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Effect of NaCl-induced Salt Stress on Germination and Initial Seedling Growth of Lotus
corniculatus L. cv. "Leo’

NaCl Kaynakli Tuz Stresinin Lotus corniculatus L. cv. 'Leo'nun Cimlenmesi ve ilk Fide
Biiyiimesi Uzerindeki Etkisi

Ramazan BEYAZY, Ahmet KAZANKAYA?
Abstract

Lotus corniculatus L. is one of the agronomically and economically important perennial legume forage species
with moderately salt-tolerant. It is well known that even the cultivars of the same species in plants have different
responses in salinity. However, studies on the salt response of L. corniculatus and its cultivars, which are more
advantageous than other forage crops such as white clover (Trifolium repens) and alfalfa (Medicago sativa L.), in
the use of marginal agricultural lands affected by abiotic stress factors such as salinity, are limited. Under salt
stress, the most crucial phases of the plant life cycle that are directly related to the survival of the plant are seed
germination, growth, and vigour. Therefore, this study was carried out to determine the germination and growth
responses of L. corniculatus cultivar 'Leo’, which is known to have higher tannin content than other cultivars,
under NaCl-derived salt stress in vitro. For this purpose, L. corniculatus seeds were cultured in MS (Murashige
and Skoog/Gamborg) medium containing 0, 40, and 80 mM NaCl for 14 days. Seed germination percentage, mean
germination time, germination rate index, shoot-root length, root to shoot length ratio, shoot-root fresh dry weight,
shoot-root dry matter, the ratio of root to shoot dry matter, shoot-root water content and seedling vigour index
parameters were measured. According to the results of the research, the germination percentage did not change in
the applied NaCl treatments, but the germination rate decreased. However, shoot length decreased and root length
increased. Although there was no statistically significant change in shoot and root fresh-dry weight, both decreased
in 80 mM NaCl treatment. The shoot and root dry matter increased and the water content decreased. Also, the
seedling viability index decreased. In 40 mM NaCl treatment, on the other hand, there was an increase in shoot
fresh-dry weight, dry matter ratio and seedling viability index with the positive effect of low dose. Within the
scope of this study, comprehensive information was presented for L. corniculatus (cultivar ‘Leo’), an important
forage plant, in terms of germination and seedling growth under salt stress.
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Oz

Lotus corniculatus L. orta derecede tuza toleransli, tarimsal ve ekonomik agidan énemli ¢ok yillik baklagil yem
tiirlerinden biridir. Bitkilerde ayni tiiriin ¢esitlerinin bile tuzluluga farkli tepkiler verdigi iyi bilinmektedir. Ancak
tuzluluk gibi abiyotik stres faktorlerinden etkilenen marjinal tarim arazilerinin kullaniminda ak tiggiil (Trifolium
repens) ve yonca (Medicago sativa L.) gibi diger yem bitkilerine goére daha avantajli olan L. corniculatus ve
cesitlerinin tuz tepkisi lizerine yapilan ¢caligmalar sinirlidir. Tuz stresi altinda, bitkinin hayatta kalmasiyla dogrudan
ilgili olan bitki yasam dongiisiiniin en dnemli asamalar1 tohumlarin ¢imlenmesi, biiylimesi ve canliligidir. Bu
nedenle bu ¢alisma, diger ¢esitlere gore daha yiiksek tanen igerigine sahip oldugu bilinen L. corniculatus cesidi
"Leo'nun NaCl tiirevli tuz stresi altindaki in vitro ¢imlenme ve biiyiime tepkilerini belirlemek amactyla yapilmistir.
Bu amagla L. corniculatus tohumlari 0, 40 ve 80 mM NaCl igeren MS (Murashige ve Skoog/Gamborg) besiyerinde
14 giin kiiltiire edilmistir. Tohum ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢imlenme orani indeksi, siirgiin-
kok uzunlugu, kok-siirgiin uzunlugu orani, siirgiin-kok yas-kuru agirligi, siirgiin-kok kuru maddesi, kok-siirgiin
kuru madde oran, siirgiin- kok su icerigi ve fide canlilik indeksi parametreleri 6l¢iilmustiir. Arastirma sonuglarina
gore, uygulanan NaCl uygulamalarinda ¢imlenme yiizdesi degismemis ancak ¢imlenme hizi azalmistir. Bununla
birlikte siirgiin uzunlugu azalmis, kok uzunlugu artmustir. Istatisitiki agidan siirgiin ve kok yas-kuru agirhiginda
o6nemli bir degisme olmamasina ragmen, 80 mM NaCl uygulamasinda her ikisinde de azalis olmustur. Siirgiin ve
kok kuru madde orani artmis su igerigi azalmistir. Ayrica, fide canlilik indeksi de azalmistir. 40 mM NaCl
uygulamasinda ise diisiik doz olumlu etkisi ile siirgiin yas-kuru agirlik, kuru madde orani ve fide canlilik
indeksinde artig olmustur. Bu ¢alisma kapsaminda 6nemli bir yem bitkisi olan L. corniculatus (kiiltivar 'Leo") i¢in
tuz stresi altinda ¢imlenme ve fide gelisimi bakimindan kapsamli bilgi sunulmustur.

