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1977

KARLEN et al., 1994

LEN and SHARPLEY, 1994
BURLE et al., 1997
CIS et al., 1986
MAN and DYCK, 1993
1991
al., 1994

PARE et al., 1992

KAR-

FRAN-
LIEB-

KARLEN et

1991

14 4 17

AM
THOMPSON, 1994a
AM
SMITH and READ, 1997 AM
THOMP-
SON, 1991 18
2 6
AM
AM
AM
AM
AM
AM
2

AM



2
1997
AM
AM
SMITH and READ,
1997 AM
1997
AM

AM

PLENCHETTE et al.,, 1983; TESTER et al., 1987;
THOMPSON and WILDERMUTH, 1989; BECARD and PIL-
CHE, 1990

AM

1
AM
SMITH and READ, 1997 AM
1991 AM
AM TOMMERUP and AB-

BOTT, 1981; BIERMANN and LINDERMAN, 1983
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SMITH and READ, 1997 AM
SANDERS and
TINKER, 1971; SANDERS and TINKER, 1973 AM
EVANS and MILLER, 1988 DAFT et al., 1975
AM

AM

SMITH and READ, 1997

1977

1969

1991 PARE et
al., 1992

KARLEN and SHARPLEY, 1994
BURLE et al., 1997
FRANCIS et al., 1986
LIEBMAN and DYCK, 1993
1991 KARLEN et al., 1994



1981

PARE et al.,
1992

AM
THOMPSON, 19942 AM

AM
GERDE-
MANN 1968 AM
AM

AM

AM
BLACK and TINKER, 1979; OCAMPO et al., 1980

THOMPSON, 1991
AM
linseed Linum usitatissimum
L. AM AM
THOMPSON, 1991
Hordeum vulgare

L.
AM
BLACK and TINKER, 1979
AM
18
2
6 AM

AM

AM
GIL-

MORE, 1971; ABBOTT and ROBSON, 1977

AM
AM AM
DAFT and
NICOLSON, 1966; THOMSON et al., 1986 AM
1988 AM
Ta-

WARAYA et al., 1994a; MARTENSSON, 1994; HAMEL et
al., 1996

1993; TAWARAYA et
al.,, 1994a; TAWARAYA et al.,, 1994b; TAWARAYA and
SAITO, 1994 AM

AM
AM

AM
BOLAN et al., 1984 AM

AM
JOHNSON,
1998
pH AM
CLARK, 1997 AM
TRAPPE, 1980 AM

DANIELS and
HABTE and SOEDAR]O,

1995 AM

GRAW, 1979; HABTE and SOEDARJO, 1995
pH

AM AM

JOHNSON et al., 1991; KHALIL et al., 1992; TALUK-
DAR and GERMIDA, 1993; BRUNDRETT et al., 1996;
HAMEL et al.,, 1997 AM

HAMEL et al., 1997;
KARAGIANNIDIS and HADJISAVVA-ZINOVIADI, 1998
AM
AM KABIR et
al., 1997; MILLER and JACKSON, 1998; MUTHUKUMAR
and UDAIYAN, 2000
TARKALSON et al., 1998; KHALIL et
al., 1992
AM

BROWN et al., 1981 ENTRY et



al., 1996; KABIR et al., 1997; MCGONIGLE et al., 1999
BAATH and HAYMAN, 1984 GARCIA-
ROMERA et al., 1988; GNEKOW and MARSCHNER, 1989

AM AM
AM

AM
1988
SCHENK and SCHRODER, 1974
BAON et al., 1994; SMITH and RONCADORI, 1986

AM
SMITH and RONCADORI,
1986 1988
AM VOLKMAR and WOODBURY, 1988
AM
AM

AM OSONUBI,
1994; RUIZ-L0OZANO and AZCON, 1995 AM
ELLIS et al., 1985; SYLVIA et al.,

1993
AM
04 0.6 0.1 0.3 0.2
0.5
1987
1989 1995
LADHA

et al., 2000; SAINJU et al., 2000; TIAN et al., 2000

179 (2004)

1992

1996 1996

1995

JACKSON, 2000
ABAWI and WIDMER, 2000 ABAWI and

WIDMER, 2000; 1995

AM

AM
AM



AM

AM

AM

AM

AM

AM

1990-1991
1991-1992 2

Avena sativa L.
2 1
Helianthus
annuus L. DO 707 Zea mays L.
Glycine max Merr.
Solanum tuberosum L.
Triticum aestivum L.
Brassica napus L.
Beta vulgaris L.

