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Abstract

Different species of Thymus are distributed in wide areas of Iran with different climatic conditions. In agroecosystems and natural
habitats, temperature and soil moisture conditions are effective on seed germination and plant establishment. Thyme seeds are
possible spent a wide range of temperature in dry to humid situations and be affected by these conditions. The behavior of different
species of thyme can be effective in establishing and predicting plant growth. To investigate of tolerance levels and screening of
different thyme species to the temperature stresses, a factorial experiment was conducted in a completely randomized design with three
replications in the vitro condition. The experiment was conducted using six Thymus species (Th. fallax, Th. fedtschenkoi, Th.
pubescens,Th. vulgaris, Th. daenensis and Th. kotschyanus), at two moisture levels (dry and wet) and at 15 temperature levels (from
-8°C to 48°C with an increase of 4°C). Measured characteristics included germination percentage and mean germination time.
According to the results, the highest germination percentage belonged to Th. pubescens (70.83%) and Th.daenensis (70.44%) and the
lowest germination percentage belonged to Th. vulgaris (53.04%). The average percentage of germination of seeds in dry condition
(74.66%) was significantly higher than wet condition (56.12%). The highest germination percentage was observed at -4 (79.44%), zero
(78.33%) and 4 (79.72%) Celsius that had significant differences with others. Interactions of species with moisture conditions showed,
the highest germination percentage related to Th. kotschyanus (79.40%), Th. pubescens (78.95%), Th. daenensis (78.08%) and Th. falax
(77.53%) in dry conditions and the lowest germination percentage belonged to Th. vulgaris (45.46%) in wet conditions.Using the results,
different species of Thymus can be screened for temperature tolerance in dry and humid conditions and recommended for cultivation in
different regions. In this experiment, native species were more resistant to temperature stresses.

Keywords: Medicinal plants, Stress, Tolerance, Kurdistan province

* Email: esharifi@rifr-ac.ir



Vo b/ W eles Ve A /015l 5 655k 5 psle 5

375 o ol s 5 (S5 Julse 5L Cos
Joli 4o 54l .(Meyer and Pendleton, 2000)
i aly Bdlas ST Cul (65date 5 ooy (ol 3
dib e Jsle 55 ol JiSen s 5 Lad e sb
J—le 53 3 rl.\_f » (Baskin & Baskin, 2001)
S g Ao )d o il e pea Lol ea b olgse
Kebreab & Murdoch, 2000; ) L sl s 5540 g
sla o, » (Larsen et al., 2004; Qiu et al., 2006
by Ll o 5 CAlS w457 Gl esls OLiS sdaze
PLS i 5 ol 00 Lol e gL
P iSrmsd e g 5 i gs el 6l o llas
23 (585l g Ao pd S M 5 b e sl ds e 5o
5 5wl 3 Al e BB Les 3l ool aels 53 LS
SLS L sbas Siale doys  glos awls ol 51 5L
Ly S50l Sy 5 Lo y3 il g n Lod il o alS
S 5 Hdn Sl SEalS G s o S0 G b
NUPSO R 0 I SUPR S § VO JRSpp PRI [
.(Kebreab & Murdoch, 2000; Hongyfei et al., 2008)
Skl L s sban (Sl S e Y e
Ao )s 5 (Guerke etal., 2004) ol 550 OT 4y o s
b LS O Jeily RalST L (el
o 2w O Joily 2alS” (Grundy et al., 2000)
I NV STt PR W B LI g
35d a5, Shee FalS Colg s3y G0l e
01, s Bannayan ;s =5 (Springer, 2005)
Sl Siasler Ol s oy 3 (Y020 F)
Aoy oL aS il OT 51 S g ls Olals
s (Nepeta binaludensis) s Sl glwas g g4l
Yo%+ als 55 (Nepeta crassifolia) ¢ -J! (slwai s
(Nepeta glomerulosa) o sl (sle 4 5 31,8 o 4
Gl o 5T 031, 8 Sl ammj3 YooY aials 53
31,8 5le a5 53 10-Y0 auls 5 (Zataria multifiora)

s> 53 (Thymus kotschyanus) s S i sT &l s

. (e P — N i e - (e
Sl Gale 687 2 Ay S5l asbs s s U

.

