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Abstract

Nowadays, soil salinity is a big challenge for agronomists and plant growers due to irrigation in arid
lands where the respiration rate is very high and in coastal areas saline water floods the soil. Salinity is
caused by the accumulation of soluble salts in the root zone. Excess salts reduce the productivity of
plants like growing potential, vigor and seed germination, due to the altered water and mineral uptake.
Among salts the amount of sodium and chloride ions is very critical because most of the plants are
sensitive to them. Arundo donax L., commonly known as giant reed, has a wide habitat range thus it
has wide tolerance to soil conditions. Hence, it may has high resistance to salinity and sodicity, too. It
is a typical plant of freshwater ecosystems. Although A. donax is widespread all over the world, it has
only slight genetic differences between ecotypes due to its vegetative propagation strategy. A. donax
can be propagated by in vitro tissue culture technique. In vitro cell culture is suitable for large scale
selection of cells where cells are exposed to stressors such as high salinity or sodium. This form of
selection can reduce the time and space requirements, reducing the need for conventional selection in
open filed experiments. In our experiment 12 ecotypes of A. donax were tested in in vitro callus cultures.
Callus cultures were exposed to salt stress by adding five different concentrations of sodium chloride
(NaCl) to the culture medium. Growth parameters of callus cultures were measured by the fresh and
dry matter production, under constant laboratory conditions. The fresh weight of calli decreased while
their dry weight increased with increasing NaCl level in culture medium. According to our experiments,
differences in NaCl tolerance were registered between the different ecotypes.
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Introduction

The high soil salinity is a serious and increasing problem all over the world. It is caused by partly
the high amount of water soluble salts present in the soil, partly the high evaporation rates in arid and
semi arid regions, partly the irrigation water with moderate salin content. It is also caused by the flooding
of sea water in costal regions. Soil salinity can be measured by the electric conductivity of the soil
solution. Both the higher amount of water soluble salts in the soil that plants can tolerate and the
reduced amount of water in the soil cause salt stress for plants. Plants species has different optimum
for different salts hence they have different sensitivity against them. Water-soluble salts are present in
the solution as their ions such as K*, Na*, Ca?*, Mg?* (anions), and Cl, HCO3S04%>, NOz, PO4s?*
(cations). Salt stress mainly means the elevated amount of Na* and CI- in the soil. However, salt stress
is also caused by the higher amount of other ions, such as K*, Mg?*, Ca?*, or SO4% ions, present in the
soil. Excess amount of certain ions can alter the uptake of nutritional minerals from the soil [1]. Moreover
sodium ion has toxicity to plant cells in higher amounts. It can disrupt the photosyntetic apparatus,
inhibit carbohydrate production, cause water and osmotic stress and early leaf senescence. Therefore,
the biomass production of the cells and the yield of the crop will decrease [2]. This will cause financial
losses in the agriculture. The development of salt tolerant crops can mitigate this problem. Conventional
breeding needs several years or decades to delevolope salt tolerant cultivars [3-4]. Salt tolerant plant
can tolerate the higher osmotic pressure, or can regulate better the level of Na+ and Cl- in the citosol.
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It can inhibit the access of these ions into the cells of assimilating tissue or compartmentalize them in
vaquol [5]

Salt stress induces typical physiological changes in plants. Stressed plant cells accumulate
water soluble sugars and organic acids caused by osmotic imbalance. Salt stress inhibits the production
of starch from sugar. Typical changes happen in protein and free aminacid content. They usually
accumulate prolin, glicin or betain (a protein of sugar beet). The level of prolin is a good indicator of the
degree of salt stress. Salt stress usually increases the level of carotenoids, ascorbic acid, glutathion
and anthocianin, but lower the amount of chlorofill-a and -b. Salt stress - similar to other abiotic stresses
- increase their rate of free radicals, the reactive oxigen species (ROS). ROS activate the ROS
scavenging system like catalase (CAT), superoxid dismutase (SOD) and ascorbat peroxidase (APX).
Dry matter content usually decreases in stressed plants [6, 7]. However it was found that in tissue
culture conditions the amount of dry matter content usually increases under lower stress conditions or
in case of salt tolerant plant material (see in Table 1).

