EffectofVermicompostandInorganicFertilizeronPhysico-ChemicalProperties
ofSoilonCowpea(Vignaunguiculata)

ABSTRACT
This study aims to evaluate the impact of varying doses of vermicompost and NPK fertilizer on the physico-

chemical properties of soil. The experimental soil was classified as Inceptisol with a sandy loam texture (sand
62.65%, silt 21.09%, and clay 16.26%). The statistical analysis was conducted using a randomized block
design, with three levels each of NPK (0, 50, and 100% ha™) and vermicompost (0, 50, and 100% ha™). The
treatment T9 (100% NPK + 100% vermicompost) showed significant improvements in both physical and
chemical soil properties and cowpea yield attributes. Post-harvest soil from the T9 treatment exhibited the
highest pore space percentages (46.22% at 0—15 cm depth and 45.39% at 15-30 cm depth), water holding
capacity (42.28% and 43.34% respectively), and organic carbon content (0.40% and 0.38% respectively).
Additionally, available nitrogen, phosphorus, and potassium were measured at 299.43 kg ha-1 and 293.36 kg
ha-1, 22.34 kg ha* and 21.67 kg ha'*, and 179.84 kg ha* and 176.43 kg ha™, respectively. The T9 treatment
also demonstrated non-significant differences in particle density (2.45 and 2.47 Mg m™®), pH (6.89 and 6.91),
and electrical conductivity (EC) (0.46 dS m™ and 0.50 dS m™) at the two depths. Bulk density was recorded at
1.40 and 1.41 Mg m™ for the 0-15 cm and 15-30 cm depths, respectively. These results highlight the potential

benefits of using a combination of vermicompost and NPK fertilizer to enhance soil quality and crop yield.
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1. INTRODUTION

Soil serves as a medium for plant growth. Soils are paramount to crop
productivity. The coarseness and fineness of the soil, aggregate size, porosity, aeration
(permeability),water-holding capacity, pH, bulk density, and particle density constitute a few

of the soilcharacteristicsthatinfluenceplantgrowth. Thetexture,physicalstate(soilstructureand



tilth), and amount of vegetation cover on the soil surface significantly affect the pace at
whichwater moves into the soil (infiltration). All soils' capacity to hold water is generally
increasedby organic matter, which also speeds up fine-textured soil infiltration. Bulk density

shows thesoil'sabilityto providestructural support, waterandsolutemovement,and aeration.[1]

Nutrient balance is the key component to increase crop yields. Excess and imbalanceduse
ofnutrients has caused nutrient mining from the soil, deteriorated crop productivity and ultimately
soilhealth. Replenishment of these nutrients through organic and combination with organic and
inorganichas a direct impact on soil health and crop productivity. Fertilizers are applied to the soil
topreservesoilhealthandcropoutput.Greengramisextremelyresponsivetofertilizertreatment. The
fertilizer dose is determined by the soil's initial fertility level with moistureavailability.[5]

Vermicompost treatment promotes germination and seedling growth improves crop vyield
andqualityandenhancessoilphysiological,chemicalandbiologicalproperties,reducespathogenicinfections.
Besides , Vermicompost has also many direct and indirect effects on plants and soil such asimproving
soil  structure, increasing organic matter and carbon content, porosity and water
retentionreducingbulkdensity,promotingmicrobialbiomassandactivity,suppressingplantdiseases,andinduc
ingvariousenzymaticactivities,i.e.,dehydrogenase, nitrogenase, phosphatase.[3]

