studies raised new questions about the effect of water stress and species 

proportion on competition between purple nutsedge and cotton when nitrogen was applied 

at different times. Observations in greenhouse experiments indicated that cotton competed 

better Avith purple nutsedge when nitrogen was applied in the first post-planting irrigation 

than when nitrogen was applied at planting. More studies are required to test for the effect 

of timing of nitrogen application on the competitive ability of purple nutsedge and cotton. 

Another interesting question is how water management affects purple nutsedge 

competition with indeterminate cotton varieties. We reported that water stress reduced the 

interspecific competition between purple nutsedge and cotton. However, this reduction in 

interspecific competition between species did not result in higher seed cotton yield because 

water stress affected the reproductive stage of the mid-season (i.e., medium maturity) 
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upland cotton variety (DP 5415) used in these experiments. We expect that delaying the 

first post-planting irrigation in indeterminate cotton varieties may reduce the competitive 

effects of purple nutsedge without affecting seed cotton yield. 
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APPENDIX A. GROWTH ANALYSIS OF PURPLE NUTSEDGE {Cyperus 

rotundus L.) AND COTTON {Gossyphm hirsutum L.) IN WET AND DRY SOIL 

MOISTURE CONDITIONS. 
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Growth analysis of purple nutsedge {Cyperus rotundas L.) and cotton (iJossypivm 

hirsutwn L.) in wet and dry soil moisture conditions^ 

Ramon A. Cinco-Castro and William B. McCIoskey^ 

Abstract The study reported here was done as part of an effort to understand how the 

biological characteristics of purple nutsedge and cotton influence the competitive success 

of these species. Growth analysis experiments were conducted to measure the effect of 

moisture stress on growth characteristics and physiological processes of purple nutsedge 

and cotton in greenhouse conditions. One cotton seed or nutsedge tuber per pot was 

planted in 15 L pots in 1994, and in 30 L pots in 1996 and 1997. Wet and dry soil 

moisture regimes were irrigated when soil water potential reached -3 to -4 kPa or -60 to 

-65 kPa, respectively at the 35 cm depth. Purple nutsedge produced more total dry weight 

than cotton in wet conditions but produced less or similar total dry weight than cotton in 

dry conditions. The AGR of purple nutsedge was greater than that of cotton in the wet 

and dry experiments, while RGR was greater in cotton than in purple nutsedge in all 

experiments. Water stress increased the R/S ratio of both species and nutsedge had a 

higher R/S ratio than cotton because of its tubers and rhizomes. Purple nutsedge 

photosynthetic rates were reduced more than cotton photosynthetic rates in water-stressed 

^ Received for publication and in revised form. 

^ Graduate student, and Assoc. Specialist, respectively. The University of Arizona, Dept. 

of Plant Sciences, Tucson, Az 85721. 
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conditions. Leaf expansion was negatively affected by water stress. Final leaf area was 

reduced by 38 % in cotton and 49 % in purple nutsedge at 56 DAP in the dry treatments 

compared to the wet treatments. Purple nutsedge was more productive than cotton in the 

absence of water stress but cotton produced more dry weight than nutsedge when water 

was limiting. These productivity differences were related to differences in the way the two 

species responded to water stress. Cotton's ability to extract water from greater depth and 

maintain a higher rate of photosynthesis during water stress enabled cotton to maintain 

greater RGR, LAR, and leaf expansion than purple nutsedge. The implication of these 

results may be a decrease in the impact of purple nutsedge competition on cotton growth 

during water stress. 

Nomenclature; Upland cotton: Gossypium hirsutum L. Delta Pine Seed Company variety 

(DP 5415); Purple nutsedge; Cyperus rotundas L. CYPRO. Additional index words; 

Growth analysis, leaf expansion, water stress, leaf water potential, photosynthesis. 

^ Letters following this symbol are a WSWS-approved computer code from Composite 

List of Weeds, Revised 1989. Available from WSWS, 309 West Clark Street, Champaing, 

BL 61820. 

INTRODUCTION 

Weeds reduce crop productivity in agriculture and the yield potential of a cotton 

field can be drastically reduced by weeds. In 1994, at least 123,000 bales of cotton were 
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lost due to nutsedge interference with cotton in the United States (Byrd, 1995). It is 

essential to understand all processes that contribute to the success of purple nutsedge in 

cotton fields in order to develop effective integrated weed management systems. Plant 

growth analysis »cperiments can contribute information about the plant growth 

characteristics that determine competitive ability between species (Roush and Radosevich, 

1985). Several authors have reported that biomass production eflBciency (i.e., relative 

growth rate, RGR) of weeds relative to crops is an important determinant of weed-crop 

interaction (Holt, 1991; Holt and Orcutt, 1991; Paterson, 1985). Relative growth rate can 

be partitioned into components reflecting more specific physiological processes such as 

net assimilation rate (NAR), and morphological mechanisms of resource exploitation such 

as leaf area ratio (LAR). These growth parameters provide clues to understanding 

variation and differences in growth rates between species (Lambers, et aL, 1990). Holt 

and Orcutt (1991) reported that greater relative growth rate (RGR), initial tuber dry 

weight, NAR and photosynthetic capacity were important plant growth characteristics 

associated with competitiveness and that the superior competitive ability of purple 

nutsedge over cotton could be attributed to higher photosynthesis rates and faster early 

growth after emergence. Jordan (1993) and Zimdahl (1993) reported that rapid seedling 

emergence, rapid seedling growth after emergence, rapid leaf expansion, and allelopathy 

are characteristics associated with the competitive ability of weed plants. 

We hypothesized that under well-watered conditions purple nutsedge would be a 

superior competitor to cotton during early growth based on its higher photosynthetic rate. 
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greater propagule dry weight and greater RGR. However, the effect of moisture stress on 

purple nutsedge and cotton growth parameters such as R.GR, absolute growth rate (AC31), 

and shoot production in competitive situations are unknown. Measurement of plant 

growth responses to different moisture levels will add to our understanding of the biology 

of these species in competitive situations. Thus, the objective of this study was to measure 

the effect of moisture stress on the growth characteristics of purple nutsedge and cotton in 

greenhouse conditions. 

MATERIALS AND METHODS 

Growing conditions. Growth analysis experiments were conducted in 1994, 1996, and 

1997 at the University of Arizona, Campus Agricultural Center (CAC), Tucson, AZ. 

Planting dates were August 18, 1994, August 9, 1996, and May 15, 1997. Two plant 

species were grown in the wet experiments: cotton (CW) (cv. Delta Pine 5415), and 

purple nutsedge (PNW) and in the dry experiments: cotton (CD), and purple nutsedge 

(PND). A greenhouse soil mixture (25:25:25:25; percent of top-soil, sand, vermiculite, 

and peat moss, respectively) was used for the 1994 wet experiment. In 1996 and 1997, a 

soil mbcture (2:2:1:1:1; v/v/v/v/v of top-soil, sand, coarse vermiculite, fine vermiculite, and 

perlite, respectively) was used to decrease soil water holding capacity in order to have 

several drying cycles during the experiments. Greenhouse day/night air temperatures 

during the experiments were 36/26 C in 1994 and 1996, and 40/27 C in 1997. One purple 
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nutsedge tuber or cotton seed was planted in each 15 L (28 cm in diameter by 35 cm 

depth) pot in 1994, and in each 30 L (25 cm in diameter by 65 cm depth) pot in 1996 and 

1997. In 1994, each pot received 7 g of fertilizer (15:15:15; N,P,K) at planting, and 

beginning four weeks after planting, 450 ml of water comaining 4.8 g of a water soluble 

fertilizer (20:20:20) plus micronutrients was added to each pot every week until harvest. 

In 1996 and 1997, 7 g of fertilizer (15:15:15; N,P,K) plus 8 g of controlled-release 

fertilizer (14:14:14) were incorporated into the planting mbc in each pot 24 h prior to 

planting. 

Moisture Regimes. A wet &cperiment was conducted in 1994. Pots were drip irrigated 

every third day during the first 4 weeks and then irrigated every other day for the 

remaining 3 weeks of the experiment. In 1996 and 1997, the wet experiments were 

irrigated when soil water potential reached -3 to -4 kPa. Soil moisture was measured 

with micro-tensiometers constructed from Pirex tubing (0.599 cm inside diameter by 13 

cm length) using electronic pressure guage sensors (Series 130PC Micro Switch, 

Honeywell Division, Phoenbc, AZ) and one bar standard ceramic cups (outside diameter, 

0.599 cm; inside diameter, 0.099 cm; length, 6.477 cm, Soilmoisture Equipment Co., 

Santa Barbara, CA). The ceramic cups were glued with epoxy (Epoxy kit, Soilmoisture 

Equipment Co. Santa Barbara, CA) to one end of each piece of Pirex tubing and the 

pressure sensors were inserted into the other end. The micro-tensiometers were connected 

to a AM416 relay multiplier (Campbell Scientific Inc., Logan, UT) and 21X data logger 

(Campbell Scientific Inc., Logan, UT) to record soil water potentials. When the target soil 
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water potential was reached, the data logger automatically turned on solenoids using a 

SDM-C16AC relay controller (Campbell Scientific Inc., Logan, UT) to irrigate the pots as 

needed. 

Dry &q)eriments were conducted simultaneously with the wet experiments in 1996 

and 1997. Dry treatments were irrigated when soil water potential reached about -60 to 

-65 kPa. Soil moisture was measured with resistance blocks (Series 200 Watermark 

sensors Irrometer, Co. Riverside, CA.). The resistance blocks were wired to a AM416 

relay multiplexer and 2IX data logger and the pots were irrigated in a similar fashion as 

the wet treatments. In addition, leaf water potentials (ilrj of the four or five fiilly expanded 

leaves below the growing point were measured with thermocouple chamber 

psychrometers (Merrill 75-2VC JRD Merrill Specialty, Logan, UT) to determine the 

cotton or purple nutsedge IITL prior to irrigation (Koide, et al., 1991). 

Growth measurements. Plants were harvested 21,35, and 49 days after planting (DAP) 

in 1994, and 14, 28, 42, and 56 DAP in 1996 and 1997. In all experiments, purple 

nutsedge height was measured before each harvest by measuring from the soil sur&ce to 

the tip of the longest leaf or to the tip of the longest flowering stalk when present. Cotton 

height was measured from the soil surface to the main stem growing point. The number of 

purple nutsedge shoots per pot were recorded at each harvest time and every other day 

from day 16 to 36. Purple nutsedge leaf area was measured using a CI-251 leaf area meter 

(CID, Inc. Moscow, ID. USA). All leaves were measured at the first harvest and all the 

leaves on five shoots were measured for the remaining harvests. Total leaf area was 
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estimated from the leaf area subsamples with the following equations (Cinco-Castro, 

1985): 

Area of sample leaves from five shoots 
Specific Leaf Weight (SLW) = , 

Dry weight of sample leaves from five shoots 

Total Leaf Area = (Total leaf dry weight)*(SLW). Cotton leaf area was determined by 

measuring all leaves at all harvests using a LI-3100 leaf area meter (LICOR, Lincoln, NB, 

USA). The dry weight of leaves and stems of both species was measured after oven drying 

the samples for 48 h at 75 C. The dry weight of roots (including tubers and rhizomes) was 

measured after drying the samples for 72 h at 75 C. Rootrshoot dry weight ratios (R/S) 

were calculated by dividing total root dry weight by total shoot dry weight. The 

percentage of root dry weight at two different pot depths; 0 to 35 cm and 35 to 65 cm was 

determined using the total root dry weight as a 100 percent. Leaf expansion was 

determined in both species by measuring the width and length of the second leaf below the 

shoot growing point every other day until leaves matured. 

The classical approach to growth analysis was used to calculated absolute growth 

rate (AGR) and relative growth rate (RGR). Total dry weights were ranked by weight in 

ascending order and paired with ranked dry weights from other harvests. AGR was 

calculated by dividing the difference in total dry weight between two harvests by the 

difference between harvest times. RGR was calculated by dividing the difference in In-

transformed total dry weight between two harvests by the difference between harvest 

times (Poorter, 1990; Hunt, 1982). The physiological component of RGR, the net dry 
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weight gain per unit leaf area (net assimilation rate, NAR), as well as the morphological 

component, the leaf area per unit plant weight O^af area ratio, LAR), were calculated 

using the equation described by Hunt (1982), Poorter (1990), and Lambers, et al., (1990). 

NAR. was obtained by multiplying the AGR by the inverse of the average leaf area at that 

harvest interval. 

Gas exchange and leaf water potential measurements. A portable infrared gas analyzer 

(ADC LCA-3 Analytical Development Co. Ltd., Pindar Road, Hoddesdon, Hertfordshire 

ENl lOAQ, England) was used to measure the CO2 assimilation of the fourth unshaded, 

fully expanded leaf below the shoot apex of cotton, and the fourth and fifth leaves below 

the newest leaf on a purple nutsedge shoot. Measurements were made between 12 and 1 

P.M. once a week. Sbc readings were made per species at each measurement time. Leaf 

water potentials (IITL) of the fourth or fifth fiilly expanded cotton leaf below the growing 

point or the fourth fully expanded purple nutsedge leaf below the newest leaf on a shoot 

were measured Avith thermocouple chamber psychrometers connected to a micro-

voltmeter (Wescor PR-55, Wescor Inc., Logan, UT). 

Statistical analysis. The experiments were arranged in a randomized complete block 

design with six blocks in 1994 and 1996, and with five blocks in 1997. The General Linear 

Model was used to determine the statistical significance of the treatments and the 

interaction between species and harvest time (SAS Institute, 1997). Differences in RGR 

were analyzed by testing the sum of squares (SS) due to interaction between species and 

harvest time using a trend analysis over time (Poorter and Lewis, 1986 and van den 
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Boogaard, et al., 1996). Data were partitioned using a set of mutually orthogonal 

polynomial contrasts, where the interaction effect is described by differences in a 

combined polynomial Y=bo+biX+b2X?+...+ b^. The independent variable X is time, the 

dependent variable Y is the In-transformed weight of the plant. Each term plains a part 

of the SShe„yjo„. The linear component indicates a difference in RGR that is maintained 

throughout the experiment. The quadratic component measures the extent to which 

differences in RGR change linearly with time. Comparison of the SS of the different terms 

provides information on the nature of the RGR differences. Means of NAR, RGR and 

LAR from each harvest interval were compared using a T test at the P<0.05 level 

(SigmaStat, Jandel Scientific Software, 1994). Correlations at the P<0.05 level were 

computed for RGR, NAR and LAR (SigmaStat, Jandel Scientific Software, 1994). The 

slopes of two linear regressions were compared to test the significance of the differences 

between soil moistures regimes and between species using the standard error of the 

parameter estimates (Francl and Neher, 1997; Campbell and Madden, 1990). 

RESULTS AND DISCUSSION 

Biomass production and growth parameters. Purple nutsedge produced more total dry 

weight (TDW) than cotton under the very wet conditions of the 1994 eqjeriment (Table 

Al). Purple nutsedge also produced more TDW than cotton at the early harvests in both 

the wet and dry soil moisture re^mes in 1996 and 1997 but begiiming about 42 days after 
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planting (DAP), purple nutsedge and cotton produced similar amounts of TDW especially 

in the dry treatments (Table A2). The greater TDW produced by purple nutsedge in 1994 

and through 28 DAP in 1996 and 1997 was due to the higher initial tuber dry weight (0.70 

± 0.02 g [mean ± se], 1994; 0.63 ± 0.02 g, 1996; and 0.74 ± 0.03 g, 1997) of purple 

nutsedge compared to the initial cotton seed dry weight (0.074 ± 0.004 g). This greater 

propagule or tuber dry weight resulted in a greater absolute growth rate (AGR) for purple 

nutsedge during the first 21 DAP in 1996 and 1997 (Table A3). Holt and Orcutt (1991), 

and Roush and Radosevich (1985) reported that greater propagule dry weight (i.e., tuber 

or seed) facilitated &ster growth rates, rapid emergence after planting, and more 

aggressive competition with neighboring plants. The TDW produced by purple nutsedge 

and cotton in each moistiire regime was significantly different in 1994, 1996 and 1997 but 

TDW was always greater in the wet treatments compared to the dry treatments (Table A1 

and A2). 

Water-stress conditions reduced both purple nutsedge and cotton TDW 

production but purple nutsedge TDW was reduced more than cotton TDW at 56 DAP in 

the dry treatments (57 % versus 45 % averaged accross both years) compared to the wet 

treatments (Table A2). This reduction in TDW was due to the lower RGR of purple 

nutsedge in dry conditions compared to wet conditions as indicated by the slopes of the 

linear regressions of In of TDW against DAP (Fig. A1A and AlB). There was a significant 

difference in RGR between species as indicated by the significant interaction between 

species and harvest time in the 1994, 1996 and 1997 experiments (Table A4). The slope of 
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the regression equations indicated that cotton plants had a higher RGR than purple 

nutsedge in both moisture regimes (Fig. A1A and AlB). These differences in RCcR were 

maintained throughout the experiments each year, since most of the were due to 

the linear component of the orthogonal polynomial contrast (Table A4). Thus, purple 

nutsedge growth was more negatively affected by water stress than cotton growth. Similar 

results were reported by Van den Boogaard, et al. (1996) who found that the RGR of 

wheat cultivars was reduced by water stress. 

Cotton produced a signficantly (p=0.05) greater percent of root dry weight 

(RDW) than purple nutsedge at the bottom of the pots (>35 cm) in both wet and in dry 

conditions (Table A5). Under water stress conditions, the percentage of RDW in the 

bottom half of the pots was reduced in purple nutsedge, while that of cotton increased to 

39 percent at 28 DAP (Table A5). Ball, et al. (1994) and McMichael (1980) observed that 

cotton root length density increased significantly at the lower soil depths (>30 cm) during 

a period when the soil was allowed to dry. In wet and dry field experiments, Moffett and 

McCloskey (1998) reported that cotton used more water fi-om deeper in the soil profile 

than yellow nutsedge. The ability of cotton to use water fi-om deeper in the soil profile 

may explain why the RGR of cotton was less affected than the RGR of purple nutsedge in 

the dry experiments. 

During the course of the experiments, RGR decreased with harvest time in both 

purple nutsedge and cotton in both well-watered and water-stressed conditions (Fig. A2A 

and A3 A). The RGR of cotton decreased in a similar &shion in wet and dry conditions and 
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was higher in the wet «q)eriments than in the dry experiments (Fig. A2A and A3 A). The 

contributions of the physiological components of RGR, NAR. (Fig. A2C, A2D, A3C, and 

A3D) and the morphological component of RGR, LAR (Fig. A2E, A2F, A3E, and A3F) 

changed with time in both purple nutsedge and cotton. The decrease of RC^ during the 

growing period was caused by a decrease in LAR (leaf area per unit dry weight) in both 

purple nutsedge and cotton in the wet experiments (Fig. A2E and A3E). In all 

aq)eriments, LAR was greater in cotton than in purple nutsedge due to a greater 

allocation of biomass to shoots and leaves rather than to roots as indicated by lower 

root/shoot ratios (R/S) in cotton compared to purple nutsedge (Table A6). As expected, 

moisture stress resulted in increased R/S ratios for both species. Purple nutsedge had the 

highest R/S ratios in both treatments because of the production of rhizomes and tubers. 

This resulted in significantly (p=0.05) lower LAR in the wet treatments in 1996 and 1997, 

and in the dry treatments in 1997 compared to cotton (Fig. A2E, A2F, A3E, and A3F). 

Although the LAR trend was similar in the dry experiment in 1996, there were no 

significant differences (p=0.05; t-test) between purple nutsedge and cotton. Net 

assimilation rates were significantly (p=0.05; t-test) higher in purple nutsedge than in 

cotton in both the wet experiments in 1996 and 1997, and in the dry experiment in 1997. 

In the wet experiments, NAR was negatively correlated with RGR in purple nutsedge (R= 

-0.512; p=0.03) and cotton (R= -0.656; p=0.003), but no significant correlation was found 

for either species in the dry experiments. Holt and Orcutt (1991) indicated that 

environmental conditions that affect leaf development, such as light and water, mediate the 
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relative importance of NAR and LAR in determining plant productivity. Perhaps the 

greater variability in the light conditions and the resulting increased variability of irrigation 

timing among blocks in the 1996 experiments might have contributed to the high 

variability in NAR within blocks resulting in no significant differences between species. 

The higher LAR in cotton explained the greater RGR of cotton compared to 

purple nutsedge in both wet and dry experiments. Poorter and Remkes (1990) indicated 

that LAR was the more important factor in explaining difierences in the RGR of 21 wild 

species. A 10 % increase in RGR was correlated with a 1 % increase in NAR and 9 % 

increase in LAR. Our results agree with those reported by Poorter (1990) and Konings 

(1990) in which species with a higher RGR also had the highest LAR. Purple nutsedge had 

a consistently greater NAR than cotton in both wet and dry soil conditions, but it had 

lower RGR and LAR than cotton. The greater NAR of purple nutsedge compared to 

cotton was due to a greater AGR and a greater photosynthetic rate per unit leaf area 

(Table A3; Figure A4). Our data indicated that LAR had more impact than NAR in 

determining the RGR of these species. Konings (1990) reported that plants with high 

NAR generally have higher R/S, and higher photosynthetic and transpiration rates than 

plants with low NAR, and plants with high NAR are well adapted to high light 

environments. Moreover, Roush and Radosevich (1985) demonstrated that of the four 

weed species studied, bamyardgrass (Echinochloa crus-galli), a C4 plant, had the highest 

NAR and the lowest LAR value, and was the most aggressive species. The greater NAR 

of purple nutsedge may explain its competitiveness, along with other factors such as initial 
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propagule weight, allelopathy and AGR. Poorter (1990) reported a similar significant 

negative correlation between RGR and NAR in Loliian perenne, Trifoliwn repens^ and 

Taraxacum officinale, indicating that species with higher RGR have lower NAR. In 

contrast, Holt and Orcutt (1991) reported that NAR was highly correlated with RGR in 

one experiment but this variable was not correlated with RC31 in the second experiment 

with the same weed species. 

Soil moisture efTects on leaf photosynthesis and leaf water potentiaL Leaf water 

potential of both species decreased as the pots dried out (Figure A5). However, purple 

nutsedge tjri, decreased more than cotton Tlr^. A larger percentage of cotton total root dry 

weight was found in the lower half of the pots compared to purple nutsedge (Table A5) 

suggesting that cotton was able to use more water fi-om the bottom of the pots to maintain 

i|r,,. Leaf photosynthetic rates decreased in both cotton and purple nutsedge as i|r,, 

decreased fi-om -0.03 to -3.7 MPa as indicated by the quadratic regression for cotton; 

Yc= 31- 1.65X^ (R^.73, p<0.0001), and for purple nutsedge; YpN= 37-2.69X^ 

(RM).50, P<0.0001) (Fig. A4). Purple nutsedge photosynthetic rates were higher than 

cotton photosynthetic rates at IJTL fi"om -0.03 to -1.5 MPa, but at more negative JJTL, 

cotton leaves maintained higher photosynthetic rates than purple nutsedge leaves. The 

maintenance of higher photosynthetic rates in cotton leaves during water stress may be the 

result of osmotic adjustment (Ackerson, 1981; Ackerson and Herbert, 1981; Oosterhuis 

and WuUschleger, 1987; McCloskey and Cinco-Castro, 1998). These data suggest that the 

greater photosynthetic capacity of purple nutsedge and the larger leaf area production 
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early after planting are plant traits that facilitate greater biomass production and 

competitiveness in well watered conditions. Wiese and Vandiver (1970) reported that 

weed species such as bamyardgrass (Echmochloa crus-galli), cocidebur {Xanthium 

strumariiim), and crabgrass (Digitaria sanguinalis) normally growing in humid regions or 

in irrigated crops are more competitive under moist conditions compared to dry 

conditions. When water was limiting, photosynthesis was reduced more in purple nutsedge 

than in cotton (Figure A4), resulting in less photosynthates for plant growth. Cotton was 

less negatively affected by low water availability than purple nutsedge because its ability to 

ectract water from greater depths maintain greater ilr^ and maintain higher photosynthetic 

rates under water stress. Under competitive situations, the outcome of weed-crop 

competition for water depends upon the relative abilities of the weed and crop to obtain 

water and to tolerate a deficit of this resource (Patterson, 1995; Stuart, et al., 1984). 

Leaf area production and number of shoots. In 1996, purple nutsedge produced 

significantly (p=0.05) more LA than cotton at 14 DAP, but by 56 DAP, cotton had 

significantly greater LA than purple nutsedge in the wet experiments (Table A7). In 1997, 

nutsedge produced more LA than cotton at 14 and 28 DAP, but again by 56 DAP, cotton 

had significantly greater LA than nutsedge (Table A7). Total leaf area of both purple 

nutsedge and cotton were significantly (p=0.05) greater in the wet experiments compared 

to the dry experiments. Purple nutsedge produced more total leaf area (LA) than cotton in 

the 1994 wet experiment at all harvests; at 14, 21, 28, 35 and 42 DAP purple nutsedge 

produced 123, 508, 2026, 4099 and 5517 cm^ of LA while cotton produced 45, 191, 
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1259, 2848 and 3913 cm^ of LA (Table A8, species effect). The maintenance of greater 

LA by purple nutsedge in 1994 may have been the result of the smaller pots, very wet 

moisture conditions, and more frequent nitrogen applications compared to the large pot 

experiments conducted in 1996 and 1997. Purple nutsedge is a C4 species that responds 

well to high moisture conditions (Bendixen and Nandihalli, 1987) and has greater 

photosynthetic rates at less negative ijrL (Figure A4). The greater initial LA in purple 

nutsedge was the result of the greater initial propagule weight and the greater AGR of 

purple nutsedge compared to those of cotton (Holt and Orcutt, 1991). The larger LA 

produced by purple nutsedge in 1994 was probably due to the fact that purple nutsedge 

grew better in the very wet conditions of the 1994 experiment where it could achieve its 

maximum growth rate. However, cotton had more LA than purple nutsedge at 56 DAP in 

the 1996 and 1997 wet treatments due to cotton's greater RGR. 

Relative leaf area growth rate (RGR^A) was significantly greater in cotton than in 

purple nutsedge as indicated by the significant differences in the slopes (p=0.05) of the 

linear regressions in of hi leaf area against DAP (Fig. A6A), and by the significant 

interaction between species and harvest time in the 1994-wet, 1996 wet and dry, and in 

the 1997 wet experiments (Table A8). The orthogonal polynomial contrasts indicate that 

these differences in RG^,^ were maintained throughout the growing period as shown by 

the highly significant linear components. These linear components explained 97, 99 and 91 

percent of the in 1994, 1996 and 1997, respectively. In 1996 and 1997, the 

greater relative leaf area growth rate (RGRi^ of cotton compared to that of purple 
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nutsedge, overcame the initial LA advantage of purple nutsedge by 56 DAP in both years 

(Figure A6A). 

In the dry experiments, LA was not significantly dififerent between species in 1996 

at 14 DAP (Table AT). In 1997, purple nutsedge LA was significantly greater than cotton 

LA at 14 and 28 DAP, but thereafter no significant differences were detected between 

species in 1997 (Table A7). However, approximately 35 DAP, cotton LA surpassed 

purple nutsedge LA due to cotton's significantly greater RGRLA in 1996 and 1997, as 

shown by the significant interaction between species and harvest time (Table A8). Cotton 

maintained a greater RGRi^ than purple nutsedge throughout the growing period of the 

experiment resulting in a larger LA at 56 DAP in 1996. In 1997, under water-stressed 

conditions, LA production was reduced more in purple nutsedge than in cotton but there 

were no significant differences at 56 DAP. These results agree with those reported for 

cotton by Fernandez, et al. (1996) and for cotton and sorghum by Ackerson, et al. (1977). 

