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ABSTRACT 

The effects of esctracts from ptorple nutsedge tubers 

were determined on the germination, growth, root leakage, 

water status, and photosynthesis of an Upland cotton, DPL 

5415, and a Pima cotton, Pima S-7. Tiiber extracts inhibited 

secondary root growth of seedlings more than primary root 

growth. At 500 ppmw, primary root growth was inhibited 44 

percent whereas inhibition of secondary root growth was 64 

percent. Non-polar extracts were more inhibitory to growth 

than polar extracts. Cotton plants grown in soil treated 

with hexane extracts of tubers containing non-polar 

allelopathic substances also lost electrolytes from their 

roots indicating an effect on root function. The effects on 

root f\inction resulted in perturbations to the capacity of 

the plants to maintain efficient water status. At 250 ppmw 

of the hexane extract, the plant water potential, the leaf 

water content, and the leaf osmotic potential decreased 

from -0.7 to -1.3 MPa, from 89 to 79 percent, and from -0.8 

to -1.0 MPa, respectively. In addition, the photosynthetic 

capacity of cotton was decreased 50 percent in both cotton 

cultivars in the second and third day after transplanting 

to soil treated with 62 ppmw of the hexane extracts. Leaf 

dehydration to below 70 percent relative water content and 

a reduction of quantum yield was detected in DPL 5415 at 

125 ppmw of the hexane extracts. However, Pima S-7 was 



12 

capable of tolerating higher levels of dehydration and did 

not show the reduction of quantum yield. Leaf expansion and 

epicotyl growth were also inhibited by 30 and 37 percent, 

respectively, by the hexane extracts at 250 ppmw. Purple 

nutsedge tubers released volatile substances that inhibited 

growth when trapped and tested on cotton seedlings, &nd 

caused root leeUcage. Gas chromatographic analyses showed 

that both the hexeme extracts of purple nutsedge tubers and 

the volatile compounds released from the tubers contained 

substances with retention times that are characteristic of 

sesquiterpenes. These results demonstrate that purple 

nutsedge tubers contain allelopathic substances capable of 

inhibiting the growth of cotton by interfering with 

membranes of root cells, disrupting water status, and 

affecting photosynthesis. 



ZHTROOUCTIOH TO THE 0I88EKTATZ0M 

Interference betveen two or more species depends on 

many factors that can be classified as environmental, 

biological, and proximity effects (Holt and Orcutt, 1991). 

If the environmental and proximity factors are held 

constant, that is, the species eure grown in the S2une 

environment, the resulting interference will depend on the 

biological characteristics of the species. The biological 

characteristics of a species allows for the exploitation of 

environmental resources at a given efficiency. Allelopathy, 

the release of chemical substances from one species that 

inhibit the growth of neighboring plants, is one biological 

characteristic that may be involved in the weed->crop 

interference (Rice, 1979). 

Many studies concerning allelopathy have been 

conducted demonstrating that some species contain and 

release chemical substances that inhibit the germination of 

neighboring species (Rice, 1979). A critical question 

regarding allelopathy is whether the concentration of the 

allelochemicals under natural conditions is sufficient to 

cause inhibition of growth of the target species. One 

reason why the process of allelopathy has not been 

satisfactorily demonstrated in many studies is that the 

allelopathic interference between two species might not be 

due to a single chemical compoiind but to several compounds 



belonging to one or more families. The demonstration of 

allelopathy under natural conditions may also be difficult 

because the amounts of allelochemicals released by the 

allelopathic plants depends on their growth and 

environmental factors. 

The methods used to study crop and weed interactions 

provide some clues that help elucidate if allelopathy is 

involved in the process of interference. Replacement series 

experiments may provide some evidence of allelopathy if 

the relative yield total of the species growing in mixtures 

is lower than when growing as monocultures (Radosevich and 

Holt, 1984). The additive series models also may provide 

evidence of allelopathy when the principle of additivity 

does not occur in the species growing in mixtures 

(Spitters, 1983). Even when not stated in the model, 

allelopathy may occur when the addition of n plants of 

species Jb to a monocrop a has more effect on 1/weight than 

adding n plants of species a on the monoculture. Since 

competition among species occurs for resources, it is 

possible to test allelopathy by providing the resources 

required by the species growing in mixtures. Still, if one 

species inhibits the growth of the other, allelopathy may 

be involved in the process of interference. 

Several techniques have been used to test the 

allelopathic capacity of a species. These include, a. 



bioassays that measure the effect of allelochemicals 

extracted from living or decaying tissue of one species on 

the germination and emergence of seedlings of another 

species (Lovett emd Ryuntyu, L992), b. bioassays that 

measure the effect of allelochemicals trapped from root 

exudates of one species on the germination and emergence of 

seedlings of another species (Tamg, 1987) , and c. electron 

microscopy studies that show the effects of allelochemicals 

on cell organelles (Lovett and Ryxuityu, 1992) . Most of the 

studies of allelopathy have been conducted by using the 

first approach. The small concentrations of allelopathic 

substances usually extracted from plants make it necessary 

to conduct these experiments in petri dishes. Obviously, 

allelopathic substances may not only inhibit germination 

but also the development of seedlings. 

An understanding of the process of allelopathic 

interference between crops emd weeds requires an approach 

that includes both the study of the effects of allelopathic 

substances on crop growth, as well as the physiological 

processes that ultimatedly lead to growth reduction. The 

physiological effects of allelopathic substances should be 

duplicated in situ where the interference between weeds and 

crops is occuring. Traditional approaches to the study of 

allelopathy have relied upon observations of the effect of 

single compounds when in fact the process may be the result 



of several substances acting together. Future studies of 

allelopathy need to take this fact into account if the 

objective is to demonstrate that allelopathy is a component 

in the process of interference. 

Allelochemicals may be grouped into several chemical 

feunilies including: a. simple water-soluble organic acids, 

straight chain alcohols, aliphatic aldehydes, and ketones; 

b. simple unsaturated lactones; c. long chain-fatty acids 

and polyacetylenes; d. naphtocpiinones, anthroc[uinones, and 

complex (quinines; e. simple phenols, benzoic acid, and 

derivatives; f. cinneuaic acid and derivatives; g. 

coumarins; h. flavonoids; i. tannins; j. terpenoids and 

steroids; k. ao&ino acids and polypeptides; 1. alkaloids and 

cyanohydrins; m. sulfides mustard oil glycosides; and n. 

purines and nucleosides (Rice, 1984}. The mode of action of 

the majority of known allelochemicals has not been studied. 

Most of what is known is based on the studies of mode of 

action of phenolic compounds. For example, it is known that 

phenolic compounds inhibit plant processes such as cell 

division and elongation, membrane permeeQsility, mineral 

uptake, stomatal opening, photosynthesis, respiration, 

protein synthesis and changes in lipid and organic 

metabolism, enzymatic activity and clogging of xylem 

elements (Rice, 1979). Phenolic compounds and alkaloids 

also inhibit transcription and translation, and terpenoids 



cause membreme leakage (tfink and Latz-Bruning, 1995). 

Salicylic acid, a phenolic compound, induced efflux of PO*'̂  

and from barley roô s (Bailee, 1985) . The reduction of 

cell membrane electrical potentials was correlated with Kow 

(octanol wa-ter coefficient) indicating that salicylic acid 

may solubilize into cellular membranes (Balke, 1985) . When 

salicylic acid at a final concentration of 0.15 mH was 

added to the nutrient solution bathing 10 day old soybeans, 

seedling growth was inhibited. At 0.3 mM, salicylic acid 

reduced leaf water potentials, leaf diffusive resistance, 

and transpiration rate (Barkosky and Einhellig, 1993). 

Ferulic acid, also a phenolic compound, is one of the 

most studied allelochemicals. Ferulic acid reduced the net 

P, K* and water uptake of cucumber by 57, 75, and 29 

percent, respectively (Lyu and Blum, 1990). At 200 /iM 

ferulic acid, NOs' uptake was inhibited and K* efflux was 

promoted. The addition of fusicoccin counteracted this 

effect indicating that ferulic acid inhibited the proton 

ATPase of cell membranes. The allelopathic effect of 

phenolic acids, and in particulaur of ferulic acid, may be 

important in both nutrient limiting and non-limiting soils 

(Klein and Blum, 1990). 

Ferulic acid, salicylic acid, and coumaric acid 

reduced leaf water potential of cucumber seedlings and 

soybean (Barkosky and Einhellig, 1993; Booker et al.. 



1992). The reduction of water potential may lead to a 

reduction of leaf conductauice emd then photosynthesis of 

plants exposed to allelopathic substamces (Einhellig, 

1986). Allelopathic substances nay also interfere with 

chloroplast functions. Juglone, an allelopathic substance 

from black walnut {Juglans nigra L.) inhibited oxygen 

evolution of isolated chloroplasts indicating a direct 

interference of this compoxind with chloroplastic membrames 

(Hejl et al., 1993}. 

Studies of allelopathy eure important not only to 

understand the process of weed-crop interference, but also 

to enhance crop yield. For example, a seven year study 

found a 17 percent increase in corn yield following soybean 

compared to com. Substances toxic to corn were isolated 

from the soil planted with corn. In contrast, stimulatory 

substances, one being triacontanol, were found in the soil 

after growing soybean (Sarobol and Anderson, 1992; Anderson 

and Cruse, 1995). Allelochemicals may also be a source of 

new growth regulating substances. Agrostemmin at 1.2 g/ha 

increased wheat yields, triacontanol, a 30-carbon alcohol 

increased the yield of alfalfa, cucumber, ceurrot, rice, 

corn, and soybean (Einhellig and Leather, 1988). 

Brassinolide has also been found to stimulate the yield of 

many plants (Einhellig and Leather, 1988). 

Allelochemicals might also be a source of new 



herbicides, fungicides or other pesticides. They could also 

be used to design new weed control strategies. Cinmethylin, 

a preenergence herbicide, appeeured 20 years after 1,8*> 

cineole was identified as «un allelochemical. Picloram, NK-

049, and Bialaphos are other exeunples of herbicides 

developed from allelochemicals (Einhellig «md Leather, 

1988) . Crop rotations based on the allelopathic properties 

of some species could be designed to decrease weed 

populations. The sunflower-oat rotation over five years 

showed a decrease of both broadleaves and grasses (Leather, 

1983) . Alfalfa to control broadleaves, sweet potato to 

control yellow nutsedge, and soybean to control 

barnyardgrass could be included in crop rotations (Feurney 

et al., 1985; Harrison and Peterson, 1986; and Maim, 1977). 

The use of cover crops such as barley, oats, ryegrass, 

grain sorghum and sudangrass could also be beneficial in 

suppressing weeds (Einhellig and Leather, 1988). 

The ifflportaace of purple nutsedge. 

Purple nutsedge is a perennial C4 plant (Holt and 

Orcutt, 1991) that infests 52 crops in 90 countries 

(Bendixen and Nandihalli, 1987). In the USA, 905,000 ha or 

16 percent of the hectares on which cotton is grown were 

infested with purple nutsedge (Byrd, J.D., 1992). One study 

found that the interference of purple nutsedge with cotton 

was characterized by the equation y = 0.023x, where y = 
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percentage of cotton yield reduction, and x « tuber density 

(tubers/m̂ ) (Chaurles, 1995). This means that a yield 

reduction of 50 percent was present with a tuber density of 

2,200 tubers per square meter at Narrabri, Australia, in a 

clay soil. 

Pxirple nutsedge has biological characteristics that 

make the species highly competitive. These are high tiiber 

weight and the C4 photosynthetic pathway (Holt, 1991). The 

initial growth which is dependent on both characteristics 

is greater in purple nutdedge than in cotton (Holt, 1991). 

Several reports also suggest that allelopathy is involved 

in the process of interference between purple nutsedge and 

crops. Aqueous extracts of pturple nutsedge tiibers, roots, 

and rhizomes reduced germination and root elongation of 

barley (Horowitz and Friedman, 1971; Friedman and Horowitz, 

1970; Friedman and Horowitz, 1971) . Essential oils from 

purple nutsedge tubers inhibited seedling growth of white 

clover, large crabgrass, oat, and lettuce (Komai and Tang, 

1989; Komai et al., 1991). Purple nutsedge also released 

volatile substances that inhibited germination of onion, 

carrot, and tomato (Bradow and Connick, 1990). 

According to the literatxire, the subterranean organs 

might be the most important source of allelopathic 

s\ibstances. The subterranean organs of purple nutsedge 

consist of roots, rhizomes, tubers, and bulbs. Tubers and 
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bulbs (vegetative propagules) may be more important than 

roots and rhizomes as a source of allelochemicals. Soils 

severely infested with pxurple nutsedge contained an 

average of 1 vegetative propagule/10 cm̂  soil in the first 

20 cm depth (unpublished results). In addition, decaying 

and dead tvibers may also release allelopathic substances. 

