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Abstract; Pre-harvest sprouting, easily influenced by the external environment, is one of the serious disasters in wheat
production, and once the occurrence not only affects the yield, but also seriously affects the quality of wheat. Therefore,
it is very important to develop wheat varieties with resistance to sprouting. For a more comprehensive evaluation of wheat
sprouting resistance, the seed germination, whole spike germination and field intact spike germination, the basic meth-
ods to evaluate the germination of wheat, were compared and analyzed in the research by germinating test with 65 varie-
ties and breeder’s lines. The results of correlation and difference analysis showed that the germination rates obtained in
the three methods were significantly positive correlated, and significantly different at the 1% level. The correlation be-
tween germination index and seed germination rate was the highest, which could better evaluate the dormancy character-
istics of wheat, but could not get the overall resistance. The coefficients of variation of the seed germination and the
whole spike germination were smaller, and the test conditions were easier to control, compared with the field intact

spike, so they were the simple methods to evaluate the resistance of wheat spike sprouting; The average seed germination
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rates of most materials were the highest and the field intact spike germination rate was the smallest for the most of acces-

sions, and the differences among the three methods reached extremely significant levels, which showed that the external

environment and the external structure of wheat on spike germination was significantly affected, so it was very important

to strictly control the external environment during test. Therefore, the seed germination method could be used to screen

germplasm first from the dormancy, to seek resistance materials from the source, and the whole spike germination method

could be used to further verify of the sprouting resistance, to evaluate the comprehensive resistance of the pre-harvest

sprouting. Meanwhile, the field intact spike germination was more susceptible to natural conditions, and its variation de-

gree was larger. Therefore, the results could be used as reference data for laboratory germination tests and it is necessary

to combine the three methods in order to obtain a more accurate result.

Key words: wheat( Triticum aestivum 1..) , pre-harvest sprouting, sprouting resistance

INZZ FE K ZF ( Pre-harvest sprouting, PHS) J2&45 /N
FE WA 22 T 308 B 3 R B R R AR PR AR AR R 2R
P4 (Jiang et al, 1998 ; BT 55,2001 ) , X & —4~
SERPEMIAE R NE R SRR B | HARSEE
Ptk e A8 v G R X A kA
% 2004 ; FH IR 2010 4F 7 1145 2015), Fl%
FRFEUNENE YL £ — RINBA, N TE
oy Tt 6 P R 3R 1R 7 7 S BRI, 01 AT e =
Tt SR A | X AR AT, DAESOIN T AR 22 5 53 4h
PR ZER S /NG TR T B, S 8UE =& F %
(FEHCAESE 2006) o PH Mo /N 27 1 R 28 [l f—
REBEM/NEEMERZ —, BT/ Nk 5
TR 2 HERRAE (2011) iz 4R 20 Ak RE
R ZEERHEIR Y 58 1 /N2 MOBHIEAT /b, 25 SR 3R
WbAE BhRE /N 22 R K 2 B bk, b s
352 RIS, I3z RS0 ok i1 b =N 22
MORHZ AR ZE P S AR AT s, XU FEAE (2014)
18 FURFRL 2 20098 1 137 3 ARG &2 X/ N AR
PR ZEUMEZE 5, 45 SRR M 7 SR LR & 2F B
e, IR e 15 M PR R ZEM R, SR PR S
(1999) i it iz FIRE R R 2R3k % 31 10 1 m AR &R
BURE R 2F % | T B — R SRR R A A
IR PURE K 2R AT 10 UKL/ N 22 41 BESR 61506, 7T
YERPURER 2E A SR A M B, T IE 2446 (1991)
RN TR M Rk & 250k RS A 1 2L A
K BRI R R 25 1 55 DU Rl 7 i ) 22 A2
R TEEATERE 40 HT T 52 /N 32 Rl & 2F B A O
RS T i, oK 645 (1989) il i B 5% o-
TERI I ABA 5L ZFI R, 1 o-YE 5 IS 1
RGN PR & 2R ks, B ABA 5 & 2F T
KILEIE

