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ACHAMZR, FEEAEMIE . PUrobs G P
mn AP LA EE R

VL Ao KR, AER T & S AE Ry A
KAFOL . IR AT R BRSPS T it A
G R G A E MR 5 B bR . S
A0 JE S BE T 4 ( Lilium nepalense D.Don ) &%
ZACERMPEM R R, S5 H AiEs A sc it R
Z WK TR AT, BRI BT IORR, AR A i 4
2%, BAAHPR AR R AR AT 1) F 2R, £
AN YEZETT ((Eruca sativa Mill ) 2 FTEEBIF5
HikEE, SOD, POD J CAT =Fh{f4r it it 1 A8
65 A3 FEFSEE IR AHOC ; S0 e E
4 (Lilium brownie F.) FEFMEWMFFEH &L, mK
R IAAL GAz. ZR XFAEMTEAT Sk i U 26 [ K%
i & A RHEVER ; Kovaleva L 4603 2], ABA %
RS EEA L (Petunia hybrida L. ) B#5A
SEMB R 4P 52525 ( Paeonia lactiflora
Pall. ) Z%58 J5th i /s AHOC PR3P B P S N TR R &
SRR E MR, HET, A O PR R 2458
ASERBLE A I ARIE , 3T b, AR5 L4
KPP REEA, DL A QR B R ACA AT T ]
WAL, WOHER I & . B . BSOS
PR AT I N TRR O R AR S IS A AN
FRWERIOCER, DI HRR RS S 2258 %
FPERLEI LA S 56 4t PHIL S 42 S8 AR R AL RS
Sk g HE

1 MHEEF&*

1.1 ##

BEAS RUPE PR 1907 e Bk 2 B 4 P 5 U5 [
ACAR BT FER B 965 BH ) G P el B A DU A, —
HORIRRAE, YT IR RS SL . TR XA
MR 0, HE BRSSP EE, 4 d 5 H
HER I AL AT N T 828 .

1.2 TEMBFARIEMEEREALNE

Sl TR A 1. 3. 6. 8, 12, 24, 36,
48, 72, 96 h, HUMEEE 10~15 4 (4358 A AT
fede ) MHTHAREE SR, EE 24 h DL EF
A T0% WiKE T 4 C UKFRAER, ZJ5H 8 mol-L™
NaOH 60 °C & T4k 4 h, Ek)5 T 0.5% 7
S BRI (5 6 h DL E, TER I TUOL B i
HATUES . HIR (B 1A~ K L x 40 f%; J B K x
100 % )o

p

s | 4
P

T pg: fERTRL; pt: FERE; spg: THEMAERTR; Ca: BHIK
BT bpt: EMIESEIL: tot: HMIAERE; A LS
1h, JEHPRCREIR; B. AZEHE 1 h, fERPRBIR; C~D. &AL
28 6 h, FERyRiEE Kk, Al ArEG, IR R BRIR B 5
E. A3Z8HM 6 h, BB ARKIE, FFmAEHMK,; FEglsci
¥ 12 h, SEME AR G AZEHN 12 h, #AEMEEK
FIEAEFR s HOmS 228 36 h, DHEMEMAT G | AR
¥ 36 h, KREIEMEBORFELILHANAT P J. ImE&IZTRM 72 h,
B AR BINRSR, APIIREU"E; K AZSER 72 h, EHEMA
R L IRZRAscH 72 h, JEMPRLZ LT M~N. H B 45
32, FFAN; O~P. mGAaCEMLEIL, FIEL T,

Notes: pg:Pollen grain; pt:Pollen tube; spg:Shriveled pollen

grain; Ca:Callose; bpt:Branching pollen tube; tpt: Twisted pollen tube;
A. Distant hybrid pollination for 1 h, pollen grains have not
germinated; B. Self-pollination for 1 h, pollen grains germinated; C-D.
Distant hybrid pollination for 6 h, the pollen grains germinate, with
twisting and branching phenomena, accompanied by a large amount
of callose deposition; E. After self-pollination for 6 h, the pollen tubes
grows rapidly and extends to the style in an orderly manner;
F. Distant hybrid pollination for 12 h, part of the pollen tubes extends
toward the style; G. Self-pollination for 12 h, part of the pollen tubes
grows to the style part; H. Distant hybrid pollination for 36 h, individual
pollen tubes extend into the ovary; I. 36 hours after self-pollination, a
large number of pollen tubes are bundled through the style and
extend into the ovary; J. After 72 hours of distant hybrid pollination,
the pollen tubes grows to the ovule, accompanied by the production
of callose; K. 72 hours after self-pollination, the pollen tubes extends
into the ovule; L. After 72 hours of distant hybrid pollination, the pollen
grains mostly appear shriveled; M-N. Self-pollination and fruiting,the
seed pod is full; O-P. Distant hybrid pollination and fruiting, the seed
pod mass withered.

