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Extended abstract

Introduction

Lentil is grown for its biological nitrogen fixation ability and high proteins as well as human and animal
nutrition capacity. Terminal drought, lack of suitable varieties and quality seeds have challenged the
efforts of breeders to increase its productivity. Assessment of genetic diversity for desired traits in
germplasm collections plays a critical role in formulating crop enhancement strategies. The aim of this
study was to investigate the agronomic, phenological and morphological traits of advanced lentil lines
received from the International Center for Agricultural Research in the Dry Areas (ICARDA) and to
identify the relationships between important and effective traits using different statistical methods.

Materials and methods

This experiment was conducted on 15 promising lentil lines received from ICARDA along with two check
cultivars (Gachsaran and Sepehr) in a randomized complete block design with three replicates under
rain-fed conditions at Sarab-Changai Research Station, Lorestan Agricultural and Natural Resources
Research and Education Centre, Khorramabad during 2019-2020 cropping year. Sowing was done by
hand at four row plots, 4 m length, and 0.25 m row spacing as 200 seeds per square meter density.
Fertilization with chemical fertilizers was performed based on soil test. The weeds control was manually
performed twice. The total rainfall received was 542 millimeters in the cropping year. Different traits
were measured according to standard guidelines for lentil during each stage.

Results and discussion

According to the results, the “number of two-seeded pods per plant” followed by number of empty pods
per plant, number of one-seeded pods per plant, seed yield per plant, weight of pods per plant and
number of fertile pods per plant had the highest coefficient of variation (78.78%) and phenological traits
had the least variability. The results of analysis of variance showed a significant genetic diversity
between the studied genotypes in terms of most traits. The mean of seed yield per plant was 2.66 g plant-
1, Genotypes 6, 14 and 17 (Sepehr) by 6.02, 5.06 and 4.15 g plant™, respectively had the highest amount.
The correlation between grain yield per plant and most of the traits, especially yield components, was
positive and significant. The genotypes were classified in three clusters. According to cluster analysis
using Ward method, the genotypes of third cluster had high yield and yield components in compare with
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other clusters. Based on the SIIG index, the genotypes 6, 11, 14 and 17 with the highest SIIG values
(0.727, 0.584, 0.569 and 0.537, respectively) were known as the best genotypes. On the other hand,
genotypes 15, 2, 9, 10 and 5 with the least amount of SIIG value (0.185, 0.284, 0.323, 0.324, 0.357 and
0.362 respectively) were known as the weakest genotypes under rain-fed conditions. The highest direct
positive effect on “seed yield per plant” belonged to the “number of fertile pods per plant” and therefore
this trait can be applied as selection criteria. Fifteen agronomic traits have been classified into five
groups which expressed 90.82% diversity of the total variation according to the factor analysis.

Conclusions

In this study, the studied genotypes were significantly different for most of the studied traits. Genotypes
6, 14 and 17 (Sepehr) were known as the best genotypes based on the results of various statistical
methods including mean comparisons, cluster analysis and SIIG index. Therefore, they have the
potential to be used in the future breeding and subsequent agronomic research programs. The number
of fertile pods per plant had the most direct positive effect on seed yield. Therefore, it can be considered
as a criterion for selecting superior genotypes.

Keywords: Factor analysis, Path analysis, Regression, SIIG index
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Table 1. Descriptive statistics parameters for different studied traits in 17 lentil genotypes.

