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Chemical Characteristics of Acid Soils Related to Plant Nutrition
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& 1 vIER# T 002 N NaOH chfilliE, £ Ofinb
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486 bR LRE F13% F45
Table 1. Soil samples
No. Sampling site Soil type Note C%
Japan
1 Saijo (Hiroshima) Yellow-brown forest soil Uncuitivated 0.47
2 Minoshima (Hiroshima) » ” ” »  (subsoil) —
3 Makinohara (Shizuoka) Red-yellow soil Uncultivated 0.93
4 Mikatagahara ( » ) » » » 0.95
5 Hachirogata (Akita) Acid sulfate soil Poldered area 3.16
6 Iriomote (Okinawa) Yellow soil Uncultivated 0.60
7 Nago (Okinawa) Red soil ” —
8 Kuromatsunai (Hokkaido) Light colored Andosol ” 1.50
9 Sapporo (Hokkaido Univ.) Brown lowland soil Upland field 1.79
10 Teshio (Hokkaido) Peat Uncultivated 16.6
11 Shimotonbetsu (Hokkaido) Pseudogli podzolic soil » 12.8
12 Tokachi-Dake ( » ) Volcanic mud-flow ” 1.10
Indonesia
13 Tegineneng (Lampung, Sumatra) Red podzolic soil Uncultivated 1.32
14 Tamanbogo ( ” ” ) Red-yellow podzolic soil New paddy field 158
15 Singamerta (Western Java) Yellow-podzolic/gray Paddy field 1.79
hydromorphic soil
16 Jakenan (Central Java) Gray-hydromorphic/ » » 0.49
grayish brown soil
17 Muara (Western Java) Red-brown latosol » » 1.59
18 Metro (Lampung, Sumatra) Red-yellow podzolic soil » » 1.53
19 Seputih banyak ( »” ) » » ”» Upland field 1.28
20 Rumbia ( » ) ” ”» ” ”» 1.68
21 Adijaya ( ” ) ” » » ” 1.50
22 Padangratu  ( » ) . ” ” ” 1.44
Thailand
23 Khon Kaen (Muang) Red-yellow latosol Uncultivated —
24 Chonburi (Panat Nikom) Gray podzolic soil » —
25 Kanchanaburi (Muang) Red-yellow podzolic soil ” -
26 Lopburi (Phraphuttabat) Red-brown latosol » —
Colombia
27 Carimagua (Valle) Oxisol Pasture 4.0
28 Santander (Cauca) Ultisol ” 7.1
Brazil
29 Botucatue (Sao Paulo) Red-yellow latosol Uncultivated 0.66
30 ”» ” ” ” Pasture 0.45
31 » ( ” ) Ragosol Uncultivated 0.53
32 ” ( ” ) ” Coffee field 0.44
33 » ( » ) Dark-red latosol Pasture 0.44
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BORETS0INNaOH O mé¥#a Y1 & L,

AT AV 3% [ 1:40 © N CH;COONa (pH 4)
FARSEE SHEIEE 5 L, @O0 8 (2,500 rpm) 14,
EEEPD Al R T A 3 s VAR CER, mg Al/100g
BAFERE L,

EREEE, HEEHREE (CEC), EEfNEY: +
3 3 7 w Schollenberger #:, N CHsCOONH, (pH=7)
THESERE A ERERZB L, BT Ca, Mg (K
FWEE), K, Na (FiR) #E&L, B#EMEELS L
7o HBCFRE T 5 4E 0 CH,COONH, % 80% » #
7 =L THIE, NKClLcE#mgE+5 NHy #K#ES
IR X - TER L CEC &3k i, Mi#Hit me/l00 g
ol - CER, B b hiflic o (Ca+Mg+K+Na)/
CEC %R I L L,

TR Al SHMH, THREBE, FUXHRTEET (B
$h CECQ), Al18aMED: +¥%H1:50 NKClIFARL
W 30rRRE 5 Licts, EBWZEAIL, EEHoO
Ca, Mg (FUPIREHE) & & L Trhtho NKCl %
BmELYRDL, FALBBEO—ERE 7=/ -1 7F LY
257 L LT 01 N NaOH oz L (e A), e
fEA RSB L L, TOW 4% NaF a7 =
J—N7 &V VOBHEANSELEE1101INHCl tB Y

o pH of soll solution
® pH (KC1)

