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Extended Abstract

Introduction

Increasing awareness of physiological and yield traits that are effective in shaping grain yield can be a suitable
criterion for selecting effective traits for improving grain yield. In this regard, the stability of physiological
characteristics and maintenance of plant photosynthetic capacity are of great importance in studies related to
drought tolerance and selection of resistant genotypes. On the other hand, a better understanding of plant
physiological responses to environmental stresses can assist breeders in programs that aim to breed for drought or
salinity tolerance. Measuring grain yield is one of the important indicators in crop breeding programs for adaptation
to biotic and abiotic stress conditions; however, due to the low heritability of this trait, measuring the yield,
physiological, morphological, and biochemical traits related to stress, especially drought stress, seems necessary
alongside it. Given the high antioxidant and nutritional properties of black beans, selecting tolerant genotypes
based on physiological and yield parameters can help develop the cultivation of these cultivars in low rainfall areas
of the country. Iran has an arid and semi-arid climate, and water deficit is one of the main problems of Iranian
agriculture; therefore, the occurrence of drought stress during the growth period is inevitable, and even the reaction
of bean varieties to drought stress is different. The present study aimed to evaluate physiological factors and yield
components and their relationships with grain yield in 21 black bean lines during two consecutive years under
normal irrigation conditions.

Materials and Methods

This research was conducted using selected advanced lines of black bean (21 lines of Colombian origin) in a
randomized complete block design with 3 replications at Kheirabad station in Zanjan province during two cropping
seasons from 2023 to 2025. Photosynthetic parameters were measured during the growing season and yield traits
were measured after harvest. Combined variance analysis, comparison of means, correlation, and finally stepwise
regression analysis were performed with the dependent variable of photosynthesis rate and total yield.

Results

The results of the combined analysis of variance showed that in photosynthetic parameters, except for the traits of
photosynthetic activated radiation and photosynthesis rate, a significant difference was observed at the 1% level
between the two years of the experiment. Except for the stomatal conductance parameter, no significant differences
were observed between the studied genotypes. Significant differences were observed at the 1% probability level
in all functional and morphological traits between the studied genotypes. The existence of significant differences
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indicated the diversity between the studied genotypes in terms of these traits and the possibility of selecting
desirable genotypes based on them under normal conditions. Genotypes G5, G20, G2 and G4 had the highest
stomatal conductance, G2, G19, G20 and G13 had the highest number of pods per plant, G21, G5, G6, G8, G12
and G17 had the highest number of seeds per pod, G2, G19 and G13 had the highest number of seeds per plant,
G1, G4, G11 and G6 had the highest 100-seed weight and G19, G13 and G15 had the highest seed yield.
Substomatal CO; showed a significant negative correlation with photosynthetic water efficiency, photosynthetic
water use efficiency, mesophyll conductance, and leaf temperature, and a significant positive correlation with
stomatal conductance. Transpiration rate showed a positive correlation with leaf temperature, substomatal CO;
content, and stomatal conductance, and a significant negative correlation with water use efficiency and
photosynthetic water use efficiency. Grain yield showed a significant positive correlation with the traits number
of plants per plot, plant height, number of pods per plant, number of seeds per plant, and photosynthetic water use
efficiency, and a significant negative correlation with substomatal CO,, transpiration rate, and stomatal
conductance. Stepwise regression analysis showed that among the photosynthetic parameters, stomatal
conductance and substomatal CO2, had a significant positive and negative effect explaining changes in the rate of
photosynthesis respectively. Among the measured yield traits, the traits number of plants per plot, number of seeds
per pod, number of days to maturity, and 100-seed weight had a significant positive effect explaining changes in
yield. Therefore, high values of the number of seeds per pod and the weight of 100 seeds have led to increased
grain yield.

Conclusion

The results showed that G19, G13, and G15 had the highest seed yield and these genotypes had a higher
number of pods per plant and a higher number of seeds per plant than other genotypes. Stomatal
conductance and substomatal CO,, were the most important traits explaining changes in photosynthesis
rate, and four traits, number of plants per plot, number of seeds per pod, number of days to maturity,
and 100-seed weight, were the most important traits explaining changes in seed yield. Therefore, these
traits can be significant as a basis for selection to improve bean seed yield in breeding programs for
different environmental conditions.
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Table 1- Genotypes studied in the experiment.