The concentration of allelochemicals in the soil 

environment may be lowered by degradation, leaching, 

volatilization, and adsorption to the soil matrix (Cheng, 

1995) . Degradation could occ\ir through microbial activity 

or through chemical reactions of the allelopathic 

substances with other compounds present in the soil. The 

rate of degradation is dependent on temperature, moisture 

and other soil factors. Adsorption to the soil matrix may 

vary according to the soil composition (organic matter and 

content of clay, silt and sand). Losses due to 

volatilization and leaching may vary according to the 

physical and chemical properties of the allelochemicals and 

the soil. If degradation processes are present, a 

continuous release of allelochemicals from the tubers would 

be needed in order to maintain phytotoxic concentrations in 

the soil environment. 

The purpose of this reseach was to investigate whether 

allelopathy is involved in the interference of purple 

nutsedge with cotton. This dissertation includes the 



results of four studies which are appended as four 

manuscripts to be submitted for ptiblication. The first 

manuscript (APPENDIX A) is an evaluation of the effect of 

extracts from purple nutsedge tiibers on the germination and 

growth of cotton. Tubers were selected as a possible source 

of allelochemicals. The extracts were obtained with 

methanol which afterwards were partitioned into polar 

compounds and non-polar compounds. This was accomplished by 

mixing the methanol extract solution with hexane. The non-

polar compounds in the hexane phase include oils, 

phospholipids, and waxes while the polar compounds in the 

methanol phase include sugars, proteins, nucleic acids and 

secondary polar compounds such as phenolic compounds, 

acids, ketones and aldehydes among others. The non-polar 

compounds inhibited cotton growth more than the polar 

compounds. 

APPENDIX A also includes a comparison of the effect of 

the non-polar compounds (hexane fraction of the methanol 

extract) with the effect of hexane extracts from fresh 

purple nutsedge. Hexane extracts are repoted to be rich in 

essential oils (Komai and Tang, 1989; Komai et al.,1991). 

Both extracts similarly inhibited the germination and 

growth of the two cotton species tested in the experiments. 

Hexane extracts from fresh tubers were used in subsec[uent 

experiments because of their ease in extraction. APPENDIX A 



also deals vlth the effect of hexeme extracts on root 

electrolyte leakage of cotton transplamted into soil 

treated with the extracts. The allelopathic extracts caused 

the release of electrolytes from cotton root cells. These 

findings were important in formulating subsequent 

experiments. 

The second memuscript (APPENDIX B) includes studies 

indicating that the non-'polar compovmds extracted with 

hexane could p£urtition into water at concentrations 

sufficient to cause cotton root leeUcage. The non-polar 

allelochemicals present in the aqueous solution were not 

identified. However, the formation of micelles at high 

concentration (more than 150 ppm) indicated the presence 

non-polar substances in the solution. Essential oils may be 

the most important component of these substances. The 

allelopathic substances in the aqueous solutions caused 

cell membrane perturbations as soon as cotton roots were 

placed in the solutions in the range of 0 to -0.6 MPa. The 

activity of these compounds was independent of the water 

potential of the incubation solutions. The substances 

caused a decline in the water content of cotton seedlings. 

Cotton plants transplanted to soil collected from pots 

infested with purple nutsedge exhibited a reduction of 

water potential suggesting that allelopathic substances can 

be released by purple nutsedge at significant 
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concentra'tions to cause inhibition of growth. 

The third manuscript (APPENDIX C) deals with the 

effects of allelopathic substemces on photosynthesis in 

cotton. The allelopathic substances inhibited the CO2 uptake 

and this inhibition was associated with a reduction in the 

leaf conductance. The allelopathic sxibstances caused a 

severe reduction of the relative water content (RWC) in 

Pima S-7 but a reduction of quantum yield was not observed. 

In contrast, the allelopathic siibstances reduced the RWC of 

DPL 5415 less than of Pima S-7 but a decrease of quantum 

yield was observed at concentrations above 125 ppmw. The 

results indicated that, under field conditions, the 

allelopathic substances may affect the rate of CO2 uptake 

due to the effects on stomatal closure rather than on 

impairing electron transport of PSII. Three days after 

treatment (DAT), 62 ppmw of allelopathic siibstances did not 

reduce the RWC or water potential of either species; 

however, leaf conductance and rate of CO2 uptake were 

decreased. 

The fourth manuscript (APPENDIX D) deals with the 

volatile nature of the allelopathic substances from purple 

nutsedge. It was found that ttibers of purple nutsedge 

released volatile substances that also inhibited the growth 

of cotton seedlings emd caused root leakage. These 

substances leached 7 cm through a Pima clay loeun soil from 



the tubers. Gas chromatographic analysis showed that both 

the hexane extracts from the tubers of purple nutsedge and 

the volatile compounds contained substances with retention 

times characteristic of sesquiterpenes. 

The results indicate that allelopathic substances from 

the tubers of purple nutsedge have the capacity to move in 

the soils with water or by volatilization. Sesc[uiterpenes 

nay be the most important allelopathic substances released 

by purple nutsedge that can delay germination, suppress 

cotton seedling growth, and cause root injury and root 

lesdcage. The allelopathic sxibstances decreased the water 

content status and photosynthetic CO2 uptake of cotton. 

These alterations may decrease the competitiveness of 

cotton when cotton and purple nutsedge are growing in mixed 

stands. 
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PRBSEMT STUDY 

The me1:hods, results, discussion and conclusions of 

this study aure presented in the manuscripts appended to 

this dissertation. The following is a siunmary of the most 

important findings in these memuscripts. 

Effects of allelopatbic compounds from purple autsedge 

(Cyperus rotundus L.) oa eottoa {Gossypium} (APPENDIX X). 

Greeenhouse and laboratory studies were conducted to 

determine the allelopathic potency of extracts from purple 

nutsedge tubers on the germination and growth of two cotton 

species. Shoot and root growth of both cotton species were 

similarly reduced by the fractions of the methanol extract 

according to the comparison of the slopes of the regression 

equations. However, the means of shoot, primary and 

secondary root length were significantly lower for the non-

polar fraction from the methanol extracts than the polar 

fraction. The equation for the inhibition of Pima S-7 

secondary root length (y = mm) as a fiinction of non-polaur 

fraction concentration (x = ppmw) was y = 11.2 - 0.02x 

while for the polar fraction it was y » 15.9 •> O.Olx. These 

equations indicate that, for each unit increase in 

allelopathic fraction concentration, the non-polar fraction 

reduced growth twice as much as polar fraction. Seedlings 

planted in soil treated with the hexane extracts from fresh 

tubers showed root leatkage. Root leaUcage was observed at 



100 ppmw amd was greater in Pima S'7 than in DPL 5415. 

Tbft •ffae-t of allclopatliie •xtracts fro« puxpla autsadga 

{Cyperus rotundas L.) oa root I«akag« aad vatar ralatioas 

of oottoa aaadliags IGossypium barbadense Piaa 8-7) 

(APPENDIX B). 

Experiments were conducted to determine whether the 

allelopathic extracts from purple nutsedge tubers would 

induce root cell leeUcage in cotton and affect the water 

relations of cotton seedlings. The allelopathic stibstances 

extracted with hexane were soluble in water and caused root 

leakage at concentrations above 50 ppmw. The extracts 

caused cell membrane damage as soon as they were placed in 

contact with the roots and the effects were independent of 

the water potential of the solutions in the range of 0 to ' 

0.6 MPa. Water potential, leaf water content, and osmotic 

potential of cotton plants transplanted to soil treated 

with hexane extracts at 250 ppmw decreased from -0.7 to 

-1.3 MPa, from 89 to 79 percent, and from -0.8 to -1.0 MPa, 

respectively. These responses were detected 24 h after 

transplanting. A decrease in water potential from -0.65 to 

-0.87 MPa was also detected in cotton plants transplanted 

to soil previously infested with purple nutsedge. 

Effacta of allalopathie aztracta froa purple nutaadga on 

water atatua, photoaynthaala aad growth of two cotton 

apeelaa (APPENDIX C). 
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Several experiments were conducted in order to study 

the effects of allelopathic substances extracted with 

hexane from purple nutsedge tvibers on the water status, 

photosynthesis, and growth of two cotton species, DPL 5415 

and Pima S-7. Allelopathic substances reduced the RWC and 

water potential to a greater extent in Pima S-7 than in DPL 

5415. Photosynthetic CO2 uptake and leaf conductance were 

reduced by 50 percent in both species at 62 ppmw while RWC 

and water potential were not reduced. Quantxam yield and the 

ratio of variable fluorescence over maximum fluorescence 

(Fv/Fm) were not reduced by allelopathic substances in Pima 

S-7 even at concentrations of allelopathic substances that 

decreased the RWC to about 40 percent. However, in DPL 

5415, concentrations of allelopathic substances above 125 

ppmw decreased RWC below 70 percent and reduced c[uantum 

yield. Leaf expansion and epicotyl growth were also 

inhibited 30 and 37 percent, respectively, by allelopathic 

extracts at 250 ppmw. 

Volatile allelopathic compounds from purple nutsedge 

{Cyperus rotundus L.) (APPENDIX D). 

Greenhouse emd laboratory studies showed that volatile 

substances from tubers of pxirple nutsedge inhibited cotton 

seedling growth. These substances were adsorbed on a clay 

loam soil and cotton planted in this soil exhibited delayed 

growth. The substances were present in the soil up to a 



29 

distance 3 to 7 cm from macerated tubers. The growth 

inhibiting effect of contaminated soil was maintained if 

the soil was kept dry, but the inhibitory capacity of the 

soil was lost 4 days after irrigation. Root leaUcage of 

cotton, Gossypium hirsutim L. cv. DPL 5415 was observed in 

seedlings tramsplanted into soil exposed to the volatile 

substances emanating from macerated tubers. Gas 

chromaographic analysis of the volatile substances desorbed 

from XA0>4 resin showed that 13 siibstances had retention 

times between 10 to 25 minutes. Similar retention times 

are common for sesquiterpenes. Gas chromatocraphic-mass 

spectra analysis provided evidence that cyperine, cubebene 

and copaene were in the mixture of volatile substances. 

Futiire vorlc 

These studies pose new questions eibout the 

allelopathic properties of purple nutsedge. Indirect 

evidence indicates that sesquisterpenes are involved in the 

process of allelopathy. However, their isolation from the 

soil environment has not been successfully achievedas yet. 

More studies are required to test for the presence of these 

allelopathic siibstances under natural conditions. The 

sesc[uisterpenes may interfere with cell membrane function. 

Specific studies could determine if these substances 

disrupt the lipid bilayer of the membrane or if these 

substances interfere with channels, ATPases, or other 



proteins associated with membranes. Even when the 

allelopathic effects might be the result of several 

siibstances acting together, the isolation and purification 

of sesquisterpenes could be important in elucidating their 

individual effects on cell membrame permeability, water 

status, amd photosynthesis of cotton. The allelopathic 

substances released by purple nutsedge may be present in 

soils at low concentrations. Therefore, chronic rather than 

lethal effects may be expected \inder natural conditions. 

Physiological studies concerning the effects of low 

concentrations of the allelopathic sxibstances in long-term 

experiments are needed to better understand the process of 

allelopathy. 
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APPENDIX A. EFFECTS OF ALLELOPATHZC CQMPOUNDS FROM PURPLE 

NUT8EDGE {Cyperus rotundus L.) ON COTTON (Gossypium). 
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GERARDO MARTINEZ-DIAZ, and WILLIAM T. MOLIN̂  

Abstract. Greenhouse amd laboratory studies were conducted 

to determine the allelopathic potency of extracts from 

purple nutsedge tubers on the germination emd growth of two 

cotton species. The polar and non-polar fractions of the 

methanol extract had similar potency with regeurd to 

inhibition of shoot, primary, and secondary root 

elongation. However, the average of these variables was 

significantly lower for the non-polar fraction than for the 

polar fraction. Shoot, primary, and secondary root 

inhibition was more consistent with the non-polar fraction 

of the methanol extract. Secondary root growth was more 

inhibited in Pima S-7 them in OPL 5415. The equation for 

the inhibition of DPL 5415 secondary root length (y » mm) 

as a function of the non-poleu: fraction concentration (x « 

ppmw) was y s 11.2 - 0.02x while for the polar fraction it 

was y = 15.9 - O.Olx. These equations indicate that, for 

 ̂Received for publication ând in revised form. 

 ̂Graduate student, and Assoc. Prof., respectively. The 

University of Arizona, Dept. of Plaint Sciences, Tucson, AZ 

85721. 
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each unit increase in allelopathic fraction concentration, 

the non-polar fraction reduced growth twice as much as the 

polar fraction. When planted in soil treated with hexane 

extracts from fresh tubers, cotton seedlings showed root 

leakage. Electrolyte leakage was greater in Pima S'7 them 

in DPL 5415. The results indicate that the extracts from 

txibers contain compounds that delay germination, suppress 

seedling growth emd cause root injury and leakage. 

Nomenclature: Upland cotton: Gossypium hirsutum L. Delta 

and Fine Land Company variety (DPL 5415) ; Pima cotton: 

Gossypium barbadense L. Pima S-7; Purple nutsedge: Cyperus 

rotiindus L. CYPRO. Additional index words: Allelopathy, 

germination, root leaJcage. 

