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Extended Abstract

Background: The Pachbaghela (Phaseolus vulgaris) is one of the popular and the most widely
consumed beans in Guilan Province. The growth period of this crop is short, about 60-70 days,
and it can be cultivated in spring and summer. The annual cultivation area of Pachbaghela is
10-20,000 hectares, about 40% of which is related to spring cultivation. The time of harvesting
and consumption of Pachbaghela is at the stage of maximum growth of immature and discolored
pods, which occur before drying pods. This plant resembles pinto beans but is longer. Pachbaghela
has long been used in the food culture of northern Iran, including the famous baghali ghatogh
stew. Currently, farmers are utilizing the Pachbaghela landrace, which offers limited yield, non-
uniform crop production, and has created challenges in cultivating this plant. Three types of these
landraces are different from other landraces, which are Black, Red, and Brown striped Beans in
order of importance. Therefore, it seems essential to introduce lines with optimal yield and high
market appeal. Accordingly, aiming at selecting a promising high-yielding line with appropriate
stability, nine selected Patch Bean lines from the preliminary tests of the performance evaluation
of the breeding programs of this plant were evaluated along with the local control landrace.
Methods: This experiment was carried out in three regions of Guilan Province (Rasht, Lahijan,
and Shanderman) with nine Pachbaghela lines (G1-G9), along with the Kuchsafhan landrace
(G10), based on a randomized complete block design with three replications in the spring of 2
years (2016 and 2018). The seeds of the lines were planted in late April. It is worth mentioning

that these lines were selected from native populations of various regions in Guilan Province and
showed superior yields in preliminary evaluations of Pachbaghela yield. The results related to the
fresh weight of pods in each line of the three regions were subjected to the combined analysis of
variance. Before the composite analysis, the normality of the data and the homogeneity of the

variance of the experimental errors were tested using the Bartlett test by SAS software. The

AMMI method was performed by GenStat 12.0 software and PBTools version 2013. Furthermore,
16 stability methods, including S (1-6): Nassar and Hahn stability statistics, NP(1-4): Tanazero
stability statistics, Wi?: Rick's equivalent, 6%: stability variance Shukla, bi: regression coefficient,
S2di: deviation from the regression line, CV: coefficient changes, 0(i): interaction variance
Genotype and environment, ;: average plastid variance, and KR: total Kang rank were calculated
with STABILITYSOFT software. The means and standard deviations of the stability statistics

rating for each of the lines were obtained using EXCEL software. A three-dimensional graph of
the average performance and stability statistical rating, along with their standard deviations, were
calculated afterward.

Results: This research revealed significant genetic diversity in fresh pod yield among the
investigated lines. The results indicated that the effect of genotype, interactions of year x location,
location x genotype, and year X location X genotype were significant on the fresh pod yield,
suggesting that yield responses varied across locations and that environments affected the lines
differently. The average comparison over 2 years in three regions demonstrated that the G9, G3,
and Go6 lines gained the highest fresh pod yields. Additionally, the G9 and G7 lines exhibited the
highest number of pods per plant and seeds per pod, while the G9 line showed the longest pod
length. The results of the AMMI's analysis of variance demonstrated that the effects of genotype,

environment, and the interaction between genotype and environment were significant at the 1%
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probability level. Notably, the first two components accounted for 81.1% of the variation in the
genotype-environment interaction, with the first component explaining 66.2% and the second
component contributing an additional 14.9% to the observed changes. According to the AMMI

biplot analysis, G4, G7, G6, and G5 were the closest lines to the biplot's center, suggesting that
they experienced the least environmental changes and can be considered the most stable lines of
Patchbaghela. Additionally, lines G8, G9, and G3, located at the top of the polygon, exhibited
good specific adaptability to the Rasht, Lahijan, and Shanderman regions. Consequently, these
lines can be identified as the selected genotypes for the studied locations. A study conducted on
16 stability statistics revealed varying results; as a result, the average and standard deviation of
the statistics' rank were utilized to select the best lines in terms of overall statistical performance
and optimal yield. Lines with the lowest sum of statistics rank (SR) and average statistics rank
(AR), along with the highest yield, were chosen as stable lines. Consequently, G6, G7, and G8
were recognized as stable and superior lines based on these criteria.

