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Abstract: Shanxi province is located in the middle reaches of the Yellow River and the eastern wing of the Loess Plateau. It is the
birthplace of China's agricultural civilization and is known as the "minor crop" kingdom. Food legume germplasm resources are
diverse and rich in types and numbers, and have important research and utilization value in Shanxi province. In this study, we
conducted an investigation and analysis based on the data obtained from the third national crop germplasm resource census and
collection action. The results showed that 1907 collections of food legumes from Shanxi Province, were belonged to 1 family, 8 genera,
and 14 species. Based on environmental adaptability and ecological habits, 1,907 food legumes are divided into three categories:
Cool-season legumes, warm-season legumes and hot-season legumes. According to their use and utilization methods, they are divided
into six categories. The number of germplasm resources collected in 11 prefecture-level cities from more to less is as follows: Linfen,
Xinzhou, Lvliang, Yuncheng, Datong, Jinzhong, Changzhi, Jincheng, Taiyuan, Shuozhou and Yangquan. Common bean is grown in 11
prefecture-level cities and have a significant advantage in the numbers of germplasm, followed by cowpea, mung bean and pea. From
the perspective of geographical distribution, among the 14 food legumes, cool-season legumes are planted in the central and northern
regions of Shanxi Province, while warm-season legumes in the central and southern, with hot-season legumes in the north and south.
From the perspective of resource distribution in altitude, 863 collections were collected between 801 and 1200 m, followed by 594
(1201-1600 m), 23 (0-400 m) and 4 (> 2000 m). From the perspective of soil types of the source of germplasm resources, the source of
1907 resources are divided into 7 soil classes, 10 soil great groups, and 21 sub-categories. Among the 10 soil great groups, cinnamon
soil has an absolute advantage, with a total of 1247 resources from this soil great group, followed by chestnut cinnamon soil and
loessial soil. The number of brown soil resources is the smallest, with only 1 collection. In addition, a resource diversity analysis was
carried out with pea as an example. Based on pea resources phenotype data collected, 87 pea resources were divided into 6 groups
through clustering analysis. Thirteen phenotype traits were transformed into 4 principal components with the principal component
analysis (cumulative contribution rate of 76.94%), as well as were divided into 5 categories based on the phenotype trait correlation
and cluster analysis. Through the above 1907 food legumes germplasm resources survey and field appraisal evaluation, we can have a
full understanding of collections from the third crop germplasm resource census and collection actions in Shanxi Province, and can
provide a scientific basis for the research, utilization and protection of food legumes.

Key words: food legume; crop census; excellent resources; germplasm resources; principal component analysis
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Table 1 Assignment of 4 qualitative traits

BE PR WCAE

Quality traits Assignment

SR Leaf type Wil=1; =2

1€ Flower color H=1; B4=2; WLU=3; H=4
FiF 3L Seed surface Jeig=1; Mi=2

Hifh Seed coat color G=1; PO=2; %kH=3

1.2.3 BREIB 17
FIF Microsoft Excel 365+ Past4.16 1 R 4.4.1 FAFHAT SR B IFBFR RN G 7081, HP 2L



Y5 H ¢ ] Microsoft Excel 365, HHEZFEMEFREL (1) {HH Past 4.16, F 070 HT.
15D A RYES AT R 4.4.1 2491[%) FactoMineR £, pheatmap 51 plot B4

CV=clu

Hrho R —MRIRAObR N 22, 4RI — VIR S 4H

I == PilnPi

Horb Pi BRI PRIRIE 1 NGO SRR R0 AR AR

2 GRG0

21 LAERREMREBESZ

2.1.1 EMFES A

£K5

Hr (Ward

(D

(2)

ESES

S = R A E AR R B B S CERAT R, s R B BB BEIR 1907 6y MR PR
RARGE, 1907 M EMERRFERET 1A 8, 14 M. £ 14 MERAT, FEKERERANEE,

HEAERERELER 43.2%, HIKCOWINE, 343 4, (HHEESER 18.0%, HLEHEJE 212 4,

R

M 11.1%0 BIREEAE 101~200 B H ST . B, 08508 172 43801 106 4y, 35 &IES =K 14.6%.

