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Abstract 
Research trial was carried out at Department of Soil Science and Agriculture Chemistry Research Farm 

SHUATS, Prayagraj during kharif season of 2021-2022 entitled “Effect of Integrated Nutrient 

Management on Physico-Chemical Properties of Soil in Soybean (Glycine max L.) var. PK-1029. The 

experiment was laid down in randomized block design comprised three levels of FYM [0, 50 and 100 kg 

ha-1] and three level of Sheep manure [0, 50 and 100 kg ha-1].The 9 treatment combination of FYM and 

SM (Control, RDF + S + 0% FYM + 50% SM, RDF + S + 0%FYM +100% SM, RDF + S + 50% FYM + 

0% SM, RDF + S + 50% FYM+ 50% SM, RDF + S + 50% FYM+100% SM, RDF + S + 100% FYM+ 

0% SM, RDF + S + 100% FYM+50% SM, RDF + S + 100% FYM+100% SM). Significantly Soil 

parameters, the treatment T9 (RDF+S+100%FYM +100%Sheep manure) was best treatment combination 

with respect to BD, PD, pore space, water holding capacity, pH, EC, Organic carbon, available N, P, K 

and S in soil. 

 

Keywords: FYM- Farm Yard Manure, RDF- Recommended dose of fertilizer, SM-Sheep Manure N- 

Nitrogen, P-phosphorous, K- potassium, S- Sulphur, EC- Electrical conductivity 

 

Introduction 

Soybean (Glycine max L. Merrill) is an important oil seed and protein crop in the world. It is a 

chief source of unsaturated fatty acids, protein, minerals such as Calcium and phosphorus apart 

from A, B and D vitamins that meet different nutritional needs. Its seed contains about 40-45% 

protein, 18-20% edible oil and 20-26% carbohydrate. It is one of the important oilseed crops of 

India. It is the third largest oilseed crop of India after rapeseed mustard and groundnut and 

ranks first in edible oil in world. It is a good source of flavones, therefore it helps in preventing 

heart disease, cancer and HIV’s. Nowadays, the inorganic fertilizers are producing very 

hazardous effects on soil properties and sometimes enter in food chain and are injurious to 

human being. Therefore, it is essential to utilize various sources of nutrients in order to 

increase the production of crop by maintaining soil fertility (Verma et al., 2017) [24]. India 

ranks fifth in area and production of soybean in the world. Its Production 2020-2021 will be 

361.00 million metric tons, around 1.05 million tons less than previous month's projection. 

Soybean Production last year was 336.47 million tons. This year's 361.00 estimated million 

tons could represent an increase of 24.53 million tons or 7.29% in soybean production around 

the globe. India harvested 12.9 million tons of soybean in 2020-21, according to ministry of 

agriculture. According to India's ministry of agriculture, planted area under soybean was at 

12.2 million hectares in 2021-22, slightly higher than 12.1 million hectares in 2020-21 (USDA 

2021). Inspite of its high yielding potential, soybean productivity is much less in India. Among 

the factors responsible for low productivity, inadequate fertilizer use and emergence of 

multiple-nutrient deficiencies due to poor recycling of organic resources and unbalanced use of 

fertilizers are important Soybean is an rich energy crop and hence the requirement of major 

nutrients including secondary and micronutrients is high (Aziz et al., 2015) [4]. 

Soybean [Glycine max (L.) Merrill] has become the premier oilseed crop in India by producing 

14.7 mt from 10.5 m ha area. Soybean is mainly grown in central part of the country, Madhya 

Pradesh, Maharashtra and Rajasthan contributing about 95% of the production. Soybeans are 

looked upon not merely as a means to supply food for humans and animals, but also at the 

same time to serve as a means for improving the soil through their ability to fix  
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atmospheric nitrogen. It has capacity to fix 49-450 kg 

atmospheric N/ha (Wani et al., 1995) [28]. Efficient 

management of organic and inorganic sources is a 

prerequisite. For achieving continuous production of crops in 

an economically and ecologically sustainable manner. 

