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Critical Periods of Weed Competition in Cotton in Greece

D. Papamichail. I. Eleftherohorinog,R. Froud-Wlliams!
andF. Gravanis-?

Four experimentswerecondictedin centralGreeceduring 1997 and1998to determinethe
late-seasompresencef weedsin cotton (GossypiurhirsutumL.) andthe critical timesfor

removing weeds. Experimentswere condictedin natural,heavily infestedcropland. The

presencef weedsfor morethan3 weeksaftercrop emegencecausedsignificantreductions
in crop growth andlint yields. However, weedsthatemeged 11 weeksor more after crop

emepgencedid not adwersdy impactyields. Total weedbiomassincreasedvith increasing
time prior to weedremoval. A weed-freeperiod of 11 weeksafter crop emegencewas
neededo preven significantreductionsin cotton height, biomass,numberof squaresand
yield. Theseresultsindicatedthatpostemegene herbicidesor othercontrolmeasureshould
be initiated within 2 weeksafter crop emegenceto avoid significantyield reduction For

greaterefficiency, soil-appliedherbicidesn cottonshouldprovide effective weedcontrol for

atleastll weeks.Curvilinearregressiorequationsverederivedto describethe relationship
betweercritical periodsof weedpresencendcottongronth andfruit development.
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INTRODUCTION

Cotton(GossypiunmhirsutumL.) is oneof the mostimportant andprofitalde crops in
GreeceDuringthe 3 years1997-99,cottonproductionin Greeceaveraged390,®0 haper
year whichresultedn Greecebeingthetenthgreatestottonproducerin theworld.

Growth of cotton is significantly affected by weed competition Yield reductian
depemls on weedspeciesdensityanddistribution (10), aswell ason the soil’'s moistue,
temperéure (1), type,fertility andpH (12).

The duration of weed presene with the crop, and the time of weed emegence,
geneally affect weed-erop competition. The critical period for weed—cop competition
occus whenboth the weedsand crop arein an active vegetatve stageof growvth. This
period of weed-eotton competition variesfrom 3 to 9 weeksafter sowving, and depels
on environmenal factorsandthoserelatedto bothcropandweeds(1,12. Buchanarand
McLaudhlin (3) repotedthatcotton—in two locationsin Alabana— tolerated4 to 7 weeks
of weedcompetition after crop emegence. In Mexico, spring-savn cottonrequred a 9-
weekweed-fre periodto avoid significantyield rediction, wheresfor winter-savn cotton
thatperiod was17 weeks.However, someresearchrs(8,17) found thata 4-5weekweed-
free periad wasneecedfor cottongrowth to be unafected whereagChander (5) reportel
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thatthis periodwas11-13 weeks.Thesdlifferencesaccodingto Keeley andThullen(10),
couldbeattributedmainly to differentdensityandspecief theweedspresen aswell as
to ervironmentalfactors.

Several researchrs(2,15,17)found thatestablishmetyheigh, biomasssquareandboll
numter of cottonwere significantlyaffectedby weedcompetition. Cottonyield wasthe
mostsensitve measuremntof grovth in respoiseto weedcompetition,andyield reductian
wasrelatedto duraion of weedcompetition, spatialarrargementof weedsweedspecies
anddensity(2,611,17. Keeley andThullen (9) found thatfull-seasonveedcompetition
causedB0-100% redwction of cottonyield. Also, accoding to their findings, the presee
of early-energed weedsaffectedcottonyield morethanlate-gernmating weeds. While
late-gernnatingweedsdid notredwceyield, they did interferewith mechaical hanestirg
andloweral cropquality (6).

The abore mentimed studieswere carriedout in the USA and South America but
similar studieshave not beencorductedwith cotton unde field conditions in southen
Eurgpe. The objedive of this researctwasto deternine the effedt of weedremoval and
weedemepgencetime on cottongrowth in Greece.

MATERIALS AND METHODS

Fou expeaimentswere corductedat Larissain centralGreeceduring 1997 and 1998
on a clay soil with 45% clay, 32% silt, 23% sand, 1.1% organic matterand pH 7.95
The most comnon weedsin the experimentalareawere comman cockletur (Xanthum
strumariumL.; 14% of the total) andredrod pigweed(AmaranthusretroflexusL.; 65%
of the total). Other weedspreseh included tumble pigweel (Amamnthus albus L.),
bristly foxtail (Setariaverticillata (L.) Beauv), barryardgass (Echinochloa crus-galli
(L.) Beauv), jungleiice (Echinochloa colorumL. Link.) andspiry cockletur (Xanttium
spinosunt.).

