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Causes of Rough Bark Disorder Occurring in Dwarf Apple Trees
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4, MEERNDELE L Mn OBERASH

% 312 Mn MRS 2R L 72, MEEHRD
BAEFIIRBERIC R T TFAOEMICE T
LEY MniRETH - 72, HESLDZ, Mn DkR
ST ER TIIESH OB, T TITHE>
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Mn k¥ &£ 29 30 30 24 19 42 30 33 137
(opm) ME 121 124 107 98 98 226 189 131 186

BE e 94 81 92 94 168

ME 499 485 477 501 513

N KEE £ 0.42  0.35 0.26 0.28  0.26 0.89 0.87 1.05 0.93
(%)* ME  0.48  0.44 0.43 0.30  0.49 1.79 1.92 1.73 1.71
EE 4 0.93  0.96 0.96 1.05 1.08
ME 1.26 1.31 1.31 1.20 1.28
i P AE 4  0.08  0.07 0.06 0.05  0.04 0.13 0.13 0.14 0.15
! (%)* #HE  0.11  0.08 0.06 0.05 0.07 0.24 0.25 0.22 0.18
| E® #% 0.15 0.11 0.12  0.13 0.13
HME  0.17  0.15 0.14 0.13 0.16
K AEB e 0.24 0.17 0.14 0.21 0.18 0.52 0.62 0.60 0.58
(%)* #HE  0.26  0.25 0.27 0.19 0.21 0.57 0.57 0.55 0.60
B @4 0.83  0.77 0.78 0.73 0.70
¥E 0.8  0.80 0.76 0.66 0.78
Ca AE £ 0.33  0.25 0.26 0.61  0.42 1.08 1.10 0.96 1.48
(%)* MR 0.41  0.45 0.54 0.55  0.42 0.81 1.01 0.98 0.74
BE 4 1.66  2.06 2.14 1.97  4.04
#HE 1.89 1.51 1.81 1.61 3.61
Mg A% #%£ 0.06 0.06 0.06 0.05  0.04 0.16 0.14 0.13 0.12
(%)* HE 0.06 0.05 0.05 0.04 0.04 0.17 0.17 0.14 0.13
B¥ 4 0.25  0.24 0.24 0.19 0.14
#HE  0.24  0.19 0.18 0.14 0.16
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R4 EDEMES
AR Mn(Gm)?> N(%)> P(%)* K(%)* Ca(%)* Mg(%)® Fe(wm)> B (wm)?
7’ £ 122 2.47 0.24 1.56 0.56 0.24 116 30
H MK 440 2.65 0.23 1.30 0.52 0.26 106 33
' = 66 2.38 0.34 2.06 0.89 0.26 105 33
M $HOE 292 2.53 0.29 2.11 0.73 0.26 92 35
e £ 94 2.27 0.33 2.00 0.71 0.21 60 45
T & ¢ 348 2.82 0.31 2.04 1.16 0.28 71 -
M OE 382 2.60 0.32 1.80 0.67 0.23 91 51
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FELLNES Mn EHEIZT TI2300mE # 2 T
Wieht, MEERREBEZES ONLr 572, FEE
DEARBHC ERTER KR Ca 2 ERIIBVEAIT
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¥ HE 1 2 4 5 6

