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Abstract

FieldexperimentsweredoneEffectofphosphorus,zincandrhizobiumonyieldandprofibility of

chickpea (CicerarietinumL.) during rabi season of 2020-21 and 2021-22 atstudents instructional

farm, Chandra Shekhar Azad University of Agriculture & Technology,Kanpur. [The experiment - [cOmmem [WUA4]: Name of country??? ]

consist of 18 treatments combinations in factorial randomized blockdesign with three
replications consisted of three levels of phosphorous (0, 30 and 60 kg ha™),three levels of zinc
(00 25 and 50 kg ha') and two levels of rhizobium inoculation
(withrhizobiumandwithoutrhizobium).ChickpeavarietyRVG-202wasgrownwiththerecommended
agronomic practices. Results of the experiment reflected that yield of chickpeacrop increased
with the use of phosphorus, zinc and rhizobium inoculation. Maximum grainyield20.89kg ha’
! stoveryield25.26kg ha™ biologicalyield46.15kg ha“andharvestindex 45.27% were recorded
under Tis (60 kg P+5 kg Zn harhizobium innoculation)
overcontrolduringsecondyear.But,significantlyincreased T7(60kgP+2.5kgZnha™*rhizobium

innoculation) during both years (2020-21 and 2021-22).The maximum cost
ofcultivation(X36615.23),grossreturn(%115380),netreturn(X78764.77)andB:Cratio(2.15)  were
recorded under Ty (60 kg P+5 kg Zn ha’'rhizobium innoculation). The presentstudy showed
that combined application of phosphorus and zinc with rhizobium inoculationalong with

recommended nitrogen and potassium could be an effective option for

enhancingchickpeayieldcomponent,yieldandeconomicreturn, .| Comment [WUS5]: Concluding &
"""""""""""""""""""""""""""""""""""""""""""""""""" recommendation sentence???
KeyWords:Chickpea,Economics,Phosphorous Rhizobium, Yield, | ~{ comment [WuUs]: Synergetic effect
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crop, pulses is the mostimportant grown in everypart ofindia. It is easily available inruralfor
protein. India is a highly populated country under the category of developing nations.
Theproteinrequirementof mostof thepeopleis fulfilling throughpulses.In India,protein ismajor
source of pulses crop especially vegetarians and provide staple cereals with

completelydietslikes,protein,essentialaminoacids, vitaminsand(Pingoliyaetal.,2013).

In pulses crop, chickpea (CicerarietinumL.) is one of the pre-dominant rabicrop
inIndia. ItislargestproducedfoodlegumeinSouth Asia.Chickpea(CicerarietinumL.)originated  in
south  easternturkey  (Redden  etal.2007). Itis a  major legume  crop
cultivatedforitsedibleseedsandfamilybelongFabaceae(leguminaceae),andsubfamilyPapilionace
ae.Chickpeaisknownbyvariousnameindifferentcountrieslike-
garbanzo(Spanish),poischiche(French),kicharorchicher(German),chana(Hindi)andgramorBengal
gram(English). Chickpea is a good source of carbohydrates and important vitaminssuch as
riboflavin, niacin, thiamin, folate and the vitamin A precursor f3-carotene. Sulphurcontaining
amino acids, Ca,Mg, Zn. Fe, P and, especially, K are also present in chickpeagrains.Chickpea
has severalpotential health benefits,and,in combination withother pulsesand cereals, it could
have beneficial effects on some of the important human diseases such asCVD, type 2 diabetes,
digestive diseases and some cancers. Overall, chickpea is an importantpulse crop with a diverse
array of potential nutritional and health benefits. Chickpea plays asignificantrolein improving

soilfertility by fixing theatmosphericnitrogen (Balaiet al.2017)

Phosphorusisanimportantnutrientepicallyforpulsescroptoincreasedtheirproductivity and
fertility ofsoil. Legumes are heavy feeder ofphosphorus and less
responsivetonitrogenbecauseoftheircapacitytomeettheirownnitrogenrequirementthroughsymbiot
icnitrogen
fixation(kumaretal.2016).Phosphorusplaysanimportantroleinnodulation,nitrogenfixation,growt
handyieldofchickpea(Meenaetal.,2005).Itisessential for cell division,seed and fruit development
anddirectly
involvementofnucleicacids,thatis,phospholipids,chromosomesandthecoenzymesnicotinamideade
ninedineucleotide (NAD), adenosine triphosphate (ATP) and nicotinamide adenine
dineucleotidephosphate(NADP).Phosphorusisusedinnumerousmolecularandbiochemicalplantpr
ocesses,particularlyin energy acquisition,storageandutilization(EpsteinandBloom,2005).1t also
improves the crop quality and resistance against plant diseases.
Phosphorusapplicationtolegumesnotonlybenefitsthecurrentcropbutalsofavourablyaffectsthesucc

