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Extended abstract

Introduction: Salicornia is a halophyte plant which cultivation is important for reclamation of saline
soils and producing fodder. Seed germination has always been of interest to plant ecologists due to its key
role in plant population establishment. Also, due to the importance of this process in seed certification, this
phenomenon is of interest to control and seed certification experts. Temperature, access to sufficient
humidity, and the presence of light in light-sensitive species for seed germination are considered to be the
most important natural factors for seed germination. Additionally, the time required for germination and
sufficient early seedling growth are important to determine the potential seed germination. Therefore,
determining the temperature, the need or lack of light, as well as the time required for germination and the
suitable substrate for planting seeds, are of great importance in the process of seed certification laboratory
tests. This experiment was conducted to investigate the optimal conditions of temperature, light, duration,
and substrate for seed germination of three Salicornia species.

Materials and Methods: A preliminary study was conducted to determine the light requirements,
duration, and suitable substrate for the standard germination test of Salicornia persica, S. persepolitana, and
S. bigelovi, seeds. Since no difference was observed in the percentage of seedlings emerging in light and
darkness (seeds of the studied Salicornia species germinated under light and dark conditions) and maximum
seed germination was achieved within 7 and 12 days in the substrate between germination paper (BP) and top
of paper (TP), at constant temperatures of 20°C and 25 °C and alternating temperatures of 20-25 °C (8-16
hours/day-night), the main experiment was carried out under these conditions.

Results: The results showed that the seeds of S. bigelovi species had the highest percentage of normal
seedlings at 25 °C constant temperature for 7 days in the top-of-paper (TP) substrate. Also, the seeds of S.
persica had the highest percentage of normal seedlings at 20-25 °C alternating temperature for 7 days in the
top-of-paper (TP) substrate. S. persepolitana seeds at 25 °C constant temperature for 7 days on the top of
paper (TP) substrate had the highest percentage of normal seedlings. S. persica, S. bigelovi, and S.
persepolitana seeds had a higher percentage of normal seedlings in both germination durations and
temperatures, respectively.

Conclusions: The results of the research showed that the seeds of the studied Salicornia species did not
require light for germination. Also, the studied Salicornia species in the research had significant differences
in terms of temperature, duration, and optimal substrate for the standard germination test. So that the optimal
temperature for germination of S. persica seeds was alternative temperature and the optimal temperature for
germination of S. bigelovii and S. perspolitana seeds were constant temperature. The constant temperature
for germination of S. bigelovii species seeds was higher than the constant temperature for germination of S.
perspolitana seeds. Also, the top of paper (TP) substrate was suitable for the standard germination test of all
three species.

Keywords: Constant and alternating temperatures, Germination duration, Germination substrate, Native
Salicornia species

Highlights:

1. Light was not necessary for the studied Salicornia species seeds' germination.

2. The germination response of the seeds of the studied Salicornia species to the optimum
germination temperature and duration varied.

3. The studied Salicornia species did not differ significantly in terms of suitable growing medium for
seed germination.
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Fig 2. Above right to the left respectively, Salicornia
unseparated seeds lot and seeds having inert mater,
below used camera stereo microscope for seeds
separation and pure separated seeds in field of view of
the microscope (images prepared by corresponding
author).
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Fig 3- Right, planted on moisten blotter paper (Top of
paper) in petri dish Salicornia pure seeds and left,
planted and sealed by para film petri dishes in germinator
(images prepared by corresponding author).
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Fig. 6- Right planted Salicornia seeds petri dishes sealed
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light penetration prevention and left exposed to light petri
dishes (images prepared by corresponding author).
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Fig. 7- Salicornia seed germination various stages, above
first row left to right respectively, dry seeds, imbibed
seed, beginning of radicle emergence, above second row
left to right respectively, Salicornia germinated seeds and
seedlings evaluation under camera stereo microscope, 12
days and 7 days old Salicornia persica seedlings, above
third row left to right respectively, development of
radicle emergence, hypocotyl axis and cotyledons
emergence from seed coat, entire seedling emergence
from seed coat, below row left to right respectively,
emerged from seed coat seedling shoot and a complete
developed normal seedling (images prepared by
corresponding author).
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Tablel- Variance analysis of the effect of temperature, duration on seed final germination percentage of the three studied
Salicornia species for seprate substrate.

S.0.V &l i asbio df SS MS F
Species-Germination duration _jalg> wue-4s§  TP®  BP™ TP BP TP BP TP BP
(T) Temperaturelss 2 2 1058.6  818.6 5293 4093  17.01*%*  29.7]%*
S. bigelovii — (B) Error 2Ll gl 9 9 2800 1240 31.1 137
7 days G ¥ 11 11 13386 9426
(C.V.%) (00,90 55 iy 2 5.4
o (T) Temperaturelss 2 2 690.6  690.6 3453 3453  33.78%F  337g%x
S l”z’g;;‘;:”' (B) Error syl slbs 9 9 920 920 10.2 10.2
G Js 11 11 7826 7826
(C.V.%) (00 ,0) 8l yuis g 0 4.1 4.1
] (T) Temperaturela> 2 2 4880  1802.6 2440 9013  14.08%*  61.45%*
s‘é’flf:;:"" E) Error b1 slas 9 9 1560  132.0 17.3 14.6
G Js 11 11 6440 19346
CVY) (ao )i oo 45 47
(T) Temperaturelss 2 2 2480  802.6 1240 4013  10.33%*  82.09**
s'lgess""“' (B) Brror sl sl 9 9 1080 440 120 48
e G 55 11 11 3560  846.6
(C.V.%) (3o )l i g o 3.6 2.58
_ (T) Temperaturelas 2 2 1626 24426 813 12213 2.2%* 21 47+
S. Pe;‘g;’;’:""“' (B) Error 2.Lj1 sl 9 9 3320 5120 36.8 56.8
Gy Js 11 11 4946  2954.6
(C.V. %) (0o y0) i i 12.0 16.6
. (T) Temperaturelas 2 2 140 21946 7.0 1097.3 021" 58.79%*
S. Pi’;’;‘;’;’s“”“' (B) Brror yiylesT sl 9 9 307.0 168.0 34.1 18.6
G ¥ 11 11 3210 2362.6

