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Abstract: Field experiments were carried out during two successive seasons of 2014 and 2015 to investigate
the effect of CaCl  as foliar application at 0, 5 and 10 mM on sunflower plants under two different irrigation2

levels: 55-65 and 25-35% of the field capacity (FC). In general, reducing the irrigation level widely caused multi
physio-biochemical changes which reflected negatively on the growth and yield of the produced seeds and
ultimately on oil percentage. Physio-biochemical parameters were investigated in term of leaf relative water
content (RWC), leaf pigments (Chl a, Chl b, Chl a+b, Chl a/b, carotenoids, anthocyanins, carotenoids/Chl a+b
and anthocyanins/ Chl a+b), leaf minerals (N, P, K and Ca), organic osmolytes (proline and soluble sugars) and
phenolic related enzymes: phenylalanine ammonia lyase (PAL) and peroxidase (POD). Furthermore, the
regression relationships between RWC and osmolytes (proline, sugars, K and Ca) or antioxidants (carotenoids,
anthocyanins, PAL and POD) were studied. Correlation coefficient between osmolytes and antioxidants were
also investigated. The results indicated that the foliar treatments of CaCl  achieved progressive increases in2

the previous traits compared to the untreated plants under the same level of irrigation. In this respect, the
highest significant (P 0.05) increases were mostly obtained by the treatment of CaCl  at 10 mM. Leaf RWC was2

correlated either in directly proportional to K, Ca and carotenoids or inversely proportional to proline, sugars,
anthocyanins, PAL and POD. Moreover, many close linkages between the investigated osmolytes and
antioxidants had been observed under water deficit.
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INTRODUCTION molecular, biochemical and physiological levels [4-6].

Sunflower (Helianthus annuus L) is one of the most photosynthesis, activity of antioxidant enzymes and
important oil crops in the world. Its edible oil contains metabolism of carbohydrates, amino acids, protein and
high proportion of beneficial unsaturated fatty acids lipid peroxidation [5-12].
which reduce the amount of cholesterol in blood and Although, it is known that sunflower can grow in
protect from cardiovascular diseases [1, 2]. Furthermore, rather dry conditions comparing with the other crops such
the seeds contain protein, vitamin E and other organic as maize and wheat. There were many evidences indicated
compounds which have antioxidant activities. In Egypt, that drought stress during the vegetative phase, flowering
there is a gap between the production and consumption and/or seed filling lead to significant decreases in the
of plant oils especially with increasing the population for yield and oil percentage reached sometimes up to 50 % in
more than 90 million people. According to the recent some previous studies [1, 13, 14].
available data, this gap in the sunflower seeds reached Calcium is a multifunctional element in plants that
about 65% between the production and the imported involved in several physiological processes like
quantity in 2011 [3]. maintaining the membrane integrity, cell wall structure,

Drought stress is the major limiting factor to the increasing the activity of a large number of key enzymes
growth and productivity for many economic crops and  interacting  with  phytohormones   [15].  It also
worldwide. It causes numerous of changes at the serves  in  the signaling network pathways as a secondary

Among these responses; altering plant water status,
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messenger under many adverse environmental conditions determine  the  soil moisture content by the weight
[16, 17]. This feature makes it suitable to ameliorate the method.  The  samples were dried at 105°C for 24 hours
effects of different abiotic stresses including high and re-weighting  until  it  reached  a  constant weight.
temperature, chilling, salinity, heavy metals and drought The percentage of soil moisture was measured by using
[18 - 23]. the following equation: 

In this concern, several studies showed that the
utilizing of CaCl  reduced the effects of the drought stress Soil moisture% = [(weight before drying- weight after2

in many plant species [24-27]. These responses were in drying)/ weight after drying]* 100
mostly associated with altering many of physiological and
biochemical adaptive responses which eventually lead to Foliar Application and Sampling: The foliar application of
improve the growth and yield under these circumstances. distilled water as a control and CaCl at 5 and 10 mM was

For all above mentioned reasons, this study was done twice at 30 and 50 days from sowing. Every time,
conducted to evaluate the effect of CaCl as a foliar Tween 20 at 0.05 ml/L was added as a wetting agent.2

application on some physio-biochemical parameters of Plants at old 60 days were chosen at random from the
sunflower plants under drought stress and ultimately on inner rows to study the growth parameters and
the yield of seeds and oil. biochemical constituents. The heads were harvested after

MATERIALS AND METHODS components in both seasons.

