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TITLE: IMPACT OF POLLUTED WATER OF PHULELI CANAL ON SOIL 
PROPERTIES AND GROUNDWATER QUALITY 

 
Phuleli, a non-perennial canal, was constructed in 1955 with design 

discharge capacity of 15000 cusec to meet the irrigation water requirements of left 
bank districts of lower Sindh. The canal originates from Ghulam Muhammad Barrage 
(Kotri Barrage) on the left bank of river Indus and passes through Hyderabad, the 
second largest city of Sindh province. The canal water is mainly used for irrigation 
purpose; however cities and villages in its command also draw water for the domestic 
use. Highly toxic effluent from plastic factories, illegal cattle pens, slaughterhouses 
and municipal sewage water are directly discharged into the Phuleli Canal when it 
passes through Hyderabad city which has deteriorated the canal water quality and thus 
has put lives of millions of people at risk. Present study was thus conducted to 
investigate the effect of disposal of untreated domestic and industrial sewage water 
and waste into Phuleli Canal on its water quality and subsequent effect on 
groundwater and soil properties in its command area. In the study, the quality of the 
canal and groundwater was monitored through sampling around the year for four 
seasons (summer, autumn, winter, and spring) at seven different locations (RD-0, RD-
30, RD-50, RD-70, RD-90, RD-110 and RD-130) along Phuleli Canal. The soil 
physico-chemical properties at various soil depths (0-20, 20-40 and 40-60 cm) and at 
different locations in the canal command area were also determined.   

The results of the study revealed that EC, HCO3
 , Cl , SO4, Ca+Mg, Na, 

SAR, Cd, Cr, Pb and As of canal water increased considerably towards down-reach 
(RD-130) of canal during winter season with the exception of Zn, Fe, pH and K 
showing maximum at up-reach (RD-0) and decreasing trend towards down-reach. Cu 
concentration was high towards down-reach (RD-130) during spring season and Mn 
was high at up-reach (RD-30) in summer. The groundwater of canal command area 
had higher EC, HCO3, Cl, Ca+Mg, Na, SAR, Cd, Cr, Pb and As  and in the down-
reach   (RD-130) during winter. The pH and K had opposite trend, being high pH near       
up-reach (RD-0) during summer and low towards down-reach (RD-130) during 
autumn. Zn was high towards up-reach (RD-0) during winter season and it relatively 
decreased towards down-reach (RD-130) during summer season. Fe concentration 
was greater in groundwater at up-reach (RD-30 and RD-50) during winter. Cu 
concentration was maximum towards   down-reach (RD-130) during summer season. 
In soils irrigated by Phuleli Canal, high soil EC, Cl, Ca+Mg and Na were found near 
soil surface (0-20 cm) during winter near down-reach (RD-130). However, they were 
found low in the soil depth 20-60 cm during summer near up-reach (RD-0) in canal 
command area. The soil HCO3 was high in the layer near to soil surface (0-20 cm) 
during winter in up-reach (RD-0), whereas, it decreased in the lower soil depth during 
summer towards mid to down reach. The soil SO4

 increased in upper soil layer (0-20 
cm) during autumn season in down-reach (RD-130). Soluble K was greater in upper 
soil surface (0-20 cm) during summer in up-reach (RD-0) and decreased towards 
down-reach (RD-130) in lower soil depth (40-60 cm) during summer in down reach 
(RD-130). Zn and Fe contents were high in upper soil surface (0-20 cm) during winter 



 xvii

in up-reach (RD-0 and RD-30) decreased in lower soil depths (20-40 cm) in down-
reach (RD-130) during summer. Cu content was high in upper soil layer (0-20 cm) 
near down-reach (RD-130) during summer and decreased in lower soil depths (40-60 
cm) near up-reach (RD-0) during winter season. Cd, Cr, Pb and As content were 
higher in upper soil layer (0-20 cm) near down-reach (RD-130) during winter and 
decreased in lower soil depth towards down-reach (RD-130) during summer.  

The ions concentration of Phuleli Canal water was within the 
permissible limits given by WHO and FAO for human consumption and agriculture 
purpose respectively in all seasons and at all locations. However, Fe, Cd and Cr 
concentration in water were higher than WHO permissible limits and Cu and Mn 
greater than FAO permissible limit at down-reach. The ions concentration of CO3, 
HCO3, Cl, SO4, Ca+Mg, and pH of groundwater were within the permissible limits 
except for EC that was higher than the reference value set by WHO and FAO; while 
the ions concentration of Cl and Na, SO4 and K were beyond the permissible limits set 
by WHO for human consumption in all season at all sampling locations. Fe, Cd, Cr 
and Pb concentraton in groundwater were higher than WHO permissible limits while 
Cu and Mn concentration greater than FAO permissible limits. EC, Zn, Fe, Cu, Mn, 
Cd, Cr and Pb of soil in surface layer were greater than FAO permissible limits. 
Heavy metals concentration/content in canal, groundwater and soil water samples 
were found higher in down-reach compared to the up-reach which may be due to the 
discharge of untreated industrial waste into canal. 

The present study concludes that due to continuous disposal of 
untreated effluent wastewater into the Phuleli Canal from different sources most of 
the canal and groundwater samples contained highly toxic metals above the 
permissible limits set by WHO and FAO for human and crop consumption 
respectively. The water contamination was greater during the winter season due to 
low water discharge from Kotri Barrage into canal and reception of low rainfall in the 
area. Because of accumulation of trace and heavy metals in soils of Phuleli Canal 
Command area, the crops and vegetables grown might not be suitable for human and 
animal consumption. To maintain canal water quality within permissible limits, it is 
suggested that (i) industries must be compelled to discontinue draining toxic effluents 
in the canal, (ii) municipal sewage water, after treatment, should be used directly for 
urban agriculture instead of discharging into waterways, (iii) illegal pens and 
slaughter houses be discouraged to pour their waste into the canal, (iv) government 
must install water  treatment plants for regular supply of drinking water for the people 
living alongside the canal, (v) the canal water quality should be regularly monitored 
and (vi) awareness programs should be initiated to provide knowledge to the people 
about the polluted water,  associated health risks, and its safe use. 
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CHAPTER - I 

INTRODUCTION 

 

Over two thirds of the earth’s surface is covered with water which is 

undoubtedly the most precious natural resource. Although it is a recognized fact, but 

it is disregarded by humans; and they are polluting rivers, lakes and oceans and thus, 

fresh water has become a scarce commodity globally (MacDonnell, 1996; Brassard, 

1996; Ungate, 1996; Rao, 2010). The optimum utilization of water resources is of 

paramount importance because the world as a whole is suffering from water shortages 

(Lindsey et al., 1996; Gannon et al., 1998; USEPA, 1996). Pakistan is presently facing 

the situation that all its developed water resources are inadequate to meet the irrigation 

and other water requirements (PWP, 2001). 

Pakistan possesses the world’s largest contiguous irrigation network 

commonly known as Indus Basin Irrigation system. The canal command area of the 

system is around 14.3 million hectares (35 million acres) and encompasses the Indus 

River and its major tributaries. There are three large reservoirs of the Indus Basin 

Irrigation system including Tarbela, Mangla and Chashma; 23 barrages/ headworks/ 

siphons, 12 inter-river links and 45 canal commands extending for about 60,800 km to 

serve more than 140,000 watercourses operated by the farmers. Irrigated agriculture is 

the backbone of the national economy. The level of agricultural production is directly 

related to the water availability and effective its use as a major input. There is rising 

trend for the the demand for water, while the opportunities for further development of 

water resources or maintaining their use to existing levels are declining. The shortage 
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of water particularly in Rabi season has further provoked the current water crisis 

(GOP, 2010). However, most of the canal waters are heavily polluted due to non-

existence and non-implementation of international laws for conservation of water 

resources and lack of motivation among the stakeholders for keeping the available 

water resources pollution free (World Gazetteer, 2005). 

The major causes of water pollution can be classified as municipal, 

industrial and agricultural. Municipal water pollution consists of wastewater from 

homes and commercial establishments (Terry, 1996; Wayne and Renee, 1997). For 

many years, the main goal of treating municipal wastewater was simply to reduce its 

content of suspended solids, oxygen-demanding materials, dissolved inorganic 

compounds, and harmful bacteria. The impact of industrial discharges depends not 

only on their collective characteristics, such as biochemical oxygen demand and the 

amount of suspended solids (MacKenzie, 1996), but also on their content of specific 

inorganic and organic substances (Onsdorff, 1996). Generrally, there are three options 

to control industrial wastewater (Richman, 1997). The control can be takeen place at 

the point of generation in the plant; pretreatment of wastewater for discharge to 

municipal treatment sources; or treatment of wastewater at the plant completely; and 

either reused or discharged directly into receiving waters (Tibbetts, 1996). 

Water pollution is the pollution of water bodies (e.g. lakes, rivers, 

groundwater and oceans). It occurs when pollutants are discharged directly or 

indirectly into water bodies without adequate treatment to remove harmful 

compounds, the pollution occurs (Dipak and Arti, 2011; Subramanyachary, 2013). 

When polluted water is drunk, it has often serious effects on human health; and 

pollution also makes the water unsuited for the desired use. A little negligence on the 
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part of civic bodies can result in the spread of many diseases (Mukhi and Srivastava, 

1987). In Pakistan the problem of water pollution is growing at an alarming rate. The 

phenomena1 increase in country’s population has brought unprecedented pressure on 

safe drinking water. Water born diseases account for 20 to 30% of all hospital cases 

and 60% infant deaths (GOP, 2000). In Pakistan, 72% population lives in rural area; 

most of them dont have the availability of good quality drinking water; and due to 

drinking of polluted water, the people face a many diseases problems like typhoid, 

stomach problems, kidney problem, food poisoning and skin problem (Ilyas, 1998). 

Faisalabad is a big commercial zone and has a large number of textile and dying mills, 

generally weaving, dying, printing and finishing of cloth is carried out there. These 

operations usually produce intensely alkaline liquor high in dissolved materials and 

suspended soil. In the absence of adequate treatment facilities and effective drainage 

system, bulk of the effluent from these industrial units flow into open land and low 

lying areas with consequential severe damage to flora and fauna. The offensive smell 

of stagnant pools of waste water is great source of nuisance to the local people (Javed, 

1989). There is a need to study the socio-economics characteristics of people, 

examine their awareness about the water pollution and finding methods to control the 

ill affects of water pollution on human health (Akhtar et al., 2005). 

Canal irrigated crops are affected by the poor water quality due to salt 

accumulation in root zone, by causing loss of permeability of the soil due to excess 

sodium or calcium leaching, or by contaminants which are directly toxic to plants or 

human consumers (FAO, 1990). Contaminants in irrigation water may accumulate in 

the soil and, after a period of years, render the soil unfit for agriculture. Even when 

the presence of pesticides or pathogenic organisms in irrigation water does not 

directly affect plant growth, but the acceptability of the agricultural product for 
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consumption is potentially affected. Quality criteria may also differ considerably from 

one country to another, due to different annual application rates of irrigation water 

(Akhtar et al., 2005). 

The use of the urban wastewater for agriculture has become a widely 

established practice, particularly in urban and peri-urban areas of arid and semi arid 

regions. It is estimated that about 80 percent municipal wastewater in the developing 

countries is used for crop irrigation (Cooper, 1991). At least 500,000 hectares cropped 

area in Latin America is irrigated with untreated wastewater (Moscosco, 1996), where 

Mexico is the major contributor of this area (Rodriguez, et al., 1994). In Saudi-

Arabia, Jordan, Mexico, India, Pakistan and Israel, wastewater is commonly used for 

agriculture production. The Israel projected to meet 70% of the total agricultural 

demand by the year 2040 and wastewater reuse is the forefront planning of this 

projection (Haruvy, 1997). The farmers from developing countries irrigate more than 

20 million hectares of cropped area using wastewater, which is a practice that 

worldwide fuels the economy of thousands of small communities’ (Future Harvest, 

2004). It is estimated that near 1/10th of the world’s population currently consumes food 

products produced using wastewater (Scott et al., 2000). 

An estimated 25-35 million people in the Indus basin live in areas with 

brackish groundwater with very low rainfall; hence they rely on surface irrigation 

water for all their water needs, including washing, bathing, and drinking (Van der 

Hoek et al., 1999). In most towns in Pakistan, which have a sewage disposal system, 

the wastewater is used for irrigation. Recent estimates reveal that about 26% of 

vegetable production comes from fields irrigated with wastewater (Jeroen et al., 

2004). In the cases where wastewater is not used directly, it is disposed off in the most 
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convenient surface water bodies, which often are irrigation canals that often serve as 

the source of drinking water for people living further down reach. Like many other 

developing countries, the wastewater in Pakistan is being used for irrigation to raise 

the vegetables and crops in the immediate surrounding of the cities and the towns. 

However, a better taste is observed in vegetables grown with canal water than sewage 

irrigated vegetables (Hussain et al., 1991). The crops grown in the contaminated soils 

may also accumulate heavy metals in excessive quantities in various food parts 

(Chaney, 1983) which in turn may cause clinical problems in animals and human 

beings all over the world. Some general toxic effects of the heavy metals are hepatic 

damaging, anaemia, haemolysis, severe diarrhoea, dizziness, cirrhosis and 

degeneration of basal ganglia of brain and liver (Kumar and Clark, 1991).  

Like other cities of Pakistan, Hyderabad is also facing a great problem 

of safe disposal of wastewater. Highly toxic runoff from plastic factories, illegal cattle 

pens, slaughterhouses and sewage water is directly disposed off either by gravity flow 

or by means of pumping into Phuleli Canal without any treatment (Leghari, et al., 

2004) as it passes through Hyderabad.  As a result, Phuleli Canal has put in jeopardy 

lives of millions of people in Hyderabad, Badin, Tando Muhammad Khan and Matli 

towns of Sindh province of Pakistan because they use this contaminated water for 

drinking purpose (Dawn, 2006 a, b;  Guriro, 2009).  This untreated sewage water 

contains dissolved and suspended solids, inorganic and organic compounds, oils, 

solvents, greases, thermal discharge, etc. The groundwater is said to be polluted due 

to leachate of harmful chemicals and is considered unfit for drinking purpose and 

agriculture use. Therefore, it is imperative to protect the freshwater bodies of Sindh 

Province. Also it has been the interest of the public to know whether vegetables, fruits 

and food crops cultivated in polluted soils are safe for human consumption (Chiroma, 
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et al., 2003). The present study is therefore an attempt to analyse canal water quality 

and its impact on underground water as well as on soil physico-chemical properties.  

Objectives 

1.   To determine the variations in water quality  of Phuleli Canal during summer, 
autumn, winter and spring seasons and to compare the critical values of water 
quality with WHO guidelines. 

2. To determine the effects of Phuleli Canal water on soil properties and 
groundwater quality. 

3. To formulate the guidelines for safe disposal of wastewater in the canal. 

4. To suggest guidelines for farming community so as to minimize the health 
risks from the use of water for irrigation. 
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CHAPTER–II 

REVIEW OF LITERATURE 

 

2.1      Impact of polluted water on irrigated soils  

Water is an essential requirement for all of the living organisms in the 

biosphere (Mulla et al., 2012). Water systems are established by man for numerous 

purposes such as drinking, irrigation, fisheries, industrial processes, transportation and 

waste disposal. Use of contaminated water has become a serious threat to the plant 

and animal communities in the ecosystem (Shamsi et al., 1983). Sewage pollutants 

include pathogenic organisms, oxygen-demanding wastes, plant nutrients, organic and 

inorganic substances, sediments, radioactive materials, oil and heat (Abedi and Najafi, 

2001). The principal impurities in polluted waters are organic materials and plant 

nutrients, but domestic sewage is also very likely to contain disease causing microbes 

(Kakar et al., 2006; Al-Makhdoom, 2006). Heavy metals such as copper, cadmium, 

chromium, lead, mercury, and selenium get into water from many sources, such as 

industries, automobile exhaust, mines, and even from natural soils (Faryal et al., 

2007; Khan et al., 2008). Plants grown in contaminated soils or irrigated with 

municipal wastewater when consumed by peoples may result in health problems 

(Wahid et al., 2004) like diarrhea, mental retardation, liver and kidney damage 

(Matsuno et al., 2004; Uzair et al., 2009). 

Pakistan is an agrarian country of Southeast Asia and increased 

industrialization and urbanization in Pakistan have resulted in discharge of effluents 

of toxic nature into the waterways, thus polluting and rendering the water bodies unfit 
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for consumption in agriculture sector (Wahid et al., 2000). Plants can accumulate the 

toxic pollutants in their bodies at very high amounts and through food chain can reach 

the human beings causing serious threat to their health. The impacts of water 

pollutants are felt and perceived at much longer distances although these are often 

ignored hitherto. 

Polluted water consists of industrial discharged effluents, sewage 

water, and the rainwater. The use of polluted water is a common practice in 

agriculture. Estimation indicates that more than fifty countries of the world with an 

area of twenty million hectares are treated with polluted or partially treated polluted 

water (Mahmood, 2006). In poor countries of the world more than 80% of polluted 

water have been used for irrigation with only seventy to eighty percent food and 

living security in industrial urban and semi urban areas (Ashraf et al., 2011). Polluted 

water is complex water resource with both advantages and also disadvantages. 

Generally the use of polluted water for irrigation has an advantage of crop production 

so benefits to farmers and the whole community but also harmful for the people and 

whole ecosystem of the concerned area. The main reason for the use of this polluted 

water is the non availability of enough funding to treat polluted water before using for 

irrigation purposes. As a result it degrades the environment as well as a cause of water 

borne diseases in the said area. All polluted water contains plant nutrients and also 

organic matter other than high concentration of soluble salts and heavy metals 

(Ghafoor et al., 1994). Farmers use polluted water to save their expenses (Ibrahim and 

Salmon, 1992). Harmful effects can last for several years due to extensive irrigation 

of polluted water so it can not only leach down the soil but also has a negative effect 

on groundwater quality. In Pakistan more than eighty percent of the population use 

groundwater for drinking purpose. The effects of water pollution are numerous. Some 
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water pollution effects are recognized immediately, whereas others don’t show up for 

months or years. When toxins are in the water, the toxins travel from the water the 

animals drink to humans when the animals’ meat is eaten so the pollutants enter the 

food chain. Infectious diseases such as typhoid and cholera can be contracted from 

drinking contaminated water. This is called microbial water pollution. The human 

heart and kidneys can be adversely affected if polluted water is consumed regularly. 

Other health problems associated with polluted water are poor blood circulation, skin 

lesions, vomiting, and damage to the nervous system. In fact, the effects of water 

pollution are said to be the leading cause of death for humans across the globe (The 

Asia Water Project, 2010). The irrigation system of Punjab Province, Pakistan is 

accompanied by a network of drainage system. The drains were originally constructed 

to counter the problem of water logging and to collect the surplus water and flood 

water. But in the present scenario due to increased population and industrialization, 

the drains mainly carry the industrial and municipal effluents that are ultimately 

carried to the canals and rivers. The untreated industrial and municipal wastes have 

created multiple environmental hazards for mankind and have become a threat to the 

various useful uses including irrigation, drinking and sustenance of aquatic life. The 

drainage water contains heavy metals in addition to biological contaminations. This 

water adds pollution to our food chain in addition to groundwater contamination when 

used to irrigate crops. These risks must be kept at a level acceptable to the community 

(WAPDA, 2007). 

Experiments conducted by Kakar et al. (2010) on canola showed that 

various concentrations of municipal wastewater have been quite effective to test the 

effects of water pollution on different parameters of canola biomass, physiology, and 

yield. Having a look on the results of chemical analysis of municipal wastewater, it is 
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clear that effluents were highly alkaline with very high EC, BOD, COD, SAR, and 

RSC along with many other toxic wastes in high amounts and simliar results on 

wastewater analysis have been reported by many workers (Al-Fredan, 2006; Nazif et 

al., 2006; Mahmood and Maqbool, 2006; Kakar et al., 2006). Crop growth and 

development showed dramatic effects of municipal wastewater on growth 

performance of both cultivars of canola. Plants grown in pollution stress remained 

weak, with less height, and less number of leaves that lead to highly pronounced 

reductions in fresh and dry shoot weights and root weights (Kakar et al., 2010). A 

number of workers have reported adverse effects of wastewater effluents 

demonstrating reductions in growth performance and fresh weight biomass (Wahid    

et al., 2000; Farid, 2006), accelerated leaf senescence due to effluents (Wahid et al., 

2000; Chen and Chia, 2002; Singh, 2003) and also reduction in dry biomass 

production (Kisku et al., 2000; Uzair et al., 2009). Response of canola cultivars to 

some physiological parameters was also highly significant. As it has been described 

earlier that plants were weak and poorly developed in effluent treatments so their 

stomatal conductances, transpiration rate and net photosynthesis rate were also lower 

corresponding to plants grown in control. It was further confirmed that both 

chlorophyll pigments were also reduced significantly in effluents tretaed plants than 

control. Many workers have reported that chlorophyl contents are reduced in plants 

growing under wastewater pollutants stress (Kisku et al., 2000; Pandey, 2007; Kang 

et al., 2007) and also showed reduced functioning of physiological parameters (Qadir 

and Oster, 2004).  

A study conducted in Faisalabad showed that soil and plants contained 

many toxic metals, that received irrigation water mixed with industrial effluent (Khan 

et al., 1994; Qadir, 1999). Similarly, Jaffer et al., (1995) found many fish containing 
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higher concentrations of heavy metals in the area of Southeast Arabian Sea where 

polluted industrial water is thrown though Malir River. The industrial effluent 

produced in several industries in Korangi area is dumped in Malir River and finally it 

leads to Arabian Sea. Wastewater mixed with industrial effluent used for irrigation in 

the vegetable growing area of Korangi was tested for its heavy metal contents. For 

this purpose, 24 samples from different drains and four tube well water samples were 

collected and analyzed in the year 2000. Similarly, soil and plant samples were taken 

from the same area and analyzed to assess their heavy metal contamination. It was 

found that Zn was 0.005-5.5 mg l-1, Cu (0.005-1.19 mg l-1), Fe (0.04-5.58 mg l-1), Mn 

(0.01-1.79 mg l-1), Cd (0.004-2.4 mg l-1), Cr (0.004-5.62 mg l-1), Ni (0.02-5.35 mg l-1) 

and Pb (0.05 to 2.25 mg l-1) in various waste water samples. It was noted that 4% 

samples contained Zn, Cu, Fe and Cr above the critical values; while 7, 21, 14 and 

36% samples were higher than the required values in Mn, Cd, Ni and Pb respectively. 

Similarly, soil analysis (0-20 cm) showed higher values of Zn, Fe, Mn, Cd, Ni and Pb 

at some places. Likewise plant samples (spinach) had greater concentrations of many 

heavy metals than the recommended values. However, area irrigated with tube well 

water was safe and heavy metal quantities were within the limits in soil and plants 

(Saif et al., 2005). 

Reproductive growth of the plants (Kakar et al., 2010) was clearly a 

reflection of their vegetative growth performance in the subsequent effleunts 

treatments and control. All parameters of yeild and yield components were reduced 

sgnificantly in pollution treatments than that of counterparts in control. For instance, 

reduction in number of silqua per plant depicted the fewer number of branches in the 

vegetative growth phase. In addition, silqua length was also reduced in effluents 

treatments. Seed yield per siliqua and per plant was also reduced leading to lower 
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seed weight per plant and 100-seed weight. Reduction in 100-seed weight is of prime 

importance as it is indicative of that the seeds in effluents treatments were light in 

weight than that of heavier weight of seeds found in control plants. Harvest index was 

also reduced in pollution treatments representing that seed weight was more sensitive 

to the applied effluents stress than straw weight (Kakar et al., 2010). Effects of water 

pollution in reducing the crop yield have been described by some workers (Bazai and 

Achakzai, 2006; Farid, 2006; Kang et al., 2007; Khan et al., 2009). Wahid et al. 

(2000) reported that yield of soybean cultivars was highly reduced due to wastewater 

effluents of a chemical industry in Lahore that was highly saline with extremely high 

electrical conductivity. Tamoutsidis et al. (2002) reported that increasing doses of 

municipal wastewater application on vegetables for edible leaves (lettuce, endive and 

spinach) and roots (radish, carrots and beets), reduced the overall yield of plants. 

Chen and Chia (2002) working in china, reported municipal wastewater impacts on 

some vegetables including cabbage, carrot and sweet peas. According to them, 

vegetables were more seriously affected by the city water pollution than other crops, 

and set a critical financial pressure on the growers. Khedkar and Dixit (2003) reported 

that wastewater of cities have inhibiting effect on seed setting and yield of the crop. 

Singh (2003) reported that economic yield declines corresponding to the higher 

pollution levels. Kang et al. (2007) indicated that irrigation of rice with reclaimed 

municipal wastewater also caused adverse effects on yield of rice due to high pH and 

EC. Given all these supporting evidences, yet it is very difficult to be confident in 

making comparisons of present results with those obttained by many workers as 

wastewater of domestic use is often rich in many minerals needed for plant growth but 

in the present case, municipal wastewater showed high pH, EC, and SAR, and RSC 

along with many other toxic chemicals that might have produced more synergistic 
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negative effects on the productivity. It is, however, assumed that present study do not 

overestimate the results in all aspects of plant performance keeping in view the 

quality of municipal wastewater used for irrigation purposes in this study. The 

contamination level of the Grand Canal and the adjacent hydrogeological systems 

near Hangzhou, China was analysed for chemical features of metals including Cu, Pb, 

Zn, Cr, Mn, Cd and Hg in sewage and solid materials polluted the water and shallow 

sediments in the canal (Huanxin and Chen, 2000). The canal flow transported the 

contaminants from source areas downstream. Because of the pollution, the canal 

water, which was suitable for drinking, contained low oxygen values and was not able 

to support any aquatic animal life. Low-permeability strata and high groundwater 

levels prevented direct transport of contaminants to the adjacent groundwater systems 

on both sides of the canal. However, utilization of the canal water for irrigation and 

the mud for fertilizer by local farmers resulted in the spread of contaminants on both 

sides of the canal. Consequently, the soil and the groundwater in the area were also 

contaminated by heavy metals (Huanxin and Chen, 2000).  

Though there are a number of empirical studies on agriculture related 

environmental problems, such as soil degradation, wind and water erosion, only a few 

studies have dealt with environmental problems associated with industrial pollution 

and its impact on agriculture and other sectors. Though at the macro level Pearce 

David and Warford (1993) have estimated the costs of environmental degradation in 

terms of human health, soil erosion, deforestation, etc., majority of the indicators are 

not directly related to industrial pollution. It was shown that the damage costs in 

developing countries are higher than those in developed countries (Pearce David and 

Warford, 1993). According to their estimates the environmental costs in the 

developing countries were about 5% of their GDP. A few studies have dealt with the 
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impact of industrial pollution on agriculture, human health and ecosystems in the 

developed countries (Pearce et al., 1978). Pearce David and Warford (1993) have 

argued that the most important and immediate consequences of environmental 

degradation in the developing world take the form of damage to human health. 

Yonggua et al. (2001) have made an attempt to estimate the impact of industrial 

pollution on agriculture, human health and industrial activities in Chongqingm, which 

is one of the heavily polluted mega cities in China. It was estimated that the total costs 

of industrial pollution were 1.2% of Chongqing’s gross product. Of this 56% is in 

agriculture sector, while the damages to human capital and industrial sector are 20% 

and 18%, respectively. These studies reveal that industrial pollution imposes severe 

costs on other related sectors in an economy. 

 In the recent years, attempts have been made in India to estimate the 

various impacts of industrial pollution and sewage on human health, agriculture and 

livestock and other sectors of the economy (Shankar, 2001; Dasgupta, 2001; 

Markandya and Murty, 2000). However, in most of these studies estimates are made 

on the basis of single reference point. They have not taken into account the changes 

over the period or compared the affected situations with that of a controlled situation. 

This study is an attempt to estimate the costs of industrial pollution on various aspects 

of rural livelihoods in a systematic manner. Such an approach assumes importance in 

the context of policy formulations.  

The water used for growing crops in Jordan (Abu-Rukah and Al-

Kofahi, 2001) was non-potable because most of the physical and chemical parameters 

examined exceeded the permissible limits. Some sites were not suitable for irrigation 

because the electrical conductivity was high and in addition had increased 
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concentrations of chloride, bicarbonate, and nitrate. Few sites were characterized as 

the most polluted. In India (Tamil Nadu province), electrical conductivity (EC) of 

water used for crop irrigation was in the range of 0.45-4.50, 2.27-9.95 and 0.2-2.7 dS 

m-1 at three sites, respectively (Latha et al., 2002). The groundwater samples 

(Thirumathal and Sivakumar, 2003) showed the values of total dissolved solids (86-

1165 mg l-1), iron (0.6-4.1 mg l-1), nitrates (6.3-17.2 mg l-1), sulfates (4.9-32.5 mg l-1), 

chlorides (110-825 mg l-1), calcium (60.0-185.3 mg l-1), magnesium (33.2-140.0 mg l-

1), biochemical oxygen demand (6.2-22.0 mg l-1) and chemical oxygen demand (18-

38.5 mg l-1) in all the selected water samples. The EC of groundwater in Haryana 

(India) found to be 63.4% with EC values <4 dS m-1 and rest of the samples had EC 

values >4 dS m-1 which falls either in saline or high sodium absorption ratio saline 

categories (Phogat et al. 2004). The maximum samples were found in saline (22.76%) 

category followed by marginally saline (21.27%). Good quality category recorded 

15.67% samples and high SAR saline category accounted for 10.45% samples. The 

per cent samples in sodic classes were 2.99, 8.21 and 18.66% in marginally alkali, 

alkali and high alkali classes, respectively. The concentration of Na+, Ca+2 and Mg+2 

ions generally increased with increase in EC of the water samples. Chlorides and 

HCO3
- were found in appreciable quantities, whereas CO3

- were in traces 

(Thirumathal and Sivakumar, 2003). The groundwater quality of vineyards around 

Hyderabad, Andhra Pradesh, India showed soluble salts and chloride contents higher 

than the permissible limits for agriculture use water in berries orchards (Sairam, 

2004). The agricultural lands where polluted water is used for growing crops in Tamil 

Nadu, India (Bhargava   et al., 2006) using 1742 samples, 852 were found with EC 

less than 1.0 dS/m, which is safe for growth and productivity of grapevines; 536 were 

within EC range of 1.0 to 2.0 dS m-1, where growth is restricted due to salinity; 310 
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with EC more than 2.0 dS m-1, where rootstock is necessary; and 44 were found with 

EC more than 4.0 dS m-1, where even the tolerance limit of most commonly used 

rootstock is a failure. Most of the irrigation waters were alkaline in nature and pH 

ranged from 7.31 to 8.91 during 1980-1981, and 5.05 to 3.72 during 1999-2004. In 

Bangladesh the compositions of the groundwater are generally within the permissible 

range of irrigation use, except increased Cl- values, responsible for toxicity problem 

(Sarkar and Hassan, 2006). Standard water quality parameter indices like pH, EC, 

SAR, SSP, RSBC, KR, PI, MAR and TH were also found within the acceptable range 

of crop production. RSC values were higher (3.26 to 4.16 meq l-1) than the 

permissible limit (>2.5 meq l-1) due to higher HCO3
- content in the irrigation water 

that may induce some permeability problem.  

The amount of agricultural land (Lin et al., 2002) increased in each 

sub-basin, average nitrate concentrations in the well and stream waters also increased, 

suggesting a connection between agricultural land use and nitrate contamination of 

water resources in the watershed. Similarly, the nitrate concentrations downgradient 

from agricultural land are significantly higher than nitrate concentrations elsewhere 

(Gardner and Vogel, 2005). The methodology and results outlined here provide a 

useful tool for land managers in communities with shallow water tables overlain with 

highly permeable materials to evaluate potential effects of development on ground 

water quality (Lin et al., 2002). The levels of Ca, Cu, Pb, Mg, silica, and Zn differed 

by type of water source in US soils (Bleich et al., 2006) that differences are related to 

construction materials, design, or substrate; with the exception of pH, none of the 

analytes tested for exceeded standards recommended for livestock drinking water and 

concluded that the quality of water available at man-made water sources in 

southeastern California desert environments does not constitute a wildlife health 
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threat. The impact of polluted water on Irish agriculture is the potential transfer of 

nutrients to water; soil water dynamics mediate the transport of nutrients to water, and 

these dynamics in turn depend on agro-meteorological conditions, which show large 

variations between regions, seasons and years Schulte et al. (2006). 

2.2  Impact of polluted water on agriculture 

Pakistan is an agricultural country having the world's largest canal 

irrigation system. Indus basin that covers 70 percent of irrigated area for crop 

production is the major source of water in the country. Owing to rapid increase in 

population and uncertain environmental conditions, this water is not adequate to cope 

with the crop water requirement and needs additional means to provide extra water for 

agricultural purposes. The main source of irrigation is canal and groundwater but the 

quality of groundwater is so poor for the sustainability of agriculture system. To cope 

with the present demand, use of municipal sewage water that consists of domestic 

liquid waste, as well as industrial effluents, is becoming a common practice (Butt et 

al., 2005). Although the sewage water is a source of many nutrients, it also includes a 

significant amount of heavy metals like Fe2+, Cu2+, Zn2+, Mn2+, Ni2+, Pb2+ and 

pathogens. Extensive use of this effluent for irrigation purpose has resulted in an 

upsurge of such metals in soils and various crops, which ultimately resulted in clinical 

problems in human beings (Butt et al., 2005).  

Polluted water (treated and untreated) is extensively used in agriculture 

because it is a rich source of nutrients and provides all the moisture necessary for crop 

growth. Most crops give higher than potential yields with wastewater irrigation; 

reduce the need for chemical fertilizers, resulting in net cost savings to farmers. The 

nitrogen delivered to the crop through wastewater irrigation exceeds the 
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recommended nitrogen dose for optimal yields; it may also stimulate vegetative 

growth delayed, ripening and maturity, and in extreme circumstances cause yield 

losses. Crop scientists have attempted to quantify the effects of treated and untreated 

wastewater on a number of qualities and yield parameters under various agronomic 

scenarios. An overview of several studies suggests that treated wastewater can be 

used for producing better quality crops with higher yields than what would otherwise 

be possible (Butt et al., 2005). 

The use of untreated municipal polluted water, as is the practice in 

many countries, pose a whole set of different problems. Nevertheless, the high 

concentration of plant food nutrients becomes an incentive for the farmers to use 

untreated polluted water as it reduces fertilizer costs, even when the higher nutrient 

concentrations may not necessarily improve crop yields. Most crops, including those 

grown in peri-urban agriculture, need specific amounts of NPK for maximum yield. 

Once the recommended level of NPK is exceeded, crop growth and yield may be 

affected negatively. For example, urea plant effluents are a rich source of liquid 

fertilizer but in concentrated forms they have adverse effects on rice and corn yields 

(Singh and Mishra, 1987). 

The composition of municipal polluted water also has to be taken into 

account. Predominance of industrial waste brings in chemical pollutants, which may 

be toxic to plants at higher concentrations. Some elements may enter the food chain, 

but most studies indicate that such pollutants are found in concentrations permitted for 

human consumption. On the other hand, predominance of domestic polluted water 

may result in high salinity levels that may affect the yield of salt sensitive crops. The 

above discussion shows that the economic impacts of polluted water on crops may 



19 
 

differ widely depending upon the degree of treatment and nature of the crops. From 

an economic viewpoint, polluted water irrigation of crops under proper agronomic 

and water management practices may provide the following benefits: (1) higher 

yields, (2) additional water for irrigation, and (3) value of fertilizer saved. 

Alternatively, if plant food nutrients delivered through polluted water irrigation result 

in nutrient over supply, yields may be affected negatively. 

Because of excessive amounts of nutrients in wastewater, the 

agricultural soils are adversely affected; high total dissolved solids and heavy metals 

are added to the soil over time. The groundwater pollution occurs due to leaching of 

these salts below the root zone (Bond, 1999). Application of saline and sodium rich 

wastewater is a potential hazard for agricultural soils as it may erode the soil structure 

and effect productivity. Salinity and sodicity problem can be resolved by the 

application of natural or artificial soil amendments; while soil reclamation measures 

are costly, adding to economic constraints resulting in losses to crop productivity. 

2.3      Impact of polluted water on soil properties 

Impact of polluted water, particularly the wastewater, on soil is mainly 

due to the presence of high nutrient contents (Nitrogen and Phosphorus), high total 

dissolved solids and other constituents such as heavy metals, which are added to the 

soil over time. Wastewater can also contain salts that may accumulate in the root zone 

with possible harmful impacts on soil health and crop yields. The leaching of these 

salts below the root zone may cause soil and groundwater pollution (Bond, 1999). 

Prolonged use of saline and sodium rich wastewater is a potential hazard for soil as it 

may erode the soil structure and effect productivity. This may result in the land use 

becoming nonsustainable in the long run. The problem of soil salinity and sodicity can 
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be resolved by the application of natural or artificial soil amendments. However, soil 

reclamation measures are costly, adding to economic constraints resulting in losses to 

crop productivity. Moreover, it may not be possible to restore the soil to the original 

productivity level, by using these soil amendments. Hence, wastewater irrigation may 

have long-term economic impacts on the soil, which in turn may affect market prices 

and land values of saline and waterlogged soils. The crop productivity is certainly 

reduced by salinity due to suppressed crop growth (Kijne et al., 1998). This may 

result in reduction in crop yields per unit area which is considered as net effect of 

using polluted water and subsequently the potential loss of income to farmers. 

Wastewater irrigation may lead to transport of heavy metals to soils 

and may cause crop contamination affecting soil flora and fauna. Some of these heavy 

metals may bio-accumulate in the soil while others, e.g., Cd and Cu, may be 

redistributed by soil fauna such as earthworms Kruse and Barrett 1985). Studies 

conducted in Mexico (Assadian et al., 1998), where wastewater mixed with river 

water has been used for crop irrigation for decades, indicate that polluted water 

irrigation may account for up to 31percent of soil surface metal accumulation and lead 

to heavy metal uptake by alfalfa. However, heavy metal concentrations in alfalfa pose 

no risk to animal or human health. The heavy metals by use of sewage water can 

affect sensitive plants which can also result in loss of soil productivity. Heavy metal 

accumulation in general is more in sewage sludge application than wastewater 

irrigation. 

Wastewater induced salinity may reduce crop productivity due to 

general growth suppression, at pre-early seedling stage, due to nutritional imbalance, 

and growth suppression due to toxic ions (Kijne et al., 1998). The net effect on 
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growth may be a reduction in crop yields and potential loss of income to farmers. 

Wastewater irrigation may lead to transport of heavy metals to soils and may cause 

crop contamination affecting soil flora and fauna. Some of these heavy metals may 

bio-accumulate in the soil while others, e.g., Cd and Cu, may be redistributed by soil 

fauna such as earthworms (Kruse and Barrett 1985). Studies conducted in Mexico 

(Assadian et al., 1998), where wastewater mixed with river water has been used for 

crop irrigation for decades, indicate that polluted water irrigation may account for up 

to 31 percent of soil surface metal accumulation and lead to heavy metal uptake by 

alfalfa. However, heavy metal concentrations in alfalfa pose no risk to animal or 

human health. 

In a critical assessment, heavy metal guidelines, McBride (1995), 

argues that heavy metals applied through sewage use can harm sensitive plants with 

possible loss of soil productivity in the long run, if available in sufficient quantities. In 

general, heavy metal accumulation and translocation is more a concern in sewage 

sludge application than wastewater irrigation, because sludge formed during the 

treatment process consists of concentrations of most heavy metals.The impact of 

wastewater irrigation on soil may depend on a number of factors such as soil 

properties, plant characteristics and sources of wastewater. The impact of wastewater 

from industrial, commercial, domestic, and dairy farm sources are likely to differ 

widely. The use of dairy factory effluents for 22 years in New Zealand shows that 

nearly all applied P is stored in the soil while nitrogen storage is minimal, implying 

nitrogen leaching and consequent nitrate pollution of the groundwater (Degens et al., 

2000). 
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The growing crops with wastewater for longer periods may lead to 

accumulation of these trace metals in soils and plants to toxic levels (Kirkhan, 1983). 

Ghafoor et al., 1995 observed higher accumulation of metals (Fe, Mn and Zn) in 

sewage receiving soils than those irrigated with canal water. The chemical behavior of 

metals in soils depends not only on their concentration in effluent but also on the 

properties of the soils, like pH, texture, type of soil, lime contents and organic matter 

(Chlopecka et al., 1996). Most of the trace metal cations have a low mobility in soils 

because they get adsorbed strongly on soil minerals and organic matter, form 

insoluble precipitates as oxides, carbonates and Sulphides (McBride 1994). Even in 

well-drained sandy loam soil, maximum concentration of metals (Fe, Mn, and Zn) 

was observed in the upper 30 cm soil layer near Faisalabad receiving sewage 

irrigation for the last 2-3 decades (Ghafoor et al., 1995). Singh and Singh (1994) 

concluded that almost all the surface layers of several sewage irrigated soils contained 

higher DTPA extractable metals (Cd, Pb, Cr, Cu, Zn, Mn and Fe). Comparatively less 

concentration of these metals in lower soil horizons was attributed to their lower 

mobility. The results of Dowdy et al. (1991) indicated small amounts of sludge-borne 

Cd and Zn to move below the tillage zone of a highly structured agricultural soil 

during a period of 14 years where massive sludge addition (765 Mg ha-1 cumulative 

application) was practiced. 

Generally, addition and availability of metals from anthropogenic 

sources are more than those from soil parent material, particularly in the third world 

countries (Chlopecka et al., 1996). Distribution of total metals did not decrease 

always with depth in the soil profile. Mobility and accumulation of heavy metals (Cd, 

Pb, Ni, Co, Zn, Cu, Mn, Fe) was studied (Kuhad et al., 1989) in profiles of the soil in 

Haryana, India. Total metals except Co, accumulated to the maximum in upper 
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horizon of the Sonepat profile where continuous application of metal- rich sewage 

from cycle industry was applied while no systematic distribution pattern of the total 

metals was observed in the Ali, Sharan and Panipat soil profiles. However DTPA-

extractable metals decreased with soil depth at all the sites. Berrow and Mitchel 

(1980) determined total and extractable contents of many elements in four profiles of 

the Scottish soil. The EDTA extractable 20 metals generally decreased with 

increasing soil depth while the total contents of 29 metals showed no depth-wise 

consistent pattern. In another study, a high positive correlation (r = 0.86) between 

total and EDTA-Pb confirmed a close association between the total lead and organic 

matter contents in soil profiles (Reaves and Berrow, 1979). This observation 

suggested that the biological cycling is a major factor contributing to lead enrichment 

of the surface layer of soils. 

The soil pollution is generally associated with use of polluted water 

which can alter soil properties as well as plant characteristics (Degens et al., 2000). 

The application of water polluted with factory effluents indicates that all applied P is 

stored in the soil while lowest nitrogen, nitrogen leaching and consequent nitrate 

pollution of the groundwater (Wahid et al., 2000; Farid, 2006). 

2.4  Impact of polluted water on groundwater quality 

Sewage water (polluted water) is the liquid waste from toilets, baths, 

kitchens etc. that is disposed off via sewers. In many areas sewage also include some 

liquid waste from industry and commerce. Almost all the big cities of the country are 

facing of safe disposal of wastewater. There is no any treatment plant where the 

sewerage could be treated and safely disposed off. The city Hyderabad, the second 

largest city of Sindh province, is also facing this problem, where the wastewater is 



24 
 

being disposed off by means of pumping into Phuleli or Pinyari canals without any 

treatment (Leghari et al., 2004). Various newspapers also reported hazardous toxic 

effects on humans, animals, soil and plants. Daily Dawn (2006a, b); Guriro (2009) 

reported that highly toxic run-off from plastic factories, illegal cattle pens and 

slaughter houses was being released in Phuleli Canal for last few months and the 

people of Badin and Tando Mohammad Khan districts are compelled to use it for 

drinking purpose. Thus the use of polluted canal water of Phuleli Canal has put lives 

of millions of people at risk. The use of untreated/diluted wastewater for irrigation 

and domestic purpose has resulted in human and soil health risks. The research 

conducted earlier on impact of use of polluted water on soil properties, groundwater 

quality and human health in various parts of the world is presented here: 

The effluents of the Paharang and Madhuana surface drains near 

Faisalabad city were unfit for irrigation owing to high EC and RSC but the 

concentrations of heavy metals (Fe, Mn, Cu, Zn, Pb, Ni) were within the safe limits 

(Ghafoor et al., 1994; Ibrahim and Salmon, 1992). The concentration of Cd, Fe, Cu, Pb 

and Mn ranged between 0.051-0.054, 1.78-1.85, 0.34-0.58, 0.39-0.63 and 0.18-3.07    

mg l-1, respectively (Ghafoor et al., 1995). The sewage water without any treatment is 

mainly disposed into nearby rivers or surface drains (Khan et al., 1994). Such pollution 

of River Ravi from the sewage of Lahore city was reported by Ali (1997). Here the 

concentration of Cr, Cu, Pb, Mn, Ni and Cd at the main out-fall sewage of the Lahore 

city was 1.29, 1.2, 1.1, 2.0, 0.003, 0.006 and 0.007 mg l-1, respectively. 

Heavy metals in wastewater pose a health risk if they are ingested in 

sufficient concentrations, and can be dangerous. In principle, uptake of heavy metals 

by crops and the risk posed to consumers may not be an issue as plants cannot resist 
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high concentrations of these pollutants and die off before they become a threat to 

humans (Baddesha et al., 1997). A significant decrease in soil pH, electrical 

conductivity and soluble sodium was observed under Eucalyptus planted fields which 

were irrigated with sewage water. However, the organic carbon, N, P, K, Ca, Mg and 

micronutrient contents were increased with the application of this water. Sewage 

water treatment increased concentrations of all elements in soil except As (Arsenic), 

and the increase was significant to 60 cm depth for Fe, Mn, Zn, Al and Ni and to 30 

cm depth for Cu and Cr (Ali, 1997). Irrigation with sewage water also increased the 

concentrations of these elements in potato leaves and tubers and the increase was 

generally higher in leaves than in tubers (Brar et al., 2000). The proportional increase 

of Cu, Fe, Zn and Al was less in plants than in soils, that of Mn and Cr was almost 

similar in plants and in soil, and that of Ni was more in plants than in soil. These 

elements, which accumulate in soils and crops, may become health hazards to humans 

and/or animals. Therefore, continued monitoring of the concentrations of potentially 

toxic elements in soil and plants and/or treatment of sewage water before using for 

irrigation is needed (Brar et al., 2000). 

Continuous irrigation of soil cultivated with cabbage plants and orange 

trees using sewage water has resulted in continuous increase in organic matter and 

clay contents and the electrical conductivity values (El-Motaium et al., 2000). There 

was a continuous reduction in CaCO3 content, and the pH values in both the 

rhizosphere and the bulk soils. The organic matter content of the bulk soil increased 

by 8, 13, 16 fold in soil cultivated with cabbage, and by 15, 21, 23 fold in soil 

cultivated with orange trees in response to irrigation periods of 10, 40 and 80 years, 

respectively. Total, HNO3-extractable and DTPA-extractable heavy metals (Fe, Mn, 

Cu, Zn, Cd, Co, Ni and Pb) in both rhizosphere and bulk soils of cabbage and orange 
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trees increased as the irrigation period increased (Baddesha et al., 1997). However, 

HNO3-extractable and DTPA-extractable heavy metals were higher in the rhizosphere 

soil than the bulk soil of both plants. Heavy metals concentration in cabbage roots 

were lower than its concentration in orange trees roots under the same irrigation 

period (Khan et al., 1994). Heavy metal content in cabbage plants was in the order: 

roots > leaves > stems, whereas for orange trees, the order was: roots > leaves > fruit 

peel > fruit pulp. Heavy metals accumulation were higher in orange trees roots than 

cabbage roots but their accumulation in cabbage leaves were higher than in orange 

trees leaves (El-Motaium et al., 2000). Continuous use of sewage water in irrigation 

increases the total soluble salts in the soil. The cation exchange capacity values were 

increased by increasing the period of using sewage water for irrigation, especially in 

the surface layer (0-30 cm). Iron, Zn, Cu, Mn, Pb and Co were increased by the 

irrigation using sewage water as compared to virgin soil. The contents of 

micronutrients and heavy metals in sour orange and orange plants were increased by 

irrigation with sewage water. The concentration of these elements (Fe, Cu, Zn and 

Mn) in leaves is higher than in peel and juice (Selem et al., 2000). The sewage water 

was marginally fit for irrigation due to low salinity but 35% were unfit due to 

bicarbonate hazard. Moreover, all of these samples were found to have higher levels 

of heavy metals like Cu, Cd, Ni and Cr, which exceeded their maximum permissible 

limits recommended by FAO (Khan et al., 2001). 

