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Critical Periods of Weed Competition in Cotton in Greece
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Four experimentswereconductedin centralGreeceduring 1997and1998to determinethe
late-seasonpresenceof weedsin cotton(GossypiumhirsutumL.) andthe critical timesfor
removing weeds. Experimentswereconducted in natural,heavily infestedcropland. The
presenceof weedsfor morethan3 weeksaftercropemergencecausedsignificantreductions
in crop growth andlint yields. However, weedsthat emerged11 weeksor moreafter crop
emergencedid not adversely impactyields. Total weedbiomassincreasedwith increasing
time prior to weedremoval. A weed-freeperiod of 11 weeksafter crop emergencewas
neededto prevent significantreductionsin cottonheight,biomass,numberof squares,and
yield. Theseresultsindicatedthatpostemergenceherbicidesor othercontrolmeasuresshould
be initiated within 2 weeksafter crop emergenceto avoid significantyield reduction. For
greaterefficiency, soil-appliedherbicidesin cottonshouldprovide effective weedcontrol for
at least11 weeks.Curvilinearregressionequationswerederivedto describetherelationship
betweencritical periodsof weedpresenceandcottongrowth andfruit development.
KEY WORDS:Weedinterference;weedcompetition; cotton.

INTRODUCTION

Cotton(GossypiumhirsutumL.) is oneof the mostimportant andprofitable crops in
Greece.Duringthe3 years1997–99,cottonproductionin Greeceaveraged390,000haper
year, which resultedin Greecebeingthetenthgreatestcottonproducerin theworld.

Growth of cotton is significantly affected by weed competition. Yield reduction
dependson weedspecies,densityanddistribution (10), aswell ason thesoil’s moisture,
temperature(1), type,fertility andpH (12).

The duration of weed presence with the crop, and the time of weed emergence,
generally affect weed–crop competition. The critical periodfor weed–crop competition
occurs whenboth the weedsandcrop are in an active vegetative stageof growth. This
periodof weed–cottoncompetition variesfrom 3 to 9 weeksafter sowing, anddepends
on environmental factorsandthoserelatedto bothcropandweeds(1,12). Buchananand
McLaughlin (3) reportedthatcotton– in two locationsin Alabama– tolerated4 to 7 weeks
of weedcompetition after cropemergence. In Mexico, spring-sown cottonrequired a 9-
weekweed-freeperiodto avoid significantyield reduction,whereasfor winter-sowncotton
thatperiod was17weeks.However, someresearchers(8,17) found thata 4–5weekweed-
freeperiod wasneededfor cottongrowth to beunaffected,whereasChandler (5) reported
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thatthisperiodwas11–13 weeks.Thesedifferences,accordingto Keeley andThullen(10),
couldbeattributedmainly to differentdensityandspeciesof theweedspresent, aswell as
to environmentalfactors.

Several researchers(2,15,17)found thatestablishment, height, biomass,squareandboll
number of cottonweresignificantlyaffectedby weedcompetition. Cottonyield wasthe
mostsensitivemeasurementof growth in responsetoweedcompetition,andyield reduction
wasrelatedto duration of weedcompetition, spatialarrangementof weeds,weedspecies
anddensity(2,6,11,17). Keeley andThullen(9) found that full-seasonweedcompetition
caused80–100%reduction of cottonyield. Also, according to their findings, thepresence
of early-emergedweedsaffectedcottonyield morethanlate-germinating weeds. While
late-germinatingweedsdid not reduceyield, they did interferewith mechanical harvesting
andlowered cropquality (6).

The above mentioned studieswere carriedout in the USA and SouthAmerica, but
similar studieshave not beenconductedwith cotton under field conditions in southern
Europe. The objective of this researchwasto determine the effect of weedremoval and
weedemergencetimeoncottongrowth in Greece.

