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Wastewater is considered a good reservoir of mineral elements that can be used
for agriculture, aquaculture, and some other activities after adopting suitable
measures. The gap between supply and demand for water is increasing
exponentially because of the abrupt boost to the world’s population. This
poses a threat to human life as it has reached alarming levels in some parts of
the globe. Normally, wastewater consists of liquid waste produced by
commercial or industrial sources for daily use, consumption, and production.
It is time to refocus our attention on a kind of circulating water system by reusing
municipal wastewater for agricultural purposes, particularly irrigation. The
recycled or treated water would be used as an alternative to fresh water. In
the current study, the impact of various organic amendments was studied to
mitigate the toxic effects of pollutants present in wastewater by cultivating maize
as a test crop. The present study comprised five treatments replicated four times
with a randomized complete block design under field conditions. In this
experiment, the treatments included T1 (treatment 1) = control (wastewater-
polluted soil without the application of any amendment), T2 = farmyard manure
(FYM) at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at
2.5 tons ha-1, and T5 = compost at 5.0 tons ha-1. The application of FYM at 5.0 tons
ha-1 (T3) was recorded as being the most effective as the maximum improvement
was observed in soil characteristics such as pH, electrical conductivity (EC),
sodium adsorption ratio (SAR), and organic matter, and for T3, these were
7.33, 2.22 dS m-1, 8.16, and 0.94%, respectively. T3 remained most superior in
reducing the concentration of heavy metals in the soil; for example, lead,
cadmium, nickel, and arsenic for T3 were 8.64, 1.34, 10.44, and 2.25 mg kg-1

(milligrams per kg), respectively. Maximum fresh biomass (fodder yield) of
9.98 tons ha-1 was harvested when FYM was applied at 5.0 tons ha-1 to the
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soil compared to 6.2 tons ha-1 in the control plot. The highest contents of nitrogen
(1.20%), phosphorus (0.41%), and potassium (3.97%) were observed in maize plants
for T3. In maize plants (T3), the concentration of lead, cadmium, nickel, and arsenic
was reduced to levels of 1.92, 0.23, 2.28, and 1.25mg kg-1, respectively. Therefore, it
can be concluded from the findings of the experiment that the application of FYM
significantly reduced heavy metal concentrations and improved soil health, along
with maize crop growth and productivity.
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Introduction

Water scarcity poses an important challenge to the progress of
sustainable farming, particularly in the dryland agricultural parts of
the world (Smith et al., 2018). In these areas, farmers now face the
necessity of utilizing urban wastewater for irrigation purposes
(Johnson and Thompson, 2019). As the global population
continues to rise and the demand for food increases, water
resources are dwindling, and long-distance transport of water
imposes a substantial strain on agricultural productivity (Brown
et al., 2022). Utilizing treated urban wastewater for irrigation offers a
potential solution by mitigating water shortages, enhancing water
usage efficiency, and reducing water pollution (Gomez et al., 2021).
The optimal utilization of all available water resources, including
treated urban wastewater, is becoming crucial in dry and semi-arid
climates due to the immense pressure on non-renewable water
sources, prolonged drought periods, and rapid urbanization
(White et al., 2017). Hence, the reuse of treated urban
wastewater has emerged as an unconventional yet promising
water resource that can alleviate water scarcity concerns to some
extent (Garcia et al., 2020). As wastewater contains essential plant
nutrients, it becomes imperative to establish proper guidelines for its
utilization to minimize the adverse effects associated with
wastewater irrigation and maximize its performance (Adams
et al., 2021). Furthermore, it is indispensable to judge other
effects of wastewater, for example, changes in soil and plant
elemental composition, pollutants, and heavy metal accumulation
(Lee et al., 2019).

The most common method is to dump municipal wastewater
(untreated and treated) on land in both developing and developed
countries. The majority of the wastewater is used to irrigate fiber,
seed, and feed crops, and, to some extent, vineyards, orchards, and
other crops in developed countries by following environmental
standards. Standards have been established in developing
countries, but they are not always strictly enforced. Hussain et al.
(2002) reported that in Mexico, India, and China, untreated
wastewater has been most commonly used in aquaculture and
agriculture for 100 years. Heavy metals can enter the food chain
as a result of wastewater irrigation because they accumulate in the
soil and are then taken up by plants. Huang M et al. (2016) reported
that soil serves as both a source and a filter, assisting in the removal
of contaminants from wastewater. The quantity and origin of the
metal, the properties of the soil, and the rate at which plant species
absorb certain metals are only a few of the variables that affect the
transmission of metals into the food chain (Chen et al., 2018). Many
health problems can result from the buildup of toxic metals in the

food chain (Smith et al., 2018). Long-term irrigation with domestic
and industrial wastewater can cause toxic metal accumulation in
soils, and the affected soils not only deteriorate the quality of the
produce, particularly the edible sections of plants but also the
productivity of field crops (Lee et al., 2019; Nte et al., 2022;
Rizwan et al., 2022).

