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ABSTRACT. The present studies were conducted during the spring season 2024 at the experimental area
of Oilseeds Research Institute, Agriculture Research Center, Tandojam, for determining the effect of low
water stress for yield and oil traits of sunflower (Helianthus annus L.) genotypes, there were six genotypes,
including, LD 1003, YK 221, YK A91, YK A 90, YK A92, GP-606 were investigated. The experimental
design was a split-plot design with two treatments (T 1=control conditions) and (T2=single irrigation), and
three replications, while nine parameters were recorded. The mean squares from ANOVA expressed that
all genotypes were significant for days to 90% maturity, plant height, number of seeds head!, stem girth,
head mass, protein content (%), oil content (%), oleic acid (%) and linoleic acid (%) at P<0.01. Among all
genotypes, Yk a91 showed the maximum performance compared to the rest of the genotypes. YK a91
shows highest performance for PH, NSH, SG and HM and minimum for DTM, OC and LA in Low stress
conditions, In water stress same genotype YK a91 has maximum performance for plant height, no. of seeds
head™!, stem girth, head mass, protein content and oil content and have minimum days to 90% maturity, and
minimum linoleic acid were recorded. The correlation coefficient, regression & coefficient of determination
analyses under Low stress and water stress, head mass gave a positive association with its contributing
traits. Heritability in a broad sense was estimated that high heritability was observed for all the studied
traits. Genotype YK A91 shows the highest performance in water stress conditions.
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INTRODUCTION

The sunflower (Helianthus annuus L.) 1s an annual self-incompatible insect-pollinated
plant that is a member of the Asteraceae family. The term "Helianthus" comes from the
Greek words "helios" which means sun and "anthos" which means flower. This name
reflects the sunflower's unusual habit of following the sun all day long that helps them to
grow. The most common type of sunflower is H. annuus L. Over 70 species of Helianthus
are known globally [1]. The sunflower is characterized by its spherical flower heads,
wide, coarse-toothed leaves, and thick, hairy stalks. At the base of the structure, the
sunflower head has several blooms that develop into seeds. They have special quality
traits called heliotropism where the young flower heads face east in the morning and track
the path of the sun throughout the day this is referred to as phototropism or solar tracking
[2]. It became increasingly popular among oilseeds, and its cultivation area is
progressively expanding due to its short growing season, light insensitivity, and
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adaptability. It represents a promising oilseed crop due to its faster seed multiplication
rate, drought tolerance, good quality of oil, and production of more oil per unit area, and
it is a source of linoleic acid [3]. Furthermore, water stress is a very serious climatic factor
that decreases sunflower yield. It requires an understanding of the phenotypic
characteristics that can restore the performance under water stress conditions and an
understanding of the complicated physiological and genetic pathways involved under
stress conditions. One of the most chief goals of plant breeders is to enhance drought
tolerance and water productivity in plants for such regions. One of the main concerns for
plant breeders shortly is to boost crop plants' resistance to water stress while also
improving their ability to use water efficiently [4]. From a genetic and natural perspective,
sunflower is a field crop that is susceptible to drought [5]. The insufficient water supply
is becoming a serious matter from time to time, which affects plant growth and
development.

Drought may have a significant but adverse impact on the production of food in light
of the facts. Water scarcity is a key abiotic stress that reduces yield in almost all crop
plants, especially in arid and semi-arid areas of the world [6]. The correlation of
sunflowers refers to the relationship between different aspects of sunflowers, such as their
growth, morphology, ecological significance, and economic value. They have been
cultivated for various purposes, including oil production, ornamental value, and as a food
source for humans and wildlife. Furthermore, correlation also assesses the progressive
and undesirable properties of characteristics on achene yields. To overcome the high
number of breeding lines, breeders always utilize well-organized approaches [7-8]. Since
correlation reduces the likelihood of ambiguity, predictions made using correlation
analysis are probably quite close to reality. Several researchers have identified various
forms of association between oil content and grain production [9]. The level of the
relationship among yield components is described by regression analysis. However,
correlation to explicate yield relationships only is generally preferred by sunflower
researchers [10-11]. The regression analysis determines the relationship between seed yield and
other agronomic traits. Regression analysis gives information about the relevant plant traits based
on maximum variation in seed yield [12]. The different multiple regression models are used to
determine the appreciate selection criteria. The results of their studies were shown to be
changeable, exposed to the population and environmental circumstances in which selection was
practiced, considering the relevance of correlation and regression analysis [13]. An increase in
local oilseed production is crucial for saving a significant amount of foreign exchange.
Developing high-yielding oilseed varieties/hybrids that can adapt to our climatic conditions is the
only viable solution.

