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Introduction \\

Considering the limitation of arable land, the most effective factor in incgeasi oduction of beans is

he ylel* unit area. In

dlfferent‘mtypes should be

environment, which show

to conduct research in the field of agf@nomic and breeding in order t

order to determine the effect of genetic or ironmental factors on
studied in multiple env
different responses of geno n of genotypes from one

environment to another diffigult; i nvironments is important

in terms of determining the a i i pted cultivars to the target
environments. Co"deri ic diversity ifhthe advancement of breeding programs, the

nd phenologic
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the accumulation of desirable genes in improved cultivars can be done. Considering the climatic
conditions of different regions of Iran, this research was conducted in order to investigate the yield and
yield components of red beans in 4 major bean growing regions in the country.

Materials and Methods
14 red bean genotypes along with Yaghout, Ofogh and Dadfar varieties (Check) were studied in
randomized complete block design with three replications in four research stations of Khomein, Broujerd,

Shahrekord and Zanjan for 2 crop years (2018-2019). At the time of harvest, each plot was harvested

separately and the yield of each plot was weighed after thrM . After collectiag,data related to yield and

its components, combined variance analysis, simple varianC(l] ysis rela h location and mean
comparisons were performed. Alsg, correlation analysis and step- sion\were used to

investigate the relationship between yield and its components.

Results and Discussion
The results showed that the

is a significant statistiGal differenceVgetween the'studied locations, years and

genotypes in terms of all tw e of genotype x location

interaction for all traits ma‘t necess riance separately in each investigated location.
The significance o‘oubl teractiongyi ivalinstability of the traits of different genotypes

non-significant correlation between seed yield and number of pods per plant, number of seeds per pod and

number of seeds per plant. Regression analysis showed that the traits of number of seeds per pod, days to
maturity, number of pods per\plant and 100 grain weight are included in the regression model as effective
traits and among these traits, days to maturity with a negative coefficient and the number of pods per plant

with a positive coefficient were more effective in seed yield.

Conclusion

This study showed that according to the yield and its components in red beans, it is better to introduce a
specific variety for each region. Based on the number of days to maturity, Ofogh (check) and G9, G16,
and to some extent G4 genotypes, and based on its yield and components, genotypes G12 and G5 can be

reported as favorable genotypes. Besides the seed yield, the yield components including the number of
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pods per plant, the number of seeds per plant, and the 100 grain weight also played a role in selecting
better lines; therefore, indirect selection through the selection of these traits can be effective in increasing
seed yield. Finally, it can be concluded that apart from seed yield, yield components including the number
of pods per plant, the number of seeds per plant, and the weight of 100 seeds can also be effective in
selecting superior genotypes; therefore, indirect selection through these traits can be effective in
increasing grain yield

Keywords: Cluster analysis, Indirect selection, Legumes, Regression analysis
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Table 1- Red bean genotypes studied in different areas

w055 Lugd Gocaieij ) Jgu

= Lt D) o5
Code Genotype Code \
Gl KS31361 G10

G2 KS31360 G11 \
G3 KS31362 G12 \
G4 KS31359 G13 \ ‘
G5 Yaghot Gl14 KS3134

G15 KS31363

KS31339
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rrors in investigated locations and two crop years and F,., Hartley and
rmity of variances

Table 2- Variance of
Bartlett's tests to

Jbe ol Gy gl Wgt o G lawd BBE 3 dy slasd 5 ,Sdas o 0is
Years Locations Plant height Pod per plant Seed per pod Yield 1?/8(;?91? tm
2020 Khomein 6.74 123.69 0.124 344880 1.38
2020 Broujerd 6.42 96.07 0.206 217348 143
2020 Zanjan 5.22 198.43 0.164 174007.5 2.65
2020 Shahre kord 431 139.16 0.143 191245.2 1.437
2021 Khomein . 4,78 97.86 0.127 368087.1 151
2021 Broujerd 2.61 5.15 162.26 0.213 177651 1.67
2021 Zanjan 1.95 4.74 124.72 0.211 2083.61 1.28
2021 Shahre kord 1.67 3.77 141.84 0.239 6979.8 174
Frmax Hartley 1.87 1.79 2.03 1.88 186.3" 2.07
Bartlets test 34.69” 58.42" 50.23™ 27.82" 11.98 19.48™

5-DIC: 5-day Irrigation Cycle, 9-DIC: 9-day Irrigation Cycle
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“and ": significant at the level of 1 and 5 percent, respectively

