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Abstract
The current research finding is carried out for developing the water tolerant genotypes thus the six
sunflower genotypes such as Charinka, Thatta, A-2,TJ-1,N-17 and A-1 were studied at oilseeds research
institute, Tandojam during 2019.The experiment was carried out in split plot design with three replications.
Twelve quantitative traits were studied such as days to 75% flowering, day to 75% maturity, hight, head
size, number of seeds head-1,seed index, relative water content, leaf area, head mass, mass of achenes head1
,plant dry matter and harvest index. The mean square from analysis variance displayed that genotypes,
treatments and treatments x genotypes were significant for all the traits like days to 75% heading, days to
75% maturity, plant height, number of seeds head-1, 1000-seed weight, relative water content, leaf area,
biological yield plant-1, head mass, mass of achenes head,-1 and harvest index. Water stress caused
significant impacts on all the studies traits, like days to 75% heading, days to 75% maturity, plant height,
number of seeds head-1, 1000-seed weight, relative water content, leaf area, biological yield plant -1, head
mass, mass of achenes head,-1 and harvest index. Among the genotypes such as A-2,A-1 and TJ-1 performed
better under water stress conditions according to higher mean performance for days to 75% heading, day
to 75% maturity, plant height, head size, number of seed head-1,1000 seed weight, relative water content,
leaf area, total dry matter, head mass, mass of achenes-1and harvest index. Seed yield significant negative
(-0.49*) associated with days to 75% flowering, (-0.57*) 1000-seed weight and (-0.44*) relative water
content. The seed yield plant-1 was significant positive (0.90**) associated with harvest index. Whereas in
water stress condition seed yield significant negative (-0.40*) associated with plant height and (-0.36*)
head mass and it was significant positive (0.44*) with head diameter, (0.73**) seeds per head, (0.87**)
1000-seed weight and (0.78**) harvest index.
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and sustainable food production [12].
Conventional plant breeding attempts have
changed over to use physiological selection
criteria since they are time consuming and
rely on present genetic variability [13].
Tolerance to abiotic stresses is very complex,
due to the intricate of interactions between
stress factors and various molecular,
biochemical and physiological phenomena
affecting plant growth and development [14].
High yield potential under drought stress is
the target of crop breeding. In many cases,
high yield potential can contribute to yield in
moderate stress environment [15]. Drought
stress is considered to be a moderate loss of
water, which leads to stomatal closure and
limitation of gas exchange. Desiccation is
much more extensive loss of water, which
can potentially lead to gross disruption of
metabolism and cell structure and eventually
to the cessation of enzyme catalyzed
reactions [16, 12]. Drought stress is
characterized by reduction of water content,
diminished leaf water potential and turgor
loss, closure of stomata and decrease in cell
enlargement and growth. Severe water stress
may result in the arrest of photosynthesis,
disturbance of metabolism and finally the
death of plant [17].
The plant best growth with temperatures at
20-25°C, while seed yields and oil content
declined at temperatures of above 25°C [18].
Plants are tolerant to water deficit, so when
exposed to drought stress duration the key
developing and flowering stages, production
and oil content decreased [19, 20].
Sunflower seeds production was 43.8 million
metric tons at 24.8 million hectares of
acreage [21], along total production of 1,249
kg ha-1 [22]. However, under water stress
conditions, sunflower efficiency decreases
[23, 24]. The head diameter, number of
achenes per head, weight of 1000 achenes
and sunflower hybrid production dropped
drastically [25]. In order to better understand
crop growth and development, crop