Syl
o bl
) Ol dgeS Al AWl gpdarg e Nz SoiS
Trait ~&° Mean _ Min Max  Range deviation CV (%) Skewness Kurtosis
PDW (p5) Mg S 39 627 2.66 1235  9.68 2.64 42.03 1.12 0.82
NB ol sl olans 2,51 2.00  4.00 2.00 0.68 27.02 1.24 0.27
PLH (o blw) g W5yl 3247  26.00 38.00 12.00 3.08 9.48 -0.50 0.03
WPP (p55) i y0 LUAE 39 3.69 1.55 8.18 6.63 1.86 50.32 1.26 1.03
NFPP g 50 9L LN olaas 59.55  20.33 126.00 105.67 29.82 50.08 0.75 0.14
NEPP gy 50 Ho,LL s dME oluxs 5.02 1.00 17.00 16.00 3.86 76.89 1.95 5.21
NOPP g )0 Gy SIS sluxi 4943 1333 106.67 90.34 26.69 53.99 0.45 -0.70
NTPP gy Gy ga e dlaas 1012 3.00 36.33 33.33 797 78.78 2.54 7.36
NSPo S yo ailoolaws 1,19 1.06 1.40 0.34 0.11 9.54 0.53 -1.17
NSP gy aldslaxy 69.86 28.00 162.33 13433  34.30 49.10 1.25 2.07
SY (p5) aig o dild o, 2.66 1.17 6.02 4.85 1.35 50.91 1.28 1.26
HSW (pS) aild oo 39 3.84 267 478 2.10 0.60 15.49 -0.13 -0.46
SYPP (py5) gy yo o5 0 Shos 3,61 1.48 6.33 4.84 1.43 39.69 0.60 -0.57
HI (1) eloy w3l 4198 2892 56.89 2797 7.46 17.77 -0.02 -0.33
RI (1) Gaslsly s 5890 39.19 93.14 53.95 11.53 19.58 1.43 4.45
DF 5 G 59y 130.53 129.00 133.00 4.00 1.18 0.90 0.31 -0.40
DM oy U39y 16324 161.00 16433  3.33 1.01 0.62 -0.84 -0.21
SFP (599) &l o woyes 3271 31.00 34.00 3.00 1.04 3.18 -0.28 -1.29
SFR o gt g e 1.18 0.81 1.50 0.69 0.20 16.63 -0.02 -0.60

(39,/ 41/ p 8 o)

PDW= Plant dry weight; NB=Number of main branches; PLH= Plant height; WPP= Weight of pods per plant; NFPP=Number
of fertile pods per plant; NEPP= Number of empty pods per plant; NOPP = Number of one-seeded pods per plant; NTPP =
Number of two-seeded pods per plant; NSPo= Number of seeds per pods; NSP= Number of seeds per plant; SY= Seed yield
per plant; HSW= Hundred seed weight; SYPP = Straw yield per plant; HSW= Hundred seed weight; HI= Harvest index; RI=
Reproductive index; DF= Days to flowering; DM= Days to maturity; SFP= Seed filling period; SFR= Seed filling ratio
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Table 2. Summary of simple ANOVA and mean traits in the 17 lentil genotypes.

039 Slaxy 039 G oluwd ML oluay GME oluwy O ol
S aslh gl o bddE 50 ,4,0 Moebl o 6T jo e dild dlaw
i 95 gy Gl A Ag g g g g SME o
Genotype PDW NB PLH WPP NFPP NEPP NOPP NTPP NSPo
g cm g
1 442 200 26.0 2.25 36.0 1.0 26.0 10.0 1.29
2 548  2.67 350 2.92 20.3 6.0 13.3 7.0 1.34
3 536 233 330 3.40 543 2.0 48.0 6.3 1.12
4 420 2.00 297 2.85 37.3 33 31.0 6.3 1.18
5 331 233 290 1.55 24.3 2.0 20.7 3.7 1.15
6 1235 2.00 38.0 8.19 126.0 7.0 89.7 36.3 1.29
7 5,51  2.00 347 2.97 44.3 43 27.0 17.3 1.40
8 6.79 4.00 35.7 4.15 533 6.0 46.7 6.7 1.13
9 6.71 3.00 343 2.37 61.7 8.3 57.0 4.7 1.07
10 2.66 2.00 277 1.59 27.0 43 17.0 10.0 1.37
11 5.71 3.67 30.7 5.29 68.3 1.3 49.0 19.3 1.29
12 7.62 2.00 333 3.64 79.7 8.3 70.7 9.0 1.11
13 495 3.67 320 291 37.3 2.0 29.7 7.7 1.21
14 11.17  2.00 33.0 7.04 111.0 53 103.7 7.3 1.06
15 471 233 317 2.61 73.0 17.0 70.0 3.0 1.06
16 (Gachsaran) 593 2.67 343 3.24 74.0 43 66.0 8.0 1.11
17 (Sepehr) 9.70  2.00 34.0 5.74 84.3 2.7 75.0 9.3 1.11
il 6.27 251 3247 3.69 59.55 5.02 49.43 10.12 1.19
Average
LSD 5% 2.31 1.09 7.84 1.48 24.32 2.04 23.55 4.82 0.11
LSD 1% 3.11 1.46  10.54 1.99 32.70 2.74 31.66 6.48 0.15
F tost £ = oS e = e o = £
CV% 22,17 26.06 14.52 24.15 24.56 24.45 28.65 28.62 5.52

