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2-1. G AF WEY A4, 4 H2A R SAANE

2-1-1. A4&4 A

7k A E
AT AEFE gk AAHAAEe] FAHOR 25dF RAHHA HrtE EE W7o
FEo A5 Fodte] AARdAME AES S0 AAHeR AA s i ok o]
97 Ge @2 wdets §F7se Yol wid Fe A AlEFo] ZokAal e A
olth(sr, 2019). MNH¥ AFAA AGAA Stell Al WA Wteh= Al A avAte] V]S
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Table. 1. Soil texture and chemical properties of pasteurized and unpasteurized soil used

for this experiment

Soil pH EC OM. P05 CEC(cmol/kg) Soil texture(26)
ol

15  (dS/m) (g/ke)  (mg/kg) K Ca Mg Na | Clay Silt  Sand
Pas. 571 0.78 .T7 244 0.36 10.82 2.88 0.46 49 19.3 7.8

Unpas. 5.4 0.71 65.73 235 038 1093 266 049 44 194 762

Pas: Pasteurized soil; Unpas: Unpasteurized soil
EC: Electric conductivity; OM: Organic matter

A3 FH71(10~12mm) 2] WHto] &3 G.11, G202, G.214, G.935, CG.4814, CG.50873} 7]
o] M9, M26 ti=ol ‘FA'E 417] A53 s 3¢9 150 9L EkaE X EC 7he A
FEAZE g8 g 574 A4 A4 60Y
XES FA% W A2 s 2 F

| TR 24 AE HA A (AQUA
PRO auto—controller, Netafim, USA)2 F&#2& stHA Auistdt. A2 304 F Aol 5
m AE zAehd W 58 58 EQ21-17-17)5 & T 15g% AH|8tA AL, o] 3F FU|=
230 A4 & Fom FIF AH S

Aol Apghel wet 7|2 ow 15U Z_}Zﬂ._cli TIAE AR AL, A4 1209 Abell A&
TEoAY T AL ZFSE S8 S AH9F AR ?%3}04 A sta 75T A 3Y

&l

=
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=
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o] 7}=&

AR Gy AETS S ol A4 92 =k 11:00~13:0091 H<F
o] AHS 9l Fug #3shAd =AHAX(LCL, Analytical Development Co., Hoddesdon,
England)& ©]&3te] 9% @22 fAzz Fxs 2A(FF4LIAELE 1,500im > s-)S
ARG AHAA FRE XA, 71FAHE (G, TARE), W COF%(C) 55 XA

ATt



85 DAP

Fig. 1. Growth ‘Fuji’ trees on different rootstocks in pasteurized and un-pasteurized
replaned soil on different days after planting(DAP) in the unheated greenhouse.

L
Ao ® 2 M9, A2 GI3B, Tk
EgelAe mAs S5

5 74
W oAE BAS ARUstn Adsdeist guaett v 4B ASTAT A oAk

- DNA #%, A3, Pyrosequencing

EY% A 79 Metagenomic DNA+ pyrosequencing Z482 €3] Quat-iT PicoGreen dsDNA
Assay kit(Invitrogen, Carlsbad, CA, USA) A|%&S o] &3l F& 2 A 3}sl el th(Balvodiate
et al, 2017). &E¥ DNA+ 454 F8&A ¢ 59 A4 Zoto|n & o] &sto] FEstde=d A
W axglolm o] AME2 ITS1 5-GGTCATTTAGAGGAAGTAA-3 oA, 1 xglojm o] A d
2 ITS4 5-TTCCTSCGCTTATTGATATGC-3 o]th(Aslam et al., 2007; Espinosa et al.,
2010; Jung et al., 2011; Lemos et al., 2011).

ofeeo] %7 3dtolA, PCR(Polymerase Chain Reaction, =& &4 A &) 3AHLS
PTC-200 Peltier thermal cycler(M] Research, Waltham, MA, USA) 7]|7] S o] &3} 33}
Atk WAIAF4T FEHIZ 30x A1), e G GT FEHZ 45% A &), G (72T

BEE 0% AE)E 303 wHES mhgg] A RAG(72TC FElE 5% A1), PCR A oA, &%
H DNA =7} gdrE gt d7|9s A oA AMpure bead XP(Beckman Coulter, CA,
USA)E ol&38to EEEs AlAsta A7) Ad9E stdth vix Y % FAMALS Quat-iT
PicoGreen dsDNA Assay kitZ o] &3 om, A260/A280 ratio 7|+2o2 TES =AHsAT
(De Oliveira et al., 2017). Agilent DNA 7500 kitE o]&3slo] A™HE DNA 2452 Agilent
2100 Bioanalyzer(Agilent Technology, CA, USA)S o] &3le] ZA3sAth. DNA =759 d

oL
ol



3k pyrosequencing< H #WAHA S, )] Ilumina iSeq 100 Sequencing System(Illumina,
CA, USA) 10HA WAL o]&ste] HagsAth iSeq 100 Sequencing System ©]-&A
One-Channel SBS Chemistry#lE A2 AY F24& olgdto =z 7]E£9 Illumina MiSeqel
AEY H 22 539 #4295 =5 & AAJHKim et al, 2013). pyrosequencing 24 &
A A4E AHE BLASTN 4 AAS AH 2 d#FHES &5l EzTaxon-e
web server(http://www.ezbiocloud.net/eztaxon)2] A4 gl ES o] &dle] afF TFFee] A

q FAEE PASHAT

- Ad WX} B4 E/7%FH U4E

do]g o]~ FGITS10 HAS o]83te pyrosequencingdf] €] Microbiome Taxonomic
Profile(MTP)S ol 11 3+l 3} %) th(Caro—Quintero and Konstantinidis, 2012; Thompson et
al., 2017; Kim et al, 2013). A<E%4 AzE EzBioCloud Microbiome Taxonomic
Profiling(MTP) <& o] &3te] EA st T3 Ad+f8e 346 ¥ A9 CLcommunity
software(Chunlab, Inc. Seoul, Korea)& ©]-&3lo] A3l 3lo] dntd ol o] Ao A=
MTPHS ol &35t #3& 439k HAE 39 operational taxonomic units(OTUs) %k
L Y FAE 9%FS V]E=o 2 CD-HIT programs  ©o]&3te] B3t}
(Vandenkoornhuyse et al., 2002). Mothur platform< ©]&3le] 37 29 =43} Chaol
Shannong X &3dl= P AFE AFEZ WHEY. B9, taxon XOR Hl WA Al ~E-S
ol &3ste] 5 MAE £HE5& A tH(Zehr et al, 2003; Zinger et al., 2009).

BAAY = 229 SAS vI4E FodS AASI T

o 23 % u@

‘_‘

(1) 483

AAEE A Aok AtetA @2 A Atelel= tiEel wek ARGl vEA e
AT oiu] A dAAEAM= M26 wEe ARUETL

175%, M9+ 13.3%, G112 11.6% © A Ak AzA e 7Hg 9zdstA jEgaksl

CG.5087, G935, G.214 W&o A= A AREL AdAe] AFEd A i 2}

7F ALl glol dtzdeME & Ak Aom HIEE AT


http://www.ezbiocloud.net/eztaxon
https://www.ncbi.nlm.nih.gov/pubmed/?term=Thompson FL%5BAuthor%5D&cauthor=true&cauthor_uid=29242829
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Fig. 2-1. Tree height change of ‘Fuji’ trees on different rootstocks in pasteurized and
un-pasteurized replaned soil; M.9 (A), M.26 (B), G4814 (C), G.11 (D). Vertical

bars represent the standard errors of the means (7 = 5).
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Fig. 2-2. Tree height change of ‘Fuji’ apple trees on different rootstocks in pasteurized
and un-pasteurized replanted soil; CG.5087 (E), G.214 (F), G.935 (&), G.202 (H).
Vertical bars represent the standard errors of the means (17 = 5).
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Fig. 3. ‘Fuji’ apple trees on different rootstocks in pasteurized and un-pasteurized replanted

soil on 85 days after planting.
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Fig. 4. Photosynthetic rate(A), stomatal conductance(gs), transpiration (E) and inter cellular
COs concentration(Ci) of ‘Fuji’ apple tree leaves on different rootstocks grown in

pasteurized and un-pasteurized replanted soil. Vertical bars represent the standard

errors of the means (n = 5).
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Fig. 5. Shoot dry weight of ‘Fuji’ apple tree leaves on different rootstocks grown in
pasteurized and un-pasteurized replanted soil for 85 days. Vertical bars represent

the standard errors of the means (17 = 3).
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Fig. 6. Root dry weight of ‘Fuji’ apple tree trees on different rootstocks grown in



pasteurized and un-pasteurized replanted soil for 85 days. Vertical bars represent

the standard errors of the means (n = 3).

A5 g E gy ReAgEs s
oA AR Fo] gzt e E o] oo m
el= G11, G214, G48147F 0.22724= WA 2l z-¥g] Hl&o] :9kil, G.202, M.26, M.97}
0.1670.172 v& HAo|u} FAT AZRNEGALE Moo H|&) X 5e] Aol Auydoz
O AR WA 2lx-¥e Hgo] dAHoz A Yeuth ulE tol= CG4814, G.11,
G.214, CG5087°] 01670182 Atd oz A Zx-¥g ngo] =9ka, M263 M.97} Z+7F 0.09
o} 0.19% B} th&ol ms] wrkth G935, M.26, G214+ Ayt thu] Fad A g Alx-#
g v g9 WalEo] o GZOZQ} CG.50875 #Fgktt,

Auvil 5(2011)& 4671% 9] Geneva® EHEO Abaped Z A o A A Ep FAFS Fa AL
AES A3 B Aol w3 2 Aol G.935, G.214, G.202, CG.48147F M9} M.26¢]
vl ikt ARFA o) M= Aol °c}§‘jr% Aoz WAttt Kviklys 5 (2016)2 ¥ A3
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Fig. 7. Shootiroot ratio of ‘Fuji apple tree trees on different rootstocks grown in
pasteurized and un-—pasteurized replanted soil for 85 days. Vertical bars represent

the standard errors of the means (22 = 3).
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Eo g Aty oz BEgAF X7 vHA UEStH(Table 2). Aphelenchida %<& A =%
Aol A 4nte], Fat Aol A 244meE] 7t HEEO AT E Fote] AdFol A9
APE S Aoz ATHTE 2 AlF AHE3 B AS A dTFTE Aol oA HIA I3
ol ofHGARE NEVNWAZFFR Tylenchida®2] dZ o] 452nt8]7} HEE o] Ao 2
Aoz g3lE FAodga Az, 3 520042 A YG Al AEV|AZTA
S XA Ay 14 £ 7|AAMZTol HAEEJI olF  Tvlenchorhychus, Pratylenchus,

Hemicycliophora, Meloidogyne, Trichodorus®t Xiphinema’} AF29el +Q2 7| A ZFo|At}
v Haet At Aol E ATl AHEH AEE 697 FE/MIE EAME EY

o= 20159 Aol Eel weh AR AAT/ A 0148 A5 glo] WS Az
WA PAR Au AMC’J Egvhs gy dFe) drs ve gow I weA B A
Foll A AHEE AREFS AFHALAA AE7 WY FE(Tylenchida) HAF0] =

452vke]7F HEEd wel dxe va ARt Axgse e fFEddd T g 2Qlow ALY

2 Aow FAHL

Table. 2. Population density of soil nematodes in pasteurized and unpasteurized soil which

used for replanting—adaptability of different apple rootstocks.

Number of nematodes/300cn’ soil
Nematode - : ; 3
Pasteurized soil Un-pasteurized soil
Aphelenchida
(Aphelenchus) 4 244
Tylenchida 96 452
Rhabditida 20 96

Aty ARE vls) FA e A EA Aol AA "ojA= M9, AT o]t
A& G935, 1 FAS GIlY HEE CFA BHES A Awe 717t FEe| uistd]
Metagenomei-21 8t A1 A2 oz AHdAgE 14 L= Edoa] AHAgE 3 AZE
Hl &l EF D]"ﬂ%g] T I H T F5= @ol =4 YEuti(Table 3). A3+ 29 54
T o = Q3] AXATAYE & ALENA O =4 YEwt 1

= 3

A AR A 2 % SE R AR )
A AednAs @ AGEAA AAGA EE Aol FAAUT. HF vjuo] g Fa
Ae] AREAA gold Aol Aol UEA U tE FRo|l mE FAR i AL
A7t 2ol Ao Metagenome A Asfol glojd Eakn]AEAro] tE zho] Feld AolE el

at7] ol



Table. 3. Summary of results from pyrosequencing and statistical analysis in pasteurized

and unpasteurized soil which used for replanting—adaptability of different apple

rootstocks.
M.9 G.11 G.935 Mean
Unpast. Past. Unpast. Past. Unpast. Past. Unpast. Past.

Total Fungi Nr. 56,090 60,637 60,359 63425 46,779 59,660 54409 62,924
Fungi spp. Nr. 572 372 556 403 576 427 568 401
Ace estimation 91.404 602.362 94613 635.0%0 932.8%5 600.66 %9614 631.034
Shannon index 4369 3529 4125 3473 4333 3572 4277 34
ARD-causing 3% U5 329 179 494 211 3% 212
Fungi Nr.

ARD=causing 7 6 8 5 9 6 8.0 57
Fungi spp Nr.

% Using ver. 10 Illumina iSeq 100 Sequencing System, a total of 352,000 sequences were

analyzed from 6 of soil samples.

Table 4= <& Fo Ay Az AW ddg
Cylindrocarpon, Phytophthora & (Tilston etl al., 2018)& th’<
stal de=AE GIg Holth F 12 TR #HAdws Fdow, HE FEEOA B
Pythiumtt 3t Phytophthortt =2 A H A &Skvh. w5 Cylindrocarpon %
4 AU AR B mAETH
7, 71Fx03 71k aglel dAsHA 2ebxIth(Yin et al, 2017)= HilolA e} ko] Apapupi
o Azt HHFAHoR FosteE JAAER ool M= Rhizoctonia solani  and
Pythium spp.©](Manici et al, 2003), ‘Fol&ol4x = Cylindrocarpon(Tewoldemedhin et al.,
2011), "= YA Y TN = Pythium, Rhizoctonia®t Phytophthoraazzola, 1999, Mazzola et
al., 2002, Shin et al, 2016)ttaL grh. & AF-ol A ] AE Hol Az Agsfo] #old W&
A9l Cyvlindrocarpon?:©) 01l Rhizoctonia®2 At o2 #ofsk Aoz H AT}

F5o| by wel $¥T



Table. 4. List of detected apple replant diseases—causing Fungi in pasteurized and

unpasteurized soil which used for replanting—adaptability of different apple

rootstocks.
M.9 G.11 G.935 Mean
OUTs
Unpast. Past. Unpast. Past. Unpast. Past. Unpast. Past.

C. aquaticum 5 2 23 1 8 7 12.0 3.3
C. decumbens 1 0 0 0 0 0 0.3 0.0
C. didymum 0 0 0 0 1 0 0.3 0.0
C. liriodendri 0 0 1 0 39 0 13.3 0.0
C. pauciseptatum 11 3 10 9 26 0 15.7 4.0
C-uc 274 212 260 164 314 183 282.7 186.3
C. oylindroides 3 0 0 1 0 1 1 0.7 0.3
C. lucidum 2 3 0 5 2 5 0 4.3 0.7
C. curvatum_1 24 23 28 3 93 17 48.3 14.3
C. curvatum 2 0 0 0 0 0 1 0.0 0.3
R _cucsl 0 2 0 0 0 2 0.0 1.3
Rowus?2 18 3 1 0 7 0 8.7 1.0

Zy MZo| M Phylum(F) 459

A3t #3732 B (Fig. 8) AAH o2 Ascomycota?t 7

[e)
T

& 3747602%% 7V%  =9kal,  Basidiomycota®t  Mortierellales’y 27 11.0724.6% %}
1047324% = 1 tSo|RQ o™ Fukaryva, Fungi, Chytridiomycota, Mucorales S <& -8 9]

10% vgrez yokrh di&Eo weE [AFE oy FATHU A2 A EA
Ascomycota, Eukarya, Chytridiomycota, Mucorales 5= WA o2 H|Eo] olzl HbHo,

PRI

Fungitc A&

Ao A BHoh Ff&e] =dkoy Gll1 GI9350A = Antd A& Btk Wang 5(2018)
o] FTo Wawre]l AMHARA A Phylum(F) Tl A THE A Ay F=2
Ascomycota, Basidiomycota®t Mucoromycotal-%2 /3% o] 3 o|% Ascomycota’} 57 0]
gt Bargk vp Qo 2 Aol T e o] AbHAR Ao A 9f o]l S Ascomycota’t
7HE A&l =il Basidiomycota®] &0l =& A& v 28R U Mortierellales®] 3
fr&o] =2 A2 Folskdd

o] tta wolHtl. Basidiomycotas G110 M+= A=At

A2bEsL Ak 9
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Fig. 8. Relative abundance of the Fungi at the fungal phyla level in pasteurized and
unpasteurized soil which used for replanting—adaptability of different apple

rootstocks.

AdH/FE F(species) T A4 FHEE 243 23+ Fig. 8% 2yt A24d A
Z2EE M9 A el Y% : Scytalidium thermophilum 3(24.21%), Lecythophora fasciculata 2
(9.27%), Mortierella hyalina_3(7.16%), Guehomyces pullulans(6.29%), Kabatiella zeae(5.51%),
Mortierella  hyalina_1(4.62%);, F%s  AFE MO9oA2 v+3F : Guehomyces
pullulans(12.16%), Mortierella hyalina_3(6.99%), Cryptococcus terricola(6.94%),
Haematonectria haematococca_1(5.91%); A4+ AXE GllolAe t4F : Guehomyces
pullulans(19.11%), Scytalidium thermophilum 3(19.09%), Lecythophora fasciculata 2(6.13%),
Fusicolla merismoides_2(4.52%), Kabatiella zeae(4.29%); 23 AZE G114 9 t4%
Guehomyces pullulans(9.83%), Mortierella hyalina 3(9.65%), Mortierella alpina 6(7.13%),
Mortierella hyalina_1(6.77%), Cryptococcus terricola(6.08%), Haematonectria
haematococca_1(4.65%); A2 Akt A2 E G.9359] A 2] T : Scytalidium
thermophilum_3(21.81%), Guehomyces pullulans(11.71%), Mortierella hyalina_3(9.79%),
Mortierella hyalina_1(4.95%), Lecythophora fasciculata_2(4.76%); T2+t AZFE (G935 A 9

o~z

T% . Guehomyces pullulans(11.75%), Mortierella hyalina_3(8.09%), Mortierella
alpina 6(5.44%), Cryptococcus terricola(5.18%), Haematonectria haematococca 1(4.37%). %+
o ARAEqAMRT AT dAIAEANAN  Sceytalidium  thermophilum 3, Lecythophora
fasciculata_2, Kabatiella zeae 5°) FR3A Bfr&ol F718te] 718 T v &L 743

= Z2#E B
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Fig. 9. Relative abundance of the Fungi at the fungal species level in pasteurized and
unpasteurized soil which used for replanting—adaptability of different apple

rootstocks.

A EANAN Seytalidium thermophilum 37y A At FH-oA wl§- =& H]|FTS A5
Lecythophora fasciculata 2% 73 %9 B|FS A6t whd, FAF AZEAE 1 v
wvEERE "olis o & AMTHFig. 2).

At o Fo mE ZF dlE M9, G11, G935 1He] 2ol He AAH QI At o Fo| npE
Ascomycotai2] 75 G.1lo] 1 vlF Aol7t 71+ Zlow G9357F 7Hd vlF Aol7t #ktt.
Basidiomycotai®-2] 735 M.97} vlF zkol7b 7V aw G.9357F 7H vl AZpolrt Akt
(Fig. 8). &gt A3t o Fo| W& F cyralidium thermophilum 3¢ Lecythophora fasciculata 2
o] zFoli= M.9oA 7H A A yelykom G935 2 xpol7F Ads] 2HA YERTHFig. 9).

