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ABSTRACT 

Water stress is likely the most important factor that adversely affects plant growth and development. In our study two 
inbred lines of sunflower (Helianthus annuus L.) with contrasting behavior to water deficit, the inbred lines B59, 
sensitive, and B71, tolerant, were subjected to water stress and compared in terms of growth parameters, relative water 
content, photosynthetic pigments and osmo-compatibles contents. Mannitol treatment generated a moderate water stress 
which resulted in a relative water content decline in both lines. In aerial part of B59 and B71 stressed-seedlings, a 
dramatic reduction of osmotic potential was observed, although in B71 the osmotic potential was 1.8-fold lower than in 
B59. The B71 line recovered the osmotic potential to control values after 8 d of re-watering. Several morphological 
parameters were altered by the water stress. Shoot and root relative fresh weight decreased in both lines under water 
stress, although B71 showed a minor drop. However, the root was less affected than the shoot in stress condition and 
recovery period. Water stress was affected in a greater proportion shoot dry weight (DW) than root DW in B59 and B71 
lines. Nevertheless, a significant increase in root DW/shoot DW ratio was observed in stressed seedlings. A higher 
reduction in the individual leaf area was observed in B71 line under stress. The basal chlorophyll content was higher in 
the tolerant line B71 than in the sensitive B59, and carotenoids showed a high content in B71 control and stressed 
seedlings. Under water stress, the aerial and root proline content increased in the tolerant B71 line. Glycinebetaine 
decreased significantly in the aerial part of both lines in response to water stress indicating that this compound is not the 
main osmo-regulator. In conclusion, B71 has suitable mechanisms to enable it to respond more effectively to moderate 
water stress. 
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1. Introduction 

Water stress is one of the most important factors of 
abiotic stresses that affect on growth and yield of plants 
worldwide [1,2]. A drop in water potential induces a va- 
riety of metabolic, morphological, and/or physiological 
responses, including reduction in the vegetative growth 
[3], generation of eactive oxygen species [4], accumula- 
tion of osmotically active solutes [5], changes in en- 
dogenous levels of plant hormones [6-8], and altered 
expression of stress responsive-genes [9-11]. Several of 
these responses are triggered directly by altered water 
status in plant tissues. 

Plant responses to water stress vary depending on in- 
tensity and duration of stress, plant species, and devel-  

opment stage [12]. Seed germination is the earliest and 
most sensitive stage in the plant life cycle, and estab- 
lishment of seedlings is highly susceptible to water defi- 
cit and other environmental stresses [13]. In sunflower 
(Helianthus annuus L.), low water availability in the soil 
has a negative impact on yield, which depends on the 
plant ontogenetic stage for which this occurs. This crop 
is better able to tolerate drought than many agricultural 
crop species, and is often cultivated in arid regions. 
However, like other oil crops, sunflower is sensitive to 
water deficit at the germination stage [14]. 

Analysis of morphological traits is useful for studying 
of plant adaptations to environmental stresses such as 
water deficit. In lentil (Lens culinaris Medic) and grass 
pea (Lathyrus sativus L.), water stress induced changes in  *Corresponding author. 
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growth traits such as plant height, number of primary 
branches and leaves per plant, dry weight of shoot and 
roots. Both crops reduced these growth parameters after 
plants were subjected to 20 days of water stress [15]. 
Similarly, [16] observed in sensitive maize genotype a 
decrease of stomatal conductance and a slighter decrease 
in relative water content. In contrast, the tolerant geno- 
type maintained open stomata and active photosynthesis, 
even under dehydration conditions. 

Among the parameters responding to stress treatment, 
rapid accumulation of free proline (PRO) content is one 
of the significant events in plants. The accumulation of 
cytosolutes, particularly PRO, should avoid the detri- 
mental effects of low osmotic potential of the cells with- 
out interfering with protein synthesis. Besides their roles 
in osmotic adjustment, they may protect membranes 
from damages and stabilize the structures and activities 
of proteins and enzymes [17,18]. 

