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F1 “GETERSAEMANEEREERERIHEEK
Table 1 Survival rates and shoot growth of *Bramley’s Seedling” grafted on different rootstocks
i FREE B BIRHLE
Species Survival ratio/ % Shoot length/cm Shoot diameter/cm
J\BEBEE M. robusta 84. 29aA 40. 25aA 159. 27aA 0. 880bAB
IR M. prunifolia 72.22cC 38. 83abAB — —
[RIH-¥#E3E M, pruni folia var. ringo 60. 42dD 38. 01abAB 88.50cC 0. 900bAB
TR M. micromalus 60. 28dD 34. 71eCD 126. 40bB 1. 261aA
LT R M. sieboldii 75. 85bB 36. 95bBC 57.33dD 0. 644bB
BREWHE M, 2umi 57.39¢E 32. 29dD 49. 50eD 0. 590bB

R PHTRAC Y 2 BUBER 4R T SR — IR PO A K TR TS IE A KB 25 R . FIF T /N K E F 841 B E T B0 22 535 0. 05
0.0l BEAF, LUFHE.
Note:; The two columns of data under descriptive cell of shoot length stand for the shoot length in the end of first fast growth and of growing season re-

spectively. Lowercase and capital letters in the same column mean significance difference at 0. 05 and 0. 01 respectively, The same as below.

*2 “GEVERE ¢ MBARFHEBE B ENILE:
Table 2 Comparison of ‘Bramley’s Seedling’ apple with six tested rootstocks in branch-cortex and xylem-cortexratios
SFh Species i fz % Branch-cortex ratio/ % ¥ Hz i Wood/Bark
“LRE R M. domestica ‘Bramley's seedling’ 31. 99aA 2.126dD
SETAHE S M. prunifolia 30. 66abA 2. 315¢dCD
JNBEWEHE M. robusta 30. 25abA 2. 364cdCD
R85 M. pruni folia var. ringo 28. 42bAB 2. 574cCD
VG IFAHE S M. micromalus 29. 04bA 2.597¢C
BREWHE M. zumi 25, 24cBC 3. 021bB
L1 M. sieboldii 22.02dC 3. 787aA
%3 “FEERE ( MMAFHHSENREBR SHR LR
Table 3 Comparison of ‘Bramley’s Seedling”’ apple with six tested rootstocks in anatomical structure of vessel and sieve cell
hE SEEE FEHE TR HEHE
Species Vessel density/ (4> «+ mm—2) Vessel diameter/pm Sieve tube density/ (4> * mm—2) Sieve tube diameter/ym
TR M domestica “Bramley's Seedling’ 458bB 30. 333aAB 383aAB 22.583dC
SETRM S M. prunifolia 433cB 31. 208aA 400aA 19. 583eD
INBRWEHE M. robusta 467bB 27. 875bBC 400aA 25. 250bB
R H-#F3E M, pruni folia var. ringo 400dC 28. 000bBC 358bB 23. 833cC
VG T HESHE M. micromalus 517aA 27.875bBC 30c¢C 27.667aA
BREWH M. zumi 342eD 27.417bCD 317¢C 25. 958bB
ST RWGH M. sieboldii 525aA 25.125¢D 392aAB 20. 292eD
B 4 3 2
B NS BAE . REMERESS, HRER 2R
¢ N e 5 2417 2
HUE"ERWHE ERYBEEFR B EKT. H3R 4 AJA, Tie AR R P E, A&

ga Lot \NRWESERFTURSEFH P R E RN ENER S S EERIEFR IR
TR AR 5 S 7RI Rl R R B3 FINEEMFE RS “GE"ERIRIE
ML BRI ML R WG R S REHRE 257 Wil B8 7K 5 L0 S5 -9 5 ok

F4 “SEVERE 6 MR ARFTHAMAT EHRNELE
Table 4 Comparison of cell construction of ‘Bramley’s seedling” and six tested rootstocks
s R EER AN AREHARER R ER Y L R HRARER
Svec Xylem cells density Xylem cells diameter Phloem cells density Phloem cells diameter
pecies /O + mme2) /“m SN e mm—2) /;un
“UFE7HE M. domestica ‘ Bramley's Seedling’ 3 000deDE 10. 754bB 4 233bcABC 10. 167bC
SETRG3E M. pruni folia 2 967deDE 10. 083cB 4 467aA 9.104cD
NBEIEE M. robusta 3 167cdCD 10. 708bB 4 367abAB 10. 375bBC
[R5 M, pruni folia var, ringo 3 333beBC 11. 792aA 4 067¢dCD 10. 958aAB
VARFIE 3 M. micromalus 2 800eE 10. 133cB 3 933dD 9. 854bC
BREWH M. zumi 3 500bB 12. 000aA 3 067eE 11. 167aA

