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Investigation the relationships among agronomic and physiological traits of
Thymus daenensis subsp. daenensis ecotypes under salt stress condition
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ABSTRACT

This study was conducted to evaluate the relationships among some of the agronomic and physiological
traits of twelve Thymus daenensis subsp. daenensis ecotypes under normal and salt (120 mM NacCl) stress
conditions in a factorial experiment using randomized complete block design with three replications.
Shoot dry weight under both conditions had significant positive correlation with chlorophyll a and b,
potassium, relative water content, canopy area, leaf length and number of stems in plant and had
significant negative correlation with sodium to potassium ratio and ion leakage. According to stepwise
regression results, canopy area and carotenoid under normal condition and leaf length and number of
stems in plant under salt stress condition were entered to the model. The result of path analysis showed
that canopy area had the most positive direct effect on shoot dry weight under normal condition and leaf
length and number of stems in plant had positive effects on shoot dry weight under salt stress condition.

Keywords: Correlation, path analysis, salinity, stepwise regression, Thymus daenensis subsp. daenensis.
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Table 1. Variance analysis of studied traits in Thymus daenensis subsp. daenensis ecotypes

Sov df Prolin Chlorophyll a Chlorophyll b Carotenoid Na+ K+ Na+/K+
Replication 2 0.04ns 0.01ns 0.02ns 0.11ns 2.32ns 22.55* 0.03*
Ecotype 11 0.45** 12.41** 8.9%* 15.51** 58.98** 647.11** 0.41**
Stress 1 86.92** 77.81** 82.18** 30.46** 17049.8**  4659.9** 13.04**
Stressx Ecotype 11 0.06ns 0.26* 0.12ns 0.62** 49.35** 15.38** 0.14**
Error 46 0.04 0.13 0.09 0.11 4.32 4.66 0.01
CV (%) - 6.26 8.05 8.53 5.77 6.85 6.7 8.62

030 Sy g g izl ok 1o lo cixe g o gixe o Say K g F s

ns, * and **: Non-significant and significant at 5% and 1% of probability levels, respectively

V Jgaz aold
Continued Table 1
Relative water Shoot dry Plant
SOV df content lon leakage weight Canopy area height No. of stem Leaf length

Replication 2 75.54** 21.85** 0.7** 4708.76ns 24.48ns 117.25* 0.075ns
Ecotype 11 230.21** 156.47** 0.93** 1636919.2** 16.22** 750.7** 0.12**
Stress 1 1710.24** 1447.75** 26.82** 9434147 .2** 123.24** 2611.12** 1.22**
Stressx Ecotype 11 1.04ns 0.76ns 0.13 ns 238843.6** 5.32ns 34.01ns 0.012ns
Error 46 5.81 4.22 0.1 2108.1 4.25 27.8 0.036

CV (%) - 3.66 3.29 11.12 341 15.13 15.24 18.82

Ao, S gt Jleisl zghaw 1o lo e g lo ge e oS Ay i FF g ¥ s

ns, * and **: Non-significant and significant at 5% and 1% of probability levels, respectively.
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Table 2. Correlation coefficients among the studied traits of Thymus daenensis subsp. daenensis ecotypes
under normal (high diameter) and salt stress (low diameter) conditions

