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Abstract: As the population is increasing and we face lack of land and water resources, usage of the plants
which are resistant to salinity and are able to grew in difficult environment condition while having the highest
efficiency is undeniable. So that we should be aware of plants germination needs. Medicinal plants are one of
the most useful resources that are being used in different industries. Some of the most important factors in
cultivating medicinal plants are determining the resistance to salinity and the best temperature for germination.
So, in this research the effects of salinity stress (made by sodium chloride and calcium chloride) and temperature
interaction on germination characteristics of hyssopus officinalis have been studied. The experiment is conduct
on factorial basis and in a completely  randomized  design.  In this  experiment,  different  osmotic  potentials
(0, -3, -6 and -9 bar) and also different temperatures (20, 25, 30 and 35°C) are used in lab conditions and it has
repeated three times. In this research, the percentage and rate of germination, the length of radicle and plumule,
length ratio of radicle and plumule and vigor index characteristics has been measured. The results showed a
significant effect of salt levels, osmotic potential and temperature on the above characteristics. The mean
comparison for percentage and speed characteristics showed that calcium chloride with 63% and 7.11
respectively had a significant difference with sodium chloride with 50% and 1.7 and they have been categorized
in different groups. Generally while the osmotic potential increases and temperature goes up to 30 centigrade
degree  all   the  characteristics   in   sodium   chloride  and  calcium  chloride  had  a  remarkable  reduction.
Also increment of  high temperatures had more harmful effects in NaCl than CaCl .2
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INTRODUCTION many people to cure diseases. It s flowery sprouts are

Hyssop   with      it      is      scientific    name lung diseases and cold. The oil extract hyssop is good for
(Hyssopus officinalis) from lamiaceae family is a curing cough, pertussis, and bronchitis, breathing
herbaceous plant with several years of age that is like a problems, cold and the flu. Also hyssop extract has some
shrub or sub shrub with square-shaped stem ranges from antibacterial and antifungal characteristics and it used for
50 to 70 cm in height. The stem is woody at the base from food industries and cosmetics. Salinity stress is one of the
which grows a number of straight branches. It is leaves most important problems of dry and semidry parts of the
are lanceolate small in size thin, with a sharp point and world. Some of the plants which have a high potential for
aromatic which come out of stem in it is a different part [1]. growing in this dry lands can be used to have more
Hyssop like other herbs of mint family has extract. It is benefits of our dry parts of the country. Salinity stress is
leaves and flowery sprouts have a hot taste, pleasant one of the facts which decrease the ability of cultivation.
smell and extract and uncolored oil. The amount of extract The area of saline lands has been estimated about 18 to 35
in hyssop with blue, red and white flowers are 1-1.5%, million hectare but we don’t have any reliable report about
0.8% and 0.5% respectively. This plant has been used by the  quality and quantity of saline water in the country [2].