Code  Line Name Origin Code Line Name Origin
Gl KS10037 Imported lines originating from Colombia G12 KS10036 Imported lines originating from Colombia
G2 KS10068 Imported lines originating from Colombia ~ G13 KS10009 Imported lines originating from Colombia
G3 KS10105 Imported lines originating from Colombia G14 KS10002 Imported lines originating from Colombia
G4 KS10005 Imported lines originating from Colombia G15 KS10028 Imported lines originating from Colombia
G5 KS10003 Imported lines originating from Colombia  G16 KS10039 Imported lines originating from Colombia
G6 KS10101 Imported lines originating from Colombia G17 KS10034 Imported lines originating from Colombia
G7 KS10040 Imported lines originating from Colombia G18 KS10025 Imported lines originating from Colombia
G8 KS10026 Imported lines originating from Colombia ~ G19 KS10108 Imported lines originating from Colombia
G9 KS10006 Imported lines originating from Colombia G20 KS10027 Imported lines originating from Colombia
G10 KS10109 Imported lines originating from Colombia G21 KS10110 Imported lines originating from Colombia
G11 KS10004 Imported lines originating from Colombia
(b y] Cudis dilaie SIA Glaadidio -Y Jgua
Table 2- Soil characteristics of the experimental cultivation area.
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Table 3- Analysis of variance of photosynthetic traits and grain yield in black bean genotypes
Source of Degree of

. DF DM PPP Y 100SW PH PP SP SPP
variation freedom
Year 1 622.22" 2480 2669.8 11380236  1.43 50262  15.36 0.127 60.35
Error 1 4 6.94 31.15 2328.2 19312651  2.49 2146 131.4 0.42 2394.4
Genotype 20 383"  179.3" 3593.2" 2317007 51.03™ 693.85” 91.2™  0.733" 2162.1"
YearxGenotype 20 10.3" 24.16 1594.7 578329 3.81 61.51 17.83 0.694" 662.3
Error 2 80 4.03 14.6 1052.6 364239.6 1.72 53.8 19.23 0.345 589.1
CV 4.39 3.85 11.32 20.32 5.98 13.97 25.81 10.37 31.28
Sourceof  Degreeof  p,p g SS TR sC P PWUE MC  WUE
variation freedom
Year 1 73684.2 376.8”  48263.1" 353.4™ 2.406™  5.008 30794.4" 0.00616™ 35.71"
Errorl 4 4076185 37.34 1246.2 21.8 0.073 11.01 18144 0.00103 218
Genotpe 20 372407 074 957.5 1.7 0.039° 16,63  303.75 0.00067 0.303
YearxGenotpe 20 61339.1  0.42 814.04 0.96 0.019 10.36 20175 0.000505 0.2004
Error2 80 545044  0.62 805.3 1.31 00198  11.39 24457 0.00054  0.225
CV (%) 13.67 2.28 11.95 13.78 30.23 15.95 29.24 25.28 175
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:SS (Sub stumatal CO2) - & ;s sles :LT (Leaf temperature) - 3 538 Jlas aiass :PAR (Photosynthetic activated radiation)
- 5% 938 P (Photosynthesis) -l s, colaa :SC (Stomatal conductance) - 5,s5 :TR (Transpiration rate) -l 5,55 CO2
WUE - L 530 culaa :MC (Mesophilic conductivity) - s it 533 o 3 yme o), PWUE (Photosynthetic water use efficienc)
PP (Pods —«ls v+« (55 :100SW (100-Seed weight) LS glas ) :PH (Plant height) -oT Gyme o, (Water use efficiency)
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Table 4- Comparison of traits mean related to photosynthesis and yield in different genotypes of black beans.