Elements with metallic characteristics including malleability,
ductility, conductivity, cation stability, and ligand selectivity are
known as heavy metals. These often have atomic weights above
20 and high densities (Briffa et al., 2020). Heavy metals, also known
as metalloids, such as Pb, Cd, Hg, and As, are regarded as serious
hazards because they have no beneficial effects on organisms and are
extremely dangerous to both plants and animals. Heavy metal-
contaminated soils frequently have poor biological, physical, and
chemical characteristics. Low organic matter content, insufficient
nutrient levels, micronutrient imbalances, toxicity, decreased N and
P utilization, high salinity, and severe pH levels are examples of
unfavorable soil conditions (Gill et al., 2014). The presence of heavy
metals in foodstuffs is associated with health risks for human beings
(Gupta et al., 2018).

Organic soil additives play an important role in enhancing the
structure and texture of soils and increasing soil organic
concentration, including the retention capacity for water and
nutrients. The application of biochar, animal manure, and
compost are some common organic practices or soil amendments
to minimize the impact of potentially toxic elements (PTEs)
(Shaheen and Rinklebe, 2015; Ahmad et al., 2017; Pangaribuan
et al., 2023) and ultimately improve crop productivity (Abd-El-
Fattah et al., 2022; Hussan et al., 2022). The dairy, beef, pig, and
poultry industries produce livestock wastes. These are widely used
by farmers as fertilizers due to their high nutritional value. These are
also thought to be ideal for reducing soil-based PTE migration
(Bolan et al., 2003). Houben et al. (2012) reported that applying bone
meal and cow dung to polluted soils can significantly reduce Zn and
Cd leaching. Houben et al. (2012) reported that applying soil
amendments can lessen the mobility of toxic metals like lead,
zinc, and cadmium. Shaheen et al. (2014) concluded that the
contents of copper, iron, nickel, manganese, and zinc can be
reduced by the application of bone meal. The utilization of
compost can easily reduce the risk of crop failure and its impact
on human health. Vegetable compostable organic additives/green
compost and cultivating halophytes are usually used to fix PTEs in
contaminated soils (Huang X et al., 2016; Ghous et al., 2022). This
study took a comprehensive and novel approach to address
wastewater-created soil pollutant toxicity, including the
evaluation of heavy metal immobilization, soil fertility
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improvement, and crop growth promotion. Wastewater can be
safely used if coupled with organic amendments, particularly
farmyard manure (FYM). FYM has the potential to alleviate the
noxious impact of contaminants in wastewater on maize plants,
refining soil healthiness, and decreasing heavy metal contents.
Keeping in view the current scenario of water deficiency, the
current research assessed the efficiency of organic materials to
mitigate wastewater-created soil pollutant toxicity and shortlisted
the most effective measures.

Materials and methods

The present study was conducted from February 2020 to
September 2021 at the College of Agriculture, University of
Sargodha, Sargodha, Punjab, Pakistan. The efficiency of organic
amendments was evaluated with respect to mitigating soil toxicity
created using untreated municipal wastewater irrigation and
concluded with final recommendations for farmers about the use
of wastewater irrigation. In this experiment, organic amendments
(farmyard manure and compost) at two levels (2.5 tons and 5 tons
ha-1) with four replications were applied along with the control and
evaluated on clay loam soil under field conditions using maize as
the test crop.

The FYM was prepared from the decomposition of animal
waste, typically from farms or rural areas, and consisted of a
mixture of animal excreta (cow dung, urine, and bedding
material) and leftover crop materials (straw, hay, or other plant

residues). The decomposition process involves the microbial
breakdown of organic matter, resulting in a nutrient-rich
fertilizer. Typically, FYM contains plenty of nutrients like
nitrogen, phosphorus, potassium, and other micronutrients,
making it a valuable soil amendment for improving soil fertility
and structure. Compost was prepared from organic matter such as
fruits, vegetables, tea bags, leaves, grass clippings, plant residues like
crop waste, and weeds. These organic matter were mixed and
allowed to decompose, resulting in a nutrient-rich soil
amendment that can be used to improve the soil fertility
and structure.

A 5 × 5 m2 plot was created, treatments were applied
accordingly, and wastewater (black water) was used as a source
of irrigation. In this experiment, the treatments included T1

(treatment 1) = control (wastewater-polluted soil without the
application of any amendment), T2 = FYM at 2.5 tons ha-1

(hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons
ha-1, and T5 = compost at 5.0 tons ha-1. These treatments were
applied after laboratory analysis (Table 1) and randomized using a
randomized complete block design (RCBD) with four replications.
The layout is shown in Figure 1.

At the maturity stage, maize plants were harvested, and plant
samples were collected. Soil samples were also collected from all
plots. Both plant and soil samples were analyzed for different
organic and inorganic pollutants.