Likewise, PRO accumulation in many plants under 
stress has been correlated with stress tolerance [19]. In 
this sense, it has been reported that PRO improves 
drought resistance in sunflower [20], peper [21], maize 
[22], rice and barley [23]. In addition, it has been re- 
ported that glycinebetaine (GB) is an effective osmopro- 
tectant which accumulates in a number of plants under 
drought stress [19,24] thereby playing a vital role in plant 
tolerance to drought [25-27]. Positive effects of GB foliar 
spray on yield and yield component in plants grown un- 
der water limited environment has been reported in dif- 
ferent crops such as rice [28], sunflower [29] and com- 
mon bean [30].  

Sunflower yield reduction and changes in growth pa- 
rameters, relative water content (RWC), lipid peroxida- 
tion, PRO content and activities of the antioxidant en- 
zymes were reported after drought application [31,32]. 
As a result, it has become important to elucidate drought 
tolerance mechanism of sunflower to improve its agro- 
nomic performance to obtain more resistant cultivars.  

In the present study, we investigated to what extent 
moderate water stress affects growth parameters, RWC, 
photosynthetic pigments and osmo-compatibles contents 
in two sunflower lines of contrasting behavior to water 
deficit.  

2. Materials and Methods 

2.1. Plant Material  

Sunflower seeds (Helianthus annuus L., Asteraceae) of 
sensitive B59 and tolerant B71 inbred lines, supplied by 
MSc. Daniel Alvarez, were sown in an experimental field 
of EEA-INTA Manfredi (31˚51'9.00'' South latitude and 
63˚44'55.91'' West longitude), Argentina. 

2.2. Germination Assay 

Hundred sunflower seeds of B59 (sensitive to water 

stress) and B71 (tolerant to water stress) lines were sur- 
face sterilized with 10% sodium hypochlorite solution for 
5 min, washed three times with distilled water, and then 
sown in 19 × 26-cm pot between two filter paper towels 
moistened with 50 ml deionized water. The pots were 
kept under controlled growth conditions in a walk-in 
rooms GR48 (Conviron Winnipeg, Canada) and a cycle 
of 16 h light (200 µmol/m2/seg), at 28˚C and 70% rela- 
tive humidity, and 8 h dark, 20˚C and 80% relative hu- 
midity, during 48 h. To avoid any effect due to the posi- 
tion of a pot in the chamber, each pot was rearranged at 
random every day. The seeds were assumed to have ger- 
minated when the radicle protruded through all the cov- 
ering layers (testa and pericarp). At 48 h, the 50% of 
germinated seeds with a length root within the range (X ± 
δ) were harvested. The assay was performed for quintu- 
pled. 

2.3. Early Growth Assay, Water Stress  
Treatment, and Recovery Period 

The germinated seeds were immediately transferred to 31 
× 18 × 10 cm trays (50 seeds per tray) containing fine 
sand. At time of planting the water content was 60% field 
capacity (FC). Each tray was placed inside a nylon bag 
open at the top. Then, trays were placed in a growth 
chamber programmed as described above. Mannitol (400 
mM) was used as a drought stimulator, and a moderate 
water stress level of −0.989 MPa was developed by dis- 
solving 7.28 g of mannitol per 100 ml distilled water. 
From the 4th day of planting in sand, and when seedlings 
were 6 day-old, water stress was applied by mannitol 
irrigation during 14 day-time till moderate water stress 
was reached. Controls plants (control) were grown con- 
tinuously with normal irrigation (Hoagland’s solution, 
50% of full-strength). Irrigation with Hoagland’s solution 
or mannitol was done every 3 days till the end of the ex- 
periment. The optimal harvest time was determined when 
wilting visual symptoms were observed (water stress 
treatment-stressed). 