used for stimulation and also a wind breaker and also for
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In many different plants germination and primary growth a remarkable effect and it got to it is maximum in 180 mM.
of the plant are the most sensitive phrase to But the longest lengths of stem and root were in 90 mM
environmental stress [3]. Increasing in osmotic potential density of salinity. [10] in studying morphological
reduces the amount of accessible water. But special ions characteristics of Fennel under salinity stress with
like sodium and magnesium affect germination more than different density of NaCl such as 0, 50 and 100 mM
ability to access water [4]. Every face of plant growth showed that by increasing salinity stress, percentage of
needs a unique suitable temperature. One of the phases germination, root length, stem length, seed vigor index,
which are so sensitive to soil temperature is seed wet and dry weight of stem and root, production of shoot
germination. Most of one-year herbaceous plants need to root and biomass in genotypes of fennel  significantly
special and certain temperature of soil to start germination decreased [11]. Studied morphological and biochemical
that why herbaceous plants are different in germination characteristics of asafetida plant against salinity in
time. Temperature and light intensity salinity damages on different densities of NaCl such as (0, 50 and 100 mM).
plants and temperature increases poisonous ness of The results showed that different accession under salinity
saline. Also temperature can affect rate and percentage of have various stem length, root length, wet  and  dry
germination by in fluency different germination process. weight of stem and root and proline gathering [12].
Since temperature has certain effects on beginning, rate Reported that dorema plants under different salinity stress
and percentage of germination can be reckoned at the like (0, 50, 100, 150 and 200 mM) have various root and
most critical factors which influences success or failure in stem length, wet and dry weight of stem and root and also
plant growth [5]. Reported that rhizogenesis percentage proline gathering.
maximum and average of radical length decreased with [13] Studied germination reduction of three different
increasing in NaCl concentration in mint [6]. Researches plants such as ajotva, fennel  and anet to osmotic
in studying effects of calcium carbonate in alfalfa potentials which are formed as a result of sodium and 6000
endurance to salinity showed that the most remarkable polyethylene glycol  in  different  temperatures  such  as
effect of salinity on plants is the less effect of calcium (5, 10, 15, 20, 25, 30 and 35°C). Osmotic potential levels
chloride because it can neutralize osmotic effects related which were used included 0, -0.5, -1 and -1.5 Mpa. Results
to salinity stress as a result of adding calcium to the showed that by increasing intensity of stress germination
environment and reducing poisons effects of  sodium ions rate and percentage and also stem and root length
[7]. Observed that sodium chloride has more negative decreased in different types. Also the maximum
effects on hyssop germination characteristics than percentage of germination was in 15°C and the maximum
calcium chloride. study simultaneous effects of potential of germination rate and stem and root length was in 20°C.
and temperature on amount of sorghum reported that by [14]  showed that by increasing salinity stress germination
increasing of salinity stress in certain temperatures, rate and percentage, root and stem length had a
percentage and rate germination decreased and by raising significant reductive in chamomile plant. They did so by
the temperature up to 25°C this reduction intensified [8] studying different salinity levels such as 0, 50, 100, 150
in order to study effect of salinity stress on Borago and 200 mM sodium chloride on germination
officinalis growth and also germination used natural characteristics of four different types of chamomile. [15]
saline water and also liquid of (NaCl+CaCl ) with different studied effects of different salinity stress levels (0, -1, -3,2

potentials such as 0, -3, -6, -9 and -12 bar. The results -5, -7 and -9 bar sodium chloride, on germination
showed that as the area of salinity increases, germination characteristics of two types of medicinal plant such as
and also plant growth decreases. Of course this artichoke and purple coneflower. Results showed that by
decreasing was more in amount of natural saline water increasing intensity of salinity stress, germination
than liquid of (NaCl+CaCl ). So they understood amount percentage stems and root length decreased in both plant.2

