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Abstract

To evaluate the effect of different levels of salinity and temperature on germination and seed vigor of three medicinal
plants of Chicory (Cichoriumintybus L.), Cumin (Cuminumcyminum L.) and Fennel (Foeniculumvulgare) three separated
experiments were carried out by factorial experiment based on complete randomized block design with three replications
in 1393 atthe laboratory of Agricultural University of Payam Noor, Meshkinshahr center for each plant. Factors were salinity
with six levels (0. 2, 4, 6, 8 and 10 ds/m for all plants) and temperature with three levels (22, 25 and 28 °C for Chicory; 27,
29 and 31 °C for Cumin; 17, 19 and 21 °C for Fennel). Seedling tissue water content was affected by salinity levels in Cumin
and Fennel. Salinity reduced seedling length, shoot length, root length, germination percentage, germination rate, seedling
dry and fresh weight and seed vigorindex. In all traits that affected by salinity, the highest rate was observed in the control.
Seed vigor index, germination percentage, dry weight of seedling, fresh weight of seedling in Chicory, seedling length and
root length in Cumin and seed vigor in Fennel were significantly affected by temperature regime. In general it can be stated
that Fennel, Cumin and Chicory, are the most sensitive to salinity respectively by 74, 72 and 47% reduction in seed vigor

index at the highest levels of salinity in compared to the control level.
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1. Introduction

Soil salinity is one of the major factors of soil degradation
that limit crop production. Many social and economic
problems are caused by salinity that affects the growth,
productivity and distribution of plants (Bojovic et al.
2010). Salinity inhibition of plant growth is the result
of osmotic and ionic effects and the different plant spe-
cies have developed different mechanisms to cope with
these effects (Munns, 2002). High rate of seedling mor-
tality, delayed germination, stunted growth and reduced
yield are some of the most common effects of salted soils.
Research in relation to the effect of salinity has mostly
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been carried out on agricultural, forage and fuel wood
species. However, little work has been done for exploring
the possibility of using salted soil for the cultivation of
medicinal plants (Zahir and Hussainn, 2010, Asimi and
Sahu, 2013, Jahanshir, 2015).

Reduction in osmotic potential in salt stressed plant
can be a result of inorganic ion (Na*, Cl" and K*) and
complete organic solute (soluble carbohydrates, amino
acids, proline, betaines, etc.) accumulations (Hasegawa
et al. 2000). Some plants will tolerate high levels of salin-
ity while others can tolerate little or no salinity. Salinity
acts like drought on plants, preventing roots from per-
forming their osmotic activity where water and nutrients
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move from an area of high concentration. Therefore,
because of the salt levels in the soil, water and nutri-
ents cannot move into the plant roots. Germination is
a critical part of plant life histories. The ability of their
seeds to germinate at high salt concentration in the soil
is therefore of crucial importance for the survival and
perpetuation of these species. Recently, medicinal plants
have received much attention in several fields such as
agro alimentary, perfumes, pharmaceutical industries
and natural cosmetic products. Although, secondary
metabolites in the medicinal and aromatic plants were
fundamentally produced by genetic processing but, their
biosynthesis is strongly influenced by environmental
factors. A biotic environmental stresses, especially salin-
ity has the most effect on medicinal plants. The different
results were dedicated from the effect of salinity stress on
the quantitative and qualitative parameters. For instance,
it was found that, increasing of salinity stress decreased
almost all of growth parameters. Liopa-Tsakalidi (2010)
reported that enhancing salinity treatments lead to
growth reduction. It also reduces germination amounts
and seedling weight. Overall, salinity through enhance-
ment of osmotic pressure leads reduction of water
absorbance and metabolically and physiological pro-
cesses will be under its effect. So it causes more delay
in germination beginning following by enhancing seed
germination duration. Therefore seedling growth can be
limited by decreased mobilization of seed reserve and/
or the conversion efficiency of mobilized seed reserves.
Salinity is one of the environmental factors having a crit-
ical influence on seed germination, seed physiology and
plant establishment (Hashemi and Akhavan Armaki,
2015). Salinity affects imbibitions, germination and
radical elongation. It reduces substrate water potential,
thereby restricting water and nutrient uptake by plants
(Safarnezhad and Hamidji, 2008). Salinity may also cause
ionic imbalance and toxicity. Because substrate salin-
ity fluctuates through the growing season, a plant may
be exposed to different salinity levels, at various stages
of development, with potentially significant conse-
quences on population dynamics (Hosseini and Rezvani
Moghadam, 2006).

