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ABSTRACT

Cumin is one of the most important herbal drug crops that is used in traditional foods. It needs low water
for growth cycle. It grows in arid and semi-arid regions of Iran. Nine land races (49 sub land races) were
studies in drought stress and non- drought stress conditions. The experiment was conducted based on Lattice
design with two replications. Quantitative indices of stress tolerance such as (SSI, TOL, GMP, HM, STI) were
calculated in this study. Results showed that that GMP and STI were the most appropriate indexes to identify
cumin landraces for tolerance to drought stress. On the basis of these indicators, Southern-Khorasan, Pars, Yazd
and Golestan landraces were introduced as the most tolerant. Also the bi-plot graphs based on the indicators
showed that mentioned landraces showed more trend to Yp than other landraces. Grouping of landraces by
cluster analysis identified that Southern-Khorasan, Pars, Yazd and Golestan were the best Landraces.
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Introduction

Among different environmental stresses, drought
is the most abiotic factor that limits crop
productivity. Wang et al. [10] have estimated the
average of yield decrease on a worldwide scale due
to water deficit was more than 50%. Many of the
medicinal crops are related to Apiaceae
(Umbellifereae) family. Cumin (Cuminum cyminum
L.) is one of most important crops in this family.
Cumin genus contains aromatic materials, with out
short hairs (except its fruit). It has 10 to 50 height
(cm). Paranshimic organs have oils, resins
(therpenoeid saponini) and monoterpens [3].

Economic value of Cumin has numerous uses from
its seeds such as drug and spicy for about a thousand
years ago, as an economic value. It is regarded as
part of food culture in West Asia, a predominant
habitat of this plant. Therefore, trade and
consumption of the crop is almost limited to natural
areas that produce it [4]. Production of cumin creates
numerous business opportunities because of planting
operations of cumin requires many human resources,
thus creates employment prospects in those regions.
Cumin yield components include number of umbel
per plant, number of seeds per umbel and 1000-seed
weight. The number of umbel per plant explained
alone about 96% of yield variation [3]. Drought is a
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multidimensional stress, which causes various
physiological effects on plant [1]. The object of this
research was evaluation of some drought resistance
criteria in cumin (Cuminum Cyminum L.) lndraces in
Iran.

Materials and method

This experiment has been conducted at the
Research farm of College of Agriculture at Kerman
University, Iran, located in 56º58´ longitude and
30º15´ latitude and, 1755 m Altitude from sea level,
with an arid and semi-arid climate. Seeds were
selected from different parts of Iran. Nine land race
(49 sub land races) was studies in drought stress and
non- stress (control) conditions. The experiment has
been conducted on Lattice design with two
replications. The genotypes were sown at 12th of
April in 2009. Drought resistance indices were
calculated using the following relationships: 
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Where Ys is the yield of genotype in stress
condition, Yp the yield of  genotypes under control

condition,     and     are  the  mean  yields  of allsY pY

genotypes in stress and non-stress conditions,
respectively and SI is the stress intensity. Also other
stress indices including:
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Analysis of variance was carried out by SAS and
SPSS softwares. Recently, GGEbiplot graphs are
designed to describe main effect of each land race
with its interaction by environment graphically [11].
GGEbiplot graphs have drown 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.

Results and discussion

Drought Tolerance Indices:

Resistance indices were calculated on the basis
of GY of genotypes (Table 1). According to Table 1,
a greater TOL value was related to Khorasan-Razavi,
indicating that this land race had a larger GY
reduction under stress condition and higher drought
sensi t iv i ty ;  lowest  SSI  was found in
Southern_Khorasan, followed by Pars, Golestan and
Yazd land races (Table 1). Therefore, these
genotypes had a lower GY reduction under stress
condition. Highest HM, GMP and STI indices were
observed in Yazd and Southern-Khorasan land race
(Table 1). SSI and TOL is the best criteria or
determining that landrace is tolerant to drought or
not. The results obtained in this study are in
agreement with those reported [2].

Principal Components Analysis:

For determining the relationships between index
for drought tolerance and grain yield in stress and
normal condition, multivariate principal component
analysis was used (Table 2). Using principal
components analysis, were justified the first two
components of a total 99.83 percent of the changes
between the data. Table 2 shows that a first
component involves high percentage of the total
change (75.18). With using of PC1 and PC2

components in GGE biplot, the comparison of
Southern-Khorasan, Pars, Yazd and Golestan
landraces with other landraces, showed the more
trend of these landraces to Yp (Fig. 1). This indicates
that drought tolerance in these Landraces more is due
to its high yield in condition non stress and
determined as the best genotypes in drought
condition (Fig 1). 

Landraces and well stress tolerated index based
on yield in normal and stress conditions were
grouped by using cluster analysis and relevant groups
in the Bi-plot graphs were determined. The aim of
cluster analysis was to identify the landraces with the
most of genetic distance. The results of category
separated the landraces in two different group
including, landraces of Southern-Khorasan, Pars,
Yazd and Golestan and other landrace was in the
next group. The first group is high yielding landraces
with different genetic background that could be
advised for cultivation and breeding programs. So the
available genetic diversity among the Iranian cumin
population could be lead to produce high yielding
cultivar of cumin [5]. According to this study, The
best drought tolerant landraces were the first group
landraces.
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Fig. 1: Biplot of two main components and quantitative indices of drought stress Yp and Ys.

Table 1: Indicators of drought stress tolerance of cumin land races
Land racesSSI TOL GMP STI HM YP YS
Kerman 1.11 0.71 0.9 0.67 0.92 1.33 0.617
Khorasan-Razavi 1.2 0.72 0.8 0.52 0.75 1.24 0.52
Southern-Khorasan 0.77 0.49 1.02 0.86 1.15 1.3 0.81
Pars 0.83 0.52 0.99 0.8 1.13 1.28 0.76
Esfahan 1.04 0.47 0.65 0.35 0.62 0.93 0.46
Yazd 1.14 0.64 0.78 0.5 0.72 1.17 0.52
Semnan 0.95 0.68 1.1 0.99 1.18 1.49 0.81
Golestan 0.89 0.52 0.91 0.68 0.95 1.21 0.68
Northern-Khorasan 1.09 0.55 0.71 0.42 0.76 1.04 0.49
 
Table 2: Principal component analysis (PCo) for stress and non-stress conditions.
Indices used in PCo analysis Components

-----------------------------------------------------------
PC1 PC2

SSI -0.753 0.657
TOL 0.019 1
GMP 0.993 0.116
STI 0.993 0.096
HM 0.997 -0.046
Yp 0.863 0.505
Ys 0.992 -0.126
Special  values 5.26 75.18
Cumulative variance (%) 1.72 99.83
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