OPUT'MHAJIbHASA CTATBA « ORIGINAL ARTICLE

STUDYING AND UTILIZATION
OF PLANT GENETIC RESOURCES

Original article
UDC 634.8:631.423/.541.11:547.747
DOI: 10.30901/2227-8834-2024-2-69-81 [@)sy |

Responses of grapevine genotypes to abiotic stress
Nikolay G. Nilov, Irina I. Ryff, Svetlana P. Berezovskaya, Vladimir Yu. Stamatidi,
Marina S. Popova, Vladimir A. Volynkin, Vladimir V. Likhovskoi

All-Russian National Research Institute of Viticulture and Winemaking “Magarach” of the Russian Academy of Sciences,
Yalta, Russia

Corresponding author: Vladimir A. Volynkin, volynkin@magarach-institut.ru

Background. Salt stress reduces water supply and causes ionic imbalance in the plant, eventually leading to a decrease in plant
growth, functional activity, and productivity. Variable salinity levels in the field make it difficult to select salt-tolerant cultivars,
so a need for other testing methods arises.

Materials and methods. The plant material consisted of two own-rooted Vitis vinifera (L.) genotypes: cv. Asma’, and hybrid
M. No. 8-08-8-4 (‘Kok Pandas’ x “Zeibel 6357"). Salt stress was simulated by treating with NaCl at 0, 50, 80, 100, and 120 mM
concentrations. Water status was measured by the leaf water potential (¥) using a pressure chamber. Changes in the leaf area
and total root length were assessed in vitro.

Results. Salt stress affected growth characteristics and yield structure of both own-rooted vines, but hybrid M. No. 8-08-8-4
was more sensitive. The hybrid showed greater yield reduction (38.6%) than cv. Asma’ (28.4%), while the mass concentration
of sugars was higher in ‘Asma’ The greatest differences in the predawn leaf water potential were observed for Asma’ and
M. No. 8-08-8-4 on the 45th day of irrigation with water containing different NaCl concentrations. The root length of the more
salt-tolerant cultivar reduced in vitro to a greater extent.

Conclusion. The functional abilities of a cultivar depend on the level of salinization and the genotype. Cv. Asma’ demonstrated
higher salt tolerance compared to hybrid M. No. 8-08-8-4. Leaf water potentials characterizing the water status of plants were
measured. The responses to salinization were the same in the vines grown in vivo and in vitro, so it is possible to perform testing
for salt tolerance in vitro.
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Peaknus reHOTHMIIOB BUHOIpaja HAa aOMOTUYECKUM CTpecc

H.T. Hunos, U. U. Prid, C. Il. Bepe3oBckas, B. 10. CramaTtuau, M. C. [lonosa, B. A. BoabsiHkHH, B. B. J/IuxoBckoi

Bcepoccuilickuli HaQyuoHabHbIl HAYYHO-Uccaedo8ameNbCKUll UHCMuUmMym guHoepadapcmaed u euHodeaus «Mazapau»
Poccutickoii akademuu Hayk, Aama, Poccus

Aemop, omeemcmeeHHblil 3a nepenucky: Bnagumup AnekcanapoBud BosblHKHH, volynkin@magarach-institut.ru

AxTyanbHOCTb. CoIeBOH CTpeCC BbI3bIBAET YMEHbIIEHNEe NOCTYIJIEHHUST BO/IbI U MOHHBIH JIHCOaTaHC; HA 9TOM QOHE TPOUCKO-
JIUT CHIDKEHHE POCTa, PYHKIIMOHATBHON aKTUBHOCTH U MTPOJYKTUBHOCTH PacTeHUN. Pa3InyHbIN ypOBEeHb 3aC0JIeHUs B TOJIe-
BBIX YCJIOBUSIX 3aTPYJHSIET BEIOOP COJIEYCTOHYMBLIX COPTOB, B CBSI3U C YeM BO3HHUKAET HEOOXOAUMOCTD B IPyTUX METO/AX HC-
NbITAaHUM.

MaTtepuaJjibl M1 MeTo/bl. MccieJoBaHbI /IBa KOPHECOOCTBEHHBIX pacTeHUs BUHOrpaza Buja Vitis vinifera (L.): copt ‘Acma’ v ru-
6puz M. Ne 8-08-8-4 (‘Kok [Tanzmac’ x ‘3eli6enb 6357’). CoseBoii cTpecc MozenupoBanu BBegeHreM NaCl B koHneHTpanusx 0,
50, 80, 100 1 120 MM. BogHbI# pexXMM U3MepsiId 10 METOAY BOJHOIO MoTeHIHaa JucTheB (V) ¢ ncnosib30BaHMEM KaMephbl
JlaBeHUs1. U3MeHeHUs IIOIA/IN JIMCThEB U 061l AJTUHBI KOPHS OTpPe/ieIsIu in vitro.

