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Introduction

Considering the limitation of arable land, the most effective factor in increasing the production of beans is to conduct
research in the field of agronomic and breeding in order to increase the yield per unit area. In order to determine the
effect of genetic or environmental factors on a trait, different genotypes should be studied in multiple environments.
The varying responses of genotypes in different environments, coupled with the interaction effects of genotype in the
environment, render the selection of genotypes from one environment to another challenging. Therefore, examining
genotypes in diverse environments holds significant importance in determining the appropriate breeding strategy for the
release of adapted cultivars to the target environments. Considering the role of genetic diversity in the advancement of
breeding programs, the study of morphological and phenological characteristics that determine yield is a suitable
method to achieve selection criteria for improving yield and improving and introducing compatible and high-yielding
cultivars. Seed yield is a complex trait that is controlled by a large number of genes, and selection based on yield alone
is often not successful. For this reason, one of the ways to identify high-yielding genotypes is to study traits that have a
significant relationship with seed yield, so that by selecting or removing them, 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 (Phaseolus vulgaris L.) in 4 major bean
growing regions in the country.

Materials and Methods

14 red bean genotypes along with Yaghout, Ofogh and Dadfar varieties (Controls) 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 threshing. After collecting data related to yield and its components, combined variance analysis, simple variance
analysis related to each location and mean comparisons were performed. Also, correlation analysis and step-by-step
regression were used to investigate the relationship between yield and its components.
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Results and Discussion

The results showed that there is a significant statistical difference between the studied locations, years and genotypes in
terms of all traits at the probability level of 1%. The significance of genotype x location interaction for all traits made it
necessary to analyze the variance separately in each investigated location. The significance of double interactions
indicates the relative instability of the traits of different genotypes in different times and places. The highest seed yield
was observed at Khomein station in G12, Yaghot and G4 genotypes, Borujerd in G14 and G13 genotypes, Zanjan in
Yaghot and G12 genotypes and Shahrekord in G12 and G16 genotypes. Based on the days to maturity the Ofogh
variety, G9, G16 and to some extent G4 genotypes, and based on its yield and yield components, the G12 genotype and
Yaghuot and Dadfar varieties were introduced as desirable genotypes. Correlation analysis showed that there is a
positive but 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.

Conclusions

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 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 vyield, 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
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Table 1- Red bean genotypes studied in different areas
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Gl KS31361 G10 Ofogh
G2 KS31360 Gl1 KS31148
G3 KS31362 G12 KS31253
G4 KS31359 G13 KS31264
G5 Yaghot G14 KS31340
G6 KS31358 G15 KS31363
G7 KS31336 G16 KS31339
G8 KS31338 G17 Dadfar
G9 KS31353
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Table 2- Variance of experimental errors in investigated locations and two crop years and Fmax Hartley and Bartlett's
tests to evaluate the uniformity of variances
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Years Locations Days to Plant Pod per plant Seed per pod Yield 100-grain
maturity height perp perp weight
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b )b s . wx wox . wox
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Bartlets test

5-DIC: 5-day lIrrigation Cycle, 9-DIC: 9-day Irrigation Cycle
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Table 3- Combined variance analysis of investigated traits in red bean genotypes during two cropping years in the
investigated environments

Ola yo (52keo
Mean of squares
I e L M olaay wlooluwi ailo olaws
i @l s Slass o 1 Yoo s
S.0.V ddf’ Oy U o BY Ay o S Gl ,Shee YN0
D Number of ~ Number — Number  Grainvield  100-9rain
ays to y weight
- pods per of seeds of seeds 9
maturity
plant per plant  per pods
L
\;Jear 1 88.48 588.79 26298 1.414 10413572.2 1243.03
o . . - .
. 3 6701.99* 1789.7¢ 24303.6 64.31 19581820.5 1359.5°
Location
JuX e o o o o - .
. 3 884.87 384.77 11559.9 2.076 13432928.5 15141
Year x location
Uas
16 6.9 13.32 206.6 0.167 175740.3 3.82
Errorl
N 16 887.09"  290.37™ 78266~  2.309 6010926.6™  1254.14"
Genotype
eigX Jl . .
16 63.72 16.33 442.7 0.463 1344081.1 26.23
Genotype x year
G gX ol o - - -
. 48 185.66 88 2458.2 1.08 2332715.6 32.95
Genotype x location
eeigiX Jlo X oS " " o x
. . 48 46.47 24.63 677.6 0.242 960888.8 33.45
Genotype x year x location
Uas
256 10.16 10.34 263.1 0.283 313380 7.452
Error2
(1) Ol pss o po
3.14 20.33 294 14.95 23.57 7.87

