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ABSTRACT 

 

 Experiments were conducted in order to evaluate the effect of effluent 

irrigation on heavy metals accumulation in soil and soil microbial properties. The 

study comprised of three parts, In the first experiment twenty five soil samples each 

at depths of 0-15 cm and 15-30 cm were collected from Islamabad, Adiala, Taxilla 

and Wah factory areas and analyzed for physiochemical properties, AB-DTPA 

extractable and total heavy metals and microbial parameters like soil microbial 

biomass C, microbial biomass N, soil respiration and activities of enzymes such as 

dehydrogenase and alkaline phosphatase. Effluent samples from these areas were 

also collected and analyzed for heavy metals contents and other water quality 

parameters. The results of effluent analysis revealed that EC, total dissolved solids 

(TDS) and heavy metals such as Cr, Ni, Cd, Cu, and Fe were above permissible 

limits while Zn and Pb were within the permissible range. In soil samples, AB-DTPA 

extractable Fe, Cu and total Cu contents were markedly higher than the critical limits 

at all the sites. AB-DTPA extractable and total Pb contents were within permissible 

limits. AB-DTPA extractable Zn was high at 24 sites whereas total Zn was higher 

than the critical limits at two sites only. Soil pH, organic C, CEC, clay and CaCO3 

contents showed negative but weak correlations with the AB-DTPA extractable 

metals in soil at both soil depths, while the soil EC had positive. There were negative 

correlations of total and AB-DTPA extractable heavy metals in soils with soil 

microbial biomass C, microbial biomass N and the activities of dehydrogenase and 

alkaline phosphatase, but a positive relationship with soil respiration. Total toxic 

heavy metals had shown strong correlations with microbial activity parameters. In 



 

  

the second experiment, a laboratory incubation experiment was carried out in order 

to evaluate decomposition pattern of different organic amendments like pea straw 

and maize straw in soils with variable metal contents, designated as low-, medium- 

and high- metal soils. Each soil (600 g oven dry equivalent) was incubated at 25
 o

C 

and 50 % water holding capacity for 56 days with the following treatments: 1) 

Control, 2) pea straw 1 %, 3) maize straw 1 %, with four replications. Soil samples 

were collected at 0, 7, 14, 28, 42 and 56 days after incubation for the measurement of 

microbial biomass C, microbial biomass N, dehydrogenase, alkaline phosphatase and 

N mineralization. Soil respiration was measured 1, 2, 3, 5, 7, 10 and 14 days after 

incubation and thereafter weekly. Results showed a significant decrease in microbial 

biomass C, biomass N and N mineralization with increasing metal load in soil. Soil 

respiration rate was in the order: high metal soil > medium metal soil > low metals 

soil. Significant increases in microbial biomass C, biomass N, NO3-N, NH4-N and 

enzymes activities (Dehydrogenase and alkaline phosphatase) were noted with the 

addition of organic amendment (pea and maize straw) as compared to control in all 

three soils but the magnitude of increase was maximum in low metal treatment. In 

the third part of study, a greenhouse experiment was carried out to elucidate the 

effects of organic amendments on soil microbial parameters, heavy metals 

bioavailability and the growth of maize plants in two soils with variable metal 

contents. The treatments applied were 1) control, 2) pea straw 1 %, and 3) maize 

straw 1 % with 4 replications. Soil samples were collected at the time of pot filling 

and at sowing, 14, 28 & 56 days after sowing (DAS) of maize and analyzed for soil 

microbial biomass C, microbial biomass N, dehydrogenase, alkaline phosphatase, 

NO3-N and NH4-N. Plant samples were harvested at 56 DAS and data regarding 



 

  

plant height, fresh & dry weight were recorded. Soil and plant samples at harvest 

were also analyzed for N, P, K, Ca, Mg, Na, and heavy metals contents. Microbial 

parameters were markedly lower in high metal than in low metal soils. Organic 

amendments significantly increased all microbial parameters, soil NO3-N and NH4-N 

in both the soils. Plant growth in low metal soil was significantly higher than the 

high metal soil. A significant increase in microbial parameters was noticed with pea 

straw addition as compared to maize straw and control treatments. Addition of pea 

straw and maize straw significantly reduced AB -DTPA extractable (Cu, Zn, Fe, Mn, 

Pb, Cd, Cr & Ni) metals in the soils and their uptake by maize plants. Significant 

reduction in plant metal uptake was noticed with organic amendments, specifically 

by maize straw treatment. Overall, in study 2 and study 3, the interaction effects of 

organic amendments with soils depicted a significantly higher microbial activity 

parameters in soils amended with pea straw than the maize straw. On the basis of this 

study the main conclusions drawn are, 1) most of the soils in effluent irrigated field 

of Rawalpindi/ Islamabad areas possess heavy metals above critical limits 2) 

microbial biomass and activity parameters in these soils showed a decline with 

increasing concentrations of total heavy metal in soil and 3) addition of organic 

amendments improved microbial parameters in metal polluted soils but the 

magnitude of improvements decreased with increasing heavy metal load of the soil. 

  

 Thus, the application of organic amendments such as pea and maize straw 

in effluent irrigated areas is recommended for reducing metal toxicity to microbes, 

and plants. A close monitoring of the soil and crops in agricultural field irrigated with 



 

  

untreated wastewater is required on regular basis in order to prevent the degradation 

of soil and entry of heavy metals into food chain. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Chapter 1 

INTRODUCTION 

 

Agriculture plays a vital role in the economy of Pakistan. It contributes 

about 22 % to the GDP of the country, provides jobs to 45 % of the labor force and 

supports directly or indirectly 70 % of the population for sustenance (Anonymous, 

2008). Pakistan lies between longitudes of 60-70
o
 east and latitudes of 20 

o
N and 37

 

o
N. It is located in the northwestern sector of the Indo-Pakistan sub-continent. Total 

geographical area of Pakistan is 79.61 million hectares (m ha) out of which 22.03% 

is cultivated, 8.32% is culturable waste, 22.70 % is not available for cultivation and 

4.20 % is under forest (Anonymous, 2008). One third of the entire cultivated area of 

Pakistan is rainfed. Out of total area of 20.65 m ha of Punjab province, 11.34 m ha is 

rainfed and known as „barani‟ land (Anonymous, 2008). The farming communities 

are mainly comprised of subsistence growers with small holdings having low per 

capita income, much below the national average, but their contribution to agricultural 

and livestock production of Pakistan is very significant (Supple et al., 1988). Rainfall 

is highly variable and erratic ranging from 250 mm in south-west to 1000 mm in the 

north-eastern part of the country.  

 

Pakistan has a population of over 160 million and is one of the few 

countries in the world that depends more or less on a single river system for all its 

agricultural water requirement. The Indus river and its tributaries supply water to 

over 16 million hectares of land, located in the arid and semiarid zones of the 

country. Rapidly increasing population, saline groundwater, poor irrigation system, 



 

  

and recurrent droughts have led to increased water shortages. Under these conditions, 

the application of untreated wastewater for agricultural production has become a 

common and widespread practice. Generally, release of domestic and industrial 

effluents to nearby agricultural fields without any treatment is a common practice of 

wastewater disposal in Pakistan (Lone et al., 1999; Ensink et al., 2004) which is used 

for crop production. It has been reported that about 9000 million gallons of 

wastewater is being discharged daily into water bodies from the industrial sector of 

Pakistan (Saleemi, 1993). In general, all the raw effluent is released, directly or 

indirectly onto agricultural fields to grow vegetables and other crops (Qadir et al., 

2000), and about 32,500 ha are currently being irrigated with wastewater in Pakistan 

(Saleem, 2005). 

 

The application of wastewater/ effluents to agricultural soils is a useful 

source of plant nutrients, particularly nitrogen and phosphorous and also organic 

matter that can potentially improve soil fertility and physical properties (Gibbs et al., 

2006). However, in addition to these beneficial effects, effluents often contain 

appreciable amounts of both organic and inorganic toxic materials. Many organic 

pollutants, being biodegradable, are less persistent, and presumably have transient 

and less serious effects as they are eventually metabolized to carbon dioxide and 

inorganic substances. Among the inorganic chemicals, heavy metals are often present 

in appreciable quantities, chelated by the organic matter in the effluents. When 

effluents are applied, the metals enter the soil and get fixed to the soil components. 

Thus continuous application of effluents tends to accumulate large quantities of 

heavy metals in soil, which persists there for an indefinite period of time to have long 



 

  

lasting effects in the soil environment. (Kabata-Pendias and Pendias, 2002). Some 

metals such as Zn, Cu, Ni, Cr and Co are physiologically essential for plants, animals 

and microorganisms, whereas others like Cd, Hg and Pb have no known biological 

and physiological functions. However, all these metals may be toxic at higher 

concentrations and may pollute the natural and man made ecosystems (McGrath et 

al., 1995; Duffus, 2002).  

 

Long term use of effluents for growing crops, particularly vegetables, may 

result in the uptake of toxic metals by crop plants, with the chance of their access 

into the food chain. Physiological and metabolic processes in plants are inhibited 

because of higher concentrations of heavy metals in soil (Agarwal, 2002). Chlorisis, 

damage to root system leading to reduced uptake of water and nutrients and 

enzymatic disorders are the main causes of growth inhibition in plants exposed to 

higher concentrations of heavy metals (Sanita di Toppi and Gabbrielli, 1999; 

Agarwal, 2002). They obstruct enzyme action by replacing metal ions from the 

metaloenzymes. Among heavy metals, Pb shows severe effects on seedling length, 

inhibits germination and reduces total chlorophyll production and gaseous exchange 

in leaves (Latif et al., 2008). Similarly, toxic levels of Cr and Ni show strong effects 

on drymatter production and yield (EPA, 1990). Toxic level of Cd causes structural 

changes in chloroplast and thus reduces photosynthesis, availability of CO2, total 

lipids, glycolipids and neutral lipids, interferes with membrane permeability and 

ultimately reduces respiration in leaves (Agarwal, 2002). However, metals and plants 

interact in specific ways depending upon the soil type, plant species, growing 

conditions and the types of ions (Athar and Masood, 2002).  



 

  

Like plants, higher concentrations of heavy metals in human bodies may induce 

tumors and mutations and are capable of causing genetic damage to germ cells 

(Groten and Vanbladeren, 1994; Wagner, 1993; Dianne et al., 1999). They may act 

as cumulative toxins, which through biomagnification in plants species may affect 

animal and human health (Groten and Vanbladeren, 1994; Malla et al., 2007). 

Consuming food contaminated by Pb, Hg, As, Cd and other metals can seriously 

reduce body stores of Fe, vitamin C and other vital nutrients, leading to intrauterine 

growth retardation, decreased immunological defenses, damage to psychosocial 

faculties and disabilities associated with malnutrition (Iyengar and Nair, 2000). 

Turkdogan et al. (2003) linked the elevated levels of metals (Co, Cd, Mn, Pb, Ni and 

Cu) in fruit and vegetables in Van region of Eastern Turkey to the high prevalence of 

upper gastrointestinal (GI) cancerrates. Lacatusu et al. (1996) reported that the soil 

and vegetables contaminated with Pb and Cd in Copsa Mica and Baia Mare, 

Romania, considerably contributed to reduction in human life expectancy within the 

affected areas, dropping average age at death by 9–10 years.       

 

Soil microbes are more sensitive to heavy metals than plants or animals and 

in many cases, harmful effects of heavy metals on soil microorganisms have been 

observed at concentrations considered safe for their effect on plants or animals 

(Abaye et al., 2005). In trace amounts, many metals like Cu, Mn, Fe, and Zn are 

known to play a vital role in the metabolism of microbial cells. For example, Fe is 

involved in redox reactions and can be used as a source of energy by the anaerobic 

bacteria (Humphries, 2007). Mn is the key component of enzymes, as well as Mn-

containing superoxide dismutase. Copper is an important constituent of cytochrome c 



 

  

oxidase, and Zn is a vital component of different DNA-binding proteins (Nies, 1999). 

However, excessive amount of these elements are toxic to all living organisms (Nies, 

1999; Choudhury and Srivastava, 2001). Moreover, the metals like Cd, Hg As and 

Pb, which do not perform any useful metabolic function in microbial cells, are toxic 

even if present in smaller amounts (Nies, 1999; Humphries, 2007). 

 

Maintenance of soil fertility depends on the size and activity of soil 

microbial biomass (Robert and Chenu, 1992; Khan et al., 2006), a small (1-5 %) but 

labile fraction of soil organic matter (Jenkinson and Ladd, 1981). The contribution of 

microbial biomass to the availability of plant nutrients in soil arises in two major 

ways. Firstly, the microbial biomass is an important reservoir of plant nutrients, 

especially the nitrogen, phosphorus and sulphur (Smith and Paul, 1990). Secondly, 

microbial biomass acts as a catalyst in the cycling of carbon, nitrogen, phosphorus, 

sulphur and other plant nutrients (Smith and Paul, 1990). Hence, the magnitude of 

the microbial biomass pool directly affects the flux and bioavailability of plant 

nutrients in soils. Thus, any agent or harmful chemical (e.g. heavy metals) that 

suppresses or poisons the soil microorganisms or changes the quality or quantity of 

organic matter, can damage the correct functioning of soil ecosystem, and hence 

adversely affects the nutrient cycling leading to decline in soil productivity.  

 

There has been considerable research over the toxic effects of heavy metals 

on growth, yield and quality of crop plants grown in sewage sludge/ effluent 

amended agricultural soils in Pakistan (Khan and Chattha, 2004; Kashif et al., 2009) 

but the negative effects of heavy metals on soil microbial biomass and its functions 



 

  

in soil have not been studied. In Europe and other advanced countries, there has been 

significant amount of work on the toxic effects of heavy metals to soil microbial 

processes. However, the work has been confined mainly to acidic soils (Khan and 

Huang, 1999; Pereira et al., 2006), soils contaminated by sewage sludge (Khan and 

Scullion 2002) and to soils contaminated artificially (Banu et al., 2004). Hence, 

information on the bioavailability of heavy metals and their toxicity to soil microbial 

biomass and microbial processes in alkaline calcareous soils like those in Pakistan is 

clearly lacking. Alkaline soils with higher contents of calcium carbonate are known 

to possess greater ability for metal fixation (Kabata-Pendias and Pendias, 2002). 

Hence, it is assumed that such soils can tolerate heavy doses of sludge/ effluents 

without any significant negative effect on the quality and yield of crop plants. The 

guidelines adopted by different countries for the safe use of sewage sludge /effluents 

as a soil amendment are mainly based on concentration of heavy metals toxic to 

plants (yield and quality) or animals, while soil microorganisms have been ignored. 

The proposed study was, therefore carried out to achieve the following objectives: 

 

1. To find out the effect of soil characteristics such as pH, CEC, organic C, 

carbonates, clay contents etc. on the metal bioavailability and toxicity in 

soils. 

2. To study the effects of heavy metals added by effluents on the size and 

activity of soil microbial biomass in soils of varying physio-chemical 

characteristics. 

3. To assess the level of heavy metals in effluents amended soils adversely 

affecting the size and activity of soil microbial biomass. 



 

  

Chapter 2 

REVIEW OF LITERATURE 

 

Soil is a complex mixture of minerals, nutrients, organic matter and living 

organisms upon which all other terrestrial trophic systems are dependent 

(PerezdeMora, 2005). It is a vital resource for sustaining basic human needs such as 

food, fibre and shelter (Branzini et al., 2009). It serves as the key supplier of heavy 

metals to the hydrosphere, atmosphere and living organisms, and therefore plays a 

crucial role in cycling of metals in nature. Metals released from various sources may 

finally reach the top soil, and their further fate depends on soil physical and chemical 

properties (Kabata–Pendias and Pendias, 2002) such as pH, redox potential, organic 

C, clay content and cation exchange capacity (Oyedele et al., 2008). Once the metals 

enter in soil, they are strongly held by soil particles and there is little removal by 

plant uptake or movement down the soil profile. In low and medium contaminated 

soils, concentration of metals in crops is mostly not high enough to cause acute 

toxicity, but in the long run, it may cause chronic damage to human/ animal health 

(Puschenreiter et al., 2005). Soil microorganisms are regarded as a sensitive indicator 

of the changes occurring in soil ecosystem. Microbial parameters used to quantify 

soil biological activity include soil microbial biomass C, microbial biomass N, soil 

respiration, and the activities of soil enzymes (Nanniperi et al., 1990; Oliveira et al., 

2006). Pollution effects on soil microbes are fundamentally related to the effects on 

crop plants, natural vegetation and ecosystem productivity (Ladd et al., 1996). 

Studies on heavy metals pollution of soils have shown decline in soil productivity 

through perturbation of microbial processes in soils by long term exposure of heavy 



 

  

metals (Shuman, 1999). The review pertaining to previous work and recent advances 

on the effects of heavy metal pollution on soil microbial biomass, microbial activity 

and crop plants is reviewed as under: 

 

2.1 EFFECT OF HEAVY METALS ON SOIL MICROBIAL BIOMASS  

Jenkinson and Ladd (1981) defined soil microbial biomass as "the living 

part of soil organic matter, excluding plant roots and soil animals larger than about 

5×10
3
 µm

3
". It consists of many species of bacteria and fungi, together with 

relatively larger soil organisms such as yeast, algae and protozoa. Estimation of soil 

microbial biomass C and biomass N offers a mean of assessing the response of total 

microbial population to the changes in soil management practices (McGrath et al., 

1995; Dai et al., 2004). A number of studies have reported the negative effects of 

heavy metals on soil microbial biomass C and microbial biomass N, their review is 

given below: 

 

2.1.1 Microbial Biomass C (Cmic) 

Heavy metals in high concentrations are toxic to all living organisms. 

Microorganisms are not different in this regard, as stress caused due to the addition 

of heavy metals, in inorganic and organic forms, affects microbes through functional 

disturbance, protein denaturation, or destruction of the integrity of cell membranes. 

Consequently, soil pollution by heavy metals can reduce the size and activity of soil 

microbial biomass and have a negative effect on long-term soil productivity 

(Chander and Brookes, 1993). Microbial biomass and activities are regulated by 

many soil and environmental factors including soil organic matter quality (Ross and 



 

  

Tate, 1993), physical and chemical soil characteristics (Leiros et al., 2000), and 

presence and activity of plants and animals ( Bauhus et al., 1998; Giller et al., 1998). 

These factors also influence the amount of “available” pollutant to which microbes 

are exposed (Giller et al., 1998). Researchers reported significant inhibition of 

microbial biomass carbon in soils highly contaminated by heavy metals (Dias et al., 

1998; Shi et al., 2002; Smejkalova et al., 2003; Akmal et al., 2005; Barajas-Aceves, 

2005; Oliveira and Pampulha, 2006; Khan et al., 2006; Vasquez-Murrieta et al., 

2006; Broos et al., 2007; Nwuche and Ugoji, 2008; Akmal et al., 2009; Yong-Tao et 

al., 2009), but most of them dealt with the artificial contamination of soil and toxicity 

of metals added via sewage sludge in acid soils. Dias et al. (1998) observed an 

inhibition of biomass C upto 80 % by heavy metals whereas Smejkalova et al. (2003) 

reported an inhibition of soil microbial biomass C upto 50 % in soil contaminated 

with heavy metals (Pb, Cd and Zn) as compared to uncontaminated soils. In 

contaminated soils, synthesis of biomass C is less than the uncontaminated soils 

because of the stress caused by heavy metals on soil microbes. Giller et al. (1998) 

explained that reduction in microbial biomass from metal exposure was due to 

instantaneous death of microbial cells, disorder of important functions and change in 

population size and in viability or competitive ability of soil microorganisms. Khan 

and Joergensen (2006) observed a greater significant reduction in biomass C in high 

metal soil as compared to medium and low metal soils. They also reported markedly 

higher content of ergestrol and a higher ergestrol to microbial biomass C ratio in high 

metal soil as compared to other two soils. Contamination of heavy metal generally 

induced a change in microbial community towards fungi as shown by the high 

ergestrol values.  



 

  

Reduction in biomass C varies from metal to metal and also depends upon its level in 

the soil and soil properties (Table 2.1). Similarly, microbial sensitivity to different 

metals may vary due to differences in their solubility in soils. Akmal et al. (2005) 

found greater reduction in biomass C with Cd than Pb and reported it to be due to 

higher Cd solubility than that of the Pb. Soon and Abboud (1993) reported the 

solubility of heavy metals in the following order: Cd > Pb > Ni > Cu. Soil pH 

significantly influences the solubility, availability and toxicity of metal elements in 

soil (Nwuche et al., 2008). Pereira et al. (2006), Aciego Pietri and Brookes (2008) 

found that low pH values and high metal contents negatively affected the biomass C 

and the activity of soil microorganisms. The possible reason explained by them was 

that the high concentration of aluminum at low pH might have decreased inputs of 

organic C to the soils from plants, and ultimately reduced the efficiency of 

conversion of this organic C into microbial biomass C. Utgikar et al. (2003) reported 

that soils with neutral pH may contain high levels of heavy metals (Mn, Al or Pb) 

without any indication of metal toxicity to microbes, whereas in acid soils, much 

lower concentrations of heavy metals might be toxic to certain species of soil 

microorganisms.   

 

 

Pollution is never due to a single metal in soil, instead it varies from 

mainly two to almost all possible metals. Studies have shown more reduction in 

biomass C in soils polluted with combinations of two or more metals than a single 

metal only because of synergistic/ additive effects of the metal ions (Nwuche et al., 

2008; Gong et al., 2006). Nwuche et al. (2008) found that reduction in biomass C 

was greater in soils contaminated with Ni and Zn (1500 : 1500 mg kg
-1

) than Cu  



 

  

Table 2.1: Effect of heavy metals on soil microbial biomass 

 

S/No Element Concentration Effect on microbial 

property 

Reference 

A) Microbial biomass C 

1 Cu 300 mg kg
-1

 5-12 % reduction in 

microbial biomass C 

Renella et al. 

(2002), Banu et al. 

(2004) 

2 Cu 112-182 mg kg
-1

 Indicated toxicity level Khan and Scullion 

(2000) 

3 Pb 500 mg kg
-1

 Abrupt decline  Gong et al. (2006) 

4 Pb 1000 mg kg
-1

 36 % reduction Akmal et al. 

(2009) 

5 Cr (VI) 5 and 50 µ mol g
-1

 

soil 

Severe decline Speir et al. (1995) 

6 Cd 80 mg kg 
-1

 Reduction in biomass C Jose et al. (2002) 

7 Cd 80 -100 mg kg 
-1

 Reduction in biomass C Akmal et al. 

(2005) 

B) Microbial biomass N 

1 Cd 16 mg kg 
-1

 49.3 % reduction Shentu et al. 

(2008) 

2 Cd 80 -100 mg kg 
-1

 Reduction in biomass N Akmal et al. 

(2005) 

3 Pb 1000 mg kg 
-1

 62 % reduction Akmal et al. 

(2009) 

4 Pb 200-1000 µg g
-1

 18.3-76.6 % reduction Mohammed et al. 

(2000) 

4 Cu 200-600 µg g
-1

 45.9-80.5 % reduction 

in biomass N 

Mohammed et al. 

(2000) 

     

 

 

 

 

 

 

 



 

  

and Zn (1500: 1500 mg kg
-1

) contaminated soils. Similarly Gong et al. (2006) 

noticed that higher doses of Pb, Cd, Cu, Zn and As caused significant inhibition of 

soil microbial biomass C and their negative effect was more prominent when jointly 

added than when added singly. Shi et al. (2002) reported a significant reduction in 

biomass C in soils contaminated with Pb and Cr and that Pb caused greater effects 

than Cr. Another study by Mohamad et al. (2000) observed significant reduction in 

microbial biomass C in soils artificially contaminated with Cu and Pb in comparison 

to the uncontaminated soils. Cu showed greater biocidal effect on microbial biomass 

C than the Pb.  

 

Application of low-metal containing sludges to soils have been shown to 

promote the microbial biomass C significantly (Dar, 1997; Garcia-Gil et al., 2000; 

Friedal et al., 2000; Gibbs et al., 2006). Dar (1997) reported that sludge addition at 

the rate of 0.75 % to loam, sandy loam and clay loam soils resulted in an increase of 

7-18 % in microbial biomass C compared to unamended control soil. Garcia-Gil et 

al. (2000) reported that application of municipal solid waste at the rate of 20 and 80 t 

ha
-1

 increased microbial biomass C by 10 % and 46 %, respectively. Gibbs et al. 

(2006) did not find negative effects of sludge applications on microbial biomass C. 

Contrasting results were observed by Khan and Scullion (2002) who reported a 

decrease in the size of biomass C by 50 %, particularly on sandy textured soils. 

Findings of Chander et al. (2001) revealed that contents of microbial biomass C were 

not reduced with increasing heavy metals in sewage sludge, indicating the 

significance of other factors, such as differences in organic C inputs.  

 



 

  

2.1.2 Microbial Biomass N (Nmic) and Ratio of Microbial Biomass C to N 

The measurements of soil microbial biomass nitrogen (Nmic) provide another 

mean of assessing the effect of metals on microbial biomass. Few workers have so 

far reported the effect of metals on microbial biomass nitrogen and microbial 

biomass C/ biomass N ratios in soils (Witter et al., 1993; Khan et al., 1998; 

Mohammad et al., 2000; Ghosh et al., 2004; Vasquez-Murrieta et al., 2006; Shentu 

et al., 2008; Tao-Li et al., 2009). Summary of some of these studies is illustrated in 

table 2.1. Khan et al. (1998) observed 13.5 to 81.6 % decline in the biomass N due to 

increasing levels of Cd (5-100 µg g
-1

), Pb (100- 600 µg g
-1

) and Zn (100-250 µg g
-1

) 

in a red soil (Oxisol). The relative toxicity of the metals in decreasing the biomass N 

was in the order: Cd > Zn > Pb. Akmal et al. (2005) found greater reduction in 

microbial biomass N with Cd than with Pb, which could be due to the greater Cd 

solubility, and toxicity than Pb to soil microbes. Mohammad et al. (2000) found Cu 

more toxic than Pb for biomass N in a contaminated soil. In heavy metal 

contaminated soils microbial biomass synthesis may be less efficient because of the 

metal stress on soil microorganisms. Microorganism's efficiency in substrate 

utilization is reduced under stress conditions as more substrate is consumed for 

catabolic processes at the expense of anabolic processes, which eventually leads to 

the reduction in soil microbial biomass in the metal contaminated soils. In sludge-

treated plots, Witter et al. (1993) found about 60 % reduction in microbial biomass N 

in soils contaminated with metals. The metal concentrations at which these 

reductions occurred were Zn 230, Cd 0.7, Cu 125, Ni 35, Pb 40 and Cr 85 mg kg
-1 

soil. Barajas-Aceves, (2005) found half amount of biomass N in a metal 

contaminated soil previously applied with sewage sludge than the soils amended with 



 

  

uncontaminated inorganic fertilizer and organic manure. Heavy metals such as Cu, 

Zn and Ni were close to European Union upper limits in these soils whereas Cd was 

up to three times the limit.  

 

The microbial mediated nutrient cycling for the availability of N in soils is 

considerably controlled by soil microbial biomass C/ biomass N ratio. It is also used 

as a symptom of the effect of heavy metals on the functioning/ performance of soil 

ecosystems. The C/ N ratio of soil microbial biomass has been shown to increase 

considerably with the increasing metal toxicity in soils (Khan et al., 1998; Mohamad 

et al., 2000; Dai et al., 2004; Akmal et al., 2005; Akmal et al., 2009). Khan et al. 

(1998) observed that a biomass C/ N ratio of 4.6 in the uncontaminated control soil 

increased sharply due to soil contamination with Cd, Pb and Zn. An increase of 6.4 

to 14.1 at Cd levels of 5.0 to 100 µg g
-1

, 5.0 to 11.4 µg g
-1

 at Pb levels of 100 to 600 

µg g
-1

 and 4.8 to 13.7 at Zn levels of 50 to 250 µg g
-1

 soil was reported. A further 

study by Akmal et al. (2005) reported a higher C/ N ratio (13.3) in soils 

contaminated with Cd upto 100 mg kg 
-1

 than those (11.1) in soils contaminated with 

Pb upto 1000 mg kg 
-1

. They further concluded that changes in fungal to bacterial 

populations in soil might also be a possible cause of changes in the soil microbial 

biomass C/ N ratio under the metal stress. Shentu et al. (2008) observed variation in 

the biomass C/ N ratio at different levels of Cd contamination. The ratio increased 

gradually with the level of contamination from 7 in the slightly contaminated soils 

(Cd loading rate < 2 mg kg
-1

) to 23 in the highly contaminated soil (16 mg kg
-1

). 

They suggested that microbial biomass fluctuates with the Cd concentration, with 

bacteria dominance in the slightly polluted soils and fungi in highly contaminated 



 

  

soils, as bacteria are more sensitive to Cd than fungi. Khan and Scullion (2002) 

concluded that higher metal concentrations (Pb, Cd, Cu, Ni and Zn) decreased 

microbial biomass C and N with more reduction in biomass N than the biomass C, 

with increased loss of C to atmosphere and less N availability, and that the presence 

of higher metal concentrations led to short-term changes in soil microbial 

populations and their activities. 

  

2.2 EFFECT OF HEAVY METALS ON SOIL MICROBIAL ACTIVITY 

Microbial activity includes all the metabolic reactions and exchanges 

conducted by micro-fauna and micro-flora in soil (Nannipieri et al., 1990). It plays 

an essential role in soil productivity sustainability, as it underpins a number of 

fundamental soil properties such as fertility and structure. This review pinpoints the 

findings of various scientists regarding changes in soil respiration and enzyme 

activities with increasing metal concentration in soil. 

 

2.2.1  Soil Respiration 

  The soil respiration rate has been among the most widely studied microbial 

parameters in heavy metal polluted soils (Liao et al., 2005). This includes 

measurements in contaminated soils around smelters, roads, in the field and 

laboratory experiments involving metal addition via sewage sludge, wastewater, 

sawdust or inorganic and organic salts. It is accredited as an indirect indicator of the 

activity of total soil microbial populations (Alef, 1995; Koper et al., 2003). Because 

of its relationship to soil biology, ease of measurement and rapid response to changes 

in soil management, it has been suggested as a potential indicator of soil quality 



 

  

(Fernandes et al., 2005). There have been some controversial findings regarding soil 

respiration measurements in a metal polluted soils as a few researchers observed 

increases in soil respiration with increasing heavy metal concentration in soils (Leita 

et al., 1995; Smejkalova et al., 2003; Khan and Joergensen, 2006; Shentu et al., 

2008) whereas some others reported a decrease (Simona et al., 2004; Rajapaksha et 

al., 2004; Liao et al., 2005; Nwuche and Ugoji, 2008). In fact, increased respiration 

rates in some of the above studies are likely to be due to increased metal stress or 

increased death rate of soil microbes (Killham, 1985). In heavily polluted soils, 

Smejkalova et al. (2003) reported higher soil respiration than in less contaminated 

soils. Soil microbes in less contaminated soil used a higher amount of available 

carbon for assimilation and released a smaller part of it as CO2 in dissimilation 

processes. Microorganisms in highly polluted soils required more energy to survive 

in adverse conditions, as they are less efficient at C consumption. Hence, a higher 

portion of the carbon consumed was lost as CO2 and a smaller proportion was stored 

in organic components. Similarly, Leita et al. (1995) reported that CO2 evolution 

increased significantly in contaminated soils emphasizing the need of microbes to 

utilize more energy to survive. In another study, Shentu et al. (2008) noticed that soil 

respiration was not affected at low Cd rate (< 1.0 mg kg
-1

 soil Cd) but increased with 

Cd concentration. Microbial metabolic quotient (qCO2, defined as the units of CO2 –

C evolved unit
-1

 biomass C unit
-1

 time) was greater at high loading rates of Cd (1-16 

mg kg
-1

). The reason which they reported for increased respiration with the increase 

in Cd concentration was the reduction in substrate availability for respiration, due to 

metal complexes with the substrate or killing of microorganisms. Cd caused the shift 

in population from prokaryotes toward eukaryotes. Eukaryotes had more C 



 

  

requirements for biosynthesis. Under heavy metal stress conditions, the energy 

utilization efficiency of microbial metabolic processes was reduced, which then 

required greater amounts of C for maintenance and ultimately increased respiration. 

Similar were the results obtained by Khan and Joergensen (2006) who revealed 60 % 

higher CO2 production in high metal soil than in medium and low metal soils. 

Decreased soil respiration rates in some of the above studies could be due to 

increased metal stress as a result of which microbes became too weak to perform 

their metabolic functions resulting in less soil respiration (Simona et al., 2004; 

Nwuche and Ugoji, 2008). Rajapaksha et al. (2004) in an incubation experiment 

observed that during the first week at the highest level of contamination, respiration 

rate decreased by 30 % and then remained stable during the 60 days of incubation. In 

another study, Nwuche and Ugoji, (2008) noticed minimum respiration in soil (upto 

0.98 µg of C g
-1

) due to additive and synergistic effects of metals with combined 

contamination of Cu and Zn (1500: 1500 mg kg
-1

), whereas a maximum of 2.56 µg C 

g
-1

 was observed in control soils. Similarly, Brookes (1995) and Friedal et al. (2000) 

reported that soil texture plays an important role in decreasing metal toxicity to soil 

microbes. Brookes (1995) found that high metal level did not exert any negative 

effect on microbial respiration in a clayey soil but decreased respiration in sandy soil. 

 

  Addition of organic substrates in metal contaminated soils have shown 

contrasting results as some studies have reported no effects (Renalla et al., 2005) or 

decrease in CO2 evolution (Cotrufo et al., 1995; Khan and Joergensen, 2006), while 

some others have observed increases in CO2 evolution (Kools et al., 2005; Gilani and 

Bahmanyar, 2008; Branzini et al., 2009). Gilani and Bahmanyar (2008) reported that 



 

  

application of organic fertilizer (sewage-sludge, municipal waste compost and 

vermicompost) increased soil microbial respiration and total organic carbon 

compared to the control. They further suggested that balanced use of organic 

amendments is important for maintenance of soil organic carbon, microbial 

respiration and reduces the risk of heavy metal accumulation in soils. This has been 

further confirmed by Emmerling et al. (2000) who found that increasing the level of 

organic matter and nutrient elements in soil is likely to stimulate bacterial activity, 

thus contributing to increased respiratory activity. In another study, Khan and 

Joergensen (2006), reported that addition of contaminated nettles residues in a 

contaminated soil significantly decreased N mineralization, O2 consumption and CO2 

production rates more than the addition of non-contaminated nettles residues. In non 

amended (control) contaminated soil, CO2 production was in the order: high metal 

soil > medium metal soil > low metal soil. 

 

  Specific respiration (qCO2) has been interpreted as an index of 'microbial 

efficiency', as it is a "measurement of the energy necessary to maintain metabolic 

activity in relation to the energy required for the synthesis of new biomass" (Gibbs et 

al., 2006). Specific respiration (qCO2) is a sensitive indicator of soil pollution by 

heavy metals (Shi et al., 2002; Gibbs et al., 2006; Nwuche and Ugoji, 2008). Some 

research experiments have shown an increase in qCO2 (Friedal et al., 2000; Chander 

and Joergensen, 2001; Shi et al., 2002; Shukurov et al., 2006; Clemente et al., 2007), 

whereas some others exhibited a decrease in qCO2 in highly contaminated soils (Rost 

et al., 2001; Chander et al., 2001a; Liao et al., 2005). Shi et al. (2002) reported high 

qCO2 values for Pb and Cr contaminated soils, and within them the values obtained 



 

  

from soils contaminated with Pb were higher than those of the Cr contaminated soils. 

On the other hand, Shukurov et al. (2006) observed an increase in qCO2 with 

increasing Cd concentration, while a decrease with increasing As and Cu 

concentrations in soil. Friedal et al. (2001) noticed that in wastewater-irrigated fields, 

qCO2 decreased in plots with less metals pollution, and it increased in plots with high 

metal contamination. Liao et al. (2005) observed that the basal respiration was 

negatively affected by elevated levels of heavy metals in soils and that the qCO2 was 

closely correlated to the heavy metal stress. Chander et al. (2001a) reported that 

values of qCO2 were constantly lower in soils polluted by river sediments than in the 

soils amended with Zn-enriched sewage sludge. They further indicated that low 

qCO2 values were due to the large proportion of older organisms being in a resting 

state.  

 

2.2.2 Enzyme Activities 

Measurement of enzyme activity in soil is the most convenient technique 

for estimating microbial activity in metal polluted soils and to integrate information 

about microbial community status (Baum et al., 2003). Soil microorganisms 

synthesize various enzymes which act as biological catalysts to facilitate different 

reactions and metabolic processes to decompose organic pollutants and release 

essential elements for both microorganisms and plants (Moreno et al., 2003). 

Dehydrogenase represents an intracellular enzyme activity as it belongs to the 

oxidoreductases and is involved in redox reactions in respiratory metabolism, citrate 

cycle and the nitrogen metabolism (Castaldi et al., 2004). This enzyme plays an 

essential role in the
 
initial stages of soil organic matter oxidation by transferring

 



 

  

hydrogen and electrons from substrates to acceptors (Monkiedje et al., 2006). 

Dehydrogenase activity has been referred to as an indirect indicator of the number 

and activity of soil bacterial populations (Koper et al., 2003; Brzezinska, 2006). In 

their experiments, Garcia-Gil et al. (2000) and Brzezinska (2006) noticed a 

significant correlation between the dehydrogenase activity in soil and the biomass of 

soil bacteria, while Jezierska-Tys et al. (2004) reported significant correlations 

between dehydrogenase activity, organic carbon content and the crop yields in light 

and medium-heavy textured soils. The activity of dehydrogenase is also linked with 

the respiratory activity of soil as well as the total number of soil bacteria and fungi. 

Phosphatases are groups of enzymes that catalyze the hydrolysis of phosphate from 

organic monoester linkages (Sobolev and Begonia, 2008). Phosphorous released 

from phosphatase action is important to the plants and microorganisms that depend 

on soil for their phosphorus requirements.  

 

A large number of studies have measured the enzyme activities in relation to 

heavy metal pollution in soils (Brohon et al., 2001; Stuczynski et al., 2003; Castaldi 

et al., 2004; Akmal et al., 2005; Nadgorska-Socha et al., 2006; Oliveira et al., 2006; 

Zhang et al., 2007;  Akmal et al., 2009; Yong-Tao et al., 2009). Generally, enzyme 

activities in soil have been shown to decrease drastically in response to heavy metal 

pollution (Table 2.2). Enzymes vary greatly in their sensitivity to different metals in 

polluted soils. A number of studies have reported such variations in the activities of 

soil enzymes such as dehydrogenase (DHA), phosphatase, urease, invertase, 

amylase, arylsulfatase, sulfatase and catalase which were found to decrease with 

variable metal concentration in polluted soils, so they could be used as indicators of  



 

  

Table 2.2: Effect of heavy metals on soil enzymes activity 

 

S/ 

No 
Element Concentration Effect on Enzyme activity Reference 

     
1 Soil 

contaminated 

with Cd 

100 mg kg
-1 Reduction in  

- Urease = 50.1 % 

- Acid phosphatase = 47.4 

% 

- Dehydrogenase = 39.8 % 

Akmal et al. (2005) 

2 Soil 

contaminated 

with Ni, Pb 

and Cd  

Ni =146-841.6 mg kg
-1 

Pb = 30.7- 355.4 mg kg
-1 

Cd = 0.0- 1.2 mg kg
-1 

- Dehydrogenase = 50 % 

- Urease = 31 % 

 

Brohon et al. 

(2001) 

3 Soil 

contaminated 

with Fe, Pb, 

Cu, Mn, Zn, 

Hg and As 

Fe = 8000 mg kg
-1 

Pb = 270.8 mg kg
-1 

Cu = 132.9 mg kg
-1 

Mn= 40 mg kg
-1

  
Zn = 165.5 mg kg

-1 
Hg= 109 mg kg

-1
  

As = 1558 mg kg
-1 

Reduction in 

Dehydrogenase 
Oliveria et al. 

(2002) 

4 Soil 

contaminated 

with Pb, Cu, 

Cd,  Zn 

450-500 mg kg
-1 Zero activity of 

dehydrogenase and acid 

phosphatase 

Lee et al. (2002) 

 

 

 

 

 

 

 

 

 

 



 

  

the toxic effects of heavy metals on soil microorganisms (Karaka et al., 2001; 

Stuczynski, 2003; Smejkalova et al., 2003; Akmal et al., 2005; Shen et al., 2005; 

Zhi-xin et al., 2006; Oliveira et al., 2006; Yang et al., 2006; Zhang et al., 2007; 

Yong-Tao et al., 2009). In their study, Castaldi et al. (2004) found that 

dehydrogenase, sulphatase and glucosidase activities declined exponentially with 

increasing metal concentration, whereas phosphatase activity decreased following a 

sigmoidal type relationship (P <0.001). According to their study, protease and urease 

were not significantly correlated with soil metal concentration due to the complex 

interplay of chemical, physical and biological factors influencing the activities of 

these enzymes. Nadgorska-Socha et al.(2006) reported stronger correlation of 

dehydrogenase activity with total heavy metals (Pb, Cd and Zn) than the metal 

bioavailability indices in soils.  

 

Enzymes are sensitive indicators of heavy metal contamination (Oliveira et 

al., 2006). However, rate of reduction in enzyme activities varies from metal to 

metal, enzyme to enzyme and degree of metal contamination (Smejkalova et al., 

2003). Stuczynski et al. (2003) observed strong inhibiting effects of Pb on urease, 

and of Zn on dehydrogenase, arylsulfatase, acid and alkaline phosphatase activities in 

soil. Yang et al. (2006) observed sensitivity of dehydrogenase activity in the 

following order: Hg > Pb > Cr > Cd > Cu, whereas order for urease was Hg > Cd > 

Cr > Cu > Pb. Shuqing et al. (2006) found a greater influence of Cd than that of Pb 

on the alkaline phosphatase, urease and catalase activities in contaminated soils. 

They further reported a significant decrease in invertase activity with Pb (1000 mg 

kg
-1

) and significant declines in phosphatase, urease and catalase activities with Cd 



 

  

(100 mg kg
-1

) in soils. In another study, Zhi-xin et al. (2006) investigated the 

combined effect of Pb, Zn and Cd on alkaline phosphatase, urease, catalase and 

invertase activities and found that Pb had no significant inhibitory effect on these soil 

enzymes, whereas Cd significantly inhibited all the above enzymes, and Zn inhibited 

only the urease and catalase. They concluded that urease was more sensitive to heavy 

metals than alkaline phosphatase, catalase and invertase. Karaka et al. (2001) 

observed that Cd was more toxic to catalase activity than the Pb. Shen et al. (2005) 

reported dehydrogenase as more sensitive than urease in soils having combined 

pollution of Pb, Cd and Zn. In another study, Stuczynski (2003) observed greater 

detrimental effect of Pb on urease, dehydrogenase, acid and alkaline phosphatase and 

arylsulfatase activity than the Zn.    

 

In some studies, wastewater application showed no toxic effects on enzymes 

activities in soil (Friedal, 2000; Alvarez-Bernal et al., 2006; Chen et al., 2008) 

whereas some others have reported strong inhibitory effects (Smejkalova et al., 2003; 

Oliveira and Pampulha, 2006; Zhang et al., 2007). Friedal (2000) observed no 

negative effects of wastewater irrigation on dehydrogenase activity (DHA) but 

showed strong correlations between DHA, soil organic matter, electrical conductivity 

and Olsen-P. Wastewater added organic matter in addition to heavy metals, which 

resulted in reduced metal toxicity and increased enzyme activity in soils. Enzymatic 

activity has been reported to be dependent on soil organic carbon content (Kizilkaya 

and Bayrakli, 2005). Chen et al. (2008) observed 2.2 to 3.1 fold increases in the 

activities of dehydrogenase, catalase and 17 other enzymes involved in carbon, 

nitrogen, phosphorous and sulphur cycling in soils with the application of reclaimed 



 

  

wastewater. In another study, Zhang et al. (2007) found that in a wastewater irrigated 

areas, soils were heavily polluted by Cd, Cu and Zn which caused a considerable 

decrease in dehydrogenase activity. Addition of low- metal sludges and other organic 

materials to soils has been found to increase the dehydrogenase, phosphatase, urease 

and protease (Saviozzi et al., 2002; Garcia-Gil et al., 2004; Jezierska-Tys et al., 

2004; Li et al., 2005; Kizilkaya and Bayrakli 2005; Pascual et al., 2007; Antonious, 

2009). The increased enzyme activity in the above-mentioned studies was attributed 

to the enhanced microbial activity in soils, stimulated by the addition of nutrients and 

organic matter contained in sludges and compost (Krzywy et al., 2000; Jezierska-Tys 

et al., 2004). Saviozzi et al. (2002) observed that the addition of sewage sludge to 

soil caused an increase in the proteolytic activity, which declined with time. The 

authors demonstrated that the sludge addition to the soil stimulated the proteolytic 

activity more than the sludge applied in combination with manure. Zaman et al. 

(2002) further investigated and demonstrated that after the initial increase of 

proteolytic activity, its slow decrease throughout the study resulted from the 

diminution of organic nitrogen substances applied to soil with liquid dairy sludge. 

Similar were the results obtained by Antonious (2009) who reported an increase in 

the urease, invertase and p-nitrophenyl phosphate (acid and alkaline phosphatase) 

activities in soil with the application of sludge containing Pb, Zn and Ni within the 

safe limits. He further added that addition of sewage sludge improved soil structure 

and nutrient status with an increase in enzyme activity. However, the addition of 

sludges or composts with high metal contents reversed this effect causing a decrease 

in the dehydrogenase, phosphatase, urease and protease activities in soil (Garcia-Gil 

et al., 2000; Karaca et al., 2002; Saviozzi et al., 2002). Investigation carried out by 



 

  

Saviozzi et al. (2002) proved a decrease in the DHA activity during soil incubation 

due to reduction in substrates. Karaca et al. (2002) indicated the stimulating effect of 

sewage sludge on the activity of acid and alkaline phosphatase which declined over 

time because of sludge contamination with Cd. 

 

2.3 EFFECTS OF WASTEWATER IRRIGATION ON SOIL AND 

PLANT GROWTH 

Wastewater may carry a considerable amount of toxic metals (Yadav et al., 

2002) and the concentration of metals in sewage effluents varies from city to city 

depending upon their sources (Rattan et al., 2002). Long-term application of 

wastewater to agricultural lands often causes the build-up of the toxic metals in soils, 

the extent of which depends on the period of application (Nagajyoti et al., 2008). 

Various researchers have observed higher concentrations of toxic metals in crops 

irrigated with wastewater sufficient to cause disorders in plants and clinical problems 

in both humans and animals consuming these plants (Madhava and Sresty, 2000; 

Ensink et al., 2004; Butt et al., 2005; Rattan et al., 2005; Murtaza et al., 2008; 

Hussain et al., 2006; Nagajyoti et al., 2008; Gupta et al., 2008; Kashif et al., 2009). 

In Pakistan, farmers are using industrial effluents/ wastewater due to shortage of 

irrigation water in the country. Ensink et al. (2004) conducted a survey regarding 

wastewater use in Pakistan and revealed that out of 60 sites visited in Pakistan, 

wastewater was being used at 50 sites for irrigation. According to an estimate, 

32,500 ha of land, (whereas 20 m ha approximately on global scale) has been 

reported to be irrigated with wastewater in Pakistan (Saleem, 2005; Kashif et al., 

2009). Butt et al. (2005) found high concentrations of the heavy metals Fe, Cu, Zn, 



 

  

Mn, Ni, Pb and pathogens in the soil and plants intensively irrigated with wastewater 

at Faisalabad, Pakistan. They concluded that use of this effluent for irrigation 

purposes has caused clinical problems such as diarrhea, vomiting, hepatitis etc. in 

human beings, hence they recommended not to use untreated sewage water for 

irrigation purposes. Similarly, Murtaza et al. (2008) observed accumulation of Co, 

Cd and Mn in vegetables grown with sewage water irrigation in Faisalabad, Pakistan. 

