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ABSTRACT 
 

Aim: To evaluate the impact of integrated use of phosphorus on soil fertility in Bt-Cotton. 
Study Design: The experiment was laid out in randomized block design with three replications. 
Place of Study: At College Farm, Agricultural College, Bapatla, Guntur district. 
Methodology: After the preliminary layout, Tulasi-BG II hybrid of cotton was used as a test crop, 
with a spacing of 90 cm x 60 cm in the experimental site. Farmyard Manure @ 10 t ha

-1
 was 

applied 10 days prior to sowing while phosphorus solubilising bacteria @ 5 kg ha
-1

 was applied one 
day before sowing. Phosphorus was applied as per the treatments basally at sowing whereas, the 
recommended dose of nitrogen and potassium (120 and 60 kg ha

-1
, respectively) were applied in 

four equal splits at 20, 40, 60, and 80.  
Results: The treatments showed no significant influence on available nitrogen and potassium but, 
comparatively higher values of nitrogen and potassium were observed in organic treated plots. The 
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available phosphorus content was markedly influenced by level of phosphorus as well as 
components of integration at all the crop growth stages. Highest available phosphorus was 
recorded on integration of maximum dose of phosphorus with Phosphorus solubilising bacteria 
(PSB) and Farmyard manure (FYM). The available micronutrient contents in soil did not show any 
marked difference among the treatments at all the stages of crop growth. 
Conclusion: Application of phosphorus along with Phosphorus solubilising bacteria (PSB) and 
Farmyard manure (FYM) can reduce the phosphorus requirement to crops as well as improves soil 
health. 
 

 
Keywords: Phosphorus; PSB; FYM, Bt-cotton. 
 

1. INTRODUCTION 
 
Crop growth requires nutrient availability and 
constant supply throughout the growing season. 
Cotton yield responds positively to the availability 
of the nutrients, especially Phosphorus [1]. The 
availability of P in the soil affects the nutrient 
accumulation and dry matter accumulation in the 
cotton plant parts [2]. Improving the cotton 
cultivars with better nutrient management to 
obtain higher economic yield is of great 
importance to minimize the environmental impact 
of inorganic fertilizers. Phosphorus is very 
important in crop production after nitrogen (N); 
however, its resources are limited worldwide [3]. 
The P application improves root architecture by 
increasing length, width, and diameter of root. 
Hence, P uptake by the plants is predominantly 
controlled by the availability and acquisition of P 
[4]. Therefore, the P deficiency inhibits cotton 
growth and development by declining the 
biomass accumulation, leading to lower seed 
cotton yield [5]. Approximately 15-20 per cent of 
applied fertilizer phosphorus is utilized by the 
crops and rest of the gets fixed in the soil and 
becoming unavailable to crop plants [6]. 
Efficiency of P fertilizer throughout the world is 
around 10-25%, phosphatic fertilizers have low 
efficiency of utilization due to fixation in soil and 
poor solubility of native soil phosphorus, 
sometimes there is a build-up of insoluble 
phosphorus as a result of chemical phosphorus 
fixation. At present 5% of the Indian soils have 
adequate available P, 49.3% are under low 
category, 48.8% under medium and 1.9% under 
high category. Only 25% to 30% of the applied P 
is available to crops and remaining P is 
converted into insoluble P [7].   
 
The role of organic manure is well recognized 
and considered as balance manures which 
supplies macro and micro nutrients essential to 
plants. Farm yard manure (FYM) is one of the 
important organic manures, which supplies a 
suitable mineral balance and improves nutrient 