Experimental Layout: Two field experiments were carried Growth Parameters and Relative Water Content: The
out during the seasons of 2014 and 2015 respectively at leaves and stem fresh weight were determined after
the Experimental Farm, Faculty of Agriculture, Ain Shams sampling (60 days after sowing) immediately by digital
University, Shoubra El-Kheima, Egypt to investigate the balance. To determine the dry weight for both organs, the
effect of foliar application by CaCl  at 0, 5 and 10 mM on samples were dried in air-forced ventilated oven at 70°C2

sunflower  plants  under  two different irrigation levels. until a constant weight [28]. Relative water content (RWC)
The experimental soil was clay loam and its chemical was determined according to Unyayar et al. [29]. Leaf
analysis was shown in Table (1). Field capacity (FC), discs from 10 leaves were weighted (FW) and placed
wilting point and the available water of the experimental immediately in distilled water for 2 h at 25°C and then their
soil were determined as shown in Table (2). turgid weights (TW) were recorded. The samples were

Seeds of the local cultivar (Sakha 53) were purchased then dried in an oven at 110°C for 24 h (DW). Relative
from  The  Agriculture  Research  Center,   Giza,  Egypt. water content (RWC) was calculated by using the
The seeds were sown on the 1 and 5  of June 2014 and following formula:st th

2015  respectively.  The area of the experimental unit was
9 m  (3x3 m)  with  60 cm apart  rows  and  plant  spacing RWC= (FW-DW)/ (TW-DW)*1002

20 cm, an alley (2 m ) wide was left as a border between
both irrigation levels. The experiments were arranged in Biochemical Constituents
split plot design with three replicates. The applied Leaf Pigments: Chlorophyll a, b and carotenoids were
irrigation levels were assigned in the main plots and the extracted in pure acetone and determined as described by
foliar application were distributed in the sub-plots. Costache et al. [30]. The concentrations were calculated

Cultural Management and Irrigation Procedure:
Fertilization, disease and pest control programs were Chlorophyll a = 11.75 A662 – 2.350 A645 
followed according to the recommendations of the Chlorophyll b = 18.61 A645 – 3.960 A662
Egyptian Ministry of Agriculture. Two levels of irrigation Carotenoids = 1000 A470 – 2.270 Chl a – 81.4 Chl b/227.
were  started  applied  20 days  after  sowing date. The
well-watered and drought-stressed plants have received Anthocyanins were determined according to Havaux
55-65 and 25-35% from FC respectively. To maintain the and Kloppstech [31]. Leaf discs (1 cm in diameter) were
water level at the examined range during the whole grounded in acidified methanol (99 MeOH: 1 HCl; v/v) and
experiment; samples of soil at depth 0-60 cm were taken the absorption spectra at 530 nm was recorded after
regularly  by  an Auger T-Handle every 2 days to centrifugation using UV-spectrophotometer.

2

maturity at old 95 days to estimate the yield and its

using the following equations:
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Table 1: Some chemical analyses of the experimental soil
Soluble cations meq / L Soluble anions meq / L
----------------------------------------------------------- ----------------------------------------------------------------

Depth of soil pH EC ds/m Na K Ca Mg CO HCO Cl SO+ + ++ ++ 2- - - -2
3 3 4

0-60 cm 7.12 0.976 2.48 0.89 4.49 1.9 0 3.45 2.38 3.93
Central Soil and Plant Analysis Laboratory, Fac. Agric., Ain Shams University, Cairo, Egypt.

Table 2: Field capacity (FC), wilting point and available water of the experimental soil during the seasons of 2014 and 2015
2014 2015
------------------------------------------------------------------------------ ------------------------------------------------------------------------

Depth of soil FC % Wilting point % Available water % FC % Wilting point % Available water %
0-60 cm 23.48 13.43 10.05 23.85 13.57 10.28
Central soil and Plant analysis Laboratory, Fac. Agric., Ain Shams University, Cairo, Egypt

Organic Osmolytes: Proline concentration was Statistical Analysis: Data were analyzed using SAS
determined by the method of ninhydrin reagent as Institute Inc. [37]. Standard divisions of the means were
described by Bates et al. [32]. Total soluble sugars were calculated and LSD’s test (P  0.05) was used to determine
estimated by the phenol sulphoric acid method as significant  differences  between means. A linear
described by Chow and Landhausser [33]. regression analysis and correlation coefficient were also

