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Abstract 

   
The soil fertility depends on the maintenance of microbial processes and activities for the completion of nutrient 

cycles. The management practices of soil and man-made activities which add contaminants i.e., heavy metals in 

the soil potentially have long term effects over microbial diversity in different ecosystems. An experiment was 

conducted to see the effects of heavy metals on different activities (i.e., microbial biomass and respiration) of 

microorganisms which produce fertility within the agriculture soil. In this case, soil was collected from 

Agriculture Research Centre at Bahauddin Zakariya University, Multan and samples were treated with different 

concentrations of Zn, Cu and Cd in single, duplicate and triplicate. The results showed that soil microbial 

biomass and soil respiration were significantly (P<0.05) affected by Zn and Cu individually as well as in the 

combination of Zn, Cu. The rest Cd did not show any significant affect individually as well as in combination of 

other heavy metals. 
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Introduction 

Soil is a complex mixture of various components 

including different microbes, heavy metals and 

climate. It provides habitat for all major groups of 

microorganisms in the form of micro flora (bacteria 

and fungi) and soil fauna (protozoa and other 

invertebrates) (Muller et al., 2004). Soil acts as a 

source and sinks for different nutrients and builds 

interaction among microorganisms and their food 

availability through cycling process. Great 

relationship exists between soil and microbes as they 

improve soil fertility and play animportant role in the 

transfer of energy, production of necessary nutrients, 

decomposition of soil organic matter, degradation of 

pollutants and maintaining the balance within the  

soil’s’ structure (Bauhus and Khanna, 1999, 

Stevenson, 1982; Verstraete and Top, 1999; Preston et 

al., 2001).  

 

Soil microbial biomass, respiration, N mineralization 

and microbial community structure are the key points 

for the indication of good or bad quality of soil 

(Hinojosa et al., 2005).  These parameters have been 

put in national and international monitoring 

programs of soil (Yao et al., 2000). Microbial 

activities are disturbed due to influence of heavy 

metals from different sources which indirectly reduce 

the soil fertility. It has been reported by Obbard, 

(2001); Kızılkaya et al., (2004); Liao and Xie, (2007); 

Wang et al., (2007) that soil microbial biomass and 

respiration are very sensitive to heavy metals and 

show adverse effects of these heavy metals. 

 

Heavy metals enter into the soil through different 

ways including natural as well as anthropogenic 

source which increase the concentration of heavy 

metals in the soil and in this way the nature of soil is 

changed (Chen et al., 2011). The heavy metal 

pollution has become a serious threat to the biological 

functioning of soil and its living habitants (Lee and 

Sun, 2014; Perez-de-Mora et al., 2006; Zhao et al., 

2012). 

 

Heavy metals are widely spread group of pollutants 

and persist within organic portion of soils of all types 

(Friedland et al., 1984; Hernandez et al., 2003). 

Larger accumulation of these heavy metals with the 

passage of time can disrupt the soil functioning which 

indirectly decreases the microbial activity in the form 

of soil microbial biomass as well as respiration 

(Baath, 1989; Laskowski et al., 1994; Pennanen et al., 

1998). 

 

According to Cambi et al., (2015); Hertmann, (2014) 

Ellis et al., (2001); Kelly et al., (2003); Lugauskas et 

al., (2005) heavy metal contamination, especially Cu 

and Zn can cause shifting of microbial populations 

from higher regions to lower regions of soil 

containing heavy metals and in this way the fertility of 

soil is affected which is a negative sign for the 

agriculture soil containing microbes. 

 

Pakistan is the country in which population rely on 

70% agriculture. Trace metal contamination of soil 

due to anthropogenic activities especially 

industrialization ( Reimann et al., 2005) is of major 

concern now-a-days (Allison et al.,2008). This 

blemish of soil depends upon the soil types and the 

way by which soil is being used (Palumbo et al., 

2000).  The principal outcome of this soil 

contamination leads to health related problems to the 

people whom are exposed (Achakzai et al., 2015). 

Heavy metals contamination due to growing of 

industries in Multan as well as in other parts of 

Pakistan is a major problem for soil fertility, which 

contaminates the food as well (Zaidi et al., 2005; 

Khair, 2009). Many studies highlight the importance 

of contamination of most of agricultural soils of 

Pakistan including Multan (Shahbaz et al., 2015), 

Lahore (Jagtap et al., 2010) Peshawar (Sweda et al., 

2008), Karachi (Sistla et al., 2012) and some studies 

in northern region (Sultana  et al., 2014). However, 

no significant work has been conducted in the study 

area so far to explore the response of soil microbial 

biomass and respiration in heavy metal contaminated 

soil.  