Pe3yabraThl. CosIeBOH CTpecc MOBJIMSAI Ha POCTOBBIE XapaKTEPUCTHUKU U ypoxKall 060MX KOPHEeCOGCTBEHHBIX TeHOTHUIIOB BU-
Horpaza, Ho rubpuxs M. Ne 8-08-8-4 oxasascsa GoJiee YyBCTBUTeNbHbIM. CHMKeHHe ypokas ObLIO 6GoJbllle y rudbpuza
M. Ne 8-08-8-4 (38,6%) mno cpaBHeHHIO ¢ copToM ‘AcMa’ (28,4%), a MaccoBasi KOHLIEHTpAlMA caXxapoB y copTa ‘AcMa’ 6blia
BhIle. Hanbosbiive pa3ndus B pe/ipacCBETHOM BOJHOM MOTeHI[MaJe JUCTheB y copTa AcMa’ u rubpuga M. Ne 8-08-8-4
HabJroanuch Ha 45-1 1eHb moJiMBa BoZiol ¢ pa3Hoi koHIeHTpanueld NaCl. B ycioBusax in vitro y 6oJiee ycTOHYHUBOIO K 3aC0-
JIEHHIO COPTA /IJIMHA KOPHS COKPATHUJIACh B GOJIbIIEH CTeNeH!.

3akoueHne. PyHKIMOHATbHBIE CTIOCOGHOCTH COPTA 3aBUCAT OT YPOBHs 3acoJieHus U reHotuna. Copt ‘Acma’ mokasaJs 6oJiee
BBICOKYIO COJIEYCTOMYHUBOCTD 10 CpaBHEHHIO ¢ ru6pumoM M. Ne 8-08-8-4. OnpeiesieHbI BOAHbIE NOTEHIIMAJIbI JIUCThEB, XapaK-
TepU3yIolHe BOAHBIA PEXUM pacTeHUH. Y pacTeHU BUHOTPaZa, BhIPALEHHBIX in Vivo U in Vitro, peakliuy Ha 3aCoJIeHHE COB-
aJlaJiv, YTO CBU/IETEJIbCTBYET O BOSMOXKHOCTH TECTUPOBAHHUS HA COJIEYCTOMYNUBOCTS in Vitro.

Karoueswie cio0ea: NaCl, BogHbIN TOTEHLIMAJ JTUCTHEB, TOKA3aTeJIH POCTA, YPOXKaH, yCTOMYHUBOCTD

BaazodapHocmu: pa6oTa BbinoJiHeHa 1o TeMe '3 Ne FNZM-2022-0007.
ABTODBI 6/1aT0JapAT PELIEH3EHTOB 3a UX BKJIA/] B 9KCIIEPTHYIO OIlEHKY 3TOH paGoThl.

JAnaa yumupoeanus: Hunos H.I, Peidpd U.W., Bepesosckas C.I1., Cramatuau B.10., [Tonosa M.C., BosnbiHkuH B.A., JIuxos-
ckoii B. B. Peakjusi reHOTHUIIOB BUHOT'pPa/ia Ha abMOTHYeCKUH cTpecc. Tpydel no npukaadHoll 6omaHuke, 2eHemuKe U cesex-
yuu. 2024;185(2):69-81. DOI: 10.30901/2227-8834-2024-2-69-81
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Introduction

Salt-contaminated soils are spreading and have become
a worldwide constraint for raising crop productivity. About
7% of the world’s total land area is affected by salinity (Flow-
ers, 2004). Adaptive properties and resistance to major envi-
ronmental stressors are of greatest importance in obtaining
high and stable yields (Safonova, Aniskov, 2023).

Two approaches could be used to minimize the impact of
salt stress on plants: one is based on soil reclamation by
leaching salts away from the soil profile, while the other relies
on selecting genotypes with high genetic potential to tolerate
salt stress.

Salinity causes serious declines in plant growth and de-
velopment and crop productivity. Previous studies showed
that saline osmotic stress led to plant growth retardation in
grapes (Fozouni et al., 2012; Mamedova, Aliyeva, 2023). High
salt concentrations reduce water potential of the soil solution,
which prevents water entry through the plant root system.
Ionic imbalance is another consequence of salinity, and so-
dium chloride is especially toxic (Walker et al., 2010). When
affected by a stress, plants respond by reducing their func-
tional activity (Deluc et al., 2011).

