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Abstract. Salinity is a global problem that threatens chickpea (Cicer arietinum L.) cultivation in all stages
osmo-

from germination to maturity. Also, salt-affected areas in the World are increasing by the day. Germination

toxicity,

is one of the primary stages affecting plant growth and seed yield. Thus, germination performance of

alleviation,

seeds has a vital role in vegetative and productive stages. Seed priming, a cheap and easily applicable

uniformity of germination

technique, improves the germination performance by regulating enzymatic reactions and controlling

priming,
stress

ion

water intake. Seed priming is controlled hydration of seeds soaked in a solution that has low osmotic
potential to start the germination metabolism without elongation of radical. The aim of the study was to
investigate the effects of different priming treatments on germination traits of chickpea under saline
conditions. Three levels of salinity (control, 50 mM and 100 mM NaCl) and 5 priming treatments (nonprimed, hydro-priming, 0.1 mM, 0.2 mM and 0.3 mM salicylic acid) were used in the study. Germination
percentage (GP), mean germination time (MGT), germination rate (GR), germination index (GI) and
coefficient of uniformity of germination (CUG) were varied between 80.7-98.3%, 1.40-2.67 day, 38.1-75.7,
37.5-72.5 and 0.3-0.7, respectively. Although all treatments caused significant positive effects, the 0.2 mM

*Corresponding author SA mostly improved the germination traits in the study. Also, it was determined that 0.2 mM salicylic acid
ceritoglu@siirt.edu.tr

priming is the threshold for chickpea and higher concentrations have inhibitory effects on the germination
process.

Nohut Çimlenmesi Üzerine Tuzluluk Stresinin Salisilik Asit Priming ile Azaltılması
Anahtar kelimeler:
Hidro-priming,
osmopriming, iyon toksisitesi,
stress azaltma, çimlenme
üniformitesi

