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Extended Abstract

Background: Lentil (Lens culinaris Medik) is a cool season seed legume and a good source of
nutrients needed by humans, including protein, carbohydrates, vitamins, and minerals. The
production of high-yielding and high-plant-height varieties is one of the lentil improvement
goals. For this purpose, it is necessary to collect and evaluate germplasm as a base population,
along with identifying and utilizing lines with high potential and other desirable traits. The
environment has a significant effect on the crop production of this plant. Therefore, direct
selection is important for seed yield. Since seed yield depends on the yield components, the yield
and its components must be regarded as a group at the selection time to improve the yield. To
properly increase yield and economic efficiency, we need to collect desirable lines with desirable
genes and transfer these genes to cultivated lines to produce desirable cultivars. Consequently,
sufficient information is necessary on accessible genetic materials, which is possible by
evaluating different traits.

Methods: To assess the model of the simultaneous effect of traits on the lentil seed yield for
determining the selection procedure in native lentil lines of Zanjan province, an experiment was
conducted in the research farm of the Faculty of Agriculture, Zanjan University, during two
cropping years 2017-2018 and 2018-2019. In both years of the experiment, improved cultivars,
such as Kimia, Sabz Kohin, Gachsaran, Maragheh, and Bilehsavar, were used as control cultivars.
The first-year experiment was conducted in an augmented design based on a randomized complete
block design with 200 lines. Each experimental unit included a 1-m row. The distance between
the rows was 25 cm, the distance between plants in a row was 5 cm, and the planting depth was
5 cm. Two rows of Kohin-Sabz lentils were planted as margins at the beginning and end of each
block. Due to obtaining a sufficient amount of seeds from the first year, the second-year
experiment was carried out as a simple lattice design with two replications and larger
experimental units for the lines selected from the first year. Each experimental unit included two
1-m lines. The distance between the rows, the distance between plants in a row, and the planting
depth were similar to the first-year experiment. Two rows of Kuhin green lentils were planted
as margins at the beginning and end of each incomplete block. The measured traits included
phenological and morphological traits, yield, and yield components per plant and unit area.
Results: Among the studied traits, the highest coefficient of variation was obtained for the number
of seeds, biomass, straw yield, and seed yield. The coefficient of correlation showed that the number
of seeds and seed yield were positively and significantly correlated with phenological traits, such as
the podding period, physiological maturity, and seed-filing period, as well as morphological traits
such as plant height and first branching height, respectively. A positive and significant correlation
was observed between the number of seeds and seed yield with the number of pods per plant and
biomass per plant. In regression analysis by the stepwise method, plant height was the first trait
entered into the model, which could explain 46.8% of the variation related to seed yield per
plant. Then, the number of seeds per plant, 1000-seed weight (TSW), straw yield per plant, and
the seed-filling period were entered into the model, respectively, which could totally explain
67.5% of the variation related to seed yield per plant. The results of the path analysis showed
that the number of seeds per plant had the most considerable direct and positive effect on seed
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yield, followed by the direct effect of the TSW, plant height, and seed-filling period,
respectively. Therefore, these traits would be recommended as the most important and
significant traits in the indirect selection of seed yield in lentils. Most of the indirect effects of
the traits on seed yield were positive, and the most indirect effects were related to seed-filling
period, plant height, and straw yield through the number of seeds per plant. Besides, the seed-
filling period through plant height and the plant height through the number of seeds had an
indirect effect on seed vyield. In factor analysis based on principal component analysis and
varimax rotation, six factors explained about 76% of the data variation. The first three factors
included the most considerable volume of data variation. The first factor was identified as
phenology and height, and the second and third factors were identified as yield and yield
components. Results showed that the selection based on these factors would lead to the genesis
of the high-yield lines.

