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 To investigate efficient utilization of soil phosphorus for peanut nutrition through integration of management practices in medium black clay soils of 
Saurashtra region in Gujarat

 Soil phosphorus availability and uptake by peanut plants were assessed at five plant growth stages under six different management 
practices in Kharif season. The availability of soil P was estimated by 
Olsen P and Resin P extraction methods. The biomass production and 
phosphorus uptake at each growth stages were observed in order to 
draw the relationship between these parameters.

 The management practices like raised bed with polythene 
mulch, integrated and organic nutrient management was consistently 
found promising for enhanced availability and uptake of soil 
phosphorus under peanut cultivation. The Olsen P decreased with plant 
growth under all the management options, except organic and 
integrated nutrient management practices.  In contrary, the resin P 
generally increased with plant growth, especially under inorganic and 
organic nutrient management and raised bed with polythene mulch 
practices. Irrespective of growth stages, the phosphorus uptake by 
peanut plants was significantly and strongly correlated with biomass 
production (r=0.85, p<0.01) and Olsen P (r=0.41, P<0.05).

 The results indicate that phosphorus requirement of 
peanut plants can be efficiently met by integrating land and nutrient 
management practices in these medium black clay soils. 

 Black clay soil, Olsen P, Peanut, Phosphorus uptake, 
Resin P   
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Introduction

In India, peanut is an important oilseed crop cultivated in 
about 6.77 million hectare area annually having quite low average 

-1productivity (about 1.5t ha ) (Agricultural Statistics at a Glance, 
2015). Low productivity is attributed mainly to the cultivation of 
crop on marginal lands having poor soil fertility in rain fed 
conditions (Sahrawat et al., 2010). More than 2/3rd of the total 
peanut cultivation area in India is confined to variable extent of 
calcareousness in the soils which is the major cause for 
imbalanced and poor nutrition of peanut plants in these soils. 
Being a legume, peanut has N-fixation ability that adds nitrogen 

-1(100-152 kg ha  N) and organic matter to the soil (Nigam, 2015). 
Phosphorus is necessary for the development of legume nodule 
and associated nitrogen fixation (Parfitt et al., 2005) and, thus 
illustrating its agronomic importance in peanut production 
systems.

Most of the phosphorus applied to agro-ecosystems is often 
immobilized in the soil through sorption and precipitation with 
other cations (Garg and Bahl, 2008). Immobilized phosphorus 
exists in a multitude of chemical forms and pools that become 
available to plants on different time scales. In normal conditions, 
phosphorus exists in soil in two forms: inorganic P (Pi) and 
organic P (Po). 

Soil P dynamics is governed by physico-chemical 
(sorption-desorption) and biological (immobilization-
mineralization) processes. The dynamics of phosphorus in 
calcareous soil environments is largely controlled by two major 
mineral components viz., iron oxides and calcium carbonates 
(Matar et al., 1992). The P- fertilizer applied in these soils gets 
converted into immobile pools through precipitation reaction with 

2+ Ca cation (Gyaneshwar et al. 2002). Therefore, the availability 
as well as efficiency of applied P-fertilizer is very low in these soils. 

Plants and microbes have evolved with some 
mechanisms to obtain soil phosphorus with biological 
transformations of phosphorus compounds present in the soils 
which are fundamental for phosphorus cycling (Richardson et al., 
2011; Bünemann, 2015). The conceptual model of Shen et al. 
(2011) depicted a great scope for root/rhizosphere and soil-based 
nutrient managements for improving P-use efficiency and crop 
productivity in intensive agriculture. P-uptake of peanut plants 
was also found to cultivar-specific under similar experimental 
conditions since cultivars TG 37A and GG 7 accumulated more 
leaf-P and root-P under long-term salinity trial, when salinity 
played a crucial role in determining P-uptake (Bhaduri et al., 
2016). Poor soil-P availability, high fixation, inconsistent and 

Phosphorus is an important element for plant growth, 
essentially required for energy transfer and nucleic acids 
(Marschner, 1995). It has a quite complex chemistry in the soil 
system having very low mobility and availability (<3%) in most 
soils. 

