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 The aim of this investigation was to study the impact of residual phosphorus which was previously applied to maize (Zea mays) crop, on the 
successor pea (Pisum sativum L.) crop in the phytoremediated heavy metal polluted coal mined soil of Jaintia Hills, Meghalaya. 

 A pot culture experiment was carried out during rabi 2017-18 utilizing heavy metals polluted soil already phytoremediated by maize to 
assess the performance of pea with eleven residual phosphorus levels applied to preceding maize crop viz. 0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 100 

-1 mg kg soil under completely randomized design and replicated thrice. The number of pods per plant was counted for each plant harvested through 
sequential picking and mean was calculated for each residual phosphorus level. The number of seeds in each pod was counted treatment-wise (residual 
phosphorus) and the mean value was calculated for each pot. Analysis of plant and soil samples was performed using standard methods. 

 Even under high heavy metal load, pea proved to efficiently utilize the 
residual phosphate fertilization, as it promoted grain yield close to the average yield at 
the highest level of residual phosphorus applied to the preceding maize crop (100 mg 

-1kg ). The phosphorus concentration in pea straw increased with the increased residual 
phosphorus, whereas the concentration of Cr, Cd, Ni, Pb and Co followed the reverse 
trend and it decreased with each increasing level of residual phosphorus. The uptake 
of heavy metals (Cr, Cd, Ni, Pb and Co) increased up to a certain extent and thereafter 
followed a decreasing trend both in the straw and seed of the plant. The phosphorus 

-1content in soil after harvest of pea ranged from 0.11 to 1.83 mg kg  indicating increased 
availability of phosphorus with each successive increased level of previously applied 
phosphorus, whereas a reverse trend was observed in case of heavy metals and the 

-1lowest contents were observed at highest level of 100 mg P kg  soil.

 The increasing soil available residual phosphorus maintained by 
higher phosphorus application rates in the preceding phytoremediating crop i.e. maize 
may efficiently be utilized for phytoremediating the remaining heavy metals contents of 
coal mined heavy metals polluted soil, and therefore, almost normal yield levels of pea 

-1 cv. Arkel grown under normal soil can be achieved with 100 mg kg soil level of residual 
P.
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Introduction

Green peas, also popularly known as garden peas is one 
of the important vegetable crops in India. China is the leading 
producer of pea followed by India. Pea covers 23 million ha area 
with an annual production of 15.2 million ton in India (Yadav and 
Dhanai, 2017). Among major pea producing states, Uttar Pradesh 
is the highest producer with 46.37 percent share of the country. It 
is also an important vegetable crop in Meghalaya with total area, 

-1production and productivity of 2271 ha, 4423 ton and 1947 kg ha . 
It is also grown in large areas of Jaintia Hills, which is heavy metal 
polluted area due to coal mine activities, with area, production 

-1and productivity of 19 ha, 19 ton and 1000 kg ha , respectively 
(GoM, 2016). Pea cultivated in polluted soils contain high 
accumulation of heavy metals and when consumed, may be 
dangerous to human health. Jadia and Fulekar (2008) reported 
that elevated heavy metal concentrations in soil can lead to 
enhanced crop uptake and negative effect on plant growth. At 
high concentration, they obstruct the metabolic processes and 
inhibit growth that may even lead to the death of plants. High 
levels of heavy metals in human nutrition can easily get toxic and 
can cause acute and chronic diseases. So, in order to decrease 
this problem, phytoremediation of heavy metal polluted soils is 
rather crucial. Further, legume crops are known to mobilize 
residual phosphorus by releasing protons into the rhizosphere. As 
excess cation is taken up as compared to anions during nitrogen 
fixation which may mobilize less soluble form of phosphorus, and 
thus increase the growth and better nutrition of phosphorus for the 
succeeding crop (Nuruzzaman et al., 2005). Certain legume 
species exude large amounts of carboxylates that can improve 
mobilization of soil phosphorus when its supply is less. This is 
mainly attributed to the release of malate, citrate and acid 
phosphatases (organic acid anions) from their roots which 
mobilize soil P pools by reducing the number of binding sites for 
phosphorus fixation via chelation of Fe and Al and by replacing 
phosphorus from adsorption sites (Hassan et al., 2012). As higher 
doses of phosphorus improve the root structure, the nitrogen 
fixing ability is also found to increase. 