1- Hartley's Fmax test
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Table 3- Combined variance analysis of investigated traits in red bean genotypes during two cropping years in
the investigated environments
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o Number ~ Number  Number i 100-grain
S.OvV df Days to Grain yield :
. of pods of seeds of seeds weight
maturity
per plant  per plant  per pods
J 1 88.48 588.79 26298 10413572.2 1243.03
Year
oKe 3 6701.99% 1789.7¢ 3.6 . 9581820.5 1359.5*
Location \5
JUX ol 3 884.87" 384777  11559.97 151.41"
Year x location
(VS 16 6.9 13.32 206.6 1757@ 3.82
Errorl \1
s 16 N 290.37™ 60 - 254.14™
Genotype
sis X s 16.33 1344081.1 26.23
Genotype x year
ey X ol 88" 2332715.6 32.95
Genotype x location
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Table 5- Average comparisons between genotypes in number of days to maturity at the investigated stations

ExT ) R Syz9y ol S5 ek
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 98.17b* 116.17cd 102.67de 100.2bcd
G2 93.17bc 107f 95.5ijk 99.33cd
G3 106.33a 113.5de 111.5¢ 110.83a
G4 77.67f 118bc ‘ 93.8k 97ef
Yaghot 82.33ef 111.5e \ 00.17efg 100.33bcd
G6 99%b 120.5b 116.67b 109.83a
G7 98.5b 111.17e 104.3d 96.33f
G8 98.3b 111.5e 3f
G9 84.6de §7a
Ofogh 78.67ef 3“
G11 89cd \01.3
G12 84.6de ‘ 99de
G13 90cd 96.67f
G14 99.17b 100.2bcd
G15 98.5b 101.67b
G16 84.1de 99de
Dadfar 85.17de 111.33a
Q)b le gae g 50 aline g B9y gl glo Silo

t at the 5% level

g 40 AL slowy
GCL7 lacgis o) 5l o 5 02 ' oeSle b G C5i eome o] o

o8, G17 G6 G 3150 (0 Jgaz) axals 13 VFIY  V£/A0 e olaws L G12 4 (j3ols 3))
299 BN Slaai 1S SBRTH) 4 S TS (nl 5 o9 IS Sl (it SIS TOIA (:S0lee L GB (o5
SIS VAL 0 s YANA AAAA 8L L GL3 § G4 ((j30ls 18,) G17 slacssiy 5 0,5 s oS! jo ols las 1y s
cg) Oymg,m ol o GB 5 (EEEL o3,) G10 G16 slacis) s ollius! o Koy dgr ,0 OME Slows (s i
oalice vy Ay ;0 BIE slawd oy ieS lls GO iy 5o 0,8 s oS! o g B8 Cigiy ol oKl ;o Gl
AN olaws Dglae el jo iz lacaiss) 5 0 s 0929 ke solSiiwsl jo e slaws jo £435 4 598 0
slass o i b slacwie) s asdllas 950 srolliw] ol ;o (GL7 C595) Jools o8, aups co olis 1) Solate
g ;0 AU olawr ail Ll ae L) caS Gblie gl YU o Slae il b o8, SO lsisay wilgh oo 45 09y dig ,0 e
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Table 4- Average comparisons between genotypes in number of pods per plant at i ated stations

D] o S9n R 3 55 3o
Genotype Khomein Broujerd j *re kord
Gl 9.85cd* de
G2 10cd

7
\13. e
\ 16.95abc

18.18a
13.68de
16.98abc
11.05fg
16.52abc
9.28g

15.5bcd
. 14.6cde

18.83bc 15.3cd

18.07bc 18.05ab
9.9ef 16.92abc

11.27def 15.35¢cd

9.37¢f 12.52¢f

| 16.23bcd 18.98a

Qs I sme Dolds o yd iy a0 bt i By i (slls sla . Sike

10.7cd

&gr 50 &ilo dlaws
Gb6 slacwisis 10 9,29, ol ;0 G4 § G3 G12 slacwiss jo ed olKiws] jo gy yo als olass (s i
G6 5 G13 G17 slacwsgs 4o 5 olKiws!l 4o 3 G5 5 Gl G112 G6 slacsssy ,o ol oKl ;o G17 4 G13
(e ol a0 (GLT usgiy) J3ols o8, 5 i 5 e olRimml 99 53 (GBS o9i) il o3, (P Jgoz) o ovalis
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Table 6- Average comparisons between genotypes in number of seeds per plant at the investigated stations

