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WM, ZATE, LR, WA, TRE
FR L OV AL B R SR A T AT, B 5100081

FE: WA E O RSEM THRERZE D RESEE, Ho R

A RAMG RE . AEAAIEAR . @mitFm g, BEARF

BAIE S OAARE REEILAR, NAGE LRI, T T R RA T AL AA TRNZRAF I, 7 LA
BUA PR AR S E L, ALTRIL TRRRE T ORANLH . BT, YRBERETBL0RE, £
T T B0 A 8 £ T RN 90 FAUH, SR T SRR O R4 BT .

KRR Wik, ReidAz, REHuH

e 5 NG 486 B H — BRI 1
RS R R AR R R E Y
LB b, S TR B ER (Moore
1982), H R 27 B & 70 FRONFEAE, TR RN
iR BUARE UM G2 T8 [F) — M S R R 4
A fE . HASRMELS S, HREHAEK
KB BN AR B0 BEAE R I R R (A #5562013) .
ArEdr, EEREOR Oz S T R ) AR AR A
POE % E (Bletsos:2003), fEFE B =& $i
Wk SR SE 5 )M e R SR S
577 TH B AT = EL W N H A (B (Colla®52006; 27 Al

B E2007; VenemaZ:2008; VitaleZ£2014), 154z
FE Ol G i R S BN RRANGG A 2 [B] I8 2
Mo 2 R ot HEBAR E R, HARE Y
B — RN HAE, O 5 0 A i B AT
FUR R o AT EEMEIR T e i 1 1 1) i i 25
F. BmEERE . DL G A 1 A A 1 52 e K]
R, HEITS 7 E DA A AR S AH %
(15 Bl LAk — 25 B A 50 R0 R 2 41k
BERERE R
1 IRBEE OB RIESHM R R

TG R i, R E 2R ER D
Ab 20 M A AT A 2R 2 AR A, B R B . B AN
JEIE AR BB REAT P IIWE, MEEEEE
T A R TR A R RS A A B A R A
I i 5 5 R 240 A B L T 22 1 T 1 55 (Ermel
£:1997; Estradalunaz%2002; Kollmannf1Glockmann
1991; Pina 2009). iz H i 7 RGN EILE S
iR D AR, s 1 I8 5 4 i
= A A2 72 (Weatherhead fliBarnett 1986). Pina
FErrea (2005)K H 2 Jn R AREHOL L R E L

T T 0l B A I 2 SR AT R & o A, 15
H Tl 47 2 23 4 B P T 22 ) AN TR A0 AR A R 0
A . ZFEERAA KRB R 2 —, (HE i H
B TE A 1) LS B 5 58 A B A S RN A ] 0 42
HEIE] H IS AR B A 5% 22 (R IR RS . R S i
IR, XK G R ARRNE R A H 2
I AN 32 15 42 S A 1) s 1% R 3R (Trinchera %5
2013). BEEBURERIIKRE, eI T 0 i Fe i
F 25 [ S5 M I E% . Leszezyhski%(2000)i12 H
FEREFLAR 5 B AR (nuclear magnetic resonance, NMR)
WHEF I RBP4 D1 AT 2D S Al Je o, %
14 A1 J2 AR Joi 38 K 1) B 358/ 12 A 25 7K B i e,
) 5z 0/ Fs 2 240 ML PR T i, TRl RN O B 2 v
BEZH S I R S AR . AR SR B AR
(magnetic resonance imaging technique, MRI) %
IS FH T 3 A 6 ] S AR 11— FRCARR PR A 5 1) 5 R
R, IEEHE 1A 4 e 8 1 2 OK FEL RSl R 4 TR
IEERE, JF HAZ R AT e 23 BN PR A I 4 ) 1
BB T SR A 1A 2% L H (Bahar%2010).
K X2 T J2 A% 45 R 0 ] 260 1 4 T 42 11 iR 473D
GERIXTLL, IS A e PR R e e A 2 R
2 BRI IR ST R B, I HLA5 i AL, T 5%
AIVER Z W H A b SR IREL, I FLAG R 2 8] 9F %
H 584 iEFE(MilienZ52012) .

WYkl %6 H (green fluorescent pro-
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AN e Z AR P 5 i B ) T S B = T H
* EHMER (B-mail: xeyul962@163.com).
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tein, GFP)ZE [RIAR 10 55 42 A5 B F T 0 e e Ak 4
AT RS 7T, SchoNing 1K ollmann (1997)
T C-FE RS 1L AN 5(6)- 2 52 7 6 3 (CF) R i iF
Fi T 25 R0 IR il 1 I 4 A FAS S RN ) 2 /)
H Z& i H iR 1) I 8 e is Th g, K IR AE 5% i 4
Hh E I AR 1) R 5 B A CF ) i i R IR L,
T AN 55 I 42 A A 3 Fh 485 74 A1 D B 380 — B
P FIH DB Pk 2+ R (fluorescence redistri-
bution after photobleaching, FRAP), & Ik i 4%
A 1AL AH R ) S DA R 3 22 AH B, I HL
T A B B 2 2 4R IR) () B R K% (Pina %E
2012)0 {H3E AR FRER T 2L g R I, LRI ST
L A G R 00 D 2 2 2 0 2% 1) 1 4 SR b )
/IN(Flaishman45:2008), X 1] g2 H T 535 S 1061
P L, 72 AR B 4 BRI T 4R IZ Hi (Indig FA
Aloni 1989). ¥% NYFPHIFLFE 7+ 5% NGFPH]
0B T HEAT I e, W7 DATE 2 WL 82 34542 /524 h
W3R R A AR 3 H SR TR B 8, M & pCASPI::N-
LS-GFP H MR Ig ¥k 1 CASP1 (casparian strip
formation in the endodermis)[¥] 1%, & I 1% 3 K 7E
GEED L RIAZE B O NI RIA K 1~2
d, R TRl AR REAE 44 T 40 i 23 AL TR AN 5T
FRIE(Melnyk52015). BRI 2 K BUR R, Gukl
ARG R T i e O il & i Rt L, 1X At
TR N A G 2R B A S A A T LI BEE T
et
2 FEEAEETENHR

I R GRS TR, RE R
FEAR O BT 75 I TA) R AR 2 L AR RS L IR AL
KMGAETTEM R, (B2 @G BRI AME . F2
I3 = AN A (1) FEAE ARG R 18] 147 46 35 3% S bR
HZHTE R QAR BT RG (3) AN A A
YL AR ) SR 4 (Moore 1983), AR & & id 72
SR (R 2 AT 7
2.1 FEMEEARSERENMR

o1 M 2 = Rl AR AN AR AT DL 58 42 B0 70 1
G RBOE AL, KA KM S, KD
() Gk FRARRL, I, PRUD a4 T S B0
Wi 5 J2 78 2 A G T, %% 2 R 2 40
1) 40 e B 7 B ) S v 1 B R e ) 0 ) Dot )
HEZEERHRESG O BIEAEVYAET7FEK

