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ABSTRACT 
 
 
A field experiment was conducted during Rabi 2022 at Crop Research Farm, Department 

ofAgronomy,SHUATS,Prayagraj(U.P)tostudythe“InfluenceofBio-fertilizersandPlantgeometryon growth, 

yield and economics of field pea (Pisum sativum L.)”,to study the response of plantgeometry 

(20x20cm,30x10cm,40x10cm) with the combination of biofertilizers such 

as,rhizobium(20g),PSB(20g)andrhizobium(20g)+PSB(20g).Theresultsrevealedthatsignificantand higher 

plant height (44.57cm), maximum number of nodules/plant (7.12), higher plant dryweight (15.32g), 

maximum number of pods/plant (20.13), maximum number of seeds/pod (4.00),higher seed index 

(18.57g), higher seed yield (1243.67kg), maximum straw yield 

(2656.21kg),higherharvestindex(32.93%),maximumgrossreturns(1,19,838),maximumnetreturns(85,504)a

ndhighestBenefitcostratio(2.49)were observedin the treatment9 with application ofRhizobium+PSB 

alongwithspacing(40x10cm). 

 
 
Keywords:Bio-fertilizers,Plantgeometry,Growth,YieldandEconomics. 
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INTRODUCTION 
Field pea (Pisum Sativum L.) occupying a unique position in agriculture and are rich in 

protein,ranging from 17-27%. Besides being a rich source of protein, they maintain soil fertility 

throughbiological nitrogen fixation in soil and thus play a vital role in furthering sustainable 

agriculture. It isimportant pulse crop after chickpea and pigeon pea, cultivated throughout India for its 

multipurposeusesasvegetable,pulseandfodder.Itisalso knownasdun(grey-

brown)pea,anditisoneoftheoldestdomesticated crops, cultivated for at least 7,000 years, now grown in 

many countries for both humanconsumption and stock feed. There are several cultivars and colors 

including blue, dun (brown), 

mapleandwhite(SiddiquiandDebbarma2022).ItispopularpulsecropofIndia.Indiaisthesecondlargestpro

ducerofpeaintheworldafterRussia.Peaisrichinprotein,carbohydrates,vitaminAandC,calcium,andphospho

rus. Phosphorusisknowntoplayanimportantroleingrowthanddevelopmentofthecropand have direct 

relation with root proliferation, straw strength, grain formation, crop maturation andcrop quality and it 

id not only rich in protein but also have essential amino acid compared to 

cerealprotein.Theyprovideenergytothetuneof372KCal/100g.TheyalsocontainothernutrientssuchasC,Fea

ndvitaminsviz.,β-carotene,thiamine,riboflavinandniacin(Bhatetal.2013). 

Field pea ranks Seventh in area and second in terms of production and is grown in all most 

coolweatherconditionsofdifferentcountries.Globally,fieldpeacoversanareaabout10.59millionhectareswit

hproductionof21.99milliontonnesandtheproductivityof955kg/ha(USDA, 2022). InIndiafieldpea grown 

cover an area about 28.33 million hectares with production of 25.72 million tonnes andproductivity of 

892kg/ha under 2021, During 2020-2021 total area coverage under field pea in MadhyaPradesh 4.89 

million hectares with production of 5.30 million tonnes and productivity of1084 

g/ha(GOI,2021).Accordingtogovernmentthirdadvanceestimatesfieldpeaproductionin2021-2022is 

26.95milliontonnes (GOI,2022). 

In order to meet out the nutritional demand of the increasing population, efforts are being made 

atthe national andinternational level to increase the per hectare production.Fertilizers being 

vitalagricultural inputs to increase the production but the main drawbacks in the use and manufacture 

ofchemicalfertilizersviz., energycrisesandinavailabilityofindigenousmaterialslikeneptha,Sulphuratthe 

national level and hazardous effect of chemical fertilizers on our health and environment Rather etal. 