AyAog 72+ A 3 MEELS Ascomycota®t BasidiomycotaZ} th4E9S & 4+ &
o, Seold de M9, Gl1l, G93b EF Faid AZREqART it AZEA
Ascomycotasy 9] AA| ZA] vH|Fo] ¥ =S & F %l?i‘ﬂr(Fig 8). At of Fo wE
T4 ZAole F FoolA 9 FHEA yEwTh MY, G1, G935 EFA FEoz At

A
=

1% Fal WA AT PN MF AL Aok F5F Agvsel hd Dayel Et
=329 2 4 vk

AeAon AdAgEe] AEAY ol meh AREES AL th2s] tehgh M26
3 MO9S APRE it g vls] T Azl Age] 2A oAHE o

uol ARG U Fol /b Aol MAF o puHdth AAHOE G ¥ CGA UF
o AT MA S1%e Absbie] wls] R AstEel A AgelAlst Aolx A=A
ol ¥z @ Aow WAL o Fol G935, CGH8TH G214 HEe] Asre Az 2
T ATl wAgel & AT FulAE Aol ot HA WAL TAF ALEAN %



28t F AT ZolY 2GR AEFo] v AFE w3 vhih Aok gy A
go Aol A T o] By ARFE AdE v FATENNA 03| o & Aow
etk whekA G935, CG.H087, G.214%= M.26°0]y M99 Hl&l| A2t A -&Ao] FElshA =of
AZE Qdd o= F53 a7 Qvha Aay ey A ALEGA BT FA A%
BN AE7 WA NEFE(Tvlenchida) A%°| Cylindrocarpon?: 1 ite] WE7} o} o]0 <
28] el wEo] Q= AoE FAHEAG

2-1-2. AZEAL 2 AAA

7h A E
diLe] PF3 M26S SUHHESE v 2% FAIESS Ao AXAYE
45x25m= Y& 2SI gAFRFolgtar sto] AFRY AA UYFE IR HA G EE,
1997). S-ivgtelAe] EAHA gt A= 1990d ] Fuke] AESE FASE M9
5SS =gste] olgelol HEZ9 AwiAAE Ed= & AASY AlgAuAA S
AlZEE A B A TH(Yoon, 2005, &, 2016). 1y 17k M26 tES TR o2 ALE5)o]
AL Aol =] AR Wil ko]l =x Qlge] AzbE = A A ) A A7t
A2 A7) AA T ANFFLE Aojok (s, 2016). A vl W2 Yo M9
e M26 A2HES ol&ste] AXUEE & EFF EA, #guw Sol o
1,250~3,7505F /ha7t ] theFelth(Z 45w, 1999). MO thES o] &3 W2l 3o A
2714483 2719 =2 Al HAF HASAE oJds] B AMREUHES M9 tiEo]
M.263} ¥as] 7HE, e, Hubdk B A2 5 @4 % $A o] "ol WEo] 9ol M9
%

W= ALES gl gl Aol

N9
o
o
fru
12
ox,
=
I
2,

oz Ol

d

H v 2 Ak s A A GANA S48 F9 GAlE AP iS5 3 4843 o
T B ooyt el disiAE Aol =& AeE HrtE i dtHRusso et al,
2007). & ZA-Anl thEo] = (Robinson et al, 2003, 2004, 2006, 2011)S 4|33k
7l cH(Robinson et al.,, 2007; Moran et al., 2011), 72 @ =(Tustin et al., 2003; Robinson et
al., 2004), ~=2~(Robinson et al., 2004; Simard etal., 2011), ©]€ & o}(Dallabetta et al, 2018)
AN HEH L JYAY dF= F7klA o] &¥a ot

THAME FHAEo] FHolual AAdol =& HAAUEY 297F =oAL Ue=
B 2 A= 19909 FHRE EAE L e HE G B CGAlES ol &5ty 1A=
- AEHAGFEANA, 222 2015078 A& F8 AFRFAA AE, G5, 53H4] ol A
AGEA] F AL #e A PSS HAAsEA T

:

ot ofo

3o AR 2L g
(1) B $SAEFAAY A4 373

ol A =93 G4l, G202, G.214, G935, CG.4814, CG.5087, CG.H7573 =rjoll A F21 &
MO th5S 2009 3¢ sheol AEuienl F-EEdel 80emx40cm A= 4L v, 949



el AW 20em =ololA 20099 ‘FAE AVIEHES skt olF A wel HEF AT
Adtetal Ha7b oF 50em AsES Wl A oF 10emel BA 600ppme 10¥ HA o= 33
ahxste] 2 BAS FESATE 20119 39 Fod SARES #FHSY FEE
d7bAY 35m, F7FAE 15m=E Ao AFEAS ZASAT. A7 38m, T4 2.3mm, Z o]
4me] vz JPEAFE A FEE S0m A HAAHTUE wEE Qg =d
AR e 2~2 stk AT A= 155 19HEste] 49-E Gy o g wiX|stelal 2F E5d =
& 152 A £y A on sta AH, #5, WHaEE #y, 48 5 g
dEl= AEAdEn FE5 ARG B A el sk

AgzAbE md 9ol W F 129 T 190 E7AALE Wy AEHE o] &3
HAEF 1% 10em AFA Az WFor 23] FAHeo] Hgs FHoAal Fias
AWAAFY  HAAR7EA 9 FolE FAsSIAY. FAAFHR FIF FHFES A 29AH
SUAA7EAl A FASIH I 11 o] F 2 SuALGoR F&Fo] A H ATt

(2) ¥, 5, B3oAY AAHY HA

=ojwr] whHow FA% G11, G202, G214, G935 CG.4814, CG.5087, M.26, M9
A ARRske] 2014 39l AdellA 4 FFS AH F uF 1.0x04m=E A2 Sk
H7F 30~40em A= AskE wf FHAAY 223s H] s AFE AR sk Haor
A 70cmol] o] wWlHE 10¥ 7F2 o2 BA 400ppm< 33 AFEsle] A S 2351
ol BEES ZFet] 2 Al o] &3t
AW A dFAER7IsAYH AT
Atk Ked 535 LA

=

who ~E| T8 Ahabg &

ojgstel A el I o] &I} rjEHE ZFa gl FEolth HE shAwa AATL
Al Ao AbE Aol e @ v AAYEE 30am AR ARSIl Hujeh A&
Algste] 1dzk oA #EE @ Xolg. FF= vHAMEE FEstste] 343 Hulg
FeaEaE Aust AAHA #EE F Xelnh B3k AAA G VE Al SHE B
TR Faste g 143 A #es & o A s APAR Eskth
Adzge] w42 # 19 24

Table. 1. Soil texture and composition of three different experimental locations.

Location Soil texture (clay/silt/sand %)

Yeongju Sandy loam (11.8/26.2/62)

Bonghwa Sandy loam (7.2/28.9/63.9)
Cheongsong Sandy loam (8.4/25.8/65.8)

39 15~259 Abolo] A7bA%] 35m, £7AE 15mE 152 120z oo suRoz
A5 WA A 5= A A AT, B3 NEAFE Al AR E
Poz 71tk & AP dold 2 Ao ZF diFo] AFEL S A om
Hlash7] 918 Aol AH]) &g, BHalg WAl 52 skl fdstn A A SFE
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1~83°] H%= 0.IN NaOH &do g ZHAso] Algrtow
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(1) BEY FEAF4AA4 ANY HA

A2 5zl UF AEAE B (Table 2) 18 A$ iz
Hla) CGH757S ZHA Aska, CGH087, GA4lS nlszsten G.
o 2A At 7144 GHH(TCA)S E kol Aol 7t 0%
74 A% vgol  CG5087(115cr), G.41(14.6cr) o]
T337(18cm) Bt} tha #HA Ao fFoAol d4dE A=
CG.4814%= AAHAl Mol sl TCAZF 22.8~24.4cr 91 AT}
AT FAFHL FAGE Fo YRt ZA A G935, G202, CG.48147F 54~56kg =
b wekm M9 T337% G214% 7zt 456kedt 44.1kglo & H| 528l om o Aol mT)
"olx = CGS5757, CGH087, G4l Z+7zh 288, 30.1, 379kgeZ 27 ALFE S8
BGOJXL—— 7ﬂ—6]:o]041:].

[e]

i =91 M.9 T337(297cm)ell
202, G.214, G935, CG.4814+

Er sto]l CG.H757¢] 9.7cr=
AL G.214(209cm) = M9

shygich GO3B, G202

=71dd A FES el s S8 & (vield efficiency) S G.2147F 212 7V Sk tha
FelA A CGA4814, G935, G.2027F 23~24Ktk. 7F4 ZA A& CGHHT7e FHI &2
3002 FAUE F 7B =ga, Addoz ZA xd 171 CGH087, G.4l, M9 T337
26202 £ go] ek

A4 532 Bt FFE& CGHTE70l 257go2 FANE F 714 2gkal G4lo] 287go.=
7Hg Zen b Ui O FAv|E AR 85e Faol

Table. 2. Performance of 7 Cornell-Geneva selections and M.9 T.337 apple rootstock with
"Fuji’ apple as the scion cultivar over 5 years in Daegu, South Korea.
Trunk

. - - . Cumulative Average
Rootstock” Treez C};Slg ht CTOSS aiggtlonal i(e: ltémglkla/tgeee) vield efficiency fruit weight
(o) y & (keg/cit TCA) ()
CG.5757 267¢¥ 9.7e 28.8d 3.0a 257¢c
CG.5087 280de 11.5e 30.1cd 2.6ab 278ab
G.41 302bcd 14.6d 37.9bc 2.6ab 287a



M.9 T.337 297cde 18.0c 45.5b 2.6ab 284ab

G.214 332ab 20.9bc 44.1b 2.1c 271bc
G.935 335ab 22.8ab 54.0a 2.4bc 28lab
G.202 330abc 23.3ab 56.0a 2.4bc 275ab
CG.4814 343a 24.4a 5o0.1a 2.3bc 272bc
LSD P<0.05 34 3.0 8.0 0.46 15.1

“Rootstocks ranked by increasing trunk cross-sectional area.
YMean separation by LSD P<0.05.
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Fig. 1. Cumulative trunk cross—sectional area of seven Cornell-Geneva selections and
M.9 T.337 apple rootstock with ‘Fuji’ apple as the scion cultivar over five years in

Daegu, South Korea.
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Fig. 2. Cumulative yield of seven Cornell-Geneva selections and M.9 T.337 apple

rootstock with ‘Fuji’ apple as the scion cultivar over four years in Daegu,

South Korea.
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Fig. 3. Five-year-old 'Fuji’ apple trees grafted on different rootstocks.




(2) B, 5, B3ollA9 G AA

A GEAAGA AAA FFoNA AF e M= AA Gl 25m, 21kl 3.5m,
3 zlo] 4.3m, 5= 4.2moll O}A}\:ﬂ- 262 22 A7]9 26m, 34m, 4.1m, 44m=
25kt ool M99 Blzsk RS Hol= tiES G.11, CGH087, CG.4814% 3 M.26%}
vl =3k Al A e dlE52 G202, G214, G935t (Fig. 4, 6). W& I+ 7|94 Fa19
el o FslskA AFol7F Wk x5 MO9= TCAZF A2 3 3ewol A 5dA 23.7crf =
7kl M.26> 39arel Al 2z 7 kAt CGH087 A2 5Wdxk TCAZF 17.9crf =
M9 W& 7} F7FEo] AAa G.2147F 203crZ 1 tEoldth G.a1, G935, CG4R814=
M99} M.269] s7Fe] 25~264crA 3 G.202= M.263} H]5=3H(33cem) =2 TCAE H A H(Fig.
5).

3dztel dAA A E SAE FFolMe dAHer HEERT B5o] FzsAtHFig. 4,
8). A 59z a7 M9= °F 40m, M.26 44mel Zstidv. 1= HkS w MO%
=gk &2 G11, G214, CGAH087°IAN L M.26% H| ==& EH =

G.202, CG.4814%1 .
G.935E M26ETH th  E=AMUTmM) Ast GFelA g Z1gH A e M97E 5t
206ero.z 7H AYa tLoZ CGH0870] 23.7cr, G.119] 25.3011120]9113}. 5dx TCA7}
304crrel M.267 H]Z=3 AlEe] fiEo (G.214(28.8cr) ol YL CG.4814 G355 HE ol A o=
gl M26K dASHA A Askoh(Fig. 5).

Bohe G5 Aol mo difd #Aglel dAHeR A AFrHFig. 4, 7). ol
ANRE Aoy AFE AYEIY BIlv AMFREZR Rager Hu[Hol o3t Egow
AARA Ol SUlE 43 FJEesk Aol Sl &% Pt 19 o2 A A e b

o

wol Wiy #4E U FEFAZ 2w xdol 8 Aow AN 593
M9 W&o AS$ F17F 33mo S M26< 3.8m=E Asth. B3l A CGH0874F
MO9S W£g kol AFm TE G 2L CGA HES M6T wxd molz g

Bololl Ao Z7IdHA L CGH087- A2 5dAbel] 9laf® 7HE AA Asa tgo=
124cm9l MO9S G113 G.2149] TCATE 717 146erd 1322 169cen] M.26K.th=
EJCAR M9E‘jrl' #FA A A3E B EstelA = G.935(18.8ar) 9t CG.4814(19.50n) =
M.26.t} ZA Agka G.202% TCA7ZF 2152 M.26E.tF AAsA A A5tch(Fig. 5).
Al A F3s] G202, G935, CG.4814° HEHE vHF&= M26Y ZAY vih YA A&e
BEE A Gll, G214= M99 HS=ehlal CGH0872 tha oFgh Ao w H7tHATh o]
= ZAg A Hrrsk A3ele {-AFSFA tHRobinson et al, 1997; Robinson and Fazio,
2011). A& WHEAQD AR FARA 33l ZAZbe]l dFTE ZAA 0w gk Aol A
A F QL ApAZE il web H]gh FAs B A O iR ¢zt A
EAol A 7108 Aoz B 4 Qo ATHETHCzynezyk et al., 2010; Reig et al., 2019).
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Fig. 6. Five-year—old apple trees in the experimental orchard in Cheongsong.
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Fig. 7. Five-year-old apple trees in the experimental orchard in Bonghwa.
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A g g BEsd vpAlE Abdbd ol Sie] ZhEAb el Al TE ] 6o
kS Ao wedy Eded AR B @20 Y Fi= MYyEE
A EA kgl vhE el Hlal JEEFe] oA A HFI v e B
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CG.H087 42kgo.= 9 FaFo] Aoz volth CG4814E 52kgo 2 EF tifof w3
T FFol ta ok Al HelAe FAFHEFE FelEW CG48147F 175kglo® THE
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= g 'Fuji’ apple trees grafted on different

i 60 rootstocks; Cheongsong (A), Bonghwa
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ji 20

g

H}AdFA 5= EY G, EGTE, 7, A, UrAY, Za 5SS 236
e 82lEo] Fofdtth(Musacchi and Serra, 2018). Zh5-2 A 7F Felgh o7k U&=
dA o m UL b sk A At GFAGel A T A UErs tH(Table 3). o] A3 R
B AEAGoM= Agdaiz g FAste] Izt =4 vEd 3ol AEAFHo =
A MHES AoerE FAHHAGY BIAFS AW oz o Algo] ofstrl H AFE o A
2ZE37F H A7) Wl Ao Bt HEH BsAFolM = Hso] thE kol AA Aol 7t
UEt A AT GFol = i kol ol A YEbsth CG50872 302g= 7Hd =8k

o2 Gl G2029em ue] Aol ZstA vErRE G935, CG.4814 U=
SYstA 269g= AfolE HATH FAME F3tel dFAAS H=std o HES o5 A qo
Hla tha WA et FAAY QA Aarvds JjdA 54848 wigr 4 He
EoFo] ofy7] el ATl s Fodith stk AAZAd AR S EY U
FagFol =A AT AFHAY] wWEQd AR BAXT AEe AvbHor 3Fol
ERE GFAGEGE HE ol =2 AoE YEwi 3x, Aes i 1 A 1k
et 7 3R(P>0.05)0] WEFLEA] %%k

AeAow AR FEAFEH 2 AMRFAA] AE, GF, B3 A A 5dztel] AA A



Algh g8 R wE A HAFdAE A9H ASEE EAdRTE g5 gl o A
A Aoz FAEST U] AgAlE Ao BAgle] G202, G935, CG.4814 W& o] M.26
I v e AY F o FAEA ARt Aoz YEhya Gll, G4l, G214, CG5H087 M.9<}
v 523k f3t=E Hol Wk CGH5757S MOKTE zpgho] ofst Aoz HrtE At A5 3
EAFGANA AAE AL FIbol A= T AT E doA G202, G935, CG.4814 i

.
o] 714 Fsate] M9l AAAE ST W CG5TETT CGH0STE M9 1A% %5}
Atk AFEEAA) A AR A S CGASIAE A A FASFe] b me ymoz Pt
HA G11, G202, G.214, G935+ M.26% Hl=gh FFoldloem CGH087 M99 &7 e o
mol 27 % AL AMAS JBet FRHow nwl G935, CGASIA HEe F)E
M26 i MO Mmd Wi fEel AN wol Ame A AuEozs FBAol

A= A



Table. 3. Fruit quality according to experimental locations and rootstocks in the fifth year

after planting.

Fruit color Fruit Soluble Titratable
Location Rootstocks  Fruit weight (Hunter firmness solids acidity
(g) 'a’ value) (kg/cm™?) (°Brix) (%)
G.11 268def” 16.8efg 39.1cde 14.9b-g 0.29f-1
G.202 262d-g 14.7¢g 40.7a-d 14.5f-1 0.34ab
G.214 268def 15.0fg 42.8a 14.4ghi 0.30b-h
G.935 25le-1 14.7¢ 41.2abc 14.4hi 0.33abc
Chung-Song . .
CG.4814 249e-1 14.3¢g 41.7abc 14.21 0.34a
CG.5087 256e-h 17.7def 40.6a-d 14.5e-1 0.30c-h
M.26 262d-g 18.2cde 40.1b-e 14.7d-1 0.30c-h
M.9 251e-i 17.7def 39.9b-d 14.5e-1 0.29f-1
G.11 250e-1 18.5b-e 40.9abc 15.3bc 0.33abc
G.202 2341 19.9a-d 38.0def 14.4f-1 0.31a-h
G.214 246ghi 21.3ab 42.0ab 15.0b-e 0.33abc
G.935 249f-1 20.2a-d 38.0def 14.9b-f 0.32a-g
Bong-Wha .
CG.4814 250e-1 20.1a-d 41.5abc 15.0b-e 0.33a-d
CG.5087 240hi 21.7a 41.2abc 14.7d-h 0.3la-h
M.26 246ghi 21.9a 40.8abc 14.8¢c-h 0.33a-e
M.9 238hi 21.2ab 39.3cde 15.0b-e 0.32a-f
G.11 296ab 20.7abc 36.0fgh 15.4ab 0.30d-h
G.202 293ab 20.4a-d 37.4efg 15.1bcd 0.3la-g
G.214 289ab 19.6a-¢ 35.3f-1 15.3bc 0.29e-1
G.935 269abc 19.9a-d 34.4hi 15.0bcd 0.29f-1
Young-Ju . .
CG.4814 269cde 20.7abc 34.2hi 15.8a 0.28hi
CG.5087 302a 19.5a-e 34.1hi 14.8c-h 0.261
M.26 265d-g 19.7a-d 35.0ghi 14.9b-1 0.28hi
M.9 279bcd 20.1a-d 32.8i 15.2bc 0.28ghi
LSD P<0.05 20 2.8 2.7 0.5 0.04
Significance
Area (A) kokeosk skskok skskosk skskosk skesksk
Rootstock (B) * * * ok ns
AxB * ns * ns ns

“Means within columns followed by the same letter are not significantly different by least
significant difference (LSD) at P<0.05.
ns,*#x xkxFactor effects or interactions that are nonsignificant or significant at p<0.05, 0.01 or

0.001, respectively.
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- ZEHE7E FUAEA gy rE 39)ete] Az feor dalE s on 9l
A= EEha 2015, 2016, 201737 20193 4 7ke] dlolHYE HEe Gk iy A

=X mY 895 UE5E 2AEYE R, H Aol weEl 4mm ©)8F, 4759mm, 677.9mm, 879.9mm,
10711.9mm, 12mn ©]% 65522 YAt tiEe] S H e JEtE 571 o), +(37471), 3t
(1~27K), FE2e] 4552 vro] AR TH(Fig. 1). 59 =+

emoll 27 3, 4, 5, 6, 7emSl ¥9FS 47 wE U 9

<
13, 17, 20, 23%= Z73tal 1 Hl&S AT 4 dis 235 sjied 542 G,
G.202, G.935, M.26, M.9oll tHalj A ek Btk 2k W& AeS (A7 oF 3m) AFHAT vhs W
LR gl et AHES AFHS L 30, 50, 70, 90, 100% ol k&l &xkA o2 1584 3] A6t
g3 e sAAXE Sl @48 dxd AES FARAAE A (SUS220, Hitachi,
Japan)o.= @ HJS stal 2@ FA9 2 AV]E B, Bl

Fig. 1. Classification by stool shoot rooting;
1-Good (5 or more), 2-Moderate (3-4),
3-Poor (1-2), 4-Rootless.