(C.V.%) (30 ,0) Sl yis g 0 9.8 7.8

(Between of paper) 3¢S 5, BP™" 5 (Top of paper) &5 9, TP*

.)l.)‘sb.n).:.éj..\.a)dJis@JL&blCJaﬁ)d)‘J@M%)]c\gnS5** ¥
*, ** and ns are statistically significant at the probability of 1%, 5% and not significant
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Fig. 8- Mean comparisons of the effect of three temperatures during 7 days in top of paper (TP) and between paper (BP)

substrates on three studied Salicornia species seed final germination percent (the same letters in each species and substrate
showed means comparisons non significant difference of means by LSD method).
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Fig. 9 - Mean comparisons of the effect of three temperatures in during 12 days in top of paper (TP) and between paper (BP)
substrates on three studied Salicornia species seed final germination percent (the same letters in each species and substrate
showed means comparisons non significant difference of means by LSD).
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Table 2- Analysis of variance (mean squared) of germination indices related to three Salicornia species under different
temperatures and substrates
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Species (S) wo5 2 6950" 2749 69.50™  2513.117 8.27" 30.077  26.61™
Temperature (T) Lo 2 504.66™ 18.45™ 5.04" 677.52" 1035 13.15" 29.98™
Substrate (Sub.) =S i 1 1494.22% 0.31™ 14.94"™ 263.58" 0.34™ 0.18™ 1.73"
T x Sub. ys x Lo 2 160.22™ 1.92" 1.60™ 35.05 3.10” 0.25™ 317"
S % T Les x 4355 4 554.66™ 151" 5.54"" 232.42" 7.25™ 3.75" 1.87"
S X Sub. yu x 4355 2 96.22"" 0.82" 0.96" 51.15™ 2.06" 0.26™ 0.35™
S % T X Sub. ;i x Les x 4365 4 262.22" 0.25™ 2.62" 8.43™ 2.82" 0.15™ 0.50"
Error s - 13.62 112.14 0.13 7.82 0.49 0.16 0.18
C.V.% Ol yois gy oy 4.79 7.19 4.79 12.69 12.32 19.46 10.16
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ns, * and ** non-significant and significant at 5 and 1 percent probability levels, respectively.
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Table 3- Mean comparison of interaction effects (Substrate x Species x Temperature) on Salicornia seeds germination indices.

slaaiss L shazalS aops Sl bagte Sialr GBIES 00 @ G Gloj Se
S
b 595ls Temprature s sl (1) &l G Gs)) $3lsz oo
Salicornia (°C) Substrate Normal seedlings ~ Mean daily Germination Time to 50 percent
species percent germination (%)  uniformity (day) germination (day)
S. persica 89¢ 89¢ 5.84 b-e 3921g
S. perspolitana TP* 61 fg 6.1 fg 4.10 fg 6.57 ab
S. bigelovii 20 90 be 9.0 be 6.06 b-e 4.44 ef
S.persica 78d 7.8d 6.66 abc 5.59 cd
S. perspolitana BP™ 38h 3.8h 4.24 fg 6.89a
S. bigelovii 79d 79d 6.67 abc 5.88 be
S. persica 96 ab 9.6 ab 7.02 ab 2.70 h
S. perspolitana TP 9¢g 59¢g 6.26 a-d 4.78 de
S. bigelovii 98a 98a 7.39a 3.19 gh
S persica 25 82d 82d 5.66 cde 2.67h
S.perspolitana BP Tle 7.1e 5.85b-e 4.89 de
S.bigelovii 84 cd 84cd 6.46 abc 2.68 h
S.persica 100 a 10.0 a 301g 2.39h
S.perspolitana TP 61 fg 6.1 fg 5.65 cde 4.59 ef
S.bigelovii 80d 8.0 d 6.83 abc 4.43 ef
S.persica 2025 97a 9.7a 4.85 ef 2.51h
S.perspolitana BP 57¢g 57g 5.60 cde 4.6 ef
S.bigelovii 66 ef 6.6 ef 4.93 def 4.07 ef

(Between of paper) 315’ 55, BP™" 5 (Top of paper) il g5, TP
Wil o oy S gk 3O LSD (49031 b 1o Sxe S| B ciciuwd S e By Sy (51510 JBlaz g B 0 45 b emKilee

Means in each column followed by similar letter(s) are not significantly different at 1% probability levels using LSD test.
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Fig. 10- Temperature x substrate interaction effect on mean germination time mean comparisons (the same letters showed

means comparisons non-significant difference of means by LSD).
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Fig. 11- Species x temperature interaction effect on mean germination time mean comparisons (the same letters showed

means comparisons non-significant difference of means by LSD).
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Fig. 11- Species x substrate interaction effect on mean germination time mean comparisons (the same letters showed means

comparisons non-significant difference of means by LSD).
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Fig. 13- Temperature x substrate interaction effect on germination rate index mean comparisons (the same letters showed

means comparisons non-significant difference of means by LSD).


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

Y

Ly g5l 465 A ydy (F5algr (6] p Sl w9 Do yg clod A Il (o) 2 1, 0R 9 G

40
35
30
25
20 A
15 A
10 A
5 <

be

0

Germination rate index (1/d)

Gy omSe) ($yailsz sy a3l

S. Persica

S.
Perspolitana o

S. Persic,

S n:
: blgelovii o

S. bigelo‘,ji

v S peren ;-
=3 Spo],
o Itany o

w

25

Species/Temperature (C°)lod [ 4igs

2 bSile jlo pxe Dala pae alie Bg,m) (Siailex ey a3l Les x 43S lite 51 sla ik duslie —VF JSCi

(223 oo Las 1) LSD g 4 dulie

Fig. 14- Species x temperature interaction effect on mean germination rate index mean comparisons (the same letters showed

means comparisons non-significant difference of means by LSD).

