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Effects of co-composted cow manure and poultry litter on
the extractability and bioavailability of trace metals from
the contaminated soil irrigated with wastewater
Bushra Haroon, Amjad Hassan, Arshad Mehmood Abbasi, An Ping,
Shao Yang and Muhammad Irshad

ABSTRACT
It is generally recognized that agricultural soils accumulate toxic metals after long-term wastewater
irrigation. The removal of trace metals (TMs) from the soil is not possible. Therefore, this study
investigated the effects of the addition of manure on the extractability and bioavailability of TM from
the contaminated soil after wastewater irrigation. Soils samples were treated with co-composted
cow manure (CM) and poultry litter (PL) at 10 and 20 t ha1. The study showed that addition of
manure enhanced fenugreek biomass and reduced TM uptake depending on the combination of
composted manures used. TM concentrations in the fenugreek shoots varied in the order of Pb >
Ni > Zn > Cu > Cd. A higher amount of manure mixture especially composted with the privet and
cypress residues decreased the extractability of TM from the contaminated soil. Soils amended with
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PL reduced TM concentrations more than CM; this is also true for the plant uptake. The variation of
TM in plants was positively associated with their concentrations in the soil and adversely related to
the plant biomass. This study conﬁrmed that the combined use of composted manure with plant
residues can be an effective addition for ameliorating the TM pollution in soils and crops.
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INTRODUCTION
The beneﬁts of treated wastewater reuse for integrated water

metals (TMs) in soil (Majeed et al. ) and impaired the

resources management and its role for water cycle manage-

quality and safety of food (Alghobar & Suresha ).

ment and solving water scarcity issues have been

Edible crops in the Hattar industrial area of Pakistan were

emphasized (Kalavrouziotis et al. ). The metal pollution

found to be accumulated with TMs, and these metals were

in soils and vegetation has become a signiﬁcant environ-

present beyond permissible limit in agricultural soils

mental and ecological issue of the world (Satashiya ).

(Irshad et al. ). Sarwar et al. () reported the impor-

Wastewater irrigation, the disposal of solid waste, the appli-

tance of TM monitoring in the environment due to food-

cation of sludge, vehicle emissions and industrial activities

chain contamination.

have been reported among major contributors of trace

Abdel-Shafy & Mansour () reported the successful
remediation of contaminated soils using phytoremediation

This is an Open Access article distributed under the terms of the Creative
Commons Attribution Licence (CC BY 4.0), which permits copying,

technology. However, the remediation of the soil contami-

adaptation and redistribution, provided the original work is properly cited

nated particularly with TMs has also been reported a

(http://creativecommons.org/licenses/by/4.0/).

complicated phenomenon (Liu et al. ). TMs cannot be
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removed from soils, but can only be changed from one state

). However, metals from polluted soils and their bioa-

to another oxidation state (Ullah et al. ). Plants are

vailability to a crop after the application of co-composted

unable to uptake the total pool of metals that exist in the

manures have not been well reported. Therefore, the current

growth medium. The fraction of the metal which a plant

study was conducted to investigate the extraction of metals

can uptake and absorb is known as a bioavailable fraction.

and the uptake response of fenugreek in the contaminated

The accumulation of TM in plant tissues depended on the

soil after discrete treatment with composted cow manure

type of plant species and the ability of different plants to

(CM) and poultry litter (PL) with privet and cypress

uptake metals had been assessed by the uptake of plant

residues.

and the transfer factor of metal ions from soil to plant
(Abbaslou & Bakhtiari ). In soils and bio-waste, TMs
exist in variable forms such as exchangeable metals, organic

MATERIALS AND METHODS

matter-associated metal, metals associated with secondary
minerals, phosphates, carbonates and oxides, and ions pre-

Polluted soil samples were collected (0–20 cm) randomly

sent on the crystals of primary minerals (Theobald ).

from 10 adjacent wastewater-irrigated ﬁelds of the Hattar

The fraction of the soluble metals that exist in soil solution

area, District Haripur, Pakistan. Samples were air-dried,

is easily available for plant absorption, while other metal

sieved and then kept in plastic bags. These samples were

pools of soil are less bioavailable. Soil factors that affect

thoroughly mixed and analyzed for the physico-chemical

the bioavailability of metals involve the presence of total

properties (texture, total carbon, electrical conductivity

metal ions in the soil, soil pH, the content of clay and

(EC), pH and extractable TM). Total carbon content was

hydrous oxide, the percentage of organic matter and

measured by using a dry combustion method (Nelson &

reduction state (Murtaza et al. ).