Anahtar Kelimeler: Lotus corniculatus L., Tuzluluk, Cimlenme, Ik fide biiyiime agsamast, In vitro

25



Beyaz & Kazankaya
Effect of NaCl-induced salt stress on germination and initial seedling growth of Lotus corniculatus L. cv.' Leo'

1. Introduction

Worldwide, millions of hectares of land are too saline to support commercial crop yields, and more land is
rendered unproductive every year due to salt buildup. Problems with salinity in agriculture are often limited to dry
and semiarid areas when rainfall is insufficient to move salts out of the root zone of the plant (Carter, 1975). When
there is an excess of sodium chloride, sodium carbonate, sodium sulfate, or salts of magnesium, it is considered to
be a salinity problem since the effect gets more pronounced the more excess there is (Chapman, 1975). Salts like
chloride and sulphate make up the majority of soils and groundwater in nature (Tarchoune et al., 2010). The
primary salt that causes salt stress is typically NaCl. A wide variety of wild plants are poisoned by sodium ions,
whereas certain plants are harmed by high chloride concentrations. Because the low potassium level induced by
absorbing more sodium hinders plant growth, plants engage their high affinity system for uptaking potassium when
sodium enters the cytoplasm in order to absorb enough of this ion (Azarafshan and Abbaspour, 2014). Saline soil
is any soil with water-soluble salt concentrations more than 4 dS m (Shokat and GroBkinsky, 2019). However,
the saline area is divided into four main types based on its salinity, namely very severely salinized (ECe> 16 dS
mY), severely salinized (ECe 8-16 dS m™), moderately salinized (ECe 4-8 dS m), and mildly salinized (ECe 2-4
dS m) (Dornburg et al., 2011). Salt harms plants by creating osmotic stress, ion imbalance, and oxidative damage.
Plants have developed highly complex processes, including osmotic stress resistance, ion exclusion, and tissue
tolerance, in order to survive salt stress (Wang et al., 2021). However, salt stress has an impact on plants by limiting
their ability to absorb water, rupturing their biological membranes, causing ionic imbalance, oxidative damage,
and nutritional imbalance, slowing down cell division and growth, reducing the rate of photosynthesis, altering
their lipid metabolism, and affecting their yield characteristics. Salinity has a significant impact on seed
germination, one of the most important stages of plant development (Jaleel et al., 2007). However, the most
delicate and crucial stages of most plants’ establishment in saline settings are during their seedling establishment
(Cakmakgi1 and Dallar, 2019; Wang et al., 2019; Altuner et al., 2022).

Like many other cultivated plants and/or crops, legume family members, including Lotus corniculatus L. (also
known Bird’s-foot trefoil, BFT), are adversely affected by salinity. L. corniculatus a perennial legume forage is
regarded as one of the most important forage plants in terms of agriculture due to its many benefits, including its
ability to grow in low fertile, acidic, and its anti-bloating properties due to its tannin content, and it is also
frequently used to stop roadside erosion (Wang et al., 2021). In temperate places of the world, L. corniculatus may
eventually take the place of white clover and alfalfa (Savi¢ et al., 2019). Despite all these important features, most
L. corniculatus are sensitive to salinity (Bao et al., 2014). Under conditions of salt stress, seed germination
behavior varies from plant species to species and also significantly from cultivar to cultivar (Munns and Tester,
2008). 'Leo’ has a very good seedling vigour and high yielding cultivar (Undersander et al., 1993), but the
comprehensive responses to salt stress are not reported yet about this cultivar. There is also a gap in our knowledge
in germination and early seedling growth. Therefore, the primary goal of this study was to investigate the effects
of salt stress on seed germination and early seedling growth in L. corniculatus cultivar 'Leo’ under in vitro
conditions.