availability by enzymes. The Phosphorus 
biofertilizers like PSB and VAM enhances the 
availability of phosphorus to the plant by 
converting insoluble phosphorus from the soil in 
to soluble form. The PSB like Pseudomonas 
striata bacterial inoculation was found as 
equivalent to supply 50 kg P2O5 /ha through 
single super phosphate [8]. Phosphorus fertilizer 
use efficiency was enhanced by combined 
application of P mineral fertilizers with organic P 
sources and mainly affected by soil type, pH, 
crops growth pattern, management practices and 
climatic conditions of an area [9]. Integration of 
organic materials with inorganic sources of 
nutrients has an extra benefit over the 
application of inorganic nutrients alone [10]. 
Organic matter directly influences the factors that 
control fixation and release of P in soils. The use 
of chemical fertilizers does not necessarily lead 
to better farming; however, the combined use of 
chemical and organic fertilizers leads to better 
farming and sustainable production [11]. Thus, 
availability of phosphorus is the major problems 
in productivity of crops concerning not only its 
actual deficiency in soil but also its availability to 
crop plants. For increasing phosphorus 
availability, integrated phosphorus management 
(IPM) is the only viable strategy. The IPM helps 
to restore and sustain soil fertility, crop 
productivity and is also economic [12]. The aim 
of current study was to develop a well balanced 
and integrated nutrient management plan that 
utilizes bio fertilizers of P in conjunction with 
organic sources and mineral fertilizers. Keeping 
in view, the experiment was planned to study the 
effect of integrated phosphorus management in 
Bt cotton for sustaining yield and soil fertility. 
 

2. MATERIALS AND METHODS 
 
The experiment was carried out at the 
Agricultural College Farm, Bapatla, Guntur 
district, Andhra pradesh, in kharif season with 10 
treatments replicated thrice in a randomized 
block design in Bt cotton. The treatments 



comprised of T1 = RDP i.e., Recommend
of phosphorus (60 kg P2O5 ha

-1
); T2

(Phosphorus solubilising bacteria)
RDP+PSB; T4 = PSB; T5 = RDP+FYM 
manure) ; T6 = 50% RDP+FYM; T7

RDP+PSB+FYM; T9 = 50% RDP+FYM and T
PSB + FYM. FYM and PSB were appl
ha

-1
 and 5 kg ha

-1
, respectively. The mean values 

of various weather parameters pertaining to the 
crop growth period of previous 20 years and 
current season were recorded from the India 
Meteorological Department Observatory, 
Bapatla, to arrive at a general distribution of 
different weather parameters over the years and 
their deviation in current crop growing season. 
During experimentation the study area 
experienced average maximum and minimum 
temperatures of 32.24 

o
C and 21.90 

respectively with a total rainfall of 627.8 mm over 
30 rainy days. The experimental soil was clay 
loam in texture, with slightly alkaline in reaction 
(pH 7.8), non saline (EC 0.39 dS m
medium (5.5 g kg

-1
) organic carbon content. The 

bulk density was 1.39 Mg m
-3

. The soil was low 
in nitrogen (203 kg ha

-1
), medium in phosphorus 

(32.18 kg ha
-1

) and high in potassium (750 kg ha
 

Fig. 1. Available nitrogen 
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Recommended dose 

2 = RDP+PSB 
Phosphorus solubilising bacteria); T3 = 50% 

= RDP+FYM (Farmyard 

7 = FYM; T8 = 
= 50% RDP+FYM and T10 = 

PSB + FYM. FYM and PSB were applied @10 t 
, respectively. The mean values 

of various weather parameters pertaining to the 
crop growth period of previous 20 years and 
current season were recorded from the India 
Meteorological Department Observatory, 

a general distribution of 
different weather parameters over the years and 
their deviation in current crop growing season. 
During experimentation the study area 
experienced average maximum and minimum 

C and 21.90 
o
C, 

h a total rainfall of 627.8 mm over 
30 rainy days. The experimental soil was clay 
loam in texture, with slightly alkaline in reaction 
(pH 7.8), non saline (EC 0.39 dS m

-1
) and 

) organic carbon content. The 
The soil was low 

), medium in phosphorus 
) and high in potassium (750 kg ha

-

1
). Standard procedures were followed to analyze 

available nutrient status in soil at different growth 
stages and Fisher’s method of analysis 
variance was followed for analysis and 
interpretation of the data as suggested by Panse 
and Sukhatme [13]. 
 

3. RESULTS AND DISCUSSION
 
3.1 Soil Available Nutrients 
 
3.1.1 Nitrogen 
 
The data related to the nutrient status of the soil 
represented by Table.1 and Fig.1 indicated that 
the treatmental effect at different stages on 
available N was non-significant. However at all 
stages the treatments received FYM recorded 
higher nitrogen values than other treatments. 
The N values ranged between 239 and 279 kg 
ha

-1
 at 45 DAS. The values varied from 254 to 

288 and 194 to 222 kg ha
-1

 at 90 DAS and 
harvest respectively. At all stages highest and 
lowest values were recorded by T
treatments, respectively. 