D] s %9y RES) 355 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 22.03f* 37.23fgh 96.99b 45.01fgh
G2 26.03ef 46defgh 60.42cdef 49.73cdfg
G3 30.61def 43.83defgh 81.64bcd 55.37cdfg
G4 52.9b 34.3fgh 82.93bcd 61.07bcdf
Yaghot 52.37b 60.1cd 91.15hbc 52.68cdfg
G6 36.33cde 108.6a 112.9a 65.77abc
G7 41.65bcd 51.33def 48.01ef 39.87gh
G8 28.28ef 31.27gh 36.38f 60.99bcdf
G9 26.33ef 28.37h \ 43.93f 33.57h
Ofogh 25.73ef 45.27defgh 40.41f 55.56¢dfg
Gl1 30.6def 71.53bc \54.67def 47.56dfgh
G12 65.57a 72.27bc 97.11b 63.48abcd
G13 37.53cde 85.13b 90.91bc 75.57ab
Gl14 29.1def 47.8defg 5%45cdfg
G15 32.13def 57.5cde WScdfg
G16 24.45¢f 41.5efgh ‘4 fg
Dadfar 48.25hc 143 gwﬁ
T el )0 ALt B9 > (6l (slo e Silee

* Means with different letters are sj

UL 5o aild ofowy

Wogr BMe o dils slawd 1 xeS slyle G144 (i3 0,5 s oKl yo 3 G11

13



0 Oy90 oliuy! ;o BME H0 &ild dluwi Cduo Ha 5l i 95y (Sl rawslio -Y Jgus

Table 7- Average comparisons between genotypes in number of pods per pods at the investigated stations

w95 (e %9y ol 355 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 2.327h* 2.94abcd 4.53bcde 3.25¢ef
G2 2.6gh 2.58hcd 4.13de 3.63abcdef
G3 2.827efg 2.24cde 4.83bcd 3.27def
G4 2.665fgh 1.57e 5bc 3.37cdef
Yaghot 3.345¢cd 2.47bcde 5.17b 3.85abcd
G6 3.24cde 3.76a 6.1a 3.87abc
G7 3.797ab 3.0labc 4.8bcd 3.62abcdef
G8 3.49bc 2.46bcde 4.07e 3.72abcde
G9 3.078cdef 1.95de 4.17de 3.62abcdef
Ofogh 3.39cd 2.9abcd 4.3cde 3.58bcdef
G11 3.09cde 3.76a 3.87e 3.2ef
G12 3.905a 3.05abc 4.97bc 4.02ab
G13 2.858efg 3.43ab 4.18a
Gl14 3.041def 2.66hcd 1f
G15 3.38cd 3.31ab def
G16 3.37cd 2.96abcd ‘0
Dadfar 2.848¢fg *4.0%
s o 50 Glie T8y > (ol ls o nSilee

&ls o ySlos

5 oKl jo Gl Cuigiy 0,390 oliws! ;o (B8 iy s oKl
g ol pByl o o by 5 col @l il 2 0 g 0g Dglaie adhis o

gl ol YU o Slee b 573

(Farshadfar, 2000) was o ¢

Bl Glyeds sy oo 0y2 9 6399 B g 3,5 0 slaolliuma] )3 j30ls 08 59,5 e (g390>
95 5l oliie sla STy walise ame Layl,d o oLS Ky cilises slocaioss Ygare
Log) o, Slee (Laing et al., 1983)°Cils walss Sslite iuly 5 oy, boplil o3lail 5 oo walize glaolKing, ;o o
(Bennett et al., 1997; ol oo ails 59 5 SUE o ails slows g ,o e slaad o] gl a5 Cowl ooy 5 (S5 oo
(Sadeghi etal., «ls Loy 1o ails o Slae (53, oYU Cudo s Hil Calls 2Ll g aig ;o ails slass Adams, 1982)

2011)
5 ,Sles oo puiins 31 b cow g0l olpeeds | ails o Slee (Onder et al., 2013) ) Ken 5 o055l Koo  ginios o
Ao, 00 U g, olaws Olas a5 ol saslive code a5 5l ool b (6,50 Baiog jo il cllsy asls 5 (SSielem
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(Ahmed, 2013)
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Table 8- Average comparisons between genotypes in grain yield at the investigated stations

