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Table 1. Genotypes used in the experiment

Code s Genotype wwisij Source Lice Code us  Genotype wwigij  Source Licw
Gl FLIP2012-2L ICARDA Gl1 FLIP2012-207L ICARDA
G2 FLIP2012-8L ICARDA G12 FLIP2012-245L ICARDA
G3 FLIP2012-9L ICARDA G13 FLIP2012-262L ICARDA
G4 FLIP2013-2L ICARDA Gl4 FLIP2012-13L ICARDA
G5 FLIP2013-15L ICARDA G15 FLIP2012-24L ICARDA
G6 FLIP2013-25L ICARDA G16 FLIP2012-45L ICARDA
G7 FLIP2013-29L ICARDA G17 precoz Argentina
G8 FLIP2014-021L ICARDA G18 Kimia IRAN
G9 FLIP2012-3L ICARDA G19 Bilehsevar IRAN
G10 FLIP2012-196L ICARDA G20 Sana(Check) IRAN

=153 Jlw 95 35 (o ouiulas w33 (55,9l Sl olSms | ouliilsd Hbof -Y Jgur
Table 2. Meteorological statistics of Zanjan Khodabandeh rainfed agricultural research station in two cropping years

V- aA =l J AA-28 ey Je
Crop year 2018-2019 Crop year 2019-2020
obo Gliao glod SiSla Gl clos JBlas S,k Gliao glod SiSla o slos Jslas S
Month Gl (615 gy (g G (615 ) (osleo)
Absolute maximum - . Absolute maximum . .
Absolute minimum Rainfall Absolute minimum Rainfall
temperature o temperature o
(C*) temperature (C °) (mm) (C°) temperature (C °) (mm)
October 5 27 155 5.6 29.8 17.2
November 0.4 20.8 7.1 -10 16.8 6.4
December -2.6 12.6 4.3 -8.2 10.6 19
January -10.4 9.4 -0.7 -13.4 10.2 -1.2
February -94 10.6 0.8 -20 10.4 -2.9
March 7.2 14.8 2.6 -9.2 174 5.6
April -5.4 19.8 6.8 -1.6 18 6.6
May -4.2 24.2 12.2 3.2 24 12.8
June 7.6 31.2 20 8 32.6 21.4
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- Sead i gl ol 3l ey seee 51 Bagheri, 2008)
Juasl jo (Sas)losl 02 99,5 (2als an Gl oo (lalS
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(Ahmadpour & Hosseinzadeh, 2017; Hosseinzadeh
S 5 S o sledssg, i L olals et al., 2014)
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(Hamdi et al., 1992; Johnson aias oo zwl ol 0guas

oo Saiai] )0 dils 8 Slos g (g pwwgtd lho (il ,lg 438 Y Jgur
Table 3. Analysis of variance of photosynthetic traits and grain yield in lentil genotypes