Water polluted by effluents from leather factories decreased the pH and 

increased the electrical conductivity (EC) of the sewage drain water. Concentration of 

K, Ca, Na, Zn, Fe, Mn, B, Al, Cr, Hg, Ni and Pb were increased after the addition of 

effluents from the tannery complex. There was a significant increase in the 

concentration of Cr in the sewage water (Graff et al., 2002). Similar information was 
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provided by the analysis of material settled at the base of the sewage drain and mixed 

with soil. Effluent treatment plant was effective in lowering down the content of Cr. 

Sewage water can be used as source of nutrients provided it is effectively pre-treated 

before its disposal into the sewage drain (Singh et al., 2001). The land application of 

municipal wastewater for growing pastures, trees, and sometimes edible crops such as 

vegetables, fruit and fiber, etc. The irrigation of pastures by treated and untreated 

sewage near Melbourne, Vicctoria, Australia, for more than a century has increased 

heavy metals (Cd, Cr, Cu, Pb, Ni and Zn) concentration in the soil, but appears not to 

have increased their concentrations in the herbage and in tissues of animals grazed on 

these pastures (Graff et al., 2002). Soils irrigated with sewage, in general, had higher 

levels of heavy metals and soluble salts as compared to rain-fed soils. Some plants 

samples contained Cu, Ni and Cr in toxicity range. High level of soil fertility was 

found in these soils: available P range from 9-42mg kg-1 showing the medium to high 

K level, majority of soils has high levels of K organic matter around 200 mg kg-1 and 

1% respectively (Khan et al., 2002). 

Use of sewage for irrigation in various proportions improved the 

organic matter to 1.2-1.8% and fertility status of soils especially down to a distance of 

1 km along the disposal channel (Yadav et al., 2002). Build up in total N was up to 

2908 kg  ha-1, available P (58 kg ha-1, total P (2115 kg ha-1, available K (305 kg ha-1 

and total K (4712 kg ha-1) in surface 0.15 m soil. Vertical distribution of these 

parameters also varied, with most accumulations occurring near the surface. Traces of 

NO3-N (up to 2.8 mg l-1), Pb (up to 0.35 mg l-1) and Mn (up to 0.23 mg l-1) could also 

be observed in well waters near the disposal point thus indicating initiation of    

groundwater contamination. However, the contents of heavy metals in crops sampled 

from the area were below the permissible critical levels (Chaudhary et al., 2004). 
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Though the study confirms that the domestic sewage can effectively increase water 

resource for irrigation but there is a need for continuous monitoring of the 

concentrations of potentially toxic elements in soil, plants and groundwater. The pH 

values of soils irrigated with sewage water decreased by approximately 1 unit, 

particularly in the upper layers, while electrical conductivity values increased to more 

than two fold compared to the control (Elgala et al., 2003). The surface layer of 

Elgabal-Elasfar soil contained higher Fe, Zn, Cu, Co, Ni and Pb concentrations 

representing 9.0, 3.3, 10.6, 9.6, 6.9 and 3.2 times that of the control, respectively. 

Total Cu and Ni content in the plough layer of Elgabal-Elasfar soil exceeded the 

permissible limits according to the European Economic Commission, while DTPA-

extractable Cu is considered excessive or toxic. Levels of heavy metals in edible parts 

of the plants (orange, bean, maize and clover) grown on Elgabal-Elasfar soils were 

within the permissible limits. Copper content in shoots of plants grown on Elgabal-

Elasfar soil was considered excessive or toxic. The levels of Fe and Cu concentrations 

in tissues of clover grown on Elgabal Elasfar soil exceeded the permissible limits. 

Cobalt concentration in shoots and seeds of broad bean irrigated with sewage water 

exceeded the normal range (Yadav et al., 2002). The sewage treated soil has lower pH 

and EC but higher organic C, available N, P, K and Mg in comparison to tube well 

irrigated soils (Chaudhary et al., 2004). Calcium and S contents were relatively low in 

treated sewage water irrigated soil samples compared to tube well irrigated soils. The 

nutrient index for available NPK and S for surface soil samples showed almost same 

trend in both cases. Nitrogen and S were low; P and K were moderate, whereas 

organic Carbon content of treated sewage water irrigated soils was relatively more 

than tube well irrigated soils. The fertility status of treated sewage water irrigated 

soils was better than tube well irrigated soils (Tiwari et al., 2003). The total metal 
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contents of Cd, Cu, Zn and Ni in all the 14 samples collected from farmer's fields 

receiving sewage water ranged between 1.3 and 6.7, 55.8-353.2, 356.0-1028.0 and 

90.0-199.7 mg kg-1 of soil, respectively. In Rohtak 1 soil, levels of Cd, Cu and Zn 

were highest while Ni was highest in Sonipat 2 soil (Chaudhary et al., 2004). The 

content of available Cd, Cu, Zn and Ni in these soils ranged from 1.0-29.3; 6.2-47.0; 

2.4-13.5, respectively, and was 2-9 percent of their total metal contents. All the N2 

fixing parameters in pea and Egyptian clover were adversely affected by the presence 

of heavy metals. Available Cd and Cu contents significantly affected the N contents 

of pea and Egyptian clover plants, whereas Ni contents were negatively correlated 

with the plant biomass of pea and Egyptian clover (Chaudhary et al., 2004). 

Although the sewage water is a source of many nutrients, it also 

includes a significant amount of heavy metals like Fe, Cu, Zn, Mn, Ni, Pb and 

pathogens. Extensive use of this effluent for irrigation purpose has resulted in an 

upsurge of such metals in soils and various crops, which ultimately resulted in clinical 

problems in human beings Butt et al. (2005). The sewage-irrigated soil in the Ispini 

road and Subzal road fields as compared to tube well-irrigated soil had EC ranged 

between 2.38 and 3.20 ds m-1 as compared to EC 0.85 to 1.02 ds m-1, respectively 

(Kakar et al., 2005). There was no significant change in pH with sewage water 

irrigation. The soil irrigated with sewage water showed higher SAR values as 

compared with tube well irrigated soil. The concentration of macronutrients (N, P and 

K) and micronutrients (Fe, Mn, Zn and Cu) in sewage-irrigated soil was much higher 

than tube well irrigated soil. With respect to toxic metals, the concentrations of all the 

heavy metals (Pb, Ni and Cd) were above critical limits in sewage-irrigated soil and 

below critical limits in tube well irrigated soil (Kakar et al., 2005). The treated 

sewage water of irrigated soils contained 6.0-66.8, 8.4-84.4, 2.4-6.4 and 2.0-20.4 mg 
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kg-1 Fe, Mn, Zn and Cu, respectively, whereas the adjoining surface soils irrigated 

with tube well water  contained 10.0-35.5, 22.4-45.2, 2.8-3.2 and 3.6-7.6 mg kg-1, 

respectively (Saraswat et al., 2005). The mean values showed slightly higher amount 

of the micronutrients in the treated sewage-irrigated soil. The treated sewage-irrigated 

vegetables contained relatively higher amounts of micronutrients than the tube well-

irrigated vegetables, wherein okra (Abelmoschus esculentus), cauliflower (Brassica 

oleracea var. botrytis), radish (Raphanus sativus) and broad beans (Vicia faba) had 

higher amount of Zn, Fe, Cu and Mn, respectively, in their edible parts. Only treated 

sewage water and tube well-irrigated potato (Solanum tuberosum) showed lower 

manganese levels than the critical deficiency limit (Saraswat et al., 2005). 

Inadequate water supply and poor sanitation services in Karachi lead to 

contamination of water supply through the input of sewage water into groundwater. 

Except municipal water from some areas and during certain periods, water from most 

other sources contains coliform bacteria, and in many cases faecal coliform, in 

amounts several magnitudes higher than any standards permit (Rahman, 1996). The 

probable sources of contaminants for the various types of water (piped, vendors, 

wells) indicate that groundwater may be the main contributor. The very source of this 

groundwater is predominantly from sewage. Mara and Clapham (1997) reported 

waterborne cancers induced by ingestion or inhalation of carcinogens present in 

drinking water, water-washed cancers due to the use of inadequate volumes of water 

for personal and domestic hygiene; water-based cancers associated with 

helminthiases. Microbiological contamination in the well (57.62%) and supply tanks 

(73.58%) may hinder the possibilities of obtaining good quality milk                 

(Herrero et al., 2002). The regional hydrogeological issue, which is related to the 

characteristics of groundwater that makes it susceptible to contamination, and the lack 



31 
 

of an adequate well and tank management, were the main aspects found to be 

involved in the contamination. Water quality index based on 9 parameters such as: 

pH, EC, turbidity, TDS, alkalinity, total hardness, calcium, magnesium, sodium, 

potassium, chloride, nitrate, phosphate, sulfate and fluoride with respect to different 

land-use areas viz. residential, industrial, commercial and agricultural uses in two 

well-developed cities of India Hisar and Panipat in Haryana was fit for consumption 

(Kaushik et al., 2002), water quality index (WQI<50), whereas at Hisar, water in 

agricultural areas was good in quality, but that in other areas varied in magnitude of 

pollution (WQI>50 to 100). 

The pH and EC of drinking water in Peshwar city of Pakistan were 7.8 

and 0.62 dS m-1, respectively; drinking water had low turbidity and high dissolved 

oxygen. Only problem found in drinking water was coliform bacteria as it crossed the 

limit of WHO in some areas. Average concentrations of Ca and Mg (16.2 and         

48.4 mg l-1) were within the WHO limits. However, average number of bacteria found 

in drinking water was 2/100 ml (Aamir and Tahir, 2003). The most important of these 

are the WHO Guidelines for Drinking Water Quality. The quality of drinking water 

and possible associated health risks vary throughout the world with some regions 

showing, for example, high levels of arsenic, fluoride or contamination of drinking 

water by pathogens, whereas elsewhere these are very low and no problem (*Fawell 

and Nieuwenhuijsen, 2003). A very low level of awareness in India was noticed 

among majority (51.50%) of farmers about contamination of groundwater with 

arsenic and other elements causing hardness of water not known to the majority 

(54.38%) of farmers whereas, a large number of farmers were found to have good 

awareness about the health hazards caused by drinking of arsenic contaminated water 

(Gangyly et al., 2003). In Bangladesh, some 403 patients were identified and the 
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prevalence rates of arsenicosis were 106/10000 in Sonargoan and 57/19000 in 

Jhikargachha upazilas (Jakariya et al., 2003). 

Studies from Iran concluded that biochemical oxygen demand (BOD), 

chemical oxygen demand (COD), total dissolved solids (TDS), EC and Sulphate 

(SO4) content of wells 1, 2, 3 and 14 exceeded drinking water standards      

(Moghadas, 2003). The waste water lagoons of the Isfahan Steel Mill may be 

polluting well number 3 and 3 other wells. Due to the west-to-east direction of surface 

slopes (from munitions factories towards the wells), water may be polluted by the 

waste materials from these industries. It seemed that severe groundwater pollution 

exists around these factories and extensive studies are required to determine the type 

of organic and inorganic waste and the exact source of pollution to control 

groundwater quality (Moghadas, 2003). Similarly, groundwater quality reported by 

Shrestha et al. (2003) from Nepal showed that 23% of the samples exceeding the 

WHO guideline of 10 µg l-1 arsenic and 5% of the samples exceeding the Nepal 

Interim Arsenic Guideline of 50 µg l-1. An estimate of approx equal to 0.5 million 

people are exposed to arsenic in drinking water above 50 µg l-1. Some recent studies 

have reported on the accumulation of arsenic in the human body above toxic levels in 

arsenic-exposed areas. Nepal still needs more research work on arsenic occurrence, 

effects and mitigation programs simultaneously. In Tamil Nadu (India) the nature of 

water pollution was not different and values of total dissolved solids (86-1165 mg l-1), 

iron (0.6-4.1 mg l-1), nitrates (6.3-17.2 mg l-1), sulfates (4.9-32.5 mg l-1), chlorides 

(110-825 mg l-1), calcium (60.0-185.3 mg l-1), magnesium (33.2-140.0 mg l-1), 

biochemical oxygen demand (6.2-22.0 mg l-1) and chemical oxygen demand (18-38.5 

mg l-1) in all the selected water samples. The deterioration of the groundwater quality 

was recorded in this study (Thirumathal and Sivakumar, 2003). On the contrary, the 
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water supplied by the Karachi Water and Sewage Board (Pakistan) is also 

contaminated with arsenic where 4.6% of the samples have the levels more than 150 

ppb (Khan et al. 2004) and long term exposure of contaminated drinking water would 

lead to serious health implications in Karachi city. The groundwater analysis in 

different US states showed measurable amounts of arsenic in their treated water; 

where 67 solid samples collected from 15 drinking water utilities located in Ohio (7), 

Michigan (7), and Indiana (1) were also determined. The arsenic content of these 

solids ranged from 10 to 13650 g of As g-1 of solid (as high as 1.37 wt %), and the 

major element of most solids was iron. Significant amounts of arsenic were even 

found in solids from systems that were exposed to relatively low concentrations of 

arsenic (<10 g l-1) in the water (Lytle et al., 2004).  Atomic absorption 

spectrophotometry analysis revealed the presence of As ranging from 10-446 ppb, 

which was regarded as toxic to human health (Paul and Devashish Kar, 2004) in 

Assam (India); while drinking water in some parts of an African country Namibia 

contained total dissolved solids variation close to 500% (Shanyengana et al., 2004). 

Ahmad et al. (2005) reported that using contingent valuation survey 

data for about 2700 households in rural Bangladesh, and applying a multinomial logit 

model, the paper estimates the value of arsenic-free drinking water to the rural people. 

The estimates indicate that the rural people in arsenic-affected areas of Bangladesh 

place a low value on arsenic-free drinking water. It is about 10-14 percent of the 

amount they are willing to pay for piped water and only about 0.2-0.3 percent of the 

average household income. The implication of the result is that robust but costly 

arsenic reduction technologies such as activated alumina technology may find little 

social acceptance, unless heavily subsidized. 
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Groundwater of Faridabad district (India) had pH 7.2-7.8, dissolved 

oxygen 4.5-6.9 mg l-1, conductivity 0.07-1.8 mmhos cm-1, biochemical oxygen 

demand (BOD) 1.7-22.26 mg l-1, chemical oxygen demand 13.7-58.56 mg l-1, salinity 

224-674 mg l-1, total dissolved solids (TDS) 1.0-1.96 mg l-1, alkalinity 202-377 mg l-1, 

hardness 292-560 mg l-1, chloride 124-373 mg l-1, sodium 33-360 mg l-1, potassium 

30-165 mg l-1, magnesium 31-97 mg l-1, sulfate 20.5-40.3 mg l-1, and nitrates 3.40-

5.80 mg l-1 (Chaudhary et al., 2005). The levels of TDS, BOD, sodium and potassium 

were highest in hand pump water near Buria nala during pre-monsoon. All the heavy 

metals were within the permissible limits for drinking purpose except iron, which was 

between 0.15 and 6.60 ppm. The levels of all the parameters were highest in hand 

pump water near Buria nala followed by bus stand and railway station. Results 

indicated that the groundwater of Faridabad is highly polluted as the levels of all the 

tested parameters were higher than the admissible limits of WHO (1993) and unfit for 

drinking. The trace metal concentrations (Demirak et al., 2005) in coal ash-pond 

water were observed to be lower than water quality standards with the exception of 

Pb. The obtained results indicated that the trace metal concentration in the sampled 

drinking water site did not exceed WHO limits. The median concentration in the 

canton was 0.52 g l-1, but 89 samples (6.9%) located in 33 communes exceed the 

WHO guideline value of 10 g l-1. A few samples (n=7) have an arsenic level over the 

current legal limit in Switzerland i.e. 50 g l-1 (Haldimann et al., 2005). In Madurai, 

Tamil Nadu (India) the  pH, EC, TDS, hardness, permanent hardness, Ca2+, Mg2+, 

Hg2+, Cr6+, Pb2+ As (V), Cl-, F-, PO4
3-, SO4

2-, SO3
2-, DO, COD and BOD were 

determined in waters used for drinking and values of hardness, Cl-, Ca2+, Mg2+, As(V) 

and Pb2+ concentration were found to be above the permissible limits of water quality, 

prescribed by IS and WHO for drinking purpose (Murugesan et al., 2005).  
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The research on groundwater quality is extensively carried out all over 

the world. In Bangladesh water pollution is the major cause of diseases in human 

through drinking water and by use of food crops grown through sewage water 

(Rahman and Al-Muyeed, 2005); while in water samples from  different countries of 

various states of USA (Shiber, 2005) indicated 43% had 0.5-1.0 ppb, 34%, 1.1-3.0 

ppb, 6%, 3.1-5.0 ppb, 11%, 5.1-10.0 ppb. In India (Babu et al., 2006), pH, electrical 

conductivity (EC), total dissolved solid (TDS), turbidity, total hardness, calcium, 

magnesium, alkalinity, chloride, sulfate and phosphate were determined in 

groundwater near sewage tanks and found that pH, EC, TDS, turbidity, hardness and 

alkalinity values were 6.7-7.3, 42-2083 micro mhos cm-1, 275-1253 mg l-1, 1-46 NTU, 

276-810 mg l-1, and 63-581 mg l-1, respectively. The levels of chloride, sulfate and 

phosphorus were 39.7-710.0, 11.5-196.0 and 0.1-2.0 mg l-1, respectively.  

Influent groundwater near public drinking water system averaging 

40.2±1.0 g l-1 total As (n =17) was fed at 38 l/min (10 gpm) and FeCl3 solution was 

added at an optimized Fe to As molar ratio of 133:1. Arsenic concentrations were 

reduced to 3.3±1.4 g l-1 (n = 49) over the test period; while drinking water in rural 

China had Cu, Cd, Cr and Pb did within National Chinese and WHO drinking water 

standards (Virkutyte and Sillanpää, 2006). Similarly, 10-20% groundwater samples 

collected adjacent to sewage tanks of Lahore, Pakistan (Naeem et al., 2007) crossed 

the maximum permissible limit for TDS, hardness, calcium, magnesium, sulphate and 

fluoride while 20-30% samples crosses the limit for nitrate.  

 India has large number of rivers which have been nurturing its vast 

fertile lands. Due to the urbanization and industrial development stress on the 

environment is well recognized. Most of the cities/towns situated on the banks of the 
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rivers, discharge their untreated/ partially treated/ treated wastewaters into the rivers. 

It is estimated that community waste from human activities accounts for four times as 

much wastewater as industrial effluents, most of which is discharged untreated/ 

partially treated into the water courses in India (Ahmed and Umar, 2008). Surface 

waters intended to be used for the drinking purposes can vary markedly in their 

organic and inorganic contents. High levels of variation occur in the range of water 

quality parameters such as turbidity, color, UV- absorbance etc (Ibe et al. 2001). 

Groundwater is an important source of water for domestic, industrial and agricultural 

purposes. It is estimated that more than 90% of the rural population uses groundwater 

for domestic purposes (Jitin, 2002). The investigations (Dhakyanaika and Kumara, 

2010) on the effect of pollution in River Krishni on the quality of groundwater 

abstracted through shallow and deep hand pumps placed in the close vicinity of River 

Krishni analysed for physical, chemical and bacteriological water quality parameters; 

range of values of conductivity (1040–2770 μS cm-1), TOC (27.79–1365.1 mg l-1), 

UV absorbance at 254 nm (0.281–10.34 cm-1), color (1510–5200 CU), and COD 

(15.82–1062 mg l-1) indicated presence of significant amount of pollution/organics in 

the river water, total coliform (16x102–46 x 106 MPN/100 mL) and fecal coliform 

(16 x102–24 x106 MPN/100 mL). In case of deeper India Mark-II hand pumps 

conductivity was found to range from 443–755 μS cm-1, TOC (0.226–9.284 mg l-1), 

UV absorbance (0.0–0.118 cm-1), colour (0.0–119 CU), COD (9.0–113 mg l-1) and 

MPN (0.0–93x101/100 mL). While in case of shallower hand pumps conductivity 

(441–1609 μS cm-1), TOC (0.015–68.82 mg l-1), UV absorbance (0.0–1.094 cm-1), 

colour (4.0–560 CU), COD (9.72–163 mg l-1) and MPN (0.0–15x102/100 mL). Hand 

pumps abstracting water from shallow and deep unconfined aquifers have been found 

to deliver polluted water in terms of color, organics and coliform bacteria. As the 
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hand pumps are the only source of water supply in Village Chandena Maal, pollution 

of the groundwater has adversely affected the day to day life of its 3000 residents. 

Groundwater is the major source of water supply for drinking and other 

purposes in the rural areas of India (Jitin, 2002). In many parts of India, the available 

water for drinking purposes, groundwater or municipal water sourced from 

groundwater, is rendered nonpotable due to the presence of high concentrations of 

fluoride and other constituents (Doussan et al., 1997). Dental and skeletal fluorosis is 

one of the serious health problems prevalent in 150 districts of 17 States of India. It is 

emerging as a social problem as well in many villages of northern India (Gupta et al., 

2009). In comparison to most groundwater sources, alluvial aquifers that are 

hydraulically connected to rivers are typ-polluted and odours. It cannot be classified a 

healthy fresh water stream. Such polluted surface water is likely to pollute ground 

water resources along its path of flow (Kumar and Sharma, 2002;                              

Jal Nigam et al., 2008). Efforts have been made in the present investigation to study 

the interaction of polluted water of River Krishni and groundwater. Some of the 

industries Major/some portion of their treated/untreated/ partially treated wastewaters 

are discharged in the River Krishni either on regular basis or occasionally. The river 

water in the area of the study is coloured, polluted and odours (Dash et al., 2008). It 

cannot be classified a healthy fresh water stream. Such polluted surface water is likely 

to pollute groundwater resources along its path of flow. Efforts have been made in the 

present investigation to study the interaction of polluted water of River Krishni and 

groundwater in and around Village Chandena Maa (Dhakyanaika and Kumara, 2010). 

Typically, storm water runoff is introduced into groundwater in one of 

the three ways; these are sedimentation or filtration prior to infiltration into soil, 
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surface infiltration into soil, and surface injection into groundwater (Zubair and 

Farooq, 2008; Joseph et al., 2007). Urban storm water runoff has long been 

considered a major contributing factor of non-point source pollution to both surface 

and groundwater resources. Runoff from impermeable surfaces has been shown to 

contain significant amount of contaminants such as heavy metals (Cox et al., 1998). 

Additional studies have indicated that copper, zinc, cadmium, and lead are major 

components of pollution from urban storm water runoff (Mikkelsen et al., 1997). 

Trace metal entering the hydrological system both in the form of organo-metallic and 

inorganic metal complexes migrate down the hydrological gradient. They are 

accumulated in different layers of soils, as these are the best known sinks of heavy 

metal (Burton, 1992), and eventually infiltrate and percolate down into the 

groundwater. Because the concentration of trace metals in groundwater samples is 

typically low, it is difficult to ascertain whether a specific trace metal originated from 

storm water runoff or was present in the “background” groundwater as a result of 

natural processes, atmospheric contributions, or other human activities. In Karachi 

city of Pakistan, storm water detention and retention basins have become familiar 

features in urban and suburban environment where a reduction in impervious area has 

caused an increase in storm runoff volume (Zubair et al., 2010). Storm water basin 

helps to minimize flooding and can improve water quality by allowing solids to settle 

before they reach receiving waters (Fisher et al., 2003). Though these basins generally 

provide temporary storage that delays and attenuates peak flows and may remove 

some harmful constituents, the accumulation of storm water results in increased 

infiltration rates to the underlying groundwater (Mark, 2003). Recharge by storm 

water infiltration decreases the concentration and detection frequency of iron, lead, 

and zinc in background groundwater; however, the study does not point a 
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considerable risk for groundwater contamination due to storm water infiltration 

(Zubair et al., 2010). 

Polluted water application has the potential to affect the quality of 

groundwater resources in the long run through excess nutrients and salts found in 

wastewater leaching below the plant root zone. However, the actual impact depends 

on a host of factors including depth of water table, quality of groundwater, soil 

drainage, and scale of wastewater irrigation. For instance the quality of groundwater 

would determine the magnitude of the impact from leaching of nitrates. If the 

groundwater is brackish the leaching of nitrates would be of little concern as the water 

has no valuable use attached to it. The proximity of wastewater irrigation to sources 

of potable water supplies such as wells or tubewells will influence how we evaluate 

the severity of groundwater pollution effects. Groundwater constitutes a major source 

of potable water for many developing country communities. Hence the potential of 

groundwater contamination needs to be evaluated before embarking on a major 

wastewater irrigation program. In addition to the accretion of salts and nitrates, under 

certain conditions, wastewater irrigation has the potential to translocations 

pathogenic, bacteria and viruses to groundwater (NRC, 1996). 

Nature behaves differently and mostly the reasons developed by human 

for such changes are based on the assumptions. Farid et al., (1993) reported that in 

Gabal el Asfar farm in the Greater Cairo region, where untreated or primary treated 

wastewater has been used for irrigation since 1915, and the long-term use of 

wastewater for crop irrigation has interestingly led to an improvement in the salinity 

of the groundwater. This was offset by evidence of coli form contamination of 

groundwater, which was also observed in Mexico (Downs et al., 1999;             
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Gallegos et al., 1999). A companion study by Rashed et al., (1995), revealed that in 

the wastewater irrigated Gabar el Asfar region, concentrations of chloride, sulfate, 

TDS, and dissolved oxygen in groundwater is much higher than average 

concentrations in sewage effluents. The leaching and drainage of wastewater, applied 

for crop irrigation, to groundwater aquifer may serve as a source of groundwater 

recharge. In some regions, 50-70 percent of irrigation water may percolate to 

groundwater aquifer (Rashed et al., 1995). The influence of percolated wastewater on 

groundwater quality and its recharge is thus likely to be substantial. Despite poor 

quality, groundwater recharge through wastewater application can be a vital 

environmental and economic service in regions where freshwater supplies are limited 

and groundwater removal rates exceed replenishment rates. In this context it may be 

viewed as a benefit under some circumstances. Thus, there is an obvious trade off 

between groundwater recharge benefits and groundwater pollution costs. 

During the last few decades, global production of lead and chromium is 

about   27.7 x 109 and 86.2 x 109 kg per annum, respectively (*Mishra, 1990). The 

behavior of trace metals in soil may depend on several factors as explained earlier. 

Metal ion like Pb, Cr, and Cu added with irrigation water may either remain in soil 

solution, taken by the plants, adsorbed onto the soil solid or pass into drainage water.  

It is considered opinion that all the factors being equal, soil high in clay-sized 

particles (particularly silicates and oxides) tend to retain a higher concentration of 

most of the trace elements than those in coarse textured soils (McBride 1994).          

Ma et al. (1997b) concluded that the metal contents (Hg, As, Cu, Cr, Pb, Ni, Zn, Al 

and Fe) in 40 floride soil profiles correlated strongly with clay contents. It was further 

suggested that metal distribution pattern in the soil reflected parent material and 

pedogenic factors determining clay content variation between and within the soil 
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profiles. Analysis of 3045 surface soil samples from 307 agricultural soil series of 

America showed that metal levels (Pb, Zn, Cd, Cu, Ni) generally increased with 

increase clay contents (Holmgren et al. 1993). Total concentration of metals (Co, Cu, 

Ni, Pb and Zn) in six contrasting benchmark Oklahoma soils depended on clay 

contents (Lee et al., 1997). Lead was 1.5-fold more in clay fraction then in total soil. 

Singh and Singh (1994) found significant negative correlation between DTPA-

extractable metals (Cd, Pb, Cr, Cu, Zn and Mn) and clay contents of soil, containing 

0.6-7.8% organic. It was suggested that most of these metals existed as structural 

component of layer silicates, specifically adsorbed and occluded by Fe-Mn oxides and 

hydroxides.  The DTPA extractable metals (Cu, Zn, and Ni) were also found higher in 

the Rideau clay soil (pH 5.9) than that in Grenville loam soil having 6.3 pH (MacLean 

and Deker 1978). Some workers found role of silt along with clay with respect to 

metal accumulation. In a sedimentary geochemistry study on the Rattray marsh, 

Glooschenko et al. (1981) concluded that metals (Cu, Zn, Pb, Cr and Ni) were 

generally associated with silt and clay soil separates. Ma et al. (1997a) studied Pb 

distribution in 11 contaminated soils among five physical fractions (coarse sand, 

medium sand, fine sand, very fine sand and silt and clay) and concluded that Pb 

generally concentrated in silt and clay (<53µm) fractions with some exceptions. 

Rahmatullah et al. (1988 a, b) also found that, on the average, 45% Zn and 40% Cu of 

their total contents in soils were associated with clay fractions.  

According to McBride (1994) most trace metal cations have a low 

mobility in soils because these are adsorbed strongly onto minerals and organic matter 

and form insoluble precipitates with oxides, carbonates and sulphides. Adsorbed 

molecular or ionic species of Cr, Cu and Pb were practically immobilized in soils 

unless the soils were extremely acidic. Small amounts of sludge-borne Cd and Zn 
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moved out of the tillage zone into sub-soil of highly structured agricultural soils 

during a 14-year period of massive sludge addition (Dowdy et al., 1991). Recovery of 

Pb in 30 cm thick surface soil receiving fly ash under natural rainfall was about 0.1% 

of the total Pb content of 52 ug m/L from silt loam or silty clay loam and 7.0% from 

sand (Giardano et al., 1983). Leaching of Cr observed by Giusquiani et al. (1992) was 

higher in compost treated calcareous soil (0.13 mg leachate-1) in 50 cm soil column 

than the control (0.03 mg   leachate-1 ) in the third leachate but Pb concentration in all 

the leachates of both treatments remained similar. Chromium leaching was more from 

sandy loam than that from clay loam soil and also remained higher than Pb. 

Presence of organic matter in soil is essential for the retention of 

contaminant elements. Singh and Singh (1994) found significant positive correlation 

between DTPA-extractable metals (Cd, Pb, Cr, Mn, Fe) and organic carbon in soil 

profiles of the Eastern U.P. (India). It was suggested that the organic compounds 

present in the contaminated surface soils might have interfered the movement of 

metals to lower horizons by the way Vuceta of forming insoluble complexes. Lead 

contents (total and EDTA-extractable) positively correlated with organic matter 

(Reaves and Berrow 1979; Zubair and Farooq, 2008) with the conclusion that 

biological cycling is a major factor contributing to the soil surface enrichment with 

lead. Similar results were obtained by Ma et al. (1997b) that many metals (As, Cu, Cr, 

Fe, Hg, Mn, Al) were enriched in Bt and Bh horizons of 40 Florida soil profiles 

(sandy textured) where clay (3.03-16.7%) and organic matter (0.09-2.23% OC) had 

accumulated over periods of time. Many factors affect the sorption behavior of metals 

into oxide mineral surfaces. Such factors include presence of organic ligands, pH, 

nature of heavy metals, organic acids and their types (Elliot and Hung 1980, Davis 

and Leckie 1978), relative concentration of metals and organics (Elliot and Hung 
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1979), their individual concentrations (Basta and Tabatabai 1992a, b), ionic strength 

(Elliot and Hung, 1980), and the order of application of each of these components to 

the growth medium (Bryce et al., 1994; Vulava et al., 1997). The addition of metals to 

organic rich soil systems in which organic acids have already reacted with soil could 

affect the fate of metals in that soil. 

The decomposition products of organic matter are humic and non-

humic substances, which strongly improve the soil fertility. In addition, such 

compounds influence the biological and physico-chemical properties of toxic ions by 

acting as an accumulation phase for heavy metals following the formation of metal-

humate complexes with different stability constants. Humic acids can be regarded as a 

complex mixture of phenolic and carboxylic polyacids, because their basic functional 

groups consist of proton/metal binding sites with relatively broad range formation 

constants (Manunza et al., 1995). Conclusion of their work was that the phenolic 

group plays a role in Cu binding while carboxylic group were mainly responsible for 

Pb, Mn and Cd binding. Leita et al. (1991) found significance positive correlation 

between water-extractable Pb and water-soluble carbon of non-humic materials 

(polysaccharides, peptides, amino acids) during early days of composition and 

suggested that the degree of stabilization reached by organic matter appeared to be 

important in determining potential mobility of heavy metals. The soil and solutions 

factors that influence the concentration and speciation of a metal in the soil solution 

also control its mobility. Chemical parameters such as pH, ionic strength, index cation 

and ligands that influence sorption process control the concentration of metal species 

in solution and consequently their transport through the soil profiles. In addition, 

organic matter and hydrous oxides that provide highly charged sorptive surfaces 

significantly affect the mobility of metals (Naidu et al., 1997). Interactions of organic 
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ligands with metals and consequently their impact on transport is an important factor 

where metals and introduced into soil environment (Harter and Naidu, 1995) such as 

through soil-application of sewage sludge. While organic matter introduced in this 

way can provide increased sorption sites and thus decreased metal leaching. Although 

highly mobile dissolved organic matter has the potential to enhance the chemical 

mobility with the soil profile of the sorbed/complexed metals (Dunnivant et al., 1992; 

Guggenberger et al., 1994; Zubair and Farooq, 2008).  

Soil organic matter may combine metals like Cd and Hg at higher 

concentration and could reduce their availability (Huamain et al., 1999). Whether, the 

metals are strongly adsorbed by solid organic phase or complexes by high molecular 

weight humic acid soils (Bohn et al., 1985). Soil humic substances from OM 

decreased accumulation of Hg in rice (Huang et al., 1982; Dhakyanaika and Kumara, 

2010); presumably through its complexation effect and hence immobilization of Hg. 

On the contrary, no effect of organic amendments was found on the availability of Zn, 

Cu, Fe and Mn in a calcareous sandy loam soil at field capacity by Singh et al. (1992). 

Similar experiences have also been assumed from the studies reported by Zubair and 

Farooq (2008) and Joseph et al. (2007). 
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CHAPTER - III 

MATERIALS AND METHODS 

Different studies were carried out during the year 2008-2009 to 

determine the impact of polluted Phuleli Canal water on soil properties and 

groundwater quality.  

3.1  The Phuleli Canal 

The canal originates from left bank of Indus River from Ghulam 

Muhammad Barrage (Kotri Barrage). Kotri Barrage is the last barrage on Indus River 

to supply water to Phuleli, Pinyari, K.B. Feeder and Akram Wah to enhance 

agriculture in the lower Sindh region (Burdi et al., 2009; Mughal, 2009). Phuleli 

Canal is the major source of irrigation and domestic water use for Hyderabad, Tando 

Mohammad Khan and Badin districts (Channa, 2009; Mughal, 2009). This non-

perennial canal was constructed in 1955 to meet the irrigation requirements of the 

locality (Mughal, 2009). The length of Phuleli Canal is about 153 km with discharge 

capacity of 14859 cusecs. Its command area is about 0.93 million acres. The RDs 

wise map of Phuleli Canal is given in Figure 3.1. 

3.2 Source of pollution of Phuleli Canal 

Hyderabad is 2nd largest city of Sindh and 6th largest city of Pakistan.  

Phuleli Canal passes through the city. There are several towns at down reach from 

Hyderabad e.g. Matli (41995 people), Tando Mohammad Khan (62087 people) and 

Badin (61302 people) which get water directly from this canal. Hyderabad with 

1151274 people (1998 census) has two water treatment plants on Phuleli Canal 
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namely Northern and Southern Water Treatment Plants. It is reported that water from 

Phuleli Canal is treated with plants before it is supplied to city population (Mughal, 

2009). 

Different industries, cattle pens and slaughter houses situated between 

RD-4 and RD-38 in Hyderabad, throw tonnes of solid and fluid waste into the canal. 

Two plastic factories located between RD-22 and RD-27 in Laloo Lashari and 

Khursheed Town drain out their garbage and run-off direcly into the Canal. At       

RD-27, some people clean solid waste from floor mills on encroached land on the 

canal, which is not only affecting human health but is also polluting canal water 

(Dawn, 2006a and Mughal, 2009). Further, Guriro (2009) reported that much of the 

effluent comes from 1,000 big laundries, 500 cattle farms situated on both sides of the 

canal, toxic waste from 12 plastic factories and domestic sewage. These all mentioned 

sources of pollution are located in Tando Muhammad Khan, Matli and Talhar towns 

are pouring into Phuleli Canal. This Canal receives thousands of gallons of poisonous 

industrial water and chemicals, sewerage water and blood and offal of animals from 

slaughter houses at Bhatti railway crossing RD-32 regularly (Channa, 2009). 

Government of Hyderabad has set up a drainage system at RD-19 and the sewerage 

water is being released into the canal near Hyderabad bypass. Besides, a drainage 

pumping station near Saima Plaza, Hyderabad releases 1500 gallons of sewerage 

water into the canal daily. At least 625,000 acres of fertile land has turned barren only 

in the district Hyderabad. However, the figures for the other two districts were not 

available. 
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Figure 3.1 Location of the study area in Pakistan and places along Phuleli Canal 
from where samples were taken 
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In Hyderabad city there has been rapid development along with 

congested urban areas, which is also responsible for corresponding deterioration of 

the canal environment (Wattoo et al., 2006). Many areas of the city from where canal 

passes, the industries dump their wastewater along with their sewerage into the canal 

and cause pollution of the canal water. Other sources of pollution of the canal water 

are animal faeces and domestic garbage. Some congested housing colonies and kachi 

abadies are also disposing off their wastes into Phuleli Canal water (Dewani et al., 

1997 and Wattoo et al., 2006). 

The average quantity of wastewater discharged into Phuleli Canal from 

different sewage stations is about 225584.44 m3day-1 as indicated in Table 3.1. 

Sewage water having bulk volumes of organic and inorganic matter changes the 

chemical characteristics of the water body by producing toxic substances and 

ultimately pollutes the canal water (Watoo et al., 2004; Watoo et al., 2006). The use 

of polluted water has been reported to have adverse effects on livestock and 

vegetation (Khattak et al., 2004). Sources of pollution of Phuleli Canal are 

summarized in Table 3.2. 
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Table 3.1  Contribution of wastewater from different sewage station discharged 
into Phuleli Canal (Watoo et al., 2004 and 2006) 

 

Waste water station Average discharge(m3 day-1) Percentage 
 

Jcob tank Cantonment board waste 13944* ± 1397 6.18 
 

Kali Mori open drain 56376 ± 2232 25.0 
 

Open drain near old Power House 42323.44±3229.82 18.76 
 

Darya Khan Panhwar pumping station 96441±4151 42.75 
 

Site area pumping station near Nara Jail 13500±1963.4 5.98 
 

Other sources 
 

3000±855 1.33 

Total 225584.44 100 
 

        *  Mean of 12 determinations,           
    ± Confidence Interval at 5% probability level.         
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Table 3.2 Pollution Contributors in Phuleli Canal 
 
 

S.No Pollution 
Contributor Percentage Remarks 

1 Poultry farms 5 189 poultry farms  Buffalo forms were found on 
both sides of the canal 

2 Buffalos farms 20 

389 Buffalo forms were found on both sides of 
the canal and in the low water supply time the 
buffaloses use to swim in water. This practice 
was observed in front of all settlements. 

3 Slaughter 
Houses, 7 

The main slaughterhouse of Hyderabad was 
located on the right bank of the Phuleli Canal in 
the area of Pretabad and Laloo Lashari village 
wherein about more than 1,000 animals are 
being slaughtered every day and other small 
slaughter houses were found at left side of the 
canal 

4 
Municipal  and 
industrial 
Discharges  

52 

Municipal and Industrial Discharge include the 
following. 
1. Brutal pumping from 48 untreated domestic 

sewage 
2. The small cottage industry of glass at 

Latifabad unit no 8, and 12, and bara board. 
3. 09 tanning houses situated  in Latifabad, 

Parethabad, and Gujrati Para Hyderabad. 
4. 788 House hold battery works and burning 

close to canal at Hyderabad Matli and 
Tando Muhammad Khan. 

5. 34 Small house hold color pigment  
6. 41 chrome made cottage industries 
7. 16 Beverages factories  
8. 56 Flour mills  
9. Main hospitals and 238 small hospitals and 

dispensaries   
10. A total of 1000 laundries effluent  
11. Sugar industry 
12. 28 Local organic fertilizer factories 
13. 15 plastic factories   

5 Solid Waste 
Discharges 16 

1. Throne of garbage  
2. Throne of hospital waste and dispensaries 

waste 
3. Sugar industry 
4. Local organic fertilizer industry 

Total 100  
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3.3 Study of Phuleli Canal 

Water quality at seven locations (RD-0, RD-30, RD-50, RD-70, RD-

90, RD-110 and RD-130) of Phuleli Canal was studied. RD (reduced distance) is a 

commonly used unit of distance measurement along the canals in Pakistan which is 

equal to 1000 ft (304.8 m). The considered locations start from Kotri Barrage 

(Ghulam Muhammad Barrage) towards RD-30, RD-50, RD-70, RD-90 situated in 

Hyderabad district while RD-110, RD-130 fall in Tando Muhammad Khan district. 

The locations of the study are shown in Figure-3.1.  RD-0 is a starting point 

(regulation point) of Phuleli Canal which is considered as controlled treatment. 

Moreover, seasonal effects on canal, groundwater and soil quality were also 

evaluated. Summer starts from May and continues until June, July and August, 

autumn from September to October, winter from November to February and spring 

from March to April. The description of various studies conducted on canal water, 

groundwater and soil of canal command is as under: 

3.3.1   Study I Determinations of EC, pH, ions, trace and heavy metals   
concentration of Phuleli Canal water 

 

The water samples were collected throughout the year in order to 

monitor the EC, pH, ions, trace and heavy metals concentration in Phuleli Canal water 

at different locations. The water quality status was then compared with WHO/FAO 

standards. The detail of the study is as under: 

Study design =  RCBD (Factorial) 

Replications = Three  
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Factor- A =  Seasons = 04 

   S1    =       Summer 

   S2    =       Winter 

   S3    =       Autumn 

   S4    =        Spring 

 

Factor-B        = Locations/RD’S  =   7 

L1     =      RD-0 (Regulator) 

   L2     =       RD-30 

L3     =       RD-50 

L4     =      RD-70 

   L5     =      RD-90 

L6     =      RD-110 

   L7     =      RD-130 

 

Treatment combination 

T1 = S1L1  T2= S1L2  T3= S1L3  T4= S1L4 

T5= S1L5  T6= S1L 6  T7= S1L7  T8= S2L1 

T9= S2L2  T10= S2L3  T11= S2L4  T12= S2L5 

T13= S2L6  T14= S2L7  T15= S3L1  T16= S3L2 

T17= S3L3  T18= S3L4  T19= S3L5  T20= S3L6 

T21= S3L7  T22= S4L1  T23= S4L2  T24= S4L3 

T25= S41L4  T26= S4L5  T27= S4L6  T28= S4L7 
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3.3.2  Study II  Determinations   of    EC,   pH,   ions,   trace and  heavy  metals 
  Concentration of groundwater in Phuleli Canal Command area 
 

Groundwater samples were collected to determine the EC, pH, ions 

and heavy metals concentration in groundwater of Phuleli Canal Command area 

during various seasons at different locations and compare water quality status with 

WHO and FAO standards. The details of the study are as under: 

 

Study design =  RCBD (Factorial) 

Replications = Three  

Factor-A =  Seasons = 04 

   S1   =      Summer 

   S2   =      Winter 

   S3   =       Autumn 

   S4   =       Spring 

Factor-B = Locations/RD’S = 7   

L1   =     RD-0 (Regulator) 

   L2   =     RD-30 

   L3   =     RD-50 

L4   =     RD-70 

   L5   =      RD-90 

L6   =      RD-110 

   L7   =      RD-130 
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Treatment Combination 

 

T1 = S1L1  T2= S1L2  T3= S1L3  T4= S1L4 

T5= S1L5  T6= S1L 6  T7= S1L7  T8= S2L1 

T9= S2L2  T10= S2L3  T11= S2L4  T12= S2L5 

T13= S2L6  T14= S2L7  T15= S3L1  T16= S3L2 

T17= S3L3  T18= S3L4  T19= S3L5  T20= S3L6 

T21= S3L7  T22= S4L1  T23= S4L2  T24= S4L3 

T25= S4L4  T26= S4L5  T27= S4L6  T28= S4L7 
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3.3.3 Study III  Soil physico-chemical properties of Phuleli Canal Command area 

A study was conducted for determination of soil physio-chemical 

properties of agricultural soils of Phuleli Canal Command area. The trace and heavy 

metal values determined were then compared with FAO (1985) standards (Dikinya 

and Areola, 2010) for irrigated soil/crop production. 

Study design = RCBD (Factorial) 

Factor- A =  Seasons = 04 

   S1   =    Summer 

   S2   =    Winter 

   S3   =    Autumn 

   S4   =    Spring 

Factor-B       = Locations/RD’S = 7 

   L1   =     RD-0 (Regulator) 

 L2   =     RD-30 

   L3   =     RD-50 

L4   =     RD-70 

   L5   =   RD-90 

L6   =   RD-110 

   L7   =    RD-130 

Factor- C=  Soil sampling depths = 3 

   D1  =    0-20cm 

   D2  =    20-40 cm 

   D3  =    40-60 cm 
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Treatment Combination 

T1= S1D1L1  T2= S1D1L2  T3= S1D1L3  T4= S1D1L4 

T5= S1D1L5  T6= S1D1L 6  T7= S1D1L7  T8= S1D2L1 

T9= S1D2L2  T10= S1D2L3  T11= S1D2L4  T12= S1D2L5 

T13= S1D2L6  T14= S1D2L7  T15= S1D3L1  T16= S1D3L2 

T17= S1D3L3  T18= S1D3L4  T19= S1D3L5  T20= S1D3L6 

T21= S1D3L7  T22= S2D1L1  T23= S2D1L2  T24= S2D1L3 

T25= S2D1L4  T26= S2D1L5  T27= S2D1L6  T28= S2D1L7 

T29= S2D2L1  T30= S2D2L2  T31= S2D2L3  T32= S2D2L4 

T33= S2D2L5  T34= S2D2L6  T35= S2D2L7  T36= S2D3L1 

T37= S2D3L2  T38= S2D3L3  T39= S2D3L4  T40= S2D3L5 

T41= S2D3L6  T42= S2D3L7  T43= S3D1L1  T44= S3D1L2 

T45= S3D1L3  T46= S3D1L4  T47= S3D1L5  T48= S3D1L6 

T49= S3D1L7  T50= S3D2L1  T51= S3D2L2  T52= S3D2L3 

T53= S3D2L4  T54= S3D2L5  T55= S3D2L6  T56= S3D2L7 

T57=S3D3L1  T58= S3D3L2  T59= S3D3L3  T60= S3D3L4 

T61= S3D3L5  T62= S3D3L6  T63= S3D3L7  T64= S4D1L1 

T65= S4D1L2  T66= S4D1L3  T67= S4D1L4  T68= S4D1L5 

T69= S4D1L6  T70= S4D1L7  T71= S4D2L1  T72= S4D2L2 

T73= S4D2L3  T74= S4D2L4  T75= S4D2L5  T76= S4D2L6 

T77= S4D2L7  T78= S4D3L1  T79= S4D3L2  T80= S4D3L3 

T81= S4D3L4  T82= S4D3L5  T83= S4D3L6  T84= S4D3L7 
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3.4 Sample and sampling procedure  

Samples of canal and groundwater, and soil were collected from seven 

locations (RD-0, RD-30, RD-50, RD-70, RD-90, RD-110 and RD-130) with three 

replications during four seasons (summer, autumn, winter and spring). 

