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Identification and Evaluation Agronomic Traits of 82 Faba Bean

Germplasm Resources in Sichuan Province

YANG Mei!, ZHONG Xiaojuan', FAN Yuanfang', LI Xin?, WANG Xianshu!, XIANG Chao'
(!Crop Research Institute, Sichuan Academy of Agricultural Sciences (Sichuan Provincial Germplasm Resources Center)/Environment-friendly Crop Germplasm

Innovation and Genetic Improvement Key Laboratory of Sichuan Province, Chengdu 610066, 2Sichuan Seed Station, Chengdu 610041)

Abstract: Sichuan was one of the provinces with rich genetic diversity of faba bean resources. In this paper, 82 Sichuan faba
bean local germplasm resources were used as the research object. The diversity level of Sichuan faba bean local resources was
identified and evaluated by genetic diversity index, variation coefficient, correlation analysis, cluster analysis and principal component
analysis, and excellent germplasm resources were screened. The results showed that the genetic diversity of plant height, 100-seed

weight, shape of the leaflets, color of the fresh stem, resistance of chocolate spot and resistance to ascochyta blight of faba bean
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germplasm resources was rich. The variation coefficient 11 agronomic traits except pod width and growth days ranged from 11.70 % to
38.39 %, and the variation coefficient of seed per pod, number of pod nodes, pods per plant and seeds per plant was larger. The
correlation analysis results showed that plant height, 100-seed weight, number of effective branches, number of pod nodes, pods per
plant and seeds per plant were significantly or extremely significantly positively correlated with seed weight per plant. Cluster analysis
clustered 82 faba bean germplasm resources into four categories, and class I and IV yield-related traits performed better. Five principal
component factors with a cumulative percentage of 79.858 % were extracted by principal component analysis. The effective branch
number, number of pod nodes and pods per plant contributed greatly to PCA1, which were the key agronomic traits for excellent
resource evaluation. Seven germplasm resources with a weighted score of principal component factor > 1 were selected as excellent
germplasm. The results of this study reflected the comprehensive performance of faba bean local germplasm resources in Sichuan, and
provided data support for the protection, excavation and utilization of excellent resources.
Key words: faba bean; germplasm resources; identification and evaluation; genetic diversity; agronomic traits
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Table 1 Basic information of 82 faba bean local germplasms in Sichuan
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Fig.1 The distribution of 82 faba bean germplasms
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Fig.2 Geographical information of faba bean germplasm
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Table 2 Diversity index of 16 agronomic traits of faba bean germplasm

PR TR {E 5 A 592 (%)  Distribution frequency of assignment criterion

Traits

2

3

5 6 7 8

ZRERS

i (em)

Plant height

A (A

Primary branches number
FK (em)

Pod length

FEFE (cm)

Pod width

(EERTLI(C)

Seeds per pod

S oA

100-seed weight
A

Ecological habit

-1

Leaf color

7%

Shape of the leaflets

£ NEi)

Fresh stem color

TE IR (1

Ground color of standard petal
LRI

Wing petal color
T

Flowering habit
itk

Resistance to rust

FRBE ST

Resistance to chocolate spot
MR B 470 1

Resistance to Ascochyta blight

20.73

17.07

29.27

34.15

69.51

100.00

82.93

48.78

28.05

58.54

100.00

59.76

100.00

96.34

98.78

40.24

21.95

37.80

41.46

29.27

2.44

19.51

2.44 1.22

100.00

53.66

15.85 82.93

48.78 39.02

62.20 25.61

1.375

0.260

0.095

1.256

0.659

1.504

1.574

0.971

0.723

0.961

9.76 1.493

3.66 1.407
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Table 3 Statistical analysis of agronomic traits of faba bean germplasm

LERN R/ME SN ¥ QNG BRRE (%)
Traits Min. Max. Mean SD cv
Pk (cm) Plant height 64.50 133.50 107.98 12.64 11.70
Ifodes] fmber of the main stem 1440 30.40 18.84 2.9 15.68
A # Primary branches number 1.70 5.60 3.34 0.69 20.67
15 %4> ¥ Effective branches number 1.70 5.20 2.82 0.58 20.62
4535 % Pod nodes number 3.80 19.00 9.63 3.38 35.09
HHk3E4L Pods per plant 3.80 22.65 10.59 3.80 35.89
3K (cm)Pod length 5.80 15.00 7.45 1.15 15.43
3% (cm)Pod width 1.35 2.10 1.74 0.16 9.05
FRRRI L Seeds per plant 6.10 31.30 17.24 5.61 32.54
FFJERi L Seeds per pod 0.95 5.39 1.78 0.68 38.39
HRRRIE (g) Seed weigh per plant 7.10 31.50 18.73 5.44 29.05
THRIE (g) 100-seed weight 65.12 177.80 110.39 23.10 20.93
AH HE (d) Growth period 172.50 178.50 176.33 0.93 0.53