Analysis of soil, plant, and water samples

All laboratory analyses for soil, plant, and water samples were
made according to the methods in the USDA Handbook 60 of U.S.
Salinity Laboratory Staff (1969). These methods were used for the
determination of pH, EC, SAR, Ca, and K in soil and water samples.
Similarly, wet digestion of plant samples (leaves) was done
accordingly. Subsequently, P and K contents in maize plant
samples (leaves) were determined according to the
referenced methods.

TABLE 1 Chemical characterization of thematerials used in the experiment.

Sr. no. Determination Farmyard manure Compost

1 pH (1:1) 7.92 7.29

2 EC 12.78 dS m-1 6.24 dS m-1

3 Organic matter 35.98% 22.89%

FIGURE 1
Field layout of the randomized complete block design with four replications. T1 (treatment 1) = control (wastewater-polluted soil without application
of any amendments), T2 = farmyardmanure (FYM) at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at
5.0 tons ha-1.
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Soil texture

A 50 g soil sample was placed in a 500-mL beaker. Next, we
added 50 mL of a 1% sodium hexametaphosphate solution and
250 mL of distilled water to the beaker. The mixture was left to stand
overnight. Afterward, the soil was stirred for 10 min using a
Bouyoucos apparatus/mechanical stirrer. The volume of the
suspension was then adjusted to obtain the desired level before
being placed into a 1,000-mL graduated cylinder. Readings from a
Bouyoucos hydrometer were recorded both 4 s and 2 h after the
suspensions were mixed. The International Textural Triangle, which
offers a categorization system based on the proportions of sand, silt,
and clay in the soil (Moreno-Maroto and Alonso-Azcarate, 2022),
was used to identify the soil textural class.

The pH of the soil was determined using a pH meter (Jenway
3510). To do this, a saturated soil paste was prepared (Method 2) and
the pH of the soil was then determined after calibrating the pHmeter
using buffer solutions of values 7.0 and 10.0 (Method 54). Using an
EC meter, soil samples were prepared to measure the amount of
soluble salts using Method 4b. The EC meter was calibrated with a
0.1 N KCl solution.

The formula used to compute the sodium adsorption ratio
(SAR) was

SAR � Na+ / Ca++ +Mg++( )/2[ ]1/2.

Each cation was written as me L-1 (USDA Handbook 60).
The Eaton (1950) equation was used to compute the residual

sodium carbonate (RSC):

RSC � CO−2
3 +HCO−

3( ) − Ca++ +Mg++( ).

The method outlined by Walkley and Black (1934) was used to
calculate the total soil organic carbon content. The sample was
oxidized by adding concentrated H2SO4 and 1N K2Cr2O7 and the
subsequent addition of H3PO4. Titration was performed for the
oxidized carbon content against 0.5 M ferrous ammonium sulfate.
Finally, the organic C content was obtained after multiplying the
value by a factor of 1.334. Dissolved organic C was extracted using a
K2SO4 solution.

Heavy metal protocols

The samples were analyzed using an atomic absorption
spectrophotometer (AAS) (Analytik Jena, model novAA-400P,
Germany) to determine the concentrations of heavy metals. The
AAS is a reliable tool for measuring the concentration of heavy
metals. Its operation is based on the principle of light absorption by
the ground state of the metals at specific wavelengths. In this
technique, the liquid sample containing metal particles is
transformed into an atomic state by passing it through a flame.
The flame consists of combustible gases such as air and acetylene
mixture. A specific wavelength of light is directed through the flame,
and the reduction in light intensity caused by the absorption of the
analyte is measured against a standard reference. During the
analysis, the sample is prepared in a liquid form, aerosolized, and
introduced into the flame. The temperature of the flame typically
ranges from 2,100°C to 2,800°C. As the sample burns, the atoms of

the target element are reduced to unexcited ground-state free
particles that absorb light at precise wavelengths unique to each
element. These wavelengths, which are accurate to a range of
0.01–0.1 nm, are used to determine the specific wavelength for
each element of interest. To identify the absorption wavelength, a
light beam with an electrode made of the element in question is
passed through the flame. The reduction in light intensity caused by
the absorption of the analyte is detected by a photon multiplier. The
concentration of the element in the sample can be used to correlate
this decrease in intensity (Smith et al., 2018).

Nitrogen measurement

A Kjeldahl distillation apparatus was used for the estimation of
nitrogen content in plant samples (O’Sullivan, 2011). Method 61 from
the USDA Handbook 60 was used to determine the total phosphorus
concentration inmaize plant samples. A spectrophotometer was used for
the determination of phosphorus with the pink Wade reagent [0.03%
FeCl3 solution containing 0.3% sulfosalicylic acid solution, 3/1 (v/v)].
Method 58a from the USDA Handbook 60 was used to determine the
total potassium concentration in maize plant samples by standard
solutions of K2SO4 through a flame photometer. Ca was determined
using an atomic absorption spectrophotometer. For the determination of
Ca, standard solutions of Ca prepared from CaCO3 and HCl were used.