1. Mn 1

2.N 0.262 1

3.P —0.175 —0.055 1

4. K —0.735% % —0.608% % (0.231 1

5.Ca —0.285 —0.342 0.591 * * 0.350 1

6.Mg 0.162 0.005 0.100 —0.353 0.483 % 1

7.Fe 0.061 0.166 0.076 0.002 0.059 —0.078
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I3pHAS5. SLITF L BT H » 72, HE & REEIC 5@
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L7ze 28Kk EIcOWTLRELTIEIEL. B
Bk 2B EZ bz, TR TRRELHED
pHAMEWREI TH - 72, T BETHENOBHRMER
U 5@ 0 Mn B BEI3 R FEAE LIS R THL A
KEWERTH-72, 8B, HL MRUTENT
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Ubd SHERFROFEE L3 5 THE Mn
EXHLMCE T BEi E 200wl L &
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T Mn BEIZIEEICEL -2, Thbb, HE
ERNDBEEICIZILH|ABRITTIL L Kic &k » T Mn #°
ML e kELERE#ERINL, 2
iz, TNFETICHEEIN- LD LIZITRIROK
RTH 5B, BELH, MEROFEE IR
BERLE L LHbnTEE~ o A RE
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FZTRUBICIIEF Mn AL LHER LD
BIfRic >V TRl 77z, H. MRUTE® 3 @£k
TABE, TNLDHAEBRIZEAR TV, LD
LERM icAZ E, METIZ RN EREE
RBETH Mn (pH4.5) BE L DOEBE,E. T

®6 MBEERORE L TROLPHE

O ®ra pH . ex-base (mg/100 g ) ex-Mn(pn) = red-Mn(mm) &kt
(em) H,0 KCl Ca0 MgO K, 0 7.00 4.5° 7.00 4.5 (%)

H # % 0~40 5.53 4.02 3.61 - 292 125 21 7 33 510 713 44 .4
40~60 5.38 3.89 3.76 246 120 18 18 59 742 833 44.2

g 0~40 5.26 4.02 2.81 369 135 49 12 38 443 617 44.7
40~60 5.48 4.14 2.75 323 109 50 21 50 506 697 45.2

M B 4 0~40 6.67 5.59 0.06 530 - 90 127 2 44 240 435 54.5
40~60 5.52 4.02 0.69 342 70 89 5 34 254 375 50.8

o 0~40 6.67 5.80 0.05 580 109 93 2 35 177 ' 330 43.6
40~60 5.13 3.95 2.13 138 98 53 11 33 128 162 41.6

T % o4& 0~40 4.75 3.66 2.55 125 40 49 18 44 1,391 1,561 22.5
40~60 4.83 3.62 3.10 102 33 57 34 59 629 654 23.6

P 0~40 5.26 4.52 1.34 232 63 24 8 21 789 1,064 23.5
40~60 4.68 3.72. 3.50 62 23 15 15 20 575 630 22.2
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KT TP MnEHEE LHHE LU Mn iRE L OEBBIR

%A 1 2 3 4 5 6

1. pH(H.0) 1

2. pH(KCI) 0.941% % 1

SEHEREY, —0.628% % —0.803% * 1
4,ex-Mn(pH7.0) —0.755% * —0.673% % 0.500 * 1

5 ex-Mn(pi4.5)  0.134 0.223 —0.162 0.401 1

6. red-Mn(pH7.0) —0.681% * —0.603* % 0.306 0.382 —0.161 1

7.red-Mn(pH4.5) —0.654% % —0.581* % 0.289 0.330 —0.182 0.991 % %
8.EPMnEHE  —0.106 —0.222 0.313 0.176 0.174 0.300 0.314

(E) 1) REBIZ0~40em, n=19 (FHESHK. H. M. THE)
2) *x ki3 1BKET, *Z5UKETEEEZS

£ MHroXh MnEFEE L pH & & U Mn JRE X OEBIBAR

: 3 % 1l
HER 2 3 4 5 6 7 n’
H 0.291  —0.340 0.509 —0.089 —0.165 0.437 0.438 7
M —0.343  —0.407 0.843+ —0.528 0.782 0.793 0.906% 5
T —0.577  —0.566 0.087 0.603 0.697+  0.638 0.600 7
() 1) *135%K¥E +1210%KETHEEZH
2) Z  AESK

3)F#E1E © OpH (H,0) .@pH(KC]) .@EBEHREEY ,.@ ex-Mn (pH7.0) . ® ex-Mn (pH4.5)
® red-Mn(pH7.0) . red-Mn (pH4.5) . @FEH Mn SHZR

