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Reduction in Metal Toxicity by Applying Different Soil 

Amendments in Agricultural Field and Its Consequent Effects 

on Characteristics of Radish Plants (Raphanus sativus L.) 
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ABSTRACT 

Raphanus sativus L. (radish) plants were grown in waste water irrigated area of Dinapur, a 

suburban area in the north east of Varanasi, India. Soil and plant characteristics were 

compared between fertilized (farmyard manure (FYM), NPK, and FYM+N) and non-

amended control treatments. Compared to the control, plants grown in FYM and FYM+N 

amended soil showed a decrease in concentrations of heavy metals by 14 to 32% and 14 to 

17%, respectively, with corresponding yield increments of 60 and 49%. Plants grown under 

NPK amendment showed high availability of the heavy metals, which, consequently, induced 

the activities of antioxidant enzymes and reduced photosynthetic rate, growth, and yield of the 

plants. Therefore, application of a particular dose of FYM alone and in combination with N at 

regular intervals may be recommended as a cheap technique for reducing the availability of 

heavy metals in metal contaminated fields.  

Keywords: Amendment, Contamination, Heavy metals, Organic and inorganic fertilizer, 

Remediation. 
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INTRODUCTION 

Due to increase in population, economic 

development, urbanization, and 

industrialization there is increased generation 

of solid waste and waste water. These are the 

major sources of heavy metal contamination 

(Singh et al., 2011). Heavy metals pose a 

critical concern to human health and 

environment (Handique and Handique, 2009). 

There is a need to remediate such areas to 

reduce the risk of food chain contamination. In 

situ immobilization techniques are particularly 

beneficial compared to the conventional 

techniques (Zeng et al., 2010). Among 

different techniques, application of organic 

and inorganic fertilizers reduced the heavy 

metal availability to the plants (Singh et al., 

2010). Continuous application of inorganic 

fertilizers leads to an imbalance in the 

nutritional properties of the soil, but in 

combination with organic fertilizers, can 

mitigate loss of nutrients due to modification 

of the physico-chemical properties of the soil 

(Mahmoud et al., 2009).  

Heavy metals stimulate various changes in 

the plants such as the formation of reactive 

oxygen species (ROS). The free radicals have 

negative effects on the membrane structure, 

causing loss of ions, protein cleavage, enzyme 

inactivation and DNA strand breakage 

(Keunen et al., 2011). The growth 

characteristics of Solanum melongena and 

Luffa cylindrica were found to be reduced as a 

result of lead and chromium toxicity, 

respectively (Purohit et al., 2003; Jiang et al., 

2010). There are complex non-enzymatic and 

enzymatic antioxidant systems in the plant to 

provide protection against ROS. Measurement 

of antioxidants as stress markers is an 

important aspect for assessing the stress 

responses in plants (Keunen et al., 2011).  

Plants can mitigate the metal toxicity up to 

certain extent, but, at higher concentration it 
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Table 1. Physico-chemical properties of 

irrigation waste water. 

Physico-chemical properties Value 

pH 6.89 

Conductivity (Ds m
-1

) 0.78 

Total dissolved Solid (µg ml
-1

) 596 

Dissolved oxygen (µg ml
-1

) 5.00 

Biological oxygen Demand (µg ml
-1

) 65.55 

Ammonical nitrogen (µg ml
-1

) 5.30 

Nitrate nitrogen (µg ml
-1

) 15.7 

Exchangeable sodium ion (µg ml
-1

) 281.5 

Exchangeable potassium ion (µg ml
-1

) 193.7 

Exchangeable calcium ion (µg ml
-1

) 303 

Total Cadmium (µg ml
-1

) 0.04 

Total Copper (µg ml
-1

) 0.053 

Total Lead (µg ml
-1

) 0.043 

Total Zinc (µg ml
-1

) 0.117 

Total Manganese (µg ml
-1

) 0.077 

Total Nickel (µg ml
-1

) 0.020 

Total Chromium (µg ml
-1

) 0.050 

 

becomes very toxic for plants. Therefore, in 

order to reduce the metal contamination in the 

plants, various techniques should be 

developed. The present study aimed at the 

same objective by adding different forms of 

organic and inorganic fertilizers to the soils 

with long term waste water irrigation to 

evaluate their efficiency in reducing the 

availability of metals in the soil and its effects 

on plant performance.  

