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513 fy A SRR 5T BT R 38k B s B 18] H A M
ANV} 2 e e S FT T A BT B R . LR S [
WEEIE 361 4, ESMSIETUE 152 7 (AB3EM 13
By W 36 i AEDH 6 4 BRI 90 £+ KW 7
), REREERE 1.
1.2 It

AT 2022-2023 E A1 2023-2024 E1E[FH 5
B R AR Rl H 25 A 5 b R 46 3k
17, WRIEHE AL TG 2 EACRERT AR, %P
H4R 2035 m, FHFFEKE 450 mm, FHIE
7.2 °C, I H K 2323.5 h, &FELFHEH 155 d.
LSRR Y L PR B S
HHLR 1.33%~1.76%, 2% 0.12%~0.13%, 4%
0.09%~0.18%, 48 1.94%~2.60%, BHff%E 55.20~
93.00 mg/kg, HXLHWE 70.20~73.30 mg/kg, B
112.00~154.00 mg/kg, pH 7.80~8.45. R4 K FH i
RS, EE 2R, PR EIEME 14T, AT

®1 BEMRARED

Table 1 Information of faba bean germplasm resource

5 KI5 HH W5 i HH
Code Origin Number Code Origin Number
1 i E b 27 19 B 21
2 hEtEE 1 20 Hz 9
3 mEHH 179 21 22 8
4 PEERE 1 22 Ti2% 26
5 w7 R 1 23 R 5
6 HEHEK 2 24 7 [ 6
7 PENLHE 23 25 FUHEF 8
8  ThETH 1 26 CiETA 12
9  HEHIR 57 27 = 6
10 PEEERS 5 28 %R 1
11 FE R 11 29 REMLILTE 2
12 HHE D) 26 30 ENE 2
13 T E = 21 31 % 1
14 FEEHT 4 320 SEIR#EW 1
15 r ] R 1 33 PRES] 13
16 HERAZEN 1 34 THH 6
17 il 2 35 ) 2 F 3
18 JIESN 13 36 Tt 7

K 3.75m, 47% 0.80 m, TR 3.00 m2.
1.3 MEmMBESRZE

M i 15 P 5 % 43 R AN F i A v ) 12)
FERMR ML, BFEkE. 2. 98
B ABBE EIENL . B 2R 1R
RRE. ORI MRIEH. MRRIEL. K. EE.
INHECE - WIAETTALATREE AE R, Hh 15 AR
2R (R 2) .

®2 BIMRFREMSSHEMEETERTE

Table 2 Identification items and standards for morphological diversity of faba bean germplasm resources

F'5 Code IR Trait

e 3k br#E Standard of documentation

1 73]

BRI DRI DS RE AT FOREA, AR 10 /NAMA, I M35 B die o 25 T AR A R B

2 2 R DL DO ONIT FEREAR, (ERIRE 10 MME, IR T2E 4~5 THIER
3 IR A DLsEe KR B9 R SR AR, (R E 10 MME, HIES M ME ERITE — 0B (BFF2E3)
4 BB Y DRI XSRS, AERIEI 10 MM, H IS A MR LR SRR — For b (BfE

EE Y]

W

TR A BUREE XAV FUREA, ERAEHR 10 D2 B, HIEEAA e s 25 B T IS e o

6 BT R CURE XA AT AR, ERAEH 10 AN ERRAME,  HIEEA MR T H R s 25

T 15 2

7 B3R B DL KSR B A OSRT FUREAR, (EREH 10 A8 BEMAME, IS AT EAMR S — B3
RIEHEE A ORI X RO TT R, (ERIEI 10 Dy BERAME, B I EARERE — 2w
MRIEH A BORIS X BRI BT FURE A, (ERIEH 10 e R, BSR4 3850

10 BRI R DURIS SR B AR FOREAR, AR R 10 AN SE 8 AMA, BRI AR LI T U IR 4

11 K g DU ISR ORI SR,
SR IR B FE BT R ES
12 T B DI XIS R SR AR,

SRIER I FEAL I HRKE

FEREH 10 AN SE BRI, X 10 MER PR TR LT IE, D

FEREH 10 SR BRI, X 10 MER BRI TR R TIE, 1D




K5 230 1 %

513 4 Fx G B B VIR A% 2 R b 87

%:3% 2 Table 2 (continued)