Leaf Mineral Concentration: Dry leaves were
grounded and digested using sulphoric acid and RESULTS AND DISCUSSION
hydrogen peroxide. Leaf mineral concentrations of N, P, K
and Ca were determined according to Cottenie et al. [34]. The Main Effects of the Irrigation Level and CaCl

Enzyme Assays: Leaf tissue (500 mg) was homogenized in irrigation level caused significant differences in all studied
4 ml 0.1M sodium phosphate buffer (pH 7.0) containing1% parameters except Chl a/b in the first season. The foliar
(w:v)  polyvinylpyrrolidon  (PVP)  and   0.1mM  EDTA. application of CaCl  resulted in significant changes in all
The homogenate was centrifuged at 15000xg for 15min studied parameters except Chl a/b, carotenoids, K and
and  supernatant  obtained was used as enzyme extract. soluble sugars in both seasons. Furthermore, head weight
All steps in the preparation of the enzyme extract were and PAL showed different significant responses between
carried out at 0–4°C. The activity of phenylalanine the two seasons in this respect. The interaction between
ammonia-lyase, PAL (E.C 4.3.1.5) was assayed as the irrigation level and CaCl treatments was insignificant
described by Lister et al. [35]. The activity of peroxidase, for most studied parameters except anthocyanins and
POD (EC 1.11.1.7) was assayed according to the method proline in the two seasons and RWC in the first one.
of Dias and Costa [36]. The activity of both enzymes was
expressed by calculation the changes in the absorbance Changes in Growth Parameters and RWC:Data in
per unit of time. Figure (1) show that in general, all investigated growth

Yield and its Components: The heads were bagged at and stem were substantially inhibited by exposing to
early stage of seed development to avoid the damage that water shortage under different treatments. The foliar
could be occurred by birds in the maturity. Head diameter, application by CaCl  at 5 or 10 mM improved these traits
head weight, seeds weight/head and the estimated yield under both irrigation regimes. The highest significant
of seeds (ton/fed) were recorded in the two seasons. (P 0.05) increases for leaves fresh and dry weight were

Oil Percentage and its Yield (kg.fed ): Oil percentage of the control plants in both seasons whereas; this effect1

seeds was extracted by hexane using soxhlet apparatus didn’t reach the level of significance in respect to the stem
according to A.O.A.C. [28]. Oil yield (kg. fed ) was fresh and dry weights under drought stress in both and1

calculated by using the following formula: second seasons respectively. Two possibilities can be

Oil yield (kg. fed ) = [average of oil percentage * average susceptible to CaCl  than the stem or (2) the stem is more1

of seed yield (kg. fed )]/100. adaptive to drought stress than the leaves.1

performed.

2

Treatments: Data presented in Table (3) reveal that

2

2

parameters including the fresh and dry weights for leaves

2

achieved by the high concentration (10 mM) compared to

suggested to explain this response: (1) the leaves are more
2
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Table 3: Two way-ANOVA procedure show the main effects of the irrigation level, foliar application of CaCl at (0, 5 and 10 mM) and their interaction on2

some growth parameters, leaf relative water content (RWC), leaf pigments, leaf minerals, proline, soluble sugars, antioxidant enzymes, yield and
its components of sunflower (Helianthus annuus L.) in the seasons of 2014 and 2015

2014 2015
----------------------------------------------------------------------- -------------------------------------------------------------------

Variable CaCl Irrigation level Interaction CaCl Irrigation level Interaction2 2

Leaves f.wt * *** NS * *** NS
Leaves d.wt *** *** NS *** *** NS
Stem f.wt ** *** NS ** *** NS
Stem d.wt *** *** NS * *** NS
RWC * *** NS ** *** *
Chl a ** *** NS *** *** NS
Chl b ** *** NS *** *** NS
Chl a+b ** *** NS *** *** NS
Chl a/b NS NS NS NS * NS
Carotenoids NS *** NS NS *** NS
Anthocyanin *** *** *** *** *** ***
Carotenoids/ Chl a+b NS *** NS ** *** NS
Anthocyanin/ Chl a+b * *** NS NS *** NS
N ** *** NS NS *** NS
P *** *** NS *** *** NS
K NS *** NS NS *** NS
Ca ** *** NS * ** NS
Proline *** *** ** *** *** ***
Soluble sugars NS *** NS NS *** NS
PAL ** *** NS NS *** NS
POD *** *** NS *** *** NS
Head diameter ** *** NS * *** NS
Head weight NS *** NS * *** NS
Seed weight. Head * *** NS * *** NS1

