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Abstract: The agriculture sector of Pakistan mainly depends on freshwater from groundwater
resources. Deterioration of these resources adversely affected crop yields due to climate change and
human activities. A comprehensive study was conducted to evaluate the groundwater quality of
varying boring depths and the possible effects on the crop yield of cotton in Tehsil Fort Abbas, District
Bahawalnagar, Punjab, Pakistan. A total of 347 samples were collected from the investigated areas.
Results revealed that 86% of samples were declared unfit for irrigation purposes, 6% of samples were
fit, and 8% of samples were marginally fit for irrigation. The ranges for the electrical conductivity
(EC), sodium absorption ratio (SAR), and residual sodium carbonate (RSC) were 0.61–10.49 dS m−1,
0.65 to 5.44 meq L−1, and 0.02 to 5.44 meq L−1, respectively. Regarding the EC of water samples,
the southwestern side of the study area where the lower values were observed was in an acceptable
range in terms of water quality. Differential response to metal contamination was observed in the
study area. Lower contamination of metals was observed in the water samples collected from some
regions on the eastern and western sides of the study area. Principal component analysis (PCA)
showed that by increasing the depth of the bore, the value of EC was also increased. Similarly, for
the cotton lint yield maximum yield (1040 kg acre−1) was observed in the sampling point located in
the southwestern part of the study area due to better quality of irrigation water, while the minimum
cotton lint yield (520 kg acre−1) was noticed in sampling point located in the western side of the
study area. Overall groundwater quality of Tehsil Fort Abbas was unfit for irrigation due to the high
EC values and metal concentrations. The yield showed a negative correlation among all parameters
of water. It was suggested that using the recommended dose of gypsum powder/stone and dilution
of groundwater with canal water reduced the hazards of anions and cations of groundwater for the
accumulation of salts in crops.

Keywords: water quality; metal accumulation; boring depth; sodium absorption ratio; cotton
lint yield

1. Introduction

Water is compulsory for the survival and maintenance of the human population and
economic development [1]. The agriculture sector of Pakistan dominantly depends on
groundwater, and where there is no access to river water, people use well water for drinking
and irrigation purposes [2]. Water is used for various purposes, including growing crops
and making products in factories. In Pakistan, which is a farming country, about 66% of
the total population depends on farming [3,4]. Groundwater is playing an essential role in
expanding irrigated agriculture in many parts of the world. Pakistan is the third-largest
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user of groundwater for irrigation in the world [5]. The surface water supplies are sufficient
to irrigate 27% of the area, whereas the remaining 73% is directly or indirectly irrigated
using groundwater. In the Punjab province, more than 90% of the total groundwater is
abstracted [6]. Currently, 1.2 million private tube wells are working in the country, out of
which 85% are in Punjab, 6.4% are in Sindh, 3.8% are in Khyber-Pakhtunkhwa, and 4.8%
are in the Baluchistan Province [4]. The total groundwater extraction in Pakistan is about
60 billion cubic meters [7]. It is common knowledge that all irrigation water contains
dissolved minerals and salts; however, the concentration and composition of these salts
may vary depending on the source of the water, the depth of boring, and the season [8]. The
farmer must be aware of the concentration and composition of irrigation water at various
times of the year since salts can harm plant growth. The chemical weathering of minerals is
the primary cause of salts in irrigation water (from rocks and soils) [9]. Over millions of
years, much of the salt in geological formations has been naturally dissolved and carried
by water. Aquifer containing fresh water also dissolves salts from minerals [10].

About 10 billion cubic meters of groundwater was used in Pakistan in a year by
the end of 1965, which has increased to about 68 billion cubic meters in 2002 [11]. The
groundwater level in Pakistan is about 20 to 30 m deep. About 17% of the area in Punjab
Province of Pakistan is irrigated with groundwater [4,12]. In Pakistan, water is a sig-
nificant source, about 90% of water is used for irrigation, which provides about 45% of
employment and contributes to 25% gross domestic product (GDP) of the country’s require-
ments [13]. In Pakistan, 26% of the land consists of desert from total arid land, and a total of
21 million hectares (m ha) is cultivated land, of which about 15 m ha consists of irrigated
land and the other 6 m ha under dry agriculture [14]. An ecosystem is affected by using
groundwater and vice versa, according to ECGD & WFD (European Commission Ground-
water Directive and Water Framework Directive) [2,15]. In agricultural areas, land cover
and land use changes are basic parameters to alter groundwater level and quality [2,16].
Pollution of groundwater consists of two parts; one is the deterioration of groundwater
quality and decreases in level due to overuse of groundwater, and the second is a bad
impact on people due to the use of contaminated groundwater [17]. Crop residuals, agro-
chemicals, municipality waste, and natural sources of nitrogen are the foremost sources of
increasing nitrogen content in groundwater [2,4,18].