ZNTRODUCTION 

Purple nutsedge (Cyperus rotundus L.) is considered 

the world's worst weed (6). In 1991, purple and yellow 

nutsedge infested 905,000 ha of the United States cotton 

area and reduced cotton yields by 25,400 metric tons (2). 

Tuber weight and the photosynthetic capacity of purple 

L̂etters following this symbol are a WSSA-approved computer 

code from Composite List of Weeds, revised 1989. Available 

from WSSA, 1508, West University Ave., Champaign, IL 61821-

3133. 
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nutsedge sure considered the most important traits 

contributing to the competitiveness of the species (7). 

The interference between purple nutsedge and crops may 

be partly the result of allelopathic substances in the soil 

released from purple nutsedge (4). Aqueous extracts of soil 

that had been incubated with purple nutsedge residues for 4 

months inhibited radicle elongation of beurley, mustard and 

wheat (4). Soil, in which purple nutsedge was grown, also 

inhibited the germination and growth of bairley (8). Aqueous 

extracts of piirple nutsedge roots, rhizomes, and tubers 

were capable of reducing germination and root elongation of 

barley and had chemical properties similar to phenolic 

conpoiinds (5) . The polar fraction of methanol extracts from 

root exudates inhibited lettuce germination more than the 

non-polar fraction (14). Hexane extracts from purple 

nutsedge tubers inhibited seedling growth of white clover, 

large crabgrass, oat, and lettuce in petri dish bioassays 

(9, 11). These extracts primarily contain non-polar, 

volatile, essential oils composed mainly of sesquiterpenes 

(9, 11). Other volatile compovmds released by pxurple 

nutsedge that belong to different chemical families such as 

aldehydes, ketones, carbonyls, esters, furans and 

monoterpenes inhibited germination of onion, carrot, and 

tomato (1). These studies indicate that fresh and decaying 

tubers, roots, rhizomes and shoots of purple nutsedge 
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contain and nay release allelochemicals that inhibit the 

germination of several plant species. 

To determine whether allelopathy is partially 

responsible for the interference between purple nutsedge 

and cotton, the effect of tuber extracts on the germination 

and early growth of cotton was examined. The objectives 

were to determine which fractions of tuber extracts were 

most active and whether there were species differences with 

regard to sensitivity to extract fractions. The effects of 

the extracts on the growth and root leakage were also 

investigated. 

MATERIALS AMD METHODS 

General procedures. Cotton was grown under greenhouse 

conditions with a day/night temperature regime of 34 and 23 

°C, respectively. The soil used was a Pima clay loam with a 

pH of 7.5 consisting of 15, 53, 32 and 1.24 percent sand, 

silt, clay, and organic matter, respectively. The soil was 

collected at the University of Arizona Marana Agricultural 

Center, Meurana, AZ. Purple nutsedge tubers, from which the 

extracts were made, were collected at the University of 

Arizona Campus Agricultural Center in Tucson, AZ. Tiiber 

extracts (see details in each experiment) were tested for 

growth effects by mixing the extract solutions with soil. 



Afterwards, 700 g of soil was spread in trays (38 x 53 x 6 

cm) emd allowed to sit for 48 hours to permit 

volatilization of the solvents utilized during extraction. 

Prelimineury experiments determined that 48 hrs was required 

to ensure that the solvents had evaporated. 

An upland cotton variety DPL 5415̂ , and a Pima cotton 

variety, S-7* were used because they differ in tolerance to 

heat (3) and herbicide stress (12). Forty eight hoxir old 

seedlings, referred to as pregerminated seed, were obtained 

by germinating seeds for 48 hrs in moist soil. The effects 

of allelopathic extracts on growth of cotton seedlings were 

studied by transplemting pregerminated seed into pots 

containing 700 g of dry soil previously mixed with tuber 

extracts. Pregerminated seed with a radicle length of 1 cm 

were used in these experiments. To evaluate the effect of 

tuber extracts on germination, seeds were planted in pots 

containing 700 g of dry soil previously mixed with the 

tuber extracts. Pots were irrigated to field capacity every 

two days. 

Data analysis. The treatments in each experiment were 

distributed in a completely random design and the data were 

analyzed with COSTAT̂ . Regression analysis was performed 

with SigmaPlot Softwarê . Sepeuration of means, comparison of 

regression slopes and intercepts were performed with both 

*Delta and Pine Land Company. Casa Grande, AZ. 85222. 
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softwares. 

Effect of the polar and aoa-pelar fraetioas of 

aethaaol astracta of dry tubara oa garaloatioa and aarly 

aaadllag growth. Fresh tubers were macerated in a blender 

and the paste was air dried for 10 days in the greenhouse. 

The dry paste was mixed with methanol for 10 minutes in a 

mortar. The solution was clarified by filtration using 

Whatman No. 1 filter paper. This extract was divided into 

two fractions. Non-polar sxibstances in the methanol 

solution were partitioned into hexane by mixing the 

methanol solutions with an equal volume of hexane. The 

hexane phase was removed using a separatory funnel and the 

methanol phase was partitioned again with one volume of 

hexane. The methanol extract was partitioned four times and 

the resulting four hexane fractions were combined (Figure 

1) . The methanol fraction is called the polar fraction and 

the hexane fraction the non-polar fraction of the methanol 

extract. One hundred ml of the methanol and the hexane 

fractions were evaporated to dryness in separate 100 ml 

beakers. After evaporation of the solvent, the 

weight of the liquid extract, which was similar to a resin, 

was measured. 

The effects of both the hexane and the methanol 

Ĉohort Software. Berkeley, Calif. 

Ĵandel Scientific. San Rafael, CA 94912-8920. 
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fractions on the germination and eaurly seedling growth of 

DPL 5415 and Pima S-7 cotton were tested at 0, 125, 250, 

and 500 ppmw (weight of liquid extract/weight of dry soil). 

The treatments of this factorial experiment were 

distributed in a completely random design with three 

replications. The experimental unit was a pot containing 

five seedlings. Four days after planting, the seedlings 

were removed carefully amd the length of the shoot, root, 

and lateral roots were measured. 

Effect of the Boa-poXar hexane fraction of the 

methanol extract and the hexane extract from fresh tubers 

on germination and early seedling growth. The non-polar 

hexane fraction of the methanol extract was obtained from 

dry nutsedge tuber paste as described above. To obtain the 

hexane extract, fresh tubers were macerated in a blender 

and the resulting paste was extracted with hexane for 15 

minutes in a morteu:. The extract was clarified by 

filtration using Whatman No. 1 filter paper. The solvent 

was evaporated in one seunple to determine the amovint of 

hexane soluble material present in the solution. 

The effect on the two cotton species of the hexane 

extract from fresh tubers, and the non-polar hexane 

fraction of the methemol extract from the dry tuber paste 

(obtained as described aibove) were evaluated at 0, 250, and 

500 ppmw. The treatments in this factorial experiment were 
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distributed in a completely random design with three 

replications. Each replication contained 10 cotton 

seedlings. Five days after plamting, the length of the 

shoot, root, and lateral roots were measured. 

Effect of hmraae eztraots ob root leakage. Hexane 

extracts from fresh t\ibers were applied to the soil at 0, 

125, 250 and 500 ppmw as previously described. Eight day 

old seedlings of cotton DPL 5415 were tremsplanted into 

pots containing 700 g of treated soil and inciibated for 

1.5, 3, or 6 hours at room temperature. After the period of 

exposure, the seedlings were removed and their roots were 

washed free of soil with deionized water and excised. The 

roots of three plants (0.8->1.2 g total fresh weight) were 

placed in a 50 ml Erlenmeyer flask in 10 ml of deionized 

water containing 50 ppmw of ampicillin. After incubation 

for 4 h, the electrical conductivity of the incubation 

solution was measured using a conductivity meter̂ . There 

were three replicates per rate of extract and time of 

exposure. Two measurements of electrical conductivity were 

made per replication. 

A second experiment was performed to test the effect 

of hexane extracts on root leakage of DPL 5415 and Pima S-

7. Hexane extraction from fresh txibers and the procedure of 

application to the soil were performed as described 

 ̂Orion Research Mod. 101. 
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previously. Eight day old seedlings were exposed for 4 

hours to soil treated vith the hexame extracts at 0, 250 

emd 500 ppmv. The roots were removed, washed with deionized 

water and placed in 10 ml of deionized water containing 50 

ppmw eunpicillin for 4 hours, after which the electrical 

conductivity of the solution was determined. Three roots 

(0.8-1.2 g total fresh weight) per 10 ml solution were 

utilized. The treatments were replicated fo\ir times. In the 

experiments of root leakage, the data were normalized based 

on adjusted to 1 g of root fresh weight. 

RESULTS AND DISCUSSION 

Effect of the polar and the aoa-polar fractions of the 

methanol extract from dry tubers ob germinatloa and early 

seedling growth. Both fractions of the methanol extract had 

a similar inhibition of root and shoot growth on DPL 5415 

and Pima S-7 at 4 days after planting (DAP) in the 

experiment with non-pregerminated seeds (p<0.05)(Figure 2). 

On average, shoot and root lengths were reduced by 38 

percent at 500 ppmw of either extract. In the controls, 

Pima S-7 had longer shoots, and primary and secondary roots 

than DPL 5415 as indicated by the intercepts of the 

regression lines (p<0.01). 

Primary, secondary root, and shoot growth of 



pregerminated seeds was similarly reduced by both fractions 

of the methamol extract according to the compeorison of the 

regression slopes (p<0.05) (Figure 3). However, the average 

shoot and secondary root length for the hexeme fraction was 

17 and 56 percent lower than for the methanol fracion 

(p<0.01). At 250 ppmw, both fractions reduced growth of the 

shoot, and primaury and secondary root length by 18, 25 and 

63 percent, respectively (Figiires 3 and 4) . At 500 ppmw, 

the reduction was 34, 44 and 64 percent, respectively 

(Figures 3 and 4). Both extracts had their greatest effect 

on the length of secondary roots (Figiire 4). Even though 

statistically not different (p<0.05}, the slopes of the 

regression lines for secondary root length were greater 

with the hexane fraction than with the methanol fraction in 

both cotton species. Pima S-7 was more sensitive to the 

hexane fraction than DPL 5415 (p<0.01) . 

The hexane fraction was more consistent for inhibition 

of cotton growth as indicated by the r̂  of the regression 

lines. The hexane fraction also caused the greater cotton 

growth inhibition. Since both the hexane and methanol 

fractions were tested at equivalent concentrations of 

liquid extract, the results indicate that the non-polar 

compounds of the methanol extract were more active in 

inhibiting the growth of cotton. Our results agree with 

Komai and Ueki (1980) but differ from those of Tang et al. 
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(1995) who found that the polaur fraction of the methemol 

extract from root exudates of purple nutsedge was more 

active than the non-polar fraction of the same exudates on 

the inhibition of lettuce root elongation. However, the 

actual weights of the extracts were not given in the 

report. The methanol solutions may have had a higher 

content of extractables than the hexane solutions. In 

addition, the soiurce of the extracts were root exudates 

trapped with XAD-4 resin rather than ttibers. 

Effect of hexane fraction of the methanol extract and 

the hexane extracts from fresh tubers on germination and 

early seedling groirth. Hexane extracts from fresh tubers 

and the non-polau: fraction from the methanol extract caused 

a similar inhibition of cotton germination as measured by 

the shoot and primary root length (p<0.05). On average for 

the two species, shoot and root length were reduced by 17 

and 15 percent, respectively, at 250 ppmw. At 500 ppmw, 

shoot and root length were reduced by 41 and 36 percent, 

respectively (Figure 5). 

The hexane extract and the non̂ polar fraction of the 

methanol extract caused a similar seedling growth reduction 

of pregerminated seeds (p<0.05} (Figtires 6 and 7). As in the 

first experiment (Figure 4), the secondary root growth was 

the most sensitive to the allelopathic substances (Figure 

7) . At 500 ppmw, the reduction of secondaury root growth was 



96 percen-t while it was only 59 percent for primary root 

growth and 52 percent for shoot growth. Pima S»7 showed a 

greater sensitivity to the hexane extracts than DPL 5415 

(p<0.01). 

Hexane extracts from fresh tubers contain essential 

oils that inhibited the growth of lettuce and oats (10,11). 

The results presented here with hexeme extracts from fresh 

txibers indicated that the hexane extracts were phytotoxic 

to cotton. Because the inhibition caused by the hexame 

extract from fresh t\ibers was similar to the inhibition of 

the non-polar fraction of the methanol extract from the dry 

paste of the tubers, it is possible that both extracts 

contained similar allelochemical compoxinds or that the 

allelochemicals of both extracts were equally active. 

Effect of hexane extracts on root leakage. Examination 

of the radicle following exposure to soil treated with the 

tuber extracts revealed necrotic lesions on the radicle 

(data not shown). Therefore, the inhibition of growth and 

germination might be due to a interference with the 

membrane functions of root cells rather than to a direct 

inhibition of cell elongation or cell division. Roots of 

DPL 5415 leeUced electrolytes when the cotton seedlings were 

placed in contact with soil treated with hexane extract 

from fresh tiibers (Figure 8). The electrical conductivity 

of the leakage solution was highest when the plants were in 
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contact with the treated soil for 3 hours. The electrical 

conductivity was lower for shorter or longer exposure 

periods. Shorter periods of exposure probably did not allow 

for expression of the full effect. It is also possible that 

the longer exposure might cause rapid root damage so that 

solutes were lost in the soil rather than leaked to the 

solution. 

