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Abstract

Nine sunflower inbred lines as listed in (table 3) were chosen for this study. The present work was planned to
study effect of drought on yield and yield components of selected inbred lines of sunflower. The information will
be important in developing sunflower cultivars tolerant to water stress. The experiment was conducted in a
randomized complete block design (RCBD) under split plot arrangement with three replications. The main plots
comprised of three treatments i.e. severe water stress, mild water stress and normal irrigation. In the normal
condition, plants were watered daily throughout the cropping period, while in the mild and severe stress
condition; water stresses was created from R4 and R6 stage, respectively. Highly significant differences
observed between stress treatment for Head diameter and stem diameter. While for seed yield and 1000 seed
weight exhibited significant differences. Mean squares of different traits under drought and normal irrigation
conditions revealed highly significant differences between sunflower inbred lines for all the traits studied. B329,
R56 and B147 were less affected under water stress conditions as compared to other lines for seed yield per
plant and head diameter. Inbred line B343 for number of seed per plant and inbred line R50 for 1000 seed
weight were less affected too. Inbred lines B329 and R56 proved more drought tolerant for stem diameter and
plant height. Principle component analyses were done in all three treatments. There were two principle
components in each PCA. Thefirst PC (PC1) had high positive correlation with all the traits studied except
number of seed per plant. The second (PC2) mostly had high positive correlation with number of seed per plant.
The lines B329, R56, B343, R50 and R26 had the least variance in these three treatments. In other word, they
were drought tolerant in this experiment but only B329 and R56 had high performance compare with other

lines.
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Introduction

In natural environment plants are subjected to
several stresses that adversely influence growth,
metabolism, and yield. Biotic (insects, bacteria,
fungi, and viruses) and abiotic (light, temperature,
water availability, nutrients, and soil structure)
factors affect the growth of higher plants. Among
these, drought is a major abiotic factor that limits

agricultural crop production (Reddy et al., 2004).

Water stress is one the major limitations to crop
yields worldwide, and possible global climate change
scenarios suggest a future increase in the risk of
drought (IPCC 2001). Breeding crop varieties for
improved water use efficiency is, therefore, of great
importance(Condon et al., 2004). Photosynthesis in
higher plants is known to decrease with the relative
water content (RWC) and leaf water potential
decreases (Lawlor and Cornic, 2002). Drought
mainly limits photosynthesis through stomatal
closure and through metabolic impairment (Lawson
et al., 2003). Drought stress can affect growth of
plant organs, resulting in the alteration of the
morphological features of the plants (French and
Turner, 1991). Plants have different life strategies to
cope drought stress, like drought avoidance and
drought tolerance. The ability of plants to delay
harmful decrease in the water potential of the
protoplasm is considered as avoidance of
desiccation. Desiccation tolerance means that plants
have ability to maintain their normal functions even
at low tissue water potentials. A wide diversity of
drought tolerance mechanisms; both morphological
and physiological have been developed in plants

(Blum, 1996).

Although, sunflower has good potential for drought
tolerance because of its well-developed root system,
yet decrease in plant height, 100-seed weight, head
diameter and seed yield per plant under water stress
conditions has been observed (Attene and Porru,
1990). If drought resistant cultivars are developed,

sunflower can be grown successfully in areas where
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water is a limiting factor. The plant breeders are
continuously trying to improve sunflower yield
through improvement of various plant characters

(Pasda and Diepenbrock, 1990).

A crucial aspect in all studies dedicated to drought
tolerance is the assessment of the degree of drought
tolerance of different genotypes. In many studies the
identification of tolerant and susceptible cultivars is
based on few physiological measures related to
drought response. The difficulty in identifying a
physiological parameter as a reliable indicator of
yield in dry conditions has suggested that yield
performance over a range of environments should be
used as the main indicator for drought tolerance
(Voltas et al., 2005). The present work was planned
to study effect of drought on yield and yield
components of selected inbred lines of sunflower to
find favorable lines that will be usefulto produce high

yielding tolerant hybrids in water stress condition.

Material and method

Plant material and experiment condition

Nine sunflower inbred lines as listed in (table 3)
were chosen for this study. Experiment was
conducted at the research farm in University of
Tabriz (northwest of Iran) during growing season of
2010. Each genotype was sown in two rows of 3 m
length and distance between rows of 60 cm. Two
seeds of sunflower were planted in each hole by hand
and thinned to single plant at seedling stage. The
experiment was conducted in a randomized complete
block design (RCBD) under split plot arrangement
with three replications. The main plots comprised of
three treatments i.e. severe water stress, mild water
stress and normal irrigation. In the normal
condition, plants were watered daily throughout the
cropping period, while in the mild and severe stress
condition; water stresses was created from R4 and
R6 stage, respectively, to the end of physiological
maturity by withholding irrigation and preventing

rainwater using a rainout shelter.
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Traits studied

Data were recorded from five randomly taken plants
per replicate of each inbred line for plant height,
head diameter, 1000 seed weight, yield per plant and

stem diameter.

