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Extended abstract
Introduction
Lentil is a rich source of protein, fiber, minerals, antioxidants, folate, zinc, selenium, iron, and low
amounts of fat and carbohydrates. Increasing water shortage and drought stress will be a major threat
to global lentil production. The present study was conducted to determine the morphophysiological
traits and grain of yield under normal and drought stress conditions, investigate tolerance indices and
identify drought tolerance in some lentil genotypes.

Materials and methods

In this experiment, twenty - four lentil genotypes were evaluated in the research farm of Shahrekord
Faculty of Agriculture in two drought-stress environments and the normal conditions of the region in
two separate randomized complete block designs with three replications experiments. In the 50%
flowering stage, drought stress was done by completely stopping irrigation for the genotypes. Sampling
was done at the end of the growing season. In this experiment, morphophysiological and yield traits
were measured.

Results and discussion

The results of composite data analysis showed that the effect of environment, genotype and the
interaction effect of genotype x environment were significant on most traits. The share of these sources
of variation in diversity of triats was different and environment placed on the most role in the diversity
of seed yield (55.27%), genotype in the diversity of 100 seed weight (64.6%) and the number of single
seed pods (53.9%). Seed yield in normal agricultural conditions has a positive correlation with most of
the traits. In addition, under stress conditions, more traits had a significant correlation with grain yield.
STI and GMP indices were highly correlated with yield in both environments and these indices can be
used to select the superior genotype. Examining the main components of the indicators showed that the
first component and two components justify 97.66% of the changes, the first component was introduced
as a semi-tolerant component and the second component as a tolerant component. The results of the
cluster analysis put the genotypes in three general groups. The results of cluster analysis based on STI
and GMP indices put the genotypes in three separate groups.
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Conclusion

One of the main goals of production programs in arid and semi-arid regions is the screening of
germplasm in different stages of plant growth. The results of the present research showed that drought
stress in the reproductive stage reduces the morphophysiological traits and yield of lentil genotypes.
Based on the results of seed yield, Kimia genotype with the lowest yield loss is known as the tolerant
variety and C113 variety with the highest yield loss is known as the sensitive variety. Based on the results
of seed yield, Kimia genotype with the lowest yield loss is known as the tolerant variety and C113 variety
with the highest yield loss is known as the sensitive variety.
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Table 1. Genotype’s code or name of the Studied lentil genotypes
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bosrox i 6 . s s . . . .
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** *and ns: Significant at 0.01 and 0.05 probability and Non-significant respectively
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B
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Relative water content (%) o s (glgixo
Membrane stability(%o) Lig sl
Weight of 100 seeds (gr) aildVer 39
Grain yield (gr.m?) als o ,Slos
Straw yield (gr.m2) ols 5 ,Shos
Biological yield (gr.m) S5 & ySdos
Harvest index% bl g Ll
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T Numbers in brackets indicate the percentage change due to drought stress. ns,*, and ** means non-significant,
and significant at five and one percent probability levels respectively based on LSD test.

dnlie gl (lao Cdél o laore 5 odgdy bl il
oadz 0 Jauz jo Jele 9o pl cuS 5 0 wlas (Sike
M105 sloccsss g oo i N114 C114 slacasys
Plasl 05> |y O (o Slgime n a8 oliile S
;45La.; Q’ﬁ u] o 6‘93-7“’ 9514:.» J.Lc c\.l.«:>)‘ A5als
G5y el Ay lawgs Of i Qi b Sy el

solae o pxe als cely Sis i addllae opl (o

Jd9 1S Cans 5 (LYY D Lo JS (/N < 1Y) @ Juds IS
RSP EYSI < JU [SO VA LR S AT ADY IV
ueels (Terzi and Kadioglu, 2006) 5 5  oows b,
Allakhverdiev et) Lég,ls 6o, slo wShaS jiw
Sl 5 gilacns] 25 5 oo wleas (@l 2000
(Dash etal., 2017) caodyg S ,Lslo § ailoSS, 4 ol
(Shin and Schachtman, 2004) S, 1,995 S 9
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Table 4. Means Comparison of interaction effects of genotype x drought traits of lentil genotypes

s Sloc sl
b Of o glgime Lad golly  &lo Ve 39 R S O P o s

LoD Enviro-  Relative water Membrane Weightof 4%225%<  Straw  Biological ~ Harvest
Genotype nments content stability = 100seeds Grainyield yield yield index