eedingnon-legumecrop.Phosphorusdeficiencyisacriticalnutrient-deficiencyproblem
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inthelndiansoilsandmaycauseupto29-45%yieldlossesinchickpea(Ahlawatetal.,2007). Symbiotic
nitrogen fixation has a high P demand because the process consumes largeamounts of energy
(Schulze et al. 2006) and energy  generating metabolism strongly

dependsupontheavailabilityofP(Plaxton,2004) .

Similarly, zincis also an importantmicro nutrient element whichincreases
resistancetodisease  inplant.However,Khan  etal. (2004)reported  that  applying
Znincreasedyieldandqualityofchickpea. Zincdeficiencyinagriculturalsoilsisalsoawide-
spreadconstraintforchickpeaproduction inIndia.PandzZn facilitatetheavailability ofeach other for
cropplants (Ryan et al., 2012). Similarly zinc is also an important micro nutrient element
whichincreases resistance to disease in plant. Sharma et al. (2000) reported antagonistic effect
of Plevels on Zn nutrition by the crops. The information on Zn and P relationship in an
importantcroplikechickpeaisnotadequate,especiallyinsituationswhereboththeinteractingnutrients
(P and Zn) are deficient in soil. Most of the soils of Uttar Pradesh have been rated asdeficient in
availablezinc.Afavourablebalancebetween phosphorusand  zincshould bemaintained  for
optimum growth of plant. It also promotes nodulation and nitrogen fixation

inleguminouscrops(Demeterioetal.,1972).

Biofertilizers may colonizes the rhizosphere and promotes growth by increasing
theavailabilityandsupplyofnutrientsand/orgrowthstimulustocrop. Nitrogenfixermicroorganisms
play an important role in supplementing nitrogen to theplant, allowing
asustainableuseofnitrogenousfertilizers(Tambekaretal.,2009).Nitrogenfixationinagriculturecan
beimprovedbyinoculationoflegumecropswithsuitableRhizobium.Rhizobium  are  symbiotic
bacteria that facilitate formation of nodules on the roots of legumehosts, within which the
bacteria fix atmospheric nitrogen into ammonia. Symbiotic nitrogenfixation is the main route
for sustainable input of nitrogen into ecosystems. Adaptability ofindigenous Rhizobium to their
environment results in high levels of saprophytic
competence(Zengenietal.,2006). Sometimesindigenous ~ Rhizobium may be found in
greaternumbersthan those of the inoculated strains which are also limited in mobility. Using
high yieldingvarietiesofchick-
peaalongwithuseofeffectiverhizobialstrainscanenhancetheyield(Bhuiyanetal.,2008).

Resources and

MethodsExperimentalSi
te:
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Theexperimentwasconductedduringrabiseasonof2020-21and2021-22atstudent’sInstructional

farm,C.S.A.University of Agriculture and Technology,Kanpur Nagar (U.P.).The field was well ) [cOmment [WU11]: Name of country???

leveled and irrigated by tube well. The farmis situated atmain campus ofthe university, in the

west northern  part of Kanpur city under sub-tropical zone in V"

agroclimaticzone(centralplainzone).

‘EdaphiCCOl"lditiOl’]‘: —---| Comment [WU12]: Synergetic effect of applying
o S o o e N zinc with phosphorus, formation of zinc phosphate &
Thesoilwasmoist,welldrainedwithuniformplanetopography.Thesoiloftheexperimentalfiel non available to plants in soil 2222

dwasalluvialinorigin,sandyloamintextureandslightlyalkalineinreactionandloworganiccarboninsoi
I.ThesoilsampleswereestimatedforpHandElectricalconductivity(1:2.5soil:watersuspensionmetho
dgivenbyJackson,1967),0rganiccarbonpercentageinsoil(WalkleyandBlack’srapidtitrationmetho
dgivenbyWalkleyandBlack,1934) withavailablenitrogeninkgha™(Alkalinepermanganatemethod
given by Subbiah and Asija, 1956), available phosphorus as sodium bicarbonate-
extractablePinkgha™(Olsen’scalorimetricallymethod,Olsenetal., 1954)availablepotassiuminkgha

!(FlamephotometermethodgivenbyHanweyandHeidel, 1952)Available sulphur in kg ha®

[Comment [WU13]: Old refernces???

