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Germination and Seedling Properties of Lotus corniculatus L. Under Simulated Drought
Stress

Simiile Edilmis Kuraklik Stresi Altinda Lotus corniculatus L.'nin Cimlenme ve Fide
Ozellikleri

Ramazan BEYAZ'
Abstract

Drought is an important abiotic stress factor that reduces agricultural production and yield in many crops, including
forage crops, in agricultural areas around the world. Lotus corniculatus L. is the agriculturally crucial perennial
legume forage crop that can tolerate moderate drought. However, studies to determine the responses of L.
corniculatus to drought are limited. Therefore, this study was carried out to determine the seed germination and
early seedling growth properties of L. corniculatus at different PEGeoo0 induced-drought treatments under in vitro
conditions. In order to do this, L. corniculatus (cv. ‘AC Langille”) seeds were planted in MS (Murashige and
Skoog/Gamborg) medium containing 0%, 4%, and 8% (w/v) PEGeono for 14 days. In this study, germination
percentage, mean germination time, germination rate index (speed of germination), shoot and root length, root to
shoot length ratio, shoot and root fresh weight, shoot and root dry weight, shoot and root dry matter ratio, root
shoot dry matter ratio, shoot and root water content and seedling vigor index parameters were measured. Our
results showed that increasing drought levels resulted in an overall significant reduction in germination and
seedling growth parameters except shortened mean germination time (especially, 4% PEGsgooo treatment) and
increased shoot and root dry matter ratio at higher (especially, 8% PEGsooo treatment) drought levels. When
important growth parameters such as length, fresh and dry weight, dry matter ratio and water content, which show
the development of root and shoot organs, are evaluated together, it has been determined that the root is negatively
affected by drought stress at a higher rate. Based on these data, it can be concluded that the L. corniculatus will
suffer a high yield loss under the drought stress at the osmotic potential (-1.03 bar) created by 8% PEGeooo treatment.
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Oz

Kuraklik, diinyadaki tarim alanlarinda yem bitkileri de dahil olmak {izere birgok iiriinde tarimsal {iretimi ve verimi
azaltan 6nemli bir abiyotik stres faktoriidiir. Lotus corniculatus L., orta derecede kurakligi tolere edebilen, tarimsal
agidan ¢ok 6nemli bir ¢ok yillik baklagil yem bitkisidir. Bununla birlikte, L. corniculatus'un kurakliga verdigi
tepkileri belirlemeye yonelik ¢alismalar sinirhidir. Bu nedenle bu g¢aligma, L. corniculatus'un farklt PEGeooo
kaynakli kuraklik uygulamalarinda in vitro kosullarda tohum ¢imlenmesi ve erken fide biiyiime 6zelliklerini
belirlemek amaciyla yapilmistir. Bunu yapmak igin L. corniculatus (cv. 'AC Langille') tohumlari, 14 giin
boyunca %0, %4 ve %8 (w/v) PEGeuo igeren MS (Murashige ve Skoog/Gamborg) ortamina ekilmistir. Bu
calismada ¢imlenme yiizdesi, ortalama ¢imlenme siiresi, ¢cimlenme orani indeksi (¢imlenme hizi), siirgiin ve kok
uzunlugu, kok siirgiin uzunlugu orani, siirgiin ve kdk yas agirligy, stirgiin ve kok kuru agirhig, siirgiin ve kok kuru
madde orani, kok siirgiin kuru madde orani, siirgiin ve kok su igerigi ve fide canlilik indeksi parametreleri
Olciilmiistiir. Sonuglar, artan kuraklik seviyelerinin, kisalan ortalama g¢gimlenme siiresi (6zellikle %4 PEGeono
uygulamasinda) ve daha yiiksek siirgiin ve kok kuru madde orani (6zellikle, %8 PEGeooo uygulamasinda) disinda
¢imlenme ve fide biiyiime parametrelerinde genel olarak 6nemli bir azalmaya yol a¢tigini gostermistir. Kok ve
siirglin organlariin gelisimini gosteren uzunluk, yas ve kuru agirlik, kuru madde orani ve su igerigi gibi 6nemli
bliylime parametreleri birlikte degerlendirildiginde, kokiin kuraklik stresinden daha yiiksek oranda olumsuz
etkilendigi tespit edilmistir. Bu verilere dayanarak, L. corniculatus'un %8 PEGeooo Uygulamasi ile olusturulan
ozmotik potansiyeldeki (-1.03 bar) kuraklik stresi altinda yiiksek verim kaybina ugrayacagi sonucuna varilabilir.

