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Table 1. Germination time course of each species and each salinity level

(Species) aigs EC (dS/m) S oSl colon

Control 10 20 30 40 50
S. persica Gorgan ecotype 12 12 14 20 20 20
S. biglovii 11 12 19 20 20 20
S. europaea 14 16 20 19 20 16
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Table 2. Indicators of stress tolerance in the seedling growth test.

d*” & c;.ogtio ‘sl.buo."’ub
Indicators of stress tolerance

oL,y Wy &
Mathematical relations

References

G Jo (o5 [4 el
Stress tolerance (Tol)
Lo (5590 g a5 Lis [V alal]
Medium productivity (MP)
§90 80 (e (Silbae (as L [V alal]
Geometric medium productivity (GMP)
Sigeyld (rKileo a5l 1Y ala]

Harmonic (Harm)

Tol=Yp-Ys

MP = (Yp + Ys) /2

GMP =,/(Ys)(Yp)

Harm = [2(Yp x Ys) / (Yp + Ys)]

(Rosielle and Hamblin, 1981)

(Rosielle and Hamblin, 1981)

(Fernandez, 1992)

(Fisher and Maurer, 1978)

aiblige A5 barme 0 48 o (azalS SiS (59) ogdlly 0)Sles V'S 5 (A g damme )0 isT e (azpalS SiS (j9) gl o Slee 1YD
Yp: potential yield (seedling dry weight) in each species under a non-stress and Ys: potential yield (seedling dry weight) in

each species under a salinity stress condition.
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Table 3. Analysis of variance (mean squares) for the effects of Salinity on some germination and seedling traits in
Salicornia species (S. biglovii, S. europaea and S. persica Golestan ecotype).

(Germination test) & 38lgz g3l
i ol a8 Job Job & 4lgr weyo Gl s A ol
sov o3l azady, azasle W Sl Cus Siale JEY
df RL HL FGP GR CVG SVI
i 499.22™  83.58™ 13957.46™  0.00003607°*  32631.22™ 1787.42*
Salinity (S)
s 294,10 45.72™ 935.16™ 0.00001316™ 8914.81™ 424.81™
Species (Sp)
S :’S e 10 59.76™ 3.74™ 228.43™ 0.00000118™ 7751.32™ 88.96™
xSp
Error Ls 54 13.40 1.06 19.54 0.00000032 395.78 7.83
CV (%) 22.22 18.32 8.08 10.78 12.62 19.07
(Seedling test) SlazxalS (yg03!
axye SAS i F 09 b Ol woyo
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S.0.V df SDW SFW SH WwC TP F1
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Salinity (S)
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Species (Sp)
S :’S *Sar 10 0.01454™ 0.8040™ 2.03" 1536.18"™ 0.002391™  0.0000512™"
X Sp
Error Ls 54 0.00041  0.0182 0.31 8.96 0.0000098 0.0000097
CV (%) 13.90 14.45 13.84 3.92 7.10 20.56

** Significant at the 0.01 probability level aoy S Jlisl mda jo lo e ¥

RL: Radical length; HL: Hypocotyl length; FGP: Final germination percentage; GR: Germination rate; CVG: Coefficient of
Uniformity of Germination; SVI: Seed vigor index; SDW: Seedling dry weight; SFW: Seedling fresh weight; WC: Water
content; SH: Seedling height; TP: Total phenols; F1: Flavonoid
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Table 4. Species x salinity levels interaction on some germination and seedling traits in Salicornia seed (sliced by the
each species levels)