3.4.1 Canal water 

Canal water samples were collected from the centre by standing in the 

middle of the stream using boat. Care was taken to keep the bottle well above the bed 

of the stream to avoid unwanted bed material going into the sample following the 

procedures given by National Water Quality Monitoring Programme (Kahlown et al., 

2002). Collected samples were sent to the laboratories of Land and Water 

Management, Faculty of Agricultural Engineering, Sindh Agriculture University 

Tandojam and Drainage Research Center, Tandojam for physicho-chemical analysis. 

The canal water samples for determination of ions concentration were collected in 

properly washed 1.5 liter polyethylene containers. The samples for determination of 

heavy/trace metals were kept in glass bottles prewashed with detergent, diluted HNO3 

and doubly de-ionized distilled water as described by Akoto and Adiyiah (2007); 

Wattoo et al. (2004).  

3.4.2 Groundwater 

For determination of EC, pH, ions, trace and heavy metals 

concentration in ground water, the water samples were obtained directly from the 

hand pump installed about 100-110 m away from Phuleli Canal near each location 

(Table 3.3). The purging was carried out by making one stroke for every foot of water 

depth. After purging, the polyethylene bottles and their caps were washed with same 
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water. For heavy metal determination, the 2ml ultra HNO3 per liter was added in the 

samples and kept in refrigerator at 4°C for laboratory analysis as described by Wattoo 

et al.  (2004); Akoto and Adiyiah, (2007). 

4.4.3 Soil 

Soil samples were taken with the help of auger from each location 

about 100-110 m away from the Phuleli Canal for determination of soil properties. 

Three soil samples from each location (RD-0, RD-30, RD-50, RD-70, RD-90, RD-

110 and RD-130) at various depths viz. 0-20, 20-40 and 40-60 cm were taken. Same 

procedure was adopted for each seasons (summer, winter, autumn and spring). For 

each seasons total 21 soil samples (seven locations x three replications) were 

collected. Thus, total 84 samples were collected from seven locations. The samples 

were transporterd to the laboratories of the Department of Land and Water 

Management, Faculty of Agricultural Engineering, Sindh Agriculture University, 

Tandojam and Drainage Research Center Tandojam. All the samples were labeled 

with sample code, date and time of sample collection. The soil samples were dried, 

ground and passed through 2 mm sieve, mixed thoroughly and stored in clean labeled 

plastic containers for soil physico-chemical determinations.  

Table 3.3 Sampling locations of Phuleli Canal Command area 
 

Locations Village Taluka /  Tehsil District 

RD-0 (Regulator)  Kotri  Jamshoro  Jamshoro  

RD-30  Expo-Center Pretabad  Hyderabad  Hyderabad  
RD-50  Harsheg Patel  Hyderabad  Hyderabad  

RD-70  Near City Hosri  Latifabad  Hyderabad  

RD-90  Near Katiar  Latifabad  Hyderabad  
RD-110  Mohd Moosa Rindh  Tando Mohd Khan  Tando Mohd Khan  
RD-130  Hussain Khan Leghari  Bulri Shah Karim  Tando Mohd Khan  
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3.5 Determinations 

The analysis of soil and water samples were carried out according to 

the methods as outlined in Handbook 60 by U.S. Salinity Laboratory Staff (1954), 

except otherwise mentioned.  

3.5.1  Soil texture 

Bouyoucos Hydrometer method was adopted for the determination of 

soil texture (Kanwar and Chopra, 1959). 

3.5.2   Soil water extract 

Soil water extract at ratio 1:2 was adopted (Method No. 3, pp. 88 and 

Rowell, 1994a). 

3.5.3 pH reading of solution soil extract and  water samples 

The pH of soil water extracts and water samples was determined by 

portable pH meter (Orion-ISE Model-SA-720 USA) using buffers of pH 4.0 and pH 

9.0 as standards (Method No. 21c, pp. 102). 

3.5.4 Electrical conductivity (EC) of saturation extract and water samples 

Electrical conductivity of soil saturation extract and water samples was 

determined with the help of a portable conductivity meter (Hana Model-8733, 

Germany) using the standard reference solution which at 25oC has a conductivity of 

1412 µS cm-1 (KCl=0.0100M) for standardization. 
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3.5.5  Soluble calcium plus magnesium (Ca + Mg) 

By titrating with std. versinate EDTA in the presence of 

NH4Cl+NH4OH buffer solution and Eriochrome Black T indicator (Method No. 7, 

pp.94). 

3.5.6 Sodium (Na) 

  Sodium was determined with the help of Flame Photometer (Jenway 

UK Model No. PFP-7) Method No. 10a, pp.96. 

3.5.7 Potassium (K) 

Potassium was determined with the help of Flame Photometer (Jenway 

UK Model No. PFP-7) Method No. 11a, pp.97. 

3.5.8 Carbonate and bicarbonate (CO3 and HCO3) 

By titration with standard sulfuric acid (H2SO4) using phenolphthalein 

and methyl orange indicators respectively (Method No. 12, p. 98). 

3.5.9 Chloride (Cl) 

By titrating against standard silver nitrate (AgNO3) solution using 

potassium chromate (K2CrO4) indicator (Method No. 13, pp. 98). 

3.5.10 Sulphate (SO4) 

By subtracting CO3 + HCO3 + Cl from total soluble salts, all expressed 

as me l-1 was adopted (Rowel, 1994a).  

Sulphate (So4) =  (Ca + Mg + Na + K) – (CO3 + HCO3 + Cl) 
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3.5.11 Sodium absorption ratio (SAR) 

The following formula for Sodium absorption ratio (SAR) was adopted 

(Rowell, 1994a; Qureshi and Barret-Lennard, 1998). 

  

NaSAR=
Ca+Mg

2

 

3.5.12 Exchangeable sodium percentage (ESP) 

 Exchangeable sodium percentage was calculated by Rowell, (1994a) 

using relation: 

Exchangeable Sodium Ratio (ESR) = -0.013+0.015 SAR   

Exhangeable Sodium Percentage (ESP) = 100 ESR/(1+ESR)   

3.5.13 Residual sodium carbonate (RSC) 

Residual sodium carbonate was calculated (Rowell, 1994a) using 

relation: 

Residual sodium carbonate (RSC) = (CO3 + HCO3) - (Ca + Mg) 

3.5.14 Organic matter (OM%) 

Walky and Black method was adopted for the determinations of 

organic matter (%) in soil (Jackson, 1958a).    
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3.5.15 Total nitrogen (%) 

Kjeldahl’s method was adopted for the determination of total nitrogen 

(%) in soil and used Kjeldahl’s apparatus (Jackson, 1958b)  

3.5.16 Available phosphorous (P) 

AB-DTPA method was adopted for Available phosphorus and 

equipment used Spectrophotometer (Model Specord-200 PC. Analytik Jen, Germany), 

Soltanpour and Schwab, 1977. 

3.5.17 Total metals 

For determining total metals (Zn, Cu, Mn, Fe, Cd, Pb, Cr and As) 

method described by Rowell (1994b) was followed. A sample weighing to 1.2 g of air 

dried soil was taken in 150 ml digestion acid mixture (conc. HNO3 +H2O + conc. 

HCl) and allowed to stand overnight. Next morning, flasks were heated at 50 0C for 

30 minutes in the heating block and then increased the temperature to 120 0C until 

required volume is acheived. It was then allowed to cool and made the volume up to 

60 ml with 8.8% HNO3 solution. After filtration through a Whatmen filter paper No. 

42, the filtrate was stored in plastic bottles. The determinations of metals were made 

by atomic absorption spectrophotometer (Analytic-Jena-Germany, Model AAS-

Vario-6). However, direct air acetylene flame method was adopted for water 

determination on Atomic Absorption Spectrophotometer (Marry and Franson, 1992). 
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3.6 Statistical analysis 

Study-1 and 2 comprised factor A= four seasons (summer, autumn, 

winter, and spring) and factor B= seven locations (RD-0, RD-30, RD-50, RD-70,    

RD-90, RD-110 and RD-130). Whereas, study-3 included factor A= four seasons 

(summer, autumn, winter, and spring), factor B= three soil sampling depths (0-20, 20-

40 and 40-60 cm) and factor C = seven locations (RD-0, RD-30, RD-50, RD-70,    

RD-90, RD-110 and RD-130). The data collected were subjected to statistical analysis 

using analysis of variance technique. The LSD (Least Significant Differences) test 

was applied to compare the individual treatment means as per the statistical methods 

developed by Gomez and Gomez (1984). The above statistical analyses were 

performed by using MSTAT-C Computer Software. 
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CHAPTER-IV 

RESULTS  

This chapter describes the results of different analyses of soil and water 

carried out during the research.  

4.1 Study I  Determinations of EC, pH, ions, trace and heavy metals  

concentration of Phuleli Canal water 

Phuleli Canal water samples were collected from different locations 

viz. RD-0, RD-30, RD-50, RD-70, RD-90, RD-110 and RD-130 during summer, 

autumn, winter, and spring. The water samples were then an analyzed for determining EC, 

pH, CO3, HCO3, Cl, SO4, Ca+Mg, Na,  K and SAR,  RSC; trace (Zn, Fe, Cu, Mn) and heavy 

metals (Cd, Cr, Pb, As). The results are presented in Tables 4.1 to 4.6 as follows: 

4.1.1   Ions concentration inPhuleli Canal water during various seasons 

Statistical analysis of variance showed that all the chemical properties 

such as EC, pH, HCO3, Cl, SO4, Ca+Mg, Na, K and SAR of water samples collected 

during different seasons of the year from Phuleli Canal varied significantly. However, 

CO3 and RSC were absent (Appendix-I).  

The EC of water samples collected in winter season was relatively 

higher (0.60 dS m-1) than those collected in autumn, spring and summer seasons. The 

pH (7.56) and K concentration (0.198 meq l-1) respectively were higher during 

summer, however, HCO3, (1.63 meq l-1), Cl, (2.4 meq l-1), SO4, (1.90 meq l-1), Ca+Mg 

(2.27 meq l-1), Na, (3.51 meq l-1) SAR (3.26) were greater during winter (Table 4.1).  



 65 
 

All the chemical properties of Phuleli Canal water including pH, EC, 

CO3,  HCO3, Cl, SO4, Ca + Mg, Na, K and SAR, values were well comparable and within 

the range recommended by WHO (2004) and FAO (Ayers and Westcot, 1985) for 

human consumption and agriculture use respectively (Table 4.1).  

With the exception of pH and K, all the chemical characteristics 

increased significantly in Phuleli water during winter and decreased significantly in 

water during summer season. 
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Table 4.1     EC, pH, ions concentration in Phuleli Canal water in different seasons 

Parameters SE LSD 
(5%) 

Seasons 
 

 *W
H

O
 

  **
FA

O
 

 

Summer Autumn Winter Spring 

EC  (dS m-1) 0.0021 0.0096 0.54 d 0.58 b 0.60 a 0.55 c - 0-3 

pH 0.0098 0.044 7.56 a 7.40 c 7.31 d 7.45 b 6.5-8.5 6.5-8.4 

CO3
 (meq l-1) - - Nil -- 0-1 

HCO3
 (meq l-1) 0.0019 0.0095 1.41 d 1.55b 1.63 a 1.50 c -- 0-10 

Cl (meq l-1) 0.0022 0.0099 2.14 d 2.30 b 2.4 a 2.25 c 7.0 0-30 

SO4 
 (meq l-1) 0.0069 0.0311 1.8 b 1.87 a 1.90 a 1.80 b 5.2 0-20 

Ca+Mg (meq l-1) 0.0018 0.0097 2.02 d 2.18 b 2.27 a 2.09 c -- -- 

Na (meq l-1) 0.0016 0.0096 3.14 d 3.40b 3.51  a 3.28 c 8.7 0-40 

K (meq l-1) 0.0021 0.0097 0.198 a 0.16 c 0.148 d 0.18 b 0.26 -- 

SAR 0.0023 0.0098 3.10 d 3.235 b 3.26 a 3.19 c -- 0-15 

RSC -- -- -Nil- 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 
*    Max: permissible limit for drinking purpose/human consumption 
** Recommended maximum concentration for irrigation/crop production (Ayers and 

Westcot, 1985). 
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4.1.2 Trace and heavy metals concentration of Phuleli Canal water in various 

seasons 

Statistical analysis of variance showed that all the trace and heavy 

metals viz. Zn, Fe, Cu, Mn, Cd, Cr, Pb and As in Phuleli Canal water during different 

seasons of the year varied significantly at 5% probability level (Appendix-II).  

The water samples collected and analyzed during winter season 

showed higher Zn (0.032 mg l-1), Fe (1.72 mg l-1), Cd (0.0032 mg l-1), Cr (0.059       

mg l-1), Pb (0.038 mg l-1) and As (0.31 ugl-1) as compared to those analyzed during 

autumn, spring and summer seasons. However, Cu (0.51 mg l-1) and Mn (0.32 mg l-1) 

in water were higher during summer and both, Cu and Mn were found lower during 

winter (Table 4.2).  

Water analysis for human consumption showed that Fe and Pb 

concentration in Phuleli Canal water were higher in all seasons. Cd was higher during 

winter and Cr was higher during winter and autumn seasons, which are not within 

permissible limit of WHO for human consumption/drinking purpose. However, Zn, 

Cu, Mn and As were within the permissible limit of WHO. 

The water utilization for agriculture purpose showed that concentration 

of Zn, Fe, Cd, Cr and Pb in water were higher in all seasons, Cu in winter was within 

the permissible limits of FAO for irrigation/crop production. However, Mn was 

higher in all seasons and not within the permissible limit of FAO. 
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    Table 4.2    Trace and heavy metals concentration in Phuleli Canal water in various seasons. 
 
 

Pa
ra

m
et

er
 

(m
g 

l-1
) 

SE LSD 
(5%) 

 
Seasons 

 
 

*WHO 
(mg l-1) 

 
 

**FAO 
(mg l-1) 

 Summer Autumn Winter Spring 

Zn 0.0021 0.0097 0.020  b 0.029 ab 0.032  a 0.025 ab 3.0 2.0 

Fe  0.0019 0.0095 0.73    d   1.11     b 1.72    a 0.92     c 0.3 5.0 

Cu 0.0022 0.0097 0.51    a 0.32     c 0.182  d 0.44     b 2.0 0.2 

Mn  0.0018 0.0096 0.32    a 0.24     c 0.20    d 0.27     b 0.5 0.2 

Cd  0.00217 0.0095 0.0014 a 0.0023  a 0.0032 a 0.002   a 0.003 0.01 

Cr  0.00218   0.0098  0.03 c 0.05    ab 0.059   a   0.04    bc 0.05 0.10 

Pb  0.0015 0.0097 0.021   b 0.029   ab 0.038   a 0.025    b 0.01 5.0 

As (µg l-1) 0.0018 0.009821   0.138   d 0.23       b 0.31     a 0.20 c 0.01 0.1 

 In each row, means followed by common letter are not significantly different at 5% probability level. 
 

*   Max: permissible limit for drinking purpose/human consumption 
** Recommended maximum concentration for irrigation/crop production (Ayers and Westcot, 

1985). 
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4.1.3 EC, pH, ions concentration in Phuleli Canal water in various locations 

The water samples collected from Phuleli Canal at various locations 

showed significant (P<0.05) difference for EC, HCO3, Cl, SO4, Ca+Mg, Na, K and SAR. 

However, CO3 and RSC were found absent (Appendix-I). The EC of water samples 

collected from regulator at RD-0 was significantly lower (0.43 dS m-1) as water 

concentration encroached towards down reach i.e RD-130. However, pH and K 

decreased at down reach. The results of the study frurther showed pH and K 

concentration   in  water were 7.63 and 0.22 meq l-1 respectively which were higher 

for water samples collected from regulator at RD-0 and lower pH (7.28) and K (0.089 

meq l-1) was noted at down reach (RD-130). 

The lower values of EC (0.4), HCO3 (1.26 meq L-1), Cl (1.13 meq l-1), 

SO4 (1.68 meq l-1), Ca+Mg (1.73 meq l-1), Na (2.12 meq l-1), K (0.22 meq l-1), and 

SAR (2.29) were observed in the water samples collected from regulator (RD-0); 

while the chemical composition of water samples EC (0.47-0.72), HCO3
 (1.42-1.70 

meq l-1), Cl (1.73-3.29 meq l-1), SO4 (1.736-2.16 meq l-1), Ca+Mg (1.921-2.61        

meq l-1), Na (2.752-4.45 meq l-1) and SAR (2.81-3.89) significantly increased when 

the location of sample collection changed from RD-0 to RD-130. While pH and K 

concentration relatively decreased in the samples collected from   RD-130 (Table 4.3).  

 The values of pH, EC, HCO3, Cl, SO4, Ca+Mg, Na, K and SAR 

although differ significantly from location to location (P<0.01), but the values were 

within the permissible limits of FAO and WHO for agriculture and human 

consumption. 
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    Table 4.3    EC, pH, ions concentration of Phuleli Canal water at various locations 
 
 

Parameters SE LSD 
(5%) 

 
Locations 

 

*W
H

O
 

**
FA

O
 

RD-0 
(Regulator) RD-30 RD-50 RD-70 RD-90 RD-110 RD-130 

 

EC (dS m-1) 0.0026 0.008 0.43 g 0.47 f 0.505 e 0.580 d 0.61c 0.66 b 0.72 a - 0-3 

pH 0.013 0.045 7.63 a 7.56 b 7.48 c 7.475 c 7.34 d 7.28 e 7.28 f 6.5-8.5 6.5-8.4 

CO3  (meq l-1) - - -Nil- -- 0-1 

HCO3
 (meq l-1) 0.0029 0.009 1.26 f 1.42 e 1.506 d 1.515 d 1.595 c 1.68 b 1.70 a -- 0-10 

Cl (meq l-1) 0.0026 0.010 1.13 g 1.731f 1.895 e 2.228 d 2.630 c 3.00 b 3.29 a 7.0 0-30 

SO4 
 (meq l-1) 0.0091 0.032 1.68 e 1.736 d 1.737 d 1.838 c 1.913 b 1.84 c 2.16 a 5.2 0-20 

Ca + Mg (meq l-1) 0.0028 0.007 1.73 g 1.921 f 2.017 e 2.096 d 2.184 c 2.41 b 2.61a -- -- 

Na (meq l-1) 0.0026 0.009 2.12 g 2.752 f 2.913 e 3.304 d 3.793 c 3.98 b 4.45 a 8.7 0-40 

K  (meq l-1) 0.0029 0.0095 0.22 a 0.213 ab 0.206 b 0.182 c 0.160 d 0.13 e 0.089 f 0.26 - 

SAR  0.0027 0.0096 2.29 f 2.811 e 2.900 d 3.23 c 3.630 b 3.63 b 3.89 a -- 0-15 

RSC -Nil- 

    In each row, means followed by common letter are not significantly different at 5% probability level. 
 

   *   Max: permissible limit for drinking purpose/human consumption 
   ** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 
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4.1.4 Trace and heavy metals concentration of Phuleli Canal water in various 

locations 

The water samples collected from Phuleli Canal at various locations 

showed significantly (P<0.05) different results for trace and heavy metals viz. Zn, Fe, 

Cu, Mn, Cd, Cr, Pb and As (Appendix-II ). 

The results of the study showed higher Zn (0.034 mgl-1) concentration 

in canal water at upper reach (RD-0) which significantly decreased (0.019 mg l-1) at 

mid and down reach (RD50-130). The opposite trend was observed for Fe and Mn, 

which were low (0.79 and 0.158 mg l-1 respectively) at upper reach near RD-0 and 

suddenly increased 1.74 and 0.32 mg l-1 respectively near RD-30. The decreasing 

trend of both the trace elements was noted at mid to down reach (RD-50 to RD-130). 

The lowest concentration of Cu (0.156 mg l-1), Cd (0.0013 mg l-1), Cr 

(0.023 mg l-1), Pb (0.022 mg l-1) and As (0.109 µg l-1) was observed near upper reach 

(RD-0).  However, increased concentration of Cu (0.58 mg l-1), Cd (0.0033 mg l-1), Cr 

(0.067 mg l-1), Pb (0.032 mg l-1) and As (0.37 ug l-1) was observed towards the down 

reach.  

 The Zn, Cu and As concentration in canal water samples collected at 

different locations of Phuleli Canal was within the permissible limits of WHO for 

drinking purpose, while Fe and Pb concentration in water samples was found to be 

higher than the WHO permissible limits at all locations.  

While Mn was observed higher near up to mid-reach (RD-30 and RD-

50) which is beyond the permissible limit of WHO. However, Cd was found 

maximum at down reach (RD-110 to RD-130), Cr found higher at mid to down reach 
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near RD-70 to RD-130. Similarly Pb was noted higher at down reach from RD-90 to 

RD-130 (Tabe 4.4).  

For drinking purpose, Cd, Cr and Pb at mid to down reach were not in 

the permissible limit of WHO. Similarly Mn and Cu were within the permissible limit 

of WHO at all locations.  

The concentration of elements Zn, Fe, Cd, Cr, Pb and As, for irrigation 

purpose for within the permissible limit of FAO. However, Cu, Mn at mid to down 

reach were not within the permissible limit of FAO. 
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Table 4.4 Trace and heavy metals concentration of Phuleli Canal water at various 
locations 

 
Pa

ra
m

et
er

s 
(m

g 
l-1

) 

SE LSD 
(5%) 

 
Locations 

 

*W
H

O
 

(m
g 

l-1
) 

 **
FA

O
 

(m
g 

l-1
) 

 

RD-0 
(Regulator) RD-30 RD-50 RD-70 RD-90 RD-110 RD-130 

 

Zn  0.0027 0.0090 0.034 a 0.032 ab 0.029 abc 0.025 abc 0.024 abc 0.022 bc 0.019 c 3.0 2 

Fe  0.0026 0.0097 0.79 g 1.74 a 1.46 b 1.09 c 0.96 d 0.91 e 0.89 f 0.3 5 

Cu 0.0028 0.0095 0.156 g 0.18 f 0.25 e 0.38 d 0.47 c 0.52 b 0.58 a 2.0 0.2 

Mn  0.0029 0.0098 0.158 f 0.32 a 0.30 b 0.26  d 0.28 c 0.25 d 0.23 e 0.5 0.2 

Cd  0.0025 0.0096 0.0013 a 0.0015 a 0.0018 a 0.0021 a 0.0024 a 0.003 a 0.0033 a 0.003 0.01 

Cr  0.0028 0.0095 0.023 d 0.024 d 0.040 c 0.051 b 0.052 b 0.059 ab 0.067 a 0.05 0.10 

Pb  0.0027 0.0097 0.022 a 0.025 a 0.026a 0.027 a 0.030 a 0.031 a 0.032 a 0.01 5.0 

As 

 (µg l-1) 

0.0026 0.0098 0.109 g 0.14  f 0.177 e 0.21 d 0.25 c 0.27 b 0.37 a 0.01 0.1 

          In each row, means followed by common letter are not significantly different at 5% probability level. 
 

 *    Max: permissible limit for drinking purpose/human consumption 
 **  Recommended Maximum concentration for irrigation/crop production (Ayers and 

Westcot, 1985) 



 74 
 

4.1.5 Interactive effect of seasons x locations of Phuleli Canal on EC, pH and 

ions concentration  

Table-4.5 shows that the interactive effect of seasons and locations on 

the chemical composition of Phuleli Canal water was highly significant (P<0.05) with 

the exception of pH which showed non-significant variation due to this interactive 

effect. However, CO3 and RSC were found absent (Appendix-I). 

The higher EC (0.76 dS m-1), HCO3 (1.75 meq l-1), Cl (3.49 meq l-1), 

SO4 (2.31 meq l-1), Ca+Mg (2.68 meq l-1), Na (4.79 meq l-1) and SAR (4.14) of 

Phuleli Canal water was observed at RD-130 during winter season. As the season 

changed, the values of these parameters reduced (autumn>spring>summer). Same was 

true with RD’s which had higher values of these traits at RD-130>110>90>70>50>30 

and 0 instead of sulphate (SO4). Overall results showed that water contamination with 

HCO3, Cl, SO4, Ca+Mg, Na and SAR was higher in the down reach as compared to 

base point of regulator (RD-0). 

The Phuleli Canal water for pH (7.73) and K (0.25 meq l-1) 

concentration respectively had inverse trend, being higher at RD-0 during summer 

season and become lower at RD-130 during winter season (Tabe 4.5). 

All the chemical properties of Phuleli Canal water including pH, EC, 

CO3,  HCO3, Cl, SO4, Ca+Mg, Na, K and SAR values were well comparable and within 

the range recommended by WHO (2004) and FAO (Ayers and Westcot, 1985) for 

human consumption and agriculture use (Table 4.5). 
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Table 4.5 Interactive effect of seasons x locations  of  Phuleli  Canal  on  EC, pH  and ions  
               concentration 

 
Se

as
on

s 

Locations 
 

Parameters 
EC 

(dS m-1) pH meq l-1 SAR RSC 
CO3

 HCO3
 Cl SO4 Ca+Mg Na K   

Su
m

m
er

 

RD-0 (Regulator) 0.40 r 7.73 

-Nil- 

1.11 t 0.98 z 1.69 no 1.55 q 1.98  z 0.25 a 2.25 v 

-
Nil- 

 

RD-30 0.43q 7.70 1.33 q 1.68 u 1.66 op 1.75 o 2.67  v 0.25 ab 2.85 qr 
RD-50 0.48 mn 7.60 1.33 q 1.77 t 1.76 lm 1.87 n 2.76  t 0.23 bc 2.86 q 
RD70 0.55 ij 7.60 1.37 o 2.07 o 1.92 f-i 1.98  m 3.16  p 0.21 de 3.18  m 
RD-90 0.59 h 7.50 1.47  l 2.49  k 1.95 e-g 2.04  l 3.68  k 0.18 hi 3.64 f 
RD-110 0.63 ef 7.40 1.64  g 2.87 g 1.64 op 2.37 g 3.63  l 0.16  jk 3.33 j 
RD-130 0.68 cd 7.37 1.62  h 3.13 d 2.00 de 2.56  d 4.08 f 0.11 mn 3.61 h 

A
ut

um
n 

RD-0 (Regulator) 0.44 pq 7.60 1.31 q 1.19  x 1.62 p 1.75 o 2.17 x 0.20 d-g 2.32  t 
RD-30 0.49 m 7.53 1.35 p 1.82  s 1.87  ij 1.98  m 2.87 s 0.19 f-h 2.88  p 
RD-50 0.53 kl 7.47 1.56  j 1.93 q 1.78  lm 2.07 k 2.98  r 0.21 d-f 2.93 o 
RD70 0.59 h 7.50 1.58  i 2.19  n 1.79  k-m 2.13  j 3.25 o 0.17 ij 3.15 n 
RD-90 0.62 ef 7.27 1.66  f 2.68  i 1.88  h-j 2.24  i 3.83  i 0.15 k 3.62 gh 
RD-110 0.67d 7.23 1.69 cd 3.04  e 1.95 ef 2.43 f 4.12 e 0.12  l m 3.74  e 
RD-130 0.73 b 7.20 1.73 b 3.34  b 2.23 b 2.63 b 4.59  b 0.077 o 4.00   b 

W
in

te
r 

RD-0(Regulator) 0.47 no 7.53 1.41 n 1.30  w 1.76  lm 1.98  m 2.28  w 0.197 e-h 2.29 u 
RD-30 0.52 l 7.40 1.54  k 1.65  v 1.80  kl 2.09  k 2.73 u 0.187 g-i 2.67 s 
RD-50 0.54 jk 7.37 1.66 f 2.017  p 1.65 op 2.14  j 3.03 q 0.17 ij 2.93 o 
RD70 0.61 fg 7.37 1.67 ef 2.38  l 1.80  kl 2.24  i 3.47 m 0.15 jk 3.28  l 
RD-90 0.64 e 7.20 1.68 de 2.78  h 1.93  f-h 2.33  h 3.92 g 0.14  kl 3.63 fg 
RD-110 0.69 cd 7.20 1.72  b 3.12 d 2.04 d 2.45 e 4.32 d 0.11 mn 3.90  c 
RD-130 0.76 a 7.10 1.75 a 3.49  a 2.31 a 2.68  a 4.79  a 0.077 o 4.14  a 

Sp
rin

g 

RD-0(Regulator) 0.42 q 7.63 1.22  r 1.06  y 1.65 op 1.64  p 2.06  y 0.23 a-c 2.28  u 
RD-30 0.45 op 7.60 1.45 m 1.77  t 1.62 p 1.87  n 2.74  u 0.23 bc 2.84  r 
RD-50 0.47 n 7.50 1.47  l 1.86  r 1.75 lm 1.99  m 2.88 s 0.22 cd 2.89  p 
RD70 0.57 i 7.43 1.44  m 2.27  m 1.84 jk 2.03  l 3.34  n 0.19  e-h 3.31  k 
RD-90 0.60 gh 7.40 1.57 ij 2.58  j 1.89 g-j 2.13  j 3.74  j 0.17  ij 3.62  gh 
RD-110 0.64e 7.30 1.66 f 2.98  f 1.73mn 2.38  g 3.86  h 0.14  kl 3.54  i 
RD-130 0.69 c 7.27 1.70 c 3.21 c 2.10 c 2.58 c 4.34 c 0.093 no 3.82  d 

SE  0.0058 0.0408 0.0057 0.0058 0.0183 0.0056 0.0055 0.0058 0.0059 
LSD (5%) 0.0172 0.1213 0.016 0.017 0.0543 0.018 0.019 0.016 0.015 
*WHO  -- 6.5-8.5 -- -- 7.0 5.2 -- 8.7 0.26 --  

**FAO 0-3 6.5-8.4 0-1 0-10 0-30 0-20 -- 0.40 -- 0-15  
      In each column, means followed by common letter are not significantly different at 5% probability level. 

 
    *  Max: permissible limit for drinking purpose/human consumption 

** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 
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4.1.6 Interactive effect of seasons x locations on trace and heavy metals 

concentration 

The interactive effect of seasons and locations for the trace and heavy 

metals concentration of  Phulleli Canal water showed highly significant (P<0.05) 

differences for trace and heavy metals concentration of water (Appendix II).  

The higher Zn (0.041 mg l-1) was noted near upper reach (RD-0) 

during winter and lowest (0.013 mg l-1) at down reach at RD-130 during summer. 

However, higher Fe (1.9 mg l-1) was found at RD-30 near upper reach (1.35 mg l-1) 

during winter and it was recorded minimum (0.42 mg l-1) near down reach (RD-130) 

during summer (Table 4.6). 

The higher Cu (0.75 mg l-1) was recorded near down reach at RD-130 

during spring season and lowest (0.083 mg l-1) at upper reach at RD-0 during winter 

season. 

The maximum Mn (0.38 mg l-1) was noted at upper reach (near  RD-30 

and RD-0) during summer and lowest (0.12 mg l-1) near upper reach  RD-0 during 

winter season. 

The higher heavy metals concentration of Cd (0.004 mg l-1), Cr, (0.082 

mg l-1), Pb (0.045 mg l-1) and As, (0.5 µg l-1) was observed near down reach (RD-130) 

during winter. As the season changed the values of these parameters reduced 

(autumn>spring>summer). Same was true with other locations which recorded higher 

values of these traits at RD-130>110>90>70>50>30>0. Overall results showed that 

the heavy metals were higher in the down reach as compared to that at regulator (RD-

0).The Zn, Fe, Cd, Cr, Pb and As concentrations in water were within the permissible 
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limits of FAO for irrigation/crop production in all seasons at all locations. The Cu was 

higher in all seasons except winter near up to mid-reach (RD-0  to RD-70) was within 

the permissive limits. However, Mn was higher in all seasons except upper reach were 

it was within the permissible limit of FAO (Table 4.6). 

The Zn, Cu, Mn and As concentrations in water were within the 

permissible limit of WHO for human consumption/drinking purpose in all seasons 

and locations. Fe and Pb were not within permissible limit of WHO in all seasons and 

locations. However, Cd was higher during winter at all locations which was not 

within permissible limit. Similarly Cd was higher during autumn near down reach 

(RD-90 to RD-130) and also higher during spring near down reach (RD-110 to RD-

130) and was not within permissible limit of WHO. Cr was higher near mid to down 

reach throughout the year and was beyond the permissible limit of WHO.    
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Table 4.6     Interactive effect of seasons x locations of Phuleli Canal on trace and heavy metals concentration 

  In each column, means followed by common letter are not significantly different at 5% probability level. 
 
  *  Max: permissible limit for drinking purpose/human consumption 
 ** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot 1985) 

Se
as

on
s  

Lo
ca

tio
ns

 
 

Parameters (mg l-1) (µg l-1) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb 
 

As 

Su
m

m
er

 

RD-0 (Regulator) 0.022 a-d 0.40 u 0.24 lm 0.24 kl            0.001a 0.013 l 0.017 d 0.01 r                   
RD-30 0.027 a-d 1.57 i          0.25 kl 0.38  a 0.001 a 0.016 kl 0.017 d 0.017 r 
RD-50 0.023 a-d 0.97 k 0.38 hi 0.37 ab 0.001 a 0.022 i-l 0.018 d 0.12 pq                 
RD70 0.020 b-d 0.68 o 0.54 f 0.26 i-k       0.001 a 0.037 g-i        0.021 cd 0.16 mn             
RD-90 0.018 cd 0.55 r 0.69 c 0.35 bc 0.002a 0.036 g-j 0.024 b-d   0.17 lm 
RD-110 0.018 cd 0.50 s 0.72 b 0.35 c 0.002 a 0.043 f-h 0.022 cd 0.20 j 
RD-130 0.013 d 0.42 t 0.72 b 0.28 fg 0.002 a 0.052 c-g    0.024 b-d 0.29 d 

A
ut

um
n 

RD-0 (Regulator) 0.039 ab 0.75 n             0.13 q                  0.127 o 0.001 a 0.027 h-l 0.024 b-d 0.17pq 
RD-30 0.035 a-c  1.83 c 0.17 p                 0.29 fg 0.001 a 0.027 h-l 0.027 a-d   0.20 jk 
RD-50 0.032 a-d  1.65 gh        0.22 n 0.28 fg 0.002 a 0.045e-h     0.026 a-d 0.18 kl 
RD70 0.026 a-d 0.98 k            0.36 i 0.25 i-k          0.002 a 0.057 b-f 0.028 a-d 0.22 ij 
RD-90 0.026 a-d 0.88 l             0.38 h 0.26 h-j         0.003 a 0.057 b-f 0.030 a-d   0.267 ef 
RD-110 0.023 a-d 0.78 m              0.45 g 0.23 lm            0.003 a 0.066 a-d   0.032 a-d 0.28 de 
RD-130 0.021 b-d 0.88 l             0.55 f 0.23 l 0.004 a 0.071 a-c  0.032 a-d 0.37 b 

W
in

te
r 

RD-0 (Regulator) 0.041 a  1.35 j           0.083 s                    0.12 o 0.002 a 0.036 g-j 0.029 a-d   0.20 j 
RD-30 0.036 a-c 1.90 a 0.10 r                   0.27 gh       0.003 a 0.036 g-j 0.032 a-d 0.21 ij 
RD-50 0.035 a-c 1.86 ab 0.12 q 0.24 kl 0.003 a 0.058 b-d   0.033 a-d 0.25 fg 
RD70 0.031 a-d 1.81 d     0.18 op               0.24 kl            0.003 a 0.063 a-e 0.035 a-d   0.29 d 
RD-90 0.028 a-d 1.75 e 0.22 mn             0.21 m 0.003 a 0.067 a-d 0.040 a-c 0.35 c 
RD-110 0.026 a-d 1.71 f       0.26 k 0.17 n 0.004 a 0.072 ab 0.043 ab 0.38 b 
RD-130 0.024 a-d 1.65 h 0.30 j 0.16 n               0.004 a 0.082 a 0.045 a 0.50 a 

Sp
rin

g 

RD-0 Regulator 0.034 a-c 0.66 p              0.17 p 0.15 n 0.001 a 0.017 j-l 0.019 d 0.11q 
RD-30 0.028 a-d 1.67 g        0.19 o 0.32 d 0.001 a 0.019 i-l          0.022 cd 0.13 op 
RD-50 0.025 a-d 1.35 j 0.26 k 0.31 de 0.001 a 0.035 g-k 0.024 bd 0.15 no 
RD70 0.023 a-d 0.88 l             0.45 g 0.29 ef 0.002 a 0.047 d-g 0.025 a-d 0.18 l 
RD-90 0.023 a-d 0.66 p 0.57 e 0.28 fg 0.002 a 0.047 d-g 0.026 a-d 0.22 hi 
RD-110 0.020 b-d 0.65 p 0.66 d 0.27 g-i 0.003 a 0.053 b-g   0.028 a-d 0.24 gh        
RD-130 0.020 b-d 0.59 q 0.75 a 0.25 jk           0.003 a 0.063 a-e   0.028 a-d 0.33 c 

SE  0.0059 0.0057 0.0058 0.0057 0.0059 0.0057 0.0056 0.006 
LSD (5%) 0.017 0.019 0.016 0.015 0.017 0.016 0.017  0.018  
*WHO (mg L-1) 3.00 0.30 2.0 0.50 0.003 0.05 0.01 0.01 
**FAO (mg L-1) 2.0 5.0 0.2 0.2 0.01 0.1 5.0 0.10 
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4.1.7 Correlation coefficient (r) between EC, pH, ions, trace and heavy metals 

concentration of Phuleli Canal water 

4.1.7.1  Ions concentration 

The correlation of EC, pH, ions concentration across various locations 

and  seasons showed that EC was positively associated with HCO3, Cl, SO4, Ca + Mg, 

Na and SAR with an r value of  0.89, 0.97, 0.81 0.97, 0.98 and 0.94 respectively. 

However, EC was negatively associated with pH (r= -0.91) and K (r = -0.95).  

Statistical results showed that EC was significantly different at 1% probability level 

with these ion parameters (Table 4.7). 

Na was positively associated with EC, Cl, HCO3, SO4, Ca + Mg and 

SAR with ‘r’ value of 0.98, 0.87, 0.99, 0.82, 0.94 and 0.99 respectively. However, Na 

was negatively associated with pH (r= -0.89). Statistical results showed that Na 

significant differences at 1% probability level with these ion parameters. 

Cl was positively associated with HCO3, SO4, Ca + Mg and SAR with r 

value of 0.88, 0.76, 0.95, and 0.97 respectively. However, Cl was negatively 

associated with pH (r= -0.87) and K (r = -0.90).  Statistical results showed that Cl was 

significantly different at 1% probability level with these ion parameters. 

K was negatively associated with   HCO3, SO4, Ca + Mg, Na and SAR 

with ‘r’ value of -0.87, -0.80, -0.96, -0.91 and -0.85 respectively. Whereas, K was 

positively associated with pH (r= 0.92). Statistical results showed that K was 

significantly different at 1% probability level with these ion parameters. 
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Table 4.7 Correlation coefficient between EC, pH, ions concentration parameters   
of Phuleli Canal water 

 
Parameters Intercept Slope r value 

 
EC (dS m-1)  v/s 
pH 8.28 -1.50 -0.91** 
HCO3 (meq l-1) 0.67 1.51 0.89** 
Cl  (meq l-1) -1.68 6.96 0.97** 
SO4

 (meq l-1) 1.03 1.42 0.81** 
Ca + Mg (meq l-1) 0.51 2.87 0.97** 
Na (meq l-1) -0.93 7.50 0.98** 
K (meq l-1) 0.44 -4.70 -0.95** 
SAR 0.29 5.11 0.94** 
Na (meq l-1) v/s 
EC (dS m-1) 0.15 0.127 0.98** 
pH 8.06 -1.19 -0.89** 
HCO3

 (meq l-1) 0.89 0.192 0.87** 
Cl  (meq l-1) -0.81 0.92 0.99** 
SO4

  (meq l-1) 1.22 0.18 0.82** 
Ca  + Mg (meq l-1) 0.93 0.36 0.94** 
SAR 0.87 0.70 0.99** 
Cl (meq l-1) vs 
pH 7.88 -0.21 -0.87** 
HCO3  (meq l-1) 1.05 0.21 0.88** 
SO4 

 (meq l-1) 1.42 0.19 0.76** 
Ca + Mg (meq l-1) 1.24 0.39 0.95** 
K  (meq l-1) 0.31 -0.06 -0.90** 
SAR 1.52 0.74 0.97** 
K v/s   
pH 6.90 3.06 0.92** 
HCO3

  (meq l-1) 2.03 -2.96 -0.87** 
SO4

  (meq l-1) 2.33 -2.84 -0.80** 
Ca + Mg  (meq l-1) 3.12 -5.73 -0.96** 
Na  (meq l-1) 5.75 -14.08 -0.91** 
SAR 4.78 -9.25 -0.85** 

  ns = non significant, * and ** significant at 5% and 1% probability level respectively. 
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4.1.7.2  Trace and heavy metals concentration 

The correlation between trace and heavy metals concentration across 

various locations and  seasons showed that Zn was negatively associated with Cd, Cr 

and As with r value of  -0.13, -0.24 and -0.14 respectively, but, positively associated 

with  Pb (r=0.15) (Table 4.8). Fe was positively associated with Cd, Cr, Pb and As, 

with ‘r’ value of 0.22, 0.14, 0.51 and 0.21 respectively. Statistical results showed that 

.2Fe had non significant differences at 5% probability level with the parameters Cd, 

Cr, and As, but, showed significant differences at 1% probability level with Pb.  

Cu was positively associated with Cd, Cr, and As, with ‘r’ value of 

0.16, 0.27, 0.19 respectively. However, Cu was negatively associated with Pb  

(r = -0.17). Statistical results for Cu showed non significant differences at 5% 

probability level with these heavy metals concentration. 

Mn was negatively associated with Cd, Cr, Pb and As having ‘r’ value 

of -0.34, -0.33, -0.51 and -0.43 respectively. Statistical results for Mn showed non 

significant differences at 5% probability level with Cd, but had significant differences 

at 1% probability level with Pb. Pb was positively associated with Cd and As having 

‘r’ value of 0.87 and 0.89. The statistical results for Pb showed significant differences 

at 1% probability level with these metals. Whereas, Cd was positively associated with 

As with r value of 0.86. Statistical results for Cd showed significant differences at 1% 

probability level with As. While, pH was negatively associated with Fe and As having 

‘r’ value of -0.15 and -0.94 respectively. Statistical results for pH showed non 

significant differences at 5% probability level with Fe, but had significant differences 

at 1% probability level with As. 
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Table 4.8 Correlation coefficient between trace and heavy metals concentration 
parameters of Phuleli Canal water 

 
 

Parameters Intercept Slope r value 
Zn  (mg l-1)  v/s 

Cd  (mg l-1) 0.00 -0.019 -0.13 ns 
Cr  (mg l-1) 0.06 -0.67 -0.24 ns 
Pb (mg l-1) 0.02 0.15 0.15 ns  
As  (µg l-1) 0.28 -2.19 -0.14 ns 

Fe   (mg l-1) v/s 

Cd  (mg l-1) 0.00 0.00      0.22 ns 
Cr  (mg l-1) 0.04 0.005 0.14 ns 
Pb (mg l-1) 0.02 0.007 0.51** 
As (µg l-1) 0.17 0.04 0.21 ns 

Cu   (mg l-1) v/s 

Cd (mg l-1) 0.00 0.001 0.16 ns 
Cr (mg l-1) 0.04 0.024 0.27 ns 
Pb (mg l-1) 0.03 -0.006 -0.17 ns 
As (µg l-1) 0.19 0.097 0.19 ns  

Mn  (mg l-1) v/s 

Cd  (mg l-1) 0.00 -0.005 -0.34 ns 
Cr  (mg l-1) 0.07 -0.092 -0.33** 
Pb (mg l-1) 0.04 -0.054 -0.51** 
As (µg l-1) 0.39 -0.67 -0.43* 

Pb  (mg l-1) vs  

Cd (mg l-1) -0.00 0.122 0.87** 
As (µg l-1) -0.14 13.155 0.89** 

Cd  (mg l-1) vs AS (µg l-1) 0.02 90.508 0.86** 

pH vs 

Fe (mg l-1) 4.69 -0.48 -0.153 ns 
As (µg l-1) 4.69 -0.6 -0.94** 

   ns = non significant, * and ** significant at 5% and 1% probability level respectively 
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4.1.8  Linear regression of seasonal effect at various locations on EC, pH, ions, 

trace and heavy metals concentration of Phuleli Canal water  

Coefficient of determination (R2) 

The coefficient of determination (R2) showed that total variation in EC, 

pH, ions concentration viz. EC (97, 98, 96 and 95%), pH (97, 91, 94 and 98%), Cl (94, 

97, 98 and 95%), Na (95, 97, 98 and 96%), Ca + Mg  (96, 97, 94 and 95%) and K (93, 

84, 96 and 92%)  in various locations was due to its association with  Summer, Autumn, 

Winter and Spring seasons respectively (Figure 4.1-4.6). 

Regarding trace and heavy metals concentration of Phuleli Canal water, 

the coefficient of determination (R2) showed that total variation of Zn (75, 96, 98 and 

87%), Fe (21, 19, .03 and 0.29%), Cu (90, 97, 98 and 96%), Cd (75, 94, 80 and 89%), 

Cr (96, 94, 93 and 95%), Pb (84, 94, 92 and 97%) and As (94, 86, 93 and 92%) in 

various locations was due to its association with  Summer, Autumn, Winter and Spring 

seasons respectively (Figure 4.7-4.13). 

Regression coefficient (b) 

The regression coefficient indicated that a unit increase in locations 

resulted in correspondingly increase of  ions concentration viz. EC (0.05 dS m-1),  Cl 

(0.34, 0.94, 0.37 and 0.34  meq l-1), Na (0.33, 0.38, 0.41 and 0.35 meq l-1) and  Ca + Mg 

(0.16, 0.13, 0.11 and 0.14 meq l-1) by Summer, Autumn, Winter and Spring seasons 

respectively  (Figure 4.1 & 4.3-4.5). However, the   regression coefficient indicates a 

unit increase in locations resulted in correspondingly decrease of ion concentration viz. 

pH (0.06, 0.07, 0.06 and 0.06) and K (0.02, 0.02, 0.02 and 0.02 meq l-1) in Summer, 

Autumn, Winter and Spring seasons respectively (Figure 4.2 & 4.6). 
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The regression coefficient further revealed that a unit increase in 

locations resulted in correspondingly increase of trace and heavy metals concentration 

of Cu (0.10, 0.07, 0.04 and 0.11 mg l-1), Cd (0.0002, 0.0005, 0.0004 and 0.0003 mg l-1), 

Cr (0.006, 0.008, 0.008 and 0.007 mg l-1), Pb (0.0013, 0.0014, 0.0028 and              

0.0015 mg l-1) and As (0.04, 0.03, 0.05 and 0.03 µg l-1) in Summer, Autumn, Winter 

and Spring seasons respectively (Figure 4.9-4.13 ). However, the decreasing trend was 

observed in Zn (0.002, 0.003, 0.003 and 0.002 mg l-1) and Fe (0.09, 0.09, 0.11 and 0.01 

mg l-1) in Summer, Autumn, Winter and Spring seasons respectively with unit increase 

in locations (Figure 4.7-4.8).  
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Figure 4.1 Linear regression of EC (dS m-1) between seasons and locations of 
Phuleli Canal 
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Figure 4.2 Linear regression of pH between seasons and locations of Phuleli Canal 
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Figure 4.3 Linear regression of Cl (meq l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.4 Linear regression of Na (meq l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.5 Linear regression of Ca + Mg (meq l-1) between seasons and locations 

of Phuleli Canal 
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Figure 4.6 Linear regression of K (meq l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.7 Linear regression of Zn (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.8 Linear regression of Fe (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.9 Linear regression of Cu (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.10 Linear   regression of Cd (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.11 Linear regression of Cr (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.12 Linear regression of Pb (mg l-1) between seasons and locations of 

Phuleli Canal 
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Figure 4.13 Linear regression of As (µg l-1) between seasons and locations of 

Phuleli Canal 
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4.2 Study-II Determinations of EC, pH, ions, trace and heavy metals 

concentration of groundwater in Phuleli Canal Command area. 

