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STUDIES ON THE ESTIMATION OF UPLAND SOIL FERTILITY

2. On the Relation between Level of Available
Soil Phosphorus and Yield of Crops

Matsuo Minami & Masatoshi SawacucHi
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Table 1 Physical and chemical properties of 8 test soils on the pot experiment

Soil Mechanical composition Soil | pH | Total | Total | C E C P,0;, [TRUOG-P,0,
Soil J T nitrogen| humus absorption

group C;'::g&. 2:::‘] Silt | Clay | class [(H,0)| (%) (%> {me) index (mg/100cc)
N Shakotan 5.3120.2136.7)37.8] LIC| 5.6 0.39 | 11.01 21.1 1,033 2.2
oD
volcanic | Kotoni 4.5[51.2(21.3|13.0| SL | 58] 0.3 5.53| 253 807 7.8
ash Okoppe 4.1 16.7 | 47.9(31.3( SC| 4.9| o0.18| 10.42] 16.3 538 1.5
soils Bifuka 0.8120.0 1.7 | 37.5 LC]| 4.6 0.51 14,42 28.9 1.064 6.3
, . Bihoro 10.21 4491 41.9( 3.0} L 5.8 0.50 | 12.43 21.7 1,137 2.8
;s‘;:m“‘c Makubetsu | 44.0 | 26.8 [ 21.6 | 7.6| SL 0.35| 12.80| 28.9 819 4.5
soils Mikage 33.7 | 42,8 1.5} 12.0} SL 5.2 0.64 | 26.20 29.8 1,190 1.7

Hiroshima | 30.3 | 20.6 | 33.9 | 15.2 | CL 5.3 0.54 | 20.65 27.1 1,387 7.0
Table 2 Physical and chemical propertles of soil on .| experimental fields
Sl | Mechanical composition | st | ph | Total | Total [CEC| 10, |Tvee-p,0,
alion AT nitrogen| hunus absorption

group C;':lrg" g,:sg Silt | Clay | class |(H,0)] (%) | (%) | (mo) index | (mg/100cc)
1\\'3]11:1 . Niscko 4.6 | 33.7 { 42.2 | 19.5 CL 5.2 0.26 7.40 21.7 1,201 3.6
rolcanic
ash soils | Rankoshi 5.6 {12.1!38.8|43.5] CL 5. 0.31 7.89 29.5 1,904 3.4
V(!)Ic:mic Ruriyama | 51.4111.8 | 8.2| 8.7 SL 3. 0.30 6.20 | 25.8 733 8.0
ash
soils Yuni 79.4| 8.3 8.6 71 SL 5.7 0.17 {.07 14.7 914 5.4
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Table 3 Relation between soil test values by Truoc’s method and grain yields of cals on the pot
experiments

Soil group Sail P?(gl,m::;:pl?gc ; Grain yield | Yield index P,STZI:;:;kgrhy Truo-P,0,

(ie/pot) (z/pot) &3] oats (mg/pot) {mg/100cc)