CV%

doyo a9 S Jlaiol mhaw jo Sl gee cudgay T

L2

**and *: significant at the probability level of 1 and 5%, respectively
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Table 5- Average comparisons between red bean genotypes in number of days to maturity at the investigated stations

g e Sy ol S 55 pheid
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 98.17 > 116.17 < 102.67 % 100.2 bed
G2 93.17 ¢ 107 95.5 ik 99.33 «
G3 106.332 113.5 % 1115¢ 110.832
G4 77.67° 118h ¢ 93.8 97 of
Yaghot 82.33 111.5¢ 100.17 fo 100.33 bed
G6 99° 1205 116.67 b 109.83 2
G7 98.5" 111.17¢ 104.3 ¢ 96.33
G8 98.3° 1115¢ 1222 96.33
G9 84.6 % 100.67 9 95.5 ik 111172
Ofogh 78.67 93.67N 90.8! 99.33 cd
G11 89 104 f 97 hii 101.33 be
G12 84.6 % 1210 99.5 fon 9g de
G13 90 o 105 f 96.8 hiik 96.67 f
Gl4 99.17° 112.17°¢ 101.17 ¢ 100.2 bed
G15 985" 1125¢ 108.8°¢ 101.67 "
G16 84.1 de 100.8 9 94.8 ik 99 de
Dadfar 85.17 d 12452 98 9 111.332

Al o gire Sglds wo s iy e H0 il e By > (sl Sl Kl
* Means with different letters are significantly different at the 5% level

e [ el oo Lagd 5o 0 ,Shee (2l381 50 5 Lol
(Bennett et al., 1977) cwl ools Lid o, Sae b (5 i
19955 g Cyayiwg g (Duarte & Adams, 1972) jalol 4 <ljg0
O Sode alayly addllas ,o (Westermann & Crother, 1977)
Oy A4S a5 S sdaline Lo (o 0 ,Sles slizl g o Slas
50 AL olawi |y Code g o 31 o s o Sloe 32!
(Dimova & Svetleva, 1992) lgligul g lgg—ass .09 1)l aig
yebd asly )59 (59, Ag ,o D slaws S wisgad pdlel §s
o, Slhee 50 ;}_?-;50 D, (g0l y il e b g oo
Cde g peinne 530 50 BME jo ails slaad g ails 39 (g

(Zimmermann & waines, 1984) aj,ls 5 ,Sles (59,

Aigy yo il slusy

Slacuiss) 4o fumed o] j0 wigy yo wils slawy oy i
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G5 5 G1 G12 G6 slacwigy o ol oS! o G174
G6 §G13 G17 sl acuis) 0 0,5 g ol ] jo 9
o] 99 ;0 (G5 535) g8l 18, (F Jgo) ol cnnlive
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Table 4- Average comparisons between red bean genotypes in number of pods per plant at the investigated stations

G395 O Sy ol 355 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 9.85 cd 10n 19.77° 13.87 %
G2 10« 20.67 14,53 bede 13.68 %
G3 10.7 « 25.67 b 15.92 bed 16.95 ¢
G4 20.032 20 ¢f 16.37 bed 18.18 2
Yaghot 15.8" 25.67 bed 17.53 ¢ 13.68 %
G6 11.08 < 29 @ 35.8¢ 16.98 a¢
G7 10.93 21.3 def 9.7 ¢f 11.05f
G8 8¢ 149 8.97f 16.52 ac
G9 8.524d 18f0 10.4 ¢f 9.28 9
Ofogh 7.8¢ 17.33 19 9.3 ¢f 15.5 bed
Gl1 9.93 ¢« 24 cde 14.03 cdef 14.6 cde
G12 16.7® 24 cde 18.83 ¢ 153«
G13 13.1 ¢ 31672 18.07 ¢ 18.05*
G14 9.6 21 ¢f 9.9¢f 16.92 abe
G15 9.55« 21,3 def 11.27 e 15.35 «
G16 7.17¢ 1719 9.37 ¢f 12.52 ¢
Dadfar 16.95® 26 ¢ 16.23 b 18.982