INERER U B AR, S 2R R R
TE R R PEBURE R 25 1 35 R RUAR R A, 21 H R A

1E, B&HF K 5/ EDUE L ZFAHCHE SR IC,
FHESF (2011) M & ZE8 B0k L 4 AN 8libRid,
B2 HA STMS Fric Xwmed68 5 210K /N A2 1 8 %
MO, AT T4 Fhridf Bk £, £ RESE
(2006 ) FI <828 — Wy AR S 9 i#E 17 22 1 S Ak il A b
PR INTR e A Ee (ST Y e S P S
R 22 Wy S A TS AT, /N2 B A S Pt g
HRTOCT/NAE Rk 2 5w A 2 i 5 AT il (1
RESE,2015)  AHAN A J7 ik 2Z 18] 9 L3 5 43 i 35
o ARCEBGE T RRL R ZEE ERER SRR TR
MR A ZFEZ M G &R, LSBT 14 Fh 7 i i A
%, BN /N R ZE B 5T 7 vk SR ST
AN BB SRR 2 AT SR T

1 #8577

1.1 #

ZiA/N A2 2L 65 iy, AL 4E CD-1,CD-11,CD-13
CD-14 .CD-15 ,CD-16 .CD-17 ,CD-18 ,CD-19 ,CD-20 ,
CD-21.CD-22 .CD-23 . %F 5906 . 5h 4 18 5hF 19 4
A 23 Fyr3 g Ak 25 AR5 S e 25 WA
9% HifE 15 KE65 IRES S WE2 % ik
1029\ PH4% 1376 \PU4k 183 Pk 223 Pi4k 529 ik
979 P44 9814 3£ 20 A 55 {E)E 4110 . 11-10,
#11-03 . 11-07 4% 11-08 . 4% 11-09 . #% 12-03 . %
12-04 # 12-05 5 12-09 4R 4 S84 11
13 %7 15 ¥72 158 #7216 8% 25 B E 49,
A2 70 542 909 SHF 168 fHAE 8 5 HE 95 K
7 2956 B 9023 T EAE JHZ 17 8 05, 7% 17,

JITAT A RHEA i A VTR 24 2 Bt ML 5 B ¥
XA B2 BT /N2 B R R 2 S ik, Forb 7 3
AL 23 03 T A 42 £y ,2012-2014 1% £ AR #%
P FARAIT R AN B S Fe kb, 2 BB AL BT
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INAETTAESG 35~45 d WIBURESE I, B3 4 BE L/ N A2
FEARL G — U P BBORE | 3208 BB 380 E — B ) 3 25 7
10 28 1 RESE 8 IRE A JE il A 25 CEA I
BT 1, FCA-20 CUKEE N, 77 A # R
RARTEREG UG- T R 2R A i
1.2 Fik
12,1 FFE ALk SIREADIN S (2001) |36 #55F
(2011) 5KAFIGEZE (1989) MMHLE:  (EIE A B s, B
HET 2280, N TR, B4~ AR BEAILIR T 400 A 101
TR IFFRL (B 100 Rk —ANEE ) |, SeH 75% 09K
122 min, FH 0.025% i &R 5 78 75 ORI 3
min, ZJH AL, FHICTRK ot T K I T8 1)
TR HL R R A 2 J2 O K FEIE4R B SR L
WL FEM AP A 4 mL B9 IS K, A R R
(21£1)°C MR 80% HYOGIRIG Tt v, I L H5F 08
RN, DAOFPRIRN B i 2D R 2F R G R A
KRR, IFRERR  THERRISE 7 Romik. et &
FERLR ZF R AR ZF %K

K ZE% (Seed germination rate,SGR)= (7 d & %
RORL B ECRL D) x 100% ; & % 45 %0 ( Germination
index, GI)=[7xn,+6Xn,+5xn,+4xXn,+3xXns+2xn,+
Ixn, ]/ (TxN) x100% ., FH, N R T8 28 10
BLEE G, ~n, s RN S 1 KRBT RERITH]ZF
AT F7 £ ( Walker-Simmons, 1988)
1.2.2 EARRGF & BELZFIERE 10 2
AL — 2R, I RS IR AR A 1 700 mL KB+
JKE SRR (2 000 mL) H 10~ 12 h, #E R LTE
0.025% L4 M AR 3 min, SR 5 FIOR 4% 4
AR e R L, & TR N (20£2) C,
WS 100% 1Y 25 7, B RWLEE, I FH T 3w 55 2
Yo RS R K, 7 d JE B 7E 100 °CHEFR HAk
T2 h J&G 8O 80 CF T 10 h, TR TS
SBRL, DA B i 30 R 2 R R TR, B
A& 28 K (whole spike germination rate, WSGR) =
(R PR SRR x 100% ( ##55, 2011 5 1 74 4%
4 2011)
1.2.3 REARLFE  WBVNE S EAT
WK, 2o it Wi B SR R RN S, 5 DA TR EURE
SRR 3 NS B 10 DR, JBTE
105 CTHIEEFENAT 2 h,JR57E 80 C F T 12 h,
N TR AR Rz i 24 G 8 20k 8k, JF 3+ K
FHA 25 (Field intact spike germination rate, FSGR)
(TRIE2455,1991)

