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Abstract

The common wheat three-pistil (TP) mutant possesses three pistils and three fertile stamens in
a floret, which makes it has the potentiality to increase the grain number per spike. However,
the poor germination ability limits TP utilization in production and breeding. In order to im-
prove the agricultural utilization value of TP wheat, it is necessary to take effective measures to
promote the seed germination and seedling growth. In this paper, combined effects of different
concentrations of GA; and EBR on seed germination and seeding growth were investigated. The
results show that the seed germination rate, root and seeding length vary significantly with 1
mg-1-1 and 10 mg-1-! GA3 being used for treatment (P < 0.05). The positive effects of 0.0015
mg-1-1 and 0.015 mg-1-1 EBR treatment on seed germination and seeding length are observed (P
< 0.05). But there is no significant effect on root length (P > 0.05). The two hormone treatments
are better than that of single hormone. The optimized combination of two hormone are GAz 10
mg-1-1 + EBR 0.0015 mg-1-1. Compared with the control, the seed germination treated by combi-
nation increases by 1.69 times, the root length and seeding length increases by 49.7% and
118.1%, respectively. Compared with the treatment by the single hormone as GAs; or EBR, the
seed germination treated by combination increases by 13.0% and 32.2%, respectively, and the
root length increases by 15.2% and 7.5%, respectively. The seeding length increases by 9.1%
and 34.3%, respectively.
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HE

NEZMEBRE MR (TP)RA SN ER BB/ E WIES, BTTPRRP —F/DETEINHMT,
SEMB RS, FHAEE R EMENME, RTTP/NERSE LN TRERRK, SERIAR
AEMFEHEE —EMRBE. A TRETPMERRIFENE, REE R RIS EIRE TP T35
RAGEEKIEEVLE. KFAUTPHFAME, RFAGASNEBRIFEERERE, FRERLEN T
ARG EKBP R EREH, 1 mgl-17110 mg-1-1 GA; XTPRTEIR. ShHEREK. BHKHE
BEEMEBM(P < 0.05). 0.0015 mg-1-1710.015 mg-1-1KJEBRE ER N TPH 7 R EMLE H K (P <
0.05), EXRKHIEHAEZE (P > 0.05). GASFIEBRAAX TP f-Fii K M4hi 4K BA B B HEAEXM,
EAEFEAEREL, 6% RPHREMMEEEE, 10 mg1-1 GAs + 0.0015 mg-1-: EBRAA R, 5
SFRRAHEL, FhF IR M 16965, IRKAHE K 1 N49.7%F1118.1%, 55 —GAsMEBRACEMLL,

TPFFHHRZE S HIEIN13.0%HM132.2%, BEHIHMN15.2%M7.5%, BEKSHHEMI.1%F34.3%.

XK ia
INEZMRRTHER(TP), FER, 24-RWKENE, MFHR, gHEK
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1. 53|

7% 2K (gibberellin) XFR/RE IR, /& — KM RAUEWA KA/, Befe s (LB RO ZE A, TR
SEERSERORN T BB ERIR, SRR RL] [2] [3]. HISKEER A BH(Brassinosteroids, BRs)/&—
S ZAFAE T o B S B SRR R R, T e AR BE MR OGBS A ) MR, S E BR
NN . SR WERREMC AL . SEm A i o 4k . (R BERIRENEFEAE K e &
Lo, [RIINS FE 52 e R R 3 558 25 A B HRAENBE 70« SR SR L S ARy s 55 Dy T HoA 2
MR 4] TEIR AL A TR AE IEH RGN, TS 3 A IR A0 RE 8 2 & (2 HEAR A1 i A AN &l v A

K[5] [6]-



http://creativecommons.org/licenses/by/4.0/

BB 5

—R/NEEE SR SRR “Z TR, BRARENEZE, AT, AERERT, TERD
FHIA R A AR R IR . S IERA SR “ RN AT T ZEMN K, RAEEH SR
Az 44 (Three-pistil mutant, TP)” i 5 TP H = ESS IR B — % M AZ R DR 2 ], 5 240 P o st A% T 5[ 7] [8] [9].
TP fh &5 Murai Z[10] & BLIOHESS MESS AL B B2 ANE, TP B 3 N IEW IIMESA 3 Nl eSS, —Z/h
TeRess 3 RMh 7, WM INERAL, RO — B R E.