Plant height was taken as the length from the base of the plant to
the tip at its maturity stage. A meter rod was used to measure the
plant height. A Vernier caliper was used to note the stem diameter of
the plants. At maturity, the maize crop was harvested, and the
biomass yield was recorded.

Therefore, the values for various soil parameters (pH, EC, SAR, Pb,
Cd, Ni, and As) reported in this research paper are the average of four
analyses carried out throughout the study period after the harvest of
each maize crop. Similarly, maize plant samples were collected after
each harvest (four times) throughout a study period of 2 years and were
analyzed in the laboratory for concentrations of nitrogen, phosphorus,
potassium, lead, cadmium, nickel, and arsenic. In this paper, average
values for these parameters are given and explained to make the results
more concise and comprehensive.

Statistical analysis

Using the software program “Statistics 10,” the data collected on soil
and crop properties were subjected to statistical analysis (ANOVA). The
data from two seasons were tested for homogeneity using Bartlett’s test
(Bartlett, 1937), and were found to be homogeneous; therefore, the data
from all seasons were combined for analysis. According to the
procedure outlined by Steel et al. (1997), significant differences
between treatment effects were identified using the LSD test at the
1% probability level, and these differences were marked with various
alphabets (a, b, c, etc.).

Results

This experiment was continued for 2 years, during which
time four maize crops were harvested. Wastewater was used as a
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source of irrigation throughout the study period. Wastewater was
analyzed after each month, and the average values of these
analyses are given in Table 2. Similarly, soil samples were
collected from each treatment plot of the experiment after
harvesting each crop and were analyzed in the laboratory for
various parameters.

Impact of organic amendments on the
chemical characteristics of the soil

Figure 2 provides information about soil EC, pH, SAR, and OM
for different treatments. The highest EC of 2.78 ± 0.020 dS m-1 was
recorded under the control treatment, whereas the minimum EC
value for T3 was 2.22 ± 0.017 dS m-1. The maximum soil pH of

TABLE 2 Characteristic of irrigation water used during field
experimentation.

Sr. no. Characteristic Unit Value

1 EC dS m-1 3.55

2 pH - 7.18

3 SAR - 7.38

4 RSC me L-1 1.34

5 Pb mg L-1 2.64

6 Cd mg L-1 0.01

7 Ni mg L-1 0.11

8 As mg L-1 0.08

FIGURE 2
Impact of organic amendments on soil characteristics (EC, pH, SAR, and OM). T1 = control (wastewater-polluted soil without application of any
amendment), T2 = FYM at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at 5.0 tons ha-1. Bars
containing the same letter did not differ significantly at p ≤ 0.05 for a particular attribute.
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8.16 ± 0.017 was observed in the control treatment (Figure 2). The
soil pH for T2 was 7.44 ± 0.016 and that for T3 was 7.33 ± 0.021. The
soil pH for compost at 2.5 t ha-1 (T4) was 7.51 ± 0.011. Information
about the soil sodium adsorption ratio (SAR) for the different
treatments is provided in Figure 2. The control treatment (T1)
represents the baseline condition without any organic
amendments. The SAR value for the control treatment was
13.18 ± 0.014. The SAR value for FYM at 2.5 t ha-1 (T2) was
8.28 ± 0.015, whereas the same value for FYM at 5.0 t ha-1 (T3)
was 8.16 ± 0.011. Soil organic matter is an important factor in soil
health and fertility as it contributes to nutrient availability, water-
holding capacity, and overall soil structure. The amount of soil
organic matter determined for the control treatment was 0.78% ±
0.009% (Figure 2). The soil organic matter content for FYM
at 2.5 t ha-1 (T2) was 0.86% ± 0.017% in contrast to the organic
matter content of 0.94% ± 0.014% for T3 (FYM at 5.0 t ha-1).
The soil organic matter content for T4 (compost at 2.5 t ha-1) was

0.84% ± 0.014%. Similarly, T5 (compost at 5.0 t ha-1) indicated
0.86% ± 0.018% soil organic matter Impact of organic amendments
on heavy metals contents in soil

Figure 3 presents the concentrations of lead, cadmium, nickel,
and arsenic in soils for different treatments. The control
treatment (T1) exhibited the highest lead concentration at
12.24 ± 0.011 mg/kg in the soil. Treatment (T2) involving soil
amended with FYM at 2.5 t ha-1 resulted in a reduced lead
concentration of 8.85 ± 0.011 mg/kg. Furthermore, increasing
the FYM concentration to 5.0 t ha-1 (T3) resulted in a further
decrease in lead content to 8.64 ± 0.017 mg/kg. This indicates that
higher concentrations of FYM have a more pronounced effect on
reducing lead contamination. In the case of compost
amendments, the treatment (T4) with compost at 2.5 t ha-1

resulted in a lead concentration of 8.87 ± 0.011 mg/kg.
Similarly, the treatment (T5) with compost at 5.0 t ha-1

exhibited a lead concentration of 8.75 ± 0.014 mg/kg.

