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The analysis of drought resistance in different wheat varieties
during germination in southwest area of China

LI Guo-rui', LI Chao-su?>, WU Chun®, TANG Yong—luz, FAN Gao-qiong1
(1. College of Agronomy , Sichuan Agricultural University/ Key Laboratory of Crop Ecophysiology and
Farming System in Southwest China , Ministry of Agriculture, Chengdu, Sichuan 611130, China;
2. Crop Research Institute , Sichuan Academy of Agricultural Sciences , Chengdu, Sichuan 610066, China)

Abstract: To identify drought resistance indexes, responses from twenty wheat varieties to osmotic stress during the
germination period were studied by adopting 20% PEG — 6000 solution as drought stress treatment, and the overall
drought resistance capabilities were analyzed. The results showed that the germination potential, germination rate, germi-
nation index, radicle length, radicle number, coleoptile length and germ length of each variety were decreased under
PEG stress, and these indexes of different varieties were reduced at different levels with average reduction rates at 59.
1%, 17.1%, 51.7%, 51.4%, 18.5%, 19.6% and 71.1% , respectively. This was inconsistent with the results ex-
amined by varieties with single index of drought resistance. The combination of membership function method and system
clustering method was used to have identified that Shuwan 8 was strong, Mianmai 1403 was weak, Chuanmai 42 and
Chuanmai 55 were incapable, and the rest were moderate in drought resistance. Correlation analyses showed that the rela-
tive germination rate had the maximal positive correlation (0.90) with the D value, indicating that the relative germina-
tion rate could be used to provide fast identification of the drought resistance index in wheat.

Keywords: wheat; germination period; drought resistance identification; index; membership function method;
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= REX, AN X R ER N
frfE AN PR B PN B ML
Frbe S, o 4248 /N T T LAY 85% , Fr X L fil
itz , 8@ T YL A R SR Al X I 45 P e R
ZEOMRANIS] RN B R B B Z A SR K
Ol IR N G R B T
A AL BN, AR AR FERLE
ZAFF AR RAEAEAR G AN DK , 1 38 522 0 TGN K
ST AR T 18 IR T R I BT 28, XA AL A
AR, B, BF5E /N2 R 8 B P Rk
XFHCRESL I AREHURAERE IR AR 2,
AR R AR R B 8 & R E AR K R
Hh R R e S B L TR R AR B

Vo 55 B TR RN 100 O e R R P
fif R L) R (R A U iB R L —o BT, A
IS LY e Hl X B AR YRR 20 AN/
Floh AL, B 20% PEG — 6000 #5480 T 52 ke, Xt
Pk AR 2 PR R i T R G, DA
IRV e B X/ INAZ DU AT R ARG HOR B $2
P S
L AR ik
1.1 kIedrst

R E IR B U a4 A BT
(120 /N2 S Fp (36 1), 838 78 43 #7460 PEG -
6000( 2 2 ¥ 6000) ,

®1 HilSMHRS B IEFTEL FEFH

Table I Numbers, names, breeding units and approval years of wheat varieties tested
e A2 R LA VA HE AR i L AR N A HE A
N Hjﬂj Name of Breeding Approval N n:;— Name of Breeding Approval
mber variety unit year umber variety unit year
R YT s MR
Vi o The chongqing three gorges acade- 1963 Vi1 S Sichuan academy of agricultural 1998
Shuvan 8 my of agricultural sciences Chuanmai 30 sciences
pgzor DL IRALFER Bkl A
V2 . Neijiang city academy of agricul- 2004 Vi2 i - L 2007
Neimai 9 tural seiences Guinong 19 Guizhou university
N AL R o TRIIARERE
V3 Chuanmai 39 Sichuan academy of agricultural 2003 Vi3 YV ai 10 Chongging academy of agricultur- 2005
uanmat sciences umat al sciences
1% 44 P48 gl B B Y 42 PERI R
V4 . Sichuan academy of agricultural 2004 Vi4 b Southwest university of science 2004
Chuanmai 44 . Miannong 4 ) }
sciences and technology
TRAEANFBERE EE TR
1% 43 P A Al B2 B % 53 NIZER I
V5 o Sichuan academy of agricultural 2004 V15 . Yunnan academy of agricultural 2009
Chuanmat 43 sciences Yunmai 53 sciences; Yuxi City academy of
agricultural sciences
s TR g TR
Vo6 - Mianyang City academy of agricul- 1998 V16 . Sichuan academy of agricultural 2004
Mianyang 26 tural sciences Chuanmai 42 sciences
e TR s AR
V7 Chuanmai 41 Sichuan academy of agricultural 2003 V17 Ch .51 Sichuan academy of agricultural 2008
vanmat sciences " ' sciences
N I A \ N =g
V8 Hj2 482 PR ALK 2008 V18 JII% 55 gcillif(ﬁﬁi}?%? agricultural 2009
Shumai 482 Sichuan agricultural university Chuanmai 55 . ’
sciences
g v AL e MIALCRRER:
V9 M" 0 1403 Mianyang City academy of agricul- 2007 V19 Ch 56 Sichuan academy of agricultural 2009
ranma tural sciences " ' sciences
T S e
M6 WK pigesse  ILIRIRER
V10 2003 V20 Neijiang City academy of agricul- 2008
Chuannong 16  Sichuan agricultural university Neimai 836 -

