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Table 1. Thymus daenensis ecotypes used in study

Ecotype No. Ecotype name Collection place*
1 Khanemiran Markazi
2 Lorestan Lorestan
3 Isfahan 1 Isfahan
4 llam Ilam
5 Malayer 1 Hamadan
6 Arak Markazi
7 Zagheh Lorestan
8 Malayer 2 Hamadan
9 Fars Fars
10 Isfahan 2 Isfahan
11 Markazi 1 Markazi
12 Markazi 2 Markazi

*Thyme collection of Horticulture Department, Agriculture College, Tehran University.

(Lothrop et al., 1985) kus amlow civ » ke
2 POV () by Ol Sk MSQ
Al oo e85 Olew oo GCV 5 o5 O s
(AG) S5 ea3l (07) posas kil 25l
Jonp o) 5o as a5 bl se 3 b 5l olio
Uty 51 ol sl 3l S5 Ly Via b O
bty 355l (S5 lols) asme s pdienS s
(P52 S phcilys h? combisly 42 Joasr o e
wsd bl L 5 70 cliw » s ok

Nguyen & Sleeper, 1983) sl - Ciw

40 gea

h2: ﬁt':.f"l _
o*P L2446 gea

AG=kh’ g,

Sl 5 il ol 5l Jols slaosls Jos yay 525

s oLl SAS Ver 9.1 g5l il 5 5l eslizal b ab s e

S s 5 bels (gledde ) p 51
Aoyt sl sl bl Kea aesls
o33l Alemsay osls 281, o Jj 5 o8 e
SPSS ver 26 1 sslatal U Ggianl —0y S5l S
a5 o mlls a5 Slossie an bl ey as oLl
3 8 ol by e ctl3T 2 b elal s ool

Ve = (MSg — Mse)/r
Vp=Vg+ VE

PCV = % % 100

GCv ="’% % 100

Sl Dlao ¢l (GCA) (oses s pdsaS 5 ol
Al IS GSke 5 005 a 0&ike e s
T U VN B S U NC:J SO P PR PO
VS TR L R e RO 238 a5l Slae
4 S5 5 e Dle O il Cos O pon



s 25 a2 s b 5] 5L Gbesl Sl Cliv S oy & - Y Jsae
Table 2. ANOVA of some traits in half-sib families of Thymus daenensis under salinity stress conditions

M.S.

e

1=

3 5 >
c o ® @ S o o _ = = 3
5 =) S S 5 3 S5 < g = s 5 o _ 2 S
pE T 2 S S g 1o g = £ 9 S S © e € = S 2 S
o) S & E - - s E 5 € 2 E g S g g 8 S 5 9 2
Z 2 i 5 g 2 g 2 T 2 5 3 = a2 S S kS o
_ - - - % B = S S S
| > <

©

-
Block 2 122.82" 0.38™ 0.89" 33.77"% 0.53"% 29.64" 2487 27.76" 3.01™ 40.40" 0.14"s 0.00™
Salinity . . . . . . . . wx - wox -
stress (S) 1 429453 117.26 7.76 1091.11 128.11 610.01 250.59 2159 7.29 335.67 3.01 0.14
Family (F) 11 37.86"* 1.85 0.54** 21.75" 0.07" 12.13" 15.28" 2.34" 4.26" 7.96" 0.20" 0.01"*
S*F 11 55.18" 1.78" 0.12" 12.64" 0.03"* 2.88"* 457" 0.77" 1.47" 2.04m 0.02" 0.00™*
eEr):gf”me”ta' 46 32.23 0.92 0.07 15.39 0.04 6.11 7.07 0.76 1.40 2.62 0.12 0.00
C.V. (%) % 9.85 11.95 13.14 14.20 12.61 16.60 17.68 18.62 35.01 9.27 16.37 14.98

n.s., *, and **: non-significant, significant at 5 and 1% of probability levels, respectively.
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Table 3. Descriptive statistics of some traits in half-sib families of Thymus daenensis under non-stress and salinity
stress conditions

