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INTRODUCTION

As global populations grow and climate change 
intensifies, freshwater resources are increasingly 
under pressure, particularly in arid and semi-arid 
regions where water scarcity is already severe. 

Agriculture, the world’s largest consumer of 
freshwater, uses about 70% of available water, 
intensifying competition with other sectors, 
including municipal and industrial demands 1. This 
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competition is expected to worsen as global 
demand for food production rises to meet the needs 
of an expanding population. Consequently, 
alternative water sources, particularly wastewater, 
have garnered attention as potential solutions to 
support agriculture in water-scarce regions. 
Wastewater, derived from municipal, industrial, 
and agricultural sources, is increasingly used for 
irrigation, especially in developing countries where 

access to treated water may be limited 2. 

The use of wastewater for irrigation offers a 
unique set of advantages and challenges. On the 
one hand, wastewater contains essential nutrients 
such as nitrogen, phosphorus, and potassium, 
which can reduce the need for synthetic fertilizers 
and help support soil fertility over time 3. This 
nutrient-rich quality has led to a rise in wastewater 
reuse in agriculture, which can lower production 
costs for farmers and help recycle nutrients within 
agricultural systems. Studies have shown that 
properly treated wastewater can contribute 
positively to soil organic matter, which is essential 
for improving soil structure, water retention, and 

microbial activity 4. 

However, wastewater can also carry various 
contaminants, including heavy metals, pathogens, 
and organic pollutants. If not adequately treated, 
these contaminants can pose significant risks to soil 
health and crop productivity 5. Heavy metals, in 
particular, can accumulate in soils over time, 
leading to potential toxicity for plants and, 
subsequently, for human and animal consumers. 
Contaminants such as lead, cadmium, and arsenic 
have been linked to inhibited plant growth, reduced 
crop yield, and compromised food safety 6. 
Therefore, understanding the impacts of 
wastewater irrigation on soil health is crucial for 
developing safe and sustainable practices for its use 
in agriculture. 

Soil health is fundamental to agricultural 
productivity, as it influences a range of ecosystem 
services, including nutrient cycling, water 
infiltration, and disease suppression 7. Key physical 
properties of soil, such as bulk density, porosity, 
and infiltration rate, are critical indicators of soil 
structure and function. Bulk density, which 
measures soil compaction, can affect root 
penetration and water movement, while porosity 
determines soil’s capacity to hold water and air. 

Infiltration rate, the rate at which water enters the  

soil, is essential for efficient water use and to 
prevent surface runoff and erosion 8. When using 
wastewater for irrigation, assessing these 
properties pre- and post-irrigation is necessary to 
identify potential impacts on soil structure and 
overall health. 

Maize (Zea mays L.) serves as an ideal crop for 
evaluating the effects of wastewater irrigation due 
to its high water and nutrient requirements. As one 
of the world’s most widely cultivated crops, maize 
is integral to food security in many regions, 
particularly in sub-Saharan Africa, Asia, and Latin 
America. Additionally, maize’s sensitivity to soil 
health and water quality makes it a valuable 
indicator crop for testing the suitability of 
wastewater as an irrigation source 9. Maize growth 
and productivity are influenced by various factors, 
including soil fertility, water availability, and 
environmental conditions. By observing growth 
parameters such as germination rate, plant height, 
biomass accumulation, and grain yield, researchers 
can assess the efficacy and safety of wastewater 
irrigation practices on this staple crop 10. 

Given these considerations, this study aims to 
evaluate the viability of wastewater as an irrigation 
source for maize under field conditions.  
 

MATERIALS AND METHODS 

Experimental Design and Location 

The experiment was conducted during spring 
maize growing season at Ayub agriculrure 
Research Institute, Faisalabad. The study area 
experiences a semi-arid climate with average 
temperatures ranging from 25 to 49°C during 
whole growing season. The soil type at the 
experimental site was identified as sandy clay 
loam, with an initial pH of 8.1, EC of 2.48 dSm-1 

and organic matter content of 0.57%. 

