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The objective of the present work was to determine the mechanisms of tolerance of four sunflower
hybrids; H1 = Azargol, H2 = Alstar, H3 = Hysun 33 and H4 = Hysun 25 to water stress under three different
levels of irrigation regimes; WD1 = irrigation after 50 mm (normal irrigation), WD2 = 100 mm (mild stress)
and WD3 = 150 mm (intense stress) cumulative evaporation from evaporation pan class A. The results
showed that water deficit stress significantly (P≤0.01) increased proline, soluble sugars and chlorophyll
b but decreased chlorophyll a, total chlorophyll and grain yield in all sunflower hybrids; therefore
increase of the proline, soluble sugar, chlorophyll b and decrease of the chlorophyll a, total chlorophyll
and grain yield occurred when water input decreased. Although, at different level of water stress, each
hybrid behaved differently according to their genetic makeup. Alstar hybrid exhibited the highest value
for all the mentioned characteristics, except for soluble sugars. Under both mild and intense water
deficit stress conditions, the highest value of proline, soluble sugars, chlorophyll a and chlorophyll b
were recorded in Alster, Azargol, Hysun 33 and Alstar hybrids, respectively. Also, the highest value of
total chlorophyll in both mild and intense water deficit stress conditions was acquired by Hysun33 and
Alstar, respectively. The results also indicated that under normal irrigation, mild and intense water
deficit stress, maximum grain yield was obtained in Azargol (3448 kg ha-1), Alstar (2121 kg ha-1) and
Alstar (829 kg ha-1), respectively. Therefore, among all of sunflower hybrids, Alstar hybrid under both
levels of water deficit stress had the best tolerance to water deficiency stress.
Key words: Proline, soluble sugars, chlorophyll, grain yield, sunflower.
INTRODUCTION
Water shortage is the most important component of life
that limits plant growth and crop productivity particularly
in arid regions more than any other single environmental
factor (Boyer, 1982; Soriano et al., 2004; Sinclair, 2005).
Reduced precipitation together with the higher evapotranspiration is expected to subject natural and
agricultural vegetation to a greater risk of drought in
those areas (Samarakoon and Gifford, 1995). Even a
short-term drought can cause substantial losses in crop
yield (Ashraf and Mehmood, 1990). Decreasing water
supply either temporarily or permanently affects morphological and physiological processes in plants adversely.
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Differences in water relation characteristics reflect the
differences between the species and lines, and are
considered as an indicator of drought resistance or
tolerance (Sobrado and Turner, 1983). Particularly,
osmotic adjustment (active lowering of osmotic potential
in response to drought) is a mechanism that significantly
contributes towards drought resistance (Blum and
Sullivan, 1986; Ludlow and Muchow, 1990).
Sunflower, with a world production of grain and oil,
respectively over 28.5×106 Mg and 10.5×106 Mg and
achieved on around 22.6×106 ha with a seed yield of 1.3
Mg ha-1 (2003–2007, means), is one of the most common
grown oilseed species (FAO-STAT Agriculture, 2009).
Water shortage and the increasing competition for water
resources between agriculture and other sectors compel
the adoption of irrigation strategies in semi arid Mediter-
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Table 1. Soil characteristics of the experimental site.

Physiochemical property
Soil texture
Sand (%)
Silt (%)
Clay (%)
Saturation percentage
Organic matter (%)
NH4–N (mg/kg dry soil)
Available phosphorus (mg/kg of dry soil)
Potassium (mg/kg of dry soil)
Calcium (mg/kg of dry soil)
Soil pH
−1
Electrical conductivity (dSm )