Anahtar Kelimeler: Lotus corniculatus L., Kuraklik stresi, Cimlenme, Fide 6zellikleri, in vitro
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1. Introduction

Plants are subject to a variety of biotic and abiotic pressures that may limit their ability to operate to their
highest level and jeopardize their survival (Soltanbeigi, 2019; Ahmed et al., 2022). Drought stress is one of the
most detrimental abiotic stresses that affect and lower agricultural productivity globally (Yousefi et al., 2020).
Cells' equilibrium is impacted by water stress because there is less water available in their cytoplasm. Osmotic and
oxidative stress are brought on by a cell's lack of water and harm physiological, biochemical, and molecular
functions (Martinez-Santos et al., 2021). The tactics used by plants to deal with water shortages include drought
tolerance, drought avoidance, and drought escape (Luo et al., 2020). Potentially, the most important times for water
stress in plants are germination and early seedling growth stages (Li et al., 2013). Hence, the understanding of
drought impacts on germination and early seedling growth stage is critical for crop production and productivity.
Recent studies have examined how plants respond to drought stress in terms of seed germination and seedling
growth, particularly those involving agricultural crops (Tong et al., 2021; Ahmed et al., 2022; Beyaz, 2022).

The ability to manipulate the parameters and homogeneity of the culture makes in vitro tissue culture
techniques an effective tool for investigating the responses of plants to drought stress (Murshed et al., 2015;
Martinez-Santos et al., 2021). PEG is mostly used to extract information from plants relating to drought stress.
(Meher et al., 2018). Because PEG cannot penetrate through the plant cell wall and has a higher molecular weight
than the other osmotic chemicals utilized (especially PEGeoo0). As a result, it is frequently utilized in germination
and drought research to control osmotic potential (Badr et al., 2020).

In contrast to other common forage legumes like Medicago sativa (alfalfa) and/or Trifolium repens (white
clover), the Lotus genus, native to the Mediterranean basin, is extensively distributed around the world. Its species
are suited to many different types of environmental stress and soil conditions. It is well known that L. corniculatus
L. can grow in soils that are acidic, salinous, low in fertility, and poorly drained (Striker et al., 2005). Compared
to other forages, it has been found to improve the output of meat and milk (Hunt et al., 2014). Despite all of these
significant traits, the majority of L. corniculatus L. is reportedly vulnerable to drought (Bao et al., 2014; Unliisoy
et al., 2022). However, there are limited reports on the effects of drought on seed germination and early growth
stage of Lotus corniculatus. Therefore, this study was conducted to examine the germination and early growth
stage responses of Lotus corniculatus L. to PEGeooo-induced drought stress under in vitro conditions.

2. Materials and Methods
2.1. Plant Material

In this study, the seeds of the Lotus corniculatus L. cultivar ‘AC Langille’, harvested in 2012 and supplied by Utah
State University, Plants, Soils and Climate Department, were used as plant material. A cultivar of birdsfoot trefoil
(Lotus corniculatus L.) called ‘AC Langille’ was created by Agriculture and Agri-Food Canada’s Nappan Research
Farm. Two cycles of mass selection for winter hardiness and one cycle of mass selection for seedling vigor were used
to generate it. The initial material was six unique germplasms chosen from the cultivar ‘Leo’ and made available by
the University of Guelph's Crop Science Department (Papadopoulos et al., 1998).

2.2. Plant Tissue Culture and Drought Treatments

The growth medium, standard Murashige and Skoog/Gamborg (Plant Media, USA) (Gamborg et al. 1968),
contained 3% sucrose (Research Product International, USA) and 0.25% phytagel (Plant Media, USA). Before
autoclaving at 121 °C, 7.25 psia for 20 minutes, the pH of the medium was set to 5.7. Lotus 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 20 minutes and then rinsed 3 times with distilled water. For drought
stress, seeds were sown on standard MS medium with 4% and 8% wi/v PEGeoo. According to Michel and Kaufmann
(1973), the osmotic potential created by 4% wi/v PEGeoo is -0.36 bar, and the osmotic potential created by 8% wiv
PEGeo0o iS -1.03 bar. Germination of seeds and subsequent seedling growth were carried out at 25+1 °C under white
fluorescent lamps at an intensity of 30 pmol m2 s™* (PAR) in a photoperiod of 16 h light and 8 h dark.
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2.3. Germination Experiment and Morphological Observations

When the growing radicle lengthened to 2 mm, the seed was considered germinated. Starting on the 9" day, the
number of germinations was noted every 24 hours (ISTA, 2003). Mean germination time (MGT) was calculated
according to Ellis and Roberts (1980).

