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Comprehensive evaluation of vegetable faba bean in agronomic and quality
traits by principal component analysis and cluster analysis
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Abstract: Twelve agronomic traits and six quality traits in 15 vegetable faba bean varieties (lines) were measured in this
study. Principal component analysis and cluster analysis were used to analyze the phenotypes, which provided the material and
theoretical basis for scientific evaluation and variety selection of vegetable faba bean. The results showed that the variation coeffi-

cients of 18 characters ranged from 3.98% to 56.09%. Fresh pod length, fresh pod width, fresh seed length, fresh seed width and

moisture content remained relatively stable, while plant
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height, pod number per plant, vitamin C content and starch

content had significant variations. Results of the correlation a-
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fresh hundred-seed weight. The crude fat content was significantly negatively correlated with fresh pod length, fresh seed width
and fresh hundred-seed weight, and was extrenely significantly negatively correlated with fresh seed length. Vitamin C content
was significantly positively correlated with fresh pod width. The cumulative contribution of the top six principal factors reached
86.348% in principal factors analysis. The first principal component was related to seed appearance quality and nutritional quali-
ty,the second principal component was related to yield and quality-related traits, the third principal component was related to the
size of fresh pod, the fourth principal component was related to the first pod node and number of effective branches, the fifth
principal component was related to soluble solids content and starch content, and the sixth principal component was related to the
number of nodes on main stem. The score of Y2224 was the highest in the comprehensive evaluation, with an F value of 2.274.
The 15 vegetable faba bean varieties (lines) were divided into three groups using cluster analysis. Among them, group I belonged
to middle-seed varieties (lines) with high crude protein content, high crude fat content, taller plant type, and more seeds per

pod. Group II belonged to large-seed varieties (lines) with high starch content, strong branching and podding properties. Group

IT belonged to huge-seed lines with high vitamin C content and broad pods.
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Table 1 Name and source of the materials
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Table 2 Variational analysis on agronomic and quality traits of different faba bean materials
. y o o ., . AL F Y
PR F-H{H YN e/MHE e 22 PRt LE2IN (%)
PR (em) 64.98 88.20 48.78 39.42 10.29 P 15.83
BRI B 10.43 11.80 7.90 3.90 1.01 ARG 9.69
FEE 12.57 14.10 10.50 3.60 0.99 FEEL 7.90
LRI NL 6.26 7.10 4.90 2.20 0.52 LRI L 8.27
HRRIEEL 26.25 34.40 16.80 17.60 4.19 ARRIEEL 15.95
BRI 2.24 2.70 1.58 1.12 0.26 BRI 11.72
fif K (em) 13.79 15.41 12.65 2.76 0.81 fif S 5.90
{2 5E (mm) 26.18 29.65 23.33 6.32 1.39 i S i 5.30
fif 2Tt (g) 28.09 36.62 23.59 13.03 3.64 i S o 12.94
R (mm) 28.94 32.18 27.26 4.92 1.27 SRR 4.40
B FFARE FE (mm ) 20.96 22.86 20.02 2.84 0.83 G338 A 3.98
FEORL AL (g) 394.37 467.32 351.44 115.88 32.52 0 T s R A 8.25
Ko E (%) 72.36 79.52 67.53 11.99 3.11 IRAT 5 4.30
TERY & (%) 5.98 7.98 2.09 5.88 1.61 TR 26.90
ARBTG5 (%) 0.98 1.14 0.66 0.48 0.14 HLAR T & 2 14.15
HEREGE(%) 6.10 7.74 4.49 3.25 0.88 HEAAE 14.36
42 € (mg/g) 0.12 0.24 0.05 0.19 0.07 fERCEE 56.09
AR & (%) 6.89 9.05 6.01 3.04 0.74 VA TERDE Y & 10.72
£3 FEAREMHEERERDREREHHELRY
Table 3 Correlation coefficients of agronomic and quality traits of different faba bean materials
SR AL R R R K s R ORK ROE kiR OE AR 98 AR CER
AROIBEL -0.029 1.000
GEZREIA -0.398 —0.238  1.000
FZETE -0401 -0.134 0032 1.000
EARRIEHL ~0.541* 0451 0041 0393 1.000
TERI%L 0549*-0274 -0.125 -0217 0325 1.000
EER -0.157 0314 -0020 0276 0090 -0481 1.000
BT -0.085 —0264 0018 -0.116 -0292 -0312 0453 1.000
SESENTR 0305 -0.057 0295 -0.119 -0292 0075 0621* 0674 1.000
[L{ZEE AN -0.134 0431 -0.198 0263 0123 -0365 055*-0217 0051 1.000
fepFPRLTE -0.116 0.169 -0.160 0087 -0.178 -0.501 0.623* 0.104 0.189 0.845* 1.000
i ERL T 0013 0210 -0205 0074 -0.188 -0280 0580 0020 0259 0913* 0.906* 1.000
KAy 0087 0028 -0.117 -0016 -0.115 -0213 038 -0030 0286 0.730™ 0687 0.796™ 1.000
Ve -0.199 -0.102 0424 005 0038 0182 -0.18 -0.19 -0302 -0.303 -0250 -0318 -0.643" 1.000
HEA ST -0403 -0073 0204 0081 0333 -0383 -0.183 0233 -0306 -0.593" 0401 —0.664™~0.740"" 0443  1.000
il 0.174 -0.155  0.142 -0.170 -0206 0.181 —-0519° 0.120 —0220 —0.657"-0.631* -0.638* —0.730" 0483 0505 1.000
HEF CHa -0461 0153 -0200 0177 0033 -0784™ 0501 0416 0218 0464 0651 0490 0315 -0.171 0140 -0233  1.000
AP SR —0290 —0.029 -0.009 0.117 0056 —-0.097 0310 0292 0183 -0055 0.146 -0.021 -0362 0476 0288 0065 0.191