= 1o =]
EL\ HlJE‘EyEEL\

&1t 250 4y,

A
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Ecology habit
BEE WG R HiE 106 5.6
cool-season G )E & 38 2.0
legumes i As) 27 1.4
KGR N 46 2.4
[T 4=8-: T 4= 17 0.9
55 S [ 2 0.1
M5 SKEJR HIHHE 824 432
warm-season ZEY 22 1.2
legumes I G 10 0.5
i 5 i 5 22 1.2
WG G E (352 172 9.0
hot-season NG 343 18.0
legumes FINSA 212 11.1
e 66 3.5
£t Totals 8 14 1907 100.0
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Table 2 Botanical classification of 14 food legumes in Shanxi Province
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Table 3 Utilizaton types of 14 food legumes
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Green Ornamental
Species name Grain Vegetable Feed Medicinal
manure gardening
5. Pisum sativum L. T BT TR W
5. Vicia faba L. mER S W
Fi G B Vicia sativa L. (5 ZRNE
/N 5. Lens culinaris M. W R
\1# & Lathyrus sativus L. FIFRFF (.35 Chicharada TR (oL VI I 23 ZRNE WLEE
W S Cicer arietinum L. W
W@ E Phaseolus vulgaris L. R, Wk, AV T S
£ 163% 5. Phaseolus multiflorus L. &% W

R G Phaseolus lunatus L.




)i 7. Lablab purpureus (L.) Sweet
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£k 5. Vigna rabiata (L.) Wilczek HE, /9. S FHIK MRS

/NX7. Vigna angularis (wild) RS EIN. TG

Ohwi&Ohashi

YL%. Vigna unguiculata (L.) Walp. AN

"= Vigna umbellata (Thunb.) W% A

Ohwi & Ohashi

&t Totals 12 5 2 3 2 5
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Table 4 Distribution statistics of 14 food legumes in 11 prefecture-level cities

EVES] PNE! S el R ET AR Wy B FH 2R Kif W At
Crop types Datong Shuozhou Xinzhou Taiyuan Jinzhong Lvliang Linfen YunchengYangquan Changzhi Jincheng Totals
Wi 5. Pisum sativum L. 21 10 26 5 4 23 8 8 0 1 0 106
45 Vicia faba L. 14 5 12 2 0 4 0 0 0 1 0 38
Wi Wi Vicia sativa L. 6 8 9 0 0 4 0 0 0 0 0 27
/NI 5L Lens culinaris M. 18 5 7 1 1 2 1 8 0 3 0 46
\1 B & Lathyrus sativus L. 10 2 2 2 0 1 0 0 0 0 0 17
[EWYE & Cicer arietinum L. 0 1 1 0 0 0 0 0 0 0 0 2
WL E Phaseolus vulgaris L. 93 39 94 60 92 124 125 37 22 86 52 824
ZACK G Phaseolus multiflorus L. 4 1 5 1 2 0 3 0 1 4 1 22
F Y. Phaseolus lunatus L. 0 0 0 2 0 0 2 6 0 0 0 10
Jiii . Lablab purpureus (L.) Sweet 0 0 4 4 0 0 1 7 1 4 1 22
%% 57 Vigna rabiata (L.) Wilczek 14 4 25 4 19 17 38 33 0 10 8 172

/N Vigna angularis (wild) 7 5 33 15 56 42 53 45 25 33 29 343




Ohwi&Ohashi

UL 5. Vigna unguiculata (L.) Walp. 12 8 42 10 12 25 23 45 5 16 14 212
W= Vigna umbellata (Thunb.)