Present study was conducted to see the possible effects
of NaCl salinity and different temperature on the germi-
nation and seedling growth of three species of medicinal
plants. The findings might help enhancing the medicinal
wealth of Iran by utilizing the otherwise non-productive
saline habitats.
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2. Material and Methods

In order to evaluate of the effect of different levels of
salinity and temperature on germination and seed vigor
of three medicinal plants of Chicory (Cichoriumintybus
L.), Cumin (Cuminumcyminum L.) and Fennel
(Foeniculumvulgare) three separated experiments were
carried out by factorial experiment based on complete
randomized block design with three replications in 1393
at the laboratory of Agricultural University of Payam
Noor, Meshkinshahr center for each plant. Factors were
salinity with six levels (0. 2, 4, 6, 8 and 10 ds/m for all
plants) and temperature with three levels (22, 25 and 28
°C for Chicory; 27, 29 and 31 °C for Cumin; 17, 19 and
21 °C for Fennel). Distilled water was used for the con-
trol (zero) and sodium chloride salt solutions for specific
electrical conductivity. Salinity levels were created by
solving the amount of salt (NaCl) (Manufactured by
Merck Company with a purity of 95%) in distilled water.
Each experimental unit consists of one sterile Petridish
containing 100 seeds. Seed sterilization was performed by
using 70% alcohol (10 seconds), 10% sodium hypochlo-
rite (60 seconds) and fungicides (60 seconds). After
treatment, the Petri dishes were placed in Germinator
with relative humidity of 80%, temperature 25°C (16
hours) and 15°C (8 hours). The duration of the test was
12 days. On the last day of test 10 seedlings randomly
selected from each Petridish and the average length of
root and shoot were determined. Then the 10 seedlings
were placed to measure root dry weight and shot dry
weight for 24 hours at 70°C in electric oven. The total
number of germinated seeds in a Petridish was recorded
until the twelfth day of germination. Germination Rate
(GR), Germination vigor index and water content of
seedling tissue were determined by Equation 1, 2 and 3
respectively (Segatoleslami, 2010). Data were subjected
to analysis by the SAS software and graphs were drawn
using Excel program.

X1 X2-X1 Xn—-1

GR
Y1 Y2 Yn

(1

X : The number of germinated seeds to the n-th day
Y : The number of day from cultivation time until
final time

100

SVI =

GP: Germination percentage
SL: The mean of seedling length
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Water content of seedling tissue = (FW-DW)/FWx100
3)
FW: Fresh weight of seedling
DW: Dry weight of seedling

3. Results and Discussion

3.1 Seedling Length, Shoot Length and Root
Length

In case of Chicory analysis of variance showed a significant
effect of salinity on seedling length, shoot length and root
length. Temperature levels were not significantly effected
on these treats (Table 1). Salinity and temperature were

Mean comparison of traits showed that in the case
of Chicory with increasing salinity, seedling length,
shoot length and root length were significantly decrease
(Table 2). Results showed that in Chicory, maximum of
seedling length, shoot length and root length (33.09,
20.54 and 13.13 mm, respectively) was observed at con-
trol level of salinity and minimum of them (21.86, 13.50
and 8.7 mm) were obtained at highest level of salinity
(Table 2). In case of Cumin, mean comparison of traits
showed that with increasing salinity, seedling length,
shoot length and root length, were significantly decrease
(Table 2). Also results showed that maximum of seed-
ling length (229.2 mm), shoot length (149.2) and root
length (77.1 mm) were obtained at control level of salin-

significantly effect on seedling length, shoot length and
root length in Cumin (Table 1). Also seedling length and
root length were significantly affected by salinity and tem-
perature levels in Fennel (Table 1).

ity (Table 2). In case of Fennel, maximum of seedling
length (97.98 mm), shoot length (57.05 mm) and root
length (40.92 mm) and minimum of them (53.68, 57.05
and 22.32 mm respectively), were obtained at control