* FORAHRIE R (P<0.05) , ™ FIRHDIE i (P<0.01)
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Table 4 Eigenvector and accumulated contribution of six principal components

ERr
2N
1 2 3 4 5 6
/3 -0.036 -0455 0.127 -0.149 0.174 -0.099
FZEIIHAEL 0.120 0.087 -0.228 -0.504 0355 -0242
LRFEWL -0.111 0.168 -0075 0.505 -0222 -0.011
FEEE 0.064 0242 -0.157 0.155 0015 0.546
RS -0.006 0308 -0.346 -0.327 0.056 0331
BRI -0.189 -039% -0.026 0.143 0.293 0241
SR 0301 0.174 0213 -0.02 0208 0214
#EETE 0.058 0.119 0571 -0.077 -0.198 0.080
T 0.160 -0.122 0472 -0.136 0.130 0313
PR 0.370 0.019 -0219 0077 0.156 -0.096
SEFPRLTE 0370 0.059 0.027 0.193 0.071 -0.257
fif ER T 0.381 -0.067 -0.031 0.187 0.111 -0.161
KOy Er it 0349 -0.183 -0.087 0.108 -0.248 0.037
TR E -0.221 0202 -0011 0371 0429 -0.188
bicki Sy -0237 0383 0.106 -0.170 -0.118 -0.111
HESRI 5 i -0319 0.031 0.155 -0.051 0013 -0302
AR C & 0253 0294 0.173 -0.085 -0.153 -0.265
AIEPEEIEA A -0.015 0.267 0.253 0.164 0.531 0.045
PR 5.801 3314 2465 1455 1.339 L170
Ji 22T (%) 32226 18410 13.693 8.084 7438 6.497
ZHTHR (%) 3226 50.635 64.329 72413 79.851 86.348
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e BIPRIR R ARIETT RN 2R, T et (A
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7. 438% AR A ROV S TR TE T &
MR o, R A SR PRCE SR 5 6 T
M TTRAN 6. 497% Ik ) A X EAS R O PEIR 2
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N TR A L R (R) EER S b BBk
FYEREVOT AR e AR A 2 B R I
EAETFRRAE T A HEROOT B AR ARFAE ] PR LR 4, 7]
(G211 U N N S X 7 S ESES AW

F,=-0.036x, +0. 120x, —0. 111, +0. 064x, —0. 0065 —
0. 189, +0. 301, + 0. 058x, +0. 160x, + 0. 370x,,+ 0. 370x,, +
0. 381x,,+0. 349x ;—0. 221x,, —0. 237x 5 =0. 319, +0. 253x, —
0.015x,4

F, = —0.455x, + 0.087x, + 0. 168x, + 0.242x, +
0.308x; — 0.396x, + 0.174x; + 0.119x; — 0. 122x, +
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0.019x,,+ 0. 039x,, + 0. 067x,, + 0. 183x,, + 0. 202x,, +
0. 3835 +0. 031, +0. 294, +0. 267x

F, = 0.127x, - 0.228x, — 0. 075x; — 0. 157x, —
0. 3465, - 0. 0262, + 0. 213x, + 0. 571x, + 0. 4724, +
0. 219x,,+0. 027x,, +0. 031x,, +0. 087x, +0. 01 1x,, +
0. 10625 +0. 155x,,+0. 173x,+0. 2531,

F,=—0.149x, - 0. 504x, + 0. 505x, + 0. 155x, —
0.327x, + 0. 143x, - 0.022x, — 0. 077x, — 0. 136x, +
0. 077x,,+0. 193x,, +0. 187x,, +0. 108x;, +0. 371x,, -
0. 170x,,—0. 051x,,—0. 085x,,+0. 164x,