A0

SLalE 51 25 8 (gl m al e sk T gl
NN T s i el iy S s 0l gl
el et 503 a3l Sl ol e Sla i
5558 s e LS5 1, Olgr 5 01l 45 gsls 0l
g5 by Cadien (ol Loyl 5 L Ol ) slog
e Olste o a8 ol 2T sl S 51 e 5 LB
3355 b O pimn Mah 5| g9l oS 5l 2
ST, oS Gl i sl Calise slati S )
3S b dli B8 dll ey o
Lgd e odalin Ol ol O g Sl S bl b o8
s 53 (B8 W) ool laas S ) pam o i
(Ul glaotul Jolsa S ol oo 4
Ail e Ol 5 (e SOl b3T (B 2 0lam )3T
35 g i Calidee glaas S .(Jamzad, 2009)
DB esleul sy s mgyls g sdlig ( olde GL_.a
L bl sl i sT gl plil el o 5,8 o
3 Kb (b SS 5 Jali S 005 T il
.(Guillen & Manzanos, 1998) <o_ulslss »Lw
i 3335 50 005 S 15,8 5T pes (JB sS 5
S5 S sk 5 saols S S s sl o ¢ o ga
Caol glyls i T uslul Dy o (G2
g 64> «(Asbaghian et al., 2011) ¢ Sbas
OldeS1 =T L LSl «(Pavel et al., 2010)
sl ol s S5y nle s (Ozenetal, 2011)
sl m ke (b s gles Ll b
Sl 4 et o sa i alites gl 8 ) s

\;.wlal;)_sr;wfa;ryjog)l@jaﬁ.;)b

' Lamiaceae
2 Thymus

3 Essential oil
4 Thymol

3 Carvacrol



Vo 5l /¥l /N A /015l 5y 655L8 5 pshe 4 50

SLa Bl 31 s G 3 5T il s S
o3 Ldb GOl g b yds Os 4l g 53 50 8
sl 68 2 jleslial b (alejT ool oSl alaw
Th.pubescens (Th.  fedtschenkoi .Th.  fallax)
43> «(Th. kotschyanus s Th.daenensis (Th.vulgaris
e 10 53 5 (g jo 5 6Si5) s by a5
dools U5l S slo amy3 FA B -A oles 03 5dows) o les
590 laydn A Ct?auuay&at,?@;u a5 F
35 o el sl Sligions ooyl a5 50 1 03lizl
Ol (ke s 5 (5555188 25 5T 5 Dl
Syl layd clice o) Jods 3.4 L;,JTC‘.? Olws S
u;‘w,ﬁw,_ﬂduu}fﬁ,:.wuu

Lls 2yl slase Th. vulgaris

oL 5 oalT 5ol & 5

oS Sl a3 10-Y
S 5 51 i 5T Calie (Mot 7 (G o 3
JB50is s S I E b e 5 oSia Ll b s ol
(b Slaas o 5ol Eal U s sy 53 LS

33 8 o atia o&ila3T 55 las slas S

by 95 9 g0
o 8§ S UL 5 oo phan (s sk
il o glas Gl 55 & S i 5T Caliies
e b (Balai NS by = b LB s ) sSE O e
Ol i ol psle s 3T oo 3 1S
Dl a0 p SN gms 5 5 30LaLE
S e s |l )5S a5 L f S

Ol S Ol 3 3T S 8 5 555 Tpar Ghlio =) Jser
Table 1- Seed collecting locations of Thymus species in Kurdistan province
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Th. fallax Fisch. & C. A. Mey. _ Tl s o ) S _ 1745-1755
Sahib (between Sagez and Sanandaj)
Th. fedtschenkoi Ronniger. Aokt 1700-1715
Nasirabad- Sagez
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05 5 —sLT sl
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Table 2- Analysis of variance (Mean Squares) of germination for six Thymus species under different
temperature and humidity conditions

