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ABSTRACT

Sixty three barley genotypes including 28 cultivated (Hordeum
vulgare L.) and 35 wild (H. spontaneum C. Koch) genotypes collected from
a wide geographic area of Iran were compared for salt tolerance. Plants were
grown in 2-kg pots and subjected to three salinity (NaCl) treatments [0.97
(control), 9.2 and 17.3 dS m™'] in a greenhouse, in a factorial experiment
with complete randomized design and three replications. During vegetative
growth, shoot Na*, K, K*/Na" and proline contents werc measured for all
genotypes. Plant traits including the plant height, length of spikes, number
of spikes per plant, fresh weight and dry matter and grain yicld per plant
were also measured. There was a very.wide variation in salt tolerance of the
genotypes with regard to Na®, K'/Na® and proline content. In general,
tolerant genotypes with better agronomic performance, contained lower Na*
and a higher amount of proline compared to non-tolerant ones and these two
parameters were significantly and negatively correlated (r=-0.62, P<0.01).
Salinity tolerance index (ratio of grain yicld in saline media to grain yicld
in non-saline media) was highly negatively correlated with Na™ (r=-0.9,
P<0.01). Therefore, Na® and proline content of the genotypes are two
criteria which can be used for indirect selection for tolerant genotypes in
breeding programs,
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INTRODUCTION

Salinity of agricultural lands and irrigation water is the most limiting
factor for plant growth in many dry parts of the world. Twenty five million
ha of agricultural land are saline in Iran, and this is increasing due to poor
irrigation management.

Barley is a relatively tolerant crop to soil salinity, and genetic
variations exist among genotypes of cultivated barley (Hordeum vuigare L.)
and its wild progenitor (H. spontaneum C. Koch). Wild barley has its center
of diversity in the Fertile Crescent of the Middle East where it colonizes a
wide range of habitats from high rainfall to desert, from cool to hot areas
and from sub-sea levels to altitudes in excess of 1700 meters. Both H.
vulgare and H. spontaneum are diploid species, with seven pairs of
chromosomes. with no biological barriers to crossing or meiotic
recombination. Consequently, there is great interest in exploiting the rich
genetic variation of the wild species for crop improvement.

There is a general relationship between low Na accumulation and salt
tolerance in barley (2, 5, 12). The amount of K' and K'/Na' may be
correlated with tolerance to salinity (4).

Other indices such as shoot 8'°C (10, 11). and some molecular and
biochemical factors like proline and glycinebetaine (3. 6. 7. 9) have been
indicated to be associated with salt tolerance in many crops.

Here we used the shoot Na content, K™, K’/Na" and proline to screen
and differentiate 63 genotypes of cultivated and wild barleys. including
cultivars. breeding lines and different genotypes of //. spontaneum collected
from different parts of Iran. The study was aimed at investigating the
genctic variation in salt tolerance and to find the suitable selection criteria
for differentiation of genetic variation for the trait. In a previous work we
used AFLP markers for fingerprinting of 39 genotypes of [f. spontaneum

selected from three geographically separated areas of the Fertile Crescent:
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Iran, Turkey and Israel and we observed a high level of variation among the
genotypes with regard to AFLP fingerprints, shoot Na content and &'3C
(11). The most salt tolerant genotype was from Ilam, province in west part
of Iran. However, sharp genetic differences were detected between
genotypes separated by relatively short distances.

Since the genotypes collected from Iran showed good tolerance to salt,
the present experiment was performed to detect genetic variation for salt
tolerance among a wide range of wild and cultivated barleys collected from

different areas in this country.

MATERIALS AND METHODS
Plant Material

Sixty-three barley genotypes consisting of 35 wild (Hordeum
spontaneum C. Koch) and 28 cultivated (H. vulgare L.) barley genotypes
collected from different parts of Iran were tested for shoot Na* and K*
analysis and proline content (Table 1) in the College of Agriculture, Shiraz

University, Iran.