Cowpea (Vigna unguiculata) is an annual herbaceous legume belonging to the Vigna genus.
Dueto its ability to endure sandy soil and little rainfall, it is a significant crop in semiarid parts of Asia
andAfrica. Since the plant's root nodules can fix atmospheric nitrogen, it requires relatively little in the
wayofinputs,whichmakesitanexcellentcropforresource-constrainedfarmersandagoodfitforintercropping
with other crops. The entire plant is fed to animals as fodder; in fact, its name probablyoriginated from
the fact that it was fed to cattle. There have been four identified subspecies of cowpeas,three of which
are farmed. Cowpeas can ascend, be semierect (trailing), or stand erect. The crop
ispredominantlyraisedforitsprotein-richseeds,thoughitisadditionallygrownforitsleavesandimmature  seed
pods can also be consumed. One of the earliest crops to be farmed, cowpeas were firstdomesticated in
Africa. The majority of the world can only cultivate cowpeas as a summer crop
becausetheidealtemperaturefortheirgrowthis30°C(86°F).Ittakesroughly100daystoharvesttheseeds,and120
days to usethe entire plantfor fodder.[2]

2. MATERIALANDMETHODS
2.1 ExperimentalSiteandLocation

Situated on the Yamuna River's right bank, five kilometers away, the crop research
farm'sinquiry site is located at 250 58' N latitude and 810 52' E longitude. At 98 meters above
meansea level, it is elevated. Symbolic of the Agro-Ecological Subregion (North Alluvial Plain
Zone,0-1%slope)and theAgro-Climatic Zone(Upper GangeticPlain Region).

2.2 ClimateCondition

TheareaofPrayagrajdistrictcomesundersubtropicalbeltintheSoutheastofUttarPradesh,



which experience extremely hot summer and fairly cold winter. The maximum temperature of
thelocation reaches up to 46°C — 48°C and seldom falls as low as 4°C — 5°C. The relative humidity

rangedbetween20to 94percent. The average rainfallin thisareaisaround1100 mmannually.

Tablel:Symbolicpresentationoftreatmentcombination

Treatment TreatmentCombination

T1 @[0%NPK+0%Vermicompost]
T2 @[50%NPK +0%Vermicompost ]
T3 @[100%NPK +0%Vermicompost ]
T4 @[0%NPK +50%Vermicompost ]
T5 @[50%NPK +50%Vermicompost ]
T6 @[100%NPK +50%Vermicompost]
T7 @[0%NPK +100%Vermicompost ]
T8 @[50%NPK +100%Vermicompost]
T9 @[100%NPK +100%Vermicompost ]

Note:RecommendedDoseofFertilisers:-20:60:40NPK,Vermi compost4tha‘1
2.3 ExperimentalDetails

Thecurrentstudywassetupusingarandomisedblockdesign(RBD),whichconsistsofninetreatment
combinations that are replicated three times with different treatment allocations in
eachreplication. Thiscreatestwenty-

sevenplotsattheresearchsite.Inthisstudy, organicmanuresuchasVermicompostwasappliedinthreedifferent
dosesalongwithinorganicfertiliserssuchasNitrogen, Phosphorous and Potassium as RDF. The cowpea
crop was manually sown on August 8™,2023, as appropriate. At a pace of 25 kg per hectare, with a
row-to-row distance of 30 cm and a plant-to-plant distance ofl0cm, theseed varietyMaruti-

52wasplanted.

2.4 FertilizerApplication

The crop received the following required dosages of NPK 20:60:40 (100%): N (44 kg ha-
1),P205 (375 kg ha-1), and K20 (66.67 kg ha-1). The basal dose at the time of sowing was
theadministration of N, P, and K at 100%. Vermicompost 4 t ha-1 was also utilized as
thetreatment's basal dose in addition to these uses. NPK fertilizers derived their nitrogen
fromurea, which contains 46% N2O. In terms of treatments immediately prior to seed
planting,phosphorus was administered through single superphosphate (16% P205) and

potassium withmuriateofpotassium (60%K20) earlier in theprocess.

2.5 SoilAnalysis

The soils from each plot were separated, allowed to air dry, ground into a powder, and
thenpassed through a screen with a mesh size of two millimeters for laboratory analysis. Using
al00-ml measuring cylinder, soil samples were analyzed for bulk density[8], particle

density[8],percentage pore space[8], and water holding capacity (WHC)[8] (Muthuvel et al.,



1992) beforesowingtheexperimentalcropandaftercropharvest. ThesevariablesincludepH[6],EC



(Wilcox, 1950) [16], Percentage OC (Walkley and Black, 1934) [15], Awvailable
Nitrogen(Subbiah and Asiija, 1956) [13], Available Phosphorus (Olsen et al., 1954) [11], and
AvailablePotassium(Toth and Prince, 1949)[14].