BAIMNE, DRI AR 0 A ) A2 2R 4 (Moore Ml Dan
1981; Tiedemann 1989), &3l 11 k% &5 )= 41 g b
HH IR R 1) v AR AR, WA SRR, BROK LA R B
1T LA 328 il Bl B 0 s 8 02 5 o i ol 125 2 19 10
L 1) T2 o S AB B 10 322 22 () 400 it e 1) 58562, 31T 7
5 — 2 AR SRS R A I, 38 e T P 4 A P 0% 2 T
JEAEARA D B IR K FE S AR, 25
T R (horizontal bridge, HB)45#finaE 1 Ik 5
(Trinchera®$2013); 411/ K& =5 )2 (1) 8 BE 41 B Pk & 5>
A, RS A o, RO AR, fEARAR
P, mAHSR AT UL RBEX . KRIFLk. FERE
Rz A R I o A T R, A R 4R )T s 2
{10 B[R] 32 22 3 — 5 0 sz 11 Al R 4 M i) 7y 32 422
(Pina%2012). BT T B H 475 4 2R 20 e B SR 4
) A K, ERE 6E G A T A ) v RE A AT A
(Flaishman%$2008), B @1 2 219 3, REXS B
B2 A K A7, T ELRT LR ISR 2 AR B
S RS, 5 SR S SR R R, B RERIAG A v ) o
5 2RSS A8 AR, I ]l A ) 122 4% (Stoddard FlTMc-
cully 1979). 745 2H 23 4k T aei sk 38 5 A1 755310 i
B 4EE WA, YindF(2012) A I B 154523 d
J&, AT T KR4S RA LU ik, JF
PR T A0 AN ) B 5 1 Th R 1 & B2 {H Melnyk
Q015 /EMEE T O @A R KB 5 i
R BRI, RIS T dA e ORI A L, Hd
J BT AT R 2 2 38 43 il RREAC O S 3R AT T 2R MR 4,
WOAE3 A AT LR AT A5 432 B, (H Bl 25 A5 40
ZUN T R IX Bl 2R PR 2 32 BB A, T 32 1558 404k
KT R RAEIGHET ditt R AR . Bl As Al e
A A BRI B, b B G T B 1 58 e
2.2 EFMNFFEABESTIEZNAR
LSRR IR AR I, A S8 AN 15 52 TR A S 3A
BER 2R 0 SR A AR ) B st AR R PR AN TR, 3 R
KRR A e A NS 3L A, il & N H
AR KR EH R ET AL A, SRS g4
AT LLE R TSR MG A R —H T %
FUPHAS T WA 1 B/ f 45 4 23 0T 3 %
$2 1 2% 8 (Weatherhead 1986), {H /& Kt A%
B, B LR D5 5 1A OBy, HERE e
2T 25 A0 R S5 A I d e v 0 AT R A2 (Pina%s
2012), A FE @A R HE T A 48 % . iR
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Jit K By K i 5 £ & S (Pilars52001) . 38 5 E
(140 B AR TE 40 R A % R G 42 Rk 2 11 3R T A i
8] 3% 22 {1 1 (K ollmann fl1Glockmann 1985). Pina
F1Errea (2005) %% Tk 5 45 45 2R 1) Jfa 1] 3% 22 R A
TR TR AT . AR IRAN SRR A,
I HAE ARSIt e 1 3R 1 @ 2L 2R 4 TR 1k
= e H AT K 2 5O 508 A 14 B 1) O B 0 IR
R UIReEYEE WA LR H %, A RMEE 2 HR
ROy AR R SUE L, W R R B O
MR Z Wy 2R 5E B (Milien%$2012; Usenik
£52006), 15 5 B IAS SRR R B T 42 Ak B T4
YR MRS AL, IEATAE A 0 B 2 R
YL E A (Chen%2016). FlaishmanZ§(2008)
I 5T 2 B, B AR RS AU R I/ 3 it ik 22 Ak AR
HUJZ PR 7 R AR R A 2 E o, (HA R AT
SRBENE IF LS5 AT, IX R IIRG AR AR T 4E%E R
PLAMFERE@TE, IR L. shAb, B ESEAN
GEAR P AFAE R 4 WA TR, H T H K
B IR 8 A ZH 3R] 0 43 A PR R S RH A S5 3 T L
WREIBHRG, FEBW s AN, RN ZE
KA S Al (Hartmann fllKester 1997). X JF 3%
I3 T 70 L AN =) BR T e A i1 45 44
ISR, Oy e B AR 2R ACUR 038 . 7 ) 7 7 26
EHEET SR AR, o O AR YE R B A S R
TR BT A, T I A Y B AN R I R S
T AR 2 £ (Gokbayrak25:2007), Chen%(2016) 1
TR I I Fe 42 1 A B AL G 28 G B0 475 8 A A ) B
1B (superoxide dismutase, SOD). it & bW
(peroxidase, POD)F £ [ 5 {4 B (polyphenol oxi-
dase, PPO)W OIS A F) T I8 O G . At
FU 2 WA DR S o R f 2 1 A BRIV 1 T o it A
Vi) B 3 4 O 52 BT 3 i 2 11 4 22 W 250 Joia A
PERY AR R, A BRI AT R 20 115 T,
B 9 E AL 7 AN 48 (Hudina%52014; Kang%s
2016).
3 whisEEOBEaNER

Mg O A R B s R 2ok H = A
DI TS SRR RN IR

MG AL ARG A 2 2P A2, =
g O . B RTH T RS0 TR 255 5%
TEEEAEEE . TSRS, e

LRI B2 o B g R 2R ) OB,
i ARV P S A m ) S B AR G & 5 A,
PR AREARY] DRI AT, X P75 5 TR, il
FHIA 45 & i AoR, HA A LN G T 1,
WAEAR AT ARG PAS R 2 N P
e R R ARG AR AT) Y T S A R T
X T IEXT T BN A Gy AR, I H R bR
() 285 5 ThD AR A /N 2H 2R HE LA 6 L3R 0K, gz
M A K 8 IR 8 & A KM (Flaishman%$2008),
EX TR AR E IR, WA IEE NG E.
SERRE R AR R T A AR — R,
B IRAZE A A AR R, R e B 422 A i AR, HL
WA H R R B & e B R, W DA RO IR
T, H S 2w, EARASAE Y AN g 3 b B ¢
%, NHY KGR m R = %, R
RN ECD . AN, WE IR R TR RE, )R
B IR, A i
A A ARIR SR R R AT M A O A T R LR,
JSON W 2 R A T B v SE B, — RS TR
e MHEL B AR AT AT IR A
(Melnyk#52015; Yin%5$2012).

DAL iy A AN 22 AL ) &8 AS [ i M, B8] — REAS ]
J&, BN [RIRHT P2 A e A AN [R) R I Ak, 0/
At FER T S o R — S PR R IR B AN [
P A B RGA b, 7R SR PR U I I B2 1 45 & 3
LA BT 4 O I B B R %, e
ANSE AN B IR B2 Rl AR 2 A A RTS8 A R BE 2 AN
AN e R ALE Y, B 1 4E S R M A
(Chen%52016) . 42 1AL TE 12 W16 AN T 22 (1) 4
BRI AN S R IR AR /R D T 1) 32 SRR AL, Ut
Ah, ORI E A R BRI BARTE T, itk
N LR AR AR LA SR A AT e B T4 D b= A
T ik Z 5 M S (reactive oxygen species, ROS)i
bR R G R R (risarridF2015) . AS[RIRFZ 8] 1 25%
A A, $0 R T+ v i B ), 2R H
TG4, v LS B R D 4% . F BB AT L
FE o AR 228 0 XU b Al B A A AT I 4,
AN TS 4 g G5 4 o3 B I IR R IR R
HE, R EEA FEAT 7O SR BGBHE, A BN K
TR LA TN R A, A A5 A o 350 R 1P 1) B
BRI RIS B, R4 A% T8 1%
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KB P R T 22, 3K 0 ST R 1 A A ) S Joi A AN
HMA I AZ i (Notaguchi 2016). Ak, il AR
A B P AR AR RS X T 1 Al R R A —
SEFZIR, [ — B MG AR L. 2. 3 H IR RR IR il
K, H OGS 5266.7%. 89.5%4193.8%, iX 5
fili Bz 14 2530 BLAR A O (Cholid552014)