Table 1. Main comparison of effect of salinity and temperature on seed germination characteristics Cumin,
Chicory and Fennel
SOV DF | Seedling | Shoot | Root Fresh dry Water Root |Germination | Germination | Seed
length | length | length |weight of | weight of | content of | shoot | Percentage Rate vigor
seedling | seedling | seedling | ratio index
tissue
Salinity (S) 5 136.1" | 51.49 | 21.37" | 0.21™ 0.06™ 1.30 0.0007 116.5™ 5.027 65.9"
Temperature 2 8.03 3.72 1.41 0.052 | 0.010™ 1.005 0.00003 22.77 2.31 5.51"
5 m
5 SxT 10 0.078 0.015 0.005 0.0007 | 0.00006 0.958 0.00002 0.004 0.03 0.04
Error 36 6.61 3.04 1.68 0.004 0.001 2.10 0.0005 391 1.71 0.90
CV (%) - 9.09 10.06 11.51 4.42 4.03 3.00 3.68 4.33 10.22 7.34
Salinity (S) 5 634.9" (286.15"| 74.08™ | 0.004™ | 0.0010 73.23** | 0.00005 1178 198.2™ 6641
Temperature 2 | 267.5" | 126.3° | 39.5" 0.0004 | 0.0001 9.23 0.000001 2.65 0.48 60.72
é (T)
5 SxT 10 0.37 0.18 0.03 0.0001 | 0.00002 7.88 0.000001 0.104 0.032 2.57
Error 36 35.80 30.44 6.07 0.0012 0.0002 27.31 0.0007 45.13 3.28 241.9
CV (%) - 2.69 3.82 3.17 29.52 28.33 10.84 5.06 26.48 19.99 27.19
Salinity (S) 5 3327 | 1132.6 | 585.8"* 0.877 0.36™ 62.41* | 0.00067 1535™ 742.7% 3094™
Temperature 2 63.32 19.48 9.33 0.229 0.032 3.98 0.000005 30.18 4.02 71.72*
E (T)
o SxT 10 1.25 0.72 0.62 0.005 0.0009 1.07 0.0003 0.32 0.15 2.80
Error 36 | 52.28 18.82 8.63 0.26 0.049 19.73 0.0006 13.37 16.42 15.35
CV (%) - 9.79 10.4 9.61 15.54 13.11 9.12 3.59 7.09 21.53 9.85

ik Significant in 5 and 1 percentage probability respectively.
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level of salinity and highest level of salinity, respectively
(Table 4). In the case of effect of temperature on seedling
length, shoot length and root length, result indicated
that maximum of seedling length (225.8 mm) and root
length (79.0 mm) were obtained at 29 °C condition.
Minimum of seedling length (218 mm) and root length
(76.1 mm) was observed at 27 °C condition. Maximum
of shoot length (146.7) and minimum of this trait were
obtained at 27 °C and 31 °C respectively (Table 2).
Decrease at root and shoot length and finally decrease in
seedling length with increasing of salinity also reported
by Hosseini and Rezvani Moghaddam (2006). Rahimian
Mashadi et al. (1991) stated that reduce the length of
root and shoot, probably due to the influence of sodium
chloride ion toxicity and negative effects on the cell
membrane. Root length decrease following increase
salinity level has been reported by Qu et al. (2008).
However, the Segatoleslami (2010) in study on effect of
salinity on seed germination of Chicory reported that
seedling length of this plant increase with increasing of
salinity. They reported that increasing seedling length
with increasing of salinity depends on production of
hormone like auxin at salinity condition. Significantly
reduced seedling characteristics with increasing salt lev-
els in the present study agrees with the findings of Khan
et al. (1994), Ibrar et al. (2003) and Jabeen et al.(2003)
who also reported significant decline in growth at 10
ds/m and higher salinity levels. Our results are in agree-
ment with Fallahi et al. (2008) in which they showed
that with increasing in salinity levels, the seedling length
had decreased and minimum and maximum length of
seedling were observed for control and 300 Mm NaCl
treatments, respectively.

3.2 Fresh and Dry Weight of Seedling

Results showed that salinity and temperature were
significantly effect on fresh and dry weight of seedling
in Chicory (Table 1). In case of Cumin and Fennel, fresh
and dry weight of seedling was significantly affected by
salinity. However temperature levels were no significantly
effect on those traits in Cumin and Fennel (Table 1).
With increasing salinity in the Chicory, fresh and
dry weights were decreased. Maximum of fresh and dry
weight (1.69 and 0.87 mg, respectively) and minimum
of them (1.26 and 21.86 mg, respectively) was obtained
at control levels and highest level of salinity (10 ds/m),
respectively (Table 3). In other hand at the highest lev-
els of salinity fresh and dry weights were reduced by 25
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percent compared to control (Table 3). In the case of
effect of temperature on fresh and dry weight of seedling
in Chicory, result indicated that maximum of fresh and
dry weight of seedling was obtained jointly at 25 and 29
°C condition. Minimum of those traits were observed at
22 °C condition (Table 3).