The choice of grapvine cultivars for planting should be
based on a number of factors, such as pests and diseases, wa-
ter availability, temperature regime, and soil salinity (Marin
etal, 2021).

Salt-tolerant cultivars could be a solution to the problem.
Salt tolerance of grapevine has been studied both in the field
and in the glasshouse (Sinclair, Hoffman, 2003). Nevertheless,
different levels of salinity in the field make it difficult to select
salt-tolerant cultivars (Bayuelo-Jiménez et al,, 2012), that is
why there is an imperative need for alternative testing meth-
ods (Becker, 2019).

Research into salt tolerance of own-rooted grape cultivars
and rootstocks with the aid of tissue culture has been limited
(Sivritepe, Eris, 1999; Troncoso et al., 1999; Volynkin et al,,
2021). However, this approach has several advantages, as
a large number of plants can easily be produced, experiments
can be done in smaller locations, and results can be obtained
within a relatively short period of time. The present study was
conducted on own-rooted cultivated grapevine genotypes.
According to Fisarakis et al. (2001), such cultivars have higher
salt tolerance than grafted ones.

The objective of this study was to assess the tolerance of
two own-rooted grapevine genotypes to sodium chloride
both in an in vitro testing system and in vivo.

Materials and methods

Experiment site

The experiment was performed in the laboratory and at
the experiment station of the All-Russian National Research
Institute of Viticulture and Winemaking “Magarach” in Part-
enit, Crimea (76.88 m ASL; 44°34’39.684”N, 34°20°11.220"E).

Plant material and treatments in vivo

The plant material consisted of two own-rooted geno-
types of Vitis vinifera (L.): cv. ‘Asma’, and hybrid M. No. 8-08-8-
4 (‘Kok Pandas’ x “Zeibel 6357").

Experiments with plants grown in vitro

Apical buds collected from the shoots of cv. Asma’ and hy-
brid M. No. 8-08-8-4 were cultivated in vitro on the Mura-
shige-Skoog (MS) medium, containing 6-benzyl aminopurine
(BA) at 1 mg/L. After 21-24 days, the shoots approximately
1.5 cm long were produced and transferred to the medium
with a-naphtaleneacetic acid (NAA) at 0.1 mg/L! for rooting

and further growth. The pH of the media was adjusted to 5.7
before autoclaving.

Fifty explants per genotype were obtained by microclonal
propagation. The explants were transferred to the experi-
ment media with 50 and 100 mM of NaCl and to salt-free con-
trol, and were grown in a climatic chamber at 33°C + 1°C with
a 16 h photoperiod. After 40 days, the leaf area and total root
length were measured. Ten plants per each salinity level and
the control were used.

Experiments with potted plants

In 2015, a total of 20 plants per each genotype (cv. Asma’
and hybrid M. No. 8-08-8-4) were placed in 3,500 mL pots
containing a mixture of diatomaceous breakstone and humus
(1:1).0verthe 2021-2023 growing seasons, the plants were
treated for 75 days with salt-free water (control) or NaCl
solutions (80, 100 and 120 mM). Ten plants per each salinity
level and the control were used.

Salt tolerance of potted plants was assessed on the basis
of a number of parameters. Leaf area, shoot length, and shoot
number were measured, and shoot lignification (%) was cal-
culated as a ratio of the green portion of a shoot to the ligni-
fied portion. Yield per vine was assessed by weighing the fruit
on laboratory scales. Bunch number and the weight of one
bunch were measured. For mechanical characteristics of
bunches, their components (berries, stems, skin and pulp,
and juice) were weighed, and the weight and volume of
100 berries were recorded. Total soluble solids in grape juice
were assessed with a portable refractometer (Mettler To-
ledo). Titratable acids (g/L?) were determined by direct
titration of a grape juice sample with alcaline solution until
neutralization was observed. Grape juice pH was also mea-
sured.

Vine water status was measured according to the leaf wa-
ter potential (W) using a pressure chamber, and expressed in
MPa (megapascals, the units of measurement for water po-
tentials). The data were averaged for presentation in the arti-
cle.

Results

Experiments with plants grown in vitro

The presence of NaCl at 50 mM reduced growth functions
in both genotypes versus the salt-free controls, and those re-
ductions were different (Table 1).

The root length of the more tolerant genotype decreased
to a greater extent in order to reduce contact with the saline
environment.