Ayls e pixe Solas s ys gy a0 wilive e By > sl sl ko
* Means with different letters are significantly different at the 5% level
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Table 6- Average comparisons between red bean genotypes in number of seeds per plant at the investigated stations

St RO Sy9y ol 3,5 e
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 22.03%™ 37.23 fah 96.99° 45,01 fon
G2 26.03 °f 46 defh 60.42 cdef 49,73 cdfg
G3 30.61d ¢f 43,83 defah 81.64 bed 55.37 cdfg
G4 5290 34,3 fon 82.93 bed 61.07 bedf
Yaghot 52.37° 60.1 91.15bc 52.68 cdfg
G6 36.33 cde 108.6 2 11292 65.77 &c
G7 41.65 bed 51.33 def 48.01 ¢ 39.87 9"
G8 28.28 ©f 31.27 9" 36.38f 60.99 bedf
G9 26.33 ¢f 28.37"h 4393f 33.57h
Ofogh 25.73 ¢ 45,27 defgh 40.41°F 55.56 cdfg
Gl1 30.6 def 71,53 be 54,67 def 47 .56 dfah
G12 65.57 @ 72.27 be 97.11°" 63.48 abcd
G13 37.53 cde 85.13° 90.91 be 75.57 ®
Gl4 29.7 def 47.8 defg 43.25f 52.45 cdfg
G15 32.13 oef 57.5 cde 50.38 def 51.75 cdfg
Gl6 24.45 ¢ 415 efoh 41.75fF 51.46 cdfg
Dadfar 48.25 be 81.43° 79.6 bede 77444
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* Means with different letters are significantly different at the 5% level
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Table 7- Average comparisons between red bean genotypes in number of grains per pods at the investigated stations

i 95 e 0yz9y obd; 855 yeld
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 2327 2.94 dbed 4,53 bede 3.25¢

G2 269 2.58 bed 4.13 de 3,63 abode
G3 2.827 €0 2,24 cde 4.83 bed 3.27 def
G4 2,665 fon 157¢ 5 be 3,37 ccef
Yaghot 3.345 2.47 bede 517" 3.85 ot
G6 3.24 e 3.762 612 3,87 e
G7 3.797 @ 3.01 @ 4.8 bed 3,62 abecef
G8 3.49 be 2.46 bede 407¢ 3,72 abede
G9 3.078 ccef 1.95 ¢ 4.17 % 3,62 abecef
Ofogh 3.39 cd 2. abed 4.3 cde 3 5g bodef
Gll 3.09 e 3.76° 3.87¢ 3.2
G12 3.905 2 3.05 e 4.97 be 4,02
G13 2.858 €0 3.43 5 be 4182
Gl4 3.041 df 2,66 bed 4.3 e 3.1f
G15 3.38 331 4.5 bede 3.35 odef
G16 3.37 2.96 abed 4.47 bece 4.08
Dadfar 2.848 °fo 3.17 ac 4.8 bed 4.05 @

Gyl Sl cre Dol doys gy w0 alive e By > sl sl Sk
*Means with different letters are significantly different at the 5% level

5 43g 4o alls olass (Bennett et al., 1997; Adams, 1982)
5o adls o, Sles 59y YL Cuiie s Pl Zlblo Ll
9 9yl o adxs o (Sadeghi et al., 2011) wsjls Lool
6ol olimeds 1, ails o Slae (Onder et al., 2013) ol Son
s 5 (Seipsm 0 Shee o it 1 5L cos
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Table 8- Average comparisons between red bean genotypes in grain yield (kg.h™) at the investigated stations