 
Fig. 1. Available nitrogen status in soils 
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Table 1. Effect of Phosphorus levels, PSB and FYM on available macronutrients in soil 
 

Treatments Nitrogen Phosphorus (P2O5) Potassium (K2O) 
(kg ha

-1
) 

45 DAS 90 DAS Harvest 45 DAS 90 DAS Harvest 45 DAS 90 DAS Harvest 
T1-60 kg P2O5 ha

-1
 255 268 205 59.33 52.32 38.98 1030 1221 997 

T2-60 kg P2O5 ha
-1 

+PSB 258 271 206 61.90 54.37 41.72 1153 1187 874 
T3-30 kg P2O5 ha

-1 
+PSB 247 263 199 49.93 44.11 32.32 1130 1165 784 

T4-PSB 239 254 194 40.18 36.59 28.38 1143 1120 795 
T5-60 kg P2O5 ha

-1 
+FYM 270 280 214 63.61 56.43 44.11 1143 1333 941 

T6-30 kg P2O5 ha
-1 

+FYM 257 272 212 51.64 46.68 34.71 1176 1221 840 
T7-FYM 246 262 206 42.58 39.16 31.12 1108 1232 896 
T8-60 kg P2O5 ha

-1 
+PSB+FYM 279 288 222 65.83 59.33 47.53 1153 1198 784 

T9-30 kg P2O5 ha
-1 

+PSB+FYM 270 280 218 55.91 49.93 37.96 1164 1243 829 
T10-PSB+FYM 260 272 211 44.97 42.06 33.86 1120 1322 896 
SEM+ 6 6 5 1.40 1.50 1.20 61 76 63 
CD@0.05 NS NS NS 4.15 4.44 3.60 NS NS NS 
CV 3.84 3.75 4.11 4.52 5.38 5.70 9.41 10.73 12.67 
*PSB @ 5 kg ha

-1
; FYM @ 10 t ha

-1
 

  



Data also indicated that available nitrogen was 
more at 90 DAS and later it decreased at harvest 
which could be due to more utilization by plants 
and other losses. The increase in availability of 
nitrogen in FYM applied plots may be due to 
additional amount of nitrogen added through 
FYM, increased mineralization, increase in 
proliferation of microbes in the soil which results 
in enhanced nitrogen fixation by mainly non
symbiotic microorganisms. The increase in 
availability of nitrogen in the plots where PSB
was applied could be due to positive relation 
between the added and native microorganisms in 
the soil that mineralized the organic matter [14]. 
Similar increase in availability of nitrogen was 
reported by Das et al. [15]. The decrease in 
availability of nitrogen in the plots receiving 50 
percent and no phosphorus may be due to poor 
mineralization at lower levels of phosphorus. 
 
3.1.2 Phosphorus 
 
The availability of phosphorus increased 
significantly with increase in phosphorus dose up 
to 60 kgha

-1
 of P2O5 with PSB or FYM or their 

combination Table.1 & Fig .2. Among all the 
treatments the treatment that received combined 
application of PSB+FYM recorded higher 
availability of phosphorus than individual 
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Data also indicated that available nitrogen was 
more at 90 DAS and later it decreased at harvest 
which could be due to more utilization by plants 
and other losses. The increase in availability of 
nitrogen in FYM applied plots may be due to 

t of nitrogen added through 
FYM, increased mineralization, increase in 
proliferation of microbes in the soil which results 
in enhanced nitrogen fixation by mainly non-
symbiotic microorganisms. The increase in 
availability of nitrogen in the plots where PSB 
was applied could be due to positive relation 
between the added and native microorganisms in 

mineralized the organic matter [14]. 
Similar increase in availability of nitrogen was 

The decrease in 
itrogen in the plots receiving 50 

percent and no phosphorus may be due to poor 
mineralization at lower levels of phosphorus.  

The availability of phosphorus increased 
significantly with increase in phosphorus dose up 

SB or FYM or their 
.2. Among all the 

treatments the treatment that received combined 
application of PSB+FYM recorded higher 
availability of phosphorus than individual 

application of FYM or PSB at same level of 
phosphorus. 
 
