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Abstract

Salt tolerance of six halophytic species (Halocnemum strobilaceum, Halostachysbelangeriana, Salsola tomentosa,
Salicornia europea, Halopeplis perfoliata,Salsola crassa) was evaluated at germination stage under NaCl conditions (O,
1, 2, 3, 4 and 5%). All seeds showed full germination in 1 and 2% NaCl, comparable to germination in distilled water. By
increasing the levels of NaCl, the differences between these species responses were evaluated. The second three species
(from coastal zone of the salty lake Maharloo) were more tolerant compared to the first three species (from Gavkhooni
deserts). Amongst, S. europea was the most tolerant species. At the second round of experiments and to test the effect of
jasmonic acid (JA) on seed germination at high levels of salinity, the seeds were primed with JA (0, 0.01, 0.1, 1, 10 and
100pM) and then allowed to germinate in Petri-dishes containing different concentrations of NaCl: 3, 4 and 5% for
Gavkhooni species and 4 and 5% for Maharloo species. Priming with 1 uM JA was the most effective to increase
germination characters at high levels of salinity. By increasing the concentration of JA (from 10 to 100 puM) the
inhibitory effects of JA on seed germination of the mentioned species was appeared.
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Table 1- Analysis of variance (mean squares) of seed germination percentage of H. strobilaceum, H.
belangeriana, S. tomentosa at different concentrations of NaCl (0, 1, 2, 3, 4 and 5%)

Do o S0k
Mean Square (MS) @357 a3 Ol pte
& Wl de)s Degrees of freedom S.0Vv
Germination percentage
les
10327.34* 5 o
Treatment
610.23* 2 o
Species
lesX sy £
188.3* 10 it
Treatment x Species
(1S
41.7 38
Error
(1) SN s o i
18.2 - e
CV (%)

* shows significant differences at levels of 5%. Ao s gy il o 53 s e CBsH 3y SOl
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Table 2- Analysis of variance (mean squares) of seed germination percentage of S. europea, H. perfoliata and
S. crassa at different concentrations of NaCl (0, 1, 2, 3, 4 and 5%)
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Figure 1- Germination percentage of halophytes seeds at different concentrations of NaCl

(0, 1, 2, 3,4 and 5%); (A) H. strobilaceum, H. belangeriana, S. tomentosa; (B) S. europea, H. perfoliata and
S. crassa. Means (three replicates) with the same letter are not significantly different at p<0.05.
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Table 3- Analysis of variance (mean squares) of seed germination percentage and rate, vigor index of
H. strobilaceum, H. belangeriana, S. tomentosa in 3, 4 and 5% NaCl solutions

oo S
Mean Square (MS) Sk pte
by esls S Sl S ) Al Aoy R HEESY S.0V
Vigor index Germination rate Germination percentage  Degrees of freedom
3255.02* 0.82° 3489.32° 2 Sost
Salt stress
5771.13° 0.098° 8010.7° 5 G g e
Jasmonic acid
. . . S gomlar X (g 52
1897.65 0.051 588.3 10
Salt stress x Jasmonate
1S
552.1 0.009 141.1 38
Error
(1) S jois ey i
19.33 22.64 18.2 - :
CV (%)
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H. perfoliata S. europea slas § ,d 4 jasls (55 6l o 5 o3 (:ohe Slar o) b ls 4 o Jsdr —F Jsd
(2o IS0 5 F ladslows 53 S. CTASSA

Table 4- Analysis of variance (mean squares) of seed germination percentage and rate, vigor index of
S. europea, H. perfoliata and S. crassa in 4 and 5% NaCl solutions

Sla o S
Mean Square (MS) Sk mie
sk e ls &)l s 5l Lo 35T ey S0V
Vigor index Germination rate Germination percentage Degrees of freedom
2309.97* 2.12° 4534.16° 1 o5t S
Salt stress
4682.29° 1.32¢ 7680.23° 5 5 gy
Jasmonic acid
1903.54¢ 0.87° 459.21° 5 DLl X053
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s
372.3 0.023 231.54 24
Error
(1) & s g b
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Table 5- The Effect of seed priming with jasmonic acid on rate of germination (germinated seed/day) of
H. strobilaceum, H. belangeriana and S. tomentosa in 3, 4 and 5% NacCl solutions