(2) SABE BAEA

5 SAHES AAAEE 2020 29 Aol 5 ol +83 o5 (Fig. 2) #7717}
10mm W&ol SZFES Adste] 29 289 ‘X FFES HEstal 9L &7ld 154
A2sEA et Ao AE(72% coco peat, 85% peat moss, 6% vermiculite, 9.5% perlite)$}
RYPE 7302 TFste] HEZ ALY FEdEE JAA4RFAAE AS 2Ulde
A (1800)°] 3084 FF 1L, AS F7IFEH= obx(08:00)° 30%8S F7ste] stF 9 2L
A3 Y Ha4 M=ol oF 60em AFS Wl 400ppm  BA(6-Benzylaminopurine)E 13}
dxste] SAEAS fFESAT 1 % Aleo]l tAl oF 30em 7Hke]l ApskE W Zi}i 7o
TE BAE AlxATEHd HAEXE stk ARl A2 F Ax7F ¢F 30em AsE W 84

7

Ao R B E(NPK = 2L17:117)E ZE % 20g4

Ean

a9

BEY Agn BELY 2Ahs A Y 109202 AS/4A o 1809 F ANFAD
2] 2=
=2 T



Fig. 2. After harvesting the rootstocks in the stool bed, the grafted plants were grown

in the greenhouse.

(3) 2% BE&E AAEA

2% BE AAEAS 27 554 AUk sl BE Jhsdel de AR WrE whe
g9l Zddl §4 G111, G202, G935, CG.4814%F == MO9E o=z 2018dH-E 219
Ax AEWa 9 FEAFFAA AA ST 2018 29 Fol FAI U E (FH] 417
HES e A& HNE(72% coco peat, 85% peat moss, 6% vermiculite, 9.5% perlite) =
A 1L A2 vd XEO At A5FAE 98 F 7F FEl Aol 60¢7 719 A
2z7F oF 20em A= 49 Foll 2] o)A sk th(Fig. 3). EE] o)A d w= =AA2 F
AL Hast sta A $EE BAAIZV] fEte] AEE SRR FEI RAAAA &
L& gFo] 3 2 JdHE IE FAS HAsAhFig. 3). AAFAL 47 32m x F
b 12m= kel HE5-7F oF 20em =FH A A ATh

Flg 3. Estabhshed bi-axis apple orchard at the KNU expenmental fleld and prduced |

bi-axis apple trees.
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Aok 545 vastAth
SAA 2= SAS(SAS Institute, Inc, USA) ZZ1 S o]§3to] Duncan a4 (F25
F 5%)o 2 AP F 7t SIS ARG

o A3 9 1@

(1) HEZY =4

HESAE md T2 S 5 GI3B7F F 46.10= 7P B%ar CG.4814 39.97H, G.202
37370, G.11 34570 FFolRar iz o &EQl M99 M.26-> ZH7F 23271¢F 26,670 = G 2 CGH
°]

) &of vls) =280 ¥kth(Webster and Jones, 1989; Marini et al., 2009).

g dmel w710 wel BE Aol gebdi Seve BEGAE O%e 4143
D AFE ANRE AL AdelA A4S @ e ABS B ol R gitshe
PHS F2 Agstn dvh A/1HEL 4w A7) 8m o JOE Folof FHo| goldtm
AR BB 29E Eoh e BEYAY wEW H7 12m ol4oR Fow HEL 3
2w gaE wEe £4e FEht 4B £Erb med AEsH ey Gk gEg7
4~TmAAE 390 GBS Aol & AL F BE 88 Fe~99 el ANEPS FHu
EH ol AT e Austn Awol Agel Wk FAWAS fEFA 9B A 2d%
of SARZS AT = vk 2o 9% 47 4m odhE PR a7 o= UY o] 1

ds 7190k sk (s, 1999).

S BANGY AT A 34x 19 220 WE A FARDE JEe Po] 140
o, E7147 12m ol gelCsAY, 20200 B4 U Ao F; Fur} Fom ZA7 B
5 SYNRD ¥ AR FEAY oY@ 249 HEYLS 5] BEGASS 7
4 WEFIE Tm oldoR BEsy gor a1 olde] F/E A gEe 22 YEF
AgR wE J2aolel g ol 4A BB F71E 9~1mE o}/ ek T o3 F
719 B $HRE Yol fst FRAG o] Bol Fu AYLEI} quAE WA
o] rta Wk PR BPHT o] $FAA B4F W F ABAL Aol F4
A3 SFEE J5E2 =Y 5 Aok

BuR Aol A%d GE 712 8~12me Hrhy FsF Frlo gE ARLL G202
7} 485%2 71 Egkn UeA tlE5L 306~405% WS ITHTable 1). 80| olel& 6m
Mg HEgel A4 e UBE GUR 4% vl s@edn uA dEse

G.935(44.1%), G.11(39.9%), CG.4814(37.6%), M.26(31.6%), CG.5087(31.3%), M.9(31.2%),
G.202(30.1%) = °lATh GAlS tiEFA&o] ol HEPA S0 7Fdtes HEos delA
QoA &, 2012) B AHelA AEF BB FAoIA 7] Ee] MO MBRTHE $5
& Aoz Pre ek

Table. 1. Diameter classification of 1-year-old each layers, and harvested layers per meter
examined after harvesting for 4 years(2015-2017, and 2019) in stool bed.

Rootstocks Stoolshoots diameter (mm)




4 or less  4.1-59 6.0-7.9 80-09  100-11.9 120-139 Harvested

stoolshoots/m
G.11 8.9+6.1” 31.0£153  28.7£8.3 19.746.5 9.9+8.7 1.8£1.8 34.5+3.7
G.202 6.5t4.5 23.619.6 21.4+5.0 24.0+5.8 18.6+6.8 59+3.2 37.313.3
G.214 15.7+£10.6 32.3+16.1  215%12.2 15.2+46.2 9.9+54 5.5%4.0 29.0+£3.1
G.935 16.4+5.3 27.7£9.8 20.6+4.3 19.3+£3.8 8.616.6 75176 46.1£10.4
CG.4814 10.8+4.4 26.8+5.3 31.0£7.6 20.1+4.7 9.8+8.7 1.5+1.5 39.9+7.8
CG.o087 7.7+5.3 23.6+3.6 34.5%5.5 21.6x7.7 9.6+5.2 3.0£1.2 32.4+6.4
M.26 9.8+2.9 21.8+7.7 27.8+5.1 18.0+4.7 15.0+4.6 7.5%2.2 26.6x4.9
M.9 11.7+3.1 19.5+8.4 31.3+39 21.9+4.5 10.2£5.2 55+1.9 23.2£5.2

“Values are meanz*standard deviation of the percentage data.

B9 di%o] @33 Afo] %5 (Cheng, 2002) BEAAEIL A
Wl ‘ﬂ‘—%}tﬁ}t REAE DA A A A F 8
1=

A 317l UH%} I '6&'3%9] HEQAES ﬁ%]ﬂiﬂ# AT

5 of bt go] AU om EX 52 CG.5087(25.8%),
G.935(24.4%), G.214(21.3%) ol w2 dWHS G11(11.5%), M.9(13.3%), G.202(14.2%),
M.26(15%) ol At

Table. 2. Rooting state classification of stoolshoots for 4 years (2015-2017, and 2019)
propagated by trench layering.

Rooting state of stoolshoots

Good Moderate Poor Rootless
Rootstocks ( 5< roots/shoot)  (3-4 roots/shoot)  (1-2 roots/shoot) (No root/shoot)
G.11 40.5+14.4 24.0£3.4 24.1+12.5 11.5+2.7
G.202 9.4+10.6 23.1+6.1 23.4%7.6 14.2+5.6
G.214 42.1+9.5 17.8+9.4 18.8+4.4 21.3£12.5
G.935 23.8+11.3 20.3£6.7 31.5+11.2 24.4%7.1
CG.4814 29.6£7.6 26.6£4.2 26.3£5.9 175+1.7
CG.5087 19.9+155 27.1£11.3 27.2%6.6 25.8+8.4
M.26 30.8+6.2 28.6+4.1 25.6+£5.5 15.0£2.7
M9 34.4£5.5 25.0+7.2 27.3+4.8 13.3+3.8

"Values are meantstandard deviation of the percentage data or number.

PN ol &8 BE Aol H4 FEEolt 15~20meln Fa7] Hn 15
I

i 2A AR feiA s tiEo]l 2ol wiEstolof . SA ko] FEF ti o

&



tlo

el =5 A=E7F 9k 2 HlES AR ERE Table 3ol A9 22 AaE A 71E9]
Z

M99Jr 262t tiifo] FobA =E 13% oldte] Hl&o] Z+Z; 78.1%¢%k 75.1% At
2 CGHES tA= HA A= giFe] HEo] gske=d 53] G113 GI3BoA =5
13401 ako] Hl&o] 747t 59.3%¢9F 61.7%0l 33t

Table. 3. Straightness classification of stoolshoots for 4 years (2015-2017, and 2019)
propagated by trench layering.

Curvature degree of stoolshoots

Rootstocks < 10% * 10.1 7 13.0% 131 7 17.0% 17.1723% 23% <
G.11 35.5+9.8" 23.8+7.2 22.2+3.7 9.4+4.0 9.1£75
G.202 41.3+12.2 28.57.1 15.1+54 9.1+5.8 5.9+5.8
G.214 41.3+24.0 24.1+14.5 14755 9.3+4.6 10.7+£8.2
G.935 32.1+8.1 29.6x12.1 12.9+4.8 12.4+6.7 13.1£8.9
CG.4814 49.3+11.7 21.3+2.0 15.2+6.7 8.8t45 5.4+3.3
CG.5087 38.9+20.7 26.9£9.4 13.0+£7.5 10.9+5.0 10.3+10.6
M.26 58.6+4.9 16.5+3.5 9.8+2.6 6.8+1.3 8.312.0
M9 62.5%7.7 15.6+4.1 11.7+£2.9 47+2.2 5.5+1.9

“The curvature of stoolshoots were expressed as a percentage.

YValues are meantstandard deviation of the percentage data.

HEAE ol 2359 TEAHLEE Ldotry] ffste] £7] dHe] dFgy SAS dyE
oo i ew e Aor HrhE= diEd Gl G202, G359 M.26, M9 =¥+

% 4]

ek el ool wel oA o2 vEuthFig. 4). AdFeR dst=rt & Glloly
MOHETH= Algoe] & o =A Ak G202, G935, M.26olA e 7 1 A7|% o &
Aoz Bt AlFUF= diFe] st uel o] AFAE dEfA = ol tEe] =
T e AT U A"l s m A7) wjEoldtar HarE Al lth(Tombesi et al, 2011).
B BAAE G119 Hste= M9 B2 ol Aﬂ G.202%} G.935% M.26% H]Z&=3
=9l Ao Z Hol %

Qo] U= BT Auds
pEdon BANGE Aow 729 MO Mo MAHAY o Sostel Eolu ol
d oEFAdE FA AUn 58 UBAHAA SR 54S B FUUE GIBE

Zoz HrhEAn gwt G 2 CGAl th=2 M99k M.26° Hlsf tho] of

N2 Lo
dg ¢
o|N
i
s
A
Mo

HES sha feed WA o 67491 719 SARES BT A% B mE ol &
Hol M.26% 93} = Aol v Aow d#l G202, G935, CG.4814+ M99]- H] 52
gh AlEaro 2 FRYE G, G214, CGH087H = tha A A A5t (Table 4). H&59 &7]
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Fig. 4. Anatomical structure of new
shoot  cross—section according to
different rootstock clones. A: G.11, B:
G.202, C: G935, D: M.9, E: M.26. SX:

Secondary xylem.
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CG.H087(4.4) Hu+= B2 Aoz ZAFHIT. FA4ol7F 40em o] Fdoldd % (G935
CG.48149F M.260] Z}7} 4.2, 4.4, 4202 Z+ZF 24, 20, 227099 G.11, G214, MOH} o}
giel Ago] mast A0 AgE $ASAT AEHow G 9 CG YEonE BAA

g Ba 5% 249 FARZS Aust=d A8 BA} g o] F=eh

Table. 4. Growth characteristics of 'Fuji’ nursery apple trees grafted onto various

rootstocks after 6 months grow.

Tree height TCA? Number of lateral shoot
Rootstock _
(cm) () 1-20cm 21-40cn 40cm <

G.11 185¢ 43b 13.6a 5.0bc 2.4b
G.202 191bc S7ab 16.0a 7.2ab 3.0ab
G.214 187bc 49b 13.4a 5.8abc 2.0b
G.935 209a 67a 14.4a 8.0a 4.2a
CG.4814 198ab 58ab 14.0a 6.4abc 44a
CG.5087 180c 44b 15.4a 4.4bc 2.4b
M.26 202ab 69a 16.8a 6.2abc 4.2a
M.9 181c 47b 14.2a 3.8¢c 2.2b




Fig. 5. Fuji nursery trees on different rootstocks
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o 25 HES AAbste Aol AA Fde i A 91em(G.202) ~112em(M.9) 3L A
2 2da A 192em(G.11) ~231em(G.935)l &alth M.263 H| 23k disle s zta 9+
Aoz delzl G935, CG.4814u 2] Aol A3t 21t (Robinson and Hoying, 2004) G.11
< M.9¢} Hl==8kAth

AR =X & FHEAA(TCA) Hsts 2d A4 133 ASdAs g5t == A
2AA7 e FEg ol yEhA] @Atk (Fig. 7). A 1dA 74 diEEe FdHH
(TCA)2 A2 AZ e @A Ge] 40mr(G.202) ~68mr(G.935) St} X7k 212 2\ 32} Ay 54 7)ol A
= U5 gl AEzto)rt WEsiAl v 191m(G.11) ~322mi(G.935) 2 =7 FHow

2 G935, CGA4814 W= G113 MORY 1 st Ast&< & 71 dvk(Fig. 7, Fig.
8).

300 1

B)
E 250 1 a Fig. 6. Average tree height
) b ab ab . .
C _

= 0 ¢ of the bi-axis apple trees
on
'_q;, grown over two years. Data
g ', bars with different letters
- ab’ b ab’ . . . .
B 100 | are significantly different at

50 | p < 0.05 according to

Duncan’s multiple range
0 |
M9 Gl1 G202 G935 caagis  test
Rootstocks

e AdaA 2522 7]9= W (van den Ende, 2016),
o S Hto} 207 7]+ W (Tustin et
st= W (Pernter, 2012)0] 11et= o] $k

Azbo] Holubil wgo] F7hal %xﬂg s el o4 3
S

CG.A4814 E2 A% &S ¥ga G112 M9 v =& ALY thAa %%P x}%% LJrE}MB}.

webd M9wt Ay o=m OJ_XMJ%M saldl Aetria rpeka
CG48148F & B AdwFdo n2 IAPuts 038 2% (F
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400 - Fig. 7. Average stem

A35° j® a TCA(trunk cross sectional
Ng 300 oo 2 2 area) of the bi-axis apple
Zzso . trees grown over two
8 20 years. Data bars with
150 1 different letters are
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Fig. 8. Second-year growth of bi-axis
‘Fuji’ apple trees grafted on different
rootstocks; A (M.9), B (G11), C
4 (G.202), D (G.935), E (CG.4814).
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Fig. 1. During the experimental period, pots were managed in a rain shelter facility.
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EA 8= SAS(SAS Institute, Inc., USA)Z 213 S o] 83to] Duncan YA AR (Fo
+ 5%)o 2 A HF ol FolAS HEsA

[23d =]

(1) 3AA=E

292 UdAd A 20179 AE g 91544 5 4(36°06'48.3"N, 128°38'35.8"E)Ul
g4 elA FdEJAH(Fig. 2). =4 W g7l 34 7]2e] 30C7F dod AFoR
717 HE2 AU FAHES v Cornellth ol A ok e 6719 G 2 CGA%E
=3 7]E M263 M9 &S AF&&kaith

ot ol 7] W or F3 194 tE(G11, G202, G214, G935 CG.4814, CG.5087,
M.26, M9)oll ‘FTx" %S HEstaw 395 HE3I BES 17L &7)o Ry A= Hu)(F45E
HF70%, A EAF25%, AE5%)E 5:32(v/v)H &R A FES A 1748 44 s

AR g Ee] e gErlE AAlske i F B AES AfolE HAE Ak A4 2

A =

o}
9 ¥ EFsE 4A9 20 Ao Jedse o) deel A RAEz 7] Av
o
=

of
o ~

: AN
Fig. 2. Water stress experimental was conducted in 2017 in a greenhouse equipped with

automatic ventilation.
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Fig. 3. Change in daily maximum and minimum temperature and soil water potential in
three treatments during the experimental period. Arrows indicate start and end

of the treatment.
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(A) OControl = Drought

Leaf water potential (-MPa)

Leaf water potential (-MPa)

Leaf water potential (-MPa)

Fig. 4. Change in midday leaf water potential according to different water regimes; after
13 days of treatment(A), after 21 days of treatment(B), and 6 days after the end

of stress treatment. Vertical bars represent SE of means.
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Table. 1. Root dry weight, Shoot dry weight, and Trunk cross—sectional area(TCA) per

plant after five months growth.

Root dry weight Shoot dry weight TCA increase
(g) (g) (mr)
Rootstock Control Drought Control Drought Control Drought
G.11 13.7¢* 13.2abc(96)” 21.9cde 12.4b(57) 40.8de 36.8a(90)
G.16 17.2bc 19.2a(112) 35.4b 13.6b(38) 39.9de 32.5a(82)
G.202 24.6a 9.6bc(39) 63.3a 19.2a(30) 65.2ab 46.3a(71)
G.214 18.8abc 10.6bc(56) 26.3b-e 7.6c(29) 52.4bcd 30.0a(57)
G.935 13.2c 15.5ab(117) 19.0de 10.4bc(55) 49.7cd 30.7a(62)
CG.4814 22.4ab 16.6ab(74) 37.5b 13.2b(35) 72.3a 34.5a(48)
CG.5087 14.1c 13.6abc(97) 16.4e 9.8bc(60) 53.9bcd 31.5a(58)
B.9 13.7c 11.7abc(85) 28.0bcd 12.8b(46) 32.7e 33.8a(103)
M.26 13.3c 6.6¢(50) 31.1bc 11.5bc(37) 59.2abc 43.6a(74)
M9 16.9bc 9.8bc(58) 22.2cde 12.5b(56) 47.8cd 36.9a(77)

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Y( ):Percentage compared with Control.
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Table 2. Total shoot number, total shoot growth, leaf dry weight, and leaf area per plant

after five months growth.

Total shoot Total shoot growth Leaf dry weight Leaf area
number (cm) (g) (crf)
Rootstock Control  Drought Control Drought Control Drought Control Drought
G.11 6.0a” 7.7a 149cd 144bc(97)¥ 339cd  22.1c-f(65) 3984cd 2499bc(63)
G.16 7.3a 5.7abc 328ab 174abc(53) 58.9ab  27.6abc(47) 6510ab 3737a(57)
G.202 7.3a 8.3a 373a 220a(59) 54.8b 28.5ab(52) 6402ab 3835a(60)
G.214 6.0a 6.7ab 206cd 109bc(53) 27.6cde 14.71(53) 3397cd 2019¢(59)
G.935 5.0a 6.3abc 142cd 126bc(89) 21.7de  18.7def(86) 2425d 2306bc(95)
CG.4814 6.3a 6.7ab 242bc 147bc(61) 72.6a 31.3a(43) 8269a 3943a(48)
CG.5087 3.7a 4.Tbc 113d 95¢(84) 19.6e 17.3ef(88) 2320d 2240bc(97)
B.9 5.0a 3.7c 217cd 146bc(67) 34.8cd  19.9c-£(57) 47Tbed  2472bc(59)
M.26 7.0a 4.Thc 225bed  131bce(58) 38.3¢ 23.0b—e(60) 4810bc 2760bc(57)
M.9 5.7a 6.3abc 209cd 181ah(87) 36.6¢ 26.1abc(71) 4758bhc 2911b(62)

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Y( ):Percentage compared with Control.
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Fig. 5. Changes in photosynthetic rate (P,), stomatal conductance (G5 of various
rootstocks during control treatment (A) and drought stress(B). Arrows indicate
start and end of the treatment. *Significant differences among means were
determined by least significant difference (LSD) test £=0.05.
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Fig. 6. Changes in SPAD value according to the time during control treatment (A) and
drought stress (B). Arrows indicate the end of the treatment. “Significant differences

among means were determined by least significant difference (LSD) test 2=0.05.