tural sciences

1.2 WIEit
IR R 52 BELETT, Rl R A, PEG B
TFRa A EE B, % E 2 KF,0%H) PEG /K

W (CK) F1 20% 19 PEG — 6000 /KA # ( — 0. 6MP,
PETEICET).
FLRREFR 380 B Be RN 5] AL 55 19/
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FHRL, ] 1% NaClO 5, F1Z8 /K s 2 vk s
WK AR T F- R I K 43, PRk 50 k134548
WIERFRE(HBERN9 em IR, 46 2 2 €
40), SRIE 43 B A 10 ml 20% PEG - 6000( W/V) i
W, o BRI A B B 25 1K, B4 3 4K, 20°C 112 h/12h
E IR BB AR AR P R R B3R LN 25 , R AR VA B
RIMAE T B 28 TR PR 25 A BB B AR
1.3 MEmMBEAZ*
1.3.1 PEGH&THTHAEAMNZ MFET
IR LG , B R R R 1 & 25 00 (LR K
LT PR, MRERET 12 FFKAERE
HE) 5 3 RIAER TR ZFH 56 7 RIFEM 7R

REHEH(%) =3 RIGIEH ZZFWF 784
41 x 1005

KR (%) =7 KIGIEH KR FH/40R
41 x 1005

RFFEE =1.00nd, +0.75nd, +0.50ndg + 0.25
ndg, HoH', nd, . ndy  ndg . ndg 57518 2.4.6.8 d M &
P

BEARHRBE (%) = (W HR - b3 /%] B % 100,
1.3.2 PEG M6 FAFRFH SHAANMNE Bk
JEH 8 R, WAL UL ZEHE AR 10 Bk, G it i & AR
BRI IR
1.3.3 #RFWLELSFN

(1) JRERBWITHE

SR T

SR B A X E = PEG 30 40 FE 59 I 2 (4
() /% BR300 5 {EL(CK) x 100%

AR R = (0 MERIEIR A XEZ
F)/n

(2) FJE R

FARSORE57 SR TR pR B0, X 45 /N2 i Bl 2 48
PSR JE R BB T M BCT S48, DLPFHr 45 S Flbe
R T S IR kSN 07 s, T
JEREUE U(x) TR

=123 (1)

jmax — “Yjmin

X — X. .
U(xj)zl—gl—&

jmax xjmin

j=123 (2)

A
Z,‘nzl | r/|
o, o, AR N IEARIL TR R B REA 5 ), A
AL R I KA ), WA J D HEPRIL S
B Fre/ IME A7 I RS AR S5 A O 5T 4 S I A

D=2" [U(x) ] j=123 (3)

K R AT A e s BUE , FeZ AT (2) 2
NG H, Ux) R A HEARRI SRS s 8, r,
C IO SR NSRSk IR I
7, /Zj":] |y | AR, R j AR R AE T
Afetrh R E, X G3) B, D NE AR TE
PEG Jia N 2 F5 bR 10 B 15 20 0 0 20 1, AR
W D AERFK/NAT LI SR A TP R S R D >
0.80 4 1 AT FH(38H1),0.50 < D < 0.80 K24
PR (FPHE),0.30 < D < 0.5 N 3 HPLEA (55
1), D < 0.30 N 4 FHEE(APL) .

