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ABSTRACT 

Background In recent years, increasing water scarcity due to rapid population 

growth rate and urbanization constitute major challenges for human 

livelihoods, economic development and environmental quality. The state of 

water scarcity is worse in arid and semi-arid climatic zones where freshwater 

resources are not uniformly distributed both in time and space. Furthermore, 

a major part of available fresh water has to be diverted for urban needs which 

later returns as wastewater. The present manuscript describes the benefits and 

risks associated with the use of wastewater in agriculture, and different 

management strategies to mitigate the ill effects of wastewater on soil 

properties and plant growth.  

Benefits and risks The wastewater contains varying amounts of essential plant 

nutrients and organic matter, and can play an important role in improving soil 

properties and plant growth. By supplementing the existing resources of 

irrigation water, wastewater can enhance agricultural productivity and 

economic activities in the vicinity of main cities, and may help to improve the 

living standards of poor farmers. On the other hand, wastewater carries salt 

and metal ions as well as pathogenic organisms which threaten the human 

health, food quality and environmental sustainability. However, the 

deleterious effects of wastewater on human health, plant growth and 

environmental quality can be minimized by employing appropriate 

management measures.  

Summary and future prospects Despite the major concerns associated with 

the wastewater-induced metal and salt ions accumulation in soil, and 

subsequent entry into food chain, its use in agriculture is becoming an 

emerging priority, particularly in water stressed and water scarce regions. The 

use of organic and inorganic amendments as well as cyclic and blended use of 

wastewater and freshwater can provide a promising strategy for the efficient 

use of wastewater in agriculture. 

 

INTRODUCTION 

 

Water is essential for the existence of life on earth, for 

the sustainability of healthy ecosystem and for all 

aspects of socio-economic wellbeing. However, in 

most regions of the world the availability of fresh 

water for crop production is increasingly becoming 

scarce and alarming situation has arrived due to spatio-

temporal variations in its accessibility coupled with 

ever increasing industrial and human consumption 

(Booker and Trees 2020). Agricultural sector is using 

well over 70% of available fresh water resources in 

many countries (Bacon, 2009). It has been estimated 

that to meet the food needs of a growing global 

population approximately 60% more food will be 

produced by 2050 therefore, irrigated crop production 

will increase by more than 50% (Alexandratos and 

Bruinsma, 2012). But, there is only 10% potential 
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accessible fresh water resources that can be diverted to 

agriculture sector (FAO 2017). Competing fresh water 

demand from different sectors has limitzed the 

development of ground and surface water for crop 

production in most regions of the world. This situation 

demands for immediate concrete measures to be taken 

to ensure availability of water and adaptation of 

agriculture for food security. One possible way to 

improve water availability for sustainable food 

production is the capture, treatment and reuse of 

wastewater and nutrients flowing in urban effluent 

streams (FAO 2015). Wastewater can substitute 

freshwater in agriculture, but safe use of wastewater is 

pre-requisite to conserve soil and water resources as 

well as food quality (Rosabal et al. 2007; Handa et al. 

2019). The proper treatment of wastewater is the 

removal of salts and heavy metals using an appropriate 

technique (Raschid‐ Sally et al. 2005). However, high 

treatment cost and relatively low quality requirements 

for irrigation purpose, farmers mostly use raw 

wastewater for agricultural activities (Ensink et al. 

2002). The deleterious effects of wastewater 

associated with high salinity and metals contamination 

can be minimized by blending and cycling it with 

freshwater. Tran et al. (2016) demonstrated that 

blending of wastewater with freshwater could 

minimize the harmful effects of heavy metals and salts 

to observe the existing criteria for the safe use of 

wastewater in agriculture. Xu et al. (2010) reported 

that cyclic use could provide an efficient approach to 

moderate salinity and metal toxicity, making 

wastewater as an alternative water source for 

agriculture. Furthermore, it has been suggested that 

salts and heavy metals present in wastewater can be 

precipitated and restricted to translocate into plant 

body using different amendments (Khan et al. 2013). 

In this regard, adequate regulation of potassium (K), 

silicon (Si), and organic and inorganic amendments 

may be particularly known to mitigate ill effects of 

wastewater on soil, crop yield and quality (Ahmed et 

al. 2016). It has been reported that Si may complex salt 

and metal ions in soil and even in plants roots, 

reducing their translocation from growth medium to 

roots and shoots. Ashraf et al. (2013) conducted an 

experiment with tomato (Lycopersicon esculentum L.) 

using wastewater with different levels of Si. It was 

found that Si precipitated salt and metal ions in soil, 

and thus reduced their accumulation within the plant 

body. Furthermore, Si may be involved in metabolic 

or physiological mechanisms in plants under stress 

conditions. The key mechanisms through which Si 

may improve plant tolerance to metal toxicity include: 

i) complexation or co-precipitation of toxic metal ions, 

ii) immobilization of metal ions in the growth medium, 

iii) stimulation of antioxidant system, iv) uptake 

procedures, and v) compartmentation of metal ions 

within the plants. In any case, these alleviative 

mechanisms may vary depending on plant and soil 

factors. Madhaiyan et al. (2007) reported that bacterial 

inoculation both alone or in combination with FYM 

significantly reduced the mobility and bioavailability 

of metals under wastewater irrigation, and thus 

resulted in improved plant growth and yield of crops 

grown with wastewater. Hameeda et al. (2019) 

reported that organic manures and biochar application 

with wastewater markedly reduced the uptake of salt 

ions and heavy metals including Cu, Pb, Ni, Cr and Zn. 

Furthermore, amending wastewater with organic 

amendments improved the accumulation of N, P and 

K by tomato plants with a subsequent improvement in 

plant growth and yield.  

