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Effect of Phosphorus and Molybdenum on growth and yield of
cowpea (VignaunguiculataL..)

ABSTRACT

A field experiment was conducted during Zaid season of 2022 at Crop
ResearchFarm,DepartmentofAgronomy,NainiAgriculturallnstitute, SamHigginbottomUniversity
ofAgriculture, Technology And Sciences, Prayagraj, Uttar Pradesh, India to determine the
“Effect of
phosphorusandmolybdenumonthegrowthandyieldofsummerCowpea(Vignaunguiculatal.)”.The

results showed that the treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]recorded
significantly higher plant height (73.43 cm), higher number of nodules per plant (17.66), higher
plantdry weight (23.07 g/plant), higher crop growth rate(18.87g/m*/day)maximum number of
pods per plant (15.10), maximum number of seeds per pod(14.67), higher seed index (16.03 g),
higher seed yield (1550.27 kg/ha) and higher stover yield (1615.50 kg/ha). Similarly, maximum
gross return(94954.8 INR/ha), higher net return(65670.3 INR/ha) and highest Benefit Cost
ratio(2.24) was also recorded in treatment 9 [Phosphorus(50kg/ha)+Molybdenum(2kg/ha)] as

compared to other treatments, <~~~ {
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Introduction

Cowpea is commonly grown in sub-tropical regions that are moderately humid and warm and
moredrought resilient however, it is not tolerant to frost and waterlogging. Seeds of cowpea are
nutritious andcheap sources of quality protein, vitamins, iron and phosphorus as an excellent
substitute for eggs, meatand other protein-rich foods thus, they are a significant part of the
human diet. It also plays an important role in providing soil nitrogen to cereal crops (such as
maize, millet andsorghum) when grown in rotation, especially in areas where poor soil‘fertility
is a problem. It does notrequire a high rate of nitrogen fertilization; its roots have nodules in
which soil bacteria called Rhizobiainhabit and help to fix nitrogen from the air:into the soil in
the form of nitrates (Sheahan, 2012). Theprotein in cowpea seeds is rich in amino acids like
lysine, phenylamine, leucine and tryptophan comparedto cereal grains (Gad and Kandil, 2013).
The protein content present in cowpea is about 25-30% inmature seeds, 4-5% in immature pods
and 3-5% in green leaves (Bressani and Elias, 1980). The ripe seedon average contains 22%
protein, 1.4% fat, 59.1% carbohydrate, and 3.7% ash. The energy value is 340kcal/100 g.

InIndia,pulsesaregrownnearlyin25.43mhawithanannualproductionofl7.28mtandproductivityof6 7
9kg/ha.Thepercapitaavailabilityofpulsesinindiais35.5g/dayasagainsttheminimumrequirement  of
70g/day/capita as advocated by the. Indian. Council of Medical Research. Cowpea is
grownacrosstheworldonanareaof14.5mhaoflandplantedeachyearandthetotalannualproductionisé.

2m t. In India during 2020-21 cowpea grew about 13.3 m ha with an annual production of 8.06
m t andproductivity of 596.kg/ha. Some of the states like Uttar Pradesh are about 2.38 m ha with
an annualproduction of 2.56 and“productivity of 1079 kg/ha major producer of cowpea in India
as advocated by theMinistryofAgricultureand FarmersWelfare (GOI, 2020-21).

Phosphorusiscriticaltocowpeayieldbecauseitisreportedtostimulategrowth,initiatenoduleformation
aswellasinfluencetheefficiencyofrhizobium-legumesymbiosis(HarunaandAliyu,2011).1t is
required in.large quantities in young cells such as shoot and root tips to increase metabolism
andpromote rapid cell division. It also aids in flower initiation, seed and fruit development
(Ndakidemi andDakora, 2007). Phosphorus plays key roles in many plant processes such as
energy metabolism, nitrogenfixation, synthesis of nucleic acids and membranes, photosynthesis,

respiration and enzyme regulation.(Karikariet al., 2015).

