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Abstract
A clear understanding of germination requirememts dormancy breaking methods of species has a
direct impact on the success of the programs fer ¢bnservation of rare and endemic species.
Sohaerophysa kotschyana is a halophytic endemic species naturally grovinthe vicinity of Salt Lake.
Due to the seed coat having hard, thick and watpermeable, the germination rates of the seeds are
very low. This is a significant problem for the @ival of the species. In this study, it was invgated
that the effects of different methods on the geatiim ofSkotschyana seeds including acid (soaking in
H,S0O,, HNO; and HCI for 15, 30, 60, 90 and 180 minutes), haewésoaking in dIHO at 50, 70 and
90 °C for 5, 10, 15 and 30 minutes) and mechasicatification with sandpaper. The fastest and most
effective seed germination was obtained by expogingS0O, and thinning of the coat by sandpapering.
When compared to the control, HCI and HN@atments for 180 minutes increased germinatiah a
germination rates were determined as 17.33% ariV26respectively. It was observed that hot water
treatments generally encouraged germination andhititeest germination observed in the seeds soaked
for 10 minutes at 90 °C (22.67%). Based on the resiflthe study, it can be suggested tha&®}
treatments and sandpapering were the most effectdtbods in germination &kotschyana seeds.
Key Words: Dormancy, hot water, physical dormancy, scarifagtSphaerophysa kotschyana

Introduction 8, 10] and perforation of seed coat [11, 12, 13,
Seed germination is one of the most importantl4] are the most commonly used methods in
stages in life cycles of plants. Germination isbreaking physical dormancy in seeds.

affected by all of the environmental factors The genusSphaerophysa DC. is distributed in
affecting vegetative growth. Germination Middle and Central Asia, from South Siberia to
requires favourable temperature, oxygen, wateNorth China, West Caucasia and Anatolia. This
and lack of inhibitory substances in the genus is represented two species in the world.
environment. Seeds of many plant speciesThese species arg@ kotschyana Boiss. andS
cannot germinate despite favourablesalsula DC. S. kotschyana, is a perennial, salt-
environmental  conditions  required  for tolerant endemic species which is distributed in
germination. Main reasons for this problem,the vicinity of Salt Lake (Tuz Golu), Konya in
which is termed as seed dormancy, are hard an@entral Anatolia and included in NT (Near
impermeable seed coat and presence ofhreatened) IUCN category [15]. Although no
immature or dormant embryo [1]. Seed medicinal uses were identified for this species,
dormancy is categorized as physical,due to its developed root system, this species is
physiologic, morphologic, morpho-physiologic among the species which can be used for
and combined dormancies [2]. Physicalcombating erosionS. kotschyana, which has
dormancy is one of the most common types offlashy flowers, is threatened due to reasons such
dormancies among plant species. Physicahs climatic changes and prolonged drought. Low
dormancy is caused by water-impermeable seedermination rate due to hard and water
coat (or fruit) [2] and is known to be observed inimpermeable seed coat has a negative impact on
16 families of angiosperms [3]. Leguminosaethe survival of this species. One of the most
family is one the families in which this important steps in programs for the conservation
dormancy type is most common. Due to hardof S kotschyana is to identify germination
and water-impermeable seed coat in manyequirements of the seeds.

species of this family, water and oxygenAs far as our literature survey could ascertain,
penetration inside the seed is inhibited and thushere was no study on the seed germination of
seed germination is delayed or inhibited [4].this species. This study aims to investigate the
Techniques such as mechanical scarificatioreffects of different treatments (i. mechanical
with sandpaper [5, 6, 7], chemical scarificationscarification with sandpaper, ii. chemical
with acids (HSO,, HNG; and HCI) [1, 6, 8, 9], scarification with HSO,, HNO; and HCI and iii.
soaking of seeds in hot water for a short time [1soaking in hot water) in breaking dormancySof
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kotschyana seeds and to determine the mostof 25. The following treatments were applied to
effective method for germination. break physical dormancy B kotschyana seeds.
Materials and Methods gﬂ:gganégtzcaw‘éﬁtlogcv:rtizggn dt?apeaand with
Seed Collection y

Seeds ofS kotschyana were collected in July sandpaper for 1 minute. Later the seeds were
2010 from around Yavsan Saltworks (SaltwalSheoI with dI&O.