F'5 Code HAR Trait i #briE Standard of documentation
13 AINHELH FRAE: DORES X B FOREAS, (EREIEE 10 Ay L EM, tHEM Lt 8l , 1HEESE
14 MIAETAL TFAEIE: PLRES KR BEA AT FUREAS, AFRIEE 10 ANCIFAERME, HEFk B 1 MEFFTERTAL, &
PR

15 PR JTAEW:
RO PIS P POk -1

DRSS X IR AT REA IR TUREAS, RO = 22 E, A AE 35058 2. 3. 4 NMES ERIERT, THEE

1.4 HIEALIE

{5 Microsoft Excel X} 513 474 i i 3= 40K
AT Giit A FE, FIF SPSS 27.0 FAFREAT S 4>
M Al FE 550 #7112 F Origin Pro 2021 BT
ot KA Ward E#47 02K

2 HBREDR

2.1 SI3MEBEMREREEREETRESH
WA R (£3) BoR, 513 0%
R 15 DA S HOIR A 028 55 R B AT TE 13.09%~

53.58%, i, BRI T REEOK, BRI
N 1.00~42.00; F AT REED, BRIEELN
0.80~2.23 cm. H A AR AR 57 RN = B AR K
N BB Rk R WRERE . K
FE L WIAETIOL . GHIETTAL. ANHEE . MR 2
. K. SHEFEHEMRESZEY . S13HhED
PR BEIR 15 MR IR 7 REGI KT 10%, F
%15 31.80%. Hrf, R REET 50%0A Mk
B AR EE MORLECR A . 45K 513
Py 2 G R RN R E R R

Table 3 Variation analysis of agronomic traits in 513 faba bean germplasm resources

®3 SBHREIMHRFFERZERESON

AR Trait B KE Max. H/ME Min. 7 Range “F¥{A Mean VrifEZE SD AT R CV (%)

¥k PH (cm) 141.67 32.67 109.00 85.47 20.61 24.12
254 SD (cm) 244 0.37 2.07 0.72 0.17 23.90
/% BN 5.00 0.00 5.00 1.40 0.73 52.19
HM % EBN 5.00 0.00 5.00 1.22 0.65 52.99

G357 FPN 14.00 3.00 11.00 6.66 1.74 26.09
B 25T 4 HSNN 31.33 10.33 21.00 21.23 3.38 15.92

f3E 7 % FPH (cm) 60.33 4.00 56.33 21.58 8.42 39.00
K I & LPH (cm) 100.30 14.33 85.97 44.46 13.94 31.35
RIEEL PNPP 42.00 1.00 41.00 10.36 5.55 53.58
kil GNPP 72.33 1.00 71.33 19.35 10.11 52.26
K PL (cm) 15.33 4.00 11.33 8.40 1.56 18.60
J % PW (cm) 223 0.80 1.43 1.76 0.23 13.09
/NH % H NOSL 4.00 2.00 2.00 246 0.64 25.86
YL FEN 9.00 2.00 7.00 3.52 1.06 30.18
EEFF1E 3 NOFPI 7.00 2.00 5.00 4.11 0.73 17.83

