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ABSTRACT
Onion (Allium cepa L.) is one of the most important vegetable in Turkey, and often cultivated in arid and
semiarid regions with salinity problems. In the first year of the study, three onion varieties were evaluated at
various levels of salinity to identify susceptibility and tolerance levels. At the end of the experiment, “Akgun”
determined more tolerant than the other varieties. At 9.6 dSm™ condition, the survived individuals of this variety
were selected as “candidate line”. Selected individuals were grown to maturity and self-pollinated to produce
next generations. In the third year of the study, the plants have been grown in vermiculite by substrate culture
technique. The early plant stage at the 250 mM NaCl was used for the second selection studies. The same
selection procedures were repeated once more on the next season. At each selection stage, the individuals were
selected based on plant mortality. At the last year of study, the selected line was evaluated for both seed
germination and seedlings growth at three treatment levels of 0 (nonstress), 250 mM, and 350 mM NaCl and
were compared with the unselected population. The results indicated that selections were effective at all two
salt-stress levels.
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I. INTRODUCTION

The saline conditions have numerous intensive effects on plant growth because of a low particular ion
effect, osmotic potential of the soil solution, nutritional instabilities, or a combination of these factors [1;2].
According to the predictions of the scientists, around 50% of the current planted land for cultivation might be
lost by 2050 if the present scenario of salinity stress would continue [3]. In addition to this, worldwide yearly
losses in agricultural output from salt-affected lands are in excess of US$12 billion and rising [4].

Developing varieties able to maintain productive at low to moderate levels of salt stress by breeding
studies may provide a relatively cost-effective short-term solution to this issue [5]. The determination of
varieties as tolerant or sensitive would be an influential strategy to accomplish the salinity stress. According to
the behavior in saline environments, plants can be classed as glycophytes (salt susceptible) halophytes (salt
tolerant) [6;7]. Many glycophytes are incapable to transcribe osmotically under salt stress. In contrast,
halophytes generally sustain high turgor potential by the accumulation of ions [6]. According to Flowers and
Yeo (1995), five methods can be suggested to develop salt-tolerant varieties: (1) develop new crops from
halophytes, (2) interspecific hybridization between current crops, (3) utilization of the variation already present
in available crops, (4) create variation within present crops by using repeated selection, mutagenesis or tissue
culture, (5) developing new varieties for high yield rather than salt tolerance [8]. Strategies for breeding for salt
tolerance were described long ago for in both cross-pollinating and self-pollinating species by Dewey (1962)
and Ramage (1980) [9;10].

Onion (A. cepa L.) has a big importance in agricultural production in over the entire world. Vavilov
(1926) reported that the main center of domestication and diversity is Southwest Asia. In addition, the
Mediterranean region is defined as the secondary center of origin for onions with large bulbs [11;12]. In 2016,
93 million tons of onions were harvested from 4.96 million hectares area worldwide. The Turkeys’ onion
production quantities were 2.12 million tons in the same year [13]. Onion is classified as salt-sensitive with 1.2
dS-m-—1 electrical conductivity (EC) threshold [14;15]. A lot of reports have been published about on influence
of salinity on germination capability, growth parameters, yield attributes, and flavor in this crop
[16;17;18;19;20;21].

The present study was designed with the aims of the selection of onion genotypes for moderate salinity
stress tolerance. For this aim, the effectiveness of repeated phenotypic selection was investigated.
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Il. MATERIAL AND METHOD

The study was conducted between 2011 and 2018 at the laboratories and greenhouses of the Atattirk
Central Horticultural Research Institute. The selected individuals of “Akgun” variety were plant material of the
study. This selection has been done during the project of “The determination of abiotic stress tolerance levels of
some Turkish onion varieties”. In this project, onion varieties were tested with different methods such as
germination tests, in vitro screening, pot trials etc. [22;23;24]. The schematic representation of the experiments
has been shown in Figure 1.

In the first year of the study, the germination of some onion varieties was tested at different salinity
conditions [22]. At the end of germination test, the tolerance levels of varieties were determined using
morphological parameters such as mean germination time (days) germination percentage (%), seedling fresh and
dry weight (mg), shoot length (cm). At highest salinity condition, the survived seedlings of the most tolerant
variety were selected as “candidate line” (Akg-Tz-1). These seedlings were transferred into plastic pots and
were grown to maturity. The bulbs of these plants harvested at end of the season and stored until the sowing.
The bulbs of the selected line were planted in the second year and, flowers were self-pollinated. Matured seeds
were collected from individual plants.

In the third year of the study, the seeds of “Akg-Tz-1" were sown in viols which filled with perlite/peat
(1:1) material. After 21 days, seedlings were transplanted into 1.6 liters pots. The pots were filled with 1.5 liters
of vermiculite. The planted seedlings were watered during a two-day period with Hoagland's solution [25]
before selection treatments. During the selection stage, salinity level in the nutrition solution was increased by
steps of 25 mM per irrigation until the final NaCl concentration was reached to 300 mM. The individuals were
selected at the end of 4™ week of the selection stage based on plant mortality. These plants (The line: Akg-Tz-2)
were transferred into plastic pots and were grown until bulb formation. The bulbs of these plants harvested and
stored for the next season. These bulbs were planted in the fourth year and, flowers were self-pollinated. Bulked
seeds were collected from plants [22].

