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ABSTRACT 

Over population, urbanization and industrialization are profoundly polluting our 

environment with various types of organic and/or inorganic pollutants, especially, the 

heavy metals. This is the outcome of blind use of fertilizers, pesticides, petroleum 

products and raw wastewater for irrigation in agriculture. Urban wastewater is one of the 

sources of heavy metal, causing serious threat to urban and agro-ecosystems. A newly 

emerging phytoremedial (eco-friendly) approach is being used globally to minimize the 

heavy metal pollution from air, soil and wastewater. This research work was designed to 

examine the potential of woody plants to reduce heavy metal pollution. The present study 

was conducted during 2012-2014 in the Department of Forestry and Range Management, 

University of Agriculture, Faisalabad. The study was carried out to assess phytoremedial 

potential of four tree species viz: Acacia ampliceps, Acacia nilotica, Azadirachta indica 

and Morus alba. The randomly selected four species were linearly planted in 2008 in field 

experimental area, Directorate of Farms University of Agriculture, Faisalabad (Pakistan) 

under three different sources of irrigation (treatments) viz: canal water (IS1), domestic 

wastewater (IS2) and municipal wastewater (IS3). As preliminary study, plant data were 

collected and analyzed for growth behavior and heavy metal uptake by the tree species 

under each source of irrigation. Secondly, a pot experiment was conducted to study the 

response of the same tree species as irrigated by wastewater. Tree seedlings were grown 

in plastic pots by applying prescribed types of irrigations (treatments). In the third 

experiment, tree seedlings of four species were grown in polythene bags and subjected to 

irrigation water of four qualities (treatments) viz: Tap water (control), distilled water with 

three different levels of Cd and Pb (a- 0.02 mg Cd and 10 mg Pb L
-1

, b- 0.04 mg Cd and 

20 mg Pb L
-1

, c- 0.06 mg Cd and 30 mg Pb L
-1

). The focus of the third study was to re-

asses heavy metal uptake potential of the same species under controlled conditions. Data 

(from three experiments) revealed that  A. ampliceps got top ranking with regard to heavy 

metal (Cd & Pb) uptake showing no or limited growth stress. Whereas, M. alba was 

found least active in this regard. For instance, A. ampliceps absorbed average 

concentration 12.79 mg kg
-1

, 3.38 mg kg
-1

 and 1.91 mg kg
-1

 of Cd contents in first, 

second and third experiments, respectively. Similarly, it absorbed average concentration 

85.93 mg kg
-1

, 70.93 mg kg
-1

 and 31.70 mg kg
-1 

of Pb in the same experiments, 

respectively. However, M. alba absorbed average concentration 4.22 mg kg
-1

, 1.42 mg kg
-

1
 and 0.49 mg kg

-1
 of Cd in first, second and third experiments respectively. Whereas, Pb 

uptake by M. alba in the same experiments was an average concentration: 27.34 mg kg
-1

, 

12.34 mg kg
-1

 and 6.36 mg kg
-1

 respectively. Based on our findings, it was concluded that 

Acacia ampliceps is the best phytoremedial tree species for polluted soil and water 

contaminated with Cd and Pb metal. Raising A. nilotica and M. alba as browse species in 

not risky for our food chain system. On the other hand, A. ampliceps should not be used 

for forage purpose when planted with wastewater irrigation.  
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Chapter 1       Introduction  

Scarcity of water is a serious issue all over the world. Farmers are suffering from 

acute shortage of irrigation water for crop production. Thus, they are forced to use 

wastewater for irrigation purposes for crop cultivation as an alternative source. Use of 

wastewater in agriculture is not a new practice. The pioneer country in wastewater 

farming is England. This country managed the first “Sewage Farms" in Edinburg 

England in 1650 and Australia established sewage farm in Melbourne for the utilization 

of wastewater for irrigation purposes in 1897 (Shuval, 1990; Rashid, 2002; Ensink et al., 

2006). Like other developing countries, Pakistan is also a water deficient country. Canal 

water is not enough to meet the demand of irrigation purpose. Quality of groundwater is 

poor due to high electrical conductivity (EC), sodium adsorption ratio (SAR), residual 

sodium carbonate (RSC) and heavy metals (Murtaza et al., 2008). As a consequence, 

wastewater has become one of the main sources of irrigation. In developing countries, 

about 80% of the generated wastewater is used for irrigation (Mara et al., 1989; Cooper, 

1991; Mahmood and Maqbool, 2006). Worldwide, 20 million hectare of agricultural land 

(in 50 countries) is irrigated with urban wastewater (Scott et al., 2004). In Pakistan about 

30% of wastewater is directly used to irrigate around 32,500 ha (Ensink et al., 2004), 

while 64% is discharged into rivers without any treatment (FAO, 1992). It has been 

estimated that out of the total wastewater produced in Pakistan, less than 8% is treated 

only at primary level through sedimentation, while, only 1% is treated with bacterial 

digestion of organic matter (Pak-SCEA, 2006). Rest of wastewater (91%) remains 

untreated and is either used for irrigation or drained into river. Wastewater usage for 

irrigation has some benefits of conserving water and nutrients, reducing the pollution of 

rivers and canals, providing micronutrients, organic matter, all required nitrogen, and 

much of the required phosphorus and potassium for normal crop production (FAO, 1992, 

Murtaza et al., 2010; Hanjra et al., 2012). There is great attraction for the poor farmers to 

use wastewater as it can reduce the crop production cost by 10-20%. Besides these 

advantages, wastewater application has a number of drawbacks including the 

contamination of groundwater, settlement of heavy metals and organics in the soil and the 

creation of habitat for harmful microorganisms (Mapanda et al., 2007; Murtaza et al., 

2010; Qadir et al., 2010). 
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Anthropogenic activities, rapid industrialization, urbanization and intensive 

agricultural activities have resulted in the release of large amount of heavy metals, 

pesticides, radionuclides, petroleum hydrocarbons, toxic wastes into the soil, water and 

air. The resultant pollutants become harmful to the environment and living organisms, 

i.e., plants, animals and microorganisms (Doble and Kumar, 2005; Rajkumar et al., 

2009). These pollutants include heavy metals, which have a density greater than 5 g cm
-3

 

(Abdelatey et al., 2011). The main sources of heavy metals are mining, smelting, 

fertilizers, pesticides, coal combustion, medical waste, combustion of leaded petrol, and 

batteries (Memon et al., 2001; Thangavel and Subbhuraam, 2004; Khan et al., 2007; 

Rodrigues et al., 2012). These sources contaminate soils, plants, sediments, and surface 

water (Jung, 2008).    

Heavy metals play a significant role in various biological activities of living 

organisms. According to Cempel and Nikel (2006) and Göhre and Paszkowski (2006), 

heavy metals like Zn, Cu, Ni, Fe and Mn (essential heavy metal) are needed by plants and 

animals in very low concentration. Similarly, many researchers like, Suzuki et al.,2001 ; 

Cobbett (2003), Peng et al., 2009  and Dabonne et al. (2010) also reported about some 

non-essential heavy metals (not needed to living organisms to regulate biological 

activities). Examples are: Cd, Pb, Cr, As, and Hg etc. Presence of these heavy metals, 

beyond the permissible limits, in the environment pose serious threats to food chain 

system because they change normal functioning of plants antagonistically. For instance, 

the over limit concentration of micronutrients (Cu, Cr, Mo, Ni, Se and zinc Zn etc.) is 

health risk, causing toxicity to animals and humans as reported by Asano et al. (2007). 

Similarly, trace elements, like Pb, Cd, Hg and As, may also become a part of our food 

chain, resulting health risks to both humans and animals. Therefore, the anthropogenic 

activities associated with metal contamination in food are of great concern, particularly in 

agricultural products such as vegetables.  

It has been reported that vegetables and cereal crops grown on polluted soils 

and/or city effluent of urban locality are severely contaminated with toxic heavy metals 

(Dwivedi, 2000 and Kahlown et al., 2006). Salim et al. (1993) and Xion et al. (2014) also 

noticed foliar uptake of aerial heavy metals emissions to contaminate vegetable and other 

edible crops. Soil contamination are the consequences of prolong use of city effluent for 

irrigation and deposition of heavy metals in the atmosphere, unmanaged activities of 
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mining, smelting and/or adding inputs to arable lands (fertilizers, pesticides, sewage 

sludge, etc.) as well as working of other local industries without caring for  environmental 

protection (Singh, 2001). 

Heavy metals seriously impact terrestrial and aquatic ecosystems causing 

physiological health risks (Bardin et al., 2005; Pandey, 2012). It gets entrance to the body 

through food, water, air, and contact with the skin (Smith et al., 1997; Park, 2010). Major 

health risks associated with heavy metals include cardiovascular disease, chronic anemia, 

cognitive impairment, cancer, damage of kidneys, nervous system, brain, skin, teeth, 

bones in living things like animals and human beings. Therefore, it is critical to decrease 

these health risks, which is possible only through the exclusion of heavy metals from the 

environment ((Järup, 2003; Wuana and Okieimen, 2011; Iqbal, 2012). 

Thus issue of food chain contamination needs special consideration to be resolved. 

In another investigation, it has been pointed that presence of toxic heavy metals and 

metalloids in edible food causes severe problems even at very low concentrations as 

heavy metals exert deleterious impact on human health. (Diwvedi, 2000; Kahlown et al., 

2006; Arora et al., 2008; Memon and Schröder, 2009; Raja et al., 2015).  For instance, 

they cause oxidative stress (Mudipalli, 2008) that accelerates formation of reactive 

oxygen species, disturbing cell‟s basic antioxidant defense system leading to cell damage 

and death (Das et al., 2008, Krystofova et al., 2009; Sánchez-Chardi et al., 2009).  

Growing vegetables by utilization of wastewater has become common practice in 

various countries. These vegetables get polluted with different heavy metal pollutants 

such as Ni, Cd, Cr, Cu and/or Zn coming from the wastewater. These pollutants are a 

serious threat to human health (Dwivedi, 2000). In this context, establishment of woody 

vegetation is best practice to avoid deleterious effects of wastewater use for crop and 

vegetable production. Raising of trees with wastewater irrigation ameliorates the 

environmental risk while producing wood and wood products and brings additional 

income from polluted lands (Falkiner and Myers., 1999; Marron, 2015). Marginal land 

farming under wastewater irrigation, by planting heavy metal resistant tree species has 

been well documented (Kalavrouziotis and Apostolopoulos, 2007). A promising example 

of wastewater utilization is at the “Waga Waga tree plantation project” in Australia 

(Falkiner and Myers, 1999). Similar experiments have been reported by Paramathma et 

al. (2003) in India. Success stories of tree growth are the facts that tree species actively 
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absorb water and metal contents, and become an efficient natural filter, inhibiting 

recharge of the contaminated water to the underground aquifer, thus playing a beneficial 

role by minimizing heavy metal deposition in the soil and underground aquifer (Nelson, 

1995; Lone et al., 2008; Kumar et al., 2013). However, different tree species show 

different behavior for mineral uptake in response to irrigation by municipal wastewater 

(Hopmans et al., 1990). Various tree species show positive response to effluents even 

with greater concentration of heavy metals (Baccio et al., 2005). 

The term “phytoremediation” is made up of a Greek word "phyto (plant)" and a 

Latin word "remedium (to correct or eradicate an evil)". Many plants are potentially able 

to absorb toxic pollutants from the contaminated environment and to detoxify them by a 

series of mechanisms. This is recently introduced, research based technology, being 

effectively used for the last two decades and has successfully corrected vast polluted 

areas with such non-chemical approach (Garbisu and Alkorta, 2003). 

According to Greipsson (2011) "Phytoremediation is the process in which green 

plants are used to minimize the level of pollutants or their toxicity in the environments”. 

Removal of heavy metals and radionuclides and/or organic pollutants may be the 

objectives of phytoremediation. It is an innovative, cost-effective and eco-friendly 

approach which can efficiently be applied for strategic remediation (Clemens, 2001; 

Singh and Prasad, 2011; Vithanage et al., 2012). 

Many researchers have observed high growth rates and relatively high mineral 

contents in foliar parts of the plants (Brister and Schultz 1981; Neilsen et al., 1989). Tree 

plantations, established with effluent irrigation are considered as timber mines with 

additional benefits of rehabilitation of polluted-sites and amelioration of environmental 

constraints (Falkiner and Myers, 1999). Many studies have been carried out on the use of 

wastewater (domestic/ industrial) for raising of trees; however, there are few studies in 

Pakistan. Present studies have been designed to determine the growth potential and heavy 

metal uptake behavior of some under wastewater irrigation. Keeping in view the severity 

of the prevailing problem of the wastewater effluents, the present study is based on the 

following objectives. 
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a. To determine growth behavior of various tree species as irrigated by municipal, 

domestic wastewater and canal water. 

b. To assess the efficiency of the trees regarding uptake of heavy metals. 

c. To examine the behavior of various tree species with regard to heavy metal 

partitioning.  
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Chapter 2      Review of literature  

2.1: Environmental pollutants  

Over population stress, leading to the progressive agricultural and industrial race 

during the past century have resulted in environmental degradation. This has become a 

key factor for soil, air and water pollution and toxicity in plants and animals. Pollutants 

like higher levels of salts, heavy metal, fertilizer and pesticides and different chemicals 

are exerting a crucial threat to our farming as well as natural ecosystems worldwide. 

Enhanced emissions of various (organic and inorganic) pollutants such as pesticides, 

salts, fossil fuels, acids and heavy metals etc. are the major consequent outcome of 

anthropogenic activities. Such pollutants are mostly non degradable and eventually 

pollute the environment (Scancar et al. 2000; Yagdi et al. 2000; Delibacak et al. 2002; 

Sharma 2005; Suciu et al. 2008). Current burning issues like land degradation, 

deforestation, desertification, loss of biodiversity, soil/air/water pollution, acid rain and 

greenhouse effect are the main concerns of environmental degradation. 

2.1.1: Types of pollutants 

Verhaar et al. (2000) and Gramatica et al. 2002 revealed that pollutants of organic 

nature (residues of domestic and agricultural background, petroleum products, urine and 

fecal material and sewage water) are biodegradable whereas, inorganic pollutants like 

heavy metals are non-biodegradable. Both are highly influential to interfere with plant 

growth and metabolism. Some local living organisms are responsible for breaking down 

of organic compounds (pollutants) into such simpler form i.e. CO2 and water that are 

usually little or nontoxic because of their low concentration in the environment. However, 

they become highly toxic to both animals and plants at higher level. Interestingly, organic 

pollutants like petroleum products cause significant toxicity even at low concentrations 

(Cunningham et al. 1996; Kazuya et al. 1999; Aboul-Kassim and Simoneit 2001).  

In contrast, the "biologically non-degradable" material (such as heavy metals like 

Pb, Cu, Ni, Hg, Al, As etc., pesticides, insecticides, inorganic fertilizers, salts, 

nitrogenous and/or sulphur oxides and cyanides etc.) can never be simplified into 

harmless substances by living organisms (even after a long time) (Misra and Mani 1991; 

Van der Werf 1996; Sigel et al. 2005).  Additionally, these toxins become harmful to 
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humans, animals and plants when they enter the food chain system because they are 

potentially able to stay in the environment for a long time.  

Contaminated soils may have heavy metals, salts, fertilizers (inorganic/organic), 

pesticides, domestic, agricultural and industrial wastes etc. whereas, contaminated air 

may include primary and secondary air pollutants. Important primary air pollutants are 

CO2, CO, SO2, NO2, CH4 and ammonia, volatile organic compounds etc. whereas, 

nitrates, ozone and peroxyacetylene are secondary air pollutants. Water pollution is 

mainly caused by sewage water, left over deposits of food processing units, industrial 

effluents, petroleum products, pesticides and fertilizers in arable land etc. Some toxic 

material is likely to be shifted from one locality to other in the environment and 

eventually be added to soil and water bodies, thus become easily available to fauna and 

flora of terrestrial and aquatic ecosystem for transferring to the human body causing 

serious threats to health (Philp 1995; Albering et al. 1999; Korte et al. 2000). 

2.1.2: Sources of pollutants  

Pollutants like salts and heavy metals are added to the environment through 

leakage (during extraction process), in mining, smelting, burning and industrial wastes, 

(Nriagu and Pacyna 1988; Nriagu 1989). Similarly, blind use of chemical fertilizers and 

pesticides in agro-farming proved critical to cause soil contamination. Additionally, the 

petroleum products, explosive material and cyanides etc. are also considered serious 

toxins for living organisms. The nature and extent of contamination caused by various 

pollutants can be assessed by knowing their biological role, potential for pollutant uptake, 

nature of toxicity as well as their ability to persist in the environment (Wildhaber and 

Schmitt 1996; Barron 2002). Nevertheless, response of various living organisms to such 

pollutants differ greatly subjected to molecular structure, chemical and physical 

properties of the contaminant substances (Wildhaber and Schmitt 1996). As mentioned 

above, inorganic pollutants (heavy metals and salts) are likely to persist in the 

environment, particularly in rivers, lakes and in marine sediments. Thus, it is very 

difficult to remove such contaminants from the system as compared to organic pollutants 

where metals can easily be shifted from one environmental partition to other. So, this 

requires special approach for their proper removal. Conversely, the pollutants of organic 

nature are finally altered into CO2 and H2O, (Ingersoll et al. 1996; MacDonald et al. 

1996). 
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2.1.3: Heavy metal pollutants  

In response to blind use of various heavy metals in different industrial activities 

such as manufacturing of batteries, alloys, electroplating of metalic parts, pesticides, 

textile dyeing material and steel etc., they are released to the environment and 

contaminate our food chain system. Therefore, scientists are studying heavy metals as a 

significant environmental pollutant (Misra and Mani 1991; Lindberg and Greger 2002; 

Barnes and Rudzinski 2006). 

2.1.3-a: Important metals concerned to environmental health 

According to Philp (1995) and Hu (2002), environmental health is linked  with 35 

number of metals out of which 23 are declared as heavy metals such as arsenic: As, 

antimony: Sb, bis-muth: Bi, cadmium: Cd, cerium: Ce, copper: Cu, chromium: Cr, cobalt: 

Co, gallium: Ga, iron: Fe, gold: Au, lead: Pb, nickel: Ni, manganese: Mn, mercury: Hg, 

platinum: Pt, silver: Ag, thallium: Tl, tellurium: Te, and zinc: Zn. Heavy metals like Cd, 

Pb, Ni, Fe, As, Hg, and/or are the most common toxins for plants and animals (Hutton 

and Symon 1986; Chaney and Ryan 1994). Wang et al. (2003) concluded that many 

plants have been proved so active to absorb and to translocate such metals to various 

plant parts (root, stem and/or leaves). Eventually, these metals get settle into human body 

through food intake, drinking of contaminated water or by breathing in contaminated air 

(Albering et al. 1999; Dwivedi, 2000; Jarup 2003).  

2.1.3-b: Special role in plant growth  

It is interesting to note that some metals are not so toxic to plant and animals, 

rather, they act as micro-nutrients (essential nutrients) and play a  significant role in plant 

growth even  with low concentrations (Taiz and Zeiger 2006; Timbrell 2005; Pechova 

and Pavlata 2007). Another group of important metals (Fe, Cu, Mn, and Zn etc.) is found 

in biological systems in traces (Nriagu 1989; Graham and Stangoulis 2003). Naturally, 

they are found in soil, therefore, a remarkable quantity of these metals is found in edible 

plants i.e. cereals, fruits and vegetables. (Ghafoor et al. 1996; Islam et al. 2007). 

Synthetically, they are also added in the product of multivitamin supplement (Boullata 

and Armenti 2004). 
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Metals like Fe, Zn, Cu, Ni and Mo deliver important biological services for plants 

being cofactor in a numerous metabolic activities.  (Seiler et al. 1994; Taiz and Zeiger 

2006). They are demanded as enzyme activator to be a complementary part of various 

metalo-enzymes. This explains the reason for decline in plant growth and development 

with evident signs of mineral deficiency such as chlorosis followed by necrosis in plant 

tissues (Dixon and Webb 1958; Ghani and Wahid 2007). 

2.1.3-c: Metal toxicity in plants  

It has been observed that common signs of metal toxicity in plants are: reduction 

in growth (of shoot and root) and biomass production, poor or abnormal development of 

plant parts (Leaves, flowers branches etc.), spotted leaves, poor or inhibited germination, 

and chlorosis leading to necrosis of foliar parts (Ewais 1997; Pandey and Sharma 2002; 

Rahman et al. 2005; Gajewska et al. 2006) followed by reduction in yield (Balaguer et al. 

1998; Ahmad et al. 2007). It has been noticed by many scientists that essential elements 

(needed in low concentrations) become toxic at higher concentrations. Surprisingly, low 

concentrations of non-essential metals may act as supplements for living organisms 

(Verkleij and Prast 1990; Dwivedi, 2000; Kahlown, 2006; Islam et al. 2007; Raja et al., 

2015).  

2.2: Phytoremediation 

Phytoremediation is new green emerging technology by utilization of green 

plants to remove the contaminants from soil, groundwater and wastewater (Madrid et al., 

2003). Among various techniques, it has mostly cheap and low cost effective as 

compared to other expensive technologies including stabilization, electroosmosis and use 

of different chemicals (Davies, 2002; Li, 2004). Phytoremediation has great attention of 

public regarding to overcome various polluted environments and great importance in 

aesthetic values in urban communities near industrial areas (Chen et al., 2002; Fayiaga et 

al., 2004; Lyubun et al., 2002). 

2.2.1: Various types of phytoremediation  

There are various mechanisms adopted by the plants regarding removal and 

overcoming the deleterious effects of different pollutants including phytoextraction, 
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phytostabilization, phytodegradation, phytovolatilization, phytotransformation and 

rhizofiltration or phytofiltration (Alkorta et al., 2004; Yang et al., 2005).  

Phytoextraction 

It is a process in which plants remove metals from the soil and accumulated them 

in the above ground parts of plants (Kumar et al., 1995; Sekara et al., 2005, Yoon et al., 

2006 and Rafati et al., 2011). According to Shakoor et al. (2014) Phytoextraction is an 

ecofriendly and cost effective approach to remediate the soils contaminated with 

heavy metal pollutants. Poor bioavailability of some metals (e.g. lead) in degraded 

environment is the main hurdle for phytoextraction. Use of organic chelators helps to 

tackle the situation.  

Phytodegradation  

It is a process in which plants and associated microbes degrade organic pollutants 

(with the help of enzymes i.e. dehalogenase and oxygenase) (Burken and Schnoor, 1997; 

Vishnoi and Srivastava, 2008). 

Phytostabilization  

Phytostabilization is the use of green plants to stabilize contaminants (Singh, 

2012). Plants reduce the mobility and bioavailability of pollutants in the environment 

either by immobilization or by prevention of migration. It is not a permanent solution as 

the pollutants keep stay in the soil with their limited movement. Phytostabilization is used 

only to manage or stabilize/inactive the potentially toxic metal (Vangronsveld et al., 

2009). 

Phytovolatilization 

Volatilization of pollutants into the atmosphere via plants. Organic pollutants and 

some heavy metals like Hg and Se are managed by this technique (Padmavathiamma and 

Li, 2007).  

Rhizofiltration 

Plant roots absorb metals from waste streams (Dushenkov et al., 1995). 

http://www.sciencedirect.com/science/article/pii/S0045653513001914#b0035
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Rhizodegradation:  

Microorganisms in the rhizosphere do breakdown the soil contaminants of organic 

nature (Mukhopadhyay and Maiti, 2010).  

Phytofiltration  

In phytofiltration, pollutants are removed from the polluted soil and water medium 

or waste waters by the process of absorption or adsorption (Mukhopadhyay and Maiti, 

2010).  

Phytodesalination: 

 It is recently reported technique as mentioned by Zorrig et al. (2012). In this 

technique, halophytic plants are used to remove the salts from the contaminated sites. 

These plants amend soils synergistically to favour the plants to grow normally on that soil 

(Manousaki and Kalogerakis, 2011 and Sakai et al., 2012).  

2.3 Role of trees in Phytoremediation  

Karpiscak and Gottfried (2000) studied the growth potential of trees established 

by effluent irrigation mixed with fresh water and found high survival rates for four 

species out of six i.e. (Fraxinus velutina, Salix nigra, Populus fremontii, Platanus 

wrightii), Eucalyptus camaldulensis and Pinus eldarica). The two prominent species 

(cottonwood and willow) showed high growth rates. There was a slight decrease in 

survival rates when trees were irrigated by effluent, yet a number of species showed 

enhanced growth after complete establishment because wastewater contained enough 

nutrients to accelerate the growth of the plants (Karpiscak and Gottfried, 2000). Similar 

results have also been reported by Cromer et al. (1983); Dighton and Jones (1991) 

Impacts of effluent irrigation on trees included accumulation of high contents of 

minerals and/or heavy metals in foliage portion (Brister and Schultz 1981, Neilsen et 

al., 1989). However, the potential for various tree species to uptake minerals and/or 

heavy metals under municipal wastewater irrigation varies greatly (Hopmans et al., 

1990). Similarly, some tree species reclaimed the areas that were highly contaminated 

with land filling of domestic and/or industrial wastewater in Tamil Nadu, India. The 

species A. leucocephala, A. nilotica, A. excelsa, A. lebbek, A. indica, B. bambos, C. 
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pentandra, D. strictus, E. camaldulensis, and E. tereticornis were tolerant to the 

pollutants of soils and effluent water and had the potential to dispose of large amounts 

of municipal wastewater through transpiration (Paramathma et al. 2003). 

A study was conducted by Lewandowski et al. (2006) to quantify the economic 

outcome by the phyto-remedial services rendered by Salix spp. They analyzed the 

combined data of willow biomass production and their role to remediate the soils 

contaminated with Cd within six year of their experimental duration. It was explored that 

being hyper accumulators, Salix spp. could remediate the Cd-contaminated soil with 

reduced Cd concentration in the soil within permissible limit (3 mg kg
-1

) as per WHO 

standards (WHO, 1989). It was also proved that the peculiar role of Salix spp. for phyto-

remediation of Cd, could enhance the farmer's income proportionately, with regard to 

possible income from the remediated area, the crop production time after ameliorating the 

site and the time spent in cleaning the area. 

Willow and poplar are the fast-growing, high biomass producing tree species 

acting as natural filters for disposal of wastewater and sludge (Landberg and Greger, 

1994; Ostman, 1994). Tree species generally absorb more water and minerals than 

annual crops, acting as efficient biological filter to prevent wastewater from recharging 

into underground water reservoirs. Therefore, trees minimize mineral accumulation into 

the soil and protect ground water from becoming polluted (Nelson, 1995). Willow and 

poplar act as biological filters for wastewater and sludge disposal and can grow well on 

nutrient- poor, industrially-contaminated soils. These unique features can be used for 

Phytoremediation (Punshon and Dickinson, 1997). Disposal and utilization of 

wastewater through tree plantations is managed by adjusting the total discharge of 

municipal wastewater in such a way that whatever the volume of wastewater is received 

at the site must be utilized within 12 to 18 hours through evapo-transpiration leaving no 

trench or furrow filled with standing water. Consequently, there would be no breeding 

sites for mosquitoes and no foul smell in the surroundings. Such plantations will also 

result in effective recharge of the ground water table (Paramathma et al., 2003). 

Some tree species have tremendous potential for transpiration in water rich soils 

and act as a bio-pump for disposal of wastewater (Ghosh and Singh, 2005). They are 

potentially able to transpire water at the rate of 450 liters per day. Such plant not only 

release heat energy of about 1000 MJ to enhance the process of evaporation but also 
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make a pleasant microclimate by lowering the temperature in the urban vicinity (Hough, 

1989).  

These trees potentially transpire water to mobilize the nutrients present in the soil 

medium and to transport them to various parts of the plant i.e. leaves, stems and twigs 

etc. Hybrid poplar and willows are well-known phytoremediators because they actively 

absorb huge volumes of water from the soil (Ghosh and Singh, 2005). 

Various Tree species like Acacia mangium, Azadirachta indica, Dalbergia 

sissoo, Eucalyptus hybrid and Bambusa arundinacea can release 7-13 times water 

through transpiration as compared to evapo-transpiration (Thawale et al., 2006). 

According an estimate Eucalyptus camaldulensis at the age of four years could 

transpires 7-10 liters of water per day. (Rashid, 2002). A mature willow tree, during 

peak summer, has the potential to transpire more than 19,000 liters of water per day 

(Hinchman and Negri, 1997). According to Thawale et al. (2006) Dendrocalamus 

strictus and Casurina equisitifolia also have high rates of transpiration. It is interesting 

to note that C. equisitifolia transpires 8-12 times more than the potential evapo-

transpiration. Therefore, the plant is valuable for disposal of urban wastewater 

(Juwarkar and Thawale, 1994). 

Tree species, because of their extensive root system can reclaim polluted water. 

They act as effective natural filters and control the contamination of the underground 

aquifer (Karpiscak et al., 1996). Growing of trees under wastewater irrigation is a 

highly acceptable way for the reclamation of effluent polluted sites. This practice is 

considered a better option for controlling environmental pollution but is also as an 

alternate source of irrigation for producing wood and wood products (Falkiner and 

Myers, 1999). Marginal land can be successfully restored by introducing plant species 

which are resistant to heavy metals and irrigating with municipal wastewater 

(Kalavrouziotis and Apostolopoulos, 2007).  

2.3.1: Phytoremediation by Acacia nilotica  

In a study conducted by Singh and Bhati (2007), growth and heavy metal uptake 

were monitored in the seedlings of Acacia nilotica under various (industrial  and 

municipal effluent based) irrigation regimes such as: T1-control, T2-Municipal effluent, 

T3-Textile effluent, T4-Steel effluent, T5-Textile+Municipal effluent in the ratio of 1:1, 
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T6-Steel+Municipal effluent in the ratio of 1:2, T7-Steel+Textile in the ratio of 1:2 and 

T8-Steel+Municipal+Textile in the ratio of 1:1:2 respectively. In response to last three 

treatments (T6, T7 and T8) plant showed 50% reduction in growth with less increment in 

height and stem diameter as compared to control. While, seedling of T2 gained maximum 

height and collar diameter as compared to all treatments. Regarding heavy metals uptake, 

T4, T6, T7 were higher in Mn, Fe, Cu and Zn contents in the seedlings while, nitrogen: N, 

phosphorus: P, potassium: K, calcium: Ca and magnesium: Mg nutrient contents were 

lower in seedlings. Similarly, nutritional imbalance, heavy metal toxicity, reduction in 

photosynthetic pigments caused seedling mortality in T8. Seedling of T3 also gained 

maximum sodium quantity and lower contents of Ca, Mg due to nutritional imbalance. 