Sommers ). The pH of compost suspension with soil:

Pedrero et al. () reported the fundamentals of agri-

water at the ratio of 1:5 was measured by using a pH

municipal

meter (Model: HANNA HI 8520). The EC of the soil sus-

wastewater and elaborated the effects of wastewater reuse

pension was determined with an EC meter (Model: 4320

on soils and plants in Greece and Spain. In view of the

JENWAY). Soil texture was determined using a pipette

effects of wastewater irrigation in agricultural ﬁelds, effec-

method (Gee & Bauder ). Selected properties of soil

tive

the

are given in Table 1. Industrial wastewater samples collected

sustainable use of soils polluted with wastewaters. The appli-

from the drain (used for irrigation) were also analyzed for

cation of organic-rich material as a soil amendment in

chemical properties (Table 1; Bushra et al. ).

cultural

irrigation

management

and

reuse

approaches

of

are

treated

required

for

agricultural practices provides an approach for converting
organic wastes into useful resources (Rosazlin et al. ).

Composting process

Organic waste can help to improve the soil structure,
increase the content of soil organic matter, prevent the

CM and PL samples were collected from local farms and

growth of soil-borne plant pathogens and stimulate plant

brought to the laboratory. Leaf residues of broad-leafed

growth (Xiong et al. ). The beneﬁcial use of animal

privet (Ligustrum lucidum) and Italian cypress (Cupressus

manure via land application has been well recognized by

sempervirens) were collected after trimming from the local

the farmers. The addition of manure to the soil alters prop-

areas of Abbottabad. CM and PL were air-dried. Leaf resi-

erties such as the availability of plant nutrient, amount of

dues were dried and chopped into small pieces about 2–3

organic matter, cation exchange capacity and tilth of the

inches. Manures were co-composted with residues of

soil. Livestock manures are believed to be helpful in the

broad-leafed privet and Italian cypress at the ratio of 1:0,

degradation of soil contaminants and alleviate the uptake

1:1 and 1:2 (animal manure:plant residues) in the plastic

of contaminants by the plant. Two studies have reported

buckets, and these were placed under the shade. Samples

the concentrations of TMs in polluted soils and plants

were moistened occasionally and aerated equally during

after the addition of manure (Irshad et al. ; Shazia et al.

the
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Average values of the soil and water quality parameters of wastewater used for irrigation, along with standard limits of drinking water by NSDWQ-Pak and irrigation water by the
USA (Radojevic & Bashkin 2010; Bushra et al. 2018)

Parameters

Unit

Present study (mean)