Chemical scarification
Lake), Konya (lat. 42°90'336" long. 36°51'649" .
at an altitude of 910 m), Turkey. After The seeds were soaked ip3@, (98%), HNQ

. 63%) and HCI (37%) for 15, 30, 60, 90, 120
collection, immature seeds and those attacked b;@d 180 minutes. The seeds were then washed

insects were removed and the healthy seeds weWlth dIH,O.

stored at 4°C. Soaking in hot water
Evaluation of Seed Viability The Isegelols we\;\(la transferred to beaker containing
Viability of 4 replicates of 25S. kotschyana lgilleO at 50, 70 and 90°C and were kept at

seeds were assessed using the tetrazoliu :
. o > hotplate for 5, 10, 15, 30 minutes. At the end of
chloride (TTC) staining technique [16]. SeecJlsthis period, the seeds were cooled, transferred to

were bisected along the longitudinal axes to

evaluate the reaciion of seed tissue to 235800 (2T MR SO TR L of
triphenyltetrazolium chloride after incubation at ’

30 °C. in the dark for 2 h. Sections Wereseeds was performed by keeping the seeds in 1%

observed on a stereoscope under quorescer?ﬁd'um hypochlorite for 5 minutes and washing

ight and viable seeds with embryo. and, A W O 1 0e SORE HETS Tl
endosperm red stained, were counted. X 9

. : : layer Wathman No.1 filter paper soaked in 7 ml
Determining - Physical - Dormancy in S, diIH,O and were let to germinate. Three
kotschyana Seeds

A total of 50 mature and equal-sized seeds wer eplicates of 25 seeds each were used for each

- . . . reatment. Prepared petri dishes were placed in
divided into two groups of 25 and first weights . . 0 .
of the seeds were recorded. The seeds in the fir%nCUb"’ltor with 70% moisture and 12-hour

group were directly transferred to petri dishesf(hOIgger(;%dsat éieocl:sacviygersof;iézrgﬁrrqgnaéz
containing dIHO, while the seeds in the second . yS- .

group were placed in petri dishes containinggermmated W|t_h the emergence of the radicle
dIH,O after scarification of seed coats with [17, 18]. Germinated seeds were counted every

sandpaper. The seeds were let to germinate in fher day.

incubator with a 12-hour photoperiod at 24 °C. ermination percentages_, _germ_ination rate
for 5 days. At the end of this period, weights oflndexes (Gl), mean germination times (MGT)

the seeds were measured and number i DAL T PEL € D O NEE
germinated seeds was recorded. P :

L : was calculated using Ellis and Robert’s equation
Germination Experiments

Non-treated seeds were used as control. Matur@g] to assess the GR.
and equal-sized seeds were divided into groups

ED;N; 1
— GR = —

MGT = =
Mgt

where, MGT is the mean germination timg, N The index of germination rate (GI) was

the number of seeds germinated on the day i, Destimated by using a modified Timson’s index of

the days of germination test, N the total numbeigermination velocity.

of seeds, and GR is the germination rate.

where G is percentage of seed germination at Zhis index with our data was 50 (i.e., 1500/30).
d intervals and t is total germination period (30The higher the value, the more rapid the rate of
days) [20]. The maximum value possible usinggermination.
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Statistical Analysis starting from day 2 and it was found th&t
All treatments were carried out on a completely kotschyana seeds had physical dormancy.
randomized design. All data obtained were Effects of Dormancy Breaking Methods on

subjected to one-way analyses of variance Seed Germination

(ANOVA) and the mean differences were Maximum germination rate in non-treatesfi
compared by Duncan test. Each data point was kotschyana seeds was 4%. It was found that
the mean of three replicates (n = 3) and dormancy breaking treatments significantly
comparisons with P values < 0.05 were affected germination rate.

considered significantly different. In all the Mechanical scarification with sandpaper

figures, the spread of values is shown using erroGermination rate was 100% i& kotschyana

bars representing standard errors (SE) of the  seeds which underwent scarification of seed coat
means. by sandpaper (Table 1). It was found that
sandpapered seeds had the highest germination

Results ! A
Evaluation of Seed Viability and Physical rate index (GI) (49.79). Mean germination times
Dor mancy (MGT) of seeds which underwent mechanical

scarification with sandpaper and germination
rates (GR) were calculated as 2.16 and 0.46
respectively (Table 1).