In all plant samples, Cd and Mn was above critical limits whereas Co was within 

permissible limit. Root crops such as carrot, radishes and onion grown using 

wastewater irrigation were unsuitable for marketing because of development of 

several short roots instead of a single straight root. Similarly, metals addition from 

wastewater also resulted in severe burning of sorghum and wheat crops leading to 

expensive re-planting. Moreover, long-term application of wastewater resulted in 

buildup of soil salinity and damage to soil structure. Investigations regarding the 

heavy metal contents in soil and vegetables irrigated with Hudiara drain water at 

Lahore, Pakistan revealed that this water was unfit for irrigation with regard to heavy 

metals contents (Kashif et al., 2009). Soils irrigated by this water were alkaline and 

showed very high DTPA-extractable metals. The vegetables grown using this water 

also had metal contents far higher than the Indian standards for safe consumption of 

vegetables. In India, Rattan et al. (2005) reported that sewage effluents contained 

substantial amounts of nutrients such as S, P, K, Zn, Fe, Cu, Mn and Ni along with 

organic C contents, and the tissue heavy metal concentrations in all the plants grown 

using these effluents were below the critical level of phytotoxicity, probably due to 

the addition of organic C through wastewater in the soil that resulted in less metal 

accumulation in plant tissues. They further suggested that humans can consume these 



 

  

vegetables safely, however, the accumulation of heavy metals particularly the Cu, Ni 

and Zn in soils should be periodically monitored considering their chances of 

accumulation in plants. In another study, Gupta et al. (2008) reported that municipal 

wastewater irrigation is the cause of heavy metals (Pb, Zn, Cd, Cr, Cu and Ni) 

accumulation in soils and vegetables. They concluded that vegetables grown with 

wastewater possess concentrations of heavy metal (Pb, Zn, Cd, Cr and Ni) in all the 

sampled vegetables beyond safe limits, and there is great health risk in consuming 

such vegetables. 

 

Various researchers (Alia et al., 1995; Madhava and Sresty 2000; Neelima 

and Reddym 2002; Purohith et al., 2003; Aery and Rana, 2003; Ensink et al., 2004; 

Hussain et al., 2006; Murtaza et al., 2008) have reported disorders in plants exposed 

to heavy metals. For instance, Neelima and Reddym (2002) observed that Cd and Cu 

in combination had adverse effects on the germination, seedling length, and number 

of lateral roots in Solanum melongena. Some others indicated reduction in root and 

shoot length, number of leaves and branches, and biomass because of increased Cr 

concentration in egg plant and tomato (Purohith et al., 2003) and in barley (Aery and 

Rana, 2003). In another study, Hussain et al. (2006) reported that high Pb and Cr 

caused significant reduction in all plant growth parameters, chlorophyll content and 

yield components. High concentration of both metals in the rooting medium 

drastically reduced all photosynthetic pigments and all yield attributes. Alia et al. 

(1995) reported that presence of Zn at elevated concentrations retarded the growth 

and development of plants by interfering with metabolic processes. Nickel 

considered as an essential micronutrient for plants, was strongly phytotoxic at 



 

  

elevated concentrations and had adverse effects on photosynthesis, growth, mineral 

nutrition, and membrane function (Madhava and Sresty, 2000). Similarly, Nagajyoti 

et al. (2008) noticed that the maximum seed germination in Arachis hypogaea 

occurred at 25 % and lowest at 100 % effluent concentrations, as compared to 

control. At 25 % effluent concentration there was increase in root and shoot length as 

compared to control whereas at 100 % of effluent concentration significant reduction 

in seed germination and decrease in length of root and shoot was recorded. 

Chlorophyll a, b and total chlorophyll contents increased at 25 % of effluent 

concentration whereas at 100 % effluent concentration, there was significant 

reduction in chlorophyll content. Likewise, Oncel et al. (2000) noticed reduction in 

root growth of wheat seedlings due to heavy metals added through effluent irrigation. 

Hence, continuous use of untreated raw effluents/ wastewater for growing crops 

especially the vegetables results in buildup of heavy metals in crops, which will 

possibly enter into the food chain. 

 

2.4 EFFECT OF ORGANIC AMENDMENTS ON SOIL MICROBES 

AND PLANTS 

2.4.1 Effect on Soil Microbes  

 Application of organic amendments to soil increases both microbial biomass 

and activity as these not only improve soil physical conditions but also are an 

excellent source of nutrients recycling in soil (Sanchez-Monedoro et al., 2004). 

Many studies have reported a significant increase in soil microbial biomass with the 

addition of organic amendments to contaminated soils (Garcia-Gill et al., 2000; 

Moreno et al., 2002; Khan and Joergensen, 2006; Perez de Mora et al., 2006; 



 

  

Clemente et al., 2007; Jezierska-Tys and Frac, 2008; Branzini et al., 2009). In an 

investigation, Perez de Mora et al. (2006) found that municipal waste compost, 

biosolid compost and sugarbeet + lime additions all enhanced microbial biomass C 

and microbial biomass C/ total organic C ratio in contaminated soils. Total organic C 

increased by 2 to 4 fold, as organic C and available P in the amendments enhanced 

microbial activity under stress conditions. The addition of water-soluble C 

significantly decreased soluble heavy metal concentrations in soil. Basta et al. (2005) 

reported that the presence of significant quantities of humic substances in organic 

amendments adsorbed toxic metals temporarily, by formation of chelates (Adriano, 

2001) or other more complexes, which sorb them for longer periods of time. Similar 

were the findings of Fernandes et al. (2005) who noticed that biomass C and N 

increased after the addition of organic residues in contaminated soils. They further 

added that different forms of heavy metals in soil have different mobilities and hence 

different bioavailabilities. Furthermore, the bioavailability of heavy metals in soil is 

strongly affected by adsorption and desorption and thus the toxicity in soils to soil 

microbes. Branzini et al. (2009) observed the response of microbes to the application 

of biosolids and compost in soil contaminated with Cr (550 mg kg
-1

), Cu (450 mg kg
-

1
) and Zn (630 mg kg

-1
) which revealed that composts application in slightly acid 

soils significantly increased microbial biomass C and microbial biomass N compared 

to a control due to the high percentage of humified organic matter, varying between 

89 % for compost and 87 % for the biosolids. In another study, Clemente et al. 

(2007) studied the microbial biomass changes in heavy metal contaminated soil with 

addition of cow manure and olive husk. They observed a significant increase in 

biomass C and biomass N in all plots, suggesting a useful effect of the organic 



 

  

amendments. At the start of the experiment, soil microbial biomass was found higher 

in cow manure amended plots, whereas in the end of experiment high biomass was 

found in olive husk amended plots. The possible reason, for the slower response was 

that olive husks were resistant to degradation by soil microorganisms as they 

contained less labile molecules, high fats, and phenolic compounds, which could 

have led to slower mineralization/ degradation by soil microorganisms. A significant 

increase in the ratio of microbial biomass C/ total organic C with time was noticed in 

olive husk-treated plots, indicating significant decrease in heavy metal stress on the 

microbial populations. However, some studies also indicated negative effects of 

contaminated amendments addition on soil microbial biomass in contaminated soils 

(Garcia- Gill et al., 2000; Rost et al., 2001; Khan and Joergensen, 2006; PO-Hsu et 

al., 2006; Revoredo and Melo, 2007). PO-Hsu et al. (2006) observed response of 

microbial activity to heavy metals in a neutral loamy soil treated with biosolids and 

observed that the heavy metals in biosolids clearly reduced microbial biomass C and 

microbial biomass N. Cu, Pb and Zn in biosolids reduced the mineralized C by 

around 36 % as these metals were complexed with organic matter to stop 

decomposition of organic matter by soil microorganisms. In another study, Khan and 

Joergensen (2006) observed decrease in size and activity of microbial biomass in 

both the contaminated and uncontaminated soils with the addition of contaminated 

nettles. They further added that negative effects of heavy metals on soil 

microorganisms were due to the higher accumulation of organic matter and low soil 

microbial biomass C/ total organic C ratios in metal polluted soils. However, soils 

with high levels of heavy metal contamination contained significant populations of 

soil microorganisms adapted to the respective heavy metal load.  



 

  

Large number of studies have measured enzyme activities in relation to organic 

amendment addition in metal polluted soils (Bielinska and Sukowska, 2002; 

Fernandes et al., 2005; Kizilkaya and Bayrakli, 2005; Perez de Mora et al., 2006; 

Jezierska-Tys and Frac, 2008). Enzyme activity has always been shown to increase 

with addition of organic amendments. Kizilkaya and Bayrakli (2005) reported that 

enzymatic activity of soil is linked with the levels of mineral and organic compounds 

occurring in the soil and the amendment. They also demonstrated that enzymatic 

activity was dependent on organic carbon content of soil. In another study, Bielinska 

and Sukowska (2002) used sewage sludge as an amendment and reported the 

stimulating effect of sewage sludge on the proteolytic activity. The activity of the 

enzyme increased with high doses of sewage sludge (300 and 600 Mg ha
-1

) and the 

activity was correlated with contents of organic C and total N in the soil. Contrary to 

this, the use of contaminated amendments have been observed to decrease enzyme 

activity (Garcia- Gill et al., 2000; Rost et al., 2001; PO-Hsu et al., 2006; Revoredo 

and Melo, 2007). In a study, Garcia-Gill et al. (2000) reported that addition of 

municipal solid waste compost decreased urease activity by 21 % and phosphatase 

activity by 62 % as compared to compost and mineral fertilizers because of the 

presence of heavy metals in the compost. Likewise, Revoredo and Melo (2007) 

measured urease, acid and alkaline phosphatase activities in soil amended with Ni 

contaminated sewage sludge and reported that with the increase in Ni concentration 

in sewage sludge, a more significant reduction was observed in urease activity as 

compared to acid and alkaline phosphatases. They concluded that the activities of 

acid phosphatase and the alkaline phosphatase were a good indicator for estimating 

soil Ni effects caused by sewage sludge application, while urease was not. The 



 

  

concentration of Ni, which caused negative effects on enzymes activity was 329 mg 

kg
-1

. 

 

Investigations by various scientists have shown stimulating effects of 

organic amendments on soil respiration in contaminated soils (Khan and Joergensen, 

2006; PerezdeMora et al., 2006; Sastre-Conde et al., 2007; Clemente et al., 2007; 

Jezierska-Tys and Frac, 2008; Branzini et al., 2009). Clemente et al. (2007) 

demonstrated that specific respiration increased by the addition of organic 

amendments in polluted soils, which indicated stress on soil microbes due to 

presence of metal in soil and they needed to expand more energy to survive. 

Similarly, Smejkalova et al. (2003) reported that in heavily polluted soils microbes 

were under stress and less efficient in utilization of C, resulted in more CO2 

evolution. An increase in macroelements and nutrients in the soil with addition of 

organic amendment has been reported to stimulate the bacterial activity, thus 

contributing to increased respiratory activity (Emmerling et al., 2000). In another 

study, Branzini et al. (2009) concluded that the application of biosolid and equine 

compost significantly increased the CO2-C production and consequently the total soil 

microbial activity in soils contaminated with Zn, Cu and Cr. The reason for the 

increase in activity and CO2-C production that they reported was the reduction in 

bioavailability of heavy metals with amendment addition. 

 

2.4.2 Effect on Plants 

Heavy metals are a dangerous group of soil pollutants as they cause serious 

toxicity problems in plants, animals and human beings. Although “heavy metal” is an 



 

  

ill-defined term but it has been widely used in the scientific literature for many years 

(Humphries, 2007). Metals are classified as “heavy” or “light” based on their specific 

gravity, atomic number, atomic mass and position in the periodic table (Duffus, 

2001). Generally, the term “heavy metal” refers to a selected group of metals and 

metalloids (i.e., Cu, Zn, As, Pb, Cr and Cd) that are toxic to the environment (Duffus 

2001). Metals cannot be degraded naturally like organic pollutants and accumulate in 

different parts of the food chain. Soils highly contaminated with metals lack proper 

structure, aeration, and are low in soil fertility that can result in small microbial 

biomass, together with poor plant growth in these soils (Clemente et al., 2006). 

Organic amendments, like compost, peat, farmyard manure, biosolids, chelates and 

plant residues have been used recently in different research studies for the 

bioremediation of soils contaminated with heavy metals (Yaseen et al., 2007;  

Clemente et al., 2007; Gilani et al., 2008; Sabir et al., 2008; Branzini et al., 2009). 

Tordoff et al. (2000) reported that organic materials comprised of high 

concentrations of stabilized humic acid influenced the bioavailability of heavy metals 

by adsorption and forming stable complexes. For this reason, organic material 

addition permits the restoration of vegetation on contaminated sites. These materials 

increase plant production by mobilizing essential nutrients and by changing 

availability of toxic heavy metals. Yaseen et al. (2007) revealed that application of 

organic residues (farmyard manure, peanut residues and potassium humate) 

significantly increased uptake of N, P and K and reduced Zn, Pb and Cd 

concentration in plants grown on both polluted and non-polluted soils. They further 

reported that plant growth under contaminated conditions had been reduced because 

of imbalance between different elements, which ultimately resulted in stress caused 



 

  

by metals. Additional problems for plants included the unavailability of essential 

elements, but application of amendments reduced the harmful effects of the heavy 

metals. This has been demonstrated by Neugschwandtner et al. (2009) who observed 

that the application of EDTA (ethylene diamine tetraacetic acid) effectively 

increased mobility of macronutrients (Ca, Mg, P, K) and micronutrients (Mn, Fe) in 

the soil solution. The reason for this mobilization was complexation of nutrient 

cations with negatively charged EDTA and dissolution of oxides and hydroxides. 

Increased concentrations of negatively charged P indicated the dissolution of metal 

phosphates by EDTA. Consequently, it increased nutrients bioavailability and 

nutrients contents in plants. Likewise, Brown et al. (2003) also reported that 

compost, farmyard manure (FYM), bio-solids or bio-solid compost may efficiently 

decrease the bioavailability of heavy metals in soils due to its high concentrations of 

P and Fe, and high content of organic matter. Duraisamy (2003) reported that use of 

P fertilizers also plays a vital role in immobilization of heavy metals. The reasons for 

immobilization were an increase in surface charge, co-adsorption of phosphate and 

the metal ions and surface complexation of metals on the phosphate compounds. 

Narwal et al. (1992) reported that application of 2 % farmyard manure reduced Ni 

concentration by 40, 45, 39 and 35 % in fenugreek, spinach, carrot and wheat grain, 

respectively, whereas Tlustos et al. (1995) noticed that the incorporation of straw 

into contaminated soil decreased the concentration of Cd and Zn by 40 % and 25 %, 

respectively in spinach plants. Likewise, Sabir et al. (2008) noticed a reduction in 

AB-DTPA extractable Ni by up to 26 % with activated carbon at 4 %, Mn to 28 % 

with pressmud at 2 %, Cu to 31 % with pressmud at 4 % and Zn to 68 % with 

pressmud at 4 %, application rates. They further added that phytoavailibility of 



 

  

metals in soil decreased with its increased residence time in the soil. It has been 

further demonstrated by Mclaughlin, (2001) that metal availability in soils decreased 

with time due to different reactions like adsorption, complexation and precipitation 

of metals in soils. Halim et al. (2003) observed reduction in DTPA extractable Ni 

with time and attributed it to its immobilization with humified organic matter in soil. 

Some researchers have used composts to study their effectiveness in immobilization 

and translocation of metals to plants (Kasheem and Singh, 2001; Walker et al., 2003; 

Bolan et al., 2003; Castaldi et al., 2005; Perez-de-Mora et al., 2005). Bolan et al. 

(2003) observed reduction of Cr (VI) to Cr (III) with compost application and found 

that 1.0 mg of organic C caused reduction of 5.78 mg Cr (VI). Likewise, Castaldi et 

al. (2005) reported that compost and Ca(OH)2 were highly efficient in reducing Zn 

and Pb uptake, whereas zeolite was the most efficient at reducing Cd uptake by the 

plants. Walker et al. (2003) observed that metal bioavailability decreased more 

significantly by manure than by highly humified compost, whereas EDTA had less 

effect on metal uptake by plants.  

 

Sewage sludge, an insoluble residue derived from municipal wastewater 

treatment through aerobic or anaerobic digestion processes, has also been 

increasingly used by the researchers to study its effect as an organic amendment on 

bioavailability of metals to plants in contaminated soils (Garcia-Gill et al., 2000; 

Slizowski, 2002; Wierzbicki, 2003; Gibbs et al., 2006; Balik et al., 2007; Akdeniz et 

al., 2006; Hussein, 2009). Sewage sludge possesses a high concentration of plant 

nutrients, particularly N and P (Fernandes et al., 2005) and thus contributes to high 

crop yield (Czekala 2000; Gibbs et al., 2006). Sewage sludge contains a high 



 

  

proportion of organic carbon (Fernandes et al., 2005), which increases the content of 

soil humus and improves the quality of soils, particularly of those characterized by 

low contents of organic matter (Moreno et al., 2003). However, apart from 

compounds valuable to crop production, sewage sludge may also contain toxic 

metals (Baran and Oleszczuk, 2002; Muchuweti et al., 2006). Muchuweti et al. 

(2006) found that with the application of sewage sludge, maize leaves contained 

111 mg kg
−1

 Cu that was 5 times the permissible level (20 mg kg
−1

); 3.68 mg kg
−1

 Cd 

that was 8 times the permissible level (0.2 mg kg
−1

); 221 mg kg
−1

 Zn that was 4 times 

the permissible value (50 mg kg
−1

); 6.77 mg kg
−1

 Pb which was 22 times the 

permissible levels (0.3 mg kg
−1

) allowed by both EU standards and UK guidelines. 

Similar were the findings of Katanda et al. (2007) who reported accumulation of Zn 

and Cu in mustard rape and lettuce with sewage application beyond toxic limits 

without apparent reduction in crop growth.  

 

 

Studies reviewed in the chapter have clearly shown that the presence of 

heavy metals in soil above the ambient levels can adversely affect the surrounding 

ecology. Microorganisms respond to metal contamination by reductions in their 

biomass (microbial biomass C & microbial biomass N), activities of enzymes and 

changes in their population structure. Decline in microbial and biochemical 

parameters in soils occurs frequently at metal concentrations lower than those 

reported to adversely affect the crop plants. In soil-microorganism-plant system, 

microbes like bacteria, fungi, algae, protozoa and some nematodes play a vital role in 

performing essential biochemical transformations in soil to maintain soil 

productivity. They fix atmospheric nitrogen, decompose organic matter, and carry 



 

  

out ammonification, nitrification etc. leading to the release of plant nutrients. Hence, 

decrease in the size and activity of soil microbial biomass in metal polluted soils can 

adversely affect soil productivity and its functioning. Therefore, while formulating 

metal threshold levels in soil, a due consideration should be given to the metal effects 

on soil microbial processes. Application of organic amendments in contaminated 

soils not only improves microbial activity in soil but also reduce metal toxicity to 

plants. Thus in areas where application of conventional or other remediation 

technologies is not possible or is too costly, addition of uncontaminated organic 

amendments may be a simple and effective approach for reducing the metal toxicity 

in soils and their accumulation in edible parts of crop plants. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Chapter 3 

MATERIALS AND METHODS 

 

 The study comprised of three experiments. First, a comprehensive survey 

was conducted in order to evaluate soils from different locations near Taxilla, 

Rawalpindi and Islamabad for heavy metals contamination (Cd, Pb, Cr, Ni, Cu, Fe 

and Zn) from industrial/ domestic effluents irrigation. Secondly, an incubation 

experiment was performed in the Central Research Laboratory of PMAS- AAUR (Pir 

Mehr Ali Shah, Arid Agriculture University Rawalpindi) to evaluate the 

decomposition of different organic substrates in soils subjected to various degree of 

heavy metals contamination. Third, a pot experiment was carried out in the 

greenhouse of the PMAS-AAUR to evaluate the effect of organic amendments on 

soil microbial properties, heavy metal availability, and on the growth and nutrient 

uptake of maize plants. All the analytical work was performed in the laboratories of 

the PMAS-AAUR. Details of experiments are given in the subsequent chapters. The 

analytical methods used in the study are explained below: 

 

3.1  SOIL SAMPLING AND ANALYSIS 

3.1.1   Collection and Preparation of Soil Samples  

 A composite soil sample of 4-5 kg was collected at a depth of 0-15 and 15-30 

cm from each of the selected sites with the help of a stainless steel soil auger. 

Initially, soil samples were collected at random from four different locations of the 

site which were then mixed up to obtain a composite soil sample at each soil depth 

separately. Collected samples were transferred to plastic bags, brought to the 



 

  

laboratory and prepared for the analyses. For soil microbial and biochemical 

analysis, field moist soil samples were picked with hands to remove stones, larger 

plant residues and soil animals (earthworms etc.), sieved (< 2 mm) and mixed 

uniformly. The water contents in soil samples were adjusted to 50 % of their WHC 

(water-holding capacity). The samples were incubated at 25 
o
C for 14 days and 

stored in plastic bags at 4 

C prior to biological analyses. For soil physical and 

chemical analysis, a subsample of each soil was air-dried, ground to powder form 

and stored in labelled plastic bottles. All soil samples were analyzed in triplicate to 

minimize the error and the results are presented on oven dry weight basis. 

  

3.1.2   Analysis of Soil Physical and Chemical properties 

 Each soil sample stored in the plastic bottles was analyzed for the following 

physical and chemical properties.  

 

3.1.2.1   Particle size analysis 

  To 40 g of soil, 40 ml 1 % sodium hexametaphosphate and 150 ml of 

distilled water were added and the suspension was kept overnight. After stirring for 

ten minutes, the contents were shifted to 1000 ml capacity cylinder and the reading 

was recorded with the soil hydrometer. Soil textural class was determined by using 

ISSS triangle (Gee and Bauder, 1986). 

 

3.1.2.2 Soil moisture 

 Soil samples were taken in metallic cans and their weights recorded. The 

samples were dried to constant weight at 105
 o

C in the oven. Afterwards, the samples 



 

  

were removed from the oven and the weights were recorded after cooling. Soil 

moisture was determined by the following formula:  

 

Soil moisture        =   Weight of wet soil – weight of oven dry soil         100    

           Weight of oven dried soil 

                           

3.1.2.3 Water-holding capacity  

  Water-holding capacity (WHC) was measured by preparing the saturated 

soil paste. The paste was then transferred to a porous Buckner funnel for the 

removal of surplus water and the water contents held by the soil were determined 

gravimetrically (Anderson and Ingram, 1993). 

 

3.1.2.4 Electrical conductivity (EC) 

 Soil water suspension was prepared using a soil to water ratio of 1:2.5. The 

contents were allowed to equilibrate at room temperature for 30 minutes and the 

electrical conductivity was recorded by using EC meter model-4070, after 

standardizing with 0.01 N KCl solutions at 25 
o
C (Page et al., 1982). 

 

3.1.2.5 Soil reaction (pH) 

 Soil water suspension was prepared using a soil to water ratio of 1:2.5. The 

contents were allowed to equilibrate for 30 minutes and the pH was recorded by 

using a calibrated Hanna pH meter model 210 having combined electrode (Page et 

al., 1982). 

 



 

  

3.1.2.6  Total organic carbon 

  Two gram soil was taken in an Erlenmeyer flask. Ten ml of 1 N potassium 

dichromate was added and the flask was swirled to mix the contents. Twenty ml of 

conc. sulphuric acid was added into the flask, swirled for one minute and allowed to 

stand for 30 minutes. Then 200 ml of distilled water, 10 ml of phosphoric acid and 

1 ml of diphenylamine indicator were added and the contents were titrated against 

0.5 N ferrous sulphate solution until the colour changed from blue to red (Page et 

al., 1982).  

 

3.1.2.7  Total nitrogen 

  Total nitrogen was determined by colorimetric analysis of digested soil 

samples. To 0.2 g of soil samples taken in separate digestion tubes, 4.4 ml of 

digestion mixture containing selenium powder, lithium sulphate and hydrogen per 

oxide were added and digested for two hours at 360 
o 

C till solution became 

colorless. Fifty ml of water was added to each digestion tube, mixed well and after 

cooling, the volume was made up to 100 ml and mixed. After settlement, the clear 

solution was analyzed for total nitrogen colorimetrically (Page et al., 1982). 

 

3.1.2.8 Extractable phosphorous  

 Five gram of soil was weighed into a 250 ml Erlenmeyer flask. 100 ml of 0.5 

M NaHCO3 solution at pH 8.5 was added, shaken for 30 minutes on a reciprocating 

shaker at 150 rev. min
-1

 and filtered through Whatman No. 42 filter paper. Ten ml of 

filtrate was transferred into a 50 ml volumetric flask, 10 ml of colour developing 



 

  

reagent (Ammonium molybdate + Potassium antimony tartarate + Ascorbic acid) 

was added and  the volume was made up to the mark. After 15 min, absorbance was 

measured at 880 nm using the spectrophotometer model Cecil-2000. Extractable P 

concentration was obtained from standard curve prepared from a series of P standard 

solutions (Page et al, 1982). 

 

3.1.2.9 Cation exchange capacity   

 Air-dried soil up to 4-6 g and 33 ml of 1N sodium acetate trihydrate was 

shaken in a centrifuge tube for 30 minutes. Then, the solution was centrifuged at 

3000 rpm until the supernatant became clear. The supernatant was discarded 4 times 

after decanting. Then, 33 ml ethanol was added and centrifuged again for three times. 

Sodium from samples was replaced by shaking with 33 ml 1 N ammonium acetate 

solution. Supernatant was collected in 100 ml volumetric flask and then brought to 

volume with 1N ammonium acetate solution. Na was measured by using Jenway  

flame photometer model no PFP-7 (US Salinity Laboratory Staff, 1954). 

           CEC (meq/ 100 g) = meq/ 1Na (from calibration curve)* A/ Wt* 100/ 1000 

Where,    

 A  = Total volume of the extract (ml) 

              Wt = Weight of the air dry soil (g) 

 

3.1.2.10 Calcium carbonate 

One gram of soil was weighed into a 250 ml Erlenmeyer flask. Ten ml of 

1N HCI was added, the contents were heated at 60 
o
C and cooled. Fifty ml of 



 

  

deionized water and 2-3 drops of phenolphthalein indicator were added and the 

contents were titrated against 1N NaOH until faint pink end point (Ryan et al., 2001). 

Percentage of calcium carbonates in soil was calculated by the following formula: 

  CaCO3 (%)     = {(10 N HCl) – (R  N NaOH)  0.05 100/ Wt (soil) 

NHCl   = Normality of HCl 

 R        = Volume of NaOH 

 NNaOH  = Normality of NaOH 

   

3.1.2.11  Total heavy metals (Cd, Pb, Zn, Fe, Cu, Ni, Cr) 

   To 2 g soil, I added 10 ml of 1:1 HNO3 and heated at 95 
o
C for 15 minutes. 

After cooling, I added 5 ml of conc. HNO3 and refluxed for an additional 30 minutes 

at 95 
o
C. Again I added 5 ml concentrated HNO3 and continued refluxing at 95 

o
C 

until the volume of digest reduced to 5 ml. I allowed the sample to cool and added 2 

ml distilled H2O, 3 ml 30 % H2O2 and heated gently to start the effervescence. I 

Continued heating by adding 30 % H2O2 in 1 ml increments until the effervescence 

subsided. Finally, I added 5 ml conc. HCl and 10 ml distilled H2O and refluxed for 

an additional 15 minutes. The digest was cooled, filtered through filter paper 

(Whatman No 42), diluted to 50 ml and the elements Cd, Pb, Cr, Ni, Cu, Fe and Zn 

were analyzed by atomic absorption spectrophotometer model GBC- 932 plus UK 

(Soon and Abboud, 1993). 

 

 

 



 

  

3.1.2.12 AB-DTPA-extractable heavy metals and nutrients 

 10 gm of soil was extracted with 50 ml of AB-DTPA solution after 30 

minutes shaking on a reciprocating shaker. Heavy metal contents (Cd, Pb, Zn, Fe, 

Cu, Ni, & Cr) and nutrients (Ca & Mg) in the extract were measured using the 

atomic absorption spectrophotometer Model GBC- 932 plus U.K (AOAC, 1984). 

Sodium and potassium in the extract were determined by Jenway flame photometer 

model no PFP-7 having both (Na & K) filters in place (Soltanpour 1985). 

 

3.1.2.13 Ammonium nitrogen (NH4-N) 

  Determination of ammonium nitrogen in soil followed an extraction of 10 g 

soil in 40 ml 0.5 M K2SO4 by shaking for 30 minutes and then filtered. In test tube, 

0.1 ml of sample (extract) was taken with micropipette. 5 ml of reagent 1 (34 g 

sodium salicylate, 25 g sodium citrate, 25 g sodium tartarate and 0.12 g sodium 

nitropruside dissolved in 1000 ml distilled water) was added to test tubes, mixed well 

and left for 15 minutes. After this, 5 ml of reagent 2 (30 g sodium hydroxide in 750 

ml distilled water then 10 ml of sodium hypochlorite added and volume made upto 

1000 ml) was added to each test tube, mixed well and left for one hour for colour 

development. Readings were taken by using Spectronic 20 at 655 nm (Anderson and 

Ingram, 1993).   

 

3.1.2.14 Nitrate nitrogen (NO3 -N) 

  Nitrate determination in soil followed an extraction of 10 g soil in 40 ml 0.5 

M K2SO4 by shaking for 30 minutes and then filtered. Afterwards the salicylic acid 

method was used (Anderson and Ingram, 1993). In the test tube, 0.5 ml of sample 

was taken and 1 ml of 5 % salicylic acid reagent was added, mixed well, and left for 



 

  

thirty minutes. After this, 10 ml of 4 M NaOH reagent was added to every tube. The 

contents were mixed thoroughly and left for one hour for colour development. 

Readings were taken at 410 nm wavelength using the spectrophotometer model 

Cecil-2000 (Anderson and Ingram, 1993).   

 

3.1.3 Analysis of Soil Microbial and Biochemical properties 

 The soil samples prepared and stored for microbial and biochemical 

analyses were equilibrated to room temperature, incubated at 30
 

C for 7 days and 

analyzed for the soil microbial biomass (biomass C & biomass N), soil respiration, 

and the activities of enzymes like dehydrogenase and alkaline phosphatase. 

 

3.1.3.1  Microbial biomass carbon (Cmic) 

  Microbial biomass C and microbial biomass N in the soil samples were 

determined by fumigation-extraction methods (Brookes et al., 1985). Moist soil 

sample of ten grams (on oven dry basis) was fumigated at 25
 o
C for 24 h with ethanol 

free chloroform (CHCl3). After removal of fumigant, the soil samples were extracted 

with 40 ml 0.5M K2SO4 for thirty minutes by shaking on a reciprocating shaker at 

200 rev min 
–1

 then filtered through a folded Whatman No. 40 filter paper. The non-

fumigated 10 g portion of the soil was extracted similarly at the time fumigation 

started. In the extracts, organic C was measured as CO2 by infrared absorption after 

combustion at 760
 o

C using a Shimadzu automatic TOC analyzer model TOC-VCPH 

(Shimadzu Corp. Japan). Cmic was calculated as follows: Cmic = EC/ kEC, where EC = 



 

  

(organic C extracted from fumigated soil) - (organic C extracted from non- 

fumigated soil), and kEC = 0.45 (Wu et al., 1990). 

 

3.1.3.2 Microbial biomass nitrogen (Nmic) 

 Total N in the 0.5M K2SO4 extracts was determined as NO2 after 

combustion at 760
o
 C using a Shimadzu-N chemoluminescence detector model 

TNM-1 (Shimadzu Corp. Japan). Nmic was calculated as follows: Nmic = EN/ kEN, 

where EN = (total N extracted from fumigated soil) – (total N extracted from non- 

fumigated soil) and kEN = 0.54 (Brookes et al., 1985). 

 

3.1.3.3 Soil respiration  

               Two hundred grams of soil (Oven dry basis) was transferred to a 1000 ml 

plastic beaker. A small beaker containing 10 ml 1.0 M NaOH solution was placed 

into that 1000 ml plastic beaker containing 200 g pre-incubated soil. The beaker was 

then covered with polyethylene sheet, made airtight with a rubber band and kept in 

an incubator at 25
 o

C for 3 days. At the same time, a blank was run (without soil) to 

assess the CO2 entering from air following the above procedure. After 3 days, the 

beaker containing 10 ml NaOH solution was removed and titrated against 1.0 M HCl 

after the addition of 5 ml saturated BaCl2 solution and a few drops of 

phenolphthalein indicator. The CO2 evolved was calculated from the amount of 

NaOH consumed during 3 days of incubation (Alef, 1995; Khan and Joergensen, 

2006; Zibilsje, 1994). 



 

  

3.1.3.4 Dehydrogenase activity 

 Air dried soil (20g) was mixed with 0.2 g of CaCO3 and 6 g of this mixture 

was placed in each of the three test tubes. After adding 1 ml of 3 % aqueous solution 

of TTC (Triphenyl tetrazolium chloride) and 2.5 ml of deionized water, samples 

were then incubated at 36
 o

C for 24 hours. Then, 10 ml of methanol was added and 

filtered after shaking. The red color intensity was measured by using a 

spectrophotometer CECIL model no 2021 at a wavelength of 485nm (Alef and 

Nannipieri, 1995). 

 

3.1.3.5 Alkaline phosphatase activity 

One gram soil sample was mixed with 0.2 ml of toluene, 4 ml of MUB 

(modified universal buffer) at pH 11 and 1 ml of p-nitro phenyl phosphatase solution. 

The flask was placed in an incubator at 36 
o
C for 1 h. One ml of 0.5 M CaCl2 and 4 

ml of 0.5 M NaOH were added and the soil suspension was filtered through a filter 

paper (Whatman no 42). The yellow colour intensity was measured at 400 nm 

wavelength by using a spectrophotometer CECIL model no 2021 (Alef and 

Nannipieri, 1995). 

 

3.2 EFFLUENT SAMPLING AND ANALYSIS   

 Effluent/ wastewater samples used for irrigation of selected fields were 

taken in two separate pre-rinsed plastic bottles from depth of 15 cm by using a 

measuring cylinder. For analysis of EC, pH, SAR (Sodium adsorption ratio), RSC 

(Residual sodium carbonate) and TDS (Total dissolved solids), effluent samples were 



 

  

stored in plastic bottles without any acid addition whereas in the second bottle which 

was used for heavy metals analysis, one drop of HCl was added and then stored. All 

the samples were analyzed within 20 days after collection. The detail of methods 

used for analysis is given below. 

 

3.2.1 pH 

  pH in effluents was determined by using Hanna pH meter model 210 

combined electrode (Page et al., 1982). 

   

3.2.2 Electrical Conductivity (EC) 

 EC of the effluent/ wastewater samples was determined by using EC meter 

model-4070, after calibrating with 0.01 N KCl solution at 25
 o

C (Page et al., 1982). 

Cell constant was determined from the formula: 

  K = 1.4118 dSm
-1

/ Observed EC of 0.01 N KCl (dSm
-1

) 

 

3.2.3 Total Dissolved Solids (TDS) 

 TDS was determined by evaporating filtered effluent samples in platinum 

pre-weighed dish till residue of not more than one 1.0 gram was left behind which 

was then oven dried at 105 
o
C. TDS was calculated by using following formula (US 

Salinity Laboratory Staff, 1954). 

  TDS (ppm)  = residue (g)  1,000,000/ ml in aliquot 

 



 

  

3.2.4 Carbonate and Bicarbonate 

 In effluent samples, carbonates and bicarbonates were measured by titrating 

10 ml water sample with 0.1 N H2SO4 using phenolphthalein and methyl orange as 

indicators, respectively. The end points were colorless and pinkish yellow for CO3 

and HCO3, respectively (US Salinity Laboratory Staff, 1954). 

 

3.2.5 Sodium and Potassium 

 Water samples were analyzed for Na and K by using Jenway PFP-7 flame 

photometer having both (Na and K) filters in place (US Salinity Laboratory Staff, 

1954). 

 

3.2.6 Sodium Adsorption Ratio (SAR) 

 Sodium Adsorption Ratio in effluent samples was worked out by using the 

below mentioned formula (US Salinity Laboratory Staff, 1954). 

  SAR =   Na/ {(Ca+Mg/2)}
1/2

 

 

3.2.7 Residual Sodium Carbonate (RSC) 

 RSC in effluent samples was determined by the following formula (US 

Salinity Laboratory Staff, 1954). 

  RSC (m eq l
-1

) = (CO3 + HCO3) m eq l
-1

 – (Ca + Mg) m eq l
-1

 

 

 



 

  

3.2.8 Heavy Metals and Nutrients 

 Effluent samples were analyzed for the heavy metals (Pb, Zn, Cu, Cd, Ni, 

Cr & Fe) and nutrients such as Ca & Mg by using atomic absorption 

spectrophotometer (AAS) Model GBC- 932 Plus U.K (AOAC, 1984). 

 

3.3 PLANT ANALYSIS 

3.3.1 Preparation of Plant Samples 

 Plant samples collected from the pot experiment were washed uniformly 

with distilled water to eliminate adhering substances. Plant samples were placed by 

spreading on a clean paper sheet, air-dried in an isolated place, dried in an oven at  

60
 o

C till constant weight, ground in a Wiley mill, and analyzed for following 

parameters: 

 

3.3.1.1 Total nitrogen and total phosphorus 

 Total nitrogen (TN) and total phosphorous (TP) contents in plants were 

determined colorimetrically after digestion. The details are given as under: 

 

3.3.1.1.1   Digestion for total N and total P 

 To 0.2 g of ground plant material in separate digestion tubes, 4.4 ml of 

digestion mixture containing selenium powder, lithium sulphate and hydrogen per 

oxide were added and digested for two hours at 360
 o

C till solution was colorless, 50 

ml of water was added and mixed well. After cooling, it was made up to 100 ml and 



 

  

mixed. After settlement, the cleared solution was used for analysis of TN and TP 

colorimetrically. 

 

3.3.1.1.2 Determination of total nitrogen 

 To 0.1 ml of each standard and sample, 5 ml of reagent containing sodium 

salicylate, sodium citrate, sodium tartarate and sodium nitroprusside were added. It 

was mixed well and left for 15 minutes. Then 5 ml of reagent containing a solution of 

NaOH, water and sodium hypochlorite was added to each test tube and left for one 

hour for full colour development. Absorbance of samples was measured using 

spectrophotometer at 665 nm (Anderson and Ingram, 1993). 

    Plant TN was calculated by the following formula: 

                       TN % = C/ W  0.01  

  Where C was corrected concentration (g/ ml) and W was weight of the sample (g). 

 

3.3.1.1.3 Determination of total phosphorus  

 To 1 ml of each standard and sample in test tubes, 4 ml of ascorbic acid was 

added. Then 3 ml of molybdate reagent containing ammonium molybdate, antimony 

sodium tartarate and sulphuric acid was added, mixed well and left for one hour for 

full colour development. Standards and samples absorbance were read at 880 nm on 

a spectrometer (Anderson and Ingram, 1993).  

         TP was calculated by the following formula:  

         TP in digest (%)  = C/ W  0.1  



 

  

Where C was corrected concentration (g/m l) and W was weight of the sample (g) 

 

3.3.1.2  Heavy Metals and Nutrients  

 One- gram of ground plant sample were weighed into a 50 ml conical flask 

and kept overnight after adding 5 ml conc. nitric acid and 5 ml perchloric acid. Next 

day, 5 ml conc. nitric acid was again added and the contents were digested on the hot 

plate until material became clear. The digest was cooled, diluted to 50 ml with 

distilled water and analysed for heavy metals (Fe, Zn, Cu, Pb, Mn, Cd, Ni & Cr) and 

nutrients (Ca & Mg) by atomic absorption spectrophotometer Model GBC- 932 plus 

U.K (Miller, 1998). 

 

3.3.1.3 Total Carbon in Pea and maize straw 

 To 0.2 g of milled straw weighed into a digestion tube, 1.0 ml of 0.0667 M 

potassium dichromate and 5 ml of conc. sulphuric acid were added, and the contents 

heated at 150 
o
C for 30 minutes. After transferring the contents to 100 ml conical 

flask, 3-4 drops of 0-phenentholine monohydrate indicator solution were added, and 

the samples were titrated against 0.033 M acidified ferrous ammonium sulphate until 

the colour changed from green/ violet to red (Anderson and Ingram, 1993). Total 

carbon in the straw samples was worked out from the following formula: 

  Total carbon (%) = {(A  M  0.003)/g}  (E/ S)  100 

 Where, 

  A = Blank reading 



 

  

  M = Molarity of ferrous ammonium sulphate 

  E = Extraction volume 

  g = Dry mass of straw sample 

  S = Digested sample volume 

 

3.4 STATISTICAL ANALYSIS 

 All the results are presented as arithmetic means described on an oven dry 

basis. In study l, the data were statistically analysed by calculating mean values and 

standard deviation (SD), using Microsoft-Excel. The relationships between 

microbiological soil properties and heavy metal contents in soils and wastewater 

were analyzed by Microsoft Excel package (Office-2003) for linear regression 

correlation. In the same way, correlation analysis between AB-DTPA extractable 

heavy metals (Cd, Cr, Ni, Cu, Fe, Zn & Pb) and soil characteristics i.e., ECe, pH, 

organic C, CaCO3, clay contents and CEC (Cation exchange capacity) was also 

carried out in study I. In studies II and III, treatment effects on soil microbial 

biomass and activity parameters were analyzed by three factor CRD (Completely 

randomized design) using soil and substrate (pea straw & Maize straw) as 

independent factors and the sampling days as repeated measures (Steel and 

Torrie,1980). The significance of differences between the soils and organic 

amendments on the values of microbial parameters were evaluated by analysis of 

variance (ANOVA). The mean values obtained were compared by DMR (Duncans 

multiple range test) at a 5 % level of significance according to statistical procedure 

adopted by Steel and Torrie (1980). MSTAT package was also used for this purpose. 



 

  

Microsoft Excel package (Office-2003) was used for drawing figures and plotting 

graphs. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Chapter 4 

HEAVY METAL CONTAMINATION AND ITS RELATIONSHIP 

TO THE SIZE AND ACTIVITY OF MICROBIAL BIOMASS IN 

EFFLUENT IRRIGATED SOILS 

 

4.1 BACKGROUND 

Continuous application of untreated wastewater tends to accumulate large 

quantities of heavy metals in soil which are known to have deleterious effects on soil 

microbial populations (Kucharski et al., 2001; Oliveira and Pampulha, 2006). Toxic 

metal ions exert adverse effects on the growth, metabolism and morphology of soil 

microorganisms through functional disturbance, protein denaturing or destruction of 

integrity of the cell membrane (Leita et al., 1995). Thus, heavy metals accumulation 

in soil could reduce the size and activities of soil microbial biomass and damage the 

correct functioning of the soil ecosystem. There has been considerable research over 

the harmful effects of heavy metals on the yield and quality of crop plants grown in 

sewage sludge/ effluent amended agricultural soils in Pakistan (Khan and Chattha, 

2004; Murtaza et al., 2008) but the toxic effects of heavy metals on the size and 

activity of soil microbial biomass have not been studied. In Europe and other 

developed countries, there has been significant amount of work on the toxicity of 

heavy metals to soil microbial processes but, the work has been confined mainly to 

acidic soils (Khan and Huang, 1999). Hence, information on the bioavailability of 

heavy metals and their toxicity to soil microbial biomass and microbially mediated 

processes under alkaline calcareous soil conditions like those in Pakistan is clearly 

lacking. Therefore, the present study was conducted to; (1) quantify the content of 

heavy metals in soils and wastewater used for irrigation and (2) evaluate the effects 



 

  

of heavy metals added by wastewater on the size and activity of soil microbial 

biomass under alkaline calcareous soil conditions. 

 

4.2 METHODOLOGY 

 Twenty-five farmers' fields irrigated with untreated domestic and industrial 

wastewaters for more than 15 years were selected for the collection of soil and 

wastewater samples. The sampling sites included: 7 sites from Adiala (Rawalpindi), 

8 from Pirwadai (Rawalpindi/ Islamabad), 5 from Taxilla and 5 sites from Wah 

factory area (Wah Cantt.) in the northern Punjab, Pakistan. The sites from where the 

soil samples were collected are pointed out in the map (Picture - 1). Wastewater 

samples were analyzed for pH, EC, total dissolved solids (TDS), carbonate (CO3
-2

), 

bicarbonate (HCO3
-1

), sodium (Na
+
), potassium (K

+
), calcium (Ca

+2
), magnesium 

(Mg
+2

), chloride (Cl
-
), sulfate (SO4

-2
 ), SAR, RSC and for heavy metals i.e. lead (Pb), 

zinc (Zn), copper (Cu), cadmium (Cd), nickel (Ni), chromium (Cr) & iron (Fe). 

Detail of analysis is given in section 3.2. Soil samples were analyzed for EC, pH, 

CEC, CaCO3, total N, organic C and total and extractable heavy metals. Detail of 

their analysis is described in section 3.1.2.  

 

 For microbial and biochemical analyses, soil samples stored in the freezer 

were equilibrated to room temperature, moisture contents adjusted to 50 % of soil 

water holding capacity and then pre-incubated at room temperature for a period of 10 

days. Further details of procedures adopted for measuring soil respiration, soil 

microbial biomass C, soil microbial biomass N and enzymes activity (dehydrogenase  

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture-1: Map of Rawalpindi/ Islamabad area showing the soil 

sampling sites  
 

 Soil sampling sites.  

 

 

 

 

Taxilla 

Pirwadhai 

Wah factory 

Adiala 



 

  

activity, and alkaline phosphatase activity) are given in section 3.1.3. Metabolic 

quotient (qCO2) was worked out as the ratio between CO2 evolved and the Cmic 

(Anderson and Domsch, 1990). The detail of statistical analysis performed is 

described in section 3.4. 

 

4.3 RESULTS 

4.3.1 Chemical Properties and Heavy Metal Concentrations of Wastewater 

Electrical conductivity (EC) of the wastewater samples from all 25 sites 

ranged from 0.6 to 2.8 dS m
−1

 with a mean value of 1.4 dS m
−1

 (Table 4.1). The 

samples from Islamabad had the highest (2.0 dS m
−1

) mean EC, whereas the samples 

from Taxilla had the minimum (0.9 dS m
−1

). The pH of the wastewater samples 

ranged from 6.8 to 8.6 with a mean value of 7.7. The maximum mean pH (8.1) was 

observed in Adiala samples, while the minimum (8.1) in Wah factory samples. The 

total dissolved solids (TDS) in wastewater samples were in the range of 436 to 1993 

mg L
-1

 with a mean value of 980 mg L
-1

. Mean maximum (1417 mg L
-1

) TDS value 

was observed at Islamabad, whereas the minimum (648 mg L
-1

) at Taxilla site.  The 

sodium adsorption ratio (SAR) of the wastewater samples ranged from 0.4 to 4.8 

mmol
1/2

 L
−1/2

 with the mean value of 2.4 mmol
1/2

 L
−1/2

. The maximum mean SAR 

(3.6 mmol
1/2

 L
−1/2

) was observed at Islamabad while the minimum (1.3 mmol
1/2

 L
−1/2

) 

at the Adiala site. The residual sodium carbonate (RSC) ranged from 0.1 to 2.0 

mmolc L
−1

 at all the sampled sites with a mean value of 0.4 mmolc L
−1

. The highest 

mean RSC value (0.9 mmolc L
−1

) was observed at Adiala, whereas the minimum (0.1 

mmolc L
−1

) at the Islamabad site.  



 

  

Table 4.1:  Chemical properties and heavy metals concentration of wastewater samples 

 

 

* Critical limits as described by FAO (Ayers and Westcot 1985), ** Critical limits as described by WWF (2007) for Pakistan. 

