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Yamamoro: Studies on “Abnormal defoliation”

of Satsuma orange trees under sand culture.
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WUE BB &R D AKX
1965
m ® X N PO, K |Mn | PH
ppm| ppm ppm| ppm
Mo 1| 20 40 8 1 &0
N 20 ; 6.0
Mn 8 | 20 ” x ” 80 4: 0
Mn 1| 40 | » & 1 28
N 40 | 6' 0
Mn 80 : 40 | ” ; ” 80 4: 0
Mn 1, 8 | » | » A
N 80 % 1 60
Mn 80 | 80 ; ” ‘ ” 80 4: 0
f ? 6.0
Mn 1 160 | » | » 1
N 160 . 4.0
Mo 80| 160 | # | # | 80 2:8

@ 18240 20 BEEL7C. 7277 LB ORISR
BQUY /A% % A URALRY ;AR R It i N D o

M %, 8 F20f, 107201, 1143208 O3 ER)
CHESHTE, HUCOnT Y 8 H20H, 11A20RC#4
XD ERD I 21T 572, COBE N (3 Se-
mimicro-Kieldahl jJ;, P (3 Deniges j#:, K {1 Flame
Photometer %, Mg, Ca {3 EDTA * v — h#EEDL,
Mn (3 BHXBPrkE FX 402 B H BB 1R
SEEDTHS. Mn OEREMT 1k X iR
30kV 20mA, i EEE 1000V, Gain H-2, Time
constant 2 sec, ;47 Level 10V, Width Infinite
F.C (Fluorescent Count) 62.95°, S. C (Scanning
Count) 60.99° THI#MBMAENT, TRLLS & F
ZEBRLY 1 ERT >EDRERK, 3g 9209,
VEDT R VTHBEL, Jhic Mn % 50, 100,
250, 500, 1000y (=7 2 & 3oz BA, MiPE 50°C
T7w bvERELL, BRBRERARL L T AN
sl —EmarFr v ERuic, WENEE <A
5~ EFE - 2R AL (Kiff 10mm? (2
MARE 500mg 2 AnB—CHEEH L Sk -/12Db,
F.C-S.C o FnR¥HZ 2Tz SCHFC oIz 2
FATF->MEL T F.C/S.C ot Ly, ithuz 1
5o Fixed Time j:TIi4 -7,
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SN | B | RR | M
PH 6.0 ‘ g g g g
Mn 1| 252 7 24.0°| 175 | 103
N 20, 80| 220 | 220 | 161 95
Mn 1| 265 | 30.0 | 158 105
N 40
Mn 80| 226 | 24.0 | 146 74
Mn 1| 265 | 26.0 | 149 73
N 80y 80| 193 | 22.0 131 73
Mn 1] 177 | 12,0 | 121 69
N160 ney 80| 155 | 20.0 108 54
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HE VWG E» S5 NY, pH 4.0 X T Mn 80
ppm FEINK(L 1ppm [XC T, N #iffRE 80ppm
DFTRRET T 2o 6 .

K 483, Mn fH#E &£ DBHRTE, Mn lppm
X3 80ppm [KiZHA~TOCE L AR EGNES 6 R
7oh%, NREFERE & OB EWE T, BEEMT 312
Lz -THLS K S8E05ETL, N & K ofifl
TR RS SN, '