The salin conditions and the adaptation of the plants to these conditions exist well before the
domestication of crops [4]. Thus potential for salt tolerance also exists within the genome of non-
halophytes as shown by plant studies. Warne and Hickok [8] made examinations on haploid fern
gemtophytes for salt tolerance. They could select salt tolerant lines. They results verified the function
of a single gene in salt tolerance. In crop plants it seems likely that differences in salt tolerance exist in
the cultivars of outbreeding species or in the segregating population of inbred lines. However these
differences are caused by genes with additive effects. The tolarance of plants against saline conditions
is rarely caused by mutations in the genomes. Most frequently it is caused by the changes in the activity
of genes related to salt tolerance. Epigenetic changes obscure the real mutants with true tolerance. The
variations by genetic and epigenetic changes normally exist in plant lives [9].

In tissue culture systems, small plant parts, or the mass of individual cells can be cultured in a
relatively small place under controlled conditions. At present, a wide range of species can be
propagated by tissue culture. The instability of in vitro cultures may causes genetic and epigenetic
variations, the so called somaclonal variability (according to Ferreira et al.) [10]. It causes difficulties,
when the genetic fidelity is the goal of the culturing process (like as conservation of threatened species),
but it is a useful tool for the production of new varieties with improved tolerance. Somaclonal variation
among the selection of new varieties is mainly used for ornamentals and crop plants, especially
sugarcane, rice, banana, potato and wheat. Somaclonal variation can be induced by the application of
plant growth regulators (PGRs) such as benzylaminopurine (BA) or 2,4 dichlorophenoxyacetic acid
(2,4D) and some other chemicals. [10]. For the selection of salt tolerant plants in vitro, researchers
mainly use NaCl as a selective material, applying it in the tissue culture medium. KCL, Na2SO4, MgSOa4
and K2SO4 can be used as selective material as well. Salt resistent plants have a cross tolerance against
different salts. It means that NaCl tolerant plants may tolerate KCI, or Na2SQa, too [7]. In vitro salt stress
experiments were carried out on numerous species in numerous researches, like Flax (Linum
ultissimum) [11], Wheat (Triticum eastivum), Kirik variety [12], Mentha (Mentha viridis), wild type [13],
Rosewood (Dalbergia sissoo) [14], Limonphila aromatica Lamk. Merr. and Bacopa monnieri L. wettst
[15], Rice (Oryza sativa L.) MARDI Siraj 297 variety [16], Onion (Allium cepa L.) Faridpuri, Taherpuri,
Pusa varity [17], tomato (Solanum lycopersicum L.) BD-7755, BD-7757, BD-9008, BD-9011 and BD-
10122, BD-10123 variety [18], Date palm (Phoenix dactylifera L.) Khalas cultivar [19], Spinach
(Spinachia oleracea L.) [20], eggplant (Solanum mmelongena) [21], Thevetia peruviana Schum. [22],
Princess tree (Paulownia tomentosa) [23], onion (Allium cepa L.) Giza 6 cultuvar [24], Pistachio UCB-1
hybrid (Pistacia atlantica x P. integerrim) [25], Sugarbeet (Beta vulgaris), Prima Hill variety, Tobacco
(Nicotiana tabacum) Wisconsin 38 variety, Chinese cabbage (Brassica campestris ssp. pekinensis)
Kimjung variety and Canola (Brassica napus) Westar variety [26], White poplar (Populus alba L.) [27].

The aim of our recent work to determine the differences in salt tolerance capability of our in
vitro cultured ecotypes and to determine the range of salt percentage which can be applicable in giant
reed callus cultures for further expreiments.

Materials and methods

Plant material: Embryogenic callus cultures of 12 Giant reed ecotypes were used. Callus
cultures originated from different climatic regions and soil conditions. Embryogenic calli were induced
from either immature inflorescence or nodal tissue. Complete method is published in the patent of
University of South Carolina [28]
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Culture medium: The callus maintaining culture medium was enriched with five different
concentration of sodium chloride (0.1, 0.3, 0.5, 0.7 and 0.9%, which correspond to 1, 2, 5, 7 and 9 g/l,
that is 17, 51, 85, 120 and 154 mM, respectively). The pH of the medium was set to 5.7-5.8 prior to
autoclaving at 120°C temperature, for 20 minutes. Cultures were caped with one hole cap (5mm of
diameter), and sponge were across the hole to avoid contamination of cultures. The composition of the
callus maintaining culture medium can be found in the patent of University of South Carolina [28]

Experimental design: 50g (49.5-50.5g) of sterilized culture medium was poured into sterilized
jar, with the volume of 390ml, measured on scale under sterile conditions. 99 (8.9-9g) of callus tissue
was added to the measured culture medium. 12 ecotypes of giant reed were tested (labeled ES04,
BCF24, SOS24, SOS1, SOS2, V2, GT, TCS, A1708, 08, 20SZ, BL). Every ecotypes was collected from
different fields. Six experimental lines were made with every ecotypes (cultures with 5 different
concentration of NaCl and controll culture). One treatment consisted of 6 cultures. Cultures were
maitained in a culturing room at 23°C temperature and 16/8 photoperiod provided via a 1:1 mix of
daylight and warm-white, fluorescent lamps in a vertical position, resulting in a light intensity of 25-30
pumol st m-2. Culturing period lasted 4 weeks.