(2010), and also Due to constant decrement in soil fertility status, its production and productivity islow 

in the country. The deficiency of macro and micro nutrient in soil leads to poor quality 

produce(loweroilandproteincontent).Persistentnutrientdepletionisposingagreaterthreattothesustainable 
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agriculture. Although, chemical fertilizers are playing crucial role but various constraints viz., short 

insupply, rising price and harm to the soil fertility and productivity increased the awareness to adopt 

atechnology which can support developing sustainable, green and non-polluted agriculture Singh et 

al.(2018). 

Planting spacing has significant effect on growth and development of Field pea. Closer 

spacingenhancesthediseasedevelopmentandlower 

yieldofcrop.Optimumspacingensuresthepropergrowth,development and Quality of seed also depends 

on proper spacing of crop, it is a major determinant 

ofcropyieldandpopulationdensitymostlydependsonmanagementofplantspacing.Infact,theyieldofplant is 

the result of the competition within and outside of the plant on the environmental factors andthe 

maximum yield will be obtained when, this competition has decreased and the plant has themaximum 

using of these environmental factors. Increasing the excessive density, prevent the 

lightpenetratingintothe canopyandincrease competitionRahmanetal.(2020). 

Field pea inoculated with the appropriate strain of Rhizobium bacteria is able to fix a large 

proteinof its nitrogen requirement from air in the soil. Field peas can be met their N needs between 30-

80%trout biological fixation. For this to occur, the seed or the soil surrounding the seed must be 

inoculated.Therhizobiaentertheroothairsandinducenoduleformation.Theplantprovidesenergyforthebacte

rialiving inside the nodules and, in return, the rhizobia convert atmospheric nitrogen inti plant 

useableforms. Biological nitrogen fixation is an important nitrogen source due to the fact that it 

requires lessenergyandcauseslessenvironmentalpollutionErmanetal. (2009). 

Biofertilizer 

isanaturalproductcarryinglivingmicroorganismsderivedfromrootorcultivatedsoil.Thesepreparationsinstri

cttermsarecalledasmicrobialinoculants.Biofertilizerapplicationhasshownbright results in case of 

leguminous crops especially exclusive results have been obtained in case ofField Pea being a 

leguminous crop, it can fix atmospheric nitrogen in symbiosis with Rhizobium andthus has low 

nitrogen requirement. Rhizobium belongs to family Rhizobiaceae and is symbiotic innature. 

Rhizobium has ability to fix atmospheric nitrogen in symbiotic association with legumes 

andcertainnon-legumeslikeParasponia.Itisusefulforlegumeslikepea,beans,chickpea,lentil,redgrametc. It 

colonizes the roots of specific legumes to form tumor like growths called nodules which act 

asfactoriesofammoniaproductionSinghetal.(2019). 

Plantspacing 

isoneoftheimportantfactorswhichplayavitalroleinenhancingtheproductionandproductivity of Field pea. 

It isan efficient management tool for maximizing grain yield by increasingcapture of solar radiation 
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productivity.Optimumspacingcanensurepropergrowthoftheaerialandundergroundpartsoftheplantthrough 

efficient utilization of solar radiation, nutrients, water, land as well as air spaces. Spacing forline 

sowing is recommended to maintain the required number of plant population and to 

undertakeintercultural operations for harvesting a higher yield Swargiary et al. (2021). Keeping in view 

the abovefact, the experiment was conducted to find out the “Influence of Bio-fertilizers and Plant geometry 

on growth,yieldandeconomicsoffieldpea(Pisum sativumL.)”. 

MaterialsandMethod 
A field experimentwas conducted duringRabi2022atCrop Research Farm,DepartmentofAgronomy, 

SHUATS, Prayagraj (U.P) on the topic “Influence of Bio-fertilizers and Plant geometry ongrowth, yield and 

economics of field pea (Pisum sativum L.)”, The soil of experimental plot was sandyloam in texture, nearly 

neutral in soil reaction (pH 8.0), low in organic carbon (0.62 %), available N(225 kg/ha), available P (38.2 

kg/ha) and available K (240.7 kg/ha). There were 10 treatments, eachbeing replicated thrice and laid out in 