PH: plant height; SD: stem diameter; BN: branch number; EBN: effective branch number; FPN: first pod node; HSNN: highest stem node number;
FPH: first pod height; LPH: last pod height; PNPP: pod number per plant; GNPP: grain number per plant; PL: pod length; PW: pod width; NOSL:
number of small leaves; FFN: first flower node; NOFPI: number of flowers per inflorescence. The same below.
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Table 4 Correlation analysis of agronomic traits among 513 faba beans materials
FEAR pea s e ST MBEOREE B e mn ek ey HIERIET
Trait PH SD BN Bl A @I R Lohet Gapp pL pw  XH WAL AR
EBN FPN HSNN FPH LPH NOSL FFN NOFPI
Pim PH 1.000
M SD 0.444™ 1.000
43 H % BN 0.199* 0.131* 1.000
B BEEBN 0301 0.047  0.876™ 1.000
G5 FPN 0.043  0.138"-0.037 -0.112° 1.000
BT 4 HSNN 0.566™ 0.403™ 0.146™ 0.098"  0.390™ 1.000
H3% = % FPH 0.440™ 0.252™ 0.030  0.057  0.645™ 0.241"™ 1.000
K E LPH 0.828" 0.385™ 0.182"" 0.249™ 0.214™ 0.557™ 0.553"" 1.000
R4 PNPP 0.401™ 0.151™ 0.484™ 0.519" -0.246™ 0.322"* -0.142"* 0.400™ 1.000
PRhi%l GNPP 0.392 0.192 0.487°" 0.504™ -0.247" 0.320™ —-0.176™ 0.359™ 0.874™ 1.000
YK PL 0.384" 0.300* 0.114"™ 0.149™ —0.063 0.181" 0.054 0.236" 0.055 0.189™ 1.000
&9 PW 0.365™ 0.276™ 0.092° 0.113° 0.057 0.181" 0.185™ 0.291™ —0.059 -0.072 0.498" 1.000
/NHEH NOSL - 0.150™ 0.018 -0.019 —0.012 -0.019 0.113° 0.020 0.139™ 0.043 0.054 0.115™ 0.103" 1.000
W4T 7 FFN 0.511" 0.148™ 0.018 0.102° 0.016 0.226™ 0.248™ 0.405™ 0.166™ 0.179** 0.189** 0.161™ 0.383"™ 1.000
FAEFFAES NOFPL 0.073  0.028 -0.014 —0.020  0.055 0.004 0.102° 0.072  0.010 0.007 0.000 0.064 0.026 0.075 1.000

“Rn e SRIRREFE MR (P<0.05) MRREFEHRX (P<0.01) , FFE.

“* CC kY
and

Gb, SHAE S MEPREWREZEMS (5RIERE.
JETE . WAL 2 ) A B A O, SRS
AR RL BRI 2 A 3 KERES
JEK . FRIERL. NHEH . FRRLEL. WIS AR
JE B 2 a4 50 3 IE AR O .

222 HAMIK SR (X4 Bon, 9 Mk
R (BRm 22, B, AR sis. 1
JETNL, R AT R E . REEEMY]
WA ZRFEARBEENMHKKER. hasS
I T B E N, (HE5H A& 8 AN R
B EAOC; ZOM 5 A R RO B3 A G
HMEH A 6 MEREWEZ EM; 2RSS
BRI, EZETH. KEmEZMEEEIE
G, MSHIETIAL. GHYEm . VIAET LR
FEAME: AR HEE R RN M
K, SURFETNIAL. WAL 2 (8] B 83 IEA K.

223 ek AR EMR (R
BORRRRLED BEATACME T, 2 AN R IR 2 1)
IR o< REUEE] 0.874, B A WA IE M %55 &
(£d .

224 EXMR M 4 DIERIER GEK.
JEFE N ECH MR T EED MRS T S

(R4 Bon, EKEEGEM/NEH 2 8] 2075
FIEAR, (HS5RAATFEB IR, FHEE /D

indicate significant and extremely significant correlation at P < 0.05 and P < 0.01, respectively, the same below.

M H BEAOG, M-SR T AL M.

Wi BRI, RS AR
IR G R B K, N 0.876, F BB A 3L
SRR Y AR s R RS PRORL ORIk
2, MRRBON 0.874, 3R BHFEIE BB b HGE v
EMEAER: bRa 5 R E S AR RECN 0.828, #
B PR 0 R e B R e AR . Rtk fEFFR
WEG AR, B A5 R A TS R I
AHE A FH IR RS R
23 SI3REEMBRRZMROERD S

X 513 U e FREARN 15 AN AR Z PR EEAT £ K
SRt (R 5D, ARARRFAEE =T 1 (97 i o I ik
A S NER, XS 1RSIk &
ik 72.098%.