A randomized complete block design (RCBD) 
was employed with four treatments and four 
replications to minimize experimental error. The 
treatments included four irrigation sources: 

1. Canal Water (CW) 

2. Tubewell Water (TW) 

3. Sewerage Water (SW) 

4. Industrial Wastewater (IW) 

Each treatment plot measured 10x10 m2, and plots 

were separated by 1 m buffer zones to prevent 

cross-contamination. 
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Soil and Water Analysis 

Prior to the experiment, samples of each water 

source were collected and analyzed for pH, 

electrical conductivity (EC), and concentrations of 

key nutrients nitrogen, phosphorus, potassium and 

contaminants i.e., heavy metals like lead, cadmium 

using atomic absorption spectrophotometer (AAS) 

(Table 1). 

Table 1 

Characteristics of irrigation waters used for treatment 

Water pH 
EC N P K Pb Cd 

dSm-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1 mg kg-1 

CW 7.02 0.74 2.05 2.13 13.42 ND ND 

TW 7.10 1.13 0.13 0.17 1.07 ND ND 

SW 6.89 1.79 4.02 3.41 2.73 0.07 0.02 

IW 7.32 2.34 0.68 0.74 1.46 3.18 0.41 

Soil samples were also collected before (Table 2) 

and after the growing seasons to measure changes 

in physical properties, including: 

● Bulk Density: Determined using the core 

method 11. 
● Porosity: Calculated based on bulk density 

and particle density. 
● Infiltration Rate: Measured using a double-

ring infiltrometer 12. 

Table 2 

Characteristics of soils before cultivation 
Parameter Unit Quantity 

pH  8.1 

Organic Matter % 0.57 

EC dSm-1 2.48 

Texture Sandy Clay Loam 

N % 0.15 

P mg kg-1 7.43 

K mg kg-1 112.6 

Bulk Density g cm-3 1.31 

Porosity % 50.6 

Infiltration Rate mm ha-1 3.42 

 

Maize Growth Measurements 

Maize seeds were sown at a recommended density 

with a standard fertilization regimen. Key growth 

parameters were recorded at regular intervals 

throughout the growing season: 

● Germination Rate: Percentage of seeds that 

germinated within two weeks. 
● Plant Height: Measured at 4, 8, and 12 

weeks post-germination. 
● Biomass: Fresh and dry weight of above-

ground plant parts at harvest. 
● Grain Yield: Total grain weight per plot, 

adjusted to per hectare basis. 

Statistical Analysis 

Data were analyzed using Analysis of Variance 

(ANOVA) to determine the statistical significance 

of differences among treatments. The Least 

Significant Difference (LSD) test was used for 

post-hoc comparisons at a 5% significance level. 

Statistical analysis was performed using Statistix 

8.1® software. 

 

RESULTS AND DISCUSSION 

Soil Physical Properties 

The results in table 3 revealed that the use of 

sewerage water (SW) and industrial wastewater 

(IW) for irrigation significantly altered soil 

physical properties, impacting bulk density, 

porosity, and infiltration rate. Bulk density notably 

increased in SW and IW-irrigated plots, with soils 

exhibiting values up to 15% higher than those 

irrigated with canal water (CW). Specifically, IW-

treated soils showed substantial compaction, with 

bulk density increasing from 1.29 g/cm³ to 1.48 

g/cm³, while SW resulted in a moderate increase. 

The elevated bulk density in IW-irrigated soils 

suggests soil structure degradation due to high 

levels of dissolved and suspended solids, a 

phenomenon commonly observed in wastewater-

irrigated soils 13,14. This compaction effect likely 

results from the accumulation of heavy metals and 

particulates, which clog soil pores, impeding root 

penetration and water movement. 