K1 65 HsiRHH

Table 1 65 materials for testing
YL VETES AT Y IATES
Cultivar/Strain Cultivar/Strain Cultivar/Strain
CD-1 B 1S % 12-07
Ruixingl Yang12-07
CD-11 K% 6% # 12-09
Taikong6 Yangl12-09
CD-13 W#Es55 WiEdk 45
Tumai 5 Yangfumai 4
CD-14 Mim 25 W 1
Xigao 2 Yangmai 11
CD-15 PEAR 1029 " 13
Xinong1029 Yangmai 11
CD-16 Pk 1376 % 15
Xinong 1376 Yangmai 15
CD-17 P4k 183 "7 158
Xinong 183 Yangmai 158
CD-18 P 223 7 16
Xinong 223 Yangmai 16
CD-19 P 529 %25
Xinong 529 Yumai 2
CD-20 P 979 B3 49
Xinong 979 Yumai 49
CD-21 P 9814 B2 70
Xinong 9814 Yumai 70
CD-22 20 %4 909
Xiang20 Yumai909
CD-23 Fek 55 HI# 168
Xiangmai 55 Zhenmai 168
55 5906 fEJE 4110 HMFE -5
E5906 Yanzhan 4110 Zhenmai 8
A 18 # 11-10 WME 5
Emai 18 Yangl1-10 Zhenmai 9
SR% 19 # 11-03 B 2956
Emai 19 Yangl1-03 Zhengmai 1956
2R3 23  11-07 Az 9023
Emai 23 Yang11-07 Zhenmai 9023
Fr3E # 11-08 HEE
Fengchan 3 Yangl1-08 Zhongguochun
k25  11-09 JiZ 17
Huamai 2 Yangl1-09 Zhoumai 17
55 # 12-03 05
Huamai 5 Yang12-03 Nan 05
Wi 25 # 12-04 TH 17
Huaimai 25 Yang12-04 Ningmai 17
WEE 9% # 12-05
Huaimai 9 Yang12-05

2 HERH4M

2.1 KBS

i ] DPS HCdfi Ak PR GER/INAEFF R R 2R K
TR R R 2R AR R A 25 AR AT A DG A 23
Br(#2), MR 2 /A, AR IR AATERR 1 5 1k
TEARSCIG AR AL 28 M 2 4 B R S
1K 90% . LW BRFRE K 2 R A 2 18 X P A
FEBRAR AT LASC H /1N F2 b1 1 s R BIR AY 1J
B HPRLA ZF A L, K 2 48 BORE S 4 b S e b 1
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RIFR S RREE Xt /N2 b R AR 14 D7 5 B A o
W, (A R RE S WAL B & ZF i ARSI, I 2 7]
B, kR 2R R R L 2R SR
TR 22 AH O R BT 3 R 70% F 65% 5 °F- 1) R 1k
P 2T 35 K B R 2 R A A O RBUH 83%,
XU I R e 23 A AR & 2 1k R A AR 4y S e
AN IR XS /N R K 2 R 0, K T R 25 58 4
AT SR ZAT T, BEAS T 4 iy PEAN SE PR 2 7 v 1 el
R ZEE L R R 2R IR I8 A (R 1550 T ] ) [ R
VEPEIE , A R T 5 PRI, = Rh )y 4 RETE—
SEFRIE b AR 2RI L

