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Preliminary Evaluation of Salinity Stress Tolerance in Some Grapevine Native
Cultivars and Hybrid Rootstocks under in Vitro Conditions
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Table 1. Mean comparison of effect of salinity (sodium chloride) levels on growth and biochemical characteristics of grapevine cultivars
and rootstocks under in vitro conditions after six weeks

S5 el s Jsb & b g5 Jos S ol IS s Ol 8 s n Ol
OV (o) (e W) (rr o S GoiseS peS k) Gossef 2eS ko) GossesS nef 550
Salinity level Shootlet length <& ,, slaws Leaf area Total chlorophyll content Total protein content Total proline content
(mM) (cm) Leaf Number  (cm?) (mg g FW) (mg g FW) (ug gt FW)
0 7.57ab 9.16b 6.44b 1.83a 19.83c 1.17
25 8.34a 10.21a 7.84a 1.42a 23.08b 1.12
50 6.82b 8.33c 5.91b 1.27ab 27.67a 1.21
75 5.18c 7.17d 3.54c 0.59b 26.83a 1.02
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Duncan’s Multiple Range Test.
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Table 2. Mean comparison of growth and biochemical characteristics of grapevine cultivars and rootstocks under in vitro condition after six
weeks

celidb _ J35 85 0l O3 Ol g Ol
(e 5L) <, (505508 205 ko) (GosseS pef k) GOiseS pSs5)
4/05, Shootlet length 6§, slaw (p o o 5L) Total chlorophyll content  Total protein content ~ Total proline content
Cultivar/rootstock (cm) Leaf number  Leaf area (cm?) (mg gt FW) (mg g FW) (g g FW)
H6 8.41a 8.66b 5.26b 1.87a 22.63b 1.34a
Shahrodi 7.95a 9.83ab 4.70b 1.42a 22.00b 0.83b
Bidaneh Ghermez 6.77b 9.25ab 8.10a 1.09ab 23.50b 1.45a
Bidaneh Sefid 7.63a 10.57a 7.11a 1.05ab 22.75b 0.98b
H4 4.75¢c 7.00c 2.59c 0.73b 28.25a 1.35a
Kober5BB 6.36hc 7.00c 7.82a 1.53a 27.00a 0.83b
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Means, in each column, followed by at least one letter in common are not significantly different at the 5% probability level-using Duncan’s Multiple Range Test.
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Fig. 1. Salinity x cultivar/rootstock interaction effect on the length of shootlet under in vitro
conditions after six weeks. Columns with at least one letter in common are not significantly
different at the 5% probability level-using Duncan’s Multiple Range Test. Error bars on
columns are + standard errors. Note: Mean comparisons for each salinity level was done
separately.
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5% probability level-using Duncan’s Multiple Range Test. Error bars on columns are +

standard errors. Note: Mean comparisons for each salinity level was done separately.
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Fig. 4. Comparison of the leaf expansion and total chlorophyll degradation at different
salinity levels; 0 (non-stress), 25, 50 and 50 mM sodium chloride, in the growth media
of grapevine cultivars and hybrid rootstocks under in vitro conditions. Expanded leaves
in cv. Bidaneh Ghermez, greater leaf expansion in 25 mM sodium chloride in most of
cultivars and rootstocks, limited leaf expansion at all salinity levels in hybrid rootstock
H4, chlorophyll degradation at high salinity levels, and finally high tolerance of hybrid
rootstock H6 according to shootlets growth in in vitro conditions and preservation of
leaf chlorophyll content at high salinity levels are visible in picture.
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Fig. 5. Salinity x cultivar/rootstock interaction effect on the total chlorophyll content
under in vitro conditions after six weeks. Columns with similar letter are not
significantly different at the 5% probability level-using Duncan’s Multiple Range Test.
Error bars on columns are * standard errors. Note: Mean comparisons for each salinity

level was done separately.
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Fig. 6. Salinity x cultivar/rootstock interaction effect on the total protein content under in vitro
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probability level-using Duncan’s Multiple Range Test. Error bars on columns are + standard

errors. Note: Mean comparisons for each salinity level was done separately.
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Fig. 7. Salinity x cultivar/rootstock interaction effect on the total proline content under
in vitro conditions after six weeks. Columns with at least one letter in common are not
significantly different at the 5% probability level-using Duncan’s Multiple Range Test.
Error bars on columns are + standard errors. Note: Mean comparisons for each salinity
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ABSTRACT
Farjad, M., Nankali, A., Abdollahi, H., Khosroshahli, M., Rezaei, A. and Rasouli, V. 2023.
Preliminary evaluation of salinity stress tolerance in some grapevine native cultivars and hybrid
rootstocks under in vitro conditions. Seed and Plant, 39, pp.175-201 (In Persian).

