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Fig.1 Yield changes in the standard treatment (N, P and K
were applied) of NPK-fertlizer application experiment (Omura ,
1985 (98 ),
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Fig.2 Soil pH of grasslands in Hokkaido:0-5cm layer,
n= 26,818, (1988 ) <9
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Fig .3 Frequency distribution of soil pH of grasslands in
Hokkaido ( n= 5645, 0 - 5 cm layer and/or plowing layer , Different
hatch shows the year of survey : 1984 - 1988 ) <ton>
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Fig .4 Changes in soil pH of grasslands in the volcanic ash
soils with years after renovation <%
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RODHEMEI TR ThoETERT%. #HAERES IV
FRLORBIRIOLEE D THS.

| KER6.25m2 (2.5mx 2.5m) F#39m? (3
mx 3m) #ER¥EL L, RAMCIRETEREERL
fo. EMERES Y pH £36.51C7c B X A I REEH v >
vARBHAL, BT vEe="v 4, R YBAIK, biE
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Table 1. Grass species used in the experiments.

Common name Scientific name Cultivar name
Orchardgrass Daclylis gloserata . Kitamidori
Timothy Phieua pralense L. Senpoku
Perennial ryegrass loliva verenne L. Reveille
Kentucky bluegrass Poa pralensis L.

Redtop Asrostis alba L.

Alfalfa HNedicago saliva L. Thor

Red clover Jrifoliva pratense L. Sapporo

Khite clover Trifoliua repense L. California ladino
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BLEBET 5 D0~2, 2~5, 5~10% LU 10~15
cm+BX OBy IARI0A TR LA,
REFEFIAHIFINOmOL>YTee7 (Ax—[HF
BE) C—2p2.5F i3 m ORBRE AP RE D B
ECEVHTIAHAT, HBRELTL.ImX 2.5m 7
111.3x3.0m #WEREOMGLE L. MHRHES
BH5ecm ThHDH. HHEOH T AN O LIcRS
D6 A LENETHECRRL, EERANLIT -
B ET0C T8 DB H 1T - 7o

IR LIE Y v T Bo®, BB - BRLAKE

KX -oTHML, 2ERIKESKIE, UV vixs7r

FEU ST U, A0 AR, A A - =
IR vy MIBEFEREE, T = aiEERAS - (@

BLEE 7TF V) RIHBERFREBECL-TLH

Fhathlic, 7o 3=y aGiiAOREY » 7 L3I
BEERCAERA BT 4 K CBER L.

TEY AR KEEEOK, 2mm OFfYHEL,
pH (LErKOERLI1:2.5) 1477 ABEE, ©
ML N- BB 7 v & =7 2% (pH7.0) HiHl
—FEFRXE, FHEY viX 7 va No. 2Bk X » T4
#riLc.




14 LB BERABRBRE 835

TEERAYBERT A B4, RE% 1 BM X0
~2cm, 2~5cm 3 X 05~10 cm @ 3 BT i TR
LBy v Ik —BEBAKE (K5KRNY) #
#L, SCCTTRMEME LK, BOTEECL > TDF
4.2 TOLBEBR AR Lic. R LATEERCD
WT, pHEIOECI» 7 ABME, 71431 =24k
BREER -7 eFr v v ¥AVARR- S -FCIBET
W, ATy s =Ry MRRERFREE, HY
VAN, VT AL vEEREGREEEE Y
77 L DEELAE, ERA A kT4 T VEEK
s, WA A /LY v A — ¥ T F v IEE TR
E LT ‘

ekt B Y v EREOFERFHEILEMTFH T
CERRRE ZHRECHEH L. AR TRt
BHEECEE L) EBrREL VDL YT A, <
FFRYy A, VA, TALI =LA, GiEg, 1BE, B
Belc L D/A A VERICOWTILFER S DBEL TS
&L Lt




BERPis « B BORFHBIE L L RECEFTHEET SR

15

£ 3 E
B+ OFEFENBEL L BWEET
i, RS pH LTI v v Y A DBFE{LE
EFE EHHBOBMY(CRBREER +RBRICR L. -8 pH i RS RO TR TIHE,
BHEXKTETAEL »2FELLETL, RERTIRESR
e S PICHET L. ¥ RBFRAENS @ EEEEE LA
1974 RIEBRANATER LIcA —F v - F 7/ FAE st EBHITIZ0O~2 cm OEEHAEHEFLL, L wr2d
GBS T, FRELLTRE, BB7ve=v4 kgN/10a X Ti2it UsbD2~3E T pH 4B F TETF L
(%), bAHVEL7 ve=v s (X)) 2ERAL 7z, 2~5cm H B kT HBEILITV SAESH TR
1 EERAERER (6,12,24kgN/10a) % 19754 5104 Hotett, KBOBMLICER L THETL, K, HE
RIgEsE L, T oMo TEL¥MN & REEE OBIRE BT KT rhZh 548 (24kgN/10a), 8%H (12
L. #£BREEE LTI0k X 15 kg/10a @ P05 & kgN/10a) ©0~5cm +B444 pH 4 & OB CE
KOx T hiBY) vBEK BRA) SLUHE» Y L. BERXOBEE, X ULdD 2 EBT10~2cm ¥ i
v (B CHALE. YV vUAoEkE 4 BT, 22~5cm £/@ D pH £30.554 v F BEET LIcb O
6 BLA, 8B LEHDIEHFCHTCRERLAL, DEDEDETHRELDTRELHLTHH, MEK LUE
Y vz 4 AT RceBRERB L. RE LI SN R -1, 5~10 cm 18 OO
~5cm FBIHND LD EZEenTHDHH, MK,
RRER wE D24 kgN/10a X TR AHE 5 4 B LB REFE Bt
1) HE(EPHORERL LT L. 20X 5 B BoOREN BRI
19844F ¥ TOI0FERIIC LEDE LVBELERFS LD FREBRILFETH Y, RIEEFROKAET LA
71 1o 1. 1
| 0~2cm ] . 2~?cm | b+ L2 5~10 em ] C1‘0—“‘15cm
2 ;. ® Y g o
SN Bigiic, N T TR IR LI
= =clgo . gh.!ug ] -AA!..Q~ 0 g L.
= } $a - oo ® ) X ° é - | : . 1 i
P E FS YLE TU o
Syafy o $ ‘
Plesteg I
AR B . A R
%0 : a
§15-,§ i, © -zgegag o 1 tige :
3 aooo :gmgo .28" . :® é.
glowx:-.'gugn-w " tlona. ] TreclEy, ”°§§=§:s
: Eay v e ‘. s
X 51 se°, o N e2° 1
o‘o:éﬁﬁﬁﬁ - .A::‘» s
T e s w15 e Ry
(1 (10) (D (10) (1) ey (n (10)

Years (Years after renovation)

Fig .5 Changes in soil pH and exchangeable Ca with years after renovation
(@®: ammonium sulfate 24kgN/10a, A : ammonium chloride 24 kgN/10a,
B urea 24kgN/ 10a, Open symbols show 12kgN/ 10a treatment) .
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L. RERCHG2BIELOET L Ehd TR TH
BEVCHBBE L. TR, WK, ERKLEHE
LK, REFERHFEEBHAR (HBK) L LTRIHS =
e

tEOIEM 7L Y Ak pH DETICHIE L TRE
B Lic. BAORER pH 0ET4 X L4 L
L 5wk b EMNTE, &< pH OFLABETIL
feus5~10cm H B\ 3 10~15cm LBz B\ TH B S
MY LB Y, BENLBELOEEHNI~15cm
TRBEFBICRAT I EHRLTVS. Bk~ 7 %
YO ARDWCTLREMCETT5EATH - 24 (K
6), S Y v ATHBEE TR, -k (K7). pH
ERHEEE D v AR LU~ 7% v v A DRI
B/ IEDHBEARD bl (K8,9), Tk » Y v
ATIRAD LRI -1 ([K10).

Ex-Mg me/100g
[~
©

-]
=~
Ldodo

Years aftier renovation

Fig .6 Changes in exchangeable Mg with years after renovation
(0-2cm layer,12 and 24kgN/10a,[] :ammonium sulfate
12 kgN , + :ammonium sulfate 24 kgN, ¢ :ammonium
chloride 12kgN, A :ammonium chloride 24 kgN, x : urea
12kgN ,V :urea 24 kgN).

Ex-K me/100g

Years after renovation

Fig .7 Changes in exchangeable K with years after renovation
(0-2cm layer,12 and 24 kgN/10a,[J: ammonium sulfate
12 kgN , + :ammonium sulfate 24 kgN, ¢ :ammonium
chloride 12kgN, /A :ammonium chloride 24kgN, x :urea
12kgN,V :urea 24 kgN).
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Fig .8 Relationships between soil pH and Ex-Ca (0-2cm
layer) .

