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Objectives: Sunflower (Helianthus annuus L.) is a major oilseed crop grown for its edible oil across the
globe, including Pakistan. The production of edible oil in Pakistan is less than the required quantity.
The scarcity of water resources is one of the major challenges all over the world in sunflower production.
The water availability in arid and semi-arid is becoming a limiting factor to meet the food demands of
increasing global population. Therefore, this study was aimed at enhancing the production of hybrid sun-
flower utilizing different water resources i.e., irrigation with canal, tube well and sewage sludge.
Methods: A field experiment (2-years) was conducted to evaluate the impact of different irrigation
sources on achene yield, oil contents and fatty acid composition of diverse sunflower hybrids viz.,
‘ESFH-3391’, ‘ESIH-35’, ‘SHF-80’, ‘AQSHF-3’, ‘FMC-1’, ‘PARSON’ and ‘SINJI’.
Results: The result indicated that sunflower hybrids exhibited varied response for plant height, stem
diameter, head diameter, 1000-achene weight and achene yield. Among the irrigation sources, canal irri-
gation proved superior to other water sources in improving 1000-achene weight of hybrid ‘ESFH-3391’
(89.7 g), achene yield of the hybrid ‘AQSHF-3’ (2649 kg ha�1), oil contents and fatty acid profiles.
Conclusions: It is concluded that sunflower hybrid ‘AQSHF-3’ produced the highest achene yield with
canal water irrigation water and it is recommended to grow in the semi-arid climate of Punjab, Pakistan.
� 2022 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Increasing population in arid and semi-arid areas is the main
factor for the rising water demand. Recycling of wastewater has
become a key challenge for water source management and the
plans are made throughout the world (Surucu et al., 2020). Pak-
istan ranks third among the countries that are facing water scarcity
issues (Salehi, 2022). Pakistan Academy of Technology and Council
of Studies in Water Resources (PCRWR) predicted that Pakistan
will be facing severe water shortage in 2025 (Rasheed et al.,
2021). Currently, the restricted and sustainable water delivery in
the country is the main threat due to climate exchange and grow-
ing pollutants levels. Except urgent steps are taken, water security
will result in extra adversities and inequality for vulnerable organi-
zations in society (Salehi, 2022).

Sunflower (Helianthus annuus L.) is an important oilseed crop.
Its oil contents vary from 34.26 to 39.13% (Hussain et al., 2018).
The oil of sunflower is comprised of soluble vitamins A, D, E and
K. Sunflower cake and margarine are used as feedstuff for livestock
(Soare and Chiurciu, 2018). Its seeds can be roasted and are con-
sumed by humans (Al-Qubaie, 2012). In Pakistan, sunflower is
grown on an area of 151 thousand acres, with seed production of
87 thousand tons and oil production of 33 thousand tons (GOP,
2021). The major oilseed crops in the country include sunflower,
canola, cotton, and rapeseed/mustard (Ijaz et al., 2021). During
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2020–21, the total demand for edible oil was 3.291 million tonnes;
of which 0.374 million tonnes was met through local production
and the contribution of import was 2.917 million tonnes (worth
U$$ 3.419 billion). Sunflower gives 33 thousand tons of oil. In the
economy of Pakistan, oilseed crops play a major share and con-
tribute more than 17% to meet the domestic edible oil require-
ment. Sunflower contributes about 11% to domestic edible oil
production (GOP, 2021)). However, a wide gap exists in this sector
which can be improved for enhancing local production. Thus, there
is a dire need to improve oilseed production in the country to meet
the requirements of the country.

Low yield and production of sunflower hybrids are due to
unavailability of better cultivars/hybrids, high prices of imported
seed and the losses of the crop at maturity birds (Hussain et al.,
2018). Other reasons for low yield are inefficient and false market-
ing systems, non-availability and expensive inputs used for crop
cultivation (Farooq et al., 2017; Hussain et al., 2016a, 2016b),
dependence on old methods for sowing (Farooq et al., 2015), and
harvesting, post-harvest losses and lack of knowledge among farm-
ers regarding the latest techniques of sunflower production tech-
nology (Malik et al., 2004).

