UDC 631.11.581.132

https://doi.org/10.7124/FEEO.v33.1569

KHANISHOVA M. A., TAGIEVA K. R., AZIZOV 1. V.¥

Institute of Molecular Biology and Biotechnologies,

Azerbaijan, AZ1073, Baku, Izzat Nabiyev, 11, ORCID: 0000-0002-5910-3923

¥ Ibrahim.azizov47@gmail.com

INFLUENCE OF SODIUM CHLORIDE ON MORPHOPHYSIOLOGICAL
CHARACTERISTICS OF WHEAT AND MAIZE PLANTS

Aim. The effect of sodium chloride on the
physiological and biochemical parameters of wheat
and maize genotypes, the identification of salinity-
resistant varieties was studied. Wheat and maize
plants were grown in pots in the soil with the addi-
tion of 0.5 % sodium chloride. To create new salt-
tolerant varieties of wheat and maize, a compara-
tive analysis of the morphophysiological parame-
ters plants was carried out. Methods. Morphophys-
iological parameters such as growth, chlorophyll
and carotenoid content, photochemical activty of
chloroplasts and PSII activity have been studied in
wheat and maize plant. Results. The effect of salt
on the amount of chlorophyll a, chlorophyll b, and
carotenoids, which are the main physiological indi-
cators, is manifested in different ways in both
plants. When studying salt-tolerance of plants, dif-
ferences were detected in the relative amounts of
chlorophyll (atb), carotenoids, as well as the pho-
tochemical activity of chloroplasts and efficiency of
PS 2. Conclusions. Among the varieties, according
to all morphophysiological parameters, the most
tolerant to the action of salt was the soft wheat va-
riety Mirbashir-128, and the corn hybrid Belaya x
Gurur.

Keywords: wheat, corn, salt, chlorophyll,
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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 limi-
tation of agricultural and fertile lands is an obstacle
to meeting the food requirements of the popula-
tion [1].

In particular, the rapid growth of the popula-
tion and the need in ensuring food security make
more urgent the development of salt-tolerant varie-
ties capable to grow in saline soils, and their exten-
sive use.

According to rough estimates, 521,700 hec-
tares 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 concentra-
tions 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 transpir-
ing leaves and this may cause further reductions in
growth. This is called the salt specific or ion-excess
effect of salinity [4]. These salinity effects has
threefold effects viz. it reduces water potential and
causes ion imbalance or distur bances in ion home-
ostasis 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 pro-
cesses such as germination, growth, photosynthetic
pigments and photosynthesis, water relation, nutri-
ent imbalance, oxidative stress, and yield. These are
discussed under separate headings.

One of the initial effects of salt stress is the re-
duction of growth rate. Salt in soil water inhibits
plant growth for two reasons. First, it reduces the
plant’s ability to take up water and this leads to
slower growth. This is the osmotic or water deficit
effect of salinity. Second, it may enter the transpira-
tion stream and eventually injure cells in the tran-
spiring leaves, further reducing growth. This is the
salt-specific or ion-excess effect of salinity. The
two effects give rise to a two-phase growth re-
sponse to salinity given by [4].

Phase 1: The first phase of the growth re-
sponse results from the effect of salt outside the
plant. The salt in the soil solution reduces leaf
growth and to a lesser extent root growth. The cel-
lular and metabolic processes involved are in com-
mon to drought-affected plants. Neither Na* nor CI”
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builds up in growing tissues at concentrations that
inhibit growth: meristematic tissues are fed largely
in the phloem from which salt is effectively exclud-
ed, and rapidly elongating cells can accommodate
the salt that arrives in the xylem within their ex-
panding vacuoles.

Phase 2: The second phase of the growth re-
sponse results from the toxic effect of salt inside the
plant. The salt taken up by the plant concentrates in
old leaves: continued transport into transpiring
leaves over a long period eventually results in very
high Na" and CI” concentrations, and the leaves die.
The cause of injury is probably the salt load ex-
ceeding the ability of cells to compartmentalize
salts in the vacuole. Salts would then build up rap-
idly in the cytoplasm and inhibit enzyme activity.
Alternatively, they might build up in the cell walls
and dehydrate the cell. The excessive salt concen-
tration correspondingly increases the osmotic po-
tential of the soil that restricts the water uptake by
plants.