PH (KC1) or pH of soit solution (v)

B0 e s CE L EEM D), HEEB ¥ Kk
Al & L, A-B &spifatt H & Ui, 370 BOHEE
ik (Al+H) thsd. 25, ot (Al+H+Ca+
Mg) %%%) CEC & L, ¥hid me/l00 g #iz 132w
& Ui, £ LCSCfaleRE /4550 CEC % AL & Lic,

THEESRMER: KO EHR DY Ak Lich By,
2 B IHER B i B 1%, pF=3.8(9500 rpm) THE/LAHE L
CTHBEHEE, ©o pH, Ca, Mg, Mn (TR,
K (#¥H), P (727 —AHiERD, Al(7r 7 vk
gk oRELERELL,

U BRBUREY . ¥k 1:2 @ 25% (NHy), HPO,
(pH 7.0) B ALy, WHAEL D Lih s 24 B s
B, LBREEHIL, FOPOs % EL (B 75y
A=r—8), 10 ) VEERINEZE L, mg P,0s/100 g
L FRE Lo

FI#AHE P (Bray No. 1%)V: HCI & NHF &%
M FER 0025 N %5 X 00003 N oy ¢, FHEk1:7 T
LR E 5 L, EBKEWEIIL, 0 P0s ¥k (mg
Py05/100 g - TR, UTRER.

AJRRE P (Truog #%)¥: H,SOs & (NH); SOy & 2%
ZhFHR0002N ¥ X 0 0.3% ORHE©, Lk 1: 100
T HEIRE 5 L, LBEO P0s ¥ FE,

4.0 4,5 5.0

5.5 6.0

M (H0) ()

Fig. 1.

Relation between pH (H,0) and pH (KCIl) or pH of soil solution.

*

[

<
Bf: KCIEREEZEMN LB T DD I,

THRBERLVOIBELA LY, CARBIHMOBBERERXEMZES LI Tk, i CH;COONH,



488 Lk R ARE #13% H4E

AJ#3%E P (North Carolina &)V : HCIl & H,SO, &
MRERFR 005N 35 X r0.025 N O ¢, LI 1:
10 L LT5aMHRE D L, EBE D POs % 5E i,

RRRmR - EE

pH (H,0), pH (KCI), ti#EE#H pH: pH(H0)i%
6.3~4.0 OEF T, 6.0 LI L34, 59~55734 &, 54~
5.0 735 pi, 4.9~457112 &, 44 LV F 9 fiTh - 1o (Fig.
1), pH (KCl) 3. 5.6~3.6 Ofifi<, 55 L34, 54~
502 5, 49~455%1 55, 44~4072320 4, 39T
TRTHoleo HPHER pH 12 7.2~41 T,60 L 17 &,
59~B5 7 8, 54~50735 55, 49~4558 5, 44
UF 6/ THHT,

pH (H:0) & pH(KCl) 3 ErHB LTk b (r=0.814
*), pH(Hy0) e LT pH(KCY i<, # ok
pHIEL T/ E L, pHS~8 TREWS DAL 512, pH
(H:0) & +385% pH B $IEOEBERR H B h (r=
0.926*%), pH (HoO) i R THBEBRR pH Mg LA ED
%ﬁ’f‘%‘ﬁ‘ -1

Y, 3THREEEE : Y112 52.3~05 0#ipi T, 1551k 11
&, 149~6285 4, 59~3219 5, 29LITF8ATH -
7= (Fig. 2)s —F, ZHEERE 12 15.3~0.12 me/100 g -G, 10

15 L .11

10

mL

i\T
It
><
bl
o
)

Exchange acidity (me/100 g) (Y)

i 1

0 10 20 30 40 50
¥, (%)

Fig. 2. Relation between Y, and exchange
acidity (Al+H).

me/l00 g Ll 3 &, 9.9~5me/l00g 732 5, 4.9~10
me/100 g 7315 15, 0.9 me/100 g LIFA 13 HTH o0
* 7z, AcHatk H i3 5.46~0.12 me/100 g T 1 me/100 g L}
it 4, 0.99~0.50 me/100 g 1 18 /4, 0.49 me/100 g
T EThote,