"wasdeterminedby(DTP AextractionLindsayandNorvell, 1978). Thenutrientstatusofinitialsoilprio

rtofertilizationispresentedintableno.1

Tablel: Analyticaldataoftheexperimentalsoils(pre-sowing)

S.No. Soilcharacters Value

2020-21 2021-22
1. Texture Sandyloam Sandyloam
2. pH 8.00 7.98

(1:2.5soilwatersuspension)

3. EC(dsm™) 0.47 0.46
(1:2.5s0ilwatersuspension)

4. Organiccarbon(%) 0.31 0.32

5. AvailableN(kgha™) 201.12 202.59

5. AvailableP(kgha™) 11.78 12.09

6. AvailableK(kgha™) 153.15 154.31

7. AvailableS(kgha™) 0.43 0.45

AvailableZinc(mgkg™) 11.84 12.49

®
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Detailoftreatmentsanddesign

The experiment was consisted of 18 treatments combination of nutrient management
havingthreefactors:Factor A:Phosphorus(3levels);Po:0kg(Control),P;:30kg,andP,:60kgP,Os; Fact
or B:Zinc(3 levels):Zny: 0 kg (Control),Zn;: 2.5 kg and Zn,: 5 kg Zn ha™ andFactor C:
Rhizobium(2 level):Rho:withoutrhizobium(Control) and Rh;:with rhizobium.The experiment
was laid out in Factorial Randomized Complete Block Design (FRBD) withthree replications.
Full dose (recommended dose) of nitrogen and potash were applied at
thetimeofsowinghomogeneously.Phosphorus,zincandrhizobiumwereappliedaspertreatments. N,
P, K and Zinc were applied through wurea, SSP, Murate of potash and
zincsulphaterespectively. Thecropreceivedtwouniformirrigations(presowingandpreflowering). Th

ecropwasgrownbyadoptingstandardagronomicpractices. Thecropwas

harvested in the mid fortnight of March in both the years and growth attributes

andeconomicswererecordedatharvest, ~{ comment [WU14]: Statistical & economic
analysis????

Table-2:detailofthetreatmentcombinations:

S.N. Treatmentcombination Symbol

1. 0kgP+0kgZnwithoutrhizobium P¢ZngRhy

2. 0kgP+2.5kgZnwithoutrhizobium PoZn2 5Rhg
3. OkgP+5kgZnwithoutrhizobium PoZnsRhg

4, 30kgP+0kgZnwithoutrhizobium PsZngRhg
5. 30kgP+2.5kgZnwithoutrhizobium P30Znz5Rhg
6. 30kgP+5kgZnwithoutrhizobium PyZnshg

7. 60kgP+0kgZnwithoutrhizobium P&ZnoRhg
8. 60kgP+2.5kgZnwithoutrhizobium PsoZnzsRhy
9. 60kgP+5kgZnwithoutrhizobium P&ZnsRhg
10. 0kgP+0kgZnwithrhizobium PoZnoRh;
11. 0kgP+2.5kgZnwithrhizobium PoZnzsRhy
12. 0kgP+5kgZnwithrhizobium P¢ZnsRh;
13. 30kgP+0kgZnwithrhizobium PyZnyRh;
14. 30kgP+2.5kgZnwithrhizobium P3Zn,sRhy
15. 30kgP+5kgZnwithrhizobium PyZnsRh;
16. 60kgP+0kgZnwithrhizobium P&ZnoRh;
17. 60kgP+2.5kgZnwithrhizobium PsoZn,sRhy
18. 60kgP+5kgZnwithrhizobium PsZnsRh;
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Harvestingandthreshing:thecropwasharvestedatmaturityandwasallowedtodryinsun. ~ Separate

bundles were made for each plot and weighted. The after drying harvest wasthreshed manually.

Seedyield(gha’
1): Afterthreshingproduceofgrainwasweighedinkgperplot,whichwasconverted into g ha™ on
the basis of net plot area to record the vyield in g ha® under

differenttreatments.Finallygrainyieldperplotwasconvertedintogha *byconversionfactor.

