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ABSTRACT
Freshwater scarcity with an increasing population is a debatable scenario at the present time.
Change in rainfall pattern results in agriculture production demanding more water. To be
concerned with both problems, irrigation wastewater use is a compatible strategy to overcome
both conditions. Wastewater composition depends upon source type (domestic or industrial) and
location (area or site) where does the water evolved. Wastewater composition varied from site to
site and area to area due to location differentiation. Wastewater helps the farmers to increment
in total available plant macronutrients, micronutrients, and replication of microbial community
in soil. But wastewater use has some cons that they cause the soil physicochemical properties
affection such as soil conductivity, water retention capacity, bulk density, organic carbon ratio
and pH. Now, the critical concern is an accumulation of heavy metals in the soil-plant system. In
addition, wastewater contains an excessive amount of many heavy metals (zinc, nical, lead and
chromium), and if they present in the soil in excessive amounts, then they cause hazards to
plants, animals and human life. In this articles discussion are made about the wastewater uses in
future prospects for agriculture and how they are important in sustainable agriculture.
Wastewater uses have pros and cons, but groundwater levels are decreasing at an alarming rate.
Keywords: Sustainable agriculture, Soil Physico-chemical properties, Metal richness, Water
retention, Hazardous.
INTRODUCTION
The increasing population demands fresh
water, food supply and more resource
consumption. Due to freshwater scarcity, an
increase in wastewater used for agriculture

production was observed in arid and semi-arid
regions. Agricultural production needs more
water due to changes in rainfall patterns.
Wastewater from either municipal or industrial
sources near urban was also observed.
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The intensity of wastewater use near the urban
areas is more due to poor access of freshwater
availability sources (Jalali et al., 2007). In 50
different countries, the use of raw or partly
treated wastewater use on 20 million hectares
was observed (Hussain et al., 2001; & Scot et
al., 2004).
In developing nations where the
standards are not applied, farmers use the
wastewater preferably due to its richness in
organic and inorganic amendments and better
crop production. However, where the
standards are applied, the treatment is not
affordable yet for their treatment and extensive
use (Hussain et al., 2001).
In the scarcity of fresh water reliable
substitute for irrigation is wastewater; if it
handles with care and controlled management
practices are done, then the positive aspects
are achieved (WHO, 2006). Furthermore, if
the wastewater used after treatment or its
heavy metals concentration remains below the
hazardous limit, monitored regularly and
causes an increase in plant growth more
rapidly
than
treated
or
freshwater
(Makhadmeh et al., 2021). Wastewater
irrigations increase growth, yield and plant
nutritional level (Aghtape et al., 2011).
Wastewater is valuable if applied in a
controlled amount to the soil for agricultural
crop production because it provides the
organic and inorganic nutrients for crop
production (Horswell et al., 2003).
The beneficial aspects of wastewater
include reducing the demand for commercial
fertilizer for agricultural crop production
(Candela et al., 2007). The untreated
wastewater produces many beneficial changes
in soil potential, and an increment in organic
and inorganic nutrients such as magnesium
was observed (Rai et al., 2011). Ramirez et al.
(2002) describe that the concentration of lead
(Pb), cadmium (Cd) and copper (Cu) is
increased to an impressive level but did not
reach to hazardous level to affect the plant
growth. Wastewater application improves the
physicochemical properties and nutrient status
by providing macronutrients (N, K, and P)
besides of the excessive amount of
Copyright © March-April, 2022; IJPAB
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micronutrients (Panicker, 1995). Mojiri,
(2011) described that wastewater irrigation
cause rapid increment in macronutrients (N, K
and P) with iron (Fe) and sodium (Na) level in
soil. Untreated industrial wastewater contains
high exchangeable calcium with potassium as
compare with treated water (Grag & Khushik,
2006). Increment in microbial activity or
biomass with soil enzymes activity and
microbial community in soil was observed
(Liu & Haynes, 2010).
On the other hand, one of the main
risks of wastewater use is the change in the
composition of the soil-plant system with
heavy metals. Smith et al. (1996) described
that it is difficult to remediate the soil if once
contaminated with heavy metals. The soil
physicochemical properties with plant growth
and human health status can be damaged if
can't minimize use of untreated wastewater.
The deterioration in soil properties or quality
can be done very badly and this is another
negative impact (Chen et al., 2005).
Irrigation with wastewater directly
affects the soil environment and indirectly
affects human health status via crops and soils
(Butt et al., 2005). Sharma et al. (2007)
described that repetitive wastewater irrigation
to the soil without treatment increase the
heavy metal concentration to a toxic level in
the soil. Crop grown on the metals rich
concentrated site are badly affected the metal
concentration and also metal concentrated
plants consumption poses a serious threat to
human health (Tiller, 1996; & Ratan et al.,
2005).
Vegetables are major’s part of human
nutrition because enriched with minerals,
vitamins and fibers. Noureen et al. (2015)
described that in Pakistan, vegetable quality
are deteriorated with the concentration of
heavy metals and also accumulation are
exceeds to prescribed extractable limits.
Praveen et al. (2015) described that vegetables
produced from the heavy metal contaminated
site are the main sign of risk for human health
status. The edible and non-edible part of
vegetables contains enough concentration of
heavy metals to cause clinical problems to
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human and animal health. High concentrations
of heavy metals in soil adversely affect plant
growth and their different biochemical
processes such as metabolism, stomata
opening, and photosynthesis. Depression is the
root and shoots length, foliage yield or
reduction in the grain yield of the crop
observed due to repetitive wastewater
irrigations. It was observed that heavy metal
richness of soil and plant systems due to
irrigation with wastewater is one of the major
cons (Singh et al., 2009; & Singh et al., 2010).
Influence of wastewater use on soil Physicochemical properties
Gurjar et al., (2017) described that many soil
physical properties such as porosity, particle
density (PD), bulk density (BD) and water
holding capacity (WHC) of soil increased by
using wastewater in comparison to fresh or
groundwater.
Generally, the concentration of acidic
and basic cation reflects the pH of the soil.
Usually, it is said those irrigations with
wastewater results in the increase of pH, soil
organic matter, exchange calcium and in turn
cause increment in heavy metals to toxic level.
Madyiwa et al. (2002) showed that wastewater
results in the increment in alkalization of soil
because greater composition of exchangeable
basic cations such as sodium and calcium.
Long term use of raw or partially treated
wastewater induces a significant depression of
pH but at least higher the organic carbon with
electrical conductivity of soil compared to
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ground or freshwater (Mohammad et al., 2014;
& Singh & Verloo, 1996).
The second most significant indicator
after pH is soil organic matter to show to
fertility and productivity and plays a
significant role in nutrient cycling. Organic
matter is significantly increased by the
continuous application of wastewater to the
soil. Narwal et al. (1993) showed the value of
the organic matter in wastewater-influenced
soil is 2%, while groundwater has only 0.74%.
Qishlaqi et al. (2008) described that
wastewater provides a confidential amount of
organic matter and exchangeable calcium to
the soil. Higher fluctuation in CEC was
observed due to enrichment of organic matter
and loading of exchangeable calcium, not by
the variability of the clay content of the soil.
Exchangeable calcium concentration decreases
sharply with dept. This matter indicates that
the upper layer of soil receives more calcium
than other layers.
The total macronutrient concentration
of wastewater irrigated soil is significantly
higher than groundwater. Calcium, magnesium
and sulphur value prominently increased in
wastewater irrigated soil (Sushil et al., 2019).
Soil Physico-Chemical properties values are
given in Table no.1 with respect to their units.
They show the comparison between the
Ground water irrigation and Wastewater
irrigation in units with respect to different soil
properties.