However, there was reduction in gas exchange and biomass production as compared to 

control treatment. Enhanced growth, photosynthesis and higher rate of transpiration and 

more biomass production were noticed in the seedlings of T5 over T3 treatment. 

Successful establishment period in T6, T7 and T8 seedlings suggested a beneficial 

combination of various effluents  

2.3.2: Phytoremediation by Dalbergia sissoo Roxb. 

An experiment was carried out by Shah et al. (2008) on Shisham (Dalbergia 

sissoo Roxb.) to evaluate growth response and heavy metal toxicity at seedling stage. 

Various levels of treatments of Cd and Cr were applied on seedling in using the salts of 

Cd (SO4)2 and K2CrO4. The treatments applied were: solution having different 

concentration metal i.e. 0, 10, 20, 40 and 80 mg L
-1 

and control. The experiment was 

carried out for four weeks. The results showed that reduction as influenced by 10 and 40 

mg L
-1

 Cd and Cr, respectively. However, combined effect of both Cd and Cr was 

relatively higher reduction in growth was observed after 20 mg L
-1

. Chromium had more 

deleterious effects on Dalbergia sissoo as compared to Cd.  

2.3.3: Phytoremediation by Eucalyptus camaldulensis 

A study was conducted by Shah et al. (2011) on Eucalyptus camaldulensis 

to estimate the influence of cadmium and chromium on plant growth and metal 

accumulation in various parts. Plants treated with Cd and Cr treatments compared to 

control found higher growth in control compared to treat with Cd and Cr. On the 

other hand, Cd and Cr accumulations were increased in various plant parts like 
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(roots>shoot>leaves); as metal concentration increased externally, various nutrients 

(K, P, Mg, Fe) uptake and chlorophyll contents decreased. This showed antagonistic 

effect of Cd and Cr on E. camaldulensis. In another study, (Bhati and Singh 2003) 

tested the performance of  Eucalyptus camaldulensis using mixed various industrial 

wastewaters with regard to biomass production and metal accumulation in seedlings. 

Seedling were treated with T1: good water, T2: municipal wastewater (MW), T3: textile 

wastewater (TW), T4:  steel industry wastewater (SW), T5:  TW + MW in ratio of 1:1, 

T6:  SW + MW in ratio of 1:2, T7:  SW + TW + MW in ratio of 1:2:2 and T8: SW + TW 

in 1:2 ratio. Results showed that maximum heavy metal absorption with levels of N, P, K, 

Ca, Mg and Na in soil and T4 seedlings as compared to other treatment combinations 

causing seedling death. Seedling survivals were prolonged for two to three months in T6, 

T7 and T8 treatment combinations as compared to other treatments combination by the 

addition of TW and MW. However, maximum levels of growth parameters were observed 

in the seedlings of T2 as compared other treatments with average plant height of 131 cm, 

collar diameter 1.97 cm and 158 g of dry biomass per seedling after 10 month growing 

period. Concentrations of heavy metals (Cu, Fe, Mn and Zn) were higher in the soils 

treated with T4. 

2.3.4: Phytoremediation by Hardwickia binata  

A study was conducted by Paliwal et al. (1998) to test Hardwickia binata tree by 

the application of sewage water as various treatment levels (0, 25, 50 and 100%) to 

evaluate the growth response and nutrient uptake under nursery conditions. They 

observed maximum growth under 50% sewage water applications. On the other hand, 

photosynthetic pigments and total proteins were reduced with increasing concentration of 

sewage water treatments. Pattern of nitrogen and phosphorus accumulation in various 

parts of the plants was: root > stem > leaves with sewage water application. Increased, 

heavy metal accumulation was observed with the order of: Cu < Pb < Zn < Mn. The 

biomass production was reduced with 75% and 100% sewage water application while, 

application of 50% sewage water showed enhanced growth in the seedlings of H. binata. 

2.3.5: Phytoremediation by Leucaena leucocephala  

Leucaena leucocephala has been declared as sensitive plant against various heavy 

metals such as Cd, Pb, Cr and Zn. For instance, poor germination and significant growth 
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stress was observed in the seedlings of L. leucocephala under Pb and Cd stress (Iqbal and 

Atiq-ur-Rehman, 2002). Atiq-ur-Rehman and Iqbal (2007) conducted a greenhouse 

experiment to observe the growth behaviour of L. leucocephala grown in the soils (of 

Garment factory area), polluted with high TSS and SO4
- 
ions. It was noticed that various 

growth parameters like total length of seedling with fresh and dry weight (same from root 

and shoot and leave portion), leaf area, number of leaflets and plant cover etc. showed 

growth decline as compared to the plants grown in soil of control treatment (taken from 

Campus area of Karachi University).  

2.3.6: Phytoremediation by Populus deltoides 

A case study of raising poplar hybrid grown on contaminated ground water for 

removing the local soil contaminants exhibited enhanced growth of the trees on 

contaminated sites. Average plant height of 4.5 meter was noticed in two growing 

seasons possessing height increment value of 200%. Their tap roots penetrated into the 

soil up to a depth of 3 meter. Tanvir and Siddiqui (2010) investigated that Populus 

deltoides gained maximum plant height (4.40m) under domestic wastewater (DW) 

irrigation which was 35% and 37% higher than the heights gained under municipal 

wastewater (MW) (2.85 m) and canal water (CW) (2.76 m), respectively. Similarly, 

average collar diameter (7.41 cm) in response to DW irrigation was also 22% and 34% 

higher than the diameters (5.81 cm) and (4.92 cm) gained under MW and CW irrigation. 

The growth response clearly suggested that wastewater coming either from municipal or 

domestic source might add nutrients to the soil pool. Maximum diameter under DW was 

due to highly favorable status of nutrients, organic matter and moderate level of 

pollutants. Higher uptake of Cd metal (47.02 mg kg
-1

) in plant was observed mostly under 

MW followed by DW (39.65 mg kg
-1

). While, the contribution of CW regarding Cd 

uptake (30.19 mg kg
-1

) by the tree species was significantly low. 

2.3.7: Phytoremediation by Salix spp   

2.3.7.1: Growth and heavy metal uptake by willow and its translocation to various   

    plants parts  

Meers et al. (2005) studied Salix viminalis “Orm” planted in the soils polluted 

with heavy metal such as Pb, Cd, Cu, Cr and Ni. Biomass production and partitioning of 

heavy metals to various parts of tree (bark, leaves, roots, and wood) was assessed. 
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Biomass production (13.2 - 17.8 t ha
−1 y−1 dry weight) was high. It was also pointed that 

metal contents in plant shoot were significantly low giving the following per ha annual 

extraction of various metals: Zn = 5034 g, Cd = 83 g, Cu = 145 g, Pb = 83 g, Ni = 12 g 

and Cr = 6 g.  

 

2.3.7.2: Phytoextraction services of Salix spp.   

Meers et al. (2005) tried to compare five species of Salix spp.: 1-Salix 

dasyclados „Loden‟; 2-Salix triandra „Noir de Villaines‟; 3-Salix fragilis „Belgisch 

Rood‟; 4-Salix purpurea×Salix daphnoides „Bleu‟; 5-Salix schwerinii „Christina‟ to test 

the potential for extraction and accumulation of various heavy metals like Cd, Cr, Cu, Ni, 

Pb, Zn by the plants and their partitioning  in above ground parts of the plant (stem and 

leaves). The plants were grown on three different soil types (ST1, ST2 and ST3). Soil 

ST1 was moderately contaminated with less sediment collected from surface soil whereas 

soil ST2 was heavily polluted sediment of surface soil.  However nature of ST3 soil was 

sandy with moderately enhanced level because of atmospheric deposition. They observed 

highest concentrations of Cd and Zn in the clones of Christina, Loden and Belgisch Rood. 

Per hectare annual extraction (depending upon the type of soil) of Cd and Zn by these 

clones, was: Zn = 5-27 kg and Cd= 0.25–0.65 kg, However, extent of metals removed 

would be determined from the biomass produced by the plant under field situations. No 

enhanced uptake of Cd and Zn was recorded in ST1 soil, whereas increased removal of 

these metals by 50-100% was recorded in ST2 and ST3. Interestingly, the impact of 

EDDS treatment was significant with regard to Cu uptake.  

Vandecasteele et al. (2005) conducted a pot experiment in greenhouse with Salix 

fragilis „Belgisch Rood‟ and Salix viminalis „Aage‟ grown on six sediment derived soils 

having field Cd levels of 0.9-41.4 mg kg
−1

  to find out the growth performance and uptake 

of heavy metal by the said clones. It was explored that both species were good phyto-

extractors to be used remediation of soils contaminated sediments. They observed no 

growth stress in the test plants against the said treatments with commendable amount 

heavy metal accumulation (Cd = 41.4 mg kg
−1; Cr = 1914 mg kg

−1; Zn = 2422 mg kg
−1

; 

Pb = 655 mg kg
-1

). Cd concentrations in foliar part were massively correlated with Cd 

concentrations in soil and water medium. Both species had higher levels of Cd and Zn in 
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their aboveground parts. Other metals (Cu, Fe, Mn and Ni) were translocated to the roots 

portion. Thus the researchers explored the best use of these species for phytoextraction as 

the bioconcentration factor for Cd and Zn in foliar portion was maximum when Cd and 

Zn contents were lowest in the soil.  

 

2.4: Phytoremediation by non woody plants.  

2.4.1: Phytoremediation of lead (Pb) 

Shakoor et al. (2014) revealed that application citric acid (CA) enhanced the 

potential of Brassica napus L. for Pb phyto-extraction. They conducted an experiment 

in glasshouse to judge the role of CA in Pb phytoextraction using hydroponic solution. 

Plants were treated for six weeks with: 1-Pb = 50 μM, 2-Pb = 100 μM, 3-Pb = 50 μM 

+ CA = 2.5 mM, 4-Pb = 100 μM + CA = 2.5 mM. It was observed that Pb caused 

injury to B. napus. Significant toxicity in the form of inhibited plant growth, biomass 

production, contents of chlorophyll in leaves and gas exchange was seen with higher 

levels of malondialdehyde (MDA) (a growth retarding hormone) and H2O2. On the 

other hand plants, treated with CA fixed the damage in lipid membrane with 

lowering MDA and H2O2 synthesis when antioxidant enzyme activities are 

promoted. Thus CA enhanced Pb accumulation in B. napus plants. It was concluded 

that CA was potentially able to boost up Pb phytoextraction without detrimental 

effects on plant growth. We conclude here woody plants are less sensitive to heavy 

metal stress while noon woody plants are highly sensitive to heavy metal stress.  

2.4.2: Phytoremediation of lead (Zn, Cu, Pb and Cd) 

A study was carried out by Chung et al. (2011) in a pot experiment to evaluate 

uptake and translocation of heavy metals in brown rice (Oryza sativa L.) as well as heavy 

metal contents in soil which was irrigated by domestic wastewater for a period of three 

years. The magnitude range level was as descending order (Zn > Cu> Pb > Cd) irrigated 

soils by domestic wastewater respectively. Similarly, brown rice accumulated heavy 

metal in descending magnitude (Zn>Pb > Cu > Cd) irrigated by domestic wastewater. 

Application of domestic wastewater on agriculture lands showed slightly increased levels 

of Pb, Cd, Cu and Zn in soil and Brown rice. The amounts of heavy metal accumulation 
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in brown rice were with the permissible limit of quality standards of FAO/WHO jointly 

recommended for food additives. Rice is an edible plant which is potentially able to 

uptake Pb even with low concentration in soil (Chung et al., 2011). 

 

 

2.5: Toxicity of heavy metal in plants 

Although many metal elements are essential for the growth of plants, they are 

toxic when their concentration in soil exceeds a certain threshold value and the toxic 

effect varies with the nature of the element and plant species. Heavy metal toxicity in 

plants depends on the bioavailability of the element in soil and water medium, which is a 

function of pH, organic matter and CEC of the soil (Krebs et al., 1998). The 

bioaccumulation of heavy metals may replace essential metals in pigments or enzymes 

either by disrupting their function and/or causing oxidative stress. 

 Heavy metal toxicity hinders the growth of both underground and aboveground 

plant parts and inhibits the activity of the photosynthetic apparatus. This is often 

correlated with progressing senescence. Non-essential metals/metalloids such as Hg, Cd, 

Cr, Pb, As, and Sb are toxic both in their chemically combined or elemental forms, and a 

plant‟s response to these elements varies across a broad spectrum from tolerance to 

toxicity. Cd stress creates changes in various physiological and biochemical functions of 

plants (Talanova et al., 2001). In general, Cd interferes with the uptake, transport and use 

of several elements (Ca, Mg, P and K) and water by plants. Similarly, Cr toxicity depends 

on its oxidation state, with Cr (VI) being more toxic and mobile compared to Cr (III) 

Shanker et al., 2005. Thus Cd and Cr (both elements) interfere with the uptake of Ca, Mg, 

and P. Since plants lack specific transporters for these nonessential elements, they are 

mobilized through the transport system as essential ions. To avoid the toxicity, plants 

have developed specific mechanisms by which toxic elements are excluded, retained in 

the roots, or transformed into physiologically tolerant forms. 

2.5.1: Cadmium toxicity in plants 
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Cadmium (Cd) with nutrient solution exerts its significant impact in the form of 

marked reduction in chlorophyll and carotenoids level in plants (Šimonová et al., 2007). 

Siedlecka and Baszynski, (1993) revealed that Cadmium contamination inactivate PS II 

leading to reduced chlorophyll. It has been reported that elevated concentration of Cd in 

soil and water medium exerts its antagonistic effect on Fe uptake in plants (Haghiri, 

1974), however, Root et al. (1975) declared Cd as the main cause for chlorosis in the leaves 

of corn plant because of altering Fe: Zn ratio. Goldbold and Huttermann, (1985) observed 

some plants showing Cd toxicity symptom of P deficiency which caused poor Mn 

transport in plants. It has been reported that Cd causes nutritional deficiency, poor 

chlorophyll formation and disturb the structure of chloroplast (Clarkson and Luttage, 

1989; Das et al., 1997; Rivetta et al., 1997). According to Moreno et al. (1999) uptake 

and their translocation of essential elements are greatly influenced by Cd as either 

availability of mineral element is reduced in the soil or disturb the microbial activity in 

the soil   

Liu et al. (2006) reported that soils with enhanced Cd concentration reduced in Fe 

uptake and more accumulation of Cd in roots and shoots parts of corn plants. The findings 

of Yildiz (2005) revealed that production of dry biomass was decreased both in corn and 

tomato plants with increased Cd concentrations, thus yield of both crops significantly 

reduced at Cd level of 0.1 mg L
-1

. The toxicity was so serious when Cd level was 2 mg L
-

1
. 

The findings of Dong et al. (2005), Vassilev et al. (1997), Dražić et al. (2006) and 

Scebba et al. (2006) suggests that Cd causes decline in plant growth and alters the pattern 

of various physiological and biochemical functioning related to water balance, nutrient 

uptake and electron transport in photosystems-1 and II (Siedlecka and Baszynski 1993, 

Skόrzyńska-Polit and Baszynski 1995, Vassilev et al., 2004). 

According to Salt et al. (1995), the maximum permissible limit of Cd for 

agricultural soil is 100 mg kg
-1

. Plants growing with over limit of Cd in soil express clear 

signs of injury in the form of chlorosis, growth retardation, turning the root tips brown, 

eventually leads to death (Wojcik and Tukiendorf 2004; Mohanpuria et al. 2007; Guo et al. 

2008).  
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It has been reported that the uptake and transport mechanism for the elements like 

Ca, Mg, P and K and water is disturbed because of Cd contamination (Das et al. 1997). 

Absorption of nitrate and its translocation to shoots is inhibited   (Hernandez et al. 1996). 

Poor root development was clearly seen as a result of heavy metals toxicity, both in 

higher and lower plants. It has been reported that heavy metal toxicity to the emerging 

root (i.e.primordia or initial root organ) in Salix viminalis is firstly, induced by Cd 

followed by Cr and Pb, however root damage was more serious with Cr as compared to 

other heavy metals (Prasad et al., 2001; Tang et al., 2001). 

 

2.5.2: Chromium toxicity in plants  

Cr is a toxic and non-essential metal but its structure is similar to that of essential 

nutrients thus, it damages specific transport mechanism of the plants. It has strong 

binding potential to replace the carriers of essential elements to change the complex 

pattern of minerals uptake and their mobility in plants. Interestingly, Cr compete with P to 

occupy the sites for attachment.  Same is true for Fe, S and Mn. Thus, the ability of Cr to 

compete with plant nutrient leads to quick entry into the plant body. It has been reported 

that use of tannery effluent for irrigation lowered micronutrients in various crops (Sujatha 

et al., 1996). According to Khan et al (2001) irrigation of water containing Cr 0.5 ppm to 

rice plant decreased NPK levels in the dried plant. Similarly, application of Cr in 50 and 

100 mg L
-1

 solution to tomato plants caused significant reduction in N, P, K, Ca, Mg and 

Na contents in various parts of the plants (stems and branches) (Moral et al., 1995). 

Zayed and Terry (2003) reported that Cr and Cd can inhibit the working of 

micronutrients. For instance, with higher levels of Cr in the soil decrease in N content 

with increase in P contents were observed in the tissues of oat plant. Eventually, plants 

showed inhibited uptake of some micronutrients like Zn, Cu, Ni, and Mn. Bush bean 

showed enhanced Mn level with reduced contents of Fe and Zn. In soybeans pattern of Ca, 

Cu, B, K, Pb and Mg uptake was amended. Maize plant had no uptake of Fe, of Zn and 

Mn etc. Uptake of Fe, Ca, Cu, Mg, Mn and Zn was also reduced in sugar beet.  

Phyto-remedial potential of spinach against Chromium (tetravalent
 

and/or 

pentavalent ) was determined by Singh (2001) who reported that an amount of Cr ≥ 60 

mg kg
-1

  caused significant reduction in the leaf area with no further growth in leaf after 
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the burning of the leaf tips. It has been reported that Cr toxicity could modify plant water 

relationship in various plant species. For instance, chromium (Cr) induced toxicity was 

observed in the form of weak root system, lowering the potential of plants to uptake water 

and nutrients from the soil and water medium eventually, wilting in crop plants. Toxicity 

of Cr (haxavelant) would be more serious when interruption in stomatal function is 

observed which ultimately damage the cells and stomatal membrane of the guard cells 

(Turner and Rust, 1971). Same was well explained by Pedreno et al. (1997) who observed 

Cr toxicity in the young leaves of tomato plants and Vazques et al., (1987) who reported 

reduced water potential and enhanced rate of transpiration in plants resulting in weakened 

transportation system. Potential of herbaceous and higher plants to accumulate Cr metal 

and its deleterious effect to photosynthetic pigments has been well documented (Barcelo 

et al., 1986; Sharma and Sharma, 1996; Vajpayee et al., 1999). According to Davies et al. 

(2002) higher plants respond to Cr antagonistically, when they absorb Cr up to the level 

of 100 kg
-1

 dry weight.  

Peralta et al. (2001) concluded that in response to Cr stress, firstly, plants show 

poor seed germination. This phenomenon explains the potential of plant to tolerate the 

metal. They noted 23% reduction in seed germination of Lucerne (Medicago sativa cv. 

Malone) seeds when they were treated with 40 ppm solution of hexavalent Cr. In another 

study, seed of Echinochloa colona showed 25% reduction in seed germination when 

treated with 200 lM of Cr (Rout et al. 2000). Parr and Taylor (1982) reported 48% lower 

germination in the seeds of bush bean (Phaseolus vulgaris). Sugarcane buds (up to 32-

57%) germinated when they were exposed to 20 and 80 ppm of Cr solution, respectively 

(Jain et al. 2000). An adverse effect of Cr toxicity was noticed on amylases activity 

followed by poor transport of sugars contents to the embryo leading to reduced seed 

germination. In contrast, enhanced protease activity in response to Cr stress, added more 

in reducing seeds germination (Zeid 2001).  

2.5.3: Copper toxicity in plants 

It is one of the important micronutrient for plant nutrition (Thomas et al. 1998). 

An important role of assimilation of CO2 and synthesis of ATP is governed by Cu metal. 

Copper (Cu) with higher concentration in soil acts as cytotoxic element which exerts 

plant stress and injury to plants. Growth inhibition and chlorosis in leaf occur in plant 

(Lewis et al. 2001). Plants suffer from oxidative stress when exposed to surplus Cu. In 
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oxidative stress, metabolic activity and macromolecular balance is adversely affected 

(Stadtman and Oliver 1991; Hegedus et al. 2001). Ouzounidou (1994) noted Cu toxicity 

in Alyssum montanum and Brassica juncea (Singh and Tewari 2003) with reduced 

growth. The combined effect of Cu and Cd in Solanum melongena reduced the seed 

germination, length of seedling and formation of lateral roots (Neelima and Reddy 2002). 

 

 

 

2.5.4: Nickel toxicity in plants 

Normal soils generally contain 0.01-1.0 g kg
-1

 of Ni. However, soils having Ni 

content in the range of 0.2-2.6 g kg
-1

 are said to be Ni polluted soils (Izosimova 2005). 

Plants growing in Ni polluted soils responds antagonistically with complicated alterations 

in their biological systems and show clear signs of chlorosis and necrosis (Pandey and 

Sharma 2002; Rahman et al. 2005). Ni-treated plants also show disorder in water balance. 

Studies conducted by Pandey and Sharma (2002) and Gajewska et al. (2006) revealed that 

higher uptake of Ni in plants caused dehydration. They narrated that the decrease in water 

uptake was an indicator of Ni toxicity in plants. 

2.5.5: Lead toxicity in plants 

Among most toxic elements of the soil, Pb is dominantly distributed all over the 

world especially in peri-urban areas. Higher Pb contents in the soil modify morphological 

traits, growth behaviour and photosynthetic processes of plants. Paivoke (1983) observed 

lead induced abnormal (irregular) root thickness in pea plants. According to Kaji et al. 

(1995), Pb antagonistically interferes the system restoring activities of vascular plants. 

Inhibited seed germination is due to presence of Pb with vital enzymes. It has been 

reported that Pb-acetate solution (60 lM) caused 50% reduction of protease and amylase 

enzymes in the endosperm of rice seeds (Mukherji and Maitra, 1976). Poor seedling 

growth under Pb stress were also reported by Huang et al. (1974) in soya bean, by Mu-

kherji and Maitra (1976) in rice, by Miller et al. (1975) in maize, by Stiborova et al. 
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(1987) in barley, by Khan and Khan (1983) in tomato and eggplant  and in some legumes, 

by Sudhakar et al. (1992).  

Apart poor from seedling growth in Pb contaminated medium, Gruenhage and 

Jager (1985) observed a significant reduction in length root and stem with deprived leaf 

development in Allium species. Similar observation were recorded by Juwarkar and 

Shende (1986) in barley and Raphanus sativas plants. However, the extant of Pb toxicity 

in plants is critically correlated with the Pb concentration, its ionic state and pH of the soil 

(Goldbold and Hutterman 1986; Kumar et al. 1992). Application of 100 to 200 ppm of Pb 

to the potted plants of sugar beet induced chlorosis and growth retardation. However, 

there were no visual signs of Pb toxicity in alfalfa species when exposed to 100 mg L
-1

 of 

Pb solution (Porter and Cheridan 1981). Baker (1972) revealed that 0.005 ppm of Pb 

resulted in marked decrease in the growth of lettuce. Van Assche and Clijsters (1990) Pb 

rich soil medium inhibited growth and decreased biomass production because of Pb 

induced antagonistic metabolic activity. This is because of poor cell growth in lead rich 

medium due to oxidation of indol-3 acetic acid (IAA). 

2.5.6: Zinc toxicity in plants 

According to Cakmak and Marshner (1993), among micronutrients Zn is one of 

the important essential element. It influences various metabolic activities of plants. The 

phyto-toxicity of Zn and Cd is identified by growth retardation and poor development 

leading to oxidative stress in sensitive plant. Phaseolus vulgaris and Brassica juncea are 

the typical example in this regard (Cakmak and Marshner 1993; Prasad et al. 1999). 

Somasekharaiah et al. (1992) and Romero-Puertas et al. (2004) reported that Cd and Zn 

alter the catalytic role of enzymes in crop plants. Zinc polluted soils usually contain 150-

300 mg kg
-1

of Zn (Devries et al. 2002; Warne et al. 2008). The presence of excess 

amount of Zn in soils results in mal- functioning of metabolism, growth inhibition and 

senescence in plants. Restricted root and shoot growth are the conspicuous signs of Zn 

toxicity in plants (Choi et al. 1996; Ebbs and Kochian 1997; Fontes and Cox 1998). 

Higher level of Zn for a long time causes Zn toxicity in newly emerged leaves in the form 

of chlorosis eventually extending the injury to the older leaves (Ebbs and Kochian 1997). 

Zinc induced Cu and Mn deficiencies occurs in plant shoots because of enhanced Zn 

contents in soils. Such deficiencies have lead to a poor translocation of such minerals 
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from plant root to shoot. This is because of elevated levels of Fe and Mn in plant root than 

in the shoot, growing in Zn rich soil (Ebbs and Kochian 1997).  

2.6: Study of wastewater, its use in agriculture and impacts on environment   

2.6.1: Historical background about wastewater use  

Shortage of water resources has become today's burning issue.  Overpopulation 

stress, expansion of residential industrial set up at the cost of deforestation and 

desertification is the leading cause for creating the resources deficit scenario. In this 

context, municipal wastewater seems to be an alternative source of irrigation (Thawale et 

al., 2006). People living in large cities consume water at the rate of about 200 liter per 

day per capita (including all uses) (Kalavrouziotis and Apostolopoulos, 2007), whereas, a 

heavily populated cities with 0.5 million dwellers (on daily basis) generate 120 liters of 

wastewater per capita. This sewerage volume is sufficient to irrigate 2715 hectares 

(Rashid, 2002). The global volume of wastewater is greater than 1500 km3 per year 

(UWPN, 2007). It is being used worldwide for irrigation in agriculture as an alternative 

sources of irrigation. In this context, it is necessary to understand well about nature of 

wastewater, its various types, and it hazardous impacts on our food chain system.  

2.6.2: Wastewater  

A type of water released by public sources which is chemically including various 

pollutants or waste material (UWPN, 2007). It is a combination of various effluents 

originating from domestic and industrial sources.  

2.6.3: Domestic wastewater 

Domestic wastewater is not necessarily toxic or so polluted and can be utilized 

for agricultural use. It is a combination of wastes and water that usually consists of 

soluble and suspended matter of human and animal sources, mixed with wastes of 

vegetables and animals, and residues of other domestic utilities such as soaps, oils and 

other chemicals and soil material. It is eco-friendly and wastewater impurities are 

usually of an organic nature (Bashir et al., 2006). Domestic wastewater can usually be 

applied to the crop for irrigation. Wastewater of domestic origin is considered as 

alternative source of irrigation water. It is cost effective and generates benefits in the 



27 
 

form economic return resulting in higher agricultural yields. In addition to irrigation 

water, domestic wastewater not only compensates fertilizer inputs needed to sustain and 

enhance crop yield but also ameliorates the polluted environment (Taha et al., 2002). 

Studies revealed that prolonged use of wastewater and sludge adds nutrients to the soils 

and physically ameliorates the polluted soils by consistently adding phyto-biomass in 

the soil in significant quantities (Paramathma et al., 2003). Harvesting of city effluents 

has been reported as a remedial measure to restore land and to enhance the growth of 

prominent tree species in riparian regions. 

 

 

 

2.6.4: Municipal wastewater 

  Municipal wastewater is a composite form of (domestic + industrial) sewage 

effluent with a significant proportion of municipal solid waste (MSW) (Leahy et al., 

2004) and a variety of other chemical constituents including non-degradable heavy 

metals. It is toxic in nature and hazardous for irrigation because of its electrical 

conductivity (EC), total dissolved solids (TDS), residual sodium carbonate (RSC), 

sodium adsorption ratio (RSC) and pH. The presence of metals in municipal 

wastewater like manganese (Mn) cadmium (Cd) and zinc (Zn) is responsible for 

environmental damage when the water is applied for irrigation (Bashir et al., 2006). 

Municipal wastewater not only serves as a source of many toxic or carcinogenic organic 

chemicals that are released in the environment through landfill gases or leachates 

(Leahy et al., 2004) but also results in accumulation of heavy metals with greater 

concentrations in soil and crops (Adhikari et al., 1998; Ronaldo, et al., 2002; Bhoal et 

al., 2003). This material poses a serious hazard to the health of animals and humans, 

with variable visible effects on the growth of crops (Morishita, 1981). Moreover, its 

specific color inhibits the transmission of sunlight into streams, causing a reduction in 

photosynthesis (Kadirvelu et al., 2000). 

Raw or partially treated wastewater has become an alternate source of irrigation 

that is being applied to almost 20 million hectares of agricultural land in 50 countries of 



28 
 

the world (Scott et al., 2004; Mahmood, 2006) and is contributing to irrigate 20% area 

of world‟s agriculture (Saleem, 2006). In 80% cities of developing countries, urban 

wastewater is used for irrigation in order to meet their 70-80% food requirements 

(Mahmood and Maqbool, 2006). Ninety percent of this wastewater is untreated 

(Saleem, 2006). 

Interestingly, the pioneer country in wastewater farming is England. This country 

managed the first “Sewage Farms" in Edinburg England in 1650. Australian 

communities started “Sewage Farming” in 1897 in Melbourne. Only 15 countries 

practice large scale wastewater farming on at least 0.6 million hectares of cropland 

(Rashid, 2002). 