| 0 13.6 100 138 | 2.7

! 0.5 24.2 178 221 | 4.7

Shakotan 1.0 25.7 189 248 9.6

2.0 21.8 185 207 17.7

3.0 24.8 185 311 25.9

; 0 23.7 100 | 174 | 3.8

| 0.5 24.2 102 208 6.2

Kotoni 1.0 27.1 14 27 10.6

Non 2.0 26.2 m 34l | 18.3

voleanic 3.0 21.5 103 N7 | 25.0

ash 0 14.6 100 125 1.7

. 0.5 24,2 166 | 198 1.2
soils } ‘

Okoppe 1.0 25.1 172 218 8.6

2.0 24.5 168 281 19.2

3.0 24.1 165 363 28.8

! ! 0 25.2 | 100 255 | 2.7

| 0.5 | 25.6 102 235 5.9

| Bifuka | 1.0 | 3.5 ! K 372 9.7

| ! 2.0 | 35.5 14) 379 | 16.7

i 3.0 31.9 126 375 z 26.1

? ‘ 0 20.0 | 100 | 145 1.9

| 0.5 | 23.0 ns | 186 3.3

{ Bihoro 1.0 | 21.2 121 21} 1.9

5 2.0 | 26.9 135 | 251 ! 10.7

| 3.0 27.0 135 i 302 14.1

| 0 17.6 100 | 147 3.6

; ; 0.5 2.5 | 128 185 7.1

Makubetsu | 1.0 26.0 8 | 213 10.4

Volcanic 2.0 26.0 M8 | 258 17.6

3.0 209 | 41 276 26.8

ash ! ~ -

0 0.4 | 100 | 15 1.5

coils 0.5 20.5 ' 180 188 1.9

Mikage 1.0 20.2 | 7 | 196 2.0

i 2.0 20.2 | 177 226 4.7

i 3.0 2.9 | 201 | 262 7.1

0 18.6 | 100 176 | 1.9

0.5 201 | 120 | 218 3.0

Hiroshima 1.0 ; 26.0 ° 140 219 3.7

! 2.0 . 26.9 145 ’ 252 ‘ 9.3

§ 3.0 18.8 | 101 | 231 | 12.1
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Fig. 1 Relation belween soil test values by Truoa's method and amounts of P,0g applied on the pot

experiments

Non volcanie ash sails

Treoe-P .0 ; (mg /100ce)

YVoleanic ash soils

-
e
-
-

" S -
A/ e
.

{ 1 1 1
0 0.5 1.0 - 2.0
P,0 applied (g /pot)

——o0—— Shakotan
Kotoni
- =

Okoppe

mm—tre=e=  Bifuka

[ 1
0 0.5 1.0 2.0 3.0
P,0,; applied (g /pot)

——o—— Riloro
w———A=——Makubetsu
—m=-see—= Mikage
wm-=d-=== Hireshima



SRR D BT M 5 B 9e 9

m HE&ER

D RIANOHBBRREE

W — DHIEMIANMT T, o MBI AR
BEROBFBIE LR Lo, P RB o #
if, Table 3, 5t *Fig. 1, Fig. 21zF/ L&
BHTHS,

¥-F, Table 3 12Xk » T, BEMIMALE WA E
DPRIZDOVTAD &, HHE LSRR O RN
IS ED SR, EREEER O k> TFH
B LIIR L T 205, & OfIEIE 3o B
LoTRES TV D, THebb, B HY
Y OBERIRIR, IR R ORYT, 22
L B, BBOKFHETILE 1,12 1.08 FRK
Ty, KIUMAHCTIE, B 1.0 g KER
X, JRS:EH 2.0 g B, X, @SR

3.0g WX Tds 0, WU T, JolidkFo g
BWRETEL M HE X DGR 2SR LT 5,
abiz, Fig. 142k o T, SEMIRE & iR
Huo> Truoc 2 L 25 AR & BRIz Hus
TAaD &, ek TlE, SRR O
2R FTARASIZ. Truoc-P,0s $liE L 39 n
L, 4 ELBULLLBRARL, 12EAEH
NEBL R —TF, KM, X
Ph-3E & FIbR,  RRIEAE R Oz #y  Truoc-
P.O; SR L HIRT 3%, Reuic s 68 it
IR L DKL, T ORMOMER |
HZEABEC B SR, Thbb, o f§
k5T, M—#ieiElRs ¢ 3 Truos-P.Os i
W2 & e h, FINSHESEL>T R o FHi
Truoc-P,0; it it D WEMTEAR O QWAL L T
L%, Table 1 A6 855K 4%+ 46 0> B AR B IAR B4

Fig. 2 Relation between soil test values by Truod’s method and grain vields of oats on the pot experiments
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1220 Th D E, RS- -<<# oz
i<, Wfo Truoc-P,0s DMNINELARGE O W
B % 5 HDBMRIZH Y, Kilif-ti DA
izix, RHOBEEREE S Truoc-P0s fih 1 fit
CRESEBR2LLTOWD ENHERENS,
wiz, ey B E& O -0 Truos-
P,O; skiftiy, FF-EHEC 9.3mg/100cc, Z--
T 10.6mg/100cc, BLER4-IEC 8.6mg/100cc,
B C 9.7mg/100cc, FR-A-HE 14.1mg/100
cc, HESU-HEC 10.4mg/100cc, DT 7.1
mg/100ce, iy 9.3mg/100cc & 21 10mg
/100ce i % DA R LT B, abiT, Fig.2ic
T et & -t Truoc-P,0; sk it o Y
Fnn, LB ORFBINC OV TRD L, Ik
KRR, Ol & s Truoc-P05 0k
T 10me/100ce{f5Ei= Critical point 2380 5
d, ARORRTIC PR <, cRHORRR O fEgit
X AL Truoc-P0; KifiC 10mg/