Leaf areas of cv.’Asma’ and hybrid M. No. 8-08-8-4 de-
creased by 45% and 60%, respectively, when compared to the
salt-free control (Fig. 1). The reductions in total root lengths
were by 55% in cv. Asma’ and by 65% in hybrid M. No. 8-08-
8-4 (Fig. 2). The data of statistical analysis are presented in
Table 1. The latter genotype, with poor leaf and root growth,
was more sensitive to NaCl

Experiments with potted plants

Growth characteristics and yield structure were affected
by salt stress in cv. Asma’, but hybrid M. No. 8-08-8-4 was
more sensitive (Table 2, 3).

The parameters of hybrid M. No. 8-08-8-4 decreased at
any salt concentration, including shoot length, leaf area, shoot
ripening, bunch weight, yield, sugars, and titratable acids, and
significant differences were recorded between the control
and the experiment.

Cv. Asma’ at the NaCl concentration of 80 mM showed sig-
nificant differences between the control and the experiment
only in shoot ripening, sugars, and titratable acidity. As for the
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Table 1. Morphometric characteristics of the cultivar and hybrid in vitro
Ta6una 1. MopdpomeTpuyecKkue XxapaKTepUCTUKU COPTa U ru6GpuUaa in vitro

Salinity levels
Parameters ‘Asma’ M. No. 8-08-8-4
0 mM 50 mM 100 mM 0 mM 50 mM 100 mM
Leaf area, mm? 122 £6.5 57+21 0 79+1.9 54 +0.9 0
Total root length, mm 325+9.0 119+5.0 0 232+7.0 129+ 4.0 0

Note: the differences are significant in comparison with the control (p < 0.05)

[IpuMeyaHue: pa3Inyus LOCTOBEPHBI 10 CPaBHEHHUIO ¢ KOHTpoJseM (p < 0,05)
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Fig. 1. Percentage of intact leaf areas in the plants of cv. Asma’ and hybrid M. No. 8-08-8-4 grown in vitro
under different levels of salt stress (NaCl)

Puc. 1. [IponieHT HeNMOBpeXAeHHOM NOBEPXHOCTH JIMCTHERB MIPH COJIEBOM CTpecce in vitro
y copTa ‘AcMa’ u ru6puga M. Ne 8-08-8-4
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m ‘Asma’
300 -
B hybrid M. No. 8-08-8-4

250 +

200 -
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Total root lengths, %

100 -

0 50 100
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Fig. 2. Percentage of intact total root lengths in the plants of cv. Asma’ and hybrid M. No. 8-08-8-4 grown in vitro
under different levels of salt stress (NaCl)

Puc. 2. [IpoueHT HeNoOBpeXAeHHOM NOBEPXHOCTHU KOPHA NpH AeiictBuM cosm (NacCl) in vitro
y coprta ‘Acma’ u ru6puga M. Ne 8-08-8-4
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Table 2. Vine performance, yield components, and juice composition of hybrid M. No. 8-08-8-4
depending on NaCl concentrations in the irrigation water (2021-2023)

Ta6una 2. [IpoAyKTUBHOCTb BUHOTPaia, KOMIIOHEHThI YPOXKailHOCTH U COCTaB cOKa ru6puga M. Ne 8-08-8-4
B 3aBUCHUMOCTH OT KOHIleHTpanuu NaCl B nosiuBHoO# Boge (2021-2023 rr)

Salinity levels

Parameters

0 mM 80 mM 100 mM 120 mM
Leaf area, cm? 42568 + 1108 35757 +578 0 0
Shoot number 144+ 0.5 14.6 £ 0.5 14.2+0.5 14.0 £ 0.6
Bunch number 5.0 5.0 5.0 5.0
Shoot length, cm 158.0+7.0 129.0+9.3 91.3+7.2 86.5+5.0
Shoot lignification, % 89.0+1.4 62.4+2.6 54.0 +2.2 42.0+1.2
Yield per vine, kg 1.170 £ 0.127 1.018 £ 0.09 0.983 +0.179 0.719 + 0.058
Bunch weight, g 234.0£27.8 203.6 £ 24.4 197.0 £ 15.3 143.8+10.9
Total soluble solids, °Brix 25.0 24.0 19.0 17.0
Titratable acidity, g/L* 7.4 8.0 85 9.2
pH (juice) 3.8 3.6 3.5 3.3

Note: the differences are significant in comparison with the control (p < 0.05)

[IprMeyaHue: pa3M4rs JOCTOBEPHBI 110 CPaBHEHUIO ¢ KOHTpoJieM (p < 0,05)

Table 3. Vine performance, yield components, and juice composition of cv. Asma’ depending on NaCl concentrations

in the irrigation water (2021-2023)

