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Genetic Diversity of Agronomic Traits in 271 Pea
Germplasm Resources

WAN Shu-wei,SONG Feng-jing, HAO Jun-jie ,ZHANG Xiao-yan, LI Hong-wei,SHAO Yang,ZHAO Ai-hong
(Qingdao Academy of Agricultural Science ,Shandong Qingdao 266100 )

Abstract ; Pea is the third largest legume crops globally,,and the demand for peas is increasing in the developing
world. In order to understand the genetic diversity of foreign pea genetic resources and improve the efficiency of pea
breeding programs in China,nine agronomic traits of 271 peas from 57 countries and prefectures had been analyzed for ge-
netic diversity by using cluster analysis and principal component analysis. The results demonstrated a high level of genetic
diversity among these peas. The genetic diversity index of first fruiting nodes(2. 0590) was highest ,followed by nods num-
ber of the main stem(2.0421). The coefficient variation( CV)of seed weight per plot(64. 874% )was highest ,followed by
100-seed weight(61. 870% ). In recent study,the principal components of 7 quantitative traits were analyzed,and the re-
sults showed that the accumulation indices of the top three principal components was up to 66.021%. Cluster analysis
showed that 271 pea accessions were classified into 4 groups. The Group Il had traits of tall stalks, big seeds and high
yield, providing useful resources for hybridization breeding. The resources from the 17 countries of 4 continents showed
significant genetic diversity ,the genetic diversity index of India was highest. Comprehensive analysis of agronomic traits
provided scientific information for effective use of pea genetic resources in pea breeding programs of China.
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L S ey SN 1l s A ES i (1) | - NN
R I 45, 3 S 400 5505 o I 9 VR ) AL R RAT
FEl P 20 T2 R JF BR300 T A%, BRRAF 6200 4 1) 8
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PEAHT, 41 K. Gemechu 25 FIH 12 A4 2R 4T
148 3B G 1 7 S A HEAT ZREME BT, R IR ZE K
Fb P 4 59 2 b A A A s st 2R, AR
XoF 5 52 3R BV AR (1) 38 4% Z2 FEVE 23 B 2 R AR DX Bl
A, PRI ) B FE 9 5 7 b ) S R PR AT

F R o BT R A3 BT 18 % 1 R 0 ¢ U
A% 22 FE R AF 5T R R Y s B E R
D IR G NGRS A L2 R R R R P A
FIZ R, ASWESE R A Rl A6 R H R
57 A~ EIGERH XY 271 453 B G RP BRI Y 9 ANk
HERARIEAT AT, DAl [ SR B IR A a8t L 2R
3R 90 5 R IR R A BB R B SR AR £ B 4
HEFLIS A
1 MR5F=*
1.1 iRIewrat

ZARGE G AT IR 271 1, 4t AR 55
] AR b5 PG S e DX | R g g, i 5 T B
(122 f53) P (84 f3) FEUH (22 f) AEM (21 fy)
AR (6 7)) 85 T RPN 57 A KA X Y i 5
PRSI (2 1) XS IR AR B S

*1 BEMRTENKRERHE

Table 1 The origin and number of pea genetic resources
R #H SR #H R #H
Origin Number || Origin Number || Origin Number
EpJEE India 29 By New Zealand 4 JLNIE Guinea 1
WRIEMK L. Ethiopia 16 Fh3 Denmark 3 JIEN Canada 1
] Germany 15 i i Greece 3 LI 4T Latvia 1
B & Afghanistan 12 BRI Syria 3 Eradal e Lebanon 1
V= Poland 12 A Iran 3 FAHE S Rwanda 1
+HH Turkey 12 TR Australia 2 % Je Romania 1
faf 24 Netherlands 11 i Brazil 2 LR PG IE Malaysia 1
) 1) Hungary 11 MR HEEFS  Russian Federation 2 Je H F|IE Nigeria 1
o United Kingdom 11 JEJRZIR Ecuador 2 Pk Norway 1
i i Sweden 10 BHHIAZENN Costa Rica 2 FEIH BT Cyprus 1
s Czech Republic 9 YR Mexico 2 piSas Sudan 1
PSS Former Soviet Union 8 T W R Serbia and Montenegro 2 [ A T Taiwan , China 1
FEH United States 7 H A Japan 2 E3Es| Thailand 1
JERIEZN Nepal 7 e i Guatemala 2 ZMN L Venezuela 1
(RS 7:E) Pakistan 5 e Ukraine 2 53k Uganda 1
[iipiZn Spain 5 Fil/RELJET  Albania 1 RRdl Israel 1
[ A 3 China 5 ZUP W Estonia 1 BEAH] Ttaly 1
L hn A Bulgaria 4 RS Paraguay 1 E=l Chile 1
% France 4 BEARHT Honduras 1 A Unknown 16
75 Finland 4