Phosphorus is easily available for plant uptake through 
organic matter as it decomposes while some fraction of it, i.e., 
inorganic phosphorus are bound quite strongly to the surface of 
minerals in the soil. Phosphorus is required by plants in relatively 
high quantity, but its availability in rhizosphere is low. The 
phosphorus applied in soil undergoes various transformations 
which includes sorption, desorption, mineralization and 
immobilization reactions which are influenced by various 
physical, chemical, microbiological and also crop uptake (Vu et 
al., 2008). Residual phosphorus is that portion of the applied 
fertilizer phosphorus in soil which remains in the soil as sorbed 
phosphorus as compounds of phosphorus (Nuruzzaman et al., 
2005). Most of the phosphorus from previously applied fertilizer is 
derived from phosphorus that was absorbed by the soil and some 
fractions of residual phosphorus originated from old fertilizer 

(SSP) granules (Bolland et al., 1989). Although bound 
phosphorus is quite abundant in many soils, yet is largely 
unavailable for plant uptake. Mobilization of sparingly soluble soil 
phosphorus can be induced by roots in the rhizosphere. In acidic 
soil or low base containing soil, the organic fraction of phosphorus 
is important as it is taken up by crops providing plant available 
phosphorus through mineralization. The organic ions because of 
their chelating ability with aluminium, iron and calcium are found 
to increase the solubility of phosphorus (Comerford and Skinner, 
1989). However, the amount of plant available phosphorus in the 
soil solution increase after subsequent phosphorus applications 
(Ibrikci et al., 2005). Certain studies have reported that a single 
phosphorus fertilization has resulted to supplement the yield and 
growth up to 20 to 25 years. Comerford and Skinner (1989) and 
Datta et al. (2013) reported that in legumes nodulation is 
improved by phosphorus application, significantly increasing the 
crop yield. Soil pollution with persistent and potentially toxic 
heavy metal is universal. Jaintia Hills district has been the hot spot 
of coal extraction in Meghalaya. This has caused air pollution, 
degradation of cultivated land, water scarcity and wearing-away 
of forest lands (Nath and Ahmed, 2005). Phosphorus and heavy 
metals interact in soil resulting in the formation of insoluble metal 
complexes that leads to long term phytoremediation of polluted 
soil by forming stable phospho-metallic bonds which ultimately 
reduces the transmission of heavy metal pollutants to the 
groundwater and rivers through reduced mobility (Miretzky and 
Fernandez-Cirelli, 2008). Similar reports were given by Zhao et 
al. (2019) stating the formation of P-heavy metal complex in 
vacuoles and pectate integrated heavy metal in the cell wall of 
plants which ultimately leads to reduced mobility of harmful heavy 
metals. 

Only few studies have been conducted on the 
amelioration of heavy metal polluted soils of Jaintia Hills by 
phytoremediaton techniques and applying higher doses of 
phosphorus. However, no study has been conducted so far for 
assessing the effect of residual phosphorus after 
phytoremediation, especially in pea. Keeping these facts in view, 
an investigation was carried out to study the residual phosphorus 
effect on growth, yield and nutrient uptake including heavy metals 
by pea in phytoremediated heavy metal polluted soil and also 
nutrient status after crop harvest. 

Materials and Methods

Experimental soil : The pot culture experiment was carried out at 
College of Post Graduate Studies in Agricultural Sciences, 
Umiam, Barapani, Meghalaya. A bulk surface soil sample (0-15 
cm depth) was collected from Sutnga region of Jaintia hills district, 
a hotspot of coal extraction in Meghalaya, to assess the 
phytoremediation potential of maize (Zea mays) in coal mined 
heavy metals polluted soil. The soil sample was air dried and 
ground to pass through 2 mm stainless steel sieve to remove 
foreign material. The processed soil was used for conducting pot 
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culture experiment. Maize was grown as a phytoremediating 
crop. Eleven doses of phosphorus levels (SSP)  0, 10, 20, 30, 

-140, 50, 60, 70, 80, 90, 100 mg phosphorus kg  soil was 
superimposed on the soil in pot culture each containing different 
graded dose of phosphorus as noted above. A one kg air dried 
representative sample of the processed soil was brought to the 
laboratory for analysis. The physico-chemical properties of this 
heavy metal polluted soil are presented in Table 1. 

Same soil after maize harvest was used for undertaking 
the present investigation to study the residual effect of different 11 
graded doses of phosphorus on the performance of subsequent 
pea crop. The pre- and post-harvest soil samples were collected 
treatment-wise from each pot of earlier experiment and brought to 
the laboratory for analysis of residual phosphorus and heavy 
metals, which are presented in Table 2.

Available phosphorus content in soil after harvest of 
maize crop corresponding to eleven graded doses of previously 

-1applied phosphorus i.e. 0 to 100 mg kg  soil ranged between 1.40 
-1to 32.37 mg kg  soils. Heavy metals corresponding to the graded 

-1doses of P applied at first experiment, i.e., 0 to 100 mg kg  soil 
after phytoremediation with maize ranged between 66.97 to 

-1 31.87 mg kg for chromium, and it was reduced from native soil Cr 
-1 by 66 per cent at the highest phosphorus level (100 mg kg soil). 

Similarly, the content of Cd and Ni ranged between 20.11 to 11.21 
-1 -1mg kg  and 35.11 to 5.00 mg kg , which showed an effective 

phytoremediation by maize as they reduced from their native soil 
by 56 and 90 per cent, against the highest phosphorus level. 
Moreover, Pb and Co content after phytoremediation by maize 
also reduced 5 and 8 times, from the native soil content. For 
conducting second pot experiment using pea as test crop, the 
heavy metals polluted soil phytoremediated by maize was used. 
The soil of each pot was mixed properly with full recommended 
doses of N, K (30:50) through urea and muriate of potash (MOP) 

-1and FYM @ 250 g pot  to assess the performance of pea with 
residual phosphorus expected from already applied 11 P levels in 
the first pot culture experiment viz. 0, 10, 20, 30, 40, 50, 60, 70,80, 

-1 90 and 100 mg kg soil under completely randomized design and 
replicated thrice.

