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Table 1. Analysis of variance (Mean Squares) for yield and yield components of cumin ecotypes under normal and
drought stress conditions.

FEST asliolowy o olawd s olaa aldolaxi Gl o5 ST o Sles

Olyedi glo O] wig eyl olS o e obS o = P ailo Ay
Source of Degree of Plant Secondary Umbel/ Umbellate/ Seeds per 1000-seed Seed yield
variations freedom  height branches/plant  plant Umbel umbel weight per plant

sad 7 11.31™ 2.14™ 303.61™ 1.71" 8.35™ 0.18™ 0.63™
Ecotype (E)

B 2t 13.027 363017 833%  46.02° 776" 086"
Condition (C)
Loyl i e 551
el 207 0.26™ 205 024 045" 003" 001"
Ex C
s
32 2.60 0.39 5.41 0.58 098 002 0.01
Error
O e 7.16 13.19 683 2291 956 464 1337

Coefficient of variation (%)
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** and ns: are significant at 1 probability level and non-significant, respectively.
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Table 2. The effects of ecotypes and drought stress levels on yield and yield components in cumin.
sl olasy Feolaw  Susolaai jodldolaw Iy S Sles

agela,l ol o 058 obS 5o P = ails g
e Plant height  Secondary Umbel/  Umbellate/ Seeds/ 1000-seed Seed yield/

Treatment (cm) branches/plant plant Umbel umbel weight (g)  plant (g)
Ecotype eS|
Sabzevar Jlojw 23333 5.00° 38.50P 3.50%d 11.33%® 2.77%4 0.98<d
Khaf Slgs 22.00° 4.67% 36.17° 4.17% 11.00% 2.56° 0.43f
Tabriz e 23.50% 6.00? 48.832 3.83%® 12.00° 2.68d° 1.06°
Birjand o 24.00° 4.33b 31.00c¢ 2.83% 10.17¢¢ 2.920 1.37%
Yazd op  22.33® 4.50 32.67° 3.0054 10.17¢¢ 2.85b 1.22°
Kerman ol 23.33® 5.00° 29.83¢ 3.0054 9.17% 2.98% 0.88¢
Shiraz 3y 22.00° 4.67% 27.00° 3.67%¢ 10.67% 2.77% 0.64°¢
Isfahan oleol 19.67¢ 4.00¢ 28.33de 2.67¢ 8.33¢ 3.10* 0.62¢
Condition byl
Normal irrigation

Sl eyl 24 5.20° 36.79° 3.750 11.33¢ 3.4 1.03
Prought i w20 4250 31200 20170 938 241° 076
0L oo B Jlazo s 3 LSD (ygajl i 31 (6 loisine s el U S e by o i (51l (slagraSibes olond 53 51 s 52 0
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Means with a similar letter in each column of the treatments had non-significant differences according to LSD Test (p<0.05)
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Table 3. Analysis of variance (Mean Squares) for physiological traits of cumin ecotypes under normal and
drought stress conditions.

Ol glo golil 4z a Jubg ls b Usss,ls el
Source of variations Degree of freedom  Chlorophylla  Chlorophyllb  Carotenoid
Ecotype [y 7 95.30™ 61.50" 69.17"
Condition byl 1 263.20™ 195.21* 3065.60""
EcotypexCondition ) yiix i oS 7 1.79 1.37 5.92"
Error s 32 3.39 1.23 8.24
() Sl o 2 8.59 6.29 413

Coefficient of variation (%)

oy ) il e )0 o s g b S S 54 T
** and ns: are significant at 1 probability level and non-significant, respectively.
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Table 4. The effects of ecotypes and drought stress levels on physiological traits in cumin.

Sless (mg/g) a Judg 15 (mg/g) b Judq s (mg/g) w5
Treatment Chlorophyll a (mg/g) Chlorophyll b (mg/g) Carotenoid (mg/g)
Sabzevar 319 3w 19.37¢ 15.904 69.57°
Khaf Glgs 16.67¢ 14,774 65.63°
Tabriz »s 23.40° 19.07¢ 71.23%
wigS!  Birjand RVE 26.102 22.37% 74.00°
Ecotype Yazd S 17.73¢d 14,734 65.83¢
Kerman obesS 17.70< 14.10° 65.87¢
Shiraz 3yt 25.932 21.00° 73.132
Isfahan oledwe! 24.70% 19.60° 71.13%
Lylys  Normalirrigation Jboy &l 23.792 19.712 77.542
Condition Drought stress S s 19.11° 15.68° 61.56°
02,0 0 Jlozo o 10 LSD (55051 513 51 (5l cime (g Lol S S i B> S5 JBla (sl (slonSibie Lo 2 5 g o 50
IRJIRVIPEAR

Means with a similar letter in each column of the treatments had non-significant differences according to LSD Test
(p<0.05).
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Table 5. Analysis of variance (Mean Square) for biochemical traits and essential oil content of cumin ecotypes under
normal and drought stress conditions.