In arid and semi-arid areas, the yield and productivity of sun-
flowers are reduced by drought stress (Hussain et al., 2018). It is
reported that the distribution and quality of water have a major
impact on the oil and seed yield of sunflower (García-López
et al., 2016). Yield and yield attributes were significantly affected
by the irrigation treatments applied for sunflower hybrid under
arid and semi-arid environments (Abdou et al., 2011; García-
López et al., 2016; Surucu et al., 2020). Sunflower also contains
some genetic potential to survive in moderately salt-affected
regions having a threshold level of ECe 2.5 dS m�1 (Douaoui
et al., 2006). Cost of production increases due to high seed prices
of the import hybrids in addition to other expensive inputs. Most
growers cannot afford to purchase hybrid seeds because the hybrid
seed can’t be used in the next generation and also have issues of
adaptations in local climates. Hence there is a extensive demand
for time to develop the local hybrids with high yield potential
(Hussain et al., 2012).

For many decades, water has been a major international agenda
for its issues regarding its availability because water is the main
source of life on earth. Hence, many areas of Pakistan are facing
water scarcity issues (Rasheed et al., 2021). The life of Pakistan’s
agriculture is considered its irrigation water, but water shortage
issues are faced by the country as challenging circumstances as
an intention to conserve all available water resources (Hussain
et al., 2008a, 2008b). Thus, production through agriculture is being
decreased due to a severe shortage of water in the country. In the
future socio-economic conditions for the rural population will be
harder due to continuous water shortage in the country.

Treated wastewater is one of the promising water resources in
sustainable agricultural development (Surucu et al., 2020). When
the wastewater is free from toxic compounds, the nutrients are
Table 1
Weather data recorded during the experimentation period.

Maximum temperature (�C) Min

2017 2018 201

February 24.03 28.3 11.2
March 26.20 29.3 14.6
April 33.9 35.4 19.4
May 40.7 41.5 25.3
June 41.6 43.7 28.8
July 37.0 39.5 27.0
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converted to valuable biomass, which contains more protein and
less fiber than emergent plants (de Freitas et al., 2012). However,
treated wastewaters can still be used for irrigation under con-
trolled conditions which minimize hazards from pathogenic and
toxic contaminants to agricultural products, soils, surface, and
groundwater (Baawain et al., 2019; Kiziloglu et al., 2007).

From the above discussion, it is obvious that irrigation with
sewage sludge water can negatively impact plant health and envi-
ronment quality. Thus, it is needed to devise agronomic, breeding
and other crop management strategies to reduce the negative
impacts of sewage sludge water irrigation on crop growth. In this
scenario, the use of sewage sludge water if treated might be a
viable option. To the best of our knowledge, no work has been car-
ried out to check the influence of canal and sewage water irrigation
on the productivity of sunflowers.

Our study aimed at evaluating the performance of sunflower
hybrids based on productivity and quality under various irrigation
sources (canal, tube well and sewage sludge) in Thal region of Pun-
jab, Pakistan.
2. Materials and methods

2.1. Site and soil

Two-year (2017 and 2018) field experiment was carried out at
the Research Area of Bahadur sub-Campus, Bahauddin Zakariya
University (BZU), Layyah-Pakistan. The soil of the experimental
area was sandy-loam having EC 126 dSm�1, pH 8.2, soil organic
matter 0.69%, available phosphorus 3–4 ppm, and potash
153 ppm. The daily maximum and minimum temperature (�C)
and rainfall (mm) was recorded during the growth period of both
years are given in Table 1.

For the analysis of water of different irrigation water sources
(canal, tube well and sewage sludge), the water samples were
taken from the irrigation canal (Layyah minor), the outlet of tube
well and sewage sludge (BZU, Bahadur Campus Layyah). A water
sample taken from the site was immediately transferred to the soil
and water testing laboratory, Layyah for the analysis of electric
conductivity, calcium, magnesium, sodium, carbonate, bicarbon-
ate, chloride, sodium absorption ratio and residual sodium carbon-
ate as given in Table 2.
2.2. Experimental design and treatments

The field trial consisted of seven sunflower hybrids viz., ‘ESFH-
3391’, ‘ESIH-35’, ‘SHF-80’, ‘AQSHF-3’, ‘FMC-1’, ‘PARSON’ and ‘SINJI’,
and three different irrigation sources (canal, tube well and sewage
sludge). The experiment was laid out in randomized complete
block design (RCBD) with split plot arrangements with three repli-
cations. The net plot size was 3 m � 5 m keeping irrigation sources
in the main plot and hybrids were sown in subplots.
imum temperature (�C) Average Rainfall (mm)

7 2018 2017 2018

2 13.8 14.66 14.00
6 18.7 119.9 121.7

20.5 16 18
27.7 1 1
29.8 36 38
29.0 85 88



Table 2
Analysis of various irrigation water sources.