Introduction
Sunflower (Helianthus annuus L.) is the
world's more valuable crop and have
achieved prestige among all oilseed crops.
This is easily growing and profitable at small
farm and large field scale [1]. This is called
high-grade oil because it contains protein 2027%, huge source of vitamins A and D, oleic
acid (16.2%), linoleic acid (72.5%) and
greater amount of polyunsaturated fatty acid
(60%), make it excellent edible vegetable oil
(Tahir et al., 2014), also have anti-cholesterol
properties, the ability to fit change
circumstances, short period, vast adaptation
towards soil and climate patterns, photo and
thermo-insensitiveness, drought resistant
also gives maximum oil production per unit
area. This crop is cultivated 2.4 million
hectares for 1.44 million tons production
with yield performance was 6.08 q ha-1 in
contrast 12.71 q ha-1 to the world production
[2].
The sunflower seed cake used for cattle feed
and also used in industry for making paints,
cosmetics, decorations, medical uses [3, 4]
and its dried stalk used for fuel [5].The water
is getting less day by day, because nonavailability of natural rainfall, too much draw
out of groundwater, rise in the number of
inhabitant and greater water usage for
farming [6-9].Drought stress is the key factor
has destructive effect on the production and
oil seed quality [10], modify plant
development, physiology and metabolic
functions [11].
Drought is a meteorological term and is
commonly defined as a period without
significant rainfall. Generally, drought stress
occurs when the available water in the soil is
reduced and atmospheric conditions cause
continuous loss of water by transpiration or
evaporation. Drought stress tolerance is seen
in almost all plants, but its extent varies from
species to species and even within species.
Water deficit and salt stresses are global
issues to ensure survival of agricultural crops
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phenology is fundamental and speedily
influences of a lot of agricultural
management practices. Water scarce is the
environmental condition that reducing or
prolonging the development process that may
impact crop phenology [26].
The scarcity of water at various stages of
sunflower growth causes a major decrease in
the yield of seeds, alters the composition of
the seeds, reduces oil quality and oil yield
grains [27-29]. Moreover, a temporary or
permanent insufficient water supply will
adversely affect
the
morphological,
physiological and biochemical processes in
sunflower [30]. The excess irrigation will
decrease the oil and oleic acid and enhance
linoleic acid; both oil and oleic acid was
greatest with irrigation of about 500 to 600
mm [31].
In sunflower breeding with increased yield
performance, it is crucial to seek
morphological
and
physiological
characteristics, that are readily optimized of
correlate with seed productivity and oil yield,
so that they can be utilized as selection
process [32]. Under deficit irrigation, the
genotype has the good performance. The
initial phase of growth was much successful
than middle and later stage in irrigation to
increase the seed yield [33]. On the basis of
previous literature cited regarding the
importance of sunflower crop for higher seed
yield and oil content. The present study is
planning to evaluate yield performance of
sunflower genotypes under water deficit
conditions.
Materials and Methods
The present research was conducted to
carried out the experimental field of oilseeds
Research Institute Tandojam, during rabi
season 2019-2020.The experiment was held
in split plots with three replications. Two
irrigation regimes i.e., T1(control maximum
4 irrigations) and T2 (zero irrigation)
considered as main plots and genotypes as
sub-plots. Six parental lines such as

Charinka, Thatta, A-2,TJ-1,N-17 and A-1 for
twelve quantitative traits such as days to 75%
flowering, days to 75% maturity, height,
head size, number of seeds head-1,seed index,
relative water content, leaf area, head mass,
mass of achenes head-1,plant dry matter and
harvest index. were studied. The obtained
data was statistical analyzed according to
[34], and correlation coefficient was calculated
according to [35].
Results and Discussion
Present studies were aimed to determine the
effect of water stress in six lines of sunflower
for twelve yield and physiological traits
under the agro-climatic conditions at the
experimental field of oil seeds research
institute, Tandojam. The obtained result is
described here under which are as under
Analysis of variance for yield and
physiological traits
The analysis of variance (Table 1) and
separate ANOVA of non-stress and water
stress (Table 2) showed that treatment and
genotypes were significant for all traits such
as flowering days, maturity days, height,
head size, seeds head-1, thousand seed weight,
relative water content, leaf area, biological
yield, head mass, mass of achenes head-1 and
harvest index. Whereas treatment x
genotypes (T x G) were also significant for
most of the traits except plant height and head
diameter. The separates ANOVA of nonstress and water stress were also showed that
genotypes were significant for all the traits in
both the environments. The significance of
variances
revealed
that
genotypes
implemented inconsistently for yield and
physiological traits under both the
environment as well as across the
environments [36, 37]. They also reported
significance mean squares for yield and
physiological traits.
Mean performance of sunflower genotypes
Days to 75% flowering
Averagely -4.16 days reduced in days to 75%
flowering under water stress condition. In
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non-stress days to 75% flowering was ranged
from 49.00 to 56.00 and 45.00 to 52.00 in
water stress condition (Table 3). The TJ-1
takes minimum days to 75% flowering
followed by N-17 and Thatta in non- stress
condition. While A-1 takes maximum days to
75% flowering is non stress. Whereas in
water stress condition Charnika, TJ-1and
Thatta took minimum days to 75% flowering
and A-1takes maximum days to 75%
flowering in water stress condition. Similar
results were obtained by [38-40]. Observed
that water stress caused early flowering.
Days to 75% maturity
Days to 75% maturity was ranged from
132.00 to 134.33 is non-stress. The
genotypes like Thatta , A-1 and N-17 takes
minimum days to 75% maturity and Charnika
takes maximum days to 75% maturity is non
stress (Table 3). Whereas in water stress, A2 A-1 and Charnika takes minimum days to
75% maturity and N-17 take more days to
75% maturity. From present results it is
suggested that such genotypes which takes
minimum days to 75% maturity in water
stress condition may be prepared for breeding
programme [38-40]. Examined that water
stress declined in days to maturity.
Plant height (cm)
The on an average -18.28cm plant height was
declined due to water stress condition.
Nonetheless genotype Thatta A-2 and N-17
gave minimum relative decreased for plant
height in water stress conditions (Table 4).
The A-2 gave minimum plant height is both
the conditions and Thatta showed tallers
plants is non-stress and water stress
conditions [41, 40]. Studied that under
adverse conditions shorter plant structure
were found in sunflower genotypes.
Head diameter (cm)
Wider heads with a greater number of seeds
are desirable for obtain higher yield in
sunflower. On an average water stress caused
-6.53 cm averaged declined in head diameter
in all genotypes (Table 4). Among the