(3) RGERAWE

H4 A 22 45 bR 1 BT R R BC(T/CK) , # MR TG BE
BRI EE I T RAE R,
1.4 HESGITHH

FIFH Excel 2010 F1 DPS v7.05 B %) 5 ik 47
AT MR G R,

2 HPR5 0

2.1 PEGHEMEXAR/MNERWMEFE ZFEME

FHEEH R

MR 2 AT WL, PEG JHE T, Bl R0 & 2R 3
KR L IR E AL S o 11.7% ~
68.3% .55.0% ~91.7% .0.258 ~ 0.588 ; FFA i )i 43
WHN 10.9% ~ 85.4% .3.7% ~ 44. 1% .22.5% ~
72.4% ; V- 4 K& AR W8 BE 43 5 R 59. 1% . 17. 1% .
51.7% ; ELAR SN T R 8 181 G40 52 M i 55 A A
[N W 2R3 &, VI FEAIR I 32 e /N, X
10.9% 3 V15, V9. V11 1Y B AR I B 48 K, #E 76% LA
FE R RS, VILVIT. V3. V8. V5. V2 FF K iR
RN YITE 10% DL R, V15, VI8 AR IR A K, 78
40% Vh b s MR ZEFEBORTE , V1 BRI B2 e/, ok
22.5%; V15, V18, V16 W REARIE B # K, 7£ 66% LA
Es
2.2 PEG BMEXARE/INERFHERI EREA R

i

MR 3 0] UL, PEG BB T, ANl /NE f B AR
K ARBIAE SV 4351 A 3.36 ~ 6.32 cm Fll 3.04
~5.68 Z% - bR BRI B0 AR Ak 4 o
41.6% ~69.6% . 1.4% ~ 41.7% ; -2 [ AR & i 43
HA51.4% \18.5% o MFEARME AT , IEARK PG
W /NN V4 V3 VS, TE 429% J2 45 5 IR AR KRS AIG
R E R/ NI R R V8 V6 V12, 7E 5% LA 5 IRAR K
RAARG I 5 42 KKl VO V6. VI8, 1 57% LA |5 IRAR
BREARIE ALK N VO V2. V16, 7E 28% VA |
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R2 PEGCHMEMARR/NEMFRFS KFR EZFRBNFIT

Table 2 Effects of PEG stress on germination potential, germination rate and germination index of different wheat seeds

SRS Lk i B3R il B il
Number Germination potential/ % Decreasing Germination rate/ % Decreasing Germination index Decreasing
of variety CK T rate/ % CK T rate/ % CK T rate/ %
\4! 76.7ab 68.3a 10.9 90.0ab 86.7abed 3.7 0.758de 0.588a 22.5
V2 80.0ab 31.7cdef 60.4 90.0ab 81.7abede 9.3 0.783de 0.450cdef 42.6
V3 81.7ab 53.3ab 34.7 96.7a 91.7ab 5.2 0.929abc 0.563ab 39.5
V4 86.7ab 31.7cdef 63.5 95.0a 80.0bede 15.8 0.908abc 0.371fgh 59.2
V5 78.3ab 33.3cdef 57.4 96.7a 88.3abc 8.6 0.883bc 0.463cdef 47.6
V6 83.3ab 35.0bedef 58.0 96.7a 86.7abed 10.3 0.933abc 0.471bcde 49.6
V7 76.7ab 25.0defg 67.4 90.0ab 75.0de 16.7 0.850cd 0.396efgh 53.4
V8 78.3ab 33.3cdef 57.4 98.3a 90.0ab 8.5 0.933abc 0.496abcd 46.9
\CJ 80.0ab 18 . 3efg 77.1 98.3a 76.7cde 22.0 0.938abc 0.338hi 64.0
V10 88.3ab 48.3be 45.3 100.0a 83.3abed 16.7 0.970ab 0.521abc 46.4
Vil 71.7b 16.71g 76.7 78.3b 70.0ef 10.6 0.696e 0.342ghi 50.9
VI2 90.0ab 23.3defg 74.1 100.0a 83.3abed 16.7 0.975ab 0.438cdefg 55.1
V13 86.7ab 40.0bed 53.8 95.0a 81.7abede 14.0 0.925abe 0.408defgh 55.9
V14 75.0ab 30.0cdefg 60.0 96.7a 86.7abed 10.3 0.913abc 0.483bcede 47.0
V15 80.0ab 11.7g 85.4 98.3a 55.0g 4.1 0.938abc 0.258i 72.4
V16 76.7ab 20.Oefg 73.9 100.0a 61.71fg 38.3 0.942abc 0.317hi 66.4
V17 80.0ab 36. 7bede 54.2 98.3a 93.3a 5.1 0.938abc 0.521abe 4.4
V18 91.7a 23.3defg 74.5 100.0a 60.01fg 40.0 0.983a 0.321hi 67.4
V19 83.3ab 45.0be 46.0 100.0a 76.7cde 23.3 0.958ab 0.463cdef 51.7
V20 86.7ab 41.7bed 51.9 98.3a 75.0de 23.7 0.950ab 0.458cdef 51.8
izvija{gﬁe 81.6 33.3 59.1 95.8 79.2 17.1 0.905 0.433 51.7