These authors reported that in water stressed conditions, growth of leaves was reduced 

more than the growth of roots resulting in smaller leaves, and consequently less final leaf 

area. Cotton with its deeper root system was able to exploit a larger soil volume and use 

more water fi-om deeper in the soil profile as indicated by less negative leaf water potential 

in cotton compared to purple nutsedge (Figure A5). In contrast, purple nutsedge with its 

shallow root system was not as able to utilize water fi-om the bottom of the pots and was 

more affected by water stress. 

The influence of water stress on leaf expansion was measured as the relative 
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growth rate of an individual leaf (RLGR). The RLGR was significantly affected by soil 

moisture in both purple nutsedge and cotton, however, RLGR was reduced more in purple 

nutsedge than in cotton under water stressed conditions (Figure A7A). Alter the water 

stress was released at 33 DAP, RLGR of purple nutsedge increased rapidly due to the 

ability of its intercalary meristem to resume activity. In contrast, cotton had only a slight 

response in RLGR after water stress was terminated. RLGR decreased as leaves matured 

in both cotton and purple nutsedge in the wet experiment (Figure A7A and A7B). These 

data indicated that the lower LA production in both purple nutsedge and cotton in water-

stressed conditions could be due in part to reduced leaf expansion. The lower LA 

production in purple nutsedge was also associated with the negative effect of water stress 

on leaf expansion and with lower shoot production in the dry experiments compared to the 

wet experiments (Table A9). Purple nutsedge shoot production was faster in the wet 

^eriments compared to the dry experiments (Figure A8), as indicated by the significant 

differences (p=0.05) between the slopes of the two non-linear regressions (Francl and 

Neher, 1997). 

The decrease in leaf area growth during water stress is well documented in cotton. 

Cutler and Rains (1977) reported that leaf elongation rate in cotton declined almost 

linearly when predawn leaf water potential declined below -0.5 MPa. Marani, et al. 

(1985) found that the rate of leaf area growth in cotton declined at midday when leaf 

water potential was lower than -1.4 MPa, and was almost zero at -2.0 to -2.5 MPa. 

Femadez, et al. (1996) reported a complete inhibition of cotton leaf area production at 
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leaf water potentials below -3.0 MPa. Our results indicted that cotton leaf expansion 

(based on RLGR) was drastically reduced at a leaf water potential of-2.4 MPa, while that 

purple nutsedge was zero at -2.0 to -2.4 MPa. Cotton had a greater RLGR than purple 

nutsedge in both well-watered and water-stressed conditions. Water stress resulted in 

fewer purple nutsedge shoots, and smaller and fewer leaves per cotton or purple nutsedge 

shoot, reducing leaf area in purple nutsedge and, to a lesser degree in cotton. 

Water stress negatively affected growth parameters and physiological processes in 

both cotton and purple nutsedge. Relative groAA^ rates were higher in cotton than in 

purple nutsedge in all experiments and moisture regimes. However, rapid growth of purple 

nutsedge due to a greater AGR and greater photosynthetic rates compared to cotton 

resulted in greater purple nutsedge biomass production and leaf area early after planting in 

wet conditions. But under water-stressed conditions, cotton maintained greater 

photosynthetic rates, higher RGRt^ greater RLGR 0^ expansion), and had a greater 

percentage of root dry weight deeper in the soil profile than purple nutsedge. Cotton leaf 

area in the dry treatment compared to wet treatment at 56 DAP was reduced by 38 % in 

1996 and 33 % in 1997. At 42 DAP before purple nutsedge flowered and leaf senescence 

occurred, purple nutsedge leaf area was reduced by 43 % in 1996 and 3 % in 1997. Purple 

nutsedge was more productive than cotton in the absence of water stress but cotton 

produced more dry weight than nutsedge under water stressed conditions. These 

productivity differences were related to differences in the way the two species 

physiologically responded to water stress. The information reported here about growth 
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characteristics and physiological processes of both species will help us understand the 

effect of water stress on weed-crop interactions and help explain variation in the 

competitive impacts of weeds in field conditions. Since water stress limited purple 

nutsedge growth more than cotton growth, the competitive impact of purple nutsedge on 

cotton would be expected to be reduced under water-stressed conditions. 
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Table A1. Cotton and purple nutsedge total dry weight production in IS L pots under wet 
moisture conditions in the 1994 greenhouse experiment. 

Plant part Species Total Dry Weight (g) 

shoot cotton 

Nutsedge 

21DAP^ 

1.25 ±0.11V 

3.95 ± 0.13b 

35 DAP 

8.75 ± 0.39a 

25 ± 2.5b 

49 DAP 

28 ± 3.8a 

51 ± 3.8b 

root cotton 

Nutsedge 

O.lliO.Ola 

1.60 ± 0.19b 

0.82 ± 0.04a 

13 ± 1.9b 

6.1 ± 0.7a 

30 ± 4.7b 

total cotton 

Nutsedge 

1.37 ± 0.12a 

5.56 ± 0.29b 

9.57 ± 0.38a 

37 ± 4.3b 

34 ± 1.8a 

82 ± 7.7b 
^ Days after planting 
^ Mean ± standard error (n=6) 
^ Means followed by the same letter at each harvest time are not significantly different at 
p=0.05 using Tukey's HSD. 



87 

Table A2. Cotton and purple nutsedge total dry weight production in 30 L pots under wet 
and dry soil moisture regimes in 1996 and 1997 greenhouse experiments. 

Species Moisture Total Dry Weight (g) 

14 DAP^ 28 DAP 42 DAP 56 DAP 

1996 

Cotton wet 0.9^ ± 0.09 c' 7.2 ± 1.02 b 33 ±1.9 a 87 ±1.7 a 

Nutsedge wet 3.8 ± 0.15 a 11.3 ± 0.63 a 43 ± 4.2 ab 102 ± 9.3 a 

Cotton dry 0.7 ± 0.03 c 4.7 ± 0.77 b 19 ± 2.7 c 45 ± 6.6 b 

Nutsedge dry 3.4±0.I9b 10.1 ±1.41 a 24 ±2.9 be 39 ± 4.5 b 

1997 

Cotton wet 0.6 ± 0.06 c 6.2 ± 0.82 b 54 ±3.8 a 80 ± 3.9 b 

Nutsedge wet 3.0 ±0.38 a 14.5 ±0.40 a 56 ±2.5 a 120 ±7.3 a 

Cotton dry 0.6 ± 0.06 c 3.4 ± 0.39 c 21 ± 1.6 b 47±2.2d 

Nutsedge dry 1.9 ± 0.19 b 6.2 ± 0.60 b 24 ± 1.8 b 58 ± 4.4 c 
^ Days after planting 
^ Mean ± standard error (n=6, in 1996; n=5, in 1997) 
' Means followed by the same letter at each year and harvest time are not significantly 
different at p=0.05 using Tukey's HSD. 
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Table A3. Absolute growth rates of purple nutsedge and cotton in wet and dry soil 
moisture conditions in the 1996 and 1997 greenhouse experiments. 

Species Experiment AGR (g d'̂ ) 

21 DAP^ 35 DAP 49 DAP 

1996^ 

Cotton wet 0.512 ± 0.07b* 2.38 ± 0.13b 6.08 ±0.1 lb 

dry 0.332 ± 0.05c 1.33 ± 0.19c 3.14 ± 0.46c 

Purple nutsedge wet 0.788 ± 0.04a 3.05 ± 0.29a 7.11 ± 0.64a 

dry 0.743 ± 0.10a 1.64 ± 0.14c 2.68 ± 0.32c 

1997' 

Cotton wet 0.394 ± 0.05b 3.45 ± 0.21a 1.83 ± 0.03b 

dry 0.205 ± 0.02c 1.27 ± 0.09c 1.86 ± 0.05b 

Purple Nutsedge wet 0.818 ± O.Ola 2.98 ± 0.15b 4.59 ± 0.39a 

dry 0.303 ± 0.03bc 1.31 ± 0.09c 2.40 ± 0.22b 
^ Days after planting 
2 Data are means ± standard error (n=6) 
' Data are means ± standard error (n=5) 
* Means foUowed by the same letter at each year and harvest time are not significantly 
different at p=0.05 using Tukey's HSD. 
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Table A4. ANOVA of the effect of species and harvest time on the In transformed value of 
total dry weight. For the interactions a trend analysis over time was performed; d^ degree 
of freedom; SS, sum of squares; P, P-value of the F test. 

Source of 
variation 

Well-watered Water-stressed 

df SS P 

Species I 13.40 0.0001 

Species x time 2 0.619 0.0001 

Linear I 0.475 0.0004 

Quadratic 1 0.144 0.01 

Species 1 4.027 0.0001 

Species x time 3 3.255 0.0001 

Linear 1 2.653 0.0005 

Quadratic 1 0.557 0.0005 

Species 1 5.087 0.0007 

Species x time 3.108 0.0001 

Linear 1 2.220 0.0001 

Quadratic 1 0.631 0.002 

1994 

1996 

1997 

df SS 

1 4.794 0.0001 

3 4.811 0.0001 

1 4.739 0.0001 

1 0.071 0.211 

1 2.842 0.002 

3 1.781 0.0002 

1 1.490 0.002 

1 0.279 0.079 
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Table AS. Percentage of root dry weight in cotton (roots) and purple nutsedge 
(roots and rhizomes) coUected from the 35 to 65 cm depth of 30 L pots (65 cm height) as 
affected by wet and dry soil moisture regimes in 1997. 

Species Moisture Total Root Dry Weight (%) 

14 DAP' 28 DAP 42 DAP 56 DAP 

Cotton wet 0 23 ± 1.54 b^ 18± 1.18a 22 ± 1.59 a 

Nutsedge wet 0 7± I.OOc 15 ±4.14 a 28 ±3.41 a 

Cotton dry 0 39 ±3.25 a 10± 1.27ab 22 ± 1.02 a 

Nutsedge dry 0 5 ± 0.63 c 4±0.30b 11 ± 1.89 b 
^ Days after planting 
^ Mean ± standard error, (n=5); Means followed by the same letter at each harvest time are 
not significantly different at p=O.OS using Tukey's HSD. 
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Table A6. Rootishoot dry weight ratio of purple nutsedge (tubers, rhizomes and roots) 
and cotton in wet and dry soil moisture regimes in the 1996 and 1997 greenhouse 
experiments. 

Species Moisture Root / Shoot Ratio 

14 DAP' 28 DAP 42 DAP 56 DAP 

1996 

Cotton wet 0.472±0.04C^ 0.15 ± 0.01b 0.19 ± 0.01c 0.24 ± 0.01c 

Nutsedge wet 1.77 ± 0.10b 1.21 ± 0.10a 0.83 ± 0.04b 2.15 ± 0.09b 

Cotton dry 0.59 ± 0.05c 0.28 ± 0.05b 0.32 ± 0.05c 0.33 ± 0.03c 

Nutsedge dry 2.35 ± 0.15a 1.37 ±0.1 la 2.44 ± 0.32a 3.74 ± 0.32a 

mm 

Cotton wet 0.13 ± 0.02c 0.12±0.01c 0.21 ± 0.01c 0.18 ± 0.01b 

Nutsedge wet 1.51 ± 0.08b 0.94 ± 0.03b 1.13±0.11b 1.75 ± 0.14a 

Cotton dry 0.10 ± 0.01c 0.14 ± 0.01c 0.33 ± 0.03c 0.19 ± 0.01b 

Nutsedge dry 1.90 ± 0.06a 2.07 ± 0.26a 1.83 ± 0.13a 1.65 ± 0.09a 
' Days after planting 
^ Mean ± standard error (n=6, 1996; n=5, 1997) 
^ Means followed by the same letter at each year and harvest time are not significantly 
different at p=0.05 using Tukey's HSD. 



Table A7. Total leaf area production of cotton and purple nutsedge in wet and dry soil 
moisture regimes in 1996 and 1997 greenhouse ocperiments. 

Species Moisture Total Leaf Area (cm^ 

14DAP^ 28 DAP 42 DAP 56 DAP 

• 1996 • 1996 

Cotton wet 00
 

1279 a 3289 a 4701 a 

Nutsedge wet 218 a 1415 a 2650 a 2586 b 

Cotton dry 82 b 665 b 1513 b 2924 b 

Nutsedge dry 154 ab 1050 a 1824 b 1467 c 

• 1997 • 1997 

Cotton wet 74 b 658 b 3736 a 4183 a 

Nutsedge wet 158 a 1042 a 2386 b 2424 b 

Cotton dry 54 b 384 c 2006 be 2815 b 

Nutsedge dry 58 b 208 c 1211 c 2501 b 
^ Days after planting 
^ Means; n=6, 1996; IF=5, 1997. 
^ Means followed by the same letter at each year and harvest time are not significantly 
different at p=0.05, using Tukey's HSD. 
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Table A8. ANOVA of the effect of species and harvest time on the In transformed value of 
total leaf area. For the interactions a trend analysis over time was performed, d^ degree of 
freedom; SS, sum of squares; P, P-value of the F test. 

Source of 
variation 

Well-watered Water-stressed 

df SS P 

Species 1 9.14 0.0001 

Species x time 2 0.506 0.003 

Linear 1 0.493 0.0006 

Quadratic 1 0.012 0.590 

Species 1 0.0001 0.960 

Species x time 2.428 0.0001 

Linear 1 2.426 0.0006 

Quadratic 1 0.0002 0.959 

Species 1 0.0289 0.596 

Species x time 3.295 0.0001 

Linear 1 3.002 0.0002 

Quadratic 1 0.019 0.339 

1994 

1996 

1997 

df SS 

1 0.353 0.107 

3 2.936 0.0004 

1 2.398 0.0016 

1 0.500 0.059 

1 0.903 0.085 

3 0.674 0.118 

1 0.009 0.693 

1 0.614 0.052 
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Table A9. Number of purple nutsedge shoots pot'̂  in wet and dry soil moisture conditions 
in the 1996 and 1997 experiments. Differences between means for wet and dry treatments 
for each year and harvest time were analyzed with a t-test at p=0.05. 

Species Experiment Number of shoots (pot'̂ ) 

14DAP^ 28 DAP 42 DAP 

1996 

56 DAP 

Purple nutsedge wet 62 ± 0.44* 16 ± 0.87 25 ± 2A9* 36 ± 2.64* 

dry 3 ± 0.44* 13 ± 1.28 15 ± 2.09* 

1997 

16 ±2.16* 

Purple nutsedge wet 6^± 1.12» 17 ±0.93* 34 ± 1.28* 35 ± 3.26 

dry 3 ± 0.32» 6 ± 1.36* 23 ±3.01* 29 ±3.81 
' Days after planting 
^ Mean ± standard error (n=6) 
^ Mean ± standard error (n=S) 
* Denotes significant different at p=0.05, between wet and dry treatments for each year 
and harvest time. 
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Figure Al. Log^ of the total dry weight of cotton and purple nutsedge from 0 to 56 days 

after planting. For the wet treatment (Al A); cotton (CW), and purple nutsedge (PNW). 

For the dry treatment (AIB); cotton (CD), and purple nutsedge (PND). The slope 

parameters of the linear regressions equal the relative growth rates of each species in each 

experiment. The regression equations where Y equals the In of TDW and X equals days 

after planting were (error terms are standard errors of the Log^ of total dry weight): 

for CW -1997, Y = -1.96±0.17 + 0.124±0.005X, RM).96, p<0.0001; 

for CW -1996, Y = -2.12±0.15 + 0.127±0.004X, RM).97, p<0.0001; 

for PNW -1997, Y =-0.26cfc0.09 + 0.096±0.003X, RM).98, p<0.0001; 

for PNW -1996, Y = -0.19±0.09 + 0.090±0.002X, RM).98, p<0.0001; 

for CD -1997, Y = -2.01±0.11 + 0.111±0.003X, R^.98, p<0.0001; 

for CD -1996, Y = -2.15±0.15 + 0.114±0.004X, R^.96, p<0.0001; 

for PND -1997, Y = -0.46±0.07 + 0.082±0.002X, RM).98, p<0.0001; 

for PND -1996, Y = -0.06±0.13 + 0.072±0.003X, RM).93, p<0.0001. 

Testing for the homogeneity of regression coefScients revealed that the diflFerence in slope 

between wet and dry treatments, and between species was significant (p=0.05). No 

significant differences were detected between years in the same species. 



Figure A2. Relative growth rate (RGR), net assimilation rate (NAR), and leaf area ratio 

(LAR) of cotton and purple nutsedge from 14 to 56 days after planting in 1996. For the 

wet treatment, A2A, A2C and A2E, cotton (•, CW) and purple nutsedge (•, PNW). For 

the dry treatment, A2B, A2D and A2F, cotton (o, CD) and purple nutsedge (•, PND). 

Error bars are ± one standard error of the mean. 

Figure A3. Relative growth rate (RGR), net assimilation rate (NAR), and leaf area ratio 

(LAR) of cotton and purple nutsedge from 14 to 56 days after planting in 1997. For the 

wet treatment, A3A, A3C and A3E, cotton (•, CW) and purple nutsedge (•, PNW). For 

the dry treatment, A3B, A3D and ASF, cotton (o, CD) and purple nutsedge (•, PND). 

Error bars are ± one standard error of the mean. 

Figure A4. Effect of leaf water potential on the photosynthetic rates of purple nutsedge 

(•) and cotton (o) in 1997. The regression equations were: Y = 37 - 2.69X?, (R^.50, 

p<0.0001), for purple nutsedge; and Y = 31 - 1.65X^, (RM).73, p<0.0001), for cotton. 

Each symbol represent a single leaf measurement at solar noon. 

Figure AS. Effect of soU moisture regime on leaf water potential of purple nutsedge and 

cotton. Cotton wet (•, CW); cotton dry (o, CD); purple nutsedge wet (•, PNW); and 

purple nutsedge dry (•, PND). Error bars are ± one standard error of the mean. 
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Figure A6. Log^ of cotton and purple nutsedge total leaf area produced 14 to 56 days after 

planting in 1996 and 1997. For the wet treatment, (A6A) cotton (CW), and purple 

nutsedge (PNW). For the dry treatment, (A6B) cotton (CD), and purple nutsedge (PND). 

The slope parameters of the linear regression equations equals the relative leaf area 

growth rate (RGR^^. The regression equations where Y equals the In of TDW and X 

equals days after planting were (error terms are standard errors of the Log^ of total dry 

weight): 

for CW -1997, Y = 3.33±0.32 + 0.099±0.008X, RM).88, p<0.0001; 

for CW -1996, Y = 4.03±0.27 + 0.087±0.007X, RH).87, p<0.0001; 

for PNW -1997, Y = 4.61±0.30 + 0.065±0.008X, RM.79, p<0.0001; 

for PNW -1996, Y = 5.04±0.27 + 0.058±0.007X, RM).76, p<0.0001; 

for CD -1997, Y = 2.95±0.28 + 0.097±0.007X, RM).91, p<0.0001; 

for CD -1996, Y = 3.61±0.27 + 0.082±0.007X, R^.86, p<0.0001; 

for PND -1997, Y = 2.72±0.22 + 0.095±0.006X, R^.94, p<0.0001; 

for PND -1996 Y = 4.78±0.32 + 0.053±0.008X, RN).65, p<0.0001. 

Testing for the homogeneity of regression coe£5cients revealed that the differences in 

slopes between wet and dry treatments, and between species were significant (p=0.05). No 

significant differences were detected between years in the same species, except for purple 

nutsedge in the dry experiments. 
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Figure A7. Relative leaf growth (RLGR) rate of A) purple nutsedge, and B) cotton in wet 

and diy soil moisture conditions in the 1997 greenhouse experiments. Purple nutsedge wet 

(•, PNW) and dry (•, PND); cotton wet (•, CW) and dry (o, C3>). Error bars are ± one 

standard error of the mean. Numbers in parenthesis are the percent reduction of RLGR in 

the dry ocperiments compared to the wet experiment at various days after planting. 

Figure AS. Number of purple nutsedge shoots m'̂  in wet and dry soil moisture conditions. 

For the wet treatment, purple nutsedge (•, PNW), and for the dry treatment, purple 

nutsedge (o, PND). The non-linear regression equations for shoot production (Y) were: 

Y= 762 / (l+82e-°- '̂**), for PNW; and Y = 726 / (l+SSe""®^*), for PND where X was 

DAP. Shoots were counted every other day from day 16 to day 38 in 1997. Downward 

arrows indicate irrigations in the wet treatment and upward arrows indicate irrigations in 

the dry treatment. 
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Figure A2. 
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Fig^re A4. 
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APPENDIX B. EFFECT OF SOIL MOISTURE ON PURPLE NUTSEDGE 

{Cyperus rotundus L.) COMPETITION WITH COTTON IN GREENHOUSE 

EXPERIMENTS 
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Effect of sofl moisture on purple nutsedge {(Zyperus rotundus L.) competition with 

cotton in greenhouse experiments^ 

Ramon Cinco-Castro and William B. McCloskey^ 

Abstract. Several addition series competition experiments were conducted in greenhouse 

conditions to determine the effects of water stress, plant density and species proportion on 

competition between purple nutsedge and cotton. Two water regimes were imposed with 

either IS or 24 combinations of density and proportion. In general, purple nutsedge 

produced more biomass than cotton under well-watered conditions. But cotton produced 

more biomass than purple nutsedge under water-stressed conditions. Purple nutsedge was 

more competitive than cotton under well-watered conditions in 1994 (15 L-pot) and 1997 

(7.5 L- pot). Intra- and interspecific competition coefGcients derived fi-om the reciprocal 

yield models for purple nutsedge and cotton were used to determine the relative 

competitive ability of each species. The competitive ability of cotton and purple nutsedge 

were similar in 1996 and 1997 in 30 L pots under wet soil moisture conditions but the 

relative competitive ability of cotton was greater than that of purple nutsedge under water-

stressed conditions. Intraspecific competition became more important in water-stressed 

conditions than in well-watered conditions for both species and interspecific competition 

' Received for publication and in revised form. 

^ Graduate student, and Assoc. Specialist, respectively. The University of Arizona, Dept. 

of Plant Sciences, Tucson, AZ 85721. 
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was reduced under water-stressed conditions. Niche differentiation was greater in the dry 

experiments than in the wet ecperiments in 1996 and 1997. Niche differentiation was also 

greater in 30 L pots than in IS L and 7.5 L pots in well-watered conditions. Large, tall 

pots allowed cotton roots to use resources deeper in the soil profile reducing interspecific 

competition with purple nutsedge. 

Nomenclature: Upland cotton: Gossypium hirsutum L. Delta Pine Seed Company variety 

(DP 5415); Purple nutsedge: Cyperus rotundas L. CYPRO. Ad(titior\ai index words: 

Addition series ^eriment, competition, niche differentiation index, dry weight, 

interspecific competition, intraspecific competition. 

' Letters foUoAving this symbol are a WSWS-approved computer code fi-om Composite 

List of Weeds, Revised 1989. Available fi'om WSWS, 309 West Clark Street, Champaign, 

IL 61820. 

INTRODUCTION 

Cyperus species are serious problem weeds in the southwestern and western 

United States cotton production areas due to their perennial nature, prolific tuber 

production, and tolerance to herbicides currently used in cotton. Purple nutsedge has an 

early season competitive advantage over cotton because tubers contain large amounts of 

carbohydrates allowing rapid emergence and shoot production (Holt, 1991; Holt and 

Orcutt, 1991; Cinco-Castro and McCloskey, 1998a). In addition to these characteristics. 
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purple nutsedge has a greater absolute growth rate and net assimilation rate than cotton, 

producing greater quantities of total dry weight early after emergence (Cinco-Castro and 

McClosk^, 1998a; Holt and Orcutt, 1991). Competition for resources by weeds 

significantly reduces crop yield (Radosevich, et.al., 1997). Purple nutsedge competes for 

essential &ctors such as water, nutrients, and light. Reductions in cotton yield and the 

yield of other crops due to competition with purple nutsedge has been reported by many 

weed scientists (Charles, 1995; Cinco-Castro and McCloskey, 1998b; Holt and Orcutt, 

1991; Webster and Colbe, 1997; Santos, et aL, 1997; Byrd, 1995). Seed cotton and lint 

yield reductions of 8.5% due to purple and yellow nutsedge competition have been 

reported in the USA (Byrd, 1995). However, depending on purple nutsedge density and 

the extent of competition, purple nutsedge can reduce seed cotton yield by 50% at a 

density of450 shoots m'̂  in Arizona (Cinco-Castro and McCloskey, 1998b). In Australian 

cotton systems, Charles (1995) reported cotton lint losses of approximately 50% at purple 

nutsedge densities over 1500 tubers m'̂ . In additive competition field experiments, yellow 

nutsedge reduced seed cotton yield by 25 % at an initial nutsedge density of 50 tuber m'̂  

under wet and dry soil moisture regimes (MoflFett and McCloskey, 1998). In addition to 

seed cotton yield reductions, weeds such nutsedges reduce cotton fiber quality and 

increase production costs (Chandler and Cooke, 1992). 

Understanding the factors that influence plant-plant interactions in agriculture and 

elucidating the relative aggressiveness of weed species make it possible improve weed 

management strategies. Biolo^cal characteristics such as growth rate, rapid emergence 
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and various other &ctors related to plant size and function can influence interference 

between species (Radosevich, 1988). Plant proximity factors such as density, spatial 

arrangement of plants, and proportion of species, are considered important when studying 

interference and the relative importance of intra- and interspecific competition (Roush and 

Radosevich, 1985; Roush, etaL, 1989; Radosevich, 1988). Patterson (1995) reported that 

these factors are modified by the physical environment and environmental stresses such as 

water stress. The outcome of weed-crop competition for water depends upon the relative 

ability of the weed and crop to obtain this resource. Cinco-Castro and McCIosk^ (1997) 

reported that water stress limited purple nutsedge growth more than cotton growth, 

reducing the competitive impact of purple nutsedge. 

Experimental designs such as replacement series and addition series designs have 

been developed to control the influence of proximity factors in competition experiments. 

In substitutive designs such as the replacement series design, the densities of two species 

are varied so their total density remains constant but their proportions vary and the 

experiment is interpreted based on the premise that the yield of mixtures can be predicted 

fi-om the species' monoculture yields (Radosevich, 1988; Cousens, 1991). The 

replacement series design is limited because the information obtained is relevant only in 

the context of the total density used in the experiment. The results depend on the density 

chosen, and cannot be used to predict population dynamics or to separate the effects of 

intra- and interspecific competition (Cousens, 1991). In addition series experiments, on the 

other hand, total plant density and species proportion are both varied systematically so 
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that the effects of intra- and interspecific competition on yield can be distinguished 

(Radosevich and Roush, 1990; Cousens, 1991). This design is based on the law of 

constant final yield and is analyzed using equations where the reciprocal of average plant 

weight of species i (lAV;) is equal to A; + BgN; + BgNj where N; and Nj are the density of 

species i and j, respectively (Spitters, 1983). In this reciprocal yield model, the intra- and 

interspecific competitive effects are quantified by the coefBcients Bg and B^ respectively, 

incorporating both total density and species proportion to quantify competitive 

interactions (Roush, etal., 1989). 