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 [4]. 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 physiological and biochemical characteris-
tics of wheat and corn genotypes, to identify varie-
ties tolerant to salinity.

Materials and methods
The object of the study was wheat seeds

Karakylchyk (7. durum L.), Mirbashir 128 (T. aes-
tivum L.) and maize (Zea mays L.) seeds Zagatala
68 x Gurur, White x Gurur. Plants were grown in
pots under normal soil conditions and under condi-
tions 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 photo-
system 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 CaCO3, cen-
trifuged 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 [6].

The photochemical activity of chloroplasts
was measured on the polarography OH-103 by
oxygen evolution using the Clark electrode. Potas-
sium ferricyanide was used as an electron acceptor.

The effisience of photosystem II (PSII) was
established based on F./Fi, using a photosynthesis
analyzer (PAM Germany).

F=Fy—Fo,Y=F/Fp .

where Fy — fluorescence of leaves illuminated
after dark treatment, F, — fluorescence of light-
saturated leaves.Data analysis and statistical analy-
sis were conducted using Microsoft Excel. Statisti-
cal analysis was performed with the aid of the Stat-
graphics Plus 5.1 statistical package. The means of

values were compared by Duncan's multiple range
test (p=0.05).

Results and discussion

Morphophysiological characteristics of wheat
and maize plants exposed to salt action are shown
in tables 1 and 2.

Table 1. Effect of NaCl (0.5 %) on morphophysiological characteristics of wheat genotypes™

Plant Chl (a+b), PS 2 activity, Carotenoids,
Genotype Variants growth, mg/g fresh Mkmol mg/g fresh Fy/Fn
cm weight O,/mg chl h weight
Karakylchyk-2 Control 162 3.2+0.5 55+2.5 0.8+0.01 0.75
NaCl 9+1 1.9+0.2 20+1.4 0.4+0.02 0.62
Mirbashir-128 Control 15+2 3.5+0.6 56+3.1 0.9+0.03 0.75
NaCl 11+1 2.7+0.5 35+2.2 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.
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Table 2. Effect of NaCl (0.5 %) on morphophysiological characteristics of maize genotypes™

Plant Chl (atb), PS 2 activity, Carotenoids,
Genotype Variants growth, mg/g fresh Mkmol mg/g fresh Fy/Fn
cm weight O,/mg chl h weight
Zagatala 68X Gurur Control 29+2 12.6+2.1 65+2.5 3.8+0.01 0.75
NaCl 15+1 9.9+ 0.2 30+1.4 1.4+0.02 0.62
White X Control | 31+2 13.5£0.6 66+3.1 3.9:0.03 0.75
Gurur
NaCl 25+1 11.7+0.5 36+2.2 2.6+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
Karakylchyk-2 plants was inhibited by 50 %, while
growth inhibition in the Mirbashir-128 variety was
26,6 %, The content of chlorophyll in the
Karakylchyk-2 variety decreased by 40 %, while in
the Mirbashir-128 variety it decreased by 22,8 %,
The activity of PS 2 in the variety Karakylchyk-2
decreased by 63,6 %, in the variety Mirbashir-128 —
37,5 %, The same pattern was observed in the con-
tent of carotenoids in the work of PS 2, Apparently,
this is due to the fact that Mirbashir-128, as soft
wheat, contains the D genome, which affects the
tolerance of this variety to the action of salts.

Salinity could affect chlorophyll concentra-
tion 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 re-
duced quantum yield may result from a structural
impact on PS II although some authors [7] found
PS 1II to be highly resistant to salinity stress. Salini-
ty has been concluded to affect reaction centers of
PS II either directly or via an accelerated senes-
cence. High external salt concentrations could af-
fect thylakoid membranes by disrupting lipid bi-
layer or lipid-protein associations and thus, impair
electron transport activity. The efficiency of the
photochemical conversion of the PS II energy de-
creased with increasing salt concentrations. Some
authors indicate the decrease of the root system
function in plants exposed to salt stress. They as-
sumed a more important role of toxic effects of
ions [8].