To evaluate plant recovering subsequent to water 
stress, after 5 days of irrigation with mannitol seedlings 
were kept in optimal growth conditions, i.e., re-watered 
with Hoagland’s solution during 3, 5 and 8 days after re- 
watering (“recovery period’’) (RW 3d, RW 5d and RW 8d) 
till the end of the experiment.  

Different morpho-physiological and biochemical pa- 
rameters were studied at harvest. Each sample consisted 
of 15 plants.  

2.4. Measurement of Morpho-Physiological  
Parameters 

After harvest, fifteen plants of each condition (control, 
stressed and RW) were separated into aerial part and 
roots and cleaned with distilled water. Fresh weight (FW) 
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of aerial and root parts was recorded. Samples were then 
dried in an oven at 60˚C until constant dry weight (DW) 
was obtained. FW and DW were expressed in g·plant−1. 
Aerial part and root FW and DW were recorded at day 18 
(end of the experiment) and at day 3, 5, and 8 of the re- 
covery period; FW was expressed as percentage of con- 
trol value. Sampling for individual leaf area determina- 
tion consisted of selecting the first pair of leaves of the 
same fifteen seedlings. For each sampled leaf, length in 
millimeters was measured as the distance from the apex 
to the base of leaf blade (point of attachment of petiole), 
and leaf breadth in millimeters was measured across the 
widest portion of the blade at a right angle to the meas- 
urement for length. The area in square millimeters of 
each individual leaf was then estimated according to the 
equation of Schneiter (1978) [33]. 

The RWC was estimated according to Turner (1981) 
[34] and evaluated from the equation given below: 

     %RWC FW DW TW DW    100 , 

where FW = fresh weight, TW = weight at full turgid, 
measured after floating leaf discs in distilled water inside 
a closed Petri dish for 24 h in dark at room temperature, 
and DW = weight estimated after drying the leaf discs at 
70˚C until a constant weight was achieved. Leaf discs 
were always collected from the mid section of either 
seedling in order to minimize age effects. The experi- 
ments were performed in quadruplicate. 

For measurement of osmotic potential, 300 mg of 
leaves or roots were placed in tubes and frozen at 80˚C 
for 24 h, thawed and centrifuged at 8000 g for 30 min. A 
150 aliquot of each sample was placed in a capsule and 
osmotic potential was measured with a freezing point 
osmometer ((Semi Micro K-7400; Knauer, Berlin, Ger- 
many) [35], 2008). Roots were previously washed three 
times with abundant deionised water, checking that no 
ions were detected in the final wash. 

Leaf appearance rate was calculated by the following 
equation, and expressed as number of leaf/day 

Leaf appearance rate 1 phyllochron , 

phyllochron was estimated from the Thermal time using 
the formula: 

   max minThermal time Cd 2 BT T T      

where, Tmax = daily maximum air temperature, Tmin = 
daily minimum air temperature, and TB = base tempera- 
ture of 6˚C. 

2.5. Measurement of Biochemical Parameters 

2.5.1. Estimation of Photosynthetic Pigment Contents 
Levels of chlorophyll a and b were quantified by the 
conventional method, using the corresponding extinction 
coefficients for calculations. Fresh leaves (100 mg) were 

ground in a mortar and left in 80% acetone 1 h at 4˚C for 
extraction, and their levels were expressed as milli- 
grams/gram FW. After centrifugation, absorbance of the 
supernatant was measured at 650 nm (for chlorophyll a) 
and 665 nm (for chlorophyll b) using a spectrophotome- 
ter (Helios Gamma, Thermospectronic, UK). Carotenoids 
content were calculated using the formula of Lichten- 
thaler and Wellburn (1983) [36]. 