Irrigation water source EC (dS cm 1) Ca + Mg Na CO3 HCO3 Cl SAR RSC

Tube well 778 6.41 1.37 Nil 5.40 – Nil 0.76
Canal water 472 4.56 0.16 Nil 4.23 – Nil 0.10
Sewage sludge 262 5.46 0.23 Nil 4.67 – Nil 0.15

EC, electrical conductivity; Ca + Mg, calcium, and magnesium; Na, sodium; CO3, carbonates; HCO3, bicarbonates; Cl, chloride; SAR, sodium absorption ratio and RSC, residual
sodium carbonates.
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2.3. Experimental details

Seeds of sunflower hybrids were obtained from National Agri-
culture Research Centre (NARC), Islamabad-Pakistan. The seedbed
was prepared by cultivating the soil twice at depth of 0.30 m fol-
lowed by planking. After preparation of the seedbed, the ridges
were made by a tractor ridger with 75 cm distance among the
ridges. The seeds were sown manually on the ridges and the seed
rate used for sowing was 7 kg ha�1.

2.4. Observations

At random, ten plants from each plot were selected to record
the plant height, number of leaves per plant, stem diameter and
head diameter which was averaged later for each replication. The
chlorophyll index was measured with SPAD meter (SPAD-
502 Chlorophyll Index, SCI). Three samples of 1000-achenes from
each plot were counted and 1000-achene weight was measured
on an electric balance. The whole plot was harvested, and the
plants were sundried. Then the total biomass (stem yield + achene
yield) was taken with a spring balance and was then converted to
kg ha- 1. The heads were removed from the plants and the grains
were threshed manually. The weight of all the grains from every
plot was measured on an electric balance and was later expressed
in kg ha�1.

The seed protein and oil contents were recorded using the Near-
infrared Reflectance Spectroscopy system (NIRS) as detailed in
(Chen et al., 2008). The profiling of fatty acids viz., stearic acid, pal-
mitic acid, linolenic acid and oleic acid was done by using the NIRS
as detailed in (Chen et al., 2008).

The oil content in intact seeds was estimated by nuclear
magnetic resonance (MQC23, Oxford Instruments, UK), which
is non-destructive, quick, easy to perform and simple to cali-
brate. A standard sample containing 5 g seeds of all hybrids
of sunflower with known oil content was set to calibrate the
instrument. The fatty acid composition was determined by gas
chromatography of fatty acid methyl esters. These were pre-
pared as per the procedure developed by Appelqvist13 and ana-
lyzed on a gas Chromatograph (model 7820A series, Agilent
Technologies, Palo Alto, CA, USA) equipped with a flame ioniza-
tion detector with CP-Sil 88 (25 m � 0.25 mm � 0.20 mm)
FAME column. Temperatures of the oven, detector and injector
were maintained at 210, 240 and 230 �C, respectively. Two
microlitres of the sample were injected at a split rate of 10:1.
Individual fatty acids were expressed as percentages of the total
fatty acids. Total linoleic acid was measured by the sodium
tetrachloropalladate (Na2PdCl4) method14 and expressed as
lmol g�1 defatted meal.

2.5. Statistical analysis

The data recorded on morphological and yield traits were
analyzed using Fisher’s analysis of variance (ANOVA) tech-
nique and the least significant difference (LSD), a post hoc
test, at 5% probability level was used to estimate the differ-
ences between the treatment means (Steel et al., 1997). For
3

treatment comparison, replicated data was arranged in Micro-
soft Excel 2016.
3. Results

3.1. Morphological traits

The morphological traits (viz., plant height, number of leaves,
stem diameter and head diameter) indicates that the sunflower
hybrids were significantly different during both years of experi-
mentation (Table 3).

