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Table. 1. Method of treatment.

PHRREERATRE #38

Added per 200 ¢ pot (g) Ammonium
Treatment phosphate
MnSO,-4H,0 Wettable o co 0 G700y (@)
sulfur
Control 0 0 0 0
Mn 80 0 0 0
Ca; Mn 80 0 250 0
Cas Mn 80 0 500 0
Ca; Py Mn 80 0 250 100
Cas Py Mn 80 0 500 400
S 0 80 0 0
S Mn 80 80 0 ]
Py S Mn 80 80 0 100
P, S Mn 80 80 0 400

B MR K R 46381 Ocm

b iz Sampling U, BLEE T LIz,
tHoOERE, CECRIEE 5Ty, EiE7v 713 0.5N HOAc TIEHmS iz Al 2305
U(9). B#YEMn i3 pH 4.800N NaAc (10) & pH 4.7 ® N NHCl &5 5:% il Utz ps.
N NHCl gk »THEH a2 Mn i3 NaAc itk 5 8Ok DL RAED 21228, o1 < SPfF
UTEDE 5 1 ize ZKIEYE Mn ORISR AT (13) Tik~iz,
Mn, Fe, Cu, Ni OO FHFBAD B (R 207 ) T2 272(8)o Exch. Ca. Mg &

EDTARER Iz X =12,

1. +TEoSECRIFTLEONR
B2RTAHALND L 5l pHIZ 8 b TIEL L y1 BIER ICE D »72. exch. Ca 2t
2= FEORFET, exch, Mgk Mg RZOEHA A b s 15T, REEEA, Ca R

B2k TEEMC NP TMEIOBE (9és5iEs A)

2. BROKE
BB OY » T i31965
e HIHE 9 H28H, k0
19661E1BA 1 ARiD 9 H9 H
WEREL U T2 BEGIRA O v >
WVIL19654FE 8 H1TH . 19664F 7
B148 E10 BV4H e R
DERFEL. PhME. Mtk B9
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Table. 2. The effect of treatments on soil chemical properties. (Aug. 1965)

H Exchangeable
Humus Total p C.E.C. cations
Treatment o ke Vi (me/1008)
o .
(%) ((Iy\(l)) He 1 (me/100g) "7 Mg K

Cont. 7.1 0. 344 4. 40 3. 62 53.1 21. 4 2.42 1.5 0. 91
Mn 7.1 0. 309 4. 46 3.71 47.5 30. 6 3. 31 t 0. 67
Cay Mn 7.2 0.328 5.25 4.30 6.9 23.2 8. 46 1. 68 0. 85
Cas Mn 7.5 0325 6. 00 5. 39 0.6 24.0 13. 11 1. 68 C. 97
Cay; Py Mn 7.2 C. 328 5.07 4.10 1.9 26.4 8. 48 1. 35 0. 80
Cas Py Mn 6.3 0. 305 4. 31 3. 67 24.1 26.9 8. 56 t 0. 67
S 6. 6 0. 313 4.10 3. 55 59.2 23.0 1.70 0.85 0.78
S Mn 7.1 0. 335 4.18 3. 59 54.8 26.2 2.43 t 0.78
P; S Mn 7.5 0. 308 3. 90 3.53 53.8 21.8 2.28 1.23 0. 67
Py S Mn 7.1 0. 374 4.00 3.438 42.2 22.7 2. 85 0. 80 0.77
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Table 2. The effect of treatments on growth.

Fresh weight of branch (g) Roots Total

Treatment

1—year 2-—years 3—years 4-—years 5—years Total (&) (2

Contro! 612 281 402 273 880 2448 2279 4727
Mn 644 271 449 275 923 2562 2369 4929
Cay Mn 539 252 372 143 700 2006 1967 3973
Cas Mn 546 261 322 165 717 2011 2085 4096
Cay; Py Mn 722 353 369 272 747 2463 1553 4016
Cag P2 Mn 550 287 339 244 797 2217 1953 4170
S 216 187 352 203 640 1598 1404 3002
SMn 147 155 351 169 670 1492 1222 2714
P; SMn 226 170 207 160 420 1183 1047 2230
Pos SMn 225 212 235 151 533 1356 1221 2577
C.05 con N 228 240 443