1991 2
Bras-
sica oleracea L.
5% 5m 3
1990 5 14 15 1991 5 10
11 1990
ha

100 kg N 100 kg K.O 100 kg P,Os

1991 ha 150 kg N 150
kg Kzo

200 kg PzOs ha'l

1991 1992
1991
5 10 1992 5 11

ha 150 kg N 150 kg K0



200 kg P,Os ha'
1991-1992
200 kg P»Os ha
200 kg P,Os ha'

63,000 ha' 5
1991
55 1992 58
0 15cm
TRUOG, 1930
1991
0 60cm
55 58
70
1980
MURPHY and RILEY, 1962
AM
1992 58
20 cm
1cm 100
100g L' KOH 45
500 mg L*
100 30
PHILLIPS and HAYMAN, 1970
AM

GIOVANNETTI and MOSSE, 1980

100

1990
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30 u
2 2
10
L]
T AT F&x Nbt>a  Fr94q
VA 2 Exvy ryEDOY F4A4X
2
(1990)
2
20 kg P ha
10 kg P ha™
52.8+ 2.01 mg
P kg'
1991
25 45
cm
20 "u\
I /
. Ao
. i 4
Y —e— twEDay
—O— kvvY
s —h— RN
—A— FHX
0 10 20 30 40 50 60
(cm)
3
1991
3
1 5
4

200 kg P,Os ha



(kg ha™)

120 T

I3 R

[0 Okgha'
Il 200kgha’

80

40 1

1991

FExX

>
AT

5

YA

64
55
ha'!
5
1992 58
100%
AM
AM
9
1991 1992
1 4
1991

55

50 760 g



RO TFENE (tha')

FyEDODaTFENE (that)

U > R
[0 Okgha'
B 200 kg ha'

04
&% FoYA NbAa rUEDIY
AR gEEaL¥  F1X Evvy
AifES

1991

H Y > R
IH [0 Okgha'

| I 200 kg ha'

F XY FUH¥A A ] ryEDOY
SRS HEEEaL¥ ¥4 X |=4rR)]
HiYEY)
1992
5
7 8
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Tj‘:’ 200
@ 1) > B R I
X O O0kgha'
#1501 | @ 200kgha'
£
i
=
1] 100 -
£
S
»n
I8! 50
ul
W
ka
7 0 . . .
0 200 400 600 800
rEOa>OY CKINE (g ha)
55 5
1991
8
~ [
:'g
= ¢
I )
=9
# r=075%*
N 4
»n
| U R R
5 5 O Okgha'
'S S @ 200 kg ha'
A @
0 T T T
0 200 400 600 800
U > & (g ha?)
8 55
1991

*k

CARTER et al., 1991;
CARTER and BERG, 1991; BURLE et al., 1997

BULLOCK, 1992

AM



200 °
UCEBRERE AM
E gE zozigg':‘a «® THOMPSON, 1994a
w 150 AM
~ AM
il
& 100
- AM
f AM
a2 BLACK and TINKER, 1979;
OCAMPO et al., 1980; THOMPSON, 1991
00 2;) 4(; 6(1) 810 1(;0
AM PLENCHETTE et al., 1983;
AMB R (%) TESTER et al.,, 1987; THOMPSON and WILDERMUTH,
o 58 1989; BECARD and PICHE, 1990
AM
1992 0 m ~ o e AM AM
GERDEMANN,
1968; MOSSE, 1973; SMITH and GIANINAZZI-PEARSON, AM
BLACK and