Despite of sufficient total P exists in soil systems, 
only a small fraction may be available to plants and microbes 

2- -either as HPO  and/or H PO  ions in soil solution (Richardson, 4 2 4

2001). 

variable response of applied phosphorus fertilizers with poor use 
efficiency (Syers et. al. 2008) and indefinite role of residual soil 
phosphorus are some of the major issues regarding phosphorus 
nutrition in plants. Therefore, the present study aimed to enhance 
availability and uptake of soil phosphorus through management 
interventions in peanut production in medium black clay soils of 
Saurashtra region in Gujarat.

Materials and Methods

Experimental site characteristics : The experiment was 
conducted at research farm of ICAR-Directorate of Groundnut 
Research, Junagadh, India. The experimental site is located in 
the foothills of Mt. Girnar in the southern region of Saurashtra 
(70.36° E longitude and 21.31° N latitude; 60 m above mean sea 
level). The climate of this area is semi-arid with an average rainfall 
of 650 mm. The soil of the experimental site was Typic 
Haplustepts (USDA soil classification), medium black clay (52-
55%) having variable degree of calcareousness and developed 
on weathered hard milliolithic limestone parent materials of 
basaltic rocks. Soils was alkaline nature (pH 7.45 - 8.15), low in 
available nitrogen and phosphorus and medium in available 
potassium. The cation exchange capacity (CEC) ranged from 40- 

-1 +2 +262cmol (+) kg  soil, dominated by Ca  (60 - 75%) and Mg  (15-
-1 20%) cations. Soil organic carbon ranged from 5.21 to 8.75 g kg

in the root zone. Water retention capacity of soil was about 24-
rd30% at field capacity (1/3  bar) and 14-16% at wilting point (15 

bar).

Experimental and sampling details : Soil and plant samples 
were collected from experiments conducted on a fixed site for last 
three years for fertilizer management and land configuration 
during kharif season. The experimental details including land, 
nutrients and water management practices using peanut cultivars 
are given in Table 1. The experimental plots were prepared using 

nddeep tillage during 2  fortnight of June. Conventional sowing of 
peanut ‘TG 37A and GG 20’ was carried out using 100 kg kernels 

-1ha  in the last week of June to second week of July at 30 cm x 10 
cm spacing in flats beds and 20 cm x 20 cm in raised beds with or 
without polythene mulch. Fertilizers (N, P, and K) as specified 
were applied in the form of urea, single super phosphate and 
muriate of potash, respectively, at the time of sowing. The pre-

-1emergence herbicide, pendimethalin was applied @ 1.0 kg ha  in 
700 L of water and the plots were maintained weed free by hand 
weeding during growing period. 

Soil and plant analysis : The soil and plant samples were 
collected at vegetative, flowering, pegging, pod filling and 
maturity stages. Soil samples were drawn from 0-20 cm soil depth 
at field capacity and immediately analysed for Olsen P (Olsen et. 
al., 1954) on dry weight basis. For resin P, bicarbonate charged 
resin bags were buried in the peanut rhizosphere (0-20 cm depth) 
at field capacity. The resin adsorbed P was eluted in 1M 
hydrochloric acid after 48 hrs and estimated as described by 

R.S. Yadav et al.: Soil phosphorus management in peanut production system 
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Sibbesen (1978). The other soil properties were analysed using 
standard methodology as described by Jackson (1967). The plant 
samples were also collected at each growth stages and observed 
fresh as well as oven dry weight. The dried plant samples were 
ground in the ball mill and digested using tri-acid mixture (HNO : 3

H SO : HClO ) (Jackson, 1967). The plant P was estimated 2 4 4

colorimetrically as described by Kitson and Mellon (1944).The 
results were statistically analysed for least significant difference 
by ANOVA using SAS software.