I gty 2302 colun <l G pan 2T,
a0 _ 1433 P % )
Source of S ol S Sl ‘SS 1)1” o 14539, Fwgid & g
variation el Ll photosynthe Leaf u Transpiration ; Photosynthetic
tomatal Stomatal Photosynthesis
df  tically active temperature S (z:ng a rate conductance water use
radiation z efficiency
Year J 1 364762.1** 448.15** 6750 4.485 0.000083 48.488 5296.05**
Error 1 \ gl 4 38683.9 51.88 1938.77 2.156 0.0009 5.715 300.6
Genotype ) 19 1344.4 1.158* 750.65 0.773 0.00103 7.012* 323.49
Genotype*Year  Jlo )5 s 19 12247 0.388 875.14 0.626 0.0009 3.05 444.03
Error 2 Y gl 76 1154.8 0.602 886.01 0.492 0.00076 3.887 412.49
cv I JUUES UV 1.7 231 16.35 20.5 29.7 20.9 19.19
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a0 Solan . s .
Source of i gle i b ol & pao 21, oS glis,f e iy B ol 5 Shos
variation N ”.o_ i : 100-Seed Number of .
df Mesophilic Water use efficiency Plant height weight pods Yield
conductivity
Year Jw 0.004** 12.77** 1.24 1.714** 184 3663485.2**
Errorl ) slas 4 0.00024 134 2.649 0.0098 14.9 2324.8
Genotpe 95 19 0.0003 0.263 2.77** 4.71%* 1.418 17519.7**
Sl
Genotpe*Year ’ jlj)) 19 0.0001 0.128 1.27 0.052 1.06 7998.29
Error2 Y sl 76 0.000198 0.164 0.769 0.018 1.13 6402.8
oo
cv O 26.3 144 4.18 2.46 11.59 204
bt e
00,30 g o) ) il molaw ;o lo e ol 5 dg e g s
**and *: Significant at 1% and 5% probability levels, respectively
e ilizee slacaisi) 50 9 Sles g gt b b o lio (1SSl dmglio -F Jgux
Table 4. Comparison of mean traits related to photosynthesis and yield in different lentil genotypes
b s #5C0:
[caand . 3% Colas ol & 7,
¢ lai g T3 od - - S AP
N s el e owgs
kD) (46 3 &30 350 3 (81,5 i) 7 Jse i) 'N fb zer 7o) I o 31 Jg09,50) ) S
Genotype  Photosynthetic Leaf (s (o e (Wl 2 20 o (46 5 g2 (1 J30 €Oz Jyas S
activated temperature Sub Transpiration Stomatal Photosynthesis ~ Photosynthetic water use
radiation (c® stumatal rate , conductance (pmol/m? s) efficienc
(umol/m? s) co, (mmol/m?s) (mol/m2s) (umol COz/mol H20)
(pmol/mol)
Gl 1955.8 abcd 33.467 abcdef 172,67 ab 3385 abc  0.092 abed  9.985 abc  113.12 ab
G2 1927.5 d 32.65 f 17233 ab 3272  abcd 0.1 ab 9.893 abc 104.4 ab
G3 19485  bed  33.267 bcdef 18867 ab  3.39 abc  0.095 abcd 9.348 abcd 100.72 ab
G4 1951 abcd 33.183  ecdf 189 ab  3.607 ab 0.102 ab 10.177  abc 99.97 ab
G5 1957 abcd 32.7 ef 1775 ab  3.665 ab 0.11 ab 11.357 a 105.36 ab
G6 1952 abcd  33.067 edf 186.83 ab  3.702 ab 0.105 ab 9.737 abc  102.98 ab
G7 1967.3 abc 3355 abcde 176.17 ab 3.615 ab 0.098 abc 10.15 abc  104.73 ab
G8 19555 abcd 33.367 abcdef 17483 ab  3.445 ab 0.093 abcd  9.993 abc  109.66 ab
G9 1976.3 abc 33183 ecdf 16483 b 3505 ab 0.095 abcd 10.275 abc  116.87 a
G10 1954.2  abcd 33.6 abcd 1773 ab 2553 d 0.063 d 6.957 e 112.07 ab
Gl1 1989 a 33.383 abcdef 1805 ab 3185 abcd 0.083 abcd 8.81 bcde  106.5 ab
G12 1960.8 abcd  34.15 ab 18567 ab 262 cd 0.067 cd 7.248 de 114.16 ab
G13 1948.2 bcd 33.783  abcd 199 ab  3.975 a 0.115 a 10.188  abc 91.47 b
Gl4 1973 abc 33917 abcd 19533 ab 3595 ab 0.095 abcd 8.75 bcde  97.83 ab
G15 1985.5 ab 33.333 abcdef 171.83 ab 3535 ab 0.1 ab 10.672 ab 110.08 ab
G16 1968.8  abc  34.067 abc 166.33 b 3162 bcd 0.082  bcd 8.932  bcde 109.26 ab
G17 19733  abc 339 abcd 2025 a  3.967 ab 0.105 ab 9.282 abcd  93.04 b
G18 1976.3 abc  34.167 a 195 ab  3.442 ab 0.085 abcd 8.157 cde 101.1 ab
G19 1945.8 cd 33917 abcd 18283 ab 3502 ab 0.09  abcd 9.27 abcd  103.96 ab
G20 1967.3 abc  33.633  abcd 165 b 324 abcd 0.082 bed 9.507 abcd 118.66 a

Als ls pe Sglas s )0 O a0 il pug By sl sl Sikeo
Means with dissimilar letters are significantly different at the 5% level.
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Table 4. Comparison of mean traits related to photosynthesis and yield in different lentil genotypes