Irrigation is necessary for crop production in arid and semi-arid areas. The irrigation
water must not contain soluble salts at levels detrimental to plants or have a negative
impact on the soil quality [19]. Most of the time, there is not enough water of such high
quality to meet the needs of crops that are farmed [2,4]. In these circumstances, farmers
are compelled to use irrigation water with high levels of dissolved salts or high residual
sodium carbonate (RSC), which inevitably results in lower crop yields [2,12]. Unwise
use of this water can frequently result in crop failures and the development of saline or
sodic soils, which then necessitate costly remediation to restore their ability to support
plant growth [20]. About 70% of ground and surface water was contaminated in Pakistan,
according to a recent report by Syed et al. [21]. The quality of groundwater in several major
cities of Punjab provinces, i.e., Lahore, Faisalabad, Multan, Sheikhupura, Bahawalpur, and
Bahawalnagar, is badly affected due to the poor management of factories disposal and
sewage drainage [22]. Due to the deterioration of groundwater quality, the soil quality is
badly affected, which has resulted in the decline of the annual yield of crops [2,4,12].

The quality of irrigation water and any possible long-term effects on agricultural
crops of unfit/brackish water must be given serious consideration. Two-thirds of the
rural population is dependent on groundwater for their food security and livelihood,
directly or indirectly. The government needs to take critical steps to protect the rights of
smallholder farmers. In the management of groundwater, one of the major bottlenecks is
the lack of vigorous analysis of the data to comprehensively understand the dynamics of
groundwater use in agriculture and its impacts on the socio-economic conditions of the
farmers and the environment. The quality of groundwater is poor in most areas of Pakistan,
and its continuous use leads to soil degradation, which affects crop yield and creates a
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serious problem of salinization. To this end, this experimental approach hypothesizes that
the groundwater quality is affecting the yield of cotton in the Tehsil Fort Abbas, District
Bahawalnagar, southern Punjab. The main objectives of this research work were to: (1)
assess the groundwater quality and toxic heavy metals concentration from an irrigation
viewpoint using hydro-chemical analysis; (2) investigate the impact of tube well irrigation
on cotton crop yield; check the spatial distribution of groundwater quality using the
GIS tool.

2. Materials and Methods
2.1. Study Area Description

The investigated area was Tehsil Fort Abbas, located in District Bahawalnagar, south-
ern Punjab, Pakistan. The boundaries of District Bahawalnagar in east and south touched
the Indian border while Bahawalpur district is situated on its west and Sutlej River flows on
its northern side. The total area of District Bahawalnagar is about 8878 square kilometers,
encompassing five tehsils and 118 Union Councils. Tehsil Fort Abbas is situated on the
border of Pakistan and India, south of Haroonabad Tehsil, near Faqirwali. Fort Abbas tehsil
is situated in Bahawalnagar district, district of South Punjab, Pakistan, located 29◦11’33”
North and 72◦51’13” East geographically [23]. The Elevation of this city is 163 m (535 ft.)
above sea level. The border of India is situated 5 to 6 km from the eastern side of the city
of Fort Abbas. The study area is bounded by forests, deserts, and agricultural land. The
population of Tehsil Fort Abbas was about 423,529 people by the census of 2017 [24]. The
total land area of Tehsil Fort Abbas is about 254,113 acres, out of which forests occupied
47 acres of the total land. The cultivated land of the study area is 221,924 acres, 32,142 acres
is a non-cultivated land area, and 21,150 acres of land is arid. Orchids in the study area
occupied 1700 acres. Hakra is the only canal that provides most of the water to the area
and is further divided into Hakra Left (H.L) and Hakra Right (H.R), which enters into the
tehsil from north–east. Annual precipitation in the study is recorded to be a maximum of
203 mm (8.01 inches) and a minimum of 1.0 mm (0.04 inches), and the temperature has
been recorded as a maximum of 50.1 ◦C and a minimum of −1.0 ◦C. The foremost crops in
this area are cotton, wheat, and mustard [25].

2.2. Water Sampling

A total of 347 samples were collected of groundwater from different locations in
the study area. Samples of groundwater were collected from different agricultural areas
of Tehsil Fort Abbas by tube wells and turbines. While collecting samples, it has been
considered that the turbine is running for a 30 min minimum. Pre-cleaned plastic bottles
(polypropylene) were used to collect the water samples and stored them for laboratory
analysis. The water samples were labeled according to their source, time, and region from
which they were obtained. Samples were stored at a 15 ◦C temperature until they were
transported into the research laboratory for analysis. GPS coordinates, the yield of cotton,
depth of the borehole, and area irrigated by turbine were recorded at the time of sampling.
The map of the sampling locations is shown in Figure 1.