(Germination test) & 38laz cyg03l
) i8lge s )
Lo azaday Job azasle Job GR (no of seeds 3419 (SS9 cupo o ay p3Lo
Treatments RL (mm) HL (mm) per day) CVG (%) SVI
Species Salinity Mean+SD Mean+SD Mean+SD Mean+SD Mean+=SD
Control 16.32+1.39 5.9240.56 0.0065+0.0004 115.1°£9.5 20.5%+2.56
. 10 16.12+£3.51 5.440.66 0.0065°+0.0002 115.3°t8.5 17.9%+£3.39
S. persica 20 12.6"£1.66 5.1%40.67 0.0062+0.0001 95.8+13.5 13.0°+1.83
g‘(’;ﬁ;ﬁ 30 11.6"£1.73 3.4°+0.35 0.0053%+0.0005 157.5%449.1 8.0£0.76
40 10.3%+1.18 2.9°+0.09 0.0039°+0.0002 219.82+14.9 4.99+0.15
50 10.1°+1.48 1.6£0.79 0.0033%0.0014 154.8°+30.3 0.6°0.34
LSD (0.05) 2.94 0.85 0.0009 37.8 2.8
Control 32.6%+5.73 10.82+2.91 0.0082+0.00004 110.5+4.2 41.0%+3.54
10 26.50+4.46 8.60+0.41 0.008%+0.0002 109.6¢£13.7 30.4°+4.58
S. 20 24.3b+5 24 8.1%+£1.47 0.0070°+0.00004 165.4%+2.5 23.7°+3.76
bigelovii 30 18.3°+3.68 5.6°¢0.12 0.0053°+0.0004 253.9%+£8.8 14.69£1.93
40 11.6%+1.41 4.9°+0.24 0.00409+£0.0001 251.4°+£3.8 4.6°+0.8
50 5.69+£2.05 2.19+0.09 0.0028°+0.0015 186.0b+41.5 0.7¢+£0.19
LSD (0.05) 6.06 1.99 0.0010 273 14
Control  24.7%:4.95 9.5%42.45 0.0065*:0.0001 148.5%+3.1 31.6%3.02
10 24.33+7.68 9.42+0.06 0.0054°+0.0001 126.0%£1.7 30.5%+7.33
S. 20 17.5°4+0.63 7.1°+0.09 0.0050+£0.0002 137.9%°+9 3 12.4%+1 45
europaea 30 14.6°+3.58 5.7°+£0.21 0.0045°+0.0004 239.7%£9.3 7.0°£1.12
40 12.1%+4.43 3.3°¢0.41 0.0035%£0.0006 223.7*£13.3 2.3¢d4() 87
50 7.3°+1.14 1.69+0.12 0.0017°+0.0002 26.19+29.1 0.29+0.05
LSD (0.05) 6.58 151 0.0005 36.1 4.96
(Seedling test) Slazxals g0l
S 59 FONY ) -
azals azals ) ooy NERRE igigllé
L)l SDW (g per SFW (g agals azals sl TP (mg/g F1 (mg/g fresh
Treatments pot) per pot) SH (cm) WC (%) fresh weight) weight)
Species Salinity Mean+SD Mean+SD Mean=SD Mean+SD Mean+SD Mean+SD
Control  0.21°+0.002 1.42+0.069 8.532+0.50 85.4%+0.51 0.1235+0.0034 0.0272+0.0034
S. persica 10 0.13*+0.019 1.2%+0.051 6.65+0.30  89.072+0.66 0.113%£0.0072 0.0282+0.0081
Gorgan 20 0.15*+0.016 1.33+0.06 5.38+0.38 88.820+0.29 0.1562+0.0034 0.0312+0.0012
ecotype 30 0.10°£0.007 0.75°+0.20 3.8349+0.25 85.8%¢+£5.05 0.1059+0.0046 0.019+0.0022
40 0.09+0.010 0.69+0.089 3.584+0.34  84.69°+2.21 0.0525+0.0009 0.014*+0.0016
50 0.059+0.003 0.3°+0.007 0.70°+0.16 83.72°+0.48 0.0140.0023 0.004°+0.0018
LSD(0.05) 0.016 0.15 0.50 3.40 3.40 0.0057
Control  0.22Y+0.001 1.82+0.184 6.55+0.44 87.66%+0.98 0.027°+0.0017 0.0222+0.0018
10 0.332+0.012 1.92+£0.788 7.732+0.53 82.92b+0 95 0.0312+0.002 0.0220+0.0012
S. 20 0.14°+0.001 0.78°+0.08 3.90°+0.38 81.50°+4.82 0.022¢£0.0049 0.014°+0.0063
bigelovii 30 0.084+0.008 0.65°+0.21 3.50°+0.32 85.9%+7 61 0.0179+£0.0011 0.016*+0.001
40 0.04¢+0.016 0.3%+0.05 2.059+0.57 85.9%+3 68 0.0115+£0.0008 0.014%+0.001
50 0.0001£0.0  0.00019+£0.0  0.0001°£0.0  0.0001°+0.0  0.0001%£0.0012  0.00019+0.0008
LSD(0.05) 0.013 0.51 0.62 5.95 5.95 0.0042
Control  0.318Y+0.03 2.11°+0.16 5.85+0.83 84.89P+1.62 0.031+0.0032 0.0142°+0.002
10 0.3722+£0.04 2.422+0.29 7.182+1.48 84.50P+1.99 0.0302+0.0003 0.015%+0.0003
S. 20 0.18°+0.008 1.43°+0.04 4.0540.84  87.34+3.60  0.024°+0.0014 0.0122>+0.002
europaea 30 0.14°+£0.027 1.039+0.16 2.084+0.39  85.51°+2.32  0.020"+0.0039 0.012*+0.0044
40 0.0459+£0.051  0.43°+0.18 1.039+0.38  89.44°+£2.90 0.015°+0.0037 0.011°+0.0025
50 0.00014+0.0 0.00017£0.  0.0001°+0.0  0.0001°+0.0  0.00019+£0.0016  0.0001°+0.001
LSD(0.05 0.047 0.25 1.19 3.50 3.50 0.0037

