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ABSTRACT

In order to study the effect of water deficit stress on yield, essential oil and some of physiological traits in different
ecotypes of Thymus daenensis subsp. daenensis, an experiment was performed as split plot design based on RCBD
with three replicates, in Karaj (2013). In this experiment, eight ecotypes of this plant were studied under three water
deficit treatments including normal irrigation, stop irrigation at the start of flowering and stop irrigation at the
vegetative stage. Result indicated that ecotypes under the different level of irrigation showed different responses for
essential oil percentage, dry matter yield, chlorophyll, carotenes, proline and activity of catalase, glutathione
peroxidase, and polyphenol oxidase enzymes. Close correlation was not observed between essential oil percentage
and dry matter yield with chlorophyll, carotene, proline, and enzymes activity. The highest dry matter yield (17.27 gr
per plant) was obtained in Malayer Bala ecotype under normal irrigation and the highest essential oil percentage (6.2
%) was obtained in ecotype of Malayer2 under stop irrigation at the vegetative stage. The highest essential oil yield
as the most economical important was found in ecotype of Arak under the both stress treatments.
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1. Melissa officinalis L.

2. Achillea tenuifolia Lam.

3. Trigonella foenum graceum L.
4, Stevia rebaudiana
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Table 1. Geographical characteristics of seed collection regions

Province Region of collection plant seeds Altitude Latitude Longitude
Malayer 1 1844 34 15 00 48 35 59’

Hamedan Malayer 2 1891 34 14 49 48 3530
Jowzan 1843 3415 05 48" 58' 25’

Arak 2032 335035 4932 56

_ Khane mirane bala 2865 3359 04' 49°34 04"
Markazi . . o v w o v _m
Khane mirane paien 2250 34 59 14 49 34 05

Shazand 1979 3354 14 49° 23 48

Lorestan Zaghe 1825 33 45 03 49 01 06
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Table 2. Variance analysis of chlorophyll, carotenes, proline, essential oil and dry matter yield in different Thymus
daenensis susp. daenensis ecotypes at different water levels

Mean of square

Source of variation d.f.  Chlorophyll  Chlorophyll Chlorophyll Carotenes  Proline Essential ~ Dry  Essential
a b at+b oil (%) matter oil yield
Repeat 2 1.39%* 0.118* 2.1* 12.35* 20.37™ 0.013™ 0.465™ 0.626™
Stress 2 0.383™ 0.128* 0.916* 18.26*  461.79™  0.005™ 2.879"™  3.08"™
RepeatxStress 4 0.079™ 0.012™ 0.127" 1241 122.292"™ 0.01™ 1.12** 1.12**
Ecotype 7 0.768** 0.092" 1.31** 12.85™  1951.3**  0.045% 3.22**  3.4**
Ecotype x Stress 14 0.71** 0.143** 1.46** 20.26*  899.7**  0.054** 0.536* 0.506*
Error 42 0.183™ 0.05™ 0.398™ 8.43™ 340.9™  0.018™ 0.214™ 0.252"
C.V. (%) - 17.5 16.9 16.7 14.2 29.6 8.78 25.2 18.26

Sld Fe WS 055 g s )3 0 5 ) Jlois| mhas 1o Jlo e BT 3929 NS g s sk
*** ns: Significant at the 1% and 5% levels of probability and non-significant, respectively.
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Table 3. Mean comparison of dry matter yield and essential oil of different Thymus daenensis susp. daenensis
ecotypes in different water levels