Treated urban wastewater is added in drinking water by the water supply system 

of Windhoek (Namibia): (The world‟s first city using reclaimed urban wastewater for 

drinking purpose). This breakthrough is a motive for us to recycle our urban wastewater 

at least for the purpose of restoring our declining ground water table. This practice will 

help us to explore various other uses of wastewater, consequently leading to an 

improved economy and a better understanding of the problem by the society (Rashid, 

2002). 

2.6.5: Safe use of wastewater 

Raising of trees under wastewater irrigation with the objective to ameliorate the 

environmental conditions as well as to produce wood and wood products as an 

additional wood resource is a well adopted practice on polluted sites (Falkiner and 

Myers, 1999). Marginal land farming under wastewater irrigation by planting and 

cultivation of well-known tree species, resistant to heavy metals would safely reuse 

wastewater (Kalavrouziotis and Apostolopoulos, 2007). A project in Wagga Wagga 

(Australia) aims to have zero discharge of wastewater effluent to rivers by 

establishment of tree plantation using urban wastewater irrigation.   

2.6.6: Prospects of wastewater use in Pakistan  

Over population stress and spreading industrialization are producing huge 

volumes of wastewater. Consequently freshwater resources and the surrounding 

environment are being deteriorated (Kahlown et al., 2006). An area of 32,500 hectares 
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of Pakistan is being irrigated by wastewater for agricultural farming (Saleem, 2006). 

Untreated wastewater is widely used for agricultural farming in about 80 % cities of 

Pakistan (Ensink et al., 2004).  

Irrigation requirements of wheat, fodder and vegetables growing in the urban 

vicinity are fulfilled by applying this raw wastewater. About 80% of crop-water 

requirements to feed 2000 hectares are being met by using urban wastewater for 

irrigation on a regular basis (Ensink et al., 2006; Mahmood and Maqbool, 2006; 

Saleem, 2006). Whereas 60% of the total vegetable produce of the country is supported 

by wastewater farming (Saleem, 2006). Only 2% cities of Pakistan have been reported 

to have the facility of wastewater treatment (Clemett and Ensink, 2006; Mahmood and 

Maqbool, 2006). Clemett and Ensink, (2006) reported that 2.5% of WASA‟s (Water and 

Sanitation Agency, Faisalabad, Pakistan) budgets was consumed to meet the 

expenditures to run the wastewater treatment plant. The average disposal volume of 

wastewater generated by Faisalabad is about 5.28 m
3
/sec. This volume increases up to 

7.29 m
3
/sec (6.25 Mm

3
/day) by joining the wastewater of nearby towns and villages. 

Almost whole of this wastewater (6.25 Mm
3
/day) is ultimately drained into the rivers; 

Ravi and Chanab. Madhuwana drain and Paharang drain along with their small linked 

municipal channels are the major components of Faisalabad‟s drainage system 

(Kahlown et al., 2006). The incoming volume of wastewater to the treatment plant of 

Faisalabad is 79,300 m
3
 per day (Ensink et al., 2006) which constitutes only a minor 

fraction (0.13%) of the total. A small fraction (29256 m
3
=41%) of this wastewater is 

treated (Clemett and Ensink, 2006; Kahlown et al., 2006). The remaining 59% (42,100 

m
3
) is kept untreated and side tracked prior to the entry into plant for treatment.  

Excess TDS, Na
+
, HCO3

-
 and Cl

-
 in wastewater suggest that the wastewater water 

is unfit for irrigation (Kahlown et al., 2006). According to the World Health 

Organization (WHO) guidelines (1989), high mean values of BOD (=394 mg L
-1

)
 
in raw 

wastewater from domestic sources has made the water unfit for irrigation (Ensink, 

2006). It has been reported that overall nutrient concentrations in raw wastewater of 

Faisalabad were high and made the water unfit for irrigation. A high total nitrogen 

contents in wastewater illustrates strict limitations for its use in agriculture. However, 

nitrogen contents in treated wastewater are markedly lower and within proposed limits 

(Clemett and Ensink, 2006). Prolonged use of wastewater results in an organic matter 
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deficiency in the soil. The contents of organic matter in the soils irrigated with 

wastewater effluents were low and were positively correlated with soil depth. 

Phosphorus and potassium concentrations were also lower in the soils irrigated with 

municipal wastewater. However, cadmium (Cd) and nickel (Ni) concentrations were 

higher (Kahlown et al., 2006). 

 

 

 

 

 

 

Chapter Three      Materials and Methods 

The study was designed to test the growth behavior and potential for heavy metals 

uptake by some commercial tree species under different sources of irrigation. The main 

focus of the study was to examine/analyze the response of tree species as irrigated by 

wastewater. A four years old plantation (Established in spring 2008), located at altitude 

184.4 m and at 31
0
- 44' N, longitude = 73

0
- 07' E in the field experimental area, 

Directorate of farms, University of Agriculture, Faisalabad (UAF) was selected. The 

plantation comprised of various tree species in the form of three different plots. Each plot 

was located at the outlet of one of the three sources of irrigation i.e. canal water (IS1), 

domestic wastewater (IS2) and municipal wastewater (IS3). Keeping in view the 

economic factors, four commercial tree species namely, Acacia ampliceps Maslin, Acacia 

nilotica (Linn.), Azadirachta indica (L) and Morus alba Linn. were selected for further 

study.  

Detail of irrigation sources for tree plantation of three plots is as under:  
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 Irrigation source 1=>IS1-Trees planted along the canal water course. 

 Irrigation source 2=>IS2-Trees planted near UAF domestic wastewater disposal 

plant.  

 Irrigation source 3=>IS3- Trees irrigated with municipal wastewater from WASA
 

(Water and Sanitation Agency) drain channel # 1, Naseer Abad, passing beside the 

field  

3.1: Experiment I: Performance of tree species as irrigated by wastewater under 

field conditions  

Firstly, quality of irrigation waters was assessed using the standard analytical 

protocols adopted by Singh and Bhatti, (2005). Level of various heavy metals in 

wastewater were determined and was compared with the permissible limit as per WHO 

standards (Table 3.1). Water samples were taken (during 2012) from different sources of 

irrigation, three times in a year i.e. Moon soon season (July to August), winter (December 

to January) and summer (May to June).  

For municipal wastewater analysis, five samples (in equal volume 250 ml) with 

three hour interval (from 6 am to 6 pm) were taken to make a composite sample of 100 ml 

per day from WASA drainage channel # 1, as mentioned above. The sampling was done 

on daily basis for two weeks to prepare14 samples per season. However, for canal and 

domestic wastewater, three samples from each of canal and domestic wastewater 

(available at field experimental area Directorate of farm UAF) were taken to make one 

composite sample per day. Sampling was done on daily basis for three days to have a 

total of 3 samples of each type (canal water and domestic wastewater). Thus, 20 samples 

per season were prepared from three different type of irrigation water. Sampling in this 

way, was repeated thrice a year in three different seasons (as mentioned above). All the 

samples were taken to atomic absorption spectro photometer to detect the dominant heavy 

metal(s) if any (Cd, Cr, Cu, Pb and Zn etc.), present in different sources of irrigation.  

Similarly, the growth pattern of the planted tree species was assessed by taking 

necessary measurements from the selected tree species such as stem diameter at basal 

area and their height. The selected plants were sampled for their heavy metals analysis.   

3.1.1: Wastewater sampling and analysis 
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 Using the analytical techniques proposed by US Salinity Lab. Staff (1954) the 

samples of effluent water were analyzed for irrigation quality parameters like pH, 

electrical conductivity (EC). Effluents were filtered through Whatman filter paper No. 

42 and the filtrate was stored in 120 ml plastic bottles. Metals (Cd, Cu, Cr, Ni, Pb and 

Zn) were determined using a Hitachi Polarized Atomic Absorption Spectrophotometer 

(AOAC, 1984). Suitable standards solution for each metal were used to calibrate 

Atomic Absorption Spectrophotometer. A linear calibration curve with a correlation 

coefficient (R
2
) higher than 0.999 was maintained to ensure the accuracy of the results.  

Analytical work was carried out in different analytical labs such as, WASA Analytical 

Laboratory, Nutrition Laboratory, Institute of Feed and Animal Nutrition, UAF, Salinity 

Laboratory Institute of Soil and Environmental Sciences, UAF and Laboratory of 

Analytical Chemistry Department of Chemistry and Bio-chemistry, UAF. Average level 

of heavy metals detected in different sources of irrigation water is summarized in Table 

3.1. 
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Table 3.1 Chemical analysis of available irrigation water use for tree plantation 

  Parameters   Monsoon Winter Summer Average WHO 

standards 

 IS1 7.1 7.2 7.8 7.3  

pH IS2 7.4 7.4 7.9 7.5 6.5-8.4 

 IS3 7.9 8 8.8 8.2  

 IS1 0.28 0.33 0.51 0.37  

EC dSm-1 IS2 1.05 1.94 2.52 1.83 1.5 

 IS3 2.93 5.44 6.4 4.92  

 IS1 0.003 0.004 0.005 0.004  

Cd (mg L-1) IS2 0.009 0.012 0.015 0.012 0.01 

 IS3 0.025 0.033 0.05 0.036  

 IS1 0.007 0.007 0.05 0.02  

Cr (mg L-1) IS2 0.03 0.035 0.077 0.047 0.1 

 IS3 0.04 0.08 0.120 0.08  

 IS1 0.01 0.01 0.15 0.05  

Cu (mg L-1) IS2 0.03 0.061 0.16 0.08 0.2 

 IS3 0.033 0.069 0.19 0.097  

 IS1 0.003 0.005 0.01 0.006  

Ni (mg L-1) IS2 0.008 0.014 0.12 0.04 0.2 

 IS3 0.012 0.029 0.18 0.07  

 IS1 4.16 6.78 9.89 6.94  

Pb (mg L-1) IS2 5.3 7.4 11.6 8.1 5.0 

 IS3 5.9 8.9 13.02 9.27  

 IS1 0.06 0.06 0.12 0.08  

Zn (mg L-1) IS2 0.6 1.92 3.23 1.91 5.0 

 IS3 2.27 2.33 4.7 3.1  

3.1.2: Plant sample collection and storage 

Representative plant sample (leaf, shoot and root) of each tree species were 

obtained from the said experimental field UAF. Three plants with three replicates (total 9 

plants) were selected randomly of each species under each source of irrigation. Samples 

of leaves, stem and root from all the plants were collected.  

 

 Thus total number of plant samples per plant were: 

  (      )    (    )    (    )    

 Total number of samples from three plant per replicate were: 

         

 Total number of plant samples with three replicates were under each source of 

irrigation:              
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 Total number of samples per species with three replicate were under three 

different sources of irrigation:              

 Thus, Total number of samples of four species with three replicates under three 

different sources of irrigation were:            

All plant samples were washed with 1% HCI and then with distilled water to 

remove unwanted material and contaminants and were put on clean plastic sheet for 

drying. Plant samples were then oven-dried to stable weight at 65-70°C. The dried 

plant material was ground to powder form by Wiley Mill (1.0 mm size) and was stored 

in clean plastic bags for chemical analysis. Plant samples were analyzed using 

standard methods as detailed in the following paragraphs. 

3.1.3: Plant sample preparation 

Plant samples were digested using the procedure adopted by Rashid (1986). As 

per procedure, 0.5 g ground plant material was placed in a conical flask and digested 

using 15 ml of a di-acid mixture (70% HNO3 : 70% HCIO4 :: 2 : 1). The material was 

digested on a hot plate at 150 °C until it was colorless. After digestion, the material was 

cooled and the flask volume was made to 100 ml by adding deionized water.  

3.1.4: Plant analysis 

Plant samples were subjected to Cd and Pb metal ion determination by atomic 

absorption spectroscopy (Perkin Elmer Analyst 300) using the prescribed method 

(AOAC, 1984). Atomic absorption spectroscopy was calibrated using standard solutions. 

A linear calibration curve with a correlation coefficient (R
2
) higher than 0.999 was 

maintained to ensure the accuracy of the results. 

3.1.5: Statistical analysis 

Statistical analysis for the measured growth data (height and collar diameter) 

was based on the average values for all the irrigation treatments. Data were analyzed 

using Statistix ver. 8.1. The significance of the mean differences between species and 

irrigation was tested using an analysis of variance based on RCBD design. Tukey's 

HSD test was applied with a probability level (P<0.05) to compare the mean 

differences.  
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3.2: Experiment II: Growth behavior and heavy metal uptake potential of different 

tree species under wastewater irrigation: A pot experiment 

study 

A pot experiment was conducted (during spring 2013) in the nursery area, 

Department of Forestry and Range Management, UAF to have further assessment with 

regard to tree growth and their heavy metal uptake potential under controlled conditions. 

Based on quality of wastewater (Table 3.1) and chemical analysis of various plant 

samples from the field area, the same plants (four number of tree species, as mentioned 

above) were established in plastic pots of 15 liter volume filled with the clay loam fertile 

soil (collected from canal fed farm area UAF). Growth behavior of the above mentioned 

tree species and their potential for heavy metals uptake either from IS1, IS2 and IS3 were 

determined   

3.2.1: Experiment layout 

The experiment was designed under CRD with three treatments and three 

replications and four number of species.   

NO. OF TREATMENTS => Three types of irrigational water (three different sources) 

Irrigation source 1    IS1-The Canal water (Control) 

Irrigation source 2    IS2-Domestic wastewater (Collected from disposal plant UAF) 

Irrigation source 3   IS3- Municipal Wastewater (Collected from WASA drainage channel 

No.1). 

 Irrigation type one (canal water) was applied as a control whereas, IS2 and IS3 

were taken as test treatments.  All types of irrigation water were rightly available at UAF 

experimental area.  

3.2.2 Quality of water used for irrigation in pot experiment study II 

Water samples were taken at the time of each irrigation in experiment II. These 

samples were mixed to have composite samples to get them chemically analyzed. The 

extent of heavy metals contamination along with level of pH, EC, SAR etc. detected in 

different types of irrigation water is summarized in Table 3.2. 
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Table 3.2 

Physio-chemical properties of irrigation waters from various sources 

Parameters  Units  IS1 IS2 IS3 WHO standards 

pH Number  7.7 7.8 8.4 6.5-8.4 

EC dSm
-1

 0.32 1.96 5.40 1.5 

SAR Ratio  0.12 6.8 14.88 8 

RSC  meq L
-1

 0.1 3.44 12.12 1.5 meq L
-1

 

Ca
+2

+ Mg
+2

 meq L
-1

 3.68 9.33 11.21 ------- 

Na
+
 meq L

-1
 0.26 12.22 36.66 10 meq L

-1
 

Cl
-
 meq L

-1
 0.71 70.22 18.20 11.26 meq L

-1
 

CO3
-2

 meq L
-1

 Nil 4.00 Nil  ------- 

HCO3
-
 meq L

-1
 3.40 139.33 33.33 6.5 meq L

-1
 

Heavy metals 

Cd mg L
-1

 0.011 0.014 0.034 0.01 

Cr mg L
-1

 0.01 0.02 0.07 0.1 

Cu mg L
-1

 0.02 0.03 0.05 0.2 

Ni mg L
-1

 0.001 0.03 0.06 0.2 

Pb mg L
-1

 8.05 9.32 10.43 5.0 

Zn mg L
-1

 0.06 1.45 2.78 5.0 

* WHO, 1989) 

Data was collected like growth behavior and heavy metals uptake periodically.  

3.2.3: Planting material and experimental plan 

Six-month-old uniform sized seedlings of above mentioned four tree species were 

obtained from the nursery of the Department of Forestry and Range Management, 

University of Agriculture, Faisalabad and were planted in plastic pots filled with the soil 

collected from surveyed area. Six tree of each species were planted in one replication. 

The entire experiment was replicated thrice. Thus, a total of (6 × 3 × 3) = 54 plants of 

each tree species were planted in each replicate and 216 plants of all tree species. 

3.2.4: Application of treatments 

Initially, all the experimental units were irrigated with IS1 (Control) till their 

successful establishment (which took about 15 days to come this stage). After getting 
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ensured establishment of all experimental plants, each replication was given scheduled 

irrigation with prescribed type of irrigation water (IS1, IS2 & IS3). Quantity and 

frequency of irrigation were kept same for all experimental plots.  

3.2.5: Data collection and analysis  

Following observations were recorded during the course of this study: 

a) Shoot length (cm) 

b) Collar diameter (cm) 

c) Root length (cm) 

d) Leaf fresh weight (g) 

e) Shoot fresh weight (g) 

f) Root fresh weight (g) 

g) Leaf dry weight (g) 

h) Shoot dry weight (g) 

i) Root dry weight (g) 

j) Heavy metal uptake by various tree species  

3.2.6: Harvesting and sampling  

Plant samples were collected after 12 month growth. Fresh samples of root, shoot 

and leaf were weighed and air-dried, oven dried, and finally oven dried weight of the 

samples were determined.  

3.2.7: Digestion of plant samples  

Plant samples were digested using the procedure adopted by Rashid (1986). As 

per procedure, 0.5 g ground plant material was placed in a conical flask and digested 

using 15 ml of a di-acid mixture (70% HNO3 : 70% HCIO4 :: 2 : 1). The material was 

digested on a hot plate at 150 °C until it was colorless. After digestion, the material was 

cooled and the flask volume was made to 100 ml by adding deionized water.  

3.2.8: Soil analyses 

3.2.8.1: Soil physical analysis 

Physical properties of soil prior to commencement of the experiment were 

determined (Table 3.2). For chemical analysis, soil samples were collected from 0-15, 
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15-30 and 30-45cm depths (Dalun, et al., 2009). All soil samples were taken using a 

7.63 cm diameter soil stainless steel bucket auger. All samples were air dried, ground to 

pass through a 2mm size sieve and stored in plastic bottles for further analysis.  

3.2.8.1.1: Soil texture 

Soil texture was determined using a hydrometer method proposed by Bouyocous 

(1962) using sodium hexa-metaphosphate (NaPO3)6 as the dispersing agent. Soil 

textural class was classified according to USDA textural triangle.  

Table 3.3: Physical properties of soils used for the experiment 

 Soil depth 

 0-15 cm 15-30 cm 30-45 cm 

% clay 31 31.5 25 

% silt 32 33 42 

% sand 34 34.5 31.5 

Soil Texture clay loam clay loam clay loam 

    

3.2.8.1.2: Field capacity 

Field capacity for the soil sample was determined in the lab by placing 35 g of 

soil from each composite sample on Whatman No. 42 filter paper inside a plastic 

funnel. Water was added until the soil was saturated. Samples were left to drain for 48 h 

and then weighed, dried for 24 hour at 105
o
C, and reweighed. The difference between 

saturated and oven dried weight represented the field capacity. 

3.2.8.2: Soil chemical analysis  

Soil chemical analysis was done according to the methods described by the 

US Salinity Laboratory Staff (1954) except as otherwise mentioned. Brief 

descriptions of the methods is as under:  

3.2.8.2.1: Preparation of saturated soil paste 

 250 g of soil was placed in a plastic beaker and a saturated soil paste was 

prepared by adding slowly distilled water and mixing with a spatula until the paste 

glistened and slid off the spatula without collection of any free water on the surface of 



39 
 

the paste (Richards, 1954). Extract from saturated soil paste was obtained by applying 

pressure with the help of filter press. Sodium hexametaphosphate (1%) solution was 

added at the rate of one drop per 25 mL extract to prevent precipitation of salts during 

storage. 

3.2.8.2.2: Saturation percentage (SP) 

A known weight of saturated soil paste was oven-dried at 105°C to a constant 

weight and saturation percentage was determined (Method 27a) by using the formula  

  ( )  
                                     ( )

                                  ( )
     

Table3.4: Physico-chemical properties of soil before starting the experiment 

Quality parameters 
Soil Depth (cm) 

0-15 15-30 30-45 

EC (dS m
-1

) 2.11 0.85 1.24 

pH 8.9 7.6 7.4 

Organic matter (%) 0.98 0.54 0.46 

Saturation (%) 45 52 42 

Total N (%) 0.045 0.048 0.052 

Available  P (mg kg
-1

) 2.60 2.85 2.94 

Available  K (mg kg
-1

) 145 133 195 

DTPA Extracted Metal (mg kg
-1

) 

Cd (mg kg
-1

) 0.05 0.04 0.01 

Cr (mg kg
-1

) 1.11 1.25 1.35 

Cu (mg kg
-1

) 2.25 3.35 3.85 

Ni (mg kg
-1

) 1.95 1.25 0.75 

Pb (mg kg
-1

) 1.55 0.45 0.65 

Zn (mg kg
-1

) 32.35 45.55 15.25 

3.2.8.2.3: Soil pH 

The pH was determined using saturated soil paste as prepared earlier in 7.3.2.1 

and stabilized overnight (Kent Eil 7015) as per Method 21 a.  

3.2.8.2.4: Electrical conductivity of saturation extract 
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After measuring pH the liquid was separated from the saturated soil paste and 

electrical conductivity was measured using an EC meter (Corning) following the 

method of Rhoades (1982). 

Table3.5: Physico-chemical properties of soil after the experiment 

Quality parameters 
Irrigation sources 

IS1 IS2 IS3 

EC (dS m
-1

) 2.05 2.13 3.23 

pH 8.3 8.2 8.6 

Organic matter (%) 0.96 0.99 0.95 

Saturation (%) 45 43 43 

Total N (%) 0.045 0.047 0.044 

Available  P (mg kg
-1

) 2.50 1.70 2.34 

Available  K (mg kg
-1

) 137 149 215 

DTPA Extracted Metal (mg kg
-1

) 

Cd (mg kg
-1

) 0.04 0.045 0.06 

Cr (mg kg
-1

) 1.05 1.27 1.39 

Cu (mg kg
-1

) 2.02 3.33 3.89 

Ni (mg kg
-1

) 1.91 2.29 2.95 

Pb (mg kg
-1

) 1.74 2.21 3.02 

Zn (mg kg
-1

) 32.0 49.61 55.43 

3.2.8.2.5: Total nitrogen (%) 

 Nitrogen was determined by Ginning and Hibbard‟s method of sulphuric acid 

digestion followed by distillation on a macro Kjeldhal‟s apparatus (Jackson, 1962).  

3.2.8.2.6: Available phosphorus 

Available P was determined by taking 2.50 g soil and adding 0.50 M NaHCO3 

solution adjusted to pH 8.5 (with the help of 50 % w/w NaOH) following the methods 

of Watanabe and Olsen (1965) and Page et al., (1982). 

3.2.8.2.7: Available potassium 

Available potassium was determined by combining the soluble as well as 

exchangeable potassium (Rhoades, 1982) which were determined separately as 

described below. 
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3.2.8.2.8: Soluble potassium 

An aliquot from the saturated extract was used for potassium determination by 

using a model PFP.7 Jenway flame Spectro photometer (Bigham, 1996; Richards, 

1954). 

3.2.8.2.9: Exchangeable K
+
 

The soil extract was treated with 1.0 N ammonium acetate (CH3COONH4), and 

Exch. K
+
 was determined using a Jenway PFP-7 flame photometer the instrument was 

standardized with a series of K standard solutions (Method 1la). Exchangeable K
+
 was 

calculated by the formula: 

Exch. K
+
 = (CH3COONH4- K

+
- soluble K

+
) expressed in c mole kg

-1
. 

3.2.8.2.10: Soil organic matter (OM) 

The procedure for determination of soil organic matter was adapted from Nelson 

and Sommers (1982) and Walkley and Black (1934). About 0.50 g of soil was mixed 

well with 5 ml of 1 N potassium dichromate solution in a 50 ml conical flask. 10 mL 

H2SO4 (commercial grade) was mixed and held for almost 35 minutes, Water (100 mL) 

was slowly added to dilute the contents and 0.50 mL of diphenylamine was added. The 

mixture was titrated against FeSO4.7H2O (1 N) up to the end point when solution turned 

purplish or bluish in color. 

3.2.8.2.11: Heavy metal determination in soil 

Heavy metals were determined using the procedure described by Lindsay and 

Norvell (1978). To 20 g of soil, 40 mL 50% DTPA (diehtylene triamine penta-acetic 

acid) solution was added. The container was agitated for 2 hours and then filtered. The 

filtrate was analyzed by atomic absorption spectroscopy to determine the concentration 

of various metals. The accuracy of the DTPA extractable solution was assured by testing 

blanks with each batch of soil samples.  Metal concentration was calculated by 

multiplying the observed value (noted from atomic absorption spectrophotometer) with 

the factor 2 to account for 50% DTPA solution. 

3.2.9: Statistically analysis 
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Data were tested with ANOVA, followed by HSD tests using the Statistix ver. 8.1 

statistical packages. The level of significance was set at P<0.05. 

 

3.3: Experiment III: Response of selected tree species seedlings to the imposed heavy 

metal (Cd and Pb) stress under control conditions.  

3.3.1: Study area  

This experiment was conducted during (Spring 2014) in experimental area of 

Department of Forestry and Range Management, University of Agriculture, Faisalabad to 

find out the response of seedlings of Acacia ampliceps, Acacia nilotica, Azadirachta 

indica and Mours alba grown in polythene bags to the imposed stress of Cd and Pb heavy 

metal under controlled conditions. Healthy seeds of the prescribed species were grown in 

polythene bags using certified seeds taken from Punjab Forest Research Institute (PFRI), 

Faisalabad for conducting experiment. At 5-6 leaves stage of the seedling growth heavy 

metal (Cd and Pb) added irrigation water was applied as treatment of the seedlings to 

check their growth behavior and Cd and Pb uptake. Cd and Pb metal were applied in the 

form of Cd (NO3)2 and Pb (NO3)2 in various combinations such as IS1 (control), IS2 (Cd 

=0.02 mg
 
L

-1
, Pb = 10 mg L

-1
), IS3 (Cd =0.04 mg L

-1
, Pb = 20 mg L

-1
) and IS4 (Cd =0.06 

mg L
-1

, Pb = 30 mg L
-1

) respectively.  

3.3.2: Experiment design and layout  

The experiments were laid out in completely randomized design (CRD) with four 

treatments with three replications and six plants in each replicate. Total number of plants 

of each species were = 6 × 3 × 4 = 72. 

3.3.3: Data collection  

The parameters noted in data collection were shoot length (cm), collar diameter 

(cm), root length (cm), leaf fresh weight (g), shoot fresh weight (g), root fresh weight (g),  

leaf dry weight (g), shoot dry weight (g), root dry weight (g) and heavy metal uptake (mg 

kg
-1

). The Plant samples (leaves stem and roots) were taken after eight weeks separately 

put on clean plastic sheet for drying. Plant samples were then oven-dried at 65-70°C till 

constant weight. The dried plant material was ground separately to powder form by Wiley 

Mill (I mm size) and was stored separately in clean plastic bags for chemical analysis. 
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3.3.4: Chemical analysis  

Plant samples were digested using the procedure adopted by
 

US Salinity 

Laboratory Staff (1954)
 
and analyzed with standard methods. Ground plant material 

weighing 0.5g was taken for digestion in a conical flask using  15 ml di-acid mixture 

(HNO3:HCIO4, 2:1). The material was digested on hot plate until it was colorless.  After 

digestion, the flask was left to cool and the flask volume was made 100 ml by adding 

deionized water and further analysis was carried out with the help of atomic absorption 

spectrophotometer (Perkin Elmer Analyst 300). Lead concentration was determined using 

the method adopted by Rashid (1986). 

3.3.5: Statistically analysis  

Statistical analysis for the measured growth data was based on the average 

values for all the irrigation treatments. Data were analyzed using Statistix ver. 8.1. 

The significance of the mean differences between species and irrigation was tested 

using an analysis of variance based on CRD design. Tukey's HSD test was applied 

with a probability level (P<0.05) to compare the mean differences.  
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Chapter 4  Results and Discussion 

This chapter deals with interpretation of results and discussion about the findings 

of the experiments conducted under three different studies. The outlines of these studies 

with regard to research methodology were briefed in previous chapter (No. 3). The main 

focus these studies was to determine growth response and uptake of various heavy metal 

pollutants by the different tree species under different sources of irrigation such as canal 

water (IS1), domestic wastewater (IS2) and municipal wastewater (IS3). The detailed 

results of these studies are going to be discussed here in later pages while the analyzed 

data with analysis of variance tables are summarized in appendices 1-12. 

4.1: Experiment I: Performance of tree species as irrigated by wastewater under 

field conditions  

4.1.1: Effect of wastewater on Plant height (m)     

Fig. 4.1.1 explains growth response of different tree species as influenced by 

various types of irrigation. Referred to Appendix 10-a, it was revealed that different 

sources of irrigation exerted significant impacts on the growth of different tree species 

such as Acacia ampliceps, Acacia nilotica, Azadirachta indica and Morus alba. 

According to data analyzed height of A. ampliceps under IS2 i.e. 3.23 m was significantly 

higher than the statistically similar plant heights of 2.53 m and 2.40 m with IS1 and IS3, 

respectively. Similarly, A. nilotica also had significantly higher plant height (2.60 m) 

under IS2 followed by 2.13 m and 1.80 m under IS1 and IS3 sources of irrigation, 

respectively. However, in A. indica, the observed plant height 2.93 m and 2.50 m under 

IS2 and IS1 were statistically similar but significantly higher than the plant height 1.86 m 

noted under IS3. Relatively lower plant height under IS3 than the plant height under IS1 

and IS2 indicated reduced plant growth under heavy metal stress present in IS3. 

Exceptionally, plant heights in M. alba under different sources of irrigation significantly 

differ from each other as it had maximum plant height 1.93 m with IS2 followed by 1.40 

m under IS1 and minimum plant height of 1.20 m was noted under IS3. In species ranking 

with regard to potential for plant height it was revealed by species comparison that all the 

means for average plant height gained by the tree species were significantly different. A. 
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ampliceps had (2.72 m) 11.93%, 25.35% and 80.13% more plant height as compared to A. 

indica (2.43 m), A. nilotica (2.17 m) and M. alba (1.51 m) respectively (Appendix 1-a). 

This could be explained in descending order as: plant height in A. ampliceps > A. indica > 

A. nilotica > M. alba. Similarly, overall treatment (irrigation) impact was clearly 

significant. For instance, overall plant height under IS2 irrigation was 1.24 and 1.47 times 

higher than the plant height under IS1 and IS3, respectively (Appendix 1-a).  