= . U 9o a8 2 a0 o )
ub.....u el.'..n 60‘5‘ )’Yblf )'M')J Superoxide ..\.,g..\.‘l <$° 09'""“ u..uLml
Source of variations df Catalase Peroxidase dismutase Malondialdehyde  Essential oil
wof 7 04087 0397 2.01" 197.31" 154"
Ecotype
3 RIS 12387407 49.45° 376.77° 24071.04™ 21.28"
Condition
byl iox i oS
e o ¥ 7 206.55" 0.27m 2.07™ 197.35™ 0.11™
EcotypexCondition
i 32 5.33 0.16 0.12 10.12 0.03
Error
(1) @y g 13.29 11.78 8.34 7.19 6.55

Coefficient of variation (%)

w9 % NS

oy ) 50 il mhaw o jls pxe gyl gme jif S i S
** * and ns: are significant at 1 and 5 probability levels and non-significant, respectively.
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Table 6. The effects of ecotypes and drought stress levels on biochemical traits and essential oil percentage in cumin.

Vs My Ugmmmd STy il 3 oglle ()il

Slesd Catalase Peroxidase Superoxide Malondialdehyde Essential

Treatment (u/mgpro*min) (mg/g) dismutase (u/gFW) (umol/gFW) oil (%)
Sabzevar gy 6.08¢ 3.31b 3.79¢ 49.732 2.84¢
Khaf Slgs 14.49¢ 3.20% 3.72¢ 50.73¢2 2.01¢

Tabriz P 15.71¢ 3.31% 3.85¢ 44.38° 2.88b¢
i oS Birjand KVE g 20.62° 3.61% 3.90¢ 43.15° 3.25%
Ecotype  Yazd 59 25.64° 3.842 5.22° 34.45° 2.094
Kerman ol 21.38° 3.31b% 4.78> 37.95¢ 2.014
Shiraz 3y 16.06° 3.23b¢ 3.59¢ 44.92° 2.85¢

Isfahan olde! 18.99° 3.01¢ 3.91¢ 48.80° 3.08%®
os Normat l:’:g’; t‘f::“' 1.31° 2,340 1.20° 21.87" 1.96°
Condition AP 33 g0 4370 6.90° 66.66° 3.20°

Drought stress
02l 00,0 0 Jlisl mhaw ;0 LSD 03T [l 51 g ls cime (g5lel 8Dz S e B> G Bl gl slo i Silie jlasd 2 5l gt jo 0

YR

Means with a similar letter in each column of the treatments had non-significant differences according to LSD Test (p<0.05).
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Table 7. Drought tolerance of cumin ecotypes based on tolerance indices.

ogflly g lled A S S L
Ecotype <+  (Yp) (Ys) (TOL) (SSI) (ST (GMP)
Sabzevar lgjw  1.14 0.82 0.32 1.08 0.87 0.97
Khaf dSlgs  0.50 0.35 0.15 1.18 0.16 0.42
Tabriz RS 122 0.91 0.30 0.96 1.04 1.05
Birjand e, 153 1.21 0.33 0.82 1.73 1.36
Yazd op 142 1.02 0.39 1.07 1.36 1.20
Kerman b, 1.02 0.74 0.28 1.05 0.70 0.87
Shiraz s 0.73 0.55 0.18 0.93 0.37 0.63
Isfahan  olkdo!l  0.72 0.52 0.20 1.05 0.35 0.61
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Means with a similar letter in each column had non-significant differences according to LSD Test (p<0.05)



AR o) Y ol e el pole 13 dame sla i

WYY

)l 392y (SiS Jood Glie i g Alisie Olio i
Sfles 5 (i oo Sl eSS o o
@ Comd )G s n sl puilol soys 5 g il

D92 sy )30 SedsST

1oy

oisn 3l Jo Calem bl 4 Hllp Jle Sojgal gains |
BB B 5l Grizmen 005 0 ST 5 a0l
SLasS| 5l (F i and b 4 (0398 aible uige
o)l Rl o oy 2 0550

Ahmadian, A., Tavassoli, A., Amiri, E., 2011.
The interaction effect of water stress and
manure on yield components, essential oil and
chemical compositions of cumin (Cuminum

cyminum). African Journal of Agricultural
Research. 6(10), 2309-2315.