Tetrazolium test showed thas kotschyana
seeds which are 3.5-4 mm long, in reniform
shape and dark brown colour have 98% . e
viability Chemical scarification

! . . HCI treatments
It was observed that none of the seeds in the flr%%. )
group germinated and weights remained ermination in the seeds treated with HCI

: , .~ “showed a significant increase when compared to
unchanged at the end of 5-day incubation penod? : - o
On the other hand, it was determined that all Oghe control (Fig. 1). The highest germination was

rlavriatiolaiobisadataiiin erminateéound to be 17.33% in the seeds soaked in HCI
group g or 180 minutes.
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Fig. 1. The effects of different acid treatments (HCI, HNabd HSQO,) on the germination 0. kotschyana
seeds. Vertical bars indicate + standard error .(Bijerent letters are statistically significarttthe P < 0.05
level as analysed by Duncan test.

The highest Gl and GR and the lowest MGT valuesvdetermined in the seeds soaked in HCI for
180 minutes (Table 1; Fig. 2).
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Fig. 2. The effects of different acid treatments (HCI, HN&d HSO,) on GI, GR and MGT values @&
kotschyana seeds (p < 0.05).

HNO; treatments was 180 minutes among .80, treatments.
The highest germination (17.33%), Gl (8.13) Germination percentage, Gl, GR and MGT
and GR (0.28) values in chemical scarificationvalues in this time were 100%, 49.78, 2.13 and
treatments with HN@ and the lowest MGT 0.47 respectively (Fig. 1-2; Table 1).

value (3.63) were determined in the seeddHot water scarification

soaked in HN@ for 180 minutes (Fig. 1-2). It Hot water scarification techniqgues have a
was found that the most effective HBO significant positive impact on breaking

treatment was soaking the seeds for 18@ormancies of kotschyana seeds. It was found
minutes. that germination increased due to the increase in

H,SO, treatments soaking times at 50 °C and 70 °C. The highest
It can be stated that the most effective chemicagjermination increase was observed in 30-minute
method in  breaking seedtime in both treatments (Figure 3). Hot water
dormancies of S kotschyana is H,SQ, treatment at 90 °C on the seeds for 5 and 10
treatments. Germination percentage, Gl and GRninutes significantly increased germination
values at the end of all,BO, treatments were percentages when compared to the control. On
found to be quite high, while MGT value was the other hand, soaking of the seeds in hot water
guite low when compared to the control group. Itat 90 °C for 15 and 30 minutes significantly
was found that the most effective treatment timenegatively affected germination rate (Fig. 3).

scarification
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Fig. 3. The effects of different hot water treatments (&) 70 °C and 90 °C) on the germination ®f
kotschyana seeds. Vertical bars indicate + standard erro).(Biferent letters are statistically significaatt the
P < 0.05 level as analysed by Duncan test.
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The highest germination, Gl and GR values andvere found to be 22.67%, 10.89, 0.32 and 3.17
the lowest MGT value in hot water treatmentsin the seeds soaked for 10 minutes (Fig. 4).

BGR

#ZMGT

BaGl

Treatment
Time (Min.)

Fig. 4. The effects of different hot water treatments {80 70 °C and 90 °C) on GI, GR and MGT valuesof
kotschyana seeds (p < 0.05).

Gl values of the seeds treated with hot watemnegative impact on germination. Various
increased in all treatment types when comparedcarification techniques should be applied to
to the control. The highest increase was found inncrease germination rates and speed of these
the seeds treated at 50 °C and 70 °C for 3@ypes of seeds.

minutes and at 90 °C for 10 minutes. ExcludingThe main inhibition to water and oxygen
the seeds soaked in hot water at 90°C for 15 angenetration inside th& kotschyana seeds is the
30 minutes, MGT values were found to decreas@resence of a layer of water impermeable
in all other temperature values. The highestignified palisade cells. Similarly, this inhibitio
decreases were observed in treatments at 50 amgpe was reported in another species [3, 6, 21,
70 °C for 30 minutes and at 90 °C for 1022, 23]. Physical dormancy is observed Sn
minutes (Fig. 4). kotschyana seeds due to this type of seed coat.
The most effective treatments among theln seeds, which underwent no treatment,
methods of dormancy breaking &fkotschyana  germination is almost totally inhibited and
seeds were found to be mechanical scarificatiogermination is delayed. In our study it was
by hand with sandpaper and treatment withobserved that application of various scarification
H,SQ,. It was found that the highest germinationtechniques significantly increased germination
was 100% in the seeds treated witp58, for rate. Mechanical scarification by hand with
180 minutes and in the seeds sandpapered lsandpaper was quite effective in increasing
hand. germination ofS kotschyana seeds and 100%
germination was achieved. Lignified palisade
nQell layer in the seeds are damaged after
Sandpapering and germination occurs with water