Seed yield.fed * *** NS *** *** NS1

Oil percentage ** *** NS *** *** NS
Yield of oil (kg.fed ) ** *** NS *** *** NS1

NS: non-significant according to LSD multiple range test. *P 0.05 **P 0.01 ***P 0.001

The positive effect of applied Ca on the plant growth season. A similar trend was noticed in regard to the well
under different environmental stresses such as salinity, irrigated plants in both seasons. The reduction in RWC of
chilling  and  heavy  metals  has  been well documented leaves under drought stress was confirmed previously in
[38, 39, 21]. Also, several studies have indicated that many studies [41, 42]. In this study; the positive effect of
CaCl  can play an important role to ameliorate the adverse CaCl on RWC could be attributed to increase the2

effects  of  drought stress on several species [24-27]. membranes integrity and reducing their damage under
These responses could be attributed to that Ca  was drought stress. Besides, the application of CaCl  may+2

suggested to be a crucial secondary messenger which cause elevating the content of proline and glycine betaine
involved in the signaling related processes to many which are considered among the major organic osmolytes
defense mechanisms that are induced by drought stress in the plant cell [43].
[16, 23]. It can enhance the water status of plants by
increasing the stability of membranes and protecting them Changes in Leaf Pigments: In general, Chl (a), Chl (b) and
from lipid peroxidation and drought-induced oxidative Chl (a+b) (Figure, 3) were decreased significantly (P 0.05)
stress [40, 15]. under water-stressed plants compared to the well-irrigated

As shown in Figure (2); water deficit had a significant ones in all treatments in both seasons. The foliar
(P 0.05) inhibitory effect on RWC of leaves in both application  of  CaCl   showed to improve the two
seasons under different treatments. The foliar application pigments (Chl a; Chl b) under both examined irrigation
of CaCl  reduced this effect especially with high levels. The highest increases were achieved by the2

concentration (10 mM) which gave a significant increase highest level of CaCl (10 mM). These increases reached
in RWC compared to the control plants in the second the  level  of significance (P 0.05) in the well-irrigated and

2

2

2

2



Am-Euras. J. Agric. & Environ. Sci., 16 (4): 677-693, 2016

681

Fig. 1: Effect of foliar application of CaCl  at 0, 5 and 10 mM on some growth parameters of sunflower plants under two2

different irrigation levels in the seasons of 2014 and 2015

Fig. 2: Effect of foliar application of CaCl  at 0, 5 and 10 mM on leaf relative water content (RWC) of sunflower plants2

under two different irrigation levels in the seasons of 2014 and 2015
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Fig. 3: Effect of foliar application of CaCl  at 0, 5 and 10 mM on chlorophyll (a, b, a+b and a/b) of sunflower plants under2

two different irrigation levels in the seasons of 2014 and 2015

improved significantly (P 0.05) the concentration of
respectively. On the other hand, No significant (P 0.05) anthocyanin compared to the controls under both
differences were detected in the ratio of Chl (a)/ Chl (b) irrigation levels in the two seasons. The general tendency
under all irrigation and CaCl  treatments. The reduction of was that CaCl  at 10 mM lead to the maximum increases in2

chlorophylls under water shortage has been confirmed in anthocyanin under drought stress whereas; this result
many species. This phenomenon could be attributed to was obtained only in the second season under well-
increase the production of reactive oxygen species (ROS) irrigation conditions.
and oxidative stress which occurs in parallel with water As for the ratio between the concentration of
deficiency and damage the chloroplast membranes. This carotenoids  or  anthocyanin with the total chlorophyll
result was in agreement with Smirnoff [44]. Another (Chl a+b); It was noticed that there were significant
explanation could be suggested in this respect; this (P 0.05) increments in the ratio of carotenoids/ Chl (a+b)
decreasing may be considered as an important regulatory under drought stress compared to the well-irrigated plants
step to avoid the high light absorbance and the over in both seasons. These increases were significantly
reduction of photosynthetic electron transport chain and (P 0.05) reduced by increasing the concentration of CaCl
hence the generation of ROS [45, 46]. The improving of in the second season. A similar trend was observed in
chlorophylls concentration and photosynthesis by regard to the ratio of anthocyanin/ Chl (a+b) which
exogenous application of CaCl  has been proved in increased significantly (P 0.05) with reducing the2

several species such as strawberry, Zoysia japonica and irrigation level. Also, this ratio was increased significantly
wheat [47, 26, 48]. (P 0.05) only in the first season by the foliar application