2. Materials and Methods
2.1. Plant Material

In this study, the seeds of the Lotus corniculatus L. cv. 'Leo’, harvested in 2022 and supplied by Utah State
University, Plants, Soils and Climate Department, were used as plant material.

2.2. Plant Tissue Culture and SaltTreatments

The L. corniculatus seeds were surface sterilized in 50% commercial bleach (Clorox-USA, containing 8.25%
sodium hypochlorite) in which 1 drop of Tween-20 (Acros Organics) was added for 25 minutes and then rinsed 3 times
with distilled water. Sterilized seeds were sown on standard MS (Murashige and Skoog/Gamborg) (Gamborg et al.,
1968), Plant Media, USA) medium containing 3% sucrose (Research Product International RPI, USA) and 7% agar
(Plant Media, USA). For salt stress, seeds were sown in standard MS/Gamborg medium with 40 and 80 mM NacCl.
Before autoclaving at 121°C, 7.25 psia for 20 minutes, the pH of the medium was adjusted to 5.7 with 1 M NaOH or
HCI. Germination of seeds and subsequent seedling development were carried out at 25+1°C under white fluorescent
lamps at an intensity of 30 pmol m2 s (PAR) in a photoperiod of 16h light and 8h dark.
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2.2. Germination and Growth

When the growing radicle elongated to 0.2 cm, the seed was considered germinated. For 14 days, the proportion
of seeds that germinated was recorded every 24 hours (ISTA, 2003). Mean germination time (MGT) was calculated
according to Ellis and Roberts (1980). MGT = }.Dn/}.D, where n is the number of freshly germinated seeds on
day D, and D is the number of days since the start of the experiment. The percentage of seeds that germinated after
being exposed to salt stress were estimated using the equation:

Germination percentage (GP) = (Number of germinating seeds/ Total number of seeds) x 100
(Al-Enezietal., 2012) (Eq.1).

Growth parameters (length (cm) of shoot and root; fresh and dry weight (mg) of shoot and root) were measured
in 14-day-old seedlings (Figure 1.). Dry weights were calculated after samples were dried in an oven (VWR
Scientific Inc., USA) at 70°C for 48 hours (Beyaz et al., 2011). Water content (WC), dry matter (%) (DM) and
vigor index (V1) were calculated according to the following formulas, respectively:

Water content (WC) = (fresh weight — dry weight) /fresh weight X 100 (Zheng etal., 2008) (Eq.2).
Dry matter (DM) = (dry weight/fresh weight) x 100 (Bresetal., 2022) (Eq.3).
Vigor index (VI) = (average root length + average hypocotyl length) x germination percentage (GP)
(Abdul-Baki and Anderson, 1973) (Eq.4).
Germination rate was expressed as the germination rate index (GRI) according to Maguire (1962):

GRI = X No of Germinated Seeds/Z No of Days (Eq.5).

Figure 1. 14-days-old seedlings of Lotus corniculatus L. cultivar 'Leo" at different NaCl concentrations
under in vitro conditions. A)0 mM NacCl-control- B) 40 mM NaCl C) 80 mM NacCl.

2.2. Statistical Analysis

The study was carried out as a completely randomized design with 3 replications. For each treatment, a one-
way ANOVA was done using the SPSS statistical program (Version 22). The means were compared using Duncan
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multiple range test at p<0.05. Before statistical analysis, the data in percentages were transformed using Arcsine
transformation (Snedecor and Cochran, 1967).

3. Results

NaCl-induced salt stress had a significant (p<0.01) impact on mean germination time and germination rate
index (speed of seed germination) but no noticeable effect on germination percentage (Figure 2A-2B-2C). The
control had the highest percentage of seeds that germinated (96.6%), whereas the 80 mM NaCl treatment had the
lowest percentage of seeds that germinated (85%). Under control, 40 mM NaCl, and 80 mM NaCl treatments, the
mean germination time was measured at 3.29 days, 3.52 days, and 3.71 days, respectively. Germination rate index
was recorded at 31.33%, 24.25% and 17.31% under control, 40 mM NaCl and 80 mM NaCl treatments,
respectively. Overall, the germination percentage and germination rate index were reduced by 1.65% and 12.00%,
40% and 44.74%, under 40 mM NaCl and 80 mM NaCl treatments, respectively. On the orher hand, mean
germination time was incresed by 6.99% and 12.76% under 40 mM NaCl and 80 mM NaCl treatments, respectively.

