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The Critical Period of WeedControl in Double-Cropped
Soybean

M. Arslan} |. Uremig andA. Uludag

Double-croppedoybeanafterwinter cerealds themostcommonsoybeanproductionsystem
in the easternMediterranearregion of Turkey. Weedsare amongthe main obstaclesto

double-croppedoybean.A studywasconductedn 2002and2003to determinethe critical

period of weedcontrol (CPWC)for double-croppedoybean. The treatmentsonsistedof

eitherallowing weedsto infestthe cropfor increasingdurationsaftersowing, or maintaining
plotsweed-freefor increasingdurationsafter saving. The Gompertzandlogistic equations
were tted to relative yields representindhe critical weed-freeperiod andthe critical time

of weedremoval, respectiely. Johnsongrasg$Soghum halepensg common cockletur

(Xanthiumstrumariun) and eld bindweed Convolvulusarvensi$ werethedominantwveeds.
For 5% crop losslevel, the CPWCwas almostall seasoriong, whereast wasfrom V1 to

R6-R7 grawth stagesfor 10% yield losslevel. These ndings indicatethat pre-saving or

pre-emegencecontrolmethodsshouldbe appliedin theregion to avoid greatercroplosses.

KEY WORDS: Soybean;critical period of weedcontrol; weedinterferencetime of weed
removal; yield loss.

INTRODUCTION

Soybean(GlycinemaxL.) hasbeenoneof themajorcomponentsf theagro-ecosystem
in theeasterMediterraneamegionof Turkey since1981.0ver90%of soybeanproduction
hasbeenasa doublecrop after small grain hanestto increaséncome,andimprove cash

o w. Theareasown to soybeanin Turkey has uctuated greatlyfrom yearto yearfrom as
little as15,000hato over 100,000haduringthelasttwo decade$10) becausef the high
costof production,andunstableandoftenlow local market pricesof soybean.

Weedsare amongthe factorswhich increasecostsin soybeanproduction,with weed
control comprisingbetween25% and 35% of total input, which variesamongsoybean
elds (14). However, if weedsare not controlled,yield reductionof up to 75% occurs
in soybean(27). Yield often surpassed.5t ha ! in the easternMediterranearregion
whenthe crop is kept weed-free(1). Thereare more than 20 specieswhich have been
reportecascommonweedsn soybean elds in theeasterrMediterraneamegion of Turkey.
However, nutsedgé€Cyperusotundug, commonpurslangPortulacaoleraced, junglerice
(Echinochloacolonun), johnsongraséSoghumhalepensi commoncocklelur (Xanthium
strumariun) and pigweeds(Amamanthusspp.) areranked asthe mosttroublesomeones.
Although much researcthasbeenundertalen on variousaspectf soybeancultivation
(1,35),weedproblemshave not beenstudiedthoroughlyin theregion.
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IntegratedweedmanagemeriWM) mighthelpstabilizeandleadto afurtherincrease
in the soybeanacreagen theregion. IWM utilizesall suitabletechniguesandmethodso
maintainweedpopulationsbelov the economicinjury level (21). The critical period for
weedcontrolis an importantpart of developingIWM strategjies (26). Also, the critical
period studiescanbe usedin a generalway to determineweedcontrol stratgjiesandto
explorethe natureof weed- cropcompetition(33).