MATERIALS AND METHODS 

Plant Material and Growth Condition 

Radish (Raphanus sativus L.) was selected 

as an experimental plant because it is an 

economically important horticultural crop due 

to presence of ascorbic acid, folic acid, and 

potassium, vitamin B6, riboflavin, magnesium, 

copper, and calcium.  

The experiment was conducted at Dinapur, a 

suburban area situated in the north east of 

Varanasi city, India. Treated and untreated 

waste water from Dinapur sewage treatment 

plant (DSTP) of 80 million liters per day 

capacity is utilized for irrigation at the 

experimental site for about 20 years as clean 

water availability is limited. There were 10 

replicate plots for each amendment and each 

plot was 1×1 m
2 
with a margin of 0.3 m. There 

were three amendments of fertilizers along 

with a control (C: Without any amendment). 

First amendment was farmyard manure 

(FYM) alone at the rate of 80 t ha
-1
, the second 

was urea (N)+superphosphate (P)+potash (K), 

at the rates of 80:40:40 kg ha
-1
, respectively, 

and the third was combination of FYM (80 t 

ha
-1
)+N (80 kg ha

-1
).  

Seeds of radish (R. sativus var. Pusa 

Reshmi) obtained from Institute of Vegetable 

Research, Varanasi, were sown at 2 cm depth 

in rows in each plot. After seed germination, 

plants were thinned to one plant per 15×15 

cm
2
. Waste water from DSTP was used for 

irrigating all the plots including control ones. 

Flood irrigation was followed and care was 

taken to provide the same amount of water to 

each plot to maintain similar moisture level. 

Table 1 shows the characteristics of irrigation 

water from DSTP. Manual weeding was done 

thrice depending upon the weed intensity 

during the experiment. 

Data Collection 

Samples of soil (10×10×15 cm
3
) collected 

from plots of each treatment at the time of 

sowing and harvest were dried at room 

temperature, crushed, sieved with 2 mm 

mesh size sieve, and kept at room 

temperature for further analysis. For plant 

sampling, monoliths of 10×10×25 cm
3
 

containing intact roots were carefully dug 

out at random from each plot i.e. 10 samples 

of each amendment. Sampling of the plants 

was done at the time of harvest i.e. 40 days 

after germination (DAG). These were 

thoroughly washed by placing them on 

sieves of 2 mm mesh size under running tap 

water to remove soil particles adhering to 

the roots.  

Soil Analyses 

Soil pH was measured in suspension of 1:5 

(soil: water w/v) using a glass electrode 

standardized with pH 4, 7 and 9.2 buffer 
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tablets attached to an Ion analyzer (Model EA 

940, Orion USA). The organic carbon content 

was determined by using modified Walkley 

and Black’s rapid titration method (Allison, 

1986).  

The total nitrogen (TN) content was 

determined by following the micro- Kjeldahl 

technique through the Gerhardth automatic 

analyzer (Model KB8S, Kjeldatherm, 

Germany). Available phosphorus (NaHCO3 

extractable) was determined by the method 

given by Olsen et al. (1954). Exchangeable 

cations such as Na, K and Ca were extracted 

using ammonium acetate solution through 

repeated leaching technique (Jackson, 1958), 

and the contents were determined by atomic 

absorption spectrophotometer (Model 2380, 

Perkin Elmer, Inc., Norwalk, CT, USA).  

Digestion and Analysis for Heavy 

Metals 

Phyto-available heavy metals in the soil 

samples were extracted by the method given 

by Quevauviller et al. (1997). For total heavy 

metal concentration, the oven dried and sieved 

samples of root (1 g), were digested by adding 

tri-acid mixture (HNO3, H2SO4, and HClO4 in 

5:1:1 ratio) at 80
º
C until a transparent solution 

was obtained (Allen et al., 1986). The 

concentrations of total metals in digested part 

of the plants and phytoavailable heavy metals 

in soil were determined by using atomic 

absorption spectrophotometer (Model 2380, 

Perkin Elmer, Inc., Norwalk, CT, USA).  

Physiological and Biochemical 

Characteristics 

Portable Photosynthetic System (Model 

6200, LICOR, Lincolin, NE, USA) was used 

for measuring physiological characteristics in 

leaves of three intact plants of each treatment 

at ambient climatic conditions. The system 

was calibrated using a known CO2 source of 

509 ppm concentration. These parameters 

were measured between 9.00 and 10.00 hours 

on cloud free days. During the measurements, 

photosynthetically active radiation ranged 

between 1,100 to 1,200 µmol m
-2
 s

-1
. 