 

Therefore, aim of this research was to explore the 

problem of soil fertility of Multan because it is city of 

an agricultural land, contributing largely in the 
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economy of Pakistan. But the quality of land is being 

deteriorated for some past years due to some 

industrial activities at certain regions of Multan. For 

the purpose of improving soil fertility, site study of 

soil was conducted. 

 

Methods and materials 

Sample collection and preparation 

Agricultural loamy sand soil samples were collected 

within the field plot of Agriculture Research Centre 

(ARC) at Bahauddin Zakariya University Multan. Soil 

was covered with vegetation and composite soil 

samples were taken by removing surface vegetation 

carefully from the depth of 10-20 cm. Samples were 

dried and sieved to less than 2.5 mm. After sieving, 

soil samples were sorted to remove the small pebbles, 

plant material and small fauna and then were mixed 

thoroughly with trowel. Samples were incubated at 

270 C for 8 days to settle disturbance caused due to 

sampling (Baath et al., 1998). 

 

 Prepared soil sample was divided in to eight samples 

of 1000 g of each and put in to plastic pots of 10 cm in 

diameters. Solutions of sulphate (sigma) salt of Zn,Cu 

and Cd dissolved in 100 ml of de-ionized water was 

applied to each pot (labeled from 1 to 8) in single as 

well as in combine form (Table 2).Sample after 

receiving salt solution were thoroughly mixed with 

spade. 

 

Pot-I was kept as a control and received no metal 

concentration. Pot-2 received 3600 mg/kg of Zn, Pot-

3 was provided with Cu 3600 mg/kg, pot-4 with 3600 

mg/kg of Cd, Pot-5 with Zn,Cu at the ratio of 

1800:1800 mg/kg, pot-6 with same ratio (1800:1800) 

of Zn,Cd mg/kg while pot-7 also received the same 

1800:1800 mg/kg of Cu,Cd and pot-8 received 

Zn,Cu,Cd with the ratio of 1200:1200:1200 mg/kg of 

soil (shown in Table 2). Pots were put for 8 weeks at 

room temperature of 27-280 C and periodically 

distilled water was applied to keep the moisture 

constant in the pots. 

 

Sample analysis 

The physico-chemical properties of soil were  

determined before application of treatments (Table 

1).Total metal contents were determined by Atomic 

Absorption spectrophotometer after digestion and 

total soil carbons (%) was found by dichromate 

digestion method following Kalembasa and Jeninson 

(1973). Soil pH was measured using a pH meter. The 

Water Holding Capacity (WHC) of the soil was 

determined by adding 100ml of water to samples of 

soil placed in weighed funnels containing Whatman 

No. 42 filter paper. The water drained for 3 hours and 

the funnels containing the soils were reweighed. 

 

After amendment of heavy metals, soil sample of each 

pot was analyzed after a few days to 2nd, 4th, 6th, and 

8th week. For soil microbial biomass C, the method of 

Vance et al., (1987) was opted. Fumigation–

extraction method was used for the determination of 

soil microbial biomass. 3 grams of soil sample from 

each pot were fumigated with chloroform and other 3 

g were not fumigated. Microbial biomass C was 

extracted with K2SO4 (0.5 M) solution from both 

fumigated and non-fumigated samples. The C content 

was measured in the centrifuged samples by using a 

soluble-organic C analyzer (Shimadzu TOC-5050A). 

2.66 were multiplied with extracted C for microbial 

biomass calculation. 

 

Soil respiration was determined by IRGA (TORAY 

PG-100) by placing 50 g of soil with moisture content 

adjusted to water holding capacity at 50–60% in 

tightly sealed flasks for incubation at 28 ◦C for 27 

days. The CO2 produced was periodically measured. 

The data obtained after 27 days of incubation was 

complied to give a cumulative amount of CO2 evolved 

during this period and soil respiration was expressed 

as ug CO2/g of soil. 

 

The results were analyzed by two–way Analysis Of 

Variance (ANOVA).The differences between control 

and other treatments were measured using least 

significant level (LSD) 

 

Results and discussion 

Soil characteristics determine that PH reading of soil  

was 6.91, while biomass C and respiration were 167.6  
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and 2.49 respectively (Table 1).  