Sampling sites EC 

dS m
-1

 

pH TDS 

mg l
-1

 

SAR 

(m mol
-1

)
1/2

 

RSC 

meq l
-1

 

Zn 

µg ml
-1

 

Fe 

µg ml
-1

 

Cu 

µg ml
-1

 

Cd 

µg ml
-1

 

Cr 

µg ml
-1

 

Pb 

µg ml
-1

 

Ni 

µg ml
-1

 

1) Adiala 

    (Range) 
0.8-1.7 7.9-8.6 562-1183 0.4-2.3 0.0 0.01-0.35 0.31-9.12 0.14-0.45 0.02-0.05 0.02-0.75 0.08-0.24 0.00-0.54 

    Mean 1.1 8.1 784 1.5 0.0 

 

0.14 

 

2.95 0.22 0.03 0.27 0.13 0.27 

    CV±(%) 6.1 0.8 1.4 2.9 0.0 
12.8 

 
9.2 13.5 13.5 11.2 10.3 5.9 

 

2) Pirwadhai 

    (Range) 

0.9-2.8 7.1-8.1 640-1993 1.8-4.8 0.0-2.0 0.00-0.17 0.04-0.34 0.00-0.04 0.01-0.03 0.01-0.25 0.00-0.08 0.13-0.56 

 

    Mean 
2.0 7.8 1417 3.6 0.9 0.04 0.22 0.02 0.02 0.13 0.03 0.26 

 

    CV±(%) 
3.5 0.2 0.9 2.3 10.1 17.1 9.8 12.2 17.1 11.7 12.3 10.0 

 3) Taxilla 

    (Range) 

 

0.6-1.7 

 

7.0-8.1 436-1180 0.9-3.1 0.0-0.5 0.00-0.02 0.10-1.40 0.00-0.10 0.00-0.04 0.03-0.15 0.00-0.12 0.02-0.40 

    Mean 0.9 7.6 648 1.9 0.1 0.01 0.51 0.02 0.02 0.09 0.03 0.18 

 

    CV±(%) 
2.4 0.2 1.6 2.9 3.1 

 

15.6 
4.5 8.3 7.5 11.5 8.9 7.4 

4) Wah factory 

    (Range) 
0.8-1.8 6.8-7.5 571-1300 1.5-4.0 0.1-1.4 0.00-0.80 0.03-6.54 0.01-0.30 0.00-0.13 0.09-0.34 0.00-0.14 0.01-0.40 

    Mean 1.2 7.1 776 2.4 0.20 0.22 1.72 0.15 0.05 0.19 0.05 0.22 

    CV±(%) 3.2 1.0 1.6 3.7 2.5 11.6 8.7 9.3 10.1 8.2 8.9 14.1 

 

* Permissible limit     
( Ayers and Westcot, 1985) 

0.7 6.5-8.4 < 450 3.0 

 

2.0 

 

2.0 5.0 0.2 0.01 0.1 5.0 0.2 

**Permissible limit    

    (WWF.  2007) 
1.5 6.5-8.4 1000 8 1.25 2.0 5.0 0.2 0.01 0.01 0.1 0.2 



 

  

Concentration of nutrients in wastewater samples such as Ca, Mg, Na and K are 

indicated in Table 4.2. Ca concentration in wastewater samples were in the range of 

0.02 to 0.20 mg l
-1 

with mean value of 0.10 mg l
-1 

(Table 4.2). Highest mean Ca 

value was noticed at Adiala (0.11 mg l
-1

), whereas the minimum at Wah factory site 

(0.07 mg l
-1

). Magnesium concentration in the wastewater samples ranged from 0.02 

to 0.06 mg l
-1 

with a mean value of 0.03 mg l
-1 

(Table 4.2). The wastewater samples 

from Taxilla area show the higher mean concentration of Mg (0.04 mg l
-1

), whereas 

the samples from Wah factory had the lowest amount (0.03 mg l
-1

). Concentration of 

Na varied from 0.02 to 0.27 mg l
-1 

with a mean value of 0.11 mg l
-1

. The samples 

from Islamabad showed the higher mean Na concentration (0.19 mg l
-1

), whereas the 

samples from Adiala had the minimum (0.07 mg l
-1

). Potassium concentration ranged 

from 0.01 to 0.06 mg l 
-1 

with a  mean  value of 0.03 mg l 
-1

. Water samples from 

Islamabad had the higher mean concentration of K (0.04 mg l
-1

), whereas Wah 

factory samples had the Lowest (0.02 mg l
-1

). 

 

Zinc concentration in the wastewater samples ranged from 0.01 to 0.80 µg 

mL
-1

 with a mean value of 0.09 µg ml
-1

 (Table 4.1). The wastewater samples from 

Wah factory area showed the higher mean concentration of Zn (0.22 µg ml
-1

), 

whereas the samples from Taxilla had the minimum (0.01 µg ml
-1

). The Cd ranged 

from 0.0 to 0.13 µg ml
-1

 with a mean value of 0.03 µg ml
-1 

at all the sampled sites. 

The samples from Wah factory showed the higher mean concentration of Cd (0.05 

µg ml
-1

) whereas the minimum mean concentrations were observed at Taxilla (0.02 

µg ml
-1

) and Islamabad sites (0.02 µg ml
-1

). The Fe concentration ranged from 0.03 

to 9.14 µg ml
-1

 with a mean value of 1.30 µg ml
-1

. The samples from Adiala showed  



 

  

Table 4.2: Nutrients contents in wastewater samples (mg ml
-1

) 

 

Sampling sites Ca Mg Na K 

1) Adiala 

    (Range) 
0.07-0.20 0.02-0.04 0.02-0.11 0.01-0.06 

    Mean 0.11 0.03 0.07 0.03 

    CV±(%) 1.6 3.5 2.9 6.7 

2) Pirwadhai 

    (Range) 
0.06-0.20 0.02-0.06 0.07-0.27 0.01-0.06 

    Mean 0.11 0.04 0.19 0.04 

    CV±(%) 3.1 4.5 2.1 2.9 

3) Taxilla 

    (Range) 
0.02-0.10 0.02-0.05 0.03-0.15 0.01-0.06 

    Mean 0.10 0.04 0.07 0.03 

    CV±(%) 3.4 2.9 1.8 4.2 

4) Wah factory 

    (Range) 
0.05-0.09 0.02-0.04 0.06-0.18 0.01-0.03 

    Mean 0.07 0.03 0.11 0.02 

    CV±(%) 3.5 4.0 3.3 3.5 

 

 

 

 

 

 

 

 

 

 



 

  

the higher mean Fe concentration (2.95 µg ml
-1

), whereas the Islamabad samples had 

the minimum (0.22 µg ml
-1

). The concentration of Cu ranged from 0.1 to 0.45 µg ml
-

1
 with a mean value of 0.10 µg ml

-1
. The higher mean Cu concentration (0.22 µg ml

-

1
) was observed in wastewater samples from Adiala, whereas the minimum (0.15 µg 

ml
-1

) at Wah factory site. The Cr and Ni concentrations in wastewater ranged from 

0.01 to 0.75µg ml
-1

 and from 0.00 to 0.56 µg ml
-1

 with mean values of 0.18 and 0.25 

µg ml
-1

, respectively. The highest mean Cr concentration (0.27 µg ml
- 1

) was 

observed in Adiala site samples while the minimum (0.09 µg ml
-1

) at the Taxilla site. 

Nickel showed the same trend as Cr with maximum mean value of 0.27 µg ml
-1

 at 

Adiala and the minimum (0.18 µg ml
-1

) at Taxilla site. The Pb concentration ranged 

from 0.00 to 0.24 µg ml
-1

 with a mean value of 0.06 µg ml
-1

. Water samples from 

Adiala had the higher mean concentration of Pb (0.13 µg ml
-1

), whereas the Taxilla 

and Islamabad sites had the minimum (0.03 µg ml
-1

). Overall, the total heavy metals 

contents in wastewater samples were in the order: Adiala > Wah factory > Islamabad 

> Taxilla.  

 

4.3.2 Physical and Chemical Properties of Soils Irrigated With Wastewater 

EC of soil samples at 0–15 cm depth ranged from 0.25 to 1.15 dS m
−1

 with a 

mean value of 0.60 dS m
−1

, and from 0.16 to 1.08 dS m
−1

 with a mean value of 0.56 

dS m
−1

 at 15-30 cm depth (Table 4.3). Maximum mean EC value at both soil depths 

was observed in Islamabad (0.70 dS m
−1

 & 0.70 dS m
−1

), whereas minimum in Wah 

factory (0.47 dS m
−1

 & 0.44 dS m
−1

) soils. Soil pHs value ranged from 7.4 to 8.1 at 

0–15 cm soil depth, with mean values of 7.8, and 7.1 to 8.1 at 15-30 cm soil depth 

with mean value of 7.7 (Table 4.3). Mean maximum pH value at both depths was 



 

  

observed in Islamabad (7.9 & 7.8), whereas minimum in Wah factory (7.6 & 7.4) 

soils. Percent CaCO3 contents at 0–15 cm soil depth ranged from 2.9 to 21.3 % with 

a mean value of 12.9 %, and from 2.5 to 21.7 % with a mean value of 13.4 at 15- 30 

cm soil depth in all sampled sites (Table 4.3). High mean CaCO3 (%) values at both 

soil depths were observed at Adiala (14.4 % & 15.3 %) and the minimum at 

Islamabad site (10.9 % & 11.4 %).  

 

Organic C ranged from 0.32 to 1.09 % with a mean value of 0.7 % at 0–15 

cm soil depth, and from 0.50 to 0.19 % with a mean value of 0.80 % at 15-30 cm soil 

depth (Table 4.3). The organic C contents showed higher values at Taxilla site (0.80 

& 0.6%) and the minimum at Wah factory (0.50 & 0.30%) at both soils depths. 

Cation exchange capacity (CEC) ranged from 12.4 to 25.4 C molc kg
-1

 with a mean 

value of 18.6 C molc kg
-1

 at 0–15 cm soil depth, and from 11.1 to 22.3 C molc kg
-1 

with a mean value of 17.2 C molc kg
-1

at 15-30 cm soil depth in all the sampled sites 

(Table 4.3). At both soil depths, high mean CEC values were observed at Islamabad 

(20.4 C molc kg
-1

 & 18.6 C molc kg
-1

) and lowest at Adiala (17.2 C molc kg
-1

 & 15.3 

C molc kg
-1

) sites. Soil texture at Islamabad sites ranged from loam to clay loam with 

mean values of sand, silt, clay being 42.0, 28.0 and 30.6 %, respectively (Table 4.4). 

In Adiala soil samples, mean values of sand, silt, and clay were 54.0, 23.0 and 23.7 

% respectively with soil texture ranging from sandy loam to sandy clay loam. At 

Taxilla, mean values of sand, silt and clay were 51.0, 31.0 & 17.9 %, respectively 

with soil texture ranging from loam to sandy loam. Mean sand, silt, clay contents in 

soils of Wah factory were 46.0, 35.0 & 19.0 % with soil texture ranging from loam to 

clay loam. 



 

  

Table 4.3:  Chemical properties of soil samples collected from different locations of Rawalpindi area. 

 

 

Sampling sites 

EC 

(dS m-1) 

pH CaCO3 

(%) 

CEC 

(C molc kg-1) 

Organic Carbon (%) 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15cm 15-30 cm 0-15cm 15-30 cm 

 

1) Adiala 

    (Range) 

 

0.35-0.74 

 

0.42-0.53 

 

7.4-8.0 

 

7.6-7.9 

 

7.8-21.3 

 

8.3-21.5 

 

14.7-19.0 

 

11.1-17.2 

 

0.45-0.85 

 

0.36-0.70 

     

    Mean 

 

0.47 

 

0.44 

 

7.7 

 

7.7 

 

14.4 

 

15.3 

 

17.2 

 

15.3 

 

0.6 

 

0.5 

 

    CV±(%) 

 

2.0 

 

1.8 

 

0.8 

 

0.5 

 

13.5 

 

13.9 

 

1.8 

 

2.1 

 

8.1 

 

7.8 

 

2) Pirwadhai 

    (Range) 

 

0.29-1.15 

 

0.16-1.08 

 

7.5-8.1 

 

7.4-8.1 

 

2.9-20.6 

 

2.5-21.7 

 

15.4-25.4 

 

12.1-22.3 

 

0.37-0.97 

 

0.37-0.76 

     

    Mean 

 

0.70 

 

0.70 

 

7.9 

 

7.8 

 

10.9 

 

11.4 

 

20.4 

 

18.6 

 

0.7 

 

0.5 

 

    CV±(%) 

 

8.2 

 

7.8 

 

0.7 

 

0.8 

 

12.2 

 

15.4 

 

1.2 

 

1.2 

 

6.7 

 

9.4 

 

3) Taxilla 

    (Range) 

 

0.26-0.85 

 

0.25-0.73 

 

7.6-7.9 

 

7.5-7.9 

 

7.7-20.8 

 

6.5-21.6 

 

12.4-19.9 

 

16.2-21.3 

 

0.51-1.09 

 

0.37-0.77 

     

    Mean 

 

0.60 

 

0.50 

 

7.8 

 

7.7 

 

13.5 

 

13.3 

 

17.7 

 

17.6 

 

0.8 

 

0.6 

 

    CV±(%) 

 

9.2 

 

8.6 

 

0.7 

 

0.9 

 

14.8 

 

11.9 

 

1.3 

 

1.1 

 

9.5 

 

8.4 

 

4) Wah factory 

    (Range) 

 

0.25-1.07 

 

0.33-0.72 

 

7.4-7.8 

 

7.1-7.7 

 

9.3-17.3 

 

10.3-18.9 

 

17.5-21.7 

 

16.4-18.8 

 

0.32-0.64 

 

0.19-0.45 

     

    Mean 

 

0.62 

 

0.55 

 

7.6 

 

7.4 

 

13.2 

 

13.9 

 

18.7 

 

17.4 

 

0.5 

 

0.3 

 

    CV±(%) 

 

8.8 

 

5.6 

 

0.8 

 

0.8 

 

11.7 

 

11.0 

 

1.2 

 

1.3 

 

8.9 

 

10.2 



 

  

Table 4.4: Texture of soils collected from different locations  
 

Location 
Percent sand silt & clay 

Texture 
% Clay % Sand % Silt 

S1 Adiala 27 50 23 Sandy clay loam 

S2 Adiala  25 51 24 Sandy clay loam 

S3 Adiala  22.5 55 22.5 Sandy clay loam 

S4 Adiala  22 58 20 Sandy clay loam 

S5 Adiala  25 52 23 Sandy clay loam 

S6 Adiala  15 60 25 Sandy loam 

S7 Adiala  31 49 20 Sandy Clay loam 

S8 Isd/ Pirwadai 38 40 22 Clay loam 

S9 Isd/ Pirwadai  20 40 40 Loam 

S10 Isd/ Pirwadai 13 67 20 Sandy loam 

S11 Isd/ Pirwadai 29 30 41 Clay Loam 

S12 Isd/ Pirwadai  28 42 30 Clay loam 

S13  Isd/ Pirwadai 30 40 30 Clay loam 

S14  Isd/ Pirwadai 32 40 28 Clay loam 

S15  Isd/ Pirwadai 55 35 15 Clay 

S16 Taxilla/ Has 14 64 22 Sandy loam 

S17 Taxilla/ Has 17.5 60 22.5 Sandy loam 

S18 Taxilla/ Has 22 50 28 Loam 

S19 Taxilla/ Has 22 30 48 Loam 

S20 Taxilla/ Has 14 50 36 Loam 

S21 Wah fact 10 42 48 Loam 

S22 Wah fact 20 47 33 Loam 

S23 Wah fact 13 50 37 Loam 

S24 Wah fact 17 50 33 Loam 

S25 Wah fact 35 40 25 Clay loam 

 

 

 

 



 

  

Out of 25 sampled sites, 8 samples belonged to loam, 6 to sandy clay loam, 4 to 

sandy loam, 6 to clay loam and 1 to clayey soil textural classes. Results of 

macronutrients are shown in Table 4.5. Total N contents at 0–15 cm soil depth 

ranged from 0.23 to 0.97 mg g
-1

 with a mean value of 0.61 mg g
-1

, and from 0.19 to 

0.67 mg g
-1

 with a mean value of 0.42 mg g
-1

 at 15-30 cm soil depth in all sampled 

sites. Highest total N was observed in Taxilla soils (0.67 & 0.51 mg g
-1

) and the 

minimum in Wah factory soils (0.50 & 0.32 mg g
-1

) at both soil depths. In all the 

sampled soils, extractable P ranged from 3.7 to 12.6 mg g
-1

 with mean value of 8.9 

mg g
-1

 at 0-15 cm and 2.9 to 10.6 mg g
-1 

with mean value 7.3 mg g
-1

 at 15-30 cm soil 

depths. Highest values (9.9 mg g
-1 

& 7.9 mg g
-1

) were recorded in Islamabad, 

whereas the minimum (7.8 mg g 
-1 

& 6.3 mg g 
-1

) in Wah factory soils. AB-DTPA 

extractable K concentration at 0–15 cm soil depth varied from 0.01 to 0.29 mg g
-1

 

and 0.01- 0.29 mg g
-1

 at 15-30 cm soil depth with mean values of 0.12 and 0.12 µg g 

-1 
at all sampled sites respectively. At both soil depths, high mean AB-DTPA 

extractable K values were observed at Taxilla (0.18 mg g
-1

 & 0.17 mg g
-1

) and the 

minimum at Adiala (0.03 mg g
-1

 & 0.04 mg g
-1

) sites. Concentration of AB-DTPA 

extractable Ca varied from 0.10 to 0.50 mg g
-1

 with mean value 0.22 mg g
-1

 at 0-15 

cm soil depth, and from 0.05 to 0.30 mg g
-1

 with mean value of 0.18 mg g
-1

 at 15-30 

cm soil depth. Highest AB-DTPA extractable Ca at 0-15 cm soil depths was recorded 

at Taxilla (0.27 mg g
-1

) and minimum at Wah factory (0.18 mg g
-1

). At 15-30 cm soil 

depth, maximum AB-DTPA extractable Ca was noted at Taxilla (0.21 mg g
-1

) 

whereas lowest (0.16 mg g
-1

) at Adiala sites (Table 4.5). Similarly, AB-DTPA 

extractable Mg in soils ranged from 0.04 to 0.58 mg g
-1

 with mean value of 0.26 mg 

g
-1

 at 0-15 cm, and 0.02 to 0.54 mg g
-1

 with mean value of 0.24 mg g
-1

 at 15-30 cm  



 

  

 Table 4.5: Total N, extractable P and AB-DTPA extractable Ca, Mg, Na and K contents in soil (mg g-1). 

 

 

Sampling sites 

Total N 

 

Extractable P K 

 

Ca Mg 

 

Na 

 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

1) Adiala 

    (Range) 

0.37-0.73 0.25-0.63 3.7-11.9 3.0-10.1 0.01-0.08 0.01-0.12 0.10-0.50 0.09-0.30 0.04-0.58 0.02-0.54 0.04-0.13 0.04-0.10 

     Mean 0.53 0.41 8.4 7.0 0.03 0.04 0.21 0.16 0.42 0.36 0.06 0.05 

    CV±(%) 11.6 16.6 7.7 7.0 5.1 6.1 9.8 5.4 5.6 4.8 3.1 2.5 

2) Pirwadhai 

    (Range) 

0.23-0.88 0.33-0.53 4.2-12.3 3.4-10.6 0.11-0.29 0.12-0.21 0.11-0.27 0.05-0.27 0.09-0.33 0.06-0.27 0.01-0.18 0.01-0.17 

    Mean 0.62 0.42 9.9 7.9 0.17 0.16 0.20 0.20 0.21 0.19 0.13 0.09 

    CV±(%) 10.3 16.3 5.8 7.0 0.7 0.7 0.5 0.5 0.5 0.7 0.7 1.2 

3) Taxilla 

    (Range) 

0.43-0.97 0.33-0.67 6.9-12.6 5.5-10.2 0.09-0.23 0.12-0.28 0.25-0.30 0.10-0.26 0.13-0.25 0.16-0.26 0.00-0.10 0.00-0.10 

    Mean 0.67 0.51 9.8 7.9 0.18 0.17 0.27 0.21 0.20 0.23 0.04 0.04 

    CV±(%) 11.4 10.0 5.1 5.3 0.5 0.7 0.4 0.5 0.3 0.3 2.9 2.4 

4) Wah factory 

    (Range) 

0.28-0.66 0.19-0.47 4.9-12.1 3.9-9.9 0.04-0.12 0.03-0.11 0.11-0.26 0.13-0.27 0.16-0.24 0.13-0.27 0.00-0.12 0.00-0.08 

    Mean 0.50 0.32 7.8 6.3 0.07 0.07 0.18 0.19 0.20 0.20 0.04 0.03 

    CV±(%) 13.9 12.5 7.5 8.1 1.7 2.1 0.5 1.8 0.5 0.4 3.0 2.9 

 



 

  

soil depths. Highest mean AB-DTPA extractable Mg values at both soil depths were 

observed at Adiala (0.42 mg g
-1

 & 0.36 mg g
-1

), and the samples of Wah factory 

showed minimum (0.20 mg g
-1

 & 0.20 mg g
-1

) (Table 4.5). AB-DTPA extractable Na 

concentrations in soils ranged from 0.0 to 0.18 mg g
-1

 with mean value of 0.07 mg g
-1

 

at 0–15 cm soil depth, and from 0.0 to 0.17 mg g
-1

 with a mean value of 0.06 mg g
-1

 

at 15-30 cm soil depth. Maximum mean Na concentration at both soil depths was 

observed in Islamabad soils (0.13 mg g
-1

, 0.09 mg g
-1

), whereas the minimum at 0-15 

cm soil depth was noted in Taxilla (0.04 mg g
-1

) samples, and at 15-30 cm depth in 

Wah factory samples (0.03 mg g
-1

). Overall results indicated that soils of Taxilla 

contained high quantity of macronutrients whereas the minimum were found in soils 

of Wah factory. 

 

4.3.3 Heavy Metal Contents of Soils Irrigated With Wastewater 

4.3.3.1 Total heavy metals 

Data of total Zn accumulation in soil at 0–15 cm depth ranged from 7.7 to 

200 µg g 
-1

 with mean value of 49.7 µg g 
-1

, and from 3.3 to 134.2 µg g 
-1

 with a 

mean value of 46.7 µg g 
-1

  at 15-30 cm soil depth (Table 4.6). Maximum mean total 

Zn concentration (69.7 µg g 
-1

, 62.3 µg g 
-1

) was observed in Islamabad soil samples 

at both soil depths. At 0-15 cm soil depth minimum mean total Zn value was seen in 

Taxilla (20.5 µg g 
-1

) samples, whereas Adiala samples (34.7 µg g 
-1

) were at 15-30 

cm depth. Total Cd concentration at 0–15 cm soil depth ranged from 0.4 to 3.5 µg g 
-

1
 (Table 4.6) and 0.4- 2.9 µg g 

-1 
at 15-30 cm soil depth with average mean values of 

2.0 and 1.9 µg g 
-1

 at all sampled sites respectively (Table 4.6). At both soil depths, 

high mean total Cd values were noticed at Taxilla (2.7 µg g 
-1

 & 2.2 µg g 
-1

) with 



 

  

Table 4.6: Total heavy metal contents of soil collected from different locations of Rawalpindi (µg g-1) 

 
 

Sampling sites 

 

Zn 

 

 

Cd 

 

 

Fe 

 

 

Cu 

 

 

Cr 

 

 

Pb 

 

 

Ni 

 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 0-15 cm 0-15cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

1) Adiala 

    (Range) 
30.6-38.4 30.9-38.4 0.4-1.7 0.4-2.2 7526-11949 6859-11290 2.2-15.8 2.8-15.2 1.4-28.8 1.7-35.8 16.4-28.4 14.9-25.2 87.6-153.5 71.2-153.5 

    Mean 35.3 34.7 1.3 1.4 9313 8574 10.2 11.6 15.9 13.4 21.7 20.3 128.8 107.5 

     CV±(%) 1.9 2.9 19.6 10.8 7.1 6.4 11.6 11.9 12.3 9.8 11.3 12.8 7.7 9.4 

2) Pirwadhai 

    (Range) 
13.9-200.0 33.9-134.2 1.7-2.9 1.4-2.6 13170-24771 11064-24062 12.9-74.2 14.2-57.8 28.8-124.5 39.3-80.8 17.8-89.9 9.1-50.6 25.6-44.0 24.3-51.6 

    Mean 69.7 62.3 2.2 1.9 19645 17489 28.8 30.3 70.6 62.6 35.8 27.7 34.0 34.4 

    CV±(%) 1.6 0.9 6.7 7.1 0.1 1.0 1.4 1.0 0.6 1.4 0.9 1.7 1.4 1.2 

3) Taxilla 

    (Range) 
7.7-30.0 3.3-53.7 1.9-3.5 1.3-2.9 16856-26889 10105-24488 20.2-30.2 13.3-45.1 21.6-144.2 7.9-89.9 19.4-27.5 15.9-29.7 19.7-51.6 26.9-38.1 

    Mean 20.5 36.3 2.7 2.2 22549 18742 25.0 26.2 81.2 50.8 22.8 24.4 30.4 33.8 

    CV±(%) 2.5 3.1 5.3 6.0 0.1 0.4 1.2 1.3 0.9 4.6 0.9 1.2 1.3 1.5 

4) Wah factory 

    (Range) 
12.4-197.0 16.1-72.6 1.9-2.5 1.9-2.7 22176-30579 17378-29559 10.7-38.2 21.6-89.4 65.4-154.1 40.9-148.4 20.3-38.4 20.5-31.6 28.0-56.9 23.6-49.0 

    Mean 67.4 47.5 2.1 2.2 25183 23343 25.7 43.6 114.9 107.5 28.2 26.2 38.9 36.0 

    CV±(%) 1.8 1.8 4.9 5.4 0.1 0.1 1.4 0.8 0.5 0.4 1.0 1.1 0.9 1.7 

 

Permissible limit (a) 

 

80.0 80.0 0.5 0.5 n/a n/a 20.0 20.0 n/a n/a 50.0 50.0 25.0 25.0 

 

Permissible limit (b) 

 

150-300 150-300 1-3 1-3 n/a n/a 50-140 50-140 100 100 50-300 50-300 30-75 30-75 

Permissible limit (c) 300-600 300-600 3-6 3-6 n/a n/a 135-270 135-270 n/a n/a 250-500 250-500 75-150 75-150 

 

Note: n/ a, not available. 

a= limits described by Rowell (1994), b = limits described by Council of European community (CEC) (1986). 

c =Permissible limits of Indian standards (Awashti, 2000; Sharma et al., 2006; Gupta et al., 2008). 



 

  

minimum at Adiala (1.3 µg g 
-1

 & 1.4 µg g 
-1

) sites. Total Fe contents in soil at 0–15 

cm soil depth ranged from 7526-30579 µg g 
-1

, and from 6859 to 29559 µg g 
-1

at 15-

30 cm soil depth (Table 4.6). Average Fe value at 0-15 cm soil depth (18440 µg g 
-1

) 

was higher than at 15-30 cm (16414 µg g 
-1

) depth. At both soil depths, high mean 

total Fe values were observed at Wah factory (25183 µg g 
-1

 & 23343 µg g 
-1

) and 

minimum at Adiala (9313 µg g 
-1

 & 8574 µg g 
-1

) sites. Total Cu concentration at 0-

15 cm soil depth varied from 2.2 to 74.2 µg g 
-1

 with mean value of 22.8 µg g 
-1

, and 

from 2.8 to 89.4µg g 
-1 

with mean value of 26.9 µg g 
-1

 at 15-30 cm soil depth. At 0-

15 cm depth, soil samples of Islamabad showed maximum mean total Cu (28.8 µg g 
-

1
), whereas the soil samples of Adiala had minimum (10.2 µg g 

-1
). On the other 

hand, at 15-30 cm depth, soils of Wah factory showed highest Cu (43.6 µg g 
-1

) and 

the soils of Adiala had lowest. Chromium concentrations in soils ranged from1.4 to 

154.1 µg g 
-1

 with mean value of 63.8 µg g 
-1

 at 0-15 cm soil depth, and 1.7 to 148.4 

µg g 
-1

 with mean value of 55.5 µg g 
-1

 at 15-30 cm soil depth (Table 4.6). At both 

soil depths, high mean total Cr values were observed at Wah factory (114.9 µg g 
-1

 & 

107.5 µg g 
-1

) and the lowest at Adiala (15.9 µg g 
-1

 & 13.4 µg g 
-1

) sites. In all four 

locations of Rawalpindi region, total Pb concentrations in soils ranged from 16.4 to 

89.9 µg g 
-1

with mean value 28.6 µg g 
-1

at 0-15 cm and 9.1
 
to 50.6 µg g 

-1
with mean 

value 24.7 µg g 
-1

 at 15-30 cm soil depth. Highest value (35.8 µg g 
-1

& 27.7 µg g 
-1

) 

was observed at Islamabad, whereas minimum (21.7 µg g 
-1

& 20.3 µg g 
-1

) in Adiala 

soil samples. Similarly total Ni in soils ranged from 19.7 to 153.5 µg g 
-1

 with 

average value of 61.4 µg g 
-1

 at 0-15 cm, and 23.6 to 153.5 µg g 
-1

 with average value 

of 55.1 µg g 
-1

 at 15-30 cm soil depth (Table 4.6). Highest mean total Ni values at 

both soil depths were observed at Adiala (128.8 µg g 
-1

 & 107.5 µg g 
-1

), whereas 



 

  

Taxilla showed minimum (30.4 µg g 
-1

 & 33.8 µg g 
-1

). Overall, the soils of Wah 

factory and Islamabad contained higher concentrations of total heavy metals as 

compared to the other two sites. 

 

4.3.3.2 AB-DTPA-extractable heavy metals 

AB-DTPA-extractable Zn ranged from 0.8 to 87.9 µg g 
-1

 with mean value 

16.6 µg g 
-1

 at 0-15 cm depth, and 1.0 to 85.3 µg g 
-1

 with mean value 13.0 µg g 
-1

at 

15-30 cm soil depth (Table 4.7). Overall highest value was recorded (27.7 µg g 
-1

 & 

21.9 µg g 
-1

) at Islamabad site, whereas minimum at Adiala (2.8 µg g 
-1

 & 3.4 µg g 
-

1
). The Cd concentration ranged from 0.0 to 0.49 µg g 

-1
 (Table 4.7) and 0.0- 0.30 µg 

g 
-1

 with mean values of 0.12 and 0.07 µg g 
-1

 respectively, at both soil depths in all 

locations. Highest mean Cd values at both soil depths were observed at Wah 

factory(0.20 µg g 
-1

 & 0.20 µg g 
-1

), whereas minimum (0.05 µg g 
-1

 & 0.04 µg g 
-1

) 

at Adiala sites. Similar trend was seen in case of Fe whose average value at 0-15 cm 

soil depth (59.9 µg g 
-1

) was higher than 15-30 cm (43.9 µg g 
-1

) (Table 4.7) depth. 

Wah factory soil samples at both depths showed maximum (105.7 µg g 
-1

 & 77.0 µg 

g 
-1

), whereas minimum at Adiala (46.7 µg g 
-1

 & 37.5 µg g 
-1

). Concentration of Cu 

varied from 1.1 to 54.6 µg g 
-1

 (Table 4.7) with mean value 10.8 µg g 
-1

 at 0-15 cm 

soil depth, and from 0.3 to 17.6 µg g 
-1 

with mean value 5.8 µg g 
-1

 at 15-30 cm soil 

depth. Highest Cu at both soil depths was recorded in Islamabad (17.0 µg g 
-1

 & 8.3 

µg g 
-1

), whereas lowest (3.4 µg g 
-1

 & 2.0 µg g 
-1

) at Adiala samples. Chromium 

contents ranged from 0.01 to 1.70 µg g 
-1

(Table 4.7) at 0-15 cm soil depth and 0.07 

to 1.17 µg g 
-1 

at 15-30 cm soil depth. Wah factory at both depths showed maximum 

Cr (0.80 µg g 
-1

 & 0.55µg g 
-1

), whereas minimum at Taxilla (0.31µg g 
-1



 

  

  Table 4.7:  AB-DTPA extractable heavy metal contents of soil collected from different locations of Rawalpindi (µg g-1) 

 

 

Sampling sites 

 

Zn 

 

 

Cd 

 

 

Fe 

 

 

Cu 

 

 

Cr 

 

 

Pb 

 

 

Ni 

 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 0-15 cm 0-15cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

 

1) Adiala 

    (Range) 

 

0.8-7.6 

 

1.0-7.7 

 

0.02-0.43 

 

0.02-0.17 

 

7.6-159.1 

 

4.9-145.2 

 

1.5-5.7 

 

0.3-3.9 

 

0.05-0.43 

 

0.13-0.80 

 

2.4-6.2 

 

1.8-6.1 

 

0.2-3.8 

 

0.7-2.2 

     

    Mean 

 

2.8 

 

3.4 

 

0.10 

 

0.07 

 

46.7 

 

37.5 

 

3.4 

 

2.0 

 

0.30 

 

0.40 

 

4.1 

 

3.3 

 

1.9 

 

1.4 

 

    CV±(%) 

 

15.9 

 

8.7 

 

19.0 

 

12.5 

 

11.0 

 

7.6 

 

8.3 

 

12.4 

 

11.5 

 

8.6 

 

15.3 

 

9.5 

 

19.6 

 

10.5 

 

2) Pirwadhai 

    (Range) 

 

9.4-87.9 

 

6.6-85.3 

 

0.00-0.15 

 

0.00-0.17 

 

11.3-167.6 

 

6.96-118.0 

 

2.6-54.6 

 

4.9-17.6 

 

0.01-1.07 

 

0.07-0.93 

 

2.17-38.1 

 

1.11-37 

 

0.3 -1.6 

 

0.3-1.4 

     

    Mean 

 

27.7 

 

21.9 

 

0.05 

 

0.04 

 

49.9 

 

42.7 

 

17.0 

 

8.3 

 

0.40 

 

0.35 

 

9.5 

 

8.0 

 

0.8 

 

0.8 

 

    CV±(%) 

 

3.4 

 

3.7 

 

19.2 

 

10.5 

 

1.7 

 

1.5 

 

6.1 

 

7.3 

 

12.9 

 

5.6 

 

2.3 

 

3.7 

 

2.8 

 

2.7 

 

3) Taxilla 

    (Range) 

 

5.4-18.6 

 

4.4-13.1 

 

0.03-0.25 

 

0.02-0.10 

 

12.2-139.4 

 

14.5-35.1 

 

5.5-18.3 

 

4.2-6.9 

 

0.11-0.50 

 

0.09-0.45 

 

2.28-6.97 

 

1.6-6.88 

 

0.3-0.9 

 

0.4-1.4 

     

    Mean 

 

12.6 

 

8.1 

 

0.10 

 

0.05 

 

49.1 

 

21.8 

 

9.4 

 

5.7 

 

0.30 

 

0.31 

 

4.1 

 

3.7 

 

0.6 

 

0.7 

 

    CV±(%) 

 

6.2 

 

4.7 

 

16.0 

 

12.0 

 

1.7 

 

3.0 

 

6.1 

 

5.0 

 

6.3 

 

5.2 

 

2.4 

 

6.2 

 

3.6 

 

2.8 

 

4)Wah factory 

    (Range) 

 

4.8-30.3 

 

4.1-37.4 

 

0.04-0.49 

 

0.07-0.30 

 

21.5-157.1 

 

19.1-129.0 

 

1.1-15.9 

 

2.0-16.2 

 

0.14-1.7 

 

0.10-1.17 

 

2.13-12.1 

 

1.85-10 

 

0.7-1.8 

 

0.5-1.6 

     

    Mean 

 

17.7 

 

15.3 

 

0.20 

 

0.20 

 

105.7 

 

77.0 

 

8.4 

 

6.7 

 

0.80 

 

0.55 

 

8.3 

 

6.38 

 

1.1 

 

1.0 

 

    CV±(%) 

 

4.9 

 

4.7 

 

17.0 

 

8.7 

 

2.5 

 

3.9 

 

7.4 

 

4.5 

 

9.7 

 

3.6 

 

1.5 

 

1.3 

 

1.9 

 

1.5 

 

Permissible limit  

 

 

*1.5 

 

*1.5 

 

**0.31 

 

**0.31 

 

*5.0 

 

*5.0 

 

*0.50 

 

*0.50 

 

**8.0 

 

**8.0 

 

**13.0 

 

**13.0 

 

**8.1 

 

**8.1 

 

*  = limits described by Soltanpour, (1985). 

**= limits described by Maclean et al. (1987). 

 



 

  

& 0.31 µg g
-1

). Lead values varied from 2.12 to 38.1 µg g 
-1

 (Table 4.7) at 0-15 cm 

and 1.11
 
to 37.0 µg g 

-1
at 15-30 cm soil depth in all 4 locations of Rawalpindi region. 

In Islamabad sites highest Pb (9.5µg g 
-1

 & 8.0 µg g 
-1

) at both soil depths was 

recorded, whereas lowest (4.1 µg g 
-1

 & 3.3 µg g 
-1

) at Adiala samples. Ni 

concentration varied from 0.2 to 3.8 µg g 
-1

 (Table 4.7) with mean value 1.2 µg g 
-1

 at 

0-15 cm soil depth, and from 0.3 to 2.2 µg g 
-1 

with mean value 1.0 µg g 
-1

 at 15-30 

cm soil depth.  Overall results of mean maximum AB-DTPA extractable Ni 

concentration at both soil depths were recorded in Adiala (1.9 µg g 
-1

 & 1.4 µg g 
-1

), 

whereas lowest (0.6 µg g 
-1

 & 0.7 µg g 
-1

) at Taxilla samples. Average Mean values 

of AB-DTPA extractable Zn, Cd, Cu, Cr. Ni, Fe and Pb at two soil depths showed 

that all these metals were high in 0-15 cm soil depth than 15-30 cm. Simple 

correlation coefficients between AB-DTPA extractable heavy metals and soil 

physical and chemical characteristics such as pH, EC, CaCO3, organic C, clay 

contents and CEC are shown in Table 4.8 and Table 4.9. Soil pH at both the depths 

showed significant negative correlation with AB-DTPA extractable Cr (P < 0.01), Pb 

(P < 5 %) Fe (P < 5 %) (Table 4.8 and 4.9) and AB-DTPA extractable toxic metal 

(Cd + Cr + Ni + Pb) (P < 5 %) but their correlation was weak as some of them are 

indicated in Fig 4.1a, 4.1 b, 4.1 c and 4.1 d. At 15-30 cm soil depth correlation of Zn 

in addition to Pb, Cr and Fe was also negative and significant (P < 5 %) with soil pH 

but was weak. At both soil depths positive correlation was observed between EC and 

AB-DTPA extractable metals, as at 0-15 cm soil depth significant correlation was 

noticed between Cr (P < 0.01), Pb (P < 0.01), Zn (P < 0.01), Cu (P < 5 %) and AB-

DTPA extractable toxic metals (P < 0.01) but their correlation was weak. Soil EC at 

15-30 cm soil depth showed significant positive correlation with Zn (P < 5 %), and  



 

  

Table 4.8: Simple correlation coefficient of AB-DTPA extractable metals with 

soil physical and chemical characteristics at 0-15 cm depth 

Soil 

Characteristics 
Cd Cr Ni Pb Fe Zn Cu 

Toxic 

metals 

pH -0.22 -0.51** -0.15 -0.41* -0.48* -0.27 -0.22 -0.45* 

EC 0.03 0.62** 0.04 0.69** 0.33 0.56** 0.47* 0.72** 

CEC 0.11 -0.32 -0.35 -0.36 -0.17 -0.17 -0.24 -0.41* 

CaCO3 % 0.25 -0.51** -0.11 -0.53** -0.35 -0.40* -0.43* -0.55** 

Organic C -0.11 -0.63** -0.21 -0.46* -0.20 -0.33 -0.09 -0.51** 

Clay (%) -0.04 -0.42* -0.15 -0.40* -0.31 -0.28 -0.39 -0.43* 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 

Table 4.9: Simple correlation coefficient of AB-DTPA extractable metals with 

soil physical and chemical characteristics at 15-30 cm depth 

 

Soil 

Characteristics 
Cd Cr Ni Pb Fe Zn Cu 

Toxic 

metals 

pH -0.31 -0.53** -0.38 -0.48* -0.48* -0.45* -0.16 -0.51** 

Ec 0.00 0.17 0.03 0.58** 0.22 0.44* 0.41* 0.56** 

CEC 0.08 -0.16 -0.60** -0.47* -0.33 -0.18 0.12 -0.50* 

% CaCO3 0.17 -0.15 -0.06 -0.52** -0.38 -0.30 -0.34 -0.51** 

Organic C -0.53** -0.48* -0.40* -0.38 -0.49* -0.39 -0.13 -0.41* 

% Clay -0.16 -0.35 -0.42* -0.39 -0.24 -0.35 -0.04 -0.42* 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 

 



 

  

 
 

Fig 4.1a: Correlation between AB-DTPA extractable Cr and soil pH at 

0-15 cm soil depth. 

 

 
 

Fig 4.1b: Correlation between AB-DTPA extractable Cr and soil pH at 

15-30 cm soil depth. 

 
 

Fig 4.1c: Correlation between AB-DTPA extractable toxic heavy metals 

(Cd+Cr+Ni+Pb) and soil pH at 0-15cm soil depth. 

 

 
 

Fig 4.1d: Correlation between AB-DTPA extractable toxic heavy metals 

(Cd+Cr+Ni+Pb) and soil pH at 15-30 cm soil depth. 



 

  

  

Fig 4.2: Correlation between AB-DTPA extractable toxic metals and 

soil Ec at 15 30 cm soil depth. 
 

 
 

Fig 4.4: Correlation between AB-DTPA extractable toxic metals and soil 

organic C at 0-15 cm soil depth. 

 
 

Fig 4.3: Correlation between AB-DTPA extractable Cu and Cation 

exchange capacity at 15 30 cm soil depth. 
 

 
 

Fig 4.5: Correlation between AB-DTPA extractable toxic metals and 

CaCO3 (%) at 0-15 cm soil depth. 



 

  

Cu (P < 5 %) whereas highly significant (P < 0.01) with Pb and toxic metals. Overall 

at both soil depths correlation of heavy metals was weak as one of them is indicated 

in Fig. 4.2. 

 

Cation exchange capacity (CEC) revealed significant negative correlation 

with only AB-DTPA extractable toxic metals (P < 5 %) at 0-15cm soil depth, 

whereas at 15-30 cm soil depth with Pb (P < 5 %), Ni (P < 0.01) and toxic metals (P 

< 0.01). Overall the correlation of heavy metals was weak as one example is shown in 

Fig. 4.3. Organic C showed negative correlation with all metal concentrations at both 

soil depths. At 0-15 cm depth, it showed significant negative correlation with AB-

DTPA extractable Cr (P < 0.01), Pb (P < 5 %) and AB-DTPA extractable toxic 

metals (P < 0.01).  At 15-30 cm soil depth significant  negative correlation was 

observed with Ni, Cr and toxic metals (P < 5 %), whereas highly significant with Fe 

and Cd (P < 0.01). In general they showed weak correlation as one of them is shown 

in the Fig. 4.4. Percent CaCO3 also depicted negative correlation with AB-DTPA 

extractable metals at both soil depths. At 0-15 cm soil depth, results were highly 

significant with AB-DTPA extractable Cr, Pb and toxic metals (P < 0.01), whereas 

significant with Zn and Cu (P < 5 %). Lead and toxic metals showed highly 

significant negative correlation (P < 0.01) with % CaCO3 at 15-30 cm depth. 

Although correlation of all above mentioned metals were highly significant but they 

showed weak correlation in X and Y axis plots, as example of toxic metals shown in 

Fig. 4.5. Percent clay contents also revealed negative correlation with Cr, Pb and 

toxic metals (P < 5 %) at 0-15 cm, whereas with Ni, Pb and toxic metals (P < 5 %) at 



 

  

15-30 cm soil depth. In general all significant correlations of clay contents showed 

weak correlation on X and Y axis plots. 

 

4.3.4 Soil Microbiological Properties 

Various microbiological properties such as soil microbial biomass C, 

microbial biomass N, microbial respiration, and enzymes activities (Dehydrogenase 

(DHA) & alkaline phosphatase) of soil samples collected from all 25 sites are shown 

in Table 4.10. Soil microbial biomass C values varied from 115.1 to 245.5 µg g 
-1

 at 

0-15 cm, and 90.9 to 197.1 µg g 
-1

 at 15-30 cm soil depth in all 4 locations of 

Rawalpindi region. Overall average values were 169.1 µg g 
-1

 at 0-15 cm and 135.9 

µg g 
-1

 at 15-30 cm soil depth. Biomass N varied from 6.7 to 23.4 µg g
-1

 at 0-15 cm 

and 4.1 to 18.9 µg g
-1

 (Table 4.10) at 15-30 cm soil depth in all sampled sites. The 

highest value of microbial biomass C (186.0 µg g 
-1

 and 151.9 µg g 
-1

) & biomass N 

(15.5 µg g 
-1

 and 12.3 µg g 
-1

) at 0-15 and 15-30 cm soil depth were found in the 

Taxilla soil samples. Wah factory showed lowest biomass C (146.8 µg g 
-1

 and 115.9 

µg g 
-1

) & biomass N (10.3 µg g
-1

 and 6.5 µg g
-1

) at both soil depths. Soil respiration 

ranged from 7.0 to 17.1 µg CO2-C g
-1

 soil day
-1

 with mean value (10.8 µg CO2-C g
-1

 

soil day
-1

) at 0-15 cm soil depth and 5.7 to 13.7 µg CO2-C g
-1

 soil day
-1

 with mean 

value (10.9 µg CO2-C g
-1

 soil day
-1

) at 15-30 cm soil depth. At 0-15 cm soil depth, 

highest soil respiration value (10.9 µg CO2-C g
-1

 soil day
-1

) was observed in 

Islamabad, whereas Wah factory (10.9 µg CO2-C g
-1

 soil day
-1

) was at 15-30 cm. 

Adiala samples showed minimum soil respiration (9.5 µg CO2-C g
-1

 soil day
-1

 and 

7.6 µg CO2-C g
-1

 soil day
-1

) at both soil depths. Regarding enzymes activity 

maximum dehydrogenase activity (DHA) was observed at 0-15 cm (41.5µg TPF g
-1

 



 

  

Table 4.10: Microbial properties of soil samples at various soil depths 
 

 

Sampling sites 

Microbial biomass 

C  (µg g-1 soil) 

Microbial biomass 

N (µg g-1 soil) 

Soil respiration 

(µg CO2-C g-1 soil day-1) 

 

Dehydrogenase activity 

(µg TPF g-1 24 h-1) 

Alkaline phosphatase 

(µg phenol g-1 h-1) 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

1) Adiala 

(Range) 
136.6-217.6 104.4-167.2 9.8-15.9 6.1-`12.3 7.9-11.0 6.4-8.9 21.6-48.6 19.3-51.2 15.2-31.5 13.4-28.4 

Mean 176.7 2.131 12.5 9.5 9.5 637 34.7 32.1 24.3 21.1 

CV±(%) 0.8 33. 6.9 733 0.7 637 8.3 7.8 8.8 9.8 

2) Pirwadhai 

(Range) 
128.8-231.0 110.8-184.9 7.5-20.5 5.9-16.3 8.0-14.3 6.4-11.4 20.8-63.4 19.7-56.1 13.6-45.1 11.5-39.8 

Mean 165.8 2.236 12.9 10. 7 10.9 736 46.4 40.3 31.5 27.3 

CV±(%) 1.0 .37 6.0 6.2 0.5 736 5.1 4.3 7.0 7.1 

3) Taxilla 

(Range) 
146.9-245.5 110.4-197.1 9.6-23.4 7.8-18.9 7.0-12.5 5.7-10.1 26.9-73.1 23.9-65.8 21.9-50.3 19.3-46.3 

Mean 186.0 23238 15.5 12.3 9.8 638 51.3 44.6 36.2 31.4 

CV±(%) 1.1 333 5.6 6.4 0.7 738 8.1 5.9 8.3 6.8 

4)Wah factory 

(Range) 
115.1-183.3 90.9-147.2 6.7-15.5 4.1-9.9 7.0-17.1 7.1-13.7 17.9-51.7 16.0-46.1 12.1-37.0 10.7-32.6 

Mean 146.8 115.9 10.3 6.5 10.6 2839 33.2 29.6 22.5 19.8 

CV±(%) 1.1 336 6.6 7.0 0.6 2838 8.8 8.8 9.1 8.6 



 

  

24 h
-1

) as compare to 15-30 cm (36.6 µg TPF g
-1

 24 h
-1

) depth. DHA values ranged 

from 17.9 to 73.1 µg TPF g
-1

 24 h
-1

 at 0-15 cm and 14.8 to 65.8 µg TPF g
-1

 24 h
-1

 at 

15-30 cm soil depth. Alkaline phosphatase showed same trend with maximum mean  

value observed at 0-15 cm (28.6 µg phenol g
-1

 h
-1

). Overall values of this enzyme 

ranged from 12.1 to 50.3 µg phenol g
-1

 h
-1

 at 0-15 cm whereas 10.7 to 46.3 µg phenol 

g
-1

 h
-1

were observed at 15-30 cm soil depth. Maximum DHA (51.3 µg TPF g
-1

 24 h
-1

 

& 44.6 µg TPF g
-1

 24 h
-1

) and alkaline phosphatase activity (36.2 µg phenol g
-1

 h
-1

& 

31.4 µg phenol g
-1

 h
-1

) was recorded in Taxilla soil samples at both soil depths. 