MGT = YDn/Y.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. (Eq. 1)

The percentage of seeds that germinated after being exposed to drought stress were estimated using the equation:
Germination percentage (GP) = (Number of germinating seeds/ Total number of seeds) x 100
(Al-Enezi et al., 2012) (Eq. 2)

Morphological observations (shoot and root length -cm-; fresh and dry weight -mg per plant-) were made on the
seedlings that developed 14 days after the start of the experiment (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 et al., 2008) (Eq. 3)

Dry matter (DM) = (dry weight/fresh weight) x 100 (Bresetal., 2022) (Eq. 4)
Vigor index (VI) = (average root length + average hypocotyl length) x germination percentage (GP)

(Abdul-Baki and Anderson, 1973) (Eq. 5)

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. 6)

Figure 1. 14-days-old L. corniculatus (cv. ‘AC Langille’) seedlings at different PEGsoo treatments under in
vitro conditions. A) 0% PEGeooo; B) 4% PEGeooo; E) 8% (w/v) PEGsooo
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2.4, Statistical Analysis

The data collected were analyzed using a one-way Analysis of Variance (ANOVA) in the statistical software
package SPSS 22. This analysis aimed to evaluate whether the treatments had a significant impact on the observed
parameters. The statistical significance of the means was assessed using the Duncan Multiple Range Test (DMRT) at
a significance level of P<0.05. Before statistical analysis, the data in percentages were transformed using Arcsine
transformation (Snedecor and Cochran 1967).

3. Results and Discussion

Lotus corniculatus cv. AC Langille's germination percentage, mean germination time, and germination rate
index (speed of germination) were all significantly (P<0.01) impacted by PEG-induced drought stress (Figure 2A-
2B-2C). The control had the highest percentage of seeds that germinated (73.33%), whereas the 8% PEGeooo
treatment had the lowest percentage of seeds that germinated (35.00%). The 4% PEGgooo treatment had the fastest
mean germination time (6.05 days), which was followed by the 8% PEGsoqo treatment (6.67 days), and the control
(6.68 days). The highest germination rate index (speed of germination) value was obtained with 11.78% in the
control group, and the lowest value with 6.22% was obtained in 8% PEGegooo treatment. Overall, germination
percentage was reduced by 45.45% and 52.27% under 4% PEGegooo and 8% PEGeooo treatments, respectively. The
mean germination time was shortened by 9.43% and 0.14% under 4% PEGeooo and 8% PEGeooo treatment
treatments, respectively. As compared to control, germination rate index (speed of germination) was reduced by
23.17% under 4% PEGsgoo0, and 47.19% under 8% PEGeooo treatments. The PEGsogo-induced drought conditions
also had an impact on shoot and root length (Figure 2D). Under control, 4% PEGeooo, and 8% PEGsogo treatments,
the shoot length was observed at 2.22cm, 2.10cm, and 1.16¢cm, respectively. Root lenght was recorded at 4.92cm,
3.50cm and 2cm under control, 4% PEGeooo and 8% PEGeooo treatments, respectively. The root to shoot ratio
recorded 2.21%, 1.97% and 1.73% in control, 4% PEG and 8% PEG treatments, respectively (Figure 2E). Shoot
lenght was reduced by 5.40% under 4% PEGeooo treatment, and 47.74% under 8% PEGeooo treatment, in
comparison with control. For root lenght, 28.86% and 59.34% reduction was noticed under 4% PEGgooo and 8%
PEGeoootreatments, respectively, as compared with control. The root to shoot ratio was reduced by 10.85% under
4% PEGgooo treatment, and 20.81% under 8% PEGgooo treatment, in comparison with control. Under conditions of
drought brought on by the PEGeooo treatments, the shoot fresh weight, root fresh weight, the shoot dry weight, and
root dry weight of L. corniculatus seedlings was considerably impacted (Figure 2F-2G). The control group
recorded the highest fresh weight of shoot (0.043 mg) and root (0.072 mg), whereas 8% PEGeooo treatment yielded
the lowest fresh weight of shoot (0.014 mg) and root (0.010 mg). Similar to this, the control group had the highest
dry weights of the shoot (0.0046 mg) and root (0.0028 mg), while 8% PEGsogo treatment had the lowest dry weights
of the shoot (0.0033 mg) and root (0.0019 mg). The highest reduction in fresh weight of shoot and root by 67.44%
and 86.11%, and dry weight of shoot and root by 28.26% and 32.14%, respectively, was seen under 8% PEGgono
treatment, on average, compared to control. Shoot and root dry matter ratio was also influenced (P<0.01) by the
drought treatments (Figure 2H). The highest dry matter of shoot (23.27%) and root (19.28%) was obtained in 8%
PEGeooo While the lowest dry matter of shoot (10.67%) and root (4.16%) was measured under control. Overall,
drought stress increased the shoot dry matter ratio by 40.48% and 118.08% while the root dry matter ratio by
90.86 % and 363.46% under 4% PEGgoo and 8% PEGeooo treatments, respectively. Under conditions of drought
brought on by the PEG treatments, the root to shoot dry matter ratio of L. corniculatus seedlings was considerably
(P<0.01) impacted (Figure 2I). In terms of root to shoot dry matter ratio, 8% PEGeooo had the highest value (0.82%),
followed by 4% PEGeooo With a value of 0.54% and control with a value of 0.38%. The root to shoot dry matter
ratio increased gradually from 42.10% under 4% PEGgooo to 118.75% under 8% PEGeooo treatment. Water content
of shoot and root was also influenced (P<0.01) by the drought treatments (Figure 2J). The highest water content
of shoot (89.32%) and root (95.83%) was obtained in control while the lowest dry matter of shoot (76.72%) and
root (80.71%) was measured under 8% PEGegooo. When treated with 4% PEGeooo and 8% PEGeono, respectively,
water contents of shoot and root showed reductions of 4.83% and 3.94% and 14.10% and 15.77%. Similarly, PEG
treatment had an impact on L. corniculatus's seedling vigor index (Figure 2K). PEGeono treatments caused a
significant (P<0.01) reduction of seedling vigor index. The highest seedling vigor index value was obtained from
the control group with 525.6, followed by 196 with 4% PEGegono treatment and 127.22 with 8% PEGeoqo treatment,
respectively. Under treatments with 4% PEGegooo and 8% PEGeono, it dropped by 67.70% and 75.79%, respectively.
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Figure 2. The effect of different levels (0% PEGeooo, 4% PEGeooo, and 8% PEGeooo) of the simulated
drought stress on germination percentage, mean germination time, germination rate index, shoot and root
length, root shoot length ratio, shoot and root fresh weight, shoot and root dry matter, root shoot dry matter