TP 45521 3 Rk 7 UL S5 10 7 :E A, BT 32 2 (B RS 52, b7 R ARAR X 38 /N, B — e 44
FlF B 2E AR AR 180 TP FhT R 2R 38, (L HEA B A2 KT TP AR AR A AL 2B P2 RS b ofi) i 2545 1 2 3 S
BT, TP FFAM b, WHE 16 A FIKEEA G /75 R (GA) I 2,4- RIS 5 WK (EBR) R AL
TP Fif, RIS TP Ayl R ML W A K IIREm, B EN TP /AN IR R pE B 1R Bl

2. MRS
2.1, AR

BERPRL ) TP NN T, (ESIR T ICF, BRI T8, EFA P R A .
2.2. MBI

BRI R A B, Jh XU 3R /R 5 3R (GAs) FH 2,4— RS WBR(EBR), MR 1%
4 AKF, HA GA3 4 04 1. 10, 100 mgl™t 4 4~/KF: EBR 4 0. 0.0015. 0.015. 0.15 mg™ 4 A~/KF,
PIMR G4 16 MBI 1), FEAEE 3 IRER, HAESEM 50 RFR/N—8. oW RER TP
Fifo

2.3. MTFHELE

MRIEARIE W AR E (R DECE R B TP PRI E AR SR AR R = I, 4°CUK
FE ARG AL FE 48 /BT )R, R ARTECH, FHZRMEK YR 3~5 ¥R, % 0.1% NaCIO %% 10 min, FRHZ&
TE/KIFUE 2~3 IR, BJaKRh 1B TE RN K 3 .
24, MFEEHF

PR TP B, NG U2 IE AR BLAR A 12 em (35 7R L dE 4T R 2 9206 55 95 IR FE H 25°C,
FHRES[E] 16 ho FFRFRE AN SR, Goit PP+ K EU(FhF IBRP 52 ROV &), THEB R R, B &I
N9 K. FRAHEEENLIER 30 MR&NTE, FERR RN KRR K

R F = REFER G R FFFEUAHAF 7 Bk x 100%.

2.5. HIRAIE

F SPSS 20.0 %J AT $RIEHE FAT G v 081, TP EMRE R R RN E SR . X GA;. EBR RIHAH
AN TP FhF o & R 4 v A= K s 3k AT K27 Z 4307, 7 Duncan #£313847 2 F th . K Excel 2003
il &

3. RS54
3.1. GA; 5 EBR I8} TP f#fF& HFHIRNT

W2 2 fion, GAXT TP Fh T R FG B E (P < 0.05). SxTHEAHLL, GA;AFE G TP fh1if &K
HhNT 0.07~1.38 f5(14 1). K% GA WIE HITHE, TP Rl 1l & % B4 ETHE R R, bl 10 mgl™

()
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Table 1. Combination of different concentrations of GA; and EBR
# 1 AERS5 24-FTEARZNEERERE

2,4-F MK E WBE(mg 1Y)
FERmgl™)
0 0.0015 0.015 0.15
0 GE; G:E, GiE3 GiE4
1 G,E; G,E, G,E3 G,E,
10 GzE; G:iE; GsEs GsEy
100 G4E; G4E; G4E3 G4E4

Table 2. Two way ANOVA for the interaction effect of GAzand EBR on seed germination
7% 2. GAs #1 EBR E{ExT TP MTF A4 MM HFESHT