The shoot length was statistically significantly (p<0.01) affected by the NaCl induced salt stress, while the root
length was not affected (Figure 2D). Maximum shoot lenght (3.22cm) was recorded in the control, while the lowest
shoot lenght (1.51cm) was recorded for 80 mM NaCl treatment. However, root to shoot ratio was significantly
(p<0.01) affected by NaCl treatments (Figure 2E). Maximum root to shoot ratio (1.88%) was recorded in the
control, while the lowest shoot lenght (4.68%) was recorded for 80 mM NaCl treatment. Overall, as compared to
control, shoot lenght was reduced by 23.29% under 40 mM NaCl, and 53.10% under 80 mM NaCl treatments.
However, root to shoot ratio was increased by 52.65% under 40 mM NacCl treatment, and 148.93% under 80 mM
NaCl treatment, in comparison with control. Nonsignificant differences were observed among NaCl treatments
with respect to shoot and root fresh weight and shoot and root dry weight (Figure 2F-2G). However, a significant
decrease was observed in total shoot and root fresh weights, depending on the levels of NaCl treatments. Total
shoot and root wet weight were recorded as 0.130 mg per plant in the control group, 0.128 mg per plant in the 40
mM NaCl treatment, and 0.106 mg per plant in the 80 mM NaCl treatment. Likewise, a significant decrease was
noted in total shoot and root dry weights (excluding 40 mM NaCl treatment) due to the levels of NaCl treatments.
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Figure 2. The effect of different levels (0, 40, and 80 mM NacCl) of the NaCl-induced salt stress on
germination percentage, mean germination time, germination rate index, shoot and root length, root/shoot
ratio, shoot and root fresh weight, shoot and root dry matter, the ratio of root to shoot dry matter, shoot and

root water content, and vigor index of 14-days-old BFT seedling. **: p<0.01; *: p<0.05; NS: non-significant.
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Total shoot and root wet weight were recorded as 0.0089 mg per plant in the control group, 0.0093 mg per plant
in the 40 mM NaCl treatment, and 0.0077 mg per plant in the 80 mM NaCl treatment. Significant differences were
found among NaCl treatments in terms of shoot and root dry matter, and also the ratio of root to shoot dry matter
(Figure 2H-21). 8.39%, 8.41% and 7.72% values for shoot dry matter were recorded in control, 40 mM NaCl
treatment and 80 mM NaCl treatment, respectively. For root dry matter, the values of 5.44%, 6.21% and 6.65%
were recorded in control, 40 mM NacCl treatment and 80 mM NacCl treatment, respectively. The values of 13.83%,
14.62% and 14.37% were recorded in control, 40 mM NaCl treatment and 80 mM NaCl treatment, respectively,
when shoot and root dry matter were collected together. Shoot to root dry matter ratio and NaCl treatments showed
significant (p<0.01) variations (Figure 27). Values of 0.64%, 0.74% and 0.86% were recorded in control, 40 mM
NaCl treatment and 80 mM NaCl treatment, respectively. In comparison to the control, the ratio of root to shoot
dry matter increased by 15.62% under 40 mM NaCl treatment and by 34.37% under 80 mM NaCl treatment. In
terms of shoot and root water content, the NaCl treatments showed significant (p<0.05) variations (Figure 2I). The
highest water content of shoot (92.27%) was obtained in 80 mM NaCl treatment while the lowest water content of
shoot (91.60%) was measured under control. However, the highest water content of root (94.55%) was obtained
in control while the lowest water content of shoot (93.34%) was measured under 80 mM NaCl treatment. Under
80 mM NaCl treatment, the shoot water content rose by 0.73% in comparison to control. The root water content
decreased by 1.17% in the 80 mM NaCl treatment compared to the control.