Considering the extent of grapevine cultivation in arid and semi-arid areas of the
world where salinity stress is one of the important environmental stresses that limits
grape production in Iran. Therefore, this research was carried out for preliminary
evaluation and comparison of the reaction of three grapevine native cutivars; Bidaneh
Sefid, Bidaneh Ghermez, Shahroudi and three hybrids H4, H6 and Kober5BB
rootstocks in response to salinity stress in Temperate Fruits Research Center,
Horticultural Sciences Research Institute, in Karaj, Iran, in 2015 -2017. The
experiments were conducted as factorial arrangements in completely randomized design
with five replications under in vitro conditions. The effect of salt was evaluated to
identify the most tolerant cultivar/rootstock at four concentration levels of sodium
chloride (NaCl); 0 (control), 25, 50 and 75 mM. The results showed significant effect of
different salt levels on grapevine cultivars/rootstocks for all vegetative traits including;
length of shootlets, number of leaves shootlet™ and leaf expansion. Most of these traits
increased at mild salt stress up to 25 mM. However, at 50 and 75 mM, which are
decisive concentrations for tolerance of plant tissues to salinity, the traits showed
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significant decreases. According to the vegetative growth charcteristics, H6 hybrid
rootstock and cv. Shahroudi had relative tolerance to the salinity stress that was
confirmed by high preservation of their chlorophyll content, as observed about 2 mg g
FW in H6 hybrid rootstock. The total protein and proline contents of leaves showed that
the total protein content in all grapevine cultivars and rootstocks followed increasing
trend with stress intensity. The proline content had an appropriate association with the
higher tolerance level of H6 hybrid rootstock and cv. Shahroudi to 75 mM of sodium
chloride.

Key words: Grapevine, Tissue culture, Sodium chloride, Total protein content, Total
proline content.

Introduction

Salinity, as one of the abiotic stresses, affects the growth and production of
agricultural crops by reducing the osmotic potential and creating osmotic stress, ion
toxicity and nutritional imbalance in many regions of the world (Mahajan and Tuteja,
2005). Statistics show that about 1.13 billion hectares of crop plants are affected by
salinity-alkaline stress worldwide, which includes about 20% of the total cultivated area
in the world (Morton et al., 2019). Grape is known as one of the horticultural crops with
high economic value in the world, and its ecological scope for development is very
wide. According to the Food and Agriculture Organization of United Nation (FAO), the
grape production in 2020 was 78 million tons. The cultivated areas and grape
production in Iran are about 230 thousand hectares and 2.5 million tons, respectively,
and stands 10" in ranking ladder in the world (FAO, 2020). The majority of grapevine
cultivation is in arid or semi-arid areas where soil salinity and alkalization is a matter of
serious concern due mainly to low rainfall and high evaporation, though different
grapevine cultivars are relatively tolerant to salinity stress environments. This research
was carried out with the aim of preliminary evaluation of the morphological
characteristics and biochemical attributes contributing to resistance to salt stress of local
cultivars and imported and rootstocks of grapevine under in vitro conditions.

Materials and Methods

Cultivars and rootstocks used in this research included three Iranian local grapevine
cultivars; Shahroudi, Bidaneh Sefid and Bidaneh Ghermez and three rootstocks; two
Iranian hybrid rootstocks, H4 (V. vinifera cv. Jighjigha x V. riparia cv. Gloire), H6
(V. vinifera cv. Gharaozum x Kober5BB), and one imported rootstock, Kober5BB
(V. berlandieri x V. riparia). Applied salinity treatments were at four levels of sodium
chloride; 0 (control), 25, 50 and 75 mM. Modified MS culture medium (Murashige and
Skoog, 1962) enriched with 0.5 mg It BAP was used to cultivate and establish explants.
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The experiment was conducted as factorial arrangements in completely randomized
design with five replications. The most important traits that were evaluated included;
shoot length, number of leaves, leaf area, proline and protein contents. Analysis of
variance was performed using SAS software, and Duncan’s Multiple Range Test was
used for mean comparisons at the 5% probability level. Graphs were made using
Microsoft Excel

Results and Discussion

The tallest shootlet length was measured in the non-salinity stress conditions in
cv. Bidaneh Sefid, cv. Shahroudi and H6 rootstock, respectively. Also, H4 and
Kober5BB rootstocks had lower growth in non-stressed conditions compared with other
cultivars and rootstocks. Mean comparison for the effect of salinity stress on
morphological trait of leaf number at different levels of salinity stress; 0, 25, 50 and 75
mM, similarly showed that, in the absence of salinity stress, the number of developed
leaves shootlet® varied from 7 to 12 leaves in H4 and H6 hybrid rootstocks,
respectively.

The results of mean comparison for the effects of different salinity stress levels on
leaf development showed that at 0 mM salinity level (control), a significant difference
was observed between leaf expansion of cultivars and rootstocks. Normlly, leaf
expansion under in vitro conditions is a function of the adaptability of genotype to tissue
culture conditions as well as the type and level of growth regulators, the mode of use,
and their interaction with internal plant hormones (Mansouryar et al., 2016). Mean
comparison showed that with increases in salinity stress levels, the total chlorophyli
content decreased in all studied cultivars and rootstocks. According to the results, at 75
mM salt stress in the culture medium, H6 hybrid rootstock, cv. Shahroudi, cv. Bidaneh
Sefid and cv. Bidaneh Ghermez, Kober5BB rootstock as well as H4 hybrid rootstocks
have the highest total chlorophyll content.

In general, the results of this research showed that the in vitro evaluation on
grapevine cultivars and rootstocks by increasing the level of sodium chloride (NaCl)
with concentrations higher than 50 mM, which in this research 75 mM, as appropriate
approach for preliminary evaluation and screening of cultivars and rootstocks for
tolerance to salt stress. Threfore, it is necessary to examine several growth
characteristics including; length of shootlets grown in in vitro, leaf expansion and
number of leaves, over time after application of salt stress treatments. Biochemical
characteristics, especially the rate of decay and reduction of total chlorophyll, should
also be used as useful attribute for screening and selection of tolerant grapevine
cultivars and rootstocks to salinity stress. Therefore, in the further researches, it is
necessary to confirm these findings, in pot and orchard, conducting experiments in
saline soil conditions.
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