1 EMAERIENEERTAENE
Fig. 1 Fluorescence observation of pollens
germination and pollen tubes growth
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e (NBT) JtidJ5ki e s A b fe i (SOD)
Wb, BUREEZR (TBA) e N (MDA )
T, H D i G-250 g T v B A
W, RBNAE TR SR
1.4 WIEHZRNE

WOREIR] 1.3 75, RALRE 0.3 go SR FREK g
MR (ELISA), Z Bl G pbar uin], 235l
EMIELIR (IAA) . R (GAz) . Sl %
Bt CIPA). BiEIR (ABA) FEFIR (JA) &,

2 HR50

21 TEHMHEREMEERIERRUE

LG IAE S A 323 5 AN ] s e 2 ' i f
WMELNE 1, BHE 1 h, LEARAHR MR AL
BIRER D, KRB KR (B AA); AEREIER
KN 2, i EEmEERKIES (K 1B).
ok 6 h, ImEAACALIIRLRIFG Z2, JEM R
%, FEREAHIM . SRS, A KEDIREDT
H (Bl 1C. D); HcHESEmE A KRR, H
P (EE). B#ME 12 h, &R
R E 24, Mok 172 3] 2/3
gy (EIAF); AR EERKIER, MK
W (K 1G ), #2836 h, LA
MRS MK BT (K AH); ASERIEnE
BRATFEEAE, MRERD (B0, B8 72h, i

—a— % Self-pollination(SOD)

100.00

90.00

SOD it SOD activity/(U-g™")

G D AR PR B, A BRI
BCEAY), Bk BAERSRERZ T TIE (&1L );
A B AL & IEH AR K BREE (1K), 5
WAL, HCRMBRIE R &55L, 459080, P
T (B AIM, N); BT R R 25 50 %A%, Fh
FKRZTHE (K10, P), BIKREW, mGraT
ZRERTERTIE, AEMPRIET &, FERYE N DEILTR
TRV HACERRA
22 BHIZE5ERSHLEHMIEIEE SOD EMHTL
BB G AR (6], [ 22 55 378 Gk 4 28 42 40 M
SOD /&AM (K 2) R BHE1h, HCHE
%% SOD {EtE & I Ft, ma s MRS TGRS A
T&, DLEF ASCHESSAER B &, UM A KRR, T
GRS HESE R WAE W & 5 1~3 h A 22 HfEdE SOD
Wtk dksr 2k ET (P<0.05), 7 3 hik%l
Tilg 84.57 U-g™", 3 h ZJETEMERSA TR, BLEMH
K, IH7E 72 his 3 5 — 5 & 75.05
U-g™", BEEHIER A IRER S 7 o 8 4% 2% 58 M
SOD %% 1~3 h At ZGE FFF, 7 3 h ikF]—4
W5 74.78 U-g™", IS 2k 2 22 AN BIAE K 1
%5 3hJERA N, £ 24 h ik 5 —Ik(E 81.97
U-g™", ZJEHREREIKT-. RIS SOD Xt
R R A S A KA R IER, JUHAE SR
W, wmiEYE SOD A B FAEM-H L R BIVE T, Xt
H SR AR RSk IR B B i & AR A B 2%

—=— 747 Cross-fertilization(SOD) - 100.00
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Fig. 2 Changes of SOD activity and MDA content in pistils after pollination
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2 W5 % 35 %

67.03 ymol-g™', LA A ZCHESEM I &, TEME
AKMGE; 1 h2Z)5 MDA &R, JF7fE8hz
JE R, BERIEEIAK, WA ERI
HAERYEAT T ARE KB AR, SR RS P
TRIRFPPAPIRAS, MESE A B N AE R VE 7Rk Ty
RMRIBEAER . LA R MESE MDA & 742
i 1~3 h 2GR %, BEERRILIEAL; 6h 22
J& MDA &2 B 17+ (P<0.05), 12h
kR K 72.87 umol-g™', BT EBAERE
Hif, JEEEA BRI DUR, AERE K AZEL, mThg
JREPRAE T AE SRR AE R R B S HE R E I, i
5 MDA SR, 10T e S N sh AP
ML REZ T ; TERMS 24 h 2 )5 MDA L T
B, JFAE 48 h ZJRIrha e, DU b Ao i 8 07
M o7 38 ISP, HEARAD TR RS .
24 BXE5ESETEMEESETREEAR. TR
HEESETWN