1 ER IRRAEE R 4.264, HTTERE N
28.430%. fEZFE AT H R R, HRm A&
B, XF] 0.8620 FLUK & A ey B A g i 2540
B, w5 0.819 F10.647, IXLE[HE A
I 7 G AR A AN R R AR ) B AR AR . DR A
NEE 1 R EEAAR T R TR S S
FHAIE

B2 B PIRRAEE R 2.614, HTTERE N
17.427%. {EIX—F o E &S, G EE
A, N 0.659. HURMGEIENINL, MEMH
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£S5 SI3HBEIMRE 1S MREEROERS S
Table 5 Principal component analysis of 15
agronomic traits in 513 faba bean materials

PR F 4> Principal component
Trait 1 2 3 4 5

P PH 0.862 0215 -0.126 -0.085 -0.067
254 SD 0.520 0256 -0.051 0.192 -0.419
S Fi % BN 0.515 -0.538 0329 0.344 0.329
B B EBN 0.555 -0.548 0.257 0.305 0.392
HIEHI FPN 0.121 0.637 0.587 0.021 0.080
i 25T 4 HSNN 0.647 0251 0.171 -0.174 -0.355
5% [ FPH 0389 0.659 0422 0.032 0.253
K= E LPH 0.819 0280 0.082 -0.159 -0.052
Fk3E% PNPP 0.631 —0.608 0.072 -0.255 -0.164
Hehi% GNPP 0.636 —0.610 0.002 -0.205 -0.194
JeK PL 0.433  0.116 -0.517 0.4838 -0.076
JE % PW 0.380 0319 -0.393 0573 0.093
/N4 H NOSL 0.200 0.120 -0.456 -0.397 0.433
WIFETi 7 FFN 0.491 0213 -0.349 -0.402 0.342
FHIEFF 165 NOFPT 0.074 0.120 -0.002 -0.088 0.303
FFE{H Eigenvalue 4264 2614 1507 1312 1.117
Dl S 28.430 17.427 10.049 8.748 7.444
Contribution rate (%)

Bl Tk 28.430 45.857 55.906 64.654 72.098
Cumulative contribution

rate (%)

N 0.637 . U i FE RN GR JENT A B B2 U ST 46
TE BRI LA i P, 25 3 B ) (2 S M e R
RS FRACSE . R, 4R BRGS0t
TG PR A B, bR PR
. AR BB R oy BB 2 il ) == {E 3 D AR
H, R T GBI SR, S
YA ECRIRR JE R, TE RS B BB SR & 1
I, T B ICTE 45 7 B X P I RS . (R,
F2 EWMS EBENRE T BEML N E 5 H—
R REAE o

3 ERREMEE AN 1507, HTTEEA
10.049%. fEIX—F s FE i Ed, H3ET 47
M E i EE R K, N 0.587. HIREGEREEN
0.422, Ik /Nm-H H RIS B8 i i 1 B KR,
7 HIN-0.517. —0.459 F1-0.393. 43157 A14h 3%
ren PSR S B T 2R SR AR b T AR T R A B
AIE . ek, AN RIS N A, TR Y
IR A R BCR 1) s BT AR TR R, 3L
KRN T AT B2 2 B PR, RNk 2 H B2
NE IR B K SE A R R k> . Rk, 53
TR EERR T B L EN B S H T ERHE .

¥4 ERSRRHIEME A 1312, HOTERE A
8.748%. {EIX—ER/rH) TR, JE% 0I5
e, IAF 0.573, B YEK, HE
B 1A AN 0.488 . LTI A/ H 1) 38 b ) o
AR R, 205 8-0.402 F11-0.397, UiRAI{E
TIRLERAE, /N B E B, RS B AR K R 5
TN o WAL O AR R M AR AR B N AR B AR KBy
B, TNt H D E R T 2 B R LS AR A
B (E3) , MmEdt 7 S3mAERKMER. Kk,
¥4 FRHFERE T BEERFER G AKRHE,

S B IREE N 1117, HTTERE N
7.444% . (EIX—F B FEsmES, EH
(W B, B E] 0433, HIKZEA R
H IR LR B R, 3 A A 4 BN 0.392.
0.342 1 0.329, ZEHH Al e 25 745 $00 =36 il i) A
R, 435 8-0.419 F1-0.355, it B 2 A AR AE (R
FE— e M s 22 A F R, 3
BH. AR F R A BCE R T A K=&
Jis A ZEFT D A0 0 2 0T g 2 )X L TE TR
FEM R R, Rk, 5 Tl EEARE T
B 5 R BRI

