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Introduction 
 

Pea (Pisum sativum L.) is one of the 

important vegetables in the world and ranks 

among the top 10 vegetable crops. Pea is 

commonly used in human diet throughout the 

world and it is rich in protein (21-25 %), 

carbohydrates, vitamin A and C, Ca, 

phosphorous and has high levels of amino 

acids, lysine and tryptophan (Bhat et al., 

2013). Its cultivation maintains soil fertility 

through biological nitrogen fixation in 

association with symbiotic rhizobium 

prevalent in its root nodules and thus play a 

 

 

 

 

 

 

 

 

vital role in fostering sustainable agriculture 

(Negi et al., 2006). Therefore, apart from 

meeting its own requirement of nitrogen, peas 

are known to leave behind residual nitrogen in 

soil 50-60 kg/ha (Kanwar et al., 1990).  

 

Chemical fertilizers are needed to get good 

crop yields but their abuse and overuse can be 

harmful for the environment and their cost 

cannot make economic and profitable 

agricultural products (Bobade et al., 1992). 

The increased use of chemicals under 

A field experiment was carried out at Crop research farm Department of Soil Science 

Allahabad School of Agriculture SHIATS-DU Allahabad, during 2014-15. The experiment 

was laid out in 32 factorial randomized block design with 9 treatments in three replications 

on Influence of Rhizobium and various levels of P and Zn on soil Physico –chemical 

properties of soil in Pea crop. Treatment T8 (P60+ZnSO420+Rhizobium100g10kg
-1

 of 

seed) was found to be best in all parameters. Data were recorded in post-harvest soil as pH, 

EC(dSm
-1

), O.C(%), Bulk density (Mg m
-3

), Particle density(Mg m
-3

), Pore space(%), 

available nitrogen(kg ha
-1

), phosphorus (kg ha
-1

), potassium(kg ha
-1

), Zinc(ppm) which 

were as 7.89, 0.28, 0.87, 1.22, 3.8, 50.98, 340.80, 18.02, 165.04 and 0.90 respectively. Soil 

chemical properties as available phosphorus (kg ha
-1

) were found to be significant whereas 

pH, EC (dSm
-1

), O.C (%), available nitrogen (kg ha
-1

), potassium (kg ha
-1

), Zinc (ppm) 

was found to be non-significant. Soil physical properties as particle density (Mg m
-3

) and 

pore space (%) were found to be significant whereas bulk density (Mg m
-3

) was found to 

be non-significant. However, since these findings are based on one year experiment and 

therefore, further research may be conducted to substantiate it under Allahabad agro 

climatic conditions. 
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intensive cultivation has not only 

contaminated the ground and surface water 

but has also distributed the harmony existing 

among the soil, plant and microbial 

population (Bahadur et al., 2006). 

Biofertilizers on the other hand are cost-

effective and renewable source of plant 

nutrients to supplement the parts of chemical 

fertilizers.  

 

Biofertilizers are known to play an important 

role in increasing availability of nitrogen and 

phosphorus besides improving biological 

fixation of atmospheric nitrogen and enhance 

phosphorus availability to crop (Bhat et al., 

2013). Therefore, introduction of efficient 

strains of Rhizobium in soils with low 

nitrogen may help augment nitrogen fixation 

and thereby boost production of crops. 

Phosphorus is known to play an important 

role in growth and development of the crop 

and have direct relation with root 

proliferations, straw strength, grain formation, 

crop maturation (Bhat et al., 2013).  

 

Enhancing P availability to crop through 

phosphate-soubilizing bacteria (PSB) holds 

promise in the present scenario of escalating 

prices of phosphatic fertilizers and a general 

deficiency of p in Indian soils (Alaguwadi and 

Gaur, 1988). A judicious use of organic 

manures and Biofertilizers may be effective 

not only sustaining crop productivity and in 

soil health, but also in supplementing 

chemical fertilizers of crop (Jaipal et al., 

2011). 
 

Amongst the soil bacteria there is a unique 

group called rhizobia that have a beneficial 

effect on the growth of legumes. Once the 

relationship between plant and rhizobia is 

established, the plant supplies the rhizobia 

with energy from photosynthesis and the 

rhizobia fix atmospheric nitrogen in the 

nodule, converting it into from that the plant 

can use. Both the plant and the rhizobia 

benefit from such a relationship called a 

symbiosis (Mishra et al., 2010). Phosphorus is 

the second most important nutrient that must 

be added to the soil to maintain plant growth 

and sustain crop yield (Osman et al., 2011). 

 

Nitrogen is vital nutrient for plant and crop 

growth. It constitutes 78% of earth’s 

atmosphere. It occupies is applied at 

appropriate levels and growth periods it may 

substantially improve the crop productions. 