(Y505 500) G gl ol
Jasmonic acid (UM) e S f
NaCl Speci
0 0.01 0.1 1 10 (%) pectes
100
0.54d 1.34b 1.8a 1.9a 1.2b 0.98b 3
A A A A A A Halocnemum
0.33f 1.04c 1.48b 1.65a 0.68d 0.46e 4 strobilaceum
B B B B B B
0.42d 0.58b 0.72b 0.52c 0.31e 0 5
C C C C C C
0.48d 0.98c 1.24b 0.94b 0.76¢ 0.73c 3
A A A A A A
0.49¢ 1.03c 1.32b 0.93c 0.45e 0.38e 4 Halostachysbelangeriana
B B B B B B
0.2e 0.57c 0.73b 0.61b 0.41d 0 5
C C C C C C
0.59d 1.3b 1.81a 1.94a 1.2b 1.1b 3
A A A A A A
0.36f 0.77d 1.66a 1.13c 0.57e 0.48e 4 Salsola tomentosa
B B B B B B
0.11e 0.59b 0.98a 0.62b 0.39d 0.14e 5
C C C C C C
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Values for each jasmonic acid pretreatment having the same capital letters are statistically analyzed with each other and
in each group means with different small letters are significantly different from each other (p<0.05).
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Table 6-The Effect of seedprimingwith jasmonic acidon vigor index (germination percentage x seedling
length) of H. strobilaceum, H. belangeriana and S. tomentosa in 3, 4 and 5% NacCl solutions

Y 505,80) 5 poeler ol

sk oy S .
Jasmonic acid (UM) fNaCI “”f_
100 10 1 0.1 0.01 0 (%) Species
35.79 249cd 345h 334b 199.3d 157.2e 3
A A A A A A
10.1h 143.5d 250b 225b 114e 26.79 4 Halocnemum strobilaceum
B B B B B B
0 54.4f 90d 76de 53.6f 0 5
C C C C C C
34.29 112.5f 208d 229d 120.8f 100.1f 3
A A A A A A
0 89.6f 184c 192ac 80.1f 22.8¢9 4 Halostachys belangeriana
B B B B B B
0 43.5f 69e 52.5f 20.3dg 0 5
C C C C C C
145.5e 271.3c 368a 381a 260.8c 212.8d 3
A A A A A A
28.49 152.d 282a 286.4a 118.7e 30.29 4 Salsola tomentosa
B B B B B B
19.5g 115c 214.4a 163.1b 91d 8.8h 5
C C C C C C

Q,fe};ﬁ):)x\e.ué)b'l—wuﬁji_&l{Lg)ijléjle&.:lélf)fJ)F ©1s & S pale Al Jled i A gl 0dd ath g slie
1l e VD o 5 SouSS b (LT it Sslize o S S

Values for each jasmonic acid pretreatment having the same capital letters are statistically analyzed with each other and
in each group means with different small letters are significantly different from each other (p<0.05).
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Figure 2- The effect of seed priming with jasmonic acid on seed germination of (A) H. strobilaceum,

(B) H. belangeriana and (C) S. tomentosa in 3, 4 and 5% NaCl solutions.
Means (three replicates) with the same letter are not significantly different at p<0.05.
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Table 7-The Effect of seed priming with jasmonic acid on rate of germination of S. europea, H. perfoliata
and S. crassa in 4 and 5% NacCl solutions

N S sanlo o
G w,@ et e e 1S of
Jasmonic acid (UM) NaCl i
100 10 1 0.1 0.01 0 (%) Species
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A A A A A A P
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A A A A A A
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Values for each jasmonic acid pretreatment having the same capital letters are statistically analyzed with each other and
in each group means with different small letters are significantly different from each other (p<0.05).
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Table 8- The Effect of seed priming with jasmonic acid on vigor index (germination percentage x seedling length)
of S. europea, H. perfoliata and S. crassa in 4 and 5% NaCl solutions
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Values for each jasmonic acid pretreatment having the same capital letters are statistically analyzed with each other and
in each group means with different small letters are significantly different from each other (p<0.05).
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Figure 3 -The effect of seed priming with jasmonic acid on seed germination of

(A) S. europea, (B) H. perfoliata and (C) S. crassa in 4 and 5% NaCl solutions.
Means (three replicates) with the same letter are not significantly different at p<0.05.
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