1988; THOMPSON, 1991
AM

AM

TINKER, 1977; THOMPSON, 1987; HARINIKUMAR and

BAGYARAJ, 1988; THOMPSON, 1991
AM

18



10

AM
1990 1992
AM
AM
AM
AM
2 AM
AM AM

VIVEKANANDAN and FIXEN, 1991

AM BLACK and
TINKER, 1977; THOMPSON, 1994b; KARASAWA et al.,
2000a; KARASAWA et al., 2001
AM
GAVITO and MILLER, 1998a; ARTHARA and KARASAWA,
2000; KARASAWA et al., 2000a;MILLER, 2000; KARASAWA
et al.,, 2001
THOMPSON, 1994a; KARASAWA
et al., 2001

GAVITO and MILLER, 1998b; ARIHARA and
KARASAWA, 2000
KARASAWA
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et al., 2001

KARLEN et al., 1994
AM

AM

AM

AM

1999 4

ARIHARA and
KARASAWA, 2000

5 mm
35L 3.3kg
lg
4 7
Brassica alba Boiss
13.5
76 72
5 10 25
AM

TOMMERUE 1983; GEMMA and KO-
SKE, 1988; GAZEY et al., 1993



11

5 mm AM 3 kg 35L
lg
3 kg
1987 3790 4
AM 50 ml 1
AM 1999 8 10
4 3 16.9 50
3 kg AM 4
17¢
4
MDy MDir MDg SFy MDy SFu
AM 50 ml
AM 50 ml 1981
MDISF 3 kg
3 kg
MDsy 3 kg 50
70
3 kg
PASQUINI and CARDOSO DE FARIA, 1987
+58
gifEY e oSy

THEOENE BEga  BIEE® RE%
pH (H,0) 5.0a] 4.6a 4.5a
2RFE (gkg") 48.0a 42.3b 44.2ab
22 (gkg") 3.3a 3.5a 3.6a
7 EZTHEZER (mgkg') 14.3b 20.4a 18.8a
THEE AR (mg kg") 19¢ 231p 303,
BHRHEREFE (mg kg')t 38.0b 47.0a 41.5ab
HEEED > (mg P kghi 12.0b 11.9b 12.6a
A U 7 A (cmol(+) kg) 0.42b 0.92a 0.22b
Rk~ 7R T A (cmol(+) kg?) 0.61a 0.55a 0.62a
S IV A (cmol(+) kg?) 2.95a 2.53a 1.28b
B A > AHA B (cmol(+) kg?) 27.1a 28.1a 31.1a
AR E (%) 14.7b 17.8a 6.8¢c
JIV T LEAFIE (%) 10.9a 9.0b 4.1c
0.1 N HCIR[YAPE S (mg kg™) 0.30a 0.28a 0.30a
0.1 N HCIR[ AP # S (mg kg™) 2.09a 2.44a 2.47a
0.1 NHCIR[YAME~ >4 > (mg kg") 40.7a 36.9a 44.5a
BUKHHPER D & (mg kg")§ 0.91a 0.85a 0.88a

A= R b—Tick o THill & n/- SukiitE = 3.

i MlA—Jick .

§ BB K P THIH S N2 Bok Bl R D #.

I ZNENOHBIIBNWT, BIRB7IVT 7Ry MEIKIZE%KEITBNT
AEENDD LERT.
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AM AM
AM
AM
AM
AM
WALKER, 1983
76 72
50
AM SFu
17
AM 10 AM
MDD
SFu 49
SFu
MDyge
SFy
AM MDy,
AM 48.9
AM
MDy;
3 Glomus spp. 1 SFy
Acaulospora sp. 1 1la
Scutellospora sp. AM MDygse
fa 7% (f# kg")
YA X Kep BiIfEH ExDD SOHSY

AME DA (pm) Tof BERT BRE% R
BHTHERTOLZR 77 R % 424b  1590a  169b
BET/NERTOLX 74 R #®f  88a 195a  13la
B OALX 108 R =] 44 ab 54a 10b
BRRTATOXRT  109X96t 1FIFER BEH-H 7lab  131a 36b
BOINSTAZTOART 180X 130 ER—HEMH  #kk  44a 28a 13a
Z DA 22a 59a 38a
&t 693b  2050a  397b
T B XIER.