ETRUGHE M. sieboldii 4 500aA 8.667dC 4 133¢BCD 7.479dE
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TEST il AR F 235 AR DL A, U0 S A
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“ER IR B R IR SR AN, 159 9 S
PRI Z ARG R AR R RN 5 g E”
SR IR R AR o
2.3 BEOMREZIN

X B T AL Al AR S R (R IR AR
R MR AR 22 U R I D RS 1E
DLEAT T AL, 25 2R W5k 5.6 FIE 1.2,

£5 BEOLEESTRMASE
FERERNESR

Table 5 Differences between scion and rootstocks of

graft union in vessel cell density and area

SFEEEEE SEEHRE

Rofi::cks D-value of density D-value of area
/(4 e mm—2) / pm?

NS M. robusta 17.7¢D 79. 943 3bB
SETRMESE M. prunifolia 58. 3bBC 68. 397 2bB
[ -G 3E M. pruni folia var. ringo 33. 3¢CD 98. 546 1bB
PG HESE M. micromalus 100. 0aA 255. 648 3aA
LI RAGHE M. sieboldii 83. 32AB 239. 952 0aA
BRI M, 2umi 100. 0aA 79. 346 3bB

1 RPREERR R R SREMARZEHHE, T R.
Note:D-value in the table stands for the absolute D-value between the

apple and different rootstocks, The same as bellow.

MR 5 AIE W, R E R ELE VUGS
BRMESEMNLLRMG S L R B B 2 7
A EHR B EREENR THE 3 #dla;
PRARTE/\ B T A0 [ Wil 5 B, R R I 9 22 5%
/N, WREREIE B AR (R, R 7R
A VU R S A4 R 3 b 9 22 R, B
BERTHREARLE 4 A L, HE 4 fhigdk
HEWMMERALE. BK6 M, “REER
BRI AN IR AR L, Rl OO A il R ] 4 4 i T

PEEAIIRIE B E K255 (B 40 M A 22
{ERAR R 3 22 57 K Y- DS B 7 VG I g S R4 2R
R MR EER REER THERRAS . K
BETEBREIGH E K, A/ \ B 5 [ i
W SEAIP- T SR AR _E I 2E(E R/,

F6 FEOLTER, A EE MR E
HRANER
Table 6 Differences between scion and rootstocks of
graft union in parenchyma cell density and area

FHmEEE  REREE

Ro:i:'zcks D-value of cell density D-value of cell
/(A « mm—2) area/ pm?
NBEWGHE M. robusta 244, 4¢C 9.762 la
SRS M. pruni folia 366. 6cC 9.478 6a
BIM-¥#§3E M. pruni folia var. ringo 244, 4cC 8. 414 2a
TH ¥ 5 M. micromalus 1 566. 6aA 10. 067 4a
LI RIGH M. sieboldii 1 644, faA 8.205 7a
BRIFEWFIE M. zuomi 866. 6bB 8.010 8a

LR 5.6 MM AR, W LIRS E
ARG HEAE VTR SE PN ZL R MG 5 L, AL A R 2
THRRE 290 P 4 5 N T B 22 B, HUOR I
TRIEWGHE b MR EEAE / \ g 5 (Rl il e L) B
T 3 b, Gl R A B A 22 B0/ LB A8 AT BE 4
MRS LLBONIT . 35 O AL AR ] ) ) 25+ A
ZEBUNN , HAERE SRR B ISR PRy, th e m]
S e YA Y N R DY E S
THH S (R K B SR AR 50 , T 9 £ Mg 3 . PO
3 R ER UG S IR R AR5

AR LTI A R 5k B (B 1.2) W] BV & il
At BR8] ) B 1R B0 » DTS2 R 5 57 S 2R 5 A [
BEARBERBEEAIME . W "R S ARBEARK
50 d JFREREE-E AL (B DA LIE I, £
BRHGRGAHELREHHL, W HRE"FE
RGBS 1 T 35 LA K [ ¥l 3y 1 11 Ak
P RBRIOFEA R A, B i R R
SR R AE AL 5 W -5 PG R U S (LT R I SE IR
KM SRR, IR QAL A R Z L4, B 54T R
ME5E BRRWE L D BE B A U ARG
BHEI. B 9 AJE  FRHEE O 1T i
HIMEEEBL (B 2), “BrE 7RG \RWGHE SF TR
SRR O AL S A SUE R a5 15
-0 S RV I 0 S T 4 11 6 0 R R I 3 43
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JRRIESE M. robusta

[RIW-EESE M. pruifolia var. ringo BRIEHEHE M. zumi LLIESE M. sieboldii

T St FoRAli A ; Se TR, THEN,

Note: St stand for rootstock, Sc stand for scion. The same as Fig. 2.