Growth parameters : Height of the pea plant was measured and 
recorded just before harvesting the crop after 60 DAS. Sampling 
of pea grown in pot culture is done replication wise manually. Pea 
crop was harvested from just above the soil surface and the 
vegetative part, i.e., straw (above ground parts including leaves 
and stem) and seed was taken and weighed separately. The 
number of pods per plant was counted for each plant harvested 
through sequential picking and the mean was calculated for each 
residual phosphorus level. The number of seeds in each pod was 
counted treatment-wise (residual phosphorus) and the mean 
value was calculated for each pot. 

Phosphorus concentration in pea : Phosphorus concentration 

viz.,
in pea plants was determined using Vanadomolybdate 
phosphoric yellow color method as outlined by Jackson (1973). In 
this method, 0.5 g powdered plant sample was digested by di-acid 
mixture (HNO + HClO ) in 3: 1 ratio until a clear solution 3 4

appeared. A 5 ml of aliquot was pipetted in a 50 ml volumetric 
flask, 10 ml of vanadate molybdate reagent was added to it and 
the volume was made up to 50 ml with deionized water. The 
yellow color intensity was colorimetrically analyzed at 420 nm. 
The phosphorus concentration in plant was obtained from the 
standard curve and expressed as percentage. 

P  uptake by pea : The shoot phosphorus uptake was 
calculated by the formula (Marcante, 2016) :

-1Phosphorus uptake by pea (mg plant ) = Dry weight (g) x 
phosphorus concentration in pea (%) x 10 

Heavy metal concentration in pea: The plant samples were 
oven dried at 60ºC for 24 hrs and blended to fineness for easy 
digestion with an electrical blender and then sieved through a 2 
mm mesh sieve for easy digestion. A 0.5 g dried and processed 
plant sample was weighed and a di-acid (3 HNO : 1 HCIO ) 3 4

mixture of 10 ml was added. It was then kept in a digestion 
chamber for about an hour (until the fumes turn white and content 
become colorless). It was kept to cool and about 30 ml distilled 
water was added once it was cooled down. This solution was 
filtered through Whatman No. 42 filter paper and the volume was 
made up to 100 ml using distilled water and then transferred into 
sampling bottles for analysis. All digested samples were analyzed 
using Inductively Coupled Plasma Optical Emission 
Spectrophotometer (ICP-OES). 

Heavy metals uptake by pea : Shoot heavy metal uptake was 
calculated individually for each heavy metal analyzed (Cr, Cd, Ni, 
Pb and Co) by the following formula (Marcante, 2016):

-1Heavy metal uptake by pea (µg plant ) = Dry weight (g) x Heavy 
-1metal concentration in pea (mg kg )  

Soil analysis: The soil pH was measured with a glass electrode 
in a 1: 2.5 soil water suspension .The soil electrical conductivity 
was determined using an EC meter in a 1: 2.5 soil water 
suspension (Jackson, 1973). The concentration of soil organic 
carbon in finely ground soil sample was determined by wet 
digestion method of Walkley and Black (1934). A 0.5 g soil (pass 
through 0.2 mm sieve) was taken in a 500 ml conical flask in which 
10 ml of 1N K Cr O  and 20 ml of concentrated H SO were added. 2 2 7 2 4 

The flask was swirled and kept for 30 min. A 200 ml of distilled 
water and 10 ml of concentrated ortho-phosphoric acid was 
added. Then, 1 ml of diphenyl indicator was added. It was titrated 
with 0.5 N FAS till color changed from violet through blue to bright 
green. A blank was also maintained. Soil organic carbon was 
determined in percentage. 

Soil available phosphorus : Soil available phosphorus was 

hosphorus
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estimated by Bray’s reagent described by Bray and Kurtz (1945). 
Stannous chloride was used for blue color development. Five 
gram of soil was weighed and taken in a conical flask and 50 ml of 
extracting solution was added. The solution was shaken in an 
electric shaker for 5 min and filtered through Whatman No. 42 
filter paper. 5 ml aliquot was then taken in a 25 ml volumetric flask 
and 5 ml of mixed reagent was added and the volume was made 
up with distilled water. Intensity of the color was read at 882 nm on 
a spectrophotometer and phosphorus concentration was 
determined using standard curve and value was calculated. 

Heavy metals content in soil : The soil samples were air dried in 
order to remove the moisture content. After drying, the samples 
were crushed with a clean dry mortar and pestle, and then sieved 
through a 2 mm sieve to fineness. A 20 g of sieved soil samples 
were weighed, and then digested with 40 ml of DTPA extract and 
kept in a mechanical shaker for 2 hrs. It was then filtered through 
Whatman No. 42 filter paper. The solution was transferred into 
sampling bottles for analysis. The concentration of heavy metals 
in soil samples was estimated on ICP-OES (Inductively Coupled 
Plasma Optical Emission Spectrophotometer).