Measurement of chlorophyll fluorescence 

(initial fluorescence (Fo), maximum 

fluorescence (Fm), variable fluorescence (Fv= 

Fm–Fo) and Fv/Fm ratio was done with the help 

of Plant Efficiency Analyzer (Handy PEA, 

Hansatech Instruments Ltd., Norfolk, UK) 

between 10.00 to 11.00 hours on the same 

foliage where photosynthetic rate was 

measured.  

Fresh leaves (3 replicates) were sampled 

from each plot at 40 DAG for estimation of 

photosynthetic pigments, lipid peroxidation, 

and different metabolites. Ascorbic acid, 

protein and proline contents were determined 

by the methods described by Keller and 

Schwager (1977), Lowry et al. (1951) and 

Bates et al. (1973), respectively. Total phenol 

content was measured using the method of 

Bray and Thorpe (1954). The methods of 

Britton and Mehley (1955) and Fahey et al. 

(1978) were used for analyzing peroxidase 

activity and thiol content, respectively. The 

lipid peroxidation was measured as 

melondialdehyde (MDA) concentration (Heath 

and Packer, 1968).  

Chlorophyll (Chl) and carotenoid contents 

were extracted with 80% acetone and the 

amounts were estimated 

spectrophotometrically by the method of 

Machlachlan and Zalick (1963) and Duxbury 

and Yentsch (1956), respectively. 

Yield 

At 40 DAG, 10 plants of each treatment 

were harvested and yield was calculated as 

fresh weight of the edible part (root) of the 

plant. 

Statistical Analysis 

The data of heavy metal concentrations in 

the plants under different amendments were 

subjected to ANOVA followed by Duncan’s 

test. All the statistical tests were performed 
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Table 2. Physico-chemical properties of the field soil under different amendments at the time 

of sowing (Mean±SE). 

Properties Control © FYM NPK FYM+N 

Soil pH 6.66
a
 ± 0.20 6.99

a
 ± 0.26 6.76

a
 ± 0.13 6.73

a
 ± 0.16 

Organic C (%) 1.62
b
 ± 0.05 1.71

a
 ± 0.06 1.49

c
 ± 0.02 1.70

a
 ± 0.05 

Total N (%) 0.23
a
 ± 0.01

 
0.20

a
 ± 0.02

 
0.29

a
  ± 0.02

 
0.22

a
 ± 0.02

 

Available P (µg g
-1

) 86.83
b
 ± 0.44  87.16

b
 ± 0.72 89.50

a
 ± 0.28 84.10

c
± 0.23 

Exchangeable Na
+
 (µg g

-1
) 165.24

c
 ± 5.55 175.78

a
 ± 3.45 160.89

d
 ± 4.78 170.23

b
 ± 6.77 

Exchangeable K
+
 (µg g

-1
) 162.67

c
 ± 4.34 178.22

a
 ± 6.44 159.98

c 
± 5.89 168.56

b
 ± 7.85 

Exchangeable Ca
+2

  (µg g
-1

) 345.56
b
 ± 6.27 398.86

a
 ± 8.97 330.45

c
 ± 9.43 347.58

b
 ± 9.12 

Phytoavailable Cd  (µg g
-1

) 1.20
a
± 0.21 1.23

a
 ± 0.15 1.22

a
 ± 0.16 1.24

a
 ± 0.18 

Phytoavailable  Cu  (µg g
-1

) 5.39
a 
± 0.16 5.20

b
 ± 0.02 5.33

a
 ± 0.07 5.17

b
 ± 0.08 

Phytoavialable  Pb  (µg g
-1

) 7.15
a
± 0.11 7.00

a
 ± 0.13 6.89

b
 ± 0.15 7.23

a
 ± 0.12 

Phytoavailable Zn  (µg g
-1

) 1.05
b 
± 0.13 1.08

a
 ± 0.14 1.02

c
 ± 0.17 1.10

a
 ± 0.14 

Phytoavailable Mn  (µg g
-1

) 87.10
a 
± 4.78 89.90

a
 ± 3.14 84.78

b
 ± 2.20 85.56

b
 ± 4.30 

Phytoavailable Ni  (µg g
-1

) 1.38
a 
± 0.12 1.35

b
 ± 0.15 1.32

c
 ± 0.16 1.30

c
 ± 0.13 

Phytoavailable Cr  (µg g
-1

) 1.87
a 
± 0.12 1.82

b
 ± 0.15 1.85

b
 ± 0.14 1.88

a
 ± 0.15 

 

using SPSS software (SPSS Inc., version 12; 

Armonk, New York, United States).  