Stress Ecotype Essential oil yield (ml) Essential il (%) Dry matter (gr)
Malayer 1 0.46 bcde 435ab 10.51 cdef
Malayer 2 0.39 bede 5.85 de 6.68 bcdef
Jovzan 0.43 bede 4.65abcd 9.21cdef
Normal irrigation Arak ) 0.58 cde 413 ab 13.68 def
Khane mirane bala 0.73 e 4.1ab 17.27f
Khane mirane paien 0.52 cde 5.33 bede 9.65 cdef
Zaghe 0.54 bede 38a 14.03 ef
Shazand 0.24 bede 5.3 bede 4.6 bc
Malayer 1 0.27 bed 4.55 abed 6.07 bed
Malayer 2 0.4 bede 4.35ab 9.43 cdef
Jovzan 0.28 bede 4.65 abcd 5.93bcde
Stop irrigation atthe  Arak 0.93 de 4.97 abcde 17.3 def
start of flowering Khane mirane bala 0.39'bcde 4.7 abcd 8.63 bcdef
Khane mirane paien 0.57 de 4.6 abcd 12.56 def
Zaghe 0.21 bc 5.85 cde 3.68b
Shazand 0.03a 4.1ab 0.77 a
Malayer 1 0.26 bed 4.5 abc 5.71 bed
Malayer 2 0.18b 6.2e 3.01b
Jovzan 0.22 bc 39a 5.49 bcde
Stop irrigation atthe  Arak 0.52 bede 443 ab 11.95 cdef
vegetative stage Khane mirane bala 0.48 bede 4.6 abced 10.52 cdef
Khane mirane paien 0.26 bcd 4.7 abcd 5.63 bc
Zaghe 0.3 bede 43ab 7.18 bedef
Shazand 0.06 a 4.1ab 15a
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Figure 1. Mean of total chlorophyll in different Thymus daenensis susp. daenensis ecotypes under different
irrigation treatments
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Figure 2. Carotenes variation in different Thymus daenensis susp. daenensis ecotypes under different irrigation treatments
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Figure 3. Proline variation in different Thymus daenensis susp. daenensis ecotypes under different irrigation treatments
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Table 4. Variance analysis of enzymes under different irrigation treatments

Mean of square

Source of variation d.f. Catalase Ascorbate Glutathione Polyphenol
peroxidase peroxidase oxidase
Replication 2 0.48" 0.009" 0.307™ 0.064"
Stress 2 0.313™ 1.51"™ 1.02** 0.271"™
Replication x Stress 4 0.147™ 0.26" 0.057™ 0.054™
Ecotype 7 0.574** 0.924** 0.496™ 0.221"™
Ecotype x Stress 14 0.515** 0.328™ 0.704** 0.303**
Error 42 0.163™ 0.238"™ 0.233™ 0.1
C.V. (%) - 25.9 25.8 144 16.6

Sl ge WS 855 g 0o )3 0 5 ) Jloixl mhaws 1o Jlo sine OS] 3929 NS g 8 sk
*** ns: Significant at the 1% and 5% levels of probability and non-significant, respectively.
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Table 5. Correlation between chlorophyll, carotene, proline, enzyme activities, dry matter, essential oil and water deficit

Water  Chlorophyll

Glutathione Ascorbate Polyphenol Essential

stress aandb Carotenes  Proline  Catalase peroxidase peroxidase oxidase oil
Chlorophyllaand b -0.145ns
Carotenes -0.153ns  0.643 **
Proline -0.111ns -0.183ns  0.012ns
Catalase 0.039ns  0.140ns  0.163ns - 0.044ns
Glutathione peroxidase -0.296 * -0.220ns  0.018ns 0.151ns -0.072ns
Ascorbate peroxidase  0.340**  0.004ns  0.038ns 0.032ns -0.041ns - 0.146ns
Polyphenol oxidase -0.023ns  -0.139ns -0.048ns 0.031ns -0.321** -0.042ns - 0.085ns
Essential oil -0.049ns  0.154ns 0.032ns  0.033ns -0.021ns  0.010ns 0.100ns - 0.156ns
Dry matter -0.286* -0.087ns -0.037ns 0.097ns -0.057ns -0.055ns -0.067ns  0.239* -0.096ns

SIS e WS 855 g 9o )3 B 5 ) Jloisl mhas jo lo s OS] 3929 NS g 8 st
*** ns: Significant at the 1% and 5% levels of probability and non-significant, respectively.
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Figure 4. Enzymes activity variation of catalase, glutathione peroxidase and polyphenol oxidase under different irrigation

treatments: 3 Normal irrigation, B stop irrigation at the start of flowering stage % stop irrigation at the vegetative stage (a, b,
¢) and mean comparison activity of ascorbate peroxidase.in different Thymus daenensis susp. daenensis ecotypes (d)
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