E572a 0 =W N 110 ST S Bral e B2 S50 7 it o

W . MR A Rl (B13) R A
S5 By 0~36 h, mIv MR (A &l kb
E RIS LTS, A3 Sm A ]
WYEE A SRS IE 24, 36 hikF Kk, ilh
52.90. 50.48 mg-g™', HI VMM AR BT 12 |
8 hikF| Kk, 4351k 30.17. 31.64 mg-g™'; #%
¥ 36 hjm, AT mAMRE. HILUis, ol
PEEE 1A e ] P AR A Sk AR B 7 k4 ke SR8V
il EEEIEH, Hp, iR nTEtEE A S
AR/, AT FE S AR K 0 X A0 R o 7
W, AR RS ERIEH IR T RER
JRPRE, AL UUNRY B, nIs R LR U
FIEZA R, BRSS5HIRBIER . ttsh,
BERE R AR, S PR A i IR, s e
R, P4 T AT PR R ) ST A
MR TS, AR, —F &l
FHX AR

—a— M7 Self-pollination(Soluble protein) —a— %3¢ Cross-fertilization(Soluble protein)
—o— [ Self-pollination(Soluble sugar) —e— 7432 Cross-fertilization(Soluble sugar)
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ALV R
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Fig. 3 Changes of soluble protein content and soluble sugar content in pistils after pollination

25 BXH5EZETRBEEE IAAGA; 22
T

Bl 4 F£ . ARSI 2R M 1AA,
GA; &t LR R IN FTb-F - L%, 4%
A b A 2842 0y Ml 8 A I 5 4 S A M E R IAA i
B, U HAE R AT R PR . A S BR M
IAA. GA; & & P IR m S g, s
3~6h [ HMES IAA S B 2 W5 E T

(P<0.05), Jf7E 6 hikf Kk 45.28 ng'g™"; H

L GAs S HRAERMIE 1~3 h Puf 7, & F
G MERS , LB B A SR iE i & £,
W EE KNG, BEE L& A5CIN GAs
ThEr, SIS MESS LR TR WI &, B E
KAEK, RHEKFE IAA, GA; XTAEFTEM: L AYIR
S Aek i K . AR E A RKORMEHER, 1AA,
GA; fEA R, & &S ARG S ER .
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—a— [1%¢ Self-pollination(1AA)
43¢ Self-pollination(GA;)

IAA %t IAA content/(ng-g™")

a

—m— 7438 Cross-fertilization(IAA)

—e— %232 Cross-fertilization(GA;)

8.00
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Fig. 4 Changes of IAA and GA; content in pistils after pollination

26 HIS5ZEZSXLEMEES IPASETH
K5k AXSELERLSHERB G
IPA GBI RIAMEFAEETEES ., BH)E
1~36 h, HAZHEMMEL IPA &AL T m K FH
PREFAEX RS E , &AM MESE IPA & 2 )%
B BT, RIRMR RS E K, Hih, G 3~
8 h, ASEHIMEE IPA &, WIURERM N

4 A
—ea— H A2 Self-pollination(IPA)

—e— 138 Self-pollination((IAA+GA,)/ABA)

IPA %4 IPA content/(ng-g™")

R R AE R, AR MESR IPA &
R, WSS K BAER A BHIR BT UR M1
MZESEIGE, HEM K IPA X AER A B AR
KAMRIEN; 36 h Z Bl T, ZahE
HIXERE, EMEERBBTRERE, AL
B EARIR S TGRS

—a— 7242 Cross-fertilization(IPA)
—e— J£3¢ Cross-fertilization((IAA+GA,)/ABA)

12.00

1.80

0
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# i Pollination time/h
B 5 ZHEHELSIPASEER (IAA+ GA;) /ABA T
Fig. 5 Changes of IPA content and (IAA + GA; ) /ABA in pistils after pollination