ratio, shoot and root water content, and seedling vigor index of 14-days-old L. corniculatus seedling. **:
P<0.01; *: P<0.05.

A significant abiotic factor that significantly reduces crop productivity in the world's arid and semi-arid regions
is drought stress. Drought or a water shortage affects germination, which in turn lowers seedling emergence and
stops plants from growing further. Successful crop establishment in semi-arid regions mostly depends on good and
quick seed germination, which is closely related to seeds' ability to even sprout in the presence of water shortages
(Khan et al., 2019). The results of this investigation showed that the growing drought stress steadily hindered
(52.27% compared to control with 8% PEGsooo treatment) L. corniculatus seed germination (Figure 2A). Water
stress may cause a decrease in the percentage of seeds that germinate because it makes water less permeable
through the seed coat and causes seeds to absorb less water initiall (Turk et al., 2004; Bahrami et al., 2012). Similar
to the results of this study, it was reported that germination percentage decreased due to increasing drought stress
(PEGso0o-induced) in other legumes such as sainfoin, alfalfa and white clover (Wang et al., 2009; Hamidi and
Safarnejad, 2010; Li et al., 2013; Demiroglu-Topgu and Ozkan, 2016; Bigake! et al., 2020; Tong et al., 2021).
However, our results highlighted that drought treatments (especially, 4% PEG6oqo) resulted in shortening of mean
germination time (Figure 2B). Slow germination and slow establishment are a serious problem for L. corniculatus.
Therefore, researchers try to increase fast of germination of L. corniculatus with using some priming techniques.
Using PEGeono is one of these priming techniques. Aydinoglu (2019) reported that the negative effect of drought
stress on germination in some forage crops can be reduced by PEGeooo priming. However, Jia et al. (2020) noted
that a low concentration PEG solution can be employed as an osmotic regulator to control the level and status of
water absorption in cells. This can stabilize water absorption in seeds, which will increase their germination and
tidy rate. Therefore, it can be interpreted that the concentration of 4% PEGeooo treatment makes a positive
contribution to the seed germination rate of L. corniculatus due to the osmotic potential it creates. However, the
mechanism that allows this situation needs to be clarified with more detailed studies (such as physiological,
biochemical and molecular). Drought stress influenced the germination rate index (speed of germination) of L.
corniculatus. The germination rate index (speed of germination) decreased most significantly due to increased
PEGeooo treatments (Figure 2C). As the concentration of the PEG solution increased, the germination of L.
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corniculatus seeds was also inhibited, according to the study's findings. This could be because low water potential
or high osmotic pressure made it difficult for seeds to absorb water during their initial stages of germination, which
prevented seeds from germinating normally (Lamia et al., 2012). This show that the negative osmotic effect of
PEG on germination, which is in agreement with earlier studies in white clover (Hou and Ma, 2022), sesame
(Ahmed et al., 2022), and desert plants (Yousefi et al., 2020). Shoot and root lenght, root shoot ratio, shoot and
root fresh weight, shoot and root dry weight parameters are important seedling growth characteristics of seedling
establishment. Drought exposure resulted in lower root length, shoot length, root shoot ratio, root and shoot fresh
and dry weight at all tested stress levels (Figure 2D-2E-2F-2G). Similar findings were made in earlier studies by
Ahmed et al. (2022), who found that lower osmatic potential during drought conditions had a negative impact on
seedling characteristics of sesame. When lenght, fersh and dry weight were evaluated together for shoot and root
organs, it was determined that the highest decrease for lenght and dry weight was in the root under drought stress,