% ar gr.m %

g al NC 67.1 66.3 4.9 198.3 315.3 513.7 38.5
Bilesava DS 55.9 75.7 47 980 3283 426.3 23.0
C104 NC 69.1 40.0 4.0 247.1 357.2 604.3 40.8
DS 51.6 85.1 3.7 131.9 485.0 616.9 20.6
C108 NC 66.6 64.0 3.7 245.3 436.6 681.8 34.6
DS 40.9 713 3.8 163.7 545.3 709.1 23.1
C113 NC 78.6 717 4.8 360.5 746.7 1107.2 32.4
DS 56.1 64.3 4.5 84.3 416.7 501.0 16.8
cl14 NC 80.3 66.1 4.6 216.5 282.3 498.8 43.3
DS 57.8 70.4 4.5 117.0 263.0 380.0 31.0
ol slwsss NC 73.7 61.1 5.0 228.8 562.6 791.3 28.9
Gachsaran DS 43.7 73.1 43 1322 3083 4405 30.1
oliile,s NC 59.7 68.1 2.8 1915 455.2 646.7 29.4
Kermanshah DS 50.1 77.2 2.9 111.3  460.7 572.0 19.0
LeowS NC 68.2 59.1 5.0 207.7 413.3 621.0 32.6
Kimia DS 38.9 77.7 4.2 2025 5220 7245 28.0
M105 NC 54.4 73.2 4.1 284.5 562.2 846.7 33.6
DS 51.1 72.4 4.0 123.3 353.3 476.7 25.6
M108 NC 68.9 51.7 4.3 3235 459.1 782.6 414
DS 42.1 74.9 4.2 85.7 318.9 404.6 21.2
M115 NC 72.1 64.4 4.2 2825 362.4 644.9 43.7
DS 55.4 82.6 4.0 119.3 327.1 446.4 25.9
M118 NC 57.0 68.6 4.1 260.7 742.7 1003.3 26.0
DS 46.3 74.2 3.9 117.8 344.6 462.4 25.5
N101 NC 64.7 56.2 3.6 280.1 382.8 662.9 42.0
DS 56.6 62.8 35 168.3 665.0 833.3 20.1
N107 NC 70.9 64.0 4.5 212.1 661.5 873.6 24.0
DS 52.1 78.4 4.1 143.0 620.0 763.0 18.8
N108 NC 75.6 76.0 4.4 122.1 223.8 345.8 35.1
DS 52.8 84.9 4.0 109.2 381.3 490.5 215
N109 NC 75.0 51.6 4.3 233.2 369.3 602.5 37.9
DS 43.1 71.0 3.7 167.8 320.5 488.3 34.4
N111 NC 76.8 70.3 4.4 256.5 531.0 787.5 32.6
DS 59.3 73.4 3.9 123.4 393.3 516.7 23.6
N112 NC 59.6 63.6 4.5 233.9 550.7 784.6 29.5
DS 64.8 714 4.0 95.7 249.3 345.0 275
N114 NC 68.2 65.3 4.3 292.0 529.0 821.0 35.6
DS 68.0 81.0 4.1 124.0 5315 655.5 18.6
0101 NC 61.8 67.7 4.1 266.3 3335 599.8 44.3
DS 61.8 72.9 3.6 170.1 582.3 752.5 22.5
0106 NC 68.3 61.8 4.7 242.7 396.0 638.7 36.7
DS 434 7.7 4.1 134.0 701.0 835.0 16.0
0112 NC 69.5 66.8 4.5 2775 553.3 830.8 334
DS 61.2 74.9 4.4 131.2 313.3 444.6 29.7
Precozsyss,  NC 64.6 80.9 a7 2623 5879 8502 30.8
IS DS 40.3 76.5 4.1 146.3 435.0 581.3 25.1
sepenr e NC 68.8 68.0 4.5 320.0 341.3 661.3 48.3
i DS 46.7 73.1 3.9 149.4 339.2 488.5 30.7
LSD o.01 15.7 20.8 0.4 74.4 37.8 89.4 8.3
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Table 4. Continued aolsl F Jous
gl a5l olass ST ABME olasy
Lo dig el Number of PRV a Judg,ls Judgtsh Judg tsa/b