L.S.D. 0. 01 NS NS NS NS NS 307 NS 507

L oTHELCIHa NI, P Ca e BHALIEE S SEMBULBA I $ROER I LTI
EAEWBERITEISH 2T

Hi 8, MR 2 & 1 e I i e MoK TR b A< Ca A T3 P O Imic R 75 <
SR Mn BEHAFEK & D 15~20%HEREMH 272, S ORI
OFBITIERE I K & FA0%EEVKT LU, PORNNCE
ST b Ui,

HEH Ca DIRINc L »TET Uiz BB 5 5 Tlands
Ca Oftmc & > TMgRZMWHFHE I /Z »12 &b —D2DEH
EEADBND, iz PoSMn K TRERZEE »12 L BRIL
FIIRE Y 0 ny 2 EEAOEAKMA LN, 35 Mg
REZWMNIEDIRE LI C & HEROFEEE & b ichERR
KT REHREEZEL LN D,

(2) HRZREIR

MZIERIZ ) o TBTAHALNAIERE T »1-<{ BE—TdH TFig. 4. Internal bark necrosis
observed in SMn plot.
(M54 . FREEEIB 4 EOL S ICED THERITE 12, %4 SMnXOMR R

Bak WHERO S H

Table 4. Index of degree of internal bark necrosis.

Index Degree of internal bark necrosis
e o Most shoots die back, tree nearly dead.
+ 44+ Die back in a few shoots.
+ 4+ Internal bark necrosis on most branches.
+ + Severe internal bark nocrosis in a few branches.
+ Slight internal bark necrosis in a few branches.
+ No internal bark necrosis, slight measles on base of shoots
0 Normal




66 PR SRS DI E H3 8

FHAX & CaMn X TR FEANE »1 < F D BN, MnOBIEMNIE L Caiw PRIFEMLIZKIC I
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S DRI HLEAER DFEAE 2 IEFICMBHE Ly 386D 5 B 1Sk TREFEIRIE & -7z SMn OfE
REJF SO EC, 3D b 2 HEHFETH ORI E THE L. SMn e 2 POEMIE L
RATERZEEL Utz (BB5H) .
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Table 5. The effect of treatment on degree of internal bark necrosis.

Degree of IBN

Treatment

1 2 3 Mean
Control 0 0 0 0
Mn + + - + +
Cai; Mn 0 0 0 0 } : P
Cas Mn 0 0 0 0 Magnesinm deficiency
P1 Ca: Mn + + + + } ) ) )
Py Cas Mn e + " + Dark green leaves, long shoots
S EENEE + 4 4+ ok
SMn R e S S S IOY N S RS } Severe IBN on trunk
P; SMn St A 4+ o
P2 SMn + o A . Chlorosis similar to iron deficiency

INHEDI D, 36 b BUBOERIZES MiciR U,

Control CaoMn Po,CasMn
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S SMn PsSMn

Fig. 5. Tree growth in each treatment !
No internal bark necrosis (IBN) observed on control, Ca;Mn and CasMn
plots : slight IBN in a few branches on Mn, P;Ca;Mn and P,Ca.Mn plots
closely to death by severe IBN on S and SMn plots | severe IBN and
defoliation on P;SMn and PsSMn : and severe chlorosis on PsSMn plot.

s & XK o HEERE
Control. Ca;Mn 3 kro¢ CasMn wizHBmRRED SNd. Mn, P,CaMn,
P2CasMn KTt —¥ich 2 0ERFERM 450, S, SMn K TREFEIAE 74 21
P.SMn, P>SMn OHRZHERSL 0 & <, P2SMn iz 7 v e v ARRBY LNI,

3. afrhoEEESEICRETVE

(1) macro elements

19656F 8 . 19664E7 A, W0ADODH 2 HEU T, FEARNEHEFPE, ) VBT > € ORINCX
STEE BN S S NIze B CadCa OIRIMMC L > THE 7205, PR L ICHBERRD v
WAOEAE L hiEd Ca G B AEMPED SNl (B6K) o

Hek FUMOBIORMBROEE

Table 4. Mineral composition in leaves of each treatment.