Özet. Tuzluluk, nohut (Cicer arietinum L.) tarımını çimlenmeden olgunluğa kadar her aşamada tehdit eden
küresel bir sorundur. Ayrıca, yeryüzünde tuzluluktan etkilenen alanlar giderek artmaktadır. Çimlenme ürün
kalitesini ve tane verimini etkileyen evrelerin başında gelir. Bu nedenle, tohumların çimlenme
performansları vejetatif ve generatif gelişim dönemleri açısından hayati önem taşımaktadır. Ucuz ve kolay
uygulanabilir bir teknik olan priming, su alımını kontrol ederek ve enzimatik reaksiyonları düzenleyerek
çimlenme performansının artmasını sağlar. Priming, düşük osmotik potansiyele sahip bir çözeltide
bekletilerek tohumun çimlenme metabolizmasının kökcük çıkışı olmaksızın başlatıldığı kontrollü su alımını
ifade eder. Çalışmanın amacı, tuzluluk stresi altındaki nohutta farklı priming uygulamalarının çimlenme
özellikleri üzerine etkilerini belirlemektir. Çalışmada 3 tuzluluk seviyesi (kontrol, 50 mM NaCl ve 100 mM
NaCl) ve 5 ekim öncesi uygulama (kontrol, hidro-priming, 0.1, 0.2 ve 0.3 mM salisilik asit) kullanılmıştır.
Çimlenme yüzdesi (% 80.7-98.3), ortalama çimlenme süresi (1.40-2.67 gün), çimlenme hızı (38.1-75.7),
çimlenme indeksi (37.5-72.5) ve çimlenme üniformluk katsayısı (0.3-0.7) değerleri , , ve Belirlenmiştir.
Çalışmadaki tüm uygulamalar önemli pozitif etkilere sebep olmasına rağmen 0.2 mM SA uygulması
çimlenme özelliklerini en çok iyileştiren uygulama olmuştur. Ayrıca, 0.2 mM SA uygulamasının nohutta eşik
değer olduğu, daha yüksek konsantrasyonların çimlenme süreci üzerine engelleyici/azaltıcı etki gösterdiği
tespit edilmiştir.
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INTRODUCTION
Chickpea (Cicer arietinum L.) is one of the most nutritionally and economically important grain legumes. Nearly
17.2 million tons of chickpea is grown on 17.1 million hectares area over the World (FAOSTAT, 2018). Due to its
highly nutritious composition which includes carbohydrate (54-71%), protein (13–31%), vitamins, phosphorus and
physiologically active ingredients, chickpea constitutes a substantial step of essential nutrients in many regions
(Xing et al., 2020). Also, chickpea, similar to other grain legumes, is an important part of rotation systems (Francis
et al., 1986; Ceritoglu and Erman, 2019) due to its high adaptability (Gan et al., 2009; Soysal et al., 2020) and
nitrogen fixation that enhances N content and productivity of soil (Soe et al., 2020).
Some abiotic and biotic stresses reduced chickpea productivity up to 1 ton ha–1 although it has the potential
to achieve 3.5–4 ton ha–1 under optimum growth conditions (Roorkiwal et al., 2018). Drought stress might restrict
chickpea yield by nearly 33% (Hajjarpoor et al., 2018) heat and drought stresses together cause a reduction of up
to 70% (Varshney et al., 2014). The other vital stress, salinity, also threatens chickpea cultivation. According to
estimates, the 7 billion hectares (Bha) land is arable on the world, of which 1.5 Bha can be cultivated, 340 million
hectares (Mha) is saline and, 560 Mha is sodic (Shahid et al., 2018). Due to irrigation practices, salt-affected areas
are increasing by the day. Although all grain legumes are sensitive to salinity stress, chickpea is one of the most
susceptible ones. Salt stress reduces the osmotic potential in the medium and prevents water intake by seeds,
moreover, increasing Na+ and Cl− ions inhibited the germination process (Goharrizi et al., 2020). The first
physiological process affected by salinity stress is water uptake due to the low water potential of the ambient.
Salinity negatively affects plant growth throughout its lifespan, from germination to maturity, and causes
significant stand establishment problems and yield losses (Singla and Garg, 2005). However, germination and
early growth stage are the main critical stages for optimum stand establishment of plants (Hubbard et al., 2012).
Seed priming is controlled hydration of seeds soaked in a solution that has low osmotic potential to start the
germination metabolism without elongation of radical (Sher et al., 2019). Many different methods are used as
seed priming techniques such as hydro-priming, halopriming, solid matrix priming, osmo-priming, nutria-priming,
hormonal priming and biopriming. Many researchers have reported that plant growth, tolerance to stress factors,
stand establishment and productivity of crops can be improved by seed priming (Farooq et al., 2017; Reis et al.,
2018; Haider et al., 2020; Maurya et al., 2020). Salicylic acid (SA) is commonly used as hormonal priming on
different grain legumes such as lentil (Azarnia et al., 2016), faba bean (Bouallegue et al., 2017), common bean
(Mohtashami et al., 2016), cowpea (Pakmehr et al., 2011), and pea (Farooq et al., 2007), therefore, reported to
increase plant growth, seed yield, and tolerance to stress factors. The SA is a vital signaling molecule that regulates
plant responses to pathogen infection (Shakirova et al., 2003). This study aims to evaluate whether SA priming is
a technique that can be used to mitigate the toxic effects of salinity on the germination of chickpeas or not.
MATERIAL AND METHOD
Material
The seeds of cv. Çakır which is a kabuli type chickpea (Cicer arietinum L.) were provided from Transitional Zone
Agricultural Research Institute. The selected cultivar has earliness (Anonymous, 2020) and salt-tolerant
characteristics (Ceritoglu et al., 2020).
Experimental Design and Treatment Details
This study was laid out in the laboratory of Field Crops department, Siirt University, Turkey, during 2020. The
experiment was conducted in a completely randomized design (CRD) with 3 replications. Three different NaCl
doses (control, 50 mM and 100 mM NaCl) and 5 priming treatments (non-priming, hydro-priming, SA1: 0.1 mM,
SA2: 0.2 mM and SA3: 0.3 mM salicylic acid) were used in the study. Before priming treatments, all tested seeds
were surface-sterilized with 2.5% sodium hypochlorite for 5 minutes, thereafter, rinsed with distilled water 3 times
(Gopalakrishnan et al., 2011). Hydro-primed seeds were soaked in distilled water for 18 hours where the seeds to
solution ratio were 1:5 (w/v) (Farooq et al., 2017). The seeds were weighed and imbibed with salicylic acid (SA)
solutions (3:1 seeds to solution ratio) for 12 h at 23 °C. The seeds were washed 3 times using distilled water to
remove salicylic acid from the seed coat, followed by drying in blotter at laboratory temperature for 1 day until
they had dried to original moisture content (±3%) (Jatana et al., 2020).
There was no evident split of seed coat or protrusion of radicle at the end of the priming period. Dry unprimed
seeds were used as control. The experiment was carried out in Petri dishes (90 mm × 1.5 mm) and 25 seeds were
placed among two layers of moist filter papers. The filter papers in Petris were irrigated with 20 ml solutions
(distilled water, 50 mM NaCl and 100 mM NaCl) at the beginning of the study. The filter papers were changed
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every 48 hours to prevent salt accumulation. The 20 ml solution was given at every paper changing. The Petri
dishes were placed in a closed system container in dark. The growth ambient temperature was maintained at 25
± 2°C throughout the experiment stated by Ullah et al. (2019). The seeds were accepted to be germinated when
the radicle length achieved 2 mm length (Matthews and Khajeh-Hosseini, 2007; Soleymani and Shahrajabian,
2018).
Measurements and Observations
The germination controls were done every 12 hours throughout the experiment duration and the study was
finished on the 8th day after sowing. At the end of 8 days, seeds were grouped as normal seedling, abnormal
seedling, and dead seeds. Effects of different priming treatments under saline conditions on some germination
traits such as germination percentage (GP), germination index (GI), mean germination time (MGT), germination
rate (GR) and coefficient of uniformity of germination (CUG) were investigated in the study.
Germination percentage (GP): It was calculated on normal seedlings. The counting of germinated seeds was
carried out at 12 hours intervals. According to Labouriau (1983), the germinability of a seed is the percentage of
seeds where the germination process finishes by means of the intra-seminal growth results in the protrusion of
one live embryo. This trait alone is an indicator of the viability of the population. The GP of tested seeds was
determined with the following equation (Scott et al., 1984):

