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Abstract
Water stress due to climate change is an emerging threat to wheat (Triticum aestivum L.) productivity in the arid regions of the
world which will impact the future food security. In this scenario, the investigations are needed to check the feasibility of alternate
sources of irrigation water to fulfill the irrigation demands of the crops in the arid regions. This 2-year study was aimed to
investigate the influence of three irrigation sources (sewage water, canal water, and underground water) on the productivity of 10
wheat cultivars under an arid climate of Layyah, Pakistan. The results indicated that the number of fertile tillers, grains per spike,
1000-grain weight, and grain yield varied from 114 to 168 m−2, 34.8 to 53.3, 33.4 to 38.4 g, and 2.68 to 4.05 Mg ha−1,
respectively in various wheat cultivars. The highest fertile tillers (168 m−2) were recorded in cultivar Gold-2016 followed by
Aas-2011 (155 cm), AARI-2011 (153 m−2), and Ujala-2016 (150 m−2). The highest 1000-grain weight of 38.4 g was recorded in
cultivar NARC-2016. The grains per spike (53.3) were the highest in cultivar Ujala-2016. The grain yields were the highest in
cultivars Ujala-2016 (4.05 Mg ha−1) and Gold-2016 (3.91 Mg ha−1). The highest grain yield of 3.71 Mg ha−1 was recorded with
sewage water irrigation against the grain yield of 3.18 and 2.91 Mg ha−1 in canal and underground water irrigation, respectively.
There existed a strong co-relation of fertile tillers and grains per spike with the grain yield of wheat. Application of sewage water
also enhanced the total nitrogen, extractable potassium, and available phosphorous in soil. In crux, the cultivation of recently
bread wheat cultivars (viz. Ujala-2016, Gold-2016) and the irrigation of field with sewage water in the absence of canal water
might be a viable option to boost wheat productivity under arid regions. A range of genetic variability existed for different traits in
the cultivars; therefore, these can be used to breed wheat cultivars to be used for sewage water cultivation.

Keywords Climate change;Breadwheat .Water shortage . Sewagewater .Canalwater .Arid climate .Wheat productivity . Food
security

Introduction

Bread wheat (Triticum aestivum L.) is the most important
cereal and staple food of the world which provides basic nu-
trition to the world population (Ul-Allah 2018). It is grown in
an area of ˃ 220 million ha of the world under diverse envi-
ronmental and geographical locations (FAO 2016). Its overall

production in the world is more than ~ 749 million tons (FAO
2016). The average yield of wheat in developing countries is
15% lower than that of the developed countries (FAO 2016).
The main reasons for lower wheat yields are low genetic po-
tential of available wheat cultivars, less availability and lower
quality of irrigation water, and poor management of biotic and
abiotic stresses (Rehman et al. 2015).

The semi-arid and arid regions occupy 30% of the total
land area within 80 countries of the world, mainly in Asia
and Africa; 40% of the world population lives in these areas.
In arid areas, the annual rainfall is less than 250 mm and the
irrigation facilities are also limited (Sivakumar et al. 2011)
which hampers the crop productivity in these areas. The de-
pletion of surface water resources and aquifers is also
threating the future water utilization patterns (Qureshi 2015;
Mekonnen et al. 2016; Wada 2016) in arid regions of the
world which will impact the wheat productivity and ultimately
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the food security. It has been reported that the water scarcity
will be double in the next 30 years, especially in arid and semi-
arid regions of the world (Balon and Dehnad 2006). Khan
et al. (2006) reported that the water availability is expected
to decline from 72 to 62% from 1995 to 2020. Moreover, the
competition for fresh water due to rapid urbanization and in-
dustrialization will also reduce the availability of water for
agriculture (Cumming et al. 2014; Jabeen et al. 2015; Shao
et al. 2017) in the near future.

Indeed, the seasonal water stress due to uneven distribution
of rainfall (Farooq and Siddique 2016; Nyagumbo et al. 2017;
Chalise et al. 2017) limits the crop development and yield to a
large extent in many parts of the world. Many studies have
reported that water stress reduces the productivity of bread
wheat in many regions of the world (Alexieva et al. 2001;
Nawaz et al. 2013) resulting in food insecurity.

Thus, it is essential to search for alternative resources of
water for maximizing the wheat production to fulfill the die-
tary needs of the human population. Beside canal water, there
are some other water sources (e.g., sewage water and under-
ground water) which can be used for irrigation purposes in the
future. Indeed, the sewage water consists of several macro-
and micro-nutrients which can improve the crop growth
(Singh and Agrawal 2008; Srinivas et al. 2014; Anwar et al.
2016; Galal and Shehata 2015). For example, Rattan et al.
(2005) found a high amount of phosphorus, potassium, sul-
phur, zinc, and manganese in sewage water which improved
the soil organic matter contents (38–79%) than the under-
ground water. Sewage water application also reduced the soil
pH by 0.4 units. The tissue lead and cadmium concentration
was also within the permissible limit due to sewage water
application (Rattan et al. 2005).

For this study, we hypothesized that the use of sewage
water might be a useful alternative to canal and underground
water for sustainable wheat production in arid regions. The
specific objective of this study was to investigate the response
of different wheat cultivars to different irrigation resources
(i.e., canal water, sewage water, and tube well water) under
an arid climate.