—g) T 40 a
1 35 1
L& 30
3 & 25
Q
T8N ;
=
a2 104
32 5111 |
2E 0
38 S. persica S
perspolitana
TP ils s,

| al

S. bigelovii| S. persica

S. bigelovii
perspolitana

Species / Substrate CaiaS yiuw [ 4igS

ma delie 50 LSl I ce Dglis pas alie Bg,2) Siailex Cope (Ll s x 455 GlaceSile anlio —V0 S

(225 o HLis |, LSD g,

Fig. 15- Species x substrate interaction effect on germination rate index mean comparisons (the same letters showed means

comparisons non-significant difference of means by LSD).

Silgx w0V 4 Gaam) ploj Lo (LY
5 455 X Les Jlaie 5l g aigS g oo Lol &l
P Sl weyd Ve e Gl Do a3Ls
oS (V Jgaz) o Jbpae doys S g
b Gy 5 osllo slaaiss o >l (nl lade
a0 YO o o 59, /Y g VP laglie @
Gyl eizman ol odalin ol &0l gl
sor 090 Syl Gled aw o 0 Llidyewy &gS
S e N O
(7 JS) el 5l Sialsr weps V4 o,

il S8 el

SISl g cinS g Gl oma Lol ol eles
SIS pald ey 09 slales it
Joaz) asils weys K mhaw ;o ghlo pxe Sials>
$3lez (SHIES (aFlh jlade (n s 9 feS (T
az )0 YO slos jled 1o (6lKo 43S 10 il ey (UD)
655 ;5 9 (TP) X (59, <ol S0ty pemde
S9) Dgliie (gmmabs 4250 Vo-T0 slod )3 (e
(Y Jgoz) o ovaliwe (TP) 25


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

Yy

VX [p90 0 los a3k Jlw /ol ) & sla gy

3 6
3 a
3’\ 5 4
D
P
. b
L3 be be g
EC) 2 de
o f ¢ ef
j = 1 | |—|
s [] 1 []
i
& < < = < < = < < =
2 = g 2 = g 2 = g 2
2 2 = 9 z = 2 12 b 2
= [} —_ [5) — [
2 & g &b & g & a g &
3 vi @ © vi 2 2 v 2 o
~ Q %] Q %] o vi
o o o
75 75 v
20 25 20-25

Species / Temperature (C°) Lod [ 4igS

pas lin Bgy>) 9, caw p (S58lez Qo0 Vo ) ais, Hloj Sae L e g Led e I 5 Sls dulie -8 SIS

(325 oo (LaS [y LSD (g3l (g 4 duslan 10 o1 Sils Hlo cine Siglas

Fig. 16 -Mean comparisons of temperature and species interaction on time to 10% germination percentage as days (the
same letters showed means comparisons non-significant difference of means by LSD).

Sy yoh oS slayd (Gl (VoA e
L g (5 0 o oo ksl iy Suaeda vermiculata
YL ok )5 Ll vy 5 5l s ol (5590
—) wsg Sty yg ite Sypen layk sl
2 Lo 3 os o sine (VYA (oS 5 7 soOLS
Solie 5l Sl Lo a4y o wglie gy 5 Salls>
ol e Sl seye mls g Siaile> sles
oy O sbaiss slaydy a5 ol lis Olallas
Vosbos o1, Sl Gialem woys o eS Lo jeSlle
sl pleo 5L g amils coll & jgods wgmd a0
o oy L il b il 25 Jpas sl
Dygods e 4250 YO) SV lales 5 08
by Sl Rl o ooliie slos 5 (el
wile baaiss 5l (S yh Gialsr sy oS
be los Sail @S & o> gy Losl
Voo Ghlen 5 Jo9) amsoe plas 28Ty 5
cbass al b (Ve LKes s Mol
Gl e el glaiss aile K3 Cengsyed
Y ) o San g ) aims e Lt |y oS jlonms

* Aghaleh

3 Photoblas

% El-Keblawy

7 Salicornia rubra Nels.
8 Khan

? Suaeda moquinii

P34l wo 50 B 4 oy oy G

Doy S 5 i X Lo X S Ll
S g ghe o Gialsr weps B0 4 o,
e 31 sl Sile anslin (W Jsaz) 09 jlo cixe
bldguns ;s 6565 slo,dy ols lis s X Les X aigS
St 5 Sl Sygoar Gugadis 4z s Ve sles o
45 oyl o eS g 39, PIA L BP) 25 0
Vg a0 YO-Ye sloo o oojailex L
shlo cwiga 59, VIV L (TP) &5 (gq, wolie
B0 4 Gy ploj Dde paslh (pyeS g 0 e
(Y Jgoz) Log Siails doye

G dw pl Gyl Sialex dwoye Delds pus

15 8l ol Sl o8 ke 5 g (Sl
9 Ygsl adlae )0 ax 51 .ol \‘"M‘))B")-.:-é 9 S
doys alitl sl sme i e (Y0VF) ol Ken
saiss o Ll cuils Lewlye Lo 6Kl 6565 Jails>
Sl » e )*‘L adllae cpl 5o 2b3l 950
Slgige 695 5 Lo b Jlaefl jo 568 ais sanliv
OLlS 5l (Fp slayds o (Sl ey eaiS s
g TABT 5 Yo oSen 5 s wib iy 9