F, = 0.174x, + 0. 355x, — 0. 222x, + 0. 015x, +
0. 056x,+ 0. 293x, + 0. 208x, — 0. 198x, + 0. 130x, +
0. 156x,,+0. 0712, +0. 111x,,—0. 248, +0. 429, +—
0. 118,5+0. 013x,,—0. 153x,,+0. 531,

F,=—0.099, - 0.242x, - 0. 011x, + 0. 5461, +
0.331x, + 0. 241x, + 0. 214x, + 0. 080, + 0. 313x, -
0. 096x,,— 0. 257x,, —0. 161x,, +0. 037x, — 0. 188x,, -
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F=0.373F, +0.213F, + 0. 159F, + 0. 094F, +
0. 086F+0. 075F,
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Table 5 Comprehensive evaluation of different faba bean varieties ( lines)

TS5
Al (FR) BRI (F) Hew
1 2 3 5 6
i 15 -1.200 -0.041 -0.955 -0.897 0.134 1.814 -0.545 9
a5 5 -3.050 -0.048 -1.284 -0.923 -0.287 -0.309 -1.487 15
EBR15 1.582 1.434 0.173 0.112 1.275 0.064 1.048 4
Y2202 0.840 1.608 2.281 0.622 2.138 0.392 1.290 3
Y2213 4.820 0.049 -1.546 1.587 -0.060 -0.448 1.673 2
Y2224 4.669 0.396 3.541 -0.431 -1.807 1.075 2.274 1
Y2231 -2.164 -0.414 -1.942 0.149 0.164 0.874 -1.111 13
Y2244 0.291 4,022 0.126 0.898 -1.131 -1.499 0.860 5
HN001 -0.010 0.883 -1.786 -0.413 0.556 1.351 0.011 7
HN002 -1.136 -0.081 -0.560 -1.503 -0.752 -1.870 -0.876 12
V2101 -2.411 -1.505 -0.349 0.941 -2.040 1.070 -1.282 14
V2104 -2.697 -0.217 0.570 2.028 -0.214 -0.327 -0.814 11
V2108 0.620 -2.691 -0.003 -0.591 -0.101 -1.092 -0.489 8
V2109 -1.222 -3.331 1.197 0.908 1.583 -0.731 -0.808 10
B —-F 1.067 -0.064 0.537 -2.488 0.541 -0.363 0.255 6

25 HAEFETETRESHAEROBERIHF
K Ward ¥ X5 AN [a] i £ 7 G5 A (FR) 19 18

A T B LN G AR HE AT RIS, =S R

FKAPREIIE 1 s, Mutfe R h 14 B, A

15 rff G (R) W3k 3 RER.H 1K
B & 9 A (R), 00l A Y2231, Y2244
HNO002 i %% 1 5, V2101, V2104, V2108, V2109
B PG —F 50 M 28BS 4 NP (R) 200
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Fig.1 Cluster graph of 15 vegetable faba bean varieties (lines) based on the phenotypic datasets of 18 traits
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Table 6 The agronomic and quality traits of faba bean varieties (lines) in group I, I and I

OLSHE SBIZSHE SBIIZEHE SIS SBIERE SEIIERE
RS (em) 67.24 59.92 64.89 P 18.65 7.71 4.93
AR B 10.30 10.90 10.05 AR B 11.72 5.95 2.11
FEE 6.27 6.30 6.15 FENHL 9.80 7.67 1.15
TS DA 12.50 12.68 12.65 GE A 10.09 4.39 1.68
ARRIERL 25.14 29.70 24.35 LR 7S04 16.19 12.10 11.91
FIERIEL 2.28 2.24 2.03 B IERIEL 14.24 2.63 4.74
32K (em) 13.42 13.90 15.22 SR 4.26 4.54 1.83
58 (mm ) 26.11 25.14 28.60 i 3 2.55 5.19 5.19
fitf 32T 1k (g) 27.41 26.49 34.30 fitf & o7 15t 9.82 10.85 9.59
ffFPRE K (mm ) 28.53 29.68 29.36 LTSS IS 2.96 6.96 1.37
SEFFRESE (mm ) 20.62 21.27 21.87 G FFRL S 2.54 5.70 1.10
R (g) 383.72 406.68 417.69 B TR i 6.05 12.20 4.75
KAY (%) 71.54 73.17 74.45 Ko 2.48 6.71 6.12
VER B i (%) 6.08 6.36 4.75 TERY 22.79 15.84 79.08
HLIR T & 5 (%) 6.16 6.01 5.97 MR & i 12.23 22.22 14.34
MAENSE(%) 1.07 0.85 0.85 HEAAE 4.24 16.22 18.30
HeAER CHE(mg/g) 0.11 0.11 0.17 HERCEE 64.64 55.56 34.73
AR HERDIE Y & 5 (%) 6.73 6.80 7.82 VA TEREDEY & 6.99 7.82 22.31
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