of germination depend on the kind of saline compound Also by increasing salinity stress proportion of stem
exist in the growth environment. [9] used sodium chloride length to root length had an increasing progress in
and calcium chloride with proportion of 1:1 and with artichoke. Although for purple coneflower this amount
different density such as 0, 30, 60, 90, 120, 150 and 180 decreased under salinity stress. In addition to these facts
mM in order to study salinity effect on germination and by increasing salinity stress the dry weight of both plant
growth of cumin plant. They reported that with applying decreased [16]. Used sodium chloride, calcium chloride
salinity levels more than 30 mM the percentage of plant and a mixture of calcium chloride+sodium chloride with
germination decreased. This reduction after 150 mM had molar ratio of 5 : 1 in order to study germination
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characteristics of four medicinal plants such as fenugreek, least 2300 kinds are medicinal. Despite this unique
sesame, cannabis and ajotva under negative osmotic genetically potential, our country has not found it is real
potential condition. The basic values were  for place in medicinal plants. The first step is to identify the
germination in distilled water under potential numbers reasons and solutions for this issue. In order to determine
such as -0.37, -0.59 and -0.81 Mpa. He reported that the failure reasons we need to be aware of germination
germination reductions were different toward negative needs of different plants. One of the most important
potentials of water and also saline type which creates the factors in cultivating medicinal plants is determining the
negative potential. Actually negative potential had no plant resistance to salinity and also determining the best
harmful effects on sesame germination but the other temperature for germination. So in this research besides
plants germinations were highly affected by negative identifying Hyssop medicinal plant, the effects of salinity
potential of water and saline type. Additionally, stress made by sodium chloride and calcium chloride on
germination rate in negative potentials like -0.59 and -0.81 hyssop germination characteristics and growth has been
made by calcium chloride had a bigger reduction. [17] in studied in different temperatures in order to save
order to determine salinity and temperature limitations and genetically potentials of our country and improve our
also simultaneous effects of these two factors on cumin position in medicinal plants. 
germination used different salinity values like 0, 2, 4, 6, 8,
10, 12, 14 and 16 dS/m made by sodium chloride and MATERIALS AND METHODS
calcium chloride with molar ratio of 5:1 and temperature
values such as 2, 4, 6, 8, 10 and 12°C. Results showed that This research has been done in laboratory of research
by increasing salinity stress, germination rate and center in Khorasan Razavi Agricultural and Natural
percentage reduced. In all salinity values by increasing Resources Research Center in order to study effects of
the temperature, germination percentage increased and it salinity stress made by two salines such as sodium
reached to it is maximum between 4 and 10°C. According chloride (NaCl) and calcium chloride (CaCl ) on hyssop
to these results germination rate tolerate bigger values of germination and also determining the suitable temperature
salinity stress (more than 5 dS/m) in this temperature for germination process. This experiment executed base
limitation. [18] Observed that 20°C is the most suitable on a factorial and also a complete random basics with
temperature for Hyssopus officinalis. [19] Studied salinity three replication in germinator in which 3 factors such as
values between 0 to 20 dS/m made by sodium chloride on saline type (2 kinds: sodium chloride and calcium
hyssop growth and germination. They showed that the chloride), temperature (4 levels: 20, 25, 30 and 35°C) and
minimum germination percentage and rate and seed vigor osmotic potential (4 levels: 0, -3, -6 and -9 bar) were used.
index were in 20 dS/m and the maximum of above factors Osmotic potentials provides by Want Hoff method and
were in 8 dS/m. Determining 50 percent of germination using sodium chloride and calcium chloride solutions
time, stem length, root length, ratio of stem length to root through =-mirt equation in which  is osmotic potential
length were impossible in 20 dS/m so that the maximum in bar, m is the amount of saline mole in 1000 cc distilled
and minimum root length were 14 and 7 ml respectively water, i is ionization factor, r is gas constant and t is
which happened in 16 dS/m of salinity. [20] in order to temperature in Kelvin. For osmotic potential of zero which
study effect of salinity stress on germination stimulation was the basic value distilled water was used. For each
in hyssop plant used sodium chloride with different experiment 25 hyssop seeds were  counted  and  they
osmotic potentials such as 0, -3, -6 and -9 bar. He reported were disinfected by 15 % calcium hypochlorite solution
that the maximum germination percentage happened in -6 for 30 seconds  and  they were poured in 12 cm height
bar. Also germination rate increased up to -3 bar and then Petri-dishes  after   being   washed   by  distilled  water.
decreased and it reached it is minimum in -9 bar of salinity. The 10 ml of prepared solutions added to each Petri-dishe.
Additionally by increasing salinity value from 0 to -9 bar, Petri-dishes  had   been   covered   by   Wattman  paper.
root length decreased. Generally, results showed that In  order   reduce   evaporation   errors  the  doors of
applying -3 to -6 bar of salinity to hyssop germination Petri-dishes were closed by parafilm paper. Petri-dishes in
conditions can make a better situation and suitable four replication were placed in growth room in certain
mechanisms which can help hyssop germination progress temperatures with ± 1°C of tolerance. The germination
in difficult conditions and also improve it is germination basic value considered as 2 ml growth of root. Petri-dishes
characteristics and future performance. Iran with various were supervised at special times and germinated seeds
climates includes more than 8000 plant types in which at country   performed    each    day   in   order   to  calculate
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germination rate for 14 days. On 14 th day, 5 plants of hyssop plant than sodium chloride. These results have a
each Petri-dishe were chosen in order to study different
characteristics such as germination rate and percentage,
root and stem length, the ratio of stem length to root
length and seed vigor index. In order to calculate
germination percentage we used  formula in

which, GP is germination percentage, Ni is the number of
grown seeds until i th day, and N is the total number of
seeds. Germination rate is also calculated by using

 formula in which, RS is germination rate

(number of seeds in a day), Si is the germinated seeds
number in i th counting and Di is the number of days until
the i th counting [21]. Additionally vigor index calculated
by  formula [22] where: V is seed vigor

index, Lr is root length, Ls is stem length and GP is
germination percentage. In order to change germination
percentage values to normal distribution, angular
conversion was used. In order to do statistic calculations
and drawing the diagrams softwares such as MSTAT-C
and EXCEL respectively. Average comparisons were also
done by Duncan test (P < 0.05).