Result
Loam
36
39
25
33
1.1
0.11
3.1
245
62.81
7.62
1.8

ranean regions, which may allow saving irrigation water
and still maintain satisfactory levels of production (Costa
et al., 2007). Water deficit effects have been extensively
studied on several crops, maize (Achakzai, 2008),
sorghum (Achakzai, 2007 and 2009a, b), sugar beet
(Sepaskhah and Kamgar-Haghighi, 1997) and hot pepper
(Dorji et al., 2005). Moreover, it is reported that dwarf
sunflower lines are more drought tolerant than tall lines,
showing a smaller decrease in leaf osmotic potential in
response to drought stress (Angadi and Entz, 2002). The
accumulation of osmolytes during stress is well documented. Recent studies demonstrated that biosynthesis
of low-molecular-weight metabolites, such as proline
improved plant tolerance to drought and salinity in a
number of crops (Molinari et al., 2004; Zhu et al., 2005).
Proline accumulation in plant cells exposed to water
stress or salt is a widespread phenomenon and is often
considered to be involved in stress resistance mechanisms, although its precise role continues to be
controversial (Aspinall and Paleg, 1981; Yoshiba et al.,
1997; Hare et al., 1999).
Some evidences have indicated that water stress deficit
causes considerable decrease in grain yield of sunflower
(Stone et al., 2001). Although voluminous literature is
available for water stress effects on sunflower (Wise et
al., 1990; Tahir and Mehdi, 2001; Angadi and Entz,
2002), information regarding the effect of normally
irrigated and water deficit environment on proline, soluble
sugars, chlorophyll and grain yield is scanty. Therefore
this study was mainly conducted to determine whether
and how water deficit conditions influence tolerance to
water deficiency stress and grain yield of sunflower
hybrids.
MATERIALS AND METHODS
The experimental factors were irrigation regimes consisting of three
levels of irrigation after 50 mm (normal irrigation), 100 mm (mild
stress) and 150 mm (intense stress) cumulative evaporation from
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evaporation pan class A, respectively, and genotype represented
by four sunflower hybrids (Azargol, Alstar, Hysun 33 and Hysun 25).
Sunflower seeds were obtained from the Plant Improvement
Institute in Karaj, Iran. All combinations of the above treatments
were laid out in 2009 in the field according to a split-plot
randomized complete block design (RCBD) with three replicates,
assigning water supply treatments to the main units and genotypes
to the subunits. The soil used was loam. The soil texture was
determined with the hygrometer method (Dewis and Freitas, 1970).
The physiochemical characteristics of the experimental site are
presented in Table 1. Electrical conductivity, pH and ions of
saturation extract were determined according to Jackson (1962).
The available phosphorous was determined from saturated paste
extract (Olsen and Sommers, 1982). The ammonium was estimated
by acid digested material (Bremner and Mulvaney, 1982) and
organic matter through sulphuric acid using the Walkley-Black
Method (Sahrawat, 1982).
The pre-planting irrigation was applied 15 days before sowing. As
soon as the soil came into the condition of field capacity, it was well
ploughed for sowing. Seeds were hand drilled on May 14, 2009 with
row to row distance of 65 cm. Thinning of the plants was done 15
days after germination to keep plants at a distance of 20 cm. Water
deficit treatments were applied at the vegetative stages of plant
growth (Chimenti and Hall, 1993). The proline content of each
hybrid was determined as done by Pquine and Lechasseur (1979)
while soluble sugars were measured as described by Irigoyen et al.
(1992). Chlorophyll was determined according to Wintermans and
De Mots (1965) after extraction in 96% (v/v) ethanol. At maturity,
yield plant-1 was recorded. The area of 5.2 m2 from the middle of
each subplot was harvested and their seeds were separated
manually from heads to determine their yield, yield components, oil
and protein contents.
Analysis of variance (ANOVA) of the data from each attribute
was computed using the SAS package (SAS Institute, 1988) and
MSTAT Computer Program (MSTAT Development Team, 1989).
The Duncan's New Multiple Range test at 5% level of probability
was used to test the differences among mean values (Steel and
Torrie, 1980).