1.8 =
1.6 a
1.4 a
o
o 1.2
< oo o o
2 1A o o - @
= o 9& a
% osd o, E:ID o DD'DD
>
oo a g
“ a5 wmPo B DCP%% . %o
0sd °®° ® o o0 B
N . Duunn
0.2 T Y T T T T T T T
4.2 4.6 s - 6.4 5.8 8.2
Soil pH(H,0)

Fig .10 Relationships between soil pH and Ex-K (0-2cm
layer) .
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Fig .9 Relationships between soil pH and Ex-Mg (0-2cm
layer) .
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Fig .11 Chages with time in the percentage of legume in a
mixture sward (orchardgrass-white clover)(12 and 24 kgN/
10a,[]: ammonium sulfate 12kgN, + : ammonium sulfate 24
kgN, ¢ : ammonium chloride 12kgN, A : ammonium chloride
24kgN, x :urea 12kgN,%V/ :urea 24 kgN).
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Fig .12 Chages with time in the percentage of legume in a

mixture sward (orchardgrass-white clover) (6 kgN/ 10a,[1: am-

monium sulfate , + : ammonium chloride , © : urea) .

1, RFI12ZkgN R CHMAMIC 3EMOL e 7 m -4
& bhien, ThUAIERTH-T. £ T, 128
L U24 kgN/10a Kz Th, REMICHI- L RNEY
HETBIde, A—F v —Fr52bLvrsa—230
S BRAKREREL L, FEMNKA—F+— N7/ 7 A%
OB 1T - 1z
BWERBEOHB XY RERX GERMMIR) w5
TrRL, REEHROERER LY, BElsr+—-F+—F
r7Alve e~ RADEBRRIETHEOES L L
TiHAE L, KRRl BEEEORER IFEBLL
B, ZLWETYRTEHE LT TR VWHE EBRE
Lic. WEBETFRET2HIBEII24kgN X TR
{, BREECRERXROBABENKE 1.
HoakNEETARDLRAER (3, 5, 8, 10§
B) ODETERK BT 2 E&FEHNORERE Y BEREFD2
F£H (1976) #*2»RI3R L. REEREIEET
EXRELLETL, 3, 5, BSFEHIKIT3HEEIKE
NEOFEHEFRFES>HE>EROIACEL, WTFhi
BEARCIEUTHEMUL. ¥, RELIRE - B
DIEZ324kgN/10a R TH » & K E D » 1 (F14).
CHBDERNG, FEHBOREMICEEILC XS
F—F o= V77 2AORNEEHTARETTHFEKRE,
ML O BEITHRLFERL DD Z bbb i,
3) HEESRERICH T BB EOYE

BERESEH D24 kgN/10a Kic ks 2 HERX L RFE

Table 2. Changes in the relative yield of orchardgrass and white clover.
N fertilizer N-rate Year
(kg/10a)
1975 1976 1977 1978 1979 1980 1981 1982 1983 1984
(1) (2) (3) (4) (5) (6) m (8) (9 1o
Ammonium sulfate ] 97 103 93 91 102 94 84 90
12 90 109 98 - 102 100 101 100 95
24 101 129 95 97 90 98 106 90
Ammonium chloride 6 94 103 94 86 91 817 98 89 72
12 85 100 88 104 92 106 105 90 95 89
24 100 110 86 94 82 96 105 85 95 17
Urea 6 (474) (607) (764) (800) (483) (507) (797) . (643) (647)
12 (558) (T17) (928) (956) (669) (575) (799) (736) (726) (612)
24 (550) (886) (1192) (1324) (982) (851) (1050) (1014) (1057) (866)

Yield is expressed as the relative yield of total dry weight
( ) shows the dry weight of urea treatment kg/10a.

that of urea treatment.

of orchardgrass and white clover to
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12kgN/10a =

Relative yield %

1676 1977 1879 1982 1984
Year

Fig . 13 Relative yield of ammonium chloride treatment to that of
urea treatmant in the years of lower yield (Urea: 100, [ : Ist cut-
ting , Upper : 12 kgN treatment and lower : 24 kgN treatment) .

Ory matter yield kg/t0a
e

500

6 12 21

N rate kg/10a
Fig .14 Yield response of orchardgrass to rate and kind of
nitrogen fertilizers (annual yield at 8 years after renovation ,
(J: ammonium sulfate , + : ammonium chloride , © : urea) .
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Fig . 15 Seasonal changes in soil solution composition of the ammonium chloride and
urea treatments at 0-2 and 2 -5cm soil layers (24 kgN/ 10a,1982).
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Fig .16 Seasonal changes in Al concentration of the soil solution (24 kgN/10a,
‘0-2cm and 2-5cm layer,(O:ammonium sulfate , A : ammonium chloride ,
W : urea) .
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Table 3. Concentration of cation and anion, EC, and pH : Ammonium Ammonium
of the soil solution (0-2cm layer, Ist cutting growth sulfate chloride
period in 1982). - 10 ' A
~
W JaN
Weeks Fertilizer . Composition _E J /
c
'Y Cation¥? Anion#¥> EC#* pH 2
= .
o o
1 Anmonium sulfate 11.6 21.8 2.6 4.23 oy o
Ammonium chloride 57.3  111.1 9.5 92 e - A
""""""""""""""""""""""""""""""" o
3 Ammonium sulfate 5.1 40 0.7 402 s A
B Ammoniu-m_ _chlorid_e _______ 6 -.—5 _____ 1 -l. 5o _._0____4:—1_8_ o 8_____.-—0 a—
5 Ammonium sulfate 3.1 0.7 0.4 4.22 ~< O_J [r————— [rmem———
Anmonium chloride 5.0 8.6 0.6 4.04 4 8 4 8
+':Weeks after fertilizer application. *%:Total me/L of ) N-rate kgN/10a
Ca?*, K", Mg®* and AI®*. #%:Total me/L of 5042 and C1°. Fig . 17 Effect of N-rate on Al concentration of the soil solution 1
+:nS/cm. '

week after N-fertilizer application (0 - 2 cm layer , 1985) .

Table 4(1) Changes in soil solution composition at 24kgN/10a treatment of ammonium sulfate
and ammonium chloride (0-2cm layer, 1982).

Fertilizer Composition 1st cutting 2nd _cutting 3rd cutting
lweek 3weeks Sweeks lweek 3weeks Sweeks lweek 3weeks Sweeks
Ammonium Al me/L 1.58 0.51 0.40 0.92 1.45 0.85 3.76 1.58 1.52
sulfate Ca me/L 5.96 3.60 2.82 5.42 7.53 5.42 7.99 6.21 6.10
Mg me/L 2.14 0.57 0.37 0.71 1.07 0.84 1.43 1.21 1.07
NH4- me/L 0.00 3.34 1.11 7.83 2.48 2.81 0.43 4.35 2.70
NO3 me/L 29.29 2.59 0.69 1.54 11.19 5.29 8.74 1.59 0.77
S04 me/L 10.89 1.98 0.36 1.85 6.41 4.43 7.08 4.25 4.41
EC mS/cm 2.861 0.68 0.39 0.82 1.53 1.09 1.62 1.13 0.97
pH 4.23 4.02 4.22 4.13 3.89 4.03 3.98 3.92 -3.92
Ammonium Al me/L 8.84 0.51 0.56 1.48 3.34 1.19 3.89 2.98 2.12
chloride Ca me/L 34.49 4.78 3.89 8.20 17.97 T.28 13.48 8.99 T.24
. Mg me/L 7.30 0.67 0.44 0.95 2.24. 1.12 2,32 1.85 1.37
NH4 me/L 0.00 4.56 1.54 6.79 0.00 2.38 0.00 3.64 1.87
NO3 me/L 129.42 4.14 0.24 2.66 22.22 15.34 14.83 6.04 0.99
Cl me/L 107.19 7.33 4,29 9.48 35.43 18.50 29.56 24.82 11.85
EC mS/cm 9.50 0.98 0.59 1.40 3.99 2.05 3.27 2.19 1.41
pH 3.92 4.18 4.04 4.04 3.92 4.02 3.92 3.98 3.92

Table 4(2) Changes in soil solution composition at 24kgN/10a treatment of ammonium sulfate
and ammonium chloride (2-5cm layer, 1982).