 

Fig. 4.1.1: Plant height of different tree species as influenced by wastewater 

irrigation  

 

4.1.2: Effect of wastewater on plant collar diameter (cm)    

As shown in Fig. 4.1.2, A. ampliceps had maximum collar diameter (6.16 cm) 

under IS2 followed by similar the collar diameter (CD) of 4.60 cm and 4.30 cm 

accordingly under IS1 and IS3.  Similarly, collar diameter in Acacia nilotica with 

descending order was: 4.26 cm with IS2 > 2.73 cm and 2.43 cm under IS3 and IS1, 

respectively (Appendix 10-b). The recorded collar diameter in A. indica with relatively 

higher value were 4.01 cm and 3.50 cm under IS2 and IS1 with no statistical significance. 

Minimum collar diameter (2.33 cm) was recorded under IS3. Similarly, M. alba had 

maximum collar diameter (3.46 cm) under IS2 followed by (2.53 cm) under IS1 and 

minimum collar diameter (1.53 cm) was recorded under IS3. Overall treatment mean 
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showed that (all the plants with) IS2 had 37.11% and 64.33% higher collar diameter as 

compared to IS1 and IS3 respectively. According to species comparison mean, the 

potential tree species for producing collar diameter (CD) were arranged in descending 

order as: A. ampliceps > A. indica > A. nilotica > M. alba. However, A. indica and A. 

nilotica were found similar with regard to plant collar diameter (Fig 4.1.2).   

 

Fig. 4.1.2: Collar diameter of different tree species as influenced by wastewater irrigation  

4.1.2.1: Discussion 

Plant growth parameters (height and collar diameter)  

Plant growth under IS2 was found better than IS1 and IS3. On the other hand, 

minimum plant growth (Fig. 4.1.1 & 4.1.2) was observed under IS3. Bhati and Singh 

(2003) reported that plants of Eucalyptus camaldulensis attained maximum height (131 

cm), collar diameter (1.97 cm) and dry biomass (158 g) when irrigated with domestic 

waste water. Whereas, minimum biomass was produced when plants were irrigated with 

municipal/textile wastewater. Our results are in line with the findings of Bhati and Singh 

(2003). Better plant growth with irrigation of domestic wastewater may be due to better 

combination of macro and micronutrients in this source of irrigation. Baddesha et al. 

(1997) and Paramathma et al. (2003) pointed out higher concentration of macro and 

micronutrients in domestic wastewater. They also noticed higher growth in experimental 

plants under rich source of organic matter as well as micronutrients in the form of 

domestic wastewater.  
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These results are also in agreement with the findings of Tanvir and Sidiiqui (2010) 

who reported that trees of Populus deltoides attained maximum height (4.4 m) and collar 

diameter (7.4 cm) when irrigated with domestic waste water. On the other hand, 

minimum height (2.74 m) and collar diameter (4.9 cm) were attained when plants were 

irrigated with canal water. Although the plant species in two experiments were different 

but it is very clear that irrigation with domestic waste water had more enhancing effect on 

the height and collar diameter of plants as compared to canal water.  

Ghosh and Singh (2005) reported that Brassica campestris gained maximum shoot 

length (24.5 cm) with control treatment that was reduced to 50.33% (12.17 cm) when 

plants were exposed to the soils contaminated with 100 mg kg
-1

 Cd. Their findings are in 

agreement with our study as maximum shoot length (2.14 m) was gained under control 

treatment while minimum shoot length (1.81 m) was gained with IS3 containing higher 

concentration of Cd as compared to IS1 in all tree species.  

It is evident from the above facts, that domestic waste water enhanced growth in 

the seedlings of all tree species while minimum growth was credited somewhere by canal 

water and somewhere by municipal waste water. Maximum growth with domestic waste 

water was due to highly suitable/powerful mixture of various nutrients, organic matter 

and less quantity of pollutants (Paramathma et al., 2003). Growth promotion of various 

tree species with irrigation of wastewater has also been reported by (Karpiscak and 

Gerald, 2000). In an another study conducted by Stewart et al. (1990) it was revealed that 

Eucalyptus camaldulensis irrigated with waste water attained 100% addition in biomass 

as compared to plants irrigated with canal water.  

4.1.3: Cadmium uptake by different tree species  

Data analysis showed (Fig. 4.1.3) significant impact of treatment (irrigation 

sources) vs species interaction with regard to heavy metal uptake by various tree species 

(Appendix 10-c). For instance, A. ampliceps absorbed maximum Cd (15.93 mg kg
-1

) 

under IS3 followed by 13.1 mg kg
-1

 under IS2. Minimum Cd accumulation (9.36 mg kg
-1

) 

was noted with IS1. Similar trend of metal accumulation was found in rest of the three 

species. For instance, A. nilotica had maximum Cd contents (11.55 mg kg
-1

) under IS3 

followed by (8.25 mg kg
-1

) under IS2. Minimum Cd uptake (4.34 mg kg
-1

) was recorded 

with IS1. Interestingly, A. indica luxuriously absorbed Cd under all sources of irrigation 

and its maximum Cd accumulation with IS3 was 10.48 mg kg
-1

 followed by 8.43 mg kg
-1
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under IS2. Minimum Cd uptake 7.08 mg kg
-1

 was recorded under IS1. Conversely, M. 

alba was proved least active in this regard as compare to other tree species (Fig 4.1.3). Its 

metal accumulation potential under different types of irrigation decreasing order was: 

5.37 mg kg
-1

 with IS3 > 4.2 mg kg
-1

 with IS2 > 3.11 mg kg
-1

 with IS1. Mean comparison 

of irrigation sources revealed that plants could be able to have maximum Cd 

accumulation under IS3 followed by IS2 and minimum Cd with IS1. Whereas, potential 

for Cd uptake in species descending order was: A. ampliceps > A. indica > A. nilotica > 

M. alba (Appendix 2-a). This peculiar pattern clearly explains the ranking of the 

experimental tree species with regard to their potential for heavy metal (Cd) uptake.      

 

 

Fig. 4.1.3: Effect of wastewater on Cd uptake by different tree species 
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4.1.4: Cadmium uptake and its accumulation to various parts of trees 

 Fig. 4.1.4a showed that leaves of A. ampliceps had 11.88 mg kg
-1

 of Cd under IS1 

followed by 9.06 mg kg
-1

 in root. Whereas, minimum Cd accumulation (7.13 mg kg
-1

) 

was noted in stem under IS1. Thus, the total amount of Cd absorbed by A. ampliceps with 

IS1 was 28.07 mg kg
-1

. Similarly, in response to irrigation with IS2, the plants had 

maximum Cd 16.88 mg kg
-1

 in leaves followed by 13.20 mg kg
-1

 in root and minimum Cd 

accumulation 9.22 mg kg
-1

 was noted in plant stem. While, the total amount of Cd 

accumulation by A. ampliceps with IS2 irrigation was 39.3 mg kg
-1

. Conversely, the 

pattern of Cd accumulation with IS3 was amazingly changed as A. ampliceps had 

maximum Cd in root instead of leaves. The amount of Cd stored in its various parts under 

IS3 irrigation were arranged in descending order as: 18.95 mg kg
-1

 in root > 17.6 mg kg
-1

 

in leaves > 11.24 mg kg
-1

 in stem. This explains that presence of more Cd in irrigation 

water would result in more Cd accumulation in root parts of the tree instead of foliar 

portion. This made A. ampliceps accumulating 47.79 mg kg
-1

 of Cd metal in its credit.    

 Fig. 4.1.4b depicts that leaves of A. nilotica when irrigated with IS1 had 

maximum amount of Cd 6.93 mg kg
-1

 followed by amount of Cd 3.08 and 3.02 mg kg
-1

in 

stem and root respectively. Thus, the total amount of Cd accumulated per unit biomass by 

A. nilotica under IS1was13.03 mg kg
-1

. It is worth mentioning that as the metal 

concentration in irrigation water increases, the surplus metal tends to accumulate in root 

(next to leaves). It means, firstly, A. nilotica store maximum metal in leaves but up to a 

certain limit. However, with elevated metal concentration in IS2 and IS3, there would be 

maximum metal in root. Therefore, metal translocation to various parts of A. nilotica with 

IS2 in descending order was: root (13 mg kg
-1

) > leaves (6.84 mg kg
-1

) > stem (4.93 mg 

kg
-1

). While, the total amount of Cd held by A. nilotica under IS2 was 24.77 mg kg
-1

. 

Similarly, application of IS3 irrigation to A. nilotica resulted in maximum Cd contents 

(16.91 mg kg
-1

) in root portion followed by similar amount of Cd in stem (8.97 mg kg
-1

) 

and foliar parts (8.77 mg kg
-1

).  However, the total amount of Cd held by A. nilotica 

under IS3 was 24.65 mg kg
-1

. 

Data revealed an interesting situation with regard to metal partitioning in 

Azadirachta indica. At low concentration of metal in growth medium, the plant could 
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store maximum metal in root followed by leaves. As the metal concentration increased in 

irrigation water, the additional metal absorbed by the tree would be stored in foliar part 

(Fig 4.1.4c). For instance, A. indica was potentially able to store total amount of Cd i.e. 

21. 23 mg kg
-1

 under IS1 that was variously distributed to root, leaves and stem parts as: 

9.13 mg kg
-1

 in root > 7.15 mg kg
-1

 in leaves > 4.95 mg kg
-1

 in stem. However, irrigation 

with IS2 made the plant to hold relatively higher and similar amount of  Cd in root (9.13 

mg kg
-1

) and leaves (8.97 mg kg
-1

) followed by minimum Cd contents (7.20 mg kg
-1

)  in 

stem. In this way, A. indica attained 25.3 mg kg
-1

 as a whole under IS2. Similarly, 

Irrigation with IS3 made A. indica to hold Cd  in leaves, root and stem in respective 

descending order as: 11.13 mg kg
-1

) > 10.82 mg kg
-1

 > 9.51 mg kg
-1

. Therefore, total 

amount of Cd held by A. indica with IS3 was 31.46 mg kg
-1

.  

  An exceptional feature was expressed by M. alba in response to different source 

of irrigation. It was observed that only IS3 type of irrigation could enhance Cd metal in 

root and leaves portion. Otherwise amount of Cd in leaves, stem and root portion were 

same under IS2 and IS1 (Fig 4.1.4d). For instance, plants irrigated with IS3 had 

maximum Cd metal 9.15 mg kg
-1

 in root followed by 7.02 mg kg
-1

 and 3.53 mg kg
-1

 in 

leaves and stem respectively. Overall potential of M. alba with regard to Cd uptake under 

IS3 was 12.68 mg kg
-1

. Whereas, Cd uptake with IS2 made M. alba to hold almost similar 

amount of Cd in root (3.44 mg kg
-1

), leaves (3.33 mg kg
-1

) and stem (3.08 mg kg
-1

). 

Similar trend was found with IS1. The statistical assessment to know the effect different 

sources of irrigation with regard to Cd uptake was: IS3 (12.68 mg kg
-1

) > IS2 (9.85 mg kg
-

1
) > IS1 (8.51 mg kg

-1
). However, Cd accumulation in various plant parts was 

significantly different.  
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Fig. a Fig. b 

  
Fig. c Fig. d 

 

 Fig. 4.1.4.a,b,c,d: Cd uptake and its translocation to various parts of trees 

(root, stem, leaves) under different sources of irrigation 
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4.1.5: Lead uptake by different tree species   

 As shown in Fig. 4.1.5, means of interaction of irrigation treatments and species 

were significantly different from each other (Appendix 10-d). It was observed that A. 

ampliceps under IS3 held 79.77% and 210.03% higher Pb contents as compared to IS2 

and IS1 respectively. Similar impacts of all irrigation sources (with regard to Pb uptake) 

was recorded in other tree species. For instance, in A. nilotica Pb accumulation with IS3 

(46.58 mg kg
-1

) was > IS2 (38.05 mg kg
-1

) > IS1 (28.41 mg kg
-1

). Whereas, A. indica 

accumulated 127.22 mg kg
-1

of Pb when irrigated with IS3 followed by 98.7 mg kg
-1

 with 

IS2 and minimum (75 mg kg
-1

) with IS1. It is worth mentioning that M. alba was found 

so poor in this regard as the highest amount of Pb noted under IS3 was only 34.26 mg kg
-1

 

> 26.04 mg kg
-1

 under IS2 > 21.74 mg kg
-1

 under IS1. Species potential for Pb uptake 

was also significant. The pattern of Pb accumulation by various tree species can be well 

explained in descending order as: A. indica (100.31 mg kg
-1

) > A. ampliceps (85.94 mg 

kg
-1

) > A. nilotica (37.68 mg kg
-1

) > Morus alba (27.35 mg kg
-1

) respectively (Appendix 

3-a). The effects of treatment (irrigation sources) were also significant. As IS3 irrigation 

caused maximum Pb accumulation (86.32 mg kg
-1

) followed by IS2 (59.78 mg kg
-1

) and 

IS1 (42.35 mg kg
-1

) as given in Appendix 3-a.  

 

 

Fig. 4.1.5: Effect of wastewater on Pb uptake by different trees species 
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4.1.6: Lead uptake and its accumulation to various parts of trees 

 It is clear from the Fig. 4.1.6a that A. ampliceps irrigated with IS1 had maximum 

Pb contents 61.67 mg kg
-1

 in root followed by 45.22 mg kg
-1

 and 25.89 mg kg
-1

 in leaves 

and stem respectively. While, the total amount of Pb accumulation per unit biomass held 

by A. ampliceps under IS1 was 132.78 mg kg
-1

. Similar trend of metal partitioning was 

seen in A. ampliceps when irrigated with IS2 and/or IS3. This was confirmed when Pb 

contents in various parts of tree under IS2 in descending order were seen as: root (110.56 

mg kg
-1

) > leaves (88.78 mg kg
-1

) > stem (29.67 mg kg
-1

). This suggested that A. 

ampliceps had total Pb contents of 229.01 mg kg
-1

 under IS2. Similarly, Pb contents in 

plant root was maximum 246.11 mg kg
-1

 with IS3 followed by leaves and stem with 

121.67 mg kg
-1

 and 43.89 mg kg
-1

 respectively. This explained that total Pb accumulation 

per unit biomass in A. ampliceps was 411.67 mg kg
-1

 under IS3.   

 Conversely, A. nilotica stored its maximum metal in foliar parts instead of plant 

root. However, minimum Pb metal was stored in plant stem part.  Fig. 4.1.6b describes 

that A. nilotica when irrigated with IS1 held maximum Pb (41.22 mg kg
-1

) in leaves 

followed by root (24.22 mg kg
-1

). Minimum Pb contents (19.8 mg kg
-1

) were noted in 

stem.  Thus, the total amount of Pb accumulated by A. nilotica under IS1 was 85.22 mg 

kg
-1

. However, irrigation with IS2 caused relatively higher Pb accumulation and it was 

explained in descending order as: leaves (51.89 mg kg
-1

) > root (34.09 mg kg
-1

) > stem 

(28.18 mg kg
-1

). In this way, the total amount of Pb per unit biomass accumulated by A. 

nilotica under IS2 was 114.16 mg kg
-1

.  As far as impact of IS3 is concerned, the noted 

Pb accumulation in plant parts was found in descending order as: leaves (66.33 mg kg
-1

) 

> root (38.93 mg kg
-1

) > stem (34.47 mg kg
-1

). Thus, the total amount of Pb per unit 

biomass accumulated by A. nilotica under IS3 was 139.73 mg kg
-1

.  

 However, metal partitioning trend in A. indica was found similar to the trend of 

noted in A. ampliceps. Because A. indica also stored its absorbed Pb metal in its root 

portion under either source of irrigation (Fig 4.1.6c). Thus, A. indica under IS1 type of 

irrigation had maximum amount of Pb 101 mg kg
-1

 in root followed by leaves and stem 

with 82.56 mg kg
-1

 and 40.56 mg kg
-1

 respectively. Hence, the total amount of Pb per unit 

biomass accumulated by A. indica under IS1 was 225.01 mg kg
-1

. Similarly, maximum Pb 

accumulation i.e.145.44 mg kg
-1

 was found in plant root with IS2 followed by leaves and 

stem with 101.44 mg kg
-1

 and 49.22 mg kg
-1

 of Pb respectively. Here, the total Pb 
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contents PUB were 296.1 mg kg
-1

 with IS2. However, pattern of the metal partitioning in 

A. indica under IS3 was explained in descending order as: root (196.66 mg kg
-1

) > leaves 

(123.22 mg kg
-1

) > stem (62.11 mg kg
-1

) and the total amount of Pb under IS3 was 381 

mg kg
-1

.  

Referred to see Fig. 4.1.4 regarding Cd uptake and its translocation to various 

parts of trees, the behavior of M. alba for Pb partitioning was almost same as for Cd 

partitioning. Amount of Pb in roots, stems and leaves of M. alba was almost same except 

the case of IS3 which caused maximum Pb in plant root followed by foliar part. However, 

minimum Pb contents were stored plant stem (Fig 4.1.6d). Therefore, it was noticed that 

plant of M. alba under IS1 had maximum amount of Pb 23.22 mg kg
-1

 in its stem that was 

minutely decreased in leaves (21.89 mg kg
-1

) with no statistically significance. However, 

plant roots had minimum level of Pb i.e. 20.11 mg kg
-1

 respectively. Thus, M. alba 

attained a total of 65.22 mg kg
-1

 of Pb in its credit with IS1. Similarly, under IS2 

irrigation Pb contents accumulated by M. alba to its various plant parts were arranged in 

descending order as: 27.44 mg kg
-1

 in root > 25.89 mg kg
-1

 in stem > 24.78 mg kg
-1

 in 

leaves. Hence, the total Pb accumulation PUB was 78.11 mg kg
-1

 with IS2. However, in 

response to irrigation with IS3, Pb accumulation with descending order was: root (50.56 

mg kg
-1

) > leaves (26.78 mg kg
-1

) > stem (25.44 mg kg
-1

). While, the total Pb 

accumulation was 102.78 mg kg
-1

 with IS3. According to data analyzed, the impact of 

various types of irrigation water with regard to Pb accumulation can be summarized as: 

IS3 > IS2> IS1 in M. alba. Appendix 10-d (analysis of variance) clearly depicts the data 

reliability for lead uptake by trees with F value and co-efficient of variance (CV) at P < 

0.05. 
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Fig. a Fig. b 

  
Fig. c Fig. d 

 Fig. 4.1.6a,b,c,d: Pb uptake and its translocation to various parts of trees 

(root, stem, leaves) under different sources of irrigation 
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4.1.6.1: Discussion Cd uptake 

Overall best performance with regard to Cd uptake was shown (Fig. 4.1.3) by A. 

ampliceps followed by A. indica, A. nilotica and M. alba.  Scientists believe that, Cd is 

one of the major toxins responsible for environmental contamination /pollution. It 

deteriorates the quality of water as well as air. It is an integral part of exhausts of vehicles 

and industrial units. Accumulation of heavy metals like Cd, Cr and Pb in edible plants, 

irrigated with wastewater has been reported in literature (Dwivedi, 2000; Kahlown et al., 

2006; Raja et al., 2015). Although Cd is not very much harmful for tree growth when 

available in small quantity. However, its liberal quantity severely affects the growth 

process. Zou et al. (2008) reported that diameter of trees decreased significantly when 

they were irrigated with water contaminated with Cd. Although the tree species in the 

present study are different but it is clear that irrigation water loaded with Cd is toxic to 

plant health resulting in poor growth and development.  

Sun et al. (2016) reported that Cirsium setosum (Willd.) accumulated 25.16 mg 

kg
-1

 Cd in leaves, 14.65 in stem and 16.58 mg kg
-1

 in root respectively. These findings are 

in line of present study in which A. ampliceps followed similar trend regarding Cd 

accumulation and its translocation to various parts of tree such as 11. 88 mg kg
-1

 in 

leaves, 7.13 in stem and 9.06 mg kg
-1

 root. On the other hand, Sun et al. (2016) while, 

working with Pharbitis nil (L.), concluded differently. They noticed that pattern of Cd 

translocation in P. nil was: 2.88 mg kg
-1

 in roots followed by 1.93 mg kg
-1

 in leaves and 

1.28 mg kg
-1

 in stem. These results are in agreement with our present study in which A. 

nilotica, A. indica and M. alba also followed similar pattern of Cd translocation i.e. root > 

leaves > stem (Fig. 4.1.4 b, c, d).  

4.1.6.2: Discussion Pb uptake 

Referred to interpretation of the results in sections 4.1.5 and 4.1.6, overall best 

performance regarding Pb uptake was A. indica followed by A. ampliceps, A. nilotica and 

Morus alba respectively. Foliar Pb uptake in plant from air is a common observation. The 

exhausts of automobiles and industries contain high concentrations of Pb which are 

captured by the aerial parts of the plant and absorbed hereafter. In Pakistan, gaseous and 

liquid exhausts of industries are usually not subjected to any scientific treatment before 

emission. These exhausts pollute the environment rigorously and also affect plant growth 

seriously.  
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Our study explored that A. indica has 166.18% more potential for Pb uptake, than 

A. nilotica. Furthermore, it has 266.86% more potential than Morus alba. It means that A. 

indica is potentially able to withstand the environment that is highly contaminated with 

Pb contents. It is worth mentioning that Pb is one of the most lethal elements for trees 

which fall out on aerial parts of the plant as dust. On the other hand, when plants are 

irrigated with Pb loaded water, most of its amount is deposited in the root due to its less 

mobility. These are probably the reasons for accumulation of less amount of Pb in the 

stem portion of all tree species as compared to leaves and roots.  

Xiaohai et al. (2008) conducted a study to evaluate the potential of 19 plants rising 

on polluted places in Pb mine region. They found that Pteris ensiformis and Smilax China 

L. accumulated 210.8 mg kg
-1

 and 460 mg kg
-1

 of Pb in root and 9.2 mg kg
-1

, 9.8 mg kg
-1

 

in stem, respectively. Rotkittikhun et al. (2007) reported that T. maxima accumulated 106 

mg kg
-1 

Pb contents in roots and 20 mg kg
-1

 in stem. Yoona et al. (2006) agreed to our 

findings, as they also reported higher Pb contents in roots of Gentiana pennelliana (968 

mg kg
-1

), grown on heavy metal contaminated soils. Thus, previous studies are in line of 

our study in which A. ampliceps, A. indica and M. alba accumulated higher Pb contents in 

tree roots as compared to stem (Fig 4.1.6 a, c, d).  

However, A. ampliceps behaved differently with regard to Cd uptake and its 

translocation because it stored maximum Cd contents in its foliar parts (Fig 4.1.4.a).    

Dickinson and Lepp (1997) tested the ability of different tree species to absorb heavy 

metals and their partitioning to various parts of the trees (root to stem and leave).  They 

concluded that Zinc, cadmium and nickel were translocated to the plant leaves, while, 

chromium, lead and copper were usually retained in the roots. This is in agreement to our 

study in which A. ampliceps had higher Cd contents in its leaves as compared to stem and 

root, as mentioned above. Whereas, higher Pb contents were accumulated root portion 

followed by leaves and stem as indicated in Fig. 4.1.6 a, c, d. 

According to Manousakia et al. (2008), increased soil salinity results in increased 

cadmium uptake by Tamarix smyrnensis. This is in agreement to our study. A. ampliceps 

is a well known salt tolerant tree species Yokota (2003) and it accumulated higher Cd 

contents in leaves (Fig. 4.1.4 a) with increased level of EC in IS3 source of irrigation 

(Table 3.1). Acosta et al. (2011) and Zhao et al. (2013) reported that prevalence of 

salinity in growth medium (soil and water) enhanced mobility of heavy metals / minerals, 
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leading to enhance their foliar accumulation. The results of present study do agree with 

the recent findings of Zabin and Howladar (2015) who worked on the phytoremedial 

potential of native plants of Albaha region, Kingdom of Saudi Arabia. They reported that 

Argenone ochroleuca and Datura inoxis plants accumulated higher Pb in leaves followed 

by stem respectively. Our results are further verified by the finding of Nematian and 

Kazmeini (2013) who worked on Pb deposition in plants of S. spinosa and S. barbata and 

noted higher Pb contents in leaves followed by stem.    
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4.2: Experiment II: Growth behavior and heavy metal uptake potential of different 

tree species under wastewater irrigation: A pot experiment 

study 

4.2.1: Effect of wastewater on shoot length   

Fig. 4.2.1 explains interactive role of irrigation and tree species with regard to 

shoot elongation. Data revealed that Acacia ampliceps gained maximum shoot length viz: 

174.67 cm under IS2 irrigation followed by 153.33 cm and 119.33 cm under treatments 

IS1 and IS3, respectively. Similarly, Acacia nilotica gained maximum shoot length 

106.33 cm under IS2 followed by 92.33 cm and 83.33 cm shoot length under IS1 and IS3 

respectively. However, the higher values of shoot length in Azadirachta indica under IS2 

(156.67 cm) and IS1 (140.33 cm) were statistically similar and shoot length (114.33 cm) 

under IS3 was significantly low. Fig. 4.2.1 also showed significant impact of three 

different sources of irrigation for producing shoot lengths in Morus alba. Its shoot length 

values in descending order were: 86.33 cm with IS2 > 72.33cm with IS1 > 63.33cm with 

IS3.  It was also assessed during data analysis that maximum shoot length attained by 

various tree species under different sources of irrigation were: 131.00 cm with IS2, 

114.58 cm with IS1 and 94.83 cm with IS3 (Appendix 4-a). While, ranking of various 

tree species with regard to shoot length growth was: Acacia ampliceps (149.11 cm) > 

Azadirachta indica (137.11cm) > Acacia nilotica (93.67 cm) >Morus alba (74.00 cm) as 

shown by the lettering in parenthesis with the name of tree species in Fig. 4.2.1 and also 

given in Appendix 4-a.  
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Fig. 4.2.1: Effect of wastewater on shoot length of different tree species 

4.2.2: Effect of wastewater on plant collar diameter   

According to Fig. 4.2.2, it was revealed that maximum plant collar diameter (CD) 

was gained by Acacia ampliceps i.e: 1.40 cm under IS2 followed by 1.11 cm under IS1 

and minimum plant collar diameter i.e. 0.76 cm was recorded under IS3 treatment. 

However, no significant impact of either source of irrigation was seen in A. nilotica for 

producing C. D as all plant C.D (s) under IS2, IS1 and IS3 were statistically same. The 

noted values of plant CD(s) under different sources of irrigation were 0.86 cm, 0.73 cm 

and 0.70 cm with IS2, IS3 and IS1 respectively. However, Azadirachta indica gained 

maximum diameter (1.20 cm) under IS2 that was significantly higher than the CD(s) 

values (0.93 cm) and (0.83 cm) produced by the tree species seedling when irrigated with 

IS3 and IS1 types of irrigation. Similarly, Morus alba also gained maximum collar 

diameter (0.80 cm) under IS2 followed by 0.53 cm and 0.46 cm under IS3 and IS1 with 

no statistical significance. Treatments impact revealed that maximum collar diameter was 

gained (1.06 cm) under IS2 followed by (0.79 cm) with IS1 and minimum collar diameter 

(0.72 cm) was gained with IS3 that was statistically similar to CD under IS1 (Appendix 4-

b). Similarly, species means for producing CD in descending order were: A. ampliceps 

(1.09 cm) > A. indica (0.98 cm) > A. nilotica (0.76 cm) and minimum diameter gained by 

M. alba (0.60 cm) as given in Appendix 4-b.  
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Fig. 4.2.2: Effect of wastewater on plant collar diameter of different tree species 

 

4.2.3: Effect of wastewater on root length    

Fig. 4.2.3 showed interaction of treatments and tree species seedlings for 

producing root length in various tree species. Data revealed that maximum root length 

(43.66 cm) was gained by Acacia ampliceps under IS2 followed by IS1 and IS3 causing 

root lengths of 38.33 cm and 29.83 cm respectively. It is noticeable that rest of the three 

species also responded almost similarly to IS2, IS1 and IS3.  As it noted in Acacia 

ampliceps and they got most root lengths with IS2 followed by IS1 and IS3 respectively. 