Conclusion: The highest coefficient of variation belonged to these traits: the number of seeds,
biomass, straw yield, and seed yield. Seed yield per plant had a positive and significant
correlation with the phenological traits of the podding period, seed-filling period, and
physiological maturity, as well as morphological traits, namely plant height and the height of the
first branch. The number of seeds per plant had the most direct effect on seed yield, followed by
TSW, plant height, and seed-filling period. Therefore, these traits can be considered the criteria
for selecting superior lines. According to the factor analysis results, six factors could justify
77.306% of the data variations.

Keywords: Correlation Coefficient, Factor Analysis, Indirect filling, Path Analysis, Stepwise
Regression
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Table 2. Variation coefficient, variation range and means of studied traits in controls and lentil lines in 2017-2018

and 2018-2019 cropping year

ps> Jlo Jol Jl
Second year First year
e o . Byl eSilee Sy ; B (Slee lio
SO SWEPN Y ik o e s oY ik - :
Gl VEm W quuos  Vawen  vewermee WS cguos
9 Means Means
255 o> GO
2.76 (-6.80)- 5.8 0.14 -0.13 2.38 (-5.50)- 8.60 4.02 4.49 Canopy tem;f:ferature
difference
- X S 0 6,
1.44 77-85 81.21 80.3 242 77-90 81.45 80.2 Dy to 505 floweriis
1.42 5-14 8.88 8.1 210 422 8.57 8.95 Flowgﬁﬁz ge’rfg’é
141 85.92 87.36 86.9 1.93 86-96 89.37 88.05 Days téasﬁ(;ch%;&dbiﬁg
117 9-14 11.44 10.9 2.60 519 8.89 7.15 Pf&;;‘; "Bﬁe’rfg’é
S5 (S 100 G g,
3.48 116131 121.38 119.1 335 105-119 113.08 113.65 Days to 50%
physiological maturity
311 28-44 34.01 322 332 16-31 24.69 26.6 s%a‘}ﬁﬁ;)é béirijzf«;
3.04 27.50-44.65 34.43 35.78 3.75 17-35.23 26.53 26.38 Fif;?]m f;{t‘
0.44 1.05-3.45 2.06 237 0.46 05-3.13 119 117 éfi?!“ééﬁ;“ﬁ?ﬁ gﬁéf;{
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G 5> p AN sl
24.10 28.50-161 81.23 805 19.95 4.67-43.67 17.65 37.62 Number of filled pod per
Plant
G > JB B sl
11.44 10-74.50 25.79 30.45 8.02 1.103-67.67 40.43 19.76 Number of empty pod per
plant
- _ Gy &l dlass
3451 10-243.50 104.88 94.8 24.17 1.33-104 46.62 36.82 Number of sea per plant
1.65 1.34-10.36 5.48 4.88 0.94 0.2-4.74 1.067 1.39 e :df;:e‘lgg ) p‘e‘; ;ﬁ;
3.70 3.64-24.54 12.95 1181 2.35 1.04-12.47 6.58 6.18 Bithgs(sgg o s
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1691.56- g e o 4l s
1330.66 1ooL.2¢ 4808.3 3345.05 1527.67 552-10403.60 2836.21 2466.54 Number o eag per aea
57.76 80.35-401.98 250.50 222.73 50.91 11.88-244.44 99.23 94.05 s e(‘jg'y’i”enl ] ;: o
2 o .
95.01 321.22-885.53 668.00 620.79 153.66 104.92-879.44 459.22 399.16 (QU/M) 5

Biomass per area
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Table 3. Correlation coefficient of studied traits in lentil lines

