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ABSTRACT
To study the effect of water stress on some physiological characteristics, an experiment was carried out in
a simple lattice design with two replications under normal and low irrigated conditions using 49 cumin
endemic ecotypes collected from different parts of Iran in the crop year 2011-2012 in college of
Aburaihan, University of Tehran. Physiological traits including content of proline, soluble sugars,
essential oil, chlorophyll a, chlorophyll b, carotenoids and relative water content were measured beside
grain yield. The results showed significant effect of drought stress on all the traits. Drought stress
decreased chlorophyll a, b and carotenoids content, grain yield and relative water content about 40, 32,
52, 19 and 9 percent, respectively. Meanwhile, contents of proline, soluble sugars and essential oils
increased about 30, 55 and 56 percent, respectively. According to the results of mean comparisons,
ecotypes of Kashmar, Chatrood, Ivanaki, Gonbad, Ardekan, Sivand, Qaen and Baneh had the high
amount of carotenoids, chlorophyll a, chlorophyll b, relative water content, soluble sugars, proline,
essential oil content and grain yield, respectively. In general, cumin as a moderately tolerant plant to
water deficit exploit different physiological mechanisms to cope with stress and breeding strategies
focusing on physiological aspects can be applied to improve high yield cultivars tolerant to drought stress.
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Tablel. List of 49 studied cumin ecotypes/sub-populations from 9 different provinces in Iran

Sample Populations Sub- Sample  Populations Sub- Sample Populations Sub-Populations
Populations Populations /Ecotypes
/Ecotypes /Ecotypes
1 Fars Sarvestan 18 Kerman Kooh-banan 35 Semnan Shahmirzad
2 Fars Sepidan 19 Kerman Mahan 36 Semnan Sorkheh
3 Fars Sivand 20 Kerman Ravar 37 Semnan Ivanaki
4 Fars Estahban 21 Kerman Rafsanjan 38 Semnan Kalateh
5 Yazd Ardekan 22 Kerman Sirjan 39 Northern- Esfarayen
6 Yazd Bafq 23 Kerman Zarand 40 Khorasan Shirvan
7 Yazd Sadoq 24 Southern- Qaen 41 Northern- Bojnord
8 Yazd Khatam Khorasan 42 Khorasan Baneh
9 Yazd Sadroea 25 Southern- Nahbandan 43 Northern- Gonabad
10 Golestan Maraveh- Khorasan 44 Khorasan Ferdows
11 Golestan Tapeh 26 Southern- Birjand 45 Northern- Torbat-
12 Golestan Ag-Qala Khorasan 46 Khorasan Heidareh
13 Golestan Jat 27 Southern- Sarayan 47 Khorasan-Razavi Torbat-Jam
14 Kerman Gonbad Khorasan 48 Khorasan-Razavi Kashmar
15 Kerman Baft 28 Southern- Darmian 49 Khorasan-Razavi Taybad
16 Kerman Bardsir Khorasan Khorasan-Razavi Bardsekan
17 Kerman Chatrood 29 Esfahan Feridan Khorasan-Razavi
Joopar 30 Esfahan Semirom Khorasan-Razavi
31 Esfahan Ardestan Khorasan-Razavi
32 Esfahan Naien
33 Esfahan Khansar
34 Esfahan Natanz
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Table 2. Combined variance analysis (mean square) of measured traits in cumin ecotypes in normal
and drought stress conditions.

SOV df CAR Cha CHb RWC SHC PRO EO Gy
place 1 40831.93™  2937.52"  1152.85"  2978.92" 47732 1513 13.58" 30814.66"
Ecotype inplace 18.72 10.01 4.83 7.17 1.026 0.01 0.11 7977.13
(Error a)
Ecotype (G) 48 377.35" 78.13" 36.51™ 43.14™ 59.99™ 2307 0.707 856.51"
Ecotype in place 48 255.39" 40.01" 16517 26.53" 3.33" 0.16"  0.117 90.78"
Error b 292 10.04 3.60 3.66 417 0.49 0.001 0.092 57.71
CV (%) 7.826 12.32 15.58 9.77 9.77 5.51 17.25 12.23

CAR: Carotenoid; Cha: Chlorophyll a; CHb: Chlorophyll b; RWC: Relative water content; SHC: Soluble carbohydrates; PRO:

Proline; EO: Essential oil content; Gy: Grain yield.
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Figurel. Mean comparison of carotenoid pigments in boundary ecotypes of Cuminum cyminum in normal
and drought stress conditions
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Figure 2. Mean comparison of chlorophyll a pigment in boundary ecotypes of Cuminum cyminum in
normal and drought stress conditions.
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Figure 3. Mean comparison of chlorophyll b pigment in boundary ecotypes of Cuminum cyminum in
normal and drought stress conditions.
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content in boundary ecotypes of Cuminum
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conditions.
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Figure 5. Mean comparison of proline content in boundary ecotypes of Cuminum cyminum in normal and
drought stress conditions.
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Figure 6. Mean comparison of soluble sugar content in boundary ecotypes of Cuminum cyminum in
normal and drought stress conditions.
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Figure 7. Mean comparison of essential oil content in boundary ecotypes of Cuminum cyminum in normal
and drought stress conditions.
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Figure 8. Mean comparison of grain yield in boundary ecotypes of Cuminum cyminum in normal and
drought stress conditions.
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Table3. Average and reduction percentage of measured traits under drought stress compared to normal

conditions.
Traits Environment Average Trait change§ in normal conlelons
relative to water deficit
Bl No stress 54.926 .
CAR (mg.g") Drought 26.059 -32.35
Chlorophyll a No stress 19.264 -40.1917
(mg.g™h) Drought 11.522
Chlorophyll No stress 14.706 32.983"
b(mg.g") Drought 9.855 )
No stress 81.993 o
0, -
(%) RWC Drought 74.196 9-309
n No stress 5.610 o
(mg.g") SHC Drought 8.731 +35.631
R . No stress 1.796 *
(mg.g™) Proline Drought 2350 +30.927
No stress 0.941 I
0,
(%) EO Drought 1469 +56.053
No stress 444.60 -
GY (kg/ha) Drought 356.56 -19.802
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Table4. Factor analysis, proportional and cumulative variance, and Eigen values in 49 ecotypes of

cumin.
Traits Loadings
1 2 3 4
CAR 0.45 0.25 0.18 -0.68
CHa 0.81 -0.08 -0.13 0.24
CHb 0.74 0.34 0.35 -0.09
RWC 0.12 0.29 0.71 0.32
SHC 0.19 0.13 -0.09 0.74
PRO 0.37 0.19 0.84 -0.11
EO 0.20 0.71 0.33 0.21
Gy 0.41 0.87 -0.18 0.46
Proportional variance 30.17 23.08 17.35 11.07
Cumulative variance 30.17 53.25 70.60 81.67
Eigen values 3.61 2.90 2.27 1.43

CAR: Carotenoid; Cha: Chlorophyll a; CHb: Chlorophyll b; RWC: Relative water content; SHC: Soluble carbohydrates; PRO:
Proline; EO: Essential oil content; Gy: Grain yield.
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