NSDWQ-Pak

US irrigation water quality

Soil properties

pH

–

9.20 ± 0.3

6.5–8.5

6.5–8.4

8.1 ± 0.2

EC

μS cm1

1,124 ± 26

–

<700

636. ±10.2

COD

mg L1

459 ± 14

–

–

–

Pb

mg L1

2.50 ± 0.31

0.05

5.0

47.5 ± 1.6 mg kg1

Ni

mg L1

1.64 ± 0.23

0.02

0.2

6.2 ± 0.8 mg kg1

1

0.98 ± 0.14

>0.5

0.2

2.3 ± 0.5 mg kg1

Mn

mg L

Fe

mg L1

0.72 ± 0.1

–

5.0

2.1 ± 0.1 mg kg1

1

1.51 ± 0.1

5.0

2.0

2.2 ± 0.1 mg kg1

Zn

mg L

Cu

mg L1

0.81 ± 0.02

2.0

0.2

8.0 ± 0.6 mg kg1

Cd

mg L

1

0.32 ± 0.02

0.01

0.01

1.6 ± 0.1 mg kg1

K

mg L1

0.72 ± 0.10

–

–

–

Ca

mg L1

4.10 ± 0.31

–

–

–

Mg

mg L

1

0.91 ± 0.02

–

–

–

Na

mg L1

6.81 ± 0.42

–

–

–

1

Total C

g kg

–

–

–

32.2 ± 1.4

Clay

%

–

–

–

6.8 ± 0.3

Silt

%

–

–

–

7.0 ± 0.4

Sand

%

–

–

–

86.2 ± 2.3

maintained at about 40%, and the temperature was main-

temperature. Concentrations of extractable metals, namely

tained according to the requirement of the experiment and

lead (Pb), nickel (Ni), zinc (Zn), copper (Cu) and cadmium

composted for 100 days. The composted samples were col-

(Cd) in the manure-amended soils, were determined by a

lected, air-dried and ground into powder form, sieved and

modiﬁed procedure of Amacher (), i.e., metals were

then stored in plastic bags. Selected properties of composted

extracted with 0.1 mol L1 Mg(NO3)2 and shaken for 2 h

CM and PL supplemented with privet and cypress residues

at about 80 cycles/min. Soil weighing 5 g was extracted.

are given in Figures 1 and 2.

After extraction, the solution was centrifuged and ﬁltered
and ﬁnally used for the determination of TM concentrations

Soil incubation

using an atomic absorption spectrophotometer (AAS)
(Model: Analyst 700, Perkin Elmer).

Polluted soil samples were amended with the addition
of manure at two levels: 10 and 20 t ha1 (based on

Greenhouse study

2 million kg soil per plow layer in ha). A 500 g sample of
soil was weighed and mixed with manure samples. The

Fenugreek (Trigonella foenum-graecum) was grown in a

experiment was a factorial combination of 2 × 2 × 3 × 2

greenhouse. For this purpose, plastic pots were ﬁlled with

(two manure types, two types of plant residues, three

the contaminated soil (5 kg per pot). Soil samples were

mixing ratios and two application rates) replicated three

brought from the Hattar industrial estate area. The contami-

times arranged into a completely randomized design. The

nated soil was treated with the above-composted manures.

moisture content of the soil was kept at 30% in plastic buck-

An equal number of seeds was sown in each pot at a

ets. Samples were incubated for 8 weeks at room

depth of 2 cm. After 1 week of germination, plants were
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Chemical properties of CM composted with privet and cypress plant residues.
For this and subsequent ﬁgures, 1:0, 1:1 and 1:2 indicate the ratios of manure
mixture with privet and cypress residues.
Figure 2

|

Chemical properties of PL composted with privet and cypress plant residues.

thinned to 20 seedlings per pot. A basal dose of nitrogen and
phosphorus at the rate of 100 kg ha1 in the form of urea
and diammonium phosphate was applied to boost the initial

plants were harvested, washed with distilled water and

plant growth. Experimental setup for the pot experiment

dried at 65  C in an oven for about 48 h to determine dry

consisted of the amended treatments as detailed above.

biomass. Milled shoot samples of plants weighing 0.5 g

The experiment was a factorial combination of 2 × 2 × 3 × 2

were digested within a mixture (1:3) of per chloric

(two manure types, two types of plant residues, three

(HClO4) and nitric (HNO3) acids for the determination of

mixing ratios and two application rates) units. It was

total concentrations of trace elements (Miller ). TM con-

arranged into a randomized complete block design with

tents in the shoots were determined using the AAS.

three replications. Irrigation was applied according to the

Biological accumulation coefﬁcient (BAC) was calculated

ﬁeld capacity. The ﬁeld capacity of the soil was measured

as the ratio of TM in shoots to that in soil (Yoon et al.

based on the water weight held in the sample versus the

). The uptake of metal ion plant and their transfer

dry weight of the soil sample. After 8 weeks, vegetable

factor from soil to plant is determined by the BAC.
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(Table 2). TM concentration in soils reduced signiﬁcantly
as compost application rates increased and decreased as

Data were statistically analyzed using the Stat-view software

the amount of privet and cypress wastes in the compost

(SAS ). The level of signiﬁcance among treatments was

increased. Mixing of soil with manure containing cypress

determined using an analysis of variance. A separation of

residues reduced TM concentrations more than the com-

means was done using a least signiﬁcant difference (LSD)

posted material containing privet residues. PL combined

2

at P < 0.05. Regression equations and determinant (R )

with plant residues was found more effective in mitigating

explaining the relationship of TM concentrations in soils

the concentrations of TM in soil than CM treatments.

to the TM uptake by plants were determined.
Lead (Pb)