The objective of this study was to determine the effects of water stress, plant 

density and species proportion on competition between purple nutsedge and cotton. Paired 

addition series experiments conducted using two soil moisture regimes were used to 

determine the effect of water stress on the relative competitive ability of purple nutsedge 

and cotton. Since the densities used in this addition series experiment are similar as those 

foimd in field conditions, direct inferences can be made fi'om the data about the effects of 

densities and proportion on the competition of purple nutsedge with cotton in the field. 

MATERIALS AND METHODS 

Growing conditions. Addition series experiments were conducted in 1994, 1996 and 

1997 in greenhouses at the University of Arizona, Campus of Agricultural Center (CAC), 

Tucson, AZ. Cotton (CW, cultivar DeltaPine 5415) and purple nutsedge (PNW) were 
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grown under non-limiting conditions of water and nutrients in a greenhouse soil mixture 

(25:25:25:25; percent top soil, sand, vermiculate, and peat moss, respectively) using IS L 

pots in 1994 and 7.5 L pots in 1997. Two set of experiments were conducted at CAC in 

1996 and 1997 in larger pots (30 L, 25 cm in diameter and 65 cm deep) using a coarser 

soil mixture (2:2:1:1:1; vWv/v/v top soil [Casa Grande sandy loam], sand, coarse 

vermiculate, fine vermiculate, and pearlite) to decrease water holding capacity in order to 

have several drying cycles in the dry experiments. Greenhouse air temperatures during the 

experimental periods (day/night) were 36/26 C in 1994 and 1996, and 40/27 C in 1997. 

Cotton seeds or purple nutsedge tubers were planted in 15 L pots on August 18, 1994, in 

7.5 L pots on July 23, 1997, in 30 L pots on August 9, 1996 (wet and dry experiments), 

on June 1, 1997 (wet experiment), and on July 28, 1997 (dry experiment). Each 7.5 L pot 

and 15 L pot received 7 g of fertilizer (15:15:15; N,P,K) at planting and begiiming four 

weeks after planting, 450 ml of water containing 4.8 g of water soluble fertilizer 

(20:20:20) plus micro-nutrients were added to each pot every week until harvest. In the 

large pot experiments in 1996 and 1997, 7 g of fertilizer plus 8 g of controUed-release 

fertilizer (14:14:14) were incorporated into the soil mix in each pot 24 h prior to planting. 

There were five densities of each species (0, 1,3,6, and 9 purple nutsedge tubers or 

cotton seeds) per 7.5 L pot resulting in 24 combinations of densities and species 

proportions in the 1994 small pot addition series experiment. In the 1997 small pot 

experiment, four densities (0, 1,3, and 6 propagules) of each species were planted in 15 L 

pots, resulting in 15 combinations of densities and species proportions. In addition to the 
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small pot experiments, two complete addition series experiments were conducted in large 

pots (30 L) using four (0,1, 3, and 6) and five (0, I, 3, 6, and 9) plant densities in 1996 

and 1997, respectively. Five (1997) or six (1994 and 1996) replicates of the addition series 

experiments were arranged in a randomized complete block design in the greenhouse. 

Prior to planting (24 h), pots were throughly watered to wet the entire soil volume and 

incorporate the fertilizer. After planting, a small amount of water was added to the pots to 

germinate the seeds and tubers. Excess cotton seeds were planted and seedlings were 

thinned to desired densities within a week after planting. Plants were harvested 6 weeks 

(7.5 L pots 1997, 30 L pots 1996 and 1997) or 7 weeks (15 L pots 1994) after planting. 

All shoots of purple nutsedge and cotton were counted and harvested. Above and below 

ground biomass was collected, oven dried at 70 C for 2 and 4 days, respectively, and 

weighed. 

Moisture Regimes. Wet addition series experiments were conducted in 1994 and 1997 in 

small pots. Pots were drip irrigated every third day during the first four weeks and then 

irrigated every other day for the final 2 (1997) or 3 (1994) weeks of the experiments. In 

1996 and 1997, two complete addition series experiments were conducted in large pots 

using two water regimes, a well-watered regime and a water-stressed regime. The wet 

experiments were irrigated when soil water potential reached approximately -3 to -4 kPa. 

Soil water potential was measured with micro-tensiometers installed 35-40 cm from the 

top of the pots (Cinco-Castro and McClosk^, 1998a; APPENDIX A) connected to a 

relay multiplexer (AM416, Campbell Scientific Inc., Logan, UT) and a data logger (2IX, 
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Campbell Scientific Inc., Logan, UT) to record soil water potentials every 3 h during the 

experiments. When the target soQ water potential was reached, the data logger 

automatically turned on irrigation solenoids using a relay controller (SDM-C16AC, 

Campbell Scientific Inc., Logan, UT) to irrigate the pots as needed. 

Dry experiments were conducted simultaneously with the wet experiments in 1996 

and after the wet «q)eriment in 1997. Dry treatments were irrigated when the average of 

two soil water potential measurements reached -60 to -65 kPa. Soil moisture was 

measured with two resistance blocks (series 200 Watermark, Irrometer, Co. Riverside, 

Ca.) per treatment installed in blocks I and m. The resistance blocks were installed 

between 35 and 40 cm deep in the soil profile of the pots. The resistance blocks were 

wired to a relay multiplexer (AM416, CampbeU Scientific inc., Logan, UT) and data 

logger (2IX, Campbell Scientific Inc., Logan, UT) in a similar fashion as the micro-

tensiometers. Soil water potential was measured with resistance blocks every 3 h during 

the experiments. Millivolt (mV) reading fi-om the resistance blocks were converted to kPa 

using the calibration equation; kPa = 6.24 — 9.66*mV, (R^.99, p<0.0001). In addition, 

leaf water potentials (ijriJ of fourth or fifth fully expanded leaves below the growing point 

were measured with thermocouple psychrometers (Merill 75 2VC, JRD Merrill Specialty, 

Logan, UT) to determine cotton or purple nutsedge tjfL prior to irrigation (Koide, et al., 

1991). 

Data analysis. Multiple species reciprocal yield models (Rejmanek, et al.̂  1989; Roush, et 

al., 1989; Spitters, 1983 ) were used to describe the response of each species to variations 
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in its own density and in the density of a competitor species. The reciprocal weights of 

individual plants (l/W;) were calculated from the total dry weight data (above + below 

ground biomass) and multiple regression techniques were used to fit the data to reciprocal 

yield equations. For cotton, 1/WC=AC+BCCNC+BCNNJ,, and for purple nutsedge, 

1/WPN=AN+B,^NN+BJ,CNC. The reciprocal yield of individual cotton plants in wet (1/Wcw) 

or in dry (1/WCD) conditions, or the reciprocal yield of individual nutsedge tubers in wet 

(lAVp^) or in dry (lAVp^) soil moisture regimes were regressed against their own 

density (Nc and for cotton and purple nutsedge, respectively) and against the density 

of the other species (N^, or Nc). In the case of cotton, the intra- and interspecific 

competitive effects are quantified by the coefBcients Bcc and BCN, respectively, and the 

intercept. A, is related to the theoretical maximum yield per plant (Ac or A^) by its own 

density (Nc or Nj^) The data were also fit to equations relating reciprocal yield responses 

to total density and proportions for cotton [1/Wc= Ac + BcN + Bc(N*Pc)], and for purple 

nutsedge [l/Wp^, = A^, + Bj^N + Bi^*?^,)] where the total plant density was the sum of 

the densities of two species (N=Nc + N^) and species proportions for cotton and purple 

nutsedge were calculated from Pc=Nc/N, or Pj^=Nf/N, respectively. 

The coefBcients for intraspecific (Bcc interspecific competition (BCN 

and B,4c) were used to calculate relative competitive abilities (RC), and niche 

differentiation indices (NDI) for cotton and purple nutsedge. For cotton RCc = Bcc / BCN, 

and for purple nutsedge RCj, = B^N ! BNC- Niche differentiation between species was 

calculated as using the equation NDI = RCc * RCN- An NDI value greater than 1 indicates 
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that niche dififerentiation occurred and that the species yielded more in mixture than when 

grown alone (Spitters, 1983). The intraspecific or interspecific parameters of two multiple 

linear regressions were compared to quantify differences between species and between soil 

moisture regimes using the standard errors of the parameter estimates (Francl and Neher, 

1997; Campbell and Madden, 1990). The slopes of linear regressions were compared to 

determine differences between species proportions (Francl and Neher, 1997). 

RESULTS AND DISCUSSION 

Effect of plant density on water use. There were differences in timing and number of 

irrigations among treatments, however, because many of the treatment lines overlaped, 

only data firom 1 CD, 1 PND, 9 CD, 9 PND, and 9/9 CD/PND are presented to show the 

differences in water use between species (Figure B1). As expected, pots with the highest 

densities were irrigated earlier than pots with low densities. Pots with 1 purple nutsedge 

tuber were irrigated 31 days after planting (DAP) and treatments with 1 cotton plant 

received the first post-planting irrigation at 33 DAP (Figure B1 A). In contrast, pots with 9 

cotton plants and 9 cotton seeds/9 nutsedge tubers were irrigated at 21 DAP, while pots 

with 9 nutsedge were irrigated at 23 DAP (Figure BIB and BIC). Except for treatments 

with low densities (1 tuber or 1 cotton plant), pots containing 3 or more cotton plants in 

any of the possible combinations, received a total of three post-planting irrigations during 

the eq)eriment. Apparently the presence of cotton plants in the pots strongly influenced 
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the number of irrigations after planting. This could be due to the deeper root system of 

cotton that used water from below the 40 cm depth where the resistance blocks were 

installed, and the large leaf area developed by cotton. 

Effect of plant density on purple nutsedge competition with cotton in wet 

conditions. Biomass production per plant was affected by cotton and purple nutsedge 

densities in 15 L pots in 1994 (Figures B2A and B2B), in 7.5 L pots in 1997 (Figures B2C 

and B2D), in 30 L pots in 1996 (Figures B3A and B3C), and 1997 (Figures B4A and 

B4C). In all cases, as cotton density increased or as starting nutsedge tuber density 

increased, the reciprocal yield of individual cotton plants increased (i.e., individual plant 

dry weight decreased). Averaged across all cotton densities in 1994, cotton biomass was 

reduced approximately 51, 75, 83, and 87%, as initial nutsedge density increased from 0 to 

1, 3, 6, and 9 tubers per 15 L pot, respectively (Figure B2A). In 1997, similar reductions 

in cotton biomass of68, 75, and 76% were observed as nutsedge density increased from 0 

to 1, 3, and 6 tubers per 7.5 L pot, respectively (Figure B2C). In 30 L pots, cotton 

biomass was reduced approximately 36, 46, and 71% as initial tuber density increased 

from 0 to 1, 3, and 6, respectively in 1996 (Figure B3A), while in 1997 the reductions 

were 32, 55, 75, and 80% as initial tuber density increased from 0 to 1, 3, 6, and 9 in 

1997 (Figure B4A). Cotton biomass was reduced more in small pots (15 and 7.5 L) than 

in the large 30 L pots due to greater interspecific competition from purple nutsedge (Table 

Bl). 

The reciprocal yields of individual cotton plants were more severely increased (i.e.. 
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biomass reduced) by increasing nutsedge density than by increasing cotton density in the 

small pot experiments as indicated by interspecific coefBcient (BQ^) values of 0.0186 and 

0.0154 that were greater than the intraspecific coefiBcient (Bcc) values of0.007 and 

0.0105 in the reciprocal yield equations of 1994 (15 L pots) and 1997 (7.5 L pots), 

respectively (Figures B2A and B2C; Table Bl). In contrast, increasing cotton density was 

more important in determining individual cotton reciprocal dry weight than increasing 

nutsedge tuber density in 30 L pots in 1996 and 1997, as shown by intraspecific coefficient 

(Bcc) values of 0.0183 (1996), and 0.0108 (1997) that were greater than the interspecific 

coefficient (BCN) values of0.0107 (1996) and 0.0059 (1997) in the reciprocal yield 

equations (Figures B3A, B3B, B4A, and B4B: Table Bl). The reciprocal yield model 

described by Spitters, (1983) and Rajmwek, etai, (1989) provided the coefficients of 

intra- and interspecific competition that were used to calculate the relative competitive 

ability (RC) of cotton and purple nutsedge (Table B2). Values of RC greater than 1 

indicate that intraspecific competition was more important than interspecific competition 

in determining the performance of a species whereas values less than 1 indicate that 

interspecific competition was more important than intraspecific competition. The ratio of 

the regression coefficients (Bcc/Bc>0 or RC indicated that interspecific competition was 

more important than intraspecific competition in determining cotton biomass production in 

wet conditions in 15 L (1994) and 7.5 L (1997) pots, but in the large pots, intraspecific 

competition was more important than interspecific competition (Table B2). 

Reciprocal yield analysis (Rejm^ek, etai, 1989; Roush, etal., 1989; Spitters, 
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1983) for purple nutsedge indicated that nutsedge reciprocal dry weight increased (Le.. 

biomass decreased) more with increasing nutsedge tuber density than with increasing 

cotton density in 15 L pots in 1994 (Figure B2B), in 7.5 L pots in 1997 (figure B2D), and 

in 30 L pots in 1996 (Figure B3C) and 1997 (Figure B4C). Thus, in all wet experiments, 

intraspecific competition was more important than interspecific competition in describing 

the effect of density on purple nutsedge biomass production as indicted by the greater 

intraspecific coefBcients compared to the interspecific coef5cients (Table Bl). In contrast 

to cotton, intraspecific competition was more important than interspecific competition in 

determining purple nutsedge biomass production in the small pot experiments as indicated 

by RC ratios of greater than 1 for purple nutsedge (Table B2). Spitters (1983) reported 

that the ratios B^C/BCK ^d provide evidence of interspecific competition that can 

be expressed in biological units. This means that 3 cotton plants were using resources 

equivalent to 1 nutsedge tuber in 1994, and 2 cotton plants responded similarly to 1 

nutsedge tuber in 1997. Similar to cotton, in 1996 and 1997 (30 L pots), purple nutsedge 

intraspecific coefficients were greater than interspecific coefficients (Table Bl) and the RC 

ratios were similar indicating that the two species used resources similarly (Table B2). 

Individual purple nutsedge tubers produced more total dry weight than cotton 

plants in all experiments. The average of total dry weight per initial purple nutsedge tuber 

estimated across all nutsedge densities fi'om the reciprocal yield equations were 90 g 

(1994, 15 L pots), 80 g (1997, 7.5 L pots), 41 g (1996, 30 L pots), and 103 g in 1997 (30 

L pots) whereas the total estimated dry weights for cotton were 23 g (1994, 15 L pots). 
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18 g (1997, 7.5 L pots), 25 g (1996, 30 L pots) and 56 g (1997, 30 L pots). The greater 

biomass production of purple nutsedge compared to cotton was due to its greater absolute 

growth rate (AGR, [g d'']), higher photosynthetic rates, greater net assimilation rate 

(NAR, [g m'M"']), and rapid shoot production (Cinco-Castro and McCloskey, 1998a, 

APPENDIX A; Li, 1993; Holt and Orcutt, 1991). The differences in biomass production 

between ^eriments were due mostly to differences in pot size although in 1994 plants 

were harvested 7 WAP whereas in all other experiments plants were harvested 6 WAP. 

The use of larger 30 L pots in 1996 and 1997, alloAved both species (except for nutsedge 

in 1996) to produce more biomass than when cotton and nutsedge were grown in small 

pots (15 L and 7.5 L pots in 1994 and 1997, respectively) 

Since both species were grown under non-limiting water conditions, other factors 

such as nutrients and light were the main limiting resources. This was especially true for 

light in 30 L pots in 1996, when most of the blocks in the west side of the greenhouse 

were shaded more than those on the east side. The suboptimal light conditions in 1996 

reduced purple nutsedge and cotton biomass production 40% and 45%, respectively 

compared to 1997. The root systems of both species were forced to grow in the same 

space within the small pots regardless of their differences in root architecture increasing 

the inter-specific competition. In contrast, in 30 L pots the tap root system of cotton grew 

deeper escaping fi-om competition with the fibrous root system of purple nutsedge. In 

growth analysis experiments, cotton produced a greater percentage of total root dry 

weight below the 35 cm depth in the tall pots in both wet and in dry soil moisture 
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conditions compared to purple nutsedge (Cinco-Castro and McClosk^, 1998a, 

APPENDIX A). Moreover, rapid leaf area production shaded leaves in the lower canopy 

of both species reducing canopy photosynthesis in both species. Light competition or 

shading stress influences the ability of weeds and crops to compete for water and nutrients 

by reducing photosynthates available to support root growth (Kramer and Kozlowsld, 

1979; Holt, 1995; Patterson, 1995). The interspecific competition of cotton with purple 

nutsedge may have been due in part to competition for light due to the large horizontal 

cotton leaf area (Table A7; APPENDIX A). Santos, et al. (1995) suggested that light {i.e., 

shading by tomatoes) was a primary factor in the interspecific competition of tomato with 

nutsedges. The interspecific competition of purple nutsedge with cotton was primarily due 

to purple nutsedge limiting the water and nutrients available to cotton and perhaps due to 

allelopathic compounds released by roots of purple nutsedge (Martinez-Diaz, 1997). 

Effect of plant density on purple nutsedge competition with cotton in dry conditions. 

Cotton and purple nutsedge biomass production per plant in dry conditions was affected 

by cotton plant and purple nutsedge tuber densities in a manner similar to that foimd in the 

wet experiments (Figure B3 and B4). Cotton biomass was reduced approximately 50, 48, 

and 60 % in 1996 and 24, 54, 73, and 84 % in 1997 as initial purple nutsedge tuber 

densities increased fi'om 0 to 1, 3, and 6 tubers per pot in 1996 and from 0 to 1, 3, 6, and 

9 tubers per pot in 1997, respectively. The reciprocal yields of individual cotton plants 

were increased more by increasing cotton density than by increasing purple nutsedge 

density (Figure 3B and 4B) as indicated by intraspecific coefQcients (B^c) values of0.0269 
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(1996) and 0.02SS (1997) that were greater than the interspecific coefBcients (B^^) values 

of0.0087 (1996) and 0.0079 (1997). The relative competition coefficient valves of 3.08 

and 3.23 for 1996 and 1997, respectively, indicated that intraspecific competition was 

more important than interspecific competition in determining cotton biomass production in 

diy conditions. 

Intraspecific competition was also more important than interspecific competition in 

1996 in determining nutsedge biomass production as indicated by the RCp^ value of 2.91. 

But in 1997, purple nutsedge biomass production in dry conditions was almost equally 

determined by both purple nutsedge and cotton density as indicated by the RCpigQ value of 

0.96 (Figure B3D and B4D; Table B2). Thus, individual nutsedge dry weight was more 

suppressed by cotton density in 1997 than in 1996 in the dry soil moisture regime. The 

difference in response between 1996 (Figure B3D) and 1997 (Figure B4D) may be due to 

the greater biomass production in 1997 compared to 1996. In 1996, an average purple 

nutsedge tuber produced 15 g of dry weight, and an average cotton plant produced 11 g. 

In 1997, a nutsedge tuber produced 25 g, an increase of 166%, and an individual cotton 

plant produced 31 g, an increase of282%. These differences in responses between years 

could be attributed to the large variability among blocks and treatments due to shading 

effects on the west side of the greenhouse in 1996, as indicated by the lower coefficient of 

determination for the multiple regression equation in 1996 (RM).40) compared to 1997 

(RM).74) for purple nutsedge under dry conditions. Light is an important factor that 

influences crop-weed competition (Patterson, 1995; Holt, 1995). Purple nutsedge is 
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susceptible to shading that reduces growth and tuber production in a linear &shion 

(Patterson, 1982; Santos, etai, 1997; Neeser, etal., 1997). Moreover, the ability of 

cotton's main stem to growth vertically with horizontally oriented leaves and rapidly 

develop a dense canopy makes it a superior competitor for light. Thus, the variable and 

low light levels in the 1996 experiments may have reduced purple nutsedge dry weight 

more than cotton dry weight and thereby increased interspecific competition fi'om cotton. 

Comparing data fi'om wet and dry experiments indicated that intraspecific 

competition became more important in determining cotton growth in the dry soil moisture 

regimes than in the wet soil moisture regimes. Cotton RCCD values of3.08 (1996) and 

3.23 (1997) in dry conditions were greater than cotton RCcw values of 1.71 (1996) and 

1.83 (1997) in wet conditions (Table B2). Purple nutsedge and cotton had similar RC 

values in the wet soil moisture regimes in 1996 and 1997. In dry conditions, RC values 

were similar for cotton and nutsedge in 1996. However, the RC value of purple nutsedge 

in 1997 was about one indicating that the intra- and interspecific competition coefBcients 

were about equal for the reasons discussed above. These data indicate that purple 

nutsedge productivity was more affected than cotton productivity in water limiting 

conditions than in well-watered conditions. Intraspecific competition became more 

important in determining purple nutsedge growth in water stressed conditions that reduced 

the importance of interspecific competition. In the dry experiments using 30 L pots, 

intraspecific competition became much more important than interspecific competition in 

determining the growth of both cotton and purple nutsedge as indicated by the increase in 
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the relative competitive ability of both species (Table B2). 

Niche differentiation indices were calculated using the relative competitive ability 

(RC) values of purple nutsedge (RCpt^) and cotton (RC^) (Table B2). According to 

Spitters (1983) niche differentiation occurs if NDI is greater than 1. Therefore, the NDI 

values suggested that niche differentiation existed between purple nutsedge and cotton 

when growing in mixtures. This means that purple nutsedge and cotton produced more 

total biomass per pot in mixtures than when grown in monocultures. The NDI increased 

from 1.43 to 2.67 as pot size increased from 7.5 L to 30 L in the 1997 wet conditions. In 

small pots, cotton and purple nutsedge roots were forced to compete more directly for 

resources while in the larger pots cotton and purple nutsedge roots exploited resources 

from different portions of the soil profiles. This may indicate that although niche 

differentiation occurred, purple nutsedge used more resources such as water, nutrients, 

and light than cotton in small pots but in large pots purple nutsedge used resources similar 

to cotton plant (Table B2). 

Effect of species proportion on competition. Purple nutsedge and cotton biomass 

production were analyzed as the reciprocal yield of individual plants or tubers as a 

function of total plant density (N) and varying proportions of the competitor species in 

1994 (Figure B5) and 1997 (Figures B6 and B7). Experiments conducted in 1996 and in 

the 7.5 L pots in 1997 were not analyzed because plant density and proportions were 

insufficient to conduct the multiple regression analysis described by Spitters (1983). 

Comparison of slope coefficients of the regression equations indicated that species 
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proportion had a significant (p=O.OS) effect on biomass accumulation of purple nutsedge 

and cotton in wet soil moisture conditions (Figures BS, B6, and B7). The multiple 

regression data showed that the average yield of individual cotton plants was decreased 

(p<0.0001) by increasing proportions of purple nutsedge of 100:0, 75:25, 50:50, or 25:75 

cotton:purple nutsedge, respectively (Figure 5A, 6A and 7A). Also, the average yield of 

individual purple nutsedge tuber was decreased by increasing proportions of cotton plants 

of 100:0, 75:25, 50:50, or 25:75 purple nutsedge:cotton in 1997 (Figures B6B and B7B). 

Comparison of the wet experiment in 1994 (15 L pots) with the 1997 wet experiment (30 

L pots) showed that plant or tuber responses to species proportion were affected by pot 

size (Figure B5 and B6). There were significant (p=0.05) differences in the slope 

coefficients using the method described by Francl and Neher (1997) for total density (N) 

and for the interaction of total density and proportion (N*P) between the two multiple 

linear regressions of cotton and purple nutsedge in wet conditions in 1994 (Figures B5A 

and B5B). The greater coefficient of (N*Pc) versus (N*?^) indicated that cotton was 

more affected by competition fi'om nutsedge than nutsedge was affected by competition 

fi-om cotton in small pots. Thus, species proportion had a more greater effect in the 15 L 

pots than in the 30 L pots because of the greater importance of interspecific competition in 

the small pots and the greater niche differentiation and intraspecific competition in the 

large pots. 

In dry soil moisture conditions in large pots, cotton and purple nutsedge biomass 

decreased (p<0.0001) as total plant density (N) increased but their biomass increased as 
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their species proportions (N*P) increased (Figures B7A and B7B). Individual cotton dry 

weight was increased more by the interaction of N*P than total plant density (N) in dry 

conditions as indicated by the coefiBcients (Fig. B7A). On the other hand in dry conditions, 

individual purple nutsedge reciprocal dry weight was increased (/.e.,biomass reduced) 

more by increasing total plant density as indicated by the coefBcient value of 0.013 2N 

rather than by nutsedge proportion (-0.0002N*PN) (FIG- B7B). Cotton proportion had 

little effect on purple nutsedge dry weight due to the reduced relative competitive ability 

of nutsedge compared to cotton (Table B2). Thus, one cotton plant was almost as 

affective as 3,6 or 9 plants in suppressing purple nutsedge. Cotton proportion was more 

important in determining cotton biomass production than total plant density in dry 

conditions. Understanding the effect of species proportions on crop-weed interactions is 

especially important under field conditions where higher proportions of crop plants might 

suppress weeds more effectively than lower proportions. This suggests that by using the 

appropriate crop:weed proportions, weeds can be suppressed favoring crop growth but 

density effects on crop yield would have to be determined. 

In summary, purple nutsedge was more competitive than cotton based on its 

greater interspecific effects on cotton in well-watered conditions. Pot size affected 

competition with light and nutrient resources being the main factors involved in 

competition, since water was maintained at non-limiting levels for both species in the wet 

treatments. The of intra- and interspecific competition coefBcients, derived fi'om the 

reciprocal yield models for purple nutsedge or cotton were used to determine the relative 
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competitive ability of each species in wet or in dry soil moisture conditions (Spitters, 

1983; Rqmanek, et al., 1989). The ratio of the intra- and interspecific competition 

coefficients for cotton ^CC^BCK) or for nutsedge indicated that the competitive 

ability of cotton and purple nutsedge were similar in the 1996 and 1997 experiments in 30 

L pots under wet soil moisture conditions (Table B2). In contrast, the relative competitive 

ability of cotton was greater than that of purple nutsedge in the 1996 and 1997 

experiments in 30 L pots under dry soil moisture conditions (Table B2). These results 

indicated that intraspecific competition became more important in water-stressed 

conditions and that interspecific competition between species was reduced in dry soil 

moisture regimes. Niche differentiation indices indicated that greater niche differentiation 

occurred between purple nutsedge and cotton in the dry experiments in both years (Table 

B2). The large pots used in these experiments permitted that the shallow root system of 

purple nutsedge to explore the top of the pots (0 to 40 cm depth) while cotton with its tap 

root system used resources from the bottom of the pots (35 to 60 cm depth) there by 

reducing the interspecific competition between cotton and purple nutsedge. 
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Table Bl. Reciprocal yield models of purple nutsedge and cotton competition in wet and 
in dry soil moisture conditions in greenhouse experiments in 1994, 1996, and 1997. 