B T3 E#YE Mn (pH4.5) B DB EDH S
nize $%bb, BfF Mn SHRIIBEREE. &
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BRttiz E3fpHIc & - TH 2REREHMT 2 = & Hea]
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INLDRERY S, RN B ITIIC
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B & 2S5 TR E L iz & - TBIE £ BT
S8, TEEMnBEXETEESL 2 E0UE
tBbhs,

B, THEHOBEEEDHICIIERERMD
WRPLETH 2. AIREEM & REREL 72
BAICRTRLINUBEHRI+FTL W 4%
W, ZN72H, TRENERELHEICEBETE 3
FECOWTRE»EENG, —F. AKoER
L > TMnOBRINAL»REDZ EmMbLNTE
puzes %7 WILLIAM 5083 >4 P %
AWK TM.27TIZ M.262 M. 9% KB KICH
NTE SO MnBEIZFH - 7205, M.27/MM.
106 . tr MM . 11108 &4 Ti3ZEH ) Mn B EEIZ 18
RLLah -2 BEL TS, AR TIREKRI
£TM.26TH) . b iEERNHEREHIZL 5 Mn ik
WEN I L TE o 205, buwiEsk
DFBADEFIZ & - Tid Mn RO FTEE &
EZ O, SHEIRFVLELBbh b,
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1. H. MERUT B0 ERONBaIRFEIL.
INFE TIRHEIN TV BMERICES THELL
TH N, FIMERERBER & RFEEBDOZEH Mn
BECIAELEIEDLNLZ 6. FERK
(3 Mn BRI R T 2 EREEZ L,
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At & RBEEMOER Mn BEICEN LT EH
LALDIREAE 2 bz, ,

2. HL MRUTEOMESERNFEIC T MTER
EZERIFBOLN. KL >FHSOHBE>Y 5+
W E > ERDNEIC RS ED -T2, TNHDR
ERIZEIAEAN Mn BERECL 20N EEbN
7z,

3. HEERRBEMOM ERICE TR, HFHK
3¢ Mn ARG -ERELRLN, —FH. R
REBMOMWTEIC B W TiZ, HIEHAHL2IZH
WMn EHETH- 2, £, HEERBERIZ
REERICHNTNBEIZE L .Ca REIZECS
mA R 6 7z, |
4., MEERBELHIIBYENENLDHELC,
WA Mn R L B S o BWER» 2 L iz,
¥/, pHE Z S TiEME Mn BE L I3A B /B
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51X HR

1) HFEE" -BAE= - EFHHE (1980). R
D= BERDUCEET 2R (BlE) <
WAL RF7E IR L P78l
RN & AT - LABEE. 51 : 405~410,

2) FEEZ_ -BPAE= FRYHE (1980). Rt
N> BERNUCET AR (B2H)) <
PHDFEMRICRIZT) Yy TOREEEAR
DELE., AR 51 411~417.

3) HEET - FASHE BLEZ - £H=% -

MaE=(1982). REENMESRBTRICET
BIRIX FEfn=r B BITER) 72
J —IVELST b MIREERIEYE & HBLEME, REER
#., A9:133~141,

4)EFARZRR(1970). ) > THERICEIT 5038,
LA, 16 : 131~226.

5) FARIER (1975). FH#R) > TDOWHRE. p376—
397, EBREE.

6) CARROLL E.T.(1974). Control of apple
measles. Queensland Agri. J. 100Q1):
29-30.

7) CROCKER T.E. (1973) . Investigations of
internalbark necrosis in‘Delicious 'apple
trees. J. Amer. Soc. Hort. Sci. 98(6) :
559-562.

8) LEESREHEER W (1970). LMES5
ek, ERE,

9) DOMOTO P.A. and A.H. THOMPSON
(1976) . Effect of interactions of calcium,
potassium and manganese supply on ‘ Deli-
cious’apple trees as related to internal
bark necrosis. J. Amer. Soc. Hort. Sci.
101(1) : 44-47.