Aug. 1965 July, 1966
Treatment —
N P K Ca Mg N P K Ca Mg

Cont 2. 55 . 220 2. 62 0.95 . 232 3.12 . 213 1.52 0. 62 . 195
Mn 2. 35 .216 2. 31 0. 96 . 184 3.38 . 210 1. 64 0. 66 . 196
Cai Mn 2. 45 . 202 2.29 1.38 . 168 2.95 . 183 1. 49 0. 99 . 192
Cas Mn 2. 64 . 206 2. 21 1. 60 . 210 3.41 . 155 1. 54 .04 . 355
Py Caiy Mn 2.62 . 241 2. 30 1. 41 . 196 3. 44 . 252 1.75 1. 04 L 172
Py Caz Mn 3.08 . 234 2.28 1. 16 . 236 3. 35 . 242 1. 50 0.93 .088
S 3.28 . 224 2. 82 0. 99 . 226 3. 11 . 194 1. 41 0.54 . 144
SMn 2.98 . 186 2. 50 1.24 . 274 3. 13 . 168 1.59 0.57 . 067
P,y S Mn 3. 28 . 227 2.37 0. 91 . 242 3. 45 . 216 1.50 0.62 175
P2 S Mn 3.46 . 243 2.24 0.85 . 238 3.59 . 220 1.50 0.74 . 089
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Table 7. Macroelements in shoots and bark of each treatment. (Oct. 1966)

Shoots (per cent of dry matter) Bark (per cent of dry matter)
Treatment
N P K Ca Mg N P K Ca Mg
Cont 1. 06 191 0.57 0.86 . 150 1.23 . 139 4. 65 2. 32 196
Mn 0. 89 172 0.72 0. 83 . 138 1.16 . 128 3.15 2.19 172
Cay Mn 1.03 . 181 0.63 1.19 . 124 1. 15 . 124 3. 49 3.10 . 165
Caz Mn Q.97 . 178 0. 67 1.12 .17 0. 87 . 140 4.73 3. 55 . 187
P; Cai Mn 1. 14 .210 0.68 1. 00 . 143 1.17 . 136 3. 36 3.00 . 146
Py Cas Mn 1. 24 . 200 0.70 1. 06 . 118 1. 37 . 158 5.08 2. 50 . 154
S 1.33 . 227 0.72 0. 90 . 139 1.63 . 155 3.97 2.00 . 163
SMn 1. 47 . 194 0. 86 0.78 - 156 1. 62 . 129 4. 46 2.03 . 163
Py S Mn 1.38 . 209 0.79 0. 86 . 144 1. 50 . 147 3.97 1. 68 172
Py S Mn 1. 47 . 205 0. 84 0.85 . 123 1. 61 . 130 3. 81 1.78 . 181
B8E MRHOMERS 4R (19668108 DEIENE < H Y IRRH S i
Table 8. Macroelements in feeder roots.
3 Vi Y7
(Oct. 1946) BINT CazJ&ﬂﬁJCJ: ’DVCi”j_\‘ L.
B 3D Ca 5843 Ca DR
Treatment N P K Ca Mg -
ek »THE »IcEE -1,
Cont 1.23 . 201 1.18 0.33 . 111
Mn .24 .166 .07  0.30 .09 o Ca 48k Caomimc by
Ca; Mn 1. 51 . 180 1. 35 0 36 . 144
Cas Mn 1. 16 .213 1. 31 0. 34 . 155 Brd 2 IS 11 (A8 8 3B
Py Caz Mn  1.26  .185 1.14  0.31  .109 2 BRI 7 5 7 (313 8 30
Py Cas Mn 1.40 . 207 1.36 0. 36 . 127
S 1.70 185  0.85  0.32 085 Z Ofad macro elements
SMn .17 199 0.90  0.32 . 145 ) - .
Py S Mn 1.26 .25 1.74  0.40  .097 UM O3B b 1
P2 S Mn 1.54 . 151 0.75 0.34 . 106
oot (73,
(2) Mn

