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Table. 3 The comparison of agro-morphological and yield characters of 24 accessions of cumin
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Ao, N0 8 umbile oo P 6 i Tl Esntl il s
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1 1293 of 314 ¢ 1655 o 23.45 4i 2287 we 3.18cn 413 b 1741 oe 0081 o5 2.04 4
2 1357 be 317 4 2200 & 2225 g4 2289 .. 3.18.42.07 w 623 i 0039 3 189
3 1356 be 335 @ 1759 cf 2733 1o 1575 & 405 4 477 by 17.68 og 0126 e 2.64 o4
4 1223 o 34l o 1696 o 22.81 ¢ 1794 e 3.70062.16 @ 733 w0056 ¢ 257
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6 1253 def 351 ap 20.88 spc 22.50 i 2630 ac 3.304n2.69 g 841 i 0.050 o5 1.94
7 1337 be 352 ag 1580 o 2542 o 1733 e 3.354n2.24 o 824 i 0.045 n; 199 a
8 1417 =0 356 cg 22.07 5 2417 i 3126 we 2.88 ;1422 bu 1639 o 0088 4 207 o
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13 g70 & 367 by 1859 e 2225 wi 2615 o 2.83 5 5.8 pr 1213 4 0054 4 103,
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15 1343 ve 3.83 ap 16.89 cf 26.50 1y 3268 & 34555552 pe 1455 by 0.136 bea 246 oy
16 397 br 385 ap 1941 o0 2822 ae 3350 4 3.83,4428 oy 1197 i 0.124 o 291
17 348 be 393 ar 1733 o 2933 4 2792 44 3.62.43.29 o 976 & 0082 45 254 .
18 1597 et 396 ar 16.19 wr 28.39 we 3515 0 3.03 822 o 1905 e 0193 ap 234 oy
19 343 be 400 op 1922 o0 3122 4 2949 g 3.974c3.76 an 20.50 & 0.106 o 2.78
20 470w 405 . 1990 .o 2824 e 2971 g 420 4 461 bu 1601 o 0119 o 257 .
21 453 abe 411 g 1650 o 2290 o 1170 o 3104 198 622 0020 , 100
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Values followed by the same letters within a column are not significantly different by Duncan test.
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Table 4. Correlation coefficients between phenological, morphological traits of yield and yield components of cumin
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. Days to Umv\w to 30 Crown and Plant  Physiological No. of No. of stem No.of = No.of  Total  Plant _ooo "~ Essential
Traits stem % canopy arca  height maturit umbel/p branches umbellate/ seed/ plant  seed grain oilo
elongation flowering Py & Y lant umbel umbellate biomass yield  weight ?
K (50) 201"
Days to 50 % flowering ’
SE ST -493"  -323
Crown and canopy area
Uy ela ) .
Plant height 025 069 432
qmt_&w cwenc. 013 -.030 -119 -139
Physiological maturity
i el
No. of umbel/plant 178 -025 -062 229 -171
£l L) aws
No. of stem branches -.062 .029 .106 -.033 .066 -.074
a3 S iaalaal
No. of umbellate/ .088 .140 .148 127 .005 .010 214
S i o4l s o o
No. of seed/ umbellate .088 078 194 .102 116 -012 377 767
s 5009 176 =022 292" 407" -018 120 212 194 148
Total plant biomass
- _ .o . sk o * **
005 -263° 076 372 331 -.098 185 252 206 155 725
Total plant biomass
s fim s
o \w > ) -.066 -228 .040 273" 124 .064 .099 127 .200 238" 183
1000 -grain weight
Ll . - . - - .
> .kbke -.127 -.245 208 436 -.042 299 .098 .306 156 325 .146 .529
Essential 0il%
Sl 5 Shos
o -.205 -.133 366" A485™ - 111 .083 0.279" 324 223 718”858 .401™ .586™

Essential oil yield
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. ** indicate significant correlation at 1 % probability level and other Pearson coefficients with no asterisk indicate non-significant at 5 % probability level.
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Table 5. Results of stepwise regression analysis for cumin germplasms with essential oil yield as

dependent variable (g / plant)

e el
Traits Determining coefficients F

RZ Rzpanial
s 74.67"

Total plant biomass 0.509 0.509
oo 46.18"

1000-seed weight 0.560 0.051
s 34.24"

< 0.584 0.024

Crown and canopy cover
ST YU N -
0.602 0.018 :

No. of umbellate/umbel

o8 4 o e 85 e 3 Slis il Gl L il 3 Shes St Sole 4525 (9) st

Table 6. Pathway correlation analysis of essential oil yield and the other remaining traits using

stepwise regression model

Indirect effect
@ Z
S B, 2
ho gl e £ g, ¢ 2 s
Trai o T . 28 BE% EG Total eff
raits = e 5 & & o Ak R otal effect
e 2 ¢ &y g ¢ e
2% 2 ¢ Ba E g
g g ¢ 3 < g &
- S z
%) a o
o @
G009
i 0.583 0.056 0.047 0.03 0.717
Total plant biomass
.
i 0235  0.138 0.006  0.019 0.4
1000-seed weight
s U
TERIT 0.162  0.162  0.009 0.023 0.365
Crown and canopy area
S )3 &S pslas
No. of 0.156 0.113  0.029 0.024 0.324

umbellate/umbel

Residual effect =0.613
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Table 7. Eigenvalues, variance rate and specific vectors coefficients in PCA for 24 cumin cultivars