1 2 3 4 5 6 7 8 9 10 11 12 13 14
1 1 0.72** 0.85** 0.85** -0.12 -0.05 0.83**  -0.68**  0.77** -0.81** 0.87** -0.07  0.75** 0.58**
2 0.32 1 0.79** 0.77** -0.18 0.14 0.79**  -0.59**  0.76** -0.77*%* 0.82** -0.04  0.65** 0.57**
3 0.55** 0.55** 1 0.89** -0.2 -0.06 0.89**  -0.73**  0.84** -0.77*%* 0.93** -0.12  0.72** 0.55**
4 0.56** 0.62** 0.95** 1 -0.1 0.01 0.92**  -0.77**  0.88** -0.8** 0.94** -0.2 0.8** 0.49**
5 -0.09 -0.12 -0.16 -0.17 1 0.58* -0.2 0.35* -0.21 0.22 -0.28 0.07 -0.23 -0.27
6 -0.53** -0.44* -0.72*%* -0.79** 0.17 1 -0.02 0.42* -0.06 0.05 -0.08 0.2 -0.19 0.11
7 0.49** 0.56** 0.89** 0.93** -0.19 -0.88** 1 -0.87**  0.91** -0.9%* 0.95** -0.15  0.79** 0.58**
8 -0.45** -0.47** -0.74** -0.79** 0.1 0.89** -0.91** 1 0 7;3** 0.8** -0.82** 0.17 0 7-8** -0.4*
9 0.49** 0.46** 0.85** 0.88** -0.2 -0.84** 0.93**  -0.86** 1 -0.82** 0.89** -026  0.7** 0.5**
10 -0.54** -0.5** -0.79** -0.84** 0.16 0.81** -0.86**  0.87** 0 8-6** 1 -0.87** 0.09 0 7-2** -0.59**
11 0.56** 0.56** 0.74** 0.83** -0.21 -0.89** 0.88**  -0.85**  0.81** -0.82** 1 -0.1  0.82** 0.58**
12 -0.12 -0.12 0.001 -0.04 0.32 0.13 -0.07 0.04 -0.04 -0.05 -0.19 1 -0.04 -0.06
13 0.61** 0.57** 0.78** 0.85** -0.28 -0.84** 0.88** -0.81**  0.8** -0.83** 0.86** -0.11 1 0.6**
14 0.66** 0.5** 0.58** 0.58** -0.12 -0.49** 0.46** -0.4* 0.51** -0.5%* 0.51** -0.02  0.57** 1

*and **: significant at 5% and 1% of probability levels, respectively.
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Table 3. Results of stepwise regression analysis of shoot dry weight of Thymus daenensis subsp.
daenensis ecotypes under normal and salt stress conditions

. Regression Added variables to model . .
Conditions steps Constant Canopy area (cm2) _ Carotenoid (mg/grw) Adjusted R2 Regression F
1 3.45** 0.005** - 0.754 108.56**
2 0.52 0.006** 0.39* 0.767 58.74**
Normal TOL 0.92 092
VIF 1.08
. Regression Added variables to model . .
Conditions steps Constant Leaf length (cm) No. of stems in plant Adjusted R2 Regression F
1 2.66** 3.26** - 0.519 39.33**
2 1.77* 2.28** 0.06* 0.632 30.57**
Salt stress TOL 0.67 0.67
VIF 1.48

*and **: significant at 5% and 1% of probability levels, respectively.
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Table 4. Path analysis of shoot dry weight of Thymus daenensis subsp. daenensis ecotypes under normal
and salt stress conditions

Indirect effect via Correlation with

Conditions Traits Direct effect Canopy area Carotenoid shoot dry weight
Normal Canopy area 091 - -0.04 0.87
Carotenoid 0.14 -0.26 - -0.12

- . . Indirect effect via Correlation with

Conditions Traits Direct effect Leaf length No. of stems in plant shoot dry weight
Salt stress Leaf length 0.46 - 0.2 0.66
No. of stems in plant 0.34 0.27 - 0.61

5 St (Ko Sy Jsb g d3gr 50 a8l slass
(S S g el @ e Sed b g b e
Olalesl Lulyd 99 58 30 4lo sixe 5 hte (Siuwor
5 had olee plail Sas 59 Lo cdls
Sl s stnn 5 e (Kimenad (59 25 Ll
Sudo 93 (pl r (Kmed (G5 9 llpd 5o
039) P 0pl gan 5, 5l ol il 2ublas 252
ol Hlas (aly can leeas glep plal Sz
9 Sbngl gl Sl (A5 gen ld o &S
Sy dsb Dlao «g,08 G5 Il il 5o 5 sy S
B g Sy 2l e 0 Mg o aBle slaw
Slypaxs IS 5l 0o, 0 FYIY g YOIV Cud ja g a8 5
s @l WS e |y 2l plal Sis
(Aly b lyieds (plon plail SLi2 (59) cole
Sdo Glgiee o5 ol s A5 g lulph o
sboasls 1 (S leea | Sl gl
KT IS L Y SPROR IR R Ay
oolel p0ged dlprion ols piogl jo slee pludl
O Gt O alid e cule ap s
5 Sp Job Slie 5l lgioe o5 sgd e bl
SES 03 et Sl 3T 50 g yo Al slaws
5,5 solitul oo b L obs criugl olen plusl