Data in Figure (4) indicated that carotenoids was of CaCl at both its concentrations.
decreased significantly (P 0.05) under the lower level of Carotenoids   are   essential   components  required
irrigation compared to the higher one in both seasons. for photosynthesis and photoprotection in the higher
Both of CaCl treatments didn’t give any significant plants [49-51]. They are capable of stabilizing membranes2

differences compared to the control plants under the two and inhibiting lipid peroxidation through their activity as
levels of irrigation. An opposite trend was observed in non-enzymatic antioxidants [52]. Also, the phytohormone
respect to anthocyanin in both seasons. Moreover, CaCl (ABA)  which   is   considered   the   typical   indicator  for2

water–stressed plants in both seasons and second one

2

2

2
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Fig. 4: Effect of foliar application of CaCl  at 0, 5 and 10 mM on carotenoids, anthocyanins, carotenoids/ Chl a+b and2

anthocyanins/ Chl a+b of sunflower plants under two different irrigation levels in the seasons of 2014 and 2015

drought stress in the plant kingdom can be derived from could  be  considered as an adaptive feature to water
carotenoids [53]. In the current study, the decreasing in stress in sunflower plants which are distinguished with
the carotenoids concentration under water stress could be high levels of phenolic compounds and flavonoids [57].
attributed to two reasons: (1) there was slow synthesis or The  remarkable  improving   of  anthocyanin
fast breakdown to carotenoids by the producing ROS or concentration by CaCl  treatments especially in the first
(2) conversion a lot of carotenoids to ABA under water season was in harmony with Sudha and Ravishankar [58]
stress. On the other hand, the significant (P 0.05) who  found  that  increasing  the amount of calcium
increases in the ratio of carotenoids/ Chl (a+b) may reveal applied enhanced the anthocyanin level in carrot callus
that there was a higher need of photoprotection by cultures.
carotenoids under drought stress [50, 51]. The obvious
reduction in the ratio of carotenoids/ Chl (a+b) by the Changes in Organic Osmolytes: In this study, two major
treatments of CaCl  indicated that the effect of CaCl  on organic osmolytes (proline and soluble sugars) were2 2

the total chlorophylls (a+b) was higher than carotenoids determined (Figure 5). It was noticed that both of them
under this research conditions. were increased significantly (P 0.05) in the water-stressed

Anthocyanins are secondary metabolites and are part plants compared to the unstressed ones in both seasons.
of the large water soluble phenolic family which totally It is well documented that the proline and/or soluble
known as the flavonoids. They often accumulate in plants sugars accumulate in many plant species under water
subjected to osmotic stress. In this respect, many stress conditions [5, 59]. Also, this response was
researchers reported that anthocyanin increased in the emphasized in the sunflower plants [60]. These
cell cultures when suspended in high osmotic sucrose substances may help plants to regulate the osmotic
and/or mannitol mediums [54-56]. In this study, the potential of cells which lead to improve the water
significant  (P 0.05)  increases  in   the  anthocyanins absorbance and translocation under drought conditions.

2
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Fig. 5: Effect of foliar application of CaCl  at 0, 5 and 10 mM on proline and soluble sugars of sunflower plants under two2

different irrigation levels in the seasons of 2014 and 2015

In general, the foliar application of CaCl  led to was only significant (P 0.05) at 10 mM under drought2

significant (P 0.05) decreases in the proline and slight stress as compared to the control in the first season.
increases in the soluble sugars under both examined Improving the absorption of N by roots through
irrigation levels  comparing  to  the  untreated plants. exogenous Ca application has been reported in many
These  responses  were more obvious by the treatment of plant  species  including  rice, bean and willow [65-67].
CaCl  at 10 mM than the other ones. The negative effect This response can be explained by that Ca has a direct2