JABE & BRI Mn & OBIRIZ 6 IR LTz

HEPRMnE MadiRine & > THIED 1072 ppm & D i< XA L 72 » 7214 Eigh o, Cap
M & T, MoBGRIO 1124 ppm & b #915%. Cap M X >CHIZ7%(EF LT 709 ppm
Th oo U CRMBORIME Ca MOBR 2 MF U 1ze S OEMIE I Hilk L C3erh Mn %
Y emotzpi. SMOKTIRMIK L b SAEE b . 28O PEImE & 5 ic#EbMn 2 9k X
1472 ppm TURBIH S EMIE T D >z FHIONE 1Comic B E T 5 Mo S Eic 6 5
IREOIR St M &HIFA—Td >7205. S ORI TEICH L. 1h< RAGEVEED.
P2SMn X TIEL 2y 272 i8R > T intze BUCIZIR 3 2808 577 PARBMTY Ca OFIMmck > 7%
UL Mo SRBIET U, PO Ca o % ms= L,
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C O Mn ST b a3 & BN L X € MK TRIBIN S iz Mn i 2 0% Hicib.b
M N, BRE NI L 5 A 5T b N, HEERAEY b s o1 I d » T, BINE
Nt Mg iRic BRSNI L 51ca 51 bNa C &b, HEEERISED b s 1oufiicd -
Tl DRI S 17z Mn AR e s U T ol 3R 3B Vs s oo & DB A b N B BHIRIE Y T
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Ute POWME Fe 2434 2 BU»Ey 61 o 0
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Table 9. Iron and cupper content in each tissues. (Oct. 1966)

Fe (ppm) Cu (ppm)
Treatments
Leayes Shoots  Bark Fre(:)eodtesr Leaves Shoots Bark P;eoe;dt:r

Cont 263 174 456 - 35 17 75 —
Mn 324 194 414 1750 45 19 64 21
Ca; Mn 326 183 413 2426 48 15 70 22
Cas Mn 301 195 453 6455 50 18 72 19
Py Ca; Mn 304 131 352 1312 67 2 60 21
Py Cags Mn 328 131 451 — 68 21 84 —
S 368 207 601 822 53 20 66 11
S Mn 390 261 456 1913 32 16 50 7
P1 S Mn 326 152 477 2000 74 16 71 30
Py S Mn 281 185 598 1746 61 20 107 11

5ENZh »iz,
%$®CuﬁP@%MKiof%k?%@@ﬁ%@%ﬂtﬁ\M®m@Tm@ﬂ%m%BmT@
B 212, &7 calcium phosphate DFBIEAIZ CuRZEL >THHDONBE LbN TS A
COBAR S ARBRTERBSE T 27z,
Mn@ toxity X Fe’RZTH2 &bz . C DEE T SMnPy WLFE T Fe /R Z FLIFE LR H3
HHONIH, N2 FeRREMASIT A CETERD o1,
4. BT OMNE R &+ Mno %
ﬁ&ﬁﬂ@ﬁ%&ﬁ&$@Mnﬁ§&®%%M%e@wﬁbtoé%%@u1ﬁ&¢®Mhﬁﬁ
@ IO Mn B8O & 5 oMk E s BG4 5 hd. Ca BMX TE RS B
ENIZH. SIMX Tk —E OB MY & N 27z,

l- '..O'v,.'
i 3 “11400
L1 i i ™
i /.—' ",__ i } é‘!\ R
E ., H v VWPo 11200 E
¢ 0 i Lo oo &
ol 9 s i o e 1000 3
2 ; LA
& % - ot g * E
2 4ot “ - /\- \ / X 4 800 =
o x "-.o.-' X — . _/ 9
i 30 \ /-/ \ﬂ\xgil;k Mn 4 0 2
3 AN T T 700 =
% % NN v w0 =
— AN () - .
5 { A J Shoot Mn
£ 10l ’//,/’ ¢ 1 200
L L ] i 1 L H H

L i
Cont CazMnCaiMn  Ca:P:Ma Mn S P2SMn P:SMnSMn
Degree Ca1PiMn

-of IBN 0 0 0 + o+ A b b
Fig. 8. The relation of manganese concentration in each tissues
and water soluble manganese in soils.
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Table 10. The correlation between manganese concentration in soil and

manganese content in tissues.