FIGURE 3
Impact of organic amendments on concentrations of heavy metals (Pb, Cd, Ni, and As) in the soil. T1 = control (wastewater-polluted soil without the
application of any amendments), T2 = FYM at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at 5.0 tons
ha-1. Bars containing the same letter did not differ significantly at p ≤ 0.05 for a particular attribute.
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Figure 3 shows that the control treatment (T1) exhibited the
highest cadmium concentration at 1.81 ± 0.012 mg/kg in
untreated soil. The treatment (T2) involving soil amended
with FYM at 2.5 t ha-1 resulted in a reduced cadmium
concentration of 1.42 ± 0.020 mg/kg. Furthermore, increasing
the FYM concentration to 5.0 t ha-1 (T3) caused a further decrease
in cadmium quantity to 1.34 ± 0.008 mg/kg. In the case of
compost amendments, treatment with compost at 2.5 t ha-1

(T4) resulted in a cadmium concentration of 1.46 ±
0.014 mg/kg. Similarly, the treatment with compost at 5.0 t ha-
1 (T5) exhibited a cadmium concentration of 1.36 ± 0.014 mg/kg.
Data on nickel concentrations in soils for each treatment are also
provided in Figure 3. The control treatment (T1) exhibited the
highest nickel concentration at 13.63 ± 0.015 mg/kg in untreated
soil. The application of FYM at 5.0 t ha-1 (T3) caused the
maximum reduction in nickel content to 10.44 ± 0.017 mg/kg.

In the case of compost application, treatment with compost at
2.5 t ha-1 (T4) and 5 t ha-1 (T5) resulted in a nickel concentration
of 10.66 ± 0.021 mg/kg and 10.48 ± 0.020 mg/kg, respectively.
Likewise, the control treatment (T1) exhibited the highest arsenic
concentration at 4.25 ± 0.011 mg/kg in untreated soil (Figure 3),
whereas a minimum concentration of 2.25 ± 0.020 mg/kg was
found under the application of FYM concentration to
5.0 t ha-1 (T3).

Impact of organic amendments on the yield
parameters of maize

Data on the plant height in different treatments are given in
Figure 4. Under the control treatment (T1), the average plant
height was measured to be 167.33 ± 1.20 cm. The average plant

FIGURE 4
Impact of organic amendments onmaize plant height, stem diameter, and forage yield. T1 = control (wastewater-polluted soil without application of
any amendments), T2 = FYM at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at 5.0 tons ha-1. Bars
containing the same letter did not differ significantly at p ≤ 0.05 for a particular attribute.
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height recorded under T2 (FYM at 2.5 t ha-1) was 176.33 ±
1.45 cm. T3 involved adding a higher concentration of FYM to
the soil at 5.0 t ha-1, and the average plant height observed under
T3 was 188.33 ± 1.45 cm, which is significantly higher than that in
the control treatment and T2. The average plant height recorded
under T4 (compost at a concentration of 2.5 t ha-1) was 173.67 ±
0.88 cm in contrast to T5 (compost at 5.0 t ha-1) with a height of
182.33 ± 1.76 cm. The average stem diameter recorded in the
control treatment (T1) was 27.33 ± 1.20 cm (Figure 4). T3 with
FYM at 5.0 t ha-1 produced a stem diameter of 42.33 ± 1.76 cm,
which was significantly higher than that in the control treatment
and T2. Figure 4 presents the forage yield of maize plants under
different treatments, including the control (T1). Among all the
five treatments, T3 (FYM at 5.0 t ha-1) displayed the maximum
forage yield of 9.98 ± 1.76 t ha-1, whereas the lowest forage yield
among all the treatments was in the control treatment.

Impact of organic amendments on the
mineral elements of maize plants

Figure 5 shows N, P, K, and Ca contents in leaves of maize plants
under different treatments. The results showed that the application
of organic matter generally increased the nitrogen content in the
leaves of maize plants in contrast to the control (T1). Among all
treatments, T3 (FYM at 5.0 t ha-1) has the highest nitrogen value of
1.27% ± 0.012%, followed by T5 (compost at 5.0 t ha-1) with a
nitrogen content of 1.2% ± 0.057%. Among all treatments, T3 (FYM
at 5.0 t ha-1) displayed the maximum P content with 0.41% ± 0.011%
(Figure 5). T5 (compost at 5.0 t ha-1) followed T3 with a P content of
0.370.012%. The application of FYM at 5.0 t ha-1 exhibited the
highest K value of 3.97% ± 0.12%, followed by T5 (compost at
5.0 t ha-1) with a value of 3.460.09% (Figure 5). T3 (FYM at 5.0 t ha-1)
showed the highest calcium content with a value of 5.85% ± 0.011%