ExT ) R Syz9y ol S5 ek
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 1641.7efg* 1366.67f 2275def 1968.89g
G2 1378.3g 2316.67cde 2845bcdef 1173.5)
G3 1293.3g 2208.33de 2902.8bcde 812.17k
G4 3190.8ab 1583.33ef 3540abc 1395.5i
Yaghot 3882.5a 2308.33cde \ 4290a 2063f
G6 2232.5cdef 2866.67abcd 2133.3def 637.171
G7 2535bcd 2333.3cde 1558.3
G8 1329.2g 1861.67ef 4h
G9 1435.8fg 2783.33bcd %ﬁ
Ofogh 1713.3efg i
Gl1 2294.2cdef ‘615.
G12 3925a ‘ 2964.3a
G13 1797.5defg 2286.8e
G14 2805.8b 1608.3h
G15 2320.8cde 864.67k
G16 1619.2efg 2958.33abcd 2848.5b
Dadfar 2921.7bc 2716.67b 2682.7¢c

2 e g By > (sl s sloSibe %
t at the 5% level

aild Yer 439
5 G13 Glacwissy jo s ol jo ails Vo v g i

5955 30 0,8 s o] 1o 9 G145 G1L slacuissy o oyl oKyl o G14
sl Yb Al Yoo 0)5 L’ 60.9) u‘}«.ﬁ:b R S0 (_gl.boli».m." GALAJ 5o dB‘ pﬁ)

L el ey ©oBly o35

.oydj‘\)\" u)jquA—QS
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Table 9- Average comparisons between genotypes in 100 grain weight at the investigated stations

w95 (e %9y ol 355 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 26.03f* 32.07g 29.53f 25.53g
G2 28.1ef 38.47¢f 36.06d 28.17f
G3 29 38.41ef 40.61c 35.53e
G4 28.93e 27.5gh 31.93e 43.05h
Yaghot 26.28f 28.85gh 31.2f 27.72f
G6 36.67hc 23.8h 24.03h 24.78g
G7 38.3b 44.78hc 43.87b 19.95h
G8 37.22bc 41.75ce 43.72h 38.7c
G9 36.23hc 43.25¢ce \ 44.21b 36.25d
Ofogh 41.85a 50.9a 40.44b 39.15¢
G11 27.87¢f 32.98fg \49.79a 36.03d
G12 23.58g 31.579 \ 31.75e 45.02a
G13 41.8a 49.57ab 26.399 24.7q
G14 35.08¢c 49.85ab 93h
G15 31.88d 40.82ce éze
G16 21.58g

Dadfar 29.65de (ﬁ

27.
& b %thf Sl oSl

* Means with different letters are si

o bloyl g ge . > i SSed G Ay 40 M olawd g aigr 0 wls olaws b B o ails slawy
(Sadeghi et al., 2 Gl 48,5 15 anlllae 5 90 alides iine Lawgi Lug) 1o o] iz g o Slos Slao
ol 5 Lo et al,, 2043; Onder et al., 2013; Akhshi et al., 2015; Rai et al., 2011; Sofi et al., 2011)
Cailsy el g M Job sy P G sl b gy o il olow e (6,8 s e 5 coe bL | (Salehi et al., 2008)
Jsb b8 gl po S woys 8- 55, sl b ails o ,Shee o (ANMed, 2013) wexl 35,5 (3155 Jgone slug) o
e (Rahimi et al., 2023) | Ken 5 con) 0,5 (5,15 1) cde (Suod agr 50 aily slass g O slows (B
A0,5 )55 I pre g S gz Lugd jo 1) digs po ails slasy g M o alls slaws gy ;o M slawi L il o Slee oy
o Slas g dig ;o ails oluwi (OIS Slaws Wiy ;0 BIE 59 L 1) aly o Sl Siior o o (Amini, 2002) !

2>l 5 Sojgden o Shae b als o Sloe (o (Onder et al., 2013) ) 1Kon o &j0il slo gy 2 50 0,5 53155 Sojsls
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Qg ;0 AU slawy g ol glas | 9 B ol glay | 20 IS5 U 55, Slas (o a5 I 0 ol snaline cude (Suon Cuiils

NN NIKPE R SO CINON Y
5 a5 50 a8 Sl o)V Lo ed 4 il ool o> o T Gl Candg Wb ils o Shas 2Slas 48,6 Cawsas sl
5 0,5bes Lo a5 wi>,a (Hosseinpour et al., 2014) 5,5 )13 v, p 8,90 Cdoas 35 o] Gl 0 ,Shae e Juloo
Sl a5 el oals el szl pl 5l S plee e S (Kwon 3925 (Jg o)l s92g i dlal ol sl =

ola ool  Siwwen 4355 «dd> o (Rharrabti et al., 1998) ssi a8ly oiie Sl o wlgs gl acs

