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O3 IR AT RSB R R E Ay A LB A
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Table 1 Tested varieties ( line)

s i (R ) B K e i (R ) B K

Code Cultivars (lines) name Code Cultivars (lines) name
16023 HWiE Green Pea 16138 T E 4 15 No-tendril sprouts 1
16039 I 1 5 Suwan 1 16139 Wi 75 Chengwan 7
16040 JFE 2 5 Suwan 2 16140 BHi 8 5 Chengwan 8
16051 F§i%E 11 %5 Texuan 11 16141 818 fif 2 57 818 sweet broad pea
16054 FRBHEIPIS. Cuizhen sweel pea 16142 HJHPIS. Heimei pea
16055 Y EIET Sweet crispy pods 16144 RWPLL Grey pea

16078 JRBE 2 %5 Suwan 2 16146 TeA 4R No-tendril sprouts
16079 A% 76 Qizhen 76 16147 604

16094 H 9 %5 Zhongwan 9 16158 HRHi T Black-eyed pea
16095 "1 10 5 Zhongwan 10 16170 Wi 1 5 Zhewan 1

16096 " 4 5 Zhongwan 4 16173 Sweet broad pea

16104 YA Aozhen 16174 UY039

16105 KB FE Yongshengzhenbao 16175 UY099

16106 H175 Bk 1 Local variety 1 16107 H1 75 il 2 Local variety 2
16177 Hu 5 b 2 BHMERUIERT 22 55 Sweet crisp double pods Dutch bean 16110 B K BT Taiwan Longevity kernel pea
16178 F 5. Safflower pea

1.2 &H PEG iRERIFIERIXEIET
VEHLIS AL 5 S AN A Y 3 0 9 R A1 R 16158
16141 .16106, 4354 0( CK) .1. 0% 2. 5% 5. 0% .7. 5% .
10. 0% 6 P[RS FEHE (w/w) BY PEG-6000 i T
REFR BRI 360 B R/ N—Z P, 45 75%
RS 1~2 min, WK e85 KA BT
FEFRILA (BRI 20 A7) JF 0 AGE FEVE 7K B T 25°C RXZ
FIRERN T AU (TR ) 4T 24 h WAKAE
FH B 5 R F TR R A AUZ DRI 53 A A
20 mL ARV E PEG-6000 ¥ HYE5 3= L E 7+ 5
TEACER, AR AL BRI 3 U A, 6 BEZH U ZE AR KA
PEG ¥k, BFRIBe e IR =4 vh A T & 2500, TR
JE R 25°C  ERIOEIR 16 h/ HBRE 8 h,3 d RStk %
#7 d JRGeit AR AR A Ho ] i & e AR

5 LT L 1 B A T R e A R
1.3 #ETEBLEREERAESH

e 31 Wi AR BT (3 1) , 4% BV B2 0 e 15 79
RS, UL L2 Thfik s 21 PEG-6000 ¥ AR
AR AP 3 KA, AbFR 60 h JE AT
7K % ( seed water absorption ratio, WAR) ; % K I 2 Ff
TR dJaGEt k28, T d JRgeit A28 IR
TEIC 10 JURFRL I 4 HC & (fresh weight) , T (dry
weight ) #R1 (root length,RL) % (buds length , BL) 5%
Pk, 1158 & 25 3 ( germination energy, GE) | & % R
(germination rate, GR) . & % 8 % ( germination index,
GI) MR H (root/shoot ratio, RSR) | % 7148 X ( vitality
index, V) 2 9 5t IV i 7% 32 %8 ('storage material transfer
rate, STR) 48R, THEEWT .
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Fh 7 KR (WAR) = (Fh 7K 60 h JG B8 -F  FE(y.):

T K FTEE &) /Fh T W K R E X 100% (1) B minAij + pmaxy, S 15
RIFB(C)= Y Gi/Di (2) &= ‘A, + pmaxd,; (i=1,2,3emsj=1,2,
Kb G s R ZER, De IR I R R T n) (12)

ZEREL, yiziZ ',L_ &  (i=1,2,3-- ,m) (13)
Yﬁjj*ﬁbﬁ( VI): GIXH&*E:F‘E: (3) S " ‘L _1:(1 = S, Bhe . 0 .l [
Wit (RSR) = (K fef R/ ZEEEE ) x100% (4) :_EEEF',AUTE%%unﬁFEiﬁE‘@%E% l /l\*aﬁ‘/ﬁ%] A

SEEE (total fresh weight, TFW ) = AR ff 5 + 27 fif 5
+Ff L fif B (5)

W) B % (STR) = (ZF TP H+R T8 ) /(3
THHRTE R T ) x100% (6)
1.4 M A EREES TS0

SHEEEN BRSNS E LRGN
AT DA S A R 10 T8 AR I (E
VR RS, Xof 25 PRI B (SR P 24 0 i AT 25 57
FAE AT AR IR (T) L (8) 23 AR BRI 5 ZR 4
(drought tolerance coefficient, DC ) Fl 2% & ¥l 5 R

( comprehensive drought tolerance coefficient, CDC) :

X
DC:CK’]ij (i=1,2,3-m3j=1,2,3-4+-++ )
(7)
1 m
CDC= -3 ' DC (i=1.23=m) (8)
m =

Arb X, CK A BRERES § ANRARER A SR Y
T2 Maa AR CK 2 E

FAF(9) L (10) A HHTHEH FAE R (o,) M
HARPR SRR R u(X,) ]

w, =P+ z m 1P£ (i=1,2,3---- m) (9)

1 =
u(Xij): (Xi_Xijmin>/(Xijmux_Xijmi,n,) (l: 1 ’2’3
...... m]—1,2,3-~---~,n) (10)

S P, IRARE | AR 05 TR X,
X e 7 BIMRERE @ N HEFR T 26 j A A Y DC Y B
UNEE SN

F A1) TR 5 B i {E ( drought tolerance
evaluation value,D) .

