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Table 1. Physical and chemical characteristics of experimental field soil

Sepslealas g el Fd oS Al cdl
EC (mmol) N (%) K(ppm) P(ppm) OC (%) pH Texture
0.5 0.152 310 15.25 1.25 7.50 =09
Loam clay
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Table 2. Studied lentil genotypes

gl pb Geigi) oslodd gl el g oyl

Genotype name  Genotype number  Genotype name  Genotype number
FLIP2011-13L 10 PercozR-4605 1
FLIP2010-90L 11 FLIP-51L 2
FLIP2011-13L 12 FLIP96-46L 3
FLIP2007-133L 13 FLIP2010-81 L 4
FLIP2009-52L 14 FLIP2010-88L 5
ILL754*ILL 15 FLIP2011-17L 6
ILL6434*ILL 16 FLIP2010-40L 7
Kimia 17 FLIP2010-50L 8
Gachsaran 18 FLIP2010-70L 9
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Table 3. Analysis of variance (mean squares) of agronomic traits in lentil genotypes

5 abio Rl g gl =55 45l slaws B 5, Sy U 39, Wg yd Sy olaxd
SOV &l Plant Number of Days to Days to Number of leaves per
. df Height branches flowering maturity plant
<
’_’SJ . 2 22.88™ 14.42™ 48.22™ 6.01™ 1.85™
Replication
w5 17 3239.40" 102,04 3.09" 3.79™ 39.38"
Genotype
el sl 34 2114 5.75 5.20 4.39 8.73
Error
Sl o
(203) - 9.94 3.98 1.85 1.45 9.01
CV (%)

S g e NS 100 0 5 wuo oy Sl ghaw )0 o Je (ol Sy s g %

*and **: Significant at 5% and 1% probability levels, respectively; ns: Non significant
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Continue of Table 3.

JT ‘): g yo JS olaws gy yo A oluwi SBUE 5o ailo olaws gy o Aild dlaws aildYee 39 Sl s
o3l Number of Number of pods  Number of seeds  Number of seeds 100 Seed .
SOV . Seed yield
df flowers per plant per plant per pod per plant weight
’l_’g . 2 14.24 0.01™ 10.77m 0.22™ 0.35™ 7424
Replication
%) 17 102.04™ 2.07" 3.15™ 0.96" 0.55™ 1856715™
Genotype
el sl 34 5.75 2.25 12.16 3.63 0.21 121364
Error
Ol g
(%23 - 3.98 8.77 15.74 12.34 9.71 37.44
CV (%)

S sire pne NS tao )0y g do oy Jloiol mhaw )8 lo gixe ol gy s

*and **: Significant at 5% and 1% probability levels, respectively; ns: Non significant
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Table 5. Comparison of mean agronomic traits of lentil genotypes

T ] (o iilw) "ai gy £ a5 =55 a5l olasy LRSS TS) Sy U 39, gy Sy dlax
Genotype Plant height (cm) Number of branches  Days to flowering  Days to maturity  Number of leaves per plant
Precoz-4605 24.000%f 9.33% 31.66" 124.33% 142.66%
Flip-51L 24.332cd 7.00¢°df 37.00% 124.33% 142.66%
Flip96-56L 26.33% 7.66 36.00% 121.66° 142.66%
Flip 2010-8Li 27.33bcde 5.66 30.66%% 121.66° 143.66%
Flip2010-88L 26.66" 5.77% 31.66" 121.66° 143.33%
Flip2011-17L 26.00% 9.00% 31.330 121.33* 142.33%
Flip2010-40L 24.000%f 6.66%f 26.00° 122.66° 143.00?
Flip 2010-50 L 28.00z2bcde 7.00¢f 27.00% 124.00° 145.66°
Flip 2010-70 L 36.66% 8.332bc 27.00% 123.007 143.00°
Flip 2011-13 L 28.332cd 6.66%f 36.66% 123.33° 143.33¢%
Flip 2010-90 L 30.66%° 8.00%0d 37.662 123.33° 145.002
Flip2011-13 i 32.007 8.00%0d 26.33¢ 122.33% 144.33%
Flip 2007-132 L 31.66% 5.33¢9 31.330 122.66° 145.332
Flip 2009-52 L 24.33% 6.33°M 35.33%¢ 123.33° 144.002
ILL754*ILL 26.66" 8.0020¢d 35.66% 123.33° 144.002
ILL6434*ILL 19.66° 9.00% 34.00%° 122.66° 145.66°
Kimia 23.66% 6.66%f 33.330 124.002 144.332
Gachsaran 24.66¢ 6.66%f 33.66%° 124.66° 143.63%