Molybdenum also playing important role inthe structural interring of the cell wall and cell
membraneand synthesis of protein as well as nitrogen fixation. Molybdenum is required for the

formation of thenitrate reductase enzyme and in the legume, it plays an additional role in



symbiotic nitrogen fixation. Thenitrogen-fixing enzyme, nitrogenase is a compound
ofmolybdenum without adequate quantities of thiselement, nitrogen fixation can’t occur. Thus,
the application of Mo increased the yield but also improvedthe quality (Movaliaet al., 2020).
Molybdenum also has a  function of a  co-factor, ie., structural
andcatalyticfunction,inseveralenzymeswhichhavebeendiscoveredinhigherplants. Althoughmolyb
denumdoesnottakepartinnitrogenmetabolismdirectly,someresearchersshowedthatitstillplaysan

important stimulationroleintheprocessof nitrogen metabolism.Keeping in view the above facts,
the  present investigation ~ was  undertaken  to find out “Effect  of

phosphorusandmolybdenumonthegrowthandyieldofsummerCowpea(Vignaunguiculatal::)”

MATERIALSANDMETHODS:
The experiment was conducted during zaid season of 2022 at Crop Research
Farm,DepartmentofAgronomy,SHUATS,Prayagraj(U.P).
Thesoilofthefieldconstitutingapartofcentral Gangetic alluvium is neutral and deep. The soil of
the experimental field wassandy loam in texture, nearly neutral in soil reaction(pH 7.8),low
level of organic carbon(0.62%), available N (225 kg/ha), P (38.2 kg/ha), K (240.7 kg/ha) and
zinc (2.32 mg/kg). The treatment consisting of three.levels of phosphorus viz., 30,40,50
kg/ha and three levels of molybdenum viz., 1,1.5,2 kg/ha. The experiment was laid out in
RBD with 10 treatments eachreplicated thrice. The treatment combinations are T1-
phosphorus (30kg/ha) + molybdenum (1'kg/ha), T2 - phosphorus (30kg/ha) + molybdenum
(1.5 kg/ha),T3- phospherus (30kg/ha) + molybdenum (2 kg/ha), T4-phosphorus (40kg/ha) +
molybdenum (1 kg/ha), T5 =phosphorus (40kg/ha) + molybdenum (1.5 kg/ha), T6 -
phosphorus (40kg/ha).+ molybdenum (2 kg/ha), T7- phosphorus (50kg/ha) + molybdenum (1
kg/ha), T8 - phosphorus (50kg/ha) + molybdenum (1.5 kg/ha),T9- phosphorus (50kg/ha) +
molybdenum:(2 kg/ha), T10-Control(25:50:25NPKkg/ha). The growth parameters and yield,
production,was recorded at harvest from randomly selected plants in each plot. The data was

computed and analyzed by following statistical method of Gomez and Gomez (1984).



RESULTSANDDISCUSSION
Growth parameters

Plantheight (cm)

At 60DAS, higher plant height (73.43 cm) was recorded in treatment 9 [Phosphorus (50kg/ha)
+Molybdenum (2 kg/ha)] which was significantly superior over all other treatments. However,
treatment6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)] is statistically at par with treatment
9 [Phosphorus (50kg/ha) + Molybdenum (2kg/ha)]. The significant and highest plant height
observed with the application of phosphorus (50 kg/ha)might be due the role of phosphorus in
cell division (Namakkaet al., 2017). Further, higher plantheight was found to the fact that
molybdenum (2kg/ha) increases availability of nitrogen which helps inthe, process of nitrogen

assimilation. Similar findings also reported by Chatterjee and Bandyopadhyay(2015).

NumberofNodules/plant

At 60DAS, higher number of Nodules /Plant (7.89)- was recorded in treatment
9[Phosphorus(50kg/ha) + Molybdenum (2 kg/ha)], which was significantly superior over all
other treatments. However,treatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)] is
statistically at par with treatment » 9[Phesphorus(50kg/ha) + Molybdenum (2kg
/ha)].Applicationofphosphorusshowedsignificantandhighernumberofnodules/plantmightduetoitpl
aysroleinenergymetabolism,nitrogenfixation,synthesisofnucleicacidandmembranes,photosynthes
is,respirationandenzymeregulation(Nkaaetal.,2014).Further,Mo(20kg/ha)application

significantly increased the number of nodules/plant due to its vital role in synthesis andactivity
of molybdoenzymes. such .as nitrogen assimilation enzyme - nitrate reductase and the
nitrogenfixing ~enzyme- nitrogenase, key regulatory component for initiation of

nodulatien.These results wereinconformitywith thoseofFrancoandMunns (1981).