S Enviro-  Plant primary Number of one &9 Chlorophyll Chlorophyll Chlorophyll

Genotype nments  height branches seed pods Proline a b a/b
cm e gr.mg* weight -------------

g aly NC 30.3 2.0 24.7 0.23 0.7 0.4 17
Bilesavar DS 27.8 3.3 10.3 0.24 0.8 0.6 1.3
C104 NC 30.3 2.0 35.0 0.22 0.7 0.8 0.9
DS 30.5 3.0 25.0 0.24 0.4 0.3 14
c108 NC 27.9 2.3 28.3 0.23 0.4 0.4 11
DS 29.2 2.7 12.0 0.25 0.4 0.4 13
C113 NC 29.7 2.3 34.7 0.22 0.4 0.6 0.8
DS 30.2 1.7 10.0 0.24 0.6 0.4 15
C114 NC 31.0 2.3 19.7 0.24 0.3 0.3 1.2
DS 24.1 3.0 17.7 0.24 0.4 0.3 1.3
oy buzs NC 28.0 2.0 26.0 0.22 0.4 0.5 0.9
Gachsaran DS 275 2.0 21.3 0.24 0.6 0.5 13
oLiile s NC 24.7 2.0 11.0 0.24 0.4 0.5 0.7
Kermanshah DS 26.5 2.3 10.0 0.24 0.4 0.2 2.1
LoosS NC 27.0 2.3 29.0 0.24 0.8 0.5 15
Kimia DS 33.0 2.3 30.0 0.24 0.5 0.5 1.0
M105 NC 28.8 2.7 32.0 0.22 0.6 0.5 1.2
DS 26.0 2.7 21.3 0.24 0.5 0.3 1.4
M108 NC 31.0 2.7 26.0 0.23 0.9 0.6 1.4
DS 26.7 2.3 25.7 0.24 0.5 0.3 16
M115 NC 30.1 2.3 26.0 0.22 0.6 0.5 11
DS 28.2 2.7 26.0 0.23 0.5 0.5 0.9
M118 NC 31.8 3.0 13.0 0.23 0.5 0.4 1.3
DS 25.7 2.3 16.0 0.24 0.5 0.3 18
N101 NC 27.9 3.0 35.3 0.23 0.7 0.7 1.0
DS 27.2 2.7 16.3 0.24 0.6 0.3 2.0
N107 NC 32.7 3.3 36.0 0.22 0.6 0.8 0.8
DS 26.8 2.3 21.3 0.24 0.5 0.4 1.0
N108 NC 28.2 2.3 31.7 0.22 0.5 0.8 0.6
DS 28.3 2.3 21.0 0.23 0.6 0.4 15
N109 NC 32.0 2.0 26.3 0.23 0.7 0.6 12
DS 29.8 2.3 15.3 0.24 0.6 0.5 11
N111 NC 27.5 2.3 153 0.22 0.5 0.5 11
DS 27.3 2.7 18.0 0.24 0.3 0.6 0.5
N112 NC 27.7 2.0 153 0.23 0.5 0.5 1.2
DS 30.2 2.3 11.7 0.24 0.8 0.6 14
N114 NC 31.7 2.3 21.7 0.24 0.3 0.6 0.6
DS 25.8 2.3 22.0 0.24 0.6 04 15
0101 NC 27.7 2.0 23.7 0.23 0.6 04 16
DS 315 2.7 18.0 0.23 0.4 0.3 15
0106 NC 30.0 2.7 27.0 0.24 0.7 0.7 0.9
DS 30.2 2.3 21.7 0.24 0.6 0.4 17
0112 NC 28.8 2.0 29.0 0.23 0.7 0.4 15
DS 25.0 2.3 25.3 0.24 0.3 0.5 0.7
3550 NC 24.0 1.7 12.3 0.24 0.8 05 15
Precoz DS 23.3 2.7 12.0 0.22 0.3 0.4 0.7
ey NC 32.8 2.3 25.3 0.22 0.4 0.3 1.3
Sepehr DS 29.5 3.0 16.3 0.24 0.5 0.4 1.3
LSD o.01 4.71 1.16 2.06 0.011 0.09 0.07 0.22

NC, DS: Normal and Drought stress conditions, respectively
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Sblwgi 5 (S35 Jelge 5ol o 009y o8 o 5 Shoe
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(Toker and Cagirgan, 2004)

5 e (St &y 3 Sles b als wo Gy o
el | (Tofig et al., 2016) cowl oo 5,155 (5,0 sino
5 odd Fawsid (Rl g 59 yliey ©d 4 e s 0L
Sl Fhe 0,Shee ;0 i 00590 Slge Glime b Gayb 0
(Levitt, 1980)