Ta6suna 3. [IpoAyKTUBHOCTh BUHOTPaAa, KOMIIOHEHThI YPOXKailHOCTH U COCTAB COKa copTa ‘AcMa’ B 3aBUCMMOCTH
ot koHueHTpauuu NaCl B mosmmBHOM Boge (2021-2023 rr)

Salinity levels

Parameters

0 mM 80 mM 100 mM 120 mM
Leaf area, cm? 48650 + 1190 48075 + 1020 27974 £ 450 0
Shoot number 13.6+0.7 13.0+0.3 13.8+0.2 14.2+0.3
Bunch number 5.0 5.0 5.0 5.0
Shoot length, cm 162.0 £19.9 160.0 £ 18.0 140.0 £10.1 118.3+9.2
Shoot lignification, % 91.3+23 81.8+1.0 69.0 £2.0 58.0+2.8
Yield per vine, kg 1.990 £ 0.23 1.926 +£ 0,186 1.690 £ 0.16 1.425 £ 0,156
Bunch weight, g 398.0 £ 20.0 385.2+13.0 338.0+9.8 285.0+ 8.4
Total soluble solids, °Brix 19.0 18.5 18.5 17.5
Titratable acidity, g/L* 4.8 5.7 5.8 6.3
pH (juice) 3.8 3.6 3.6 3.5

Note: the differences are significant in comparison with the control (p < 0.05)

[IpuMeyaHue: pa3In4us JOCTOBEPHBI 10 CPaBHEHHIO ¢ KOHTpoJeM (p < 0,05)
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other indicators (shoot length, leaf area, bunch weight, and
yield), significant differences were manifested only at the
concentrations of 100 mM and 120 mM. A slower decrease in
the indicators under salinization points to a higher salt stress
resistance of the cultivar.

Salt stress reduced shoot growth in both grapevine geno-
types (Fig. 3): down to 74% of the control at 120 mM of NaCl
in Asma’. The decrease in shoot growth was even more dra-
matic in hybrid M. No. 8-08-8-4: 57,8-54,7% of the control at
100 and 120 mM of NaCl. Shoot lignification in hybrid
M. No. 8-08-8-4 and cv. ‘Asma’ was 54% and 69% at 100 mM,
and 42% and 58% at 120 mM of NaCl, respectively (Fig. 4).

Leaf area was also affected by salt stress in both geno-
types (Fig. 5). At 100 mM of NaCl, leaf area of cv. ‘Asma’ plants
decreased by 42.5%, and that of hybrid M. No. 8-08-8-4 by
100%. The two genotypes lost their leaves at 120 mM of NaClL

m‘Asma’

100 ~

80 -

40 -

Shoot length, %

20 A

0 80

The effect of salt stress on yield was less pronounced,
with reductions down to 28,4% and 38,6% in cv. Asma’ and
hybrid M. No. 8-08-8-4, respectively. However, the berries of
both grapevine genotypes were not marketable, because they
failed to ripen (Fig. 6).

Both tested grapevine genotypes showed a decrease in
their bunch weight, berry indicators, and juice yield under
salt stress, while their stem weight and skin weight increased
(Table 4, 5).

There was a decrease in sugar accumulation in both
grapevine genotypes under the impact of salt stress. However,
the decrease in sugars was less in cv.‘Asma’ than in hybrid
M. No. 8-08-8-4. Sugar accumulation in hybrid M. No. 8-08-8-
4 decreased by 0.5°Brix at 80.0 mM and 100 mM, and by
1.5°Brixat 120.0 mM of NaCl. Sugar accumulation in cv. Asma’
became lower by 1.0°Brix at 80.0 mM, 6.0°Brix at 100.0 mM,
and 8.0°Brix at 120.0 mM of NaCl (Fig. 7).

B hybrid M. No. 8-08-8-4

100
NaCl concentrations, mM

120

Fig. 3. Shoot length changes in cv. ‘Asma’ and hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations
in the irrigation water

Puc. 3. U3MeHeHue AJUHBI N06GeroB copta ‘AcMa’ u ru6pusa M. Ne 8-08-8-4 nog, aAeiictBueM noJimBHo# BoAbl ¢ NaCl

m ‘Asma’
100

B o2} [0}
o o o
| | |

Shoot lignification, %

N
o
|

o
|

0 80
NaCl concentrations, mM

® hybrid M. No. 8-08-8-4

100 120

Fig. 4. Shoot lignification in cv. Asma’ and hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations
in the irrigation water