TE [ SR 5 A AN FRERIR 28 ik B KF- (P < 0.05), R 1o
Note: Values with different letters within the same column show significant difference at 5% level, and hereinafter.
&3 PEGBMEX A E/NEMFIERK AR EH0 2500
Table 3 Effects of PEG stress on radicle length and radical number of different wheat seeds

R4 AEARIC Radicle long/cm WEAG IR/ % MR Radicle number/ %% -4k~ VRIS I 2/ %
Number of variety CK T Decreasing rate CK T Decreasing rate
Vi1 11.8abed 5.5abe 53.1 5.2bcde 4.7bc 9.2
V2 10.3cde 5.0abc 51.4 5.7ab 4.0efg 28.8
V3 10. 6bcde 6.2ab 41.7 5.1cde 4. 1defg 18.5
\Z: 10.7bcde 6.3ab 41.6 5.1cde 4. 1defg 19.5
V5 10.0e 5.7abc 43.2 5.8a 4. 2cdef 26.7
V6 11.2abcde 4.Tbed 58.2 5.9a 5.7a 3.6
V7 10.4bcde 5.2abc 50.2 5.5abed 4.9b 10.4
V8 10.7bcde 5.3abe 50.3 5. lcde 5.0b 1.4
V9 10. 5bede 4.5¢cd 57.3 5.1cde 3.7g 28.3
V10 11.7abed 5.7abc 51.6 4.9e 3.9efg 2.2
Vi1 12.0ab 5.4abc 55.3 5.1cde 4 3cdef 16.1
Vi2 11.1abede 5.8abe 47.6 5.0de 4.8bc 3.7
Vi3 11.9abc 5.7abc 52.5 5.1cde 4 .4cde 13.9
Vi4 11.5abcde 6.0abc 47.6 5.9a 5.0b 16.0
VIS5 11.7abed 5.2abc 55.9 5.2bcde 3.8fg 26.7
V16 10.3cde 4.6bcd 55.0 5.8a 3.6g 37.5
V17 11.9abc 5.9abc 50.9 5.1cde 4.The 8.3
VI8 11.0abcde 3.4d 69.6 5.2bcde 3.0h 41.7
V19 10.2de 5.5abc 46.0 5.1cde 4. lefg 20.6
V20 12.5a 6.3a 49.4 5.6abc 4.6bcd 17.3
EHIE Average 11.1 5.4 51.4 5.3 4.3 18.5
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2.3 PEG BMBXIARE/INE MRS K B R EF K
e

M 4 FTIL, PEG el & ANTR] b AR 258 4

JE R B ARSI 735 1.4 ~2.6 em AT 1.4 ~

4.4 cms AR IR B2 A9 A AL T B2 0 O 1. 2% ~

46.7% .60. 2% ~ 87.2% ; - ¥ [ A% & FE 53 51 My

19.6% 71.1% . MIEARIE R E W0 2E 8K BEREAIR
& BRI VA VI, TE 10% LATR R 2 R i
JERINE R VT VL VLT, TE 66.0% DL T 5 R ZE 85
FERRAR MR AR MR V16, VIS, 7E 40% LA |, IR ZE K
REAR IR 28Il V16, VI8, 7E 80% L I,