Planting
Before planting, the seeds of all genotypes wefe surface sterilized by

2.5% sodium hypochlorite solution for 15 min, and rinsed 3 times with
distilled water. In order to break dormancy of wild genotypes, and to
provide uniformity in germination, imbibed seeds were placed at 4-6°C for 5
days in the dark. All genotypes were planted in a greenhouse in pots

containing 2 kg of soil.

Experimental Design and Salt Treatments

A factorial experiment with 2 factors, genotypes (63 genotypes) and
salt treatments (3 lcvels, 0, 2500 and 5000 mg NaCl kg’ soil), was
conducted in a completely randomized design with 3 replications. .

Five germinated seed of éach genotype were planted in a 2 kg-pot
containing 2 kg of soil (sandy-clay-loam; 29% clay, 24% silt and 47% sand,
pH 7.8),with moisture saturation of 54%, field capacity of 24% and electric
conductivity (EC) of 0.57 dS m™'. The final salinity levels after irrigation
were 0.97 (control) 9.2 and 17.3 .dS m™'. The pots were put in plastic bags to
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Table 1. Wild and cultivated barley genotypes used in the experiment.

Genotype  Genolyp Collection Genotype Genotype code Collection
no e code location no. location
\i TN-02-199 Espand lsl. 33 Badjgah (Fars) Shiraz Agric. Col.
2 TN-02-204 Arezoo Isl. 34 Badjgah (Fars) Shiraz Agric. Col.
3 TN-02-206 Loreastan 35 Badjgah (Fars) Shiraz Agric. Col.
4 TN-02-214 Loreastan 36 Asse/Karoon BL (Zarghan)
5 TN-02-295 Western a7 Torsh/9er.279-0711bBgs BL (Zarghan)
Azarbayjan
[ TN-02-421 Ilam 3z Star/Jerusa/em/Rihane-03 BL (Zarghan)
7 TN-02-422 Tlam 39 Zarjow/Rhiane/L.640 BL (Zarghan)
8 TN-02-425 Tlam 40 TIM4T BL (Zarghan)
9 TN-02-430 West, 41 Kavir/Badia BL (Zarghan)
Azarbayjan
10 TN-02-343 West. 42 Karoon/Kavir BL (Zarghan)
Azarbayjan
11 Plot No. 1 Zarghan(Fars) 43 80-5010/Mona BL (Zarghan)
12 ‘Plot No. 3 Zarghan(Fars) 44 Na-cc-4000-123/Walfajre BL (Zarghan)
13 Plot No. 16 Zarghan(Fars) 435 Walfajie/ Apm/He-905/Roho BL. (Zarghan)
14 Plot No. 18 Zarghan(Fars) 46 Zarjow/Bit/CM67 BL (Zarghan)
15 Plot No. 19 Zarghan(Fars) 47 Zarjow/Hiproly BL (Zarghan)
16 Plot No. 20 Zarghan(Fars) 48 Kavir/Mch-4/3/ Apm/Dwarf BL (Zarghan)
17 Plot No. 21 Zarghan(Fars) 49 Torsh/9cr.279-0711Bgs BL (Zarghan)
18 Plot No. 23 Zarghan(Fars) 50 Chat/Roho/ Alger-ceres BL (Zarghan)
19 PlotNo.24  Zarghan(Fars) 51 Ligness527/NK1272 BL (Zarghan)
20 Plot No. 25 Zarghan(Fars) 52 P12315/Maf02/cossack/3/Li BL (Zarghan)
gnees27
21 Plot No. 29 Zarghan(Fars) 53 Rihane,s,/Deirallal06/Mzqg/0 BL (Zarghan)
L71
22 Plot No. 30 Zarghan(Fars) 54 C1717-9/ Deiralla 106/ Zarghan
Th.unk48
23 Plot No. 31 Zarghan(Fars) 55 Black seed (2 row) Zarghan
24 Plot No. 34 Zarghan(Fars) 56 Black seed (6 row) Zarghan
25 Plot No. 35 Zarghan(Fars) 57 6 row Hooded Zarghan
26 Plot No. 38 Zarghan(Fars) 38 Himalya Zarghan
27 Plot No. 39 Zarghan(Fars) 59 Victoria Zarghan
28 Plot No. 41 ‘Zarghan(Fars) 60 Probest dwarf Zarghan
29 Zarghan(vine Zarghan(Fars) 61 Reyhan Zarghan
vyard)
3u Sarvestan Zarghan(Fars) 62 Valfajr Zarghan
31 Zarghan(vine  Zarghan(Fars) 63 Afzal Zarghan
yard)
32 Beyza Zarghan(Fars)
t Genotypes number 1 to 35 are wild and number 36 to 63 are cultivated.
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prevent excess water drainage and hence to control salinity level of the pots.
Salt (NaCl) was applied by making a saline stock solution of 125 g NaCl'