This might be due to higher quantity of 
phosphorus application and bio fertilizer viz. 
PSB, resulted in buildup of nutrients in the soil. 
Similar results were also reported by Dekhane 
al. [16]. This might be due to higher quantity of 
FYM along with bio fertilizers viz. PSB resulted in 
buildup of nutrients in the soil. Similar results 
were also reported by Chaudhari 
Khan et al. [18] revealed that phosphorus 
management improved the residual soil fertility 
and the gain in available P2O5 over the initial soil 
nutrient content. The role of PSB is very 
important, as it helps in dephosphorylation of 
phosphorus bearing organic compounds. 
Release of phosphorus by PSB from insoluble 
and fixed/adsorbed forms is an important aspect 
regarding phosphorus availability in soils [19].
 
Availability at 45 DAS was maximum in treatment 
T8 (65.83 kg ha

-1
), which was on a par with T

T2 (63.61 and 61.90 kg ha
-1

, respectively) 
significantly superior over all other treatments. T
and T9 (61.90 and 55.91 kg ha

-1
) were at par with 

T1 recording slightly higher and lower values, 
respectively.  The treatment T4 recorded lowest 
value (40.18 kg ha

-1
) of available phosphorus.

 
Fig. 2. Available phosphorus in soils 
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At 90 DAS, the highest (59.33 kg ha
-1

) 
phosphorus availability was recorded by 
treatment T8, which was on a par with T5 (56.43 
kg ha

-1
) and significantly superior over others. T1 

and T2 were on a par with each other and 
superior than remaining treatments except T9 
which was numerically inferior but on a par with 
T1. At harvest stage T8 and T5 were significantly 
superior over application of only 60 kg P2O5 ha

-1 

(T1) which was on a par with T2 and T9. The 
highest (47.53 kg ha

-1
) was recorded in T8 and 

lowest value (28.38 kg ha
-1

) was recorded in T4 
(PSB @ 5 kg ha

-1
).  

 

Critical observation of the data revealed that 
available P content followed a decreasing trend 
with maturity of the crop. This low level of P at 
harvest could be due to utilization of available 
phosphorus by increased biomass with time. The 
increase in available phosphorus content of soil 
with increase in level of P application might be 
due to the fact that major proportions of applied 
P were left in available pool of soil. The lesser 
fixation of P coupled with the increase in kinetic 
factor could have resulted in an increase in 
available P inspite of enhanced P absorption by 
the plants at higher levels. 
 

Available phosphorus content of the soil 
increased significantly with FYM application. This 
might be due to solubilisation of insoluble forms 
of phosphorus in the soil through release of 
various organic acids, and also due to reduced 
phosphorus fixation by organic acids through 
their chelation with metals like iron, which 
otherwise form insoluble phosphorus compounds 
with applied phosphorus [20]. The efficiency of 
FYM in increasing the phosphorus availability 
can also be attributed to its power to chelate 
phosphate fixing capacity (Fe

+3
, Al

+3
) and reduce 

phosphate sorption with low bonding energy and 
exchange of adsorbed PO4

3-
 by organic anions 

[21] reported that organic acids produced during 
decomposition of crop residues converted 
insoluble Ca, Fe, and Al bound phosphorus into 
soluble and available phosphorus. 
 

Improved nutritional status in plant parts under 
FYM application primarily seems to be on 
account of enrichment of these nutrients in soil, 
secondly it can be attributed to their efficient 
extraction per translocation in the plant system 
due to enhanced activities of roots on account of 
pivotal role of FYM on maintenance of better 
physico-chemical and biological properties of the 
soils. Similar results were also reported by 
Shankar et al. [22] and Kokani et al. [23] 

It is imperative that the increase in soil nutrient 
content and enhancing physico-chemical as well 
as biological properties of the soil due to addition 
of 10 t/ha FYM. It is imperative that the increase 
in soil nutrient content was due to addition of 10 
t/ha FYM. These results were in line with the 
results reported by Ghanshyam et al. [24] and 
Subbarayappa et al. [25]. 
 