0 1 0 4 5 22 16 1 4 13 66
Ohwi & Ohashi
Z IR EL Resources number 199 88 261 106 190 247 276 205 55 162 118 1907
FhZH Species number 10 11 13 11 8 10 10 9 6 10 7 14
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Table 5 Distribution statistics of 14 food legumes at 6 altitude ranges

el 0~400 (m) 401~800 (m) 801~ 1200 (m) 1201~1600 (m) 1601~2000 (m) >2000 (m) &t Totals
Crop types

Wi 5. Pisum sativum L. 1 8 29 41 26 1 106
&5 Vicia faba L. 0 2 4 16 15 1 38
WS B Vicia sativa L. 0 0 0 21 6 0 27
/N 5. Lens culinaris M. 2 7 9 22 6 0 46
\I B . Lathyrus sativus L. 0 0 1 16 0 0 17
& 5. Cicer arietinum L. 0 0 1 0 1 0 2
B S Phaseolus vulgaris L. 2 75 377 309 60 1 824
Z KT Phaseolus multiflorus L. 0 2 6 13 1 0 22
FI T G Phaseolus lunatus L. 0 8 1 1 0 0 10
Jii 5. Lablab purpureus (L.) Sweet 2 11 9 0 0 0 22
%45 Vigna rabiata (L.) Wilezek 4 44 94 29 1 0 172
/W& Vigna angularis (wild) Ohwi&Ohashi 3 65 184 89 1 1 343
YL Vigna unguiculata (L.) Walp. 7 60 110 35 0 0 212
5. Vigna umbellata (Thunb.) Ohwi & Ohashi 2 24 38 2 0 0 66
ZEHEL Resources number 23 306 863 594 117 4 1907
Fh25 %, Species number 8 11 13 12 9 4 14
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Table 6 Distribution statistics of 14 food legumes germplasm resources in 10 soil great groups

. Ff bt -t oyt e it B Ty )
1EMIZET bish g AR TS ES R AL it
Meadow  Fluvo-aquic Cinnamon Cultivated Castano-cinna Brown
Crop types Skeletol soils Red clay soils Castanozems Litho soils Totals
solonchaks soils soil loessial soils mon soils earths

Wi 5. Pisum sativum L. 0 3 2 44 0 10 5 42 0 0 106
&5 Vicia faba L. 0 0 3 14 0 0 3 17 0 1 38
HrE i Vicia sativa L. 0 0 0 18 0 0 2 7 0 0 27
/N 5. Lens culinaris M. 0 3 0 15 0 0 14 14 0 0 46
\I B 5 Lathyrus sativus L. 0 0 0 3 0 1 9 4 0 0 17
W 5. Cicer arietinum L. 0 0 0 0 0 0 1 1 0 0 2
B S Phaseolus vulgaris L. 0 27 38 550 4 41 27 130 7 0 824
Z I Phaseolus multiflorus L. 0 0 1 14 0 0 3 4 0 0 22
F 5 5. Phaseolus lunatus L. 0 1 0 9 0 0 0 0 0 0 10
Jii 5. Lablab purpureus (L.) Sweet 0 3 0 18 0 0 0 1 0 0 22
%%35. Vigna rabiata (L.) Wilczek 1 5 4 112 2 16 6 26 0 0 172
/NG Vigna angularis (wild)

0 18 9 253 6 20 4 28 5 0 343
Ohwi&Ohashi
YL Vigna unguiculata (L.) Walp. 1 4 0 139 1 22 12 33 0 0 212
W 5. Vigna umbellata (Thunb.)

0 2 0 58 0 4 0 2 0 0 66
Ohwi & Ohashi
ZIRAL Resources number 2 66 57 1247 13 114 86 309 12 1 1907
FhJH Species number 2 9 6 13 4 7 11 13 2 1 14
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O MEEMER M, EE HEL ERKARREVN, W4 E HEUE 88~108 d, “FIAMATE 96.4 d, WZETE 20.0
d, 5 RBUIH 5.1%. FEKTE 3.5~54 cm Z[1], ZFREON 7.8%;: Sk BHAN Bk FEHUL 57 REUBUK,
Hrp sk S BGERETE 0~7.2 ANZ 0], 2853 KA 117.0%, HARIEEAE 2.4~70.8 D2 [8], SFIMELE 7.3 4,
A5 REUAT] 112.4%; A8 B, bR, F208. RISRBON BB E A T RO T 40.0%, WKk
F 36.1~127.8 cm 2 [i], WEZE7E 91.8 cm, 4557 R4 28.8%. EETHAIRLE 13.2~27.4 DM la], “FHIME 21.7
A, AR RBAE 14.9%. BRIERHCE R REEDN, N 193%, MERELSRERM K, N37.1%, X560
Ry iy RIBFERMZ R A G 9 MEEIER Y h b= 28 7 KA R, 5 93.8%, RIETE 1.2~