Data collection and statistical analysis: Data were collected at the end of the subculture, after
4 weeks. The fresh weight of callus tissue (g) and the the dry matter content of callus tissue - after 1
day drying on 60°C temperature (percentage of dry/fresh weight of calli) - per jar were measured.
Measurements were made from 6 jars in each treatment. SPSS for Windows software (SPSS® version
21.0) was used for statistical analysis. One-way ANOVA followed by Duncan’s test at p < 0.05 was
applied to analyze the data of both experiments to compare the effect of different treatments.

Results and Discussions

Callus cultures of every ecotypes showed decreased growing potential (based on the fresh
weight of callus tissue) under sodium chloride stress, while the dry matter content of callus tended to
increase with the increasing concetration of NaCl in the culture medium (Table 1 — 12). Differences
were observed in growing potential and dry matter content among ecotypes both under normal
conditions i.e. without salt stress (Table 13) and under salt stress too (Table 14 — 18). Based on the
fresh weight on control medium, the best growing potential was measured in case of V2 ecotype
(31.0+£0.649g, Table 13), while the biggest amount of dry matter content was in case of 08 ecotype
(9.81+£0.22%, Table 13). The growing potential changed above 0.3% NaCl content of the culture
medium (Table 16). The highest fresh weight was given by the BL ecotype, while the dry matter content
remained the highest in the case 08 ecotype until 0.9% salt content. At 0.9% NacCl content of the culture
medium, dry matter content was the highest in case of ES04 ecotype (11.6+0.28%, Table 19). The fresh
weight of the callus culture decreased in the highest degree in case of V2 ecotype (11.4g, Table 3.,
Table 13), while the smallest loss was in case 08 ecotype (1.7g, Table 12, Table 13). The growth of dry
matter content was the highest in case of ES04 ecotype (4.5g, Table 1, Table 13), while the lowest was
in case of A1708 ecotype (1g, Table 10, Table 13).

0 0.1% 0.3% 0.5% 0.7% 0.9%

Figure 1. Salt treatment of BL ect aCIncentration is indicated on the picture)

Table 1. Mean values of measured parameters with standard errors in salt tolerance experiment
of ES04 ecotype. Mean values are followed by different letters that indicate significantly (p<0.05)
different values between treatments according to ANOVA and Duncan tests.

Concentration, ES04 fresh weight (g/culture) dry matter content (%/culture)
Control 23.2+0.50a 7.1+0.15d

0.1% 22.9+0.76a 7.7+0.14c,d

0.3% 22.8+0.54a 7.7+0.11c,d
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0.5% 21.1+0.75b 8.1+0.33c
0.7% 17.940.45c 9.7+0.36b
0.9% 15.2+0.12d 11.6+0.28a

Table 2. Mean values of measured parameters with standard errors in salt tolerance experiment
of V2 ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests.

Concentration, V2 fresh weight (g/culture) dry matter content (%/culture)
Control 31.04+0.64a 5.5+0.06e
0.1% 30.7+0.85a 5.7+0.05e
0.3% 26.5+1.04b 6.9+0.25d
0.5% 24.5+0.73b 7.5+0.13c
0.7% 21.4+0.59¢c 8.3+£0.19b
0.9% 19.6+0.48c 9.3+0.17a

Table 3. Mean values of measured parameters with standard errors in salt tolerance experiment
of TCS ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests (*statistical analysis could
not be performed, because there was only one data)

Concentration, TCS fresh weight (g/culture) dry matter content (%/culture)
Control 21.8* 7.9%