#% kg
3

oy ) g a0 0 Jlisl mlaw jo jlo pxe gl ge é ol S g
" *and **: Non significant, significant at the 5% and 1% probability levels, respectively.
PDW= Plant Dry Weight; NB= Number of main branches; PLH= Plant Height; WPP= Weight of Pods per Plant; NFPP= Number of Fertile
Pods per Plant; NEPP= Number of Empty Pods per Plant; NOPP = Number of One-seeded Pods per Plant; NTPP = Number of Two-seeded

Pods per Plant; NSPo= Number of Seed per Pods.
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Genotype NSP SY HSW _ SYPP HI RI DF DM SFP SFR
g % day mg seed ! day!
1 46.00 1.47 3.49 2.95 33.55 50.97 130 164.0 34.0 1.03
2 30.67 1.44 4.78 4.04 28.92 53.77 131 163.7 32.7 1.47
3 60.67 248 3.94 2.88 44.50 63.56 129 162.7 33.7 1.17
4 43.67 2.09 471 2.11 50.87 69.45 132 164.0 32.0 1.50
5 28.00 1.17 4.18 2.14 35.42 47.25 129 161.0 32.0 1.31
6 162.33 6.02 3.72 6.33 48.85 66.37 133 164.0 31.0 1.20
7 61.67 2.20 3.61 3.31 40.12 54.04 129 163.0 34.0 1.06
8 60.00 2.35 3.92 4.44 34.61 61.07 131 164.3 333 1.18
9 66.33 2.05 3.00 4.66 31.08 39.19 129 162.7 33.7 0.89
10 37.00 1.18 3.19 1.49 44.17 59.50 130 161.7 31.7 1.01
11 87.67 3.28 3.74 2.44 56.89 93.14 131 162.7 31.7 1.18
12 88.67 3.31 3.59 4.32 41.80 49.07 131 164.3 333 1.08
13 45.00 2.02 4.44 2.93 40.72 58.26 130 164.0 34.0 1.31
14 118.3 5.06 431 6.11 45.46 63.07 132 164.0 32.0 1.35
15 76.00 2.05 2.67 2.66 45.64 57.17 131 164.0 33.0 0.81
16 82.00 2.88 3.52 3.05 48.42 56.21 130 163.0 33.0 1.07
(Gachsaran)
17 (Sepehr)  93.67 4.15 4.44 5.54 42.68 59.13 131 162.0 31.0 1.42
il 69.86 2.66 3.84 3.61 41.98 58.90 130 163 32.71 1.18
Average
LSD 5% 25.66 1.30 1.34 1.72 15.17 19.28 1.50 1.94 1.87 0.41
LSD 1% 34.50 1.75 1.80 2.31 20.39 25.92 2.02 2.61 2.51 0.55
Ftest *k ok ns *ok * *ok ok * * ns
CV% 22.08 2951 2093 2858  21.72 19.69 0.69 0.72 3.43 2091

** % g

oy ) g a0 0 Jlsl maw jo jlo pixe g )l gee pf ol S g
" *and **: Non significant, significant at the 5% and 1% probability levels, respectively.
NSP= Number of Seed per Plant; SY= Seed Yield per Plant; HSW= Hundred Seed Weight; SYPP = Straw Yield per Plant; HSW= Hundred
Seed Weight; HI= Harvest Index; RI= Reproductive index; DF= Days to Flowering; DM= Days to Maturity; SFP= Seed Filling Period; SFR=

Seed Filling Ratio

O Glageisis g N 09,5 55 5l S (sl see Hobay
buiu&uﬁwﬁdbﬁo%;)oa5 Ve XY F Y
99 3l i gylosimn jobay Lol asli slasy cas sl
S8 09,8 90 fwle Slas ple sl Lol caiog S8 09,5
397 5 Gt WO F (Slacioh Jolds pgms 09,5 0235
BME olawd digy ;o 55, B slass gy yo LA 34
g &g ;0 &ilo o Sles dg 0 wlo slad Wg y0 5,0 ST
2 o9 dw opl isly plaisl 093 4]y (aulS' L 55,
Gir 9 3w (V J9e2) oefile awlie mls ulul
S slate a5 bl ol ks 5 g Loaisi
Lol 5l ooliial b b 5 gy dw ol (S el B 5