Fertilizer Composition 1st cutting 2nd_cutting 3rd cutting
lweek 3weeks Sweeks lweek 3weeks Sweeks lweek 3weeks Sweeks
Ammonium Al me/L 0.53 0.89 0.37 0.84 1.15 0.44 0.85 0.92 0.87
sulfate Ca me/L 1.78 2.32 2.53 1.88 2.84 2.71 3.82 2.64 2.67
ul-4 " me/L 0.31 0.46 0.40 0.36 0.49 0.38 0.56 0.56 0.51
NH4 me/L 6.30 9.11 6.73 3.45 8.23 4.84 5.34 4.63 ‘3.41
NO3 - me/L 0.02 2.14  0.09 0.09 0.11 0.00 0.00 0.04 0.00
S04 me/L 0.48 1.92 1.75 1.89 2.27 2.30 3.87 3.04 3.47
EC mS/cm 0.44 0.70 0.37 0.860 0.48 0.62 0.56 0.53
pH 4.35 4.15 4.38 4.22 4.04 4.186 4.12 4.10 3.96
Ammonium Al me/L 4.33 1.865 1.61 0.88 1.79 5.04 2.75 3.18 3.49
chloride Ca me/L 11.91 4.74 3.74 2.00 3.71 6.42 5.03 7.45 6.086
Mg me/L 1.27 0.61 0.47 0.27 0.50 1.20 0.80 1.10 0.97
NH4 me/L 9.80 13.87 7.05 3.38 4.82 5.76 4.20 5.36 2.91
NO3 me/L 9.43 5.70 0.09 0.47 0.09 0.41 0.24 0.29 0.32
Cl me/L 27.98 7.00 4.51 1.76 6.77 17.38 11.06 15.12 12.97
EC mS/cm 2.586 1.11 0.81 0.42 0.80 1.63 1.14 1.52 1.33
pH 4.13 4.13 3.98 4.086 3.97 3.92 4.02 3.88 3.83
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Fig .21 Relationship between SO, and Al concentration in the
soil solution (Ammonium sulfate 24 KgN/10a,0-2cmand 2-5
cm layer , 1982) .

Table 5. Correlation coefficients of Al concentration with other component
in the soil solution (Ammonium sulfate and ammonium chloride 24kgN/10a,1982).

Soil layer . _ Element

(cm) Ca Mg X S Cl EC pH

0-2 0.972%% 0.984%% 0.919F 0.254 0.974%F 0.975%* -0.738°
2-5 0.842%% 0.968%* 0.270 0. 341 0.901*% 0.887*% -0.738"

Statistically significant at the 5%(*) and the 1%(*¥) level.
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Table 6. P concentration in the shoots, total P uptake, and P utilization rate

( mean values during 7 years (1976-1982))

Treatments

P content in the shoots (%) Total P uptake

P utilization

. rate (%)

1st cut 2nd cut  3rd cut (kgP/10a/year)
Anmonium sulfate 12kgN 0.33 0.35 0. 43 2.7% 63
Ammonium chloride 12kgN 0.31 0.31 0.42 2.49 57
Urea 12kgN 0.33 0.42 0.48 2.88 66
Ammonium sulfate 24kgN 0.31 0.30 0.37 3.32 76
Ammonium chloride 24kgN 0.30 0.217 0.35 3.01 69
Urea 24kgN 0.34 0.35 0. 44 3.84 88
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Table 7. Al adherance at the root surface

measured by aluminon-staining procedure
(August, 1982).

Fertilizers Adherance intensity

Ammonium sulfate ++ +
Ammonium chloride + 4+ 4+ +
Urea +

Table 8. P content in the plant root of orchardgrass
(24kgN/10a, 2-5cm layer, P¥% in dry weight base).

Treatment Month/Date/Year

9/4/82 9/19/82 4/19/83 4/28/83
Ammonium sulfate 0.12 0.10
Ammonium chloride 0.13 0.13 0.13 0.14
Urea 0.11 0.10
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Fig .26 Seasonal changes in Mn concentration of the soil solu-
tion (24kgN/10a,1982,(]:ammonium sulfate 0-2cm, + :
ammonium sulfate 2-5cm, ¢ : ammonium chloride 0-2cm,
/\ : ammonium chloride 2-5¢m, X :urea 0-2cm, V :urea 2-5
cm) .
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Table 9. Mn content in the plant shoots

of orchardgrass (mg/kg, 24kgN/10a, 1982).
Treatment Month/Date

8/11  9/2 9/21
Ammonium sulfate 137 138 115
-Ammonium chloride 151 192 169
Urea 81 118 83
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Table 10. Monthly precipitation during the
grass growing seasons (mm/month).

Year Month Total
L 6 7 8 9
1976 10. 30 45 140 88 313

1971 112 45 77 110 146 490
1978 180 58 67 209 66 580

1979 59 115 7% 4 106 359
1980 11 82 23 44 98 288
1981 126 38 130 290 . 148 732
1982 82 28 36 84 81 308
1983 64 95 47 98 138 442
1984 35 53 46 119 119 372

Average 64 95 47 98 138 442
C.V.% 67 51 52 70 21 34
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Fig . 27 Relationship between precipitation and relative yield (1)
Annual total yield in 24 kgN/ 10 a treatment .

(@: ammonium sulfate (1977 -82), A : ammonium chloride ( 1977 -
84). % shows statistical significance at 5% level).
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Table 11. Relative yield of orchardgrass at
ammonium chloride treatment in the low precipitaion
year (24kgN/10a).

Year Cutting Total
: 1st 2nd 3rd

1977 89(355)  88(413)  84(262)  88(1030)
1979 82(329) 97(389)  47( 84)  82( 802)
1982 87(386)  92(279)  74(198)  85( 863)
1984 83(183)  92(825)  54(158)  17( 666)

Dry weight of urea treatment = 100,
( )Yshows dry weight kg/10a.
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Fig . 28 Relationship between precipitation and relative yield (2)
The 3rd cutting yield in 24 kgN/ 10 a treatment .

(@: ammonijum sulfate ( 1977 -82), A : ammonium chlonde( 1977
84).
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Fig .29 Relationship between precipitation and relative yield of
non-acidified treatment (urea) . .
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— Decrease caused by
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Precipitaion

Fig .30 Relationship between yield and precipitation
— A schematic model of soil acidification effect — .
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Fig .31 Relationship between Al concentration of soil solution
and water content of the soil (April-September 1980, 24 kgN/ 10 a,
@ : ammonium sulfate , A : ammonium chloride) .
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Fig .32 Relationship between P content in the shoots of orchard
-grass and cumulative precipitation during the growth season
(1977-84,12 and 24kgN/ 10a,(: ammonium aulfate and am-
monium chloride (acidified treatments), il : urea (non-acidfied
treatment)) . )
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Table 12. Chemical properties of the soil used in the experiments.

Experiment No. Soil type Humus CEC pH Bray(I)-P Ex-Ca
(%) me/100¢g mgP/100g ne/100g

No.1, 3 Bfn(1) 2 18 5.50 3 1. 07

No. 2 {(ditto) 9 24 5.170 48 9.45

(1) Typic Acid Brown Forest soils.
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Table 13. Al dissolving treatments and chemical properties of the soil in the pot

experiments.
Experiment No. ETreatments E Al dissolving ESoil solution(1) E S0il(3)
' ' ' chemicals , , -
f ! ! pH AL(2) ¢ pH  Bray(I)-P(4)
1 1 Al i AICls 1 4.80 0.01(0.1) 14.0
LAl ! '4.72 1.67(15.0) !
2 ' Low Al '\ NH2CONH» D473 0.08(0.7) 20. 9
+ High Al i NH4Clz 432 0.44( 4.0)
3 EHigh P High pH 5 CaC0s 5 0.10( 0.9) 5 5.75 38. 4
'High P Low pi ' H2S04 : 1.09( 9.8) ' 4.92
ELwP Huhﬁi CaC03 5 &ONOJ)ESJd 7.0
"Low P Low pi ' H.S04 ! 1.39(12.5) ' 4.88

(1) :Soil solution sample was taken at 5 days (Exp.1), 7 days (Exp.2), and 10 days
(Exp.3) after Al treatment. (2):me/L(mg/L) (3):Soil sample was taken after the
experiment. (4):mgP/100g.

ERENAKEETLTRY, 1 FBHECHE~XT L
=9 ATHEAEY. EBCHR Ly v &, -7 o0 Exp.2 Exp.1
N—=TFADT LI =9 ATERA —F o - F 752 &
FEBE, Vo Flty, 7@30v=7A54 2752 LRABE,
ZLTCTH 7 e— k= A RHRE DR Tl BB 7
3= AfiitERR L. '
SFAIE BB MET7T L § = 9 AR BT DI E it
EMOT A=y AEFRITER 1 T35~191 mg/kg,
KB 2 T15~69mg/kg THH, BETII_rv=715
177A, Yr2e—"ELWT7hse—pEEA
ZdH -1 (Kl14).
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Table 14. Al concentration in the shoot of
-Al treatment(Exp.1) and Low Al treatment
(Exp. 2) (mg/kg).