Sk e 3137 4 s S8l Aoy S8l 0l daw gz
S.0.V df Germination Percentage Mean Germination Time
d 5 3766.167% 12.493**
Species
ol Ll
ko BlA 1 46407.474%* 7.692%%
Humidity Conditions
Les
14 4134.121** 1.125%*
Temperature
Hoby Lol ix 48
) S2sbs = 4 N 5 662.363** 0.737%*
Species xHumidity Conditions
Ls x 45;
i 14 3241.676** 1.240**
Species x Temperature
s X by Lol i
. ﬁ“’_’” o 70 295.090** 0.099%*
Humidity Conditions xTemperature
Lax = Ll ix a8
_ sk Bl 70 137.622%* 0.096%*
Species xHumidity Conditionsx Temperature
(15
360 50.872 0.016
Error
GOV -
B T 10.91 7.76
C.V
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ns: Not Significant, *and** : Significant at the 1% and 5% levels respectively
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Table 3- Means comparison of germination indices for different Thymus species
under different temperature and humidity conditions

&8 $54 dasys () 6540 Ol baw se
Species Germination Percentage Mean Germination Time (Day)
Th. fallax 65.54 b 1.36d
Th. fedtschenkoi 66.50 b 1.34d
Th. pubescens 70.83a 16lc
Th. vulgaris 53.04 ¢ 221a
Th. daenensis 7044 a 1.92b
Th. kotschyanus 66.01 b 1.28¢
Similar letters in each column indicate no significant difference. Ll 3 gnn SV 3 g g ke Sl 00 gt 2 53 i U35

Calbes sby Ll 8 S o oT Calises bawr S 54l 5 0le —F gl
Table 4. Means comparison of germination indices for different Thymus species
under different humidity conditions

sk, s S8l Ao G32) S35 0o o 520
Humidity Conditions Germination Percentage Mean Germination Time (Day)
Dry s 74.66 a 1.74a
Humide b 56.12 b 1.50b
Similar letters in each column indicate no significant difference. Al s e M 3 g g pde Sl g a3 alie o

Calibes olos Loyl b o o oT Calibes s S0l S0k —0 J g
Table 5. Means comparison of germination indices for different Thymus species
under different temperature conditions

61,8 Sl 4 )3) bos S8l oy (G2 558l Olo Lo 2o
Temperature (©) Germination Percentage Mean Germination Time (Day)
-8 71.83Db 1.66 a
-4 79.44 a 1.68 a
78.33a 1.65a
79.72 a 1.66 a
69.86 bc 1.67 a
12 68.56 bc 1.68 a
16 68.78 bc 1.66 a
20 67.50 bcd 1.67 a
24 65.39 cd 1.70 a
28 63.14 de 1.68 a
32 60.19 ef 1.69 a
36 58.58 fg 171a
40 55.17 g 1.65a
44 54.53 g 1.54b
48 39.92h 0.99¢c
Similar letters in each column indicate no significant difference. Ll 3 i SV 3 g e SOl 0 g2 53 e g
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Table 6. Means comparison of interaction of species and different humidity conditions on
Thymus seed germination

s sk Ll Sl Ao G3) S50 Olos o e
Species Humidity Conditions Germination Percentage Mean Germination Time (Day)
o
7753 a 145f
Th. fallax D}rﬁ’
= 53.55 d 1.28h
Humid
i
73.40b 1369
Th. fedtschenkoi D}ri/
N 59.60 ¢ 1.31gh
Humid
i
78.95a 172e
Th. pubescens Dry
v 62.71¢ 150 f
Humid
o
60.62 ¢ 2.50 a
Th. vulgaris D}?’
e 45.46 ¢ 1.92¢
Humid
ss b
b 78.08 a 2.04b
Th. daenensis }2’
= 62.80 ¢ 1.79d
Humid
iz
79.40 a 13749
Dry
Th. kotschyanus .
- 52.62 d 119
Humid