Nitrogen is contained in all proteins, nucleic 

acids and in all protoplasm.  

 

It is taken up by the plant through its roots as 

ammonium or an nitrate is rapidly converted 

to ammonium ions which combine with 

carbohydrates formed during photosynthesis 

to form amino eventually proteins. The 

protein is used in the growth of the leaves and 

increases their green surface area, thus 

increasing photosynthesis and stimulating 

further growth. Nitrogen increases seed 

protein content in peas and may be correlated 

with improved germination and seedling 

vigour (Bhat et al., 2013). 

 

Materials and Methods 

 

The experiment was conducted during 

November to marchof 2014-15 at Crop 

research farm Department of Soil Science 

Allahabad School of Agriculture SHIATS-

DU Allahabad. The experimental site is 

located in the sub – tropical region with 250 

271 N latitude 810 511 E longitudes and 98 

meter the sea level altitudes. The experiment 

was laid out in a 3¬2 Factorial RBD design 

with each three levels of Phosphorus and Zinc 

with nine treatments, each consisting of three 

replicates.  
 

The total number of plots was 27. Field pea 

was sown in Rabi season plots of size 2 x 2 m 

with row spacing 30 cm and plant to plant 

distance 10 cm. The Soil of experimental area 

falls in order of Inceptisol and is alluvial in 

nature, both the mechanical and chemical 
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analysis of soil was done before starting of 

the experiment to ascertain the initial fertility 

status. The soil samples were randomly 

collected from 0-15cm depths prior to tillage 

operations. The treatment consisted of nine 

combination of inorganic source of fertilizers 

T0(Control), T1(P0+ZnSO410+ Rhizobium 

100g 10kg
-1

 of seed), T2 (P0+ZnSO420 

+Rhizobium 100g 10kg
-1

 of seed), T3(P30+ 

ZnSO4 0+ Rhizobium 100g10kg
-1

 of seed), 

T4(P30+ ZnSO4 10+ Rhizobium 100g 10kg
-1

 

of seed), T5(P30+ZnSO4 20+ Rhizobium 

100g 10kg
-1

 of seed), T6(P60+ZnSO4 0+ 

Rhizobium 100g 10kg
-1

 of seed), T7 

(P60+ZnSO4 10+Rhizobium100g 10kg
-1

 of 

seed), T8 (P60+ZnSO4 20+ Rhizobium 100g 

10kg
-1

 of seed). The source of Phosphorus 

and Zinc as SSP and Zinc sulphate 

respectively. 

 

Results and Discussion 

 

Physical properties 

 

Response on bulk density, particle density 

and pore space (%) of soil after crop 

harvest 
 

The result depicted in Table: 3 shows that the 

maximum Db of soil (Mg m
-3

), was found in 

T8 which was 1.22 and minimum was found 

in T0 which was 1.17 Mg m
-3

. The interaction 

effect of Phosphorus and Zinc with NPK on 

Db (Mg m
-3

) of soil were found non-

significant. The results shows that the 

maximum Dp of soil (Mg m
-3

), was found in 

T8which was 3.80 and minimum was found 

in T0 which was 2.94Mg m
-3

. The interaction 

effect of Phosphorus and Zinc with NPK on 

Dp (Mg m
-3

) of soil were found significant. 

The results shows that the maximum pore 

space (%) of soil, was found in T8which was 

50.98 and minimum was found in T0 which 

was 44.18. The interaction effect of Sulphur 

and Zinc with NPK on pore space (%) of soil 

were found significant. 

 

Chemical properties 

 

Response on pH and EC at 25˚C (dSm
-1

) of 

soil after crop harvest 
 

The result depicted in Table: 3 shows that the 

maximum pH and EC of soil was found in 

T8which were 7.89 and 0.28, and minimum 

was found in T0 which were 7.60 and 0.17. 

The interaction effect of Phosphorus and Zinc 

with NPK on pH and EC was found non-

significant. 

 

Table.1 Physical analysis of soil 

 

Particulars 
Method employed 

Results 

Sand (%) Bouyoucous Hydrometer 68.00 

Silt (%) method Bouyoucous (1927) 17.50 

Clay (%)  14.50 

Textural class Sandy loam 

Bulk density (Mg m
-3

) 
Graduated measuring cylinder Black (1965)1.63 

Particle density (Mg m
-3

) Graduated measuring cylinder Black (1965)2.69 

Pore Space (%) Graduated measuring cylinder Black (1965)53.22 
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Table.2 Chemical analysis of soil 

 

Particulars Method employed Results 

pH (1:2) Digital pH meter (Jackson, 1958) 7.24 

EC (dS m
-1

) EC meter (Digital Conductivity Meter) 

(Wilcox, 1950) 