Slass 5 S Job Cote g et Sl 4 4z L
e Ol 2l9p plal K23 59 p S 0 WBle
2 S S Gy b plbegelsST as w8 s
ol o Cie 5o (nl lie &5 w598 Laild
3 e 93 opl 5l Gl cnlple g aBL i
sl lse el a5 s sl S
2,5 eolainl Cude Ojge A (50 bl o b
5 S55098 90 £95 o, 2 o (2016) Hadian et al
G @b gl welsz 50 e culps Jelos
trmier oS 2 Jsb 5 (31U Jsb Slio o5 wis)S

sl sl ..\.a)oﬁbp.zj;“,o)ﬁj‘ls

TR
aalllas 990 Slio uibjly wjed @l (S5 jsba
winleyl Ll s o g baewssST o a5 ol oylas
3,90 Slao pled sl E<0.01) o g glas
Slp eSS Gad o pae cbls 529 aslllas
O S E95 397y SSle wadllas 590 Slio
5 Sl sy Sl 5 Slao ol L 5l lacadsST
Gl glass, 5 elitel L lacessST ol
i Siaad ol mls ABl e opmiiodiz
98 Jedg) 5 L alse plail Sas 59 45 ol (las
(sl gl S 0T e Gl ey b



w260 cptagl 50 Susedenid g el lio bl () i SLlS YV

REFERENCES

1. Abbaszadeh, B., Assareh, M. H., Ardakani, M. R., Paknejad, F., Layegh Haghighi, M., &
Meshkizadeh, S. (2012). Sequential path analysis of effective characters on shoot yield and essential
oil percentage of Camphorosma monspeliaca L. Iranian Journal of Medicinal and Aromatic Plants,
28(3), 523-533. (In Persian).

2. Ale Omrani Nejad, S. M. H., Naghdi Badi, H., Mehrafarin, A., Abdossi, V., & Khalighi-Sigaroodi, F.
(2018). Diversity and heritability study of Oliveria decumbens vent. populations in Iran by morpho-
physiological traits and essential oil content. Eco-phytochemical Journal of Medicinal Plants, 23(3),
32-46. (In Persian).

3. Arnon, A. (1967). Method of extraction of chlorophyll in the plants. Agronomy Journal, 23, 112-121.

4. Asish Kumar, P., & Bandhu Das, A. (2005). Salt tolerance and salinity effects on plants: A review.
Ecotoxicology and Environmental Safety, 60, 324-349.

5. Askari, M., Behdani, M. A., Parsa, S., Jami Al-Ahmadi, M., & Mahmoodi, S. (2018). Assessment of
changes in yield components, yield and some physiological traits of Thymus vulgaris and
Thymus daenensis under drought stress and application of manure. Environmental Stresses in Crop
Sciences, 11(1), 47-63. (In Persian).

6. Barazandeh, M., & Bagherzadeh, K. (2007). Evaluation of essential oil chemical components of
Thymus daenensis Celak, collected from four regions in Esfahan province. Journal of Medicinal
Plant, 6 (3), 15-19. (In Persian).

7. Bates, L. S., Walderen, R. D., & Taere, I. D. (1973). Rapid determination of free proline for water
stress studies. Plant and Soil, 39, 205-207.

8. Emam, Y., Aziz, E., Hendawi, S. F., Azza, A. E., & Omer, E. A. (2008). Effect of soil type and
irrigation intervals on plant growth, essential oil yield and constituents of Thymus vulgaris plant.
American-Eurasian Journal Agriculture and Environment Science, 4(4), 443-450.