Similar letters in each column indicate no significant difference.
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Table 7. Means comparison of interaction of temperature and humidity conditions on Thymus seed

germination
b 2 (51,5 o a3 53) oo S5 sy Gsa) 38l by 58ka
Humidity Condition Temperature (°©) Germination Percentage Mean Germination Time (Day)

-8 82.11 abc 1.73 ad

-4 85.56 ab 1.77 ab
83.78 ab 1.73 a-e
87.67 a 1.69 a-h
8 74.33 def 1.71 a-f
12 72.67 d-g 1.75 abc
16 76.22 cde 1.70 a-g
. 20 72.89 d-g 1.73 a-d
bry 24 66.67 g-j 1.74 a-d
28 64.56 ij 1.76 ab

32 64.06 ij 1.76 ab

36 68.94 f-i 180a
40 67.56 f-j 1.71 a-f
44 73.83 def 1.70 a-g

48 79.17 bed 1.78 ab

-8 61.56 jk 1.58 gh
-4 73.33 d-g 1.60 fgh

72.89d-g 157 h
71.78 e-h 1.62 c-h
65.39 hij 1.63 c-h
12 64.44 ij 1.62 c-h
16 61.33 jk 1.62 d-h
s 20 62.11 ijk 1.60 e-h
Humid N .
24 64.11 ij 1.66 e-j
28 61.72 jk 1.59 fgh
32 56.33 k 1.61d-h
36 48.22 | 1.61d-h
40 42.781 1.58 fgh

44 35.22m 1.39i

48 0.66 n 0.21]

Similar letters in each column indicate no significant difference.

Ll 3 i SV 3 g e SOl 0 g2 53 e g
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Table 8. Means comparison of interaction of species and temperature conditions on Thymus seed germination

s GILE Sl 3) b Sl oy G2) G391 Ol Lo oo
Species Temperature () Germination Percentage Mean Germination Time (Day)
-8 80.6 a-f 1400
-4 85.3ab 1.46 k-0
0 80.0 a-g 1370
4 76.0 a-k 1400
8 69.8 e-s 1.42 no
12 68.6e-s 1.451-0
f_>é 16 60.3 n-x 1390
8 20 71.0 d-q 1.390
= 24 72.6 b-n 1.40 0
28 65.8 h-u 1360
32 59.6 n-x 1.46 k-0
36 54.3 u-z 1.380
40 48.6 x-z 1.38p
44 48.1 x-z 1.44 mno
48 420z 0.76 qr
-8 68.0 e-t 1320
-4 72.6 b-n 1310
0 70.6 d-r 1320
4 83.3 a-d 1310
8 78.3 a-h 1.330
S 12 74.0a-m 1370
E 16 69.0 e-s 1360
g 20 60.0 n-x 1.340
& 24 58.6 0-y 1350
= 28 64.0 j-w 1.370
32 68.0 e-t 1310
36 66.1 h-u 1320
40 58.0 p-y 1350
44 64.0 i-v 1320
48 4131z 1350
-8 743 - 1.62 j-n
-4 86.0a 1.68 jk
0 84.6 abc 1.65 ij
4 86.0a 1.72j
8 78.0 a-h 1.70 ij
" 12 78.0 a-h 1.66 jkl
2 16 75.0 2| 162
3 20 716 c-0 1.67 jki
= 24 69.6 e-s 1.67 jki
= 28 67.0 f-t 1.62 j-n
32 64.0 j-w 1.70 ij
36 66.0 g-u 1.70 ij
40 55.0t-z 1.65 j-m
44 60.0 n-x 1.67 jkl
48 4337 0.85 pq
Similar letters in each column indicate no significant difference. Ll Jf3 e M 3 g ke SOy 0 g2 53 alie 33