5,05 (gl sire BB woys iy Lot gl o (LSD) o sime B JBlas yz03T bl s eygias o 50 S ie g > sl oSl *
* Means followed by the same letters in each column are not significantly different according to least significant difference (LSD) test (p<0.05)
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Continue of Table 5.
ails o Sloc
e #di g yo J5 oluwy agy yo ML Slaay ML 50 aild Slay gy yo aild oluws (p55) aloYee 439 LSa /5 oleS)
Ge?nnof) e Number of flowers Number of pods Number of seeds Number of seeds 10_0 seed G . P”_"l”s
yp per plant per plant per pod per plant weight (g) Grain yield
(kg/ ha)
Precoz-4605 66.33 8.66% 1.332 15.66%* 4 53bedef 820.8%d
Flip-51L 67.33® 7.33° 1.307 16.63% 4 50¢df 1211.7%¢
Flip96-56L 70.66° 7.33° 1.20° 14,66 4,76 655.8%
Flip 2010-8Li 60.00°" 7.00° 1.522 14.00° 4, 73bcde 901,73
Flip2010-88L 58.33%" 7.66% 1.46% 12.33¢ 5.26% 882,50
Flip2011-17L 63.33% 7.33° 6.432 16.66% 3.80 1231.8%
Flip2010-40L 59.00%" 8.00%° 1.46% 17.33% 4.26%f 900.07d
Flip 2010-50 L 60.00°f" 7.33° 1.56% 15,332 4,932bed 1245.8%
Flip 2010-70 L 48.66' 7.33° 1.56% 15.66%¢ 4,968 554.24
Flip 2011-13 L 51.00' 7.33° 1.76 16.66% 4,605 755,80
Flip 2010-90 L 50.33 7.33° 1.56% 15.66%° 4.16¢ 1463.3°
Flip2011-13 i 61.66°9 9.00% 1.36 16.33® 5.038%¢ 104423
Flip 2007-132 L 59.33" 8.66% 6.532 15.00%¢ 5,032 112520
Flip 2009-52 L 62.66° 7.66% 1.46° 13.00 4,830 720.00°
ILL754*ILL 62.00%f 8.00% 1432 14.66%° 4,53 500.09
ILL6434*ILL 60.00¢f9n 8.33% 1.80° 17.66° 5.66° 830.8
Kimia 57.33" 10.00? 5.00? 16.33% 5,028 970,87
Gachsaran 65.66 9.33® 1.36% 14.66% 4 5bedef 850.00

55 (g o sime BN aoyd gty Jleis | laws j0 (LSD) jlo sime s JBlax 05T ol 1 eiygi 12 50 5 i By gl slopuSilea ©
* Means followed by the same letters in each column are not significantly different according to least significant difference (LSD) test (p<0.05)
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Table 6. Statistics characterization measurements of lentil genotypes

las (0)0) Ol i Cy o (Slio SSlas Jlos Hlzo Bl il
Variables CV (%) mean Maximum Minimum Standard deviation
Ut 2 S st 58.12 32.72 37.66 26.00 3.64
Number of leaves per plant
g 2 S ot 17.84 7.99 10.00 7.00 0.83
Number of pods per plant
D 2 o olass 39.43 227 6.53 1.20 1.84
Number of seeds per pod
s s s
©t 0 48 S 30.18 15.44 17.66 12.33 1.40
Number of seeds per plant
A 2 5 Sl 1.37 60.20 70.66 48.66 5.83
Number of flowers per plant
e 2l sl 145 61.22 72.66 49.66 5.83
Number of branches
(Raile) S5 €5, 70.25 26.94 33.00 19.66 383
Plant Height (cm)
2 B sy 21.79 122.99 124.66 12.33 1.01
Days to flowering
oy U sy 24.11 143.95 145.66 121.33 1.12
Days to maturity
() o) 03 40.09 472 5.66 142.33 0.04
100 seed weight (g)
LSa/ 0,5 H|
(ol F5L5) b 2,851 78.65 930.13  1432.00 554.20 248.85
Grain yield (kg/ha)
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Table 7. Correlation of measured traits of lentil genotypes