Readily reduceable Mn Exchangeable Mn Water soluble Mn
Leaf Mn —0.076 0.615§ 0.519§
Shoots Mn —0. 269 0.278 0543 §
Bark Mn —0.501§ 0. 131 0. 204

§ P<0.20

B Mn & %k Mn (3 & 2 TR OBGR R 6 Nizpd, HiE. Bb Mnd BG5S 7eh 27,
IKIEHEE Mn 320% L v OB B TIE & 212238 Mn & Hi8d Mn& OFic EOBEHED o1
17,

V. = %=

BERR B FE AR 2 5 D 3 D Td 2723, WO O HIZAE R 2 £ ORE T3
BV 21z, ROEANME B BAEEO 10 HOSH T 1070 ppm ¢, B OEN THRE &
NT0 2 MBRRS O EEFRMnic il UC IERICE» 272 (1.2

AR OE I LD ATEEM 2 (LF &, BfEMn d (T 387025, B#etk Mniz Cay s
& 2T SR UTCHMBERIE E 272 B & iehs 12,

) CEAE (DR P &g omsind Cad PR Uc#aicid pH (H0) »EFawi, ¢
FREATIRE Bz > Toehs, chdsifick 3 NHy ORINDREEK I & A EROBES T s nm e
Br oMb, F12P% Ca P LB AK pH, exch.Ca OETE, y1 2t UAA U HEE»
54T, MEa Ny YERO—id calcium phosphate 12Z5{L L. Al— POERIZ Dz o1 & &
ZbNb,e

—J5 SMn [X® pH 4. 0 [ffiEic 351 Tid. P ORI pH & Bgiett O aiicid & A & s %2 iz
S75h 1z KIEHEMNE AR & OE L1288 1 P OSRIEMI & > THIA Ly SMn & B L7235
AR PODRBEHIC L > TR U, MEERE P ORI X > THIMUIzH, ¢ g pHAETF
Us KFBEUEMoS ER Uic o EBA N b,

S OEIME TN UTpHOIEK e & A E R 2 <0 BBTEMn, #ifE Mn% e LA
WD IR, KIBEMUIAR U, MEEROFEERIFECEE T ~1.

Pllo Lo w3 g TMI O RA 5 4T, pH OET & 2 ictliz 5 kA Mn o L&
EHIBREIR & B b B2 BIfR A B b . Bl Mn & B e Mn O B3 M IER O FEAE & EHER



72 KHREBRBET RS #05

BEIEMENEEALL 9. CORBIREIHE 3 X< —BUIL

AR ORI MuiB RO 1 ARG TH D, BIFRE AU < pH 5.5 L TEHY 5 & k¥E#HMn
BRI E TIET Uze Vv 7 v =0 OFBIc X 3 ) PO MR U TR SRD b
NBNED T, LUAHEINT 2EAMNEYD 5N, COBAO—>& UTHMAIMZ 5 pH
DOETHEZLSNS, £ pH 4T T POSZRBIC L > T, —IENE BN 2 KGN
MnDIlE »BED 61,

S OEME Mn OB PHIA S ¥z CNUKRMEE DS IERBMARIC A DL AR b 1,
TORR DD OROSH Y v TE BB I N T ABRETIE S OFMER 4 %0 L IEE
CARNTHIE YHET DMENDHA 5o

YV rBoZREMEEE (Ca(H2P 042, HaP O3, KH2P O4, NH4H2P 04) OUhA %
BT UL TEMaO R 2 IS5 & 0N 3.4, F 1 N33R Mn 2K 34 5 & #
HINTWDHDTG. 6. VU7 v e=7 O pHOIET 2875 D754 T & 3 Mn 21
REWDEHDCENTED, HIEMOMOEWF I T SBFEINIFFEE T 212 CHIKK L
THRAMnERE CCOZRMMIc L ~TIHRL. POEIMCE > THAD U, Héh Mn & AOBIGIC
& ~te