Among oilseed crops, oilseed sunflower is the preferred source of oil for domestic
consumption and cooking worldwide [14]. It is considered an important oil crop globally, with an
annual production of 20 to 25 million hectares [15]. Sunflower was introduced to Pakistan in the
1960s due to its superior qualities compared to other oilseed crops. Sunflower oil is highly
regarded for its light color, mild flavor, low levels of saturated fatty acids, and ability to withstand
high cooking temperatures. In addition to its advantages as a premium oil, sunflower can also be
used as birdseed, livestock feed, and more [16].

MATERIALS AND METHODS

During the spring growing season of 2024, the experiment carried out in a split-plot
design with three replications and two treatments, a total of four irrigations were applied
(T1=control conditions) on stages i.e. 20-25 days after sowing, near to flowering with
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nitrogen, after maturation of head, and 4" before maturation. While (Treatment-II were
given between germination and flowering (single irrigation) at the experimental area of
the Oilseeds Research Institute, Tandojam. The space between plant to plant was about
09 inches, and row to row was about 2.5 ft; however, plot size was 3 x 5 (m). To identify
potential sunflower genotypes for yield and oil traits, six sunflower genotypes i.e. LD-
1003, Yk-221, Yk-a91, Yk-a90, Yk-a92, and GP-606, were used for the following
parameters.

Days to 90% maturity

The data were recorded when heads 90% mature from the date of sowing days was
recorded by observing plants.

Plant height (cm)
The index plants were measured in centimeters and recorded as plant height.
Number of seeds head’

After harvesting, the heads were manually threshed to count the seeds per head in the
laboratory.

Stem girth (cm)

The stem girth was measured with the help of vernier caliper in centimeters from index
plants.

Head mass (g)

The harvested head was put in the laboratory and heads were measured on electronic
balance and recorded data in grams.

Protein content (%)

The samples were digested using a modified Kjeldahl method, in which nitrogen was
converted into NH4-N, and the digestion was determined using 40% NaOH and 0.1
NHCL standard.

Oil content (%)

Oil content % was recorded by extracting the oil from the 100g seed of each selected
head of each variety.

Oleic acid content (%)

It is calculated according to procedures adopted by Shamshad et al. (2016).
Linoleic acid content (%)

It is calculated according to procedures adopted by Shamshad et al. (2016).
Statistical analysis

The data were analyzed using analysis of variance, following the method described
by Gomez & Gomez (1984). Mean differences were compared using the least significant
differences test (LSD). Heritability was estimated using the approach suggested by Allard
(1960), while the correlation coefficient between different traits was computed according
to Snedecor and Cochran (1980). Additionally, regression analysis was performed as
recommended by Galton (1886).
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RESULTS AND DISCUSSION
Analysis of Variance

The mean squares from ANOVA (Table 1) expressed that genotypes were significant
for all study traits at (P<0.01). These results suggested that genotypes performed
differently over the stress conditions for yield and oil traits. Similar results were obtained
by [12] they also observed significant variation.

Table 1a. Combined mean square from ANOVA for yield and oil traits of sunflower
under Low stress and water stress

Mean square

Traits Replication Treatment Error (a) Genotypes TxG Error (b)
(D.F.2) (D.E.1) (D.F.2) (D.FE.5) (D.E.5) (D.F.20)
Days to 90% maturity 2.52 506.25%* 1.08 257.56%* 15.78%* 3.57
Plant height 11.08 6346.78** 17.69 2316.00%* 188.24%* 4.72
No. of seeds head! 29.00 177241%* 105.00 142401** 10377%* 145
Stem girth 0.00 11.61** 0.01 5.90%* 1.08%* 0.03
Head mass 0.38 182.92%* 0.17 62.77** 7.17%* 0.43
Protein content 0.58 177.77%* 2.86 26.66%* 3.91%* 0.82
Oil content 7.58 26.69 ** 6.02 8-.58%* 94.76** 0.70
Oleic acid 0.19 160.44%* 0.86 47.37%* 6.71%* 0.69
Linoleic acid 0.04 375.00%* 251 183.95%* 6.94** 1.07