Yy & pH (Hz0) BRIz pH (H0) 5 L ECiliz & 4
ED43T Y i/ & WA, pH (HR0) 5 LI CriiE
B 7 BAGRIIER S B M Ta s o 1o o SRR S & pH (H:0)
EOBBRLFERRTH B,

ZHERRE DfEIE 0.2 Y g% L » o (Fig. 2 F
B EIIFREAIIR - T 58, BISA UErYy
ZTWwh, 771, No.10, No. 11 (FpaE &
+3) CYI R U TRBBENRRE, o1, Zhid,
OO BT L ik NKClLH R AEL T3
LBENREL B ERFLTV 5,

TR AL Tt Al TEEE AURE: WHEK Al
i 268~0.80 mg A1/100 g ¢, 100 mg A1/100g ) |- 4 /4,
99~50 mg Al1/100 g 73 7 5, 49~30 mg Al/100 g 33 5,
29~10 mg Al/100 g £3 6 5, 9.9~5 mg Al/100 g A5 &,
49mgAl/I00g LI FB M TH otz BT —%-K)
(Fig. 3), xcifipk Al 10.3~trace me/100 g G, 5me/
100 g Lh 4,8, 49~2me/l00 g /58 45, - 1.99~1 me/
100 g2 4 &, 090 me/100 g AT 17 HCTh 1o &,
LIEnuE Al R 27.5~trace ppm Al G, 27.5 ppm,
9.4ppm DhH DK 41 E, ZoOflppm Al E105,
0.9 ppm LJF 2L HCH o7 (Fig. 4, T

[
o

o]

(=21

£

L 1]

N

Exchongeable Al (me/100g) (Y )

1
0 50 100 150 200 250

Soluble Al (mg/100g) (X)

Fig. 3. Relation between soluble Al and
exchangeable Al

(The line Y=X was drown by using the
same unit for both axises)
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Fig. 4. Relations between pH (KCl) and exchan-
geable Al and between pH and Al con-
centration of soil solution.

ATk Al L Zcidk Al ORI IEOMBERZE D b R
% (r=0.938%* (#7211 No. 5, No. 8 # <) (Fig. 3),
LT, alEt AL 1/3 2355k Al Th %25 No. 5
(BRMbia et 1) CRFE ITIFELL, No. 8 (7 £
A TEN ALIZE L S0, TosEiirRR g
Al s e ot
pH(KCY &xzigatd Al ok (Fig. 4, L) % %5 &
pH (KCl)4.4 [\ ECizeHatk Al iz & A & trace TH
b, FaLATFo pH(KCl) Tz % oK F cxcifad: Al 23
WMLt = DR AL(OH); 35 X O gibbsite DWEAZEE
BT A M AL A LT 5 &, AI(OH) & LT
Al PSBAFCAETAREN DB LOCRZT B R B
2, NKClI AT OBEHELZEThE, WIho+B
THI131F AI(OH); & gibbsite © 1A% 8T pH
ERBLTALBABEHT 2B b0 %,
s AL R, PIERE AL b Al g
CEEELTRLT, HERR o H BRI hTx
(Fig. 4, T), pH48 LI ETIHEL, lppm ik &/’

DIFFNRUTOBEDLT, Al(OH); & gibbsite D5
REMBE X »CpH & AIBEOBRII—ICEMRTE
%, %721, pHS0 LU ETHERTRED Al 3b 2 BE
BF L.

7545, M Mn RE3 182~trace ppm Mn O
HC 182, 30, 14 ppm Db D% 1 2, ZOM 5 ppm Lk
64, 49~1ppm DB D104, 09 ppm LT 14 5ThH
272s % LT Mn BB O pH & Bt 7B
Wi o tz,

CEC, %1 CEC: CEC 11 53.1~32 me/100 g T,
20 me/100 g [ - 8 #,19.9~6 me/100 g 2317 /5, 5.9 me/
100g LUF8 S Thote (Fig. 5 ¥*7, A% CEC 1t
48.8~1.19 me/100 g T, 20 me/100g [l -2 &, 19.9~
6 me/l100g 236 5, 59me/l00g LITFIX225 Choi-
BAEF—&—RK),

Available exchange capacity (me/100g) (Y)

0 1 ! 1 1 1

0 10 20 30 40 50

CEC (me/100g) (x)

Fig. 5. Relation between CEC and available
exchange capacity.