Statistical methods
Multivariate statistical analysis as principle
component analysis, biplot display, and discriminant

analysis were performed using the SPSS software.
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Result and discussion
Mean squares of different traits under drought and
normal irrigation conditions (Table 1) revealed
highly significant differences between stress
treatment for Head diameter and stem diameter.
While for seed yield and 1000 seed weight exhibited
differences. = And

differences were recorded for number of seed per

significant non-significant
plant. The differences among the lines were highly
significant for all the traits studied. Line x treatment
interaction was non-significant for all the traits
studied.

Table 1. Mean squares from the analysis of variance for different traits among the sunflower inbred lines

evaluated under different irrigation treatments.

Mean of square

Sov DF Seed Yield Head 1000 seed No.seed per Stem Plant
diameter weight head diameter height
Block 2 1100.54"s 34.92" 193.96m8 250673.6208 8.7 646.1918
Stress 2 2043.24" 84.95™ 1357.53" 212545.53" 25.63"" 1274.78"
Error 1 4 201.591 0.594 132.55 46701.11 0.91 154.08
Lines 8 529.56 39.73™ 1046.87" 200596.55 19.38™ 617.25"
LinexStress 16 169.611s 6.570s 82.9ns 41730.99 s 2,708 89.04ns
Error 2 48 150.584 6.08 76.85 41407.8 3.14 106.4
CV% 1 45.07 6.15 25.85 30.38 7.45 13.53
CV% 2 38.95 19.68 19.68 28.60 13.84 11.24
Table 2. copparsion of different water stress treatment means in different traits studied
Seed Yield Head 1000 seed Stem Plant
diameter weight diameter height

Control 43.132 14.612 52.022 13.532 99.592
mild stress 28.44b 11.74b 43.69P 12.11P 86.72P
Severe stress 22.93P 11.32P 37.9¢ 11.66P 88.99P

The mean values of all characters measured in
different treatments are summarized in (Table
1).Mean values of different traits of sunflower lines
under normal irrigation and water stress conditions
exhibited that under water stress the average
performance of the lines was decreased for all the
characters under study. Normal irrigation produced
the highest value for all the traits studied,and there
was no differences between two limited irrigation
treatmentsfor seed yield, head diameter, stem

diameter and plant height (Table 2). Drought stress

either at budding or flowering reduced plant height
of sunflower and more reduction in plant height was
measured when water deficiency occurred at bud

initiation (Unger, 1983)

Seed yield per head data indicated that the
maximum seed yield of 43.13 gr.plant-1 was obtained
by applying normal irrigation, while two limited
irrigation decrease the yield of lines significantly,
and there was no difference between two limited

irrigations. The maximum seed yield might be due to
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increased 1000 seed weight and head diameter
(Table 2).

significantly decreased under drought and more

Head diameter of sunflower was
decrease in head diameter occurred when crop faced
drought at flowering than budding (Hussain et al.,
2000). This reduction was due to decrease in
production of photosynthesis (Tezara et al., 1999)
and their less allocation to the floral organs (Setter et
al., 2001). It has been found that both quantity and
distribution of water has a significant impact on
achene and oil yield in sunflower (Rauf, 2008). Seed
oil content was sensitive to even mild water stress
but showed stability under

increasing stress
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conditions (Khan et al,, 2003). Although drought

stress affects every developmental stage of

sunflower, maximum reduction in yield was
experienced when drought occurred during the
reproductive stage (Rauf, 2008). Intensity of yield
reduction by drought stress depends on the growth
stage of crop, the severity of the drought and
tolerance of genotype (Lorens et al., 1987). On the
other hand, stress during the flowering stage causes
abortion of ovaries, embryo, sterility of pollen and
decreases in leaf area index. This reduces the
number of achene per head, 100-achene weight and

fertile Achene per head (Baldini and Vannozzi, 1999)

Table 3. copparsion of sunflower inbred lines means in different traits studied

genoty Seed Yield Head 1000 seed No. seed per Stem Plant
pe diameter weight head diameter height
Ri9 31.24bc 11.47b¢ 44.62¢ 681.19bc 11.67¢ 94.38P
R26 19.14°¢ 13.232b 40.554¢ 474.95P¢ 11.06¢ 78.154
R50 27.96b¢ 11.59bc 43.41¢d 630.69bc 11.62¢ 89.89bc
R56 39.012b 13.2432b 62.952 598.41bc 14.52 96.57P
Bi47 38.142b 15.262 57.68 647.18bc 14.132P 93.92b
B221 29.84bc 13.892b 36.58def 810.5% 12.51bc 94.75P
B329 44.112 15.25? 50.45b¢ 807.15% 14.172b 106.882
B343 28.38bc 8.97d 31.05f 987.362 10.65¢ 88.27bcd
B355 25.72be 10.48¢d 33.54¢f 765.62P 11.57° 83.09¢d
Table 4. Eigen values and vectors of different traits for sunflower inbred lines.
No.
Cumulative 1000
values i Seed Head seed Stem Plant
Component . Proportion . . seed . .
Eigen Yield diameter . per diameter | height
(%) weight
head