! Non photoblastic
% Lee
* Gul


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

Y'Y

Sl digS A ydy (F3ailenr (gl Sl pw g Do g8 lod iy Tl b oy 1 15 K0 9 (G

(TP) 325" (59, S Jms y0 By &5 26 (5
A S duo,0 YY BP) &5 o 0 g 2oy Ve
S Sl we s Abn sl 4
SS90 50,550 &3S 90 b anslae jo Llidgen
oyl ol cdslive eS ( obj)l 050 lod aw o
YoV sloo jo cisS jis 90 2 40 [Kewy 45
D)y5od Gugedes 42,0 YO 5 oglite gl a2 )0
o) (Giailez n VL (TP) 3el (g5, o 5o uli
loo o o ,dy ol (605 ,1,8 5 asils |y (s, 47 )
Ot S5 e )3 Sob &gty Gusendis 4z )0 VO
5 00,8 (o,0 AY) JSidilex ials cuww (BP) &elS
93 8 50 Gogd 423 Ve a Lo alS izeen
Syl ;o ws)S Gialex el e (S
sl ,o 2l (Sl deyd (VL (0 L5
(TP) 325 (g5, <oiS jiww )0 (g a0 YO
az 0 Ved Lo ol b g ol csnlin (ao,e AA)
~ailor wo)d ey 93 2 3 Lol Ojgeh Gugrd
5 (02,0 VA= BP sy 4+ =TP) il s ;5
woglite YOV slos )0 laydy (6513 b (rizren
doy ol Ojsody gl a0 YO 4 Cond
£ = BP woyo Ar = TP) cély oS Siaile
0,5 oanlive juo Llidsew w4365 sla,ds )0 (a0
a0 YO sbe o Sialex sy upYl aS
YY) BP) 8el5 o yiwo 5o Coll &jgods uguades
S (59) s 5o Lo)de 558 5 0l ol (oo
(oeys 01 = TP) wi giale> Juals o (TP)
og oyl blidsew s 4565 sla,ds (o Cannl Sl aiSS
g 42,0 Ve slos 3 (655158 5l ey Loy oS
£V =TP) Y--Y0 5 (00,0 £\ = TP) culi & q0a
G (TP) 325" (59 i 5o (pogamndis 4> 35 (000
Wlie Iyl s o ol O g0ds Gugpads 4> 0 YO o
Sialez pas il i Gialsr (05 e
P Gl g wls &S Gl byl e
@ls g il Cob acye o Wl e Lis sbid,
S50 slos 4w o S pl Glaydy Sialer alie
oaxms lis wls (TP) 8IS (g5, s ;o (o)
5 Sler Gl bk (nl Sarwy ales edgume
om bk (Sl Cew b L)l

8lsz 53y GgS anlllas ;o (V-VF) (S 5
2 xR o bl LSl 68 sl
aS Widged oddlive ugades a0 FO U AWl sloo
ovgads a0 Voo slos Siailex sl Lo o i
a0 Vo4 0l Lo ol boaSgemas g
Sl g ol Gl (I3l Wy, (S5l s mgemnds
4s5 g g SOl 1alS pugeads 423 TO (sles o
odolive ugrwdis a0 FO 5 T+ slales jo Jjails>
~algz o0 o pidon (Vo o) Lo g ol 1000,
VO aled los yo 1) g, Lopslle 455 slayds (55
odalie 5 Wdged 5,135 wguwdes ax,0 YO aljy, 4
sbaiss slo,d Jialex doye i (Y4
a0 YooV oglie gloo o 1) L) eSSl alies
sanlie (1298) g 5 o5 5,8 odmlice ugeails
LisCllr 655 J Sials 2oy oYl wosas
—aild) ool sles 55 T stalin 4l (Sl
A Sidilex D 50 5 ugeade a0 YO-O (4l
3 Loyl g 09 (G5ailem doyd cn i s 59, V¢
ANy p 3y5e Siallsr sl la), (oled
oS Jol> Sley ol ez 3 Gyl ey
b wis,S oamlice 5 (Yoo V) o), San o aSgy-las,
alides glacuisST sl ,dy Siaile ao e Lo ol
Silsz wo)s op i g S8l Gl (a0 4gS
23,5 ol Gugads az 0 YO-YO olos gl 5o
~dlg 4SS attin yeisred Gaiod pl gl
S 50 L ysSlle 0als ) slodisS slaydy
Al o clS sl gz (TP) &5 (g9, cuis
5 bles wled jo ol Sialex as s e (BP)
Sialyz weyd ol las objl oy9e asS aw e
Slolas 5 S iy 55 55 Gy 655 (slo s o
a0 Yo-V0 Sialem sles jo Lol ogs (6580 4ioS
SLHPESR VSRR S OWERP I ST UL S W VO W)

! Khan and Weber

% Salicornia pacifica var. utahensis (Tridestrom)
Munz

? Rueda-Puente


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

Yo

VX [p90 0 los a3k Jlw /ol ) & sla gy

Saedy Alim alje, el A-VE Iyl i o wgades
i 9 bl (TP) 885 (55, yimn ;o 35, VA
Ol en g aigllS) 04 doyo Veln,dy Siailex 0o )3
b Lo LiygSll 4555 (sl yds salaz (VY
Lol el il ogados a2y Yo 50 5l Les _lsdl
Bgy (ogamdes 4z ;0 Yo 5l Gty slod) T 51 g
Doz 5 &S W35 asie g ol Gl ) gaels
Aoy A0 4 YA 5l giaile d Gl LSl Bis
-l Bl ol 5 old 5 e 13
538y (Gyalez 5 1y sl ity 3 BILLI Gl
Ba> oyl ol (Sialsr eimddg Hled (e
axys Vool o 655 5,0 SLbl LSl
Sag5 Oan dee llyd 0 g 59 olrends Gugend
Sloyd aisid o s (VoVF (o) en 5 ()
b e slaply 4 o pblS I Jel>
(Sen 5 | Sdsa) amsie & ally ol as,
aS ol ool azine oL Sldlas o (V-VY
4w alie glaaiss [d Clo 5 Sialsr slasls
oLS 595 % gei Oloy 5 syole oS sud; ol
Y o Sos 5 @dLS — ) 05 oo et 5,0k
Sl 5l blpe Lpdle &5 byl
oL Ol 4 Wl (Gjailsz 0t ablol sl 5L
1 53 Sased s 9 5l ol o il
1545 ool oy ke g (Vo) o) Kak 5 ) 592
S 3,08 3929 (Sujd Slg L)p Ll sladisS (S p
malsz by 0 % @ ol zgys g 09,9 S8 5l olas
saiss o giale> (Y -V ‘*Q:&Nu) S)ls &)
Bl J1amil o (diny j5d) H9d Gble 4 3late
$30lgz Oloy 0aisS Gpns oS Sl Les 5 (598
3 YL Sialex (V210 Sley 5 6D — ) ol
S el G5l o5 Fomb sbales j3 VL 5,58
JLil oS Gloj yo b aasoo &) aisS (S p o
&y el i ol sles bl ey o 3L
3 (vaay ‘\\)393) ogd awlS S (5,90 5l B aeo