DF DM Y 100SW PH

Genotype Day Day PPP (ka/h) ) (cm) PP SP SPP
G1 45defg  93.5hi  284.7bcde  3268.4bcdef  29.36a 37.5hi 12.5ef 5.83abc  55.67de
G2 43.7efgh  95.7h 310abcd 3685abcd 15.17k 74.8a 29.83a 5.33bcd  129.83a
G3 49.2ab  107.3ab  280bcde 2529fghij ~ 20.82fghi  57.7bcd 15.67bcdef 5.83abc  73.5cde
G4 43.8efgh  93.5hi 281.2bcde  2474.5fghij 25.74b 45.7fgh  16.67bcdef  5.5bcd 66.17cde
G5 46.8bcd 103.5bc  300.2abcde  2750.3efghi 21.42efgh 54.7bcdef 16.17bcdef 6ab 78.33cde
G6 455cde  97defh 274.2cde  3114.4cdefgh  24.34bc 64.2b  17.17bcdef 6ab 79.67cde
G7 43.7efgh  96.8efh  295.3bcde  3276.8bcdef  22defy 56.7bcd 18.33bcde  5.33bcd  74.17cde
G8 44efgh 95h 270def 2266.2ij 23.02cde  48.7defg 12.17f 6ab 51.5e
G9 51.3a 110.2a 317.5abc  3210.7cdefg  22.5def  46.5efgh 15.67bcdef 5.17cd 73.67cde
G10 45.2def 100.8cdef 286.7bcde  2857.8efghi 19.41ij 46efgh 13.83def 5.83abc 69.5cde
Gl1 45defg  97defh 258.2ef 2411.8ghij 25.01b 56.5bcd 16.33bcdef 5.33bcd  74.83cde
G12 46.2cde  98.5defh 267def 2905.7defghi  20.31hij  45.2fgh  17.67bcdef 6ab 83.5bcde
G13 46.8bcd  102cd 315.3abc 4039.6ab 20.76ghi  55.7bcde 19.83bcd  5.67abcd  95.67bc
G1l4  44.2defgh 96.5efh  284.7bcde  2403.5ghij 22.08defg 52.2cdefg  12.17f 5.83abc 51.67e
G15 42.5fgh  94.3hi 319.7ab 3839.7abc  22.73cde 54.5bcdef 17.17bcdef 5.33bcd  71.33cde
G16 42.3gh 96fh 273.8cde 2569.9fghij  22.85cde  43.2gh 14.5cdef 5.5bcd 66cde
G17 47.8bc 101.2cde 278.3bcde  3490.6abcde 18.97j 45.8efgh  18.33bcde 6ab 91.83bc
G18 45.8cde 98.3defh  276bcde 2311.1hij 23.21cd 59.2bc  15.17cdef  5.33bcd 62cde
G19 48.8ab 110a 341.2a 4173.6a 19.12ij 77a 21.67b 5.83abc  113.33ab
G20 41.8h 89.8i 230.8f 1928.3j 22.83cde 32.8i 20.5bcd 5d 77.83cde
G21 49.2ab  103.8bc  273.8cde  2838.2efghi 19.61ij  48.3defg 15.67bcdef  6.33a 89.13bcd
PWUE WUE

Genotype (urFr,lﬁlF/zm2 il SS R SC (umzl/mz (pumol (rrl\l/ln?ol (pumol
) (°C) (umol/mol)  (mmol/m?s)  (mol/m?s) 5) CO2/mol COaIm?s) CO2/mol

H20) H20)