**_* Denotes significance at 1% and 5% probability respectively.

Table 1b. Mean square from ANOVA for yield and oil traits of sunflower under non-
stress and water stress

LOW STRESS WATER-STRESS

Traits Replication  Genotypes Error Replication  Genotypes Error

(D.EF.2) (D.E.S) (D.F.10) (D.F.02) (D.E.S) (D.F.)
Days to 90% maturity 0.72 182.75%* 1.32 2.88 90.58%** 5.82
Plant height 2.72 1767.12%%* 4.46 26.05 737.12%* 4.98
No. of seeds head™! 15.00 101259%* 126.00 1194 51518.7+* 164.1
Stem girth 0.001 5.52%% 0.06 0.00 1.46%* 0.01
Head mass 0.02 45.48%* 0.20 0.54 24.45%* 0.67
Protein content 2.72 20.48** 0.72 0.72 10.08** 0.92
Oil content 7.38 162.22%%* 1.18 6.22 13.12%%* 0.22
Oleic acid 0.38 27.95%%* 0.58 0.66 26.13%* 0.80
Linoleic acid 1.05 117.19%* 0.65 1.50 73.70%* 1.50

Mean performance of sunflower genotypes
Days to 90% maturity

Days to 90% maturity decreased on average by 7.50 days under water stress, whereas
the minimum decrease was observed in GP-606 and the maximum was observed in LD-
1003 for days to 90% maturity. Other researchers, like [13], also observed a reduction in
days to 90% maturity under a stressful environment.
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Plant height

The plant height decreased on average by (-26.55 cm) under water stress conditions.
YK-221 showed minimum under stress environment, and YK-A91 showed maximum
reduction in plant height as compared to other genotypes. Further, the genotype Yk A91
was also observed to be a taller plant in water stress conditions, followed by GP-606,
which exhibited plant height. From the present research, it is suggested that medium-tall
plants should be preferred as compared to taller plants. Other researchers like [14], they
also reported a similar type of results.

No. of seeds head!

The no. of seed head™! on average by (-140.34) under water stress conditions, while
lower reduction in seed head=1 was noted in Yk-221. The highest NSH were detected in
Yk A91 followed by LD 1003. Water stress causes a significant reduction in no. of seeds
head=1. However, the above cited genotype reduced lower no. of seeds head=1 such types
of genotypes should be selected for further breeding. Other researchers like [15] also
noted similar results.

Table 2. Mean performance for days to 90% maturity, plant height and number of seeds
head! of sunflower genotypes grown under Low stress and water stress environments

Days to 90% Plant height No. of seeds
maturity (cm) head!
Low Water- Low Water- Low Water-

Genotypes stress stress D.F.* stress stress D.F.* stress stress D.F.*
LD-1003 121.33 108.00  -13.33 162.33 137.00 -25.33 982.00 716.67 -265.33
Yk-221 105.00 97.33 -7.67 145.67 132.00 -13.67 733.33  690.00 -43.33
Yk-A91 111.33 103.67 -7.66 189.67 145.00 -44.67 1017.67 833.33 -184.34
Yk-A 90 108.00  103.00 -5 122.00 102.33  -20.33 643.67 496.67 -147
Yk-A92 117.33 110.00 -7.33 140.00 118.33  -21.67 856.67 708.33 -148.34
GP-606 100.33 96.33 -4.00 172.00 137.67 -3433 563.00 509.33 -53.67
Mean 110.55 103.05 -7.5 155.27 128.72  -26.55 799.39  659.05 -140.34
LSD at 5% (T) 1.49 6.04 14.72
LSD at 5% (G) 3.43 3.94 21.87
LSD at 5% (TxG) 5.67 6.52 36.16

Stem girth (5G)

The stem girth decreased on average by (-1.13 cm) under water stress conditions.
Genotype Yk A91 gave maximum stem girth, followed by LD 1003, respectively. Our
results agree with [16] their results showed that a smaller reduction in stem girth was
observed in different genotypes of sunflower under water stress conditions.