1.2 RAEGTS5HERAE 3 m, A7 50 cm, BRIE 10 em, S35, U0 R 7K 58

ZINETRT 2014 4£ 3 A TILAE ST SN
LNV BLA ST Bl ue: [ N, B SR RE 2

Aok

ML HE A RE A A 5l B EAT RIS L 2014 4R
5 -8 H it T M EdiR 4 SR
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FH [P AR 3] 2 B (0 2 Jo 9 5 4 R RS
BAEARAEY HEAT O FRRARTF AR IR A T i MR AR
TAEARE €20 FI1AE 3 €2, 5 RFARL IR 2E 1 22 BB I ) 2 4
EINER /N RN S S8 S GRS S e O B e VAN
R AN AR (£ 2) .

1.3 HEREULERS TS

X 2 A o i AR A LA € AT AE 38 €5 50001 3 LA
TRAE (2 2) , i & A PR 9 28 55 R L (CV, coeffi-
cient of variation ) | 1t & 22 K& ¥4 48 % (1, Shannon
index ) FUH 48 53 A1 5 X &5 i PR #E 4T 10 9o ak
B < X-25,10 %=X +2s, TAERHO.5 s
N X NI, s b2 R EdE R
SPSS 22. 0 BRAFFHEAEIR 1V B (X)) FRifE2E (s)
FIAR S 2800 AR STt 1 oBR T A 0 IR
1432 , B Popgene 1. 32 #1154 Z AL 45
B, FER553 8T (PCA  principal component analysis )
FNEREZEIHT (CA , cluster analysis ) 7E SPSS 22. 0 #k{
HgE L, Herp R 2805 R B8 22 7 5 FlE: (Ward' s
method ) , 15 ] 35 £ 6 A R FGHE 110

2 FHRE5HMH

2.1 BHEMERABREMWRE SN

% 271 (BRI O /e L PEARAO T 45
SR R IR AR VR R 2B ek 22 5
PER S

SRVEIN 2 AR IR IEAT 5 49 55600

R3 REMKNERSHRBEESHEESN

(%3), HAEHEE, B0 5 S8R 58.30% |
200,15 39.85% , B 015 1.85% ; (LTI (4, (1 €
59. 78% Kty 40.22% , 2 AR AT 28
ZH44.375% T E AL ZREVESE 40 0. 7144, o,
AETEEAREE 78 S R BB (53. T15% ) AL BRI 728 5
FBAR (35. 034% ) ; [RIF, AE IO €0 14 182 A5 2 A
FRBBE R, 0.7549( % 3)

%2 WEMRABLTTERFL

Table 2 The main morphological characters and their cri-

terion for pea resources

g AR oA
Code Morphological Criterion
characters
1 R PH A 32 25 I A AR A IO 1Y 7
2 PABRATRE NPB U FEZE 1 — G U B
3 FZETHONNMS AT 3 25 A B R T 04 T 5L
4 HIE L FFN A 2K IR RS SRR Y 7
5 PAOYRISERL NPFS 25 R R 3k
6 INX i SWP AN PRI R BT TR E
7 HHRITE HSW 100 LT 5L Y H
8 TEIEM A CS 1=H1,2 =#1,3 =56
9 IR CW 1=Hf,2 =K