however, the highest decrease in fresh weight was in the shoot. It can be interpreted that the further decrease in
the lenght and dry weight parameters of the root organ may have occurred because it is the first and harder organ
to be exposed to the stress factor. However, the fact that the decrease in fresh weight is less can be interpreted as
the fact that the root organ has a higher water content compared to the shoot (Figure 2J). Furthermore, the variation
in length and fresh and dry weight of shoots and roots could be caused by two factors: (1) impaired cell division
and elongation, which eventually slowed down plant growth; and (2) damage from dehydration to the meristem
cells of the root and shoot, which interfered with cell division and elongation (Ahmed et al., 2022). A functional
balance of growth is provided by the biomass partitioning of roots and shoot growth. Root growth depends on the
availability of photosynthates from the shoot, but shoot growth depends on the water absorbed from the root. When
under drought stress, stored photosynthates are transferred to the root, allowing it to grow and expand in search of
soil water when shoot expansion becomes constrained. The name "Water Spenders" refers to plants that have
adapted morphologically to avoid drought stress by increasing root depth, root to shoot ratio, and maintaining
water potential above that of the environment (Farooq et al., 2009; Farooq et al., 2012; Bodner et al., 2015;
Dissanayake et al., 2019). Therefore, it can be seen as an adaptation developed by this plant so that it can withstand
the stress factor more strongly. These findings support earlier research by Hamidi and Safarnejad (2010),
Demiroglu-Topgu and Ozkan (2016), Beyaz (2022) and Ahmed et al., (2022) who found significant decreases in
growth paramaters of alfalfa, sainfoin, common vetch and sesame under PEGeoo induced drought stress. The
partitioning of dry matter (DM) in plants is closely correlated with crop productivity during drought stress (Rauf
and Sadagat, 2007). PEGeooo0 induced-drought stress significantly increased dry matter ratio of shoot and root of L.
corniculatus seedlings (Figure 2H). The results revealed that this increase was greater in the root (363.46%) than
in the shoot (118.08%) at the highest PEGeo0o (8%) treatment. However, this increase is indicated by root shoot
dry matter ratio (Figure 21). Similar to the research findings, Beyaz (2022) reported that in vitro PEGgooo drought
treatment (10%) caused an increase in dry matter ratio in both shoot and root organs of common vetch, and this
increase was more in the root. A decrease in water content and disruption to cellular membranes, which aid the
body in coping with abiotic stresses such as drought, are the primary impacts of stress (Zhou et al., 2012).
According to the results of the research, drought treatments caused a decrease in both shoot and root organ water
content (Figure 2J). This decrease was greater at the root (15.77%) under highest PEG treatment, in comparison
with control. Meher et al. (2018) stated that with an increase in PEGgoo0 concentrations (5%, 10%, 15%, and 20%),
relative water content (RWC) dramatically decreased in both leaves and roots of peanut. Seed vigor, a crucial
indicator of seed quality, assesses the likelihood of rapid and uniform plant emergence (Yousef et al., 2020).
Drought stress has an inhibiting influence on the seedling vigor index in the current investigation (Figure 2K). In
this study, the calculation of seedling vigor index was made by considering seed germination, shoot and root length.
Therefore, the sharp decrease in these parameters caused by drought stress also affected seedling vigor index. A
very significant loss of 75.79% occurred in seedling vigor index of L. corniculatus cultivar AC Langille with 8%
PEGeooo treatment. The findings of present study are in agreement with the results of Ahmed et al. (2022), Badr et
al. (2020), Yousef et al. (2020), and Hou and Ma (2022) who reported the PEGgono-induced drought stress caused
a decrease in seedling vigor index.