2.3. Analysis of Samples

Collected samples were taken to the Soil and Water Testing Laboratory Bahawalpur
for analysis. For the determination of the pH of water samples, a pH meter (pH 200 Senso-
direct) and for the electric conductivity (EC), a conductivity meter (CON200 Senso-direct,
Lovibond, Tintometer GmbH, Dortmund, Deutschland) was used by following the standard
protocols. Concentrations of Na+ and K+ were determined using flame photometry (PFP-7,
Jenway, UK). The Ca, Mg, HCO3, CO3, and chloride contents were measured by using
the titration method (EDTA trimetric). Heavy metals (Cd, Mn, Pb, Cu, Zn, and Fe) were
determined by using the atomic absorption spectrometer AAS (AI 1200). All the hydro-
chemical analysis of irrigation water was performed by following the protocols devised
by Richards [26] and Umair et al. [4] and instrument manuals. The sodium adsorption
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ratio (SAR) and residual sodium carbonate (RSC) were calculated by using the equations
given below.
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2.4. Geographical Information Services (GIS)

GPS coordinates were recorded with a location accuracy of ±3.0 m. Maps of different
parameters of the quality of groundwater in the study area are shown and developed using
the ArcGIS 10.3 software. Maps showed results with respect to fit, marginal fit, and unfit
by different colors and marks.

2.5. Statistical Analysis

Basic statistical analysis of the collected data and graphical representations of all
attributes were performed by using Microsoft Excel 2016. All the treatment means were
compared by using Statistics 8.01 [27]. Principal component analysis (PCA) was carried out
by using XLSTAT software, and biplots were generated to compare the correlation among
the observed data. The separate correlation analysis was performed using R software.

3. Results
3.1. Electrical Conductivity (dS/m) Status

The standard value of EC ranged from 0 to 1.45 dS/m. The EC value of the fit samples
ranged between 0 and 1.15 dS/m. It was noticed that 84% of samples were unfit, 9%
samples were marginal fit, and 7% samples were found to be fit based upon standards
defined by the FAO for electrical conductivity criteria for irrigation water (Figure 2).
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3.2. Sodium Absorption Ratio SAR (meq/L)

According to the Food and Agriculture Organization (FAO), the standard value of
SAR for irrigation water ranges from <6 to >10 mmol/L. However, results showed that the
observed SAR ranged from 0.65 to 24.62 mmol/L. Furthermore, it was noticed that 26% of
samples were unfit, 28% samples were marginal fit, and 46% samples were fit based upon
SAR criteria for irrigation water according to the standards defined by the FAO (Figure 3).
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3.3. Ratio of Residual Sodium Carbonate (meq/L)

According to the Food and Agriculture Organization (FAO), the standard value of
RSC for irrigation water varied from <1.25 to >2.5 meq/L. However, results showed that
the observed RSC ranged from 0.02 to 5.44 meq/L (Figure 4). Moreover, it was noticed that
6% of samples were unfit, 6% samples were marginal fit, and 8% samples were fit. The RSC
value of the fit samples was found to be <1.25 meq/L according to the standards defined
by the FAO (Figure 4).
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Figure 4. Status of residual sodium carbonate (RSC) of groundwater in Tehsil Fort Abbas.

To represent the quality status, the criteria for each studied parameter are shown in
Table 1. A total of 347 samples were collected, and 299 samples were considered to be unfit
for irrigation, which was 86% of the total samples. Only 21 samples were found to be fit for
irrigation the purpose; its percentage was 6% of the total samples. One interesting thing
noted was that 27 samples lie in the category of marginal fit and the percentage of these
samples was 8% of the total samples (Figure 5).

Table 1. Criteria for the qualification of irrigation water for fitness.

No. Parameters Fit Marginal Fit Unfit

1 EC dS/m 0 to 1.15 1.15 to 1.45 > 1.45
2 SAR mmol/L < 6 6 to 10 > 10
3 RSC meq/L < 1.25 1.25 to 2.5 > 2.5
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3.4. Metal Analysis of Groundwater