Mean + S.E. Range
Traits
Non-stress Salinity stress Reduction (%) Non-stress Salinity stress

Leaf number 65.59 + 6.50 49.11 £6.32 -25.12** 53.33-78.00 34.66-61.00

Leaf length (mm) 9.34+1.23 6.70 £0.92 -28.27** 6.87-12.43 4.73-8.70

Leaf width (mm) 2.37 £0.46 1.71+0.38 -27.95%* 1.47-3.49 1.15-2.57
Internode number 31.65+4.40 23.31+3.73 -26.34** 23.00-45.67 16.00-34.67

Internode length (mm) 7.05+1.38 4.31+1.00 -38.90** 4.20-9.70 2.70-6.80
Lateral branches number 16.81 + 3.26 11.87+2.18 -29.39** 7.33-23.00 9.50-25.00
Lateral branches length (cm) 17.63 +£3.01 13.11+2.88 -25.64** 12.00-24.00 5.00-16.33

Aerial parts dry weight (g) 5.20 £1.50 412+1.21 -20.86** 2.48-9.12 1.70-6.54

Essential oil content (%) 354+141 2.85+143 -19.49** 0.81-6.36 1.09-6.47

Total chlorophyll (mg.g™ leaf dry weight) 2.32+0.31 1.92+£0.39 -17.24%* 1.63-2.86 1.03-2.82
Proline (umol.mg™ leaf dry weight) 15.31+£1.82 19.62 £2.45 28.15** 11.51-20.78 15.67-25.16

Carotenoids (mg.g™* leaf dry weight) 0.38 £ 0.06 0.47 £0.07 23.68** 0.29-0.50 0.34-0.62

**: significant change at 1% probability level.
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Table 4. Genetic parameters of some traits in half-sib families of Thymus daenensis

Variance

Traits components C.V. (%)

Phenotypic Genotypic Phenotypic Genotypic h? AG (5%)

Leaf number 41.92 4.72 11.29 3.79 11.26 2.65

Leaf length (mm) 0.95 0.044 12.24 2.63 4.61 0.16

Leaf width (mm) 0.38 0.304 30.08 27.08 81.07 1.71

Internode number 27.67 10.84 19.14 11.98 39.18 7.95

Internode length (mm) 2.24 0.944 26.36 17.10 42.07 2.31

Lateral branches number 12.06 6.04 23.43 16.58 50.08 6.14

Lateral branches length (cm) 14.48 7.48 25.33 18.21 51.66 6.44

Aerial parts dry weight (g) 1.70 0.948 27.89 20.81 55.70 2.79

Essential oil content (%) 3.35 1.95 57.19 43.52 58.18 3.65

Proline (umol.mg™ leaf dry weight) 0.13 0.012 23.02 16.28 9.09 0.15

(m;.—g'tlallecahfl?i:?/pvr\]/gil;;ht) 6.83 4.16 14.97 11.68 60.91 6.04

Garotenoids 0.01 0.004 21.25 15.03 50.00 0.16

(mg.g* leaf dry weight)

h?: narrow-sense heritability; AG: genetic advance.

U5 oy sl (U slaesl 5 Slio S p o swm SKiaed ol 2 —0 s>
Table 5. Pearson correlation coefficients of some traits in half-sib families of Thymus daenensis

Traits 1 2 3 4 5 6 7 8 9 10 1 12
1. Leaf number 1
2. Leaf Iength 0.67**
3. Leaf width 0.58** 0.65**

4., Internode number 0.87**  057**  (48**
5. Internode length 0.67**  0.67**  0.65**  0.63**

6. Lateral branches 075%* 065  049%%  072%% 076

number

7. Lateral branches 041%*  049%* 033 038  051**  048**

longth . . . . . .