0.1% 18.7+0.22a 9.1+0.17a

0.3% 17.7+0.68a 9.4+0.31a

0.5% 18.2+0.363,b 9.4+0.18b

0.7% 16.5+0.11b,c 10.7+0.09b

0.9% 15.9+0.35¢ 11.2+0.14b

Table 4. Mean values of measured parameters with standard errors in salt tolerance experiment
of SOS24 ecotype. Mean values are followed by letters that indicate significantly (p<0.05)
different values between treat ments according to ANOVA and Duncan tests (0 means there was

no data due to contamination)

Concentration, SOS24 fresh weight (g/culture) dry matter content (%/culture)
Control 27.6+0.83a 5.8+0.16¢

0.1% 25.7+1.23a,b 6.4+0.21b

0.3% 24.4+1.08b 6.8+0.15b

0.5% 23.5+0.45b 7.3+0.15a

0.7% 23.3+0.64b 7.5+0.10a

0.9% 0 0

Table 5. Mean values of measured parameters with standard errors in salt tolerance experiment
of SOS1 ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests

Concentration, SOS1 fresh weight (g/culture) dry matter content (%/culture)
Control 29.3+0.94a 5.9+0.10e

0.1% 27.6+0.86a,b 6.6+0.24d

0.3% 26.2+1.02b,c 6.9+0.16¢c,d

0.5% 24.3+0.57¢,d 7.4+0.18b,c

0.7% 23.1+0.48d 7.7£0.12b

0.9% 20.7+0.73e 8.5+0.26a

Table 6. Mean values of measured parameters with standard errors in salt tolerance experiment
of SOS2 ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests

Concentration, SOS2 fresh weight (g/culture) dry matter content (%/culture)
Control 27.1+£1.60a 5.8+£0.08e
0.1% 27.2+0.80a 6.3+0.08d
0.3% 25.5+0.87a,b 7.0+0.14c
0.5% 23.7+0.54b 7.5+0.10b
0.7% 23.8+0.25b 7.5+0.14b
0.9% 21.0+0.44c 8.3+0.13a

25



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 30(1), 2026, 22-30
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797
Online ISSN: 3045-1876

Table 7. Mean values of measured parameters with standard errors in salt tolerance experiment
of GT ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests (0 means there was no data
due to contamination)

Concentration, GT fresh weight (g/culture) dry matter content (%/culture)
Control 0 0

0.1% 27.2+0.97a 6.8+0.14d

0.3% 21.6+0.52b 8.5+0.18c

0.5% 20.4+0.54b 9.4+0.17b

0.7% 17.840.43c 10.7+0.28a

0.9% 16.7+£0.62c 11.34£0.34a

Table 8. Mean values of measured parameters with standard errors in salt tolerance experiment
of BL ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different
values between treat ments according to ANOVA and Duncan tests

Concentration, BL fresh weight (g/culture) dry matter content (%/culture)
Control 29.8+0.41a 5.6+0.22d
0.1% 29.8+0.48a 5.7+0.09d
0.3% 29.04+0.38a,b 5.9+0.13d
0.5% 27.6+0.91b 6.4+0.16¢
0.7% 25.1+0.30c 7.0+0.09b
0.9% 21.5+0.28d 8.2+0.16a

Table 9. Mean values of measured parameters with standard errors in salt tolerance experiment
of BCF24 ecotype. Mean values are followed by letters that indicate significantly (p<0.05)
different values between treat ments according to ANOVA and Duncan tests

Concentration, BCF24 fresh weight (g/culture) dry matter content (%/culture)
Control 25.7+0.59a 6.6+0.29c
0.1% 23.8+0.823,b 7.5+0.22b
0.3% 22.9+0.70b 7.9+0.22b
0.5% 22.4+1.00b 7.5+0.23b
0.7% 22.1+0.48b 8.1+0.18b
0.9% 18.8+0.59c¢ 9.2+0.32a

Table 10. Mean values of measured parameters with standard errors in salt tolerance experiment
of A1708 ecotype. Mean values are followed by letters that indicate significantly (p<0.05)
different values between treat ments according to ANOVA and Duncan tests

Concentration, A1708 fresh weight (g/culture) dry matter content (%/culture)
Control 23.9+0.68a,b 7.9+0.26a,b

0.1% 25.5+0.70a 6.9+0.22b

0.3% 22.3+0.83b,c 6.8+1.38b

0.5% 20.0+0.70d 9.1+0.27a

0.7% 21.2+0.98c,d 8.7+0.27a,b

0.9% 20.3+0.30c,d 8.9+0.11a

Table 11. Mean values of measured parameters with standard errors in salt tolerance experiment
of 20SZ ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different

values between treat ments according to ANOVA and Duncan tests

Concentration, 20SZ fresh weight (g/culture) dry matter content (%/culture)
Control 26.7+0.72a 6.6+0.31e