The standard value for Cu, Zn, Fe, Mn, Cd, and Pb contents as described by the
FAO for irrigation water is less than or equal to 0.20, 2.00, 5.00, 0.20, 0.01, and 0.1 ppm,
respectively. The percent response for the fitness of water samples in relation to the heavy
metals was represented in Figure 6. Minimum Cu content of 0.01 ppm and a maximum
value of Cu content of 3.25 ppm were measured in this study; however, Zn contents ranged
between 0.01 and 4.06 ppm. For Cu and Zn contents, it was noticed that 12% and 82% of
samples were fit for irrigation, and 88% and 12% of samples were unfit, respectively. The
Fe contents varied from 0.03 to 9.03 ppm. It was observed that 87% of samples were fit for
irrigation, and 13% of samples were unfit with respect to Fe standard in the study area. The
concentrations of Mn contents ranged between 0.03 and 9.75 ppm in the irrigation water
samples of the study area. It was observed that 2% of samples were found to be fit for
irrigation, and 98% of samples were unfit with respect to Mn standards described by the
FAO. Similarly, minimum Cd and Pb content was measured to be 0.01 ppm for both, and
the maximum was measured to be 3.25 and 3.36 ppm, respectively. It was observed that
0.2% and 5% of samples were fit for irrigation, and 99.7% and 95% of samples were unfit
with respect to the Cd and Pb standards suggested by FAO, respectively.
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Figure 6. Status of heavy metals in collected water samples from Tehsil Fort Abbas.

The overall descriptive analysis of various variables of the irrigation water is depicted
in Table 2. The overall trend of the variables of the current study was also compared with
Ayers and Westcot [28].

Table 2. Descriptive analysis of studied variable of the irrigation water of sampling sites with the
permissible limits.

Present Study Degree of Restriction on
Use [28]

Variables Range Mean S.D. C.V. Skew 1st
Quartile

3rd
Quartile None S to M Never

EC 0.62–10.49 2.90 1.68 58.05 1.24 1.72 4.13 <0.7 0.7–3.0 >3.0
Ca + Mg 1.48–1919.0 19.06 115.89 607.87 14.61 7.10 12.06 - - -
Bicarbonates 4.08–17.40 8.25 2.35 28.54 0.57 6.42 9.88 <1.5 1.5–8.5 >8.5
Sodium 1.18–1957.0 23.57 104.91 445.07 18.11 8.56 24.80 <3 3–9 >9

Cl 0.12–40.0 3.31 3.08 93.01 5.64 1.92 4.12 <4 4–10 >10
SAR 0.65–483.0 9.03 25.93 287.19 17.66 4.32 10.55 >0.7 0.7–0.2 >0.2
RSC 0.00–5.44 0.39 1.02 263.44 3.05 0.00 0.00 <1.5 1.50–2.50 >2.50
Cd 0.01–3.25 1.03 0.69 67.43 0.52 0.36 3.25 - - >0.01
Cu 0.01–3.25 1.03 0.70 67.38 0.52 0.36 1.45 - - >0.20
Fe 0.03–9.03 2.88 1.94 67.40 0.52 1.00 4.03 - - >5.0
Zn 0.01–4.06 1.29 0.87 67.36 0.52 0.45 1.81 - - >2.0
Pb 0.01–3.36 1.07 0.72 67.39 0.51 0.37 1.50 - - >5.0

EC = electrical conductivity; Cl = chloride contents; SAR = sodium absorption ratio; RSC = residual sodium
carbonate; Cd = cadmium contents; Cu = copper contents; Fe = iron contents; Zn = zinc contents; Pb = lead
contents; S.D. = standard deviation; C.V. = coefficient of variation; S to M; slight to moderate.

3.5. Effect of Groundwater Quality on Annual Cotton Yield

The average cotton yield in the studied areas is shown in Table 3. The data revealed
that the average cotton yield was decreasing every year due to a shortage of river water
supply and the overuse of low-quality groundwater. The maximum cotton yield was
recorded to be 1040 ± 65.32 kg/acre from the point located on the southwestern side of the
study area, followed by 733.34 ± 49.9 Kg/acre located in the western side of the study area,
while minimum cotton yields were recorded as 493 ± 82.19 Kg/acre in the sampling site
located on the eastern side of the experimental site. The main reason behind this was that
most of the samples collected from the southwestern side of the experimental side were
found to be fit for irrigation purposes according to standard values.
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Table 3. Average cotton yield with respect to investigated area.