9. Esechie, H. A., & Rodriguez, V. (1998). Does salinity inhibit alfalfa leaf growth by reducing tissue
concentration of essential mineral nutrition? Journal of Agronomy and Crop Science, 182, 237-278.
10. Ghaderi, A. A., Fakheri, B., & Mahdi Nezhad, N. (2017). Evaluation of the morphological and
physiological traits of thyme (Thymus vulgaris L.) under water deficit stress and foliar application of

ascorbic acid. Crops Improvement, 19(4), 817-835. (In Persian).

11. Giunta, F., Motzo, R., & Pruneddu, G. (2008). Has long-term selection for yield in durum wheat also
induced changes in leaf and canopy traits? Field Crops Research, 106, 68-76.

12.Hadian, J., Karimi, E., Shouryabi, M., Nadjafi, F., & Kanani, M.R. (2016). Evaluation of
morphological variation and path coefficient analysis of oil content of Thymus daenensis celak
populations. Plant Production Technology, 16(1), 41-56 (In Persian).

13.Hamed, K. B., Castagna, A., Salem, E., Ranieri, A., & Abdelly, C. (2007). Sea fennel (Crithmum
maritimum L.) under salinity conditions: a comparison of leaf and root antioxidant responses. Plant
Growth Regulation, 53, 185-194.

14.Hejazi, A., Shahroodi, M., & Ard Foroush, J. (2005). Analytical Methods of Vegetation. Tehran
University Press. (In Persian).

15. Kafi, M., Nabati, J., Zare-Mehrjerdi, M., Goldani, M., Khaninejad, S., Keshmiri, E., & Norozian, A.
(2013). Effects of calcium and potassium obvious improvement on physiological characteristics of
kochia (Kochia scoparia) under salt stress. Environmental Stresses in Crop Sciences, 5(2), 181-192.
(In Persian).

16. Mehdikhani, H., 1zadi Darbandi, E., Rastgoo, M., & Kafi, M. (2020). Study of salinity tolerance and
its effect on some of the morphophysiological traits of Bassia (Bassia scoparia L.). Environmental
Stresses in Crop Sciences, 12(4), 1313-1322. (In Persian).

17.Munns, R., & Tester, M. (2008). Mechanisms of salinity tolerance. Annual Review of Plant Biology,
59, 651-681.

18.Parida, A. K., Das, A. B., Sanada, Y., & Mohanty, P. (2004). Effects of salinity on biochemical
components of the mangrove, (Aegiceras corniculatum). Aquatic Botany, 80, 77-87.

19.Parvaiz, A., & Satyawati, S. (2008). Salt stress and phyto-blochemical responses of plants- a review.
Journal of Plant Soil Environment, 54, 89-99.

20.Qasim, M., Ashraf, M., Jamil, M. A., Ashraf, M., Rehman, SH., & Shikrha, E. (2003). Water relations
and leaf gas exchange properties in some elite canola (Brassica napus) lines under salt stress. Annals
of Applied Biology, 142, 307-316.

21.Rahimi, T., Paknejad, F., Abbaszadeh, B., Ardakani, M. R., Zare Valojerdi, M., & Layegh Haghighi,
M. (2011). Study of the relationship between morphological, physiological and chemical properties in
camphor (Camphorosma monspeliaca L.). Agroecology Journal, 7(3), 19-28. (In Persian).



YV Vo Gl oF 5,Les DY 5,90 o)l pt 2l)y LS pole

22.Sadeghi, S. M., & javid. F. (2010). Study of relationship between tobacco leaf yield and its
components using Path analysis under Normal moisture and drought stress. Environmental Stresses in
Agricultural Sciences, 2(2), 149-158. (In Persian).

23.Selvaraj, C. I., & Nagarajan, P. (2011). Interrelationship and path-coefficient studies for qualitative
traits, grain yield and other yield attributes among maize (Zea mays L.). International Journal of
Breeding and Genetics, 5(3), 209-223.

24, Winter, S. R., Musick J. T., & Porter, K. B. (1988). Evaluation of screening techniques for
breeding drought- resistance winter wheat. Crop Science, 28, 512-516.