100cefEicdh S L o & bl i,

SD¥E, #o FRENC X o TS REHLE,
HHEIR O T 5 fowic, =4 =, [,
Bk, Ao 4 KB cIE L o gE iR o
By, Table 4, X0 Fig.3, Fig. 412k L
fokB O THD,

¥, EBRRRO XA ZTIMERE 100 & LA
BRSNS, BEROIRRN O X E Bl 5 &,
B> HE = s >TNORHTH b, EEHRK
DY AME R E RO RIS X IR A
RLTVDHe SBIZ, BINE BT S0l
FEHEBALY, =4 =Tl.0kg/a, IHELC1.5kg/a,
miyco.5kg/a, Hi{=T1.0kg/a CThHb, -
HRILAR J1 O = & =, RIS C i R
BERLWODHIRNZDH Do L L, S
DR FULBMEBRHIZ X » T H, =+ =TS
kg/a fiTH v, H{TIR3Skg/a & DL,
BRSO BR AR E Iz LTS

Table 4 Relation belween soil test values by Trtou’s method and grain yields of oals on the field

experiments

Amount of Grain yield Yield index Amount of P,0q Trvo-1,0,

Location 1’0, applied uptake by oals
{ke/a) (kg/a) (%) {g/a) (mg/100cc)
0 41,1 100 430 2.6
0.5 12.7 104 150 3.8
Niscko 1.0 445 108 420 6.8
1.5 13.2 105 150 7.0
‘ 2.0 43.4 106 470 9.0
f 0 5.2 | 00 | 251 3.4
0.5 - 3.2 | 140 276 5.3
Rankoshi 1.0 38.0 151 306 5.9
1.5 10.6 161 416 10.3
2.0 10.2 159 410 1.4
0 37.0 w00 ! 410 6.5
0.5 39.2 106 * 510 12.4
Kuriyama | 1.0 30,2 06 610 1.8
’ 1.5 38.3 03| 700 17.7
2.0 37.9 w 650 23.9
0 275 100 | 264 | 6.4
0.5 30.8 nz 303 | 7.7
Yuni 1.0 | 35.4 ] 129 ‘ 318 8.1
1.5 | 3.3 125 32 10.4
2.0 34 125 { 398 ‘ 14.2
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Fig. 3 Relation between soil test values by
Twruot's method and amounts of P,;0;
applied on oats
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Fig. 4 Relation between soil test values by
Truot’s method and grain yields of
oats on the field experiments
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Table § Relation between soil test values by Truod’s method and yields of potato

; PA(r)nount loéd Yield of potato Yield index Artn?‘untb of P;?s Truou-P,0,
Location appli uptake by potato

" ke/a) (kg/a) % (/) (mg/100cc)

0 229.8 100 291 3.4

0.5 249.9 109 298 7.3

Niseko 1.0 252.2 110 302 13.1

1.5 263.3 115 303 15.6

2.0 256. 4 112 279 25.2

0 ' 193.0 100 231 8.5

0.5 303.1 157 310 13.7

Kuriyama 1.0 290.7 151 303 14.9

1.5 275.0 143 370 S 17.2

2.0 277.0 144 428 21.2

Fig. 5 Relation between soil test values by Truo:'s method and amounts of P,Oapplied on potatoes and oats
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Fig. 6 Relation between soil test values by
Truoa's method and yields of potatoes
on the field experiments

- Critical point
% —_—
= 300F
;]
-]
£
s
= 200f
123
=
]
-
1 1 !
0 10 20 30

Truos -Pro ;(mg/100ce)

——o0—— Niseko
——e&—— Kurivama

A LT Db, Snsilin s oo BErR e A5 -
P LB, ,

Fig.6 i X - T, B&M o %R DR SEHE
RD B E, ==, HUGRRME L, HHo
Truoc-P;0s kit 15mg/100cc {13kiz Critical

point AFEBHBI D, < OHiE, BIRO LA KD
10mg/100cc L HE\ i TH D, #R, fEihod
kT, HBRRORNBEI RS L 0 LR
Fiicxhiz,

