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ABSTRACT

Cumin is one of the most important herbal drug crops used in traditional foods. It needs low water for
growth cycle, and grows in arid and semi-arid regions of Iran. Two experiments under drought stress and
normal conditions were performed. Leaf water potential, osmotic potential, harvest index and stress
susceptibility index (SSI) were studied on cumin landraces. Sarvestan-e Fars, Tabriz and Sabzevar landraces
were distinguished as tolerant landraces. Cluster analysis with single linkage method, classified genotypes into
three groups. Sabzevar, Sarvestan-e Fars, Tabriz and Khorasan2-374 landraces made the first group. Second
group included Zeirkoh-e Quen, Qunabad and Ferdous landraces. Kerman landrace, alone, was located in the
third group. 

Key words: Cumin, Cuminum cyminum L., Drought resistance.

Introduction:

Many of the drug plants are related to Apiaceae
(Umbellifereae) family. One of them is cumin
(Cuminum cyminum L.). Cumin genus contains
aromatic plants, with out short hairs (except its fruit),
with 10 to 50 cm height. Paranshimic organs content
ether oils, resins, there therpenoeid saponinis and
monoterpens [16]. Main essential oil of cumin is
cumin aldehyde or cuminol (C10H12 O) (6). Type of
cumin growth is indeterminate and kind of its
fertilization is mostly selfing (98%) [4].

Materials and Methods

This experiment has been done in Bajghah,
Shiraz. Seeds were selected from different parts of
Iran that cultivated cumin by Bagheri and Khavari
[6]. They purified selected seeds for 5 years by pure
line method. Eight land races were studies in two
experiments, on drought stress and without drought
stress conditions (table 1). Each experiment has been

conducted on C.R.B. design with three replications.
Date of sowing was 4th day of April 2003. 

In order to applying drought stress, in
experiment with drought stress three irrigations
(170mm) has been done, but in experiment without
drought stress five irrigations (300mm) has been
done. Amount of water has been calculated by
Micheal & Ojha formula [12].

Measured variables were harvest index (HI),
stress susceptibility index (SSI), osmotic potential,
leaf water potential and turgent pressure. 
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SI: stress intensity 
And

        : yield of all genotypes in two experiments Ys Yp

(with stress and without stress, respectively). 
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And

         : yield of each genotype in two experiments,Ys Yp

with stress and without stress, respectively. 
Pressure membrane device was used for

measuring leaf water potential at midday. Kramer
and Boyer [11] formula was used to measuring
osmotic potential.

               = Osmotic Potential(Mp)( )2.271.86
T

T= Temperature of freezing point of plant sap (°c)
Tourger pressure measured by Ψ= Л+ P [11]
Ψ = leaf water potential, Л = osmotic potential and
P =tourger pressure

Recently, GGEbiplot graphs are designed to
describe main effect of each genotype with its
interaction by environment graphically. GGEbiplot
graphs are drowned with use of two principles
factors that have high participation on expression of
fluctuations. These graphs have many applications on
determining the best genotype for each environment
[15 &16]. 

Statistical analysis:

Data analyzed by SAS, MINITAB and SPSS soft
wares. 

Variance analysis:

Data analysis showed that differences between
two experiments (S0= without stress and S1= with
drought stress) for leaf water potential and osmotic
potential were significant at 5% level (table 2). 

Leaf water potential in experiment with drought
stress was lower than experiment without drought
stress, so water content of plants in the drought
stress experiment were lower than plants in the
without drought stress experiment. Each genotype
that could keeps more water in drought conditions is
more resistant to drought stress. Cumin water
potential at the end of growth reaches to -30 bar [6],
but didn’t show any signs of wilting in cumin. This
subject shows drought resistance of cumin. Osmotic
potential in experiment with drought stress was lower
than experiment without drought stress. Harvest index
in experiment with drought stress was higher than
experiment without drought stress, which shows
cumin drought resistance through decrease its foliage.
This result is agreed with tavossi [7] result that
showed the treatment with complete irrigation had
lower thousand seed weight, harvest index and higher
biomass. Sadeghi results [4] showed that irrigation of
cumin in the years with common precipitation in
mashhad and kashmar, Iran, didn’t increase yield,
even caused reduction of yield. 

Osmotic potential of genotype 6 has significant
difference between two experiments (table 5), that
shows its ability to osmotic adjustment. Genotype 8
has significantly higher harvest index at drought
stress than non-drought stress (table 5), that shows its
ability to reduction its foliage growth. Genotype 4
has significantly lower leaf water potential at drought
stress than non-drought stress (table 5), that shows its
susceptibility to drought stress.