UG T AT A 2R KA B A, BRIE
G HE . IR . MR RK ), XA IR BN &
2 R 22 11 185 IR OB AL 1o 2080 v )L B2 41 1)
KRG THES, IR EHALIE R, 1
17~23°C [l P 3 Al 4 w7 R 28 B it P8 7 v T
Hhn, M26°CIN BGE 22 BT T B (VudE2014) . i+
G B TR 19~29°C 44 F, BEIRE T miEs
A7 2R B = O, (B4R R A
HRRGE, KT RE 1R, A ERE N
RGN 25E2015) . RSO RE &, 1M
H.GEWE 1 75 5] Bk £, R (indole-3-acetic acid, IAA).
757 % (gibberellins, GA). fii 7% (abscisic acid,
ABA)EEYIMERGE S, MOt GEE O E AR s E
FAEH . 8 s E A B A RDE R 7R I
GE N 22 R A, KD 65R AT DAY o5 B8 1 21
E SRR L S B ER AU L2 7 i S A D%
(%) R DT A0 Sl 2 1) ) B % (Muneer55$2015)
FSC Ty R B e AN 75 2 8 1) nR, KA —
TE LR, B G B AL B AR K A R
i, WERBEAF T RO, JFHRE LR AY
P B E, AR T HEN A KK E (Kangs
2016). ey 23S0 R0 T I 4 1 i MR A R e At
Fi 7Ky ST e 20 BRI, AHE I FEE 70%~90%3 il 1A,
7 0 105 4 ¥ T R R R 3 A, R e
SUE PR R AR TR OMNE S, BETKS
& R A A 25 5 (Venemad5:2008) . 15 4% 1 AT 3 4%
ANFR R R 1 2 [0) 2 AR A AR R, S RS G R T
A MGEAR A KR,

4 IFIRRR A IR A (L HFHE

GHEE, MR, R RS G R —
BEAR T ) AR Ak, 3 e AU 7 4 2 52 M) 4% 42 47 1) it
SRR WUGHAREE D HAL 1) A BLAE AL RFAE
WL ERTINION: L

Tl R ) P9 7K 70 38 AL 4 T Bk 42 T Al e o £ 2H 21
() Y BP0 T S 22, S (1 A4 R L RIS, Bl AR AL )

ARGy AT LAAE 32k B A, T LAl A TR 2 )
SR K 73 32 B BE 7 (Torii%%1992) . TurquoisAll
Malone (1996)i idh {37 # A% 2% ¥ 8 Xk 1642 2 i 1) 9
FE AT L AR 1, R I AL B 1)
TV ) T e M T I B 11 A R o A 1
PRI ) — 3. R I 5 3 7K 3 (root hydraulic
conductance, L,)¥2 35 FFAK, (HI € Gz b R L4,
AR, TE SR A A v f e T FF AN 22 /K I T 1
SR, IX A] e T AR AR B UK L itk ) (Fer-
nandez-Garcia%$2002, 2004), fETF2MHa T, 3FER
DG4 VT TR PR TRV 2 2 X 30 K B D FE AL A R 3
JKBE 7 Fr o3 B E A BT R B, AN EIRG R R B
AR, Hr w1k iR, S8 -
B3 7K A3 LR el /b, DT 52 i A4 ) A K (5K AR AR
52013), BRI FUIE I 40 Hf 2H 2R A e g
RS 1 1 J7 1K o A I S A ik B K R B AG, (H
XARMEX 73 DI RE AT AE Dh e I 467 R R 40, — &2
JEE b7 R R DA 75 Mt A 38 3k A 5 8 gk N\ 4 R 1)
HEYBRAE FERY, 1X — I 72 52 B i 452 5 Th &
B R H 520 (Koepke A1 Dhingra 2013; Martinez-
Ballesta%$2010).

T AR Ol S T e N Sty —
EWIME R, HoA4E(zine, Zn). ffi(manganese, Mn)#ll
i (boron, B)fill & 76 2 XF 5 /N K Ak U] 1 G
7 0, T RE A YA T 2 B % S 4 e B i A G Il
WL, R EESN I ) 1 1 (Asahina%52006), 11 7EF
SN R, AN B2 1 5 4 1T 5 49 7K 7 FH 7 k)
IO 2 B, SR G ES, SEEERET
Kt 2%(Chen%:2016; Davis%:2008), #5474
() TR Ak = ] DLE I L B A 4, ] DLd i i
HMAIE AT I T, IR D A Y, Rl ]
g2 7 ILPAR BB E, G T EAL AR L Bk )
A, B 7 REMAKLEY, LaTEKR. EA
MIRNA, NEY) NN B S S FE L e &, I am Al 2
A A5 5 A8 AL, (R a3EH 1 A (Goldschmidt 2014;
Yin&$2012), it ShE I IR, EARIA AR
ZT, v DAHE e A 4R TR MR T O T 26 S8 H
Iz O p) & A M E (LufiSong 1999; Lué
1996). fiff 5t 3¢ BH i A8 dg 2 o g Th ok T AR A0 8
F IS A I R R, TR AR SR G R
LA AR T IT R IAA, 3 EURG AR 6512
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(Aloni%2013; Li%2012). Melnyk%5(2015)#F 51 &
UL FIAA, 405> %4 Z (cytokinin, CTK)F Z 4%
(ethylene, ETH) 40l I+ 82 H & vh ) je B B 3%
e R UM, XA Re R GRS EEE
F, STV TR R A 00 R . GAKT T2
BN MR 10 20 2 B % R R P ) AN S A 6 TR
[1](Asahina%52002) . il A $2 A (1) 3@ i 4 A0 38 3 11
T, LR BN A KRS, X R
B MM AR, HXTEOESTEREEN
HAERF 55 52 (Koepke H1Dhingra 2013).

T B 1 PR A B T DA e 7 R A
O A BB, R D AR A, XA A
—ANFAR 0 B, 3 B R OS £ S AR A 4 Ff it Bl 45
o FRNT TSR A I B I B, SR AN d 4%
()2 2558 & B SOD . PODAIHTA I g it
FA ALY (ascorbate peroxidase, APX)vE 1, SEAIPE
I 4 1 2 1 A A v R B A R T P R A
FRE P (AloniZ52013; XudF2015). 73 HT2R
TR /35 MR ) G 2 i B e S T R IR, B A A