A1 ln okl buomo 99 Glacadsiy o o5 ol |
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B (A Gg g o5 Ll 90 1 50 (eSks 51 Smby
Sl (65lme i ghy S5 Sz Jlre 0 g 525 o0
Fernandez, ) ol plate Wog,S plw 511, A 09,5 a5
(1992

Gads g 3,8 (Kt (S a5 oy b sl SIS
SI0-5€ ) 09 oo wgmmme dyads id IV 5l YL i
3 LR Sal Liegh ol ,e (Mardeh et al., 2006
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ool @l G4 e g aly il Calple s
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STl g GMP olie oy eSS g als 9 N112 woliile S
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Ol ol el i ey g i L g0 (0 0, Sles
TOL a5 ol ooishy 4 Glatin yiion oo Joi 2L
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el aas o lis aS 0g o /FA plpy 2alS al> e Sl
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Syl 0,55 (S8 s 4 cpnles el aulxe o
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SSI sy wlsl ,» (Sio-Se Mardeh et al., 2006)
S ol s Ghaghy cnl addllaes g0 lagiss 15T
pad¥oly Sl iy SSI b 5l (S ing G
Wlos, S AL s cod bawgie Sl Gl Comles
L LosS o8, adlllas cpl o (Guttieri et al., 2001)
555 mpdeize (+IYY) SSI asls Jlade oS
362 Jao ool 2 iy cnl 0 A5 alpd 4 S
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Table 5. Correlation coefficients of studied traits under normal and drought stress conditions

Triats lao 1 2 3 4 5 5 Z
L Relative water ;’L te‘fr‘l‘t“‘ C o 1 -0.169 0.072 -259%*  -0.042  -0.104  -0.205
2 Membrane stability sk 0.048 1 -0.166 0.236* 0.06 0.114 0.124
3 Weight o 100 sees aloVer 033 gaserx  (.061 1 -0.349%*  .0.294*  -0.346**  -0.016
* Grain yield wlooes 0001 -0.021 0.01 1 0.391**  0.600**  0.546**
> Straw yield SWosdes 0162 0.204 0.106  0.313** 1 0.971**  -0.530**
6 Biological yiel d‘;“"”’” S5 des 0095 0.157 009  0.642%*  0.929** 1 -0.319%*
" Harvest index wdlor ety o3 -0.193  -0.056  0.548** -0.597**  -0.269* 1
8 plant height Sy eWyl o165 -0.149 0.107 0.196 -0.037 0.046 0.227
S Number of prim:f;‘bd.l:::i::ﬁ -0.048 -0.153 0.046 0.071 0.13 0.133 -0.002
10 Number of o‘i:?ej.pj:: - 0.178 -0.244* 0.134 0.105 -0.14 -0.072 0.187
H Proline oP9n 0124 -0.05 -0.096 -0.064 -0.102 -0.107 -0.015
12 Chlorophyll a aksesS o115 0270 0435 0.052 0073 -0.038 0.071
13 Chlorophyll b b5 071 0199  -0.134  -0.107  -0.023 -0.06 -0.098
14 abddelS 5173 0046  0288* 0001 -0.108  -0.052 0.177

Chlorophyll a/b
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Table 5. Continued

alol.b Jgus

Triat XTI 9 10 11 12 13 14

1 eledléz 005 0035  -0046 0024 0158 0058  0.087
Relative water content

2 Lic sl 0091 0087 0195 0137  -0.055 0032  -0.073
Membrane stability

3 @l i o015 -0.086 0.139 0.109 0.271*  0.439**  -0.309**
Weight of 100 seeds

4 @loosdes 99 0.108 0.18 0077  -0251* -0043  -0.18
Grain yield

5 Wosdes 5164 0006 0094  -0005  -0.086 -0.320%%  0.262*
Straw yield

6 SgdsmoSes o197 0023 0129 0015 -014  -0289* 0181
Biological yield

7 cabre2ld 0019 0083 0064 0413 -0137 0226  -0.371%*
Harvest index

8 dmelsl 0.083 0.07 0079 0226 0114  0.072
Plant height

9 adglaslisslasi a7 1 0021  -0.188  -0.09  -0.007  -0.11
Number of primary branches

10 O e 0.208 1 0064  -0.178 008  -0.248*
Number of one seed pods

11 09X 0168 -0137  -0.354%* 1 0183 0052  0.135
Proline

12 adsS 5061 0024  0236*  0.058 1 0.380%%  0.422%*
Chlorophyll a

13 b s 0022 0195  0507*%  -019  0.422%* 1 -0.632%*
Chlorophyll b

14 a/b Jrdg 19 0015  -0126  -0.205 0.2  0535%% .0518%* 1
Chlorophyll a/b

Gl Ay g % LA e LIS I gsc‘)} Jsexe Lyl )0 Slae Swvon s omb g S s Lyls o Sl Susos colpo s YU

Ao 30 Sy g g Jleixl zah (0 )l pxe

The above and bottom of the diameter indicate the correlation coefficient of traits in drought stress and normal conditions
respectively. * and **, significant at 5 and 1 percent probability levels respectively.

