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Soil salinity and sodicity (alkalinity) are serious land degradation issues worldwide that are predicted to
increase in the future. The objective of the present study is to distinguish the effects of NaCl and Na,CO;
salinity in two concentrations on the growth, lipoxygenase (LOX) activity, membrane integrity, total
lipids, yield parameters and fatty acids (FAs) composition of seeds of sunflower cultivar Sakha 53. Plant
growth, LOX activity and malondialdehyde (MDA) content were reduced by salts stresses. On the con-
trary, salinity and alkalinity stress induced stimulatory effects on membrane permeability, leakage of
UV-metabolites from leaves and total lipids of sunflower shoots and roots. Crop yield (plant height, head
diameter, seed index and number of seeds for each head) that is known as a hallmark of plant stress was
decreased by increasing concentrations of NaCl and Na,COj; in the growth media. Fatty acid methyl esters
(FAME) composition of salt-stressed sunflower seeds varied with different levels of NaCl and Na,CO;.
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INTRODUCTION

Soil salinity is mainly due to the accumulation of NaCl and alkaline soil which latter
is mainly caused by the accumulation of NaHCO; and Na,CO; [12]. Salt-affected
soils have been categorized into three different types: saline, saline—alkali, and alka-
line soils depending on the total concentration of soluble salts they possess, pH of the
soil solution, and exchangeable sodium percentage of the soil [26]. Generally, the
effects of salt stress on plant growth involve osmotic and specific ion effects, the
former mainly dependent on salt concentration [20]. Previous studies indicated sig-
nificant differences between the stress induced by neutral salts and that induced by
alkaline salts, either in their mechanisms of action and/or in the physiological
responses of the plants [9]. One of the prominent effects of salinity is the peroxidation
of lipids and loss of membrane integrity attributable to reactive oxygen species
(ROS), resulting in metabolic disturbance, lipid peroxidation and chlorophyll break-
down [29]. The possible causes of membrane injury owing to salinity was speculated
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to be the decrease in membrane fluidity and loss of function because of lipid peroxi-
dation, the extent which can be measured via the level of MDA content [1]. On the
other hand, LOXs are responsible for membrane degradation, because they catalyze
the deoxygenating of unsaturated FAs (UFAs) producing hydroperoxy saturated FAs
that are toxic to the cell. Many reports indicate that changes in the content of UFAs
can improve plant tolerance to environmental stresses such as cold, heat and drought
[13].

Salt stress was shown to change the quantity and quality of seed oil of different
oil-seed crops [23]. Pathway analysis revealed that lipid metabolism plays an impor-
tant role in shoots and roots tissue of salt tolerant genotype to resistant salt stress [8].
Sunflower is an important oil-seed crop supplying about 13% of the total edible oil
produced globally [27]. Only 5.4% of land resources in Egypt represent intensive
cultivated land, and about 40% of it is subjected to salinity, sodicity and water log-
ging problems that are known to have deleterious effects on plant growth and pro-
ductivity [15].

Thus, our goal was mainly to assess the possible tolerance mechanisms that rele-
vant to metabolic and physiological responses of Helianthus annuus cultivar (cv.)
Sakha 53 grown in sand cultures supplied with different concentrations of two salts
(NaCl and Na,CO3).

MATERIALS AND METHODS

Two experiments were conducted in a greenhouse and repeated twice in two inde-
pendent processes. Four replicates were used for each treatment.

Short duration treatment

Sunflower sterilized seeds were planted in pots filled with air-dried and cleaned
quartz sand, watered with a Hoagland’s solution [10] and kept approximately at 100%
field capacity. Preliminary experiments were carried out using different concentra-
tions of NaCl and Na,COj; to detect the osmotic and toxic concentrations [21]. Ten-
day-old seedlings were subdivided into three subsets: The first subset without salts
(control), the second treated with 80 and 160 mM NaCl (pH 6.60, EC 7.23) and the
third treated with 10 and 40 mM Na,CO; (pH 6.65-7.07, EC 10.03—-11.31). Leaves
and roots (35-day-old) were harvested and stored at —80 °C. The dry weight (DW)
was determined by drying the shoots and roots tissues for 48 hours at 70 °C.

Assay of lipoxygenase activity

Lipoxygenase (LOX; EC 1.13.11.12) activity was assayed spectrophotometrically
[17]. The increase in absorbance was monitored at 234 nm wavelengths.
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Determination of lipid peroxidation

Lipid peroxidation was determined by measuring MDA formation using the thiobar-
bituric acid (TBA) reaction [14]. The MDA concentration was determined using
extinction coefficient of 155 mmol I-! cm1.