Gl 1728.8a  33.77c 221.8ab 7.84abc 0.48abcde 24.823a 57.82abc  0.1158a 3.289%a
G2 1767a  34.02bc 243.3ab 8.2abc 0.587abc  22.005ab 50.48abc  0.092ab  2.868ab
G3 1672.2a 34.73abc  248.8ab 8.38abc 0.45abcde 18.878b  49.9abc 0.0772b 2.469b
G4 1796a  34.6abc 258a 8.76ab 0.57abcd  18.957b  44.01bc 0.0747b 2.358b
G5 1757.2a 34.62abc 259 9.0lab 0.633a  22.402ab 41.36bc  0.0873ab  2.638ab
G6 1752.8a 34.03bc 230.7ab 7.08c 0.357e 19.338b 62.16abc  0.0883ab  2.931ab
G7 1739.8a 34.7abc 235.2ab 8.71ab 0.48abcde 23.36ab  50.25abc  0.0998ab  2.743ab
G8 1784.3a 34.85abc  237.2ab 8.7ab 0.47abcde 21.943ab 54.03abc  0.093ab  2.712ab
G9 1539.8.2a 34.48abc  253.2ab 8.44ahc 0.437bcde  19.52b  47.68abc  0.0792b 2.371b
G10 1624.3a 34.62abc 252ab 8.78ab 0.508abcde 20.193ab  46.24abc 0.081b 2.465b
Gl1 1613.3a 34.63abc  239.5ab 8.19abc 0.432bcde  20.02b  53.78abc  0.0865ab  2.567b
G12 1617.2a 34.57abc  233.7ab 8.0labc 0.407cde  19.827b  56.92abc  0.0852ab  2.693ab
G13 1731.3a 34.55abc  220.7ab 7.87abc 0.4cde 21.09ab  63.34abc  0.1002ab  2.914ab
G14 1612.7a 34.65abc 215.7b 7.76abc 0.375de  21.092ab 67.1labc  0.106ab  2.932ab
G15 1614.5a 34.12bc 230.3ab 8.24ahc 0.48abcde 23.577ab 52.64abc  0.1042ab  2.925ab
G16 1659.2a 34.58abc  229.8ab 8.04abc 0.408cde  21.12ab  57.25abc  0.0942ab  2.758ab
G17 1739.5a 34.7abc 227.8ab 8.53abc  0.485abcde 22.433ab 55.62abc  0.107ab  2.813ab
G18 1798.8a 34.73abc 230ab 7.46bc 0.335e 18.833b 61.86abc  0.0897ab  2.73%ab
G19 1827.7a 34.88abc  239.7ab 8.38abc 0.45abcde 20.853ab 51.73abc  0.088lab  2.582b
G20 1744.5a 34.65abc 252ab 9.37a 0.615ab  22.083ab  40.99c 0.089ab 2.487b
G21 1750.8a 35.43a 225.3ab 8.66abc 0.43bcde 21.798ab 57.9abc  0.0978ab  2.677ab

:SS (Sub stumatal CO2) - S ,s sles LT (Leaf temperature) - (553 538 Jlas aazs :PAR (Photosynthetic activated radiation)

- T 938 P (Photosynthesis) -l 4555, culaa :SC (Stomatal conductance) - 5 ,a5 :TR (Transpiration rate) - ) <355, 5 CO2

- b 536 culua :MC (Mesophilic conductivity) - s yiie 538 T 5 jme o ,IS PWUE (Photosynthetic water use efficienc)

PP —«ils v+ + (55 :100SW (100-Seed weight) «sLS ¢lis ) :PH (Plant height) -1 o uae o1,1S :WUE (Water use efficiency)

DM (Daysto — 24K G 3, slaxs :DF (Days to floweing) —,t€a ;o s Slae 1Y (Yield) - <555 50 ) slaas o(Pods per plant)

(Plant per —a5 55 ,u 4l alaas :SPP (Seed per plant) —3Me o wls olaas :SP (Seed per pod) — Sawe, B 55, olass :maturity)
A, Hlaliae & sl8 s ju 0 Jlalal mlacs jo cslie (8Y Ggoa sl e pSilie .o S s G g alaas :PPP plot)
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595 M5 55 culad 5 3525 lise lhes b 4l bl loline s (Sicusas 45555 525 COz alle by 5 e
Sulad Sdio s Gt med O i Gl (0 Jsan) ols ol sy 0 Jlaial mlais o Hlaliae cufle (Siuses
Ooae G ddasly Lol sl o Slae g G wdy S Lol Jole 3038 Ghae da S)cuils s eay Jhdghe
el suid sualiie bali,l ool ayse o Ga8lEe mlB (gocmly) 5 el siipsy Sl Gl Jguans 5 ST 5
Srnl Gl s ga y (LSO LS 5o dls Jpemne 5 (510550 culaa Gl 588 slis G (o218 50 S sl
ol sad Gl R (sololiae Ll )l glaa) g, culaa 5 33 58 o bogew olS 5o 8oL 51 5 (Wells et al., 1982)
culaa (il G A adl Juls ool 4 Wl 5 e gl0) 5, cnlaa 5 ST 558 cule alasl, (HODDS & Mahon, 1982)
dabots o Ll sl 10505 ulaa sl pe Sl Sl g o saliied sl 53505 CO2 oloee sy,
.(Del Blanco et al., 2000) s ,lu ahasly 3ieu 538 b ool g 0 S wneaSliga sl HLaml gl yuws G gs S idie
=Ll (Cornic, 2000) Ky o< ol wl g a6l cneal 51 Glas Gt g3 b gl s, culaa o dasl