TNTNOEHOAMAEIRTICBNT, BIEDT7IVT 7 Ny MEIZIZS%KEEIZHBNT
HEENH DI LZRT.
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)
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oy
AM 9
)4
AM
a MDISF
AM
AM
&
¥
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i
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Z
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~ L
*
T
4o
#
A
5 12
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»N
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o
W
)
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L3R
a
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5
AM
11la MDNI

13

MDISF SFNI
11b
AM
AM
SFu
MDy
12 MDy AM
14
AM
MDISF
SFu 47
AM MDNI
SFu
MDy; AM
80
60
40 b
20 c c
MDy, MDyg MDy, SFu
B4
AM
AM
t 10
5
12
AM
3
AM
MDNI MDSI SF\NI MDISF
3
AM
SFNI MDISF
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MDNI MDSI AM MDNI
SFnv MDig 2 12
3 ARTHARA et al., 2000; KARASAWA et

al., 2000a; KARASAWA et al., 2001

MDisr 3 kg
KARLEN et al., 1994 1.7¢g
AM GAVITO and
MILLER, 1998a; ARIHARA and KARASAWA, 2000; 10 11
KARASAWA et al., 2000a AM
AM
FRANCIS et
al., 1986; LIEBMAN and DYCK, 1993; KARLEN and SHAR- 10 11 MDisr SFu
PLEY, 1994; BURLE et al., 1997 AM
AM 2 3
MDsr SFx AM
12
1 AM
AM
AM
AM MDisr SFun
AM MDisr
AM SFu
AM
AM MDisr
SFun SFx AM
MDy TOMMERUP and ABBOTT, 1981; BIER-
10 11 SFu MANN and LINDERMAN, 1983
AM MDw
AM kg!
AP
AMHE DT MD,, MD,, MD,, SF,,
BHT/NESR7OLR 185¢ 2710b 289 ¢ 5630 a
BETHNIRTOLR 153b 560a 187b 353 ab
HEDJOALX 20 ab 7 ab 0b 33a
BWHRTHUOARS 28c¢ 285b 44c 593 a
BRI A7 TOARS 13b 73a 7b 113 a
Z DA, 13a 7a 7a 13a
&at 413c¢c 3640 b 533c 6740 a

HILEAITE 10K Z SR,
TNTHORBEOAMEIFIZBNWT, Ri237IV7 7Ry MHIZIZ5%KEEIC
BWTHEEND D LZRT.



1987
AM MDISF
SFu 17 MDx
AM MDisr SFu
49 AM
MDyx MDisr AM SFu 14
47
AM
AM
AM
AM
AM
AM
AM
AM
MDw SFu
AM
MDISF
AM
AM MDy
MDysr AM
MDisr AM
AM
AM

15

AM
ARIHARA and KARASAWA, 2000; KARASAWA
et al., 2001; KARASAWA et al., 2002
AM
AM

KARASAWA et al., 2001;
KARASAWA et al., 2002 AM

GER-
DEMANN, 1968; MOSSE, 1973; SMITH and GIANINAZZI-
PEARSON, 1988; THOMPSON, 1991
AM

AM

AM
THOMPSON, 1991

AM
1999-2000
525%x 45m 4
1 1999 AM
3790

Vigna angularis L.
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5 17
5 18
ha 150 kg
5282
2000
5 19
1996
ha 80 kg N 180 kg PO
120 kg K.0 ha 200 kg N 130
502 882 282
133,000
ha 44,000 ha
33,000 ha’
AM
50
50
70
50
AM
1991-2000 9
4 9

ha
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kg N-P,0s-K.0  150-200-150
1991-1994 - -
150-130-150 1995 - -
100-100-100 1996 -
- 150-100-150 1997-