Strawyield(gha™): Aftersubtractingthegrainyield per plot from

thetotalbiologicalyield. Afterconvertingtheyieldsintoquintalsperhectare,yieldswererecorded.

Biological yield (q ha™): Each net plot was harvested and bundles were weighed
separatelyafter drying in the sun. Biological yield was recorded in kg plot® and finally

expressed in gha™. Thebiologicalyieldwascalculatedwiththefollowingformula:
Biologicalyield=Seedyield+Stoveryield.

Harvest index (%0): Therecovery ofgrains intotaldry matterwas
consideredasharvestindex,expressedin percentage.
Ithasbeencalculatedbyfollowingformula:
Harvestindex(%)=[SeedYield(qgha™)/BiologicalYield(gha’
1)]x100Economics:
The economics of different treatments was worked out on the basis of average
yield(seedandstover)of2020-21and2021-
22.Treatmentswascalculatedseparately. Thecalculatingeconomicsofdifferenttreatmentsandexpres
sedascostofcultivation,grossreturn,netreturnsandbenefit:costratio(B:C).

(i) Costofcultivation:

Thecostofcultivationwasworkedoutonthebasisofinputratesatthefarm. Treatmentscostwasc
alculatedseparately. Thecommoncostofcultivation(Zha™)wasworked out by considering all the
expenses incurred in the cultivation and added variable

costduetotreatments(includinginterestofworkingcapital)inordertogettotalcostofcultivation.

(i) Grossreturn(zha™):
ltwascalculatedby ~ taking  theincome  fromthe grain and straw  producedon
thebasisofmarketrates. Theyieldofchickpeacropwasconvertedintogrossreturninrupeesperhectareo

nthebasisofcurrentpriceofthe produce.
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Grossreturn(Xha-1)=Totalincomefromgrainandstoveryield
(i) Netreturn(Zha™):

Netprofitistheoutcomereceivedbysubtractingthecostofcultivationfromgrossincome(Zha®

1. Thenetreturnwasworkedoutbyusingfollowingformula-
Netreturn(Zha*)=Grossreturn(Zha)-Costofcultivation(Zha™)
(iv) BenefitCostratio(B:C):

Netincomeofeachtreatmentwasdividedbycultivationcostofrespectivetreatmentandcostben

efitratiowasrecorded. Therewascalculatedwiththehelpoffollowingformula.

NetReturn(Xha-1)
Benefit:costrati=

Costofcultivation(Xha=1)

Statisticalanalysis:
ThegrowthparametersandyieldswererecordedandanalyzedasperGomezand
Gomez (1984) the tested at 5% level of significance to interpret the

significantdifferences.

L {Comment [WU15]: Need more discussion with

‘RE‘SUHand DISCUSSIOFIZ‘ comparison with latest past study???

ProductivityParameters:

Ataglanceoverthedatagiveninthe Table-3anddepictedinFig.-1clearlyshowsthat among
theproductivity parameters viz.grainyield (gha™),stoveryield (gha™) andbiological yield (q ha™)
except harvest index (%)significantly increasedue to
theapplicationofphosphorous,zincandrhizobiuminoculation.Grainyieldvariedfrom12.39t020.74q
ha™, stover yield varied from 17.48 to 25.11 q ha™, biological yield varied from 29.87 to 45.84
gha® and harvest index varied from 41.49 to 45.24 % on pooled basis. The application
ofphosphorus,zincandrhizobiumincreasedtheGrainyieldwiththeresultthatthe67.39percent,stover
yield43.64percent,biological yield53.47percent and harvest index9.04percent.

The maximum grain yield (20.89 q ha™), stover yield (25.26 q ha™), biological
yield(46.15 q ha™) and harvest index (45.27 %) was associated with the treatment Tig
[60.00 kgP+ 5.00 kg ha’ Zn with Rhizobium] during the second year (2021-22) of
experimentation.The minimum grain yield (12.26 q ha™), stover yield (17.16 q ha™) and
biological yield(29.42gha")associatedwiththetreatmentT;[0kgP+0kgha’

1ZnwithoutRhizobium]
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during the first year (2020-21) of experimentation and minimum harvest index (41.31
%)associated with the treatment T, [0 kg P+ 0 kg ha™ Zn with Rhizobium] during the
secondyear(2021-22) ofexperimentation.