Year Pot size^ 
L 

SpeciesrMoisture^ 
regime 

BtNi m 
1994 15 1/CW^ 0.0369 0.0073 0.0186 

15 1/PNW 0.0056 0.0055 0.0018 

1997 7.5 1/CW 0.0458 0.0105 0.0154 

7.5 1/PNW 0.0048 0.0076 0.0036 

1996 30 1/CW 0.0223 0.0183 0.0107 

30 1/CD 0.0613 0.0269 0.0087 

30 1/PNW 0.0140 0.0102 0.0059 

30 1/PND 0.0527 0.0128 0.0044 

1997 30 l/CW 0.0069 0.0108 0.0059 

30 1/CD 0.0067 0.0255 0.0079 

30 1/PNW 0.0011 0.0086 0.0059 

30 1/PND 0.0270 0.0130 0.0132 
^ Pot dimensions were as follows: 7.5 L-21 by 22 cm; 15 L-27 by 32 cm; 30 L-25 by 65 
cm (diameter, height). 
^ Species cotton (C) and purple nutsedge (PN); Moisture regimes, wet (W) and dry (D). 
' The general form of the two species reciprocal yield equations is l/W=Aoi+B5Ni+BijNj. 
B5=describes the influence of mtraspecific competition. 
Bg=describes the influence of interspecific competition. 
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Table B2. Relative competitive ability (RC) and niche differentiation ind»c (NDI) of 
purple nutsedge and cotton in wet and in dry soil moisture condition in greenhouse 
experiments ui 1994,1996, and 1997. 

Year Pot size^ Moisture 
regime 

Relative competitive ability^ 
RCc 

NDI' 

L cotton purple nutsedge 

1994 15 wet 0.39 3.10 1.21 

1997 7.5 wet 0.68 2.10 1.43 

1996 30 wet 1.71 1.73 2.96 

1997 30 wet 1.83 1.46 2.67 

1996 30 dry 3.08 2.91 8.96 

1997 30 dry 3.23 0.98 3.19 
^ Pot dimensions were as follows: 7.5 L-21 by 22 cm; 15 L-27 by 32 cm; 30 L-25 by 65 
cm (diameter, height). 
^ RC=B5 /Bg; describes the relative importance of intra- and interspecific competition 
where the general form of the two species reciprocal yield equations is 
l/W=Boi+B5Ni+BijNj. B5=describes the influence of intraspecific competition. 
Bg=descnbes the influence of interspecific competition. 
' Niche differentiation index. NDI=(RCC)*(RCPN); 
RCc= relative competition of cotton. 
RCpN= relative competition of purple nutsedge. 



FIGURE LEGENDS 

136 

Figure Bl. Soil water potential (kPa) in pots planted with cotton or purple nutsedge 

tubers in the 1997 dry experiment. Figure Bl A; 1 cotton plant (CD) or 1 nutsedge tuber 

(PND) per 30 L pot. Figure BIB; 9 cotton plants or 9 tubers. Figure BIC; 9 cotton 

seeds/9 nutsedge tubers (i.e., 18 plants). Pots were planted on Julian day 220 and arrows 

indicate irrigations. 

Figure B2. Reciprocal yields of individual cotton plants in 1994 (B2A) and in 1997 

(B2C), and purple nutsedge tubers in 1994 (B2B) and in 1997 (B2D) growing in mixtures 

and monocultures at various total densities in non-limiting water and nutrient conditions in 

15 L (1994) and 7.5 L (1997) pots. The multiple regression equations for each species 

shown in the figures describe the response of reciprocal yields to mtra- and interspecific 

competition. The response of reciprocal yield of each species to increases in its own 

density represent separate linear regressions at each density of the competitor species 0, 1, 

3, 6, or 9 plants pot"'. Error terms are standard errors of the means. Linear regressions for 

1994 individual cotton plant reciprocal dry weights (I/WQW) at various densities of the 

competitor were (Figure B2A): 

for 0 tubers, 1/Wcw = 0.0191±(0.004) + 0.0083±(7.3xl0"')No R^.86, p<0.0001; 

for 1 tuber, 1/Wcw = 0.0484±(0.007) + 0.0082±(1.3xl0-')Nc RM).63, p<0.0001; 

for 3 tubers, 1/Wcw = 0.1010±(0.0265) + 0.0097±(4.7xl0-')Nc, RND.16, p=0.05; 
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for 6 tubers, 1/Wcw = 0.1520±(0.0231) + 0.0085±(4. lxlO-')Nc, RM). 16. p=0.05; 

for 9 tubers, 1/Wcw = 0.2180±(0.0348) + 0.0019±(6.1xl0-')Nc RM).004, p=0.76. 

Linear regressions for 1997 individual cotton plant reciprocal dry weights (l/Woj) at 

various densities of the competitor were (Figure B2C): 

for 0 tubers, 1/WCD = 0.0208±(0.0144) + 0.0101±(3.7xl0-^Nc. RM).36, p=0.017; 

for 1 tuber, 1/WCD = 0.0839±(0.0154) + 0.0102±(3.9xl0-^)Nc RM).34, p=0.022; 

for 3 tubers, IAVCD = 0.116(>fc(0.0258) + 0.0082±(6.5xl0-')Nc, RM). 11, p=0.237; 

for 6 tubers, 1/WCD = 0.1160±(0.0259) + 0.0134±(6.6xl0-')Nc, RM).24, p=0.24. 

Linear regressions for 1994 individual nutsedge tuber reciprocal dry weights (l/Wpj^) at 

various densities of the competitor were (Figure B2B); 

for 0 cotton, = 0.0050±(0.0022) + 0.0052±(3.9X10-')NN, RM).89, p<0.0001; 

for 1 cotton, l/WP^W = 0.0085±(0.0031) + 0.0054±(5.6X10-^)NN, RM).81, p<0.0001; 

for 3 cotton, l/Wp^w = 0.0080±(0.0022) + 0.0063±(3.9X10-^)Nn, RM).92, p<0.0001; 

for 6 cotton, l/WP^W = 0.0151±(0.0043) + 0.0060±(7.6X10-*)NN, RM).74, p<0.0001; 

for 9 cotton, l/Wp^W = 0.0251±(0.0061) + 0.0044±(1.1X10-^)NN, RM).43, p=0.0005. 

Linear regressions for 1997 individual nutsedge tuber reciprocal dry weights (l/Wpmj) at 

various densities of the competitor were (Figure B2D): 

for 0 cotton, l/Wp^o = 0.0084±(0.0040) + 0.0061±(1.Ox 10-')Nn, RM).73, p<0.0001; 

for 1 cotton, l/Wp^D = 0.0129±(0.0060) + 0.0069±(1.5X10-^)NN, RM).60, p=0.0007; 

for 3 cotton, l/Wp^O = 0.0137±(0.0034) + 0.0077±(8.8X10-^)NN, R^.85, p<0.0001; 

for 6 cotton, LAVP^O = 0.0201±(0.0082) + 0.0095±(2.1X10-^)NN, RM).61, p=0.0005. 



Figure B3. Reciprocal yields of individual cotton plants in wet (B3A) and in diy (B3B) 

soil moisture conditions and of individual purple nutsedge tubers in wet (BSC) and in dry 

(BSD) soil moisture conditions growing in mixtures and monocultures at various total 

densities in 1996. The multiple regression equations shown for each species in the figures 

describe the response of reciprocal yields to intra- and interspecific competition. The 

response of reciprocal yields of each species to increases in its own density represent 

separate linear regressions at each density of the competitor species 0, 1, S, and 6 plants 

pot'̂  Error terms are standard errors of the means. Linear regressions for individual 

cotton plant reciprocal dry weights (1/Wcw) at various densities of the competitor in wet 

conditions were (Figure B3 A): 

for 0 tubers, 1/Wcw = 0.0159±(0.0062) + 0.0I84±(1.6xl0-^)No RM).89, p<0.0001; 

for I tuber, 1/Wcw = 0.0s34±(0.0195) + O.0202±(4.7xl0-')Nc, R^.56, p=0.0009; 

for 3 tubers, 1/Wcw = 0.0S99±(0.0117) + 0.023S±(3.0xl0-')Nc, RM).79, p<0.0001; 

for 6 tubers, 1/Wcw = 0.1080±(0.0186) + 0.01 lS±(4.7xlO-^)Nc, RM).26, p=0.0308. 

Linear regressions for individual cotton plant reciprocal diy weights (1/WCD) at various 

densities of the competitor in dry conditions were (Figure BSB): 

for 0 tubers, I/WQ, = 0.0327±(0.0118) + 0.0285±(2.9xl0-')Nc RM).85, p<0.0001; 

for 1 tuber, 1/WCD = 0.0997±(0.0298) + 0.O214±(8.2xlO-^)Nc, RH).34, p=0.0227; 

for 3 tubers, 1/WCD = 0.0772±(0.0542) + 0.0405±(1.3xl0-^Nc, RM).S7, p=0.0096; 

for 6 tubers, 1/WCD = 0.1400±(0.0200) + 0.0129±(5.0xl0-')Nc, RM).30, p=0.0220. 

Linear regressions for individual nutsedge tuber reciprocal dry weights (1/Wpjjw) at 
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various densities of the competitor in wet conditions were (Figure B3C); 

for 0 cotton, L/WJ  ̂= 0.0207±(0.0055) + 0.0063±(1.4X10-')NN, R .̂55, p=0.0004; 

for 1 cotton, l/Wp^w = 0.0216±(0.0060) + 0.01 ia±(1.5xlO-')NN, RM).75, p<0.0001; 

for 3 cotton, l/Wp^w = 0.0266±(0.0077) + 0.0134±(L9x10-^)NN, R^.74, p<0.0001; 

for 6 cotton, L/Wp^w = 0.0463±(0.0114) + 0.0100±(2.910-')Nn, RM).42, p=0.0033. 

Linear regressions for individual nutsedge tuber reciprocal dry weights (l/Wpm,) at 

varying densities of the competitor in the dry conditions were (Figure B3D): 

for 0 cotton, L/WP^O = 0.0247±(0.0132) + 0.0180±(3.4X10-')NN, R .̂64, p<0.0001; 

for 1 cotton, L/Wp^N = 0.0481±(0.0192) + 0.0188±(4.8X10-')NN, R .̂50, p=0.0013; 

for 3 cotton, = 0.0810±(0.0132) + 0.0090±(3.4X10-^)NN, R .̂33, p=0.0201; 

for 6 cotton, lAVp^o = 0.1070±(0.0159) + 0.0039±(4.1X10-')Nn, RM).06, p=0.3560. 

Figure B4. Reciprocal yields of individual of cotton plants in wet (B4A) and in dry (B4B) 

soil moisture conditions and of individual purple nutsedge in wet (B4C) and in dry (B4D) 

soil moisture conditions growing in mixtures and monocultures at various total densities in 

1997. The multiple regression equations shown for each species in the figures describe the 

response of reciprocal yields to intra- and interspecific competition. The response of 

reciprocal yields of each species to increases in its own density represent separate linear 

regressions at each density of the competitor species 0, 1,3, and 6 plants pot*'. Error 

terms are standard errors of the means. Linear regressions for individual cotton plant 

reciprocal dry weights (lAVc^) at various densities of the competitor in wet conditions 
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were (Figure B4A): 

for 0 tubers, 1/Wcw = 0.0113±(0.0020) + 0.0094±(3.6xl0-^)No R^.97, p<0.0001; 

for 1 tuber, 1/Wcw = 0.0270±(0.0047) + 0.0035±(8.4xlO-^)Nc, RH).48, p=0.0006; 

for 3 tubers, 1/Wcw = 0.0411±(0.0080) + 0.0055±(1.4xl0-')Nc R^.45, p=0.0011; 

for 6 tubers, 1/Wcw = 0.0778±(0.0102) + 0.0059±(1.8xlO-')Nc, R^.37, p=0.0045; 

for 9 tubers, 1/Wcw = 0.0957±(0.0113) + 0.0076±(2.0xl0-')Nc RH).44, p=0.0014. 

Linear regressions for individual cotton plant reciprocal dry weights (1/WCD) at various 

densities of the competitor in dry conditions were (Figure B4B): 

for 0 tubers, 1/WCD = 0.0184±(0.0079) + 0.0227±(1.4xl0-^)Nc R^.93, p<0.0001; 

for 1 tuber, 1/WCD = 0.0510±(0.0084) + 0.0033±(1.5xl0-^)Nc, RM).22, p=0.0372; 

for 3 tubers, 1/WCD = 0.0785±(0.0108) + 0.0110±(1.9xl0-^)Nc, RH).64, p<0.0001; 

for 6 tubers, 1/WCD = 0.1460±(0.0149) + 0.0070±(2.6xl0-^)Nc, RH).28, p=0.0163; 

for 9 tubers, 1/WCD = 0.2420±(0.0179) + 0.0093±(3.2xl0-')Nc, RH).32, p=0.0090. 

Linear regressions for individual nutsedge tuber reciprocal dry weights (l/Wp^w) at 

various densities of the competitor in wet conditions were (Figure B4C): 

for 0 cotton, l/Wp^w = 0.0119±(0.0021) + 0.0046±(3.7X10-^)NN, RM).89, p<0.0001; 

for 1 cotton, l/Wp^w = 0.0056±(0.0105) + 0.0103±(1.9xl0-^)Nj,, R^.63, p<0.0001; 

for 3 cotton, l/W^w = 0.0223±(0.0100) + 0.0090±(1.8X10-')NN, R'=0.59, p<0.0001; 

for 6 cotton, l/Wp^w = 0.0325±(0.0109) + 0.0087±(1.9xl0-')Nfx, RH).52, p=0.0003; 

for 9 cotton, l/WP^w = 0.0449±(0.0136) + 0.0105±(2.4X10-^)NK, R^.51, p=0.0004. 

Linear regressions for individual nutsedge tuber reciprocal dry weights (l/Wp^u) at various 
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densities of the competitor in dry conditions were (Figure B4D): 

for 0 cotton, lAVp^j = 0.0286db(0.0053) + 0.0081±(9.4X10-^)Nn, RM).80, p<0.0001; 

for 1 cotton, l/WpNo = 0.0409±(0.0087) + 0.0102±(1.5xl0-')N^„ RH).71, p<0.0001; 

for 3 cotton, l/WPIGR, = 0.0592±(0.0094) + 0.0116±(1.7X10-^)NN. RH).73, p<0.0001; 

for 6 cotton, L/WP^n = 0.0801±(0.0226) + 0.0185±(4.0X10-^)Nn, RM).54, p=0.0002; 

for 9 cotton, l/Wp^N = 0.1050±(0.0155) + 0.0163±(2.7X10-^)NN, RM).66, p<0.0001. 

Figure B5. Reciprocal yields of individual of cotton (B5A) and purple nutsedge tubers 

(B5B) growing in mixtures and monocultures at various total densities in 1994. 

Regression equations shown in the figures for each species indicate the general model for 

the response of reciprocal yield to total density (N) and the interaction of density with 

species proportion (N*P). Responses of reciprocal yield of each species to total density 

represent separate regression equations for proportions of 100, 75, 50, and 25% of the 

species in mixture with its competitor. Error terms are standard errors of coefiBcients. 

Linear regressions for individual cotton plant reciprocal dry weights (lAV) at various total 

densities were (Figure B5A); 

for 100:0 cotton;tuber, 1/W = 0.0191±(0.0041) + O.0083±(7.3xl0-*)N, RM).85, 

p<0.0001; 

for 75:25 cotton:tuber, 1/W = 0.0018±(0.0268) + O.0207±(4.0xl0-^)N, RM).72, 

p=0.0004; 

for 50:50 cotton:tuber, 1/W = 0.0572±(0.0179) + 0.0196±(3.2xl0-^)N, RM).63, 
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p<0.0001; 

for 25:75 cottomtuber, 1/W = 0.0599±(0.0800) + 0.058l±(3.6xlO-^N, RM).21, p=0.135. 

Linear regressions for individual purple nutsedge tubers reciprocal dry weights (1/W) at 

various total densities were (Figure B5B): 

for 100:0 tubercotton, 1/W = 0.0050±(0.0022) + 0.0052±(3.9xl0-*)N, RM).88, 

p<0.0001; 

for 75:25 tubercotton, 1/W = 0.0033±(0.0043) + 0.0069±(6.5xl0-^)N, RM).92, 

p<0.0001; 

for 50:50 tubercotton, 1/W = 0.0089±(0.0052) + 0.0061±(9.3xl0-^)N, RM).66, 

p<0.0001; 

for 25:75 tuber:cotton, 1/W = 0.0041±(0.0085) + 0.0126±(3.8xl0-^)N, RM).52, 

p=0.0077. 

Figure B6. Reciprocal yields of individual of cotton (B6A) and purple nutsedge tubers 

(B6B) growing in mixtures and monocultures at various total densities in 1997 in wet soil 

moisture conditions. Regression equations shown in the figures for each species indicate 

the general model for the response of reciprocal yield to total density (N) and the 

interaction of density with species proportion (N*P). Responses of reciprocal yield of each 

species to total density represent separate regression equations for proportions of 100, 75, 

50, and 25% of the species in mixture with its competitor. Error terms are standard errors 

of coefiBcients. Linear regressions for individual cotton plant reciprocal dry weights (1/W) 
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at various total densities were (Figure B6A): 

for 100:0 cottonrtuber, 1/W = 0.0113±(0.0021) + O.0094±(3.6xl0-^)N, RM).97, 

p<0.0001; 

for 75:25 cotton:tuber, 1/W = 0.0087±(0.0112) + 0.0118±(1.7xl0-')N, R^.86, 

p=0.0001, 

for 50:50 cotton:tuber, 1/W = 0.0082±(0.0100) + 0.0175±(1.8xl0-')N, R^.84, 

p<0.0001; 

for 25:75 cotton:tuber, 1/W = 0.0199t(0.0180) + 0.0219±(8.Ixl0-')N, RM).47, 

p=0.0278. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weights (1/W) at 

various total densities were (Figure B6B): 

for 100:0 tubercotton, 1/W = 0.0119±(0.0021) + O.0046±(3.7xl0-^)N, RM).89, 

p<0.0001; 

for 75:25 tubercotton, 1/W = 0.0023±(0.0192) + 0.0116±(2.8x10-')N, R^.67, 

p=0.0037; 

for 50:50 tubercotton, 1/W = 0.0093±(0.0104) + 0.0138±(1.8xl0-')N, RM).75, 

p<0.0001; 

for 25:75 tubercotton, 1/W = 0.0087±(0.0168) + 0.038I±(7.5xl0-')N, RM).76, 

p=0.0010. 
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Figure B7. Reciprocal yields of individual of cotton (B7A) and purple nutsedge tubers 

(B7B) growing in mixtures and monocultures at various total densities in 1997 in dry soil 

moisture conditions. Regression equations shown in the figures for each species indicate 

the general model for the response of reciprocal yield to total density (N) and the 

interaction of density with species proportion (N*P). Responses of reciprocal yield of each 

species to total density represent separate regression equations for proportions of 100, 75, 

50, and 25% of the species in mixture with its competitor. Error terms are standard errors 

of coefiBcients. Linear regressions for individual cotton plant reciprocal dry weight (1/W) 

at various total densities were (Figure B7A): 

for 100:0 cottonrtuber, 1/W = 0.0184±(0.0079) + 0.0227±(1.4xI0-^)N, RH).93, 

p<0.0001; 

for 75:25 cotton:tuber, 1/W = -0.0207±(0.0I22) + 0.0319±(1.8xI0-^)N, R^.97, 

p<0.0001; 

for 50:50 cotton:tuber, 1/W = 0.0229±(0.0150) + 0.0334±(2.6xl0-')N, RM).89, 

p<0.0001; 

for 25:75 cotton:tuber, 1/W = 0.0011±(0.0197) + 0.0582±(8.8xl0-^)N, RM.84, 

p=0.0002. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weights (1/W) at 

various total densities were (Figure B7B): 

for 100:0 tubercotton, 1/W = 0.0286±(0.0052) + 0.008 I±(9.4xlO-^)N»P, RM).80, 

p<0.0001; 
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for 75:25 tubercotton, l/W = 0.0321±(0.0183) + 0.0148±(2.7xl0-^N, RM.78, 

p=0.0006; 

for 50:50 tubercotton, 1/W = 0.0215±(0.0139) + 0.0266±(2.5xl0-^)N, RM).86, 

p<0.0001; 

for 25:75 tubercotton, 1/W = 0.0256±(0.0276) + 0.0476±(1.2xl0-^N, RM).65, 

P=0.0048. 
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Figure B3. 
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APPENDIX C. PURPLE NUTSEDGE {fZyperus rotundus L.) COMPETITION 

WITH COTTON {Gossypium hirsutum L.) IN WET AND DRY SOIL MOISTURE 

REGIMES IN FIELD EXPERIMENTS 
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Purple nutsedge {Cypents rotuncbis L.) competition with cotton {Gossypium hirsutum 

L.) in wet and dry soil moisture regimes in field experiments^. 

Ramon Cinco-Castro and William B. McCloskey^ 

Abstract Several addition series competition experiments were conducted in field 

conditions to measure the interaction and effects of water stress, plant density and species 

proportions on intra- and interspecific competition between purple nutsedge and cotton. 

Both cotton and purple nutsedge were grown in wet and dry soil moisture conditions at 0, 

1, 3, and 6 propagules per 0.3 m^. In wet conditions, purple nutsedge produced 75% more 

above ground dry weight than in dry conditions. In contrast, cotton dry weight was about 

53% greater in wet conditions than in dry soil moisture conditions. In all experiments, 

intraspecific competition was greater in dry conditions than in wet conditions for both 

cotton and purple nutsedge. Interspecific competition between the two species decreased 

or remained similar in dry conditions compared to the wet soil moisture conditions. Cotton 

leaf water potential was decreased as initial purple nutsedge tuber density increased fi'om 0 

to 6 tuber per 0.3 m^ plot. However, cotton leaf photosynthesis rates were not affected by 

species densities and proportions in either wet or dry soil moisture conditions. We 

^ Received for publication and in revised form. 

^ Graduate Student and Assoc. Specialist, respectively. The University of Arizona, Dept. 

of Plant Sciences, Tucson, AZ 85721. 
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concluded that intraspecific competition was more important than interspecific 

competition in determining cotton biomass production in the wet soil moisture conditions 

and that dry moisture conditions fiirther reduced the relative importance of interspecific 

competition. 

Nomenclature; Upland cotton; Gossypium hirsutum L. Delta Pine Seed Company variety 

(DP 5415); Purple nutsedge; Cyperus rotundas L. CYPRO. Additional index words; 

Addition series experiment, water stress, intra- and interspecific competition, 

photosynthesis, leaf water potential. 

' Letters following this symbol are a WSWS-approved computer code fi-om Composite 

List Of Weeds, Revised 1989. Available fi'om WSWS, 309 West Clark Street, Champaign, 

IL 61820. 

INTRODUCnON 

The primary negative impact of weeds on crop growth and yield is through 

competition for limited environmental resources upon which plant growth depends 

(Patterson, 1995). Weeds compete with crops for essential resources such as water, light, 

nutrients and gases. Water is the environmental factor most often limiting crop growth and 

yield. Many weed scientists have reported that weeds compete with crops for water, 

reducing the soil water available to support crop growth and consequently reducing crop 

competitiveness (Zimdahl, 1993; Patterson, 1995; Coble and Byrd, 1992). However, 
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Riffle, etal., (1990) and Oliver, etal., (1991) reported that water limited conditions 

reduced the competitive impact of a weed on cotton and &vored cotton growth. Patterson 

and Highsmith (1989) found that water stress did not affect the competitive ability of 

cotton growing with spurred anoda (Anoda cristata) and velvetleaf (Abutilon 

theophrasti). Similarly, Mofifett and McCIoskey (1998) reported that soil water availability 

did not affect yellow nutsedge {Cyperus esculentus) interference with seed cotton yield in 

additive competition field experiments. Although many studies describe the effect of 

moisture stress on crop-weed competition, the conflicting evidence suggests the role soil 

moisture plays in competition depends to a large degree, on the species involved, the 

densities of these species, allelopathy, and other environmental factors (Mortensen and 

Coble, 1989). 

Weed interference with cotton can be separated into competition and allelopathy. 

Purple nutsedge can suppresses cotton seedling growth due to the presence of aUelopathic 

compounds (Martinez-Diaz, 1997). In greenhouse experiments, ailelochemical substances 

extracted fi-om purple nutsedge tubers reduced leaf water potential and photosynthetic 

rates in cotton seedlings (Martinez-Diaz, 1997). These detrimental aUelopathic effects may 

reduce the competitive ability of cotton when grown in mixture with dense purple 

nutsedge populations. 

Certain weed species are more competitive with cotton than others because of 

differences in growth habit. Holt and Orcutt (1991) reported that, due to differences in the 

root architectures of purple nutsedge (fibrous root system) and cotton (tap root system), 
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purple nutsedge was a superior competitor against cotton in obtaining soil moisture early 

in the season during cotton establishment. Similarly, Vencill, et al. (1992) concluded that 

under adequate moisture conditions, coastal bermudagrass {Cynodon dactylori) density 

affected soil water content only in the top IS cm of the soil profile due to its shallow root 

system and was most competitive with cotton early after planting. Patterson (1995) 

suggested that if water stress limits weed growth more than crop growth, then weed 

competition in water limiting conditions would be reduced. However, Moffett and 

McCIoskey (1998) found that yellow nutsedge interference with cotton was similar in wet 

and in dry soil moisture condition and that moderate water stress substantially reduced 

cotton yield. 

To provide more detailed information on how moisture stress may affect crop-

weed interference, Cinco-Castro and McCIoskey (1997 and 1998b APPENDIX B) 

conducted several greenhouse experiments and concluded that the relative competitive 

ability of purple nutsedge was reduced in water limiting conditions. These studies 

indicated that interspecific competition of purple nutsedge is reduced under dry soil 

conditions, while intraspecific competition increased in both species. Weed-crop 

competition for water depended upon the relative ability of the weed and crop to obtain 

the resource and to tolerate a deficit of the resource. Understanding the factors influencing 

the competitive balance between weeds and crops may lead to ways in which field 

conditions can be manipulated to reduce weed impaas in crops (Radosevich, et aL, 1997). 

Based on root architecture differences between cotton and purple nutsedge, and the 
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results obtained by Cinco-Castro and McCloskey (1998a, APPENDIX A and 1998b, 

APPENDIX B) in greenhouse experiments, we hypothesized that reducing the number of 

irrigations to induce water stress might change the competitive balance in favor of cotton 

and suppress purple nutsedge growth under field conditions. The objective of this study 

was to measure the interaction and effects of water stress, plant density, and species 

proportions on intra- and interspecific competition between purple nutsedge and cotton as 

measured by biomass production in addition series competition experiments conducted in 

the field. A second objective of this work was to assess the applicability of the results of 

greenhouse addition series competition experiments to field conditions. 

