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.abstract : 
 

Sustainable agriculture mostly relies on conservation tillage, crop residue 
retentionandcropdiversification.Weedsaremajorproductionhurdlesinadoptionofconse
rvationagriculture(CA),therefore,weedmanagementisimportantforsustainablecropyiel
d.Designingefficientintegratedweedmanagement(IWM)practices under zero-tillage 
with crop residue (ZT+R) is helpful in gatting optimumyield. Keeping above facts, a 
field experiment was carried out at research farm ofICAR-Directorate of Weed 
Research, Jabalpur (M.P.), India with eight 
treatmentcombinations,twocropestablishmentmethods(conventionaltillageandconser
vationtillage)in mainplotand 
fourweedmanagementpractices(weedycheck,recommendedherbicide,IWM,andherbi
ciderotation)insub-plotwereevaluated under split plot design with three replications. 
The results indicatedthatthe wheat sown under ZT+R led to significantly less weed 
density (105.9 no. m-2 in2020-21and122.8no.m-2in2022-
23)andbiomass(149.7and174.2gm-2,respectively)hence,registered 
thehighestweedcontrolefficiency (WCE,72.3%and 71.2%, respectively). Higher WCE 
helped in synthesizing better wheat growthindices like plant height (106.3 and 101.1 
cm, respectively), biomass (12.0 and 9.0 gplant-1, respectively) and no. of tillers 
(488.0 and 391.3 no. m-2, respectively), andgrain yield (4164 and 3814 kg ha-1, 
respectively) and straw yield (7265 and 6834 kgha-1, respectively) over conventional 
tillage during both the years. Among the weedmanagement practices, ready-mix 
application of clodinafop + metsulfuron at 60+4 gha-1 (30-35 daysafter sowing,DAS) 

followed by (fb) hand weedingat 45 DASincreased growth indices like plant height 
(110.2 and 105.0 cm, respectively), plantbiomass(14.9and12.1gplant-
1,respectively)andno.oftillers(547.2and436.7no. m-2, respectively)], and grain yield 
(4708 and 4299 kg ha-1, respectively) andstraw yield (7836 and 7610 kg ha-1, 
respectively), and WCE (97.4% and 
96.8%respectively)withsignificantlylessweeddensity(25.7and35.0no.m-

2,respectively)andbiomass(13.6and19.9gm-

2,respectively)at90daysaftersowing.IWMalsocompletelyreducestheweeddensityandb
iomassovertheothers during both the years. Therefore, wheat sown under ZT+R 
coupled with IWMweresuperiorin termsofweedcontrol,cropgrowthand sustainthe 
yields. 
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1. INTRODUCTION 