RESLUTS AND DISCUSSION 

Soil Characteristics 

Soil pH is the most important factor 

responsible for affecting metal availability. 

Kim et al. (2009) have found that with 

increase in soil pH, bioavailability of Cd 

decreased. In the present study, initial soil 

samples did not show significant difference 

in pH (Table2), but at the time of harvest, 

pH was significantly higher in FYM 

amended soil as compared to the NPK, 

FYM+N amended and the control soil 

(Table 3). Zaller and Kopke (2004) also 

recorded an increase in pH due to addition 

of FYM in the soil. 

The lower soil pH under NPK amendment 

may be ascribed to superphosphate, where 

principal P component is monocalcium 

phosphate (MCP), forming dicalcium 

phosphate (DCP) and phosphoric acid in the 

soil after amendment. The phosphoric acid 

subsequently dissociates into P and 

hydrogen ions, leading to lowering of soil 

pH in NPK amended soil (Bolan et al., 

2003). In case of NPK fertilizer, the source 

of N is urea, therefore, this is also one of the 

reasons for reducing the soil pH and 

increasing the availability of metals. It was 

observed that application of some fertilizers, 

such as NH4
+
 fertilizers including urea, 

ammonium sulfate, and mono ammonium 

phosphate (MAP), can enhance Cd 

availability by lowering pH (Zaccheo et al., 

2006). The acidification occurs as a result of 

NH4
+ 

nutrition due to the release of protons 

(H
+
) by root cells or nitrification of NH4

+
, 

and this increases the mobilization of metals 

(Sarwar et al., 2010). 

In both initial and final soil samplings, 

highest organic ‘C’ and available ‘P’ were 

recorded for FYM and NPK amended soil, 

respectively (Tables 2 and 3). At the time of 

harvest, organic C increased by 11% in 

FYM and 9% in FYM+N amended soil, but 

decreased by 11% in NPK amended soil 

compared to the control (Table 3). Organic 

farming systems using FYM as fertilizers 

stimulate the soil biological activity, which 

consequently, increases the organic C 

content in the soil (Zaller and Kopke, 2004). 

Hati et al. (2007) have also found that long-

term application of balanced fertilizer alone 

or in conjunction with FYM induces 

increase in organic carbon status of the soil. 

Available P was highest in NPK amended 

soil due to addition of superphosphate 

fertilizer. Tables 2 and 3 show that in both 

initial and final soil samples, exchangeable 
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Table 3. Physico-chemical properties of the field soil under different amendments at the time of 

harvest (Mean±SE)
a
. 

Properties Control © FYM
b
 NPK

c
 FYM+N 

Soil pH 6.99
b
 ± 0.04 7.08

a
 ± 0.08 6.60

c
 ± 0.05 6.93

b
 ± 0.06 

Organic C (%) 2.13
c
 ± 0.06 2.67

b
 ± 0.03  2.55

b
 ± 0.17 2.97

a
 ± 0.03 

Total N (%) 0.26
a
 ± 0.01

 
0.22

b
 ± 0.02

 
0.29

a
  ± 0.02

 
0.27

a
 ± 0.02

 