CEC & % %) CEC Ol IEDMBARD bR (r
=0916**), HEMLFIH X V/PSWEHTH % (Fig. 5),
WA OHBYE - L EEROMERM Y ZEE T 5
b, Al Lz o Tof R HicowTizaR CEC
DPETHEMIZELBSEEL RS,

BERvEE, EEAMNE, Al 89HE: BHEM Caz
24.7~0.02 me/100 g T, 7.14 me/100 g (200 mg CaQ)/
100g) Bl k4 24, 7.13~3.57 me/100 g /3 3 44, 3.56 mg/
100g BAF 26 ST -1, B Mg i3 13.0~0.01 me/
100 g ¢, 1.25 me/100 g (30 mg MgO/100 g) 1) I- 6 &,
1.24~0.5 me/100 g 35 &, 0.49 me/100 g LLF 22 ¢
otce Fto, B#d K i 3.99~0.04 me/100 g OFIE ¢
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0.32 me/100 g (15 mg K;0/100 g) [ 11310 f5, 031~
0.17 me/100 g {3 13 4, 0.16 me/mg LI F 1119 5 CH
2712 | .

Bt Ca LB Mg & ORIz @V IEDAHERE (r=
0.927) pgRw b, HHAFIE & Ca STFEEHOAERM
By (r=0969), =L, &t Ca, Mg &20#H: Ca,
Mg Zh 7 h i o BB T < (r=0.990, 0.999),
HHE B IZITE LD o 7,

IR AR 89.9~2.1% OHIE T, 50% LIk 5 4,
49~309 75 5, 20.9109% 218 &, 9.9% LIF 14 B¢

-7z (Fig. 6), —7, Al I3 82.8~20% ¢, 50%
LIk 14 g5, 49.9~30% 753 &, 29.9~10% 755 45, 9.9%
UT8&EThote BET—4—x) Fig- 7,

pH (H20) & 5 ATRIE OBIfRi No. 5 (BrEsiamki: -

100+

¥
—_ 015
=80 °
(53
jo)
g
<60 ° °
= .
2
= .
o e16
pul L e
240 e .
@ .
3 * 2 .
220F ¢ .

* .
$ eoe*
(X .
0 o g eo° " 1
4 5 6
pH (Hy0)

Fig. 6. Relation between pH (H;O) and base
saturation degree.

100
°
o s
Z T e
8 [
S 0F e
o
=
2 .
5wt ¢
5 .
=1
)
< 20 o ° o>
R
o % o
0 1 ® ! ., 1
0 20 40 60 80 100

Base saturation degree (%)
Fig. 7. Relation between base saturation degree
and Al saturation degree.

Phosphorus sorption coefficient

Phosphorus sorption coefficient

#8), No.15, No.16 (kL) 7 EXBATH &, —IG
EEDHBEZHD B h B (r=0.748%*(No. 5 jr4+)) (Fig. 6),

HEALAITE & AL SIS & ORI iz A DR (r=0809
) ARD LR, HEAREO AT ALRE 2NET
L, MBS 502 o Uiclie, Al fEfiEaisiz
0 &/a (Fig. 7y 1, No. 5 o3 xfistc, &
FEATRIE LIRR B 2 AL i 0 R ET 5o
7ok, HERARIEE A 15% LR T Al S & DEFRDS
RHIR L7205, S ik AL BIRIE O RISERREA K X
fdEFEZLRD,

Al fERIE & T AL B LM b0 MBI bR &
20 5 12,

2000

5
1500 L .
- ol5 .
2 .
g ol7 °
1000 |
=
[= 9
o L ]
E .
L
L ]
500 | o8 o .o
U LN ]
o®
[J
0 i | I i
0 50 100 150 200

Soluble Al (mg/100g)

Fig. 8. Relation between soluble Al and phosphorus

sorption coefficient.
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2 e ® o °®
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°
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.
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0 1 t L 1 1
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CEC (me/100g)

Fig. 9. Relation between CEC and phosphorus
sorption coefficient.
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U VBRI S 1870~116 mg P,0s/100 g -¢, 1000
mg P,0s/100 g [ -9 4, 999~700 mg P,05/100 g A3
34,699 mg P,05/100 g LT 4321 25T - fc (Fig. 8,9),
U VAR IUERSE No. 5 (il 1+ 18, No. 15, No.
17 kW45 #Br< &, WEH: Al L FOHBIBERC S
%, No.5, No.15, No. 17 /o ECit ) vEER UL e %f L
THDOEHEE b b Fe i & O BlOEEHKE DL
EZxzbhb,

