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Abstract. Smirnovia iranica (Sabeti) synonym: Smirnovia turkestana (Bunge) is a
deciduous perennial bushy species of the Fabaceae (Papilionaceae) family. The species
grow on sand dunes of desert areas, having a deep vertical root and very long horizontal or
lateral roots. They have an important role in natural vegetation of desert and sand dune
stabilization. Limited growing areas, grazing due to good palatability, and foliage quality
of the plant have put this species under threat. Seed preservation under cryogenic
conditions at -196°C is an important approach to conserve seeds for a long period. In this
study, seeds of the S. iranica were collected from natural habitats of the plants and three
pre-cryopreservation treatments including PVS2, Desiccation, and 30%Glycerol were
applied before transferring the seeds into liquid nitrogen (LN) at -196°C for 1 week, 1
month, and 1 year (in 2015). Subsequently, the seeds were removed from the liquid
nitrogen, imposed to heat shock and evaluated under laboratory, greenhouse and natural
habitat conditions. The cryopreserved seeds of various cryopreservation periods
germinated normally under laboratory and greenhouse conditions. In laboratory conditions,
there were no significant differences between periods of seed storage in cryogenic
conditions for seed germination trait. The highest seed germination percent (84%) was
observed in the desiccation pre-cryopreservation treatment. In pre-cryopreservation
treatments as well as cryogenic storage periods under greenhouse conditions, seed
germination and seedling establishment were significantly different. In natural habitat, the
cryopreserved seeds germinate and grow to normal seedlings and plants. The results
showed that S. iranica seeds can be successfully stored in cryogenic conditions for a long
period.

Key words: Smirnovia iranica, Smirnovia Turkestana, Seed Cryopreservation, Seed
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Introduction

Smirnovia iranica is an important desert
species of Iran, growing on sand dunes of
desert areas. In Iran, this species grows in
sand dunes near Aran and Bidgol, and
Choupanan in Isfahan province, few sand
dune areas in south of Damghan and
Shahroud in Semnan province, and some
sand dunes of Sabzevar in Razavi
Khorasan province. Besides Iran, the
species are observed in Afghanistan and
Karakum  desert of  Turkmenistan
(Rechinger, 1984) as well as Kyzylkum
desert of Uzbekistan (Kapustina, 2001).

This species is a perennial bushy
plant of the Fabaceae (Papilionaceae)
family. It has a deep vertical root and the
mature plant produces very long lateral
root system which grows out horizontally
up to 25-30 m on top of sandy soils. Very
long horizontal or lateral root system has
an import role in sand dune stabilization.
The whole plant system has an essential
role in soil protection, sand dune
stabilization, and desert vegetation.
Limited growing areas, over grazing due
to good palatability and foliage quality of
the plant in some regions have put this
species under threat.

This perennial legume species is a
native plant and well adapted to harsh
environments such as low precipitation
that occurs from late autumn through late
winter or early spring and high
temperature from mid-spring to mid-
autumn. Resistance of this species against
such environmental conditions in desert
ecosystems and the ability to establish on
sand dunes reveal the effects of species
on the sustainability of fragile and
vulnerable desert ecosystems. Studying
the ecological factors such as rainfall,
soil, temperature, light, wind, flora and
fauna, grazing, influence of man on
vegetation as well as studies on plant
characteristics  such as botany,
establishment, flowering, seed and seed
dispersal, seed  germination  and
establishment, vegetative propagation,
and other abiotic and biotic factors help
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us in better understanding the plant and
its environment. These sorts of
knowledge are basic to recognize the
ecological needs, conservation and re-
establishment of the species if the species
encounters the threat of extinction.

Collection and preservation of seeds of
the desert plants especially endangered
and under threat species are regarded as
an important approach to preserve the
germplasm as well as genetic biodiversity
of desert species. In orthodox seeds, seed
conservation in genebanks is possible
only for medium terms. However, in
cryopreservation conditions at -196°C in
liquid nitrogen (LN), seeds or plant
organs can be stored for a long time. In
this regard, Walters et al. (2004)
calculated half-life  of the seed
germination of lettuce accessions with
6.5% water using Avrami (1941)
thermodynamic  equations. In  this
experiment, the exact mean half-life of
the seed germination was calculated as
3375 years. In cryogenic conditions,
metabolic activities of cell dramatically
decrease and therefore, seed longevity
significantly increases (Walters et al.,
2004; Caswell and Kartha, 2009).

Seeds of wide variety of plant
species with orthodox seeds such as
forest species (Naderi Shahab et al.,
2009) and range species (Naderi Shahab
et al., 2013) have been successfully
preserved at -196°C. In plants having
recalcitrant seeds, vegetative organs such
as buds, meristems, seed embryonic axes,
calli, and axillary buds can be treated
with  cryoprotectant substances and
conserved in cryogenic at -196°C for the
prolonged time periods (Al Zoubi and
Normah, 2012; Wesley-Smith et al.,
2004; Chmielarz et al., 2005; Blakesley
and Kiernan, 2001; Tyagi and Hymowitz,
2003; Flachsland et al., 2006; Makeen et
al., 2005; Stanwood, 1985; Hay and
Muir, 2000). Cryoprotectant substances
including glycerol, dimethyl sulfoxide
(DMSO0), sucrose, ethylene glycol, and
dextran are used to protect cells of seeds,
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tissues, or other biological organs from
freezing damages caused by ice crystal
formation in  cryogenic  conditions.
Meanwhile, concentration of these
chemical substances should be adjusted
since high concentration of these
substances can lead to toxic effects on
cells, especially in some specific species.
Some cryoprotectant solutions such as
Plant Vitrification Solution2 (PVS2)
consisting of the glycerol, ethylene
glycol, dimethyl-sulfoxide (DMSO), and
sucrose are widely used as cryoprotectant
solutions.

PVS2 and other plant vitrification
solutions may have positive effects on
seed survival of cryogenically stored
seeds. Treating the seeds of plant species
with PVS2 before being stored in
cryogenic at -196°C has shown positive
effects on seed survival and germination
after removal from LN (Gale et al., 2008;
Rall, 1987; Thammasiri, 2000). However,
some reports have pointed out the toxic
effects of PVS2 on cryogenically stored
plant organs (Kuleshova et al., 1999).
This may be due to the penetration of
substances (for example ethylene glycol
and DMSO) into plant cells, especially
susceptible cells.