PH ; Plant height, NPB; Number of primary branch, NNMS: Nods number
of the main stem, FFN; First fruiting nodes, NPFN; Number of pods per
fruiting stem,SWP;Seed weight per plot, HSW:100-seed weight, CS; Color
of standard petal of the flower,CW : Color of wings petal of the flower,the

same as below

Table 3 The variation parameter and genetic diversity of qualitative traits

N BoME EOKME FEE brif 22 5 R A e HE PRI (%)
s/ . e ERRB(%) PEFE B Ratio of distribution
Traits Min. Max. Mean SD cv
1 1 2 3
TEHE @ CS 1 3 1.816 0.975 53.715 0. 7549 58.30 1.85 39.85
AT CW 1 2 1. 402 0. 491 35.034 0. 6739 59.78 40.22
-5 Mean - - - - 44.375 0.7144

XFSIRGTIRA 7 DECEMR AT Prgh SR R
(24) V3478 5 2K 45.763% , V- Yi4L ZREE
FE%0 1.8904, Hh A2 B R A LA/ IX 7 & &
(64.874% ) , 7% S BE 0 ~ 246 g; Wk 7 ki &
(61.870% ), 78 S IE B 0 ~ 86 g; 2547 $ & fik
(24.531% ) , 5 SHIRBE 1 ~26, 27 RZEHFE J ./
X7 a > FORCE > BRI AR > B AR > hk
WAL > PRim > EEWE EBHE SRR EO

AE B B (2.0590) , BARE 2 b KR A0 H A%
(1.3321), BAEZHMEIEHET N e > £
SRR > MR > BT RIIEEL > /NI R > HRLE >
MR AR, AR S REON R LR AR Z R RO
FONAEA G —PE WAk oA 50 5t % 2 P i
R (1.3321) (B8 5 R AU R (56. 674% ) 5 F 25715
B S R B AR (24. 531% ) (H 8L ZREPEFE 5L
A (2.0421)
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Table 4 The variation parameter of quantitative traits
TR fe/MAE INE] A brifEZE 5 R %) W 2R AR S
Traits Min. Max. Mean SD cv 1
FiE5 (em) PH 11 210 121. 14 35.954 29. 680 2. 0061
HRR TR EL NPB 2 40 4.36 2.471 56. 674 1.3321
FZETTHNNMS 1 26 16.20 3.974 24. 531 2. 0421
TRIETT 7 FFN 2 21 9.73 3.558 36. 567 2. 0590
FRSYREIEEL NPFS 1 22 7.76 3.581 46. 147 2.0034
INXEH(g) SWP 0 246 78.92 51.198 64. 874 1. 9670
TARLE (g) HSW 0 86 11.26 6.963 61.870 1. 8230
14 Mean — — — — 45.763 1. 8904

X Jo PR AR MR B RO e T o A 2 Rk
B, S 2R B IR B e R e R, S
GEIRAS Rl RN ZE RO, BAT B i 2k R 23 1]
o3 FE B LR L AP A E SR A T 0 B R B
X A ey o LA e LA R G I i o i
U, AT DA 5 R T 4R v [ P 3 0 7 o A TR
A R,
2.2 BEMBRFERAKSHROERST S

XS 08 U5 Bk R S 7 A B R R SPSS
22. 0 B AF AT ERLIr A B R R W] (32 5) T2 AE
SERTERT 3 D For i, B35k 66. 021%
x5 BEMRABBEIEZRZHEROELS SN
Table 5 The principal components of pea germplasm

resources by analysis of main agronomic traits

R 1 B2 HF3
Traits Factor 1 Factor 2 Factor 3
¥k PH 0.772 0. 180 0.123
BRRMRIEL NPB 0. 166 -0.311 0.819
FZEATH NNMS 0. 899 0. 007 -0. 146
RIENT N FFN 0. 802 -0.316 -0.271
M IERL NPFS 0.180 0. 647 0.156
/NX T SWP 0. 159 0.720 0.309
FRLHE HSW -0.129 0.552 -0.318
FHIE(E Ev 2.149 1.471 1. 002
TR ( % ) CR 30. 701 21. 008 14.312
SRR ( % ) ACR 30. 701 51. 709 66. 021

W51 A EIEAE 2. 149, TR 30. 701%
FRAE R P R T A R E R e o Tk, AR ONIE,
AR R PR 25 B AR IETT AR RRAE
] 435904 0. 899 0. 802 F1 0. 772, 3% 3 MR
L= R IEA G, B L, 75 — 5 (4 9 L X 3 A
INIESEIER N =T LY 3 5 % L L S