Pi
ki) 1 (i=1,2,3

X . _ P

1 =1

k
D=3 [V x(

(11)
K UCX,) 8 E RT3 90 M8 3 ko E 1 70 H
HhZE S T
A (12) ((13) RS R L) MAFAUOCHR

F(R) E@E@i@XﬂL%{E;minmjﬁ maxm]-ﬁ%”{ﬁ%%%/]\:
WA N ZEE N B K A X 2508 p N HRE (p=
0.5),

A (14) L (15) 430 E S TE AR AL E R A o,
(y )] R AL & B B ( weight  drought tolerance
coefficient, WDC) .

;)= :; (i=1,2,3-,m)  (14)
LZ]')’i
m Yi
wDC= Y [DC x ( y)1  (i=1
l=1 z n
i=1
2,3eenee ,m) (15)

LA DC{E N LT, 43 BILA D {EF WDC {5 K2
P HN AT IR O OCHR B 3T, A5 45 4845 DC 55 D
(B2 8] 4 CIEBE (y,)) 2 DC 5 WDC {f 2 7] (1) S Bk
E( Ywnc ) o

MRYEBEABE A WA (R) 89 D (E, LUMATEC R 5
A2 3 R PG B R 47 R HT, I8l 43 Hh 45
BT 252, 3B D {E .CDC {EA WDC {ELZ A [\ 15
GMT 438 BR DC AE, 2Kk A5 1515 J7 #2 . SR ] Microsoft
Excel 2010 IBM SPSS 19. 0 £ SPSS 24. 0 4 i1k 4%}
BEIEA TR R T

2 HBR5H5H

2.1 PEG-6000 i& B iR B/ iFiE

R 2 A, 3 B G s Fh (R) #EA R PEG -
6000 ¥ BEADFH A5 14T, iR 34 32 B[R] 2 B i 4 il
TEO0(CK) . 1.0% .2.5% .5.0% .7. 5% F1 10. 0% ¥ &
T3 MR (FR) R AME 73 5 R 4.38.3.63,
2.92.2.52.2.00.1. 74 cm, A FHAH AR KB CK 5391
T KT 17.12%., 33.33%. 42.47% . 54.33% Al
60.27% ., HRETE 2. 5%PEG-6000 £b3 T, 5 CK 2%
W3 TE 1. 0% ~2. 5%PEG [B]Bi GAR K T FERE Rk,
[FIAFFf % PEG—6000 ¥ BE A9 ¥E N, 78 5. 0%, 16106
R AZ B EH . 25 L 2. 5%PEG-6000 1E ¢
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R 2 AREREHR PEG-6000 BB 4b 32 3¢ 35 5 #f & BRI

Table 2 Effects of different concentrations of PEG—-6000 stress on root length during pea germination stage /cm
s #eJ¥ Concentration/ %
Code 0(CK) 1.0 2.5 5.0 7.5 10.0
16106 0.24+0. 08a 0. 18+0. 07ab 0.04+0.07b 0b 0b 0Ob
16158 7.61+£0.01a 5.99+0. 09b 4.12+0.01c 3.50+0. 07cd 2. 86+0. 08de 2.68+0.07e
16141 5.30+0. 08a 4.74+0.07b 4. 58+0. 08b 4.05+0. 09¢ 3.14+0.09d 2.53+0. 09

TE  ARVNE TR 3R A — S A E 0. 05 AP B2 3,

Note ; Different small letters in the same varieties mean significantly difference at 0. 05 level.

B9 17 1t 2 e R O U R AR B
2.2 WMEBEZHIERSW

Hi2¢ 3 %0, CK A1 PEG-6000 Kb 3 31 45 Ffa]
72 50 B 38 B 25 K5 25 PR AR AR S R B A T
19. 30% ~95. 27% 1 20. 34% ~99. 63% , H: 2 K75 7
B (95. 27% 1 99. 63% ) , it Hi A8 T ZR K /)N
(19.30% %1 20. 34% ) , ¥ 28 5 REON KB /NHEF , CK

i AR OR 25K > 16 T8 5501 i g e iz o >
R LU S ARG > 2 238 e ZEHR B0 e 2 8> Tl P IR %
>REEEE PEG Ab 3R AS H AR Ry 2K > M5 LE > 16 )
TR W) IR L2 RS R > K 2F 3> B IR B> & 4
BRSPS Slif E 25 13RI, 31 0 il LA RHE
P70 o R rp 25 M G MR A A7 7 2 T2 I A
I 4 & e B e vy i S 3 A