Available P (µg g
-1

) 73.73
b
 ± 0.82 74.45

b
 ± 0.29 76.62

a
 ± 3.10 72.00

c
 ± 0.68 

Exchangeable Na
+
 (µg g

-1
) 170.37

c 
± 4.37  192.10

a 
± 5.44 170.20

c 
± 3.75 184.34

b
± 22.34 

Exchangeable K
+
 (µg g

-1
) 170.13

c 
±1 8.75 200.35

a 
± 7.92 167.22

d 
± 12.50 180.44

b
± 22.32 

Exchangeable Ca
+2

 (µg g
-1

) 355.67
bc

 ± 13.81 433.55
a 
± 8.75 365.47

b 
± 6.69 340.53

c
 ± 15.96 

Phytoavailable Cd  (µg g
-1

) 1.27
b
± 0.01 1.08

d 
± 0.01 1.32

a
± 0.01 1.15

c 
± 0.09 

Phytoavailable  Cu  (µg g
-1

) 6.37
b 
± 0.16 5.16

d 
± 0.01 6.61

a 
± 0.07 5.59 

c 
± 0.13 

Phytoavailable Pb  (µg g
-1

) 8.07
b 
± 0.11 7.03

d 
± 0.01 8.57

a 
± 0.21 7.19

c 
± 0.06 

Phytoavailable Zn  (µg g
-1

) 2.35
b 
± 0.03 2.16

c 
0.03 2.53

a 
± 10.08 2.18

c  
± 0.04 

Phytoavailable  Mn  (µg g
-1

) 115.16
b 
± 5.78 96.66

c 
± 6.52 123.78

a 
± 3.38 95.60

c 
± 0.11 

Phytoavailable  Ni  (µg g
-1

) 1.81
b 
± 0.02 1.48

d 
± 0.01 2.04

a 
± 0.01 1.78

c 
± 0.03 

Phytoavailable Cr  (µg g
-1

) 2.03
a 
± 0.02 1.68

c 
± 0.01 2.09

a 
± 0.03 1.72

b 
± 0.08 

 
a
 Different letters in each row showed significant difference at P< 0.05; 

b
 Farmyard manure, 

c
 Nitrogen, 

phosphorus and potassium. 

 

cations (Na
+
, K

+
 and Ca

2+
) were highest for 

FYM amended soil. As farmyard manure 

(FYM) contained higher levels of cations, 

hence, exchangeable cations were found 

highest in FYM amended soil compared to 

the control and other amendments (Kundu et 

al., 2007).  

There was variation in phytoavailable 

metal concentrations under different 

amendments at the time of initial and final 

sampling (Tables 2 and 3). At the time of 

harvest, among all the heavy metals, the 

phytoavailability of Cd, Cu, Pb, Cr and Ni 

were lowest in FYM amended soil (Table 3). 

This may be due to more retention of metals 

under FYM amendment. Paulose et al. 

(2007) have also showed increase in 

retention of Zn, Cu and Ni in sewage 

irrigated soil under organic matter 

amendment. Among all amendments under 

FYM amendment, phytoavailable 

concentrations were maximally reduced by 

14, 18, 12, 8, 16, 18, and 17% for Cd, Cu, 

Pb, Zn, Mn, Ni and Cr, respectively, 

compared to the control (Table 3). . High pH 

under FYM amended soil increases 

adsorption sites by increasing negative 

charges on the soil surface and reducing 

competing metal cations (Alamgir et al., 

2011). Availability of all metals was 

significantly higher in NPK amended soil 

due to lower soil pH. 

Heavy Metal Concentrations in Plants 

In edible portion of the radish (root part), 

trend of heavy metal concentrations was 

Mn> Zn> Cu> Pb> Ni> Cr> Cd (Figure 1). 

As compared to the control, plants grown in 

FYM amended soil showed maximum 

percent reduction for all the metals and it 

was 16, 22, 21, 19, 23, 13, and 32.8% for 

Cd, Cu, Pb, Zn, Mn, Ni, and Cr, 

respectively. The present findings support 

the study of Pichtel and Bradway (2008) 

reporting that FYM amendments to the 

metalliferous waste disposal contaminated 

soil resulted in reduction in the uptake of Pb, 

Cd, and Zn concentrations in Spinach 

(Spinacea oleracea) and cabbage (Brassica 

oleracea) plants. It was suggested that due 

to dense plant cover and extensive root 

formation under FYM amendment, leachate 

production decreased, which increased the 

retention of the metals in the soil (Pitchel 

and Bradway, 2008). Khan et al. (2013) 

have also reported that FYM was effective 

in reducing the phytoavailability of metals 

(Cd, Cu, Fe) to wheat crops irrigated with 
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Figure 1.  Heavy metal concentrations (µg g

-1
) in edible portion of radish plants grown under different 

amendments at 40 DAG. Bars with different letters in each group showed significant difference at P≤ 

0.05. C: Control;
 
FYM: Farmyard manure, NPK: Nitrogen, phosphorus and potassium.  

 

 

 [
 D

O
R

: 2
0.

10
01

.1
.1

68
07

07
3.

20
13

.1
5.

7.
9.

8 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 ja

st
.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-1
2-

27
 ]

 

                             6 / 12

https://dorl.net/dor/20.1001.1.16807073.2013.15.7.9.8
https://jast.modares.ac.ir/article-23-5162-en.html


Sustainable Technique to Reduce Metal Availability _______________________________  

1559 

Table 4. Physiological characteristics, pigment content, and yield of radish plants grown under different 

amendments at 40 DAG (Mean±SE)
a
. 