Slao

. X1 X2 X3 X4 X5 X6 X7 X8 X9 X10 X11

Variables

X1 1

X2 0.194" 1

X3 0.097™ 0.319" 1

X4 0.211" 0.086" -0.210" 1

X5 0.116" 0.185" 0.200" 0.155" 1

X6 0.118™ 0.113™ 0.073™ 0.132" 0.155" 1

X7 0.126" 0.122" -0.370" 0.061™ 0.109™ 0.120" 1

X8 0.042 0.204" -0.042m 0.021™ 0.114" 0.361" 0.036™ 1

X9 0.213" 0.416™ -0.181" 0.110" -0.146" 0.052™ 0.045™ 0.119" 1

X10 0.080™ 0.297" 0.107™ 0.162™ 0.090™ 0.093™ 0.188" -0.018™ 0.556" 1

X11 0.211" 0.086™ 0.335" 0.234" 0.610™ 0.062™ 0.281" 0.017™ -0.089™ 0.314" 1

G 55, X9 (25U 59, X8 (ais gl XT e 8 a3l olaws X6 gy jo J5 olaai X5 g o ails slows X4 (3 (o ails slows X3 waigs ,0 B slaws X2 g 0 5y olaws X1

ails o Slas X1L wailo) + + 39 :X10 « Sow,

g e NS 0 1308y 5 o oy Jloiol mhaws j5 s s e 5 ™ g

X1: number of leaves per plant, X2: number of pods per plant, X3: number of seeds per pod, X4: number of seeds per plant, X5: number of flowers per plant,
X6: number of branches, X7: plant height, X8: days to flowering, X9: days to maturity, X10: 100- seed weight, X11: grain yield
*and **: Significant at 5% and 1% probability levels, respectively. ns: non significant
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Table 8. Principal component analysis for 18 lentil genotypes on their characters

wlao Y adlio Y adlgo Y adlje f adlio O addjo
Variables Factor 1 Factor 2 Factor 3 Factor 4 Factor 5

Ly 10 S ol

0.025 -0.016 -0.331 -0.557 -0.159
Number of leaves per plant
S 2 Bl Slass 0,029 0.489 10,430 1.001 0.036
Number of pods per plant
D 2 oo slass 0.094 0.104 0.500 0.163 0.347
Number of seeds per pod
S o b ol 0.104 0.014 0.455 0.309 0.322
Number of seeds per plant
U 2 5 ol -0.565 0.042 0.084 0.130 0.187
Number of flowers per plant
e L sl -0.575 -0.062 0.084 0.135 0.178
Number of branches
Gasils) g glis )|
. 0.310 0.315 -0.056 0.136 0.505
Plant Height (cm)
P U ss 0.029 0.346 0.152 -0.586 0.475
Days to flowering
o B 5”_ 0.457 -0.316 0.027 0.136 0.201
Days to maturity
(P €2+ s 0.144 -0.545 0,139 0.392 0.006
100 seed weight (g/m?)
(LSalp,5olS) ails 5 Shoe
0.118 0.362 0.434 0.000 0.397
Grain yield (kg/ha)
oy ke 273 1.86 176 132 0.95
Eigenvalues
.&L‘Ub .NM 0.249 0.170 0.160 0.120 0.087
Relative variance (%)
e e 0.249 0.419 0579 0.699 0.786

Cumulative variance (%)
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Fig. 1. Byplot diagram of 18 lentil genotypes based on principal component analysis of 11 studied traits
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Table 9. Factor analysis for 18 lentil genotypes on their characters