®3 BEMFHREXERSHT

Table 3 Analysis on indexes related to pea seed germination

oyl PEG AbF
Jeb7 CK PEG treatment
fdex TR RKE RME ERRER T B BUME ERRE
Average+SD Max Min CV/% Average+SD Max Min CV/%
REHH GE/ % 61.72427.55™ 100 6. 67 44, 64 61.83+31.71"" 100 0 51.29
RHE GR/ % 70.97+26. 67** 100 13.33 37.58 68. 82+30. 84 ™ 100 0 44.82
RHFRELCL 13.75+5. 99 ** 23.89 2.19 43.58 13. 47£6. 84 ™ 23.39 0 50.77
lCpakix il 1.03+0.93 ™ 5.11 0 90. 11 0. 88+0. 74 ™ 30. 64 0 83.29
R RL/em 2.82+1.70™ 7.61 0.10 60. 34 2.54+1.67" 6.74 0 65. 58
£ K BL/em 0.90+0. 86 ™ 4. 44 0 95.27 0.51+0.51 ™ 1. 80 0 99. 63
MR RSR 195.38+119. 39 649. 28 0 61.10 281.35+236. 52" 966. 67 0 84.07
7k 2 WAR 5.75+1.34™ 9.29 3.71 23.32 5.54x1.41" 10. 05 3.17 25. 48
JBEER TFW/ g 7.32+1.41% 10. 67 4.74 19.30 6.81+1.39™ 101. 08 4.36 20. 34
YR 18 % STR/ % 5.16+3. 80 18.93 0 73.70 3.75+3.01" 13.75 0 80. 18
T BN S HRARTE SRR I 7E 0. 01 K25 i 3,
Note: ™ indicate significant difference at 0. 01 level among varieties.

2.3 HBIUSHRAH

G1 R EAEAR T 2 R A (DC) #E AT T (K 4)
GER R, B PEIRFE RIS DC HEF RZBAN T 5. 62%
~78.60% Z [a], Forf ZF K A8 S5 R AR K, ik #
78. 60% , Tl W 7K SR e fif B AR 5 AR KN, A
5.62%M1 7. 60% , 5] PEG-6000 fif}ifl kb 5 25 K %
S FZMR R, PR RN o i 2 AR Ak
BN NS TEIR DCAEZAS S RECKR A, 2R K (78. 60%) |

M (76.16%) 1% J1F8 B0 (61. 15%) I ¥ i 5%
IBHR(52.33% ) FIHL A (40. 029% ) 78 &t Ff 18] 725 S 0 JBF
K, AT DME R Fh 0 & T 52 08 U P b . AL 2F
K DCERFE, KT FHEMSF (R)A 154, Hf
16104 16078 ,16107 . 16110 16139 F1 16040 6 > Fh
(R) B DCAEHRT 1, Ul T B i 2514, iX
SO i 2RO 2 B 52 ), B B — i A AR
FH;31 0y 88 S AR 7 He DC {EF ¥ (N 1,55, Ho
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16147 16023 ,16140 . 16055 . 16105 1) DC {H4 K, ¥k
T 3.0; 1% 19845 DC SR N 0. 77, K FHER
WA A 14 Oy, # B KONER T 5 1 3 0l A
1611016107 16079 . 16040 F1 16078 ; #4145 s iz
2 DCAH R/NHETY, HE 2 SEHT A9 50 AP 32258 16110,
16107 16141 F1 16040; ¥R DC {H#EITHEF , 16110,

x4

1614116107 ,16146 16040 i1 16170 HE& FE /T, M4
BATRR BT , AN BHEAS [R) 19 BRI 4 B v R AN
[, 8 ik BATBRE AR X 31 £ BT R4 T R O e 45 R A
ANHATR], R HANGE A3 B 5048 b 6] 8 2 i i
PR A SR PR

2 MR Z IR R 25 (DC)

Table 4 Drought-tolerance coefficients of parameter during seeds germination for pea germplasms