RESULTS AND DISCUSSION
The analysis of variance for proline, soluble sugars,
chlorophyll a, chlorophyll b, total chlorophyll and grain
yield is summarized in Table 2, and it showed significant
effects (P≤0.01) of water deficit stress on all the studied
traits. Differences among genotypes were significant for
the studied traits and the interaction between water
treatments and genotypes was significant for all the
studied traits (Table 2). Water deficit stress increased the
levels of proline, soluble sugars and chlorophyll b (Table
3). The increase in proline, soluble sugars and chlorophyll b was more pronounced in intense water deficit
stress (WD3 = 150 mm cumulative evaporation) than that
in the mild water deficit stress (WD2 = 100 mm
cumulative evaporation) (Table 3), which may be due to
some physiological mechanism for reducing the adverse
effect of water deficit stress on plant productivity (Blum
and Sullivan, 1986; Ludlow and Muchow, 1990).
Application of intense water deficit stress (WD3) caused
an increase in proline (106%), soluble sugars (342%) and
chlorophyll b (49%) and a decrease in chlorophyll a
(37%), total chlorophyll (14%) and grain yield (79%) as
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Table 2. Mean square values from the analysis of variance of proline, soluble sugars, chlorophyll a, chlorophyll b, total chlorophyll and grain
yield of sunflower hybrids (H) subjected to water deficit stress (WD).

S.O.V

df

Rep
Water deficit (WD)
Error a
hybrid (H)
WD × H
Error b
CV

2
2
4
3
6
18
---

Proline
(mg l-1)
1.26 ns
1309.04**
2.91
1295.73**
340.44**
14.20
12.31

Soluble sugars
(mg g- 1 FW)
7787.03 ns
215431.73**
1253.95
114709.91**
21007.53**
4603.622
35.87

Chlorophyll a
(mg g-1 FW)
26.65*
239.02**
2.47
155.70**
119.32**
5.36
12.30

Chlorophyll b
(mg g-1 FW)
17.48**
51.46**
0.19
26.44**
9.45**
0.66
7.78

Total chlorophyll
(mg g-1 FW)
87.21**
69.50**
2.08
308.63**
98.56**
4.26
7.05

Grain yield
(kg ha-1)
147177.33**
12825106.54**
16140.67
1130703.75**
840906.04**
48939.56
15.01

* = p < 0.05; ** = p < 0.01; NS = non-significant.

Table 3. Effect of irrigation treatments and hybrids on studied traits.

WD1
WD2
WD3

Proline
(mg l-1)
19.08c
33.26b
39.45a

Soluble sugars
(mg g-1 FW)
76.31c
153.79b
337.21a

Chlorophyll a
(mg g-1 FW)
23.50a
18.32b
14.62c

Chlorophyll b
(mg g-1 FW)
8.38c
10.47b
12.52a

Total chlorophyll
(mg g-1 FW)
31.89a
28.80b
27.15c

Seed yield
(kg ha-1)
2591a
1274b
552c

H1
H2
H3
H4

19.69c
45.43a
c
22.10
35.15b

352.31a
176.05b
c
105.16
bc
122.91

14.85c
24.34a
b
19.52
16.55c

8.61c
12.71a
b
10.59
b
9.92

23.46d
37.06a
b
30.11
26.47c

1585b
1914a
c
1284
1107c

Treatment†
Water deficit
stress (WD)1

Hybrid (H)2

†

WD1= Normal irrigation; WD2= Mild water deficit stress; WD3= Intense water deficit stress; H1= Azargol; H2= Alstar; H3= Hysun 33; H4= Hysun 25.
Within columns, means followed by the same letters are not significantly different (P < 0.05).

a, b,

c, d

compared with the normally irrigated ones (Table 3).
Based on the comparison among sunflower hybrids, the
sunflower hybrid Alstar showed the highest amounts of
proline (45.43 mg l-1), chlorophyll a (24.34 mg g-1 FW),
chlorophyll b (12.71 mg g-1 FW), total chlorophyll (37.06
-1
-1
mg g FW) and grain yield (1914 kg ha ), while
sunflower hybrid Azargol had the highest value of soluble
sugar (176.05 mg g-1 FW) (Table 3). The means
comparison for the water treatment-hybrid interaction is
summarized in Table 4. The results of this study indicated
that in well-watered conditions, dwarf sunflower hybrid
Hysun 25 had the highest proline content (23.69 mg l-1)
while the tall sunflower hybrid Azargol had the lowest
-1
level of proline (16.54 mg l ) (Table 4). Based on the
results shown in Table 4, under mild and intense water
deficit stress, the amount of proline in all sunflower
hybrids increased. In mild and intense water deficit stress
conditions, sunflower hybrid Alstar with values 50.68 and
67.95 mg l-1, respectively had the highest proline and
showed statistical significant in comparison with other
sunflower hybrids (Table 4). Also, under mild and intense
water deficit stress conditions, sunflower Azargol produced the lowest amount of proline (Table 4). Table 4
shows that in all water treatments, sunflower hybrid
Azargol had the highest amount of soluble sugars, while