Materials and methods

Experimental site, soil, and weather

This 2-year study was conducted at the Research Area of the
College of Agriculture, Bahauddin Zakariya University,
Bahadur Sub-Campus Layyah (latitude 31.25° N and longi-
tude 73.09° E), Punjab, Pakistan, during 2015–2016 and
2016–2017. The weather data including the temperature and
rainfall is given in Table 1. The experimental soil was sandy
loam with soil pH of 8 and electrical conductivity of
0.31 dS m−1. The post-harvest soil analysis revealed that the
soil irrigated with canal water, tube well water, and sewage
water had pH of 7.71–7.80, 7.93–8.01, and 8.05–8.08, respec-
tively during both years. The post-harvest soil electrical con-
ductivity for canal water, tube well water, and sewage water
irrigated plots was 0.31–0.33, 0.38–0.45, and 0.36–0.37, re-
spectively during both years.

Experimental design

The experiment was laid out in randomized complete block de-
sign (RCBD) in split plot arrangement keeping three irrigation
water sources (household sewage water, canal water, and under-
ground water) in main plots and ten wheat cultivars (i.e., Galaxy-
2013, Sehar-2006, AARI-2011, Gold-2016, NARC-2016, Ujala-
2016, Faisalabad-2008, Punjab-2011, Aas-2011, and Lasani-
2008) in sub plots having four replications with a net plot size
of 7.5 m× 1.80 m. There were eight rows of each cultivar in an
individual plot, whichwere 25 cm part. These tenwheat cultivars
are widely grown in the province of Punjab, Pakistan, as they are
high yielding, have better resistance to fungal diseases, and can
better cope with the abiotic stresses including drought and heat in
the arid and semi-arid of the country.

Crop husbandry

Seeds of all the wheat varieties were sown on November
11 and 16 during 2015 and 2016, respectively at a

Table 1 Weather data during the
experimental period at the
experimental site

Months Rainfall (mm) Maximum temperature (°C) Minimum temperature (°C)

2015–2016 2016–2017 2015–2016 2016–2017 2015–2016 2016–2017

November 17.0 15.3 25.22 24.01 13.1 12.0

December 9.20 5.8 22.75 23.10 6.21 5.90

January 31.3 48.8 19.63 18.16 5.90 6.5

February 22.0 19.1 22.36 23.56 8.80 8.22

March 25.0 27.6 28.55 27.43 15.26 14.13

April 9.0 5.0 37.45 37.15 20.21 20.24

Agro-meteorological center, Karor Lal Eason, Layyah
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recommended seed rate of 100 kg ha−1. The row to row
distance was maintained at 22.5 cm. Based on soil analy-
sis report, nitrogen (N), phosphorus (P), and potassium
(K) were applied at the rate of 100, 90, and 75 kg ha−1,
respectively. Sulfate of potash (50% K2O), urea (46% N),
and diammonium phosphate (DAP) (18%N, 46% P2O5)
were used as source of K, N, and P, respectively. Full P
and K and half N were applied at sowing; the remaining
N was applied at the first and second irrigation. Weeds
were controlled manually (through hand pulling) in the
experimental plots. Pre-sowing irrigation of 100 mm was
given before the sowing of crop to bring the experimental
soil at field capacity for seed sowing. After the wheat
sowing, five irrigations (each of 75 mm) were given to
the crop during the entire life cycle. The irrigation was
applied using the various irrigation water sources as per
treatment. The sewage water was applied from a city sew-
age water collection unit situated 2 km away from the
experimental site via an irrigation channel. The properties
of three irrigation water sources used in the study are
given in Table 2. Crop was harvested on April 18, 2016
and April 20, 2017 at harvest maturity. Each plot was
harvested separately and was threshed to record the yield
and other related traits.

Data recording

Morphological and yield parameters

Data on plant height, fertile tillers, spike length, 1000-grain
weight, grains per spike, and grain yield was recorded
following the standard procedures as detailed in Farooq
and Nawaz (2014) and Nawaz et al. (2016). Straw yield
was recorded by threshing the harvested wheat samples
from each plot and after separating the straw from the seed
using a mini-thresher, and straw yield was later expressed in
Mg ha−1. The harvest index was calculated as the ratio of
biological yield (straw yield + grain yield) to the grain yield,
expressed in percentage.

Soil properties

Soil pH and electrical conductivity were measured in 1:2.5
soil water moisture using Thermo Scientific Orion 4-star me-
ter (Thermo Fisher Scientific Inc., Beverly, MA). Data on total
nitrogen (Bremner and Mulvaney 1982), available phospho-
rous (Olsen et al. 1954), extractable potassium (Richards
1954), and soil organic matter (Walkley and Black 1934)
was recorded following the standard procedures as detailed
elsewhere.

Determination of heavy metals

For the determination of heavy metals (chromium, copper,
nickel, lead) in sewage water, a sample of 1 L sewage waste
water was collected from the entrance point of water in the
field. This 1-L sample was treated with 1.5 mL of concentrat-
ed HNO3. From this, a 50-mL water sample in an evaporating
dish was taken and evaporated on a steam bath until the vol-
ume of 20 mL was retained in dish. It was followed by an
addition of 10 mL of 8 M HNO3 (98% pure) in that 20-mL
volume and was further evaporated to near dryness on a hot
plate. The residue was quantitatively transferred using two
aliquots of 10 and 15 mL of concentrated HNO3 into a
250-mL flask. In this, 20 mL of HClO4 was added followed
by boiling until the solution became clear and white fumes of
HCIO4 appeared. It was cooled and 50 mL of distilled water
(de-ionized) was added followed by filtration of the solution.
The resulting filtered solution was transferred to a volumetric
flask of 100 mL volume in two portions of 5 mL distilled
water (de-ionized). The solution was further diluted to mark
and mixed thoroughly by shaking. Finally, the heavy metals
under were determined by using an atomic absorption spec-
trophotometer (model AA-6300 Shimadzu). Copper and lead
were within the permissible limits (Table 3). Nickel and chro-
mium were within the permissible limits (Table 3) according
to Chiroma et al. (2014) but were higher according to Pescod
(1992). Thus, the uptake of these metals bywheat plant should
be measured in the future studies.