i) R Sy29y ol 355 el
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 1641.7 ¢fo* 1366.67 2275 def 1968.8 9
G2 1378.3 ¢ 2316.67 cde 2845 bedef 117351
G3 1293.3 9 2208.33 d 2902.8 bede 812.17 %
G4 3190.8 1583.33 ¢f 3540 abc 13955
Yaghot 388252 2308.33 cde 4290 @ 2063
G6 22325 cdef 2866.67 2bcd 2133.3 df 637.17 "'
G7 2535 bed 2333.3 e 2940 bed 1558.3 1
G8 1329.2 9 1861.67 ¢ 1981.7 ¢f 1624 N
G9 1435.8 fo 2783.33 bed 2269.5 def 142211
Ofogh 1713.3 ¢fo 2821.67 bed 1911.7f 2502.7 ¢
G11 22942 cdef 2956.33 abcd 3008.3 bed 2615.5¢
G12 39252 2810b ° 4156.67 @ 296432
G13 1797.5 defo 3108.33 abc 28417 bodef 2286.8 ¢
Gl14 2805.8 b 3200 @ 2751.7 cdef 1608.3"
G15 2320.8 cde 3666.67 2610 cdef 864.67 k
G16 1619.2 ¢f9 2958.33 abed 2078.3 def 28485°P
Dadfar 2921.7 be 2716.67 bed 3755 ® 2682.7 ¢

Gyl e cre Dol doys gy w0 wlive e By > sl sl Sk
* Means with different letters are significantly different at the 5% level
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Table 9- Average comparisons between red bean genotypes in 100 grain weight (g) at the investigated stations

T3] R Sy9y o) 355 phes
Genotype Khomein Broujerd Zanjan Shahre kord
Gl 26.03 " 32.07¢ 2953 f 25539
G2 28.1°¢f 38.47 ¢ 36.06 9 28.17f
G3 29¢ 38.41 ¢ 40.61 ¢ 35.53¢
G4 28.93¢ 27549 31.93¢ 43,05
Yaghot 26.28 28.85 ¢h 3127 27.72f
G6 36.67 bc 238" 24.03h 24.78 9
G7 383" 44,78 be 43.87° 19.95h
G8 37.22bc 41.75 ¢ 43.72" 38.7¢
G9 36.23 bc 43.25 ce 44.21" 36.254
Ofogh 41852 50.9 @ 40.44° 39.15¢
Gl1 27.87 ¢ 32.98f 49792 36.034
G12 23589 31579 31.75¢ 45022
G13 4182 4957 @ 26.39 ¢ 24.79
Gl14 35.08°¢ 49.85 @ 50.37 @ 20.93"
G15 31.884 40.82 c 44.91° 29.92°¢
G16 21589 30.75¢ 39.18°¢ 36.034
Dadfar 29.65 % 40.58 ¢ 33.07°¢ 27.037

W)l o sixe Dglss wo s iy mhaw 0wl e By Gl Sl Sl
* Means with different letters are significantly different at the 5% level
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Table 10- Results of correlation analysis for different traits

.. L A 0 e slow gy o Al Sl M jo wilo olawi aild Ver (39
Oy B 59, oluws _
- Number of pods  Number of seeds ~ Number of seeds ~ 100-grain
Days to maturity :
per plant per plant per pods weight
Oy B 59, olaas 1
Days to maturity
dgr 0 BIE slass 031 1
Number of pods per plant '
gt o 4l ol 0.371 0.935™ 1
Number of seeds per plant
S o il slass 0.197 0.532" 0.722™ 1
Number of seeds per pods
I Yoo o
o oo -0.162 072" -0.755™ 0418 1
100-grain weight
o & ,Sles
N -0.285 0.381 0.325 0.409 -0.104
Grain yield

e

Soyd gy g we s S Jleisl w55 o gee o e T
** and *: Significant at the probability level of 1% and 5%, respectively
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Table 11- Results of stepwise regression for grain yield, as dependent variable, and other traits as independent variable

i 2l ol a0 Olry yo (uSSleo ouls Jydn (e g 0
S.0.V df Means of square R? Adjust
095 4 48591.07* 0.327
Regression
aajl.né_'él;'
. 13 158740.6
Residual
do A ol O,ylg wlhe - . a0 ylastawl ¢ 5 5 H O i Jole
Juo 4 0 3,19 © Oy 5 3 e 0l 9, Qg yS ) o g owillg pyed Jo

Attributes entered into

Regression coefficient

Standardized regression Variance inflation

5 G16 B9 (sl olyad & 38l 18, ccyums, b s, s
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Table 12- F values and Wilkes Lambda statistics for different grouping modes based on traits measured in genotypes
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Fig. 1- Cluster analysis of red bean genotypes based on yield traits and its components
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