Characteristics Control © FYM
c
 NPK

d
 FYM+N 

Photosynthetic rate  (µ mol CO2 m
-2

 s
-1

) 12.75
c
± 0.07 15.30

a
± 0.28 11.89

c
± 0.18 13.73

b
± 0.56 

Stomatal conductance (m mol m
-2

 s
-1

) 2.25
b
± 0.06 2.95

a
± 0.23 1.61

c
± 0.22 2.53

b
± 0.14 

Transpiration rate (mol H2O m
-2 

s
-1

) 15.30
a
± 0.75 15.10

a
± 0.80 14.63

a
± 0.67 15.40

a
± 0.90 

Water use efficiency 

(µ mol CO2 m
-2

 s
-1

/ mol H2O m
-2

 s
-1

) 
0.83

c
± 0.07 1.01

a
± 0.02 0.81

c
± 0.08 0.89

b
± 0.05 

Fv/Fm
b
   0.70

c
 ± 0.01 0.78

b
± 0.03 0.71

c
± 0.03 0.83

a
± 0.05 

Chlorophyll a contents (mg g
-1

 dry wt) 0.770
c
± 0.03 0.984

a
± 0.02 0.909

b
± 0.08 0.968

a
± 0.01 

Chlorophyll b contents (mg g
-1

 dry wt)  0.243
a
± 0.01 0.240

a
± 0.01 0.230

a
± 0.03 0.25

a
± 0.02 

Carotenoids contents (mg g
-1

 dry wt) 0.451
b
± 0.01 0.395

c
± 0.04 0.502

a
± 0.02 0.433

b
± 0.02 

Yield (g plant
-1

) 60.4± 1.2 97±1.18 74.83± 1.16 90±1.12 

a
 Different letters in each row showed significant difference at P< 0.05.  

b
 Fv= Variable fluorescence; 

Fm= Maximum fluorescence; 
c
Farmyard manure, 

d 
Nitrogen, phosphorus and potassium. 

 

waste water generated from HIE (Hayatabad 

Industrial Estate, Peshawar, Pakistan) and 

municipal wastes by making insoluble 

chemical complexes with the metals. The 

presence of reactive groups such as 

hydroxyl, phenoxyl and carboxyl are 

responsible for controlling the adsorption 

and complexation of heavy metal in the soil 

(Mahmood, 2010). The addition of FYM 

resulted in increase in organic matter content 

in the soil and this organic matter acted as a 

primary sorbent of heavy metals in 

contaminated soils. It was found that the 

sorption affinity of soil for Cd was 30 times 

greater due to presence of organic matter as 

compared to mineral soil (Sauvè et al., 

2003). Thus, in metal contaminated soils, 

use of various organic amendments such as 

FYM, composts, bio-solids, and bio-solid 

compost can effectively reduce metal 

availability to plants (Puschenreiter et al., 

2005; Sarwar et al., 2010). 

Physiological Characteristics of Plants 

Plants showed higher photosynthesis rate 

and stomatal conductance under FYM and 

FYM+N amended soil compared to NPK 

amended and the control soil (Table 4). The 

lower uptake of heavy metals under FYM 

and FYM+N amendments led to lower stress 

to the plants and hence showed better 

physiological performance. Mandal and 

Sinha (2004) have found that photosynthetic 

activity, transpiration rates, stomatal 

conductance and growth increased under 

combination of FYM and NPK compared to 

NPK alone in Brassica juncea L.  

Water use efficiency, refers to the efficient 

use of water in plant metabolism. There are 

two types of water use efficiency in plants: 

photosynthetic water-use efficiency and 

water-use efficiency of productivity. It as 

lowest in the plants grown under NPK 

amendment and the control soil due to lower 

photosynthetic rate compared to FYM and 

FYM+N amendments (Table 4). These 

parameters showed their impact on 

fluorescence activity of the plants. Demming 

and Bjorkman (1987) suggested that Fv/Fm 

ratio ranging from 0.78 to 0.85 denoted a 

healthy and unstressed condition in the 

plants. In the present study, ratio of Fv/Fm 

was lowest in plants grown under NPK 

amended and in the control soil that denoted 

stressed condition (Table 4). Defense 

response in plants grown under NPK 

amended and the control soil may not be 

able to counterbalance the damage caused 

by heavy metals, which, consequently, leads 

to adverse impact on photo systems in the 

form of lower quantum yield (Fv/Fm ratio). 