0.32 

Organic Carbon (%) (Walkley and Black’s method 1947) 0.49 

Available Nitrogen (kg ha
-1

) Alkaline potassium permanganate method 

(Subbaih and Asija (1956) 

280.70 

Available Phosphorus (kg ha
-1

) Colorimetric method 

(Olsen et al., 1954) 

17.96 

Available Potassium (kg ha
-1

) Flame photometric method 

(Toth and Prince, 1949) 

258.00 

Available Zinc (kg ha
-1

) Spectrophotometer 

(Shaw and Dean1952) 

2.25 

 

Table.3 Soil properties 

 
Treatment  pH EC 

(dSm
-1

)  

Bulk 

density 

(Mg m
-

3
) 

Particle 

density 

(Mg m
-3

) 

 Pore 

space 

(%) 

Organi

c 

Carbon 

(%) 

Nitrogen 

(Kg ha
-1

) 

 

Phosphoro

us (Kg ha
-1

)  

Potassiu

m (Kg 

ha
-1

) 

 Zinc 

(ppm) 

 

T0 7.60 0.17 1.17 2.94 44.18 0.55 293.76 9.31 125.74 0.50 

T1 7.60 0.18 1.25 2.98 46.84 0.57 317.67 11.39 135.61 0.54 

T2 7.64 0.19 1.20 2.99 47.76 0.58 317.67 12.04 138.24 0.57 

T3 7.66 0.20 1.20 3.03 47.78 0.62 321.53 13.05 139.16 0.63 

T4 7.70 0.20 1.29 3.03 48.84 0.64 321.63 14.97 140.28 0.67 

T5 7.72 0.21 1.28 3.04 48.94 0.72 330.31 16.51 144.78 0.70 

T6 7.80 0.25 1.22 3.16 49.44 0.87 338.78 17.04 159.76. 0.88 

T7 7.79 0.22 1.22 3.07 49.02 0.74 335.12 16.66 149.58 0.83 

T8 7.89 0.28 1.30 3.8 50.98 0.87 340.80 18.02 165.04 0.90 

F-test NS NS NS S S NS NS S NS NS 

S.Em. (±) 0.12 0.04 0.040 0.017 0.59 0.012 4.56 0.17 3.25 0.13 

C.D. (at 5%) 0.26 0.07 0.085 0.026 1.25 0.020 9.67 0.51 6.89 0.20 

 

Response of organic carbon (%), available 

nitrogen, phosphorus, potassium, (kg ha
-1

) 

of soil and Zinc (ppm) after crop harvest 

 

The result depicted in Table: 3 shows that the 

maximum % OC of soil was found in 

T8which was 0.87 and minimum was found 

in T0 which was 0.55. The interaction effect 

of Phosphorus and Zinc with NPK on % OC 

of soil was found non-significant. The 

available nitrogen (kg ha
-1

), phosphorus (kg 

ha
-1

), potassium, (kg ha
-1

) and Zinc in (ppm) 

in soil were found maximum in T8which were 

340.80, 18.02, 165.04, 0.90 kg ha
-1

 

respectively and minimum was found in to 

which were 293.76, 9.31, 125.74, 0.50 kg ha
-1

 

respectively. 

 

The interaction effect of Phosphorus and Zinc 

with NPK on available nitrogen and 
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potassium were found significant and the 

interaction effect of Phosphorus and Zinc 

with NPK on available phosphorus, and zinc 

was found non-significant. Combined 

application of Sulphur and Zinc NPK brings 

significantly increase in available Nitrogen 

and Potassium. The results are conformity 

with the finding of Khambalkaret al., (2012). 

 

It is concluded that Treatment T8 

(P60+ZnSO420+Rhizobium100g10kg
-1

 of 

seed) was found to be best in all parameters. 

Data were recorded in post-harvest soil as pH, 

EC(dSm
-1

), O.C(%), Bulk density (Mg cm
-3

), 

Particle density(Mg cm
-3

), Pore space(%), 

available nitrogen(kg ha
-1

), phosphorus (kg 

ha
-1

), potassium(kg ha
-1

), Zinc(ppm) which 

were as 7.89, 0.28, 0.87, 1.22, 3.8, 50.98, 

340.80, 18.02, 165.04 & 0.90 respectively. 

Soil chemical properties as available 

phosphorus (kg ha
-1

) was found to be 

significant whereas pH, EC (dSm
-1

), O.C (%), 

available nitrogen (kg ha
-1

), potassium (kg ha
-

1
), Zinc (ppm) was found to be non-

significant. Soil physical properties as particle 

density (Mg m
-3

) and pore space (%) were 

found to be significant whereas bulk density 

(Mg m
-3

) was found to be non-significant. 

However, since these findings are based on 

one year experiment and therefore, further 

research may be conducted to substantiate it 

under Allahabad agro climatic conditions. 
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