25,05 o2 b o0 O Jleil o 50 (6)lo gime BUSILSD (yg03] Lolul 5 4355 10 10 5 cygim 5 50 S iie By gl sl Sileo
Means within each column and each species followed by the same letter are not significantly different (P < 0.05)
RL: Radical length; HL: Hypocotyl length; GR: Germination rate; CVG: Coefficient of uniformity of germination; SVI: Seed
vigor index; SDW: Seedling dry weight; SFW: Seedling fresh weight; WC: Water content; SH: Seedling height; TP: Total
phenols; Fl: Flavonoid
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Fig. 1. Final germination percentage (b, d and f) and germination time course (a, ¢ and e) of three Salicornia species.
Cumulative germination data is represented using symbols and germination time course is represented using lines fitted

through a three-parameter sigmoidal function (Gompertz).

Qo yd GhalS azs 50 5 azadle Job elS (iores

aS 0091 (6,99 zokaw Lol 4wl o 58 (lo 3 Blge
ol cillae Liwly par g0 ladore plo gl b asdly oyl
= (Soltani et al., 2006; Ansari et al., 2012)
Cawl ool las (Amiri et al., 2012) ) Kan 5 (5 ol
S 33 Glie (r i a5 0 )8 pae Ll o a8
& (S. herbacea) Ls,sSJls oS 15 Jiale> S g
Oy 3l @ayias mad 9 I8 cdale Gl L 5 vl cows
Ber BYe e claclale |5 aS gymoay i anuls Slas oyl

2ol e st b e bLSI o 4y 4ty
log soee yikd SO plgicdr g ooy o] (om0 50 Laplall
e O 0329% O Suem (plplo 1S oo J S,
Sl (6595 Jlasl Lylyl po ata; wb) falS Lol s
5 e Bl lEl 45 e s b3S alasl, ol o
Sl g (55958 polis 5l (6 )l (0B, Qi IS
Job 2ol 4y e 5 00,8 Sl L3 )sSll olS o Lid S
Lee et) 05,5 s0 o5 slaplal plu g aiy ) Sis 399
.(al., 2016
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O 53 69t Jleel 5l (2L (S ladllzsl (T Jgaz)
ez jl plrodgs (o 5ol Sy slaaiss 31 5o sl
iie 556 5 Ol Ayl iz (ab A rizen 5 455 S,
tbordan sanlp  laos Coaw 5 )90 ok
5 O slopd dlse (ol 5elsyune) Sl Jolhe
s et Slga 3l oslizal b sz (slacdly cile) gl
Sillez 5 S8 pae a4 e (S alpe )0 ol
(Zeinali et al., 2002) 55,5 oo 55

S og ol 5l S @b 5o 50 4 ey 95 50
50 dsllasdjge AgS Aw o 40 Cdo pl Llade i
S. persica 4is8 3V 10 (Sl b ol 5 4) dald xlaw
S. europaea) 45 3 Y\IF 4 S. biglovii ¢35 ;o /-
oz jsmd B el 10 43S a2 50 ()] ke o yieS g
S. & 0 o lf 5eSiba b iy ) )9 Jloel 2o
S, @S o +IY 4 S biglovii €85 5 +/Y persica
(F Jgox) ol Cows & (europaea

3 aiiles oo dhoe sla sl Sldllae Lo
Fe g od A p Sl Cepw g deps alS Bk
O3 L ey abaly cpl )0 3 IAS e 5L azelS Gals
S5 S G 3 e 05,1 iy e SUL Sialsx
Poori ) aisly 42l ()b (gzeen e sla s b
o5 3 wsSl> (et al., 2012; Panahi et al., 2012
-5l g (6,8d zekw wyp ,o (Jacob et al., 2020)
S LSl
G5 okaw ili8l ass o a5 wasls Wbl brachiata
el g ool wass Hd ye SlawST sl gbs slapiasw