RESULTS AND DISCUSSION

Results showed that the simple effects of saline type,
osmotic potential and temperature and interactive effects
of them together on studied characteristics were mostly
(p 0.01). Average comparison showed that in all
characteristics the values for calcium chloride had a
significant increscent in comparison of sodium chloride
and this privilege for germination percentage, germination
rate, root length, stem length, the ratio of root length to
stem length and seed vigor index were 20.9, 38.9, 26.3, 6.2,
27.4 and 20 respectively (Table 2). Since calcium chloride
has less negative effects on germination characteristics of

total conformity with [7]. According to [6] research on
alfalfa calcium chloride can neutralize harmful osmotic
effects of salinity stress by releasing calcium to the
atmosphere and can reduce harmful effects of sodium
ions. In germination stage anions have more important
roles than cations. Since when we use calcium chloride in
order to make negative potentials, chloride anions exceed
critical value and so that the harmful effects of chloride
anions on germination increases. In this research, by
increasing osmotic potential from zero to -9 bar,
germination percentage had a significant reduction about
52 percent in comparison of basic value (Table 2). As it
was more remarkable for germination rate about 73.1
percent. Germination rate  wasn’t  affected  till  -3  bar.
Root length, stem length and seed potential values also
reduced by increasing osmotic potential from 0 to -9 bar.
Their value had a reduction about 82.2, 87.7 and 91.6
percent respectively. The ratio of root length to stem
length increased up to -6 bar but again decreased after
that. While salinity stress increases because of increasing
in ingredients and secondary dryness stress causes a
reduction in hyssop germination [20, 20]. Has the same
report for studying effects of salinity stress on
germination stimulation of hyssop. Other studies on
various medicinal plants such as borage [8], cumin [9],
fennel [10], Asafoetida [11], dorema [12], anet and ajotva
[13], chamomile [23], purple coneflower and artichoke [15]
also showed that by increasing osmotic potential,
germination characteristics values decreased. Studies
showed that applying salinity stress in germination stage
is a reliable test for evaluating many different plants
resistance because salinity causes reduction in
germination rate and percentage and also root and stem
length [24]. Results have shown that increasing in salinity
causes more attraction for sodium and chloride ions that
in   addition  to  their  harmful  effects  they  can  cause a

Table 1: Analysis of variance for germination of hyssop (Hyssopus officinalis)
Mean Squares (MS)
---------------------------------------------------------------------------------------------------------------------------------------------------------

S.O.V. d.f Germination percentage Germination rate Radicle length (R) Plumule length (P) R/P Ratio Vigor index
Saline type (A) 1 ** 4173.84 ** 500.69 ** 101.89 ** 22.33 ** 0.49 ** 80.76
Osmotic potential (B) 3 **6297.57 ** 482.28 ** 397.56 ** 2574.23 ** 0.06 ** 886.15
Temperature (C) 3 **18493.32 ** 547.37 ** 337.136 ** 1358.79 ** 0.28 ** 612.18
B × A 3 **649.43 ** 22.87 ** 28.13 ** 18.25 ** 0.15 ** 19.04
C  × A 3 ** 159.79 ** 29.44 ** 6.357 ns  2.09 ns  0.005 ** 7.19
C × B 9 **570.425 ** 34.78 ** 30.19 ** 167.28 ** 0.15 ** 79.93
C × B× A 9 ** 156.56 ** 8.77 ** 5.04 ns  2.23 ** 0.05 ** 2.97
Error 64 8.22 1.89 0.5 2.85 0.002 0.89
**: Significant difference at 0.01 probability level, ns: Not significa
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Table 2: Main effects of various factors on germination of hyssop
Germination Germination Radicle length Plumule length

Treatments percentage rate (R) (mm) (P) (mm) R/P Ratio Vigor index
Saline type Sodium chloride b 49.94 b 7.17 5.76 b b  14.56 b 0.37 b 7.30

Calcium chloride a 63.13 a 11.74 a 7.82 a  15.52 a 0.51 a 9.13
Osmotic potential (bar) (Control)0 a 73 13.29 a 10.10 a 25.72 a 0.38 c 14.02 a

-3 65 b 12.59 a 10.13 a 21.34 b 0.49 a 12.49 b
-6 53 c 8.39 b 5.14 b 9.89 c 0.45 a 5.17 c
-9 35 d 3.57 c 1.80 c 3.18 d 0.44 b 1.18 d

Temperature (°C) 20 77 a 11.94 a 10.29 a 19.97 a 0.54 a 12.25 a
25 68 b 12.17 a 7.43 c 16.82 b 0.47 b 9.49 c
30 66 c 11.4 a 7.97 b 19.42 a 0.47 b 10.26 b
35 d 15 2.31 b 1.49 d 3.94 c 0.29 c 0.84 d