Root leeOcage was significemtly higher in Pima S-7 than 

in DPL 5415 (p<0.01) (Figure 8). Pima S-7 root and shoot 

growth was greater than DPL 5415 in greenhouse experiments 

(Figures 2, 4, emd 5). In addition, Pima S-7 was inhibited 

more by the hexane extracts of the tubers. A higher degree 

or level of cell membrane damage would be consistent with 

these results. Another possibility is that the cell 

membrane composition of Pima S'7 is different to DPL 5415. 

The fact that cell membrane leakage and plant growth were 

inhibited more in Pima S-7 does not necesseurily imply that 

Pima S-7 was less tolerant than DPL 5415 to the 

allelopathic extracts of purple nutsedge. Pima S-7 showed 

more vigorous growth and in the long term may overcome the 

deunage caused by the extracts. 

The root leeJcage induced by the extracts of purple 

nutsedge tubers may be due to the presence of terpenoids. 

Terpenoids caused cell membrane leakage in erythrocytes 

(15) but other allelopathic chemical families such as 



phenols and alkaloids that affect other processes, did not 

affect membrane permeability (15). Purple nutsedge tubers 

etre rich in sesquiterpenes, a class of compounds extracted 

by hexane as determined by gas chromatography amalysis (10, 

11). Sesquiterpenes have been isolated from fresh tubers of 

purple nutsedge and shown to cause inhibition of 

germination of white clover, oat and lettuce (9,10,11). 

They are the most likely compounds to cause cell membrane 

lecOcage and inhibit the growth of cotton seedlings. 

The concentration of terpenoids in the soil 

environment, however, may be lower than the concentrations 

required to cause root leeJcage. In several experiments in 

which cotton seedlings were exposed to soil collected from 

pots infested with purple nutsedge, no difference in 

leakage compared to the control was observed (data not 

shown) . It is possible that at low concentrations the 

terpenoids interfere with other root functions which 

reduce the competitiveness of cotton. 
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FZ6URB LEGEMDS 

Figure Al. Extraction and fractionation of allelopathic 

substances from tubers of purple nutsedge. 

Figure A2. Effect of the methanol fraction (MF) and the 

hexane fraction (HF) of the methanol extract from tubers of 

purple nutsedge on root and shoot growth of non-

pregerminated seeds of two cotton species. The methanol 

fraction is also called the polar fraction of the methanol 

extract and the hexane fraction is also called the non-

polar fraction of the methanol extract. The regression 

equations for primary root length for the fractions and 

species were: 

y = 3.50±(0.29) - 0.0031±(10e"*)X, = 0.58, p<0.02, for 

HF on DPL 5415; 

y = 5.74±(0.46) - 0.0050±(16e'*)x, = 0.48, p<0.02, for 

HF on Pima S-7; 

y = 5.19+(0.35) - 0.0034±(12e"*)x, R̂  = 0.43, p<0.02, for 

MF on DPL 5415; and 

y = 5.96±(0.52) - 0.0036±(18e"*)x, R̂  « 0.28, MS, for MF on 

Pima S-7. 

The regression equations for shoot length were: 

y = 1.76±(0.13) - 0.0017±(4.6e'*)x, R̂  = 0.48, p<0.01, for 

HF on DPL 5415; 

y = 2.30±(0.15) - 0.0019±(5.4e'̂ )x, R̂  = 0.54, p<0.01, for 
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HF on Pima S-7; 

y = 2.55±(0.17) - 0.0018±(6.1e"*)x, = 0.46, p<0.02, for 

MF on OPL 5415; and 

y = 2.65±(0.27) - 0.0012±(9.4e'*)x, = 0.13, NS, for MF on 

Pima S-7. 

Figure A3. Effect of the methanol fraction (MF) and the 

hexane fraction (HF) of the methanol extract from tubers of 

piirple nutsedge on root and shoot growth of pregerminated 

seeds of two species of cotton. The methanol fraction is 

also called the polar fraction of the methanol extract and 

the hexane fraction the non-polar fraction of the methanol 

extract. The regression equations for primary root length 

for the fractions and species were: 

y = 6.82±(0.38) - 0.0075±(13e'*)x, R̂  = 0.75, p<0.01, for 

HF on DPL 5415; 

y = 7.54±(0.66) - 0.0078±(23e"')x, R̂  = 0.53, p<0.01, for 

HF on Pima S-7; 

y = 6.50±(0.47) - 0.0032±(16e"*)x, R̂  - 0.26, NS, for MF on 

OPL 5415; and 

y = 7.04±(0.55) - 0.0056±(19e"*)x, R̂  « 0.45, p<0.02, for 

MF on Pima S-7. 

The regression equations for shoot length were: 

y = 2.62±(0.09) - 0.0025±(3.1e"*)X, R̂  = 0.85, p<0.01, for 

HF on DPL 5415; 



y = 3.09±(0.12) - 0.0030±(4.4e'*)x, « 0.82, p<0.01, for 

HF on Pima S-7; 

y = 2.92±(0.13) - 0.0011±(4.5e'*)x, « 0.35, p<0.05, for 

MF on DPL 5415; and 

y = 3.20±(0.19) - 0.0018±(6.9e'*)x, R^ « 0.39, p<0.05, for 

MF on Pima S-7. 

Figxire A4. Effect of the hexane fraction (HF) and the 

methanol fraction (MF) of the methanol extract from purple 

nutsedge tubers on secondary root growth of pregerminated 

seeds of two cotton species. The methanol fraction is also 

called the polar fraction of the methanol extract and the 

hexane fraction is also called the non-polar fraction of 

the methanol extract. The regression equations for 

secondary root length for the fractions and species were: 

y = 5.37±(0.73) - 0.01±(2.55e'^)x, R^ = 0.62, p<0.01, for 

HF on DPL 5415; 

y = 11.2±(1.19) - 0.02±(4.18e'')X, R^ = 0.72, p<0.01, for HF 

on Pima S-7; 

y = 7.8±(1.65) - 0.006±(5.78e"^)x, R^ « 0.11, NS, for MF on 

DPL 5415; and 

y = 15.9±(3.54) - 0.01±(12.4e"^)x, R^ = 0.13, NS, for MF on 

Pima S-7. 

Figure A5. Effect of the hexane extract (HE) and the hexane 
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fraction of the nethamol extract (HF) from tubers of purple 

nutsedge on shoot and primeury root growth of non-

pregerminated seeds of two species of cotton. The hexane 

extract (HE) was obtained from fresh tubers of purple 

nutsedge while the HF was obtained from a dry paste of 

macerated tubers. The regression equations for primary root 

length for the fractions and species were: 

y = 9.05±(0.56) - 0.0088±(17.6e'*)x, = 0.77, p<0.01, for 

HE on DPL 5415; 

y = 9.33±(0.77) - 0.0086±(24.1e"'')X, = 0.64, p<0.01, for 

HE on Pima S-7; 

y = 8.95±(0.75) - 0.0066±(23.3e"')x, R^ = 0.52, p<0.05, for 

HF on DPL 5415; and 

y = 9.55±(0.58) - 0.0034±(17.9e"'')x, R^ = 0.33, NS, for HF on 

Pima S-7. 

The regression equations for shoot length were: 

y = 2.80+(0.29) - 0.0025±(8.9e'*)x, R^ = 0.51, p<0.02, for 

HE on DPL 5415; 

y = 3.00±(0.22) - 0.0033±(6.9e'*)x, R^ « 0.76, p<0.01, for 

HE on Pima S-7; 

y = 2.74±(0.29) - 0.0022±(9.0e"*)x, R^ « 0.44, p<0.05, for 

HF on DPL 5415; and 

y = 2.87±(0.20) - 0.0014±(6.5e'*)x, R^ « 0.41, NS, for HF on 

Pima S-7. 
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Figure A6. Effect of the hexane extract (HE) and the hexeme 

fraction of the methanol extract (HF) from tubers of purple 

nutsedge on root amd shoot growth of pregerminated seeds of 

two species of cotton. The regression equations for primeury 

root length for the fractions emd species were: 

y = 10.57±(0.81) - 0.0125±(25.1e"*)x, » 0.78, p<0.01, for 

HE on DPL 5415; 

y = 11.71±(0.75) - 0.0163±(23.2e'*)x, = 0.87, p<0.01, for 

HE on Pima S-7; 

y = 10.01±(0.48) - 0.0087±(14.9e"*)X, R^ = 0.82, p<0.01, for 

HF on DPL 5415; and 

y = 11.54±(0.92) - 0.0128±(28.6e"')x, R^ = 0.74, p<0.01, for 

HF on Pima S-7. 

The regression equations for shoot length were: 

y = 3.53±(0.27) - 0.0038±(8.6e"')x, R^ = 0.73, p<0.01, for HE 

on DPL 5415; 

y = 4.07±(0.23) - 0.0050±(7.3e'*)x, R^ = 0.86, p<0.01, for HE 

on Pima S-7; 

y = 3.40±(0.21) - 0.0028±(6.5e"*)X, R^ = 0.72, p<0.01, for HF 

on DPL 5415; and 

y = 3.80±(0.27) - 0.0036±(8.5e'*)X, R^ - 0.71, p<0.01, for HF 

on Pima S-7. 

Figure A7. Effect of the hexane fraction of the methanol 

extract (HF) and the hexane extract (HE) from purple 



nutsedge ttibers on growth of secondary roots of 

pregerminated seeds of two species of cotton. The 

regression equations for secondary root length for the 

fractions and species were: 

y = 5.531(0.84) - 0.01±(2.6e'^)x, = 0.71, p<0.01, for HE 

on DPL 5415; 

y = 12.5±(1.34) - 0.02±(4.1e~^)x, = 0.84, p<0.01, for HE 

on Pima S-7; 

y = 5.62±(1) - 0.01±(3.le~^)x, R^ = 0.66, p<0.01, for HF on 

DPL 5415; and 

y = 11.7±(1.74) - 0.02±(5.4e"^)x, R^ = 0.73, p<0.01, for HF 

on Pima S-7. 

Figure A8. Electrical conductivity, an indicator of root 

leakage, as influenced by the concentration of the hexane 

extract from fresh purple nutsedge tubers. Cotton plants 

were exposed to the treated soil for 1.5, 3 and 6 hours and 

then incubated in water for 4 hours. The regression 

ec[uations of electrical conductivity for the periods of 

exposure were: 

y = 35.6±(5.39) - 0.307±(1.88e'^)x, R^ = 0.92, p<0.01, for 

1.5 h exposure; 

y = 57.8±(11.2) - 0.384±(3.93e'^)x, R^ = 0.81, p<0.01, for 3 

h exposxire; and 

y = 61.5±(9.75) - 0.311±(3.40e"^)x, R^ = 0.79, p<0.01, for 6 
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h exposure. 

Figure A9. Electrical conductivity, a measiire of 

electrolyte leakage of roots of DPL 5415 smd Pima S«7 as 

affected by the hexane extracts from fresh txibers of purple 

nutsedge. The regression equations of electrical 

conductivity for the species were: 

y = 72.17±(4.13) - 0.014±(1.28e'^)x, = 0.75, p<0.01, for 

DPL 5415; and 

y = 71.16±(8.58) - 0.020±(2.66e'^)X, = 0.70, p<0.01, for 

Pima S-7. 
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figure a7. 
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APPENDIX B. THE BPPBCT OF ALLBLOPATHIC EXTRACTS FROM PURPLE 

NUTSE06E {Cyperus rotundus L.) ON ROOT LEAKAGE AND HATER 

RELATIONS OF COTTON 8EEDLIN08 {Gossypiwa barbadense Piu 8-

7). 
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Th* of allelopathie aztraeta from purpla autsadga 

(Cyperus rotundus L.) on root laakaga and vatar ralations 

of cotton aaadliags (Gossypium barbadensB Siaa 8-7) 

GESARDO MARTINEZ-DIAZ and WILLIAM T. MOLIN^ 

Abstract: The effects of allelopathic extracts from piirple 

nutsedge tubers on root leakage and water relations of 

cotton seedlings were determined. Hexeme extracts of tiibers 

contained allelopathic s\ibstances that could partition into 

water, and the solutions thus formed, caused leeOcage of 

electrolytes from roots at concentrations above 50 ppmw. 

Cell membrane pertxirbations occurred if roots were exposed 

to the solutions for 30 or more minutes amd the effect was 

independent of water potential in the range from 0 to 

-0.6 MPa. At water potentials lower than -0.6 MPa, the 

effect of the allelopathic substances on leaJcage was not 

detected presumably because the root cells were plasmolyzed 

and the cell membranes were disrupted. The allelopathic 

extracts at 250 ppmw decreased the water potential, leaf 

^ Received for publication imd in revised form. 