Sampling Points Location in Study Area No. of Respondents Average kg/Acre Water Quality Status

Chak no. 316 h/r marot South Western Side 36 1040 ± 65.32 Fit
Chak no. 329 h/r marot Western Side 26 760 ± 65.32 Marginal Fit
Chak no. 325 h/r marot Western Side 15 520 ± 65.32 Unfit
Chak no. 341 h/r marot Western Side 17 906.67 ± 82.19 Marginal Fit
Chak no. 313 h/r marot Eastern Side 18 493.4 ± 82.19 Unfit
Chak no. 310 h/r marot Eastern Side 12 920 ± 97.98 UnFit
Chak no. 338 h/r marot Southwestern Side 12 866.67 ± 82.19 Unfit
Chak no. 328 h/r marot Western Side 16 946.67 ± 82.19 Marginal Fit
Chak no. 319 h/r marot Western Side 41 933.34 ± 67.99 Marginal Fit
Chak no. 314 h/r marot Eastern Side 27 760 ± 65.32 Unfit
Chak no. 317 h/r marot Southwestern Side 32 1000 ± 65.32 Fit
Chak no. 326 h/r marot Western Side 18 733.34 ± 49.9 Unfit
Chak no. 315 h/r marot Eastern Side 17 826.67 ± 99.8 Unfit
Chak no. 340 h/r marot Western Side 2 920 ± 97.98 Unfit
Chak no. 318 h/r marot Western Side 17 960 ± 97.98 Marginal Fit
Chak no. 324 h/r marot Western Side 13 813.34 ± 82.19 Unfit
Chak no. 204 h/b alif

walhar Eastern Side 15 760 ± 65.32 Unfit

Chak no. 327 h/r marot Western Side 3 813.34 ± 82.19 Unfit
Chak no. 312 h/r marot Eastern Side 9 946.67 ± 82.19 Marginal Fit
Chak no. 311 h/r marot Eastern Side 1 840 ± 86.41 Unfit

3.6. Principal Component and Correlation Analysis

Principal component analysis showed that EC was highly dependent on the depth
of boring (Figure 7). When the depth of bore of a tube well or turbine was increased,
it decreased the value of EC, chloride, and carbonate in water samples. The sodium
absorption ratio was also dependent on the depth of the borehole of a turbine. PCA pointed
to several clusters based on metal contents, major cations and anions (saline water), and the
water extraction depth. Deeper the water extraction depth, the lower the dissolved salts
and, therefore, the better the quality of irrigation water. A cluster of desert soils plots away
from the main groups is marked by the low yield of crops. It is located on the eastern side
of the study area, including part of the Cholistan desert (sandy soils). The high-yield areas
are located away from the desert soils on the western side of the study area. A general
trend of increasing crop productivity is shown by the arrows in the study area
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Cluster two do not show any influence on cluster one or any other components. The
statistical analysis explored that cotton yield showed a negative correlation among all
studied parameters. The EC and Ca++ showed a strong positive correlation (0.81), while
CO3 and HCO3 showed a moderate positive correlation (0.63). The correlation data revealed
that with the increment in EC of irrigation water, the crop yield decreased with a similar
trend in the case of Na+ and SAR (Figure 8).
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4. Discussion

Irrigation of crops with brackish water is directly linked to increasing salt accumulation
in the rhizosphere and loss of crop productivity [29]. The continuous use of saline water
affects the physico-chemical attributes of soil health with a subsequent decline in crop
yield [30,31]. In the current study, we have found a large variation in the quality of irrigation
water collected from Tehsil Fort Abbas. The change in EC, SAR, and RSC values of collected
irrigation water from all sites indicates the level of suitability and associated limitations on
the yield of the cotton crop.

4.1. Groundwater Quality in Relation to EC, SAR, RSC

The study showed that the tube well water of the large area was unfit due to the
higher EC, SAR, and RSC. The EC values of samples taken from the selected locations
indicated that water has almost the same ionic composition in the studied areas. The
EC value was recorded in the range of 615 to10,490 meq L−1. These results are also in
agreement with the earlier study conducted by Riaz et al. [4], in which the EC values varied
from 0.031 to 15.39 meq L−1. The small but non-significant variation in EC of irrigation
groundwater is affected by the composition of all the constituents available in ionic forms,
notably the hydrogen and hydroxyl ions [32]. Non-significant variation in tested samples
was attributed to either better quality groundwater or due to the source’s proximity to
the water channel [33]. Crop development and yield may be limited by changes in the
water’s chemical attributes collected from each site. Long-term irrigation of such water may
produce soil salinity and deterioration, which can have a negative effect on agricultural
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yields, according to previous research described by Hammam and Mohamed [34] and
Singh [35].

All the water samples showed a wide range of SAR values (0.65–24.62 mmol/L).
Significant variation was noticed in the sodium absorption ratio of irrigation groundwater
samples. Some sampling locations in the study area showed SAR values above the per-
missible limits as described by the Food and Agriculture Organization (FAO). Soil EC and
SAR increase due to continuous irrigation with brackish water, which eventually degrades
soil’s physical and chemical properties [36]. The increase in salinity and SAR values is
the primary cause of reduced crop growth and production in brackish water [37,38]. The
variation in the SAR of irrigation groundwater samples was expected to be the lowest if
proper management practices were employed [39]. Statistically, the highest RSC value
(5.44 meq L−1) while the minimum RSC value (0.02 meq L−1) was found in water samples
collected in sampling locations.