genotypes TJ -1, A-1 and N-17 showed
minimum relative decreased in head diameter
in water stress conditions. While Thatta
displayed maximum head diameter in nonstress and TJ-1 showed wider heads in water
stress conditions. It is concluded that those
genotypes gave minimum relative decrease
with desirable head size in water stress
conditions could be grouped as water stress
tolerant and those genotypes declined
maximum relative decreased and smaller
head size could be placed in water stress
susceptible genotypes. Similarly, [40, 42-44].
They also reported that water stress caused a
declined in head diameter.
Number of seeds head-1
The number of seeds head-1is varied from
908.33 to 725.00 in non- stress and 731.67 to
566.67 in water stress condition which
caused -92.66averaged declined in seeds per
head due to water stress condition. Among
the genotypes, A-2, Charnika Thatta and A-1
gave more seeds head-1 in non-stress and
water stress condition (Table 5). It is
suggested that above cited genotypes should
be utilized for the development of water
stress tolerant genotypes with improved
seeds per head. Similarly, [33, 40, 42-44].
They also reported similar type of results.
1000- seeds weight
Water stress caused a significant declined in
1000-seed weight also although A-2, N 17and A-1 these genotypes declined
minimum in seed index and such genotypes
prove their tolerant ability under zero
irrigation. It is further suggested that such
genotypes were water stress tolerant for seed
index (Table 5). Our results were agreement
with those who have obtained similar results
such as [33, 40, 42-44]. Observed that under
shortage of water or zero irrigation caused a
significant loss of 1000-seed weight.
Relative water content (%)
The range of RWC was 71.00 to 80.00% in
non- stress and 36.00 to 50.00% in water
stress condition which showed -32.94%
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averaged was reduced due to water stress
condition. A-2 A-1 and Thatta gave more
RWC in non-stress and in water stress Thatta,
A-1 and Charnika retained maximum RWC
(Table 6) [45]. He also reported that under
stress condition those genotypes which
possessed a good amount of water in their
leaves they showed that tolerant ability
against the stress condition and such
genotypes could be grown in those areas
where growers facing the water shortage
problem.
Leaf area (cm2)
The leaf area is varied from 36.06 to 38.23 in
non- stress and it was ranged from 23.00 to
32.00cm2 in water stress condition. A-1, A-2
and TJ-1 gave maximum leaf area in nonstress and water stress [45]. He observed that
a sharper declined in leaf area was observed
under zero irrigation or water stress
conditions.
Head mass (g)
On an average -74.44 g head mass declined
due to water stress condition (Table 7). The
range of relative decreased in head mass was
varied from -44.67 to -109.00 g due to water
stress however Charnika, Thatta, TJ-1 and N17 gave minimum relative decreased in head
mass reduced to water stress. Whereas A-2
gave maximum reduction in head mass under
water stress conditions [33, 40, 42-44]. They
also reported similar type of results.
Mass of Achenes head-1 (g)
The seeds yield head-1 was varied from 58.40
to 82.00g in non- stress and 32.00 to 46.33g
in water stress condition which showed 29.96 averaged declined in yield due to water
stress condition (Table 7). Among the
genotypes, A-2, Charinika and TJ-1 gave
highest seeds yield in non-stress and water
stress condition. It is suggested that above
genotypes such as A-2, Charinika and TJ-1
were proved as water stress tolerant
genotypes and they produced maximum seed
yield under both the environment [33, 40, 4244]. They examined that a sharper declined in