Ca & &3, Mn KiBE L OHR T, Mn80ppm
IKig Ippm [KICHA TR MK < 72 2 BHER0 & 1,
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B3E WL BT 2 A EE R
Ao 1965.11.20
ERER N P K Ca Mg Mn
PH 6.0 | 40 | 6.0 | 4.0 6.0 | 40 | 6.0 | 40 | 6.0 | 40 | 6.0 | 4.0
A % A % % % % % % %| ppm| ppm
Mn 1| 2.87]| 3.21 0.227 1.49°| 1.28° 1.91| 1.95|0.422°| 0.287’| "77 | 213
N 20nn 80| 267 3.08 0.213|0.219 1.21| 0.90 1.36 1.26 | 0.502 0.619 | 1437 | 1413
Mn 1| 407 4.03 0.227 0.260 1.19| 1.34 1.36| 1.35|0.258 | 0.303 | 105 94
N ONm 80| 3.80| 4.060.227 | 0.227 | 111 0.77 | 1.22| 1.33| 0.422 | 0.649 | 1165 | 944
Mn 1| 567 6.22 0.205 0.344| 1.06 0.77 | 1.0l 0.90 | 0.211 | 0.197 | 69 60
N 80 nMn 80, 4.68| 5.00(0.382 0.228 | 0.91 0.75| 0.96| 0.58 | 0.250 | 0.214 | 796 | 647
Mn 1| 579 | 6.93 0.407 0.434 0.66 0.65 0.96 0.67 |0.164 0.413| 37| 54
N160nry 80| 5.73 | 5.83 0.249  0.465 0.66 | 0.55 | 0.94| 0.72 | 0.194 | 0.214 | 383 | 407
Feak FMNEBEBRX 0 H L H Mo & &
1965.11.20
\5@@5 N 20 N 40 N 80 N 160
> ! | \
o \ Mn 1 | Mn 80 Mn 1 E Mn 80 Mn 1 Mn8 | Mn 1 ‘ Mn 7870 _
PH | 6.0 40 6.0 40| 6.0 40| 6.0 40| 6.0 40| 6.0 40 6.0 40| 6.0 4.0
| ppm ppm ppm ppm ppnlppnw pPpm ppm  ppm ppm| ppm ppm| ppm ppm| ppm ppm
# 4 |77 213 | 1437 1413 | 105 1165 944 | 69 60 796 647 [ 37 54 383 407
# K| 187 193 | 560 480 | 173 207 | 466 420 | 89 260 346 247 | 166 60 | 280 413
% 73 24| 233 312| 30 27 ! 210 | 33 36 ! 20 198 43 24 47 101
R | 87 133 167 470 | 113 273 | 773 700 | 180 227 684 593 | 200 273 | 256 427
M 4% | 280 120 | 1787 1467 | 233 446 | 1673 1060 | 740 740 820 620 453 867 | 960 1633
N fRBRES T 2 Lzt > T L. pH
LAMEEHRE Lnd otz
Mg &8, Mn KFHEE & OB TIE, Mn 80
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pH 4.0 RTEI—EL-EIIRD SN 72,

c) EifFENo Mn ERIRAE

FAFEX D Mn ERFEIREEZ O MCT 3 720ICE,

H1R ERN Mn o4S5ARREE (1965)
%%w%%W (RS EMRG B2 Y,

\CEES L EWOBEEHMOESMICEEIC Mo Y

%?*L'CQ‘ZNM RIS,

£, &, RS ICHBOTME Mn &85 H~/ d) ABAROMHEIC L 3

FEREE4RCRLULZ., T4obb MoHBEREN HR (DT EFBBIUFTY IHVE) ORLBH
B6, pH oM#ICEIFRL < Mn&G8iX, fIRCRY Fi 2 FAEEEBOCRIRDOREICL - T, NB&
%<, DOTE, ¥, Fi, BROJHTH 72, Mn jf O Mn g R E DB ENERE T C L LT TS
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Yol ICONTIETT2EAR DY, 1FEDBE & RIS

D EICEAND Mn SARRAEF S 3 -8 N20-Mnl
L0 N 20-Mn 80 o FifFEF TBLE LT 300°C (= C

Mn RHBENRS T2 C N THMLE. 25258
(TFY i AVERICHELUTEL T Mg B4 EHian

KA LU7-%, S F o+ EiEfe Fafo LT 3 Ao, Ca BEICHOOCTLAECH T2 FH1F
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1968 FE - - Ak BB X BTN L v O REERECH Y 2% 15
$5% AKDRZLZHEOENMESE
SHGA%  1965.11.20
. &= Eii N 40 | N 80 | N 160 ‘ N 240
wgEx | Mn 1 Mng0 | Mn 1 Mn8 | Mn 1 Mn80 | Mn 1l Mn80
nsaraN %| 3.3 3.54 4.64 4.25 5.55 4.49 3.67 3.69
P o~ 049 0.43 0.41 0.34 0.30 0.33 0.36 0.29
K » 102 1.09 1.03 0.98 0.51 0.40 0.54 0.54
Ca » | 1.59 1.52 1.30 1.27 1.20 1.24 0.68 1.15
Mg »  0.37 0.41 0.30 0.40 0.27 0.30 0.26 0.29
Mnppm 69 553 | 54 776 58 454 49 70
Fviava N 9 ‘ 3,06 2.86 | 4.02 3.89 5.03 4.88 4.25 4,17
P | 0.38 0.23 0.25 0.25 0.34 0.45 0.45 0.45
K »| L7 1.23 0.93 0.91 0.76 0.56 0.56 0.70
Ca »| 1.16 0.92 0.82 0.61 0.70 0.78 0.64 1.12
Mg ~ | 0.37 0.40 0.33 0.30 0.35 0.33 0.27 0.36
Mnppm 3l 325 53 194 23 93 44 71