Table 2 Properties of different water sources used for irrigation

Irrigation water source pH EC
(dS m−1)

Ca +2 Mg+2

(meq L−1)
Na+

(meq L−1)
CO3

- HCO3
-

(meq L−1)
Cl- SAR RSC

(meq L−1)

Tube well water 7.21 0.778 6.41 1.37 Nil 5.40 – Nil 0.76

Canal water 7.03 0.472 4.56 0.16 Nil 4.23 – Nil 0.10

Sewage water 7.50 0.792 5.46 1.20 Nil 4.67 – Nil 0.33

EC electrical conductivity, Ca calcium, Mg magnesium, Na sodium, CO3 carbonate, HCO3 bicarbonate, SAR sodium absorption ratio, RSC residual
sodium carbonate

All the values are the average of 2 years
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Statistical analysis

After, recording data on all parameters, it was transferred into
Microsoft Excel and was statistically analyzed with statistical
software BStatistix 8.1^ under randomized complete block
design in split plot arrangement. The significance of treatment
means was estimated by Fisher analysis of variance technique
and the significant treatment means (main effects and interac-
tion) were separated using least significant difference test at
5% probability level (Steel et al. 1997). Year effect was non-
significant; thus, the data for both years has been pooled and
presented.

Results

Morphological and yield parameters

This study indicated that different wheat cultivars significantly
(p ≤ 0.05) differed for plant height, fertile tillers, spike length,
1000-grain weight, grains per spike, straw yield, grain yield,
and harvest index of wheat (Tables 4 and 5). Likewise, plant
height, fertile tillers, 1000-grain weight, grains per spike, straw
yield, and grain yield were significantly (p ≤ 0.05) different
among various irrigation sources, results being non-significant
for spike length and harvest index (Tables 4 and 5). The inter-
action of wheat cultivars with the irrigation water sources was
also significant (p ≤ 0.05) for grain yield (Tables 4 and 5).

Among the wheat cultivars, the highest plant height
(109 cm) and grains per spike (53.3) were recorded in cultivar
Ujala-2016. The plant height was the lowest (68 cm) in culti-
var Lasani-2008; grains per spike were the lowest (34.8) in
Galaxy-2013 (Table 4). The fertile tillers were the highest
(168 cm) in cultivar Gold-2016 and that were statistically
similar with the cultivars Aas-2011 (155 cm), Ujala-2016
(153 cm), and AARI-2011 (150 cm) (Table 4). The spike
length was the highest (11.2 cm) in cultivar Punjab-2011
and lowest in cultivars Galaxy-2013 (7.9 cm) and Sehar-
2006 (7.9 cm) (Table 4). The 1000-grain weight was the
highest (38.4 g) in cultivar NARC-2016 and lowest (33.4 g)
in cultivar Galaxy-2013 (Table 4). The straw yield was the
highest in AARI-2011 (7.3 Mg ha−1) which was statistically
similar with cultivar Galaxy-2013 (7.2Mg ha−1) and it was the
lowest (6.5 Mg ha−1) in cultivar Punjab-2011 (Table 4). A
highest grain yield of 6.5 Mg ha−1 and harvest index of

38.4% were recorded in cultivar Gold-2016 which was statis-
tically similar with cultivar Ujala-2016 for both parameters
(Table 5). However, the lowest grain yield (2.7 Mg ha−1)
and harvest index (28.3%) were recorded in cultivar Galaxy-
2013 which were statistically similar with cultivar Sehar-2006
and Lasani-2008 for grain yield (Table 5).

Among the water sources, the significantly (p ≤ 0.05)
highest plant height (100 cm), fertile tillers (156 m−2), 1000-
grain weight (37.5 g), grains per spike (45.8), straw yield
(7.2 Mg ha−1), and grain yield (3.71 Mg ha−1) were recorded
with sewage water irrigation and that were statistically similar
with canal water for fertile tillers. Irrigation with underground
water was not useful for wheat as was indicated by low values
of morphological and yield parameters (Tables 4 and 5). The
interaction [irrigation water sources (IW) × wheat cultivars
(WC)] showed that the highest grain yield (4.64 Mg ha−1)
was recorded in Gold-2016 with canal water irrigation follow-
ed by sewage water irrigation in cultivars Ujala-2016 and
Faisalabad-2008 (Table 4). Correlation analysis revealed a
strong co-relation of fertile tillers (p = 0.01; R2 = 0.58) and
grains per spike (p = 0.00; R2 = 0.78) with the grain yield of
wheat (Figs. 1 and 2).

Soil properties

Different irrigation sources significantly affected the soil or-
ganic matter, total nitrogen, available phosphorus, and extract-
able potassium within the soil during both year of experimen-
tation (Figs. 3, 4, 5, and 6). During both years, the highest soil
organic matter was recorded with the application of sewage
water; the canal water and tube well water were at par for
improving the soil organic matter as compared with soil or-
ganic matter status at the start of experiment (Fig. 3). The
significantly highest total nitrogen was recorded with sewage
water application during both years or with canal water irriga-
tion during the second year of experimentation. There was no
significant improvement in total nitrogen and extractable po-
tassium in soil with the addition of tube well water during both
year compared with soil initial total nitrogen status (Figs. 4
and 5). The application of sewage water and canal water sig-
nificantly enhanced the soil extractable potassium during both
years of experiment (Fig. 5). The highest soil available phos-
phorus was detected in sewagewater– and canal water–treated
plots during the second year of experimentation (Fig. 6).

