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Abstract. The effect of sodium chloride on physiological and biochemical parameters of
wheat genotypes was studied. Wheat plants were grown in pots in soil with the addition of 0.5%
sodium chloride. To create new salt-tolerant wheat varieties, a comparative analysis of
morphophysiological and biochemical parameters of plants was carried out. Morphological and
physiological parameters such as growth, chlorophyll and carotenoid content, photochemical
activity of chloroplasts and PSII activity were studied in wheat plants. The effect of salt on the
amount of chlorophyll a, chlorophyll b and carotenoids, which are the main physiological
parameters, is manifested differently in both plants. When studying the salt tolerance of plants,
differences were found in the relative amount of chlorophyll (a+b), carotenoids, as well as the
photochemical activity of chloroplasts and the efficiency of PS 2. Among the varieties, according to
all morphophysiological and biochemical indicators, the soft wheat variety Mirbashir 128 turned
out to be the most resistant to the effects of salt.

Annomayus. V3yyeHo BIMsIHME XJIOpUAA HAaTpus Ha (PU3MOJIOTHYECKUE U OMOXUMHUYECKHE
MOKa3aTey TeHOTHIIOB IIEHUIBI. PacTeHusl MINEHMII BHIPAIIMBAIA B TOPIIKaX B IIOYBE C
nobasnennem 0,5% xsopuna Hatpus. [ co3aHus HOBBIX COJICYCTOWYHMBBIX COPTOB IMIIEHMIIBI
ObUI MIPOBEACH CPABHUTENBHBIM aHanu3 MOp(oPU3NOIOrHUECKUX U BUOXMMHUECKUX TOKa3zaTenei
pacTeHuil. Y pacTeHuil NieHUIbl ObUIM U3y4YeHbl Takhe MOP(O(PU3NOTOTHUECKUe MoKa3aTeIH, KaK
POCT, coziepkaHue XJIOpopHIa U KapOTUHOUIOB, (POTOXUMHUYECKAsT aKTUBHOCTH XJIOPOIUIACTOB U
aktuBHOCTh DCII. Biusinue conu Ha KOTUYECTBO Xyopodunia a, xjopoduiina b 1 KapOTHHOHUIOB,
KOTOpPBIE SBISIOTCS OCHOBHBIMU (DPM3UOJIOTHUECKUMH IMOKAa3aTeNsIMH, MPOSBISAETCS MO-Pa3HOMY Y
oboux pacreHuid. [lpu u3ydyeHHH COJIEYyCTOMYMBOCTH pPACTEHUH BBIABICHBI pa3IUuus B
OTHOCHUTENILHOM KoJindecTBe xjopoduiia (atb), KapoTHHOMAOB, a Takke (OTOXMMHUECKON
aKTUBHOCTH  XxJioporuiactoB U 3ddextuBHoctn DC 2. Cpenu copToB 1O  BCEM
MophopHU3HONTOTHYECKMM M OMOXMMHUYECKUM IoKa3aTeasiM HauloJjiee yCTOWYMBBIM K JECHCTBUIO
COJIM OKa3aJjicsl COPT MATKOW mieHuI sl MupOarmp 128.
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Salinity is one of the abiotic stress factors decreasing plant productivity. The salinization of
soils over time is particularly dangerous. The limitation of agricultural and fertile lands is an
obstacle to meeting the food requirements of the population [1].

In particular, the rapid growth of the population and the need in ensuring food security make
more urgent the development of salt-tolerant varieties capable to grow in saline soils, and their
extensive use. According to rough estimates, 521,700 hectares of plains in the Azerbaijan Republic
were in a saline state in [2].

In 2007, this parameter increased to 661.9 thousand hectares and accounted for 46.6 % of the
land. One of the most effective measures taken to achieve high productivity under stress is the
development of plants capable to adapt to salinity. The expression of genes regulating stress
tolerance increases under high salt concentrations and ensures salt tolerance of plants [3].