30.0 g I8, “FIEAE45g R .
® 79 MHENRNT RS

Table 7 Variation statistics of 9 quantitative traits

HoE ek WME WKME L& PHME Rl B RE (%)
Quantity traits Min. Max. Rang Mean SD cv
A4 H H#(d)Growth period 88.0 108.0 20.0 96.4 4.89 5.1

Pk 5 (cm)Plant height 36.1 127.8 91.8 782 2245 28.8




FEEATHL 132 27.4 14.2 21.7 3.28 14.9

Nodes number of the main stem

B bR 2 Bk 0 7.2 7.2 1.1 1.17 117.0
Number of primary branches

FRRIEHL Pods per plant 2.4 70.8 68.4 7.3 7.87 112.4
Ji4:(cm)Pod length 3.5 5.4 1.9 4.6 0.39 7.8
L3RI L Seeds per pod 2.9 6.2 33 4.1 0.77 19.3
BT (2)100 seed weight 8.5 29.4 20.9 162 5.93 37.1
Rk 77 5 (g)Seed weight per plant 1.2 30.0 289 4.5 3.75 93.8

2.3.3 87 R E FIRERD

F R T RN 4 A EROHFHEE IR T 1.0, bS8 — F R RHEEY 4.19, J7 2 5THRE N 32.19%:
B ERMO BN 2.5, T ETTRE N 19.27%: HB=F O FHEE N 1.89, J7 2 5THRE N 14.57%: 14
ERITRAEE Y 1.42, J7 ZTTHRE N 10.91%, Pl 4 N E Rt otk FRILH] 76.94% (R 8) .

HT 2 AR AT I S R R AR R T, S — B EESAFE HEL MRa. FETHL RO
. RMRIEHL XK PR EER AR, IERBELTEERG: B AR TR, R, 3k
FiEON R ST, APPSR s B =F AR T BRI S0 FE R T
KIEKH T R ERS, FAHERT 1, 772 RibstikEN 76.94%, RE T 13 MR 7 (£ 8) .
& 8 BIMANER S & MR T E F AR

Table 8 Loading factor matrix of traits in the first four principal components

REEAIR FhRE5 Principal component

Phenotypic traits PCl1 PC2 PC3 PC4

A4 H H#(d)Growth period 0.827 -0.049 -0.388 0.059
SR Leaf type -0.137 0.461 0.454 -0.103
1tth Flower color 0.301 0.731 0.056 -0.408
Fh-F3RTH Seed surface 0.102 -0.208 0.190 0.698
Fiff Seed coat color 0.292 0.745 -0.014 -0.375
Pk (cm)Plant height 0.806 -0.126 -0.435 0.105
ESE S E 4 0.798 0.076 -0.496 0.020

Nodes number of the main stem
B 7 B 0.684 -0.516 0.273 -0.271

Number of primary branches

FFRIEH Pods per plant 0.735 -0.324 0.491 -0.193
32K (cm) Pod length 0.583 0.276 0.297 0.365
BRI Seeds per pod -0.427 -0.502 0.275 -0.267
T4 () 100 seed weight 0.068 0.644 0.342 0.529
Hpk P 1 (g)Seed weight per plant 0.689 -0.146 0.683 -0.054
HFEME Eigenvalue 4.19 2.5 1.89 1.42

JZETTERE (%) 32.19 19.27 14.57 10.91




Contribution rate
R ETIRE (%) 32.19 51.46 66.03 76.94

Accumulated contribution rate

23487 MM EFIERLEST
TEE R AT Al b, F T 3 WA B AU AE ) SR Z-score BRUEAL G IR T MER B, 4R R4
ARUHE 87 (i G M R YRS £ RAERE 2 (R .