[2xd =]

e BT Us 79 5UFH 1Y 3 ARsE sidu 2§ 79 1245 F 79 2847

A AFETEE T 2EAL7E AUNENL 78 2995 849 8UA = vA AddsE §
o] EFFES -30~-47hPa Aol & 3]skl

SRS It mhel v AFelzb AJA R tiAl® G202, G935, M.26
ol o =il CG4814 ol = Aoz v F4o] HAtk(Fig. 8). &2 73

o
o
o] Fwabgko] YgkSoe B sla 1x AEYA olF AyF 7|7 Fo & gho] el



0 — T T T T T T T T T T T T T T 1
et g s A AR AN AN A A A e T
i i
-100 \ «— —
- 0
b Recover
-200 ' i Y
" s !
~ -300 | %
S " 4y {
= 4 "-
= 400 7 b Re-irrigation '} ‘
= \ X
i ! )
B= -500 '
-600 RN
=700 — DS
_800 T T T T T T T T T T T T T T T T
S N O A v ® - E o~ o o0 o o X =~ o
A d d d S & f T 2 0 Q9 d oo Ls s
© © v O L T S N S S o
Month/day

Fig. 7. Change in soil water potential (W) during control treatment (CT) and drought
stress (DS). Arrow indicates the point of water replenishment when the water in the
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Fig. 8. Changes in evapotranspiration in ‘Fuji’ tree pot for 1 week during re-irrigation

in the control treatment (CT) and drought stress (DS). Vapor pressure deficit (VPD)

between 05:00 and 20:00 h on the day indicated. Vertical bars represent the mean =*

standard error. * and ** significant at P < 0.05 and 0.01, respectively, ns: not

significant.
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Fig. 9. Changes in predawn (A) and midday (B) leaf water potential of ‘TFuji’
1-year-old apple trees grafted on various rootstocks during control treatment (CT) and
drought stress (DS) on June 23 (before drought), July 27 (17th day after re-irrigation),
and August 8 (11th day after the restart of irrigation in the same manner as CT).
Vertical bars represent the mean + standard error. * significant at P < 0.05, ns: not

significant.
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4 279 JlFAYEAE 0.003~0.015mol-HyO-m-2s el E3stgn FdPES 10~
2.0umol'm *s'Z vwj$- vkokrl b Er) FEE I FEI B AAE A 1L A9 89 8
d AT UYFE FFAEE Gllel S4umolm*s'®E 7P =da CGH087

r o
(@)
nﬁe
w
e
7
@



35umol'm 2-s 12 7pg wEekA W U 3E 2o

WUE(water-use efficiency):= &

AEH AT

= 3A @ FEo] A &4 st 5
b S7kel wet A E = A&l U (Fig.

10). g4 UF9 Ho WUEE 79 279 M99 G.I935% 3.8umol 'mol?, G.113}

G.202% 2.9umol ''mol ! & EyETH

N
(9]
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[w)
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(=)

W

(=)

o
=)

N
~

S
[}

—_
S

ns ns

WUE (umol-mol') E (mmol-H>O-m2-s71) G, (mol-H,O-m2-s71) P, (umol-COz-m2-s71)
()

CT (Al) oGl1 B G202 0G214 DS (A2) >
B G935 mCG4814 mCG5087 —VPD 44

aM26 M9 =

3%

N’

2 &

>

—_—

(=)

DS (B2)

DS (C2)

DS (D2)

6/23 6/29 7/6 7/14 7/21 7/27 8/8
Month/day

6/23 6/29 7/6 1114 7/21 727 8/8
Month/day

Fig. 10. Changes in photosynthetic rate (P, (Al, A2), stomatal conductance (G, (B,
B2), transpiration (£) (Cl, C2), and water-use efficiency (WUE) (D1, D2) of TFuji’
trees grafted on various rootstocks during control treatment (CT) and drought stress
(DS). Vapor pressure deficit (VPD) between 11:00 and 15:00 h on the day indicated.

Vertical bars represent the mean * standard error. * significant at 7~ < 0.05, ns: not

significant.



(4) 948 R A=T

EdTE 758 28R 4R FuAAel 93 v A (Fig. 11). d5sd 69A4< 6¢
209 M.26% G935 Wl uiH] o AddEo]l 242 408%, 44.4% = A HFAaFo] I
At iAo RE yURa2 74 5 Awgrt ol Foixl & Aol AjEJeY 74 12
d #BErE A Fde] HHA g A vAl Asklv AT G2lds 7E 214
BB G Sl 384% Aot M262 189% Ut FR2EH 27E S @89 79 27+ e
rEol A% WA 79 2094 RE dxae 22 Y er dE VA F A
T UFEe] Fue] ot HH= 4TS AT

-Gl11 -o-(G202
=+G214 - G935
4 CG4814 -e-CG5087
--M9

—

S

S
I

o0
o
I

N
S
I

[\
S
l

(e

RGR of tree height (% week™)
3
|

6/23 6/29 7/6 7/14 7/21 7/27 8/8
Month/day

Fig. 11. Changes in the relative growth rate of tree height (RGR of tree height =
weekly growth in drought stress / weekly growth in control treatment) of
‘Fuji’ trees subjected to drought stress. Vertical bars represent the mean +

standard error. * significant at P < 0.05, ns: not significant.

HAE 3 XA & kvk(Table
1 M.262 73cm=z Ao 7H
2} . o HEE YrET A i
Zo] ZAo} dlxzFodA G202¢ M.262 7HAAESS ZH7) 44.5g, 435gS AAtstaov M9+

TgolAdth. shEA TN = NANEST AT 45~49%= iy 7F Apol= AR Z%
18]+ UiE9 dEs #4482 7MAAdET H4aE&Y v 23dt. 94 G.202

7
7} 2497cnt, M.26¢] 2528cn= 74 Zlow CG.48144H++= 2186erf &= 71 ZFgkth(Table 1).

45470 FRAEY A HYV| F S GHRA
=l

o
&
o

ao=
ot
i

Table 3. Amount of vertical growth from June 23 to August 8 2017, and shoot dry



weight, leaf dry weight, and leaf area at the end of the experiment.

Amount of vertical

growth Shoot drv weight Leaf dry weight Leaf area
(cm) () (2) (cm®)

Rootstock CT= DS CT DS CT DS CT DS
Gll T5.6abe® 27.6ab (37F  349bc  13.9bc (46) 37.1ab  17.3ab(47) 6333ab  2369ab (37)
G202 T4 4abe 204abc(27) 44.35a 20.8a (47 434a 184ab (42) 6982a  2497ab (36)
G214 80.2ab  28.8a(36) 37.5abc  16.9bc (43) 36.7ab  16.7bc (46) 6331ab  2304ab (36)
G935 £10a 18.6c(23) 39 2abc 18.3ab(47) 402ab  17.8ab(44) 6627ab  2402ab (36)
CG4814 T34bc  240abc(33) 33.0c 15.0c (45) 34.6b 149c(43) 6045b  2186b (36)
CG3087 76.8abe  27.0abc(35) 384abc 18.0ab(47) 363ab  17.2ab(47) 6241ab  2353ab (38)
M26 73.0c 18.7bc (26) 43.5ab  20.8a (48) 434a 1932 (44) 68672  2528a(37)
M9 752abe  272abc(36) 3lc 15.5bc (49) 34.5b 16.4bc (48) 6038b  2324ab (38)
Significance
Rootstock (A) * el -, i
Treatment (B) axx axs mEx EET
AxXB ns ns ns ns

ICT (control treatment), DS (drought stress).
¥(): Percentage compared with CT.
*Means in a column followed by the same letters are not significantly different at P < .05 by Duncan’s multiple range test.

* ** and *** significant at P 0.05, 0.01, and 0.001, respectively. ns: not significant.

of 5/l Ee] A7z Fob HeE AETS dx2Te A
EFyttH(Table 4). G =& CGSF MA 7P #eiig] wgd ol o &
Atk dlZ2TolA CG4814% 2.07gol AR M.9E 0.19gel &3 sF3th o]
Yol e B 5E PAS BHded M9E 0.15gd oy CG4814:= 158g 191
= e v SAsHA Astal Jheite] desS 747 817g, 7.63g° uv} CG.5087

e gzt Hlﬂé‘ﬂ 7t AEFo] 58% % UERYTE - GO9357F 7 A Aaw
2% G214 UHE 14% AERF AFste] Hl=g A AE BT UFE T
Root:Shoot& =}o] &= EHZ%L Hopes bAoA s FEshA YEEt gz Uy s
Root:Shoot H|&2 0.16~0.23 YR oy g Folds G1l, G202, G214, G.935,
CG.48149) 7% 0.30~0.38°1 31 M.9, CG.50872F M.26<e Z+zh 0.27, 0.249F 0.23°]90t}. = 2] 7]
b tlETet AT TCA 42 7HA AEFT v JAET HeZ g fAS 4
o] A tH(Table 2). thxT-ol4 M.26(31.2mr), G.202(31.0mr)e] TCA7F #A3| S7kst wkdA
(G.935(23.2cm), G.11(23.3mr), CG.5087(23.2mr)S Ad oz ZF7FZo] AHJrh FhukA g ol A
TCA Z7H&2 46%(G.202)91 4 52%(G.935) M2 & Fhell Zpoli= Falshx] gkuh

ol
i}

_

Table 4. Coarse (>2 mm diameter) and fine (<2 mm diameter) root dry matter, root:shoot



ratio (root/shoot biomass) at the end of the experiment, and increase in trunk

cross—sectional area (TCA) of scion from June 23 to August 8, 2017.

Coarse root

drv weight Fine root drv weight Root:shoot TCA
(=) (g) ratio (mm?)

Rootstock CT= DS CT DS CT DS CT DS
G11 0.83bc*  0.76b (92) 358bc 4.02bc (72) 0.19ab 0.30abc 233b 1196 (51)
G202 1.23ab  1.28ab (104) 817a 6.20a (76) 0.21ab 0.36ab 31.0a 155a(50)
G214 137ab  1.34a(112) 5.66bc  4.84abc (86) 0.20ab 0.38a 254ab  12.9ab (31)
G935 1.26ab  1.10ab (87) 3.77bc  5.68ab (98) (.18ab 0.36ab 2326 12.0b(52)
CG4814 2.07a 1.58a (76) 545bc  4.09bc (73) 0.23a 0.38a 253ab  12.3b (48)
CG3087 158ab  1.14ab (72) 555bc 3.21c (38) .19ab 024c 233b 1196 (51)
M26 0.29c 021c(72) 763ab 4 6labc (60) (.18ab 023¢ 312a  14.5ab (46)
M9 0.19%¢ 0.15¢ (79) 3.14c  3.96bc (77) 0.16b 0.27be 26.8ab  12.8ab (48)
Significance
Rootstock (A) - . Rk wx
Treatment (B) 5 ok ok ok
AXB s ns ¥ ns

=CT (control treatment), DS (drought stress).

¥( ): Percentage compared with CT.

"Means in a column followed by the same letters are not significantly different at P < (.05 by Duncan’s multiple range test.

® % and *** significant at P < 0.05, 0.01, and 0.001, respectively, ns: not significant.



CG.4814 CG.5087

CG.4814 CG.5087

Fig. 12. Comparison of the tree growth of 'Fuji’ nursery trees grafted on different

rootstocks at the end of experiment: Drought treatment (A), Control treatment (B).
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o] 717k whz] yUrbA A Al 3SHrehydraton)7h Eo] B3
A Alzrol Agl7] wjE o2 Ho] ZtH(Sparks and Black, 1999; Blackman et al., 2009). 3}
TGS EG-AE-g7]| 29 $79 44 (soil-plant-atmosphere continuum) ol A]

T dEEHom & vl FTVIAAHVPD)Y A FIFS Ea JYJATH(Fig. ).
P E 3 RS2 At 8d F EYgio] SRS IEHAFAE o3
I Zoli= VPD7F =2 o g& F3s

st7F doju 7se AT AEREY s3] ofF 3 &EHA X7
=Tl A CG.48147F B thigell Hs] SibeFe] A2 A& B e ¢
Aoz A7] Wit o2 (Table 4) 3|4 €} s gl ol A G936+ EF tiEe] F&5H

e 4

Lo

ol\



o wlehe] Fuatael tha AAW dwd AFe UeuAE gt #uAst 2un
A F 79 69 FA4F FFYEl hET A A g 4 gersd 0E 19
B FRzEdz wEo] HAAT FREF SHL A 2T £E P dee @
7} qle,

(2) ZF47% &4 parameter
AT A Y7z Wl 2Tk b AT el oA FA
2ol = FElshA] o (Fig. 10) g 71319
AEL 7FHHE FLste THAEY YA S
A 9H(Giorio et al.,, 1999) 7Hz 2] A& 717F % B
Q3% aQle]l & 4 Qlth 69 2993} 7Y 21Y 09A] ~15A] Alo]d
-549~-590hPa, -520~-598hPa W9 = H]=z3lH il 69 29¢ 69 1+
kAl e B S-S 36(G.935, M.26)~5.2umol-m >s HG.11) e} &A%
T T olF 10 o] FE 2EHAE B UE5o A& Mo AS-
o] G.214%= 2.0umol'm *s'® 742 A tH(Fig. 10). FEAEY A
T2 71Fdde JdFgFe AW ~EHavt Fr]E W
B o2 (Guerfel et al., 2009). 89 8« 3Fhitxe h& 2
o] FAHAIT G111 == MIP < 005)E X&ste] EE &9 FAd &S
3] 2w %] 535190t} Nilsen¥} Orcutt(1996), Miyashita 5 (2005)& Al z}3F 4=+
< AES GEA WE 72 o4 du T2 WHIE AHs Fodx FT
FroR IHeA Xt kgt
WUEE 1= HO0 &4 9 159 CO, §57Fo=2 AHodth(Kramer, 1983b). Serra &
(2014)2 7t= iAol A& WUEE MAAA AEE&s =9 7 dvx st A7)z <
WUE Wst= sFRAed a7t Al wel S7ksks F 3ol dnh 7€ 27d FEAEHS
7F Huzxe &S w M99 G993+ G11 v G202 UFHt WUEZF 31% =AMt} o]
Hek Mgl P4 E SR E 28E FAE A #Y e AoRE B Ft(Fig. 4).

Meorlr
_U joh O::I‘
oW

-
AN o ox
2N jo 4y ke

[ =

f
oty
d o
N
Y
o off T
2
Mo [m N o 32 i
=
[
i

ot

o
o
o

L)

o

DI
o2
rok
2
I
Q

A= T FA A TS vAE oE B Ao AGE 35S
A HA 2EGA T Hugs T HA 2EYAE HAS F 3 Eo] AUHoR YuA YERE
g A7t ¢ F vjud 7 A e AN BFE el E o FRAEY 29 o]
A&EHo R JEFe v = Ao Bl A E E3ta ez JHA o] H
9 G202, G935, M.26°A ~Ed 2o w& Foidds a7 5l oldd 43+ o
WA & Bglo A Qo gl FRolEAHR Ay FE A %% (hydraulic conductivity)$}
Hol e Ao FHgH

-2k
A WAAE Z2bd = IdLiu et al, 2012). Kramer(1983b)+= 23 3oz z dgy
e Al2ge EG U Fio] 5T wf AEo] FEFFA AT = v T8HS A
thal Bastdoh AEo] SR AEd s AHolA HATS HXlste HoR FIAESY T



= CG.H087(thx=+- thH] 58%)3 we] A4F AFHT= 7}: e deFed & o Wi
st Zle® Ho] Xtk(Table 3, 4). sHAIRE ¥53 EdT =4 stollAds A %#i
T = el ‘:Eﬂixlb Aoz WtH(Table 4). \‘411?9} A YT e i A

el A QEFAAS Aol gHA ez ARLA ol Fuuc 4 S Aol
o %

S Aoz dex gd=d(Arbona et al, 2005; Brunner et al., 2015) G.935(t) & thH]
%)= C

m&

AN

4

it EO]‘:}(Table 3)
21 =< Root:Shoot AEF H& £4& &3 -r-filf—i'ﬂ’\e 3lvlstar 1 &S EHEOH
g @&}tk (Pedroso et al., 2014; Yildiim et al, 2018). ¥ <d-Fol A shab ] &
Root:Shoot H]& Z7}= gl AAZ7F Bups x| AR /‘gﬂﬁii o013 Ho=R Eoﬂx}u}
(Table 3, 4). =8 o= M.26(0.23)3 M.9(0.27)2} 2 Y59 Root:Shoot H|&©°] G HE+
CGAZRT} Yokt ol MA dFEoA] & Belrvs 7l e dv&o] =9kd o
Polo] Q= Aoz Kt & 2EHA SAE 7t “Hrﬂﬂ ] zZ zkgkd G.935(H
27 v 98%)9F G.2l4(t =7 tiv] 86%)+ XEZoA 7= B Hl&o] =2 o] WA
o] =t ARd(Conesa et al, 2016)¥ #®]s=stAl fAE = vk G935 7 G202%
Leaf:Fine root H]&©°] sto} 3 Ao F23tA 2F8-3}o] (Rodriguez-Gamir et al., 2010)
At FRAEY 2 A% &3 embolism @4 (Cochard et al, 1996)¢] A0S Aoz Azt
Hr.

AP L= Gk Loﬂ AWt FEFalde 1l Aol e Ast

=] o

2 ¢HA dH(Chaves

s
=
o
S
n
=
o
9
AL
m{n
o
T
o
o
H
o,
rir

| ‘ = =
et al, 2002). & OS_%LoﬂH ol A AeA wke AxES EF3te] B CGSH087 YT F
BEAEY 2 b wmzerda, G11, CG4814, M.9= M.263 uziAdo] H|=3 FFol
G.202, G.214, G935+ M.26KH T WAl o] 43k Aoz H7lx o

2-2-2. 54

7t A&
AL A uf el A ) 2 o = = U7t ZA Az x7)e] AAS A e
A LA S Foll teto]l rheety AAFHC] TS ¥ ofyet #eErt E417] wEelth 4
AdEs Add e dstee 272442 28 WA, WsAdd dEo nid=4 2EY
289 vsd, WA, 8= T84 Ledof & *}%O]‘:}(Robinson, 2003).
MO 5 Ao wa) g2 o] 15-50%4 == st=7F %3(0h, 1998)
S

Aol Bl feld) AHEA) Fosha el Yo wdel G A

&

1

==

B

Iy

_1} ol olt ‘W
[

5 e
ru?L' o

mmﬁ:@
2 o BN o 4z
DH N 2

ZAre &3 ZHoAE Ags gEo g ad# A rH(Robinson, 2003). A M.9=
e, | HsA, HsAdol sty (Lee et al, 1982; Webster et al.,, 2000; KVlklys et al,
2016) @Yo EFFEo] HAASA GA A Fom A7} 2]kl # 1 (Lakso, 2003) 3H4HH

[e)
==l
Sus £8E A BAT - Am SANEE BE AA9Y e
=
[e)

of = W7Hek & (Norelli et al, 2003)& 7FAaL Tk M.26 94 27| 2407 3}
v Mol wal oF 50% 1 =LAl Aka 7]t wAlel gon 3wl wiztsla WE v



o] ok =k M9 Rube UlsAdo] skt M99 o] de|itxvp Lol shube] oFslal A
TE AHFF st wirE EFFehd UAkse] Rk A= @Rl UtHKim and Yoon,
1998).

M9 H= M263 H =gk 59 dstest 27| AA S Ho|HAk ol59 s Hest
= M2 JAUE SFTZ2aHo] 15(G, CG and MAC series), 7H1}th(Ottawa and V
series), 9= (MLMM series), 594 (J9), & Al oHBudagovsky series), & @ =(P series), ¥ ¥ (JM
series) s ol A ¥ il 7FA A A= &2 3l A tH(Robinson, 2011). W= Cornellt] 8
Genevas @A @74 45 1960 FRHEH Aido] FowAE sy, Beow, A4
&, salld AIdAS 7 AU E SAHAS EER T2 A9 (Robinson et al, 2006;
Auvil et al,, 2011; Fazio et al., 2011). & <tol] Ast A% &2 G & CGA &S =714
Aot A#4A A, A A, WesA Fol FFete oy v #AS Hole=vt
3t (Russo et al, 2007, Cline et al., 2010) ¢ &5 v (G.11, G202, G.935), 7yttt
(G.11), wHH=(G202) 5N Aoz B3 At Robinson et al., 2006).

v EY W HE ko] @ol wigrt B Aol A A 0}7’, Sk A X oo

.

e Akl s vk Al A8k 7h ok wigrel ekt Aok Boh "o A3 A
F 1,200-1,300mmoll Esh=dl oAt A ST 6~8€el % %Q‘H AofA Wssdel of

g M9, M26 thEollA hsgel ok Zridsio]l AU Astd FlE =Th(Yoon,
2001). webd gyt R MRS o8 BN AN FEas videts
Aol A 7wz o] Azl HupAly] &tar gl

¥ A7 5A4E Cornellfstoll A Hroll §43 F9% G, CGAl =3} -2t 743
wol o] g3tal gli= MY, M262 sAldke]l ¢ejvhete] 7)1 FAdxzd A °
. -

U A5 2 U9
[1x 3 =]

(1) TAIA=E

2 AT e st BE5d 8] 7 AlE dlel A AAEAH. SAAES 20099 H =
Cornell thstol A FFure G11(M.26 x Robusta 5), G.16(Ottawa 5 x Malus floribunda),
G.202(M.27 x Rubusta 5), G.214(Ottawa 3 x Rubusta 5), G.935(Ottawa 3 x Rubusta 5),
CG.4814(Ottawa 3 x Robusta 5), CG.5087(Ottawa 3 x Robusta 5) W&5& &% O&5x%
A Zojur] WHoer FAG 194 diEs AFES BOMS x Red Standard), M.9
(Jaude de Metz), M.26(M.16 x M.9) &5 FdAFoHAEHANA Akt 20159 3€ 3
o] 9L £7]9] w®idto] oFzte] AAS Za ReAEIEB](FEENT0%, A EA5E25%, A
B5%)E 5:32(v/vV)H| &2 A HEE A 154 o] Tt AANFAe] o +dF
o AU =& s iz &7)npgdd I HAES AskAvh(Fig. 1).