Vegetables constitute an important component of 

human diet. Vegetables are rich in nutrients such as 

potassium (K), and help to regulate blood pressure. 

Dietary fibers present in vegetables control cholesterol 

level in blood, and thus reduce the incidence of heart 

diseases. Fibers in vegetables involve to regulate bowl 

functioning. Vegetables give the feelings of fullness 

with low calories. Folate in vegetables involves in the 

formation of red blood cells. Vegetables are rich in 

vitamin A which makes the skin and eyes healthy. 

Vitamin C present in vegetables helps in healing the 

wounds and cuts, keeps the teeth healthy and involve 

in iron absorption (Schreinemachers et al. 2018). Due 

to high demand, vegetables are mostly grown in the 

peri-urban areas having easy access to wastewater and 

may carry varying concentration of salt and metal ions 

depending upon the source and composition of 

wastewater, nature of soil and management practices. 

The use of wastewater for growing vegetables may be 

hazardous to human health because salt and metal ions 

present in wastewater are absorbed by plants along 

with water (Hussain et al. 2006). Accumulation of salt 

and metal ions in plant tissues may not be toxic for 

plant growth at a certain level but more injurious for 

human and other animals feeding on them. The present 

manuscript summarizes the beneficial and harmful 

effects of wastewater irrigation as well as different 

management strategies for the safe use of wastewater 

in agriculture.  

 

Wastewater 

Water arising from human activities, and discarded as 

useless or unwanted is known as wastewater 

(Papaioannou et al. 2019). It includes liquid discharges 

from residential area, industries, agriculture and 

commercial activities. The quality of wastewater is 

differently affected by anthropogenic activities. 

Wastewater is largely comprised of water. Although, 

non-water portion constitutes a little part of 

wastewater but due to toxic nature, poses severe 

threats to human health, food safety and quality of 



J. Environ. Agric., 5(1): 433-444; 2020 

 

435 
 

environment (Ashraf et al. 2017). Generally, anything which is flushed down 

into sewerage system. Generally, anything which is flushed down into 

sewerage system becomes the part of wastewater.  

 

Composition of wastewater 

It is mainly comprised of water (95%), organic material (40-50%), inert 

material (30-40%), bio-resistant matter (10-15%) and other solids (5-8%). It 

may also carry a significant amount of plant nutrients including N, P, and 

micronutrients. Salt ions including sodium (Na+) and chloride (Cl-), as well 

as heavy metals Cu, Ni, Cr, Cd, Pb, Fe and Zn may also be present (Tahir et 

al. 2018). In addition, it contains pathogenic organisms such as viruses and 

bacteria, organic particles like food materials, feces, vomit, plant materials, 

paper, humus, proteins, fruit juices, sugars and drug residues. Inorganic 

materials include ceramics, sand, metal particles, grit, road salt, ammonia, 

sea salt, hydrogen sulfide, cyanide, thiosulfates and thiocyanates. Macro 

solids include nappies, sanitary napkins, toys, dead animal and plant parts. 

Gases such as carbon dioxide, hydrogen sulfide and methane are also present 

in wastewater. Wastewater also contains emulsions, paints, oils, hair 

colorants, pesticide residues. The quality indicators for wastewater varies 

depending on the purpose of its use. For agricultural activities, main quality 

indicators are pH, electrical conductivity, total soluble solids, chemical 

oxygen demand (COD), biological oxygen demand (BOD), N, P, K, Ca, Mg 

contents as well as Na, Cl, Cu, Fe, Zn, Mn, Cr, Cd, Pb, Ni concentration 

(Alghobar and Suresha 2016). An over view of composition of wastewater 

originating from different sources reported by different scientists is presented 

in Table 1. 

 

Wastewater sources 

Wastewater mainly includes black water (feces, urine, toilet paper and body 

fluid), grey water (household liquid discharges except toilet wastewater, 

water collected from yard and roofs etc. during rainfall), ground water, storm 

water, industrial wastewater, commercial wastewater (from markets and 

institutes), and agricultural wastewater (Ashraf et al. 2017). 

Table 1 An over view of composition of wastewater originating from different sources  
Sr. No Wastewater 

source 

Wastewater 

status 

pH TDS/EC 

(ppm/    

dS m-1) 

BOD COD Plant nutrients Heavy metals Reference 

NO3
- PO4

- K Ca Mg Cu Zn Mn Cr Pb Cd Ni 

(ppm) 

1 Domestic Untreated 7.3 560 ppm 130 - 11 17 173 59 47 0.25 0.047 - 0.072 - -  Thapliya et 
al. (2011) 

2 Urban Untreated 8.6 939 ppm - - 2.8 1.6 16 29 35 - - - 0.07 0.029 0.07 0.47 Tak et al. 

(2013) 

3  Untreated 8.3 1066 ppm 105 150 2.8 1.24 20 52 119 0.209 0.150  0.039 0.028 0.09 0.33 Kausar et 

al. (2017) 

4 SW 

 

Untreated 7.4 582 ppm 597 820 - 5.1 39 50 34 0.06 0.14 0.15 0.035 0.055 0.05 0.069 Alghobar 

and Suresha 

(2016) 
5 SW Untreated 7.4 1.0 dS m-1 - - - - - - - 0.97 0.64 1.23 0.83 1.08 0.19 0.36 Khan et al. 

(2013) 

6 TWW Untreated 8.2 3.5 dS m-1 350 920 - - - - - - - - - - - - Najam-us-

Sahar et al. 