^ Graduate Student, and Assoc. Prof., respectively. The 

University of Arizona, Dept. of Plant Sciences, Tucson, AZ 

85712. 
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water content, and osmotic potential of cotton seedlings 

from -0.7 to -1.3 MPa, from 89 to 79 percent, and from -

0.86 to -1.0 MPa, respectively, within 24 hours after 

transplanting (HAT). Similarly, a decrease in water 

potential from -0.65 to -0.87 MPa was detected in leaves of 

plants transplemted to soil previous containing purple 

nutsedge residues from previous infestation. The decrease 

in water potential of cotton seedlings may be a consequence 

of the cell membreme damage caused by the allelopathic 

extracts. Nomenclature: Pima cotton: Gossypium barbadense 

L. Pima S-7; purple nutsedge: Cypenzs rotundus L. CYPRO. 

Additional index words: Allelopathy, root leakage, water 

potential. 

XMTRODUCTIOM 

Allelopathy is the process by which one plant species 

releases substances that inhibit the growth of neighboring 

plants (16). Allelopathic substances identified in plants 

belong to diverse chemical feunilies, and show great 

^ Letters following this symbol are a WSSA-approved computer 

code from Composite List of Weeds, revised 1989. Available 

from WSSA, 1508, West University Ave., Champaign, XL 61821-

3133. 
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variation in their chemical and physical properties (16). 

Phenolic compounds, and a large number of volatile 

compounds, such as sesquiterpenes, aldehydes, ketones, 

hydrocaorbons, have been identified in purple nutsedge (4, 

9, 11). Tubers of ptirple nutsedge contain sesquiterpenes 

whose composition vary with ecotype and inhibit the 

germination of several species (10, 11). Sesquiterpenes 

with ketone groups (i.e., a-cyperone and cyperotxindone) or 

hydroxyl groups (i.e., cyperol) were more inhibitory than 

acetates and hydroceurbons (10, 11) . Sesquiterpenes were 

isolated from fresh tiibers by extraction with hexane (10, 

11) and inhibited germination emd growth of cotton 

seedlings (13). The extracts also caused root leakage 

indicating an effect on the membrane permeability of root 

cells (13). 

The volatility of sesquiterpenes may allow passage 

through pores in the soil from the source (tubers of purple 

nutsedge) to the target plants. Alternatively, 

sesquiterpenes may be sufficiently soluble in water and be 

absorbed by susceptible species. Plants susceptible to 

sesquiterpenes may inc\ir cell membrane damage and plant 

processes, such as water uptake, may be altered. Ferulic 

acid, salicylic acid, coumaric acid, and velvetleaf 

extracts reduced the water potential of cuciimber seedlings 

and soybean, respectively (2, 3, 5, 6). 
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The gemination of cotton was not affected in fields 

severely infested with purple nutsedge (unpublished 

results). However, the cotton seedlings growing in these 

fields exhibited reduced growth and symptoms of water 

stress and nutritional deficiencies. These symptoms in 

cotton may be a consequence of the depletion of water and 

nutritional resources by direct competition. The effects 

may also result from the damaged root systems caused by 

allelochemicals emanating from purple nutsedge tubers or a 

combination for resources and allelopathy. 

The objectives of this work were to investigate the 

effects of allelopathic substances from purple nutsedge 

tubers on root leakage and water relations of cotton 

seedlings. The effect of length of exposure, concentration, 

and the interaction of the allelopathic extracts with water 

potential were studied. The water status of cotton was also 

monitored after exposure to allelopathic extracts at 

different concentrations. 

MXTERZALS AMD METHODS 

1. Root leakage of eottoa aeedlinga. Pima cotton G. 

barbadense S^7* was used in all experiments. Cotton 

seedlings used in the experiments were grown in a soil mix 

* Delta and Pine Land Company. Casa Grande, AZ 852221. 



(1:1:10:10 by weight; peat moss, vermiculite, Pima clay 

loam soil, and aand) in the greenhouse for 2.5 days at 

which time the roots were about 5 cm. Purple nutsedge was 

grown in the greenhouse where the day/night temperatiires 

were 34/23 °C, respectively. The txibers were collected, 

washed, and then homogenized with a mortaur and pestle in 

hexane for 15 minutes. The extract was clarified by 

filtration with Whatman No. 1 filter paper. The hexane in 

the extract (100 ml) was evaporated smd the material that 

remained was weighed. Another 100 ml of extract was 

partitioned against an equal volume of deionized water. 

After 10 minutes, the aqueous phase was separated using a 

separatory funnel. The hexane phase was evaporated to 

dryness and the solid extract was weighed. The solid 

material in the water fraction was calculated by the 

difference between the weight of solid extract from the 

hexane extract and the weight of the solid extract from the 

hexane fraction. The ac[ueous fraction thus obtained 

contained 400 ppmw of solubilized compotinds from the hexane 

extracts and was used in the experiments. Controls 

consisted of water partitioned against hexane. 

a. Effect of tbe hexane eztract on root leakage. 

Cotton seedlings were washed free of soil with deionized 

water and the roots were incubated in aqueous solutions of 

extracts for 4 hours in the dark at room temperature. Each 
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treatment consisted of four seedlings placed in a test tube 

containing 4 ml of acpieous extract. Concentrations ranging 

from 0 to 400 ppmw were obtained by dilution of the 

original aqueous phase. The water utilized to dilute the 

original concentration was water previously peirtitioned 

against hexeme. After the treatment period, the root tips 

(3 cm) of the four seedlings were removed and placed in 

three ml of water containing 50 ppm of ampicillin. The root 

tips were incubated in the dark at room temperature for 4 

hours, after which the electrical conductivity (EC) was 

measured with a conductivity meter^. Two experiments were 

conducted, one with three and the other with four 

replications. 

b. Effect of the length of exposure to the 

allelopathic extracts on root leakage. The effects of the 

length of exposxare to aqueous extracts on root leakage were 

determined as described above except that only the 400 ppmw 

concentration was tested. Cotton seedlings with a water 

potential of -0.24, MPa as measvired by a pressure chaunber 

Model 3005 were used in the experiment. The experiment 

were repeated twice each time with three replications. 

c. The effect of allelopathic extracts and solution 

water potential oa root leakage. To determine the effect of 

^ Orion Research Mod. 101. 

^ Soilmoist\ire Equipment Corp. Santa Barbara, CA 93105. 
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allelopathic extracts and solution water potential on root 

leakage, aqueous solutions of extracts were prepared as 

described previously to which either PEG 10,000 or mannitol 

were added as osmotica (14). Cotton seedlings were treated 

as previously described. The experiment was repeated twice 

each tine with three replications. 

2. Effect of the allelopathic extracts on water relations 

of cotton seedlings. 

a. The effect of allelopathic extracts on leaf water 

content and water potential. Eleven-day-old cotton plants 

were used in the experiments. The hexane extract, obtained 

as previously described, was applied to Pima clay loeun 

soil. The treated soil was air dried for 48 hours in open 

trays (38 x 53 x 6 cm) to allow the hexane to dissipate. 

The layer of soil was always less than 3 cm thick. The 

cotton plants were carefully removed and transplanted to 

the treated soil. The hexane extract was applied at 0, 250, 

and 500 ppmw in the experiments measiiring leaf water 

content. 

Leaf water content was determined at 6, 12 and 24 

hours after transplanting. Discs (0.7 cm in dieuneter) were 

collected from the cotyledons. Fourteen discs were weighed 

and placed in a Petri dish (3.8 cm diameter) containing 4 

ml of distilled water. The discs were incxibated in the dark 

at room temperattire for 4 hours after which the txirgid 
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weight was measured. The discs were dried in an oven at 70 

°C for 72 hours and weighed. Three experiment were conducted 

with 2, 3 emd 2 replications, respectively. 

The hexane extract was applied at 0, 125 and 250 ppmw 

in the experiments that measured the effect on water 

potential. The cotton plants were tremsplanted into the 

treated soil and water potential was measxired at 6, 12 amd 

24 HAT. Two experiments were conducted, one under 24/23 °C 

day/night temperature conditions in the greenhouse, and 

another under 27/27 °C regime in a growth cheunber. In both 

experiments, 4 replications were used. Water potential 

measurements were made with a pressure chamber. 

b. Effect of the concentration of allelopathio 

extracts on water potential, leaf water eeateat and esaotie 

potential. The cotton plants were transplanted to the soil 

containing the allelopathic extracts at 0, 62, 125, 187, 

and 250 ppmw. Water potential was measvired at 24 HAT using 

a pressure chamber. The cotyledons of the plauits were 

stored at -79 °C and later the osmolarity of the sap was 

measured by using a vapor pressure osmometer^. The osmotic 

potential was calculated from the osmolarity data by 

considering that 1000 nmol/kg » 2.48 MPa. The experiment 

was repeated twice with four replications each time. 

The seune rates were tested in experiments measuring 

^ Model 5500, Wescor Inc. Logan, Utah 84321. 
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leaf water content. The cotton plants were transplanted to 

the treated soil and at 24 HAT the leaf discs were obtained 

to measure the fresh, turgid and dry weight as described 

above. Two experiments were performed each with 3 

replications. 

c. The effect of soil collected from pots infested 

with purple autsedge on water potential of cotton 

seedlings. Purple nutsedge was grown in pots containing 700 

g of Pima clay loam soil for 8 months. At harvest, plant 

parts of purple nutsedge were removed by hand and the soil 

was dried for two days in the greenhouse. Cotton plants 

were transplanted to 600 ml pots containing 750 g soil and 

placed in a growth chamber at 27/27 °C day/night 

temperature. The controls were plants transplanted to pots 

containing a Pima clay loam soil in which purple nutsedge 

was not previously grown. The plant water potential was 

measiired with a pressure chember at 24 hours after 

transplanting. The soil water potential was measxired 

with a Soil moisture meter Mod. 5910^ and Watezmark 

sensors^ that had been placed in the soil when the cotton 

was transplanted. The soil water content was also measured 

in the pots 24 HAT by obtaining the weight of the wet soil 

and dry soil after the soil from the pots was dried in the 

^Soilmoisture Equipment Corp. Santa Barbara, CA 93105. 

^Xrrometer Co. Riverside, CA. 



oven for 72 h at 105 °C. Three experiments were performed. 

Two experiments were performed with 9 replications and one 

with four. Individual plants were considered experimental 

units. 

RESULTS AND DISCUSSION 

1. Root leakage of cotton seedlings. 

a. Effect of the hexane extract on root leakage. A 

sigmoidal response between electrical conductivity and 

concentration of the allelopathic extracts was found 

(Figure 1). From 0 to 50 ppmw no increase in EC was 

detected. A linear response was found between 50 ppmw to 

300 ppmw. At concentrations greater than 300 ppmw the EC no 

longer increased indicating the end point of electrolyte 

leeOcage. Alternatively, the membrane injury might have been 

so extensive that the tissue lost electrolytes during the 

treatment period. Then, when placed in distilled water to 

measure leeUcage, the tissue may leak the entire complement 

of electrolytes. 

These results indicate that the allelopathic extracts 

obtained by hexane extraction can be soluble in water at 

concentrations potentially deleterious to the cells. The 

inhibitory compounds may exude from tubers and move to the 

roots after solubilization in water. Borneol and caunphor 



81 

(monoterpenes) which are considered insoluble in water have 

ac[ueous solubilities of 274 and 550 ppmw, respectively, and 

caused inhibition of germination of Radbeckia birtato at 5 

ppm (16). The authors suggested that for biologically 

active molecules, solubility should be considered relative 

to concentrations needed for biological activity. The major 

sesquiterpenes in hexane extracts of purple nutsedge tubers 

are cyperene, P^selinene, cyperotundone, a-cyperone, 

patchoulenyl acetate and sugeonyl acetate (10). Because 

each of these compounds vary in structxire, the solubility 

in water or volatility may be different. Therefore, 

purification and determination of aqueous solubility would 

be important in clarifying the potential of these molecules 

for movement with water through the soil. 

b. Effect of the length of exposure to allelopathic 

•xtracta on root leakage. The electrical conductivity of 

the water in which the treated roots were placed increased 

from 70 to 200-250 fiS/cm as the period of exposure to the 

solutions containing 400 ppmw of allelopathic substemces 

increased during the first two hours of treatment (Figure 

2). After two hours, the electrical conductivity decreased 

(Figure 2). Controls were not affected by the treatment and 

showed a slight decrease in EC with time. The results 

indicate that the allelopathic compounds in the water 
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solution caused damage to the cell membrames soon after 

being placed in contact with the roots. Therefore, we 

hypothesize that the allelopathic compounds in water 

solutions primeurily affect the cell membranes. A simileur 

hypothesis for phenolic allelopathic compo\inds has been 

postulated (7); however, phenolic compounds cam be aOasorbed 

and translocated in plemts to sites where they interfere 

with other processes (6,7). A change in cell membrane 

permeability may be the result of several processes acting 

separately or together. The allelopathic substances may 

interfere with ion channels or ATPases associated with the 

cell membranes, or may disrupt the lipid bilayer. Another 

possibility is that the compounds inhibit root metabolism 

that leads to the production of insufficient energy to 

maintain cell membrane structure (1). 