Minimum DHA (33.2 µg TPF g
-1

 24 h
-1

 & 29.6 µg TPF g
-1

 24 h
-1

) and alkaline 

phosphatase activity (22.5 µg phenol g
-1

 h
-1

 & 19.8 µg phenol g
-1

 h
-1

) was observed 

in Wah factory soil samples at both soil depths. Ratios of various microbial 

properties are given in Table 4.11. Microbial biomass C/ N ratio at 0-15 cm soil 

depth ranged from 12.2 to 17.5 with average value 15.5, whereas at 15-30 cm depth 

ranged from 13.8 to 22.9 with average value of 19.4. The highest value of biomass C/ 

N ratio (15.1, 19.4) at both soil depths was found in the Wah factory, whereas lowest 

(12.7, 13.4) in Taxilla soil samples. Microbial biomass C/ soil O.C ratios ranged 

from 0.020 to 0.048 at 0-15 cm with mean value of 0.027 and from 0.019 to 0.048 

with mean value of 0.030 at 15-30 cm soil depth. Maximum microbial biomass C/ 

soil O.C ratio was found in Wah factory (0.031 & 0.038) at both soil depths. Ratios 

of dehydrogenase/ biomass C varied from 0.13 to 0.36 at 0-15 cm soil depth with 

mean value of 0.24 and ranged from 0.16 to 0.35 with mean value of 0.26 at 15-30 

cm soil depth. Lowest ratio was observed in Adiala (0.19 & 0.24), whereas 

maximum at Islamabad (0.28) and Taxilla (0.29) at both soil depths. Ratios of 

alkaline phosphatase/ biomass C ranged from 0.09 to 0.26 with mean value



 

  

Table 4.11: Ratios of the microbial properties at various soil depths 

 

 

Sampling sites 
Microbial biomass  

C/ N 

Microbial biomass  

C/ soil organic C 

Dehydrogenase/ 

biomass C 

Alkaline phosphatase/ 

biomass C 
CO2/ biomass C 

0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 0-15 cm 15-30 cm 

1) Adiala 

    (Range) 
11.8-16.4 11.6-19.0 0.021-0.048 0.022-0.043 0.13-0.27 0.19-0.33 0.09-0.18 0.13-0.21 0.04-0.08 0.04-0.07 

    Mean 14.3 2.31 0.030 0.028 0.19 0.24 0.14 0.16 0.05 8387 

2) Pirwadhai 

    (Range) 
9.6-17.9 10.6-18.7 0.020-0.031 0.020-0.034 0.16-0.36 0.17-0.31 0.11-0.26 0.10-0.23 0.03-0.11 0.04-0.09 

    Mean 13.8 2.32 0.020 0.028 0.28 0.28 0.19 0.19 0.07 8387 

3) Taxilla 

    (Range) 
10.5-15.3 10.4-17.6 0.023-0.029 0.019-0.031 0.18-0.30 0.22-0.35 0.15-0.21 0.16-0.25 0.03-0.08 0.02-0.08 

    Mean 12.7 13.4 0.020 0.027 0.27 0.29 0.19 0.20 0.06 8387 

4)Wah factory 

    (Range) 
11.8-17.5 13.8-22.9 0.024-0.036 0.031-0.048 0.16-0.29 0.16-0.33 0.11-0.20 0.12-0.24 0.05-0.15 0.04-0.15 

    Mean 15.1 283. 0.031 0.038 0.22 0.24 0.15 0.16 0.10 8328 



 

  

0.17 at 0-15 cm soil depth, and 0.10 to 0.25
 
with mean value of 0.18 at 15-30 cm soil 

depth. Maximum ratio at both soil depths (0.19 & 0.20) was seen at Taxilla, whereas 

minimum at Adiala (0.14 & 0.16). CO2-C/ biomass C ratios varied from 0.05 to 0.15 

µg g 
-1

 with mean value of 0.07 at 0-15 cm and 5.68 to 13.7 µg g 
-1

 with same mean 

value of 0.07 at 15-30 cm soil depth. Highest CO2- C/ biomass C ratio in both soil 

depths (0.10 & 0.10) was noticed at Wah factory samples with minimum at Adiala 

(0.05 & 0.06).  

 

Simple correlation coefficients were worked out between heavy metals in 

effluents, total heavy metals and AB-DTPA extractable in soil at 0-15 cm & 15-30 

cm (Table 4.12 & 4.13) for assessing toxicity of metals to microbes. From effluents, 

only Cd showed significant negative correlation (p < 5 %) with microbial biomass C, 

biomass N, dehydrogenase, alkaline phosphatase and positive with respiration at 0-

15 cm depth. At 15-30 cm soil depth, Cd in effluent, showed significant negative 

correlation (p < 5 %) with alkaline phosphatase whereas positive and highly 

significant with soil respiration (P < 0.01). In general correlation of Cd in effluents 

with microbial parameters was significant but was weak as indicated in the Fig. 4.6 

of correlation between Cd and soil respiration. Regarding correlation of total heavy 

metals, Cr showed significant correlation with biomass C (P < 0.01), biomass N (P < 

0.01), dehydrogenase (p < 5 %) & alkaline phosphatase (p < 5 %) and a positive 

correlation with respiration (P < 0.01) at both soil depths. Correlation of biomass C, 

biomass N and respiration at both depths was highly significant but they showed 

weak relationship as some are shown in the Fig 4.7a and 4.7b. Total Pb contents in 

soil showed weak but significant and negative correlation (P < 5 %) with microbial 



 

  

biomass C & biomass N (Table 4.13) and a positive with soil respiration at 15-30 cm 

soil depth. Correlation results of total Pb with microbial activity parameters were not 

significant at 0-15 cm (Table 4.12) soil depth. AB-DTPA extractable Cr showed 

highly significant and negative correlation (P < 0.01) with biomass C, biomass N, 

dehydrogenase, alkaline phosphatase  and positive correlation with soil respiration (P 

< 0.01) at 0-15 cm soil depth. At 15-30 cm soil depth, it showed significant negative 

correlation with biomass C, biomass N and highly significant with dehydrogenase, 

alkaline phosphatase and positive with soil respiration (P < 0.01). Overall it showed 

weak correlation as indicated in the Fig.4.8a and 4.8b. Significant positive but weak 

correlation of total Cd & Fe (p < 5 %) (Table 4.12) were seen with soil respiration 

at0 -15 cm soil depth, whereas their correlation at 15-30 cm (Table 4.13) soil depth 

were not significant. Weak correlations of these two metals were observed with 

microbial biomass C, biomass N and enzyme activities at both soil depths. Total Zn 

revealed weak and negative correlation with biomass C biomass N, dehydrogenase 

and alkaline phosphatase (P < 5%) and a positive (P < 0.01) with respiration at 0-15 

cm soil depth (Table 4.12). All microbial parameters at 15-30 cm (Table 4.13) depth 

did not show any correlation with total Zn. Total Cu contents only showed 

significant positive correlation (P < 5%) with respiration at 0-15 cm depth (Table 

4.12); whereas no microbial parameters were affected on both soil depths. Total toxic 

metal load in general showed highly significant correlation (p < 0.01) with all 

microbial parameters at both soil depths (Table 4.12 & 4.13). At 0-15 cm soil depth 

strong negative correlations were noticed with dehydrogenase (r = 0.91), alkaline 

phosphatase (r = 0.89) and microbial biomass N (r = 0.79), whereas at 15-30 cm soil 

depth with dehydrogenase (r = 0.86), alkaline phosphatase (r = 0.78),



 

  

 
 

Fig 4.6: Correlation between Cd contents in effluents and soil 

respiration at 0-15 cm soil depth. 

 

 
 

Fig 4.7a: Correlation between total Cr contents in soil and soil 

respiration at 0-15 cm soil depth. 

 
 

Fig 4.7b: Correlation between total Cr contents in soil and soil respiration 

at 0-15 cm soil depth. 

 

 
 

Fig 4.8a: Correlation between AB-DTPA extractable Cr contents in soil 

and soil respiration at 0-15 cm soil depth. 



 

  

Table 4.12: Simple correlation coefficient of heavy metals in effluents, AB-DTPA 

extractable, total heavy metals and total toxic metal load (Cd, Cr, Ni, 

Pb) in soils with microbial parameters at 0-15 cm soil depth 

 

Metal source Biomass C Biomass N Dehydrogenase 
Alkaline 

phosphatase 
Respiration 

Effluents      

Cd   -0.41*   -0.40*   -0.44*   -0.43*     0.49* 

Cr -0.13 -0.22 -0.14 -0.17 0.12 

Pb -0.11 -0.01 -0.19 -0.16 0.17 

Ni  0.09 -0.05 -0.03 -0.01      -0.12 

Fe -0.14 -0.14 -0.25 -0.23 0.23 

Zn -0.23 -0.25 -0.32 -0.33 0.32 

Cu -0.03 -0.12 -0.25 -0.25 0.02 

Total toxic 

metal load 

-0.13 -0.03 -0.18 -0.18 0.0 

AB-DTPA 

extractable 

Metals (Soil) 

     

Cd -0.14 -0.17 -0.18 -0.19 0.27 

Cr     -0.60**     -0.57**     -0.58**     -0.62**    0.68** 

Pb   -0.41*   -0.42*   -0.38  -0.40*  0.44* 

Ni -0.08 -0.07           -0.1 -0.13      -0.05 

Fe -0.20 -0.19  -0.14 -0.16  0.44* 

Zn   -0.45* -0.35  -0.28 -0.30    0.51** 

Cu  -0.23 -0.11  -0.12 -0.13       0.28 

Total toxic 

metal load 

  -0.45*   -0.46*    -0.42*  -0.44*  0.47* 

Total heavy 

metals (Soil) 

     

Cd -0.28 -0.18  0.00 -0.02  0.43* 

Cr     -0.67**    -0.55**   -0.41*   -0.43*   0.74** 

Pb -0.28       -0.30 -0.10 -0.13       0.27 

Ni  0.06       -0.12 -0.39 -0.36       0.25 

Fe -0.12 -0.03   0.16  0.13  0.42* 

Zn  -0.47*     -0.50*    -0.40*   -0.43*   0.61** 

Cu -0.24 -0.17  -0.11 -0.14  0.47* 

Total toxic 

metal load 

    -0.83**     -0.89**      -0.95**     -0.96**    0.70** 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 



 

  

Table 4.13: Simple correlation coefficient of heavy metals in effluents, AB-DTPA 

extractable, total heavy metals and total toxic metal load (Cd, Cr, Ni, Pb) 

in soils with microbial parameters at 15-30 cm soil depth 

 

Metal source Biomass C Biomass N Dehydrogenase 
Alkaline 

phosphatase 
Respiration 

      

Effluents      

Cd -0.35 -0.37 -0.38    -0.43*      0.51** 

Cr -0.08 -0.01 -0.03 -0.17 0.11 

Pb -0.05 -0.03 -0.19 -0.19 -0.17 

Ni 0.10 -0.06 -0.05 -0.01 -0.11 

Fe -0.14 -0.09 -0.16 -0.22 0.22 

Zn -0.33 -0.33 -0.34 -0.32 0.32 

Cu -0.15 -0.15 -0.16 -0.22 0.04 

Total toxic 

metal load 

0.07 -0.01 -0.06 -0.20 0.03 

AB-DTPA 

extractable 

Metals (Soil) 

     

Cd -0.29   -0.40* -0.27 -0.34 0.43* 

Cr   -0.46*   -0.44*     -0.57**     -0.58**   0.60** 

Pb -0.26 -0.29 -0.33 -0.39 0.43* 

Ni -0.31 -0.30 -0.31  -0.35       0.11 

Fe -0.17 -0.23 -0.16  -0.23   0.53** 

Zn -0.27 -0.29 -0.33    -0.40*   0.53** 

Cu -0.14 -0.11 -0.17  -0.20 0.43* 

Total toxic 

metal load 

-0.29 -0.32 -0.37    -0.42* 0.44* 

Total heavy 

metals (Soil) 

     

Cd -0.27 -0.32 -0.15 -0.02       0.23 

Cr    -0.53**     -0.57**   -0.47*  -0.41*    0.80** 

Pb      -0.39   -0.43* -0.22 -0.28  0.44* 

Ni       -0.27 -0.18 -0.36 -0.38 0.27 

Fe 0.09  0.03  0.20  0.20 0.32 

Zn -0.13 -0.13  -0.10  -0.11 0.36 

Cu 0.03  0.00   0.11   0.17 0.22 

Total toxic 

metal load 

   -0.94**    -0.91**      -0.93**      -0.88**     0.76** 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 

 



 

  

 
 

Fig 4.8b: Correlation between AB-DTPA extractable Cr contents and 

alkaline phosphatase activity in soil at 0-15 cm soil depth. 

 

 
 

Fig 4.9a: Correlation between total toxic metal contents and 

dehydrogenase activity in soil at 0-15 cm soil depth. 

 
 

Fig 4.9b: Correlation between total toxic metal contents and alkaline 

phosphatase activity in soil at 0-15 cm soil depth. 

 

 
 

Fig 4.9c: Correlation between total toxic metal contents and microbial 

biomass N in soil at 0-15 cm soil depth. 



 

 

microbial biomass C ( r = 0.88) and microbial biomass N (r = 0.82). Some of the 

strong correlations are indicated in the Fig. 4.9a, 4.9b, 4.9c.  

 

AB-DTPA extractable Cr like total Cr contents showed significant negative 

correlation with biomass C (p < 0.01) and biomass N (p < 0.01) at 0-15 cm soil depth 

(Table 4.12), whereas at 15-30 cm depth (Table 4.13) correlation was negative but 

value was less (p < 5 %). Dehydrogenase & alkaline phosphatase also showed 

negative correlation with AB-DTPA extractable Cr, which was highly significant (p 

< 0.01) at 15-30 cm soil depth as compare to 0-15 cm soil depth (Table 4.12). 

Respiration showed significant positive correlation (p < 0.01) with AB-DTPA 

extractable Cr at both soil depths (Table 4.12 & 4.13). Overall the relationship 

between AB-DTPA extractable Cr and all measured microbial parameters was weak. 

AB-DTPA extractable Pb depicted negative correlation (P < 5 %) with biomass C, 

biomass N & alkaline phosphatase, whereas positive with respiration at 0-15 cm soil 

depth (Table 4.12). At 15-30 cm, (Table 4.13) AB-DTPA extractable Pb was only 

correlated with soil respiration (P < 5 %). Correlation of AB-DTPA extractable Pb 

was weak at both soil depths. AB-DTPA extractable Fe and Zn showed weak and 

positive correlation with respiration at 0-15 cm soil depth, whereas at 15-30 cm soil 

depth in addition to these metals, AB-DTPA extractable Cu also showed weak but 

positive correlation (Table 4.12 & 4.13). At 0-15 cm depth, AB-DTPA extractable 

Cd, Cu and Ni did not show any effect on microbial activity parameters. Overall AB-

DTPA extractable toxic heavy metals depicted a negative but weak correlation (p < 5 

%) with biomass C, biomass N, dehydrogenase & alkaline phosphatase, whereas a 

weak and positive correlation was observed with respiration (p < 5 %) at 0-15 cm 



 

  

soil depth (Table 4.12). At 15-30 cm soil depth (Table 4.13) the correlation of AB-

DTPA extractable toxic metals was weak and negative (p < 5 %) with alkaline 

phosphatase and positive with soil respiration.  

 

4.4 DISCUSSION 

4.4.1 Quality of Effluents/ Wastewater and Their Effect on Soil 

Characteristics  

  The EC of effluent samples used for irrigation at 23 sampled sites was above 

the critical limits of 0.70 dS m
−1

 as described by FAO (Ayers and Westcot, 1985). 

Wastewater samples of 10 sites were above the critical limit of 1.5 dS m
−1

 as 

described by WWF (2007) (Table 4.1) for Pakistan. Overall, all samples showed high 

EC and the causes could be the salts added by textile mills, laundries, residential and 

factory wastes (Murtaza et al., 2008). In almost all sampling sites, results of EC 

decreased from surface to lower soil depth. Higher EC in the top layer (0–15 cm) as 

compared to the lower soil depth could be due to salts added by raw effluents, and 

also because of upward water movement and its evaporation from the soil surface 

(Murtaza et al., 2008; Sandhu and Qureshi 1986). All the soils irrigated with 

wastewater in the study showed EC in safe range, whereas in contrast to this some 

other scientists reported high EC and pH of soils irrigated with untreated wastewater 

(Lone et al., 2000; Murtaza et al., 2008). Reasons possible for the difference between 

their study and mine are high EC and pH of the effluents being used for irrigation of 

their soils as compared to the present sites. Moreover, our sampling sites fall in the 

region of sub humid to humid, which resulted in low EC of soils as compared to 

wastewater irrigated soils of low rainfall areas. In 24 effluent samples, TDS value 



 

  

was above the toxic limit (450 mg l
-1

) as described by FAO (Ayers and Westcot, 

1985), whereas 10 sites were above the limits of WWF (2007) (Table 4.1). 

Maximum mean TDS, SAR and EC values was noticed in effluent samples of 

Islamabad/ Pirwadai site, which were higher than toxic limits. The combination of 

high EC and SAR of the raw effluents could be slight to moderately hazardous for 

most soil textures according to the criteria for irrigation water quality (FAO). The 

reason is that the High Ec and SAR water always contain high Na, Ca and other salts, 

which upon continuous application results in salination and sodication (Murtaza et 

al., 2009). Thus, the long-term use of these effluents for irrigation purpose should be 

discouraged, because their continuous use will be harmful for soil health (Sial et al., 

2006). The pH of 24 effluent samples was within the permissible limits (6.5-8.4) of 

FAO and WWF (2007), whereas only one sample of Adiala site showed high pH 

(8.6). On the whole, pH of soils did not appear to be problematic even after a long 

period of raw effluent irrigation, most probably because of the regular addition of 

organic matter and the buffering capacity of soil which tends to bring homeostasis 

and lowers the pH of applied effluents in line with the pH of the soil (Sial et al., 

2006; Murtaza et al., 2008). However, continuous application of alkaline or high pH 

effluents may increase soil pH, ESP (exchangeable sodium percentage) and 

ultimately alkaline earth carbonates contents in the soil which might eventually make 

the soils unfit for further cultivation (US Salinity Laboratory Staff, 1954). 

 

Total N and organic C contents of soil were higher in surface soil than lower 

soil depth as this might be due to continuous application of sewage water containing 

residential and industrial waste, which could have been accumulated in soil surface 



 

  

layer. These results are in line with Rattan et al. (2005) who also observed an 

increase in organic C with long-term application of sewage effluents and regarded it 

as a carbon building/ sequestering practice with favorable effects on soil quality. The 

farmers of the areas surveyed in my study expressed that due to application of 

wastewater, less productive soils started giving good crop yields. The values of 

residual sodium carbonate (RSC) in all the effluent samples were below the safe limit 

of FAO (2 meq l
-1

), however based on the criteria of WWF (2007) (1.25 meq l
-1

) 3 

effluent samples had higher RSC than the safe limit. Thus, overall the effluents under 

study could be used safely for irrigation purpose as far as their RSC is concerned. 

 

Heavy metal contents in wastewater samples used for irrigation in farmers 

field were compared with critical levels described by FAO (Ayers and Westcot, 

1985) and WWF, (2007) water quality permissible limits for Pakistan (Table 4.1). 

Limits described by FAO (Ayers and Westcot, 1985) and WWF, (2007) are similar 

for Zn, Fe, Ni, Cd & Cu whereas values defined for Cr and Pb by FAO (Ayers and 

Westcot, 1985) are higher than those of WWF. The amount of Zn present in the 

effluents was in the order Wah factory > Adiala > Islamabad/ Pirwadai area > Taxilla 

sites. In all effluent samples, Zn and Pb were within permissible limits (< 2.0 µg ml
-

1
) (Table 4.1) of FAO & WWF (2007). The, Cd contents in 21 effluent samples were 

above the permissible limit (> 0.01µg ml
-1

) but showed the same order of occurrence 

as Zn i.e. Wah factory depicting higher concentration than Adiala, Taxilla and 

Islamabad sites. Iron contents in the 22 effluents samples were within permissible 

limit of 5 µg ml
-1

 (FAO & WWF, 2007) except 2 samples from Adiala sites and one 

from Wah factory area showed values above permissible limits. Copper 



 

  

concentration in effluents sample of five sites was above the critical limit of 0.2 µg 

ml
-1

 (FAO & WWF, 2007). Concentration of Cr in 19 effluent samples was higher 

than 0.1 µg ml
-1

 (FAO), whereas all the effluent samples were higher than limit (0.01 

µg ml
-1

) described by WWF (2007). Nickel in fourteen effluent samples was above 

the permissible limit of 0.2 µg ml
-1

 (FAO & WWF 2007). Ten effluent samples 

showed concentration of Pb higher than 0.1 µg ml
-1

 (WWF, 2007), whereas all the 

samples were in safe limit (5 µg ml
-1

) described by FAO. Our findings are in line 

with those of Latif et al. (2008) and Rashid et al. (2007) who observed heavy metals 

concentration in sewage water used by farmers for irrigation in Rawalpindi area 

above critical limits. Research carried out in Faisalabad (Murtaza et al., 2008) and in 

Haroonabad (Ensink et al., 2004) also indicated higher concentrations of heavy 

metals in effluents used for irrigation in those areas. It was further revealed that long 

term use of such effluents for irrigation may cause accumulation of toxic metals in 

soils, which may lead to their elevated levels in plants through bioaccumulation. 

Consumption of such plants may pose a potential threat to animal health (Ensink et 

al., 2004).  

 

4.4.2 Effect on AB-DTPA Extractable and Total Heavy Metal Contents of 

Soils 

Total heavy metal contents in farmers field were compared with critical 

levels described by Rowell (1994), European community commission (CEC) (1986) 

and Indian standards (Awashthi, 2000) (Table 4.6). AB-DTPA extractable heavy 

metal contents in farmers field were compared with critical levels described by 

Maclean et al. (1987) for Pb (13µg g 
-1

), Cd (0.31µg g 
-1

), Cr (8.0µg g 
-1

), Ni (8.1µg 

g 
-1

), and with Soltanpour (1985) for Cu (0.50 µg g
-1

), Fe (13µg g 
-1

) and Zn (1.5 µg 



 

  

g 
-1

) (Table 4.7) contents in soils. Total Zn concentration, when compared with 

permissible limit of Rowell (1994) was much higher in soils of Islamabad and Wah 

factory, whereas the soils of Taxilla and Adiala were in safe range. However, the 

Total Zn concentration was within permissible limits in all the soils when compared 

with CEC (1986) (150-300 µg g 
-1

) and Indian standards (300-600 µg g 
-1

). Overall 

AB-DTPA extractable Zn concentration was in the order: Islamabad > Wah factory > 

Taxilla > Adiala being much higher than the permissible limit in 24 soils under 

study. Both Total and AB-DTPA heavy metals value were high in Islamabad soil 

samples. The ratio between AB-DTPA extractable metal fraction to the total metal 

contents in soil indicate the proportion of the total metal contents in soil available to 

crop plants or soil microorganisms. Higher percentage of this ratio means that soil is 

unable to immobilize the substantial part of the heavy metals entering the soil 

(Castilho et al., 1993; Khan et al., 2006). AB-DTPA extractable Zn as a fraction of 

total Zn in sampled soils showed highest Zn value (61.5%) in Taxilla soils at 0-15 

cm followed by Islamabad soils (35.2%) at 15-30 cm while minimum in Adiala soils 

(7.9% & 9.8%) at both soil depths. Zn is an important constituent of a variety of 

DNA-binding proteins and is involved in basic cellular functions. It also acts as 

cofactor for the superoxide dismutase enzyme (Humphries, 2007). High 

concentration of Zn can reduce oxidative respiration in bacterial cells (Choudhury 

and Srivastava 2001). 

 

Total Cd concentration in 24 soils was found higher than critical limit of 

0.50 µg g 
-1

 (Rowell 1994), except one soil at Adiala where concentration of Cd was 

lower (0.4 µg g 
-1

) than permissible limits. Comparison with CEC and Indian 



 

  

standards showed concentration in 4 soils above the CEC (1986)  limits (1-3 µg g 
-1

) 

whereas all were within range according to Indian standards (3-6 µg g 
-1

). In twenty 

three soils, AB-DTPA extractable Cd concentration was below the critical limit of 

0.31 µg g 
-1

(Maclean et al., 1987) except two soils, one at Adiala and the other at 

Wah factory showed concentration of Cd higher than permissible limits. Murtaza et 

al. (2008) studied Co, Cd and Mn in Pakistani soils irrigated with city effluents and 

also found AB-DTPA extractable Cd below permissible limits. They further 

calculated the time required by soil to reach the loading limit, which revealed Cd 

concentration between 0.88 and 0.96 kg ha
-1

 that was double the annual input limit of 

0.5 kg ha
-1

 as proposed by US EPA (1985). The time required for Cd to reach its 

limit varied between 10.4 and 11.4 years. Retention of Cd in soil is high and it is not 

leached easily so total Cd will increase in future if similar practice is continued. The 

low concentration of AB-DTPA extractable Cd could be due to formation of Cd 

complex with clay minerals and humic substances in the alkaline soils. Regarding its 

distribution at different soil depths, the mean Cd concentration was highest in the 

topsoil (0.12 µg g 
-1

) and less in the lower soil layer (0.07 µg g 
-1

). This was probably 

because of its complexation with soil organic matter on the surface soil layer 

resulting in decline in its movement towards the lower soil depth. Highest extractable 

Cd fractions at both soil depths were recorded at Wah factory (9.5% & 9.1%), 

whereas minimum at Islamabad (2.3% & 2.1%). High concentration of Cd in soil 

interferes with Zn and Ca metabolism by bacterial cell and cause protein 

denaturation and reduction in integrity of cell membrane.  

 



 

  

AB-DTPA extractable and total Fe contents were highest at Wah factory as 

compared to all other sites. All the soils had Fe content higher than permissible 

limits. Available Fe fraction in comparison to total Fe contents were in the order: 

Adiala (0.50 % & 0.44 %) > Wah factory (0.42% & 0.33%) > Islamabad (0.25 % & 

0.24 %) > Taxilla (0.22% & 0.12%). AB-DTPA extractable Cu concentration was 

above the critical limit (0.5 µg g 
-1

) in all the sampled sites whereas fourteen soils 

samples showed total Cu higher than permissible limit (20 µg g 
-1

). Data of total Cu 

was in permissible limit when compared with CEC (1986) (50-140 µg g 
-1

) and 

Indian standard (135-270 µg g 
-1

). From all sites, high quantity of AB-DTPA 

extractable and total Cu was observed at Islamabad/ Pirwadai site. AB-DTPA 

extractable Cu fractions were in the order: Islamabad (59 % % & 27 %) > Taxilla (38 

% & 22 %) > Adiala (33% & 17%) > Wah factory (33% & 15%) at both soil depths. 

Copper is an important constituent of DNA-binding proteins and is required for the 

basic cellular functions. Higher amounts of Cu in bacterial cells produce H2O2 

radicals that can disrupt the integrity of cell membrane, and hence excess of Cu 

proves toxic to the microbial cells (Humphries, 2007). 

 

 Seven soil samples of Wah factory, Taxilla and Islamabad soils showed 

total Cr above the permissible limits of CEC (1986) (100 µg g 
-1

) whereas all soil 

samples showed AB-DTPA extractable Cr within permissible limit (8.0 µg g 
-1

). 

Overall AB-DTPA extractable and total Cr in sampling sites was in the order of Wah 

factory > Taxilla > Islamabad > Adiala. Available Cr fractions were in order: Adiala 

(1.9 % & 3.0 %) > Wah factory (0.7 % & 0.5 %) >Islamabad (0.6% & 0.5 %) > 

Taxilla (0.4 % & 0.5 %) at both soil depths. Twenty-three soil samples showed total 



 

  

Ni contents higher than permissible limit of 25 µg g
-1

 (Rowell 1994), whereas 7 soils 

of Adiala were higher than CEC (1986) limits (30-75 µg g 
-1

). Only one soil showed 

total Ni higher than Indian standards (75-150 µg g 
-1

). AB-DTPA extractable Ni 

contents of all soil samples were within permissible limit of 8.1 µg g
-1

. Overall, mean 

total and extractable Ni values of Adiala soils were higher than the other sites. 

Highest available fractions (2.8 % & 2.8 %) at both soil depths were observed at 

Wah factory, whereas minimum at Adiala (1.5 % & 1.3 %). Regarding Pb only one 

site at Islamabad showed total & AB-DTPA extractable Pb above the permissible 

limit of 50 µg g
-1

 (Rowell 1994) and 13 µg g
-1

 (Maclean et al, 1987). All the sites 

had Pb within the safe limit of CEC (1986) (50-300 µg g 
-1

) and Indians standards 

(250-500 µg g 
-1

). Highest available Pb fraction was observed in soils of Wah factory 

(29.4 % & 24.4 %) at both soil depths while the minimum at Taxilla (17.9 % & 15.2 

%). Heavy metals accumulation in soils depends on a number of factors, such as the 

organic matter addition through root activities and crop residues, calcareousness of 

the soil and the soils clay contents (Murtaza et al., 2008). Overall, our results 

indicated higher concentrations of heavy metals in effluents of Adiala area followed 

by Wah factory and Islamabad area. Regarding the soils, the metal concentrations 

(AB-DTPA extractable & total heavy metals) were higher at Wah factory and 

Islamabad as compare to Adiala soils. The possible reason of higher buildup in Wah 

factory could be that: at the time of sampling the effluents of Wah factory and 

Islamabad contained less quantity of heavy metals but earlier they would have higher 

concentrations which ultimately caused high buildup of heavy metals in these soils. 

Thus, a combination of soil and effluent composition factors might be the cause of 

higher accumulation of heavy metals in soils of Islamabad and Wah factory area. 



 

  

These results are contradictory to those of Latif et al. (2008) who found AB-DTPA 

extractable metals in soils of Rawalpindi region within permissible limits, whereas at 

certain locations in our study heavy metals were higher than permissible limits. A 

similar study conducted at Lahore, Pakistan (Kashif et al, 2009) also revealed high 

DTPA extractable heavy metals and high metal contents in vegetables grown with 

wastewater. Overall, in our soils AB-DTPA extractable fractions of heavy metals in 

comparison to total metal contents in soils were quite low which appears to be due to 

high pH and Calcium carbonate contents in our soils, resulting continuous 

immobilization of metals in soils (Lee et al., 2004). Ensink et al. (2004) surveyed 

farmers using wastewater for irrigation in Faisalabad and Haroonabad, Pakistan and 

found total Cr, Ni, Cd, Pb, Cu & Zn in soils within permissible limits, whereas high 

levels of heavy metals were found in plant samples. They suggested regular 

monitoring of total metal contents of soil, which otherwise would reach levels toxic 

to plants and soil biological functions. It is further added here that data ranges of 

measured total heavy metals in all our sites were higher than those observed at 

Faisalabad and Haroonabad. 

  

  It is well known that metals solubility in soils mainly depends on soil pH, 

organic C, CEC, and clay contents (Hough et al., 2003; Walker et al., 2004). 

Therefore, in the present study, the effects of soil properties on bioavailable fraction 

(AB-DTPA extractable) of heavy metals was studied (Table 4.8 & 4.9). Results 

showed that soil pH, organic C, CEC, clay contents, and CaCO3 had negative effects 

but weak on the extractable fractions of heavy metals in soil at both soil depths, 

although increase in soil AB-DTPA extractable metals enhanced soil EC. These 



 

  

results are in line with Rattan et al. (2005), which showed negative correlation of soil 

pH with DTPA extractable metals, but are contradictory to his findings of soil 

organic C, which were positive with respect to DTPA metals in soils. Perez-de-Mora 

et al. (2005) observed a decrease in soluble heavy metal concentrations with increase 

in organic matter contents of soil. Organic materials contain high concentrations of 

stabilized humic substances, which can influence metal availability by adsorption 

and forming stable complexes. Clemente et al. (2005) reported that organic materials 

in soil not only improve soil fertility, but also change heavy metals availability and 

thus can be used in reclamation process. Similarly, Derome and Saarsalami (1999) 

and Puschenreiter et al. (2005) reported decrease in heavy metal availability with the 

increase in CaCO3 contents in soil and recommended lime application to metal 

contaminated soils to decrease metal availability to plants and microbes and to 

reduce their transfer into the food chain. Sipos et al. (2005) reported a 50 % 

reduction in Pb retention capacity of soils with a decrease in organic matter and 

calcium carbonates contents of soil. Soils high in clay-sized particles have a tendency 

to adsorb higher amounts of trace metals than the coarse textured soils due to their 

high specific surface area and more CEC, which create unique conditions in the fine 

textured soils for trapping incoming metal pollutants. Francois et al. (2004) reported 

that soils with high clay, organic matter, CaCO3 contents and moderately alkaline pH 

had low metal mobility and bioavailability due to high binding capacity. Coarse 

textured soils with low organic matter contents generally possess poor metals 

retention capacity and ultimately give rise to higher metal concentrations in soil 

solution (Moller et al., 2005).  

 



 

  

4.4.3 Microbial Properties of Soils  

Microbial biomass is a sensitive parameter and can be used as an indicator 

of changes in organic matter composition and recycling of plant nutrients (Brookes 

1995; Gibbs et al., 2006). Pereira et al. (2006) used soil microbial parameters for 

evaluating the effects of heavy metals on microbial activity and soil functioning, and 

observed that low pH values and high metal contents negatively affected the size and 

activity of soil microbial biomass. Our results showed that  both microbial biomass C 

(21% & 23%) and biomass N (34% & 47%) was higher in soil samples from Taxilla 

higher than Wah factory at both soil depths. The high degree of heavy metal 

contamination found at the sites we examined stressed sensitive microorganisms 

hence the microbial biomass decreased, which is in agreement with the findings of 

Khan and Scullion, (2002), Akmal et al. (2009) and Yong-Tao et al. (2009). 

Microbial biomass synthesis in soils polluted by heavy metals can be less effective 

than in non-polluted soils due to the stress caused by heavy metals. In less polluted 

soils microorganisms use a higher amount of consumed carbon for assimilation and a 

smaller part is released as CO2 in dissimilation processes. In contaminated soils, 

microorganisms need more energy to survive in unfavorable conditions. Therefore, a 

higher portion of carbon consumed is released as CO2 and a smaller part is built into 

organic components. This assumption is supported by the lower biomass C/ organic 

C ratio in contaminated soils as reported by Smejkalova et al. (2003). Further, Akmal 

et al. (2005) found half as much microbial biomass in soil contaminated by heavy 

metals as compared to uncontaminated soil, whereas Dias et al. (1998) observed an 

80 % inhibition of biomass C by heavy metals. Negative correlation of biomass C 

and biomass N was observed with heavy metals in effluents and in soil (Table 4.12 & 



 

  

4.13). A strong negative correlation was recorded with total toxic heavy metals load 

(Cd + Cr + Ni+ Pb) and weak with total heavy metals at both soil depths. In contrast 

to our results, Dai et al. (2004) found that microbial biomass C and biomass N were 

correlated positively with the metal content of soils. In their soils, total heavy metals 

ranged from 108 to 1231 mg Zn kg
−1

, 2.5 to 5.2 mg Cd kg
−1

, 31 to 466 mg Pb kg
−1

 

and 33.5 to 107.5 mg Cu kg
−1

. Organic carbon and total N contents ranged from 19.7 

to 72.3 g kg
-1

 and 0.9 to 5.4 g kg
-1

 that are many times higher than my soils. Contrary 

to my study, they found positive correlation between organic carbon, total N and 

total and DTPA extractable heavy metal contents of soils.
 
It was further noticed that 

their soils were acidic and organic carbon and total N contents were higher in soils 

with high metal load than the soils with low metal load. Probably this would have 

been the cause of their positive correlation between microbial biomass C, biomass N 

and total and DTPA extractable metal contents of soils. 

 

Soil respiration in Islamabad soils was 12.8 % higher than in Adiala soils at 

0-15 cm depth, whereas 30.3 % higher in Wah factory than Adiala soils. Soils 

containing higher levels of heavy metals contamination showed high microbial 

respiration as microbes in contaminated soils are under stress, resulting in higher 

CO2 evolution per unit of substrate (Killham, 1985). The increase in soil respiration 

indicated that soil microorganisms required more energy to maintain their catabolic 

demands under the increased metal stress (Giller et al., 1999). Similar results were 

obtained by Khan and Joergenesen (2006) who also found an increase in soil 

respiration with increasing heavy metal contamination of soils, which ultimately led 

to less substrate availability and decline in soil microbial biomass. Soil respiration 



 

  

showed positive correlation with total toxic heavy metals (Significant at 5 % and 1 

%) and AB-DTPA extractable heavy metals (Significant at 5 %) (Table 4.12 & 4.13). 

These results are in line with Barajas-Aceves et al. (1999) who found significant 

positive correlations between respiration and total Zn concentration in soils. In 

contrast to these Dai et al. (2004) found that soil respiration was correlated negative 

with the heavy metal content of the soils. Biological health of the soil can sensitively 

be reflected by the enzymatic activities (Oliveira and Pampulha, 2006). Activity of 

DHA (Dehydrogenase) and alkaline phosphates was higher (35% & 34%), (38% & 

37%) at Taxilla as compared to Wah factory at both soil depths. High dehydrogenase 

and alkaline phosphatase activity was observed at 0-15 cm depth as compared to 15-

30 cm. Overall enzymes showed negative correlation with total metals, AB-DTPA 

extractable metals, total toxic metal load and with AB-DTPA extractable toxic heavy 

metals (Table 4.12 & 4.13) in soils. From effluents, only Cd showed negative effects 

on both enzymes. Sensitivity of enzymes to Cd is further supported by Nannipieri 

(1997), Min et al. (2005) and Akmal et al. (2005) who reported that dehydrogenase 

activity was largely affected by increasing Cd concentration. Akmal et al. (2005) 

also reported a 47.4 % and 39.8 % reduction in acid phosphatase and dehydrogenase 

activities, with increase in Cd concentration up to100 mg kg 
-1

 indicating Cd had a 

toxic effect on both the microbial metabolic processes and microbial growth. In 

another study, Lee et al. (2002) observed that activity of acid phosphatase and 

dehydrogenase approached zero in a contaminated soil at a total heavy metal 

concentration of 450 to 550 mg kg
-1

. There are several reasons why enzymatic 

analyses could be a good indicator of soil quality (Dick et al., 1996): (i) they are 

strongly connected with important soil characteristics such as physical properties, 



 

  

organic matter, microbial activity or biomass, (ii) they change earlier than other 

characteristics, (iii) and their estimations involve relatively simple methods 

compared to other important parameters of soil quality. Our results showed a 

decrease in enzymatic activities with increase of soil contamination. It is considered 

that heavy metals mainly inhibit enzymatic reactions through either complexing with 

substrate or blocking the functional groups of enzymes or reacting with complex 

enzyme-substrate (Smejkalova et al., 2003; Akmal et al., 2005). In general, microbial 

activities such as microbial biomass C, biomass N, soil respiration and enzymes 

activity were noticed more at 0-15 cm as compared to 15-30 cm soil depth. Wah 

factory and Adiala soils showed less biomass C, biomass N, and enzyme activities 

than Taxilla soils as metal contamination were higher at the former sites. Similarly, 

nutrient contents were higher at Taxilla than at Wah and Adiala sites indicating 

significant positive effect of nutrients on microbial activity and negative effect of 

heavy metals. The microbially mediated N cycling and its bioavailability are 

significantly controlled by microbial biomass C/ N ratio. In addition, the microbial 

biomass C/ N ratio is also an indicator of the effect of heavy metals on the shift in 

microbial community structure (Khan and Joergensen, 2006). The ratios of microbial 

biomass C/ N, CO2/ biomass C, dehydrogenase/ biomass C, alkaline phosphatase/ 

biomass C remained unaffected by toxic heavy metal load (Cd, Cr, Ni & Pb) (Table 

4.14 & 4.15) in soils at both soil depths, whereas biomass C/ soil organic C increased 

at both soil depths. Thus, CO2–C/ microbial biomass C ratio has been proposed as a 

sensitive indicator of the soil health in heavy metal contaminated soils (Brookes, 

1995), it can be interpreted as an index of microbial efficiency, because it is an 

estimation of energy necessary to maintain metabolic activity in relation to the 



 

  

Table 4.14: Correlation between toxic metals and ratios of microbial parameter at 0-

15 cm soil depth 

 

Metal 

source 

 Biomass C/  

Biomass N 

Biomass C/ 

Soil organic 

C 

CO2-C/ 

Biomass C 

Dehydrogenase/ 

Biomass C 

Alkaline 

phosphatase/  

Biomass C 

Effluents      

Cd 0.37   0.40*     0.58**   -0.40* -0.37 

Cr 0.22 0.05 0.11 -0.11 -0.15 

Pb 0.09 0.32 -0.13 -0.36 -0.32 

Ni 0.07 0.54 -0.04 -0.14 -0.10 

Fe 0.07 0.12 0.21 -0.28 -0.25 

Zn 0.23 0.31 0.36 -0.32 -0.33 

Cu 0.07 0.37 0.00 -0.34 -0.32 

Total toxic 

metal load 

0.04   0.47* 0.06 -0.27 -0.25 

AB-DTPA 

extractable 

Metals (Soil) 

     

Cd 0.22 0.26 0.30 -0.21 -0.22 

Cr     0.69** 0.24     0.76**   -0.48*     -0.54** 

Pb   0.44* -0.12     0.51** -0.29 -0.32 

Ni -0.02  0.21      -0.03 -0.06 -0.09 

Fe 0.29 -0.08    0.42* -0.12 -0.16 

Zn 0.32 -0.30     0.54** -0.12 -0.17 

Cu 0.12 -0.34  0.32 -0.07 -0.09 

Total toxic 

metal load 

0.30 -0.08      0.53** -0.32 -0.36 

Total heavy 

metals (Soil) 

     

Cd 0.08 -0.19   0.40*  0.20  0.17 

Cr   0.43* -0.12     0.78** -0.13 -0.16 

Pb 0.36 -0.18 -0.27  0.09   0.04 

Ni 0.16      0.51** -0.22     -0.58**      -0.51** 

Fe 0.04 -0.06  0.37  0.27   0.21 

Zn     0.59**  0.09     0.64** -0.25 -0.30 

Cu 0.20 -0.31    0.45* -0.05  -0.11 

Total toxic 

metal load 

    0.75**  0.35     0.79**     -0.76**      -0.73** 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 

 



 

  

Table 4.15: Correlation between toxic metals and ratios of microbial parameters at 

15-30 cm soil depth 

 

Metal 

source 

Biomass C/ 

Biomass N 

Biomass C/ Soil 

organic C 

CO2-C/ 

Biomass C 

Dehydrogenase/ 

Biomass C 

Alkaline 

phosphatase/ 

Biomass C 

Effluents      

Cd   0.47*     0.67**      0.58**   -0.40*   -0.47* 

Cr 0.01 0.12 0.02 -0.13 -0.35 

Pb 0.00 0.09      -0.05 -0.31 -0.26 

Ni 0.03   0.50*      -0.04 0.02 -0.13 

Fe 0.02 0.12 0.24 -0.22 -0.24 

Zn 0.33   0.41*   0.42* -0.34 -0.26 

Cu 0.02 0.13 0.07 -0.15 -0.21 

Total toxic 

metal load 

0.07   0.45* 0.03 -0.17 -0.38 

AB-DTPA 

extractable 

Metals (Soil) 

     

Cd    0.51**  0.46*   0.45* -0.21 -0.33 

Cr  0.44*    0.51**    0.65**    -0.64**     -0.59** 

Pb 0.30 0.22  0.40*   -0.40*   -0.46* 

Ni 0.25 0.09 0.21 -0.28 -0.31 

Fe 0.38 0.28   0.48* -0.18 -0.28 

Zn 0.33 0.30   0.47* -0.38   -0.48* 

Cu 0.22 0.10 0.36 -0.23 -0.29 

Total toxic 

metal load 

0.33 0.24   0.41*   -0.42*  -0.49* 

Total heavy 

metals (Soil) 

     

Cd  0.43* 0.20 0.30  0.01  0.21 

Cr    0.71**   0.44*     0.79** -0.37 -0.24 

Pb       0.34 -0.11  0.40*  0.06 -0.08 

Ni      -0.10 -0.10      -0.08 -0.36 -0.34 

Fe       0.27    0.43* 0.25  0.21  0.15 

Zn       0.19 -0.04 0.29 -0.07 -0.08 

Cu       0.11  0.23 0.16  0.12 0.20 

Total toxic 

metal load 

   0.77**  0.37     0.90**     -0.75**    -0.61** 

 

(*) significant at 5% and (**) at 1% probability levels, respectively 

 



 

  

energy required for synthesis of new microbial biomass (Gibbs et al., 2006). 

Microbial biomass C/ N, dehydrogenase/ biomass C and alkaline phosphatase/ 

microbial biomass C, remained unaffected over ABDTPA extractable toxic heavy 

metal load, whereas CO2-C/ biomass C showed an increasing trend at 0-15 cm soil 

depth (Table 4.14). At 15-30 cm soil depth, ratio CO2-C/ biomass C increased 

whereas dehydrogenase/ biomass C and alkaline phosphatase/ biomass C ratios 

decreased with toxic heavy metals (Table 4.15). Microbial biomass C/ organic C and 

microbial biomass C/ N ratios remained unaffected with AB-DTPA extractable 

heavy metals at 15-30 cm soil depth. Biomass C/ N and CO2- C/ biomass C ratios 

increased, whereas dehydrogenase/ biomass C, alkaline phosphatase/ biomass C 

ratios decreased with total toxic heavy metals at 0- 15 and 15-30 cm soil depths. 

These results clearly indicated that increasing heavy metal load caused negative 

effect on microbes, which ultimately reduced microbial biomass and enzymes 

activity and increased soil respiration. Microbial biomass C/ soil organic C was not 

affected by total toxic heavy metal load. These results are in line with those of Dai et 

al. (2004) who found an increase in the microbial biomass C/ N ratios in soils 

contaminated with metallurgic industry waste. These authors also reported that the 

ratios of biomass C/ N were significant, correlated positive with soil metal content 

and depicted a shift in the microbial community. On the other hand, indicators of soil 

microbial activities (specific respiration, etc.) exhibited a negative correlation with 

heavy metal content of the soils. In our study, CO2-C/ biomass C showed an 

increasing trend with increase in heavy metals contents, and the same was reported 

by Barajas- Aceves, (2005) who described higher values of specific soil respiration 

(CO2-C/ biomass C) as an indicator of metal stress on the soil microbial populations. 