 
Wheat (Triticum aestivum L.) is one of the most important cereal crops in the 
world.InIndia,itcoversanareaof31.61millionhectares(Mha),withtheproductionof 
109.52 million tonnes (MT) and productivity of 3464 kg ha-1 during the year 2021 
[1].InMadhyaPradesh,itisgrownoveranareaof9.82Mhawiththeproductionof 
35.66 MT and 3629 kg ha-1 productivity during the year 2021 [2], which 
clearlyindicates that the average yield is slightly more than the national average. 
MadhyaPradesh is a landlocked state, which is enclosed by five states of India. Most 
of thearea of Madhya Pradesh (Except eastern part) comes under semi-arid regions 
withshort length of growing period (less than 90 days after sowing, DAS) it 
confrontswater scarcity during the winter season which a major problem. 
Furthermore, moretime taken by farmer between harvesting of rainy crop and 
sowing of next crop inOctober that results in late sowing of winter crop which stands 
for water stress fromflowering to maturity due to the early depletion of water from the 
different sources.Water scarcity during the winter seasons can be minimized by its 
early or timelysowing with well mechanized zero-till machinery which curtail the 
extra time requiredin land preparation for succeeding crop and residue management 
of preceding crop.Conservation agriculture (CA) is characterized by inclusion of 
three basic 
strategiesminimumdisturbanceofsoil,residueretentionroundtheyearsandcropdiversific
ation also help to cope up water scarcity to the large extant [3]. 
HappyseedertechnologywhichisprovedtobeapanaceaintheZT-basedCAsystem[4].It 
shares many advantages to the farmers like reduce the extravagance in the 
landpreparation,minimizetheproblemsofcropresiduewhichisleftoverafterthepreceding
crop,andreducethefuel consumptioninthecrop production. 
Weedsaremajorconstraintinwheatproduction.Itwouldbenoexaggerationtosay 
that weeds contributes to reduce the production of wheat. Uncontrolled weed 
maylead to cause 15-40 percent or more yield loss and lowering the quality of crop 
[5].CAloweredtheweedbiomassby14%andimprovedyieldby6.9%overconventional 
tillage (CT) in wheat crop [6]. Crop residue retention efficiently controlsweed by 
reducing light penetration into the soil surface directly [7]. Also, herbicidesplay an 
important role in weed management under CA. Various new combinations 
ofselectivepost-
emergence(PoE)herbicidelikeclodinofop+metsulfuronandmesosulfuron + 
iodosulfuron effectively controls most of the weed flora growing withthe wheat. 
Integration of two or more than two methods of weed control also provedas an 
excellentpractices for weed control.Furthermore,wheat growers 
prefertouseherbicidealonetocontroldiverseweedflorawhichmayleadstoseriousproble
ms of resistance among weeds and cause loss of agro-ecosystem [8] and 
[9].Therefore, there is need for rotational use of herbicides under CA-based 
practices tocontrol weeds and also to avoid or delay the resistance development on 
weeds.Underthesecircumstances,thereisapaucityofinformationrelatedtoweedmanag
ementunderCA,especiallysuitableherbicidecombinationagainsttheprevalentweed 
flora. Thus, present studies were undertaken inorder toexaminethe effectiveness of 
different tillage and weed management practices on 
associatedweedflora,growthandyieldofwheatinlong-term maize-wheat-
greengramsystem. 
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2. MATERIALAND METHODS 
The field experiment was carried out during the winter seasons of 2021-22 and2022-
23 at research farm of ICAR-Directorate of Weed Research, Jabalpur (M.P.)India. 
The soil of experimental site was clayey in texture, neutral in pH (6.9), low 
inavailable nitrogen (256.5 kg ha-1), high in available potassium (342.6 kg ha-1) 
andphosphorus (62.5 kg ha-1) with medium organic carbon (0.68%) during the period 
ofexperimentation.Theeighttreatmentcombinationscomprisingoftwotillagemanageme
ntmethods,conventionaltillage[CT(maize,M)-CT(wheat,W)-CT(greengram, G)] and 
conservation tillage[ZT(M)+R(G)-ZT(W)+R(M)-ZT(G)+R(W)]in main plot and four 
weed management practices [weedy check, recommendedherbicide [RH; 
mesosulfuron + iodosulfuron at 12.2+2.4 g ha-1 (PoE)], integratedweed management 
[IWM; clodinafop + metsulfuron at 60+4 g ha-1 (PoE) fb 
handweedingat45DAS],herbiciderotations[HR;clodinafop+metsulfuronat60+4gha- 
1 (PoE) during the first year, mesosulfuron + iodosulfuron at 12.2+2.4 g ha-1 
(PoE)during second year] in sub-plot were evaluated under split-plot design with 
threereplications. The wheat variety “GW322” selected for the 
experimentwassownattherateof100kgha-

1.Allthepackageofpracticesweredoneaspertherecommendation for thisregions. 
Immediate aftersowinguniformirrigationwasimposed for uniform germination. 
Fertilizers were given at 120:60:40 kg ha-1 NPKthrough urea, di-ammonium 
phosphate and muriate of potash. Weed managementpractices were applied as per 
the treatments to the experimental plots. Treatment-wise total weed density and 
biomass were observed at 90 DAS by using 0.25 m2quadrats by placingtwiceperplot 
thiswasthenconvertedin1 m2. Theweeddensity were expressed in no. m-2. The 
collected weeds samples initially sun driedfollowed by oven dried at 65 ± 2⁰C until a 
constant weight is achieved. These wereexpressedingm-

2.Beforetheanalysis,thedataweresubjectedtosquareroot 
transformation √X + 0.5 to normalize the variation.The weed control efficiency 
wasanalyzedasperthe formulasuggested by [10]. 

 
WCE(%)=WBC−WBT×100 

WBC 

Where, 
WBC= Weed biomass in control 
plotWBT=Weedbiomass in 
treatedplot 

 

Various growth characters viz., plant height, plant biomass and no. of tillers per m-

2were recorded at 90 DAS. Leaf area index was worked out as per the 
formulasuggestedby[11]. 

LAI=
Totalgreenleafareaoftheplant(cm2) 

Totalgroundarea (cm2) 
 

Grain and straw yield were recorded and expressed in kg ha-1. Harvest index 
wasanalyzedamongdifferenttreatmentsandisexpressedinpercentage. 

