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Abstract

The objective of this study was to evaluate and select 25-yardlong bean genotypes/cultivars
under drought conditions, emphasizing the integrated effects of yield and key horticultural traits
using genotype x yield x trait (GYT) biplot analysis. The 25-yardlong bean genotypes were arranged
in a randomized complete block design (RCBD) with three replications. Significant differences were
observed among genotypes for leaf greenness and pod weight (p < 0.05). However, there were no
significant variations (p > 0.05) in days to first anthesis, pod length, pod width, number of seeds per
pod, and yield per plant across the genotypes. Principal component analysis of the GYT biplot
revealed that the first two components (PC1 and PC2) accounted for 94.5% of the total variance.
The GYT biplot analysis identified the top-performing genotypes in terms of yield and other
horticultural traits. The genotypes that ranked highest (ranks 1-10 with positive GYT scores) were G1
(No.33P), G11 (P4T8), G2 (BP2), G10 (No.33G), G25 (Nawa3), G13 (Suwan), G23 (No.38P), G3 (P10T26),
G14 (No.19G), and G4 (BP1). These genotypes should be prioritized in future breeding programs under
drought conditions due to their exceptional yields and key horticultural traits, including days to first

anthesis, leaf greenness, pod length, pod width, and number of seeds per pod.
Keywords: Principal components; Multivariate analysis; Graphical analysis
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Figure 1 (a) Average temperature (°C) and average humidity (%) in each month from Sep-Dec 2021

(b) Accumulated precipitation (mm) in each month from Sep-Dec 2021
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Table 1 Comparison of mean values for the horticultural traits and yield per plant of 25-yardlong

bean genotypes.

No. Genotypes Horticultural traits and yield
LG PL PW PWE SP YP
Gl No.33P 32,67 49.78 ab 59.38 0.68 2844 ac 1757 411
G2 BP2 32,67 4500a-c  59.77 0.65 27.21ad 16.67 342
G3 P10T26 32,67 5052 a 51.67 0.63 23.73b-d 17.73 318
G4 BP1 33.00 37.47ad 5893 0.61 2446 a-d  17.70 305
G5 No.37G 33.00 41.77ad 5625 056  21.27d 14.60 295
G6 No.30P 33.00 41.17a-d 5240 0.69  27.68a-d 1580 283
G7 LxBP1 3333 3520 cd 60.13 0.60 2587ad 1590 302
G8 BPP 3333  49.12 ab 57.47 0.63 2473ad 17.07 291
G9 ChiaS 3333  36.67b-d 61.20 0.64  2747ad  17.80 270
G10 No.33G 34.00 4720a-c 5533 0.64 2381 b-d 1697 351
G11 P4T8 3367 4697 a-c  58.80 0.70  29.58 ab 15.63 359
G12 Nigro 34.00 39.28a-d 57.93 062 2435b-d 17.63 293
G13 Suwan 3433  39.55a-d  56.00 0.65  29.55ab 17.00 319
G14 No.19G 34.33  50.12 ab 59.63 0.66  27.06 a-d  16.40 298
G15 No.3P 3433 30.90d 54.90 0.65 26.10ad 17.23 298
G16 No.40P 31.67 40.70 a-d  58.87 0.65 2647ad 1617 274
G17 No.22G 3200 38.02a-d 6193 0.67 2832ac 17.87 281
G18 No.32P 32.00 4380a-d 51.33 0.63 2251 cd 15.67 254
G19 No.25G 3200 4380a-d  59.40 057  21.42d 17.90 294
G20 No.18G 3233  48.10a-c  55.00 0.62 23.62ad 1750 231
G21 No.10P 3133  41.20a-d  62.10 0.62 28.04ac 1643 208
G22 No.23G 31.67 49.70 ab 63.10 0.63 27.07ad 17.77 262
G23 No.38P 3133 4158 a-d  55.77 0.65 2524ad 1673 313
G24 No.20G 31.67 40.02ad 61.17 0.62 25.11ad 1807 256
G25 Nawa3 3200 34.85cd 66.10 0.66 30.98a 16.93 320
F-test ns * ns ns * ns ns
CV (%) 9.14 16.10 10.36 6.96 12.65 13.39 20.03