Ylaial ok 31 maesl s sto (St Ll o STae 58 o pow sk a8 Jals Galsl €355 Gtk ey 4S5 S
ol a5 4 aly 5o e sl g0 aalais gl g, cnlaa b g Gaee « s 95K 53 CO2 (o g Lo yiess o
S 538 Ol yae (Siiwses (Flexas & Medrano, 2002) i o Jae S 5 0 (Sal alie aalass 65 S )] sie s
e ol sad (3,158 50 (Monneveux et al., 2006) (s Ko (pdias s 55 cls Jgemns b l05 55 aulaa
Joia) @b siie olsieds Sh g8 (lhae 5 sud (55:S0500l (530 538 slajiel )l al8GalS (s S 4)a3
Sl 80 s lobias e 53l L gl 55,505 CO2 5 ouie 536 L gl s, culas cdun o« uls oLis (1
Lty o of Bia ol 5 el GLALS o Shae 5wy (Lial suii (s S 638 il go S 638 Glae
518 ad g gans dhacly 4 el) GlalS wd, (RalS ol age o Slae ol Las (6l s Jains glagis
G s oo GRAIS (B i oS uls e (1405 5 culas lall 4 ()l S e 1) ST 538 GRalS 058 oo o) i
3508 3 oS sla danl g Lol 58 o s gim OT 285 Hua (BAIS  liiads 4n K GBS Ll b 5o Lads s g, ud
(Ashraf & Harris, 2004) uas (2alS S yaa 4dads 51 558 4 1, ST 638 Wl 55 0 CO2

(Austin, 1989) cuul 3w 538 Wl 3 0 (514059, coa gane saiasslis (5105 g, colaa § Hiiw 938 (halS
e L) 55 O ey ol cilillas (355 i b 5 dallas (nl ol Sielily 59 0ol (Siewses © a8 L
G50 o2 saate Slallhe ol Gsllaals S slos (a8l ale 4 ool Lda ad ) e € 50 S oo ST 538 8 5
daesl st (S 0509 CO2 wlale (St (15 550 a3 oS sl sl Lt use 5 L sl 0533 U 31 Slisam
i (Amiri et al., 2017; Armand et al., 2015; Ahmadpour et al., 2017) wbs o (aalS ladsy 55 (i s
3509 3 eailes e & Ll 0y o o 0T @8 Hua (alS it 4 S (S 135 b o badihy, pud
Slie b gla) s, CO2 .(Johnson et al., 1984) say (zalS ol s adads 51 ;a8 4 1 i 518 wl 65 o0 CO2
Loy olobias cule Sinans Ko slon  (Ldgie culua (g3 gid O Gsums oIS (st i O olLl8
Joan) 0.5 YU 50 aasd (o sl Sicaan (pl elad ool gl Hloliae 8 Siiwsas gl s, culas cdis
e (Shiusan g5, culaa 5 G555 525 CO2 (lhae S sloo b a0 ) Jlaial mhacs 50 325 (loae (0
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@555 JAIs S walss VL uolie [ saa o n S sl o518 5 st 53aS Olhae (0 Jgoa)
23l oo (2 S wnSligs Sl solial 5o dud o5 slad sl (UL e 5 (b g5e culas Gl Hu s Gl psede 4
anly 5o 15l ST g3 ol € ol pmdld (3T 938 ol G oIS (Papi Mousavi et al., 2013)
s oo LIS T 5503 5 0, culaa