Salts in the soil water may inhibit plant growth for two reasons. Firstly, the presence of salt in
the soil solution reduces the ability of the plant to take up water and this leads to reductions in the
growth rate. This is referred to as the osmotic or water-deficit effect of salinity. Secondly, if
excessive amounts of salt enter the plant in the transpiration stream, there will be injury to cells in
the transpiring leaves and this may cause further reductions in growth. This is called the salt
specific or ion-excess effect of salinity [4].

These salinity reduces water potential and causes ion imbalance or distur bances in ion
homeostasis and toxicity; this altered water status leads to initial growth reduction and limitation of
plant productivity. The detrimental effect is observed at the whole plant level as death of plants or
decrease in productivity. Salt stress affects all the major processes such as germination, growth,
photosynthetic pigments and photosynthesis, water relation, nutrient imbalance, oxidative stress,
and yield.

According to some authors, developing more plastic wheat varieties, suitable for the regions
of the republic is required because of the disturbance of ecological balance and the presence of
abiotic stress factors. Therefore, stress tolerance in plant breeding is of great importance. Currently,
in our country, extensive research has been carried out on salt-tolerance of local wheat varieties as
well as brought from abroad [5].

Thus, numerous studies conducted in the world and in our country showed the perspectives of
the development of the wheat varieties adapted to salinity.

The purpose of the research was to study the effect of sodium chloride on the physiologicaj
and biochemicaal characteristics of wheat genotypes, to identify varieties tolerant to salinity.

Materials and methods

The object of the study was wheat seeds Mirbashir 128, (Triticum aestivum) and Vugar
(Triticum durum). Plants were grown in pots under normal soil conditions and under conditions of
0.5% sodium chloride.

In two-week-old plants, growth, the amount of photosynthetic pigments, the photochemical
activity of chloroplasts, and the activity of photosystem 2 were measured. 0.1 g of leaf samples
taken from plants grown under both normal and saline conditions were homogenized using a pestle
and mortar in 96% alcohol by adding CaCOg, centrifuged at 200 g, and a pure extract of chlorophyll
pigments was obtained. The optical density of a solution of chlorophyll in alcohol was measured on
an SP-2000 spectrophotometer at 665, 649, 440 nm, and the amounts of chlorophyll and carotenoids
were determined by Wintermans [6].

The photochemical activity of chloroplasts was measured on the polarography OH-103 by
oxygen evolution using the Clark electrode. Potassium ferricyanide was used as an electron
acceptor.
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The effisience of photosystem Il (PSIlI) was established based on Fv/Fm using a
photosynthesis analyzer (PAM Germany):

Fv=Fmn—Fo, Y=Fy/Fn:

where Fo — fluorescence of leaves illuminated after dark treatment, F, — fluorescence of
light-saturated leaves.

Peroxidase and catalase activity were determined using special methods [6, 7].

Statistical analysis. Data analysis and statistical analysis were conducted using Microsoft
Excel. Statistical analysis was performed with the aid of the Statgraphics Plus 5.1 statistical
package. The means of values were compared by Duncan's multiple range test (p=0.05).

Results
Morphophysiological characteristics of wheat plants exposed to salt action are shown in
Tables 1.

Table 1
EFFECT OF NacCl (0.5%) ON MORPHOPHYSIOLOGICAL CHARACTERISTICS
OF WHEAT GENOTYPES*

Genotype Variants Plant Chl (a+b), mg/g  PS 2 activity, Carotenoids, mg/lg F,Fm
growth, cm fresh weight Mkmol O, / mg fresh weight

chl h
Vugar Control 16+2 3.2+0,5 55+2.5 0.8+0.01 0.75
NaCl 9+1 1.9+0,2 20+1.4 0.44+0.02 0.62
Mirbashir-128  Control 15+2 3.5+0,6 56+3.1 0.940.03 0.75
NaCl 11+1 2.7+0,5 3542.2 0.6+0.01 0.66

Note: * Each value represents the mean +SD (standard deviation) for the mean n=3 independent
experimets p=0,05.