RESULTS AND DISCUSSION

Soil samples treated with manure apparently reduced the concentration of Pb in the soil extract. Both CM and PM co-

Soil incubation

composted with cypress reduced Pb concentration in the soil
extract when compared with manure þ privet residues. At an

Soil samples contained higher concentrations of TM due to

application rate of 10 t ha1, the composted CM þ privet at

long-term wastewater irrigation (Table 1). Extractable TM

the ratio of 1:2 reduced Pb by 12.5% as compared to CM

concentrations in the soil varied as Pb > Ni > Cu > Cd >

(1:0), i.e., without plant residues. The soil treated with com-

Zn. Results showed that the application of composted

posted CM along with privet at the ratio of 1:2 obviously

material to soil reduced the extractability of TM depending

reduced Pb concentration by 21% than control soil. It was

upon the type and ratio of composted manure applied

noticed that the composted CM and PM combined with

Table 2

|

1

Extractable heavy metals (mg kg

Manure/application rate

) in the contaminated soil amended with CM and PL composted with plant residues

Plant residues

Control
1

CM 10 t ha

Privet
Cypress
PL 10 t ha1
Privet
Cypress
CM 20 t ha1
Privet
Cypress
PL 20 t ha1
Privet
Cypress

Manure mixture

Pb

Ni

Cu

Cd

Zn

pH

EC (μS m

0.0

27.2

7.2

8.5

2.8

2.41

8.10

636.8

1:0
1:1
1:2
1:1
1:2

24.2
21.5
21.3
22.9
19.7

6.9
6.6
5.7
5.8
4.8

6.5
5.0
3.9
3.6
3.2

2.3
1.9
1.1
1.5
0.9

1.93
1.72
1.15
1.85
1.72

7.15
7.35
7.55
7.26
7.45

619.2
623.6
626.5
625.5
629.0

1:0
1:1
1:2
1:1
1:2

15.5
14.4
12.7
14.6
11.2

5.9
5.3
3.5
4.7
4.0

4.0
3.6
2.9
3.8
2.4

1.5
1.4
1.0
1.4
1.2

1.38
1.19
0.94
0.86
0.70

6.73
6.77
6.85
6.82
6.86

593.0
595.5
600.6
597.5
606.2

1:0
1:1
1:2
1:1
1:2

17.5
15.4
14.5
14.4
11.5

5.5
5.3
4.8
4.9
4.2

3.6
3.2
2.8
2.2
1.8

0.8
0.7
0.6
0.5
0.5

0.60
0.56
0.57
0.65
0.50

7.35
7.65
7.85
7.80
7.90

839.2
842.5
847.1
840.5
844.0

1:0
1:1
1:2
1:1
1:2

9.8
8.1
6.9
9.2
7.8

4.8
4.6
3.8
4.3
3.8

1.6
1.1
1.1
0.9
0.7

0.5
0.4
0.4
0.3
0.3

0.22
0.15
0.11
0.16
0.15

7.15
7.41
7.45
7.33
7.55

810.0
817.0
823.1
815.5
820.0

0.9

0.3

0.1

0.1

0.05

0.2

12.2

LSD (0.05)
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cypress reduced Pb concentration more than privet addition.

with CM þ privet residues were 6.5, 5.0 and 3.9 mg kg1 in

At 20 t ha1, CM composted with cypress (1:2) reduced Pb

1:0, 1:1 and 1:2 ratios, respectively, at 10 t ha1. The

by 34.2% than composted CM (1:0). The results indicated

decreased amount of extractable Cu due to the increasing

that composting of plant residues with animal manure

ratio of plant residues was partially linked to the variations

decreased the extractability of TM from polluted soils.

in the organic matter content of the soil. The release of Cu

Shazia et al. () reported a reduced availability of TM

in a lower amount from the manure-treated soil might be

from polluted soils after amendment with manure. Brown

related to the humiﬁcation process of organic matter,

et al. () reported the immobilization of Pb concentration

which may generate stabilized complexes of Cu with humic

in soil due to the application of biosolid compost. The use of

substances (McLaren & Clucas ). Poultry manure and

additional organic matter in soils decreased the bioavailability

other additional manure had been reported for the Cu optim-

of TM and associated TM fractions with organic matter, oxides

ization in the contaminated soil (Thomas & Dauda ).

of metal and carbonates (Walker et al. ).

