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Introduction

Cumin is one of the most important medicinal plants in Iran and is widely used in food, health and beauty
industries due to its antioxidant and antibacterial properties. Yield of some crops are higher in autumn planting
compared to spring. However, low temperature and inappropriate distribution of precipitation are of factors
affecting seedling emergence and establishment. So it seems that seeds with higher germination also have better
emergence and establishment producing more vigorous seedlings in further growth stages. So, to success in
autumn-planting of cumin, it is necessary to have ecotypes with appropriate and even emergence in low
temperature and water restricted conditions. Since water is of high paramount importance in germination and
lower water potentials lead to lower accessibility of water to seeds, the aim of this experiment was to study seed
germination response of different cumin ecotypes to low water potentials.

Materials and Methods

This study was conducted to determine the germination of six cumin ecotypes under drought stress and low
temperature conditions. Treatments comprised of six cumin ecotypes (Torbat-e-Heydarieh, Khaf, Sabzevar,
Qaen, Quchan and RZ19) and seven water potentials (0, -1, -2, -3, -4, -5 and -6 bar) induced by PEG6000
solution according to Michel B. E. and Kaufmann (1973). Distilled water was used for control. Seeds were
disinfected by sodium hypochlorite (10%) and fungicide and were rinsed with distilled water. 25 seeds were
placed in each petri dish and were incubated in 13°C after PEG solution or distilled water was added.
Germinated seeds were recorded daily and germination percentage and rate, plumule and radicle length was
determined at the end of the incubation. Ecotype ranking was also performed to determine the most tolerant
ecotypes to drought stress. Statistical analysis was done using MSTAT-C and LSD test was used for mean
comparison.

Results and Discussion

This study results indicated that water potentials was significantly affected all studied traits (p<0.05) in a way
that germination percentage and rate and plumule and radicle length decreased as water potential decreased to -6
bar. Maximum germination percentages (61%) was obtained in control. Significant differences were also found
among cumin ecotypes for all traits. Khaf and Torbat-e-Heydarieh had the highest germination percentage (25%
and 23%, respectively). Decreasing water potential from 0 to the -2 bar, caused 69% decrease in germination
percentage of Quchan ecotype whereas reduction of 43% and 57% was found in Qaen and Sabzevar ecotypes,
respectively. Difference in germination percentage among genotypes may be due to the different water
absorption by them. Ecotypes had different germination rate in water potentials (P<0.01). Although germination
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rate was negatively affected by decreasing water potential, percentage of reduction was different among ecotypes
in a way that Torbat-e-Heydarieh and Khaf showed the lowest (61 and 67%) and Quchan and RZ19 the highest
reduction of germination rate (86%) in -4 bar compared to control (O bar). Plumule and radical length were
decreased as drought stress was increased . Decreasing water potential from 0 o -4 bar caused a 76% reduction in
radical length. Significant difference was found among ecotypes according to radical length in a way that Khaf
and Quchan had the highest and lowest radical length, respectively.

Conclusion

On the basis of ecotypes ranking for evaluated traits, Khaf and Torbat-e-Heydarieh indicated more tolerance
to drought stress whereas Quchan was found as a sensitive ecotype.
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Table 1- Source of variations, degrees of freedom and mean squares of seed germination criteria in cumin
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Figure 1- Effects of water potential on seed germination percentage in cumin
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Table 2- Seed germination rate, plumule and radicle length in cumin ecotypes as affected by water potential
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Potential (bar) Germination rate  Plumule length Radicle length

(number.day™) (cm) (cm)

0 5.0 3.4 5.4

-1 3.7 2.8 4.3

-2 2.6 2.2 3.0

-3 20 15 2.3

-4 11 0.8 15

-5 0.2 0.0 0.1

-6 0.0 0.0 0.0

LSD (0.05) 0.2 0.04 0.04
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Table 3- Germination percentage and rate and plumule and radicle length in cumin ecotypes
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Ecotype Germination percentage Germination r_rilte Plumule length Radicle length
(number.day™) (cm) (cm)
Quchan 17.7 2.0 1.2 1.9
Sabzevar 17.8 2.2 13 2.4
Khaf 25.0 19 18 2.8
Qaen 17.6 1.9 1.7 24
Torbat-e-Heydarieh 226 2.4 1.7 2.6
RZ19 20.9 2.1 1.4 2.2
LSD (0.05) 0.3 0.2 0.04 0.04
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Table 4- Germination percentage of cumin ecotypes as affected by different water potentials

Ecotype Potential (bar)
0 -1 -2 -3 -4 -5 -6
Quchan 59.0 40.2 18.0 5.7 1.0 0.0 0.0
Sabzevar 54.0 37.0 22.8 7.0 25 1.0 0.0
Khaf 75.0 53.3 315 10.0 3.8 1.3 0.0
Qaen 475 35.0 27.0 9.0 35 1.0 0.0
Torbat-e-Heydarieh 68.0 48.3 26.8 9.3 3.8 2.0 0.0
RZ19 63.0 45.0 25.8 8.3 3.3 1.0 0.0

LSD (0.05)=0.9
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Table 5- Germination rate of cumin ecotypes as affected by different water potentials