4. Conclusions

In nutshell, PEGeoo induced-drought stress significantly inhibited germination and seedling growth of Lotus
corniculatus cultivar 'AC Langille’. When seed germination parameters (germination percentage+germination rate
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index) were evaluated cumulatively and their means were calculated, 8% PEGgooo treatment caused a 49.73% decrease.
On the other hand, in the 4% PEGeono treatment, a 9.43% shortening of the mean germination time occurred, most
likely due to the low dose effect. When the above-ground parameters (lenght+fresh and dry weight+ water content of
shoot) were evaluated cumulatively and their means were calculated, 8% PEGeooo treatment caused a decrease of
37.69%. However, when the below-ground parameters (lenght+fresh and dry weight+water content of root) were
evaluated cumulatively and their means were calculated, 8% PEGeooo treatment caused a decrease of 47.37%. On the
other hand, the above-ground dry matter ratio increased by 118.08% and the below-ground dry matter ratio increased
by 363.46%. Additionally, L. corniculatus has lost 75.79% of its seedling vigor index under 8% PEGggoo treatment.
Therefore, in the light of these data, it is seen that the L. corniculatus will suffer a high yield loss under the drought
stress at the osmotic potential (-1.03 bar) created by 8% PEGeogo treatment. In future studies, it is recommended that
the germination and initial seedling growth stage of salt stress, which is defined as a sister to drought stress in nature,
should be tested to determine the L. corniculatus responses, which are stated to be sensitive to salinity.

887



Beyaz
Germination and seedling properties of Lotus corniculatus L. under simulated drought stress

References
Abdul-Baki, A. A. and Anderso, J. D. (1973). Vigor determination in soybean seed by multiple criteria. Crop Science, 13: 630-633.

Ahmed, M., Kheir, A. M. S., Mehmood, M. Z., Ahmad, S. and Hasanuzzaman, M. (2022). Changes in germination and seedling traits of sesame
under simulated drought. Phyton, 91(4): 713-726.

Al-Enezi, N. A., Al-Bahrany, A. M. and Al-Khayri, J. M. (2012). Effect of X-irradiation on date palm seed germination and seedling growth.
Emirates Journal of Food and Agriculture, 24(5): 415-424.

Aydinoglu, E. (2019). Effects of seed treatments (priming) on germination characteristics and seedling development of certain leguminous
forage crops under salt and drought stress. (MSc. Thesis) Akdeniz University, Institute of Natural and Applied Sciences.

Badr, A., El-Shazly, H. H., Tarawneh, R. A. and Bérner, A. (2020). Screening for drought tolerance in maize (Zea mays L.) germplasm using
germination and seedling traits under simulated drought conditions. Plants, 9(5): 1-23.

Bahrami, H., Razmjoo, J. and Jafari, A. O. (2012). Effect of drought stress on germination and seedling growth of sesame cultivars (Sesamum
indicum L.). International Journal of AgriScience, 2: 423-428.

Bao, A. K., Wang, Y. W., Xi, J. J,, Liu, C., Zhang, J. L. and Wang, S. M. (2014). Co-expression of xerophyte Zygophyllum xanthoxylum
ZxNHX and ZxVVP1-1 enhances salt and drought tolerance in transgenic Lotus corniculatus by increasing cations accumulation. Functional
Plant Biology, 41: 203-214.

Beyaz, R. (2022). Morphological and biochemical changes in shoot and root organs of common vetch (Vicia sativa L.) after exposure to drought
stress. Science Asia, 48: 51-56.

Beyaz, R., Kaya, G., Cocu, S. and Sancak C. (2011). Response of seeds and pollen of Onobrychis viciifolia and Onobrychis oxyodonta var.
armena to NaCl stress. Scientia Agricola, 68(4): 477-481.