 

  

Overall, the correlation results indicated the relationship trend between the ratios of 

soil microbial properties (Table 4.14 & 4.15) and heavy metals, as the results of all 

correlations were weak. Although, some correlations were highly significant but they 

were also weak on X and Y axis plots as some are indicated in the fig 4.10a and 

4.10b.  

 

It is concluded from the study that most of the soils in effluent irrigated 

fields of Rawalpindi/ Islamabad possessed AB-DTPA extractable and total heavy 

metals above the critical limits given by Soltanpour (1985), Rowell (1994), and CEC 

(1986). AB-DTPA extractable and total heavy metals have shown negative but weak 

correlation with microbial biomass C, microbial biomass N, dehydrogenase, alkaline 

phosphate and a positive correlation with soil respiration. Total toxic heavy metals 

showed strong significant correlations with microbial biomass C, biomass N and 

enzymes, thus total toxic heavy metals in effluents amended soils had proved more 

suitable indicator of heavy metals toxicity to the size and activity of soil microbial 

biomass. 

 

 

 

 

 



 

  

 

Fig 4.10a: Correlation between total heavy metals and microbial 

biomass C/ biomass N ratio 

 

 

 
 

Fig 4.10b: Correlation between total heavy metals and 

dehydrogenase/ biomass C ratio 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Chapter 5 

DECOMPOSITION OF ORGANIC SUBSTRATES IN SOILS 

SUBJECTED TO VARIOUS DEGREES OF HEAVY METALS 

CONTAMINATION 

 

5.1 BACKGROUND 

 Soil microorganisms play a fundamental role in the process of organic matter 

degradation and C mineralization, which allows the recycling of essential plant 

nutrients. Incorporation of organic amendments to soil increases both microbial 

biomass and activity in normal soils (Sanchez-Monedoro et al., 2004; Gilani and 

Bahmanyar, 2008) and also in contaminated soils (Perez de Mora et al., 2006). 

However, contrasting results have been reported regarding the decomposition of 

organic amendments added to contaminated soil. Studies have shown reduced soil 

respiration from the added organic amendments (Contrufo et al., 1995) or no effect 

(Renella et al., 2005; Khan and Joergensen, 2006) or even increases (Gilani and 

Bahmanyar, 2008; Branzini et al., 2009). However, the majority of the studies have 

been conducted in metal spiked soils (Akmal et al., 2005; Clemente et al., 2007; 

Branzini et al., 2009) or in soils amended with sewage sludge (Gibbs et al., 2006; 

Khan et al., 2006; Gilani and Bahmanyar 2008), whereas studies on effluent irrigated 

soils are scanty and confined to acidic soils (Contrufo et al., 1995; Hayat et al., 2002; 

Khan and Joergensen, 2006). In Pakistan, there has been no research work on the 

ecotoxicological effects of heavy metals on soil microbial parameters, especially in 

effluent/ wastewater irrigated soils. Therefore, information about effects of heavy 

metals on soil biological properties i.e; on the size and activity of soil 



 

  

microorganisms and the activities of enzymes involved in transformations of C, N, P 

and S under alkaline soil conditions like those of Pakistan is clearly lacking. The aim 

of this research work was 1) to evaluate changes in microbial parameters and 

enzymes activities in response to organic amendments (pea and maize straw) in soils 

of varying heavy metal contents, and 2) to examine the decomposition pattern of 

different organic amendments in soils with different contamination levels. 

 

5.2 METHODOLOGY 

A laboratory incubation experiment was conducted (Picture 2) during the 

year 2008 using three soils with different total toxic metal (Cd + Cr + Ni & Pb) load 

and organic matter contents but similar in soil texture, pH, CEC and CaCO3 contents 

(Table 5.1). Organic C, extractable P and total N were in the following order: Low 

metal > medium metal > high metal. The contents of total and AB-DTPA extractable 

heavy metals were in the order: high metal > medium metal > Low metal with 

significant differences among the soils. Soil 1 had a total toxic metal load of 78.6 µg 

g
-1

 (Table 5.1) and was designated as low metal soil. It was collected from an 

agricultural field in Taxilla near a heavy mechanical complex. Soil 2 had a total toxic 

metal load of 137.9 µg g
-1

 and was designated as medium metal soil. Soil 3 had total 

toxic metal load of 240.6 µg g
-1

 and was designated as high metal soil. Both the soils 

2 & 3 were collected from agricultural fields in the Wah factory area (Table 5.1). All 

the soil samples were collected in bulk at 0-15 cm depth with the help of a spade. 

Physical and chemical properties of the soils are shown in Table 5.1. Details of 

analytical  procedures  for  particle  size analysis, EC,  pH,  CEC,  CaCO3, organic C, 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Picture-2: Picture showing beakers placed in an incubator for 56 

days of incubation 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Table 5.1:  Chemical properties of soils used in the experiment 

 

Properties Low metal soil  Medium metal soil  High metal soil  

Texture Loam Loam Loam 

Sand (%) 30 50 50 

Silt (%) 48 33 37 

Clay (%) 22 17 13 

pH 7.7 7.7 7.4 

EC (dS m
-1

) 0.26 0.83 1.07 

CaCO3 (%) 10.19 11.45 9.3 

CEC (C molc kg
-1

) 19.9 17.5 18.2 

Total N (mg g 
-1

) 0.97 0.60 0.28 

Organic carbon (%) 1.09 0.64 0.32 

Extractable P (µg g
-1

) 12.6 8.3 4.9 

Extractable Cd (µg g
-1

) 0.13 0.09 0.49 

Extractable Cr (µg g
-1

) 0.18 0.48 1.7 

Extractable Ni (µg g
-1

) 0.32 0.87 1.76 

Extractable Pb (µg g
-1

) 2.41 10.2 11.8 

Extractable Fe (µg g
-1

) 13.27 82.93 127.7 

Extractable Zn (µg g
-1

) 11.6 7.36 30.17 

Extractable Cu (µg g
-1

) 6.05 2.55 10.6 

Total Cd (µg g
-1

) 1.9 1.9 2.1 

Total Cr (µg g
-1

) 25.7 65.4 145.8 

Total Ni (µg g
-1

) 30.2 32.2 56.9 

Total Pb (µg g
-1

) 20.8 38.4 35.8 

Total Fe (µg g
-1

) 21118 22176 30579 

Total Zn (µg g
-1

) 7.7 16.9 179.7 

Total Cu (µg g
-1

) 24.4 27.5 22.5 

Total toxic heavy metals 

(Cd+ Cr+ Ni +Pb) 

78.6 137.9 240.6 

 

* Data are average of three replicates. 

 

 

 

 

 

 



 

  

total N, extractable P, AB-DTPA extractable heavy metals and total heavy metals 

(Cu, Zn, Cd, Pb, Ni, Cr, Fe) in soil are described in section 3.1.2. The stones, larger 

plant residues and soil animals (earthworms etc) in the field moist soil samples were 

picked with hands, and the soils were passed through a 2 mm sieve and mixed 

thoroughly. The moisture contents in the soil were adjusted to 50 % of their WHC, 

incubated at 25 
o
C for 7 days and the treatments were applied. Two organic 

amendments were tested: pea straw and maize straw. Maize straw and pea straw 

differed significantly in total N, total C and total P content as pea straw showed 

higher concentration than maize straw (Table 5.2). Pea straw also had significantly 

higher values of K, Ca and Mg, while Fe and Zn were high in maize straw. No Cd or 

Cr was found in pea straw. Concentrations of heavy metal in the two residues were 

well below the limits for agricultural use of compost and fertilizer products as 

established by CEC (1986) and the details of their analysis are presented in Table 

5.2. The ratios, total C/ total N and total C/ total P, were observed high in case of 

maize straw. 

 

Methods used for analysis of C, N, heavy metals (Zn, Cd, , Ni, Cr, Pb, Cu 

and Fe)  and macronutrients like P, K, Ca, Mg, and Na in the pea and maize straw are 

explained in section 3.3. In this experiment, the three soils (low metal, medium 

metal, & high metal soils) were incubated with the following three treatments in 

quadruplicate: (1) control, (2) soil + 1 % pea straw, and (3) soil + 1 % maize straw. 

For each treatment, 600 g (oven dry basis) of preincubated soil at 50 % WHC was 

mixed with different organic amendments and transferred to incubation vessels, 

made air tight with polyethylene sheet (Picture 3) and incubated for 56 days at 30
 

C  



 

  

Table 5.2: Chemical composition of maize and pea straw                   

used in incubation experiment (n =3) 

 

Property Maize straw Pea straw 

Total C (%) 44.4 47.2  

Total N (mg g
-1

) 11.7  40.2  

Total P (mg  g
-1

) 1.05  4.97 

K (mg  g
-1

) 18.3  31.4  

Mg (m g
-1

) 2.1  2.8  

Ca (mg  g
-1

) 5.6  8.4 

Zn (µg g
-1

) 4.1 3.3 

Pb (µg g
-1

) 0.3 0.6 

Cu (µg g
-1

) 7.3 5.1 

Cd (µg g
-1

) - - 

Cr (µg g
-1

) 0.03 - 

Fe (µg g
-1

) 137.2 112.8 

Mn (µg g
-1

) 3.44 2.56 

Ni (µg g
-1

) 6.68 5.71 

Total C/N 37.9 11.7 

Total C/P 422.9 94.9 

 

 Data are average of three replicates. 

 

 

 

 

 

 

 

 

 

 



 

  

 

 

 

 

 

 

 

 

 

 

 

 

Picture-3: Close view of incubation vessel 

containing I M NaOH beaker  

 

 

 

 

 

 

 

 

 

 

 

 

Picture-4: Change in colour after titrating I M 

NaOH against I M HCL 

 



 

  

in the dark. The CO2 evolved was absorbed in 10 ml 1M NaOH solution in 100 ml 

beakers placed in each incubation vessel and titrated against 1M HCl after the 

addition of 5 ml saturated BaCl2 solution and few drops of phenolphthalein indicator 

(Picture 4). The NaOH was changed after 1, 2, 3, 5, 7, 10, 14 days and thereafter 

weekly for CO2 measurement (Alef, 1995; Khan and Joergensen, 2006). Soil samples 

of 50 g oven dry weight were taken after 0, 7, 14, 28, 42 and 56 days of incubation 

for the measurement of soil microbial biomass C, microbial biomass N, NO3–N, 

NH4-N and enzymes (dehydrogenase and alkaline phosphatase) activities. Details of 

methods used for analysis are described in section 3.13. Data obtained were 

subjected to analysis of variance (ANOVA) according to CRD (Completely 

randomized design), 3 factor factorial design in order to estimate the main effects of 

soil, organic amendments and sampling days on different microbial parameters. 

Mean values obtained were compared by DMR (Duncans multiple range) at 5 % 

level of significance according to statistical procedure adopted by Steel and Torrie 

(1980). MSTAT package was used for this purpose.  

 

5.3 RESULTS 

5.3.1 Microbial Biomass C and Biomass N 

Results illustrated that soil microbial biomass C & microbial biomass N 

value were significantly different in all the three soils and were in the order of Low 

metal > medium metal > high metal (Table 5.3). Microbial biomass C & microbial 

biomass N were greater in soils amended with organic amendments. It was observed 

that mean microbial biomass C values of soils amended with pea straw (480.5 µg g
-1

) 

significantly increased to higher levels than maize straw  (422.2 µg g
-1

) and the 



 

  

Table 5.3: Main effects of soils and organic amendments as main factors, sampling 

days as repeated measures on the contents of microbial biomass C, 

microbial biomass N, and enzymes activities during 56 days of incubation 

study. Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test) 

 

 

Main effects 

Microbial 

biomass C 

(g g
-1

 soil) 

Microbial 

biomass N 

(g g
-1

 soil) 

Dehydrogenase 

(µg TPF g
-1

 24 h
-1

) 

Alkaline 

phosphatase 

(µg phenol g
-1

 h
-1

) 

Soils     

Low metal soil 447.2 A 44.7 A 159.2 A 116.7 A 

Medium metal soil 342.7 B 37.8 B 110.9 B 81.4 B 

High metal soil 278.1 C 30.3 C 78.4 C 60.4 C 

LSD 4.72 0.72 2.12 1.66 

Organic 

amendments 

    

Control 165.3 C 9.6 C 51.4 C 37.6 C 

Pea straw 480.5 A 55.2 A 161.5 A 122.0 A 

Maize straw 422.2 B 47.9 B 135.6 B 98.9 B 

LSD 4.72 0.72 2.12 1.66 

Sampling days 
    

Day 0 271.7 E 25.5 E 106.6 C 76.7 E 

Day 7 373.0 B 39.7 C 116.5 B 85.5 C 

Day 14 416.6 A 48.9 A 126.9 A 95.9 A 

Day 28 346.0 D 30.9 D 106.1 C 80.5 D 

Day 42 358.8 C 39.3 C 116.1 B 87.3 C 

Day 56 369.8 B 41.1 B 125.0 A 91.1 B 

LSD 6.67 1.02 2.99 2.34 

Analysis of 

Variance 

    

 P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 

<0.0001 <0.0001 <0.0001 <0.0001 

Sampling days (D) <0.0001 <0.0001 <0.0001 <0.0001 

S x O <0.0001 <0.0001 <0.0001 <0.0001 

S x D <0.0001 <0.0001 0.2631 N.S 

O x D <0.0001 <0.0001 <0.0001 <0.0001 

S x O x D <0.0001 <0.0001 N.S N.S 

C.V (+ %) 4.0 % 5.9 % 5.5 % 5.8 % 

* Data are average of four replicates. 



 

  

control (165.3 µg g
-1

). Maximum value of microbial biomass C was noticed on day 

14 (416.6 µg g
-1

), which declined subsequently by day 28 (346.0 µg g
-1

). Values 

again increased by day 42 (358.8 µg g
-1

) which became stable until day 56 (369.8 µg 

g
-1

). Biomass N was significantly higher in amended soil than unamaended soil, as 

value with pea straw amendment (55.2 µg g
-1

), which was higher than maize straw 

(47.9 µg g
-1

) and control (9.6 µg g
-1

). The trend of biomass N was similar to biomass 

C, as highest value (48.9 µg g
-1

) was observed on day 14, after that it declined by day 

28 (30.9 µg g
-1

). Values again increased by day 42 (39.3 µg g
-1

) which became stable 

until day 56 (41.1 µg g
-1

). The ratio of biomass C/ biomass N (Table 5.4) was 

significantly higher in high metal soil (13.3) than medium metal soil (12.7) and low 

metal soil (12.2). The differences of ratio between medium metal soil and low metal 

soil were not significant but significant with respect to high metal soil (significant at 

5 %). Values of biomass C/ N ratios for control (20.3) were higher than soils 

amended with pea straw (8.9) and maize straw (9.0). The ratios differences between 

soils amended with pea and maize straw were not significant with each other but 

significant (p < 5 %) with respect to control. Maximum ratio was noticed on day 28 

(15.2) afterwards it decreased until day 56 (13.3). 

 

 Results of interaction effects on microbial biomass C, biomass N and biomass 

C/ biomass N ratios are depicted in table 5.3a, 5.3b and 5.4a. Interaction of soils × 

organic amendment (S×O) depicted that the maximum value of microbial biomass C 

and biomass N was obtained in the low metal soil with 1 % pea straw addition (572.8 

µg g
-1 

& 63.4 µg g
-1

) and the minimum in the high metal soil with the control 

treatment (101.5 µg g
-1 

& 4.7 µg g
-1

). The interaction, organic amendment × 



 

 

Table 5.3a:  Effect of soils (S), organic amendments (O) and sampling days (D) on the contents of microbial biomass C 

during 56 days of incubation study. Different letters of means within a column indicate significant 

difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation  

0 7 14 28 42 56 S×O 

O×D 

Control 193.2 j 163.6 l 190.0 jk 180.6 k 145.7 m 118.9 n  

1 % pea straw 363.3 h 498.0 c 564.1 a 451.6 ef 488.5 c 517.2 b  

1 % maize straw 258.5 i 457.4 e 495.8 c 405.9 g 442.3 f 473.4 d  

S×D 

LMS 351.5 g 477.6 b 534.2 a 416.5 e 444.6 d 459.0 c  
MMS 287.2 k 353.6 g 390.6 f 336.7 h 337.6 h 350.5 g  

HMS 176.3 l 287.7 k 325.0 i 285.0 k 294.3 jk 300.0 j  

S×O×D 

LMS (Control) 253.8 v 230.0 w 270.2 v 257.8 v 233.0 w 204.6 x 241.6 f 

LMS (1 % pea straw) 459.9 mn 616.0 c 686.0 a 516.3 i 560.9 fg 597.6 cd 572.8 a 

LMS (1 % maize straw) 340.6 u 587.2 de 646.2 b 475.3 k-m 539.9 h 574.8 ef 527.3 b 

MMS (Control) 206.6 x 162.0 y 177.7 y 168.9 y 117.8 zã 84.7 ĝĥ 152.9 g 

MMS (1 % pea straw) 399.8 o-r 481.7 kl 542.9 gh 452.7 n 489.4 jk 508.0 ij 479.1 c 

MMS (1 % maize straw) 255.3 v 417.3 o 451.2 n 388.4 qr 405.6 o-q 459.0 mn 396.1 d 

HMS (Control) 119.0 zã 99.0 ãĝ 122.0 z 115.1 zã 86.4 ĝĥ 67.3 ĥ 101.5 h 

HMS (1 % pea straw) 230.3 w 396.0 p-r 463.1 l-n 385.8 q-s 415.2 op 446.1 n 389.5 d 

HMS (1 % maize straw) 180.0 y 367.7 st 389.9 qr 354.0 tu 381.3 rs 386.6 q-s 343.2 e 

 
* LSD, O×D = 11.6, S×D = 11.6 , S×O×D = 20.0 

   Data are average of four replicates. For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc. Symbols 

ã, ĝ, ĥ are used for lettering after completion of alphabets.(LMS = Low metal soil, MMS = medium metal soil, HMS = high 

metal soil) 



 

 

Table 5.3b:   Effect of soils (S), organic amendments (O) and sampling days (D) on the contents of microbial 

biomass N during 56 days of incubation study. Different letters of means within a column 

indicate significant difference (P < 0.05; DMR Test)  

 

 

Factors Treatments 
Days of Incubation  

0 7 14 28 42 56 S×O  

O×D 

Control 16.1 k 11.8 l 9.8 m 8.2 mn 6.6 no 5.0 o  

1 % pea straw 33.8 i 55.7 e 72.1 a 47.3 g 59.6 d 62.7 c  

1 % maize straw 26.6 j 51.4 f 64.9 b 37.4 h 51.9 f 55.7 e  

S×D 

LMS 33.1 g 47.9 b 59.3 a 38.6 e 44.6 c 44.7 c  
MMS 25.5 i 40.7 d 47.2 b 30.2 h 39.5 de 43.4 c  

HMS 17.9 j 30.4 h 40.3 de 24.1 i 33.8 fg 35.4 f  

S×O×D 

LMS (Control) 24.6 r 19.6 st 16.0 u 14.4 uv 10.8 wx 7.9 xy 15.6 f 

LMS (1 % pea straw) 41.5 n 65.6 d 84.5 a 56.2 h-j 65.4 d 67.2 d 63.4 a 

LMS (1 % maize straw) 33.1 p 58.5 f-i 77.4 b 45.1 m 57.6 g-j 58.9 e-h 55.1 b 

MMS (Control) 16.6 tu 11.6 vw 8.0 xy 6.1 yzã 4.7 zã 4.0 zã 8.5 g 

MMS (1 % pea straw) 34.1 p 54.5 j-l 72.0 c 46.5 m 60.8 ef 65.7 d 55.6 b 

MMS (1 % maize straw) 25.8 r 56.0 h-k 61.7 e 38.1 o 53.0 kl 60.5 e-g 49.2 c 

HMS (Control) 7.0 yz 4.3 zã 5.4 yzã 4.1 zã 3.9 ã 3.2 ã 4.7 h 

HMS (1 % pea straw) 25.9 qr 47.2 m 59.8 e-g 39.2 no 52.5 l 55.1 j-l 46.6 d 

HMS (1 % maize straw) 21.1 s 39.8 no 55.6 i-k 28.9 q 45.0 m 47.8 m 39.7 e 

 
* LSD, S×O = 1.25, O×D = 1.7, 7 S×D = 1.77, S×O×D = 20.0 
   Data are average of four replicates. For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc. 

Symbols ã, ĝ, ĥ are used for lettering after completion of alphabets.(LMS = Low metal soil, MMS = medium metal 

soil, HMS = high metal soil) 



 

  

Table 5.3c: Effect of soil (S) and organic amendment (O) on dehydrogenase activity. 

Different letters within a column indicate main effect-specific significant 

difference (P < 0.05; DMR Test)  

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 78.2 g 53.4 h 22.7 i 

S×O 1 % pea straw 213.0 a 153.7 c 117.9 e 

 1 % maize straw 186.5 b 125.7 d 94.7 f 

* Data are average of four replicates. LSD, S×O = 3.7 

 

Table 5.3d: Effect of organic amendment (O) and sampling days (D) on dehydrogenase 

activity. Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation 

0 7 14 28 42 56 

O×D 

Control 45.1 k 38.9 l 51.2 j 55.8 ij 59.1 i 58.4 i 

1 % pea straw 148.8 de 168.9 b 179.6 a 140.8 f 158.5 c 172.5 b 

1 % maize straw 125.8 gh 141.8 f 150.0 d 121.6 h 130.7 g 144.0 ef 

* Data are average of four replicates. LSD, O×D = 5.2 

 

Table 5.3e: Effect of soil (S) and organic amendment (O) on alkaline phosphatase activity. 

Different letters within a column indicate main effect-specific significant 

difference (P < 0.05; DMR Test)  

  

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 57.1 g 38.2 h 17.3 i 

S×O 1 % pea straw 164.1 a 111.7 c 90.3 e 

 1 % maize straw 128.8 b 94.3 d 73.6 f 

* Data are average of four replicates. LSD, S×O = 2.8 

 

 

Table 5.3f: Effect of organic amendment (O) and sampling days (D) on alkaline 

phosphatase activity. Different letters within a column indicate main effect-

specific significant difference (P < 0.05; DMR Test)  

 

 Days of Incubation 

Factors Treatments 0 7 14 28 42 56 

 Control 34.4 kl 31.2 l 36.8 jk 39.2 ij 43.1 i 40.6 ij 

O×D 1 % pea straw 109.0 e 124.0 c 137.4 a 112.2 de 120.4 c 129.2 b 

 1 % maize straw 86.7 h 101.2 fg 113.7 d 90.1 h 98.3 g 103.6 f 

 

* Data are average of four replicates. LSD, O×D = 4.1



 

 

Table 5.4: Main effects of soils and organic amendments as main factors, 

sampling days as repeated measures on microbial biomass C/ N, 

dehydrogenase/ biomass C, alkaline phosphatase/ biomass C, 

NH4/ NO3 during 56 days of incubation study. Different letters 

within a column indicate main effect-specific significant 

difference (P < 0.05; DMR Test) 

 

Main effects 

Microbial 

biomass C/ N 

DHA/ 

Microbial 

biomass C 

 

Alkaline 

phosphatase/ 

Microbial 

biomass C 

NH4/ NO3 

Soils     

Low metal soil 12.2 B 0.357 A 0.260 A 2.1 C 

Medium metal soil 12.7 B 0.348 A 0.253 A 2.2 B 

High metal soil 13.3 A 0.282 B 0.217 B 2.4 A 

LSD 0.61 0.01 0.01 0.04 

Organic 

amendments 

    

Control 20.3 A 0.321 B 0.234 B 1.8 C 

Pea straw 8.9 B 0.337 A 0.255 A 2.5 A 

Maize straw 9.0 B 0.329 AB 0.241 B 2.3 B 

LSD 0.61 0.01 0.01 0.04 

Sampling days 
    

Day 0 11.2 C 0.373A 0.271 A 2.4 A 

Day 7 11.4 C 0.287 C 0.215 C 2.3 B 

Day 14 12.1 C 0.291 C 0.219 C 2.3 B 

Day 28 15.2 A 0.300 C 0.224 C 2.1 C 

Day 42 13.4 B 0.340 B 0.255 B 2.1 C 

Day 56 13.3 B 0.383 A 0.276 A 2.0 D 

LSD 0.87 0.02 0.02 0.06 

Analysis of 

Variance 

    

 P-value P-value P-value P-value 

Soils (S) 0.0015 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 

<0.0001 0.0266 0.0001 <0.0001 

Sampling days (D) <0.0001 <0.0001 <0.0001 <0.0001 

S x O <0.0001 <0.0001 <0.0001 <0.0001 

S x D <0.0001 <0.0001 <0.0001 <0.0001 

O x D <0.0001 <0.0001 <0.0001 <0.0001 

S x O x D <0.0001 <0.0001 <0.0001 0.2423 

C.V (+ %) 14.6 % 10.7% 11.4 % 5.7 % 
*
 Data are average of four replicates. 



 

  

days of incubation (O×D) revealed maximum value of microbial biomass C and 

biomass N with 1 % pea straw addition on the day 14 (564 µg g
-1 

& 72.1 µg g
-1

) 

whereas the lowest was in the control treatment on the day 56 (118.9 µg g
-1 

& 5.0 µg 

g
-1

). Maximum value of microbial biomass C and biomass N with interaction of soil 

× days of incubation (S×D) was observed on day 14 in low metal soil (534.2 µg g
-1 

&
 

59.3 µg g
-1

) whereas the lowest in high metal soil on day zero (176.3 µg g
-1

&
 
17.9 µg 

g
-1

). Similarly, in the interaction, soil × organic amendment × days of incubation 

(S×O×D), maximum value of microbial biomass C and biomass N was noticed in 

low metal soil with 1 % pea straw addition on the day 14 (686.0 µg g
-1 

& 84.5 µg g
-1

) 

whereas the lowest in the control treatment of high metal soil on the day 56 (67.3 µg 

g
-1 

& 3.2 µg g
-1

). Results of interaction, S×O revealed maximum microbial biomass 

C/ biomass N ratio in high metal soil × control treatment (22.6) whereas lowest in 

medium metal soil × 1 % maize straw treatment (8.4) (Table 5.4a). In O×D 

interaction, maximum microbial biomass C/ biomass N ratio was noticed on day 28 

in the control treatment (24.8), whereas minimum on the day 14 in 1 % maize straw 

amended treatments (7.6). The interaction, S×O×D depicted maximum microbial 

biomass C/ biomass N ratio on the day 28 in medium metal soil × control treatment 

(28.33) and the minimum on the day 14 in high metal soil × 1 % maize straw 

amended treatments. 

 

5.3.2 Enzymes Activity 

Results of enzyme activity analyses are shown in Table 5.3. Activity 

declined significantly with the increasing metal load in soils following the order: 

Low metal > medium metal > high metal. The data of dehydrogenase activity (DHA)



 

 

Table 5.4a: Effect of soils (S), organic amendments (O) and sampling days (D) on the microbial biomass C/ N 

ratio during 56 days of incubation study. Different letters of means within a column indicate 

significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation 

0 7 14 28 42 56 S×O 

O×D 

Control 13.3 e 16.3 d 20.8 c 24.8 a 23.4 ab 23.1 b  

1 % pea straw 10.6 f 8.9 g-i 7.8 i 9.6 f-h 8.2 hi 8.3 g-i  

1 % maize straw 9.7 fg 8.9 g-i 7.6 i 11.0 f 8.5 g-i 8.5 g-i  

S×D 

LMS 10.7 h 10.4 h 11.2 gh 12 d-g 13.3 de 15.1 bc  
MMS 11.4 gh 10.1 h 12.4 d-g 16.1 ab 13.8 cd 12.2 e-g  

HMS 11.6 f-h 13.6 c-e 12.6 d-g 16.7 a 12.9 d-f 12.6 d-g  

S×O×D 

LMS (Control) 10.39 g-l 11.75 f-i 16.96 e 18.08 e 21.99 d 26.61 ab 17.6 c 

LMS (1 % pea straw) 11.12 g-j 9.41 i-p 8.12 k-p 9.26 i-p 8.59 j-p 8.90 j-p 9.2 de 

LMS(1 % maize straw) 10.42 g-k 10.04 g-n 8.35 k-p 10.57 g-k 9.39 i-p 9.78 h-o 9.8 d 

MMS (Control) 12.50 fg 14.01 f 22.31 d 28.33 a 25.62 bc 21.17 d 20.7 b 

MMS (1 % pea straw) 11.73 f-i 8.86 j-p 7.56 n-p 9.74 h-o 8.06 k-p 7.73 m-p 8.9 de 

MMS (1 % maize straw) 9.97 g-n 7.46 n-p 7.32 op 10.22 g-m 7.65 m-p 7.59 n-p 8.4 e 

HMS (Control) 17.11 e 23.10 cd 23.14 cd 27.86 ab 22.54 d 21.54 d 22.6 a 

HMS (1 % pea straw) 8.89 j-p 8.44 k-p 7.76 m-p 9.90 h-o 7.92 l-p 8.13 k-p 8.5 e 

HMS (1 % maize straw) 8.71 j-p 9.27 i-p 7.04 p 12.27 f-h 8.48 k-p 8.11 k-p 8.9 de 

 
* LSD, S×O = 1.1, O×D = 1.5, S×D = 1.5, S×O×D = 2.6 
   Data are average of four replicates. For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc. (LMS 

= Low metal soil, MMS = medium metal soil, HMS = high metal soil) 

 

 



 

  

indicated significantly higher values in low metal soil (159.2 µg TPF g
-1

 24 h
-1

) than 

medium (110.9 µg TPF g
-1

 24 h
-1

) and high metal soil (78.4 µg TPF g
-1

 24 h
-1

). The 

differences of activity among three soils was significant (p < 5 %). Organic 

amendment increased dehydrogenase activity. Higher values were noticed in soils 

amended with pea straw (161.5 µg TPF g
-1

 24 h
-1

) as compared to maize straw (135.6 

µg TPF g
-1

 24 h
-1

) and control (51.4 µg TPF g
-1

 24 h
-1

). The differences among three 

treatments were significant (p < 5 %) with respect to DHA activity. The highest 

value of DHA was noticed on day 14 (126.9 µg TPF g
-1

 24 h
-1

) which declined 

subsequently by day 28 (106.1 µg TPF g
-1

 24 h
-1

) and then showed an increasing 

trend until the day 56 (125 TPF g
-1

 24 h
-1

). Activity of alkaline phosphatase was 

similar to DHA, as significantly higher values were noticed in low metal soil (116.6 

µg phenol g
-1

 h
-1

) than medium (81.4 µg phenol g
-1

 h
-1

) and high metal soil (60.4 µg 

phenol g
-1

 h
-1

). The differences of phosphatase activity among three soils were 

significant (p < 5%). It was observed that pea straw addition increased phosphatase 

activity (122.0 µg phenol g
-1

 h
-1

) to higher levels as compared to maize straw (98.9 

µg phenol g
-1

 h
-1

) and control (37.6 µg phenol g
-1

 h
-1

). The differences among three 

treatments were significant (p < 5 %) with respect to alkaline phosphatase activity. 

Phosphatase activity was maximum on day 14 (95.9 µg phenol g
-1

 h
-1

) which 

declined subsequently by day 28 (80.5 µg phenol g
-1

 h
-1

) and thereafter showed an 

increasing trend like DHA until the day 56 (91.1 µg phenol g
-1

 h
-1

).  

 

The ratios of dehydrogenase/ biomass C (Table 5.4) and alkaline 

phosphatase/ biomass C (Table 5.4) decreased with increasing metal load in soils. In 

low metal soil, ratio of dehydrogenase/ biomass C was higher (0.357) than medium 



 

  

metal soil (0.348) and high metal soil (0.282). The ratio differences between low and 

medium soil were not significant with each other but significant with respect to high 

metal soil (p < 5 %). Values of dehydrogenase/ biomass C ratios for pea straw 

treatment (0.337) were higher than the maize straw (0.329) and control (0.321), 

however the differences between the organic amendments were not significant with 

each other. During 56 days of incubation, ratio declined by day 7 (0.287) and then 

increased till the day 56 (0.383) with maximum value being noticed on the day 56 

(0.383). The ratio of alkaline phosphatase/ biomass C (Table 5.4) was greater in low 

metal soil (0.260) than medium metal soil (0.253) and high metal soil (0.217). The 

differences of ratio between low metal soil and medium metal soil were not 

significant with each other but significant with respect to high metal soil (p < 5 %). 

Values of alkaline phosphatase/ biomass C ratio were higher in soils amended with 

pea straw (0.255) than maize straw (0.241) and control (0.234). The ratios 

differences between control and maize straw were not significant with each other but 

significant (p < 5 %) with respect to pea straw. The trend of alkaline phosphatase/ 

biomass C ratio was similar to dehydrogenase/ biomass C ratios with maximum 

value (0.276) noticed on day 56 and minimum (0.215) on the day 7. 

 

Results of three factors i.e. soil, organic amendments and days of incubation 

on dehydrogenase and alkaline phosphatase activity are shown in table 5.3c, 5.3d, 

5.3e and 5.3f. Interaction of soils × organic amendment (S×O), revealed that the 

maximum value of dehydrogenase and alkaline phosphatase activity was noticed in 

low metal soil × 1 % pea straw treatment (213.0 µg TPF g
-1

 24 h
-1 

& 164.1 µg phenol



 

 

g
-1

 h
-1

) and the minimum in high metal soil × control treatment (22.7 µg TPF g
-1

 24 

h
-1 

& 17.3 µg phenol g
-1

 h
-1

). Maximum value of dehydrogenase and alkaline 

phosphatase activity with the interaction of organic amendment × days of incubation 

(O×D) was observed in 1 % pea straw addition × day 14 (179.6 µg TPF g
-1

 24 h
-1 

& 

137.4 µg phenol g
-1

 h
-1

) whereas the lowest in the control × day 7 treatment (38.9 µg 

TPF g
-1

 24 h
-1 

& 31.2 µg phenol g
-1

 h
-1

). The effects of interaction S × D and S× O× 

D on the enzymes activity were not significant. In S×O interaction, dehydrogenase/ 

biomass C ratio was significantly higher in medium metal soil × control (0.3950) 

treatment, whereas the lowest in high metal soil × control treatment (0.241) (Table 

5.4b). The ratio alkaline phosphatase/ biomass C was significantly higher in low 

metal soil × 1 % pea straw treatment (0.289), whereas lowest in high metal soil × 

control treatment (0.184) (Table 5.4c). The interaction, S×O×D depicted maximum 

dehydrogenase/ biomass C and alkaline phosphatase/ biomass C ratio on the day 56 

in medium metal soil × control treatment (0.731 & 0.488) whereas the minimum was 

on the day 7 (0.129 & 0.118) in high metal soil × control treatment. 

 

5.3.3 Available NH4 and NO3 

Available N (NH4 + NO3) varied significantly with the soils, organic 

amendments and their interaction (Table 5.5). Data illustrated that ammonium and 

nitrate concentrations decreased significantly with increasing order: Low metal soil > 

medium metal soil > high metal soil. Available NH4–N concentration in low metal 

soil (83.6 µg g
-1

) was higher than medium (71.8 µg g
-1

) and high metal soil (61.3 µg 

g
-1

). The difference among three soils regarding concentration of NH4–N was 

significant (p < 5 %). Addition of pea and maize straw residues significantly



 

 

Table 5.4b: Effect of soils (S), organic amendments (O) and sampling days (D) on the dehydrogenase/ biomass C 

ratio during 56 days of incubation study. Different letters of means within a column indicate 

significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation  

0 7 14 28 42 56 S×O 

O×D 

Control 0.219 i 0.219 i 0.257 h 0.300 fg 0.409 c 0.522a  

1 % pea straw 0.416 c 0.336 d   0.316 d-g  0.307 e-g   0.319 d-f 0.329 de  

1 % maize straw 0.483 b 0.305 e-g 0.299 fg 0.294 g 0.291 g 0.299 fg  

S×D 

LMS 0.411 b 0.327 ef 0.314 fg 0.346 de 0.358 cd 0.383 c  
MMS  0.350 de 0.296 gh 0.307 f-h  0.309 f-h 0.378 c 0.448 a  

HMS  0.358 cd 0.237 i 0.251 i 0.246 i 0.285 h 0.319 fg  

S×O×D 

LMS (Control)   0.278 o-u 0.284 n-t 0.289 m-s 0.317 i-o 0.377 e-g 0.425 cd 0.328 c 

LMS (1 % pea straw) 0.431 cd 0.361 f-i 0.339 f-l 0.368 e-h 0.372 e-g 0.380 ef 0.375 b 

LMS (1 % maize straw) 0.524 b 0.337 f-l 0.315 j-o 0.353 f-j 0.325 h-n 0.344 f-k 0.366 b 

MMS (Control) 0.224 v 0.246 s-v 0.304 k-q 0.347 f-k    0.519 b 0.731 a 0.395 a 

MMS (1 % pea straw) 0.360 f-i 0.333 g-m 0.311 j-o 0.296 l-r 0.309 j-p 0.323 i-n 0.322 c 

MMS (1 % maize straw) 0.468 c 0.311 j-o 0.306 k-q 0.285 n-t 0.307 k-q 0.289 n-s 0.328 c 

HMS (Control)   0.157 wx 0.129 x 0.179 w 0.237 uv 0.333 g-m 0.409 de 0.241 e 

HMS (1 % pea straw) 0.458 c 0.315 j-o 0.297 l-r 0.256 r-v 0.279 o-u 0.284 n-t 0.316 c 

HMS (1 % maize straw) 0.457 c 0.266 p-v 0.278 o-u 0.244 t-v 0.242 t-v 0.264 q-v 0.292 d 

 
* LSD, S×O = 0.02, O×D =0.03, S×D = 0.03, S×O×D = 0.04 

   Data are average of four replicates. For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc. (LMS = 

Low metal soil, MMS = medium metal soil, HMS = high metal soil) 



 

  

Table 5.4c: Effect of soils (S), organic amendments (O) and sampling days (D) on the alkaline phosphatase/ biomass 

C ratio during 56 days of incubation study. Different letters of means within a column indicate 

significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation  

0 7 14 28 42 56 S×O 

O×D 

Control 0.292 ab   0.239 e-g 0.232 fg 0.258 c-e 0.265 c-e 0.275 b-d  

1 % pea straw 0.250 d-f 0.222 g 0.229 fg 0.2288 fg 0.276 bc 0.310 a  

1 % maize straw 0.271 b-d 0.182 h 0.195 h 0.187 h 0.225 fg 0.242 e-g  

S×D 

LMS 0.292 ab   0.240 e-g 0.232 fg 0.258 c-e 0.265 c-e 0.275 b-d  
MMS 0.250 d-f 0.222 g 0.229 fg 0.229 fg 0.276 bc    0.310 a  

HMS 0.271 b-d 0.182 h 0.195 h 0.187 h 0.225 fg 0.242 e-g  

S×O×D 

LMS (Control) 0.213 m-q 0.217 m-p 0.208 m-q 0.229 k-p 0.272 g-k 0.298 d-h   0.239 b-d 

LMS (1 % pea straw) 0.324 c-f  0.274 g-j 0.262 h-l 0.296 d-h 0.286 f-i 0.292 e-h 0.289 a 

LMS (1 % maize straw) 0.338 b-d 0.229 k-p 0.225 l-p 0.248 i-m 0.235 j-o 0.235 j-o 0.252 b 

MMS (Control) 0.170 q-s 0.200 n-r 0.213 m-q 0.237 j-n 0.369 b     0.488 a 0.279 a 

MMS (1 % pea straw) 0.247 i-m 0.240 j-n 0.235 j-o 0.226 l-p 0.224 l-p 0.229 k-p  0.234 cd 

MMS (1 % maize straw) 0.333 b-e 0.224 l-p 0.240 j-n 0.223 l-p 0.235 j-o 0.213 m-q  0.245 bc 

HMS (Control) 0.118 u 0.118 u 0.136 s-u 0.162 r-t 0.261 h-l 0.308 c-g 0.184 e 

HMS (1 % pea straw) 0.350 bc 0.222 l-p 0.227 l-p 0.212 m-q 0.221 l-p 0.216 m-p   0.241 b-d 

HMS (1 % maize straw) 0.345 bc 0.207 mq 0.224 l-p 0.186 p-r 0.192 o-r 0.202 n-r 0.226 d 

 
* LSD, S×O = 0.02, O×D =0.03, S×D = 0.03, S×O×D = 0.04 

   Data are average of four replicates. For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc. (LMS = 

Low metal soil, MMS = medium metal soil, HMS = high metal soil) 



 

 

Table 5.4d: Effect of soils (S) and organic amendments (O) on the NH4/ NO3 ratio 

during 56 days of incubation study. Different letters of means within a 

column indicate significant difference between means (P < 0.05; DMR 

Test)  

 

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 1.63 h 1.74 g 2.11 f 

S×O 1 % pea straw 2.33 d 2.55 b 2.73 a 

 1 % maize straw 2.19 e 2.31 d 2.42 c 

 

* Data are average of four replicates. LSD, S×O = 0.07 

 

 

 

 

Table 5.4e: Effect of soils (S), organic amendments (O) and sampling days (D) 

on the NH4/ NO3 ratio during 56 days of incubation study. Different 

letters of means within a column indicate significant difference 

between means (P < 0.05; DMR Test)  
 

Factors Treatments 
Days of Incubation 

0 7 14 28 42 56 

O×D 

Control 1.86 hi 1.93 h 1.91 h 1.80 i 1.77 ij 1.69 j 

1 % pea straw 2.87 a 2.69 b 2.64 bc 2.43 d 2.33 de 2.25 ef 

1 % maize straw 2.55 c 2.43 d 2.36 d 2.19 fg 2.20 fg 2.11 g 

S×D 

LMS 2.16 f-h 2.13 g-i 2.14 g-i 2.04 ij 1.97 j 1.86 k 
MMS 2.36 d 2.28 de 2.27 de 2.12 hi 2.11 hi 2.04 ij 

HMS 2.76 a 2.63 b 2.50 c 2.26 d-f 2.22 e-g 2.15 gh 

      

* LSD, O×D = 0.10, S×D = 0.10  

   Data are average of four replicates. For simplicity, first and last alphabets are 

mentioned with values, e.g. a-c = abc. (LMS = Low metal soil, MMS = medium 

metal soil, HMS = high metal soil) 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Table 5.5: Main effects of soils and organic amendments as main factors, 

sampling days as repeated measures on NH4-N, NO3-N, Available 

N and cumulative CO2-C during 56 days of incubation study. 

Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test) 

 

 

Main effects 

Cumulative 

CO2-C 

(g g
-1

 soil) 

NH4-N  

 (µg g
-1

) 

NO3-N  

 (µg g
-1

) 

Available N 

(µg g
-1

) 

Soils     

Low metal soil 2293 C 83.6 A 38.7 A 122.3 A 

Medium metal soil 2652 B 71.8 B 30.9 B 102.7 B 

High metal soil 3026 A 61.3 C 24.5 C 85.9  C 

LSD 23.4 2.70 1.38 3.99 

Organic 

amendments 

    

Control 888.5 C 23.1 C 12.9 C 36.1 C 

Pea straw 3418 B 109.1 A 43.9 A 153.0 A 

Maize straw 3665 A 84.5  B 37.2 B 121.8 B 

LSD 23.64 2.70 1.38 3.99 

Sampling days 
    

Day 0 - 62.9 D 25.0 E 88.2 C 

Day 7 - 75.4 B 30.8 CD 106.4 B 

Day 14 - 88.9 A 36.9 A 125.8A 

Day 28 - 64.2 D 28.9 D 93.2  C 

Day 42 - 70.8 C 32.5 BC 103.3 B 

Day 56 - 71.2 C 34.1 B 105.2 B 

LSD - 3.82 1.95 5.64 

Analysis of 

Variance 

    

 P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 

<0.0001 <0.0001 <0.0001 <0.0001 

Sampling days (D) - <0.0001 <0.0001 <0.0001 

S x O <0.0001 <0.0001 <0.0001 <0.0001 

S x D - 0.2803 0.4072 0.3422 

O x D - <0.0001 <0.0001 <0.0001 

S x O x D - N.S N.S N.S 

C.V (+ %) 1.1 % 11.4 % 13.4 % 11.7 % 

 
 * 

Data are average of four replicates. 

 



 

  

increased available N (NH4 + NO3) (109.1 µg g
-1

) to level higher than the maize 

straw (84.5 µg g
-1

) and control (23.1 µg g
-1

). The differences among three treatments 

were significant (p < 5 %) with respect to each other. Maximum concentration of 

NH4-N was noticed on day 14 (88.9 µg g
-1

), which declined subsequently by day 28 

(64.2 µg g
-1

), increased again till day 42 (70.8 µg g
-1

) and afterwards remained stable 

till day 56 (71.8 µg g
-1

). Results of Available NO3–N depicted high concentration in 

low metal soil (38.7 µg g
-1

) than medium (30.9 µg g
-1

) and high metal soil (24.5 µg 

g
-1

), as the concentration differences among the three soils was significant (p < 5 %). 

Concentration of NO3-N with pea straw amendment (43.9 µg g
-1

) significantly 

increased as compared to maize straw (37.2 µg g
-1

) and control (12.9 µg g
-1

). During 

56 days of incubation, the trend of NO3-N concentration in soils was similar to NH4-

N, being maximum on day 14 (36.9 µg g
-1

), thereafter decreasing by the day 28 (28.9 

µg g
-1

) which later on remained stable until the day 56 (34.1 µg g
-1

). Maximum NH4/ 

NO3 ratio (Table 5.4) was noticed in high metal soil (2.40) than medium (2.20) and 

low metal soil (2.10). The differences among three soils regarding NH4/ NO3 ratios 

were significant with respect to each other (p < 5 %). Pea straw addition significantly 

increased NH4/ NO3 ratio (2.5) greater than maize straw (2.3) and control (1.8). 

During 56 days of incubation the ratio decreased gradually from day 0 (2.4) to day 

56 (2.0). 

  

 The effect of interaction, S×O revealed maximum concentration of NH4, NO3 

and available N in low metal soil × 1 % pea straw treatment (126.5 µg g
-1

, 54.7 µg g
-1 

and 181.2 µg g
-1

) whereas the minimum concentration was in high metal soil × 

control treatment (19.9 µg g
-1

, 9.5 µg g
-1

 & 29.5 µg g
-1

)  (Table 5.5a, 5.5c, 5.5e).