RAFESODI. SOD3. APX3. APX6F1id b 4A
fiti(catalase, CAT)IL[E (CATI. CAT3)#F KA
Bt b7, SODHTAA A B v 1 B 16542 R B 38 i 4
T, GEAROSHR EREL, Lb R st MW 22 12 4
o FEH I DNAAR Y, 15 7R I A g &=
ROS & & 8l BUR P A BvE M, 7T RE A ad il
ANSRANH = 22 5 K] (Trisarris$2015) . 3 ALY B 1
W ARAZ R B, TR G DAL R
5B PR A o A P2 P R 4 AR B 2 (¥ 4 FH (Fernan-
dez-Garcia%2004) . KA LEACHTE 77 4 2 ik
G, R #. HEENEWS 5igiEE N
EAEME R RN Z B (phenylalanine
ammonia-lyase, PAL)EAR SN Al 2R RIA &
T, 15 ARS8 A 1A AR/ 240 1 B 4 2 1 A PA LA 3|
BRI K, FFPEBE A K E ATV A A A
BEMI T B4 E W, (HHEA FEORB R W™ E
(PinafllErrea 2008). — J7 [, My 24k & W75 il A i
A A oty KB RGBT H L FE
KA EEI VR (Errea®$1994), 55— J7H, £

R AFVIFOH G O S 1R

Table 1 Effect of different substance on graft union healing process

3= L/l A % O A HIAE =BT
K K T hn/ T SERAGFEAERL, I R 1 X ) T K BE 77, Fernandez-Garcia%$2004;
ZAEEAEY R . BB B D4R R E S O TN Koepkef1Dhingra 2013;
BRAER) FEREI R 2 R TR R o) TR ARSE2013
Wit H Zn. Mn, B BN/ A2 SR S A B B AR AE OCBR D) Asahina®$2006
fig; kR O A K
WK EY R YR, PRI/ R I AL/ T D IRIEE R E, NG D AR Olmstead%52010; Trinchera
R ER IR s ) fif ]/ ] i ] it R SV L ERSE /I =kt o A T £2013; Yin%:2012
ki
GERY/N € IAA, CTK. ABA.  Hi%i/fi%; s Ir/AmE T, Bl WAl Ik g semdt Aloni%$2013; Cookson%%
GA. ETH. ZR#iEg  #&/rk EHRAL AT B NS T2 2013; Melnyk42015
LY B S MR e W e S K A ) S )
WA EPR=E LM RHRRRR/EEMERE; AU AR RIS EE . TAAG R ROE , F Feuchtfll Treutter1995;
MAEGER. BT, R AR AR AL T 5 MR 24785 SR 23 ol R ) 200 i o Hudina%42014; Musacchi
TEHH. A, R P RERRRS; 3 BUGHEA R £$2000; Usenik%52006
SRR AR
TEPEA 0,'v H,0,. -OH 7 IV/E R O e A S50 B R i B2 Xu&§2015
ILER )
A RS SOD. POD. APX. /& n; VHJN/E K TR AL EROS; (R Z &/ Aloni%%2013; Fernandez-
CAT RSy TopbInY ) GarciaZ5:2004; IrisarriZs
2015
RN FEAR PAL. PPO A REPERERE AEAT /A P I a4 LA SRIE 2 (V1 A il Errea%:1994; Lopez-
AR e L g, e, KEERE  Gomezd2007

R A HL AR T
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e EPAT LLS YR BAE, BEWIAAR)S UGS
W, MEEHEEEKELETERERE, BT
A AN K 1) oAk S AR i Ak T 2 (K oepke A
Dhingra 2013); T & i) 2 By Ak S 4 2= 145 4 11 1)
aar, BRI A 22 43 N 534k SORT 4E 5 R
JE i (Feucht%:1988). PPOIE it A fLI 251k & 7=
A RO FIAR BT, $2 i I AL SR K = 1) T
Ji, WAE 1 0] PP OVE VE 4w (Lopez-Gomez 4%
2007). A0 R NGBS VE S ARAE — € R B
R IR BERE A D0, FE AN SR A I 50 S/ 9 il 1
B G, RILRGE B RN R 2%, Wl dnf A28
A1 = O G 2, TN € R A BT I —
IREFAERL K, W T AR 207 IR AL R
SRR T KEMREEGK R KEE1990), 1H
Lyhc 2 JRBISE S UN i ) = R E A I ceE
A AR, A% 4 773 3 B AR T 1) LA AR T
M, R, BEE QA HAR R R, S5 4E R
U EAE A RTRE, AR T B S A B A A
HIKIB
5 FEROASN S FIHIRNR

YENWEZ AR ZHOR, G 24 H T ot
BB T T ZM N, R ZHED IR T
o, AH RS0 T 1542 1 5 9 B A 42 R AR AR 1)
ARSI H AT ANTE A . AR TR B
IR 9T 32 AR A A 2 HRE o RS S 3
J7 T -
5.1 SR OB ESEFKESH

BAE 5 T A0 & & R -& YR A= 25 K]
R, ZME 5 KA 2 T BN U 15 A 7] 1) i
R A (Chef52006) . {EEEARES &M@ LR+ &
HHM R E 3G T, EAR T B0
B PEAEN, IKEELE A AL TG BUAE 7 1K
EATREW R R RIA L HE e S A E A
#4 ., Bt AFPL (amplified fragment length polymor-
phism analysis)Fi AR, KIIEHEO0. 3. 7. 14 diY
iz bk EMAah 5K R AEM, F95%
T ZBRACE A B B SR AR S 1 1O L A
PR 2 R R, RERWNEEIEZ M
2R BB RS 2 (Zheng52010) . XU R I
VR 0 B P RIS T A R I, IR IR 1 dBEREA
Tili A 4 i [ T £ 2R AT 20 P 1) 1R 15 5 A% 3, IR AF
W 2 A A A A o) A R e A5 10 200 i o 45347

i I B A HEAT S B ) S R, T I e FE 1
RHBGE S EREERF R IFER(Yin%
2012). 1ESFURIGE A, Tl AR 7 R] 1 A2 i R 15
FTHFIT, FAE19304F4X, Kostoff (1930) K I 57K
PR il Bl E) AT LA AT A IR 5 5 g N, B2
T 1) 41 i 5 S 1 3% BA Al AR (A] 1 22 it . Cookson
SE(2014) 73 B 88 25 R 0] 1) 16 B2 1 1R8I
W, EEEE A AW, R iREE EREE D
A e BRI P [, B SRR el e S92 (1 A
BRI 3 A, X AR R R T 4 R
i 552 0 B IR PGB R, AT 75 5 4 28 I 25
o TR FHE— 20 1)L S A, S5 F3 0004
B[R B mRNA W] DAAEFEREAIAG A 22 4, X G HE K]
S 5EARNMEE K o BAAREE s, DL
EAE S5 SR A7 LT W R,
(g A /D T 12 mRNA, X 2EmRNA
B 1% 7 2 BRI il A 8] AT DL AT 32 1) RO XL 1A 4% 3,
I HLIX e [R] (1) % 38 TR AH X 02, Al A 226 [
B WM G RGN AT R R I mRNA [ 3))
Jrla) . B AR (Yang#52015), {H A& BT &
EAT 1) 1y R #0S BE 68 A0 86 T 7 20 ) B i AR, 0K S Tl
T 1) # 2 1) 5 DR D e 5 a3k — 28 (1 %6 E (N otaguchi
SF2014) . TRTAS A6 BB AR 1 P8 IR e 63
R AHED, RSN EREEAFES
HErEE. BEMRMRY . Hlis LR,
T 3K 6 F 1 R 386 0, A5 459 2 4 1 0 AR R 1O
BN REOR A AR R 4R R E R IR, K
2 5 R B R A RS O BE R (A SR e 4R N B0
rp S 2 B EAE FH (Muneer®$2015) . #0F] 2% Fh 4
RN B AT 20 KPR ZAN R Fof 1] (1) 25 R 1
W5 W45 5 K R G B RO T TR, BRI T L
Hlie A gt — PR A .
52 IFIEMESESHMR
521 BFEEOBEESUE