High amounts of limestone and magnesium carbonate may also be attributed to a
higher level of RSC in these areas [40]. The problem of RSC becomes more serious due to
the presence of mineral material rich in certain elements [41]. Another possible source of
increased RSC is the presence of inorganic materials in the groundwater [42]. A previous
study conducted by Riaz et al. [4] confirmed RSC values up to 43.3 meq L−1 in samples of
groundwater from the Bahawalpur region. Similarly, significant variation in the chloride
contents was noticed in the irrigation groundwater samples from all of the sites. The
increase in parameters such as RSC and Ca2+ is linked to other soil issues that arise from
irrigation with brackish water [43]. Because of the lower quality of the irrigation water,
soils with high RSC [4] show increased sodium concentration. Excessive ion concentrations
damage soil structure and characteristics in addition to harming plants [44]. Most of the
water samples showed maximum chloride contents, and some were above the permissible
limits as described by the FAO safe irrigation groundwater. The main reason behind this
might be due to the geogenic sources and the chemical weathering of carbonate materials
in the local aquifer [45,46].

4.2. Groundwater Quality and Heavy Metals

The current study showed a variation of six types of heavy metals (Cu, Zn, Fe, Mn, Cd,
and Pb) that were measured in the irrigation groundwater samples collected from different
locations in the Fort Abbas area. Similar findings were also observed by Charvalas et al. [47],
who assessed heavy metals in the groundwater of Greece and reported the levels of the
most frequently detected elements, including Cu, Zn, Fe, Mn, Cd, and Pb. Recently, Kubier
et al. [43] reported the heavy metal residues in irrigation groundwater resources to be Fe,
Mn, Cd, and Pb. The heavy metal levels in irrigation groundwater also depend upon their
chemical properties and types of source minerals, which affect solubility and absorption of
pesticides resulting in pesticide accumulation, migration, and diffusion. It can be seen that
water resources are currently suffering from widespread pesticide pollution [48].

4.3. Groundwater Quality and Cotton Yield

Findings of the current study revealed that the lint yield of cotton is affected by the
presence of pollutants in the groundwater. The observed decrease in cotton lint production
attributable to water quality is positively linked with water characteristics [49]. In our
investigation, using brackish water reduced the amount of lint produced. High Na+,
osmotic shifts in the soil, and limited mineral nutrient uptake from the soil can all have a
substantial negative impact on cotton growth and output [50]. Additionally, the quantity
and frequency of irrigation were major factors in salt buildup in the soil, and a year of
continuous irrigation with brackish water led to a significant rise in salt concentration [51].
Our results depicted that use of such irrigation water having higher levels of EC, SAR, and
RSC decreased cotton lint yield. Earlier studies reported that irrigation with saline water
decreased water uptake and CO2 assimilation. Due to the effect of these processes, plant
productivity is affected [52,53].
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5. Conclusions

Monitoring of water quality has emerged as one of the most important concerns in
irrigated agriculture. In the study area, high sodium ion and bicarbonate ion concentrations
are affecting groundwater quality and causing environmental risks. It was obvious that
84% of samples were unfit due to the high EC, 26% samples were due to SAR, 6% samples
were due to RSC, 88% samples were due to Cu, 18% were due to Zn, 13% were due to Fe,
98% were due to Mn, 99.7% were due to Cd, and 95% were unfit due to Pb concentration.
The SAR and RSC values indicate that the water quality for irrigation is not fit, and with the
passage of time, water quality is degrading, possibly due to intensive fertilizer application
and other anthropogenic activities. Furthermore, there was an inverse relationship between
groundwater quality and boring depth. It was evident from these results that the use of sub-
standard groundwater could reduce cotton crop production and the income of farmers if
used without proper precautions. The prolonged use of such water for irrigation purposes
may pose soil salinity and sodicity problems. Therefore, it is recommended that the
environmental protection agencies and the irrigation department should develop policies
for groundwater quality protection and that areas having higher SAR and RSC values
should use groundwater mixed with the canal water to reduce the hardness. Gypsum may
be used as a softener for irrigation. Efficient irrigation technologies should be provided to
the farmers so that they can use available water efficiently.
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32. Bodale, I.; Mihalache, G.; Achiţei, V.; Teliban, G.C.; Cazacu, A.; Stoleru, V. Evaluation of the Nutrients Uptake by Tomato Plants in
Different Phenological Stages Using an Electrical Conductivity Technique. Agriculture 2021, 11, 292. [CrossRef]

33. Jehan, S.; Ullah, I.; Khan, S.; Muhammad, S.; Khattak, S.A.; Khan, T. Evaluation of the Swat River, Northern Pakistan, water quality
using multivariate statistical techniques and water quality index (WQI) model. Environ. Sci. Pollut. Res. 2020, 27, 38545–38558.
[CrossRef]

34. Corwin, D.L.; Scudiero, E. Review of soil salinity assessment for agriculture across multiple scales using proximal and/or remote
sensors. Adv. Agron. 2019, 158, 1–130.