Puc. 4. Boi3apeBaHue no6eros copta ‘Acma’ u ru6puga M. Ne 8-08-8-4 nop, seiictBueM nosiMBHOM Boabl ¢ NaCl
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Fig. 5. Leaf area changes in cv. ‘Asma’ and hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations
in the irrigation water

Puc. 5. U3MeHeHUe MJIOIAM JTUCThEB cOpTa ‘AcMa’ u ru6puga M. Ne 8-08-8-4 nop, aeiictBueM noiuBHOM Boasbl ¢ NaCl

m ‘Asma’ ® hybrid M. No. 8-08-8-4
100 ~
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Weight of yield, %

Fig. 6. Yields of cv. Asma’ and hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations in the irrigation water
Puc. 6. Ypoxxau coprta ‘Acma’ u ru6puga M. Ne 8-08-8-4 npu nos1uBe Boaoii ¢ NaCl

Table 4. Bunch characteristics of hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations
in the irrigation water

Ta6smna 4. XapaktepucTuka rpo3gei ruopuga M. Ne 8-08-8-4 nog, geiictBueM noimBHOU Boabl ¢ NaCl

weight of Weight Volume weight of
LY one bunch stems all berries of 1?0 of 190 skin and pulp juice
level berries, berries,
g % g % g % g cm?® g % g %

0 mM 234 100 3.7 1.6 | 2303 | 984 205 200 35.1 15.0 195.2 83.4
80 mM 228 100 4.1 1.8 2239 | 98.2 195 190 36.5 16.3 183.3 81.9
100 mM | 210 100 4.6 2.2 2054 | 97.8 158 150 46.8 29.6 111.2 70.4
120 mM | 150 100 53 3.5 144.7 | 96.5 128 120 48.2 33.3 96.5 66.7
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Table 5. Bunch characteristics of cv. Asma’ under the impact of NaCl concentrations in the irrigation water

Ta6una 5. XapaKkTepuUcTHKA rpo3jei copTa ‘AcMa’ noj AeiictBieM noiuBHO Bogbl ¢ NaCl

weight of Weight Volume Weight of
LY one bunch stems all berries of 1?0 of 190 skin and pulp juice
level berries, berries,
g % g % g % g cm?® g % g %
0OmM | 382.0 | 100 7.4 1.9 374.6 | 98.1 307,5 300 103.0 27.0 271.6 71.1
80 mM | 356.1 100 7.42 2.1 348.7 | 979 286.0 290 106.8 30.0 241.9 67.9
100 mM | 335.0 | 100 7.8 2.3 3249 | 97.0 264.6 270 106.2 31.7 2211 66.0
120 mM | 279.0 | 100 8.0 2.9 270.0 | 96.8 220 250 89.0 31.9 182.7 65.5
m ‘Asma’ ® hybrid M. No. 8-08-84
25,0 -
20,0
X
£ 15,0 -
2]
S
2 10,0 A
w
5,0
0,0 -

0 80
NaCl concentrations, mM

100 120

Fig. 7. Sugar accumulation in berries of cv. Asma’ and hybrid M. No. 8-08-8-4 under the impact of NaCl concentrations
in the irrigation water

Puc. 7. CoaepxaHue caxapoB B sirojax copra ‘Acma’ u ru6pusa M. Ne 8-08-8-4 npu nosimee Boaoii ¢ NaCl

Water stress was promoted by salt stress in both the culti-
var and the hybrid. On the 30th day of irrigation with NaCl
solutions in different concentrations, the plants failed to as-
similate water normally, and water began to penetrate
through the walls of the pots and leak out. This process con-
tinued to intensify (Fig. 8).

On the 45th day of irrigation, the filtrate amounts were
about 5 mLat 0 mM, 25 mL at 80 mM, 100 mL at 100 mM, and
350 mL at 120 mM for cv. Asma’, and 5 mL at 0 mM, 50 mL at
80 mM, 270 mL at 100 mM, and 500 mL at 120 mM for hybrid
M. No. 8-08-8-4. Lower amounts of the filtrate recorded for
cv. Asma’ proves that the cultivar can absorb salt for a longer
period of time.

By the end of the growing season, the filtrate amounts
were 800-1000 mL for both genotypes at 120 mM of NaCl.
Salt-induced scorching of the leaves was observed both in
cv. Asma’ and hybrid M. No. 8-08-8-4.

Electrical conductivity of the soil was increased by salt
stress at the full field moisture capacity. The values were 8.6,
12.0, 15.0 and 16.3 for cv. Asma’ versus 8.3, 11.3, 16.4 and
16.7 for hybrid M. No. 8-08-8-4 at 0, 80, 100 and 120 mM of
NaCl, respectively.