o Shdsie culun ol &z o1)l8 oL £l aloVee 39 o o Slas
g sl (466 32 zy0 50 1 CO2 Jgo hoo) (T Jgo 52 CO2 Jgo3,50) (o i) (5 AU ol (LS 55 0 )5 9lS)
Genotype  Mesophilic conductivity ~ Water use efficiency Plant height (cm) 100-Seed weight ~ Number of pods Yield
(mmol CO2/m?s) (umol CO/mol H,0) (gr) (Kg/h)
Gl 0.0587 abcd 2.986 ab 22.3 ab 5.275 i 8.333 d 385.53  bcde
G2 0.0527 abcdef 3.023 a 21.9 abc 5.632 gh 8.933 abcd 350.4 cdef
G3 0.0492 bedef 2.808 abcd 20.8 ed 5.722 [s} 8.233 d 298.92 ef
G4 0.0555 abcdef 2.825 abcd 21.067 cde 5.965 f 9.567 abc 383.25  bcde
G5 0.0665 a 3.106 a 22.467 a 6.773 a 10.1 a 464.45 ab
G6 0.0547 abcdef 2.844 abcd 20.7 ed 6.047 ef 9.167 abcd  367.66  cdef
G7 0.0582 abcd 2.909 abc 21.933 abc 6.822 a 9.3 abcd  428.89 abc
G8 0.0573 abcde 2.928 abc 20.6 ed 6.4 c 8.833 bed 419.62  abcd
G9 0.0637 ab 3.124 a 20.633 ed 6.005 f 8.667 cd 336.1 def
G10 0.0417 ef 2.759 abcd 21.2 cde 4.707 j 9.567 abc 438.18 abc
Gl1 0.0523 abcdef 2.811 abcd 204 ed 4.765 j 10.033 ab 463.23 ab
G12 0.0395 f 2.752 abcd 20.267 e 4.653 j 9.267 abcd  394.87  bcd
G13 0.0527 abcdef 2.554 bed 20.8 ed 6.185 de 8.967 abcd  493.89 a
Gl14 0.0492 bcdef 2.487 cd 20.5 ed 6.265 cd 9 abcd  377.97  bcde
G15 0.0615 abc 3.016 ab 20.233 e 6.608 b 8.967 abcd  408.04  abcd
G16 0.0547 abcdef 2.829 abcd 213 bed 4.432 k 8.933 abcd  374.28  bcde
G17 0.047 cdef 2.442 d 20.8 ed 4.365 k 9.633 abc 278.13 f
G18 0.043 def 2.429 d 204 ed 477 j 9.167 abcd 38257  bcde
G19 0.0515 abcdef 2.672 abcd 20.267 e 3.84 | 9.567 abc 360.63  cdef
G20 0.06 abc 3.004 ab 20.933 cde 5.477 h 9.2 abcd  430.35 abc
510 jls e Dglis o0 O e )0 sl e By (sl sl il
Means with dissimilar letters are significantly different at the 5% level.
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Table 5. Simple correlation coefficients between the studied traits in the studied genotypes
PAR LT SS TR SC P PWUE MC WUE PH 100SW NP Y
PAR 1
LT 0.36 1
SS -0.22 0.21 1
TR 0.03 -0.18 0.38 1
SC -0.19 -0.47* 0.34 0.93** 1
P -0.1 -0.64** -0.2 0.72** 0.84** 1
PWUE 0.18 -0.1 -0.89** -0.65** -0.61** -0.12 1
MC 0.09 -0.6** -0.59** 0.45* 0.54* 0.89** 0.27 1
WUE -0.12  -0.72**  -0.79** -0.17 0.05 0.53* 0.69** 0.74** 1
PH -0.38 -0.49* -0.23 0.06 0.24 04 0.08 0.42 0.46* 1
100Ssw  -0.02  -0.57** -0.12 0.42 0.58** 0.58** -0.06 0.62** 0.44*  0.29 1
NP 0.19 -0.02 0.16 -0.02 -0.05 -0.1 -0.16 -0.07 -0.15 0.06 -0.19 1
Y 0.1 -0.05 -0.22 -0.13 -0.06 0.08 0.15 0.21 0.17 0.16 0.32 0.38 1

**and *: Significant at 1% and 5% probability levels, respectively

aA

0o, 0 5) Jloiml mohaw 1o s gime a5 g
(Transpiration rate) TR «slas;s, ;5 CO2 (Sub stumatal COy) SS «5 ,, sles {Leaf temperature) LT «sjwgs Jué aixzs {Photosynthetic activated radiation) PAR
s sy wyd ol B, _ae T,Ls (Photosynthetic water use efficienc) PWUE :j_.gs ((Photosynthesis) P «las;,, culo» (Stomatal conductance) SC 5, =
wsla) « - 59 (100-Seed weight) 100SW L5 ¢Lss | (Plant height) PH 1 s as 1,Ls ((Water use efficiency) WUE : __Ls,3. =olae (Mesophilic conductivity) MC
JSa 50 0 Skae (Yield) Y scidle slaas (Number of pods) NP



AN-)e ¥ azio AP Jlo 5l Y (0,90) Sl /) 931 U g GO GIBGH /... 51yl )b sy 2 1]y 3 (6 s

g (350 59y 2 S2Sglgr b Olio pB el (g )55 43 Jgux —F Jgu
Table 6. Stepwise regression analysis of physiological traits on photosynthesis