(2) AEUE 1 TH
FAEE 2 Ao §715 wjdsta 59E7A] BeE sttt #F 5mox F3l 14m x %O
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Ta7HA] #HEE s tk(Fig. 1). AlE

5)
h ai-

ff vl S Gttt AFAY T &
il

AlZFdQl 6€9 28U NH AF AABF FAFE o] &

7] apek wjExdoe] sbese 11LE7]e] IL&71E Hal wiFTE 2ol ANt 9 A
A stAT 7 FAR wigsts He R shla, dETe v 1LY #stdA 79 259714
Aelatdnh. AT A9 A T 4493 A 3U3 v, B4, AR FE 5UzE A
297 v, A = 3URE AS 493 v E RS 79 26U E, AFAE T E 84
209744 tjz79F 22 o R FRAE st IHAAS AAGAT AET A= A
T 15 1R o2 3ukEsle] Sdd oA s st 271AASS 57] 938 59 T+ &7
EHE 30gNPK = 2117175 FHlstslen WHejd WA= dudsn F&554 Abad
A ol wet A 93] BAAAE AL

5 El+= pressure chamber(Model 3005, soil moisture equipment,
USAIE ol &l 3% 3 9 +RE/ 49 e 12~140e]d] wEg 29H Z4stn P
=]

e A5 oy 7150 Asd WACUHE A Azate] o] &

gom AF =FE 7V of
1.3M =olofl AXA|gct, Alx S dbEd HAR 2 37/ME 69 947 H 8¢ 21¢47HA 15
d Ao SASF, 714742 gAE HYo] A3 2~ (CD-20CPX, Mitutoyo, Japan)&

2)
A
A4S skl watz 23] A5kl Fgow F7dAH(TCA:

trunk cross-sectional area)S TolRTE G A ¥ 209 FuE & WA A (Model

LI-3000A, USA)E o]&3l] wHEd 2095 S4sdth 4982 A7k 5 & 1749 114
o2 xAtste] F el gk MEE (%)= JErd AT 71E dYds 4k, A F
& B34 =AFA(LCI Portable Photosynthesis System, ADC, UK)Z o] &3] 69 234 E
8¢ 2147kA] 1241 ~16A] Apololl Aol wial] wHEd 298 Sk 54 % A4S 7
211955 SPAD-502 meter (Konica—Minolta, Japan)ZE ©]-&3] W2 3094 159 7HZ4 o

[eZ]

H
2 GV B A4S Stk APl By 89 23%l AW 355 2H|A e, A,
olS Raste] Z3te] FAIS the Mol 7FxE 80°Cel A 7241 A x2E a1, A4S 72°C
AN 72417t ok AxAate] AEFS =4

EA5 8= SAS(SAS Institute, Inc., USA)Z 2138 S 0] &39] Duncan UE=A AR (Frols
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Pressure chamber(Model: 3005, Soil Moisture Equipment Co. USA)E o]&3to] =43t}
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Fig. 3. Change in daily maximum and minimum temperature and soil water potential in
three treatments during the experimental period. Arrows indicate start and end of the

treatment.
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Fig. 4. Change in midday leaf water potential according to different water regimes;
after 13 days of treatment(A), after 21 days of treatment(B), and 6 days after the

end of stress treatment. Vertical bars represent SE of means.

(2) #g9 7HA A=F

FRAES Y @ @ BAI FRE F HI] @ D ok OB ol YFolt Tl
A UehgthTable 1. B AEFE dzTiA Fagumoz deixl Mol 133go2 7}
kil G.202% 24.6gol Tt HaAE ol A= CGH0872 5.2g, G.214% 7.6gSo. = E &
Hoh dAsHA Sk oy G166 294go g 23]y & tiEe] gz B B dEso] T1%



= et gREEe] A dES gE2TRT JA5AEFoA et 7R HEFo] 7
Aoy Gl A9 By d=Fol xT e 17%, 7HAd =S50l 26% 238 =
7Fatdth G202% 7HAETo] 633go® tixTolA B dfEe] uvls) €53 =2 Rk
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ol 7bF vrka djz&T div] @A 45% G ol ATk G AA A AR 69 28Ul Al A
Zadel 8¢ 214714 9] TCA 57W~ ZAFSE A3 (Table 1) tlZ&FollA BeldsZFo] 714
Borel CG48149 G.2027F 28 7|7 Fhed A Z71Zo] zhzb 72.3mw, 65.2mro] el Wk
B9= F7FFo] 327miol Atk HeA A= G11(127%), B9(116%), G.16(109%)°] 7+
e FddE F7HES B CGH087(36%)S A Zol 74 7 ¥ 7MXAE=EF 3
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Table 1. Root dry weight and Shoot dry weight, and trunk cross-sectional area(TCA) per

plant after five months growth.

Root dry weight Shoot dry weight TCA
(g) (g) (i)
Rootstock Control Flooding Control Flooding Control Flooding
G.11 13.7¢ 16.0b(117) 21.9cde 27.5b(126) 40.8de 51.6ab(127)
G.16 17.2bc 29.4a(171) 35.4b 31.1ab(88) 39.9de 43.6ab(109)
G.202 24.6a 13.8bc(56) 63.3a 38.5a(61) 65.2ab 62.4a(96)
G.214 18.8abc 7.6cd(40) 26.3b—e 16.1cde(61) 52.4bcd 37.1b(71)
G.935 13.2c 12.5bcd(95) 19.0de 14.0cde(74) 49.7cd 38.7b(78)
CG.4814 22.4ab 24.9a(111) 37.5b 23.0bc(61) 72.3a 55.9ab(77)
CG.5087 14.1c 5.2d(37) 16.4e 7.3e(45) 53.9bcd 34.2b(64)
B9 13.7¢ 11.6bcd(85) 28.0bcd 21.1bcd(75) 32.7e 37.9b(116)
M.26 13.3¢ 10.0bcd(75) 31.1bc 8.6e(28) 59.2abc 45.5ab(77)
M9 16.9bc 8.8bcd(52) 22.2cde 11.2de(51) 47.8cd 39.6h(83)

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

Y( ):Percentage compared with Control.

A 2GS 571b FRAAMA Ax2AFFS B gzl es G202, GI6,
CG4814 ol AFAg ol = 7 v G.11(140%), G.16(94%), G.935(94%) =o =
B A AFFS BI M.26(45%), CGH087(44%)7F 71 AL Az AAFS BIAAR

frojgde A dHA &t AEFTS AT AR EFTA wg vt d o] e
rﬂl?oﬂﬁb CG.4814(72.6g), G.16(589g)c] € wthEwt} =1 (G.935(21.7g), CG.5087(19.6g)

19} WA TH(Table 2). AFA T2 AW EFS G11(97%) 7 G.935(89%)2] A Fo]
%L CG.5087(33%), M.26(37%), M.I(78%)+= E} tifrth fFAaFo] Fuh dudL AAE
o] F7 Z3t FAE AEFS BEd gzl E CG4814, G.16°] 27+ 8269cr, 6510cm S
gd&o] =9d G214, G935, CG.H087 247+ 1981cr, 2325w, 875cemo] ATt 2 4= 2] F-oil
G.11(98%)> J™A Frart Aol dojuA gkskeort CGA087, M.26, M9E= dlz=+ diy]
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Table 2. Total shoot number, total shoot growth, leaf dry weight, and leaf area per plant

after five months growth.

Total shoot Total shoot growth Leaf dry weight Leaf area
number (g) (g) (cm)
Rootstock Control  Flooding Control Flooding Control Flooding Control Flooding
G.11 6.0a 7.7a 149cd 209bc(140) 339cd  32.9bc(97) 3984cd 3906b(98)
G.16 7.3a 8.3a 328ab 307a(94) 589ab  40.8a(69) 6510ab 5058a(78)
G.202 7.3a 7.7a 373a 241ab(65) 54.8b 34.2ab(62) 6402ab 4114b(64)
G.214 6.0a 5.7ab 206cd 167bcd(81) 27.6cde  15.3ef(55) 3397cd 1981d(58)
G.935 5.0a 8.0a 142cd 134cd(94) 21.7de  19.3de(89) 2425d 2325d(96)
CG.4814 6.3a 7.3a 242bc 170bcd(70) 72.6a 36.6ab(50) 8269a 4810ab(58)
CG.5087 3.7a 3.0b 113d 50e(44) 19.6e 6.4£(33) 2320d 875e(38)
B.9 5.0a 5.0ab 217cd 172bcd(79) 34.8cd  23.6cde(68) 4177bcd 3090c(74)
M.26 7.0a 5.0ab 225bcd  101de(45) 38.3¢ 14.2ef(37) 4810bc 1735d(36)
M9 5.7a 7.3a 209cd 160cd(78) 36.6¢c 12.6ef(34) 4758bc 1671de(35)

“Mean separation within columns by Duncan’s multiple range test at P=0.05.

V(' ):Percentage compared with Control.

(3) BFA 7 #H parameter

AE AGAZ A 69 239 FFA =4 A4S 2y A el BAGe] dE 7 B gE
I AT ol Foldol A THFig. 5). AAA v 69 30¥9 xR U Hx
T 066~0.80mol - m” - s WAL HAFHFAAME 019~041mol - m”? - s H S
Efs Ay 15Y F g2 71EAYE2E 051~083mol - m - st FEAAELS 134~169u
mol - m”? - s el ey AFAeFE 7FAHE A~ 0.09~0.25mol - m Y- sT, FHAAES 4
~93umol - m 7+ st WHR HGF 2EH2ZE Qs diEFol us) %%"3%01 A Ve
AFA7t T5H1 279 2 Yo RE AFE JIAEA oF 1590] A 8¢9 13Y ¥
Aee 54~97umol - m? - s HMYE gxT FE7A 3B A= EAH(Fig. 5).
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Fig. 5. Changes in photosynthetic rate (FP,), stomatal conductance ((Gs) of various
rootstocks during control treatment (A) and flooding stress (B). Arrows indicate start
and end of the treatment. “Significant differences among means were determined by
least significant difference (LSD) test 2=0.05.
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Fig. 6. Changes in SPAD value according to the time during control treatment (A)
and flooding stress (B). Arrows indicate the end of the treatment. “Significant
differences among means were determined by least significant difference (LSD) test
P=0.05.
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Fig. 7. Changes in the predawn (A) and midday (B) leaf water potential of Fuji’
nursery trees grafted on various rootstocks in CT (control treatment) and WT
(waterlogging treatment); before flooding (measured on June 23rd), on the 27th day
after the onset of flooding (measured on July 21st), and on the 18th day after the
cessation of flooding (measured on August 8th).Vertical bars represent standard errors
of the means. Bars with different letters are significantly different at P < 0.05 by

Duncan’s multiple range test; ns: not significant.
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Fig. 8. The net photosynthetic rate (A) and stomatal conductance (B) of ‘Fuji’ nursery
trees grafted on various rootstocks in CT (control treatment) and WT (waterlogging
treatment); before flooding (measured on June 23rd), on the 27th day after the onset
of flooding (measured on July 21st), and on the 18th day after the cessation of
flooding (measured on August 8th). Qs (photosynthetically-activeradiation) was fixed
at 1500 umol-m’z-s’l. Vertical bars represent standard errors of the means. Bars with
different letters are significantly different at 2 < 0.05 by Duncan’s multiple range test;

ns: not significant.
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Table 3. Changes in tree height and trunk cross-sectional area (TCA) of ‘Fuji’ nursery

trees grafted on various rootstocks during flooding stress.

At the beginning of waterlogging At the end of waterlogging
Tree height TCA Tree height TCA
(cm) (mm?) (cm) (mm?)

Rootstock CT= WT CT WT CcT WT CT WT
Gl11 110ab 100bc(91) 25b  20c(80) 186ab  147ab(79) 48b  30bc(62)
G202 125a  121a(97) 36a  31ab(86) 200a 161a(80) 67a  41ab(60)
G214 107b 109abc(102) 25b 23bc(92) 187ab 140ab(75) 50b 27¢(53)
G935 113ab  101bc(89) 24b  20c(83) 1952 152ab(78) 47b  32abc(67)
CG4814 112ab  108abc(96) 26ab  24abc(92)  186ab  154ab(83) 51b  37abc(72)
CG5087 108ab 105bc(97) 25b  22c(88) 185ab  156ab(84) 48b  34abc(69)
M26 128a  115ab(90) 37a  32a(86) 201a 157ab(78) 68a  44a(65)
M9 105b 98¢ (93) 26ab  24abc(92)  181b 129b(71) 53ab  30bc(55)
Significance
A (ROOTS'EOC}.{) * Heqeoge # Heafe g
B (Treatment) Ao ook Aok Heafe g
AXB ns ns ns ns

=Treatment: CT (control treatment). WT (waterlogging treatment). ¥( ): Percentage compared with CT.
Means in a column followed by the same letters are not significantly different at P< 0.05 by Duncan’s multiple range test.
*** and ™" significant at < 0.05,0.01, and 0.001, respectively; ns: not significant.
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Fig. 9. Changes in the relative growth rate of tree height (RGRireeheight = Weekly growth
in WT (waterlogging treatment) / weekly growth in CT (control treatment)) of Fuji’
nursery trees subjected to WT. Arrows indicate the onset and end of flooding,
respectively. Different letters in the same vertical column are significantly different at

P < 0.05 by Duncan’s multiple range test; ns: not significant.
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Table 4. Dry weight of shoot, leaf, fine root (<2 mm diameter), and coarse root (>2 mm
diameter) of ‘Fuji’ nursery trees grafted on various rootstocks measured at the

end of the experiment.



Shoot Leaf Fine-root Coarse-root

dry weight (g) dry weight (g) dry weight (g) dry weight (g)
Rootstock Gl WT fl WT ¢T WT G i WT
Gl11 34.9bc  15.9bc(46) 37.1ab 19.2ab(52) 5.58bc 4.81ab(86) 0.83bc 2.19ab(264)
G202 44 5a 20.4ab(46) 43.4a 16.9abc(39) 8.17a 5.70a(70) 1.23ab 1.16bc(94)
G214 37.5abc 16.1bc(43) 36.7ab 15.2bc(41) 5.66bc 4.15ab(73) 1.37ab 2.88a(210)
Go35 39.2abc 18.7bc(48) 40.2ab 21.3ab(53) 5.77bc  5.02a(87) 1.26ab 2.32ab(184)
CG4814 33.0c  26.0a(79) 34.6b 25.7a(74) 545bc  6.14a(112) 2.07a  2.52ab(121)
CG5087 38.4abc 18.5bc(48)  36.3ab 20.1ab(55)  5.55bc 4.65ab(84) 1.58ab 0.73c(46)
M26 43.5ab 21.8ab(50)  43.4a  24.3a(56) 7.63ab 5.62a(74) 0.29¢  0.61c(206)
M9 31.7¢c  12.5¢(40) 34.5b  10.5¢(30) 5.14c  2.25c(44) 0.19c  0.05¢(26)
Significance
A (ROOTS‘EOCR) Hoofeo Hooke Hoofe feofeoe
B (Treatment) Aok Hoferk ook *
AXB - - ns ns

*Treatment: CT (control treatment), WT (waterlogging treatment). ¥( ): Percentage compared with CT.
Means in a column followed by the same letters are notsignificantly different at P < 0.05 by Duncan’smultiple range test.
- and "™ significantat P< 0.05,0.01, and 0.001, respectively; ns: not significant.
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Fig. 10. Defoliation rate and leaf area of ‘Fuji’ nursery trees subjected to WT
(waterlogging treatment) at the end of the experiment. Vertical bars represent
standard errors of the means. Bars or circles with different letters are significantly

different at P < 0.05 by Duncan’s multiple range test.
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Fig. 11. Comparison of the tree growth of 'Fuji’ nursery trees grafted on different

rootstocks at the end of experiment; Waterlogging treatment (A), Control treatmet (B).
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Fig. 1. A scale was attached to the surface

of a cylindrical transparent acrylic pots

and rootstocks were planted.
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Fig. 2. Changes in temperature at each level applied to shoots

of each 1-year-old rootstock placed inside the Styrofoam.
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Fig. 3. Changes in temperature at each level
applied to shoots of each 1-year-old

rootstock placed inside the Styrofoam.
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Fig. 5. Change in temperature inside the rootstocks stem bark at 10 cm above the ground

caused by an induced artificial temperature-rise. Arrow indicates the time of harvesting
the rootstocks. The temperature change on March 13 was the low temperature that the

harvested rootstocks encountered under a controlled environment.
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Fig. 6. Investigation of root development timing and bud burst according to rootstocks

type.
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Fig. 7. Changes in temperature at each level
applied to shoots of each 1-year-old rootstock

placed inside the Styrofoam.
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T A (HI-9813-6, Hanna Instruments, Inc., Romania)2 =43l WHoz Ad v+5&
AbstA Tk 543 A5 & 120Cel A 20i%F autoclavingshe] %2412 313 stal thA
Afd FE=&e DAY dE2T 7HA= sZ2A ] ShA AT wAAE Ao Audx
(RCeonwro) @t &2 A 2] F¢] A HHE=RCrroen) = ©Fell Josson et al. (2004)¢] WX (1)< o] &3t
o FAAFEQR)ZE Aok

Relative conductivity = (Initial conductivity / conductivity after autoclaving) (1)
Index of irljul”y = 100 x (R Cﬁuzen - R Ccum‘m]) / (1 - R Ccontn)]) (2)
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-old rootstock stem pressure measurement.
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e £y =84 gsiE
39 A% 15emA Aol A ¢F 0.3g2e] 9 & &
g o %édi‘_ AT Axd Ass % =2 Al
e 5 4ToA 12,000rpme. 2 20+t %Q%FA(VS 15000CFN2 Korea) s}
oJytsk & HPLC(Shimadzu Co., Model
Prominence, Japan)® T84 ©F3ES FA4sAY. $2 A= #HE-34HDuBois et al.,
1956) +AWHES ol&sle FIFFS Tt FEET FFFEA(UV-1800, Shimadzu)E
o] &3] 490nmolA FAsF L HEgAo2 = XEF(25 50, 75, 100mg/L) &8-S A xsh
o] A&

o AAe —11% membrane filter(Milipore 0.2um)%=

-

TTC(2,3,5-triphenyltetrazolium chloride) 7 A

oF 497k x4 A F 3% 8Y oF 447 EE Y25 Fdadrt o 50mdol

g Awstel FFadn WEL Qi A UEY F4F LEFFL U] 9 gES
ool HANER gtk ol WHEE V%S AUAZ k-typed o §AIL WEL
QAN F oF 1T/hEER SAAAT. 227 8Tl o|23g W 240e #AA & o
A AAE 0CAA FEAA AES AN S HFig. 10),
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Fig. 10. Change in temperature inside the rootstocks stem
bark at 10 cm above the ground caused by an induced
artificial temperature-rise. Arrow indicates the time of
harvesting the rootstocks. The temperature change on
March 8 was the low temperature that the harvested

rootstocks encountered under a controlled environment.

gl so] By ES FAete] 2x7F 23CTE A A Ee A T B
s diEReY 298 7FEQGam)xAZGemdE BHAWL 01% v% TTC(235 triphenyl
tetrazolium chloride) Al ¢Fell 15412 HAA AT 21 & 10mL FFolgrgo] AlaE HAAA 7
0C Z=HollA 303+ AHelgt ths 530nm oAl F33%=(UV-1800, Shimadzu, Japan)E& =73+

M

ETAEAE SAS ZEZIH(SAS 94, SAS Institute Inc., USA)S o] &3t 95%¢] 4=+
_]

oM feld A8E AAlsk

= < [ =L

[1xd x]
A 1. dEE BYRG A7l 24

AR EYerE U] X9k EHS dAVE Aok uiEAA & A 15Y 1 ESEA
SEE 45T 9L olF 159 7o) 2% TA4TE A53 AL 29 3 4 v(Fig. 11). A&
AlZE o 3 & ol 39 169 (AR WA ATl hRE el A A wejukzo] BEE
A3 3YE 23U (F WA FAF)oE BE oA Fedrs B £ g
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Fig. 11. Change in daily air and soil temperature during the experimental period. The
first arrow indicates the date when the first root growth was observed with the
visual observation, and the second arrow indicates the date when all root growth
was observed respectively.

n

] et
A5 A7 e Ao w AE vk (Fig. 12, Fig. 13). ¥bd M.26 tfifo] 5

& TEAAR 39 23474 HolMop A FeEldee REd 5 A%tk

G202 - 3/9
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Fig. 12. Root development of apple rootstocks along the flow of time.
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Fig. 13. Visual observations of roots development with time after planting.
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g A & A e ZAMA M9 tiEo] R B2 By AYEFS Bled ole
SotxzAbe} dEl MY diigoli Al EE] #to] F2 UEF7|oA Ut Cﬂ(Abod and
Webster, 1989) §<QFxA Axpel ] Hedtdo] 714 wE giHo= dud
15). ¥h M.26 W52 oA & AN iy FolM e 7P A4 Zo e A4S B
of YA A7 Fd A S E B giEe Hl& =&
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Fig. 14.
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Fig. 15. Comparison of differences between total amount of roots growth

roots, and cumulative roots growth by visual observation.