 
Statisticalanalysis 
The field data obtained was tabulated and statistically analyzed by using analysis 
ofvariance(F-test)assuggestedby[12].Thesignificantdifferencebetweenthetreatments 
werecompared with the critical differentat5%levelofprobability. 
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3. RESULTSANDDISCUSSION 
 

Weed flora 
Theexperimentalfieldwasinfestedwithcomplexweedfloracomprisinggrassesandbroadl
eaves.ThepredominantweedswereMedicagopolymorpha(L.),Convolvulousarvensis(L
.),Avena ludoviciana(L.). However,Sonchusoleraceus(L.)and 
Digitariasanguinalis(L.)werealsoobservedinminordominance. 

 

Fig.1.Weedflorainwheatfielda)during2021-22 andb) during2022-23 

 

Effectonweedparameters 
Weeddensityandbiomassperunitareaisanimportantparametertostudyinfluence of 
different treatment on weed control. A perusal of data represented 
inTable1,indicatedthatallthetreatmentsconvincinglysuppressedtheweedgrowth.Itisevi
dentfromthetablethatthetotalweeddensity(105.9no.m-2in2021-22and 
122.6 no. m-2 in 2022-23) and biomass (149.7 and 174.2 g m-2, respectively) 
weresignificantly lower in ZT+R over CT. This might be because of presence of 
cropresidue that inhibited weed seed emergence by avoiding penetration of light to 
weedseed.Also,mechanicalimpedimentmighthavesuppressedweedseedlingstoemer
ge out of soil thereby reducing weed density and hence, biomass. As alsoobserved 
by [13] and [4] that residue has significant impact on weed dynamics.Among the 
weed management practices, IWM practices observed significantly lowerweed 
density (25.7 and 35.0 no. m-2, respectively) and biomass (13.6 and 19.9 m-2 gm-

2,respectively)overtheothers.HRwasthesecondtoefficiently controltheweeds during 
both the years. Application of PoE herbicide clodinofop + metsulfuronat 64 g ha-1fb 
HW at 45 DAS during both the years controlled the weeds. As alsonotedby 
[14]and[15]. 

 
Weedcontrolefficiency 
The WCE was suggestively affected by different treatments in the experiment. It 
isevident from the Table 1 that the highest WCE was obtained with the crop 
sownunder ZT+R (71.3 and 71.2%, respectively). This might be because of lower 
weedbiomass recorded in ZT+R than CT. Singh et al. (2017) also revealed the 
lowestweedpopulationandbiomassoftheweedsunderZTwithcropresidue.Amongthe 



weedmanagementpracticesIWMpracticesnotedmaximumWCE(97.4%and96.7%, 
respectively) over weedy check. As also reported earlier by [16], [17] and[14]. 

 
 

Table 1. Effect of crop establishment methods and weed management practices 
ontotal weed density, total biomass and weed control efficiency at 90 DAS of wheat 
inmaize-wheat-greengramsystem 

 

Treatment 
Total density 

(no.m-2) 
Totalbiomass 

(gm-2) 
Weed control 
efficiency(%) 

2021 2022 2021 2022 2021 2022 

Cropestablishmentmethods(M) 

CT(M)-CT(W)- 9.9* 10.7 10.7 11.7 67.3 66.7 

CT(G) (121.8) (140.9) (170.2) (201.7)   

ZT(M)+R(G)- 9.1 9.9 9.9 10.8 71.3 71.2 
ZT(W)+R(M)- (105.9) (122.8) (149.7) (174.2)   

ZT(G)+R(W)       

SEm± 0.05 0.02 0.03 0.08 - - 

CD(P=0.05) 0.33 0.11 0.18 0.51 - - 

Weedmanagementpractices(S) 

Weedycheck 17.6 19.0 22.8 24.6 0.00 0.00 
 (318.5) (359.83) (520.8) (604.8)   

RH 7.6 8.5 7.7 8.5 88.8 88.1 
 (58.0) (71.2) (58.3) (72.2)   

IWM 5.1 9.9 3.8 4.5 97.4 96.7 
 (25.7) (35.0) (13.6) (19.9)   

HR 7.3 7.9 6.9 7.4 91.0 90.9 
 (53.3) (61.3) (47.1) (55.0)   

SEm± 0.15 0.22 0.06 0.18 - - 

CD(P=0.05) 0.46 0.66 0.18 0.57 - - 

*valuesare√x+0.5squareroottransformedandoriginalvaluesaregiveninparenthesis,CT
(M);Conventionaltillage(Maize),CT(W);Conventionaltillage(Wheat),CT(G);Conventio
naltillage(Greengram),ZT(M)+R(G);Zerotillage(Maize)+residues(Greengram), 
ZT(W)+R(G); Zero tillage 
(Wheat)+Residues(Maize),ZT(G)+R(W);Zerotillage(Greengram)+Residues(Wheat) 