The salt treatments were applied at 4 stages, at one-week intervals.
The first application was at the 2-leaf stage. For the first level of salinity at
each stage, 10 ml of the stock solution and for the second level of salinity,
20 ml of the stock solution were applied into each pot and considering field
capacity of the soil, water was added in adequate amounts while the pots
were placed on a balance. Pots were placed in plastic bags in order to reuse

drained water and maintain the applied salinity level.

Sampling and Measurements

Ten days after the last stage of salt treatment, shoots of a plant from
each pot were harvested for proline measurement and kept at 20°C. For
measuring Na” and K*, 4 weeks after the last stages of salt treatment, shoots
of 3 plants of each pot were harvested and oven-dried at a 65°C for 48 hr,

and then milled to a fine powder.

Proline Measurement

Plant extracts were used for proline measurement. Extracts were
prepared by putting 0.5 g of plant shoot material in 10 ml of sulfosalicilic
acid (3%). The mixture was homogenized in a mortar and then filtered by
Watman filter paper No. 3. Proline content of the genotypes was measured

according to Bates et al. method (1).

Na' and K° Measurement

A 0.5-g sample of milléd shoot was put in a crucible. The samples
were then ashed by placing in a furnace at 500°C for 6 hr. 5 ml HCl (2N)
was added into each crucible and mixed thoroughly. The mixture made up to
50 ml with boiling distilled water and filtered in a 50 ml volumetric flask.

Na® and K* concentrations were measured using flame photometry.

Plant Morpho-physiological Measurements

Individual plant fresh weights (FW) were measured four wk after salt

treatments. At harvest, other traits including the dried plant weight (DW)
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plant grain yield (GY), plant height (PH), spike length of the main tiller,

number of spikes per plant and number of tillers per plant were measured.

Statistical Analysis

Analysis of variances of the data was performed using MSTATC and
SPSS computer program softwares. Harvard Graphic software was used for
drawing diagrams and graphs. Cluster analysis of genotype for Na' content,
was performed for grouping of the genotypes using the hicrarchial technique
and Agglomeration method (8). Correlation coefficients between measured

characters were determined.

RESULTS AND DISCUSSION

Sodium Content of Genotypes

In general, increasing salinity level from 0.97 dS m™ to 17.3 dS m”
caused a significant increase in Na content in all genotypes (Fig. 1). There
was a very wide variation between different genotypes with regard to shoot

Na content (Table 2).

40

Sodium

(mg/g)

Salinity levels (dsm™)

Fig. 1. Mean Na content of barley genotypes at different salinity levels.
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Table 2. Shoot Na', proline content, grain yield, and K'/Na" ratio of wild

and cultivated barley genotypes.