Head mass

The head mass decreased on average by (-6.69 cm) under water stress conditions.
while minimum reduction was observed in LD-1003 and maximum was given by Yk-
A92. The present findings suggested that the above genotype, which showed the
minimum reduction, performed well under water stress conditions as compared to rest of
the genotypes. Similar results were obtained by [17] who also observed that water stress
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also reduced the head mass, although some genotypes showed a smaller reduction and
others showed maximum reduction in head mass.

Protein content

The Protein content decreased on average by (-4.45%) under water stress conditions.
The genotype LD 1003 has the highest protein content, followed by genotype Yk 221.
Whereas GP-606 exhibited minimum protein content comparing the rest of the
genotypes. Our results agree with [18].

Table 3. Mean performance for stem girth, head mass and protein content of sunflower
genotypes grown under Low stress and water-stress environment

Stem girth Head mass Protein content

Genotypes s%l?evsvs \:222: D.F* s%l?evsvs \:2::2:- D.F* slglf)e‘;vs \Zizzz- D.F*
LD-1003 45.1 4139 243 45.1 41.39 -3.71 24 17.00 -7
Yk-221 43.3 38.21 -0.87 433 38.21 -5.09  23.33 20.00 -3.33
Yk-A91 50.36 429 -1.97  50.36 429 -7.46  22.00 17.00 -5
Yk-A 90 42.1 351 -0.47 42.1 35.1 -7 18.00 15.00 -3
Yk-A92 48.78 39.15  -0.53  48.78 39.15 -9.63  22.00 16.67 -5.33
GP-606 39.34 32.1 -0.59  39.34 32.1 -7.24  18.00 15.00 -3
Mean 44 .83 38.14  -1.13  44.83 38.14 -6.69 21.22 16.77  -4.45
LSD at 5% (T) 0.03 0.6 2.42

LSD at 5% (G) 0.35 1.2 1.64

LSD at 5% (TxQG) 0.59 1.98 2.72

Oil content

The oil content is varied from -1.33 to -7.00% due to water stress conditions, although
the genotype LD-1003 showed the minimum reduction in oil content, while the maximum
was given by Yk-A90 for oil content. These results suggested that water stress also caused
a reduction in oil content. However, genotype LD-1003 reduced the minimum reduction
and sustained stress; such a genotype should be preferred for further study. Other
researchers like [19] their results are similar to our findings.

Oleic acid

Genotype Yk A92 has the maximum oleic acid, followed by genotype. Whereas, GP-
606 has a minimum oleic acid %, as compared to other genotypes [20] they also observed
a smaller reduction in traits; thus, our results are in confirmation with these researchers.

Linoleic acid

The Yk 221 showed the highest linoleic acid followed by Yk A92. The minimum
linoleic acid is observed in GP-606 in water-stress conditions. Our results are conformity
with other researchers like [21] they also observed similar type of results.
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Table 4 Mean performance oil content, oleic acid, and linoleic acid of sunflower
genotypes grown under Low stress and water stress

Qil content Oleic acid Linoleic acid
Genot Low  Water- Low Water- Low Water-

enotypes stress  stress D.F.* stress stress D.F.* stress stress D.F.*
LD-1003 38.33 37.00 -1.33 30.33 24.00 -6.33 81.4 74.00 -7.4
Yk-221 39.67 35.00 -4.67 32.67 25.67 -7 86.00 80.00 -6
Yk-A91 38.00 35.33 -2.67 34 31.00 -3 71.67 67.00 -4.67
Yk-A 90 38.00 31.00 -7 28.67 26.33 -2.34 76.67 71.00 -6.67
Yk-A92 41.33 35.00 -6.33 35.67 31.00 -4.67 84.33 74.00 -10.33
GP-606 38.00 33.00 -5 28 26.00 -2 71.67 67.00 -4.67
Mean 38.88 34.38 -4.5 31.55 27.33 -4.33 78.62 72.16 -6.46
LSD at 5% (T) 3.52 1.33 2.27
LSD at 5% (G) 1.52 1.51 1.88
LSD at 5% (TxG) 2.52 2.5 3.11

Correlation Coefficient (r), Regression (b) & Coefficient of Determination (r*) for
various traits in sunflower under Low stress and water stress