MATERIALS AND METHODS 

Growing conditions. Addition series experiments were conducted at the Maricopa 

Agricultural Center (MAC) in Maricopa, AZ in 1995 and at the Campus of Agricultural 

Center (CAC) in Tucson, AZ in 1996 and 1997. Planting dates were April 4, 1995 at 

MAC, and April 30 and 23 at CAC in 1996 and 1997, respectively. At the MAC the soil 

was a Casa Grande sandy clay loam that contained 64% sand, 21% ciay, 15% silt, and 

0.9% organic matter. At the CAC the soil was an Anthony loam that contained 48, 17, 35, 

and 1.6% sand, clay, sUt, and organic matter, respectively. In addition, the CAC soil 

contained 5700 ppm Ca, 270 ppm Mg, 110 ppm Na, and had a salinity level of 7.0 dS/m 

and 1.5 exchangeable sodium percentage (ESP) indicating that the soil was saline and a 
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high sodium level. Each year cotton variety Delta Pine 541S was planted at a density of 

400,000 plants ha'̂  and hand thinned to the desired densities. The treatments were 

arranged in a split-plot, randomized complete block design with 6 blocks. The soil 

moisture treatments were the main plot treatments and the various cotton and purple 

nutsedge tuber densities were the subplot treatments. Cotton was planted on a 1 m row 

spacing, and the competition plots were 1.5 m long divided into 5 sample plots 30 cm 

long. One of four densities of each species; 0, 1, 3, and 6 purple nutsedge tubers or cotton 

seeds were planted in each 30 cm plot (0.3 m'̂  resulting in 15 combinations of densities 

and 5 species proportions. Maximum and minimum air temperatures, and precipitation 

during the growth period of the experiments in 1995, 1996 and 1997 are shown in Figures 

CIA, CIB and CIC, respectively. In 1995, cold weather and chilling injury caused stand 

loss so cotton was replanted to obtain the desired densities. As a result, purple nutsedge 

emerged 14 d before the cotton. In 1996, due to a low nutsedge tuber sprouting rate, 

tubers had to be replanted 12 d after the cotton seeds were planted causing purple 

nutsedge to emerge about 12 d after cotton. In 1997 cotton and purple nutsedge emerged 

simultaneously. No purple nutsedge population was present in any of the study areas prior 

to use for these studies. 

Purple nutsedge establishment. The purple nutsedge tubers used in all addition series 

competition experiments were originally collected from a population at the CAC. Tubers 

were planted in 7.5 L pots in a greenhouse each spring and summer to produce tubers 

needed for the competition experiments. In November the shoots were cut back to the soil 
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sur&ce, and then the pots were stored at S C in the dark until the tubers were harvested in 

March and April. Purple nutsedge tubers were planted in the field within 2 days of cotton 

planting at densities of 0, 1, 3, and 6 tubers per 30 cm of crop row. Tubers were buried 

slightly below the depth of the cotton seed within 8 cm of the crop row. 

Soil moisture regimes. Cotton (CW) and purple nutsedge (PNW) were grown in wet soil 

moisture conditions and cotton (CD) and purple nutsedge (PND) were grown in dry soil 

moisture conditions. The wet and dry soil moisture regimes at MAC in 199S were 

maintained by irrigating when 17 or 33 percent of the total soil moisture was depleted, 

respectively. Soil moisture depletion was measured and irrigations were scheduled as 

described by Moflfett and McCloskey (1998) using the crop coefficients of Erie, et al., 

(1981). The first irrigation after planting was determined based on cotton plant water 

potential measured within one hour of solar noon using a Scholander pressure chamber 

(Model 3005 Plant Water Status Console, Soilmoisture Equipment Corp., P.O. Box 

30025, Santa Barbara, CA 93105) (Koide, et al.^ 1989). The treatments were irrigated 

when plant leaf water potential (tlrj reached -1.7 and -2.0 MPa in the wet and dry 

treatments, respectively, for the entire season. 

In 1996 and 1997 at the CAC, irrigations were scheduled based on cotton leaf 

water potential (tlrj. All sets of measurements (25 per irrigation regime) were made 

between 12:00 to 13:00 h. Wet treatments were irrigated when the iJrL of the leaf at the 

fourth node below the shoot terminal reached -1.9 MPa. The dry treatment was irrigated 

when ijfL reached -2.5 MPa. These target IITl levels were used for the entire season in both 
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years. In addition, purple nutsedge leaf water potential (ilr^) of the fourth or fifth fiilly 

expanded leaves from the tmninai measured with thermocouple psychrometers 

(Merrill 75-2VC, JRD Merrill Specialty, Logan, UT) to determine nutsedge IITL prior to 

irrigation. 

Cotton and purple nutsedge growth measurements. Plants were harvested 10 (1995) 

or 11 (1996 and 1997) weeks after planting. In 1997 at the MAC all blocks were 

harvested, in 1996 5 and 4 blocks were harvested in the wet and dry treatments, 

respectively, and in 1997 5 blocks were harvested in both wet and dry treatments. Plant 

height was measured from the soil surface to the terminal node m cotton, and from the soil 

sur&ce to the longest leaf tip in purple nutsedge. The number of shoots of each species 

harvested was recorded in all replications and the aboveground biomass was collected and 

oven dried at 70 C for 2 days. The effects of soil moisture regime and purple nutsedge 

density on cotton photosynthesis were evaluated each year, using a portable infrared gas 

analyzer (ADC LCA-3, Analytical Development Co. Ltd., Pindar Road, Hoddesdon, 

Hertfordshire ENl lOAQ England) to measure the COj assimilation rate of unshaded, fiilly 

expanded leaves four or five nodes below the shoot terminal. Measurements were made 

between 10:00 and 13:00 h on the day prior to irrigation. Cotton photosynthetic rates 

were measured in the plots with initial mixtures of 1:0, 1:1, 1:3, 1:6, and 6:6 cotton 

seed:nutsedge tubers per 30 cm of crop row. Three measurements were made per plot in 3 

blocks. The leaf water potential of the fourth or fifth leaf below the terminal was measured 

using a Scholander pressure chamber (cotton) or a thermocouple psychrometer (purple 
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nutsedge) simultaneously with the photosynthesis measurements. 

Data analysis. The reciprocal weight of individual plants (l/W;) was calculated from the 

total dry weight (above ground biomass) and shoot number data to determine the 

competitive interactions between cotton and purple nutsedge. The reciprocal dry weight 

data for each species were fit to the equation described by Spitters (1983) and Roush, et 

al. (1989) using multiple regression. For cotton, lAVc= Ac + BccNc + BCNNN, and for 

purple nutsedge, l/Wp^, = + Bj,cNc. The reciprocal mean yields of individual 

cotton plants in wet (1/Wcw) or in dry (IAVCD) conditions, or the reciprocal mean yield of 

individual purple nutsedge tubers in wet (l/Wpj^y) or in dry (l/WpN^) soil moisture 

regimes were described by a parameter related to the theoretical maximum yield per plant 

(A), the density (Nc and for cotton and purple nutsedge, respectively) and by the 

density of the competitor species (N,^ or Nc). In this model, the intraspecific competition 

coefBcients were Bcc and and the interspecific competition coefBcients BCN and B^^c-

The intraspecific or interspecific parameters of two multiple linear regressions were 

compared to quantify differences between species and between soil moisture regimes using 

the standard error of the parameter estimates (Francl and Neher, 1997; Campbell and 

Madden, 1990). The slope of linear regressions were compared to evaluate differences in 

response to density and differences due to species proportions. The intraspecific and 

interspecific competition coefBcients were used to calculate the relative competitive 

abilities (RC), and niche differentiation Index (NDI) for cotton and purple nutsedge. For 

cotton, RCc = Bcc / BCN, and for purple nutsedge, RC^ = / Bjjc- Niche differentiation 
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between species was calculated as NDI = RCe * RCN- An NDI value greater than 1 

indicated that niche differentiation occurred and the species yielded more in mixture than 

when grown in monoculture (Spitters, 1983). 

RESULTS AND DISCUSSION 

EfTects of soil moisture on intra- and interspecific competition. All addition series 

experiments conducted in the wet soil moisture regime received 2 post-planting irrigations 

during the 10 or 11 week growth period of the experiments. The dry treatments were 

irrigated only one time after planting. In addition to post-planting irrigation, both wet and 

dry addition series experiments received 17.27 and 14.47 mm of precipitation in 1996 and 

1997, respectively (Figure CI). The rainfall events may not have affected the final 

experimental results due to the lack of substantial soil wetting. Air temperatures were 

similar in both 1997 and 1996 (Figures CIC and CIB). Temperatures were high enough to 

accumulate sufficient heat units for planting cotton and purple nutsedge tubers at the end 

of April at the CAC. According to Holt and Orcutt (1996), cotton seeds need soil 

temperatures over 10 C for good germination rates and purple nutsedge tubers require soil 

temperatures >8 C to promote high rates of tuber sprouting. In 1997 tuber sprouting was 

approximately 97 percent while in 1996 it was only 35 percent. This low tuber sprouting 

percentage was due to tuber decay during cold storage and was not due to field 

temperatures. Therefore, in 1996, purple nutsedge tubers were replanted 12 d after cotton 



164 

seeds were planted. As a result cotton seedlings had a competitive advantage over purple 

nutsedge as indicated by the large interspecific competition coefBcient 0.25SNc for lAVp^ 

and by non-significant interspecific competition coe£Bcients for purple nutsedge density 

effects on cotton reciprocal diy weight (Table CI). In wet soil moisture conditions, when 

purple nutsedge emerged 14 d before cotton in 199S, the interspecific competition 

coefBcient for the effect of purple nutsedge on cotton (0.01 SN^) was greater than in 1997 

(0.004Ni^) when cotton and purple nutsedge emerged simultaneously which in turn was 

greater than in 1996 (0.00IN^) when purple nutsedge emerged 12 d after cotton (Table 

CI). 

The average total dry weight of all densities of a species was estimated from the 

multiple linear regression for each soil moisture regime and species. In dry soil moisture 

conditions, cotton biomass was reduced 47% (1995), 52% (1996), and 33% (1997) while 

that of purple nutsedge was reduced 71% (1995), 93% (1996), and 92% (1997) compared 

to the biomass produced in wet soil moisture conditions. These data indicate that purple 

nutsedge dry weight production was more reduced than that of cotton in dry conditions. 

In wet conditions, cotton shoot dry weight was 2.4 (1995), 6.1 (1996), and 4.5 (1997) 

times greater than purple nutsedge shoot dry weight. These biomass differences were even 

greater in dry conditions with cotton producing 4.5 (1995), 41 (1996), and 38 (1997) 

times more biomass than purple nutsedge. The data showed that purple nutsedge was 

more competitive at the MAC than at the CAC. These differences in response can be 

attributed to differences in purple nutsedge emergence dates relative to cotton, to the 
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degree of Avater stress imposed and soil characteristics. At the MAC in 199S, purple 

nutsedge emerged about 2 weeks before the cotton conferring an eariy competitive 

advantage during cotton seedling establishment due to the replanting of cotton. In 

contrast, at CAC in 1996, purple nutsedge emerged 12 d later than cotton due to the 

replanting of purple nutsedge conferring a competitive advantage to cotton during early 

season growth. Moreover, the poor soil quality at the CAC due to high salt content 

affected purple nutsedge more negatively than cotton. 

In all addition series experiments, two species reciprocal yield equations were used 

to determine the effects of density and species proportions on final dry weight per plant 

(Spitters 1983; Rqmanek, et ai, 1989; Roush, et ai, 1989). Reciprocal total dry weight 

of individual cotton plants increased (i.e., dry weight decreased) as plant density increased 

fi-om 0 to 1, 3, or 6 cotton seeds per plot in both wet and dry conditions in 1995 (Figure 

C2A and C2B), 1996 (Figure C3A and C3B) and 1997 (Figure C4A and C4B). Similarly, 

reciprocal dry weight produced by one purple nutsedge tuber increased as plant density 

increased fi"om 0 to 1, 3, or 6 nutsedge tubers per plot in both wet and dry soil moisture 

regimes in 1995 (Figure C2C and C2D), 1996 (Figure C3C and C3D) and 1997 (Figure 

C4C and C4D). The reciprocal yield equations for individual cotton plants or purple 

nutsedge tubers in 1995 suggested that for both species biomass production was 

determined more by its own density than by the density of the competitor species except 

for cotton in wet conditions (Table CI). For example, intraspecific competition was about 

1.8 times more important than interspecific competition in reducing individual nutsedge 
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tuber biomass production under wet soil moisture conditions in 1995 (Table CI). In the 

1997 experiments, the cotton intraspecific competition coefiBcients were similar in wet and 

dry treatments, but the interspecific competition coefScient decreased in dry conditions. In 

the 1995 and 1996 experiments, intraspecific competition was more important in 

determining the reciprocal dry weight of cotton in diy soil moisture conditions (Table CI). 

In the wet treatments, intraspecific competition was more important in determining purple 

nutsedge reciprocal dry weight than the interspecific effects in 1995 and 1997 (Table CI). 

In all three years, purple nutsedge intraspecific coefBcients increased in dry conditions 

compared to the wet conditions indicating that as purple nutsedge tuber density increased, 

the reciprocal purple nutsedge dry weight increased {i.e., biomass decreased) more in the 

dry treatments than in the wet treatments. Increasing cotton density had no significant 

efifect on purple nutsedge reciprocal dry weight in 1996 and 1997 in the dry soil moisture 

regimes (Figure C3D and C4D). This may indicate that since purple nutsedge emerged 

about 12 D after cotton emergence, 1 cotton plant was almost as effective in suppressing 

purple nutsedge growth as 3 or 6 plants. 

The intra- and interspecific competition coefiBcients, derived fi-om the reciprocal 

yield equations for purple nutsedge or cotton were used to determine how the relative 

competitive ability of each species changed as soil moisture became more limiting for 

growth (Spitters, 1983; Rejmanek, et aL, 1989). The ratio of the intra- and interspecific 

competition coefBcients for cotton (Bcc/Bck) or for nutsedge (Bi^g/BNc) were used to 

calculate relative competitive ability coefiBcients (RC) as described by Spitters, 1983. The 
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relative competitive ability coefiBcients (RC) indicated that purple nutsedge was more 

competitive than cotton in 1995 under both wet and dry soil moisture conditions as 

indicated by the greater RQ, compared to RQ (Table C2). Under dry soil moisture 

conditions RCp^ was 2.96 indicating that intraspecific competition even more important 

than interspecific competition in determining reciprocal dry weight in dry conditions 

compared to wet conditions (Table C2). This indicated that water was the most limiting 

resource that the species competed for. In well-watered conditions, purple nutsedge 

produced approximately 75% more above ground dry weight than in water-stressed 

conditions. In contrast, cotton individual dry weight in wet soil moisture conditions was 

about 53% greater than in dry soil moisture conditions. This could have been due to the 

ability of cotton to partially escape competition fi-om nutsedge through deeper root system 

gorwth reducing the interspecific competition for water. As a result cotton was more 

competitive than purple nutsedge under limiting water conditions. These findings 

corroborate results reported by Cinco-Castro and McCIoskey (1997 and 1998b, 

APPENDIX B) for greenhouse experiments where relative competitive ability of cotton 

was greater than that of purple nutsedge under water-stressed conditions. However, 

purple nutsedge results should be interpreted cautiously because nutsedge underground 

dry weight in greenhouse experiments was approximately 1.5 to 2 times greater than that 

of above ground biomass due to its prolific production of rhizomes and tubers (Cinco-

Castro and McClosk^ 1997 and 1998a APPENDIX A). Similarly in outdoor &q)eriments 

in California, Holt and Orcutt (1991) found that the root/shoot ratio of purple nutsedge 
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was 4.7 g g'̂  while that of cotton was only 0.79 g g"^. Moreover, under water-stressed 

conditions both cotton and purple nutsedge had a higher rootishoot ratios than in well 

watered conditions (Cinco-Castro and McCloskey, 1998a APPENDIX A). Thus, the 

competitive ability of purple nutsedge may underestimated by measuring only above 

ground biomass. 

In 1996 and 1997 the competitive relationships between cotton and purple 

nutsedge were more complex (Table CI and C2). The large differences in relative 

competitive ability of cotton plants among years can be attributed to differences in 

methods used to schedule irrigations between 1995 versus 1996 and 1997, to differences 

in the target leaf water potential used to schedule irrigations in 1996 and 1997, and to 

differences in the relative emergence time of purple nutsedge in the 1995, 1996 and 1997 

experiments. In 1995, wet treatments were irrigated at -1.7 MPa, while in 1996 and 1997 

the target iJrL was -1.9 MPa. Wiese and Vandiver (1970) and Mofifett and McCloskey 

(1998) reported that weed species from humid regions (i.e., purple nutsedge) are more 

competitive under moist conditions rather than under dry soil conditions. The relative 

competitive ability of cotton was greater than that of purple nutsedge in the 1996 and 

1997 experiments under wet soil moisture conditions and in 1997 in dry soil moisture 

conditions as indicated by the greater ratios of intra- and mterspecific coefiBcients (Bj/Bg) 

(Table C2). For example, the RC of cotton (RCc= 6.75) was greater than the RC of purple 

nutsedge (RCN= 0.51) in the wet treatments in 1996. This indicated that the interspecific 

competition of cotton with purple nutsedge was more important than that of purple 
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nutsedge with cotton. In 1995 purple nutsedge emerged 14 d before cotton, in 1997 

purple nutsedge emerged simultaneously, and 1996 purple nutsedge 12 d after cotton. The 

impact of purple nutsedge on cotton in the wet treatments as indicated by the interspecific 

competition coe£5cients for cotton (BgNj) were 0.018, 0.004, and 0.001, in 1995, 1997, 

and 1996, respectively, indicating that as purple nutsedge emergence was delayed its 

impact on cotton was reduced. When cotton emerged approximately 12 d before nutsedge 

in 1996, cotton escaped competition during the first two weeks after planting and rapidly 

produced leaf area that shaded purple nutsedge shoots after the latter emerged. Nutsedge 

species are very sensitive to low light intensity which reduces above and belowground 

biomass production (Santos, etal., 1997a and 1997b; Patterson, 1982). Differences in 

response between years might be due to the greater water stress imposed in the dry 

treatments and to differences in emergence time in 1996 and 1997 compared to the 1995 

experiments when purple nutsedge emerged ahead of cotton. In 1995, the dry treatments 

were irrigated at a ijfL of about -2.0 MPa while in 1996 and 1997 the dry treatments were 

irrigated at tjfL of about -2.5 MPa. So the dry treatment at the MAC was equivalent or 

slightly drier than the wet treatments at the CAC. Thus the fact that cotton was superior 

competitor to purple nutsedge in the wet conditions at the CAC must be due to some 

other factors that negatively affected purple nutsedge growth. These factors could be the 

later emergence of purple nutsedge in 1996 and to the high salt (7.0 dS/m) and sodium 

content (110 ppm Na; 1.5 ESP) of the soil at the CAC. Cotton due to its tap root system 

may escaped to sodium injury while purple nutsedge had a poor growth under these 
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conditions. Moreover, cotton can tolerate a soil salinity of 7.7 dS/m without affecting seed 

cotton yield (Ayers and Westcot, 1989). 

Niche differentiation indices indicated that greater niche differentiation occurred 

between purple nutsedge and cotton in the dry soil moisture regime compared to the wet 

re^me in 1995 (Table C2). Although NDI could not be calculated in 1996 and 1997 

(Table CI), it is evident that complete niche differentiation occurred between purple 

nutsedge and cotton. Thus, cotton and purple nutsedge produced more biomass grown in 

mixture than when grown as a monoculture. Cotton due to its tap root system can use 

more water from deeper in the soil profile than weeds with shallow roots such as yellow 

nutsedge (Moffett and McCloskey, 1998) and bermudagrass (Vencill, et al., 1992). 

Trenbath (1975) reported a strong relationship between the degree of overlap of root 

systems and the intensity of competition between Avena spp. Cotton and purple nutsedge 

root systems may overlap during early growth after planting, but later in the season cotton 

exploited resources deeper in the soil profile partially escaping from belowground 

competition for resources. 

Effect of soil moisture and nutsedge density on cottoa photosynthesis and leaf water 

potentiaL Cotton leaf water potential and photosynthesis were measured to determine the 

effect of nutsedge density on these two parameters in the two soil moisture regimes. 

Cotton IITL was significantly (p<0.0001) reduced by increasing purple nutsedge tuber 

density from 0 to 6 tubers per plot in the dry soil moisture regime, but no differences 

(p=0.446) in cotton ijfL were observed in the wet treatment in 1997 (Figure C5). In 
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contrast, Mofifett and McCloskey (1998) found that cotton competition with yellow 

nutsedge reduced cotton IITL prior to irrigation in the wet soil moisture regimes but not in 

the dry treatment. These differences in responses could be due to the greater degree of 

water stress imposed in the dry treatment in 1997 compared to 199S that may have 

resulted in more competition for water in the dry treatment, while Moffett and McCloskey 

(1998) had less niche differentiation in the wet treatment as judged by moisture extraction 

from the soil profile and thus more competition for water in the wet treatment. 

Cotton photosynthesis was not affected by increasing purple nutsedge tuber 

density in either 1996 or 1997 (Table C3). Under dry soil moisture conditions in 1996, the 

relationship between cotton leaf photosynthesis and purple nutsedge density was not 

significant (p=0.077) as indicated by the linear regression equation y=24-0.266X, 

R^.ll. In wet soil moisture conditions in 1996, cotton leaf photosynthetic rates were 

also not significantly (p=0.61) affected by purple nutsedge density as shown by the linear 

regression y=26-K).055X, RM).009. Similar results were found in 1997. These data 

suggest that purple nutsedge density and species proportions did not affect cotton leaf 

photosynthetic rates either in the wet or in the dry soil moisture regimes. Since purple 

nutsedge density did not affected cotton leaf photosynthesis, the data for each soil 

moisture regime in a year was pooled and analysis of variance was used to determine the 

affect of irrigation regime on cotton leaf photosynthesis. There were no significant 

(p=0.05) differences in cotton photosythetic rates were detected between the dry soil 

moisture (25.6±0.30 //mol m"V [meantstd error]) and the wet soil moisture regimes 



(25.7±0.39 /zmol m"V [meaiti^d error]) in 1997. Similarly, Moflfett and McCIoskey 

(1998) reported that although cotton plants in a dry soil moisture regime had ilr^ about 

-0.4S MPa less than plants in the wet soil moisture regime prior to irrigation, there were 

no differences on cotton photosynthesis rates measured before an irrigation. Cinco-Castro 

and McCIoskey (1998a APPENDIX A) also reported that cotton maintained high leaf 

photosynthetic rates at leaf water potentials between -0.7 to -2.5 MPa in greenhouse 

experiments. In contrast to the 1997 data and the study of Mofifett and McCIoskey (1998), 

there was significant (p=0.05) difference in cotton photosynthetic rates between dry and 

wet treatments in 1996 (Table C3). This difference may be attributed to the lower relative 

humidity and higher air temperature at the time photosynthesis was measured in the dry 

treatments compared to the wet treatments in 1996. Measurements were made in the dry 

treatment prior to irrigation on June 21 (Julian day 172) when relative humidity was 

15.84±0.18 % (mean ± std error) and the air temperature was 40.78±0.06 C (mean ± std 

error). Cotton photosynthesis in the wet treatments was measured prior to irrigation on 

June 27 (Julian day 178) when RH was 19.88±0.28 % (mean ± std error) and the air 

temperature was 35.33±0.22 C (mean ± std error) (see Figure CI for air temperature). 

Krieg (1986) reported that the photosynthetic rates of individual cotton leaves increased 

as air temperature increased up to 37 C, thereafter, the photosynthetic rates decreased. 

Peng and Krieg (1991) reported that environmental conditions such as irradiance, air 

temperature, and plant water content can have significant effects on leaf photosynthetic 

rates measured at single points in time. The photosynthesis data (except for 1996) are 
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consistent with the data of Mofi^ and McCloskey (1998), Turner, et cd. (1986) and 

Marani, et cd. (1985). These authors concluded that photosynthetic rates of individual 

leaves are not affected by moderate water stress, but whole-plant photosynthesis is 

decreased because water stress reduces total leaf area. Fernandez, et cd. (1996) reported 

that water deficit reduced cotton leaf area about SO percent compared to well-watered 

cotton plants. 

Comparison of purple nutsedge and cotton competition in greenhouse and field 

experiments. Interspecific competition between cotton and purple nutsedge in wet soil 

moisture conditions was reduced in large pots (30 L) and in field «q)eriments compared to 

small pots (7.5 and 15 L) as judged by RC coefficients and NDI (Table B2 APPENDIX B, 

Table C2). For example, NDI increased from an average of 1.32 in small pots (7.5 and 15 

L) to 2.68 in 30 L pots in wet soil moisture conditions and further increased to 6.07 in 30 

L pots in the dry treatments. In all wet soil moisture regimes, the average NDI was greater 

in field conditions (3.24) than in greenhouse conditions (2.06) and in the dry soil moisture 

conditions complete niche differentiation can occur as indicated by NDI values of zero in 

field experiments. Dry conditions further reduced the relative importance of interspecific 

competition on cotton biomass production in greenhouse and field experiments. In 

greenhouse competition experiments, the NDI was greater in the dry treatments than in 

the wet treatments in 30 L pots in 1996 and 1997 (Table B2 APPENDIX B). Also, the 

NDI was greater in the diy treatments than in the wet treatments in field competition 

experiments in 1995, 1996 and 1997 (Table C2). Thus NDI increased in wet and in dry 
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soil moisture conditions in a similar &shion in the large pot experiments and in the field 

experiments. Similarly, in greenhouse (see Table B2 in APPENDIX B) and field 

experiments, intraspecific competition was greater in dry than in wet soil moisture 

conditions in both cotton and purple nutsedge and was greater in large pots and field plots 

than in small pots as judged fi'om the RC coe£Bcients of cotton (Table C2, Table B2 

APPENDIX B). These data suggest that it is feasible to extrapolate fi'om the results of 

greenhouse addition series competition experiments to field conditions provided the 

0q)erimental design used takes into account the biological characteristics of the species 

being studied. For example, the use of large pots in greenhouse cotton and purple 

nutsedge competition experiments provided information more accurate and applicable to 

field conditions than experiments conducted in small pots. Cotton with its deep tap root 

system was able to explore the soil profile in a similar manner in large pots (65 cm depth) 

as in field conditions. Therefore, we concluded that the results fi'om greenhouse 

competition experiments can be applicable to field conditions. 



LITERATURE CITED 

175 

Ayers, R.S. and D.W. Westcot. 1989. Water quality for agriculture. Chapter 2. Salinity 

problems, p 13-56. Food and Agriculture Organization of the United Nations. Irrigation 

and Drainage Paper 29. Rome, Italy. 

Campbell, C.L. and L.V. Madden. 1990. Introduction to plant disease epidemiology: 

Statistical comparison of disease progress curves and descriptive parameters. John Wiley 

and Sons. pp. 194-198. 

Cinco-Castro, R. and W.B. McCloskey. 1997. Purple nutsedge competition with cotton in 

greenhouse and field conditions. Proc. Western Soc. of Weed Sci. 50:75-76. 

Cinco-Castro, R. and W.B. McCloskey. 1998a. Growth analysis of purple nutsedge 

(Cypems rotimdus L.) and cotton {Gossypium hirsutum L.) in wet and dry soU moisture 

conditions. APPENDIX A. In purple nutsedge competition with cotton: species biology 

and effect of proportion, density and moisture. Doctoral Dissertation, The University of 

Arizona. 

Cinco-Castro, R and W.B. McCloskey. 1998b. Effect of soil moisture on purple nutsedge 

(Cyperus rotundus L.) competition with cotton in greenhouse experiments. APPENDIX 



176 

B. In purple nutsedge competition with cotton: species biology and effect of proportion, 

density and moisture. Doctoral Dissertation, The University of Arizona. 