A SRR IR EYit)s F P
GA; 8795.063 3 8.501 0.005
EBR 4217.063 3 4.076 0.044

GA; x EBR 3103.688 9 344.854 0.00
J<s 117,909.188 320

00 @1E10M100 FREZRIKE (GA,) mgl?
100 a
90 |
80
70 +
60
50 F
40 -
30 F
20 +
10 |

Fh Tl & % Seed gemination %

0 0.0015
2,43 M2 PR (EBR)IR FEmg-I
K i & /NG R Duncan #6556 P < 0.05

Figure 1. Interaction effect of GA; and EBR on the germination of TP
Bl 1. GA; 5 EBR E&4LIExS TP fiFEAZF RAIF/MD

() GAG KEFE (R 71 R R e m, 7l IA 69% (/4] 1), EBR X TP Fh 7 Kk R A5 B 2 %0 (P < 0.05) (% 2).
Xt BEAHEL, EBR 4G, TP Ak N T 0.21~1.03 %14 1). BEERERKTE, TP Friik=x
6 LTS FREMEESS, HALl 0,015 mg 1™ ) EBR AbE G R T BT R R m, Ak 59% (14 1).

GA; fll EBR 7EM#E TP Fh 71 & J7 1 A f 35 HAE RS (P<0.05) (% 2), H ALl G3E5(GA;10 mg1™!
+EBR 0.015 mg | )& &k, AP S AL 89%, ELXFHEME N 2.07 f%, ELEA— GA; ALHEHE AN 28.9%,
EL 25— EBR AL PRI 11 50.8%. VKA GsE, (GA; 10 mg:l™* + EBR 0.0015 mg'1™), &% 78%, Hxf
B 1.69 £, L — GA; ALFEHE N 13.0%, tb ¥ — EBR AbEEHI N 32.2%, W 414 18] % 7 & % (P < 0.05)

(4 1).
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3.2. GA; 5 EBR & 3Ext TP 44 Kaiseng

—EWFEN GA; RefRidl TP H iR KA K. SXIAHLL, GAg &b HE 5 K14 1 90.2%~100.0%,
KN T 6.9%~40.9%. 10 mg ™" ) GAg AbFE AR K AN KIDIABIR K, 1 100 mg 1™ ) GAg IHMHIHR
AR, ARKPER T 46.5%, MK T 22.6%, %573 EEP <0.05).

EEWKREE R EBR X TP 4 iR KA KA RS EH . SXTIEAHLE, EBR AFR)S, #iRKigm s
16.9%~50.9%, 1Ll EBR 0.015 mg ™" Ih MR KAk, 0.15 mg ™! (f) EBR {#MRK A T 10.1%, {HA
ISR KFEP > 0.05) (55 3). EBR AbH 5, 40 i34 1 50.4%~62.4% (P < 0.05) (¥ 3), HH Ll EBR
0.015 mg:I ™ ] EBR AL FR (41 1 K B K5 0.15 mg I "EBR 535 401 i 194 K, i K B 1 27.9% (P < 0.05)
(# 3).

GA; il EBR A& EfE b A i A K7 T BA BAERN, LT 5 — GAz B EBR X4l B A K HI5EM . %t
FHK, GE; (GAs 1 mgl™ + EBR 0.015 mg: I )2 A (R BEE FH S W &, AR KN 7 79.9%, Hi—
GAg KL FEHE N 27.7%, L #— EBR ALFEIHN 19.2% (4] 2), VN G4E; (GA; 10 mg: ™" + EBR 0.0015 mg:I™)
Mo, FRKIEINT 49.7%, LLH— GA; ALFEI N 15.2%, LLi— EBR AMEENGIN 7.5%, P& A 2R B %
(P <0.05), X T K, GsE, (GA; 10 mg|™ + EBR 0.0015 mg-| )2 S (2 HE1E F Bt o I 52, 127 Ach 34 1 K 184
BT 118.1%, AHLE T #— GA; F1 EBR ALEE, 43 %1441 9.1%71 34.3%. G,E; (GA; 1 mg-1™ + EBR 0.015 mg'1 ™)
1 G,E; (GAs 1 mg:I™ + EBR 0.0015 mg: ™) 2 & AbFE L AE I i, 4 15443 B34 111.7%70 106.1% (]
3), {H G,E;3 Fl G,E, 2H 7 [H] 22 57 A ik ) i 2 7KF(P > 0.05)