RS SN T, Mn RRRE & BRI

1 AT OB R L 2 AROEATH -7,

e) FiAaENERSEOLEL
1 AFAE T O A IIRIX ) S B R O BN L I R3S
2, 3LV 4R L. N, Mn, Ca LU Mg

ppm

100 | )

’
80 |
60

40t

10,20 11.20

Mn 1

1, WEN L AERSEDIC Ut - THINT 2 Ei0Y
Wy o nroht, KIiZETF L, P timasban
»72. Mn FRREREINE N XU Ca &
(1R LETF L, Mg (3907 2BHesido s nrc.
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M. Ca DOHEAMED Mn O
BRCHERFITESR

L SRR B L UHE

ERMRHT, HREGERMN 2 F48 (5 25H)
#19674F 4 B1711(jf % 40cm, & 30cm o FHEGk
B E O T, AERK AL L. o
KL T ZhTNOBMPROMRITIFEE6 KDL kH T

B & BAUBX L REDHUR

1967

% e N |POs | K Mn | Ca
ppm  ppm| ppm ppm| ppm

Mn 1 80 40 80 | 1 1

Ca 1 20 ” ” 2 20 ”

40 ” o ” v o 40 ”

120 v ” ” ‘ 120 W

Mn 1 | 80 40 80 ; 1 80

Ca 80 20 ” ” ” ' 20 ”

40 ” ” ” ‘r 40 ”

120 ” ” ” | 120 ‘[ ”

xR 80 40 80 | — —

»H3. Bt pH (3 H.S0, 76.0(C

T - BRI BDHERBRIC L 3TN 2 2 v o RETEECE T 3R 17

€9)

700 BEAE [

|

600

400r

300

200 |

100

Mn1 20 40
Ca1l

120 Mn1 20 40 120

Ca 80

F5K W ERFC 30 3 HRAUEX o EAE (1967)

BIR RUBROENEHRER

PR, MEEHK L L TZn: 0.05ppm, *fHeA 2 1967.11.22
Mg: 20ppm, Mn: 0.lppm, Cu: 0.02 i \m*&gi N""“' P‘ KV i Ca \ Mg 1 Mn , Fe
ppm, B: 0.1ppm, Fe: lppm I kU° AFEX | B » 5 -
. - ppm % % % % 7 ppm ppm
Mo: 0.02ppm %38 | A L, 11722 Mn 1) 2.400.23 ’ 1.15 1,95/ 0.26 66| 87
HECHAELTHE3E 1YY 20 T 204]8.15 QW;L%’Lmlam 9% 67
WLz, I LEORBRRCESELD w”30702ylﬁlﬂjom3H 331 85
AT U 78 O ERBEIC 24 S A L 7. 120,| 2.74 | 0.23 1.18 | 1.40 0.22 ‘ 301 98
> — 3 £ m: ! ‘
RAMDTREINSG. L RRQTHETH Ma 1 3.26 | 0.22 1.61 | 1.60 &u} 61 75
% ofz. Aris Fe o5pfis O-Phenath- caTE™ 204 3.090.20 115 2.40 0.15 142 128
roline I T4 72, 40, 2.80 1 0.22 1.21 1.95 0.18 234 68
2. EBAER 120, 2.68 0.19 1.11 1.60 ' 0.10 1074 55

19674511 22 A 3 LRI 3507 2 RABRX OB
FFHF S5 KCRL. Ca HHEBREX CTid, Mn &
ErFGing, 24fELLCHRENET T 23012
LT, Ca HEAEIMEX Tii Mn 40ppm Wi T
i3, L LAHML, MiRREL L LNBBH oM.

b) ST

ERERESBIFETRIORLL, Mn 8 Ca i
JARENE/VICHIb O TRABEN MY 3L
o TEVEEZRLA. Ca R, BRERERXG
EREERICHNTEL CTEVEEFR LY, BBRE
DRRIE EBHE TR 12, Ca HAEBREXTHE,

Mn fEREESMINT 32 L2 - T, N, K 8¢
W+ 2@ ED SN, KEBETEAS A,
»72. P, Mg 1550 Fe G813, Mn 550 Ca fi
JRREE &L DRI —EDBMME RS S hah -7,

IV. ¥ Mn SRODZLLHBERD
WX XBERCKIEY
1. ERME S LU Hk
19654 c Wtk L 7c 2 ik » 5 4 &, N40-Mnl
+ L U° N 40-Mn 80 [X o0 i ERFOReMREE 0.5g & it
L TR Fiikic & 0 XA L 0 i ERE B~
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Fe, Zn, Ni, Cu 481380 XEET

ONEITIE, BRI & N iy

SRR

fitf RS

B 205
LT rBLUIRIEE ML e 5~
APAT L VI, 73 /B NdiiphosriE No
SIHTT LK Sml & WU ZERAGC LY,
o HPO, ¥ (85% H;PO2ml (Z7k | ml 0#|4T
L 7-34 @), 5ml o Ninhydrin %% (15mg &
i0) iz, 60°C oERi T30 IRIEZEN LA
¥ & 17100N HeSO, T(Y, #AF—RFITL-T

RINERIN S ¢,

Im!