7 Salicornia herbacea
¥ Holeski

° Baskin

' Bhatt

' Boer

SbS e cdbys g Sl Llyd o 65,13
gl Slo> b g Ladoo o)ly (b0 Syt 4 ae
)O (Y’\Y ‘O‘)Li.o.b 9 \u,.:LJl) OO;‘SQ <Ll LQJ] )b
2 sl 855 5k il slagal slallls
sles ;0 (TP) &5 (55, yims yo 2Eislejl Lyl,s
5 W) b))l Sl ©jgey el azys YO
ohie Ol ol jon (ggl> CitS s )0 4T Wb Lasie
ax ST wasil Siailex sy P4 Soy ba,ydy
il G5elsz wpd O i 30 (65518 5l o o)
2 Sloy 1y (Sialex (nitier 5 Sy w0 )d FF 4
CengpaS c0)5 alpd olyen 4 shaie O (g5l s
Vel i 0 Ll Sjalem g aisls lis waé 5 )18
B (Y’Y\ sol)&.o.b 9 Yedu.JL? Lu.u)Lf) Sy o )0
e = ¥ . .

St 3 SxSB S o e Ll ey
ool slales ;o (Blo &5 4¥es 59) (Fials>
ax,0 YO-YO 4 Y-V YO0 YoV AO-0
ao, oo oli8l b oas w5 saslie egewls
Soyd Yl g ol Gl 1y alBl W, (Saile
a0 VeouVe w5 YO-VO lo jo Jjals>
(Yoo o hlSen 5 ol Jozl) o saslive Gogeles
% - 4 & e — .

g 03903 )58 1, caliee Jiailex lales ¢ glae
Siailez A&y ouls cutS (gla,dy Woges cumlive
az,0 Ve-Veoglin sl b Yo VO slos ;o (BP)
3 N0 19595 63V (Siailez woys I ugrades
S 53 G5 3 ) o Legy Lsle 45 slaydy
ool lales ;o (Blo &5 4¥s (55) (Fials>
ax,0 YO-YO 9 Ye-Ve NO-YO A=V DYV
s, dos iolidl boas ws 3 casline gl
Sy ol g ol plas ) caalBl Wy, (Sjalse
a0 Yeo-Ve w5 YO-YO sl jo Siaile>
(Y’ M sol)l.i.o.b 9 UL> J.o.>‘) A oulive Q\JMM)
az o VF loo jo Logys L) sSlo sl yds Jiale

! Ellias

% Garcia-Galindo

3S rubra

* Ajmal Khan

3 de Melo

% Eriotheca gracilipes


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

\id

el y o8l digF dw j0 (F3aile (6 Sl s 9 ko g Lod Ay Ll (o 10y 0B g (Gue

@ b e S 5 (TP) Gjale> 326 (59, 39,
M p Sl Olme pitie 5l e, VY e
(A g A JSKS) wisg

s ‘4‘?})};’ Lijpdls 555 slaydy (g5, anlllas 4o
Loyl ol aS ol asdoe Qg ool dugd ddlaie g0l a5
o)l gl 2 63b) Oliee @ 3 s pobe ol (Jare
&9 Sk &5 926 4 W)l 15 aoe Lalys @
Sidlex doye Ve 5l Gl wals Lals s ol
Ll b oalie gy 5 dalpd co p atls
Sl oo Ve sga (0 pg0 £45 50 Ll ogs vl
Silez e )d (s y9h 5 mhaw Ly sl
Ol e rus““‘bj)s‘) Sy doys ¥O 5 i
(Y\F

385 58 5ls 9590 oy Dake g (Siaile e
5 dwle dasllle (pl o Sialer il lojles
03l b by geite slagasly 5l e S el
S 3l G e B e )T eolanul Jiailex ey
Gy Ve b g dawgie 4y o) Gl 5L 0550 ol

29 Jol> Siaile

maiss oojallez by G 4 ol Sl i s VY S
Gbod 3 59, Ve o (5lSo 5 ey Loy slo
a0 YO-Y. glos g coll Ojgody ugendu az 0 YO
Fig. 17- Respectively right to left S. perspolitana, S.
persica and S. bigelovii species germinated seeds

planted on top of paper planting substrate during 7 days
at constant 25°C and alternative 20-25°C.