1999 S282

4 2000

ha N-PzOs—KzO
kg 150-200-150 1992-1994 -
- 150-130-150 1995 -

- 100-100-100
1996 - -
150-250-150 1997 - -
150-100-150 1998-1999
S282 2000
1996
40-150-90
S502 80-180-120
S882 200-130-200 5282
N-P.0s-K:0 kg ha™
AM
2 b5
/% 100
3 13
14



1991-2000
RBREER + RIfEY (T8 3F) AifEY ETEE) %“IEY
1991-1992 k7Y, NLA =, F4a2, FrUA. ExvY), kRO,
aLF AT 14X, NbAa,
LA, FoHA
1992-1993 k&~ 7Y, hwEDa, F14ar, Fo91 ExvY), hUEDaY,
Y14 X, NbA1a 14X, Nb1a,
Y1a>r
1993-1994 k~7Y, kyEDOa, ¥1ar, EEMG Ex7Y). hUEOD3Y,

14X, Nb1Ta

1994-1995 kE~7Y, rUEDIL,
FAX, TZXF. ALF,
12572, N1 a

1995-1996 k<7, 7XF,
N1 T3

1996-1997 exoy, 7XF,
an¥

1997-1998 +UEDOY, 7XF

1998-1999 [ >4'>, aLF

1999-2000 7 XF. hyEDIY

TAR, TRF. A5,
NLATa, anF, YN,
F14aAr, Fo949

VYN, 13, Ex7). 7XF,

rafis. N1 a, YN

FIYA, EEMT

N Ex7), 7XF, aALF
N

N ryEDaY, ¥1 X,
Fyr Y

YN, Fr Ry 124 . aAn¥.

FIHAL FrRY
FIHA, FrARY ryEDaY, 7XF

Y4 X, NLA a,
Fr XY

FIHAL Fr AV

T RIEMI RS LI — RIEM EHE L 4.

Ex71) IDO707) ; NbAa TBRE) ;L% )\Iavh) ; k'O TFhHKRTL]
(1992-1994) . X1 AZ=73790) (1997LAB&) ; ¥ X K<L (1992-1997) . k3
LAAL (2000) ; 7RF [LVEZaUX) ;425> TRESK) ; ¥13> IT340) ; 54

1 Te/K<L) (1991-1998) . TE/I—RA] (1999) ; YN IF¥TtEYN| ;aH5> [+
ATy 3 FAXY [7—1)—FR=))] .

50

15
50

17 50 AM

50
19
16
20 21

17

18



18

Y4 Xt EIEHE (kg ha')

NLA Y ath L&Y E (kg ha')

F v XV H L ERE Y E (kg ha')

3
a
T a
600 T
b b
—
400
200
0
FrARY Fr¥AL FTXF bUEDIY
HitE®
a a
b T
1500 Z ——
b
1000
500
0
FyRY FoH¥S4 FXF rUEDaT
HifEY
a
a a
2000 | —— T —?— —
1000
0

FrARY Fr¥A4 TXF bUEDIY

Hi {4

13

50

15

50

50

514 AAMB R (%)

NLA ¥ a AMBEREER (%)

F ¥ NYAMBERERR (%)

40

20

0

20

0

20

179

(2004)

64

FrRY FoHAL FXF bUEDIT

HifE

ab

> i

bc c

] =

FrARY Fr¥S4 FXF bUEDIY

HitE

a a a a

— —_

0
FrARY FrHS4 FXF bUEDIY

HifEY)

16

17

18

50

50

50



NL A T a ENE Mgha') & A XFEIE Mgha')

F v RV LR (Mg ha')

0
FrARY Fr¥SL TXF bUEDIS
RIEY
50
a a
40
30
20
10
0
FrARY FOHA FXF bUEDIL
RiIEY
40
30
20
10
0
FrRY FrHY4A4 TAXF bUEDI:
RIEY
1991 2000
30