39 309 HEEE wAAN Asa 21de] AW F g%
et etk Fig 16) BAZ BUY AV BE doE FHHE Gl6

o

Tl mE

the root.

]
Cumulative root growth by
visual observation {(cm)

after washing

AT Azxwtd
G.214

G.202, CG.4814, G935, M.9 th&ol] HEd Hgo Wol/fA 7 diA o2 Wk ko EPFJ
9 G11, M26 th52 Hao] Tol= B t=ol H|s}ko]
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Fig. 16. New shoot development according to each type of rootstock after 21 days of
grafting.

Al 2. 371 A & AL 259 & 58 Y HE

A7 ok d7]lemet dE Syl 22REE B giEe] 2% WElEo] grjnyg A
A GeEbth(Fig. 17). t7] %71 15TCo14 5do] A &H F ‘T2 HEY YEE A4
of YaAFaL -15T 744 4% 2=WaE 2984 3 S LES A2 &7 Pols&y
T3l FEs FIAHeE #E Ay F o2 T ORE dEdA FEEol wolsdion G.202
G.214, CGH087 & zhzh 1574 drolsl oA oFzke] &7} vhebyt)

30

——AirTemperature —— Rootstocks Temperature
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Fig. 17. Changes in atmospheric and rootstocks temperatures. The arrow indicates the

date of entry and exit of the cold storage of the pots.

& 7 ) SRS A 249 1 194 B vk o] AAlF 100gE M.26 ol
5

o] 486% % Tl 7Hd otk A4 TS fglot M9 thES M26 Rt 3
o] =S AoF mHolth Ml Al7] FAFAE M.26S MO9RTH BalAS /Al A7) 7}
AFs] o = FrE A AR BW MO i AS/HA 7 M26K T wES 3
A& 4 Aoty Wol&y tER-o] 2 FAbo| A o3k Aolr} WA gkol 7}
Al A7 Hastth G119 A9 FEEs AAZE A9 =2 diERo® AL HAE
EEe At A = 7H =A dEbY BeEdd A7) 9 SeEe] #AIVE dAE A= 2 A
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Table 1. Water content in rootstock stems before low tempereture treatment.

Rootstocks G.11 G.202 G.214 G935  CG.4814 CGS5087 M9 M.26
Water
cor(lteglts 52.3a” 50.4abc 51.3a 52.0a 48.9bc 51.0ab 50.2abc 48.6¢
%

“The values followed by the same letter are not significantly different at p < 0.05 according to

Duncan’s multiple range test.

39 19 AAAJA A=A T oF 27hdo] Ag Al 7t 5] ASAHE AR S
U ARSE Fipolyh A HE dgiEEd 2R AdE UEA] gEktH(Table 2). o] & o] %9
AFolA WsdS 257t stdE s S5 A&7k we Apolrt VA i A&7k
A A 7lol wet WsAdo]l ekt Fch(Yoon, 2012). A2 AFae] £x3l7 Aol XE
o watete A& FA AEA Ee ZERXLE=/bA] "dojmil=d TG 8AI Yoz o=
P 4847 28 FEWA AR JgS uH oz dukHEc A2 8Y FHE oF 7
o AR 7} ol Al 7] (Fig. 18)& ZAbete] o] s 3o dads F4ste

Table 2. Flower bud burst rate and rootstocks browing at about 2 months after low

temperature treatment at -15C.

Rootstocks G.11 G.202 G.214 G935 CG.4814 CG.5087 M.9 M.26
Buding
rate(%6) 100 100 100 100 100 100 100 100
Rootstock 2 N . . . N . .
browning

“+++++=Intense browning, ++++=high browning, +++=Moderate browning ++=Low browning,

+=No browning
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Fig. 18. Flower bud burst of each rootstocks according to time after low temperature

e o~ plo e BB omle wime N ome w|we T oue w|ie 5 me w

G.11

M

treatment.
[23bd =]
(1) FEAd =
12¢€ 21¢ AAST diHFolA G.935 CG.4814, CG.H087 Hol7t 60%°]d Holst=
Ao ZAEAEH(Table 3) o5 377 &S FHALZZF of$ g E3
CG.5087H 52 oln] WAlfFHe eurt ® Zo=z yeyr. 1€ 19 AHFSF 71A 9

A e= G202, G.2147F 16¥eol™ Wol& i G.935, CG.4814, CG.H5087< 1249 214
AFHE ThAEG dotdgrt 4~59 A Ao 19 119 AFAIT AAANME BE
=50 60%°]d Wopetdar M26 &S ALt BE diEso] AEfFHol Bu
T %
7]

b | Ro® zAESIT EE CGH0873 M9 LoldFiE M.269 Ak she] X

Ut 1€ 21d AMAT 7FAAA = M.262 60% Tol7t=A] 149 A Q%o o] Al 7]
Fwol g7t @ oz yeukth CG50879 A$ 19 2195 dF Aol 60%
ol WolE sto] FWAE/L /b wkvh 19 219 %E 249 119744 A A
|

RF 1549 oluel 60% o] rolst Tt

Table 3. The number of days until 60% bud burst of terminal bud of the each

rootstocks collected according to time.
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Date

Rootstock 12721 1/1 1/11 121 1731 211

Gl11 - - 15+2.1* - 13£16 11+0.7
G202 - 1619 11+1 8 11+1.0 1007 T+1.1
G214 - 16+£2.0 15+2 8 - 13£16 13£2 8
G935 17+12 13£13 1207 11=0.7 110 8 0+0.9
CG4814 19+£2.0 14423 11+0.8 905 12414 0+0.8
CG3087 15431 11£05 8+0.9 705 709 6=0.8
M26 - - 18+£2.2 14£1.3 13+22 13£1.0
M9 - - 9+0.5 0+0.6 8+0.6 0+19

“Mean = SD(standard deviation) of 20 shoot replications.

A8 rEAAS 5 WEA Fo
30T eEAYS -40C LEAY Aol mEw ANEd FElM F Aol
7F gERR T -30CAH A A= G, G214, M.26 =9 sl A F7F 16~27% %A% 1L

G.202, G.935, CG.4814, CG.5087, M.9+= 20~30% 9 A th(Fig. 19). A=A %
A Ao AgE A de guyi Fzel Fabste] of 209 1 Ao
Frlan A s AAANAL B AU BF BelE Fd Aol Ao

U4 M9 HEe]l Ao w F o Z2WS He FFol A (Fig. 20). -30CA ol A=
5 0
A

ol
-

e
K

HEE R Aol7h A A AR v 97t 30%E HA @skor -40T A2 el
Ae dE SR BAIglel 90% ool A4 dAsE AL Ao=w yE st (Fig.
19, Fig. 21).
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Fig. 19. Relative electrolyte leaching rate after freezing at -30C and -40TC. 0O=no
freezing damage, 100=completely Kkilled by freezing. Vertical bars represent the
meantSE for 20 replications. Different latters are significantly different at at P < 0.05
according to the Duncan’s Multiple Range Test.
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Fig. 20. After 20 days of -30C treatment, the shoot section of each rootstock was
photographed using a stereoscopic microscope.
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Fig. 21. After 20 days of -40TC treatment, the shoot section of each rootstock was
photographed using a stereoscopic microscope.

(3) B4 FH7 HEd

Al d FEHUAHS T3 e HUt

A FHol FTmE I 39 79, 15T H AN E CGH087¥ M99 &4 A=)
77} 8%, 9% & dulH o R Eoka UmA dgiEoAE 5% ~6% WAR Z Aolvt ¢l
A TH(Fig. 22). -25C A # M E CGH0873 M.97F Z+7h 43%, 41%2] T d& = w9
o .202, CG.4814+x 36%= YEW L G.11, G935 G.214%= Z+733%, 35%, 36%,
M.262 32% = e el v FoHqoz s F=7F A YES

1909 5 15C m-25C
“;wsoﬂ
=
E 60 -
S
ol
2 40
=
— 20 -
. [
13 o} P N (&) S
\ ) QN > @
F & &S
& O
Rootstocks

Fig. 22. Relative electrolyte leaching rate after freezing at -15C and -25C. 0O=no
freezing damage, 100=completely Kkilled by freezing. Vertical bars represent the
meantSE for 20 replications. Different latters are significantly different at at 2 < 0.05
according to the Duncan’s Multiple Range Test.
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P FAT + ATH(Fig. 23). G.935(8¥), M.26(3¥, 59, 6W)S HAF7F °f3te] #
FUE gt Ao AAAW WP gBAA BAY 2w = A7 e g
& Aol w7zt of el ek,

CG5087

Fig. 23. Rootstocks that had undergone artificial dehardening treatment for 9 days were

exposed to —10C for 2 hours in a freezer, and then TTC assay was conducted.

e s

O% 79 FHUE A A AAT ABNAE ABF G FEFFe] 120~ 1.27g
MR O Aol 9T (Fig. 24). FHEE Ael Felt 121~136g WAE B
W FRgEe AAfor st Ageldr. FHAE AY Foo% ols
CG.4814¢F M97F A EF 9 FTEgdHFo 135g=2 7ME =k FHAE7 Aoz

AAE G113 M.262 1.21go] A t.
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Fig. 24. Change in water content in the trunk bark at 40cm above the ground before
and after the artificial dehardening treatment. Vertical bars represent the mean=SE for

10 replications. Different latters are significantly different at at P < 0.05 according to
the Duncan’s Multiple Range Test.

1 e e ) S

&= 3 Sucrose HEH2(Fig. 25) G11¥ M.262 Z+7} 1.18% 0.77mg/mL= 7} =4
e O 9o =E G202, M99 CGAL087¢] Z+7F 054, 0409 0.27mg/mL% il G.214,
G935} CGARl14= Z+Z 024, 0.229F 02lmg/ml A= ZAFE AT M.262 Fructose2}
Glucose®] staFoll A= Z+ZF 33mg/ml, 3.1mg/mlE =%kal Sucrose & #Fo] 714 =4 G11e
Z+7y 1.8mg/ml, 1.7mg/mlAth. Sorbitol E#Foll A M.262 3.5mg/mlz 7H4 =il CG.H087
34mg/ml, G.112 3.0mg/ml ol YHA= &7 2ozt gy AESTFS G.9357}
4Tmg= 7F¢ =9k v o =2 CGH087, G.202, G.214, M.9, M.26, CG.4814w ol G111

28mg = 7 okt

) _
H O Sucrose OFructose BGlucose B Sorbitol
E (A) ~ M Starch
B . 1 I = 50 | (B)
- .".0 5 9
b 'ag
= Zp 60
E 20 E i
=1 \=’
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z @
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S S 20 4
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Fig. 25. Soluble carbohydrate and starch content in each apple rootstocks bark. Vertical

bars represent the meantSE for 5 replications.
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ekt A7)

PAZ FHAZ A 2AE G111, M.260] g wy wolyl e} o) E o n] )
AEol =A 7MAH:= Aoz Yewgl FUAEZ v =sAY dgAoer ¢
G.202, G.214, G.935, CG.4814, CG.5087, M.9= A XM 7F G113 M26HTHE wWE
Ao 2 YEryt(Table 4, Fig. 26). G.11¥% G.2025 Wl s Ay ¥kt Al7]7F oF
109 Axo Aol7b whial M.26°¢] M.OXETH B2 49, WolAl 7] &= 79 F=° A
o] 7} wkt}.

Table 4. The number of days required for the rooting and terminal bud burst of

each rootstocks planted in styrofoam boxes.

Number of days required

Rootstocks Rooting Terminal bud burst
G.11 34+3.7" 33+4.9
G.202 24+3.8 2515.1
G.214 29+4.0 28+6.8
G.935 29+7.4 27+7.6
CG.4814 28+5.8 27455
CG.5087 28+4.9 24+4.4
M.26 30+4.3 34+3.5
M9 26+5.4 27+4.2

"MeantSD(standard deviation) of 10 replication.

[3Ad =]

(1) #AZH FH7] WsA

A=

= T o FHAEE Eskth(Table 5). G113 M.26€ Al9stiie 129 20
A3 1¥ 1dol AHAZT BE diFol A Tolgo] 60% ololdoyt EE A dE
of web 174l A 2397b4] AL AT 149 119 AAT A9 85 G113 M.26% 60%
o] wotstl il CG.5087L 60% %‘4’3} ol 149l E3std=tl 60% ol e dFrt 169

oW FUEAE % ALLTFEI FHo] § Qo BykmE CG5087 HE WA A

Wol gty o Budth 19 219 AAT AT A FAG BE U5 ol
Al 159 olabl 2aseln LE ool FAnl Ao ¥ & At
=]

ds o Pols 60% T EEYTE CG5087°] 94¢ =2 FHAETE 7 &ka
260 1592 713 A& Ao 2AHA 29 20UA7A Wobk 60% FE EP 289
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TE VTR FHUALEE AHEAE FAUE FodA CGH087, CGA4814, MIO9= iAo s F
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A AT
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Table 5. The number of days required to reach 60% of the terminal bud-burst of

cut-shoot under controlled conditions.

Date (month/day)

Rootstock : - -
12/20 1/1 1/11 1/21 1/31 2/10

Gl11 - - 18.5+2.3 13.1+£2.6 12.58+1.6 13.0+3.2
G202 18.0+2.07 17.0+2.3 16.8+3.6 124+£23 10.1+1.3 10:3+2.7
G214 23327 20.7+3.5 182+ 29 10.4=1.8 8.6=0.5 7.6+£2.9
G935 21.8+3.0 18.2+2:2 16.8+2.6 11.5+0.8 9.2+0.8 9525
CG4814 22.6+25 20.8+3.1 184+£26 10.4+1.9 7.0+1.2 T.3x£1.6
CG5087 17.8+3.1 16.8+3.6 13.7+3.0 94+1.9 T.4+1.6 6:1+£1.7
M26 - - 21722 15.0+2.6 13.0+2.2 13.0+ 1.0
M9 221+1.6 20.5+3.5 18.8+2.2 141+22 8.6=0.8 9.0=1.9

\ean = 5D (standard deviation) of 20 shoots replication.

AA FH7Il 19 11l 241§ -25Tol =FAIZS W sl dalEo] 22~4.0%
e AR ﬁﬂléﬂi&fﬂ s o= 51k Aol 7k AU vH(Fig. 26). -35C =FollAM =
RE giEdA s Fal&o] mob el G2027F 14.6% = Fal&o] 7Hg E=3kar M.9(11.5%),
G.214(10.4%), G.935(9.6%), G.11(9.56%)°] F& olAtt. CG.48149F CG5087 35T =&A &
o] Z447; 5.7%% 6.1% % EF ol Wls) Fal vsf&o] AUt
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Fig. 26. Index of injury after freezing of shoots at —25 and —35 °C. 0 = no freezing
damage, 100 = completely killed by freezing. Vertical bars represent standard errors
of the means. Bars with different letters are significantly different at 2 < 0.05 by

Duncan’s multiple range test.

(2) B4 FH7] HsA
-15C, -25C A& & A&d 214 A4S 3 sd F7
B A FH 79l 39 1o diES AFAS] 241 FF - 15T =EAHS #W G202+
9.3%<] Il&S A M9, M.26, CGH087 HU} v 62~54%2 v&&S Bl 17
U G11, G214, G935, CG.4814+= 7.0~84%°] F3&S R} E gEde Fofido] A4
Fal 2l okth(Fig. 27). -25Co =&FAAS W v&7t o 2A el G2027F 20.8% =
A E Fo] b Ilego] ok MY, CG.4814, CG.H087, G.11°] 16.6~16.7%¢] I 3&S
E(}iﬂ}. ko] M.26% G.935% ZH7F 8.7%9F 95%9] e Ha&S Hol FA FF 5 UEA
o] 7} % oz HrtE AT

o,
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35
30 O0-15C mW-257C Rootstock P < 0.001
2 Temperature P < 0.001
é 25 - a’ Rootstock x Temperature P < 0.05
)
';' ab’ ab’ . ab’
g7 N
i
S 154
£ 107 b b
5 -
0

G11 G202 G214 G935 CG4814CG5087 M26 M9
Rootstocks
Fig. 27. Index of injury after freezing of shoots at —15 and —25 °C. 0 = no freezing
damage, 100 = completely killed by freezing. Vertical bars represent standard errors
of the means. Bars with different letters are significantly different at P < 0.05 by

Duncan’s multiple range test.
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o

A FH71e WeAdel 718k #AES dotry] $lste] 2¢ SERE FAIUE
S S5t tiFe wel F719be] vhEA YEth(Fig. 28). =71%0] - oA + =
= AHE G2149F CGH0870] 249 219 = 7FE whgks CG.4814(2¢ 24<), M.I(2¥ 27

welth wkEe] M262 A diE T 7P =& 39 109FH +2 H3EJL
49)3 GI35(34E 29)%= A or &7 ABA7I7F =AU G935, G.11, M.26<
719t 30.6~44.3hPa® E} ool wls) wkoka A& 7= #@okvh. ShAl ERRA FW 7
A Btel A G202% E71e] +2e] zFhe] 3¢9 1¢E G214 ¥3] 9Uoly =&
ToA o A FJa= wa, G11S H Z¢o] 31.3hPa= B thZo] Hla) PSox
| & Ao & uf Zol A 71 ket e AuAdS FEvt ol Balth
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indicate when xylem pressure occurs.
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28. Change in xylem pressure according to the rootstock type during imposed

Vertical bars represent

(3) &43stA g F UsA

Fyo] =84 B35S shek

HFE At £y W o2 F&A4 S5 ERY, E29) dEe g F50 w2t @
g Yebdth(Fig. 29). A9 drEFS CG5087(0.69mg/mL)e]l 7F& =i M.26(0.63mg/mL),
M.9(0.62mg/mL)°] TS 2 =k om G2149 G202 77t 023, 0.28mg/mLE FAFE At}
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¥rd g G2029] 44 1.8mg/mLE WE T 7 Eskow M26, M9, G2147F 77t
1.75, 168, 1.60mg/mL t&2o 2 =% G113 CG5087S 1.49mg/mLSith & & & 23
7 ¥y o] g2 AFgS HYEd dE 5 CG48142 622mg/mLola HE o]d]
M.26, CG.5087, G.11(56.6~57.1mg/mL)°]t}. G.214, M.9, G.935 G.202+= 27z 50.0, 51.5,
52.1, 52.2mg/mLE 7] =39
2.5

= (A) m Sucrose m Glucose = Fructose

g - ra” a” "

%n 2.0 a T abﬂ ., ab,a" ab'-T

~ " ’ ra” il

3 b, ab T b,a/r b 1

8 1.5 "

=

>

S

e 1.0

8 a g a a

2

E 0.5 b be . b

(=}

75

(B)

S~ -
3 80
gﬂ ab b
C
g/ 60
t S
<
=)
2
—_ 40
=
s
—
20
0_
Gl11 G202

ab

bc be

G214 G935 CG4814 CG5087 M26 M9

Rootstocks

Fig. 29. Soluble carbohydrate (A) and total sugar content (B) in the bark of the
rootstock stem before dehardening treatment. Vertical bars represent standard errors

of the means. Bars with different letters are significantly different at P < 0.05 by

Duncan’s multiple range test.