Bigaket, T., Aksu, E. ve Arslan, M. (2020). Determination of germination characteristics of covered alfalfa (Medicago sativa L.) seeds in
drought stress conditions. Journal of Tekirdag Agricultural Faculty, 17(2): 124-136.

Bodner, G., Nakhforoosh, A. and Kaul, H. P. (2015). Management of crop water under drought: A review. Agronomy for Sustainable
Development, 35(2): 401-442.

Bres, W., Kleiber, T., Markiewicz, B., Mieloszyk, E. and Mieloch, M. (2022). The effect of nacl stress on the response of lettuce (Lactuca
sativa L.). Agronomy, (12)244:1-14.

Demiroglu-Topgu, G. and Ozkan, S. S. (2016). Effects of salt and drought stresses on germination and seedling growth of sainfoin (Onobrychis
viciifolia Scop.). Journal of Agricultural Faculty of Uludag University, 30: 406-409.

Dissanayake, I. A. J. K., Ranwala, S. M. W. and Perera, S. S. N. (2019). Germination and seedling growth responses of Sri Lankan grown
Sesame/Thala (Sesamum indicum L.) for simulated drought Conditions. Journal of the National Science Foundation of Sri Lanka, 47(4):
479-490.

Ellis, R. H. and Roberts, E. H. (1980). Towards a rational basis for testing seed quality. p. 605-635. In: Hebblethwaite, P.D., ed. Seed production.
Butterworths, England.

Faroog, M., Hussain, M., Wahid, A. and Siddique, K. H. M. (2012). Drought stress in plants: an overview. Plant Responses to Drought Stress
from Morphological to Molecular Features (eds R. Aroca), pp.1-33. Springer, Heidelberg, Berlin, Germany.

Farooq, M., Wahid, A., Kobayashi, N., Fujita, D. and Basra S. M. A. (2009). Plant drought stress: effects, mechanisms and management. In:
Sustainable Agriculture (eds E. Lichtfouse, M. Navarrete, P. Debaceke, S. Véronique & C. Alberola), pp. 153-188. Springer, Dordrecht,
Netherlands.

Gamborg, O. L., Miller, R. A. and Ojima, K. (1968). Nutrient requirements of suspension cultures of soybean root cells. Experimental Cell
Research, 50: 151-155.

Hamidi, H. and Safarnejad, A. (2010). Effect of drought stress on alfalfa cultivars (Medicago sativa L.) in germination stage. American-
Eurasian Journal of Agricultural & Environmental Sciences, 8(6): 705-709.

Hou, M. and Ma, M. (2022). Effect of PEG-simulated drought stress on seed germination of three medicinal liquorice (Glycyrrhiza) species.
Legume Research, 45(11): 1388-1393.

Hunt, S. R., MacAdam, J. W. and Reeve, J. R. (2014). Establishment of birdsfoot trefoil (Lotus corniculatus) pastures on organic dairy farms
in the Mountain West USA. Organic Agriculture, (1): 1-18.

ISTA (International Seed Testing Association). (2003). International rules for seed testing. Bassersdorf, Switzerland.

Jia, K., DaCosta, M. and Ebdon, J. S. (2020). Comparative effects of hydro-, hormonal-, osmotic- redox- priming on seed germination of
creeping bentgrass under optimal and suboptimal temperatures. Hortscience, 55(9): 1453-1462.

Khan, M. N., Zhang, J., Luo, T., Liu, J., Ni, F., Rizwan, M., Fahad, S. and Hu, L. (2019). Morpho-physiological and biochemical responses of
tolerant and sensitive rapeseed cultivars to drought stress during early seedling growth stage. Acta Physiologiae Plantarum, 41: 1-25.

888



JOTAF/ Journal of Tekirdag Agricultural Faculty, 2023, 20(4)

Lamia, H., Naoufel, S., Larbi, K. M. and Nejib, R. M. (2012). Effect of osmotic stress on Myrtus communis germination. Biologia, 67(1): 132-
136.

Li, H., Li, X., Zhang, D., Liu, H. and Guan, K. (2013). Effects of drought stress on the seed germination and early seedling growth of the
endemic desert plant eremosparton songoricum (Fabaceae). EXCLI Journal, 12: 89-101.

Luo, Y. Z, Li, G., Yan, G., Liu, H. and Neil, C. (2020). Turner morphological features and biomass partitioning of lucerne plants (Medicago
sativa L.) subjected to water stress. Agronomy, 10(322): 1-10.