Table 3 Heavy metal
concentration in sewage water
during both experimental years

Heavy metal concentration 2016 2017 Permissible limit

Chromium (mg L−1) 0.40 0.39 0.55 (Chiroma et al. 2014) and 0.10 mg L−1 (Pescod 1992)

Copper (mg L−1) 0.15 0.16 0.20 (Pescod 1992; WHO/FAO 2007)

Nikel (mg L−1) 0.89 0.91 1.40 (Chiroma et al. 2014) and 0.20 mg L−1 (Pescod 1992)

Lead (mg L−1) 3.20 3.18 5.00 (Pescod 1992; WHO/FAO 2007)
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Discussion

This study indicated that various wheat cultivars used in this
study differed significantly (p ≤ 0.05) for plant height, spike
length, yield parameters (grain per spike, fertile tiller, 1000-
grain weight), grain yield, straw yield, and harvest index. The
variation in the performance of the different wheat traits may

be attributed to different genetic makeups of the studied
cultivars which are also associated with yield (Lopes et al.
2015; Sukumaran et al. 2015 2015). This genetic diversity
may be used for the development of wheat cultivars to spe-
cific climatic conditions for maximum productivity (Araus
and Cairns 2014; Ogbonnaya et al. 2017), especially under
the arid climates.

Table 4 Influence of various
irrigation water sources on plant
height (cm), fertile tillers (m−2),
spike length (cm), 1000-grain
weight (g), grain per spike, and
straw yield (Mg ha−1) of different
wheat cultivars

Treatments Sewage
water

Canal
water

Tube
well
water

Mean
(V)

Sewage
water

Canal
water

Tube
well
water

Mean
(V)

Plant height (cm) Fertile tillers (m−2)

Galaxy-2013 98 98 94 96D 152 147 137 145BC

Sehar-2006 107 104 102 104B 139 139 130 136BCD

AARI-2011 96 102 92 97D 160 166 133 153AB

Gold-2016 107 98 101 102BC 159 218 128 168A

NARC-2016 106 106 101 104B 145 135 124 135BCD

Ujala-2016 113 108 106 109A 183 136 131 150AB

Faisalabad-2008 104 102 99 102BC 178 116 146 147ABC

Punjab-2011 103 99 99 100C 132 129 114 125CD

Aas-2011 95 91 91 92E 181 148 137 155AB

Lasani-2008 70 66 67 68F 134 87 122 114D

Mean (IW) 100A 98B 95C 156A 142AB 130.3B

LSD (p ≤ 0.05) IW = 0.83, V = 3.25 IW = 0.83, V = 3.25

Spike length (cm) 1000-grain weight (g)

Galaxy-2013 8.5 8.0 7.2 7.9D 34.8 32.7 32.8 33.4C

Sehar-2006 8.3 7.5 7.9 7.9D 37.0 35.4 35.2 35.9B

AARI-2011 7.6 8.3 9.0 8.3CD 36.5 35.7 35.9 36.0B

Gold-2016 10.0 9.4 8.9 9.4BC 36.5 35.8 35.8 36.1B

NARC-2016 10.0 8.8 7.6 8.8BCD 39.6 39.7 36.1 38.4A

Ujala-2016 9.6 7.9 8.9 8.8BCD 37.7 36.3 35.3 36.4B

Faisalabad-2008 10.3 9.2 9.7 9.7B 38.9 35.9 33.4 36.1B

Punjab-2011 12.0 11.6 10 11.2A 38.5 35.6 33.5 35.9B

Aas-2011 10.3 9.4 9.2 9.6B 38.3 34.9 35.5 36.2B

Lasani-2008 9.4 9.3 9.8 9.5BC 36.8 34.3 34.9 35.3B

Mean (IW) 9.6 9.0 8.8 37.5A 35.6B 34.8B

LSD (p ≤ 0.05) V = 1.26 IW = 1.25, V = 1.37

Grains per spike Straw yield (Mg ha−1)