o @)Lo‘ ‘_ngd.aU).g o

Sslaiss 4 ji
Slio gloe » bgudss sauesS Hshea a3 (ol
oozl b5 "o,y gy bl 2 ouilly 42325 53l i
b ool () JS) b plosil ool ol m e
Oygods (wypdy3e Slio sl drog S ey (o) S
sl ol o] gl 5 Cd )5 g il s 4y wilSlax
OUE Sl jzray gy 129 y90 Dlbo ool ;0 oy S (e oS
Oy B sy 9 052 50 (yds 99 IS olass gy yo 5,LL
s olal g (F Jgoz) o)ls 092g (g lo gime S
28 S 18 ime 09,5 A o baguis) (sladss 4y
QA (Ol V2 X Glacasgs Jgl 09,5 50 () JSD)
39 Slio Sile 45 0BT 15 VY 5T A DAY
Gy ST e ooy w@igy j0 9,L B slass igy S

oyl o g o dils o Slos g aigy ;o dils olowd iy yo
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(Tahir and Omer, 2017) se SSa5 6 Lo
13 0095 Y7o 0 (S35 £95 (e anlllae )5 ((pizmon
O 9 S Sl sl sladss 4525 5l puae ()15
Alide algs Loz 5 osliinl biouds) G (Sey alold
Majnoun Hosseini and Naghavi, ) o osls aseis

2017

lp Bt Slllhs o Glades azes g,

A eas Glacisll (S5 E95 swnn 5 Go0gS
Kumar et al., 2012; Nouri Goghari ) ol saus ai8 5
g95 2L, ,o (et al., 2015; Jawad et al., 2019
ity Sleogas jleslaiul b uae coig) & (S5
LS g GladsS 458 @ az gl b J5¥Use 5 So3sls8 )50
Abg> A, Cdgd) & a5 widls plis Lol slaadlse 4

s ‘slhwy) iz wlaw o oolw M w‘,@ A Jgu\}
Table 3. Simple correlation coefficients between different traits in lentil genotypes.

Trait cho (1) @) 3) @ e ©® D ® ©)
a g S 439 1

PDW
@ ol SENS o147

NB
@) el oo 0185 1

PLH
@ G BL G o1 0049 05677 1

WPP
) TRPambsbBET goun 100 0545° 0863 1

NFPP
@ CEraabslBdEdaT o 600 0321 0006 0322 1

NEPP
@) FRPeR SIS e 165 0497° 0771 0966 0391 1

NOPP
@ SRR B o 117 0376 0.648" 05067 -0.107 0266 1

NTPP
© Blepsaloshaa’ 960 0083 -0.157 -0.109 -0392 -0354 -0.594° 05200 1

NSPo
a Wy aldoladi o oot 0182 0.567° 0.899" 0979 0256 0.894” 0.670" -0.212
an o Wy aldoles g 0182 0.571° 0.964" 0944 0082 0.867" 0.627" -0216
a “baevis 0142 0049 0094 0225 -0.169 -0.549° -0.171 -0.057 0.079
13 oo S elasles (010 0,098 07147 0784 0751 0200 0.730™ 0367 -0278
a wdop a2l 1ge 0092 -0.037 0441 0467 -0.055 0401 0401 -0.028
@15) 6ulPlhesle o3 0061 20,033 0485° 0238 -0268 0138 0427 0220
o 659 0613 0123 0285 0720 0592° 0245 0527° 0449 -0.043
a o039 6993 0146 0273 0281 0265 0350 0255 0.137 -0.046
(18) <Ep “borbnes® 1439 0271 -0.083 -0.571° -0440 0032 -0375 -0391 0.008
19) “bosd e 6000 20012 0091 0305 -0.088 -0521° -0.102 0013 0.079

SFR
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Table 3. Continued. alol .Y Jgus
Trait “ean an a3 a9 @19 (16) an as a9
rai

(10) gy o Al dlawy 1
NSP

an SRS g
SY

a2) Soweois o150 0010 1
HSW

a3) S;’; »elosdes 000 0789 0156 1

a iy A2 4800 0.486° -0.039 -0.130 1

as el o500 0361 0222 0114 0785 1

ao P30 0620 0671 0281 0495° 0432 0475 1

a7 DM by 6 59 0.267 0244 0.056 0.309 0.026 0.127 0.539" 1

&l ol 0,98

(18) SFP -0.472 -0.549" -0.270 -0.289 -0.470 -0.429 -0.661" 0.275 1
19) S:]‘:Owﬁu’“ -0.064 0.193 0.983" 0.188 0.049 0.289  0.378 -0.005 -0436 1

oy Vg o0 0 Jlisl mhaw jo s poe s jas s
*and **: Significant at the 5% and 1% probability levels, respectively.