B 3 Al A, 82 M BEUR AR H & bR b, R B8N 176~177d, J@ T, R,
PRETE 100~120 cm 2 [A], FZE5H 15~20 45, AR B 2.5~3.5 K. G556158 8~10 5. HpRKH 5.5~
12 Fi, 34K 7.0~8.0 cm. 5 1.8~1.9 cm. HRRKIEL 10~22 Fi, FE3ERIEL 1.5~2.0 K, HRFIE 7.0~8.0
g Z 8], Sk E BHa AP AE ZE EORUST, X Eeth 7 BRI HORLELAE 80.0~130.0 g 2 [A], H A 110.0~120.0 g
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Fig.3 The distribution location of faba bean’s agronomic traits
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Fig.4  The correlations heatmap of faba bean’s agronomic traits
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Fig. 5 Cluster analysis results of 82 faba bean’s agronomic traits
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Table 4 Mean and variable coefficient of four groups agronomic traits by cluster analysis

1 11 1T v
¥IH BRRH ¥IE AR BE BRRH BiE BRRHE (%
Mean (%) CV  Mean (%) CV Mean (%) CV Mean cv

PR

Traits

i (cm) Plant height 110.68 6.91 108.97 8.59 119.45 6.94 94.22 11.11




2295 % Nodes number of the main stem 18.40 9.82 19.25 15.02 20.74 19.42 17.43 12.81

A # Primary branches number 3.24 15.60 3.40 20.65 3.27 21.77 3.50 24.80
B K Effective branches number 2.82 17.10 2.88 18.71 2.67 21.60 2.91 25.11
5% Pod nodes number 10.98 29.33 8.93 40.18 7.98 29.22 9.92 37.42
HPkZEHL Pods per plant 12.15 30.47 9.69 37.88 8.71 30.41 10.97 38.79
FK (cm)Pod length 7.18 8.91 7.68 12.72 7.80 24.16 7.32 11.73
JFE (cm)Pod width 1.67 8.93 1.89 5.25 1.78 7.87 1.70 8.73
HRRRIZL Seeds per plant 22.80 20.39 13.84 24.14 13.96 26.00 15.81 28.33
#IERIH Seeds per pod 2.11 43.40 1.57 28.34 1.67 21.41 1.63 37.82
BFRHKIEE (g) Seed weigh per plant 20.69 25.46 20.56 2322 16.50 29.58 17.11 33.38
EHLE (g) 100-seed weight 89.70 13.66 146.82 9.71 115.39 6.22 105.70 13.43
HEHE (4 Growth period 176.10 0.28 176.70 0.58 176.11 0.26 176.55 0.79

2.5 BIMRFFERZMERER T T

X} A% AR B R A S VEIRBEAT R 0 (5D . PCALI~PCAS FIHFAEME >1 8L 1, BitH 4
N 79.585%. T 80%, LRAERMLT 82 thAE HEHR 13 MR EMIRMA RS S . PCAL B F&K,
N 29.251%, MAFAE A AR AT LR A 2000k (0.411) « Z53295 % (0.485)  BARRIEHL (0.486) X PCA1
MITTRREL R, 1% 3 MR A= B IEAHDGHEIR . PCA2 FRIEME N 2.408. F 433N 18.526%, &K (0.419) .
9 (0.538) « HALHE (0.510) &5 3 MERXS PCA2 TTHRECK, Tk K123 % . PCA3 FHIEE N 1.906+
B RN 14.663%, HHRAEL (0.474) . BEIEREL (0.496) . HHRKIE (0.414) XF PCA3 Tilki Ak, Tiik
BRI RAIR A, EERM 2 AP IEASCHIRA 1 A2 B AR . PCAG FFHE(E N 1,246, H /0%
N 9.586%, Fhim (-0.519) . FZETHL (-0.505) . AEH HEL (0.551) & 3 AMMRRTTIRECR, TUBRE ORI 2&
AHHE, HhPhm . GBI . PCAS FHIE(E Y 0.983 #:IT 1, B3N 7.560%, 1B
WIZEEEEHRARERM: F2478 0.572) « AEFHE (0.621) fEZERSHoTERER, HPEFHE
TTHR K .