Organic matter forms a very important source of plant 

nutrients whereas organic manures are used to supply both 

macro and micro nutrients and sustain amount of humic 

substances particularly humic and fulvic acid that helps to 

maintain soil pH. Thus, for maintenance of the soil fertility, 

productivity and soil health with the FYM, compost and 

biofertilizers cannot replace chemical fertilizers but certainly 

are capable of reducing their input. Seed inoculation with 

effective. Rhizobium inoculant is recommended to ensure 

additional nodulation and N2 fixation for maximum growth 

and yield of pulse crop. 

Vegetable soybean (edamame) [Glycine max (L.) is a low 

input, short crop cycle and soil-enriching profitable crop. It 

offers quick economic return and provides health benefits to 

the consumers. The market demand for edamame has begun 

to flourish and expand dramatically in recent decades due to 

increase awareness of nutritional properties and the change in 

life styles towards healthier food. Then the consumption of 

edamame can also really contribute to reducing deficiencies in 

children and eve adults, through its great nutritional content 

and good health benefits (Darini et al., 2020) [10]. Soybean, 

which is a hardly crop has the ability to grow well even in 

marginal soils. It is grown on wide range of soils varying in 

texture and soil fertility. The soil texture varies from sandy to 

clay. (Hellal et al., 2013) [29]. Integrated nutrient management 

practices applied for soybean contributes to the sustainable 

growth of yield and quality, influences soil health and reduces 

environmental risks. The use of organic manures with an 

optimum rate of fertilizers under intensive farming system 

increased the turnover of nutrients in the soil-plant system. 

The organic manures along with biofertilizers help in 

reducing the dose of inorganic fertilizer; which in turn 

reduces the cost of cultivation and help in improving the soil 

health (Farhad et al., 2017) [30]. Sheep Manure and Farm-Yard 

Manure like other animal manure is a Natural slow-release 

fertilizer. Nutrients in sheep Manure fertilizer provide 

adequate nourishment for a field. It is a high in both 

Phosphorous and Potassium, essential element for Optimal 

Plant growth. These nutrients help plant to establish strong 

root defend against pest grow into vibrant and productive 

plants. The average nutrient content of farm yard manure is 

0.5% N, 0.2% P2O5 and 0.5%K2O in the sheep manure the 

average nutrient content is 3% N 1%P2O5 and 2% K2O found 

approximately. 

Nitrogen is a major essential plant nutrient element. It has the 

quickest and most pronounced effect on plant growth and 

yield of crops. Plants receiving insufficient Nitrogen are 

stunted in growth with restricted root systems. The leaves turn 

yellow or yellowish green and tend to drop off. N demand for 

seed may be determined by the product of three factors: seed 

number, the rate of N filling in individual seeds, and the 

length of the reproductive period. N fertilization may not 

stimulate the rate of N filling in individual seeds when sink 

activities are limited. Soybean plants obtain Nitrogen from 

three sources; 1. Nitrogen derived from biological N2 fixation 

by root nodule; 2. Soybean’s requirement for nitrogen can be 

fulfilled by soil nitrogen, high levels of nitrogen in soil inhibit 

symbiotic N2 fixation and under there condition, soil provides 

the majority of the plants needs for nitrogen. Conversely, N2- 

fixation supplied the majority of the plant’s requirements for 

Nitrogen under conditions of low level of nitrogen in soil, and 

3. Nitrogen from applied fertilizer. For optimum soybean 

yield, it is necessary to use both biological N2-fixation and 

absorption of Nitrogen uptake by soybean roots. Application 

of FYM increased the activity of acid and alkaline 

phosphatase, phosphodiesterase, inorganic pyrophosphatase 

and dehydrogenase leading to faster hydrolysis of easter-bond 

P to plant available P (Dinesh et al., 2003) [31]. 