Al concentration

in the soil solution (me/L)
Fig .33 Effect of Al concentration of the soil solution on the
grass growth (O:orchardgrass, A : timothy , ] : perennial

Species Exp. 1 Exp. 2 ryegrass,[]: redtop, x : Kentucky bluegrass, @ : alfalfa,l :
red clover , A : white clover) .
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Fig . 34 Increased Al content in the shoots of several grasses (In-
creased Al content:Difference in Al content in the shoots bet-
ween no-Al dissolved treatment and Al dissolved treatment .(O:

orchardgrass , /\ : timothy , (] : perennial ryegrass , [@ : redtop ,
A : white clover) .
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Fig .35 Relationships between Al content in the shoots and
relative yield (O: orchardgrass, A : timothy , (] : perennial

‘ryegrass , @] : redtop, V : Kentucky bluegrass , @ : alfalfa , M :

red clover , A : white clover) .
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Fig . 36 Relationships between increased Al content in the shoots
and relative yield ((O:orchardgrass , /\ : timothy , []: perennial
ryegrass , (@ : redtop , V : Kentucky bluegrass , @ : alfalfa, R :
red clover , A : white clover) .
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+EpH LV VIBEKEMSA R o7 (F13). U /B
KErBVBE& (BPEK), &pHKex7 5K pHX
DOHMEFTREIA —F+—F7/52, Frv—, Xv=
TAFATSATREL, 77,107 7 THREL, ¥
myw—ARZodiTh-7 (K37). U YIBKRER
BvWiBEs (BPRX), WIhDREELAEFTLAXE S HH
Eh, 1 +HBREXEFEPREDL/2~1/4, = AR ET
B0 ToEBR -7, cOBERY pHiek 45
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RitE ) vIBRECHTHRIE LRI LTCEL 1D
<, KpH e+ 3 RIBCRIET Y vIEKEOHE (K
38) &, EP st 5 RISk RS+ pH o8 (R
39) LLTARLE. C0)bEpH KT RE, T
bHitEEE ) VIEKENBVCHECET TS 2 L8 %
{, BMTERVLv =T34 75 ATREDOHEANEL

Mofe, TAZ7 A7+ TRIOEEIIRLRICH T,

—HE P et 5 REIG, b bIE) Yt pH At
BVBAECETTAIENEL, Rv=TA T FA
TEDREHBFELL, 747,407 ;3F N TH- .
CORERNL, MEECERETY vIBKEORE L, &
Y v R EEES o B8R CRULAHEE
BARIC 55 & &2 B

B P RIS\ Tid il pH I e~ TS pH K TR E D
Vveharryy agERARRICETL, thERoY
VEERB IO ALY Y A EHEOR pH Kixt-+ 5K
pH KO#ERIA —F + — V¥ 75 A T83% ¥ L U74%,
FEY—TNRERLVT0%, “v=FAL51 275 AT65

Dry weight (g/pot)
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Fig .37 Effect of pH and P-fertility of the soil on the growth of
several grass species .
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FlieksWTT T ) vERRLBIRBICEDL > cfodic b
BROEES LR ThEBE RO (F—F 4 —F 7
FAR, TA7 307 s 8IPvrese—.1),

100).
B

110 1
102 -
90
80 -4
7
50
58
9
30
20
19 -

Relative vield % (High ph

%%

T
Orchardgrass Timothy Perennial ryo. Alfalfa khite clover
Species

Fig . 38 Effect of P fertility of the soil on low pH tolerance .
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Fig .39 Effect of the soil pH on low P tolerance .

Table 15. P and Ca content in the shoots (%) (Experiment 3)

Element Species Treatment
High P Low P

High pH Low pH High pi Low pH
P Orchardgrass 0.28 0.24 0.07 0.07
Timothy 0.43 » 0. 31 0.11 0.09
Perennial-ryegrass 0.54 0.35 0.08 0.07
Alfalfa 0.34 0.25 0.09 0.14
¥hite clover 0. 24 0.18 0.09 0.10
Ca Orchardgrass 0.36 0.26 0.29 0.16
Timothy 0.33 0.23 0.26 0.11
Perennial ryegrass 0.47 0.36 0.32 0.17
Alfalfa 1.49 1.47 1.26 0.95
White clover 1.94 1.19 1.20 0.86
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28 RBENBRM(CERICHT IMEBEMOE
Ehi= :

E L P S .
KALEROIRK M BERK I TI9825F6 2
BCA—F 4 —FIFFR, Fx—, R=TA3A7
SA, TAZ 707 6LV vrym—05 Bfivk
E4m, BE40cm, 1 X44=6.4m?, 3 REDOLE
THEL, BRABC L > THEYEBEEEDD
(-CaCO; K) 1986%F ¥ THEMICI o » TEHE L.
CRBEDWTRIGIR LI AL Ja — it & T D
Wy, REA» A~y AHRACESMEL K
(+CaCO3K) & Dwtbic & » CHERBOMBEM: % HhEk
Ui, WBAEANBRROE D THB. 19824 ~854F :
N-P;05-K;0= 18— 10— 18 kg/10a (Bi%E —:BH —Hi
0y, 19864 : N-Py05-K;0=6—10—6kg/10a (Bi%
—@BE M. +CaCOsRXizstTaRE I L~ Y &1
CABRKOERHTHD. 19824 : 80 kg, 834 : 155
kg, 1984~85%F : 100 kg/10a . 19844 L86FEDI0AK
FEMEE HI5x30%x30cm (BX) e/ VAH IR
BECE OB D, Ak L - TR SELEBENOR
BxHE L.

Table 16. Cutting schedule of the experiment.

Species Ist cut 2nd cut 3rd cut
‘Orchardgrass June/E August/E Septenber/L
Perennial ryegrass June/E August/E September/L -
White clover June/E August/E.  September/L
Timothy June/L September/E

Alfalfa June/L September/E

E:Early, L:Late.

EBRER
EEARHIAE 4 RN B LA BT IR O RELE
AHET Db, BEEH Y T ADERBIEEY A —

Fo—F75A (BB CAHETI8kgN/10a & L7z,

FOkEE -CaCO; Ric 13 5 L H#ERB ORMELIL ST
2, M 4EHIZ0~2cm B0 pH 2 EEEHT
4.68 (F173 L U'E40), 2~5cm LB TpH4.75TH
h, gLy 4 (Ex-Ca) 30~5cm B TK
ECETLTWAC E (KI8k L UK4L) 26, 5%FMH
OEBELOFEI~Scm LBIBEF Lo E i BT
LRTED. TEROMEOETEEIEBI LT

Bigote. Tichb, AEBRK IFERBIZR->THS E0~5
cm +BOBEILOEREILA —F - VIS T A, FE
Y—RIVRV =T AFA T TADL FBHIEIENT
AT o AT s R IR s e — D~ 2 BHCE D H AR
L ET LI (RIT). flovym e — S Tik0~2
cm B0 Ex-Ca s 2FE AR LTk T, pH
CRESHE LTV A (E17,18). LA LZOBETH2
~5¢cm +B Ex-Ca s L O pH IFEEwE T L. 2
¥h, verze—S0BSIEBETLEOBMELIE
CETT B EnBDdLRc. COL nRRloR
fEo -CaCO; Ric kv Aabhf.

WEAF G HEOMME s> TET L (K42).
R EFEC L - CFHM L A M B O IR ERE TF
R bhIch, FA—F - FIFASFEY—->T N
T e AT 2 ZRVETAGA T FASYR IR =L
xbht. RELEBTETOEHAGERE, rRBRTHELA
TERI D OBELHTH T,

— CaCO3 KTt A vy s EHENMET LA (K42 :
Q). Ve ER (@) 3A—F+—F77AD3IEA,
FEY—RIVRV=2TAIAS5AD2~3ER, 7
N7 a7, D3FERATETLEY, ThboFEEOf

Soil pH
Aana POOEUOCEOS
PN OLO=NWHEUODIDWO®D~

FENS N S NS U T G TN N S U B A 1

Year

Fig . 40 Changes in soil pH (soil:water= 1:2.5 )duringa 5 year
acidification treatment (Average pH of 5 species, [1: +CaCO,/0 -
2¢m,+ :+CaC0,3/2-5¢ecm, ¢ : +CaC0,4/5-10cm , A :
-CaC0,/0-2cm, x :-CaC03/2-5cm,V/ : -CaCO,/5-10 cm) .
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l Fig .41 Changes in Ex-Ca in the soil (Averages in samples of 5

species, -CaCOj treatment,/A: 0-2cm, X : 2-5ecm,V: 5-
10 cm) . ’
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DERBILIY e 70— STIETF Lish 1. ¥ —Tik +CaCO; B L » CRBOREN ML 1=
TEANOBEAEOERE (H43), 747,147 > O ﬂ,&v:7»§4ﬁixxgw7w77»77fm:

REDRS, LobBALBRAL ) ORENS &, DBIRIFRBRTH » 1. fods, v r s e — S TRERK
THhEIHBMIC Y e 7 e —AORELDI 2 LA DEEBIH S RERAHNE L, 1986FCITBRBEES