35. Singh, A. Salinization and drainage problems of agricultural land. Irrig. Drain. 2020, 69, 844–853. [CrossRef]
36. Hendawy, E.; Belal, A.A.; Mohamed, E.S.; Elfadaly, A.; Murgante, B.; Aldosari, A.A.; Lasaponara, R. The prediction and

assessment of the impacts of soil sealing on agricultural land in the North Nile Delta (Egypt) using satellite data and GIS
modeling. Sustainability 2019, 11, 4662. [CrossRef]

http://doi.org/10.1007/s13201-021-01376-7
http://doi.org/10.46660/ijeeg.Vol12.Iss1.2021.563
http://doi.org/10.3390/su13095303
http://doi.org/10.1007/s11842-020-09470-5
http://doi.org/10.1007/s11356-021-13753-5
http://www.ncbi.nlm.nih.gov/pubmed/33797047
http://doi.org/10.3390/w13010025
http://doi.org/10.3390/w13192672
http://doi.org/10.1080/00103624.2020.1854294
http://doi.org/10.1007/s10668-022-02403-6
http://www.maplandia.com/pakistan/punjab/bahawalnagar/fort-abbas/
http://www.maplandia.com/pakistan/punjab/bahawalnagar/fort-abbas/
http://doi.org/10.2965/jwet.21-110
http://doi.org/10.1016/j.ejrs.2018.11.002
http://doi.org/10.1007/s12298-021-00963-x
http://doi.org/10.3390/agriculture11040292
http://doi.org/10.1007/s11356-020-09688-y
http://doi.org/10.1002/ird.2477
http://doi.org/10.3390/su11174662


Water 2022, 14, 3136 14 of 14

37. Abbas, A.M.; Abd-Elmabod, S.K.; El-Ashry, S.M.; Soliman, W.S.; El-Tayeh, N.; Castillo, J.M. Capability of the invasive tree Prosopis
glandulosa Torr. to remediate soil treated with sewage sludge. Sustainability 2019, 11, 2711. [CrossRef]

38. Ullah, S.; Ai, C.; Huang, S.; Song, D.; Abbas, T.; Zhang, J.; He, P. Substituting ecological intensification of agriculture for conventional
agricultural practices increased yield and decreased nitrogen losses in North China. Appl. Soil Ecol. 2020, 147, 103395. [CrossRef]

39. Makki, Z.F.; Zuhaira, A.A.; Al-Jubouri, S.M.; Al-Hamd, R.K.S.; Cunningham, L.S. GIS-based assessment of groundwater quality
for drinking and irrigation purposes in central Iraq. Environ. Monit. Assess. 2021, 193, 107. [CrossRef] [PubMed]

40. Samtio, M.S.; Rajper, K.H.; Mastoi, A.S.; Sadaf, R.; Rajper, R.H.; Hakro, A.A.; Lanjwani, M.F. Hydrochemical assessment of
groundwater from taluka Dahili, Thar Desert, Pakistan, for irrigation purpose using water quality indices. Int. J. Environ. Anal. Chem.
2021, 1–17. [CrossRef]

41. Siddique, A.; Waseem, M.; Haq, F.U.; Sattar, M.N.; Khan, N.M. Statistical modelling of drought and groundwater quality nexus.
In Book of Abstracts; International Conference on Energy, Water and Environment – ICEWE-2021; University of Engineering and
Technology: Lahore, Pakistan, 2021; p. 436.

42. Duy Thanh, L.; Jougnot, D.; Van Do, P.; Van Nghia, A.N. A physically based model for the electrical conductivity of water-saturated
porous media. Geophys. J. Int. 2019, 219, 866–876. [CrossRef]

43. Kadam, A.; Wagh, V.; Jacobs, J.; Patil, S.; Pawar, N.; Umrikar, B.; Sankhua, R.; Kumar, S. Integrated approach for the evaluation of
groundwater quality through hydro geochemistry and human health risk from Shivganga river basin, Pune, Maharashtra, India.
Environ. Sci. Pollut. Res. 2022, 29, 4311–4333. [CrossRef]