Results and Discussion

The availability of soil P was observed using Olsen P and 
Resin P estimations at five critical stages of plant growth viz., 
vegetative, flowering, pegging, pod filling and maturity in peanut 
production. A wide variation was observed in average values for 

-1 -1 -1Olsen P (9.13 mg kg  to 30.51 mg kg ) and Resin P (5.77 mg kg  
-1to 15.30 mg kg ) among different management practices (Table 

2). Management practices like raised bed with polythene mulch 
(RB-PM), integrated nutrient management (INM) and organic 
nutrient management were found most congenial for enhanced 
availability of soil P both as Olsen P (30.51, 25.36 and 13.73 mg 

-1 -1kg ) and Resin P (15.30, 13.34 and 14.19 mg kg ). The availability 
of both Olsen P and Resin P were poorly recovered under 

-1inorganic nutrient management (18.55 and 6.70 mg kg ), raised 
-1bed (13.17 and 5.77 mg kg ) and conventional land (9.13 and 

-16.24 mg kg ) management practices, respectively.

A significant change was observed in the availability of 
soil phosphorus both Olsen P and Resin P among different plant 
growth stages of peanut. In general, higher Olsen P was observed 
at vegetative growth stage, except organic and INM practices in 
which Olsen P increased with plant growth up to pod filling stage 
(Fig. 1). It is clearly evident that Olsen P, generally considered as 
an indicator for soil P availability significantly decreased with plant 
growth under inorganic nutrient and conventional land 

management practices and sustained up to pod filling and 
maturity growth stages with organic and INM with raised bed 
with/without polythene mulch. In contrary, Resin P availability 
increased consistently with plant growth up to pegging and/or pod 
filling stages under inorganic, organic and raised bed with PM 
management practices. However, INM, conventional and raised 
bed management practices showed almost consistent availability 
of Resin P throughout plant growth stages. 

obtain 
soil  with biological transformations of  
compounds present in the soils, which are fundamental for 

 cycling ( ). 
The enhanced availability of soil  in raised bed with 
polythene mulch, INM and organic nutrient management 
practices might be due to better microbial and root activities in the 
rhizosphere of peanut at different crop growth stages. 

The overall P dynamics in the soil plant system is a 
function of integrative effects of P transformation, availability and 
utilization caused by soil, rhizosphere and plant processes (Shen 
et al., 2011). The root induced changes, including proton release 
(Bertrand et al. 1999), carboxylate exudation (Jones, 1998) and 
secretion of phosphatases enzymes to mobilize organic 
phosphorus (Tarafdar et al., 2001) are key mechanisms to 

phosphorus phosphorus

phosphorus Richardson et al., 2011, Bünemann, 2015
phosphorus

In 
calcareous soils, the dynamics of phosphorus is controlled by 
calcite and iron oxides such as goethite which strongly retain 
phosphorus and consequently maintain low P concentrations in 
soil solution. In these soils, phosphorus retention is dominated by 
precipitation reactions (Devau et al., 2010) which are less 
available to plants at alkaline pH (Arai and Sparks, 2007). 
Phosphorus transformations in these soils also reduced soil 
organic carbon and carbon to organic phosphorus ratio likely by 
promoting organic acid exudation and secretion of enzymes by 
roots and soil microbiota (Romanya et al., 2017). About 90% of 
variations in Olsen-P could be explained by Pi fractions, and 

8direct contribution of Ca -P was predominant. Long-term annual 
superphosphate application would facilitate accumulation of soil 

Table 1 : Experimental details including tillage, inputs and irrigation used under nutrient and land management practice for peanut cultivation. Three 
replications were used for each treatment.

Treatments Tillage Organics Fertilizers Irrigation
(NPK*)

Nutrient Management 
Inorganic Deep ploughing followed by harrowing and planking - 25-50-30 Surface method

-1Organic Deep ploughing followed by harrowing and planking FYM @ 10 t ha - Surface method
-1 Integrated Deep ploughing followed by harrowing and planking FYM @ 5 t ha + 12.5-25-00 Surface method

500 kg Gypsum
Land Management 
Conventional Deep ploughing followed by harrowing and planking - 25-50-30 Surface method
Raised Bed Deep ploughing followed by harrowing and planking - 25-50-30 Surface method

and making raised beds
Raised bed with PM Deep ploughing followed by harrowing and planking - 25-50-30 Surface method

and making raised beds and spreading PM

-1*NPK; N: P O : K O in kg ha , PM; Polythene mulch of 7µ thickness, FYM; Farm yard manure, PM; Polythene mulch2 5 2



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, November 2020¨

1784

Table 2 : Effect of different management practices on phosphorus availability and uptake by the groundnut; ± represents values for standard error of 
mean, The diffrent post-scripts represents significant values (p=0.05).