s KR WAk RS R LilSIS 827} MEEE REL FFokE FR

Code Gl HevI GE GR RL $12R STR TFW RSR WAR BL
16158 1.00 0.58 1. 00 1.04 0. 62 0. 63 0. 84 0.78 1.02 0.53
16094 0.95 1.08 0. 89 0.90 0. 80 0.71 0.93 0. 86 0.96 0.75
16141 1.13 0.75 1.08 1.04 1. 69 1.15 0.83 0.98 0. 84 0.68
16139 0.95 0.90 1.04 1. 00 1.01 0.96 1.02 0.98 1.00 1.07
16110 1.46 2.47 1.65 1.43 1.78 1.78 1.08 0.65 1.08 1.10
16140 1.18 1.02 1.20 1.09 0.95 0. 62 1.03 3.53 0.94 0. 47
16107 1.21 1.57 1.24 1.23 1.31 1.34 0.98 0.79 1.01 1.25
16175 0.37 0. 00 0.25 0.50 0. 60 0. 00 0.90 0. 00 0.95 0. 00
16055 0. 81 0.91 0.70 0.90 0.90 0.98 1.06 4.79 1.05 0. 34
16040 1.00 1.17 1.04 1. 04 1.18 1.13 0.92 0. 84 0.92 1.01
16096 0.52 0.28 0. 60 0. 62 0. 44 0. 41 0.90 1.06 0.98 0.25
16173 1.13 0.88 1.12 1. 12 0.85 0.56 0.94 1.77 0.98 0.33
16095 0.98 1.02 1.00 0.95 0. 94 0.72 0.89 1.89 0.92 0.55
16170 0.57 0. 44 0. 60 0.50 1.05 0.59 1.07 1.94 1.00 0. 80
16178 0. 94 0. 74 1.14 0.96 0. 82 0. 82 0. 96 0. 74 0.96 0.96
16174 0. 88 0. 64 1.00 0.89 0. 81 0.52 0. 96 2.68 0.95 0.24
16079 1.24 1.20 1.06 1.25 0.93 0. 63 0.96 2.42 1.00 0.27
16039 0.77 0. 54 0.96 0. 86 0.65 0.51 0.89 2.49 1.01 0.26
16177 0. 60 0.20 0. 60 0.57 0.39 0.26 0. 84 0.00 0.90 0. 00
16054 0.97 0.73 1.00 0.93 0. 81 0.59 0. 94 1.21 1.01 0.63
16146 1.03 0.93 1.00 0.96 1.26 0.94 0.91 1.71 0.99 0.76
16105 0.63 0.30 0. 63 0. 65 0.48 0.29 0.97 3.28 0.99 0.18
16142 1.01 0.71 1.15 1. 14 0. 74 0. 68 0.91 1. 17 0.95 0.75
16104 0. 41 0.25 0.25 0.50 0. 81 0. 81 0. 89 1.27 0.88 2.00
16023 0.89 0.77 0. 87 0. 88 0.99 0. 60 0. 90 3. 44 0.94 0.24
16051 0. 80 0.48 0.70 1.00 0.42 0.36 0.91 0.00 1.01 0.00
16078 1.07 1.09 0.95 0.93 0. 80 0. 81 0.85 1.42 0.94 1.51
16138 1.04 0.88 1.33 0.92 0.70 0.70 0.90 1.51 0. 89 0. 61
16147 1.12 0. 64 1. 04 1. 04 0.71 0.38 0. 84 3.19 0.97 0.10
16144 1.11 0.76 1.20 1.14 0.85 0. 68 0. 86 0.78 0.94 0.65
16106 0.25 0.09 0. 00 0.33 0.21 0.11 1.05 0.00 0. 86 0.17
SFAME Ave rage value 0. 90 0.77 0.91 0.91 0.85 0. 69 0.93 1.55 0.96 0.59
S RECV/ % 30.77 61.15 37.21 27.29 40. 02 52.33 7. 60 76. 16 5.62 78. 60
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H13 5 AT A1, Bl 2 45 T8 b (BRARIE LE ) #8 5 HoAth 2
AR AL O A O, RIS bR = ) AL
AR, R R kR RFE
B HREC R R W E G i R R R I
I, MR R B T 0. 554 ~0.921 Z[a], A G TR 4
1o 5 TR R 2 R R e R B A OGS RO
0.387 ; RLE T 515 JIHR L PP T UK R A 3 I A
XK MR B 5K 0. 570 0. 579 3 Ff TR 516 1

FEBLE 5 TEATSG  HEOC R AU 0. 385, BB 115
s R GRoK BE 7y, it — 2B i JEaffin, AR
T HCRE AR 2R 2 A B — PR i S 5 PEAR
ER RS HE 5 2 A PR Z L A B A O
P, U IAS [R) A4 RHE 52 21k 30 I 52 26 B AR ] A4 22
ek, DL EEPREN, T RMba R A R AT,
TS WAV T2 0§ 28 (2 3 R 2 R R R AR B
RS R A (RS ) Ry B iz

x5 BmEMRERERTRERLY(DC) AR

Table 5 Correlations of drought-tolerance coefficients between parameters during germination of pea germplasms

Eis REH KRR ORER WA R HK g A POk R 75861
Index GE GR £ Gl vl RL BL RSR # WAR TFW ¥im A STR
RFH GE 1
REHFF GR 0.864™ 1
REFFEEL Gl 0.921*  0.957* 1
Lk Er 4l 0.766™ 0.824™  0.823™ 1
4 RL 0.602* 0.617* 0.653™ 0.686™ 1
2K BL 0.554™  0.504™  0.569*  0.618™ 0.612™ 1
MR L RSR 0.103  0.172 0. 183 0.175 0.155  -0.151 1
FFIKE WAR 0.237 0. 306 0.210 0.385*  0.055 0. 050 0.152 1
ST TFW 0.086  0.081 0. 025 0.570*  0.204 0. 158 0.219 0.579* 1
Yy BN B 2 STR 0.676™ 0.668™  0.670*  0.826™  0.835"  0.739*  0.109 0.254 0.387" 1
T © 0 AR FRIRTE 0.05 100,01 KPR EE, TR,
Note: * and*™* indicate significant difference at 0. 05 and 0. 01 level, respectively. The same as following.
S HGESR BN B A G ik DR i, A T Rk G A T
0.2 #A5VEIRI R BAER B R (R 6) . 4iRE 2.4 BHREEIHSHW
B[] — DX [] N ) A48 AR DC B 53 A URBIORU A 22 458 SR H G S B B AR G A T R T AT