KEWF A, WK IR 5 s i Y
. B FIRNATERS B (0] (5 5 4 38 v ke 21 B4
F, TR B A0 i ik mlk #l jR) /D R 1 ME 5 B BRI
RNASs [ 21 38 Uit 2K 2028 25 4 44 1) A K (Kim Fl
Sinha 2001; Mallory452003). 7£ &5 /5 AA R 1542
Hh SRR AR 7 A T T SRE N R A, B b
TG AR F ALY, 55 FH R AL UE S 4
MIIRFE, S35 A F(GurFiBlum 1968). AN[F]
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TR B RN, £ B IR R 2~10 A IEFESS
BB 3R AR R M B 1, T AR Ak
P 20 L TR 285 A8 A0 TE A E Tl A R - A ) 40 i 2
AP IR A (Xiaofl Yang 1995; YeomanZ5:1978),
B fe B I8 T LA SR (e D G, 8
1555 1) 0 AR TR 43 il 3 3L P T ANACO7 1
(Arabidopsis NAC domain containing protein 71)#
RAP2.6L (At5g13330)%% s [Al T B3Rk kAT A K
ZNATHE E R A4 ) & (AsahinafliSatoh 2015).
UL R I e 1 A e R v ) R B A TR
PRELIE, XN M IEREIZ TR INTAA, il ALF4
(aberrant lateral root formation 4)#iJ ¥4 K 2 4K
(transport inhibitor response 1/auxin signaling F-box,
TIR/AFBs)fIAXR1 (auxin-resistant 1), i3 My i
Aux/IAA-ARF (aux/IAA-auxin response factor)/i
N, B KA ) 7 3 B IE (Melnyk%52015) . PL_ERF5T
R, R R AU I D B &4, T H.
R I8 T PO At A i R, R R R A A ) K
H . AsahinaZ$(2002)8F 5T K I, FH-& I GA K
oK Al AR B ol B o 3RS T SONT 3 2 DT () 25 36
ARV, HHAINEGATT LLZE R K B 1
BRI EREEZEINSR . REEERGIEE
RBOIF M, B HAR T AL AN
5.2.2 HEADRHESITR

FLAE201H 20504548, Michurin (1949)\ K3 [A]
A ERARANRG R (A A2 3, JR4R H T 53 2 &2 B AR
&, (BRI HIFART & R B AL U, MO B
R ST HRZ, B S I SRR TE 9 A HIE SE 5
P 2422 fh H Bl (Janick fl Topoleski 1963; Stubbe
1954), {HAA B 70 SR 3 i A P o e e O L R
(Frankel 1956). Ohta (1991)iffi i 2H 4} 74 2 Wi ¢
B YL 5t AT LLNBLE (Al A B T 248 4 RS i 14
21 ) A Y T o JER R A B B AE 2F o IRk
Bt 5 2 W3 il ) o L P BB R R 2R 1 RS RL, BBR
T R N P A A B N, i B A R A B A Y A
Koo FEB G W 2R AR B BT 78 b R B, SR APk
b w AT DAl R AR AR KR R BOE R R &
IEAROSACH, R 1 PUA L RY0K 2 R
TR EIERR, PRUERG A B IEH ALK, TSR
o R b B AL R SIS A, S B R
SZAM, AB XA 1 I8 I AN ETA A B 207 $0 1 771,

ABAEPT AT 1T DAFS B 22 f#(Aloni%52013)
Spiegelman®$(2015) A& 3, B A= Y 3 it B v & ik
HISICyp1 (Solanum lycopersicum cyclophilin 1)3E3
IR ) s BB dgt (SICyp 1) RAGA
Tl A H, I SR A e Fm N, PR R IR AR o 4
ERAKRE, RERMIAEK. B EEEAA
AT DABR 7 1 4 3 Rl AR (RS 5 22 0, 1hi HLOW R
F B ENE T hE At —Fh P o] SE AT 7 R 5.

H 080 B2 3B m] DL HE 2 A /NRNA,
H 2 EmRNA (BuhtzZ£2008; SpiegelmanZ£2013).
Palauquii (1997) < HH 0 B 4% 1 v e B 2k ERT T
BRI fEI%, HEN P REAZ7E —LE T #2 3) JmRNA, X
Pl B 5 B I RNAYUERE 52 vl B B 5~ 1
(1. TEREAS/NRNA G I e - 28 A48 A4 ) 1 e 1
R IR, TETE A FE D] (R SRNAGE 2 P9 Y I sRNA
H AT DL i dg e T i e B AR R R, JRIE I DNA
FAV X 52 A 41 i 14T AT 8 A% R A (Lewsey 55
2016; Molnar%52010), 1X /£ S BHEY) 1) 15 3 .45
FIHESE(WuZ52013). & Al B sl IsRNAs S £
FH R0 e R O 1 AN B A, (HL I — R IAN
¥R TG A T IR, T ELIERE A A
YIE AR —FloBr 10 B . R BRI A I A miRNA
FiR% 2, JHILDhRER A M . 757 A
V5 G AR A EE R P O30 70 IR miRN A SR04 545 3]
T EE R, HrmiRNAL567] G5 AR A )
N A 2%, miRNA397 ] fit 5 Ak REZH 25 5% 4 Al
FoAth o 2 oo R MR UACA 9% (Tzarfati$2013). miR-
NA156 L UESE & AT VLIS 15 5, R DRE
1T R IEmIRNA 156 7] DL L{CAR i 4 25 46 At/ B 257
T, A B 43 2RI U 4 Y R 11 7K S (Bhogale
£62013), 3| H #i A EIE ] A LU 2 U miRNAsHK H
IRD o SHFHGT (KFEE R ) I 78 AR BR
THE, ARG R B T 05 R AL 7K F i 72
(RBIE 9T, 388 T ) J 445 A AN ] e 1 5 DR AN A [] 48
A3 (A0 BAZ AN A b e 32 TR R B B TR R, 9F
W W AT I B, @ oy M R A A A, R
1R 22 20 i B A 7 & (R L PR R4 5 2 (] (Stegemann
HBock 2009), ix 3 B #54 w] DLt e K R Bk R £
Z8 S B A TR A SR AT R DR AS U, HIX R RS
WHR ARG A A T I/ A . Bl Ja i
SEORTE G B X B AT T W78, TEdESR R
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MR EHLHIRAE TH IS e v R
R R G HAT V(Y ER . S EHIRNAs)
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AR P S AR R, SR T AT R B4R R
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AR I B B DB DR AR B 2 07 17 o (4) 45

HUREMEMFEARR T EE SRR NG5S
M EAER, BB . MYBRE S
HAE, R4z @A EE I m. Bk
] FUH REAT B ok, ADCH B FIR AR R IR K
P E SRR, B OS2 T HLE, 1
HAB DY ST 78 R GedE AT V) s i A 5 4%
TR IR AT E HAE E o BEAh, MTHE 4K
AL TR EB A E B A, T EUH
TR A LB I GEROR .