Sbly (JSe iidl 533 sz lus] s SN ;:U Cuans (g lae (08

i3S il s jolateds e 4l 5,8les j Slis ()38 ,80 o )y

i 33 (bl 3550 Slho (Siused ol =Y o>

12 11 10 9 8 7 6 5 4 3 2 1 Traits Sl
1 29 glos ST
Canopy temperature difference
1 0.014 2 7D b 55-Y
Day to 50% flowering
1 0218"  -0.087 5 05 Jobot
Flowering period
1 0049  0533"  0.256™ (B 7D b o,
Days to 50% Podding
1 0.183" 0237 0123  0.255™ (RN 090 Jsbod
Podding period
3992508 Sy L+ U 59,5
1 0475%  -0048 0102  0230%  -0.370" i "5_ ’ Days t0 50%
Physiological maturity
1 0951  0.478™  -0.350" 0075 0042  -0.406" b by 093 JobV
Seed filling period
1 0668  0.647"  0.454™ 0250 0099 0062  -0.307" (om) &55: glis A
Plant height
1 0629” 0567 0508” 0382  -0.347" 0100  -0.025  -0.394™ (em) L3 laisl ol lis -3
First branching height
1 0053  0212" -0056 0034  -0056 0307  -0.099 013"  0.237" (cm) 3K ¢ylgl gl -
First podding height
1 0070  0433" 0591" 0438  0.396™ 0373  -0283"  0121° 0048  -0.370™ D2 0 pp SUE 2lis 1)
Number of filled pod per plant
1 0.401"  -0.044  0266™  0.440™ 0320  0317" 0256™  -0.099  0122° 0007  -0.161" Sy JB SUE 2l Y
Number of empty pod per plant
0938  0938™ 0102 0435 0566™ 0428™ 0.393" 0374 0267  0.126° 0080  -0.409™ G > &b 2as-AY
Number of seed per plant
* and **: respectively, significant difference at the probability level of 0.05 and 0.01 LoV g [0 Jeisl o 3 Iy gine s ¥ 9 *

Table 3. Correlation coefficient of studied traits in lentil lines
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2 11 0 9 8 7 6 5 Z 3 2 1 Traits oo
0.889” 0.829”  -0.083 0508 0.623" 0.600" 05457 0460” -0.360" 0087 0012  -0476" 52 (07) &boSlen¥
Seed yield per plant
0.794”  0.806” 0002 0463 0.612° 0555" 0516™ 0413” -0.286™ 0103 0033 04437 50 (00) 039 cusmd
Biomass per plant
0.542% 06117 0071 0326 0469”0397 0379 0284" -0.162" 0093 0043  -0319% % (0Nl 3Shet?
Straw yield per plant
0467 0372"  -0.129° 0284 0333 0337 0288" 02827 0268 0012 -0058 02417 S Cbroatlatl
Harvest index per plant
0570 0536 0047 03527 0520 0352" 03407 0.253" -0.160" 0079 0173% -0198"  Tow il abils A
Number gf seed per area
0.642%  0.600”  -0.044 05257 0.685" 0637 0587 0434 -0.348" 0066 0055  -0377" (gr/m’) &> >,Slec1
Seed ylelci per area
0519  0521"  0124"  0.429" 0662° 04957 0482" 0373" -0.189" 0056 0082  -0.198" _  (97M) e Cuni:
Biomass [ger area
0.226"  0260”  0240° 093" 04157 0193" 0220 0189 0025 0027 0080 0038 (Qr/m’) oS 3, Slac=¥
Straw yield per area
0579” 0507" -0.184™ 0.475" 0514” 0580" 0513% 0357" -0.382” 0030 0010  -0425" by padls YV
Harvest index per area
0.325"  0204”  -0030 0423 0429” 0596 0530” 0369” -0.359" -0007 -0120° -0.360" (Qr) 1> )13 0j5-¥¥

1000-seed weight

* and **: respectively, significant difference at the probability level of 0.05 and 0.01