Soil was prepaed accoding to the local practicefor cotton production. Following
tillage, fertilizer was appied at 100kg N ha—!, 44 kg P ha! and83 kg K ha~! befae
sawing. Acala-Zeta2 cottonvariety was seededat a rate of 24 kg ha—! with a six-row
planterto a soil depthof 3.5cm. At saving time, phaate (Thimet) wasapgied at 1.2 kg
a.i. ha' to protectagainstwireworms (Agriotesspp.). Cottonwas sovn on April 26in
1997andon April 21in 1998 Thecropwasirrigated asnecessaryo sustaingrowth.

Two of the four experimentswere carriedout to evalude the effea of time of weed
removal on cotton growth andtwo other expeimentswere condictedto determire the
influene of time of weedemepenceon cottongronth. In theweedremoval trials, weeds
wereallowedto competewith cottonfor 3,5, 7,9, 11 and13 weeksafter cropemegence
(wace. Weedswvereremovedby hard andplotsremainedveed-fre for thedurationof the
seasomuntil hanest.In theweedemepgenceexpeliments,plotsweremaintainedveed-fee
manually for 3,5, 7,9, 11 and13waceandthenleft unweeed for therestof thegrowing
seasonln eachexpeiiment,two contiol treatmentsvereincluded: aseason-longveed-fee
treatmehanda season-Ing natura infestationof weeds.

The experimentaldesignconsistedf a randbmizedcompleteblock with four replica-
tionsfor eachtreatmen Eachplot corsistedof six cottonrows (95 cm apat), 6 m long.
Theadjacehoutertwo rows of eachplot wereusedasguad rows.

In all trials, height andbiomassof cottonplantswere determind at the time of each
weedremoval or emegence. Four cotton plantswere hanestedat ground level from a
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35-cmlong row in eachplot. A centra areaof two cottonrows x 2.5m long was left
undistubedfor the final yield harnest assessmentaNumber of squareson cotton plants
wasrecorced at 11 and 13 wace All cottonassessmentsere performedon the central
two rows of eachplot. At harnest (22 wacé, cottonwas handhanestedfrom the plants
in the two centralrows (2 rows x 2.5m long) in eachplot andyield of seedcottonwas
determired.

Assessmentsf weeddensityand biomasswere perfomed at eachtime of removal
on samplescollectedfrom 1 m? in the two centralrows of eachplot. Weeddensityand
biomassassessmentgerealsoperfamednearhanestin experimentsonweedemegence
time. At eachassessmenplarts of eachweedspecieseparatelyverecutatground level,
measuregddriedat 70°C for 48 h, anddry biomassvasdetermine.

Cottonandweeddatafor weedremorval or weedemepgenceexpetimentsweresubjected
to separatenalysesof varian@ (ANOVA) for eachgrowing season.Then,the treatment
meanswere regressedaganst time (wace in orderto find the bestregressionequatian
that describeghe relatiorship betweencotton grownth parametes and weedremoval or
emepgencetime, aswell asbetweenweedbiomassandtime (wacé. In theseregression
equatims,thecottonor weedparametewasthedeendentwariable(y) andthetime (wace
the independentvariable(z). The equationwith the highest coeficient of deternination
was(r?) valuewasjudgedto bethe mostapprariate.

RESULTS AND DISCUSSION

Timeof weed removal Height,biomasssquarenurmberandyield of cottonplantsgrown
with weedswerereducedwith prolongeddelaysin weedremoval in both1997and1998
However, theimpactof weedson cottongrowth wasnot proportionalwith time (Tablel).
Theredudion of thesegrowth parameteswasgreder in cottonplantsgrovn during 1997
thanduring 1998 mainly becausenore weedswerepresenin 1997

TABLE 1. Effect of weedremoval time on height (cm). biomass(g plant™!). square(hnumber
plant™!) andyield (% of weed-free)ossef cottonplantsgrown in 1997 and1998

Cotton Weeksaftercropemepgence

0 3 5 7 9 11 13
1997
Height 70.9 66.8 49.8 29.1 22.3 18.9 20.6
Biomass 435 38.0 21.4 45 1.2 0.8 0.6
Squares 18.2 16.4 10.2 31 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 13.1 125 11.4
Squares 12.7 12.4 105 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 seasongncreasedvith increaing time of weed
removal, but thisincreasevasnot proportional with time (Table2). Weedbiomassn 1997
was40% highe thanin 1998 Weeddensitycourts in all plotsshavedthatthe meantotal
weeddensityrangzdfrom 195to 280plantsm 2.