 

 

Table 5.5a: Effect of soils (S) and organic amendments (O) on the NH4 contents of soil 

during 56 days of incubation study. Different letters of means within a 

column indicate significant difference (P < 0.05; DMR Test)  

 

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 26.1 g 23.2 gh 19.9 h 

S×O 1 % pea straw 126.5 a 107.8 b 93.1 d 

 1 % maize straw 98.2 c 84.4 e 70.9 f 

 

* Data are average of four replicates. LSD, S×O = 4.7 

 

 

 

Table 5.5b: Effect of organic amendments (O) and sampling days (D) on the NH4 

contents of soil during 56 days of incubation study. Different letters of 

means within a column indicate significant difference (P < 0.05; DMR Test)  

 

 Days of Incubation 

Factors Treatments 0 7 14 28 42 56 

 Control 22.3 h 21.1 h 23.6 h 24.4 h 24.9 h 22.1 h 

O×D 1 % pea straw 95.8 d 114.4 b 137.7 a 94.9 d 105.2 c 106.7 c 

 1 % maize straw 70.9 g 90.8 de 105.5 c 73.3 g 82.1 f 84.6 ef 

 

* Data are average of four replicates. LSD, O×D = 6.6 

 

 

 

Table 5.5c: Effect of soils (S) and organic amendments (O) on the NO3 contents of soil 

during 56 days of incubation study. Different letters of means within a 

column indicate significant difference (P < 0.05; DMR Test)  

 

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 16.1 g 13.4 h 9.5 i 

S×O 1 % pea straw 54.7 a 42.5 c 34.4 e 

 1 % maize straw 45.2 b 36.9 d 29.6 f 

 

* Data are average of four replicates. LSD, S×O = 2.4 

 

 

 

 

 

 

 

 



 

 

Table 5.5d: Effect of organic amendments (O) and sampling days (D) on the NO3 

contents of soil during 56 days of incubation study. Different letters of 

means within a column indicate significant difference (P < 0.05; DMR Test)  

 

 Days of Incubation 

Factors Treatments 0 7 14 28 42 56 

 Control 12.5 i 11.4 i 12.6 i 13.8 i 14.3 i 13.4 i 

O×D 1 % pea straw 34.3 fg 43.1 cd 52.8 a 39.6 e 45.6 bc 47.9 b 

 1 % maize straw 28.3 h 37.7 e 45.3 bc 33.6 g 37.6 ef 40.9 de 

 

* Data are average of four replicates. LSD, O×D = 3.4 

 

Table 5.5e: Effect of soils (S) and organic amendments (O) on the available-N contents of 

soil during 56 days of incubation study. Different letters of means within a 

column indicate significant difference (P < 0.05; DMR Test)  

 

Factors Treatments Low metal soil Medium metal soil High metal soil 

 Control 42.1 e 36.6 e 29.5 f 

S×O 1 % pea straw 181.2 a 150.2 b 127.6 c 

 1 % maize straw 143.4 b 121.3 c 100.5 d 

 

* Data are average of four replicates. LSD, S×O = 6.9 

 

Table 5.5f: Effect of organic amendments (O) and sampling days (D) on the available-N 

contents of soil during 56 days of incubation study. Different letters of means 

within a column indicate significant difference (P < 0.05; DMR Test)  

 

 Days of Incubation 

Factors Treatments 0 7 14 28 42 56 

 Control 34.8 f 32.4 f 36.2 f 38.2 f 39.3 f 35.5 f 

O×D 1 % pea straw 130.0 c 157.5 b 190.5 a 134.5 c 150.8 b 154.7 b 

 1 % maize straw 99.2 e 128.5 cd 150.8 b 106.9 e 119.7 d 125.5 cd 

 

* Data are average of four replicates. LSD, O×D = 9.7 

 

Table 5.5g: Effects of soils (S) and organic amendments (O) on the cumulative 

CO2-C evolution during 56 days of incubation study. Different letters 

within a column indicate significant difference between means (P < 

0.05; DMR Test) 

 

Factors  Treatments Low metal soil medium metal soil High metal soil 

 Control 593 i 903 h 1168 g 

S×O 1 % pea straw 3018 f 3447 d 3789 b 

 1 % maize straw 3266 e 3605 c 4122 a 
 

* 
Data are average of four replicates. LSD, S×O = 40.5 



 

  

Regarding O×D interaction (Table 5.5b, 5.5d and 5.5f), maximum NH4, NO3 and 

available N concentration was noticed on the day 14 × 1 % pea straw treatment 

(137.7 µg g
-1

, 52.8 µg g
-1

 & 190.5 µg g
-1

), whereas lowest on the day 7 × control 

treatment (21.1 µg g
-1

, 11.4 µg g
-1

 & 32.4 µg g
-1

). The effect of interaction i.e. 

S×O×D on NH4, NO3 and available N contents of soil was not significant. The data 

regarding the effect of S×O interaction on the NH4/ NO3 ratio was highly significant 

as maximum value was noticed in high metal soil × 1 % pea straw treatment (2.71) 

whereas minimum in low metal soil × control treatment (1.63) (Table 5.4d). In the 

O×D interaction, maximum ratio was noticed in the zero day × 1 % pea straw 

treatment (2.87) whereas minimum on the 56 day in control treatment (1.69) (Table 

5.4e). The effect of three soils × days of incubation depicted maximum NH4/ NO3 

ratio on the zero day in high metal soil whereas the lowest was on the zero day in 

low metal soil (Table 5.4e). All three factors S×O×D did not give any significant 

effect on NH4/ NO3 ratio during 56 days of incubation experiment.  

 

5.3.1.4 Evolution of Co2-C and Microbial Respiration 

Cumulative CO2-C evolved from soils during 56 days of incubation was 

maximum in high metal soil (3026 µg g
-1

soil) followed by medium metal soil (2652 

µg g
-1

soil) and lowest in low metal soil (2293 µg g
-1

soil) (Table 5.5). The differences 

in CO2-C evolved from the three soils were significant (p < 5 %). Residues addition 

significantly increased CO2-C evolution in all three soils being higher in maize straw 

(3665 µg g
-1

) amended soil than pea straw (3418 µg g
-1

) and the control (888.5 µg g
-

1
). During first 3 days of incubation, pea straw showed higher CO2-C values than the 

maize straw treatment. Later on soils amended with the maize straw showed higher 



 

  

CO2-C evolution than the soils amended with pea straw. The maximum CO2-C 

evolution from the amended soil was observed on the 1
st 

day of incubation and 

minimum on day 56 (Fig. 4.7) showing consistent decline in all three soils amended 

with pea and maize straw until the end of incubation. The effect of organic 

amendments × soil interaction on CO2-C evolution was significant in all the three 

soils. Maximum CO2-C evolution was noticed in high metal soil × 1 % maize straw 

treatment (4122 µg g
-1

soil)  whereas minimum in low metal soil × control treatment (593 

µg g
-1

soil) (Table 5.5g). 

 

5.4 DISCUSSION 

5.4.1 Effect of Organic Amendments on Microbial Biomass and Available N 

in Soils 

Microbial biomass has been considered as a sensitive parameter and could 

be used as an indicator of long-term changes in soil organic matter (Smejkalova et 

al., 2003). Researchers have reported inhibition of soil microbial biomass C by up to 

half (Smejkalova et al., 2003) whereas some others reported up to 80 % reduction in 

soil microbial biomass (Dias et al., 1998) in soils contaminated with heavy metals. In 

the present study, microbial biomass C in low metal soil was 23.4 % higher than the 

medium metal soil and 37.8 % higher than in the high metal soil. Similarly, microbial 

biomass N was 15.4 % higher in low metal soil than in the medium metal soil and 

32.2 % higher than in the high metal soil. This difference in microbial biomass C and 

microbial biomass N with increasing heavy metal load in soils is in consistent with 

past studies (Chander and Brookes, 1993; Khan and Jorgensen, 2006). Microbial 

biomass synthesis in contaminated soils is often/ always less, due to heavy metals 



 

  

stress on the soil microbes (Renella et al., 2002). Decline in microbial biomass from 

metal exposure arises in the several ways, 1) reduction in microbial biomass due to 

immediate death of microbial cells, 2) disruption of essential microbial functions, 3) 

continual changes in population size, 4) and the changes in competitive ability or 

viability of soil microbes (Giller et al., 1998).  

 

Soil microbes in the present study showed a significant negative response 

with increasing total heavy metal load than AB-DTPA extractable heavy metals. 

Similar were the findings of Giller et al. (1998) who reported a better relationship of 

microbiological properties with total heavy metals than EDTA, NH4NO3 and AB-

DTPA extractable fractions of heavy metals in soil. Addition of organic amendments 

stimulated soil microbial biomass, showing positive effects of organic amendments 

on soil microbes in contaminated soils as indicated in the soil with organic 

amendment, and Soil with organic amendment and days of incubation, interactions 

(Table 5.3 and 5.3b). Microbial biomass C (Fig. 5.1a, 5.1b and 5.1c) and biomass N 

(Fig. 5.2a, 5.2b and 5.2c) were significantly higher in all three soils amended with 

pea straw and the maize straw as compared to control, however the effect of pea 

straw was more significant. Addition of pea straw exhibited 12.1% higher microbial 

biomass C than maize straw and 65.1% higher than the control. A similar significant 

increase in microbial biomass N was also seen with pea straw, with 13.2 % higher 

biomass N than maize straw and 82.6 % higher than the control. The significant 

effect of pea straw is further clearer in interactions between soil, organic amendment 

and days of incubation, revealing higher microbial biomass C and biomass N in low 

metal soils than the high metal soil and soils amended with maize straw and the 



 

  

control. In the present investigation, pea straw gave a greater increase in soil 

microbial biomass than the maize straw due to its high total N and P contents. 

Similarly, in pea straw lower C/ N, C/ P ratios and lignin contents than maize straw 

were also the possible reasons of quick degradation of pea straw residues, which led 

to rapid increase in soil microbial biomass. Microbial role in organic matter 

decomposition, mobility and transfer of elements in soils is vital (Franken berger et 

al., 1995; Welsch and Norvell, 1997). Organic amendments influence microbial 

activity by altering the concentration of available heavy metals to which microbes 

are exposed (Giller et al., 1998; Clemente et al., 2007). They reduce the toxic effect 

of heavy metals to soil microbes by binding the metals with humic substances and 

making them less available (Perez de Mora et al., 2006). With application of organic 

residues, soil microorganisms use the organic C as energy source and the C for the 

production of microbial organic material, resulting in an increase of microbial 

biomass (Revoredo and Melo, 2007). However, the different composition of the 

amendments led to different mineralization patterns in the soils, and hence on soil 

microbial biomass. These results are in line with Leiros et al. (2000), Clemente et al. 

(2007) and Perez de Mora et al. (2006) who reported considerable variation in 

microbial activity with the quality of soil organic matter added.  

 

In soils, nutrient mineralization is significantly affected by soil microbial 

biomass C/ N ratio. Moreover, the microbial biomass C/ N ratio is also used as an 

indicator of the changes in soil microbial community structure (Khan and 

Joergensen, 2006). My results revealed a high biomass C/ biomass N ratio in the high 

metal soil and a low biomass C/ biomass N ratio in the low metal soil. This is in line  



 

  

 
 

Figure-5.1a: Microbial biomass C response with addition of pea and maize straw as 

compared to control in low metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 

 

 
 

Figure-5.1b: Microbial biomass C response with addition of pea and maize straw as 

compared to control in medium metals soil during 56 days of incubation 

experiment(Error bars reflect standard deviation of data). 

 

 
 

Figure-5.1c: Microbial biomass C response with addition of pea and maize straw as 

compared to control in high metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 
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Figure-5.2a: Microbial biomass N response with addition of pea and maize straw as 

compared to control in low metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 

 

 
 

Figure-5.2b: Microbial biomass N response with addition of pea and maize straw as 

compared to control in medium metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 

 

 
 

Figure-5.2c: Microbial biomass N response with addition of pea and maize straw as 

compared to control in high metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 
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with the findings of Joergensen et al. (1995) who reported that in contaminated soils, 

high soil microbial biomass C/ biomass N ratios are due to increased fungal to 

bacterial biomass ratios. Similarly, Dai et al. (2004) demonstrated that biomass C/ N 

ratios were highly positively correlated with soil metal contents and that the 

composition of the soil microbial population differed significantly along the 

concentration gradients, with bacteria being predominant in the uncontaminated soils 

and fungi in contaminated soils. According to Wardle (1992), a high microbial 

biomass C/N ratio may indicate stressful conditions. Overall in my study, microbial 

biomass C/ biomass N ratio was higher in high metal soil than the low metal soils 

both in control and straw treatments, which might be due to more reduction in 

biomass N than the biomass C, and also because of less efficiency of soil microbes to 

utilize organic N than the organic C from the organic amendments. According to 

Khan and Scullion (2002), soil microbes are less efficient to utilize added organic C 

with increased loss of C to atmosphere. My results indicated that the soil microbes 

are more inefficient to utilize organic N than the organic C from the added organic 

materials under metal stress conditions. Individually in the soils, organic 

amendments improved biomass C and biomass N by supplying C, N and P, thus 

reducing the biomass C/ biomass N ratios in comparison to their unamended 

controls. 

 

Chemolitho-autotrophic ammonia-oxidizing bacteria (AOB) play an 

important role in the conversion of ammonia to nitrite and are responsible for the rate 

limiting step of nitrification, making them a key to the global nitrogen cycle 

(Kowalchuk and Stephen 2001). The information of NH4–N and NO3–N 



 

  

concentration in soil provides useful information related to soil nitrogen metabolism. 

Nitrate and ammonium ions constitute an important link in the balance of nitrogen in 

the soil (Corstanje and Reddy, 2006). Elevated heavy metals in soils can disturb 

nitrification and ammonification in soil, which are one of the most sensitive soil 

microbial processes with regard to heavy metal stress (Xia et al., 2007). In this study 

the concentration of NH4-N in low metal soil was 14.1 % higher than medium and 

26.7 % higher than high metal soils. Similar were the effects of heavy metals on 

NO3–N concentration. In low metal soil, NO3–N concentration was 21 % higher than 

medium metal soil, and 36.7 % higher as compared to high metal soil. This can be 

attributed to inhibition of certain microbial groups e. g., nitrifying bacteria and 

ammonifiers in soils with elevated metal levels (Cela and Sumner, 2003). 

Ammonium adsorption and fixation to soil particles, or conversion into NH3-N could 

also decrease NH4-N concentration (Petit et al., 1998). Our findings are in line with 

Xia et al. (2007) who reported inhibition of potential nitrification by 50 % in soils 

contaminated with Zn. With organic amendments addition, the trend of N availability 

in three soils was similar to soil microbial biomass i.e., significantly higher N 

concentration was noticed with pea straw than maize straw, which is likely to be due 

to its higher nitrogen content (Table 5.2). This is further clearer from interaction 

between soil and organic amendments for NH4 –N and NO3 –N contents which was 

highly significant (p < 0.0001). In soils amended with pea straw, NH4 –N contents 

were 23 % higher than maize straw and 79 % higher than the control.  Similarly, 

concentration of NO3 –N in soils amended with pea straw was 15.3 % higher than 

maize straw and 71 % greater than the control. Pea straw have shown better 

interaction with soils especially, low metal where the concentration of NH4 –N, NO3 



 

  

–N and available –N was significantly higher than the medium metal and high metal 

soil. The interaction of O×D further explains the positive effect of organic 

amendments on NH4 –N, NO3 –N and available –N contents of soil with time. In start 

nitrogen contents were less, which reached to highest level on the day 14 thereafter it 

declined. The pattern of microbial biomass C and biomass N during 56 days of 

incubation was the same like NH4 –N, NO3 –N and available –N indicating the 

dependence of soil microbial biomass contents on NH4 –N, NO3 –N and available –N 

contents of soil especially under stress conditions. Change in the concentration of 

NH4 –N with 3 pollution levels and the significant effect of organic amendments with 

respect to the untreated control is shown in Fig. 5.3a, 5.3b and 5.3c, whereas of NO3 

–N in Fig. 5.4a, 5.4b and 5.4c. The NH4/ NO3 ratio (Table 5.4) increased with 

increasing soil metal load. The ratio was low in low metal soil and high in high metal 

soil, indicating ammonifiers could be more tolerant to increasing metal level than 

nitrifiers. The interaction S×O, S×D and O×D explains this situation in better way 

i.e. nitrifiers were more sensitive than ammonifiers, which ultimately resulted in less 

NO3 –N production than NH4-N therefore high NH4/ NO3 ratio in high metal soil and 

low in high metal soil. Pea straw addition in soils stimulated more ammonifiers than 

nitrifiers which could also be the cause of high NH4/ NO3 ratio in pea straw amended 

soils than maize straw and control. The ratio decreased by 13 % in low metal soil, 14 

% in medium metal soil and 22 % in high metal soil from 0 day of incubation to day 

56 showing decrease in microbial activity with passage of time and more sensitivity 

of nitrifiers under contaminated soil conditions 

 

 



 

  

 
 

Figure-5.3a: NH4-N contents of soil with addition of pea and maize straw as compared to 

control in low metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 

 

 
 

Figure-5.3b: NH4-N contents of soil with addition of pea and maize straw as compared to 

control in medium metals soil during 56 days of incubation experiment 

(Error bars reflect standard deviation of data). 

 

 
 

Figure-5.3c: NH4-N contents of soil with addition of pea and maize straw as compared to 

control in high metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 
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Figure-5.4a: NO3-N contents of soil with addition of pea and maize straw as compared to 

control in low metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 

 

 
 

Figure-5.4b: NO3-N contents of soil with addition of pea and maize straw as compared to 

control in medium metals soil during 56 days of incubation experiment 

(Error bars reflect standard deviation of data). 

 

 
 

Figure-5.4c: NO3-N contents of soil with addition of pea and maize straw as compared to 

control in high metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 
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5.4.2 Effect of Organic Amendments on Enzymes Activity in Soils 

Enzyme activity is a soil property that is chemical in nature but has a direct 

biological origin. It arises from various enzymes present in soil, and within soil 

microorganisms. Microbes in the soil have important functions, like decomposition 

and synthesis of organic matter and nutrient cycling. Soil enzymes are responsible 

for soil organic matter decomposition and are involved in the supply of nutrients to 

crops (Revoredo and Melo, 2007). Dehydrogenase activity (DHA) is used by 

researchers for evaluating the activity of soil microorganisms because dehydrogenase 

is not active independent of the parent microbial cell as an extra -cellular enzyme in 

soil. Therefore, the measurement of DHA is a good overall indicator of soil microbial 

activity. DHA could be sourced from the intracellular enzymes in a reduced number 

of microbes in soil or it could be the result of composition differences in stressed 

soils. Studies have shown a significant negative correlation between soil DHA and 

heavy metal contents (Oliveira and Pampulha, 2006). Thus, it has been regarded as a 

useful indicator for evaluating toxic effects of heavy metals on soil microbial 

activity. It serves as an indicator of microbiological redox system and is closely 

connected with respiratory activity in soil (Leiros et al., 2000). Our results showed a 

good relationship between DHA inhibition and total heavy metal contamination in 

soil. In the low metal soil, DHA activity was 30.3 % higher than medium metal soil 

and 50.8 % higher than high metal soil. This difference in DHA activity in 

contaminated soils has also been reported by Oliveira and Pampulha (2006). They 

observed inhibition of DHA activity by 80-90 % in contaminated soils. Heavy metals 

mainly inhibited enzymatic activity by blocking the functional group of enzymes, or 

by reacting with enzyme-substrate complex (Speir et al., 1995;  Akmal et al., 2005).  



 

  

 
 

Figure-5.5a: Response of dehydrogenase to pea and maize straw addition as compared to 

control in low metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 

 

 
 

Figure-5.5b: Response of dehydrogenase to pea and maize straw addition as compared to 

control in medium metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 

 

 
 

Figure-5.5c: Response of dehydrogenase to pea and maize straw addition as compared to 

control in high metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data) 
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Addition of organic amendments enhanced enzyme activity, due to significant 

interaction between soil and organic amendment with respect to DHA activity (p < 

0.0001) (Table 5.3c). As activity with pea straw addition was 16 % higher than maize 

straw and 68 % higher than the untreated control in all the 3 soils. The influence of 

organic amendments on DHA activity in soils with three metal loads is shown in Fig. 

5.5 a, 5.5 b and 5.5 c. Alkaline phosphatases catalyze the hydrolysis of phosphate 

from organic monoester for the plants and microorganisms that depend on soil for 

their phosphorus requirements (Sobolev and Begonia, 2008). Phosphatase activity in 

the low metal soil was 30.2 % higher than the medium metal soil and 48.2 % than the 

high metal soil. These results are in line with Zhi-xin et al. (2006) who also reported 

a decrease in phosphatase activity because of increase in heavy metal contamination. 

Like DHA, organic amendment addition enhanced phosphatase activity, as with pea 

straw addition, 18.9 % higher activity than maize straw and 69 % than control was 

observed in all the 3 soils (Fig. 5.6 a, 5.6 b and 5.6 c). The possible reason could be 

the highly significant interaction between soil and organic amendments regarding 

phosphatase activity (p < 0.0001) (Table 5.3e). Both the enzymes had shown 

maximum activity in the interaction between low metal soil × 1 % pea straw, 

whereas lowest in control × high metal soil. Overall, straw addition has shown 

significant increase in enzymes activity than the control. These results are in line 

with Fernandes et al. (2005) who also reported significant increase in enzymatic 

activity after the addition of organic residue in contaminated soils. The possible 

reason for increased enzyme activity (DHA and alkaline phosphatase) with 

amendment addition has been reported by Kizilkaya and Bayrakli. (2005). They 

found that activity of the enzymes in soils is largely dependent on organic carbon  



 

  

 
 

Figure-5.6 a: Response of alkaline phosphatase to pea and maize straw addition as 

compared to control in low metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data) 

 

 
 

Figure-5.6 b: Response of alkaline phosphatase to pea and maize straw addition as 

compared to control in medium metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 

 

 
Figure-5.6 c: Response of alkaline phosphatase to pea and maize straw addition as 

compared to control in high metals soil during 56 days of incubation 

experiment (Error bars reflect standard deviation of data). 
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contents of soil and is linked with the levels of mineral and organic compounds 

occurring in the soil. Therefore, addition of organic amendments is important tool for 

enhancing microbial activity in contaminated soils. Ratios of DHA/ biomass C and 

alkaline phosphates/ biomass C decreased from low metal to high metal soils 

showing considerable effects of heavy metals on soil enzymes. In the straw amended 

soils, both these ratios decreased from 0 day of incubation to the day 56, which can 

easily be seen in the interaction between S×O×D (Table 5.4b and 5.4c). It indicated 

that in start of experiment organic amendment addition stimulated both enzymes 

activity, resulting higher ratio but later on it declined due to the decomposition of 

straw. In general, ratios of both enzymes were higher with pea straw than control and 

the maize straw showing the significant effect of pea straw on enzymes activity.  

 

5.4.3 Effect of Organic Amendments on Soil Respiration and C 

Mineralization in Soils 

Soil respiration is one of the oldest and still the most often used parameter 

for measurement of microbial activity in soils (Alef, 1995). It has been used as a 

rapid indicator for the response of microbial activity, due to its connection with soil 

biology, simplicity of measurement and speedy response to changes in soil 

management (Doran and Parkin, 1994). It could also be used as an indicator of 

changes in soil quality (Fernandes et al., 2005). Results of our study indicated that 

soil microbial respiration increased with increase in heavy metal load of the soils. In 

high metal soil, CO2 production was 12.4 % higher than the medium metal soil and 

24.2 % higher than the low metal soil. Khan and Joergensen, (2006) reported 60 % 

higher CO2 production from high metal soil than low metal soil. Shentu et al. (2008) 



 

  

explained that in contaminated soils, heavy metals are accumulated in microbial cell, 

which disturbs the functioning of enzymes and cell, resulting less efficient C 

utilization. Microbes ultimately utilize more energy to survive and thus more CO2 is 

evolved. These findings are contrary to Simona et al. (2004) and Nwuche and Ugoji 

(2008) who reported a decrease in respiration with increase in heavy metals stress, as 

under stress microbes are too weak to perform their normal metabolic activities 

resulting in less CO2 evolution. In soils amended with straw, CO2 evolution increased 

significantly as compared to the untreated control. The CO2 evolution with maize 

straw was 7 % higher than pea straw and 79 % higher than the control. My results 

showed a strong interaction between soils with three different metal loads and the 

organic amendments (p < 0.0001) (Table 5.5g). Significantly, higher interaction was 

observed between maize straw and three soils, which ultimately indicated higher CO2 

evolution than pea straw and control. Addition of organic amendments resulted in an 

increase in the level of organic C and basic macroelements in soil, which stimulated 

the microbial activity, thus contributing to increase in the respiratory activity 

(Emmerling et al. 2000). Similarly, another possible reason for an increase in CO2 

evolution with the addition of organic amendments could be the complexation of 

heavy metals with organic substances which resulted in toxicity reduction, biomass 

enhancement and ultimately in more C mineralization (Tordoff et al., 2000). There is 

a strong relationship between microbial biomass and C mineralization as microbial 

biomass synthesis in polluted soils can be less effective than in non-polluted 

(Smejkalova et al., 2003). At the start of experiment, respiration rate was high 

especially in amended soils, which decreased significantly with time. At the end, 

CO2 evolution in amended soils was again no different to the untreated control (Fig.  



 

  

 
 

Figure-5.7a: Soil respiration with addition of pea and maize straw as compared to 

control in low metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 

 

 
 

Figure-5.7b: Soil respiration with addition of pea and maize straw as compared to 

control in medium metals soil during 56 days of incubation experiment 

(Error bars reflect standard deviation of data). 

 

 
 

Figure-5.7c: Soil respiration with addition of pea and maize straw as compared to 

control in high metals soil during 56 days of incubation experiment (Error 

bars reflect standard deviation of data). 
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5.7a, 5.7b and 5.7c). The addition of new organic matter at the start of incubation led 

to for the significant increase in microbial activity and CO2 evolution rate. As the 

added straw decomposed with time, it resulted in a decrease in CO2 production and 

microbial activity by the end of experiment (56 
th

 day). Therefore, the availability of 

organic C has been considered as the limiting factor for soil microbial respiration 

(Gilani and Bahmanyar, 2008). 

 

In conclusion, my results showed that total toxic heavy metals in effluents 

amended soils proved more suitable indicator of heavy metals toxicity to the size and 

activity of soil microbial biomass. Microbial biomass and activity parameters showed 

decline with respect to increasing level of total heavy metal in soils. Organic 

amendments addition in these soils has shown significant increase in microbial 

activity due to their strong interactions with soils. Addition of pea straw have shown 

more significant effects, by depicting higher microbial biomass C, biomass N and 

enzymes activities than the maize straw. Higher N and P contents of pea straw than 

maize straw were the possible reason of their increased stimulation of microbial 

activity in contaminated soils. On the other hand, maize straw additions in all three 

soils have shown higher CO2 evolution than the pea straw due to its high C/ N ratio.   

 

 

 

 

 

 



 

  

Chapter 6 

MICROBIAL USE OF ORGANIC SUBSTRATES AND THEIR 

EFFECT ON HEAVY METAL AVAILABILITY, GROWTH AND 

NUTRIENT UPTAKE BY MAIZE PLANTS 

 

6.1 BACKGROUND 

 Maintenance of soil quality is most important for sustainable agriculture. 

Different parameters which reflect the soil quality include plant nutrient status, 

physico-chemical and microbiological characteristics. Soil fertility and microbial 

activity are strongly related because the microbial biomass and its functions in soil 

play a vital role in the mineralization of the important organic elements (C, N, P and 

S) occurring in soil (Garcia-Gill et al., 2000). Soil contaminated with heavy metals 

imposes a negative influence on microbial mediated processes, which leads to 

disturbance in nutrient cycling and decline in soil fertility (Branzini et al., 2009). 

Crops raised on such soils show less yield, but also heavy metal accumulation in crop 

plants in quantities sufficient to cause health problems to humans and animals 

consuming these plants (Rattan et al., 2005; Yaseen et al., 2007). Organic 

amendments have the potential to immobilize metals, improve microbial activity and 

ultimately increase crop yield (Clemente et al., 2006). Thus, their application to soil 

has gained particular interest in recent years for increasing soil organic matter, 

improving nutrient contents and also to solve environmental problems. The aim of 

this experiment was, 1) to evaluate changes in soil microbiological characteristics 

due to the addition of organic amendments in metal polluted soils, and 2) to study the 

effect of organic amendments on heavy metals availability, plant nutrients and 

growth of maize plants in metal polluted soils. 



 

  

6.2 METHODOLOGY 

A greenhouse pot experiment was conducted from January 2009 to April 

2009, using two soils with different total toxic heavy metals loads (Cd + Cr + Ni & 

Pb), but similar in soil texture, pH, CEC and CaCO3 contents. In low metal, soil 

organic C, extractable P and total N were higher than the high metal soil. The 

contents of total and AB-DTPA extractable heavy metals varied significantly 

between the soils. Low metal soil (soil 1) had total toxic metal load of 78.9 µg g
-1

 

and was collected from the field in Taxilla near a heavy mechanical complex, 

whereas the high metal soil (soil 2) with total toxic metal load of 243.6 µg g
-1

 was 

taken from the field in the Wah factory area. The soils were collected in bulk by 

spade to a depth of 15 cm from the surface and brought to greenhouse of PMAS- 

Arid Agriculture University Rawalpindi. The field moist soil samples were processed 

as mentioned in section 3.1.1. A sub sample of each soil was air-dried, ground and 

analyzed for physical and chemical properties such as particle size analysis, EC, pH, 

CEC, CaCO3, organic C, total N, extractable P, AB-DTPA extractable heavy metals 

and total heavy metals (Cu, Zn, Cd, Pb, Ni, Cr, Fe) as described in section 3.1.2. 

Results are shown in Table 6.1. Two organic amendments, pea straw and maize 

straw, were the same as used in study-II. The chemical composition of both 

amendments is given in Table 5.2. Maize straw and pea straw differed significantly 

in total N and total P contents as pea straw showed higher concentration than the 

maize straw. Pea straw had a higher concentration of K, Ca, Mg whereas Fe and Zn 

were higher in the maize straw. No Cd or Cr was detected in pea straw. The ratios, 

total C/ N and C/ P were high in the case of maize straw. 

 



 

  

Table 6.1: Chemical properties of the soils used in the experiment 

 

Properties Low metal soil  High metal soil  

Texture Loam Loam 

Sand (%) 30 50 

Silt (%) 48 37 

Clay (%) 22 13 

pH 7.8 7.6 

EC (dS m
-1

) 0.27 1.09 

CaCO3 (%) 10.21 9.4 

CEC (C molc kg
-1

) 19.9 17.5 

Total N (mg g
-1

) 0.99 0.29 

Organic carbon (%) 1.1 0.33 

Extractable P (µg g
-1

) 12.8 4.7 

Extractable Cd (µg g
-1

) 0.12 0.52 

Extractable Cr (µg g
-1

) 0.19 2.0 

Extractable Ni (µg g
-1

) 0.33 1.79 

Extractable Pb (µg g
-1

) 2.40 12.2 

Extractable Fe (µg g
-1

) 13.7 128.5 

Extractable Zn (µg g
-1

) 11.2 30.20 

Extractable Cu (µg g
-1

) 6.1 10.7 

Total Cd (µg g
-1

) 1.7 2.4 

Total Cr (µg g
-1

) 25.9 146.9 

Total Ni (µg g
-1

) 30.3 58.0 

Total Pb (µg g
-1

) 21.0 36.3 

Total Fe (µg g
-1

) 21148 30601 

Total Zn (µg g
-1

) 7.8 179.9 

Total Cu (µg g
-1

) 24.7 22.9 

Total toxic heavy metals 

(Cd+ Cr+ Ni +Pb) 78.9 243.6 

 

* Data are average of three replicates. 

 

 

 

 

 

 



 

  

The moist sieved soil was added to pots at the rate of 10 kg pot
-1

. In total, 24 pots 

were filled to accommodate three treatments 1) control, 2) pea straw 1 %, and 2) 

maize straw 1 % with four replications. All the amendments were applied one month 

before the sowing of maize seeds. The moisture contents in soils were adjusted to 50 

% of their water holding capacity and water was added to pots weekly in order to 

compensate the moisture loss due to evaporation. Soil samples equivalent to 50 g 

oven dry weight were collected at the time of amendment addition and also at the 

time of sowing of seeds. These were analyzed for microbial biomass C, biomass N, 

NO3 –N, NH4-N and enzymes (dehydrogenase and alkaline phosphatase) activities. 

Detail of methods used for analysis are given in section 3.1.3. Seeds of maize variety 

Akbar were sown on 10-2-2009, and were thinned to maintain 3 plants per pot after 

germination. Water was given to pots weekly in order to compensate 

evapotranpiration losses throughout the experiment. Soil samples of 50 g oven dry 

weight were taken on 14, 28, and 56 days after the maize sowing for the 

determination of microbial biomass C, biomass N, NO3 –N, NH4-N and enzyme 

(dehydrogenase and alkaline phosphatase) activities. Nitrate-N and NH4-N were 

analyzed in the 0.5 M K2SO4 extracts of non-fumigated soil as mentioned in section 

3.1.2.13 and 3.1.2.14. Plants were harvested on the 56 
th

 day after germination. 

Before harvest, plant height (cm) was noted and after the harvest, fresh and oven dry 

plant weights were recorded. Plant samples were prepared and analysed for total N, 

total P, other nutrients and heavy metals as mentioned in section 3.3.  Soil samples at 

harvest were collected and analyzed for total N, extractable P, AB-DTPA extractable 

metals (Cu, Zn, Cd, Pb, Cr, Fe, K, Ca, Mg, Na Cr) as mentioned in section 3.1. 

Uptake of heavy metals was calculated by the formula: 



 

  

Uptake (g plant
-1

)   = Concentration of metal in plant × Oven dry weight plant
-1 

 

Experimental data were subjected to analysis of variance (ANOVA) 

according to CRD (completely randomized design) 3 factor factorial design in order 

to evaluate the main effects of soils, organic amendments and sampling days on soil 

microbial parameters, nutrient contents, metal availability, metal uptake and growth 

parameters of maize plants. MSTAT package was used for this purpose. Mean values 

obtained were compared by DMR at 5 % level of significance according to statistical 

procedure described by Steel and Torrie (1980). 

 

6.3 RESULTS 

6.3.1 Microbial Parameters 

6.3.1.1 Microbial biomass C and biomass N 

Soil microbial biomass C and biomass N in the low metal soil were 

significantly higher than high metal soil (Table 6.2). Soils amended with pea straw 

showed mean microbial biomass C values (495.3 µg g
-1

) significantly higher than 

maize straw (441.1 µg g
-1

) and control (160.9 µg g
-1

). The differences between 

treatments were significant (p < 5 %). Maximum microbial biomass C was recorded 

on 28
th

 DAS (Days after sowing) (422.1 µg g
-1

) which declined later till 56 DAS. 

Soil microbial biomass N was significantly higher in amended soil than in 

unamended soil, being significantly higher with pea straw amendment (55.2 µg g
-1

) 

than the maize straw (47.9 µg g
-1

) and the control (9.6 µg g
-1

). The differences 

between treatments regarding effects on biomass N were significant (p < 5 %). The 

trend of soil  microbial biomass N  during the 56 days of experiment was similar to  



 

  

Table 6.2: Main effects of soils and organic amendments as main factors, sampling 

days as repeated measures on the contents of microbial biomass C, 

microbial biomass N, and enzymes activities during 86 days of pot 

experiment. Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test) 

 

 

Main effects 

Microbial 

biomass C 

(g g
-1

 soil) 

Microbial 

biomass N 

(g g
-1

 soil) 

Dehydrogenase  

(µg TPF g
-1

 24 h
-1

)  

Alkaline 

phosphatase 

(µg phenol g
-1

 h
-1

) 

Soils     

Low metal soil 451.2 A 41.1 A 173.9 A 126.8 A 

High metal soil 280.3 B 24.9 B 83.7 B 64.8 B 

LSD 5.42 1.03            2.28            1.95 

Organic 

amendments 
    

Control 160.9 C 8.5 C 58.3 C 42.8 C 

Pea straw 495.3 A 50.1 A 178.3 A 137.7 A 

Maize straw 441.1 B 40.4 B 149.8 B 106.8 B 

LSD 6.64 1.25            2.79            2.39 

Sampling days     

At Pot filling  265.1 E 25.5 C 108.1 E 81.4 E 

Day 0 (Sowing) 350.7 D 31.5 B 122.6 D 88.4 D 

Day 14 DAS 403.5 B 37.5 A 131.9 C 97.5 C 

Day 28 DAS 422.1 A 37.6 A 143.0 A 108.2 A 

Day 56 DAS 387.6 C 32.8 B 138.4 B 103.5 B 

LSD 8.57 1.62            3.61             3.09 

Analysis of 

Variance 
    

 P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 
<0.0001 <0.0001 <0.0001 <0.0001 

Sampling days (D) <0.0001 <0.0001 <0.0001 <0.0001 

S x O <0.0001 <0.0001 <0.0001 <0.0001 

S x D <0.0001 N.S 0.0002 0.0002 

O x D <0.0001 <0.0001 <0.0001 <0.0001 

S x O x D <0.0001 <0.0001 N.S N.S 

C.V (+ %) 4.19 % 8.6 % 4.88 % 5.62 % 

 
*
 Data are average of four replicates 

 

 

 



 

  

microbial biomass C as the highest value of microbial biomass N was noticed on 28 

DAS (37.6 µg g
-1

), which later declined till 56 DAS (32.8 µg g
-1

). The ratio of 

biomass C/ biomass N was significantly higher in high metal soil (15.5) than low 

metal soil (14.3) (Table 6.3). This trend of biomass C/ biomass N ratio was similar to 

previous two experiments. The value of biomass C/ biomass N ratio was higher in 

control (23.6) than soil amended with pea straw (9.9) and the maize straw (11.0). 

Whereas, the difference of ratio between pea and maize straw were not significant 

with each other but highly significant (p < 5 %) with respect to control. Biomass C/ 

biomass N ratio increased from pot filling till crop harvest, thus maximum value was 

experienced on 56 DAS (17.9).  

 

Results of interaction effects on microbial biomass C, biomass N and 

biomass C/ biomass N ratio are depicted in table 6.2a, 6.2b and 6.3a. Interaction of 

soils × organic amendment (S×O) revealed that the maximum value of microbial 

biomass C & biomass N was obtained in low metal soil with 1 % pea straw addition 

(587.5 µg g
-1 

& 60.4 µg g
-1

) and the minimum in high metal soil × control treatment 

(89.2 µg g
-1

& 3.9 µg g
-1

). The effect of organic amendment × days of sampling 

(O×D) on microbial biomass C & biomass N was highly significant (p < 0.0001) as 

the maximum value was noticed with 1 % pea straw addition × 28 DAS (Days after 

sowing) (587.0 µg g
-1 

& 59.1 µg g
-1

) and the lowest in the control × 56 DAS (129.4 

µg g
-1 

& 4.1 µg g
-1

) treatment. The effect of S×D interaction on microbial biomass N 

was not significant but highly significant for microbial biomass C (p < 0.0001). 

Maximum value of microbial biomass C with interaction of soil × days of sampling 

(S×D) was observed on the day 28 in low metal soil (517.5 µg g
-1

) and the lowest in  



 

  

Table 6.2a: Effect of soils (S), organic amendments (O) and sampling days (D) on the contents of 

microbial biomass C during 86 days of pot experiment. Different letters within a 

column indicate significant difference in means (P < 0.05; DMR Test) 

 

Factors Treatments 

Days of Incubation 

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56  

DAS 
S×O 

O×D 

Control 180.3 h 180.8 h 168.4 h 145.7 i 129.4 j  

1 % pea straw 350.7 f 454.0 d 539.7 b 587.0 a 545.2 b  

1 % maize straw 264.3 g 417.1 e 502.4 c 533.6 b 488.1 c  

S×D 
LMS 352.0 d 416.5 c 490.4 b 517.5 a 479.7 b  

HMS 178.1 g 284.8 f 316.5 e 326.7 e 295.4 f  

S×O×D 

LMS (Control) 244.1 m 252.4 m 247.5 m 221 n 198.1 o 232.6 e 

LMS (1 % pea straw) 467 fg 519 d 627.8 b 682.9 a 640.8 b 587.5 a 

LMS (1 % maize straw) 345 l 478 ef 596.1 c 648.7 b 600.1 c 533.6 b 

HMS (Control) 116.5 p 109.1 pq 89.4 qr 70.3 rs 60.6 s 89.2 f 

HMS (1 % pea straw) 234.5 mn 389 d 451.6 g 491.2 e 449.6 g 403.2 c 

HMS (1 % maize straw) 183.5 o 356.3 kl 408.7 hi 418.5 h 376.1 jk 348.6 d 

 

* LSD, S×O= 9.4, O×D = 14.9, S×D = 12.1, S×O×D = 21.0. Data are average of four 

replicates. (LMS = Low metal soil, HMS = high metal soil) 

 

Table 6.2b: Effect of soils (S), organic amendments (O) and sampling days (D) on the contents 

of microbial biomass N during 86 days of pot experiment. Different letters within a 

column indicate significant difference in means (P < 0.05; DMR Test) 

 

Factors Treatments 

Days of Incubation 

At pot 

filling 
0 day 

(sowing) 
14  

DAS 
28 

DAS 
56  

DAS 
S×O 

O×D 

Control 16.1 h 9.6 i 7.6 ij 4.9 jk 4.1 k  

1 % pea straw 33.0 f 48.9 c 57.1 a 59.1 a 52.2 b  

1 % maize straw 27.6 g 35.9 e 47.7 c 48.8 c 42.1 d  

S×O×D 

LMS (Control) 25.3 j 14.9 l 11.5 l 7.3 m 6.1 mn 13.0 e 

LMS (1 % pea straw) 42 f 59.1 c  67.6 a 70.0 a 63.3 b 60.4 a 

LMS (1 % maize straw) 34.8 hi 46.3 e 57.4 c 59.2 c 51.9 d 49.9 b 

HMS (Control) 6.8 m 4.3 m-o 3.7 m-o 2.6 no 2.1 o 3.9 f 

HMS (1 % pea straw) 24.0 jk 38.8 fg 46.6 e 48.1 de 41.2 fg 39.7 c 

HMS (1 % maize straw) 20.4 k 25.5 j 37.9 gh 38.5 f-h 32.3 i 30.9 d 

 

* LSD, S×O = 1.8, O×D = 2.8, S×O×D = 3.97. Data are average of four replicates. For 

simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc (LMS = Low 

metal soil, HMS = high metal soil) 

 

 



 

  

Table 6.2c: Effect of soils (S) and organic amendments (O) on the activity of 

Dehydrogenase during 86 days of pot experiment. Different letters 

within a column indicate significant difference between the means 

(P < 0.05; DMR Test) 

  

Factors Treatments Low metal soil High metal soil 

 Control 89.2 e 27.3 f 

S×O 1 % pea straw 232.8 a 123.8 c 

 1 % maize straw 199.8 b 99.8 d 

 

* Data are average of four replicates. LSD, S×O = 3.9 

 

 

 

 

 

 

 

Table 6.2d: Effect of soil (S), organic amendments (O) and sampling days (D) on 

the activity of Dehydrogenase during 86 days of pot experiment. 

Different letters within a column indicate significant difference 

between the means (P < 0.05; DMR Test) 

 

Factors Treatments 

Days of Incubation 

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56  

DAS 

O×D 

Control 44.9 i 59.3 h 62.0 h 63.9 h 61.3 h 

1 % pea straw 152.1 e 164.8 cd 183.6 b 198.0 a 193.2 a 

1 % maize straw 127.3 g 143.6 f 150.2 e 167.2 c 160.7 d 

S×D 

LMS 149.3 d 165.7 c 176.6 b 191.2 a 186.9 a 

HMS 66.9 h 79.4 g 87.3 f 94.8 e 89.9 ef 

 

 * LSD, O×D =6.2, S×D =5.1. Data are average of four replicates. For simplicity, 

first and last alphabets are mentioned with values, e.g. a-c = abc (LMS = Low 

metal soil, HMS = high metal soil) 

 

 

 

 

 

 

 

 

 

 



 

  

Table 6.2e: Effect of soil (S) and organic amendment (O) on alkaline 

phosphatase activity. Different letters within a column indicate 

significant difference between means (P < 0.05; DMR Test) 

  

Factors Treatments Low metal soil High metal soil 

 Control 64.9 e 20.8 f 

S×O 1 % pea straw 178.6 a 96.8 c 

 1 % maize straw 136.8 b 76.8 d 

 

* Data are average of four replicates. LSD, S×O = 3.36 

 

 

 

 

 

 

 

 

 

Table 6.2f: Effect of organic amendment and sampling days on alkaline 

phosphatase activity. Different letters within a column indicate 

main effect-specific significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation  

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56 

 DAS 

 Control 34.7 j 43.6 i 44.9 i 46.9 i 44.0 i 

O×D 1 % pea straw 118.6 df 124.6 c 138.7 b 155.8 a 150.7 a 

 1 % maize straw 90.7 h 97.1 g 108.8 f 121.7 cd 115.7 e 

S×D 
Low metal soil 108.8 d 117.0 c 128.1 b 142.0 a 137.9 a 

high metal soil 53.9 g 59.8 g 66.9 f 74.3 e 69.0 f 

 

* Data are average of four replicates. LSD, O×D = 5.31, S×O = 4.34 

 

 

 

 

 

 

 



 

  

high metal soil on the day zero (178.1 µg g
-1

). Similarly, interaction results of soil × 

organic amendment × sampling days (S×O×D) were highly significant (p < 0.0001) 

revealing maximum value of microbial biomass C and biomass N in low metal soil × 

1 % pea straw treatment on the 14 DAS (682.9 µg g
-1 

& 70.0 µg g
-1

), whereas the 

lowest with high metal soil × control treatment on the 56 DAS (60.6 µg g
-1 

& 2.1 µg 

g
-1

). Regarding interaction effects on microbial biomass C/ biomass N ratio of soil 

(Table 6.3a), O × D interaction showed maximum microbial biomass C/ biomass N 

ratio on the 56 DAS × control treatment (31.4), whereas lowest on the day of sowing 

in 1 % pea straw amended pots (9.4). The effect of three factors i.e S×O×D 

interaction on microbial biomass C/ biomass N ratio was highly significant (p = 

0.0003) depicting maximum microbial biomass C/ biomass N ratio on the 56 DAS in 

low metal soil × control treatment (32.7) and the minimum on the day of sowing in 

low metal soil × 1 % pea straw amended pots. 

 

6.3.1.2 Enzymes activity 

Results of enzyme activity analysis are illustrated in Table 6.2. Activity of 

dehydrogenase DHA, in low metal soil (173.9 µg TPF g
-1

 24 h
-1

) was higher than the 

high metal soil (83.7 µg TPF g
-1

 24 h
-1

). The differences of DHA activity between 

both soils was highly significant (p < 5 %). Application of straw increased the 

dehydrogenase and alkaline phosphatase activity as this effect was significant in both 

soils. In soils amended with pea straw, DHA activity was significantly higher (178.3 

µg TPF g
-1

 24 h
-1

) than the maize straw (149.8 µg TPF g
-1

 24 h
-1

) and the control 

(58.3 µg TPF g
-1

 24 h
-1

). During 86 days of experiment, activity of DHA increased 

from pot filling till 28 DAS (143.0 µg TPF g
-1

 24 h
-1

), thereafter it started declining  



 

  

Table 6.3: Main effects of soils and organic amendments as main factors, 

sampling days as repeated measures on microbial biomass C/ N, 

dehydrogenase/ biomass C, alkaline phosphatase/ biomass C, 

NH4/ NO3 during 86 days of pot experiment. Different letters 

within a column indicate main effect-specific significant 

difference (P < 0.05; DMR Test) 

 

 
* 
Data are average of four replicates. 

 

 

Main effects 

Microbial 

biomass C/ N 

DEH/ 

Microbial 

biomass C 

 

Alkaline 

phosphatase/ 

Microbial 

biomass C 

NH4/ NO3 

Soils     

Low metal soil 14.3 B 0.39 A 0.28 A 2.01 B 

High metal soil 15.5 A 0.32 B 0.25 B 2.42 A 

LSD 0.81 0.01 0.01 0.06 

Organic 

amendments 
    

Control 23.6 A 0.36 A 0.27 A 1.89 C 

Pea straw 9.9 C 0.36 A 0.28 A 2.44 A 

Maize straw 11.0 B 0.35 B 0.25 B 2.31 B 

LSD 0.99 0.01 0.01  

Sampling days     

At Pot filling  11.2 C 0.38 A 0.29 A 2.54 A 

Day 0 (Sowing) 14.3 B 0.33 C 0.24 B 2.27 B 

Day 14 DAS 14.3 B 0.33C 0.24 B 2.14 C 

Day 28 DAS 16.7 A 0.36 B 0.27 A 2.11 C 

Day 56 DAS 17.9 A 0.38 A 0.28 A 2.00 D 

LSD         1.28 0.02 0.02 0.09 

Analysis of 

Variance 
    

 P-value P-value P-value P-value 

Soils (S)  0.0057 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 
<0.0001 0.0622 <0.0001 <0.0001 

Sampling days 

(D) 
<0.0001 <0.0001 <0.0001 <0.0001 

S x O  0.0702 0.1153 0.0484 0.0006 

S x D  0.0005 0.0171 0.0094 0.0016 

O x D <0.0001 <0.0001 <0.0001 0.1256 

S x O x D  0.0003 0.0064 <0.0001 N.S 

C.V (+ %)  14.9 % 9.6 % 10.1 % 7.5 % 



 

  

Table 6.3a: Effect of soils (S), organic amendments (O) and sampling days (D) on the 

microbial biomass C/ biomass N ratio during 86 days of pot experiment. 