Leaf water potentials of cv. Asma’ and hybrid M. No. 8-08-
8-4 decreased dramatically due to the salt stress simulation
(Table 6, 7).

The most pronounced differences in predawn leaf water
potentials of cv. Asma’ and hybrid M. No. 8-08-8-4 were ob-
served on the 45th day of irrigation with water containing
different NaCl concentrations.

Discussion

Previously, T.Charbaji and Z. Ayyoubi (2004) studied
a salt-stress response of in vitro-grown Vitis vinifera L. culti-
vars at 80 mM of NaCl in a non-agarized medium. They ob-
served a greater effect of salt on the formation and develop-
ment of roots compared to the ground part of rootstocks
under in vitro conditions.

This study was performed on an agar nutrient medium
containing a lower concentration of salt (50 mM); however,
a negative effect of salt on the development of the root system
was also observed.

Growth characteristics and yield structure were af-
fected by salt stress in cv. ‘Asma’, but hybrid M. No. 8-08-
8-4 (‘Kok Pandas’ x ‘Zeibel 6357’) appeared more sensi-
tive. The same trend was observed by R. R. Walker et al.
(2002): weights of one-year-old pruning wood and berry
were reduced by high salinity for own roots and all root-
stocks. Yields of cv. ‘Sultana’ on own roots were reduced
by 30%.
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Table 7. Average values of water potentials in the leaves of cv. Asma’
and hybrid M. No. 8-08-8-4 during their growing seasons (2021-2023)

Ta6upa 7. CpeHMe 3HAYEeHUs BOAHBIX IOTEHIIUAJIOB JIUCThEB copTa ‘AcMa’
u ru6pusa M. Ne 8-08-8-4 B BereTaniMoHHbIX onbiTax (2021-2023 rr)

Salinity level Predawn values Afternoon values
‘Asma’
0 mM -0.20 £ 0.04 -1.00+£0.01
80 mM -0.28 £0.03 -1.10 £ 0.01
100 mM -0.43 £0.02 -1.20 £ 0.02
120 mM -0.50 £0.02 -1.32£0.02
hybrid M. No. 8-08-8-4
0 mM -0.34£0.02 -1.20 £ 0.02
80 mM -0.4+0.02 -1.30£0.02
100 mM -0.54 £ 0.03 -1.40 £ 0.03
120 mM -0.65 £0.02 -1.50 £ 0.03

m ‘Asma’

500 -
450 -
400 -
350 -
300
250
200 -
150 -
100 -
50 -

Filtrate, mL

0 80

m hybrid M. No. 8-08-8-4

100
NaCl concentrations, mM

120

Fig. 8. Water filtration from the pots with plants on the 45th day of irrigation with water
at different NaCl concentrations

Puc. 8. dunbTpanus BoAbl U3 COCYA0B Ha 45-1 JeHb N0JIMBA pacTeHUll BOA 0 ¢ pa3/iIMyHoM KoHIeHTpanueii NaCl

G. A. Gambetta etal. (2020) observed that grape plants
usually functioned in the range from -0.3 to -2.0 MPa. Irri-
gated vineyards usually operate in a safe range of water po-
tentials, not exceeding -1.5 MPa. A more severe water deficit
exceeding -1.6 MPa can cause loss of turgor and xylem cavita-
tion, which can lead to leaf drop in vine plants. In our experi-
ments, the leaf water potential values of cv. Asma’ did not fall
below -1.62 MPa during its growing seasons. Water poten-
tials reached such values only in the variant with the NaCl
concentration of 120 mM. As for hybrid M. No. 8-08-8-4, its

leaf water potential values dropped to -1.6 MPa even at
80 mM of NaCl. At 100 mM of NaCl those values decreased to
-1.65 MPa, and at 120 mM to -1.75 MPa. Thus, a conclusion
can be made that the plants of hybrid M. No. 8-08-8-4 experi-
enced severe water stress in all variants with salization.

The differences in predawn leaf water potentials of hybrid
M. No. 8-08-8-4, with its higher sensitivity to salt stress, and
cv. Asma’ were 0.2, 0.32, 0.15 and 0.12 MPa at 0, 80, 100 and
120 mM of NaCl, respectively. Predawn leaf water potentials
(Wpd) provide information on the root-zone soil water poten-
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tial (Améglio et al., 1999). Under salinization, the value of leaf
water potential reflects, along with biological productivity,
the ability of the environment to oppose the stress (Voronin
etal, 2021).