PlantDryWeight(g)

At60DAS, higherplantdry  weight(23.07g)wasrecordedintreatment9 [Phosphorus(50kg/ha) +
Molybdenum (2 kg/ha)], which was significantly superior over all other treatments.
Howevertreatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)] is statistically at par with
treatment 9[Phosphorus(50kg/ha) + Molybdenum (2kg /ha)].
Maximumplantdryweightwasincreasedsignificantlywithapplicationofmolybdenum(2kg/ha)  this

might be due to higher availability of nutrients, synthesis of more carbohydrates and



theirtranslocation to different plant parts resulted in increased vegetative growth including the
reproductivestructureswhichinturnincreasedryweightoftheplant.Similarresultshavebeenreportedb
yHarireddyet al(2021).

Cropgrowthrate(g/m?/day)

At45-60DAS, highercropgrowthrate(11.78g/m?/day)wasrecordedintreatment 9
[Phosphorus(50kg/ha)+Molybdenum(2kg/ha)],whichwassignificantlysuperioroverallothertreatm
ents. However, treatment 1 [Phosphorus (30kg/ha) + Molybdenum (1 kg/ha)], treatment 2
[Phosphorus(30kg/ha)+Molybdenum(1.5kg/ha)],treatment
3[Phosphorus(30kg/ha)+Molybdenum(2kg/ha)],  treatment  4[Phosphorus .. (40kg/ha). +
Molybdenum (1 Kkg/ha)], treatment 5 [Phosphorus (40kg/ha) +. “Molybdenum (1.5
kg/ha)],treatment

6[Phosphorus(40kg/ha)+Molybdenum(2kg/ha) Jwerestatisticallyatparwithtreatment
9[Phosphorus(50kg/ha) + Molybdenum (2kg /ha)]. The maximum crop growth rate was observed
by the application of molybdenum (2 kg/ha) thismight be due to better accumulation of dry
matter throughout the plant vegetative and reproductivephase, Which enhances the physiological
and metabolic activity and growth by assimilating the availablenutrients at higher rate,

facilitating more photosynthesis. A similar trend was reported by Harshini et al(2022).
Yieldparameters

Numberofpods/plants

Treatment with application of treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]
wasrecorded higher number of pods/plant (15.10) which was significantly superior over all
othertreatments.However,treatment 6[Phosphorus(40kg/ha) +Molybdenum
(2kg/ha)]isstatisticallyatparwithtreatment 9[Phosphorus(50kg/ha)+ Molybdenum(2 kg/ha)].The
higher number.of pods/plant with application of phosphorus (50 kg/ha) might be dueto it
favourably influenced the plant vigour, morphology and metabolic processes. (Chatterjeeand
Bandyopadhyay. 2015). Further higher number of pods/plant was observed withapplication of
molybdenum (2kg/ha) might have been possible due to increased availability ofnitrogen leads to
biological  nitrogen  fixation that induces plant growth to produce huge
biomassandnumberofpods/plant.Similarresultswere reported byMaheshet
al.,(2021)inblackgram.

Numberofseeds/pods

Treatment with application of treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]
wasrecorded higher number of seeds/pods (14.67) which was significantly superior over all
othertreatments. However, treatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)]



isstatisticallyatparwithtreatment 9[Phosphorus(50kg/ha) +
Molybdenum(2kg/ha)]. Applicationofphosphorus(50kg/ha)significantlyincreasednumberofseeds/
podmightbedue to itsroleintranslocationofassimilatestothepodsbeinga

constituentofprotoplasm.Similarresultswere reportedbyShilpaetal.,(2011).

Seedindex.

Treatment with application of treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]
wasrecordedhigher
numberoftestweight(16.03g)whichwassignificantlysuperioroverallothertreatments. However,
treatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)] isstatisticallyatparwithtreatment9
[Phosphorus(50kg/ha) + Molybdenum(2kg/ha)]. Significant and higher seed index was with
application of phosphorous (50kg/ha)
mightbeduetoincreasephotosyntheticactivityofleaves,translocationofphotasynthatesfromsourceto
sink. Similar result was observed by Singh et al.,(2018) in green gram. Further increase inseed
index with the application of molybdenum (2kg/ha) might “be due to the increase
inphosphoruscontentsof theseed (phospholipidsand phosphorus-protein)and also its involvement
in many physiologicalprocesses in plants. Similariresults was reported by Tahir et al., (2014)in

black gram.