Genotype differences in drought stress
experiment weren’t significant for leaf water
potential, but were significant for osmotic potential
and harvest index ha divided hem in two groups [5].
And also, the genotypes have shown significant
difference for SSI. SSI is the best criteria o
classifying that genotype is tolerant to drought or
not. Genotypes mean comparison for SSI by
Duncan’s method at 5% level show that landraces 4,
5 and 7 are susceptible to drought stress. Landrace 4
determined sensitive to drought stress with use of
leaf water potential variable. Landraces 1, 3 and 6
were classified as resistant group. Other landraces are
in intermediate group. Torgur pressure hasn’t
significant difference between two experiments (Table
2), that shows suitable osmotic adjustment of cumin.

Multivariate analysis:

Approximately 70% of fluctuations in without
drought stress experiment are described by principles
components 1 and 2 (pc1 and pc2) (Table 3). At pc1
harvest index, osmotic potential and SSI have high
portion. At pc2 leaf water potential has high portion.
By drawing GGEbiplot with use of pc1 and pc2,
genotypes1, 3 and 7 determined as the best
genotypes in without drought environment.

Approximately 70% of fluctuations in drought
stress experiment are described by principles
components 1 and 2 (pc1 and pc2) (Table 4). At pc1
osmotic potential, harvest index and leaf water
potential have high portion. At pc2 SSI and leaf
water potential have high portion. By drawing
GGEbiplot with use of pc1 and pc2, genotypes1, 3
and 6 determined as the best genotypes in drought
environment. 

As you can see genotypes 1 and 3 are the best
ones in two experiments, so they are suitable for two
conditions (with drought and without drought). 

Cumin yield doesn’t increase in the year with
high precipitation [4]. Cumin Leaf form, cumin high
and its color are showing its compatibility to drought
conditions [6].
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Fig. 1:  Biplot graph for non-drought stress treatment

Fig. 2:  Biplot graph for drought stress treatment

Fig. 3: Dendrogram of landraces for drought resistance base on measured variables. 
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Table 1: Identifications of cumin landraces
Genotype Code and Place of Lines Genotype Code and Place of Lines
1 50-Sarvestan-e Fars 5 Kerman
2 Quen-Zirkoh 6 Tabriz
3 West of sabzevar 7 80- Ferdows (sighaleeh)
4 285- Ghonabad 8 374-2 Khorassan

Table 2: Mean comparison of traits between drought and non-drought experiments by t-test (at 5% level) 
variables Non-drought drought
Leaf water potential 1.87a 2.645b

Osmotic potential 3.974a 4.912b

Turgent pressure 2.108a 2.266a

Harvest index 34.41a 40.23a

Table 3: principal component analysis for non-drought experiment
Principal components variables PC1 PC2 PC3

Leaf water potential -0.204 0.953 -0.194
Osmotic potential -0.606 -0.144 -0.45
Harvest index -0.651 -0.239 -0.068
SSI -0.41 0.12 0.869
Additive percent of changes expression 0.455 0.699 0.918

Table 4: principal component analysis for drought experiment
Principal components variables PC1 PC2 PC3

Leaf water potential 0.472 0.564 0.523
Osmotic potential -0.618 -0.094 0.015
Harvest index -0.52 0.066 0.742
SSI 0.354 -0.818 0.419
Additive percent of changes expression 0.457 0.69 0.879

Table 5: mean comparison for measured variables  
variables Genotypes 1 2 3 4 5 6 7 8 Means of

Stress levels stress levels
leaf water S0 -2.10 a A -2.03a A -1.86a A -1.55a A -1.88a A -1.83a A -1.85a A -1.85a A -1.87  A
potential S1 -2.76a A -2.93a A -2.56a A -2.83a B -2.63a A -2.60a A -2.36a A -2.50a A -2.65B
Osmotic S0 -3.53a A -4.16a A -4.20a A -4.00a A -3.80a A -4.60a A -3.83a A -3.70a A -3.98A
potential S1 -4.27a A -4.311a A -5.00ab A -5.08ab A -4.79ab A -5.61b B -5.54b A -4.68ab A -4.91B
Harvest index S0 35.36a A 37.36a A 37.5a A 34.03a A 41.96a A 33.33a A 34.76a A 28.06a A 34.41 A

S1 39.87ab A 38.14ab A 37.5ab A 44.06a A 31.87b A 39.12ab A 31.87b A 45.21a B 40.23A
SSI 0 .44d 1.05bc 0.601d 1.00abc 1.64a 0.70cd 1.43ab 0.84cd
S0: non-stress, S1: with stress- Common small letters show no significant difference on row by Duncan’s test at 5% level. Common capital
letters show no significant difference on column by t-test at 5% level.

Cluster analysis:

Dendrogram (graph 3) has drown by using 4
measured traits (harvest index (HI), stress
susceptibility index (SSI), osmotic potential, leaf
water potential) with single linkage method.
Landraces divided into three groups. According to
cluster analysis Tabriz, khorasan and Sarvestan
landraces have similarity by East of Sabzevar
landrace and probably have common ancestor. Also,
Ghonabad, Ferdos and Zirkoh-e Quen have similarity
and maybe have a common ancestor. Kerman
landraces has low similarity with others.

Totally, cumin is resistant to drought and there
are different levels of resistant in landraces.
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