Randomized Block Design. The treatment combinations 

aretreatment1(Rhizobium+20x20cm),treatment2(PSB+20x20cm),treatment3(Rhizobium+PSB+20x20cm),tre

atment4(Rhizobium+30x15cm),treatment5(PSB+30x15cm),treatment6(Rhizobium+PSB+30x15cm),treatmen

t7(Rhizobium+40x10cm),treatment8(PSB+40x10cm),treatment9(Rhizobium+PSB+40x10cm),treatment 1 

(Control). Data was collected on growth parameters [Plantheight(cm) , Numberofnodules/plant , Plant dry 

weight (g), CropGrowth Rate(g/m2/day), Relative growth rate(g/g/day)], yield attributes [Number of 

pods/plant, Numberof Seeds/pod,Seed yield(kg/ha),Stover yield(kg/ha),Harvest index(%)] andEconomics 

data were subjected to statistical analysis of variance method (Gomez and Gomez , 1976). 

Results and Discussion 

GrowthattributesofFieldpeaPl

antheight(cm) 

The results showed that, significant and highest plant height of (44.57cm) was recorded in treatment 

9[Rhizobium + PSB + Spacing (40×10cm)] [Table 1]. Significant and higher plant height was 

observedwith application of PSB might be due to increasing availability of phosphorous to the plant by 

PSB 

ononehandandontheotherhandcounteringtheilleffectsofexcessivenitrogeninthesoil,therebyhelpinginimpro

vingtheaforesaid.SimilarresultswerealsoreportedbyRatheretal.(2010).Furtherincreasedwith plant height 

was Spacing (40×10cm) may be due to availability of free access of environmentalresources like light, 

water, and nutrients for the plants in wider spacing, resulted increased in 

plantheight.SimilarresultswasalsoreportedbySibhatuetal.(2016). 
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Numberofnodules/plant 
Thedatashowed that,significantandhighest numberofnodules/plant(7.89)wasrecordedintreatment9 

[Rhizobium + PSB + Spacing(40×10cm)] [Table 1]. Significant and higher number of nodules/plantwas 

observed with application of Rhizobium along with PSB might be due to increase number ofrhizobia 

and PSB in the rhizosphere due to inoculation, which synergistically increase the amount 

ofnodules/plant, in the fact that PSB in plant system enhances growth attributes. Similar results was 

alsoreportedbySiddiquiandDebbarma,(2022). 

Plantdryweight(g) 

The data revealed that, significant and significantly higher plant dry weight(15.32)was found 

intreatment9[Rhizobium+PSB+Spacing(40×10cm)].However,treatments8 [PSB 

+Spacing(40×10cm)]wasfoundtobe statistically atparwith treatment9 [Rhizobium + PSB 

+Spacing(40×10cm)][Table1].Significant and higherplantdryweight (g)wasobservedwith 

Rhizobiummightbeduetoitincreasestheavailabilityofenzymesandvitaminsinsoiltothisenzymeactivitythen

umberofmicrobialpopulationincreasesandthisincreasedpopulationofbacteria,andactinomycetesrechargeth

e soil with conditioner, ultimately increased in plant dry weight. Similar results was also reported 

byYadav et al. (2021), in chickpea. Further increased in plant dry weight, with application of 

Spacing(40x10cm) may be due to availability of free access of environmental resources like water, 

nutrients,andlightfortheplantsinthewiderspacingresultedincreasedinplantdryweight.Similarresultswereals

oreportedbyBishnoietal.(2021) inClusterbean. 

Cropgrowthrate(g/m2/day) 

The results revealed that, significantand higher Crop growth rate (5.03 g/m2/day) was recorded 

intreatment9[Rhizobium+PSB+Spacing(40×10cm)].However,treatment1[Rhizobium+Spacing(20×20cm

)] Wasfoundtobestatisticallyatparwithtreatment9[Rhizobium+PSB+Spacing(40×10cm)] [Table 1]. 