The individual effects of sunflower hybrids and irrigation
sources on plant height were found non-significant. The interactive
effect of sunflower hybrids and irrigation water sources was signif-
icantly different for plant height. The highest plant height was
recorded in sunflower hybrid ‘SHF-80’ with canal water irrigation
during both years. Similarly, the individual effect of sunflower
hybrids and irrigation sources on the number of leaves was found
non-significant. Likewise, the interaction of sunflower hybrids with
irrigation water sources was also significant for the number of
leaves during 2018 (Table 3). Maximum numbers of leaves were
recorded in sunflower hybrid ‘PARSON’ which was statistically
similar to ‘SHF-80’ with canal water irrigation. The individual effect
of sunflower hybrids and irrigation sources against stem diameter
was found non-significant. The interaction of sunflower hybrids
with irrigation water sources was also significant for stem diame-
ter. Maximum stem diameter was recorded in sunflower hybrid
‘FMC-1’ which was statistically at par with sunflower hybrid
‘ESIH-35’ with canal water irrigation. The interaction of sunflower
hybrids with irrigation water sources was also significant for head
diameter in 2018. Among the irrigation water sources, the highest
plant height was recorded with canal water irrigation in sunflower
hybrid ‘ESIH-35’ which was statistically at par with sunflower
hybrid ‘PARSON’ (Table 3).
3.2. Yield variables

The field experiment indicated that the sunflower hybrids were
significantly different for yield parameters (viz., 1000-seed weight,
biological yield, and achene yield) during both 2017 and 2018
(Table 4).

The interaction of sunflower hybrids with irrigation water
sources was significant for 1000-seed weight. The highest 1000-
seed weight was recorded in sunflower hybrid ‘ESFH-3391’ with
canal water irrigation. The result indicated that biological yield
was significantly different among various irrigation water sources.
Likewise, different sunflower hybrids also differed for biological
yield. The maximum biological yield was recorded in sunflower
hybrid ‘AQSHF-3’ with canal water irrigation and the lowest bio-
logical yield was recorded with tube well irrigation. The achene
yield was significantly different among various irrigation water
sources and sunflower hybrids in 2017. The highest achene yield
was recorded in sunflower hybrid ‘AQSHF-3’ which was statisti-
cally at par with sunflower hybrid ‘SHF-80’ with canal water irriga-
tion (Table 4).



Table 4
Influence of various irrigation water sources on 1000 seed weight, achene yield, biological yield and chlorophyll contents of different sunflower hybrids under the arid climate of
Layyah during 2017 and 2018.

Genotypes/
Irrigation
resources

1000 seed weight (g) Achene yield Kg ha�1

2017 2018 2017 2018

Tube
well

Canal Sewage Tube
well

Canal Sewage Tube
well

Canal Sewage Tube
well

Canal Sewage

ESFH-3391 79.0 de 89.7 a 60.8 j 74.0 cd 85.0 a 56.0 h 2331.7c 2482.3b 1952.0 ij 2122.3 2125.3 2147.3
ESIH-35 65.5 i 70.0 h 51.3 m 60.8 g 65.4 f 49.2 j 2256.7 ce 2345.7 c 2140.0 eg 2125.3 2147.3 2156.0
SHF-80 77.1 fg 87.0 b 54.1 l 72.3 de 82.0 b 50.2 j 2167.3 dg 2530.7 ab 2285.7 cd 2147.3 2156.0 2162.3
AQSHF- 3 79.3 de 81.2c 58.1 k 74.2 cd 76.6 c 53.3 hi 2284.7 cd 2649.0 a 2232.7 c-f 2156.0 2162.3 2174.3
FMC 1 70.0 h 66.6 i 49.4 n 66.9f 61.2 g 46.4 k 2325.3c 2558.0 ab 1558.0 k 2162.3 2174.3 2180.0
PARSON 65.9 i 77.6 ef 53.8 l 60.1 g 73.7 de 51.3 ij 2083.3 g-i 2094.3 f-h 1682.3 k 2174.3 2180.0 2184.7
SINJI 75.7 g 79.6 cd 65.6 i 70.6 e 74.7 cd 61.7 g 1637.7 k 1842.3 j 2003.3 hi 2180.0 2184.7 2200.3