Galaxy-2013 35.6 34.4 34.3 34.8E 6.2 7.9 7.5 7.2AB

Sehar-2006 41.0 38.7 38.4 39.4D 6.3 7.9 7.0 7.1ABC

AARI-2011 46.8 43.6 40.5 43.6C 7.7 7.9 6.4 7.3A

Gold-2016 49.4 46.6 48.0 48.0B 7.8 7.5 5.7 7.0A-D

NARC-2016 44.5 40.9 36.2 40.5D 7.9 6.3 6.6 6.9A-E

Ujala-2016 50.0 52.2 57.7 53.3A 7.4 6.3 6.6 6.8B-E

Faisalabad-2008 51.5 43.2 40.7 45.1C 7.5 6.6 6.6 6.9A-E

Punjab-2011 44.6 45.1 46.8 45.5BC 6.3 6.5 6.6 6.5E

Aas-2011 49.0 41.5 41.5 44.0C 7.4 6.3 5.9 6.5DE

Lasani-2008 45.7 38.2 38.6 40.8D 7.7 6.6 5.7 6.7CDE

Mean (IW) 45.8A 42.4B 42.3B 7.2A 6.99B 6.5C

LSD (p ≤ 0.05) for IW = 2.50, V = 2.70 for IW = 0.19, V = 0.46

Means sharing same case letter, for main effects and interaction do not differ significantly at p ≤ 0.05
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In this study, the grain yield was highest in cultivar Ujala-
2016 and Gold-2016 than other wheat cultivars. This grain
yield was 50% higher in cultivar Ujala-2016 and 44.8% in
Gold-2016, compared with the cultivar Galaxy 2013 which
produced the lowest grain yield than other cultivars under the
arid climate. The highest grain yields in cultivars Ujala-2016
and Gold-2016 were the outcome of higher value of related
agronomic and yield traits (fertile tillers and grains per spike)
which have positive association with yield as was indicated
through the strong co-relation of fertile tillers (p = 0.01; R2 =
0.58) and grains per spike (p = 0.00; R2 = 0.78) with the grain
yield of wheat (Figs. 1 and 2). Various previous studies have
reported that wheat cultivars differ in morphological and yield

parameters (Denčić et al. 2000; Le Gouis et al. 2000; Gupta
et al. 2001; Brancourt-Hulmel et al. 2003; Guarda et al. 2004;
Barraclough et al. 2010; Mustăţea and Saulescu 2011; Ul-
Allah et al. 2018) which is quite helpful for breeding new
wheat cultivar for specific traits under optimal and sub-
optimal conditions.

The performance of some wheat cultivars was not consis-
tent over different sources of irrigation water. For example,
cultivars Ujala-2016 and Faisalabad-2008 produced highest
yield with sewage water irrigation than other cultivars.
However, cultivar Gold-2016 and Ujala-2016 produced the
highest grain yield when irrigated with canal water and sew-
age water respectively. These differences might be due to

Fig. 1 Regression co-efficient of fertile tillers with grain yield

Table 5 Influence of various
irrigation water sources on grain
yield (Mg ha−1) and harvest index
(%) of different wheat cultivars

Treatments Sewage
water

Canal
water

Tube
well
water

Mean (V) Sewage
water

Canal
water

Tube
well
water

Mean (V)

Grain yield (Mg ha−1) Harvest index (%)

Galaxy-2013 2.89gj 2.66hij 2.54ij 2.70E 33.1 25.6 26.1 28.3F

Sehar-2006 3.11ei 2.91ghi 2.76hij 2.92E 33.6 27.6 29.5 30.2DEF

AARI-2011 3.74cf 3.58cg 2.94ghi 3.42BCD 33.4 32.0 34.2 33.2BC

Gold-2016 3.90ad 4.64a 3.21di 3.91A 33.7 38.8 37.9 36.8A

NARC-2016 3.43d-h 3.00f-i 2.59ij 3.00DE 30.9 33.1 29.9 31.3CDE

Ujala-2016 4.61ab 3.84b-e 3.71c-f 4.05A 39.8 38.5 36.9 38.4A

Faisalabad-2008 4.56ab 2.79hij 2.98f-i 3.44BC 38.5 30.1 32.1 33.5BC

Punjab-2011 3.24d-i 3.10f-i 2.78hij 3.04CDE 34.6 32.4 30.7 32.6CD

Aas-2011 4.35abc 3.14d-i 3.00f-i 3.49B 38.1 33.6 35.6 35.8AB

Lasani-2008 3.25d-i 2.13j 2.64hij 2.68E 30.7 25.2 32.6 29.5EF

Mean (IW) 3.71A 3.18B 2.91B 34.6 31.7 32.6

LSD (p ≤ 0.05) IW = 0.40, V = 0.42, IW × V = 0.7 V = 2.94

Means sharing same case letter, for main effects and interaction do not differ significantly at p ≤ 0.05
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genetic makeup adoptive to specific environmental and soil
conditions (Araus and Cairns 2014; Richard et al. 2015).
These cultivars must be used in breeding programs focused
on specific environment and soil inputs.

Overall performance of wheat cultivars was better under
sewage and canal water than underground water supplied by
tube well. The better morphological and yield parameters due to
sewage water might be attributed to the presence of significant
amount of macronutrients (e.g., nitrogen, phosphorus, potassi-
um) (Figs. 4, 5, and 6) and micro-nutrients in sewage water
(Srinivas et al. 2014; Galal and Shehata 2015) and canal water
which improve the soil chemical properties (Qaryouti et al.
2015; Mekonnen et al. 2016; Yaseen et al. 2016) resulting in
improved microbial activity, plant nutrient availability, and
better yield. In another study, Rattan et al. (2005) reported that
the application of sewage water enhanced the zinc, manganese,
potassium, sulphur, and phosphorus contents in the soil which

improved the soil organicmatter with simultaneous reduction in
soil pH (Rattan et al. 2005). Anwar et al. (2016) also found that
the potassium and phosphorus concentration in the roots, shoot,
and leaves of different vegetables was increased with sewage
water irrigation. Although, we have not evaluated the effect of
water sources on nutritional quality of wheat in this study;
nonetheless, many studies have reported that sewage water
may have detrimental effect on nutritional quality of wheat
due to the presence of heavy metal and toxic elements
(Srinivas et al. 2014; Lu et al. 2015; Anwar et al. 2016; Khan
et al. 2017). Therefore, further studies for impact of waste water
on nutritional quality and uptake of toxic elements should be
conducted for formulation of any policy regarding the use of
waste water for food crops especially wheat in the arid regions
of the world.