inhibitors. One of the most common germinationpenetrat'on' Similarly, it was reported that

inhibitor is hard and water impermeable Seed”nechanical scarification by hand with sandpaper

coat. For this reason, the seeds of some speci@g Medicago ~scutellata —and = Medicago

cannot germinate under favourable cIimateE?Lgnirghjiﬂgg [ergiogga k:r?lszg\?aia [gg?
conditions or germination occurs in a delayed PIS ] PP

manner even if their embryos develop. Majorityji?r?qzn\évas an effective method in breaking
of Leguminosae species have hard and water hemica)I/.scarification techniques were found to
impermeable seed coats, which inhibits see q

germination and causes dormancy. Althoughke quite effective in breaking do_rmancy 0
hard seed coat is a structure which protects tha?lghyarﬁl\lﬁedsér:g aIIHtSh(r)e )e aggrr:lriiaairigims
) b

embryo from mechanical effects, it has a

Discussion
Germination of a seed depends on developme
of embryo and potential of germination
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percentage, Gl and GR values of the seedand 24 hours and reported that germination rate
increased when compared to the controldecreased approximately by half when compared
however MGT significantly decreased. The mostto the control group. These findings are
effective treatment time was found to be 180consistent with our findings.

minutes in all three chemical scarification While mean germination time (MGT)
techniques. Germination rates of the seeds whickignificantly decreased in all treatments
underwent acid treatment varied betweenexcluding 90 °C temperature for 15 and 30
10.67% and 100%. The fact that maximumminutes when compared to the control,
germination (100%) was observed in the seedgermination rate (GR) increased. The lowest
which underwent concentrated acid treatment foMGT value and the highest GR value was found
a long time (180 minutes) proves th&  in the seeds treated with,$00, for 180 minutes
kotschyana seeds have a quite hard and thickand in the seeds which were mechanically
seed coat. It was found that$0, treatments treated by hand scarification with sandpaper. It
were the most effective chemical scarificationwas reported that the lowest MGT and the
technique in breaking dormancy of the seeds ohighest GR values irProsopis koelziana and
this species. Findings of the previous studies orProsopis juliflora [24], Medicago scutellata and
Prosopis koelziana and Prosopis juliflora [25], Medicago polymorpha [7] species were
Rhynchosia capitata [6], Afzelia africana [26], observed in the seeds treated witkS&, and
Dialium guianeese [27], Capparis sponsa [28],  sandpapering. These findings are consistent with
Parika  bhiglobosa [11] and Swartza  our findings. The highest germination rate index
madagascarienss [29] species about the effects (GI) was determined as 49.78% in the seeds
of H,SO, are consistent with the findings of our treated with HSQ, for 180 minutes.

study. Due to high abrasiveness ofS8), hard
and thickS. kotschyana seed coats soften; cracks
occur on the coat and finally germination at a
high rate occurs.

Conclusions and Acknowledgement
Understanding germination requirements of
endemic and rare species is one of the most

Hot water scarification techniques generally ha mportant steps in the survival of these species.
" niques g y hese species generally encounter germination
a positive effect on germination rate. In the

seeds treated with hot water at 50 °C and 70 ocproblem. Findings of our study revealed that

the highest germination was found in the seedseed dormancy of kotschyana, which is an
ghest g ) . ndemic species, is caused by hard and water-
soaked in hot water for 30 minutes and in the

; o impermeable seed coat. A high level of
rsnﬁﬁﬂfestreaggdog'tmor:Othg[frtga?rgenf I%r 10germination was observed by scarification of

; . seed coat and making it permeable to water and
kotschyana seeds for 10 minutes might have xygen through various methods. It was found

softened hard and thick seed coat. As a result Cﬁmt chemical scarification with 480, and
this, germination rate might have increased du echanical scarification with sandpaper were

to water and oxygen penetration inside the see he fastest and most effective dormancy