AR F R 7 ZE Tk, 51 B S ERUY
IR B I 4. 20 1. 1 FI 1. 351 ERON
PR RFERE . m21EL Rt 52 £k
I NI IE R L MRIETIAL; 5 3 E R NURIENINL 5
B4 TR NES, 55 TR NANHEH LR
I IR P R AE S5 R A OE B S R e AR R R R4
R VP SE
24 513 EREMRRZHERNEETEN

L SR R BUEN 513 4 | S AEAEAT MR
PRAELAREE, FREUH 5 AN E By R4 E
(W77 Z o mk e mfi e T ACE /AL HR B ZEEVEME
(F) =0.281F+0.232F>+0.187F3+0.160F4+0.140F.
513 MR 2R G PRI B A AT E-1.23~1.28, V4>
T, B MR RN, HEZ T 30 £
ot 5 08 YR 8 B VR ELAE 0.72~1.28 (R 6) , F
PRk 111.76 cm. 2540 0.83 em. 4345 %1 2.09. &
RO AE1.91. FRIEH 14.51. FRAL%L 27.08, 4%
BRI
25 S13MEEMRRZHERNEBLS

¥ 513 & GAHEARBAT R b, By & T4
AR5y B3 AN, SRR BRI SR 7,
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Table 6 Comprehensive evaluation value of test materials (Top 30)

e mw o g SOROR | s me pn o SORRE || we s mn o SRR
Ranking Code Material evaluation value Ranking Code ~ Material evaluation value Ranking Code  Material evaluation value

1138 RELULZE®R 1.28 11 91 ZNY-12540 0.89 21 239 f=Z 1714 0.78

2 139 168 1.21 12 233 ZN-2540 0.88 22 253 VEEEKSE-1 0.78

3 177  #&EH-I 1.16 13 181 235-1-1-2-6-4 0.87 23 448 HLRIEE 0.77

4 204  ZfHE 63180 1.08 14 2 10-XHQ 0.86 24 346 Pi-7 0.76

5 473 NEK321-1-1 1.07 15 90 &IZFH|75-9 0.85 25 180 %45 0.75

6 428 ZP-1-2 1.01 16 161 T 83-26-12 0.81 26 340 8-1-1 0.75

7 382 HIH22-3-1 0.98 17 369 QBZP 0.81 27 484 9454 0.75

8 170 IS 0.92 18 137  723630-4 0.80 28 328 HHE) 11009-3 0.74

9 71 B 091 19 372 2-1-1 0.80 29 11 %K 321-5 0.73

10 8 MBURE 0.90 20 467  fif=%183-1 0.79 30 152 BAR1E 0.72

®7 BEMRFBFEIRXBRZMHRSH

Table 7 Analysis of agronomic traits in different clusters of faba bean germplasm resources

KRBT Cluster I

B Cluster IT BT Cluster 11T

JUINTS
rT[r‘fi: PHIME RfEE R R PHE REE 5 R A PHE AR R R
Mean SD CV (%) Mean SD CV (%) Mean SD CV (%)

¥k PH (cm) 107.80 10.51 9.72 84.83 9.07 10.66 59.47 9.88 16.56
ZHH SD (cm) 0.81 0.19 23.31 0.73 0.14 19.23 0.61 0.13 21.24
3 H% BN 1.57 0.68 43.39 1.43 0.68 47.16 1.14 0.80 70.20
3 Bk EBN 1.44 0.60 41.66 1.23 0.59 47.63 0.93 0.69 73.28
H3ETT AL FPN 6.83 1.54 22.49 6.79 1.93 28.37 6.23 1.55 24.83
I 25 T 4 HSNN 23.11 3.02 13.01 21.56 251 11.62 18.39 322 17.42
5315 % FPH (cm) 26.73 7.93 29.58 21.43 8.05 37.47 15.59 4.81 30.74
KI % LPH (cm) 58.06 10.70 18.38 44.44 7.13 16.00 28.02 6.07 21.60
RIEEL PNPP 12.77 5.18 40.42 10.27 5.22 50.67 7.59 5.24 68.68
ki GNPP 23.47 9.45 40.12 19.24 9.13 47.33 14.52 10.35 70.98
34K PL (cm) 8.87 1.42 15.95 8.57 1.51 17.62 7.55 1.48 19.55
JE%E PW (cm) 1.86 0.18 9.43 1.77 0.21 11.93 1.63 0.26 15.82
/N4 H NOSL 2.62 0.70 26.62 2.39 0.60 24.94 239 0.59 24.55
WAL FFN 428 1.17 27.29 3.27 0.82 25.15 3.02 0.74 24.25
KHIEFF 1230 NOFPI 424 0.95 22.46 4.00 0.61 15.12 4.14 0.58 13.97