4. 71ig
4.1. FREBEMNEYDFFIELRLEE K

MraloR)E, mTAMmES), HNIBER S KA — RIVERARAL, WA TR . Eid R
FACERATHORFIRER, SR %, (R, CEVF /a2 R H[11] [12] [13] [14]. AR,
HRERN TP BT R R4 E KA BERW. HABERIREN 10 mg I H, SxHRAL, 2Rk
AP HIBET T 40.9%. 100.0%, 4Kk 100 mg 1™ i, TP 4 AR KA K 4 A FEAIK T 46.5%-
22.6%, XU BRI RI/RE R AEILHE TP 2 iM B HZE A, o IR A 7/ 25 3R RE A o) FL )y e AR M i 1) 2
o Ji AT AT REA 38 ELIR L (A 7R B 3R AR BE AT LA R TP A (AR KT IR B 1A P 410 A R 2 D 2
R AR 2

Table 3. Two way ANOVA for the interaction effect of GA; and EBR on seeding growth
=3 KBRS 24-RBEABEIEX TP B E KEMNHESHF

TR T A RN R H F P

EBR 2.126 3 2.394 0.136

) GA 8.800 3 7.190 0.003

b EBRXGA; 2.664 9 13.730 0.000
)ss 128.609 320

EBR 62.536 3 9.512 0.004

K GAs 71.340 3 10.851 0.002

EBRxGA; 19.724 9 9068.284 0.000
i 1086.803 320

(=)
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00 £11 ;@10 WM100 HREFR (GA,) KEmgl?

a

N
T

15

R4 Root length/cm
=
T

0.5

0.0015 0.015 0.15
2,432 MK 3 MBS (EBR)IK B mg- 1

B % /N5 R Duncan #5: P < 0.05

Figure 2. Interaction effect of GA; and EBR on the root length of TP

Bl 2. GA; 5 EBR £ &4 TP 41@RIKHIFZ N

00 @1 @10 mM100 FREFRIKE(GA,) mgl?

=
o
1

HiK:Seeding length/cm
O B N W b U1 OO N 00 O
T

.0015 .015
2,47 32 2 PTG (EBR) R & mg- It

P % /N5 R R Duncan A&36: P < 0.05

Figure 3. Interaction effect of GA; and EBR on the seeding length of TP
[E 3. GA; 5 EBR E &R IEXT TP i & KA

4.2. HRFEABEFEYMFIER B4 EE KRN

AR TR A AT TR, BT ISR BRSNS KA KA e FhrEg kil e
H, ZMNEBGRRIE S, GA FR T, ABA WRIEREK, Fhridthigsm, FRMRIRAZLL, FRAA W
KIEHIA . FFaiaa il 250 i, R . BRI R, =R AR A 7o R R T
JRAHANRAR AR AR oA B R A ] & B EE A BR BEA R HEHCR A IR A 3 4 28 3 [15]
TISEER A TR AR B PR RIER TR AR, AR K R B IR R RR[16] [17]. (KR EE 1R 3= s
fiNZE . TR KBRS RE[18]. TORMRAWE AL, W=t R ABRREILE ATPase i1, T
H'-ATPase Bl HRRAL AT AT AL 4By vl 28, (b AR K [19] . ISR N BRI BE /K R4 i (i<
HAXENE, KRR KRB, mR B NmH 201, RS, IR AR A AT DL i
X 2R L BE AT A MR A R (e A, AT LIS R ) 4 P B 5 e Ak DR AT IR S M 4R I B A 5 18, AT IR
PO [21] 0 SRR R S SRR R T IR AE KA B MR, £ 0.05 ug-g™t TSR
WBRALEE S, SR T A 2 R AR 14%~19%, IR EERE N 799% [22]. ZFIURAFERI23 I, =R
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P9 B AT 2% RS R R S N R AR KA R 5, BB RN, Fh7 R 2 5 B 0T s e BRI
ks, Hdr L 0.05 ug-g ™ HE R MBS AL ER AR et , S HEAR L, B SR AT IR R 20%~23%. 1.2 mg |
IR EBR i b8 A M ia AL HE N K G RIRR S . AR/ IS T 6.45%H01 9.60% [24]. £ 0.05 ug-g %
FABEAEIS , i 77E NaCl #hbid T FFh 7% 2 S5t 1 8%, 4l ik my AR 7 B3 in 1 56.67%F1 23.83%
[6]. AHWFFCH, EBR RERE(LHE TP Fhrfik, X TP ZhiiRAIE A KR (LR, g e,
BIEIR BE (R b4l AR, s EE M AR K o ARG S X RRAR L, AR ) EBR X BT R KR ma i) 2 7 A
BFEP>0.05), (UAEKADEELT(P <0.05), XEWHARFZEEX EBR KIBURFEEARE.