Groundwater samples were collected from 100-110 meters away from 

RD-0, RD-30, RD-50, RD-70, RD-90, RD-110 and RD-130 during summer, autumn, 

winter, and spring from already installed hand pumps in the area. These samples were 

analyzed chemically so as to the determine groundwater quality status. 

4.2.1 EC, pH and ions concentration of groundwater in various seasons 

Statistical analysis of variance showed that all the chemical properties 

such as EC, pH, HCO3, Cl, SO4, Ca+Mg, Na, K and SAR, of groundwater samples 

collected during different seasons of the year from groundwater varied significantly. 

However, CO3 and RSC were found absent in the groundwater (Appendix-III).  

EC of groundwater during winter season was relatively higher (3.304 

dS m-1) as compared to autumn (3.20 dS m-1), spring (3.09 dS m-1) and summer 

seasons (3.04 dS m-1). The pH (7.38) and K (0.52 meq l-1) were relatively higher 

during summer, however, HCO3, (3.55 meq l-1), Cl, (17.00 meq l-1), Ca +Mg (10.87 

meq l-1), Na, (21.8 meq l-1) and SAR (9.318) were more during winter. With regard to 

SO4
 (1.90 meq l-1), it was significantly higher during autumn seasons (Table 4.9).  

Overall results   of the study revealed that all the chemical properties of 

groundwater increased significantly in the Phuleli Canal Command area during winter 

and decreased in summer, with the exception of pH and K.  

The EC of groundwater samples was slightly higher than the FAO 

permissible limits for human consumption and agriculture use, while pH was within 
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the permissible limits. The determined values for HCO3, Cl, SO4, Ca+Mg, Na and 

SAR of groundwater samples were well comparable and within the recommended 

range of WHO and FAO, while values of K were slightly higher than the permissible 

limits of WHO and FAO for human consumption and agriculture use.  
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Table 4.9 EC, pH, ions concentration of groundwater in various seasons as affected by water of 
 Phuleli Canal 

 

Parameters SE LSD (5%) 

 
Seasons 

  
*W

H
O

 
  

**
FA

O
 

 

Summer Autumn Winter Spring 

EC (dS m-1) 0.0120 0.0540 3.004 d 3.200 b 3.304 a 3.09 c - 0-3 

pH 0.0020 0.0099 7.38 a 7.296 c 7.261 d 7.340 b 6.5-8.5 6.5-8.4 

CO3
 (meq l-1) - - -Nil- -- 0-1 

HCO3
 (meq l-1) 0.024 0.110 3.228 c 3.47a 3.55 a 3.34 b -- 0-10 

Cl (meq l-1) 0.0022 0.010 15.07 d 16.25 b 17.00 a 15.67 c 7.0 0-30 

SO4 
  (meq l-1) 0.0069 0.0310 11.81 d 12.71 a 12.59 b 12.19 c 5.2 0-20 

Ca+Mg (meq l-1) 0.0023 0.0098 9.702 d 10.63 b 10.87 a 10.11c -- -- 

Na (meq l-1) 0.0019 0.0097 19.88 d 21.27 b 21.80 a 20.58 c 8.7 0-40 

K (meq l-1) 0.0021 0.0096 0.5248 a 0.4805c 0.471 c 0.506b 0.26 - 

SAR 0.0020 0.0097 8.986 d 9.189 b 9.318 a 9.115c -- 0-15 

RSC -Nil- -- -- 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 

*  Max: permissible limit for drinking purpose/human consumption 
 **Recommended Maximum concentration for irrigation/crop production (Ayers and  

         Westcot 1985) 
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4.2.2 Trace and heavy metals concentration of groundwater in various 
seasons 

 
Statistical analysis of variance showed that all the trace and heavy 

metal concentration of groundwater of Phuleli Canal Command area for Zn, Fe, Cu, 

Mn, Cd, Cr, Pb and As during different seasons of the year varied significantly 

(Appendix-IV).  

The higher Zn (0.094 mg l-1), Fe (2.89 mg l-1), Cd (0.0059 mg l-1), Cr 

(0.05 mg l-1) Pb (0.53 mg l-1) and As (3.727 ug l-1) were found in groundwater of 

canal command area during winter than those collected during autumn, spring and 

summer seasons. However, Cu (0.61 mg l-1) and Mn concentration (0.31 mg l-1) was 

higher during summer (Table 4.10). 

Comparing results with those recommended by WHO, it was noted that 

Zn, Cu, Mn and As concentration in groundwater was within the permissible limit for 

human consumption/drinking purpose in all seasons as reported by WHO. Fe and Pb 

were not within permissible limit of WHO in all season. However, Cd was higher in 

all seasons except summer. Also Cr was higher during winter season which was not 

also within permissible of WHO.  

With regard to groundwater use for irrigation/crop production, the 

results showed that Zn, Fe, Cd, Cr, Pb and As concentrations in groundwater were 

within the permissible limits of FAO in all seasons. Cu in all seasons was not within 

limit of FAO.  However, Mn was higher during summer and spring seasons and was 

not within the permissible limit of FAO. 
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Table 4.10 Trace and heavy metals concentration of groundwater in various seasons as affected by 
water of Phuleli Canal 

 
 

 
Pa

ra
m

et
er

s 
(m

g 
l-1

) 

SE LSD 
(5%) 

 
Seasons 

 

*W
H

O
 

(m
g 

l-1
) 

**
FA

O
 

(m
g 

l-1
) 

Summer Autumn Winter Spring 

Zn  0.0022 0.0098 0.026 d 0.061 b 0.094 a 0.042 c 3.0 2 

Fe 0.0023 0.0096 1.400 d 2.14b 2.89 a 1.724 c 0.3 5 

Cu 0.0019 0.0099 0.6045 a 0.36 c 0.27 d 0.50 b 2.0 0.2 

Mn 0.0024 0.0095 0.31 a 0.15 c 0.065d 0.24 b 0.5 0.2 

Cd  0.0018 0.0097 0.0019 d 0.0037 b 0.0059 a 0.003 c 0.003 0.01 

Cr  0.0024 0.0096 0.026 c 0.042 ab 0.05 a 0.033 bc 0.05 0.10 

Pb  0.0018 0.009 0.22 d 0.36 b 0.53 a 0.32 c 0.01 5.0 

As   (µg l-1) 0.06796 0.3059 2.08 d 3.18 b 3.727 a 2.65 c 0.01 0.1 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 

 *  Max: permissible limit for drinking purpose/human consumption 
 **Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot,  
     1985)  
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4.2.3 EC, pH, ions concentration of groundwater at various locations  

The groundwater samples collected from Phuleli Canal at various 

locations showed significantly (P<0.05) different for EC, HCO3, Cl, SO4, Ca+Mg, Na, 

K and SAR. However, CO3 and RSC were found absent in the groundwater (Appendix-

III).  

The EC of groundwater collected from regulator (RD-0) was 

significantly lower (2.286 dSm-1), whereas, it increased towards down reach viz. RD-

0>30>50>70>90>110>130.  However, pH and K ranged between 7.16-7.46 and    

0.38-0.65 meq l-1, having decreasing trend towards down reach (RD-

130>110>90>70>50>30>0). The EC in groundwater samples was slightly higher than 

the permissible limits FAO for irrigation purpose, while pH was within the 

recommendation of FAO and WHO for multi purpose consumption.  

The groundwater concentration for HCO3 (4.851 meq l-1), Cl (22.67 

meq l-1), SO4 (19.45 meq l-1), Ca+Mg (2.61 meq l-1), Na (4.45 meq l-1) and SAR 

(3.89) significantly increased when the location changed from RD-0 to RD-130 and 

was higher at RD-130 and decreased towards RD-0 (Table 4.11)  

The K, Cl, SO4 and Na concentrations were higher than WHO 

recommendations for drinking water and within permissible limits of FAO for 

agriculture use. 
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Table 4.11  EC, pH, ions concentration of groundwater at various locations as affected by    
water of Phuleli Canal. 

 

Parameters SE LSD 
(5%) 

 
Locations 

 

 
 
  

*W
H

O
 

  
**

FA
O

 

 

Regulator 
(RD-0) RD-30 RD-50 RD-70 RD-90 RD-110 RD-130 

 

EC (dS m-1) 0.0158 0.0547 2.286 g 2.44 f 2.63 e 2.82 d 3.38 c 3.79 b 4.71 a - 0-3 

pH 0.0027 0.010 7.469 a 7.40 b 7.36c 7.34 d 7.28 e 7.23 f 7.16 g  6.5-
8.5 

6.5-8.4 

CO3(meq l-1) -- -- -Nil- -- 0-1 

HCO3
 (meq l-1) 0.0320 0.110 2.25 g 2.50 f 2.72 e 3.65 d 3.80 c 3.99 b 4.85 a -- 0-10 

Cl (meq l-1) 0.0029 0.0098 11.33 g 11.80 f 13.75 e 16.94 c 16.77 d 18.71 b 22.67 a 7.0 0-30 

SO4 
 (meq l-1) 0.0091 0.0316 11.04 d 10.72 e 10.47 f 7.41 g 12.65 c 14. 54 b 19.45 a 5.2 0-20 

Ca+Mg (meq l-1) 0.0027 0.0097 7.739 f 7.51 g 8.36 e 9.46 d 11.21 c 12.82 b 15.20 a -- -- 

Na (meq l-1) 0.0028 0.0098 16.16 f 16.92 e  18.04 d 18.04 d 21.58 c 24.03 b 31.39 a 8.7 0-40 

K (meq l-1) 0.0026 0.0096 0.6467 a 0.60  b 0.55 c 0.50 d 0.413 e 0.38 f 0.386 f 0.26 - 

SAR 0.0028 0.0099 8.22 g 8.74 e 8.82 d 8.3 f 9.12 c 9.49 b 11.4 a -- 0-15 

RSC -Nil- -- 

In each column, means followed by common letter are not significantly different at 5% probability level. 
 
*   Max: permissible limit for drinking purpose/human consumption 
** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 
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4.2.4 Trace and heavy metals concentration of groundwater at various 

locations 

The groundwater samples collected from Phuleli Canal Command area 

at various locations showed significantly (P<0.05) different results for trace and heavy 

metals concentration (Zn, Fe, Cu, Mn, Cd, Cr, Pb and As) in groundwater    

(Appendix-IV ). 

The results of the study showed higher Zn (0.15 mg l-1) concentration 

in groundwater near upper reach (RD-0) and lower concentration of Zn (0.023 mg l-1) 

was noted at down reach (RD-130).  

Fe (1.145 mgl-1) and Mn (0.097 mg l-1) concentration in groundwater 

was noted minimum near RD-0 which subsequently increased (2.98 and 0.32 mg l-1 

respectively) near RD-30. Further, decreasing trend was noted from mid-reach to 

down reach (RD-50 to RD-130).  

The lowest concentration of Cu (0.15 mg l-1), Cd (0.002 mg l-1), Cr  

(0.02 mg l-1), Pb (0.13 mg l-1) and As (0.109 ug l-1) in groundwater was observed near 

upper reach (RD-0). However, Cu (0.65 mg l-1), Cd (0.005 mg l-1) Cr (0.06 mg l-1), Pb 

(0.057 mg l-1) and As (16.42 µg l-1) in groundwater increased towards down reach 

(Table 4.12).    

With reference to permissible limits of WHO for water usage for 

drinking purpose, the results for Zn, Cu, Mn and As concentration in groundwater at 

different locations showed that concentration was within the permissible limits of 

WHO for drinking purpose, while Fe and Pb concentration in groundwater was found  

higher than the recommended values of WHO at all locations. However, Cd was 
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found maximum in all location except RD-0, Cr found higher at down reach near RD-

110 to RD-130 and Pb was higher in all locations. The observed values of Cd, Cr and 

Pb were also above the permissible limit of WHO. 

With regard to permissible limits of water usage mentioned by FAO for 

agriculture/crop production/irrigation, the Zn, Fe, Cu, Cr, Pb and As in groundwater 

of canal command area were within the permissible limit of FAO. Cu was 

significantly higher than the permissible limit of FAO at mid to down reach (RD-50 to 

RD-130). Mn was also higher at upper to mid-reach (RD-30 to RD-50) was not within 

the permissible limit of FAO.  
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Table 4.12 Trace and heavy metal concentration of groundwater at various locations as 
affected by water of Phuleli Canal 

 
 

Pa
ra

m
et

er
s 

(m
g 

l-1
) 

SE LSD 
(5%) 

 
Locations 

 *WHO 
(mg l-1) 

**FAO 
(mg l-1) 

RD-0 
(Regulator) RD-30 RD-50 RD-70 RD-90 RD-110 RD-130 

Zn 0.0028 0.0098 0.15 a 0.084  b 0.042 c 0.04 cd 0.028 de 0.026 de 0.023 e 3.0 2 

Fe 0.0129 0.0447 1.145 g 2.98 a 2.71 b 2.3c 1.99 d 1.67 e 1.51 f 0.3 5 

Cu 0.0027 0.0097 0.15 g 0.17 f 0.45 e 0.49 d 0.52 c 0.61 b 0.65 a 2.0 0.2 

Mn 0.0029 0.0098 0.097  f 0.32 a 0.31 b 0.21 c 0.18 d 0.12 e 0.12 e 0.5 0.2 

Cd 0.0028 0.0096 0.002  a 0.003 a 0.003 a 0.004 a 0.004 a 0.005 a 0.005 a 0.003 0.01 

Cr 0.0027 0.0099 0.02 f 0.025 ef 0.031 de 0.036 cd 0.042 bc 0.05 ab 0.06 a 0.05 0.10 

Pb 0.0029 0.0098 0.13 g 0.19 f 0.22 e 0.36 d 0.50 c 0.52  b 0.57 a 0.01 5.0 

As (ug l-1) 0.0899 0.3111 0.20 d 0.30 cd 0.48 cd 0.53 c 0.60 c 1.84  b 16.42 a 0.01 0.1 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 
*   Max: permissible limit for drinking urpose/human consumption. 
** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 
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4.2.5 Interactive effect of seasons x locations on EC, pH, ions concentration of 

groundwater  

The results for interactive effect of seasons and locations on the 

chemical composition of groundwater was highly significant (P<0.05), However, EC 

showed non-significant differences. However, CO3 and RSC were found absent 

(Appendix-III).  

The higher EC (4.88 dS m-1), HCO3 (5.11 meq l-1), Cl (23.66 meq l-1), 

Ca+Mg (15.9 meq l-1), Na (32.38 meq l-1) and SAR (11.48) in groundwater water 

were observed near RD-130 during winter season, while, (SO4
2-) was higher during 

autumn season. The values of the parameters were decreased in autumn > spring > 

summer. However, groundwater concentration for EC, HCO3, Cl, Ca+Mg, Na and 

SAR were found higher at RD-130>110>90>70>50>30>0 showing higher values at 

down reach (Table 4.13). 

The pH and K concentration in groundwater showed opposite results. 

Higher pH (7.59) was found at starting point (RD-0) during summer season and 

lower at down reach (RD-130) during autumn season. However, maximum K (0.68 

meq l-1) was also noted at starting point (RD-0) during summer season and lower at 

down reach (RD-90,110 and 130) during autumn season.  

At most of the locations, EC of groundwater was higher than the FAO 

permissible limits and groundwater pH was within the recommended values of 

FAO/WHO. The SO4, Ca+Mg, Na and K concentrations in groundwater were higher 

than the permissible limits of WHO (for drinking purpose), but were in the 

recommended range of FAO for agriculture use. 
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Table 4.13 Interactive effect of seasons x locations of groundwater on EC, pH and ions    
concentration as affected by water of Phuleli Canal 

Se
as

on
s

 
Location 

 

Parameters 
EC 

(dS m-1) 
pH meq l-1  

SAR 
 

RSC CO3
 HCO3

 Cl SO4 Ca+Mg Na K 

Su
m

m
er

 

RD-0 (Regulator) 2.14 7.59 a 

-Nil- 

2.02 10.98 z 10.27 r 7.23 z 15.37 z 0.68 a 8.09 u 

-Nil- 

RD-30 2.29 7.47 c 2.34 11.57 x 9.74 t 7.04 z 15.98 z 0.63c d 8.52 q 
RD-50 2.46 7.41ef 2.57 12.95 t 10.20 s 7.93 w 17.23 u 0.56 fg 8.66 p 
RD70 2.68 7.40 fg 3.51 14.22 q 9.027 u 8.98 p 17.25 t 0.53 hi 8.14 t 
RD-90 3.27 7.34 i 3.63 15.96 o 11.16 m 10.22 l 20.09 l 0.44 k 8.88 l 
RD-110 3.64 7.28 l 3.870 17.91 i 13.88 g 12.22 h 23.02  h 0.42  l 9.31 h 
RD-130 4.54 7.21 n 4.65 21.88 d 18.40 d 14.30 d 30.21 d 0.42 l 11.30 d 

A
ut

um
n 

RD-0 (Regulator) 2.35 7.39  e-g 2.55 11.34 y 11.6 k 7.99 u 16.54  y 0.64 bc 8.27 r 
RD-30 2.48  7.39 e-g 2.54 11.93 v 10.97 n 7.67 x 17.19  v 0.58 f 8.78 n 
RD-50 2.71 7.38 g 2.77 13.98 r 10.72 o 8.69 r 18.26 o 0.52 hi 8.76 n 
RD70 2.85 7.32 ij 3.67 17.78 k 6.72 w 9.58 n 18.11 p 0.48j 8.28 r 
RD-90 3.42 7.28 l 3.85 16.97 l 13.78 h 11.78 j 22.43 j 0.38 mn 9.25 i 
RD-110 3.83 7.21 n 4.02 18.83 g 14.86 e 12.98 f 24.36 f 0.37 mn 9.56 e 
RD-130 4.76 7.10 q 4.86 22.92 b 20.27 a 15.69 b 31.98  b 0.38 mn 11.42 b 

W
in

te
r 

RD-0 (Regulator) 2.43 7.41de 2.33 11.94 v 11.32 l 8.210 s 16.77 w 0.61e 8.28 r 
RD-30 2.59 7.32 ij 2.67 12.02 u 11.66 k 7.96 v 17.83 r 0.56 fg 8.94 k 
RD-50 2.78 7.31 jk 2.89 14.85  p 10.42 q 8.75 q 18.87  n 0.54 h 9.02 j 
RD70 2.96 7.28 l 3.77 18.86 f 6.67 w 9.88 m 18.95 m 0.47 j 8.53 q 
RD-90 3.52 7.20  no 3.98 17.88 j 13.49 i 11.96 i 22.99 i 0.41 l 9.40 g 
RD-110 3.97 7.18 o 4.11 19.78 e 14.72 f 13.44 e 24.81 e 0.34 o 9.58 e 
RD-130 4.88 7.12 p 5.11 23.66 a 19.88 b 15.90 a 32.38 a 0.37 n 11.48 a 

Sp
rin

g 

RD-0 (Regulator) 2.23 7.49 b 2.11 11.09 z 10.97 n 7.53 y 15.97 z 0.66 ab 8.22 s 
RD-30 2.40 7.423 d 2.46 11.68  w 10.51 n 7.35 z 16.68  x 0.62 de 8.70 o 
RD-50 2.56 7.38 g 2.65 13.23 s 10.55 p 8.08 t 17.79 s 0.56 g 8.85 m 
RD70 2.76 7.36 h 3.66 16.89 m 7.23 p 9.38 o 17.86 q 0.52  i 8.24 s 
RD-90 3.31 7.30 kl 3.72 16.25 n 12.15 j 10.87 k 20.83 k 0.42 l 8.93 k 
RD-110 3.71 7.24 m 3.98 18.31 h 14.68 f 12.65 g 23.94 g 0.39 m 9.52 f 
RD-130 4.65 7.19 o 4.79 22.23 c 19.25 c 14.90 c 30.98 c 0.39 m 11.34 c 

SE 0.0316 0.0058 0.0633 0.0058 0.018 0.0058 0.0058 0.0058 0.0058 
LSD (5%) 0.094 0.0172 0.1879 0.0172 0.054 0.0172 0.0172 0.0172 0.0172 
WHO -- 6.5-8.5 -- 7.0 5.2 -- 8.7 0.26 -- -- 
FAO 0-3 6.5-8.4 0-10 0-30 0-20 25 0.40 -- 0-15  

In each column, means followed by common letter are not significantly different at 5% probability level. 
 

*   Max: permissible limit for drinking purpose/human consumption 
** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 
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4.2.6 Interactive effect of seasons x locations on trace and heavy metals 

concentration 

The results for trace and heavy metals concentration of groundwater in 

Canal Command area showed significant interactive effect of seasons x locations 

(Appendix-IV). 

The higher Zn (0.29 mg l-1) in groundwater was noted near upper 

reache at RD-0 during winter season and it relatively decreased (0.014 mg l-1) near 

down reach (RD-130) during summer season. However, higher Fe (3.6-3.7 mg l-1) in 

groundwater was found at RD-30 to RD-50 during winter and become low (0.89 mg l-

1) near down reach (RD-130) during summer season. 

The higher Cu (0.87 mg l-1) in groundwater was noted in down reach 

near RD-130 during summer season and it was low (0.13 mg l-1) at upper reach during 

winter and autumn seasons. 

The higher Mn (0.46-0.54 mg l-1) in groundwater was noted in mid-

reach (RD-30 to RD-50) during summer and lower values (0.04 mg l-1) were observed  

at upper reach  during winter season. 

The higher concentration of heavy metals Cd (0.008 mg l-1), Cr (0.07 

mg l-1), Pb (0.77 mg l-1) and As (20.33 ug l-) in groundwater was observed near upper 

reach (RD-130) during winter season. As the season changed concentration of these 

parameters decreased (autumn>spring>summer). Same was true with locations which 

had higher values of these traits at RD-130>110>90>70>50>30>0. Overall results 

showed that the heavy metals in groundwater were higher in the down reach as 

compared to upper reach (Table 4.14). 
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The permissible limits of FAO for Zn, Fe, Cd, Cr, Pb and As in 

groundwater showed that these parameters were within limits in all seasons. Cu was 

higher during autumn, spring and winter and not within permissive limit of FAO.  

However, Mn in groundwater varied significantly at different locations of canal 

command area and was higher in summer, autumn and spring. The values of Mn were 

not within the permissible limits as suggested by FAO. 

It was further observed that Zn and Cu concentration in groundwater 

was within the permissible limit of WHO for human consumption/drinking purpose in 

all seasons. Fe and Pb in groundwater were not within permissible limit of WHO in 

all season.  

Cd was higher during winter season at all locations and was not within 

permissible of WHO. Cd in groundwater was higher during autumn, spring and 

summer seasons. The values of Cd varied between locations and were higher than the 

permissible of WHO. As was relatively higher during winter near down reach and was 

also higher than the permissible limits of WHO. Cr was higher near down reach 

during winter, autumn near mid to upper reach and was higher than the permissible 

limit suggested by WHO. 
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Table 4.14  Interactive effect of seasons x locations of groundwater on trace and heavy metals concentration 
as affected by water of Phuleli Canal  

In each column, means followed by common letter are not significantly different at 5% probability level. 
 

  *   Max: permissible limit for drinking purpose/human consumption 
  ** Recommended Maximum concentration for irrigation/crop production (Ayers and Westcot, 1985) 

Se
as

on
s  

Lo
ca

tio
ns

 
  

Parameters 
(mg l-1)  

As 
(µg l-1) Zn Fe Cu Mn Cd Cr Pb 

Su
m

m
er

 

RD-0 (Regulator) 0.05 fg 0.42 r 0.20  q 0.15  i 0.001 a 0.011  j 0.10  q 0.11  ij 
RD-30 0.041 f-h 2.27 h 0.25  p 0.46  b 0.001  a 0.015  ij 0.12  q 0.17  ij 
RD-50 0.03  h-j 2.15 i 0.62  h 0.54  a 0.002  a 0.018  h-j 0.11  q 0.29  ij 
RD70 0.02  h-j 1.65 l 0.72  d 0.35  c 0.002  a 0.03  g-j 0.12  q 0.32  ij 
RD-90 0.018  ij 1.44 m 0.76  c 0.29  d 0.002  a 0.033 f-i 0.35  k 0.33  ij 
RD-110 0.019  ij 0.99 o 0.82  b 0.20  f 0.003  a 0.035  e-h 0.37   j 1.36  fg 
RD-130 0.014  j 0.89 p 0.87  a 0.19  fg 0.003 a 0.041  c-g 0.40  i 12.00  d 

A
ut

um
n 

RD-0 (Regulator) 0.18  b 0.98 o 0.13  st 0.08  k 0.002  a 0.023  g-j 0.11 q 0.22  ij 
RD-30 0.10  d 3.47  b 0.13  t 0.29  d 0.003  a 0.027 f-j 0.21  p 0.34  ij 
RD-50 0.04  f-h 2.67 e 0.34  n 0.28  de 0.004  a 0.036  e-h 0.26  n 0.54  h-j 
RD70 0.04  g-i 2.41 fg 0.38  m 0.15   i 0.004  a 0.04  c-g 0.32  lm 0.63 h-j 
RD-90 0.03  g-j 1.98  j 0.43  l 0.12  j 0.004  a 0.042  c-g 0.50  f 0.65  h-j 
RD-110 0.024  h-j 1.76  k 0.54  k 0.07  kl 0.005 a 0.058  a-c 0.52  f 1.87  f 
RD-130 0.023  h-j 1.71  kl 0.57   j 0.07  kl 0.005 a 0.065 ab 0.61 e 18.00  b 

W
in

te
r 

RD-0 (Regulator) 0.29  a 2.41  fg 0.12  t 0.04  n 0.003 a 0.030  f-j 0.20  p 0.28  ij 
RD-30 0.13  c 3.70  a 0.130  t 0.19  fg 0.004  a 0.036  e-h 0.23 o 0.43  h-j 
RD-50 0.07 e 3.63  a 0.17  r 0.06  lm 0.006  a 0.042  c-g 0.32  l 0.65  h-j 
RD70 0.06  ef 3.04  c 0.29  o 0.05  mn 0.007 a 0.047  b-f 0.68  d 0.75 hi 
RD-90 0.04  f-h 2.84  d 0.33  n 0.04 n 0.007 a 0.053  a-e 0.72  c 0.98 gh 
RD-110 0.04  f-h 2.48  f 0.44   l 0.04  n 0.007 a 0.068  a 0.75  b 2.67 e 
RD-130 0.04  f-h 2.14  i 0.44   l 0.04  n 0.008  a 0.070  a 0.77  a 20.33 a 

Sp
rin

g 

RD-0 (Regulator) 0.097 d 0.77  q 0.15  s 0.12  j 0.001  a 0.018  h-j 0.11 q 0.19  ij 
RD-30 0.07  e 2.48  f 0.18   r 0.35 c 0.002 a 0.023  g-j 0.20  p 0.25  ij 
RD-50 0.04  g-i 2.37  g 0.68  f 0.34  c 0.003 a 0.028  f-j 0.20  p 0.45  h-j 
RD70 0.03  g-j 2.01  j 0.59   i 0.28  d 0.003 a 0.032  f-i 0.31  m 0.43  h-j 
RD-90 0.02  h-j 1.71  kl 0.55   jk 0.26  e 0.004 a 0.038  d-g 0.42  h 0.45  h-j 
RD-110 0.02  h-j 1.43  m 0.66  g 0.18  gh 0.004 a 0.038  d-g 0.45 g 1.44  f-g 
RD-130 0.018  ij 1.30  n 0.70  e 0.17  h 0.004 a 0.057  a-d 0.52  f 15.33  c 

SE  0.0058 0.0257 0.0056 0.0057 0.0059 0.0058 0.0056 0.1798 
LSD (5%) 0.017 0.080 0.016 0.017 0.018 0.015 0.016 0.53 

*WHO 3.00 0.30 2.00 0.500 0.003 0.05 0.01 0.01 
**FAO 2 5 0.2 0.2 0.01 0.1 5 0.1 
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4.2.7  Correlation coefficient (r) between groundwater EC, pH ions, trace and 

heavy metal concentration of Phuleli Canal Command area 

4.2.7.1     Ions concentration 

The correlation of EC, pH, ions concentration of groundwater at 

various locations and various season  showed that EC was positively associated with 

HCO3, Cl, SO4, Ca + Mg, Na and SAR with r value of  0.94, 0.95, 0.86, 0.99, 0.99 

0.93 respectively. However, EC was negatively associated with pH (r= -0.91) and K   

(r = -0.88). Statistical results showed that EC was significantly different at 1% 

probability level with these ion parameters (Table 4.15). 

Na was positively associated with EC, Cl, HCO3, SO4, Ca + Mg and 

SAR with r value of 0.99, 0.91, 0.92, 0.91, 0.97 and 0.97 respectively. However, Na 

was negatively associated with pH (r= -0.89). Statistical results showed that Na was 

significantly different at 1% probability level with these ion parameters. 

Cl was positively associated with HCO3, SO4, Ca + Mg and SAR with 

‘r’ value of 0.98, 0.68, 0.96 and 0.83 respectively. However, Cl was negatively 

associated with pH (r= -0.91) and K (r = -0.89).  Statistical results showed that Cl was 

significantly different at 1% probability level with these ion parameters. 

K was negatively associated with HCO3, SO4, Ca + Mg, Na and SAR 

with ‘r’ value of -0.92, -0.61, -0.90, -0.82 and -0.69 respectively. Whereas, K was 

positively associated with pH (r= 0.91). Statistical results showed that K was 

significantly different at 1% probability level with these ion parameters. 
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 Table 4.15 Correlation coefficient between groundwater EC, pH, ions concentration 
parameters of Phuleli Canal Command area 

 
Parameters Intercept Slope r value 

EC (dS m-1)  v/s 
pH 7.72 -0.13 -0.91** 
HCO3 (meq l-1) 0.17 1.03 0.94** 
Cl  (meq l-1) 1.85 4.49 0.95** 
SO4

  (meq l-1) 0.24 3.84 0.86** 
Ca + Mg (meq l-1) -0.11 3.31 0.99** 
Na (meq l-1) 1.47 6.16 0.99** 
K (meq l-1) 0.84 -0.11 -0.88** 
SAR 5.5 1.16 0.93** 
Na (meq l-1) v/s 
EC (dS m-1) -0.17 0.16 0.99** 
pH 7.73 -0.02 -0.89** 
HCO3 (meq l-1) 0.10 0.16 0.91** 
Cl  (meq l-1) 1.4 0.70 0.92** 
SO4 (meq l-1) -1.2 0.65 0.91** 
Ca + Mg (meq l-1) -0.59 0.52 0.97** 
SAR 5.11 0.19 0.97** 
Cl (meq l-1) vs 
pH 7.75 -0.027 -0.91** 
HCO3 (meq l-1) -0.19 0.22 0.98** 
SO4 (meq l-1) 2.07 0.64 0.68** 
Ca + Mg (meq l-1) -0.5 0.68 0.96** 
K (meq l-1) 0.87 -0.024 -0.89** 
SAR 5.66 0.22 0.83** 
K v/s   
pH 6.82 1.00 0.91** 
HCO3

 (meq l-1) 7.36 -7.99 -0.92** 
SO4

 (meq l-1) 23.16 -21.83 -0.61** 
Ca  + Mg  (meq l-1) 22.32 -24.18 -0.90** 
Na (meq l-1) 41.11 -40.77 -0.82** 
SAR 12.58 -6.91 -0.69** 

   ns = non significant,  and  significant at 5% and 1% probability level respectively 
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4.2.7.2         Trace and Heavy metals concentration 

The correlation trace and heavy metals concentration across various 

locations and various season  of groundwater showed that Zn was negatively 

associated with Cd, Cr, Pb and As with ‘r’ value of  -0.15, -0.28, -0.35 and -0.24 

respectively. Statistical results showed that Zn had non significant differences at 5% 

of probability level (Table 4.16). Fe was positively associated with Cd, Cr and Pb 

having ‘r’ value of 0.47, 0.18 and 0.14 respectively, but, showed negatively 

association with As (r=-0.20). Statistical results showed that Fe had non- significant 

differences at 5% probability level with the parameters Cr, Pb and As, but, showed 

significant differences at 1% probability level with Cd. 

Cu was positively associated with Cd, Cr, Pb and As with ‘r’ value of 

0.003, 0.27, 0.26 and 0.33 respectively. Statistical results showed that Cu had non- 

significant differences at 5% probability level with these metals concentration.  

Mn was negatively associated with Cd, Cr, Pb and As having ‘r’ value 

of -0.63, -0.61, -0.60 and -0.30 respectively. Statistical results showed that Mn had 

non-significant differences at 5% probability level with As, but, showed significant 

differences at 1% probability level with Cd, Cr and Pb (Table 4.16). Pb was positively 

associated with Cd and As with ‘r’ value of 0.89 and 0.53. Statistical results for Pb 

showed significant differences at 1% probability level with these metals. Whereas, Cd 

was positively associated with As having r value of 0.40. Statistical results for Cd 

showed significant differences at 5% probability level with As. Wheras, pH was 

negatively associated with Fe and As having r value of -0.113 and -0.68 respectively.  

Statistical results for pH showed non significant differences at 5% probability level 

with Fe, but had significant differences at 1% probability level with As. 
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Table 4.16 Correlation coefficient between groundwater trace and heavy metals   
concentration Phuleli Canal Command area 

 
Parameters Intercept Slope r value 

Zn  (mg l-1)  v/s 

Cd  (mg l-1) 0.00 -005 -0.15 ns 

Cr  (mg l-1) 0.04 -0.07 -0.28 ns 

Pb (mg l-1) 0.43 -1.24 -0.35 ns 

As (µg l-1) 4.25 -23.51 -0.24 ns 

Fe  (mg l-1) v/s 

Cd (mg l-1) 0.00 0.001 0.47 ** 

Cr  (mg l-1) 0.03 0.003 0.18 ns 

Pb (mg l-1) 0.28 0.036 0.14 ns 

As (µg l-1) 5.7 -1.37 -0.203 ns 

Cu  (mg l-1) v/s 

Cd (mg l-1) 0.00 0.000 0.003 ns 

Cr  (mg l-1) 0.03 0.018 0.27 ns 

Pb (mg l-1) 0.26 0.23 0.26 ns 

As (µg l-1) -0.58 8.01 0.33 ns 

Mn  (mg l-1) v/s 

Cd (mg l-1) 0.01 -0.009 -0.63 ** 

Cr (mg l-1) 0.05 -0.071 -0.61 ** 

Pb (mg l-1) 0.54 -0.94 -0.6 ** 

As (mg l-1) 5.41 -12.98 -0.30 ns 

Pb (ppm) vs  

Cd (mg l-1) 0.00 0.008 0.89**  

As (µg l-1) -2.3 14.6 0.53** 

Cd  (mg l-1) vs As (µg l-1) -1.56 1202.18 0.40* 

pH vs  

Fe (mg l-1) 8.26 -0.85 -0.113 ns 

As (µg l-1) 252.73 -34.13 -0.68** 
 ns = non significant,  and  significant at 5% and 1% probability level respectively. 
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4.2.8 Linear regression of seasons and locations for groundwater pH, EC, ions, 

trace and heavy metals concentration of Phuleli Canal Command area  

Coefficient of determination (R2) 

The coefficient of determination (R2) showed that total variation in EC, 

pH, ions concentration of groundwater viz. EC (50, 0.90, 0.91 and 0.89%) , pH, (97, 98, 

88 and 96%), Cl- (94, 91, 90 and 93%), Na (80, 81, 84 and 82%), Ca + Mg (91, 90, 88 

and 92%) and K (95, 93, 94 and 96%)  at various locations was due to its association 

with  Summer, Autumn, Winter and Spring seasons respectively (Figure 4.14-4.19). 

Regarding trace and heavy metals concentration of  groundwater, the 

coefficient of determination (R2) showed that total variation of Cu (87, 94, 95 and 

66%), Cd (89, 88, 86 and 87%), Cr (96, 95, 97 and 90%) and Pb (81, 97, 87 and 95%) 

in various locations  was due to its association with  Summer, Autumn, Winter and 

Spring seasons respectively (Figure 4.2-4.23 ). 

Regression coefficient (b) 

The regression coefficient indicated that a unit increase in locations 

resulted in correspondingly increase of EC and ions concentration of groundwater viz. 

EC (0.47, 0.38, 0.39  and  0.38 dS m-1),  Cl- (1.73, 1.84, 1.92 and 1.78 meq l-1), Na (80, 

81, 84 and 82  meq l-1) and Ca + Mg (91, 90, 88 and 92 meq l-1) by Summer, Autumn, 

Winter and Spring seasons respectively (Figure 4.14 & 4.16-4.18). However, the 

regression coefficient indicates a unit increase in locations resulted in correspondingly 

decrease of ions concentration viz. pH (0.97, 0.99, 088 and 0.96) and K ( 0.05, 0.05, 

0.05 and  0.05 meq l-1)  in Summer, Autumn, Winter and Spring seasons respectively 

(Figure 4.15 & 4.19). 
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The regression coefficient further revealed that a unit increase in 

locations resulted in correspondingly increase of trace and heavy metals concentration 

of Cu (0.12, 0.04, 0.03 and 0.09 mg l-1), Cd (0.0004, 0.0005, 0.0008 and 0.0005 mg l-1),  

Cr (0.005, 0.007, 0.006 and 0.007 mg l-1) and Pb (0.06, 0.08, 0.07 and 0.07 mg l-1) in 

Summer, Autumn, Winter and Spring seasons respectively (Figure 4.20-4.23 ). 
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Figure 4.14 Linear regression of groundwater EC (dS m-1) between seasons and 

locations of   Phuleli Canal Command area 
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Figure 4.15 Linear regression of groundwater pH between seasons and locations of 
Phuleli Canal Command area 
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Figure 4.16 Linear regression of groundwater Cl (meq l-1) between seasons and 

locations of  Phuleli Canal Command area. 
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Figure 4.17 Linear regression of groundwater Na (meq l-1) between seasons and 

locations of  Phuleli Canal Command area 
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Figure 4.18 Linear regression of groundwater Ca + Mg (meq l-1) between seasons 

and locations of  Phuleli Canal Command area 
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Figure 4.19 Linear regression of groundwater K (meq l-1) between seasons and 

locations of  Phuleli Canal Command area 
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Figure 4.20 Linear regression of groundwater Cu (mg l-1) between seasons and 

locations of   Phuleli Canal Command area 
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Figure 4.21 Linear regression of groundwater Cd (mg l-1) between seasons and 

locations of  Phuleli Canal Command area 
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Figure 4.22 Linear regression of groundwater Cr (mg l-1) between seasons and 

locations of  Phuleli Canal Command area 
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Figure 4.23 Linear regression of groundwater Pb (mg l-1) between seasons and 

locations of  Phuleli Canal Command area 
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4.3 Study-III Soil physic-chemical properties of Phuleli Canal Command area 

The impact of polluted water of Phuleli Canal on soil properties was 

investigated  by analyzing soil samples taken 100-110 meter away from the canal for 

physico-chemical properties viz. soil texture, EC, pH, HCO3, Cl, SO4, Ca+Mg, Na, K and 

SAR, ESR, ESP, Zn, Fe, Cu, Mn, Cd, Cr, Pb, As, OM and  NPK at various soil depths viz; 

(0-20, 20-40, 40-60 cm) , locations viz.(RD-0, RD-30, RD-50, RD-70, RD-90, RD-110 

and RD-130) and seasons viz. summer, autumn, winter, and spring. The results are 

presented in Tables 4.17 to 4.38. 

4.3.1 Soil texture 

The soil texture of soil samples, collected from Canal Command area 

of Phuleli at various locations (RD-0), RD-30, RD-50, RD-70, RD-90, RD-110 and    

RD-130) 100-110 meters apart at 0-20, 20-40 and 40-60 cm soil depths  was 

determined by hydrometer method (Table 4.17). 

The results for soil texture analysis indicated a considerable variation 

in texture between locations as well as between soil depths. At 0-20 cm soil depth 

(surface soil) the soil was clayey at RD-30, RD-70, RD-110 and RD-130. At the same 

soil depth, soil was sandy clay at RD-0, whereas, sandy clay loam was noted at RD-50 

and RD-90. 

Soil analysis at 20-40 cm soil depth showed that soil was clayey near 

RD-30, RD-70, and RD-130. It was sandy clay near RD-30 and RD-110, whereas, 

sandy clay loam near RD-50 and RD-90. Soil sampling at 40-60 cm soil depth 

showed clayey soil near RD-30, RD-50, RD-70, RD-110 and RD-130, sandy clay was 

noted near RD-0 and sandy clay loam near RD-70. 
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Table 4.17 Soil texture at different soil sampling depths collected from various 
locations 

 

Locations 
Soil sampling 

depths 
(cm) 

Sand 
(%) 

Silt 
(%) 

Clay 
(%) Texture Class 

RD-0 (Regulator) 

0-20 

44.85 11.27 43.88 Sandy Clay 

RD-30 39.85 13.27 46.88 Clay 

RD-50 57.8 14.32 27.88 Sandy Clay Loam 

RD-70 39.25 12.05 48.7 Clay 

RD-90 56.87 14.25 28.88 Sandy Clay Loam 

RD-110 41.75 12.65 45.6 Clay 

RD-130 40.1 10.04 49.86 Clay 

RD-0 (Regulator) 

20-40 

48.9 12.45 38.65 Sandy Clay 

RD-30 36.8 11.97 51.23 Clay 

RD-50 64.7 10.7 24.6 Sandy Clay Loam 

RD-70 37.35 15.75 46.9 Clay 

RD-90 52.6 12.5 34.9 Sandy Clay Loam 

RD-110 48.78 13.66 37.58 Sandy Clay 

RD-130 40.45 9.32 50.23 Clay 

RD-0 (Regulator) 

40-60 

43.33 15.35 41.32 Sandy Clay 

RD-30 36.38 10.00 53.62 Clay 

RD-50 36.56 11.51 51.92 Clay 

RD-70 45.6 13.05 41.35 Clay 

RD-90 57.8 10.54 31.66 Sandy Clay Loam 

RD-110 38.86 13.75 47.38 Clay 

RD-130 37.92 10.7 51.38 Clay 
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4.3.2 Soil organic matter and Soil nutrient contents in different seasons 

The statistical analysis of variance for OM, N, P and K content in soil 

at the Canal Command area of Phuleli during various seasons showed significant 

(P<0.05) variation (Appendix-V). 

The results of the study showed maximum (0.596%) soil organic 

matter content was during summer season, followed by 0.50% in spring and 0.385% 

in autumn, whereas minimum soil OM (0.309%) was found in winter season       

(Table 4.18). 

Total nitrogen content in soil was higher (0.030%) in summer, 

followed by 0.025% in spring, whereas lower N content in soil (0.017%) was 

observed in winter. 

Available phosphorus in soil was higher (4.548 ppm) during summer, 

followed by 4.311 ppm in spring, 4.17 ppm in autumn. The lower values of soil 

available phosphorus (3.975 ppm) were found in winter (Table 4.18).  

With regard to available potassium in soil, it was higher (141.9 ppm) in 

spring, followed by 136.9 ppm in winter, 121.3 ppm in summer. However, it was 

lower (119.2 ppm) in autumn. 
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Table 4.18  Soil organic matter and nutrient (NPK) contents of soil in different  
  seasons along Phuleli Canal 

 

Parameters SE LSD 
(5%) 

 

Seasons 
 

Summer Autumn Winter Spring 

Organic matter (O.M %) 0.004 0.018 0.596  a 0.385c 0.309 d 0.500 b 

Total Nitrogen (N %) 0.0013 0.0057 0.030 a 0.019 b 0.017 b 0.025 a 

Availabl Phosphorous (P 
ppm) 

0.012 0.0540 4.548 a 4.171 c 3.975 d 4.311 b 

Availab Potassium (K ppm) 0.161 0.722    121.3 c 119.2 d 136.9 b 141.9 a 

     In each row, means followed by common letter are not significantly different at 5%  probability level. 
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4.3.3 EC, pH, ions content of soil in various seasons 

Statistical analysis of variance showed that all the chemical properties 

of soil such as EC, pH, HCO3, Cl, SO4, Ca+Mg, Na, K, SAR, ESR and ESP during 

various seasons of the year varied significantly in the Canal Command area of 

Phulleli canal. However, CO3 was found absent in the soils (Appendix-VI). 

EC of soil during winter season was relatively higher (3.92 dS m-1) as 

compared to autumn (3.615 dS m-1), spring (3.47 dS m-1) and summer seasons  (3.301 

dS m-1).  

The pH (7.73) and K (2.408 meq l-1) were relatively higher during 

summer, followed by spring and autumn. The pH and K content of soil were found 

lower during winter (Table 4.19). 

In winter, HCO3, (3.558 meq l-1), Cl (19.13 meq l-1), Ca+Mg (13.04 

meq l-1), Na, (20.24 meq l-1) SAR (7.568), ESR (0.10) and ESP (9.016) were found 

higher in the soil. These soil parameters were lower in autumn, spring and summer.  

SO4
 (13.45 meq l-1) was significantly higher during autumn season and 

relatively decreased during spring, summer and winter. 
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Table 4.19 EC, pH, ions content of soil in various seasons along Phuleli Canal 

 In each row, means followed by common letter are not significantly different at 5% probability level. 
 
 

Parameters SE LSD 
(5%) 

 

Seasons 
 

Summer Autumn Winter Spring 

EC  (dS m-1) 0.0040 0.018 3.301 d 3.615 b 3.92 a 3.472 c 

pH 0.0068 0.0311 7.730 a 7.494 c 7.419 d 7.603 b 

CO3
 (meq l-1) -- -- -Nil- 

HCO3
  (meq l-1) 0.00130  0.0057 2.926  d 3.271b 3.558 a 3.203 c  

Cl  (meq l-1) 0.0217 0.098 16.04 c 17.54 b 19.13 a 16.83 b 

SO4  (meq l-1) 0.0216 0.0970 12.91c 13.45 a 12.72 d 13.06 b 

Ca + Mg (meq l-1) 0.00130 0.00570 12.25 d 12.74 b 13.04 a 12.53 c 

Na  (meq l-1) 0.00129 0.00580 17.22 d 19.27 b 20.24 a 18.25 c 

K  (meq l-1) 0.00127 0.0056 2.408 a 2.255 c 2.124 d 2.315 b 

SAR 0.00127 0.0057 6.648 d 7.294 b 7.568 a 7.001 c 

ESR 0.00128 0.0058 0.0867 c 0.096 ab 0.100 a 0.09199bc 

ESP 0.00128 0.0058 7.888 d 8.684 b 9.016 a 8.335 c 
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4.3.4 Trace and heavy metals content of soil at various seasons 

Statistical analysis of variance showed that all trace and heavy metal 

contents in soil such as Zn, Fe, Cu, Mn, Cd, Cr, Pb and As during various seasons of 

the year varied significantly in the Canal Command area of Phulleli Canal    

(Appendix-VII ).  