27 BXRE5ERGEZEMEHES
ABA T4,

5 #KM: AZCEMMEEE (1AA + GA3) /ABA

(IAA + GA;) /

WEE TG RMERS . B2k 0~36 h, L%k
ZRAT PR MERS (IAA + GA; ) /ABA {UTEFER S 6 h
BT, T 2k 58 S0 ME AL T A8 i
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K. AERE RS A KB, LR ABA 5Bk
WL AR E; AR (1AA +
GA; ) /ABA {UFEFEH G 36~48 h A%, BLEHAEH)
HEOMAT
28 BRE5ZSEZRERMEEE ABALJASE
T

K 6 . 28 0~24 h, AXSmELIcH
By iS5 ABA it AR b A I, A 3SR MR
ABA i TR, 4k 4238 Bk WS ) Sk
Tt (P<0.05), IfAfeER KT, WHEBA
TR K, RS KGR, B2
SR, PRI 2L ; #248 0~3 h,
H 3 5 Iac RATMERE JA Sty LT, mgae
P LA B, IR F B AE R
K, MBI MALH R I & ; Bk 3~12 h,

JA BRI SY, RHER A T b A K
BrBe; 12h ZJ5, ASSHEBMER JA & s RREAHxT
FaGE, MGIACHRMMERS JA SRR BT, B8
72 h Z A easE, BERTAERY A B K B IR ER &6
4y; 24~36 h #i[H], [ 28 548 % 24 58 B 0 M
ABA &34 KIEE 7, 48 h ZJ5 2T
Rta s, BT B & AL MY (K Ak KB 1 B il
Iy o BEAFERYSZ RG], T2k AR ST BRI LS ABA
SREEE T ASKES, JA SRR b AR
KIMESS o HEMAEAERS-FE SR BE, JA Fmi
FHESEN T A FE AR K SR, i miBH A
TGS AC W & s [WRE, fERE%E ABA
RPN, AR ABA Bl S A s A
S DR TR 2, AL & i — 2k A
K, I i gE S A A5

180.00 - —o— H#Z Self-pollination(ABA) —m— 7438 Cross-fertilization(ABA) -50.00
—o— H % Self-pollination(JA) ~ —e— %3¢ Cross-fertilization(JA)

160.00 - a -45.00

140.00 |- 4000
> 120,00 135.00 =
. - (o))
g : be b bc 'gv
E be bo 13000 5
£ 100.00 | b a g
8 ab 425.00 §
g 80.00 a ab i
E Rl PS - T 420.00 =
b c b be cde bed R
T 60.00, b T bed £ o
< ) de C <
f he 1 1 415.00 =

g ef def bc bc be
&
40.00%d_F cd cd 410.00
20.00 —5.00
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

0
0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

F2W S ] Pollination time/h

6 IZMEIEE ABA K JA 2T
Fig. 6 Changes of ABA and JA content in pistils after pollination
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SN R BRI 22 BRI I % A S K IR A FeL it
g BN, SRR, DRI R AR
SEULLE SN RISZ G TR 19 3= B A = S 22
—, SR AEA SRR S A SG R R AR IR A
FARE UM, SRRERR, Sk aride, =456
AR ST K G ACEREE R, DI
ARRRIEFL RN, PUELAER KSR, SR
e RN, S FE49)® ( Chrysanthemum
L.) MRS IR ST R, AR G

Sk BAERYRIFERN D, AERya A RAR, B EAERK S
w, MELLIEA B =LA RS ( Rhododendron
lapponicum (L.) Wahl.) iEZ 2585, ERE .
AEE . WRBRSE =4 R DAL, FBOZHS i im e
TREE IR HA R R R RS, AT 2582 2%
TR . 2H5E . k. BRIRBITR A 3R
PR 2R A AR O, ARG B g a5 R R, R
PF 5 OR R PHIE S 2258 32 RE AT R As B &, BRI BT
DR 2 VER, IR T BE R 4 4 5C %
Wo IR RN, T TS 4k F it
21 o B PN 2 DR AIC BRI R A R, B R RGO S
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b O NI (1B =97 W 2% v = A o N~ I B LK N L
ML