TTC #4e B3 UesA H7t

& 7] Fo 5% PETHRERZ AL FIEE
9C7HA] 443 A @skA st (Fig. 30) AHA =2
-8Tol 247 w=FAN 2FS TTCHAS E4
G.9359 CG.H0878 -8To =¥ x=Z A &
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974% = dF e =Ho] &S dA Fdw. M9, M.26, CG.4814, G.11 T2 F 3¢
H 60.8~729 WXL, G %2 2ol A dArto] EZH Aom XA
HAT B FAv)dd 2~3¥8 2933 N E gA4s 7 @ FEelA #Av] 2=7F

dolA= A sdldsE d= 7hedol =0

b
S
o
rr
ol
o
o0

Absorbance (%)

100 ab

be

80
be be be

60

40

Absorbance (%)

20

GI1 G202 G214 G935 CG4814 CG5087 M26 M9
Rootstocks

Fig. 30. Absorbance(low-temperature treatment absorbance value / control treatment
absorbance value) by TTC assay of rootstock stem bark exposed to —8 °C for 2 h
after 4 days of dehardening treatment. Vertical bars represent standard errors of the
means. Bars with different letters are significantly different at P < 0.05 by Duncan’s

multiple range test.

g &
[2xbd E]
1) ATd FAH7Z| WEA

9} #Ho] 9a(Coleman, 1985) 5 EZo|gtx: ALH 7]
thar gk

tH(Naor et al., 2003). Kweon %5(2013)& ¢ vk}l A

F2 e = AFEFe] FH IAAI A LS ‘Tsugard't= 99 Aol Fuji'et ‘Hongro': 99
TwolS FHel S0ttt gk FHE S A7 e FFol whel vhA Zpolzp AR vl 24
Frolddls T8 FFEC FHEgY Zast ALQFTEE THEE oZ dEA vk
2 Ao M= 7 FARS dolrbA] A8 E AZre]l 149 AFolW FHEtgtE B kY vH(Kim
et al,, 2006) CG.5087¢] =4 FH7|zte] 7 Zekth(Table 3). M9+ G.11, G.214, M.26%%
gyl A28T=rF FHo] HW oprt BluA wWEA IPH= Aor Ho ©As)
(dehardening)7} A dojube= Aoz Fordth v M262 1€ FE7tAs FHLHE 3

- 120 -



doA ez HeAdel 3 Ao e, eyt 84 o414 F3d7= WAl
5

= A}o]tH(Choi and Kim, 2015). &3+7] %C’J ANFE g Ha 7]L0]
7C ol 49l & ZANEIE A3} 8T do] 59, 10T Hol 20 HEH O b A T of
7122 A2 0T olats 7158 e ALa %7 SFo] Hojx 19 TE/hAs 84
s7F 1aHA] 45 Aow dddn

Aaldrs: SALS 448 & 229 EdAEE AFHow F7E = U= U 9
3luol th(Linden, 2002). -30C A <x]2](Fig. 190+ Falds] A7 16~27% WA= o}
by o 5 AOH@E‘C M.9>CG.4814, CG.5087=>G.202, G.935=>G.11, G.214, M.26 °| %]
3 o] FAlE FHAE(Table 3)9F #&Ado] S 7FsAdol =t Pramsohler 5(2012)2 A}
bt 7R Y] 23 FE2A AE7E 60% B T yAE 2 AHd AR A8l THs
SHS Hagly] wjEo] ZF B So] & 2 Fwo 2 Ay Wildung
S (1973)2 M.7, M.9, M.26, MM106 55 °o]&3 HeAd Ay thEz7] =49 A&7
255 ¢ -29CT=E Ryusgrh. T3k Moran 5(2011)2 G.11, M.26, B9, P2 U&= H7}
skl M.269] 744 -27C AgelA =dF &R =8vs s B d5F /ol o
Hakes AAARE digF -30C7 AE7Fse AL ER Bl JEHEE o] &5t Ag 2
HM Czynczyk 6(2010)2 A&3d FHA7]=0] -31.6T7A @Al A3 x G.11, G.202,
M9, M26< EF AEHP7] wifo]l thEt WsAdolA F2e Zol7b vk dwksiait.
Robinson¥} Hoying(2004)2 19 HA 7] -35CE %53 G.202, G935 M.26, M.97} ¥ 5
fula] B AR FRa tfEIF Aol fFojido] A eFdriar gk vk M.263
M.9% Privé®t Embree(1996)¢] Hilo| A= ulsdolA o4 v 2ol (P<0.05)E E At
FEivtete] 715 544 19 Fe7HA @43 dojuA] geva 2o 3]s F8
Atk ] 219 o] 7]2o] 30T oldt® W7k A-F7F 53] == AEA R wert ¥ A
e = AR FH7] skl E tiE Fol #Agle]l EsAds 7HE AoR ddd
=3

b ©
Oi
o
=
rlr
to
f
)
o{ r
F—|~'

olr

|

il F[ﬂl

-40C A=A (Fig. 19+ sallIs AF7F 78~86% HAZ B dlFo] Az4s &4
S Wrol 3| &o] oy s FHoRE BT WrEHLEvE wie wE A5 (Fig. 2) A28 o] MEY
of Aol HojA MES aALE ZHFT 4 A3L(Tromp, 2005) AE ¥ AFZA7Fo] ApepHA
AEZES EGAAAY A2e @571 9dPd4d S SIAA HEE 1AL o2 e A=
el tH(Asahina, 1956). kAl A 5315 %ol Wildung 5(1973)3 Moran 5(2011)¢] o
YesAd Ald 232 FASEA 40C A=A = AAAYF diFe] Ad & s 34 225
Holxd Rog dAuF)

) BHEE FalY WEsA

EE2AEE FHET § 7]2o] 2 2WA Ash(hardening) BTt wWE SE2 @73t 3ol
78 ¥ =1 (Aronsson, 1975) 2] & 9] LH e Astel @A st Azt SEERE ofy et A A
3}(rehardening) s 2% % 23}t (Palonen and Buszard 1997). Friedrich and Fischer(2000)+
AP TEAIE Eot) 9L Z7he] 2zl & v -11TolA A=A g st &4 3}
7F WsAdel mXe= FFs AT A 2w 0ToAA 6Y B — 20ToA 29 B
T — tA 0Tl 1Y S W Bk 0ColA 8Y H¥ — 20TolA 1Y RAHS o
s =7t €53 =dvha stk Howell} Weiser(1970)= AFUHFE 20T A 297

d

b oo 2
rJ
ol
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283t AR s s el #Ee] e SEehod 15T 3d1te] AFsA d8
shhal shoh B FW7IzE got ~15T A2 (Fig. 22094 = Fad =7t ddid o= vhorA
u Zebrh mE s e CG5087, M99l =44 =7t sk Al(P<0.05) A et e HA

2ol & vy Fdrs Audk oAt 25T HEl 23 (Fig. 5) =T A= 32~43%
HAAD dEE I d == M9, CGH087>G.202, CG.4814>G.11, G.214, G.935=>M.26 = ©]
N3 FHAE(Table 3)9F thah Aol e Aoz BT AEAFH A 7] wE ‘%-_‘“78‘
3} A e A= (Lindén et al,, 1996)7} thi 7F Zolof w]xl ko] QS Aow AZty i &7
si7b gl met AAst T35S HH Aagh Zox2 FS5FH(Kalberer et al, 2006). 39

dee] -25C A7t 19 e -30C Agrv iy &4 A7t dvbd o= =7 vbeys
g ool= W7l2=7F e2ux AlauRrt Aoz Weds st (Leng et al, 2000;
Ketchie, 1985) XA 7F A=} A< 3gH(Hamilton, 1973; Palonen and Lindén, 1999)71o] ¢l
<9 stuE AzrEh
e Edsady 9o Adeud EYUIR A 3 & S
Al &HtH(Pregitzer et al, 2000). & A%< AR o en= TS
2ANA FEREFE ATAINATHWan et al, 2001) EF7]20] L2WA $=3] SR
FolA WA (Ewers et al, 2001) W&ol F&FsS wAH Fall& %”LED}(Bittenbender and
Howell, 1975). Atztell A Btejdd Al7]= doluty dgsiALt = g
AGIRA 718 S ztol7F dloelgbal ghth(Kim et al, 2006).
ofAl 7] Ht}h w2 A H]S23H(Table 4) 3o low vl 2
Aow welty, kA FHvigtal dds = 19 A4 30T A9 ghdbd Furid 3¢9 4
-25C AHgelA diEd Hedd A7](G.202>G.935, CG.4814, CG.5087, M.9=G.214=M.
GlD¥ daAo] BH Fjdo= ﬂ"jr‘jd“‘:ﬂ Za ey A7 7F =8
: A TH. W}F)r’ﬂ 44‘/}—r4 W5

Mo oy X
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=i
=
)
o
4
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=

lo

£
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FIES U BFFAE sl ¢S AA A= FHo] A EEE
AES AAhsts Aoz 43 drhH(Yoshioka et al., 1988). 4=
= Aol HW AW Aol &hel I Bl 84 ©53E<Q sucrose, glucose,
fructose P ENZ W}¥ 3L sorbitol & 5 < S A]7]+=Hl(Raese et al,
1978; Yoshioka et al, 1988; Palonen, 1999) <84 9o =2 A¥xueo] A& <tHA
(cryostability) &7dol]l 93-S v x]7] wlFo]th(Ma et al, 2009). Fig. 259 235 HH 584
B3l E S E3] YEA Z32o v A= sucrose 3 (Palonen et al, 2000)& G.113 M.269
2 Zo8 Hol B difFo H3] sde] Ag Aow AdF
AR 2 AFAAAE AR FAH7|ZE ek -40CTHE = A diEe] Ad
2525 dold RAo=m Holnw -30T AgdA+ G.11, G214, M.260] A4 o=
. T TR YAFH 7 Fol HyH —15C21ﬂt nE
T2 *’&‘%Q.L -25C Aol e diFol oo ke
2 oFalu Wi R M26S Adldom Aexwd AL R4t GAE
g & FAAAE G111 G214, G9357F M.263 H| =3 UlsAd S 7 Aoz ZALE QT
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[3xhd =]

1) 24 FH7 HF4
o] Usde Fadee #dE 5 i (Coleman, 1985) 5LEFTE ALE 7] ot
2t FHElT A71E 2 tH(Naor et al, 2003). 2 AFdA = 48 714 AHofeo] o}y
60%7 A o] 2= AJZte] 159 AFolW FHeta @ Aow FFstd=tl CGH087°] FHA =
7F 7 @2t o2 YERStH(Table 5). Gloly M.263 &2 G214, CG4814= A-=2>27
L7t o] HWH AgiFor Fwol wmEA AVt He A 22Ut FHAEe Wsd 3o
A= odAs] Aty AFZAIEo] WauE tk(Palonen and Buszard, 1997; Kalberer et
al., 2006; Palonen and Lindén, 2006). A= T @43} A Al o] ALy WA J3F
S m Rt Eobd(Coleman, 1985) Az og FHA L7 Z29d Gllolv M.26S B i
o vl&] WEAo] 3 Aoz AZHEC)
Aaldrs: S sZ2A-ds 249 EdAHEE 4 =9 ot
°]t(Linden, 2002). WAF& &k -25C Aol wE o Al o=
o gk 2ol (P>0.05)7F 1A= A ok vaf = ArletA HERstH(Fig. 26). Wildung 5(1973)
< FHFTQA tiEo]l 20T A2s =7HEAS wW a7t e Ao8 Hol ARy &S
° = 1oz BuHt B Ao

ks

ofi %

1
.

1 -
a1

L

A
o5& 72k #Agle] s
7o wel vr23(Quamme and Brownlee,
1997; Wang et al., 2018) tf ﬂi -30C AZ7F AU diFe] AET ¢ e FARE=R
<A JtH(Wildung et al, 1973; Moran et al., 2011). Robinson¥} Hoying(2004), Czynczyk
%—(2010)—0— G.11, G.202, G.935, M.26, M.9°ll =8 Ab#us-7F -30C E+= HA 35T A2=

TotAS o s 7F FREkA HGERUA] tthar ®Baskddoh -yt V1% 544 1
! Z/\W}X] Edrkcivd: O]O%‘/Vq et FerldxE Fo AR A9 7]Zo] -30T o]
st2 W#7ke A7 T8 '] AR FHvle] o' Al diEolE deAds Zte
Aoz Itz )

Ao E A& AES 7 st WiAUSES 245 3ysiAy A3 S zte Ao
. 54 39 & S AEse 24 APt 5A4S Hola FAAY 24 AX U FES
A B T4 EAANOEA ALE S5 (Weiser, 1970; Wisniewski et al., 2003). &%=
st Sx7F wig mEohd A5 AAATE AlE dFolA FAE VAAHSE AETE E4
Al 4 At (Asahina, 1956). At#el A= tiE FRoF F5 wet desAdo]l =1 giA R
FFol Ao Ul & o Aol Ata FFol el 40T ot = AES 4 v 3

(Tromp, 2005). & AToAl G.202, M9, G.214, CG.5087, CG.4814(7+7F 146, 11.5, 104, 6.1,
5799 A5 -35C AN Fa Wel&e] 25T ALwt} tha FAGAOU 1 AR
= Az egth aeug AFY 717 B FRAES WEAdne) Anws F47)

-

973 4o Aax

h==4 =
L% W ooty QA vHE Ty

LA
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(Palonen and Buszard 1997). i Aol A AJ=5x13 d W& 3 g5
-15C¢F -25C Aol W& & A o= A JIFs vH=
5C A mE IR+ 54% (M.26)~9.3% (G.202) H=Z YEY
A THFig. 27). Fai&o] o3 Gl FRleetA TAskA] Ik FH

Bgo] -15C AL APl Y AoE mA 25CAAE WA WAt 8T~
208% 3L & wWE SA4HEE G202 = G1I, CG4814 CG.o087, M9 = G.214 = (G.935,
M26 ol91thFig. 27). $eE FHet F 43S 48 AAtE fEol AFAAL} %L
PERT gAsd Aee 29U 0 WEY AT Rolgts AL A9 B AP A

gttt FEolA 7% AR Hole F7|¢4S AEY FEFEFS T Aol A
M= H A (Ewers et al, 2001; Améglio et al, 2002) WEA<& ZAad 4 Ari(Arora et al,
1992). & AFelA 54 FABAT AZHA FAAR G.11, G202, G.214E5 ALt =7
F WA H o] = mEHG.214, CGH087(2¢ 21) > CG4814(2¢¥ 24) > M.IQ2€¥ 27) >
G.202(3€ 1) > GI935(3€ 2) > G.11(3¥ 4) > M.26(3¥ 10)] &3 I37F FAas=(G.202 >
G.11, CG.4814, CG.5087, M9 > G.214 = G935, M.26) Aot 18y G.2027F G.214E.t}
9ol =2 39 1del &7|ste] SAHAJ oY 25T AHgolA Jsfi&o] ¥ =%kl G119 F
q] %7]%‘_ 31.3hPaz® E}E q]Ecq] H] °H /\Lq]m =4 H—O ;G S 71—0]——3]_131 = ];Hioﬂ/q uLo].
A 27143 Hsda3e] dads 7H Ao m Hrje ofgsivh -25T AgeA dsfi& 92
5o 3EE £ 9SS Ao® Holt(Pramsohler et al, 2012). & & G.202& -35C,
5C, -25C Z+z+e] A=A oA AeiAa7F 7Hd ol Aol dd o= FHofgk o= EO]
t} 39 19d] -25C A& wyrdy THE o] i &o] 19l Ag¥ -3pbCTET E=A e
Wl oful® 7ol Eoldel| wEl tiES UeAdS A sE A (Ketchie, 1985; Leng et al.,
2000) F3 A7 Xq%lx—q.ﬁli %%i‘iﬂ ] # o 2 A Z}E o (Hamilton, 1973; Palonen and
Lindén, 1999).

3

=
o
wol Ad, x=%, g dH o F84 dster LeHa EvE &

(3) 24348 F Y

AZoe x4 W A :
Zo] Z7}slo] WE Aol 73l th(Raese et al, 1977; Yoshioka et al., 1988; Palonen, 1999).
olgt x4 W Fo A& AEY] SAA g WAdel FIFS WA= Aow dHA
Ak (Ma et al, 2009). 53] A2 WeAd Fdo o3 s 3t £ AFdAE G145
Aolstar o] FF=e Ao g S AR S BAH(Fig. 29, Fig. 30). LH ol
T E98Fa M.263 M99l A ke G935, CGH0R73 Al ot AAlE HolHzE
< FHEE AHe7E ofH Ao

TTC ARl ©gr FFEe] Hol= FaA Uetuth(Fig. 30). d&5EE F3E=+= G935,
CGH0R7 = G.214 = G.11, CG4814, M.26, M9 > G.202 o)At G.I935¢F CG.H0878(A 2t &
FE 98%, 97%)> A stE Qs Uls/do] okstdl o]Fek -8TolA AEds HoAFIATh
W G202 51%9] S EE B tiE F UPE deirt 2ok g epiE Fo] 09
g7t Az Qs fAEJTE dEe EdAEE FHAEY 843 AdEogeE &
T s o #Ado] e Aoz HoltH(Table 5, Fig. 29).

P

O

El

O
1__
3

Agdoz WAFH 713k B9 -35C Aelo] e e s g gud F
WA ok 250 AR uEo] Hre £4S FAE GRAW gAZ NAFA 17 B
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-35C Herth= a9zt S7etdh diEE7]el tig AHA EA43 Hes sl
FFg vHow gE FTHel mEt Aol 2 A YEbETh AR diEe] AL Agge Ao
T EAS EE ol Bde FUAE £ 29743 AFA Rus dugoer e84 @53
= oy FEEEY £ o #Hde] e AR dddEn i yAFH B § A0
FAL FALETD UFe yeAdol o B 9SS vt webA AR diEe] 42 A
gL WAFHEG EEFE A7 9 F2% Aoz dddrd. 725C(E}“—£31 Faz) 4
-8C g

ot vt -35C AgddA+= CG4814, CGH087 > M.26 > G.11, G.214, G.935, M.9

2-2-4. ESH WA E AGE S

7b A E

SN (Rose]]mza necatrix), W W (Athelia rolfsin) ¥}
7ELL Hév?,_];zﬂ}_: AbH S 2 Es P A= &R o7 FAI] AZFELE ASA7|
Aol = AEs st EQA AP olth(Punza, 1988; Harris, 1991; Kondo et al., 2013).
AL /\}ﬂroﬂfﬂ 7V F8EHA R AE EYH Fo shuelth.(Plich, 1976; Matheron et
al, 1988; Harris, 1991). 1950dth¢} 60d o= 2 FH3 HSuE FAHSE A Ee=
FhAdd =20 M(Malling) 2 MM(Malling-Merton) Al E°] =o] HWHA A3 oL <37}
% tH(Harris, 1991). <@ ARFE HAANA HFY AES A= d¥olx
SFURE B A2 dd HEdoerr 4= $ duh(Jeffers and Aldwinckle, 1998).
thﬂﬂ—?ﬂ E&g oA wrdsta IAYPEHE EF ol HAVIE A &Ho] Jhssta
#ANTE w2t W AYE o] 53 H(Webster and Wertheim, 2003). ¥l ¥} 7|7}
=4 Ur—‘?—li— Wol XAHWA o] &3y = FAdo] vEtu f5o gAstA Aete
Uolqd  wol t© wz=A HPEF(Mircetich and Matheron, 1983). Browne¥}
Mircetich(1993)=  ®i= FFel weh iAol Aoz loiA fstert w2 M9 5ol
FAA N EQD MMI06:TE Aol AgAe] o Zsirha B sl

S FH O AR AR Bes BAE FJEe dAAIR o
23 ZA7HA JAFee] FE Ao 1tH(Schena et al, 2008). E %
ol AFS FHeta #eet 7 T AEAd FEo] dHob 3
71 A gt} (Pérez- Jiménez, 2006).