Zn (2.3 ppm), Fe (7.19 ppm), Cd (0.049 ppm), Cr (0.54 ppm), Pb (0.38 

ppm) and As (0.043 ppm) in soil during winter season was relatively higher. These 

soil parameters were lower in autumn, spring and summer. However, Cu (1.71 ppm) 

and Mn (0.74 ppm) contents were relatively higher in summer. These soil parameters 

were lower in spring, autumn and winter (Table 4.20).  

Pb and As content in soil samples were within the permissible limits of 

FAO for agriculture purpose. However, Cu, Mn, Cd and Cr in all seasons were not 

within the permissible limits of FAO for agriculture purpose.  
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Table 4.20 Trace and heavy metals content in soil at various seasons along Phuleli 
Canal 

 

Parameters 
(ppm) SE LSD 

(5%) 

 

Seasons 
 
 
 

 
 

*FAO 
(ppm) Summer Autumn Winter Spring 

Zn 0.00127 0.0057 1.69 d 2.18 b 2.30 a 1.94 c 2 

Fe 0.01195 0.0540 4.88 d 6.32 b 7.19 a 5.58 c 5 

Cu 0.00126 0.0058 1.71 a 1.55 c 1.45 d 1.63 b 0.2 

Mn 0.00127 0.0057 0.74 a 0.62 c 0.58 d 0.67 b 0.2 

Cd 0.00128 0.0059 0.032 c 0.043 b 0.049 a 0.037 c 0.01 

Cr 0.00129 0.0057 0.36 d 0.47 b 0.54 a 0.41 c 0.10 

Pb 0.00125 0.0056 0.28 d 0.34 b 0.38 a 0.31 c 5.0 

As 0.00127 0.0057 0.031 c 0.037 ab 0.043 a 0.034 bc 0.1 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 
* Recommended Maximum concentration for crop production  (Ayers and Westcot, 
1985) as used by Dikinya and Areola, 2010 for irrigated soils. 
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4.3.5 Organic matter and NPK contents in soil at different locations 

The organic matter (O.M), total nitrogen (N), available phosphorous 

and available potassium (P and K) content in soil near Canal Command area (100-110 

meters) were determined. Significant differences for these parameters were noted at 

various locations in canal command area (Appendix-V). 

The soil organic matter content was maximum (0.552%) near RD-50 

followed by 0.49% near RD-130. The minimum OM (0.349% was recorded near  RD-

70. Similarly, soil N content ranged between 0.0175-0.028%; being highest (0.28%) 

near RD-50 and lowest (0.017%) near RD-70. The determination for available soil P 

indicated that it was maximum (4.62 ppm) near RD-50 and minimum (3.60 ppm) near 

RD-110. The determination for available K indicated that it was higher (171.0 ppm) 

near RD-50 and lower (83.61 ppm) near RD-110 (Table 4.21). 
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Table 4.21 Organic matter and nutrients (NPK) contents  in soil at various locations  
along Phuleli Canal 

 

In each column, means followed by common letter are not significantly different at 5% probability level. 
 
 

Parameters SE LSD 
(5%) 

 
Locations 

 

        RD-0 
(Regulator) RD-30 RD-50 RD-70 RD-90 RD-110 

 
RD-130 

 

Organic matter 
 (O.M %) 0.00527 0.0182 0.437 d 

 
0.453 cd 

 
0.554 a 0.349 f 0.459 c 0.389 e 0.492 b 

Total Nitrogen 
(N %) 0.0017 0.0058 0.025 ab 

 
0.023 abc 

 
0.028 a 0.0175 c 0.023 abc 0.0195 bc 0.025 ab 

Availabl 
Phosphorous  
(P  ppm) 

0.0158 0.0547 4.521  b 
 

4.522  b 
 

4.620 a 4.513  b 3.887 d 3.662 e 4.035 c 

Availab 
Potassium  
(K  ppm) 

0.2123 0.735 136.0    d 
 

155.9  b 
 

171.0 a 139.3 c 103.7  f 83.67  g 119.2 e 
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4.3.6 EC, pH, ions content of soil at various locations 

The soil samples collected along Phuleli Canal at various locations 

showed significantly (P<0.05) different chemical composition for pH, HCO3, Cl, SO4, 

Ca+Mg, Na, K, SAR, ESR and ESP. However, CO3 was found absent (Appendix-VI). 

The EC of soil was significantly low at upper reach RD-0 (1.68 dS m-1) 

and RD-30 (2.33dS m-1). Whereas, EC of soil increased towards down reach i.e      

RD-110 (4.91dS m-1) and RD-130.  

The results of the study showed reverse trend of pH and K content in 

soil. Both pH and K were higher (7.75 and 2.73 meq l-1) at upper reach (RD-0) and 

lower (7.4 and 1.75 meq l-1 respectively) at down reach (RD-130). 

The ions content of soil for Cl (7.596 meq l-1), SO4 (6.541 meq l-1), 

Ca+Mg (6.944 meq l-1), Na (8.836 meq l-1), SAR (4.62), ESR (0.056) and ESP (5.3) 

were lower at upper reach (RD-0) and started to increase towards down reach viz. 

RD-0<RD-30, <RD-50, <RD-70, <RD-90, <RD-110, <RD-130. However, HCO3 

decreased from mid-reach (RD-90) towards the down reach (RD-130) (Table 4.22). 
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Table 4.22  EC, pH, ions content of soil at various locations along Phuleli Canal 

 

Parameters SE LSD 
(5%) 

 
Locations 

 
RD-0 

(Regulator) 
 

RD-30 RD-50 RD-70 RD-90 RD-110 
 

RD-130 
 

EC  (dS m-1) 0.00053 0.0182 1.68 g 2.334 f 2.672 e 3.704 d 4.285 c 4.91 b 5.460 a 

pH 0.00913 0.0316 7.75 a 7.67 b 7.600 c 7.539 d 7.489 e 7.486 e 7.400 f 

CO3
 (meq l-1) -- -- -Nil- 

HCO3
  (meq l-1) 0.00167 0.0059 4.374 a 4.368a 3.513 b 3.499 c 1.756 f 2.627 d 2.540 e 

Cl  (meq l-1) 0.0280 0.0990 7.596 g 9.573 f 13.23 e 14.73 d 19.32c 25.42 b 31.83 a 

SO4 (meq l-1) 0.0290 0.0980 6.541 g 7.369 f 8.181 e 10.55 d 18.68 b 17.11 c 22.81 a 

Ca + Mg (meq l-1) 0.0017 0.0058 6.944 g 8.467 f 9.227 e 11.12 d 15.8 c 16.72 b 20.93 a 

Na  (meq l-1) 0.0018 0.0059 8.836 g 10.17 f 13.13 e 15.39 d 22.59 c 26.58 b 34.50 a 

K   (meq l-1) 0.00160 0.0057 2.732 a 2.67 b 2.564 c 2.264 d 2.085 e 1.856 f 1.750 g 

SAR 0.0017 0.0058 4.622 g 4.890 f 5.973 e 6.466 d 8.192 c 9.104 b 10.65 a 

ESR 0.0018 0.0059 0.056 f 0.0603f 0.076 e 0.083d 0.110 c 0.124 b 0.146 a 

ESP 0.0017 0.0058 5.30 g 5.673 f 7.050  e 7.728 d 9.88 c 10.96 b 12.78 a 

In each row, means followed by common letter are not significantly different at 5% probability level. 
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4.3.7 Trace and heavy metals content of soil at various locations 

The soil samples collected from Phuleli Canal Command area at 

various locations showed significantly (P<0.05) different trace and heavy metals 

content for Zn, Fe, Cu, Mn, Cd, Cr, Pb and As (Appendix-II ). 

The results of the study showed higher Zn (2.39 ppm) content in soil of 

canal command area near upper reach and lower Zn (1.68 ppm) content was observed 

near down reach (RD-130).  

The minimum Fe (4.92 ppm) and Mn (0.42 ppm) was noted near RD-0 

and suddenly increased to 7.14 ppm and 0.88 ppm respectively near RD-30.  Further 

decreasing trend was observed near mid to down reach (RD-50 to RD-130).  

The lowest content of  Cu (1.21 ppm), Cd (0.028 ppm), Cr (0.29 ppm), 

Pb (0.25 ppm) and As (0.017 ppb) were observed near upper reach (RD-0) and values 

of these parameters viz. Cu  (1.89 ppm),  Cd  (0.052 ppm), Cr (0.57 ppm), Pb (0.40 

ppm) and As (0.095 ppm) increased near down reach (RD-130). 

The  Pb and As contents in soil samples collected at different locations  

of command of Phuleli Canal were within the permissible limits of FAO for 

agriculture purpose, while Cu, Mn, Cd and Cr content in soil were found  higher than 

the FAO permissible limits in all locations. Zn was not within the permissible limit of 

FAO at upper reach. Similarly Fe was noted higher in all locations except upper reach 

(Table 4.23).  
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Table 4.23 Trace and heavy metals content of soil at various location along Phuleli Canal 

Parameters 
(ppm) SE LSD 

(5%) 

 
Locations 

  
*FAO 
(ppm) RD-30 

(Regulator) RD-30 RD-50 RD-70 RD-90 RD-110 
 

RD-130 
 

Zn 0.00168 0.0058 2.39 a 2.31 b 2.13 c 1.99 d 1.90 e 1.80 f 1.68 g 2 

Fe 0.0157 0.055 4.92 g 7.14 a 6.79 b 6.39 c 5.94 d 5.45 e 5.31 f 5 

Cu 0.0017 0.0058 1.21 g 1.29 f 1.52 e 1.62 d 1.71 c 1.83 b 1.89 a 0.2 

Mn 0.0018 0.0017 0.42 g 0.88 a 0.78 b 0.74 c 0.69 d 0.53 e 0.5 f 0.2 

Cd 0.0018 0.0059 0.028 d 0.033 cd 0.035 bc 0.039 b 0.046 a 0.049 a 0.052 a 0.01 

Cr 0.0019 0.0058 0.29 g 0.36 f 0.43 e 0.46 d 0.47 c 0.54 b 0.57 a 0.10 

Pb 0.00168 0.0057 0.25 g 0.28 f 0.30 e 0.33 d 0.35 c 0.37  b 0.40 a 5.0 

As 0.0017 0.0058 0.017 d 0.020 cd 0.022 cd 0.024 c 0.026 c 0.047 b 0.095 a 0.1 

 In each row, means followed by common letter are not significantly different at 5% probability level 
 

* Recommended Maximum concentration for production  (Ayers and Westcot, 1985) as       
        used by Dikinya and Areola, 2010 for irrigated soils. 
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4.3.8 Organic matter and nutrient content at different soil depths 

The organic matter (OM), total nitrogen (N), phosphorous (P) and total 

potassium (K) in soil in the Canal Command area of Phuleli were determined. The 

results for OM, N, P and K contents varied significantly (P<0.05) at 0-20, 20-40 and 

40-60 cm soil depths (Appendix-V). 

The maximum (0.638%) soil organic matter content was found at 0-20 

cm soil depth which decreased with the sampling depth. The lowest 0.268% organic 

matter was noted at 40-60 cm soil depth.  

Total nitrogen content was higher (0.0319%) in the upper soil layer    

(0-20 cm) and decreased as the sampling depth changed from 0.20-40-60 cm, being 

lower (0.0134%). 

Available phosphorus and potassium in the soil had similar trend as of 

OM and N. The highest available phosphorus and potassium (5.801 and 146.80 ppm 

respectively) were observed at upper soil layer (0-20 cm). The lower values of these 

nutrients were detected at 40-60 cm soil depth (Table 4.24).  
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Table 4.24 Organic matter and nutrients (NPK) content at different soil depths along 
Phuleli Canal 

 

Parameters SE LSD 
(5%) 

Soil Sampling Depths (cm) 

0-20 20-40 40-60 

Organic matter (O.M %) 0.0035 0.0210 0.6381 a 0.44  b 0.268 c 

Total Nitrogen (N %) 0.0011 0.0066 0.0319 a 0.023  b 0.0134 c 

Availabl Phosphorous  (P ppm) 0.01035 0.0630 5.801  a 4.01 b 2.944  c 

Availab Potassium (K ppm) 0.1390 0.846 146.8  a 125.8 b 116.8 c 

In each row, means followed by common letter are not significantly different at 5% probability level. 
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4.3.9 EC, pH, ions content of soil at various soil depths 

The chemical properties (EC, pH, HCO3, Cl, SO4, Ca + Mg, Na, K, 

SAR, ESR and ESP) of soil in the Canal Command area of Phuleli Canal were 

determined.The statistical analysis for EC, pH, HCO3, Cl, SO4, Ca + Mg, Na, K, SAR, 

ESR and ESP varied significantly (P<0.05) at various soil sampling depths (0-20,  

20-40 and 40-60 cm) (Appendix-VI ). 

The maximum EC (4.198 dS m-1),  HCO3 (3.611 meq l-1), Cl  (22.12 

meq l-1), SO4 (17.37 meq l-1), Ca+Mg (16.71 meq l-1), Na (23.98 meq l-1),  

K (2.41meq l-1), SAR (8.098 ), ESR (0.108) and ESP (9.718 ) were found in the upper 

soil layer 0-20 cm while  these parameters decreased as the sampling depth increased. 

The lower EC (2.80 dS m-1), HCO3 (2.743 meq l-1), Cl (11.85 meq l-1), SO4 (8.843 

meq l-1), Ca+Mg (9.081 meq l-1), Na (12.27 meq l-1), K (2.085 meq l-1), SAR (5.44), 

ESR (0.0687) and ESP (6.334) were observed in the lower soil layer (40-60 cm). 

While, low pH (7.543) was noted in the upper soil depth (0-20 cm) and increased as 

the sampling depth increased (Table 4.25). 
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Table 4.25 EC, pH, ions content soil at different soil depths along Phuleli Canal    

Parameters SE LSD (5%) 
Soil Sampling Depths (cm) 

0-20 20-40 40-60 

EC  (dS m-1) 0.0035 0.021 4.198 a 3.719 b 2.820 c 

pH 0.0060 0.036 7.543 b 7.551 b 7.590 a 

CO3
  (meq l-1) -- -- -Nil- 

HCO3
  (meq l-1) 0.0011 0.0066 3.611 a 3.365 b 2.743 c 

Cl  (meq l-1) 0.0189 0.1150 22.12 a 18.19 b 11.85 c 

SO4
 (meq l-1) 0.0188 0.1160 17.37 a 12.89 b 8.843 c 

Ca + Mg (meq l-1) 0.0011 0.0066 16.71 a 12.13 b 9.081 c 

Na  (meq l-1) 0.0012 0.0065 23.98 a 19.98 b 12.27 c 

K (meq l-1) 0.0014 0.0067 2.418 a 2.323 b 2.085  c 

SAR 0.0013 0.0066 8.098 a 7.841 b 5.44 c 

ESR 0.0013 0.0067 0.1084 a 0.1046 a 0.06865 b 

ESP 0.0012 0.007 9.718 a 9.39 b 6.334 c 

In each row, means followed by common letter are not significantly different at 5% probability level. 
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4.3.10 Trace and heavy metals content of soil at various soil depths 

The chemical analysis for trace and heavy metals content (Zn, Fe, Cu, 

Mn, Cd, Cr, Pb and As) in soil in the Canal Command area of Phuleli Canal showed 

significant differences (P<0.05) at various soil sampling depths (0-20, 20-40 and 40-

60 cm) (Appendix-VII ). 

The maximum Zn (2.34 ppm),  Fe (7.01 ppm), Cu (1.84 ppm), Mn 

(0.77 ppm), Cd (0.049 ppm), Cr (0.52 ppm), Pb (0.36 ppm) and As (0.039 ppm ) were 

found in the upper soil layer (0-20 cm) and all the values of these parameters 

decreased as the sampling depth increased. The lower Zn (1.6 ppm),  Fe (4.91 ppm), 

Cu (1.33 ppm), Mn (0.55 ppm), Cd (0.032 ppm), Cr (0.37 ppm), Pb (0.29 ppm) and 

As (0.034 ppm) were observed in the lower soil layer (40-60 cm). 

All the trace elements and heavy metal content were higher in the soil 

surface layer (0-20 cm), followed by 20-40 and 40-60 cm soil depths. With regard to 

permissible limits of FAO, Pb and As were within permissible limits, whereas rest of 

the elements were beyond the permissible limits of FAO (Table 4.26).  
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Table 4.26 Trace and heavy metals content of soil at various soil depths along 
Phuleli Canal 

 
 
Parameters 

(ppm) SE LSD (5%) 
Soil Sampling Depths (cm) *FAO 

(ppm) 0-20 20-40 40-60 

Zn 0.0011 0.0067 2.34 a 2.15 b 1.60 c 2 

Fe 0.010 0.0630 7.01 a 6.05 b 4.91 c 5 

Cu 0.0013 0.0070 1.84 a 1.58 b 1.33 c 0.2 

Mn 0.0012 0.0067 0.77 a 0.64 b 0.55 c 0.2 

Cd 0.0015 0.0066 0.049 a 0.041 b 0.032 c 0.01 

Cr 0.0013 0.0067 0.52 a 0.45 b 0.37 c 0.10 

Pb 0.0014 0.0068 0.36 a 0.32 b 0.29 c 5.0 

As 0.0013 0.0066 0.039 a 0.036 a 0.034 a 0.1 

In each row, means followed by common letter are not significantly different at 5% probability level. 
 
 
* Recommended Maximum concentration for  production  (Ayers and Westcot,1985)  
   as used by Dikinya and Areola, 2010 for irrigated soils. 
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4.3.11 Soil nutrients content under the interactive effect of seasons x locations 

The statistical analysis for soil nutrient content (OM, P and K) in the 

Command area of Phuleli Canal showed significantly different (P<0.05) results due to 

the interactive effect of seasons x locations (Appendix-V). . 

The results of the study showed higher organic matter (0.0.65-0.67%) 

and total nitrogen (0.032-0.034%) in soil of Phuleli Canal Command area at upper 

reach (RD-0 to RD-50) during summer. However, both the nutrients decreased in soil 

near RD-70 in winter (Tabel 4.27).  The available P and K in the soil of Phuleli Canal 

Command area were higher in the upper reach during summer and nutrient content of 

P and K decreased in the down reach (RD-110-RD130) during winter. 

The available P and K were higher in the surface layers (0-20 cm) and 

at upper reach. However, the soil content for P and K decreased in the lower soil 

depths (40-60 cm) and at down reach (RD-110-130). 
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Table 4.27 Organic matter and soil nutrients content under the interactive effect of 
seasons x locations for soils along Phuleli Canal 

   In each column, means followed by common letter are not significantly different at 5% probability level. 
 

Se
as

on
s  

Locations 
 
 

Parameters 

Organic Matter 
(OM %) 

Total Nitrogen 
(N %) 

(ppm) 
Available 

Phosphorous  (P) 
Available Potassium 

(K) 
Su

m
m

er
 

RD-0 (Regulator)   0.65 a 0.033 ab 4.707 bc 106.20 p 
RD-30 0.65 a 0.032 ab 4.780  b 187.60 a 
RD-50  0.67 a 0.034 a 4.957  a 173.90 c 
RD70    0.53 cd 0.026 a-e 4.784   b 133.7  k 
RD-90 0.60 b 0.030 a-c 4.070  h 83.72  s 
RD-110  0.46 fg 0.023 a-h 4.076  h 75.31  t 
RD-130 0.61 b 0.030 a-c 4.464 de 88.66  q 

A
ut

um
n 

RD-0 (Regulator) 0.31 kl 0.015 e-h 4.549 d 123.60 m 
RD-30          0.39  i 0.019 c-h 4.437 e 112.40 n 
RD-50 0.51 de 0.026 a-f 4.536 de 177.00 b 
RD70 0.26 mn 0.013 gh 4.472 de 141.00 i 
RD-90 0.43 h 0.021 b-h 3.829  j 87.22  r 
RD-110 0.33 jk 0.017 d-h 3.510  l 84.89  s 
RD-130 0.47 fg 0.024 a-h 3.867  j 108.40 o 

W
in

ter
 

RD-0 (Regulator) 0.27 mn 0.025  a-f 4.180 g 138.60 j 
RD-30 0.29 lm 0.015 f-h 4.317  f 155.10 f 
RD-50          0.39 i 0.019 c-h 4.250  fg 176.50 b 
RD70 0.25 n 0.012 h 4.260  fg 139.60 j 
RD-90 0.32 kl 0.017 d-h 3.673  k 113.60 n 
RD-110 0.31 kl 0.016 e-h 3.423  l 87.78 qr 
RD-130 0.34  jk 0.017 d-h 3.724  k 146.80 g 

Sp
rin

g 

RD-0 (Regulator) 0.52 c-e 0.026 a-f 4.648 c 175.80 b 
RD-30 0.49 ef 0.024 a-g 4.553 d 168.40 d 
RD-50 0.65 a 0.032 ab 4.738 bc 156.40 e 
RD70 0.36 ij 0.018 d-h 4.534 de 142.70 h 
RD-90 0.49 ef 0.024  a-g 3.976  i 130.20 l 
RD-110 0.45 gh 0.022 a-h 3.640  k 86.69  r 
RD-130 0.55 c 0.028 a-d 4.086  h 132.90 k 

SE 0.0105 0.0033 0.0316 0.4245 
LSD (5%) 0.0313 0.0099 0.0939 1.261 
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4.3.12      Soil EC, pH, ions content under the interactive effect of seasons x locations 

The results for interactive effect of seasons x locations on the chemical 

composition of soil parameter (EC, pH, HCO3, Cl, SO4, Ca+Mg, Na, K, SAR, ESR 

and ESP) were highly significant at P<0.05 (Appendix-VI). 

EC (5.93 dS m-1), Cl- (36.12 meq l-1), Ca+Mg (21.3 meq l-1), Na (37.04 

meq l-1), SAR (11.31), ESR (1.56) and ESP (13.53) were higher near down reach 

(RD-130) during winter, however, HCO3 (4.59 meq l-1) also increased during winter 

near upper reach (RD-0). 

The SO4
 content in soil (20.93 meq l-1) was greater at down reach   

(RD-130) during autumn and decreased during spring>summer>winter (Table 4.28).  

The pH and K showed opposite results. The higher pH (7.88) and K 

(2.868 meq l-1) was found near upper reach (RD-0) during summer and pH (7.23) and 

K (1.53 meq l-1) decreased towards down reach (RD-130) during winter.  
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     Table 4.28 Soil EC, pH, ions content under the effect of seasons x locations for soils along Phuleli Canal 
  

      In each column, means followed by common letter are not significantly different at 5% probability level. 
 

Se
as

on
s 

 
Locations 

Parameters 
EC 

(dS m-1) pH 
(meq l-1) 

SAR ESR ESP 
CO3 HCO3

 Cl SO4
 Ca + Mg Na K 

Su
m

m
er

 

RD-0(Regulator)  1.53 z                            7.88 a   

-Nil- 
 
 

4.14 g 6.89 z 6.68  r 6.738  z 8.11 z 2.868 a 4.31 z 0.05  l 4.89 z 
RD-30 2.02 w                         7.83 ab   4.11 h 8.52  w 7.9 o 8.23 w 9.56  x 2.77 b 4.68 z 0.057 kl 5.40  z 
RD-50 2.48  t                      7.80 b 3.11 p 12.35 s 7.37 p 8.79 u 11.39 t 2.65 f 5.31 t 0.067 k 6.187 t 
RD70 3.53 o                 7.73 c 3.28  o 3.43 q 10.83 k 10.68 p 14.47 p 2.397 k 6.196 q 0.08  i j 7.38 q 
RD-90 3.99  k             7.64 d   1.51 z 18.05 l 17.45 i 14.73 l 20.04  l 2.23 n 7.36  l 0.097 gh 8.870 l 
RD-110 4.54  h            7.61 d 2.26 w 23.7 h 16.75 j 16.03 h 24.66 i 2.013 r 8.620 i 0.12 ef 10.38 i 
RD-130 5.0 d        7.61 d 2.07 x 29.37 d 23.36 b 20.58 d 32.29 d 1.930 s 10.05 d 0.138 b 12.10 d 

A
ut

m
n 

RD-0(Regulator) 1.76 y  7.70 c     4.45 c 7.68 x 6.59  r 6.99 z 9.086  z 2.66 e 4.74 y 0.058 kl 5.46 y 
RD-30 2.40 u                       7.61 d 4.40 d 9.88 u 7.41 p 8.62 v 10.41 v 2.66  e 4.95 v 0.06 kl 5.75  v 
RD-50 2.66  r              7.54 ef    3.59 k 12.92 r 8.53 m 9.21 s 13.29  s 2.53  i 6.04 s 0.07 8  j 7.15 s 
RD70 3.76 m               7.47 gh     3.52 l 15.39  n 10.22 l 11.25 n 15.60  n 2.27 m 6.53 n 0.085 ij 7.81 n 
RD-90 4.25 i  7.43 h 1.84 z 19.44  j 19.69 e 15.29 j 23.58  j 2.10  p 8.51 j 0.11 ef 10.26 j 
RD-110 4.94 e   7.37 i        2.45 v 25.44 f 17.91 h 16.77 g 27.18 f 1.85 u 9.31 f 0.127 cd 11.21 f 
RD-130 5.53 b  7.33 i 2.65 t 32.05 b 23.8 a 21.08 b 35.73 b 1.71 w 10.97 b 0.15 a 13.15 b 

W
in

ter
 

RD-0(Regulator) 1.88 x                          7 .61 d 4.59  b 8.42 w 6.36 s 7.29 y 9.41 y 2.66 e 4.81 x 0.059 kl 5.55 x 
RD-30 2.81 q                   7.51 fg  4.70 a 10.3 t 7.096 q 8.83  t 10.74  u 2.59 h 5.05 u 0.06  kl 5.89  u 
RD-50 2.95 p                  7.43 h 3.99  i 14.2 o 8.25 n 9.59 q 14.37 q 2.48 j 6.398 o 0.08 ij 7.59 o 
RD70 3.88  l              7.37 i 3.80 j 16.2 m 10.34  l 11.56 m 16.63  m 2.06  q 6.85 m 0.09 hi 8.22 m 
RD-90 4.70 g  7.34 i 1.92 y 20.88  i 19.17 f 15.38 i 24.73 h 1.86  u 8.87 g 0.12 de 10.70 g 
RD-110 5.35 c  7.43 h   3.08 q 27.77 e 16.89  j 17.30 e 28.75 e 1.68  x 9.68 e 0.13bc 11.64  e 
RD-130 5.93 a  7.23 j   2.82 r 36.12  a 20.93 d 21.30 a 37.04  a 1.53 y 11.31 a 0.156 a 13.53  a 

Sp
rin

g 

RD-0(Regulator) 1.57  z                            7.81 b 4.31 e 7.39 y 6.53  r 6.76  z 8.734   z 2.74 c 4.62  z 0.05 kl 5.30  z 
RD-30 2.11 v                        7.71 c 4.27 f 9.52 v 7.05 q 8.19  x 9.96  w 2.69 d 4.87 w 0.060 kl 5.6 w 
RD-50 2.59 s                     7.62 d   3.37 n 13.45 q 8.58  m 9.32  r 13.48  r 2.60 g 6.15 r 0.079  ij 7.28 r 
RD70 3.64 n                   7.59 de 3.40 m 13.98 p 10.81 k 10.99  o 14.87 o 2.32  l 6.28 p 0.08 ij 7.49 p 
RD-90 4.20 j  7.53 ef 1.76 z 18.92 k 18.42 g 14.93 k 22.01  k 2.15  o 8.03  k 0.11 fg 9.69  k 
RD-110 4.83 f         7.53 ef   2.71 s 24.78 g 16.92 j 16.79 f 25.74 g 1.87  t 8.804 h 0.12 de 10.60  h 
RD-130 5.36 c     7.42 h 2.62 u 29.76 c 23.11 c 20.73 c 32.93  c 1.82  v 10.24 c 0.14 b 12.33 c 

SE  0.032  0.018 -- 0.0018 0.058 0.057 0.0033 0.0034 0.0036 0.0035 0.0034 0.0035 
LSD (5%) 0.011  0.054    -- 0.001 0.17 0.160 0.0096 0.0098 0.0097 0.0099 0.0097 0.0098 
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4.3.13    Trace and heavy metals in soil under the interactive effect of seasons x locations  

The result for interactive effect of seasons x locations on the trace and 

heavy metals content of soil viz. Zn, Fe, Cu, Mn, Cd, Cr, Pb and As was significantly 

P<0.05 different in the Canal Command area (Appendix VII). 

The soil content for Zn (2.72 ppm) was higher near upper reach (RD-

130) during winter and it decreased (1.320 ppm) on down reach near to RD-130 

during summer. The Fe content (8.7 ppm) in soil was higher at upper reach during 

winter, whereas, it was low (4.38 ppm) at down reach (RD-130) during summer. Cu 

(2.02 ppm) was higher at down reach (RD-130) during summer season and became 

low (1.11 ppm) in winter near upper reach. However, Mn (0.99 ppm) was higher at 

upper reach during summer season and was relatively low (0.35 ppm) near upper 

reach during winter season (Table 4.29). 

Cd, Pb and As in soil were higher near down reach (RD-110 and RD-

130) during winter.  However, Cd (0.022 ppm), Cr (0.22 ppm), Pb (0.21 ppm) and As 

(0.013 ppm) contents were found near upper reach during summer season. 

Heavy metals viz. Pb and A in all season and locations were within the 

permissible range of FAO for crop production. The Zn and Fe content varied between 

locations and was higher during winter, autumn, spring and summer season and was 

not within permissible limit of FAO. Similarly, Mn, Cd and Cr were not within 

permissible limit of FAO in all seasons and locations. 
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Table 4.29 Trace and heavy metals in soil under the interactive effect of seasons x locations along  
Phuleli Canal 

     In each column, means followed by common letter are not significantly different at 5% probability level. 
 

*  Recommended Maximum concentration for  production  (Ayers and Westcot, 1985) as used by 
Dikinya and Areola, 2010 for irrigated soils. 

Se
as

on
s  

Locations 
 

Parameters (ppm) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb  
As 

Su
m

m
er

 

RD-0 (Regulator) 2.08 k 3.75 r 1.30 v 0.48 p 0.022 l 0.22 t 0.21 p 0.013 i 
RD-30 1.93 o 5.93 k 1.38 t 0.99 a 0.026 j-l 0.28 r 0.23 o 0.016 hi 
RD-50 1.82 s 5.60 m 1.66 l 0.88b 0.027 i-l 0.35 o 0.26 m 0.018 hi 
RD70 1.65 u 5.21 o 1.75 h 0.85 c 0.032 f-l 0.36 n 0.28  l 0.019 g-i 
RD-90 1.57 v 4.88 p 1.86 f 0.78 f 0.037 d-i 0.38 m 0.29 k 0.021 f-i 
RD-110 1.48 w 4.44 q 1.97 b 0.61 m 0.038 d-i 0.44 k 0.32 h 0.042 de 
RD-130 1.32 x 4.38 q 2.02 a 0.59 m 0.043 c-f 0.47  j 0.34 fg 0.087 b 

A
ut

m
n 

RD-0 (Regulator) 2.55  c 5.49 n 1.19 y 0.41 t 0.031 g-l 0.31 q 0.26 m 0.019 hi 
RD-30 2.46 d 7.42 d 1.25 w 0.84 d 0.035 e-k 0.39 m 0.29 k 0.021 f-i 
RD-50 2.26 f 7.13 e 1.48 r 0.75 h 0.037 d-j 0.46 j 0.31 hi 0.023 f-i 
RD70 2.15 j 6.63 f 1.58  n 0.69 j 0.041 c-h 0.50 0.34 g 0.025 f-h 
RD-90 2.03 l 6.23 h 1.68  k 0.66 l 0.050 abc 0.48 i 0.37 e 0.027 f-h 
RD-110 1.99 m 5.76 l 1.80 g 0.50 o 0.051 abc 0.56 e 0.38 d 0.050 cd 
RD-130 1.84  r 5.55mn 1.88 e 0.47 q 0.056 ab 0.59 c 0.41 c 0.095 b 

W
in

ter
 

RD-0 (Reguator) 2.72 a 6.03 ij 1.11 z 0.35 u 0.034 e-k 0.36 n 0.30 j 0.022 f-i 
RD-30 2.62 b 8.70 a 1.20 y 0.80 e 0.041 c-g 0.44 k 0.33 g 0.025 f-h 
RD-50 2.47 d 8.20 b 1.39 s 0.70 j 0.045 b-e 0.53 g 0.35 fg 0.027 f-h 
RD70 2.28 e 7.74 c 1.49 q 0.67 k 0.048 b-d 0.55 f 0.39 d 0.030 fg 
RD-90 2.16  i 7.15 e 1.55 p 0.60 m 0.055 ab 0.58 d 0.42 c 0.032 ef 
RD-110 2.0  m 6.45 g 1.65 m 0.47 q 0.060 a 0.65 b 0.43 b 0.055 c 
RD-130 1.90 p 6.09 i 1.72 j 0.43 s 0.060 a 0.67 a 0.46 a 0.11 a 

Sp
rin

g 

RD-0 (Regulator) 2.22 h 4.43 q 1.24 x 0.44 r 0.025 kl 0.26 s 0.24 n 0.016 hi 
RD-30 2.25 g 6.49 g 1.32 u 0.88 b 0.030 h-l 0.34 p 0.26 m 0.018 hi 
RD-50 1.98  n 6.23 h 1.57 o 0.80 e 0.032 f-l 0.39 m 0.29 k 0.021 f-i 
RD70 1.87 q 5.96 jk 1.67 l 0.76 g 0.035 e-k 0.42  l 0.31 ij 0.022 f-i 
RD-90 1.84 r 5.53 mn 1.74 i 0.71 i 0.043 c-f 0.44 k 0.32 h 0.024 f-i 
RD-110 1.74 t 5.16 o 1.91d 0.55 n 0.045 b-e 0.49 hi 0.35 f 0.044 d 
RD-130 1.66 u 5.22 o 1.93 c 0.51 o 0.049 a-c 0.53 g 0.38 d 0.092 b 

SE 0.0032 0.034 0.0031 0.0035 0.0032 0.0034 0.0030 0.0033 
LSD (5%) 0.0097 0.0940 0.0099 0.0097 0.0096 0.0098 0.0097 0.0098 

*FAO 2 5 0.2 0.2 0.01 0.1 5 0.1 
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4.3.14      Soil nutrients content under the interactive effect of soil depths x locations 

The soil nutrients content i.e. OM, P and K were significantly different 

(P<0.05) due to the interactive effect of soil depths x locations in the Command area of 

Phuleli Canal, while total N showed non-significant differences due to this interactive 

effect (Appendix-V).  

The soil organic matter content was higher (0.0748%) in the upper soil 

layer (0-20 cm) at RD-50, and decreased in the lower soil depths (40-60 cm) towards 

the down reach Command area (RD-110-130).   

The total N content in soil showed non-significant variation at various 

soil depths and locations. The values of soil N were higher at upper soil layers and 

upper reach Canal Command area, whereas, lower soil N contents were found in the 

lower soil depth in down reach Command area (Table 4.30). 

The available P and K were higher in the surface layers (0-20 cm) and 

at upper reach. However, the soil content for P and K decreased in the lower soil 

depths (40-60 cm) and near down reach (RD-110-130). 
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Table 4.30 Soil organic matter and soil nutrients content under the interactive 
effect of soil depths x locations of soils along Phuleli Canal 

 
 

 In each column, means followed by common letter are not significantly different at 5% probability level. 
 

Soil sampling 
Depths 
(cm) 

Locations 
Parameters 

Organic matter 
(OM %) 

Total 
Nitrogen 
(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K ppm) 

0-20 

RD-0 (Regulator) 0.628 cd 0.031 6.29  a 150.40f 

RD-30 0.612 d 0.031 6.23 ab 187.5 a 

RD-50 0.748 a 0.037 6.18  b 186.1 b 

RD70 0.535  f 0.027 6.04  c 159.10 d 

RD-90 0.655  c 0.033 5.29 e 118.30 m 

RD-110 0.573  e 0.029 5.15  f 95.13 p 

RD-130  0.717  b 0.036 5.42  d 131.40  j 

20-40 

RD-0 (Regulator) 0.408 h 0.029 4.26  h 134.9 i 

RD-30 0.468 g 0.023 4.21  h 146.3 g 

RD-50 0.558  ef 0.028 4.48  g 173.5 c 

RD70 0.327 j 0.016 4.29  h 120.8  l 

RD-90 0.453 g 0.023 3.67   i 102.4 o 

RD-110 0.389 h 0.019 3.44   j 84.19  r 

RD-130 0.460 g 0.023 3.72   i 118.8 m 

40-60 

RD-0 (Regulator) 0.277 k 0.014 3.01  l 122.9 k 

RD-30 0.279 k 0.014 3.13  k 133.9 i 

RD-50 0.358  i 0.018 3.20 k 153.3 e 

RD70 0.186 l 0.009 3.21 k 137.9 h 

RD-90 0.269 k 0.013 2.70  m 90.47 q 

RD-110 0.205 l 0.010 2.40 n 71.68 s 

RD-130 0.299  jk 0.015 2.96  l 107.4 n 

SE  0.0091 0.0029 0.0274 0.368 

LSD (5%) 0.0281 0.0089 0.0844 1.133 
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4.3.15       Soil ions content under the interactive effect of soil depths x locations 

The soil chemical properties viz. EC, pH, HCO3, Cl, SO4, Ca + Mg, Na, 

K, SAR, ESR and ESP were significantly different (P<0.05) due to the interactive effect 

of soil depths x locations in the Command area of Phuleli Canal (Appendix-VI). 

Higher soil EC (6.004 dS m-1 ), Cl (38.24 meq l-1), SO4
  (27.68 meq l-1), 

Ca + Mg (26.39 meq l-1), Na (40.38 meq l-1), SAR (11.1), ESR (0.15) and ESP (13.32) 

was found in upper soil layer (0-20 cm) at down reach (RD-130). The lower values of 

these soil ion contents were observed in the lower soil depths (40-60 cm) and towards 

the down reach of Canal Command area (RD-110-130).  

The lower pH (7.39-7.41) was observed in the soil depths 20-40 cm 

and 40-60 respectively at RD-130, whereas, higher pH (7.78) was found at lower soil 

depth (40-60 cm) near upper reach RD-0 (Table 4.31)  

The higher HCO3 (5.08 meq l-1) content was found at upper soil layer 

(0-20 cm) at upper reach (from RD-0 to RD-30), and decreased (1.58 meq l-1) in the 

lower soil depth (20-40) at mid reach (RD-90). 
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Table 4.31    Soil EC, pH, ions content under the interactive effect of soil depths x locations for soils along Phuleli  
Canal 

 

     In each column, means followed by common letter are not significantly different at 5% probability level. 
 
 
 
 

Soil 
sampling 
Depths 
(cm) 

Locations 
Parameters 

EC 
(dS m-1) pH 

meq l-1 
SAR ESR ESP 

CO3
 HCO3

 Cl SO4
 Ca + Mg Na K 

0-20 RD-0 (Regulator) 2.23 o 7.7 b -Nil-    10.01 n 12.94 o 2.83 a 5.78 n 0.074 g 6.87 n 
RD-30 2.71  l 7.64 cde 4.95 b 12.15 n 10.12 k 11.27 j 13.24 n 2.79 b 5.57 p 0.07 gh 6.59 p 
RD-50 3.26 k 7.58 f 3.84 e 18.45 i 10.05 k 11.25 k 18.42 i 2.66 e 7.75 h 0.103e 9.35 h 
RD70 4.64 f 7.51 gh 3.82 f 19.14 h 15.31 h 15.49 f 20.33 h 2.44 j 7.30  i 0.096ef 8.803 i 
RD-90 4.99 d 7.46 h 1.96 r 24.42 e 24.86 b 20.58 d 28.4 d 2.25 l 8.85 g 0.120 d 10.69 g 
RD-110 5.55 b 7.48 gh 2.85 l 31.87 c 23.44 c 21.97 b 34.15c 2.04 n 10.31 c 0.142 b 12.40 c 
RD-130 6.004 a 7.40  i 2.77m 38.24 a 27.68 a 26.39 a 40.38 a 1.93p 11.12 b 0.154 a 13.32 b 

20-40 RD-0 (Regulator) 1.63 r 7.73 b 4.82 c 7.78 r 5.70 o 6.35 t 9.210 r 2.74c 5.17 q 0.06  gh 6.056 q 
RD-30 2.31 n 7.67 cd 4.74 d 9.90 p 6.77  m 7.72 p 11.00 p 2.70 d 5.599 o 0.07gh 6.63 o 
RD-50 2.67 m 7.58 f 3.49 h 12.93 m 9.75  l 9.21 o 14.40 m 2.57g 6.71 m 0.087f 8.055 m 
RD70 4.22 h 7.52 g 3.61g 15.23 k 10.04 k 10.37 m 16.17 k 2.34k 7.095 j 0.09 f 8.54 j 
RD-90 4.44 g 7.48 gh 1.72 s 19.73 g 18.82 e 14.24 h 23.86 g 2.17m 8.94 f 0.12 d 10.79 f 
RD-110 5.19 c 7.48 gh 2.61 n 26.76 d 16.61g 15.91e 28.15e 1.91q 9.98 d 0.14 bc 12.02 d 
RD-130 5.57 b 7.39 i 2.55 o 34.99 b 22.51d 21.13 c 37.09 b 1.84 r 11.40 a 0.16 a 13.64 a 

40-60 RD-0 Regulator) 1.19 s 7.78  a 3.22 j 4.41 t 3.83 r 4.47 u 4.36 u 2.63f 2.92  u 0.03 i 2.98 u 
RD-30 1.98 q 7.69 bc 3.41 i 6.67 s 5.1 p 6.41 s 6.26 t 2.55 h 3.50 s 0.04 i 3.797 s 
RD-50 2.09 p 7.63 def 3.21 j 8.3 q 4.74 q 7.22  r 6.58 s 2.46 i 3.459 t 0.04 i 3.74  t 
RD70 2.25 o 7.59 ef 3.06 k 9.83 p 6.3 n 7.49 q 9.69 q 2.01 o 5.00  r 0.06  h 5.84  r 
RD-90 3.42  j 7.53 g 1.58 t 13.82 l 12.37 i 10.43 l 15.51 l 1.83r 6.787 l 0.09 f 8.15 l 
RD-110 4.00 i 7.50 gh 2.42 p 17.64 j 11.29 j 12.29 i 17.44 j 1.62s 7.03 k 0.092 f 8.46 k 
RD-130 4.80 e 7.41 i 2.30 q 22.25f 18.22 f 15.26 g 26.02 f 1.49t 9.42 e 0.13 cd 11.37 e 

SE  0.0091 0.0158 0.0029 0.050 0.053 0.0026 0.0028 0.0030 0.0029 0.0028 0.0027 
LSD (5%) 0.0281 0.0487 0.0088 0.150 0.154 0.0089 0.0087 0.0088 0.009 0.0087 0.009 
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4.3.16 Trace and heavy metals of soil under the interactive effect of soil depths x    

locations 

The Zn, Fe, Cu, Mn, Cd, Cr, Pb and As in soil in Canal Command area 

was significantly different (P<0.05) due to the interactive effect of soil depths x locations 

(Appendix-VII). 

Higher Zn (2.66 ppm) was found at upper soil layer (0-20 cm) at down 

reach (RD-130), whereas, lower Zn (1.3 ppm) content in 40-60 cm soil depth was 

noted at down reach (RD-130). The maximum Fe (8.6 ppm) and Mn (1.02 ppm) 

contents were found at upper soil layer (0-20 cm) near RD-0 to 30.   

The higher Cd (0.06 ppm), Cr (0.65 ppm), Pb (0.44 ppm) and As  (0.1 

ppm) in soil of canal command area was found at upper soil layer (0-20 cm) near 

down reach (RD-130).The lower values of Cd (0.06 ppm), Cr (0.65 ppm), Pb (0.44  

ppm) and As (0.1 ppm) were observed in the lower soil depths (40-60 cm) in all 

location. 

Pb in all soil depths and locations was within the permissible range of 

FAO for crop production. However, Zn and Fe varied between locations and soil 

depths and were relatively higher than the permissible range of FAO.  

Cd, Cr, Cu and Mn in soil also varied significantly in all the soil depths 

and locations in canal command area, which were not within the permissible range of 

FAO for crop production. As was relatively higher near down reach (RD-130) at 

upper soil layer as compared to lower soil depths and was not within the permissible 

range of FAO (Table 4.32). 
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Table 4.32    Trace and heavy metals content  of  soil  under the interactive effect of soil 
depths x locations for soils along Phuleli Canal 

 
 

  In each column, means followed by common letter are not significantly different at 5% probability level. 
 
  *  Recommended maximum concentration for  production  (Ayers and Westcot, 1985) as 

used by Dikinya and Areola, 2010 for irrigated soils. 

 

Soil 
sampling 
Depths 
(cm) 

Locations 

Parameters (ppm) 
 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb  
As 

0-20 

RD-0 (Regulator) 2.66 a 5.54  k 1.33 o 0.47 o               0.035 f-h 0.35 k 0.30 i 0.019 d-f 
RD-30 2.57 b   8.60 a  1.43 m 1.02 a    0.04 d-g 0.45 h 0.31 h 0.022 d-f 
RD-50 2.51 d 7.97 b 1.82 g        0.92 b 0.044 c-f 0.50 f 0.34 f 0.025 d-f 
RD70 2.29 e 7.54 c 1.91 d 0.88 c 0.048 b-e 0.53 e 0.36 e 0.027 de 
RD-90 2.21 g 7.07 d 1.99 c 0.83 e 0.060 ab 0.53 e 0.38 c 0.029 d 
RD-110 2.13 h 6.30 g 2.14 b 0.63 i 0.057 ab 0.63 b 0.40 b 0.051 c 
RD-130 1.99 j           6.08 h 2.24 a 0.60 k 0.060 a 0.65 a 0.44 a 0.100 a 

20-40 

RD-0 (Regulator) 2.58  b 4.96 m 1.20  r 0.41 q 0.028 h-j 0.28 n  0.24 l 0.017  f 
RD-30 2.53 c 7.12 d 1.27 p 0.88 d 0.034 f-i       0.35 l 0.28 j 0.020 d-f 
RD-50 2.23 f 6.87 e 1.49 l 0.77 f 0.034 f-i 0.45 h 0.30 i 0.020 d-f 
RD70 2.10 i          6.50 f 1.62 i 0.73 g 0.039 e-g      0.46 h 0.33 g 0.024 d-f 
RD-90 1.99 j 5.96 i 1.71 h         0.67 h 0.049 b-e 0.50 f 0.34 f 0.026 d-f 
RD-110 1.89 l            5.48 k         1.852f 0.52m           0.049 b-d    0.55 d 0.37 de 0.047 c 
RD-130  1.74 n 5.46 k            1.87 e 0.49 n 0.051 a-c   0.56 c 0.39 c 0.093 b 

40-60 

RD-0 (Regulator) 1.93 k           4.27 q 1.10 s 0.38 r  0.021 j 0.24 o 0.22 m 0.016 f 
RD-30 1.84 m 5.70 j 1.16  s                    0.74 g 0.025 ij          0.30 m 0.24 l 0.019 ef 
RD-50 1.66 o 5.53 k 1.26 q 0.66 h 0.028 h-j 0.35 k 0.26 k 0.021 d-f 
RD70 1.59 p                 5.12 l 1.34 o                0.62 j 0.031 g-j 0.39 j 0.29 j 0.022 d-f 
RD-90 1.51 q                  4.81 n 1.42 n 0.57 l 0.034 f-i 0.38 j 0.32 h 0.023 d-f 
RD-110 1.39 r 4.58 o 1.51 k 0.44 p 0.04 d-g 0.43 i 0.34 f 0.045 c 
RD-130 1.30 s 4.39 p 1.55 j 0.41 q 0.045 c-e     0.48 g 0.37 d 0.090 b 

SE  0.0029 0.027 0.0028 0.0027 0.0028 0.0029 0.0028 0.0029 
LSD (5%) 0.0089   0.084 0.008 0.0088 0.0089 0.0087 0.0088 0.0090 
*FAO 2 5 0.2 0.2 0.01 0.1 5 0.1 
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4.3.17 Soil organic matter and nutrients content under the interactive effect of seasons x 

soil depths  

The analysis of variance for soil OM and nutrients content viz P and K 

were significantly different (P<0.05) due to the interactive effect of seasons x soil depths x 

locations in the command area of Phuleli Canal, while total N showed non-significant 

differences due to this interactive effect (Appendix-VI).  