'S europaea
* Orlovsky

bldg o 6355 slajds (Gialez o)l Jloizl g, 0l
Lls a4 Bl g bl 5l oy als ;o
4 5 sl Olg o)l Jlio! ax 31 il e
S50 Sllae )JL..J 5o ..\J‘}JGA as ML} ouls 8]l Lb)..\.:
25 )5 b))

WS a0 Sialsr slaguly @i Gl peluln
bow bylul g cal Golaie S baylpd 4 an
s 3l LS Sy S g i g Lol pel ceiS
oy lis b wiyls Loy oSl sloy,ds Siails> o
2 5SSl Lpplle 45 aw sla)dy oS
A G Sl Dyg0ds ugmades 4z 0 Ve ol glos
a0 usLu.a YO-Y- 9 wl.: O Hgods Yo 6LhLoo
ey Sialex ao o 0e yieS il wgmdes
Clet by Srewy 2lbed oy 092y Jliol Jdoa
Sldlas ).'L..o B ‘5........1[; as ML» 03¢ LQ)J.» B G'Ld|
D95 90 sy Sl rizmen 05 18 (Sl 990
O g (TP) A28 (59, CS a5 G 5 (5550
O S5 e 3 blidseny 655 Sialsr wo)s
P20 Oeitred Cuwl 004y iy (BP) giaile> A28
[ 85 2l Sl doyd iS iy 9
W55 (Fiallsz oy gyl (o5l AT 4 o
SS90 50 550 4565 90 b awglie jo Llidpew
JSKo) al oamlice peS (obj)l 050 sled 4w o
(Y

sl slayd Gialsr ey Gon SV
Silyr BP) RISy SS o [y 5 sl
@ bass onl slayd an 5l (A6 Wi
£ ol yo Cash, s el g Sialer sl Zush,
los 3 (550 4is5 lo )l (nlple WSl CuiS s
bojey Voo ;0 Coll Ojgody (gl a0 YO
(BP) giailez 25 oy caiS iy jo bbydy cunS
a0 YO-Veglite slod ;o Lawyy 465 sla,dy
S5y SRS e 53 59, ¥ Sty oglite ugades
Sdedy oo (yed (0 3ud g (BP) 8IS 0 9 (TP) a2
Bledgsp 6355 Slo)de 9 SeaS fwy 93,0 53 59, VY
V Saedy Coll O g0t wgumdu 42,0 YO slod o


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

v

VX [p90 0 los a3k Jlw /ol ) & sla gy

S o5 4ot
oo G i ols (las Budow Gl gl (S ek
Ay o laibil Giailez ga3l sl St i 5 Do
T egebe 420 VO sles ol fa ol 45
R (g9, Sl G g 55y Vo Daeay ol 050
2 e Vo Saed Kewy &5 (TP) (Sl
ClS ywn g gliie ugawdw 4z 0 YO-Y - cleo
Glos o Uledyesy 4555 sloydy 5 (TP) & g,
959 1V Do Soll Doty ugradis 420 YO
Aoy i 3 BP) Gialer S 0 cus
s el 5 sole loaxals aoyo (Sl Sl
Sl (GFES g Serm g loy et (L)
s dales o yige Olsicds bl ol aiog jlo s 5
4 3llinl Sl gesl sl cuiST la i
Sl et ol S il Hollesss (56 4t
slolliolel o b was 5,135 ASTA) & (yee;!
o ezl o (Ml (4059 ,5T) oo (i Liel
DR sl il oesl T Bg, o L]

R 4

2 Method validation

bajlos (oled )o (Gallez Zepm Jlade 0 yiin
Ovgemdis 4z 0 Vo-Y0 glos jo Ly asS )4 )0
) O odslive (TP) els 59y g 4O uglu..o
slos o )0 (55llo 5 B sloaiss )0 (Siailex
b, Siailexr S8 g 09 Jlade (n i cglite
Vo i oy Hley e g aisls las |y lade o oS
St 93 2 50 Led 95 cpl o (Gialsr wey0 O
alS b aScwl Jl o nl o Jlade o eSS
Sk ol Ojaods ugande a0 Ve 4 Lo
i Oloy D 4y ,dy g b oS Siaile>
5o bydsaaals sbs Siailer aSlas 4 o, ¢l y
—4.:‘9.> u.c),w swl.} ;_;)9.04.: J"M a>,0 Y’LSLQ.)
$3) & S BP) JB 0 fw 53 555 I
Sl i oy wae 4 5 azsls (TP) a&lS
—algz il 5l Siailer oo B0 g YV Ay i,
@lize sloles o Suaeda vermiculata 45
s 42,5 YOTD 5 Yoot 0O-Ye 5l wglite
Ol 5 3g wliee (5 (e lalpd 50 (G — 59)
Sl dtagyeh QlalS mwy les oy oaims
Silsz ln bed l S (S 6598 Wl lalS
Ol sy 5 99 5500 W55 5 5l 1S 5 el Ly
Soyd B0 g Ve (Gialer wo)d & e sln &5
Silsr e 5l g wdls Gl gy Gy o
2 S¥ler S g g oy i W pdy U S
) e e wen s g
9 TR S9d el (Se Ce> )l Cusen
LLJ}W/.J dj; B M)LSA }.]a.) ) (Y’\? ‘O‘)&w
6ok oliee 4 S5 LS o gyoke oS
~ailgz doys g Canl 039y 505,50 T Siailer bl
slp e llyd Jea> & 5 wle YL 55
seolole Woydy 5l B ase s o jle aigS pl sla,dy
0SB h G ey o (Sl koS
2,5 aunlyss Jiasle>

! Moriuchi


http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

YA
oSl 365 dw j0u (3l (gl el yms 9 Do (yg8 Lod dinge Tl ph (my 2 1] )0 g (e

@L:.a

Aghaleh, M., Niknam, V., Ebrahimzadeh, H. and Razavi, K. 2009. Salt stress effects on growth,
pigments, proteins and lipid peroxidation in Salicornia persica and S. europaea. Biologia
Plantarum, 53(2): 243-248. https://doi.org/10.1007/s10535-009-0046-7

Ajmal Khan, M., Gul, B. and Weber, D.J. 2000. Germination responses of Salicornia rubra to
temperature and salinity. Journal of Arid  Environments, 45: 207-214.
https://doi.org/10.1006/jare.2000.0640

Akhani, H. 2003: Salicornia persica Akhani (Chenopodiaceae) a remarkable new species from central
Iran. Linzer Biologische Beitrige, 35(1): 607-612.

Akhani, H. 2008. Taxonomic revision of the genus Salicornia L. (Chenopodiaceae) in central and
southern of Iran. Pakistan Journal of Botany, 40(4): 1635-1655.