Salicornia oS Siler sl

o ol 3l b @yl 4 ROS pezs ialS b s
Moadee Voo o b 5ds sy Lab> crgo g 00,5 SS
00,5 ey IS
Sls Hlis 3 ymelE Jow Ll 5l Jeols slaslol b
ooz g, atudlys (p9Far 45gS s o )0 Jae (pl &S
Sz oy Lo p (5)sh e 5o 50 ley o,
Ly .0 Jsa>) (MSE<3.25) 4 (R*adj>0.95) uas las

ol (gySoilul Clas yo glo gme Sl Use Lo
Wao dheo Yoo clale o] o0 5 )bedr 000,55 sanlie
L yssdlo 455l jo (Siailax caiiSdgaome |y puaw & IS
OLl—Sen 5 55 slaaidly b i (ol oS (Byme
u.dﬁjl.b OL.S Oyg—o 4O (Qu et al., 2008)
S g ozl o> o Halocnemum strobilaceum
o3 5,50 ,o (Jami Al- Ahmadi and Kafi, 2006)
Kategi et al., ) laize ;50 Lol ccuils Slgsan LuissS
Aleuropus lagopoides byl oS 5,50 ,o (1994
oL (nl 55 fe pr renj o0 Vo (598 b a5 i S plle
Jid, 1l oo Jrax |y 095 Siailer woyn Ve g0
el Dglite po b s codglle (oS o o (Sals>
S. persica 455 1o a5 w35 Lasin o pol> ol
Soot Jlosl utorj oo Ve g sald golan
(S5 ey 4zl Jobo wazaty, Job Slio L)
25 oimlex s i Haiil s S, biglovil 4585 o
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(F Jgaz o) J58) ol ()98 Jloel fo o j o
aS oS oo 05U 1) Cllae ol g a gl cpl Cpuioren
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L) (o 5o ilgline (S3ailor al> o 15 (5595 zolaw
@ Jooo wlin] s jslateds 095 adllae yo jlike
oligeds ol ) eslinal b LSl slaist (s,
w5l L ysSle oS cladisS oy 45 wisls 3 ,15S
Sy Slas Yo sme 2olS gl (6550 4 Jems ailisl
@ Joos ailbiw] o> a5 glaigSa 0,ls 849 gls (5,940
SLdsS (35 o bl (i 93 sleodss )3 (590
Ranjbar and Pirasteh-) sg jo p (uiosj oo YIOY o
.(Anosheh, 2018
5SS o p e o yien a5 Sl b o ol
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L) S. Europaea 4 (a0, YOY/A .Sl L) biglovii
A ye g e jewd Toomaw 50 (o) YYAY (1S5l
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Table 5. Model parameter from fitted sigmoid model (Gompertz) on seed germination of three Salicornia species under

salinity levels at time

Treatment Gompertz 3P

Species Salinity a (%CV) b (%CV) Xo (%CV) Rlagj RMSE
Control 95.03(3.25) 1.58(11.75) 5.73(2.11) 0.991 3.249
10 84.90(2.55) 1.49((9.57) 5.84(1.60) 0.994 2.355

S. persica 5 72.35(1.28) 1.11(7.16) 6.48(0.89) 0.997 1.625

i‘;ﬂi;‘)‘; 30 52.20(1.31) 1.59(8.01) 7.37(1.31) 0.994 1.690
40 34.53(1.12) 1.05(8.64) 7.95(0.91) 0.995 1.048
50 10.88(27.42)  8.67(22.47) 16.20(15.51)  0.978 0.263
Control 96.95(2.55) 1.70(9.02) 4.42(2.25) 0.995 2.562
10 88.14(1.44) 1.66(5.71) 4.60(1.37) 0.997 1.601
20 70.65(0.75) 1.71(4.58) 5.32(1.11) 0.997 1.350

S. biglovii
30 59.44(2.47) 2.96(9.40) 7.08(2.59) 0.988 2435
40 31.70(6.14) 4.91(12.07) 9.60(4.41) 0.985 1.196
50 21.17(30.95)  7.27(24.98) 17.07(13.86)  0.978 0.505
Control 94.73(1.21) 2.03(4.40) 5.75(1.01) 0.998 1.410
10 92.13(1.40) 1.97(5.65) 6.96(1.07) 0.997 1.883
20 49.53(0.66) 1.58(3.99) 7.72(0.62) 0.998 0.794

S. europaca 5, 36.26(4.60) 3.91(11.12) 8.61(3.31) 0.987 1.389
40 15.63(5.30) 3.49(13.16) 10.51(2.84) 0.984 0.689
50 2.47(21.38) 2.54(34.83) 11.95(5.93) 0.951 0.151

S oy ol 5l S @S 55 azelS b, geeil o
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(p,S YITY 5 +/YVY o o Sile b s 5 a) Europaea
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a5 g J jo cplldl aslsl e edesj ows O
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.(Panahi et al., 2012; Chauhan et al., 2006) ..l
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