TR — R, STERE S R B G|
Ll G VE S B E R ) B w8 k. SOD 1R Al
VIR FR 50 U E AL, Gl T BR A A
P SR AR AT ) e 32 S RO AR s L K
V- SOD A Fl FAEK-HE S 1R . BB S AE R FE AT
Sy &1, RAERFPILEXH ¥ ( Brassica
oleracea var.capitata L.) %32 824y w58 v & FH,
Bk G MRS SOD Th & W I, SERPER R
ACERPER Ry EA 3 7E2=57 ( Eruca sativa
Mill.) AAEHETTE T, A SSEME MR SOD
AR B SRR AL B i 200 ARBIF 25 AR
FH], Bk SEAIMEE SOD WEMETFE R, R
BRI ek A M AR K BB, SOD itk 2 i
ETHE (P<0.05), W e i 58 PN 3 38 B 17 1
ARGEMHENNR, HPFERIE A IS P AT s T
B, MAEKE IEH AR ERAL TR A5, MDA {E
R IERG I AR L, S B AT B Sk
Mz 1 F AR Y, R F M AERY SR (Malus
pumila Mill. ) A EFARHFE R LI, BRHT A A
FEHMESE MDA S AR FEAIR, 48 h ZJA bl
#H B EMMESE MDA & /& NI, e et
£, AAEMMEEE MDA ST, EHETEMR
HEWPEIEAE K s Ren 529 X AT 2516 83 18 VR R AE AT
FER I, ¥ UR A FE v 40 M AR R A AR AR R A A
MDA &Ry in, 4ifushfesz i, AT %7t
B, AR R R TR, AR BN, ki
K. AEERAERKIES MDA S EPE TR, A
FFE MDA S H ¥ T m (P<0.05), %
ZRAEHZ R AL M 25 58 T A A K= BFIR BT DORR,
FHEDN 301 B0 G %) Dt R T O O 5 4 i R e A
b, SR L R IRz R, 51 e E A
PRGSO, SiehE TR, ot
M BT ZE S, TR 28 i AEAE A B 58 1
ZHG o VPR VA R R B S T T W B L
RSP R Ly, TR R
EHEEAEH . MO, EABAEHEE YR =
KA AR, EREr A B b B R P,
REERFPATEH B AscF b kB, AR
By, Ynen R H AN AEA RN, R
WEE A S E TR, EEE AR A . AF
FREEREW, W5 A58 Him s 4 S T &
H RIS THE G TR, nlidti & &

FE/NE IR B, B AARIE G 2 S M58 T VA T 1 A
H SRS S i m, BRI T BB 2k A 3SR XA Sk
S AN ., Sk X AE RS TR) Be HE AR
SR, N T MESICEER, HERW TR, e
AR AZE,  RARRIE R B ALK P DI A AR
FACH B %8

GA;. IAA. ABA. JA %52 A YN Kk S Ak
Wy A A P i IR AR T, g MG A0 A i
# ( Populus x canadensis Moench ) H 22 fil 548
Hi#s (P. alba x P. glandulosa ) %475 2 ¥ I %
W, ERYERER GA;. IAA, ZR & BN E Mz
By i, ABA B E MBI &AL, X8k
PR KR, RAMGESHSS S TR
( Camellia oleifera Abel.) ) ) AZZEER it #2,
M5B, AP IS 2L KA,
TR JA G, Ja shamidil A sS B8 55 A 7
THLUH, e EAERKZH; KK IPA. ZR,
GA; Tt AEKAERuRIE K . HIhITE, SRR
U544 BB |z & I ( Benincasa hispida ( Thunb. )
Cogn.) HaRRAY JE I 2 —BA, A5z 45 1%
B, TERTHAE R A S R B B, A 3 20 Ml
IAA i 25 8 THEG A B MRS, Bl IAA & i
BETHE (P<0.05), EHifE . &4 KR
L, R REIKE 1AA XS5 A 240 1 A v A K
RAMRIVER . B, AscHk IPA. GA; &
W, I G4 AR A6 R T IR W R B IPA
GA; TritFhim, #HEMEZKT IPA. GA; BRI TAEH
TR, XSWPHENSEAT G PHE S I35
i R MM, KimSEPIHF5x £ 8, JAS ABA
AH B AR FH S 8 9 A7 4 B g O R A B e 3a 14 it A2
PE, TR JA #05 ABA A RIEH , fE3E T ABA 1Y
WA . Rajesh 2EBIHF 5 R B, ABA I 1%
CALLOSE SYNTHASE 1 ( CALS1) RNk E
PE LA o AT ) A SRR, DA 5 S 4l i
JPFIC T G E, PRAIARAS (R AR K M5 Sk BIX A
ZERIRARCR . ARBFIE SRR, ERp R,
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Interspecific distant hybrid incompatibility cytology and its
physiological mechanis in Paeonia suffruticosa Andr.