Mean value of different physicochemical properties of soil that’s irrigated with ground and wastewater
Soil Properties
Units
Ground Water irrigations Wastewater irrigations
-3
Soil bulk density
gcm
1.35
1.34
Soil particle density
gcm-3
2.53
2.56
Water holding capacity %
36.74
42.94
pH
Electrical Conductivity

dSm-1

Organic Matter
Nitrogen contents
Potassium contents
Phosphorus contents
Sulphur contents
Calcium contents
Magnesium contents

%
Kg/ha
Kg/ha
Kg/ha
C mol(p+)/kg
C mol(p+)/kg
C mol(p+)/kg

Copyright © March-April, 2022; IJPAB

8.18
0.61

7.72
0.84

0.74
193.43
439.19
14.42
16.48
6.82
2.43

2.0
231.15
458.49
15.13
17.18
9.14
2.45
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Heavy Metal Consequences of Soil
Heavy metals are such elements having a
density greater than five in their elemental
form. Metals are retained strongly in either
organic or inorganic colloids. Highly
concentrated wastewater was observed to add
more toxic metals to soil than normal water
(Qishlaqi et al., 2008). Rusan et al. (2007)
observed that plants grown on wastewatercontaminated soil contain more heavy metals
than fresh or ground water irrigated soil.
Consequently, wastewater irrigated soil for 5-
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10
years
significantly
reduced
the
micronutrient concentration in soil.
It is reported that continuous long term
(20 years) wastewater irrigation leads to the
high saturation of heavy metals in the soil; if
they are above the recommended limits can
cause severe problems for humans (Singh et
al., 2010). Wastewater applications are helpful
in terms of additions of micronutrients such as
zinc, nical and lead and high EC was also
observed (Pathak et al., 2011).

Mean value of different heavy metals levels in soil irrigated with ground and wastewater
Names of heavy metal Ground Water irrigations Wastewater irrigations
Nical (Ni)
61.1
276.7
Zinc (Zn)
75.4
110.7
Cadmium (Cd)
0.22
0.36
Lead (Pb)
63.3
441.8
Chromium (Cr)
27.2
27.0

At last, some indigenous forces are needed to
resist the entry of these hazardous (heavy
metals) into the soil-plant system and surface
or underground water.
Wastewater impact on human's health
status
Population lives near the source of wastewater
production areas are suffered from different
diseases than freshwater areas. Diarrhoea,
cholera, malaria, dengue, and typhoid occur in
the majority of family members who live near
the wastewater (sewage) producing areas.
Incidences of these diseases are increased by
the mosquito's habitation, crop contamination,
and freshwater resource contamination. Heavy
metal introduction to the food chain results in
different problems from different ailments.
More than in freshwater areas, almost double
the number of family members suffer due to
their interaction with wastewater (Radhika &
Kulkarni, 2017).
CONCLUSION
This review concludes that wastewater use,
either partially treated or untreated, enhances
many soil properties (such as bulk density,
water retention capacity, microbial population,
and organic matter) and plant growth. The
Copyright © March-April, 2022; IJPAB

usage of wastewater as fertilizer for different
crops or higher plants because of its richness
in organic contents such as macro and
micronutrients cause significant growth. But
heavy metals enrichment in the food chain is
in debatable concern. Sometimes, heavy
metals concentrations above the recommended
limits cause damage to soil microbes and crop
growth. The scarcity of freshwater resources
for agriculture can be eliminated by using
wastewater with different proportions without
disrupting the soil properties, plant growth,
microbial diversity and human health.
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