𝐺𝑃 =

𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑛𝑜𝑟𝑚𝑎𝑙 𝑔𝑒𝑟𝑚𝑖𝑛𝑎𝑡𝑒𝑑 𝑠𝑒𝑒𝑑𝑠
Number of total seeds

(1)

Mean germination time (MGT): The MGT is a direct index of the time throughout germination process but does
not highly correlate with uniformity and time spread. It especially focuses on the day when most seeds germinate.
It was calculated using the following equation (Shoor et al., 2014):
𝑀𝐺𝑇 =

∑ 𝑁𝑖 𝑇𝑖
∑ 𝑁𝑖

(2)

where 𝑁𝑖 is the number of normal germinated seeds at counting day, 𝑇𝑖 is the number of days from sowing
day to counting day.
Germination rate (GR): The GR just expresses the germination percentage per day, therefore the higher GP
and the shorter MGT provides the higher GR. It also provides information about the process in which the
germination event intensifies within the total period of germination. Germination rate was estimated using the
following equation (Ellis and Roberts, 1981):
∑𝑦 𝑁
𝐺𝑅 = 𝑥𝑦
∑𝑥 𝑇

(3)

where 𝑁 is the number of normal germinated seeds, 𝑇 is days during the trial, 𝑥 is the first counting day and
𝑦 is the last counting day.
Germination index (GI): Maximum importance is given to the seeds germinated on the first day while less to
those germinated at later days. Thus, the GI focuses on both the GP and its speed. A higher GI value points out a
higher germinability and rate (Kader, 2015). The germination index was calculated using the following formula
(Maguire, 1962):
𝑡