Significant and higher crop growth rate (g/m2/day) was observed 

withapplicationofPSBmightbedubetteraccumulationofdrymatterthroughouttheplant’s 

vegetativeandreproductivephase,whichenhancesthephysiologicalandmetabolicactivityandgrowthbyassim

ilatingthe available nutrients at higher rate and facilitating more photosynthesis,resulting in higher 

cropgrowthrate.SimilarresultswerereportedbyJayshreeandUmesha,(2021).Furtherincreased 

incropgrowth rate with Spacing (40x10cm) may be due to higher plant spacing all the natural 

resourcesincluding water, sunlight, nutrients, and minerals were efficiently utilized by the plants and 

their byenhanced individualplant 

performancewasobserved.SimilarresultswerereportedbySwargiaryetal.(2021). 
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Relativegrowthrate(g/g/day) 
The data revealed that, there was no significant difference among the treatments. However, 

highestrelative growth rate (0.0256 g/g/day) was observed intreatment 1 [Rhizobium + 

Spacing(20×20cm)][Table 1]. 

YieldandyieldattributesoffiledpeaNu

mberofPods/plant 

Thedatashowedthat,significantlymaximumnumberofpods/plant (20.13)wererecordedintreatment9 

[Rhizobium + PSB + Spacing (40x 10cm)].However, treatment 8[PSB + Spacing (40×10cm)] wasfound 

to be statistically at par with treatment 9 [Rhizobium + PSB + Spacing (40x 10cm)] [Table 

2].Significantandmaximumnumberofpods/plantswasrecordedwithapplicationofRhizobiummightbedue to 

it is incorporated in pea rhizosphere through seed treatment probably induced more amount 

ofnitrogenfixationinnodulesofpeaandsolubilizationoffixednitrogenfromnon-availabletoexchangeable 

pool which imparts more vegetative growth resulted increased in number of pods/plant.Similar result were 

reported by Singh et al. (2019). Further, increase in number of pods/plants with Spacing(40x10cm) may be due 

to plants grew vigorously and produced more branches/plant which leads toproduce more 

numberofpods/plant.Similarresultswere reportedbyBitewetal.(2014). 

Numberofseeds/pod 

The data revealed that, significantly highest number of seeds/pod (4.00) were recorded in treatment 

9[Rhizobium + PSB + Spacing (40x10cm)]. However, there was no significant difference among 

thetreatments [Table2]. 

Seedindex(g) 
Thedatarevealedthat,significantlyhigherseedindex(18.57g)wasrecordedintreatment9[Rhizobium+ PSB + 

Spacing (40x 10cm)]. However, treatment 8[PSB + Spacing (40×10cm)] Was found to 

bestatisticallyatparwithtreatment9[Rhizobium+PSB+Spacing(40x10cm)][Table2].Significantandhigher 

seed index (g) was observed with application of rhizobium might be due to it is ascribed to thegreater 

availability and uptake of phosphorus due to additive effect of these two bio-fertilizers 

inimprovingnutritionalenvironmentenhancedthegrowthintermsofbranchesanddrymatter,photosyntheticare

a,productionofassimilatesandtheirtranslocationtoreproductivestructures,therebyincreasingtheseedindexult

imately.SimilarresultswerereportedbyYadavetal.(2017)inblackgram.Further, increased in seed index with 

Spacing (40x10cm) may be due to wider plant spacing whichintercepted more photosynthetically active 

radiation owing to better geometric situation resulted 

invigorousplantgrowth,higheraccumulationandassimilationfoodreservesandbettersourcetosink 
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relationship, ultimately increased in seed index. Similar results were reported by Mohanta and 

Singh,(2021)inchickpea. 

Seedyield(kg/ha) 

The data revealed that, significantly higher seed yield (1243.67 kg) was recorded in treatment 9 

[Rhizobium+PSB+Spacing(40x10cm). 

However,treatment8[PSB+Spacing(40×10cm)].Wasfoundtobestatisticallyatparwithtreatment9[Rhizobiu

m+PSB+Spacing(40x10cm)][Table2].Significantandhigherseedyield(kg/ha)wasobservedwithapplication

ofPSBmightbeduetouseofbiofertilizershas been linked to the production of additional plant growth 

hormones particularly auxin, cytokinin,gibberellins resulted increase in Seed yield. Similar results were 

reported by Abhishali et al. (2023) ingreen gram. Further, increase in seed yield with spacing 

(40x10cm) may be due to this spacing helpedplant to receive sufficient amount of heat, water and 

nutrients from soil which increased number ofpods/plant, seeds/pod and test weight which directly 

helped in increase of seed yield. Similar resultswere 

reportedbyYeswanthandDebbarma,(2022)ingroundnut. 