K, 0.6<DC<1.2 {EHE N, FKFabr o i B, &4
FEEC T AR R R AR R W) B i
R EETE MR R I K FE 2R B 43 A AR 4
WA 74% . 61% . T4% . T4% . 68% . 54% . 100% . 35% .
100% 39% ;1. 2<DC <2.0 I}, & ZF48 %0 0% 3880 %
R R IER K WY B s R R L 2R
I3 A R N 9% 3% 9% 9% 12% . 6% .24%
9% , Ut 13X LG A3 X0 T SR BE Y SO R B DC>2. 0 1
HRIEE FE B A AT 3 26% , 2 W 52 s 36 %o 22 505
AR LU SE M, 25 H Aot T 5 JBirai s g i ek
NI A 2 I8 ) S A s 2 T 5 45 il
TR AR R R R AR FR A ML
SRR AN [RIPROR T T SR A 0 e iy R AR AE 25
[F]— bl ( 3R ) A [ 48 b [ it 52 2R B0t A 58 4 — 3K
UCBU Al AL —F8 45 ( DC {20 ) YR B, i ST 2
P O U O e S e T B O 2 A R AR AT 2R B T

o BN B0 2 RGP A% B . — 2 AR pTikoR
25 BTTHCR 80% LA I TREHMEEE R TET 1,
H 3 7 AAL, £ B FRRAEAE T 3 A B 1 STk 4y
WA 52.423% 15.717% 1 13. 344% , B 11 BTk R 15
81.483% , HUASMEAR N>1.334, Hor, 84> 1(F1) 1E
KR KR R IFIREL T 138 SO R i
TR AT i, A 43518 0. 888.0. 896.,0. 913
0.948 0. 888 3% 5 MRS B T 8 7 R 1 & 1A Ay i
KRB, TS 2(F2) FEAR TR AR T I 7K R 2 far
R, 7910 0. 656 0. 641, 3% 2 M EFR M T Hi T
HAE KA BOR I, F240 3(F3) 7E M B E b 4y i
K, R 0.783, Ho s W T B 5 i A BRI
2.5 XHABEMBRERELTRESEEEN

¢ 8 mJ A1, (R 2 A i R R 8 (CDC ) Ay
F0.307 ~ 1.449 Z (8], SEH4{E N 0.909, 45 #E 25 4
0.248 SR KN 27.308% . AR CDC {EH K/ xiE
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Table 6 Different distributions of drought-tolerance coefficients of all indices in tested pea germplasms
0=DC 0.2< 0.4< 0. 6< 0. 8< 1.0< 1.2< 1. 4< 1. 6< 1. 80<
LU <0.2 DC=<0.4 DC=<0.6 DC=<0.8 DC=<1.0 DC=1.2 DC=<I1.4 DC=<1.6 DC=<1.8 DC=2.0 DE>2.0
Index
T F T F T F T F T F T F T F T F T F T F T F
REFFEHL GI o o0 2 6 3 10 3 10 9 2 11 3 2 6 1 3 0 0 0 0 O 0
ti@aki=s 4l 3 100 3 10 4 13 8 26 5 16 6 19 0 o0 1 3 0 0 0 0 1 3
KEEH GE 1 3 2 6 2 6 4 13 8 26 11 35 2 6 0 0 1 3 0 0 0 0
KEHEH GR 0 0 1 3 4 13 2 6 13 42 8 26 2 6 1 3 0 0 0 0 0 0
R RL 0 0 2 6 4 13 7 23 11 35 3 10 2 6 0 0 2 6 0 0 0 0
Eg?ﬁz% 2 6 4 13 6 19 9 29 6 19 2 6 1 3 0 0 1 3 0 0 0 0
BB TFW 0 0 0 0 0 0 0 0 25 81 6 19 0 0 0 0 0 0 0 0 0 0
H5E . RSR 4 13 0 0 O O 5 16 4 13 2 6 2 6 2 6 2 6 2 6 8 26
QTWIEZK 0 0 0 0 0 0 0 0 22 71 9 29 0 0 0 0 0 0 0 0 0 0
ZFK BL 6 19 7 23 4 13 8 26 1 3 3 10 1 3 1 3 0 0 1 3 0 0
TE T 0BG F MR,
Note: T:Time. F:Frequency.
x7 HIABEMRESERINS R SR THKE
Table 7 Eigenvectors and contribution rates of principal components of all indices in tested pea germplasms
7 HF Factor
Index FI P2 F3 F4 F5 F6 F7 F8 F9 F10
KR GE 0. 888 0. 058 -0.352 -0.019 -0. 056 0. 133 0.178 -0.177 0. 006 0. 026
KHEH GR 0. 896 0.117 -0.348 -0. 107 -0.016 0. 080 -0.012 0.171 -0.112 0.051
REFREL Gl 0.913 0. 064 -0.359 0.019  -0.060  0.100 0.010 0.079  0.069 -0. 090
k4l 0.948 0. 027 0. 104 -0.083 -0.088 0. 063 -0.238 -0. 065 0.102 0.032
K RL 0. 830 -0.209 0. 196 0.202 -0.142  -0.388 0.097 0. 058 0.072 0.019
ZEK BL 0. 447 -0. 640 0.427 0. 130 0. 365 0.225 0. 057 0. 050 0. 042 0.010
W RSR 0. 137 0. 656 0. 020 0.724 0. 159 0.034 -0. 027 -0.006  -0.008 0. 006
I K 3 WAR 0.423 0. 641 0. 185 -0.433 0.406  -0.145 0.033 -0. 006 0.023 -0. 006
BEEE TFW 0.212 0.432 0.783 -0.095 -0.325 0.182 0.074 0.034 -0.014 -0. 006
YR i % STR 0. 888 -0.263 0.285 0. 059 0.036 -0.114 -0.070 -0.092 -0.169 -0. 040
FEE{H Eigenvectors 5.242 1.572 1.334 0. 800 0. 465 0. 308 0.113 0. 087 0. 064 0.015
BIHkF Contribution rates/ % 52.423 15.717 13.344 8. 005 4.652 3.078 1. 132 0. 865 0. 640 0. 145
L 52.423 68. 139 81.483 89. 488 94. 140 97.217 98. 349 99.214 99. 855 100