 

Table 1. Soil characteristics. 

Parameters Readings 

pH 6.91 

Carbon (%) 4.66 

Biomass Carbon (µgram/gm) 167.6 

Respiration 2.49 

Water Holding Capacity (%) 50 

 

The pattern of heavy metals amendment in pre-

incubated pots was in the sequence of single, double 

and triple metals with the volume of 3600, 1800:1800 

and 1200:1200:1200 mg/kg of soil respectively (Table 

2). 

 

Table 2. Concentration of metals in the pots. 

Sample Metal Concentration (mg/kg) 

1 Control 0 

2 Zn 3600 

3 Cu 3600 

4 Cd 3600 

5 ZnCu 1800:1800 

6 ZnCd 1800:1800 

7 CuCd 1800:1800 

8 ZnCuCd 1200:1200:1200 

 

Heavy metal profile of soil prior to amendment was 

detected only in Zn and Cd (Table 3) while rest of the 

heavy metals including Pb, Hg, and Cr showed no 

detection in the soil which was sampled. 

 

The result of heavy metals on the microbial biomass 

of soil (ug/g) (Table 4) showed that microbial 

biomass was decreased significantly (P<0.05) in 

individual Zn (i.e., Standard Deviation, S.D = 18.83) 

and Cu (S.D = 32.2) during respective weeks. In the 

same way, the combinations e.g., Zn and Cu also 

exhibited significant (P≤0.05) decrease (S.D =44.5) 

and Cu, Cd (S.D = 23.9). While the rest including 

individual Cd (S.D = 4.9), Zn, Cd (S.D = 6.8) and 

Zn,Cu,Cd (S.D = 6.9) did not significantly affected the 

soil microbial biomass (Table 4, Fig.1). 

 

The results of heavy metals on the microbial 

respiration of soil (Table 5, Fig.2) describe the similar 

story. The individual Zn showed the similar effects of 

Zn and Cu individually as well as in combination form 

(e.g., S.D of Zn and Cu, and Zn, Cu = 0.715, 0.713, 

0.717 respectively). On an overall basis,It concludes 

that Zn and Cu individually as well as in combination 

with Zn, Cu have adversely affect the soil microbial 

biomass and soil respiration which is similar to the 

report of Gasper et al., (2005). 

 

Table 3. Metal analysis of soil by A.A.S. 

Metal Concentration (mg/kg) 

Zn 13.2 

Cu 6.01 

Cd 1.12 

Ni N. D 

Pb N. D 

Hg N. D 

Cr N. D 

A.A.S= Atomic Absorption Spectrophotometer N.D. = 

Not Detected. 

 

The results were further checked by inhibitory effects 

of individual metals (i.e., Zn and Cu) against the 

microbial biomass and soil respiration during eight 

weeks (Figs. 3A, 3B, 4A, 4B). The result of microbial 

biomass showed (Figs. 3A, 3B) that both Zn and Cu 

produced a sharp decline with the passage of 

weeks.While on the other hand, results are quite 

similar in term of inhibitory effects of Zn over soil 

microbial respiration with the passage of time (Figs. 

4A, 4B). The slight differences in the result might be 

due to high PH of soil that is alkaline in nature which 

increases the solubility of Zn ions in the soil and this 

heavy metal become more mobile (Baath and 

Arnebrant, 1999). 

 

Besides this, the toxic effects of Zn reduced the 

microbial biomass on second week by 4.9 mg/kg, on 

4th week by 17 mg/kg while on 6th week by 35.3 mg/kg 

an on 8th week by 42.3 mg/kg. Cu also reduced the 

microbial biomass by 36.7, 60.8 and 73.3 mg/kg of 

soil and soil respiration under Zn was reduced by 

0.19, 0.72 and 1.21 ug C/g with passage of time. Cu 

effected the soil respiration by 0.13, 1.21 and 1 ug C/g 

with passage of weeks. These results shows clear 
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similarity with the report of (Marschner and Kalbitz, 

2003; Utgikar et al., 2003) that some heavy metals 

like Al, Mn and Cr are present in the soil but they 

have no negative effects but some other heavy metals 

like Zn, Cu, Cd present in the soil even in low level 

can strongly affect the microbial biomass and 

respiration. The similar results were also found by 

Nwuche and Ugoji (2008). 