 

Materials and Methods 

The field experiment was conducted at Research Farm of Soil 

Science and Agricultural Chemistry at Sam Higginbottom 

University of Agriculture, Technology and Sciences, 

Prayagraj. The experiment comprised two fertility level of 

(control, 100% RDF), three level of FYM [control, 50 and 

100 kg ha-1] and also three level of Sheep manure [control, 50 

and 100 kg ha-1]. One of the treatment combinations 

comprised the recommended doses of 20 kg N, 60 kg P2O5 

and 60 kg K2O per hectare. Recommended dose of P2O5 (60 

kg ha-1) in form DAP (Di-ammonium Phosphate) and K2O (60 

kg ha-1) in form of MOP (Muriate of Potash) was applied at 

the time of sowing. FYM and Sheep manure were applied as 

split as per the treatments. 

The area of Prayagraj district comes under subtropical belt in 

the South east of Uttar Pradesh, which experience extremely 

hot summer and cold winter. The maximum temperature of 

the location reaches up to 46 °C-48 °C and seldom falls as 

low as 4 °C-5 °C. The relative humidity ranged between 20 to 

94%. The average rainfall in this area is around 1100 mm 

annually. Treatments and Design of Experiments: The 

experiment was conducted using a randomized block design 

(RBD). The experimental area was divided into twenty-seven 

plots with the plot size was 2m x 2m. All nine treatments 

were replicated three times starting from T1 Control (Absolute 

Control), T2 (RDF + S + 0% FYM + 50% Sheep manure), T3 

(RDF + S + 0% FYM + 100% Sheep manure), T4 (RDF + S + 

50% FYM + 0% Sheep manure), T5 (RDF+S+50%FYM+50% 

Sheep manure), T6 (RDF + S + 50% FYM + 100% Sheep 

manure), T7 (RDF + S + 100% FYM + 0% Sheep manure), T8 

(RDF + S + 100% FYM + 50% Sheep manure), T9 (RDF + S 

+ 100% FYM + 100% Sheep manure). In the pre analysis of 

soil the textural class was found sandy loam by Bouyoucous 

(1927) [32], soil colour was found pale brown by Munsell 

(1971), BD (1.23 Mg m-3), PD (2.37 Mg m-3), Pore space 

(47.53%) and Water Retaining Capacity (41.62%) was 

determined by Graduated Measuring Cylinder and soil texture 

by hydrometer. In chemical properties, pH (7.58) was 

determined by potentiometric method by making soil water 

suspensions where as a digital EC metre was used to 

determine the EC (0.177 dS m-1). The wet-oxidation method 

was used to evaluate Organic Carbon (0.45%) (Black, 1965) 

[25]. The alkaline permanganate method was used to assess 

available Nitrogen (238.21 kg ha-1) in an 800 ml kjeldahl flask 

(Subbiah and Asija 1956) [33]. The amount of available 

Phosphorus (20.73 kg ha-1) was calculated using a 

colorimetric technique and a spectrophotometer (Olsen et al., 

1954) [20]. The amount of available Potassium (127.5 kg ha-1) 

and neutral ammonium acetate solutions (Toth and Prince 

1949) [23]. The data was statistically analysed as per the 

procedure given by Aziz et al., 2015 [4]. 
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Results and Discussion 

Bulk density (Mg m-3)  
As depicted in table 1 the maximum soil bulk density (Mgm-3) 

at was recorded 1.198 Mg m-3in T1 and 1.204 Mg m-3in T7, T5 

respectively, the minimum was recorded in T9 1.185 Mgm-

3and in T6 1.185 Mg m-3 in T9 respectively and found to be 

non- significant. It might due to use of INM that increased 

biomass of plant that biomass increase the organic carbon 

resulted in more pore space and good soil aggregation. 

Similar results were also reported by (Paliwal and Golani. 

2021) [21]. 

 

Particle density (Mg m-3)  

As depicted in table 1 the maximum soil particle density 

(Mgm-3) at 0-15 cm were recorded 2.208 Mg m-3in T2, the 

minimum was recorded in T1 2.186 Mg m-3 and 2.019 Mg m-3 

in T9 respectively and found to be non-significant. INM 

fertilizer impact on particle density at 0-15 cm soil depth. Due 

to FYM and Sheep manure pore space will be increased and 

impact on particle density at 0-15 cm depth positively means 

lowest particle density observed in T1. This may be due to 

higher organic carbon concentration in soil which is an 

important component of soil solids. Similar results were also 

reported by (Paliwal and Golani (2021) [21]. 