20

19

20

21

52~109 mg P kg

19

®RIEY RITEZIR + BBREER §
125> 31.7 94, 98

7 AF 27.4 94, 95, 96, 99
14X 20.3 92, 93, 94, 97, 00
eExTY 22.3 92, 93, 94, 95, 96

ryEDIa> 115 92, 93, 94, 97, 99
FxEar¥ 5.8 94, 96, 98

NbA1a3 5.8 92, 93, 94, 95, 00
FA4ar 3.5 92, 93, 94
Fr Y 2.8 97, 98, 00
UN 1.6 94, 95, 96
ToUA 0.2 92, 94, 98

T RITERIR (AR D18 EEMRSE IC X I R)
= (A-B) /B X100

A BHEOEEEMIFHIC BT 2 RIEY DOINE

B : OIS EIEMBIIC BT D BREY OINE
RBRERITR LU 2 ~ 5 M DR OFIHE.

BRIV ORIEER. FRICK > THESR B S
KICHHEM ORBENRIZS. Z0kD. RifERIR
DEIELZ THS.

10
6
AM
AM AM
AM
1
13 14
15

50 AM

16 17

AM
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AM
AM
18 AM linseed
AM
THOMPSON, 1991
BLACK and TINKER, 1979
21 AM
AM
AM AM
1
19
20
AM AM
AM

PLENCHETTE et al., 1983 AM

5

AM
AM
AM
AM
5 AM
AM
AM PLENCHETTE et
al. 1983 AM

HAYMAN, 1983; SMITH and READ, 1997

PLENCHETTE et al., 1983; BRUN-
DRETT, 1991



AM AM

AM

1999

MEDERSKI and WILSON, 1960;
OLSEN et al., 1961; MACKAY and BARBER, 1985

ELLIS et al., 1985 SYLVIA
et al., 1993 AM
AM
ALLEN et al.,
1989; SIMPSON and DAFT, 1990; BRYLA and DUNIWAY,
1997
AM OSONUBI, 1994; RuIz-
L0zANO and AZCON, 1995
AM
AM
-1,000 kPa

21

AM

1990-1992

1993
1992

AM

AM

1990-1991
1992-1993
1 1992

1991-1992

DO 707

Raphanus sativus L. T340
5% 5m 3
ha 150 kg N 150 kg K:O

200 kg P205 ha'l

1993
ha 150 kg N 150 kg

K.0

200 kg P.Os ha
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63,000 ha’
AM 1
2 100 60
1993 95.1 mg P kg
DO 707
2 kg
Phaseolus vulgaris L. AM
1 kg 0
10 50¢g
T340 1kg 2 kg
Fagopyrum esculentum Moench 0 10g AM
50
ha 150 kg N 150 kg K.O 40g
AM AM
1 g N pot™ 4
1994 4 2
5 mm 10
4 kg 1.0gN 11 75 -10 kPa
pot™ -50 kPa
4 <-63 kPa
2 10 3
11 4
47 -10 kPa -50 75
kPa <-63 kPa 75 70
3
75
4 47 AM
47 70
1991-1993
6 6
AM 6 1991-1993
47 & THKE HHEE BKE FEHME
() MIm?® (mm) ()
AM
1991 17.8 590.9 15.0 18.4
1992 154 550.2 320 18.3

1993 14.6 494.6 81.5 17.4




1991 1992 1993
1991 1992 1993
1991
1992
1993 6 81.5 mm 1992 1991
52.5 mm
3
1991 1992 1993
1991 1992
1993
AM
22
1991
7
VEBBERER |
O Okgha' | |
o~ 6 B 200 kg ha’
<
<
£
w
ki i
»
noo, - -
ul
i
o
L
g1az 791 NLTva rEDaY
AR HEEaxaLr¥ F14X Ew7)
RIYEY)
22

1993

23

AM

AM

AM
AM

AM

AITES x> BEFE
(mg kg") (& kg soil ")

JN 71.2¢c 800bc
AT 72.9¢ 900bc
F YA -7 —
iy 73.8bc 800bc
143> 76.9bc 780c
N1 a 82.1ab 750¢
14X 79.0abc  1500ab
aLF - -
A5 76.9bc 1900a
7 XF 86.9a 1700a
roEDOIaS  79.0abc  1700a
|4V A 72.9¢ 1600a
A YAy Y e
Riz27 N7 7Ny MEIZIZE%KEIZ B
TEBENHD Z EERT.
11.8 g pot™ 23.2 g pot™
29.9 g pot™
100