Normal 1 4.153 69.215 0.769 0.848 0.904 0.972 0.575 0.866
irrigation | 2 1.325 22.084 -0.523 | 0.494 -0.323 0.125 0.761 -0.328
Mild 1 3.29 54.83 0.754 0.53 0.937 0.825 -0.41 0.845
drought

2 1.76 29.3 -0.385 | 0.63 0.273 0.463 0.884 -0.377
stress
Severe 1 3.65 60.85 0.755 0.835 0.929 0.646 -0.537 0.902
drought

2 1.32 22 -0.005 | 0.265 0.019 0.699 0.831 -0.266
stress

The data on stem diameter and plant height
indicated that water stress treatment had a
significant effect on these traits. And both of them

had a maximum value in the normal irrigation. The

data on 1000 filled seed weight revealed that water

stress significantly influenced this parameter.

normal irrigations gave the maximum 1000 filled

seed weight of 52.02 gr. Sever water stress produced
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minimum seed weight of 37.9 gr. Increased 1000
seed weight resulting from more frequent irrigation
might be due to the availability of adequate soil
moisture and assimilates from source to sink during
seed formation and seed ripping stages(Table 2).
Reduction in seed number was due to a combination

of reduced head size and of the area having viable

RS6
.

seeds (Fereres et al., 1986).
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Fig. 1. Distribution of sunflower inbred lines based

on two principal components in normal irrigation

similarly researches showed that Reduction in head
diameter further decreases the number of rows per
head and number of achene per head and results in
correlation of yield components to severity of
drought (Rauf and Sadaqat, 2007). The reduction in
vegetative biomass results in lower plant surface area
which reduces the radiation use efficiency and
photosynthetic activities (Germ et al., 2005). This
finally lowers assimilation of photosynthesis during
the reproductive phase which reduces head

diameter.

Mean squares of different traits under drought and
normal irrigation conditions (Table 1) revealed
highly significant differences between sunflower
inbred lines for all the traits studied.On the basis of
individual behavior of inbred lines it was expressed
that B329, R56 and Bi147 were less affected under
water stress conditions as compared to other lines
for seed yield per plant and head diameter. Inbred
line B343 for number of seed per plant and inbred
line R50 for 1000 seed weight were less affected too.

Inbred lines B329 and Rz6 proved more
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droughttolerants for stem diameter and plant height
(Table 3).
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Fig. 2. Distribution of sunflower inbred lines based
on two principal components in mild drought stress

condition

Principle component analyses were shown for all
three treatment studied. For all three the treatment
first two components with eigenvalues of greater
than one extracted. In normal irrigation condition
two components explained 91.3% of variation. Frist
PCA explained 69.22% of total data and had high
positive correlation with all traits studied except
number of seed per plant. And this component was
able to separate all the lines with higher values for all
the traits. The second PCA explained 22.08% of the
total data variation and had just high positive
correlation with number of seed per plant (table 4).
In the normal irrigation condition biplot graph
indicated the high differentiation between lines.
Lines B329 and B221 were in the same group with
high value in both PCs. Lines B147 and R56 had just
high value in PCi.lines B343, B355, R19 and R50
located in a group with high in PC2. In other word,
they had high number of seed per plant in this
condition. Line R26 had low performance in all the

traits studied (Fig. 1).

In mild drought stress condition the first two
components explained 84.13% of total data variation.
First PC explained 54.84% of total data variation and
all the traits studied dad high positive correlation
this PC except number of seed per plant. The second
PC explained 29.3% of total data variation and had

high positive correlation with number of seed per
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plant and plant height (table 4). In this condition
lines B329 and R56 were in the same group that they
have high value in PC1 in compare of other lines,
while B329 was the best in PC1 and PC2. Line Bi47
was affected in this condition and mild drought
stress decrease the performance of this line in both
principle components. Considering to high
performance of this line in normal irrigation
condition, indicated that this line have low tolerance
to drought stress. Lines R19, B147, B221, B355, R50
located in the same group. R26 was in a separate
group that had the lowest value for PC2. Line B343
was in a separate group that had low value for PC1
and high value for PC2. This line had no considerable
difference in normal irrigation and mild drought
stress, which indicated low potential performance

and high tolerance to drought (Fig. 2).
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Fig. 3. Distribution of sunflower inbred lines based
on two principal components in severe drought

stress

In the severe drought stress all the traits studied had
high positive effect on first PC except number of seed
per plant and seed yield per plant (table 4). Number
of seed per plant and seed yield per plant had high
positive effect on the second. In other word the lines
with high value in both principle components in
drought condition are tolerant to this condition.
Distribution graph of genotypes shows that lines
B329, B147 and R56 were in the same group and
they had high value in first component (Fig. 3). B329
was the best in both first and second component.

Lines B343 and B355 had the least value in PCi.
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Lines B221, R19, R50 and R26 were in the same

group in which line R26 had low performance in PC1.
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