Statistical analysis : The experimental data were statistically 
analyzed using ANOVA under completely randomized design. 
Difference between the treatment means was tested for their 
statistical significance with appropriate critical difference value at 
5 per cent level of probability (Gomez and Gomez, 1984). 

Results and Discussion 

Pea performance : The height of pea plant recorded under 

different treatments is presented in Table 3. The lowest plant 

height (25.50 cm) was recorded under control without any 

previously applied phosphorus which gradually increased with 

each increasing level of residual phosphorus and the highest 

plant height (35.61 cm) was observed with highest level of 
-1residual phosphorus, i.e., 32.37 mg kg  soil (Table 2). A gradual 

increase in plant height with increasing residual phosphorus may 

be attributed to extremely low available phosphorus status of the 

experimental soil (Table 3). Similarly, the number of pods per plant 

and number of seeds per pod in pea increased markedly and 

significantly with each increased level of residual phosphorus 
-1 from 1.40 to 32.37 mg kg soil. The minimum pods per plant (3.03) 

Table 1 : Physico-chemical properties of heavy metals polluted soil collected from Sutnga area of Jaintia hills district, Meghalaya 

Parameters Value

pH 3.93 
-1EC (dSm ) 0.08

-1Bulk density (g cc ) 1.2
Organic carbon (%) 0.83 

-1Available phosphorus ( mg kg ) 4.1 

Heavy metals Estimated values before phyto- WHO (1996) permissible limit for WHO (1996) permissible limit for 
-1 -1 -1 -1(mg kg ) remediating with maize (mg kg ) heavy metals in soil (mg kg ) heavy metals in plant (mg kg )

Cr 95.39 20.2 1.30
Cd 25.93 1.5 0.02
Pb 17.41 85 2
Ni 51.12 35 10
Co 6.46 0.05 -

Table 2 : Available  and heavy metal content in experimental soil after phytoremediation with maize

Applied P doses for prec- Available P                    Residual heavy metals
-1eding maize crop (mg kg ) in experimental soil

Cr Cd Ni  Pb  Co  

0 1.40 66.97 20.11 35.11 14.24 5.20
10 2.13 63.67 18.03 31.26 13.09 4.91
20 3.08 54.44 17.34 22.12 11.28 4.36
30 4.41 51.23 16.85 20.10 10.88 3.77
40 6.26 49.00 15.85 19.57 8.23 3.47
50 8.71 43.93 12.29 16.61 7.08 2.90
60 11.73 40.83 11.68 10.17 6.61 2.05
70 15.48 38.03 11.56 9.21 6.22 1.57
80 19.98 35.28 11.00 8.26 5.01 1.32
90 25.63 33.23 11.92 5.05 4.93 0.88

-1phosphorus (mg kg )
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were recorded in the least residual , whereas the 

maximum pods per plant (13.10) were recorded at maximum level 

of previously applied phosphorus. The number of seeds per pod 

increased at various successive levels of applied P, i.e., 0, 10, 20, 
-130, 40, 50, 60, 70, 80, 90 and 100 mg kg  soil by 1.0, 1.1, 1.4, 1.5, 

1.6, 1.7, 1.8, 1.9, 2.1, and 2.3 folds over control (Table 3). The 

minimum number of seeds per pod was recorded as 2.9 at control 

without any phosphorus while the maximum number of seeds per 

pod was recorded as 6.69 at the highest residual phosphorus 

level. A gradual increase in plant height, number of pods per plant 

and number of seeds per pod can be attributed to energy transfer 

and storage ability of phosphorus and residual phosphorus 

essential for plant metabolism (Sanjay-Swami and Singh, 2008). 

Phosphorus being an essential macro nutrient element leads to 

increased biomass which eventually resulted in diluting the heavy 

metal content of the soil (Wang et al., 2020). Similar findings were 

reported by Gaspar et al., (2018) who conducted an experiment 

consisting of six residual P doses, i.e., 0, 60, 70, 80 90 and 100 kg 
-1ha  of P O  applied to preceding corn crop for testing the 2 5

performance of succeeding cowpea (cv. BRS Guariba). They 
-1 -1reported that residual dose of 80 kg ha  and 60 kg ha  of P O  2 5

increased the number of pods per plant and seeds per pod in 

cowpea from 2.85 to 4.98 in pods also in seeds ranging from 11.90 
-1 -1with 100 kg P O  ha  to 15.81 with 60 kg P O  ha  which were 2 5 2 5

considered to be out of cultivar standard and they attributed this 

fact to water stress during flowering period resulting in a large 

number of flower abscission

The fresh and dry weight of pea crop also increased with 
each increasing level of residual phosphorus, however the 
increase in fresh weight was found to be non-significant. Dry 
weight of seed and straw increased markedly and significantly as 
the levels of applied phosphorus to preceding maize crop 

phosphorus increased. The seed dry matter weight for each successive level 
of applied phosphorus  0, 10, 20, 30, 40, 50, 60, 70, 80, 90 and 

