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Identification and Evaluation of Agronomic Traits of 82 Faba
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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 shape of the leaflets, color of the fresh stem, resistance
of chocolate spot and resistance to ascochyta blight of faba bean germplasm resources was rich. The variation
coefficient of 11 quantitative traits except pod width and growth days ranged from 11.70% to 38.39%, and the
variation coefficient of seeds per pod, number of pod nodes, pods per plant and seeds per plant were larger. The

correlation analysis results showed that plant height, 100-seed weight, number of effective branches, number of
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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
yield-related traits of class I and IV 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 principal component 1, 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
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Table 2 Assignment standards of qualitative traits of faba bean
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EH: Ecological habit; LC: Leaf color; SL: Shape of the leaflets; FS: Fresh stem color; SPC: Ground color of standard petal; WPC: Wing petal

color; FH: Flowering habit; RR: Resistance to rust; CSR: Resistance to chocolate spot; ABR: Resistance to ascochyta blight; The same as below
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Fig.1 The distribution of 82 faba bean germplasms
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Fig.2 Geographical information analysis of faba bean germplasms
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Table 3 Genetic diversity index analysis of 10 qualitative traits of faba bean germplasms
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BN 0.53%, F B % 2 M

PE R WEE 73 A % (%) Distribution frequency of assignment criterion AL SRR
Traits 1 2 3 4 5 6 7 8 9 H’
A PE EH 24.39 75.61 - - - - - - - 0.801
@ LC 17.07 82.93 - - - - - - - 0.659
% SL 2027 4878 2195 - - - - - - 1.504
ff2£ 48 FS 34.15 2805 37.80 - - - - - - 1.574
AEHEA I 5, SPC - 58.54 41.46 - - - - - - 0.971
AETLIRII 4 WPC 1.22 - - - - 15.85 - 82.93 - 0.723
Jr4E>J ¥ FH - 100 - - - - - - - -
Btk RR 69.51 - 29.27 - 1.22 - - - - 0.961
REEPIME CSR - - 2.44 - 48.78 - 39.02 - 9.76 1.493
PR ABR - - 8.54 - 62.20 - 25.61 - 3.66 1.407
- T
—: No data
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Table 4 Statistical analysis of quantitative traits of faba bean germplasms
PEIR e/ ME SN eff} PRtz 85 2 H(%)
Traits Min. Max. Mean SD cv
Fimi (cm) PH 64.50 133.50 107.98 12.64 11.70
F2E T8 MSN 14.40 30.40 18.84 2.95 15.68
YRI5 PB 1.70 5.60 3.34 0.69 20.67
AR AL EBN 1.70 5.20 2.82 0.58 20.62
LEYETH PN 3.80 19.00 9.63 3.38 35.09
HUBRIEEL PP 3.80 22.65 10.59 3.80 35.89
JéK:(em) PL 5.80 15.00 7.45 1.15 15.43
Y58 (cm) PW 1.35 2.10 1.74 0.16 9.05
HpkRIE SPP 6.10 31.30 17.24 5.61 32.54
FRIERIEL SP 0.95 5.39 1.78 0.68 38.39
AR (g) SWP 7.10 31.50 18.73 5.44 29.05
F R (g)100-SW 65.12 177.80 110.39 23.10 20.93
AHHE(D)GP 172.50 178.50 176.33 0.93 0.53

PH: Plant height; MSN: The main stem of nodes number; PB: Number of primary branches; EBN: Effective branches number; PN: Pod nodes

number; PP: Pods per plant; PL: Pod length; PW: Pod width; SPP: Seeds per plant; SP: Seeds per pod; SWP: Seed weigh per plant; 100-SW: 100-seed weight ;
GP: Growth period; The same as below
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Fig. 3 Distribution of quantitative traits of faba bean local resources
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* ok ]R3 BIIFORTE P<0.05,P<0.01 1 P<0.001 K- i 2 AH %

*, ** and *** means significant correlation at P<0.05, P<0.01 and P<0.001, respectively
E4 TEHAFFEHEERBERE