For instance, the respective root lengths in A. nilotica in response to IS2, IS1 and IS3 

were:  26.58 cm > 23.08 cm > 20.58 cm.  Root lengths in A. indica with IS2 (39.16 cm) > 

IS1 (35.08 cm) > IS3 (28.58 cm).  Root lengths in M. alba with IS2 were also (21.58 cm) 

> IS1 (18.08 cm) > IS3 15.83 cm. Accordingly, the recorded mean values reflected the 

inputs of various types of irrigation for producing root length as: 32.75 cm under IS2 > 

28.64 cm under IS1 > 23.70 cm under IS3. In species comparison Acacia ampliceps was 

found top ranked for producing average root length 37.27 cm > Azadirachta indica (34.27 

cm) > Acacia nilotica (23.41 cm) > Morus alba (18.50 cm) as given in Appendix 4-c.  
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Fig. 4.2.3: Effect of wastewater on root length of different tree species  

 

 

4.2.4: Effect of wastewater on leaf fresh weight     

The behavior of various tree species in response to different types of irrigation 

water with regard to leaf fresh weight is clearly explained by Fig. 4.2.4. Interaction mean 

of treatments × species revealed that Acacia ampliceps attained maximum leaf fresh 

weight 245.00 g under IS2 followed by 129.67 g and 116.72 g under IS3 and IS1 

respectively. Azadirachta indica also behaved similar by as it earned maximum leaf fresh 

weight (260.00 g) under IS2 followed by 144.67 g under IS3. Minimum leaf fresh weight 

(131.72 g) was noted under IS1. On the other hand, Acacia nilotica and Morus alba 

responded poorly in this regard. However, IS2 irrigation result in relatively higher root 

fresh weight. But IS1 and IS3 imposed non-significant impact for producing root fresh 

weight (Fig 4.2.4). Interaction between treatments and species revealed that Acacia 

nilotica attained maximum leaf fresh weight 60.72 g under IS2 followed by 48.67 g and 

43.22 g under IS3 and IS1, respectively. Similarly, Morus alba gained maximum leaf 

fresh weight 47.06 g under IS2 followed by IS1 and IS3 with leaf fresh weight of 37.44 g 

and 35.22 g respectively. It was also summarized during statistically analysis that overall 

treatments impacts for producing leaf fresh weight was: leaf fresh weight under IS2 

(153.19 g) > leaf fresh weight (83.64 g) under IS1 > leaf fresh weight under IS3 (88.19 

g). Similarly, means for species ranking showed that leaf fresh weight in Azadirachta 

indica (178.80 g) > leaf fresh weight Acacia ampliceps (163.80 g) > leaf fresh weight 

Acacia nilotica (50.87 g) > leaf fresh weight in Morus alba (39.91 g) given in Appendix 

4-d.  
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Fig. 4.2.4: Effect of wastewater on leaf fresh weight of different tree species 

 

4.2.5: Effect of wastewater on shoot fresh weight     

Data analysis for treatments × species, revealed that Acacia ampliceps attained 

maximum shoot fresh weight 173.00 g under IS2 followed by shoot fresh weight of 

144.33 g under IS1. Minimum shoot fresh weight (118.94 g) was recorded when A. 

ampliceps was irrigated with IS3 treatment (Fig 4.2.5). Acacia nilotica also gained 

maximum shoot fresh weight 121.44 g under IS2 followed by IS1 and IS3 types of 

irrigation producing shoot fresh weight 97.33 g and 86.44 g respectively. It worth 

mentioning that Azadirachta indica was declared as most efficient in this regard as its 

shoot fresh weight values under different sources of irrigation were highest among all 

species, for instance, the plant gained maximum shoot fresh weight 188.00 g under IS2 

followed by 159.33 g with IS1 and its minimum shoot fresh weight 133.94 g was found 

under IS3 treatment. However, Morus alba had maximum shoot fresh weight 22.94 g 

under IS2 followed by 15.00 g and 12.00 g with IS1 and under IS3. The shoot fresh 

weight under IS3 that was statistically similar to IS1. It was seen during data analysis that 

the effect of wastewater treatments for producing shoot fresh weight was maximum 

(126.35 g) under IS2 followed by 104.00 g with IS1 and minimum shoot fresh weight was 

gained 87.8 g with IS3. Similarly, species mean showed descending order in shoot fresh 

weight A. indica (160.43 g) > A. ampliceps gained (145.43 g) > A. nilotica (101.74 g) and 

minimum shoot fresh weight gained by M. alba (16.65 g) as given in Appendix 4-e.  
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Fig. 4.2.5: Effect of wastewater on shoot fresh weight of different tree species 

 

4.2.6: Effect of wastewater on root fresh weight     

Fig. 4.2.6 depicts treatments × species, interaction for producing root fresh weight 

under different sources of irrigation. Data revealed that maximum root fresh weight was 

produced by Acacia ampliceps i.e. 47.66 g under IS2 followed by IS3 giving root fresh 

weight of 44.64 g. Minimum root fresh weight was 38.10 g recorded under IS1. Acacia 

nilotica showed that maximum root fresh weight was gained (44.64 g) under IS2 followed 

by 40.47 g with IS3 and minimum root fresh weight was attained (32.10 g) with IS1. 

Azadirachta indica attained maximum root fresh weight (62.66 g) under IS2 followed by 

IS1 (53.11 g) and minimum root fresh weight (44.64 g) was recorded under IS3 

treatment. However, Morus alba gained maximum root fresh weight i.e. 22.22 g under 

IS2 followed by 13.72 g with IS3 and minimum root fresh weight 10.80 g was produced 

under IS1. The impact of irrigation treatments could be clearly observed as maximum 

root fresh weight 43.256 g was recorded under IS2 followed by 36.91 g with IS3. 

However, application of IS1 resulted in minimum root fresh weight i.e. 33.53 g.  The 

overall performance of various tree species for producing root fresh weight was clearly 

observed in descending order as: Azadirachta indica (53.47 g) > Acacia ampliceps (43.47 

g) > Acacia nilotica (39.07 g) > Morus alba (15.58 g) as given in Appendix 4-f.  
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 Fig. 4.2.6: Effect of wastewater on root fresh weight of different tree species 

 

4.2.7: Effect of wastewater on leaf dry weight     

Fig. 4.2.7 explains interaction mean of treatments vs tree species seedling when 

tested with irrigation treatments. Acacia ampliceps treated with IS2 had maximum leaf 

dry weight (LDW) 115.00 g followed by impact of  IS3 and IS1 with 57.33 g and 50.86 g 

LDW, respectively. The impact of wastewater irrigation for producing LDW was 

different in Acacia nilotica as it gained maximum leaf dry weight under IS2 followed by 

IS1 and IS3 respectively. The noted values of LDW in A. nilotica under IS2, IS1 and IS3 

in descending order were: 30.36 g > 24.33 g > 21.61 g respectively. However, 

Azadirachta indica gained maximum leaf dry weight (130.00 g) under IS2 followed by 

IS3 (72.33 g). Minimum leaf dry weight (65.86 g) was noted under IS1. It was keenly 

observed that behavior of M. alba for producing LDW under different sources of 

irrigation was similar to that A. nilotica. For instance, the recorded values of LDW (23.53 

g) in M. alba under IS2 > LDW (18.72 g) under IS1 > LDW (17.61 g) under IS3. The 

overall effect of treatments (irrigation) revealed that the plants gained maximum LDW 

(74.72 g) under IS2 followed by LDW (42.22 g) gained under IS3 and minimum LDW 

(39.94 g) was gained under IS1. Whereas, species means for leaf dry weight in 

descending order were: Azadirachta indica (89.39 g) > Acacia ampliceps gained (74.39 

c 
c 

b 

c 

a 
a 

a 

a 

b 
b 

c 

b 

0
5

10
15
20
25
30
35
40
45
50
55
60
65
70

A. ampliceps (B) A. nilotica (C) A. indica (A) M. alba (D)

IS1(C) IS2 (A) IS3 (B)

R
o

o
t 

fr
e

sh
 w

e
ig

h
t 

(g
) 



66 
 

g) > Acacia nilotica (25.43 g) and minimum leaf dry weight gained by Morus alba (19.95 

g) as given in Appendix 4-g.  

 

Fig. 4.2.7: Effect of wastewater on leaf dry weight of different tree species 

 

4.2.8: Effect of wastewater on shoot dry weight     

Data interpretation for statistical analysis in species × treatments interaction is 

explained in Fig. 4.2.8. It was revealed that Acacia ampliceps attained maximum (79.00 

g) shoot dry weight (SDW) under IS2. Secondly, SDW of 64.66 g was noted under IS1. 

However, minimum shoot dry weight i.e. 51.97 g was observed under IS1 treatment.  

Similarly, Acacia nilotica earned maximum shoot dry weight (60.72 g) under IS2 that 

was significantly higher than the SDW earned by the plants under IS1 (48.66 g) and IS3 

(43.22 g) sources of irrigation. Azadirachta indica behaved similarly as the performed by 

A. ampliceps as it gained maximum shoot dry weight (94.00 g) under IS2. Secondly, 

irrigation with IS1 resulted in shoot dry weight of 79.66 g followed by 66.97 g under IS3.  

However, shoot dry weight in Morus alba was maximum i.e. 11.47 g under IS2. Next to 

IS2, shoot dry weight of 7.50 g and 6.00 g produced under IS1 and IS3 were statistically 

similar. It was also concluded that overall impact of irrigation for producing shoot dry 

weight could generate average maximum shoot dry weight (61.29 g) under IS2 followed 

by 50.12 g and 42.04 g under IS1 and IS3 source of irrigation. Similarly, species wise 
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descending order for SDW was: Azadirachta indica (80.213 g) > Acacia ampliceps 

gained (65.213 g) > Acacia nilotica (50.870 g) and minimum leaf dry weight gained by 

Morus alba (8.324 g) as given in Appendix 4-h.  

 

Fig. 4.2.8: Effect of wastewater on shoot dry weight of different tree species 

 

 

4.2.9: Effect of wastewater on root dry weight     

 Fig. 4.2.9 explains species x treatments interaction for producing root dry weight 

(RDW) in A. ampliceps, A. nilotica, A. indica and Morus alba. The observed values RDW 

in A. ampliceps with regard to impact of irrigation (IS1, IS2 and IS3) were in descending 

order as: 16.13 g under IS2 > 11.55 g under IS1 > 7.32 g under IS3. However, the impact 

of IS1 and IS3 for producing RDW was statistically same (Fig 4.2.9). Acacia nilotica 

gained maximum root dry weight under IS2 followed by IS1 and IS3. The noted values of 

root dry weight were 20.23 g under IS2 followed by 16.22 g under IS1 and 14.40 g under 

IS3. Amazingly, A. indica was found top ranked with regard to its potential for producing 

RDW as it had maximum RDW viz 31.33 g under IS2 followed by giving 26.55 g under 

IS1 and minimum root dry weight (22.32 g) was found under IS3. Conversely, Morus 

alba was found poor in this regard as it had 64.54% reduced root dry weight (11.11 g) 

under IS2 as compared to A. indica. The same was reduced to 69.27% (6.86 g) under IS3 

and 79.66% (5.40 g) under IS1. Overall impact of treatments (irrigation) assessed during 
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data analysis revealed that maximum root dry weight (19.70 g) was gained under IS2 

followed by root dry weights 14.93 g and 12.72 g under IS1 and IS3, respectively. 

Similarly, potential of tree species for producing RDW was explained in descending order 

as Azadirachta indica (26.736g) > Acacia ampliceps (11.67 g) > Acacia nilotica (16.95 g) 

and minimum leaf dry weight gained by Morus alba (7.792 g) as given in Appendix4-i.  

 

 Fig. 4.2.9: Effect of wastewater on root dry weight of different tree species 

4.2.9.1: Discussion 

Plant growth (height, collar diameter, root length, fresh weight of leaf, shoot and 

root, dry weight of leaf, shoot and root) 

Referred to Figures 4.2.1 to 4.2.9, it was clearly found that plant growth under IS2 

was better as compared to IS1 and IS3. Laboratory analysis indicates that EC of domestic 

wastewater (Table 3.1) was less than that of municipal waste water (IS3). EC has a 

significant impact on plant growth. Greater EC indicates the presence of more soluble 

ions (Na
+
, Ca

2+
, Mg

2+
 etc.) in irrigation water resulting in decreased plant growth and vice 

versa. Excessive amounts of soluble salts in irrigation water result in ex-osmosis. The loss 

of water in plants due to ex osmosis adversely affect the plant growth eventually resulting 

in death of plant with complete exhaust of water contents from the plant body (Akhter et 

al., 2004; Grewal, 2010). Thus, better plant growth under IS2 may be attributed to 

relatively less EC of domestic waste water as compared to municipal waste water. Less 

value of SAR and RSC for domestic waste water (resulting in low EC) as compared to 
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municipal waste water also indicates that domestic wastewater is a better source of 

irrigation for plants as compared to municipal wastewater.  

As discussed earlier minimum plant growth (Fig. 4.1, 4.2, 4.3) was observed 

under IS3. It is evident from laboratory analysis that municipal waste water had high 

concentrations of heavy metals Cd and Pb (Table 3.1). Probably, the presence of these 

metals in high concentrations resulted in reduced growth. It has already been reported by 

the researchers that provision of heavy metals in irrigation water, in large quantities has 

toxic effect on plant growth (Shanker et al., 2005; Tanvir and Siddiqui, 2010).  

Shah (2009) conducted a study to investigate impact of wastewater of Hudiara 

drain (Lahore, Pakistan) on six month old seedlings of Eucalyptus camaldulensis and 

Dalbergia sissoo grown in pots. Plants were irrigated with wastewater, mixed with fresh 

water (FW) in different proportions such as To (FW control), T1 (25% wastewater), T2 

(50% wastewater), T3 (75% wastewater) and T4 (100% wastewater). Results indicated 

that plant growth development constraints reduced as the percent of wastewater 

intensified. At T4, the shoot length, number of leaves, leaf fresh weight, and leaf oven dry 

weight were decreased by 17%, 72%, 72%, and 70% in Dalbergia sissoo and 5%, 17%, 

23%, and 29% in Eucalyptus camaldulensis plants, respectively, compared to the control 

(T0). These results are in agreement our present study in which reduction in growth under 

IS3 as compared to IS2 and IS1.  

Maximum fresh weight of leaf, shoot and root was attained by seedlings of all tree 

species under IS2. On the other hand, seedlings of Acacia ampliceps and Azadirachta 

indica attained minimum fresh weight of leaf under IS1 while Acacia nilotica and Morus 

alba under IS3. Seedlings of all tree species attained minimum fresh weight of shoot 

under IS3. The seedlings of all tree species attained minimum fresh weight of root under 

IS1 except Azadirachta indica under IS3. Again, all tree species gained maximum leaf 

dry weight under IS2 while Acacia ampliceps and Azadirachta indica gained minimum 

leaf dry weight under IS1 and Acacia nilotica and Morus alba under IS3. Seedlings of all 

tree species attained maximum dry weight of shoot and root under IS2 while minimum 

under IS3.  

It is evident from above presentation, that domestic waste water enhanced growth 

in the seedlings of all tree species while minimum growth was credited somewhere by 

canal water and somewhere by municipal waste water. Maximum growth with domestic 
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waste water was due to highly suitable/powerful mixture of various nutrients, organic 

matter and reasonable quantity of pollutants (Paramathma et al., 2003). Growth 

promotion of various tree species with irrigation of wastewater has also been reported by 

(Singh and Bhatti, 2004) and (Karpiscak and Gerald, 2000).  

 

 

 

 

 

 

 

 

4.2.10: Cadmium uptake by different tree species   

 Different tree species responded differently when treated with various types of 

irrigation.  Fig. 4.2.10 shows significant impact of irrigation (treatments) on plant 

behavior with regard to Cd uptake. Data revealed that A. ampliceps absorbed maximum 

Cd (4.18 mg kg
-1

) under IS3 followed by 3.40 kg
-1

 under IS2. However, the plants 

irrigated with IS1 had minimum Cd accumulation i.e. 2.57 mg kg
-1

. It is worth 

mentioning that Cd accumulation under IS3 was higher by 22.94% as compared to IS2 

and 62.65% more as compared to IS1.  Similarly, Acacia nilotica accumulated 2.90 mg 

kg
-1

 Cd under IS3 followed by 2.06 mg kg
-1 

and 1.32 mg kg
-1

 under IS2 and IS1 sources 

of irrigation. Here, the contribution of IS3, IS2 and IS1 for Cd accumulation in A. nilotica 

was statistically different as shown by the lettering above the graph bar (Fig 4.2.10). It is 

obvious from the data analyzed that Azadirachta indica actively absorbed metal and the 

noted values of Cd under IS3 was 4.11 mg kg
-1

. Secondly, irrigation with IS2 resulted in 

3.32 mg kg
-1 

Cd followed by 2.36 mg kg
-1

 under IS1. However, seedlings of Morus alba 

found least active in this regard as it accumulated just 2.00 mg kg
-1 

Cd under IS3 followed 

by 1.38 mg kg
-1 

and 0.88 mg kg
-1

 under IS2 and IS1 respectively. The impact of various 
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irrigation treatments for Cd accumulation by various tree species was assessed during 

data analysis and it was revealed that average amount of Cd metal contributed by IS3 

irrigation was 3.30 mg kg
-1

 followed by 2.54 mg kg
-1

 and 3.29 mg kg
-1

 under IS2 and IS1 

respectively as given in Appendix 5-a. Similarly, species potential for Cadmium 

accumulation was assessed during data analysis is summarized in descending order as: 

Acacia ampliceps (3.38 mg kg
-1

) > Azadirachta indica (3.26 mg kg
-1

) > Acacia nilotica 

(2.09 mg kg
-1

) and Morus alba (1.42 mg kg
-1

) as given appendix 5-a.  

 

Fig. 4.2.10: Effect of wastewater on Cd uptake by different tree species 

4.2.11: Cadmium uptake and its accumulation to various parts of trees  

 According to data analyzed (Fig. 4.2.11a) leaves of A. ampliceps, when treated 

with IS1 had 3.40 mg kg
-1

 of Cd followed by 2.56 mg kg
-1

 in root. Minimum Cd 

accumulation (1.75 mg kg
-1

) was noted in stem under IS1 irrigation. Thus, the total 

quantity of Cd per unit biomass that was absorbed by A. ampliceps with IS1 was 7.71 mg 

kg
-1

. Similarly, in response to irrigation with IS2, the plants had maximum Cd (4.51 mg 

kg
-1

) in leaves followed by 3.55 mg kg
-1

 in root and minimum Cd accumulation (2.15 mg 

kg
-1

) was noted in plant stem. While, total Cd contents per unit biomass stored by A. 

ampliceps with IS2 irrigation were 10.21 mg kg
-1

. However, the pattern of Cd 

translocation to various plant parts with IS3 was: 5.31 mg kg
-1

 in leaves > 4.50 mg kg
-1

 in 

root > 2.75 mg kg
-1

 in stem. This made A. ampliceps accumulating an average 12.56 mg 

kg
-1

 of Cd metal in its credit.    

 Fig. 4.2.11b describes Cd metal partitioning in A. nilotica under different sources 

of irrigation. Metal partitioning  with IS1 irrigation explains that root of A. nilotica had 

maximum amount of Cd (1.85 mg kg
-1

) followed by its foliar part having 1.10 mg kg
-1 
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and stem 1.01 mg kg
-1

. Thus, the total amount of Cd per unit biomass accumulated in A. 

nilotica under IS1was 3.96 mg kg
-1

. Whereas, metal translocation to various parts of A. 

nilotica with IS2 in descending order was: root (2.65 mg kg
-1

) > leaves (1.89 mg kg
-1

) > 

stem (1.65 mg kg
-1

) and the total amount of Cd held by A. nilotica under IS2 was 6.19 mg 

kg
-1

. Similarly, application of IS3 irrigation to A. nilotica resulted in maximum Cd 

contents (3.71 mg kg
-1

) in root portion followed by 2.81 mg kg
-1

 and 2.18 mg kg
-1

 leaves 

and stem respectively.  Consequently, the total amount of Cd PUB held by A. nilotica 

under IS3 was 8.7 mg kg
-1

. 

 Fig. 4.2.11c describes that A. indica was potentially able to store total amount of 

Cd i.e: 7.05 mg kg
-1

 under IS1 that was variously distributed to root, leaves and stem 

parts as: 3.30 mg kg
-1

 in root > 2.30 mg kg
-1

 in leaves > 1.45 mg kg
-1

 in stem. Irrigation 

with IS2 made the plant to hold maximum Cd in root (4.71 mg kg
-1

) and leaves (3.41 mg 

kg
-1

) followed by minimum Cd contents (1.85 mg kg
-1

)  in stem. In this way, A. indica 

attained 9.97 mg kg
-1

 Cd PUB under IS2. However, irrigation with IS3 made A. indica to 

hold Cd  in root , leaves and stem in respective descending order as: 5.45 mg kg
-1

 > 4.31 

mg kg
-1

 > 2.58 mg kg
-1

. Therefore, total amount of Cd PUB held by A. indica with IS3 

was 12.34 mg kg
-1

.  
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Fig. c Fig. d 

Fig. 4.2.11.a,b,c,d: Cd uptake and its translocation to various parts of trees (root, 

stem, leaves) under different sources of irrigation 

 

  

As shown in Fig. 4.2.11d, M. alba irrigated with IS1 had maximum Cd metal 

(1.25 mg kg
-1

) in root followed by 0.85 mg kg
-1

 and 0.55 mg kg
-1

 in leaves and stem 

respectively. Overall potential of M. alba with regard to Cd uptake PUB under IS1 was 

2.65 mg kg
-1

. Metal uptake behavior with regard Cd uptake under IS2 made M. alba to 

hold 2.00 mg kg
-1

 Cd in root, 1.35 mg kg
-1 

in leaves and 0.80 mg kg
-1

 in stem. The 

statistical assessment to know the effect of IS3 source of irrigation with regard to Cd 

uptake was: amount of Cd in root (2.85 mg kg
-1

) > in leaves (2.00 mg kg
-1

) > in stem 

(1.15 mg kg
-1

). However, total amount of Cd PUB accumulated in plant under IS3 was 6 

mg kg
-1

. Conclusively, all the plants except A. ampliceps stored a big share of stored 

metal in root portion followed by leaves and stem (Fig. 4.2.11b,c,d). However, A. 

ampliceps stored maximum proportion of absorbed metal in its foliar part instead of root 

(Fig. 4.2.11a).  
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4.2.12: Lead uptake by different tree species   

Fig. 4.2.12 depicts species × treatment interaction for Pb uptake by plants in 

response to different types of irrigation water. The noted mean values of Acacia 

ampliceps for lead (Pb) accumulation when irrigated by IS3, IS2 or IS1 were: 122.22 mg 

kg
-1

, 61.33 mg kg
-1 

and 29.26 mg kg
-1

 respectively. The leading contribution of IS3 for Pb 

accumulation was noticed as it resulted in 99.28 % and 317.7% higher Pb in A. ampliceps 

as compared to IS2 and IS1 respectively. Similarly, Acacia nilotica accumulated 37.73 

mg kg
-1

 Pb under IS3 followed by 23.05 mg kg
-1

 under IS2. The minimum level of Pb 

(13.41 mg kg
-1

) was noted under IS1. Here, Pb accumulation under IS3 were 63.68% and 

181.36% higher than irrigation with IS2 and IS1 respectively. Like A. ampliceps, 

Azadirachta indica also gained maximum Pb (112.22 mg kg
-1

) under IS3 treatment 

followed by 83.7 mg kg
-1

 and 60 mg kg
-1

 under IS2 and IS1 respectively. However, 
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Morus alba was found least active with regard to Pb accumulation as it accumulated only 

Pb 19.26 mg kg
-1

 under IS3 followed by 11.04 mg kg
-1

 under IS2 and minimum level of 

Pb (6.74 mg kg
-1

) was noted under IS1.  Impact of treatments for Pb accumulation 

assessed during the data analysis was significant and the amount of accumulated Pb 

contributed by IS3 irrigation (72.85 mg kg
-1

) > IS2 (44.78 mg kg
-1

) >IS1 (27.35 mg kg
-1

). 

Similarly, species potential for Pb accumulation revealed that Azadirachta indica was 

found most active to handle 85.30 mg kg
-1 

Pb followed by Acacia ampliceps (70.93 mg 

kg
-1

) and Acacia nilotica (24.72  mg kg
-1

) as given in Appendix 6-a.  However, Morus 

alba was proved most poor in this regard as it could accumulate only 12.34 mg kg
-1 

of 

average Pb from the available irrigation sources.   

 

Fig. 4.2.12: Effect of wastewater on Pb uptake by different tree species 

4.2.13: Lead uptake and its accumulation to various parts of trees  

According to Fig. 4.2.13a  root of Acacia ampliceps when irrigated with IS3 

shared maximum Pb (231 mg kg
-1

) followed by leaves (106.67 mg kg
-1

) and minimum Pb 

accumulation (28.89 mg kg
-1

) was noted in stem.  Thus, total Pb contents PUB stored in 

A. ampliceps under IS3 were 366.67 mg kg
-1

. Similarly, Pb accumulation under IS2 was 

distributed to root of A. ampliceps with its maximum share (95.56 mg kg
-1

) followed by 

(73.78 mg kg
-1

) in leaves and its minimum amount (14.67 mg kg
-1

) to stem. Here, the 

total Pb accumulation under IS2 was 184.01 mg kg
-1

.Amount of Pb contributed by IS1 

was also shared by various parts of the tree in the same pattern. Maximum Pb 

accumulation (46.67 mg kg
-1

) was noted in root followed by 30.22 mg kg
-1

 in leaves and 

minimum Pb accumulation (10.89 mg kg
-1

) was found in stem. According to mean 
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comparison for irrigation sources, Pb contribution by different sources of irrigation in 

descending order was: IS3 > IS2 > IS1. Similarly, the order of Pb accumulation to various 

parts of the tree in descending order was: root > leaves > stem.  

As shown Fig. 4.2.13b A. nilotica when irrigated with IS3 could settle maximum 

Pb contents (51.33 mg kg
-1

) in leaves followed by 42.38 mg kg
-1

 in root and minimum Pb 

accumulation (19.47 mg kg
-1

) was noted in plant stem.  Therefore, A. nilotica had a total 

of 113.18 mg kg
-1

 PUB of Pb metal under IS3. Similarly, plant behavior with IS2 

irrigation was also same as 36.89 mg kg
-1

 Pb metal was recorded in leaves followed by 

19.09 mg kg
-1

 and 13.18 mg kg
-1

 in plant root and stem, respectively. Here, the total 

uptake of Pb by A. nilotica under IS2 was 69.16 mg kg
-1

. Whatsoever, the metal is 

available in IS1, maximum amount of Pb (26.22 mg kg
-1

) shared by leaves followed by 

9.2 mg kg
-1

 by root. Minimum Pb accumulation (4.8 mg kg
-1

) was noted in stem. The 

comparison for Irrigation sources revealed that amount of Pb available in IS3, IS2 and 

IS1 in descending order were: IS3 > IS2 > IS1. Similarly, the level of Pb translocation to 

various parts of the tree was decreased from leaves > root > stem in A. nilotica.  
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Fig. c Fig. d 

Fig. 4.2.13.a,b,c,d: Pb uptake and its translocation to various parts of trees (root, 

stem, leaves) under different sources of irrigation 

 

It is clear from Fig. 4.2.13c that Azadirachta indica when irrigated with IS3 

accumulated maximum contents of Pb viz: 181.33 mg kg
-1

 in root followed by 108.22 mg 

kg
-1

 and 47.11 mg kg
-1

 in leaves and stem. Thus, the total Pb contents of 336. 66 mg kg
-1

 

were noted in A. indica under IS3. Similarly, plant response regarding Pb accumulation in 

various plant parts under IS2 was found similar as observed in IS3. In root of A. indica, 

maximum Pb contents were noted (130.44 mg kg
-1

) when irrigated with IS2 followed by 

86.44 mg kg
-1

 and 34.22 mg kg
-1

 in leaves and stem respectively. Thus, the total Pb 

contents 251.11 mg kg
-1

 PUB were noted in plant under IS2. Quantity of Pb contributed 

by IS1 accumulated to various parts of tree in the same pattern. Maximum Pb 

accumulation (86.89 mg kg
-1

) was noted in root followed by 67.56 mg kg
-1 

and 25.56 mg 

kg
-1

 in leaves and stem respectively. According to irrigation sources comparison means, 

for Pb contents in descending order were: IS3 > IS2 > IS1. However, in A. indica, the 

order of Pb accumulation to various parts of the tree in descending order was: root > 

leaves > stem. 
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 Fig. 4.2.13d describes that M. alba seedlings had maximum amount of Pb (35.56 

mg kg
-1

) in root when irrigated with IS3 that was gradually decreased in leaves (11.78 mg 

kg
-1

) and stem (10.44 mg kg
-1

) respectively. Thus, M. alba attained a total of 57.78 mg 

kg
-1

 Pb accumulated with IS3. The impact of IS2 irrigation to M. alba resulted in Pb 

accumulation to various plant parts in descending order as: 12.44 mg kg
-1 

in root > 10.89 

mg kg
-1

 in stem > 9.78 mg kg
-1

 in leaves. Hence, the total Pb accumulation PUB was 

33.11 mg kg
-1

 with IS2. In response to irrigation with IS1, Pb accumulation to various 

parts of tree in ascending order was: stem (8.22 mg kg
-1

) < leaves (6.89 mg kg
-1

) < root 

(5.11 mg kg
-1

). While, the total Pb accumulation PUB was 20.22 mg kg
-1

 with IS1. 

According to data analyzed, the efficiency of various types of irrigation water with regard 

to Pb accumulation in M. alba can be summarized as: IS3 > IS2> IS1. 

 

 

 

 

 

 

4.2.13.1: Discussion Cd uptake 

Overall best performance with regard to Cd uptake was shown by Acacia 

ampliceps (Fig. 4.2.10) followed by Azadirachta indica, Acacia nilotica and Morus alba. 

Cadmium is one of the major toxins responsible for environmental contamination 

/pollution. Being highly toxic metal, it deteriorates the quality of water as well as air. It is 

an integral part of exhausts of vehicles and industrial units. Accumulation of heavy metals 

like Cd, Cr and Pb in edible plants, irrigated with wastewater has been reported in 

literature (Dwivedi, 2000; Kahlown et al., 2006; Raja et al., 2015). Cadmium is not very 

much harmful for tree growth when available in small quantity. However, its liberal 

amount severely affect the growth process. Zou et al. (2008) reported that diameter of 

trees decreased significantly when they were irrigated with water contaminated with Cd. 

Although the tree species in the present study and Zou et al. (2008) are different but it is 
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clear that Cd loaded irrigation water is toxic to plant health resulting in poor growth and 

development.  

Ghosh and Singh, (2005) reported that Brassica campestris gained maximum 

shoot length 24.5 cm with control treatment while minimum shoot length 12.17 cm 

attained soil treated with 100 mg kg
-1

 Cd.  Their findings are in agreement with our study 

as maximum shoot length was gained under control treatment while minimum shoot 

length was recorded with IS3 containing higher concentration of Cd as compared to IS1 

in all tree species.  

4.2.13.2: Discussion Pb uptake 

Best performance regarding Pb uptake was shown by A. ampliceps followed by A. 

indica, A. nilotica and Morus alba respectively. Lead (Pb) is deposited in the leaves of the 

plant mostly from air. The exhaust s of automobiles and industries contain high 

concentrations of Pb which are captured by the aerial parts of the plant and absorbed 

hereafter.  In Pakistan, gaseous and liquid exhausts of industries are usually not subjected 

to any scientific treatment before emission. These exhausts pollute the environment 

rigorously and also affect plant growth seriously.  