Akhani, H., 2006. Biodiversity of halophytic and sabkha ecosystems in Iran: 71-88. In: Khan, M.A.,
Boer, B., Kust, G.S. and Barth, H.-J., (Eds.). Sabkha Ecosystems. Volume II: West and Central
Asia. Springer, 263p. https://doi.org/10.1007/978-1-4020-5072-5 6

Balouchi, H., Soltani Khankahdani, V., Moradi, A., Gholamhoseini, M., Piri, R., Heydari, S.Z. and
Dedicova, B. 2023. Seed fatty acid changes germination response to temperature and water
potentials in six sesame (Sesamum indicum L.) cultivars: Estimating the cardinal temperatures.
Agriculture, 13(10): 1-17. https://doi.org/10.3390/agriculture13101936

Baskin, C.C. 2003. Breaking physical dormancy in seeds - focussing on the lens. New Phytologist,
158(2): 229-232. https://doi.org/10.1046/].1469-8137.2003.00751.x

Baskin, J.M. and Baskin, C.C., 2014. Seeds: Ecology, Biogeography, and Evolution of Dormancy and
Germination. Academic Press, San Diego, CA, USA.

Benvenuti, S., Macchia, M., and Miele, S. 2001. Quantitative analysis of emergence of seedlings from
buried weed seeds with increasing soil depth. Weed Science, 49: 528-535.
https://doi.org/10.1614/0043-1745(2001)049[0528:QA0OEOS]2.0.CO:2

Boer, B. 1997. An introduction to the climate of the United Arab Emirates. Journal of Arid
Environments, 35: 3-16. https://doi.org/10.1006/jare.1996.0162

Calone, R., Sanoubar, R., Noli, E. and Barbanti, L. 2020. Assessing Salicornia europaea tolerance to
salinity at seed germination stage. Agriculture, 10(29): 1-11.
https://doi.org/10.3390/agriculture 10020029

Cardenas-Pérez, S., Piernik, A., Chanona-Pérez, J.J., Grigore, M.N. and Perea-Flores, M.J. 2021. An
overview of the emerging trends of the Salicornia L. genus as a sustainable crop. Environmental
and Experimental Botany, 191: 104606. https://doi.org/10.1016/j.envexpbot.2021.104606

Copeland, L.O. and Mc Donald, M.B., 2004. Principles of Seed Science and Technology. Springer,
Dordrecht, Netherlands.

De Melo, P.A.F.R., M. Id. P. Cavalcanti, E. U. Alves, C. C. Martins and L. R. de Aragjo, 2017.
Substrates and temperatures in the germination of Eriotheca gracilipes seeds. Revista Ciéncia
Agrondmica, 48(2): 303-309. https://doi.org/10.5935/1806-6690.20170035

Don, R. and Ducournau, S. 2018. ISTA Handbook on Seedling Evaluation Fourth Edition.
International Seed Testing Association (ISTA), Ziirichstr. 50, 8303 Bassersdorf, Switzerland.

El-Keblawy A Gairola, S., Bhatt, A. and Mahmoud, T. 2017. Effects of maternal salinity on salt
tolerance during germination of Suaeda aegyptiaca: a facultative halophyte in the Arab Gulf desert.
Plant Species Biology, 32: 45-53. https://doi.org/10.1111/1442-1984.12127



http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

va
VPV 190 03lods /o3l Jlw [l ol ydu by g

El-Keblawy, A. and Bhatt, A. 2015. Aerial seed bank affects germination behavior of two small
seeded halophytes in the Arabian deserts. Journal of Arid Environments, 117: 10-17.
https://doi.org/10.1016/].jaridenv.2015.02.001

El-Keblawy, A., Al-Shamsi, N. and Mosa, K. 2018. Effect of maternal habitat, temperature and light
on germination and salt tolerance of Suaeda vermiculata, a habitat in different halophyte of arid
Arabian deserts. Seed Science Research, 28: 140-147. https://doi.org/10.1017/S0960258518000144

Ellias, S.G., Copeland, L.O., McDonald, M.B. and Baalbaki, R.Z. 2012. Seed Testing. Michigan State
University Press.

FAO. 2011. Proceedings of the global forum on salinization and climate change (GFSCC2010). Rome,
Italy: Food and Agriculture Organization of the United Nations, 110 pp.

Franklin, K.A. and Whitelam, G.C., 2005. Phytochromes and shade-avoidance responses in plants.
Annals of Botany, 96: 169-175. https://doi.org/10.1093/aob/mcil 65

Garcia-Galindo, E., Nieto-Garibay, A., Troyo-Diéguez, E., Lucero-Vega, G., Murillo-Amador, B.,
Ruiz-Espinoza, F.H. and Fraga-Palomino, H.C. 2021. Germination of Salicornia bigelovii (Torr.)
under shrimp culture effluents and the application of vermicompost leachate for mitigating salt
stress. Agronomy, 11(424): 1-15. https://doi.org/10.3390/agronomy 11030424

Guan, B., Zhou, D., Zhang, H., Tian, Japhet, Y., W. and Wang, P. 2009. Germination responses of
Medicago ruthenica seeds to salinity, alkalinity, and temperature. Journal of Arid Environment, 73:
135-138. https://doi.org/10.1016/].jaridenv.2008.08.009

Gul, B., Khan, M.A. and Weber, D.J. 2000. Alleviation salinity and dark-enforced dormancy in
Allenrolfea occidentalis seeds under various thermo periods. Australian Journal of Botany, 48: 745-
752. https://doi.org/10.1071/BT99069

Holeski, L.M., Jander, G. and Agrawal, A.A. 2012. Transgenerational defense induction and
epigenetic inheritance in plants. Trends in Ecology & Evolution, 27: 618-626.
https://doi.org/10.1016/j.tree.2012.07.011

International Seed Testing Association (ISTA), 2022. International Rules for Seed Testing.
International Seed Testing Association, Ziirich, Switzerland.