Treating seeds or plant organs with
glycerol has also shown positive effects
on survival rate of the cryogenically
stored seed or plant organs (Jeyendran et
al., 1985). Glycerol is commonly used as
cryoprotectant solely or as a component
of multicomponent  cryoprotectant
solutions. Another extremely important
factor in seed cryopreservation is
moisture content of the seed. Seeds with
high moisture content such as recalcitrant
seeds are not able to tolerate cryogenic at
-196°C conditions. In orthodox seeds,
lowering the seed moisture content to
some extent before being transferred to
LN at -196°C showed positive effects on
seed survival and germination after
removing from LN. However, the
reduction of seed water content or seed
desiccation to below optimum level can
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have negative effects on seed survival
and germination, especially  under
cryogenic conditions.

Regarding the effect of
cryopreservation on  ploidy level,
genomic structure and gene expression of
cryopreserved cells, a question may arise
as whether this approach is safe or has
adverse effects on plant genome. Most of
the reports show that cryopreservation
conditions did not have detrimental
effects on gene expression, genomic
structure, and ploidy level of
cryopreserved cells (Harding and Benson,
2001; Sanchez et al., 2008; Zhai et al.,
2003). Even in transgenic plants, the
expression of transgene remains stable
after cryopreservation (Hao et al., 2002).
Therefore, these reports show that most
of the plant species developed from
cryopreserved seeds, cells or organs were
normal and did not show genetic
abnormalities. Cryopreservation is an
important and promising approach for
long-term conservation of plant seeds,
cells, and organs especially those
vulnerable, threatened or endangered
species.

The aim of this study was to evaluate
the possibility of long-term seed cryo-
preservation of the threatened species of
Smirnovia iranica and assess the
seedlings and plants derived from the
cryopreserved seeds under laboratory,
greenhouse and natural habitat conditions

Materials and Methods

Seed samples:

Seed pods were collected from Rigboland
sand dunes near Aran and Bidgol town,
close to Kashan city in Isfahan province,
Iran. Depending on climatic conditions,
pods usually ripen between 4" and 14"
June. If harvesting is delayed, pods
detach from the plants and undergo long-
distance dispersal by wind or are quickly
collected by rodents or other desert
animals and insects. The number of seeds
per pod is 1 to 15 (Fig. 1). The collected
pods were threshed and cleaned. The
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undamaged, healthy and normal seeds
were scarified with emery paper (P100).
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This study was conducted in 2015.

Smirnovia iranica
(synonym S. turkestana)

W, Seed(s)/pod -

2 iipen 3 seedsipod

Fig. 1. Smirnovia iranica at full bloom stage (left), pods at last stage of ripening (top right), and variation in

number of seeds per pod (bottom right)

Seed germination test

1- Approximately 3g seeds were placed
in a 30ml tube and washed 3 times with
sH20.

2- Tubes were drained off and 20%
bleach was added to the tubes and
incubated at +22°C for 15 min.

3- Bleach was discarded and seeds were
washed 3 times with sH20 under aseptic
conditions in laminar air flow.

4- Seeds were transferred between sterile
moist papers in Petri dishes.

5- The Petri dishes were incubated in a
+22°C germinator under continuous light
at an intensity of 10W/m?,

Pre-cryopreservation treatments

1. Plant Vitrification Solution 2 (PVS2)
contains 30% (w/v) glycerol, 15%
(w/v) ethylene glycol, 15% (w/v)
DMSO (dimethyl sulfoxide), and 0.4
M sucrose (Sakai et al., 1991; Naderi
Shahab et al., 2009, 2013).

Approximately 50g of fresh seeds
were transferred into screw-cap tubes,
filled with PVS2 and submerged in
the liquid nitrogen (LN) container.

Desiccation: Fresh weigh (FW) of the
seeds were determined by weighing
10g of freshly collected seeds. The
seeds were oven dried at +75°C for
72h, weighed and recorded as seed
dry weight (DW). The percentage of
the total seed moisture content was
obtained using the
Moisture%= (FW - DW)/DW %100 f

ormula. Total seed moisture content
of the collected seeds was 4.46%.
Approximately 50g of fresh seeds
were weighed and placed in air tight
desiccators containing 5009 silica gel
for 7 days at +4°C. The moisture
content of the seeds dropped from
4.46% to 3.33%. Based on the total
moisture content, the reduction of
seed moisture content was
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approximately 25.25%. The seeds
were removed from desiccator and
immediately transferred into screw-
cap tubes and submerged in a liquid
nitrogen (LN) container.

3. 30% Glycerol: Approximately 509 of
fresh seeds were transferred into
screw-cap tubes, filled with 30%
glycerol and submerged in a liquid
nitrogen (LN) container (Naderi
Shahab et al., 2009; 2013).

4. Control seeds: Four samples of fresh
seeds were stored at +4°C for 1 week,
1 month, and 1 year and were used as
Control for different experiments.

Post-cryopreservation method
The seeds were removed from liquid
nitrogen (LN) after 1 week, 1 month, and
1 year and were subjected to post-
cryopreservation treatments as described
(Naderi Shahab et al., 2009; 2013).

Laboratory experiments
Cryopreserved and Control seeds were
sterilized and transferred between sterile
moist papers in Petri dishes. The Petri
dishes were transferred into a +22°C
germinator (as described above). Next,
the germinated seeds were counted and
recorded every 3 days (from beginning of
germination) until no more seeds
germinated. The following attributes
were  measured: seed germination
percent, germination speed, shoot length,
root length, root/shoot length ratio (R/S),
and seed vigor index (V1) (Naderi Shahab
et al., 2009; 2013).

Experiments layout

A factorial experiment consisting two
factors: 1) three pre-cryopreservation
treatments  including PVS2, 30%
Glycerol, Desiccation, and Control seeds
which formed 4 levels of factor A and 2)
three LN storage periods of seeds
including 1 week, 1 month, and 1 year
made up three levels of factor B using a
Completely Randomized Design with
three replications. The experimental units
were single Petri dishes. The above
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mentioned attributes were measured and
data analysis was carried out using SAS
software. The differences between the
treatments means were tested using
Duncan's Multiple Range Test.