Where, DA = days to first anthesis, LG = leaf greenness (SPAD unit), PL = pod length (cm), PW = pod width
(cm), PWE = pod weight (g), SP = no. of seeds/pod, YP = yield/plant (g)

ns and * = non-significant and significant at p < 0.05, respectively
Means in a column followed by the same letter are not significantly different at DMRT0.05
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PC1=86.7%. PC2=7.8%

————— -
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PC2

Figure 2 Vector view of the genotype x yield x trait (GYT) biplot of the 25-yardlong bean genotypes.Coding
for yield and trait combinations: E1 = YP/DA, E2 = YP*LG, E3 = YP*PL, E4 = YP*PW, E5 = YP*PWE,
E6 = YP*SP; Coding for genotype was presented in Table 1. Where, DA = days to first anthesis,
LG = leaf greenness (SPAD unit), PL = pod length (cm), PW = pod width (cm), PWE= pod weight
(), SP = no. of seeds/pod, YP = yield/plant (g).
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Figure 3 Polygon view of the genotype x yield x trait (GYT) biplot of the 25-yardlong bean genotypes.

Coding for yield and trait combinations: E1 = YP/DA, E2 = YP*LG, E3 = YP*PL, E4 = YP*PW, E5 =

YP*PWE, E6 = YP*SP; Coding for genotype was presented in Table 1. Where, DA = days to first

anthesis, LG = leaf greenness (SPAD unit), PL = pod length (cm), PW = pod width (cm), PWE = pod

weight (g), SP = no. of seeds/pod, YP = yield/plant (g).
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Figure 4 Average tester coordinate (ATC) view of the genotype x yield x trait biplot to rank the genotypes
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based on the overall superiority and their strengths and weaknesses of the 25-yardlong bean

genotypes. Coding for yield and trait combinations: E1 = YP/DA, E2 = YP*LG, E3 = YP*PL, E4 =

YP*PW, E5 = YP*PWE,

E6 = YP*SP; Coding for genotype was presented in Table 1. Where,

DA = days to first anthesis, LG = leaf greenness (SPAD unit), PL = pod length (cm), PW = pod width

(cm), PWE = pod weight (g), SP = no. of seeds/pod, YP = yield/plant (g). (cm), PWE = pod weight
(9), SP = no. of seeds/pod, YP = yield/plant (g)
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Table 2 GYT scores ranking of the yardlong bean genotypes (only genotypes with positive values

are shown).
GYT scores

Rank No. Genotype YP/DA YP*LG YP*PL YP*PW YP*PWE YP*SP Total
1 Gl No33pP 1.61 2.04 1.53 1.82 1.58 1.53 10.11
2 G11 P4T8 1.08 1.13 1.06 1.22 1.13 1.01 6.63
3 G2 BP2 0.59 0.67 0.58 0.67 0.61 0.56 3.68
4 G10 No.33G 0.51 1.02 0.43 0.57 0.39 0.51 3.43
5 G25 Nawa3 0.49 -0.34 0.61 0.57 0.77 0.4 2.50
6  GI3 Suwan 0.29 -0.09 0.34 0.34 0.42 0.25 1.55
7 G23 No.38P 0.25 0.18 0.25 0.28 0.28 0.22 1.46
8 G3  P10T26 0.14 0.87 0.04 0.15 -0.07 0.18 1.31
9 G14 No.19G 0.04 0.51 -0.03 0.03 -0.1 0.07 0.52
10 G4  BP1 0.08 -0.22 0.12 0.09 0.17 0.05 0.29

Where, DA = days to first anthesis, LG = leaf greenness (SPAD unit), PL = pod length (cm), PW = pod width

(cm), PWE = pod weight (g), SP = no. of seeds/pod, YP = yield/plant (g)
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