LSD (p � 0.05) 1.68 2.75 124.4 NS

Biological Yield (Kg ha�1) Chlorophyll Contents (SPAD value)
ESFH-3391 28,217 ef 35,991 b 25,231 i 26249 fg 34,682 b 24186 h 20.4 ab 23.5 a 20.8 ab 18.7 ab 18.5 ab 21.3 a
ESIH-35 27,668 e-g 27,855 e-g 26924 fg 25932 fg 26328 fg 25,359 gh 19.7 ab 22.8 ab 22.8 ab 17.5 ab 20.7 a 20.6 a
SHF-80 30,311 d 35,115b 32,557c 28,458 e 33,051 c 30,785 d 21.9 ab 21.1 ab 22.4 ab 20.0 ab 20.4 ab 19.3 ab
AQSHF-3 27,731 e-g 39,512 a 25,461 hi 26386 fg 38,750 a 24042 h 20.6 ab 22.8 ab 21.9 ab 18.5 ab 19.8 ab 20.3 ab
FMC 1 28,519 e 26,731 gh 26937 fg 26,936f 25,264 gh 25,147 gh 18.8 b 21.8 ab 22.8 ab 16.4b 20.6 a 19.4 ab
PARSON 22,547 j 28,325 e 22,068 j 21,553 i 27,037 f 21,001 I 22.1 ab 22.0 ab 21.0 ab 19.8 ab 18.6 ab 19.9 ab
SINJI 22,445 j 22,372 j 22,661 j 21,145 i 21,214 i 21,267 I 21.2 ab 21.6 ab 20.4 ab 19.6 ab 18.2 ab 19.8 ab

LSD (p � 0.05) 1279.3 1421.0 3.95 3.86

Means of main effects and interaction sharing the same case letter do not differ significantly at p � 0.05; NS = non-significant.

Table 3
Influence of various irrigation water sources on plant height, number of leaves, stem/head diameter of different sunflower hybrids under the arid climate of Layyah during 2017
and 2018.

Genotypes/Irrigation
resources

Plant height (cm) Number of leaves (per plant)

2017 2018 2017 2018

Tube well Canal Sewage Tube well Canal Sewage Tube well Canal Sewage Tube well Canal Sewage

ESFH-3391 146 i 185 ab 116 n 141.6 gh 142.0 gh 179.9 a 18.2 21.6 13.2 15.0 cd 16.6 bc 11.3 h
ESIH-35 138 k 181 c 119 m 142.0 gh 134.2 j 176.3b 17.3 22.3 14.5 13.6 ef 17.6 ab 12.0 f-h
SHF-80 148 h 187 a 115 n 140.7 h 181.3a 142.6 g 16.4 22.2 14.6 13.0 e-h 18.6 a 12.3 f-h
AQSHF- 3 158 g 185 b 109 o 143.2 g 153.3f 179.8 a 15.4 23.1 16.7 12.0 f-h 18.0 ab 12.3 f-h
FMC 1 164 f 177 d 106 p 143.8 a 159.4 e 173.6c 16.2 22.8 14.2 12.0 f-h 18.0 ab 11.6 gh
PARSON 145 j 167 e 106 p 143.2b 139.7 hi 162.3 d 15.8 24.0 17.2 13.3 d-g 19.3 a 14.3 de
SINJI 143 j 163 f 132 l 142.2 g 138.7 i 158.8 e 18.0 21.2 14.3 12.3 f-h 16.6 bc 11.3 h

LSD (p � 0.05) 1.47 1.74 NS 1.69

Stem diameter (cm) Head diameter (cm)
ESFH-3391 1.37 i 1.86 c 1.13 j 1.17 g 1.31 def 1.03 h 13.5 14.1 12.3 11.6 fg 12.2 d-g 10.9 g
ESIH-35 1.47 gh 2.20 a 0.91 kl 1.16 gh 1.87 a 0.89 i 15.8 18.3 13.3 13.4 c-e 16.6 a 11.9 e-g
SHF-80 1.57 e-g 1.69 de 0.93 k 1.34 cde 1.46 bc 0.88 i 15.2 17.2 13.2 13.0 c-f 15.6 a 11.6 fg
AQSHF- 3 1.49 f-h 1.79 cd 0.94 k 1.25 efg 1.49 b 0.88 i 18.2 15.7 12.5 16.0 a 14.1 bc 11.4 g
FMC 1 1.60 e 2.09 b 0.88 kl 1.38 bcd 1.95 a 0.85 ij 13.1 17.6 13.5 11.9 fg 15.6 a 11.8 fg
PARSON 1.43 hi 1.80 c 0.92 k 1.21 fg 1.50 b 0.85 ij 17.3 15.7 13.8 15.1 ab 13.5 cd 12.0 d-g
SINJI 1.43 hi 1.60 ef 0.81 l 1.19 fg 1.46 bc 0.77 j 13.8 18.3 13.1 11.7 fg 16.2 a 11.3 g