1 “SE"ERLE 6 MESARE 50 d BIFEORNEN

Fig. 1 Anatomical structures of the six graft unions in 50 days after grafting

INHESE M. pruifolia var. ringo '

£

G RFHESE M. micromalus YLIRIGHE M. sieboldii BN M. zumi

2 “BE"ERS 6 MEARE O 4 B BSOS 5

Fig. 2 Anatomical structures of the six graft unions in 9 months after grafting



30 t 5 B Z

THC(®

GO B TRBFEAR I 5 55 40 SR S TN B 6 1 S I 42
O AbRERERR S i 1, B OEIRAISL A U B A
P B O A 2R A X B2 R U0
WA .

SR 5.6 A L2 /M, “GF"FERGN
PR3 P T S R a1, AR I A 54
FEEMNZS /N HKCR SR ERERNE
B LA 5 ST SR Rl R S R A A B 5
BHSAE —EER, A REZILHMAFTE,
At R i AR R 2 B s SERSEISE AL
RMESE I R R W] 4 e 8 RSt 22 R BER
B OAARZILANE, B ORISR R A
AR B AR R

3 iS4t

R IR SR AT LU B S AR K
GRS LR PR R OG- R DU L A A DL B
HOESRUFL T HR W, BAY A FRI
TGRSR TR A AR S8 . T M A
BERR R B SRAR T 1 S R P D0 B PR I o 285
AR, AR R T RGBSR, AT
R A= RAHIHE AN S

R SREANHAE R BT, SR
FOPESRSGA K2R » PR X Al A L5 B B P TR AL 41
SR TR S A B T ORI R AR
R S5 | A B8 AR P B R A LA () A
LI SR HTE 5 AR 5 iR 5 A ] T U2
VB AR I R/ INART AR S A AR DU R, IR
FOPEREF ) s AR B RO/ MBI 1Y »
PRIER A B SR, A S 2 L N A L A
XA IR RHA Al R B IR S8 & TR A R BT ST AR
fift 25 R0 Y AL J3E A B T 0 L AR ) A 32 3R A
Pho B, “aR SR ERD WA RS A
WA IR SR 227 A B3, 5 g v
IR SRR IA 22 A 2 T AR 8 v T BR SR g
TR R BB 28 0 8 TS B L
e, AR THHR B R o 0 M B BE R H AR AT
RN, GRS /R EFE- TS 5K 4
REEMBH, 5 LT RMG SEFNER L MG FE I 454
FHZEBR . S-G5BS 8 I 11 AR B ¢
ARG B B A KRB IR 4 R SRR AR
FRGTRA R GHIHARL , R ARG A

ARRWE A BRSHME . B R
YIGTE IR B S AR R BUR RS, PR e R R
ARSI A R R TR I R H o 1E
SRR KRG TR ) S A SUE 4 BT
T RSB BI R R RS 40 d
At ema; AW EE 20 d Faa bl 4%
WE BRI AR E SRR E T d)E
THAETE R R g L A A R T A
RPHEAFREAR L, 60 d JEAETE IR 4R e Y
kR 24 dJEU T ZR IR B IR B 35 d 5T
YT TP B B W3 30 d S5 &
AP R R L DR QR R AR
HE B4 15 d FEhHRATE 2,35 d FE
SALTE R . A, B R I ] 5 AR A
KhmPpARRKR, ZidRF, 5 50 d )5,
“ERFTIRE MR S S TR SR IR M3 S
AA RO, AEFE ) BETE B R 4r RO B 20 41 T
“OR SRR A VYRR SE L 2R T S AN BR S g
b KR DA A B AL A 3 m] BB S
M B A AR B BUR LA R S = A R TE
S o DR TG A ) 22 BT B2 » A U0 e I R )
st

iR B 250 ERLAR T A — R A R R R R ) I 8
SR, (B S5 A I RS 3 SRR AR G, U]
XA R VRS T WA PR, IR
T CERETIEIRG 6 MEE ARSI RE A  LUB I
e /RS b RS R A e BT RAE KRR ORI
PAETRSHE S T RIS R AR A A R
MHHRE RS RUE, “RE"ERBIEAEN
BRI SRR e 52 1 a0 BT A oM 40 g
N —B B R EAT, TR AR BRI 3 L AR R
B , 5VUIT I R ML S B I3 D b R B
A UNETBIG, R, ERE AR SER A 6 Bhih
ABRE R o 7SR 5 R R R AR I 4%
JaHE D RS AR 25 R IR 4B B T
R ORISR FHREETTH, Al
6 i A 55 S 57 S 2 A S 128 3 R 5 5 AR K
N5 VTR 3 | [5)  9 52 VR 52 L 4T
HUBFHE IRICUGHE BT 3 PN SR E 7SR IE H A
BhiA

(ZXEELEAEME, RARE—1EE.)