Source of variation i gl

oIl azy0

Sl wo Sl
Sl po oSSl R? R Adjust

MS
Regression O3S 10.623** 098 095
Residual oasleuly 0.057
Joko 43 0ad,ylg wlie 95 ) ol po

Traites entered into the model

Regression coefficient

ol gy Constsnt

slase, coloa

sljs, 25 CO2

Stomatal conductance
Sub stumatal CO,

11.121**+3.894
83.858**+4.414
-0.052**+0.005

a2 0 gan;e ) Jlisl mshaw )0l e a5 g g
**and *: Significant at 1% and 5% probability levels, respectively
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Inroduction

Considering the development of cultivation and production of legumes and the importance of genetic
studies in plant breeding, identifying the genetic potential of these plants is very important. Knowledge of
genetic diversity and relationships between genotypes is important for understanding available genetic
variability and the potential to use it in breeding programs. According to previous studies on lentils, it was
found that improving the yield potential per unit area can be one of the important criteria for increasing the
production of this plant. Increasing the yield per unit area is possible mainly by modifying and creating high-
yielding cultivars, improving the characteristics and increasing the quantitative and qualitative potentials.
Breeders and plant physiologists believe that in order to be more productive in improving compatible
cultivars in areas with limited water resources, recognizing the agronomic traits affecting grain yield under
stress conditions will be of great importance; Therefore, indirect selection based on physiological traits has
been proposed as a complement to the selection of cultivars with high yield potential. Considering the
different reactions of photosynthetic indices under stress conditions, it is important to know the genotypic
diversity of photosynthetic indices under culture conditions and their relationship with grain yield. Despite
numerous studies on the role of physiological traits in drought tolerance in crops, recent studies on lentils,
especially in Iran, are limited. This study was designed and carried out with the aim of determining
genotypes with desirable physiological and yield traits and the relationship between these traits and
photosynthesis under rainfed conditions.

Materials & Methods

In order to study the photosynthetic and yield parameters of lentil plant in rainfed conditions, selected
advanced lentil lines with control cultivars were studied in a randomized complete block design with 3
replications in Khodabandeh dryland research station in Zanjan Province in two cropping seasons 2018 to
2020. Physiological traits included photosynthesis per unit leaf area, stomatal conductance, transpiration rate,
photosynthetic activated radiation, sub stumatal CO,, leaf temperature, photosynthetic water use efficiency,
mesophilic conductivity and water use efficiency. Plant height, 100-seed weight, number of pods and yield
(kg/ha) were also measured for each genotype in each plot. Analysis of variance and comparison of means
were performed using Duncan's test at 5% probability level. Finally, correlation analysis and stepwise
regression analysis were performed with the variables of photosynthesis rate and total yield.

Results & Discussion
The results showed that there was a significant difference in photosynthetic active radiation, leaf
temperature, photosynthetic water use efficiency, mesophilic conductivity, water use efficiency, 100-grain
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weight and yield between two years of experiment. The studied genotypes showed significant differences in
leaf temperature, photosynthesis, plant height, 100-seed weight and yield, which indicated the high genetic
diversity of these genotypes in terms of these traits. The interaction effect of genotype per year was not
significant in all studied traits, which shows that the trend of changes in these traits between genotypes
during the two years was the same. Among the studied genotypes, G5 genotype is a genotype with superior
agronomic characteristics that can be recommended as a cultivar with high yield potential. Photosynthesis
rate showed a significant negative correlation with leaf temperature and significant positive correlation with
transpiration rate, stomatal conductance, mesophilic conductivity, water use efficiency and 100-grain weight.
100-seed weight showed a significant negative correlation with leaf temperature and a significant positive
correlation with stomatal conductance, photosynthesis, mesophilic conductivity and water use efficiency.
These results show that drought and lack of water in the soil have the greatest effect on reducing
photosynthesis and plant yield at different phenological stages (seedling, flowering and podding) of the
plant. Finally, regression analysis showed that stomatal conductance and sub stumatal CO; explained the
changes in photosynthesis.

Conclusion

The results showed that for lentils, two traits of stomatal conductance and sub stumatal CO;
concentration may explain the changes in photosynthesis. Genetic diversity is very important for crop
breeding and higher diversity of genotypes provides a better chance of producing a variety of desirable
cultivars. The observed genetic diversity in traits can help select superior genotypes based on phenotypic
expression and can be used in breeding programs to improve economically important traits. Finally, among
the studied genotypes, G5 genotype was found to be a genotype with superior agronomic characteristics that
could be recommended to the farmers to improve lentil yield.

Keywords: Mesophilic conduction: Photosynthesis: Regression analysis: Stomatal conductance:
Transpiration
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