of CaCl  on the proline concentration might be attributed positive effect on N assimilation, stimulating both the2

to increasing the level of proline degrading enzyme and uptake and better use efficiency of N further, activating
decreasing the proline synthesizing enzyme by the the  enzymes  responsible  for  N  assimilation [68, 69].
exogenous application of CaCl  [61]. In contrast, the CaCl reduced P concentration under both levels of2

positive effect of CaCl  on the soluble sugars under both irrigation. Since the high level of CaCl  (10 mM) caused2

irrigation levels might be related to its role in enhancing the minimum significant (P 0.05) decreases in P compared
photosynthesis [26]. to the other treatments at the same level of irrigation.

Changes  in  Leaf Mineral Concentrations: Data interaction between the two elements (Ca and P),
presented in Figure (6) show that all the estimated leaf confirmed the hypothesis of an antagonistic relationship
mineral concentrations in this study (N, P, K and Ca) were between both of them [69]. This relationship could occur
decreased by reducing the irrigation level. These results by reducing the root absorption for P or its transporting
could be attributed to decrease the root activity, ion to the leaves.
diffusion and rates of water movement under water deficit As for the effect of CaCl  on leaf K concentration, it
[62]. Also, the microorganisms which are responsible for was obvious that the foliar application of CaCl  gave
the mineralization process could be substantially affected insignificant (P 0.05) changes in K concentration
by drought stress [63, 64]. compared to the controls in both seasons. This result

Regarding, the influence of CaCl  on macroelements, suggested that the accumulation of K  in leaves and2

it was noticed that the foliar spray by CaCl  improved the interact with K  nutritional status are strongly related to2

concentration of N under both irrigation levels. This effect the water status not to the foliar application of CaCl  [70].

2

2

These findings could be elucidated by the negative

2

2

+

+

2



Am-Euras. J. Agric. & Environ. Sci., 16 (4): 677-693, 2016

685

Fig. 6: Effect of foliar application of CaCl  at 0, 5 and 10 mM on leaf mineral concentrations of sunflower plants under2

two different irrigation levels in the seasons of 2014 and 2015

Regarding the effect of CaCl  on leaf Ca stresses in the higher plants [53]. In this study, increasing2

concentration, it can be noticed that the treatments of the activity of PAL by the treatments of CaCl  was found
CaCl affected positively on the leaf concentration of Ca to be in harmony with increasing the anthocyanins2

under both irrigation levels in the two seasons. The (Figure, 4). These results indicated that CaCl  may be
highest significant (P 0.05) increases were obtained by involved in the synthesis of the flavonoids by enhancing
the treatment of CaCl  at 10 mM as compared to the the activity of PAL. Furthermore, phenolic compounds2

controls in both seasons. Calcium is not mobile in the can contribute to scavenging ROS which causing
phloem for this reason, increasing the leaf concentration oxidative damage to the plant cell and act as a carbon sink
of Ca was due to the exogenous application of CaCl under stress conditions [71].2

rather than Ca absorption by roots [15]. The same trend was observed in regard to peroxidase,

Changes in the Phenolic Related Enzymes: Data by the treatment of CaCl at 10 mM under drought stress
presented in Figure (7) show that phenylalanine ammonia in both seasons. Increasing the POD under drought stress
lyase (PAL) was increased significantly (P 0.05) by was confirmed earlier [5, 6]. Peroxidases are involved in
reducing the irrigation level. The foliar application by many physiological processes in plants, involving
CaCl  enhanced the activity of PAL under both irrigation responses to biotic and abiotic stresses and the2

levels in the two seasons. These increments didn’t reach biosynthesis of lignin. They are also involved in the
the level of significance (P 0.05) in comparison to the scavenging of ROS and protecting plant from H O  [72].
untreated plants under drought conditions in both Also, Ca is implicated in the synthesis of cell wall and
seasons. Many studies have found that PAL is usually interacts with phytohormones which related to
induced by drought stress [5, 6]. It is responsible for the lignification process [15]. Since, calcium acts as a site-
synthesis of a diverse array of phenolic compounds specific cofactor on peroxidase enzyme during the
which play important roles in the protection and defense lignification process [73]. This response suggested that
responses against a wide array of biotic and abiotic there is a relationship between Ca and peroxidases.