0.1% 26.7+0.77a 6.7+0.36e

0.3% 22.5+0.61b 7.6+0.25d

0.5% 21.1+0.47b 8.4+0.29c

0.7% 19.3+0.25¢c 9.4+0.40b

0.9% 17.2+0.54d 10.5+0.83a

Table 12. Mean values of measured parameters with standard errors in salt tolerance experiment
of 08 ecotype. Mean values are followed by letters that indicate significantly (p<0.05) different

values between treat ments according to ANOVA and Duncan tests

Concentration, 08 fresh weight (g/culture) dry matter content (%/culture)
Control 17.0+0.55a,b 9.8+0.22c

0.1% 17.5+0.39a 9.7+0.24c

0.3% 16.7+0.30a,b,c 10.6+0.20b
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0.5% 16.0+0.35b,c,d 10.8+0.42a,b
0.7% 15.5+0.24c,d 11.5+0.21a
0.9% 15.8+0.18d 11.3+0.133,b

Table 13. Comparison of the ecotypes according to their response to the applied salt stress
(values are calculated from the difference of the minimum and maximum fresh or dry weight)

Ecotype fresh weight losses (g) Ecotype dry matter content growth (g)
08 1.7 A1708 1.0
S0S24 4.3 08 15
A1708 5.2 S0S24 1.7
TCS 5.9 S0S2 25
S0s2 6.2 SOs1 2.6
BCF24 6.9 BL 2.6
ES04 8.0 BCF24 2.6
BL 8.3 TCS 3.3
SOs1 8.6 V2 3.8
20Sz 9.5 20SZ 3.9
GT 10.5 ES04 4.5
V2 11.4 GT 4.5

Table 14. Mean values of measured parameters with standard errors in control cultures. Mean
values are followed by letters that indicate significantly (p<0.05) different values between treat
ments according to ANOVA and Duncan tests (0 means there was no data due to contamination)

type, 0% fresh weight (g) type, 0% dry matter content (%)
V2 31.0+0.64 08 9.8+0.22
BL 29.8+0.41 A1708 7.9+0.26
SOSs1 29.3+0.94 ES04 7.1+0.15
S0S24 27.6+0.83 20SZ 6.6+0.13
SOS2 27.1+1.59 BCF24 6.6+0.12
20SzZ 26.70+0.72 sOs1 5.9+0.10
BCF24 25.7+0.59 SOS24 5.8+0.16
A1708 23.9+.0.69 S0S2 5.8+0.18
ES04 23.2+0.50 BL 5.6+0.10
08 17.0+0.55 V2 5.5+0.16
TCS 0 TCS 0

GT 0 GT 0

Table 15. Mean values of measured parameters with standard errors in cultures, contained 0.1%
NaCl. Mean values are followed by letters that indicate significantly (p<0.05) different values

between treat ments according to ANOVA and Duncan tests

type, 0.1% fresh weight (g) Type, 0.1% dry matter content (%)
V2 30.7+0.85a 08 9.7+0.24a
BL 29.8+0.48a,b TCS 9.1+0.17b
SOs1 27.620.86b,c ES04 7.7+0.14c
SOS2 27.2+0.80c BCF24 7.5+0.22¢
GT 27.2+0.97c A1708 6.9+0.22d
20SZ 26.7+£0.77c GT 6.84+0.14d,e
S0OS24 25.7+1.23c,d 20Sz 6.7+0.15d,e
A1708 25.5+0.70c,d sOs1 6.6+0.24d,e
BCF24 23.8+0.82d,e SOS24 6.4+0.21d,e
ES04 22.9+0.76e S0s2 6.3+0.08e
TCS 18.7+0.22f BL 5.7+0.95f
08 17.5+0.39f V2 5.7+0.05f

Table 16. Mean values of measured parameters with standard errors in cultures, contained 0.3%
NaCl. Mean values are followed by letters that indicate significantly (p<0.05) different values

between treat ments according to ANOVA and Duncan tests

Type, 0.3% fresh weight (g) Type, 0.3% dry matter content (%)
BL 29.0+0.38a 08 10.6+0.20a