Electrical conductivity and UV-metabolites

The leaf discs were rinsed and placed in closed vials containing 10 ml of deionized
water for 24 h, subsequently EC of the solution was determined. Samples were then
autoclaved at 120 °C for 20 min and the last EC was obtained after equilibration at
25 °C. The proposed formula [25] was used to determine EC %. The leakage of UV
absorbing metabolites was determined using the same solution of conductivity meas-
urements [22].

Determination of total lipids

Determination of lipid content in sunflower tissues was carried out [11, 34]. The pink
colour was read at 490 nm.

Long duration treatment

Sunflower seeds (10) were planted in 5 kg sieved air-dried clay and sand (2:1 by
volume) soil, irrigated with water and kept at approximately 100% of the field capac-
ity. Seedlings (10-day-old) were irrigated with salinized water (80, 160 mM NaCl and
10, 40 mM Na,CO;) and left to grow under natural conditions for 120 days. Plant
height, head diameter, seed index of 100 seeds weight and the number of seeds in
each head were determined.

Analysis of fatty acids in sunflower seeds
Extraction of FAs from seeds and detection was followed [6]. FAME were analyzed
using GC/MS, Agilent Model 7890 N/5975B [column, DB, 5 ms, Agilent form
(30 m, 0.25 mm, 0.25 pm)] in the Analytical Chemistry Unit, Assiut University.
A library Wiley and Nist was used for peak identification and instrument calibration.

Statistical analysis

Statistical analysis was carried out by using the ANOVA procedure of the sigma stat
package (SPSS. Inc., USA), and treatment means were compared by the Tukey’s test.

Acta Biologica Hungarica 67, 2016



Salinity and sodicity effects on sunflower 187

RESULTS
Total growth

Plant growth and development are adversely affected by salinity. The dry matter yield
of sunflower seedling showed a marked decrease as the levels of NaCl or Na,CO;
were increased (Fig. 1). The adverse effects of salinity or alkalinity stress were
clearly demonstrated by plants treated with the higher concentration of the applied
salts.
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Fig. 1. Total dry weight (g/plant) and lipoxygenase specific activity (LOX) of sunflower plant (35-day-
old) as affected by two concentrations of NaCl and Na,CO;. The results are means of four replicates
(+SE). Bars carrying different letters are significantly different at the 0.05 level

Lipoxygenase activity
The results shown in Figure 1 reveal that LOX activity was significantly decreased

in sunflower leaves due to salinity or sodicity effect, compared with the absolute
controls.

Malondialdehyde content (MDA)

MDA content was measured as a level of membrane lipid peroxidation. A noticeable
reduction in the MDA content was observed in leaves and roots of the NaCl and
Na,CO;-stressed sunflower plants, compared to absolute controls (Fig. 2).
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Fig. 2. Effect of two concentrations of NaCl and Na,CO; on malondialdehyde (MDA) content of sun-
flower plant (35-day-old). The results are means of four replicates (+SE). Bars carrying different letters
are significantly different at the 0.05 level

Membrane damage

NaCl and Na,COj at the lower concentration had a non-significant stimulatory effect
on EC of sunflower leaves. However, the higher concentration had a significant
stimulatory effect (Fig. 3). As another indicator for the degree of membrane damage,
leaching of organic components in term of UV-absorbing metabolites was measured.
UV-absorbing metabolites leakage from leaves discs was achieved at higher concen-
tration of NaCl and Na,COj stresses, but the lower concentration of both applied salts
failed to stimulate UV-absorbing metabolites (Fig. 3).
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Fig. 3. Electrolyte conductivity (EC) % and UV-metabolites % of sunflower plant (35-day-old) as affect-
ed by two concentrations of NaCl and Na,CO;. The results are means of four replicates (+SE). Bars
carrying different letters are significantly different at the 0.05 level
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Fig. 4. Total lipids content in sunflower plant (35-day-old) as affected by two concentrations of NaCl and
Na,CO;. The results are means of four replicates (+SE). Bars carrying different letters are significantly
different at the 0.05 level

Total lipids

In sunflower shoot and root, the lipids content was progressively increased by
increasing NaCl or Na,COj level in the culture media, except in case of roots at 80
mM NaCl, where an opposite trend was exhibited (Fig. 4).

Yield parameters and components

NaCl and Na,COj; reduced the yield parameters (plant height and head diameter) of
sunflower plants with increasing the salt level; the lowest yield parameters were
recorded at the higher concentration (Table 1). Also, a significant decrease in number
of seeds and seed index with rise NaCl or Na,CO; level were exhibited. The mini-
mum seed number reached at the highest level of Na,CO; (40 mM) (Table 1).