The critical periodfor weedcontrol (CPWC)is the lengthof time thatthe crop must
be keptweed-freeto preventcroplossesata certainlevel (32). It is determinedusingtwo
approachesWith the rst approachthe cropis keptweed-freeuntil a certaintime, after
which weedsareallowed to grow. The secondapproachallows weedsto grow from the
beginning of emegenceto a certaintime, afterwhich no weedsareallowed (25). CPWC
studieshave beenconductedn mary cropssincethe rst reportswere publishedin the
1960's (37). After reviewing 15 studies,Zimdahl (37) de ned 4 and 6 weeksafter crop
emegenceas CPWC in sgybeans,althoughvarying resultswere obtainedin different
studies. Van Acker et al. (31) suggestedhat a period of weed control lasting up to
the fourth nodegrowth stage(V4), approximately30 daysafter emegence(DAE), was
adequaté¢o preventmorethan2.5%soybeanyield lossandreduceweeddensityat hanest
time. ChokarandBalyan(6) de ned 30 to 45 daysafter soving asCPWC.Halford et al.
(12) concludedhatCPWCwaslongerunderno-till conditions.Knezevic etal. (20) found
thatthe critical time for weedremoval decreasewvith increasingow spacingn adryland
soybeansystem EyherabideandCendqa (9) calculatedhecritical periodasthe V2 stage
to V8 stageof soybeanin Argentina. Someof the studiesfocusedon only one species,
suchascommonragweed Ambiosiaartemisifolig or giantfoxtail (Setariafaberi) (7,18).
MohapatraandHaldar(24) studiedCPWCin soybeanand nger millet intercropping.The
studiesmentionedabore were conductedundermain crop soybeanproduction. However,
double-croppesdoybeanwas savn later thanthe main crop, with percentsoybeanyield
lossesdue to weed competitionincreasingas sowing datewas delayedfrom early May
to early June(17). In addition,for double-croppedoybean,the period from emegence
to o wering (VE to R1) is shorterthan the full-season-croppedoybeanbecausef the
photoperiodicrespons&8). Studieswith double-croppednaizedifferedfrom main crop
maizestudieswith CPWCin double-croppedhaizestartingearlierandlastinglongerthan
maincropmaize(28). In addition,Jacksoretal. (15) concludedhatlocationandgrowing
seasomustbe consideredvith durationof weedinterference.

The objective of this studywasto determinethe critical time for weedremoval after
plantingthatdouble-croppedoybeancantoleratebeforeyieldsarereducedandthecritical
weed-fregperiodafter plantingrequiredfor optimumyields.

MATERIALS AND METHODS

The experimentwas carriedout at the Researcharm of Mustafa Kemal University,
Hatay locatedat 36 15' N and36 30' E in the easternMediterraneamegion of Turkey,
duringtheyears2002and2003. Thesoil, developedirom alluvial depositf riverterraces,
is typical for theregion, andis classi ed asChromo»eretby the USDA (30). Thesoilis a
clay silt loamwith pH 7.6, 1.7%organicmatter 0.13%total nitrogencontent,andwater
holding capacityof 0.34cm?. Basedon soil analysisandlocal recommendationgertilizer
wasappliedprior to plantingat a rate of 25-25-0kg ha ! NPK. Recommendegractices
werefollowed for insectcontrol. No rainfall occurredduring the growing period (June—
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August)in 2002and2003.Meanair temperaturevasapproximatel\26 C for thecropping
period (June— October)in bothyears,andthe meanrelative humidity was 54% during
growing periodsin bothyears.

The eld wastilled twice with a cultivator and disk harrow, following wheatharvest
in both years. Soybeancv. A 3935 (Asgrov SeedCo.) wasplantedat 25 seedsper 1-
m row on Junel3 and 29 in 2002 and 2003, respectiely. Plots consistedof four 6-m
rows, planted0.65m apart,thatwereend-trimmedo a nal lengthof 5 m prior to harwest
of the centertwo rows. In both years,to aid seedgerminationand plant emegence,a
light sprinklerirrigation wasapplied. Flood irrigation was usedat 15-dayintervals after
emegence.The amountof waterappliedcorrespondedb the irrigation regime normally
usedfor commercialdouble-croppedoybeanproduction.Therespectie amountof water
appliedwas600mm and550mmin 2002and2003,respectiely.