FIGURE 5
Impact of organic amendments on the accumulation of mineral elements (N, P, K, and Ca) in maize leaves. T1 = control (wastewater-polluted soil
without application of any amendments), T2 = FYM at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at
5.0 tons ha-1. Bars containing the same letter did not differ significantly at p ≤ 0.05 for a particular attribute.
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(Figure 5). T5 (compost at 5.0 t ha-1) followed T3 with a Ca content of
5.51% ± 0.015%. T2 (soil + FYM at 2.5 t ha-1) exhibited a slightly
lower calcium content of 5.24% ± 0.009% than T3 and T5.

Impact of organic amendments on the
concentration of heavy metals in
maize plants

Figure 6 presents the concentration of heavy metals (Pb, Cd, Ni,
and As) accumulated in maize plants under different treatments.
Among all the treatments, the control (T1) has the highest lead
content with a value of 4.81 ± 0.008 mg/kg. T3 (FYM at 5.0 t ha-1)
exhibited the lowest lead value of 1.92 ± 0.017 mg/kg. T5 (compost at
5.0 t ha-1) showed a relatively high lead content of 2.1 ± 0.02 mg/kg
when compared with T3. The control treatment (T1) has the highest
cadmium content with a value of 0.47 ± 0.007 mg/kg. T3 (FYM at
5.0 t ha-1) exhibited the lowest cadmium value of 0.23 ± 0.012 mg/kg
(Figure 6). The control treatment (T1) had the highest nickel content,

with a value of 6.76 ± 0.013mg/kg. T3 (FYMat 5.0 t ha-1) exhibited the
lowest nickel value of 2.28 ± 0.019 mg/kg. T5 (compost at 5.0 t ha-1)
showed a relatively high nickel content of 3.45 ± 0.023 mg/kg
compared with T3. Treatments T2 (FYM at 2.5 t ha-1) and T4

(compost at 2.5 t ha-1) indicated nickel values of 3.42 ± 0.015 and
4.23 ± 0.014 mg/kg, respectively (Figure 6). Figure 6 shows that the
control treatment (T1) had the highest arsenic content with a value of
2.75 ± 0.021 mg/kg. T3 (FYM at 5.0 t ha-1) exhibited the lowest arsenic
value of 1.25 ± 0.022 mg/kg. T5 (compost at 5.0 t ha-1) showed a
relatively high arsenic content of 1.42 ± 0.018 mg/kg compared with
T3. T2 (FYM at 2.5 t ha-1) and T4 (compost at 2.5 t ha-1) indicated
arsenic values of 1.95 ± 0.012 and 2.25 ± 0.011 mg/kg,
respectively (Figure 6).

Discussion

This study revealed that untreated wastewater used for
agricultural purposes indeed contains alarmingly high

FIGURE 6
Impact of organic amendments on concentrations of heavy metals (Pb, Cd, Ni, and As) in maize. T1 = control (wastewater-polluted soil without
application of any amendments), T2 = FYM at 2.5 tons ha-1 (hectare-1), T3 = FYM at 5.0 tons ha-1, T4 = compost at 2.5 tons ha-1, and T5 = compost at 5.0 tons
ha-1. Bars containing the same letter did not differ significantly at p ≤ 0.05 for a particular attribute.
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concentrations of heavy metals, posing a serious threat to the
environment and human health. These heavy metals, including
lead, cadmium, chromium, and arsenic, are well known for their
toxic effects and ability to persist in the environment. The results
demonstrated the significant accumulation of heavy metals in these
soils over time. The toxicity levels observed in both water and soil
samples underscored the urgent need for effective remediation
measures to reduce heavy metal contamination and mitigate its
adverse effects. In addition to reducing heavy metal concentrations,
the current research examines the broader impact of wastewater
treatment with organic amendments on soil quality. The soil
reaction (pH) is the only parameter that illuminates a complete
representation of growth media for crop development, counting
nutrient supply tendency, the fortune of supplementary nutrients,
salt position and soil airing, soil mineral composition, and final
climate situations of the area. Soil pH is basic in several parts of
Pakistan, comprising arid and semi-arid regions (Sarwar, 2005). Any
land management strategy that results in a decrease in soil pH is
responsible for altering the soil to improve the crop productivity.
Our findings are in line with the findings of Taeprayoon et al. (2022),
who focused on the application of organic fertilizers in cadmium-
contaminated soils for the phytoremediation of three bioenergy
crops. Their study examined the effectiveness of organic additives in
stabilizing cadmium concentrations and stimulating the growth of
bioenergy crops in contaminated soils. Furthermore, Wang et al.
(2020) studied the effect of soil fertilizers on the fixation and
accumulation of heavy metals in maize grown in multi-metal-
contaminated soils. Van-Zwieten (2018) discussed the enduring
role of organic materials in eliminating soil problems for
sustainable crop production.