2

2

the highest significant (P 0.05) increases were obtained
2

2 2
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Fig. 7: Effect of foliar application of CaCl  at 0, 5 and 10 mM on antioxidant enzymes of sunflower plants under two2

different irrigation levels in the seasons of 2014 and 2015

Relationships Between RWC and Both Osmolytes and antioxidants may be more related to scavenging ROS than
Antioxidants: The combined analysis for regression in osmotic adjustment under the circumstances of this
both seasons (Figure, 8) show that there was an inverse study. Carotenoids were affected significantly (P 0.05) by
significant (P  0.0052**) relationship between RWC and reducing the irrigation level whereas, the treatments of
proline accumulation in the leaves as affected by the foliar CaCl  didn’t give any significant differences comparing
application of CaCl at 5 and 10 mM under the two with the controls (Table 3; Figure 4). This effect elucidates2

investigated irrigation levels. A similar trend was the significant direct relationship between RWC and
observed  in  respect to the soluble sugars (P 0.0474*). carotenoids. Conversely, the treatments of CaCl  with
On the contrary, K and Ca had direct significant maintaining RWC higher than the untreated plants, they
(P 0.0078**; 0.0151*) relationships with RWC also improved significantly (P 0.05) anthocyanins
respectively. These results with more precisely, indicated (Figure, 4), POD and PAL (Figure, 7) comparing with the
that the osmotic adjustment in the leaves of the sunflower controls. This effect reduced the significance of the
plants under the conditions of this study was related to inverse relationship between RWC and the three previous
proline followed by K, Ca and soluble sugars respectively. parameters in this study.

Data in Figure (9) indicated that there was direct and Eventually, all the above mentioned relationships
significant (P  0.0105*) relationship between RWC and implied that CaCl  is capable of alleviating water stress in
carotenoids. On the other hand, there were inverse sunflower plants may be by maintaining the membrane
insignificant relationships between RWC and integrity, cell wall structure and enhancing water status of
anthocyanins (P 0.0819 ), PAL (P=0.0918 ) and POD plants or by its direct effects on the osmolytes andNS NS

(P 0.0530 ). These results indicated that most studied antioxidants.NS

2

2

2
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Fig. 8: Relationship between the osmolytes (proline, soluble sugars, K and Ca) and the relative water content (RWC)
in sunflower plants as affected by foliar application of CaCl  at 0, 5 and 10 mM under two different irrigation levels2

in the seasons of 2014 and 2015. NS: non-significant *P 0.05 **P 0.01 ***P 0.001

Fig. 9: Relationship between the antioxidants (carotenoids, anthocyanins, PAL and POD) and the relative water content
(RWC) in sunflower plants as affected by foliar application of CaCl  at 0, 5 and 10 mM under two different2

irrigation levels in the seasons of 2014 and 2015. NS: non-significant *P 0.05 **P 0.01 ***P 0.001.
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Table 4: Combined analysis for the correlation coefficient between the osmolytes (proline, soluble sugars, K, Ca) and antioxidants (carotenoids, anthocyanins,
PAL, POD) as affected by the foliar application of CaCl  at 0, 5 and 10 mM under two irrigation levels in the seasons of 2014 and 20152

Variable Proline Soluble sugars K Ca Carotenoids Anthocyanins PAL
Proline -
Soluble sugars +0.710 -NS

K - 0.867 - 0.964 -* **

Ca - 0.909 - 0.502 + 0.709 -* NS NS

Carotenoids - 0.835 - 0.954 + 0.983 + 0.681 -* ** *** NS

Anthocyanins + 0.575 + 0.952 - 0.896 - 0.457 - 0.880 -NS ** * NS *

PAL + 0.610 + 0.986 - 0.919 - 0.405 - 0.899 + 0.974 -NS *** ** NS * **

POD + 0.691 + 0.992 - 0.956 - 0.510 - 0.929 + 0.973 + 0.991NS *** ** NS ** ** ***

(+) direct (-) inverse correlation NS: non-significant *P 0.05 **P 0.01 ***P 0.001