Conclusion: Considering the agronomic characteristics and the results obtained from statistical
methods, G7 and G6 were selected as highly stable Pachbaghela lines.
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fresh pod yield Pod length 100-seed weight Seeds per pod Pods per plant df S.0.V.
1003031.7 ™ 22.63™ 189.93 ™ 0.19™ 261.11™ 1 (Year) Ju
2306249.4 ™ 102.93 ™ 1202.38 ™ 3353 15891 ™ 2 (Location) e
3652324.1 " 63.99 ™ 1748.37 " 0.26 " 55.51™ 2 (YXL) Jlo x4
152394.9 0.94 43.99 0.51 17.94 12 (Rep/(Y*L)) Uas-
229839.2 ™ 244" 63.53 " 0.40 ™ 14.43 9 (Genotype) g
ns Jlo Xeigs
43221.2 0.38 29.08 0.19 8.91 9 :
YxG
61602.7 ™ 1.92m 29.73 ™ 0.36™ 10.82" 18 Ol Xoeisiy
LxG
- - * s s Jlo X o SeX gl
49477.9 1.43 33.22 0.33 6.51 18 YrIxG
10180.3 0.68 20.20 0.21 4.05 108 L
Error
23.24 7.13 12.28 13.19 26.77 CV (%) i copo

,, - ‘ T e 5 o Ko 5 g Je] g 3 o g R 5
* and **: Significant at 5% and 1% probability levels, respectively. ns: non-significant.
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Table 3. Mean values of fresh pod attributed traits of Pachbaghela during 2 years in each location

Gy 4> AU olass (LS )5 p)55LS) 5 M 5, Shos
Pods per plant Fresh pod vield (kg/ha) R
M:la A u&;}w el e, by “-“IJ:*‘ A u‘s"fl‘” oeyila o,y RENSY Genotype
th r\e/:rfeggei (? s Shanderman Rasht Lahijan th rgzrll%zei (? s Shanderman Rasht Lahijan
6.93 cde 6.15 e 9.28 be 536, 3415 cae 3983 ¢ 3477 a 2786 ve Gl
7.56 abe 9.12 a 8.42 be 515, 3157 ge 4474 . 2435 2560 . G2
6.59 «a 5.104 8.66 ve 6.02 o 3822 be 3953 ¢ 3598 ab 3915, G3
6.78 bed 7.13 bed 6.78 be 6.43 4 3945y 5256 be 2901 ped 3677 a G4
7.93 abe 8.04 abe 9.38 be 6.39 2 3468 cde 4335 2685 bed 3385 abe G5
8.28 ap 8.43 abe 10.36 a» 6.05 4 3805 be 4729 ve 3214 b 3470 abe G6
8.61 . 9.72 4 9.58 abe 6.54, 3675 bed 5056 be 3096 be 2871 be G7
7.72 abe 8.23 abe 9.63 abe 532a 4158 b 6053 ap 3262 be 3159 abe G8
8.64 5 7.50 abe 13.01 a 543, 4909 4 6645 4 40154 4069 4 G9
6.03 4 6.37 e 592 581 2952 ¢ 4159 . 2067 4 2630 . G10
7.51 7.58 2.65 5.85 3730 4864 3075 3252 ke
mean

)85 (6l e B3] KouG L 70 Jless] s )3 4S5 (9051 ol g Sy Gy o syl (slay 3 Siko cygiw b )
In each column, the averages with the same letters are not significantly different from each other at the 5% probability level based on

Duncan's test.
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Table 3. Mean values of fresh pod attributed traits of Pachbaghela during 2 years in each location (continued)