The enhanced grain yield and stover yield might to be due to adequate amount
ofnutrients supply of chickpea plants because Symbiotic nitrogen fixation has more
phosphorusdemandlikephosphoruszincisessentialmicronutrientandessentialforcellwallintegrity,c
ell division, release of enzyme and nitrogen fixation. Rhizobium is symbiotic bacteria
whichfacilitasenodulesformationontherootoflegumecrop.Onthewholeallthreefactorsincreasedyie
Idattributesofchickpea.Grain,stoverandbiologicalyieldofchickpeasignificantly increased due to
phosphorus (60 kg P,0s ha®) and zinc (25 kg Zn  kgP
withrhizobiuminoculationovertheircontrols.Combineuseofphosphorus60kgP,0sha *and
2.5kg Znha™ alone with rhizobium significantly increased grain 20.11q ha™ stover25.26 gha™
and biologicalyield 44.7q ha® ofchickpea recorded under Ty; [60kg P+2.5kg Znha
withRhizobiuminnoculation]overothertreatmentsduringsecondyear. ltmayduetorhizobiumwhichf
ixatmosphericnitrogenandincreasedthesupplyofothernutrientstoplantsandultimatelyincreasedgrai
nandstoveryieldofchickpea. Theseresultsalsoconfirms the findingsof Sinhaetal.(2000),Vimla
and Natarajan(2000), Tiwariet
al.(2001),Yadavetal.(2002),Bicer(2014),Badinietal.(2015),Pegoraroetal.(2018).Malietal .(200
3),Yadavetal.(2010),Valencianoetal.(2011),).Singhetal.(2012). Krishnaetal.(2017),Ullahetal.(
2017),Kumarietal.(2019),Rajetal.(2019.

Profitability:

It is visualized from the data given in Table-4 and Table-5 clearly indicate that among
theeconomics parameters viz. cost of cultivation (Z ha), gross return (% ha™), net return (% ha’
Handbenefitcostratiosignificantlyincreaseduetotheapplicationof60kgphosphorousand
5.00kgzincwithrhizobiuminoculation.Costofcultivationvariedfrom31524.5t036303.5

Z ha?, gross return varied from 67497 to 111596.3 % ha™, net return varied from 35972.51
1075292.76 % ha™ and benefit cost ratio varied from 1.14 to 2.08 % ha™ on the pooled basis.
Theapplicationofphosphorus,zincandrhizobiumincreasedthecostofcultivationwiththemagnitude
of 15.16 npercent, gross return 65.34 percant, net return 109.31 percent and
benefitcostratio82.46percent. Themaximumcostofcultivation¥36615.23grossreturni115380,netre
turn 78764.77 and benefit cost ratio 2.15 was foundwith T; [60.00 kg P+ 5.00kg ha® Zn with
Rhizobium] over the control during second year. The minimum cost of cultivation ¥31212.76,
gross return ¥ 649155, net return I 33702.74 and benefit cost ratio 1.08
recordedunderT;[OkgP+0kgha*ZnwithRhizobium]duringfirstyearshowedthetablenumber3.
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Similarfindingofincreasedthecropyieldandprofitabilitywithcombinedapplicationofphosphorusan
dzincwithrhizobiuminoculation hasbeen reportedbySingh
etal.(2005),Kedaretal.(2006),Jainetal.(2006), Y adavetal.(2013),Straw(2014),Paletal.(2021).C
onclusions:

Thecurrentstudy —demonstratethebenefitofphosphorus,zinc  and  rhizobiumalonewith
recommended N K for achieving higher productibity and profitability by chickpea
crop.Applicationofphosphorusandzincwithrhizobiuminoculationincreasedyieldattributes, yieldan
deconomicsofchickpeacrop. Theburgeoninghumanpopulationinindianeedshigherpulsesproductio
nforfulfillingthedietaryproteinandmineralsrequiremntswithmaintainsoilheath.Finallyitcanbeconc
ludedthatthetreatmentT;,(60kgP+2.5kgZnwithrhizobium)isabestoptionforimprovingproductivity
andprofitabilityofchickpeacrop.