10) FISHER A.G.(1977). Internal bark ne-
crosis of Delicious apple in relation to soil
pH and leaf manganese. Canadian J. Plant
Sci. 57(1) :297-299.

11) MILLER S.S.(1977). Plant manganese
and soil pH associated with internal bark
necrosis in aplle. Proc. West Virginia
Academy Sci.49(2/3/4) :97-102.

12) KEFEA & BHE (1980). BiER— &K
Fiz k2 2%EPHN, K, Mg, Ca, Fe, MnE
Bl REATMEE LRI 5106):
418-420.

13) BEHRNM - —A& £ REXE - HREILE

(1965). V) > T EBEROFKEEEZICBIT L5
®(B1IR) <7 BRHICETCHEERNRE
HlzDOWT, BFHE. 34 265~271.

14) BHRMEER - —A& &- RECRE - EHEIE -
BH #H-2mEE— (1969). ) v THEEERN
NEEEICHETAME (B2H) RVERZC



ATFREXARSMERS

FARBEENREICOVWT, HR) v ITRKR.
13 28~37.

15) EHRBMAR (1965). V) >~ THEROMIES.
BRERUCEZE. 40 : 1497~1500, 1697~1700.
16) BMKEAREREXGRESTRA (1979), 13
BUREBEFAEIC BT 5 133, KRR UEYRS

iigs

17) BEBE= - FESEZ, (1975). RHEEO®E
SETERCETIMRE | vriaviphr
DEREHEEREL ) > oMEREICBIT 5118
FHERVBBEETEICHET 2R/E. RHEHRAHK
A 2 :77-98.

18) WILLIAM J.LORD, D.W.GREENE, R.
A.DAMON,JR., and J.H. BAKER
(1985) . Effects of stempiece and rootstock
combinations on growth, leaf mineral con-
centrations, yield, and fruit quality
of‘Empire’apple trees. J. Amer. Soc.
Hort. Sci. 110(3) : 422-425.

19) YAMADA,H. and T.HATTORI(1986) .
Determination of total boron in soil by
the curcumin-acetic acid method after
extraction with 2-ethyl-1,3-hexanediol.
Soil Sci. Plant Nutri. 32(1) : 135-139.

#£7% (1994)

o
-




RE . bb) > B RE L 2HEEROBERIZOWT

Causes of Rough Bark Disorder Occurring in
Dwarf Apple Trees

Kazuo Myqo

Summary

Investigations of rough bark disorder, occurring in dwarf apple orchards in Iwate prefec-

ture, were carried out between 1986 and 1987. The following results were obtained.

1.

The symptoms of the rough bark disorder in the orchards of H, M and T were remark-
ably similar to “Rough bark disease”, so-called “Internal bark necrosis (IBN)”, which
has already been reported by many workers. The manganese content of the leaves of
unhealthy trees was higher than that of healthy ones. Therefore, the disorder was recog-
nized as “Rough bark disease”, caused by excessive absorption of manganese. However,
in the K-orchard, there was no difference between the manganese content of unhealthy
and healthy trees; it was therefore considered that this disorder was caused by other fac-
tors.

The difference in resistance to rough bark disorder, in the orchards of H, M and T,
between different apple varieties was observed. The order of sensitivity, to the disorder,
was as follows: “Fuji”"> “Senshu”> “ Tsugaru” > “Jonagold”> “Orin”. It was considered
that the difference in varietal susceptibility, to the disorder, depended on the manganese
tolerance of each variety.

The concentration of manganese in the young twigs, of rough bark trees, was greater
than in other parts of the tree; but that in the rootlets of healthy trees was significantly
higher than in other parts of the tree. The nitrogen content of unhealthy trees was
higher than that of healthy ones, and the calcium content of unhealthy trees was lower
than that of healthy ones.

The soil in areas of rough bark disorder was found to be strongly acidic and rich in
easily reducible manganese due to poor drainage. The correlation between the values of
pH and soluble manganese was significant, it was therefore thought that soil acidity
might be an indicator of the occurrence of rough bark disorder in apple orchards.
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