Bannayan, M., Nadjafi, F., Azizi L., Rastgoo, M.,
2008. Yield and seed quality of plantago ovate
and Nigella sativa under different irrigation

treatment. Industrial Crops and Products. 27,
11-16.

Safari, B., Mortazavian, S.M.M., Sadat, N.S.,
Foghi, B., 2017. Evaluation of drought
tolerance in endemic ecotypes of cumin using
tolerance indices. Journal of Plant Production
Research. 23(4), 185-204. [In Persian with
English Summary].

Blum, A., 2011. Drought Resistance and Its
Improvement. Plant Breeding for Water-
Limited Environments. Springer, New York.

Chance, B., Maehly, A.C., 1995. Assay of
Catalase and Peroxidase. Academic Press. New
York.

Dhindsa, R.S., Plumb-Dhindsa, P., Thorpe, T.A.,
1981. Leaf senescence: correlated with
increased levels of membrane permeability and
lipid peroxidation, and decreased levels of
superoxide dismutase and catalase. Journal of
Experimental Botany. 32, 93-101.

Fridovich, 1., 1986. Biological effects of the
superoxide radical. Archives of biochemistry
and biophysics. 247, 1-11.

Heath, R.L., Packer, L., 1969. Photoperoxidation
in isolated chloroplast. I. Kinetics and
stoichiometry of fatty acid peroxidation.

& S A
r e Al s (Sas 1 b agh ol
olel 5 lerdian ((Sgdnsd (oo Sles sloace
P s 0590 H9iS (o092 o) SIsST 5l (S
@ S Cgmle 5 Jood Gla sl (pizmen (08
bl ol duloe digy o, Slas e bl 5 (S 35
Ol izl s o)les alS czge (Sis i aS ol lis
a il (glsime Lol o O slowlscSs, (glsiome 55 5
Eyoe ;o 28l Gl (Sas 25 S p s 9o
2 050 SLTS| b (295 £95 &5 Bls i s

&L
Archives of Biochemistry and Biophysics. 125,
189-198.

Kabiri, R., Farahbakhsh, H., Nasibi, F., 2014.
Effect of drought stress on physiological and
biochemical characteristics of Nigella sativa L.
Iranian Journal of Medicinal and Aromatic
Plants. 30(4), 600-609. [In Persian with English
Summary].

Karimi  Afshar, A., Baghizadeh, A,
Mohammadinejad, G., Abedi, J., 2014.
Evaluation of cumin (Cuminum cyminum L.)
genotypes under drought stress based on
tolerance indices. 1% International and 13"
Iranian Genetics Congress. Tehran, Iran. [In
Persian with English Summary].

Kazemi, H., Mortazavian, S.M.M., Ghorbani
Javid, M., 2017. Physiological responses of
cumin (Cuminum cyminum) to water deficit
stress. Iranian Journal of Field Crop Science.
48(4), 1099-1113. [In Persian with English
Summary].

Koyro, H.-W., Ahmad, P., Geissler, N., 2012.
Abiotic stress responses in plants: an overview.
In environmental adaptations and stress
tolerance of plants in the era of climate change.
Springer, New York.

Masoumi, S.M., Kahriziy, D., Rostami-
Ahmadvandi, H., Soorni, J., Kiani, S.,
Mostafaie, A., Yari, K., 2012. Genetic diversity
study of some medicinal plant accessions
belong to Apiaceac family based on seed
storage proteins patterns. Molecular biology
reports. 39(12), 10361-10365.

Masoumi, S.M., Kahrizi, D., Soorni, J., Rostami-
Ahmadvandi., 2011. Study of some medicinal



ey [UOE P PSUNCI | DUV Y IV EVOIC | DY POUTTI IRPINC{ DUSICH SRS SR R PR L SUSUR S

plant accessions belong to Apiaceae family Setayeshmehr, Z., Ganjali, A.S., 2013. Effects of

using proteins markers. Final report. Razi drought stress on growth and physiological
University. Cod: 970. [In Persian with English characteristics of dill (Anethum graveolens L.).
Summary]. Journal of Horticultural Science. 27(1), 27-35.