Maguire, J. D. (1962). Speed of germination-aid in selection and evaluation for seedling emergence and vigor. Crop Science, 2: 176-177.

Martinez-Santos, E., Cruz-Cruz, C. A., Spinoso-Castillo, J. L. and Bello-Bello, J. J. (2021). In vitro response of vanilla (Vanilla planifolia
Jacks. ex Andrews) to PEG-induced osmotic stress. Scientific Reports, 11(22611): 1-10.

Meher, Shivakrishna, P., Reddy, K. A. and Rao, D. M. (2018). Effect of PEG-6000 imposed drought stress on RNA content, relative water
content (RWC), and chlorophyll content in peanut leaves and roots. Saudi Journal of Biological Sciences, 25(2018): 285-289.

Michel, B. E. and Kaufmann, M. R. (1973). The osmotic potential of polyethylene glycol 6000. Plant Physiology, 51: 914-916.

Murshed, R., Najla, S., Albiski, F., Kassem, I., Jbour, M. and Al-Said, H. (2015). Using growth parameters for in-vitro screening of potato
varieties tolerant to salt stress. Journal of Agricultural Science and Technology, 17: 483-494.

Papadopoulos, Y. A., Choo, TM. Christie, B. R., Thomas, W. G., McKenzie, D. B., Bélanger, G., Sutherland, K., McRae, K. B. and Fillmore,
S. A. E. (1998). AC Langille birdsfoot trefoil. Canadian Journal of Plant Science, 653-654.

Rauf, S. and Sadaqgat, H. A. (2007). Effects of varied water regimes on root length, dry matter partitioning and endogenous plant growth
regulators in sunflower (Helianthus annuus L.). Journal of Plant Interactions, 2(1): 41-51.

Snedecor, G. W. and Cochran, W. G. (1967). Statistical Methods, 6th ed. Ames, lowa: lowa State University Press. p 693.

Soltanbeigi, A. (2019). Effect of drought stress and seed pretreatment with CCC on yield and yield components of maize varieties. Journal of
Tekirdag Agricultural Faculty, 16(1): 55-64.

Striker, G. G., Insausti, P., Grimoldi, A. A., Ploschuk, E. L. and Vasellati, V. (2005). Viviana Physiological and anatomical basis of differential
tolerance to soil flooding of Lotus corniculatus L. and Lotus glaber Mill. Plant and Soil, 27: 301-311.

Tong, R., Liu, X., Mu, B., Wang, J., Liu, M., Zhou, Y., Qi, B., Li, Y. and Mu, C. (2021). Impact of seed maturation and drought on seed
germination and early seedling growth in white clover (Trifolium repens L.). Legume Research, 44(6): 736-740.

Turk, M. A,, Tawaha, A. R. M. and Lee, K. D. (2004). Seed germination and seedling growth of three lentil cultivars under moisture stress.
Asian Journal of Plant Sciences, 3(3): 394-397.

Ijnliisoy, A. G., Yolcu, S., Bor, M., Ozdemir, F. and Tiirkan, 1. (2022). Activation of Photorespiration facilitates drought stress tolerance in
Lotus corniculatus. Journal of Plant Growth Regulation, 2023(42): 2088—2101.

Wang, W. B., Kim, Y. H., Lee, H. S., Kim, K. Y., Deng, X. P. and Kwak, S. S. (2009). Analysis of antioxidant enzyme activity during
germination of alfalfa under salt and drought stresses. Plant Physiology and Biochemistry, 47: 570-577.

Yousefi, A. R., Rashidi, S., Moradi, P. and Mastinu, A. (2020). Germination and seedling growth responses of Zygophyllum fabago, Salsola
kali L. and Atriplex canescens to PEG-Induced drought stress. Environments, 7(107): 1-10.

Zheng, Y., Jia, A., Ning, T., Xu, J., Li, Z. and Jiang, G. (2008). Potassium nitrate application alleviates sodium chloride stress in winter wheat
cultivars differing in salt tolerance. Journal of Plant Physiology, 165: 1455-1465.

Zhou, M. L., Ma, J. T., Zhao, Y. M., Wei, Y. H., Tang, Y. X. and Wu, Y. M. (2012). Improvement of drought and salt tolerance in Arabidopsis
and Lotus corniculatus by overexpression of a novel DREB transcription factor from Populus euphratica. Gene, 506: 10-17.

889