BRI /INX 7= 1 2 2R Anf oA IE A MEIR (ELRAE 1 2
B/, PRI X 7= 0 5 e R R AR N R Y
ARE AT g B, U B AE = 7 R B AR SR A kL
JEARATHUY

552 FMAERIEAE 1. 471, BTR 21, 008%
55 2 FRUSHRHIE ) T A H R A
DX P i | BRI BOR R, REAE ) i {4 51N
0.720.0. 647 F1 0. 552, ¢ 2 7 5= L )7 e o Jig 114 7=
i, B PR RIERE N, RN A O B R TS (v A
BRI BB R 2 AH R REAIS , AL ™ €88, M TTT 52 M)
P AR TR, B, 8 T RS 7 A E A
B A SRR I AE — RN

553 M EREAE 1. 002, TTERR 14.312%
55 3 F AU B MR SRR IR EE 3
PRS2 )1 VAN P o (EN il B S S ER A O GE R R A
FEWECNRE, B, TR S A T
PR AT ROBE T AR
2.3 BIEMRFERERREEROBERS T

FIFH SPSS 22. 0 # A%t 271 4y 238 i & R o
TRA 7 BRI T RIS AT, DABREIE 25 Ryt
PR R YOR A Ward 32, TEIR LI B R 5 AbK2:
IR Jy 4 DRBECE 1) A REF 4L
P RS RAR Z MR IE DL S S R R 6.,

55 T MRS 81 (i We U, H S TR Rk i 4K
75 (138. 83 cm) A8 RE /N (14. 228% ) , BLAMHL
JERE S BB K (45.209% ), T ki E S 5 R AL
(42. 160% ) FIEGIETT AR 5 R 50 (32. 865% ) IRZ 5
FEETE(17.02) , R RER (4. 23) B B TER
(8. 14) FIERIE (11. 73 g) 45 /NX A g 4 A
KPS 2 A0 25 R24023.813% , LG5 MEIR
ATLAE SRR IR B0, A — e =i )
FEAUFGENEE 10 £, RIEEM LI 7 43, BT & FEFIRT I3
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Table 6 The average and coefficient variation amount of quantitative traits in different germplasm groups of pea

PR IiH Ll ayiss Germplasms groups
Traits Item 1 1 n v
PR Number 81 38 59 93

B (em) PH Y Mean 138. 83 147.37 142.95 81. 18
A ZR(% ) CV 14.228 10. 546 16.225 29.410

PARRAEL NPB Y9{H Mean 4.23 4.26 5.10 4.06
S ZR(% ) CV 25. 697 22.958 93.510 32.438

FZE95 NNMS YI{H Mean 17.02 17.13 18.25 13.68
A ZH(% ) CV 20. 141 20.992 18. 696 26. 842

IS FFN YJ{H Mean 10. 33 9.45 11.32 8.16

AREE(%)CV 32. 865 36. 550 32.120 37. 696

FRSTREIEEL NPFS YJ{H Mean 8. 14 9.21 7.32 7.11
AR ZH(% ) CV 45.209 31.238 57.377 45.260

AN () SWP Y9{H Mean 98.53 169. 95 30.76 56. 66
S ZE(% ) CV 23.813 16. 604 44.371 59. 481

HHRITE (g) HSW Y& Mean 11.73 13.61 8.17 11.85
A ZEE(% ) CV 42. 160 33.423 54.323 81. 108

A5 5 1, P | B HOR h E  HA 4 £, T
s s B 2 E RS 3y, MR
PUBEF ) 2] ORI AN 45 2 4y, = g
MBS JERZIR o5 2 AHIA R AR
AR AEPYRE JRIAUR il S S 22 N B LA
Byt % 147,

55 11 BHBEELEE 38 Iy BEIR, 2 R At 2 4R
JBT ki (147.37 em) FRIPALIER(9.21) [ E R
(13.61 g) FI/NX P2 (169.95 ¢) 1 4 A 2KBEf
iy HIX 4 DPRIRAYS S REE 4 DRI,
S350 10. 546% 31. 238% \33. 423% FI 16. 604% ; 1 3%
LAY T R BR K (36, 550% ), s 178 S R R
/N(10.546% ) o L5 BT AT LU 2 38R & T kL
RN, A A B R R SR LA 6y,
25 EEEHHA 2 Oy, BV JEREZR  EFHIA R
I A% JLNE BESE SRR EoRPE A SRR e
TR 0L, HA e[ fa b Ihpn A ) 4 F) AR
W BB SR E A 1