Coble, RD. and JD. Byrd. 1992. Interference of weeds with cotton, pp. 73-84. In Weeds 

of Cotton: Characterization and control. McWhorter, C.G. and J.R. Abemathy eds. The 

Cotton Foundation, Publisher Memphis, Tennessee, USA-

Erie, L.J., O.F. French, D.A. Bucks, and K. Harris. 1981. Consumptive use of water by 

major crops in the Southwestern US. USDA-ARS, Conservation Research Report 29. 

Washington, DC: U.S. Deparment of Agriculture. 40 p. 

Fernandez, C.J., K.J. Mclnnes, and J.T. Cothren. 1996. Water status and leaf area 

production in water- and nitrogen-stressed cotton. Crop Sci. 36:1224-1233. 

Francl, L.J. and D.A. Neher. 1997. Exercises in plant disease epidemiology. APS Press. 

The American Phytopathological Soc. St. Paul, Minnesota, pp. 34-37. 

Holt, J.S. and D.R. Orcutt. 1991. Functional relationships of growth and competitiveness 

in perennial weeds and cotton {Gossypium hirsutum). Weed Sci. 39:575-584. 

Holt, J.S. and D.R. Orcutt. 1996. Temperature thresholds for bud sprouting in perennial 



weeds and seed germination in cotton. Weed Sci. 44:523-533. 

177 

Koide, R.T., RJI. Robichaux, S.R. Morse and C.M. Smith. 1991. Plant water status, 

hydraulic resistance and capacitance. Chapter 9, pages 161-184, in Pearcy R.W., J. 

Dhleringer, H.A. Mooney and P.W. Rundel eds. Plant Physiological Ecology. Chapman 

and Hall, London. 

Krieg, D.R. 1986. Feedback control and stress effects on photosynthesis. Chapter 18, pp 

227-243. In Mauney, J.R. and J.M. Stewart. Ed. Cotton Physiology. Number one The 

Cotton Foundation Reference Book Series. Memphis, Tennessee 38112. 

Marani, A., D.N. Baker, V.R. Reddy, and J.M. McKinion. 1985. Effect of water stress in 

canopy senescence and carbon exchange rates in cotton. Crop Sci. 25:798-802. 

Martinez-Diaz, G. 1997. Allelopathy of purple nutsedge {Cyperus rotundus L.) on cotton 

(Gossypium). Doctoral dissertation. University of Arizona. 

Moffett, J.E. and W.B. McCIoskey. 1998. Effects of soil moisture and yellow nutsedge 

{Cyperus esculentus L.) density on cotton {Gossypium hirsutum). Weed Sci. 46:231-237. 

Mortensen, D.A. and HJD. Coble. 1989. The influence of soil water content on common 



cockl^ur {Xanthium strumarium) interference in soybean (Gfycim max). Weed Sci. 

37:76-83. 

178 

Oliver, L.R., JM. Chandler, and G.A. Buchanan. 1991. Influence of geographic region on 

jimsonweed (Dcttura stramonium) interference in soybeans (Gfycine max) and cotton 

{̂ ossypivm hirsutwn). Weed Sci. 39:585-589. 

Patterson, D.T. 1982. Shading responses of purple and yellow nutsedges {flyperus 

rotundus and C. esculentus). Weed Sci. 30:25-30. 

Patterson, D.T. 1990. Effects of density and species proportion on competition between 

spurred anoda {Anoda cristata) and veltvetleaf {Ahutilon theophrasti). Weed Sci. 38:351-

357. 

Patterson, D.T. 1995. Effects of environmental stress on weed/crop interactions. Weed 

Sci. 43:483-490. 

Patterson, D.T. and M.T. Highsmith. 1989. Competition of spurred anoda {Anoda 

cristata) and veltvetleaf {Ahutilon theophrasti) with cotton {Gossypium hirsutum) during 

stimulated drought and recovery. Weed Sci. 37:658-664. 



179 

Peng, S. and D.R. Krieg. 1991. Single leaf and canopy photosynthesis response to plant 

age in cotton. Agron. J. 83:704-708. 

Radosevich, S., J.S. Holt, and C. Qiersa. 1997. Weed Ecology; Implications for 

Management. 2°^ ed. New York: J. Wiley, pp. 163-394. 

Rejm^ek, M., G.R. Robinson, and E. Rejmankova. 1989. Weed-crop competition: 

experimental designs and models for data analysis. Weed Sci. 37:276-284. 

Ri£Qe, M.S., D.S. Murray, JJ^. Stone, and D.L. Weeks. 1990. Soil water relations and 

interference between devil's claw {Proboscidea louisianica) and cotton {Gossypium 

hirsutum). Weed Sci. 38:39-44. 

Roush, M.L., S.R. Radosevich, R.G. Wagner, B.D. Maxwell, and T.D. Petersen. 1989. A 

comparison of methods for measuring effects of density and proportion in plant 

competition experiments. Weed Sci. 37:268-275. 

Roush, M.L. and S.R. Radosevich, 1985. Relationships between growth and 

competitiveness of four annual weeds. J. Appl. Ecology 22:895-905. 

Santos, B.M., JJ*. Morales-Payan, W.M. Stall, T.A. Bewick and D.G. Shilling. 1997a. 



180 

Effect of shading on the growth of nutsedges (Cyperus spp.). Weed Sci. 45:670-673. 

Santos, B>M., T.A. Bewick, WM. Stall, and D.G. Shilling. 1997b. Competitive 

interactions of tomato (Lycopersicon esculentum) and nutsedges (Cyperus spp.). Weed 

Sci. 45:229-233. 

Spitters, C.J.T.1983. An alternative approach to the analysis of mixed cropping 

experiments. I. Estimation of competition effects. Neth. J. Agric. Sci. 31:1-11. 

Trenbath, B.R. 1975. Neighbor effects in the genus Avena. HI. A diallel approach. J. Appl. 

Ecol. 12:189 

Turner, N.C., A.B. Heam, J.E. Begg, and G.A. Constable. 1986. Cotton (Gossypium 

hirsutum L.): physiological and morphological responses to water deficits and their 

relationship to yield. Field Crops Res. 14:153-170. 

Vencill, W.K., L.J. Giraudo, and G.W. Langdale. 1992. Response of cotton (Gossypium 

hirsutum) to coastal bermudagrass (Cynodon dactylori) density in a no-tillage system. 

Weed Sci. 40:455-459. 

Weise, A.F. and C.W. Vandiver. 1970. Soil moisture effects on competitive ability of 



181 

weeds. Weed Sci. 18:518-519. 

Zimdahl, RX. 1993. Fundamentals of weed science. Academic press. San Diego. 450 p. 



182 

Table CI. Reciprocal yield equations for interactions between purple nutsedge in wet 
(l/Wpj^) and dry (l/Wptio) soil moisture conditions and cotton in wet (1/Wcw) dry 
(I/WQ}) soil moisture conditions in field experiments conducted at the Nfericopa 
Agricultural Center in 1995 and at the Campus Agricultural Center in 1996 and 1997. 

Year 1/W = V + + R '̂ P 

1995 l/Wpw = 0.100 + 0.041Nn + 0.027Nc 0.56 <0.0001 

^^cw~ 0.038 + 0.021Nc + O.OlSNj, 0.62 <0.0001 

l/WpD = 0.466 + 0.077NN + 0.026Nc 0.43 <0.0001 

I/WcD = 0.072 + 0.040Nc + 0.028Nn 0.69 <0.0001 

1996 1/Wpw = -0.060 + O.niNj, + 0.255Nc 0.73 <0.0001 

1/W(^ = 0.006 + O.OOSNc + O.OOINn" 0.81 <0.0001 

l/WpD = 0.670 + 0.234Nn - O.OllNc" 0.55 <0.0001 

l/WcD = 0.016 + O.OOSNc - 0.00 INn" 0.68 <0.0001 

1997 1/Wp^ = -0.001 + 0.133NK + 0.090Nc 0.53 <0.0001 

= 0.015 + 0.013NC + 0.004Nn 0.81 <0.0001 

lAVpo = 1.230 + 0.382NN - 0.028Nc" 0.59 <0.0001 

l/WcD = 0.029 + 0.012Nc + 0.009NN 0.63 <0.0001 

* Ajo = Reciprocal of theoretical estimation of maximum size of an individual plant, which 
can be considered as an adjustment value. 
**65 = Describes the influence of intraspecific competition. 
° Bg = Describes the influence of interspecific competition. 
*' Bg/Bg = Describes the relative importance of intra- and interspecific competition. 
" Indicates a non-significant (p=0.05) parameter. 
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Table C2. Relative competitive ability (RC) and niche differentiation indices (NDI) of 
purple nutsedge and cotton competing in wet and diy soil moisture regimes. 

Year Moisture regime Relative competitive ability* 

RCk RCc 

1995 wet 1.52 1.17 1.77 

dry 2.96 1.40 4.14 

1996 wet 0.51 6.75 3.44 

dry — — 
_3 

1997 wet 1.47 3.07 4.51 

dry — 1.21 — 

' RC = Bg/Bg; describes the relative importance of intra- and interspecific competition, 
where Eg describes the influence of intraspecific competition and B^- describes the 
influence of interspecific competition. 
^ Niche Differentiation Index or NDI = (RCc)*(RC^,), where RCc=relative competition of 
cotton and RCN=relative competition of purple nutsedge. 
^ Indicates niche differentiation could not be calculated. 
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Table C3. Effect of soil moisture regime and purple nutsedge tuber density on cotton 
photosynthetic rates. Photosynthesis was measured prior to irrigation in the dry and in the 
wet treatments in 1996 and 1997. No relationship between one cotton plant and increasing 
of purple nutsedge density was observed, so the data were pooled by soil moisture regime 
and by year. Analysis of variance by year showed significant (p=O.OS) differences in the 
photosynthetic rates between wet (mean=26.63 ̂ mol m'^s'^) and dry (mean=^3.48 ̂ mol 
m'V^) treatments in 1996 but no significant (p=0.05) differences in photosynthesis were 
detect̂  in 1997, 

Species proportions Cotton Photosynthesis Rates (jimol m'^ s"^) 

cottonrnutsedge 

1996 1997— 

dry wet dry wet 

1:0 25 ±0.71^ 26 ± 0.43 26 ± 0.66 25 ±0.74 

1:1 23 ± 0.80 26 ± 0.39 26 ± 1.09 26 ±1.20 

1:3 24 ± 0.71 28 ±0.81 25 ± 0.43 26 ± 0.86 

1:6 24 ± 0.80 27 ± 0.44 25 ± 0.58 27 ±0.69 

6:6 22 ± 0.83 26 ±0.57 25 ± 0.67 24 ±0.71 
^ Means^andard errors (n=6). 
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Figure CI. Air temperatures during the growth period of cotton and purple nutsedge in 

addition series eq)eriments at MAC in 1995 and at CAC in 1996 and 1997. Maximum, 

mean, and minimum daily temperatures in 1995 (CIA), 1996 (CIB) and 1997 (CIC). 

Symbols (v, 1997; •. 1996) indicate days when precipitation occurred during the 

experiments. Total precipitation was distributed in 7 rainfall events of2.03 (5/26), 0.76 

(6/13), 1.52 (6/27), 4.83 (7/3), 4.83 (7/10), 0.76 (7/15), and 2.54 mm (7/16) in 1996. 

There were rainfall events of 7.37 (5/10), 0.25 (5/16), 4.57 (5/20), 1.52 (6/12), and 0.76 

mm (7/6) in 1997. 

Figure C2. Reciprocal yields of cotton (C2A, wet; C2B, dry) and purple nutsedge (C2C, 

wet; C2D, dry) growing in mixtures and in monocultures at various total densities in 1995. 

Regression equations shown in the figures for each species indicate the general model for 

the response of reciprocal yield to intra- and interspecific competition. Responses of the 

reciprocal yield of each species to changes in its own density are described by separate 

regression equations for each density of the competitor species (0, 1,3, and 6 plants 

plot"'). Linear regressions for individual cotton reciprocal dry weight in wet conditions 

(1/Wcw) at various densities of purple nutsedge (Figure C2A) were: 

for 0 tubers, l/Wcw=0.0431±(0.0096)+0.0183±(2.4xlO-')Nc RH).77, p<0.0001; 

for 1 tuber, lAVcw=0.0863±(0.0229>K).0169±(5.8xl0-')Nc RN).34, p=0.0108; 
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for 3 tubers, lAVcw=0.0874±(0.0198)+0.0194±(5.1xlO-')Nc R̂ -47, p=0.0015; 

for 6 tubers, l/Wcw=0.1191±(0.0276)+0.03l3±(7.0xlO-')Nc RM).74, p=0.0004. 

Linear regressions for individual cotton reciprocal dry weight in dry conditions (l/Wco) at 

various densities of purple nutsedge (Figure C2B) were; 

for 0 tubers, 1/WCD=0.0505±(0.0279)+0.0515±(7.1X10-^NO RM).76, p<0.0001; 

for 1 tuber, 1/WCD=0.155O±(O.0381)+0.0325±(9.7X10-^)NC, RM).41, p=0.004; 

for 3 tubers, 1/WCD=O.245O±(0.0376>H).0199±(9.6XI0-')NC RM).21, p=0.054; 

for 6 tubers, 1/WCD=0.102(>±(0.0382)-K).0667±(9.7X10-^)NC RM).74 p<0.0001. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in wet 

conditions (l/Wp^w) at various densities of cotton (Figure C2C) were: 

for 0 cotton, 1/WPNW=0.0869±(0.0208)-K).0437±(5.3X10-')NN, RH).80, p<0.0001; 

for 1 cotton, 1AVPNW=0.1001±(0.0300)+0.0542±(7.7X10-')NN, RH).75, p<0.0001; 

for 3 cotton, 1/WPNW=0.1660±(0.0261)+0.0438±(6.7X10-')NN, RH).72, p<0.0001; 

for 6 cotton, 1/WPNW=0.3240±(0.0730)+0.0249±(1.8X10-^NN, RM).10, p=0.2004. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in dry 

conditions (lAVp^o) at various densities of cotton (Figure C2D) were: 

for 0 cotton, 1/WPI =̂0.3310±(0.0489)-K).100±(1.2X10-̂ NN, RM).80, p<0.0001; 

for 1 cotton, 1/WPND=0.6270±(0.1009)+0.0491±(2.6X10-̂ N̂ „ R̂ .18, p=0.0749; 

for 3 cotton, 1/WPND=0.5840±(0.0733)+0.0829±(1.8X10-^NN, RM).S5, p=0.0004; 

for 6 cotton, 1AVPND=0.5862±(0.1138)-K).0788±(2.9X10-^NN, RM).31, p=0.0154. 
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Figure C3. Reciprocal yields of cotton (C3 A, wet; C3B, dry) and purple nutsedge (CSC, 

wet; C3D, dry) growing in mixtures and in monocultures at various total densities in 1996. 

Regression equations shown in the figures for each species indicate the general model for 

the response of reciprocal yield to intra- and interspecific competition. Responses of the 

reciprocal yield of each species to changes in its own density are described by separate 

regression equations for each density of the competitor species (0, 1,3, and 6 plants 

plot''). Linear regressions for individual cotton reciprocal dry weight in wet conditions 

(lAVcw) at various densities of purple nutsedge (Figure C3 A) were: 

for 0 tubers, 1/WCW=0.0052±(0.0019)+0.0055±(5.0X10-*)NC, RM).90, p<0.0001; 

for 1 tuber, lAVcw=O.0090±(0.0023)-K).0047±(5.8xl0-̂ )Nc, R̂ .83, p<0.000l; 

for 3 tubers, 1/WCW=0.0075±(0.0029>K).0065±(7.4X10-')NC, RM).85, p<0.0001; 

for 6 tubers, l/Wcw=0.0117±(0.0032)-K).0050±(8.2xl0-^)Nc RM).74, p<0.0001. 

Linear regressions for individual cotton reciprocal dry weight in dry conditions (1/WCD) at 

various densities of purple nutsedge (Figure C3B) were: 

for 0 tubers, 1/WCD=0.0066±(0.0039)+0.0097±(9.9X10-*)NC RM).90, p<0.0001; 

for 1 tuber, 1AVCD=0.0076±(0.0042)-K).0128±(1.1X10-')NC RM).93, p<0.0001; 

for 3 tubers, 1AVCD=0.0170±(0.0037)-K).0045±(9.4X10-^)NC RH).69, p=0.0007; 

for 6 tubers, 1/WCIJ=0-0234±(0.0031)+0.0048±(8.0X10-^)NC RM).78, p=0.0001. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in wet 

conditions (l/Wpj^^) at various densities of cotton (Figure C3C) were: 

for 0 cotton, 1AVPNW=0.022±(0.0243)-K).0511±(6.2X10-')NN, RM).83, p<0.0001; 
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for 1 cotton, 1/WPNW=0-325±(0.0893)+0.0900±(2.3X10-̂ NN, RM).54, p=0.0017; 

for 3 cotton, l/WpNw=O-714±(0.2122)+O.2430tfc(5.4xl0-̂ NN, R̂ .60, p=0.0006; 

for 6 cotton, LAVPJNV=1.240±(0.1703)+O.141O±(4.3xlO-̂ NJ„ RM).44, p=0.0064. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in dry 

conditions (1/Wp^) at various densities of cotton (Figure C3D) were; 

for 0 cotton, 1/WPMJ=0.595±(0.1369)+0.205±(3.5X10-^NN, R .̂77, p=0.0002; 

for I cotton, 1/WPND=1.170±(0.3305)+0.155±(8.4X10-^NN, RH).25, p=0.0965; 

for 3 cotton, 1/WPND=0.618±(0.1475)+0.382±(3.7X10-^NN, RM).91, p<0.0001; 

for 6 cotton, 1/WPND=0.733±(0.2075)+0.195±(5.3X10-^NN, R .̂57, p=0.0043. 

Figure C4. Reciprocal yields of cotton (C4A, wet; C4B, dry) and purple nutsedge (C4C, 

wet; C4D, dry) growing in mixtures and in monocultures at various total densities in 1997. 

Regression equations shown in the figure for each species indicate the general model for 

the response of reciprocal yield to intra- and interspecific competition. Responses of the 

reciprocal yield of each species to changes in its own density are described by separate 

regression equations for each density of the competitor species (0, I, 3, and 6 plants 

plot''). Linear regressions for individual cotton reciprocal dry weight in wet conditions 

(lAVcw) at various densities of purple nutsedge (Figure C4A) were: 

for 0 tubers, lAVcw=O.0029±(0.0043)+0.0161±(l.lxl0-')Nc RH).93, p<0.0001; 

for 1 tuber, 1AVCW=0.0239±(0.0052)-K).0117±(1.3xl0-')NC R^.83, p<0.0001; 

for 3 tubers, 1/Wcw=0.0384±(0.0079)-K).0097±(2.0xl0-')NC R̂ .59, p=0.0002; 
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for 6 tubers, l/Wcw=0.0366±(0.0062)+0.0138±(1.6xlO-̂ Nc, R^.82, p<0.0001. 

Linear regressions for individual cotton reciprocal diy weight in dry conditions (1/WCD) at 

various densities of purple nutsedge (Figure C4B) were; 

for 0 tubers, L/WA3=O.0248±(0.0O79)+O.0137±(2.0XL0-^NC, RH}.74, p<0.0001; 

for 1 tuber, 1/WCD=0.0566±(0.0054)+0.0041±(1.4X10-')NC, RM).35, p=0.0086; 

for 3 tubers, 1/WCD=0.0464±(0.0126)+0.0169±(3.2X10-^)NC, R .̂63, p<0.0001; 

for 6 tubers, 1/WCD=0.0836±(0.0139)-K).0122±(3.5X10-^)NO R .̂42, p=0.0035. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in wet 

conditions (l/Wp^w) various densities of cotton (Figure C4C) were: 

for 0 cotton, 1AVPNW=0.151±(0.0331)-H).0601±(8.5XI0-')NN, R .̂75, p<0.0001; 

for 1 cotton, 1/WPNW=0.539±(0.1455)+0.0187±(3.7X10-^NN. RH).01, p=0.6222; 

for 3 cotton, L/WpNw=0.139±(0.0859)+0.I9iai(2.2XL0-^NN, R .̂82, p<0.0001; 

for 6 cotton, lAVpNw=0 065ifc(0.1447)+0.2621±(3.7xlO-̂ NN, R̂ .75, p<0.0001. 

Linear regressions for individual purple nutsedge tuber reciprocal dry weight in dry 

conditions (lAVpj^) at varying densities of cotton (Figure C4D) were: 

for 0 cotton, 1/WPND=0.581±(0.2026)+0.571±(5.2X10-^NN, RM).88, p<0.0001; 

for 1 cotton, 1/WPND=0.785±(0.3206)+0.526±(8.2X10-^NN, RM).72, p<0.0001; 

for 3 cotton, 1/WPND=1-974±(0.2674)+0.119±(6.8XI0-^NN, RM).15, p=0.1016; 

for 6 cotton, I/WPND=1-196±(0.3087)-K).382±(7.9X10-^NN. R .̂59, p=0.0002. 

Figure C5. Effect of purple nutsedge density on cotton leaf water potential in wet (Yew) 
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and dry (Ycz>) soil moisture conditions in 1997. Linear regressions for leaves on individual 

cotton plants growing in competition with various densities of purple nutsedge tubers 

were: Y^W—- 1.88±(0.041)-0.0066±(8.5xl0'*)x, R^=0.02, p=0.446 for the wet treatments 

and YCD=-2.39±(0.050)-0.0525±(1.0X10'')X, R.^=0.50, p<0.0001 for the dry treatments. 
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APPENDIX D. RECOVERY OF PHOTOSYNTHESIS IN COTTON AND 

PURPLE NUTSEDGE (Cyperus rotundus L.) FOLLOWING WATER STRESS IN 

GREENHOUSE CONDITIONS 
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Recovery of photos]nithesis in cotton and purple nutsedge {Cypens rotundus L.) 

following water stress in greenhouse conditions^. 

Ramon Cinco-Castro, William B. McCloskey, Rachel Pfister, and James W. O'leaiy^ 

Abstract Photosynthesis is an important process involved in competition between plant 

species that is affected by water stress. Two greenhouse experiments were conducted to 

measure leaf water potential, quantum yield, osmotic adjustment and photosynthesis in 

cotton and purple nutsedge before and after cessation of water stress. When cotton plants 

were at the 10-leaf growth stage, water was withheld until both cotton and purple 

nutsedge leaf water potentials were between -2.6 and -2.3 MPa. At that time, the 

physiological characteristics of both species were measured and the plants were irrigated. 

One hour after irrigation, additional physiological measurements were initiated and 

repeated every 2 h throughout the day. The photosynthetic rate of purple nutsedge was 

greater than that of cotton in well-watered conditions throughout the day. In water-

stressed conditions, cotton had greater photosynthetic rates than purple nutsedge. One 

hour after the cessation of water stress, photosynthetic rates of both species increased, but 

photosynthesis recovered faster in cotton than in purple nutsedge. Water stressed cotton 

^ Received for publication and in revised form. 

^ Graduate student. Assoc. Specialist, Graduate student, and Professor, respectively. The 

University of Arizona, dept. of Plant Sciences, Tucson, AZ 85712. 
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leaves osmotically adjusted -0.586 MPa. Measurement of the osmotic potentials of water 

stressed purple nutsedge leaves indicated there was no osmotic adjustment in water-

stressed purple nutsedge plants. Leaf water potentials after the stress period were greater 

than - l.S MPa and -1.0 MPa in cotton and purple nutsedge, respectively. No differences 

in quantum yield were detected between species during the water stress recovery period 

indicating that photosynthetic electron transport was not affected by the degree of water 

stress imposed. We concluded that the &ster recovery of photosynthesis in cotton plants 

was due to osmotic adjustment and protection of enzymes and other cellular components 

during water stress. 

Nomenclature: Upland cotton: Gossypivm hirsutum L. Delta Pine Seed Company variety 

(DP 5415); Purple nutsedge; Cyperus rotundas L. CYPRO. Additional index words: 

Photosynthesis recovery, leaf water potential, quantum yield, stomatal resistance, osmotic 

adjustment. 

^ Letter following this symbol are a WSWS-approved computer code from Composite List 

Of Weeds, Revised 1989. Available from WSWS, 309 West Clark Street, Champaign, IL 

61820. 

INTRODUCTION 

Purple nutsedge {Cyperus rotundus L.) is a perennial weed that uses the C4 

dicarboxylic acid photosynthetic pathway (Li, 1993; Wills, 1987; Patterson ef or/., 1985; 



199 

Black et al., 1969). Like most C4 plants, purple nutsedge can assimilate COj at higher 

temperatures and light intensities than plants such as cotton that use the C3 photosynthetic 

pathway (Li, 1993; Black, etal., 1969). Cotton photosynthesis saturates at about half of 

full sunlight while most C4 plants such as nutsedge do not saturate even at fiill sunlight. 

Leaf photosynthetic rates were consistently higher in purple nutsedge than in cotton in 

greenhouse and field experiments under well-watered conditions (Cinco-Castro and 

McClosk^, 1997 and 1998d; APPENDIX C). However, photosynthetic rates was lower 

in purple nutsedge than in cotton under water limiting conditions (Cinco-Castro and 

McClosk^, 1998b; APPENDIX A; McCloskey and Cinco-Castro, 1998). In 1995 and 

1996, we observed that cotton plants recovered faster from a period of water stress than 

purple nutsedge in part because the photosynthetic rate of cotton recovered &ster than 

that of purple nutsedge (personal observation, R. Cinco-Castro). Pearcy, etal. (1981) and 

Radosevich, Holt and Ghersa (1997) reported that, although C4 plants are characterized by 

greater water use eflSciency than C3 plants, this does not necessarily mean that they are 

more drought tolerant since water use eflBciency and drought tolerance are not related. 

Pearcy, et a/. (1981) concluded that the presence of the C4 pathway alone was not 

sufBcient to yield a competitive advantage over C3 plants imder water limited conditions. 

In fact, under water limiting conditions, the competitive ability of purple nutsedge is 

reduced to a greater extent than that of cotton (Cinco-Castro and McCloskey, 1998c and 

I998d; APPENDIX B and C, respectively). This response could be attributed to the 

negative effect of water stress on nutsedge leaf photosynthetic rates. Cinco-Castro and 
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McCloskey (1998b; APPENDIX A) reported that purple nutsedge photosynthesis is 

reduced more than that of cotton under water stress conditions. If a C4 plant such as 

purple nutsedge maintains a high stomatal conductance due to its C4 mechanism, why does 

cotton leaf photosynthesis recover faster than nutsedge leaf photosynthesis after a period 

of water stress? What are the physiological characteristics involved in the &ster recovery 

of cotton photosynthesis? We hypothesized that the faster recovery of cotton 

photosynthesis is due to osmotic adjustment. Osmotic adjustment in response to water 

stress enables many plants to withstand moderate water deficits or grow in areas of limited 

water availability (Hsiao, etal., 1973; Oosterhuis and Wullschleger, 1987; Femwdez, et 

al., 1996). Ackerson (1981) reported that cotton plants adapted to water stress by 

osmotic adjustment maintained photosynthesis at leaf water potentials that inhibited 

photosynthesis in non-adapted plants. Since purple nutsedge originated in humid wetland 

areas, it may not adapt and grow well under water limited conditions due to reduced of 

leaf photosynthetic rates (Li, 1993). In fact, purple nutsedge grows best under very moist 

conditions, and it is an important weed under irrigated field conditions (Bendixen and 

NandihaUi, 1987). 