Thelack of cottonheightreduction in plots whereweedswere preseh for 3-5wace
(Tablel) is in agreerent with resultsobtaired by othess (3,7). Also, the cotton height

Phytopaasitica30:1,2002 3



redudion dueto weedcompetition for 5—11waceagreeswith thefindingsof otherworkers
(9,16,17)

Theredu@d cottonbiomasswith increasingdurationof weedpresege (Tablel) is in
agreerentwith thefindings of Bararpou etal. (2) andof Oosterhiis andZhao(15). The
significantredudion on cottonbiomassat the earlygrowth stagesvasexpectedasaresult
of the fasterplantgrowth rate of X. strumariumL., Amaranthusspp. andS. verticillata.
Duringthefirst 3—4weeks theseweedplantsgrew faster becane taller thancottonplants,
andmaintairedthatgrowth throughou thegrowing seasonThis resultedn areduction of
cottonplants’ photosyitheticability, aswell asof growth andbiomassaccumiation rate.
Keelgy andThullen(7) repotedthatcompetitionfor light duiing theearlygrowth stagess
moredetrimentato cottongrowth thanconpetitionfor moistue andnutrients.

Thenumberof cottonsquaresvasalsoredicedby the presencef weedsfor thefirst 5
wace(Tablel). Thisresultis in agreerentwith Byrd andCoble(4), whofoundasignificant
redudion in cottonsquaresiueto weedinterferenceduting the earlygrowth stages.

Cottonyield in weed-feeplotswashighe (3900 kg ha=!) in 1998 thanin 1997(285
kg ha~'). However, in comgetition with weedsfor thefirst 3 weeks yield of cottonplants
in 1997 and 1998 wasredu@d significantly by 8% and13%, respectrely, in comparison
with thatof weedfreecontrd (Tablel). Theseresultsarein contraswith thoseof Aldrich
(1), who found no yield reductiondue to weedcompetition for the sameperiod These
differencesaccoding to Keeley and Thullen (10), could be attributedto cottoncultivar,
agricutural practicesyeedspeciesyweeddensity soil type,soil fertility, andsoil moistue.
Thelack of beneficialeffed onyield dueto weedremoval at ary time laterthan11 or 13
wacein 1997and 1998, respectiely, agreeswith thefindingsof Keeley and Thullen (9).
Theseverecottonyield losswith increasingime of weedinterfererce from 5 to 9 waceis
in agreemetwith thefindingsof otherresearches (2,6,10,1417).

TABLE 2. Total biomassof weeds(g m~2) growing with cottonin 1997 and 1998 asaffectedby
removal or emegenetime

Time of Weed: Weeksaftercropemepgence

0 3 5 7 9 11 13
Remeal
1997 0 100 500 900 1450 2000 2400
1998 0 40 360 560 1080 1160 1440
Emegence
1997 2400 1650 1050 650 470 200 50
1998 1440 1340 850 400 320 120 40

The quadatic equation (y=a+x+cx?) provided the bestfit for the regressionof all
the above mentimed paraneterson time (Table 3). This could be attributedto the above
repotedlackof linear(proportioral) increaseof cottongrowth with time. Thehigherslope
b found for height,biomasssquarenumter andyield of cottonplantsgrowvn in 1997 than
in 1998 wasdueto thegreatemveedcompetition asa resultof thelargerbiomasgecaded
in this growing seasor{Table2).

The total weedbiomassincreasewith increasingime before weedremoval (Table 2)
wasdueto thelongerperiodthe weedsgrew. However, their densitydecreaseduring the
sametime, duepossiblyto bothinterspedic andintraspecificcompetitionamorg theweed
speciegpresentt high densitieg5). The higher total weedbiomassrecoreedin 1997 than
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TABLE 3. Quadraticregressionequationsand coeficients of determinationfor the relationship
betweercottongrownth parameterandweedremoval 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 coeficients of determinationfor the relationship
betweerweedbiomassandweedremoval or emepgencetime (wace

Time of Weed: Intercept Slopeb Slopec 2
Remeal

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

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

in 1998couldbeattributedto the higherweeddensityin theformergrowing season.

A quaratic equation provided the bestfit for the regressionof total weedbiomasson
time (Table4). This wasdueto the lack of linear (proportioral) increaseof weedgrowth
with time. Slopeb for weedplantsgrown in 1997wassimilar to thatin 1998.