During the third selection stage, all stages were repeated as in the previous stage. The line Akg-Tz-3
established at the end of the fifth year. In the last year of study, the selected line was evaluated for both seed
germination and seedlings growth at four treatment levels of 0 (honstress), 250, and 350 mM NaCl and were
compared with unselected populations
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Figure 1. Diagrammatic representation of the method conducted to selection for salt tolerance during
germination and early plant development in onion.

I11. RESULTS

1.1 Experiment-1

In general, germination rates were reduced by increased salinity level (Table 1). This effect was more prominent
in “Imrali Kirmasi-15” than in other varieties. In each variety, the highest percentage of seed germination was
obtained in the control treatment. Generally, shoot length declined as salinity concentration increased. In all
salinity conditions, "Akgun" indicated a higher germination percentage than the other varieties.. Significant
variation was monitored between the three varieties for germination percentage, especially at higher salt
conditions. In this stage of the study, the “Akgun” variety has been determined as more salt-tolerant than other
varieties [22]. At 9.6 ds/m salinity condition, the survived seedlings (a total of 12 individuals) of the “Akgun-
12” were selected as “candidate line” (Akg-Tz-1).
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Table 1. Germination percentage of varieties in salinity conditions (%) [22].

Salinity Varieties

(ds/m) Kantartopu Imrali Kirmasi Akgun
0.0 91.00A* a* 82.50B a 92.00Aa
12 76.50A b 79.50A a 85.50A ab
24 64.50BC ¢ 74.50AB a 79.50A bc
4.8 48.50B d 63.00A b 73.00A cd
9.6 44.50B d 46.50B ¢ 66.50A d

*Indents inside of each row that has varied capital letter are statistically significantly different from each other.
Indents inside each column that have a different small letter are significantly different from each other (P <
0.01).

Table 2. Survived individuals of onion varieties under the different salt concentrations

Salinity | Sowed Kantartopu Akgun Imrali Kirmasi

(ds/m) | Seeds GeEﬂTStEd Survived (30 d)| % Ge?in;r;ted Survived (30 d)| % GeETzllr:ja)md Survived (30 d)| %
0 200 181 183 164
1.2 200 151 170 158
2.4 200 128 Not observed 159 Not observed 149 Not observed
4.8 200 96 145 125
9.6 200 88 1 Jos 132 8 |40 92 1 Jos

1.2. Experiment-2 and Experiment-3

A total of 192 seeds were sowed at the second stage of the study. Only 14 of them survived at end of the
experiment. All observed parameters such as plant length (cm), neck diameter (mm), leaf number (amount), leaf
diameter (mm) were reduced by increased salinity level. At the beginning of the third stage, a total of 253 seeds
were sowed. After the selection in substrate culture experiment, 22 individuals were selected based on plant
mortality (Table 3). These plants were grown to maturity and self-pollinated to produce the next generations.

Table 3. Survived individuals of candidate line during selection 2 and selection 3 stages

Salinity Akg-Tz-1 (Selection 2) Akg-Tz-2 (Selection 3)
(mM) Sowed Survived (60d) % Sowed Survived (60 d) %
300 mM 192 14 7.3 253 22 8.7

1.3. Experiment-4
Germination performance of Akg-Tz-3 line and the unselected populations have been shown in Table 4. Seeds
of Akg-Tz-3 showed higher germination percentage than the unselected population under control and salinity
conditions. At the 250 mM and 350 mM salt concentration, the unselected population did not show 50%
germination by the end of experiments (14 d). Under non-saline condition, their germination responses were
similar to the Akg-Tz-3.

Table 4. Comparasion of the Akg-Tz-3 line and the unselected population under the different salt concentrations

Akg-Tz-3 Akgun (unselected population
Salinity Sowed Germinated Survived Germinated Survived
(mM) (14 d) (60 d) (14 d) (60 d)
Number % Number % Number % Number %
0 90 84 93.3 82 91.1 83 92.2 82 91.1
250 90 65 722 39 433 41 455 16 17.8
350 90 32 35.6 13 14.4 18 20.0 2 2.2

IV. DISCUSSION
It is known that the mechanism of tolerance to salinity showed the mutagenic inheritance, and
regulated by a lot of genes. A number of reports indicate that these genes are distributed all along the entire set
of chromosomes In some genomes. Some factors such as interactions between genotype and environment,
Epistasis, strong environmental effects makes difficult development workings to promotion salinity tolerance of
a number of crops. Additionally, it is assumed that the yield is the most main criterion for specifying the
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response to various abiotic stresses including salinity stress, but the underlying genetic mechanisms for grain
yield are complex with substantial environmental influence. Two main factors, low heritability, and complex
inheritance restrict the influences of selection for grain yield or biomass production under abiotic stresses [1]. In
recent years, researchers have made substantial developments to improve salinity tolerance in a number of
agricultural crops with high potential using conventional breeding and artificial selection techniques. These
attempts rely on sufficient heritability of the overall trait, for which there is evidence for sorghum [26], tomato
[27;28], wild grasses [29], maize [30]. The effectiveness of selection under saline conditions have been proved
in both rice [31] and tomato [32].

V. CONCLUSION

The current study indicates that onion is sensitive to moderate levels of NaCl. According to results of
present study, seed germination capability and seedlings growth were reduced at salt concentrations above 150
mM. The sectional results represent that onion seed germination and seedling growth under salinity conditions
can be effectively improved by directional phenotypic selection. And this selection can be applied during
germination and early plant development stage. This research reported the salt-tolerant onion line from
selection, it will be essential to further study about the fertility in saline fields. The highly salt-tolerant onion
line may be used as a genetic resource to understand the genetic mechanism of tolerance.
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