Different letters within a column indicate significant difference between 

means (P < 0.05; DMR Test)  
 

Factors Treatments 

Days of Incubation 

At  
pot filling 

0 day  
(sowing) 

14  
DAS 

28  
DAS 

56  
DAS 

O×D 

Control 13.6 d 21.3 c 22.9 c 29.0 b 31.4 a 

1 % pea straw    10.5 e-g 9.4 g 9.5 fg 9.9 fg 10.6 e-g 

1 % maize straw 9.6 fg 12.3 de 10.6 e-g 10.9 e-g 11.7 d-f 

S×D 
LMS 10.3 f 12.1 e 13.7 de 17.2 ab 18.1 a 

HMS 12.1 ef 16.5 a-c 14.9 cd 16.2 bc 17.6 ab 

S×O×D 

LMS (Control) 9.7 h 17.2 ef 21.5 d 30.8 a 32.7 a 

LMS (1 % pea straw) 11.2 gh 8.8 h 9.3 h 9.8 h 10.2 h 

LMS (1 % maize straw) 10.1 h 10.4 h 10.4 h 10.9 h 11.6 gh 

HMS (Control) 17.5 e 25.3 c 24.2 cd 27.3 bc 30.1 ab 

HMS (1 % pea straw) 9.8 h 10.0 h 9.8 h 10.2 h 10.9 h 

HMS (1 % maize straw) 9.1 h 14.1 fg 10.8 h 10.9 h 11.7 gh 

 

 * LSD, O×D = 2.2, S×D = 1.81, S×O×D = 3.13. Data are average of four replicates. 

For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc 

(LMS = Low metal soil, HMS = high metal soil) 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

till 56 DAS (138.4 µg TPF g
-1

 24 h
-1

). Similarly, phosphatase activity was found 

maximum in low metal soil (126.8 µg phenol g
-1

 h
-1

) as compared to high metal soil 

(64.8 µg phenol g
-1

 h
-1

) and differed significantly (p < 5%). In soils amended with 

pea straw, alkaline phosphatase activity increased significantly to higher levels 

(137.7 µg phenol g
-1

 h
-1

) as compared to maize straw (106.8 µg phenol g
-1

 h
-1

) and 

control (42.8 µg phenol g
-1

 h
-1

). The difference of treatments regarding their effects 

on phosphatases was significant (p < 5 %). This enzyme showed similar trend like 

DHA i.e., minimum activity value (81.4 µg TPF g
-1

 24 h
-1

) at the time of pot filling, 

and maximum on 28 DAS (108.2 µg phenol g
-1

 h
-1

), after that it declined till 56 DAS 

(103.5 µg phenol g
-1

 h
-1

). In low metal soil, the dehydrogenase/ biomass C and 

alkaline phosphatase/ biomass C ratios were found higher (0.39 & 0.28) than high 

metal soil (0.32 & 0.25) (Table 6.3). Values of dehydrogenase/ biomass C ratios in 

soils amended with pea straw (0.36) and control (0.36) were significantly higher than 

maize straw (0.34). Similar was the trend of alkaline phosphatase/ biomass C ratio 

with maximum value being noticed in pea straw amended soils (0.28) and the control 

(0.27). The ratio dehydrogenase/ biomass C decreased from pot filling (0.38) to 14 

DAS (0.33) and thereafter it increased again till 56 DAS (0.38). Similarly, the ratio 

alkaline phosphatase/ biomass C decreased from pot filling (0.29) to 14 DAS (0.24), 

and thereafter increased till 56 DAS (0.28).  

 

The Results of soil, organic amendments and sampling day‟s interaction 

effects on dehydrogenase and alkaline phosphatase activity are shown in table 6.2c, 

6.2d, 6.2e and 6.2f. Interaction of soils × organic amendment (S×O) revealed the 

maximum value of dehydrogenase and alkaline phosphatase activity in low metal



 

  

soil × 1 % pea straw treatment (232.8 µg TPF g
-1

 24 h
-1 

& 178.6 µg phenol g
-1

 h
-1

) 

while the minimum in the high metal soil × control treatment (27.3 µg TPF g
-1

 24 h
-1 

& 20.8 µg phenol g
-1

 h
-1

). Maximum value of dehydrogenase and alkaline 

phosphatase activity with the interaction of organic amendment × days of sampling 

(O×D) was noticed with 1 % pea straw addition × 28 DAS (198.0 µg TPF g
-1

 24 h
-1 

& 155.8 µg phenol g
-1

 h
-1

) whereas the lowest was at pot filling × control treatment 

(44.9 µg TPF g
-1

 24 h
-1 

& 34.7 µg phenol g
-1

 h
-1

). The interaction effect of two soils 

on enzyme activity i.e. S × D, was highly significant (p < 0.0001) showing 

considerable effects on enzyme activity (Table 6.2d and 6.2f). Low metal soil × 28 

DAS exhibited maximum value (191.2 µg TPF g
-1

 24 h
-1 

& 142.0 µg phenol g
-1

 h
-1

), 

whereas the minimum was by the high metal soil at the time of pot filling (66.9 µg 

TPF g
-1

 24 h
-1 

& 53.9 µg phenol g
-1

 h
-1

).  

 

The effects of S×O interaction on alkaline phosphatase/ biomass C ratio 

revealed significantly higher values in low metal soil × 1 % pea straw treatment 

(0.306), whereas the lowest in high metal soil × 1 % maize straw treatment (0.235) 

(Table 6.3c). The O×D interaction depicted maximum dehydrogenase/ biomass C 

and alkaline phosphatase/ biomass C ratio at the pot filling stage × 1 % maize straw 

treatment (0.473 & 0.348) while the minimum was noticed at the pot filling stage × 

control pots (0.229 & 0.175) (Table 6.3b, 6.3c). Regarding the effect of S×D 

interaction on dehydrogenase/ biomass C and alkaline phosphatase/ biomass C ratio, 

Low metal soil × pot filling stage exhibited maximum ratio (0.411, 0.299), whereas 

the minimum was by high metal soil × O day of sowing (0.275, 0.206). The effect of 

soil, organic amendments and sampling days (S×O×D) on the ratio of dehydrogenase 



 

  

Table 6.3b: Effect of soils (S), organic amendments (O) and sampling days (D) on the 

Dehydrogenase/ biomass C ratio during 86 days of pot experiment. Different 

letters within a column indicate significant difference between means (P < 0.05; 

DMR Test)  

 

Factors Treatments 

Days of Incubation 

At  
pot filling 

0 day  
(sowing) 

14  
DAS 

28  
DAS 

56  
DAS 

O×D 

Control 0.229 g 0.311 ef 0.359 c 0.442 a 0.471 a 

1 % pea straw 0.436 b 0.354 c 0.333 c-e 0.330 c-e 0.347 cd 

1 % maize straw 0.473 a 0.335 c-e 0.292 f 0.306 ef 0.321 d-f 

S×D 
LMS 0.411 a 0.391 a 0.364 bc 0.386 ab 0.409 a 

HMS 0.348 cd 0.275 e 0.291 e 0.333 d 0.349 cd 

S×O×D 

LMS (Control) 0.287 mn 0.356 g-j 0.383 f-h 0.442 b-d 0.479 ab 

LMS (1 % pea straw) 0.435 b-e 0.419 c-f 0.378 f-i 0.374 g-j 0.392 e-g 

LMS (1 % maize straw) 0.509 a 0.398 d-g 0.332 j-l 0.341 h-k 0.358 g-j 

HMS (Control) 0.171 o 0.266 mn 0.334 i-k 0.442 b-d 0.462 bc 

HMS (1 % pea straw) 0.436 b-e 0.288 l-n 0.288 l-n 0.287 mn 0.301 k-m 

HMS (1 % maize straw) 0.437 b-d 0.273 mn 0.251 n 0.271 mn 0.284 mn 

 

* LSD, O×D = 0.03, S×D = 0.03, S×O×D = 0.04. Data are average of four replicates. 

For simplicity, first and last alphabets are mentioned with values, e.g. a-c = abc 

(LMS = Low metal soil, HMS = high metal soil) 



 

 

Table 6.3c: Effect of soils (S), organic amendments (O) and sampling days (D) on the alkaline phosphatase/ biomass C 

ratio during 86 days of pot experiment. Different letters within a column indicate significant difference 

between means (P < 0.05; DMR Test) 

  

Factors Treatments 

Days of Incubation 

At  
pot filling 

0 day  
(sowing) 

14  
DAS 

28  
DAS 

56  
DAS 

S×O 

O×D 

Control 0.175 f 0.228 de 0.265 b 0.333 a 0.344 a  

1 % pea straw 0.344 a 0.269 b 0.252 b-d 0.259 bc 0.269 b  

1 % maize straw 0.348 a 0.228 c-e 0.213 e 0.225 de 0.234 c-e  

S×D 
LMS 0.299 a 0.277 ab 0.263 b 0.283 ab 0.298 a  

HMS 0.278 ab 0.206 c 0.224 c 0.262 b 0.266 b  

S×O×D 

LMS (Control) 0.225 j-m 0.262 g-j 0.271 f-i 0.316 a-e 0.339 a-c 0.282 b 

LMS (1 % pea straw) 0.331 a-d 0.311 b-f 0.285 e-h 0.295 d-g 0.308 c-f 0.306 a 

LMS (1 % maize straw) 0.345 a-c 0.259 g-j 0.233 i-m 0.238 i-l 0.249 h-k 0.265 bc 

HMS (Control) 0.126 n 0.194 lm 0.259 g-j 0.349 a-c 0.349 a-c 0.256 c 

HMS (1 % pea straw) 0.357 a 0.227 i-m 0.219 j-m 0.224 j-m 0.232 i-m 0.252 cd 

HMS (1 % maize straw) 0.353 ab 0.197 lm 0.193 m 0.212 k-m 0.218 j-m 0.235 d 

 

* LSD, S×O = 0.02, O×D = 0.03, S×D = 0.03, S×O×D = 0.04. Data are average of four replicates. For simplicity, first and 

last alphabets are mentioned with values, e.g. a-c = abc (LMS = Low metal soil, HMS = high metal soil) 



 

 

Table 6.3d: Effect of soil (S) and organic amendment (O) on NH4/ NO3 ratio of 

soil. Different letters within a column indicate significant 

difference between means (P < 0.05; DMR Test)  

 

Factors Treatments Low metal soil High metal soil 

S×O 

Control 1.62 d 2.15 c 

1 % pea straw 2.21 c 2.67 a 

1 % maize straw 2.19 c 2.43 b 

 

* Data are average of four replicates. LSD, S×O = 0.10 

 

 

 

 

 

 

 

 

 

 

Table 6.3e: Effect of soil (S) and sampling days (D) on NH4/ NO3 ratio of soil. 

Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test) 

 

Factors Treatments 
Days of Incubation 

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56 

 DAS 

S×D 
Low metal soil 2.22 cd 2.05 ef 1.96 fg 1.94 fg 1.87 g 

High  metal soil 2.86 a 2.49 b 2.33 c 2.27 c 2.13 de 

       
* Data are average of four replicates. LSD, S×D = 0.13 

 

 

 

 

 

 

 

 



 

  

 

/ biomass C and alkaline phosphatase/ biomass C was highly significant (p < 0.0001). 

The maximum ratio of dehydrogenase/ biomass C was noticed in low metal soil × 

control treatment at the pot filling stage (0.509), whereas the minimum in high metal 

soil × control treatments at the pot filling stage (0.171). Regarding S×O×D 

interaction effects on alkaline phosphatase/ biomass C ratio, maximum value was 

noticed in high metal soil × 1 % pea straw treatment (0.357) at the pot filling stage, 

whereas the minimum in high metal soil × control treatment (0.126) at the time of 

pot filling. 

 

6.3.1.3 Available NH4 and NO3 

Available N (NH4 + NO3) showed significant response to metal levels, 

amendment type and their interactions (Table 6.4). Ammonium and nitrate 

concentrations decreased with increasing metal concentrations, whereas addition of 

straw significantly increased NH4 and NO3 concentrations. Available NH4–N 

concentration in low metal soil (65.2 µg g
-
 

1
) was higher than high metal soil (46.9 

µg g
-1

), and the difference between them was highly significant (p < 5 %). 

Concentration of NH4–N in both soils increased more significantly with addition of 

pea straw (86.3 µg g
-1

) than the maize straw (64.6 µg g
-1

) and the control (17.4 µg g
-

1
). An increasing trend was noticed in NH4 –N concentration from pot filling to 14 

DAS (66.8 µg g
-1

), after that NH4 –N concentration decreased gradually till 56 DAS. 

A similar trend was seen in concentration of NO3-N i.e., significantly higher in low 

metal soil (30.8 µg g
-1

) than high metal soil (18.8 µg g
-1

). Pea straw addition 



 

  

markedly increased NO3 concentration in both soils, significantly higher (86.3 µg g
-

1
) than maize straw (28.4 µg g

-1
) and the control (9.4 µg g

-1
). The trend of NO3-N  

Table 6.4: Main effects of soils and organic amendments as main 

factors, sampling days as repeated measures on NH4-N, 

NO3-N, and Available N during 86 days of pot 

experiment. Different letters within a column indicate 

main effect-specific significant difference (P < 0.05; DMR 

Test) 
 

 

Main effects 

NH4-N  

 (µg g
-1

) 

NO3-N  

 (µg g
-1

) 

Available N 

(µg g
-1

) 

Soils    

Low metal soil 65.2 A 30.8 A 96.1 A 

High metal soil 46.9 B 18.8 B 65.7 B 

LSD 2.22 1.23 3.37 

Organic 

amendments 
   

Control 17.4 C 9.6 C 26.9  C 

Pea straw 86.3 A 36.4 A 122.7 A 

Maize straw 64.6 B 28.4 B 92.9  B 

LSD 2.72 1.51 4.13 

Sampling days    

At Pot filling  57.9 C 22.4 D 80.4 C 

Day 0 (Sowing) 62.7 B 27.2 B 89.9 B 

Day 14 DAS 66.8 A 30.5 A 97.3 A 

Day 28 DAS 54.1 D 25.1 C 79.1 C 

Day 56 DAS 38.8 E 18.8 E 57.7 D 

LSD 3.51 1.95 5.33 

Analysis of  

Variance 
   

 
P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 

Organic  

amendments (O) 
<0.0001 <0.0001 <0.0001 

Sampling days (D) <0.0001 <0.0001 <0.0001 

S x O <0.0001 <0.0001 <0.0001 

S x D N.S N.S N.S 

O x D <0.0001 0.0001 <0.0001 

S x O x D N.S N.S N.S 

C.V (+ %) 10.9 % 13.7 % 11.5 % 

 
 *

 Data are average of four replicates. 



 

  

  
 

 

 

concentrations during experiment was similar to that of NH4 i.e., it increased from 

pot filling to 14 DAS (30.5 µg g
-1

), and thereafter declined gradually till 56 DAS 

(18.8 µg g
-1

). Available N (NH4-N+ NO3-N) (Table 6.4) concentration in low metal 

soil (96.1 µg g
-1

) was greater than high metal soil (65.7 µg g
-1

). Addition of pea straw 

led to significantly higher available-N contents (122.7 µg g
-1

) than maize straw (92.9 

µg g
-1

) and control (26.9 µg g
-1

) in both soils. The difference between three 

treatments regarding nitrogen concentration was significant (p < 5 %). Nitrogen 

concentration increased gradually till 14 DAS (97.3 µg g
-1

), and thereafter it 

decreased till 56 DAS (57.7 µg g
-1

). The ratio NH4/ NO3 was greater in high metal 

soil (2.42) than low metal soil (2.01) (Table 6.3). In both soils, a higher NH4/ NO3 

ratio was observed with pea straw (2.44) than maize straw (2.31) and control (1.89). 

The highest ratio was noticed at the time of maize sowing (2.43) which decreased 

gradually till the end of experiment (2.0). 

 

The effect of interaction S×O on NH4-N, NO3-N and available N contents of 

soil was highly significant revealing maximum concentration in low metal soil × 1 % 

pea straw treatment (101.2 µg g
-1

, 45.9 µg g
-1 

and 147.1 µg g
-1

) whereas the 

minimum in high metal soil × control treatment (14.5 µg g
-1

, 6.7 µg g
-1

 & 21.1 µg g
-

1
)  (Table 6.4a, 6.4c, 6.4e). Regarding O×D interaction (Table 6.4b, 6.4d and 6.4f), 

highest NH4-N, NO3-N and available N concentration was noticed on the 14 DAS × 1 

% pea straw treatment (103.0 µg g
-1

, 44.8 µg g
-1

 & 147.8 µg g
-1

), whereas lowest on 

the 56 DAS × control treatment (10.4 µg g
-1

, 6.3 µg g
-1

 & 16.7 µg g
-1

). The effect of 



 

  

interaction i.e. S×O×D on NH4-N, NO3-N and available N contents of soil was not 

significant. The data regarding soil × organic amendment interaction showed highly



 

 

Table 6.4a: Effect of soil (S) and organic amendment (O) on NH4 contents of 

soil. Different letters within a column indicate significant 

difference between means (P < 0.05; DMR Test) 

  

Factors Treatments Low metal soil High metal soil 

S×O 

Control 20.4 d 14.5 e 

1 % pea straw 101.2 a 71.5 b 

1 % maize straw 74.2 b 54.9 c 

 
* Data are average of four replicates. LSD, S×O = 3.85 

 

 

 

 

 

 

Table 6.4b: Effect of organic amendment (O) and sampling days (D) on NH4 

contents of soil. Different letters within a column indicate main 

effect-specific significant difference (P < 0.05; DMR Test)  

 

Factors Treatments 
Days of Incubation 

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56 

 DAS 

O×D 

Control 19.9 hi 21.9 h 19.6 hi 15.2 ij 10.4 j 

1 % pea straw 87.7 c 95.1 b 103.0 a 84.5 c 61.3 f 

1 % maize straw 66.4 ef 71.2 e 77.8 d 62.6 f 44.8 g 

 

* Data are average of four replicates. LSD, O×D = 6.1 

 

 

 

 

 

 

Table 6.4c: Effect of soil (S) and organic amendment (O) on NO3 contents 

of soil. Different letters within a column indicate significant 

difference between means (P < 0.05; DMR Test)  

 

Factors Treatments Low metal soil High metal soil 

 Control 12.5 e 6.7 f 

S×O 1 % pea straw 45.9 a 26.9 c 

 1 % maize straw 34.1 b 22.8 d 

 

* Data are average of four replicates. LSD, S×O = 2.13 

 

 

 



 

  

Table 6.4d: Effect of organic amendment and sampling days on NO3 

contents of soil. Different letters within a column indicate 

significant difference between means (P < 0.05; DMR Test) 

 

Factors Treatments 
Days of Incubation 

At  
pot filling 

0 day 

(sowing) 
14  

DAS 
28  

DAS 
56 

 DAS 

 Control 10.1 f 11.7 f 10.9 f 8.8 fg 6.3 g 

O×D 1 % pea straw 32.0 c 38.8 b 44.8 a 37.6 b 28.7 c 

 1 % maize straw 25.2 d 31.0 c 35.6 b 28.8 c 21.5 

 

* Data are average of four replicates. LSD, O×D = 3.37 

 
 

 

 

 

 

Table 6.4e: Effect of soil (S) and organic amendment (O) on available-N 

contents of soil. Different letters within a column indicate 

significant difference between means (P < 0.05; DMR Test) 

  

Factors Treatments Low metal soil High metal soil 

 Control 32.9 e 21.1 f 

S×O 1 % pea straw 147.1 a 98.3 c 

 1 % maize straw 108.2 b 77.7 d 

  

* Data are average of four replicates. LSD, S×O = 5.83 

 

 

 

 

 

 

Table 6.4f: Effect of organic amendment (O) and sampling days (D) on 

available- N contents of soil. Different letters within a column 

indicate significant difference between means (P < 0.05; DMR 

Test)  

  Days of Incubation 

Factors Treatments 
At  

pot filling 
0 day 

(sowing) 
14  

DAS 
28  

DAS 
56 

 DAS 

 Control 29.9 gh 33.7 g 30.6 gh 23.9 hi 16.7 i 

O×D 1 % pea straw 119.7 c 133.9 b 147.8 a 122.1 c 89.9 e 

 1 % maize straw 91.6 e 102.2 d 113.5 c 91.4 e 66.3 f 

 

* Data are average of four replicates. LSD, O×D =9.22 

 



 

  

significant effects on NH4/ NO3 ratio (P < 0.0001) as the maximum value was 

noticed in high metal soil × 1 % pea straw treatment (2.67) whereas the minimum in 

low metal soil × control treatment (1.62) (Table 6.3d). The interaction effects of soils 

× days of incubation on NH4/ NO3 ratio depicted highest value at pot filling stage in 

high metal soil (2.86) whereas least was on the 56 DAS in low metal soil (1.87) 

(Table 6.3e).  The combined effect of soil, organic amendment and sampling days on 

NH4/ NO3 ratio was not significant. 

 

6.3.2 Plant Growth Parameters and Metal Uptake  

6.3.2.1 Plant growth parameters 

The effect of amendments addition on two soils with different pollution 

level on maize plant height, fresh weight and oven dry weight at harvest are depicted 

in Table 6.5. Plant height varied significantly with the soil metal load, as greater 

plant height was observed in low metal soil (30.8 cm) than in the high metal soil 

(24.7 cm) (Picture 5 & 6). The difference in plant height between both soils was 

significant (p < 5 %). Increase in plant height was recorded with amendment addition 

as compared to control, and the order was: pea straw (31.3 cm) > maize straw (26.7 

cm) > control (25.2 cm) in both soils. The difference between the maize straw 

treatment and control was not significant but maize height was significantly less than 

pea straw (p < 5 %). A similar trend was observed with fresh and dry weights of 

maize plants in both soils. Fresh weight of plants in the low metal soil (36.6 g plant
-1

) 

was greater than in high metal soil (17.2 g plant
-1

) and the difference between both 

soils was significant (p < 5 %). Higher fresh weight of maize plants was recorded 

with pea straw addition (35.2 g plant
-1

) than by maize straw (24.8 g plant
-1

) and 



 

 

Table 6.5: Main effects of soils and organic amendments on maize 

plant height, fresh weight and dry weight during 86 days 

of pot experiment. Different letters within a column 

indicate main effect-specific significant difference (P < 

0.05; DMR Test) 

 

 

Main effects 
Plant height 

(cm) 

Fresh weight 

plant
-1

(gm) 

Oven dry weight 

plant
-1

 (gm) 

Soils    

Low metal soil 30.8 A 36.6 A 4.05 A 

High metal soil 24.7 B 17.2 B 2.05 B 

LSD 2.34 2.79 0.28 

Organic 

amendments    

Control 25.2 B 20.6 C 2.38 C 

Pea straw 31.3 A 35.2 A 3.82 A 

Maize straw 26.7 B 24.8 B 2.96 B 

LSD 2.86 3.42 0.35 

Analysis of 

Variance 
   

 P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 0.0008 <0.0001 <0.0001 

S x O 0.3535 0.0005 0.0078 

C.V (+ %) 
9.8 % 12.1 % 10.8 % 

 

*
 Data are average of four replicates. 

 

 

 

Table 6.5a: Effect of soil (S) and organic amendment (O) on the fresh 

weight of plants at harvest. Different letters within a 

column indicate significant difference between means (P 

< 0.05; DMR Test)  

 

Factors Treatments 
Low metal 

soil 

High metal 

soil 

 Control 27.6 c 13.6 e 

S×O 1 % pea straw 49.4 a 20.9 d 

 1 % maize straw 32.7 b 16.9 e 

 

* Data are average of four replicates. LSD, S×O = 3.83 

 



 

  

 

Picture-5: Height of maize plants in low metal (blue pots) and high metals 

soil (red pots)  

 

 

 

 

 

 

 

 

 

 

 

 

Picture-6: Significance difference in height of maize plant 

in low and high metals soil 

 

 

Low metal plant 

High metal plant 



 

 

control (20.6 g plant
-1

) with significant differences among treatments (p < 5 %). 

Oven dry weight of maize plants was significantly higher in low metal soil (4.05 g 

plant
-1

) than the high metal soil (2.05 g plant
-1

) with significant difference between 

both the soils (p < 5 %). Significant increase in dry weight was indicated due to 

organic amendments and the order was: pea straw (3.82 g plant
-1

) > maize straw 

(2.96 g plant
-1

) > control (2.38 g plant
-1

) in both soils. The effect of soil and organic 

amendment interaction on fresh weight of plants was highly significant revealing 

maximum plant weight in low metal soils amended with pea straw (49.4 gm) 

whereas lowest in control of high metal soil (13.6 gm) (Table 6.5a). 

 

6.3.2.2 Chemical composition and metal uptake 

The data presented in Table 6.6 revealed that the macronutrients (Total N, 

total P, K, Ca, and Mg) concentrations of the maize plants grown in the low metal 

soils were significantly higher than those grown in the high metal soils. However, the 

concentration of sodium in high metal soil was greater (3.2 mg g
-1

) than low metal 

soil (2.5 mg g
-1

). Concentration of total N, total P, K and Ca increased significantly 

in maize plant, with addition of pea straw (10.5 mg g
-1

, 2.4 mg g
-1

, 39.9 mg g
-1

& 5.0 

mg g
-1

) and maize straw (9.1 mg g
-1

, 2.1 mg g
-1

, 33.4 mg g
-1

 & 4.5 mg g
-1

) over the 

control (6.0 mg g
-1

, 1.5 mg g
-1

, 24.1 mg g
-1

 & 3.2 mg g
-1

). Concentrations of Mg and 

Na were higher in plants of control treatment (3.42 mg g
-1

 & 3.9 mg g
-1

) followed by 

pea straw (2.91 mg g
-1

 & 2.4 mg g
-1

) and maize straw (2.83 mg g
-1

 & 2.3 mg g
-1

) in 

both soils. The data pertaining to macronutrient uptake is illustrated in Table 6.7. The 

uptake of macronutrients (total N, total P, K, Ca, Mg and Na) by maize plants was 

significantly higher in low metal soil (50.1 mg plant 
-1

, 12.0 mg plant 
-1

, 160.7 mg 



 

 

Table 6.6 : Main effects of soils and organic amendments on macronutrients 

content (mg g
-1

) in maize plant during 86 days of pot experiment. 

Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test)  
 

Main effects Total N Total P K Ca Mg Na 

Soils       

Low metal soil 11.8 A 2.9 A 38.1A 33. A 3.92 A 2.5 B 

High metal soil 5.3B 1.2 B 26.9 B 3.1 B 2.19 B 3.2 A 

LSD 0.73 0.13 2.64 0.42 0.25 0.29 

Organic 

amendments 
      

Control 6.0 C 1.5 C 24.1 C 3.2 C 3.42 A 3.9 A 

Pea straw 10.5 A 2.4 A 39.9 A 5.0 A 2.91 B 2.4 B 

Maize straw 9.1 B 2.1 B 33.4 B 4.5B 2.83 B 2.3 B 

LSD 0.89 0.16 3.24 0.52 0.30 0.36 

Analysis of 

Variance 
      

 
P-value P-value P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 0.0001 

Organic 

amendments (O) 
<0.0001 <0.0001 <0.0001 <0.0001 0.0012 <0.0001 

S x O <0.0001 0.0001 0.0971 0.0359 N.S N.S 

C.V (+ %) 7.2 % 7.6 % 9.49% 11.7 % 9.3 % 12.2 

 

* 
Data are average of four replicates. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

  

Table 6.7: Main effects of soils and organic amendments on macronutrients (mg 

plant 
-1

) uptake in maize plant, during 86 days of pot experiment. 

Different letters within a column indicate main effect-specific 

significant difference (P < 0.05; DMR Test)  

 

Main effects Total N Total P K Ca Mg Na 

Soils       

Low metal soil 50.1 A 12.0 A 160.7A 22.6 A 15.7 A 9.7 A 

High metal soil 11.1 B 2.5 B 56.9 B 6.5 B 4.4 B 6.4 B 

LSD 5.85 0.97 13.2 2.04 1.61 1.15 

Organic 

amendments 
      

Control 15.9 C 3.9 C 59.7 C 8.2 C 8.8 B 9.0 A 

Pea straw 45.7 A 10.6 A 161.8 A 20.8 A 12.2 A 8.7 A 

Maize straw 30.4 B 7.1 B 104.9 B 14.5 B 9.2 B 6.4 B 

LSD 7.16 1.2 16.2 2.50 1.96 1.41 

Analysis of 

Variance 
      

 P-value P-value P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 
<0.0001 <0.0001 <0.0001 <0.0001 0.0029 0.0019 

S x O <0.0001 <0.0001 <0.0001 <0.0001 0.0585 N.S 

C.V (+ %) 15.4 15.5 % 16.2 15.4 % 16.5% 16.7 % 

 

* Data are average of four replicates. 

 

 

 

 

 

 

 

 

 



 

 

plant 
-1

, 22.6 mg plant 
-1

, 15.7 mg plant 
-1

 & 9.7 mg plant 
-1

) than the high metal soil 

(11.1 mg plant 
-1

, 2.5 mg plant 
-1

, 56.9 mg plant 
-1

, 6.5 mg plant 
-1

, 4.4 mg plant 
-1 

& 

6.4 mg plant 
-1

) respectively. In both soils, uptake of macronutrients (total N, total P, 

K, Ca and Mg) by maize plant was significantly enhanced by addition of pea straw 

(45.7 mg plant 
-1

, 10.7 mg plant 
-1

, 161.8 mg plant 
-1

, 20.8 mg plant 
-1

 & 12.2 mg 

plant 
-1

) and maize straw (30.4 mg plant 
-1

, 7.1 mg plant 
-1

, 104.9 mg plant 
-1

, 14.5 mg 

plant 
-1

& 9.2 mg plant 
-1

) over the control (15.9 mg plant 
-1

, 4.0 mg plant 
-1

, 59.7 mg 

plant 
-1

, 8.2 mg plant 
-1

 & 8.8 mg plant 
-1

) respectively. The differences between 

treatments regarding the uptake of total N, total P, K & Ca were significant (p < 5 

%), whereas the differences between maize straw and control for Mg uptake were not  

 significant with each other but significant with pea straw (p < 5 %). The uptake of 

Na in maize plants was higher with pea straw (8.7 mg plant 
-1

) and control (9.0 mg 

plant 
-1

) treatments, whereas decreased with maize straw (6.4 mg plant 
-1

). The 

difference between control and pea straw treatment regarding Na uptake was not 

significant to each other but significant with respect to maize straw (p < 5 %). 

 

The concentrations of micronutrients (Zn, Cu, Fe & Mn) in maize plants at 

harvest are given in Table 6.8. Results indicated significantly higher concentration of 

micronutrients (Zn, Cu, Fe & Mn) in the plants growing in high metal soil than low 

metal soils. In maize plants, concentration of micronutrients (Zn, Cu, Fe & Mn) 

decreased with addition of maize straw, and the order of micronutrients accumulation 

was: control  > pea straw  > maize straw, respectively. The difference between maize 

straw and pea straw were not significant regarding their effects on micronutrients 

concentration in maize plants at harvest indicated statistically significant 



 

  

Table 6.8: Main effects of soils and organic amendments on heavy metal contents (µg g
-1

) in maize plant during 86 days of 

pot experiment. Different letters within a column indicate main effect-specific significant difference (P < 0.05; 

DMR Test)  

 

Main effects Zn Cu Fe Mn Pb Cd Cr Ni 

Soils         

Low metal soil 9.6 B 4.1 B 180.1 B 24.1 B 3.6 B 1.08 B 2.5 B .38 B 

High metal soil 23.9 A 9.8 A 467.4 A 63.5 A 12.1 A 1.97A 12.7 A 46.7 A 

LSD 2.12 0.76 28.4 4.30 0.57 0.28 0.75 2.59 

Organic 

amendments 
        

Control 21.8 A 10.5 A 418.8 A 60.0 A 10.8 A 2.08 A 10.5 A 32.5 A 

Pea straw 14.9 B 5.4 B 283.8 B 37.2 B 6.6 B 1.29 B 6.3 B 23.1 B 

Maize straw 13.5 B 5.0 B 268.7 B 34.3 B 6.1 B 1.21 B 6.0 B 21.8 B 

LSD 2.59 0.93 34.3 5.27 0.69 0.19 0.91 3.17 

Analysis of 

Variance 
        

 P-value P-value P-value P-value P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

S x O 0.0835 0.0005 0.0634 0.0037 <0.0001 0.2735 <0.0001 0.0001 

C.V (+ %) 14.6 % 12.7 % 10.23% 11.4 % 8.4 % 12.4 % 11.4 % 11.7 % 

 
*
 Data are average of four replicates. 

 



 

  

Table 6.8a: Effect of interaction between soil and organic amendments on the Cu, Cr, Ni, Pb and Mn contents of maize plants. 

Different letters in the column indicate significant difference between the means (p < 0.05) 

 

Treatments 

Cu Cr Ni Pb Mn 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Control 6.46 b 14.6 a 3.54 c 17.5 a 6.79 c 58.2 a 5.25 c 16.3 a 34.7 c 85.4 a 

Pea straw 3.11 c 7.7 b 2.00 d 10.5 b 3.96 c 42.3 b 2.89 d 10.3 b 19.7 d 54.6 b 

Maize straw 2.87 c 7.1 b 1.91 d 10.0 b 3.93 c 39.6 b 2.50 d 9.70 b 18.1 d 50.6 b 

LSD 1.32 1.29 4.49 0.98 7.54 

 

* Data are average of four replications 



 

  

differences between low and high metal soils (p < 5 %) (Table 6.8). The maximum 

(Zn, Cu, Fe & Mn) contents in maize plants, however, significant with respect to control 

(p < 5 %). The data regarding the toxic heavy metals (Pb, Cd, Cr and Ni) toxic heavy 

metals (Pb, Cd, Cr and Ni) contents were recorded in plants of high metal soil (12.1 µg 

g
-1

, 1.97 µg g
-1

, 12.7 µg g
-1

, & 46.7 µg g
-1

) as compared to low metal soils (3.6 µg g
-1

, 

1.08 µg g
-1

, 2.5 µg g
-1

, & 4.9 µg g
-1

). Toxic metal concentration in plants were 

significantly reduced with addition of maize straw (6.1 µg g
-1

, 1.21 µg g
-1

, 6.0 µg g
-1

, & 

21.8 µg g
-1

) than the pea straw (6.6 µg g
-1

, 1.29 µg g
-1

, 6.3 µg g
-1

, & 23.1 µg g
-1

) and 

control (10.8 µg g
-1

, 2.08 µg g
-1

, 10.5 µg g
-1

, & 32.5 µg g
-1

). In general, with addition of 

pea straw and maize straw, toxic metal (Pb, Cd, Cr and Ni) concentration in plants 

decreased significantly (p < 5 %) over the control. 

 

The uptake of micronutrients (Zn, Cu, Fe & Mn) (Table 6.9) was higher in 

plants growing in high metal soil than in low metal soil. The differences between both 

soils regarding micronutrients (Zn, Cu, Fe & Mn) uptake were significant (p < 5 %). In 

maize plants, micronutrients (Zn, Cu, Fe & Mn) uptake decreased significantly with 

addition of maize straw followed by pea straw and the control. The differences between 

pea straw and control were not significant regarding uptake of Zn, Fe and Mn but 

significant with respect to maize straw. All the treatments differed significantly from 

each other regarding Cu uptake (p < 5 %). Uptake of toxic heavy metals (Pb, Cd, Cr, 

Ni) by maize plants was greater in high metal soil than low metal soils (Table 6.9). The 

difference between both soils regarding uptake of Pb, Cr and Ni were significant (p < 5 

%), while Cd were not significant. The uptake of Pb, Cd and Cr uptake were in the 

order: control (21.7 µg plant 
-1

, 4.6 µg plant 
-1

, 19.9 µg plant 
-1

) > pea straw (20.5 µg  



 

  

Table 6.9 : Main effects of soils and organic amendments on heavy metal uptake (µg plant 
-1

) in maize plant during 86 days 

of pot experiment. Different letters within a column indicate main effect-specific significant difference (P < 0.05; 

DMR Test)  

 

Main effects Zn Cu Fe Mn Pb Cd Cr Ni 

Soils         

Low metal soil 37.7 B 15.7 B 698.9 B 93.4 B 13.8 B 4.2 A 9.6 B 2739 B 

High metal soil 47.9 A 19.2A 935.7 A 126.2 A 24.1 A 3.9 A 25.1 A 93.6 A 

LSD 6.69 1.96 85.6 12.9 2.47 0.62 2.34  

Organic 

amendments 
        

Control 45.5 A 22.0 A 871.0 A 124.3 A 21.7 A 4.6 A 19.9 A 58.2 A 

Pea straw 48.7 A 17.6 B 909.1 A 119.0 A 20.5 A 4.4 A 18.4 A 63.2 A 

Maize straw 34.4 B 12.7 C 671.8 B 86.0 B 14.6 B 3.2 B 13.8 B 47.3 B 

LSD 8.12 1.97 104.9 15.9 3.03 0.76 2.87  

Analysis of 

Variance 
        

 
P-value P-value P-value P-value P-value P-value P-value P-value 

Soils (S) 0.0044 0.0016 <0.0001 <0.0001 <0.0001 N.S <0.0001 <0.0001 

Organic 

amendments (O) 
0.0043 <0.0001 0.0003 0.0001 0.0003 0.0024 0.0007 0.0001 

S x O N.S N.S N.S N.S N.S N.S 0.1711 0.0055 

C.V (+ %) 16.0 % 13.1 % 12.2 % 13.8 % 15.2 % 16.4 % 15.7 % 10.2 % 

 
*
 Data are average of four replicates 

 



 

  

plant 
-1

, 4.4 µg plant 
-1

, 18.4 µg plant 
-1

) > maize straw (14.6 µg plant 
-1

, 3.2 µg plant 

-1
, 13.8 µg plant 

-1
) in both soils. In soils, amended with pea straw Ni uptake was at 

higher level (63.2 µg plant 
-1

) than the control (58.2 µg plant 
-1

) and maize straw 

(47.3 µg plant 
-1

) treatments. The differences between control and pea straw were not 

significant with each other regarding uptake of toxic heavy metals (Pb, Cd, Cr, Ni) 

but significant with respect to maize straw (p < 5 %). 

 

6.3.2.3 AB-DTPA extractable metal contents in soil at harvest 

The effects of organic amendments on status of total N, extractable P and 

AB-DTPA extractable macronutrients (Ca, Mg, Na and K) of soil are given in Table 

6.10. In low metal soil, concentration of total N, extractable P, AB-DTPA extractable 

Ca, Mg, Na and K were higher than in the high metals soil. The differences between 

both the soils regarding macronutrients contents of soil was significant (p < 5 %) 

except for Mg. In both soils, higher concentrations of macronutrients (total N, 

extractable P, AB-DTPA extractable Ca, and K)  were observed in soils amended 

with pea straw (0.069 µg g
-1

, 8.3 µg g
-1

, 0.181 µg g
-1

, & 0.252 µg g
-1

) than maize 

straw (0.066 µg g
-1

, 8.0 µg g
-1

, 0.175 µg g
-1

, & 0.251 µg g
-1

) and control (0.044 µg g
-

1
, 6.5 µg g

-1
, 0.123 µg g

-1
, & 0.160 µg g

-1
). The difference between maize straw and 

pea straw regarding their effects on concentration of total N, extractable P, AB-

DTPA extractable Ca, and K in soils were not significant with each other, but 

significant with respect to control (p < 5 %). Concentration of AB-DTPA extractable 

Mg and Na were found at higher level in low metal soil (0.156 µg g
-1

 & 0.037 µg g
-1

) 

than high metal soil (0.132 µg g
-1

 & 0.002 µg g
-1

). High concentration of AB-DTPA 

extractable Mg and Na were noticed in control (0.169 µg g
-1

, 0.026 µg g
-1

) soil as  



 

  

Table 6.10: Main effects of soils and organic amendments on total N, extractable 

P, AB-DTPA Ca, K, Na, Mg content (mg g
-1

) of soil at maize harvest 

in pot experiment. Different letters within a column indicate main 

effect-specific significant difference (P < 0.05; DMR Test)  

 

Main effects Total N 

 

Extractable 

P 

K Ca Mg Na 

Soils       

Low metal soil 0.095 A 11.6 A 0.280 A 0.332 A 0.156 A 0.037 A 

High metal soil 0.024 B 3.6 B 0.039 B 0.109 B 0.132 A 0.002 B 

LSD 0.03 0.32 0.03 0.03 0.03 0.03 

Organic 

amendments 
      

Control 0.044 A 6.5 B 0.123 B 0.160 B 0.169 A 0.026 A 

Pea straw 0.069 A 8.3 A 0.181 A 0.252 A 0.135 B 0.016 A 

Maize straw 0.066 A 8.0 A 0.175 A 0.251 A 0.129 B 0.016 A 

LSD 0.03 0.39 0.03 0.03 0.03 0.03 

Analysis of 

Variance 
      

 P-value P-value P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 0.0001 <0.0001 

Organic 

amendments (O) 
<0.0001 <0.0001 0.0001 <0.0001 <0.0001 <0.0001 

S x O 0.0010 <0.0001 0.0013 <0.0001 N.S 0.0001 

C.V (+ %) 12.7 % 4.9 % 14.0 % 5.0 % 8.2 % 16.0 % 

 
* 
Data are average of four replicates 

 

 

 

 

 

 

 

 

 



 

  

compared to soils amended with pea straw (0.135 µg g
-1

, 0.016 µg g
-1

) and maize 

straw (0.129 µg g
-1

, 0.016 µg g
-1

). The differences between treatments regarding 

their effects on AB-DTPA extractable Na contents of soils were not significant. 

Similarly, the difference between pea straw and maize straw treatments were not 

significant regarding their effects on AB-DTPA extractable Mg contents in soil, 

however significant with respect to control (p < 5 %). Concentration of AB-DTPA 

extractable micronutrients (Zn, Cu, Fe and Mn) and toxic heavy metals (Pb, Cd, Cr 

and Ni) are shown in Table 6.11. Maximum concentration of AB-DTPA extractable 

micronutrients (Zn, Cu, Fe and Mn) was observed in high metal soil (27.3 µg g
-1

,  

6.79 µg g
-1

, 140.1 µg g
-1

, & 39.2 µg g
-1

) than the low metal soil (10.2 µg g
-1

, 3.5 µg 

g
-1

, 14.6 µg g
-1

, & 8.5 µg g
-1

). The difference between both soils regarding AB-

DTPA extractable micronutrients concentration was significant (p < 5 %). Addition 

of organic amendments reduced concentration of AB-DTPA extractable 

micronutrients (Zn, Cu, Fe and Mn) in both soils in the order: control (20.0 µg g
-1

, 

7.18 µg g
-1

, 77.8 µg g
-1

, & 31.3 µg g
-1

) > pea straw (18.3 µg g
-1

, 4.22 µg g
-1

, 81.0 µg 

g
-1

, & 20.5 µg g
-1

) > maize straw (17.8 µg g
-1

, 4.05 µg g
-1

, 73.3 µg g
-1

, & 19.8 µg g
-

1
). The differences between pea and maize straw regarding AB-DTPA extractable 

Zn, Cu, and Mn contents of soil were not significant but significant with respect to 

control (p < 5 %). Whereas the differences between treatments regarding their effects 

on concentration of AB-DTPA extractable Fe were significant (p < 5 %).  

 

Concentration of AB-DTPA extractable toxic heavy metals (Pb, Cd, Cr & 

Ni) was significantly higher in high metal soil (8.68 µg g
-1

, 0.36 µg g
-1

, 1.31 µg g
-1

, 

& 1.36 µg g
-1

) than in low metal soil (1.63 µg g
-1

, 0.09 µg g
-1

, 0.11 µg g
-1

, & 0.17 µg  



 

  

Table 6.11: Main effects of soils and organic amendments on ABDTPA extractable micronutrients and toxic heavy metals 

contents (µg g
-1

) of soil at maize harvest in pot experiment. Different letters within a column indicate main effect-

specific significant difference (P < 0.05; DMR Test)  

 

Main effects Zn Cu Fe Mn Pb Cd Cr Ni 

Soils         

Low metal soil 10.2 B 3.50 B 14.6 B 8.5  B 1.63 B 0.09 B 0.11 B 0.17 B 

High metal soil 27.3 A 6.79 A 140.1 A 39.2 A 8.68 A 0.36 A 1.31 A 1.36 A 

LSD 0.78 0.29 2.16 1.92 0.34 0.03 0.04 0.05 

Organic 

amendments 
        

Control 20.0 A 7.18 A 77.8 B 31.3 A 6.48 A 0.26 A 0.90 A 0.95 A 

Pea straw 18.3 B 4.22 B 81.0 A 20.5 B 4.66 B 0.21 B 0.63 B 0.68 B 

Maize straw 17.8 B 4.05 B 73.3 C 19.8 B 4.33 B 0.20 B 0.59 B 0.66 B 

LSD 0.96 0.35 2.65 2.36 0.41 0.03 0.05 0.06 

Analysis of 

Variance 
        

 
P-value P-value P-value P-value P-value P-value P-value P-value 

Soils (S) <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 

Organic 

amendments (O) 
0.0004 <0.0001 <0.0001 <0.0001 <0.0001 0.0004 <0.0001 <0.0001 

S x O 0.3674 0.0262 <0.0001 <0.0001 <0.0001 0.0526 <0.0001 <0.0001 

C.V (+ %) 4.9 % 6.5 % 3.3 % 9.4 % 7.6 % 10.4 % 5.8 % 7.7 % 

 
*
 Data are average of four replicates



 

  

g
-1

). Addition of organic amendments significantly decreased concentrations of AB-

DTPA extractable toxic heavy metals (Pb, Cd, Cr & Ni) in both soils more with the 

maize straw (4.33 µg g
-1

, 0.20 µg g
-1

, 0.59 µg g
-1

, & 0.66 µg g
-1

) than the pea straw 

(4.66 µg g
-1

, 0.21 µg g
-1

, 0.63 µg g
-1

, & 0.68 µg g
-1

), respectively. The differences 

between maize straw and pea straw were not significant but highly significant with 

respect to control (p < 5 %). 

 

6.4 DISCUSSION 

6.4.1 Response of Microbial Biomass and Available N to Organic 

Amendments  

In soils, concentration of heavy metals above the ambient levels can 

adversely affect the environment by decreasing microbial population, changing 

physiological activity and shifting or changing the composition of soil microbial 

communities (Akmal et al., 2005). Soil microbial biomass (biomass C & biomass N) 

has been used by researchers as an indicator to determine the negative effects of 

heavy metals on soil microorganisms (Nwuche and Ugoji, 2008). Reductions in 

microbial biomass C (Oliveira and Pampulha, 2006; Gong et al., 2006; Khan et al., 

2006; Yong-Tao et al., 2009) and biomass N (Murrieta et al., 2006; Khan and 

Joergensen, 2006; Shentu et al., 2008) have been reported in contaminated soils. In 

the present study, values of microbial biomass C (Fig. 6.1) and microbial biomass N 

(Fig. 6.2) in high metal soil were significantly lower than the low metal soil, as the 

similar trend had been noticed in experiment I and II. Soil microbial biomass C and 

biomass N values in low metal soil were 38 % and 39 % higher, respectively, than in 

the high metal soil. Similar were the findings of Smejkalova et al. (2003) who  



 

  

 
 
Fig 6.1 : Microbial biomass C response to addition of pea and maize straw 

as compared to control in low and high metals soil during 56 days 

of pot experiment (Error bars reflect standard deviation of data) 

 

          

 
 

Fig 6.2: Microbial biomass N response to addition of pea and maize straw 

as compared to control in low and high metals soil during 56 days 

of pot experiment (Error bars reflect standard deviation of data)  
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reported inhibition of microbial biomass up to half in contaminated soils than in 

uncontaminated soils. Akmal et al. (2005) demonstrated that in metal contaminated 

soils, microbes were under stress and diverted energy from the growth to cell 

maintenance functions, which could be the possible reason for reduction in microbial 

biomass. Our results showed relatively less increase in microbial biomass N than 

microbial biomass C in both the soils, which are in line with the findings of Akmal et 

al. (2009) who also reported 36 % lower biomass C and 62 % less biomass N in soils 

contaminated with Pb compared to the untreated control. The possible reason of 

more decrease in microbial biomass N than biomass C could be the competition 

between soil microorganisms and the maize plants for the uptake of N (Khan and 

Scullion, 2002).  

