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Abstract 

Contamination of chromium is considered a serious environmental pollutant due to wide 

industrialization. A pot experiment was conducted in net house of Department of Soil Science and 

Agricultural Chemistry, Institute of Agricultural Sciences, Banaras Hindu University, Varanasi during 

2015-16 to study the effect of FYM and vermicompost on soil physico-chemical properties in chromium 

contaminated soil in rice. The Physico-Chemical properties of soil is based on various parameters like 

pH, Electrical Conductivity(EC), Organic Carbon, Available Nitrogen (N), Available Phosphorus (P2O5) 

and available Potassium (K2O).Five levels of chromium viz. 0, 20, 40, 60 and 80 ppm with and without 

vermicompost @ 5 ton ha-1 and farm yard manure @ 10 ton ha-1 were taken. Results indicated that the 

organic carbon, available NPK was recorded highest with the treatment Cr0+ VC followed by treatment 

Cr0+FYM and then Cr0 i.e., not- amended the soil. Rice crop can withstand up to 80 ppm of chromium 

with vermicompost and can tolerate up to 60 ppm with FYM. Hence, physico-chemical properties of 

post-harvest soil of rice contaminated with chromium are more effectively increased with application of 

vermicompost and FYM application and reduce the risk of health hazards for human beings and animals. 
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Introduction 

In the present industrialized world, the toxic waste products are released to the environment at 

each and every moment. Even after recycling and reusing, many of the chemicals find their 

way to the pollution of environment because of poor planning of waste disposal and treatment 

and hence the industrial sites and waste disposal sites are contaminated with many pollutants 

(Watanabe et al., 2001; White et al., 2004) [30]. Among these pollutants heavy metals 

constitute a major part and they severely affect all the compounds of ecosystem in the soil 

(Selim et al., 1999) [20]. Cr is one of the most important such pollutants which enter the 

ecosystem mainly due to the human activities (Gómez et al., 2000) [3]. In particular, it is 

observed that Cr (III) and Cr (VI) are the most stable and hexavalent Cr is more toxic (Sinha et 

al., 2004). Cr is mainly used due to its properties such as resistance to corrosion, temperature, 

wear, and decay as well as strength, permanence, hygiene, hardness, and color in the many 

industries like electroplating, cement, dye, steel, leather tanning, wood, and so forth (Gómez et 

al., 2000) [3]. 

Numerous efforts have been taken in recent days for removing heavy metals of soil (Igwe et 

al., 2006) [5] of which metal-polluted soil can be treated by physical, chemical, or biological 

methods which are costly (McEldowney et al., 1993) [12]. For chemically contaminated soil, 

vegetation plays progressively more vital ecological and hygienic role (Antonkiewicz et al., 

2002) and the correct management of green plants in such areas may contribute considerably 

to restore the natural environment ( Keller et al., 2003) [8]. Phytoremediation is a well matched 

green tool that can be considered for remediation of impure sites because of its price 

effectiveness, visual advantages, and long term applicability.  

Farm yard manure (FYM) is being used as the major source of organic manure in field crops. 

Limited availability of this manure is, however, an important constraint on its use as a source 

of nutrients. FYM positively controls the crop production and recovers properties of soil and it 

can be used to decrease heavy metal stress in plants. Farm yard manure (FYM) positively 

influence crop production, improved soil physical, chemical, and biological properties (Ould 

Ahmed et al., 2010; Alam et al., 2014) and can be used to reduce heavy metal hazards in  
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plants (Yassen et al., 2007). Farm yard manure application to 

the soil could be used as an effective Measure for reducing Cr 

toxicity to crop plants in Cr contaminated soils (Singh et al., 

2007) [21]. The limited information is available in the literature 

related to the effect of FYM application on immobilization 

and detoxification of Cr in soil, bioavailability of Cr, crop 

yield, and Cr uptake (Singh et al., 2007) [21].  