RPN

Aloni B, Cohen R, Karni L, Aktas H, Edelstein M (2013). Hormonal
signaling in rootstock-scion interactions. Sci Hortic, 127 (2):
119-126

Asahina M, Gocho Y, Kamada H, Satoh S (2006). Involvement of
inorganic elements in tissue reunion in the hypocotyl cortex of
Cucumis sativus. ] Plant Res, 119 (119): 337-342

Asahina M, Iwai H, Kikuchi A, Yamaguchi S, Kamiya Y, Kamada
H, Satoh S (2002). Gibberellin produced in the cotyledon is
required for cell division during tissue reunion in the cortex of
cut cucumber and tomato hypocotyls. Plant Physiol, 129 (1):
201-210

Asahina M, Satoh S (2015). Molecular and physiological mechanisms
regulating tissue reunion in incised plant tissues. J Plant Res, 128
(3): 381-388

Bahar E, Korkutal I, Carbonneau A, Akcay G (2010). Using magnetic
resonance imaging technique (MRI) to investigate graft connec-
tion and its relation to reddening discoloration in grape leaves. J
Food Agric Environ, 8 (3): 293-297

Bhogale S, Mahajan AS, Natarajan B, Rajabhoj M, Thulasiram HV,
Banerjee AK (2013). MicroRNA156: a potential graft-transmissi-
ble microRNA that modulates plant architecture and tuberization
in Solanum tuberosum ssp. andigena. Plant Physiol, 164 (2):
1011-1027

Bletsos F, Thanassoulopoulos C, Roupakias D (2003). Effect of graft-
ing on growth, yield, and verticillium wilt of eggplant. Hort-
science, 38 (2): 183-186

Buhtz A, Springer F, Chappell L, Baulcombe DC, Kehr J (2008).
Identification and characterization of small RNAs from the phlo-
em of Brassica napus. Plant J, 53 (5): 739-749

Che P, Lall S, Nettleton D, Howell SH (2006). Gene expression pro-
grams during shoot, root, and callus development in Arabidopsis
tissue culture. Plant Physiol, 141 (2): 620-637

Chen Z, Zhao J, Qin Y, Hu G (2016). Study on the graft compatibility
between ‘Jingganghongnuo’ and other litchi cultivars. Sci Hortic,
199: 56-62

Cholid M, Hariyadi, Susanto S, Djumali, Purwoko BS (2014). Effects
of grafting time and grafting methods used on scion and root-
stock compatibility of physic nut (Jatropha curcas L.). Asian J
Agr Res, 8 (3): 150-163

Colla G, Roupahel Y, Cardarelli M, Rea E (2006). Effect of salinity on




T A LIRS fA e 11 S LA RO AIT 0t e 25

yield, fruit quality, leaf gas exchange, and mineral composition
of grafted watermelon plants. Hortscience, 41 (3): 622-627

Cookson SJ, Moreno MJC, Hevin C, Mendome LZN, Delrot S, Mag-
nin N, Trossatmagnin C, Ollat N (2014). Heterografting with
nonself rootstocks induces genes involved in stress responses at
the graft interface when compared with autografted controls. J
Exp Bot, 65 (9): 24732481

Cookson SJ, Moreno MJC, Hevin C, Mendome LZN, Delrot S, Tros-
satmagnin C, Ollat N (2013). Graft union formation in grapevine
induces transcriptional changes related to cell wall modification,
wounding, hormone signalling, and secondary metabolism. J
Exp Bot, 64 (10): 2997-3008

Davis AR, Perkins-Veazie P, Sakata Y, Lopez-Galarza S, Maroto JV,
Lee S-G, Huh Y-C, Sun Z, Miguel A, King SR (2008). Cucurbit
grafting. Crit Rev Plant Sci, 27 (1): 50-74

Ermel FF, Poéssel JL, Faurobert M, Catesson AM (1997). Early scion/
stock junction in compatible and incompatible pear/pear and
pear/quince grafts: a histo-cytological study. Ann Bot, 79 (5):
505-515

Errea P, Treutter D, Feucht W (1994). Characterization of flavanol
type-polyphenols in apricot cultivar and rootstocks. Adv Hortic
Sci, 8 (3): 165-169

Estradaluna AA, Lopezperalta C, Cardenassoriano E (2002). In vitro
micrografting and the histology of graft union formation of se-
lected species of prickly pear cactus (Opuntia spp.). Sci Hortic,
92 (3-4): 317-327

Fernandez-Garcia N, Martinez V, Carvajal M (2004). Effect of salinity
on growth, mineral composition, and water relations of grafted
tomato plants. J Plant Nutr, 167 (5): 616-622

Fernandez-Garcia N, Martinez V, Cerda A, Carvajal M (2002). Water
and nutrient uptake of grafted tomato plants grown under saline
conditions. J Plant Physiol, 159 (159): 899-905

Feucht W, Treutter D (1995). Catechin effects on growth related
processes in cultivated calli of Prunus avium. Gartenbauwissen-
schaf, 60 (1): 7-11

Feucht W, Treutter D, Schmid P (1988). Inhibition of growth and xy-
logenesis and promotion of vacuolation in prunus callus by the
flavanone prunin. Plant Cell Rep, 7 (3): 189-192

Flaishman MA, Loginovsky K, Golobowich S, Levyadun S (2008).
Arabidopsis thaliana as a model system for graft union develop-
ment in homografts and heterografts. J Plant Growth Regul, 27
(3):231-239

Frankel R (1956). Graft-induced transmission to progeny of cytoplas-
mic male sterility in petunia. Science, 124 (3224): 684-685

Gokbayrak Z, Soylemezoglu G, Akkurt M, Celik H (2007). Determi-
nation of grafting compatibility of grapevine with electrophoretic
methods. Sci Hortic, 113 (4): 343-352

Goldschmidt EE (2014). Plant grafting: new mechanisms, evolution-
ary implications. Front Plant Sci, 5 (5): 727

Gur A, Samish RM, Lifshitz E (1968). The role of the cyanogenic glu-
coside of the quince in the incompatibility between pear cultivars
and quince rootstocks. Hortic Res, 8: 113-134

Hartmann HT, Kester DE, Davies FT, Geneve RL (1997). Plant Prop-
agation. Principles and Practices, 6th ed. Prentice Hall, Upper

Saddle River, NJ, 757

Hudina M, Orazem P, Jakopic J, Stampar F (2014). The phenolic
content and its involvement in the graft incompatibility process
of various pear rootstocks (Pyrus communis L.). J Plant Physiol,
171 (5): 76-84

Indig FE, Aloni R (1989). An experimental method for studying the
differentiation of vessel endings. Ann Bot, 64 (5): 589-592

Irisarri P, Binczycki P, Errea P, Martens HJ, Pina A (2015). Oxidative
stress associated with rootstock-scion interactions in pear/quince
combinations during early stages of graft development. J Plant
Physiol, 176: 25-35

Janick J, Topoleski LD (1963). Inheritance of fruit colour in eggplant
(Solanum melongena). Proc Amer Soc Hort Sci, 83: 547-558

Kang ML, Lim CS, Muneer S, Jeong BR (2016). Functional vascular
connections and light quality effects on tomato grafted unions.
Sci Hortic, 201: 306-317

Kim M, Sinha N (2001). Developmental changes due to long-distance
movement of a homeobox fusion transcript in tomato. Science,
293 (5528): 287-289

Koepke T, Dhingra A (2013). Rootstock scion somatogenetic inter-
actions in perennial composite plants. Plant Cell Rep, 32 (9):
1321-1337

Kollmann R, Glockmann C (1985). Studies on graft unions. I. Plas-
modesmata between cells of plants belonging to different unre-
lated taxa. Protoplasma, 124 (3): 224-235