2.5.2. Estimation of PRO Content 
The free PRO accumulation was determined from 500 
mg of plant material using the acid-ninhydrin reagent 
method by Magné and Larher (1992) [37]. The extract 
was reacted with 1% (w/v) ninhydrin reagent in 60% (v/v) 
of glacial acetic acid, which was boiled at 100˚C for 1 h. 
After termination of reaction in ice bath, the mixture was 
extracted with 4 ml of toluene and the optical density 
was measured at 520 nm. PRO content was determined 
from a standard curve in the range of 0 - 1 mol/ml, and 
expressed in µg·g−1 FW. 

2.5.3. Estimation of GB Content 
Quaternary ammonium compounds (QACs) were ex- 
tracted and measured as GB equivalents according to 
Grieve and Grattan (1983) [38]. Fresh and finely ground 
plant material (500 mg) was mechanically shaken with 3 
ml of deionized water for 24 h at 25˚C. The samples 
were then filtered and filtrates were diluted to 1:1 with 2 
N H2SO4. Aliquots (0.5 ml) were kept in centrifuge tubes 
and cooled in ice water for 1 h. Cold KI-I2 reagent (0.20 
ml) was added and the reactants (KI-I2 reagent: 15.7 g I2 
+ 20 g KI were dissolved in 100 ml of distilled water) 
were gently stirred with a vortex mixture. The tubes were 
stored at 4˚C for 16 h and then centrifuged at 10,000 rpm 
for 15 min at 0˚C. The supernatant was carefully aspi- 
rated with a fine tipped glass tube. The periodide crystals 
were dissolved in 9 ml of 1,2-dichloroethane and mixed 
vigorously. After 2 h, absorbance was measured at 365 
nm using a spectrophotometer (Helios Gamma, Ther- 
mospectronic, UK). Reference standards of GB (0 - 10 
μg/ml) were prepared in 1N H2SO4, and their content was 
expressed in µg·g−1 FW. 

2.6. Statistical Analysis 

The experiment was laid out in a randomized block de- 
sign and each one was performed four times, consecu- 
tively (2 trays per treatment each time). Each condition 
(control, stressed and RW 3d, 5d and 8d) was analyzed 
with at least three replicates, and a standard deviation 
(S.D.) was calculated. The data were expressed in mean 
±S.D. of three or four replicates. All data were subjected 
to two-way analysis of variance (ANOVA) to determine 
differences among conditions for each variable. The sig- 
nificant differences between means were determined 
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using Tukey’s test at P ≤ 0.05 level. Data were tested for 
normality by Kolmogorov-Smirnov test. Variances were 
homogeneous in all cases. The software employed was 
Statgraphics Plus, version 3 (Manugistics, Rockville, 
Maryland, USA). 

was observed in both lines seedlings. However, at 3 days 
of re-watering the osmotic potential of the B59 aerial part 
was similar to that of control, and at 5 and 8 days this 
parameter remain almost unchanged. Aerial part of B71 
line showed an increasing trend in the osmotic potential 
under re-watering, recovering the control value at 8 day 
(Figure 1(b)). Contrarily, root osmotic potential of both 
lines was not modified by water stress or re-watering in 
comparison to control conditions (Figure 1(c)). 

3. Results 

3.1. Effect of Water Stress on Water  
Relations Parameters 

3.2. Effect of Water Stress on  
Morpho-Physiological Parameters 

During the water stress and the recovery period RWC 
was affected in the sunflower inbred lines (B59, sensitive 
and B71, tolerant). No significant differences were ob- 
served between both lines, but water stress significantly 
decreased leaf RWC, and the reduction was almost the 
same for the two lines. The significant reduction of RWC 
in mannitol-treated plants indicated that plants were 
stressed. Notably, this parameter was not significantly 
different for either line in response to water stress at any 
time of the recovery period (Figure 1(a)). 

Shoot relative FW (RFW) dramatically decreased under 
water stress in both lines. During the re-watering B59 
and B71 did not modify substantially their FW respect to 
the stress condition (Figure 2(a)).  