2.6 StatisticalAnalysis

ThestatisticalanalysisofthedatawascarriedoutusingSTATISTICA software[4].
3. RESULTSAND DISCUSSION

TheresultsindicatedthattreatmentT1(absolutecontrol)hadanon-significantimpactonthe  bulk
and particle densities of the soil at 0-15 and 15-30 cm depth, respectively, and asignificant
impact on the percentage of pore space with minimum in T1 (42.85 and 42.49 %)andwater
holding capacity (39.60and40.12%).The treatmentT9(@100% NPK+
@100%Vermicompost)wasfoundtobeoptimalovertreatmentT1(abssolutecontrol)atO—15cm
and 15-30 cm depth, respectively. (Table 2).

Table2. Effect ofDifferent LevelsofNPKandVermicompostonphysical
propertiesofsoilsampleofcowpea.

Treatments BulkDensity Particle Pore Waterhol
(Mgm-3) Densitgy space(%) ding
(Mgm™) capacity
(%)
0-15cm 15- 0-15¢cm | 15- |0-15cm | 15- 0- 15-
30cm 30cm 30cm | 15cm | 30cm
T1 @[0%NPK+0%Vermicompost] 1.40 141 245 | 245 | 42.85 |42.49|39.60| 40.12
Tz @[50%NPK +0%Vermicompost ] 1.38 1.39 244 | 245 | 43.44 |42.03|39.96| 40.78
Ts @[100%NPK +0%Vermicompost | 1.39 140 245 | 246 | 43.26 |42.85|38.05| 39.57
Ts @J[0%NPK +50%Vermicompost ] 1.37 1.38 244 | 245 | 44.85 |42.93|38.20| 40.83
Ts @[50%NPK +50%Vermicompost ] 1.36 1.37 243 | 245 | 45.03 |43.98|40.11| 41.32
Te @[100%NPK +50%Vermicompost] 1.35 1.37 244 | 245 | 45.67 |44.85]40.87| 41.91
T7 @[0%NPK +100%Vermicompost ] 1.34 1.36 243 | 244 | 45.85 |45.03|41.17| 42.47
Ts @[50%NPK +100%Vermicompost] 1.33 1.35 242 | 243 | 46.01 |45.21|41.84| 42.87
To @[100%NPK +100%Vermicompost ] 1.32 1.34 241 | 242 | 46.22 |45.39|42.28| 43.34
F- test NS NS NS NS S S S S
S.Em.(1) - - - - 0.66 | 0.66 | 0.55 | 0.61
C.D(P=0.05) - - - - 199 | 198 | 166 | 1.85

3.1 Effect of Different Levels of NPK and Vermicompost on Chemical Properties of

SoilafterHarvest ofCowpea

The data showed that the treatment T1 (absolute control) had a non-significant effect on
soilpH, which reached maximum values of 6.89 and 6.91 at 0-15 cm and 15-30 cm
depths,respectively. The Electrical Conductivity (EC) under T1 was measured at 0.42 and 0.44
dS m-1for these depths. (Table 3 and 4).In contrast, treatment T9 (100% NPK + 100%
Vermicompost)significantly enhanced several soil fertility parameters. The maximum values
observed underT9were:




Percentage OrganicCarbon:0.40%at0-15cmand0.38%at15-30cm(Table3andFig.3)
AvailableNitrogen(N):299.43kgha-1at0-15cmand 293.36kgha-1at15-30cm
AvailablePhosphorus (P):22.34 kgha-1 at0-15 cmand 21.67 kgha-1 at15-30 cm
AvailablePotassium(K):179.84kgha-1 at 0-15 cmand176.63 kgha-1 at 15-30cm