®2 NEREFEETEXESITR
Table 2 Correlation analysis of each index of PHS

MREBC s popponr MHK IR KHHE R

Correlation

- SGR Gl WSGR FSGR
coefficient
KRR 2R % 1
SGR
RIFIEEL 0.90 * 1
Gl
BRIRZER 0.70  * 0.72 # % 1
WSGR
KHEBEZER  0.65* 0.71 # = 0.83 *x 1
FSGR
* P<0.05, * * P<0.01.
2.2 ERMESW

izl DPS BB R GEXT 65 1y /INAE MR A
KBAGHAT 2T (K 3) . NE 3 ATLIEH,
A AR B & 28 2 i, LT 3 R B Ok 2
R510.82% , T H1 K HAE & 2F % 5 13.95%, 73
HET A ZF ORI 35 K R & 2R O 230, M 22
3.13% , “FRIRFRLK 23800 A8 S 05 B e K (3.24% ~
58.25%) AHIAS S RECE /N, K 43.97% , K H
PR 25 R0 A8 SR B /N (0~ 26.47%) , 28 52 R A
K, N 59.38% ., FH UL AT UL, KPR & 2E 3 (0 4R X6 AR
SRR R, BB R AL R R R R 2L Y i
AN, KPR BT R R 2 B OK R R 2R
BIR ZERAE 19K LIFF e B 35 25 5%, X i
B/ INZE R A B 1 DR IR AR P T i A 2 5% i 0 5
] ESF A/ 5 PR 28 X /0N 22 il & 2 19 5 )l 38 I
KA
23 =MEEFENEFEILE

A GNH T H A 25 S MR R 2E 5 3R
4 SYHTRIAL, =R HT TR I R 2R R R — 3K
AR5 MR R K 25 3K TR R 2R % -4
74 10.07% , 3% L& O FFRLE 295 R 25 T #7E

R3 NEREFEERERESTE
Table 3  Difference analysis of each index of PHS

A B i [ i AR R
. Variation Standard Coefficient of
Correlation L Average L.
Coefficieat range deviation (%) variation
(%) (%) (%)
AR R ZER 3.24~58.25 10.68 24.29A 43.97
SGR
HMEIR 235~27.07  6.62 13.47B 49.15
WSGR
KHBERZER  0~26.47 6.14 10.34C 59.38
FSGR

. ALB,C RRIFHERIRTE 0.01 K- B2t 3 .

Note: Different letters of A,B,C represent significant differences at 0.01 level.

WAL 5 K 2F s 2B R R R 2R s TR
REFHR AAZEB/NCFE R 3.96%) ,iX F 22K
ShrE TR R S B, SR G /N R
SR 65 (A B ER A AT A X — B4, (A B
Hh, 584 18 % 11-08 #%4 11 .CD-11 S5 P4y ALY
FPRLE 2R R AT RBER 2R T MR 6.15%
DULIAFEAE R T ARAR AR LA 2 XN )RR &
UM iR 45 A 55 1 16 WEE 9
SEE 16 PRI T SRR R 2R T S K R
KRG REY 24.62% ,{HIX 6 2% S B8N |
AN, FERTA MR 5022 18 AP & 2 R ERAK
THAR L 2R IR T R AR & 285 SRR 1F
Tt 5T,

3 w54 #

ARG L XT 65 13 /NEE AR E 2RI 1 4 BT
T IR 25 38 P R Bl e 2 RSP K
PR ZERZ A B IE M DGR R, B3
TR ZE ARV 35 R H B R 25 S i A DG A o, FbE
K PR RR 2R VA AR S R BN, TR R R K
ZETRER TR A ZF 1 REAR G b s i N2 AR OR 2R
O, T LIE R 98 /N 22 B R 28 8 R 181 2 W0 ik (T
TE 2455 1991 ; ik i 1989 ; Tk IKH4E 2015), £
BRI TBR L & 2F 58 > P Bk 258 > 7
KHFE R ZER 0 H =5 0 2 58 ik 8 B 3%
KOV XU N A ST G5 /N R 2 (A 8k
EARMI A, e F i Lok A5 i F & 25 ) R B KA
FRiE— 2509 ; V- IAFRL & 25 R AT Al % 2F R
FOV-S5 R B 25 3 2 A B3 A el S 22 5
b /INZZ AR B 1 PR B AR P X ol & 2 1) 5 T 3k B UK
e TR R PR AT K R R 2R R AT
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Table 4 Comparison of germination rate of the three methods

RS A 9
A R e ke
Cultivar/Strain SGR WSGR FSGR SCR—  WSCR-
(%) (%) (%) Wwser  Fscr
(%) (%)
5R3Z 18 15.25 23.64 18.67 -8.39 4.97
Emai 18
% 11-08 13.47 15.49 9.80 2,02 5.69
Yang 11-08
W# 11 3.34 4.78 1.24 -1.44 354
Yangmai 11
¥ 158 10.25 9.01 2.63 1.24 6.38
Yangmai 158
CD-22 21.70 19.49 10.34 2.21 9.15
HE 85 15.63 12.53 12.16 3.10 0.37
Zhenmai 8
¢ 20 17.00 12.89 9.09 4.11 3.80
Xiang 20
K% 6% 31.38 26.76 21.21 4.62 5.55
Taikong 6
[ 8.17 3.17 4.45 5.00  -1.28
Zhongguochun