Vermicompost (VC) is an important source of rapidly 

emerging organic input. It is produced from various organic 

wastes and it is a rich source of enzymes, antibiotics, 

immobilized micro flora and growth hormones like 

gibberellins which regulate the growth of plants and 

microbes. Vermicompost is a rich source of microorganisms 

and nutrients and used a soil fertilizer or conditioner. It has a 

greatest ability to enhance the quality of growing plants and 

also increases biomass which could suggest that more metal 

toxicity is improved. However, information is hardly 

available on the phytotoxicity of Cr in cereals and its remedy. 

So, the pot experiment was taken for the study of toxic effects 

of Cr with amendments viz., FYM and Vermicompost to 

reduce the adverse effects of Cr on the growth, quality and 

yield of rice. The vermicompost contain high nutrient value, 

increases fertility of soil and maintains soil health (Suthar et 

al., 2005) [24]. Application of vermicompost in contaminated 

soil improves soil fertility and physical properties as well as 

helps in successful approach to phytoremediation (Zheljazkov 

and Warman, 2004; Jadia and Fulekar, 2008) [7]. Rice is the 

most widely consumed staple food crop and a primary food 

source for 50%of the world’s population (Wang et al., 2013; 

Ramzani et al., 2016) [17]. At present, soil contamination of 

heavy metals including Cr renders a great threat to rice 

production and subsequently affects food safety. High Cr 

concentration in soil is toxic to rice, resulting in reduced 

growth, yield, and dry matter production (Qiu et al., 2010) [16]. 

In rice, most of the Cr was accumulated in roots, but still, a 

significant fraction can be transported into above ground 

tissues, including grains, which causes a health issue to 

human via food chain (Qiu et al., 2011) [15]. However very 

few comparative studies have been performed so far and the 

choice of a particular organic amendment in assisted 

phytostabilization strategies often remain empirical (Hattab et 

al., 2015) [4]. So, for improvement of soil physico –chemical 

properties in chromium contaminated soil, we have used 

certain organic amendments like Farm Yard Manure and 

vermicompost in this study. 

  

Material and Methods 

Pot experiment was conducted in Net house of the 

Department of Soil Science and Agricultural Chemistry, 

Institute of Agricultural Sciences, Banaras Hindu University, 

Varanasi taking rice as a test crop in 2016-17 during kharif 

season, to study the effect of different Cr concentrations (0, 

20, 40, 50, 60, 80 ppm) with and without application of FYM 

and Vermicompost. Processed 10 kg soil was filled in each 

polythene lined pots. The pots were irrigated up to field 

capacity and moisture level is maintained. Pots were treated 

with required amount of Cr through potassium dichromate 

(K2Cr2O7) i.e. Cr (VI), with five different levels like (0, 20, 

40, 60, 80 mg/kg soil) and maintained contamination for 15 

days. After 15 days of application of chromium, the organic 

farmyard manure (FYM) i.e., as 50gm/10kg soil and 

vermicompost (25g/10kg soil) applied to the soil and mixed 

thoroughly. Pots were incubated for 15 days with organic 

amendments and watered at field capacity and four week old-

seedlings were transplanted on august 1st and five seedlings 

were transplanted in each pot. All the pots received uniform 

dose of NPK, and irrigation had supplied to maintain field 

capacity. The crop was grown up to maturity. Growth 

parameters, yield attributes and yield were studied before and 

after harvesting as per investigation required. Physico – 

chemical properties was analysed in the post-harvest soil of 

rice. The Physico-Chemical properties of soil is based on 

various parameters like pH, Electrical Conductivity (EC), 

Organic Carbon, Available Nitrogen (N), Available 

Phosphorus (P2O5) and available Potassium (K2O). 

 

1) Soil pH 

A soil-water suspension was prepared in the ratio of 1:2.5 (10 

g soil with 25 mL of distilled water) and pH was measured 

with the help of pH meter. 

 

2) Electrical conductivity  

The soil water suspension prepared for determination of pH 

was used to determine the electrical conductivity of the soil. 

Soil suspension was allowed to settle till supernatant become 

clear. Electrical conductivity was measured with the help of 

EC meter and expressed as dSm-1. 

