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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
in aluminum foil and covered in black plastic bag for

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).
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