Regards to root relative FW of both lines a decreased 
was also observed under the stress condition. After 5 
days of re-watering B59 began to increase slightly al-
though this increase was not significant. Whereas, in B71 
after 8 days of re-watering the FW reached the same 
value than that of stressed root (Figure 2(b)). Comparing 
both organs, the root was less affected than the shoot in 
stress condition and recovery period. 

The aerial part of B59 and B71 stressed-seedlings 
showed the lowest osmotic potential although in B71 the 
osmotic potential was 1.8-fold lower than in B59. During 
the recovery period an increase of the osmotic potential  
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Figure 1. (a) Leaf relative water content of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of 
re-watering (“recovery period”) (RW 3d, RW 5d and RW 8d); (b) Leaf osmotic potential; (c) Root osmotic potential. Data are 
means of three replicates with SEs. Values with the same letter are not significantly different at P ≥ 0.05. 
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(a)                                               (b) 

Figure 2. Relative fresh weight of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of re-wa- 
tering (“recovery period”) (RW 3d, RW 5d and RW 8d). (a) Shoot; (b) Root. Data are means of three replicates with SEs. 
Values with the same letter are not significantly different at P ≥ 0.05. 
 

Shoot DW decrease in both lines under water stress 
compared to control. Shoot DW of stressed B59 dropped 
2-fold respect to control, and in B71 the decrease was 
3.75-fold. No differences were observed in shoot DW at 
any times of re-watering (Figure 3(a)). 

In root DW no changes were observed after water 
stress. After 8 days of re-watering B59 line root DW 
reached the values of stressed seedlings. In contrast, root 
DW of B71 line was higher than water stressed from 5 
days of re-watering (Figure 3(b)). 

Control seedlings of both lines did not show differ- 
ences in root DW/shoot DW ratio. However, a significant 
increased in root DW/shoot DW ratio was observed in 
stressed seedlings. During the re-watering period, no 
differences were recorded in the DW/shoot DW ratio of 
the tolerant B71 line compared with stressed seedlings. 
In contrast, a significant increase in the DW/shoot DW 
ratio occurred in the sensitive B59 line during day 5 and 
8 of re-watering (Figure 4). 

Leaf appearance rate of B59 line was not significantly 
different between stress condition and recovery period. 
In contrast, in B71 line a decrease in leaf appearance rate 
at 3 and 5 days of re-watering was observed, however at 
8 days this parameter reached the value of control and 
stressed seedlings (Figure 5(a)).  

Related to individual leaf area, the seedlings of both 
lines water stressed decrease significantly (~60%) respect 
to the control. Nevertheless, at day 8 of re-watering the 
leaf area slightly increase in B59 in relation to stressed 
seedlings. In B71 line, the individual leaf area did not 
differ between stress condition and recovery period (Fig- 
ure 5(b)). 

3.3. Effect of Water Stress on PRO Content  

In control condition, PRO content was higher in aerial 
part of B59 than that of B71. Under water stress PRO 
content decreased in B59; contrarily an increase was ob- 
served in B71 line. During the recovery period PRO de- 

creased in both lines respect to water stress condition 
(Figure 6(a)). 

In root part, both lines did not significantly differ in 
their PRO content. On the contrary, under water stress 
both lines accumulated proline in the roots; although it 
was more important in B59 (~120%) than B71 line 
(~60%) respect to control. During the recovery period 
proline roots content declined gradually, reaching the 
values of control after 5 days in B59 line and 3 days in 
B71 line (Figure 6(b)). 

3.4. Effect of Water Stress on GB Content 

Control aerial part of B59 line had higher GB content 
than B71. Under water stress, GB decreased significantly 
in both lines (~75% for B59; ~33% for B71). At the end 
of recovery period B71 line reached similar GB content 
than control, while the content of this solute in B59 in-
crease at day 5 of re-watering without reaching the con-
trol value (Figure 7(a)). 