Total contribution rates/%

AN BT T SRR TS SRR 4 S S AR IR
16110 ,16055 16140 16107 ; it PRI HY 3 5

WA 16106 16175 16177 , HAFN BT A T W Z [H]
it LR (D () /T 2.359~ 11. 147 Z[1],F
54 6.603, brifE 2% K 1.779, 78 53 Z BN 29. 346% .,
FRAE D AR/ I P BT 2 1 7 i 5 1 HE S, ot 5
FRAY 4 D EAMK A 1611016107 ,16055 16140, ifif 52

PEEEI I 3 SRR IR R 1610616175 16177, WDC
fHR/N N 0.307 ~ 1,441, F-3{E M 0.915, bnifE 2= R
0.250, 745 5 R HL 27.342%, F T MBS B E (WDC
{8 K/NHEATTR PR, 45 51 W Tt S o Ay 4
AR TR YR A 16110 16055 16140 F1 16107 ; it A 55
S 3 A SRR YR N 16106 16175 F1 16177, D {H .
CDC B \WDC { %] 42t i B i 52 1 17 45 SR S A W)
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G K 3 FhHERR IR AN, AT 25 G HET , i Sk A BHIHY 3 AN AMK IR A 16106 16175 Fl1 16177,
1 4 AR IR R 16110 16055 16107 (16140, i 52

x8 MilBmERH(R)WEETFNE DC E.WDC H.D EHNEGHF
Table 8 Comprehensive ranking of DC value, WDC value and D value of drought

tolerance evaluation in tested pea germplasms

Gt CDC A Eil350 DH Hery WDC & Eil350 gaHy
Code CDC value Rank D value Rank WDC value Rank Comprehensive rank

16158 0. 803 26 5.352 24 0. 804 26 25
16094 0. 881 21 5.956 21 0. 881 22 23
16141 1.017 10 6. 504 11 1.017 11 11
16139 0.992 12 7.115 6 0.992 13 10
16110 1. 449 1 11. 147 1 1. 441 1 1
16140 1.201 3 7.943 4 1.221 3 4
16107 1.192 4 8. 451 2 1.187 4 3
16175 0. 357 30 2.587 30 0. 358 30 30
16055 1.245 2 8. 394 3 1.273 2 2
16040 1.024 9 6. 822 8 1.022 10 8
16096 0. 606 27 3.962 28 0. 612 27 28
16173 0. 967 14 6. 659 9 0.975 14 14
16095 0. 987 13 6. 300 12 0. 995 12 13
16170 0. 856 23 6. 088 17 0. 865 23 22
16178 0.904 18 6. 190 15 0.903 19 17
16174 0. 957 15 6.278 13 0.973 15 15
16079 1. 096 5 7.579 5 1.108 5 5
16039 0. 894 20 5.717 23 0. 908 18 21
16177 0. 436 29 2.746 29 0. 436 29 29
16054 0. 880 22 6. 073 18 0. 884 21 20
16146 1.048 7 7. 041 7 1.053 7 6
16105 0. 838 24 5.306 25 0. 860 24 24
16142 0.920 17 6. 048 19 0.924 17 18
16104 0. 807 25 4.287 27 0. 808 25 26
16023 1.053 6 6.528 10 1.072 6 7
16051 0. 568 28 4.344 26 0.567 28 27
16078 1.037 8 6.197 14 1.038 8 9
16138 0.948 16 5.957 20 0.954 16 16
16147 1. 003 11 6. 149 16 1.023 9 12
16144 0. 897 19 5. 861 22 0. 898 20 19
16106 0.307 31 2.359 31 0.307 31 31
S Average value 0. 909 6. 063 0.915

FrifEZE SE 0.248 1.799 0.250

ARRECV/ % 27.308 29. 346 27.342
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2.6 REBEBESH

H138 9 I A6 T, SEROCIK B (y,)) |
BAAE R DC{ES D R IR, HE A 10. 502 2
~0.551 6 Z [, N KB/ IMK IR L FF oK 3%
SVEEE R A R IR R A IR IG5 )