BELTIRDOAK, 4-F 4 — K/ AKIUF= Tateh o fe.
Table 17. Changes in soil pH during a 5-year treatment.
Species TreatmentSoil Year
layer 1982 1983 1984 1985 1986
Orchardgrass +CaC03 0-2cm 5.99 5.20 6.05 5.64 5.34
2-5¢cm 5.60 5.50 5.60 5.31 5.38
R 5-10cm . 5.70  .5.68 5.82 ' 5.54 . 5.77.
-CaC03 0-2cm '5.99 4.95 4.92 4.83 4.861
2-5cm 5.60 5.40 5.17 4.175 4.71
5-10cm 5.70 5.69 5.61 5.49 5.51
Timothy +CaCo03 0-2cm 5.99 5.20 6.28 5.79 5.51
‘2-5¢cm 5.60 5.42 5.64 5.42 5.49
e 5-10cm 5.70 . 5.80  5.82  5.95  5.79.
~-CaCo03 0-2cm 5.99 4.85 4.96 4.73 4.58
2-5cm 5.60 5.40 5.12 4.83 4.81
5-10cm 5.70 5.65 5.61 5.64 5.21
Perennial +CaC03 0-2cm 5.99 5.25 6.16 5.65 5.42
ryegrass " 2-5cm 5.60 5.50 5.72 5.83 5.39
S 5-10cm 5.70 .5.680  5.71  5.90  5.72
-CaC03 0-2cm 5.99 4.98 4.68 4.49 4.58
2-5cm 5.60 5.50 5.11 4.96 4.52
5-10cm 5.70 5.60 - 5.61 5.71 4.83
Alfalfa +CaC03 0-2cm 5.99 5.28 5.84 5.54 5.71
- 2-5cm 5.60 5.40 5.68 5.58 5.58
s 5-10cm 5.70 5.70 ° 5.78  5.73  5.32
-CaC03 0~2cm 5.99 4.90 4.52 4.50 4.59
2-5cm 5.60 5.45 5.00 4.62 4.69
. 5-10cm 5.70 5.71 5.42 5.586 5.51
White clover +CaC03 0-2cm 5.99 4.99 6.02 6.13 6.08
2-5cm 5.60 5.31 5.30 5.59 6.01
e 5-l0cm 5.70  5.60  5.86  5.74  5.71
-CaCo03 0-2cm 5.99 4.68 4.70 5.24 5.03
2-5cm 5.60 5.21 4.72 5.01 5.00
5-10cm 5.70 5.62 -5.32 5.63 5.51

Table 18. Changes in Ex-Ca content of the soil during a 5-year treatment

{(me/100¢g) .
Species TreatmentSoil Year
layer 1982 1983 1984 1985 1988
Orchardgrass +CaCo03 0-2cm 3.01 5.03 7.17 12.02 4.85
2-5cm 5.12 4.78 4.17 3.00 3.53
e 5-10cm 5.88  5.83._..5.99  5.78  5.21
-CaC03 0-2cm 3.01 2.07 1.03 0.78 0.68
2-5cm 5.12 4.74 2.28 1.57 0.96
5-10cm 5.88 5.81 5.56 5.39 4.32
Timothy +CaC03 0-2cm - 3.01 3.67 13.84 13.37 T7.28
2-5cm 5.12 5.03 4.53 4.10 3.42
e 5-10cm 5.88  5.83 . ..6.35 . 6.38  5.06
-CaCo03 0-2cm 3.01 1.96 1.11 0.89 0.86
2~-5cm 5.12 4.586 3.17 1.32 0.81
5-10cm 5.88 5.85 5.42 5.92 2.53
Perennial +CaCQ03 0-2cm 3.01 3.67 10.70 9.17 6.78
ryegrass 2-5cm 5.12 5.03 4.586 5.10 3.74
S 5-10cm 5.88  5.83 . 6.10 . 8.56  5.31
-CaCo03 0-2cm 3.01 2.07 0.82 0.89 0.82
2-5cm 5.12 4.85 3.00 1.78 0.75
5-10cm 5.88 6.31 5.53 5.85 1.28
Alfalfa +CaCo03 0-2cm 3.01 4.46 12.48 9.91 5.086
2-5cm 5.12 4.74 6.10 3.46 6.88
eneeee 5-10em . 5.88  5.81 . 6.81 581 257
-CaC03 0-2cm 3.01 2.50 1.28 0.88 0.93
2-5cm 5.12 4.89 3.14 1.11 1.00
5-10cm 5.88 5.63 5.39 4.85 4.64
White clover +CaCo03 0-2cm 3.01 2.89 12.70 19.97 -13.82
2-5¢cm 5.12 4.17 3.74 2.78 6.60
e 5-10cm 5.88 . 6.21  5.56 5.7l 5,60
~-CaCo03 0-2cm 3.01 1.57 1.71 2.85 2.21
2-5cm 5.12 3.60 1.75 1.11 0.61
5-10cm 5.88 5.63 4.03 4.78 3.57
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(-CaCO, ) treatment to that of non-acidified (+ CaCOQ; ) treatment , @ : P content in
the shoots , (O : Ca content in the shoots) .
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BIH 7L I=LFETICHEBREDY
> B |

RBEHE

FR1 HSOBSBNCRETHETILI=YLER

DEE (LHRER) ,
aamﬁbtsﬁﬁmévyay#—fw—iiz&
Vo F by xR 6 /R 19899524 B 1/5000
AT 7FAK, VEFRBELLBEKIUELCBEL, R
FHI0HE (3~ 4EW) CHBE7 =7 4HK
(AI(SO4)318H0) % # » F%7c h 6 g KAMA LK

(+AIR) & LR (FALR) %800, 748294

MIEHI0E, 208, %L U308 BicH L3 LRSS
TIREEL7c. BEEE, bbb BT L, KE
K- THRYERFE OB L CEWELAIE L. &%
HARECHRIBEIKRD LRI THD. #Hy P E 0B
fAlg (0.18 gP,05 ), BilE~ 7 x>V 42 g
(0.5gMg0 ) *+ELEHCRA LKA, bitDd,
oy P B HRFERK0.52(0.11 gN), @8FA2g(0.36
gP,05), &imn0.5g(0.25gK,0) & &R A o b LI
PORERA L. FRIBIBERRBAO Y 7 AE
DEHRKT T, BEFL, tEEY IR L CREKY
FE DR L, HEA S & FIHE KR OR60%
L.

RB2 HEROTLI=VLBENRRE Y CBREIC

RETHE OkPHEERR)

4L BB = — BB 2 18 L 60 L ATERUE (1
Vi) Hley b L, BH7.5L/ BEECEE
BAERSeoo, HARAER (F19Y) 2@AVTTF
HOIUBREZRE LI

Table 19. Elemental composition of the solution culture.

Element Chemical form Final conc. (mg/L)

N NH4NO3 40
NaNOs 28

P NaH2P04 0.2

K K2804 18

Ca CaClz » 2H20 80

Mg MgS04 . 18

Fe FeS04 « TH20 2

Mn MnSO4 - TH20

B H3B04 0.5

Zn ZnS04 + TH20 0.2

Cu CuS04 - §H20 0.03

Mo (NH4) 6Mo7024 0.005

1) OmgAl/LX : 743 =9 a%hizicCpH %

4.2k L.

2) 2mgAl/L X : 20 mgAl/L 24D Al(SO4); &£ 16
mgP/L #8245 NaH,PO, #nx CpH4.2& L, BHFT
H7Ai=va, VVBEYLThLHh2E LU0.2mg/L
&Ltk * B

3) 10 mgAl/L X : 40 mgAl/L H4 0 Al,(SO4)s & 20
mgP/L #¥4 o NaH,PO, #fnx CpH4.2& L, BFT
5703 =9n, YVEBEZTRERI0K XV0.2
mg/L & L.

THGOEERD pH % 2 Aic 1 [0.1 M—H,S04 &
0.2M—-NaOH # i\ CHRE LA AL 4AMKEL, ©
D 2 Bic | B AEREA No .5 C T LA BB O 7
ni=gab) vBEAYRIEL FIEDCBECKSL LS
© Aly(SOy); $ 5 W oik NaHpPOy 8RN L. & DI%E
BEHHh Ud-— 14 74 bl L CRER30A
BBL, BLIFI~4BEHE LA —F+— K7 TR,
FEY—, RVZTFTAFAITFTA, TAT AT 5, T
Are—23, BIUve s e —S0YEmyBHELL.
ERE1EY IRIELL, SNE2RET, &EHEEC
1 BN G (2418 oREDHEN L BHE
L7, Btk pHoREAHEA 1 ~3ET, TAS
= Al) VEBEZIBCIESS 22 HiC | @ERIE
L, #ZL. SHLRSBATLBEREORBERY TH
Lic. ERMPERECERESE L. ERIEY
BERBHO 7 7 ABADERKET T, 1989%FT7H
1B RBRE L3 BT S8 SRS it B3R & AR5
A, BEoVTi Newman 05" clRE%
BIE L.

KBRI TALIZTLREZRCT 34 FEERBKD
YobLURBHL S Y LBIRRRAE

B0 LddREE T 1 & A+ %500 g ALt
PRENC L > T, EHBOAEZLDH T A = v AT
Homubo, EFFBOLIEDE T I =T At
DFNH DL LTHRE - BE LA —F v - F /7 A,
FEv—, BIORV=TALIA 75 AREERFRAMN
b2 R a RO (K20), F56 R L, AL T
12 ALFEERAGIEH, P RBRTROMEAF[E LK
BAfTor. .