 

Table 4. Effect s of heavy metals on the microbial biomass of soil (ug/g). 

Sample 1 2 3 4 5 6 7 8 

Week & treatment Control Zn Cu Cd Zn,Cu Zn,Cd Cu,Cd Zn,Cu,Cd 

0 184.8 183.6 182.8 180.9 182.4 182.0 183.1 182.6 

2 182.1 177.2 174.5 177.0 173.6 178.5 178.4 181.0 

4 182.0 165.0 145.3 176.0 137.8 172.4 163.1 179.5 

6 183.4 184.1 122.6 172.0 107.9 167.0 143.5 173.4 

8 181.5 139.2 108.2 168.1 76.2 166.5 126.4 165.8 

S.D --- 18.83 32.2 4.9 44.5 6.88 23.9 6.9 

S.E --- 8.42 14.4 2.19 19.9 3.08 10.7 3.09 

S. D = Standard Deviation, S.E = Standard Error. 

 

Table 5. Effect s of heavy metals on the microbial respiration of soil (ug/g). 

Sample 1 2 3 4 5 6 7 8 

Week & treatment Control Zn Cu Cd Zn,Cu Zn,Cd Cu,Cd Zn,Cu,Cd 

0 2.44 2.52 2.50 2.55 2.51 2.53 2.45 2.57 

2 2.36 2.43 2.28 2.33 1.96 2.49 2.42 2.51 

4 2.31 2.12 2.18 2.13 1.74 2.41 2.92 2.28 

6 2.27 1.55 1.06 1.72 0.96 1.91 2.16 2.15 

8 2.01 0.80 1.01 1.70 0.78 1.84 1.89 2.07 

S.D --- 0.715 0.713 0.374 0.717 0.333 0.228 0.219 

S.E --- 0.320 0.319 0.167 0.321 0.149 0.102 0.098 

S. D = Standard Deviation, S.E = Standard Error. 

Lee and Sun (2014) have found the negative effects of 

Zn, Cu on soil microbial properties while working on 

the application of these heavy metals to plants and 

microbes in the form of chelates. According to Landi 

et al., (2000), heavy metals can reduce soil 

respiration and biomass C after forming complexes 

with the substrates or by killing the microorganisms. 

 

Fig. 1. Effects of heavy metals on the microbial biomass of soil (ug/g). Asterisks indicate significant difference 

from control treatment (P<0.05) from ANNOVA. 
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The report of Lourenico, (2010) indicated that plenty 

of Zn and Cu along with other heavy metals are being 

produced due to human activities and about 336.75 

mg/kg of Zn was observed in soil sample of 

Sheikhopura which is high level of this heavy metal. 

 

Fig. 2. Effects of heavy metals on the microbial respirationof soil (ug/g). Asterisks indicate significant difference 

from control treatment (P<0.05) from ANNOVA. 

Fig. 3. (A & B). Inhibitory effect of individual Cu and 

Zn respectively on soil microbial biomass with respect 

to weeks. 

 

The results distinguish that between both heavy 

metals (Cu and Zn); Cu has stronger effect as 

compared to Zn which is also reported by Wang et al.,  

(2015).  

Fig. 4. (A & B). Inhibitory effect of individual Cu and 

Znrespectively on soil microbial biomass with respect 

to weeks. 

 

It means when Cu is combined with any other heavy 

metal its effect is significantly increased as observed 

in the current study. Distance of heavy metal from the 
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source also matters as Boshoff et al., (2014) 

investigated the source and distance relationship of 

heavy metal and found that soil nearer to the heavy 

metal smelter were affected 90% as compared to that 

of soil away from the smelter. There was gradual 

decrease of effect of Cu with increase of distance from 

the source.Keeping in view of the results of Bosholf et 

al., (2014), soil of this region (Multan) has been found 

less fertile (Akbar et al., 2006) it means that 

microbial activities are concerned with the soil 

fertility and when the activities of microbial 

communitiesaredisturbed, the efficiency of 

 soil is reduced. 

 

Conclusion 

Finally it is concluded that heavy metals including Zn 

and Cu individually as well as in combined form 

showed negative effects in decreasing the soil 

microbial biomass and soil microbial respiration with 

the passage of weeks. The findings also suggest that 

fertility of those soils is lost where microbes are 

disturbed under the effects of heavy metals. 
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