Alam et al. (2020) investigated the impacts of organic
modification on the bioavailability of heavy metals in mining-
affected soils and the associated health risks in humans. The
results showed that organic modifiers could effectively reduce the
bioavailability of heavy metals, thereby minimizing potential risks to
human health. Organic fertilizers are natural alternatives to
synthetic inorganic fertilizers and are popular with farmers.
Organic fertilizers, which are derived from the remains or by-
products of a single organism, have many benefits. They
gradually release nutrients, improve soil structure, improve
nutrient content, and stimulate microbial activity (Chen et al.,
2018). The use of organic waste such as sewage sludge, bird
droppings, and cow dung as fertilizer maximizes the value of
resources and solves the problem of waste disposal. Furthermore,
organic waste used as fertilizer is environmentally friendly and
critical to wildlife and human safety (Sharma et al., 2019). The
usage of organic fertilizers in soils can increase the fertility status of
the soil, increase yields, improve the overall soil condition, and, at
the same time, solve the problems of pesticide residues and water-
source nutrient pollution. Monitoring of enzymes such as urease,
sucrase, and phosphatase provides valuable information about soil
health and microbial activity. Common practices such as
composting organic waste such as sewage sludge, bird droppings,
and garden waste are often used to improve soil structure, nutrient
levels, and microbial activity (Johnson and Thompson, 2019; Bui
et al., 2023). Poultry manure and horse manure are also valuable
sources of essential nutrients for plants and are often used as
fertilizers. However, trace elements present in sewage sludge and

fertilizers require careful handling to prevent their accumulation in
food plants and reduce potential adverse effects on human health
(Sharma et al., 2019).

In a recent study, Rani and Singh (2022) focused on addressing
heavy metal contamination in soils through the addition of organic
matter like farm and poultry manure, compost, and biochar. Their
findings demonstrated the effectiveness of these amendments in
reducing heavy metal concentrations and enhancing soil quality.
Similarly, Rashmi et al. (2022) emphasized the environmentally
friendly approach of using soil amendments to promote soil health
and sustainable oilseed production. Their research explored various
organic amendments and their potential to recover soil fertility and
production. Yasir et al. (2022) specifically explored the efficacy of
organic amendments in reducing the phytotoxicity of cadmium
(Cd) assimilation in wheat. Their study showed that organic
modifiers can reduce cadmium toxicity and plant uptake.
Similarly, Koishi et al. (2020) studied the impact of organic
fertilizers on the quantity and quality of soil organic matter in
conventional agriculture. Their research revealed the positive
outcome of organic fertilizers in increasing soil organic matter
and improving the overall condition of the soil. From a broader
perspective, Goss et al. (2013) conducted a comprehensive review of
the use of organic modifiers in agriculture and their potential impact
on human health. Their research assessed the potential benefits and
dangers of organic farming practices. On the other hand,
Kwiatkowska-Malina (2018) studied the function of organic
matter in contaminated soils and investigated how organic
additives affect the availability of heavy metals to plants in
contaminated soils.

Zhao et al. (2014) reported a reduction in lead concentration in
contaminated soils from 15.3 mg/kg to 10.2 mg/kg with the
application of compost at 3 tons ha-1. Huang M et al. (2016)
found that the application of organic amendments, including
FYM, reduced lead concentrations in soils by up to 35%
compared to control treatments. The reductions observed in the
current study (Figure 3) are consistent with the findings of Zhao
et al. (2014) and Huang X et al. (2016), demonstrating the
effectiveness of organic amendments in reducing lead
contamination in soils. Bolan et al. (2010) showed that the
application of compost reduced cadmium concentrations in soils
by up to 30%. Khan et al. (2013) found a significant reduction in
cadmium levels in contaminated soils with the application of FYM,
from 2.0 mg/kg to 1.5 mg/kg. The cadmium reduction in this study
(Figure 3) aligns well with the findings of Bolan et al. (2010) and
Khan et al. (2013), indicating the beneficial impact of organic
amendments on cadmium contamination.

Clemente et al. (2006) observed a reduction in nickel
concentrations in contaminated soils from 14.5 mg/kg to
11.3 mg/kg with the application of compost. Zhang et al. (2017)
found that organic amendments, including FYM, reduced nickel
concentrations in soils by approximately 20%. The results of this
study (Figure 3) are in agreement with those of Clemente et al.
(2006) and Zhang et al. (2017), further supporting the role of organic
amendments in nickel reduction. Peryea and Kammereck (2001)
reported a reduction in arsenic concentration in contaminated soils
from 5.0 mg/kg to 3.0 mg/kg with the application of organic matter.
Chirenje et al. (2003) stated that the use of compost reduced arsenic
concentrations in soils by up to 50%. The arsenic reduction observed

Frontiers in Environmental Science frontiersin.org10

Zeeshan Manzoor et al. 10.3389/fenvs.2024.1420705

https://www.frontiersin.org/journals/environmental-science
https://www.frontiersin.org
https://doi.org/10.3389/fenvs.2024.1420705


in this study (Figure 3) is comparable to findings obtained by Peryea
and Kammereck (2001) and Chirenje et al. (2003), highlighting the
efficacy of FYM and compost in mitigating arsenic contamination.
This comparison demonstrates the consistency of the findings of the
current study with the broader body of research, reinforcing the
effectiveness of FYM and compost in reducing heavy metal
concentrations in soils.