 

Pore space (%) 

 As depicted in table 1 the maximum soil pore space (%) at 0-

15 cm were recorded 46.41% in T9, the minimum was 

recorded in T5 45.38% and 44.22% in T4 respectively and 

found to be Significant. It’s indicated that when dose of INM 

fertilizer increases pore space also increased in 0-15 cm soil 

depth but when depth increases pore space decreased means 

at 15-30 cm, and leguminous crop is also nitrogen fixation 

crop, its clearly show that INM changed non-significant on 

pore space. Similar results were also reported by (Paliwal and 

Golani (2021) [21]. 

 

Water holding capacity  

 As depicted in table 1 the maximum soil water holding% at 

0-15 cm were recorded 46.910% in T9, the minimum was 

recorded in T4 41.25% and 39.21% in T1 respectively and 

found to be significant. Due to use of INM fertilizer influence 

biomass production and these biomass soil organic carbon 

into soil that organic carbon increased the water holding 

capacity positively. Similar results were also reported by 

Hanoon et al., (2020) [15]. 

 

Soil pH  

 As depicted in table1 the maximum soil pH at 0-15 cm were 

recorded 7.70 in T1 the minimum were recorded in T7 7.10 

and found to be non-significant. Application of INM fertilizer 

not significantly influence that the soil pH at 0-15 cm and 15-

30 cm soil depth. Due to use of INM soil is not able to be 

attributed to the acid producing nature and release of organic 

acids during mineralization of FYM and Sheep manure helps 

to decrease soil pH. Similar results were also reported by 

Mamatha et al. (2018) [19] 

 

EC (dS m-1)  
 As depicted in table1 the maximum soil electrical 
conductivity (dS m-1) was recorded 0.201 in T9 and 0.216, the 
minimum was recorded in T1 0.172 and 0.189 in T7 
respectively and found to be non-significant. The EC value of 

soil was comparatively high in 100%NPK +FYM treated plots 
which might be due to the higher organic colloids in these 
plots the increase in EC with addition of FYM can attributed 
to increase in root biomass and crop residue production and 
then incorporation in soil. The decrease EC might be due to 
the release of different organic acid during the decomposition 
process which solubilized the salt and that leached down 
trough irrigation. Similar results were also reported by Meena 
et al., (2017) [19]. 
 
Organic carbon (%)  
 As depicted in table 1 the maximum soil percentage organic 
carbon was recorded 0.469% in T9, the minimum was 
recorded in T1 0.460% and found to be significant. It might 
due to INM fertilizer effect is further enhanced that improved 
the root and shoot growth. Higher production of root biomass 
might have increased the organic carbon content. Similar 
findings were recorded by Wang et al., (2020) [20]. 
 
Available Nitrogen (kg ha-1)  
As depicted in table 1 the maximum soil available Nitrogen 
(kg ha-1) were recorded 297.39 (kg ha-1) in T9, the minimum 
was recorded in T1 280.75 (kg ha-1) and found to be 
significant. The lower content in untreated plots is a result of 
mining of available nitrogen with INM fertilizer over a period 
of time might have helped in the mineralization of soil 
nitrogen leading to build up of higher available nitrogen 
leguminous family crop are also nitrogen fixation crop. 
Similar findings were also recorded by Biswash et al., 
(2014)[34]. 
 
Available Phosphorus (kg ha-1)  
As depicted in table 1 the maximum soil available Phosphorus 
(kg ha-1) were recorded 35.37 (kg ha-1) in T9 and 30.73 (kg ha-

1) in T2 respectively, the minimum was recorded in T1 24.50 
(kg ha-1) and 18.92 (kg ha-1) in T4 respectively and found to 
be significant. Buildup of Available Phosphorous fertilizer 
with the application of INM might be due to during 
decomposition which is turn helped in releasing Phosphorous 
action of native nitrogen in the Soil, this helps in the release 
of Phosphorous. Similar findings were also recorded by 
Amrita et al., (2017). 
 