ZHANG Xiang-yu, JIA Wen-qing, HE Song-lin, QIU Yong-jie, WANG Qiao-jian,
HU Huan, SHI Lai-kun, LIU Hui-chao

(School of Horticulture and Landscape Architecture, He’nan Institute of Science and
Technology, Xinxiang 453003, He’nan, China)

Abstract: [Objective] To clarify the cytological and physiological mechanism of the incompatibility of dis-
tant hybridization between peony species, and provide theoretical and experimental basis for distant hy-
bridization of peony. [Method] Using P. ostii ‘Feng Dan’ as the female parent and Paeonia baokangensis
Z. L. Dai et T. Hong sp. Nov. as the male parent, the compatibility of distant hybridization and pollination
was studied for exploring the relationship between the changes of pistils protect enzyme activity, soluble
substance content and endogenous hormone content after pollination, pollens germination and pollen
tubes growth. [Result] The results showed that the cytology of Paeonia baokangensis Z. L. Dai et T. Hong
sp. Nov. and P. ostii ‘Feng Dan’ distant hybridization was poor as a result of slow pollens germination, cor-
pus callosum deposition in pollen tubes, severe twisting and entanglement, disordered growth and branch-
ing, and only part of the pollens could pass through the style to the ovary. After pollination, the rapid in-
crease of SOD activity was beneficial to pollens stigma recognition and pollen tubes growth; The rapid in-
crease of MDA content was not conducive to the elongation and growth of pollen tubes in distant hybridiza-
tion; Distant hybrid pistils had higher soluble protein and soluble sugar content than selfed pistils, which is
manifested by enhanced stigma recognition and pistils rejection; The content of IAA in selfed pistils was
significantly higher than that of distant hybridization, high levels of IAA, GA; and IPA were helpful for pol-
lens germination and pollen tubes growth; The ABA content of distant hybrid pistils was significantly higher
than that of selfed pistils, high levels of ABA and JA showed an inhibitory effect on the growth of pollen
tubes, induced the deposition of callosum, and the pollen tubes twisted and twisted to grow disorderly.
[Conclusion] Pre-fertilization barriers exist in distant hybridization of P. ostii ‘Feng Dan’ and Paeonia
baokangensis, which is closely related to the changes of enzyme activity in the pistil, the dynamic changes
of endogenous hormone content and the content of soluble substances.

Keywords: Paeonia suffruticosa Andr.; distant hybridization; endogenous hormones; protect enzyme
activity; pollen tube

(viiEgiE. 5k BF)


http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.3969/j.issn.1001-1498.2015.03.011
http://dx.doi.org/10.3969/j.issn.1000-5382.2014.06.003
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.01.010
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.1016/j.cub.2018.11.006
http://dx.doi.org/10.3969/j.issn.1000-1573.2007.01.008
http://dx.doi.org/10.11841/j.issn.1007-4333.2019.01.06
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.3969/j.issn.1001-1498.2015.03.011
http://dx.doi.org/10.3969/j.issn.1000-5382.2014.06.003
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.01.010
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.1016/j.cub.2018.11.006
http://dx.doi.org/10.3969/j.issn.1000-1573.2007.01.008
http://dx.doi.org/10.11841/j.issn.1007-4333.2019.01.06
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.1016/j.sajb.2011.10.005
http://dx.doi.org/10.3969/j.issn.1001-1498.2015.03.011
http://dx.doi.org/10.3969/j.issn.1000-5382.2014.06.003
http://dx.doi.org/10.7671/j.issn.1001-411X.2018.01.010
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.3390/agronomy11091886
http://dx.doi.org/10.1016/j.cub.2018.11.006
http://dx.doi.org/10.3969/j.issn.1000-1573.2007.01.008
http://dx.doi.org/10.11841/j.issn.1007-4333.2019.01.06

	1 材料与方法
	1.1 材料
	1.2 花粉萌发及花粉管生长荧光观察
	1.3 生理指标测定
	1.4 内源激素测定

	2 结果与分析
	2.1 花粉萌发及花粉管生长荧光显微观察
	2.2 自交与远缘杂交授粉后雌蕊SOD活性变化
	2.3 自交与远缘杂交授粉后雌蕊MDA含量变化
	2.4 自交与远缘杂交授粉后雌蕊可溶性蛋白、可溶性糖含量变化
	2.5 自交与远缘杂交授粉后雌蕊IAA、GA3含量变化
	2.6 自交与远缘杂交授粉后雌蕊IPA含量变化
	2.7 自交与远缘杂交授粉后雌蕊（IAA + GA3）/ABA变化
	2.8 自交与远缘杂交授粉后雌蕊ABA、JA含量变化

	3 讨论
	4 结论