4. Discussion

Due to the increase in salt of agricultural soils, forage legumes experience yield losses and low nutritional
status (Savi¢ et al., 2019). Although salt stress impacts a plant's growth at every stage, most plant species are
known to be particularly vulnerable at the seed germination and seedling growth stages (Bybordi, 2010). The
study's findings showed that the impacts of salinity levels were significant for mean germination time and
germination rate index (germination speed) but not for germination percentage (Figure 2A-2B-2C). Specifically,
80 mM NaCl treatment prolonged the mean germination time by 12.7%, and slowed the germination speed by
44.74%. lon imbalance, osmotic regulatory issues, and finally a decrease in seed water uptake are all caused by
high salinity levels (Moss and Hoffman, 1977). Lotus corniculatus is also considered as a germplasm source for
salt-tolerant plants (Unliisoy et al., 2023). However, the results of this study showed that seeds of L. corniculatus
cultivar 'Leo’ were significantly affected in terms of germination parameter (excluding germination percentage)
performance starting from 80 mM NaCl treatment. It is crucial to test a plant's salt tolerance early on since seeds
with a faster rate of germination in salty environments may be expected to establish themselves more quickly,
producing larger yields (Petrovi¢ et al., 2016). Therefore, although there is no study on yield and yield components
in this study, it can be interpreted that the negative effects of the germination parameters of the 'Leo' cultivar in 80
mM NaC treatment may also affect its yield. It is known that NaCl treatments between 100 mM (~10 dS/m) and
150 mM (~15 dS/m) of legume forage crops, including Lotus corniculatus, have negative effects on germination
and seedling growth (Beyaz et al. 2011; Azarafshan and Abbaspour, 2014; Beyaz et al., 2018). However, it is well
known that even cultivars within the same species can respond differently to many abiotic stress factors such as
salinity due to their genotypic structure. Therefore, testing other cultivars of Lotus corniculatus for germination
under salinity stress will contribute positively to the emergence of an average salt tolerance level. However, the
results of this study confirmed the reports of Cokkizgin (2012), Topgu-Demiroglu and Ozkan (2016) and Bhattarai
et al. (2020), that germination parameters such as germination percentage, mean germination time and germination
rate index (speed of germination) reduced with the increasing salt stress levels in other legumes. According to
Jaleel et al. (2007), at lower salt levels, germination was postponed, while at higher salinity regimes, it was
suppressed. Therefore, the NaCl treatments applied in this study can be expressed as the low salinity level for the
germination of L. corniculatus cultivar 'Leo".