The soil organic matter content was higher (0.81%) at upper soil 

surface (0-20 cm) in summer, whereas it decreased (0.15%) in the lower soil depths 

(40-60 cm) during winter of the Command area of Phuleli Canal (Table 4.33).  

Total N content in the soil of Phuleli Canal Command area had similar 

pattern of OM, N and P being higher (0.81 %), (0.040%) and 6.16 mg l-1 respectively,  

at upper soil layer (0-20 cm) in summer, whereas they decreased to 0.15%, 0.008% 

and 2.72 mg l-1 respectively in the lower soil depths (40-60 cm)  during winter.  

The available P and K were higher in the upper soil surface (0-20 cm) 

during summer at upper reach (RD-0 to RD-50). However, the soil content for P and 

K decreased in the lower soil depths (40-60 cm) during winter at down reach (RD-110 

and RD-130). 
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Table 4.33  Soil organic matter and nutrients content under the interactive effect of seasons 
  x soil depths for soils along Phuleli Canal 
 

 
 

In each column, means followed by common letter are not significantly different at 5% probability level. 
 
 

Se
as

on
s Soil Sampling 

Depths 
(cm) 

Parameters 
 

Organic 
Matter 

(OM %) 

Total 
Nitrogen 

(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K  ppm) 

Su
m

m
er

 0-20 0.803  a 0.040 6.160 a 133.9 e 

20-40 0.602  c 0.030 4.164 e 121.0 g 

40-60 0.383 f 0.019 3.321 i 109.0 i 

A
ut

um
n 0-20 0.551 d 0.028 5.762  c 142.2 c 

20-40 0.376 f 0.019 3.969 g  113.7 h 

40-60 0.230 i 0.011 2.783 k 101.7 j 

W
in

te
r 

0-20 0.502 e 0.025 5.357 d   154.3 b 

20-40 0.276 h 0.019 3.842  h 128.2 f 

40-60 0.150 j 0.008 2.727 k  128.1  f 

Sp
rin

g 

0-20 0.696 b 0.035 5.925 b 156.8 a 

20-40 0.495 e 0.025 4.062 f  140.5 d 

40-60 0.31 g 0.016 2.944 j  128.3 f 

SE 0.0069   0.0022 0.021 0.278 

LSD (5%) 0.0240 0.0080 0.072 0.962 
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4.3.18   Soil ions content under the interactive effect of seasons x soil depths 

The analysis of variance for soil chemical properties viz. EC, pH, 

HCO3, Cl, SO4, Ca+Mg, Na, K, SAR, ESR and ESP were significantly different 

(P<0.05) due to the interactive effect of seasons x soil depths in the command area of 

Phuleli canal, while soil pH showed non-significant differences due to this interactive 

effect (Appendix-VI).  

The soil chemical properties EC (4.58dS m-1), HCO3 (3.88 meq l-1), Cl 

(24.17 meq l-1), Ca + Mg (16.95 meq l-1), Na (25.91 meq l-1), SAR(8.69), ESR (0.117) 

and ESP (10.43) were higher at upper soil layer (0-20 cm) in winter as compared to 

autumn, spring and summer. All soil chemical properties also decreased as the 

sampling depth increased in all seasons (Table 4.34).  

The soil pH was non-significant; however, values were higher (7.76) at 

lower soil layer (40-60 cm) during summer. The minimum value of pH was observed 

lower soil depth (40-60 cm) during winter.  

The higher SO4 (18.2 meq l-1) was found at upper soil layer (0-20 cm) 

during autumn season. The minimum value of SO4 (8.44 meq l-1) was observed at 

lower soil layer (40-60 cm) during winter.  

The soluble K (2.56 meq l-1) content of soil increased at upper soil 

layer (0-20 cm) during summer season and decreased (2.06 meq l-1) at lower soil layer 

(40-60 cm) during autumn. 
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Table 4.34 Soil EC, pH, ions content under the interactive effect of seasons x soil depths  
for soils along Phuleli Canal 

 
 

              In each column, means followed by common letter are not significantly different at 5% probability level. 
 
 
 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Parameters 
EC 

(dS m-1) pH 
(meq l-1) 

SAR ESR ESP 
CO3 HCO3 Cl SO4 Ca + Mg Na K 

Su
m

m
er

 0-20 3.85  e       7.72    -Nil- 3.34  f 20.78 d 17.03 c 16.39 d 2.22  d 2.56  a 7.55  g 0.10  cd 9.048 g 

20-40 3.47  h          7.71 3.04  h 16.60  h 12.55 f 11.64 h 18.13  h 2.42 c 7.29  h 0.096 d 8.73 h 

40-60 2.59  l              7.76 2.4  k 10.75  l  9.14 g 8.74  l 11.30  l 2.25 h 5.098  l 0.0635 f 5.88  l 

A
ut

um
n 

0-20 4.28  b    7.47       3.62  c 21.95 b 18.20 a  16.80  b 4.59  b 2.38  d  8.279  b 0.110 ab   9.94 b 

20-40 3.71  f         7.49 3.38  e 18.47 f 13.33 d 12.25 f 20.61 f 2.32 f  8.040 d 0.107 bc 9.63 d 

40-60 2.85  j            7.52      2.81 i 12.21 j 8.82  i 9.18   12.60  j           2.06  k 5.56  j 0.070 ef 6.486  j 

W
in

te
r 

0-20 4.58  a 7.39         3.88  a  24.17 a 17.07 bc 16.95 a 25.91 a 2.27 g 8.69  a 0.117 a 10.43 a 

20-40 4.13 c     7.41        3.695 b 20.17 e 12.64 f 12.70  e 21.60  e      2.195 i  8.255 c  0.1108 ab 9.879 c 

40-60 3.09  i           7.45  3.096 g 13.04  i 8.44  j 9.460  i 13.21  i          1.91  l  5.76  i 0.073 e 6.74  i 

Sp
rin

g 

0-20 4.08 d      7.59 3.596 d 21.59  bc 17.18 b 16.70  c 23.20  c 2.46  b  7.87 e 0.105 bc 9.46  e 

20-40 3.58  g         7.59 3.34  f 17.51  g  13.03 e 11.94 g 19.59 g 2.355 e  7.77 f 0.10  bcd 9.31 f 

40-60 2.75  k             7.63 2.68   j 11.39  k 8.96  h 8.945  k 11.95 k 2.125  j  5.358  k 0.067 ef 6.23  k 

SE  0.0069 0.012 0.0021  0.038 0.038 0.0021  0.0023 0.0022 0.0024 0.0023 0.0024 

LSD (5%) 0.024 0.04   0.0075  0.131 0.1308 0.0076 0.0076 0.008 0.0076 0.0075 0.0075 
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4.3.19 Trace and heavy metals content of soil under the interactive effect of seasons x 

soil depths 

The analysis of variance for trace and heavy metal content in soil viz. 

Zn, Fe, Cu, Mn, Cd, Cr, Pb and As were significantly different (P<0.05) due to the 

interactive effect of seasons x soil depths in the command area of Phuleli Canal 

(Appendix-VII).  

All trace and heavy content in soil decreased as the sampling depth 

increased in all seasons in the canal command soil. The Zn (2.63 ppm),  Fe (8.74 

ppm), Cd (0.058 ppm),  Cr (0.62 ppm), Pb (0.25 ppm), As (0.028 ppm) were higher  

at upper soil surface (0-20 cm) during winter as compared to autumn, spring and 

summer. However, Cu (1.98 ppm) and Mn (0.86 ppm) were higher at upper soil layer 

(0-20 cm) during summer, whereas lower content of Zn (1.21 ppm) and Cu (0.46 

ppm) were noted at  lower soil depth (40-60) during winter season. 

Pb and As contents in soil of canal command area irrespective of 

seasons and soil depths were within the permissible limit of FAO for crop production. 

However, Zn content in soil was higher than FAO permissible limits during winter, 

autumn and spring with the exception of 40-60 cm depth and summer season.  

Fe was significantly higher during summer and spring in all soil 

sampling depths except lower soil depth (40-60 cm). Similarly, Cu, Mn, Cd and Cr in 

all soil depths and seasons were considerably higher than the permissible limits of 

FAO (Table 4.35).  
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Table 4.35 Trace and heavy metals under the interactive effect of seasons x soil depths 
for soils along Phuleli Canal. 

 
 

In each column, means followed by common letter are not significantly different at 5% probability level. 
 

* Recommended maximum concentration for  production  (Ayers and Westcot, 1985) as 
used  by Dikinya and Areola, 2010 for irrigated soils. 

 
 
 
 
 

Se
as

on
s Soil Sampling 

Depths 
(cm) 

Parameters (ppm) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb  
As 

Su
m

m
er

 0-20 1.97 g 5.36 g        1.98 a 0.86 a 0.04 c-e 0.43 f       0.32 e 0.033 b-e 

20-40 1.790          5.13 i 1.68 d     0.73 d 0.03 f-h 0.37 i          0.26 h 0.030 de     

40-60 1.32 l 4.16 k 1.46 h         0.65 f 0.03 h 0.28 k 0.25 i 0.028 e 

A
ut

um
n 0-20 2.52 b 7.40 b 1.81 c    0.74 c 0.051 ab 0.55 b 0.37 c 0.039 bc 

20-40 2.34 d 6.30 e      1.55 g        0.60 g 0.044 b-d 0.47 e      0.34 d 0.037 b-d 

40-60 1.70 j 5.25 h 1.29 j 0.51 i 0.035 e-g 0.39 h        0.30 f 0.035 b-e 

W
in

te
r 

0-20 2.63 a 8.74 a 1.67 e      0.70 e 0.058 a 0.62 a 0.43 a 0.048 a 

20-40 2.37 c    7.27 c    1.46 h 0.57 h         0.05 ab 0.54 c 0.38 b 0.04 ab 

40-60 1.91 h 5.57 f 1.21 k 0.46 j 0.04 c-e 0.47 e      0.34 d 0.039 bc 

Sp
rin

g 

0-20 2.24 e      6.56 d 1.89 b 0.77 b 0.05 bc 0.49 d 0.34 d 0.036 b-e   

20-40 2.10 f       5.50 f 1.62 f 0.65 f 0.037 d-f 0.41 g          0.31 f 0.034 b-e 

40-60 1.47 k 4.70 j 1.37 i 0.57 h         0.029 gh 0.33 j 0.28 g 0.032 c-e 

SE 0.0022 0.021 0.0023 0.0023 0.0022 0.0024 0.003 0.0024 

LSD (5%) 0.0076 0.072 0.0078 0.0075 0.0075 0.0077 0.0076 0.0077 

FAO 2 5 0.2 0.2 0.01 0.1 5 0.1 
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4.3.20 Soil nutrients content under the interactive effect of seasons x soil depths x 

locations 

The analysis of variance for soil nutrients content viz. OM, P, K and N 

were significantly different (P<0.05) due to the interactive effect of seasons x soil depths x 

locations in the Command area of Phuleli Canal (Appendix-V).  

The soil organic matter content was higher (0.85-0.87%) at upper soil 

layer (0-20 cm) in summer at upper reach, whereas it decreased (0.11-0.18%) in the 

lower soil depths (40-60 cm) during winter at mid-reach (RD-70) of the command 

area of Phuleli Canal (Table 4.36A-D).  

Total N content in the soil of Phuleli Canal command area had similar 

pattern of OM, being higher at upper soil surface (0-20 cm) in summer at upper reach, 

whereas it decreased in the lower soil depths (40-60 cm) during winter at mid-reach 

(RD-70).  

The available P and K were higher in the upper soil layer (0-20 cm) 

during summer at upper reach (RD-0 to RD-50). However, the soil content for P and 

K decreased in the lower soil depths (40-60 cm) during winter at down reach (RD-110 

and RD-130). 
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Table 4.36 A Soil   organic   matter  and   nutrients   content under interactive effect of 
seasons x soil  depths x  locations   for soils along Phuleli Canal 

 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Locations 
Parameters 

Organic Matter 
(O.M %) 

Total Nitrogen 
(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K ppm) 

Su
m

m
e 

0-20 
 

RD-0 (Regulator) 0.87 a 0.04 ab 6.50 bc 120.60 yz 

RD-30 0.85 a 0.04 a-c 6.503 bc 200.200 a 

RD-50 0.87 a 0.04 ab 6.740 a 186.100 cd 

RD70 0.75 b-d 0.038 a-f 6.623 ab 145.700 op 

RD-90 0.82 ab 0.04 a-d 5.560 ij 98.67 z 

RD-110 0.66 ef 0.03 a-k 5.45 i-k 85.58 z 

RD-130 0.80 a-c 0.04 a-e 5.74 gh 100.50 z 

20-40 

RD-0 (Regulator) 0.64 ef 0.03 a-m 4.41pq 104.500 z 

RD-30 0.68 d-f 0.034 a-i 4.38 p-r 187.600 c 

RD-50 0.67 d-f 0.034 a-i 4.68 o 173.300 g 

RD70 0.52 j-l 0.03 a-n 4.45 pq 133.500 tu 

RD-90 0.61f-h 0.030 a-n 3.82 v-x 82.700 z 

RD-110 0.47 j-o 0.024 a-n 3.53 yz 76.550 z 

RD-130 0.62 fg 0.03 a-n 3.88 vw 88.667 z 

40-60 

RD-0 (Regulator) 0.44 l-r 0.02 a-n 3.21 z 93.400 z 

RD-30 0.41 n-t 0.02 a-n 3.46 z 174.900 fg 

RD-50 0.47 j-o 0.023 a-n 3.45 z 162.400 ij 

RD70 0.32 u-x 0.016 d-n 3.28 z 121.900 yz 

RD-90 0.38 p-u 0.02 b-n 2.83 z 69.800 z 

RD-110 0.25 x-z 0.013 f-n 3.25 z 63.800 z 

RD-130 0.41o-t 0.02 a-n 3.77 wx 76.827 z 

 
    In each column, means followed by common letter are not significantly different at 5% probability level. 
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Table 4.36 B   Soil  organic   matter   and   nutrients   content under interactive effect of  

             seasons x  soil  depths x  locations  for soils along Phuleli Canal 
 
 

 
In each column, means followed by common letter are not significantly different at 5% probability level. 

 
 
 
 

Se
as

on
s 

 

Soil 
Sampling 
Depths 
(cm) 

Locations 

Parameters 
 

Organic Matter 
(O.M %) 

Total Nitrogen 
(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K ppm) 

A
ut

um
n 

0-20 RD-0 (Regulator) 0.49 j-n 0.024 a-n 6.39 cd 135.800 st 
RD-30 0.49 j-o 0.024 a-n 6.10 e 198.600 a 
RD-50 0.66 ef 0.033 a-j 6.34 cd 189.400 c 
RD70 0.43 m-s 0.022 a-n 6.01 ef 155.833 lm 
RD-90 0.62 fg 0.031 a-n 5.19 lm 100.467 z 
RD-110 0.5 j-m 0.025  a-n 5.00 n 95.433 z 
RD-130 0.67 d-f 0.034 a-j 5.31 kl 120.100 z 

20-40 RD-0 (Regulator) 0.24 x-z 0.012 f-n 4.27 q-s 123.800 xy 
RD-30 0.44 l-r 0.022 a-n 4.19 st 74.800 z 
RD-50 0.53 i-k 0.03 a-n 4.38 p-r 176.900 ef 
RD70 0.22 z 0.011 g-n 4.22 r-t 140.700 qr 
RD-90 0.42 m-t 0.02 a-n 3.65 xy 86.600 z 
RD-110 0.32 u-x 0.016 d-n 3.42 z 85.633 z 
RD-130 0.46 j-p 0.023 a-n 3.65 xz 107.700 z 

40-60 
 

Regulator 0.19  z 0.009  i-n 2.99 z 111.300 z 
RD-30 0.23 yz 0.012 f-n 3.02 z 63.800 g 
RD-50 0.35 s-w 0.018 b-n 2.89 z 164.700 i 
RD70 0.13 z 0.006 mn 3.19 z 126.600 wx 
RD-90 0.24 yz 0.012 f-n 2.65 z 74.600 z 
RD-110 0.18 z 0.009 i-n 2.11 z 73.600 z 
RD-130 0.28 w-z 0.014 e-n 2.64 z 97.400z 
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Table 4.36 C Soil  organic   matter   and  nutrients  content  under  interactive  effect 
seasons  x  soil depths x   locations for soils along Phuleli Canal 

 
 
   

In each column, means followed by common letter are not significantly different at 5% probability level. 
 
 
 
 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters 
 

Organic Matter 
(O.M %) 

Total Nitrogen 
(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K ppm) 

W
in

te
r 

0-20 Regulator 0.43 m-r 0.022 a-n 5.86 fg 150.600 n 
RD-30 0.45 k-q 0.023 a-n 6.00 ef 168.300 h 
RD-50 0.61 f-i 0.030 a-n 5.22  l 200.800 a 
RD70 0.42 m-t 0.021 a-n 5.46 i-k 178.600 e 
RD-90 0.47 j-o 0.024 a-n 4.98 n 123.500 xy 
RD-110 0.49 j-n 0.025 a-n 4.94 n 100.133 z 
RD-130 0.65 ef 0.033 a-l 5.03 mn 158.100 kl 

20-40 Regulator 0.23 yz 0.046 a 3.97 uv 138.500 rs 
RD-30 0.29 v-z 0.015 e-n 4.07 tu 154.533 m 
RD-50 0.37 q-v 0.019 b-n 4.34 p-s 187.667 c 
RD70 0.21 z 0.011 g-n 4.16 st 66.500 z 
RD-90 0.31 u-y 0.016 d-n 3.46 z 114.700 z 
RD-110 0.30 u-z 0.015 d-n 3.33 z 87.700 z 
RD-130 0.23 yz 0.012 f-n 3.57 yz 147.600 no 

40-60 
 

Regulator 0.16 z 0.008 i-n 2.71 z 126.700 wx 
RD-30 0.13 z 0.007 l—n 2.88 z 142.400 pq 
RD-50 0.18 z 0.009 i-m 3.19 z 141.100 qr 
RD70 0.11 z 0.005 n 3.16 z 173.800 fg 
RD-90 0.18 z 0.009 i-n 2.58 z 102.700 z 
RD-110 0.15 z 0.008 j-n 2.00 z 75.500 z 
RD-130 0.14 z 0.007 k-n 2.57 z 134.700 t 
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Table 4.36 D   Soil   organic  matter  and  nutrients  content  under  interactive  effect  
of seasons  x  soil  depths  x  locations  for soils along Phuleli Canal 

 
 

In each column, means followed by common letter are not significantly different at 5% probability level. 
 

Se
as

on
s Soil 

Sampling 
Depth 
(cm) 

Locations 

Parameters 
 

Organic Matter    
(O.M %) 

Total Nitrogen 
(N %) 

Available 
Phosphorous 

(P ppm) 

Available 
Potassium 
(K ppm) 

Sp
rin

g 

0-20 

Regulator 0.72  c-e 0.036 a-g 6.42 cd 194.467 b 
RD-30 0.66 ef 0.033 a-k 6.30 d 182.800 d 
RD-50 0.85 a 0.043 a-c 6.43 cd 168.067 h 
RD70 0.54 g-j 0.027 a-n 6.08 e 156.100 lm 
RD-90 0.71 de 0.035 a-h 5.42 jk 150.400 n 
RD-110 0.64 ef 0.032 a-n 5.22 l 99.400 z 
RD-10 0.75 b-d 0.038 a-f 5.61 hi 146.700 o 

20-40 

RD-(Regulator) 0.52 j-l 0.026 a-n 4.39 p-r 172.600 g 
RD-30 0.46 j-p 0.023 a-n 4.20 rst 168.133 h 
RD-50 0.66 ef 0.033 a-k 4.52 op 156.267 lm 
RD70 0.36 r-w 0.018 b-n 4.313 q-s 142.633 pq 
RD-90 0.47 j-o 0.024 a-n 3.75 wx 125.467 x 
RD-110 0.46 j-o 0.023 a-n 3.48 yz 86.867 c 
RD-130 0.53 h-k 0.027 a-n 3.78 wx 131.290 uv 

40-60 

RD-(Regulator) 0.32 u-x 0.016 d-n 3.13 z 160.300 jk 
RD-30 0.34 t-w 0.017 c-n 3.16 z 154.400 m 
RD-50 0.43 m-s 0.022 a-n 3.26 z 144.800 op 
RD70 0.19 z 0.009 h-n 3.21 z 129.500 vw 
RD-90 0.28 w-z 0.014 e-n 2.76 z 114.800 z 
RD-110 0.24 yz 0.012 f-n 2.22 z 73.800 z 
RD-130 0.37 q-v 0.018 b-n 2.87 z 120.567 yz 

SE 0.018 0.0058 0.0577 0.7353 
LSD (5%) 0.082 0.026 0.1604 3.309 
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4.3.21 Soil EC, pH, ions content under the interactive effect of seasons x locations x soil 

depths 

The analysis of variance for soil viz. EC, pH, HCO3, Cl, SO4, Ca + Mg, 

Na, K, SAR, ESR and ESP were significantly different (P<0.05) due to the interactive 

effect of seasons x soil depths x locations in the command area of Phuleli Canal 

(Appendix-VI).  

The soil EC (6.66 dS m-1), Cl (42.90 meq l-1), Ca + Mg (26.73 meq l-1) 

and Na (43.22 meq l-1) were higher near upper soil surface (0-20 cm) during winter at 

down reach (RD-130), whereas, EC (1.01dS m-1), Cl (4.11 meq l-1), Ca+Mg (4.01 

meq l-1) and Na (3.98 meq l-1) were noted in the lower soil depth (40-60 cm) during 

summer near upper reach (RD-0) of the command area of Phuleli Canal. Overall, it 

was observed that in all the soil depths during various seasons, these parameters 

increased at down reach of Phuleli Canal (Table 4.37A-D). 

The soil pH was higher at lower soil layer (40-60 cm) in summer at 

upper reach, whereas it decreased (7.2) in the soil layer (20-40) near down reach   

(RD-130) during winter season.  

The soil HCO3 (5.33 meq l-1) was higher at upper soil layer (0-20 cm) 

during winter near upper reach (RD-0), whereas, it decreased (1.23-2.0 meq l-1) in the 

lower soil depth (40-60 cm) during summer near RD-90 to RD-130.  

The soil SO4 (28.74 meq l-1) increased relatively in upper soil layer    

(0-20 cm) during autumn season towards down reach (RD-130). The decrease in SO4 

(3.60 meq l-1) was observed in lower soil depth (40-60 cm) during summer near upper 

reach.  
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K content in soil was greater (3.01 meq l-1) in upper soil layer (0-20 

cm) during summer at upper reach and decreased towards down reach (RD-130) in 

lower soil depth (40-60 cm) in summer. 

The SAR (12.43), ESR (0.17) and ESP (14.78)  of soil were higher at  

20-40 cm depth in winter towards down reach  (RD-130), whereas all these 

parameters decreased  in the lower soil depth during summer near upper reach   

(Table 4.37A-D). 
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Table 4.37 A  EC, pH and ions content of interactive effect of seasons x  depths x locations of soils along Phuleli  Canal 
  

In each column, means followed by common letter are not significantly different at 5% probability level. 
 

 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters 
 

EC 
(dS m-1) 

 
pH 

(meq l-1) 

SAR ESR ESP HCO3
 CO3 Cl SO4

 Ca + Mg Na K 

Su
m

m
er

 

0-20 
 

Regulator 2.03 z 7.87 ab 4.88 b-e -Nil- 10.09 z 10.24s-y 10.19 x-z 12.01 z 3.01 a 
RD-30 2.15 yz 7.80 b-d 4.74 b-e 10.24 z 11.42 o-t 11.24 s-u 12.33 z 2.84 bc 5.20 z 0.07 t-v 6.10 z 
RD-50 3.08 xy 7.80 b-d 3.58 j-o 16.75 u 8.25  z 10.59 v-y 15.22 xy 2.77 de 6.61u-w 0.09 l-s 7.94 v-x 
RD70 4.44 mn 7.73 c-f 3.66 i-n 18.66 t 14.81 m 15.01 mn 19.54 rst 2.58 j-l 7.13qr 0.09 k-o 8.59 rs 
RD-90 4.66 kl 7.63 f-i 1.78 z 22.17 o 24.21 ef 20.31 h 25.44 n 2.40 p 7.98 m 0.11 h-k 9.64 m 
RD-110 5.00 g-h 7.60 g-j 2.54 x-z 31.43 i 21.66 g 21.24 ef 32.20 gh 2.19 s 9.88 g 0.14 d-g 11.91 g 
RD-130 5.58 d 7.60 g-j 2.2 z 36.15  d 28.65 a 26.11 b 38.78 c 2.11 t 10.73 e 0.15 b-e 12.89 e 

20-40 

Regulator 1.55 z 7.83 bc 4.53 ef 6.48 z 6.21 z 6.01  z 8.340 z 2.87 b 4.81 z 0.06 vw 5.58 z 
RD-30 2.04 z 7.83 bc 4.58 de 8.86 z 6.78 z 7.12   z 10.34 z 2.76 ef 5.48 z 0.07 s-v 6.47 z 
RD-50 2.51 z 7.77 b-e 3.09 q-v 12.42 z 9.84 w-z 9.01   z 13.72  yz 2.62 hij 6.46  x 0.08 m-t 7.75  y 
RD70 4.14 q-s 7.70 d-g 3.33 m-t 13.72 x 10.25s-y 10.01  z 14.88 xy 2.41 p 6.65 uv 0.09 l-s 7.98 vw 
RD-90 4.09 rs 7.63 f-i 1.52 z 19.01 t 16.35 kl 13.88 o 20.71 pqr 2.29 q 7.86  n 0.10 h-l 9.5 mn 
RD-110 4.85 h-j 7.60 g-j 2.24  z 23.75 n 17 j-l 15.01mn 25.97 mn 2.01uv 9.48 i 0.13 e-g 11.44 i 
RD-130 5.09 fg 7.60 g-j 2.01 z 31.98 h 21.42 g 20.46 h 32.98 fg 1.97vw 10.31 r 0.14 d-f 12.41 f 

40-60 

Regulator 1.01 z 7.93  a 3.01  r-w 4.11 z 3.60 z 4.01  z 3.98 z 2.72  fg 2.81 z 0.03 x 2.84 z 
RD-30 1.86   z 7.87 ab 3.01 r-w 6.45 z 5.57 z 6.33    z 6.00 z 2.70 g 3.37 z 0.04  x 3.62 z 
RD-50 1.86 z 7.83 bc 2.65 w-z 7.87   z 4.017 z 6.76   z 5.22 z 2.55 lm 2.84 z 0.03 x 2.87 z 
RD70 2.01 z 7.77 b-e 2.85 u-x 7.91  z 7.427 z 7.01   z 8.99 z 2.20 s 4.80 z 0.06 vw 5.57 z 
RD-90 3.21 wx 7.67 e-h 1.23 z 12.97 yz 11.8 n-q 10.01 z 13.98 yz 2.01 u 6.25 y 0.08 n-t 7.47 z 
RD-110 3.78 u 7.63 f-i 2.01 z 15.93  v 11.57 o-r 11.85 qr 15.82 wx 1.84 z 6.50wx 0.084 m-t 7.79 xy 
RD-130 4.39 m-o 7.63 f-i 2.00  z 19.98 rs 20.02 h 15.18  l-n 25.11 n 1.71 z 9.11 j 0.12 f-h 11.01 j 
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Table 4.37 B EC, pH and ions content of interactive effect of  seasons x  depths x locations of soils along Phuleli  Canal. 
 
 

In each column, means followed by common letter are not significantly different at 5% probability level. 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Locations 
Parameters 

EC 
(dS m-1) 

 
pH 

(meq l-1)  
SAR 

 
ESR 

 
ESP HCO3

 CO3 Cl SO4
 Ca + Mg Na K 

A
ut

um
n 

0-20 

Regulator 2.38 z 7.67e-h 5.03 ab 

-Nil- 

10.32 z 10.41r-y 9.99  z 13.01z 2.76  ef 5.82 z 0.07p-v 6.92  z 
RD-30 2.99 y 7.57 h-k 5.03 a-c 12.80 yz 10.01 v-z 11.31 s-u 13.77 yz 2.76 ef 5.79  z 0.07p-v 6.88 z 
RD-50 3.28 vw 7.53 i-l 3.85 h-j 17.01 u 12.28 n-p 11.42 r-t 19.12 s-v 2.60 h-k 8.00 m 0.11 h-k 9.67 m 
RD70 4.73 jl 7.43 l-o 3.79 i-k 20.43 q 14.20 m 15.64 j-l 20.35 p-s 2.42 p 7.28  p 0.096 k-n 8.77 pq 
RD-90 5.00 gh 7.40 m-p 2.03 z 24.43 m 26.35 c 20.99  fg 29.55 j 2.28 qr 9.12 j 0.12 f-h 11.02 j 
RD-110 5.58 d 7.33 o-q 2.64 w-z 29.90 j 25.46 cd 21.77 de 34.22 f 2.01 uv 10.37 f 0.14 c-f 12.48  f 
RD-130 6.01 b 7.33o-q 2.98 s-w 38.76 c 28.74 a 26.51ab 42.11ab 1.86 z 11.57 c 0.16 a-c 13.83 c 

20-40 

Regulator 1.68 z 7.70 d-g 4.98 a-c 8.21  z 5.76 z 6.44 z 9.87 z 2.64 h 5.50  z 0.07 r-v 6.50 z 
RD-30 2.23 z 7.63 f-i 4.73 b-e 10.50 z 6.71 z 8.01 z 11.23 z 2.70 g 5.61 z 0.07 r-v 6.64 z 
RD-50 2.61 x 7.53 i-k 3.47 j-q 12.76 yz 9.56 x-z 9.21 z 14.01 yz 2.57 k-m 6.53 v-x 0.085 l-s 7.83w-y 
RD70 4.23  o-r 7.43 l-o 3.65 i-n 15.31 w 10.20 t-y 10.44  w-z 16.33 wx 2.39 p 7.15 qr 0.09 k-o 8.61 q-s 
RD-90 4.34 n-p 7.43 l-o 1.83 z 19.77 s 19.80   h 14.21 o 24.98 n 2.21 s 9.37 i 0.13 fg 11.31 i 
RD-110 5.24 ef 7.37 n-p 2.36 yz 27.52 k 17.05 j-l 16.00 j 28.98 j 1.95 wx 10.25 f 0.14 d-f 12.33 f 
RD-130 5.67 cd 7.33 o-q 2.66 w-z 35.21 e 24.22 ef 21.42 ef 38.87 c 1.80  z 11.88 b 0.17 ab 14.18 b 

40-60 
 

Regulator 1.22 z 7.73 c-f 3.35 m-s 4.52 z 3.62  z 4.54 z 4.38 z 2.57 kl 2.91 z 0.03 x 2.97  z 
RD-30 1.98 z 7.63 f-i 3.43 k-q 6.35 z 5.49 z 6.53 z 6.220 z 2.53 mn 3.44 z 0.039 x 3.72  z 
RD-50 2.10 z 7.57 h-k 3.44  k-q 8.98 z 3.747 z 7.01 z 6.75 z 2.41 p 3.60 z 0.04 wx 3.94 z 
RD70 2.33 z 7.5 i-k 3.11 p-v 10.42 z 6.26 z 7.68 z 10.12 z 2.00 uv 5.16 z 0.064 t-v 6.06 z 
RD-90 3.42 v 7.46 k-n 1.65 z 14.13 x 12.91 n 10.66 v-x 16.12 wx 1.81   z 7.02 rs 0.09 k-p 8.46 st 
RD-110 4.00 st 7.4 m-p 2.35 yz 18.91 t 11.2 p-v 12.54 p 18.33 t-v 1.60 z 7.32 p 0.97 j-n 8.83 p 
RD-130 4.90 h-j 7.33 o-q 2.31 z 22.19 o 18.52  i 15.32 lm 26.22 l-n 1.48  z 9.47 i 0.13 e-g 11.43 i 
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Table 4.37 C EC, pH and ions content of interactive effect of seasons x depths x locations of soils along Phuleli Canal 
 
 
 

In each column, means followed by common letter are not significantly different at 5% probability level. 

Se
as

on
s Soil 

Sampling 
Depths 
(cm) 

Locations 
Parameters 

EC 
(dS m-1) pH 

(meq l-1) 
SAR ESR ESP 

HCO3
 CO3

 Cl SO4
 Ca + Mg Na K 

W
in

te
r 

0-20 

Regulator 2.43 z 7.6 g-j 5.33 a 

-Nil- 

11.87 z 9.29 yz 10.01  z 13.75 yz 2.73 e-g 6.15 y 0.08 n-u 7.34 z 
RD-30 3.27 vw 7.5 j-m 5.09 ab 12.54 z 10.63q-x 11.54 q-s 13.98 yz 2.74 e-g 5.82 z 0.07 p-v 6.92  z 
RD-50 3.46 v 7.4 m-p 4.22 fg 20.06 q-s 11.31p-u 12.00 q 21.01 pq 2.57 k-m 8.57 l 0.12 g-j 10.37  l 
RD70 4.85  h-j 7.3 pq 4.16 gh 20.87 p 14.80 m 15.90 jk 21.67 p 2.25 r 7.68 o 0.10 i-m 9.28 o 
RD-90 5.32 e 7.3 pq 2.07 z 27.26  k 24.08  ef 20.42 h 30.98 hi 2.01 uv 9.70 h 0.13 e-g 11.70 h 
RD-110 6.09 b 7.4 l-o 3.38 l-r 33.70 f 23.55 f 22.01 d 36.77 de 1.85 z 11.08 d 0.15 b-d 13.29  d 
RD-130 6.66   a 7.2 q 2.94 t-w 42.90 a 25.85 cd 26.73  a 43.22 a 1.73 z 11.82 b 0.16 ab 14.11 b 

20-40 

Regulator 1.86 z 7.6 g-j 5.01 abc 8.72 z 5.38 z 6.85 z 9.62 z 2.63 hi 5.20 z 0.06  t-v 6.10  z 
RD-30 2.97 w 7.5 j-m 5.02  a-c 10.91  z 6.41 z 8.20  z 11.52 z 2.62 h-j 5.69 z 0.07 q-v 6.75   z 
RD-50 3.02 w 7.4 l-o 4.01 g-i 14.01x 8.88 z 9.54 z 14.87 xy 2.49  0 6.81 t 0.09 k-r 8.18 u 
RD70 4.33 n-p 7.37 n-p 3.97 g-i 16.72 u 10.13 u-y 10.8 u-w 17.82 uv 2.19  s 7.66 o 0.10 i-m 9.25   o 
RD-90 5.03 gh 7.33 o-q 1.89 z 20.27 qr 20.81 gh 14.76 n 26.23 l-n 1.98 u-w 9.66 h 0.13 e-g 11.65 h 
RD-110 5.60 d 7.43 l-o 3.10 q-v 29.88  j 16.18  l 17.12 i 30.25 ij 1.79 z 10.34 f 0.14 d-f 12.44 f 
RD-130 6.02 b 7.2 q 2.87 u-x 40.65 b 20.68 gh 21.64de 40.89 b 1.67 z 12.43 a 0.17 a 14.78  a 

40-60 
 

Regulator 1.33 z 7.6 f-i 3.43 k-q 4.66 z 4.40   z 5.00  z 4.87 z 2.63  hi 3.08  z 0.03 x 3.21   z 
RD-30 2.20 yz 7.5 i-l 3.98 g-i 7.66 z 4.24   z 6.76 z 6.71 z 2.41 p 3.65  z 0.04  wx 4.01z 
RD-50 2.38 x-z 7.47 k-n 3.75 i-l 8.54 z 4.56   z 7.23 z 7.24 z 2.38 p 3.81 z 0.04 wx 4.23 z 
RD70 2.46 x-z 7.4 l-o 3.28 n-t 10.77 z 6.08  z 7.97 z 10.41 z 1.75 z 5.21 z 0.07  t-v 6.12 z 
RD-90 3.76 u 7.4 m-p 1.80 z 15.10 w 12.61 no 10.96 t-w 16.98 vw 1.58 z 7.26 pq 0.096 k-n 8.74 p-r 
RD-110 4.37  m-o 7.43 l-o 2.77 v-x 19.72 s 10.93q-w 12.77  p 19.24 s-u 1.41  z 7.61 o 0.10 i-m 9.19 o 
RD-130 5.11 fg 7.2 q 2.66 w-z 24.82 m 16.26 l 15.53 j-m 27.01 k-m 1.20  z 9.69 h 0.13 e-g 11.69 h 
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Table 4.37 D EC, pH and ions content of interactive effect of seasons x depths x locations of soils along Phuleli Canal 

                            In each column, means followed by common letter are not significantly different at 5% probability level

Se
as

on
s 

 

Soil 
Sampling 
Depths 
(cm) 

Locations 

Parameters 

EC 
(dS m-1) pH 

(meq l-1) 
SAR ESR ESP 

HCO3
 CO3

 Cl SO4
 Ca + Mg Na K 

Sp
rin

g 

0-20 

Regulator 2.08 z 7.8 b-d 5.07   ab -Nil- 10.12 z 10.45 r-y 9.86 z 12.98  z 2.80 cd 5.85 z 0.075o-v 6.95 z 
RD-30 2.43 z 7.7 d-g 4.95 a-d 13.01 y 8.72 z 11.01 s-v 12.87 z 2.81 cd 5.48 z 0.07s-v 6.48 z 
RD-50 3.23 wx 7.6 g-j 3.69 i-m 20.00 q-s 8.34 z 10.99 s-w 18.34 t-v 2.71 g 7.82 n 0.10 i-m 9.45 n 
RD70 4.56 lm 7.57 h-k 3.68 i-m 16.58 u 17.42 i-k 15.43 k-m 19.76 q-s 2.50 no 7.11 r 0.09 k-o 8.57 rs 
RD-90 4.98 g-i 7.5 j-m 1.97 z 23.81 n 24.78 de 20.61gh 27.63 k 2.32 q 8.61 l 0.12 g-j 10.4  l 
RD-110 5.51 d 7.5 i-l 2.85 u-x 32.45g 23.07 f 22.84 c 33.43 fg 2.10 t 9.89 g 0.14 d-g 11.92 g 
RD-130 5.76  b-c 7.4 l-o 2.96 s-w 35.15 e 27.49 b 26.18 b 37.42 d 2.01 uv 10.34 f 0.14 d-f 12.45 f 

20-40 

Regulator 1.42 z 7.8 b-d 4.77 b-e 7.703  z 5.46 z 6.11  z 9.01 z 2.81 cd 5.15 z 0.06 t-v 6.04 z 
RD-30 2.00 z 7.7 d-g 4.65 c-e 9.33 z 7.19 z 7.55  z 10.91 z 2.70 g 5.61 z 0.07 r-v 6.65 z 
RD-50 2.54 z 7.6 g-j 3.40 l-q 12.54 z 10.73 q-x 9.09 z 14.99 xy 2.6 ijk 7.03rs 0.09 l-r 8.46 st 
RD70 4.17 p-s 7.56 h-k 3.50 j-p 15.16 w 9.57 x-z 10.22  x-z 15.63 wx 2.38 p 6.91 st 0.09 k-q 8.32 tu 
RD-90 4.31 n-q 7.5 i-l 1.65 z 19.88 rs 18.31 i 14.09 o 23.53 o 2.21 s 8.87 k 0.12 g-i 10.71 k 
RD-110 5.12 fg 7.5 i-l 2.73 v-y 25.87  l 16.22  l 15.52 j-m 27.42 kl 1.88 z 9.84 g 0.13 d-g 11.87 g 
RD-130 5.52 d 7.4 m-p 2.67 w-z 32.12 gh 23.74 ef 21.01 fg 35.62 e 1.90 yz 10.99d 0.15b-d 13.18 d 

40-60 
 

Regulator 1.21  z 7.8  bc 3.09 q-v 4.35 z 3.7 z 4.31 z 4.21 z 2.61h-k 2.87  z 0.03 x 2.92 z 
RD-30 1.89 z 7.7 c-f 3.21 o-u 6.22 z 5.24 z 6.01 z 6.11 z 2.55 lm 3.52 z 0.04 x 3.83 z 
RD-50 2.01 z 7.7  e-h 3.01 r-w 7.81 z 6.7  z 7.87  z 7.11 z 2.50 no 3.59 z 0.04 wx 3.92 z 
RD70 2.20 z 7.6 f-i 3.01 r-w 10.21 z 5.42 z 7.31  z 9.23 z 2.09 t 4.83 z 0.06 u-w 5.61 z 
RD-90 3.30 vw 7.5 h-k 1.65 z 13.09 y 12.16 n-p 10.10  yz 14.88 xy 1.92 xy 6.62 u-w 0.09 l-s 7.95 v-x 
RD-110 3.86 tu 7.5 i-l 2.55 x-z 16.00 v 11.46 o-s 12.01 q 16.36 wx 1.64 z 6.68   u 0.09 l-s 8.02  v 
RD-130 4.81 i-k 7.4 l-o 2.22 z 22.01 o 18.09 ij 15.00 mn 25.75 mn 1.56 z 9.40  i 0.13 fg 11.35 i 

SE 0.117 0.032 0.114 0.14 0.365 0.17 0.447 0.013 0.041 0.0058 0.058 
LSD (5%) 0.34 0.091 0.33 0.41 1.047 0.497 1.28 0.037 0.117 0.017 0.166 
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4.3.22 Trace and heavy metals under the interactive effect of seasons x locations x soil 

depths 

The analysis of variance for trace and heavy metals content in soil for 

Zn, Fe, Cu, Mn, Cd, Cr, Pb and As were significantly different (P<0.05) due to the 

interactive effect of seasons x soil depths x locations in the Command area of Phuleli 

Canal (Appendix-VII). . 

The Zn (3.01 ppm) content in soil was higher in upper soil layer  (0-20 

cm) during winter near upper reach (RD-0), whereas, it decreased (1.02 ppm) in lower 

soil depth (20-40 cm) towards down reach near RD-130 during summer. However, Fe 

(10.87 ppm) was higher in upper soil layer (0-20 cm) near RD-30 during winter 

season and it decreased (2.87 ppm) in lower soil depths (40-60 cm) near upper reach 

(RD-0) during summer. While, Cu (2.41 ppm) was higher in upper soil layer   (0-20 

cm) near down reach (RD-130) during summer and it decreased   (0.98 ppm) in lower 

soil depths (40-60 cm) near upper reach (RD-0) during winter season (Table 4.38A-

D). 

Mn (1.21 ppm) was higher in upper soil layer (0-20 cm) near RD-30 

during summer and it decreased (0.31 ppm) in lower soil depths (40-60 cm) near 

upper reach (RD-0) during winter.  

Heavy metals content in soil viz. Cd (0.066 ppm) was higher in upper 

soil layer (0-20 cm) near down reach (RD-110 to RD-130) during winter and 

decreased (0.015 ppm) in lower soil depth (40-60 cm) in the down reach during 

summer. Similarly,  Cr (0.76 ppm), Pb (0.51 ppm) and As (0.13 ppm) were higher in 

upper soil layer (0-20 cm) near down reach (RD-130) during winter and traits 
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decreased gradually in lower soil layer (40-60 cm) towards upper reach during 

summer in canal command area. 

All the trace and heavy metals contents were higher in soil during 

winter and relatively lower in summer except Cu and Mn. The concentration of trace 

and heavy metals was higher in upper soil layer (0-20 cm), while lower at lower soil 

depths (40-60 cm).  

Pb and As content in soil irrespective of seasons, soil depths and 

locations were within the permissible limit of FAO for crop production. However, Zn 

content in soil samples was relatively higher than FAO permissible limits during 

winter in all soil layers and locations during autumn and became in spring and 

summer in upper soil layers and were greater than the permissible limit of FAO. 

Fe content in soil samples was higher than FAO permissible limits 

during winter, autumn and spring in lower soil layers (40-60 cm) near down reach, 

whereas, in summer season it was relatively more in upper soil layers near mid to 

down reach and was not within the permissible limits of FAO.  Same was true with 

Cu, Mn, Cd and Cr, which were not within the permissible limit of FAO for crop 

production. 

While irrespective of seasons and soil depths, the Fe was significantly 

higher than FAO recommendations except lower depth (40-60 cm) during summer 

and spring seasons. Similarly, Cu, Mn, Cd and Cr were considerably higher than the 

permissible limits of FAO. The chemical analysis of soil indicated that the Zn, Cu, Fe, 

Cd, Cr contents were relatively higher than the FAO permissible limits while Pb and 

As were within the recommended limits (Table 4.38A-D). 
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Table 4.38 A Interactive effect of seasons x  depths x locations (trace and heavy metals) of soils along Phuleli Canal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                       
                        
 
 
                       In each column,  means followed by common letter are not significantly different at 5% probability level. 

  

Se
as

on
s 

 
Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters (ppm) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

Su
m

m
er

 

0-20 
 

RD-0 (Regulator) 2.31 m 4.15z 1.453 u 0.56 w 0.028m-v 0.28 z 0.26 wx 0.014 mn 
RD-30 2.21 qr 6.95 l 1.55 r 1.21 a 0.032 k-v 0.38 yz 0.25 xy 0.020 l-n 
RD-50 2.12 t 6.34 no 1.98 f 0.98 b 0.036 h-u 0.40 wx 0.29 r-t 0.020 k-n 
RD70 1.85 wx 5.98 p 2.010 e 0.94 cd 0.040 e-t 0.42 uv 0.32 o-q 0.022 j-n 
RD-90 1.84 x 5.46 r 2.120 d 0.88 ef 0.048 a-m 0.45 p-s 0.34 l-n 0.024 i-n 
RD-110 1.73 z 4.35 z 2.31 b 0.68 p 0.046 a-o 0.53 h-k 0.35 kl 0.045 c-h 
RD-130 1.68 z 4.26 z 2.41 a 0.67 pq 0.052 a-j 0.54 gh 0.39 gh 0.089 b 

20-40 

RD-0(Regulator) 2.27 no 4.22 z 1.26 z 0.45 z 0.022 s-v 0.21 z 0.18 z 0.013 n 
RD-30 1.98 u 5.88 pq 1.35 yz 0.93 d 0.028 m-v 0.24 z 0.23 z 0.016 mn 
RD-50 1.96 u 5.77 q 1.63 p 0.88 e-g 0.025 p-v 0.38 yz 0.25 xy 0.017 l-n 
RD70 1.77 y 5.27 st 1.77 l 0.87 fg 0.033 i-v 0.39 xy 0.27 vw 0.018 l-n 
RD-90 1.72 z 4.98 uv 1.87 i 0.77 lm 0.038 f-u 0.42 uv 0.27 vw 0.021 k-n 
RD-110 1.58 z 4.80 wxy 1.93 h 0.59 v 0.038 f-u 0.44 s-u 0.32 n-p 0.041 c-j 
RD-130 1.25 z 4.98 uv 1.96 g 0.58 vw 0.039 e-t 0.49 m 0.32 o-q 0.086 b 

40-60 

RD-0 (Regulator) 1.66 z 2.87 z 1.18 z 0.43 z 0.015 v 0.17 g 0.18 z 0.012 n 
RD-30 1.58 z 4.96 u-w 1.23 z 0.84 ij 0.018 uv 0.22 f 0.21 z 0.014 mn 
RD-50 1.38 z 4.68 yz 1.37 xy 0.78 kl 0.021 tv 0.26  z 0.22 z 0.016 l-n 
RD70 1.33 z 4.38 z 1.48 t 0.73 n 0.024 q-v 0.27 z 0.24 yz 0.017 l-n 
RD-90 1.16z 4.19 z 1.58 q 0.68 p 0.026 o-v 0.28 z 0.26 wx 0.018 l-n 
RD-110 1.13 z 4.16 z 1.67 no 0.53 x 0.029 l-v 0.36 z 0.29 r-u 0.039 c-k 
RD-130 1.02 z 3.89 z 1.69 m 0.53 x 0.038 f-u 0.37 yz 0.32 o-q 0.085 b 
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Table 4.38 B        Interactive effect of  seasons x depths x locations (trace and heavy metals) of soils along Phuleli Canal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    
                   In each column, means followed by common letter are not significantly different at 5% probability level. 