-1 -1 -1 -1Management practices Olsen’s P (mg kg ) Resin P (mg kg ) Biomass (g plant ) P uptake (mg plant )

Nutrient Management 
Inorganic 18.55±1.45c 6.70±0.41a 16.45±1.08c 34.10±2.39d
Organic 13.73±1.05b 14.19±1.17b 12.40±0.98b 22.91±1.61ab
Integrated 25.36±2.08d 13.34±1.11b 12.50±1.21b 26.59±2.27c
Land Management
Conventional 9.13±0.81a 6.24±0.36a 10.19±0.72a 22.37±1.61ab
Raized bed 13.17±1.02b 5.77±0.47a 8.83±0.56a 19.25±1.27a
Raised bed with PM 30.51±2.36e 15.30±1.14b 13.74±1.06b 32.06±2.55d

Table 3 : Correlation matrix of different soil and plant parameters (*p=0.05 and **p=0.01)

Olsen P (O) Resin P (R) O+R Biomass P-uptake

Olsen P (O) 1.00 0.45* 0.93** 0.17 0.41*
Resin P (R) 1.00 0.74* 0.30 0.18
O+R 1.00 0.25 0.38*
Biomass 1.00 0.85**
P-uptake 1.00

R.S. Yadav et al.: Soil phosphorus management in peanut production system 

8Ca -P, thus improving soil phosphorus availability (Wang et al., 
2010). Addition of manures or lime, and adoption of no-till 
agriculture can lead to increase in organic P forms, and/or a 
higher proportion of calcium-stabilized P as soil pH rises 
(Rodrigues et al., 2015).

phosphorus

phosphorus

Various soil and plant properties can affect the biomass 
production and nutrient acquisition by the plants. Soil pH, soil 
organic matter, soil biological activity, soil moisture, plant root 

A significantly higher biomass production was observed 
-1with inorganic nutrient management (16.45 g plant ) followed by 

-1 -1raised bed with PM (13.74 g plant ) then INM (12.50 g plant ), 
-1organic nutrient management (12.40 g plant ), conventional land 

-1 -management (10.99 g plant ) and least in raised bed (8.83 g plant
1) among the management practices (Table 2). Almost similar 
trend was observed at different plant growth stages for these 
management practices. A continuous increase in peanut biomass 
production was observed with plant growth up to pod filling stage 
under all the management practices (Fig. 2). This increase was 
significantly higher for inorganic nutrient management. Similarly, 
a significant (p=0.05) difference was observed in plant P-uptake 
with highest under inorganic nutrient management (34.10 mg 

-1 -1plant ) which was at par to raised bed with PM (32.06 mg plant ) 
land management, significantly higher than rest treatments both 
under nutrient and land management practices (Table 2). The 
effect of plant growth on -uptake was also found 
highest under inorganic nutrients followed by raised bed with PM 
management practices at vegetative and flowering stages and at 
par with pegging stage. However, the highest -uptake 
was observed under raised bed with PM management practice at 
pod-filling and maturity stages followed by INM practice. 

system, rhizo-depositions, root induced chemical changes etc. 
are important limiting factors for availability and uptake of soil 
phosphorus by the plants (Neumann and Roemheld, 2002). 
Localized application of phosphates plus ammonium significantly 
enhances phosphorus uptake and crop growth through 
stimulating root proliferation and rhizosphere acidification in 
calcareous soil (Jing et al., 2010). Management practices like 
inorganic nutrient management, raised bed with polythene mulch, 
INM and organic nutrient management practices appreciably 
increased the biomass production as well as phosphorus-uptake 
by peanut plants (Table 2). Polythene drip and resource 
conservation management practices were found promising for 
creating congenial conditions to solubilize and mobilize soil 
phosphorus in to different conceptual pools in the soil (Yadav et al. 
2017). Polythene mulch helps to maintain optimum soil moisture, 
aids seed establishment, and promotes excellent crop growth 
throughout the season (Jain et al., 2017). For example, Olsen P 
was appreciably larger for soil with more soil organic matter in an 
experiment with a sandy loam soil (Johnston, 2001).The most 
plausible form of P supplied to plants is from Olsen-P and Pi pools 
and through mineralization of Po (Aulakh et al., 2003). Besides, 
this polythene film mulch also provides mechanical protection at 
soil surface and favourable microclimate in terms of soil 
temperature, soil moisture and CO supply to the stomata for 2 