LSD (p � 0.05) 0.10 0.10 NS 1.43

Means of main effects and interaction sharing the same case letter do not differ significantly at p � 0.05; NS = non-significant.
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3.3. Chlorophyll content (SPAD value)

The individual effect of sunflower hybrids and irrigation sources
against chlorophyll content was found non-significant. The inter-
action of sunflower hybrids with irrigation water sources was sig-
nificant for chlorophyll content. Maximum chlorophyll content
was recorded in sunflower hybrid ‘ESFH-3391’ in 2017 and ‘ESIH-
35’ in 2018 with canal water irrigation (Table 4).

3.4. Seed oil quality traits

The individual effect of sunflower hybrids and irrigation sources
against oil and protein content was found non-significant. The
4

interaction of sunflower hybrids � irrigation water sources was
significant for oil and protein content. Among the irrigation water
sources, the highest oil/protein content was recorded with canal
water irrigation while the lowest was recorded with tube well irri-
gation. Among the sunflower hybrids, the highest oil/protein con-
tent was recorded in the sunflower hybrid ‘FMC-1’. The lowest
oil/protein content was recorded in the sunflower hybrid ‘SINJI’
(Fig. 1).

3.5. Fatty acid profile

The fatty acid profile (stearic acid, palmitic acid, oleic acid and
linoleic acid) was found non-significant among various irrigation



Fig. 1. Effect of various irrigation sources on oil contents and protein contents of different sunflower hybrids.
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water sources and sunflower hybrids. But the interaction of sun-
flower hybrids with irrigation water sources was significant for
the fatty acid profile. Among the irrigation water sources, the high-
est stearic/palmitic/oleic and linoleic acid was recorded with canal
Fig. 2. Effect of various irrigation sources on palmitic a

5

water irrigation. Among the sunflower hybrids, the highest above-
mentioned traits were recorded in sunflower hybrid ‘ESIH-35’
while the lowest was recorded in sunflower hybrid ‘PARSON’
(Figs. 2 and 3).
cid and steric acid of different sunflower hybrids.



Fig. 3. Effect of various irrigation sources on oleic acid and linoleic of different sunflower hybrids.

A. Sher, M. Suleman, A. Sattar et al. Journal of King Saud University – Science 34 (2022) 102016
4. Discussion

This study indicated that the sunflower grown in arid and semi-
arid areas has good crop productivity and oil quality after being
applied with different sources of irrigation (tube well, canal and
sewage sludge water irrigation). The nutrients in canal and sewage
sludge water are greater than the tube well water. The crops grown
under these sources of water is more vigorous and have minimum
need of nitrogen fertilizers because the nutrients in these sources
of water are maximum. Sunflower yield increased significantly
with the use of canal water and sewage sludge water. According
to (Tanan et al., 2019), the enhancement in yield of plants owning
to the use of canal and sewage sludge water can be attributed to
the increase in nutrient accessibility and the improvement in the
soil physical properties, chemical, and biological conditions, which
are produced by the adding the soil organic matter from the sew-
age water. The canal irrigation sources performedwell in this study
as compared to the tube well water (Abdou et al., 2011; Surucu
et al., 2020). The sewage sludge water also performed well in that
area. The field study indicated that canal irrigation water and sew-
age sludge water play a key role in enhancing the yield and yield
attributes (Moradi et al., 2016).