095 Slacwie) pled 4,08 asls ol mls (pl Wl
4 (YD o Shos (a3ld (p a8 5 (it S B 5 A
(o) VOV 2l YL LoS slaccigy by pe ol
ool iy OBl g (Lwle) 120 ol M108
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S D og,d ;0 N108 sy wols plais! os5 a

28,5 15 B 6,5 ,0 M108 3 C113 slacssss
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YL polae (Shirinzadeh et al., 2009) cuisls cdilas
el g sl i A s Jezs s lid MP a3l
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aslllas ol ,o (Ramirez-Vallejo etal., 2009) o5 5
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Table 6. Estimation of some drought tolerance indices of lentil genotype

T Ys Yp YR TOL MP GMP  STI YI YSI ssl
Genotype
C104 1319 247.1 -46.6 115.2 189.4 177.2 0.5 1 0.5 0.9
C108 163.7 2453 -33.2 815 204.5 193.7 0.6 1 0.9 0.3
C113 84.3 360.5 -76.6 276.1 222.4 172.9 0.4 0.6 0.2 1.6
Cl14 117 216.5 -45.9 995 166.7 158.7 0.4 0.9 0.6 0.9
M105 123.3 2845 -56.6 161.1 203.9 186.3 0.5 0.9 0.4 1.2
M108 85.6 3235 -73.5 237.8 204.5 166.2 0.4 0.6 0.3 1.5
M115 119.3 2825 -57.7 163.1 200.9 178.1 0.5 0.9 0.4 1.2
M118 117.8  260.7 -54.8 142.8 189.2 174.1 0.4 0.9 0.4 1.1
N101 168.3 280.1 -39.9 111.7 224.2 216.2 0.7 1.3 0.6 0.8
N107 143 212.1 -32.5 69.0 1775 173.1 0.4 1.1 0.7 0.6
N108 109.2 122.1 -10.5 12.8 115.6 108.5 0.1 0.8 1.1 -0.1
N109 167.7 233.2 -28.0 65.4 200.4 194.4 0.6 1.3 0.8 0.4
N111 1234 256.5 -51.8 133.1 189.9 176.7 0.5 0.9 0.5 1.1
N112 95.7 233.9 -59.0 138.2 164.8 146.6 0.3 0.7 0.5 1.2
N114 124 292 -57.5 168 208 187.7 0.5 0.9 0.4 1.2
0101 170.1  266.3 -36.1 96.2 218.2 211.7 0.7 1.3 0.7 0.7
0106 134 242.7 -44.7 108.6 188.3 1735 0.4 1 0.7 0.6
0112 1312 2775 -52.7 146.2 204.3 190.5 0.5 1 0.5 1.1
Syl 98 198.3 -50.5 100.3 148.1 139.0 0.3 0.7 0.5 1.0
Bilesavar
399 146.2 262.3 -44.2 116.0 204.3 195.7 0.6 1.1 0.6 0.9
Precoz
Her 149.3 320 -53.3 170.6 234.6 218.1 0.7 1.1 0.5 1.1
Sepehr
oLiile 5 111.3 191.5 -41.8 80.1 151.4 141.1 0.3 0.8 0.6 0.8
Kermanshah
e 202.4  207.7 -2.5 51 205.0 202.0 0.6 1.5 1.1 -0.2
Kimia
obluss 132.2 228.8 -42.2 96.5 180.4 173.6 0.4 1 0.6 0.8
Gachsaran
Mean il 131.2 2519 - 120.7 191.6 177.4 0.5 1 0.6 0.9
LSDo.0s 115.4 48.6 47.9 0.3 0.4 0.5 0.5

Qo g 9 o il a0 o g uf g o cime (55 A NS g

ns, * and **: Not-significant and significant at 5% and 1% probability levels, respectively.
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