The decrease of EC for periods of exposxure longer than 

two hours may result from the loss of electrolytes into the 

aqueous solution containing allelopathic compounds before 

the roots were transferred to the incubating solution. 

Thus, when the roots were transferred to the incubating 

solution with 50 ppm ampicillin most of the electrolytes 

may have already been lost. 

e. The effect of allelopathic extracts and water 

potential on root leakage. Water potentials between 0 to 

>0.6 MPa obtained with PEG 10,000 caused a slight increase 
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in root leakage, but higher water potentials caused a 

strong increase in leakage (Figxure 3). PEG has been shown 

to be phytotoxic to plants (15) ; therefore, the weak 

increase in electrical conductivity observed from 0 to "0.6 

MPa night be due to such effects. The water potential of 

the seedlings before treatment was -0.24 MPa. Plasmolysis 

between -0.24 to -0.6 MPa did not cause cell membreme 

disruption. However, below -0.6 MPa plasmolysis might have 

been severe enough to cause cell membrane disruption. Root 

leeikage was greater for treated roots compared to the 

controls when the allelopathic extracts were present in the 

solutions at water potentials greater -0.6 MPa. Since the 

osmolarity of the solutions with the extracts at 400 ppmw 

was similar to distilled water, root leakage may be 

attributed to a direct interference of the allelopathic 

compounds with the cell membranes. Alternatively, as 

indicated before, root le2Ucage may be the result of 

allelochemical interference with root metabolism such that 

the roots fail to maintain cell membrane integrity. A 

decrease in leakage of treated roots was observed between 0 

to -0.6 MPa suggesting that the PEG might be adsorbing the 

allelopathic compounds and, as a result, reducing toxicity. 

Experiments in which mannitol was used as osmoticxim 

produced similar results (Figtire 4) to that obtained with 

PEG, except that EC did not show a decrease from 0 to -0.6 
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MPa. These results suggest that the allelopathic extracts 

were not adsorbed by the mannitol. 

The experiments with both osmotica showed that the 

effect of the allelopathic extracts on root leeUcage is 

independent of the water potential in the range from 0 to 

>0.6 HPa. At lower water potentials, plasmolysis of the 

root cells may have disrupted the cell membranes which in 

turn may have masked the effects of the allelopathic 

svibstances on cell membrane integrity. 

Taken together, the results on root leakage suggest 

that membraine permeability was affected by the allelopathic 

extracts independently of the water potential of the 

environment. Since the hexane extracts contain basically 

non-polar substances, most of which are sesquiterpenes (9, 

10, 11), the results indicate that those compounds may be 

sufficiently soluble in water to diffuse from the tubers of 

purple nutsedge to the roots of crops. The allelopathic 

extracts caused damage to the roots as soon as they were 

placed in contact with them suggesting that the primary 

site of action was at the level of root cell membranes. 

However, specific studies on the partitioning of the 

different sesquiterpenes in the plasmalemma and studies on 

the interference of these compounds with the function of 

membrane channels and ATPases would be needed to test this 

hypothesis. Rates higher than 50 ppmw were enough to cause 
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root leakage. Therefore, we predict that under natural 

conditions the total concentration of the different 

sesquiterpenes nust be above 50 ppmw in the soil water 

solution to cause changes in cell membrj&ne permeability of 

cotton. 

2. Effect of the allelopatbio extracts on water relations 

of cotton seedlings. 

a. The effect of allelopathic extracts on leaf water 

content and water potential. Leaf water content was similar 

for the different concentrations of the extract 6 and 12 

HAT (Figure 5). However, the leaf relative water content 

decreased from 89 percent in the control to 74 percent at 

500 ppmw 24 HAT (Figure 5). Similar results were obtained 

with water potential measurements (Figiire 6) . No change in 

water potential was detected during the first 12 hovirs, but 

a decrease from -0.8 to -1.2 MPa at 250 ppmw was observed 

24 HAT. The change in water potential suggests that water 

upteilce or the stem hydraulic conductivity were inhibited by 

the allelopathic compounds. The reduction of water uptsUce 

might be due to the direct interference of the 

allelochemicals on the root cell membranes (lipid bilayer 

disruption or interference with cell membrane channels and 

ATPases) or to an inhibition of root metabolism that 

reduced the energy available to sustain cell membrane 

integrity. As a result, the osmolites required to maintain 
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a lower water potential in the root cells were lost and the 

flow of water from the environment to the cells was 

reduced. The reduction of hydraulic conductance might be 

due to substances that clog the xylem vessels whose 

synthesis is induced by the allelopathic substances (15) . 

b. Effect of the allelopathic extracts en plant vater 

potential, leaf water content and osmotic potential. Leaf 

relative water content decreased in the seedlings 

transplanted to treated soil (Figure 7). The water 

potential of the cotton seedlings exponentially decreased 

in response to an increase in the concentration of the 

allelopathic extracts (Fig\ire 8}. In addition, a 

logarithmic decrease was found between the osmotic 

potential of the cotton plants and the concentration of the 

allelopathic extracts (Figure 9). The mixing of 

extracellular and intracellular osmolites that occurs when 

the tissue is squeezed makes it inappropriate to calculate 

the turgor pressure of the plants. However, the leaf water 

content data indicated that turgor was not maintained at 

any concentration of the allelopathic extracts. 

Phenolic allelopathic substances decreased water 

potential in cuciamber, soybean, and sorghum (2,3,6). The 

non-polar compounds of the purple nutsedge tubers caused 

similar effects. Since sesquiterpenes are the major 

components of the hexane extracts (10, 11), it is likely 
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that these substamces caused the decrease of water 

potential observed in cotton seedlings. 

e. Water potential of cotton •••dlinga as affected by 

soil containing purple nutsedge residues. Three sepeurate 

experiments showed that there was a significantly lower 

water potential in the cotton seedlings transplanted to the 

soil collected from the infested pots (-0.87 MPa) than in 

the controls (-0.65) (Table 1). Since the soil water 

potential and soil water content in the two treatments were 

similar, such differences may be due to the presence of the 

allelopathic compounds. Based on the difference in water 

potential between the controls and the treated seedlings 

(Fig\ire 8), we hypothesize that the concentration of 

allelopathic substances in the soil infested with purple 

nutsedge is about 50 ppnw. The allelopathic substances in 

the soil may not only be sesquiterpenes. Phenolic compounds 

may be present that, as discussed eJsove, also reduce the 

water potential of plants. 
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Table 1. Water potential of cotton seedlings after 
tTMsplantlng to a clay loam soil previously Infested 
with pTirple nutsedge. 

Treatment Water potential^ 
(MPa) 

Infested -0.86 a 

Control -0.65 b 
* Means followed by different letter are slgnlflcamtly 
different at 0.001 probability level as determined by 
the Student-Newman-Keuls test. 



FIGURE LEGENDS 

Figvire Bl. Root leeUcage as influenced by the concentration 

of the aqueous fraction of the hexane extracts from purple 

nutsedge tubers. Two experiments were conducted and each 

plot represents the results of one experiment. Data points 

represent means ± standard errors (n = 6 for experiment 1, 

and n = 8 for experiment 2). 

Figure B2. Root lesUcage as influenced by the period of 

exposure to 400 ppmw of allelopathic compounds extracted 

from purple nutsedge tubers. Two experiments were conducted 

and each plot represents the results of one experiment. 

Data points represent means ± standard errors (n 8). 

Figure B3. Effect of the allelopathic extracts in the 

aqueous fraction and water potential on root leakage of 

cotton seedlings. The concentration of the allelopathic 

extracts in the ac[ueous fraction was 400 ppmw. The various 

water potentials were obtained by using PEG as osmoticum. 

Two experiments were conducted and each plot represents the 

results of one experiment. Data points represent means ± 

standard errors (n » 8). 

Figvire B4. Effect of the allelopathic extracts in the 

aqueous fraction and water potential on root le8Jcage of 



cotton seedlings. The concentration of the allelopathic 

extracts in the aqueous fraction was 400 ppmv. The various 

water potentials were obtained by using nannitol as 

osmoticum. Two experiments were conducted and each plot 

represents the results of one experiment. Data points 

represent meams ± stand2urd errors (n « 8). 

Figure B5. Effect of the allelopathic extracts from purple 

nutsedge tubers on the relative water content (RWC) of 

cotton cotyledons at 6, 12 and 24 HAT. Data points 

represent means ± standeurd errors; results from two 

experiments were combined (n 5) . 

Figure B6. Effect of the allelopathic extracts from purple 

nutsedge tubers on the water potential of cotton seedlings 

3, 6, 12 and 24 HAT. Data points represent means ± steuidard 

errors; results from two experiments were combined (n - 8) . 

Figure B7. Effect of low concentrations of the allelopathic 

extracts from purple nutsedge tubers on the relative water 

content of cotton seedlings 24 HAT. Data points represent 

means ± standard errors; results from three experiments 

were combined (n - 8). 

Figure B8. Effect of low concentrations of the allelopathic 
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extracts from purple nutsedge tubers on the water potential 

of cotton seedlings 24 HAT. Data points represent means ± 

standard errors; results from two and four experiments, 

respectively, were combined (n = 8 or 16). 

Figure B9. Effect of vairious concentrations of the 

allelopathic extracts from purple nutsedge tubers on the 

osmotic potential of cotton seedlings 24 HAT. Data points 

represent means ± standard errors; results from two 

experiments were combined (n = 8} . 
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FIGURE B4. 
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APPEMDZZ C. BPFECT8 OT ALLELOPATBZC BXTRACT8 FROM PURPLE 

HUT8BD6E OH HATER STATUS, PHOTOSYHTBBSZ8, AMD QROHTH OP TWO 

COTTON SPECIES. 
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Effects of «ll«lopathie •xtraets from purpl« auts«dg« on 

vat«r status, photosystlissis, and gxewtli of two cotton 

spacias.^ 

GERARDO HARTINEZ-DIAZ, and WILLIAM T. MOLIN^ 

Abstract. The effects of allelopathic substemces extracted 

with hexane from purple nutsedge tubers on the water 

status, photosynthesis, and growth of two cotton species, 

Gossypium hirsutwn L. DPL 5415 and Gossypium barbadense L. 

Pima S-7 was studied. The leaf relative water content (RWC) 

and water potential of Pima S-7 were reduced from 80 to 35 

percent, and from -1.1 to -1.8 MPa at 3 days after 

transplanting (DAT) , respectively, as the concentration of 

the allelopathic extracts increased from 0 to 250 ppmw. The 

seune parameters of DPL 5415 were reduced from 80 to 60 

percent, and from -1.1 to -1.3 MPa. Carbon dioxide uptake 

and leaf conductance were more sensitive to the 

allelopathic substances than the RWC and water potential; 

62 ppmw of the allelopathic extracts reduced CO2 upteUce and 

1 Received for publication and in revised form. 

2 Graduate student, and Assoc. Prof., respectively. The 

University of Arizona, Dept. of Plant Sciences, Tucson, AZ 

85721. 
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leaf conductance by about 50 percent 3 DAT in both species. 

However, the RWC and water potential were not affected at 

this concentration. The quantiom yield and Fv/Fm ratios of 

Pima S-7 were not affected by the allelopathic siibstances 

even at concentrations that decreased the RWC to about 40 

percent. However, in OPL 5415, the RWC decreased to 60 

percent at 250 ppmw and the quamtum yield decreased from 

0.69 in the control to 0.62 at 250 ppmw. Leaf expansion and 

epicotyl growth were inhibited as the concentration of the 

allelopathic extracts increased and were inhibited 30 and 

37 percent, respectively, at 250 ppmw. Nomenclature: Upland 

cotton: Gossypium hirsutum L. DPL 5415; Pima cotton: 

Gossypium barbadense L. Ŝ ?; P\irple nutsedge: Cyperus 

rotundus L. CYPRO. Additional index words: Allelopathy, 

water potential, photosynthesis, photoinhibition. 

INTRODUCTION 

Allelopathy is a form of plant interference that 

occurs when one plant interferes with the growth of another 

plant via a chemical inhibitor released by living or 

^ Letters following this symbol are a WSSA-approved computer 

code from Composite List of Weeds, revised 1989. Available 

from WSSA, 1508, West University Ave., Champaign, IL 61821-

3133. 
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decaying tissue (17). purple nutsedge contains allelopathic 

subst2mces, the most potent being non-polar compounds that 

are rich in sesquiterpenes (12, 13, 14). These chemicals 

inhibited the germination and growth of white clover, large 

crabgrass, oat, lettuce, carrot and tomato (2, 12, 13), emd 

delayed the germination and growth of cotton (14). Tuber 

extracts caused root leakage indicating that they perturbed 

the root cell membrane permeability (15). The water 

potential of cotton plants was reduced after being 

tremsplanted into soil treated with the extracts (15) . 

Cotton germination was not affected when planted in fields 

infested with purple nutsedge; however, the cotton plants 

growing in these fields exhibited symptoms of water stress 

and nutritional deficiencies (unpublished data). 