Fescaled Distance Cluster Combine
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axdllod g0 Olhie wlal g wae sbacwig; Glabes Hloges ) b
Fig. 1. Dendrogram of the lentil genotypes based on studied traits

335 5o asdllans g0 Dlio plos Ll ool on e SUG) Jlow] iy ol jas L
Sewiels mls Golul 5 (0 Jeuz) (Zalietal., 2015) 4 LQQ—l Do g e Slas foged pleal b asls oyl
g 3l alold 0 yiaS b () VY 9 VF Y P o les S @b Gl g s o g e S
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oolawl % UL’ ﬁd.j » ‘-,_ISM.> a thu L;LQUAD-LM ﬁLC.)‘
Olss hgy ol 5l eslaiul boast an Gl g s S
aps @l gl o Sis Lo sla asls
aly arls K oo 1) il Slio b s,lub
Pl 8o 5 ortelaa |y iy lagessiy ol g0 5150
Zali) . Ken 4 JI; (Yaghotipoor et al., 2017) sl
4 Jozxte IS slacuisi; slulis jslatea (etal., 2019
ol &S auils Ly g axid 5 0 0 SIIG ezl 5l S
slacss) @llbd lp el by, S ale
oo Cilises slo asLis e 5l ool b 25 4y oo

Sade o i g Jloaulwé Cusgsy 5l alols oy s o Jlows!
CIOYY 5 1058 o+ [OAF o+ IVYY 3 5 a) SIIG _asls

Slacaip; (O Jgaz) wog axlllas (pl )0 locSsis 0o 5
wi:L.A M‘LM @L.J doL.u‘).) ‘().Q...w) VY 9 \F & O)Lo.-:)
095 o 5 (F Jguz) ladss s 5 (V Joo)
A N0 o e slacaiss) o aslil 5, g a8 5,18
(0 Jguz) o aslils anlllaes g0 Olas Hhaisl acas ol
oz alolid sl iz Slillas s asls ol
Zali ) conl ooy ooliiwl anlllass g0 Slio den L3l 55
&lyp pa>ls ol 5l (et al, 2016; Ramzi et al., 2018

e i 955 1Y 0 anlllans jg0 Wlio I Sy o gl Labies (1Sl dnlio ¥ Jguxr
Table 4. Mean comparison of clusters for each studied traits in 17 lentil genotypes.

Slawy oy Sloxs Slosy
039 olaw oy O O TG ge M olaw ol o,Skes

S asls LA 0,9l po,9lL ok sy el ol o4l By U,
ahgs dig ol Ag e A & &g gy B Ay gg (B g,

Cluster PDW NB WPP NFPP NEPP NOPP NTPP NSPo NSP SY DF DM

g g g
I 426 2.17° 236> 31.53° 348 22.50° 9.05° 1.29* 41.17° 1.59¢ 130.2° 163.0°
I 597°  2.96* 345 62.70° 6.15* 54.64> 8.09* 1.14> 70.79* 2.55* 130.3> 163.5°
I 11.07¢ 2.00° 7.00* 107.1* 5.00*° 89.47*° 17.63* 1.15> 124.8% 5.08* 132.0* 163.3*
F test kk * sk kk ns skk ns k sk sk % ns
CV% 17.62 22.03 2437 23.18 78.07 2432 7495 7.85 2659 2202 0.76 0.58

Sl g Dglas Wl S i By, )l lo Sils (g 2 y0

#% ¥ g
3

oy ) g o0 B Jleisl mhaw ;o o gme g o gae S Sa
Ad (5SSl glasals iz yaesT 5l olaul b 70 Jlaxs o jo (5,L]

s *and **: Non significant, significant at the 5% and 1% probability levels, respectively. In each column, means with common

letters are not significantly different at 5% probability level, using Duncan’s multiple range test.