lower levels of soluble sugars were accumulated in
Hysun 33, Hysun 25 and Hysun 33 under normal
irrigation, mild and intense water deficit stress condition,
respectively (Table 4). Water deficit stress had significant
adverse effect on chlorophyll a content in all the
sunflower hybrids (Table 4). In normal irrigation, the
dwarf sunflower hybrid Alstar and in both mild and
intense water deficit stress conditions, the sunflower
hybrid Hysun 33 had the highest chlorophyll a content
(Table 4). Generally, comparison among all the water
treatments and sunflower hybrids indicated that the
maximum chlorophyll content was obtained in normal
irrigation by sunflower hybrid Azargon (Table 4).
The results of this study showed that the water deficit
stress increased the chlorophyll b content in all the
sunflower hybrids; therefore, the highest and the least
chlorophyll b content was obtained in intense water deficit
-1
stress by sunflower hybrid Alstar (17.63 mg g FW) and
in normal irrigation by sunflower hybrid Azargol (6.19 mg
-1
g FW), respectively (Table 4). The highest total
chlorophyll content in normal irrigation and intense water
deficit stress was obtained by Alstar with values 49.02
-1
and 32.02 mg g FW respectively, but in the mild water
deficit stress, Hysun 33 had the highest amount of this
trait (Table 4). Total imposition of water deficit stress
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Table 4. Effect of irrigation treatment-hybrid interaction on proline, soluble sugars, chlorophyll a, chlorophyll b, total chlorophyll and grain
yield.

Proline
(mg l-1)

Treatment†

Chlorophyll a
(mg g-1 FW)
bcd

Chlorophyll b
(mg g-1 FW)
f

Total chlorophyll
(mg g-1 FW)

Seed yield
(kg ha-1)

16.54
17.68fg
efg
18.40
de
23.69

def

151.80
58.27fg
g
33.44
fg
61.70

17.69
39.60a
bc
20.09
cde
16.63

6.19
9.42d
cd
9.87
e
8.05

ef

WD1

H1
H2
H3
H4

23.88
49.02a
c
29.96
e
24.69

3448
2793ab
b
2437
cd
1688

WD21

H1
H2
H3
H4

20.95defg
b
50.68
def
23.28
c
38.14

272.70bc
def
142.70
defg
105.10
efg
94.71

13.53e
bc
19.04
b
21.40
bc
19.32

9.34de
bc
11.09
bc
10.96
cd
10.51

22.78f
c
30.13
b
32.35
c
29.84

893ef
bc
2121
de
1154
ef
929

WD31

H1
H2
H3
H4

21.6defg
67.95a
24.62d
43.63c

632.40a
327.20b
177.00cde
212.30cd

13.32e
14.38de
17.07cde
13.70e

10.31cd
17.63a
10.96bc
11.91b

23.64ef
32.02b
28.03d
24.90e

413ef
829ef
263f
704ef

1

g

Soluble sugars
(mg g-1)

a

†

WD1= Normal irrigation; WD2= Mild water deficit stress; WD3= Intense water deficit stress; H1= Azargol; H2= Alstar; H3= Hysun 33; H4= Hysun
a, b, c, d, e, f, g
25.
Within columns, means followed by the same letters are not significantly different (P < 0.05).