3.1.3 Potassium 
 
The available potassium content was not 
significantly influenced by the treatments Table.1 
and Fig. 3. The available potassium content in 
the soil increased up to 90 DAS and later 
decreased at harvest. Highest available 
potassium at 45 DAS was recorded in T6 (1176 
kg ha

-1
) and the lowest was recorded in T1 (1030 

kg ha
-1

). At 90 DAS the highest available 
potassium was recorded in T5 (1333 kg ha

-1
) 

treatment and lowest was recorded in T4 (1120 
kg ha

-1
) and at harvest highest available 

potassium was recorded in T1 (997 kg ha
-1

) 
treatment and lowest was recorded in T8 and T3 
(784 kg ha

-1
). The higher values of potassium in 

the initial stages of crop growth could be due to 
the release of native potassium as well as split 
application of potassic fertilizers upto 80 days 
after sowing. 
 
Available potassium content of the soil didn’t 
vary significantly with the level of phosphorus 
applied, FYM and PSB either individually or in 
combination, which might be due to the buffering 
capacity of the soil for potassium and was also 
due to high native potassium status of the 
experimental soil. 
 
3.1.4 Micronutrients 
 
The data in Table.2 revealed that the availability 
of zinc Fig. 4 was markedly influenced only at 
harvest while copper Fig. 5 was significantly 
influenced up to 90 DAS. Significant influence on 
manganese Fig. 6 was observed only at 90 DAS 
whereas, the impact was non-significant with iron 
Fig. 7 at all stages. Different levels of 
phosphorus didn’t show any significant effect on 
the available micronutrient contents. Even 
though micronutrients at different stages were 
found to be significant, it can’t be completely 
ascribed to treatmental effect as they were not 
following any specific trend. The contents of all 
the micronutrients decreased at harvest except 
manganese which recorded more or less same 
values at all stages. 
 



The reason for higher micronutrient content in 
soil may be due to improved activity 
of microorganisms leading to greater 
mineralization of applied and inherent 
 

 
Fig. 3. Available potassium in soils
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The reason for higher micronutrient content in 
improved activity                             

of microorganisms leading to greater 
mineralization of applied and inherent 

micronutrients through transformation of solid 
to soluble metal complex. Similar findings 
have been reported by Narendra et al

Fig. 3. Available potassium in soils 

 
Fig. 4. Available zinc in soils 
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micronutrients through transformation of solid                     
to soluble metal complex. Similar findings                 

et al. [26]. 
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Table 2. Effect of Phosphorus levels, PSB and FYM on available micronutrients in soil 
 

 Available zinc Available copper Available manganese Available iron 
(µg g

-1
)  (µg g

-1
) 

45 DAS 90 DAS Harvest 45 DAS 90 DAS Harvest 45 DAS 90 DAS Harvest 45 DAS 90 DAS Harvest 
T1 1.06 1.07 0.93 3.81 3.52 2.93 6.02 5.63 5.39 9.16 9.44 8.27 
T2 1.25 1.36 0.90 3.93 3.32 2.88 6.35 6.22 6.42 9.42 9.55 8.36 
T3 1.00 1.32 0.76 4.29 3.44 2.93 5.74 6.20 5.86 9.33 9.31 8.12 
T4 1.09 1.26 0.62 3.41 3.11 2.52 5.49 5.26 6.38 8.92 8.94 8.11 
T5 1.12 1.49 0.99 2.97 3.59 2.77 5.64 6.67 6.10 9.58 9.71 8.68 
T6 1.01 1.18 0.85 3.01 2.95 2.97 6.65 5.67 6.95 9.91 8.94 8.42 
T7 1.39 1.36 0.83 3.51 2.96 3.06 6.31 5.60 6.58 10.00 9.86 8.24 
T8 1.19 1.49 0.75 3.20 3.63 2.77 6.62 6.62 6.13 10.06 9.15 8.73 
T9 1.03 1.24 1.16 3.27 3.06 2.93 6.36 6.32 6.77 9.71 10.28 8.36 
T10 1.28 1.30 0.92 3.05 3.41 3.01 6.25 5.87 6.38 9.65 8.20 8.14 
SEM+ 0.12 0.14 0.08 0.16 0.14 0.11 0.33 0.39 0.53 0.63 0.60 0.36 
CD@0.05 NS NS 0.23 0.46 0.40 NS NS 0.82 NS NS NS NS 
CV 14.4 13.5 15.67 7.85 7.15 6.84 9.17 8.04 6.43 11.33 11.12 7.50 

 
 



Fig. 5. Available copper in soils
 

Fig.
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Fig. 5. Available copper in soils 