(o) 3% b

G ) ails dlaws

Pod length (cm) Seeds per pod
A 5SSk 4w 5:55ke w59)
sl epiils sy oY sl Ooynls by oY Genotype
Average of Shanderman Rasht Lahijan Average of Shanderman Rasht Lahijan
three regions three regions
11.61 ane 12.62 abe 11.04 » 11.18 3.29 be 398, 2.55 bed 335, Gl
11.60 ahe 1342, 10.23 ped 11.16 ab 3.44 e 431, 231 et 371a G2
11.09 o 12.10 e 10.15 bed 11.02 ap 3.47 we 375 323, 345, G3
1175 w 13.05 10.46 bea 11.74 a 3.37 be 4.02 5 2.44 bed 3.64, G4
11.42 4o 12.82 a 9.96 4 11.74 3.54 e 4.14 , 2.74 a4 3.75a G5
11.84 13.02 ap 11.63 » 10.89 3.62 4.12, 2.99 ap 3.76a G6
11.59 ahe 13.55. 9.80 ca 11.42 o 3.52 abe 4.25, 2.36 ca 3.96. G7
11.55 ahe 13.47 9.60 4 11.59 ab 373, 425, 2.97 a 397. G8
12.05 . 1341, 10.91 abe 11.86 a 3.56 abe 421, 2.77 abe 3.70 4 G9
10.77 4 11.56 ¢ 9.42 4 11.34 4 323, 4.00 4 2.16 4 3.55. G10
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In each column, the averages with the same letters are not significantly different from each other at the 5% probability level based on Duncan's test.
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Table 4. Analysis of variance of the AMMI model for fresh pod yield of promising Pachbaghela lines in three locations

and two crop years

Slasye Sl Yoclasjo g0 Slasye g0 il 4z s lie
Mean squares Sum of Squares% Sum of Squares df S.0.V
7359373 434202990 59 ot
Treatment
5478798 11.4 493091863 9 N
Genotype
64966149 74.8 3248307464 5 ]“"“
Environment
1334735 13.8 600630583 45 Lo x 95
GenotypexEnvironment
3057707 66.2 39750196 13 IPCA1
811943 14.9 8931376 11 IPCA2
(529 osilo (B
541976 18.9 11381486 21 Residual (Noise)
759319 82006462 108 oxd plesl (gllas
Pooled error
3124046 559204164 179 5
Total

* and **: Significant at 5% and 1% probability levels, respectively.
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Figure 1. The biplot of mean fresh pod yields of Pachbaghela lines, environments, and values of their first main
principal component (AMMI1)
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Figure 2. The biplot based on the AMMI2 model. Inside the figure, Lah, Ras, and Shan indicate Lahijan, Rasht,
and Shanderman, respectively.
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Figure 3. The three-dimensional graph of yield, average rank, and standard deviation of ranks of stability

statistics of Pachbaghela lines: yield: advanced Pachbaghela lines yield (kg/ha). AR: ranks average and SD: ranks
variance
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Table 5. Mean fresh pod yields and parametric and non-parametric stability statistics of the 10 Pachbaghela lines

KR 0; 00 CVi b; $d; o wp NP®  NP® NP @ Np @ S© S® S® St Mean G;Z?;pe
16 537940.1 428606.1 40.98 0.83 326624.4 591660.2 2589096.5 0.87 0.73 0.89 233 327 11.27 827 320 34154 Gl
14 387795.2 466142.3 39.41 0.80 115041.5 253834.2 1237792.6 0.80 1.06 1.67 2.33 3.50 6.50 3.47 2.13 3156.8 G2
14 888019.6 341086.2 46.20 0.96 816851.1 1379338.9 5739811.4 0.81 0.64 0.70 3.00 327 12.64 13.90 4.47 38223 G3
5 328461.5 480975.7 43.73 115 63491.0 120333.4 703789.4 0.30 0.31 0.27 1.83 1.37 3.05 4.17 2.07 3945.0 G4
13 395803.2 464140.3 47.22 1.06 181780.8 271852.1 1309864.2 0.61 0.63 0.50 2.17 2.44 5.67 5.10 2.73 3468.3 GS
6 321363.2 482750.3 40.27 1.01 91178.3 104362.1 639904.1 0.31 0.38 0.19 1.83 1.00 2.33 2.80 1.87 3804.7 G6
9 343214.7 477287.4 38.99 0.94 113025.1 153528.1 836568.1 0.29 0.38 0.14 1.83 1.33 2.33 2.80 1.73 3674.7 G7
9 498405.6 438489.7 43.17 1.14 288416.9 502707.6 2233286.1 0.27 0.36 0.41 2.67 1.00 2.00 3.20 2.13 41582 G8
10 662379.7 397496.2 37.90 1.13 504421.8 871649.3 3709053.1 0.10 0.32 0.56 2.17 0.43 0.36 0.67 0.93 4909.7 G9
14 363801.9 472140.7 51.28 0.98 145471.0 199849.2 1021852.6 0.51 1.25 1.60 2.83 2.00 2.20 1.10 1.27 2952.1 G10