Table 3. Correlation coefficient of studied traits in lentil lines
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23 22 21 20 19 18 17 16 15 14 13 Traits o
1 g > 4l slas—)Y
Number of seed per plant
- S 50 (Or) by 5 Slas—VF
! 0.894 Seed yield per plant
- - gy 5> (O) 0355 Canyj=V0
! 0.851 0.764 Biomass Per Plant
1 0.903" 0543~ 04917 S (Or) ol 2 Slesh?
Straw yield per plant
1 .0273%  0114° 0557 0501 S by el
Harvest index per plant
1 0348”0215 0393” 0505%  0.644™ gl Soly )3 il 2SN
Number of seed per azrea
1 0804" 0512° 0347°  0607" 0.763" 0.646" . (Qr/m?) &> >,Slas—11
Seed yield per area .
1 0812% 0709 0275 0446 0572" 0573" 0504 . (r/m) 0355 CongY-
Biomass per area ,
1 0839 0.359™ 0.379™ -0041 0387 0345”7 0.200° 0.200” . (Qr/me) ol >,Slos—¥)
Straw yield per area
1 0107  0.445™ 0.8727 0654” 0599” 0.172° 04777 0721  0.600” ) oy padLE-VY
Harvest index per area
1 0551 0.124° 0402~ 0553”  -0.006 0377 0.319™ 0499~ 058 0.214™ (0) b J3» oj5m¥F

1000-seed weight

*and **: respectively, significant difference at the probability level of 0.05 and 0.01
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Table 4. Regression analysis (stepwise method) of studied traits on seed yield in lentil lines

35 5N g 5

*eS (e o pd Sl o oy : , 095y g Cibo
Cumulative R-adjusted R-adjusted Standagi(l)é?_g Cli?:rg];tressmn Regression Coefficient Traits
0.468 0.468 0.289™ 4.978 _om) 4 )
Plant height
1.032 0.564 0.432™ 0.885 Sy &b dlaws
Number of seed per plant
1.685 0.653 0.301™ 1.995 @n «bylia o
1000-seed weight
2.352 0.667 -0.153™ -4.584 S92 (00 o5 2,Sas
Straw yield per plant
3.027 0.675 0.140™ 2.255 b g 093 Jobo
Seed filling period
- - -166.336 Mae 51 20
Constant

**: significant difference at the probability level of 0.01
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Table 5. Path analysis of lentil seed yield by effective traits based on stepwise regression

G ot Sl
Indirect effect via

b (Ko oy bf" dE s o 5l (@ &l lsm o pabbid A Slio
K < UMW) . SUSNUIL Ay B Traits
b 3,84 S:ed % A 1000-seed Numbir of Moy ¢
Correlation with seed filling Straw yield per weight seed per Plant Direct
yield period plant plant height effect
0.685 0.093 -0.071 0.129 0.244 - 0.289 ‘C”;:aftﬁag;)t'
0.646 0.059 -0.075 0.064 0.163 0.432 St 53 b dlass
Number of seed per plant
- (@n) @l o5
0.553 0.083 0.048 0.092 0.124 0.301 1000.seed et
0.347 0.055 - 0.096 0.212 0.135 0.153 S22 (0r) o 2,8)ae
Straw yield per plant
0.637 ; 0.061 0.179 0.184 0.193 0.140 b by 0,9 Jobo

Seed filling period

**: significant difference at the probability level of 0.01
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Table 6. Factor analysis of studied traits (varimax rotation) in lentil lines

5 Jele o Jele ¥ Jele Y el Y Jole Y dels las
Factor 6 Factor 5 Factor 4 Factor 3 Factor 2 Factor 1 Traits
~ N N _ Pl slod M
0.159 0.133 0.255 0.312 0.410 0.302 Canopy temperature difference
GBS LB b g,
0.192 0.853 0.019 0.006 0.062 0.096 Days to 509% flowering
K 25 )9 Jsbo
0.756 0.204 0.040 0.090 0.080 0.013 Flowering period
N . . . . BIBNE Jb- b 5,
0.079 0.823 0.023 0.094 0.233 0.223 Days to 50% podding .
0.358 0.043 0.149 0.162 0.537 0.176 ) ) e 090 Jsb
Podding period
SeSelgr 3 (St 100 L o,
0.069 0.223 0.134 0.180 0.844 0.182 Days to 50% physiological maturity
N @l By 0093 Jsbo
0.079 0.047 0.132 0.189 0.858 0.217 Seed filling period
-0.022 0.031 0.431 0.319 0577 0.343 ) (M) 15
Plant height
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