Pigment concentration also varied with 

different amendments (Table 4). Chlorophyll 

a was significantly higher in plants grown in 
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Table 5. Biochemical characteristics of radish plants grown under different amendments at 40 DAG 

(Mean±SE) 
a
. 

Characteristics Control © FYM
b
 NPK

c
 FYM+N 

MDA content (n mol ml
-1 

fresh leaf) 2.83
a
± 0.48 1.23

d
± 0.34 2.29

b
± 0.11 1.65

c
± 0.12 

Peroxidase activity (µm 

purpurogallin min
-1

 g
-1  

fresh leaf) 
11.32

b
± 0.36 8.52

c
± 1.28 12.39

b
± 0.44 16.91

a
± 0.65 

Proline content (mg g
-1

 fresh leaf) 0.85
b
± 0.02 0.79

c
± 0.02 0.96

a
± 0.01 0.88

b
± 0.01 

Phenol  content (mg g
-1

 fresh leaf) 8.97
a
± 0.25 6.37

c
± 0.05 7.59

b
± 0.04 8.16

b
± 0.02 

Ascorbic acid content (mg g
-1

 fresh 

leaf) 
0.39

a
± 0.004 0.36

b
± 0.007 0.38

a
± 0.009 0.37

ab
± 0.007 

Thiol content (µ mol g
-1

 fresh leaf) 9.45
a
± 0.01 3.23

b
± 0.37 8.93

a
± 0.19 3.79

b
± 0.01 

Protein content (mg g
-1

 fresh leaf) 7.94
c
± 0.17 10.14

a
± 0.03 7.86

c
± 0.47 8.62

b
± 0.12 

a 
Different letters in each row showed significant difference at P< 0.05; 

b 
Farmyard manure, 

c 
Nitrogen, 

phosphorus and potassium. 

FYM alone and FYM+N amended soil as 

compared to NPK and the control soil, 

whereas chlorophyll b concentration varied 

insignificantly among the amendments 

(Table 4). Application of FYM provides the 

micronutrients that may help to increase the 

chlorophyll synthesis in the plants (Anburani 

and Manivannan, 2002). Due to higher 

availability of heavy metals in plants grown 

under NPK amended soil, carotenoid content 

was highest (Table 4). The carotenoids are 

known to scavenge the damaging free 

radicals produced under heavy metal stress 

in the plants (Kenneth et al., 2000).  

Biochemical Characteristics of Plants 

Disintegration of bio-membrane by lipid 

peroxidation is a general process under 

metal stress condition and it is measured in 

terms of thiobarbituric acid reactive 

substance chiefly melondialdehyde (MDA) 

content. The content of MDA was lower in 

plants grown in FYM+N and FYM amended 

soil compared to the plants grown in NPK 

amended and the control soil due to presence 

of lower concentrations of heavy metals 

(Table 5). Proline content was highest in 

plants grown in NPK amended soil (Table 

5). Accumulation of proline in plants under 

heavy metal stress provides protection 

against damage by ROS. It stabilizes the 

machinery of protein synthesis and it also 

acts as an effective singlet oxygen quencher 

(Alia and Matysik, 2001).  

As the phytoavailability of heavy metals 

and their concentrations were higher in the 

control and NPK amendment, the 

antioxidants such as peroxidase, thiol, and 

ascorbic acid also showed higher levels in 

plants grown under these amendmemts 

(Table 5). High levels of heavy metals are 

responsible for generating free radicals and 

reactive oxygen species (Keunen et al., 

2011). Peroxidase enzyme oxidizes substrate 

by using H2O2, thus helps in maintaining the 

level of H2O2 in the plants and decreases the 

toxicity of heavy metals. Gopal and Rizvi 

(2008) have also reported increase in 

peroxidase activity of radish (Raphanus 

sativus cv. Jaunpuri) grown in nutrient 

medium containing Pb. The non-protein 

thiol and ascorbic acid are responsible for 

scavenging different types of ROS, thereby 

protecting potential cell injury (Gupta and 

Sinha, 2008). Non-protein thiols are 

involved in phytochelatin synthesis, which 

forms complexes with heavy metals and 

sequesters them in the vacuoles (Cobbett, 

2000). Due to lower accumulation of heavy 

metals in the plants grown under FYM 

amended soil, reduction of 66% in thiol and 

6% both for proline and ascorbic acid 

contents were recorded as compared to the 

control plants (Table 5).  