glaas @5 g 5o BN wlaas (S g gl 51 o S Ho Ggn ulaas Slie b ws 50 ) Jlaial mhas jo o o Slae
Salaa 5 3505 Glime @as 25 CO2 L g Dlaline e (Siewses (350538 0T Byums IS 5 Gg0 5o Gl
YU S Ho wla ulaad 5 oS 5o 4G e olaas Slis U LS (s co s oo Glas Hlolies e Siaas gl s,
€ ot s S aas oo Glas o), culaa 5 Ol o Slae Gu Hlolias 5 cule  Siewan (0 Jgun) 9
Gt 50 538 cud sl 5 S Bda ( (SBA (B8 bl caS 05 94 ) YL 10050 culas sl
AL Al o Slae (dul)y slaalal 4 g3 sl ge Sidus JEBI 5 ad B b el oy su s Llassa
ualS 5 oS ol a gl (Sos ddsie 4 CO2 ugsy Gl cun calie G5y, culaa Lia wlaals
(Ol sl a0 S co sade 4ls g 5 Ol slaad (BIe ulaad [l 8l 4 culed 5o 4S8 s oo (s 3w 538 (slacns suas
Janie slacas 5 el 5 plalids 5o S350 (36l nid slageald 3 (S plsieds Wl oo SIS 55 culaa
o Skae Gyu e Sicusas (Beebe et al., 2013) 5, 153 soldiil o) 50 Lu sl sl sladels o o Sid 4
wls o Slae (S Jobawt sbad 50 CO2 cbile Ll 38l b oS sas oo plis ) s, COz clale 5 ails
L 55 CO2 s o)) 65 LualS Sl wil 93 o (5 sl 5o (5140555505 CO2 whale Ll 381 vl 8L (ral<
Lol sl oo prand (Jobeuns sLsd 53 CO2 dn SIS (b 0 il s ) T cllad =il 5 pslS 45 5n
S o ol ls s Slae o a8l (RAIS (55T 538 ol go a5 a0 0 sl o0 Breae ST i 0 Si5e sk
a5 Y gane 5ls 5 5YL o Shee Jla oo 5o s Bomly @055 CO2 e & Lo 553 (ol nls
Flexas & ) aiiua ;55 (Saa 4 Jasd S5 51 5 e slassas soidn CO2 Lisuas oIS 5 (5w i
Gl Jsmns Olose o sud 55865l o Shae lis alBaalS (g S, w)a3 s (Medrano 2002
B Sou olaad (3Me o Glo alaas o S 50 G slaad cdis Hlgn S olo Las (W Joun) b aade Glsiews
YL saolie 5505 bl po 3 Slae lame Sl siSed Hlaliae e 3B L GV (35 5 (S
Llal sanas Las 5 sa ol (pl gl sad Als J sans (38, Y0 4 sade Ala Vs 55 9 B Hu dils oluad
231 Aok (5T ulge S SLALS €S o) o (pl 4 il oo Gls Jsmne 5 ST 58 IS G e
Olid wide Lu sl o alBaalS ) s S5 a0 @l cudils wialsd (5 5YL o Slae S o 05003 353 slaalal
gs 5ol olaas (e o ails Jsb il (San; B 555 slaad (e Gud 5 B 5, slaas slis «S uls
(Safapour et al., 2009) izl la Jyans 5 15 536 oyt Lol diu, Job 5 Gl ws 05