Conversely, porosity and infiltration rate 

decreased in SW- and IW-treated soils. Porosity 

was reduced by 16% in IW plots, indicating a loss 

of soil aeration capacity, which is essential for root 

respiration and microbial activity. This reduction 

aligns with findings by Rattan et al. 15, who noted 

that repeated application of industrial wastewater 

leads to the deposition of fine particulates and 

metal complexes within soil aggregates, reducing 

air space. Lower infiltration rates were also 

observed, with IW plots experiencing a 20% 
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reduction compared to CW-treated soils. This 

diminished infiltration capacity suggests limited 

water movement into the soil profile, potentially 

causing surface runoff and erosion during heavy 

rainfall events 16. Reduced infiltration can severely 

affect water availability to plants, especially in arid 

regions where rainfall is scarce and irrigation is the 

primary water source. 

The data indicate that IW irrigation promotes 

soil compaction, which could have long-term 

implications for soil structure, plant growth, and 

overall soil health. Though SW-treated soils 

exhibited some structural degradation, they 

maintained relatively better porosity and 

infiltration rates compared to IW, suggesting that 

treated sewerage water could be a viable alternative 

for irrigation with moderate soil health impacts. 

However, these results emphasize the importance 

of regular soil monitoring and treatment 

adjustments to mitigate the risk of compaction in 

wastewater-irrigated fields 4. 

Table 3 

Effect of different types of water applications on 

soil physical health parameters 

Treatment 

Water 

Bulk 

Density 

Total 

Porosity 

Infiltration 

Rate 

g cm-3 % mm hr-1 

Canal Water 

(CW) 
1.29 c 51.3 a 4.17 a 

Tubewell 

Water (TW) 
1.32 bc 50.2 b 3.62 b 

Sewerage 

Water (SW) 
1.37 b 49.3 c 3.41 b 

Industrial 

Water (IW) 
1.48 a 44.16 d 2.99 c 

LSD 0.07 0.43 0.23 

Maize Growth Parameters 

Maize growth parameters, including germination 

rate, plant height, and biomass, responded variably 

to the different irrigation sources as evident from 

table 4. Germination rates remained unaffected 

across treatments, suggesting that initial soil 

moisture and nutrient levels were sufficient to 

support uniform seed germination. However, 

differences in plant height and biomass 

accumulation emerged as plants advanced in their 

growth stages. At 4 and 8 weeks, plant height in 

SW and CW-irrigated plots was comparable, 

indicating that both water sources provided 

adequate nutrients and hydration during early 

vegetative growth. By 12 weeks, however, plants 

irrigated with CW were significantly taller, 

reaching an average of 164.3 cm, compared to 

142.1 cm in IW-treated plots, where heavy metal 

toxicity may have impeded growth 17. 

The trend in biomass accumulation mirrored 

that of plant height, with CW-irrigated plants 

yielding the highest biomass, followed by TW, 

SW, and IW treatments. CW and TW irrigation, 

which are free from heavy metal contaminants, 

provided optimal conditions for nutrient uptake, 

supporting robust growth and biomass production. 

In SW-irrigated plots, moderate biomass was 

observed, suggesting that sewerage water, though 

less ideal than CW, still offered nutritional benefits 

without severely limiting growth. On the other 

hand, IW-treated plants displayed reduced biomass 

accumulation, which can be attributed to the high 

heavy metal content in industrial wastewater 18. 

Toxic metals such as cadmium and lead have been 

shown to interfere with physiological processes in 

plants, including photosynthesis and enzyme 

activity, ultimately reducing growth and biomass 
19. 

These findings underscore the differential 

impact of irrigation water sources on maize growth, 

highlighting that while SW provides a tolerable 

alternative, IW's heavy metal load can hinder 

growth. Further research on specific contaminants 

in IW could offer insight into their individual 

effects on plant metabolism and the threshold 

levels beyond which growth suppression occurs 20.