REEH w7 2 FR : REEH L~ 7 41500 mg/kg
WA LK ( +CaCO; ) LM LEWE
(-CaCO;3 X)) 3R 1.

y vHLEE © Ca(HoPOu) H:0 ¥ V- THEECH T 516
Y vigEE40, 25, 50, 100, 200 mgP/kg & L7-.

FoEAEREE LT N-K= 100—137 mg/kg 24 E % 1
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FEHRMTHA LY. FRILIRBETER LA, Sv=
TAFA 75 AF190FEITAYACEEL, 12R4AK
INEEL, & —F v+~ F 75 Ak LF T — 11199141
BoBwHBEL, 2822 MBELL. £BI

USDA—ARS ~u v EAlfgew v 4 —DRERMNEE
ERREE (1 HYHI28H, lmoOFIAL200WHa
HEITTEH) OOV n 7 AR T, ERIL18~25
Cr R L1,

Table 20. Selected cultivars for Al-tolerance.

Grass species

Al-tolerant cultivar

Al-sensitive cultivar

Orchardgrass
Timothy
Perennial ryegrass

Senpoku

PI 278699 (Canada)
(Japan)
Pl 420124 (Japan)

PI 109072 (Turkey)
PI 204480 (Turkey)
Reveille (Japan)

EERER
REE1

7=y s MBS HBR0~5cm 2EOHRE
W7o i =9 ABEIL107 me/L (958 mg/L) & &
BETH-1H, ABEIOH~30HI%12~26 me/L

(110~233mg/L) T L, pHi34.09~4.64TH »
7o (%21). 5 cm LT LB Tk &Mk %@ U T pH
115.62~6.20TH bH, 7o $ = LPERER0.08~0.17
me/L (0.7~1.5mg/L) Thot. 0HEORELE
BR7A =y st X » TET Lchy, TOBRER
HWERY 0B CREMr-. Tz LBOEF

100 o\/ [ O\\/ i go
v .
z 50} - - |
— Orchard- Perennial
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S grass ryegrass
;5 0 L1 L L1 ]
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=
=100 —~
| a2 [ N
[a%4 f
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Ov | | ] ] | | { | )
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Fig . 44 Changes in relative dry weight of + Al treatment to that of -Al treatment

(O: shoot , @ : root) .



40 s R BRR S

CRTAEEERI0A S X 3EOBWAED > H2AECY,
»EbKEh-K. 0BT 2 FTHETETEIZ
RV =T FA T FASTNANT 37 >4 —F4%—F

#8355

Table 21. pH and Al concentration of the soil
solution of +Al treatment during the experiment.

TTASYRIn—RD>F7hAsr—ri>FEY—D|ET Days after Soil layer pH Al
Hte (R44). Al treatment me/L  (mg/L)
BECLZRGBIO 5 57 v 3 =0 AUBOBEE ¢ 4, 0-Sem 409 106.56 (958)
ALRICDIA FRRETILY v, ALV T A, =F5F 5-15 6.20 0.08 (0.7)
. . X . o . 10 days 0-5 4.38 12.24 (110)
DA AVNN AE TV v, A7 AT , W
g TARBRETR e %? ¥ 5-15, 5.62 0.14 (1.3)
NDBHICHT A3 =9 MBI L > TEHRNIETF L 20 days 0-5 £19  25.92 (233)
oL U vEAIAYY ADBINE L REDEGEAI0H B ¥ 5-15 6.03 0.17 (1.5)
_ . _ . e . 30 days 0-5 4. 64 24.81 (223)
30 HELER L /iR & RI453s L OR46IR Lic, Y v 5-15 6. 14 0.17 (1.5)
DEE, =TS 752t vasa—SAYAOE
BTR7V =0 A BORECHHbLTEIchE
—ERECDB ERILRI, =TS, TR
tvr e —SNOBRE TA =y ABEBEECRKWT
BIcHEBHW . 2% b, 741 = aB -
THMREYL O ) vIRNEAET L. ZhicxtL
ANy A TRTNTOERTCRIER—ER LT D - 1.
12 L_ Orchardgrass 12_ Timothy 194 Perennial ryegrass
______ o“ -
o---""" Seel
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1 /. ----- Sl /. - y
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£ 12 Alfalfa 12 Red 12 white
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Fig.45 Changes in relationship between root weight and total P uptake
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Fig .46 Changes in relationship between root weight and total Ca uptake

(O:-Al, @: +A)).

K& 2

Tl = MERMERCENT A =9 A MK it
B B E QIAEFEENET Lich (R47), BE
ERRHET L =0 AERIMR R 5 HEHE C T
5703 =2 ABRIBETRIVEL WRETE
Lhote (K48). ‘
WEROER, Vv, WV T A, IAVYI A, =ITF
YLAEHRIVTRLE T = v A MBI L > TET
Lichs, e Th ) vEBROETHITXCOREBICE
WTELL, AV YA, AAYYARFRIZKCE (K
49). YV vEARATAL I =Y ABR I - TETT2
BECRFA—EEACKSVTRE L RFABREYRLE
(R50). X0, WELMERY v RIERC & K
BB D bR, BEEL T A =7 AQEYED
1HBETL X OBERFEICR T (R51).

—

[

(=1
1

Relative root length (%)
g
I

I
100

Relative root weight (¥)

Fig .48 Relationship between relative root weight and relative
root length (Relative value:comparing to that of OmgAl/L treat-
ment . (O : orchardgrass , A : timothy , (] : perennial ryegrass,
@ : alfalfa, A : red clover , B : white clover) .
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Table 22. Chemical properties of the soil after the experiment (orchardgrass).

P-level Lime-level Final pH Bray(I)-P Ex-Ca Ex-Mg Ex-X Ex-Al

©wgP/g 1 gCaClsa/g mgP/100¢g —— me/100¢g

0 0 4. 44 0.04 0.18 " 0.51 0.86 0.54

o 1 _5_0_0 _______ 4 . _9_7 ________ 0 . _0_4 _______ 4 . _0.3 _____ 0 . _4_3 _____ 0 . _9_5 _____ 0 . _2_3_ N

25 0 4.55 0.31 .25 51 0.74 0.52

25 1 _5_0.0 ______ 4 __9_9 ______ 0 _._3.5 _______ 3 __2_1 _____ 5 _6 _______ 6 _5_ ___0_ _25 )

50 0 4.50 1‘09 0.39 0.50 0.21 0.62
__5_0 ________ 1 ‘5_0_0 _________ 1 _2 _______ 0 __9_6 _______ 2 _._6_4 _____ 0 __5_3 _____ 0 __5_9 _____ 0 __31 )
100 0 61 3. 40 .50 0.54 0.66 0.59
10_0 _____ 1 _5_0_0 _______ 5 __1.4 ________ 2 __5_7 _______ 3 . _0_7 _____ 0 . L 0 __5_6_“ 0_ _3_0_
200 0 67 5.172 0.57 0.49 0.43 0.54
200 1500 5.01 6.24 4.42 0.59 0.37 0.26
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- Table 23. Evaluation of acidity tolerance among several grass species studied.

Species Al tolerance Relative growth Acidity tolerance
(Al mg/L) at 15mgAl/L in (General estimation)
the soil solution
(1) (2) (2) (3) (4)
Orchardgrass 100% 5 90% 5 10 ‘D
Timothy 10-20 4 85 5 9 S
Kentucky bluegrass 15< 4 90 5 9 S
Red clover <15 3 78 4 7 M
Perennial ryegrass <1% 3 70 3 ] M
Redtop <15 3 70 3 6 M
Alfalfa <4 1 70 3 4 W
White clover <4 1 50 1 2 VW

(1)Al concentration of the soil solution when the grass growth began to be
reduced. (2)Scores in 5 degree, Highest:5, Lowest:1.

(3)Total scores of Al tolerance and relative growth. (4)VS:very strong
(tolerant), S:strong, M:medium, W:weak, and VW:very weak(sensitive).

¥:Data from the other experiment.
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Fig .56 Relationship between relative root weight and relative
yield (Numbers show the experiment No . Relative value: com-
paring to that of OmgAl/L ,O: orchardgrass, /\ : timothy ,(J:
perennial ryegrass , @ : alfalfa , A : white clover) .

Kic, MEDH ERT7T A =0 s&HRERE (71
Sy A ERBARE) LERY vEEE T -Al
Ricst45 + AlRD Y v &7 R0 HRHE DB R % K57
CaRLE. CORMLTAI = A0 ESBIHOS
VERIIHE Y v EERAET LRV &L 5 B




HrPfe B RORFRMME(L L M E 0L TR T 505 47

BAELIL EEETIL, A —F v — FZF A, FEY—,
RU=2TAFA X FARED, FPRETRIT AL I =Y
LD EIFBITHAMEL, V VEERNMETTHEE S,
PNE. ThREFLTATZ A7 5, e Z2e—.pk
D= ABHRE TR T A 3 =9 20 ERBTHELEL,

Uy RFEREMET LT VEHBICHS. Ly v &y
F—T A=A IOEENIBIITR, TAI =T A
O ERBITHL D IBERVEIC Y v RIROE T
Edat. EEL I, 743 =7 ATEOTEGF
FAFTREBBEDOT AL = AR SUEER CEF L
®5E, BEMOEKL MV HEEL, KB LARCH
LTHEEDO7 V=9 aBAEH Y Vv ADORHARZS
LERBDT, TA5 =% a0t EEBTRHEBEDT7 A
=y AREOBERRKLTULS L EL bR DY,
LidioT, 74129 AL - TRABELF 2T
WIEHE ) VEBERSMET LTV ELBT L TED.
FRELY VR o F—FN— 7523 DBGROFINTH
otehy, THhETVE o F—TF A — 5 ATIHERT A
o ABEEAEFTCL, UV VYRIRABEEZ IR, B
HVRBVEBEDTA I =y ANEHNECHEELTLAETE
METF LAV EREBLDEELZDBNS.