 

Addition of organic amendment in contaminated soil reduces the toxic 

effect of heavy metals to microbes, by improving soil physical condition, binding the 

metals with stable organic compounds and recycling nutrients in soil (Sanchez-

Monedoro et al., 2004; David et al., 2004). In my study, straw addition enhanced 

microbial biomass C and biomass N but the increase was greater with pea straw than 

the maize straw. Overall, addition of pea straw caused an 11 % increase in microbial 

biomass C over the maize straw, and was 68 % higher than the control. In low metal 

soils amended with pea straw, microbial biomass C depicted 31 % higher values than 

those in the high metal soil. In soils amended with maize straw, 34 % higher values 

of microbial biomass C were noticed in low metal than the high metal soil. Similarly, 

with the addition of pea straw, microbial biomass N was 19.4 % and 83.0 % higher 

than the maize straw and the control respectively. In low metal soil amended with 



 

  

pea straw, microbial biomass N was 34.2 % higher than the high metal soil. 

Microbial biomass N depicted 38.1 % higher values in the low metal soil amended 

with maize straw than the high metal soil. In this study, the interactions between soil 

and organic amendment were highly significant (p < 0.0001) for microbial biomass C 

and biomass N, indicating the significant role of organic amendments in improving 

microbial activity in soils. Higher microbial biomass C and biomass N were noticed 

for the interaction between pea straw and low metal soil and the minimum for high 

metal soil and unamended control treatment (Table 6.2a & 6.2b). These results are 

similar to Branzini et al. (2009) who reported that application of composts and 

biosolids to slightly acid soils significantly increased biomass C and biomass N more 

than the unamended (control) contaminated soils due to the high percentage of 

humified organic matter, which varied between 86.7 % for the biosolids compost and 

88.5 % for compost. Nutrients availability from an organic amendment after 

mineralization depends upon its chemical composition. Pea straw contained high 

total C, N, P, and S contents as compared to the maize straw, which was probably the 

reason of relatively more increase in microbial biomass C, and microbial biomass N 

in pea straw than maize straw amended soils. The maximum value of biomass C was 

noticed on 28 days after sowing (DAS) that was 37 % higher than at the pot filling 

stage. Microbial biomass C subsequently decreased by 8.2 % upto the 56 DAS. As 

for microbial biomass N, the maximum value was noticed on the 28 DAS. It was 32 

% higher than the value at the pot filling stage, which decreased by 12.8 % until the 

harvest of maize plant. Particularly as indicated by the interaction between soil, 

organic amendment and days of incubation, where pea straw had shown significant 

interaction with both soils depicting higher biomass C and biomass N as compare to 



 

  

the maize straw and the control from pot filling till the harvest of maize crop. The 

decrease in biomass C and biomass N values from pot filling till harvest of maize 

crop in both soils was greater in the control treatment than the pea and maize straw 

amended soils (Fig. 6.1) (Table 6.2a & 6.2b).  

 

Microbial biomass C/ N ratio is reported to control microbially mediated 

nitrogen cycling and its availability. Thus, the microbial biomass C/ N ratio reflects 

the toxic effects of heavy metal on the function of soil ecosystem (Akmal et al., 

2005). Many researchers have demonstrated that heavy metal stress can cause 

changes in microbial biomass C/ N ratios (Dai et al., 2004; Akmal et al., 2005; 

Akmal et al., 2009). In my study, soil microbial biomass C/ N ratio in high metal soil 

was 8.5 % higher than in the low metal soil. A higher microbial biomass C/ N ratio 

was noticed in the control soils, which was 58 % and 53 % higher than the pea straw 

amended soils and the maize straw amended soils respectively (Table 6.3a). This 

high biomass C/ N ratio in control soils could be due to less microbial biomass N in 

these soils. It was further evident from the interaction between soil and organic 

amendments, which differed significantly in all the treatments (p < 0.0001) (Table 

6.3a). The pea straw added higher nitrogen than the maize straw, and has shown 

strong interaction with soils, which ultimately increased biomass N thereby reducing 

the biomass C/ biomass N ratio. Similarly in the interaction between soil and days of 

incubation (Table 6.3a) from 0 DAS to the 14 DAS microbial biomass C/ N ratio in 

low metal soil was lower than the high metal soils, but afterwards it increased. The 

reason could be that, in start maize plant was small and had taken less nitrogen from 

soil but later on with the increased plant growth and more uptake of nitrogen by 



 

  

maize plant, ultimately resulted in low biomass N and increased biomass C/ N ratio 

in low metal soils than the high metal soils. However, the values of microbial 

biomass N and microbial biomass C in low metal soils were significantly higher than 

the high metal soils. An increase in the microbial biomass C/ N ratio from start to the 

end of experiment could be due to the reduction of C mineralization with the passage 

of time and ultimately a reduction in the size of soil microbial population in these 

soils (Table 6.3a). Some studies have reported a shift from bacterial population to 

fungal population, which may also be the possible cause of changes in microbial 

biomass C/ N ratio (Khan and Jorgensen, 2006), since the C/ N ratio of fungal cells is 

generally higher than those of the bacterial cells (Mohammed et al., 2000). Similarly, 

Shuquing et al. (2007) reported fungi and actinomycetes as more tolerant to heavy 

metal stress in polluted soils than the bacteria.  

 

In the amended soils, the concentration of NH4 –N (Fig. 6.3) and NO3 –N 

(Fig. 6.4) decreased significantly with increasing metal load. Concentration of NH4 –

N in low metal soil was 28 % higher than the high metal soil. Similarly, 

concentration of NO3 –N in low metal soil was 39 % higher than the high metal soil. 

Smolder et al. (2001) and Cela and Sumner (2003) reported that higher 

concentrations of heavy metals in soils resulted in inhibition of certain microbial 

groups, particularly the nitrifying bacteria and the ammonifiers. In their study, 

Avrahami et al. (2003) reported reduction in nitrification rates with the increase in 

Zn concentration of soil. The addition of organic amendments enhanced NH4 –N and 

NO3 –N contents of soil but the increase was more with pea straw as indicated by the 

significant interaction between soil and organic amendment regarding NH4 –N and  



 

  

 
 

Fig 6.3:  NH4 contents of soil with addition of pea and maize straw as 

compared to control in low and high metals soil during 56 days of 

pot experiment (Error bars reflect standard deviation of data) 

 

 
 
Fig 6.4:  NO3 contents of soil with addition of pea and maize straw as 

compared to control in low and high metals soil during 56 days of 

pot experiment (Error bars reflect standard deviation of data)  
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NO3 –N contents in both soils (p < 0.0001) (Table 6.4a & 6.4c). The pea straw 

addition increased 25 % higher NH4 –N contents than the maize straw and 80 % than 

the control. Similarly, in soils amended with pea straw, the concentration of NO3 –N 

was 22.0 % and 73.6 % higher than the maize straw and the control, respectively. 

The significant interaction of pea straw with low metal soils and high metal soil was 

the possible reason for higher NH4 –N and NO3 –N contents of soils. Overall, 

additions of both the straws have shown significant effects on the NH4 –N and NO3 –

N contents of contaminated soil than the unamended control. Similar were the 

findings of Zaman et al. (2004) who reported an increase in nitrification process with 

the addition of composted sewage sludge in contaminated soils. Maximum 

concentration of NH4 –N was noticed on 14 DAS (days after sowing) in the amended 

soils which was 13.3 % higher than the pot filling stage, then decreased by 72.2 % 

till the 56 DAS. Similarly, the maximum concentration of NO3 –N was noticed on 

the 14 DAS in the amended soils, which was 26.6 % higher than at pot filling stage, 

and decreased by 62.2 % till the harvest.  

 

Our results demonstrated that availability of nitrogen in soil decreased with 

increase in soil pollution as in low metal soil it was 32 % higher than in the high 

metal soil. Correspondingly, nitrogen availability increased significantly with 

addition of pea and maize straw, the increase being 78 % and 71 % respectively over 

the control in both soils. N availability was significantly higher in soils amended 

with pea straw, due to its high nitrogen content and its significant interaction with 

both soils (Table 6.4e). The effect of Soil and organic amendment interaction on N 

availability depicts that in low metal soils amended with pea straw, it was 33.1 % 



 

  

higher than the high metal soil. In pots of low metal soils amended with maize straw 

N availability was 28.2 % higher than the high metal soil. Similar were the findings 

of Yaseen et al. (2007) who reported higher N availability with peanut residues than 

farmyard manure and control in polluted soils. The interaction of Organic 

amendment with days of incubation gives an overall picture of the effects of three 

treatments i.e. unamended control, pea straw and maize straw on the N availability 

during 86 days of experiment (Table 6.4f). Nitrogen availability increased 

significantly in pea and maize straw amended pots from pot filling till 14 DAS, 

thereafter it declined. The reason could be the high uptake of nitrogen by maize 

plant, soil microbes and less availability of organic matter with time. In the start of 

experiment, organic matter contents of amended soils were high which provided 

organic nitrogen for mineralization but later on its availability decreased due to 

decomposition by microbes, which subsequently caused decline in nitrogen contents 

at the end. In control soils, N availability was maximum till sowing of maize crop but 

afterwards as the maize plants germinated its contents declined continuously till 

harvest. 

 

An increase in NH4/ NO3 ratio was observed with increasing soil metal 

pollution. Straw addition significantly increased the ratio, higher than the unamended 

control (Table 6.3d). The reason could be the significant interaction between organic 

amendments and the soils, which caused higher stimulation of ammonifiers than the 

nitrifiers in both soils, ultimately leading to their higher NH4 and NO3 values and 

high NH4/ NO3 ratio. While comparing the NH4/ NO3 ratio in both soils (Table 6.3), 

it decreased by 15.8 % in low metal soil and 25.5 % in high metal soils from pot 



 

  

filling to 56 DAS. This study indicated a greater reduction in NH4 –N as compared to 

NO3 –N with the passage of time. These results are in line with findings of Tasatar 

and Haktanir (2000) who also found more reduction in ammonification than 

nitrification in contaminated soil with passage of time during incubation experiment. 

 

6.4.2 Response of Soil Enzymes to Organic Amendments  

  Assessment of enzyme activity is a useful indicator of microbial activity 

because of its biological origin (Oliveira et al., 2006). It is used in the assessment of 

soil fertility and productivity. Besides this, it facilitates complex cognition of 

changes taking place in the soil environment (Myskow et al., 1996). Soil enzyme 

activity is sensitive to soil heavy metal contamination; therefore, it can be used as a 

tool for monitoring changes taking place in the soil (Oliveira et al., 2006). 

Dehydrogenase activity (DHA), an intracellular enzyme is involved in microbial 

oxidoreductase metabolism, and its activity depends upon the metabolic state of soil 

biota. In our study, dehydrogenase activity in high metal soil showed a significant 

decline, as it was 52 % lower than in the low metal soil. A large number of studies 

have reported drastic decrease in enzyme activity in response to heavy metal 

pollution (Oliveira et al., 2006; Zhang et al., 2007; Akmal et al., 2009; Yong-Tao Li 

et al., 2009). In their study, Oliveira et al. (2006) observed inhibition of DHA 

activity upto 80-90 % in contaminated soils than uncontaminated soil. The possible 

reason for reduction of DHA activity in contaminated soils could be due the binding 

of heavy metals with functional group of enzymes, denaturing it and thus dropping 

its activity (Akmal et al., 2005). Addition of organic amendment increased DHA 

activity by significant interactions between soils and organic amendments (p <  



 

  

 
 
Fig 6.5: Response of dehydrogenase to pea and maize straw addition as 

compare to control in low and high metal soil during 56 days of pot 

experiment (Error bars reflect standard deviation of data) 

 

 
 
Fig 6.6: Response of alkaline phosphatase to pea and maize straw addition 

as compared to control in low and high metals soil during 56 days 

of pot experiment (Error bars reflect standard deviation of data) 
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0.0001) (Table 6.2c), being was greater with pea straw. DHA activity was 16 % more 

in pea straw amended soils, than maize straw, and 67 % more than the control. 

Response of DHA activity to three treatments i.e. control, pea straw and maize straw 

in both soils revealed that their values in low metal soils were 69 %, 47 % and 50 % 

respectively, higher than the high metal soil. It indicated a significant effect of 

interaction between soils and organic amendment on the activity of dehydrogenase. 

DHA activity increased significantly in amended soils from pot filling to 28 DAS, 

thereafter it declined till the 56 DAS (Fig. 6.5). In control soils, DHA activity 

increased significantly till sowing, thereafter a non significant increase till 28 DAS, 

afterwards it declined non significantly till 56 DAS (Table 6.2d). This decrease is 

because the soil microbial population readily utilized carbon substrate, but with 

passage of time as the reserves were exhausted enzymes activity decreased.  

 

Alkaline phosphatase is involved in P cycling in soil and catalyzes the 

hydrolysis of phosphate from organic monoester linkages. The phosphates released 

from such phosphatase actions are very important to the plants and microorganisms 

that depend on soil for their phosphorus requirements (Sobolev and Begonia, 2008). 

Phosphatase activity was significantly lower in high metal soil. In low metal soil, 

phosphatase activity was 49 % higher than the high metal soil. In both soils, 

phosphatase activity increased in soils amended with pea straw depicting 22 % 

higher values than maize straw and 69 % more than control (Fig. 6.6). The 

interaction between soil and organic amendment further indicated that pea straw had 

shown more significant effects than the maize straw on phosphatases activity in both 

the soils (Table 6.2e). Overall, phosphatase activity increased significantly by 25 % 



 

  

in amended soils from pot filling to 28 DAS in both soils, thereafter it started 

declining slowly. In control soil there was a non significant increase in phosphatase 

from sowing till harvest of maize crop (Table 6.2f). 

 

Overall, soils with higher level of heavy metals showed the significant 

decline in soil phosphatase and DHA activity, as both proved highly sensitive to 

heavy metal pollution. These results are in line with the Nadgorska-Socha et al. 

(2006) who found significant decline in phosphatase activity with increase in 

pollution. Our results are contradictory to the findings of Speir et al. (1999) who 

concluded that with increase in metal pollution, all the biochemical properties 

declined considerably except phosphatases activity. Similarly, many studies have 

reported increase in enzyme activities with organic amendment addition in metal 

polluted soils (Wyszkowska et al., 2001; Kizilkaya and Bayrakli, 2005; Perez de 

Mora et al., 2006; Jezierska-Tys and Frac, 2008). Wyszkowska et al. (2001) have 

reported a significant increase in dehydrogenase and alkaline phosphatase activity 

due to the addition of barley straw in the soils contaminated with Cr. They added that 

enzymes activities were intensified due to the diminishing chromium toxicity. In 

their investigation, Kizilkaya and Bayrakli (2005) reported that enzyme activity in 

soil is linked with the levels of mineral and organic compounds occurring in the soil 

and the amendment, and that activity was also dependent on organic carbon content 

of soil. Correspondingly, Bielinska and Sukowska (2002) demonstrated enzyme 

activity to be positively correlated with contents of organic C and total N in the soil 

which were similar to my findings. DHA/ biomass C and alkaline phosphates/ 

biomass C ratios in low metal soil were 17.9 % and 10.7 % respectively, higher than 



 

  

in the high metal soil. Both ratios were higher in pea straw amended soils, indicating 

a significant effects of pea straw on the activities of both enzymes. Both ratios in 

amended soils were high at the time of pot filling stage, which declined by 14 DAS, 

and thereafter again increased (Table 6.3b and 6.3c). The possible reason for this 

trend could be that in start organic matter was high which caused high enzyme 

activity. With passage of time, added straw decomposed which resulted in reduced 

enzyme activity. Later on when plants germinated, their root activity may have 

caused an increase in enzyme activity. This process could be further demonstrated by 

the Soil, organic amendment and days of incubation interaction results of DHA/ 

biomass C and alkaline phosphates/ biomass C ratios in the control pots (Table 6.3b 

and 6.3c). These ratios increased significantly in the control pots from sowing till the 

harvest of maize crop. The reason could be the significant effects of interactions 

between soil and organic amendment i.e. in the unamended control pots, no organic 

amendment was added which led to less enzyme activity in the start of experiment 

but later on, increased roots activity due to the germination of maize plants might 

have caused an increase in the enzymes activity.  

 

6.4.3 Plant Height and Dry Matter Yield 

Soils highly contaminated with heavy metals lack proper structure, aeration, 

fertility and organic matter contents. Plants growing on such soils accumulate 

excessive amount of heavy metals that results in poor plant growth (Clemente et al., 

2006). The level of metals in such crop plants is sufficient to cause disorders and 

clinical problems to both humans and animals consuming these plants (Rattan et al., 

2005). In the present investigation, plant height, fresh weight and dry weight were 



 

  

significantly less (p < 5 %) when grown in the high metal soil than grown in the low 

metal soil (Table 6.5). Maize plants grown in low metal soil were 20 % taller than 

those grown in high metal soil. Maize plant shoots had noticeable and gradual 

stunted growth in high metal soil. An increase in plant height was observed in pots 

with pea straw addition, as they were 14.7 % taller than maize straw amended pots 

and 19.7 % compared to the control. Interaction between soil and organic 

amendments regarding plant height was not significant. In many studies, high 

concentrations of heavy metals have been reported to impose negative effects on 

plant growth (Saini and Gupta, 2001; Purohith et al., 2003; Aery and Rana, 2003; 

Hussain et al., 2006). Heavy metals such as Pb and Cr in excess cause significant 

reduction in all plant growth parameters, chlorophyll content and yield components 

(Hussain et al., 2006). High concentrations of Pb and Cr in the rooting media 

drastically reduce all photosynthetic pigments and all yield attributes (grain yield, 

biomass yield). In egg plant and tomato, Purohith et al. (2003) have reported reduced 

root and shoot length, reduced number of leaves and branches and biomass, because 

of increased Cr concentration. Athar and Ahmad (2002) observed a decrease in dry 

weight of wheat plants by 63 %, 58.5 % and 51 %, respectively with increase in Cd, 

Cu and Ni concentration of soil. In my study, fresh weight was 53 % less in high 

metal soil than the low metal soil. A significant increase in fresh weight of maize 

plants was noticed in the amended soils as compared with the unamended control. 

Fresh weight of maize plants in soils amended with the pea straw was 30 % higher 

than maize straw and 42 % greater than the control. This could be due to the 

significant effects of interaction between soil and pea straw on fresh plant weight (p 

< 0.0001). A significantly higher fresh plant weight was noticed in the low metal 



 

  

soils × pea straw interaction. Pea straw contained more N, P, S etc. which could be 

the reason for greater nutrient availability to plants and increased plant height, fresh 

and dry weight as compared to control. These results are in line with that of Yaseen 

et al. (2007) who found that fresh weight, dry weight and plant height of spinach 

plants decreased significantly with increase in soil pollution. They also noticed an 

increase in these parameters with addition of organic residues as compared to 

control. Similarly, Wyszkowska et al. (2001) had also found a significantly higher 

biomass yield of oat plants in the Cr contaminated soils amended with 4 g barley 

straw kg soil 
-1

. They further added that biomass yield of oat plants in the straw 

amended soils was 7 times higher than the treatments without straw amendment. 

 

6.4.4 Effect of Organic Amendments on Soil Macro and Micronutrients    

Status and Their Uptake by Plants  

6.4.4.1 Macronutrients 

  Phytoavailibility of heavy metals in soils is related to their residence time 

(Sabir et al., 2009), which itself depends upon organic matter, clay contents, pH, 

CEC and CaCO3 contents. Organic amendments could influence heavy metals by 

increasing metal adsorption, complexation and precipitation in soils. Added organic 

matter is reported to reduce bioavailability of toxic heavy metals in soil through these 

processes and, after decomposition, enhance the uptake of essential plant nutrients 

(Puschenreiter et al., 2005; Yaseen et al., 2007). In our study, the addition of pea and 

maize straw significantly increased N, P and K concentration in soil, and 

consequently increased the concentration of N, P and K in maize plants as compared 

to the control. Concentration of N, P and K in low metal soil was 74.7 %, 69 % and 



 

  

86 %, respectively, higher as compared to the high metal soil. Uptake of N, P and K 

by maize plant in low metal soil was 78 %, 80% and 65 % higher than high metal 

soil. The possible cause of this decrease in uptake of heavy metals in high metal soils 

could be due to the adverse affect of heavy metals on plant growth. In this regard, 

Obata and Umebayashi (1997) stated that an excess of Cd is harmful to the plasma 

membrane of root cells, which causes inhibition of water and K adsorption or 

leakage of K from root cells. Athar et al. (2002) also observed the heavy metal effect 

on growth and metal uptake by wheat plants and found that with an increase in metal 

pollution, nitrogen uptake declined markedly leading to substantially less dry matter 

and grain yield of wheat plant. In my study, the application of organic amendment 

significantly (p < 5 %) increased N, P and K content in soil and uptake of N, P and K 

by maize plant. The increase in uptake of N, P and K was 65.2 %, 62.7 % & 63.1 % 

with pea straw and 47.4 %, 44.4 % & 43.1 % with maize straw as compared to 

control. Interaction between soil and organic amendment regarding uptake of N, P 

and K was highly significant (p < 0.0001). Pea straw was superior over maize straw 

in terms of high N, P and K contents of soil, and their uptake by maize plants in low 

metal soil & high metal soils. The reason for this could be the higher N, P and K 

concentration of pea straw than maize straw. Our results are in agreement with 

Ciecho et al. (2004) who reported higher accumulation of nitrogen in the grain and 

straw of Zea maize in polluted soils because of compost application as compared to 

unamended control. Likewise, Tordoff et al. (2000) demonstrated that application of 

organic materials in contaminated soils increased plant production by mobilizing 

essential nutrients and by reducing the availability of toxic heavy metals.  

 



 

  

Calcium, Mg and Na contents in the low metal soil were 67 %, 15.4 % & 95 % 

respectively higher than in the high metal soil. Concentration of AB-DTPA 

extractable Ca in soil increased with the addition of straw, whereas that of AB-DTPA 

extractable Mg and Na decreased. Uptake of Ca, Mg and Na contents by maize 

plants in low metal soil was 71.2 %, 72 % & 34 %, respectively, higher than in high 

metal soil. Addition of organic amendments significantly enhanced Ca and Mg 

uptake, as pea straw showed 30 % and 24.6 % higher values than maize straw, and 

61 % & 28 % higher over the control. High AB-DTPA extractable Na concentration 

was observed in control soil as compared to pea and maize straw added soils. Similar 

trend was seen in both soils regarding uptake of Na i.e. highest uptake of Na was in 

control soils and in soils amended with pea straw, as compared to maize straw added 

soils. These results are in line with Ciecko et al. (2005) who observed that 

application of compost in Cd contaminated soil increased the uptake of Mg upto 20-

30 % and decreased Na uptake. Contrary to this, Walker et al. (1997) reported a 

decrease in K, Ca, Mg, Fe and NO3 uptakes by maize plants in soils contaminated 

with Pb. 

 

6.4.4.2 Micronutrients and heavy metals 

Micronutrient availability to plants is controlled by various reactions; 

namely complexation with organic and inorganic ligands, precipitation and 

dissolution of solids, ion exchange and adsorption, and acid base equilibria (Yaseen 

et al., 2007). Organic amendments play a key role in enhancing the microbial activity 

of soil, which enhances essential nutrients availability to plants and ultimately lessen 

the toxicity effects of toxic elements (Kordel et al., 1997; Clemente et al., 2007). The 



 

  

uptake of trace elements and other macroelements is disturbed in crop plants grown 

in areas polluted with heavy metals (Das et al., 1998). In this study, comparison 

between low and high metal soils revealed that AB-DTPA extractable micronutrients 

(Zn, Cu, Fe & Mn) in high metal soil were higher (62.6 %, 48.5 %, 89.6 % & 78.3 

%) than in the low metal soil. The trend for micronutrient (Zn, Cu, Fe & Mn) uptake 

by plants was similar to soil, as in plants of high metal soil uptake was higher (21.2 

%, 18.2 %, 25.3 % & 26.0 %) than the low metal soil. Maize straw addition 

significantly reduced AB-DTPA extractable micronutrients (Zn, Cu, Fe & Mn) 

concentrations in soil and their uptake by maize plants. A significant interaction 

between the maize straw and the low metal soils has caused greater reduction in AB-

DTPA extractable Cu, Fe & Mn contents of the soils (Table 6.11a). In both soils 

amended with maize straw, AB-DTPA extractable micronutrients (Zn, Cu, Fe & Mn) 

concentration were 2.8 %, 4.2 %, 10.5 % & 3.5 % respectively lower than the pea 

straw and 12.4 %, 77.3 %, 6.1 %  & 58.1 %, respectively, lower than untreated 

control treatment. Comparison of AB-DTPA extractable micronutrients in soil with 

permissible limit revealed that Zn, Fe, Cu and Mn were above the limit defined by 

Soltanpour (1985) for Cu (0.50 µg g
-1

), Fe (13µg g 
-1

), Zn (1.5 µg g 
-1

) and Mn (1.0 

µg g 
-1

). Although, addition of pea straw and maize straw reduced AB-DTPA 

extractable Zn, Cu & Mn concentration in soil than the unamended control but in pea 

straw amended pots Fe contents increased than the control. Overall, the interaction 

effect of soil and organic amendment on soil AB-DTPA extractable Fe and Mn 

content was highly significant (p < 0.0001), whereas significant for Cu (p < 0.01) 

and non-significant for Zn (Table 6.11 a). The interaction effect of both amendments 

in two soils was not significant regarding micronutrient (Zn, Cu, Fe & Mn)



 

  

Table 6.11a: Effect of interaction between soil and organic amendments on the AB-

DTPA extractable Cu, Fe and Mn contents of soils. Different letters in 

the column indicate significant difference between the means (p < 0.05) 

 

Treatments 

Cu Fe Mn 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Control 5.25 c 9.12 a 16.4 d 139.1 b 11.9 c 50.6 a 

Pea straw 2.69 d 5.75 b 13.9 d 148.1 a 7.1 d 33.8 b 

Maize straw 2.56 d 5.53 bc 13.4 d 133.1 c 6.6 d 33.1 b 

LSD 0.50 3.74 3.33 

                        * Data are average of four replications 

Table 6.11b: Effect of interaction between soil and organic amendments on the AB-DTPA extractable toxic 

metal contents of soils. Different letters in the column indicate significant difference between the 

means (p < 0.05) 

 

Treatments 

Cd Cr Ni Pb 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Low 

metal soil 

High 

metal soil 

Control 0.11 c 0.41 a 0.158 c 1.648 a 0.24 c 1.66 a 2.19 c 10.8 a 

Pea straw 0.08 c 0.34 b 0.088 d 1.168 b 0.14 d 1.22 b 1.44 d 7.9 b 

Maize straw 0.08 c 0.33 b 0.083 d 1.105 b 0.13 d 1.19 b 1.26 d 7.4 b 

LSD 0.05 0.07 0.08 0.58 

      * Data are average of four replications 



 

 

uptake by maize plants.  

 

Similarly, uptake of micronutrients (Zn, Cu, Fe & Mn) was also reduced in 

plants amended with maize straw. Micronutrients (Zn, Cu, Fe & Mn) uptake was 

reduced 41.6 %, 38.6 %, 35.3 % & 38.4 %, respectively, lower than the pea straw 

and 32.3 %, 73.2 %, 29.7 %  & 44.5 %, respectively, lower than the control 

treatment. The concentrations of Zn, Cu, Fe & Mn recorded in maize plant were 

compared with the toxic limits as described by WHO (1996) and Indian standards 

(Awashthi, 2000). Concentration of Zn in maize plants was higher than the WHO 

(1996) limits (5 µg g
-1

) but lower than the Awashthi (2000) standards (50 µg g
-1

) in 

both the soils. The effect of interaction between soil and organic amendment on the 

Zn concentration of maize plant was not significant. Copper concentration in maize 

plants of low and high metal soil was lower than the limit of Awashthi (2000) (30 µg 

g
-1

). Whereas, in high metal soils amended with maize and pea straw, Cu 

concentration of the maize plant was significantly reduced below the permissible 

limits of WHO (1996) (10 µg g
-1

). The significant effects of interaction between 

organic amendments and the soils have caused more reduction in the Cu contents of 

maize plants especially those grown in the high metal soils (Table 6.8a). Iron 

concentration in plants of low metal soil decreased significantly with pea and maize 

straw below the limits described by WHO, (1996) (150 µg g
-1

). In high metal soil, 

application of straw reduced Fe concentration in plants but it was higher than the 

permissible limit (WHO, 1996). Overall, the effect of organic amendment on the Fe 

contents of maize plants was not significant. Manganese concentration in plants of 

both soils was higher than the permissible limits of WHO (1996) (6.61 µg g
-1

).  



 

  

Addition of pea straw decreased uptake of Cu and Mn but increased of Zn and Fe as 

compared to control, whereas maize straw addition reduced metal concentration in 

soil and plants more than the pea straw in both soils. These results are in line with 

Yaseen et al. (2007) who observed reduction in Zn concentration of maize plants by 

about 24 % and 30 % with farmyard manure and peanut residues respectively. 

Similar were the findings of Pierzynski and Schwab (1993), who also found a 

significant decrease in Zn concentration in soyabean plants with the addition of cattle 

manure and poultry litter. 

 

Concentration of AB-DTPA extractable toxic heavy metal (Pb, Cd, Cr and 

Ni) in the high metal soil were 81.2 %, 75.0 %, 91.6 % and 90.0 %, respectively, 

higher than in the low metal soil. Plant metal uptake showed a similar trend in the 

high metal treatment as the increase was 42.7 %, 7.7 %, 61.8 % and 79.8 % over low 

metal soil. Addition of pea straw and maize straw significantly reduced AB-DTPA 

toxic metals (Pb, Cd, Cr and Ni) (39.1 %, 23.8 %, 42.9 % and 39.7 %) concentration 

in both soils, more significantly as compared to control. In soils amended with maize 

straw, AB-DTPA extractable toxic metals (Pb, Cd, Cr and Ni) concentration was 

reduced by 7.6 %, 5.0 %, 6.8 % and 3.0 %, respectively, compared to pea straw and 

49.7 %, 30 %, 52.5 % and 43.9 %, respectively, compared to the control treatment. 

Concentration of AB-DTPA extractable toxic heavy metal contents in the soil were 

compared with critical levels as described by Maclean et al. (1987) for Pb (13µg g 
-

1
), Cd (0.31µg g 

-1
), Cr (8.0µg g 

-1
) and Ni (8.1µg g 

-1
). AB-DTPA extractable Pb 

concentration in low metal soils was well below the limit of 13µg g 
-1

. In high metal 

unamended soil (control), Pb concentration was higher than the limit (13µg g 
-1

), 



 

  

whereas in soils amended with pea and maize straw, it decreased below the limit 

(13µg g 
-1

). The significant effect of reduction in Pb concentration of soils was 

noticed due to interaction between maize straw and the high metal soil (Table 6.11b). 

AB-DTPA extractable Ni and Cr concentration in both the soils were below the 

permissible limit of Maclean et al. (1987). AB-DTPA extractable Cd concentration 

in low metal soil was already well below the limit of 0.31µg g 
-1

,
 
whereas in high 

metal soils concentration was higher than the limit, however, with addition of straw it 

decreased but not below the limit. In general, soil and organic amendment interaction 

was significant regarding Cd contents (p < 0.01), but highly significant with respect 

to AB-DTPA extractable Pb, Cr and Ni contents (p < 0.001) of soil. The uptake of 

toxic metals (Pb, Cd, Cr and Ni) in maize plants was significantly reduced in soils 

amended with maize straw. The reductions in maize straw amended pots were 40.4 

%, 37.5 %, 33.3 % and 33.6 %, respectively, less than pea straw and 48.6 %, 43.8 %, 

44.2 % and 23 %, respectively, less than the control. The interaction between soil 

and organic amendment regarding their effects on Pb and Cd uptake by maize plant 

was not significant, but was significant with respect to Cr and Ni (p < 0.01).  

 

Addition of straw reduced concentration of heavy metals in plants therefore 

to see its effectiveness it was compared with the toxic limits described by WHO 

(1996) for Cd, Cr and Ni, whereas for Pb with Asaolu (1995). Indian standards 

(Awashthi, 2000) were also used for comparing all these heavy metals in plants. 

Cadmium concentration was significantly reduced with pea and maize straw addition 

than the control soils in low metal soils, as it was only lower than the limit of 

Awashthi, (2000) (1.5 µg g
-1

). In high metal soil, concentration of Cd in plants was 



 

  

higher than the limits of WHO (1996) (0.02 µg g
-1

) and Awashthi, (2000). The effect 

of interaction between organic amendment and soil on Cd concentration of maize 

plants was not significant. Maize straw addition in low metal soils had shown 

reduction in Pb concentration than the limit of Awashthi, (2000) (2.5 µg g
-1

). While, 

the concentration of Pb in remaining all treatments was higher than the limits of 

Asaolu, (1995) (2.0 µg g
-1

) and Awashthi, (2000). Maize straw has shown better 

interaction with the soils than the pea straw and the unamended control treatments 

(Table 6.8a). Chromium concentration in maize plants of both the soils was higher 

than the WHO, (1996) (1.3 µg g
-1

) limits, whereas it was below the limit of 

Awashthi, (2000) (20 µg g
-1

). Concentration of Ni in maize plants of both soils was 

higher than the limit of Awashthi, (2000) (1.5 µg g
-1

). In low metal soil, it was below 

than the permissible limit of WHO, (1996) (10.0 µg g
-1

), but higher than the limits of 

Awashthi, (2000). Pea straw apparently led to a reduction in the uptake of toxic 

metals, although it was non-significant with respect to the control but significantly 

different from the maize straw amendment in both soils. Maize straw addition gave a 

significant reduction in heavy metal contents of soil and their uptake, which might be 

due to its higher C/ N and C/ P ratio, compared to pea straw. The effectiveness of the 

organic amendment added in contaminated soil has been investigated by Tlustos et 

al. (1995) who found a reduction in the concentration of Cd and Zn in spinach by 40 

% and 25 % respectively with the addition of organic residues. Likewise, Sabir et al. 

(2008) noticed a reduction in AB-DTPA extractable Ni by 26 % with activated 

carbon at 4%, Mn to 28 % with pressmud at 2%, Cu to 31 % with pressmud at 4% 

and Zn to 68 % with pressmud at 4%. In soil, algae and bacteria cause breakdown of 

plant and animal materials that ultimately give rise to organic surfaces for metal 



 

  

adsorption on soil surfaces (Kordel. et al., 1997). Similarly, humic substances 

formed from these organic amendments form stable complexes with heavy metals, 

which permit the re-establishment of vegetation on contaminated sites (Tordoff et al., 

2000).  

 

It is now clearly confirmed from the results of present study that total toxic 

heavy metals in effluents amended soils proved more suitable indicator of heavy 

metals toxicity to the size and activity of soil microbial biomass. Microbial biomass 

and activity parameters declined significantly with respect to increasing level of 

heavy metals in soil. Plant growth was negatively affected with the increase in soil 

metal load. Addition of organic amendments although improved microbial 

parameters in metal polluted soils but the magnitude of improvement decreased with 

increasing heavy metal load of the soil. Pea straw addition had shown more 

significant positive effects on microbial activity than the maize straw. Similarly, 

organic amendments addition improved plant growth by decreasing the concentration 

of AB-DTPA extractable heavy metals in soils and ultimately lowering their uptake. 

 

 

 

 

 

 

 



 

  

SUMMARY 

 

 Use of wastewater for irrigation of agricultural fields is a common practice 

in developing countries worldwide. Although the wastewater is a good source of 

organic C and plant nutrients it also contains often unacceptable amounts of soluble 

salts and heavy metals (Pb, Cd, Cr, Ni, Cu, Fe & Zn) which enter the soil through 

wastewater irrigation. Once in the soil these elements can have long lasting effects in 

the soil environment. Soil microbial biomass is an important reservoir of plant 

nutrients and plays a vital role in nutrient cycling. In Pakistan, there has been a 

significant amount of work done on the toxic effects of heavy metals added by 

effluent/ wastewater irrigation on crop plants, but information regarding the toxic 

effects of heavy metals on soil microbial biomass is lacking. For this propose a 

comprehensive study was conducted to achieve the following research objectives: 1) 

to find out the effect of soil characteristics such as pH, CEC, organic C, CaCO3 and 

clay contents on the metal bioavailability and toxicity to microbes in soils; 2) to 

study the effects of heavy metals added by effluents/ wastewater irrigation on the 

size and activity of soil microbial biomass; and 3) to assess the level of heavy metals 

in effluents/ wastewater irrigated soils adversely affecting the size and activity of soil 

microbial biomass. 

 

STUDY-1: EVALUATION OF HEAVY METAL CONTAMINATION AND 

ITS RELATIONSHIP TO THE SIZE AND ACTIVITY OF 

MICROBIAL BIOMASS IN EFFLUENT IRRIGATED SOILS 

 In this study, the effects of heavy metals from wastewater irrigation on 

soil microbiological characteristics were investigated in soils collected from 25 sites 



 

  

of Rawalpindi and Islamabad areas of Pakistan. The analytical results led to the 

following conclusions: 

 Analysis of wastewater samples indicated that Cd, Cr, Ni, Cu, and Fe were 

above permissible limits whereas Zn and Pb were within permissible limits 

given by FAO (Ayers and Westcot, 1985), and WWF (2007).  

 Electrical conductivity (EC) and total dissolved solids (TDS) in wastewater 

samples were above critical limits, and the cause could be the salts added by 

laundries, textile mills, residential and factories waste into the water bodies. 

 EC and pH of all soil samples was within the normal range even after long-time 

raw effluent irrigation, most probably because of the leaching of soluble salts to 

deeper soil layers and also because of regular addition of wastewater containing 

organic matter. 

 Organic C and total N were higher at 0-15 cm as compared to 15-30 cm soil 

depth. This might be due to continuous application of sewage water that 

contained residential and industrial waste rich in organic material, which 

accumulated in soil surface layer. 

 Wastewater and soil samples contained a higher concentration of Ca, Mg, & K. 

These elements stimulate microbial activity and are important for plant growth 

in all soils. These nutrients were higher at 0-15 cm soil depth than in 15-30 cm 

soils depth. 

 Soil pH, organic C, CEC, clay contents, and CaCO3 were negatively correlated 

with AB-DTPA extractable metals at both soil depths, whereas soil EC was 

positively correlated with AB-DTPA extractable metals. 



 

  

 In soil samples, AB-DTPA extractable Pb and total Pb contents were within 

permissible limits given by Rowell (1994), CEC (1986) and Indian permissible 

limits (Sharma et al., 2006; Gupta et al., 2008). AB-DTPA extractable Zn was 

higher than permissible limits at 24 sites according to limits described by 

Soltanpour (1985). Total Zn was high at 4 sites from limits of Rowel (1994), 

and at two sites from CEC (1986) limits.  

 AB-DTPA extractable Fe was markedly higher than permissible limits of 

Soltanpour, (1985). AB-DTPA extractable and total Cu contents were higher at 

most of the sites from permissible limits described by Soltanpour, (1985) and 

CEC, (1986). Total Cd was high at 23 sites from limits given by Rowel (1994) 

whereas, AB-DTPA extractable Cd was high at two sites compared to limits 

described by Maclean et al. (1987). 

 The concentration of AB-DTPA extractable and total heavy metals was higher 

in the top soil (0-15cm) compared to lower soil depth (15-30cm) due to 

accumulation of organic matter in the surface layer, presence of CaCO3, and the 

clay minerals carrying pH-dependent charges.  

 All measured microbial biomass and activity parameters were affected by 

heavy metal contamination of soils. Significant inhibition of microbial biomass 

C, microbial biomass N and the activity of dehydrogenase and alkaline 

phosphatase enzymes occurred with increasing concentrations of AB-DTPA 

extractable and total toxic heavy metals (Cd + Cr + Ni + Pb) in soils. In 

contrast, soil respiration rate increased with increasing toxic metals load in soil.  

 Ratios of microbial biomass C/ biomass N and CO2-C/ biomass C were not 

affected by heavy metal contents in wastewater, but increased with total and 



 

  

AB-DTPA extractable heavy metals in soils. Ratios of dehydrogenase/ biomass 

C and alkaline phosphatase/ biomass C decreased with increase in total heavy 

metal contents in soils. Microbial biomass C/ soil organic C ratio increased 

with heavy metal contents of wastewater.  

 Total toxic heavy metals had shown strong significant correlation with 

microbial biomass C, biomass N and enzymes. AB-DTPA extractable heavy 

metals had shown weak correlations with microbial activity parameters. 

Thus it was concluded that microbial activity parameters declined significantly with 

the increase in the level of heavy metals as more significant were with total toxic 

heavy metals than the AB-DTPA extractable heavy metals in effluents amended 

soils.  

 

STUDY- II: DECOMPOSITION OF DIFFERENT ORGANIC SUBSTRATES 

IN SOILS SUBJECTED TO VARIOUS DEGREE OF HEAVY 

METAL CONTAMINATION 

  An incubation experiments for 56 days was performed with three soils 

from Taxilla area, Pakistan variously contaminated with heavy metals by industrial 

effluents. The aim was to determine the effects of metal contamination each upon 

microbial functions in soils. Pea straw and maize straw were added to study their 

decomposition pattern and its effect on soil microbial biomass C, microbial biomass 

N, and enzyme activities. Following are the conclusions:  

 Significant differences in all measured microbial parameters were observed in 

soils containing different levels of heavy metals. Soil microbial biomass and 



 

  

enzyme activity were found in the order: low metal soil > medium metal soil > 

high metal soil.  

 Increasing amount of heavy metals significantly decreased NO3-N, NH4-N and 

available –N contents of soil. Low metal soils possessed highest concentration 

of NO3-N, NH4-N and available –N followed by medium metal soil and the 

high metal soil. 

 A significant increase in microbial biomass C, biomass N, NH4-N, NO3-N and 

enzymes activity was noticed with the addition of maize and pea straw 

amendments as compared to control in all three soils. The effect of pea straw 

was significantly higher than maize straw in all the three soils. 

 Both organic amendments had shown significant interaction with soils 

regarding their effects on microbial activity, as the interactions of Pea straw 

with all the soils were more significant than the maize straw.  

 Soil respiration rate was in order of high metal soil > medium metal soil > low 

metals soil. An increase in CO2-C evolution was observed with addition of 

straw as compared to control in all three soils, with more CO2-C evolution in 

the high metal soil than the medium and the low metal soil. Soil respiration rate 

was high in maize straw amended plots as compared to pea straw and the 

control. 

 Microbial biomass C, biomass N, NH4-N, NO3-N and enzymes activities 

reached a maximum on the 14
th

 day of incubation, then declined until the day 

28 and thereafter became stable. 

 Ratios of microbial biomass C/ biomass N and NH4-N/ NO3-N were in the 

order: high metal soil > medium metal soil > low metals soil. Ratios of 



 

  

dehydrogenase/ microbial biomass C and alkaline phosphatase/ microbial 

biomass C decreased with increase in heavy metal contents of soils. 

This study concluded that microbial parameters proved sensitive to total toxic heavy 

metals in soils (Cd + Cr + Ni & Pb) and that organic amendments significantly 

enhanced microbial activity thereby reducing their toxicity effects in the soil 

environment.  

 

STUDY- III: MICROBIAL USE OF ORGANIC SUBSTRATES AND THEIR 

EFFECT ON HEAVY METAL AVAILABILITY, GROWTH 

AND NUTRIENT UPTAKE BY MAIZE PLANTS 

A pot experiment was conducted by growing maize crop in the 

greenhouse of PMAS- AAUR, Pakistan for 56 days. In this study, the effects of 

organic substrates (maize straw and pea straw) on microbial activity and heavy 

metals bioavailability in low and high metal soils were studied. The main results of 

the study are as follows: 

 Microbial activity parameters such as microbial biomass C, biomass N, 

enzymes activity (dehydrogenase, alkaline phosphatase), soil NH4-N, NO3-N 

and available –N were significantly lower in high metal soil than low metal 

soil. 

 The application of organic amendments significantly increased microbial 

biomass C, biomass N, activities of enzymes (dehydrogenase and alkaline 

phosphatase), NH4-N, NO3-N and available –N in low and high metal soils. 

However, the magnitude of increase was more in low metal soil than high metal 

soil. 



 

  

 Maize and pea straw significantly differed in their effect on microbial 

parameters. Pea straw addition had a significantly greater effect on microbial 

biomass C, biomass N, enzyme activities and soil NO3-N, NH4-N than maize 

straw in both low and high metal soils. The more pronounced effect of pea 

straw on microbial and other soil parameters could be due to its high N, and P 

contents than maize straw. 

 Both organic amendments had shown significant interaction with soils 

regarding their effects on microbial activity as the interaction effects of pea 

straw was more significant than the maize straw. 

 In amended pots, Microbial biomass and enzyme activity significantly 

increased from the pot filling stage till 28 DAS (days after sowing) of maize 

crop thereafter it declined. 

 In unamended control treatments, microbial biomass C and microbial biomass 

N declined consistently from sowing till harvest of crop. Activity of enzymes 

increased from sowing till the harvest due to the increased activity of plant 

roots.  

 A greater significant increase in plant height and dry weight of plant shoots was 

observed in pea straw amended pots than those with added maize straw and the 

control. Growth of maize plant in low metals soil was greater than that in the 

high metal soil, due to the reduced uptake of toxic metals and greater uptake of 

essential nutrients.  

 Uptake of macronutrients (N, P, K, Ca, Mg & K) in maize plant was greater 

with pea straw than maize straw in both soils. 



 

  

 Addition of pea and maize straw significantly reduced AB-DTPA extractable 

metals (Zn, Cu, Fe, Mn, Pb, Cd, Cr and Ni) in both low and high metal soils 

and their uptake by maize plants. Reduction of AB-DTPA extractable metals in 

soil and their uptake was greater with maize straw addition. 

 The interaction effects of Maize straw with soils were more significant than the 

pea straw concerning reduction in AB-DTPA extractable metal contents of soils 

and their uptake by maize plants. 

In general, addition of organic amendments in contaminated soils enhanced 

microbial activity, decreased bioavailability of toxic metals compared with the 

control and resulted in better crop growth due to more uptake of essential nutrients 

and less metal uptake by the growing maize plants. 

 

RECOMMENDATIONS AND SUGGESTIONS  

Alkaline calcareous soils due to their high pH and more contents of 

CaCO3 are considered to possess a greater ability for metal fixation and therefore can 

tolerate higher doses of sludge/ effluents without any significant negative effect on 

soil microorganism, and on the yield and quality of crop plants. However, the results 

of our study indicated significantly less soil microbial biomass and lower activity 

parameters in alkaline calcareous soils that were due to heavy metal accumulation 

from long term effluent/ wastewater irrigation. Therefore, on the basis of the findings 

of this study, the following recommendations are suggested: 

 Government should frame policy for intensive installation of treatment plants 

so that treated wastewater of suitable irrigation quality should be available to 

farmers for crop production. 



 

  

 Industries releasing liquid wastes to drains and streams should be forced to 

install waste pretreatment facilities.  

 Government should also take quick and necessary steps for defining critical 

limits of heavy metals for soils receiving different types of wastes. At 

present, toxicity limits for wastewater only exist in the country.  

 There should be regular on site monitoring of the streams and rivers receiving 

different kinds of wastes to ensure that the concentration of heavy metals in 

rivers/ stream water does not exceed critical limits 

 Farmers should be encouraged to apply organic amendments to contaminated 

soils for improving microbial activity and reduction of metals toxicity in the 

soils. 

 Produce grown on wastewater –treated land should be analyzed for its toxic 

metal concentration before being able to be sold for human and animal 

consumption. 
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