V2 26.5+1.04b TCS 9.4+0.31b

SOs1 26.2+1.02b GT 8.5+0.18¢

SOS2 25.5+0.86b A1708 8.2+0.47c,d

S0S24 24.4+1.08b,c BCF24 7.9+0.22c,d

BCF24 22.9+0.70c,d ES04 7.7+0.11d

ES04 22.8+0.55c¢,d 20SZ 7.6+0.11d
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20Sz 22.5+0.61c,d SOs2 7.0+0.14e
A1708 22.3+0.83c,d V2 6.9+0.25e
GT 21.6+0.52d SOs1 6.9+0.16e
TCS 17.7+0.68e S0S24 6.8+0.15e
08 16.7+0.30e BL 5.9+0.13f

Table 17. Mean values of measured parameters with standard errors in cultures, contained 0.5%
NaCl. Mean values are followed by letters that indicate significantly (p<0.05) different values
between treat ments according to ANOVA and Duncan tests

Type, 0.5% fresh weight (g) Type, 0.5% dry matter content (%)
BL 27.6+0.91a 08 10.8+0.42a
V2 24.5+0.73b GT 9.4+0.17b
SOS1 24.3+0.57b,c TCS 9.4+0.18b
S0OS2 23.7+1.33b,c A1708 9.1+0.27b
SOS24 23.5+0.45b,c 20SZ 8.4+0.12c
BCF24 22.4+0.99c,d ES04 8.1+0.32¢,d
20SZ 21.1+0.47d,e S0S2 7.5+0.10d,e
ES04 21.10+0.75d,e V2 7.5+0.13d,e
GT 20.41+0.54e BCF24 7.5+0.23d,e
A1708 19.96+0.70e,f SOs1 7.4+0.18d,e
TCS 18.22+0.36f S0S24 7.3+0.15e
08 16.02+0.34g BL 6.4+0.38f

Table 18. Mean values of measured parameters with standard errors in cultures, contained 0.7%
NaCl. Mean values are followed by letters that indicate significantly (p<0.05) different values
between treat ments according to ANOVA and Duncan tests

Type, 0.7% fresh weight (g) Type, 0.7% dry matter content (%)
BL 25.1+0.30a 08 11.5+0.21a
SOS2 23.8+0.253,b GT 10.7+0.28b
S0S24 23.3+0.64b,c TCS 10.7+0.09b
SOSs1 23.1+0.48b,c ES04 9.7+0.36¢
BCF24 22.1+0.48c,d 20SzZ 9.4+0.16¢
V2 21.4+0.59d A1708 8.7+0.27d
A1708 21.2+0.98d V2 8.3+0.19d
20Sz 19.3+0.25e BCF24 8.1+0.18d,e
ES04 17.9+0.45f SOS1 7.7+0.12e
GT 17.8+0.43f SOs2 7.5+0.14e,f
TCS 16.5+0.12f,g S0S24 7.5+£0.97ef
08 15.5+0.24g BL 7.0+0.09f

Table 19. Mean values of measured parameters with standard errors in cultures, contained 0.9%
NaCl. Mean values are followed by letters that indicate significantly (p<0.05) different values
between treat ments according to ANOVA and Duncan tests (0 means there was no data due to

contamination)

Type, 0.9% fresh weight (g) Type, 0.9% dry matter content (%)
BL 21.5+0.28a ES04 11.6+0.28a
SOS2 21.0+0.44a GT 11.3+0.34a
SOSs1 20.7+0.73a 08 11.3+0.13a
A1708 20.3+0.30a TCS 11.2+0.14a
V2 19.6+0.48a,b 20SZ 10.5+0.34a,b
20SZ 17.2+0.54b,c V2 9.3+0.17b,c
GT 16.8+0.62b,c A1708 8.9+0.11¢c,d
TCS 15.9+0.35¢c SOs1 8.5+0.26¢,d
08 15.8+0.18c SOS2 8.3+0.13c,d
BCF24 15.6+3.17¢c BL 8.2+0.16¢,d
ES04 15.2+0.12¢c BCF24 7.6+1.55d
S0S24 0 S0S24 0
Discussion