(2017) 

7 MDHWW Untreated - - - - - - - - 111 0 4.88 3.8 0.14 - - 0.33 Tahir et al. 

(2018) 

8 PMWW Untreated 7.7 2.1 dS m-1 - 485 - - - 8.5 3.9 - - - - - - - Thawale et 
al. (2011) 

9 ISWW Primary 

treated 

7.6 737 ppm - 258 1.8 - 21 121 14 0.014 0.26 49 0.003 0.004 0.001 0.008 Zavadil 

(2009) 

 

10 IMWW Untreated 9.8 1016 ppm 540- 

723 

882- 

2301 

- - - - - 0.15 0.02 0.68 - 1.05 0.03 0.12 Mahmoud 

et al. (2016) 

SW: Sewage water, TWW: Textile wastewater, MDHWW: Mixture of domestic and hospital wastewater, PMWW: Paper mill wastewater, ISWW: Industrial and sewage wastewater, IMWW: Industrial and municipal wastewater
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Need for wastewater utilization in agriculture 

The world’s water resources contain only 3% 

freshwater while 97% salty water.  Furthermore, a 

major portion of freshwater (70%) is in frozen form, 

and the remaining is present very deep in soil and not 

accessible. This leaves about 1% of the freshwater for 

human consumption. Due to rapid increase in 

population and urbanization, particularly in 

developing countries, fresh water resources are not 

sufficient to meet water demand for domestic 

purposes, industry and agriculture. The water scarcity 

is becoming more acute due to uneven distribution of 

fresh water resources (Ashraf et al. 2017). It has been 

estimated that more than 60% of world; population 

may undergo water stress by the end of 2025 

(Rijsberman 2006). On the other hand, the increasing 

gap between water supply and demand inspires the 

water researchers and planners to develop the 

appropriate strategies for the safe use of wastewater in 

agriculture. Libutti et al. (2018) reported that 

wastewater, being constant and reliable in supply, and 

rich in plant nutrients, might play a key role in 

boosting agriculture. The major factors which 

encourage the use of wastewater in agriculture are 

discussed in following paragraphs; 

 

Increasing urbanization  
In recent years, urbanization is increasing very rapidly, 

particularly in developing countries like Pakistan 

which diverts more water for domestic needs. The 

world urban population is expected to increase from 

2.6 billion to 4.0 billion by the end of 2030 

(Matheyarasu et al. 2016). Kauser (2007) reported that 

because of accelerated socio-economic development 

and growing urbanization, freshwater resources are 

mostly used to meet the domestic and industrial 

requirements, and much of this water (about 70%) is 

diverted back as sewage water. The wastewater 

discharges if not used in agriculture, would dispose 

into surface water bodies or land, and thus pollute the 

natural resources. Therefore, reuse of wastewater in 

agriculture not only enhances the available water 

resources but also protect the environment against salt 

and heavy metals contamination by untreated 

wastewater (Murtaza et al. 2010; Jaramillo and 

Restrepo 2017). It has also been demonstrated that 

most of the water used in industry or domestic 

purpose, returned as wastewater contaminated the 

ground and surface water resources when not managed 

properly (Rosabal et al. 2007). 

 

Growing water stress 
The shortage of good quality water is a one of the 

major challenges to sustain human health, plant 

growth and environmental quality throughout the 

world, especially in arid and semiarid regions where 

available freshwater resources are unevenly 

distributed (Falkenmark 2013). The number of people 

living in water-stressed area is expected to increase 

from 1.2 billion to 4.0 billion by the end of 2050. 

Globally, more than 80 countries are facing the 

shortage of good quality water to varying extent. In 

recent years, the water shortage is becoming worse, 

and emerging as a major challenge for economic 

development and human livelihood even in those 

regions which are commonly thought to have 

sufficient supply of good quality water. Current 

changes in climate further accelerate the intensity of 

water stress. It has been estimated that global warming 

will result in melting of glaciers, change the pattern of 

rainfall. All these initially result in heavy flood with 

the subsequent severe shortage of water by the end of 

2050. Rijsberman (2006) reported that about 60% of 

world population may face water stress by the end of 

2025. According to El-Kheir et al. (2007), growing 

water stress is one of the major factors to inspire the 

farmers to use wastewater in agriculture. The growing 

shortage of freshwater resources all over the world 

motivates the farmers to find some alternative water 

sources. It is particularly more important in areas 

having low rainfall. In this regard, urban wastewater 

when treated and re-used  provides stable and reliable 

supply which increases in quantity during hot and 

drought periods as urban residents tend to flush more 

wastewater rich in plant nutrients which could be an 

important alternative to freshwater, particularly in 

agriculture (Baig et al. 2011; FAO 2017).  

 

Increasing wastewater generation  
A major part of available freshwater resources is being 

diverted to meet domestic and industrial requirements 

due to a rapid increase in population growth and 

urbanization. About 70% of this water is later returned 

as wastewater. The volume of wastewater is markedly 

increased due to increasing living standard of people. 

Currently, about 5.3 million cubic meters of municipal 

wastewater is generated in each day in ten big cities of 

Pakistan. Furthermore, the development of sewerage 

system facilities in modern age increased the 

generation of WW. The availability of wastewater in 

abundance, reliability and consistency in supply 

inspired the farmers to use wastewater in agriculture. 

In recent years, very huge investment has been made 

for providing improved urban sanitation facilities 

including sewerage which subsequently results in the 

rise of wastewater generation. Saleem (2005) reported 

that about 32500 hectares area is used to grow 

vegetables with untreated wastewater. Estimates 

demonstrated that around one-tenth of the world 

population is using food produced by using 

wastewater. Moreover, with an increase in population 

growth and urbanization, more soft water is being 
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redirected for residential utilization and a major part of 

which returns as wastewater.  