Our study explored that A. ampliceps has 2.86 times more potential for Pb uptake, 

than A. nilotica. Furthermore, it has 5.74 times more potential than Morus alba. It means 

that A. ampliceps is potentially able to withstand the environment that is highly 

contaminated with Pb contents. It is worth mentioning that Pb is one of the most lethal 

elements for trees which fall out on aerial parts of the plant as dust. On the other hand, 

when plants are irrigated with Pb loaded water, most of its amount is deposited in the root 

due to its less mobility. These are probably the reasons for accumulation of less amount 

of Pb in the stem portion of all tree species as compared to leaves and roots.  

The results of present study do agree with the findings of (Zabin and Howladar, 

2015) who worked on the phytoremedial potential of native plants of Albaha region, 

Kingdom of Saudi Arabia. He reported that Argenone ochroleuca plants accumulated 

1.60 and 0.98 mg kg
-1

 Pb in leaves and stem respectively.  Datura inoxis plants also 

showed the same behavior. They accumulated 1.90 and 1.50 mg kg
-1

 Pb in leaves and 

stem respectively. These results are further verified by the finding of (Nematian and 

Kazmeini, 2013) who worked on Pb deposition in plants of S. spinosa and S. barbata.  S. 
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spinosa accumulated 32 and 27 mg kg
-1

 Pb in leaves and stem respectively. Similarly, S. 

barbata plants accumulated 110 and 35 mg kg
-1

 Pb in leaves and stem respectively.  

 

 

 

 

 

 

 

 

 

 

 

 

 

4.3: Experiment III: Response of selected tree species seedlings to the imposed heavy 

metal (Cd and Pb) stress under control conditions.  

   This experiment was conducted during (Spring 2014) in experimental area of 

Department of Forestry and Range Management, University of Agriculture, Faisalabad to 

find out the response of seedlings of Acacia ampliceps, Acacia nilotica, Azadirachta 

indica and Morus alba, grown in polythene bags, to the imposed stress of Cd and Pb 

heavy metal under controlled conditions. 

4.3.1: Effect of heavy metal on shoot length  

In response to Cd/Pb induced irrigation to various tree species seedlings (mention 

above) the statistical interpretation about interaction of species and treatments is well 
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explained in Fig. 4.3.1. Acacia ampliceps had maximum shoot length (34.36 cm) with IS1 

(Control). However, it was gradually decreased with IS2, IS3 and IS4 type of irrigation, 

suggesting that with increased metal concentration in irrigation water, shoot length would 

be reduced. The decreased values of shoot length with increased metal concentration in 

descending order were: 32.51 cm with IS2 > 29.22 cm with IS3 > 26.58 cm with IS4 

respectively. Acacia nilotica also gained maximum shoot length (24.58 cm) with IS1 

followed by 22.25 cm with IS2, 19.51 cm with IS3. Minimum shoot length (16.36 cm) 

gained with IS4. Almost similar behavior was observed in Azadirachta indica and Morus 

alba. They showed gradual decline in seedlings shoot length with increased Cd metal 

from IS1 to IS4. Comparison of treatments mean showed that on average, maximum 

shoot length (27.44 cm) was gained with IS1 followed by 25.53 cm with IS2, 22.47 cm 

with IS3 and minimum shoot length (19.42 cm) was recorded with IS4.  Growth potential 

of various tree species was also assessed and it was revealed that shoot length of Acacia 

ampliceps (30.67 cm) > Azadirachta indica (26.74 cm) > Acacia nilotica (20.68 cm) 

>Morus alba (16.77 cm) respectively as given in Appendix 7-a.  

 

Fig. 4.3.1: Effect of heavy metal added water on shoot length of different tree species 

seedlings 

4.3.2: Effect of heavy metal on plant collar diameter   
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Fig. 4.3.2 shows means of treatments × species, interaction in response to 

irrigation added with heavy metal. Data revealed that Acacia ampliceps had maximum 

collar diameter (0.46 cm) with IS1 followed by similar collar diameter of 0.36 cm with 

IS2 and IS3. The minimum diameter (0.26 cm) was recorded with IS4 that was 

statistically similar to collar diameter gained under IS2 and IS3 (Fig 4.3.2). Similarly, 

plant collar diameter in Acacia nilotica under all types irrigation water were found 

statistically same. However, the values of produced collar diameter in decreasing trend 

were: 0.26 cm with IS1 > 0.23 cm with IS2 > 0.20 cm with IS3 and 0.20 cm with IS4. 

This trend clearly explains the impact of various types of irrigation for producing collar 

diameter in the tree seedlings of A. nilotica. The rest of the two tree species, namely, 

Azadirachta indica and Morus alba also showed similar collar diameter in response to 

various types of irrigation water. However, reviewing the values of collar diameter 

produced under different types of irrigation water, it could be clearly predicted that, 

following current growth trend in the later period, future collar diameter under IS1 and 

IS2 would be significantly higher than the collar diameter produced under IS3 and IS4 

because of high toxicity of H. M. Collar diameter (s) produced by A. indica under various 

type of irrigation in decreasing order were: 0.33 cm with IS1 and IS2 > 0.26 cm with IS3 

> 0.23 cm with IS4. Morus alba also gained statistically similar collar diameter (s) under 

all irrigation sources. Our view point can also be well explained through statistical 

evidences with regard to impact of H. M. added irrigation for producing collar diameter 

of tree seedlings. For instance the treatment means for collar diameter in decreasing order 

were: 0.31 cm with IS1 > 0.29 cm with IS2 > (0.25 cm) with IS3 > 0.22 cm with IS4.  

Similarly, species behavior also explained that Acacia ampliceps had maximum collar 

diameter (0.36 cm) followed by collar diameter of 0.29 cm, 0.22 cm and 0.20 cm for A. 

indica, A. nilotica and M. alba given in Appendix 7-b.  
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Fig. 4.3.2: Effect of heavy metal added water on plant collar diameter of different 

tree species seedlings 

 

 

 

 

 

 

4.3.3: Effect of heavy metal on root length    

Statistical evidences for species × treatment (Fig. 4.3.3) explain that Acacia 

ampliceps had maximum root length (25.70 cm) with IS1 followed by root length of 

23.73 cm and 20.51 cm with IS2 and IS3. Minimum root length i.e. 18.76 cm was gained 

with IS4. Similarly, Acacia nilotica also gained maximum root length (18.55 cm) with 
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length was reduced to 10.2% (16.66 cm) with IS2, 26% (13.66 cm) with IS3 and 38% 

(11.53 cm) with IS4. Whereas, Azadirachta indica gained root length (23.88 cm) with 

metal free irrigation water i.e. IS1. However, it was also reduced here up to 8.5% (21.85 

cm) with IS2, 19.43% (19.24 cm) with IS3 and 28.18% (17.15 cm) with IS4. Because of 

inherited feature of Morus alba for its peculiar growth patterns, data revealed that root 

length in M. alba was very small as compared to other tree species when treated with 

various types of irrigation water (Fig 4.3.3). Eventually, its root length was reduced when 

plants were irrigated with metal added water. For instance, Morus alba gained maximum 

root length (12.25 cm) under IS1 followed by (10.18 cm) with IS2, (7.33 cm) with IS3 

and minimum root length was gained (5.44 cm) with IS4. Treatments mean showed that, 

on average, maximum root length was gained (20.09 cm) with IS1 followed by 18.10 cm 

with IS2, 15.18 cm with IS3 and minimum root length 13.22 cm was gained with IS4. It 

is evident from species mean in statistical analysis that, root length of Acacia ampliceps 

(22.17 cm) > Azadirachta indica (20.53 cm) > Acacia nilotica (15.10 cm) > Morus alba 

(8.80 cm) as given in Appendix 7-c.  

 

Fig. 4.3.3: Effect of heavy metal added water on root length of different tree species 

seedlings 

4.3.4: Effect of heavy on leaf fresh weight     

Fig 4.3.4 depicts statistical interpretation of the data in the form of treatments x 

species interaction with regard leaf fresh weight (LFW) of the tree seedlings, when 

treated with metal added irrigation water. Data revealed that A. ampliceps attained almost 

similar leaf fresh weight (5.52 g) and (5.28 g) with IS1 and IS2 types of irrigation. 

Similarly, leaf fresh weight with IS3 and IS4 amounting 4.15 g and 3.91 g were also 
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statistically similar but less than LFW under IS1 and IS2. On the other hand, Acacia 

nilotica gained maximum leaf fresh weight 3.55 g and 3.24 g with IS1 and IS2 

respectively. However, LFW with IS3 (2.55 g) and IS4 (1.91 g) were statistically similar. 

Azadirachta indica gained statistically similar leaf fresh weight (6.65 g) and (6.41 g) with 

IS1 and IS2 followed by 5.65 g and 5.01 g with IS3 and IS4 respectively. However, 

Morus alba responded differently to each type irrigation treatment. For instance, its 

maximum leaf fresh weight 2.58 g with IS1 followed by 2.18 g, 1.58 g and 0.93 g under 

IS2, IS3 and IS4 types of irrigation. Treatments mean showed that leaf fresh weight 

relatively higher and similar values of 4.57 g and 4.28 were noted under IS1 and IS2. 

Whereas, irrigation with H. M. addition (IS3 and IS4) resulted in 3.57 g and 2.94 g leaf 

fresh weight, respectively. Similarly, species means for leaf fresh weight in descending 

order were: Azadirachta indica (5.93 g) > Acacia ampliceps (4.80 g) > Acacia nilotica 

(2.81 g) > Morus alba (1.82 g) as given in Appendix 7-d.  

 

Fig. 4.3.4: Effect of heavy metal added water on leaf fresh weight of different tree 

species seedlings 
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fresh weight with IS2 (3.88 g) was > shoot fresh weight (3.25 g) with IS3 > 2.44 g shoot 

fresh weight with IS4.   However, Acacia nilotica attained statistically similar shoot fresh 

weight i.e. 3.61 g and 3.39 g with IS1 and IS2, respectively. Relatively smaller values of 

shoot fresh weight i.e. 2.62 g and 1.98 g were recorded with IS3 and IS4, respectively. 

Azadirachta indica also gained reduced shoot fresh weight with H. M induced irrigation 

as it had relatively higher and similar shoot fresh weight i.e. 4.65 g and 4.55 g with IS1 

and IS2 followed by 3.64 g with IS3 and 3.02 g with IS4, respectively. Similar response 

was expressed by M. alba which had maximum shoot fresh weight of 3.45 g with IS1 

followed by 3.25 g with IS2, 2.44 g with IS3 and minimum shoot fresh weight 1.64 g was 

noted under IS4. According to treatments mean, maximum shoot fresh weight (s) 3.99 g 

and 3.74 were recorded with IS1 and IS2. However, IS3 and IS4 generated reduced shoot 

fresh weight with their respective values of 2.99 g and 2.27 g. Similarly, shoot fresh 

weight with species means in descending order were: Azadirachta indica (3.94 g) > 

Acacia ampliceps (3.45 g) > Acacia nilotica (2.90 g) > Morus alba (2.69 g)  as given in 

Appendix 7-e.  

 

Fig. 4.3.5: Effect of heavy metal added water on shoot fresh weight of different tree 

species seedlings 

 

4.3.6: Effect of heavy metal on root fresh weight     
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On the other hand, Acacia nilotica gained relatively higher root fresh weight i.e. 2.21 g 

and 2.08 g with IS1 and IS2 respectively with not statistical differences. However, 

irrigation with IS3 and IS4, giving root fresh weight of 1.64 g and 1.08 g were 

significantly different. Azadirachta indica gained statistically similar root fresh weight 

i.e. 5.18 g, 4.81 g and 4.59 g with IS1, IS2 and IS3 respectively. However, irrigation with 

IS4 significantly reduced root fresh weight up to 3.91 g. Interestingly, Morus alba was 

found highly sensitive to heavy metal showing significant reduction in root fresh weight 

(s) with increase in metal concentration in irrigation water. It had maximum root fresh 

weight (1.78 g) with IS1 followed by 1.37 g with IS2, 0.96 g with IS3 and minimum root 

fresh weight (0.40 g) was recorded with   IS4. Impact of irrigation treatments was very 

clear as maximum root fresh weight was gained (3.39 g) with IS1 followed by (3.06 g) 

with IS2, (2.66 g) with IS3 and minimum root fresh weight was gained (2.06 g) with IS4. 

Species comparison revealed that root fresh weight in Azadirachta indica (4.62 g) > 

Acacia ampliceps (3.67 g) > Acacia nilotica (1.75 g) and minimum root fresh weight 

gained by Morus alba (1.13 g) as given in Appendix 7-f.  

 

 Fig. 4.3.6: Effect of heavy metal added water on root fresh weight of different 

tree species seedlings 

4.3.7: Effect of heavy metal on leaf dry weight     
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weight with regard to change in type of irrigation was also similar (Fig 4.3.7). According 

means for treatments × species interaction, A. ampliceps gained maximum leaf dry weight 

(2.44 g) with IS1 followed by 2.26 g with IS2, 1.98 g with IS3 and the minimum leaf dry 

weight 1.64 g was recorded with IS4 (Fig 4.3.7). Similarly, Acacia nilotica gained 

maximum leaf dry weight 1.55 g with IS1 followed by 1.37 g with IS2, 1.10 g with IS3. 

Minimum leaf dry weight 0.75 g was recorded with IS4 respectively. Azadirachta indica 

gained maximum root fresh weight 2.93 g with IS1 followed by 2.75 g with IS2, 2.50 g 

with IS3. Minimum leaf dry weight 2.13 g was recorded with IS4. However, Morus alba 

was found least active in this regard. It could produce only 1.12 g leaf dry weight with 

IS1 as maximum limit that was followed by 0.96 g with IS2, 0.71 g with IS3 and 0.38 g 

with IS4. Impacts of treatments revealed that maximum leaf dry weight (2.01 g) was 

noted with IS1 followed by 1.83 g with IS2, 1.57 g with IS3 and 1.22 g with IS4.  

Similarly, species potential assessed during data analysis showed the descending order for 

leaf dry weight in Azadirachta indica (2.57 g) > Acacia ampliceps (2.08 g) > Acacia 

nilotica (1.19 g) and minimum leaf dry weight gained by Morus alba (0.79 g), 

respectively as given in Appendix 7-g.  

 

Fig. 4.3.7: Effect of heavy metal added water on leaf dry weight of different tree 

species seedlings 

 

4.3.8: Effect of heavy metal on shoot dry weight     
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According to treatments x species interaction in response to metal added types of 

irrigation, shoot dry weight in A. ampliceps, measured with IS1 was gradually decreased 

with addition of heavy metal from IS2 to IS4. It is well explained by as decreased shoot 

dry weight with IS2 (1.68 g) > decreased shoot dry weight with IS3 (1.41 g) > decreased 

shoot dry weight with IS4 (1.08 g) (Fig 4.3.8). Similarly, Acacia nilotica gained 

maximum shoot dry weight (1.58 g) with IS1 and it was accordingly decreased with IS2, 

IS3 and IS4, each resulted in shoot dry weight of 1.40 g, 1.13 g and 0.78 g, respectively. 

Almost similar behavior was shown by rest of two species. For instance, Azadirachta 

indica gained maximum shoot dry weight (2.04 g) with IS1 followed by 1.86 g with IS2, 

1.61 g with IS3 and 1.24 g with IS4. In Morus alba, maximum shoot dry weight, 1.52 g 

was recorded with IS1 and it was followed by 1.33 g, 1.06 g, 0.72 g with IS2, IS3 and IS4 

types of irrigation, respectively. Conclusively, shoot dry weight produced by IS1 (1.76 g) 

> (1.56) with IS2 > (1.30 g) with IS3 > (0.95 g) with IS4. Similarly, species potential, 

assessed for producing shoot dry weight was: Azadirachta indica (1.68 g) > Acacia 

ampliceps (1.52 g) > Acacia nilotica (1.22 g) and minimum shoot dry weight attained by 

Morus alba was 1.16 g as given in Appendix 7-h.  

 

 

Fig. 4.3.8: Effect of heavy metal added water on shoot dry weight of different tree 

species seedlings 
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Fig 4.3.9 describes interaction among treatments and species grown under various 

types of irrigation. Data revealed that Acacia ampliceps had statistically similar and 

relatively higher root dry weight i.e. 2.19 g and 2.08 g with IS1 and IS2 respectively. 

However, root dry weight was reduced to 1.75 g and 1.44 g with IS3 and IS4 respectively. 

Similarly, Acacia nilotica gained higher root dry weight i.e. 1.20 g and 1.00 g with IS1 

and IS2 respectively. Relatively lower and statistically similar root dry weight (s) (0.78 

and 0.54 g) were recorded with IS3 and IS4, respectively. Referred to Fig. 4.3.6, same as 

the root fresh weight (s) in A. indica (Fig 4.3.6), its root dry weight values noted under 

IS1, IS2 and IS3 (2.61 g, 2.41 and 2.30 g) were also statistically similar, as clear with 

lettering over the graphic bars of A. indica, showing statistical significance in Fig 4.3.9. 

However, it was significantly reduced to 2.04 g with IS4. Exceptionally, Morus alba 

responded differently to those of A. ampliceps, A. nilotica and A. indica, as it gained 

maximum root dry weight (0.91 g) with IS1 which was significantly reduced to 0.71 g, 

0.54 g and 0.19 g with IS2, IS3 and IS4 types of irrigation. Based on response of tree 

seedling to metal added types of irrigation, the impact of various types of irrigation for 

producing root dry weight was significantly different (see lettering A,B,C,D in 

parenthesis with IS1, IS2, IS3 and IS4 in legend of Fig 4.3.9). The average values of dry 

weight (s) generated by the trees seedlings with IS1 viz: 1.73 g > 1.55 g with IS2 >, 1.34 

g with IS3 > 1.05 g with IS4.  However, species potential for producing average root dry 

weight in descending order was: Azadirachta indica (2.34 g) > Acacia ampliceps (1.86 g) 

> Acacia nilotica (0.88 g) > Morus alba (0.58 g) as given in Appendix 7-i.  

 

 Fig. 4.3.9: Effect of heavy metal added water on root dry weight of different 

tree species seedlings 

 

4.3.9.1: Discussion 
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Plant growth parameters (height, collar diameter, root length, fresh weight of 

leaf, shoot and root, dry weight of leaf, shoot and root) 

The performance of seedlings of all tree species was better under IS1 as compared 

to rest of three irrigation sources and performance of Acacia ampliceps was best in terms 

of shoot length, collar diameter and root length under IS2. While, Azadirachta indica 

showed best growth in terms of fresh and dry weight of leaf, shoot and root under IS2.  

Heavy metals specially Cadmium (Cd) and Lead (Pb) are major pollutants/toxins 

of environment, both deteriorate the quality of irrigation water and may cause a sharp 

decline in plant growth. Presence of higher concentrations of heavy metals accompanied 

with limited supply of nutrients make the defense system of plant weaker, resulting in 

significant decrease in biomass production (Svetkova and Fargasva, 2007).The results are 

in agreement with the findings of Iqbal and Shazia 2004 who reported a reduction in 

various growth parameters of Albizzia lebbeck and Leucaena leucocephala, with 

increased concentrations of Cd and Pb metals. De Filippis and Ziegler 1993 reported that 

decrease in plant biomass with increasing concentrations of Cd and Pb may be due to 

inhibition of enzyme activities. In another experiment, conducted by Ghosh and Singh 

2005, Ipomea carnia plants showed better growth under control as compared to the other 

treatment, in which addition of Cd was made into the soil. 

An experiment was conducted by Fargosova (2004) know the response of Sinapis 

alba seedlings grown in the soils contaminated with Cd and Pb. He reported that amounts 

of Chlorophyll a, b and carotenoids were significantly reduced plant tissues in 

contaminated soils as compared to control. It has been reported in the literature that 

chlorophyll a, b and carotenoids absorbed light of various wavelength necessary for 

photosynthesis. A decrease in these pigments reduces the photosynthesis significantly. 

Ultimately plant growth is severely affected.  This is in agreement with present study, 

because application of different levels of Cd and Pb metals significantly reduced shoot, 

root length and dry weight (s) of various tree seedling species.  

Application of Cadmium on  Ipomoea carnea resulted in maximum shoot length 

108.13 cm with control treatment while, minimum shoot length 86 cm was attained in the 

soils treated with 100 mg kg
-1

 Cd (Ghosh and Singh, 2005).  Their findings are in 

agreement with our study as maximum shoot length was gained under control treatment 

while minimum shoot length was gained with IS4 containing higher concentration of Cd 
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as compared to IS1 when irrigated to all tree species. Svetkova and Fargasva (2007) 

reported that increased concentration of Cd and Cr in root zone may inhibit nutrients and 

water absorption by roots which ultimately causes reduction in root growth. This is in 

agreement with the present study in which reduction in root length was noted with IS4, 

when the highest concentration of Cd and Pb applied to all the tree species. 

4.3.10: Cadmium uptake by different tree seedlings   

 According to data analyzed, it was revealed that combined effect of tree species 

and treatment (heavy metal stress) were found highly significant (Fig. 4.3.10). Acacia 

ampliceps absorbed maximum amount of Cd (2.50 mg kg
-1

) with IS4 followed by 2.00 

mg kg
-1 

with IS3 and 1.70 mg kg
-1

 with IS2 and minimum Cd accumulation, noted under 

IS1 was 1.45 mg kg
-1

. Similar trend was found in Acacia nilotica and its metal contents 

were also varied accordingly with change of type of irrigation (IS1, IS2, IS3 or IS4). The 

gradual changes in Cd contents in A. nilotica with IS4, IS3, IS2 and IS1 were seen in 

descending order as: Cd contents of 1.06 mg kg
-1 

with IS4 > 0.96 mg kg
-1 

with IS3 > 0.91 

mg kg
-1 

with IS2 > 0.89 mg kg
-1

 Cd with IS1 respectively. It is worth mentioning that 

impacts of irrigation from IS3, IS2 and IS1 were statistically similar. The pattern of 

Azadirachta indica for Cd uptake was almost similar to that of A. ampliceps. Maximum 

Cd accumulation with IS4, 2.18 mg kg
-1

 followed by 1.83 mg kg
-1

, 1.63 mg kg
-1

 and 1.48 

mg kg
-1

 with IS3, IS2 and IS1, respectively. Morus alba accumulated maximum Cd 

contents 0.55 mg kg
-1

 with IS4 followed by 0.50 mg kg
-1

 with IS3, 0.49 mg kg
-1

 with IS2 

and minimum Cd accumulation, 0.44 mg kg
-1

 was noted with IS1. Data analysis for 

treatment mean revealed that amount of Cd to be stored in plants was directly correlated 

with the amount Cd metal in irrigation. Because Cd accumulation in various tree species 

seedlings with IS4 (1.57 mg kg
-1

) > Cd (1.32 mg kg
-1

) with IS3 > Cd (1.18 mg kg
-1

) with 

IS2 > Cd in plants (1.07 mg kg
-1

) with IS1 as given in Appendix 8-a. Similarly, potential 

of tree species for Cd accumulation in descending order was:  Acacia ampliceps (1.91 mg 

kg
-1

) > Azadirachta indica (1.78 mg kg
-1

) > Acacia nilotica (0.96 mg kg
-1

) > Morus alba 

(0.49 mg kg
-1

) respectively as given in Appendix 8-a. Exceptionally, the behavior of M. 

alba for Cd uptake was different and it was found least active to absorb Cd with 74%, 

72% and 49% reduced metal uptake as compared to A. ampliceps, A. indica and A. 

nilotica (Fig 4.3.10) respectively.  
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Fig. 4.3.10: Effect heavy metal added water on metal uptake of different tree species 

seedlings 

4.3.11: Cadmium uptake and its accumulation to various plant parts 

 Statistically interpretation of the data revealed that, in A. ampliceps, Cd 

accumulation in leaves was 1.75 mg kg
-1

 under IS1 and followed by 1.45 mg kg
-1

 in root. 

Minimum Cd accumulation (1.15 mg kg
-1

) was noted in stem under IS1. Thus, total 

quantity of Cd metal taken up by A. ampliceps with IS1 was 4.35 mg kg
-1

. Similarly, 

maximum Cd 2.00 mg kg
-1

 was noted in leaves under IS2 followed by 1.70 mg kg
-1

 in 

root and minimum Cd 1.40 mg kg
-1

was accumulated in plant stem under IS2. Here, the 

total Cd accumulation in A. ampliceps with IS2 was 5.10 mg kg
-1

. However, the pattern of 

Cd accumulation with IS3 was: Cd in leaves (2.30 mg kg
-1

) > (2.00 mg kg
-1

) in root > 

(1.70 mg kg
-1

) in stem. This made A. ampliceps to accumulate 6.00 mg kg
-1

 of Cd metal 

in its credit. Similar pattern of Cd accumulation was recorded with IS4 as: in leaves (2.80 

mg kg
-1

) > (2.50 mg kg
-1

) in root > (2.20 mg kg
-1

) in stem. Thus total Cd accumulation in 

A. ampliceps under IS4 was 7.50 mg kg
-1 

(Fig 4.3.11a).   

 The summary of Cd uptake and its translocation to various parts A. nilotica tree 

seedling under different types of irrigation is well explained in Fig 4.3.11b. On applying 

Cd free irrigation water (IS1) root of A. nilotica had 1.13 mg kg
-1

 of Cd contents followed 

by leaves with 0.95 mg kg
-1

 of Cd. Stem portion had minimum Cd i.e. 0.61 mg kg
-1

 with 

IS1. While, total Cd accumulation under IS1 was 2.69 mg kg
-1

. Metal accumulation 

pattern in response to rest of three types of irrigation (IS2 to IS4) was also same. For 
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instance, the seedlings with IS2 resulted in metal accumulation in descending order as: 

root (1.15 mg kg
-1

) > leaves (0.97 mg kg
-1

) > stem (0.63 mg kg
-1

). In this way total 

amount of Cd stored by A. nilotica under IS2 was 2.75 mg kg
-1

. Whereas, under IS3 

irrigation to A. nilotica, total Cd accumulation in A. nilotica was 2.90 mg kg
-1 

and its 

maximum proportion i.e. 41% (1.20 mg kg
-1

) was settled in root followed by 35% (1.02 

mg kg
-1

) in leaves and 24% (0.68 mg kg
-1

) in stem. Similarly, the pattern of Cd 

accumulation with IS4 was: 1.30 mg kg
-1

 in roots > 1.12 mg kg
-1

 in leaves > 0.78 mg kg
-1

 

in stem. Here, the total Cd accumulation under IS4 was 3.20 mg kg
-1

. It is interesting to 

note that in metal partitioning as clear by the small lettering over the bar in Fig 4.3.11b, 

root and leave portion shared statistically similar and significantly higher amount of Cd 

than in stem part under all types of irrigation.  

 The pattern of metal partitioning in A. indica was same as described earlier about 

metal partitioning in A. nilotica, as clear by the small lettering given over the graphic bar, 

showing statistical significance for Cd accumulation (Fig 4.3.11c). It was revealed that 

amount of Cd settled in leaves and stem portion under all types of irrigation were 

statistically same and relatively higher than the amount Cd in stem part. Data revealed 

that A. indica was able to store 1.66 mg kg
-1

 Cd in root > 1.58 mg kg
-1

 in leaves > 1.22 

mg kg
-1

 in stem under IS1, having total Cd accumulation 4.46 mg kg
-1 

in its credit. 

Irrigation to seedling with IS2 made the plant to hold maximum Cd, 1.81 mg kg
-1

 in root 

and 1.73 mg kg
-1

 in leaves followed by 1.37 mg kg
-1

 in stem. Thus, total Cd accumulation 

in A. indica under IS2 was 4.91 mg kg
-1

. Amount of Cd stored under IS3 in descending 

order was: 2.01 mg kg
-1

 in root > 1.93 mg kg
-1

 in leaves > 1.57 mg kg
-1

 in stem. Here, the 

total Cd accumulation in A. indica with IS3 was 5.51 mg kg
-1

. Similarly, the pattern of Cd 

accumulation with IS4 was: in roots (2.36 mg kg
-1

) > in leaves (2.28 mg kg
-1

) > in stem 

(1.92 mg kg
-1

) and the total Cd accumulation under IS4 was 6.56 mg kg
-1

. 

 As shown in Fig. 4.3.11d, metal partitioning Morus alba under different types of 

irrigation, maximum Cd contents were recorded in root part of the seedling whereas, stem 

and leaves had nominal amount of Cd that was significantly low as compared to Cd in 

root. The recorded values of Cd under IS1 in root (0.72 mg kg
-1

) > in leaves (0.38 mg kg
-

1
) > in stem (0.22 mg kg

-1
). While, total Cd accumulation under IS1 was 1.32 mg kg

-1
. 

Amount of Cd noted in various parts of Morus alba with IS2 in descending order were: 

root (0.77 mg kg
-1

) > leaves (0.43 mg kg
-1

) > stem (0.27 mg kg
-1

). While, total Cd 

accumulation under IS2 was (1.47 mg kg
-1

). In response to IS3, maximum Cd 
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accumulation was recorded in root (0.78 mg kg
-1

). Whereas, leaves and stem shared 0.44 

mg kg
-1

 and 0.28 mg kg
-1

 Cd under IS3. However, total Cd accumulation under IS3 was 

1.50 mg kg
-1

. Similar pattern of Cd accumulation was found with IS4 as: Cd in roots 

(0.83 mg kg
-1

) > leaves (0.49 mg kg
-1

) in > in stem (0.33 mg kg
-1

). Thus, the total Cd 

accumulation was (1.65 mg kg
-1

) under IS4. 
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Fig. a Fig. b 

  

Fig. c Fig. d 

Fig. 4.3.11.a,b,c,d: Cd uptake and its translocation to various parts (root, stem, 

leaves) of tree species seedling  
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4.3.12: Lead uptake by different tree species seedlings  

Performance of different tree species were tested in response to Pb added 

irrigation. Data reveled that combined effect of species vs treatment is highly significant. 