Na" Proline Grain yield K '/Na™
Genotype Na’ Genotype  Proline  Genolype  Grainplant”  Genotype K'/Na™
no. (mgg") no. (mgg™) no. no.
29 10.8x 29 3.08a 29 2.77a 63 4.55
k] 11.7wx 4 2.94a-b 41 2.64ab 29 4.01
63 12.2vwx 17 2.92a-b 30 2.63abe 10 3.10
41 13.3u-x B 2.90ac 63 2.62abc 3 2.81
7 13.6u-x 30 2.88a-d 7 2.54a-d 30 2.80
10 13.81-x 62 2.86a-e 10 2.54ad 17 2.67
6 14.55-x 46 2.84af 6 2.48ad 6 2.65
8 14.68-x 43 2.83af 8 2.36a-e 24 2.57
59 14.83-x 7 2.83af 59 2.35a-¢ 59 2.55
17 15.5g-w 53 2.82a-f 17 2.35a-e 4 2.50
44 15.8p-w 37 1.8la-g 44 2.33a-¢ 62 148
3 16.00-w 44 1.8la-g 3 2.34b-¢e 13 2.32
24 16.2n-w 39 2.80a-g 24 2.28b-c 55 131
62 16.9m-v 55 2.80a-h 62 2.26b-f 48 2.18
47 17.01-u 5 2.7%-h 47 2.26 b-g 44 216
55 17.7Tk-u 23 2.79a-h 55 126 b-g 3 213
43 17.8j-u 63 2.79a-h 43 1.24 b-g 7 213
20 17.91-u 10 2.77a+ 20 1.22b-g 51 2.01
56 18.5h-t 45 2.76a-i 56 2.21b-g 47 1.56
1 18.8g-s 59 2.76a-i 1 2.20e-¢ 57 1.95
27 18.8g-s 51 2.75b-1 7 2.19¢-h 21 1.90
25 19.0f-s 54 2.75b-i 25 2.18d-1 43 1.88
53 19.5er 25 2.74b- 53 2.14d-1 52 1.87
13 19.5er 13 2.73b4 13 2.13d-1 34 1.87
54 19.5e-r 6 2.73b-i 54 2.12d-1 1 1.86
49 19.8d-p 16 2.74b-i 49 2.02e 14 1.84
60 20.2¢q 12 2.72b-1 60 2.01e- 22 1.83
5 203c-q 40 2.710b-i 5 2.00e-j 34 1.83
58 20.3c-q 32 2.70b-i 58 2.00e-) 49 1.82
35 20.3c-q 36 2.70b-i 35 1.98e-j 20 182
21 20, 5¢p 60 2.68b- 21 1.97ek 60 1.82
40 20.5¢p 57 2.68b- 40 1.82141 2 1.82
14 20.5¢p 58 2.67b-i 14 1.82g-1 45 1.81
15 20.5¢-p 41 2.67b-i 15 1.76j-m 56 1.80
4 20.7c-p 9 2.67h-i 4 1.76j-m 35 177
22 20.8¢c-0 26 2.66b-i 22 1.65j-n 31 175
51 20.8c-0 52 2.66b-i 51 1.63j-n 5 1.72
48 20.8c-0 15 2.66b-i 48 1.61j-o 27 171
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Table 2 continued

52 21.0cn 2 2.65b-i 52 1.56k-p 33 1.70
19 21.5c-m 21 2.65b-i 19 1.441q 25 170
2 21.6c-m 12 2.65b- 2 1.411-q 41 1.69
57 21.7¢-m 3 2.64b-i 57 1.41m-r 46 1.67
37 21.7c-m 31 2.64b-i 37 1.34 ner 9 166
46 21.8Be-m 12 2.62b-i 46 1.31 nr 15 1.65
33 21.9¢ 47 2.62b-1 33 1.30 n-r 50 1.61
12 22.2bk 1 2.62b-1 12 1.28n-r 1% 1.56
45 22.8b+ 14 2.57c 45 1.25 nr 42 1.56
34 22.8b-1 0 2.57c 3 1.24 nr 3z 1.535
23 22.8b-1 61 2.57c 34 1.190-5 3 1.52
9 233a-h 38 2.56d-j 16 1.180-s 40 1.50
16 23.7a-g 4 2,634 9 1.1830-s 53 1.49
50 24.0-F 7 2.5de- 50 1.67p-s 28 1.48
32 24.0-f 36 2.54e 32 1.63 p-s 26 1.45
42 24.2a-¢ 48 2:53e4 42 L14p-s a7 1.41
128 24.2a-¢ 19 2.52f4 18 1.14p-s 16 1.41
39 2438 49 2.51f4 39 1.10 g-s 11 139
31 24.3a-e 34 2.48g-1 31 1.04 g-s 38 1.38
i6 24.7a-d 18 2.47h-j 36 1.03 g5 39 1.33
11 24.8a-d 11 2461 11 1.02q-s 58 1.26
26 24.8a-d 50 2.28jk 26 0.94rs 12 1.23
6l 25.2a-c 33 2.14k-1 61 0.92rs 36 1.20
38 27.0ab 28 210k ke 0.79rs 61 1.06
28 18.0a 35 1.911 28 0.77s 18 1.04