Greenhouse Experiments

Fifteen cm diameter plastic pots were
filled with sandy soil brought in from
sand dunes of Rigboland. Seeds of
various treatments were sown and
irrigated with tap water in greenhouse at
22+3°C. The pots were irrigated and
maintained at field capacity. The number
of emerged seedlings was recorded and
subjected to data analysis. The
experimental design was a factorial
design consisting of two factors: 1) three
liquid  nitrogen incubation  times
including 1 week, 1 month, and 1 year
were three levels of factor A and 2) three
pre-cryopreservation treatments including
PVS2, 30% Glycerol, Desiccation and
Control seeds were four levels of factor B
using a Completely Randomized Design
with three replications. Data analysis was
carried out using SAS software and the
differences between treatment means
were tested using Duncan's Multiple
Range Test. In order to study root
development, seeds were sown in a glass
box with dimensions of 120x40x60 cm
(LxWxH), filled with the plant habitat's
soil. All of the laboratory and greenhouse
experiments were carried out at Research
Institute of Forests and Rangelands,
Tehran, Iran.

Seed sowing depth

Seed sowing experiment was carried out
under greenhouse conditions. Round
plastic washing up bowel with 60 cm
diameter and 15 cm depths was filled
with the plant habitat's soil. Seeds were
sown in depths of 2.5, 5.0, 7.5 and 10.0
cm and irrigated at 7-day intervals.

Salt tolerance of seeds
In this experiment, S. iranica as a legume
species was used for salt tolerance
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evaluation and Medicago sativa (alfalfa),
a relatively salt sensitive crop (Grattan et
al., 2004) was used as a control legume
species. Seeds of the S. iranica and M.
sativa species were exposed to NaCl
concentrations of 0.03M, 0.06M, 0.09M,

0.12M, 0.15M, 0.18M, 0.21M, 0.24M,

0.27M, 0.30M, 0.33M, 0.36M, 0.39M,

0.6M, 0.9M and 1.2M plus control
(dH20) with three replications in
laboratory conditions. The germination of
seeds was measured and subjected to data
analysis using a Completely Randomized
Design with three replications.

Experiments conducted in natural
habitat

The field tests were only observational
and cryopreserved seeds (one month
incubated in liquid nitrogen) and Control
were sown in natural habitat of the
species in Rigboland sand dunes under
natural conditions using pit-seeding
method. Approximately 10 seeds were
located in each pit and covered with 4 cm
soil. The experiment was carried out for
three years from December 2007 up to
spring 2010. Seed sowing dates in 3
successive years were as follows: 25%
December 2007, 27" February 2009, 15
March 2009, and 7" December 2009.

Results

Laboratory experiments

Results of the analysis of variance
(ANOVA) showed significant differences
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among different levels of pre-
cryopreservation treatments for all of the
traits, except seed germination percent
and R/S ratio. There were no significant
differences between incubation periods
and interaction between incubation
period and treatments for all of the traits
(Table 1).

In Table 2, the total mean percentage of
seed germination, root length, shoot
length, seedling length, vigor index, and
root to shoot ratios of S. iranica after 1
week, 1 month, and 1 year incubation in
cryogenic  (-196°C) conditions are
presented. In all of the attributes, no
significant differences were observed
between cryogenic incubation periods.
The results indicated that the incubation
of the seeds in cryogenic conditions for a
short or long time did not show any
differences. The effect of pre-
cryopreservation treatments and Control
on total mean germination and other
attributes is presented in Table 3. Except
seed germination percent and R/S ratio,
the other attributes showed different
responses to the pre-cryopreservation
treatments. For example, Desiccation
showed the highest values as compared to
those of the 30% Glycerol and PVS2.
This reveals that 30% Glycerol and PVS2
pre-cryopreservation treatments have
adverse effects on the preservation of S.
iranica seeds under cryogenic conditions.

Table 1. Analysis of variance and mean of squares of Smirnovia iranica seed attributes under laboratory

conditions

Source of DF MS

variation Germination Root Shoot Seedling Vigor R/S
% Length (mm) Length (mm) Length (mm) Index

Incubation Period 2 23.44 " 232 2.49 9.62"m 3.93™ 0.020"™

Treatment 3 13.81m 128.14™ 61.99™ 362.87™ 285.32™ 0.471"

Period x Treatment 6 2.93m™ 12.23 ™ 6.35" 31.42 " 2492 0.298 "™

Error 24 29.94 6.73 5.19 15.93 1251  0.461

CV% 6.71 11.17 14.05 10.12 10.98 14.84

ns and**: non-significant and significant at P=0.01 level.
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Table 2. Mean comparison of Smirnovia iranica seed attributes at different cryogenic incubation periods

under laboratory conditions

Incubation Germination Root Shoot length Seedling length  Vigor Index R/S
Period % length (mm) (mm)

(mm)
1 Week 82.33a 23.37a 16.31a 39.68 a 32.78 a 1.45a
1 Month 82.50 a 2273 a 15.71a 38.43 a 31.64a 1.46a
1 Year 80.00 a 2357 a 16.60 a 40.17 a 32.21a 1.43a

Means with the same letter are not significantly different (P=0.01)

Table 3. Mean comparison of Smirnovia iranica seed attributes at different pre-cryopreservation treatments

under laboratory conditions

Pre-cryopreservation

Germination Root length  Shoot length  Seedling length  Vigor Index  R/S

Treatment % (mm) (mm) (mm)

Control 82.22a 26.64 a 17.75ab 44.39 a 36.46 a 155a
30% Glycerol 81.00a 21.89b 15.72b 37.61b 30.45b 140 a
Desiccation 83.00a 25.86 a 18.63a 44.49 a 36.92 a 1.39a
PVS2 80.22 a 18.50 ¢ 12.72 ¢ 31.22¢c 25.02 ¢ 1.45a

Means with the same letter are not significantly different (P=0.01).