There existed a strong co-relation of fertile tillers and grains
per spike with the grain yield of wheat. Indeed, the fertile

Fig. 2 Regression co-efficient of grains per spike with grain yield

Fig. 3 Influence of water sources on the soil organic matter contents before sowing and after the harvest of experiment during both experimental years
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tillers and grains per spike are two important yield contribut-
ing parameters and an increment in these parameters due to
imposition of experimental treatments has been reported to
increase the grain yield of wheat (Farooq and Nawaz 2014;
Nawaz et al. 2016; Nawaz et al. 2017a &b; Ul-Allah et al.
2018). In this study, the grain yield was the highest in newly
breed wheat cultivars (e.g., Gold-2016, Ujala-2016) than the
older ones’ wheat cultivars (e.g., Sehar-2006 and Lasani-
2008). This indicated that the newly breed wheat cultivars of
bread wheat have greater adaptability to the arid regions of
Punjab, Pakistan, and their sowing is recommended in the arid
areas to harvest the highest wheat yields.

The temperature and rainfall pattern remained similar for
both years due to which the crop performance during both
years was the outcome of the experimental treatments, and
the year effect was found non-significant; thus, the data were
pooled for both years (Tables 4 and 5). Likewise, there was
continuous buildup of nitrogen, phosphorus, potassium, and
soil organic matter in the experimental soil with passage of
time (Figs. 3, 4, 5, and 6) which might be attributed to the

presence of the surplus amount of these nutrients in sewage
water (Singh and Agrawal 2008; Srinivas et al. 2014; Anwar
et al. 2016; Galal and Shehata 2015) and canal water which
were used as experimental material for irrigation purposes
during both years. The highest soil organic matter in sewage
water–treated plots might be due to higher deposition of wheat
straw and better root biomass which was retained in the soil
and thus enhanced the soil organic matter. The sewage water
also carried small organic materials which when improve the
soil organic matter (Kirchmann et al. 2017). Usually, the total
nitrogen is not higher in canal irrigated water in Pakistan.
However, in this study, the total nitrogen was significantly
higher in canal water during the second year which seems to
be the result of runoff from somewatershed area of Indus river
of Pakistan which is extensively used for the production of
maize crop—a heavily fertilized crop. The application of sew-
age water and canal water significantly enhanced the soil ex-
tractable potassium during both years of experiment than the
tube well water (Fig. 5). Indeed, the soils of Pakistan have the
dominance of mica type of minerals which are rich in

Fig. 4 Influence of water sources on the total nitrogen before sowing and after the harvest of experiment during both experimental years

Fig. 5 Influence of water sources on the exchangeable potassium before sowing and after the harvest of experiment during both experimental years
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potassium. Thus, the canal water of Pakistan have high
amount of potassium. Likewise, the sewage water was
brought from a long distance to the experimental field and it
seems that the potassium in mica minerals at study was dis-
solved in sewage water due to which thee potassium contents
were strikingly the same in canal and sewage water. The tube
well water was brought to field from short distance with very
little addition of potassium due to which the tube well water–
treated plots have less soil potassium (Fig. 5). With the pas-
sage of time, improvement in soil organic matter due to the
application of sewage water, canal water, and tube well water
was the outcome of deposition of crop residues and the wheat
roots in the rhizosphere which enhanced the soil organic mat-
ter pool in the experimental soil which was not under crop
cultivation prior to experimentation.

Conclusion

The use of sewage water improved the performance of differ-
ent wheat cultivars followed by irrigation with canal water
against the tube well water which was attributed to build up
of macronutrients (total nitrogen, available phosphorus, and
extractable potassium) and improvement in the soil organic
matter in the experimental soil. The improvement in wheat
performance was visible through improvement in the fertile
tillers, 1000-grain weight, and grains per spike. Thus, the
sewage water might be used as an alternate source of irrigation
in those arid lands where the canal and underground water is
not available for irrigation purposes. However, sometimes, the
sewage water may carry some toxic heavy metals whose ac-
cumulation in soil and translocation to wheat grains needs to
be investigated in future long-term studies under arid climates
to avoid any health risk, as wheat is staple of many people
across the globe including Pakistan.

Funding information This study was financially supported by ORIC,
Bahauddin Zakariya University, Multan.

References

Alexieva V, Sergiev I, Mapelli S, Karanov E (2001) The effect of drought
and ultraviolet radiation on growth and stress markers in pea and
wheat. Plant Cell Environ 24:1337–1344

Anwar S, Nawaz MF, Gul S, Rizwan M, Ali S, Kareem A (2016) Uptake
and distribution of minerals and heavy metals in commonly grown
leafy vegetable species irrigated with sewage water. Environ Monit
Assess 188:541

Araus JL, Cairns JE (2014) Field high-throughput phenotyping: the new
crop breeding frontier. Trends Plant Sci 19:52–61

Balon M, Dehnad F, 2006. Water crisis in arid and semi-arid regions—an
international challenge. Available online at http://www.water asar.
de/index_htm_files/water_crisis.pdf (Accessed on July 16, 2018).