: KRl il )lg 0 Sbai0 claom g casgis Jolite 1 uilyly O(1) «olysis oy TV cygmn )5y bid 51 loul 8201 cygmmn Sy oy DT M55 (5,l0b uilyly 0% oy (uiVlggST W 935 610l (slmo,lal NPTl g jlas ()l (slmo,lol :S TO 5 oMe 5 Shos Y

S 45, ggeme

Y, fresh pod yield; S (1- 6), Nassar and Huehn’s and Huehn’s stability statistics; NPU~), Thennarasu’s stability statistics; W2, Wricke’s ecovalence; 6%, Shukla’s stability variance; bi, regression coefficient; Sd;, deviation from
regression; CVi, coefficient of variance; 6, GE variance component; 8;, mean variance component; KR Kang’s sum of ranks.
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Table 6. The ranks of the 10 Pachbaghela lines based on the fresh pod yield and parametric and nonparametric stability statistics

SD ASR SR 0; 0c KR CVi b; s2d; o3 W NP® NP ® NP® NP S® S® S® S Y ::j)
1.76 7.88 134 3 8 10 5 9 8 8 8 10 8 8 6 8 9 9 9 8 Gl
2.20 6.88 117 6 5 7 3 10 4 5 5 8 9 10 6 10 8 6 6 9 G2
2.80 7.88 134 1 10 7 8 3 10 10 10 9 7 7 10 8 10 10 10 4 G3
2.68 3.94 67 9 2 1 7 8 1 2 2 4 1 3 1 5 6 7 5 3 G4
1.36 6.29 107 5 6 6 9 4 6 6 6 7 6 5 4 7 7 8 8 7 G5
2.30 3.06 52 10 1 2 4 1 2 1 1 5 4 2 1 2 4 3 4 5 G6
1.74 3.53 60 8 3 3 2 5 3 3 3 3 5 1 1 4 4 3 3 6 G7
2.19 4.82 82 4 7 3 6 7 7 7 7 2 3 4 8 2 2 5 6 2 G8
3.35 4.00 68 2 9 5 1 6 9 9 9 1 2 6 4 1 1 1 1 1 G9
2.93 5.88 100 7 4 7 10 2 5 4 4 6 10 9 9 6 3 2 2 10 Glo Y
ety il ly (:SSlee 10 oo 5 g e Bl wlly 9(1) Ol poss o pd :CVi g yS ) ks 5l Gyl Sd;: Oyg)S ) oy bi Mg o)l wibylg 0% S, oxYlgsS] ‘W2 oyl by dl.m)u NPT o g )las gyl dlzo)u S (H))‘)S BMe 5 )Sos :

basy wibyly :SD g laas, 5:55ke : ASR e, zex :SR «SilS" 45, ggamet KR
Y, fresh pod yield; S (1- 6), Nassar and Huehn’s and Huehn’s stability statistics; NP a4, Thennarasu’s stability statistics; W2, Wricke’s ecovalence; 6%, Shukla’s stability variance; bi, regression coefficient;
S2d;, deviation from regression; CVi, coefficient of variance; 6, GE variance component; 6;, mean variance component; KR Kang’s sum of ranks; SR, sum of ranks ASR, average of sum of ranks; SD,
standard deviation.
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