susceptible genotypes for seed yield while
some genotypes showed a smaller amount of
reduction in seed yield or mass of achenes per
head those genotypes were placed in water
stress tolerant group and they may be grown
under zero irrigation or rain fall areas.
Biological yield plant-1 (g)
Biological yield plant-1 was ranged from
206.33 to 256.00 in non- stress and 155.00 to
192.67g in water stress condition which
showed -65.18g averaged declined due to
water stress condition. Among the genotypes,
TJ-1, N-17 and Thatta gave highest in water
stress condition (Table 8) [33, 40, 42-44].
Examined that total dry matter have unique
position for the development of water stress
tolerant material and also observed that more
or less reduction in biological yield was
noted under water stress condition.
Harvest index (%)
A-2, A-1 and N-17 gave minimum relative
decrease in harvest index due to water stress
conditions (Table 8). The range of harvest
index was 23.77 to 36.83% in non-stress and
19.09 to 28.40 % in water stress condition
[33, 40, 42-44, 46]. Examined that water
stress were also caused reduction in harvest
index.
Correlation coefficient of yield and
physiological traits
Seed yield was significant negative
associated with days to 75% flowering, 1000seed weight and relative water content.
Whereas seed yield plant-1 was significant
positive associated with harvest index.
Whereas seed yield had non-significant
positive with seeds per head, head mass and
biological yield and non-significant negative
associated with associated with days to 75%
maturity, plant height, head diameter and leaf
area in non-stress condition (Table 9).
Whereas in water stress condition seed yield
significant negative associated with plant
height and head mass and it was significant
positive with head diameter, seeds per head,
1000-seed weight and harvest index. While
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seed yield had non-significant positive
associated with relative water content,
biological yield and non-significant negative
associated with days to 75% flowering, days
to 75% maturity and leaf area. The significant
correlations in stress condition indicated that
seed yield plant-1 were increased due to
increase in head diameter, seeds per head,
1000-seed weight and harvest index while
significant negative associations of seed yield
with other traits showed that if seed yield

increased these traits such as plant height and
head mass were decreased that is also
desirable association while other correlations
either positive or negative they were nonsignificant with seed yield their increase or
decrease in traits cannot imposed significant
effect on seed yield. Our results are in
agreement with those they also reported such
type of association with seed yield in water
stress condition as well as non-stress
conditions they are [47, 45].

Table 1. Mean squares from analysis of variance for quantitative traits of sunflower
Genotypes grown in non-stress and under water stress conditions
Mean squares
Treatmen Error (a) Genotypes
t (D.F.1)
(D.F. 2)
(D.F.5)

TxG
(D.F.5)

Error
(b)
(D.F.20)

29.60**

9.91*

2.70

3.08

29.04**

17.20*

5.52

3006.69**

18.47

355.65**

47.47**

1.40

0.44

384.16*

4.60

8.82**

3.84*

1.16

Number of seeds head-1

127.00

206722**

856.00

2160**

3814.00**

437.00

1000 seed weight

4.33

6480.25**

0.33

41.78**

136.98**

1.27

Relative water content

4.11

968.03**

0.78

70.63**

39.29**

1.51

Leaf area

0.44

730.08**

1.98

26.46**

13.71**

0.88

Biological yield plant-1

9.20

38979**

3.00

1377.70**

460.20**

9.40

Head mass

22.00

503225**

7.20

1183.6**

448.60**

6.80

Mass of achenes head-1

3.18

8079.01**

1.39

299.01**

31.41**

1.24

Harvest index

1.00

343.11**

0.44

109.27**

4.64**

0.41

Traits

Replicatio
n (D.F. 2)