-1100 mg kg  soil were 1.50, 2.72, 4.18, 5.71, 7.42, 9.30, 11.27, 
-112.43, 13.74, 15.21 and 16.80 g plant , respectively, while the 

straw weight was recorded as 4.20, 7.72, 11.77, 15.90, 20.31, 
-125.80, 30.60, 33.59, 36.83, 40.34 and 44.24 g plant , 

respectively. Each increased residual phosphorus led to an 
increased dry matter weight of both seed and straw. The highest 

-1 -1seed (16.8 g plant ) and straw weight (44.24 g plant ) was 
observed under highest residual phosphorus, which was 11 and 
10 fold more in comparison to that received with control without 
any dose of phosphorus (Table 3). These results corroborated 
with the findings of Pasricha et al. (1995); Vu et al. (2008); Aulakh 
et al. (2007). In a similar study, Kisinyo et al. (2014) reported that 
maize yield grown in residual acidic soil of Kenya which received 

-1 -1P @ 0, 26 and 52 kg ha  and lime @ 2, 3, 4 and 6 ton ha  
increased significantly with the highest yield obtained with the 

-1 -1combined use of 52 kg ha and 6 ton ha . 

Moreover, it was observed that due to adverse effects of 
heavy metals, the plant height, number of pods per plant, number 
of seed per pod, fresh and dry weights of pea was still lower than 
one can get from pea grown in a normal/non-polluted soil; however, 
the adverse effect of heavy metals was ameliorated to some extent 
with higher levels of applied phosphorus. It is evident that with the 
increased availability of phosphorus, some amount of phosphorus 
might have reacted with the heavy metals present in the soil and 
converted in insoluble metal phosphates reducing the adverse 
effects of heavy metals on absorption, translocation and 
assimilation of nutrients by pea.

Concentration and uptake of  and heavy metals : 
The concentration of phosphorus in pea straw ranged from 0.03 
to 0.12 per cent while it ranged from 0.07 to 0.21 per cent in seed 
maintaining increasing order with the increased level of 

viz.

phosphorus

Table 3 : Effect of residual phosphorus in phytoremediated heavy metal polluted soil on growth parameters, seed and straw weight of pea

Applied P doses for preceding Plant height Number of Number of Fresh   Dry  Fresh straw weight 
-1 -1maize crop(mg kg ) (cm) pods per plant seeds per pod weight weight (g plant )

-1 -1(g plant ) (g plant )

0 25.50 3.03 2.90 5.35 1.50 4.20
10 29.00 4.14 3.06 6.25 2.72 7.72
20 29.36 5.23 3.19 7.99 4.18 11.77
30 29.75 6.63 4.20 9.99 5.71 15.90
40 30.43 6.68 4.56 12.64 7.42 20.31
50 30.80 7.25 4.80 15.89 9.30 25.80
60 31.98 8.19 5.11 19.46 11.27 30.60
70 33.49 10.15 5.35 20.14 12.43 33.59
80 33.68 11.28 5.58 21.35 13.74 36.83
90 34.70 12.48 6.25 23.14 15.21 40.34
100 35.61 13.10 6.68 25.28 16.80 44.24
S.E (m) ± 0.95 0.21 0.18 1.77 0.23 0.27
CD(p£0.5) 3.00 0.67 0.58 5.46 0.73 0.36

seed seed
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-1Table 5 : Effect of residual phosphorus in phytoremediated heavy metal polluted soil on heavy metals (Cr, Cd, Ni, Pb and Co) concentration (mg kg ) in 
seed and straw of pea crop

Applied P doses for prece-               Cr       Cd Ni Pb Co 
-1ding maize crop (mg kg )

Seed Straw Seed Straw Seed Straw Seed Straw Seed Straw

0 1.55 1.43 0.28 0.22 0.63 0.58 0.37 0.3 0.10 0.06
10 1.52 1.41 0.27 0.21 0.60 0.57 0.35 0.28 0.09 0.06
20 1.46 1.37 0.26 0.21 0.58 0.56 0.32 0.27 0.08 0.05
30 1.43 1.36 0.24 0.20 0.54 0.54 0.30 0.25 0.08 0.05
40 1.37 1.32 0.23 0.18 0.52 0.53 0.26 0.21 0.07 0.04
50 1.32 1.28 0.22 0.16 0.47 0.50 0.23 0.17 0.07 0.04
60 1.30 1.27 0.20 0.14 0.42 0.47 0.19 0.12 0.06 0.03
70 1.29 1.25 0.17 0.10 0.38 0.46 0.14 0.10 0.06 0.03
80 1.26 1.22 0.14 0.07 0.36 0.45 0.12 0.08 0.05 0.03
90 1.22 1.17 0.12 0.04 0.35 0.43 0.09 0.07 0.04 0.02
100 1.16 1.07 0.09 0.02 0.34 0.42 0.08 0.04 0.04 0.01
S.E (m) ± 0.07 0.05 0.01 0.005 0.02 0.01 0.006 0.01 0.004 0.005
CD(pd£0.5) 0.22 0.17 0.03 0.018 0.07 0.04 0.019 0.04 0.017 0.015