Barraclough PB, Howarth JR, Jones J, Lopez-Bellido R, Parmar S,
Shepherd CE, Hawkesford MJ (2010) Nitrogen efficiency of wheat:
genotypic and environmental variation and prospects for improve-
ment. Eur J Agron 33:1–11

Brancourt-Hulmel M, Doussinault G, Lecomte C, Berard P, Le Buanec B,
Trottet M (2003) Genetic improvement of agronomic traits of winter
wheat cultivars released in France from 1946 to 1992. Crop Sci 43:37–45

Bremner JM, Mulvaney CS (1982) Total nitrogen. In: Page AL,
Miller RH, Keeny DR (eds) Methods of soil analysis.
American Society of Agronomy and Soil Science Society of
America, Madison, pp 1119–1123

Chalise S, Naranpanawa A, Bandara JS, Sarker T (2017) A general equi-
librium assessment of climate change-induced loss of agricultural
productivity in Nepal. Econ Model 62:43–50

Chiroma TM, Ebewele RO, Hymore FK (2014) Comparative assessment
of heavy metal levels in soil, vegetables and urban grey waste water
used for irrigation in Yola and Kano. Int Refereed J Eng Sci 3:1–9

Cumming GS, Buerkert A, Hoffmann EM, Schlecht E, von Cramon-
Taubadel S, Tscharntke T (2014) Implications of agricultural transi-
tions and urbanization for ecosystem services. Nature 515:50–57

Denčić S, Kastori R, Kobiljski B, Duggan B (2000) Evaluation of grain
yield and its components in wheat cultivars and landraces under near
optimal and drought conditions. Euphytica 113:43–52

FarooqM, Nawaz A (2014) Weed dynamics and productivity of wheat in
conventional and conservation rice-based cropping systems. Soil
Tillage Res 141:1–9

Farooq M, Siddique KHM (2016) Research and developmental issues in
dryland agriculture. In: FarooqM, Siddique KHM (eds) Innovations
in dryland agriculture. Springer International Publishing, pp 31–46

Food and Agriculture Organization (FAO), 2016. Crops. http://www.fao.
org/faostat/en/#data/QC/visualize. Accessed 15 Mar 2019

Fig. 6 Influence of water sources on the available phosphorus before sowing and after the harvest of experiment during both experimental years

Environ Sci Pollut Res (2019) 26:17045–17054 17053

http://www.water
http://www.fao.org/faostat/en/#data/QC/visualize
http://www.fao.org/faostat/en/#data/QC/visualize


Galal TM, Shehata HS (2015) Impact of nutrients and heavy metals
capture byweeds on the growth and production of rice (Oryza sativa
L.) irrigated with different water sources. Ecol Indic 54:108–115

Guarda G, Padovan S, Delogu G (2004) Grain yield, nitrogen-use effi-
ciency and baking quality of old and modern Italian bread-wheat
cultivars grown at different nitrogen levels. Eur J Agron 21:181–192

Gupta NK, Gupta S, Kumar A (2001) Effect of water stress on physio-
logical attributes and their relationship with growth and yield of
wheat cultivars at different stages. J Agron Crop Sci 186:55–62

Jabeen A, Huang X, Aamir M (2015) The challenges of water pollution,
threat to public health, flaws of water laws and policies in Pakistan. J
Resour Prot 7:1516

Khan S, Tariq R, Yuanlai C, Blackwell J (2006) Can irrigation be sus-
tainable? Agric Water Manag 80:87–99

Khan ZI, Ahmad K, Rehman S, Siddique S, Bashir H, Zafar A, Sohail M,
Ali SA, Cazzato E, De Mastro G (2017) Health risk assessment of
heavymetals in wheat using different water qualities: implication for
human health. Environ Sci Pollut Res 24:947–955

Kirchmann H, Börjesson G, Kätterer T, Cohen Y (2017) From agricul-
tural use of sewage sludge to nutrient extraction: a soil science out-
look. Ambio 46:143–154

Le Gouis J, Béghin D, Heumez E, Pluchard P (2000) Genetic differences
for nitrogen uptake and nitrogen utilisation efficiencies in winter
wheat. Eur J Agron 12:163–173

Lopes MS, El-Basyoni I, Baenziger PS, Singh S, Royo C, Ozbek K,
Aktas H, Ozer E, Ozdemir F, Manickavelu A, Ban T (2015)
Exploiting genetic diversity from landraces in wheat breeding for
adaptation to climate change. J Exp Bot 66:3477–3486

Lu Y, Song S, Wang R, Liu Z, Meng J, Sweetman AJ, Jenkins A, Ferrier
RC, Li H, Luo W, Wang T (2015) Impacts of soil and water pollu-
tion on food safety and health risks in China. Environ Int 77:5–15

Mekonnen D, Siddiqi A, Ringler C (2016) Drivers of groundwater use
and technical efficiency of groundwater, canal water, and conjunc-
tive use in Pakistan’s Indus Basin Irrigation System. Int J Water
Resour Develop 32:459–476

Mustăţea P, Saulescu NN (2011) Estimation of genetic trends in yield and
agronomic traits of recent Romanian winter wheat (Triticum
aestivum, L.) cultivars, using direct comparisons in multiyear,
multi-location trials. Romanian Agric Res 28:17–24

Nawaz A, Farooq M, Ahmad R, Basra SMA, Lal R (2016) Seed priming
improves stand establishment and productivity of no-till wheat
grown after direct seeded aerobic and transplanted flooded rice.
Eur J Agron 76:130–137

Nawaz A, Farooq M, Cheema SA, Yasmeen A, Wahid A (2013) Stay
green character at grain filling ensures resistance against terminal
drought in wheat. Int J Agric Biol 15:1272–1276

Nawaz A, Farooq M, Lal R, Rehman A, Hussain T, Nadeem A (2017a)
Influence of sesbania brown manuring and rice residue mulch on
soil health, weeds and system productivity of conservation rice-
wheat systems. Land Degrad Dev 28:1078–1090