The interaction between incubation
periods and pre-cryopreservation
treatments revealed differences amongst
the pre-cryopreservation treatments and
incubation periods for most of the
attributes except germination percent and
R/S ratio (Table 4). Incubation periods
and pre-cryopreservation treatments did
not show adverse effects on seed
germination percent and R/S ratio as
compared to that of the Control seeds.
However, pre-cryopreservation
treatments showed different effects on
other attributes. While PVS2 and 30%
Glycerol (respectively) had the lowest
cryoprotective effects on root length,
shoot length, seedling length, and vigor
index, Desiccation showed the best
cryoprotective effects on these attributes.
The lowest figures for PVS2 probably
arise through toxicity of PVS2's chemical
components such as DMSO, ethylene
glycol, and glycerol on seeds of the

species. Yet 30% Glycerol regarded as
another pre-cryopreservation treatment
showed medium inhibitory effects on the
above mentioned attributes. The effects
of time period of cryogenic storage on
different seed attributes showed that
Germination% and R/S did not change
over cryogenic storage time. While some
of the other attributes in 30% Glycerol
and Desiccation revealed changing
patterns over cryogenic storage time. In
PVS2, none of the attributes showed any
significant changes over cryogenic
storage time (the possible reason for this
will be discussed later in Discussion). In
contrast to the pre-cryopreservation
treatments, root length, shoot length,
seedling length, and vigor index
significantly increased in Control seeds
over cryogenic storage time. These
increases probably arise through positive
effects of seed storage duration under
cool room conditions (+4°C).
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Table 4. Means comparison of Smirnovia iranica seed attributes as affected by different pre-cryopreservation
treatments at different cryogenic incubation periods under laboratory conditions

Incubation Treatment Germination% Root Shoot Seedling Vigor R/S
Period length length length (mm) Index (VI)
(mm) (mm)

1 Week Control 82.67 a 24.81 ab 16.21 dc 41.02b 33.93bc 159a
30%Glycerol 81.33a 21.18 bc  16.48 abc 37.66 bc 30.76cd 1.29a
Desiccation 84.00 a 29.09 a 19.78 a 48.88 a 41.06a 149a
PVS2 81.33a 18.40¢c 12.77d 31.18¢c 25.38d 143a

1 Month Control 82.33 a 26.11ab  16.57 abc 42.68 ab 35.06abc  1.62 a
30%Glycerol 83.33 a 22.02 be 15.75 dc 37.77 be 31.34cd 140a
Desiccation 83.33 a 24.48ab  17.92 abc 42.39 ab 35.28abc  1.37a
PVS2 81.00 a 18.29¢ 12.59d 30.88 ¢ 2487d 145a

1 Year Control 81.67 a 29.00 a 20.47 a 49.47 a 40.39ab 1l44a
30%Glycerol 78.33a 22.47 bc 14.93d 37.40 bc 29.24cd 151a
Desiccation 81.67 a 24.00 b 18.20 ab 42.20 ab 3443bc 13la
PVS2 78.33 a 18.80 ¢ 12.80d 31.60 ¢ 2480d 147a

Means with the same letter are not significantly different (P=0.01)

Greenhouse experiments

Analysis of variance of the seedling
establishment percent under greenhouse
conditions is presented in Table 5.
Cryopreserved seeds treated with various
pre-cryopreservation treatments, as well
as Control seeds germinate and grow into

normal  seedlings in  greenhouse
conditions. Although there were no
significant differences between

incubation periods (Table 5 and last
column of Table 6), the treatments
showed significant differences for
seedling establishment percent (Table 5
and 2" column of Table 6). The
cryopreserved seeds showed different
patterns in response to cryogenic storage
periods. As shown in Table 7, there were
significant  differences between pre-
cryopreservation treatments with respect
to seedling establishment.

Although Desiccation showed the

cryogenic storage time, PVS2 and 30%
Glycerol showed the lowest seedling
establishment. These variations in
seedling establishment may arise through
adverse effects of chemical component(s)
on the PVS2 solution or inhibitory effects
of glycerol as mentioned above.
However, the Control showed the highest
seedling establishment with statistically
similar patterns over incubation periods.
The highest establishment percent
belongs to Control (84%) in 1 Year
treatment  followed by Desiccation
(63.33%). As shown in Fig. 2, S. iranica
seeds vigorously grow into seedlings
either in pots or in glass box under
greenhouse conditions. Regarding the
vertical and lateral root development in
seedlings grown in pots or glass box, it
should be noted that only vertical roots
developed in this stage and lateral or

highest seedling establishment

over

horizontal roots were not observed.

Table 5. Analysis of variance and mean of squares of seedling establishment of Smirnovia iranica under

greenhouse conditions

Source of variation DF SS MS F Value Pr>F
Incubation Period 2 102.38 51.19 1.11 0.35
Treatment 3 5668.53 1889.51 41.03 0.00
Period x Treatment 6 78.05 13.03 0.28 0.94
Error 24 1105.33 46.05

CV% 11.37




Journal of Rangeland Science, 2017, Vol. 7, No. 2

Naderi Shahab et al.,/130

Table 6. Means comparison of S. iranica seed attributes at different pre-cryopreservation treatments and
incubation periods under greenhouse conditions

Treatment Establishment% Incubation Period Establishment%
30%Glycerol 1Week 60.00 a
Control 1Month 57.41a
Desiccation 1Year 61.50 a
PVS2

Means with the same letter are not significantly different (P=0.01)

Table 7. Seedling establishment of Smirnovia iranica as affected by different pre-cryopreservation
treatments at different cryogenic incubation periods under greenhouse conditions

Incubation Period Treatment Establishment%

1 Week Control 78.33 a
30%Glycerol 46.00d
Desiccation 61.67b
PVS2 54.00 bcd

1 Month Control 75.00 a
30%Glycerol 45.67d
Desiccation 60.00 bc
PVS2 49.00d

1 Year Control 84.00 a
30%Glycerol 46.67d
Desiccation 63.33 b
PVS2 52.00 bcd

Means with the same letter are not significantly different (P=0.01)