Sunflower hybrids significantly differ for morphological and
yield-connected attributes. In this regard, the hybrid ‘AQSFH-3’
produced the maximum achene yield and have a high amount of
oil and oleic contents. The plant height of sunflower was signifi-
cantly higher with canal water irrigation and minimum plant
height was observed in tube well water irrigation, as reported ear-
lier by (Shah et al., 2013). The maximum achene yield in this
hybrid was the outcome of a greater number of leaves, maximum
head diameter and the maximum 1000 achene weight. More num-
ber of leaves in hybrid results in the development of the most
effective plant canopy which enhance the interception of photo-
synthetically active radiations and reduce the weed emergence
by giving shade (Araus and Cairns, 2014) and improve the grain
6

partitioning which causes better crop growth and yield as was
observed in this study. Moreover, the differences in the morpho-
logical and yield attributes among many different sunflower
hybrids in this study are attributed to the differences in the genetic
make-up of these hybrids for these traits. The plant height is
greatly affected by the canal water source as compared to the tube
well and sewage sludge water source.

Among the water irrigation sources, the maximum achene
yield and oil contents were recorded in canal water irrigation
and sewage sludge irrigation owing to the production of the
greater number of leaves per plant, the highest head diameter,
the maximum achene per head and biological yield which
might have improved the root growth, soil aeration, and uptake
of water and nutrients in the ridge sown sunflower (Noorka
et al., 2013). The maximum use of treated wastewater in irriga-
tion led to an increase in soil chemical properties particularly
soil EC and SAR values for both growing seasons; the same
trend was found by (Sakellariou-Makrantonaki et al., 2011)
who stated that the irrigation with treated wastewater may
influence negatively on some soil properties particularly EC,
SAR and Na% values, which needs continues observing of these
characteristics for long-term.

The yield of crops was reduced from 3 to 15 % in the fields
where the tube well water was used as irrigation compared
with the canal water. In another study, the yield of crops
was not affected by tube well water having EC up to 5.17
dS m�1 because the aquifers have the sandy and clay layer
(Shakir et al., 2011) and due to the crop management adopted
by the farmers (Pangga et al., 2013). Sewage sludge is known
to be an essential source of nitrogen to the plants, which is
the factor element in the calculation of fertilization, as docu-
mented by the CONAMA Resolution n0 375 (Moretto et al.,
2012). However, depending on soil fertility, it usually needs
to be complemented by fertilization with other nutrients
(Nascimento, 2012).
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The increase in sunflower yield by the canal water and
wastewater can be attributed to the presence of not only read-
ily available adequate amount of N, P and K but also enough
organic matter which improves the soil structure and the other
soil characteristics related to the accessibility of nutrients and
water (Zake et al., 2015). Basharat (2012) also stated that the
application of wastewater also enhances the total nitrogen
along with its microbial activity and total carbon in the soil.
Ayoub et al. (2016) stated that the application of wastewater
tends to increase the density of soil micro-organisms including
bacteria, fungi and actinomycetes that help inaccessibility to
plants. In agriculture, wastewater is extensively used because
it is a rich source of essential elements and provides all mois-
ture necessary for plant growth. Most crops give higher poten-
tial yields with wastewater irrigation, reducing the need of
chemical fertilizers, and ultimately resulting in net cost savings
to the farmers.

The leaching of these salts below the root zone may cause soil
and groundwater pollution. The effect of wastewater on agricul-
tural soil is mainly due to the presence of high nutrient contents
(NP), high total dissolved solids and other constituents such as
heavy metals, which are added to the soil over time (Geetha
et al., 2012). Better performance of sunflower hybrids under ridge
sowing is due to loosening fertile soil of the plants (Hussain et al.,
2010). Among the irrigation sources, the canal and sewage sludge
water have good effects on the productivity and oil quality of sun-
flower hybrids.

5. Conclusion

It was concluded from this experiment that different irrigation
resources showed significant effects on various yield parameters
such as achene yield, oil contents and fatty acid composition of dif-
ferent sunflower hybrids. Canal irrigation water was found to be
more significant than other water resources used in the experi-
ment. Sunflower hybrid ‘AQSHF- 3’ produced maximum achene
yield among all hybrids sown for the experiment. As it is concluded
that sunflower hybrid ‘AQSHF- 3’ should be grown with canal irri-
gation water for better growth and achene yield as well as better
oil quality. However, further experimentation is needed for the
assessment of canal irrigation water for sunflower production
and yield under miscellaneous environmental conditions across
the world.
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