 

3) Organic Carbon  

Organic Carbon in the soil was determined using Walkley and 

Black method (Walkley and Black, 1934). One gram of soil 

was taken in a 500 mL of conical flask. Ten mL of 1 N 

K2Cr2O7 solution was added and mixed. Then 20 mL of 

concentrated H2SO4 was added, the flask was swirled 2-3 

times and allowed to stand for 30 minutes in dark. The 

suspension was diluted with 200 mL of distilled water. Ten 

mL of 85% H3PO4 and 1 mL of diphenyl indicator were 

added and titrated against the solution of 0.5 N Ferrous 

Ammonium Sulphate till color changed from violet to bright 

green. A blank titration was also carried out. 

 

4) Available nitrogen 

Available Nitrogen content in soil was determined using 

Kjeltec Semi-Auto Nitrogen Analyzer by alkaline Potassium 

permanganate method as proposed by Subbiah and Asija 

(1956). The method has been adopted widely in order to get a 

reliable index of Nitrogen availability in soil due to its 

rapidity and reproducibility. Five gram of soil sample was 

weighed and transferred in a distillation tube. Twenty five mL 

0.32% KMnO4 was added to it and the distillation tube was 

set to the instrument. In a 250 mL conical flask, 20 mL of 2 % 

boric acid mixed indicator was taken and placed under the 

receiver tube. Twenty five mL of 2.5% NaOH was sucked and 

added to the distillation tube. Then it was put on distillation 

for 9 min. During this process the N released in the form of 

ammonia is trapped in the boric acid, which develops green 

color. The flask containing the distillate was removed. The 

distillate was then titrated against 0.02 N H2SO4 until pink 

color developed.  

 

5) Available Phosphorus 

Available phosphorus content of soil was determined by 

Olsen’s method (Olsen et al., 1954). Firstly reagent A was 

prepared by using ammonium molybdate, antimony 

potassium tartarate and H2SO4. Then reagent B was prepared 

with the help of reagent A.2.5 gram of soil was taken in a 100 

mL conical flask, a pinch of Darco G-60 and 50 mL of 

Olsen’s reagent (0.5 M NaHCO3) was added to it. It was then 

shaken for 30 minute on mechanical shaker and the 

suspension was filtered through Whitman No. 1 filter paper. 
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Five mL of filtrate was transferred in a 25 mL volumetric 

flask and was acidified with 2.5 M H2SO4 to pH 5.0 and 20 

mL distilled water was added followed by 4 mL of reagent B. 

After waiting for 10 min the intensity of blue colour was 

measured on spectrophotometer at 660 nm. Simultaneously a 

blank was also run. First standard reading was taken followed 

by sample reading. 

 

6) Available Potassium 

Flame Photometer is used to determine available potassium in 

soil by using (1 N ammonium acetate extract) by using a 

method Jackson (1973) [6]. Five gram soil was transferred in a 

100 mL conical flask and 25 mL of 1 N ammonium acetate 

solution was added and it was shaken for 5 minutes. The 

suspension was then filtered through Whatman No. 1 filter 

paper and potassium concentration in the filtrate was 

measured using flame photometer. First standard reading was 

taken followed by sample reading.  

 

Results and Discussion 

1) Effect of FYM and Vermicompost on physico-chemical 

properties of post-harvest soil 

1.2) Soil pH 

The results indicated that the initial pH of soil was 7.9.The 

data pertaining to pH of the post-harvest soil showed that pH 

varied from 8.3 to 8.5.Maximum pH(8.5) was observed with 

treatment Cr80 +VC followed by Cr0+FYM treated soil 

(8.43)and minimum was observed with the treatment 

Cr0(8.3). Application of organic amendments in chromium 

contaminated pots showed a slight change in pH of the soil. 

Soil pH is the most important factor responsible for affecting 

metal availability. High pH under vermicompost and FYM 

amended soil increased adsorption sites by increasing 

negative charges on the soil surface and reducing competing 

for metal cations similar results reported by Alamgir et al. 