Seedyield(kg/ha)

Treatment with application of treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]
wasrecorded higher seed yield (1550:.27 kg/ha) which was significantly superior over all
othertreatments. However, treatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)]
isstatisticallyatparwithtreatment™  9[Phosphorus(50kg/fha)  +  Molybdenum(2kg/ha)]. The
applicationofPhosphorus(50kg/ha)significantlyincreasesseedyieldmightbedueto  its role in
enhancing phoetosynthesis apparatus. (Namakkaet al., 2017). Further, increase inseed yield with
application_of ‘molybdenum (2kg/ha) might be due to improved rhizobiumactivity, nitrogen
fixation, Vvegetative growth and yield components. Similar results

wererecordedbyChatterjeeandBandyopadhyay(2015).
Strawyield(kg/ha)

Treatment with application of treatment 9 [Phosphorus (50kg/ha) + Molybdenum (2 kg/ha)]
wasrecorded higher stover yield (1615.50 kg/ha) which was significantly superior over all
othertreatments. However, treatment 6 [Phosphorus (40kg/ha) + Molybdenum (2 kg/ha)]
isstatisticallyatparwithtreatment9[Phosphorus(50kg/ha) + Molybdenum(2kg/ha)].The significant



and higher straw yield increased with the application of phosphorus(50kg/ha) might be due to it
enhanced the survival and multiplication of microorganisms,improved nitrogen fixation,
transport of sugars and better uptake, assimilation of availablenutrients by the plants during the
entire growth period. Similar results were recorded by Anandet al.,(2022) in black gram.
Further, higher straw yield was recorded with application ofmolybdenum (2kg/ha) might due to
it increased quantities of micronutrients in cowpea grain and stover, which may have been
caused by plant leaves utilizing available micronutrientsimmediately. Zn, Fe, and Mo
concentrations in cowpea grain and stover were raised. Similarfindingswererecorded
byDhaliwalet al.,(2022).

Harvestindex(%o)

Treatmentwithapplicationoftreatment
8[Phosphorus(50kg/ha)+Molybdenum(1.5kg/ha)]wasrecorded higher “straw yield (49.05 %)
which was significantly superior over all other treatments.However, treatment 3 [Phosphorus
(30kg/ha) +Molybdenum (2 kg/ha)], treatment 4.-<[Phosphorus (40kg/ha)+Molybdenum
(1kg/ha)], treatment 5 [Phosphorus (40kg/ha) + Molybdenum (1.5 kg/ha)], treatment 6
[Phosphorus(40kg/ha)+Molybdenum(2kg/ha)], treatment 7 [Phosphorus
(50kg/ha)+Molybdenum(1kg/ha)], treatment, 9[Phosphorus (50kg/ha) +Molybdenum (2 kg/ha)]
were statistically at par with treatment'8 [Phosphoerus(50kg/ha)+Molybdenum (1.5 kg/ha)].The
significant and higher harvest index was observed with application of phosphorus(50 kg/ha)
might be due to development of extensive root system to extract more water andnutrient from
soil (Pramanik and Singh 2003). ‘Further higher harvest index was withapplication of
molybdenum (2kg/ha) might be due to improved cell activities, enhanced cellmultiplication,
enlargement and luxuriant growth. Similar result was reported by Kokaniet al.,(2015)in black

gram.

Economics:

The result showed thatmaximum gross return (94954.8 INR/ha), higher net
return65670.3 INR/ha) and higher benefit costratio (2.24) was recorded in treatment
9[Phosphorus (50kg/ha) +Molybdenum (2 kg/ha)] as compared to other treatments.

Highernetreturns,grossreturnsandB:Cratiowasrecordedwiththeapplicationofphosphorus(50kg/ha)
might be due to greater increase in grain and straw yield resulted higherbenefitcostratio. These

resultsare inconformitywiththose observedbyKhannaetal.,(2019).



Tablel:EffectofPhosphorus andMolybdenum ongrowthattributesofcowpea.

Comment [Mm3]: It is better to include the
tables as attachments at the end of the article.