                                                        

Table 4 : Effect of residual phosphorus in phytoremediated heavy metal polluted soil on P concentration and uptake by pea

Applied P doses for preceding P concentration P uptake in straw P concentration in P uptake in 
-1 -1 -1maize crop (mg kg ) in straw (%) (mg kg ) seed  (%) seed  (mg kg )

0  0.03 1.28  0.07 1.05
10  0.04 1.98  0.08 1.40
20 0.05 3.15  0.09 2.01
30  0.06 4.67  0.12 3.36
40  0.06 5.91  0.14 4.95
50  0.07 8.65  0.15 6.67
60  0.09 13.32  0.17 9.26
70  0.09 13.71  0. 19 10.71
80  0.10 16.07  0.19 11.36
90  0.11 19.00  0.20 12.96
100  0.12 22.34  0.21 14.82
S.E (m) ± 0.005 0.56 0.008 0.38
CD(pd£0.5) 0.016 0.38 0.025 1.21

V. Sailo and Sanjay-Swami: Performance of pea in phytoremediated soil with residual phosphorus

previously applied  (Table 4). This could be attributed 
to the increased availability of phosphorus in the experimental soil 

-1due to applied phosphorus up to the level of 100 mg kg  soil for 
maize crop during earlier experimentation. However, the 
concentration and uptake of phosphorus by pea crop recorded 
with each increased level of previously applied phosphorus to 
preceding maize crop was quite lower than that expected for 
healthy pea plant grown in non-polluted soil. This can be 
recognized as experimental soil, although phytoremediated, still 
possess quite higher amount of heavy metals. Nevertheless, the 
increased availability of residual phosphorus greatly enhanced 
the concentration and uptake of phosphorus by pea crop as 
phosphorus is reported to make complex with heavy metals, thus 
enhancing the release of exchangeable phosphorus on the 
exchange sites. Similar findings were reported by Vu et al. (2008) 
who observed that increased residual phosphorus led to linear 
increased concentration and uptake of P by chickpea in shoot.

phosphorus The uptake of  in seed and straw followed 
similar trend that observed for phosphorus concentration, as it 
increased with the increased availability of residual phosphorus. 
The findings of present study is in accordance with the study of 
Aulakh et al. (2007). Sanjay-Swami and Singh (2008) who 
conducted a pot culture experiment with 15 graded dose of 
phosphorus (0, 2, 5, 10, 15, 20, 30, 40, 50, 75, 100, 150, 200, 300 

-1and 400 mg phosphorus kg  soil) to find the critical limit of 
phosphorus for durum wheat in Ni and Cr polluted and non-
polluted soil. They reported significant increase in the 
concentration of phosphorus in durum wheat with increased 
application of phosphorus. Similarly, the uptake of phosphorus by 
durum wheat markedly and significantly increased till 50, 75 and 

-1150 mg phosphorus kg  soil over control in nickel and chromium, 
and non-polluted soils, respectively. The increased uptake was in 
accordance with the increased dry matter yield. 

phosphorus
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The concentration of Cr, Cd, Ni, Pb and Co followed a 
reverse trend as observed for phosphorus and it decreased with 
each increasing level of residual P possibly due to the formation of 
insoluble metal phosphates (Table 5). The concentration of Cr 

-1 ranged between 1.43 to 1.07 mg kg in straw and 1.55 to 1.16 mg 
-1 kg in seed, the concentration of Cd ranged between 0.22 to 0.02 

-1 -1 mg kg in straw and 0.28 to 0.09 mg kg in seeds. The 
-1 concentration of Ni varied between 0.63 to 0.34 mg kg in seed, 

-1 while, it varied between 0.56 to 0.42 mg kg in straw. Pb and Co 
-1 concentration in seed varied between 0.37 to 0.08 mg kg and 

-10.10 to 0.04 mg kg . Pb and Co concentration in straw ranged 
-1between 0.30 to 0.08 and 0.06 to 0.01 mg kg , respectively. 

These results clearly depict the magnitude of decrease in 
Cr concentration with the residual phosphorus was higher as 
compared to Cd, Ni, Pb and Co. This might be due to the formation 
of more amount of chromium-phosphate insoluble metal 
phosphate with the increased availability of P which might have 
ultimately caused drastic reduction in Cr concentration as 
compared to other heavy metals. On the contrary, Co 
concentration revealed less reduction even when reacted with 
high residual phosphorus which is likely due to low availability of 
Co in its available form or because of low metal phosphate 
complexation. Ni and Pb decreased in more or less same 
magnitude which revealed a successive formation of metal 
phosphates as nickel-phosphate and lead-phosphate. Similar 
observations were also made by Sanjay-Swami and Singh (2008) 
who reported significant decrease in the concentration of Ni and 
Cr in durum wheat with the successive application of phosphorus. 
Similarly, the same pattern, the uptake of Cr and Ni also increased 
with the increasing level of residual phosphorus up to highest 
residual phosphorus whereas the uptake of Cd in both seed and 
straw of pea increased up to the corresponding level of earlier 