Protein content was also lower in plants 

under NPK amendment and the control 

compared to FYM and FYM+N 

amendments due to high concentrations of 
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heavy metals (Table 5). Decrease in the 

protein content of Brassica juncea under Cd 

and Pb stress has been reported (John et al., 

2009). These heavy metals may cause 

fragmentation of proteins due to reactive 

oxygen species, thus, leading to decline in 

the protein content. Due to lowest oxidative 

stress in FYM amended soil, plants protein 

content was highest under this amendment 

compared to others.  

Yield 

Due to more reduction in the availability 

of heavy metals under FYM amendment, 

plants showed highest yield compared to the 

control and other amendments (Table 4). 

Yield increment was 60, 49 and 24% in 

FYM, FYM+N, and NPK amended soils, 

respectively, as compared to the control 

(Table 4). Hutchinson (2011) reported that 

the application of FYM to the soil 

significantly increased the seed yields of 

Solanum villosum and Cleome gynandra as 

compared to plants grown in the control soil. 

Mandal et al. (2007) and Mahmoud et al. 

(2009) have also found that application of 

organic and inorganic fertilizer in 

combination led to higher yield of wheat and 

cucumber plants as compared to sole 

application of inorganic fertilizer. Under 

NPK amendment, plant showed lower yield 

compared to other amendments, because the 

amount of photosynthates produced in plants 

was utilized in the defense against heavy 

metals rather than contributing to the growth 

of the plants.  

CONCLUSIONS 

Availability of heavy metals in soil was 

highest under NPK followed by the control 

(without amendment), FYM + N, and the 

lowest, under FYM amendment. Heavy 

metals concentrations in plants also 

decreased in FYM and FYM+N 

amendments compared to NPK and the 

control. Due to higher heavy metal 

concentrations in plants under NPK 

amended soil, more antioxidants were 

inducted in order to reduce the oxidative 

stress caused by the heavy metals. Lower 

availability of heavy metals in plants under 

FYM amendment led to the improvement in 

physiological status and yield. The present 

study concludes that FYM alone and in 

combination with N may be used to reduce 

the phytoavailability of heavy metals in the 

soil to improve the yield of plants and 

reduce the food chain contamination. 

Therefore, application of FYM alone and in 

combination with N at regular intervals may 

be able to reduce food chain contamination 

by lowering the availability of heavy metals 

to the plants grown in metal contaminated 

area.  
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كاهش مسموميت فلزات سنگين در مزارع كشاورزي با كار برد مواد بهساز و اثرات 

 (Raphanus sativus)آن روي ويژگي هاي گياه تربچه 

 م. آگراوالو ا. سينگ، 

  چكيده

) در زمين هايي كه با فاضلاب آبياري مي .Raphanus sativus Lدر تحقيق حاضر، گياه تربچه(

وده حاشيه نشين ناحيه ديناپور در شمال شرقي واراناسي در هندوستان شد كاشته شد. محل اجرا در محد

قرار داشت.در اين مطالعه ، ويژگي هاي خاك وگياه در تيمارهاي آزمون كه شامل مصرف سه كود 

) بود با تيمار شاهد( بدون مصرف NPK، و كود حيواني بعلاوهNPKمختلف (كود حيواني به تنهايي، 

گيري ها نشان داد كه غلظت فلزات سنگين در تيمار هاي كود حيواني به تنهايي  كود) مقايسه شد. اندازه

درصد كمتر از شاهد بود ولي عملكرد  17تا  14درصد و  32تا14به ترتيب  NPKو كود حيواني بعلاوه

حاكي از بالا بودن  NPKدرصد نشان داد. تجزيه گياهان تيمار  49درصد و  60محصول افزايشي برابر 

جذب فلزات سنگين بود كه در نتيجه باعث تحريك كنش آنزيم هاي آنتي اكسيدانت و كم فراهمي 

شدن نرخ فتو سنتز، رشد گياه و عملكرد مي شد. بنا بر اين براي كاهش فراهمي فلزات سنگين در مزارع 

هاي  را به خاك در دوره Nآلوده مي توان افزودن مقدار معيني از كود حيواني به تنهايي يا همراه با 

  منظم توصيه كرد.
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