() JTowsl et 9 (@) JTousl (soaisis 1 alold 5 STIG) JTow! qui 535 il (as Ll yolie & Jgor
Table 5. Selection index of ideal genotype (SIIG) and distance of ideal (d*) and non-ideal (d°) genotypes.

95 JTonsl i35 51 alold JTonsl e i 51 alold s+
Genotype Distance from ideal genotype Distance from non-ideal genotype Rank
1 1.031 0.687 0.400 10
2 1.102 0.525 0.323 16
3 0.920 0.709 0.435 6
4 1.009 0.671 0.399 11
5 1.156 0.657 0.362 13
6 0.456 1.211 0.727 1
7 0.893 0.649 0.421 7
8 0.925 0.602 0.394 12
9 1.023 0.490 0.324 15
10 1.100 0.611 0.357 14
11 0.643 0.903 0.584 2
12 0.853 0.617 0.420 8
13 0.981 0.693 0.414 9
14 0.717 0.948 0.569 3
15 1.144 0.453 0.284 17
16 (Gachsaran) 0.841 0.697 0.453 5
17 (Sepehr) 0.733 0.850 0.537 4
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Baze Cido nl B3 5| oy RS (g5 00 o
Joe s)lgas she fdgl sl jo (Y Jauz) ol plo!
e, WV ol a5 og wig o aly slaw
o Jow 8,lg ails do 59 (o l5lime 0,8 agi 1) il s
Cho g0 opl bwg Olyoss 5l asye AN ggazmes g
Vewon 3 el Gee S, wi @bl Wb Ay
olawi by do 39 Slaw aF ol lis jeae Cuiel
Sgdz digy 10 B olawd g gy gl | 2,8 slrasls
Q0,5 dzgi |, aile 0,Sles 4y b e Sl s Sl s Ve
iz 3| edelunsas s (Seif barghi et al., 2012)
ol ylad se5w o (Usefietal., 2017) )l Son o cawe
039 ebld p asli i o B oo Slas oS
oo )y i 5 4 &ils wo (455 9 M 40 00Ty S35
MY ggomays g ails o, Slos 1) ,3b o i 5 oad

0,5 Az | dils o Slee Sl 5l s o

POl g )
Slie oeal und sl pBaplS (9 I 4525
oolaiwl ils o Slae 4y b Sl o dxdllaedge
G ,0 LA 59 a5 sl lid s (F Jgoz) W )5
Wy A e olela g ol Joe o)l a5 g (e sl
olaxi 0,5 we 4o aly 0, Slee Ol 5l sy 44)Y
9..\3&..1} ‘513“;) dolzo o)ISAS.\Jo}; S~ Slaw g y0
3 ae,s QY ggezme,s @i ;o LAE 59 ol &
o)lel Jladie .io,S ag |y g 0 aly o Slhee &l s
Mé‘snuuudsda]woﬁv/\?/\bf‘fvujw‘auu)sb
LS‘)'.’ 0AL é)BT)J. J..\A U"‘J"L“” 9 009 J.o.......o LQOAJLOL,;L’
Gazg Lol ly p3¥ colas e yo aly o Sles s
2 P Slhe ple ololis jshaieds wyo )8 ol

Wlio ple g g ST &ils 0 ,Shos (r pBEE (gamw 55 @525 7 Jgur
Table 6. Stepwise regression analysis for seed yield and the other traits.

al> 5o o 0 Zaual Jow
Step  Trait a b1 b2 bs R? adj. P-value
1 GBI o ggom 0702 - - - 0.924  0.000
WPP
3 Sl g nogm 046" 0020 - - 0.975  0.000
NFPP
3 Skl 1165 0295 0.0287  0.280° - 0981 0.000
HSW
¢ e SIS 050 0,093 00637 0.510% -0.027° 0992 0.000

oy ) g 000 0 Jlaisl mhaw j0 o gixe g I8 e pmé i ga T g

ns

55, " and **: Non significant, significant at the 5% and 1% probability levels, respectively.
WPP= Weight of Pods per Plant; NFPP= Number of Fertile Pods per Plant; HSW= Hundred Seed Weight; NOPP = Number

of One-seeded Pods per Plant.

A 0 UMNE (159 Cudo Bio> Iy pB AL (gumw )55 41325 Y Jgur

Table 7. Stepwise regression analysis after removing weight of pods per plant (WPP).