In case of Cumin and Fennel maximum of fresh
weight (0.14 and 3.7 mg, respectively) and minimum of
them (0.083 and 3.78 mg, respectively) were obtained
at control levels and highest level of salinity (10 ds/m),
respectively. Similar results were observed for dry
weight of seedling (Table 2). Ali et al. (1992) and Lyra
et al. (1992) also reported a similar trend in the fresh
weight of Trigonella and Sesamum seedlings. Reduction
in fresh biomass at higher concentration might be due
to poor absorption of water from the growth medium
due to physiological drought (HussainandIlahi, 1992).
Increased fresh weight under low salt concentration
in Lepidium, Plantagoand Trigonellais attributable to
the development of succulence to cope with salt stress
(Zahir and Hussainn, 2010). Ilahi and Hussain (1990)
also reported a similar increase in fresh weight for
Brassica campestris. The increase in the dry weight of
seedlings with increasing salt concentration is in con-
trast to the findings of Younis et al. (1987) and Lyra et al.
(1992) who reported decreased dry weight of Linumand
Sesamum seedlings as a result of salt stress. Decrease in
seedling weight has been reported by Almodares et al.
(2007).

3.3 Water Content of SeedlingTissue

Water content of seedling tissue, play important role
in various physiological processes. In the present study
analysis of variance showed a significant effect of salinity
on water content of seedling tissue of Cumin and Fennel
(Table 1). Water content of seedling tissue of Chicory was
not significantly affected by salinity. Also temperature
levels were not effect this trait in all three studied plants
(Table 1).

Maximum water content of seedling tissue in Cumin
(52.71%) and Fennel (52.54%) was obtained in the con-
trol and the lowest level of this trait (44.84 and 46.01%,
respectively) was obtained at highest level of salinity
(Tables 2 and 4). Shadded and Zaidan (1989) recorded
reduced water contents with increased salt stress in
Trigonella while Ibrarand Hussain (2003) reported
enhanced root water contents with increasing salinity
level in Medicagopolymorpha.

Indian Journal of Science and Technology



Saeid Hokmalipour

"9DUAIAYTP JUBIYTUSIS OU dARY 19119 dWES 3} YIIM SIOqUINN

CLTET - © 98°GY ¢ 6470 e €91 - - - 8¢C
e ¥TET - v 65°9% = 18°0 e LG'T - - - St
q 0€7CI - q 8€TY a92°0 1 - - - w (Do) 2amyeraduay,
2668 >¥6'TT > LS6€ 2590 29T'1 p 048 p 0S°CT p 98°1C )1
p ST 5 6C°CL q IL°¢Y p€L°0 pEV'T > €701 >66'ST >6079¢ 8
»88°CI aq IF°CI ¥y > 18°0 > 991 2q Y11 2q LELT q €9°8C 9
q06°€l sqe S6°CL v CS'LY > 180 5 991 q¥VL'TT 19091 q [9°6C ¥
q 071 q 8CTCI e 787 q¥8°0 qC9'L q 81°CI q 9781 q 87°0¢ (4
= 0091 ¢ 86°CT v CC6V e £8°0 e 691 XARA! e ¥9°0C ¢ 60°¢E [onuoy) (w/sp) Ayrurpes
(Sur) (Sur) (urur)
(kep/paas) 98ejuadrdg | Surpoassjo | Surpass jo (urur) (urur) Sud|
XoPUl J0S1A P39S | )y UONjeUTULIdY) | UojeurwidY | Jydrom A1p | 1ySrom ysaxg | yySuspjooy | yySuspjooys | Surpaas sjuauI eI,
K3001yD) sonsLIaloeIRYD UOIjRUTULIAE pads uo arnjeradwa) pue Ajrurpes Jo 109y °¢ 2[qel,
- - - - - - @ 9°LL q S'IVI q 6°'1CC 1€
- - - - - : 06 @ €PPI » 8°GCT 6¢
- - - - - e T'9L v L9V ¢ T81C | LT | (Do) 21mperddundy,
> 7S¢ 2 S0F > TTTI V8T q 070°0 >€80°0 p GLTL > SFET p LS'L0T 01
>¥0°6C 2LV'Y »VTEl q6T°SY = 85070 5 0TT°0 0094 q I'THI > SELTIT 8
qC0°¢S p6L°9 q69°€T qST'8¥ = 090°0 e TTT°0 5 09°LL a4 2q 8C°TTT 9
q V19 >986 q80°LC q LV 8 2 ¢90°0 q 0CT°0 @ ST6L e CLVT q 95°9CC 4
¢ 6918 q8C¢l v €9°9€ q 66°8¥ © 890°0 q IV1°0 + 81°08 v L'8V1 e [1°6CC 4
© 59°C6 ¢ 09°G1 = 07 0% e [L7CS = 890°0 e V170 v 66°LL e COVI e 91°6CC 0 (w/sp) Lyunpes
(%) (Su) (Sur)
(Lep/paos) anssn Surpass | Surpass (wrur)
xapur ey a3ejuadiag Surpassjo | joiySram | joySrom (urur) (wrur) y3us]
10314 paag UOTJRUTULISY) | UONBUIULIIN) | JUS)UOD Id)JBAN £1p ysaxg y3usrjooy | ydusyjooys | Surpasg SJudUI)BII],