𝐺𝐼 = ∑
𝑖

𝑛𝑖
𝑡𝑖

(4)
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where 𝑛𝑖 is the GP on the ith day, 𝑡𝑖 is the number of counting days from start (i) to final day on which seeds
germinated (t). The higher germination rate represents more rapid germination for seeds.
Coefficient of uniformity of germination (CUG): The CUG states the variability of seeds concerning the MGT of
the sample in the population (Ranal and De Santana, 2006). The CUG was estimated by using the following
formula (Ellis and Roberts, 1981):

𝐶𝑈𝐺 =

(5)

∑𝑛
∑[(𝑡̅ − 𝑡)]2 ∗ 𝑛

where 𝑛 is the number of germinated seeds per counted day, 𝑡̅ and 𝑡 are the MGT and the number of days
from the start of germination to counting day, respectively.
Statistical Analysis
The values calculated were subjected to statistical analysis for the evaluation of significance within results. The
normality of the data was tested using the Shapiro and Wilks (1965) normality test. One Way ANOVA and TUKEY
Multivariate tests were calculated using JUMP software (JUMP Statistics for Windows, Version 5.0.1) for CRD
replicated thrice.
RESULTS AND DISCUSSION
Results
According to results, NaCl doses, priming treatments and their interactions showed statistically significant
(<0.01) differences (Table 1). The GP, MGT, GR, GI and CUG varied between 80.7-98.3%, 1.40-2.67 day, 38.1-75.7,
37.5-72.5 and 0.3-0.7, respectively. It was determined that tested germination traits were negatively affected with
increasing NaCl doses, therefore, most results were observed in control while the worst ones were obtained in
the 100 mM treatment. Although 50 mL NaCl did not cause vital damage to germination traits, 100 mM solutions
significantly affected the seeds. Besides, hydro and salicylic acid treatments affected the germination process
positively in general. The SA1 and SA2 priming caused improving all tested traits while SA3 inhibited the process.
The highest values were observed with SA2 priming in all parameters.
Table 1. Analysis of variance on germination traits depending on salinity and priming treatments.
Çizelge 1. Tuzluluk ve priming uygulamalarına bağlı olarak çimlenme özelliklerine ilişkin varyans analizi.
Source of
variation

GP

MGT

GR

F prob.

MS

GI

F prob.

MS

CUG

DF

MS

F prob.

MS

F prob.

MS

F prob.

NaCl

2

73.8

**

1.98

**

1161.7

**

1691.3

**

1511.0

**

Priming

4

160.2

**

0.51

**

587.5

**

611.2

**

609.9

**

NaCl x Priming

8

7.5

**

0.07

**

34.3

**

66.8

**

40.4

**

(GP: Germination percentage, MGT: Mean germination time, GR: Germination rate, GI: Germination index, CUG: Coefficient of uniformity
of germination, MS: Means of the square, DF: Degree of freedom, **: <0.01)

The NaCl doses and priming treatments significantly affected the GP (Table 1). While 50 mM NaCl treatment
did not have a significant effect on GP, 100 mM NaCl caused a decrease of about 5% in the study. Hydro, SA1,
and SA2 priming treatments increased the GP nearly 9.1%, 10.8%, and 12.8%, respectively. Although the SA3
priming increased the GP about 10.8% it exhibited a negative effect compared with the other SA treatments. The
interaction between NaCl and priming treatments was statistically significant (<0.01) in terms of GP. According
to interaction, the highest GP was determined with SA2 priming in control while the lowest value was obtained
with non-primed seeds in 100 mM NaCl solution. The decline in the GP achieved up to 10% in non-primed seeds
whereas it just decreased by about 3.3% in SA2 primed seeds (Table 2).
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Table 2. Effect of hydro and salicylic acid treatments on germination percentage (%) of chickpea under salinity.
Çizelge 2. Hidro ve salisilik asit uygulamalarının tuzluluk stresi altındaki nohutta çimlenme yüzdesine (%) etkisi.
NonHydroSalinity levels
SA1
SA2
SA3
primed
priming
Control
90.0 ef
95.0 ac
95.7 ab
98.3 a
95.0 abc
50 mM NaCl
87.3 f
94.7 a-d
95.7 ab
97.7 ab
94.3 bcd
100 mM NaCl
80.7 g
91.7 cde
94.7 a-d
95.0 abc
91.0 def
Mean
86.0 d
93.8 bc
95.3 ab
97.0 a
93.4 c
TUKEY (NaCl)
11.06**
TUKEY (Priming)
1.76**
TUKEY (NaClxPriming)
3.88**