Naturalweedpopulationsvereused;the dominantspeciesrelistedin Table 1. After
germinationof soybean,experimentswere establishedn a randomizedcompleteblock
designwith threereplications. Weedremoval starteda week after soybeangermination
andcontinuedfor 11 weeksat weeklyintervals. In weedytreatmentsyweedswereallowed
to interferewith soybeanfrom emegenceuntil a certainweek, after which weedswere
removed and plots maintainedweed-freefor the durationof the season. In weed-free
treatmentsplotsweremaintainedveed-fredrom emepgenceo a certainweek,afterwhich
weedswere allowed to remainfor the durationof the season.In addition, season-long
weedyand season-longveed-freeplots were maintained. Weedswere removed by hand
andhand-hoeingn all plotswhenrequiredby thetreatment.

Growing degreedays(GDD) for soybeanwas calculatedwith the following equation
usedby Zhangetal. (36):

GDD = [(Tmax * Tmin )=2] Tp 1)

whereTmax is maximumtemperaturef aday ( C), Tmin iS minimum temperaturef a
day( C), Ty is basetemperature For Tnax , valuesover 30 C wereconsideredas30 C,
andfor T , valuesunder10 C weretakenas10 C. Basetemperaturavas10 C. The
physiologicalminimum basetemperatureind maximumtemperaturdor soybeangrowth
arel0and30 C, respectiely (36).

Yield data were subjectedto ANOVA. Relatve yield (RY) was calculatedas a
percentageof correspondingveed-freeyield and subjectedto ANOVA. ANOVA with
arcsintransformatiorof RY did notgive adifferentoutputthanANOVA with relative data.
Dueto differencesn GDD betweeryearswhenplotswereweededstatisticalanalysisvas
doneseparatelyffor eachyear Regressionanalysesvere basedon the modelssuggested
by Knezevic et al. (19). To calculateCPWC, RY datawere subjectedto regression
analysisunderthe PROC NLMIXED proceduren SAS.The Gompertzequationwasused
to describethe effect of increasingduration of weed control on soybeanyield and the
logistic equatiorwasusedto describaheeffect of increasinglurationof weedinterference
onsoybeanyield. The Gompertzequation:

RY =a exp[ b exp( k GDD)] (2)

whereRY is relative yield, a is the asymptote GDD is cumulative growing degreedays
correspondingo valueof lengthof weed-fregperiod( C), andb andk areconstants.
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Thelogistic equation:

RY = [(1=fexp[c (GDD d)]+ fg)+ [(f 1)=f]] 100 3

whereRY isrelativeyield, GDD is cumulative growing degreedayscorrespondingo value
of the durationof weedinterference( C), d is the in ection point (days),and c and f
are constants.The critical periodfor weedcontrol in soybeanusingboth equationsvas
determinedor yield losslevelsof 5% and10%,choserarbitrarily (3).

RESULTS AND DISCUSSION

Weed speciesand their level of infestationare presentedn Table 1. Total number
of weedsper squaremeterand speciescompositionsbetweenyearswere very similar.
Johnsongraswas the dominantweedspecieswith a densityof 17 and18 m 2 in 2002
and2003,respectiely. Commoncocklelur wasthe secondmostdominantweedspecies,
followedby eld bindweedandredrootpigweedin bothyearsof the study

TABLE 1. Major speciesanddensityof weedspresenin the experimentalplotsin 2002and2003

Major weedspecies Density(plantsm ?)
2002 2003
JohnsongrasSoghumhalepensge 17 18
Commoncocklelur (Xanthiumstrumarium) 8 11
Field bindweedCorvolvulusarvensi$ 7 9
Redrootpigweed(Amaranthusretro exug 2 6
CommonpurslangPortulacaoleraced 2 2
Redamaranti{Amarmanthushybridug 2 2
JunglericgEchinochloa colonum) 2 1
Cutleafground-cherrfPhysalisangulatg 1 1
Venicemallow (Hibiscustrionum) 0.5 1
Commonheliotrope(Heliotropiumeurpaeum 0.5 0.5
Tumblepigweed(Amaranthusalbus) 0.3 -
Black nightshad€Solanummigrum) 0.5 -
Maltajute (Corchorusolitorius) - 0.3
Punctureevine (Tribulusterrestrig - 0.3
Turnsoleweed(Chrozophoa tinctoria) - 0.3
TABLE 2. Parameteestimatedor the Gompertzandlogistic equations
Year Gompertz Logistic
a b k [§ d f
2002 100 1.63 0.002 0.003 402 1.58
2003 100 1.65 0.002 0.005 371 1.79