-1 applied 60 mg phosphorus kg soil and thereafter showed 

decreasing trend (Table 6). The probable reason for increase in 
Cd uptake at lower levels of residual phosphorus and decrease at 
higher levels of residual phosphorus might be the trend of straw 
and seed dry matter weight of pea. The results obtained in the 
study are in line with those reported by Sanjay-Swami and Singh 
(2008) for durum wheat in Ni and Cr polluted soils Pb uptake in 

-1 pea straw increased up to previously applied 50 mg P kg soil 
-1 whereas in seed, it showed increasing trend up to 60 mg P kg soil 

and thereafter decreased up to highest residual phosphorus 
level. Pandey et al., (2012) reported that lead in its ionic form is 
easily taken up by the plants and translocated from roots to shoot 
with ease causing several oxidative and metabolism changes. 
Klimek-Kopyra et al., (2015) reported that pea showed high 
detoxiûcation capacity and can accumulate large amount of lead 
in the roots. In case of Co, the uptake in straw increased up to 

-1 previously applied 50 mg P kg soil whereas seed uptake 
-1 increased up to 70 mg P kg soil and declined thereafter. 

Prabhakar et al. (2020) in their experiment on tomato grown in 
gray water also reported that the concentration and uptake of 
heavy metals (Cr and Pb) increases with the increased level of 
gray water proportions. This could be due to favorable pH created 
by the mixture of gray water and fresh water, higher metal 
solubility or also due to higher accumulation with each increased 
level of gray water containing high concentration of heavy metal. 

Phosphorus and heavy metals content in soil after harvest : 
The available phosphorus content in soil after harvest of pea crop 
corresponding to previously applied phosphorus levels ranged 

-1from 0.11 to 1.83 mg kg  indicating increased availability of 
phosphorus with each successive level of phosphorus from 0 to 

-1100 mg kg  soil (Table 7). The available phosphorus increased 
markedly and significantly with the increased availability of 
residual phosphorus. The maximum available phosphorus 

-1content (1.83 mg kg ) was recorded against the highest level of 

-1Table 6 : Effect of residual phosphorus in phytoremediated heavy metal polluted soil on heavy metals (Cr, Cd, Ni, Pb and Co) uptake (µg plant ) in seed 
and straw of pea crop

                       Applied P doses for prece- Cr Cd Ni Pb Co 

-1ding maize crop (mg kg ) Seed Straw Seed Straw Seed Straw Seed Straw Seed Straw

0 2.30 6.12 0.42 0.94 0.94 2.48 0.56 1.28 0.15 0.26
10 2.70 6.98 0.47 1.04 1.05 2.82 0.61 1.39 0.16 0.30
20 3.30 8.63 0.58 1.32 1.29 3.52 0.72 1.70 0.18 0.32
30 4.00 10.59 0.67 1.56 1.51 4.20 0.84 1.95 0.22 0.39
40 4.80 13.00 0.81 1.77 1.84 5.22 0.92 2.07 0.25 0.39
50 5.90 15.82 0.98 1.98 2.09 6.18 1.02 2.10 0.31 0.49
60 7.10 18.80 1.09 2.07 2.28 6.95 1.04 1.78 0.33 0.44
70 7.30 19.05 0.96 1.52 2.14 7.01 0.79 1.52 0.34 0.46
80 7.50 19.61 0.84 1.12 2.15 7.23 0.72 1.29 0.30 0.48
90 7.90 20.22 0.78 0.69 2.26 7.43 0.58 1.21 0.26 0.35
100 8.20 19.92 0.64 0.37 2.40 7.82 0.56 0.74 0.28 0.19
S.E (m) ± 0.25 0.80 0.03 0.06 0.61 0.18 0.02 0.06 0.01 0.01
CD(pd£0.5) 0.80 2.54 0.10 0.21 1.93 0.59 0.06 0.19 0.04 0.06
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-1previously applied  i.e., 100 mg kg  soil. This may be 
due to high availability of phosphorus with more residual 
phosphorus. These observations confirm the earlier findings of 
Singh and Singh (1990), Singh et al. (2003), Sanjay-Swami and 
Singh (2008), who reported increased availability of phosphorus 
in soil after harvest of wheat, oat and Indian mustard. Further, Jat 
and Ahlawat (2006) reported an increased content of soil 
phosphorus after harvest of chickpea grown under three levels of 

-1phosphorus as 0, 13 and 26 kg P ha . Vu et al. (2008) stated that 
all the inorganic P fractions increased steadily as the rate of 
phosphorus application increased so, it can be assumed that with 
gradual increasing phosphorus application, the availability of 
inorganic phosphorus in the residual form may have also 
increased.