Mean
94.8 a
93.9 a
90.6 b

(Hydro-priming: primed with distilled water, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid)

Both treatments and their interaction had statistically significant differences (Table1). According to results, the
MGT varied between 1.61-2.33 days depending on NaCl doses while it changed between 1.59-2.17 days with
priming treatments. The longest MGT (2.67 days) was determined with non-primed seeds in 100 mM NaCl
solution while the earliest one (1.4 days) was observed with SA2 in the control treatment. Even though all
treatments positively affected the MGT, 0.3 mM SA caused inhibition and delay (Table 3).
Table 3. Effect of hydro and salicylic acid treatments on mean germination time (day) of chickpea under salinity
Çizelge 3. Hidro ve salisilik asit uygulamalarının tuzluluk stresi altındaki nohutta ortalama çimlenme süresine (gün) etkisi
NonHydroSalinity levels
SA1
SA2
SA3
Mean
primed
priming
Control
1.77 h
1.65 i
1.54 j
1.40 k
1.67 i
1.61 c
50 mM NaCl
2.07 e
2.04 e
1.88 g
1.42 k
2.39 bc
1.96 b
100 mM NaCl
2.67 a
2.44 b
2.33 d
1.95 f
2.37 c
2.33 a
Mean
2.17 a
2.04 c
1.88 d
1.59 e
2.14 b
TUKEY (NaCl)
0.018**
TUKEY (Priming)
0.028**
TUKEY (NaClxPriming)
0.061**
(Hydro-priming: primed with distilled water, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid)

Germination index was significantly (<0.01) affected by NaCl doses, priming treatments, and their interaction
(Table 1). The increasing NaCl caused a decrease in the GI. Also, all priming treatments improved the GI except
SA3 priming. The highest GI was obtained with SA2 in control while the lowest one was obtained from SA3 in 100
mM NaCl solution (Table 4).
Table 4. Effect of hydro and salicylic acid treatments on germination index of chickpea under salinity.
Çizelge 4. Hidro ve salisilik asit uygulamalarının tuzluluk stresi altındaki nohutta çimlenme indeksine etkisi.
NonHydroSalinity levels
SA1
SA2
SA3
primed
priming
Control
68.0 c
68.7 c
65.3 d
75.7 a
61.6 e
50 mM NaCl
47.1 h
53.0 g
63.2 de
73.2 b
41.9 i
100 mM NaCl
40.6 i
46.0 h
51.0 g
57.7 f
38.1 j
Mean
51.9 d
55.9 c
59.9 b
68.9 a
47.2 e
TUKEY (NaCl)
0.69**
TUKEY (Priming)
1.06**
TUKEY (NaClxPriming)
2.33**

Mean
67.9 a
55.7 b
46.7 c

(Hydro-priming: primed with distilled water, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid)

All treatments and interactions among them showed a statistically significant difference (p<0.01) on the GR
(Table 1). The GR changed between 45.1-62.7 and 47.5-67.1depending on NaCl doses and priming treatments,
respectively. The highest value was obtained from SA2 priming in the control treatment whereas the lowest one
was determined with non-primed seeds in 100 mM NaCl solution. The GR was noteworthily affected by increasing
salinity levels. Also, while hydro, SA1 and SA2 priming positively affected the GR, SA3 priming caused inhibition
(Table 5).
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Table 5. Effect of hydro and salicylic acid treatments on germination rate of chickpea under salinity.
Çizelge 5. Hidro ve salisilik asit uygulamalarının tuzluluk stresi altındaki nohutta çimlenme hızına etkisi.
NonHydroSalinity levels
SA1
SA2
primed
priming
Control
56.6 cd
60.4 bc
63.6 b
72.5 a
50 mM NaCl
48.5 fg
50.8 ef
53.6 de
70.2 a
100 mM NaCl
37.5 i
41.0 hi
46.3 g
58.5 c
Mean
47.5 d
50.8 c
54.5 b
67.1 a
TUKEY (NaCl)
1.17**
TUKEY (Priming)
1.77**
TUKEY (NaClxPriming)
3.90**