Control roots of both lines showed a similar GB con-
tent. The water stress condition led to a significantly in-
crease of this compound in B59 line (~210%). In contrast, 
GB content decreased by the stress in B71 line compared 
to control. At 3 and 5 days of re-watering, B59 roots 
showed a high content of GB; however, this content 
abruptly decreased at 8 days. In B71 roots, GB content 
did not change during recovery period respect to stressed 
roots (Figure 7(b)).  

Regards to photosynthetic pigments, a lower chloro- 
phyll a and b and carotenoids content was registered in 
B59 line compared to B71. Under water stress, the pig- 
ment content was higher in B59 leaves than in control. In 
contrast, the amount of pigments was lower in B71 
stressed leaves than in controls. During the recovery pe- 
riod, especially at 3 and 5 days of re-watering, pigments 
content remained relatively stable in B59 line. However, 
at day 8 of re-watering their content increased. Remarka- 
bly, during the recovery period pigments of B71 line  
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Figure 3. Dry weight of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of re-watering (“re- 
covery period”) (RW 3d, RW 5d and RW 8d). (a) Shoot; (b) Root. Data are means of three replicates with SEs. Values with the 
same letter are not significantly different at P ≥ 0.05. 
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Figure 4. Relationship of root dry weight to shoot dry 
weight of B59 and B71 sunflower lines grown under water 
stress and after 3, 5 and 8 days of re-watering (“recovery 
period”) (RW 3d, RW 5d and RW 8d). Data are means of 
three replicates with SEs. Values with the same letter are 
not significantly different at P ≥ 0.05. 
 
reached similar values of controls. Notably, higher caro- 
tenoids content was recorded in B71 line respect to B59 
in all conditions experienced (Table 1). 

4. Discussion 

Water deficit is one of the major abiotic stresses, which 
adversely impacts crop growth and yield. The plant re-
sponses to water stress differ significantly at various or-
ganizational levels depending upon intensity and dura-
tion of stress as well as plant species and its stage of 
growth [39,40]. Among the crops, sunflower is deep- 
rooted crop that has been shown to deplete available soil 
water. This makes sunflower more tolerant to short peri-
ods of water stress [41].  

In this study, we observed several differences between 
both sunflower inbred lines, B59 (sensitive to water 
stress) and B71 (tolerant), to brief period of water stress. 
It is known that drought directly affects plant growth and 
productivity by altering their water status. Among the 

methods used to characterize internal plant water status 
under drought conditions, the RWC was used success- 
fully to identify drought resistance in sunflower [42], 
among other species. Irrigation for 14 d with mannitol 
generated a moderate water stress which resulted in a 
RWC decline in both examined lines. This finding agrees 
with reports of Angadi and Entz (2002) [42] and Mokhtar 
Ghobadi et al. (2013) [43] in dwarf hybrids and dwarf 
open pollinated cultivars of sunflower. 

The dramatic reduction of osmotic potential in aerial 
part of B71 line in response to water stress indicated the 
ability of leaves to maintain turgor through osmotic ad-
justment. Several investigations noted that osmotic ad-
justment is associated with drought tolerance in crop 
plants, including sunflower [44]. In addition, Ashraf and 
Foolad (2007) [19] reported that lower osmotic potential 
has been correlated with solutes accumulation in many 
plant species under stress, and it is generally higher in 
stress-tolerant than in stress-sensitive plants, as seems to 
occur in the PRO content of B71 tolerant sunflower line 
in response to water stress. Moreover, the recovery of the 
osmotic potential to control values after 8 d of re-water- 
ing could be also related to PRO content detected at the 
same time.  