T s R 2R KA A O HE BE (g )
#48hr DC{H 5 WDC {HN 2 UIFEEE , HAB A T 0. 7324
~0.937 5 Z[a] , NKBIIMRICN & 24850 k8% &
ZFH R R IROK AR MR W DR B ) R
iR ZFR ARG L

*9 WiXBmEMRZER DC E5 D EM WDC ERXBKER &EHRILE
Table 9 Correlation degree between DC value of all indices and D value together with WDC

value and indices weight in tested pea germplasms

J5 b7 e ;s Hey DEER eSS He
Index Yb Rank ; Ywne Rank
KGR CL 0.5158 5 0.099 8 0.937 5 1
955 VI 0.507 0 8 0.098 0 0.876 8 7
K ZEH GE 0.515 6 6 0.099 7 0.923 1 3
KEFFE GR 0.516 8 4 0. 100 0 0.936 2 2
& RL 0.513 1 7 0.099 2 0.908 7 6
IE ) BT i A STR 0.504 2 9 0.097 5 0.870 0 8
BEEE TFW 0.5213 3 0.100 8 0.917 1 4
Mgt b RSR 0.551 6 1 0. 106 7 0.732 4 10
FhFIRK% WAR 0.5227 2 0.101 1 0.916 5 5
ZEK BL 0.502 2 10 0.097 1 0.8152 9
2.7 BELSWEmBRANIK S
A 5 A -4 5 i 47 5 2 50T, 7 K FC B 16142
B D2=8.5 Ak, LUK 31 (R TIE fF (FR) 400 4 16178
HBECE 1), 5 T 25BHL A 1605416142 % 20 (bt 16094
B, B 64. 52% 3 45 T BE 9 f9 16140 16079 oo [—
16055 3t 3 By BAEL, i KKCH 9. 68% 3 4 T JS R 40 & 16005 [
16175 16177 16106 , 16096 , 16051 Fil 16104 3£ 6 43kt o130
B, R 19.35%; 55 IV R4 16110 F1 16107 P El‘ !
2 UyhkE, GEit 4 DSBS I PEA SIS A5 (D 1A PO
CDC {HA WDC fH (£ 10) , 45 R R 55 1 hBHER 10059 ﬂ‘
R AN FETR B AE 4 D RBEP AL, VA 1 e
EREWT AT B aa B ORG24 T 25F9 D {E .CDC phancl N N
{0 WDC (R4 T RERES T 20E, o LI 2 ) —
it TR 55 IV 2 B BDRHR AL A 304 0 Ao i g N
TFRHR AN 3 LG bR A R, BRI AT DK i S A I 160 1
R SR AR, 25 F 4 AN IEREmT S0 A 5 2 55 16104 v
or S i TOT S T e T S s 16110
WU IV ZERES S TS50 M 2ERES50 1 250, MWO T p g T T

2.8 ZLEIEFSH

3 ILL D A .CDC {EAT WDC {5 2% 551, %t
WP AR (R) &48F5 DC #1784 034347, 15
3 ANBAE IR (R 1) st F A 3 AT R
IRBIM K U 3 AN UL G BE 4 RORG FE A

1 EF D EMHIRBEFEIR(H)
it St 5 2L E
Fig.1 Cluster map of drought tolerance of

pea germplasm based on D value
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F11 B SRR SR

Table 11 Prediction of drought resistance model for tested pea germplasms

PR AR & ZIuig LA )i AR B FiE P{H
Dependent variable Multiple stepwise regression equation R F value P value
ZAH R R CDC Y=0.316+0. 308X, +0. 168X, +0. 216X 0. 870 32.191* 0.000 1
JACSEEREE WDC Y=0.318+0. 321X, +0. 161X,+0. 212X 0. 855 32.191 * 0. 000 1
it S BE g D Y=2.380+2. 088X, +1. 011X, +1. 335X 0.917 53.883 " 0.000 1

TE X PR X, AR IR X 2 X 2R X R

Note: X, : Germination index. X, : Vigor index. X;: Germination energy. X, ; Germination rate. X : Root length.

F10 KB EFHEAETENERN S R
Table 10 Grading evaluation of index about

drought resistance of pea germplasm

Fe b DC{H DC value

Index I I m e
REHH GE 0.40 0.93 1.05 1. 65
RHFF GR 0.59 0.95 0.99 1.43
REFHREGI 0.49 0.94 1.01 1.46
EIIHEE W 0.22 0.75 0. 89 2.47
M RL 0.48 0. 80 0.96 1.78
2K BL 0. 40 0.26 0. 80 1.10
e . RSR 0.39 3.23 1.21 0.65
7K A WAR 0.93 0.98 0.96 1.08
B TFW 0.92 0.95 0.92 1.08
Yyt e 12 3 STR 0.33 0.57 0. 81 1.78
LSRR CDC 0.52 1.04 0.96 1.45
ifif S B 5 D 0.52 1.05 0.96 1. 44
TR CIEE WDC 3.38 6. 74 6. 41 11.15

w5, AT 3 ANJT REEA TS 30 S ah M A T (i)
SRV, AN, dr A 1S 5 R AL R A B R o B
DR AP () PR v e Bl 5 D B %)
FAOGHIHE R, WA P8R A0 TR K AR 3 MR kAT
TR , R AT 253 0 Ao S B R A T S, AT 8 2
TAEfAL 32 TAERCR,