MATERIALS AND METHODS

Four experimentswereconductedat Larissain centralGreeceduring 1997 and1998,
on a clay soil with 45% clay, 32% silt, 23% sand,1.1% organic matterand pH 7.95.
The most common weedsin the experimentalareawere common cocklebur (Xanthium
strumariumL.; 14% of the total) andredroot pigweed(AmaranthusretroflexusL.; 65%
of the total). Other weedspresent included tumble pigweed (Amaranthus albus L.),
bristly foxtail (Setaria verticillata (L.) Beauv.), barnyardgrass(Echinochloa crus-galli
(L.) Beauv.), junglerice (Echinochloa colonum L. Link.) andspiny cocklebur (Xanthium
spinosumL.).

Soil was prepared according to the local practicefor cotton production. Following
tillage, fertilizer wasapplied at 100 kg N ha


�
, 44 kg P ha


�
and83 kg K ha


�
before

sowing. Acala-Zeta2 cottonvariety wasseededat a rateof 24 kg ha 

�

with a six-row
planterto a soil depthof 3.5cm. At sowing time, phorate(Thimet) wasapplied at 1.2kg
a.i. ha


�
to protectagainstwireworms (Agriotesspp.). Cottonwassown on April 26 in

1997andonApril 21 in 1998. Thecropwasirrigatedasnecessaryto sustaingrowth.
Two of the four experimentswerecarriedout to evaluate the effect of time of weed

removal on cotton growth and two other experimentswere conductedto determine the
influence of time of weedemergenceon cottongrowth. In theweedremoval trials,weeds
wereallowedto competewith cottonfor 3, 5, 7, 9, 11 and13 weeksaftercropemergence
(wace). Weedswereremovedby hand andplotsremainedweed-freefor thedurationof the
seasonuntil harvest.In theweedemergenceexperiments,plotsweremaintainedweed-free
manually for 3, 5, 7, 9, 11and13 waceandthenleft unweededfor therestof thegrowing
season.In eachexperiment,two control treatmentswereincluded:aseason-longweed-free
treatment anda season-longnatural infestationof weeds.

Theexperimentaldesignconsistedof a randomizedcompleteblock with four replica-
tions for eachtreatment. Eachplot consistedof six cottonrows (95 cm apart), 6 m long.
Theadjacent outertwo rowsof eachplot wereusedasguard rows.

In all trials, height andbiomassof cottonplantsweredetermined at the time of each
weedremoval or emergence. Four cottonplantswereharvestedat ground level from a
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35-cm-long row in eachplot. A central areaof two cottonrows � 2.5-m long was left
undisturbedfor the final yield harvest assessments.Number of squareson cottonplants
wasrecorded at 11 and13 wace. All cottonassessmentswereperformedon the central
two rows of eachplot. At harvest (22 wace), cottonwashand-harvestedfrom the plants
in the two centralrows (2 rows � 2.5 m long) in eachplot andyield of seedcottonwas
determined.

Assessmentsof weeddensityandbiomasswereperformedat eachtime of removal
on samplescollectedfrom 1 m



in the two centralrows of eachplot. Weeddensityand

biomassassessmentswerealsoperformednearharvestin experimentsonweedemergence
time. At eachassessment,plants of eachweedspeciesseparatelywerecutat ground level,
measured, driedat 70

�
C for 48h, anddry biomasswasdetermined.

Cottonandweeddatafor weedremovalorweedemergenceexperimentsweresubjected
to separateanalysesof variance (ANOVA) for eachgrowing season.Then,the treatment
meanswere regressedagainst time (wace) in order to find the bestregressionequation
that describesthe relationship betweencotton growth parameters and weedremoval or
emergencetime, aswell asbetweenweedbiomassandtime (wace). In theseregression
equations,thecottonor weedparameterwasthedependentvariable( � ) andthetime(wace)
the independentvariable( � ). The equationwith the highestcoefficient of determination
was( �



) valuewasjudgedto bethemostappropriate.

RESULTS AND DISCUSSION

Time of weed removal Height,biomass,squarenumberandyield of cottonplantsgrown
with weedswerereducedwith prolongeddelaysin weedremoval in both1997and1998.
However, theimpactof weedson cottongrowth wasnot proportionalwith time (Table1).
Thereduction of thesegrowth parameters wasgreater in cottonplantsgrown during1997
thanduring 1998, mainlybecausemore weedswerepresentin 1997.