W EE L, 7=4 FENE, 73 7IEN Lk
ORI F G, JRERY A B S0ml § H, 6N

H,SO, 10m! #fnx, WhlEL 2EBRIFIC AN, 10%
NaOH 4m! #hnz, # 3WRMERYL, ®RI7 <
/BN Lo Loz, 7Tve=TE N1,
Wi 20 g CBRELA TS A F— THFEL, W
KRB LD, MgO #mxT, #40°C o@Rih
(2 2 WY L, K37 2B N R ER
L7z, '

2. EERRSH ,

8 RIRT ELVFEAMaGEASMINT 2L

. 1/g/h
212, pH 6.0 17 pH 4.0

V. Mn OBFRIERD 10

NP 0% SEHE

L PRl & 05k 02 30

19654142 Nk OB BERER & 1775 - 7 ﬁ
DM 1g %, 1LAITHICREL 25°C & 2
T, V=T 7 ORIEE O T
&L 10

BIKORT ERY N RARECH | || :
B <o M SERIRE DRI~ Mot e e 18 11w
TR LIFRIGEIMET T 2 HfassiZe o u/g/h
N7, 2o BAD By 3 B0 b A 2N T 2T H 28T Y T VB
THhototts NT 2 FEICHSRTHFY 3 20
n B, L TTPRIGHEAME T ¥ 3
HYR & h s, o P

V. Er Mn SROMERE 5

N {E& DR B

1. AR L Ok 5

19674 b BRI H3R L 7239 Mn &
BORLHHL 01122 0 H 82 R -8 s
S5g BEL, FEEE N (2, Eirrxsy N 40 80 160 40 80 160
+ A —l;‘f—f~)|$j}ﬁz,‘yb, 70°C @f},}fﬁqng:ﬁ(\j 25°C 1965.11.17
SRR 1%, RERRHE N T, KT FTK N BB OHHUITRITH: (1965)
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W8 & Ky Mn &

BOMEE N LEWHORE

O HIEG

ik wREBIC & 2N 1 » v o REEECIYT 2 Ui 19

BEDONIEREL T35,

1867 AEBRTIE Pd Mn 1107 N AR

Mn%ﬁ]“ﬁagﬁi /@"y774¢”[%v%: mmg&;orqﬁgu#§<%§éﬁ.
o N | BN | 7N Mn i HIREE & DBEMETE, W < i
61ppm l>§in1/g73.s% f%ng/gu.g/”{ P9850 o %000 EAECBE, K Ca @RRiETL,
143 ”\2&1746i38122§54 16.5 | 0.05 0.16 Mg 7203 4% < 72 s AR S5 hure,
23¢ , 185 65.8 4.3 15.2| 5.3 18.8|0.03 0.12 & SO MBERDO TN 2 ENLE LD
1076 » 17.6 65.3 4.5 16.7 4.7 116§0ﬂ1 0.38 &, EHEMCHCT K 3EFL, N
s en T ' (XBINE A0 0%, M 5500 Ca (Fi
ThLWnTat8Ecdh b, Mn 3k

Mo, f& N Bicxd 2E5E N oM&gEmwd+ BRI, s, LAYS QESKEDIC Lo 5T
2R HAGHN, 7TI/ENBLUE7~1 FlEN o HEN Mn SEEIHMT S L ERED IR LT
G AT 2SR S h. Hotl, HAPSEPN Ca & Mn L o ZHBHRIZHI

VIL ¥ ®

MM 2 7 v OREREO L LT, BictdT s
WOEOMWT, EEDZ IZROBIL E3HE O,
Y, BAY GICL - THEINTHS. BIE® 61
L3 EMHHC L 2 BRFHEEOHBIFEBRICE W THE A
Mn @237 2 LHROEDBIN F R0, Lo BEAE
DMnEENE» 1L EREL T 225, AEROK
AN & Mn BEGAEGREICSIFTEECTE, Mo
BRDOLOEAL, CROEKENS Y, TOREE,
LA N BHBESRT L, 2ARENMETFL, &
ISR B OB E L 12,