3 e

PRAEW BN ST $2 B AR T I AT 23 by 40 4
SE IS E RO S L R LR AR R PR
AR S ], A T ERAE R R S
ZAEEEAEREE Y AR RS T R
SPECOL R R R EREEZ
B>

FR, 76 2070 B E VR A AT T 9T (1)

SRS E BRI, A [R5 BT SR FH 10 9 328 265 5 46 B 410
A AN TR]  d5e 28 5 358 H R B TR S PR 48 AR A7 7R 25 57
WPR2AE S X 20 AN K 1 R 2E 30T i 52 0 0F 5
A0 R AFATNR ZF R B G OL T, 38 IV i 5
P MR bR . X2 SCAEHE R T O AR E S T
PR OC FR BE ST b A B AR 19 0 5 i 51 % U0 A
O TS 5% it i 18 JPR AR e G Al 26 Y g it A G, E A A
A5 A R O T U 2 T R S v R T R
T AR T AR A= FOR I ATV R AN R S 2 B
YR A PR bR, BRI R A B () B
P57 R 516 ) 48 BORA — 7 BRSO , BT & 1)
Foft 3% FIRE 0T LAVE BT () A58 7 1 24481
Bewleym]Eﬁ%%%ﬂiﬂﬁ%ﬁﬁ%ﬁ%ﬁ*ﬁ*ﬁgim
REPRE T B AR KOIR DL o AN 10 o 28 0 1 1 28 34
KA T IITHREC T AR B MR AAR D B S K Y
it S IE R bR

L) T 5P 52 5 e PR R A 45 3 ] 42 ], R R
BRI bR AT S PR DO B A SO R HE R PR A
I, R WLI Z2 865 HEA T 2R B 3 BT 5 X e bR
Tt P AR A B AW A S A 4
2% SR R BOE A BIPT () FERE R (D (H) |, HLfE
L35 A AR HRIA] AR LG R ELRESR 1 B —FR AR TE Y
FrTEE , AT RCHER M PPN B S R R IR
SRHRBE I e A Ay ik PR 3% ) SC I AR B2 1) — b 7 6, Wi
R T ETEAR I E M AR LI R bR DC N
¥, D HA WDC {H A2 % 751, 45 3 Bon & 46
PRorHTTE D (BRI WDC i ) A #5051 — BohE, 5 R %%
PSRN AR XIS I ST A R B R
53 B R 3 3 o A B ) B A 22 A T X I X 5
BT RN GETT ik, B — @ TSR AR
LA D {E . CDC fH 1 WDC {E A R 5 47 % Fh ()
K IELE AT RV By Al b fF 31 43 5 SR R R
Grh 4 2 R R RS NEDY SR
i S S e A5 R — B, ARSI A I S 9
RIAPT R e PR T AR Y, 0 T R 5
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Germplasm Identification of Drought Tolerance of
Vegetable Peas During Seeds Germination Stage

ZHAO Yufeng ZHOU Qingyuan GAO Huanhuan YE Sang WANG Qian CHENG Chuang

GUO Yanjun CUI Cui”
( College of Agronomy and Biotechnology ,Southwest University, Chongging 400715)

Abstract; In order to study the drought tolerance of vegetable pea seeds during germination period, 31 vegetable pea
varieties were used as experimental materials and were treated with 2. 5% PEG-6000 solution to simulate drought stress.
The seed germination energy ( GE) and germination rate (GR) were counted, and fresh weight (FW ), dry weight
(DW), root length (RL), buds length ( BL) and storage material transfer rate ( STR) were measured. Then,
correlation analysis, principal component analysis, cluster analysis, grey correlation analysis and stepwise regression
analysis were used to identify drought tolerance and screen drought tolerance index of 31 vegetable pea varieties during
seeds germination stage. The results showed that 2.5% PEG had significant effect on indexes measured during
germination of vegetable pea. The germplasm were sorted according to the comprehensive drought resistance coefficient
value (CDC), drought tolerance evaluation value (D) and weighted drought tolerance coefficient value (WDC). As a
result, there were 4 varieties including 16110, 16055, 16140 and 16107 showed stronger drought tolerance while 3
varieties including 16106,16175 and 16177 showed drought sensitivity. By cluster analysis, 31 pea germplasm can be
divided into 4 group at Euclidean distance D> =8.5, in which the first group includes 20 varieties such as 16054,
16142, 16138 and so on, the second group includes 16140, 16079 and 16055, the third group contains 6 varieties,
such as 16175,16104 and etc, and the fourth group contains 16110 and 16107. Also, stepwise regression analysis
showed that the indexes closely related to D value were germination index, vigor index, germination potential and root
length, which could be used as indicators of drought tolerance of pea germplasm resources during germination period.
The results provide a theoretical reference for further study on drought tolerance mechanism and drought mitigation
mechanism of vegetable pea during germination, and laid a foundation for breeding and popularizing the drought-tolerant
varieties of vegetable pea.

Keywords : vegetable pea, germination stage, drought tolerance index, drought tolerance identification