Se
as

on
s 

 
Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters (ppm) 
 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

A
ut

um
n 

0-20 
 

RD-0 (Regulator) 2.89 c 6.26 o 1.31 z 0.45 z 0.038 f-u 0.38 yz 0.30 rs 0.020 k-n 
RD-30 2.77 d 8.81 s 1.38 wx 0.97 b 0.042 d-s 0.46 o-r 0.32 o-q 0.023 j-n 
RD-50 2.74 f 8.35 e 1.76 l 0.89 e 0.045 b-p 0.52 i-l 0.35 kl 0.025 i-n 
RD70 2.50 i 7.71 gh 1.88 i 0.87 fg 0.049 a-l 0.58 f 0.37 ij 0.028 g-n 
RD-90 2.35 l 7.26 jk 1.98 f 0.83 j 0.059 a-e 0.54 g-j 0.40 e-g 0.030 f-n 
RD-110 2.25 op 6.88 l 2.12 d 0.62 u 0.058 a-f 0.67 c 0.41 d-f 0.053 cd 
RD-130 2.12 t 6.5 m 2.27 c 0.57 w 0.063 a-c 0.68 c 0.45 c 0.097 b 

20-40 

RD-0 (Regulator) 2.77 d 5.22 st 1.18 z 0.47 z 0.031 l-v 0.28 z 0.26 wx 0.018 l-n 
RD-30 2.76 de 7.56 hi 1.23 z 0.86 gh 0.036 h-u 0.37 yz 0.30 rs 0.021 j-n 
RD-50 2.32 m 7.27 jk 1.44 u 0.71 o 0.037 g-u 0.47 m-o 0.31 p-r 0.023 j-n 
RD70 2.27 no 6.95 l 1.58 q 0.65 rs 0.041 e-t 0.48 mn 0.35 kl 0.025 i-n 
RD-90 2.13 t 6.21 o 1.68 mn 0.63 s-u 0.052 a-j 0.53 h-j 0.36 jk 0.026 h-n 
RD-110 2.13 t 5.51 r 1.840 j 0.48 yz 0.052 a-j 0.57 f 0.38 h-j 0.049 c-f 
RD-130 1.96 u 5.36 rs 1.87 z 0.47 z 0.057 a-g 0.58 f 0.41 d-f 0.095 b 

40-60 

RD-0 (Regulator) 1.98 u 4.98 uv 1.10 z 0.38 z 0.023 r-v 0.26 z 0.22 z 0.017 l-n 
RD-30 1.85 wx 5.90 pq 1.15 z 0.68 p 0.027 n-v 0.33 z 0.24 yz 0.020 k-n 
RD-50 1.73z 5.77 q 1.23 z 0.64 st 0.029 l-v 0.38 yz 0.28 t-v 0.021 j-n 
RD70 1.67 z 5.24 st 1.27 z 0.56 w 0.034 i-v 0.43 tu 0.29 r-u 0.022 j-n 
RD-90 1.62 z 5.21 st 1.37 xy 0.52 x 0.038 f-u 0.38 yz 0.34 l-n 0.024 i-n 
RD-110 1.60 z 4.88 v-x 1.44 u 0.40 z 0.043 c-r 0.44 r-t 0.35 kl 0.047 c-g 
RD-130 1.43 z 4.76xy 1.49 t 0.37 z 0.048 a-m 0.52 j-l 0.38 hi 0.091 b 
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Table 4.38 C         Interactive effect of seasons x  depths x locations  (trace and heavy metals) of soils along Phuleli Canal 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                    In each column, means followed by common letter are not significantly different at 5% probability level. 

Se
as

on
s 

 
Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters (ppm) 
 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

W
in

te
r 

0-20 
 

RD-0 (Regulator) 3.01 a 6.88 l 1.22 z 0.39 z 0.042 e-s 0.42 uv 0.35 kl 0.024 i-n 
RD-30 2.92 b 10.87 a 1.35 z 0.94 cd 0.053 a-i 0.54 g-i 0.39 gh 0.026 h-n 
RD-50 2.89 c 9.88 b 1.66 o 0.85 hi 0.054 a-h 0.61 e 0.39 gh 0.029 g-n 
RD70 2.60 g 9.25 c 1.80 k 0.84 ij 0.058 a-f 0.64 d 0.42 s 0.033 e-m 
RD-90 2.45 j 8.67 d 1.84 j 0.76 m 0.064 ab 0.64 s 0.45 c 0.036 d-l 
RD-110 2.35 l 7.98 f 1.83 j 0.57 w 0.066 a 0.73 b 0.47 b 0.057 c 
RD-130 2.18 s 7.65 gh 1.98 f 0.53 xm 0.066 a 0.76 a 0.51 a 0.13 a 

20-40 

RD-0 (Regulator) 2.91 bc 5.87 pq 1.13 z 0.34 z 0.032 j-v 0.36 z 0.29 r-t 0.021 j-n 
RD-30 2.74 ef 8.66 d 1.16 z 0.83 j 0.040 e-t 0.41 vw 0.33 m-o 0.025 i-n 
RD-50 2.53 h 8.24 e 1.36 yz 0.68 p 0.045 b-p 0.53 g-j 0.35 kl 0.027 h-n 
RD70 2.32 m 7.97 f 1.45 u 0.65 rs 0.047 a-n 0.53 h-j 0.39 gh 0.030 f-n 
RD-90 2.17 s 7.41 ij 1.53 s 0.59 v 0.059 a-e 0.57 f 0.42 de 0.032 e-n 
RD-110 1.98 u 6.49 mn 1.76 l 0.47 z 0.063 a-c 0.67 c 0.43 d 0.055 cd 
RD-130 1.92 v 6.26 o 1.79 k 0.43 z 0.062 a-d 0.68 c 0.45 c 0.099 b 

40-60 

RD-0 (Regulator) 2.23 pq 5.34 rs 0.98 z 0.31 z 0.029 l-v 0.31 z 0.26 wx 0.020 k-n 
RD-30 2.18 s 6.57 m 1.09 z 0.63 tu 0.031 l-v 0.37 y-z 0.28 s-v 0.024 j-n 
RD-50 1.98 u 6.46 mn 1.16 z 0.56 w 0.036 h-u 0.44 q-t 0.29 r-t 0.025 i-n 
RD70 1.92 v 5.98 p 1.22 z 0.53 x 0.039 e-t 0.48 mn 0.35 kl 0.028 g-n 
RD-90 1.85 wx 5.36 rs 1.28 z 0.45 z 0.041 e-t 0.53 h-j 0.38 hi 0.029 g-n 
RD-110 1.65 z 4.893vx 1.36 yz 0.37 z 0.051 a-k 0.55 g 0.38 hi 0.051 c-e 
RD-130 1.58 z 4.35 z 1.40 v 0.33 z 0.052 a-j 0.57 f 0.42 d 0.095 b 
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       Table 4.38 D       Interactive effect of seasons x  depths x locations (trace and heavy metals) of  soils along Phuleli Canal 
  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
/

Se
as

on
s 

 
Soil 

Sampling 
Depths 
(cm) 

Locations 

Parameters (ppm) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

Sp
rin

g 

0-20 
 

RD-0 (Regulator) 2.43 j 4.88 v-x 1.35 yz 0.49 y 0.033 j-v 0.33 z 0.28 tv 0.018 l-n 
RD-30 2.38 k 7.77 g 1.45 u 0.97 b 0.035 h-v 0.42 uv 0.28 tv 0.020 k-n 
RD-50 2.28 n 7.29 jk 1.87 i 0.95 c 0.041 e-t 0.46 o-q 0.33 m-o 0.024 i-n 
RD70 2.19 rs 7.22 k 1.94 h 0.88 ef 0.043 c-r 0.47 n-p 0.34 l-n 0.025 i-n 
RD-90 2.19 rs 6.89 l 2.01 e 0.83 j 0.052 a-j 0.51 l 0.34 k-m 0.026 h-n 
RD-110 2.18 s 5.97 p 2.28 c 0.65 rs 0.057 a-g 0.58 f 0.38 hi 0.047 c-g 
RD-130 1.98 u 5.88 pq 2.31 b 0.63 tu 0.058 a-f 0.63 d 0.39 f-h 0.094 b 

20-40 

RD-0 (Regulator) 2.35 l 4.54 z 1.22 z 0.44 z 0.025 p-v 0.25 z 0.22 z 0.015 mn 
RD-30 2.62 g 6.36 no 1.34 z 0.88 ef 0.032 j-v 0.32 z 0.27 vw 0.017 l-n 
RD-50 2.11 t 6.21 o 1.55 r 0.79 k 0.030 l-v 0.40 wx 0.29 rt 0.021 k-n 
RD70 1.98 u 5.79 q 1.67 no 0.74 n 0.036 h-u 0.42 uv 0.30 qr 0.021 j-n 
RD-90 1.93 v 5.22 st 1.76 l 0.68 p 0.046 a-o 0.47 m-o 0.32 o-q 0.023 j-n 
RD-110 1.87 w 5.13 tu 1.88  i 0.53 x 0.044 b-q 0.51 kl 0.35 kl 0.044 c-i 
RD-130 1.84 x 5.22 st 1.88 i 0.48 yz 0.047 a-n 0.51 l 0.37 ij 0.093 b 

40-60 

RD-0 (Regulator) 1.86 wx 3.88 z 1.13 z 0.40 z 0.018 uv 0.21 z 0.22 z 0.015 mn 
RD-30 1.74 z 5.35 rs 1.17 z 0.79 k 0.022 s-v 0.27 z 0.22 z 0.017 l-n 
RD-50 1.54 z 5.19 st 1.28 z 0.66 qr 0.025 p-v 0.29 z 0.24 yz 0.019 k-n 
RD70 1.42 z 4.87 v-x 1.39 vw 0.64 st 0.027 o-v 0.37 z 0.27 u-w 0.021 k-n 
RD-90 1.39 z 4.46 z 1.45 u 0.63 tu 0.032 j-v 0.33 z 0.29 r-t 0.021 j-n 
RD-110 1.18 z 4.36 z 1.56 r 0.47 z 0.035 h-v 0.38 yz 0.33 m-o 0.041 c-j 
RD-130 1.150 z 4.56 z 1.59 q 0.41 z 0.043 c-r 0.46 n-p 0.37 ij 0.089 b 

LSD (5%) 0.02342 0.1571 0.01656 0.01656 0.01656 0.01656 0.01656 0.01656 
SE 0.0082 0.0547 0.0058 0.0057 0.0056 0.0059 0.0057 0.0059 
*FAO 2.0 5.0 0.22 0.23 0.012 0.12 5.0 0.10 
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4.3.23 Correlation coefficient (r) between soil EC, pH and ions, trace and heavy 

metal content of Phuleli Canal Command area 

4.3.23.1 Ions content 

The correlation of ion content of soil at various locations and seasons  

of Phuleli Canal Command area showed that EC was positively associated with Cl, 

SO4 , Ca + Mg, Na and SAR  and ESP with  ‘r’ value of 0.94, 0.90, 0.93, 0.95, 0. 94 

and 0.94 respectively. However, EC was negatively associated with pH (r= -0.73), 

HCO3
- (-0.50) and K (r = -0.88).  Statistical results showed that EC was significantly 

different at 1% probability level with these ion parameters (Table 4.39). 

Na was positively associated with EC, Cl, SO4, Ca + Mg  and SAR and 

ESP with ‘r’ value of 0.95, 0.99, 0.95, 0.97, 0.97 and 0.97  respectively. However, Na 

was negatively associated with pH (r= -0.89), HCO3 (-0.44). Statistical results showed 

that Na was significantly different at 1% probability level with these ion parameters. 

Cl was positively associated with  SO4,  Ca + Mg, SAR and ESP with r 

value of  0.90, 0.96, 0.95 and 0.95 respectively. However, Cl- was negatively 

associated with pH  (r= -0.66), HCO3
 (r=-0.44), and K (r = -0.61).  Statistical results 

showed that Cl was significantly different at 1% probability level with these ion 

parameters. 

K was negatively associated with  SO4,  Ca + Mg, Na,  SAR and ESP 

with  ‘r’ value of -0.53, -0.53, -0.60, -0.62 and -0.62  respectively. Whereas, K+ was 

positively associated with pH (r= 0.71) and  HCO3 (0.69). Statistical results showed 

that K+ was significantly different at 1% probability level with these ion parameters.    
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Table 4.39 Correlation coefficient between soil EC, pH and ions content   
parameters  of  Phuleli Canal  Command area 

 
Parameters Intercept Slope r value 

 
EC (dS m-1)  v/s 
pH 7.86 -0.085 -0.73** 
HCO3 (meq l-1) 4.52 -0.36 -0.50** 
Cl  (meq l-1) -4.28 6.05 0.94** 
SO4

  (meq l-1) -2.65 4.38 0.90** 
Ca + Mg (meq l-1) -0.43 3.65 0.93** 
Na (meq l-1) -4.93 6.61 0.95** 
K (meq l-1) 2.96 -0.19 -0.68** 
SAR 1.47 1.58 0.94** 
ESP 1.4 1.98 0.94** 
Na (meq l-1) v/s 
EC (dS m-1) 1.04 0.14 0.95** 
pH 7.76 -0.011 -0.66** 
HCO3 (meq l-1) 4.08 -0.05 -0.44** 
Cl  (meq l-1) 0.34 0.91 0.99** 
SO4

  (meq l-1) 0.68 0.66 0.95** 
Ca + Mg (meq l-1) 2.37 0.55 0.97** 
SAR 2.72 0.24 0.97** 
ESP 3.0 0.29 0.97** 
Cl (meq l-1) vs 
pH 7.76 -0.012 -0.66** 
HCO3 (meq l-1) 4.06 -0.047 -0.43** 
SO4 (meq l-1) 1.14 0.68 0.90** 
Ca + Mg (meq l-1) 2.38 0.59 0.96** 
K (meq l-1) 2.74 -0.027 -0.61** 
SAR 2.79 0.25 0.95** 
ESP 3.09 0.31 0.95** 
K v/s   
pH 6.89 0.29 0.71** 
HCO3

 (meq l-1) -0.75 1.75 0.69** 
SO4

 (meq l-1) 33.75 -9.11 -0.53** 
Ca + Mg (meq l-1) 29.41 -7.37 -0.53** 
Na (meq l-1) 52.45 -14.82 -0.60** 
SAR 15.55 -3.70 -0.62** 
ESP 18.96 -4.61 -0.62** 

     ns = non significant, * and ** significant at 5% and 1% probability level respectively. 
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4.3.23.2 Heavy and trace metals content 

The correlation of soil trace and heavy metals content across various 

locations and various seasons  of Phuleli Canal Command area  showed that Zn was 

positively associated with total N, available P, available K, Cd, Cr, Pb and As with ‘r’ 

values of  0.29, 0.59, 0.47, 0.26, 0.21 and 0.18  respectively, but, negatively 

associated with As. Statistical results for Zn showed  nonsignificant differences at 5% 

of probability level with Pb, but, showed significant difference at 1% probability level 

with total N, available P and available K; and significantly different at 5% probability  

level with Cd and Cr (Table 4.40). Fe was positively associated with total N, available 

P, available K, Cd, Cr and Pb with ‘r’ value of 0.16, 0.50, 0.45, 0.51, 0.52 and 0.47 

respectively, but,  negatively associated with As (r=0.071) respectively. Statistical 

analysis showed that Fe had non significant differences at 5% probability level with 

total N and available P and As, but, showed significant differences  at 1% probability 

level with available K, Cd, Cr and Pb. 

Cu was positively associated with total N, available P, available K, Cd, 

Cr, Pb and As with ‘r’ value of 0.53, 0.45, 0.64, 0.63, 0.57 and 0.51 respectively. 

However, negatively associated with available K (r = -0.18). Statistical results for 

Cu2+ showed non-significant differences at 5% probability level with available K, but 

had significant differences at 1% probability with total N, available P, Cd, Cr, Pb and 

As.   

Mn was negatively associated with Cd, Cr, Pb and Aswith ‘r’ value of   

-0.027, -0.01, -0.12 and -0.37 respectively. However, Mn positively associated with 

total N, available P and available K. Statistical results for Mn showed non- significant 
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differences at 5% probability level with Cd, Cr and Pb, but showed significantly 

different at 1% probability level with total N, available P and available K. 

Total N was positively associated with Cd, Cr, Pb and As+ with ‘r’ 

value of 0.12, 0.08, 0.005 and 0.02 respectively. Statistical results showed that total N 

had non-significant differences at 5% probability with these metals. 

Available P was positively associated with Cd, Cr and Pb with ‘r’ value 

of 0.26, 0.22 and  0.15 respectively . However, P was negatively associated with As  

(r = -0.09). Statistical results for  available P showed significantly different at 5% 

probability with these metals. 

Available K was negatively associated with Cd, Cr, Pb and As with ‘r’ 

value of -0.13, -0.08, -0.15 and -0.25 respectively. Statistical results for K showed non 

significant differences at 5% probability with Cd, Cr and Pb, but, showed significant 

differences at 5% probability with As (r = -0.25)  

Pb was positively associated with Cd and As with ‘r’ value of 0.96 and 

0.68. Statistical results for Pb showed significant differences at 1% probability level 

with these metals. Whereas, Cd  showed positively associated with As with r value of 

0.63. Statistical results for Cd showed significant differences at 1% probability level 

with As.  

pH was negatively associated with Fe and As with r value of -0.40 and  

-0.62 respectively.  Statistical results for pH showed significant differences at 1% 

probability level with with these metals 
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Table 4.40 Correlation coefficient between   soil nutrients,   trace and heavy  
metals content  of Phuleli Canal Command area 

 
 

Parameters 
 

Intercept Slope r value 

Zn   (ppm)  v/s 
Total N (%) 0.01 0.006 0.29** 
Available P (ppm) 1.00 1.60 0.59** 
Available K (ppm) 52.47 38.14 0.47** 
Cd  (ppm) 0.03 0.007 0.26* 
Cr   (ppm) 0.32 0.06 0.21* 
Pb (ppm) 0.27 0.027 0.18 ns 
As   0.07 -0.02 -0.27* 
Fe   (mg l-1) v/s 
Total N (%) 0.02 0.001 0.16 ns 
Available P (ppm) 1.75 0.42 0.50 ns 
Available K (ppm) 61.0 11.5 0.45** 
Cd  (ppm) 0.01 0.004 0.51** 
Cr  (ppm) 0.17 0.046 0.52** 
Pb (ppm) 0.19 0.022 0.47** 
As (ppm) 0.04 -0.001 -0.071 ns 
Cu  (ppm) v/s 
Total N (%) -0.00 0.016 0.53** 
Available P (ppm) 1.62 1.66 0.45** 
Available K (ppm) 161.95 -20.32 -0.18  ns 
Cd  (ppm) 0.00 0.024 0.64** 
Cr (ppm) 0.06 0.24 0.63** 
Pb (ppm) 0.14 0.12 0.57** 
As (ppm) -0.03 0.04 0.51** 
Mn  (ppm) v/s 
Total N (%) 0.01 0.025 0.48** 
Available P (ppm) 1.77 3.82 0.58** 
Available K (ppm) 69.15 93.46 0.47** 
Cd (ppm) 0.04 -0.002 -0.027 ns 
Cr (ppm) 0.45 -0.007 -0.01 ns 
Pb (ppm) 0.35 -0.044 -0.12 ns 
As (ppm) 0.07 -0.051 -0.37** 
Total N (%) v/s 
Cd (ppm) 0.04 0.147 0.12 ns 
Cr (ppm) 0.42 1.01 0.08 ns 
Pb (ppm) 0.32 0.031 0.005 ns 
As (ppm) 0.03 0.05 0.02 ns 
                                                                                                                         Cont…
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Parameters 

 
Intercept Slope r value 

Available P (ppm) 
Cd (ppm) 0.03 0.003 0.26* 
Cr  (ppm) 0.35 0.023 0.22* 
Pb (ppm) 0.29 0.008 0.15* 
As (ppm) 0.04 -0.002 -0.09* 
Available K (ppm)    
Cd (ppm) 0.05 -0.000 -0.13 ns 
Cr (ppm) 0.48 -0.000 -0.08 ns 
Pb (ppm) 0.36 -0.000 -0.15 ns 
As (ppm) 0.06 -0.000 -0.25* 
Pb (ppm) vs  
Cd (ppm) -0.02 0.17 0.96** 
As (ppm) -0.05 0.26 0.68** 
Cd  (ppm) vs As (ppm) -0.02 1.32 0.63** 
pH 
Fe (ppm) 32.74 -3.54 -0.40** 
As (ppm) 0.77 -0.097 -0.622** 
ns = Non significant. * and ** significant at 5% and 1% probability level 
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4.3.24 Linear regression of seasons and locations for soil EC, pH, ions, trace and 

heavy metals content of  Phuleli Canal Command area  

Coefficient of determination (R2) 

The coefficient of determination (R2) showed that total variation in soil 

chemical parameters of Phuleli Command area  viz. EC (95, 97, 98 and 96%) , pH (94, 

96, 74 and 95%), Cl- (95, 97, 96, and 92%), Na (94, 93, 96 and 95%), Ca + Mg (92, 93, 

96 and 94%) and K (98, 97, 96 and 94%)  in various locations was due to its association 

with  Summer, Autumn, Winter and Spring seasons respectively (Figure 4.24-4.29). 

Regarding trace and heavy metal contents of  soil, the coefficient of 

determination (R2) showed that total variation of Cu (94, 96, 88 and 93), Cd (88, 95, 94 

and 89%), Cr (94, 91, 92  and 96%), Pb (95, 98, 97 and 93%), As (67, 68, 62 and 65%), 

Available P (60, 77, 75 and 29) in various locations was due to its association with  

Summer, Autumn, Winter and Spring seasons respectively  (Figure 4.30-4.35). 

Regression coefficient (b)  

The regression coefficient indicated that a unit increase in locations 

resulted in correspondingly increase of EC and ion content of soil viz. EC (0.64, 0.64, 

0.72 and 1.37  dS m-1),  Cl (5.09, 4.21, 4.5 and 4.53  meq l-1), Na (4.65, 4.95, 5.14 and 

4.42  meq l-1) and  Ca + Mg  (2.29, 2.35, 2.41 and 2.34 meq l-1) by Summer, Autumn, 

Winter and Spring seasons respectively (Figure 4.24 & 4.26-4.28). However, the 

regression coefficient indicates a unit increase in locations resulted in correspondingly 

decrease of ion content viz. pH (-0.05, -0.06, -0.05 and -0.06 )  K (-0.16, -0.16, -0.19 

and -0.15  meq l-1)  and Available P (-0.20, -0.24, -0.17 and -0.57  ppm) in Summer, 

Autumn, Winter and Spring seasons respectively  (Figure 4.25, 4.29 & 4.35). 
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The regression coefficient further revealed that a unit increase in 

locations resulted in correspondingly increase of trace and heavy metal content of Cu 

(0.16, 0.16, 0.12 and 0.17  mg l-1), Cd (0.004, 0.004, 0.004  and 0.005  mg l-1), Cr (0.03, 

0.04, 0.04 and 0.04 mg l-1), Pb (0.02, 0.02 0.03 and 0.02 mg l-1) and As (0.01, 0.01, 0.01 

and 0.01 mg l-1) in Summer, Autumn, Winter and Spring seasons respectively (Figure 

4.30-4.34). 
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Figure 4.24   Linear regression of soil EC (dS m-1) between seasons and locations  
of  Phuleli Canal command area 
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 Figure 4.25   Linear regression of soil  pH  between seasons and locations of Phuleli      
Canal  Command area  
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  Figure 4.26   Linear regression of  soil Cl (meq l-1)  between seasons and locations  
of  Phuleli Canal Command area 
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Figure 4.27 Linear regression of soil Na (meq l-1) between seasons and locations 
of   Phuleli Canal Command area 
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Figure 4.28   Linear  regression  of  soil    Ca + Mg  (meq l-1) between seasons  
and      locations of  Phuleli Canal Command area 
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Figure 4.29   Linear regression of  soil K (meq l-1)  between seasons and 
locations  of Phuleli Canal Command area 
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Figure 4.30   Linear regression  of soil  Cu (ppm) between seasons and locations of 
Phuleli Canal Command area 

 

 

     Figure 4.31   Linear regression of soil  Cd  (ppm) between seasons  and locations 
of Phuleli Canal Command area 
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   Figure 4.32    Linear regression of soil  Cr  (ppm) between season  and locations 
of Phuleli Canal Command area 

 

 

 

   Figure  4.33  Linear regression of  soil Pb (ppm) between seasons  and locations   
Phuleli Canal Command area 
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    Figure 4.34    Linear regression of soil  As  (ppm) between seasons and locations 
of  Phuleli Canal Command area 

 

 

  Figure 4.35     Linear regression of soil Available P  (ppm) between seasons  and   
locations of Phuleli Canal Command area 
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4.4  Summary 

Water quality of Phuleli Canal is deteriorating due to release of toxic 

material from plastic factories, illegal cattle pens, slaughterhouses,   and sewage water 

located near canal at Hyderabad and Tando Mohd Khan. These sources throw tons of 

solid waste and fluid waste into the canal. Two plastic factories located between RD-

22 and RD-27 in Laloo Lashari and Khursheed Town drain out their garbage and run-

off into the canal. At RD-27, some people clean solid waste from floor mills on 

encroached land in the canal, which is not only affecting their health but is also 

polluting water. Much of the effluent comes from 1,000 big laundries, 500 cattle 

farms situated on both sides of the canal. These all sources of pollution are located in 

Tando Muhammad Khan, Matli and Talhar towns is poured into Phuleli Canal. 

Government of Hyderabad has set up a drainage system at RD-19 and the sewerage 

water is being released into the canal at Hyderabad bypass. Besides, a drainage 

pumping station near Saima Plaza, which according to officials, releases 1500 gallons 

day-1 of sewerage water into the canal. The average quantity of wastewater discharged 

into Phuleli Canal in permisses of Hyderabad from different sewage stations viz., 

Jacob tank cantonment board waste, Kali Mori open drain, open drain near old Power 

Hous, Darya Khan Panhwar pumping station, Site area pumping station near Nara 

Jail, and other sources is about 225584.44 m3day-1.  Muncipal and industrial discharge 

into canal include brutal pumping from 48 untreated domestic sewage, the small 

cottage glass industry at Latifabad unit No. 8 and 12 and bara board, 09 tanning 

houses situated in Latifabad, paretabad and Gujrati Para Hyderabad, 788 house hold 

battery works and burning close to canal at Hyderabad, Matli and Tando Mohammad 

Khan, 34 small house hold color pigment, 41 chrome made cottage industries, 16 

beverages factories, 56 flour mills, main hospitals and, 238 small hospitals/spensaries, 
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sugar industry, 28 local organic fertilizer factories, 15 plastic factories. Solid waste 

discharges include garbage, waste sugar industry, local organic fertilizer industry etc. 

The discharge of heavily contaminated domestic and industrial waste into Phuleli 

Canal in Hyderabad and Tando Mohd Khan continues unabatedly.  

The series of studies were carried out during the year 2008-2009 to 

determine the impact of polluted Phuleli Canal water on soil properties and 

groundwater quality.  

Study-I was meant to observe the EC, pH, ions, trace and heavy metals 

concentraion in Phuleli Canal water. The quality of the canal water was monitored for 

four seasons (summer, autumn, winter, and spring) at seven different locations (RD-0, 

RD-30, RD-50, RD-70, RD-90, RD-110 and RD-130). 

Study-II was set to evaluate the EC, pH, ions, trace and heavy metals 

concentration of groundwater in Phuleli Canal Command area. The same factors viz. 

seasons (summer, autumn, winter, and spring) and locations (RD-0, RD-30, RD-50, 

RD-70, RD-90, RD-110 and RD-130) were taken under observation.  

Study-III was conducted with the objective to observe the soil physico-

chemical properties of soils in Phuleli Canal Command area. During the course of 

studies, the same seasons and locations along with various soil sampling depths (0-20, 

20-40 and 40-60 cm) were studied.  
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4.4.1 EC, pH and ions concentration of Phuleli Canal water 

The higher EC (0.76 dS m-1), HCO3 (1.75 meq l-1), Cl (3.49 meq l-1), 

SO4 (2.31 meq l-1), Ca+Mg (2.68 meq l-1), Na (4.79 meq l-1) and SAR (4.14) of 

Phuleli Canal water was observed at RD-130 during winter season. As the season 

changed, the values of these parameters decreased (autumn>spring>summer). Same 

was true with RD’s which had higher values of these traits at RD-

130>110>90>70>50>30 and 0 instead of sulphate (SO4). The Phuleli Canal water  for 

pH (7.73) and K (0.25 meq l-1) concentration  had inverse trend, being higher at RD-0 

during summer season and lower at RD-130 during winter season. All the chemical 

properties of Phuleli Canal water including pH, EC, CO3,  HCO3, Cl, SO4, Ca + Mg, Na, 

K and SAR values were well comparable and within the range recommended by WHO 

and FAO. 

4.4.2 Trace and heavy metals concentration of Phuleli Canal water 

The higher Zn (0.041 mg l-1) was noted at upper reach (RD-0) during 

winter and lowest (0.013 mg l-1) at down reach (RD-130) during summer. However, 

higher Fe (1.9 mg l-1) was found at RD-30 near upper reach (1.35 mg l-1) during 

winter and it was recorded minimum (0.42 mg l-1) near down reach (RD-130) during 

summer. The higher Cu (0.75 mg l-1) was recorded near down reach at RD-130 during 

spring season and it was found lowest (0.083 mg l-1) at upper reach at RD-0 during 

winter season. The maximum Mn (0.38 mg l-1) was noted at upper reach (near RD-30 

and RD-0) during summer and it was found lowest (0.12 mg l-1) near upper reach  

RD-0 during winter season.  
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The higher heavy metal concentrations of Cd (0.004 mg l-1), Cr (0.082 

mg l-1), Pb (0.045 mg l-1) and As (0.5 ug l-1) were observed near down reach          

(RD-130) during winter. As the season changed the values of these parameters 

reduced (autumn>spring>summer). Same was true with other locations which 

recorded higher values of these traits at RD-130>110>90>70>50>30>0. Overall 

results showed that the heavy metals were higher in the down reach as compared to 

that at upper reach (RD-0). 

The Zn, Fe, Cd, Cr, Pb and As concentrations in water were within the 

permissible limits of FAO for irrigation/crop production in all seasons at all locations. 

The Cu was higher in all seasons except winter near up to mid-reach (RD-0 to RD-70) 

was within the permissive limits. However, Mn was higher in all seasons except upper 

reach were it was within the permissible limit of FAO. For human 

consumption/drinking purpose in all seasons and locations, Zn, Cu, Mn and As 

concentration in water were within the permissible limit of WHO. Fe and Pb were not 

within permissible limit of WHO in all seasons and locations. However, Cd was 

higher during winter at all locations which was not within permissible limit. Similarly 

Cd was higher during autumn near down reach (RD-90 to RD-130) and also found 

higher during spring near down reach (RD-110 to RD-130) and was not within 

permissible limit of WHO. The Cr was higher near mid to down reach throughout the 

year and was beyond the permissible limit of WHO.    

4.4.3  EC, pH, ions concentration of groundwater of Phuleli Canal Command 

area  

The maximum EC (4.88 dS m-1), HCO3 (5.11 meq l-1), Cl (23.66       

meq l-1), Ca +Mg (15.9 meq l-1), Na (32.38 meq l-1) and SAR (11.48) in groundwater 
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water were observed near RD-130 during winter season,while, (SO4) was higher 

during autumn season. The values of the parameters were decreased in 

autumn>spring>summer. However, EC, HCO3, Cl, Ca +Mg, Na and SAR of 

groundwater were found higher at RD-130>110>90>70>50>30>0 showing higher 

values at down reach. The concentration of pH and K in groundwater showed 

opposite results. Higher pH (7.59) was found at RD-0 during summer season and 

lower RD-130 during autumn season. However, maximum K (0.68 meq l-1) was also 

noted at RD-0 during summer season and lower at down reach (RD-90,110 and 130) 

during autumn season. At most of the locations, EC of groundwater was higher than 

the FAO permissible limits and pH was within the recommended values of 

FAO/WHO. The SO4, Ca + Mg, Na and K concentrations in groundwater were higher 

than the permissible limits of WHO (for drinking purpose), but were in the 

recommended range of FAO for agriculture use. 

4.4.4 Trace and heavy metals concentration of groundwater of Phuleli Canal 

Command area  

The higher Zn (0.29 mg l-1) in groundwater was noted near upper reach 

at RD-0 during winter season and it decreased (0.014 mg l-1) near down reach (RD-

130) during summer season. However, higher Fe (3.6-3.7 mg l-1) in groundwater was 

found at RD-30 to RD-50 during winter and which low (0.89 mg l-1) near down reach 

(RD-130) during summer season. The higher Cu (0.87 mg l-1) in groundwater was 

noted near down reach near RD-130 during summer season and it was low (0.13 mg l-

1) near upper reach during winter and autumn seasons. The higher Mn (0.46-0.54 mg 

l-1) in groundwater was noted near mid-reach (RD-30 to RD-50) during summer and 

lower values (0.04 mg l-1) were observed near upper reach during winter season. The 
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higher concentration of heavy metals Cd (0.008 mg l-1), Cr (0.07 mg l-1), Pb (0.77 mg 

l-1) and As (20.33 ug l-) in groundwater were observed near upper reach (RD-130) 

during winter season. As the season changed concentration of these parameters 

decreased (autumn>spring>summer). Same was true with locations which had higher 

values of these elements at RD-130>110>90>70>50>30>0. Overall results showed 

that the heavy metals in groundwater were higher in the down reach as compared to 

upper reach. The permissible limits of FAO for Zn, Fe, Cd, Cr, Pb and As in 

groundwater showed that these parameters were within limits in all seasons. Cu was 

higher during autumn, spring and winter and not within permissive limit of FAO.  

However, Mn in groundwater varied significantly at different locations of canal 

command area and was higher in summer, autumn and spring. The values of Mn were 

not within the permissible limits as suggested by FAO. Cd was higher during winter 

season at all locations and was not within permissible of WHO. Cd in groundwater 

was higher during autumn, spring and summer seasons. The values of Cd varied 

between locations and were higher than the permissible of WHO. As was relatively 

higher during winter near down reach and was also higher than the permissible limits 

of WHO. Cr was higher near down reach during winter, autumn near mid to upper 

reach and was higher than the permissible limit suggested by WHO. 

4.4.5 Soil organic matter and nutrients content in Phuleli Canal Command area 

The soil organic matter content was higher (0.85-0.87%) at upper soil 

layer (0-20 cm) in summer at upper reach, whereas it decreased (0.11-0.18%) in the 

lower soil depths (40-60 cm) during winter at mid-reach (RD-70) of the command 

area of Phuleli Canal. Total N conntent in the soil of Phuleli Canal Command area 

had similar pattern of OM, being higher at upper soil surface (0-20 cm) in summer at 
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upper reach, whereas it decreased in the lower soil depths (40-60 cm) during winter at 

mid-reach (RD-70).  The available P and K were higher in the upper soil layer  

(0-20 cm) during summer at upper reach (RD-0 to RD-50). However, the soil content 

for P and K decreased in the lower soil depths (40-60 cm) during winter at down 

reach (RD-110 and RD-130). 

4.4.6 Soil EC, pH and ions content in Phuleli Canal Command area 

The soil EC (6.66 dS m-1), Cl (42.90 meq l-1), Ca + Mg  (26.73  meq l-1) 

and Na (43.22 meq l-1) were higher near upper soil surface (0-20 cm) during winter at 

down reach (RD-130), whereas, EC (1.01dS m-1),Cl (4.11 meq l-1), Ca + Mg (4.01 

meq l-1) and Na (3.98 meq l-1) were noted in the lower soil depth (40-60 cm) during 

summer near upper reach (RD-0) of the Command area of Phuleli Canal. Overall, it 

was observed that in all the soil depths and various seasons, these parameters 

increased at down reach of Phuleli Canal Command area. Soil pH was higher at lower 

soil layer (40-60 cm) in summer at upper reach, whereas it decreased (7.2) in the soil 

layer (20-40) near down reach (RD-130) during winter season. The soil HCO3  

(5.33 meq l-1) was higher at upper soil layer (0-20 cm) during winter near upper reach 

(RD-0), whereas, it decreased (1.23-2.0 meq l-1) in the lower soil depth (40-60 cm) 

during summer near mid to down reach (RD-90 to RD-130). The soil SO4 (28.74  

meq l-1) relatively increased in upper soil layer (0-20 cm) during autumn season 

towards down reach (RD-130). The decrease in SO4 (3.60 meq l-1) was observed in 

lower soil depth (40-60 cm) during summer near upper reach. K content in soil was 

greater (3.01 meq l-1) in upper soil layer (0-20 cm) during summer near upper reach 

and decreased towards down reach (RD-130) in lower soil depth (40-60 cm) in 

summer towards down reach. The SAR (12.43), ESR (0.17) and ESP (14.78) were 
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higher at layer 20-40 cm in winter towards down reach (RD-130), whereas all these 

parameters decreased in the lower soil depth during summer near upper reach of 

Phuleli Canal Command area.   

4.4.7 Soil content for trace and heavy metals in Phuleli Canal Command area 

The Zn (3.01 ppm) content of soil was higher in upper soil layer (0-20 

cm) during winter near upper reach (RD-0), whereas, it decreased (1.02 ppm) in lower 

soil depths (20-40 cm) towards down reach near RD-130 during summer. However, 

Fe (10.87 ppm) was higher in upper soil layer (0-20 cm) near RD-30 during winter 

season and it decreased (2.87 ppm) in lower soil depths (40-60 cm) near upper reach 

(RD-0) during summer. While, Cu (2.41 ppm) was higher in upper soil layer   (0-20 

cm) near down reach (RD-130) during summer and it decreased (0.98 ppm) in lower 

soil depths (40-60 cm) near upper reach (RD-0) during winter season. Mn (1.21 ppm) 

was higher in upper soil layer (0-20 cm) near RD-30 during summer and it decreased 

(0.31 ppm) in lower soil depths (40-60 cm) near upper reach (RD-0) during winter. 

Heavy metal content in soil viz. Cd (0.066 ppm) was higher in upper 

soil layer (0-20 cm) near down reach (RD-110 to RD-130) during winter and 

decreased (0.015 ppm) in lower soil depth (40-60 cm) in the down reach (RD-130) 

during summer. Similarly,  content for Cr (0.76 ppm), Pb (0.51 ppm) and As (0.13 

ppm) were higher in upper soil layer (0-20 cm) near down reach (RD-130) during 

winter and  decreased gradually in lower soil layer (40-60 cm) towards upper reach 

during summer in Canal Command area. It was determined that all the trace and 

heavy metals content were higher in soil during winter and relatively lower in summer 

except Cu and Mn. The content of trace and heavy metals was higher in upper soil 

layer (0-20 cm), while lower at lower soil depths (40-60 cm). Pb and As content in 
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soil irrespective of seasons, soil depths and locations were within the permissible limit 

of FAO for crop production. However, Zn content in soil samples was relatively 

higher than FAO permissible limits during winter in soil all layers and locations 

during autumn and become in spring and summer in upper soil layers and were 

greater than the permissible limit of FAO. Fe content in soil samples was higher than 

FAO permissible limits during winter, autumn and spring in lower soil layers (40-60 

cm) near down reach, whereas, in summer season it was relatively more in upper soil 

layers near mid to down reach and were not within the permissible limits of FAO.  

Same was true with Cu, Mn, Cd and Cr which were not within the permissible limit of 

FAO for crop production. While irrespective of seasons and soil depths, the Fe was 

significantly higher than FAO recommendations except lower depth (40-60 cm) 

during summer and spring seasons. Similarly, Cu, Mn, Cd and Cr were considerably 

higher than the permissible limits of FAO. The chemical analysis of soil indicated that 

the Zn, Cu, Fe, Cd, Cr content were relatively higher than the FAO permissible limits 

while Pb and As were within the recommended limits. 
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CHAPTER-V 

DISCUSSION 

 

Highly toxic waste from plastic factories, illegal cattle pens, 

slaughterhouses and sewage water is released directly into the Phuleli Canal as it 

passes through Hyderabad which has put in jeopardy lives of more than a million 

people living at down reach of the canal (Dawn, 2006a; Mughal, 2009). The discharge 

of heavily contaminated domestic and industrial waste into Phuleli Canal in 

Hyderabad continues unabatedly and none of the relevant authority has so for taken 

notice of the grave threat this situation poses. About 15,000 cusecs of irrigation water 

is sanctioned for the canal, but it has never been provided according to the sanctioned 

quantity since the last many years due to which the fertile lands have turned into 

barren (Channa, 2009; Mughal, 2009). The growers of tail end areas have never been 

provided with sufficient amount of water and they (growers) are switching over to 

other business (Channa, 2009). At the same time, lives of the residents of Hyderabad, 

Tando Mohammad Khan and Badin districts are threatened due to direct consumption 

of polluted water (Mughal, 2009). In the above scenario, the present investigations 

were carried out to determine ion, trace and heavy metal concentration of Phuleli 

Canal water and their subsequent effect on groundwater and soil properties. The 

Canal water and the soil in its Command area were studied for four seasons (summer, 

autumn, winter, and spring), seven locations (RD-0, RD-30, RD-50, RD-70, RD-90, 

RD-110 and RD-130). However, for soil physico-chemical properties, different 

agricultural lands at Canal Command were sampled at various   soil depths (0-20, 20-

40 and 40-60 cm).  
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5.1 EC, pH and ions concentration  

5.1.1 pH 

pH is one of the important factors that serves as an index for water 

pollution (Deepak, 2012) and any variation beyond an acceptable range could be fatal 

to a particular organism (Trivedi et al., 2010). In this study higher pH in Phuleli Canal 

water was found during summer at down reach and low pH was noted at upper reach 

during winter season. pH level of surface water can  vary according to environmental 

conditions and seasonal changes. Usually pH become higher in water during summer 

because algae and other aquatic plants have a great deal to do with the rise of water 

pH as also reported by Bramble (2010). With regard to location, it was reported that 

imbalance in pH  from upper reach to down reach could be due to an increase of 

phytoplankton population by addition of sewage and industrial effluent (Wattoo et al., 

2006). Further, Trivedi et al. (2010) noted higher pH in water during summer and 

autumn as compared to winter, monsoon and spring. However, Zhang (2008) reported 

that stream water had higher pH in winter and spring and lower in summer and 

autumn. In a study conducted on Keritis River in China, it was reported that the water 

pH was lower in warm/summer period than wet period (Papafilippaki et al., 2008). 

Hati et al., (2008) observed that increase in the levels of pH during the dry season 

period with an average value of 8.0±0.1 as compared to wet season. The general 

increase in pH level during the dry season was statistically significant; same was true 

in this study. pH noted water of Lake Alau and reported seasonal variations. Results 

demonstrated general increase in the levels of pH during dry periods. 

In this study, pH of Phuleli Canal water ranged from 7.1 to 7.7. Zhang 

(2008) also observed that stream water was slightly alkaline, with the pH ranging 
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from 7.1 to 8.4. Agbaire and Oyibo (2009) reported that the pH for the dry season 

rangedbetween 6.3-7.2, while in rainy season it ranged between 6.2-8.00. Gandahi et 

al.,(2009a, b) observed pH of 7.3-7.6 of canal water.  Surface water samples collected 

from river Ganga in West Bengal during 2004-05 was analyzed and the pH was found 

in the alkaline range of 7.2-8.3 (Kar et al., 2008). An alkaline pH range of 7.6-8.0 was 

found by Vijaya Bhaskar et al. (2010). Kakar et al. (2005) observed there was non-

significant change in pH of sewage water.  

The results of study for pH values of Phulelli Canal were well 

comparable and within the range recommended by WHO (2004) and FAO (Ayers and 

Westcot, 1985; KSPCBOA, 2000) for human consumption and agriculture use 

respectively. Similar results obtained by Vijaya Bhaskar et al. (2010) show that even 

though canal water had an alkaline pH range of 7.6-8.2 but the values were within the 

safe limits for crop production (FAO, 1975). Memon et al. (2010) also assessed pH of 

the drinking water obtained from various canals of Thatta, Badin, and Thar districts 

and reported that pH was within the permissible limits of World Health Organization. 

Mahmud et al. (2007) investigated the pH of water samples (6.71 to 7.84) and 

reported that the water was within the safe limits for irrigation purpose. In some cases, 

the canal waters even with low to high pH (6.1-9.1) cannot be used for drinking as 

well as agriculture purpose due to mixing of industrial waste and city effluent    

(Wattoo et al., 2000) which might cause number of diseases in human stomach. In 

contradiction, in this study, the pH of the water was within the permissible limits of 

WHO and FAO for human consumption and agriculture purpose respectively in all 

the seasons and locations.  
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The pH in groundwater was also higher near upper reach during 

summer and lower near canal at down reach during winter. The seasonal variation for 

determination of pH in groundwater near Phuleli Canal might be due to water 

anchorage circle. During rainy season in summer, the canal runs full, due to which the 

pH ofthe groundwater was low compared to winter season. However, groundwater pH 

was within the recommended values of FAO/WHO. In the same city (Hyderabad), the 

impact of wastewater effluents on physic-chemical properties of groundwater was 

studied and reported that pH was within the standard limits of WHO (Jakhrani et al., 

2009). Vijaya Bhaskar (2010) observed that even though pH of groundwater was 

higher (7.6-8.4) but could be used for agricultural purpose. Sarkar and Hassan (2006) 

while analyzing groundwater samples near polluted areas reported that composition of 

the groundwater is generally within the permissible range of irrigation use, except 

increased Cl- values, responsible for toxicity problem. Agbaire and Oyibo (2009) 

found seasonal variations in groundwater pH due to monsoon season at Abraka, 

Nigeria, however, values of pH were within the permissible level of WHO for 

drinking water. However, Kakar et al., 2005 observed non-significant change in pH in 

groundwater due to sewage irrigation.  

In this study, soil pH in Phuleli Canal command area was higher at 

lower soil layer (40-60 cm) in summer near upper reach, whereas it decreased in the 

upper soil layer (20-40 cm) near down reach during winter season. The increase or 

decrease in soil pH was associated with pH of the canal and underground water. This 

study recorded soil pH from 7.2 to 7.93. The pH values of soils irrigated with sewage 

water decreased by approximately 1 unit, particularly in the upper layers (Elgala et 

al., 2003). However, sewage treated soil usually has lower pH and EC but higher 

organic C, available N, P, K and Mg in comparison (Chaudhary et al., 2004). These 
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results are well compared with the categorization given by Ankerman Richard (1989) 

that the soils irrigated by Phuleli Canal were medium to slightly alkaline in nature. 