B 9023 29.71 24.10 14.29 5.61 9.81
Zhengmai 9023

FEA 168 20.88 14.49 3.69 6.39  10.80
Zhenmai 168
JAZE 17 2027 21.29 20.00 7.98 1.29
Zhoumai 17
5 05 22.96 14.46 8.00 8.50 6.46
Nan 05
% 12-07 22.38 12.36 3.51 10.02  8.85
Yang 12-07
FrE3 5 14.56 4.38 5.23 10.18  -0.85
Fengchan 3
YimE 45 14.98 3.27 3.45 11.71  -0.18
Yangfumai 4
" 15 26.40 13.88 9.52 1252 4.36
Yangmai 15
% 11-07 25.38 10.46 4.65 1492  5.81
Yang 11-07
Fek 55 27.63 11.18 13.62 16.45  -2.44
Xiangmai 55
k55 22.11 4.05 2.50 18.06 1.55
Huamai 5
BESs5 33.62 14.00 11.43 19.62 257
Tumai 5
W 16 24.10 4.10 6.09 20.00  -1.99
Yangmai 16
CD-16 32.88 10.39 10.02 2249 037

PEA 1029 50.29 27.07 16.67 23.22 10.40
Xinong 1029

Pk 183 58.25 22.54 18.60 35.71 3.94
Xinong 183

¥iE 23.66+  13.59+ 9.63x 10.07+  3.96=%

Average 12.14 7.51 6.02 9.68 3.98

TERC R R 2552 3 U W R /N 22 A B B4 PR B S
A R X R 2R R MR 5 3, P R I R
e RS/ N TR I SCE I 38, e Il S iR JEE Ak 7
(H#ESF,2007) o

/N TR ZE AL R 30T LA w2 — 2808
A BEAS B PR IRRE P 2 51 19, 50 — 2802 fh AR IR AR
R Y (5 KA 55, 1989) o /N TR ZEARNZ
Z LR, [A] B 37 P35 I 28 52 0 (Himi et al,
2002; B4, 2014 ) , Al i ) P bRt s 22, A
S iR DRy S TN R LYY e N
MR 20 PR R 2RI AR E R B AT AT AR
(TR RN T L S5 R A T 58 ) RRRCT M R N /N7
FIPRIRAERE (R & HME4E2014) | {H AN RE S e /) A2 it
T LA PR X6 /N 22 B % ZF R s ), DR AN B i A
REEMV ARG (FE RS, 2011 VG 4 %5, 2011 ) 5
KRR 200 Tk B sE b F A SR N L e
Ui bl S W SEBR AR O T /N2 R L e 2SI, (H R
IREEFNEA A 45, TCvk e i 1 2 1 U A 22 4
KRR R 2Rt A5 Rl VR S = 8 & 2R
5% AR L ZEE AT U PR 2 2 18] ik
B ISR Gy s il o Bl 2 ) R R ) Sz A
SRIEBEIE, W LSS 8 /N2 B R 2R ZR G Ptk (o
PUEESE,2011) S5 SRR HERR T 58 . AE S BR A ™
H HRZINZZ A B I DR BIR R P e 1 e % 2R b A R
SR A AR R PR IR R R E Al PR 2R 3 [ ke 1Y
PR BRR Z, R /N iR & 2E B Fhd, T LR
FHIAFRL A ZF 12 DR AR 45 14 T % 7 % D 0 A 7 0
Ve, SR R BT o 2 i X oM A R R A ik — 2 56
E, S A5 T e w il S8 0 45

KATWIAE FL 7S AR 2E AR 2% | T s 1 /)N
2 A | R AN RE R 2RI T RE R RROR N — B
KRR RSN P i T EL RS e /N
fm I ( Dereran, 1977; F 3791 %5, 2007 ; 77 1F it 4%,
2015) , EEE R EAR R A 25, PR 52 B A 7 v
e 20 DG R A 0, B BsP ISR s s /N2 ki e PR e
R A R AN T B IR

SE Wk
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