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Table 1. Code of Red genotypes used in study
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Row Genotype code Row Genotype code Row Genotype code
1 KS31101 6 KS31106 11 KS31111
2 KS31102 7 KS31107 12 KS31138
3 KS31103 8 KS31108 13 KS31139
4 KS31104 9 KS31109 14 KS31169
5 KS31105 10 KS31110 15 KS31170
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3 Swelling Capacity
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Fig. 1. Means of traits used for 15 Red cultivars under normal irrigation and drought stress conditions
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Table 3. Mean with LSD method and coefficient of variation under normal and drought stress conditions

Ol

Traits

Sl g b 0y

(Coefficient of variation) %

Height plant &g Job

Nod no. per main shoot Lol a3l 59, 0,5 slaxs
Days to 50% emergence  Jj 4ilg>7.8+ G jg, olaey
Days to 50% flowering 25 J57.8+U 39, slosxy
Days to 50% podding 25 SM 7.8+ jg, Slaxi
Seed filling duration &ls ooy 0,98 Job

Days to maturity JolS' Soww, G 39, sloxi

Seed no. per Plant aig jo ails slasy

Seed length (mm) (0 o) 4ils Jobo

Seed width (mm)( s Lw) &> b,

Seed diameter (mm) (o o) 4ils 4lad

Seed yield (g) (p,5) 4ils o ,Slos

100 Seed weight «ils> ws (439

Protein percentage ;.2igy w0y

Hydration capacity o1 wis el

Swelling capacity p,s o5ls

Time before swelling o Giz 31 Jud ails ey oloj

Time after swelling o Giz 3l oz ails cay b
Seed appearance coxy 3l um &ils ol g ogl>
Seed Scent <oy 3l oz &ils yac g 9

Seed texture and structure 4l ;loxsbo g b

Seed taste coxy 3l ory 4ild 030 g p2b

Mean
Sis s gl G 9 @bl
Drought stress irrigation  Normal irrigation
33.948 b 36.894 a
12.960 a 12.241 a
6.445 a 7.555a
40.534 a 41.533 a
46.400 a 46.466 a
46.223 a 45.399 a
86.755a 86.933 a
10.620 a 10.955 a
6.533a 6.845a
4.814 a 4.897 a
35.196 b 43.870 a
8.341b 11.605 a
23.881b 26983 a
28.469 a 27.193 a
0303 a 0.440 a
0.338a 0.609 a
67.533b 51.117 a
114.767 b 87.033 a
4.247 a 4.233 a
4.200 a 4.100 a
4.567 a 4.500 a
4.533 a 4.500 a

7.97
-5.88
14.70
241
0.15
-1.83
0.21
3.01
4.53
1.64
19.79
28.02
11.49
-4.67
31.14
43.67
-32.10
-31.87
-0.95
-2.44
-1.56
-0.67
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Table 4. Eigen values, factors variances and cumulative variance of Red beans

on drought stress s o o on normal irrigation b ¢ Lol oy
Jolge ogylae  (uibly i 2 bl Jolge oRg e by Couns o il )lg
Factors Eigen Varia}nce Cum}llative Factors Eigen Varia.nce Cum}llative
value ratio variance value ratio variance
Factor 1 Jgl Jole 6.947 0.278 0.278 Factor 1 Jgl Jole 5.586 0.207 0.207
Factor 2 pg Jole 5.498 0.219 0.598 Factor 2 pg5 Jole 4.629 0.171 0.378
Factor 3pgm Jole 3.183 0.127 0.625 Factor 3pgm Jole 4.351 0.161 0.639
Factord )z Jole 2.427 0.097 0.822 Factord )z Jole 3.106 0.115 0.754
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Table 5. Factor analysis by varimax rotation for quantitative traits in 15 Red bean genotypes on normal irrigation