Nakhzari Moghadam, A., 2009. The effect of [In Persian with English Summary].
water stress and plant density on yield and yield Soares, C., Carvalho, M.E., Azevedo, R.A.,
components of cumin (Cuminum cyminum). Fidalgo, F., 2018. Plants facing oxidative
Iranian Journal of Field Crop Science (Iranian challenges—A little help from the antioxidant
Journal of Agricultural Sciences). 40(3), 63-69. networks. Environmental and Experimental
[In Persian with English Summary]. Botany. 161, 4-25.

Pirzad, A., Darvishzadeh, R., Hassani, A., 2015. Soorni, J., Kahrizi, D., 2015. Effect of genotype,
Effect of super adsorbent application in explant type and 2,4-D on cell dedifferentiation
different irrigation regimes on photosynthetic and callus induction in cumin (Cuminum
pigments and its relationship with grain yield cyminum L.) medicinal plant. Journal of
and essential oil of cumin (Cuminum cyminum Applied Biotechnology Reports. 2(3), 265-270.
L.). Journal of Horticultural Science. 29(3), Tabatabaei, S.M., Mohammadi-Nejad, G.,
377-387. [In Persian with English Summary]. Yousefi, K., 2014. Yield assessment and

Porra, R.J., 2002. The chequered history of the drought tolerance indices in cumin ecotypes.
development and wuse of simultaneous Journal of Water Research in Agriculture.
equations for the accurate determination of 28(1), 163-170. [In Persian with English
chlorophylls a and b. Photosynthesis Summary].

Research. 73(1-3), 149-156.



Ls'ﬁ} @j.c >3 (5.]9_.3;.4@@..&.33

A Environmental Stresses In Crop Sciences
Vol. 13, No. 4, pp. 1125-1134
< Winter 2021
University of Birjand http://dx.doi.org/10.22077/escs.2020.2395.1624
Original article

Effects of drought stress on yield and yield-related traits, antioxidant enzymes and
essential oil content of some Cumin (Cuminum cyminum L.) ecotypes

J. Soorni!, J. Roustakhiz?*, Kh. Salimi2, M. Noori?

1. Department of Systems Biology, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural
Research Education and Extension Organization (AREO), Karaj, Iran

2. Department of Plant Production Engineering and Genetics, Higher Education Complex of Saravan, Iran

3. Faculty of Agriculture and Natural Resources, University of Mohaghegh Ardabili, Iran

Received 13 April 2019; Accepted 6 May 2019

Abstract

Cumin is one of the most important medicinal plants in Iran, which needs a lower irrigation to complete
the growth stages. Therefore, cumin is one of the most valuable plants for cultivation in arid and semi-
arid regions of the world, especially in drought conditions. For this purpose, the present study was
conducted to evaluate the key morphological and physiological parameters as well as the factors
involved in oxidative stress and essential oil content in some ecotypes under drought stress and normal
conditions. The experiment was arranged as factorial based on a completely randomized design with
three replications and conducted in Saravan University's research greenhouse. Experimental factors
included drought stress (stress and non-stress) and different ecotypes (eight ecotypes). The measured
traits were plant height, number of secondary branches per plant, number of umbel per plant, number of
umbellate per umbel, number of seeds per umbrel, 1000-seed weight and seed yield per plant,
chlorophyll a, b and carotenoid content, and activity of biochemical factors (catalase, superoxide
dismutase, peroxidase, malondialdehyde) and also seed essential oil. The results showed that drought
stress reduced yield, yield components and photosynthetic pigments content. In general, Birjand ecotype
had the highest grain yield per plant (1.37 g). Also, the activity of catalase, peroxidase and superoxide
dismutase antioxidant enzymes was determined in this valuable medicinal plant. The drought stress
increased the activity of these enzymes as well as the level of malondialdehyde, from 1.31 u/mgpro*min,
2.34 mg/g, 1.29 u/gFW and 21.87 pmol/gFW to 33.44, 4.37, 6.90 and 66.66, respectively. Finally, the
tolerance of the studied ecotypes to drought stress was identified according to the measured indexes and
Birjand ecotype was recognized as superior ecotype.
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