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Abstract

Background and Objectives

Cumin (Cuminum cyminum L.) is one of the most important aromatic and medicinal plants in the
world. It has a short life cycle (100-120 days) and needs little water for its growth cycle.
Therefore, it is suitable for cultivation in arid and semi-arid regions of Iran. Different indices,
including tolerance (TOL), mean productivity (MP), geometric mean productivity (GMP), stress
tolerance index (STI), stress susceptibility index (SSI), harmonic mean (HM), yield index (Y1),
and yield stability index (YSI) have been employed for screening the stress tolerant genotypes.
Due to the economic, medicinal, and aromatic importance of cumin, this study evaluated elite
genotypes for drought tolerance in cumin in order to develop improved genetic population for
farmers’ usage.

Materials and Methods

The experiment was carried out in the research field of Shahid Bahonar University of Kerman,
during the growing season of 2016-2017. In this study, 15 elite genotypes in cumin were
evaluated using a randomized complete block design with three replications in two different
environments, including normal and stress conditions. Stress treatment was cutting-off irrigation
at the early flowering stage. Seed yield (ton/ha) was measured. Tolerance indices were calculated
for genotypes based on the seed yield. To find suitable indices in order to determine the tolerant
genotypes, the correlation coefficient between the calculated indices Yp and Ys was performed.
To evaluate the relationship between the tolerance indices and the studied genotypes, principal
components analysis (PCA) was performed. In order to use all tolerance indices simultaneously,
an equation was used for estimating the stress tolerance score (STS).

Results

The results of the correlation analysis revealed that GMP, MP, and STI indices were positively
correlated with seed yield under both stress and non-stress conditions. Therefore, they can be
suitable indices for determining tolerant genotypes. Principal components analysis (PCA) showed
that the first and second Principal component explained 61.89% and 37.52% of the total
variation, respectively. According to the bi-plot graph, genotypes No. 7, 12, 8, and 13 with high
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MP, GMP, and STI scores and low TOL and SSI scores had the highest tolerance to drought
stress. Based on the calculated STS (stress tolerance score), genotypes No. 7, 4, 12, 8, and 13
were the most tolerant genotypes and genotypes No. 14, 10, 6, 9, and 2 were the most sensitive
genotypes, respectively. These results were identical with the results of bi-plot analysis.
Moreover, this equation is much easier to be used than the multivariate analysis, such as principal
components analysis (PCA).

Discussion

The aim of this study was the evaluation and selection of tolerant genotypes with high seed yield,
and based on the results obtained from all the applied methods, it can be concluded that
genotypes No. 7, 4, 12, 8, and 13 are identified as tolerant genotypes and were recommended to
develop improved genetic population after being-tested in other places.
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Table 1. Mean of seed yield in normal (Yp), water stress (Ys) conditions and tolerance indices for the elite genotypes in cumin

w95 oyl
STS YSI Yl HM SSI STI GMP MP TOL Ys Yp ¥
No. of genotype
-1.97 0.95 0.78 14 0.15 0.27 14 14 0.08 1.37 1.44 1
-2.95 0.98 0.68 1.2 0.06 0.2 1.2 1.2 0.03 1.19 121 2
-0.28 0.89 0.95 1.75 0.31 0.42 1.76 1.76 0.2 1.66 1.86 3
7.3 0.64 154 3.27 1.00 1.53 3.35 3.43 1.48 2.69 4.17 4
-1.07 0.84 0.90 1.7 0.45 0.4 1.71 1.72 0.3 1.57 1.87 5
-7.37 0.30 0.51 1.38 1.96 0.36 1.63 1.93 2.06 0.9 2.96 6
12.35 0.99 1.95 3.43 0.02 1.6 3.43 3.43 0.03 3.42 3.44 7
4.8 0.94 1.36 2.46 0.18 0.82 2.46 2.46 0.16 2.38 2.54 8
-3.26 0.46 0.79 1.89 1.52 0.57 2.04 2.2 1.63 1.38 3.01 9
-7.97 0.20 0.47 1.38 2.24 0.46 1.83 2.44 3.22 0.83 4.05 10
0.59 0.47 1.05 251 1.50 0.98 2.96 2.88 2.08 1.84 3.92 11
6.74 0.85 1.52 2.88 0.43 1.14 2.89 2.9 0.48 2.66 3.14 12
4.1 0.98 1.30 2.29 0.05 0.71 2.29 2.29 0.04 2.27 2.31 13
-9.6 0.20 0.38 1.09 2.25 0.29 1.47 1.96 2.61 0.66 3.27 14
-1.48 0.95 0.82 1.48 0.14 0.3 1.48 1.48 0.07 1.44 151 15
(Stress susceptibility index) s 4 Cowlus Lesls 1SS (Seed yield in normal condition) =,k J 5 Ll 55 555 8 4l 5 Shes 1Y,
(Harmonic Mean) ¢ sl .Sk *HM (Seed yield in water stress condition) b, 25 Lol 5 55 G 65 «ls 5 Shas 1Y
(Yield index) » Sles Ll 1Y (Tolerance index) o> Lesli :TOL
(Yield stability index) s e bl Lesls 1YS] (Mean productivity) J s -5ts :MP
(Stress tolerance score) _:s 4 Joss 5Ll :STS (Geometric mean productivity) 435 ws Sk :GMP
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Table 2. Simple correlation coefficients between tolerance indices and seed yield in normal (Yp) and water stress (Ys) conditions in the elite genotypes of cumin