120

L(\

10
8

o
o
e
e
)

Relative P content
in the shoots (%)

L 1 A 1 )|
0 100 202 300 100

Increased Al content in the shools (mg/kg)

Fig .57 Relationship between increased Al content and relative
P content in the shoots (Relative value: comparing to that of
OmAIl/L ,(O :orchardgrass , /A :timothy , ] : perennial
ryegrass , (@ : redtop, x :Kentucky bluegrass , @ : alfalfa, Wl :
red clover , A :white clover) .

WEOHSY vEFERLHNEFTREOBREMLBICR
L. B ER ] B LOER 2 THHME L I iy
EURBEREH D, UV vaERAMET LeTVERELE
SEBFBEThbb7A =% ATHELANE L oo, Kl
LER I (BP &4 TRz BEEATBETHY,
R EFROK N b b3E pH KOS ) v &%
RITAXEET L. ZhIIERIOE P &ETRE
PHABRE X5 ) vEEROETICOrbbsTA 78
WE3EECRTRAE UREBET AR LN -
=T (37, #15), ChbBEMEOMERMELY v IBK
EABGBAC L ATV LmE TS, EhIo
BEDY YERESETYIME TS LS LidEL T

Kol LA X DBREELORS. —HERIOE
PAH TR~ AH2EBRIFZLVAFTETOLDERR
FLTHETAZ LR TERMm T, ZDLHER?I
DRI, BERLL T CCBEEBE TET IELE
Bgts, WEORFEERCHBELICLERI L
VR 2 D&M L CHRABELRHITRC D 1 &M
BELTW5LEE1bRS.

120 _ 14
Pt
IR
s
2 1o00f
L]
o
£~
w
G
] sol
2 oy
80
v
= 60}
>
[ 5%
-
')
et 10}
-
«
a
3
sl 1 ] b 1 J
40 60 80 100 120

Relative P content in the shoots (%)

Fig .58 Relationship between relative P content and relative
yield in the shoot (Numbers show the experiment No . Relative
value: comparing to that of OmgAl/L ,(: orchardgrass, A :
timothy , [1: perennial ryegrass, [@ :redtop, X : Kentucky
bluegrass , @ : alfalfa , M : red clover , A : white clover) .

AU L7 A i = v A 8FRLBE (743 =
43 EEBTH) SHABE (CAIRXT5 +AlR
OREOHNE) L OBRER L (FB1HERR2).
T2y A0 ERBTHEAG R I e -7
7 7 5 TIRAMEENNZL, 1 FERETRIT L
=9 A0 ERBTHABCHEMBEENKE-. —7,
FAXHRE &85 Y v EEROMILIECHBENZED LR,
voge— ATHHAMEESNE ) vERAROETE
EhAZVOrL, Sv=TA5( 75 AKETIEE
HIRE - V VvAERELETEEGL/ P2 (K60,
HIHER2). L LEBER»OBEEHTEFT SR
TofR | BEER 3 Tk, BARRBESEASMEISHh, Chb
DB ED LRt ot

DEDHERYEE LT, SERBOMEELERER6IC
¥ Lot MEBEEORETHHHEMNETRE LHMIRES
UMY vEEREI LR EChERGAMBERCHD, 7
At =9 A DM ERBTE GRS LR AIRES
BIehsb. 2Fkbh, 7Ai=vaAnBEHLTWIEEL
BrREFrEETHLEOEBFTRTRRL, 74129




48 %ﬁﬁﬁ%%ﬁ%%ﬁ%_%%%

AL HARBREEDE TS LORER L2 ) VRO
THOUETLTELTWB I E&RT. 2O &L, KE
RO Y YEFEROBETAREBETO/REL LTRSS
TUVAHAREYTRETEEDOTHY, TDOZ LIt bic,
BEDY vEFROETIEFTETOEEZENCERTH
HEMEILRHFIE LT, BEFBRINOBTHHROEFN
WAL VEERBERTHHZ LR TIOTHD. &b
W, U VICKESGN R ABE OMmMEEM &, 15 pH
GUNRIDBEOEY vt HECELU L BIRT
BHoteZ Ern (1K38,39), MO REBR I LT Y
VItENERCAE LTV A AR SR, JhitiR
TEENERE LTAESETELLEERLOT .

w100~
Nt

(2]

-

Q

o

=~

(7]

® 99—
=4

2

=

= 80 |-
(]

+

=

o

Q.

o 10
L}

-

=

.1

g g0l L ] ] )

60 70 80 90
Relative root weight(%)

Fig .60 Relationship between relative root weight and relative
P content in the shoots (Exp .2, Relative value: comparing to
that of OmgAl/L , O : orchardgrass , A : timothy , []: perennial
ryegrass , @ : alfalfa , A : white clover) .

3 BFHBRMERCHTIMHEY

%2 B s B EF MBI X 3 A Akt o
BREZCHTESEROBRIFE » P RBROBR LB
E—F L (K425 X UFK23), 747 > 17 5 Tit
F oy P EREIBBRBRORIEAE TR k. Thbb,
Ty + KRB LOBBEROBERC TS TA—F 4 — F
FZALF T —DREBEEIEL, Sv=7A54753
ADMWBHEIA —F » — V72052 —ch~B L
B, vroe—SOMEERES - & bEN->%. L
LAy F RECTREME S PRE S HEI R T A7 5 0
7 7 REBER TR LG SR E IREE T % Zow ioh
S1. COBGCIEEESRSTBREREORE v i

~N
3R
hd _—
-
£
w100}
[ ]
=
) .
2 801 \
“>-’ | A
2
= 6oL
@ L 1 i 1 1
e 0 10 20 30 40

(mg/kg)

Increased Al content in the shoots
Fig .59 Relationship between increased Al content in the shoots
and relative root weight (Exp .2, Relative value : comparing to

that of OmAl/L ,(): orchardgrass, A : timothy , (J.: perennial
ryegrass , @ : alfalfa , A : white clover) .

Al tolerance
{Growth under Al dissolved condition)

Al uptake and
translocation to
the shoots

P uptake and
content of the
shoots

Root growth
(Elongation)

:proportional relation
---------- :disproportional relation

Fig .61 Factors affecting acidity tolerance .

WL o THIT B LR TED. TAT y 7 5 O
&, BROPMMEMCHENTE LBEL, BELBEEY
hDREHRKECORT L, FENEBEEILOFENR
SEBRIFEZO~S5cm THbHld, 747,17 50
BE2BCHD BB OEE /I, Lichis
LTA7 207 s BERTREET NV i = ATHELH
KBV hbb T ESEG CREE OB EY +h
BEBLK T erocbDEE2bR% (K43). L,
b, 77 717 ORI EOBMEALSEL LR
TRBTHE CHETLDOC, CoSICHERERE 2.,
FEREDBWAHE. O Lk, BOFEFRCE
r7e—AERRIMOEECLHTRET ), BOFH L
WOBET 5 EBbhs s, ROFEHFEET 248




BRP#L - Bt BoRFRBE L LR EOET /BT TR 49

EDECAHHFTRIVDT, &2 CRABOREND
iRFTo T 5.

TN7 27 2 ERRBRNC YR 7 v — " DBFITK
k7 =y AL, 2o, LELEOREND
SBOKRENKRBCH/H LTS die, HERED
UL OBEEY MR EBEL DB ENTED. 4 —
Fy— K7 5ARF TV —OBEIL, FRK7LI=T A
Mt A3 & Mz T F R EOF TIIBEN KK
BB\ oI, T3 =Y ATHBEOBRINEFD T TR
LickZELBRD. 743 = AfitELPRECH-12
_v=T7A74 77 ADEES, BBCET S EE(LE
BoORBLACEDHENEGHEy P OBHFICHETPHX
WicHin, HENEFENOX YL EELLRS.