> yo O U Fusmal BEY
Step Trait a b1 b> R? adj. P-value
. Gy a1 038" - 0.919 0.000
NSP
2 wlo o 039 -2.367 0.039™ 0.591™ 0.989 0.000
HSW

Aoy ) g ao 0 0 il mhaw jo s g g o sire e oS 4y :**5* d

ns

s * and **: Non significant, significant at the 5% and 1% probability levels, respectively.

NSP= Number of Seed per Plant; HSW= Hundred Seed Weight.

2 Durbin Watson
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59,6 Gleddle slaws gl 55 (/30 F) i s o
el s 0 dig ;o (5,0 ST e slaws gyl 5l g o
I ate s peltane if jsbay (Joe ;3 35290 Do ples
Sl ae o al o Slee p gy LA )9 G,k
4 (Zahedi et al.,, 2016) ,Ken 5 sonl; ocolds
S99l b 58 e Dlao adlllae Cuzr Cule 35 ()
Gg 40 p AU olass Caw a5 wisls 5155 o byl il
Usefi et al., ) o) SKep 5 hwg anlllas | sonlasoa
B 0 5 DO olass Cato aS oy lid 0g5u 0 2017

sl wile o Sles o 1) ouiie

Ot dA J592) e b Cole ayod s olol
& leite Gy S5 als 0 Slae (55, Cute pritns 53l
cdlae plog (VIVe+) digr ,o 49,b slacddlé sluss cas
Gg 10 &l o Shos 5 YU (Siiod g po s 0 LS
odas jebas (+/AFFFF) w5o o j5,L slacddle slaws
g Cenl digy 30 595l e slawy s Sl 4y bgype
Lol 039 yieS Slao Koo G,k 5l o)) eebias s Sl
2 Gt S5 BN slai Cbo (gl 5 ke Sl o s
Cude im0 3L 0l S (-0 /AYF) Wiy
SO olasws (YIVOY) g 40 il slaws Cio 4 by yo
5 ORAB) a5 50 A (39 5 (YVYY) g )3 5,0

Agy ST il 0 Slos (gl (o 98 e @ 3 A Jou

Table 8. Phenotypic path coefficient analysis for seed yield.

oo Siod gy ediane 51

Indirect effect via &b 3 pediono s il

Trait I'p Direct effect 1 2 3 4 5
Sy 0 LI 0 0.964 0.155 - 1985 0049 -0.722  -0.506
1. WPP
493590k Sl slasi 0.944 2300 0134 - -0038 -0904 -0551
2. NFPP
Rbad 0.110 0219 0035 -0389 - 0159 0084
3. HSW
Gy $yd SIS ol 0.867 20936 0120 2222 -0.038 - -0.503
4. NOPP
Wy o il Slaxi 0.961 0563 0.140 2252 -0033 -0837 -
5. NSP

Residual=0.071

WPP= Weight of Pods per Plant; NFPP= Number of Fertile Pods per Plant; HSW= Hundred Seed Weight.; NOPP =
Number of One-seeded Pods per Plant; NSP= Number of Seed per Plant.

s, VIAY gl o Egasme, a5 Wl olwlis
oS Jol Jole (A Jgaz) winga 8 bosls o &l s IS
sleco s sl (a3, o ) Slhuss 5l as,s FABY
09 W B gy S (59 Sl slp Cute 5 5
BMe dlaws igr ;o 55)b SAME olass @igy o e
g dig ;0 dild o0, Sles g ;0 wls dluws g 4o (5,0 ST
ly Jole ol Slsicsn cnlnliy sabls iy 5o olS 5 Slae
Slao ool (Swon ls olys o6 ol sl 5 0,Slee
et 3,Sas 5 005 L il ialas (plas sl olas

4 Bartlett's Test of Sphericity

lofole @y 4y jxi
Fel b Cug,S osesl s KMOT Lasls g0 5l dazl o
Jolos bl Caz osls g clie pansets jolaied
2l KMO jlade aSil @ azgr Lol oolaiw! Jole
o O5rge slo Siwaer plpls wael Caws 4 +/0FF
Ogeyl waals 1) dow cpl plosl cga o3 ColsS asols
a5 (= 561.413) 391 Jfosime sl b Sl Zug S
bl ls L ) bt (o BT (o 925
S>ly 5l S5 oy polie elul  bele my mls