A decrease in water potential may cause stomatal 

closure and decrease photosynthesis (5). A low water 

potential may also affect mesophyll resistauice by 

inhibiting photosynthetic electron transport or by altering 

the enzymatic activity involved in photosynthesis 

(5) . When the reducing capacity of photosystem II (PSII) is 

altered, plants can dissipate the excess energy by 

photochemical and by non-photochemical quenching (7, 8, 

11) . Excess light energy may be re-emited as fluorescence. 

The greatest fluorescence (Fm) is obtained when the 

components of PSII are reduced (dark adapted leaves) and 
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-then eure exposed to light at high intensity, while the 

lowest flouorescence CFo) is obtained under continuous dark 

conditions. The difference between Fm and Fo is called Fv, 

and the ratio Fv/Fm is called the efficiency of excitation 

captiire of open PSIX reaction centers (1, 3, 11). 

Fluorescence cam also be measured in light-adapted plants 

before (Fs) or after exposing the plants to a saturation 

light (Fsm). From these pareuneters the (quantum yield cem be 

calculated (1, 3, 11). The quantum yield and the Fv/Fm 

ratio indicate the efficiency of electron transport in 

psii. 

Cotton is capable of tolerating water stress without 

reducing its photosynthetic electron transport capacity by 

dissipating excess excitation energy through photochemical 

quenching (i.e. photorespiration) (6, 8). When the water 

potential is reduced by allelopathic substances, the 

capacity of the plant to dissipate excess excitation energy 

may be compromised and this capacity may differ emong 

species. 

The objective of this work was to study the effect of 

the allelopathic substances extracted from tubers of purple 

nutsedge on the water status, photosynthesis, and growth of 

two cotton species. 

materzals amd methods 
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Greenhouse experiments were conducted at the Campus 

Agricultural Center of the University of Arizona, Tucson, 

AZ. The day/night temperature were 32/24 °C and the average 

photon flux density at noon was 1000 |imolm-^s~^. The cotton 

seedlings were grown in pots (600 ml) containing a soil mix 

(1:1:10:10 by weight; peat moss, vermiculite, Pima clay 

loam soil, and sand). The hexane extracts were obtained as 

previously indicated (14, 15). The extracts were applied to 

Pima clay loam soil at the various concentrations specified 

below. The soil was mixed and placed in trays (38 x 53 x 6 

cm) , and the trays were placed in the greenhouse for 48 h 

to allow the solvent to evaporate. The layer of soil in the 

trays was always less than 3 cm thick. 

Two cotton species Gossypium hirsutxm L. OPL 5415 and 

Gossypium barbadense L. Pima S-7, were used in the 

experiments. In each experiment there were three 

replications with three plamts in each experimental unit. 

In all cases the treatments were distributed in a 

completely randomized experimental design. Experiments were 

repeated two or three times as specified in each section. 

1. Effects of the allelopathlc extracts on the relative 

water content and water potential of cotton. Fifteen-day 

old cotton seedlings were transplanted into soil containing 

allelopathic substainces at 0, 62, 125, and 188 ppmw. Water 

potential was measured at noon on the third day after 
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transplanting with a pressure chaiaber Model 3005^. The RHC 

was also measured at noon 3 days after trzmsplanting in an 

experiment in which the soil contained the allelopathic 

substances at 0, 62, 125, 188, and 250 ppmw. The fresh 

weight of cotyledons was measured, and after placing the 

cotyledons in deionized water for 16 hours, their turgid 

weight was meastured. Afterwards, the cotyledons were dried 

for 72 hours at 70 "C to obtain the dry weight. The relative 

water content of the cotyledons was calculated using the 

fresh, turgid and dry weights. 

2. Effect on the allelopathic extracts on the 

photosynthetic capacity and leaf conductance. Fifteen-day-

old cotton plemts were transplanted to pots filled with 700 

g of dry soil containing the extracts at 0, 62, 125, and 

188 ppmw. The net CO2 uptake of leaves was measured using a 

ADC LCA3 Infreired Gas Analyzer^ at noon the second and third 

day after transplanting. 

3. Effect of the allelopathic extracts on photosynthetic 

electron transport of cotton. Fifteen-day-old cotton plants 

were transplanted to soil containing the hexane extracts at 

a concentration of 0, 62, 125, and 188 ppmw. Fluorescence 

measurements of dark and light-adapted plants were 

conducted 4 hours after transplanting, and at noon on the 

^Soilmoistiire Equipment Corp. Santa Baurbara, CA 93105. 

^he Analytical Development. Herts, England. 
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second and third day after transplanting using a Model OS-

100^ pulse nodulated fluorometer. Dark-adapted pleuits were 

placed in the dark for 30 min before the flurometer 

measurenents were nade. Individual plants vere considered 

experimental units. 

4. Effect of the allelopathic extracts on leaf expansion 

and epicotyl elongation. The plants used for measuring the 

effect of the hexane extracts on cotton fluorescence vere 

also used to evaluate leaf growth and epicotyl elongation 

two weeks after transplanting. Leaf size of the first true 

leaf was measured with a leaf area meter Model CI-251^. 

RESULTS AMD DISCUSSION 

1. Effects of the allelopathic extracts on the relative 

water content and water potential of cotton. The 

allelopathic compounds decreased the water potential and 

RWC in both cotton species 3 OAT (Figure 1). Extract 

concentrations above 62 ppmw reduced the RWC and water 

potential of Pima S-7 (Figure 1). similar results were 

observed 24 hours after trimsplanting in Pima S-7 (15). The 

RWC and water potential of Pima S-7 were reduced from 80 to 

35 percent, and from -1.1 to -1.8 MPa, respectively, as the 

^Opti-Sciences, Haverhill, MA 01830. 

^ CID, Inc., Vzmcouver WA 98682. 
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concentration of the allelopathic extracts increased from 0 

to 250 ppmw 3 DAT (Figure 1). The RWC and water potential 

of DPL 5415 were reduced from 80 to 60 percent, amd from 

-1.1 to -1.3 MPa, respectively. In DPL 5415 extract 

concentrations above 125 ppmw reduced RWC (Figure 1). These 

results show that Pima S-7 was more sensitive than DPL 5415 

to the allelopathic substemces in terms of water potential 

and RWC (Figure 1} . Root leeUcage of Pima S->7 exposed to the 

allelopathic substances was greater than in DPL 5415 (15). 

The greater decline of RWC amd water potential in Pima S-7 

may be the result of greater root damage caused by the 

allelopathic substances. Greater root deunage in Pima S-7 

may have resulted in more xylem clogging and consequently 

less hydraulic conductivity, resulting in lower water 

potential and lower RWC. Greater root damage may also 

result in the loss of osmotic potential in root cells and 

hence, loss of the water potential gradient from soil to 

plant. 

2. Effect of the allelopatbio extracts on CO, assiailatioii 

and leaf coaductaace. Photosynthetic CO2 assimilation 

decreased in response to increasing concentrations of 

allelopathic extracts on the second and third day after 

transplanting (Figure 2a and b, respectively). There was a 

rapid decrease in net photosynthesis at extract 

concentrations between 0 to 120 ppmw with higher 
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concentrations resulting in little additional inhibition of 

COz uptaUce. Net photosynthesis was inhibited more in Pima S' 

7 than in DPL 5415 on the second day after transpleuiting 

(Figxure 2), although both varieties vere similarly affected 

on the third day after transplanting. The decrease in 

stonatal conductemce on the second and third day after 

transplanting was similau: to the decrease in net 

photosynthesis (Figure 3). 

3. Effect of the allelopathic extracts on the 

photosynthetie electron transport of cotton. Fv/Fm and 

quantum yield were not affected in the first day after 

transplanting in DPL 5415 at any of the allelopathic 

extract concentrations (Figures 4 and 5). However, on the 

second and third day the quantum yield was reduced from 

0.69 in the control to 0.62 at 250 ppmw in DPL 5415 

(Figures 4 and 5). In contrast, there was no change in 

these parameters in Pima S-7 (Figure 4). Water stress was 

observed in both cotton species when transplamted to soil 

treated with the extracts. Water stress was greater in Pima 

S-7 them in DPL 5415 (Figure la and b). The lack of a 

reduction of quantum yield and the Fv/Fm ratio in Pima S-7 

nay indicate that the photosystem II (PSII) of Pima S-7 can 

tolerate higher levels of dehydration. In general, PSII 

function in plants is altered when the RWC of the leaves is 

lower than 70 percent (4) . In Pima S-7, a RWC of 40 percent 
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did not alter the function of PSII according to our data. 

Since photoinhibition (the impaiment of photosyntetic 

transport by high light intensity) occurs when the rate of 

damaged D1 protein replacement decreases or when the level 

of protection of the PSII proteins by phosphorylation is 

low, we hypothesize that the mechanisms that trigger both 

processes in response to water stress sure more sensitive in 

Pima S-7 them in OPL 5415. Photorespiration, another 

mechanism that dissipates excess excitation energy under 

water stress, may also be higher in Pima S>7 than in DPL 

5415. Water stress (-2.2 MPa versus -0.6 MPa in the 

control) did not affect the electron transport of cotton 

(Gossypium hirsutum L. cv Reba), however, CO2 fixation 

decreased as a consequence of stomatal closiire (6). In our 

experiments we demonstrated that water stress not only 

reduced photosynthetic CO2 uptake but also inhibited 

electron transport of DPL 5415 as shown by the decrease of 

quantum yield. The effects were species dependent which 

agrees with others (3, 4, 16) who found that the effect of 

water stress on PSII depends on the species, its life 

history, and the combination of stresses. 

The allelopathic compounds extracted with hexane 

affected the membranes permeability of cotton root cells 

(APPENDIX B). Therefore, not only water uptake but also 

nutrient uptake may be affected. It is possible that in the 
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long texnn the nutritional status of cotton nay be 

negatively affected and consequently all functions of the 

plemt including the PSII function may be negatively 

affected. 

4. Effect of hmxmnm extracts ob leaf ezpansioa and epicotyl 

elongation. Expansion of the first true leaf and epicotyl 

elongation were reduced 30 and 37 percent, respectively, in 

cotton plants transpl£mted to soil treated with 250 ppmw of 

hexane extracts. The reduction of leaf growth and epicotyl 

length in terms of percent of control was similar in both 

cotton species (Figure 6). The extracts affected the water 

status of cotton seedlings (APPENDIX B and Figxire 1}. 

Therefore, the reduction in leaf turgor may cause the 

reduction of leaf expansion. A reduction in CO2 uptake due 

to stomatal closure might be an additional cause of 

reduction of leaf expansion and epicotyl elongation. 

Reduced production of carbohydrates may affect the rate of 

cell division. 

This study demonstrate that the allelopathic 

substances extracted with hexane from purple nutsedge 

tubers reduce the RWC, water potential, leaf conductance, 

CO2 uptake, photosynthetic electron transport, and growth of 

cotton. The intensity of these effects was species 

dependent. Of these variables, CO2 uptake and leaf 

conductance were the most sensitive to allelopathic 
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compounds. The allelopathic extracts at a concentration of 

62 ppmw 3 DAT did not reduce the water potential and RWC of 

cotton; however, this concentration reduced the 

photosynthetic capacity amd leaf conductance. Root cell 

membreme damage may indirectly cause stomatal closure and 

the reduction of CO2 uptake. 
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rZOURB leoehds 

Figure CI. Effect of the allelopathic hexane extracts on 

(a) the water potential, and (b) the RWC 3 DAT. Data points 

represent meams ± stamdard errors (n = 9 for water 

potential and n > 3 for RWC) . 

Figure C2. Effect of the allelopathic hexane extracts on 

COz assimilation (percentage of the mean value of the 

control) of cotton on the (a) second, and (b) third DAT. 

Data points represent means ± standard errors; results 

from two experiments were combined (n = 18). 

Figiire 03. Effect of the allelopathic hexane extracts on 

stomatal conductance (percentage of the mean value of the 

control) on the (a) second, and (b) third DAT. Data points 

represent means ± standard errors; results from two 

experiments were combined (n = 18). 

Figxire C4. Effect of the allelopathic hexane extracts on 

the quantiim yield of (a) DPL 5415, and (b) Pima S'7. Data 

points represent means ± standard errors; results from two 

experiments were combined (n « 18) . 

Figure C5. Effect of the allelopathic extracts on the Fv/Fm 

ratio of (a) DPL 5415, and (b) Pima S'->7. Data points 



represent neauis ± standard errors; results from two 

experiments were combined (n « 12) . 
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Figure C6. Effect of the allelopathic extracts from purple 

nutsedge on (a) epicotyl elongation, and (b) leaf expansion 

of two cotton species. Data points represent means ± 

standard errors; results from three experiments were 

combined (n = 27 for epicotyl and n - 9 for leaf area). 
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FIGURE C5. 
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APPENDIX D. VOLXTZLB ALLSLOPATBXC CQMPOUHDS PRQK PURPLB 

HUT8ED6B (Cyperus rotundus L.)• 



Volatile allelopathie eoapoimds from purple nutsedge 

{Cyperus rotundus L.).*̂  
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GERARDO HARTINEZ-DIAZ, and WILLIAM T. MOLIN^ 

Abstract. Greenhouse and laboratory studies showed that 

volatile siibstances from purple nutsedge tubers inhibited 

cotton seedling growth. The volatile substances were 

trapped by a clay loam soil and cotton planted in this soil 

exhibited delayed growth. The substamces contaminated soil 

at a distance 3 to 7 cm from macerated tuber tissue. Soil 

toxicity was maintained if the soil remained dry, but the 

inhibitory capacity of the soil was lost 4 days after 

irrigation. Root leakage of cotton DPL 5415 (Gossypium 

hirsutum L.) was observed in seedlings transplemted into 

soil previously exposed to the volatile substances 

emanating from macerated tubers. Gas Chromatographic 

analysis of volatile substances from tubers adsorbed by a 

XAO-4 resin showed that about 13 substances had retention 

times between 10 to 25 minutes that are common retention 

times for sesquiterpenes. Gas chromatographic-mass spectra 

^ Received for publication ^and in revised form. 