Fig. 4 The correlation heatmap of faba bean’s quantitative traits
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width, pod length, pods per plant, pod nodes number, effective branches number, primary branches number, nodes number of the main stem
and plant heigh, respectively; The numbers are the same in table 1
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Fig. 5 Cluster analysis of 82 faba bean germplasm resources
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GEIRBRAE E HECGNIETEAN ol 11 MR A R R
B, TE 11.11%~38.79% 2 [] , Bk I8 3
WLE 45 I BN AR S R B K, 4 3k 38.79%
37.82% .37.42%; B & H N, JET8 A8 57 R B/
(8.73%) . A 13 ERE X TR AL 2K,
o A4 X U 65% o

MIME T, 55 T8R4 25 15 500 PApR I8k
PARRRIEL B ISR B I 2 | BN T A T 5 A A
/b e JETE  ERLE RN B TSR IR R
LIRSS X ) U EE A N 8 )| Y
PR R B, RN AU R S
TR AR IR D R T /N, BRIV BT
U S CER SR Gan S b & AT RV G R 1% 54
FEARRIEL 3 A HARAR T 55 T TR, b e

N e A e N = |
FENE D,

Table 5 Mean and variable coefficient of four groups quantitative traits by cluster analysis

= I i 111 v
Ej:s ¥IE 5 5 R E (%) ¥ifi 55 7K %) B ARRE(%) B BRRE(%)
Mean cv Mean cv Mean cv Mean cv
¥k (cm) PH 110.68 6.91 108.97 8.59 119.45 6.94 94.22 11.11
F2EA % MSN 18.40 9.82 19.25 15.02 20.74 19.42 17.43 12.81
K5 PB 3.24 15.60 3.40 20.65 3.27 21.77 3.50 24.80
ARk EBN 2.82 17.10 2.88 18.71 2.67 21.60 291 25.11
SEIEB PN 10.98 29.33 8.93 40.18 7.98 29.22 9.92 37.42
BARRIER PP 12.15 30.47 9.69 37.88 8.71 30.41 10.97 38.79
JéK:(em) PL 7.18 8.91 7.68 12.72 7.80 24.16 7.32 11.73
J&Ti(cm) PW 1.67 8.93 1.89 5.5 1.78 7.87 1.70 8.73
HpRRIEL SPP 22.80 20.39 13.84 24.14 13.96 26.00 15.81 28.33
HFIERIEL SP 2.11 43.40 1.57 28.34 1.67 21.41 1.63 37.82
FpfhiE (g) SWP 20.69 25.46 20.56 2322 16.50 29.58 17.11 33.38
TR E(g)100-SW 89.70 13.66 146.82 9.71 115.39 6.22 105.70 13.43
4 H HE(DGP 176.10 0.28 176.70 0.58 176.11 0.26 176.55 0.79
2.5 ERSHH {E } 1.906, 51 ik 2R N 14.663%, L v B ¥k ki %L

Yo i R YR Y 13 AN ECE R A T T A
SyMT (R 6) il 5 A R AR T 1 sz 1,
FF TR A 79.585% , 13T 80% , LA SO T 82 4%
T E IR I3 BORE MR IGR A EE. B E
B4y o Bk R B K, N 29.251%, Hov oA B0 KL
(0.411) E53E17%0(0.485) FAKK AT (0.486) FFE 1]
AR, X3 MR SR, 52 FK
I3 FEAEAE A 2.408, BT #k % 18.526%, Horh 3 K
(0.419) \F£58(0.538) . A R HE (0.510) 3 AR AFRAE
R AE K, BTk R AYIEIETE o 26 3 F AU HRAE

(0.474) HFIERIEL(0.496) FAMFLE (0.414) FFAE 1]
SHEBR, DTk K02 R IR 5L, T2 B2 A~
SEIEAHDCHRIR N 1A S U SR, 55 4 Ry
FEAE A o 1.246, 5T #k 2% 4 9.586%, F bk =
(-0.519) , F2E47%0(-0.505) A= F H%0(0.551)3 4
PEIRFFAE ) S A AR, DUk i R 2B H H 2L, bk
BB TETT BN BN R B B S A RRAEAE N
0.983, #2311, BT Hk K N 7.560%, H o 32 2575 %k
(0.572) AEH HE(0.621) FRE [ BB A, EF H
Tk
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Table 6 Principal component analysis of agronomic traits of faba bean germplasm