Table 1
Yield parameters and yield components of sunflower (120-day-old) plant as affected
by two levels of NaCl and Na,CO;

Yield parameters Yield components
Treatments (mM) ' . Seed index
Plant height Head diameter (/100 seeds) No. of seeds/head
Control 68.66+1.66bB 10+0.57b8 2.024+0.016C 47+0.86C
NaCl 80 66.33+1.45 9+0.7620 1.8+£0.0022 38+3.78
160 59.66+2.62 6.66+0.882 1.7£0.0072 26+2.332
Na,CO, 10 61.5+£1.324 9.33+0.334B 1.77+0.03B 31+£3.488
40 55.8+1.364 7.16+£0.834 1.66+£0.0112 194+1.154

The results are means of four replicates (+SE). Different letters are significantly different at the 0.05 level
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Fatty acids composition of seeds

The major fatty acid methyl esters (FAME) in oil of sunflower seeds were oleic
(C18:1), palmitic (C16:0) and stearic (C18:0) acids (Table 2). Lower concentration of
NaCl stimulated the accumulation of saturated fatty acids (FAs), such as myristic,
palmitic, stearic, arachidic, behenic and lignoceric, and unsaturated ones, palmitoleic
and linoleic acids. In contrary, it significantly reduced oleic and inhibited linolenic,
gondoic and tricosylic acids accumulation that weren’t detected by GC/MS. At the
higher salinity concentration, the accumulation of polyunsaturated FAs (linoleic,
linolenic and gondoic) was increased, whereas myristic acid decreased. Alkalinity at
lower concentration stimulated arachidic and behenic, but inhibited linoleic and lino-
lenic acids accumulation. The higher concentration of Na,CO; enhanced the accumu-
lation of linolenic and gondoic, but reduced palmitic, linoleic, arachidic, behenic
acids. Also, it reduced tricosylic acid to the level undetected by GC/MS. The data
herein obtained reveal that the lower concentration of salinity significantly stimulated
the saturated and polyunsaturated FAs, but inhibited the monounsaturated FAs accu-

Table 2
Effect of two levels of NaCl and Na,COj; on fatty acid methyl esters (FAME) profile in oil of sunflower
seeds (cv. Sakha 53)

Fatty acids Control NaCl (mM) Na,CO; (mM)

% 0 80 160 10 40
C14:0 | Myristic 0.28048A | 0.72613¢ 0.17192 0.22018% 0.22024
C16:0 | Palmitic 147675® | 383154 13.0420 | 13340348 | 12.1951A
Cl6:1 |Palmitoleic | 0.20203%AB | 1.04078¢ 0.0694 0.08139A | 0.23811°
CI8:0 | Stearic 7458954 | 243979 | 7.97894% | 9.06815% | 7.77475A
C18:1 |Oleic 71944904 | 14.6345 | 7197170 | 70.8286* | 73.61218
C18:2 | Linoleic 1255156 | 1.98475¢ 1.44460 0.93184 0.99646"
C18:3 | Linolenic 0.102098 - 0.16656° | 0.059484 0.1442¢
C20:0 | Arachidic 0.81349B | 3.14656° | 0.70362¢ | 1.06021C | 0.60584
€20:1 | Gondoic 0.034392 - 0.05659° | 0.04174A | 0.10008
€22:0 | Behenic 1441078 | 5.97543b 121291 1.8658C 1091164
C23:0 | Tricosylic 0.15582:8 - 0.14521¢ | 0.11374° -
C24:0 | Lignoceric 0.3955: 177599 | 037049 | 0504024 | 0.295924
S Saturated fatty acids | 25.3128® | 74.3374> | 23.62507¢ | 26.1724® 22.1924
Monounsaturated RUY | 7 181308 | 156753 | 72007 | 7095174 | 73.95038
z;lgslmsammed fatty | 35704 | 1984750 1611160 | 099128% | 1.14066A3

Values in the table are mean of fatty acid (as % of FAME). Different letters are significantly different at the 0.05
level.
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mulation in sunflower seeds. However, the higher concentration of NaCl did not
induce significant changes in saturated, monounsaturated and polyunsaturated FAs.
Alkalinity stress at lower concentration did not affect the content of saturated and
monounsaturated FAs, but reduced polyunsaturated acids content. With regard to the
higher alkalinity concentration, monounsaturated and polyunsaturated acids did not
change significantly, while saturated FAs exhibited a significant reduction.