L LAFERTREERIGDODFERERL Y, 2KH
oM AEIB b L 512,

N EAHBEO R E RBEOBAC 20 T, Ak
WEHY v h v EHRL CYRE LRBEOMSRLER
DTEY, FHOBERTIL, BEBREO-HBER
ERRIY, MEEIBAL, &< NEROBE L

BOBEFETIC30BET 34D EEL LN

DECENEHES R Mo 510N BHBENE
Czphid, MRDC Lt REFEOENE BRI
L722%, N Mn S8 N fifARECKRE L EE
X, N REFHRESEOSA RS %<, Wik N
MG EDICONTIR T LA, S 6 DB ek
DG, EICHRBO V0 RLBEBEL T30
&% 6N 3. Labanauskas P8® & 3.3 v o 7 o
vveT, NP RIU K ofiiEBEE22C LI
LY WBERBNOMEZHF LR, P oS ER
JETHEPN Mn SEMIL, K 0% BRI CILT ¥
2L TkD, FIRBOE D v FYECOHEL
r2iFHZ DT Mn, N, P, K 15 L0 Fe oNE S
FOWMERL, Mn 28 L oMBEBGRE ks L o 3,
N, K, Ye L iZHIBGR0En o, b¥pic P &

ONTRADP I EBREL THB3DICKLT, AERT
¥ Mn S828m7 2 & Ca §RXLOMAT 3 M
[WASERS & 7z,

LorL7zgn’s Mn SERBR, HOnCEE o
FORE HU KT 2 LBz AL N -
72, ¥/ pH OB L3ERIEDONILH, - 1o,

Eithrho Mn D3I D0 TR, BAYL D
W& LA Mn SEIHBICEL %<, DT,
BE, iR, BOETH Y, ETEAMRTICS C#IR
EfanhatoLlibhr.

NTAFHREFY I HVEORMEICL 2 Mn WY
EDORE R L CERE RO B i 24 E R L
WY TEED SN 7205 BARDES, HED
SIATIRIED MRS X 0 B - 108 ROWREME L 5 3
bDEEZOND.

D&(C Ca & Mn [ HBEE L OBIREF 2L &
2, Ca (RBEX T, Mn BESSINELEAE
FLOMRBESETT 20040 €, Ca FBEXT
e LAHML, MRELH L2338 5 h o,
Randhawal® &3+ v 41 #Kk# L, Ca BELLY
i N st o LITTHEBE Rl A, ¥
19 CaERETIATNSY, LEIERL VME
RO > T, WA BT ROWE, BRLA0N0
o H LT, Ca @SBERGETENRFICK -k
RT3, L LA oA Mo G5, Ca i
REZGOTLRI T 3EAEIEDO A o7z o
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Summary

In order to investigate “Abnormal defoliation”
of Satsuma orange trees, the experients were carr-
ied out from 1965 to 1967 on manganese absorption
of Satsuma orange trees under sand culture.

The results were as follows:

1) The plant growth decreased with high level
of N concentration. Particularly, this tendency was
recognized remarkably in the fibrous roots growth.
With increasing Mn concentration, the growth
decreased, whereas this tendency was depressed
with high level of Ca.

2) The Mn content in the leaves increased with
high level of Mn and greatly increased with decre-
asing level of N. This trend, however, was not
noticed under Ca concentration.

3) The P content in the leaves was not affected
by N or Mn concentration. The content of Ca
and Mg was more affected by N concentration than
Mn. The content of K and Ca reduced with high
level of Mn concentration, but in this case only

Mg content increased.

4) Under the various kinds of root stock and
PH of solution, the Mn content in the leaves was
not changed.

5) It was recognized that the fibrous roots in
all parts of the trees involved the relative abund-
ance of Mn and Mn content decreased in the order :
leaves, shoots, middle roots and trunks.

6) The content of Ni, Zn and Cu in the leaves
was not changed by Mn content.

7) With increasing Mn concentration, respir-
atory activity in the roots reduced. In this case,
the content of protain-N in the leaves reduced,
but Amino-N and Amide-N increased.

It has been suggested that ““Abnormal defoliation”
of Satsuma orange trees is caused by excessive Mn
absorption. From the abové observations, however,
“Abnormal defoliation’” was not always caused by
the simple factor. It is, therefore, presumed that
various factors as declining of tree vigor will affect
during a long period on ‘“Abnormal defoliation”

of Satsuma orange trees.