(2011). Availability of all metals was significantly higher in 

non - amended soil due to lower soil pH. With the increase in 

soil pH, the bioavailability of Cd decreased given by Kim et 

al. (2009) [9]. In the present study, initial soil samples did not 

show a significant difference in pH (Table 1), but at the time 

of harvest, pH was significantly higher in vermicompost and 

FYM amended the soil as compared to the control soil. The 

increase in pH of soil is due to the addition of FYM in the soil 

similar results was reported by Zaller and Kopke (2004) 

Interaction of organic manure with heavy metals causes the 

changes in soil pH which determine immobilization or 

mobilization of metals. The pH levels were expected to rise 

with the addition of the organic manure due to release of 

ammonia from the decomposing organic manures. The 

environment around the completing site will affect metal 

complexation by soil organic matter, particularly pH and the 

metal species taking part in the process (Ross, 1994) [19]. 

 

2) EC 
It is evident that the EC of the soil ranged between 0.38 to 

0.49 dSm-1. The EC of the soil increased significantly with the 

application of organic amendments. The interaction effect of 

chromium and organic amendments was non -significant. 

Metal content in the soil is directly associated with plant 

uptake, which is indirectly associated with physicochemical 

characteristics of soil and plant species similar results 

reported by Tariq and Rashid (2013) [25]. 

 

 

 

3) Organic Carbon 

Highest Organic Carbon was recorded with the treatment 

Cr0+VC (0.48%) followed by Cr0+FYM (0.41%) and then 

Cr0 (0.33%) i.e., not- amended the soil, respectively. At the 

time of harvest, organic C increased by 31% in vermicompost 

and 19% in FYM amended the soil when compared to the 

control Cr0.With the increase in chromium concentration, the 

organic carbon decreased. The minimum organic carbon 

found at treatment Cr80.Upon addition of organic 

amendments like FYM and vermicompost used as fertilizers 

will stimulate the soil biological activity, consequently 

increases the organic C content in the soil. So we have 

increased organic carbon upon addition of amendments 

compared to control. The application of organic amendments 

resulted in Cr (VI) reduction either from an enhancement of 

the microbial population and microbial activity. In addition, it 

enhanced the abiotic process of Cr (VI) reduction by 

supplying organic carbon supported by Losi et al. (1994). 

 

4) Available N 

Highest available N were recorded with the treatment 

Cr0+VC (210kg ha-1) followed by Cr0+FYM (202 kg ha-1) 

and then Cr0 (181 kg ha-1) i.e., non- amended the soil, 

respectively. At the time of harvest, available N increased by 

13% in vermicompost amended soil and 10% in FYM 

amended the soil, as compared to the control Cr0 (Table 2 Fig 

2 ).Cr 20+VC is at par with Cr0+VC.Interaction effect of 

organic amendments and chromium was found non-

significant. The treatment Cr0+VC is at par with Cr20+VC. 

The available nitrogen in the soil was generally found lower 

in range. Upon increasing chromium concentration at first N 

content increase but upon the higher concentration of 

chromium, the nitrogen content further decreased. so in order 

to make nitrogen available in the soil we are adding organic 

amendments. These organic amendments will supply all 

macronutrients. But upon an increase in chromium 

concentration even in the amended soil, we find a decrease in 

available Nitrogen. The interaction between chromium and 

organic amendments found non -significant. 

 

5) Available P 

A critical perusal data presented showed that available P in 

soil was in medium range. A significant increase was 

recorded with the application of FYM and Vermicompost. 

The available P ranged from 21 to 19.11kg hac-1.Minimum in 

control maximum in organic amended pots i.e., with the 

treatment Cr0+VC followed by Cr0+FYM.  

The connections with the soil mechanism to increase 

phosphorus uptake by the plants are most important given by 

Whalen (2001) [29]. The exchangeable cations (Na+, K+, and 

Ca2+) were highest for vermicompost followed by FYM 

amended soil. Vermicompost treated pots have more available 

P than farmyard manure (FYM),this might be due to the 

reason that more exchangeable cations were found highest in 

vermicompost followed by FYM amended soil compared to 

the control (Kundu et al. 2007) [7]. FYM improved the 

availability of N, Fe, and Zn and P in soil similar results 

reported by Ranganathan and Salvseelan (1997) [18]. 