aladl b it wlas Llad 5 Gl o (Al (5 S 508 Lol (5SS 51 G gad Yoo a5 50
5 ds a0 AV/V G o lo slaals 5 G Ho BMe slaas Al v 55 olis S ol saaliio G g Sy w)aS
Rahimi Chegeni et al., ) wiisls &1 55 15 asliens 531 it 5 008 dan 53 15 G50 S Gls Jpemne ol uis
Sl ealiial b Jua 5 058 caniin Lol (aline (glacal 83 59 Su550 88,550 Slin e basl g (5 9 (2017
03 BE slaal g8 gs 9 Shae @londS 50 S55e e3a O Sage €58 Al 5o e slaad aBaalS G ga S,
oile Lo (Azizi et al,, 2001) wiils 1,8 gans sladsy 5o BUe Ho wlo slass g Gla Voo o5 ol Gl
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058 5 SNe o il slaal (5 gy 5o BUe slasl Slas Lu gl Lo (Kumar et al., 2002) ol sad (5158 cudlo
03b e ayse o ol sladeliys Ho wil S o 5 Gdls G o Slae el Ho cage GBS Glo V- -
Lol oo 1y O wlaas b @ls J seane (Siiwnan o 55k 50 50500 o) S g5, .(Liebman et al., 1995)
.(Sabokdast & Khyalparast, 2008; Jajermi, 1999; Yakhkeshi, 1998) .o < (& ,158
G o e ulaas Lo Ho «$ wmals ol (Sadeghipour et al., 2004) o Kaa 5 55 Bolo
suiSuguns Jole G fage 5 oo (osk, GBS 85 haae carsy 4 cand 9 Slae el GaSouban
S oo SaS 0 Slae sgags 0 Faas g AlAS bl pd Ho G o e sluad Laa g0l ) Gl J g
KA sule JS (il 4 Y sane (0 Slae slial 5 Gl Jsane Jolit) guliatdl o Slae o daada LlE il 5l
Kochaki, ) caal 3abis T (uSe 55 (sa0ls0 5o cilliia 5o 5 caass Bl bl Gl il sl sl s sl 5
Jelots 15300 0 Shae slial b €ls Jpmne Slaline 5 culte (Siensan € 53 lelsl ol g5 gn el s (1997
Slis bl Ve o) il sus Lust ol il slagias o o conlie JEEI 5 00,55 s SIS 523

(0 Juaa) wls las Hlulbas ave  Siiuiad 53 5o Gl slaal 5 S g 5o B2 laal 5 g LS|
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Table 5- Simple correlation coefficients between the studied traits in the studied genotypes.
DF DM PPP Y 100sW PH PP SP SPP PAR LT SS TR SC P PWUE MC

DM 077" 1
PPP 0.10 0.25" 1
Y 0.18" 0.33™ 0.69" 1
100SW -0.13 -0.25™ -0.16 -0.11 1
PH 033" 042" 035" 047" -03™ 1
PP 001 -001 007 03" -036" 052" 1
SP 014 013 0.01 008 -012 011 -0.02 1
SPP 0.11 010 0.09 034" -041™ 05** 09™ 0.16 1
PAR -0.06 -013 015 0.08 0.04 0.08 007 000 0.10
LT -0.38™ -043" 000 -0.22° -0.05 -0.32™ -0.02 009 0.8
SS -026 -0.26" -0.06 -0.27" -0.07 -0.24™ -0.07 0.05 -0.03
TR -0.38" -043" -0.04 -0.29" -0.05 -0.39 -0.03 005 0.7
SC -040 -043 -0.08 -0.28" -0.07 -0.32" 001 009 0.06
P -0.15 -0.18 0.04 0.05 0.06 -0.13 0.09 -0.10 0.08
PWUE 0.38™ 039" 006 028" 0.05 034™ 005 -0.03 0.00
MC 0.06 0.02 0.06 0.19* 0.09 0.05 0.09 -0.08 0.06
WUE 0.32" 0.32"™ 0.02 0.23" 0.07 027" 0.05 -0.08 -0.04

o8 0 5 ) Jlaial mobais o Hlolias (o Sas e g
~) 4555 x5 COz (Sub stumatal CO,) SS -£, sbews :(Leaf temperature) LT -5 s Jlad sias (Photosynthetic activated radiation) PAR
(Photosynthetic water use -3 gs :(Photosynthesis) P -l 434, colaa (Stomatal conductance) SC -3,a3 (Transpiration rate) TR
(Plant -1 (s s o1, (Water use efficiency) WUE - L 55 colua :(Mesophilic conductivity) MC - 553 538 0T G ms IS efficienc)PWUE
(Days to —,t<a o 9 Slac : (Yield) Y - a5 50 83 slaas ((Pods per plant) PP —wls v+ - 55 : (100-Seed weight) 100SW .eLL ¢lss,l height) PH
alass «(Seed per plant) SPP —sMe 5o «wls sluas «(Seed per pod) SP - Sus, 6 55, sluas (Days to maturity) DM — au G5 54, sluas floweing) DF
=S 5o G slaas (Plant per plot) PPP-a g u «ils