Water stress reduces photosynthesis by interfering with chlorophyll synthesis, 

electron transport, phosphorylation, and the synthesis and activity of carbo:Qrlating 

enzymes (Patterson, 199S). Research on the effect of water stress on purple nutsedge and 

cotton will provide information that helps explain the changes in the competitive ability of 

weeds and crops under water limited conditions. To address the questions above, two 
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greenhouse experiments were conducted to measure the effect of water stress on 

photosynthesis recovery, leaf water potential, and quantum yield of purple nutsedge and 

cotton. 

MATERIALS AND METHODS 

Plant materiaL Tubers of purple nutsedge were originally collected in 1994 from a native 

population at the University of Arizona Campus Agricultural Center (CAC) in Tucson, 

AZ. Tubers were grown during the summer in 7.5 L pots m greenhouses. In November 

plants were cut back to within 5 cm of the soil surface, and the pots were stored at 5 C in 

the dark until the tubers were harvested in February. Only tubers weighting approximately 

1 g were selected and transplanted into 7.5 L or 30 L pots containing one cotton seed. 

Cotton cultivar DP5415 was used in all experiments. 

Growth conditions. Two eq)eriments were conducted in 1997 at the CAC. Planting 

dates were March 13, and May 15, 1997. Two plant species were grown in wet and dry 

soil moisture conditions: cotton wet (CW), cotton dry (CD), purple nutsedge wet (PNW), 

and purple nutsedge dry (PND). A soil mixture (2:2:1:1:1; v/v/v/v of top soU, sand, coarse 

vermiculite, fine vermiculite, and perlite) that was well drained and had low water holding 

capacity was used in both experiments. Greenhouse temperatures during the expeiimental 

period were 40/27 C, day/night. One cotton seed and 1 tuber were planted in each pot. 

Plants were fertilized with 8 g of controlled release fertilizer (14:14:14; N,P,K) plus 7 g of 
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soluble mixed fertilizer (15:15:15). Plants growing in moist conditions were irrigated 

eveiy other day to maintain the soil at field capacity. When cotton plants had 10 leaves 

and purple nutsedge had approximately 20 shoots (each shoot with about 8 leaves) water 

was withheld in the dry treatments. Plants under stress were rewatered when leaf water 

potentials of both species were between -2.6 and -2.3 MPa. Physiological measurements 

were made during both the first and second water stress cycles. No differences were found 

between measurements made in the first and second drying cycle. 

Cotton and purple nutsedge photosynthesis and quantum yield measurements. 

Photosynthetic CO2 assimilation (Ps, \jJxa.o\ m"V]) was measured to determine the effect 

of water stress on photosynthesis during water stress and after the release of water stress. 

A portable infixed gas analyzer (ADC-LC3, Analytical Development Co. Ltd., Pindar 

Road, Hoddesdon, Hertfordshire ENl lOAQ, England) was used to measure the COj 

assimilation rate of unshaded, fiilly expanded leaves four nodes below the shoot terminal 

of cotton, and the fourth and fifth leaves below the newest leaf on a purple nutsedge 

shoot. Measurements were made between 8:00 a.m. and 3:00 p.m. when leaves reached the 

target leaf water potential. Five measurements were made per species in each time period 

prior to irrigation and every hour or two hours after irrigation. 

Quantum yield (QY, [mol CO2 absorbed quantum ']) was measured at the same 

time as photosynthesis to determine the effect of water stress on photosynthetic electron 

transport before and during the stress, and after the stress was terminated following 

irrigation. Three measurements of unshaded fully expanded leaves below the shoot apex 
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were made per species per pot with a portable pulse modulated fluorometer (OS-100, 

Opti-Science, Haverhill, MA. 01830) in plants under wet and dry soil moisture conditions. 

Stomatal resistance and transpiration measurements. Stomatal resistance (r„ [s cm'̂ ]) 

and leaf transpiration (T, [^g cm'^s'^]) of unshaded fiilly «q}anded leaves four nodes below 

the shoot apex were measured with a steady state porometer (LI-1600, Li-Cor. Inc. 

Lincohi, NE, USA) to determine the effect of water stress on leaf transpiration and 

stomatal resistance during water stress and after release of the stress. One measurement 

was made per species per pot during water stress and three times after the stress was 

released at intervals of 1 to 2 h. 

Leaf water potential (ilr̂ ) and leaf osmotic potential (i|r„) measurements. Cotton and 

purple nutsedge IITL were determined with thermocouple psychrometers (Merrill 75-2VC, 

JRD Merrill Specialty, Logan, UT) connected to a micro-voltmeter (Wescor PR-55, 

Wescor Inc., Logan, UT). Leaf disc samples were collected during water stress and after 

irrigation from the same unshaded, fully expanded leaves four nodes below the shoot 

terminal of cotton, and the fourth and fifth leaves below the newest leaf on a shoot of 

purple nutsedge. Leaf discs were put into the psychrometers and transferred to a 

temperature-controlled laboratory water bath at 25 C to determine IITL (Koide, etai, 

1991). 

Cotton leaf osmotic potential (t)r^ was determined using the pressure-volume 

curve technique (Koide, et al., 1991; Boyer, 1995). The fourth leaves of cotton from well 

watered and water-stressed plants grown in 7.5 L pots were collected and rehydrated in 
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distilled water overnight. Cotton was measured with a Scholander type pressure 

chamber (Model 3005 Plant Water Status Console, Soilmoisture Equipment Corp. 

P.O-Box 30025, Santa Barbara, CA 93105) every 30 minutes during the first 2 h and then 

every hour until cotton i(rx. was less than -2.5 MPa. Pressure-volume curves were analyzed 

with the Pressure-Volume Curve Analysis Program (Schulte, 1990). Purple nutsedge 

shoots with more than 10 leaves were selected from wet and dry treatments and 

rehydrated overnight. Leaves were separated from the shoots and leaf discs from the distal 

20 cm of each leaf were used to measure i|r[^. Each data point was taken from an individual 

leaf assuming that all leaves had similar Purple nutsedge was measured with 

thermocouple psychrometers and non-linear regression (PROC NLIN, S AS Institute, 

1997) was used to create the pressure-volume curves in order to determine The region 

over which the relationship between I/IITL and one minus the relative water content (1-R) 

was linear was determined using stepwise linear regression (Sigma STAT, Jandel 

Scientific Software 1994). Solute concentration was measured with a vapor pressure 

osmometer (Model 5500, Wescor Inc., Logan UT) to corroborate i|r„ measured using the 

pressure-volume curve technique. Leaves of both species were frozen in liquid nitrogen 

and sap was extracted from the samples with a small press. Ten jiL of sap extract was 

placed on a filter paper disc which was inserted into the osmometer. 

Data analysis. Data were grouped by species and time of measurement. T-tests (p=0.05) 

were used to determine the significance of differences in photosynthetic rates and leaf 

water potentials. The differences in leaf osmotic potential between species and between 
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water stress treatments were compared by testing the homogeneity of the intercepts of 

two linear regressions at p=0.05 (Francl and Neher, 1997). Analysis of variance was used 

to determine the statistical significance (p=0.05) of between-species responses in 

photosynthesis (Ps), quantum yield (QY), transpiration rate (T), and stomatal resistance 

(rj before, during, and after release of water stress. 

RESULTS AND DISCUSSION 

EfTect of water stress on leaf water potential, stomatal function and photosynthesis 

in cotton and purple nutsedge. The leaf water potential of both species decreased as the 

pots dried out in all experiments (Figure Dl). Therefore, only representative data fi'om 

two sets of measurements are presented in Figure Dl. Prior to water stress, cotton and 

purple nutsedge ilr^ were similar, but at 48 and 72 h after irrigation there were significant 

iITl differences (Figure Dl). Cotton maintained a higher leaf water potential than purple 

nutsedge because the deeper tap root system of cotton used more water fi'om the bottom 

of the pot (Cinco-Castro and McCIoskey, 1998b; APPENDDC A). However, 96 h after 

irrigation both species had similar leaf water potentials (cotton MPa; nutsedge 

ilrL=-2.5 MPa) because almost all plant available water had been withdrawn firom the pots. 

Purple nutsedge had significantly (p=0.05) greater than cotton at all measurement times 

after the release of water stress (96 h) indicating that purple nutsedge IITL recovered fi'om 

water stress faster than cotton IITL (Figure D2). The faster IITL recovery of purple nutsedge 
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may have been due to its extensive fibrous root system that enables nutsedge to rapidly 

take up water. 

Leaf photosynthetic rates were measured in parallel with leaf water potential. 

Under well watered conditions, as expected due to its C4 dicarboxylic acid pathway, 

purple nutsedge had higher CO2 assimilation rates than cotton, a C3 plant (Figure D3; 

Table Dl). In contrast, under dry soil moisture conditions, cotton COj assimilation rates 

were greater than those of purple nutsedge (Table Dl). As we observed in 1996 (Cinco-

Castro and McClosk^, 1997), cotton leaf photosynthesis recovered faster than that of 

purple nutsedge. The cotton COj assimilation rate 3 h after the release of water stress was 

44% of the control rate measured at the same time as the post-stress rate, whereas the 

purple nutsedge assimilation rate was 18% of the control (Table Dl). Two hours after 

watering and the release of water stress, cotton COj assimilation rates were greater than 

purple nutsedge rates and remained higher during most of the rest of the day (Figure D3). 

Since plants were not water stressed 3 h after the irrigation as indicated by the rapid 

recovery of i|fL in both species, the slow recovery of leaf CO2 assimilation may be due to 

the effect of water stress on stomatal closure and function or may be due to damage to the 

photosynthetic electron transport apparatus or other non-stomatal limitations. 

In order to determine the effect of stomatal function on the recovery of 

photosynthesis, leaf transpiration rate (TJ and stomatal resistance (rj were measured 

before, during, and after the release of water stress. As expected, transpiration rates 

decreased as stomatal resistance increased in both cotton and purple nutsedge (Figure 
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D4). Leaf transpiration was reduced in both purple nutsedge and cotton as indicated by 

the significant linear equations for TpN=-37*r„ and Tc=-33*r,. But no significant 

(p=0.05) differences were detected between species as indicated by testing the 

homogeneity of the slope coefBcients of the two linear regressions (Francl and Neher, 

1997). Leaf transpiration rates and stomatal resistance were significantly affected by water 

stress in both cotton and purple nutsedge (Table D2). Prior to water stress, cotton and 

purple nutsedge r, were not significantly different. During stress, r, increased in both 

species and this increased resistance was mamtained 3 h after the plants were rewatered 

(Table D2). Transpiration rates were also significantly lower during water stress compared 

to before stress (Table D2). This may indicate that stomatal closure was the principal 

factor reducing photosynthetic rates in purple nutsedge and cotton under water limited 

conditions as indicated by the increase in stomatal resistance and decrease in transpiration. 

Comic, et al. (1992) demonstrated that stomatal closure is the main reason for net CO2 

decline during water deficit m bean leaves. Marani, et al. (1984) showed that under dry 

conditions cotton decreases photosynthesis through turgor effects on stomatal 

conductance and that photosynthesis may not be fully restored for several days after 

rewatering. However, Ephrath, etal. (1993) reported that even though high r, occurred in 

extreme moisture stress (-2.7 MPa) in cotton, internal COj concentration increased during 

the day, indicating that non-stomatal factors were the main factors limiting photosynthesis. 

Quantum yield (QY) measurements were made to determine the effect of water 

stress on the eflBciency of electron transport in photosystem II (PS II). The QY data 
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indicated that cotton and purple nutsedge had similar QY and that QY was almost the 

same during non-water stressed periods as during water stress (Table Dl). Leaf water 

potentials from -0.5 to -3.0 MPa did not appear to affect QY in either cotton or in purple 

nutsedge (Figure D5). Faver, et al. (1996) concluded that electron transport for ribulose-

,5-bisphosphate regenenidon was not affected in cotton at IITL from -1.0 to -3.2 MPa. 

Similarly, Genty, et al. (1987) reported no differences in quantum yield of PSn at leaf 

water potentials from -0.6 to -2.9 MPa in cotton leaves (cultivar Reba). Guo et al. (1995) 

and Genty, et al. (1987) reported that under water-stressed conditions, cotton 

photosynthetic electron transport capacity was maintained by dissipating excess eccitation 

energy through photochemical quenching {i.e. photorespiration). Ackerson (1981) and 

Ackerson and Herbert (1981) reported that the photosynthetic rates of stress-adapted 

cotton plants were lower than those of non-adapted plants at high water potentials. They 

concluded that the reduced photosynthetic rates could not be attributed to differences in 

stomatal conductance, therefore nonstomatal inhibitions might be responsible for the 

lower CO2 assimilation of cotton plants after the release of water stress. Faver, et al. 

(1996) reported that both stomatal and non-stomatal fectors were important in controlling 

leaf photosynthesis in cotton at leaf water potentials ranging from -1.0 to -3.2 MPa with 

non-stomatal limitations being more important than stomatal factors when ijfL was >-1.5 

MPa, and stomatal factors being more important when IITL was <-1.5 MPa. Our data and 

that of other studies indicate that photosynthetic electron transport was not affected 

during the water stress period either in cotton or purple nutsedge. Therefore, 
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photoinhibhion did not contributed to the slow photosynthetic recovery of purple 

nutsedge and cotton after the release of water stress suggesting other non-stomatal factors 

limited photosynthetic recovery. 

Long term effect of water regime on cotton and purple nutsedge leaf i|r  ̂Cotton and 

purple nutsedge leaf osmotic potentials were measured to determine if leaf osmotic 

adjustment contributed to the recovery of photosynthesis in cotton and purple nutsedge. 

Leaf osmotic potentials were determined using the pressure-volume curve technique as 

described by Koide, et al. (1991). Five cotton leaves or three purple nutsedge shoots (8 

leaves per shoot) were used to determine leaf water potential in non-stressed and water 

stressed leaves. Water stressed cotton leaves osmotically adjusted (i|r„=-1.63 MPa) 

compared to well watered leaves (i|r„=-1.28 MPa) (Figure D6A) and the data from 

several experiments showed that an average osmotic adjustment of-0.586 MPa occurred 

in water stressed cotton leaves (Table D3). In contrast, purple nutsedge leaves did not 

osmotically adjust i|r„ in response to water stress (Figure D6B and Table D3). Testing for 

the homogeneity of regression intercept coefBcients indicated that there were significant 

(p=0.05) differences between water stressed and non-water stressed leaves of all cotton 

plants sampled but there were no significant differences in intercept coefBcients for purple 

nutsedge leaves (Table D3). The leaf osmotic adjustment data obtained using the pressure-

volume curve method were corroborated by measuring the solute concentration of cotton 

and purple nutsedge leaves with a vapor pressure osmometer Water stressed cotton leaves 

osmotically adjusted -0.316 MPa in 30 L pots and -0.232 MPa in 7.5 L pots but no 
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significant osmotic adjustment was detected in water stressed purple nutsedge leaves 

(Table D4). Cotton leaf osmotic adjustment has been extensively studied (Ackerson, 1981; 

Ackerson and Herbrt, 1981; Marani, etal. 1981; Oosteriiuis and Wullschleger, 1987; 

Femwdez, et al. 1996). Cotton plants accumulate sugars and organic acids during water 

stress and this depends, to some extent, on photosynthetic activity (Ackerson 1981). 

Munns (1988) and McMichael and Elmore (1977) reported that proline could foster 

recovery of the plant when water stress was released, and accumulated proline was used 

as a rapid energy source for the recovery of cotton (McMichael and Elmore, 1977). 

In summary, since leaf water potential rapidly recovered to pre-water stress levels 

in both species after irrigation and quantum yield was not affected by water stress in both 

species we suggest that osmotic adjustment in cotton cells partially protected the 

photosynthetic apparatus of cotton from dessication during the stress period allowing the 

phothosynthetic apparatus to more rapidly respond to the release of water stress. Osmotic 

adjustment protects the photosynthetic apparatus in cotton plants through dessication 

avoidance and prevention of enzyme denaturation during water stress (Munns, 1988). 

Osmotic adjustment might be an adaptation for withstanding moderate water deficits and 

surviving stress rather than for growing during a water stress period (Muims, 1988). We 

observed that approximately 85% of water stressed purple nutsedge leaves turned yellow 

or senescenced rapidly (24 h) after release of water stress and that this did not occur in 

cotton. This senescence could be in response to membrane leakage and enzyme 

denaturation. It has been reported that, during water stress, reduction in root growth and 
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cytoldnin production occurred in purple nutsedge enhancing the rate of leaf senescence 

and reducing photosynthesis (Sitton, et al., 1967). The slow recovery of purple nutsedge 

after the release of water stress may explain the reduced the competitive ability of purple 

nutsedge against cotton under water limited conditions as found by Cinco-Castro and 

McCloskey (1998b and 1998c) in growth analysis (APPENDIX A) and competition 

experiments in wet and dry soil moisture regimes (APPENDIX B, APPENDIX C). 
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Table Dl. Quantum yield (QY [mol COj absorbed quantum'̂ ]) and photosynthetic rates 
(Ps) in cotton and purple nutsedge leaves before, during water stress and 3 h after 
irrigation in 30 L pots in greenhouse eq)eriments. 

Parameter Species Before During 3 h After 
Stress Stress Stress Release 

Ps (^mol m'V) cotton 25'±0.27^" 4.8 ±0.89/ 11 ± 0.95 b* 

nutsedge 38 ±1.20,' 2.7 ±0.64/ 7 ±0.94/ 

QY cotton 0.65 ±0.03/ 0.67 ± 0.03 ,' 0.64 ±0.02/ 

nutsedge 0.59 ±0.04/ 0.68 ±0.03/ 0.61 ± 0.03 / 
^ Mean ± standard error; i^lS for QY; IF=6 for COj assimilation 
^ Means for Ps or QY followed by the same subscript letter in a row are not significantly 
different (p=0.05, Tuk '̂s HSD). 
^ Means for either Ps or QY followed by the same superscript letter in a column are not 
significantly different (p=0.05, Tukey's HSD). 
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Table D2. Stomatal resistance (rj and transpiration rates (T) of cotton and purple 
nutsedge leaves before, during water stress and 3 h after irrigation when grown together in 
7.S L pots in greenhouse experiments. 

Parameter Species Before During 3 h After 
Stress Stress Stress Release 

T (Aig cm*V^) cotton 39* ± 0.33 28.7 ±0.83^* 33.4 ± 0.54 b' 

nutsedge 37 ±0.95,' 26.7 ± 0.64 b' 28.7 ± 1.37 b" 

r, (s cm"') cotton 0.23 ±0.01 0.52 ± 0.02 h' 0.45 ± 0.01 b' 

nutsedge 0.31 ±0.02," 0.55 ± 0.03 b' 0.56 ± 0.04 b'' 
' Mean ± standard error (IF=6). 
^ Means for T or r, followed by the same subscript letter in a row are not significantly 
different (p=0.05, Tukey's HSD). 
^ Means for T or r, followed by the same superscript letter in a column are not significantly 
different (p=0.05, Tukey's HSD). 
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Table D3. Cotton and purple nutsedge leaf osmotic potentials (MPa) at fiill hydration in 
well-watered and water-stressed conditions in greenhouse experiments. Differences in the 
intercept values of the linear regressions caused by the water treatment were compared 
using the methodology describe by Franc! and Neher (1997). 

Species Sample Leaf Osmotic Potential 

well-watered water-stressed 

— MPa 

Cotton 1 -1.139 ±0.083' -1.980 ± 0.023** 

2 -1.020 ± 0.022 -1.527 ± 0.023»» 

3 -1.135 ±0.068 -1.615 ± 0.024** 

4 -1.189 ±0.032 -1.574 ±0.019** 

5 -1.206 ±0.070 -2.092 ± 0.035** 

Nutsedge 1 -1.093 ± 0.084 -1.163 ± 0.108 ns 

2 -1.127 ±0.101 -1.119 ± 0.100 ns 

3 -1.109±0.110 -1.130 ±0.013 ns 
^ Intercept ± standard error, ** indicates means in a row were significantly different at 
p=0.01, ns indicates means in a row were not significantly different at p=0.05. 
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Table D4. Leaf osmotic potentials (i|r^ of cotton and purple nutsedge at full hydration in 
well-watered non-stressed plants and in water-stressed plants. Samples were frozen in 
liqmd nitrogen and the osmotic potential of the extracted sap was measured with a vapor 
pressure osmometer. 

Pot Osmotic Potential 
size^ 

cotton purple nutsedge 

well water well water Aijr„ 
watered stressed watered stressed 

MPa-

30 L -I.40db0.05^ -1.72db0.05 -0.316» -1.24±0.04 -I.27± 0.03 -0.027ns 

7.5 L -I.62±0.04 -1.85±0.03 -0.232* -1.7I±0.07 -I.80± 0.06 -0.095ns 

^ Pot dimension were as follows: 7.5 L-10 by 15 cm; 30 L-25 by 65 cm (diameter, 
height). 
^ Osmotic potentials are means ± standard errors (n=4); *, denotes significant differences 
at p=0.05, between well-watered and water-stressed plants and ns, indicates no significant 
differences at p=0.05, between well-watered and water-stressed plants. 
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Figure Dl. Relationship between leaf water potential i(ri, and time after irrigation (h) for 

cotton and purple nutsedge grown together in 30 L pots. Data points are means ± 

standard errors (i^, i.e., five pots). The asterisks (*) denote significant differences in ilr^ 

between species using t-test comparisons (p=O.OS). Cotton and purple nutsedge i|rt, 24 h 

after irrigation were -0.60th0.07 MPa and -0.75±0.11 MPa, respectively. 

Figure D2. Leaf water potential recovery of cotton and purple nutsedge growing 

together in 30 L pots after irrigation. Data points are means ± standard errors (n=5, i.e., 

five pots). The asterisks (*) denote significant differences in between species using 

t-test comparisons (p=0.05). Cotton and purple nutsedge ijrL were -2.6±0.07 MPa and 

-2.5±0.19 MPa, respectively, before the release of water stress. 

Figure D3. Photosynthetic recovery (^mol of CO2 m'̂ s*^) of cotton and purple nutsedge 

growing together in 7.5 L pots after the release of water stress. Cotton wet (•, CW); 

cotton dry ( o, OD); purple nutsedge wet (•, PNW); purple nutsedge dry (•, PND). Data 

points are means ± standard errors (r^5, i.e., five pots). The asterisks (*) denote 

significant differences in CO2 assimilation rates between species using t-test comparisons 

(p=0.05). Cotton and purple nutsedge IJTL were -2.67db0.10 MPa and -2.35±0.18 MPa, 

respectively, before the release of water stress. 
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Figure D4. Relationship between leaf transpiration rate and stomatal resistance in cotton 

and purple nutsedge grown together in 30 L pots. Cotton wet (•, CW); cotton dry ( o, 

CD); purple nutsedge wet (•, PNW); purple nutsedge dry (•, PND). Data points are 

individual measurements and the regression equations shown in the figure were calculated 

fi'om pooled data (non-water stressed and water stressed plants) for each species. 

Figure DS. Relationship between quantum yield (QY) and leaf water potential in cotton 

and purple nutsedge grown together in 30 L pots. Cotton wet (•, CW); cotton dry ( o, 

CD); purple nutsedge wet (•, PNW); purple nutsedge dry (•, PND). Data points are 

individual measurements. 

Figure D6. Relationship between the reciprocal of leaf water potential (I/^ITL) and tissue 

relative water content (I-R) in cotton emd purple nutsedge grown together in 7.5 L pots. 

For non-water stressed cotton (Figure 6A), the dotted line ( ) defines the calculated 

relationship between the reciprocal of osmotic potential (l/i|r„) and l-R. For water 

stressed cotton (Figure 6A), the solid line (—^) defines the calculated relationship between 

the reciprocal of osmotic potential (l/i|/J and l-R. For non-water stressed purple 

nutsedge (Figure 6B), the dotted line ( ) defines the calculated relationship between the 

reciprocal of osmotic potential (l/i|r^ and l-R. For water stressed purple nutsedge (Figure 

6B), the solid line (—) defines the calculated relationship between the reciprocal of 



224 

osmotic potential (l/t|rj and 1-R. The intercept of the linear portions of the lines with the 

y-axis gave the reciprocal of tissue osmotic potential at fiill hydration (l/i|rj. 
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APPENDIX E. EFFECT OF PURPLE NUTSEDGE {fZyperus rotundus L.) ON 

COTTON YIELD IN WET AND DRY SOIL MOISTURE CONDITIONS IN THE 

FIELD. 



232 

Effect of purple nutsedge (Cyperus rotundas L.) on cotton yield in wet and dry soil 

moisture conditions in the field  ̂

R. Cinco-Castro and W3. McCIoskey^ 

Abstract Two sets of additive competition experiments were conducted, each with two 

soil moisture regimes and various purple nutsedge densities, to determine how these 

factors affected seed cotton yield and the competitive interaction between the two species. 

In the first set of additive competition experiments (experiment I), purple nutsedge shoot 

densities in native patches were counted 4 weeks after planting. There was a linear 

decrease in cotton stem dry weight and cotton seed yield as purple nutsedge density 

increased in both wet and dry soil moisture regimes. Yield was reduced because the total 

number of harvestable bolls m"' of row was reduced as purple nutsedge density increased. 

In addition, due to seedling death at the highest nutsedge density, fewer cotton plants 

were harvested in this treatment. Plant height was reduced about 22 and 18 percent at the 

highest purple nutsedge densities in wet and dry treatments, respectively. Seed cotton 

yield and cotton stem dry weight were not affected by the two different levels of moisture 

stress that were imposed prior to the first irrigation after planting in experiment I because 

' Received for publication and in revised form. 

^ Graduate student, and Assoc. Specialist, respectively. The University of Arizona, Dept. 

of Plant Sciences, Tucson, AZ 85721. 
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the wet and dry treatments were irrigated at the same water stress level after the first post-

planting irrigation. 

In the second set of additive competition experiments (experiment II), seed cotton 

yield was reduced as nutsedge density increased in the both dry and wet treatments in 

199S, 1996 and 1997. These results were consistent in all experiments where the same 

target cotton ^ level was used to schedule all irrigations in the dry treatment for the 

entire season. There was no significant interaction between soil moisture effects and 

purple nutsedge density effects on seed cotton yield and cotton stem dry weight. Purple 

nutsedge shoot numbers were reduced by 50 percent when water stress was imposed 

between irrigations for the entire season. No increase in seed cotton yield due to reduction 

in interspecific competition was observed because of the negative effect of water stress on 

cotton yield. We concluded that the interference of purple nutsedge with cotton cannot be 

reduced through water management alone. But, based on the results of experiment I and 

growth characteristics of indeterminate cotton varieties, we suggest that delaying the first 

post-planting irrigation of some cotton varieties could reduce the competition of purple 

nutsedge with cotton without affecting final cotton stem dry weight and yield. 

Nomenclature: Upland cotton: Gossypium hirsutinn L. Delta Pine Seed Company variety 

(DP 5415); Purple nutsedge: Cyperus rotundus L. CYPRO. Additional index words: 

Additive experiments, water stress, seed cotton yield, photosynthesis, leaf water potential. 

' Letters following this symbol are a WSWS-approved computer code fi'om Composite 

List of Weeds, Revised 1989. Available fi-om WSWS, 309 West Clark Street, Champaign, 
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IL 61820. 