Table 3. Effect of Different Levels of NPK and Vermicompost on pH, EC and Organic carbon

ofthesoilsample

Treatments pH Electricalcondu Organic
ctivity(dS carbon(
m1) %)
0- 15-30cm | 0-15cm | 15-30cm | 0-15¢cm | 15-30cm
15cm
T1 @ [0%NPK+0%Vermicompost] 6.89 6.91 0.42 0.44 0.33 0.31
T2 @[50%NPK +0%Vermicompost ] 6.87 6.90 0.42 0.45 0.34 0.32
T3 @[100%NPK + 0%Vermicompost ] | 6.85 6.87 0.43 0.46 0.33 0.33
Ta @[0%NPK +50%Vermicompost ] | 6.86 6.89 0.43 0.43 0.35 0.34
Ts @[50%NPK +50%Vermicompost] | 6.84 6.88 0.44 0.46 0.36 0.35
Te @[100%NPK +50%Vermicompost] | 6.83 6.86 0.44 0.47 0.37 0.35
T7 @[0%NPK+100%Vermicompost ] | 6.82 6.85 0.44 0.48 0.38 0.36
Ts @[50%NPK +100%Vermicompost] | 6.81 6.84 0.45 0.49 0.39 0.37
To @[100%NPK+100%Vermicompost ] | 6.80 6.83 0.46 0.50 0.40 0.38
F- test NS NS NS NS S S
S.Em.(1) 0 0.01
C.D(P=0.05) 0.01 0.02
Table4.EffectofDifferentLevelsofN,P,KandVermicompostonAvailableNitrogen,AvailablePhosphor
usandAvailablePotassiumof thesoilsample
Treatments AvailableNitrogen | Available Available
(kgha'l) Phospho Potassiu
rus(kg m(kgha™)
ha™)
0-15cm 15- 0- 15- 0- 15-
30cm 15cm 30cm 15cm 30cm
LK @[0%NPK+0%Vermicompost] 280.04 | 273.04 | 17.45 | 15.33 | 168.38 | 165.56
T2 @[50%NPK +0%Vermicompost ] 283.87 | 275.17 | 17.67 | 16.65 | 169.49 | 166.43
Ts @[100%NPK +0%Vermicompost ] 285.28 | 276.28 | 18.09 | 17.89 | 171.17 | 168.76
Ty @[0%NPK +50%Vermicompost ] 286.48 | 287.98 | 17.76 | 16.87 | 170.67 | 169.97
Ts @[50%NPK +50%\ermicompost ] 288.14 | 288.64 | 18.45 | 18.00 | 173.15 | 171.17
Te @[100%NPK +50%Vermicompost] 290.87 | 290.87 | 19.07 | 18.87 | 175.39 | 172.37
T7 @[0%NPK +100%Vermicompost | 29456 | 292.16 | 19.17 | 17.97 | 177.95 | 174.54
Ts @[50%NPK +100%Vermicompost] 296.76 | 290.76 | 20.21 | 19.23 | 178.47 | 175.76
To @[100%NPK +100%Vermicompost ] 299.43 | 293.36 | 22.34 | 21.67 | 179.84 | 176.43
F- test S S S S S S
S.Em.(1) 3.85 3.69 0.14 0.25 2.26 1.92
C.D(P=0.05) 11.54 11.06 042 0.77 6.78 5.77




4. CONCLUSION

According to the findings, combining inorganicfertilizer and  organicmanure
significantlyenhanced soil health for cowpea cultivation. The study specifically highlighted that
the
bestapproachtoimprovingvarioussoilpropertieswastheapplicationofT9,whichconsistsof100%NP
K(nitrogen,phosphorus,andpotassium)alongwith100%vermicompost. Thiscombination proved to
be the most effective in enhancingsoil characteristics such as porespace, water holding capacity,
organic carbon content, and the availability of key nutrients
likenitrogen,phosphorus,andpotassium.The resultsindicatethatusing T9notonly

promotesbettersoil health but also supports morerobust cowpea growth.
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