Llg, e 5o wilgs o3

\*-—'—"‘-ﬂ-"'? sl
30 (6 i s g s
W

Je Gty et yslaieds alFaplE ygns S, 51 1A sl asls | ,ap!*? als o, Skee b &

el ke b 6,5Vh (Siaen sl a5 olaiie o by, cnl o (V) Jouz) ob Al

= (Mohammadi et al., 2000) wgi o 3)ly 5895 il o o]

ol wlaw axg LB )...,ls oxdlid ol gy pB4elE g T 4y 520
V30 00l o)lil ppe Dlao a4 azgi b ol pln caiog ails o,Slee 5 oails Voo 5

D 0y 54 sladalip o oyl 5l law
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Table 10- Results of correlation analysis for different traits

. . Aigy 0 ML dlasy gy 50 aild oluxi SME o wils dlu aild Ve 39
Oy U 39 oloss .
. Number of pods Number of seeds Number of seeds 100-grain
Days to maturity :
per plant per plant per pods weight
6 e sl
Gl Days to maturity 1
O
DIE slaas
2 SHe olass Number of pods per 031 1
S plant
Sy 15 4o s Number of seeds per 0371 0.935™ 1
plant
St o als shas Numberp%fdzeeds per 0.197 053" \ ‘O]
als Ve e s 100-grain weight -0.162 -0.72" \ 1
als 3 Slac Grain yield -0.285 0.381 -0.104

** and *: Significant at the probability level of 1 %, respectively

Table 11- Results of stepwise
variable

S.0.V R? Adjust
Regression 4 48591.07* 0.327
Residual ‘ 13 158740.6
S ds 0l 3,9 Un‘ ol 3,iliuwl (ygamw 5 ) G i olslg prg Jole
Attribu ntered into tl odel Standardized regression Variance
coefficient inflation factor
Number of se 532.73+380.18 0.33 14
Days to mat -40.16*£17.32 -0.49 112
Number of pods pe 96.87*+45.77 0.67 2.56
100-grain weight 30.45+19.97 0.44 2.1

M)QG%S\SAJLQIDIGJA.J)Q )‘06;&@ [N :!"‘3%

** and *: Significant at the p ility level of 1 and 5%, respectively

Om dold s cge .08 )T bl Between group linkage g, sl colaiwl boools ke o S 500

bty 4355 51 samog S cn e oLl Cg ol soliial sud (6 uSojlul Slaw bl cwaldl Alols mye 5l locases
Sy boag S 515 slasisis 5 sloss lyisar aog S sz cnl yo e, solil (ol SlS oo (slivas oyeiie iz
el F g laseY wShgoylol polie a5 ol plol (gameg,S ol 59,058 Loy calidee slacdl> ;o aias aid 5 L5 o 1SS

ES e ol Cowsay F Slade oy e QT S e adle eyl sl ool HLES VY Jeas jo gy el
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@ Bols 5 D9l pll oS5 joboas i I 518 Diome 095 )3 lacSi) gy cnl 5l ooliitul b baeas sy (sueg S ) 098 o
15, oo 4 acaisit 4k 5 g0 05,5 5 G4 5 G3 52 G slacasisis o sl 0,5 5 G 5 G13 (G12 slacaisis ol on
Vb o Shee Jouiliy b 03 oud (Brme o8, 99,15 )0 bocadsd) 518 @ 4z b () JS8) w85 3 pgu 095 0 G
O e b Joinll 08 ety bl (oalos sl wsllae slaciess plorsar | acadsss cnl Ol oo (Bols 5 &58L)

205 (B oslhe i) adlate 1o Gl o5 Conl i Slag ST 50 K6 kg blie S

Laiail 40 ool (5 0 jlil Wlhs Gl g (uueg S iz rcdls (gl Ty

Table 12- F values and Wilkes Lambda istics for different grouping mo
genotypes

9 F polic VY Jguo

aits mei‘d in

og 5 olusy fawoY oLl
Number of Groups
2 ‘
3
4
WA
\ Dendrogram using Average Linkage (Between Groups)

1} 10 15 20 25
1 1 1

G7

=

G15

G10

G168

GB

\ Go
G11

5
i
i
i

G2

G3

G4

G5

L]

G12

G17

G13

GE

O #1321 5 S hae Slio ol 30,5 Lug) slbasip35 yisdlS 423285 ) JSCi
Fig. 1- Cluster analysis of red bean genotypes based on yield traits and its components
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