INTRODUCTION 

Purple nutsedge (Cyperus rotundas L. #' CYPRO) is a highly competitive, 

perennial weed that competes effectively with cotton (Horowitz, 1992; Holt and Orcutt, 

1991). It reproduces rapidly from rhizomes and underground tubers. Purple nutsedge is 

one of the most important weeds in Arizona cotton fields due to its high mean field density 

and relative abundance (McCloskey, et ai, 1998). It is common to find very high density 

(more than 1000 shoots m'̂  patches of purple nutsedge in cotton fields four weeks after 

planting. This species, along with yellow nutsedge, is becoming an increasingly serious 

weed problem in cotton growing regions of the USA (Heathman, 1990; Byrd, 1995), and 

northern Mexico (Quezada and Agundis, 1984). In the United States, purple and yellow 

nutsedge infested 795,416 ha of cotton, reducing cotton lint yield by 123,000 bales (Byrd, 

1995) with the extent of cotton loss depending on nutsedge density and duration of 

competition (Keeley, 1987; Keeley and Thullen, 1993). In Australian cotton production 

systems, cotton lint yield was reduced by 0.023% for each additional purple nutsedge 

tuber m"^ (Y=0.023X), where Y was the percentage cotton yield reduction, and X was 

tuber density m'̂  (Charles, 1995). Tuber densities of approximately 2000 tubers m'̂  

reduced lint yield by 50 percent. In addition to reducing lint production, nutsedges also 

decrease lint quality (Chemicky and Walkins, 1992) and delay plant maturity. 
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The biological &ctors that influence competition between weed and crop are 

modified by the physical environment and environmental stress (Patterson, 1995). The 

relative abilities of weed and crop to obtam water and to tolerate water stress will 

influence the competitive outcome between weed and crop (Patterson, 1995; Patterson 

and Highsmith, 1989). Recently, Mofifett and McCloskey (1998) examined the competitive 

ability of yellow nutsedge under non-water stressed and water-stressed conditions. They 

reported a linear decrease in seed cotton yield as yellow nutsedge tuber density increased 

in both the wet and dry soU moisture conditions; an initial nutsedge density of 50 tubers 

m ' of row resulted in a 25% reduction in seed cotton yield in both wet and dry soil 

moisture conditions. However, no significant interaction between soil moisture level and 

tuber density effects on seed cotton yield were found indicating that the interference of 

yellow nutsedge with cotton was not affected by water management. Cinco-Castro and 

McCloskey (1997a) reported that purple nutsedge was more productive than cotton in the 

absence of water stress but cotton produced more dry weight than nutsedge when water 

was limiting. Moreover, the relative importance of interspecific competition between 

purple nutsedge and cotton was reduced under dry soil moisture conditions in addition 

series competition experiments conducted in the field (Cinco-Castro and McCloskey, 

1997b; Cinco-Castro and McClosk^, 1998c, APPENDIX C). Because moisture stress 

shifts the competitive balance in favor of cotton by reducing interspecific competition, it 

may be possible to hinder purple nutsedge growth while favoring cotton growth with an 

appropriate water management strategy. In addition, weed scientists have emphasized the 
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need for better understanding of how environmental stress (e.g., water stress) influences 

competition between weeds and crops in order to develop sustainable weed management 

practices (Radosevich, Holt and Ghersa, 1997; Bauer, etal., 1991). The objective of this 

study was to determine how soil moisture and purple nutsedge density affect seed cotton 

yield and the competitive interaction between the two species. 

MATERIALS AND METHODS 

Additive Competition Experiments L 

The experiments were conducted at the Campus Agricultural Center (CAC) in 

Tucson, AZ in 1996 and 1997. The soil name and characteristics (percent sand, clay, silt, 

and organic matter) at the CAC were Anthony sandy clay loam, 60, 25, IS, and O.S 

percent. The 1996 experiment was wet planted on April 30 and included only a non-water 

stressed (wet) treatment, while the experiment planted on April 23, 1997 included both 

wet and dry soil moisture treatments. Cotton was planted on a 1 m row spacing and 

competition plots were 1 m wide by 2 m of cotton row arranged as split plots in a 

randomized complete block design with 6 blocks. The soil moisture treatments comprised 

the main plots, and the various purple nutsedge tuber densities comprised the subplots. 

Each year cotton variety Deha Pine (DP) 5415 was planted at a density of400,000 plants 

ha~' and hand thinned to 10 cotton seedlings m'̂  of row when the plants reached the 2 

true-leaf stage. 
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Additive Competition Experiments IL 

The experiments were conducted at the University of Arizona, Maricopa Agricultural 

Center (MAC) in Maricopa, AZ in 1995 and at the CAC in 1996 and 1997. Cotton was 

planted on April 3, April 30, and April 23 in 1995, 1996 and 1997, respectively. In 1995, 

cold weather and chilling injury caused stand loss so cotton was replanted on April 21 and 

hand thinned to obtain the desired density. The soil name and characteristics (percent 

sand, clay, silt, and organic matter) at the MAC were Casa Grande sandy clay loam, 64, 

21, 15, and 0.9 percent and the soil at the CAC was the Anthony silt loam, 32, 17, 51, and 

1.6. The treatments were arranged in a split-plot, randomized complete block design with 

6 blocks. The soil moisture treatments were the main plot treatments and the various 

purple nutsedge tuber densities were the subplot treatments. Subplots were 1 m wide (a 

cotton row) by 1 m long and adjacent subplots were separated by 1 m of row. An upland 

cotton variety, DP 5415, was wet planted each year at a plant density of400,000 plants 

ha'̂  (40 plants m ' row). When cotton seedlings reached the 2 true-leaf stage, they were 

hand thinned to 9 plants m ^ 

Purple Nutsedge Establisiiment. 

The purple nutsedge tubers used in both additive competition experiments were originally 

collected at the CAC. Tubers were planted in 7 L pots in a greenhouse each spring and 

summer to grow tubers needed for the competition experiments. At the end of November, 

plants were cut back to within 5 cm of the soil sur&ce, and the pots were stored at 5 C in 

the dark until the tubers were harvested as needed. In the additive competition 
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experiments II, puq)le matsedge tubers were planted in the field within two days of cotton 

planting at densities of 0, 3, 9, and 18 tubers m'̂  of crop row. In 1996, due to a low 

nutsedge tuber sprouting rate, tubers had to be replanted 12 d after the cotton seeds were 

planted. Therefore, purple nutsedge emerged about 12 d after cotton emergence. In the 

additive experiments I, four native purple nutsedge densities were selected in the field 

based on the number of shoots present at the time of cotton thinning (Table £1). Initial 

shoot numbers m'̂  were calculated fi-om data collected in two 0.25 by 0.25 m sections per 

subplot. The numbers of purple nutsedge tubers in the soil at harvest were calculated fi'om 

data collected in 0.30 m wide by 0.60 m length by 0.30 m deep sections per subplots of 

the highest densities. 

Soil Moisture Levels. 

The wet and dry soil moisture regimes at the MAC in 1995 (Exp. II) were 

maintained by irrigating when 17 or 33 percent of the total soil moisture was depleted, 

respectively. Soil moisture depletion was measured and irrigations were scheduled as 

described by Moflfett and McCloskey (1998). The first irrigation after planting was 

scheduled based on cotton plant water potentials measured within one hour of solar noon. 

Cotton plant water potential was measured in a Scholander pressure chamber (Koide et 

ai, 1989). Irrigations were applied when plant water potential reached -1.7 and -2.0 

MPa in the wet and dry treatments, respectively. 

In 1996 and 1997 at the CAC, irrigations were scheduled based on leaf water 

potential, All ijri^ measurements (25 per irrigation regime) were made between 12:00 to 
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13:00 h. Wet and diy treatments were irrigated when the i|ri, of the leaf at the fourth node 

below the shoot terminal reached -1.9 Mpa and -2.5 Mpa, respectively. These target ilfi, 

levels were used for the entire season in experiment II. The wet regime of experiment I 

was irrigated whenever tlr^ reached -1.9 MPa. In the diy soil moisture regime of 

experiment I, only the first post-planting irrigation was scheduled when reached -2.S 

MPa, thereafter, the dry treatment was irrigated when ijfL reached -1.9 MPa. 

Cotton Plant Mapping and Harvest. 

All experiments were hand harvested. Cotton plant height was measured fi'om 

node zero (cotyledonary node) to the tip of the growing terminal on the main stem. Node 

number was counted from node one (first node above cotyledonary node) to terminal of 

the main stem in 5 plants per plot at harvest. The number of plants per plot was recorded 

at harvest. Stem biomass (stem dry weight, SDW) data were collected in each plot 

following seed cotton harvest. Stems were cut at soil level, chopped and oven dried at 70 

C to constant weight. Prior to the 1997 harvest in additive experiment I, five cotton plants 

were mapped in each plot in all blocks to determine the total number of bolls per plant and 

the number of bolls at the first and second fruiting positions on ail fruiting branches. 

Statistical Analysis. 

The significance of soil moisture and purple nutsedge density treatment effects was 

determined using PROC ANOVA for the randomized complete block, split-plot design in 

the additive competition experiments I and n (SAS, Institute. 1994). Means were 

separated using Tukey's HSD multiple comparison test. Linear regression (PROC REG) 
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analyses were used to determine the relationship between purple nutsedge density and 

cotton biomass production (seed cotton and stem dry weights), and total number of bolls 

m*^ (SAS, Institute. 1994). The standard error of the intercept or slope parameter 

estimates were used to compare two linear regressions (Leonard and Fry, 1986; Francl 

andNeher, 1997). 

RESULTS AND DISCUSSION 

Additive Competitioii Experiments I. 

Effect of purple nutsedge density on cotton biomass. Purple nutsedge emerged about 3 

d before cotton and negatively affected cotton biomass in both wet and dry (i.e., delayed 

first irrigation) soil moisture regimes (Table El and Figure El). As the number of purple 

nutsedge shoots increased, cotton SDW decreased regardless of the soil moisture regime. 

Regression analysis indicated that approximately 0.55 (wet 1997), 0.36 (dry 1997), or 

0.49 (wet 1996) g m*^ of cotton SDW were lost for each additional purple nutsedge shoot 

per meter of row, present at 4 weeks after planting (Figure El). These differences in 

cotton SDW were caused by purple nutsedge density effects on final cotton density, and 

plant height and number of nodes (Table E2). Dunng early season competition many 

cotton plants died at the highest purple nutsedge density so that about 7 plants were 

harvested m ' row in both wet and dry (i.e., delayed first irrigation) treatments compared 

to 10 plants harvested m~^ in the controls (Table E2). Plant heights at the highest nutsedge 
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densities were reduced 22.9% and \1.6% compared to the controls in the wet and dry 

moisture regimes, respectively, as shown by the significant linear regressions (Table E2). 

Increasing purple nutsedge density also significantly reduced cotton node number in the 

wet and in the dry treatments (Table E2). 

Purple nutsedge density significantly reduced seed cotton yield in both wet and 

delayed first irrigation soil moisture regimes (Figure E2). Cotton seed yield was reduced 

0.43 (wet, 1997), 0.48 (dry, 1997), or 0.42 (wet, 1996) g m'̂  for each additional shoot of 

purple nutsedge per meter of row at 4 weeks after planting (WAP) (Figure E2). Testing 

the homogeneity of the regression coefQcients indicated there were no differences between 

slopes or intercept parameters between wet and delayed first irrigation soil moisture 

regimes. These results suggested that seed cotton yield was more affected by purple 

nutsedge density than by delaying the first post-planting irrigation. Thus, there was an 

average decrease of 0.45 g m'̂  of seed cotton yield for each additional shoot of purple 

nutsedge per meter of row at 4 WAP when the data were pooled across years and 

irrigation regimes. A purple nutsedge density of450 shoots m'̂  4 weeks after planting 

caused about a 50 percent reduction in seed cotton yield. This nutsedge shoot density at 4 

weeks after planting ultimately produced 1845±170 (mean±std. error) tubers m"^ at cotton 

harvest. A similar purple nutsedge tuber density also reduced cotton lint yield 50 percent 

in Australian cotton production systems (Charles, 1995). 

The significant reductions in seed cotton yield in both soil moisture regimes were 

caused by nutsedge density effects on final cotton density (Table E2) and total number of 
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harvestable bolls per plant. The total number of bolls m~^ were significantly reduced 

(p=0.0001) as purple nutsedge density increased in both wet Y = 0.17X (R^.54, 

p=0.0001) and dry (i.e., delayed first irrigation)Y = 0.25X (RM).64, p=0.0001) soil 

moisture regimes (Figure E3). The percent of boUs present at the second position on 

Suiting branches was reduced fi'om 23 to 18 percent in the controls by the delay in the 

first irrigation in the dry soil moisture regime and fi'om 25 to 14 percent in the highest 

purple nutsedge density plots. The higher percentage of bolls at the first position in 

treatments with high purple nutsedge density may be due to competition for 

photosynthates in the same fiuiting branch that results in more assimilate partitioning to 

bolls in the first position. Thus, many bolls in the second or third position were starved for 

carbohydrates and were aborted. There were no significant differences in slope and 

intercept parameters between regression lines in wet and dry treatments, thus there was no 

interaction between the efifects of purple nutsedge density and soil moisture regime on the 

average total number of bolls (n=30) produced per plant (p=0.05). 

Effect of soO moisture on cotton biomass. The difference between wet and dry 

treatments in reached before the first post-planting irrigation did not affect cotton 

height or number of nodes per cotton plant. In the dry and wet soil moisture regimes 

averaged across purple nutsedge densities, the cotton plants were 87±4 (meani^d. error) 

cm tall and 93±10 cm tall, respectively, and the number of nodes per cotton plant 

averaged 23±1 nodes in the dry and 25±0.7 nodes in the wet experiments, but these 

differences were not significant. The difference between wet and dry treatments in ijrL 
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reached before irrigating did not affect cotton SDW (Figure El) or seed cotton yield 

(Figure E2) at zero nutsedge density but there was a difference in SDW at higher purple 

nutsedge densities. The number of bolls per plant was 17.02 and 16.4 in the dry Qe., 

delayed first irrigation) and in the wet soil moisture regimes, respectively. Both wet and 

dry treatments with zero purple nutsedge density had 36.5% and 38% fruit retention (bolls 

at first and second positions). Thus, short-term water stress imposed during the first 

irrigation interval in the dry treatment did not affect the vegetative growth of cotton 

measured at the end of the season or the primary fixiitii^ cycle of the surviving cotton 

plants, as indicated by their normal fiuit set in the delayed first irrigation treatment, 

resulting in similar SDW and seed cotton yield in both wet and dry regimes. Although 

cotton plants grown in the delayed first irrigation treatment produced numerically fewer 

bolls m'̂  than plants grown in wet treatment but the differences between soil moisture 

regimes were not significant. The percent of bolls at the first position on fiiiiting branches 

was greater at the highest nutsedge density in the dry (75±7 percent) and in the wet 

regime (70±4 percent) compared to 60±3 percent in the control in both soil moisture 

treatments. 

The slopes and intercepts of the regression equations describing the effect of 

purple nutsedge density on seed cotton yield were not significantly (p=0.05) different, 

which means that no significant interaction between irrigation regime and purple nutsedge 

density existed (Francl and Neher, 1997). Thus, delaying the first post-planting irrigation 

to the degree done in these experiments was not effective in reducing the competitive 
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impact of purple nutsedge on cotton yield. However, delaying the first post-planting 

irrigation in indeterminate cotton varieties may significantly reduce the competition effect 

of purple nutsedge without affecting the final cotton biomass, seed cotton yield and SDW. 

This is because long season varieties have a longer period of vegetative growth during 

which plants can be water stressed without affecting the reproductive stage while purple 

nutsedge growth is reduced by water stress conditions. In short and mid-season cotton 

varieties potential yield can be significantly reduced by early season water stress (Johnson, 

et aL, 1989; Brown, et ai, 1993; Husman, et ai, 1995) due to inability of the plant to 

compensate for early fruit loss. 

Additive Competition Experiment II. 

Effect of purple nutsedge density on cotton biomass. In 1995 there were no significant 

differences in SDW (p=0.05) caused by purple nutsedge density in either the wet or the 

dry treatments (data not shown). However, in 1996 and 1997 significant (p=0.05) 

reductions on SDW were detected as purple nutsedge density increased from 0 to 132 ±12 

shoots m'̂  in the wet treatment at 10 WAP and from 0 to 74±5.3 shoots m'̂  in the dry 

treatment at 10 WAP. 

Seed cotton yield was reduced as purple nutsedge density increased in the wet soil 

moisture regimes in 1995, 1996 and 1997 and the dry soil moisture regimes in 1995 and 

1997 (Figure E4). In the dry soil moisture regimes, cotton shoot growth and leaf area 

were reduced and there was less shading of purple nutsedge. This resulted in a longer 

period of interference of purple nutsedge with cotton before the cotton began to shade 
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purple nutsedge. Keeley and Thullen (1993) reported that the longer the period of 

nutsedge competition with cotton the greater the cotton biomass and seed cotton yield 

reduction. 

Effect of soil moisture on biomass production. Cotton biomass production was divided 

into cotton SDW and seed cotton yield. Seed cotton yield was reduced by irrigation 

treatments (Figure E4) and by increasing purple nutsedge density (p=0.0001) in 1995, 

1996 and 1997 (Table E3). Cotton SDW was higher at the MAC in 1995 than at the CAC 

in 1996 and 1997, regardless of the soil moisture level. In all years, cotton SDW was 

significantly greater (p=0.0001) in the wet than in the dry soil moisture conditions (data 

not shown), but there was no significant interaction between soil moisture and purple 

nutsedge density effects on cotton SDW. These results agree with those reported by 

Mofiett and McCloskey (1998) for yellow nutsedge competition with cotton. Moreover, 

both the wet and dry treatments at the CAC were more water stressed than at the MAC 

experiment. At MAC irrigations were applied at l of " 1 -7 and -2.0 MPa in the wet and 

dry treatments, respectively, while, at the CAC, plants were irrigated at L of ~ 1 - 9 MPa in 

the wet soil moisture treatment and -2.5 MPa in the dry soil moisture treatment water 

stress. Cotton plants were shorter and produced less leaf area than non-stressed plants 

(data not shown) resulting in less total photosythates for growth under water stressed 

conditions (Ball et al. 1994). In addition, when maximum cotton leaf area was present, 

greater partitioning of dry matter to reproductive organs occurred, increasing the seed 

cotton yields (WeUs and Meredith, 1984). Differences in biomass production (seed cotton 
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and SDW) between the MAC and the CAC experiments were probably due to high Na 

accumiilation in the soil profile and high soil heterogeneity at the CAC. 

Cotton plants in dry soil moisture treatment experienced a significantly (p=0.01) 

greater degree of water stress with an average of -2.58±0.46 MPa (mean ± standard 

error) than the wet treatment with an average I|;L of - 1.93±0.35 MPa at the time of 

irrigation. However, these differences in ilr^ did not affect the photosynthetic rate in 

cotton leaves. Cotton plants under dry soil moisture conditions had a photosynthetic rate 

of24.63±0.76 (imol m'̂ s ' (mean ± standard error) while cotton leaves in well-watered 

condition had an average photosynthetic rate of 25.78±0.35 ^mol m'̂ s ^ Cinco-Castro 

and McClosk^ (1997b) reported that cotton leaves maintained relatively constant COj 

assimilation rates at of-0.7 to -2.5 MPa in greenhouse experiments. These results also 

agree with those reported by Moflfett and McCloskey (1998), Turner (1986), and Genty, 

etal. (1987). Although photosynthetic rate was not affected by soil moisture regime, 

cotton SDW was significantly reduced because less leaf area was produced, reducing the 

whole plant COj assimilation. 

Purple nutsedge density (shoot number) was reduced about 50% in the dry soil 

moisture regime compared to the wet soil moisture regime at 10 weeks after planting in all 

experiments (Table E3). Although purple nutsedge density was reduced by the dry 

treatment, seed cotton yield was reduced compared to the wet treatment because the 

reduced availability of soil moisture also reduced seed cotton yield. Husman, etal., (1995) 

reported that determinate cotton varieties like DP5415 are sensitive to water stress and 
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suffer significant yield reductions when water stress is imposed as in the dry treatment in 

experiment n. 

Many studies have been conducted to provide information on how 

moisture stress affects weed-crop interactions (Vencill etal., 1992; Peterson and 

Naiewaja, 1992) and seed cotton yields (Norton, etaL, 1997; Metzler, etcd., 1997). 

However, most studies of weed-crop interactions were conducted under conditions where 

moisture levels were uncontrolled (i.e., influenced by rainfall) leading to speculation about 

how moisture stress affects competition. Cinco-Castro and McClosk^ (1997b) concluded 

that water stress reduced the relative importance of interspecific competition between 

cotton and purple nutsedge at 8 weeks after planting in addition series greenhouse studies 

(Cinco-Castro and McCloskey, 1998b; APPENDIX B) and 10 weeks after planting in 

addition series field experiments (Cinco-Castro and McCloskey, 1998c, APPENDIX C). 

Low soil moisture levels reduced interspecific competition between these species, by 

reducing the number of purple nutsedge shoots m'̂  and total leaf area, and purple 

nutsedge photosynthetic rates (Cinco-Castro and McCloskey, 1998a, APPENDIX A). 

However, reducing purple nutsedge shoot numbers and reduced interspecific competition 

did not increase seed cotton yield in the dry soil moisture regime because cotton yield was 

reduced under these conditions. A similar conclusion was reached by Mofifett and 

McCloskey (1998) in a study of competition between yellow nutsedge and cotton. The 

results of this study indicated that purple nutsedge density negatively affects seed cotton 

yield and SDW regardless of soil moisture conditions. Cotton biomass production was 
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greater in the wet than in the dry soil moisture conditions in both additive experiments I 

and n. These studies suggest that competition of purple nutsedge with cotton cannot be 

easily reduced through changes in irrigation scheduling based on season long ^ levels that 

cause moderate water stress. 
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Table El. Native purple nutsedge shoot density in the experiment I additive competition 
experiments 4 weeks after planting when cotton was at the two true-leaf growth stage in 
wet and dry soil moisture conditions. 

Year Moisture Number of purple nutsedge shoots 
level check low medium high 

• shoots m"  ̂• 

1996 wet 0 125'±24 320 ± 28 496 ±40 

1997 wet 0 135 ±23 317 ±25 451 ±38 
dQT 0 75± 10 209 ± 39 319 ±25 

' Data are means±standard errors of six replications. 
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Table E2. Effect of purple nutsedge shoot density on cotton plant density, plant height, 
and number of nodes per plant in wet and dry delayed first irrigation) soil moisture 
treatments in experiment I in 1997. The number of purple nutsedge shoots in native 
patches were counted 4 weeks after planting (Table El). The number of plants m'̂  plant 
height, and number of nodes were measured at harvest. 

Sou 
moisture 

Purple nutsedge Cotton^ 

number of 
shoots m'̂  

nimiber of 
plants m"^ 

plant height 
cm 

nimiber of 
nodes 

Wet OiO^ 10 ±0 105 ±2.8 28 ± 0.5 

135 ± 23 9.8 ± 0.2 98 ± 1.0 26 ± 0.6 

317±25 9.7 ± 0.2 90 ± 5.4 25 ± 0.7 

451 ±38 7.0 ± 0.4 81 ±4.7 22 ± 1.0 

P 0.0001 0.0005 0.0001 

0.54 0.46 0.64 

Dry 0 ± 0  10 ±0 91 ± 2.2 24 ± 0.7 

75± 10 10 ±0 98 ± 3.4 25 ± 0.8 

209 ± 39 9.6 ± 0.2 84 ± 5.0 23 ± 1.5 

319 ±25 7.3 ± 0.3 75 ± 4.8 20 ± 0.6 

P 0.0001 0.0007 0.004 

0.62 0.58 0.45 
^ Cotton parameters for 1997 were regressed against the number of purple nutsedge 
shoots. 
^ Data are meansd::standard errors of six replications. 
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Table £3. Seed cotton yield in plots containing 9 cotton m'̂  under wet and dry soil 
moisture conditions in an additive competition experiment at the MAC in 1995, and at the 
CAC in 1996 and 1997. The number of purple nutsedge shoots were counted 10 weeks 
after planting at harvest. 

Moisture level Nutsedge shoot number Seed cotton yield 
1995 1996 1997 1995 1996 1997 

m"^ g m'̂  
wet 272 a^ 72 a 98 a 568 a 584 a 447 a 

0^ 0 0 589 626 510 
dry 136 b 60 a 41b 442 b 365 b 315 b 

0 0 0 478 375 381 
^ Average of all nutsedge densities. Means within a data column followed by same letter 
are not significantly (p<0.05) different using the Tukey's HSD. 
^ Average of zero purple nutsedge density plots. 
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Figure El. Effect of native purple nutsedge density on stem dry weight in wet and dry 

(i.e., delayed first irrigation) soil moisture regimes in experiment L Purple nutsedge shoot 

densities in native patches were counted 4 weeks after planting (Table El). For the 1997 

wet regime (—^), Y=554±29-0.55±0.10X (R^.57, p=0.0001). For the 1997 dry regime 

(—), Y = 498±34-0.36±0.17X (RM).18, p=0.04). For the 1996 wet regime (——), 

Y=577±37-0.49±0.12X(RM).43, p=0.0005). 

Figure E2. Effect of purple nutsedge density on seed cotton yield in wet and dry (i.e., 

delayed first irrigation) soil moisture regimes in experiment I. Purple nutsedge shoot 

densities in native patches were counted 4 weeks after planting (Table El). For the 1997 

wet regime (—), Y=459±20-0.43±0.07X (RM).63, p=0.0001). For the 1997 dry regime 

(••"••), Y = 461±20-0.48±0.10X(RM).51, p=0.0001). For the 1996 wet regime ( ), 

Y=457±27-0.42db0.09X(RH).51, p=0.0001). 

Figure E3. Effect of purple nutsedge density on number of cotton bolls m'̂  in wet and dry 

(i.e., delayed first irrigation) soil moisture regimes in experiment I. Purple nutsedge shoot 

densities in native patches were counted 4 weeks after planting (Table El). For the wet 

regime (—^), Y=165±9.6-0.17±0.03X (RM).54, p=0.0001). For the dry regime ( ), 



Y=156±8-0.25±0.04X(RM).64, p=0.0001). 
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Figure E4. Effect of purple nutsedge density on seed cotton yield in wet and dry soil 

moisture regimes in experiment EL Purple nutsedge shoot densities were counted 10 

weeks after planting. Figure E4A; for the 1995 wet regime (—), Y=664±38-0.43±0.14X 

(RM).31, P=0.008); and for the 1995 dry regime (—), Y=475±24-0.35±0.17X 

(RM). 17, p=0.05). Figure E4B; for the 1996 wet regime (—^), Y=631±38- 1.53db0.5 IX 

(RM).33, P=0.008) and for the 1996 dry regime ( ), Y=387±19-0.48±0.33X (RM).13, 

p=0.16). Figure E4C; for the 1997 wet regime (—), Y=537±27-0.80±0.29X (R^.29, 

p=0.014) and for the 1997 dry regime (—), Y=353±15- 1.3db0.36X (RM).37, p=0.0017). 



Figure El. 
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Figure E2. 
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Figure E3. 
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