Head mass V/S Days to 90% maturity

Under Low stress the correlation coefficient between days to 90% maturity (DTM)
and head mass was positively significant which advocated that upturn in days to 90%
maturity resulted increase in head mass by (b =0.31) which proposed that an increase in
days to 90% maturity was associated with increased head mass, indicating considerable
variation among these traits. [22] they also reported similar results.
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Fig. (1a) Relationship of days to 90% maturity with head mass of sunflower genotypes
grown in Low stress

235



Rukhsar Samoon et al.: identification of potential sunflower genotypes for yield and oil traits for low water stress conditions

25000 v =0.08%
545.00 R=0.0384 e o
540.00 ®e -
3500 o °
j: 30.00
22500
2 20.00
='15.00
10.00
5.00
0.00
0.00  20.00 40.00 60.00 80.00 100.00 120.00 140.00

Head mass (g)

Fig. (1b) Relationship of days to 90% maturity with a head mass of sunflower genotypes
grown in water stress

Head mass V/S Plant height

Plant height (PH) and head mass (HM) were positively significant, that indicated an
increase in plant height increases in head mass. These traits showed moderate variation
so selection should be more effective for the further improvement between these traits.
Our results are similar with other researchers like [23]
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Figure (2a) Relationship of plant height with head mass of sunflower genotypes grown
in Low stress
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Figure (2b) Relationship of plant height with head mass of sunflower genotypes
grown in water stress
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Head mass V/S no of seeds plant™

The no. of seeds plant! (NSP) and head mass (HM) was significant and positive that
indicated that an increase in NSP will increase HM while analysis of regression that
shows an increase in no. of seeds plant! will increase in HM. These traits established
poor associations due to low variation in both environments. [24] They observed the same
type of results.
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Fig. (3a) Relationship of seeds per head with head mass of sunflower genotypes grown
in Low stress
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Figure (3b) Relationship of seeds head-1 with head mass of sunflower genotypes grown
in water stress

Head mass V/S Stem girth

Stem girth (SG) and head mass (HM) was significant and positive that indicated an
increase in SG will increase HM although analysis of regression shows that if SG
increases then HM would increase. Such findings suggested that selection should be more
effective for further improvement in these traits. [25] They also reported similar type of
findings.
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Fig. (4a) Relationship of stem girth with head mass of sunflower genotypes grown
in Low stress
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Figure (4b) Relationship of stem girth with head mass of sunflower genotypes grown in
water stress
Head mass V/S Oleic acid

Oleic acid (OA) and head mass (HM) was positive significant that indicated an
increase in OA would increase HM while analysis of regression indicated that if OA
increases then HM would increase. [26] They also reported similar type of findings.
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Fig. (5a) Relationship of oleic acid with head mass of sunflower genotypes grown in
Low stress
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Fig. (5b) Relationship of oleic acid with head mass of sunflower genotypes grown in
water stress

Heritability estimates in broad sense (h* b.s. %) for sunflower genotypes

The heritability for yield and oil traits showed high heritability under both the
environment for all the parameters [27] the results suggested that these traits were less
affected by environment and selection should be more effective for the further
improvement in these characters. Other researchers like [21] also estimated high
heritability for yield and oil traits.

Table 5. Heritability estimate in broad sense (h2 b.s. %) for sunflower genotypes

LOW STRESS STRESS
Genotypic  Phenotypic .oy iy Genotypic Phenotypic p Joypiie
Traits Variance  Variance (H?) Variance Variance (H?)
(co’g) (a’p) (c’g) (o’p)
Days to 90% maturity 181.43 183.19 99.03 88.64 96.40 92.33
Plant height 1765.63 1771.58 99.66 735.52 741.90 99.14
No.of seeds head™! 101217 101385 99.83 51464 51682.81 99.57
Stem girth 5.50 5.58 98.56 1.45 1.47 99.31
Head mass 45.41 45.68 99.40 24.22 25.12 96.39
Protein content 20.24 21.20 95.47 9.77 11.00 88.24
Oil content 161.82 163.40 99.21 13.04 13.34 92.80
Oleic acid 27.75 28.53 97.26 25.86 26.93 95.98
Linoleic acid 116.97 117.84 99.26 73.20 75.20 97.34
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CONCLUSION

In this study, among the genotypes YK A91 showed maximum performance as
compared to the rest of genotypes in both conditions. Correlation coefficient, regression
& coefficient of determination analyses showed positive and significant associations
between head mass and its contributing traits. According to heritability in a broad sense,
all the traits under study showed high heritability.
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