8. Aerial parts dry 041%* 032  045%* 036 031 030  0.49%*

weight

9. Essential oil 037  046* 037 025 034 0318  043% (54%*

content

10. Total chlorophyll 495« (24 0.39 0.38 0.32 0.29 024 032 017

11. Proline 0.46** -049* 037 038 -046** 038  -016 012 -0.18 -0.43**

12. Carotenoids 0.53** 047 024  -0.61** -054** -057** -034 -032 019 025 025 1

**: significant at 1% probability level.
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Table 6. General combinability of some traits in half-sib families of Thymus daenensis

Ecotypes

Traits c 'g g = E X o % o b= 5 N

+= = [ ©

g - = = = = P P
Leaf number 57.35 -0.57 -0.41 243 -3.96 -1.19 0.98 5.48 -3.74 2.76 1.93 -3.07 121
Leaf length 7.98 0.46 0.68 -0.17 -0.77 0.63 -0.13 -0.45 -0.08 0.42 -0.96 -0.61 0.46
Leaf width 2.04 -0.02 0.02 -0.52 -0.21 0.07 -0.06 0.44 0.06 -0.13 -0.09 -0.09 0.68
Internode number 27.48 0.18 0.07 3.18 -2.87 -1.43 0.24 2.43 -1.76 3.18 -1.29 -1.54 0.40
Internode length 5.68 1.05 1.27 -0.10 -0.45 0.31 0.23 -0.45 -0.08 0.01 -0.50 -0.99 -0.44
Lateral branches number 14.82 2.79 0.81 0.85 -1.32 1.09 -0.15 1.47 -2.60 0.24 -1.44 -0.49 -0.76
Lateral branches length 15.02 -1.44 0.48 0.37 -1.72 3.20 2.73 -1.15 0.42 -1.44 -0.55 -0.27 -1.02
Aerial parts dry weight 4.68 -0.61 -0.62 -0.50 -0.38 0.42 1.22 0.60 0.80 0.15 -0.53 -0.08 -0.25
Essential oil content 0.04 -0.01 -0.01 -0.01 0.01 0.00 0.01 0.02 0.05 0.00 -0.02 -0.01 -0.01
Proline 17.46 0.42 -0.59 -0.72 -1.24 1.32 2.10 191 -0.19 0.28 -1.92 -0.71 -0.02
Total chlorophyll 2.13 0.00 -0.28 -0.06 -0.06 -0.17 -0.15 -0.11 -0.05 0.12 0.27 0.33 0.12
Carotenoids 0.42 -0.02 -0.03 -0.01 -0.01 -0.02 -0.05 0.02 0.03 0.00 0.06 0.01 0.04
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Abstract

Cultivation development of adaptable Thymus daenensis Celak to specific environmental
conditions through population improvement requires the creation of a genetic pool rich of
superior genotypes and exploitation of this diversity to identify genotypes with high
combinability. In this research, to study the genetic diversity and combinability of different
T. daenensis ecotypes under salinity, a factorial greenhouse experiment was conducted in a
randomized complete block design with three replications. The factors included salinity stress
(0 and 90 mM NacCl) and ecotype (12 half-sib families derived from a polycross between 12
T. daenensis ecotypes). Salinity decreased all the measured traits (except for proline and
carotenoids content) significantly compared to the control. The ecotypes differed significantly
from each other in terms of length and leaf width, length of lateral branches, aerial parts dry
weight, essential oil content, and proline content. Essential oil content and leaf width obtained
the highest phenotypic and genotypic coefficient of variation. General heritability of the studied
traits varied from 4.61% (leaf length) to 81.07% (leaf width). The highest general heritability
was assigned to leaf width, essential oil content, and aerial parts dry weight. Regarding the
higher genotypic and phenotypic coefficient of variation, heritability, and genetic advance of the
traits including essential oil content and aerial parts dry weight, these traits could be considered
as the most important criteria for the parents selection in the breeding programs of T. daenensis.
The results showed that the ecotypes Malayer2, Zagheh, Arak, and Ilam had high combinability
in terms of essential oil content. Considering the sufficient genetic diversity observed between
the studied ecotypes along with their adequate combinability, it could be recommended to breed
T. daenensis through the strategy of improving the population by producing synthetic cultivars
for normal (non-stress) and salinity conditions.

Keywords: Thymus daenensis Celak, salinity, general combining analysis, half-sib family,
synthetic cultivar.