A
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Table 8- Continued “A g asls|
s GILE Sl 3 b Sl oy G) G391 Ol Lo o
Species Temperature () Germination Percentage Mean Germination Time (Day)
-8 62.0 I-w 2.31abc
-4 74.6 a-l 2.34 ab
0 74.0 a-m 2.29 abc
4 74.0 a-m 2.11c-h
8 57.3sy 2.16 b-g
" 12 58.0 g-y 2.29 abc
5 16 52.6 v-z 2.23 a-e
3 20 52.6 -z 2.60 a-d
< 24 52.3v-z 2.33 abc
28 51.0 w-z 2.33abc
32 36.0z 2.30 abc
36 40.0z 244 a
40 46.6 z 2.18 b-f
44 356z 2.25a-d
48 28.0z 1280
-8 71.3d-p 1.95gh
-4 81.3 a-e 1.98 fgh
0 80.0 a-f 1.89 hi
4 78.0 a-i 2.01 fgh
8 61.0 m-x 2.02 e-h
@ 12 57.6 r-y 1.95¢gh
2 16 76.6 a-j 1.95 gh
g 20 78.6 a-h 2.00 fgh
h 24 68.0 e-t 2.05 d-h
. 28 63.0 k-w 1.98 fgh
32 75.0 a-| 1.98 fgh
36 75.0 a-l 2.04 e-h
40 67.0 g-u 1.98 fgh
44 80.6 a-f 1.94 gh
48 4201z 1.03p
-8 74.6 a-l 1340
-4 76.6 a-j 1330
0 80.0a-g 1370
4 80.6 a-f 1390
8 74.0 a-m 1.380
2 12 74.0 a-m 1.380
8 16 78.6 a-h 1.40 0
3 20 71.0 d-q 1350
2 24 71.0d-q 1380
= 28 66.0 g-u 1.390
32 58.0 g-y 1370
36 48.6 xyz 1370
40 55.3t-z 1370
44 373z 0.65r
48 4287z 0.70 qr
Similar letters in each column indicate no significant difference. WLl Jf3 e M 3 g ke SOy 0 g2 53 alie 33
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Table 9. Means comparison of interaction of species and humidity conditions and temperature
on Thymus seed germination

5 TSRS (1 8 Bl 53) Lo 58 deoys (G3) 38l Oloj dos g2
Species Humidity Conditions Temperature () Germination Percentage Mean Germination Time (Day)
-8 89.3 1.46
-4 93.3 1.55
0 86.6 1.38
4 85.3 141
8 80.0 1.46
12 77.3 149
o 16 72.6 1.37
20 78.0 143
Dry 24 78.6 1.42
28 72.0 143
32 62.6 1.55
36 64.0 1.38
40 65.3 141
%3 44 73.6 1.46
= 48 84.0 1.53
= -8 72.0 1.34
= -4 77.3 1.37
0 73.3 1.37
4 66.6 1.40
8 59.6 1.37
12 60.0 141
> 16 48.0 141
= 20 64.0 1.35
Humid 24 66.6 1.39
28 59.6 1.30
32 56.6 1.38
36 44.6 1.37
40 320 1.35
44 22.6 142
48 0.00 0.00
-8 733 1.34
-4 73.3 1.34
0 76.0 1.35
4 88.0 1.35
8 80.6 1.36
12 78.0 1.37
e 16 77.3 1.39
. 20 62.0 1.36
Dry 24 52.0 1.36
28 61.3 141
32 65.3 1.29
36 84.3 1.34
'S 40 69.3 1.39
E 44 81.3 1.34
§ 48 78.8 1.39
B -8 62.6 1.30
E -4 72.0 127
= 0 65.3 1.29
4 78.6 1.28
8 76.0 131
12 70.0 1.37
" 16 61.3 1.34
e 20 58.0 1.33
Humid 24 65.3 1.35
28 66.6 1.34
32 70.6 1.34
36 48.0 131
40 47.3 131
44 48.0 1.30