urwny) SOTISLIAORILYD UOTIRUTUIIOS Pads uo dinjeradwa) pue Ajurfes Jo 10974

"TAIqEBL

Indian Journal of Science and Technology | 5 -

Vol 8 (35) | December 2015 | www.indjst.org



Effect of Salinity and Temperature on Seed Germination and Seed Vigor Index of Chicory (chichoriumintynus L.), Cumin

(CuminiumCyminium L.) and Fennel (Foeniculum Vulgare)

i
&N s | e |2 | o |= | o o |« |2
‘;q) DO | oL |N| I N| = | n
o al e | alN DNy |0
< £ — S|l |wn|wn NS
g = C|O|FH |||~ | | @
n
g
= 2 s e la]o|=].
] —nlo|en| |
S5 N[ =]
E K 3 N[(N[en|w| S|
£ 2 NN =]~
0\-/
Q0
=
S %
'-:l“ s |2 |2 | o |= | @ o | = |2
gE olwo| ||| a N[O ~
= 3 Cla|®R|<2|—= X N| xR0
g 9 N| N[O 0| D ol | =
33 ol w|a ol IO I
~
Qo
——
5 e
8 o RN ERERE
o= ~| | wn]| ~ O | —~
ST 2585353
R = Bl B\ I i RGO B SN BN =T INe)
g 2" Wln | F || T
§o
©
St
=] T
g>\35,\mﬂﬁﬁuu
v I EE XN 2 2Re o
F WY B[R R 0| o
@» D o ===~ =]
3 (7]
.- 3{0
=
w
R
=
3 S o
Cle S & ||« |=]|=|2]-
S| w30 0 alo|lo|N|la|®
g?_’bn'UE\Dmﬂ*NNl\ [ I
;m'ggvmmmmmm
Q (7]
=]
o
s
< < |« [ | 0o [T |=
S18E€E NIRRT
gl & RS R|[R| |
;_‘a:q,a S|l || | N
b == F|F| || J|
o0
ks
[F] =
A | w2~ ¢ | = |2 |0 |B |s
=] 0| ol \o n
Qogog S|F|la| = |22 N
°o|<L § & [ N B B N I N I
O |LP = = niwn|t|[o|la|on
=
=]
-
o
&éovﬂf'\ « | s |o |0 [B |=
2 RE |[R|FE 2|58
S| 5 & ~| S| il @] og| e
-l == || N|o|BR|w
o
=]
<
B
4= o|la|<|wv|lw|=2 SN
R
p—
<
w
G
o —~
- — Q
S| & g <
= | g 5 )
Q < -]
= |2 = E
b= z 5
P o= q‘j
<+ | & £ a,
v |F = =
= 9] 7}
< =
H

B ¢ | vos (35) | December 2015 | www.indjst.org

3.4 Germination Percentage and
Germination Rate

Results showed that salinity were significantly effect on
germination percentage and germination rate in Chicory,
Cumin and Fennel (Table 1). Germination percentage was
affected by temperature regimes in Chicory and Fennel.
However temperature levels were no significantly effect
on germination rate in all three studied plants (Table 1).
Germination percentage and germination rate in all three
plants was significantly decreased with increasing salinity
levels (Figures 1 and 2). The highest decrease in germi-
nation percentage was observed in Cumin with about 70
percent. The lowest decrease in germination percentage
(38%) was found in Chicory. 53% reduction in germina-
tion percentage was found in Fennel. Chicory, Cumin
and Fennel germination rate significantly decreased with
increasing salinity levels (Figure 2). Increasing salinity

70

== Crmin
== hicory
50 1 === Fznn=1

40 +

20 +

Germination percentage

10 4

Salinity levels (ds/m)

Figure 1. Effect of salinity ongermination percentage of
Cumin, Chicory and Fennel