TABLE 1. Effect of weedremoval time on height (cm). biomass(g plant�
�
). square(number

plant�
�
) andyield (% of weed-free)lossesof cottonplantsgrown in 1997 and1998

Cotton Weeksaftercropemergence
0 3 5 7 9 11 13

1997
Height 70.9 66.8 49.8 29.1 22.3 18.9 20.6
Biomass 43.5 38.0 21.4 4.5 1.2 0.8 0.6
Squares 18.2 16.4 10.2 3.1 0.1 0 0.1
Yield 0.0 8.0 13.0 70.0 96.0 100.0 100.0

1998
Height 60.1 59.5 54.8 49.1 47.3 45.3 42.5
Biomass 35.0 32.6 25.0 18.0 13.1 12.5 11.4
Squares 12.7 12.4 10.5 8.3 6.3 5.4 5.0
Yield 0.0 13.0 23.0 55.0 81.0 87.0 100.0

Total weedbiomassin both growing seasonsincreasedwith increasing time of weed
removal, but this increasewasnotproportional with time(Table2). Weedbiomassin 1997
was40%higher thanin 1998. Weeddensitycounts in all plotsshowedthatthemeantotal
weeddensityrangedfrom 195to 280plantsm 




.

The lack of cottonheightreduction in plots whereweedswerepresent for 3–5wace
(Table1) is in agreement with resultsobtained by others (3,7). Also, the cottonheight
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reduction dueto weedcompetition for 5–11waceagreeswith thefindingsof otherworkers
(9,16,17).

Thereducedcottonbiomasswith increasingdurationof weedpresence(Table1) is in
agreementwith thefindingsof Bararpour et al. (2) andof Oosterhuis andZhao(15). The
significantreduction oncottonbiomassat theearlygrowth stageswasexpected,asa result
of the fasterplantgrowth rateof X. strumariumL., Amaranthusspp. andS.verticillata.
Duringthefirst 3–4weeks,theseweedplantsgrew faster, becametaller thancottonplants,
andmaintainedthatgrowth throughout thegrowing season.This resultedin a reduction of
cottonplants’photosyntheticability, aswell asof growth andbiomassaccumulation rate.
Keeley andThullen(7) reportedthatcompetition for light during theearlygrowth stagesis
moredetrimental to cottongrowth thancompetitionfor moisture andnutrients.

Thenumberof cottonsquareswasalsoreducedby thepresenceof weedsfor thefirst 5
wace(Table1). Thisresultis in agreementwith ByrdandCoble(4), whofoundasignificant
reduction in cottonsquaresdueto weedinterferenceduring theearlygrowth stages.

Cottonyield in weed-freeplotswashigher (3900 kg ha 

�
) in 1998 thanin 1997(2850

kg ha

�
). However, in competition with weedsfor thefirst 3 weeks,yield of cottonplants

in 1997 and1998 wasreducedsignificantly, by 8% and13%,respectively, in comparison
with thatof weed-freecontrol (Table1). Theseresultsarein contrastwith thoseof Aldrich
(1), who found no yield reductiondueto weedcompetition for the sameperiod. These
differences,according to Keeley andThullen (10), could be attributedto cottoncultivar,
agricultural practices,weedspecies,weeddensity, soil type,soil fertility, andsoil moisture.
Thelack of beneficialeffect on yield dueto weedremoval at any time later than11 or 13
wacein 1997and1998, respectively, agreeswith thefindingsof Keeley andThullen(9).
Theseverecottonyield losswith increasingtime of weedinterferencefrom 5 to 9 waceis
in agreement with thefindingsof otherresearchers (2,6,10,14,17).

TABLE 2. Total biomassof weeds(g m �
�
) growing with cottonin 1997and1998, asaffectedby

removal or emergence time

Timeof Weed: Weeksaftercropemergence
0 3 5 7 9 11 13

Removal
1997 0 100 500 900 1450 2000 2400
1998 0 40 360 560 1080 1160 1440

Emergence
1997 2400 1650 1050 650 470 200 50
1998 1440 1340 850 400 320 120 40

The quadratic equation (y=a+bx+cx


) provided the bestfit for the regressionof all

theabove mentionedparameterson time (Table3). This couldbeattributedto theabove
reportedlackof linear(proportional) increaseof cottongrowth with time. Thehigherslope
b found for height,biomass,squarenumber andyield of cottonplantsgrown in 1997 than
in 1998 wasdueto thegreaterweedcompetition asa resultof thelargerbiomassrecorded
in this growing season(Table2).