Y VAR IR & 7o, CEC Lg% R L (r=0916
#¥), CEC DK EWLDTY VEERIVEREK Z A
@B bR (Fig. 9),

AP, TERHE PEE: Bray No. 1 it 4.7
~trace mg P;05/100 g DFEH T, 1 mg P,05/100 g L) |-
94, TOMIETZTARUT CELLEVWLOR S sk
(Fig. 10), Truog #kiz X % & 4.92~0.12 mg P;05/100 g
T 1mgPy0s/100 g Ll LD 40 14 55, FOflit #h LT
THote Fi:, North Carolina iz X hif 896~
112 mg P,0s/100 g DEIF T, 5 mg P205/100g LI E 8
&, 49~3mgP,05/100g DD 12 5, FhIUTFTDH D

9L o
=
(=]
=
[o]
> 8r )
o~
.
g
= 7r
h=]
Q
=
=)
g (o]
6 |-
2 o
'5‘ o
= o)
8 5t Seo o
£ .
é 9
f 4L [eRe]
=) o o
3 8, e °
5 o
= 3t o
- o © o ©
S [
= %O
§ 2L . °
Ja=]
N e
2 1 3 3 .o ® Bray No.1 Method
fa)
= ?:& . o North Caroling Method
(=]
z OLLI. £ 1 ) 1
0 1 2 3 4 5

Available P (Truog Method) (mg P,05/100g)

Fig. 10. Relation between available phosphorus
measured by three methods.

10 5Chote BAF—5—R)H LHEBEKPEE
0.199~trace ppm T 0.02 ppm P I} F 3 /5, 0.019~0.010
ppm P 735 &, 0.009ppm PLATF 22 5 Cho7z BT
et/

T#4EE P 1z Truog ¥Cid No. 9 (bk4) 23 X b
gL, ThidElREoid LBz bhs, Truog
& Bray No. 1 i X 5558 P it iE DM EdAs
bt (7.=0.738%%) 23, Zh b & North Carolina
FEECEEBERRED bR o 1 (Fig. 10),

THAREP & pH (H:0) R AR P BE L O R
2LBDLREN 5T,

EH 1Y VBRI ETTRARE D o b & < #E
B b 5T,

ELBORRE: o EOLBEIEKE © 5 {5 %5
CEDWCTHRALE L BRIEKE R LU0y BB
FTHREHE2WTC v A Fo i (Table 2), @~
@ (v A F3~4) O¥H 0 DL ik No. 13, No. 26,
150 % 0Ot No. 15, No. 17, 2204 03 No. 9 ¢, =
b3 red-yellow podzolic soil, red-brown latosol,
yellow podzolic soil, B+ 7T, hboiEiz
MOLEI VIBREEVLELOND, TOBOE
BO~DN32LbkdHh, I5K8IHLL DL Ho
T, TRUPBKEMECEEL DR,

CECRHADI#HTI D~O T, QDL %HDOIT
HLTC 7I5orEBTCRTTCO T, TOMOEHE
LfEodd @ BEEh b,

Ca fifify, pH(H0)izetké LT @ 235 Bttt
BaR - 1cDTHBNOUARDOE &L THBH, Y iZEK
DEPTFEAENR @ THoleDITH LT, B LB
DI O~Q DL DREh 1,

B Ca, Mg 32 @ 0boR%L, HARL
AVERTT (FEE LK) O © 0d o/
FELL, B K gAoLBlitr O~0 »As o
W LT i @ Db ORERHAE Lic,