Table 4 

Effect of different types of water applications on maize growth parameters 
Treatment 

Water 

Germination Plant Height (cm) Biomass Grain Yield 

% 4 WAS 8 WAS 12 WAs t ha-1 t ha-1 

CW 95.78 52.7 113.4 164.3 a 18.17 a 7.0 a 

TW 95.91 51.9 112.4 157.8 a 17.08 b 6.93 a 

SW 95.81 50.4 109.9 145.6 b 13.42 c 5.01 b 

IW 95.77 50.3 109.3 142.1 b 12.80 c 4.42 c 

LSD 0.17 1.43 4.57 6.78 0.81 0.23 
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Maize Yield 

The yield analysis revealed that maize grain yield 
was highest in CW-irrigated plots at 7.0 t/ha, 
closely followed by TW-irrigated plots (Table 4). 
SW-irrigated plots produced a moderate yield, 
suggesting that treated sewerage water can 
maintain reasonable productivity levels, although 
not equivalent to freshwater sources. However, 
IW-irrigated plots recorded the lowest yields, 
significantly lower than CW and TW treatments, 
due to the adverse impact of heavy metals and 
potential toxic elements present in industrial 
wastewater 21. The low yield in IW plots highlights 
the inhibitory effect of heavy metals on nutrient 
uptake and plant metabolism, aligning with 
findings from previous studies 6,15. 

Despite a moderate yield, SW-treated plots 
demonstrated sufficient productivity to be 
considered a potential irrigation option in water-
scarce regions. The comparable grain yields in CW 
and SW plots suggest that treated sewerage water 
may contain beneficial nutrients like nitrogen and 
phosphorus, which support grain filling and 
increase yield 4. However, to maximize the safety 
and effectiveness of SW as an irrigation source, 
ongoing monitoring of nutrient and contaminant 
levels is essential to ensure that adverse effects on 
soil and crop productivity are minimized 3. 

Soil Health Implications 

The implications for soil health are crucial when 
considering the use of wastewater for irrigation. 
The study highlights that untreated or inadequately 
treated wastewater, especially industrial 
wastewater, leads to the accumulation of heavy 
metals in soils, posing risks for long-term soil 
health and productivity. Contaminants such as lead 
and cadmium commonly found in industrial 
effluents, can bind to soil particles, reducing 
microbial activity, nutrient cycling, and root 
growth over time 13,16. Such accumulation not only 
degrades soil structure but also risks contaminating 
crops and, by extension, the food chain, making it 
imperative that water quality be carefully 
monitored. 

Table 4 

Effect of different types of water applications and 

soil health implications 
Treatment 

Water 

Cadmium (Cd) Lead (Pb) 

mg kg-1 mg kg-1 

Canal Water 

(CW) 
ND ND 

Tubewell Water 

(TW) 
ND ND 

Sewerage Water 

(SW) 
0.14 0.97 

Industrial Water 

(IW) 
1.48 8.42 

SW also poses some risks, particularly with regard 

to soil compaction, the study suggests that treated 

sewerage water could offer a viable alternative to 

freshwater sources if properly managed. SW 

irrigation, by supplying organic and inorganic 

nutrients, has the potential to improve soil fertility 

while maintaining maize productivity. 

Nonetheless, regular soil testing, treatment 

adjustments, and contaminant monitoring are 

recommended to ensure that prolonged SW use 

does not compromise soil health 14. 

These findings highlight the importance of 

developing treatment protocols and quality 

assessment standards for wastewater used in 

agriculture. By removing heavy metals and 

reducing the organic pollutant load, treated 

wastewater could serve as a sustainable alternative 

in regions facing water scarcity, aligning with the 

goals of integrated water resource management and 

sustainable agriculture 3,4. 

 

Conclusion 

This study demonstrates that wastewater irrigation 

affects both soil health and maize productivity. 

Canal water and tubewell water remain the most 

beneficial sources for irrigation, supporting 

optimal soil structure and crop yield. However, 

treated sewerage water emerged as a viable 

alternative, sustaining acceptable maize 

productivity without significant degradation to soil 

health. Industrial wastewater, on the other hand, 

adversely impacted soil properties and reduced 

crop yield, underscoring the need for effective 

treatment protocols to mitigate the risks associated 

with heavy metal accumulation. In regions facing 

freshwater shortages, treated wastewater, 

particularly sewerage water, holds potential for 

sustainable irrigation if carefully monitored and 

managed. Future research should focus on 

developing treatment methods to improve 

wastewater quality and investigating the long-term 

effects of wastewater irrigation on soil and crop 

health.
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