 
Fig. 6. Available manganese in soils 

 

 
Fig. 7. Available iron in soils 
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4. CONCLUSION 
 

It can be concluded that integration of inorganic 
phosphorus (60 kg ha

-1 
P2O5), PSB and FYM 

resulted in the higher values of soil nutrients 
indicating the contribution of different 
components of INM towards yield and soil health. 
The positive influence of PSB was more in the 
presence of inorganic phosphorus and FYM than 
its sole application. Increase in level of inorganic 
phosphorus increased the available phosphorus 
content in soil but nitrogen, potassium and 
micronutrients were not influenced significantly. 
Application of 30 kg P2O5 ha

-1 
+ PSB + FYM was 

found to be on a par with addition of only 60 kg 
P2O5 ha

-1
. Hence the fertilizer P dose can be 

reduced to half by integrating with PSB and 
FYM. 
 

COMPETING INTERESTS 
 

Authors have declared that no competing 
interests exist. 
 

REFERENCES 
 
1. Vora VD, Rakholiya KD, Rupapara KV, 

Sutaria GS, Akbari KN. Effect of Integrated 
Nutrient Management on Bt-Cotton and 
Post Harvest Soil Fertility under Dry 
Farming Agriculture. Asian Journal of 
Agricultural Research; 2015.  
ISSN 1819-1894  
DOI: 10.3923/ajar.2015. 

2. Somani LL. Handbook of bio fertilizer. 
Agrotech publishing academy, Udaipur. 
2004;1168. 

3. Nagdive SJ, Bhalerao PD, Dongarwar UR, 
Goud VV. Effect of irrigation and nutrient 
management on yield, quality and uptake 
of nutrients by mustard (Brassica juncea 
L.). Journal of Soils & Crops. 2007; 
17(1):128-132.  

4. Pathak J, Pal L. Effect of integrated plant 
nutrient management on content and 
uptake of phosphorus by Indian Mustard. 
Progressive Agriculture. 2016; 16(1):61-66.  

5. Singh H, Sharma KN, Arora BR. Influence 
of continuos fertilization to a fixed maize-
wheat sequence on the changes in 
chemical pools of soil phosphorus and 
potassium. National Seminar on 
Development of Soil Sciences- Abstract. 
1993;134-136.  

6. Toro M. Phosphate solubilising 
microorganisms in the rhizosphere of 
native plants from tropical savannas: An 
adaptive strategy to acid soils/ In: 

Velaquez C, Rodriguez-Barrueco, E(eds). 
Developments in Plant and Soil Science. 
Springer. Netherlands. 2007;249-252.  

7. Vidhyashree Venkatarao Ch, Naga SR, 
Yadav BL, Shivran AC, Singh SP. 
Influence of Phosphorus and Biofertilizers 
on Soil Fertility and Enzyme Activity of 
Soils Grown under Mungbean [Vigna 
radiata (L.)Wilczek]. International Journal 
of Current Microbiology and Applied 
Sciences. 2017;6(12):737-741. 

8. Rekha K, Pavaya RP, Malav JK, Neha C, 
Patel IM, Patel JK. Effect of FYM, 
phosphorus and PSB on yield, nutrient 
content and uptake by green gram (Vigna 
radiata (L.) Wilckzek) on loamy sand. 
International Journal of Chemical Studies. 
2018;6(2):1026-1029. 

9. Khalil S, Hussain Z, Tariq M, Rahman H. 
Impact of planting density and P-fertilizer 
source on the growth analysis of maize. 
Pakistan Journal of Botany. 2010;42(4): 
2349–2357. 

10. Opala PA, Othieno CO, Okalebo JR, 
Kisinyo PO. Effects of combining organic 
materials with inorganic phosphorus 
sources on maize yield and financial 
benefits in western Kenya. Experimental 
Agriculture. 2010;46(01):23–34. 

11. Ali M, Imran Khan, Muhammad Arif Ali, 
Shakeel A. Anjum Umair Ashraf, 
Muhammad Ahmed Waqas. Integration of 
organic sources with inorganic phosphorus 
increases hybrid maize performance and 
grain quality. Open Agriculture. 2019;4 
:354–360.  