Kollmann R, Glockmann C (1991). Studies on graft unions. Proto-
plasma, 165 (1-3): 71-85

Kostoff D (1930). Ontogeny, genetics, and cytology of Nicotiana hy-
brids. Genetica, 12 (1): 33—139

Lopez-Gomez E, Juan MAS, Diaz-Vivancos P, Beneyto JM,
Garcia-Legaz MF, Hernandez JA (2007). Effect of rootstocks
grafting and boron on the antioxidant systems and salinity toler-
ance of loquat plants (Eriobotrya japonica Lindl.). Environ Exp
Bot, 160 (2): 151-158

Leszezynski R, Byczkowski B, Jurga S, Korszun S (2000). NMR mi-
croimaging studies of the union between stock and scion. Appl
Magn Reson, 18 (1): 147-153

Lewsey MG, Hardcastle TJ, Melnyk CW, Molnar A, Valli A, Urich
MA, Nery JR, Baulcombe DC, Ecker JR (2016). Mobile small
RNAs regulate genome-wide DNA methylation. Proc Natl Acad
Sci USA, 113 (6): e801-e810

Li HL, Zhang H, YuC, Ma L, Wang Y, Zhang XZ, Han ZH (2012).
Possible roles of auxin and zeatin for initiating the dwarfing
effect of M9 used as apple rootstock or interstock. Acta Physiol
Plant, 34 (1): 235244

Li T, Yu XC (2007). Effect of Cu*", Zn>"and Mn*"on SOD activity of
cucumber leaves extraction after low temperature stress. Acta
Hortic Sin, 34 (4): 895-900 (in Chinese with English abstract) [2=
%, TR E(2007). Cu®™, Zn* FIMn™ % v Wl T 18 M4l
i SR HR SODTE VE I S [ 252441, 34 (4): 895-900]

Lu S, Song Y (1999). Relation between phytohormone level and vas-
cular bridge differentiation in graft union of explanted internode
autografting. Chin Sci Bull, 44 (20): 1874-1878

Lu SF, Tang DT, Song JY, Liu MQ, Yang S (1996). Preliminary stud-




26 TP L PR

ies on controlling graft union through plant hormones. Acta Bot
Sin, 38: 307-311 (in Chinese with English abstract) [ /535 %, J#
JER, RETT, XNHKE, HEA(1996). FIFIRAIMER A1 15 3%
RV I FED 4R, (4): 307-311]

Mallory AC, Mlotshwa S, Bowman LH, Vance VB (2003). The capac-
ity of transgenic tobacco to send a systemic RNA silencing sig-
nal depends on the nature of the inducing transgene locus. Plant J,
35 (1): 82-92

Martinez-Ballesta MC, Alcaraz-Lopez C, Muries B, Mota-Cadenas
C, Carvajal M (2010). Physiological aspects of rootstock-scion
interactions. Sci Hortic, 127 (2): 112-118

Melnyk C, Schuster C, Leyser O, Meyerowitz E (2015). A develop-
mental framework for graft formation and vascular reconnection
in Arabidopsis thaliana. Curr Biol, 25 (10): 1306-1318

Milien M, Renault-Spilmont AS, Cookson SJ, Sarrazin A, Verdeil JL
(2012). Visualization of the 3D structure of the graft union of
grapevine using X-ray tomography. Sci Hortic, 144 (3): 130-140

Molnar A, Melnyk CW, Bassett A, Hardcastle TJ, Dunn R, Baulcombe
DC (2010). Small silencing RNASs in plants are mobile and direct
epigenetic modification in recipient cells. Science, 328 (5980):
872-875

Moore R (1982). Graft Formation in Kalanchoe blossfeldiana. J Exp
Bot, 33 (3): 533-540

Moore R (1983). Studies of vegetative compatibility-incompatibility
in higher plants. IV. The development of tensile strength in a
compatible and an incompatible graft. Protoplasma, 115 (2-3):
114-121

Moore R, Dan BW (1981). Studies of vegetative compatibility-incom-
patibility in higher plants. I. A structural study of a compatible
autograft in sedum telephoides (Crassulaceae). Am J Bot, 68 (6):
831-842

Muneer S, Ko CH, Soundararajan P, Manivnnan A, Park YG, Jeong
BR (2015). Proteomic study related to vascular connections in
watermelon scions grafted onto bottle-gourd rootstock under dif-
ferent light intensities. PLoS One, 10 (3): ¢0120899

Musacchi S, Pagliuca G, Kindt M, Piretti MV, Sansavini S (2000).
Flavonoids as markers for pear-quince graft incompatibility. J
Appl Bot, 74 (5): 206-211

Notaguchi M (2016). Interfamilier grafting using a plant genus Nicoti-
ana. https://pag.confex.com/pag/xxiv/webprogram/Paper18970.
html

Notaguchi M, Higashiyama T, Suzuki T (2014). Identification of mR-
NAs that move over long distances using an RNA-Seq analysis
of Arabidopsis/Nicotiana benthamiana heterografts. Plant Cell
Physiol, 56 (2): 311-321

Ohta Y (1991). Graft-transformation, the mechanism for graft-induced
genetic changes in higher plants. Euphytica, 55 (1): 91-99

Olmstead MA, Lang NS, Lang GA (2010). Carbohydrate profiles in
the graft union of young sweet cherry trees grown on dwarfing
and vigorous rootstocks. Sci Hortic, 124 (1): 78-82

Palauqui JC, Elmayan T, Pollien JM, Vaucheret H (1997). Systemic
acquired silencing: transgene-specific post-transcriptional si-
lencing is transmitted by grafting from silenced stocks to non-si-
lenced scions. Embo J, 16 (15): 4738-4745

Pilar E, Lilibeth G, Antonio MJ (2001). Early detection of graft in-
compatibility in apricot (Prunus armeniaca) using in vitro tech-
niques. Physiol Plant, 112 (1): 135-141

Pina A (2009). Cell-to-cell transport through plasmodesmata in tree
callus cultures. Tree Physiol, 29 (6): 809-818

Pina A, Errea P (2005). A review of new advances in mechanism of
graft compatibility-incompatibility. Sci Hortic, 106 (1): 1-11

Pina A, Errea P (2007). Differential induction of phenylalanine am-
monia-lyase gene expression in response to in vitro callus unions
of Prunus spp. J Plant Physiol, 165(7): 705-714

Pina A, Errea P, Martens HJ (2012). Graft union formation and cell-
to-cell communication via plasmodesmata in compatible and
incompatible stem unions of Prunus spp. Sci Hortic, 143 (1):
144-150

SchoNing U, Kollmann R (1997). Phloem translocation in regenerat-
ing in vitro- heterografts of different compatibility. J Exp Bot, 48
(2): 289295

Spiegelman Z, Golan G, Wolf S (2013). Don’t kill the messenger:
long-distance trafficking of mRNA molecules. Plant Sci, 213:
1-8

Spiegelman Z, Ham BK, Zhang Z, Toal TW, Brady SM, Zheng Y, Fei
Z, Lucas WJ, Wolf S (2015). A tomato phloem-mobile protein
regulates the shoot-to-root ratio by mediating the auxin response
in distant organs. Plant J, 83 (5): 853-863

Stegemann S, Bock R (2009). Exchange of genetic material between
cells in plant tissue grafts. Science, 324 (5927): 649-651