55 M 2SHHALAE 59 R BEUR , F ZARRIE 2 BRbk 7 AL
B BN IET O BB R 7E 4 DR
JESE 1AL FEEEORIR ST A 128 7 REE 4
KPR/, 205 18. 696% A1 32. 120% 5 Bk & 44
{HA R (142. 95 cm) 82 5 REURAK(16.225% ) , H
PRGBS 5 22 KU K (93, 510% ) 5 Bk B A/ X
PB4 DR iR . ZEREE TR T
i PR, IR AR T O, TR S 4, fEE S
03 DRI 9 2245 4 0y, Bt 4 HH A9 2F FFED
JE45 3 1 RIEM L G EAEITRE 2y, 21D Je

W IR A RS RO i E B e T
IR A DR ORI A RS 1
SEIVRREALEE 93 M oti, 2 MAEFT S A, Bk
81. 18 cm, B 28 29. 410% ; FARK /M ALK IR IEN 7
FUAAG IR IIEAE 4 DR RN AR Y
AR SRR, B2 B AR 5 R BN N
FTERIE AR S R EOUE 4 DB ROR, IZRBEE
P (RN A R T A SR A T I R
KR, AHRENEE 10 0y, far 22 7 43, 96 7 43, B 6
0y B ARAFRI RIS S Oy F5E 4 0 8622 4 4,
P>t EE IR JRIAR PEHE R HHA 3 0 BT
T PHEE e pErh e RN A 2 1y IR FEMK
FEAY  EL LA gk R 4EY Je HADE H A H
RN e ey | [ E Sy (N
RS ZEBER 38T, RIS A3 R R T A —
AN B KRB0 TR o3 A AR AN [F) I 28, R I R i
J 5 F b FR A —2
2.4 AFERBEMRFTFEHEHE RS
STRRERFF 5 89 17 AN E KK 185 438
SRR B R AT T (R 7)), Hoh dE
9 MERINEZR ,6 MW E R, 1 AFEMEK, 1 AHE
MEZR, 17 MERAFES RZECh 39. 642% 5t
fELZREVETRBUN 1. 4544 Horprl 22 (78 S5 R B0
(56.219% ) , JRIA/R IS 55 2 80 (54. 870% ) Fl e =]
AR 5 R0 (50. 279% ) vy, B I 1 A9 A0 S R 4K
(25.510% ) $5c 1% BN BE 1Y 35t A% 2 FF P 48 2 &
(1.7533) 69 F F| (1. 6381) I 2= (1.6172) Fif#
(1.5979) istfL ZHEtEFE SR =, IR L 2



18 %

Seby
=

Y

245 TH9 6¢ 8¢ 'I1 19°LL 9L 886 S1 91 or v LO611 UBS [f Ac
81LE 1 0vT 'S¢ 09 01 00 '86 00°6 0T 11 00 ‘61 or ¥ 00 "0¥1 S ruty) i b [ b
96T 1 €20 0 00 +1 08 LL ov S 08°L 08 Tl 0T+ 00 011 S uredg 3
$896 0 01§ ST 008 08 78 09°S 00 €1 09 L1 00+ 00 "9€1 S uesyed HEFE W
7008 T 0L8 '¥S L LS TL 009 IL°6 ¥1 61 LS ¥ ¥1°L0T L TedoN 7 EIEA(
TE0p T TLS €Y 6C°S1 £ '8¢ 6C°8 A IL ¥l 6T ¥ 00 ‘121 L SOIRIg partu() [ 2
:cmED ﬁwgow MQEHCM

