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Table 1- Mean squares and degrees of freedom for Nacl concentrations effects on some
morphological and physiological traits of three Salicornia species

Olry o (uSlae
Lo Mean squares
& xS Slgizxo
Ol gt o 039 Sy ) . ~Ol R gr S ol
OIS . Of i B9 Judgls , N
source of & ol (£ e ool
variance df  Fresh D 0 . Relative a b Carb Proline Glvei
weight Ty smotic o0 Chl.a ChlLb arbo ycine
weight Potential Content hydrates betaine
Sag~ 4 503" 6.947  36.8"  480.58** 0.554"" 0.258"  0.835" 0.048™ 0.004™
Salinity
“”, 2 42" 0177 088" 07" 03037 00337 02217 0.006" 0.002""
Species
‘5)9A:JX4J; sk *k *k *ok sk *k ok e
Salinityx 8 4.4 0.13 0.42 A8™  0.0167  0.002 0.008 0.00089™"  *%0.00008
Species
s
20 1 0.3 0.01 2.24 0.002  0.0006  0.00003  0.00002  0.00004
Error
ol o oz
Al 6.4 6.5 5.3 1.8 2.78 4.12 0.375 3.05 13.47
C.V. (%)

Ao oo lid 1) e )0 Sy g iy Jleiml mdaw jo o pme WS g o pae pf i A * 5* ‘
wand = significant at the 5% and 1% levels of probability, respectively. ns: not significant
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2l s Slgime ()5 e zobas Sl Kile dnglie Y Jgor
Table 2- Mean comparisons effects of NaCl concentrations on RWC

NaCl

(Mm L) 5 100 200 400 600
R(ZZ)C 91.9a 89.9b 86.8¢c 79d 74.8e

L )sSello 35" a5 bagyg p Sod cale lidee ol 236 il ls 4 jos - Y Jguer
Table 4- Analysis of variance in different levels of NaCl concentrations on ions in three species

of Salicornia
&l s’ @olio &ol3T a0 Mean squares Slay o uSileo
source of variance d.f. Na K" Ca”" Mg™
Salinity SIg 4 245431%** 23972%* 490.2%* 311%*
Species aigs 2 1701%* 10851 ** 457.8** 89.4%*
e 8 4935+ 403%* 13.9%% 3.3%
SalinityxSpecies
Error s 20 16.1 16 0.51 0.11
CV. (%) &lpais <o b 0.7 1.1 0.95 0.85

Ao oo L 1) e 0 Sy g i Jletim] e )0 o pme BB g o pe e o 5 4 g
*and *x significant at the 5% and 1% levels of probability, respectively. Ns: not significant.

Spersica (spl), slalsts s Ca’ s Mg K™ Na' slag aoms 2 655 5 5y hlite 51 -F Jgur
Sperspolitana (sp2) and S. bigelovii (sp3)
Table 5- Interaction of salinity and species effects on the accumulation of Na*, K¥, Mg*" and
Ca”™" in Spersica, S perspolitana and S. bigelovii

NaCl S ] Na* K Ca2t M g2+ ON
a PECICS  (mmol ¢! D.W) (umol g D.W) (umol g D.W) (umol g D.W) a

1 333+3.6m 443+21a 86+1.5b 47+1.7b 1.32+.59

5 2 356+1.21 435+.59b 9242.7a 50+2.3a 1.22+.68

3 32242.3n 420+.65¢ 83+1.8¢ 46+1.1c 1.3+.73

1 600+4.11 386+.49d 79+2.1d 42+1.8d 0.64+.42

100 2 587+3.7j 378+.51e 77+1.7¢ 41+1.5¢ 0.65+.06

3 511451k 332+.49hg 67+.35j 36+1.7¢g 0.64+.09

1 680+.69¢ 356+.22f 78+2.6ed 37+1.1F 0.52+.21

200 2 690+1.8d 354+.87f 79+3.1d 38+2.4f 0.51+.57

3 63243.2¢g 310+.93] 66+1.6k 35+1.9h 0.49+.76

1 620+1.7h 337+.38¢ 71+1.7h 3642.3g 0.54+.95

400 2 650+2.9f 330+.30hgi 74+1.6f 38+2.1F 0.5+.07

3 650+2.6f 290+.46k 65+2.2k 3242.5i 0.44+.32

1 73042.2¢ 324+ 41i 69+1.9i 33+1.6i 0.44+.65

600 2 770+3.7b 325+.30hi 73+.59g 35+1.9h 0.42+.05

$3 84342.9a 250+.371 62+1.91 30+1.1j 0.29+.93

*means+ Standard errors 3 laitinl slalas + Lo Kileo osimailis polies
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Figure 1- Effect of Nacl concentrations on fresh weight and dry weight in Salicornia persica
(spl), Salicornia perspolitana (sp2) and Salicornia bigelovii (sp3)
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Figure 2- Effect of Nacl concentrations on osmotic potential in Spersica (spl),
Sperspolitana (sp2) and Shigelovii (sp3).
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Similar letters indicate no significant difference at the probability level of 5% of Duncan test.
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Figure 3- Effect of Nacl concentrations on proline, glycinebetaine and carbohydrates in
Spersica (spl), Sperspolitana (sp2) and Shigelovii (sp3)
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Similar letters indicate no significant difference at the probability level of 5% of Duncan test.
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Abstract

To compare morphological and physiological responses of three salicornia
species to NaCl concentrations, a greenhouse experiment was carried out. The
factors consisted of five levels of NaCl concentrations (5, 100, 200, 400 and 600
mML™") and three Salicornia species (Salicornia persica . Salicornia

perspolitana and Salicornia bigelovii ). The results showed that, simple effects of
salinity and species on proline, glycinebethein, carbohydrates, chlorophyll a,
chlorophyll b, relative water content, osmotic potential in shoots, dry and fresh
weights were significant. Interaction effects between salinity and species on
proline, glycine betaine, carbohydrates, chlorophyll a, chlorophyll b, osmotic
potential in shoots, dry and fresh weight were also significant. Carbohydrates
concentration increased by 70-80% at 400 mM and then decreased from 5% to
13% at 600 mM concentration. Increasing salt concentration up to 600 mM,
increased proline and glycine betaine contents. Osmotic potential was also
increased by 3 to 4 times with increasing salinity levels. The chlorophyll a and
chlorophyll b contents decreased at 600 mM. At 200 mM NaCl concentration,
wet and dry weights were significantly increased 2 to 3 times as compared
control in all of three species while at 600 mM, it was decreased by 60% to 65%.
It can be concluded that with increasing salt concentration all three species
tolerated higher salt concentrations throught proline and glycine-betaine
accumulation and reduction of osmotic potential. Sbigelovii had the highest Na*
accumulation at 600 mM of NaCl and least accumulation of K*, Ca®" and Mg*".
On the other hand, Sperspolitana at 600 mM NaCl concentration, had the
highest accumulation of potassium, calcium and magnesium, and was superior to
other species in terms of dry weight yield under salinity.

Key words: Carbohydrates, Chlorophyll, Osmotic potential, Proline, Relative
Water Content.
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