48 4.00 1.30




Vo ol /Y les Ve Al /010 5 )5k 5 p ke 4 0 OL8en 5 ool T, ple

Table 9- Continued —4 J g aals|
5 by s (1 8 Bl 53) Lo 58l Ay (G3) 381 Oloj dos g2
Species Humidity Conditions Temperature () Germination Percentage Mean Germination Time (Day)
-8 86.0 1.67
-4 86.6 1.69
0 85.3 1.74
4 88.6 1.83
8 77.3 171
12 82.6 173
16 80.0 1.65
S 20 79.3 172
Dry 24 713 172
28 68.0 1.70
32 67.0 179
36 74.6 1.81
" 40 66.6 1.65
g 44 84.0 1.70
g 48 86.6 171
=] -8 62.6 158
= -4 85.3 1.67
0 84.0 157
4 84.0 161
8 80.0 1.70
12 74.0 1.60
16 70.0 1.60
whr 20 64.0 1.62
Humid 24 68.0 1.62
28 67.3 1.54
32 62.0 161
36 58.3 1.60
40 433 1.65
44 37.3 1.64
48 0.00 0.00
-8 77.3 2.58
-4 84.0 271
0 81.3 251
4 81.3 2.14
8 60.0 2.26
12 61.3 2.55
16 60.0 2.47
s 20 58.0 2.42
Dry 24 53.0 247
28 49.3 2.60
32 40.0 253
36 46.6 2.78
40 56.0 2.38
2 44 44.0 2.48
S 48 56.0 2.56
= -8 46.6 2.04
= -4 65.3 1.96
0 66.6 2.06
4 66.6 2.08
8 54.0 2.05
12 54.6 2.04
16 45.3 2.00
s 20 47.36 2.10
Humid 24 51.3 219
28 54.0 2.06
32 32.0 2.07
36 33.3 2.10
40 37.3 1.97
44 27.3 2.03
48 0.00 0.00

AR
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Table 9- Continued —4 J g aals|
5 by s (1 8 Bl 53) Lo 58l Ay (G3) 381 Oloj dos g2
Species Humidity Conditions Temperature () Germination Percentage Mean Germination Time (Day)
-8 81.3 2.00
-4 85.3 2.03
0 85.3 2.00
4 92.0 2.06
8 64.0 2.08
12 50.6 2.00
16 80.0 2.00
S 20 82.6 2.10
Dry 24 773 207
28 67.3 2.01
32 80.0 2.08
36 84.0 2.14
" 40 72.0 2.08
= 44 85.3 1.94
= 48 84.0 2.07
s -8 61.3 1.90
£ -4 773 1.94
0 76.0 1.79
4 64.0 1.97
8 58.0 1.96
12 64.6 1.89
16 733 1.92
whr 20 74.6 1.90
Humid 24 58.6 2.03
28 58.6 1.95
32 70.0 1.88
36 67.3 1.94
40 62.0 1.88
44 76.0 1.94
48 0.00 0.00
-8 85.3 1.37
-4 90.6 1.29
0 88.0 1.40
4 90.6 1.38
8 83.3 1.39
12 86.0 1.36
16 87.3 1.35
s 20 773 1.37
Dry 24 67.3 1.40
28 69.3 1.41
32 69.3 1.35
36 60.0 1.37
9 40 76.0 1.38
= 44 74.6 1.30
£ 48 85.6 1.40
2 -8 64.0 1.32
e -4 62.6 1.37
= 0 72.0 1.33
4 70.6 1.40
8 64.6 1.38
12 63.3 1.41
16 70.0 1.45
s 20 64.6 1.33
Humid 24 74.6 137
28 64.0 1.38
32 46.6 1.39
36 37.3 1.37
40 346 1.37
44 0.00 0.00
48 0.00 0.00
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