Means within the same column and treatment followed by the same letter are not significantly different according to Duncan (p  0.05) 

Table 3: Effects of saline type and osmotic potential on germination of hyssop
Osmotic Germination Germination Radicle length Plumule length

Saline type potential (bar) percentage rate (R) (mm) (P) (mm) R/P Ratio Vigor index
Sodium chloride Control 73 a 12.45 b b 10.09 a 25.88 d 0.37 a 14.09

-3 59 b d 9.99 c 8.23 b 20.68  0.46 c 82.10  b
-6 46 c 5.5 e 1.3  e 24.8 d 0.27e 3.5d
-9 23 d 0.75 f 1.63  f 3.24 e 0.37 d 0.77 d

Calcium chloride Control 73 a 14.12 a 10.12 b 25.63 a 0.37 d 13.94 a
-3 71 a 15.19 a 12.2 a 21.99 b 0.52 b 14.16 a
-6 61 b 11.27 c 7.18 d 11.53c 0.63 a 6.86c
-9 48 c 6.39 e 1.98 f 2.93 e 0.51 b 1.58 e

Means within the same column and treatment followed by the same letter are not significantly different according to Duncan (p  0.05)

Table 4: Effects of saline type and temperature on germination of hyssop
Temperature Germination Germination Radicle length Plumule length

Saline type (°C) percentage rate (R) (mm) (P) (mm) R/P Ratio Vigor index
Sodium chloride 20 70 c bc 9.18 bc 8.85 a 19.58 c 0.46 bc 10.97

25 58 e b 9.74 d 6.53 b 16.25 d 0.39 d 8.13
30 61 d c 8.17 d 6.54 a 19.01 d 0.39 c 9.42
35 11 g 1.17 e f 1.13 d 3.12 f 0.23 e 0.67

Calcium chloride 20 84 a a 14.71 a 11.73 a 20.09 a 0.61 a 13.53
25 78 b a 14.60 c 8.33 b 17.39 b 0.54 b 10.86
30 71c a 14.64 b 9.39 a 19.83 b 0.55 b 11.11
35 20 f d 3.01 e 1.84 c 4.77 e 0.34 e 1.09

Means within the same column and treatment followed by the same letter are not significantly different according to Duncan (p  0.05)