enhanced assimilation of photosynthetes (Singh et al., 2004, 
Nalayini et al., 2009). The beneficial effects of polythene mulch 
are also for enhanced utilization of water and fertilizer and weed 
(Mahajan et al., 2007; Nalayini et al., 2009) and pests control 
(Ramakrishna et al., 2006). Overall the polythene drip and 
resource conservation management practices were found 
promising for creating congenial conditions to solubilize and 
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Fig. 1 : Changes in soil available phosphorus with plant growth under 
different management practices. ± represents values for standard error 
of mean, NM; Nutrient management.
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mobilize the soil phosphorus in to different conceptual pools in the 
soil (Yadav et al. 2017). Agro-engineering including innovative 
and integrated soil, crop and nutrient management, including 
manures and recovered phosphorus substantially managed the 
availability and acquisition of legacy soil phosphorus and help to 
offset the yield dips in agricultural production systems (Rowe et al. 
2016).

phosphorus

phosphorus

phosphorus

A significant relationship was observed between 
 availability (Olsen P, Resin P and Olsen + Resin P) as 

well as P-uptake by peanut plants (Table 3). The Olsen P is 
significantly correlated well with Resin P (r=0.45) and Olsen P + 
Resin P (r=0.93). Similarly, Resin P was correlated with Olsen P + 
Resin P (r= 0.74). The -uptake by plants is strongly 
correlated with peanut biomass production (r= 0.85) and also 
significantly correlated with Olsen P (r= 0.41) and Olsen P + Resin 
P (r= 0.38).  However, the availability of soil  was 
poorly correlated with peanut biomass production. Though, these 
relationships may be altered with specific plant growth stages.

The amount of phosphorus uptake by plants was strongly 
dependent on the amount of labile-Pi in the soil. This result is in 
agreement with the studies of Linquist et al. (1997) and Guo et al. 
(2000). Further, Linquist et al. (1997) found that in zero applied 
phosphorus treatment, NaHCO -Po was correlated with labile-Pi, 3

soybean dry matter, yield and phosphorus uptake, suggesting 
that mineralized Po is an important source of plant phosphorus in 
unfertilized systems. This result is supported by the studies of 
Beck and Sanchez (1994) and suggested that in unfertilized 
cropping systems, Po mineralization may be a major source of 
plant phosphorus. Henríquez and Killorn (2005) reported that the 
amount of plant P uptake was closely related to the initial amount 
of labile-Pi. Rapid changes in reversibly available soil P forms 
(NaOH-Pi and HCl-Pi) were observed during the experiment. The 
combined use of organic and inorganic fertilizers in low input 
systems may promote increased biological cycling, enhanced 
availability and consequently improved plant uptake of soil and 
fertilizer phosphorus (Ayaga et al., 2006). The integrated use of 
low-P organic manures with mineral nitrogen and potassium 

Fig. 2 : Changes in biomass production and P uptake in peanut with plant 
growth under different management practices. ± represents values for 
standard error of mean, NM; Nutrient management.
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considerably activate the plant available phosphorus pool for 
plant nutrition (Shi et al., 2015). A strong relationship was 
observed among the labile phosphorus fraction with Olsen P and 
total P, whereas residual P was negatively correlated with dilute 
HCl extractable Pi fraction (Ahmed et al., 2019). Further, 
application of NPKM (NPK + Manure) improved phosphorus 
availability many fold than application of NPK only (Ahmed et al. 
2019). Our results suggest the occurrence of rapid and dynamic 
changes occurred between available and unavailable soil 
phosphorus forms in response to fertilizer application and plant 
uptake, supporting the idea of a continuum among the 
phosphorus forms.

This study showed a future roadmap to peanut growers 
for opting suitable management practices in terms of better P-
nutrition, with a special reference to medium black clay soils, 
prominent in western part of India. 
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