Fig. 10: Effect of foliar application of CaCl  at 0, 5 and 10 mM on the yield and its components of sunflower plants under2

two different irrigation levels in the seasons of 2014 and 2015

Correlation Coefficient Between Osmolytes and and carotenoids whereas, they correlated significantly
Antioxidants: Osmolytes and antioxidants had been and directly with anthocyanins, PAL and POD. Potassium
shown to have multi-protective functions that could help was correlated positively and significantly with
the higher plants to survive under numerous of carotenoids and inversely with anthocyanins, PAL and
environmental stresses. Among these influences: osmotic POD. Calcium was correlated only significantly and
adjustment, stabilizing membranes, protection of cellular inversely with proline. Carotenoids had contrary
structures, signaling, growth regulation and scavenging significant correlations with anthocyanins, PAL and POD.
of ROS. The synthesis and optimal utilization of these Anthocyanins were correlated significantly and directed
substances in the higher plants are the most important with PAL and POD. Phenylalanine ammonia lyase (PAL)
adaptive responses against several of biotic and abiotic was correlated significantly and directly with POD.
stresses. Consequently, it is always thought that there is All the previous relationships indicated that there
a link between osmolytes and antioxidants with each were many close linkages between the investigated
other. osmolytes and antioxidants in the sunflower plants under

In this study, data in Table (4) revealed that there was the circumstances of this study. These interactions may
an  inverse significant correlation between proline on one contribute to regulate the metabolic processes which
side and K, Ca and carotenoids on the other one. Soluble related directly or indirectly to water stress adaptation in
sugars were correlated inversely and significantly with K sunflower plants.
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Fig. 11: Effect of foliar application of CaCl  at 0, 5 and 10 mM on oil percentage and oil yield (kg.fed ) of sunflower2
1

plants under two different irrigation levels in the seasons of 2014 and 2015

Yield and its Components: Data presented in Figure (10) were in agreement with [74, 75]. Drought can alter several
show that the yield and all its components of sunflower of metabolic pathways which affect lipids biosynthesis
plants were significantly (P 0.05) reduced by the low level and their metabolism in plants [76-78]. Oil percentage
of irrigation compared to the high one. The foliar during seed filling stage can be dramatically decreased by
application of CaCl at 5 or10 mM had promoting effect on water deficit because water is very important in the2

these traits regardless the irrigation level. The treatment source-sink relationships between different plant organs.
of CaCl  at 10 mM gave the highest significant (P 0.05) Besides that the depression in oil yield (kg.fed ) under2

increases compared to the other treatments in both drought stress could be attributed to the low amount of
seasons. These increments reached (23.8, 21.6 %) and the produced seed yield (Figure, 10) under these
(68.6, 53.8%) over than the untreated plants in the circumstances.
estimated seed yield.fed  under both irrigation levels in As for the effect of foliar application of CaCl  on the1

the two seasons respectively. These results indicated that oil percentage and its yield (Kg.fed ), it is obvious that
CaCl has an ameliorative effect on drought stress in the the treatments of CaCl  at 5 and 10 mM improved the both2

sunflower plants. In addition, it can regulate a lot of traits under the two examined irrigation levels. The
physiological responses which reflected positively on the highest significant (P=0.05) increases were obtained by
yield under adequate water supply. These responses were the treatment of CaCl  at 10 mM in the well-irrigated plants
proven by many physiological investigated aspects in comparing with the other treatments. In this study, the
this study. growth in fresh and dry weights of leaves and stem, seed

Oil Percentage and its Yield (kg.fed ): AS shown in biochemical aspects were in mostly changed positively by1

Figure (11), oil percentage and its yield (kg.fed ) were the treatments of CaCl . These results may explain the1

decreased significantly (P 0.05) in the water-stressed increases in oil percentage and its Yield (kg.fed ) by the
plants compared to the well-irrigated ones. These results treatments of CaCl  compared to the untreated ones.

1

2
1

2

2

yield and its components as well as, several physio-

2
1

2
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CONCLUSION 9. Chaves, M.M., J.M. Costa and N.J.M. Saibo, 2011.

The results of this study showed that reducing the
irrigation level negatively affected on growth, seed and oil
yield of sunflower plants compared to the well-irrigated
ones. These decreases were associated with several
changes in RWC, leaf pigments, mineral concentrations,
osmolytes, antioxidants and their relationships to each
other. The foliar application of CaCl  especially at 10 mM2

achieved multi significant positive effects on many of
previous mentioned parameters which led to improve the
growth and yield of sunflower plants under both examined
irrigation levels.
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