Acacia ampliceps showed maximum lead accumulation 49.44mg kg
-1

 with IS4 followed 

by 44.44 mg kg
-1 

and 22.30 mg kg
-1

 under IS3, IS2, types of irrigation.  However, 

minimum Pb accumulation, 10.64 mg kg
-1 

was noted under IS1.  Interaction mean of 

species x treatment showed that Acacia nilotica accumulated (16.48 mg kg
-1

) under IS4 

followed by (11.48 mg kg
-1

) and (8.38 mg kg
-1

) under IS3 and IS2. Minimum Pb 

accumulation was (4.81 mg kg
-1

) under IS1. Azadirachta indica gained maximum Pb 

accumulation (45.8 mg kg
-1

) under IS4 treatment followed by (40.8 mg kg
-1

) and (30.43 

mg kg
-1

) with IS3 and IS2. Minimum Pb accumulation was (21.81 mg kg
-1

) under IS1. 

Morus alba gained maximum Pb accumulation (12 mg kg
-1

) under IS4 followed by (7 mg 

kg
-1

) and (4.01 mg kg
-1

) under IS3 and IS2. Minimum Pb accumulation (2.45 mg kg
-1

) 

under IS1. Treatments mean showed that maximum Pb accumulation (30.93 mg kg
-1

) 

under IS4 followed by (25.93 mg kg
-1

) and (16.28 mg kg
-1

) with IS3 and IS1 respectively. 

Minimum Pb accumulation was (9.92 mg kg
-1

) under IS1. Similarly, species mean 

showed that maximum Pb accumulation (34.71 mg kg
-1

) was noted in Azadirachta indica 

followed by Acacia ampliceps (31.70 mg kg
-1

) as given Appendix 9-a. However, Pb 

potential in Acacia nilotica (10.28 mg kg
-1

) and Morus alba (6.36 mg kg
-1

) was 

significantly low.  
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Fig. 4.3.12: Effect heavy metal added water on Pb uptake of different tree species 

seedlings 

4.3.13: Lead accumulation various plant parts 

 Performance of Acacia ampliceps with regard to Pb partitioning is well explained 

in Fig. 4.3.13a. Data revealed that A. ampliceps, when treated with IS1 had maximum Pb 

accumulation in roots (16.97 mg kg
-1

) followed by 10.99 mg kg
-1

 in leaves. Minimum Pb 

accumulation (3.96 mg kg
-1

) was noted in stem. Thus, total quantity of Pb metal 

accumulated by A. ampliceps with IS1 was 31.92 mg kg
-1

.irrigation with IS2 made A. 

ampliceps to store maximum Pb contents (34.74 mg kg
-1

) in roots followed by 26.82 mg 

kg
-1

 in leaves and minimum Pb accumulation (5.33 mg kg
-1

) was noted in stems. While, 

total Pb accumulation in A. ampliceps with IS2 was (66.89 mg kg
-1

). However, the pattern 

of Pb accumulation with IS3 in descending order was: Pb in roots (84.04 mg kg
-1

) > 

(38.78 mg kg
-1

) in leaves > (10.5 mg kg
-1

) in stems. This made A. ampliceps to 

accumulate 133.32 mg kg
-1

 of Pb metal in its credit. Similarly, the pattern of Pb 

accumulation with IS4 was: Pb in roots (89.04 mg kg
-1

) > (43.78 mg kg
-1

) in leaves > 

(15.5 mg kg
-1

) in stems. Thus total Pb accumulation in A. ampliceps under IS4 was 

148.32 mg kg
-1

.   

 The pattern of Pb partitioning in Acacia nilotica was quite different. Leaves of A. 

nilotica (instead of root) had 9.53 mg kg
-1

 of Pb contents under IS1 followed by roots 

with 3.34 mg kg
-1

 of Pb. Stem portion had minimum Pb accumulation (1.74 mg kg
-1

) with 

IS1. While, total Pb accumulation was (14.61 mg kg
-1

) under IS1. Similarly, Pb 

accumulation in various parts of A. nilotica with IS2 in descending order was: Pb in 

leaves (13.41 mg kg
-1

) > roots (6.94 mg kg
-1

) > stems (4.79 mg kg
-1

). While, total Pb 

accumulation under IS2 was 25.14 mg kg
-1

. However, seedlings treated with IS3 had 

maximum Pb accumulation in leaves (18.64 mg kg
-1

) followed by 8.7 mg kg
-1

 in roots 

and minimum Pb accumulation i.e. 7.07 mg kg
-1

 was noted in stems. In this way, total Pb 

accumulation per unit biomass under IS3 was 34.41 mg kg
-1

. The observed pattern of Pb 

accumulation with IS4 was: Pb in leaves 23.66 mg kg
-1

 > 13.7 mg kg
-1

 in roots > 12.07 

mg kg
-1

 in stems. While, total Pb accumulation under IS4 was 49.43 mg kg
-1

. 

 According to Fig 4.3.13c A. indica was able to store 31.59 mg kg
-1

 Pb in root > 

24.56 mg kg
-1

 in leaves > 9.29 mg kg
-1

 in stems under IS1 and the total Pb accumulation 

under IS1 was 65.44 mg kg
-1

. Irrigation with IS2 made the plant to hold maximum Pb 
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47.43 mg kg
-1

 in root followed by 31.43 mg kg
-1

 and 12.44 mg kg
-1 

in leaves and stem 

respectively. Thus, total Pb accumulation in A. indica was 91.3 mg kg
-1 

under IS2. The 

detail of Pb accumulation under IS3 in descending order was: 65.93 mg kg
-1

 in root > 

39.35 mg kg
-1

 in leaves > 17.13 mg kg
-1

 in stem. While, Total Pb accumulation in A. 

indica with IS3 was 122.41 mg kg
-1

. Similarly, the pattern of Pb accumulation with IS4 

was: in roots (70.93 mg kg
-1

) > (44.35 mg kg
-1

) in leaves > (22.13 mg kg
-1

) in stems. 

While, total Pb accumulation PBU under IS4 was 137.41 mg kg
-1

. 

 As shown in Fig. 4.3.13d, Morus alba when treated with IS1 had 2.9 mg kg
-1

 of 

Pb contents in stem followed by leaves carrying 2.5 mg kg
-1

 of Pb. Minimum Pb contents 

i.e. 1.85 mg kg
-1

 were noted in plant roots. While, total Pb accumulation under IS1 was 

7.25 mg kg
-1 

under IS1. Metal (Pb) partitioning in various parts of Morus alba with IS2 in 

descending order was: root (4.52 mg kg
-1

) > stems (3.96 mg kg
-1

) > leaves (3.55 mg kg
-1

) 

respectively. While, total Pb accumulation PUB was 12.03 mg kg
-1

 under IS2. However, 

irrigation with IS3 resulted in maximum Pb accumulation in root (12.72 mg kg
-1

) 

followed by 4.28 mg kg
-1

 in leaves and minimum Pb accumulation 3.78 mg kg
-1

 was 

noted in stem and total Pb accumulation PBU under IS3 was 20.78 mg kg
-1

. However, the 

pattern of Pb accumulation with IS4 was: in roots (17.92 mg kg
-1

) > (9.28 mg kg
-1

) in 

leaves > (8.79 mg kg
-1

) in stems. While, total Pb accumulation was (35.99 mg kg
-1

) under 

IS4. 
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Fig. 4.3.13.a,b,c,d: Pb uptake and its translocation to various parts (root, stem, 

leaves) of tree species seedling 

 

4.3.13.1: Discussion Cd uptake 

Overall best performance with regard to Cd uptake was shown by Acacia 

ampliceps (Fig. 4.3.10) followed by Azadirachta indica, Acacia nilotica and Morus alba. 

Ghosh and Singh, (2005) reported that Ipomoea carnea accumulated maximum cadmium 

in root (28 mg kg
-1

) > leaf (7.4 mg kg
-1

) > stem (5.2 mg kg
-1

) when plants were grown in 

soils containing 10 mg kg
-1

 cadmium. Similarly, root, leaf and stem deposited Cd 51 mg 

kg
-1

 > 37.8 mg kg
-1

 > 5.2 mg kg
-1

 respectively when plants were grown in soil containing 

100 mg kg
-1

 cadmium. Their findings are in agreement with our study as Cd accumulation 

in various parts of A. indica had the following order: root > leaf > stem.  

Cadmium in necessarily found in the exhausts of industries and automobiles. Its 

large quantities make the irrigation water unfit for plants. However, its small quantities do 

not pose a serious threat to the growth of plants. When deposited, it lowers down the 

process of chlorophyll manufacturing in the green parts of plants. Thus photosynthetic 

activity declines and results in growth reduction/inhibition (Ismail   et al. 2013). The 

disturbance in mitochondrial respiration and clogging of stomata, in plants, due to high 

concentrations of heavy metals (Cd, Pb etc.) has also been reported in the literature (Sikka 

and Nayyar, 2012; Paschalidis et al., 2013 ). Actually heavy metals replace essential 

metals present in enzymes and pigments which disturb the biochemical reactions in the 

plants (Peralta et al., 2001). These results are in accordance with the findings of (Ismail   

et al. 2013) who also reported a reduction of 89.79% and 62.26% in root growth of 

Leucaena leucocephala and Delonix regia respectively, when irrigated with Cd loaded 

water. Although, plant species in two experiments are different but reduction in growth 

due to deposition of Cd in plant tissues is very obvious.  

 4.3.13.2: Discussion Pb uptake 

Referred to Fig. 4.3.12, commendable performance of Azadirachta indica and 

Acacia ampliceps regarding Pb uptake, was seen when treated with Pb loaded irrigation 

water and maximum proportion of total absorbed Pb was stored in plant root (Fig. 4.2.13 

a, c). However, Pb is also deposited in the leaves of the plant, when it is absorbed from 
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air. The exhaust s of automobiles and industries contain high concentrations of Pb which 

are captured by the aerial parts of the plant and absorbed hereafter. In Pakistan, gaseous 

and liquid exhausts of industries are usually not subjected to any mitigation measure 

before emission. These exhausts pollute the environment rigorously and also affect plant 

growth seriously.  

Our study explored that A. indica and A. ampliceps have more potential for Pb 

uptake, than A. nilotica and Morus alba. It means that A. indica and A. ampliceps are 

potentially able to withstand the polluted environment that is highly contaminated with Pb 

contents. It is worth mentioning that Pb is one of the most lethal elements for trees which 

fall out on aerial parts of the plant as dust. On the other hand, when plants are irrigated 

with Pb loaded water, most of its amount is deposited in the root due to its less mobility 

(Fig. 4.3.13 a, c). These are probably the reasons for accumulation of less amount of Pb in 

the stem portion of all tree species as compared to leaves and roots.  

The results of present study do agree with the findings of (Zabin and Howladar, 

2015) who worked on the phytoremedial potential of native plants of Albaha region, 

Kingdom of Saudi Arabia. He reported that Argenone ochroleuca plants accumulated 

1.60 and 0.98 mg kg
-1

 Pb in leaves and stem, respectively.  According to (Zabin and 

Howladar, 2015) Datura inoxis plants also showed the similar behavior. They 

accumulated 1.90 and 1.50 mg kg
-1

 Pb in leaves and stem, respectively. These results are 

further verified by the findings of (Nematian and Kazmeini, 2013) who worked on Pb 

deposition in plants of S. spinosa and S. barbata.  S. spinosa accumulated 32 and 27 mg 

kg
-1

 Pb in leaves and stem respectively. Similarly, S. barbata plants accumulated 110 and 

35 mg kg
-1

 Pb in leaves and shoots respectively.  
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Chapter 5                                                                         

SUMMARY  

Shortage of drinking and irrigation water is a serious problem in Pakistan. Farmers 

are suffering from severe scarcity of irrigation water for crop production. Thus, they are 

enforced to use wastewater as an alternative source of irrigation. Urbanization and 

industrialization are intensely contaminating our surroundings with various types of 

organic and inorganic pollutants, particularly the heavy metals. This is the result of blind 

use of fertilizers, pesticides, petroleum products and raw wastewater for irrigation in 

agriculture. Urban wastewater is one of the sources of heavy metals, causing serious 

threat to urban and agro-ecosystem. Raising of vegetables by utilization of wastewater 

has become common practice in several countries to fulfill requirements of food. 

Vegetables accumulate different heavy metal pollutants such as Cd, Cr, Cu, Ni, Pb and Zn 

from the wastewater. These pollutants are a serious threat to human health. A newly green 

emerging phytoremedial (eco-friendly) approach is being used globally to minimize the 

heavy metal pollution from air, soil and wastewater. Present study was planned to assess 

the growth behavior and potential of various tree species for uptake of heavy metal (Cd 

and Pb) with different irrigation sources.  

Irrigation with Municipal wastewater (IS3), domestic wastewater IS2 and canal 

water IS1 was used as treatments in first two experiments. The canal water was used as 

control. Acacia ampliceps, Acacia nilotica, Azadirachta indica and Morus alba were 

treated with three irrigation sources (treatments) to assess their growth behavior and 

phytoremedial potential. In third experiment the same four tree species were subjected to 

irrigation (treatments) with water containing blend of two heavy metal (Pb and Cd) in 

different concentration as: (0.02 mg Cd and 10 mg Pb L
-1

), (0.04 mg Cd and 20 mg Pb L
-

1
) and (0.06 mg Cd and 30 mg Pb L

-1
) respectively. While, tap water was used as control.  

All the experiments were replicated thrice. Data regarding first experiment 

indicates that Acacia ampliceps performed best attaining height (3.23 m) and collar 

diameter (6.16 cm) under IS2. While Morus Alba performed least efficiently, attaining 

height (1.20 m) and collar diameter (1.53 cm) under IS3. Again A. ampliceps was the best 
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heavy metal absorber which absorbed 15.93 mg kg
-1

 Cd and 137.22 mg kg
-1

 Pb under IS3. 

On the other hand, M. alba was the least efficient metal up taker which absorbed 5.37 mg 

kg
-1

 Cd and 34.26 mg kg
-1

 Pb under IS3.  Acacia ampliceps deposited maximum Cd 

(15.45 mg kg
-1

) in leaves, followed by (13.74 mg kg
-1

) roots and shoot (9.20 mg kg
-1

) 

respectively. Morus alba followed the similar trend. It absorbed maximum (5.16, 4.38 

and 3.1 mg kg
-1

) Cd in root, leaves and shoot respectively. On the other hand, A. nilotica 

and A. indica deposited maximum Cd in roots followed by leaves and stem respectively. 

A. nilotica absorbed (10.97, 7.51 and 5.6 mg kg
-1

) Cd while A. indica absorbed (9.79, 

8.98 and 7.2 mg kg
-1

) Cd in roots, leaves and stem respectively.  

A. indica was the best heavy metal (Pb) absorber which absorbed 127 mg kg
-1

 Pb 

with IS3. Acacia ampliceps, A. indica and Morus alba accumulated maximum Pb in roots 

followed by leaves and stem respectively. A. ampliceps absorbed (139.44, 85.22 and 

33.15 mg kg
-1

) Pb in root, leaves and stem respectively. Similarly, A. indica followed 

similar trend regarding Pb deposition. It absorbed (147.89, 102.41 and 50.63 mg kg
-1

) Pb 

in root, leaves and stem respectively. Morus alba accumulated (32.70, 24.85 and 24.48 

mg kg
-1

) in roots, stem and leaves respectively.  

A. ampliceps is an exotic tree species in Pakistan. It acted as the best phyto-

remediation species against the wastewater pollution. It is raised commonly as forage 

species because its leaves are very nutritive and palatable. Livestock consume it happily. 

It is worth mentioning to note that the tissues of trees, raised with wastewater irrigation, 

are saturated/ loaded with heavy metals. So, it must be ensured that leaves and other parts 

of such trees are not consumed by animals. The toxic heavy metals are injurious for 

animals as well as human beings.  

Azadirachta indica is native to Indo-Pak sub-continent. It acted as second best 

phyto-remediation species. It is a plant of high medicinal value. Its various parts are 

commonly used for the treatment of various skin diseases. It is an integral figure of our 

rural landscape. Phyto-remediation is a nice and timely addition in the qualities of this 

particular species. Being native, it has an edge over other tree species. It is already a 

popular tree among farmers. So, farmers can be convinced easily to grow this tree for 

phyto-remediation. Acacia nilotica is also very important timber tree of the country. It is 

already grown in the plain areas of the country on large scale. It is grown on saline, sandy 

and other problematic lands for their reclamation. Farmers are well aware of about its 
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many benefits and it will certainly be helpful for remediation of wastewater in rural areas 

where canal water is scarce.   

In pot experiment, Acacia ampliceps gained maximum shoot length, collar 

diameter and root length (174.67, 1.40 and 43.66 cm) respectively with IS2. On the other 

hand, Morus alba attained least shoot length, collar diameter and root length (63.33, 0.46 

and 18.50 cm) respectively under IS3. Azadirachta indica gained maximum leaf fresh 

weight, shoot fresh weight, root fresh weight, leaf dry weight, shoot dry weight and root 

dry weight (260, 188, 62.66, 130, 94 and 31.33 g) under IS2 respectively.  

A. ampliceps was the best heavy metal absorber which absorbed 4.18 mg kg
-1

 Cd 

and 122.22 mg kg
-1

 Pb under IS3. On the other hand, M. alba was the least efficient metal 

up taker which absorbed 2.00 mg kg
-1

 Cd and 19.26 mg kg
-1

 Pb under IS3. Acacia 

ampliceps deposited maximum Cd (4.40 mg kg
-1

) in leaves followed by 3.53 and 2.21 mg 

kg
-1

 in roots and stems. Acacia nilotica absorbed maximum (2.73 mg kg
-1

) Cd in root 

followed by (1.93 mg kg
-1

) in leaves and minimum was noted (1.61 mg kg
-1

) in stem. 

However, A. indica accumulated maximum (4.48 mg kg
-1

) Cd in root followed by (3.34 

mg kg
-1

) and (1.96 mg kg
-1

) in leaves and stem respectively. Morus alba absorbed 

maximum (2.03, 1.4 and 0.83 mg kg
-1

) Cd in root, leaves and stem respectively. 

A. ampliceps was the best Pb absorber which absorbed 122.22 mg kg
-1

 Pb with 

IS3. Acacia ampliceps and A. indica absorbed maximum Pb in root followed by leaves 

and stem respectively. A. ampliceps absorbed (124.44, 70.22 and 18.15 mg kg
-1

) Pb in 

roots, leaves and stem respectively. Similarly, A. indica followed similar trend. It 

absorbed (132.88, 87.40 and 35.63 mg kg-1) Pb in roots, leaves and stem respectively. A. 

nilotica absorbed maximum Pb (38.14, 23.55 and 12.48 mg kg
-1

) in leaves, followed by 

roots and stems respectively. Morus alba deposited maximum Pb (17.70, 9.85 and 9.48 

mg kg-1) in root, stem and leaves respectively.  

The second experiment confirmed the results of first experiment. All the tree 

species showed the same ranking in growth parameters and metal uptake. To further 

verify the finding of this experiment, third study was conducted. In this experiment the 

seedlings of four tree species were subjected to irrigation (treatments) water containing 

various amounts of Cd and Pb.  
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Data regarding third experiment shows that Acacia ampliceps performed best, 

attaining maximum height (34.36 cm), collar diameter (0.46 cm) and root length (25.70 

cm) with IS1. While, Morus alba performed least efficiently, attaining height (12.40 cm), 

collar diameter (0.20 cm) and root length (5.44 cm) with IS4.  

A. ampliceps was the best heavy metal absorber which absorbed 2.5 mg kg
-1

 Cd 

and 49.44 mg kg
-1

 Pb under IS4. On the other hand, M. alba was the least efficient metal 

up taker which absorbed 0.55 mg kg
-1

 Cd and 12 mg kg
-1

 Pb under IS4.   

Acacia ampliceps deposited maximum Cd (2.21 mg kg
-1

) in leaves followed by 

(1.91 mg kg
-1

) roots and shoot (1.61 mg kg
-1

) respectively. A. nilotica and Morus alba 

deposited maximum Cd in roots followed by leaves and stems. A. nilotica accumulated 

maximum (1.01, 0.87 and 0.67 mg kg
-1

) Cd in roots, leaves and stem respectively. Morus 

alba deposited maximum (0.77, 0.43 and 0.27 mg kg
-1

) Cd in roots, leaves and stems 

respectively. Azadirachta indica accumulated maximum (1.96, 1.88 and 1.52) Cd in 

roots, leaves and stems respectively.  

A. indica was the best heavy metal (Pb) absorber which absorbed 45.8 mg kg
-1

 Pb 

with IS4. Acacia ampliceps and A. indica maximum Pb in root followed by leaves and 

stem respectively. A. ampliceps absorbed (56.19, 30.09 and 8.82 mg kg
-1

) Pb in root, 

leaves and stem. Similarly, A. indica followed same trend regarding Pb deposited (53.97, 

34.92 and 15.24 mg kg
-1

) in root, leaves and stem respectively. A. nilotica accumulated 

maximum (16.31, 8.17 and 6.41 mg kg
-1

) Pb in leaves, roots and stems respectively. 

Morus alba deposited maximum Pb (9.25, 4.90 and 4.45 mg kg
-1

) in root, leaves and stem 

respectively.  

The results of third study mentioned that Acacia ampliceps is the most powerful 

phytoremedial species for the treatment of wastewater. Azadirachta indica and Acacia 

nilotica are also prominent species having 6.81% and 50.26% less potential of Cd heavy 

metal uptake than A. ampliceps. 
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Appendix 1 

Summary of growth data of various tree species (Experiment I) 

Appendix 1-a 

Appendix 1-b 

 

 

 

 

 

 

 

 

 

 

 

 

 Plant height (m)  

 A. ampliceps A. nilotica A. indica  M. alba Average 

IS1 2.53 b 2.13 b 2.50 a 1.40 b 2.14 B 

IS2 3.23 a 2.60 a 2.93 a 1.93 a 2.67 A 

IS3 2.40 b 1.80 b 1.86 b 1.20 c 1.8 1 C 

Average  2.72 A 2.17 C 2.43 B 1.51 D  

 Plant collar diameter  (cm)  

 A. ampliceps A. nilotica A. indica  M. alba Average 

IS1 4.60 b 2.43 b 3.50 a  

 

2.53 b 3.26 B 

IS2 6.16  a 

 

4.26  a 

 

4.01 a 3.46 a 4.47 A 

IS3 4.30 b 

 

2.73 ab 

 

2.33 b 1.53 c 

 

2.72 C 

Average  5.02 A 

 

3.14 B 3.28   B 2.51 C  
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Appendix 2 

Data summary about heavy metal (Cd) uptake by different tree species 

(Experiment I) 

Appendix 2-a 

 Average Cd accumulation in various tree species (mg kg
-1

)  

 

A. ampliceps A. nilotica A. indica  M. alba 
Average 

IS1 9.36 c 4.34 c 7.08 c 3.11 c 5.97 C 

IS2 13.1 b 8.25 b 8.43 b 4.20 b 8.49 B 

IS3 15.93 a 11.55 a 10.48 a 5.37 a 10.83 A 

Average 12.79 A 8.04 C 8.66 B 4.22 D 

 Appendix 2-b 

Translocation of Cd to various parts of A. ampliceps (mg kg
-1

) 

  IS1  IS2  IS3  Average  

Leaf 11.88 a 16.88 a 17.6 b 15.45 A 

Stem  7.13 c 9.22 c 11.24 c 9.19 C 

Root  9.06 b 13.2 b 18.95 a 13.73 B 

Total  28.07 39.3 47.79 

 Average 9.35 C 13.1 B 15.93 A 

 Appendix 2-c 

Translocation of Cd to various parts of A. nilotica (mg kg
-1

) 

  IS1  IS2  IS3  

 Leaf  6.93 a 6.84 b 8.77 b 7.51 B 

Stem  3.08 b 4.93 c 8.97 b 5.66 C 

Root  3.02 b 13 a 16.91 a 10.97 A 

Total  13.03 24.77 34.65 

 Average 4.34 C 8.25 B 11.55 A 

 Appendix 2-d 

Translocation of Cd to various parts of A. indica (mg kg
-1

) 

 

IS1  IS2  IS3  

 Leaf  7.15 b 8.97 a 11.13 a 9.08 B 

Stem 4.95 c 7.2 c 9.51 c 7.22 C 

Root  9.13 a 9.13 a 10.82 b 9.69 A 

Total  21.23 25.3 31.46 

 Average 7.07 C 8.43 B 10.48 A 

 Appendix 2-e 

Translocation of Cd to various parts of M. alba (mg kg
-1

) 

 

IS1  IS2  IS3  

 Leaf  2.8 a 3.33 a 7.02 b 4.38 B 

Stem  2.8 a 3.08 a 3.53 c 3.13 C 

Root  2.91 a 3.44 a 9.15 a 5.16 A 

Total  8.51 9.85 12.68 

 Average 2.83 B 3.28 B 4.22 A 

  
 



III 
 

Appendix 3 

Data summary about heavy metal (Pb) uptake by different tree species 

(Experiment I) 

Appendix 3-a 

Average Pb accumulation in various tree species (mg kg
-1

) 

 
Acacia ampliceps Acacia nilotica Azadirachta indica  Morus alba 

 IS1 44.26 28.41 75 21.74 42.35 C 

IS2 76.33 38.05 98.7 26.04 59.78 B 

IS3 137.22 46.58 127.22 34.26 86.32 A 

Total  257.81 113.04 300.92 82.04 

 Average  85.93 B 37.68 C 100.3 A 27.34 D 

 Appendix 3-b 

Translocation of Pb to various parts of A. ampliceps (mg kg
-1

) 

 

IS1 IS2  IS3  Average  

Leaf  45.22 b 88.78 b 121.67 b 85.22 B 

Stem  25.89 c 29.67 c 43.89 c 33.15 C 

Root  61.67 a 110.56 a 246.11 a 139.44 A 

Total  132.78 229.01 411.67   

Average  44.26 C 76.33 B 137.22 A 

 Appendix 3-c 

Translocation of Pb to various parts of A. nilotica (mg kg
-1

) 

 IS1 IS2  IS3  Average 

Leaf  41.22 a 51.89 a 66.33 a 53.14 A 

Stem  19.8 c  28.18 c 34.47 c 27.48 C 

Root 24.2 b 34.09 b 38.93 b 32.4 B 

Total  85.22 114.16 139.73 

 Average 28.41 C 38.05 B 46.57 A 

 Appendix 3-d 

Translocation of Pb to various parts of A. indica (mg kg
-1

) 

 IS1 (C) IS2 (B) IS3 (A) Average 

Leaf  82.56 b 101.44 b 123.22 b 102.4 B 

Stem  40.56 c 49.22 c 62.11 c 50.63 C 

Root  101.89 a 145.44 a 196.33 a 147.88 A 

Total  225.01 296.1 381.66   

Average 75 C 98.7 B 127.22 A 

 Appendix 3-e 

Translocation of Pb to various parts of M. alba (mg kg
-1

) 

 IS1 IS2  IS3 Average 

Leaf  21.89 ab 24.78 b 26.78 b 24.48 B 

Stem 23.22 a 25.89 ab 25.44 b 24.85 B 

Root 20.11 b 27.44 a 50.56 a 32.7 A 

Total  65.22 78.11 102.78   

Average 21.74 C 26.03 B 34.26 A 
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Appendix 4 

Summary of growth data of various tree species (Experiment II) 

 

Appendix 4-a 

 

 

Appendix 4-b 

 

 

Appendix 4-c 

 

 

Appendix 4-d 
 

 

 

 

 

 

 

 

Shoot length (cm) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 153.33 b 92.33 b 140.33 a 72.33 b 114.58 B 

IS2 174.67 a 106.33 a 156.67 a 86.33 a 131.00 A 

IS3 119.33 c 82.33 c 114.33 b 63.33 c 94.83 C 

 149.11 A 93.67 C 137.11B 74.00 D  

Plant collar diameter  (cm) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 1.11 b 0.70 a 0.83 b 0.53 b 0.79   B 

IS2 1.40  a 0.86 a 1.20 a 0.80 a 1.06  A 

IS3 0.76 c 0.73 a 0.93 b 0.46 b 0.72   B 

 1.09 A 0.76 B 0.98 A 0.60 C  

Root length (cm) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 38.33 b 23.08 b 35.08 a 18.08 b 28.64   B 

IS2 43.66 a 26.58 a 39.16 a 21.58 a 32.75  A 

IS3 29.83 c 20.58 c 28.58 b 15.83 c 23.70    C 

 37.27  A 23.41   C 34.27   B 18.50 D  

Leaf fresh weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 116.72 c 48.67 b 131.72 c 37.44 b 83.64 C 

IS2 245.00 a 60.72 a 260.00 a 47.06 a 153.19 A 

IS3 129.67 b 43.22 b 144.67 b 35.22 b 88.19  B 

 163.80 B 50.87 C 178.80  A 39.91 D  



V 
 

Appendix 4-e 

 

 

Appendix 4-f 

 

 

 

Appendix 4-g 

 

 

Appendix 4-h 

 

 

Appendix 4-i 

 

 

Shoot fresh weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 144.33 b 97.33 b 159.33 b 15.00 b 104.00   B 

IS2 173.00 a 121.44 a 188.00 a 22.94 a 126.35  A 

IS3 118.94 c 86.44 b 133.94 c 12.00 b 87.83    C 

 145.43   B 101.74    C 160.43  A 16.65     D  

Root fresh weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 38.103 c 32.103 c 53.111 b 10.806  c 33.53 C 

IS2 47.663 a 40.478 a 62.663 a 22.222  a 43.25 A 

IS3 44.648 b 44.648 b 44.648 c 13.722  b 36.91 B 

 43.471   B 39.076    C 53.474  A 15.583     D  

Leaf dry weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 50.86 c 24.33 b 65.86 c 18.72 b 39.944    C 

IS2 115.00 a 30.36 a 130.00 a 23.53 a 74.722  A 

IS3 57.33 b 21.61 b 72.33 b 17.61 b 42.222   B 

 74.39 B 25.43 C 89.39 A 19.95 D  

Shoot dry weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 64.66 b 48.66 b 79.66 b 7.50 b 50.12 B 