Stoveryield (kg/ha) 

The data showed that, significantly maximum stover yield (2656.21 kg/ha) was recorded in treatment9[ 

Rhizobium +PSB+ Spacing (40x10cm)]. However, treatment 8[PSB + Spacing (40×10cm)] Wasfound 

to be statistically at par with treatment 9 [Rhizobium + PSB + Spacing (40x 10cm)] [Table 

2].Significantandmaximumstoveryield(kg/ha)wasrecordedwithapplicationofPSBmightbeduetobythe 

inoculation there is increase of Organic acids, such as gluconic acid, oxalic acid, and citric acid,secreted 

by PSB can directly solubilize mineral phosphate as a result of anion exchange or indirectlychelate both 

Fe and Al ions associated with phosphate. This leads to increased P availability, whichultimately 

increases plant P uptake, resulted increase in stover yield. Similar results were reported 

byWalpolaandYoon(2013)inmungbean.Further,increaseinstoveyieldwithspacing(40x10cm)mightbe due 

to efficient availability of suitable plant nutrients in adequate quantities, better partitioning 

ofmetabolitesandadequatetranslocationofphotosynthatestodevelopingreproductivestructures,resultedincr

easeinstrawyield.Similar resultswerereportedbyPriyadarshiniet al.(2017)incluster bean. 

Harvestindex(%) 

The data revealed that, significantly higher harvest index (32.93%) was recorded in treatment 9 

[Rhizobium+PSB+Spacing(40x10cm)].However,treatment8[PSB+Spacing 

(40×10cm)]Wasfoundtobestatisticallyatparwithtreatment9[Rhizobium+PSB+Spacing(40x10cm)][Table2

].Significantand higher harvest index was recorded with PSB might be due to the phosphate 
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solubilization wasattributedtotheproductionofnon-volatileorganicacids,such 

as(malicacid,lacticacid,pyruvicacid 



 

 

etc.). These organic acids were effective chelating agents and form stable complexes with Ca, Mg, 

Feand Al and thus render P available to the plants, resulted increase in harvest index. Similar results 

werereported by Kumar and Singh (2019) in groundnut. Further, increase in harvest index with 

spacing(40x10 cm) may be due to significantly increased in vegetative characters such as growth and 

yieldattributes and enhanced the plant capability to produce carbohydrates, sugar starch formation of 

aminoacid and protein and thus helping in fruiting and seed production, these all had played great roles 

inenhancing seed and stover yield, resulted increase in harvest index. Similar results were reported 

byShuklaetal.(2017)inchickpea. 

 
EconomicAnalysis 
 

Economics 

The results showed that maximum gross returns (1,19,838), maximum net returns (85,504)and highest 

Benefit cost ratio (2.49) were observed in the treatment 9 with application of Rhizobium +PSB along 

with spacing (40x10cm) [Table 3]. Maximum gross return, net return and benefit cost ratiowas recorded 

with Rhizobium and PSB inoculation might be due to higher growth and yield attributesresulting in 

more seed yield and stover yield, which increased benefit cost ratio. Similar results 

werereportedbyBhatetal.(2013). 

 
CONCLUSION 

Based on the above findings it is concluded that, Rhizobium and PSB along withSpacing (40x10 cm) 

has performed better in growth parameters and yield attributes of field pea and also proven profitable . 
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Table1EffectofdifferentBio-fertilizersandPlantgeometryongrowthattributesoffieldpea 
 

Growthattributes 

 
S.No. 