DISCUSSION

Salt stress disturbs intracellular ion homeostasis of plants, which leads to membrane
dysfunction, attenuation of metabolic activity, and causes growth inhibition and ulti-
mately leads to cell death [31]. In the present study, the deleterious effects of NaCl
and Na,CO; salts on total dry matter gain in sunflower plant were clearly demon-
strated and this effect is in agreement with previous investigation on sunflower [2].
The alkaline salts could cause damage to plants through both salt and pH stress [32].
In addition, plants growing under alkaline conditions suffer from the unavailability of
some micronutrients essential to plant growth [3]. In plants, the LOX proteins play an
important role in lipid peroxidation under biotic and abiotic stress, and involve in a
number of developmental stages [18]. Moreover, LOX initiated the plant oxylipin
pathway and produced jasmonic acid (JA), which participates in the defense respons-
es against biotic and abiotic stresses [4]. In the current study, LOX activity was sig-
nificantly decreased due to salinity or sodicity stress. Our results are in line with
earlier findings, in achieving tolerance to drought, a lower level of LOX activity was
recorded [7]. Moreover, lipid hydroperoxides produced by LOX served as substrates
for stress-induced JA biosynthesis [28] without modifying membrane stability. In
consistence with LOX activity a noticeable reduction in the MDA content was
observed in leaves and roots of the NaCl and Na,COjs-stressed plant. Previous studies
have shown that the lower level of lipid peroxidation in roots of two rice genotypes
may be a response for protection against oxidative damage under salt stress [5]. The
application of higher concentration of NaCl or Na,COj led to increase the EC rate in
sunflower plant, this trend is consistent with previous study [37]. Moreover, supple-
ment of NaCl or Na,COj; increased the leakage of UV metabolites from leaves. Wahid
et al. [36] reported that UV-absorbing metabolites increased by salinity.

Lipids are major components in membrane, which has main role in plant cell
resistance in proportional to salt stress. In this investigation, the lipids content of
shoots and roots progressively increased by increasing salts level, except in case of
roots at 80 mM NaCl where an opposite trend was exhibited. In consist with our
results, Gao et al. [8] found that key enzymes in the pathways of JA biosynthesis,
lipid metabolism and indole-3-acetic acid homeostasis were up-regulated by salt
stress in salt tolerance genotype. The total FAs concentration increased with salinity
in leaves of two Crithmum maritimum Mediterranean genotypes [35].

Yield parameters and components of sunflower plant significantly reduced in
response to the higher level of the applied salts. Parvaiz and Satyawati [24] docu-
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mented that the depressing effects of salt may be due to metabolic disorders, affecting
the transportation of the necessary metabolites to the grains and hence lead to
decrease yield, as found in the present study. Uma and Patil [33] concluded that
reduction in seed number due to salt stress may be ascribed either to lesser number of
ovule formation per ovary or failure in fertilization.

In this study, the dominant FAs in sunflower seeds were oleic, palmitic and stearic
acids. A lower concentration of linoleic acid is more typical of the concentration
expected in warmer southern latitudes [30]. There is a strong negative relationship
between linoleic and oleic acids concentrations; i.e., if linoleic increases, oleic
decreases [30]. This relationship is common in both wild and cultivated sunflower.
Myristic, palmitic, stearic, arachidic, behenic, lignoceric, palmitoleic and linoleic
acids in sunflower seeds oil were stimulated by the lower concentration of salinity,
whereas oleic reduced and linolenic, gondoic and tricosylic acids dropped to the level
undetected by GC/MS. While, higher concentration of salinity enhanced linoleic,
linolenic and gondoic and reduced myristic acid accumulation in seeds. Also, our
results reveal that the lower concentration of salinity increased the saturated and
polyunsaturated acids and decreased the monounsaturated FAs due to oleic acid
decrease; however the higher concentration of NaCl did not induce significant change
in FAs. With regard to alkalinity at lower concentration stimulated arachidic and
behenic, but inhibited linoleic and linolenic acids accumulation. The higher concen-
tration of Na,CO; enhanced the accumulation of linolenic and gondoic, but reduced
palmitic, linoleic, arachidic, behenic and tricosylic acids. Also, alkalinity stress did
not change the FAs composition of sunflower seeds oil, except polyunsaturated FAs
of seeds at 10 mM and saturated acids at 40 mM exhibited a significant reduction. Salt
stress reduced seed oil quality, which is similar to what as previously in two sun-
flower lines, Hysun-33 and SF-187 [23]. Experiments with transgenic tobacco cells
and plants demonstrated that overexpression of ®-3 desaturases, which increases
18:3, increases tolerance to salt and drought stress [38]. A two-phase growth response
to salinity model was proposed by salinity [21] which states that water deficits
inhibit growth shortly after salinization followed by ionic effects. Lower oleic acid in
seeds under lower concentration of salinity may be possible to water-deficit stress.
Water-deficit stress causes degradative processes such as the inhibition of lipid bio-
synthesis [19], and stimulation of lipolytic and peroxidative activities [16] that are
associated with decreased membrane lipid content.

Together, our results show that sunflower cv. Sakha 53 displayed a strong capacity
to tolerate salinity and alkalinity stress. Indications for this are: (a) reduction in MDA
content and LOX activity; (b) stimulation in total lipid content; (c) accumulation of
oleic acid in seeds, suggesting a so far unknown capacity for adaptation to salt stress.
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