Available Potassium (kg ha-1)  
As depicted in table 1 the maximum soil available Potassium 
(kg ha-1) were recorded 226.23 (kg ha-1) in T9, the minimum 
was recorded in T1 218.52 (kg ha-1) and found to be 
significant. Similar trend was recorded in both soil depth. 
Increase in available potassium due to addition of may be 
ascribed to the reduction of potassium fixation and release of 
potassium due to interaction of INM fertilizer with clay, 
besides the direct potassium addition to the pool of soil such 
increase in the content of available potassium with the use of 
INM fertilizer has also been reported by Ali et al., (2021) [35]. 
 
Available Sulphur (mg kg-1)  
As perusal of table 1 the maximum soil available sulphur (mg 
kg-1) was recorded 14.90 (mg kg-1) in T3 and 13.40 ((mg kg-1) 
in T9 respectively, the minimum was recorded in T1 11.73 
(mg kg-1) and found to be significant. Sulphur applied 
treatment were superior in available macro and micro nutrient 
content in soil sulphur significantly influenced the microbial 
properties. Similar findings were also recorded by Biswas et 
al., (2014) [7] and Amrita et al., (2017). 
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Table 1: Effect of different levels of FYM and Sheep manure on soil propertie 

  

Treatment BD (Mg m-3) PD (Mg m-3) WHC (%) PS (%) pH (w/v) EC (dS m-1) OC (%) N (kg ha-1) P (kg ha-1) K (kg ha-1) S (kg ha-1) 

T1 1.198 2.186 41.62 46.27 7.70 0.172 0.460 280.75 15.41 139.82 11.73 

T2 1.188 2.208 41.38 46.31 7.63 0.180 0.461 283.25 18.33 140.31 14.25 

T3 1.186 2.194 42.13 46.28 7.61 0.193 0.461 286.38 20.42 143.42 14.90 

T4 1.189 2.204 41.25 46.33 7.45 0.176 0.463 289.36 15.04 145.51 13.28 

T5 1.187 2.202 41.92 45.38 7.38 0.180 0.464 287.14 19.98 149.62 13.45 

T6 1.185 2.202 41.57 46.39 7.26 0.198 0.466 285.96 21.64 153.26 12.81 

T7 1.187 2.200 41.87 46.37 7.10 0.185 0.467 291.97 20.05 156.31 13.75 

T8 1.186 2.199 42.19 46.40 7.20 0.195 0.468 293.08 21.95 157.42 13.11 

T9 1.185 2.202 46.91 46.41 7.43 0.201 0.469 297.39 22.07 158.62 14.25 

S.Em (±) 0.188 0.020 0.04 1.38 0.04 0.05 0.004 5.65 0.51 2.39 0.35 

C.D. NS 0.059 3.11 2.94 NS 0.01 0.011 16.93 1.54 7.16 1.10 

Note: BD- Bulk Density, PD- Particle Density, WHC- Water Holding Capacity, PS- Pore Space, EC- Electrical Conductivity, OC- Organic 

Carbon, N-Nitrogen, P- Phosphorus, K- Potassium 

 

 
 

Fig 1: Bulk density and particle density on different level of FYM and Sheep manure 

 

 
 

Fig 2: Pore space and Water holding capacity on different level of FYM and Sheep manure 
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Fig 3: Soil pH and EC on different level of FYM and sheep manure 
 

 
 

Fig 4: NPK on different level of FYM and Sheep manure 
 

 
 

Fig 5: Available sulphur on different level of FYM and Sheep manure 
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Fig 6: Organic Carbon on different level of FYM and Sheep manure 

 

Conclusion 

It is concluded from the trial that the improve soil health, 

increase the crop production, increase vegetative growth. The 

treatment T9 [RDF + S + 100%FYM + 100% Sheep manure] 

was best treatment combinations with respect to Bulk density, 

particle density, pore space, water holding capacity, pH, EC, 

Organic Carbon, available N, P, K on soil. Integrated nutrient 

management seems to be viable option rather than chemical 

fertilizer alone for maintenance of soil productivity and 

fertility. It plays an essential role in plant growth. 
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