R4 PEG BMEX AR/ EMFIEZF K E RS KE ST
Table 4  Effects of PEG stress on coleoptiles length and germ length of different wheat seeds

g JEZEHS K EE Coleoptile length/cm RAG R 2/ % JEZE K Germ length/cm WA IR /9%
Number of variety CK T Decreasing rate CK T Decreasing rate
V1 3.1a 2.6a 15.9 11.8abc 4.0ab 66.0
\¥ 2.4cde 1.8ghi 24.4 9.6f 2. 3efg 76.6
V3 2.4bcde 2.0cdefgh 16.1 10.2ef 2.9cde 71.6
V4 2.3de 2.3abcdef 1.2 10.0ef 3.2bede 67.7
V5 2.7abed 2. 1bedefgh 20.1 10.5ef 2.4def 76.7
Vo 2.4cde 2.0defgh 17.3 10. Oef 2.9cde 70.6
V7 2.7abed 2. 1bedefgh 23.4 11.0cde 4.4a 60.2
V8 2.8abc 2.3abede 16.5 10.2ef 3.3abed 67.2
\CJ 2.3e 1.7hij 22.0 10. 6def 2.9cdef 73.0
V10 2.6bcde 2.2abcdefg 13.9 11.6bed 3.6abc 69.3
Vil 2.6bcde 2.0efgh 24.4 10.9¢de 3.3bed 69.5
Vi2 2.8abc 2.4abed 13.1 11.0cde 3.5abc 68.3
V13 2.4cde 2. 1bcdefgh 11.4 10.9¢de 3.5abc 67.8
Vi4 2.8ab 2.5abe 13.4 12.7a 3.8abc 70.3
V15 2.6bcde 1.9fghi 26.4 12.1ab 3.5abc 70.6
V16 2.6bede 1.6jj 40.2 10. 6def 1.8fg 82.8
V17 2.7abede 2.5ab 7.3 10.5ef 3.6abc 66.0
V18 2.6bcde 1.4j 46.7 10.7de 1.4¢ 87.2
V19 2.7abe 2.2abcdefg 20.8 10.8cde 3.4abed 68.2
V20 2.5bede 2. 1bcdefgh 18.2 10. lef 2.8cdef 72.3
EHIME Average 2.6 2.1 19.6 10.8 3.1 71.1

2.4 RARERHFZETNEMFHERREES
EiEH

YEVI MR 1 SR T8 R BU{E BB S AR ) T &2 PEG
JBir 3 S N, SR T R AR B R U B PEG 38 38 AR
PRI IR /DN o X AR it ol P R G & 2 35 RN e 25
B AR ZE R B AR IR A A X RAR R A
ZERR B AEXT IR A TSR R e B AR, e
B & PR A AR A [R] /N2 R e i A I B T 55k
JEREUE - D {H AR D EAWPL R, ksl
UL ,20 S ERFRG D HAE 0.054 ~ 0.849 2 [a], i -4k
BT 1 RGBT MK V1,3 F(FH0) BN V9,4 2%
(R0 BIALEE VIS, V16, VI8, HoAth i Fhip 52k ok 2
KPP,

2.5

RARZREXEZNNEMHFHELBMENER

BIEH

XF 20 A/INAZ LRI R B T IR AT, HBR
IRERES A KRB T IR 2, A R (B 1) &
], AL R PR R /N2 S RN SR Oy 4 2858 1 28
B 2A/NEEF, 0 VIV 58 2 286 14 /0
F AR, 238 V2.V5. V10, V19, V20, V6, V8. V17,
V13.V14.V4 V7 VI2 . V11; 55 3 256 2 N/NE S b,
G VOVIS; 5 4 KA 2 DN/NEMBL, 45k
V16.VI8,
2.6 RERBIEEETNERELERIL

M 6 AT UL, iz F SR e pR B0 RS o A ik
PRI 558 20 /N2 SR i A TP SRR, HE
Mras R IAR —3 ., DX PRI AN 53 1 LE X 25 50k
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X PRk ] HeE e V1 SR P R A SR, V12 V11 A [E PR A G Fl, VO Sl 5550 2 8 5,
V2.V5.V10.V19,V20.V6.V8,V17.V13.V14.V4 V7, V16.V18 N APLEA FFh,

£5 FRNESHAZHNSETH

Table 5 Comprehensive drought resistance evaluations on different wheat varieties under PEG stress