In our recent experiment, callus cultures of Giant reed ecotypes were stressed with NaCl in
vitro. It was applied in their culture medium in six different concentrations (0, 0.1, 0.3, 0.5, 0.7 and 0.9%
which corresponds to 0, 1, 2,5, 7 and 9 g/l, that is 0, 17, 51, 85, 120 and 154 mM, respectively). In the
related research publications mainly NaCl was used in salt stress experiments in vitro, in the range of
1.7 - 400mM (that is 0.1 — 23.4g/l respectively, which corresponds to 0.01 — 2.3%). Furthermore, in
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some researches KCL, Na2S04, MgS04 or K2S04 was used as selective material. 12 ecotypes of
Giant reed were treated in our experiment. Differences were detected between ecotypes in their fresh
weight and dry matter production under normal (control) conditions. All of the tested ecotypes could
grow under high salt conditions, without any browning or necrotic symptom or even cell death which
indicates the good salt tolerance capability of Giant reed. But they have differences in growing
parameters, such as fresh weight, and dry matter content. All of the ecotypes showed decreased growth
under high salt condition (0.9%) and their colour turned pale green in their appearance compared to the
fresh green colour of the untreated controls (Figure 1). It suggests there was a reduction in their
chlorophyll content. The chlorophyll content of the plant cell is a good indicator of salt stress based on
scientific datas. The salt tolerance of the tested ecotypes was also confirmed by their increased dry
matter content. Without salt stress, based on the fresh weight, the best growing potential was given by
the V2 ecotype, while the greatest dry matter production was of the 08 ecotype. Under moderate salt
stress conditions (0.5-0.7% NacCl), the highest growing potential was given by the BL ecotype, while the
dry matter production remained the best in case of 08 ecotype. It indicates that BL ecotype is more
tolerant against salt stress than V2 ecotype. Under high salt stress condition (0.9% NaCl), the highest
growing potential remained the same by the BL ecotype, while there was a change in case of dry matter
production where the best result was given by ES04 ecotype. It suggests that ES04 ecotype can tolerate
the high salt stress significantly better than BL ecotype. The results of our experiments suggest that
giant reed is a promising candidate for the biomass production in salin soil conditions.

Literatures cited

[1] Gupta, R.K. and Abrol, I.P. (1990), Salt-Affected Soils: Their Reclamation and Management for Crop
Production., Advances in Soil Science, 11, pp. 223-288.

[2] Saied, A. S., Keutgen, A. J. and Noga, G. (2005), The influence of NaCl salinity on growth, yield and
fruit quality of strawberry cvs. ‘Elsanta’and ‘Korona. Scientia Horticulturae, 103, pp. 289-303

[3] Mahajan, S., and Tuteja, N. (2005), Cold, salinity and drought stresses: An overview. Archives of
Biochemistry and Biophysics, 444, pp. 139-158

[4] Ashraf, M., Munns, R. (2022), Evolution of approaches to increase the salt tolerance of crops. Critical
Reviews in Plant Sciences, 41, pp. 128-160

[5] Munns, R. (2002), Comparative physiology of salt and water stress. Plant, Cell and Environment,
25, pp. 239-250

[6] Isahak, A., Alhasnawi, A., Zain, C. R. C. M., Kadhimi, I., A. KADHIMI, A. H. S. A. N., (2014) Salinity
Tolerant Enhancement, Tissue Culture In vitro Biochemical Procedures.. Journal of Plant Biology
Research, 3, pp. 51-64

[7] Chandler, S., F., Thorpe, T., A. (1986), Variation from plant tissue cultures: Biotechnological
application to improving salinity tolerance. Biotechnology Advances, 4, pp 117-135

[B]Warne, T., R. and Hickok, L., G. (1987), Single gene mutants toler- ant to NaCl in the fern
Ceratopteris: Characterization and genetic analysis. Plant Science, 52, pp. 49-55.

[9] Dix, P., J., (1993). The role of mutant cell lines in studies on environmental stress tolerance: an
assessment. The Plant Journal, 3, pp. 309-313

[10] Ferreira, M. d. S., Rocha, A. d. J., Nascimento, F. d. S., Oliveira, W. D. d. S., Soares, J. M. d. S,
Reboucas, T. A., Morais Lino, L. S., Haddad, F., Ferreira, C. F., Santos-Serejo, J. A. d., Fernandez, J.
S., & Amorim, E. P. (2023). The Role of Somaclonal Variation in Plant Genetic Improvement: A
Systematic Review. Agronomy, 13, p.730.