Number
Plantheight ofnodules/Pla Plant dry CGR
S.No Treatments (cm) nt weight(g) (g/mzlday)

1. Phosphorus 30kg/ha + Molybdenum 1kg/ha 64.54 14.11 18.02 15.94
2. Phosphorus 30kg/ha + Molybdenum 1.5kg/ha 67.02 14.78 18.63 1557
3. Phosphorus 30kg/ha + Molybdenum 2kg/ha 70.89 15756 20.40 17.79
4. Phosphorus 40kg/ha + Molybdenum 1kg/ha 69.31 15.33 19.20 16.79
5. Phosphorus 40kg/ha + Molybdenum 1.5kg/ha 71°86 16.45 20.45 17.03
6. Phosphorus 40kg/ha + Molybdenum 2kg/ha 7317 17.44 22 24 18.41
7. Phosphorus 50kg/ha + Molybdenum 1kg/ha 7095 16.11 20.25 16.53
8. Phosphorus 50kg/ha + Molybdenum 1.5kg/ha 72.15 16.89 20.79 17.44
9. Phosphorus 50kg/ha + Molybdenum 2kg/ha 73.43 17.66 23.07 18.87
10. Control(25:50:25NPKKkg/ha) 61.85 13.33 16.20 14.13

F-test S S S S
Sem+ 0.40 0.24 0.28 0.48
CDat 5% 1.19 0.72 0.85 1.45




Table2: Effect ofphosphorusandmolybdenumonyield attributes and yield ofcowpea.

S.NoTreatmentCombination Number of Number of SeedindexSeedyieldStoveryield  Harvestindex
Pods/plant Seeds/pod
1.Phosphorus30kg/ha +Molybdenum 1kg/ha 11.17 11.43 11.50 883.13 1090.77 44.77
2.Phosphorus 30kg/ha + Molybdenum 1.5kg/ha 11.57 11.97 12.41 954.67 1158.50 45.18
3.Phosphorus30kg/ha +Molybdenum 2kg/ha 13.20 12.70 13.86 1197.60 1273.33 48.45
4.Phosphorus40kg/ha +Molybdenum 1kg/ha 11.20 12.47 13.03 1070.33 1190.33 47.54
5. Phosphorus 40kg/ha + Molybdenum 1.5kg/ha 14.17 12.83 14.03 1313.67 1497.07 46.74
6.Phosphorus40kg/ha +Molybdenum 2kg/ha 14.47 13.73 15.00 1476.80 1572.57 48.00
7.Phosphorus50kg/ha +Molybdenum 1kg/ha 13.93 13.00 13.30 1268.43 1394.97 47.60
8. Phosphorus 50kg/ha + Molybdenum 1.5kg/ha 13.80 13.07 14.09 1430.90 1486.80 49.05
9.Phosphorus50kg/ha +Molybdenum 2kg/ha 15.10 14.67 16.03 1550.27 1615.50 48.96
10.Control(25:50:25NPKkg/ha) 10.27 11.67 10.66 756.63 964.73 43.94
F Test S S S S S S
SEm+ 0.29 0.39 0.40 30.33 27.96 0.85
CD(P=0.05) 0.88 1.18 1.21 90.12 83.09 2.54




Table3:Effectof phosphorusandmolybdenumoneconomicsofcowpea.

S.NoTreatmentCombination Total costof

Cultivation (INR/ha) Grossreturns NetreturnsB:C ratio
1.Phosphorus30kg/ha+Molybdenum 1kg/ha 24564.5 54296.52 29732.02 1.21
2.Phosphorus30kg/ha + Molybdenum1.5kg/ha
25668.5 58670.4 33001.9 1.28
. +
3.Phosphorus30kg/ha+Molybdenum 2kg/ha 26784.5 233838 46599.3 173
4.Phosphorus40kg/ha+Molybdenum 1kg/ha 258145 65648.2 39833.7 154
5.Phosphorus40kg/ha + Molybdenum 1.5kg/ha
269185 80616.68 53698.18 1.99
7.Phosphorus50kg/ha+Molybdenum 1kg/ha 27064.5 77779.56 50715.06 1.87
. + )
8.Phosphorus50kg/ha + Molybdenum 1,5kg/ha 28168.5 8763702 50460.42 211
9.Phosphorus50kg/ha+Molybdenum 2kg/ha 29284.5 94954 8 65670.3 594
10.Control(25:30:25NPKlggia) 248445 46555.68 21711.18 0.87

*Data was not subjected to.statistical analysis.



CONCLUSION

Based on the above findings it can be concluded that application of
Phosphorus50kg/haalongwithMolybdenum2kg/hahasperformedbetteringrowthparametersand
yield attributes ofcowpea (Ankur Gomati-VU 89) and also proven profitable. Since the

findingsare based on oneseason,furthertrailsareneededtoconfirm theresults.
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