disorder in other elements metabolism. For example the respectively. As the temperature raised the ratio of root
contest between sodium and potassium ions and chloride length to stem length and seed vigor index reduced
and nitrate ions cause a disorder in absorbing potassium significantly and the least values were in 35°C, 0.29 % and
and nitrate nutritional elements and this fact has a harmful 0.84% respectively. They decreased 46.3 and 93.1 percent
effect on physiological processes of plant and can be the in comparison of their values in 20°C. [18] also reported
reason for reduction of germination percentage. the 20°C as the best temperature for hyssop germination.
Reduction of germination factors depends on saline Temperature can cause germination rate and percentage
density. While the density is more the effects are more by influencing seed basis and all germination processes.
remarkable. In this research by increasing the temperature Average comparison of interactive effect of saline type ×
germination decreased significantly. The maximum osmotic potential showed that germination rate and
germination percentage was 77% in 20°C and the minimum percentage significantly decreased by increasing osmotic
was 15% in 35°C. Changes in germination rate up to 30°C potential. This reduction in comparison of basic value for
didn’t have a significant difference. But when the germination percentage was 34.2 and 68.5 percent for
temperature reached to 35°C germination rate showed calcium chloride and sodium chloride  respectively  and
80.7% reduction in compare of basic value. Root and stem for germination rate this value was 54.7 and 94 percent
length were also different in various temperatures. The (Table 3). These results show that despite harmful effects
maximum and minimum values were in 20 and 35°C of  calcium  chloride  on germination percentage and rate,
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these effects are less than calcium chloride effects. 35°C and -9 bar osmotic potential. The maximum
Although radical and plumule length and ratio of their germination rate was also in 25°C and -3 bar osmotic
length didn’t show any different in distilled water, in other potential. The maximum radical length obtained in 20°C
osmotic potential these differences were remarkable. and -3 bar osmotic potential which had a significant
These differences shown in length ratio of radical and difference with other conditions values. The maximum
plumule and seed vigor in both salines. Generally by plumule length was in 30°C and basic condition which
increasing of osmotic potential, sodium chloride showed was different with other values. Length ratio of radical to
more changes than calcium chloride. Average comparison plumule was different in various conditions. While the
of interactive effects of saline type multiply by osmotic potential decreases this ratio increases, but it is
temperature showed that increasing of temperature has different in various temperatures. In high  salinity  levels
direct effect on germination percentage in both salines. (-9 bar) by increasing temperature this ratio raised
The maximum germination percentage was shown in 20°C significantly but in low salinity levels this is somehow
which was 84 percent and had a remarkable difference vice versa since simultaneous effect of salinity and
with other values. While germination rate wasn’t affected temperature cause a reduction in plumule length and so
by increasing the temperature up to 35°C but after that that this ratio increases. The maximum seed vigor was in
reduced. The same results were obtained for other 30°C and basic conditions which weren't so different with
characteristics and the maximum radical length, plumule (20°C and basic conditions) and 20°C and -9 bar.
length, length ratio of radical to plumule and seed vigor Additionally by decreasing osmotic potential seed vigor
index were 11.73 ml, 20.09 ml, 0.61 and 13.53 respectively reduced significantly and this effect was more in high
in calcium chloride test and in 20°C. As ir was said before temperatures (Table 5). The maximum rate and percentage
harmful effects of sodium chloride were more than calcium for germination were 20.61 and 92 percent respectively
chloride on nearly all characteristics. [25] also reported the and they were obtained in calcium chloride and -3 bar
interactive effects of temperature and salinity stress on osmotic potential and 25°C  of  temperature  (Table  6).
germination percentage and rate radical and plumule The maximum values of radicle length and seed vigor
length and also their ratio in alfalfa. They determined 20°C index were 19.4 ml and 22.16 respectively in calcium
the most suitable temperature for these characteristics. chloride test and under -3 bar osmotic potential and 20
[26]. showed that by increasing temperature and salinity centigrade condition. The maximum value of plumule
length and dry weight of mary thistle decreases. Average length in both sodium chloride and calcium chloride
comparison of interactive effects of osmotic potential × experiments with basic condition for osmotic potentials
temperature showed that the biggest germination (distilled water) and 30°C and the values weren’t different
percentage was in 25°C and basic status (distilled water) in two different experiments. The maximum value of
which wasn’t very different with 20, 25 centigrade and -3 plumule length was observed in calcium chloride
bar osmotic potential status. Seed germination stopped in experiment  with  -6  bar  osmotic     potentials  and  20°C.

Table 5: Effects of osmotic potential and temperature on germination of hyssop
Temperature Germination Germination Radicle length Plumule length

Osmotic potential (bar) (°C) percentage rate (R) (mm) (P) (mm) R/P Ratio Vigor index
Control 20 82 b b 15.43 14.22 b 32 b 0.45 de 19.01a

25 87  a ab 16.65 10.37 e e 24.38 0.43 de b 15.03
30 77  c c 13.76 13.22 b a 37.13 fg 0.36 a 19.31
35 45 f e 7.31 2.62 h g 9.5 h 0.28 f 2.71

3- 20 84  ab 15.89 b 15.65 c 29.48 c 0.53 c a 19.08
25 84  ab 17.56 a 11.17de 24.75 de d 0.45 b 15.11
30 81  b 15.62 b f 11.4 26.47 d 0.44d e b 15.28
35 11 h 1.28 h h 2.28 4.65h 0.54 c hi 0.49

6- 20 76 c 10.82 d g 9 13.77f a 0.66 c 8.71
25 64  e 11.4 d h 5.68 13.82f 0.39 ef d 6.6
30 67  d 10.66 d 4.82 h g 10.35 0.44 de e 5.21
35 6 i h.0.65 1.05 i 1.62 i 0.33 g hi 0.16

9- 20 64  e f 5.64 h 2.28 4.63h c.0.51 fg 2.2
25 37  g 3.07g h 2.5 h 6.33 0.6 b gh 1.24
30 40  g f 5.56 h 2.43 3.73h 0.66 a gh 1.26
35 0  j .1h 0  i 0 i 0  i 0  i

Means within the same column and treatment followed by the same letter are not significantly different according to Duncan (p  0.05)
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Table 6: Effects of saline type, osmotic potential and temperature on germination of hyssop

Osmotic Temperature Germination Germination Radicle length Plumule length
Saline type potential (bar) (°C) percentage rate (R) (mm) (P) (mm) R/P Ratio Vigor index