IS2 79.00 a 60.72 a 94.00 a 11.47 a 61.29 A 

IS3 51.97 c 43.22 b 66.97 c 6.00 b 42.04 C 

 65.21 B 50.87 C 80.21 A 8.32 D  

Root dry weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  

IS1 11.55 b 16.22 b 26.55 b 5.40 c 14.93 B 

IS2 16.13 a 20.23 a 31.33 a 11.11a 19.70 A 

IS3 7.32  c 14.40 b 22.32 c 6.86 b 12.72 C 

 11.67 C 16.95 B 26.73 A 7.79 D  



VI 
 

Appendix 5 

Data summary about heavy metal (Cd) uptake by different tree 

seedlings species (Experiment II) 

 

Appendix 5-a 
Average Cd accumulation in various tree seedlings (mg kg

-1
) 

 

A. ampliceps A. nilotica A. indica  M. alba Average  

IS1  2.57 c 1.32 b 2.36 c 0.88 c 1.78 C 

IS2  3.4 b 2.06 b 3.32 b 1.38 b 2.54 B 

IS3  4.18 a 2.9 a 4.11 a 2 a 3.29 A 

Average  3.38 A 2.09 C 3.26 B 1.42 D 
 Appendix 5-b 

Translocation of Cd to various parts of A. ampliceps (mg kg
-1

) 

 
IS1  IS2 IS3  Average  

Leaf  3.4 a 4.51 a 5.31 a 4.4 A 

Stem  1.75 c 2.15 c 2.75 c 2.21 C 

Root  2.56 b 3.55 b 4.5 b 3.53 B 

Total  7.71 10.21 12.56   

Average  2.57 C 3.40 B 4.18 A 
 Appendix 5-c 

Translocation of Cd to various parts of A. nilotica (mg kg
-1

) 

 
IS1  IS2 IS3  Average  

Leaf  1.1 b 1.89 b 2.81 b 1.93 B 

Stem  1.01 b 1.65 b 2.18 c 1.61 C 

Root  1.85 a 2.65 a 3.71 a 2.73 A 

Total  3.96 6.19 8.7   

Average  1.32 C 2.06 B 2.9 A 
 Appendix 5-d 

Translocation of Cd to various parts of A. indica (mg kg
-1

) 

 
IS1 IS2 IS3   Average  

Leaf  2.3  b 3.41 b 4.31 b 3.34 B 

Stem  1.45 c 1.85 c 2.58 c 1.96 C 

Root  3.3 a 4.71 a 5.45 a 4.48 A 

Total 7.05 9.97 12.34   

Average  2.35 C 3.32 B 4.11 A 
 Appendix 5-e 

Translocation of Cd to various parts of M. alba (mg kg
-1

) 

 
IS1  IS2 IS3   Average  

Leaf  0.85 b 1.35 b 2 b 1.4 B 

Stem 0.55 c 0.8 c 1.15 c 0.83 C 

Root  1.25 a 2 a 2.85 a 2.03 A 

Total 2.65 4.15 6   

Average  0.88 C 1.38 B  2.00 A 
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Appendix 6 

Data summary about heavy metal (Pb) uptake by different tree 

seedlings species (Experiment II) 

 

Appendix 6-a 

Average Pb accumulation in various tree seedlings (mg kg
-1

) 

 
A. ampliceps A. nilotica A. indica M. alba  Average  

IS1  29.26 c 13.41 c 60 c 6.74 c 109.41 C 

IS2  61.33 b 23.05 b 83.7 b 11.04 b 179.12 B 

IS3  122.22 a 37.73 a 112.22 a 19.26 a 291.43 A 

Average  70.93 B 24.73 C 85.30 A 12.34 D 

 

      Appendix 6-b 

Translocation of Pb to various parts of A. ampliceps (mg kg
-1

) 

 
IS1  IS2  IS3  Average  

Leaf  30.22 b 73.78 b 106.67 b 70.22 B 

Stem 10.89 c 14.67 c 28.89 c 18.15 C 

Root  46.67 a 95.56 a 231.11 a 124.44 A 

Total  87.78 184.01 366.67 

 Average  29.26 C 61.33 B 122.22 A 

 Appendix 6-c 

Translocation of Pb to various parts of A. nilotica (mg kg
-1

) 

 
IS1  IS2  IS3  Average  

Leaf  26.22 a 36.89 a 51.33 a 38.14 A 

Stem 4.8 c 13.18 c 19.47 c 12.48 C 

Root  9.2 b 19.09 b 42.38 b 23.55 B 

Total  40.22 69.16 113.18 

 Average  13.40 C 23.05 B 37.72 A 

 Appendix 6-d 

Translocation of Pb to various parts of A. indica (mg kg
-1

) 

 
IS1 IS2  IS3 Average  

Lea 67.56 b 86.44 b 108.22 b 87.40 B 

Stem 25.56 c 34.22 c 47.11 c 35.63 C 

Root 86.89 a 130.44 a 181.33 a 132.88 A 

Total  180.01 251.1 336.66 

 Average  60.00 C 83.7 B 112.22 A 

 Appendix 6-e 

Translocation of Pb to various parts of M. alba (mg kg
-1

) 

 

IS1  IS2 IS3  Average 

Leaf 6.89 ab 9.78 b 11.78 b 9.48 B 

Stem 8.22 a 10.89 ab 10.44 b 9.85 B 

Root  5.11 b 12.44 a 35.56 a 17.70 A 

Total 20.22 33.11 57.78 

 Average 6.74 C 11.03 B 19.26 A 
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Appendix 7 

Summary of growth data of various tree species (Experiment III) 

 

Appendix 7-a 

 

 

Appendix 7-b 
 

 

Appendix 7-c 
 

 

Appendix 7-d 
 

 

 

 

 

 

Shoot length (cm) 

 A. ampliceps  A. nilotica  A. indica  M. alba  Average   

IS1  34.36 a 24.58 a 30.33 a 20.47 a 27.44 A 

IS2  32.51 b 22.25 b 28.66 b 18.69 b 25.53 A 

IS3  29.22 c 19.51 c 25.66 c 15.51 c 22.47 B 

IS4  26.58 d 16.36 d 22.33 d 12.40 d 19.42 C 

Average   30.67 A 20.68 C 26.74 B 16.77 D  

Diameter (cm) 

 A. ampliceps A. nilotica A. indica  M. alba Average   

IS1  0.46 a   0.23 a    0.33 a 0.23 a    0.31 A 

IS2  0.36 ab   0.26 a    0.33 a   0.20 a     0.29 AB 

IS3  0.36 ab   0.20 a     0.26 a   0.20 a     0.25 BC 

IS4  0.26 b   0.20 a    0.23 a   0.20 a     0.22 C 

Average   0.36 A 0.22 C 0.29 B 0.20 C  

Root length  (cm) 

 A. ampliceps A. nilotica A. indica  M. alba Average   

IS1  25.70 a 18.55 a 23.88 a 12.25 a 20.09 A 

IS2  23.73 b   16.66 b 21.85 b 10.18 b 18.10 B 

IS3  20.51 c 13.66 c 19.24 c 7.33 c 15.18 C 

IS4  18.76 d 11.53 d 17.15 d 5.44 d 13.22 D 

Average   22.17 A 15.10 B 20.53 A 8.80 C  

Leaf fresh weight (g) 

 A. ampliceps  A. nilotica A. indica M. alba  Average  

IS1  5.52 a 3.55 a 6.65 a 2.58 a 4.57 A 

IS2  5.28 a 3.24 a 6.41 a 2.18 b 4.28 A 

IS3 4.51 b 2.55 b 5.65 b 1.58 c 3.57 B 

IS4  3.91 b 1.91 c 5.01 c 0.93 d 2.94  C 

Average   4.80  B 2.81 C 5.93 A 1.82 D  



IX 
 

Appendix 7-e 

Appendix 7-f 
Root fresh weight (g) 

 A. ampliceps A. nilotica  A. indica  M. alba Average   

IS1  4.38 a    2.21 a         5.18 a 1.78 a        3.39 A 

IS2  3.98 ab   2.08 a       4.81 a  1.37 b 3.06 B 

IS3  3.44 bc    1.64 b         4.59 a  0.96 c 2.66 C 

IS4  2.88 c      1.08 c          3.91 b   0.40 d 2.06 D 

Average   3.67 B 1.75 C 4.62 A 1.13 D  

Appendix 7-g 

Appendix 7-h 

Appendix 7-i 
Root dry weight (g) 

 A. ampliceps  A. nilotica A. indica  M. alba  Average   

IS1  2.19 a 1.20 a 2.61 a 0.91 a 1.73 A 

IS2  2.08 ab 1.00 ab 2.41 ab 0.71 b 1.55 B 

IS3  1.75 bc 0.78 bc 2.30 ab 0.54 c 1.34 C 

IS4  1.44 c 0.54 c 2.04 b 0.19 d 1.05 D 

Average   1.86 B 0.88 C 2.34 A 0.58 D  

 
 
 
 
 
 
 
 

Shoot fresh weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba  Average   

IS1 4.25 a 3.61 a 4.65 a 3.45 a 3.99 A 

IS2  3.88 b 3.39 a 4.45 a 3.25 a 3.74 A 

IS3  3.25 c 2.62 b 3.64 b 2.44 b 2.99 B 

IS4 2.44 d 1.98 c 3.02 b 1.64 c 2.27 C 

Average   3.45 B 2.90 C 3.94 A 2.69 C  

Leaf dry weight (g) 

 A. ampliceps A. nilotica A. indica M. alba Average   

IS1  2.44 a 1.55 a 2.93 a 1.12 a 2.01 A 

IS2 2.26 b 1.37 b 2.75 b 0.96 b 1.83 B 

IS3 1.98 c 1.10 c 2.50 c 0.71 c 1.57 C 

IS4 1.64 d 0.75 d 2.13 d 0.38 d 1.22 D 

Average   2.08 B 1.19 C 2.57 A 0.79 D  

Shoot dry weight (g) 

 A. ampliceps A. nilotica A. indica  M. alba Average   

IS1  1.93 a 1.58 a 2.04 a 1.52 a 1.76 A 

IS2 1.68 b 1.40 b 1.86 b 1.33 b 1.56  B 

IS3 1.41 c 1.13 c 1.61 c 1.06 c 1.30 C 

IS4  1.08 d 0.78 d 1.24 d 0.72 d 0.95 D 

Average   1.52 B 1.22 C 1.68  A 1.16 C  
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Appendix 8 

Data summary about heavy metal (Cd) uptake by different tree 

seedlings species (Experiment III) 

Appendix 8-a 
Average Cd accumulation in various tree seedlings (mg kg

-1
) 

 

A. ampliceps  A. nilotica  A. indica  M. alba  Average  

IS1  1.45 d 0.89 b 1.48 d 0.44 b 1.06 D 

IS2  1.7 c 0.91 b 1.63 c 0.49 ab 1.18 C 

IS3  2 b 0.96 b 1.83 b 0.5 ab 1.32 B 

IS4  2.5 a 1.06 a 2.18 a 0.55 a 1.57 A 

Total  7.65 3.82 7.12 1.98 

 Average  1.91 A 0.95 C 1.78 B 0.49 D 

 Appendix 8-b 
Translocation of Cd to various parts of A. ampliceps (mg kg

-1
) 

 

IS1  IS2 IS3  IS4  Average  

Leaf  1.75 a 2 a 2.3 a 2.8 a 2.21 A 

Stem 1.15 c 1.4 c 1.7 c 2.2 c 1.61 C 

Root  1.45 b 1.7 b 2 b 2.5 b 1.91 B 

Total  4.35 5.1 6 7.5 

 Average  1.45 D 1.7 C 2 B 2.5 A 

 Appendix 8-c 
Translocation of Cd to various parts of A. nilotica (mg kg

-1
) 

 

IS1 IS2 IS3 IS4  Average  

Leaf  0.95 a 0.97 a 1.02 a 1.12 a 1.01 B 

Stem 0.61 b 0.63 b 0.68 b 0.78 b 0.67 C 

Root  1.13 a 1.15 a 1.2 a 1.3 a 1.19 A 

Total  2.69 2.75 2.9 3.2 

 Average  0.89 B 0.91 B 0.96 AB 1.06 A 

 Appendix 8-d 
Translocation of Cd to various parts of A. indica (mg kg

-1
) 

 

IS1  IS2 IS3  IS4  Average  

Leaf  1.58 a 1.73 a 1.93 a 2.28 a 1.88 A 

Stem 1.22 b 1.37 b 1.57 b 1.92 b 1.52 B 

Root  1.66 a 1.81 a 2.01 a 2.36 a 1.96 A 

Total 4.46 4.91 5.51 6.56 

 Average  1.48 D 1.63 C 1.83 B 2.18 A 

 Appendix 8-e 
Translocation of Cd to various parts of M. alba (mg kg

-1
) 

 

IS1  IS2  IS3  IS4  Average  

Leaf  0.38 b 0.43 b 0.44 b 0.49 b 0.43 B 

Stem 0.22 b 0.27 b 0.28 b 0.33 b 0.27 C 

Root  0.72 a 0.77 a 0.78 a 0.83 a 0.77 A 

Total 1.32 1.47 1.5 1.65 

 Average  0.44 B 0.49 AB 0.50 AB 0.55 A 
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Appendix 9 

Data summary about heavy metal (Pb) uptake by different tree 

seedlings species (Experiment III) 

Appendix 9-a 
Average Pb accumulation in various tree seedlings  (mg kg

-1
) 

 

A. ampliceps  A. nilotica A. indica  M. alba Average  

IS1  10.64 c 4.81 d 21.81 d 2.45 d 9.92 D 

IS2  22.3 b 8.38 c 30.43 c 4.01 c 16.28 C 

IS3  44.44 a 11.48 b 40.8 b 7 b 25.93 B 

IS4  49.44 a 16.48 a 45.8 a 12 a 30.93 A 

Total  126.82 41.15 138.84 25.46   

Average  31.70 B 10.28 C 34.71 A 6.36 D 

 Appendix 9-b 
Translocation of Pb to various parts of A. ampliceps (mg kg

-1
) 

 

IS1  IS2 IS3  IS4  Average  

Leaf  10.99 b 26.82 b 38.78 b 43.78 b 30.09 B 

Stem 3.96 c 5.33 c 10.5 c 15.5 c 8.82 C 

Root  16.97 a 34.74 a 84.04 a 89.04 a 56.19 A 

Total  31.92 66.89 133.32 148.32 

 Average  10.64 C 22.29 B 44.44 A 49.44 

 Appendix 9-c 
Translocation of Pb to various parts of A. nilotica (mg kg

-1
) 

 

IS1  IS2 IS3  IS4  Average  

Leaf  9.53 a 13.41 a 18.64 a 23.66 a 16.31 A 

Stem 1.74 c 4.79 c 7.07 c 12.07 c 6.41 C 

Root  3.34 b 6.94 b 8.7 b 13.7 b 8.17 B 

Total  14.61 25.14 34.41 49.43 

 Average  4.87 D 8.38 C 11.47 B 16.47 A 

 Appendix 9-d 
Translocation of Pb to various parts of A. indica (mg kg

-1
) 

 

IS1  IS2 IS3  IS4  Average  

Leaf  24.56 b 31.43 b 39.35 b 44.35 b 34.92 B 

Stem  9.29 c 12.44 c 17.13 c 22.13 c 15.24 C 

Root  31.59 a 47.43 a 65.93 a 70.93 a 53.97 A 

Total 65.44 91.3 122.41 137.41 

 Average  21.81 D 30.43 C 40.80 B 45.80 A 

 Appendix 9-e 
Translocation of Pb to various parts of M. alba (mg kg

-1
) 

 

IS1  IS2  IS3  IS4  Average  

Leaf  2.5 ab 3.55 b 4.28 b 9.28 b 4.90 B 

Stem 2.9 a 3.96 ab 3.78 b 8.79 b 4.85 B 

Root  1.85 c 4.52 a 12.72 a 17.92 a 9.25 A 

Total 7.25 12.03 20.78 35.99 

 Average  2.41 D 4.01 C 6.92 B 11.99 A 
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Appendix 10 

Analysis of Variance Table for growth (Experiment I) 

Appendix 10-a 

Analysis of Variance Table for Plant height  
 

Source DF SS MS F P 

REP 2 0.0406 0.02028   

TRET 2 4.5072 2.25361 124.12 0.0000 

SPECIES 3 7.2156 2.40519 132.47 0.0000 

TRET*SPECIES 6 0.2528 0.04213 2.32 0.0690 

Error 22 0.3994 0.01816   

Total 35 12.4156    

  

Grand Mean 2.2111    CV 6.09 
 

Appendix 10-b 

Analysis of Variance Table for Diameter 
 

Source DF SS MS F P 

REP 2 0.3335 0.1667   

TRET 2 19.3626 9.6813 59.30 0.0000 

SPECIES 3 31.2124 10.4041 63.73 0.0000 

TRET*SPECIES 6 2.5390 0.4232 2.59 0.0471 

Error 22 3.5915 0.1633   

Total 35 57.0391    

  

Grand Mean 3.4903    CV 11.58 

Appendix 10-c 

Analysis of Variance Table about Cd uptake by different tree species (Experiment I) 

 

Source DF SS MS F P 

REP 2 0.09 0.045   

TRET 2 493.78 246.891 3447.79 0.0000 

SPECIES 3 996.77 332.255 4639.89 0.0000 

LOCATION 2 248.63 124.314 1736.02 0.0000 

TRET*SPECIES 6 63.76 10.626 148.40 0.0000 

TRET*LOCATION 4 44.06 11.014 153.81 0.0000 

SPECIES*LOCATION 6 118.26 19.710 275.25 0.0000 

TRET*SPECIES*LOCATION 12 165.23 13.769 192.28 0.0000 

Error 70 5.01 0.072   

Total 107 2135.58    

 

Grand Mean 8.4389    CV 3.17 
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Appendix 10-d 

Analysis of Variance Table about Pb uptake by different tree species (Experiment I) 
 

Source DF SS MS F P 

REP 2 18 9.2   

LOCATION 2 53310 26655.2 875.23 0.0000 

TRET 2 35296 17648.0 579.47 0.0000 

SPECIES 3 103419 34473.1 1131.93 0.0000 

LOCATION*TRET 4 14782 3695.5 121.34 0.0000 

LOCATION*SPECIES 6 43896 7316.0 240.22 0.0000 

TRET*SPECIES 6 19362 3227.0 105.96 0.0000 

LOCATION*TRET*SPECIES 12 14485 1207.1 39.64 0.0000 

Error 70 2132 30.5   

Total 107 286701    

 

Grand Mean 47.818    CV 11.54 

 

Appendix 11 

Analysis of Variance Table for growth (Experiment II) 

Appendix 11-a 

Analysis of Variance Table for Shoot length 
 

Source DF SS MS F P 

REP 2 47.7 23.9   

SPECIES 3 34013.2 11337.7 605.00 0.0000 

TRET 2 7870.4 3935.2 209.99 0.0000 

SPECIES*TRET 6 1215.4 202.6 10.81 0.0000 

Error 22 412.3 18.7   

Total 35 43559.0    

 

Grand Mean 113.47    CV 3.81 
 

Appendix 11-b 

Analysis of Variance Table for Diameter 
 

Source DF SS MS F P 

REP 2 0.00292 0.00146   

SPECIES 3 1.33076 0.44359 55.63 0.0000 

TRET 2 0.78042 0.39021 48.94 0.0000 

SPECIES*TRET 6 0.27236 0.04539 5.69 0.0011 

Error 22 0.17542 0.00797   

Total 35 2.56187    

 

Grand Mean 0.8625    CV 10.35 
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Appendix 11-c 

Analysis of Variance Table for Root 
 

Source DF SS MS F P 

REP 2 2.98 1.491   

SPECIES 3 2125.82 708.608 605.00 0.0000 

TRET 2 491.90 245.950 209.99 0.0000 

SPECIES*TRET 6 75.96 12.660 10.81 0.0000 

Error 22 25.77 1.171   

Total 35 2722.44    

 

Grand Mean 28.368    CV 3.81 
 

Appendix 11-d 

Analysis of Variance Table for Leaf Fresh Weight 
 

Source DF SS MS F P 

REP 2 122 61.2   

SPECIES 3 144227 48075.8 5373.96 0.0000 

TRET 2 36335 18167.5 2030.78 0.0000 

SPECIES*TRET 6 24233 4038.8 451.46 0.0000 

Error 22 197 8.9   

Total 35 205114    

 

Grand Mean 108.34    CV 2.76 
 

Appendix 11-e 

Analysis of Variance Table for Leaf Dry Weight 
 

Source DF SS MS F P 

REP 2 30.6 15.3   

SPECIES 3 32693.4 10897.8 4872.67 0.0000 

TRET 2 9083.7 4541.9 2030.78 0.0000 

SPECIES*TRET 6 6058.2 1009.7 451.46 0.0000 

Error 22 49.2 2.2   

Total 35 47915.1    

 

Grand Mean 52.296    CV 2.86 

Appendix 11-f 

Analysis of Variance Table for Shoot Fresh Weight 
 

Source DF SS MS F P 

REP 2 14 6.9   

SPECIES 3 112666 37555.4 2476.77 0.0000 

TRET 2 8976 4488.2 295.99 0.0000 

SPECIES*TRET 6 1917 319.5 21.07 0.0000 

Error 22 334 15.2   

Total 35 123907    

 

Grand Mean 106.06    CV 3.67 



XV 
 

Appendix 11-g 

Analysis of Variance Table for Shoot Dry Weight 
 

Source DF SS MS F P 

REP 2 3.4 1.72   

SPECIES 3 25889.0 8629.68 2276.51 0.0000 

TRET 2 2244.1 1122.04 295.99 0.0000 

SPECIES*TRET 6 479.3 79.89 21.07 0.0000 

Error 22 83.4 3.79   

Total 35 28699.3    

 

Grand Mean 51.155    CV 3.81 

Appendix 11-h 

Analysis of Variance Table for Root Fresh Weight 
 

Source DF SS MS F P 

REP 2 1.13 0.57   

SPECIES 3 7949.04 2649.68 1654.17 0.0000 

TRET 2 289.10 144.55 90.24 0.0000 

SPECIES*TRET 6 768.39 128.06 79.95 0.0000 

Error 22 35.24 1.60   

Total 35 9042.90    

 

Grand Mean 40.903    CV 3.09 
 

Appendix 11-i 

Analysis of Variance Table for Root Dry Weight 
 

Source 
 

DF SS MS F P 

REP 2 0.02 0.010   

SPECIES 3 1819.02 606.339 1187.58 0.0000 

TRET 2 305.19 152.597 298.88 0.0000 

SPECIES*TRET 6 39.51 6.585 12.90 0.0000 

Error 22 11.23 0.511   

Total 35 2174.97    

 

Grand Mean 15.789    CV 4.53 
 

 

 

 

 

 

 

 

 

 

 

 



XVI 
 

Appendix 11-j 

Analysis of Variance Table about Cd uptake by different tree species (Experiment II) 
 

Source DF SS MS F P 

TRET 2 41.511 20.7557 861.46 0.0000 

LOCATION 2 45.737 22.8686 949.16 0.0000 

SPECIES 3 72.759 24.2529 1006.62 0.0000 

TRET*LOCATION 4 2.826 0.7064 29.32 0.0000 

TRET*SPECIES 6 1.131 0.1885 7.82 0.0000 

LOCATION*SPECIES 6 17.601 2.9336 121.76 0.0000 

TRET*LOCATION*SPECIES 12 0.444 0.0370 1.53 0.1317 

Error 72 1.735 0.0241   

Total 107 183.744    

      

Grand Mean 2.5443    CV 6.10 

Appendix 11-k 

Analysis of Variance Table about Pb uptake by different tree species (Experiment II) 
 

Source DF SS MS F P 

REP 2 18 9.2   

LOCATION 2 53310 26655.2 875.23 0.0000 

TRET 2 35296 17648.0 579.47 0.0000 

SPECIES 3 103419 34473.1 1131.93 0.0000 

LOCATION*TRET 4 14782 3695.5 121.34 0.0000 

LOCATION*SPECIES 6 43896 7316.0 240.22 0.0000 

TRET*SPECIES 6 19362 3227.0 105.96 0.0000 

LOCATION*TRET*SPECIES 12 14485 1207.1 39.64 0.0000 

Error 70 2132 30.5   

Total 107 286701   

 

Grand Mean 47.818    CV 11.54 

 

 

 

 

 

 

 

 

 

 



XVII 
 

 

Appendix 12 

Analysis of Variance Table for growth (Experiment III) 

Appendix 12-a 

Analysis of Variance Table for Shoot 
 

Source DF SS MS F P 

REP 2 0.05 0.023   

TRET 3 445.70 148.568 33.15 0.0000 

SPECIES 3 1379.77 459.922 102.63 0.0000 

TRET*SPECIES 9 0.82 0.091 0.02 1.0000 

Error 30 134.44 4.481   

Total 47 1960.77    

 

Grand Mean 23.718    CV 8.93 
 

Appendix 12-b 

Analysis of Variance Table for stem diameter 
 

Source DF SS MS F P 

REP 2 0.00542 0.00271   

TRET 3 0.05729 0.01910 8.44 0.0003 

SPECIES 3 0.18729 0.06243 27.58 0.0000 

TRET*SPECIES 9 0.03687 0.00410 1.81 0.1078 

Error 30 0.06792 0.00226   

Total 47 0.35479    

 

Grand Mean 0.2729    CV 17.43 
 

Appendix 12-c 

Analysis of Variance Table for root length 
 

Source DF SS MS F P 

REP 2 25.29 12.646   

TRET 3 334.89 111.631 40.75 0.0000 

SPECIES 3 1315.42 438.472 160.04 0.0000 

TRET*SPECIES 9 0.47 0.052 0.02 1.0000 

Error 30 82.19 2.740   

Total 47 1758.26    

 

Grand Mean 16.654    CV 9.94 

 

 

 

 

 

 

 

 

 



XVIII 
 

Appendix 12-d 

Analysis of Variance Table for leaf fresh weight 
 

Source DF SS MS F P 

REP 2 0.112 0.0559   

TRET 3 19.274 6.4248 46.20 0.0000 

SPECIES 3 125.387 41.7956 300.57 0.0000 

TRET*SPECIES 9 0.039 0.0043 0.03 1.0000 

Error 30 4.172 0.1391   

Total 47 148.984   

 

Grand Mean 3.8446    CV 9.70 
 

Appendix 12-e 

Analysis of Variance Table for leaf dry weight 
 

Source DF SS MS F P 

REP 2 0.0238 0.01191   

TRET 3 4.2105 1.40351 96.90 0.0000 

SPECIES 3 23.8342 7.94474 548.54 0.0000 

TRET*SPECIES 9 0.0062 0.00069 0.05 1.0000 

Error 30 0.4345 0.01448   

Total 47 28.5092  

 

Grand Mean 1.6623    CV 7.24 

Appendix 12-f 

Analysis of Variance Table for shoot fresh weight 
 

Source DF SS MS F P 

REP 2 0.3317 0.16583   

TRET 3 21.7939 7.26465 90.88 0.0000 

SPECIES 3 11.3323 3.77744 47.26 0.0000 

TRET*SPECIES 9 0.0959 0.01066 0.13 0.9983 

Error 30 2.3981 0.07994   

Total 47 35.9519    

 

Grand Mean 3.2498    CV 8.70 

Appendix 12-g 

Analysis of Variance Table for shoot dry weight 
 

Source DF SS MS F P 

REP 2 0.06020 0.03010   

TRET 3 4.44188 1.48063 110.97 0.0000 

SPECIES 3 2.24661 0.74887 56.13 0.0000 

TRET*SPECIES 9 0.00824 0.00092 0.07 0.9999 

Error 30 0.40026 0.01334   

Total 47 7.15719    

 

Grand Mean 1.4004    CV 8.25 

 



XIX 
 

Appendix 12-h 

Analysis of Variance Table for root fresh weight 
 

Source DF SS MS F P 

REP 2 0.456 0.2279   

TRET 3 11.683 3.8945 81.89 0.0000 

SPECIES 3 95.708 31.9026 670.82 0.0000 

TRET*SPECIES 9 0.235 0.0262 0.55 0.8260 

Error 30 1.427 0.0476   

Total 47 109.509  

 

Grand Mean 2.7960    CV 7.80 

Appendix 12-i 

Analysis of Variance Table for root dry weight 
 

Source DF SS MS F P 

REP 2 0.1427 0.07137   

TRET 3 3.0433 1.01445 51.88 0.0000 

SPECIES 3 24.3779 8.12596 415.58 0.0000 

TRET*SPECIES 9 0.0815 0.00905 0.46 0.8877 

Error 30 0.5866 0.01955   

Total 47 28.2320    

 

Grand Mean 1.4197    CV 9.85 

Appendix 12-j 

Analysis of Variance Table about Cd uptake by different tree species (Experiment III) 
 

Source DF SS MS F P 

TRET 3 5.14682 1.71561 198.46 0.0000 

SPECIES 3 49.1980 16.3993 1897.10 0.0000 

LOCATION 2 5.25682 2.62841 304.06 0.0000 

TRET*SPECIES 9 3.04566 0.33841 39.15 0.0000 

TRET*LOCATION 6 8.592E-32 1.432E-32 0.00 1.0000 

SPECIES*LOCATION 6 1.37758 0.22960 26.56 0.0000 

TRET*SPECIES*LOCATION 18 1.856E-31 1.031E-32 0.00 1.0000 

Error 96 0.8298 0.00864   

Total 143 64.8548  

 

Grand Mean 1.2909    CV 7.20 
 

 

 

 

 

 

 

 

 

 

 

 

 



XX 
 

Appendix 12-k 

Analysis of Variance Table about Pb uptake by different tree species (Experiment III) 
 

Source DF SS MS F P 

REP 2 9.5 4.75   

SPECIES 3 22719.8 7573.25 1375.51 0.0000 

TRET 3 9621.8 3207.28 582.53 0.0000 

LOCATION 2 12816.7 6408.34 1163.93 0.0000 

SPECIES*TRET 9 3695.5 410.61 74.58 0.0000 

SPECIES*LOCATION 6 10520.6 1753.44 318.47 0.0000 

TRET*LOCATION 6 2838.4 473.07 85.92 0.0000 

SPECIES*TRET*LOCATION 18 2780.7 154.48 28.06 0.0000 

Error 94 517.5 5.51   

Total 143 65520.5    

Grand Mean 20.775    CV 11.29 

 

 