Experiments conducted in natural
habitat

Field experiments were carried out in
natural habitat at Rigbolnd sand dunes
utilizing an observational method, as
described before. At the beginning of the
experiment in December 2007, shortly
after sowing the seeds, all of the seeds
were dug up and collected by the rodents
(Fig. 3, Top left). To control the rodents'
damage, the seeded area was covered by
a thin steel mesh (Fig. 3, Top right).
From the Control and cryogenic seeds

sown in 4 different dates from 2007 to
2009 (see Materials and Methods), only
the seeds sown on 7" December 2009
were germinated and continued to grow.
The germinated seeds were developed to
normal seedlings in spring 2010 (Fig. 3,
Middle). In early spring, the seedlings
were thinned to 1 plant per pit (Fig. 3,
Bottom left). Only a few seedlings were
grown into young normal plants (Fig. 3,
Bottom right). Although the number of
the established plants was low (approx.
5%), the results looked promising.

under greenhouse conditions

Smirnovia iranica

Fig. 2. Smirnovia iranica seeds germiated and developed to seedlings into pots (left) and glass box (right)
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Fig. 3. Seed sowing method (pitting), and
covering seeded area with a thin steel mesh (top),
seed germination and seedling growth (middle),
thinning the bunched seedlings (bottom left) and
establishment of young Smirnovia iranica plants
in natural habitat (bottom right)

The salinity effects on seed
germination  under  laboratory
conditions

Soil layers of Rigboland sand dunes (0-
120 cm depth) were tested and analyzed.
The analysis and test results of the layers
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showed that the soil was almost
homogeneous (data were not shown) with
the following characteristics:

Soil texture was 88% sand, 1.6% silt and
10.4% clay. Soil pH was 8.41 and EC of
the saturated soil extract was 0.371 dS/m.
The results showed that the soil was
sandy with low salinity and moderate
alkalinity. Hence, soil of the plant habitat
was not saline although the habitat
climate is hot and dry from mid spring to
mid-autumn and it receives almost no
rainfall for eight to nine months.

To evaluate the salt tolerant behavior of
S. iranica seeds under laboratory
conditions, salinity experiment was
conducted using S. iranica and M. sativa
(control) seeds. The seed germination
percent and germination speed of both
species  reduced  significantly by
increasing Molarity of NaCl (Table 8).
However, seed germination percent and
germination speed in S. iranica dropped
sharply by increasing salt concentration
and at 0.36 M NaCl, seed germination
stopped completely (Table 8) whereas M.
sativa seeds continued to germinate at
0.36 M NaCl. Table 8 indicates that salt
tolerance of M. sativa seeds as a forage
crop is significantly higher than that of
the S. iranica seeds as a desert species

(Fig. 4).

Table 8. Seed germination and germination speed of Smirnovia iranica and Medicago sativa seeds at various

NaCl concentrations

NaCl

Medicago sativa

Concentration Germination Germination Germination Germination
(%) Speed (%) Speed
Control (dH,0) 89.67 a 29.94 ¢ 98.00 a 47.35a
0.03M 88.33a 24.94 b 96.33 a 46.47 ab
0.06M 79.33b 20.50c 96.00 a 46.26 ab
0.09M 80.67 b 17.57d 95.33a 46.18 ab
0.12M 77.67b 15.14 ¢ 94.67 ab 4517b
0.15M 75.33bc 13.37 f 94.33 ab 43.65¢c
0.18M 69.00 c 9.89¢g 91.67 bc 41.92d
0.21M 57.00d 7.41h 88.33 cd 36.27
0.24M 43.00e 6.61h 86.33d 32.25f
0.27M 29.33 f 4.39i 76.67 e 2142¢g
0.30M 12.33g 1.73 67.00 f 13.13 h
0.33M 5.33¢g 0.48 ] 15.33¢g 2701
0.36M 00.00 00.00 10.33 h 1.21]

Means with the same letter are not significantly different (P=0.01)
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Fig. 4. Effects of salt concentration on seed
germination of Smirnovia iranica

Seed sowing depth effect on seedling
emergence under greenhouse
conditions

Although the main objective of this
experiment was to show the depth effects
on seed germination and seedling growth,
the effects of seed scarification on seed
germination and seedling growth was
also evaluated. The best seed sowing
depth for seed germination was 2.5 cm in
scarified seeds (Fig. 5). Although seed
germination and seedling growth in
Control  (non-scarified) seeds were
observed, the number of seedling was
significantly lower than those of the
scarified seeds. Seeds of the 5.0 and 7.5
cm sowing depth germinated and
developed to seedlings in a longer time
(20 and 25 days, respectively). However,
in 10 cm sowing depth, germination was
longer and the number of the germinated
seeds and seedlings was significantly
low.
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Fig. 5. Effect of seed sowing depth on Smirnovia
iranica seed germination (13 days after seed
sowing)
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Discussion

Smirnovia iranica seed is an orthodox
seed with low moisture content (4.46%)
without dormancy. For quick and steady
germination,  the  seeds require
scarification; otherwise, seed germination
percent reduces significantly and seed
germination takes a longer time. In good
conditions, maximum seedling
emergence of 84% was observed under
greenhouse conditions (see last column of
Table 7). In laboratory conditions, seed
germination occurred after 5-6 days and
in greenhouse  conditions, seed
germination and seedling emergence
were observed 13 days after seed sowing
date (Fig. 5).

Laboratory

The results of the laboratory experiments
showed that S. iranica seeds treated with
different pre-cryopreservation treatments
(30%Glycerol, Desiccation and PVS2),
tolerate the cryogenic conditions (-
196°C)  excellently in  different
cryopreservation periods including 1
Week, 1 Month, and 1 Year (Tables 2
and 3). The interaction effects of pre-
cryopreservation treatments and
cryopreservation periods on various
attributes (Table 4) were different.
Although seed germination percent and
R/S attributes did not show significant
differences in different pre-
cryopreservation treatments and
cryopreservation periods, other attributes
showed different reactions to those pre-
cryopreservation treatments and
cryopreservation periods. Seed
germination and R/S were statistically
similar to that of the control seeds. The
results revealed that seed germination
percent and R/S remain constant over
cryopreservation periods and even pre-
cryopreservation treatments had similar
effects on these attributes. For most of
the treatments, seedling emergence
percent was more than 80% and the
highest percent (84%) belonged to
Desiccation in 1 Week incubation period
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(Table 4). However, the other attributes
showed different responses to Pre-
cryopreservation treatments and periods.
In this regard, Desiccation showed the
highest mean values for root length, shoot
length, seedling length, and vigor index
in various cryopreservation periods
followed by 30% Glycerol and PVS2
(Table 4). Based on the results, it can be
concluded that under laboratory
conditions, S. iranica seeds tolerate the
cryogenic (-196°C) conditions
excellently and the cryopreserved seeds
germinate normally and vigorously.