 

Increasing agricultural activities with wastewater 

Increasing rate of urbanization, particularly in the 

developing countries not only leads to increased 

generation of wastewater, but also raised the demand 

of water for agricultural activities due to high food 

demand. It has been estimated that about 10% of the 

world population is currently using wastewater grown 

food. About 200 million farmers all over the world are 

using wastewater with different degrees of treatment 

for raising crops.  In Pakistan, wastewater is more 

often used for the irrigation of fodders and vegetables, 

particularly in the vicinity of cities. Around 30% of 

wastewater is utilized as a part of water system, while 

about 64% is discharged into surface water bodies as 

untreated (Ensink et al. 2004). Scott et al. (2004) 

reported that reliability and consistency in supply, and 

nutritional value makes wastewater an attractive 

option for the farmers. It has been stated that 

wastewater contains various amounts of plant 

nutrients that minimizes the use of synthetic fertilizers, 

leading to reduced environmental pollution associated 

with fertilizer manufacturing and application, reduces 

the cost of crop production as well.   

 

Benefits of using wastewater in agriculture 

Wastewater use in agriculture is a centuries old 

practice, and is becoming an emergent priority in these 

days due to increasing gap between water supply and 

demand (Kiziloglu et al. 2008). The beneficial effects 

of wastewater on soil properties and plant growth are 

presented in Table 2. It is a potential source of 

irrigation which is playing a significant role to 

conserve the freshwater by minimizing the use of 

freshwater in agriculture, and reducing the 

contamination of surface water bodies as well as 

ground water. Ashraf et al. (2017) reported that due to 

economic development and urbanization, a large 

amount of wastewater is generated every day. If this 

wastewater is not properly managed, would discharge 

into the water bodies such as rivers and canals or 

dispose of into land, leading to land and ground water 

contamination. Libutti et al. (2018) reported that 

wastewater has been extensively used as a cost-

effective substitute of freshwater. Esmailian et al. 

(2011) reported that yield and yield attributes of corn 

in terms of grain yield, ear length, number of grains 

ear-1, rows ear-1, 1000-grain weight as well as grain 

quality parameters were markedly improved with 

wastewater compared with well water. Thapliyal et al. 

(2011) reported that plant growth and yield 

characteristics in terms of plant height, leaf area, 

biomass accumulation, fruit length and number of 

fruits plant-1 were increased with WW irrigation. Plant 

nutrients including N, P, K, Ca, Mg and Zn were also 

increased. Maximum effect was found with untreated 

followed by treated wastewater and rain water. 

Sewage water application has a great economic and 

environmental advantage to society. Wastewater use 

would help in water conservation, recycling of 

nutrients and ultimately minimize water pollution 

(Ahmed et al. 2016) by preventing wastewater 

disposal into water bodies. Some studies demonstrated 

that use of wastewater for agriculture not only provide 

an alternative source of water but also help to avoid 

the adulteration of ground and surface water (Nath et 

al. 2009; Palese et al. 2009). Furthermore, wastewater 

can improve soil properties such as structural stability, 

soil aeration, cation exchange capacity, water and 

nutrient holding capacity, organic matter content, soil 

fertility as well as crop growth and yield due to it 

enrichment of plant nutrients and organic matter. 

Matheryarasu et al. (2016) reported that use of 

wastewater is an important component of sustainable 

water resource management because   wastewater not 

only supply additional water source but also reduces 

soil and groundwater contamination. Khan et al. 

(2010) reported that Wastewater irrigation improved 

growth, yield and biochemical characteristics in terms 

of stem thickness, plant height, grains panicle-1, 1000 

grain weight, grain weight panicle-1 and total sugar 

compared with control. According to Zavadil (2009), 

irrigation with wastewater improved growth and yield 

of all vegetables. However, the vegetables grown with 

wastewater also contained high concentration of Na. 

The increase in heavy metals within plant tissues was 

non-significant, and still in safe limit.  

 

Risks associated with wastewater use in agriculture 

The potential harmful effects of wastewater use are 

mainly associated with the accumulation of salt and 

heavy metal ions in soil, their subsequent transfer to 

food (Chung et al. 2011) and variations in the structure 

and magnitude of soil microbial biomass, as well as 

activated microbial community (Becerra et al. 2015). 

Kashif et al. (2009) demonstrated that wastewater 

irrigation caused a marked increase in the 

accumulation of Cu, Ni, Cr, Zn and Al in soil and 

plants. Higher metal accumulation was observed in 

case of secondary wastewater compared with tertiary 

wastewater. According to Mkhinini et al. (2018), the 

use of treated wastewater markedly reduced root and 

shoot length and weight, chlorophyll and carotene 

content compared with control. The extent of decrease 

was higher with 100% wastewater compared with 

diluted wastewater. Long term wastewater irrigation 

may cause heavy accumulation of Na+ in soil which 

disperses the soil and causes soil crusting, leading to 

reduced soil porosity. In addition, wastewater may 

carry pathogenic organisms which may cause different
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Table 2 Beneficial effects of wastewater irrigation on plant growth, yield and physiological characteristics 

Sr. 

No. 

Crop Soil type Wastewater 

source 

Experiment 

duration 

Treatment Impact Reference 

1 Tomato (Lycopersicon 

esculentum), Broccli 
(Brassica oleracea) 

Clay loam 

 

AFIWW 1.5 years Three treatments including 

ground water, secondary and 
tertiary treated wastewater. 

Plant growth and yield were improved but no 

significant effect on quality parameters with the use of 
wastewater. 

Libutti et al. 

(2018) 

2 Chickpea (Cicer 

arietinum L.) 
 

Sandy loam 

 

MIDWW 04 months Irrigation was done with ground 

water, 50% and 100% WW with 
0, 20, 40 and 60 kg P2O5 ha-1.  