Sei% o sl
10 9 8 7 6 5 4 3 2 1 eI
No. of genotype
1 1
1 0.23™ 2
1 -0.50™ 0.72" 3
1 0.22™ 0.73” 0.84™ 4
1 0.96" -0.04"™ 0.88" 0.66 5
1 0.99” 0.95" -0.07™ 0.89" 0.63" 6
1 -0.16™ -0.13™ 0.13™ 0.98™ -0.57" 0.64" 7
1 -0.31"™ 0.98" 0.98" 0.89” -0.23™ 0.95™ 0.50"™ 8
1 0.95" -0.57" 0.87" 0.88" 0.73" -0.50™ 0.99” 0.23" 9
1 0.57" 0.31™ -0.99" 0.16" 0.13™ -0.13"™ -0.98" 057 -0.65 10
(Stress tolerance index) iz Joss Lesli 6) (Seed yield in normal condition) b, Ju Ll 5 53 co 55 s @ls 5 Shee (1)
(Stress susceptibility index) _:s 4 cowles jasls (7) (Seed yield in water stress condition) .z b, ji5 Ll s s 55 a 4ls s Sles (2)
(Harmonic Mean) <G pols Kle 8) (Tolerance index) jfoss Lasls (3)
(Yield index) s Sles etz Q) (Mean productivity) W s St @)
(Yield stability index) s Slee ¢ vl Lesla (10) (Geometric mean productivity) 435 wis oSk G)
** *and ns: significant at 0.05, 0.01 probability levels and no-significant, respectively. ol gnn e NS (P < /00 s gme ¥ (P <o/e ) Sls gme sl
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Table 3. Principal components analysis based on the tolerance indices in the elite genotypes of cumin

( ie
10 9 8 7 6 5 4 3 2 1 kel sl
Principal components
ol ol adl3
0.093 0.865 0.972 -0.095 0.993 0.999 0.971 -0.07 61.89 4.95 . o o el e
First principal component
r)} LsL&‘ MJ}A
-0.993 -0.498 -0.222 0.993 -0.062 -0.035 0.227 0.995 99.42 3.00 o
Second principal component
(Stress tolerance index) is Joss Lesle 6) (Eigen Value) .5 5 jluze (1)
(Stress susceptibility index) s o coslos Lesls (7) (Cumulative variance%) sess wib,ls Lwoys )
(Harmonic mean) ¢S sl Kk (8) (Tolerance index) Juss _esli 3)
(Yield index) s See Laxls () (Mean productivity) J s Sk @)
(Yield stability index) s Stes sl Lesls (10) (Geometric mean productivity) Wy .us o Ske )
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Figure 1. Biplot analysis graph for tolerance indices in the elite genotypes of cumin based on the first
two components (The numbers in the figure represent genotype position in the biplot)

(Safari etal., 2017) 1l o YU .>J§L..p sla el MP 3 STIGMP sl glis 45 rl>.=§| oo

WY 53 0Ls ol (slaadljo a4 gl GOl 5 ity U a1 Ot (g polin



aj.".j S ‘_;\Ag_ﬂ_;}.’j é.&a— LY J.o:d ‘;\4”))\ Q‘)&QA 3 5‘}'@‘)"

g b o ol dizes 25 4 oo Sl
Voojlead Slas 55 b S a0l 5 o D6l s g0
3 Ly s el pslger b3 4TI SA Y
3 e pas e Sl 5 g Al 8
S3smipss b )3 A 58 AP N osled a3
bl o (S el Lok ol S s
ol baulos (STS) a5 4 Jase jlael I
SO Jadr 53 e g5 o @l (4) dslee ol
IS SA Y F Vol Glac s s Ll ol
3 o J—ee STS Hlude cp i 055 1515 L
Lsbcsfaa ¥ 58 F O OF ool slacs )
e b 55 F rlea STS e (o 287 055,
2L a5 e edalin S 4 S 0len i
5Ll e DL ool slaail 3o 4 4 2 5 ool
55 0laT & slas 3l sl 45" Sl Il 53 ol
Sl slaadfo a0 pinedir Gla B
23 Jromin Sla s 55 o) sla S i il oo

el o 4{‘)‘ (¥) d)-\?-

\Aitd

ol adie 93 bug b esls Ol S 5l Ao
ML 1o smd (¥ ) 555 0 ar 55 £33 5 U]
ol (0 S8 s 8y adle 93 ol el
93,5 a1y Ol i a3 PV Lol 4dd 5
GMP MP sla osli L oYU 5 oo Socas
ol YU sl aS” T 1ol Y1 HM (STI
wdlge 15 o Mol oo AT 4 Joond e b Lo
IS 5 Aoy YVAOY el (il s e ad 3 |,
Gl b o 5 pd (ool adl e Lo O e
SSI TOL (sla ol b Vb 5 Cutte  Stumen 4d) 3o
23lae s YSI et la b oV 5 ite  Sies
3 A Sl K3 SSI 5 TOL (sla el sVl
DR A e el YSI e Li (YL lise
gl pss ol acdl 3o Ol o cal a2 e
ot 4l 3o SV palie > T ()1 b 5 4 ol
ol adl 5o o aly 3l 5 5 4 Joos KL il
C}JWldny);.Maﬁouébdzu«i

g}.‘.i\—i Ji.sl_inj u:,.._'; “ C,.;_ML..:- sdasOlis YL’ ﬁ)ﬁn

o 0923 Joomio SIS 9 (qwyy D950 Cume 5O (£15) Olao (1wSlo —¢ J9o
Table 4. Mean of agronomic traits in studied population and tolerant genotypes of cumin
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1.61 3.59 1649 5.76 14 31 24.08 13
2.28 3.79 1361 5.18 13.65 30 21.62 Mean
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