Oad et al. (2003) collected samples from six different soil series around Hyerabad i.e 

Lalian, Miani, Pacca, Rustam, Shahdara and Sultanpur. All the soil series were 

slightly to moderately alkaline in reaction (pH>7.0) and moderately calcarious in 

nature. Junejo (2000) reported alkaline soils in Hyderabad and Mirpurkhas districts. 

Bughio (1997) reported that most of the soils of Sindh Province were calcareous. The 

reasons for high soil pH might be high amount of Ca and Mg and K. Khattak and 

Parveen (1988); Khattak (1990); Hameed (1991); Khattak and Rehman (1992); Rabbi 

(1999); Mohammadzai et al. (2001) reported similar results for soil pH in different 

areas.  

5.1.2 Electrical conductivity (EC) 

Electrical Conductivity is a measure of water capability to transmit 

electric current and also it is a tool to assess the purity of water (Shaikh and Mandre, 

2009). Electrical Conductivity of water is mainly associated with the dissolved 

material (Wattoo et al., 2004). In this study the EC of Phuleli Canal water ranged 

from 0.4 to 0.76 dS m-1, being higher at down reach (RD-130) during winter season 

and lower at upper reach during summer season. This may be due to addition of solute 

concentrations from various sources located near Phuleli Canal. The EC of the water 

gradually increases from the upper reach towards down reach. While working on 

Phuleli Canal, similar observations were also noted by Wattoo et al. (2004). For 

Zayandeh Rud River, at Iran it was also reported that effluent disposal into the river is 

the main reason for high pollution of the water. The EC of water increased from 0.25 

dS m-1 at the first station to 19.6 dS m-1 at the last station. Due to higher water EC and 
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other related ion concentration of river, the standard level of water quality for 

drinking purposes after passing Isfahan City is not suitable for industrial and 

agricultural uses at the down reach stations (Pourmoghaddas, 1999). 

The present study also showed higher EC of Phuleli Canal water during 

winter season. The change in seasons also changed the values of these parameters in 

decreasing manner (autumn>spring>summer).  The increase in EC of water during 

winter could be due to the fact that there are no rains, fresh water shortage and speedy 

flow of water during this season. The other causes can be city and industrial effluent, 

waste material from cattle pens and slaughter houses, solid and fluid waste from town 

drain and garbage etc. Watoo et al. (2004 and 2006) reported that in winter season the 

water quantity of Phuleli Canal reduces due to less water release from Kotri Barrage. 

In this study, the EC of Phuleli Canal was well comparable with FAO for agriculture 

purpose. However, EC was slightly higher in Phuleli Canal water, as compared to 

European Union (EU) (0.4 dS m-1) for drinking purpose as reported by (Jakhrani et 

al., 2009). Wattoo et al. (2004) classified water with EC from 0 - 0.25 dS m-1 as C1, 

water from 0.25 - 0.75 dS m-1 as C2, 0.75 - 2.25 dS m-1 as C3 and above 2.25 dS m-1 as 

C4.  In this study, the EC of water was C2 which is permissible for agriculture purpose 

specifically for salt tolerant crops. U.S. Salinity Lab. Staff (1954) also advised that 

water with EC values below 0.75 dS m
-1 

are satisfactory for irrigation, although salt 

sensitive crops may be adversely affected by the use of irrigation water having 

conductivity values in the range 0.25-0.75 dS m
-1

. Bhargava et al. (2006) reported that 

water EC less than 1.0 dS m-1 is safe for growth and productivity of grapevines. 

Whereas, Bhaskar, (2010) observed that the conductivity values of waters ranging 

from 0.20 to 0.68 dS cm-1 and are suitable for crop production. 
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The quality of groundwater is highly variable in various parts of the 

country both vertically and horizontally from fresh to extremely saline. In this study, 

groundwater EC was higher (4.88 dS m-1) near down reach during winter and lower 

(2.14 dS m-1) at upper reach during summer canal command area. The EC had 

decreasing trend viz. autumn>spring>summer. It was observed that EC of the 

groundwater increased when EC of surface water was also high. In Punjab and Sindh, 

groundwater salinity is related roughly to the river morphology (PHED, 1999). 

Groundwater contains higher amount of various ion constituents than surface water as 

reported by Sen et al. (2000) and Mahmud et al. (2007). One of the main problems 

with groundwater quality in Pakistan is high salinity which results from waterlogging 

of salinized soils due to irrigation, dissolution of salts in the sediments, evaporation 

under the arid conditions and industrial pollution and sewage irrigation. This problem 

affects the groundwater in large parts of various provinces of Pakistan (Chilton, 

2001). At most of the locations, EC of groundwater was higher than the FAO 

permissible limits and however exceed the permissible limit of WHO.   

The primary effect of water having high EC on crop productivity is the 

inability of the plant to compete for water with ions in the soil solution. This study 

recorded higher soil EC during winter near down reach. The EC of the soil was low in 

the lower soil depth (40-60 cm) during summer near upper reach of the Command 

area of Phuleli Canal. The deposition of salts in surface layer may be due to low 

rainfall, high evaporation rates and capillary rise of water. The reasons for increasing 

EC in soil at down reach during winter could be because of higher EC of Phuleli 

Canal water as well as groundwater. Application of saline and contaminated water 

increased the electrical conductivity of soil which may reduce crop yield due to 

accumulation of salts in the root zone (Srinivas et al., 1991; Bajwa et al., 1993). The 
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salt accumulated in the soil should not exceed the crops salt tolerant limit. Salt added 

to the soil by irrigation with saline and sewage waters should be leached by different 

sources viz. rain or suitable irrigation water so that the long term balance of soil 

salinity is maintained (Sheng and Xiuling, 1997).  

5.1.3 Chloride (Cl) 

Chloride usually occurs as NaCl, CaCl2 and MgCl2 and varies in 

concentrations, in all natural waters. Chloride concentration in water indicates 

presence of organic waste particularly of animal origin (Trivedi et al., 2010). Increase 

in chloride concentration due to discharge of municipal and industrial waste has been 

reported (Chaudhary and Ojaha, 1985; Trivedi, et al., 2010). Chlorides when reaches 

concentration above 250 mg l-1 (7 meq l-1) imparts an unacceptable taste to waters 

although no adverse effect have been observed on human beings regularly consuming 

water with much higher concentrations of chloride. But it may affect to a person 

whoalready suffer from disease of heart and kidney (Shaikh and Mandre, 2009). 

In this study, increase in Canal water EC resulted in increase of Cl 

towards down reach as well as in winter season. Shaikh and Mandre (2009) also 

observed that water with high electrical conductivity value is predominant in sodium 

and chloride ions. The study on Phuleli Canal water showed higher Cl- at down reach 

during winter and lower Cl concentration of water at upper reach during summer 

season.The chloride concentration of canal water ranged from 0.98 to 3.49 meq l-1. 

The findings for Cl of Phuleli Canal are well comparable and within the range 

recommended by WHO (2004) and FAO (Ayers and Westcot, 1985) for human 

consumption and agriculture use respectively. 
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In groundwater, the Cl were higher near down reach in winter and 

lower during summer at upper reach of Phuleli Canal Command area. Application of 

water having high chloride concentration makes the soil salty and unfit for 

agricultural purpose (Zaman et al., 1984; Ipinmoroti et al., 1997). Concentration of Cl 

above 140 ppm is considered to be toxic for plants (Flood, 1996). However, a value of 

600 mg l-1 (16.9 meq l-1) has been set as the tolerance limit for irrigation water 

(KSPCBOA, 2000). Satyanarayanan et al. (2007) reported that concentration of Cl 

varied from 59 to 340 mgl-1 (1.66-9.58 meq l-1) in dug well and 102-338 mg l-1 (2.87-

9.5 meq l-1)  in bore well and exceeded the permissible of (7 meq l-1) 250 mg l-1 

(WHO, 2004). In the presentstudy, the Cl concentrations in groundwater were higher 

than the permissible limits of WHO (2004) (for drinking purpose), but were in the 

recommended range of FAO (Ayers and Westcot, 1985) for agriculture use. 

In this study maximum soil Cl content was found near upper soil 

surface during winter season towards down reach.  The soil Cl content was low in the 

lower soil depth in summer near upper reach of the command area of Phuleli Canal. 

Overall, it was observed that Cl in all the soil depths and seasons increased towards 

down reach due to increase in soil salinity. Similarly, Latha et al. (2002) observed that 

higher soil conductivity increased concentrations of chloride. 

5.1.4 Calcium and magnesium (Ca + Mg) 

The water high in calcium or magnesium is considered hard and is not 

suitable for domestic water supplies, but could be used for irrigation purpose. The 

highest desirable limit of total hardness is reported as 6.0 meq l-1 (300 mg l-1) 

(Acharya et al., 2008; Wattoo et al., 2000). In the present study, water of Phuleli 

Canal had higher Ca + Mg at down reach during winter season and lower water 
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content at upper reach during summer season. The increase in both the elements might 

be due to increases in salt content and water contamination due to many sources of 

effluents towards down reach which was relatively higher as compared to upper 

reach.  

The hardness of the water is objectionable as viewpoint of water use 

(Acharya et al., 2008). In a study, it was reported that higher concentration of calcium 

and magnesium than the permissible limit may only affect the aquatic life but also 

render water unsuitable for drinking purposes by human being and cattle. The adverse 

effects of these effluents also affect the quality of underground municipal 

groundwater (Wattoo et al., 2000). 

There were seasonal variations in Ca + Mg concentration of water. The 

change in seasons also changed the values of these parameters in decreasing manner 

viz. autumn>spring>summer. The higher accumulation during winter and lower in 

summer could be due to reception of monsoon rains and water discharge from Kotri 

Barrage to Phuleli Canal in summer. Taher (1999) and Abdo (2005) while studying 

different canals water also reported lower Ca + Mg concentration in water during 

spring and summer and relative increases during winter season.  

The results showed that Ca + Mg concentration of Phuleli Canal water 

was well comparable and within the range recommended by WHO (2004) and FAO 

(Ayers and Westcot, 1985) for human consumption and agriculture use respectively.  

In this study greater Ca+ Mg concentration in groundwater was found 

near down reach during winter and lower values were noted near upper reach of Canal 

Command area. Ca+ Mg concentrations in groundwater were higher than the 
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permissible limits of WHO (for drinking purpose), but were in the recommended 

range of FAO for agriculture use. Ca + Mg increased with increasing electrical 

conductivity of the groundwater. Similar findings were also reported by (*El-Boraie, 

1997). The findings of this study also showed that Ca and Mg were dominant in 

groundwater than surface water. 

The higher soil Ca+ Mg content was found near soil surface (0-20 cm) 

during winter towards down reach. Ca+ Mg was low in the lower soil depth (40-60 

cm) during summer towards upper reach of the command area of Phuleli Canal. The 

increase in Ca+ Mg in soil might be the reason that farmers are using polluted Phuleli 

Canal water or underground water for agriculture purpose. The results also confirm 

the findings of Hassanein et al. (1993); Gandahi et al. (2009a,b) that the distribution 

and concentration of most cations and anions were increased with increasing salt 

concentration in irrigation water and were more pronounced in the upper soil layers. 

5.1.5 Sodium (Na) 

In this study higher Na was noted at down reach during winter and 

lower at upper reach during summer season. The sodium increased with passage of 

time in the canal. The increase in sodium is well determined by Wattoo et al. (2006) 

that maximum load of sodium in Phuleli Canal was in the vicinity of Hyderabad city. 

The increase of sodium may increase the percentage of salinity, which has serious 

effect on both human life and crop yield. Shaikh and Mandre (2009); El-Boraie 

(1997) also observed that water with high electrical conductivity values were 

predominant in sodium and chloride ions. Water concentration of Na in Phuleli Canal 

was well comparable and within the range recommended by WHO (2004) and FAO 

(Ayers and Westcot, 1985) for human consumption and agriculture use respectively. 
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In groundwater, sodium had similar trend as that of canal water, being 

higher near down reach in winter and decreased correspondingly in 

autumn>spring>summer. The Na concentrations in groundwater of Phuleli Canal 

Command area were higher than the permissible limits of WHO (2004) (for drinking 

purpose), but were in the recommended range of FAO (Ayers and Westcot, 1985) for 

agriculture use. 

In soil of Canal Command area, the higher sodium content was found 

in the upper soil layers during winter towards down reach. However, lower sodium 

was observed in the lower soil depths during summer near upper reach. Overall, it was 

observed that in all the soil depths and various seasons, sodium increased towards 

down reach. 

This study shows that Na concentration/content was higher amongst 

the soluble cation and anion. This study further revealed that sodium of soils irrigated 

with Phuleli Canal water had high concentration of soluble Na. Illyas (1995) also 

observed high accumulation of soluble sodium at surface of the soil due to capillary 

rise of soluble salts due to evaporation. The results confirm the findings of Hassanein 

et al. (1993); Gandahi et al. (2009a,b) that the distribution and concentration of most 

the cations and anions increased with increasing salt concentration in irrigation water 

and were more pronounced in the upper soil layers.  

5.1.6 Sulphate (SO4) 

In Phuleli Canal water, SO4
 were dominant at upper reach during 

winter as compared to down reach. With regard to seasonal variation, sulphate (SO4) 

varied significantly and showed no specific trend of increasing or decreasing. The 
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SO4 of Phuleli Canal was well comparable and within the range recommended by 

WHO (2004) and FAO (Ayers and Westcot, 1985) for human consumption and 

agriculture use respectively.  

In groundwater, SO4
 was higher during autumn at down reach and 

lower at upper reach. In a study conducted by Thirumathal and Sivakumar (2003) at 

Tamil Nadu shows that sulfates deteriorated the groundwater quality.  However, 

Mahmud et al. (2007) reported that SO4 concentration of water samples ranged from 

0.09 to 0.45 mg l-1 were not problematic for irrigating agricultural crops. The SO4
 

content in groundwater of Phuleli Command area were higher than the permissible 

limits of WHO (for drinking purpose), but were in the recommended range of FAO 

for agriculture use.  

Study show that soil SO4
 content relatively increased in upper soil layer 

(0-20 cm) during autumn season towards down reach. The decrease in SO4
2-content 

was observed in lower soil depth (40-60 cm) during summer near upper reach of canal 

command area. This study shows that soil SO4
 concentration ranged from 7.369 to 

22.81 meq l-1 in the Command area of Phulleli Canal. While comparing these results, 

with those reported by Ankerman and Richardson (1989), the soils of canal command 

area had low to medium SO4 content. The increase in soil SO4
2- might be due to 

application of canal and pumped water to the crops. 

5.1.7 Bicarbonates (HCO3) 

In canal water, the higher bicarbonates were determined at down reach 

during winter and lower contents were noted at upper reach in summer season. HCO3 
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content of water samples were within the safe limit for irrigation (Ayers and Westcot, 

1985) and for human consumption (WHO, 2004). 

Ions concentration of groundwater of Canal Command area for HCO3
 

was higher near down reach during winter. The HCO3 in groundwater of canal 

command area decreased in autumn>spring>summer trend. The groundwater content 

for HCO3 showed increasing trend towards down reach (RD-130>110>90>70>50> 

30>0). The result show that HCO3
 are within permissible limit of FAO. 

Soil content for HCO3 was higher at upper soil layer (0-20 cm) during 

winter, whereas, it decreasedin the lower soil depth (40-60 cm) during summer near 

mid to down reach. Categorization of soils on the basis of bicarbonate (HCO3) as 

reported by Ankerman and Richardson (1989) shows that the soil under Command 

area of Phulleli Canal was slightly to moderately affected by HCO3.  

5.1.8 Soluble potassium (K) 

Potassium is an essential plant nutrient commonly found in good 

quality irrigation water. Potassium is an important element in irrigation waters and 

consequently its determination is no longer a routine part of irrigation water analysis 

(Wattoo et al., 2006). In this study, higher K in Canal water was observed at upper 

reach during summer season and lower K concentration of water was noted at upper 

reach during winter. Decreased K concentration could be attributed to high external 

Na concentration, which inhibited K concentration of water. The release of freshwater 

also reduced Cl and Na levels, and increased K concentration. However, soluble K 

decreases with risein salinity levels (El-Boraie, 1997). The determinations of Mahmud  

et al. (2007); Todd (1980) shows that K concentration of water samples ranged from  
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0.05 to 0.17 meq l-1 are suitable for irrigation. K concentration of Phuleli Canal was 

well comparable and within the range recommended by WHO (2004) and FAO 

(Ayers and Westcot, 1985) for human consumption and agriculture use. 

With regard to K concentration of groundwater, this study showed that 

K increased near upper reach during summer and decreased towards down reach in 

autumn. The K concentration in groundwater were higher than the permissible limits 

of WHO (for drinking purpose), but were in the recommended range of FAO for 

agriculture use. 

In soils of canal command, the content for soluble K was greater in 

upper soil layer (0-20 cm) during summer near upper reach and decreased towards 

down reach in lower soil depth (40-60 cm) in summer. The K content of the soil is 

greatly influenced by high sodium concentration in soil solutions (Balba, 1995). In 

saline condition, Na in the growth medium might interact with other cations, such as 

K, resulting in the low absorption of the latter ions by the roots (Bernstein et al., 

1995; Lazof and Bernstein, 1999). The deleterious effects of salinity on plant growth 

is attributed to the specific ion toxicity and nutrient ion deficiency by disrupting 

potassium nutrition (Luo et al., 2005). 

5.1.9 Residual Sodium Carbonate (RSC) 

RSC gives relation of calcium and magnesium in the water sample as 

compared to carbonate and bicarbonate ions (Rowell, 1994a). In this study, RSC were 

nil in canal, underground water and soil of canal command area. Negative residual 

sodium carbonate (RSC) indicates that sodium buildup is unlikely sufficient due to 

excess calcium and magnesium.  
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5.1.10 Sodium adsorption Ratio (SAR) 

Sodium adsorptive ratio (SAR) is used as one of the criteria for 

classifying irrigation water. Water having SAR ranged from 0 - 10 are classified as S1, 

from 10 - 18 as S2, from 18 - 26 as S3 and above 26 as S4 water (Wattoo et al., 2004; 

Smitha et al., 2007). SAR of Phuleli Canal water was within the range recommended 

by WHO (2004) and FAO (Ayers and Westcot, 1985) for human consumption and 

agriculture use respectively.  

In groundwater, SAR was higher towards down reach in winter as 

compared to upper reach. Regarding seasons, the values of this parameters decreased 

in autumn>spring>summer. The groundwater content for SAR showed increasing 

trend towards down reach (RD-130>110>90>70>50>30>0).  

In soils of Canal Command area, the SAR and ESP were relatively 

higher at 20-40 cm soil depth in winter towards down reach, whereas both these 

parameters decreased in the lower soil depth during summer near upper reach.  

5.2 Trace elements  

In canal and groundwater, the higher Zn was noted at upper reach and 

lowest Zn was observed towards down reach during summer. The higher Fe was 

observed near upper reach during winter and had decreasing trend towards down 

reach during summer. Maximum Cu concentration was observed towards down reach 

during spring and decreased towards upper reach during winter. With regard to Mn, it 

was higher near upper reach during summer and was low at upper reach during 

winter. The Zn and Fe concentrations in canal water were within the permissible 

limits of FAO for irrigation/crop production in all seasons at all locations. The Cu was 
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higher in all seasons except winter near up to mid-reach and was not within the 

permissive limits. However, Mn was higher in all seasons except upper reach where it 

was also within the permissible limit of FAO. With regard to canal water for human 

consumption/drinking purpose, the Zn, Cu, Mn concentration in canal water were 

within the permissible limit of WHO in all seasons and locations. Fe was not within 

permissible limit of WHO in all season and locations.  

The permissible limits of FAO, Zn and Fe in groundwater showed that 

these parameters were within limits in all seasons. Cu was higher during autumn, 

spring and winter and not within permissive limit of FAO.  However, Mn in 

groundwater varied significantly at different locations of Canal Command area and 

was higher in summer, autumn and spring. The values of Mn were not within the 

permissible limits and indicated by FAO. 

It was further observed that Zn and Mn  concentration  in groundwater 

was within the permissible limit of WHO for human consumption/drinking purpose 

duringall seasons. Fe in groundwater was not within permissible limit of WHO during 

all season.  

In soils of Canal Command area, the higher Zn and Fe were found in 

upper soil layer (0-20 cm) during winter near upper reach, whereas, decreased in 

lower soil depths (20-40 cm) towards down reach during summer. While, Cu and Mn 

were higher in upper soil layer (0-20 cm) towards down reach during summer and 

both decreased in lower soil depths (40-60 cm) near upper reach during winter season. 

The Zn content in soil samples was relatively higher than FAO 

permissible limits during winter in all soil layers and all locations mostly at upper 
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reach. During autumn and become in spring and summer in upper soil layers and were 

greater than the permissible limit of  FAO (Ayers and Westcot, 1985) for crop 

production.  Fe content in soil samples was higher than FAO permissible limits during 

winter, autumn and spring in all depths, whereas, in summer season it was relatively 

more in upper soil layers near mid to down reach and were not within the permissible 

limits of FAO.  Same was true with Cu and Mn which were also not within the 

permissible limits of FAO for crop production. 

The use of polluted water in the surroundings of the big cities for the 

growing of vegetables is a common practice in Pakistan. Although this water is 

considered to be a rich source of organic material and plants nutrients, yet it also 

contains sufficient amounts of soluble salts and metals like iron, manganese, copper, 

zinc, etc. When this water is used for the growing of crops for a long period, these 

metals may accumulate in soil and that may be toxic to the plants and also cause 

deterioration of soil (Kirkhan, 1983; Perveen et al., 2006). 

A variety of contaminants including toxic metals especially copper and 

zinc are reported to be ubiquitously present in rivers, reservoirs and are 

disadvantageous for aquatic organisms (Olsson, 1998).  

Trace elements are immobilized within the stream sediments and thus 

could be involved in-absorption, co-precipitation and complex formation (Mohiuddin 

et al., 2010; Okafor and Opuene, 2007). Sometimes they are co-adsorbed with other 

elements as oxides, hydroxides of Fe and Mn or may occur in particulate form 

(Awofolu et al., 2005; Mwiganga and Kansiime, 2005).  
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In this study, it was observed that trace elements in canal, underground 

water and soil were more in winter except Cu and Mn in summer. Abolude et al. 

(2009) while investigating trace elements in Kubanni Reservoir, detected trace 

elements viz. iron, manganese, zinc, chromium, copper in higher concentrations in dry 

season than the rainy season.  The seasonal variations may be due to either 

anthropogenic causes, such as irrigation or wastewater discharge, or natural causes, 

such as water temperature, pH, redox condition, water flux, or activity of 

microorganisms (Papafilippaki et al., 2008). Abolude et al. (2009) investigated the 

Kubanni Reservoir in Zaria and reported Fe, Zn, Cu and Mn had significant variations 

between the months, stations and seasons and reported that these elements were 

higher than the permissible limits for drinking water. The accumulation of these 

elements in soils and crops may become health hazards to humans and/or animals. 

Therefore, continued monitoring of the concentrations of potentially toxic elements in 

soil and plants and/or treatment of sewage water before using for irrigation is needed 

(Brar et al., 2000). 

This study shows higher Zn content in soil of canal command area as 

compared to canal and groundwater. The low concentration of zinc in drinking water 

could be due to the fact that pH of water samples was slightly alkaline and its 

solubility is a function of decreasing pH (Aamir and Tahir, 2003). Low intake of zinc 

ultimately resulted in growth retardation, immaturity and anemia in human (Vijaya 

Bhaskar, 2010). Similarly, Zinc is an essential micronutrient, necessary for the 

healthy growth of the plants. Zinc helps in chlorophyll formation and promotes 

formation of acetic acid in the root to prevent decaying. It motivates plant growth and 

prevents mottling and other disorders in the leaves (Andersen, 2000). Approximately 

20 mg kg-1 requires in its shoots for healthy growth. Low quantity of Zn may cause 
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chlorosis i.e. appearance of yellow young leaves and diminutive growth of the plant 

(NTS, 2011). The maximum permissible limit for Zn is 2 mg l-1 for irrigation water. 

Iron is an essential element with no any significant health effect, but 

develops yellowish color and a peculiar taste when present in high concentration in 

water bodies (Majidano et al., 2010). The abundance of Fe in the groundwater is 

much influenced by the pH and EC (Rose et al., 1979). In this study, iron was higher 

in canal and groundwater as well as in soil and was higher than the permissible limit 

of WHO/FAO. Long term consumption of drinking water with high concentration of 

iron may lead to liver diseases (Rajappa et al., 2010; Vijaya Bhaskar et al., 2010). 

Similarly, H2O with high soluble Iron can discolour leaves and reduce the efficiency 

of transpiration and photosynthesis (Armstrong, 2001). High content of Iron can 

precipitate the dissolved phosphate thus reducing the uptake of phosphorous in plants 

(Dissanayake and Chandrajith, 2007). Iron <100 μg l-1 can cause blockages in micro-

irrigation systems (Obreza et al., 2011). 

In this study, iron in water and soil was lower in winter compared to 

other season.  Similar results were repoted by Khan et al. (2006) that the levels of iron 

were higherduring winter as compared to summer. Contrary, Haq et al. (2005a) 

observed lower Fe in winter than that in summer.  

This study shows that Cu in water was higher than the permissible 

limits of  FAO (Ayers and Westcot, 1985) for agriculture purpose/irrigation. Higher 

concentration of Cu in water is an index of pollution from effluents in the canals or 

water bodies (WHO, 1984 and Vijaya Bhaskar et al., 2010). Its excessive amounts 

usually influence water as well as soil (Perveen et al., 2006). The WHO 

recommended maximum concentration is 200 μg l-1, and harmful to a number of 
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plants at concentration >1000 μg l-1 (WHO, 2006). Though copper is not a cumulative 

systemic poison, large dose (>1.0 mg) is harmful and might cause central nervous 

system disorder, failure of pigmentation of hair, effects on Fe2+ metabolism 

(Mohammad et al., 2003), causes stomach  and intestinal distress, liver and kidney 

damage, and anemia (USEPA, 2003). 

This study show that Mn concentration/content in canal water, 

groundwater and soil was higher during summer as compared to rest of the seasons. 

Khan et al., 2006 observed the levels of manganese were lower during winter than 

during summer.  

This study shows that Mn in canal, groundwater and soil was higher 

than the permissible limits of FAO (Ayers and Westcot, 1985) for agriculture 

purpose/irrigation at most of the locations. Manganese becomes insoluble under 

alkaline conditions. The deficiencies are more likely common in calcareous and 

alkaline soils (Cresswell and James, 2004). The Mn concentration in the twigs of 

some of the selected wild and cultivated fruits is low as compared to average values in 

plants (Naseem et al., 2007). Manganese in plants is found at low levels and it is 

considered as essential micronutrients. The function of Manganese in the plant is 

closely associated with the function of Fe, Cu and Zn ascoenzymes. Manganese is 

needed for photosynthesis, respiration and nitrate assimilation (Cresswell and James 

2004). It is involved in other cation-activated enzymes and photosynthetic oxygen 

evolution (Thomas et al., 2003) Manganese deficiency depresses oxygen production 

and phosphorylation. The deficiency of Mn leads to the accumulation of certain acids, 

such as citric acid, and is accompanied by a reduction in sugar and cellulose content 

of plants. 
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5.3 Heavy metals 

In this study canal and groundwater concentration of heavy metals viz. 

Cd, Cr, Pb and As were higher towards down reach as compared to upper reach 

during winter. As the season changed the values of these parameters showed 

decreasing trend (autumn>spring>summer).  

As concentration in canal water was within the permissible limit of 

WHO for human consumption/drinking purpose in all seasons and locations. Pb 

concentration in canal water was not within permissible limit of WHO in all season 

and locations. The Cd in water was higher during winter, autumn and spring seasons 

in all locations and was not within permissible limit of WHO. The Cr was higher near 

mid to down reach during whole the year and was beyond the permissible limit of 

WHO. The permissible limits of FAO for Cd, Cr, Pb and As. 

In groundwater, Pb was not within permissible limit of WHO in all 

season. Cd was higher during winter season in all locations and was not within 

permissible of WHO. As was relatively higher during winter towards down reach and 

was also higher than the permissible limits of WHO. The Cr was higher towards down 

reach during winter and was higher than the permissible limit of WHO. 

In soil, higher heavy metals content of Cd was noted in upper soil layer 

(0-20 cm) near down reach during winter and decreased in lower soil depth (40-60 

cm) in the down reach during summer. Similarly,  Cr, Pb  and As were higher in 

upper soil layer (0-20 cm) near down reach during winter and these elements 

decreased gradually in lower soil layer (40-60 cm) towards upper reach during 
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summer of canal command area. Pb and As content in soil irrespective of seasons, soil 

depths and locations were within the permissible limit of FAO for crop production.  

Heavy metals accumulation was noted in canal, groundwater and soil 

varied significantly in seasons, locations and soil depths. The variation in 

concentration/content of heavy metals was due to the use of different raw materials 

and variation of production level (Das et al., 2011). Further, it was observed that 

lowest concentrations during rainy season which might be due to the dilution effect of 

rainfall whereas the highest concentration/content of these metals were found during 

dry periods (without rain) as industrial effluents are less diluted due to recede water in 

the river in this season. 

The heavy metal pollution of fresh water is the single most important 

environmental threat to the future (Rachna et al., 2011). Water pollution, 

contamination of streams, canals and lakes by substances harmful to the living things 

is common when these supplies pass on through cities or populated area. Pollution 

makes streams, canals and lakes waters unpleasant to look at, to smell, and to swim 

in. People who ingest polluted water can become ill, and, with prolonged exposure, 

may develop cancers or bear children with birth defects (Online Encyclopedia, 2001, 

Perveen et al., 2006). In this study lead concentration found in canal and groundwater 

for drinking purpose. Zahra, (2012) reported that lead has environment importance 

due  to its well known toxicity and intensive use in industries such as storage battery 

manufacture, printing, pigment manufacturing, petrochemicals, fuel combustions and 

photographical materials It is in small level even that harmful for human’s body 

system i.e nervous, digestive and skeleton system.  
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In comparison to rivers or streams, groundwater tends to move very 

slowly and with little turbulence. Groundwater is hidden from view; contamination 

can go undetected for years until the supply is tapped for use (Chatterjee, 1996). 

Studies conducted at Mexico by Assadian et al. (1998) shows that polluted water used 

for irrigation may account for up to 31% of heavy metal accumulation in soil surface. 

Pearce David and Warford (1993) reported that the heavy metals by use of sewage 

water can affect sensitive plants which can also result in loss of soil productivity. 

Heavy metal accumulation in general is more in sewage sludge application than 

wastewater irrigation. Utilization of the canal water for irrigation and the mud for soil 

up gradation by local farmers; result in the spread of contaminants on both sides of 

the canal.Consequently, the soil and the groundwater in the Command area were also 

contaminated by heavy metals.  

In this study, most of the heavy metals were found in the surface layers 

in soils of canal command. Mostly heavy metal concentration in canal, underground 

water and soil was towards down reach. Huanxin and Chen (2000) also reported that 

canal flow transported the contaminants from source areas down reach. Heavy metal 

contamination in soil is a major concern because of their toxicity and threat to human 

life and the environment (Begum et al., 2009). Monitoring of the contamination of 

soil with heavy metals is of interest due to their influence on groundwater and surface 

water and also on plants, animals and humans (Suciu et al., 2008). The rate of uptake 

of such toxic metals by plants is governed by their concentration in the soil solution. 

So the crops grown on such soils may accumulate heavy metals in excessive amounts 

in various food parts, (Perveen et al., 2006) which ultimately may result in a clinical 

problem in animals and human beings throughout the world. 
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Toxic heavy metals entering the ecosystem may lead to geo-

accumulation, bio-accumulation and bio-magnifications. They get accumulated in 

time in soils and plants and would have a negative impacton physiological activities 

of plants (e.g. photosynthesis, gaseous exchange and nutrient absorption) determining 

the reductions in plant growth, dry matter accumulation and yield (Suciu et al., 2008). 

These heavy metals get into plants via adsorption which refers to binding of materials 

onto the surface or absorption which implies penetration of metals into the inner 

matrix (Lokeshwary and Chandrapa, 2006). However, in small concentrations these 

metals in plants are not the degree of metal pollution which could be assessed in terms 

of toxic (De Vries et al., 2007). Lead, cadmium and mercury are exceptions; they are 

toxic even in low concentrations (Huu et al., 2010).  

Percentage of cadmium in the upper soil layer has been increasing 

because it is found in insecticides, fungicides, sludge, and commercial fertilizers 

which are routinely used in agriculture. The activities like; smelting operations, use of 

phosphate fertilizers, pigment, cigarettes smokes, automobiles etc. have contributed to 

the entry of cadmium into human and animal food chain (Okada et al., 1997; Kumar 

et al., 2007). The chromium exposure even at low levels can irritate the skin and 

cause ulceration. Long-term exposure can cause kidney and liver damage, and 

damage to circulatory and nerve tissue. Chromium often accumulates in aquatic life, 

adding to the danger of eating fish that may have been exposed to high levels of the 

metal (Mashi and ALHassan, 2007). With regard to Pb, different studies have 

revealed that the presence of toxic heavy metals especially Pb reduces soil fertility 

and agricultural output (Lokhande and Kelkar, 1999). However, in normal plants, 

excess Pb causes stunted growth, blackening of root system and chlorosis. High Pb 

interfere with Fe may cause upsetsin minerals nutrition and water balance, which 
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ultimately change hormonal status and affects membrane structure and permeability 

(Sharma and  Dubey, 2005). 

Arsenic may accumulate in the soil and deteriorate soil properties and 

crop quality (Hossain and Ahmed, 1999). In addition to the immediate concern of As 

in drinking water, the arsenic contamination might have a detrimental effect on land 

and agricultural sustainability. Irrigation with As contaminated groundwater to crops 

may increase its concentration and eventually As may enter into food chain through 

crop uptake (Islam et al., 2004). Continuous use of arsenic contaminated water over 

prolonged periods may cause health hazards (Mazumder et al., 2000; *Hung et al., 

2004), cancer and symptoms of arsenicosis (Majidano et al., 2010), carcinogenicity 

(Hung et al., 2004). There are some point sources of arsenic contamination like 

pesticides, fossil fuel combustion, treated wood and smelting and mining wastes 

(Ahuja, 2008), application of phosphate fertilizer (Acharyya et al., 2000).  

5.4 Soil organic matter (OM) and Soil nutrients content (NPK) 

5.4.1 Soil organic matter (OM)  

In this study, the soil organic matter content was higher at upper soil 

layerin summer near upper reach, whereas it decreased in the lower soil depths during 

winter near mid-reach of the Command area of Phuleli Canal. Total N content in the 

soil of Phuleli Canal Command area had similar pattern of OM, being higher near 

upper soil layer in summer near upper reach, whereas it decreased in the lower soil 

depths during winter near mid-reach. The available P and K were higher in the up soil 

layerduring summer near upper reach. However, the soil content for P and K 

decreased in the lower soil depths during winter near down reach. 
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This study clearly indicated that majority of soil samples were low to 

medium in organic matter content. The low organic matter might be due to the 

continuous cultivation of the crops without adding farm yard manure, lack of green 

mannuring, arid climate and low rainfall. Previous researchers also found low organic 

matter in soils of Sindh Province (Junejo, 2000; Dahri, 2001; Korai, 2001; *Oad et 

al., 2003; Keerio, 2004; Gandahi et al., 2009ab). This study also showed that organic 

matter was higher at upper soil layer and decreased as the soil profile increased. 

Similarly, results obtained by Oad et al. (2003) reported that Organic matter content 

were higher in the upper soil layer and decreased as the soil profile depths increased 

linearly. 

5.4.2 NPK content in soil 

Total N, available P and K content in the soil of Phuleli Canal 

Command area had similar pattern of OM, being higher at upper soil layer in summer 

near upper reach, whereas it decreased in the lower soil depths during winter season 

towards mid and down reach. Although the sewage water is a source of many 

nutrients, it also includes a significant amount of nutrients. Extensive use of canal 

water results better growth and development of crops. Most of the farmers use limited 

quantity of commercial fertilizers due to availability of these nutrients in the canal 

water. The usage of industrial and domestic effluents for irrigation is widely practiced 

in the urban areas of Pakistan. Being the rich source of nutrients, the continuous 

application of effluents may increase the buildup of both macro and micronutrient in 

soil with time period (Haq et al., 2004; 2005b). 
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CHAPTER-VI 

CONCLUSIONS, SUGGESTIONS AND RECOMMENDATIONS 

Conclusions 

1. EC, HCO3
 , Cl , Ca+Mg, Na, SAR, Cd, Cr, Pb and As of canal and 

groundwater increased considerably towards down-reach during winter season 

at RD-130 with the exception of Zn, pH and K showing maximum at up-reach 

(RD-0) and decreasing trend towards down-reach. 

2. In soils irrigated by Phuleli Canal, higher soil EC, Cl, Ca+ Mg,  Na, Cd, Cr, 

Pb and As were found near soil surface (0-20 cm) during winter near down-

reach (RD-130) and values of these metals decreased in lower soil depth 

towards down-reach (RD-130) during summer. 

3. The ions concentration of Phuleli Canal water was within permissible limits 

given by WHO and FAO for human consumption and agriculture purpose 

respectively in all seasons and at all locations. 

4. Fe, Cd, Cr and Pb concentration in canal and groundwater was higher than 

WHO permissible limit and Cu and Mn greater than FAO limit. 

5. Heavy metal concentration/content in canal, groundwater and soil water 

samples were found higher in down-reach compared to up-reach may be due 

to discharge of industrial waste into canal. 

6. Water contamination in the canal is higher usually during winter season due 

reduced discharge from Kotri Barrage into canal and reception of low rainfall 

in the area. 
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7. The canal and underground water contains some toxic metals above the 

permissible limits of WHO and FAO for human consumption and agricultural 

crops respectively. Hence, people using canal water, directly or indirectly, at 

down-reach of the canal are at risk. 

Suggestions and Recommendations 

1. The canal water contains trace and heavy metals beyond the safe limits given 

by FAO and WHO. Thus, industries must be bound lawfully to discontinue 

draining toxic effluents directly into the canal. 

2. Government should install water treatment plants for regular supply of 

drinking water to the people living along the canal 

3. Instead of discharging municipal sewage water directly into the canal, it 

should be partially treated and then used for propagation of urban agriculture. 

4. Drainage from agriculture lands contains chemical fertilizer, herbicides and 

pesticides which must not be allowed in the canal. 

5. Illegal pen and slaughter houses need to be discouraged to discharge their 

waste into the canal. 

6. Regular monitoring of the canal water quality for contamination should be 

carried out. 

7. Awareness programs for local people should be initiated to educate people on 

how to use treated polluted water safely. 

8. Future studies should be conducted for analysis the parameters for COD, BOD 

and DO to quantify the degree/level of life of canal should be carried out by 

Fishery and Biology department. 
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APPENDICES 
 
 
Appendix I  Mean squares for EC, pH and ions concentration of Phuleli Canal water 

 

Source of 
variation DF 

Parameters  

EC 
(dS m-1) pH 

(meq l-1) 
SAR 

HCO3 Cl SO4 Ca + Mg Na K 

Replications 2 0.0001  ns 0.0009 ns 0.0000007ns 0.00000048ns 0.000006ns 0.00000047ns 0.00000043ns 0.0000008ns 0.00000061ns 

Seasons (S) 3 0.019** 0.223** 0.185** 0.237** 0.054** 0.255** 0.526** 0.011 0.104** 

Locations (L) 6 0.127** 0.225** 0.280** 6.875** 0.0309** 1.062** 7.723** 0.028 3.851** 

S x L 18 0.0002* 0.003 ns 0.008** 0.014** 0.030** 0.009** 0.038** 0.00016* 0.049** 

Error 54 0.0001 0.002 0.0001 0.0001 0.001 0.0001 0.0001 0.00009 0.0001 

CV  %  1.83 0.57 0.65 0.49 1.53 0.54 0.34 5.66 0.39 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
 
 
           
Appendix II  Mean squares for trace and heavy metals concentration of Phuleli 

Canal water 
 

Source of 
variation DF 

Parameters  (mg l-1) 
 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb  
As 

Replications 2 0.00005 ns 0.000006 ns 0.000009 ns 0.00001ns 0.0000092 ns 0.00001 ns 0.00000007 ns 0.00008 ns 

Seasons  (S) 3 0.001** 3.86** 0.42** 0.049** 0.0003** 0.003** 0.002** 0.109** 

Locations  (L) 6 0.0003** 1.474** 0.349** 0.032** 0.0002** 0.003** 0.00016** 0.095** 

S x L 18 0.000006** 0.092** 0.016** 0.002** 0.0001** 0.0001** 0.000055** 0.002** 

Error 54 0.0001 0.0001 0.0001 0.0001 0.00001 0.0001 0.00000185 0.0001 

CV % 3.96 0.92 2.88 3.08 3.12 2.23 3.85 3.61 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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    Appendix III    Mean squares for EC, pH and ion concentration of groundwater as    
     affected by water of Phuleli Canal 
 

 
Source 

of 
variation 

DF 
Parameters 

EC 
(dS m-1) pH 

 (meq l-1)  
SAR HCO3 Cl SO4 Ca + Mg Na K 

Replication 2 0.036 ns 0.0006 ns 0.012 ns 0.0000007ns 0.000005ns 0.00045ns 0.0001 ns 0.0000006ns 0.000005ns 

Seasons (S) 3 0.358** 0.058** 0.422** 14.36** 3.504** 5.755** 14.617** 0.013** 0.406** 

Locations (L) 6 9.027** 0.137** 10.511** 195.835** 175.090** 100.038** 349.802** 0.136** 13.985** 

S x L 18 0.001 ns 0.002** 0.018 ns 1.087** 1.72** 0.112** 0.242** 0.0003** 0.019** 

Error 54 0.003 0.00024 0.012 0.0001 0.001 0.0001 0.0001 0.00007 0.00002 

CV % 1.81 0.24 3.28 0.12 0.23 0.13 0.06 1.69 0.05 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 

 
 
Appendix IV   Mean squares for trace heavy metals concentration of groundwater as 

affected by water of Phuleli Canal 
 

 

Source of 
variation DF 

Parameters (mg l-1) 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

Replication 2 0.000006ns 0.0009 ns 0.0001ns 0.00045 ns 0.0000005 ns 0.0000001 ns 0.0001 ns 0.047 ns 

Seasons (S) 3 0.018** 8.709** 0.453** 0.243** 0.0003** 0.002** 0.336** 10.449** 

Locations (L) 6 0.027** 5.212** 0.473** 0.099** 0.0002** 0.002** 0.382** 429.27** 

S x L 18 0.004** 0.102** 0.022** 0.009** 0.00005** 0.00005** 0.02** 4.938** 

Error 54 0.00001 0.002 0.0002 0.0001 0.000002 0.000001 0.00013 0.097 

CV % 2.31 2.31 3.37 6.49 2.77 3.7 1.53 10.71 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 



 252 
 

Appendix V  Mean squares for organic matter and nutrients (NPK) content in soil as      
                       affected by water of Phuleli Canal 
 

 
Source of 
variation DF O.M (%) N (%) 

 
P (ppm) 

 
K (ppm) 

Replications  2 0.000053 ns 0.0000052 ns 0.004 ns 3.888 ns 

Seasons  (S) 3 1.006** 0.002** 3.658** 7976.118** 

Depths  (D) 2 2.891** 0.007** 175.094** 19935.128** 

S x D 6 0.013** 0.000016 ns 0.321** 502.269** 

Locations (L)   6 0.16** 0.0005** 5.257** 32550.607** 

S  x L 18 0.018** 0.00005** 0.065** 3464.936** 

D x L 12 0.005** 0.000008 ns 0.281** 865.315** 

S  x D x L 36 0.003** 0.00005** 0.106** 991.642** 

Error 166 0.001 0.00004 0.009 1.622 

CV % 6.18 29.23 2.24 0.98 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix VI  Mean squares for EC, pH and ions content of soil as affected by water 
of Phuleli Canal 

 

Source of 
variation DF 

Parameters 

EC 
(dS m-1) 

 
pH 

(meq l-1)  
SAR 

 
EER 

 
ESP HCO3 Cl SO4 Ca + Mg Na K 

 
Replications 

2 0.00006 ns 0.0005 ns 0.00008 ns 0.0032 ns 0.003 ns 0.000063 ns 0.0000064 ns 0.000001ns 0.000054ns 0.00000063ns 0.0000056ns 

Seasons  (S) 3 4.459** 1.157** 4.25** 108.412** 6.13** 6.903** 106.93** 0.892** 9.83** 0.002** 14.72** 

Depths  (D) 2 41.061** 0.054** 16.786** 2258.72** 1529.86** 1238.26** 2978.43** 2.477** 179.87** 0.04** 292.55** 

S x D  6 0.086** 0.001 ns 0.033** 2.653** 2.5** 0.315** 4.056** 0.015** 0.294** 0.0001** 0.359** 

Locations   (L) 6 70.785** 0.514** 34.615** 2748.72** 1488.04** 930.664** 3233.45** 5.643** 182.86** 0.041** 282.88** 

S xL 18 0.102** 0.011** 0.123** 7.664** 4.193** 0.178** 5.348** 0.023** 0.45** 0.0001** 0.607** 

D x L 12 1.221** 0.002** 1.42** 56.414** 34.686** 25.535** 38.037** 0.053** 2.523** 0.001** 4.526** 

S x D x L 36 0.041** 0.001** 0.039** 3.494** 3.691** 0.304** 1.596** 0.005** 0.177** 0.00002** 0.258** 

Error 166 0.001 0.003 0.00027 0.03 0.03 0.0001 0.0001 0.0001 0.00003 0.000001 0.00005 

CV % 0.80 0.72 0.52 0.99 1.33 0.09 0.05 0.46 0.08 0.19 0.09 

ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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Appendix VII Mean squares for trace and heavy metals content of soil as affected by  
water of Phuleli Canal 

 
 

Source of 
variation DF 

Parameters (ppm) 
 

Zn Fe 
 

Cu 
 

Mn 
 

Cd 
 

Cr Pb As 

Replications 2 0.000063 ns 0.0057 ns 0.00053 ns 0.00006 ns 0.000000071ns 0.000055 ns 0.00013 ns 0.00000004 ns 

Seasons  (S) 3 4.634** 62.035** 0.768** 0.314** 0.003** 0.393** 0.130** 0.002** 

Depths  (D) 2 12.273** 93.098** 5.326** 1.024** 0.006** 0.501** 0.107** 0.001** 

S x D 6 0.065** 3.86** 0.009** 0.003** 0.0002** 0.001** 0.001* 0.0001** 

Locations (L)   6 2.492** 23.995** 2.403** 1.012** 0.003** 0.333** 0.097** 0.028** 

S  x L 18 0.023** 0.38** 0.007** 0.002** 0.000006** 0.002** 0.0004** 0.00006** 

D x L 12 0.037** 0.973** 0.097** 0.014** 0.00001** 0.005** 0.001** 0.00001** 

S x D x L 36 0.022** 0.229** 0.006** 0.003** 0.000003** 0.001** 0.0003** 0.00003** 

Error 166 0.0001 0.009 0.0001 0.0001 0.0000001 0.0001 0.0001** 0.000001 

CV %  0.55 1.55 0.69 1.67 2.78 2.72 3.43 4.06 

 
ns = non significant 
*  =  significant at 0.05 level of significant 
** = significant at 0.01 level of significant 
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