TableNo.03:Effectofdifferenttreatmentcombinationsonproductivityparametersofchick

ea.
Treatments!D Grainyield(gha™) Stoveryield(gha™) Biological yield(gha™) Harvestindex(%)
2020-21 | 2021-22 | poole | 2020-21 | 2021- | Pooled | 2020- | 2021-22 | Pooled | 2020-21 | 2021-22 | Pooled
d 22 21
T1 12.26 12.52 12.39 17.16 17.79 | 17.48 | 29.42 30.31 29.87 41.67 41.31 41.49
T2 13.79 14.02 13.91 18.72 18.86 | 18.79 32.51 32.88 32.70 42.42 42.64 42.53
Ts 14.68 14.86 14.77 19.68 19.94 | 1981 34.36 34.8 34.58 42.72 42.7 42.71
Ts 14.51 14.61 14.56 19.16 19.36 | 19.26 | 33.67 33.97 33.82 43.09 43.09 43.09
Ts 17.19 17.42 17.31 21.59 21.84 | 21.72 38.78 39.26 39.02 44.33 44.37 44.35
Te 18.05 18.47 18.26 | 22.05 22.37 | 22.21 40.1 40.84 40.47 45.01 45.23 45.12
T 17.36 17.68 17.52 21.87 22.03 | 21.95 39.23 39.71 39.47 44.25 44.52 44.39
Ts 18.93 19.03 18.98 23.79 23.99 | 23.89 42.72 43.02 42.87 44.31 44.24 44.28
To 19.25 19.51 19.38 24.08 24.27 | 24.18 43.33 43.78 43.56 44.43 44.56 44.50
Two 13.65 13.87 13.76 18.02 18.28 | 18.15 31.67 32.15 31.91 43.1 43.14 43.12
Tu 14.8 15.1 14.95 | 20.11 20.61 | 20.36 | 34.91 35.71 35.31 42.39 42.29 42.34
T 16.39 16.82 16.61 20.79 21.07 | 20.93 37.18 37.89 37.54 44.08 44.39 44.24
Tis 16.84 17.04 16.94 21.02 21.58 | 21.30 37.86 38.62 38.24 44.48 44.12 44.30
Tia 18.25 18.63 18.44 22.89 23.1 23.00 41.14 41.73 41.44 44.36 44.64 44.50
Tis 19.12 19.38 19.25 23.97 24.13 | 24.05 43.09 43.51 43.30 44.37 44.54 44.46
Tis 18.75 18.86 18.81 | 23.24 23.68 | 23.46 | 41.99 42.54 42.27 44.65 44.33 44.49
Tir 19.86 20.11 19.99 24.32 24.59 | 24.46 44.18 44.7 44.44 44.95 44.99 44.97
Tis 20.58 20.89 20.74 24.95 25.26 | 25.11 45.53 46.15 45.84 45.2 45.27 45.24
Overall 16.90 17.16 17.03 21.52 21.82 21.67 38.43 38.98 38.70 43.88 43.91 43.89
mean
SEm+ P0.34 P P0.26 | P0.41Z P045Z | P0.30 P051Z | P057Z P0.38 P0.40Z P0.45Z P 0.30
Zn0.34 0.39Zn Zn0.26 | n0.41R n0.45R | Zn0.30 n0.51R n0.57R Zn0.38 n0.40R n0.45R Zn0.30
Rh0.27 0.39Rh Rh0.21 | h0.33 h0.37 Rh0.25 h0.41 h0.47 Rh0.31 h0.33 h0.37 Rh0.25
0.32
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1:Effectofdifferenttreatmentstreatmentscombinationsonproductivityparametersofchickpea.

TableNo.:04Effectofdifferenttreatmentcombinationsoneconomicsofchickpea.

Treatments Costofcultivation(Zha™) Grossreturn(Zha™)

2020-21 2021-22 Pooled 2020-21 2021-22 Pooled
T 31212.76 31836.23 31524.50 64915.5 700785 67497
T, 32452.76 33076.23 32764.50 72842.25 78103 75472.63
Ts 32831.76 33455.23 33143.50 77469 82765 80117
Ta 33577.76 34201.23 33889 50 76484.25 81287 78885.63
Ts 33956.76 34580.23 34268.50 90278.25 96486 93382.13
Ts 34355.76 34959.23 34657 50 94608.75 102026.5 08317.63

C.D. P 0.96 P P P1.17Z P1.30Z | P0.85 P146Z | P1.64Z P1.07 P1.14Z P1.30Z P0.84Z
5 Zn 0.96 1.12Zn 0.72Zn | n1.17 nl.31 Zn0.85 nl.46 nl.64 Zn nN.S. nN.S. nN.S.
a Rh0.79 1.12 0.72 Rh0.95 Rh1.06 | Rh0.70 Rh1.19 Rh1.34 1.07Rh RhN.S. Rh N.S. RhN.S.
% Rh0.91 Rh0.59 0.87
ProductivityParameters
50
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~~&- Grainyield(qha-1)2020-21 ~&—Grainyield(gha-1)2021-22 Stoveryield(gha-1)2020-21
Stoveryield(gha-1)2021-22 --@-Biologicalyield(gha-1)2020-21 —#&— Biologicalyield(gha-1)2021-22
g Harvestindex(%)2020-21 - Harvestindex(%)2021-22
Fig.-