Thetotal weedbiomassincreasewith increasingtime before weedremoval (Table2)
wasdueto thelongerperiodtheweedsgrew. However, their densitydecreasedduring the
sametime,duepossiblyto bothinterspecific andintraspecificcompetitionamong theweed
speciespresentat highdensities(5). Thehigher total weedbiomassrecordedin 1997 than
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TABLE 3. Quadraticregressionequationsand coefficients of determinationfor the relationship
betweencottongrowth parametersandweedremoval time(wace)

Cotton Intercept Slopeb Slopec R
�

1997
Height 76.821 -7.367 0.208 0.92
Biomass 48.146 -7.129 0.254 0.92
Squares 20.276 -2.747 0.084 0.92
Yield loss -11.438 10.260 -0.056 0.88

1998
Height 61.376 -1.449 -0.003 0.95
Biomass 37.145 -3.018 0.071 0.94
Squares 13.368 -0.669 -0.002 0.95
Yield loss -5.339 7.592 0.070 0.96

TABLE 4. Quadraticregressionequationsand coefficients of determinationfor the relationship
betweenweedbiomassandweedremoval or emergencetime(wace)

Timeof Weed: Intercept Slopeb Slopec R
�

Removal
1997 -78.946 73.884 9.595 0.99
1998 -77.896 72.190 3.789 0.96

Emergence
1997 2422.800 -316.620 10.371 0.99
1998 1558.000 -164.260 3.279 0.94

in 1998couldbeattributedto thehigherweeddensityin theformergrowing season.
A quadraticequationprovidedthebestfit for theregressionof total weedbiomasson

time (Table4). This wasdueto the lack of linear(proportional) increaseof weedgrowth
with time. Slopeb for weedplantsgrown in 1997wassimilar to thatin 1998.

Time of weed emergence Height, biomass,square number andyield of cottonplants
increasedwith increasing duration of the weed-freeperiodin both growing seasons,but
their increasewas not proportional with time (Table5). The reduction in thesegrowth
parameterswasgreaterin cottonplantsgrown during 1997thanin 1998.

Totalweedbiomassin bothgrowing seasonsdecreasedwith increasingduration of the
weed-freeperiod(Table2). Weeddensityduring thesameperiod followeda similar trend

TABLE 5. Effect of weedemergencetime on height (cm), biomass(g plant�
�
), squares(number

plant�
�
) andyield loss(% of weed-free)of cottonplantsgrown in 1997and1998

Cotton Weeksaftercropemergence
0 3 5 7 9 11 13

1997
Height 16.0 32.4 51.5 55.1 60.5 63.5 71.4
Biomass 0.3 2.4 27.3 28.4 33.8 38.8 41.5
Squares 0.0 1.0 9.6 9.4 13.1 16.0 17.9
Yield loss 100.0 100.0 39.0 26.0 14.0 2.0 0.0

1998
Height 44.2 50.3 50.7 55.8 58.4 58.9 59.4
Biomass 11.2 14.0 15.5 19.7 27.7 28.7 34.9
Squares 4.1 6.5 7.7 9.4 11.9 12.2 13.0
Yield loss 100.0 88.0 62.0 29.0 18.0 10.0 0.0
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TABLE 6. Quadraticregressionequationsand coefficients of determinationfor the relationship
betweencottongrowth parametersandweedemergencetime(wace)

Cotton Intercept Slopeb Slopec R
�

1997
Height 15.860 7.338 -0.249 0.98
Biomass -2.819 5.449 -0.153 0.91
Squares -0.906 1.668 -0.015 0.94
Yield loss 110.680 -14.059 0.399 0.90

1998
Height 44.030 2.065 -0.065 0.97
Biomass 10.800 0.802 0.083 0.97
Squares 3.904 0.940 -0.017 0.98
Yield loss 106.890 -11.084 0.200 0.96

to that of weedbiomass. Moreover, asnotedabove (weedremoval trial), the total weed
biomassin the1997growing seasonwasgreaterthanin 1998.