Ecotype Potential (bar)
0 -1 -2 -3 -4 -5 -6
Quchan 51 45 2.6 1.4 0.7 0.0 0.0
Sabzevar 6.2 4.2 2.3 1.6 11 0.1 0.0
Khaf 4.3 34 24 1.8 1.4 0.5 0.0
Qaen 4.0 3.2 2.4 2.2 1.1 0.3 0.0
Torbat-e-Heydarieh 5.1 35 3.3 3.2 2.0 0.1 0.0
RZ19 5.4 4.1 3.0 15 0.8 0.1 0.0

LSD (0.05)= 0.5
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Table 6- Plumule length (cm) of cumin ecotypes as affected by different water potentials

E;:ot e Potential (bar)
P 0 1 2 3 2 5 N
Quchan 3.3 2.2 14 1.1 0.5 0.0 0.0
Sabzevar 2.3 25 2.2 18 0.5 0.0 0.0
Khaf 4.4 3.6 2.6 1.2 0.9 0.0 0.0
Qaen 3.1 2.8 24 2.1 1.3 0.0 0.0
Torbat-e-Heydarieh 4.1 29 25 15 0.8 0.0 0.0
RZ19 3.3 2.8 2.3 1.1 0.7 0.0 0.0
LSD (0.05)=0.1
5 P8 lacwieST o caw opl jials o Jlb 3 g duoyy YA slacuisST asady, Job ol Sl ),Jl, 1A iy J?“’
(Y Jodn) sl 039y Aoy £ 5 AY dgus ailie byl 3 RZ19 s 55 Gl b g (V Jada) 290 (P<+/+ V) Jbo ixe juaw 03
S pd yied BB Of alS g (i (Rl L s e slai 4 ol Jely (2alsS Ly aS 6550 4wl jials azady; Jsb
9 Sl Cax b S (Sl oyl cas s o Sl e GialS oy W asd iy, Job uSke b —F 4 jaw
A3 doady) Job (il b o il dray; 1) of Sl & I re anain) Jobo )L 5l 55 LacasgST oglas (Y Joan)
(Abdi el ord (3)135 55 o,Sanghy plo bwgs (Suid (25 5 i i olagd g Sl clacuissl g o (P<-/4Y)
Siis odle zoow oSyl reus £t al., 2014; Kafi et al., 2006) 25 il b sy (Y Jods) aiily |y asaiiy Job oy yieS
oo buly s Jesie glacusST dsdiy ) (glopsd slacdl jo (P<+/+V) (o)l mixo yoboas laasoST allS)> dvaii, Job Sois
([Emmerich & Hardgree, 1990) cuol ous S5 iy 5 oleed clacissl s asady, Job Lials bl sl jzals

g A 90> i ia aald jles 4 Cod [l —F Jouasly )l

Ol iliseo gLadmnily 3 jaw 2525 S sST (o ) iy Job -V Jou
Table 7- Radicle length (cm) of cumin ecotypes as affected by different water potentials

] ) il gl
E;:ot o Potential (bar)
yp 0 1 ) 3 -4 5 6
Quchan 4.6 3.9 2.8 11 0.9 0.0 0.0
Sabzevar 5.9 4.3 3.1 25 13 0.0 0.0
Khaf 6.3 5.4 31 2.8 1.7 0.7 0.0
Qaen 4.9 4.7 2.7 2.5 21 0.0 0.0
Torbat-e-Heydarieh 6.1 4.2 3.3 2.9 15 0.0 0.0
RZ19 4.5 3.4 3.2 2.2 1.8 0.0 0.0
LSD (0.05)=0.1
— (Nezami et al., 2010) ),SKan 5 olls wsyp ;3 3 i 34l gl LacessST sands) (cwisS | gaad,
s Slopw 4 Joxlo slacuig (Suis 4 Jood 2L s5) Aot Sy g Bles laccigSl s 5)50 Slao ggacns
s MLC20 (slaceigy 45 4 ealdio 33 (il by ok 2 e ST g ol polanl s 4 ) jlael i
Lol polaitlags 4y ag) (pyieS 5 (n VL e MLCT Kafi et al., ) o Lo g 3L addllas (A Jgdo) cd)5 15 4,
Sy s S oS Wiy Jalye Jsb o (Sid & Jeoo oS &S sy i 35 e i WY Sjdles g9y 0 (2005

Sl e o8 O la Josly 53 25,36 &5 olacssS] ) ames o 395 3l (Seis S b ablie ) soglke STy bl (Jo
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... Cuminum cyminum L.) juw o 5 b 951 (iiSTg oy o g 0813Ld 5 diog
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o Loyl (5555 51 Le cleMbl (o slod 5 (Suis i Gl Hoye 3y (slossg Cunnl | 35 ol slalod & Jood 050b
by A8lgS 390 s 00) SGedsS] (sl o s g Fjalex only gled 5 cogb) 3908 Lulyd > oS s o i 4 ol
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Table 8- Ecotypes ranking based on studied traits

Ol Sy g ghanw
. Potential (bar)
Ecotype il Moy 4 Sl copw ad,  drddle Job ad,  arady, Jsbad;,  old 4,

Rank of germination Rank of germination Rank of Rank of radicle Final
percentage rate plumule length length rank

Quchan 4 25 5 5 16.5
Sabzevar 4 2.0 3 4 13.0
Khaf 1 3.0 1 1 6.0
Qaen 4 3.0 3 2 12.0
Torbat-e-Heydarieh 2 1.0 2 2 7.0
RZ19 3 2.0 4 3 12.0

LSD (0.05)= 0.1
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