IR Traits F431 PCL FJsr2 PC2 FJ5r3 PC3 F 534 PC4 F4r 5 PC5
¥k PH 0.007 0.318 0.314 -0.519 0.116
FZE T MSN -0.125 0.243 0.023 -0.505 0.572
K% PB 0.223 0.056 -0.391 -0.004 0.170
AR H EBN 0.411 0.132 -0.263 0.030 0.054
SR PN 0.485 0.035 -0.003 -0.037 -0.051
BARRIEH PP 0.486 0.026 -0.002 -0.015 0.051
K PL 0.015 0.419 0.132 0.024 -0.377
T8 PW -0.100 0.538 0.075 0.176 -0.246
BARRRIEL SPP 0.346 -0.156 0.474 0.059 0.099
FPIERIEL SP -0.204 -0.172 0.496 0.144 0.011
bR T SWP 0.315 0.179 0.414 0.225 0.134
FORIE 100-SW -0.094 0.510 -0.116 0.253 0.080
AEH HEGP -0.121 0.082 0.002 0.551 0.621
FEMEA Eigenvalue 3.803 2.408 1.906 1.246 0.983
TiHk% (%) Contribution rate 29.251 18.526 14.663 9.586 7.560
21151k # (% ) Cumulative contribution rate 29.251 47.776 62.439 72.025 79.585

2.6 EEXREBENEEITN

DA 3 B30 1 1 T R AE A K pR AL IS
B9 13 N EEEHAR(EACA S A FE RS2 82 (A &2
WOUR B 25 A 45 4> F A, B F=0.293F +0.185F,+
0.147F+0.096F +0.076F,. L) F{H ) K/NGESPEM
82 e AN FTIT IR, F AR R, R ZMRER G R I
I PR 7 OIH, 82 A R IR N 25 545 0 FAEAE
-1.74~1.65 Z 0] , Z5 5134 FAE R T 1 M IR 45
SI37 (/N#§ &, P510185045) . SJ40 ( K 11 &,
P511124033) .SJ57 (¥ 5.,2019515185) .SJ66 (¥ 7
#¥15.,P513433001) ,SJ68 (#5., P511011008) . SJ81
(A< #f ] &, P513225016) . SI82 ( A b & & ,
2019516042) 37y . Hor SI37 (/NG ) BRLAR 25 5%
TEZ (15.6717) FAMRIEE 2 (18.6 32) FRRRAI I Z
(30.24%) 5 ST40 (K I &) FE K (€9 2.0 em) FFhL

K1 NEEMREZEEEES

Table 7 Comprehensive scores of 82 faba bean germplasm

KOCE R 122.2 ¢) 5 SIST(WI B ) AR K £ (3.2
)5 8I66 (P T 5 ) T KA (9.0 em) TR (FETE
2.2 em) Kk R (FHRLE 156.3 g) 5 ST68 (5] 5.) K
(8.6 cm) HLER KL £ (24.8 R ) | FL AR KL EE K
(26.0 g) ; SIST(AHEA G ) AR HE £ (3.44) (kR
JERZ (14.3 32) 5 SIR2 (A HlH &) A ki £ (3.2
) VAR Z (18.452) HARRIEL 2 (27.0 K1) .
X 7 OIS B IR R ST66 (3 1 A% K ) | SI8T (A i
TR A TERX, HAe 502k A TREEX, SIST(A
W B LA . A RIBITEER, 7011
SR, SI37TCUNS ) (SIS2 (AR E)2 ik A
H125,SI40CK AR EL) (ST66 (3 T 4 55) 2y WA
K H A 12E,SI57(HI5) \SI68 (W 5.) . SI81 (A Hh i
3BT RS IV,

%' Rt (a7 e %' Ry R/ B
No. Synthesis score Ranking Group No. Synthesis score Ranking Group
SJo1 0.00 41 v SJo5 -0.54 70 I
SJo2 0.01 39 I SJo6 -0.26 56 I
SJ03 0.22 28 11 SJo7 0.35 24 I
SJo4 0.13 32 I SJo8 -0.49 65 11
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x7(4)