The cottonheight andbiomassreduction with decreasing duration of the weed-free
period(Table5) is in agreementwith resultsreportedby Keeley andThullen(10), Vencill
et al. (17) andBararpour et al. (2). The7–11-weekweed-freeperiodrequired for cotton
to avoid heightandbiomassreduction agreeswith resultsobtainedby Murray et al. (13).
Thesefindingsshow that the late-germinatingweedscompetewith thecrop lessseverely
thando weedsemerging earlier. Byrd andCoble (4) andBararpour et al. (2) reported
that the weedswhich emerged during thefirst 7 weeksafter cropemergence,weremore
competitiveandcausedagreaterdecreasein cottonbiomassthantheweedswhichemerged
later.

The 11-week weed-freeperiod required for cottonto avoid a significantreduction in
squarenumber (Table 5) is in agreement with resultsreported by Oosterhuis andZhao
(15). Theyield of cottonplantsgrown in plotskeptweed-free for 11 weeksduring 1997
and1998, wasreducedby 2% and10%, respectively, in comparisonwith that produced
in 100% weed-freeplots(Table5). Thecorrespondingyield reduction in plotskeptweed-
free for 3 weekswas100%and88%. Cottonyield, in accordancewith theothergrowth
parameters,also decreasedwith decreasingduration of the weed-free period after crop
emergence.Again, greateryield reduction wasrecordedwith cottonplantsgrown in 1997
than in 1998. Additionally, cottonyield reductions weregreaterwhereweedsemerged
earlierandcompetedwith the crop for longer periods. Theseresultsagreewith thoseof
Keeley andThullen(10) andothers(2,6,14,17),whofoundthatcottonyield wasnegatively
correlatedwith theduration of theweed-freeperiodaftercropemergence.

A quadraticequation providedthebestfit for theregressionof all theabovementioned
cottongrowth parametersover time (Table6), andfor the samereasonsasnotedfor the
weed-removal results. Again, slopeb for height,biomass,squarenumber andyield of
cottonplantsgrown in 1997 washigherthanin 1998.

The weed density reduction with increasingduration of the weed-free period was
relatedto speciesemergencepattern.For example, X. strumariumandAmaranthus spp.,
the mostcommon weedspeciesfound in thesetrials, germinate in Greecein April and
earlyMay, whencottonis emerging. Theseweedscontributedanappreciableamount of
the weedbiomass. Total weedbiomassdecreasedwith increasing durationof the weed-
freeperiod. This reduction wasdueto fewerweeds,whichemergedlaterandhadashorter
periodof growth. All of this reducedtheir ability to producebiomassin comparisonwith
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weedsthatemergedearlierandwereallowedto competewith cottonfor a longer time.
The quadratic equation provided the bestfit for the regressionof total weedbiomass

over time(Table6), andfor similar reasons to thosereportedfor theweed-removal results.
Slopeb for weedplantsgrown in 1997 washigher thanin 1998.

Thesefindings showedclearlythatcotton–weedcompetition starts3 to 5 wace. Thus,
weedmanagementinputsshouldbeimplementedat thattimeandmustbecontinuedfor 11
wacein orderto avoid areduction in cottongrowth andyield. Weedmanagementin cotton
shouldinclude oneor more of the following: soil-appliedherbicides, cultivation, hand
weeding, and/orpostemergenceherbicidesfor at least11 weeksto maximize cottonyield
potential. Cottongrowersin Greeceshould takeintoconsiderationthattheirpostemergence
herbicide application (pyrithiobac on non-transgenic cotton; glyphosate,bromoxynil or
glufosinateontransgeniccotton) or mechanical meansin combination with handweeding,
mustbe performedwithin the first 4 weeksafter crop emergence,in order to achieve a
weed-freeenvironmentfor optimalcottongrowth.
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