Wastewater supplied with P improved plant growth 

and yield, maximum improvement at 40 kg P2O5 ha-1. 
Wastewater could provide nutrients, in addition to 

water supply. 

Tak et al. (2012) 

 

3 Corn (Zea mays L.) 
 

Sandy loam 
 

MWW 06 months Well water and wastewater with 
two manure levels (15 and 30 

tons ha-1) and fertilizer levels 

(175, 100, 50, and 350, 200 and 
100 kg ha-1 NPK). 

Yield and yield attributes in terms of grain yield, ear 
length, number of grains ear-1, rows ear-1, 1000-grain 

weight as well as grain quality parameters were 

markedly improved with wastewater compared with 
well water. 

Esmailian et al. 
(2011) 

 

4 Ladyfinger 

(Abelmoschus 
esculentus) 

 

Not 

specified 
 

DWW 07 months 

 

Three treatments including 

untreated, treated wastewater 
and rain water for plant growth. 

 

Plant growth and yield characteristics increased with 

WW. Plant nutrients including N, P, K, Ca and Mg, 
salt ions Na and Cl while, metals Cu, Cr and Zn were 

also increased. Maximum effect was found with 

untreated followed by treated wastewater and rain 
water. 

Thapliyal et al. 

(2011) 
 

5 Wheat (Triticum 

aestium), Moong 
(Vigna radiata), Jowar 

(Sorghum vulgare) 

Loamy sand, 

sandy loam 
and clay 

 

WWPM  03 years 

 

Two treatments including plain 

water and wastewater were used 
to raise crops. 

 

Grain yield was increased by 12.8, 16.3 and 17.5% of 

jowar, 15.1, 6.0 and 18.3% of wheat and 20.6, 12.4 
and 20.9% in clay, loamy sand and sandy loam, 

respectively with wastewater compared to plain water. 

Thawale et al. 

(2011) 
 

6 Sorghum (Sorghum 
bicolor L.) 

 

Sandy loam 
 

UWW 04 months 
 

Three treatments including 
freshwater, freshwater + basal 

fertilizer, treated wastewater.  

Wastewater irrigation improved growth, yield and 
biochemical characteristics compared with control. 

Khan et al. (2010) 
 

7 Carrot, potato, lettuce 
and radish 

 

Loamy sand 
 

MSIWW 01 year Primary and secondary treated 
wastewater was used for 

irrigation 

Wastewater improved growth and yield. Plant tissues 
contained high Na. The increase in heavy metals in 

plants was non-significant, and still in safe limit. 

Zavadil (2009) 
 

8 Cauliflower (Brassica 
Olerecea L.) 

 

Loamy 
 

UWW 
 

05 months 
 

Wastewater was used as 
untreated, preliminary and 

primary treated while ground 

water as control for irrigation. 
 

Wastewater significantly increased the yield and 
essential plant nutrients as well as heavy metals 

accumulation. Maximum effect was in untreated 

followed by preliminary and primary treated 
wastewater.  

Kiziloglu et al. 
(2008) 

 

9 Barley (Hordeum 

vulgare) 
 

Not 

specified 

OMWW Not 

specified 

Plants were grown with tap 

water (control), untreated and 
treated wastewater. 

Plant growth and yield in terms of root and shoot 

weight, spike number plant-1, spike fresh weight, 
protein content, fresh productivity, dry productivity, 

chlorophyll content were markedly higher in 

wastewater treated plots compared with tap water. 

Mekki et al. 

(2006) 
 

10 Barley (Hordeum 

vulgare) 

 

Silty clay  OMWW 

 

02 years 

 

Two treatments including 

untreated and treated 

wastewater were used. 

Barley growth and yield characteristics were not 

significantly influenced by pretreatment of 

wastewater, suggesting that olive-mill wastewater in 
untreated form could be used for raising barley crop. 

Rousan (2005) 

 

AFIWW: Agro-food industrial wastewater, MIDWW: Mixture of industrial and domestic wastewater, MWW: Municipal wastewater, DWW: Domestic wastewater, WWPM: Wastewater from paper mill, UWW: Urban wastewater, 

MSIWW: Mixture of sewage and industrial wastewater, OMWW: Olive-mill wastewater 
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Table 3 Harmful effects of wastewater irrigation on soil and plant growth in terms of salt and metal accumulation  

Sr No. Crop Soil type Wastewater 

source 

Experimen

t duration 

Treatment Impact Reference 

1 Red beets 

(Beta vulgaris 
L.) 

 

Sandy loam 

 

Municipal 

wastewater 
 

Not 

specified 
 

Wastewater in combination 

with heavy metals including 
Cd, Mn, Cu, Zn, Pb, Cr, Co, 

Ni were used.  

Wastewater aggravated the toxic effects of applied heavy metals 

on the growth of beet by increasing metal accumulation in plants. 
Dry matter accumulation of beet decreased while crude protein 

and N content were improved with WW and heavy metals 

application.   

Papaioannou 

et al. (2019) 
 

2 Globe 

artichoke  

(Cynara 
cardunculus ). 

Loam 

 

Wastewater from 

oil, food, textile 

industries 

02 years Plants were irrigated with 

fresh water, secondary 

wastewater and tertiary 
wastewater. 

Wastewater irrigation caused a marked increase in the 

accumulation of Cu, Ni, Cr, Zn and Al in soil and plants. Higher 

metal accumulation was observed in case of secondary 
wastewater compared to tertiary wastewater.  

Gatta et al. 

(2018) 

 

3 Soil survey Not specified Sewage water 

 

Long term 

irrigation 

Soil irrigated with wastewater 

was sampled and analyzed. 