)@ PR EUH Subordinative function value

LA
s T T T S T S T S Sl
Number drought i J& i ﬁl g {tfﬁ - k - ;;é‘ - 4£ T8 ﬁ b Rank  resistance
of variety i fme Rele}tlve Rele}tlve Relatw_e Rela-tlve l?el‘atlv.e l?el‘atlv.e l?el‘atlv-e value bt
radical radical coleoptile germ germination  germination  germination
coefficient 1o b pumber  length lengh  potential rate index

V1 0.741 0.59 0.81 0.68 0.78 1.00 1.00 1.00 0.849 1 1
V2 0.581 0.65 0.32 0.49 0.39 0.34 0.86 0.60 0.528 15 2
V3 0.675 1.00 0.57 0.67 0.58 0.68 0.96 0.66 0.731 3 2
V4 0.616 1.00 0.55 1.00 0.72 0.29 0.70 0.27 0.633 6 2
\& 0.599 0.94 0.37 0.58 0.39 0.38 0.88 0.50 0.574 12 2
\ 0.618 0.41 0.94 0.65 0.61 0.37 0.84 0.46 0.617 7 2
V7 0.598 0.69 0.78 0.51 1.00 0.24 0.68 0.38 0.601 11 2
V8 0.646 0.69 1.00 0.66 0.74 0.38 0.88 0.51 0.694 4 2
V9 0.509 0.44 0.33 0.54 0.53 0.11 0.55 0.17 0.378 17 3
V10 0.621 0.64 0.48 0.72 0.66 0.54 0.68 0.52 0.606 10 2
V11 0.566 0.51 0.64 0.49 0.66 0.12 0.83 0.43 0.527 16 2
V12 0.602 0.79 0.94 0.74 0.70 0.15 0.68 0.35 0.611 8 2
V13 0.615 0.61 0.69 0.77 0.72 0.42 0.74 0.33 0.610 9 2
Vi4 0.622 0.79 0.64 0.73 0.62 0.34 0.84 0.51 0.636 5 2
V15 0.455 0.49 0.37 0.45 0.61 0.00 0.00 0.00 0.254 18 4
V16 0.437 0.52 0.10 0.14 0.16 0.15 0.14 0.12 0.182 19 4
V17 0.663 0.67 0.83 0.87 0.78 0.42 0.97 0.56 0.731 2 2
V18 0.390 0.00 0.00 0.00 0.00 0.15 0.10 0.10 0.054 20 4
V19 0.605 0.84 0.52 0.57 0.70 0.53 0.51 0.41 0.572 13 2
V20 0.593 0.72 0.60 0.63 0.55 0.45 0.50 0.41 0.545 14 2

AR 0.116 0.140 0.147 0.131 0.143 0.164 0.160 — — —

Index weights

xo RERBZGEHTMSRELEREE

Table 6  Comparisons of the results between the membership function method and cluster analysis

Al Varieties

st :
Drought resistancetype SRm R B LR IT REIITIE
Membership function method Cluster analysis
FRPLFAY Strong drought resistance Vi V1.V3
. V2.V3.V4,.V5.V6.V7,.V8.V10, V11 V2.V5.V10.,V19,V20,V6,V8,V17,VI13,V14,V4, V7
"I E Middle drought resistance VI2,VI3,VI4,VI7,V19,V20 Vi2 Vi
FPTF A Weak drought resistance \E} V9.VI15
AP A No drought resistance V15.V16.V18 V16.V18
2.7 HEXMES (D ES A AR ARXT AR AR ZF B 1 A

XERAR PR PURE R LM D AT X M R 2R 4 AR R 28 R i R B R
(R 7)) HEREW WBUE o A TR RE I BB IE A, MG R %911 05 0.66.0.80.0. 83,



218 T2 X AR A5

:33%

0.76.0.71.0.90.,0.83, HH X & ZEHR S D {HF)
A2 FR BRI, P AR Ay PR 5 58 AN TRl /N2 i ol

B A HIHTRE IR o

R7 BERNAERYS D EHEXES T

Table 7 Correlation analyses of the index of drought resistance coefficients and D values