Genolypes collected from different and same areas showed high
variation for Na content. For example, genotypes number 28 and 29
collected from the Zarghan area, had the maximum and minimum Na'
content, respectively, and both genotypes were from the wild species gene
pool. On the other hand, the two wild genotypes, 29 and 31 (collected from
a vineyard in Zarghan) were completely different for their Na contents.
Genotype number 29 was the lcast amount of Na (most tolerant) and
genotype number 31 was among the most susceptible genotypes. This
indicates high variability of the wild species which sometimes show great
genetic differences over short distances. The wild genotype did not show
any significant difference regarding Na content with Afzal (cultivar number
63) which is considered a salt tolerant cultivar. Reyhan (cultivar number 61)
which is not a tolerant cultivar for salinity, ranked among the highest Na
content and hence the most salt sensitive genotypes.
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Wild genotypes collected from [lam (numbers 6, 7 and 8) were among
the more tolerant genotypes. It is interesting to mention that in a previous
study (10) in which a number of wild barley genotypes collected from Iran,.
Turkey and Isracl. were compared for salt tolerance, the most tolerant
genotype was [from Ilam, province in western Iran. Since this area is
considered as a part of the Fertile Crescent (the center of origin for barley),
it may be a good source for finding tolerant genotypes.

Among advanced breeding lines (numbers 36 to 54), lines 43 and 44
were tolerant lines. and lines 36 and 38 were susceptible for salt tolerance.
Reyhan (salt susceptible cultivar) contributes to the pedigree of line 38, and
Valfajr (salt tolerant; number 62) is in the pedigree of line 44. The response
of some tolerant and susceptible cultivars under controlled condilicn-:_; (0.97

dS m™') and 2 levels of salinity (9.2 and 17.3 dS m™') are shown in Fig. 2.

Salinity Effects on Grain Yield and Yield Components of Genotypes

Salt stress had adverse effects on grain yield and yield components of
all genotypes. These adverse effects were drastic in cultivated compared to
wild genotypes. Therc were significant differences (P<0.05) among
genotypes for grain yicld per plant (Table 2) and a significant (P<0.01)
negative correlation (r=-0.95) was observed between Na content and grain
yield per plant (Table 3).

Likewise. effect of salinity on plant dry weight was significant
(P<0.01) with negative correlation of r=-0.94 between dry matter production
and Na~ content. (Table 3). The same ncgative correlation was observed
between plant height, salinity index [grain yield in saline condition/grain
vield in nonsaline (control)].

The salinity index for the genotypes is shown in Table 4. This index
indicates the salt tolerance of each genotypes and stability of grain yield
production in saline condition. The most tolerant genotypes having lower
amount of Na' had higher salinity indices compared to salt susceptible

genotypes having higher Na contents and lower salinity indices.

54



Na*
(mg/g)

50

40

30

20

10

Variation in salt tolerance of cultivated and wild harley genotypes...

@28
Em 38
M 61
£126
41
063
£m30

0.97

9.2 17.3

Salinity levels (dsm™)

Fig. 2. Na content of tolerant (29, 30, 63, 41) and non-tolerant (28, 38, 61,

26) barley genotypes at different salinity levels.

Table 3. Correlation cocfficients between diffcrent traits of genotypes.