The release of phosphate, carbonates and other salts after
the application of composted manure may transform into

Nickel (Ni)

metal insoluble compounds and decreased metal solubility
(Walker et al. ).

Signiﬁcant changes in the Ni concentration of soil samples
applied with composted CM and PM were observed

Cadmium (Cd)

(Table 2). A higher concentration of Ni was found (6.9
mg kg1) in soil treated with CM samples without plant resi-

Changes in the extractable Cd were observed when the soil

dues. Nickel concentration apparently decreased due to the

was treated with CM and PL composted with or without

addition of manure mixture with plant residues. For instance,

plant residues (Table 2). Higher Cd contents were found in

composted CM with privet residues at the application of

the soil amended with CM and PL without plant waste

1

showed the Ni concentration of 6.9, 6.6 and 5.7

(1:0). The composted material with a higher ratio of plant

mg kg1 at the ratio of 1:0, 1:1 and 1:2, respectively. Nickel con-

residues reduced Cd concentration in polluted soils. Cad-

10 t ha

1

in the soil treated with

mium concentration reduced from 1.5 to 1.0 mg kg1 after

CM þ cypress residues at the ratio of 1:1 and 1:2, respectively.

soil treatment with PL þ cypress (1:2) at the application

Increasing the manure application rate also reduced more Ni

rate of 10 t ha1. The treatment of PL þ cypress (1:2 mixture)

concentration from the soil. Composted manure with plant

reduced Cd concentration from 0.8 to 0.6 mg kg1 with the

waste relatively decreased the release of Ni than manure with-

application rate of 20 t ha1. The permissible limit of Cd in

out plant waste. It has been reported that organic matter after a

soil was reported 5 mg kg1 (Dudka et al. ). Zobia et al.

composting process supported binding sites in soil, which

() reported that the addition of plant residues along

reduced TM uptake by plants (Silveira et al. ). Singh

with the animal manure reduced the extractability of metallic

et al. () reported a reduced availability of heavy metals to

elements in soils. Lower TM solubility in soil treated with

centrations were 5.8 and 4.8 mg kg

plants after the application of cattle manure mixed with rice

manure compost was due to the organic matter humiﬁcation

husk. The mobility of TM decreased in the composted

and soil pH (Gupta & Sinha ). Manured soil enhanced

manure than fresh manure, and manure application beneﬁ-

the organic matter content, which may help for the attach-

cially reduced the TM pollution in soils (Shazia et al. ).

ment of metal ions and decrease their bioavailability (Liu
et al. ). Biosolid addition formed binding sites in soils

Copper (Cu)

and reduced the uptake of TM in plants (Silveira et al. ).

The concentration of Cu reduced in the amended soil

Zinc (Zn)

according to the manure application (Table 2). Increasing
the application rate of manure reduced more Cu concen-

Reduction in Zn concentration was observed in the soil after

tration in the soil. The concentrations of Cu in soil treated

the addition of manure (Table 2). In other words, composted
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manure with privet and cypress residues immobilized Zn in
the soils. Zinc concentration in the soil decreased by 42.1%
and 10.5% when treated with CM þ privet (1:2) and CM þ
cypress residues, respectively, at 10 t ha1 than CM without
privet residues (1:0). A reduced availability of TM in the
soil treated with composted manure was reported (Irshad
et al. ). Bast et al. () reported that poultry manure
contained TM sorbents capable of reducing TM solubility
and enhancing immobility in the soil. The availability of
TM in the soil was affected by the amount and the quality
of organic matter which may interact with the TM, forming
complexes and chelates of varying stability (Leita et al.
).
pH and EC
The pH of the soil was higher with composted manure
added with plant residues (Table 2). pH values of soil were
higher in cypress þ CM/PL treatments than privet þ
manure mixtures. Overall, the pH values of CM containing
soil were higher than the PM-amended soil. The PL þ

Figure 3

|

Fenugreek dry biomass as affected by the application of composted CM and
PL in the contaminated soil.

privet compost amended soil showed pH that ranged from
6.73 to 6.85, while pH values of soil were 6.82 and 6.86
after amendments with 1:1 and 1:2 mixture of PL þ cypress

Plant growth and TM concentration

residues. It showed that the pH of the soil slightly increased
due to the addition of composted CM with plant residues.