” X IR 25 s s e - Xt & 25
L S e L O e P L
. : B : : : 5
N ” .. D1H Relative Relative . Relative Relative Relative .
FHFFREL Correlation index . . Relative L L Relative
D value radical radical . germ germination germination .
lenath b coleoptile lonath rential al germination
eng| number length engll potentia rate index
D {H D value 1 0.66" " 0.80" " 0.83"" 0.76" " 0.71" " 0.90" " 0.83" "
FART IR .
Relative radical length ! 0.35 0.69 0.47 0.36 0.51 0.39
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Relative radical number ! 0.69 0.81 0.34 0.66 0.51
FHRT IR ZF R K B . . .
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2K
Fe A 1 0.31 0.52° 0.40
Relative germ length
R
*HXJ?EE:%L. . . 1 0.59°" 0.86
Relative germination potential
USRS 1 0.84" "
Relative germination rate
AR e 254 KL

Relative germination index

Heox, % % 239K 0.05 F10.01 2K,

Note: * , * * mean the significant at 0.05 and 0.01 level respectively.
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Fig.1 System cluster analysis

3 e

B AWFFERM], B3 R 25 R 2R3z 3R 1
ABREE S, A 15 40 K 4y FR BB DIAR OGS
PEG JHMA T, K 255 R 2F AR EEAR, U] PEG s 7
7T R R A RO IR ARG TR TR

REHFEE . RAFRECRF 0 R Wb R e &
BLREARZ — , PR R 1) b & ZE R B B IR
RN ARIRSE R, PEG [l 4% R &
TR R R AR RO B REAR, (RS [ b R R
RIREEA—3, IR R T R ZFH KRR R
FEECE 1 S AP AE PEG Wil MO — & . 4 Ve,
VI8.VI19 7E 1L # &4 T 1) & 2 R 11k 5] 100% , 78
PEG 8 FHIN 61.7% .60.0% F176.7% , 1 V1 7£
1B M R IR 2E5 M 90% , PEG [iia T~ M86.7%,
REARE BEA R 3.7 % , R IL , FH R AT i 32 68 5 e i o
PIBT R IR 23 R 2R RINR SRR 50 i L
IR CIE L 7

JR ZE 8 R 5 AR R i VR A A
AR, IR ZE B A K, BB S0 4R v Y R RN ST
DS R AR R R S g PR AR DA AT SR
WK 4y, IR FIRAR BRI S AR 2R 1 A KR
MR KB VEY A BRI IBOK 43 I g g, mT LA
SEATE PR AE S . AR IR 45 L W, PEG [ihia
AR RARE R 2R R R R ZE R I R AT
I 41.6% ~69.6% . 1.4% ~41.7% . 1.2% ~
46.7%H160.2% ~ 87.2% , 7] VL IRAR K F IR 25 K %
VR F41 A8, T JUAS AR 50 VR 25 B K 3 AN [) s o [



55 4 1]

2P [ B 25 « PR /N e B A L SR A 219

ZEFEIR K, AR B AV S 35 A /N S B Ry VB V6,
VI2.V17 Fl V1, BRI BE7E 10% AR, 1 V9., V2,
V16 Fl VI8 RFFEARIEEITE 289% DL o MRZEES K F#AIK
WERE B /N R VAL VLT, TE 10% UL R, V15, V16 Fl
VI8 AR B K, 78 25% LA o Al L, AR
ZER R B] SRR ) — b 22 | IRl R IRAR BRI 25
B B A PR M R, SR 5 R
REFFREORE R M WAFTEAR R 25 5%, IE Q0w A BT
T 18— FE bR LA 4 T U0 Hh S AT ) R
(LTSN

FHEA—FEHrME L 42T AT B AN & R ] e 2
PEZE S BT R R 25 A HEVPEAN i BAR AR A B,
HET, X FEDILREM TN ik EEA R R
P LR ML RIS o i B
WY SRR R BOER . BRI T A —E
FlHE , R ZBEFH N B 5 R R0k 227 5 7P
MY A R T Bz —2 -5 AP R H
J& BREOE R ik R R e 1 S IRPL RN
Al (BT 8 ) 2 MARHLR I AN (11 Z 42 F)i|
7 55)F 1 A S HURE R G A (4R 22 1403) , W 5 SR
AWFFE i Bl P P 22 S5 04 AR AR A HIL A 25 T 5
fitle [FIE), ARBEFCE X D (H S &8RPt R &R
BOATHI ST, A AT & 25 D (H R B
TEAASGOC AR, HAH G REUROR, HERRTE S8 /N A2 i i
PURPERS , /T OB AR K 2 R PN R E S %
FEb , R PPN IR BT Rk

& & X #k:

[1] Taregh G, Mostafa V, Reza S, etal. Effect of PEG stress on germina-
tion indices and seedling growth of 12 bread wheat gentypes[J]. Ad-
vances in Environmental Biology, 2011,5(6):1034-1039.