0.5 % NacCl also contributed to growth inhi-
bition in corn plants, In Zagatala 68X Gurur, plant
growth decreased by 48 %, while in the White X
Gurur hybrid it decreased by 20 %, The content of
chlorophyll in the variety Zagatala 68X Gurur de-
creased by 22,5 %, in the hybrid White X Gurur -
by 13,4 %, The decrease in PS2 activity under the
action of NaCl was 54 % in Zagatala 68X Gurur

and 45,5 % in White X Gurur, The same trend was
observed in the content of carotenoids and in the
efficiency of photosystems (F./Fn), From this we
can conclude about the relative tolerance of the
White X Gurur maize hybrid to the action of NaCl.

It known that under the salt stress, the exter-
nal 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 [4]. Osmotic stress is asso-
ciated 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 mem-
branes 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
response to this, the plant synthesizes low molecu-
lar weight solutes, including soluble carbohydrates
for better absorption of water during salinity. Geno-
types 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 as-
sessing tolerance to stress factors, it is necessary to
consider the individual characteristics of each plant
genotype [7,8].

Conclusions

Among the wheat varieties, the most tolerant
was the bread wheat variety Mirbashir-128, among
the maize varieties, the hybrid Belaya x Gurur.
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BIIJIUB HATPIIO XJIOPUAY HA MOP®O-DI3IOJIOI'TYHI XAPAKTEPUCTUKU POCJIMH IMNIIEHUIII
TA KYKYPY 31

Mema. BuBueHO BIUIMB XJIOPHAY HATpil0 Ha (i3i0J0ro-0i0XiMidHI MOKA3HWKU TCHOTHWIIIB IIICHHIN Ta KyKypY.I3H,
BUSIBJICHO CTiHKi J0 3aCOJIeHHsS COPTU. POCIMHM MIIEHMII Ta KyKYpyA3H BHpOILYBald B TOPLIMKaX y IPYHTI 3
noxasaHusaM 0,5 % posumHy Hatpiro xyopuny. [iss CTBOPEHHS HOBHX COJIECTIKHMX COPTIB MIICHHII Ta KyKypyI3u
MIPOBEJICHO TIOPIBHSUIBHUK aHami3 Mop¢o-(i3ioNoriYHuX IOKa3HHUKIB pociuH. Memoou. Mopdo-dizionorivyni
rapameTpH, TakKi SIK picT, BMICT XJIOpodily Ta KapoTHHOIAIB, (OTOXiMIUHA aKTHUBHICTH XJIOPOIUIACTIB Ta aKTHBHICTh
@CII, Oynm BHBYEHI HAa POCIMHAX MIIEHUI Ta KyKypya3H. Pezynsmamu. BIimuB coii Ha KUIBKICTB XJopodiny a,
xyopodiny b 1 KapOTHHOIZIB, SKi € OCHOBHUMH (Pi310JIOTIYHUMHI MOKAa3HUKaMH, TPOSBISIEThCS B 000X POCIMHAX I10-
pizHOMy. Ilpy BHBYECHHI CONIECTIMKOCTI POCIMH BHUSBJICHO BiAMIHHOCTI y BIZHOCHHX KITBKOCTSAX Xiopodimy (atb),
KapOTHHOIIB, a TaKOX (OTOXIMIYHOI aKTHBHOCTI XJjoporuiacTiB i epextuBHOCTI @C 2. Bucnosku. Cepen copTiB 3a
BciMa MOpP}o-(hi3i0JOTIYHUMHU OKa3HUKAMU HAHOLIBII TOJCPAHTHUMHU 10 [ii COJIi BUSBUIIMCS COPT M’SIKOi MICHHUII
Mip6armmp-128 ta riopug kykypyazu bina x I'ypyp.

Kouosi croea: meHuIs, KyKypyi3a, Cillb, XJIOpoQis, XJI0pomiact, poToOCUCTEMA 2, TOIEPAHTHICTb.
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