 

6) Available K 

Highest available K was recorded with the treatment Cr0+ VC 

(219 kg ha-1) followed by treatment Cr0+FYM (215 kg ha-1) 

and then Cr0 (213 kg ha-1) i.e., non- amended the soil, 

respectively. At the time of harvest, available P increased by 

2.7% in vermicompost and 0.9% in FYM soil compared to the 
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control (Table 2). Interaction effect of organic amendments 

and chromium was found non -significant.  

Generally, initial soils are medium in available K content in 

the soil. Upon addition of organic amendments, there was an 

increase in soil available K. But with an increase in chromium 

concentration, the available K decreased in both amended and 

non-amended soil. 

 

Conclusion 

The experiment depicted that the pH, EC of post-harvest soil 

changed with application of chromium along with 

amendments (VC &FYM). The Organic Carbon, available 

NPK content of post-harvest soil decreased with increase in 

the levels of chromium i.e., maximum decrease was observed 

in treatment Cr80. However, the treatment of Cr20 and Cr40 

were found statistically at par with treatment Cr0. The 

addition of these organic amendments has significantly 

increased available NPK content in soil. The highest NPK 

content found in vermicompost treated pots followed by FYM 

treated pots. Organic Carbon, available NPK was recorded 

highest with the treatment Cr0+VC followed by 

Cr0+FYMand then Cr0 i.e., not- amended the soil.  

 
Table 1: Effect of FYM and Vermicompost on chemical properties 

of post-harvest soil in chromium contaminated soils. 
 

Treatments pH EC OC 

Cr 0 8.3 0.38 0.33 

Cr20 8.4 0.40 0.32 

Cr 40 8.4 0.4 0.31 

Cr 60 8.43 0.4 0.27 

Cr 80 8.43 0.38 0.25 

Cr0+FYM 8.43 0.46 0.41 

Cr 20+FYM 8.4 0.44 0.40 

Cr 40+FYM 8.43 0.43 0.39 

Cr60+FYM 8.43 0.42 0.38 

Cr 80+FYM 8.47 0.41 0.36 

Cr0+VC 8.55 0.49 0.48 

Cr20+VC 8.43 0.46 0.47 

Cr40+VC 8.53 0.44 0.46 

Cr60+VC 8.5 0.43 0.44 

Cr80+VC 8.57 0.42 0.42 

SEm ± 0.07 0.01 0.01 

CD 0.20 0.02 0.02 

 
Table 2: Effect of FYM and VC on NPK (Kg ha-1) content in post-

harvest chromium contaminated soil 

 

Treatments N P K 

Cr 0 191.0 18.13 213.1 

Cr20 196.3 19.17 214.2 

Cr 40 194.0 19.74 210.3 

Cr 60 191.1 19.49 209.5 

Cr 80 187.0 19.11 205.4 

Cr0+FYM 202.4 20.37 215.6 

Cr 20+FYM 205.1 20.95 218.8 

Cr 40+FYM 206.1 20.12 217.6 

Cr60+FYM 204.1 19.85 216.4 

Cr 80+FYM 202.2 19.62 214.1 

Cr0+VC 210.3 20.85 219.5 

Cr20+VC 212.8 21.48 220.1 

Cr40+VC 209.0 21.05 219.0 

Cr60+VC 207.6 20.65 216.3 

Cr80+VC 206.3 20.29 215.7 

SEm ± 0.7 0.16 0.4 

CD 2.0 0.46 1.2 

 

 
 

Fig 1: Effect of FYM and Vermicompost on chemical properties of 

post-harvest soil in chromium contaminated soil 

 

 
 

 

Fig 2: Effect of FYM and Vermicompost on NPK (Kg ha-1) content 

in post-harvest chromium contaminated soil 
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