Incorporating soil additives into agricultural practices has the
potential to transform the industry by optimizing crop yields and
ensuring environmental sustainability. Poor soil fertility, salinity,
low organic matter, and limited availability of sulfur and trace
elements hinder oilseed production. Therefore, it is important to
combine soil improvement with management strategies to increase
soil productivity and yield (Rashmi et al., 2022). Samadi et al. (2024)
found that drought stress negatively impacted maize growth.
However, both sulfate of potash (SOP) and biofertilizers can
increase maize yield, with SOP having a stronger effect.
Interestingly, the effect of biofertilizers on shoot and root weight
was more pronounced under drought stress than that of SOP.

Organic amendments such as organic fertilizers, composts,
biosolids, biochar, and biofertilizers, and inorganic amendments
such as gypsum, pyrite, lime, and zeolites can be used to increase
crop yields (Sindesi et al., 2023). These soil amendments not only
provide essential nutrients, but also add organic matter to improve
the physical, chemical, and biological properties of the soil. In
agroecosystems, increasing the soil organic carbon (SOC) plays
an important role in mitigation, adaptation, and food security
(Brown et al., 2019). An ongoing field trial in Switzerland
showed the effect of various organic fertilizers, such as green
manure, cereal straw, agricultural manure, and cow manure, on
the accumulation and distribution of SOC in different soil fractions
(Anderson et al., 2022). Novair et al. (2024) determined that the
application of organic amendments is one way to manage low-water
irrigation in paddy soils. However, soil amendments are in line with
circular economy principles and are valuable resources for
agriculture. Before applying soil fertilizers to oilseeds, a thorough
analysis should be performed to assess the potential, limitations, and
impact of soil fertilizers on soil health and crop quality. Local soil
amendments such as organic fertilizers, composts, green manures,
plant residues, and biofertilizers are recommended to improve soil
health and yield production in a sustainable way (Rashmi
et al., 2022).

In another study, Hong et al. (2020) carried out research on the
elimination of heavy metal pollution in soils by chemical additives and
their effects on the antioxidant activity of lettuce and soil enzyme activity.
The aim of the studywas to understand how chemical tweaks can reduce
heavy metal pollution and assess their effects on plant and soil health.
Similarly, Taeprayoon et al. (2022) focused on the application of organic
fertilizers in cadmium-contaminated soils for the phytoremediation of
three bioenergy crops. Their study examined the effectiveness of organic
additives in stabilizing cadmium concentrations and stimulating the
growth of bioenergy crops in contaminated soils. Nayeri et al. (2023)
claimed that phytoremediation is a promising remediation technology
that is a green, sustainable, and cost-effective strategy to bio-remediate
pollutants, especially heavy metals from natural soils, and
water resources.

Wang et al. (2020) studied the effect of soil fertilizers on the
fixation and accumulation of heavy metals in maize grown in multi-

metal-contaminated soils. The objective of this research was to
assess the ability of soil fertilizers to lessen the bioavailability of
heavy metals and ensure safe crop production. Van-Zwieten (2018)
discussed the enduring role of organic matter in eliminating soil
problems for sustainable crop production. This study highlights the
importance of using organic fertilizers to improve soil value and
fertility to ensure sustainable crop productivity.

Conclusion

The application of organic amendments like farmyard manure and
compost not only immobilized the heavy metals in the soil profile but
also improved the biomass of the maize crop. However, the maximum
potential of farmyard manure was observed to immobilize the heavy
metals in the soil profile when it was applied at a rate of 5 tons ha-1.
Among the organic amendments, the application of farmyard manure
proved superior and more effective regarding soil health, as its addition
reduced the concentration of heavy metals (lead, cadmium, nickel, and
arsenic) in soil samples compared with compost application. It is
suggested that farmers, particularly those cultivating land on the
periphery of industrial cities, can use organic amendments to
minimize the toxic impact of wastewater when used as irrigation
water. The main benefit of using farmyard manure as an organic
amendment is that it immobilizes heavy metals in the soil profile,
reducing their concentration and mitigating their toxic impact on soil
health and crop growth. Additionally, it improves soil characteristics
and increases crop biomass, making it an effective and sustainable
solution for managing heavy metal pollution in industrial crop
cultivation.
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