SA3

Mean

60.2 bc
41.1 hi
42.2 h
47.8 d

62.7 a
52.9 b
45.1 c

(Hydro-priming: primed with distilled water, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid)

The coefficient of uniformity of germination significantly changed depending on salinity levels, seed priming
treatments, and their interaction in the study (Table 1). The CUG was negatively affected by increasing salinity
levels. Although all priming treatments positively affected the CUG, 0.3 mM SA exhibited a detrimental impact
compared to the other applications. The highest CUG value was recorded with SA2 (0.7) in control while the lowest
one (0.30) was obtained from non-primed seeds in 100 mM NaCl solution (Table 6).
Table 6. Effect of hydro and salicylic acid priming on the coefficient of uniformity of germination in chickpea under salinity.
Çizelge 6. Hidro ve salisilik asit uygulamalarının tuzluluk stresi altındaki nohutta çimlenme üniformluk katsayısına etkisi.
NonHydroSalinity levels
SA1
SA2
SA3
Mean
primed
priming
Control
0.50 d
0.58 c
0.62 b
0.70 a
0.57 c
0.60 a
50 mM NaCl
0.42 fg
0.46 e
0.51 d
0.69 a
0.40 gh
0.50 b
100 mM NaCl
0.30 i
0.38 h
0.42 f
0.49 de
0.38 h
0.40 c
Mean
0.41 e
0.47 c
0.52 b
0.63 a
0.45 d
TUKEY (NaCl)
0,007**
TUKEY (Priming)
0.011**
TUKEY (NaClxPriming)
0.028**
(Hydro-priming: primed with distilled water, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid, SA1: 0.1 mM salicylic acid)