23



24

g pot™
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5.1
44%

24.9 g pot™ 83%

AM 3.96

AM

25
AM 24
AM AM

120 1 | -3k 43

100 [

801

ryEDOT O L BEmE
(B 7YH%O R7EDIS 100 L)
2

YR FH1 H14a  FAX ALy FUEDAL
E|ER OS5y NbAya abL¥ TIF ey

AitES
23
47
100
23.2 g pot* 29.9 g pot™*
D:<-63 kPa ; M: -50 kPa ; W2 -10 kPa
=T
8 m >
80 M
¥
& B v g Ik
g oof L g | 7
Sy : 2 |
S \ 5| 8
]'1 A s 2
o N 5| #
p 0 . 4 |
i) N 18 B
v : . = ool @
OUNT Fiwa Hqa> H1X A4 bwEnas
&\EM POHSY NLaia aLF 7 X¥ |<=4va)!
RitE
24 AM

47
D:<-63 kPa ; M: -50 kPa ; W2 -10 kPa

78.6 mg P pot™

AM

11.8 g pot™

AM

AM



1500 kg™ AM
D 73.0% 82.2%
AM
AM 900
kg’ AM 29.2%

25

FyEOaSDAMERRE (%)

rOEOaAIOY IRNE
(EXUV#OMYEOIT%100E L)

100 1

80

60

40

20

140
1201
100

80r

401
201

AMBBRR (%)

AM
47
100
D:<-63 kPa ; M: -50 kPa ; W: -10 kPa
T K

oD

e M

AW w
I M

A D
3 W
" %F S o
% O
D T
I 0
Bo
0 500 1000 1500 2000
AME T (@ ke ™)
AM AM
47
D:<-63 kPa ; M: -50 kPa ; W: -10 kPa
AM 1500

kg! 900 kg

AM

26

FYEOITOH LEEME (g pot™)

27

1286 W
50 g

AMBE AR (g pot™)

61.6%

AM

75
D:<-63 kPa

27

; M: -50 kPa

AM

50g AM

mg pot™

25

89.1 D

AM
AM

100
AM

~
~
~
~
~
~
kY
~
~
~
~
~

; W: -10 kPa

944 M



26
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o
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~  8s0f
S
N
n 40
o
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D . . . . . .
v 0
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FYEDOIOAMBEREE (%)
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50 g

FUEOaOIOM EEEWE (g pot™)

29

FYEOITOAMBEEERE (%)

31

179 (2004)

31

30
40.0% AM
80.7% 10g
19.2% 44.3%
AM
70 A
Fal
6o} a8
501
10 : . . !
0 40 80 120 160
rIyEDaZOY CRHINE
(mg pot™)
75
D:<-63 kPa ; M: -50 kPa ;
W: -10 kPa
100 |7
[ oM A w
80r AW ﬁ
60 f A —&
w
40} A H ,
—_
200 mo) =
0 nles
0 10 50
AMEH#ER (g kg™
AM AM
75
D:<-63 kPa ; M: -50 kPa ;
W: -10 kPa
AM D M



1991 1992 AM
9 AM
AM
AM
1991 1992
AM
56
1993
22

1993 1991 1992

AM
6
6
1991 1992 6
1993
6
6 AM
2
7 AM
24 23
AM
25
AM
AM
AM
THOMPSON, 1991
23
AM
73.0%
82.2%

AM
29.2%
61.6%

27

26
AM

AM
AM

DANIELS and TRAPPE, 1980
AM Acaulospora laevis

JASPER et al., 1993
AM

AM AM
AM
NELSEN and SAFIR, 1982; SYLVIA et al., 1993
HETRICK et al., 1984; BUSSE and ELLIS, 1985; OS0-
NUBI, 1994 2
AM
AM