Wastewater irrigation caused an increase in the accumulation of 

heavy metals including Cu 17.70 ppm, Cd 11.22 ppm, Pb 57.36 
ppm and Zn 112.71 ppm. Heavy metals accumulation in soil was 

ranked as Cd < Cu < Pb < Zn. Daily intake for Pb and Cd was 

higher than permissible limit.   

Chaoua et al. 

(2018) 

4 Beans 

(Vicia faba) 

 

Not specified Municipal 

wastewater 

 

04 months Plants were irrigated with 

deionized water (control) 

treated wastewater (100%) 
and diluted treated 

wastewater (50%). 

The use of treated wastewater markedly reduced root and shoot 

length and weight, chlorophyll and carotene content compared 

with control. The extent of decrease was higher with 100% 
wastewater compared with diluted wastewater.  

Mkhinini et al. 

(2018) 

 

5 Rice 
(Oryza sativa 

) 

 

Sandy loam 
 

Sewage water 
 

04 months Rice plants were grown with 
ground water, untreated and 

treated wastewater. 

 

Wastewater irrigation caused a marked increase in metal 
accumulation in soil and plant. In plants, there was an increase of 

55 and 66% in Cr, 54 and 123% Pb, 12.5 and 25% Ni, 20 and 

80% Co, 100 and 133% Cd, 93 and 286% Cu, and 37 and 111% 
Mn with treated and untreated wastewater, respectively 

compared with ground water. 

Alghobar and 
Suresha 

(2016) 

 

6 Coriander, 
tomato, mint 

and cabbage 

 

Not specified 
(Field 

survey) 

Mixture of 
industrial and 

domestic 

wastewater 
 

Long term 
wastewater 

irrigation 

 

Soil samples (27) and 
vegetable samples (54) were 

collected and analyzed. 

 

Soil analysis indicated the value of Ni, Cu, Zn, Fe, Mn and Cd 
below while Pb (107.19 ppm) and Cr (276.67 ppm) above the 

permissible limits. Average concentration of metals in vegetables 

Fe (456.55 ppm), Zn (40.11 ppm), Cu (16.41 ppm), Cd (not 
detectable), Ni (44.61 ppm) and Mn (81.76 ppm) was below 

permissible limit, while Pb (13.78 ppm) and Cr (14.36 ppm) 

were above the safe limit. 

AL-Jaboobi et 
al. (2014) 

 

7 Carrot, 

tomato, 

cauliflower 
and spinach 

 

Not specified Sewage water 

 

Long term 

wastewater 

irrigation 
 

Vegetable samples (30) and 

soil samples (76) were 

collected and analyzed. 
 

Heavy metals in soil were ranged; Ni 0.28 to 1.76 ppm, Cd 0.05 

to 0.52 ppm, Mn 8.7 to 30.07 ppm, Zn 1.30-8.02 ppm, Pb 2.11to 

30.86 ppm, Fe 8.60 to 35.03 ppm and Cu 1.06 to 5.42 ppm. All 
the sampled fruit and leaf samples of vegetables contained metal 

concentration higher than permissible levels. 

Khan et al. 

(2013) 

8 Alfalfa 
(Medicago 

Sativa L.) 

Silt loam Industry 10 years Two treatments; tube well 
water and wastewater 

Shoot metal accumulation was increase; Cd 3.7 times, Cr 33.7 
times, Cu 0.39 times, Fe 2.27 times, Mn 0.71 times, Ni 29.8 

times, Pb 9.4 times and Zn 0.98 times with wastewater irrigation 

compared with tube well water. 

Khan et al. 
(2011) 

9 Tomato 

(Solanum 

lycopersicum 
L.) 

 

Sandy loam Mixture of 

industry and 

domestic 
wastewater 

03 months Tube well water (TW); TW 

with N 120 kg ha-1, P 90 kg 

ha-1 and K 60 kg ha-1; 
Wastewater; Wastewater with 

N 60 kg ha-1, P 45 kg ha-1 and 

K 30 kg ha-1. 

Wastewater irrigation caused an increase of 84 and 112% in Cr, 

223 and 153% Cu, 113 and 86% Fe, 69 and 30% Mn, 161 and 

78% Ni, 240 and 118% Pb, and 118 and 73% Zn in tomato 
leaves and fruits, respectively compared with tube well water 

irrigation. 

Perveen et al. 

(2011) 
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10 Poplar 

(Populus 
deltoids) 

Sandy loam 

 

Domestic and 

municipal 

02 years Three treatments; canal water, 

domestic wastewater, 
municipal wastewater. 

Cd concentration was increased by 19.14 and 25.47% in leaves, 

9.19 and 45.59% in stems while 70.81 and 112.45% in roots by 
the use of domestic and municipal wastewater, respectively 

compared with canal water. 

Tanvir and 

Siddiqui 
(2010) 

11 Sorghum 
(Sorghum 

dochna)  

(Sorghum 
durra) 

 

Sandy Sewage water 
 

03 months 
 

Three treatments including; 
raw, 1ry treated and 2ry treated 

sewage water 

Heavy metals accumulation in shoot were increased; Mn 1.31 
and 1.23 times, 1.06 and 1.45 times while 0.80 and 0.98 times, 

Cu 5.83 and 7.04 times, 4.99 and 10.31 times while 3.55 and 

4.75 times, Ni 3.55 and 6.06 times, 2.74 and 5.66 times while 
2.32 and 4.69 times in Sorghum durra and Sorghum dochna, 

respectively with raw sewage water, 1ry treated sewage water and 

2ry treated sewage water, respectively compared with tap water. 