0.59" 1

0.68™ 0.84™ 1

-0.36™ 021" 023" 1

-0.94™ -0.8" -0.82" 0.08 1

-0.85™ -0.23" -0.27" 0.78"™ 0.63" 1
-0.79™ -0.83" -0.63" 0.32" 0.84™ 0.66™

Jsone b (58 (SiB5 (Shuuad oy (SB35 £68 b oo (555052508 Sdao 58 (ul3ia ol )

2l Gloo) 5 Ol s T (ool s (Jakson et al., 1996) wils o Slae 45 canes JYL (g iyl 5 Gl
5 aoSae S 51 S et (Saa GBS bl 5o Jas Lol @S85 Ve o0 (Araus et al., 2001)
oledbl Gials (Assady et al., 2011) s,ls ssas slbine &l sy asse LAS 93 G 9 Slae (5l3a)

O S soliianl Jarsliy 5 Gusies bl (SUB35 (03 mis S sl i 53 Gm balg, 5 (B3 #9353 50
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Sab3 ol 5 b lag3 il Jlaial ¢S oa e Sians (Fikiru et al,, 2010) el age (aMal sladels 53 5o
e 9 rub GEL IS 59 SLAT 0 gans dasla Sy o (S5 98 Gl 3L 5 805 Y 1, Sadlal jlis ;5
Lol S slags 55 ClAT 5 slulis gl slias o 3ags (Nouri Gogharietal., 2015) s g o S s

.(Ghahghaei et al., 2010; Zahedi et al., 2016) wil co o Slae glial sy 5 58058550 LA S35

aals Jgane 59y g 9 Slas il g gl Ol S 9y g K581 9358 Olhis plSaaals (g S, sl Jgua —F Jgua

Table 6- Stepwise regression analysis of physiological traits on photosynthesis and Yield components on grain yield.

e 538 Gla J pemne
Source of variation  Degree of freedom Mean Square Source of variation Degree of freedom Mean Square
Regression 2 437.56™ Regression 4 15845881.3"™
Residual 121 5.082 Residual 123 353147.45
R?=0.597 R adgjusc=0.584 R?=0.583 R agjust=0.577
S 538 Gl J pemne
Jae 4 sad o)l olio OS5 il s Jae 4 sadia sl olie OS5l s
Traites entered into the model Regression coefficient Traites entered into the model Regression coefficient
Constsnt cnll cu s 37.05"+ 1.525 Constsnt cnll cu s -5134™+ 958.2
Stomatal conductance @5, colaa 0.098™ + 0.008 Plant per plot OS50 G olass 14.87+ 1.38
Sub stumatal CO, &5, CO; -14.877+1.31 Seed per pods e o Gl alaas 10.12"+ 1.93
Days to maturity  Saww, B 55 olas3 20.1™ £ 7.097
100 Grain weight Glayes oo 48.42"+ 19.03

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

S 5 4

I eIl cmnand sl 50 EatS daa 5 (6l cannlio Jreailiy b logan 31 (S0 YU ol32 (3550 Jalats slaaw L s)
6&933\9.»3@}.4;\9@@@ (be:\l_\e R bméﬁﬁ)dﬁﬁ)dkjw uﬂ‘_ﬂ@‘b_\dch] ‘A:QJ‘)J.SG
sane (53053 slasalsly il S 31 s om0 sl 33 LS5 £55 a8 Jlas ol bl
soliiiul Ll Sund3 g oS o ga g SO (650 538 (slagmala A s 5 o Slae alia Hu jlofae o plas Lol g
Juls @ Baae il o Slee g it wl s L G155 G13 G19 slacs 63 o, Sn slags g olasl gl
JGlQ}JJ%‘M‘W.&J‘JOWGJJﬂnﬂ R ‘4:\\9:\‘)..\‘)345'4&Q‘JJ‘J’JJJMJ‘J&J}‘GJ‘JJﬁx
@S 50 G alaad 4S a5 o g STl F 5 SlomiS 5 S5 Jelse o Sage sl05s055 CO2 clile
2l Gl o Slae &l a3 Gaad 5ol ages ot 4la Y- - 059 8 Sy B 55, olaas (3Me Hu 4ily ulaas
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