U VR IR BT HAOLBORICi: @ 0 D%
< BEHBCRBLEAEN O TCTO DL EEE
hice

AHERE P (Truog ) i @ DL OIS T Hoic
P BEAEDLDN® ThH i,

Loz Enb, o TRE oL+ C pH
(H:0), Ca fafpgs, BEi#abk Ca, Mg, THAHEP 2MEV
THBELTC58, AADOLBIiz CEC, Y, UV vER
PEREAIRC R E WS OMH b, BdFOI Lo hb
PITDZ G ORBMERAZRD B i,
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Table 2. Characteristics of sample soils judged by the standard of the “Production
Capability Classification” used in the “Basic Survey for Soil Fertility Con-
servation” of the Minstry of Agriculture, Forestry and Fishery, Japan

fcelisiiilf‘;atlon by natural Classification by nutrient availability
;’ @
b _ : —_—
Soils O E ‘:_E’ —§ 3 Exchangeable % & Q)
S |522| EB| £ g5 £ |0
e o B Ca Mg K g9
£881888] B <5 | %
Standard of classification
P,0
Class me/100 g mg/lOZO g5 % — me/100 g mg/ﬁ)?(?é — —
1 >20 } <700 | >50 | >55 | >714| >1.25 } >0.32 } >10 | >6 | >3
. 700 ~ 714~ 0.32~
2 ' 20~6 { 1500 50~30 |5.5~5.0 3.571.25~0.5( 0'17( 10~2 6~5 3~6
3 <6 [P0%0 <30 | <50 | <357 <05 | <017| - 2 <5 | 6~15
4 >2000 [ | >15
Japan
1 Saijo 2 1 3 3 3 3 2 3 3 3
2 Minoshima 2 1 3 1 3 3 2 3 2 1
3 Makinohara 1 2 3 3 3 3 2 3 3 4
4 Mikatagahara 2 2 3 3 3 3 2 3 3 4
5 Hachirogata 1 3 2 3 1 1 1 3 3 4
6 Iriomote 2 1 3 2 3 3 2 3 2 3
7 Nago 2 1 3 3 3 3 3 3 3 4
8 Kuromatsunai 1 3 3 2 3 3 1 3 2 4
9 Sapporo 1 2 2 2 1 1 1 2 3 4
10 Teshio 1 2 2 3 1 1 1 — 3 4
11 Shimotonbetsu 1 3 3 3 3 3 1 — 3 4
12 Tokachi-Dake 2 2 3 3 3 3 2 — 3 4
Indonesia
13 Tegineneng 2 1 1 1 2 1 1 2 1 1
14 Tamanbogo 2 1 3 3 3 2 2 3 3 2
15 Singamerta 1 2 1 2 1 1 1 3 2 2
16 Jakenan 3 1 2 3 3 3 3 3 3 1
17 Muara 1 2 2 1 2 1 1 3 2 1
18 Metro 2 1 3 3 3 2 2 3 3 3
19 Seputih banyak 2 1 3 3 3 3 3 3 3 3
20 Rumbia 2 1 3 3 3 3 3 3 3 3
21  Adijaya 2 1 3 2 3 2 2 3 2 1
22 Padangratu 2 1 3 3 3 2 2 3 3 3
Thailand
23 Khon Kaen 3 1 3 1 3 3 2 2 2 1
24 Chonburi 3 1 3 1 3 3 2 3 1 1
25 Kanchanaburi 2 1 3 2 3 3 1 3 2 1
26 Lopburi 2 1 2 1 2 2 1 2 1 1
Colombia
27 Carimagua 2 1 3 3 3 3 3 3 3 4
28 Santander 2 2 3 3 3 3 2 3 3 4
Brazil
29 Botucatue 3 1 3 3 3 3 3 3 3 2
30 ” 3 1 3 3 3 3 3 3 3 2
31 » 3 1 3 3 3 3 3 2 3 2
32 ” 3 1 3 3 3 3 3 3 3 1
33 » 3 1 3 3 3 3 3 3 3 2
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Summary

Chemical analyses were made on 33 acid soils
from Japan, Indonesia, Thailand, Colombia and
Brazil to identify the factots which limit the
growth of crops on these soils. Followings are
the results obtained.

1) These soils are frequently low in exchange-
able Ca and Mg, and sometimes also in exchange-
able K. Thus, Mg and K may be the limiting factor
of crop growth.

2) Available phoshorus is low in all these soils.
Thus, application of phosphorus is indispensable.

3) When the pH of soil solution is lower than
4.8, Al dissolves in the soil solution at a consi-
derable concentration, and crops may suffer from
Al toxicity.

4) There is a tendency that the cation exchange
capacity and the phoshorus sorption coefficient
are smaller in acid soils in the tropics than in
those in the temperate. Thus, management of
nutrient status of acid soils is more difficult in

the tropics.