The application of composted manure signiﬁcantly (P <

Soil higher pH was reported after the application of com-

0.05) increased fenugreek biomass (Figure 3). Polluted

posted animal manures (Scharenbroch ). Loper et al.

soils amended with composted CM and PL enhanced bio-

() also reported soil lower pH after compost amend-

mass production. Among the treatments, the highest

ment. Incubating the soil with different animal manures

biomass of shoots was obtained with manure composted

resulted an increased in soil pH (Roy & Kashem ).

with plant residues and the lowest biomass was obtained

The EC of soil enhanced with a higher application rate

in control soil. The shoot biomass of fenugreek increased

of composted manure (Table 2). The result showed that

more under PL amendment as compared to CM. The

the soil treated with PL compost having a lower EC value

superior biomass yield after treatment with composted

as compared to CM compost. EC values of soil were

manure could possibly be due to the appropriate bioavail-

higher after amendment with composted manure with

ability of major plant nutrients (Shazia et al. ). The

plant residues. Cypress-containing manure enhanced EC

addition of composted manure with a higher application

values of the soil more than privet-containing manure.

rate in the polluted soil decreased the uptake of TM from

The higher application rate of compost to the polluted

the soil by fenugreek. The concentration of TM in the

soil indicated higher EC values. Increasing the application

shoots varied in the order of Pb > Ni > Zn > Cu > Cd

rate of animal manure gave a higher EC of the soil (Dikinya

(Figures 4–8).

& Mufwanzala ). Greater EC values were reported in

The variations of TM in fenugreek shoots were directly

manured soils by Loper et al. () and Wolka & Melaku

related to their concentrations in the amended soils

().

(Figures 4 and 5). In control soil (without manure addition),
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Lead concentrations in the shoots of fenugreek as affected by composted CM
and PL application.

Figure 6

Nickel concentrations in the shoots of fenugreek as affected by composted CM

Figure 7

and PL application.
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Copper concentrations in the shoots of fenugreek as affected by composted
CM and PL application.

|

Cadmium concentrations in the shoots of fenugreek as affected by composted
CM and PL application.
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Zinc concentrations in the shoots of fenugreek as affected by composted CM
and PL application.

the concentration of Pb was 10.8 mg kg1 in shoots and
reduced to 7.6 mg kg1 when the soil was mixed with the
composted CM (at 10 t ha1). The changes in the availability
of TM were sufﬁciently related to the alterations of these
elements in the manure-amended soil (Figures 9 and 10).
The development of complexes between the organic matter
and Pb may reduce the availability of Pb from the soil with
additional manure. Organic amendments with high pH
may further reduce the solubility of Pb (Alburquerque et al.

Figure 9

|

Relationship of Pb, Ni and Cu in fenugreek shoots versus concentrations of
these heavy metals in the soil after the addition of manure.

).
Nickel concentrations in the plant shoots varied with
additional manure ratios of 1:0 > 1:1 > 1:2 (Figure 5).

Cu in the shoots had reduced by 23.5% and 41.1% with

Nickel concentration was higher in shoots with the

PL þ privet

and

PL þ cypress

residues

(at

1:2)

at

1

manure-amended soil as compared to the unamended soil.

10 t ha . The major part of Cu may attach to the stable

The concentration of Ni reduced by 9.6% in the shoots of

portion dominated oxides of manganese, iron and stable

fenugreek with composted CM (1:0) than untreated soil. It

organic complexes (Senkondo ). The greater afﬁnity

was reported that a higher concentration of humic acid

of Cu to the compost matrices may lead to a lower avail-

and fulvic acid in compost was capable of binding metals

able fraction of Cu (Tella et al. ).

(Forja et al. ).