EL-Sawaf 
(2005) 

 

12 Spinach 

(Spinacia 

oleracea) 

 

Loamy sand Mixture of 

industrial and 

domestic 

wastewater 

10 years Irrigation was made with tube 

well and wastewater 

 

Long term irrigation with wastewater caused a marked increase of 

heavy metals in plant; 36% plant samples contained Pb, 21% Cd, 

7% Mn and 14% Ni beyond the permissible limit. Similarly soil 

samples also showed higher concentration of Cd, Pb, Zn, Mn, Ni 

and Fe.   

Saif et al. 

(2005) 

 

 

diseases in humans. According to Mahmood and Maqbool (2006), diarrhea, 

dysentery and diarrhea with fever are mainly caused by the drinking 

contaminated water. Harmful effects of wastewater on soil properties and 

plant growth are presented in Table 3. 

 

Management strategies for safe use of wastewater in agriculture 

The proper cure of wastewater is of course its treatment using physical, 

chemical and biological methods. However, due to lack of financial and 

technical facilities, it is not possible to treat whole of the wastewater 

produced, particularly in developing countries. Adequate management of 

wastewater used in agriculture can provide an efficient and viable strategy 

for the use of wastewater in agriculture. The effects of differently amended 

wastewater irrigation on growth, salt and metal accumulation in plants are 

presented in Table 4.  These management strategies comprise of selection of 

suitable crops which are not directly consumed by humans such as forest trees 

(Lazarova and Bahri 2005), irrigation practices in which no or minimum 

contact of wastewater with plants and farm workers (Asano et al. 2007), 

cyclic and blended use of wastewater with freshwater (Faryal et al. 2007), use 

of chemicals such as gypsum and organic amendments (Khan et al. 2013), 

adequate plant nutrition (Ashraf et al. 2013), inoculation with metal 

detoxifying bacteria (Madhaiyan et al. 2007), protective measures by farm 

workers before exposure to wastewater (Scott et al. 2010), thorough washing 

of vegetables grown with wastewater before use (Ensink et al. 2004), avoid 

the use of raw vegetables grown with WW (Scott et al. 2004), protective 

measures (Rosabal et al. 2007), and awareness campaigns (Saleem 2005). 

Handa et al. (2019) reported that plant growth and yield characteristics 

in term of total number of flowers, fruits, leaf area, plant height, number of 

branches, fruit weight and fruit yield plant-1 were increased with the use of 

domestic effluents, with maximum increase at 75:25 ratio of pond and 

domestic effluents. Tahir et al. (2018) reported that amending wastewater 

with biochar and manure reduced Cu and Ni accumulation in plants, and 

enhanced water use efficiency as well as plant growth in terms of root and 

shoot biomass and leaf area. According to Kausar et al. (2017), N application 

with wastewater mitigated wastewater-induced oxidative stress by 

stimulating antioxidant activities, increasing proline content while decreasing 

malondialdehyde concentration. Najam-us-Sahar et al. (2017) reported that 

plant growth, yield and physiological parameters including plant height, 

spike length, root length, root dry mass, grain yield, 1000 grain weight, 

photosynthetic rate, transpiration rate, stomatal conductance, and grain NPK 

content were decreased with using wastewater. However, wastewater dilution 

at 10 and 20% levels were at par with tap water (control). According to 

Balkhair et al. (2014) plant growth and yield characteristics in terms of root 

length, root weight plant-1 and root yield ha-1, as well as water use efficiency 

were maximum in case of 60:40 followed by 100:0 ratios of wastewater and 

ground water in both years. However, metal accumulation in soil and plants 

was increased with increasing the proportion of wastewater for irrigation. Tak 

et al. (2013) also found that wastewater amended with lower K rate (20 kg 

K2O ha1) greatly improved plant growth, stomatal conductance, 

photosynthesis rate, and grain yield, indicating that wastewater could provide  

not only additional water resource but also reduce fertilizer consumption.
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Table 4 Effects of differently amended wastewater irrigation on plant growth, salt and metal accumulation  

S. No. Crop Soil type Wastewater 

source 

Experiment 

duration 

Treatment Amendment Impact Reference 

1 Tomato  

(Solanum 

lycopersicum L.) 

 

Sandy 

loam 

 

MWW 06 months 

 

Wastewater irrigation 

amended with wood 

biochar, cow manure and 

combination of biochar 

and cow manure. 

 

Wood biochar 

and cow 

manure 

amendment 

Amending of WW with biochar or 

biochar + manure reduced the 

accumulation of Cr, Pb and Cu in 

plant tissues while improved tomato 

yield, maximum increase at 10 t ha-1 

biochar application. 

Hameeda et 

al. (2019) 

 

2 Tomato  

(Solanum 

lycopersicum L.) 

 

Sand, 

soil and 

FYM in 

the ratio 

1:1:1. 

DE 

 

04 months Pond water and domestic 

effluents were used in the 

ratio of 0:100, 25:75, 

50:50, 75:25 and 100:0 for 

raising crop. 

Blending/ 

dilution 

Plant growth and yield 

characteristics were increased with 

the use of domestic effluents, with 

maximum increase at 75:25 ratio of 

pond and domestic effluents. 

Handa et al. 

(2019) 

 

3 Spinach 

(Spinacia 

oleracea) 

 

Sandy 

 

MDHWW  03 months Three treatments including 

sewage water, sewage 

water amended with 

biochar, and sewage water 

amended with biochar and 

manure. 

Biochar and 

manure 

amendment 

Amending wastewater with biochar 

and manure reduced Cu and Ni 

accumulation in plants, and 

enhanced water use efficiency as 

well as plant growth in terms of root 

and shoot biomass and leaf area. 

Tahir et al. 

(2018) 

 

4 Fenugreek  

(Trigonella 

foenum-graecum) 

Sandy 

loam 

MWW 05 months Wastewater supplemented 

with N at 0, 20, 40 and 60 

kg ha-1 was used for 

irrigation. 