®5 BREMRFFERZMKERD SITER

Table 5 Principal component analysis of agronomic traits of faba bean germplasm

AR Traits PCAl PCA2 PCA3 PCA4 PCAS
¥k Plant height 0.007 0.318 0.314 -0.519 0.116
FZE% Nodes number of the main stem -0.125 0.243 0.023 -0.505 0.572
A% # Primary branches number 0.223 0.056 -0.391 -0.004 0.170
HRSrHE Effective branches number 0.411 0.132 -0.263 0.030 0.054
253154 Pod nodes number 0.485 0.035 -0.003 -0.037 -0.051
PR IERL Pods per plant 0.486 0026  -0.002  -0.015  0.051
K Pod length 0.015 0.419 0.132 0.024 -0.377
J 5 Pod width -0.100 0.538 0.075 0.176 -0.246

B RRRI L Seeds per plant 0.346 -0.156 0.474 0.059 0.099



4§ IEREH Seeds per pod 0.204 20172 0.496 0.144 0.011

HFkRLE Seed weigh per plant 0.315 0.179 0.414 0.225 0.134
T 100-seed weight -0.094 0.510 -0.116 0.253 0.080
4 & H# Growth period -0.121 0.082 0.002 0.551 0.621
FE{E{H Eigenvalue 3.803 2.408 1.906 1.246 0.983
H5r% (%) Percentage 29.251 18.526  14.663 9.586 7.560
ZiFH 4% (%) Cumulative percentage 29.251 47.776 62.439 72.025 79.585
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DA 03 X I (0 T 40 A AR, B AL SR A 13 MR MR ARN 5 D EREE] 82 ) & 5 IR
LA 135 F AT, Rl F=0.293F1+0.185F2+0.147F5+0.096F4+0.076Fs. LA F {H [ K/ Ngi & VR4 82 fr dx 5 b
RFRIARZIR (R 6) , FABA, REMRGERIMBE. WL 6 TLLEH, ZE6/5>1 MEEA
/NEAE (P510185045) « KHEBAKE (P511124033) . #5 (2019515185)  ¥i*Z&x s (P513433001) . i
& (P511011008) « AHLEH T (P513225016) « AHIEHE (2019516042) 4355 7 £, HAyi & E (P513433001)
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Table 6 Comprehensive scores of 82 faba bean germplasm

iy G135 (VA7 BN ErRe] LEE195r [hR7¢ B
No. Synthesis score Ranking Group No. Synthesis score Ranking Group
SJo1 0.00 41 4 SJ42 -1.37 80 3
SJ02 0.01 39 2 SJ43 -0.03 44 2
SJo3 0.22 28 3 SJa4 0.60 12 4
SJ0o4 0.13 32 2 SJ45 -0.22 54 2
SJ0S -0.54 70 3 SJ46 -0.42 62 4
SJ06 -0.26 56 1 SJ47 0.68 11 2
SJo7 0.35 24 1 SJ48 -0.39 60 4
SJO8 -0.49 65 3 SJ49 -1.74 82 4
SJ09 0.16 30 1 SJ50 0.16 31 1
SJ10 -0.12 51 4 SJ51 0.10 35 4
SJ11 -1.07 76 1 SJ52 0.30 27 4
SJ12 0.10 36 1 SJ53 0.42 22 1
SJ13 -0.10 49 3 SJ54 -0.44 64 4
SJ14 0.33 25 3 SJ55 -0.42 61 4
SJ15 0.49 18 3 SJ56 -0.35 59 4




SI16 0.10 34 3 SI57 1.08 6 4
SI17 -0.57 71 3 SJ58 0.11 33 4
SJ18 -0.02 42 3 SJ59 -1.26 78 4
SI19 -0.28 57 2 SJ60 0.70 10 3
SJ20 -1.01 75 3 SJ61 -0.44 63 4
SI21 0.56 14 1 SJ62 0.56 15 4
SJ22 -0.92 74 3 SJ63 -0.09 47 2
SJ23 -0.06 46 3 SJo4 -1.10 77 4
SJ24 -0.09 48 3 SJ65 -0.26 55 4
S125 0.38 23 1 SJ66 1.11 5 2
SJ26 -0.50 66 1 SJ67 0.53 17 1
S127 -0.04 45 1 SJ68 1.29 4 4
SJ28 -0.32 58 3 SJ69 -0.02 43 2
S129 0.06 38 1 S170 -0.57 72 2
S130 0.08 37 1 SJ71 0.20 29 2
SI31 0.00 40 1 SJ72 0.46 20 1
SJ32 -0.54 69 4 SJ73 -0.50 67 1
SJ33 0.55 16 1 SI74 0.48 19 1
SI34 0.95 9 1 SJ75 -0.11 50 2
SI35 0.45 21 1 SJ76 -0.74 73 1
SI36 -0.19 53 1 S177 -1.60 81 4
S137 1.35 3 1 SI78 -1.32 79 3
SI38 0.33 26 3 SI79 0.57 13 1
SI39 -0.53 68 2 SI80 -0.12 52 3
SJ40 1.48 2 2 SI81 1.65 1 4
SJ41 0.98 8 2 SI82 1.06 7 1

3 1ig
i E R R G — 4 K, #is FAOSTAT ¥4 BoRUs), 2023 45 [H 4 TSGR 167.07 AN,

BFE 378,15 Ji, ot FUR TR PRI 43.22% 39.38%, YR FE AL B E A T RE NS [F AR SR
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