Cvid, MBS 2 D e WHIEB DR Mn 23, HEichd h 2 T0nEEAL b 4
MU LEBESNTI D (.2, 325 < AFESR BN L 75B8FOMn 2 MR i e 45 U T 1%
CED CEBRNIDTHA S EBA LN, CORBTHEA Mn © mobility 18§ 3 & ZAL bh
% FeldMapiZ MR TERITETE L. 20 & 9 28 TIRMBER S FE Uk WE-IDBED b Nn .
Ui LR Mne CaBBf%, 25 & OV L 0% f8kA D Mn & Ca, Fe 36 & b OB & Ol %%
BEFREPRHETCERT LD o1,

V. ¥ B

XD M8 FIBE 19 2 AR, ) B3 X OUKFIREOZIE 2 M5 12010, MBS T L
PEVIEEEEE R, 22 —F 25 e F Uy v 2R HE L T200 0 BEOSTRB 21T o7,
Lo AKOwEmE pH 2, FERRE & KEY: Mn 2 (KT 39T, MEIBOIE 2582Ics 3 4
o V7 e ORMICal PFALIZEER L UA PH 2T W, KIEHEMn %2 & Tl
MIBOR 2 FE S8 ico SORINE pH 20T ED 727210 Td »1205, MR »E U kS«
RPESRITH 7o Y VBB 7 v F > % SMnd PFA U 2 3B 8i id AKIAEME R U o S AEE 5
B 2R Uy $EH I SMn iz te~iud v KA RS 72,
2. P OZETEE Mnid pH S35 U TR L. Mo RIE® 0O indicator & 13755 /s
W 2tey CAUCR U TTORIEYE Mn i3 pH & AQB{RIcH b, MniBRNEE 5  MHETH -1,
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Hi B3 o Mn & & M OBIRIEIE, K F, RE#E el U Td »12e Mn OIR

I B OMnE R % D § Y 12150 Th 21285, Ca ORI HL IO # e Mn 23 L
CIETF S, ) V7 v e v Otz Ca & PHA L HEE# IO Mo SR 2 /Y 12,
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Studies on the Soil Fertility of the Apple Orchard.

VI. The effect of limestone, ammonium phosphate and wettable
sulfur on injury of manganese excess.

Toshihiko Yamazaki, Tanetsugu Niizuma and Tatsuo Taguchi
Summary

Experiment was conducted to determine the effect of addition of calcium, phosphate,

and wettable sulfur on manganese excess of apple trees grown in 200 ¢ concrete pots
with Kitano soil of which susceptible to internal bark necrosis. .
1. Addition of calcium increased pH level, and decreased titratable acidity and water
soluble manganese. In these CajMn and CasMn plots, the internal bark necrosis was
not observed. When ammonium phosphate added to- calcium, it decreased pH level, and
increased water soluble manganese. ' In- these P;Ca;Mn and P:CasMn plots, slight
internal bark necrosis was observed. Application of sulfur markedly increased internal
bark necrosis, although decline of pH level was only slight. In these S and SMn plots,
trees were closely to death, When ammonium phosphate added to sulfur, water soluble
manganese was more of less higher than sulfur alone. In these P;SMn and P2SMn plots,
internel bark necrosis was slightly less than SMn plot. ‘ ' , ‘
2. The concentration of readily reduceable manganese could not to use as a indicator
of degree of manganese excess, since it varied parallel to fluctuation of pH level, and
not correlated with internal bark necrosis. On other hand, content of water soluble
manganeze had a possitive corre'ation with degree. of internal . bark necrosis, and. a
negative correlation with pH level.
3, The influence of treatments on manganese content in leaves, bark, shoots and wood
was similar in these tissues. The manganese concentration in these tissues was markedly
decreased by addition of calcium, but slightly increased by manganese supply. When
ammonium phosphate added to calcium, it increased manganese content in tissues of top
in comparison with calcium alone. On other hand, The trees of no symptom of internal
bark necrosis accumulated more manganese in feeder roots than affected trees. Iron
concentration in feeder roots was parallel with manganese content.