S ol Jol Jele 90 Jole pow Jole Pk Jole
Quantitative Traits Factorl Factor2 Factor3 Factor4
Height plant &g Job -0.106 -0.033 0.804 0.146
Nod no. per main shoot Lol a3lw g9, 0,5 olaxi 0.425 -0.633 0.304 0.026
Days to emergence  gjails> U 39, 0.057 -0.318 -0.244 0.421
Days to 50% flowering 23 J5 w0 ,00+0 39, 0.910 -0.217 -0.035 0.171
Days to 50% podding 2535 wo )y 840 3, 0.640 -0.518 -0.289 0.139
Seed filling duration &> ol i3 0595 Jsb -0.571 0.168 -0.067 0.761
Days to maturity Soww, U 39, 0.251 -0.022 -0.118 0.924
Seed no. per plant aig ,o aild dlasy 0.777 -0.155 -0.081 0.535
Seed length &> Job -0.296 0.847 -0.007 0.076
Seed width &ls o, -0.522 0.020 -0.176 -0.529
Seed diameter 4ils jad -0.421 -0.383 -0.211 -0.514
Seed yield 4ls o ,Slos -0.104 0.066 -0.236 0.936
100 Seed weight ailsYe+ (439 -0.859 0.161 0.142 0.121
Protein % (yuigy duo)d -0.029 -0.097 -0.128 0.907
Hydration capacity ol wis> jasls 0.097 0.158 -0.083 0.895
Swelling capacity ;5 a5l -0.069 0.003 -0.017 0.972
Time before swelling o7 iz 51 Jud 4ils cay (b 0.086 0.029 0.059 0914
Time after swelling o7 Gia jl oz ails ey oyl -0.408 -0.186 0.422 0.686
Total factors g5l JS 2o 0.75 -1.11 0.039 7.587
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Table 6. Factor analysis by varimax rotation for quantitative traits in 15 Red bean genotypes on drought stress

5 Slao sl Jale P95 Jale o Jole p ol Jale

Quantitative Traits Factorl Factor2 Factor3 Factor4
Height plant &g Job -0.034 0.045 0.175 0.196
Nod no. per main shoot Lol a3lw g9, 0,5 slaxi -0.097 -0.647 0.567 -0.007
Days to emergence  jaile> U jq, -0.038 -0.002 -0.037 0.872
Days to 50% flowering 23 J5 oo 00+ 39, -0.862 -0.227 0.167 0.049
Days to 50% podding 25U v, 84U 39, -0.858 -0.237 0.120 -0.027
Seed filling duration &> ;o) 0590 Jsb 0.842 -0.245 -0.170 -0.029
Days to maturity Sauw, b 39, -0.249 -0.571 0.040 0.604
Seed no. per plant aig ;o &l sluxy -0.209 0.191 0.844 -0.156
Seed length 4> Job 0.237 0.778 -0.099 0.167
Seed width &ils (e 0.491 0.240 -0.509 0.311
Seed diameter ails ,ké 0.862 -0.096 0.204 0.174
Seed yield il » Slos 0.235 0.763 0.489 -0.054
100 Seed weight «ils)es (y3g 0.599 0.604 -0.308 0.204
Protein % yiigy w0y -0.621 0.287 -0.113 0.471
Hydration capacity ol wis a5l 0.469 0.038 0.068 0.780
Swelling capacity p,¢ jasLls 0.715 0.206 0.255 0.038
Time before swelling o wiz 1 Jud ails coy b 0.067 -0.103 0.456 0.735
Time after swelling of wis 3l o ails ey b 0.078 0.036 0.254 -0.560
Total factors g5l S 20z 1.627 1.06 2.403 3.768
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Abstract

In order to study the effects of quantitative and qualitative traits on cooking characteristics and protein
percentage of 15 Red bean genotypes, a Randomized Complete Block Design was conducted with three
replications in normal irrigation and drought stress. These traits were measured in farm and nutrition
laboratory employing international standard of CIAT. Analyses of variance showed that genotype were
significantly different at some quantitative and qualitative traits under two independent conditions. Some of
quantitative traits consisted of plant height, number of node per main shoot, days to 50% flowering, seed
filling duration, seed size, 100 seed weight and protein percentage. The qualitative traits also consisted of
hydration capacity, swelling capacity and seed appearance. Results of mean comparisons showed that the
protein percentage increased under drought stress. Maturing and cooking time increased with drought stress.
In factor analysis, 70% of total variation was explained by four hidden factors. These factors in normal
condition were growth type, cooking characteristics and protein quality. In drought stress four factors in
factor analysis was included plant physiological, seed yield related, seed quantitative, cooking ability and
cooking time characteristics, respectively.

Key words: Cooking ability, Drought stress, Factor analysis, Protein percentage, Red bean
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