A2 S5 Fo HLAZE g FHes EG HolA a3 PR 2 dzk A&
T At (Punja, 1988). w3 o] Wol= EF W] 2%¢ F3s ®MEo] et XY A4
ZHrEol o W2 otstE th(Punja, 1985).

olelgt EYHS dwelr] 98 ste @ =384 WA (Utkhede, 1987, Smith et al., 1990),
% (Utkhede, 1998), ¥ B]A]-&(Utkhede, 1984), ¢34+t (Freeman et al., 1990)3 22 Aju)4
why 8ol gl A3 A oS o]-&(Carisse and Khanizadeh, 2006; Modgil et al, 2012) %<
teFsk i Eo] 9

W Z(Eriosoma lanigerum)S Ao A &3] WAslE slZolan AR zZed g4A U

-
f
ot

O

o &
E

s

L
a

A
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e 2RRAM dF wEe] sbsstm 53 WBe F4 w4l A R AF
HEEY Wl FA2 FEAE vl BEHE AR Mesh el F2 wwAA
FHipol AAE 483 AFlE Ao AHe Welmew RAFANE JFL Fo

(Klimstra and Rock, 1985; Brown et al., 1995).

HZzol o Atuyo] AAH7E JdalE ds A5 ATA Axy HAAd FH o
718%et7] wEol A7t ThsskAR o] ZlAste WE JEe Aoy ofF
ol A e diEe] o] &o] digte] & 4 Qdti(Sandanayake et al., 2003). %3 FH <t
FPHEYN AL FHS 8 At HAE HAASIAY A AupEHS -

S
5717 Bolum glol WE A4 tZe Feol A4 fFHw I
U A= 2wy

[AdE]

1) IAA=
20189 49 e 28]E X Eo Yd8ANE 232 ALu 1WA G CGAE UE(G11,

G.202, G.214, G.935, CG.4814, CG.5087)2 M.26, M.9 EH = 3 s 54 diE 3 1005
Attt o]l AXE XE= BEGoRFEH 2dS Bl A8 A Im Eolo] wi=
el A sttt W= WA= AE A dvar A wjER s skl e
stk 2 Al wl= Sl ]% HEsS dyHor wjAste] At g A7
oﬂ upel sk 23] e 334 39 1023 A Hdr@L/houn)dte] EVE AAFES FA )
= okl
(2) AZHE R WY

o

=
T Wge T2 sAFAAGAE(KACO) A S/ FHY, njdy A8 F 7
¢k wol PDA(potato dextrose agar) HjA|o] #3528 Y%7 (MIR-154, Panasonic,
Japan)oll Al 25Col A 1F:7F Aldiul<F 3kt
AGNFHEe] HES A8 Aol 8~9me] Fy 7HAE Ho] bem®E Hdste] FRTE
AARS o 19k E 7|2 120C 24 A] 2087 EdAE skt EaE VA E dAA =

7}5 ZF Petri disholl 107014 Y3 5A3F 2o Fof ZAAZ o5, A Z 41 ¥uyH 7}
e TEY sy Edd e W oz HESATH(Fig. 1). AEA7E O&E A2 = 175

7F 23k 849 30 ol
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Fig. 1. White Root Rot (Rosellinia necatrix)
Inoculation into the soil was carried out using
mulberry branches infected with Rn mycelium in
the PDA culture medium.

Fig. 2. Southern blight (Athelia rolfsi) mycelium

formed sclerotia in PDA medium after one

week of culture.

Z] < o]§3t3 . PDAuIA o wjte <
Smm)E AF&38F] (Fig. 3) wAFS wix| 9} A wo] WA wof
At 17 ZUZ {FEY 37 Jog

HJ
it

R M
oy o
x

NE)
5|4 e HALE Ee] BF3HAtHFig. 3).
o, HFAN7 = s AXS 1757 43

raﬂrr

=
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Fig. 3. Soil inoculation with phAytophthora cactorum
diluted in distilled water.

Fig. 4. Classification by necrosis of disease symptoms; 1-Emergence of reddish

spots, 2-Lesion was browned, 3-Lesion was deeply browned, 4-Lesion turned

blackish brown and decay began, 5-Tissue became completely necrosis.

AT BEAEE SARAR A uE Fylo] WRte] Fxsh= WY uelA A
A9 Y] AE9 WAS 59A(1 1~20%, 2t 21~40%, 3: 41~60%, 4: 61~80%, 5 81~
100%) = vd zAtekl o WA BXF=S AF2 YERRSIH

B AdS dEdicta A Ase FEA5A dAskdi e 2018 449 Sk 2] H
E A3 G, CGA tE(G.11, G.202, G.214, G.935, CG.4814, CG.5087)

=
= .
9% g 307 ANt UBe] ANY TEE Egomve 09e

o
W] e A4 Im ol Wi SloA wEMow Wasty B stach G met 5 2
5 w3804 57 10870 AARFCLound EET AAFEE FAGES A,
WES WA A ARE WEY o8 u WEFUS TR JE Fo K9 U
% A A A tH(Fig. 6). 7&2E =42 FolZmxFH2mx4 ol 10m=

KeN
=
goto] FxE M AAE Ak
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79 139 WE Fslt A J1E Angels WEel s A AAE AR e (Fig
7, Fatstel AAAAE dZol £ W= o] 50m BAoz #AsHA WA 14
A% el Z kel YA kol 74 319, 89 142e] F7b o2 28 wASAT.

Fig. 5. The pots planted Fig. 6. The steel structure Fig. 7. Apple branch

with  rootstocks  were was completely sealed covered with wooly

arranged by randomized with silk mesh fabric. apple aphids and the
block design on the white cottony substance.
bed.

233 =]

(1) Az 2 B9

20199 249 27 diE WA XA FEe 1dA 5SS FREE ZARE AFS US4
EZ QYR 28)Y st AAsgn s "R 130575 AAsta #dgstrt o F aAkS
A Aol gk Y5 ALk 120575 AWste] 99, STy, SAnjdy, WAl
ZF 3074 AREeth HET S wEXUETH sHFAALAHAA S wobx AT
7} 3H) g & potato dextrose agar(PDA) medium ¥ #](Song et al., 2008), IS V8 agar
vl 2] (Sanogo, 2004)ell Ztz} EFstar g2ujekrlel A Svjdr e e 25T o w 25
2 AR 159 3 AgE e sl ol BMAA HES AASF 167Y 521 849 13

Aol AAskA

o]-&3ste] wix A3 woj
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Fig. 8. Inoculation of phytophthora cactorum in the bark of

rootstock trunk.
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Fig. 9. Inoculation of phytophthora cactorum ‘in the

bark of rootstock trunk.
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Wooly apple aphides were isolated from

Fig. 10.

shoots with highly active individuals using a

maginifying glass.
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(1) 89N F9Y (Rosellinia necatrix; En)
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Gll CG4814

814 G202 1
G933 G935
G202 Gl

G214 G4

Rootstocks
Rootstocks

CG5087 M9

M26 CG5087

M9 a M26

0 2 10 5 80 100 0 1 ) 3 )
Infected stem length (mm) Infected stem surface index

Fig. 11. The length of infected lesion of Fig. 12. Degree of lesion spread within the
the rootstocks stem below ground. Bars range of infected length of rootstocks
represent the standard errors of the stem below ground; 1: 1720%, 2: 21740%,
means (n=30). Different letters are 31 41760%, 4: 61780%, 5: 817100%. Bars
significantly different at P < 0.05 represent the standard errors of the
according to the Duncan’s Multiple means(n=30). Different letters are
Range Test. significantly different at P < 0.05
according to the Duncan’s Multiple

Range Test.

G935

S

w CG4814

L4

G202

G114

Rootstocl

CG5087
MY

M26

Disease index

Fig. 13. Classification by the necrosis of Rn disease symptoms of rootstocks stem
below ground; 1-Emergence of reddish spots, 2-Lesion was browned, 3-Lesion was
deeply browned, 4-Lesion turned blackish brown and decay began, 5-Tissue was
completely necrosis. Bars represent the standard errors of the means (n=30). Different

letters are significantly different at P < 0.05 according to the Duncan’s Multiple
Range Test.

(2) v\ (Athelia rolfsil; Ar)
HE 57 %, 2 diE Aoy =717 Aol Yed Wele G9357F om= A F-917
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Fig. 14. The length of infected lesion of the Fig. 15. Classification by the necrosis of Ar

stem

of rootstocks

symptoms

disease

stem below ground. Bars

rootstocks

standard errors of the below ground; 1-Emergence of reddish
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2-Lesion was browned, 3-Lesion

are spots,
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(3) Ay3+9 ¥ (Phytophthora cactorum, Pc)
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Aot

(4) 8% (Eriosoma JaHJ'gerum)

AR IR BEA F R0 WY o¥E BESAw daFe Al ven
A gob & 3 A WS AEsATh AYY M9l 0 YRS Yoknr) AAstl
AR AN ol g3l BPSl B An AsEFel Bl JARYAY Yo Fe Ao
= BUETHFigls). 458 W3 AN ol ol Y WFEUl Hes 3
u)

Fig. 16. Wooly apple aphids mummy(black) by

Aphelinus mail.

22 d =]

(1) Ay=9 9 (Phytophthora cactorum, Pc)

AW HFT 40d F Wl Sro A oiE b F33 AFol7b A THFig. 17). dAE MA
i Eo] Addoz AegA Ekvh AN E71739-e CG.H087°] 55.8ecm= 7HE Al oo
2 G935, CG.4R14, G.202= Z}'Z}' 55.6, 49.1, 422mI . M.26<2 332mA L M9 SAHH 7}
7bd &2 132medth HE 609 F A V1A AE AN AdFHe v AEgS
ATk ek FAH = AR Z7)19 vlas] WA @k CGA48147F 17.9m=E 7Y AAdE
e MOE 16m=E i £Fd w2 xpol7p #Eelqdt).

e
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[J 40 days after inoculation
80 —
=) a B 60 days after inoculation
= a
E 60 - | I ab
g T abc abc
"7 40 - be -
2 cd g
[ = e
=] en
= o
o0 ¥a)
2 L=
N B =
-~ c c 5
be e
_ abc o0
20 ab ab ! abc %
2
40 | | | | | | | |

CG5087 G935 CG4814 G202 G214 M26 Gl11 M9
Rootstocks

Fig. 17. Length of lesions developed on the stem of 1-year-old rootstocks after
inoculation with Phytophthora cactorum in the cambium. Vertical bars represent
standard errors of the means. Bars with different letters are significantly different at

P < 0.05 by Duncan’s multiple range test.

(2) A9 NF Y (Rosellinia necatrix;, Kn)

SN AIdAd daide G 2 238y MAE tEo G = CGAS dER
t o] 3 el =& Aol Avh(Fig. 18). M99t M.26<& 727 65.3, 58.6mne] Wyl &
MRS BT o R CGH087, G214, G.202, G935, CG.4814, G.1l1o] Z+z} 582, 47.3,
45.3, 42.0, 380, 37.1mE 7] &3tk WHE x5 = M.260] 36202 HEHA o] 7H H
3 M99t CGH087%E 33°.= H|zgh ghlid s Bl v G.2029F CG4814+= 7+t 2.1, 2.02
2 HREEAE SEo A tiE gF xpo]7b LpERRLTH
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E 404 &
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= e
S 601 5
170}
= ab “S
T 80 a % L2 S
)
= =
Eﬂ 100 % b b % =
ab —
.3 % ab ab 3
B Lesion
ab O Index — 4
a

| | | | | | | |
M9 M26 CGS5087 G214 G202 G935 CG4814 Gl1

Rootstocks

Fig. 18. Length of spot-shaped lesions spread on the below-ground stem of 1-year-old
rootstocks after soil inoculation with mulberry host plants covered with Fosellinia
necatrix mycelium, and the lesion index; Infected area classification (1: 17209, 2:
21740%, 3: 41760%, 4: 61780%, 5:817100%). Vertical bars represent standard errors of
the means. Bars with different letters are significantly different at P < 0.05 by

Duncan’s multiple range test.

(3) dn| &8 (Athelia rolfsil;, Ar)
uld S MAE o] Uas Aoz YeluthFig. 19). A5 109 F, M99 M.26<
5 Zyzy 22, 20mm¢! WkA CG.H087% G935+ 27 9met 6mI Tk HF 309 & 7
b EEE g 2 o)z FEiste M99 Gl 7ZHzE 23, 13mE A FakEl Fo
Foi o g zlom M.26, CG.4814, G.202, CG.5087, G935, G.214+= 22 8§, 7,
3, 2m7} F7FEFATE HEF 409 ¥, A F7] Ad> M.26, M7t Z+7F 127, 108mm=
A= B dl&Eof Hls] A sHA wekth oS o ® CG4814, G.214, CG.H087, G.202, G.11,
G.9359] 7Fd Zol7} Z+Z+ 36, 35, 24, 23, 11, 10mP oy EA4 S AAH A &k
IATE MO7F 80% = YER I =< M.26¢] 53%7} aAbgH(Fig. 19) WFH  CG.5087,
G.202, CG.4814, G.214, G.11, G.9357} 7+7}+ 25, 23, 20, 17, 10, 7%7} aAF3FS T
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160 _
G935 ==
Gl ==
120 CG%E — B Mortality (%)
G202
CG5087 -
—_ — M26 ——
E 80 a' M9 : : : ! ‘ %
é ’c: be’ b’ be! 0 20 40 60 80 100] &
= 40 - a b b ¢ ¢’ ¢! , %
= . T b be b ¢ 2
= 0-
© E
=] N b b 5
= b b >
3 b b ke
(0]
80 - [J 30 days after inoculation a
120 O 10 days after inoculation
a B 40 days after inoculation
a
160 | | | | | | | |

M9 M26 G111 CG4814 G202 CG5087 G214 G935
Rootstocks

Fig. 19. Length of the lesions developed on the stem of 1-year-old rootstocks after
inoculation with Athelia rolfsii on the ground surface, and rootstocks mortality.
Vertical bars represent standard errors of the means. Bars with different letters are

significantly different at 2 < 0.05 by Duncan’s multiple range test.

(4) A% (Eriosoma lanigerum)
| tigk N EE dE Faol web F3EkA Esith(Table 1), ol S/ we W

o] AAEL CGA8I47} 57% = 7Md =9x thgoz M26 (53%), M9 (47%), G.935 (40%)
oAtk G111, G202, G.214, CGH0874 A= 7FAel 8 o] TEFA eFgkar M9,
CG.4814, M.26, G935°ﬂ e W £ e 47 86, 74, 7.2, 65/MF o = F F93 2
ST M9l ¥ o T A7e R26moE e 5 Blus) 1 xpo]rt gds)

He A& CGA8l47F 47% = 7HE =% thH o2 M.97F 40% % 2 M.26%}
G.9357F Z+7F 33, 23%% Ao 2 ZAFEATH
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Table 1. Infestation level on shoots and roots by rootstock type, about 7 months after

release of woolly apple aphid on the ground surface of the pots.

Settlement Number Colony Soil
rate of size infestation

Rootstock (90) colonies (mm) (%)
Gl1 = - - &
G202 - - i =
G214 = - - -
G935 40 6.5a¥ 11.9b 23
CG4814 57 7.4a 11.1b 47
CG5087 - - - -
M26 53 7.2a 9.4b 33
M9 47 8.6a 32.6a 40

ZNo infestation

¥Means in a column followed by the same letters are not significantly different at P < 0.05 by Duncan’s multiple range test.

2. 1F
W, A dujd S e Be AREE JFAA7e B A 9W &2 (Freeman
et al, 1990; Tidball and Linderman, 1990; Mahadevakumar et al, 2018) <3k WA 7}
e Brde Ui AEgo] HojAHA AAH &Aool HupErh 2 AP A=
ol wel vdd duE gASEel vEtwa Al HRke] Hols o] &3t

By AN 71E= HAAZA (Jeffers and Aldwinckle, 1988) 7] dAd= H
T AEE Hoes FAF EEVIE oy He 9 E FAst gdol A Av(Fig. 1).
Axo] et AP diE 3 Fld zolE R E=d Browned Mircetich(1993)2 M.97}
Ao Ao Zd AFdAES BAvt Hustth GAE tE FolA= Galeol M9l
HeE7te AFgAdS BRIt vHx] Adbe CGH087, G935, CG4814, G202 UiHES
dA oz Mzkeh aFo R ZAE AT

AT HEE v A AAA7I gdE AEY o2 FIpt JPgEHEA 9
S0l YEyal WS AN FER A E BeEef AHEE A4S H(Sztejnberg et al,
1987). ATy HE 52 UFolA FA(saprophytic ability)s}7] wj&o] 7|EXow =&
UF= 53] gake th(Pérez-Jiménez, 2006). ¥ Al S/ Fa e 35 =
fA SdAFE A 7 ATk BWuke] A= gy g FAA SR g Aol&
ANoy ol Fnjaw v A YEPYA = 2 ATHFig. 2).

Aujgyg 2 FHAS AEFTS HAAZIE HYAR dIds st EY M=
BRI AEol Thsd AoR 4 AvH(Punja, 1988). AMFel Al FH|G el g B
mf - A2 RE & 5o AEo] E ol Holdlow W go] Frkgttar ghrk(Conway
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et al, 1996). gH|gtwe] 3] MAE who] ¥IfgEr =2 Wi G v CGAE a2
TS ATAS EO% A& el = ZFol7b d5s & 7 Ak (Fig. 3). o5 F8& A el o)
AT AFAS B ES A7 wiel] AuiHoR & AZEAS Ad gER o=
ol tigk S 2 dvtal ddstrl= ofHdu. ZEH R o TR WE AR giF
el & vEbd 7 i d9W AP diEe Y A BE EES a9 7
AS Aoz grEr)

HF2 AU A7l F2 7HAE Aslstal +31s IAHA A 5 58
Aol E71789 At Foly HeldA ALS e S 23 9t (Gontijo, 2011).

il

o IF A7y 2EE VIBAEE Foll diEel dig
tH(Ateyyat and Al-Antary, 2009). W% A&y +H FoAA=
& 3F xpol7b FElshA] kAR AT M9 tiEolA dAASHA =A HEFSTHTable
1). €& 7 npe} Zo](Webster and Wertheim, 2003) M.9, M.26 th&-& 2 Ao A= 3o
s Adider =2 WS BRAY G = CG A% Uy FolA GI9359F CG.48147}
%7} =2 (Robinson et al., 2014) o= G.935¢ CG.4814 ool & —"'f— el ottawa 39
Ay AdEol Az & 4 AtH(Spangelo et al, 1974). webd wF wHxjo] A3t
A= AEA, ﬂﬂﬂ‘ﬂ W oy et ofd A3 diEo &&% ficte] H 4 Qth
Aow H OAY Aegd Hrb A= diE Fqd W& A Aol FEstA
7

11, G.202, G.214, CG5087 S Wl dsf e 2e Aoz 2AEA

)
ofj
o
o
oX,
o
o
oX
ok
%0

O W e rE
r}m 2 of oy
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2-3. 8 R ZE

2 A= 15 Cornellt] Genevas A @A 4% G 2 CG A &5S -2 vgkel A
of&stal = 71l M.26, M9sh Wlalste] thekdh @dz stell A A A, e s
Al SHoA AFAY e FFATES Hrtstd MRS 8 dEsS Adstaz
st AAT

A=A S Ao, M263% MO =9 Atdtuie e rt | Bkl Hla] Fat
Bl Aol aAl gAlH= Aoz Hol HEI uiE T dAFRASAH] g w2
fEoz AT v G 2 CG &5 AR YF+= M 1 o 58] Apspupel wlel F-idet
AAENA AFAATE Hojx AFA Aol Fwe Ao HrHAH. G935 CG.50873
G214 W&ol Alyui= AFRE A fFol #ARlel Agtol «HASHAl ey A
Nge] v v dEos J7d 5 U

WAA AANA, 5577HY] wHEA el FRAEHAE A By g A4S 2Yegn
11943ke] 3] &57|3ke] Aot & FEad A3 ZeodA tiE Fel Zol7h yEutout
ods] FAH FEOE IEA= s ZE g 20

Al & FolE CG5H0870] gk
2 G935 M.26Et Aol ¢
= 2 Fr7tE Ao
= SAUE T2 HE AU A A whg
AdE HAgH. AeAy 3FATE LT
o o A}ﬂrﬂwoﬂﬁ glo] & Aol FASA FAEHEA tE F UFA
Apol 7y =ejutr] Al#Fskgith 28 %Jﬁﬂ AeAelel 189 1ke] 3 E7|ZE Fot v A
Aeire-S HAES Az M99 G2147F Aol 7 s tggoezs G.2029 Ao
B A Wil CG.4814% z]*oﬂ 71 skl CGH087, G359 G112 M.263} H] =3t
Tl WFEAES 713 Ao=Z
WEsA AAdA, FAYEe] FHAEE CGH0870] 7H Zold 19 AF<ol WAlFHol
El7b HQlar M.262> 7HE =2 19 st ook v A G11, G202, G.214, G.935, CG.4814,
M9+ 1¥€ T dAFHe] et He Aoz ZAHAT WAFAYIE s dEs
-35°Cel 2A1 7 =EAAHS W AAHeR AusAl Fal7E RAEJAAR o E ol =
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