Days to 75% flowering

0.52

256.25*

2.08

Days to 75% maturity

3.69

2116.0**

Plant height

1.87

Head diameter

**,* = P≤ 0.01 and 0.05 levels.
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Table 2. Mean squares from analysis of variance for different parameters of sunflower
grown in normal and water stress conditions
Mean squares
Traits

Non stress
Replication Genotypes
(D.F.2)
(D.F.5)

Water stress
Error Replication Genotypes
(D.F.10)
(D.F.2)
(D.F.5)

Error
(D.F.10)

Days to 75% flowering

1.72

17.02*

4.65

0.88

22.58**

0.75

Days to 75%maturity

4.38

3.25

6.92

2.38

42.98**

4.12

Plant height

5.28

208.23**

1.74

15.05

194.88**

1.05

Head diameter

3.49

5.51*

1.18

1.55

7.15**

1.15

Number of seeds head

164.70

12182.70**

633.30

818.10

13238.90**

241.40

1000-seed weight

3.50

155.96**

1.56

1.16

22.80**

0.96

Relative water content

2.88

33.78**

0.88

2.00

76.13**

2.13

Leaf area

0.86

2.11ns

1.01

1.55

38.05*

0.75

Biological yield plant

1.29

1327.51**

10.38

10.88

510.35**

8.35

Head mass

21.05

1339.47**

10.77

7.72

292.75**

2.92

Mass of achenes head

3.48

252.89**

1.29

0.72

77.52**

1.18

Harvest index

0.73

64.66**

0.37

0.71

49.24**

0.45

**,* = P≤ 0.01 and 0.05 levels

Table 3. Mean Performance for days to 75% flowering and days of 75% maturity of
sunflower genotypes grown under stress and water stress condition
Genotypes

Days to 75% flowering
Non-stress Water-stress

R.D.*

Days to 75% maturity
Non-stress Water-stress

R.D*

Chanika

53.66

45.00

-8.66

134.33

116.00

-18.33

Thatta

53.00

48.00

-5.00

131.67

119.33

-12.34

A2

53.66

50.33

-3.33

131.67

112.00

-19.67

TJ-1

49.00

46.00

-3.00

131.67

118.00

-13.67

N-17

51.33

50.33

-1.00

132.67

122.67

-10.00

A-1

56.00

52.00

-4.00

132.33

114.33

-18.00

Mean

52.77

48.61

-4.16

132.39

117.05

-15.33

LSD at 0.05% 5% (T)
LSD at 5% (G)
LSD at 5% (T x G)

2.07
1.99
2.80

2.51
2.83
4.00

*R. D = relative decrease in water stress over non stress condition
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Table 4. Mean performance for plant height and head diameter of sunflower genotypes
grown under non stress and water stress conditions
Genotypes
Charnika
Thatta
A2
TJ-1
N-17
A-1
Mean
LSD at 0.05% (T)
LSD at 5% (G)
LSD at 5% (T x G)

Plant height (cm)
Non-stress Water-stress
138.40
121.33
145.07
132.00
131.47
116.33
155.13
136.33
137.87
121.33
147.07
118.00
142.50
124.22
6.16
1.42
2.01

R.D.*
-17.07
-13.07
-15.14
-18.8
-16.54
-29.07
18.28

Head diameter(cm)
Non-stress
Water-stress
21.66
15.33
22.26
13.33
21.33
13.33
21.80
17.00
18.60
13.00
20.200
14.66
20.97
14.44
3.07
1.30
1.84

R.D*
-6.33
-8.93
-8.00
-4.80
-5.60
-5.54
6.53

Table 5. Mean performance form number of seed head and 1000 seed weight of sunflower
genotypes grown under non stress and water stress conditions
Number of seed head-1
Genotypes

1000 seed weight(g)

Nonstress

Waterstress

R.D.*

Charinka

876.67

643.33

Thatta

850.00

A2

R.D*

Non-stress

Water-stress

-233.34

56.00

31.00

-25.00

730.00

-120.00

53.00

27.00

-26.00

908.33

731.67

176.66

66.66

25.00

-14.66

TJ-1

847.67

715.00

-132.67

61.33

28.00

-33.33

N-17

725.00

566.67

-158.33

46.66

32.00

-14.83

A-1

808.33

720.00

-88.33

51.33

31.00

-20.33

Mean

580.44

684.44

-92.66

55.83

18.50

-22.35

LSD at 5% (T)