caused 1, 32 and 6% decrease in total chlorophyll
content of sunflower hybrids Azargol, Alstar and Hysun
33, respectively, and 0.8% increase in Hysun 25 (Table
4). The highest and least grain yield in normal irrigation
was found in Azargol (3448 kg ha-1) and Hysun 25 (1688
-1
kg ha ), respectively (Table 4). However, in the mild and
intense water deficit stress conditions, the grain yield with
cultivar Alstar had the highest value (2121 and 829 kg ha1
respectively) and Azargol and Hysun 33 had the lowest
value (893 and 263 kg ha-1, respectively) (Table 4). The
means comparison between the three irrigation
treatments for the studied traits showed that water deficit
stress had significant adverse effect on grain yield but
dwarf sunflower hybrids especially Alstar due to its high
adaptability yielded an economically grain yield in water
deficit stress conditions (Table 3). Ashraf and Mehmood
(1990) reported that even a short term water deficit stress
can cause substantial losses in crop yield and that is in
agreement with our results.
Out work is in agreement with previous studies that
showed that water deficit stress has adverse effects on
sunflower productivity. A large genetic variation was
observed for proline, soluble sugars, chlorophyll a and b
and total chlorophyll accumulation and grain yield in well
watered and water deficit stress conditions. In our study,
dwarf cultivars especially sunflower hybrids Alstar under
water deficit stress conditions maintained the highest
grain yield. Angadi and Entz (2002) reported that dwarf
sunflower lines are more drought tolerant than tall lines.
From the results in this work, it seems that proline and
soluble sugars might confer drought stress tolerance to
sunflower hybrids by increasing some mechanism such
as osmotic adjustment.

REFERENCES
Achakzai AKK (2007). Effect of water potential on uptake and
accumulation of cations by sorghum seedlings. J. Chem. Soc. Pak.
29: 321-327.
Achakzai AKK (2008). Effect of water stress on cations accumulation by
maize seedlings (Zea mays L.). J. Chem. Soc. Pak. 30: 271-275.
Achakzai AKK (2009a). Effect of water stress on imbibition, germination
and seedling growth of maize cultivars. Sarhad J. Agric. 25: 165-172.
Achakzai AKK (2009b). Effect of water potential on seedling growth of
sorghum cultivars. Sarhad J. Agric. 25: 385-390.
Angadi SV, Entz MH (2002). Root system and water use patterns of
different height sunflower cultivars. Agron. J. 94: 136-145.
Ashraf M, Mehmood S (1990). Response of four Brassica species to
drought stress. Environ. Exp. Bot. 30: 93-100.
Aspinall D, Paleg LG (1981). Proline accumulation: physiological
aspects, in: Paleg LG, Aspinall D (Eds.), The Physiology and
Biochemistry of Drought Resistance in Plants, Academic Press,
Sydney, pp. 205-241.
Blum A, Sullivan CY (1986). The comparative drought resistance of land
races of sorghum and millet from dry and humid regions. Ann. Bot.
57: 835-846.
Boyer JS (1982). Plant productivity and environment. Science, 218:
443-448.
Bremner JM, Mulvaney CS (1982). Nitrogen, In: Page AL, Miller RH,
Keeney DR (Eds.), Methods of Soil Analysis, 2nd ed. Madison,
Wisconsin, USA. pp. 595-624.
Chimenti CA, Hall AJ (1993). Genetic variation and changes with
ontogeny of osmotic adjustment in sunflower (Helianthus annuus L.).
Euphytica, 71: 201-210.
Costa JM, Ortun OMF, Chaves MM (2007). Deficit irrigation as a
strategy to save water: physiology and potential application to
horticulture. J. Integrative Plant Biol. 49: 1421-1434.
Dewis J, Freitas F (1970). Physical methods of soil and water analysis.
FAO Soil Bull Rome, 10: 39-51.
Dorji K, Behboudian MH, Zegbe-Domınguez JA (2005). Water relations,
growth, yield, and fruit quality of hot pepper under deficit irrigation
and partial root zone drying. Sci. Horticult. 104: 137-149.
FAOSTAT–Food and Agricultural Organization of the United Nations
(2009). Statistics Division. ProdSTAT: crops (30 November 2009)
based on 2003-2007 data Available online:http://faostat. fao.org / site

168

Afr. J. Biotechnol.