30

= Cumin
25 4
== Chicory]

20 4 =@=Faznnal

15 4

10 4

Germination rate (seed/day)

0 2 4 =] 8 10
Salinity levels (ds/m)

Figure 2. Effect of salinity ongermination rate of Cumin,
Chicory and Fennel
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10 ds/m led to decrease 20, 74 and 80 percent in germi-
nation rate of Chicory, Cumin and Fennel respectively.
Germination and seedling establishment are generally
most sensitive stages in plant life (Ashraf et al. 1986).
Salinity causes osmotic stress (Nandawal et al. 2000;
Daniela et al. 2004) or specific ion effects, which delay,
reduces or completely inhibit seed germination (Munns,
2002; Hanselin and Eggen, 2005). Our findings agree with
them in this regard.Furthermore Anwar et al. (2001); Zia
and Khan (2002) also reported reduced germination
under saline conditions in some other medicinal plants
that also strengthen our findings. Reduced germination
by increasing salinity has been reported in several stud-
ies (Ajmal Khan and Ghulzar, 2003; Akbari et al. 2007;
Almansori et al. 2001; Guan et al. 2009; Jamil et al. 2007
and Qu et al. 2008). Various studies showed that in the
average concentrations of salt, reducing the osmotic
potential causes reduced germination. But toxic in high
concentrations, followed by ion absorption and nutrient
imbalance between important factors led to disrupt and
reduce germination. Segatoleslami (2010) reported that
salinity has not significantly effect on germination rate.
Decrease in germination rate have been reported in cot-
ton (Kernezhady et al. 2004), Hibiscus tea, Indian Senate,
hyssop, basil and artichoke (Khumri and Dehmorde,
2007) and Plantago Psyllium (Hosseini and Rezvani
Moghaddam, 2006) and savory (Segatoleslami, 2010).
In case of effect of temperature levels on germination
percentage in Chicory and Fennel results showed that
maximum of this trait (46.59 and 52.80, respectively) was
obtained at 25 C in Chicory and 19 C in Fennel (Tables 3
and 4).

100

S0 A == Cumin
80 =@= Fenn=]
70 == Chicory
60
50 -
40
30 A
20

10 h_-_-‘_"_‘—bﬂ
0 2 4 B 8 10
Salinity levels (ds/m)

seed vigor index {percentage)

Figure 3. Effect of salinity on seed vigor index of Cumin,
Chicory and Fennel.
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3.5 Seed Vigor Index

In all three studied plant analysis of variance showed a
significanteffect of salinity on seed vigorindex. Temperature
levels were not significantly effect on this treat (Table 1).
Results indicated that with increasing salinity seed vigor
was significantly decreased (Figure 3). With increasing
salinity to 10 ds/m, seed vigor was decrease to 47.4, 72.26
and 74.4 percent in Chicory, Cumin and Fennel, respec-
tively. Since the seed vigor index is obtained by multiplying
of seedling length and germination percent, reduction in
seed vigor was expected. Seed vigor decrease with increas-
ing salinity also been reported by Segatoleslami (2010). The
results of the present study were in agreement with those of
Salami et al. (2006) in study of the effect of salinity stress on
Cuminumcyminum and Valerianaofficinalis and Safarnejad
and Hamidi (2008) in study of the morphological charac-
ters of Foeniculumvulgare under salt stress in which they
showed that with increasing in salinity levels, seed vigor,
the ability of plant for survival and normal living were
decreased. In case of effect of temperature levels on seed
vigor in Chicory and Fennel results showed that maximum
of this trait (13.24 and 41.71, respectively) was obtained at
25 Cin Chicory and 19 C in Fennel (Tables 3 and 4).

4. Conclusions

According to the results, all germination characteristics
except the shoot length in Fennel, root shoot ratio in all
three studied plant and water content of seedling tissue
in Chicory significantly declined with increasing salin-
ity. Seed vigor index, germination percentage, dry weight
of seedling, fresh weight of seedling in Chicory, seedling
length and root length in Cumin and seed vigor in Fennel
were significantly affected by temperature regime. Finally
it can be stated that Fennel, Cumin and Chicory, respec-
tively by 74, 72 and 47% reduction in seed vigor index
at the highest levels of salinity in compared to the con-
trol level are the most sensitive to salinity. Consequently,
based on the results, the published studies and regarding
high medicinal values of this genus and their sensitivity to
salinity stress, we recommend that the genus is cultivated
in environments that plants are not in expose to salinity.
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