The amount of Cd varied in fenugreek shoots according

The contents of Cu in shoots were relatively altered

to the type of manure mixture applied to the soil (Figure 7).

like other TM with additional manure (Figure 6). The com-

Poultry manure was found to be more efﬁcient in reducing

bination of CM/PM with cypress residues reduced more

the concentration of Cd in the shoots. The lower extraction

Cu content in the shoots than privet waste. The level of

of metals from the manured soil has been reported
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elsewhere. Phosphates, organic minerals and aluminum
compounds present in organic additives retained more TM
and therefore reduced the extractability (Khan et al. ).
The organic matter of the soil changes the solubility and
exchangeability of Cd into organic bond fraction and thus
decreases the bioavailability (Han-Song et al. ). The
amount of organic matter in the contaminated soil
enhanced the accessibility of binding sites (Beesley et al.
).
The zinc concentration of plant shoots reduced after
addition of co-composted CM and PM with plant
residues (Figure 8). CM þ privet inoculated soil at the ratio
of 1:0, 1:1 and 1:2 showed Zn concentrations of 0.94, 0.91
and 0.88 mg kg1, respectively, while in PL þ privet treatments, the Zn concentrations were 0.68, 0.65 and
0.61 mg kg1 with an application rate of 20 t ha1. A lower
bioavailability of TMs was reported due to the greater content of soil organic matter and CEC (Sanvong & Suppadit
).
The BAC for TM also showed that TM accumulation in
Figure 10

Table 3

|

|

Relationship of Cd and Zn in fenugreek shoots versus concentrations of these
heavy metals in the soil after addition of manure.

fenugreek plants was ameliorated with the addition of

BAC for heavy metals contents in fenugreek grown in the contaminated soil amended with composted manure

Manure/application. rate

Plant residues

Manure mixture

Pb

Ni

Cu

Cd

Zn

Control

0:0

0.39

0.43

0.31

0.44

0.77

CM 10 t ha1

1:0
1:1
1:2
1:1
1:2

0.31
0.35
0.35
0.29
0.34

0.40
0.42
0.48
0.44
0.53

0.19
0.25
0.31
0.31
0.34

0.48
0.42
0.71
0.48
0.77

0.92
1.02
1.54
0.83
0.87

1:0
1:1
1:2
1:1
1:2

0.38
0.40
0.46
0.38
0.49

0.33
0.36
0.54
0.37
0.43

0.42
0.44
0.44
0.28
0.41

0.37
0.38
0.51
0.34
0.37

1.11
1.23
1.46
1.55
1.72

1:0
1:1
1:2
1:1
1:2

0.22
0.24
0.26
0.25
0.31

0.11
0.12
0.12
0.12
0.14

0.18
0.20
0.22
0.21
0.25

1.11
1.09
1.17
1.68
1.40

1.57
1.63
1.54
1.15
1.40

1:0
1:1
1:2
1:1

0.40
0.48
0.56
0.40

0.15
0.18
0.14
0.13

0.13
0.16
0.14
0.11

1.20
0.95
0.90
1.13

3.09
4.33
5.55
3.81

1:2

0.46

0.11

0.09

1.03

4.00

0.12

0.02

0.03

0.21

0.15

Privet
Cypress
Poultry manure 10 t ha1
Privet
Cypress
CM 20 t ha1
Privet
Cypress
Poultry manure 20 t ha1
Privet
Cypress
LSD (0.05)
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manure after the co-composting process (Table 3). The

the higher amount of these TM in the shoot tissues

regression analysis showed that shoot Pb concentration

(Figure 11).

was related to the Pb concentration of soil by the following
equations: y ¼ 0.28, x þ 1.08 and R 2 ¼ 0.76. Nickel concentration in fenugreek shoots was related to the Ni
concentration of soil by the equations: y ¼ 0.49, x  0.55
and R 2 ¼ 0.72 (Figures 9 and 10). The higher values of
R

2

indicated that the shoot concentration of TM was

highly inﬂuenced by the metal concentrations of soil. The
concentrations of TM (Pb, Ni and Cd) in fenugreek
shoots were adversely related to the biomass production
in the contaminated soil. The biomass yield reduced with

CONCLUSIONS
The study showed that the addition of manure enhanced
fenugreek biomass and reduced TM uptake depending on
the treatment of the manure. The TM concentrations in fenugreek shoots decreased after the application of composted
CM and PL. TM in the plant shoots differed in the order of
Pb > Ni > Zn > Cu > Cd. The addition of CM and PL combined with plant residues reduced the extractability of TM
from the contaminated soil. The variation of TM in plant
tissue was positively associated with their concentrations in
soil and adversely related to the biomass production. This
study ascertained that the combined use of plant and
animal waste in contaminated soils can be a good source of
soil improvement of TM in soils and crops.
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