^ Graduate student and Assoc. Prof., respectively. The 

University of Arizona, Dept. of Plant Sciences, Tucson, AZ 

85721. 
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analysis provided evidence that cyperine, ciabebene and 

copaene were in the aixture of volatile substances. 

Nomenclature: Upland cotton: Gossypiun hirsutum L. DPL 

5415; Purple nutsedge: Cyperus rotundus L. CYPRO. 

Additional index words: Allelopathy, sesquiterpenes, root 

leakage. 

IMTRODUCTZON 

Purple nutsedge {Cyperus rotundus L.) contains allelopathic 

substances that inhibits radicle elongation of barley, 

mustard and wheat (4). Soil, in which purple nutsedge had 

previously grown, inhibited the germination and growth of 

barley (5) and reduced the water potential of cotton (9). 

Essential oils extracted from purple nutsedge tubers with 

hexane inhibited seedling growth of white clover, large 

crabgrass, oat, and lettuce in Petri dish experiments (6, 

8}, and delayed the germination amd growth of cotton (10). 

Komai and Tang (1989) found that purified 

sesquiterpenes from the hexane extract of purple nutsedge 

tubers inhibited germination of four species utilized in 

^Letters following this symbol are a WSSA-approved computer 

code from Composite List of Weeds, revised 1989. Available 

from WSSA, 1508, West University Ave., Champaign, XL 61821-

3133. 
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their bioassays (10, 11). We found that hexane extracts of 

tubers delayed gemination, induced root leakage, reduced 

water status and decreased photosynthesis of cotton 

(APPENDICES A, B, and C). Hexame extracts of tubers from 

purple nutsedge were nore phytotoxic than methanol extracts 

(APPENDIX A) . 

Essential oils are "a large class of volatile 

odoriferous oils of vegetable origin that impart to plants 

an odor and often other characteristic properties'* (1) . 

Essential oils are obtained by steam distillation or 

extraction with organic solvents such as methanol or 

hexane. The hexane extracts contain a mixtiire of essential 

oils composed mainly of sesquiterpenes (6,7,8). 

Soil containing pvurple nutsedge tubers may become 

conteuninated with inhibitory substances by leakage from 

tubers and movement with soil water (9). However, because 

of the volatile natiire of essential oils, soil 

conteunination may arise from volatilization and movement of 

inhibitory substances through the soil air space. 

The objectives of this work were to determine whether 

the volatile compounds released from macerated purple 

nutsedge tiibers were retained by soil and if they were 

capable of producing phytotoxicity symptoms including root 

leaJcage in cotton. Other objectives were to determine 

whether volatile siibstances could move through the soil 
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matrix emd contaminate soil at veurious distances from the 

txibers. It was also importemt to determine if there were 

sesquiterpenes in the volatile substances. 

MATERIALS AHD METHODS 

1. Effect of volatile compounds from purple nutsedge tubers 

on cotton growth. Fresh txibers were macerated in a blender 

and the paste was placed in Petri dishes in various aunounts 

according to the treatment. A Pima clay loam (350 g) was 

spread in a 38 x 53 x 6 cm tray. Three petri dishes 

containing 0, 5, 10, 20 or 40 g of tuber paste were placed 

on the layer of soil. The tray was covered with Saran wrap 

for 10 days, after which the soil was tested for its 

capacity to inhibit germination. Two trays of soil 

containing the saune amounts of tuber paste were retjuired to 

fill one pot with 700 g of dry soil. Therefore, the 

volatile compounds released by 0, 30, 60, 120 and 240 g of 

the t\iber paste and trapped by 700 g of soil were actually 

tested. The experiment was conducted in a greenhouse with a 

day/night temperature of 34/23 °C. The treatments were 

distributed in a completely random design with three 

replications. Each experimental unit had ten seeds of DPL 

5415^ in one pot. Shoot and root length was measured 4 days 

^Delta and Pine Land Company. Casa Gramde, Az. 85222. 
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after planting. 

2. Bffeet volatile eoapeunds en root leakage. Pima clay 

loam soil (700 g) was exposed to the volatile compounds 

released from the paste of fresh tubers (240 g) for 10 

days. The paste was spread ina38 x 53 x6 cm tray. The 

paste was covered by a piece of window screen, then a piece 

of permeable paper, and then was covered by a layer of 

soil. The tray was covered with a Sarem wrap. The control 

was soil incubated without the paste of the purple nutsedge 

tubers. The soil was used to test root leakage of DPL 5415. 

Cotton seedlings were transplanted into the soil for 3 

hours after which the roots were removed amd placed in 10 

ml water containing ampicillin (50 ppm) for 4 hours. The 

electrical conductivity of the water solutions were 

measured 4 hovirs after the incubation period. The 

treatments were replicated 6 times. The data were expressed 

as fiS/g root fresh weight. 

3. The movraent of allelopathie substances in the soil 

matrix. Trays (38 x 53 x 6 cm) were filled with a Pima clay 

loam soil and rows of macerated tubers (0.7 grams per cm) 

wrapped in a paper towel were placed at a 15 cm depth. Half 

of the trays were stibirrigated and the other half remained 

dry. Controls consisted of trays without the rows of 

macerated tubers and were also subirxigated or maintained 

dry. After four days, when the soil in the irrigated trays 
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had drained, the soil in each tray was collected vertical 

and horizontal distamce of 0>3, 3-7, or 7-13 cm from the 

row of the macerated tubers. Soil (50 g) was placed in 

petri dishes and germination of wheat (Yecora Rojo, 20 

seeds per petri dish) was used as a bioassay. Each petri 

dish was watered with 16 ml of deionized water. Germination 

was evaluated 48 hours after planting. 

4. Absorption of the volatile compounds from purple 

nutsedge on ZAD'-4 resin. A paste of purple nutsedge tubers 

(80 g fresh weight) was placed in 1 liter side-armed 

Erlenmeyer flasks. Tiibing 30 cm in length was connected to 

the outlet and a column of 0.8 g XAO-4 resin was placed at 

the end of the hose. A sponge 3 mm thick was placed between 

the hose and the column to avoid contaunination with 

particles of purple nutsedge tubers. Air at low flux was 

passed through the flask. After one week the columns were 

eluted with methanol. The methanol was evaporated and the 

solids were redissolved with ethyl acetate. GC^ was 

performed on a FID instr\iment using a 15 m x 0.32 mm id., 

DB-5 fused silica column (J & W Scientific). Nitrogen was 

used as carrier and the oven temperature was programmed 

from 60 to 320 at 10 °C/min. GC-MS^ was performed on a DBS-

MS with a column of 25m x 0.32 mm i.d.(J & W Scientific). 
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1. Bffseta of volatiltt ceiqpouiidB r«l«ascd by frssb tubers 

of purpls Butssdgs on growth of cotton. Root and shoot 

growth of DPL 5415 was inhibited when seeds were planted in 

soil that had been exposed to the volatile compounds 

released by the tuber paste (Figure 1}. The results suggest 

that volatile substances released by fresh tubers of purple 

nutsedge cem be trapped in soil emd exert allelopathic 

effects on cotton. Previous work (APPENDIX A) showed that 

the hexane fraction from methanol extracts of the tubers 

were more inhibitory on cotton germination and growth than 

the methanol fraction. Volatile compounds in the extract 

might have contributed to inhibition of germination and 

growth of cotton in that study. This work demonstrates that 

the volatile substances from purple nutsedge tubers can be 

adsorbed by soil and subsequently inhibit growth of cotton. 

2. Effect of volatile ooBpounds on root leakage. 

Soil that was exposed to the volatile substances released 

by fresh tubers prior to planting cotton caused root 

leaJcage (Table 1). Root leakage from the cotton plants 

exposed for 3 hours to the contaoninated soil was higher 

than in the control. These results show that the volatile 

substances from ptirple nutsedge tubers also interfere with 

Hewlett Packaurd. 
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root cell neabrane permeability as «ras demonstrated in 

APPENDICES A and B. 

3. The •ovemeat of allelopathie substances ia the soil 

matrix. Wheat germination at 0 to 3 and at 3 to 7 cm from 

the tuber paste was 4 and 46 percent, respectively, in the 

dry treatment (Table 2). Germination was not affected at 

other positions in the dry soil profile. Thus, the 

allelopathic s\ibstances released by one tuber of purple 

nutsedge may move to a maximxim radii of about 7 cm. Soil 

from a field severely infested with purple nutsedge 

contained one tuber or bulb per 10 to 30 cm^ of soil at a 

depth from 0 to 20 cm (unpublished results). Therefore, it 

is likely that the concentration of allelopathic sxibstances 

at this depth may be inhibitory to cotton during early 

stages of growth. 

Water counteracted the inhibitory activity of the 

allelopathic substances released by the purple nutsedge 

tubers. Increased microbial activity leading to degradation 

of the active compounds might decrease their toxic 

activity. The experiment suggest that a continuous release 

of volatile allelopathic substances from the tubers would 

be necessary to replenish the degraded allelopathic 

substances under wet conditions. 

4. Absoptioa of volatile cempeuads from purple 

nutsedge on ZAO-4 resia. The gas chromatogreun of the 
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volatile substances trapped with the XAO-4 resin showed 

that these substances had retention times similar to the 

compounds in hexane extracts of tubers (Figure 2a and 2b). 

Chromatogram b shows that about 13 substemces had retention 

times between 10 to 25 minutes. Under these chromatographic 

conditions, that range corresponds to sesquiterpenes, 

substances whose boiling temperatures are between 1S0~270 °C 

(1) . Molecules of lower weight such as aldehydes emd 

ketones that volatilize at temperatures below 100 °C have 

retention times lower than 10 minutes. The mass spectra of 

three of the volatile substsmces were comparable to the 

mass spectra of cyperine, copaene and cubebine from the 

data base NBS75K.L indicating that these sesquiterpenes 

were among the 13 volatile compounds (Table 3). These 

sesquiterpenes inhibited germination of white clover, large 

crabgrass and lettuce (7,8). The experiments show that the 

volatile substances released by purple nutsedge tubers 

contain sesquiterpenes. 

The sesquiterpenes are volatile compounds that may 

move from the tubers of purple nutsedge to the roots of 

cotton through the porous air space of the soil or move 

with water (APPENDIX B). These compounds may be adsorbed 

onto soil or absorbed into root tissues, and reach 

inhibitory concentrations. 
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Table 1. Root leakage of cotton DPL 5415 as affected by 
volatile confounds from purple nutaedge tubers trapped by a 
clay loam soil. 

Treatment Conductivity* 

pS/cm 

Treated soil 218a 

Control 85b 
ttoana followed by the same letter are not different at the 
0.05 level as determined by the Student-NeMnan-Keuls test. 
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Table 2. Gexaination (percent of control) of wheat var 
Yecora Rojo when planted in a clay- loan soil collected at 
different distances from purple nutsedge tuber paste. 

Distance Position* Wet Dry 
(cm) 

Mean± Mean± SE 

0-3 around 116 ± 35 4 ± 4 

3-7 «ibove 110 ± 5 109 ± 11 

3-7 side 104 ± 14 46 ± 10 

7-12 above 112 ± 12 96 ± 6 

7-12 side 122 ± 0 122 ± 11 
^Position relative to tuber paste. Around means above, at 
sides and below the paste. 
^Percentage of germination with respect to germination of 
wheat in soil collected at different distauices in control 
trays without the paste. 
^Standard error of the percentage of germination. 



Table 3. Sesquiterpenes with a mass spectra comparable to the mass spectra 
of volatile substances released by tubers of purple nutsedge. 

Retention time of the Compound" Quality" 
substance (min) 

13.829 alpha-cubebene 95 

13.921 Copaene 98 

14.425 Cyperene 95 
" Compound whose mass spactra had the best match with the substance. 
^ The higher the similarity between the mass spectra of the compound the 
higher the quality. 
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FX6URB LE6EHD8 

Figxire Dl. Effect of volatile compounds released by a paste 

of piirple nutsedge tubers and trapped by a clay loam soil 

on growth of cotton DPL 5415. Shoot and root length was 

evaluated 4 days after treatment. 

Figure D2. Capillary gas chromatograms of a. the hexane 

extracts from tubers of purple nutsedge, and b. volatile 

sxibstances emanating from a paste of purple nutsedge 

tubers. 
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