Water stress and increasing salt concentration in the soil
exerta negative impact on vineyard performance. R. R. Walker
etal. (2014) indicated different responses between the tested
cultivars: cv. ‘Shiraz’ had been less affected by prolonged ex-
posure to salinity when compared with cv. ‘Chardonnay’.

Different resistance to salt stress was observed in grafted
cultivars. The rootstocks differentially excluded Na and ClI
from vines; ‘216/3’ and ‘Ruggeri’ showed the best perfor-
mance (Dag etal, 2015). Cessation of salt treatment in our
experiments led to a promotion of shoot growth. This process
occurs due to the progressive recovery in photosynthesis
(Walker et al., 1981).

In the present study, a new indicator, total root length,
which is easily measured in vitro, was used for evaluation of
salt tolerance. Previously, a comparative analysis of grapevine
root systems under drought pressure was carried out in vitro
(Ryff etal., 2005). An assumption was made on the basis of
such publications that under in vitro conditions it is possible
to simulate and obtain data on the growth of roots under sa-
linity. In this study, a decrease in the root length was observed.
For plants grown in vitro, salt tolerance increased with root
growth suppression. It may be supposed that a decreased
root area admits lower amounts of toxic NaCl ions.

Roots remain in constant contact with saline soil and the
cells of root hairs become damaged, which hampers water en-
try and supply of mineral nutrients. The effect of salt on root
development in in vitro-grown rootstocks was observed by
A. Troncoso etal. (1999) and T. Charbaji, Z. Ayyoubi (2004).
Y. Lupo etal. (2021) also noticed a greater reduction in the
root system in salt-tolerant cultivars.

In this investigation a decrease in leaf area was observed
under salt stress. The leaf area of the salt-tolerant cultivar de-
creased less invivo and in vitro. The same trend under salt
stress was observed by other researchers (Sivritepe etal,
1999; Fozouni etal, 2012). Y. Netzer et al. (2014) examined
vines of ‘Superior Seedless’ table grapes grafted on a salt-tol-
erant ‘Paulsen’ rootstock and irrigated with water containing
NaCl concentrations. They reported trends of Na accumula-
tion in vine tissue and the soil, stating that prolonged irriga-
tion may pose a potential risk to the vines over time.

The results of the present study were similar to the find-
ings by Y. Netzer etal. (2014) who reported that irrigation
with NaCl-containing water was applied on table grapes for
8 years. As a consequence, an increase in visual salinity-like
symptoms appeared on the leaves and, in some extreme
cases, total collapse of yield-bearing vines occurred. The data
obtained in this study on vegetative growth and yield param-
eters might be explained by the supposition that an increase
in sodium concentration decreased the uptake of nitrogen
and phosphorus, which had a direct effect on the plant growth.

With an increase in salt concentration, a decrease in water
potentials was observed in cv. Asma’ and hybrid M. No. 8-08-
8-4. This decrease was less in the salt-tolerant cultivar ‘Asma’.
A smaller decrease in water potentials in a salt-tolerant culti-
var was earlier observed by M. Fozouni et al. (2012). Appar-
ently, a smaller decrease in water potentials can be consid-
ered as a sign of salt tolerance.

A conclusion can be made from this study that salinity has
a negative effect on the parameters of vegetative growth. The
same results were observed S. R. Bhagwat etal. (2021) who
showed that salt-affected soils had an adverse effect on vege-
tative growth, yield, and quality parameters of vines.

Conclusions

The functional abilities of a grapevine depend on the sa-
linity level and the genotype. Cv. Asma’ demonstrated higher
salt tolerance compared to hybrid M. No. 8-08-8-4 (‘Kok Pan-
das’ x “Zeibel 6357’). It can be assumed on the basis of the
conducted experiments that the best adaptation to increased
salt content is associated with the ability of plants to reduce
the areas of their leaves and roots and decrease their leaf wa-
ter potentials under salt stress. Such characteristics of a geno-
type lead to a smaller change in the water-salt regime of the
plant and indicate its ability to better adapt to an increase in
salinity. Plant responses to salt stress were similar in the pot-
ted plants and those grown in vitro.

A reduction in root length is suggested as an indicator of
salt tolerance for grapevines grown in vitro. Thus, tissue cul-
ture has good potential as an early diagnostic technology for
salt tolerance evaluation in grapevine and for rapid screening
of tolerant plants.

Further research is required to assess the long-term ef-
fects, particularly in view of important accumulations of chlo-
rides and sodium in leaf tissues.
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