Sodium chloride Control 20 82cde 14.88cde b 14.27 b 32.37 fg 0.44 b 19.12
25 bc 86.67 16.83bc e 10.33 e 24.37 gh 0.42 de 15.04
30 77.33efg fg 12 b 13.23 a 37.33 hi 0.36 b 19.55
35 m 44 jk 6.11 h 2.53 hi 9.47 j 0.27 ijk 2.65

3- 20 efg 78.67 12.41efg c 11.9 cd 28.77 gh 0.41 cd 16 
25 75.67gh 14.5cde de 10.6 e 24.23 gh 0.44 f 13.17
30 efg 80 12.69efg f 8.43 de 26.73 ij 0.32 ef 14.07
35 q 1.33 l 0.33 h 2 l 3 a 0.67 mn 0.03

6- 20 I69.33i ijk 7.72 g 7.13 g 13.27 e 0.55 h 7.03
25 50.67l jk 6.89 h 2.9 gh 11.4 j 0.25 i 3.62
30 62.67j ijk 7.39 h 2.36 ij 8.3 ij 0.29 ij 3.34
35 q 0 0 l i 0 m 0 k 0 n 0 

9- 20 lm 48 l 1.07 h 2.1 kl 5 gh 0.43 jklmn 1.71
25 o 18.67 l.72 l h 2.27 kl 5 fg 0.46 lmn 0.68
30 n 24 l 0.58 h 2.13 kl 3.67 de 0.59 lmn 0.7
35 q 0 l 0 i 0 m 0 k 0 n 0 

Calcium chloride Control 20 82.67cde cd 15.97 b 14.17 bc 31.63 fg 0.44 b 18.91
25 86.33bcd bcd 16.47 e 10.4 e 24.4 gh 0.43 de 15.02
30 fgh 76 cd 15.53 b 13.2 a 36.93 hi 0.36 b 19.06
35 45.33m hij 8.5 h 2.7 hi 9.53 ij 0.28 ij 2.78

3- 20 89.33ab a 19.36 a 19.4 bc 30.2 cd 0.65 a 22.16
25 a 92 a 20.61 cd 11.73 e 25.27 fg 0.46 c 17.05
30 81.33def ab 18.55 b 14.37 de 26.2 e 0.55 cd 16.49
35 21.33no l 2.22 h 2.57 jk 6.3 gh 0.41 klmn 0.95

6- 20 82.67cde def 13.92 cde 10.87 fg 14.27 a 0.77 g 10.38
25 77.33efg cd 15.92 f 8.47 f 16.23 ef 0.52 g 9.58
30 hi 72 def 13.94 fg 7.27 gh 12.4 de 0.58 h 7.07
35 11.67p l 1.3 h 2.1 kl 3.23 cd 0.65 lmn 0.31

9- 20 efg 80 hi 9.59 h 2.47 kl 4.27 de 0.58 ij 2.7
25 k 56 k 5.42 h 2.73 kl 3.67 ab 0.75 jklm 1.79
30 k 56 gh 10.54 h 2.73 kl 3.8 abc 0.72 jkl 1.83
35 0  q 0  l  0  i 0  m 0 k  0 n 

Means within the same column and treatment followed by the same letter are not significantly different according to Duncan (p  0.05)

Generally results showed that by increasing osmotic 2. Abedi,  M.J.,    S.     Nairizi,     N.     Ebrahimi    Birang,
potential power characteristics of seed such as M.   Maherani,   H.   Khaledi,   N.   Mehrdadi  and
germination percentage and rate and seed vigor A.M. Cheraghi, 2002. Saline Water Utilization in
decreases. Also it sounds that according to results the Sustainable Agriculture. Iranian National Committee
best temperature in order to germinate is 20°C for hyssop on Irrigation and Drainage (IRNCID), pp: 69.
plant. If hyssop seeds be close to sodium chloride and 3. Yavari, N., Y. Sadeghian and M. Mesbah, 2001.
calcium chloride, sodium chloride has more harmful effects Utilization of mannitol as drought stress agent in
hyssop stability than calcium chloride. By increasing the sugar beet seed germination and early growth stages
temperature the harmful effects of these salines intensities in vitro. Journal of Sugar Beet., 17: 37-43.
because the osmotic potential decreases. 4. Ryan,  C.J.,   1973.    Annu.   Rev.    Plant   Physioi.,
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