Dry Seed yield  Plant  Salinity ~ K'/Na' K'
weight height index

Dry weight -

Seed yield 0.99%* -

Plant height 0.93%+ 0.93%* -

Salinity index ~ 0.98%* 0.99%* 0.93%* -

K'/Na* 0.54%* 0.53%* 0.59* 0.55% -

K 0.10™ 0.10™ 0.09™  0.11™ 0.61* -

Na™ -0.94%* -0.95%% 0.97%  -090%  0.63% 014"

#* * Significant at 1 and 5 % probability levels, respectively.

ns

not significant.
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Proline Content

There were significant differences (P<0.01) among different salinity
levels for proline content of the genotypes (Fig. 3). Genotypes showed the
highest amount of proline at 17.3 dS m’'

~ Proline content of the genotypes at 17.3 dS m"' showed significant
ifference <0.01) (Table -2), and the interaction between genotypes and
salinity was significant. which indicates different responses of the
genotypes to salinity.

For the sum of all salinity treatments, genotypes 29, 24. 17, 8. 30, 62

and 46 contained the highest and genotypes 35, 28, 33, 50, 11, 18 and 34
contained the lowest amounts of proline. In tolerant genotypes, the response
to increasing salinity level was an increase in free proline, while in

susceplible lincs no specific variation in proline content was observed.

Table 4. Salinity indices (SI) of barley genotypes ranked from the highest (41) to the

lowest (28).

Genotype S Genotype no, SI CGenotype no. SI Genotype sl
no. no.
41 0.87 43 0.68 14 0.46 23 0.33
29 0.87 20 0.67 15 0.46 9 0.31
63 0.86 56 0.66 4 0.44 16 0.28
30 0.82 1 0.66 22 0.44 50 0.26
7 0.77 27 0.64 51 0.44 32 0.25
10 0.77 25 0.64 48 0.44 42 0.24
8 0.74 53 0.61 52 043 18 0.24
6 0.74 13 0.61 19 0.42 39 0.23
59 0.73 54 0.59 2 0.41 31 0.23
17 0.73 49 0.59 57 0.40 36 0.22
44 0.72 60 0.58 37 0.39 11 0.21
3 0.72 5 0.58 46 0.39 26 0.19
24 0.71 58 0.58 33 0.38 61 0.16
62 0.71 35 0.57 12 (.38 38 0.14
35 0.69 21 0.50 45 0.35 28 0.12
47 0.68 40 0.50 34 0.33
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Proline

(ug/e)

Fig. 3. Mean proline content of all genotypes at different salinity levels.

Relation Between Proline and Na Content

There was a negative correlation (r=-0.62, P<0.01) between Na
content and proline concentration of tolerant genotype. The
comparison between tolerant and non-tolerant genotypes for Na and

proline contents has been shown in Fig. 4.

Salinity Index (SI)

Salinity index ecxpresses as a measure of the tolerance of the
genotypes to salinity was highly negatively correlated with Na content (r=-
0.90, P<0.01) (Table 3). Genotypes 41, 30, 29 and 63 which are salt tolerant
showed higher salinity indices, while genotypes 61, 38 and 28 which were

classified as susceptible showed the lowest salinity indices.
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Cluster Analysis of the Genotypes

Cluster analysis in saline condition classified the 63 genotypes

into 5 different groups according to their shoot Na contents (Fig. 5).

Na* and 20
Proline

15.

Tolerant Non-
tolerant

Genotypes

Fig. 4. Comparative Na and proline contents of 4 tolerant (29,30, 41,63)and 4
non-tolerant (26, 28, 38.61) genotypes.

CONCLUSIONS
Western Iran, which forms part of the Fertile Crescent (the center of
origin for barley). is of value as a genetic resource for various important
crops species including barley. This is why in a previous research in which
39 Hordeum spontaneum genotypes collected in Fertile Crescent (Iran,
Turkey and Israel), the highest variation and the most salt tolerant

genotypes were from Iran (11).
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