(2] XUAESC, BBk . U118 AR A 7 BUBR G 708 0 40 # 0] 4k
F 257 ,2010,29, (12) : 63-66.

(3] B, WAL, 8, % o N 2R R R D T
(] FE¥A4 ,2012,28(3) :1-5.

(4] BRI A SCE AT T2, 4 R RAE SEX 221 /N 22 7 e i B
BN RN LT PN R, 2009, 27(2) £ 133-136.

[5] B&raT, skaide, JE R, 5. )1 BB St 2 6 A B 32 22
BLERARBITELI] . K BARFFITSE, 1999,6(2) :121-125.

(6] HREILL AR 43 M IE AT AN [R5 IR T /NS o 17 ke S it AR A A
R (D] A7 AL AMAHE R, 2008 .

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

Tobe K, Li X, Omasa K. Seedgermination and radicle growth of a
halophyte, kalidiumcaspicum ( Chenopodiaceae ) [ J]. Annals of
Botany, 2000,85(3):391-396.
WK FEAL L RER TR HIXNEE A i e
7 BT R s FR ARG S [J] . T S X RO F 5K, 2013, 31
(1):172-176.
DoddGL, Donovan LA. Water potential and ionic effects on germina-
tion and seedling growth of two cold desert shrubs[ J]. American Jour-
nal of Botany, 1999,86(8):1146-1153.
AP PNEIA, B IAR . PEG T 29 15318 22 5 if Bl
BRI R PEEAN (7] op [ B 2740, 2010,32(1) :32-39.
B, RN, B, 55 . L PG /N2 1l 7 it P A B
PELT] . At AR 2442, 2011,26(2) : 213-217.
Wil S0, RN, 1B, 45 . F GGE BUbR Il B s I v B2 &
SYMTLLTE /N 22 b 5 R SRk (] FH 2B 25 2 4k, 2013, 24
(4):1031-1038.
XA REE, W IR, % PEG B TF 15 1) 48 75 3ERh T b
RHE A AT T A (0] . o ] B b2 4, 2012, 34 (6) - 18-
25.
WE, O L RASR,AF BN KRR & B 4
EL)]. T REHIX AR HFFL,2013,31(1) :177-182.
PR [, BRAELL . R 20 A e LB A A A e B2 [ ] LD R
Al K224 (HARFHERR) ,2002,33(4) :438-441,447 .
AWE, BT B, 45 PEG BHK 23 Wil X 7 i Fh 1
SR B ARFR AR e (] A8 E ARl BHEE L 2000, 36(4) - 142-
145.
KR IR, TR, 55 AN BE - S R A WX PEG i
SE B IR R R PR (D] R AE AR, 2013, 21(2) :302-307.
Chorfi A, TaibiK, Biochemical screening for osmotic adjustment of
wheat genotypes under PEG stress[ J]. Tropicult, 2011,29(4):82-
87.
ik BN PEG Ban T H RS R R PR %
TebriEsE LI vadbgll =4k , 2012,21(2) : 72-77.
RS 9 2 B4 AN M BRI 200 M BT R L5 A
(37 502447 ,2011,20(5) : 26-33.
30 AR, 2T, %520 AR SRR PEG B E T & 2
RT3 A BRI R S PP (D] R, 2012, 31(2) £ 25-30.
2R, AR SR BN, SR LI AR AU R R T 2
P RS AR R IR R D] T R XA 5, 2011, 29
(3):84-90.
TR W, R, S PEG BB A TSR T 0 R
PR S5 (1] 44T, 2008,30(1) :50-55.
FHERG , BRAT 2 BARRT, 55 /NE - BRI i A R R
PEIMT[T]. 22217441, 2010,30(4) : 670-675.
TREDY MR, B R TR o A 2 SRR R R
LRSS (1] Ab AR 24k ,2007,22(3) : 54-59..