12. Potdar DS, Purohit HS, Meena RH, 
Kaushik MK, Jain HK, Ameta KD. Effect of 
integrated phosphorus management on 
growth, yield and quality of mustard 
(Brassica juncea L.).  Journal of 
Pharmacognosy and Phytochemistry. 
2019;8(4):1700-1704. 

13. Panse VG, Sukhatme PV. Statistical 
methods for agricultural workers. ICAR, 
New Delhi. 1978;199-211. 

14. Ponmurugan P, Gopi C. Invitro production 
of growth regulators and phosphate activity 
by phosphate solubilizing bacteria. African 
Journal of Bitechnology. 2006;5:348-
350.442-446. 

15. Das A, Prasad M, Gautam RC, Shivay YS. 
2006. Productivity of cotton 
(Gossypiumhirsutum) as influenced by 
organic and inorganic sources of nitrogen. 
Indian Journal of Agricultural Sciences. 
2006;76(6):354-357. 



 
 
 
 

Rushi et al.; IJECC, 11(3): 73-83, 2021; Article no.IJECC.68575 
 
 

 
83 

 

16. Dekhane SS, Khafi HR, Raj AD, Parmar 
RM. Effect of bio fertilizer and fertility levels 
on yield, protein content and nutrient 
uptake of cowpea. Legume Research. 
2011;34(1):51-54. 

17. Chaudhari SN, Thanki JD, Chaudhari VD 
Varma Chanchal. Yield attributes, yield 
and quality of black greengram (Vigna 
radiata L.) as influenced by organic 
manures, biofertilizer and phosphorus 
fertilization. The Bioscane. 2016;11(1):431-
433.  

18. Khan M, Salman MD, Singh VP, Kumar 
Adesh. Studies on Effect of Phosphorous 
Levels on Growth and Yield of Kharif 
Mungbean (Vigna radiata L. Wilczek). Int. 
J. Pure App. Biosci. 2017;5(4):800-808.  

19. Sharma A, Pawan Pathania. Effect of 
FYM, PSB Inoculation and Phosphorus 
Levels on Growth and Developmental 
Stages of Blackgram. International Journal 
of Current Microbiology and Applied 
Sciences. 2019;8(9):2450-2457. 

20. Tolanur SI, Badanur VP. Changes in 
organic carbon, available N, P and K under 
integrated use of organic manure, green 
manure and fertilizer on sustaining 
productivity of pearl millet-Pigeonpea 
system and fertility of an Inceptisol. Journal 
of the Indian Society of Soil Science. 2003; 
5(1):37 – 41. 

21. Kaleeshwari RK. Role of phosphatase 
enzymes in phosphorus nutrition of crops. 
Agriculture Review. 2007;28(2):149-153. 

22. Shankar MA, Maruthi SGR, Nagamani MK. 
Micronutrient management for soil fertility, 
nutrient uptake and productivity of 
greengram (Vigna radiata) and finger millet 
(Eleusinecoracana) under semiarid 
Alfisols. Indian Journal of Agronomy. 2014; 
59(2):306-316.  

23. Kokani JM, Shah KA, Tandel BM, Bhimani 
GJ. Effect of FYM, phosphorus and 
sulphur on yield of summer blackgram and 
post harvest nutrients status of soil. The 
Bioscan. 2015;10(1):379-383.  

24. Ghanshyam KR, Jat RK. Productivity and 
soil fertility as effected by organic manures 
and inorganic fertilizers in green gram 
(Vigna radiata) - Wheat (Triticum 
aestivum) system. Indian Journal of 
Agronomy. 2010; 55(1):16-21.  

25. Subbarayappa CT, Santhosh SC, 
Srinivasa N. Effect of integrated nutrient 
management on physic- chemical 
properties and nutrient availability for 
cowpea in southern dry zone soils of 
karmnataka. Mysore Journal Agricultural 
Science. 2011;45(3):614-618.  

26. Narendra K, Tiwari SC, Bangar KS, 
Khandkar UR, Ashok K, Yadav RK. 2019. 
Influence of Different Sources of Plant 
Nutrients on Soil Fertility, Nutrient Uptake 
and Productivity of Soybean under 
Vertisols. Legume Research, Print; 2019. 
ISSN:0250-5371/  
Online ISSN:0976-0571.  

  
© 2021 Rushi et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited.  
 
 

 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle4.com/review-history/68575 