When measuring growth, it turned out that under saline conditions, the growth of Vugar
plants was inhibited by 50%, while growth inhibition in the Mirbashir-128 variety was 26,6%, The
content of chlorophyll in the Vugar variety decreased by 40%, while in the Mirbashir-128 variety it
decreased by 22,8%, The activity of PS 2 in the variety Vugar decreased by 63,6%, in the variety
Mirbashir-128 — 37,5%, The same pattern was observed in the content of carotenoids in the work
of PS 2, Apparently, this is due to the fact that Mirbashir-128, as bread wheat, contains the D
genome, which affects the tolerance of this variety to the action of salts. The activity of peroxidase
and catalase enzymes under salt conditions are shown in Tables 2 and 3.

Table 2
ACTIVITY OF THE GUAIACOL-DEPENDENT PEROXIDASE ENZYME
IN WHEAT GENOTYPES UNDER SALT CONDITIONS (MMOL/|MIN-
Varieties of wheat Control 0,5 % NaCl
Mibashir-128 3042 4545
Vugar 2543 30+4
Table 3

ACTIVITY OF THE CATALASE ENZYME
IN WHEAT GENOTYPES UNDER SALT CONDITIONS (MMOL/MIN)

Varieties of wheat Control 0,5 % NaCl
Mibashir-128 3542 4745
Vugar 2843 33+4
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As can be seen from Tables, the activity of peroxidase and catalase under the influence of salt
increases in both wheat genotypes. However, in the Mirbashir-128 wheat genotype, the activity
increases more than in the VVugar wheat genotype.

Discussion

Salinity could affect chlorophyll concentration of leaves through inhibition of synthesis of
chlorophyll or an acceleration of its degradation. Impairment of the carboxylation capacity, which
in turn inhibits electron transport, is indicated by the measurements of chlorophyll fluorescence. A
reduced quantum yield may result from a structural impact on PS Il although some authors [7]
found PS Il to be highly resistant to salinity stress. Salinity has been concluded to affect reaction
centers of PS Il either directly or via an accelerated senescence. High external salt concentrations
could affect thylakoid membranes by disrupting lipid bilayer or lipid-protein associations and thus,
impair electron transport activity. The efficiency of the photochemical conversion of the PS Il
energy decreased with increasing salt concentrations. Some authors indicate the decrease of the root
system function in plants exposed to salt stress. They assumed a more important role of toxic effects
of ions [8].

It is known that under the salt stress, the external water potential decreases, the absorption of
biogenic metal ions by the roots becomes difficult, and the chlorine and sodium ions have a toxic
effect on plant metabolism. These three possible effects of salt stress have a detrimental effect on
plant growth, development and yield [9].

Osmotic stress is associated with the accumulation of ions in the soil solution, while
malnutrition and the specific effects of ions are associated to the accumulation of ions, mainly
sodium and chloride, to toxic levels which inhibits the availability of other important elements such
as calcium and potassium. Toxic levels of sodium in plant organs damage biological membranes
and subcellular organelles, reducing growth and causing abnormal development before plant death.
Several physiological processes, such as photosynthesis, respiration, starch metabolism and fixation
of nitrogen also disrupted in salt conditions, which leads to a decrease in crop productivity. In rin
response to this, the plant synthesizes low molecular weight solutes, including soluble
carbohydrates for better absorption of water during salinity. Genotypes with a powerful genetic
apparatus cope with this task and grow well in salt conditions. In the process of evolution,
protective mechanisms against environmental stressors are formed in all organisms, including
plants. Therefore, when assessing tolerance to stress factors, it is necessary to consider the
individual characteristics of each plant genotype[7, 8].

Conclusions
Among the varieties, the most tolerant to the action of salt according to all
morphophysiological and biochemical indicators was the bread wheat variety Mirbashir -28 .
Recommendation: bread variety Mirbashir-128 be used in further breeding work.
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