Further, the remarkable low content of phosphorus 
observed at each successive levels might be due to the fact that 
significant amount of phosphorus interacted with heavy metals 
present in the soil system and converted into insoluble metal 
phosphates rendering its availability, which is evident from the 
heavy metals content of soil before and after experimentation. 
These findings closely corroborate with the findings of Sanjay-
Swami and Singh (2008) who investigated the effect of fifteen 
graded dose of phosphorus in heavy metal polluted and non-
polluted soil on performance of durum wheat and observed 
significant less content of phosphorus in soil after harvest of 
durum wheat in Ni and Cr polluted soil in comparison to non-
polluted soil. Similar results under different soil-crop-climatic 
conditions has been reported by Singh et al. (2003) in wheat and 
mustard under Cd, Ni and Cr polluted soils.

Heavy metal content in soil after harvest of pea crop 
corresponding to previously applied eleven phosphorus levels, 
exhibited complete contrast trend that was observed in case of 
phosphorus and the lowest content of Cr, Cd, Ni, Pb and Co was 
recorded at the highest level of previously applied phosphorus. 

-1The Cr content ranged from 50.29 to 3.25 mg kg  following a 

phosphorus, decreasing trend with each successive level of previously applied 
phosphorus. The maximum content of Cr (50.29 mg kg ) was 
recorded against the control without previously applied 

-1phosphorus, while the minimum content of Cr (3.25 mg kg ) was 
reported against the highest level of previously applied P (100 mg 

-1kg ). Similarly, cadmium content ranged between 13.24 to 3.04 
-1mg kg . It followed a decreasing trend as the residual P increased. 

-1The minimum Cd content 3.04 mg kg  was recorded at the 
-1maximum level of previously applied phosphorus (100 mg kg ). 

Which may be due to the formation of more insoluble metal 
complex at higher phosphorus availability as well as heavy metals 
uptake by pea crop. Similar trends were seen for Ni, Pb and Co. 
With each increased level of previously applied phosphorus, the 
content of Ni decreased successively as 24.97, 21.01, 17.41, 

-114.85, 10.31, 6.41, 2.74, 2.02, 0.56, 0.48 and 0.31 mg kg , 
-respectively. Similarly, Pb content ranged from 9.41 to 0.17 mg kg

1 -, while Co in post-harvest soil ranged between 3.32 to 0.02 mg kg
1 indicating marked decrease with each successive level of 
previously applied phosphorus. 

Heavy metals Cr, Cd, Ni, Pb and Co content at the lowest 
residual phosphorus was recorded as 50.29, 13.24, 24.97, 9.41 

-1and 3.32 mg kg  whereas the lowest heavy metals content such as 
-1 -1 -1 -13.25 mg Cr kg , 3.04 mg Cd kg , 0.31 mg Ni kg , 0.17 mg Pb kg  and 

-10.02 mg Co kg ) was found with the highest level of previously 
applied phosphorus (Table 7) which might be attributed to the fact 
that significant amount of phosphorus has been interacted with 
heavy metals present in the soil system and converted to insoluble 
metal phosphates rendering its availability, which is evident from 
the heavy metals content of soil before and after experiment. 
Moreover, acidic soil had also been proven to pay a role in metal 
immobilization using phosphorus amendments. Pb was 
immobilized by phosphorus through formation of insoluble 
pyromorphite-like mineral in the surface of soil and lead phosphates 
are the most stable and insoluble form of Pb in soil where 
chloropyromorphite is the most stable form (Cao et al., 2003).

-1

 -1Table 7 : Effect of residual P on pytoremediated heavy metal polluted soil on P, Cr, Cd, Ni, Pb, Co content (mg kg ) in post-harvest soil

Applied P doses for preceding P Cr Cd Ni Pb Co
-1)maize crop (mg kg

0 0.11 50.29 13.24 24.97 9.41 3.32
10 0.26 46.25 11.14 21.01 8.23 3.04
20 0.29 36.03 10.35 17.41 6.33 2.60
30 0.34 31.11 9.94 14.85 5.74 2.09
40 0.57 26.54 8.78 10.31 3.08 1.79
50 0.62 19.48 5.24 6.41 2.07 1.13
60 0.85 13.82 4.75 2.74 1.96 0.34
70 1.12 10.29 4.62 2.02 1.95 0.05
80 1.38 7.88 4.45 0.56 1.41 0.03
90 1.51 4.95 3.36 0.48 1.31 0.03
100 1.83 3.25 3.04 0.31 0.17 0.02
S.E (m) ± 0.04 1.15 0.38 0.45 0.14 0.06
CD(pd£0.5) 0.13 3.64 1.22 1.41 0.46 0.19
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It may be concluded from the present investigation that 
the increasing soil available phosphorus maintained by higher 
phosphorus application rates for preceding phytoremediating 
maize crop may efficiently be utilized to phytoremediate the 
remaining heavy metal contents of coal mined heavy metals 
polluted soil and almost normal yield levels of pea cv. Arkel can be 

-1 achieved with 100 mg kg soil level of residual phosphorus.
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