Khan, M. A. Gul, B. and Weber, D. J. 2000. Germination responses of Salicornia rubra to temperature
and salinity. Journal of Arid Environments, 45: 207-214. https://doi.org/10.1006/jare.2000.0640

Khan, M.A. and Gul, B. 1998. High salt tolerance in the germinating dimorphic seeds of
Arhrocnemum macrostachyum. International Journal of Plant Sciences, 159: 826-832.
https://doi.org/10.1086/297603

Khan, M.A. and Weber, D.J. 1986. Factors influencing seed germination in Salicorniapacifica var.
utahensis. American Journal of Botany, 73: 1163-1167. https://doi.org/10.1002/j.1537-
2197.1986.tb08562 x

Khan, M.A., Gul, B., 2006. Halophyte seed germination. In: Khan, M.A., Weber, D.J. (Eds.),
Ecophysiology of High Salinity Tolerant Plants. Springer, the Netherlands, pp. 11-30.
https://doi.org/10.1007/1-4020-4018-0 2

Khan, M.A., Gul, B., Weber, D.J., 2001. Seed germination characteristics of Halogeton glomeratus.
Canadian Journal of Botany, 79: 1189-1194. https://doi.org/10.1139/b01-097

Lee, S.J., Jeon, H-J., Jeong, J-H. and Chung, N-J. 2016. Germination is enhanced by removal of the
Funiculus in the Halophyte Glasswort (Salicornia herbacea). Horticulture, Environment, and
Biotechnology, 57(4): 323-329. https://doi.org/10.1007/s13580-016-0108-7

Moriuchi KS., Friesen, M.L., Cordeiro, M.A., Badri, M., Vu, W.T., Main, B.J., Elarbi Aouani, M.,
Nuzhdin, S.V., Strauss, S.Y. and von Wettberg, E.J.B. 2016. Salinity adaptation and the



http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html

[ Downloaded from yujs.yu.ac.ir on 2025-11-15]

[ DOI: 10.61882/yujs.11.2.19]

oSl 365 dw j0u (3l (gl el yms 9 Do (yg8 Lod dinge Tl ph (my 2 1] )0 g (e

contribution of parental environmental effects in Medicago truncatula. PloS One, 11(3): 1-19.
https://doi.org/10.1371/journal.pone.0150350

Nouri Akandi, Z., Goshasbi, F. and Mahforouzi, R. 2021. Study of seed germination and seedling
growth of Salicornia species in different concentrations of sodium chloride. Chemistry Proceeding,
3.

Orlovsky, N., Japakova, U., Zhang, H. and Volis, S. 2016. Effect of salinity on seed germination,
growth and ion content in dimorphic seeds of Salicornia europaea L. (Chenopodiaceae). Plant
Diversity, 38: 183-189. https://doi.org/10.1016/j.p1d.2016.06.005

Oveisi, M., Alizadeh, H., Lorestani, S.A., Esmaili, A., Sadeghnejad, N., Piri, R., Gonzalez-Andujar,
J.L. and Miiller-Schérer, H. 2024. Triangle area model (TAM) for predicting germination: An
approach to enhance hydrothermal time model applications. Current Plant Biology, 39: 1-15.
https://doi.org/10.1016/].cpb.2024.100356

Patel, S. 2016. Salicornia: Evaluating the halophytic extremophile as a food and a pharmaceutical
candidate. 3 Biotech, 6(104): 1-10. https://doi.org/10.1007/s13205-016-0418-6

Ranal, M. and De Santana, D.G. 2006. How and why to measure the germination process? Revista
Brasilian Botanique, 29(1): 1-11. https://doi.org/10.1590/S0100-84042006000100002

Rueda-Puente, E.O., Garcr'a-Hernandez, J.L., Preciado-Rangel, P., Murillo-Amador, B., Tarazon-
Herrera, M.A., Flores-Herna'ndez, A. Holguin-Pefia, J., Aybar, A.N., Barro'nHoyos, J.M.,
Weimers, D., Mwandemele, O., Kaaya, G., Mayoral, J.L. and Troyo-Die'guez, E. 2007.
Germination of Salicornia bigelovii ecotypes under stressing conditions of temperature and salinity
and ameliorative effects of plant growth-promoting bacteria. Journal of Agronomy and Crop
Science, 193: 167-176. https://doi.org/10.1111/.1439-037X.2007.00254.x

Singh, D., Buhmann, A.K., Flowers, T.J., Seal, C.E. and Papenbrock, J. 2014. Salicornia as a crop
plant in temperate regions: selection of genetically characterized ecotypes and optimization of their
cultivation conditions AoB Plants, 6: 1-20. https://doi.org/10.1093/aobpla/plu071

Soltani, A. and Maddah, V. 2010. Simple, Applied Programs for Education and Research in
Agronomy, Shahid Beheshti University Press. Tehran, Iran. [In Persian]

Ventura, V. and Sagi, M. 2013. Halophyte crop cultivation: The case for Salicornia and Sarcocornia.
Environmental and Experimental Botany, 92: 144-153.
https://doi.org/10.1016/j.envexpbot.2012.07.010

Zerai, D.B., Glenn, E.P., Chatervedi, R., Lu, Z., Mamood, A.N., Nelson, S.G. and Ray, D.T. 2010.
Potential for the improvement of Salicornia bigelovii through selective breeding. Ecological
Engineering, 36: 730-739. https://doi.org/10.1016/j.ecoleng.2010.01.002

Zia, S. and Khan, M.A. 2004. Effect of light, salinity, and temperature on seed germination of
Limonium stocksii. Canadian Journal of Botany, 82(2): 151-157. https://doi.org/10.1139/b03-118



http://dx.doi.org/10.61882/yujs.11.2.19
http://yujs.yu.ac.ir/jisr/article-1-617-fa.html
http://www.tcpdf.org