Another important point was the
effects of pre-cryopreservation treatments
on seed cryopreservation. Desiccation
showed the best results as compared to
those of 30% Glycerol and PVS2. Hence,
regarding the negative effects of 30%
Glycerol and PVS2 on attributes such as
root length, shoot length, seedling length,
and seed vigor for cryopreservation of S.
iranica seeds, Desiccation was an
excellent pre-cryopreservation treatment.
This may be due to the penetration of
chemical components of PVS2 solution
such as ethylene glycol, DMSO, glycerol,
and sucrose into seeds and causing
negative effects as pointed in some
reports (Kuleshova et al., 1999).
Although positive effects of the PVS2
solution are reported in  most
cryopreservation studies (Gale et al.,
2008; Rall, 1987; Thammasiri, 2000), the
PVS2 solution showed adverse effects on
S. iranica seed germination and other
seed attributes. Whereas glycerol was the
main component of cryoprotectant
solutions, 30% Glycerol also showed
negative effects on the above mentioned
attributes. This could be due to negative
effects of the glycerol on above
mentioned attributes.

Greenhouse

In greenhouse conditions, the
cryopreserved seeds treated with different
pre-cryopreservation treatments
germinated and developed to normal
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seedlings. Seedling establishment of the
cryopreserved seeds was lower than the
control seeds (Table 7). This reveals that
cryopreserved seeds in soil environment
suffered from higher mortality than the
control seeds which may be due to
negative effects of ultra-low temperature
on seed vigor under soil conditions
(severe than the laboratory conditions,
Table 4). In this regard, it can be
concluded that in greenhouse conditions,
the damaged seeds and seeds with low
vigority were not able to tolerate the soil
environment and suffered mortality. This
mortality was not relevant to
cryopreservation period or duration, since
the number of seedlings established in
Desiccation statistically did not change
over the incubation periods of 1 Week, 1
Month, and 1 Year. Although in 30%
Glycerol and PVS2, the number of
established seedlings was significantly
lower than that of the Desiccation, almost
similar patterns were observed.

In contrast to the results of
laboratory experiments, the number of
established seedlings in 30% Glycerol
was lower than PVS2 pre-
cryopreservation treatment. This reveals
the different responses of cryopreserved
seeds to different germination conditions
and media. In most cases, vigority of
seeds, organs or cells reduced just after
entering into cryogenic conditions and
remained almost constant over the
incubation period (Ozden-Tokatli et al.,
2007; Walters et al., 2004; Naderi
Shahab et al., 2013; Wood et al., 2003).

Natural habitat

From 3 successive years of seed sowing
experiments in natural habitat of the
species in Rigboland sand dunes, only the
seeds sown on 7" December 2009
germinated successfully and the seedlings
were established in early spring. In 2009,
rainfall occurred from late autumn to
early spring. Control and cryopreserved
seeds germinated well although the
germination rate and consistency were
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poor (Fig. 3, middle). Because the
number of seedlings in some of the pits
was high, the number of seedlings was
thinned to one per pit. However, the
results revealed that in natural habitats,
percentage of seeds developed into the
established mature plants was
significantly low. Furthermore, in natural
habitats, seed germination, seedling
establishment, and  mature  plant
development were occasional and
occurred in some years with particular
climatic conditions. In natural habitats,
plant propagation is mainly occurring
through vegetative propagation.
Therefore, plant propagation through
seeds is rare. Since plant propagation
through seed increases genetic variation
and plant diversity, the replantation of
natural habitats via seed is an important
ISsue.

Survey of the plant natural habitats
revealed that the species exclusively grew
on sand dunes. The species had vertical
and horizontal roots. The horizontal or
lateral roots (approximately 25m in
length) are within the top 15-30 cm of
soil. It seems that the horizontal roots in
some extent quickly absorb top soil
water, oxygen, and soil minerals and they
are responsible for vegetative
propagation in a natural habitat. The
species altitudinal range in Rigboland is
around 980-1085 m and in Choupanan, it
is around 920-950 m above sea level.
Generally, on sand dunes of Iran, S.
iranica is grown between 900 and 1200
m in elevation. Annual mean
precipitation in Rigboland is
approximately 90 mm and usually occurs
from early January up to late March and
therefore, the dry season is approximately
9 months. The temperature from mid-
spring up to mid-autumn is hot and dry.
However, Kapustina (2001) pointed out
that the species altitudinal range in
Kyzylkum desert of Uzbekistan was 100-
300 m above sea level with annual
rainfall of 150 mm. These figures are
quite different from the altitudinal range
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of the species in Iran. The reported
annual rainfall of 150 mm by Kapustina
(2001) is much more than annual rainfall
of the species habitat in Iran.

Seed sowing depth and salinity
effects on germination of Control
seeds

Salt tolerance experiment revealed
that the species was not a salt tolerant
species because salinity of the habitat soil
was low (0.371 dS/m) and salt tolerance
of the species was significantly lower
than that of the M. sativa as a relatively
salt sensitive legume crop species
(Grattan et al., 2004). Taking into
account the discussion on plant habitat
characteristics (discussed before), it can
be concluded that although this species is
a drought and heat tolerant plant, it is
sensitive to soil salinity.

The results of the sowing depth
showed that the depth of 2.5 cm was the
optimum  depth  for rapid seed
germination and seedling emergence
under greenhouse conditions (see Fig. 5).
However, in natural habitats, shallow
sowing depth caused rapid drying of the
top soil and seeds encountered dryness
shortly after rainfall. Deep sowing depth
also causes a reduction in seed
germination and delays the seeding
emergence. Based on the results, it can be
concluded that empirically, the optimum
seed sowing depth in natural habitats of
Iran is around 6 cm. A very important
point regarding seed sowing in natural
habit that should be kept in mind is seed
scarification before sowing because seed
scarification causes rapid seed
germination and enhances germination
percent.