-CaCO; Rie B W EOERFFERIY v A~
v A THRULETHRDbI. Z05bhry T A
T, REFREMEREOBEFHE,1L, 1 FEHRE
DHNTT AGHRIZO~2cm HEOTHEBE S AL T A
7°1.0me/100g LTI s B HCHELETFT LT
BEHZRBIENTES (K62). Lo L= 2BHETIZ
ZOBRRTHBCH 1. —F, BREOH L~ 7 48
AFRLENETFROBCHEOBERIED LRIV &
b (R63), A vy AGHFROETIRE R LEPET
WAL T AOBVTHIGELIERTH Y, O L
7 -CaCOs BRI BT 2B EOEFTETOXFEHALERTH
ST AN . TR L VUV ERREENAT
B Loy, R0 L 5 aBEGRED o @Bitlto
BEA <R 28Tk TA7 A7 2 CHENEAL
tele DI EBELEFECAleholcr e 7 m — k]
L, A FERECEEOMBEAES bR (K64, r=0.
74, 5%KETHE), -CaCOsKic kT HHEDET L

Y VRN & ORI EEEBRA DB & EhmRBE I .

EE@?@%—%+—F76XHUv%ﬁ&-iﬁﬁt
biehE VETFTRT, FEeor-—BIUXVv=TATAS
FSATRA—F+— F 7 FARLHKNDLETERE, Ve
FREACETELKEN -, O Lik#, P AR
DERE—HTHLDTHD.

Relative Ca content in the shoots(g)

110,
Graminous . A
a
100}
' o}
A A
g0} g o
80} a
(o] @)
70_1 A . 1 J
0.5 1.0 1.5 2.0 2.5
110¢
g Leguminous
100} © A
A Y
90
® : r's 4
goL . L + .

1.0 1.5 2.0 2.5

Ex-Ca me/100g soil

Fig . 62 Relationship between Ex-Ca in the 0 - 2 cm soil layer and
relative Ca content in the shoots (Relative Ca content : +CaCOj;
= 100%.Q :orchardgrass , A :timothy , (] : perennial

Relative dry weight (%)

‘ryegrass , @ : alfalfa , A : white clover) .

120

1101
¢
: 85 O
o &6 84

100 8?:,/

Fay:.
gy
90 4 B
80 08s
70L L 1 1 1 | |

70 80 90 100 110 120

Relative P content in the shoots (¥)

Fig .64 Relationship between relative P content in the shoots
and relative yield (Numbers show the year ,(O: orchardgrass,
/\ : timothy , [] : perennial ryegrass , @ : alfalfa) .




50 jtimE REABRSERE 835

120
= o8}
. 83 af
Toom & o
~ 5]
> 100}~ 4
~ 8} gt 2]
- 3
_Eo A . 285 % g
c— | L [ ] °
L
=
z g g
= 80
o
>
=
© »
[ F]
oz K
60—
= %A afs
3oL l i | | 1 |
60 80 100 110

Relative Ca content in the shoots (%)

‘Fig .63 Relationship between relative Ca content in the shoots
and relative yield (Numbers show the year ,(O: orchardgrass,
A :timothy ,[]: perennial ryegrass , @ : alfalfa, A : white
clover) . o

HELBOBM L+ 5 FEHR O BB ST,
iﬂﬁ)%%ﬁﬂéhé%ﬁ@'f 7}_ .//: 5 VX(BS,ISB.ZOI.ZSS)%’
THREEEORINE L HMBHEED 7 v A, BrbE
WXhERBOBE ke LABESh TR, —f

= A BHREORB BT 1 2 EHE & h B S

RFVE IR T MO remm i g T A —
+— FZ7 7R, FEV—RIVRVv=2TAF4 752D
1 2BHBEICHN, 77,07 . B8X0ver2a -3
D= A HBEETIRELEOBMEAE L, ICHETTS
ERKEBbR (R1T). ZoEMMZEL EEOR
HE—HKTHEDOTHB. 5L, UHBAAEKIEHL
BDvwese—"DBE, MoBEBIZ N TESLOE
ERECEHRA AALRI. ZOFERE LT, ¥R 2 m —
STRHREED T v F — Ol b INBEIE R O X 3 BN R
DBERCHANTEL, BROCA FRE LT
vy AEGHROFVEENSBICHRCRTLIh, &
BLEOTHEE I L o7 ADRE R - ooddie, EB
DEEAIIFI NI &, BV vr e —04F
HOVPE D o ol bl ERT 5 RBLEN L0
ANy nDRBEEN VoI ENELLRS.
=7, AL ABBETH-TETA7 ;47 5 DEAE

T v F — R bRV DEERNERA Y r 7w — s
V&L, ZOLIRBENZLALD LD THS.
¥, +CaCOz3XiIcEsTEERBFBL I LI > A
OB b6 2~5ecm +BD pHAMET Loz
i, BFENMEILOZEHHERIC0~5 cm LB &
ATWDZ LT LRFRC, BIEET kD i
SNDREAN YT ADOENLLLEA (0~2cm ¥ X
U2~5cm) ~OBEEEN, B> +BHOR
BT LOMEEEL DBV EHRLTLS
(%17, 18). ' -

4 FAIZYLABLABEABRRLBECRETHE
I EBETITT A S =y AUBI L - TREED
EHEOETILRDLNILERSTHREY v, 2L,
IR ATHoI (K45,46). K& TIIEE,
UV,wuvA,iwyﬁA,vfiyvATNfoﬁ
BRIMET LA (K49). EB 1 TRT7 A =9 a3
DFERLLTHB7 A { =y s v HEEHSMATHE
oo, LEPOELBFT G SED Lich
ot Fie, ERLOKBHERCHERS & b—FRE
DR B LA HRELE. Lo T, ThBHOER
THRVWThILES 2 IEER» OB KT 55
SEMBABET L O ot EXLLRBDT, 4
RETOEALFERIRERMOBRSBIRNOETIH S
LAhBCENTED. ' |
KB 1 OKE, V YRINOETERECET L Oic
BELEGRIZEDLR, LEb 7=y s0BOFE
hhbbTIREL Y YRIREORFELSF—ERCED
Shicz &, V vRERARER X > THREIATV3
&, Thbb7Ai=vaftFETOY VIRIET AR
BETOMERBHPKTHH EXTLTED, Vv
RILEAMRRAC X > CHE Sh 5 &35 Steffens & @,
Roemer & *'?, Caradus 5P 0#%& & —%+5. 1ok
L, =774 77 2ADMNBHIVEHH30H s L
Yr e —SORBENANGIEKITIL, BAIR
HYCHho) vIRINBZOLOAMET LTV5 & 2t
TENTE (R45), IO EETA =y sk
1+% DNA S H%METH C Lic X 2R mEEEI®
10 L ERgic, 8o DNA EEET Y RO ) v
EHEROETICHS 7R b v R v 7RI U &1 5 i
BOET Y, HARBMACKTBY v T A=y
Ao);gix(34,]55,267.268)ﬁ: t‘V:; O'Cﬁ@ y ywmﬁ‘é%@
bOSET L, fERELTHRIRELL DY VIRIRE
PMETF LATTREM %R LT\ 5. Clarkson 1271 3
=v A vRIRAEETHH, Vv o EEBTNE




BTPHZ B EROBRFHMMAL L WEOEF BT 28R 51

ELRVELTED, ZOHMBELV-ETHIEY YRR
DETHECREETOERE LTRR L2 EF 2
LRABMN, TALI=ZDARYST) VORISETTS
Clemr TRREOHEYWBRPICEST 57 L=y sl
) v ORERLLOMOERIC X A EFH~OBTY VB
DETHIAEBEETOEEOERO—2 LTV 554
bExXOBRSL. Y VENDES, TcbiiErrvv sl
EOBBET A =% A L ORICIEILE DO R
BAfRIIREAE Lis i, RIRE &IRE & ofic Bitifc
HHIBSGRAFBIRIIT 2 (R46). RYBECHT B 74
12y AMBEOBESUBERBRE0B I, > b AEF
HIERET Lz, 0~5cm 2BD 7 4 £
BENI1~233mg/L Th-DeR LS cm UTFEB
FOTL =Y AREEG0.T~1.5mg/L ThHh, Hx
B 7rsi=v aBEMAEV-Secm UToO+BsT 5
BOFHEGHRERTIEAL, TOMBROE BB
L7031 =0 AOEENERNICTET Licicd E Bbh
5.

=97 A

5 #H|ELUCERNEOMRK

TAi=g sBIRL > TIROEBEHAEEI RGBS,
RBOBERL VRIMVETTH LG KBRBROKERIL,
TAI=vaAaRL->THRARSELL IR YERL,
COZERFHEC L > THE LLROR S L EEOEN
W (F65) wdhBhTW5. BEERDOBEY vEE

100

-
(e

Relative root diameter(%)

|
0 50 100

Relative root length (%, Al 0 = 100)

Fig .65 Effects of Al treatment on the relationship between
relative root length and relative root diameter (O: orchardgrass ,
A\ : timothy , (] : perennial ryegrass , @ : alfalfa , ll : red clover
A : white clover) .
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Fig .66 Differences in production efficiency of absorbed P
among Al tolerance , P level and lime treatment in orchardgrass,

timothy and perennial ryegrass (Production efficiency : dry

weight of shoots g per 1 mg of absorbed P in the shoot . @ : Al
tolerant cultivar , O : Al sensitive cultivar) .