Unliketheweedcompositionsoybearyield differedmoreyearto yearfor bothseason-
long weed-freeandweedyplots. Soybeanyield was4.78and3.98t ha ! in season-long
weed-freeplotsin 2002 and 2003, respectiely, and1.29and 1.01t ha ! in season-long
weedyplotsin 2002and2003,respectiely.

Nonlinearregressioranalysiswasusedto determineCPWCbasecn RY assuggested
by Knezevic et al. (19) (Fig. 1). Coefcients for the parameterstting Gompertz
and logistic equationsare presentedn Table 2. From nonlinearregressionanalysis,
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TABLE 3. Critical periodcalculatedusinglogistic and Gompertzequationsfor two predetermined
levelsof cropyield loss

Croplosslevel (%) Critical period(growing degreedays)
2002 2003

5 0-1729 23-1735

10 0-1369 183-1376

TABLE 4. Relationshipbetweerdaysandgrowing degreedays(GDD) startingfrom sowing time

Daysaftersaving 2002 2003
Growth stagé GDD Growth stage GDD

7 V1 226.6 V1 225.6
14 V2 337.4 V2 341.1
21 V3-V4 450.0 V3-V4 456.1
28 R1 565.4 R1 571.8
35 R1 684.5 R1 691.3
42 R2 797.2 R2 805.2
49 R3 915.7 R3 919.9
56 R4 1032.9 R5 1088.9
63 R5 1146.9 R6 1198.1
70 R5 1256.7 R6 1295.0
77 R6 1368.2 R7 1396.9
84 R6 1471.0 R7 1484.7
91 R7 1569.9 R8 1582.00
98 R7 1664.1
105 R8 1762.2

2 Growth stagesaccordingo scaleof FehrandCaviness(11).

Y Cropwashanested.

the beginning of the CPWC in double-croppedsoybeanin the easternMediterranean
was calculatedas from crop sowing in 2002 regardlessof the acceptabldevel of crop
losses,whereasit was 23 and 183 GDD in 2003 for both 5% and 10% crop losses,
respectiely (Table 3). Thesetimes correspondo the V1 stageof soybeanaccording
to Fehr and Caviness(11) and occur within the rst week after crop sowing for both
acceptablecrop loss levels in both years(Table 4). Our ndings differ from thoseof
earlierstudies(6,9,15,37) in which CPWCbeganat later stages.However, they parallel

TABLE 5. Soil temperaturewithin alocationin the experimentareain 2002and2003

Month Soil depthsandtemperature¢ C)
2002 2003
5cm 10cm 15cm 5cm 10cm 15cm

Jan. 1.3 6.9 7.6 3.7 9.8 105
Feb 5.3 10.5 10.9 2.4 8.9 9.6
March 8.7 13.8 14.2 6.2 114 11.8
April 119 17.3 17.3 12.8 17.9 18.1
May 20.1 24.1 243 221 26.4 26.7
June 27.1 30.4 30.7 23.9 29.3 29.8
July 30.4 33.7 33.9 27.8 32.7 33.2
Aug. 28.9 33.2 33.6 29.1 33.6 34.0
Sept. 23.5 29.1 29.8 22.2 28.5 28.5
Oct. 17.8 24.2 25.0 18.8 25.0 26.0
Nov. 9.8 16.6 17.5 8.0 15.0 16.0
Dec. 24 9.2 10.4 3.7 10.2 11.0
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Fig. 1. Estimatedsoybeanyield responseo increasingengthof weed-freeperiod(solid lines) and
weedinterferenceperiods(dashedines)for 2002and2003. Theresponsevascalculatedrom data
in Table2. Obsenedvaluesfor increasingdurationof weedcontrol (triangles)andeffect of duration
of weedinterferencgdots).