Time of weed emergence Height, biomass,squae numbe andyield of cottonplants
increasedwith increaing duratian of the weed-fee periodin both growing seasonsbut
their increasewas not proportioral with time (Table5). The rediction in thesegrowth
paraneterswasgreatelin cottonplantsgrown during 1997thanin 1998
Totalweedbiomassin bothgrowing seasonslecreasedith increaingduratian of the
weed-feeperiod(Table2). Weeddensityduring the sameperiad followeda similar trend

TABLE 5. Effect of weedemepgencetime on height(cm), biomass(g plant'!), squaregnumber

plant™!) andyield loss(% of weed-free)f cottonplantsgrown in 1997and1998

Cotton Weeksaftercropemepgence

0 3 5 7 9 11 13
1997
Height 16.0 324 51.5 55.1 60.5 63.5 71.4
Biomass 0.3 24 27.3 28.4 33.8 38.8 415
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 14.0 155 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 coeficients of determinationfor the relationship
betweercottongrowth parameterandweedemepgencetime (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, as notedabove (weedremoval trial), the total weed
biomassn the 1997growing seasomwasgreateithanin 1998

The cotton height and biomassredution with decreaing duratian of the weed-fee
period(Tableb) is in agreementwith resultsrepoted by Keeley and Thullen (10), Vencill
etal. (17) andBararpou etal. (2). The 7-11weekweed-feeperiodrequred for cotton
to avoid heightandbiomassrediction agreeswith resultsobtainedby Murray etal. (13).
Thesefindings shav thatthe late-gernmating weedscompete with the crop lessseverdy
than do weedsemening earlier Byrd and Coble (4) and Bararpou et al. (2) reportel
thatthe weedswhich emepged during the first 7 weeksafter crop emegence,weremore
competitive andcausedhgreateidecreaein cottonbiomassthantheweedsvhichemeged
later.

The 11-wed weed-fee periad required for cottonto avoid a significantreductia in
squarenumter (Table 5) is in agreenent with resultsrepated by Oosterluis and Zhao
(15). Theyield of cottonplantsgrown in plots keptweed-fre for 11 weeksduring 1997
and 1998, wasredwced by 2% and 10%, respectiely, in conparisonwith that produced
in 100% weed-feeplots (Table5). Thecorrespadingyield reductian in plotskeptweed-
freefor 3 weekswas 100%and88%. Cottonyield, in accoré@ncewith the othergrowth
paraneters,also decrasedwith deceasingduration of the weed-fee period after crop
emepgence.Again, greatetyield rediction wasrecoradwith cottonplantsgrown in 1997
thanin 1998B. Additionally, cottonyield reductios were greaterwhereweedsemeped
earlierandcompetedwith the cropfor longer periods. Theseresultsagreewith thoseof
Keeley andThullen(10) andothers(2,6,1417),whofoundthatcottonyield wasnegatively
correlaedwith theduration of theweed-feeperiodaftercropemepgence.

A quadatic equatim providedthebestfit for theregressionof all theabove mentione
cottongrowth paranetersover time (Table6), andfor the samereasonsas notedfor the
weed-emova results. Again, slopeb for height, biomass,squarenurmber andyield of
cottonplantsgrown in 1997 washigherthanin 1998

The weed density reduction with increasingduration of the weed-fiee period was
relatedto speciessmepgencepattern. For exanple, X. strumariumand Amamanthus spp.,
the mostcomma weedspeciesfound in thesetrials, gernminatein Greecein April and
early May, whencottonis emeging. Theseweedscontritutedan appreiableamount of
the weedbiomass. Total weedbiomassdecreaedwith increasig durationof the weed-
freeperiod Thisreduction wasdueto fewerweedswhichemepedlaterandhada shorter
periodof growth. All of this reducedheir ability to producebiomassin comparisonwith
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weedsthatemepgedearlierandwereallowedto competewith cottonfor alongertime.

The quadatic equation provided the bestfit for the regressionof total weedbiomass
over time (Table6), andfor similar reasos to thoserepatedfor theweed-removal results.
Slopeb for weedplantsgrovn in 1997 washigher thanin 1998.

Thesefindings shaved clearly that cotton-weedcompetition starts3 to 5 wace Thus,
weedmanagmentnputsshouldbeimplementedat thattime andmustbe contiruedfor 11
wacein orderto avoid aredictionin cottongrowth andyield. Weedmanagemenin cotton
shouldinclude one or more of the following: soil-appliedherbicides, cultivation hard
weeding and/orpostemeagenceherhicidesfor atleast11 weeksto maximiz cottonyield
potertial. Cottongrowersin Greeceshoud takeinto consideationthattheirpostenergerce
herbidde application (pyrithiobac on nontransgeit cotton; glyphosate,bromoxynil or
glufosinateon transgenicottor) or mechaical meansn combinaion with handweeding
must be perfamedwithin the first 4 weeksafter crop emegence,in orderto achieve a
weed-feeervironmentfor optimal cottongrowth.
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