DISCUSSION
High salt concentrations in soil or growth medium negatively affect the germination process in all but a few
species (Zapata et al., 2004). Increasing salinity in growth media causes inhibition of the germination process by
creating osmotic potential that prevents water uptake by the seed (Grewal, 2010) and by the toxicity of Na + and
Cl- ions (Chen et al., 2020). The present study demonstrated that increasing salinity levels negatively affect
germination, and also, NaCl doses higher than 50 mM caused vital damages to the germination and growth
stages of plants (Kim et al., 2012; Thomas et al., 2013; Ceritoglu et al., 2020). In contrast to increasing salinity
levels, seed priming treatments (hydro and SA) improved germination properties in control treatments and enable
mitigation of the toxic effects of salinity on the germination of seeds in NaCl solutions. The germination traits of
primed seeds exhibited higher performance than non-primed ones under salinity and control conditions. Because
SA priming leads to remain metabolic energy due to an increase in energy charge (EC), adenosine triphosphate
(ATP), and ATP/ADP ratio (Varier et al., 2010).
The GP is the mean indicator of a population and a higher GP value shows greater germination. Salinity inhibits
the GP due to osmotic and/or specific ion toxicity that may restrict water uptake (Aflaki et al., 2017). Although 50
mM NaCl did not affect the GP, 100 mM solution noteworthy reduced it in the study. So, it can be concluded that
100 mM or higher concentration of NaCl is a critical threshold on chickpea germination in the present study.
Different researchers reported that chickpea is a salt-sensitive species and is negatively affected by increasing
salinity levels during germination and early seedling stages (Özaktan et al., 2018; Lavrenko et al., 2019). The SA,
due to its characteristics, is considered as a signal molecule that affects some physiological processes of
germination (Asadi et al., 2013). Therefore, SA1 and SA2 not only exhibited positive effects on GP, and also
improved other germination processes including; the speed of germination, elongation of the radicle, and
uniformity of emergence. According to Janda et al. (2007), the interaction between salinity and SA might be
caused by induced genes encoding of resistance that seems to act on germination with increasing physiological
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activity. However, higher doses of SA showed a detrimental effect on germination because it causes a decrease
in chlorophyll content in some plants (Asadi et al., 2013).
Although the MGT is a precise measure of the germination time of tested seeds, it is not related to spreading
on time and germination uniformity. The MGT focuses on the day when most germination events constituted.
The MGT was changed by increasing NaCl levels and priming treatments. Reduction in the MGT with increasing
salinity is thought to be caused that NaCl creates an osmotic barrier inhibiting the water uptake. This result is in
agreement with the findings of Kaya et al. (2008). Hydro-priming and SA-priming led to mitigation of salinity
harmful effects on the MGT. Sakhabutdinova et al. (2003) demonstrated that SA treatments promote the cytokinin
and indoleacetic acid in the tissues of plant, therefore, the cell division is enhanced.
The GI is the most exhaustive parameter related to germination combining GP and speed. Thus, it allows an
easy comparison of the germination properties of tested seeds. Higher GI value symbolized that seeds have a
good germination quality and are a preview of uniformity emergence. While the GI was slightly decreased at 50
mM NaCl, it was sharply inhibited at 100 mM NaCl compared with control. The mean reason for this sharp
decrease is thought to cause excessive Na+ accumulation that may cause osmotic and metabolic problems. Also,
Na+ toxicity might result in dormancy and delay emergence. It was largely seemed due to its high ability to
compete for K+ for binding sites (Yildirim et al., 2009). K+ plays a significant role in osmoregulation, stomatal
behavior, cell expansion, enzyme activity, membrane polarization, and neutralization of negative ions (Qin et al.,
2010). Moreover, Na+ and Cl- ions can enter into the cells and cause toxic effects on both cell membranes and
metabolic activities in the cytosol (Cha-Um and Kirdmanee, 2010; Zhu et al., 2019).
The GR focuses on the time required for reaching germination. The GR reflects the percentage of germination
on each day of the germination period. The main factors affecting the GR are water uptake and temperature.
Also, all factors affecting water uptake such as seed size (Zhang et al., 2010) and osmotic potential of cells or
medium (Piovan et al., 2019) determine the speed of germination. So, high ion concentration at seed coat and its
toxic impact on enzymatic process inhibited the germination and led to delay elongation of radicle. Besides, the
detrimental effect of salinity is partly alleviated by seed priming. The SA might mitigate the imposed salinity due
to osmotic regulation or by providing resistance to plant cells. However, some points are not clear about the role
of SA on the biochemical compounds yet (Boukraa et al., 2013).
The CUG refers to fluctuations or stability of germination times between the first and last germinated seeds.
Thus, higher values of CUG represent the stability of seeds in the population while lower values denote large
variability in the same conditions (Souhail and Chaabane, 2009). The uniformity of germination has a vital role in
the homogeneity of germination for crop plants. Non-homogenous emergence negatively affects plant growth,
grain yield and seed quality due to irregularity in phenological duration. Salinity causes changing the rate of water
uptake affecting osmotic potential (Sher et al., 2019). Thus, some seeds can germinate slower, and also the others
may never germinate. This situation caused to reduce the uniformity of germination. Even with a small amount
of water intake, the seeds may reach the germination potential. Due to the support of both enzymatic and
metabolic activities and the decrease of water potential needed for seeds, they provide a uniform emergence in
a short time under optimum conditions. The SA applied at a higher dose is thought to negatively affect the
germination process by disrupting hormonal balance. Therefore, salicylic acid priming might be used as an
efficient solution for the mitigation of salinity stress on the germination process in chickpea.
CONCLUSION
Salinity is a major problem sharply affecting the chickpea growth from germination to maturity. All of the
germination processes were negatively affected by increasing NaCl concentration. Germination rate, germination
index and uniformity of germination are vital parameters especially for field crop seeds to compete with weed
seeds. In addition, uniformity of germination is a substantial point in terms of homogenous physiological growth
periods. The seed priming, which is an easily applicable and cheap technique, has significant potential for the
mitigation of soil salinity on seed germination. Also, there is a need for further studies to exactly understand the
effects of different priming techniques on vegetative growth and yield parameters under salinity stress.
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