/ 567 / default. aspxs.
Hare PD, Cress WA, Staden van J (1999). Proline synthesis and
degradation: a model system for elucidating stress related signal
transduction. J. Exp. Bot. 50: 413-434.
Irigoyen JJ, Emerich Dw, Sanchez-Diaz M (1992). Water stress induced
changes in concentrations of proline and total soluble sugars in
nodulated alfalfa (Medicago sativa) plants. Physiol. Plantarum, 84:
55-60.
Jackson ML (1962). Soil Chemical Analysis. Constable and Company,
England.
Ludlow MM, Muchow RC (1990). A critical evaluation of traits for
improving crop yield in water limited environments. Adv. Agron. 43:
107-153.
Molinari HBC, Marur CJ, Bespalhok Filho JC, Kobayashi AK, Pileggi M,
Leite Junior RP (2004). Osmotic adjustment in transgenic citrus
rootstock Carrizo citrange (Citrus sinensis Osb x Poncirus trifoliate L.
Raf) overproducing proline. Plant Sci. 167: 1375-81.
MSTAT Development Team (1989). MSTAT User's Guide: A
Microcomputer Program for the Design Management and Analysis of
Agronomic Research Experiments. Michigan State University, East
Lansing, USA.
Olsen SR, Sommers LE (1982). Phosphorus, In: Page AL, Miller RH,
Keeney DR (Eds.), Methods of Soil Analysis, 2nd ed. Madison,
Wisconsin, USA. pp. 403-430.
Pquine R, Lechasseur P (1979). Observations sur une method dosage
la libre dans les de plantes. Canadian J. Bot. 57: 1851-1854.
Sahrawat KL (1982). Simple modification of the Walkley-Black method
for simultaneous determination of organic carbon and potentially
mineralizable nitrogen in tropical rice soil. Plant Soil, 69: 73-77.
Samarakoon AB, Gifford RM (1995). Soil water content under plants at
high CO2 concentration and interaction with the treatment CO2 effect
a species comparison. J. Biogeography, 22: 193-202.
SAS Institute Inc (1985). SAS user’s guide: statistics, version 5. SAS
Institute, Cary, NC.
Sepaskhah AR, Kamgar-Haghighi AA (1997). Water use and yields of
sugarbeet grown under every other furrow irrigation with different
irrigation intervals. Agric. Water Manage. 34: 71-79.

Sinclair TR (2005). Theoretical analysis of soil and plant traits
influencing daily plant water flux on drying soils. Agron. J. 97: 11481152.
Soriano MA, Orgaz F, Villalobos FJ, Fereres E (2004). Efficiency of
water use of early plantings of sunflower. Eur. J. Agron. 21: 465-476.
Sobrado MA, Turner NC (1983). A comparison of water characteristics
of Helinathus annuus and Helianthus petiolaris when subjected to
water deficit. Oecolgia, 58: 309-313.
Steel RGD, Torrie JH (1980). Principles and Procedures of Statistics.
McGraw Hill, New York.
Stone L, Goodrum RDE, Jafar MN, Khan AH (2001). Rooting front and
water depletion Depths in Grain sorghum and sunflower. Agron J. 1:
105-1110.
Tahir MHN, Mehid SS (2001). Evaluation of open pollinated sunflower
(Helianthus annuus L.) populations under water stress and normal
conditions. Int. J. Agric. Biol. 3: 236-238.
Wintermans JFGM, De Mots A (1965). Spectrophotometric
characteristics of chlorophyll a and b and their pheophytins in
ethanol. Biochem. Biophys. Acta, 109: 448-453.
Wise RR, Frederick JR, Alm DM, Kramer DM, Kesketh JD, Crofts AR,
Ort DR (1990). Investigation of the limitation to photosynthesis
induced by leaf water deficit in field grown sunflower (Helianthus
annuus L.). Plant Cell Environ. 13: 923-931.
Yoshiba Y, Kiyosue T, Nakashima K, Yamaguchi-Shinozaki K,
Shinozaki K (1997). Regulation of levels of proline as an osmolyte in
plants under water stress, Plant Cell Physiol. 38: 1095-1102.
Zhu X, Gong H, Chen G, Wang S, Zhang C (2005). Different solute
levels in two spring wheat cultivars induced by progressive field water
stress at different developmental stages. J. Arid Environ. 62: 1-14.