 
Effectongrowthcharacters 
Data pertaining to plant height (cm), plant biomass (g plant-1) and tillers (no. m-

2)observeda significantdifference amongcrop establishment 
methodsandweedmanagement practices (Table 2). It is clear from the table 2 that 
crop sown underZT+R gavesignificantly higher plant height (106.3and 101.1 cm, 
respectively),biomass (12.0 and 9.0 g plant-1, respectively) and tillers (488.0 and 
391.3 no. m-

2,respectively)overCTduringboththeyearsofexperimentation.Thismightbebecause of 
lower weed density in ZT+R that favored better crop growth by 
availingmorespace,waterandnutrientstotheplants[14]and[15].Amongtheweedmanage
mentpractices,IWMpracticesrecordedsignificantlyhigherplantheight 



(110.2and105.0cm,respectively),plantbiomass(14.9and12.1gplant-
1,respectively)andtillers(547.2 and436.7no.m-2,respectively)followedbyHRduring 
both the years of experimentations. This might be because of better cropstand 
supplemented with chemical weed management fb HW that reduce weeddensity. 
[14] also reported IWM practices contributed to weed suppression therebyreducing 
crop-weed competition that favored thecrop to efficiently use the spaceand available 
nutrients. In second year of the experiment, plant height was shorterbecause of 
application of mesosulfuron+iodosulfuron that inhibited the crop 
growthandsomeotherfactorsliketemperaturewasalsoresponsibleduringthecropgrowth
. 

 
Table 2. Effect of crop establishment methods and weed management practices 
onplantheight,biomassandno.oftillersat90DASofwheatinmaize-wheat-
greengramcroppingsystem 

Treatment Plant height(cm) Plantbiomass(gplant-1) Tillers(no.m-2) 

2021 2022 2021 2022 2021 2022 

Cropestablishmentmethods(M) 

CT(M)-CT(W)- 
CT(G) 

101.2 96.0 8.1 6.3 433.7 352.4 

ZT(M)+R(G)- 
ZT(W)+R(M)- 
ZT(G)+R(W) 

106.3 101.1 12.0 9.0 488.0 391.3 

SEm± 0.80 0.68 0.13 0.24 3.41 5.43 

CD(P=0.05) 4.84 4.16 0.77 1.45 20.74 33.07 

Weedmanagementpractices(S) 

Weedycheck 96.9 90.7 4.4 3.3 302.8 269.4 

RH 101.1 97.4 9.0 6.2 478.0 378.1 

IWM 110.2 105.0 14.9 12.1 547.2 436.7 

HR 106.8 101.1 11.9 8.8 515.4 403.3 

SEm± 0.72 1.08 0.55 0.49 10.04 9.20 

CD(P=0.05) 2.21 3.33 1.68 1.51 30.94 28.33 

CT(M); Conventional tillage (Maize), CT(W); Conventional tillage (Wheat), 
CT(G);Conventionaltillage(Greengram),ZT(M)+R(G);Zerotillage(Maize)+residues(Gr
eengram), ZT(W)+R(G); Zero tillage 
(Wheat)+Residues(Maize),ZT(G)+R(W);Zerotillage(Greengram)+Residues(Wheat) 

 
Leafareaindex(LAI) 
Data regarding LAI at periodicals intervals (Fig. 2) revealed that LAI increase up 
to60 DAS and then marginally decreased up to 90 DAS. There was no 
significantdifference was observed at 30 DAS under different crop establishment 
methods andweed management practices. At 60 DAS, significantly higher LAI was 
noted underZT+R over CT. A similar trend was observed at 90 DAS during both the 
year ofexperimentation. This might be due to more availability of soil moisture that 
favoredplant growth under ZT with crop residue. [18] also observed significant 
influence 
oftillagepracticesonLAI.Amongtheweedmanagementpractices,clodinofop+metsulfuro
nfbHWat45DASrecordedsignificantlyhigherLAIwhichwasatpar 



with HR during both the years of experimentation. A similar trend was also 
observedat 90 DAS during both the years of experimentation. This might be because 
of moreavailability of space and nutrients because of lower weed density this 
favoredcropgrowthanddevelopment.[19]alsonotedmoreLAIwiththeapplicationo
f clodinofoppropargyl+metsulfuronmethylinthewheat. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 2. Effect of crop establishment methods and weed 
managementpractices on leaf area index at 30 days interval of wheat in 

maize-wheat-greengramcropping system 

 
 