44. Chen, R.; Liu, L.; Li, Y.; Zhai, Y.; Chen, H.; Hu, B.; Zhang, Q.; Teng, Y. Characteristics of Hydro-Geochemistry and Groundwater
Pollution in Songnen Plain in Northeastern China. Sustainability 2022, 14, 6527. [CrossRef]

45. Khan, S.; Guan, Y.; Khan, F.; Khan, Z. A Comprehensive Index for Measuring Water Security in an Urbanizing World: The Case of
Pakistan’s Capital. Water 2020, 12, 166. [CrossRef]

46. Kubier, A.; Wilkin, R.T.; Pichler, T. Cadmium in soils and ground-water: A review. J. Appl. Geochem. 2019, 539, 125–134.
47. Charvalas, G.; Solomou, A.D.; Giannoulis, K.D.; Skoufogianni, E.; Bartzialis, D.; Emmanouil, C.; Danalatos, N.G. Determi-

nation of heavy metals in the territory of contaminated areas of Greece and their restoration through hyperaccumulators.
Environ. Sci. Pollut. Res. 2021, 28, 3858–3863. [CrossRef]

48. Azam, S.M.R.; Ma, H.; Xu, B.; Devi, S.; Siddique, M.A.B.; Stanley, S.L.; Bhandari, B.; Zhu, J. Efficacy of ultrasound treatment in the
removal of pesticide residues from fresh vegetables: A review. Trends Food Sci. Technol. 2020, 97, 417–432. [CrossRef]

49. Liu, B.; Wang, S.; Kong, X.; Liu, X.; Sun, H. Modeling and assessing feasibility of long-term brackish water irrigation in vertically
homogeneous and heterogeneous cultivated lowland in the North China Plain. Agric. Water Manag. 2019, 211, 98–110. [CrossRef]

50. Di Mola, I.; Conti, S.; Cozzolino, E.; Melchionna, G.; Ottaiano, L.; Testa, A.; Sabatino, L.; Rouphael, Y.; Mori, M. Plant-based
protein hydrolysate improves salinity tolerance in Hemp: Agronomical and physiological aspects. Agronomy 2021, 11, 342.
[CrossRef]

51. Che, Z.; Wang, J.; Li, J. Effects of water quality, irrigation amount and nitrogen applied on soil salinity and cotton production
under mulched drip irrigation in arid Northwest China. Agric. Water Manag. 2021, 247, 106738. [CrossRef]

52. Arshad, M.; Awais, M.; Bashir, R.; Ahmad, S.R.; Anwar-Ul-Haq, M.; Senousy, H.H.; Iftikhar, M.; Anjum, M.U.; Ramzan, S.;
Alharbi, S.A.; et al. Assessment of wheat productivity responses and soil health dynamics under brackish ground water.
Saudi J. Biol. Sci. 2022, 29, 793–803. [CrossRef] [PubMed]

53. Wei, K.; Zhang, J.; Wang, Q.; Guo, Y.; Mu, W. Irrigation with ionized brackish water affects cotton yield and water use efficiency.
Ind. Crops Prod. 2022, 175, 114244. [CrossRef]

http://doi.org/10.3390/su11092711
http://doi.org/10.1016/j.apsoil.2019.103395
http://doi.org/10.1007/s10661-021-08858-w
http://www.ncbi.nlm.nih.gov/pubmed/33532931
http://doi.org/10.1080/03067319.2021.1893705
http://doi.org/10.1093/gji/ggz328
http://doi.org/10.1007/s11356-021-15554-2
http://doi.org/10.3390/su14116527
http://doi.org/10.3390/w12010166
http://doi.org/10.1007/s11356-020-11920-8
http://doi.org/10.1016/j.tifs.2020.01.028
http://doi.org/10.1016/j.agwat.2018.09.030
http://doi.org/10.3390/agronomy11020342
http://doi.org/10.1016/j.agwat.2021.106738
http://doi.org/10.1016/j.sjbs.2021.11.017
http://www.ncbi.nlm.nih.gov/pubmed/35197746
http://doi.org/10.1016/j.indcrop.2021.114244

	Introduction 
	Materials and Methods 
	Study Area Description 
	Water Sampling 
	Analysis of Samples 
	Geographical Information Services (GIS) 
	Statistical Analysis 

	Results 
	Electrical Conductivity (dS/m ) Status 
	Sodium Absorption Ratio SAR (meq/L ) 
	Ratio of Residual Sodium Carbonate (meq/L ) 
	Metal Analysis of Groundwater 
	Effect of Groundwater Quality on Annual Cotton Yield 
	Principal Component and Correlation Analysis 

	Discussion 
	Groundwater Quality in Relation to EC, SAR, RSC 
	Groundwater Quality and Heavy Metals 
	Groundwater Quality and Cotton Yield 

	Conclusions 
	References