N nutrition N addition with wastewater reduced 

oxidative stress by stimulating 

antioxidant activities, increasing 

proline content while decreasing 

malondialdehyde concentration. 

Kausar et al. 

(2017) 

5 Wheat (Triticum 

aestivum L.) 

 

Sandy 

clay 

 

TWW 07 months 

 

Blended use of wastewater 

and tap water in the ratio 

of 0:100, 10:90, 20:80, 

30:70, 40:60, 50:50, 

60:40, 70:30, 80:20, 90:10 

and 100:0 was used to 

raise plants. 

Blending Plant growth, yield and 

physiological parameters decreased 

with using wastewater. However, 

wastewater dilution at 10 and 20% 

levels were at par with tap water 

(control). 

Najam-us-

Sahar et al. 

(2017) 

 

6 Tomato 

(Lycopersicon 

esculentum L.) 

 

Silt loam 

 

MWW 03 months Silicon at 0, 25, 50 and 75 

ppm was mixed with pot 

soil before wastewater 

irrigation. 

 

Si nutrition The concentration of Cu, Ni, Mn, Zn 

and Cd was significantly increased 

in roots but decreased in stems and 

leaves with Si supplementation 

under wastewater irrigation. Highest 

ameliorative effect of Si was found 

at 75 ppm.  

Ashraf et al. 

(2013) 

 

7 White radish Sandy 

loam 

 

UWW 01 year 

 

Wastewater was blended 

with ground water in the 

ratio of 0:100, 20:80, 

40:60, 60:40, 80:20 and 

100:0. 

Blending/ 

dilution 

Plant growth and yield 

characteristics were maximum in 

case of 60:40 followed by 100:0 

ratios of wastewater and ground 

water in both years. However, metal 

Balkhair et 

al. (2014) 
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accumulation in soil and plants was 

increased with increasing the 

proportion of WW for irrigation.  

8 Wheat (Triticum 

astivum L.) 

Silt loam 

 

MIDWW  04 months 

 

Five amendments 

including poultry manure 

(PM), farm yard manure 

(FYM), triple super 

phosphate (TSP), humic 

acid (HA) and 

diammonium phosphate 

(DAP) were thoroughly 

incorporated into soil 

before sowing.  

Organic and 

inorganic 

amendments 

Maximum reduction in soil Cd by 

86%, Cu 26% with FYM, Pb and Cr 

62% with DAP, Ni 94% and Mn 

50% with TSP and Fe 54% with 

HA. Maximum reduction in plant 

Cd 105%, Fe 43% with TSP, Cr 

49%, Mn 48%, Pb 56% with HA, 

Cu 49% with PM, Ni 75% with 

FYM, Zn 54% with DAP compared 

to WW irrigation without any 

amendment. 

Khan et al. 

(2013) 

 

9 Chickpea (Cicer 

arietinum L.) 

Sandy 

loam 

MIDWW 04 months Plants were grown with 50 

and 100% wastewater by 

amending with K at 0, 20, 

40 and 60 kg K2O ha-1. 

K nutrition Wastewater amended with lower K 

rate (20 kg K2O ha1) greatly 

improved plant growth, stomatal 

conductance, photosynthesis rate, 

and grain yield. 

Tak et al. 

(2013) 

 

10 Sunflower 

(Helianthus 

annuus L.) 

 

Calcareo

us loam 

 

STWW 03 years Wastewater was used 

either alone or in 

combination with 

recommended level of 

fertilizer and/ or organic 

manure. 

Fertilizer or 

organic 

manure 

Application of organic manure and 

chemical fertilizer with wastewater 

markedly improved plant height, 

leaf area, head diameter, head 

weight, seed yield and oil content of 

sunflower compared to wastewater 

without any amendment.  

Selim (2006) 

 

MWW: Municipal wastewater, DE: Domestic effluents, MDHWW: Mixture of domestic and hospital wastewater, TWW: Textile wastewater, UWW: Urban wastewater, MIDWW: Mixture of industrial 

and domestic wastewater, STWW: Secondary treated wastewater 

 

Hameeda et al. (2019) reported that amending the wastewater with biochar 

or biochar + manure reduced the accumulation of Cr, Pb and Cu in plant 

tissues while improved tomato yield. Maximum increase in yield and biomass 

under wastewater irrigation was found at 10 t ha-1 biochar application. 

According to Ashraf et al. (2013), Si nutrition under wastewater irrigation 

reduced metal accumulation in plants, highest ameliorative effect of Si was 

found at 75 ppm. 

 

CONCLUSIONS 

 

Wastewater reutilization in agriculture is promising option from economic, 

social and environmental point of view because wastewater is mainly 

released into the land surface or water bodies, and deteriorates the quality of 

natural resources. Moreover, wastewater could be more reliable to fill the 

existing gap between water supply and demand which is expected to be widen 

in future. Being produced in large quantity, continuous in supply, having high 

concentration of organic matter and plant nutrients, the judicious use of 

wastewater could promote the agricultural activities, improve soil properties 

and food security. Wastewater also carries toxic substances which could 

degrade soil productivity and food quality. However, wastewater 

composition may vary greatly depending upon source of production and 

treatment level. Although, most of the wastewaters carry salts and heavy 

metals in small amounts but the continuous and prolonged use of wastewater 

without adequate measures could cause heavy buildup of salts and metals in 

soil, and subsequently lead to deterioration of soil productivity, food and 

groundwater quality. However, the deleterious effects of wastewater could 

efficiently be ameliorated by adopting management strategies comprising of 

the use of chemical and organic amendments such as Si, K, Ca, S, Zn, organic 
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manures and bacterial inoculation as well as blended 

and cyclic use of wastewater and freshwater. 
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