—RRZ, -RHER OATHEEER O KA & L
5 &k, KERINBEETHERL O LIRAD
NS TR L T— AR E LD
bhd, Lichis T, REO/ISVEBRHHTIE,
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SNHBNT X 5 T, Wy —azngo %,
[REHER & LT EDORILAH S h 5% LN
izt Lic#s k% Table 6 iR Lizg

—fC A= & L BB ORI 23+ & Truce-

PO; ¢ LTEHEhAI|LMATEN, £ 0
AL, BROBMED XA BRI <, iRl
BT & TRE—E L% R/ L, Bkl
~d45%, BUMUA-HETA~49T, D=1 C20%,
FEAHETIB~3Y TH Do Tiebb, IEKIH:
RHECIE, B & ©40~50 % A1 Truoc-P:0;
L LTRELTE Y, XilfEkHcix, 20~30%
LIEX MM OAMEEDIRIEY T, RingEo

Table 6 Relation between applied P,0O, and P,04 fraction extracted after 2 weeks

) Amount Extracted P.O; {mg/100g) Degree of extracted P,0, ‘("/,)
g%lilp Seil oafplpjlli'(e)ds Truos Fractionation of P,0, TRUGG Fractionation of P,0,
(me/1008) -p,0, | A1-P,0, | Ca-P,0, | Fe-P,0,| -P:O: | AI-P,0, | Ca-P,0, | Fe-P,0,
0 14.0 24.3 23.0 32.8 - — - -
Non Shakotan | 63.2¢ 40.7| 50.0] 38.9 42.2 42.2 40.7| 25.2 14.0
volcanic 126. 4%+ 71.3 75.0 54.8 52.7 45.4 40.1 25.1 13.0
ash 0 18.0 26.9 24.3 37.3 — — — -
soils Kotoni 54.2% 12.0 44.6 43.4 44.8 44.3 32.7 35.1 13.7
108. 4** 71.1 61.1 6.1 51.2 19.0 31.5 38.6 12.7
0 7.6 83.5 22.0 30.4 - — — -
. i Bihoro 72.2¢% 2221 134.3 32.3 38.0 20.3 70.3 14.1 10.5
Volcanic
144,45 37.0{ 176.9 47.3 42.3 20.3 64.6 17.4 8.2
ash -
o 0 13.0 78.9 20.2 23.9 - - — -
soils Makubetsu| 50.2¥ 30.0 | 108.6 31.1 28.2 33.9 59.0 21.7 8.6
100, 44 16.3 | 143.0 43.9 33.1 33.2 63.7 23.6 9.2

Remarks : #  This value is 5 9 saturation for the P,0; absorption capacity of soil.
+= This value is 10% saturation for the ;0 absorption capacity of soil.
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BlEokEWC EAHLNTHS,

—%, Hmllggontiiearss s, s,
DB, BESU-EHET,  AIRP,0,>CaiP,05>Fe
P05 O THY, FELEHoL, CaBIP,0:>
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Summary

In this papers, the authors studied the rela-
tion between available P,O; content in soils and
yield response of crops.

In the pot and field experiments different
rates of P,0; were applied to assess the critical
level of Truoc-P.O; content in soils on crop
vields.

The critical level of Truoc-P,0; was examined
with different characteristic soils and different
kind of crops. On the other hand, using some
different soils, the degree of extraction of added

P,O; were tested in the laboratory.

The results obtained were summarized as
follows;

1) The amounts of applied P,O; to obtain
the maximum yield of crops were higher on
the volcanic ash soils than on the non-volcanic
ash soils.

2) The result of the pot experiments showed
that the critical level of soil tests to obtain the
maximum yield of crops was about 10 mg of
Truoc-P,0; per 100 cc of soil.

3) The critical level of soil tests to obtain the
maximum yield response of ocats on the field
experiments was about 10 mg of Truoc-P,O; per
100 cc of soil, and this result was in agreement
with the result of the pot experiments.

1) The critical level of soil tests varied with
the different kind of crops, and on potato
plants, the critical level was about 15 mg of
Truoc-P,0O; per 100cc of soil which was higher
than that on oats, as it was assumed that the

root system of potato plants was different
from that of oat plants.

5) The results of the laboratory tests showed
that the percentage of extracted Truoc-P.O; to
applied P,O; was constant in same character-
istic soils, and was {0~50% on the non-
voleanic ash soils and 20~ 302 on the volcanic
ash soils.