Grainandstrawyields 
Data pertaining to grain and straw yields are presented in Table 3 during both 
theyearsofexperimentandweresignificantlyinfluencedbytillageandweedmanagement 
practices. Grain and straw yields of wheat were higher under ZT+R(4164 and 3814 
kg ha-1, respectively) and straw yield (7269 and 6834 kg ha-1,respectively) over CT. 
This might be because of ZT with crop residue retention thatenhance organic matter 
on the soil.Also, more moisture conservation that resultedinmoreyield.As also 
observedby [18]. Amongthe weed management 
practices,thegrainandstrawyieldsweresignificantlyhigherunderclodinofop+metsulfuro
nfb HWat45DASwhichwasfollowedbyHR.Theapplicationofclodinofop+metsulfuronfb 
HW it was found effective for controlling weeds thereby enhancinggrain and 
strawyields as also observed by [20] and [19]. The interaction 
effectamongcropestablishmentmethodsandweedmanagementpracticeswassignifican
t during both the years of experimentations. The treatment ZT+R 
coupledwithIWMrecordedmaximumgrainyieldoverrestofthe treatment. 

3.5 

3 

2.5 

2 

1.5 

1 

0.5 

0 

CT ZT+R WeedyCheck RH IWM HR 

CropEstablishmentMethods WeedManagementPractices 

LAI30DAS2021 

LAI60DAS2022 

LAI30DAS2022 

LAI90DAS2021 

LAI60DAS2021 

LAI90DAS2022 

CT; Conventional Tillage, ZT+R; Zero Tillage with crop 

residueRH;RecommendedHerbicideIWM;IntegratedWeedManage

mentHR;HerbicideRotation 

L
ea

fA
re

a
In

d
e
x

 

Comment [H13]: Why you did bold it 



Harvestindex 
Data related to HI as influenced by different crop establishment methods 
andweed management practices is presented in Table 3. There was no 
significantdifference observed among different crop establishment methods 
and weedmanagement practicesduringboththe years ofexperimentations. 

 

Table3.Effectofcropestablishmentmethodsandweedmanagementpractices on 
grain and straw yield and harvest index of wheat in maize-wheat-
greengramcropping system 

 

Treatment 
Grainyield(kgha-1) Strawyield(kgha-1) Harvestindex(%) 

2021 2022 2021 2022 2021 2022 

Cropestablishmentmethods(M) 

CT(M)-CT(W)- 
CT(G) 

3713 3450 6499 6377 35.66 34.95 

ZT(M)+R(G)- 
ZT(W)+R(M)- 
ZT(G)+R(W) 

4164 3814 7265 6834 36.53 35.52 

SEm± 45.98 30.52 125.07 46.72 0.62 0.1 

CD(P=0.05) 279.81 185.69 761.05 284.25 NS NS 

Weedmanagementpractices(S) 

Weedycheck 2201 2114 4235 4272 33.98 33.12 

RH 4308 3933 7740 7101 35.77 35.64 

IWM 4708 4299 7836 7610 37.58 36.16 

HR 4538 4181 7717 7437 37.06 36.03 

SEm± 78.44 48.57 272.02 214.62 0.95 0.87 

CD(P=0.05) 241.69 149.65 838.18 661.3 NS NS 

M×S 

SEm± 110.93 68.68 384.70 303.52 1.34 1.23 

CD(P=0.05) 341.81 211.64 NS NS NS NS 

CT(M);Conventionaltillage(Maize),CT(W);Conventionaltillage(Wheat),CT(G);Co
nventionaltillage(Greengram),ZT(M)+R(G);Zerotillage 
(Maize)+residues(Greengram), ZT(W)+R(G); Zero tillage 
(Wheat)+Residues(Maize), ZT(G)+R(W); Zero tillage 
(Greengram)+Residues(Wheat)    
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4. CONCLUSION 
Based on the experimental findings, it can be concluded that the CA practices 
hassignificant influence on weed density, weed biomass and weed control efficiency 
ofthe wheat. Application of clodinofop + metsulfuron fb HW at 45 DAS 
significantlylowered weed density and biomass and enhanced WCE. The ZT+R 
coupled with 
IWMbroughtaboutmaximumcropgrowthparametersandthehighestgrainyield.Therefore, 
for getting better weed control and crop growth and higher yield ZT withcrop residues 
and integrated weed management practices to be adopted under CA-basedmaize-
wheat-greengramcropping system. 
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