FHE 1 Al %0, 8B 160 O FhJsE, & R0 5 3AKBEF LT HEAME, EEAERALEFEST

) 31.19%: BE E AN TR 110 4y, EARBEE 50
By, BN 22015 BIEEAR KM, BN
124 . BRI 30 4 B 14 KEEM 1 4 A
JEEIN 4 4. HRBERDUNE R A K S 228
U EENA B RS . RS T3k
KHBE. AR Z, BTHREER. @R,

HREEIA 221 AT, o5 PR sT 20T 43.08%:;
A E N YR 152 4y, EAMEUR 69 tr, H LN
2201 ZRBERISEISRE—FE, PHURFEIRE R A FOK
M, BRI 166 43 B 41 43+ FEI 3 4
KVEM 3 G AALSEIN 8 By« ML RBER I bk &
B, ML B PRIEBOIMOR B H AR R AE

R 25 R 3 34 PR o o

KL 132 M Ahon, (S BTER) 25.73%:;
IR E N SRR 99 i, EARBEUR 33 4, Mk
B 301 ZRBEMGEIEHE . IR —FE, BHUH
TN AT LM, BRI 107 43 BRI 19 17
P 2 G KVEEM 3 AIAESED 1 1. RBFIIER I
NRERRRE /N 2R WITE AR B 1Rk
ARG RN S AL, R HA, BT
RS R

IANRBASK. . mEEHRX AR, F.
PRV PR ML X P TR SRR, HLAR RIS ) SR
FHF o WARTF AP AEM B 6 o, REETA 1



KR 230

PR 513 i ZR SR BHR R B ZMRIRIEAE 2 R T 91

MR R R RIHOK . < IR X L

“ »

The number before the

represents the source region of the germplasm; the number after the

“@ »

represents the number of regions.

B ESMRERREE

Fig.1 Cluster diagram of bean germplasm resources
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Analysis of Genetic Diversity of Main Agronomic
Traits of 513 Faba Bean Germplasm Resources

Li Wenjun'2, Guo Yanping', Yang Shenghua', Shao Yang'

("Gansu Linxia Hui Autonomous Prefecture Academy of Agricultural Sciences, Linxia 731100, Gansu, China;

2Linxia Modern Vocational College, Linxia 731100, Gansu, China)
Abstract The main agronomic traits of 513 faba bean germplasm resources at home and abroad were analyzed.
The results showed that the coefficient of variation of 15 agronomic traits ranged from 13.09% to 53.58%,
indicating that there was a large genetic variation. The coefficient of variation for the number of pods per plant
reached the highest value of 53.58%, with a variation range of 1.00 to 42.00, whereas pod width exhibited the
lowest coefficient of variation at 13.09%, varying from 0.80 to 2.23 cm. Correlations among traits highlighted
that the number of branches, number of effective branches, number of pods per plant, number of grains per plant,
plant height, and height of the last pod are key for developing high-yielding faba bean varieties. The principal
component analysis extracted five principal components, with the cumulative contribution rate reaching
72.098%, effectively representing the phenotypic characteristics of these germplasm resources. By calculating
the membership function values, a comprehensive score (F-value) was derived, and the top 30 germplasm
resources with the best comprehensive traits were identified. The cluster analysis subsequently divided the 513
faba bean germplasm resources into three group: Cluster I included 160 resources (31.19% of the total),
characterized by high plant height and yield; Cluster II comprised 221 resources (43.08% of the total), suitable as
parental selection and screening of excellent genes; and Cluster III contained 132 resources (25.73% of the total),
representing specific germplasm.

Key words Faba bean; Germplasm resources; Agronomic traits; Genetic diversity
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