It has been well established that water stress is a very 
important limiting factor at the initial phase of plant 
growth and establishment. In B59 and B71 lines, several 
morphological parameters were altered by the water 
stress. A common adverse effect of water stress on crop 
plants is the reduction in fresh and dry biomass produc-
tion [45]. Diminished biomass due to water stress was 
observed in almost all genotypes of sunflower [46]. 
However, some genotypes showed better stress tolerance 
than the others. In our case, the moderate water stress 
negatively affected the aerial RFW in the same way for 
both lines, i.e., regardless to their differential sensitivity 
to stress. Whereas the greater root RFW decrease in B59 
line could reflect its sensitivity to a moderate water defi-  
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Figure 5. (a) Leaf appearance rate of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of re- 
watering (“recovery period”) (RW 3d, RW 5d and RW 8d); (b) Individual leaf area. Data are means of three replicates with 
SEs. Values with the same letter are not significantly different at P ≥ 0.05. 
 

      
(a)                                           (b) 

Figure 6. Proline content of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of re-watering 
(“recovery period”) (RW 3d, RW 5d and RW 8d). (a) Aerial part; (b) Root. Data are means of three replicates with SEs. Val-
ues with the same letter are not significantly different at P ≥ 0.05. 
 

     
(a)                                            (b) 

Figure 7. Glicynebetaine content of B59 and B71 sunflower lines grown under water stress and after 3, 5 and 8 days of 
re-watering (“recovery period”) (RW 3d, RW 5d and RW 8d). (a) Aerial part; (b) Root. Data are means of three replicates 
with SEs. Values with the same letter are not significantly different at P ≥ 0.05. 
 
cit. Numerous investigations reported FW reduction in 
plants under water deficit, e.g. wheat [47], pearl millet 
[48], Abelmoschus esculentum [49] and 5 sunflower va-
rieties [50]. 

Potential biomass productions vary widely for plants 

grown in stressful conditions. In both sunflower lines, 
water stress affected in a greater proportion shoot DW 
than root DW. Coincidentally, a study with sugar beet 
genotypes demonstrated that mild water stress affected 
shoot DW more than root DW under severe stress [51].  
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Table 1. Effects of different conditions assayed on chlorophyll and carotenoids content. Values with the same letter are not 
significantly different at P ≥ 0.05. 

 B59   B59   

Condition Chlorophyll a Chlorophyll b Carotenoids Chlorophyll a Chlorophyll b Carotenoids 

Control 74.1 ± 6.9 a 32.2 ± 3.7 a 106.7 ± 13.3 a 163.1 ± 3 a 89.7 ± 5.8 ac 793.3 ± 94 a 

Stressed 116.8 ± 16.4 b 83.4 ± 5.2 b  153.3 ± 18.6 bc 76 ± 3.4 b 51.8 ± 14.2 b 655 ± 55 a 

RW 3d 112.6 ± 6.1 b 64.6 ± 7.4 c 120 ± 10 ab 135.5 ± 9.8 a 104.2 ± 24.4 a 703.3 ± 147.1 a 

RW 5d 119.6 ± 18.5 b 62.7 ± 4.9 c 115 ± 15 ab 111.7 ± 6.9 ab 69.8 ± 8.4 bc 576.7 ± 41.8 a 

RW 8d 157.2 ± 37.1 d 76.1 ± 9.4 b 160 ± 10 c 136.9 ± 26.9 a 87.7 ± 4.9 ac 740 ± 20 a 

 
The time of re-watering seemed not to be enough to 

recover shoot DW to control value in both lines. On the 
contrary, the slight root DW increase in B71 line at day 8 
of re-watering could allow maximizing water uptake 
through a greater ability of root exploration [52,53]. The 
DW increase of B71 roots could lead to an augmented 
root/shoot ratio. Coincidentally, an increased root/shoot 
ratio was reported in maize seedlings [54] and in three 
varieties of sorghum under water stress [55]. 

Development of optimal leaf area is important to pho- 
tosynthesis and dry matter yield. In B59 and B71 lines, 
individual leaf area was reduced significantly under 
moderate water stress. The higher reduction in the toler- 
ant B71 could be a plant strategy to reduce transpiring 
area influencing photosynthesis activity. Similarly, water 
deficit stress mostly reduced leaf growth and in turn leaf 
areas in many plant species, such as Populus [56], soy- 
bean [57] and many other species [45].  