Rincon_et al. (2003).reported that soakipg Fhebreaking methods fo& kotschyana seeds. The
seeds in hot water induced seed germlnatlonmost favourable methods in breaking dormancy

however_, increasing the contact time Of. th.eof S kotschyana seeds were determined for the
seeds with hot water decreased seed germmathprst time in the present study. Based on the

percentage. It was observgd that germinatio btained data, it was concluded that these
was lower than the controls in the seeds soake ethods will be beneficial in germination of

in 90 °C hot water for longer than 10 minutes. . o
R . different plant types with similar dormancy.
90 °C hot water treatment for 15 and 30 mlnuteﬁzinancial support for this work was provided by

might have created a destructive effect on th elcuk University Scientific Research Projects
embryo and have caused the embryo to die. As eoordinating Office  (Project  number:

result of this, germination rate might be lower
than the control group. Amusa (2011) treated 11401069).
africana species with 100 °C hot water for 12
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Table
Table 1. The effects of different dormancy breaking techies applied t&. kotschyana seeds on germination
percentage (GP), germination rate index (Gl), nggmination time (MGT) and germination rate (GR).

Treatments GP Gl MGT GR
Control 4 1.02+0.04 16.67+0.67 0.06+0.002
Sandpaper 100" 49.79+0.11 2.16+0.07 0.46+0.014
Chemical Scarification

HCI x 15 min 10.67+1.3%8% 4.31+0.45¢ 7.53+0.79 0.14+0.016
HCI x 30 min 13.33+1.0%8" 5.6+0.4f¢"" 5.44+0.28" 0.18+0.008"
HCI x 60 min 13.33+1.3%" 5.96+0.45"9" 5.05+0.7%" 0.21+0.028
HCI x 90 min 14.67+1.0°" 6.67+0.6"* 4.72+0.18" 0.21+0.00%
HCI x 180 min 17.33+1.38 8.13+0.67 3.63+0.% 0.28+0.018
HNO; X 15 min 10.67+1.3%8% 4.31+0.57%¢ 6.73+0.1%° 0.15+0.00%
HNO; X 30 min 16" 7.16+0.04" 5.17+0.1% 0.19+0.008'

HNO; X 60 min 17.33+2.33 7.78+0.64 5.02+0.18" 0.2+0.007'

HNO; X 90 min 18.67+1.33 8.36+0.57 5.13+0.08 0.2+0.002'
HNO; x 180 min 26.67+1.33 12.53+0.6' 3.79+0.1% 0.26+0.00%"
H,SO, x 15 min 41.33+1.33 17.78+0.66 6.33+0.75% 0.16+0.05*
H,SO, x 30 min 82.67+1.33 37.6+0.47 4.71+0.13" 0.21+0.005

H,SO, x 60 min 96+2.31 45.96+0.72 3.26+0.3% 0.31+0.02
H,SO, x 90 min 100 49.6+0.01 2.24 0.450.001
H,SO, x 180 min 100 49.78+0.04 2.13+0.03 0.47+0.006

Hot water scarification

50 °C x 5 min ] 1.42+0.04 10.67+0.68 0.09+0.008

50 °C x 10 min 6.67+1.02 2.4+0.47 10.33+0.33 0.1+0.003
50 °C x 15 min 6.67+1.33 2.71+0.48 7.33+0.67° 0.14+0.014
50 °C x 30 min ¥ 3.56+0.04° 5.33+0.3% 0.19+0.01
70 °C x 5 min 9.33+1.3% 3.82+0.63° 7.55+0.45 0.13+0.00&
70 °C x 10 min 9.33+1.3% 4.04+0.68° 6.1+0.49° 0.17+0.01%*
70 °C x 15 min 10.67+1.0%" 4.76+0.65%" 5.3+0.49 0.19+0.018°
70 °C x 30 min 13.33+1.3%¢ 6.09+0.62" 4.61+0.08" 0.22+0.003
90 °C x 5 min 17.33+1.33 7.56+0.6% 5.77+0.28" 0.17+0.007"
90 °C x 10 min 22.67+1.33 10.89+0.65 3.17+0.04 0.32+0.009
90 °C x 15 min 2.67+1.01 1.33+0.08 18.2 +0.28 0.054+0.02
90 °C x 30 min 1.33+1.0% 0.62+0.07 21.3+0.67 0.0460.019

The different letters are significantly differept< 0.05).
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