3 Kaiser-Meyer-Olkin
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Jackson, 1991) cuul abg e yusie uiljly 95515 5o
Gl yiig oIV 5l Slas den STil i casdlas cpl o
Jole slaws a5 wmo o plis gaog9e ol (A Jga2)
ailadly coie gl Jole 5 00g casbio oadoll
@ azg banle ey aglhe g0 @ |) Slao Ol
e )l g (/AAY) wigy o ails o Slee Dlaw (STl 5
355152 B3 (e g i i 110 5 4 (CIVEY) 5
el L (Rahimi et al., 2018) |,San 5 o>, 2i0g
b dele ez cpmae oY Ve (o) 0 laale @ 4520
gy |y 865 3l oo 0 YYIAY gooxej0 a5 Wis,S  olwlis
Jol Jele a5 bgspo Slaw a5 acils jlpl oylase ol ol
als o, Slos g g ;0 BIE 5 gy ,o B olaws Julis
e o aily o Sles o |50 i Do laicds 5 00y
YO o oy olie b)) yo ele A ol (Byme
3o, MBI ggeme,s a5 b oLl was el
Nouri Goghari ) 5,5 a5 |, leesls ;0 39550 Ol s

(et al., 2015

Jol ole by (fn 35 ol plio sdlo (gl gime 5 e
wdaalys ails o Slee Glime oti Jpax o
NIRRT EPUCNUSIEEE N SO Y
2Bl ALEIS (6 iy S5 g 5 0592 i &l o Shas
@ o g ool o g0 Jele (Usefi et al., 2017)
U i 5l ao s Aed 5 VY- ) AV /E AVPY oy
5 By 5o Syd 93 D ol sla e W5)S Az g )
Jole jo ails ao 39 9 pgo Jole jo B o wils slass
Jole 50 (nl a5 Wogr o0bj 5 Cute ole b s g
W) dgum oS p)lezr Jolo a6 1356l (5 0 Jole 6l &
olasi Su3eleid Blaw Jolis 0,5 azgi | Ol as o
Jole o0 Cate Jb b o, B 55, olasi 5 2a5G 35,
U b g glavl e g 2,8 4l Slaw Slas oy
Jole 1) ele cnl Glgioe g alo 1) (2 (n Setes S
5 et Shal i s cnl o ol ol o,
Sitie gladale 4y bgyye ay a5 Conl jiaie Sy il
e s Sl sl iy e ol &5 e o ol

oo i gif lp uSles yg (S p2 b L ele 4 452 & Jgo

Table 9. Factor analysis using Varimax rotation for lentil genotypes.

Trait Joldele  pgodole  pgus Jole pylaz Jale oy Jale STyl oo

First Second Third Fourth Fifth Communality
PDW dg S 39 0.966 -0.019 0.077 0.154 0.021 0.964
NB ol sl olass -0.139 -0.047 0.063 0.043 0.889 0.817
PLH g els,l  0.659 0.022 -0.085 0.130 0.531 0.742
WPP agr 0 LAME 4359 0.930 0.157 0.184 0.187 0.008 0.958
NFPP Ay 59,k gLSNE sl 0.946 -0.073 -0.223 0.116 -0.105 0.975
NEPP ag 30 59,00 M sluxi 0.130 -0.288 -0.762 0.429 0.012 0.864
NOPP Wgy y0 gy ST AMe oluwi (0.888 -0.321 -0.234 0.115 -0.110 0.971
NTPP g y0 Gy 9o BME dluxi (0.568 0.799 -0.050 0.049 -0.022 0.966
NSPo By aild olaxs -0.297 0915 0.135 0.022 -0.044 0.945
NSP ag o aldslax  (0.949 0.125 -0.199 0.121 -0.092 0.980
SY ag o dils o ySles 0.974 0.079 0.065 0.122 -0.098 0.983
HSW ald s 39 0.044 -0.058 0.949 0.180 0.050 0.942
SYPP g ool o Sles 0.858 -0.108 0.078 0.168 0.131 0.799
DF @G 59, 0.555 0.111 0.160 0.689 -0.201 0.861
DM ooy G 39y 0.150 0.011 -0.079 0.892 0.173 0.855
Eigenvalue opg polie 728 1.74 1.74 1.65 1.21 -
Cumulative of variance (%)

48.53 60.16 71.76 82.77 90.82 -

o il ylg o yo
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