Conclusion

S. iranica seeds are orthodox and are able
to tolerate cryogenic (-196°C) conditions.
Under  cryogenic  conditions,  the
cryopreserved seeds maintain their
germination ability and vigor as same as
control seeds. Lack of significant
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differences among the  cryogenic
preservation durations indicated the
possibility of long term S. iranica seed
storage under cryogenic conditions. The
cryopreserved seeds germinated and
developed to normal seedlings under
greenhouse conditions. Although the
cryopreserved seeds under natural
conditions in plant habitat germinated
and grew to seedlings and young vigor
plants, the establishment rate was fairly
low. Significant differences among pre-
cryopreservation  treatments  under
laboratory, greenhouse, and natural
habitat ~ conditions  revealed  the
differences related to the efficacy of the
pre-cryopreservation treatments. In this
regard, Desiccation showed the best
results regarding protection of S. iranica
seeds under cryogenic conditions. Hence,
seeds of the S. iranica can be collected
from various natural habitats of the
species, pre-treated with Desiccation
method and preserved under cryogenic
conditions for a long period. If the
species is threatened or endangered due
to such factors as destruction of habitat,
overgrazing, pests, diseases or other
natural and human-made factors in near
or far future, it will be possible to use the
cryopreserved seeds to replant and
rehabilitate the natural habitats using the
plant establishment methods as described
above.

To replant the natural habitats, the
following considerations must be taken
into account. The plant only grows on
almost non-saline sand dunes at altitudes
between 900 and 1200 m above sea level.
Preferred seed sowing time is late autumn
or early winter and the suitable seed
sowing depth in natural habitats is around
6 cm. For rapid seed germination and
enhancement of germination percent,
seed scarification should be carried out
before sowing. Annual precipitation of
the species habitats is about 90 mm.
Nevertheless, the seedling establishment
and plant growth are occasional and
depend highly on environmental factors
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and precipitation characteristics such as
intensity, occurrence, and total amount.

Acknowledgement

The authors sincerely thank Dr. A.A.
Shahmoradi, Rangeland Science
Division, Research Institute of Forests
and Rangelands, Tehran, Iran, for his
encouragement and assistance. We also
thank Dr. Batouli, Desert Research
Centre, Kashan, Iran for his help and
assistance. Finally we extremely thankful
to Dr. A. Ghamari Zare, ex-Head of
Biotechnology Department, Research
Institute of Forests and Rangelands,
Tehran, Iran, for his help, assistance and
encouragement during the period of
project work.

References

Al Zoubi, O. M., Normah, M. N. 2012.
Desiccation sensitivity and cryopreservation of
excised embryonic axes of Citrus suhuiensis
cv.Limau Madu, Citrumelo [Citrus paradisi
Macf.x Poncirus trifoliata (L.) Raf] and
Fortunella polyandra. CryoLetters, 33: 240-
250.

Avrami, M., 1941. Granulation phase change and
microstructure, I1l. Kinetics of phase change.
Journal of Chemical Physics, 9: 177-184.

Blakesley, D., Kiernan, R. J., 2001.
Cryopreservation of axillary buds of a
Eucalyptus grandis x Eucalyptus camaldulensis
hybrid. CryoLetters, 22: 13-18.

Caswell, K. L., Kartha, K. K., 2009. Recovery of
plants from pea and strawberry meristems
cryopreserved for 28 years. CryoLetters, 30: 41-
46.

Chmielarz, P., March, G. G., Boucaud, M. T.,
2005. Cryopreservation of Quercus robur L.
embryogenic calli. CryoL etters, 26: 349-356.

Flachsland, E., Terada G., Scocchi, A., Rey, H.,
Mroginski, L., Engelmann, F., 2006.
Cryopreservation of seeds and in vitro—cultured
protocorms of Oncidium bifolium  Sims.
(Orchidaceae) by encapsulation-dehydration.
CryolLetters, 27: 235-242.

Gale, S., John, A., Harding, K., Benson, E., 2008.
Developing  cryopreservation  for  Picea
sitchensis (sitka spruce) somatic embryos: a
comparison  of  vitrification  protocols.
CryolLetters, 29: 135-144,



Journal of Rangeland Science, 2017, Vol. 7, No. 2

Gratton, S., Grieve, C. M., Poss, J. A., Benes S.
E., 2004. Evaluation of salt-tolerant forages for
sequential water reuse system: |. Biomass
production. Agricultural water management, 70:
109-120.

Hao, Y. J, You, C. X., Deng, X. X., 2002.
Analysis of ploidy and the patterns of amplified
fragment length polymorphism and methylation
sensitive amplified polymorphism in strawberry
plants recovered from  cryopreservation.
CryolLetters, 23: 37-46.

Harding, K., Benson, E. E., 2001. The use of
microsatellite analysis in Solanum tuberosum L.
in vitro plantlets derived from cryopreserved
germplasm. CryoLetters, 22: 199 — 208.

Hay, F. R., Muir. J. S. K., 2000. Low temperature
survival of slender Naiad (Najas flexilis) seeds.
CryolLetters, 21: 271-278.

Jeyendran, R. S., Van der Ven, H. H., Perez-
Pelaez, M., Zaneveld, L. J., 1985. Effect of
glycerol and cryopreservation on oocyte
penetration by human spermatozoa. Andrologia,
17 : 241-248.

Kapustina, L. A., 2001. Biodiversity, ecology and
microelement composition of Kyzylkum desert
shrubs (Uzbekistan) in: USDA Forest Service
Proceedings RMRS-P-21. 2001.

Kuleshova, L. L., MacFarlane, D. R., Trounson,
A. O., Shaw, J. M., 1999. Sugars exert a major
influence on the vitrification properties of
ethylene glycol-based solutions and have low
toxicity to embryos and oocytes. Cryobiology,
38: 119-130.

Makeen, A. M., Noor, N. M., Dussert, S., Clyde,
M. M., 2005. Cryopreservation of whole seeds
and excised embryonic axes of Citrus
suhuiensis cv. Limau Langkat in accordance to
their desiccation sensitivity. CryoLetters, 26:
259-268.