Stegemann S, Keuthe M, Greiner S, Bock R (2012). Horizontal trans-
fer of chloroplast genomes between plant species. Proc Natl
Acad Sci USA, 109 (7): 24342438

Stoddard FL, Mccully ME (1979). Histology of the development of
the graft union in pea roots. Can J Bot, 57 (2): 1486-1501

Stubbe H (1954). Uber die vegetative hybridisierung von pflanzen.
Versuche an tomatenmutanten. Genet Resour Crop Evolu, 2 (1):
185-236

Tiedemann R (1989). Graft union development and symplastic phlo-
em contact in the heterograft Cucumis sativus on Cucurbita fici-
folia. J Plant Physiol, 134 (4): 427-440

Torii T, Kasiwazaki M, Okamoto T, Kitani O (1992). Evaluation of
graft-take using a thermal camera. Acta Hortic, (319): 631-634

Trinchera A, Pandozy G, Rinaldi S, Crino P, Temperini O, Rea E
(2013). Graft union formation in artichoke grafting onto wild
and cultivated cardoon: an anatomical study. J Plant Physiol, 170
(18): 1569-1578

Turquois N, Malone M (1996). Non-destructive assessment of devel-
oping hydraulic connections in the graft union of tomato. J Exp
Bot, 47 (5): 701-707

Tzarfati R, Ben-Dor S, Sela I, Goldschmidt EE (2013). Graft-induced
changes in microRNA expression patterns in Citrus leaf petioles.
Open Plant Sci J, 7 (1): 17-23

Usenik V, Krika B, Vi¢an M, Stampar F (2006). Early detection of
graft incompatibility in apricot (Prunus armeniaca L.) using
phenol analyses. Sci Hortic, 109 (4): 332-338

Venema JH, Dijk BE, Bax JM, Hasselt PRV, Elzenga JTM (2008).
Grafting tomato (Solanum lycopersicum) onto the rootstock of




BT AE: AV IR IEAR R O S WL BT et e 27

a high-altitude accession of Solanum habrochaites improves
suboptimal-temperature tolerance. Environ Exp Bot, 63 (1-3):
359-367

Vitale A, Rocco M, Arena S, Giuffrida F, Cassaniti C, Scaloni A,
Lomaglio T, Guarnaccia V, Polizzi G, Marra M (2014). Tomato
susceptibility to Fusarium crown and root rot: Effect of grafting
combination and proteomic analysis of tolerance expression in
the rootstock. Plant Physiol Bioch, 83 (10): 207-216

Vu NT, Xu ZH, Kim YS, Kang HM, Kim IS (2014). Effect of nursery
environmental condition and different cultivars on survival rate
of grafted tomato seedling. Acta Hortic, 1037 (2): 765-770

Weatherhead 1 (1986). Causes of graft failure in Sitka spruce, Picea
sitchensis (Bong.) Carr. Acta Oto-Laryngol, 130 (12): 1329—
1334

Weatherhead I, Barnett JR (1986). Development and structure of
unusual xylem elements during graft union formation in Picea
sitchensis L. Ann Bot, 57 (4): 593-598

Wu R, Wang X, Lin Y, Ma Y, Liu G, Yu X, Zhong S, Liu B (2013).
Inter-species grafting caused extensive and heritable alterations
of DNA methylation in Solanaceae plants. PLoS One, 8 (4):
€61995-e61995

Xiao GS, Yang SJ (1995). Appearance of specific proteins during de-
velopment of cucumis sativus homograft. J Agr Biol, (2): 32-37
(in Chinese with English abstract) [ F#: 11, #1H:45(1995). 3K
(7 ol S A A e 2L 5 T P A R S B R AR AR AR )
HAR 2R, (2): 32-37]

Xu Q, Guo SR, Li H, Du NS, Shu S, Sun J (2015). Physiological as-
pects of compatibility and incompatibility in grafted cucumber
seedlings. J Am Soc Hortic Sci, 140 (4): 299-307

Yang Y, Mao L, Jittayasothorn Y, Kang Y, Jiao C, Fei Z, Zhong GY
(2015). Messenger RNA exchange between scions and root-
stocks in grafted grapevines. BMC Plant Biol, 15 (1): 1-14

Yeoman MM, Kilpatrick DC, Miedzybrodzka MB, Gould AR (1978).
Cellular interactions during graft formation in plants, a recogni-
tion phenomenon? Symp Soc Exp Biol, 32: 139-160

Yin H, Bo Y, Jing S, Jia P, Zhang Z, Yan X, Chai J, Ren Z, Zheng G,
Liu H (2012). Graft-union development: a delicate process that
involves cell-cell communication between scion and stock for
local auxin accumulation. J Exp Bot, 63 (11): 4219-4232

Zhang LS, Xu SR, Zhang YW, Hu JJ, Liu FT, Li XW, Han MY, Ma
FW (2013). Hydraulics characteristic of Fuji apple grafted on
different dwarf interstocks under drought stress. Acta Hortic Sin,
40 (11): 2137-2143 (in Chinese with English abstract) [GK
A, HAER, TKROKEE, BT, XIE BE, R, WK, DB
(2013). F-HMplhiet I ANIR] o TRl 2 AL v I S AKCRF . [l 2
2E4R, 40 (11): 2137-2143]

Zhang SQ, Yang SJ, Ma LB (1990). The changes of two enzymes ac-
tivities during the developmental process of graft unions. J China
Agric Univ, 5 (2): 149-152 (in Chinese with English abstract) [7K
B, A, B (1990). EHEH A Y sl A2 v p F s
PR B, H ER RS 249R, 5 (2): 149-152]

Zhao YY, Dong CJ, Zhao JZ, Shang QM (2015). Effects of different
temperature at night on healing of tube grafted eggplant plug
seedlings. China Veget, 1 (10): 31-36 (in Chinese with English
abstract) [XJHIH, B, XA~ MEKEQ01S). ANFERIEXT
M EF G &SR, P EBEE, 1(10): 31-36]

Zheng BS, Chu HL, Jin SH, Huang YJ, Wang ZJ, Chen M, Huang
JQ (2010). cDNA-AFLP analysis of gene expression in hickory
(Carya cathayensis) during graft process. Tree Physiol, 30 (2):
297-303

Zhou Y, Zhou HY, Zhu L, Huang LH (2013). The latest research on
plant in vitro micrografting. Guizhou Sci, 31 (2): 84-88 (in chi-
nese with English abstract) [J#{, FtE, ZRar, BEATLE(2013).
TG T . SN RLS, 31 (2): 84-88]




28 TP L PR

Research advances on mechanism of interface healing of plant grafting

MIAO Li, LI Yan-Su, FAN Xing-Qiang, HE Chao-Xing, YU Xian-Chang”
Institute of Vegetables and Flowers, Chinese Academy of Agriculture Sciences, Beijing 100081, China

Abstract: Grafting efficiency depends on rate of graft union healing. Wounding response, physiological and bi-
ological process, cell and organ differentiation, signal communication between scion and rootstock, connection
in vascular system are involved in this complicated healing process. If elucidate molecular mechanism of vas-
cular connection clearly, it would be an important theoretical value, and produce a technological guide in graft-
ed seedling production. In this paper, the research advances on anatomic structure, healing process, physiology
and biology characteristic and relative molecular mechanism were presented, and looking forward to the re-
search direction of graft union healing, in order to provide references for further in-depth studies of grafting
mechanism and associated application.
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