4.3. MRRABESHFERASTEDMHFITL Z4EE KRN

iy B ARER B K 52 2 PR BT, — D0l DARBRARBRIG ARl v RS #S T ARl o
“HERTEE T Z IR BT TR R IE R T A R [25]. BR ATRARRER ABA XS A RIFIHIME A, A2
BERFHAR[26]. BR SAKRMRHAKIERAINEIER[27]. MSEE AR /R 8 2 A BAEH OC R AGER
Z, [AWEA—, AWEIEH, ABIEH, WARIUEH. EE281\ iliSe s NEREIEIEM T K
g KT 5 GA BAMFEEM, P& 8 e E e 2 Rop T g i A . FEIREHLr R4
R A KT T BA N EER, RIS RIS R AR S AR R AR IR A B LG g —
PR o 3~4 fi5[29]. FRISEER MRS AR B RAEAEEE S T R RR RIS I A A A B vi[30]. 2448
TR R NEEALTE BR A6 ORI, RIL GA A i TR AR RN GA A R EA S e FH I
SN FIE S, XEH BR 5AER MMM EIEDB1]. A5, EBR M GAz AL TP M ik
ANGTHT KT T RA TAEBUS(P < 0.05), Fi7Hf K AF ML AR | i AR A T 5— EBR 8 GA; IR
ST &%, GAg 10 mgI™ + EBR 0.015 mg ™ 4 A et , LV GA; 10 mg: 1™ + EBR 0.0015 mg- I 414
SFFHK, GAg1mgl™+EBR0.015 mg ™ A& fetE, HiXE GA; 10 mg ™ + EBR 0.0015 mg-I* 44, st T
ik, B4R GAs 10 mg 1™ + EBR0.0015 mg 1™, HVKkj2& GAg 1 mg-I™ + EBR 0.015 mg-I" Al GA; 1 mg 1™ +
EBR 0.0015 mgI™* ({1414 . NERFTHIEZR, GURKIEREK, SRR GAs i EIRE 2 10
mg|™, EBR [IAEERE A 0.015 mg ™. A& AR PREERR, BT RFBRRI, SN H R
PR AR A . GAIRERIRA mg1 ™), EBR WA E(0.015 mg I i, AR THIARKIEK.
GAG I E S (10 mg ™), EBR WEMK(0.0015 mg I Y)if, THAF T AHK, XK GA; M EBR HIHAER
R R B IS FTREMERTE T, ARZE T GAs Fl EBR MABIREEAR, HAENIHIBA TS
HE. ARV, KRGS AR 175 /R R AR e b P i . AR PR EE =
FAERRIBOR SR G RS, T R BE RIS R A B S I 7R R R A AR TE M s A
WK SO R, IR BE R 7R 2 2 AN S 2% IR S RE, T sk B2 10 7 s R F S R A IR R A A K [32] o
EBR Fll GA; WM GTE TP Rl i KAL) i A KA AR v (1 LA EAE NI A Rt — 2 ot

EEUH
PG T A% 1 e ) 4 (13E002)..
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