 
Treatment combinations 

Plantheight(cm
) 

(100DAS) 

Numberof 
nodules/plant(60

DAS) 

Plantdry 
weight 
(g)(100DAS) 

CGR 
(g/m2/day)(60-

80DAS) 

RGR 
(g/g/day)(20-40 
DAS) 

1. Rhizobium+Spacing(20×20cm) 42.07 15.33 14.52 4.60 0.0256 

2. PSB+Spacing (20×20cm) 42.30 16.67 14.66 4.08 0.0246 

3. Rhizobium+PSB+Spacing (20×20cm) 42.23 17.00 14.71 4.10 0.0249 

4. Rhizobium+Spacing(30×15cm) 42.23 16.78 14.69 3.61 0.0245 

5. PSB+Spacing(30×15cm) 42.77 17.11 14.81 3.59 0.0251 

6. Rhizobium+PSB+ Spacing (30×15cm) 43.63 17.33 15.03 3.59 0.0250 

7. Rhizobium+Spacing(40×10cm) 43.67 17.22 14.78 4.00 0.0251 

8. PSB+Spacing (40×10cm) 43.50 17.89 15.24 4.17 0.0249 

9. Rhizobium+PSB+Spacing (40×10cm) 44.57 18.67 15.32 5.03 0.0252 

10. Control 42.02 14.55 13.52 4.02 0.0242 

 Ftest S S S S NS 

 SEm(±) 0.10 0.47 0.31 0.28 0.0001 



 

 

 CD(p=0.05) 0.31 1.39 0.10 0.85 - 



 

 

Table2EffectofdifferentBio-fertilizersandPlantgeometryonyieldandyield attributesoffieldpea 
 
S.No. 

 
  Treatment combinations  

 
NumberofP

ods/plant 

 
Numberofs
eeds/pod 

 
SeedInd

ex(g) 

 
Seedyield

(t/ha) 

 
Stoveryi
eld(t/ha
) 

 
HarvestIn

dex(%) 

1. Rhizobium+Spacing(20×20cm)  
16.13 

 
3.22 

 
16.30 

 
700.90 

 
1672.89 

 
29.44 

2. PSB+Spacing (20×20cm) 16.50 3.33 16.43 736.77 1755.59 29.61 

3. Rhizobium+PSB+Spacing (20×20cm) 17.10 3.44 17.30 881.53 2025.32 30.43 

4. Rhizobium+Spacing(30×15cm) 17.03 3.33 17.13 839.53 1960.46 30.08 

5. PSB+Spacing(30×15cm) 18.57 3.67 18.17 1053.33 2319.07 31.37 

6. Rhizobium+PSB+ Spacing (30×15cm) 18.77 3.78 18.27 1095.67 2396.66 31.47 

7. Rhizobium+Spacing(40×10cm) 17.87 3.55 17.93 1069.80 2169.50 32.00 

8. PSB+Spacing (40×10cm) 19.37 3.89 18.33 1136.67 2481.09 31.51 

9. Rhizobium+PSB+Spacing (40×10cm) 20.13 4.00 18.57 1243.67 2656.21 32.93 

10. Control 18.30 3.92 18.30 1043.33 2269.25 31.52 

 Ftest S NS S S S S 

 SEm(±) 0.29 0.19 0.50 48.65 98.25 0.66 

 CD(p=0.05) 0.85 - 1.48 144.55 291.90 1.96 



 

 

Table3EffectofdifferentBio-fertilizersandPlantgeometryoneconomicsofproductionoffieldpea 
S. No. TreatmentCombination Cost of 

cultivation(I
NR/ha) 

Gross 
returns(IN
R/ha) 

Net 
returns(I
NR/ha) 

B:C 
ratio(IN
R/ha) 

1. Rhizobium+Spacing(20×20cm) 33161 68033 34299 1.01 

2. PSB+Spacing(20×20cm) 33176 71506 37352 1.09 

3. Rhizobium+PSB+Spacing(20×20cm) 33169 85365 51031 1.48 

4. Rhizobium+Spacing(30×15cm) 33161 81391 47657 1.41 

5. PSB+Spacing(30×15cm) 33176 101727 67573 1.97 

6. Rhizobium+PSB+Spacing(30×15cm) 33169 105739 71405 2.07 

7. Rhizobium+Spacing(40×10cm) 33161 102718 68984 2.04 

8. PSB+Spacing(40×10cm) 33176 109683 75529 2.21 

9. Rhizobium+PSB+Spacing(40×10cm) 33169 119838 85504 2.49 

10. Control 33154 100677 63123 1.88 
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