UNDER PEER REVIEW

T7 35073.76 35697.23 35385.50 91191 97878.5 94534.75
Ts 35452.76 36076.23 35764.50 99420.75 105449.5 102435.1
To 35831.76 36455.23 36143.50 101067.8 107995.5 104531.7
Tio 32233.76 32857.23 32545.50 71949.75 77135 74542 .38
Ty 32612.76 33236.23 32924.50 78183 84223.5 81203.25
Tiz 32991.76 33615.23 33303.50 86138.25 93156.5 89647.38
Tis 33777.76 34361.23 34069.50 88401 94457 91429
T 34116.76 34740.23 34428.50 95835.75 103098 99466.88
Tis 34495.76 35119.23 34807.50 100401 107283.5 103842.3
Tie 35233.76 35857.23 35545.50 98378.25 104474 101426.1
Ti7 35612.76 36236.23 35924.50 104113.5 111167.5 107640.5
Tis 35991.76 36615.23 36303.50 107812.5 115380 111596.3
Overallmean | 33989 59 34609.73 34299.66 88860.59 95135.81 91998.2
SEm+ P55.97 P75.29 P46.91 P276.2 P387.9 P238.1
Zn55.97 Zn75.29 Zn46.91 Zn276.2 Zn387.9 Zn238.1
Rh45.70 Rh61.48 Rh38.30 Rh225.5 Rh316.7 Rh194.4
C.D.at5% P161.04 P216.65 P131.33 P794.7 P1116.3 P666.6
Zn161.04 Zn Zn131.33 Zn794.7 Zn1116.3 Zn666.6
Rh131.49 216.65R Rh107.23 Rh648.9 Rh911.4 Rh544.3
hN.S.
TableNo.:05Effectofdifferenttreatmentcombinationsoneconomicsofchickpea.
Treatments Net income(Zha™) B:Cratio
2020-21 2021-22 Pooled 2020-21 2021-22 Pooled
T1 33702.74 38242.27 3597251 1.08 1.2 1.14
T 40389.49 45026.77 42708.13 1.24 1.36 1.30
Ts 44637.24 49309.77 46973.51 1.36 1.47 1.42
Ta 42906.49 47085.77 44996.13 1.28 1.38 1.33
Ts 56321.49 61905.77 59113.63 1.66 1.79 1.73
Ts 60252.99 67067.27 63660.13 1.75 1.92 1.84
T 56117.24 62181.27 59149.26 1.6 1.74 1.67
Ts 63967.99 69373.27 66670.63 1.8 1.92 1.86
To 65235.99 71540.27 68388.13 1.82 1.96 1.89
Tio 39715.99 4427177 41996.88 1.23 1.35 1.29
Tu 45570.24 50987.27 48278.76 1.4 1.53 1.47
Ti 53146.49 59541.27 56343.88 1.61 1.77 1.69
Tas 54623.24 60095.77 57359.51 1.62 1.75 1.69
Tia 61718.99 68357.77 65038.38 1.81 1.97 1.89
Tis 65905.24 72164.27 69034.76 1.91 2.05 1.98
Tis 63144.49 68616.77 65880.63 1.79 1.91 1.85
T 68500.74 74931.27 71716.01 1.92 2.07 2.00
T 71820.74 78764.77 75292.76 2 2.15 2.08
Overallmean | 5457099 60526.08 57698.53 1.60 174 167
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SEm:+ P689.1 P849.6 P546.9 P0.022 P0.033 P0.020

Zn689.1 Zn849.6 Zn546.9 Zn0.022 Zn0.033 Zn0.020

Rh562.6 Rh693.7 Rh446.6 Rh0.018 Rh0.027 Rh0.017
C.D.at5% P1982.8 P2444.7 P1531.3 P0.064 P0.096 P0.057

Zn1982.8 Zn2444.7 Zn1531.3 Zn0.064 Zn0.096 Zn0.057

Rh1618.9 Rh1996.1 Rh1250.3 Rh0.053 Rh0.078 Rh0.047
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