s a1 (a7 P s LA R/ B
No. Synthesis score Ranking Group No. Synthesis score Ranking Group
SJ09 0.16 30 I SJ46 -0.42 62 v
SJ10 -0.12 51 v SJ47 0.68 11 11
SI11 -1.07 76 I SJ48 -0.39 60 v
NV 0.10 36 I SJ49 -1.74 82 v
SJ13 -0.10 49 111 SJ50 0.16 31 I
SI14 0.33 25 11 SJI51 0.10 35 v
SJ15 0.49 18 I SJ52 0.30 27 v
SJI16 0.10 34 11 SJ53 0.42 22 I
SI7 -0.57 71 I SI54 -0.44 64 v
SJ18 -0.02 42 111 SJI55 -0.42 61 v
SJ19 -0.28 57 I SI56 -0.35 59 v
SJ20 -1.01 75 111 SI57 1.08 6 v
SI21 0.56 14 I SJ58 0.11 33 v
SI22 -0.92 74 111 SJ59 -1.26 78 v
SJ23 -0.06 46 I SJ60 0.70 10 11
SI24 -0.09 48 11 SJ61 -0.44 63 v
SI25 0.38 23 I SJ62 0.56 15 v
SI26 -0.50 66 I SJ63 -0.09 47 11
SI27 -0.04 45 I NY) -1.10 77 v
SJ28 -0.32 58 111 SJ65 -0.26 55 v
SJ29 0.06 38 I SJ66 1.11 5 11
SJ30 0.08 37 I SJ67 0.53 17 I
SJ31 0.00 40 I SJ68 1.29 4 v
SJI32 -0.54 69 v SJ69 -0.02 43 11
SI33 0.55 16 I SI70 -0.57 72 I
SI34 0.95 9 I SI71 0.20 29 11
S35 0.45 21 I SI72 0.46 20 I
SJ36 -0.19 53 I SI73 -0.50 67 I
SJ37 1.35 3 I SI74 0.48 19 I
SJ38 0.33 26 111 SI75 -0.11 50 11
SJ39 -0.53 68 I SI76 -0.74 73 I
SJ40 1.48 2 1I SI77 -1.60 81 v
SJ41 0.98 8 I SJ78 -1.32 79 I
SJ42 -1.37 80 11 SJ79 0.57 13 I
SJ43 -0.03 44 I SJ80 -0.12 52 11
SJ44 0.60 12 v SJ81 1.65 1 v
SJ45 -0.22 54 I SJ82 1.06 7 I
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HhEDE A O A K E L PRERA EAR R
Ko Al 21 21 %2 1F B % JF (Food and Agriculture
Organization of the United Nation, Database, https://
www.fao.org/faostat/en/#data ) £ 7R , 2023 4 H [H
A G R AL 167.07 J7 hm?, 7= 378.15 J3 t, (5 1t
SR AR PR Y 43.22% ,39.38% , Y SE T LA AL
P [ A & PR GE A ) ) A A A B T R B T
A Z AR DR, S PEAY O 3 A SR B B
D5 D0 S o G AT ORI 36 5 e 0t o 1
filhe ASBIESY 82 fy Ax &L B BT IR AR T PU 4, , 3 Aii
TEHE K 223.0~3419.0 m ., 2 ¥ 100.2~115.3 °E 4 JiF
26.3~34.2 °N X3, VU1 %8 G A B A Ak
T XA X, B X e HAOmO% B G M Bl
U T2 15 F A M LR A VA N A5 = M HB X,
T2 DX 3O 4 VB R AR 2000 m A YL ARHIF ST 4
TE BT IR R BRI R IR £, R TR
500 m AN, 2808 A RERSFE /1 I1E 104.1~106.0 °E.,
30.1~32.0 °NZ[a] . PU)I[45 & A O BRI A% Z ek
BORNFEEWNE 25 AR5 82 fy 48 &2 FP i B
FEMTE G250 IRBER P X8 B P sl &
e, RBIIX 4 MR ATV R A0 3, X
Oy AE G 25 5 1) B EMRIR . AREER JE fE R E
AR R VI A VL Sl A 57 X B B 3 P i
JATIK 50%~100%"" . AHIEFE 22 G R BT
IRBERR PRI B e T BRI 42 17, iR BT
ARBENR G R R 20y, R L BRI BT AR ik & T
993 s L ST B0 8 i B B v DU [ 4 A
= IR s 2 —.
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SETIN R B RLE BRRA BOFERL IS L TETE LR E
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ROK A R AR R E e S A e = E
FRUER . EATBFIT 4 S & P A o BRI B PR €
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PR AR o RV 3 FEARWESE h BRAEF H B0
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