Nawaz A, Farooq M, Lal R, Rehman A, Rehman H (2017b) Comparison
of conventional and conservation rice-wheat systems in Punjab,
Pakistan. Soil Tillage Res 169:35–43

Nyagumbo I, Mkuhlani S, Mupangwa W, Rodriguez D (2017) Planting
date and yield benefits from conservation agriculture practices
across Southern Africa. Agric Syst 150:21–33

Ogbonnaya FC, Rasheed A, Okechukwu EC, Jighly A, Makdis F,
Wuletaw T, Hagras A, Uguru MI, Agbo CU (2017) Genome-wide
association study for agronomic and physiological traits in spring
wheat evaluated in a range of heat prone environments. Theoret
Appl Genet (9):1819–1835

Olsen SR, Cole CV, Watanabe FS, Dean LA (1954) In: Banderis AD,
Barter DH, Anderson K (eds) Estimation of available phosphorus in
soils by extraction with sodium bicarbonate. U.S. Department of
Agriculture Circular No. 939. Agricultural and Advisor

PescodMD (1992) Wastewater treatment and use in agriculture. In: Food
and agricultural organization (FAO) irrigation and drainage paper
47. FAO, Rome

Qaryouti M, Bani-Hani N, Abu-Sharar TM, Shnikat I, Hiari M, Radiadeh
M (2015) Effect of using raw waste water from food industry on soil
fertility, cucumber and tomato growth, yield and fruit quality. Sci
Hortic 193:99–104

Qureshi AS (2015) Improving food security and livelihood resilience
through groundwater management in Pakistan. Glob Adv Res J
Agric Sci 4:687–710

Rattan RK, Datta SP, Chhonkar PK, Suribabu K, Singh AK (2005) Long-
term impact of irrigation with sewage effluents on heavy metal con-
tent in soils, crops and groundwater—a case study. Agric Ecosyst
Environ 109:310–322

Rehman A, Jingdong L, Shahzad B, Chandio AA, Hussain I, Nabi G,
Iqbal MS (2015) Economic perspectives of major field crops of
Pakistan: an empirical study. Pac Sci Rev B: Human Soc Sci 1:
145–158

Richard CA, Hickey LT, Fletcher S, Jennings R, ChenuK, Christopher JT
(2015) High-throughput phenotyping of seminal root traits in wheat.
Plant Methods 11:13

Richards LA (1954) Diagnosis and improvement of saline sodic and
alkali soils. Handbook 60. USDA Agric, Washington, D.C

Shao W, Zhou Z, Liu J, Yang G, Wang J, Xiang C, Cao X, Liu H (2017)
Changing mechanisms of agricultural water use in the urbanization
and industrialization of China. Water Policy 19:908–935

Singh RP, Agrawal M (2008) Potential benefits and risks of land appli-
cation of sewage sludge. Waste Manag 28:347–358

SivakumarMVK,Motha RP,Wilhite DA,Qu JJ (2011) Proceedings of an
expert meeting on the preparation of a compendium on national
drought policy. World Meteorological Organization, Washington
DC July 14–15, 2011

Srinivas B, Shanti M, Chandrika V, Surendrababu P (2014) Studies on
effect of sewage waters on production and quality of various forage
crops under different nitrogen levels. J Res ANGRAU 42:58–62

Steel RGD, Torrie JH, Dickey DA (1997) Principles and procedures of
statistics: a biometric approach, 3rd edn. McGraw Hill Book Co.
Inc., New York

Sukumaran S, Dreisigacker S, Lopes M, Chavez P, Reynolds MP (2015)
Genome-wide association study for grain yield and related traits in
an elite spring wheat population grown in temperate irrigated envi-
ronments. Theoret Appl Genet 128:353–363

Ul-Allah S (2018) Combating hidden hunger in agriculture perspective.
World Rev Nutr Diet 118:161–166

Ul-Allah S, Iqbal M, Maqsood S, Naeem M, Ijaz M, Ashfaq W, Hussain
M (2018) Improving the performance of bread wheat genotypes by
managing irrigation and nitrogen under semi-arid conditions. Arch
Agron Soil Sci. https://doi.org/10.1080/03650340.2018.1450974

Wada Y (2016) Modeling groundwater depletion at regional and global
scales: present state and future prospects. SurvGeophys 37:419–451

Walkley A, Black IA (1934) An examination of Degtjareff method for
determining soil organic matter and a proposed modification of the
chromic acid titration method. Soil Sci 37:29–37

WHO/FAO (2007) Joint FAO/WHO food standard programme Codex
Alimentarius Commission 13th session. Report of the thirty-eight ses-
sion of the Codex Committee on Food Hygiene. ALINORM, Houston

Yaseen M, Aziz MZ, Jafar AA, Naveed M, Saleem M (2016) Use of
textile waste water along with liquid NPK fertilizer for production
of wheat on saline sodic soils. Int J Phytorem 18:502–508

Publisher’s note Springer Nature remains neutral with regard to jurisdiction-
al claims in published maps and institutional affiliations.

17054 Environ Sci Pollut Res (2019) 26:17045–17054

https://doi.org/10.1080/03650340.2018.1450974

	Sewage waste water application improves the productivity of diverse wheat (Triticum aestivum L.) cultivars on a sandy loam soil
	Abstract
	Introduction
	Materials and methods
	Experimental site, soil, and weather
	Experimental design
	Crop husbandry
	Data recording
	Morphological and yield parameters
	Soil properties
	Determination of heavy metals

	Statistical analysis

	Results
	Morphological and yield parameters
	Soil properties

	Discussion
	Conclusion
	References