Severe drought stress had reduced the leaf appearance 
rate of sunflower hybrid compared to the optimum irriga- 
tion condition [58]. On the contrary, in our study under 
moderate water stress and after 8 d of re-watering, both 
inbred lines were not reduced significantly the leaf ap- 
pearance rate.  

Water stress produces qualitative and quantitative 
changes in photosynthetic pigment composition depend- 
ing upon the species tested [59,60]. At high water deficit, 
the chlorophyll content decreased to a significant level in 
sunflower plants [61] and in Vaccinium myrtillus [62]. In 
our study, it is important to remark that the basal chloro- 
phyll content was higher in the tolerant line than in the 
sensitive one. Under moderate water stress, chlorophylls 
content declined in B71 strongly affected by the individ-
ual leaf area. Surprisingly, the sensitive B59 also de-
crease the individual leaf area without declining chloro-
phylls content under moderate water stress. 

High carotenoids content has also been reported fol-
lowing abiotic stress [63,64], and these compounds form 
a key part of the plant antioxidant system [65]. They play 
a multitude of functions in plant oxidative stress toler-
ance, absorbing light and transferring it to the chloro-
phylls, protecting the photosynthetic apparatus by quench-

ing harmful free radicals, and being important in the as-
sembly and stability of light harvesting complex proteins 
[66,67]. The high content of carotenoids in control and 
stressed seedlings of the tolerant B71 line suggests that 
this line could be better prepared to afford stress condi-
tions such as water deficit or oxidative stress. After 8 d 
of re-watering, pigments content reached the control 
value in B71 line.  

Several compounds play a role in osmotic adjustment 
such as quaternary amines, amino acids or sugar alcohols 
[68]. Different varieties of a particular plant species ex- 
hibit a high degree of variation in drought tolerance [69] 
and a possible causal link between these responses and 
the differential accumulation of GB and PRO among 
genotypes has been proposed [70].  

PRO plays a diverse role in the reduction of water po- 
tential, such as osmoprotectant, stabilization of proteins, 
membranes and subcellular structures, and protecting 
cellular functions by scavenging ROS [71,72]. Therefore, 
PRO has a major role in maintaining osmotic adjustment 
and adaptation to stress [73]. Our results showed that 
under water stress, the aerial and root PRO content in-
creased in the tolerant B71 line, which contributed to 
osmotic adjustment by decreasing the osmotic potential. 
Notably, root PRO content reached the control value at 3 
days of re-watering showing a fast response when stress 
was relieved. 

GB occurs most abundantly in response to dehydration 
stress [19,69,74]. GB is abundant mainly in chloroplast 
where this compound is synthesized [75] and then trans- 
ports to other organs [76]. In this study, GB decreased 
significantly in the aerial part of both lines in response to 
water stress indicating that this compound is not the main 
osmo-regulator. In sensitive B59, their content decreased 
in aerial part while it increased in roots, suggesting that 
GB accumulated in leaves may be transported to roots, 
where it would contribute to improving drought stress 
tolerance. 

The differential accumulation between lines may re- 
flect different mechanism of tolerance; the highest PRO 
and the lowest GB in the tolerant-line B71 coincide with 
[77] statement that “species that behaved as PRO accu-
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mulators contained little betaines and vice versa”. 
Based on our results, we demonstrated that B71 line 

had a greater stability of its radical fresh weight relative 
to the control, an important osmotic adjustment capacity 
in aerial part which was correlated with a significant pro- 
duction of proline. On the other hand, its high carote- 
noids amount was not modified by water stress, which 
contributed to the antioxidant machinery. Together, such 
traits would generate the possibility to produce sunflower 
hybrids from B71 inbred line, which may enhance the 
seedlings establishment in marginal agroecological con- 
ditions with frequent periods of water stress. 
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