thoseof Halford et al. (12), that the beginning of CPWC wasthe V1 and V2 stages
in consecutre yearsand the reasonfor the later start of CPWC was the delay in weed
seedlingemepgencein the secondyeatr Underour conditions,dueto the irrigation given
to aid germination/emeagence therewas no delayin seedlingemegenceof weedsor of
the crop. Thereasonfor earlierinitiation of CPWC might be that secondcrop soybean
is sawvn in late Juneor early July in the easternMediterraneanwhen conditionsfavor
summemweeds Highertemperatureprovide goodgrowth conditionsfor thoseweedsand
they germinateat the sametime as soybeanand exert more competition. For instance,
optimum germinationtemperaturefor velvetleaf, pigweed, junglerice, venice mallow,
commonpurslanepristly foxtail, johnsongrasandcommoncockleturis 30 C andthe
minimum temperaturds 10 C for thesespecies(29). Soil temperaturegavoring these
weedsstartin May andJunein theregion (Table5). In main-cropsoybeanin the eastern
Mediterraneanthe crop may have beenat a later growth stage a time whenthe crop can
competewith the summerweedswhich germinatedunlike the double-croppedoybean.
This could causehigherinfestationlevelsof weedsin the secondcropsoybean.

The endof the CPWCwas1369and 1376 GDD, which correspondedo R6 andR7
growth stagesfor 10% acceptablegjield lossin 2002 and 2003, respectiely, whereast
lasteduntil the endof thegrowing seasorfor 5% acceptablgield lossin bothyears(Table
3). Halford etal. (12) alsofoundthatthe endof the CPWCwasvery consistenbetween
years,althoughit endedearlierthanin our experiment. Long-lastingCPWC might result
in more competitive weedssuchasjohnsongrasand commoncocklelur. Both of these
weedswere reportedthe worst weedsof soybean(2,4,23,34).Culm densitiesof 10m 2
johnsongrasseducedsoybeanyield by 23% to 41% (23). In both yearsof the study a
greatemproportionof johnsongrassriginatedfrom rhizomeswhich are morecompetitve
thanjohnsongrassriginatingfrom seedg13). Anotherfactormakingjohnsongrassore
competitive is that rhizomesliving or decayingin the soil exude substancesetrimental
to soybeangrowth (22). The secondmost dominantweedspeciescommoncockletur,
is known to be highly competitve, capableof causingsigni cant reductionin yields
of soybeanbefore and after soybean o wering (2). Interferenceof commoncockletur
was attributed to both abovegroundand belovgroundcompetition(5,16). One common
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cocklehur plantper3-mrow reducedsoybearyield by asmuchas12%,andhigherdensities
are ableto causemuch greateryield loss (4). Williams and Hayes(34) suggestedhat
sogybeancould not tolerateheary infestationsof johnsongrass- which occurredin the
currentstudy—for morethan5 weekswithoutlossin yield. In addition,it hasbeernreported
thatsoybeancantoleratecommoncockletur andjohnsongrasfor 4 weeks(2,34).

Thepresenstudycontritutesto developmenbf anlWM programwhichwill determine
whenandhow frequentlyto remove weedswithout causingsigni cant yield lossfor the
wheat— soybeandouble-croppingsystemin the easterrMediterraneamegion of Turkey.
For 5% yield loss, double-croppedoybeanrequiredalmost season-longveed control.
If 10% vyield loss is consideredto be acceptablethen soybeanshould be kept weed-
free from the V1 to R6-R7 stages. Our resultsshav that pre-emegenceor presaving
herbicideswould be preferredto avoid higher crop lossesand that further weed control
practicesshould be implementedduring the cropping seasonjf required. The current
study will contrikute to the developmentof decision-makingtools for producers,with
initial conclusionseingthatif double-croppedoybeancanbe maintainedweed-freefor
11 weeksafter planting (approximatelyl375GDD), correspondindo the R6 stage then
therewill be10%yield loss.
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