FOBAMEREERFTHREAN

Table 9 Mathematical formula for translating 13 traits into principal components

13 MRS ERHR AR P
Mathematical formula for translating 13 traits into principal components Number
y1=0.4042x1-0.0668x2+0.1472x3+0.0496x4+0.1429x5+0.394x6+0.3902x7+0.3345x8+0.3591x9+0.285x10-0.2085x11+0.0335x12+0.337x13 1
y2=-0.0239x1+0.2254x2+0.3571x3-0.1017x4+0.3644x5-0.0617x6+0.0373x7-0.2523x8-0.1582x9+0.1348x10-0.2454x11+0.3147x12-0.0713x13 2)
y3=-0.1899x1+0.222x2+0.0272x3+0.0928x4-0.0069x5-0.2124x6-0.2425x7+0.1337x8+0.2399x9+0.1451x10+0.1346x11+0.167x12+0.3338x13 (3)
y4=0.0286x1-0.0504x2-0.1996x3+0.3414x4-0.1832x5+0.0514x6+0.0097x7-0.1324x8-0.0945x9+0.1787x10-0.1304x11+0.2584x12-0.0264x 13 (4)

Horp, yl~y4 FoRFE—MBBRER — E MR, x1~x13 2Rl EE HEL S, fEe,
PRI Rt FRm . EZRTHL AR ECEL RRICHL ek, ISR, BHRIE. TR 13 ME
RIARAEAGAE -

HeT 87 ANBHE LAY 4 D E R RRMERG 2 MERR TR Y], 87 B S5 AT r 6 MR, il
AR TINERAZ AT AT, 6 DRBERI KRG et Kt e, M. FRE. HpRsEsm
PR R P IR T DUNFPRL, I R R N T, WESER L, SEIREER 37.9%; RER4IN AKX
RLRY SRR, SRR AR B D BRI R B &, KRB . SRR IVA BORIR Ty 1E
I, tRimis. RRAV SRR D, RENEMBIE MM, BA BRI R R RRA VIR
B 240, PREEGE, CPAME 1230 em, RS ERLEEUC, (kSRR SEUCEREN GE 10,

B2 o 87 i) Ekiyr —4HE R R EoR, 6 A BRI EARRF X (B3 .
=10 6 MREBAFFEHREMMERSGH

Table 10 Resource number and trait statistics in 6 cluster groups

PEAR Traits I I 11 v v VI
45 Number 33 13 18 15 6 2
1¢ Flower color E AN E AN E AN H =] E AN
hitt Seed coat color B4 L L W R L
E I Leaf type i i i i T i
# i (cm)Plant height 88.0 82.6 532 91.7 41.3 123.1
T KL (2)100 seed weight 12.7 26.1 11.7 18.8 22.1 12.5
FBRIE4L Pods per plant 59 5.6 5.5 53 7.3 515
Pk P= & (g)Seed weight per plant 2.9 5.3 33 5.1 6.3 24.2

ZREVESR ST 0.972 0.792 1.044 1.099 0.959 0.388
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Fig.3 Two-dimensional ordination of principal components of 13 traits of 87 peas
2.3.5 13 MERE XS
BT 87T B G BIR, 13 MR EVIRE YR MR, X 13 ANRBIERIELT Pearson AHRPEMIZR K .
AL TR0 SRR Bl BARRSEBOR B bk ™ B 2 B A G R (> 0.7) o [ARE, PR A2 E HAEON



F W H AR BB (0> 0.7) , ORI AR RIS (0.77) o BEKE, KR
B PERTEI Y IEA G . I REE M, R 13 MEIRRIE N 538, HAAET HEL thm. EZEEM%EK
BN—3 Emm R, et RO R ERAY K BB AR B RO MT
RIS B —R (H4) .

004 | HbRIMEIEL
-0.07 | HLBRIEHL 0.6
-002 | byt 04
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-0.14 | ¥R 0
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. I—0.4
A HEL
PR
b TR EEN
-0.16 | 0.00 0.09 0.04 -0.19 -0.04 -047 | & ntE
-012 | 021 0.52 -0.06 0.12 FRLE
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& & & it *F HE H & = by o = &
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*REMEX (p>0.05) REZFHEX (p>0.01)
*is significantly correlated(p>0.05), **is vary significantly correlated(p>0.01)
& 4 13 MR Pearson FHKMEFIZE 2

Fig. 4 Pearson correlation of 13 traits
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