%14 It B B Z2 31

[10] 2=, AMGEAERARFWEEHEERET].
S E Tk E MBI FEFE, 2008(4) : 83-84.
(1] WRSGHT. WAL RN, 658 Al BT 1985. [1L) B3 AELELM, LR AR AT 1999,
(o] i, TR, M/ ST 0 a5 3l 5 e [12] Bk, 4, B, FHMInG B R o3 & 30 A 301 45 g %
[T7. H RS, 2011(3)  26-28. 1 LAl ARHE 1996 (23) - 21-24.
[3] BRHE, TS0, LT 25, RS “Gt "S B [ & A [13] BIEZ, TAEM, ZEAL1, B3 R H Ay B M E R i
BT, LR, 2014(14) :31-33, PERILT]. A A BRAEE TR, 1996, 32(1) :59-63.
[4] MARKS M J, ANDREWS L. The response of Bramley's ~ LLi) Boroe- MEMARIEFHIIGHISLD]. ik : BHLAAR
Seedling apple trees grown on differnt rootstocks to spring and HRE, 2001,
[15] TP, #Rae e, bbb i i B A % g [T ], #oll
B,1991,27(4) : 457-460,
C167] FOIRN, A< k. BRI A AR WA [T ], SEFRAR BT
24,1992(9) : 256-259.
(177 Sk ., 1800, R EE R , 45, SBAN R FThh 3 AR IR 12 1 O
BIWEET], L%, 1995,22(2) : 117-122.
(18] EMWEe, A, 4. HEGEAALRI] HHEKE
SR, 1998(4) :12-14.
(197 FUesk, HETR, MiEE, &, (LRSI & 1 A 3 2%
WER[T]. WAk R a4, 2001(18) : 111-114,
[20] AR IR G &3, BRI, MR F B ED S A RS %
FFEE LT, FEM R4, 2013, 31(3) £ 313-320.
[21] o ZEH, S8, 5. AR SN SHAA R
[T PR, 1995,37(11):909-912.

autumn applied nitrogen[]J]. Acta Horticulturae, 1990, 274, 321-
329,

[5] TSAOIR S M A, HARUN R, LAVELLE K. Millennium
planting density trial of ‘Bramley's seedling” apple on My and
Mz; rootstocks[J]. Acta Horticulturae,2011,903.627-631,

[6] KEER. RWHHEIMIL 4 B U o E R W R,
2011,

(7] FSWR,PhEM, R, & AR/ 80 mEa 43R
s S ABEM R FRRL REEH (HRBED,
2014,31(3):177-182,

[8] Z=M, R4, RdiR, % BHRBRERMMB AR ES
ER LR A RER T, AR, 2005(5) : 415-416.

(9] Wyadp phpise, BRE B, AR S EfBm s R M [T, iy
R BE2, 2005,25(4) : 64-69,

Anatomical Study on Graft Trees of ‘Bramley’s Seedling’ Apple and
Different Rootstocks

LUO Jianxia, ZHENG Xin, SHI Yanshan, LI Shouzheng, WANG Yan,ZHANG Zhixiao, ZENG Lirong
(College of Horticulture and Landscape, Tianjin Agricultural University, Tianjin 300384)

Abstract: The buds of Malus domestica “Bramley's Seedling’ being grafted respectively on M. robusta,
M. prunifolia, M. prunifolia var. ringo, M. micromalus, M. sieboldii and M. zumi, the anatomical
structures of graft union and of shoots sprouted from grafting buds and rootstocks were observed and
measured to understand the graft compatibility of six Malus species with the apple. The results
showed that there was no significant difference between the apple and the three species M. robusta, M.
prunifolia and M. prunifolia var. ringo in aspect of branch-cortex ratio, and relative smaller
differences existed between the scion and the rootstocks in the tissue structure of shoot cross section.
Significant differences appeared between the apple and the other two species M. sieboldii and M. zumi
in aspect of branch-cortex ratio, and relative bigger differences emerged between the scion and the
rootstocks in the tissue structure of shoot cross section. The graft unions with M. prunifolia, M.
robusta and M. pruni folia var. ringo had small differences in the tissue structures between the scion
and the rootstocks and healed normally. The graft unions with M. zumi and M. sieboldii had relative
bigger difference in the tissue structure between the scion and rootstocks and healed abnormally. It
was more likely for the shoots grafted on M. zumi and M. sieboldii to split from the rootstocks.
According to comprehensive analysis,M. robusta,M. prunifolia and M. pruni folia var. ringo could be
considered as the rootstocks with appropriate graft compatibility to ‘Bramley’s Seedling’ apple.

Keywords: ‘Bramley’s Seedling’ apple; graft;rootstock;anatomical structure;compatibility