Naderi Shahab, M., Hatami, F., Tabari, M., Jafari.
A. A., 2009. Cryopreservation and evaluation of
chinese arbor-vitae (Biota orientalis) Seeds.
Journal of New Seeds, 10: 264-276.

Naderi Shahab, M., Jebelli, M., Shahmoradi, A.
A., Jafari A. A., 2013. Seed cryopreservation
and evaluation of Ferula gummosa and Kelussia
odoratissima. Seed Technology Journal, 31:
103-116.

Naderi Shahab et al.,/136

Ozden-Tokatli, Y., Ozudogru, E. A., Gumusel, F.,
Lambardi, M., 2007. Cryopreservation of
Pistacia spp. seeds by dehydration and one-step
freezing. CryolLetters, 28 (2): 83-94

Rall, W. F., 1987. Factors affecting the survival
of mouse embryos cryopreserved by
vitrification. Cryobiology, 24: 387—402.

Rechinger, K. H., 1984. Flora Iranica.
Akademiche Druk-U. Verlagsanstalt, Graz,
Austria.

Sakai, A., Kobayashi, S., Oiyama, I., 1991.
Survival by vitrification of nucellar cells of
navel orange (Citrus sinensis Osb. var.
brasiliensis Tanaka) cooled to -196°C. Journal
of Plant Physiology, 137: 465-470.

Sanchez, C., Martinez, M. T., Vidal, N., San—
José, M. C., Valladares, S., Vieitez, A. M.,
2008. Preservation of Quercus robur germplasm
by cryostorage of embryogenic cultures derived
from mature trees and RAPD analysis of genetic
stability. CryoLetters, 29: 493-504.

Stanwood, P. C., 1985. Cryopreservation of seed
germplasm for genetic conservation. in: Kartha,
K. K., (ed) Cryopreservation of Plant Cells and
Tissues. Boca Raton, FL: CRC, 199-226.

Thammasiri, K., 2000. Cryopreservation of seeds
of a Thai orchid (Doritis pulcherrima Lindl.) by
vitrification. CryoL etters, 21: 237-244.

Tyagi, R. K., Hymowitz, T., 2003. Pollen from
Glycine species survive cryogenic exposure.
CryolLetters, 24: 119-124.

Walters, C., Wheeler, L. J.,, Stanwood, P. C.,
2004. Longevity of cryogenically stored seeds.
Cryobiology, 48: 229-244.

Wesley-Smith, J., Walters, C., Berjak, P.,
Pammenter, N. W., 2004. The influence of
water content, cooling and warming rate upon
survival of embryonic axes of Poncirus
trifoliata (L.). CryoLetters, 25: 129-138.

Wood, C. B., Pritchard, H. W., Lindegaard, K.,
2003. Seed cryopreservation and longevity of
two Salix hybrids. CryoLetters, 24: 17-26.

Zhai, Z., Wu, Y., Engelmann, F., Chen, R., Zhao,
Y., 2003. Genetic stability assessments of
plantlets regenerated from cryopreserved in
vitro cultured grape and kiwi shoot-tips using
RAPD. CryoLetters, 24: 315-322.



J. of Range. Sci., 2017, Vol. 7, No. 2 Cryopreservation of .../ 137

g olyd kulyl 4o (Smirnovia iranica (sabeti)) ol5ed a5 laeSS
B gy a8 g ALS ol Lol bayl s 50 (60 yuwl 13 59ds (23!
Hoshazr B3l e Lz mrye M0k 5500 o e

1S SN g o Jgtmmn 005 ) 55)* eyl )l 05 «55,9LES g g Lbgel elinding (lojl ;9iS ailye g Lo Ko olidod dunge™
m.a.naderishahab@hotmail.com

VWAB/ ¥/ Y el o o,
VWAB VYt o pdy gl

el LS (Smirnovia iranica (Sabeti) synonym: S. turkestana (Bunge)) ssl5ed .ou0uS>
s slea s g9y o BLS A58 ool (Fabaceae) Lul ailgp oolgils 5l lwsiz g oasS o))y
PLS a0s5 ol .l (Bl ol ady ) g (g0sas Gres ady) hls 5 0T oo 0y SLle slrac e
Jdod olS (sl (alfiag) Sgaome 0 S 000 (g slaced St g Slle Gidgr 50 (oot BB
3% ilwe 3 0 S 1B waes (o yme 50 oSl ems I el ol Lo cuiS g (ST b
599 oy ol 0 ailise Hi Bae (GYsb (65laeSS sl p (sete By VVFTC L ol 3 Ll
(Desiccation) (s S0l PVS2 Jalis jlows s dw b g (5 5l olS b slaas o 5l (golEpd
Jlw 53) (VA5°C) mble o3l ol Jlws Sy 5 cols S0 eaian Sy ooke dy 5 ,Lond LY+ g S
I Sl St e ol bl B L mle 35555 5l sk e, 5 m Sns,S (VYA
9t Aiid)S 1B )y 3550 5SS oLS a5 iloelS oSyl Ll o g 428 S
Bl Olao 10 (6,0 e Dgldl aSogs 0ud 0,33 0wl bl o glaie slaaw gl aS
sasliwe (Desiccation) 5,501 Jles jo (SAF) J0 Sialer do o o yien ol olis Sjasle>
sl s, o, w3 o 00 gilawe nmd Glagle) 5 (60wl 3 sl les g S Loyl o 050 S
99 (BB lagy amoye Lyl po aisls las Hdy Jhaul g Sialex balal) jo (g0 pre 5 gl
Olg e a5 0lo Hlid pwyp ol bl Baus 5 i g 0l Glg> ol Als e U g 00 wlg> (g0 5l )8

Dged (§3lwo oS 5l 8 Ll il 5o (Ysb Jles Soe sl 1) g5 eS

ol Gl Jials> <Smirnovia turkestana <Smirnovia iranica . gg5ed 1 gunds’ Glals
PVS2 Desiccation


mailto:m.a.naderishahab@hotmail.com
mailto:m.a.naderishahab@hotmail.com