[11] McHughen, A., Swartz, M. (1984), A Tissue-Culture Derived Salt-Tolerant Line of Flax (Linum
usitatissimum). Journal of Plant Physiology, 117, pp.109-117

[12] Akcelik, G., Haliloglu, K., Sultani, A.B., Turkogdlu, a., Bocianowski, J. (2025), Chitosan-mediated
mitigation of salt stress in wheat (Triticum aestivum L.) under tissue culture conditions. Plant Cell, Tiss
and Organ Culture, 161, 74

[13] Chandra, V., Kumari, S., Roy, N., P., Subhash, K.,, and Sharan, A., K. (2020), Effect of different
concentrations of NaCl on micropropagation of Mentha viridis. Annals of Plant Sciences, 9, pp. 4059-
4066

[14] Chamoli, A. (2021), Effect of Salinity on Growth of Callus Culture in Dalbergia sissoo. Journal of
Plant Biochemistry & Physiolology, 9, 271

[15] Dogan, M. (2020), Effect of salt stress on in vitro organogenesis from nodal explant of Limnophila
aromatica (Lamk.) Merr. and Bacopa monnieri (L.) Wettst. and their physio-morphological and
biochemical responses. Physiology and Molecular Biology of Plants, 4, pp. 803-816

29



JOURNAL of Horticulture, Forestry and Biotechnology
Volume 30(1), 2026, 22-30
https://jhfb.ro/index.php/jhfb

Print ISSN: 2066-1797
Online ISSN: 3045-1876

[16] Sidek, N., Nulit, R., Yap, C., K,. Yong, C., S., Y., Sekeli, R. (2024), In vitro development of salt
tolerant Malaysian indica rice ‘MARDI Siraj 297’ and enhancement of salinity tolerance using salicylic
acid. Chilean journal of agricultural research, 84, 1

[17] Plabon, A., R., Hoque, M., E., Vabna, F., A., Khatun, F. (2021), In Vitro Regeneration of Onion
(Allium cepa L.) Genotypes under Salt Stress Condition. Asian Research Journal of Agriculture, 14, pp.
34-43

[18] Biswas, A., Islam, Md. R., Rashed, Md., R., U., Zeba, N. (2017), In Vitro Selection of Calli for Salt
Tolerance in Tomato (Solanum lycopersicum L.). International Journal of Environment, Agriculture and
Biotechnology, 2, pp. 2855-2872

[19] Al-Khateeb, S.A., Al-Khateeb, A., A., Sattar, M., N. Mohmand A., S. (2020), Induced in vitro
adaptation for salt tolerance in date palm (Phoenix dactylifera L.) cultivar Khalas. Biological Research,
53, 37

[20] Muchate, N., S., Rajurkar, N., S., Suprasanna, P., Nikam, T., D. (2019), NaCl induced salt adaptive
changes and enhanced accumulation of 20-hydroxyecdysone in the in vitro shoot cultures of Spinacia
oleracea (L.). Scientific Reports, 9, 12522

[21] Hannachi, S., Werbrouck, S., Babhrini, I., Abdelgadir, A., Siddiqui, H. A., Van Labeke, M. C. (2021),
Obtaining Salt Stress-Tolerant Eggplant Somaclonal Variants from In Vitro Selection. Plants, 10, 2539
[22] EI-Gedawey, H., I., M. (2021), Production of salt tolerant thevetia peruviana Schum. plants by tissue
culture. Alexandria Science Exchange Journal, 42, pp. 167-178.

[23] Youssef, N., M., Hashish, K., I., Taha, L., S. (2020), Salinity tolerance improvement of in vitro
propagated Paulownia tomentosa using proline. Bulletin of the National Research Centre, 44, 90

[24] Bekheet, S., A., Taha, H., S., and Solliman, M., E. (2006), Salt tolerance in tissue culture of onion
(Allium cepa L.). Arab Journal of Biotechnology, 9, pp. 467-476.

[25] Sharma, D., P. (2018), Selecting salt tolerant pistachio rootstocks using tissue culture. Acta
Horticulturae, 1212, pp. 257-258.

[26 ] Chandler, S. F., Paek, K. Y., Pua, E., C., Ragolsky, E., Mandal, B. B., & Thorpe, T. A. (1988), The
Effectiveness of Selection for Salinity Tolerance Using In vitro Shoot Cultures. Botanical Gazette, 149,
pp. 166-172

[27] Youssef, N., M., Aziz, N., G., A., and Ali, A, I., A., R. (2019), Alleviation of salinity stress on in vitro
propagation ability of Populus alba L. using Iron Nano particles. Middle East Journal of Agriculture
Research, 08, pp. 1211-1218

[28] The patent of the University of Sout Carolina, patent number. 8105835, Method for
micropropagation of monocots based on sustained totipotent cell cultures, Laszl6 Marton and Mihaly
Czako, 2011

30