9h8¢ T 0L9 S¢ 88°6 €9 YL €rL 88 'T1 8¢ 61 7 €1 8Tl 8 paRrail
9661 1 050 8¢ L9°TI 00 26 €€ 01 96 °L 96 b1 I 00 "66 6 onqnday Yooz B F4
86T 1 ¥86 "v¢ 00 €1 06 °LS 0T L 09°6 01 "S1 06 '€ 00 '86 (0] uspoms i hr
86161 6LT 0S8 81 61 SS LS ¥9°L SSUIT T8 LI 79 °¢ 81 '801 I wopSury ponu() [
18€9°1 ¥60 "Lt 00 +1 €L°SL St 9 788 9¢ vl 60 ¥ Sy 'S0l 1 AreSuny [iyf i)
T19¢ 1 886 "6€ 00 +1 81 '6S ¥9°9 8L 60 +1 Ss¢ 00 °S6 1 spueoyloN < fof
L¥Th 1 796 0¢ €801 76 °€8 L9°8 LT°TT ST 81 8S ¥ SL'8TI Tl Loy, I
TLI9 T 617 '9S 86 01 €8°8L 0S°9 €€ 01 T6°S1 LT°L €8 °6TI 4! puejod -t
€rop 1 716 '9¢ [ ST 96 ST'8 SL 0T €€ 81 L9°¥ €€ eel 4! ueystueySyy |k 1 fug
6L65 T STt "6¢ €€ 01 0t 9L ¢r'8 L0 0T LT 91 €Sy 0T "¢€1 Sl Kuewog) (]33
$10S '1 o€ 8T ST6 ST STl 61°8 vh 6 SL 91 LE Y 0S "€l 91 edorqiy 701 M T3
€ESLT 781 °LE L0 0T ¥1°26 Y€ 'L 6L°8 It vl 4 TL Tl 6C eipuy F 1l
I AD MSH dMS SAdN Nl SINNN ddN Hd Toquiny urst(
LN E S A At (% )W EH3u BT E Hoal XN/ W (2] WEETE WL L= W3 kg

16

©ad Jo sdnoas wse[duwdg L] ul s1djorIRYd dAneIuenb Jo uoissaadxa agesase Iy, L dqel

WA AR ER YRS LA W EE L3



14 JTIRARAE 271 A3 B R BUR AR R IE AL AR 17

FEPEFEE(0. 9685 ) Fe A%, 3% HH [ 56 Hir 38 (1% F JoT 9% U
REMERL— | AR, SR U5 T B B i o o 7%
VB H e 2 (AR S RECR &I

XoF A~ B 5800 B8 i o R BCH R AT VR A 4 B
B BB IR 22 MR R A, SR e B A
FEZEWEER D BTN, B BB > H
B ERAG, Bm, Z2 h mAT /IR RLR T R SR HE T
P PR A v, SRR A BB /D, 25 B G e
IERT AT SO 45 R A, (H/N X 7 i
B, 22 R R TR R R R Y A R R A R
AR AR B R E R A 17 A E R PR,
R ] R A, LA R AR B, BEAS b v 45
TRV I8 = R T ) o B 7 SR 0 R B8 25 A
K0 717 F 4,58 9% L Rk, HHEH G
85 AR IEA — B far 22 10 9 DR MR 2 550, PR
YRR /N 2B AR TENT L B A SRR INX.
PR/, R E R, K28 TR RORL B Ff
5 5 ) 28 ) 0 SHL ) O VR R E A v, (H A 6
ARIBUEII R, JB T 5 SRAF ORI T 5 9%
RSN VAT o N (= A N P+ (300 = AW i U 1
JoT 5 B B (4 5% 5 B A3 A E U ey, 35 B 10,33 B AR
SETTOLIRAR, MR = L BRAR A BSERORD 32 25 1 BRI,
BT AN i A A P KO — R BRI Y PR
RO R R I = T, A
REAE I T VI, & TR FF /IR B 5 5 95
ORISR Sva FE s = SN R = [ v T
TR JETA /R B GETRAS IR A B (B BBk 4 Bk
SN TR, 2 — 2™ B o 5 B2 TR i 3H i J
AR TR ST o e e, MR s, (HLERLRR 3 A B SR A
BORTER BRI, 7 — i ; PO BRI P ) = 255 5K
IR Y %6 4 (W (S NS VA SRSl = i my NG YR LY )
H ] DA b P B R R i R, R 2R T B R ST (RN R
Oy REIEREE T R AR R TR AT INVRL R

X 17 A~ ZE R D X R B e R 7 2R 2
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