41.95

0.82

LSD at 5% (G)

25.18

1.35

LSD at 5% (T x G)

35.61

1.91

*R.D = relative decrease in water stress over non stress condition
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Table 6. Mean performance for relative water content and leaf area of sunflower genotypes
grown under non stress and water stress conditions
Leaf area (cm-2)

Relative water content (%)
Genotypes

R.D.*

Waterstress

R.D*

Non-stress
-28.33

36.20

26.00

-10.20

50.00

-26.66

36.60

23.00

-13.20

80.00

40.00

-40.00

37.60

30.00

-7.60

TJ-1

72.00

36.00

-36.00

37.00

32.00

-5.00

N-17

75.00

39.33

-35.66

36.06

25.66

-10.40

A-1

77.00

46.00

-31.00

38.23

31.00

-7.23

Mean

75.27

42.33

-32.94

43.21

27.94

8.93

Non-stress

Water-stress

Chranika

71.00

42.66

Thatta

76.66

A2

LSD at 5% (T)

1.26

2.01

LSD at 5% (G)

1.48

1.13

LSD at 5% (T x G)

2.09

1.60

*R.D = relative decrease in water stress over non stress condition

Table 7. Mean performance for head mass and mass of achenes head-1 of sunflower
genotypes grown under non stress and water stress conditions
Head mass (g)
Genotypes

R.D*
non -stress water -stress

Charinka
Thatta
A2
TJ-1
N-17
A-1
Mean
LSD at 5% (T)
LSD at 5% (G)
LSD at 5% (T x G)

127.67
155.00
185.00
132.33
145.33
162.67
151.33

83.00
92.33
76.00
65.00
69.00
74.00
76.72

Mass of achenes head-1
(g)

R.D*

non -stress water -stress
-44.67
-62.667
-109.00
-67.33
-76.33
-86.67
-74.44

3.84
3.15
4.45

76.00
66.40
82.96
73.33
62.33
58.40
69.90

44.00
40.00
46.33
40.33
37.00
32.00
39.94
1.68
1.34

*R.D = relative decrease in water stress over non stress condition
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-36.63
-33.00
-25.33
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Table 8. Mean performance for biological yield plant-1 and harvest index of sunflower
genotypes grown under non stress and water stress conditions
Biological yield plant-1 (g)

Harvest index (%)

Genotypes
Charinka
Thatta
A2
TJ-1
N-17
A-1
Mean
LSD at 5% (T)
LSD at 5% (G)
LSD at 5%(T x G)

R.D.*
Non-stress

Water-stress

206.33
217.87
256.00
258.67
237.67
245.67
222.21

155.00
171.67
162.67
192.67
177.67
167.67
171.22

--51.33
-46.20
-93.33
-66.00
-60.00
-78.00
-65.18

R.D*
Non-stress

Water-stress

36.83
30.47
32.41
28.35
26.23
23.77
29.67

28.40
23.30
28.48
20.94
20.82
19.09
23.50

-8.40
-7.17
-3.93
-7.41
-5.41
-4.68
6.16

2.47
3.68
5.21

*R.D = relative decrease in water stress over non stress condition

Table 9. Correlation coefficient mass of achenes head-1with yield and physiological traits
grown under non-stress and water stress conditions
Characters
Days to 75% flowering
Days to 75% maturity
Plant height
Head diameter
Number of seed head-1
1000 seed weight
Relative water content
Leaf area
Head mass
Biological yield plant-1
Harvest index

Non-stress
-0.49*
-0.28
-0.01
-0.02
0.10
-0.57*
-0.44*
-0.11
0.22
0.29
0.90**

Water stress
-0.15
-0.20
-0.40*
0.44*
0.73**
0.87**
0.02
-0.10
-0.36*
0.09
0.78**

**,* = P≤ 0.01 and 0.05 levels

leaf area, biological yield plant-1, head mass,
mass of achenes head,-1 and harvest index.
Among the genotypes such as A-2, A-1 and
TJ-1 performed better under water stress
conditions according to higher mean
performance for all the studied traits.
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, 1000-seed weight, relative water content,
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