Salt stress negatively affects the growth parameters of plants depending on the applied level and time. In this
study, the applied NaCl treatments had significant an impact on growth metrics such as shoot lenght, root to shoot
ratio, shoot and root dry matter, the ratio of root to shoot dry matter, shoot and root water content and seedling
vigour index (Figure 2D-2E-2/-21-2H-2J). On the other hand, applied NaCl treatments for parameters fresh and
dry weights of shoots and roots had an effect, but this was not statistically significant (Figure 2G-2F). A significant
decrease (55.10% at 80 mM NaCl) was observed in shoots and very little increase in roots, depending on the
increased salt level. However, when looking at root to shoot ratio, there was a significant increase (148.93% ar 80
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mM NaCl). The most common morphological sign of saline damage to a plant is slowed growth as a result of cell
elongation inhibition (Nieman, 1965). However, under the salinity conditions, as the root to shoot ratio rises, the
need to give components to the shoot decreases, which may boost the root's capacity to do so and provide an
adaptation benefit (Cheeseman, 1988; Bernstein, 2013). Salt stress may have reduced shoot growth by impairing
the efficiency of photosynthetic product transport and assimilation (Jaleel et al., 2007). According to Bernstein
(2013), the reduced ability of the shoot to deliver nutrients to the root and growing tissues is one potential drawback
of such a transformation, which is expected to have an impact on plant growth and survival, especially under long-
term salinization. Therefore, the decrease in shoot length, increase in root length and root shoot ratio indicates that
L. corniculatus tries to increase its adaptability at the salinity levels applied in the study. In supporting of our
observation, Antonelli et al. (2021) reported that the root to shoot ratio of different L. corniculatus cultivars
increased depending on the increasing salt level at greenhouse conditions. Similarly, Bandeoglu et al. (2004)
reported that salt stress caused a significant decrease in shoot length of lentil seedlings. Fresh and dry weight of
shoot and root are important indicators of salinity tolerance of forage plants. NaCl caused an increase in shoot
fresh and dry weight with low concentration and a decrease with the highest concentration (Figure 2F-2G). On
the other hand, root fresh and dry weight decreased depending on the increasing salt level (Figure 2F-2G). It is
seen that the root fresh and dry weight decreased more than the shoot. From the results of the research, it is
understood that the 'Leo’ cultivar shows low tolerance in terms of these parameters, even EC 4-8 dS m, which
are considered moderate salinity levels and applied. Similar to this research findings, Beyaz et al. (2011) reported
that fresh-dry weight decreased due to increasing salinity in sainfoin, another important forage crops, in their study
in vitro study. Uchiya et al. (2016) stated that root dry weight of L. corniculatus seedling decrease depend on
increased salinity levels (from 0 to 150 mM). Moreover, Bao et al. (2014) noted that depend on increased salt
stress (from 0 to 200 mM) shoot dry weight of L. corniculatus seedling decreased. The accumulation of dry matter
determines the crop yield. Under stress conditions, changes may occur in the distribution of photosynthesis
products in plant organs (such as leaf, stem and root) in order to adapt to the stress factor (Jiang et al., 2018). The
accumulated shoot and root dry mass of the crops can also be used to study how different stress treatments affect
their growth. The results of this study showed that with increasing salinity, the dry matter ratio in the shoot
decreased (p<0.05), whereas the dry matter ratio in the root increased (p<0.05) (Figure 2H). However, the ratio of
root to shoot dry matter increased with increasing salt levels (Figure 27). The increase in the dry matter ratio in the
root under salt stress may be explained by the change in the allocation of biomass to increase the root resistance
in stress tolerance. Similarly, Antonelli et al. (2021) reported that both of shoot and root dry matter of L.
corniculatus cultivar San Gabriel seedlings decrease under salt stress (150 mM NacCl), but this decreasing is more
in shoots. Beyaz et al. (2011) stated that dry matter of sainfoin seedlings increase depend on increasing salt stress
(from 0 to 30 dS m™). Teakle et al. (2006) noted that shoots and roots dry matter of L. corniculatus cultivar San
Gabriel decrase under salt stress (400 mM NacCl). The main effects of stress are a decrease in water content and
damage to cellular membranes, which help the body deal with abiotic stress such as salt and drought (Zhou et al.,
2012). The results of this study showed that the water content of the shoot increased, while the water content of
the root decreased due to increasing salt levels (Figure 2I). The root-water-uptake of plants is constrained by
salinity stress, which also affects plant growth (Wang et al., 2012). However, it was observed that the decrease in
water content in the root was not very severe at the applied salt levels (40 and 80 mM). As one of the reasons, it
can be speculated that the applied salt levels do not cause a severe negative effect on the root in terms of water
uptake. Seedling vigor index is an important criterion to understand plant’s response to salt stress. In this study,
seedling vigour index increased at 40 mM NaCl and decreased at 80 mM NaCl (Figure 2J). Generally speaking,
we may assume that when plants are exposed to low salt concentrations, the elongation of the stem may cause
osmotic adjustment activity, which may enhance growth (Abdul-Qados, 2011). The seedling vigour index was
calculated on the basis of seed germination and root and stem (shoot) growth. When shoot and root length are
collected together, it is seen that there is an increase at 40 mM compared to the control group (Figure 2D).
Therefore, it can be said that this increase in 40 mM NaCl is due to the low dose positive effect. In general, it has
been reported in the literature (Khajeh-Hosseini et al., 2003; Cokkizgin, 2012; Dehnavi et al., 2020) that the
seedling vigor index decreased in other crops due to increased salinity levels, similar to the results of this study.

31



Beyaz & Kazankaya
Effect of NaCl-induced salt stress on germination and initial seedling growth of Lotus corniculatus L. cv.' Leo'

5. Conclusions

In conclusion, this study demonstrated that applied NaCl treatments did not have a significant effect on the
germination percentage of L. corniculatus cultivar 'Leo’, however, highest NaCl treatment decreased the speed of
germination (44.74%). However, 80 mM NaCl treatment resulted in a 53.10% decrease in shoot length and 16.47%
increase in a seedling root length. In addition, 80 mM NacCl treatment decreased the total (shoot + root) fresh weight
(20.30%)), total dry weight (13.48%) and total water content (0.29%) and increased the total dry matter ratio (3.90%)
in a seedling. However, it caused a decrease in the seedling survival index (17.15 %). Therefore, when the germination
and growth parameters are evaluated cumulatively, it can be said that the cultivar 'Leo’, which is a forage plant, suffered
a significant loss of yield at the salinity level of 80 mM NaCl (~ 8 dS/m). However, it should also be tested at higher
levels. In addition, it is suggested that in future studies, salt stress in nature should be tested for the drought cultivar
‘Leo’, which is known as the sibling stress factor.
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