Slawo ) adl3o Y adao Y adao ¥ adzo
Variables Factor 1 Factor 2 Factor 3 Factor 4
U g S ol 0.082 0.042 0,119 0.557
Number of leaves per plant
92 B st 0078 0179 -0.265 0.216
Number of pods per plant
D 2 ol olass 0.047 0.054 0.119 0.955
Number of seeds per pod
g 2 o olass 0.111 0.081 0071 0.085
Number of seeds per plant
i ¢ s
g JF ol -0.980 0.044 -0.022 -0.026
Number of flowers per plant
5 sl slss
2 T S -0.890 0.054 -0.032 -0.062
Number of branches
5o £lis )|
©r &S 0.240 0.056 0.064 0.008
Plant height
= B sy -0.030 0.023 -0.951 0122
Days to flowering
ey s 0.453 -0.463 -0.122 0.039
Days to maturity
aloye e 039
0.060 -0.950 -0.330 -0.061
100 seed weight
4 0,5 0.025 0.145 0033 0.173
Grain yield
ol e 2.1 118 103 101

Relative variance (%)
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Fig. 2. Dendrogram obtained from cluster analysis of 18 lentil genotypes
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Introduction

Due to the increasing need for agricultural products and the limited water and soil resources for growing
crops, it is necessary to study genetic resources, and on the other hand, genetic materials are resources that
are considered valuable for plant breeding specialists who try to collect and maintain and evaluate these
materials. Iran is one of the main centers of genetic diversity in the world. Identifying the morphological
traits is the first step in classifying and describing the pattern of each plant, and several scientists have
attempted to classify and measure the phenomenological diversity of specimen collections of various
legumes, including lentils. Since Iran is one of the centers of lentil diversity in the world, it is predicted that a
great diversity will be found among the native populations of this plant.

Materials and Methods

In order to evaluate the efficiency of multivariate statistical methods in identifying the most important
traits affecting grain yield and genetic pattern in lentil genotypes in Ilam province, an experiment as
randomized complete block design with three replications using 18 lentil genotypes (two local cultivars) in
Sarablah Agricultural Research Station per year was implemented in 2018-2019. Selected traits included the
number of leaves of a plant, the number of seeds in a pod, the number of seeds of a plant, the number of
flowers on a plant, the number of lateral shoot, flowering and maturity dates, the estimated weight of 100
seeds and final grain yield.

Results and Discussion
Based on the variance analysis, all traits showed meaningful differences until the experiment day except

the number of seeds in a pod and the number of pods of a plant. The genotype named 11 (Flip 2010-90L) and

genotype named 15 (ILL 754* ILL) showed the highest and the lowest grain yield, respectively which were
1432.3 and 500 g.m™. The estimated weight of 100 seeds (r= 0.314) and the number of pods showed the
highest positive correlation with grain yield. The basic derivatives of the analysis showed the amount of
more than one. The validation amount of total variance was 69.9%. Furthermore, the first and second agents
showed the most amount of total variance, which was 3.39%. The six positive traits were the amount of
seeds in a pod, the amount of seeds in an herb, the length of the plant, the estimated weight of hundred seeds
and the functionality of the plant. In addition, the second positive agents included the number of seeds in a
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pod, the number of leaves in an herb, the length of the plant and the number of lateral shoots. This study was
employed in order to determination of the excellent genotypes regarding the studied traits. Another aim of
this research was the enhancement of the availability to the lentil sources. In this study, a wide variety of
seed traits such as 100-seed weight and phenological traits such as flowering date, number of seeds per pod,
number of leaves per plant and plant height which can be used in breeding programs were recorded.
According to statistical analysis, it was found that the studied genotypes have good diversity in terms of
grain yield. Number of seeds per plant, 100-seed weight, plant height are some of the traits that showed a
positive relationship with seed yield. Since the first factor justifies the most changes, the traits that have the
largest factor coefficients in this factor can be plant height, day to maturity and number of seeds per pod and
can be selected to select the best genotypes and lines of these traits used. According to the results of the
analysis of the main components, the first two components have the traits of day to maturity, plant height and
number of seeds per pod, which can be considered as desirable traits in lentils; which is necessary to confirm
the results of the repeat test.

Conclusion
The statistical analysis indicated the agreeable variance based on the seed functionality among the
selected genotypes.
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