Variables & juia PC1 PC2 PC3 PC4
Gl o 031 -0.17 -0.14 0.04

Crown and canopy cover

s pldi ) 0.32 0.26 -0.03 -0.09

Plant height

A IS5 0.34 0.17 -0.09 0.19

Total plant biomass

ala o) 0.36 -0.11 -0.35 0.03

Seed weight

bl 2 50 0.34 0.22 0.25 -0.23

Essential 0il(%)

bl 3 Sl 0.42 0.03 -0.14 -0.04

Essential oil yield

oS iy slaas 0.05 0.43 0.28 0.27

No. of umbel/plant

R4l ala e 0.15 -041 0.12 0.02

Days to stem elongation

Culila y il 0.09 -041 -0.35 -0.25

Harvest index

Sy 4la -0.07 -0.28 0.35 -0.24

Physiological maturity

stage

i S s alaad 0.24 -0.28 0.35 0.27

No. of umbellate/umbel

Syia by slawd 0.15 -0.32 0.45 0.21

No. of seed/umbellate

AR als 5 -0.12 -0.03 -0.12 0.61

Days to 50 % flowering

sy 0 S yia olaad 0.28 0.00 -0.05 0.30

No. of umbellate/plant

aila )l oo 0.23 0.16 0.27 -0.37

1000-seed weight

o}j ﬁJGA

Eigenvalue 4.97 2.06 2.02 1.62

i il )l 0.33 0.14 0.14 0.11

Relative variance

el pail )l 0.33 0.47 0.60 0.71

Cumulative variance

Az ol ladil po 3 (6 2k (2500 6ols ool e 0 diS Lo O 3 48 (gnlael

The underlined numbers exhibit the highest value in the main components.
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Fig 1. Dendrogram obtained from cluster analysis on all the evaluated traits of 24 cumin ecotypes

by Ward linkage input method.
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Introduction

Cumin (Cuminum cyminum) is an economically important plant from the
Apiaceae family. It has medicinal properties and exhibits tolerance to drought
stress. Cumin is mainly cultivated in Iran, India, Syria, Pakistan and Turkey and
1s widely used in foods, beverages and perfume and pharmaceutical industries.
The mature dried fruit of cumin contains 2-5% essential oil (Gohari and Saeidnia,
2011, L1 & Jiang, 2004). It is a monotypic species with low phenotypic and genetic
variability (Bahraminejad, ef al., 2011). Evaluation of variability in plant species
for genetic resources preservation and practical and scientific application of these
plant germplasm resources are crucial for plant breeders. Attempts were made in
this research to investigate various morphological and phenological traits as well as
yield components and essential oil yield of cumin and also to explore relationship
between cumin yield and its components. This will help identify traits that have
impact on seed and essential oil yields of cumin so that they can be used for indirect
selection on farm level.

Materials and Methods

This study was carried out at research station of agricultural research and

education center of Khorasan Razavi, Iran during 2012-2013 cropping season. In
this experiment, 24 cumin ecotypes obtained from plant genetic bank were tested

Email address of the corresponding author: mfaravani@gmail.com

16



in a completely randomized block design with three replications. Seed samples
were first cultivated in the greenhouse and then transferred to the field and were
grown under drip irrigation conditions. Phenological stages for each ecotype were
recorded as follows; days to 50 % of seedling emergence and stem elongation, days
to 50 % flowering and at physiological maturity. At the end of growing season,
five plants were collected from each plot and were transferred to laboratory to
measure the morphological traits. To determine the contribution of each trait to
total variability and to decrease the volume of data that needs to be processed and to
better interpret the relationships between the traits, analysis into main components
was performed for the measured traits of cumin ecotypes and dispersion diagram
was constructed on the main components.

Results and Discussion

According to the results, there was a significant variation (p< 0.05) among
the genotypes for the phenological characteristics (days from sowing to stem
elongation (16-3 days), to 50% flowering (39- 63 days) and to physiological
maturity (85-94 days)) and also for the morphological traits. The number of stem
branches in the genotypes was significantly (p < 0.05) different (3.5-5.7). The
observed differences in the yield components were: number of umbels per plant
)8.5-8.7(, number of umbellate per umbel (3-4), number of seeds in umbellate
(23-13), 1000-seed weight (2.8-4.2 g), total plant biomass (6-22 g), seed yield per
plant (2-8 g), essential oil percentage (0.99-3.11) and essential oil yield (0.02-0.2
g/plant), which were significantly different at p < 0.05. The results of stepwise
linear regression analysis showed that the total plant biomass was the first trait
that entered to the regression model and alone accounted for 51% of the variations
in essential oil yield. The three more characters entered to the regression model
included 1000-seed weight, crown and canopy area and number of umbellate per
umbel, which explained 60% of variation in the dependent variable (essential oil
yield). In order to identify the direct and indirect effects of traits on seed yield,
path-way analysis was performed based on the variables entered into the final
regression stage. The number of stem branches and number of umbels per plant
had the most direct effect on seed yield and essential oil. PCA and cluster analysis
were used to identify the genetic distance among accessions. The first and second
component in cumin explained 71% of variation in the variables. Crown and
canopy cover, plant height, plant weight and essential oil percentage were found
to be the most important traits in cumin. The accessions located in cluster 1 were
mainly originated from Markazi province, which had lower essential oil yield.

Conclusion

The traits including total plant biomass, number of umbellate per umbel, crown

17



«Applied Research in Field Crops» Vol 31, No 3, 2018

and canopy cover and 1000-seed weight had the most direct effect on the essential

oil yield of cumin. These traits were identified as a suitable criterion for determining

the production ability of cumin ecotypes.
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