AM

MEDERSKI and WIL-
SON, 1960; OLSEN et al., 1961

OLSEN et al., 1965;

MATHAB et al., 1971; HIRA and SINGH, 1977
2

AM

AM

AM
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27 28
AM 31
AM
30 AM

NUBI, 1994; RuU1Z-L0ZANO and AZCON, 1995

31

AM
28 AM
27
AM AM
AM
6 1991 1992
1993
AM
AM
AM
AM
AM
AM
AM
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AM
AM

1999
1988

AM
1988 SCHENCK and
SCHRODER, 1974 1994; SMITH and
RONCADORI, 1986; VOLKMAR and WOODBURY, 1988

BAON et al,,
AM AM
SMITH and RONCADOR],
1986 AM
AM

1999 4



5 mm
3.3 kg
1 g pot™
AM
4
7
76 72
25
5~10
AM
5 mm
3.1
kg
lg
3790
1999 8 10
15 20 25 3
25 20
25 20
52
4
70
ICP
52 MURAKAMI
etal. 1999
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76
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32 25
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32.9
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25 100
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AM

AM
AM

20 25

AM

AM

AM
15
AM

AM

AM

15

AM

AM

AM

GILMORE, 1971; ABBOTT and ROBSON, 1977

AM

AM

DAFT and NICOLSON, 1966; THOM-

SON et al., 1986

33

TAWARAYA et al., 1994a; HAMEL et al., 1996

JOHNSON, 1998

AM

1997
3790 AM

3% bm 6

ha
150 kg K,O

500 kg P.Os ha' 3

AM

1998

AM

AM

1997-1998

150 kg N

0 250

1998

3790
ha 150



3

34
kg N 150 kg K,O
0 250 500 kg P.0sha’
250 kg P.Os ha
500 kg P»Os ha'
500 kg P205 ha'l

6

Hi -5

7/ XN

(kg/ha)

PN

CUOHT T

FUNEY

60

e EE 40
A
(kg / ha) 20
7 500
/250

B ]\
~ &
v E
=}
a
N
mitEy)

39

38

IV
pyaEh=<
(kg/ha)

I
M H =
(kg/ha)

179  (2004)
20 cm
67,000 ha® 75 cm
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0 15cm
38 74
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(%)
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iz =S
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AMBE Yy
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7 P JER 2
5 = :’ (kg/ha)
RIT{ES)
40 AM
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—cL-n\ % SEHR i
l+ N O @ FvAvy
- O m #1x
A A tUEDIY
100
HX#E) > (mg kg™)
44
AM 74
AM
40
74 AM
7 500
250 g
0 Han
(kg/ha) 41
42
5 500 74 AM
7250
o U
/ FiHE 43
(kg/ha) AM
AM
AM
44

AM

74

74



74
45

mg kg’

250 500 kg ha™
136~200 mg kg™

AM
38
39
AM
AM
38

AM

AM

AM

AM

AM

AM

38

38

AM

89.1~103

AM
AM
JOHNSON et al., 1991

AM

7

AM
AM
74 AM
41 AM
43
74
AM
0~500 kg ha™
41
AM

TAWARAYA et al., 1994a; HAMEL et al., 1996

AM

37

1993;
TAWARAYA et al., 1994a; TAWARAYA et al., 1994b; TA-

WARAYA and SAITO, 1994

1987

AM

74



38
AM
BAATH and HAYMAN, 1984
AM
1988
89.1~103 mg kg
136~144 mg kg™ 250 kg ha™
200 mg kg™ 500 kg ha™
110 mg kg™

10~30 mg PO
100 g* 44~131 mg P kg

AM
AM
AM
89.1~200 mg kg’ 38
74
AM
AM
AM
110 mg kg™

10~30 mg P.0; 100

179 (2004)

g’ 44~131 mg P kg

AM

AM
AM
SINGH and TILAK, 1989;
VEJSADOVA et al., 1993 AM

AM ABBOTT and ROBSON, 1981

AM AM

DHILLION, 1992
AM
AM
JOHNSON et al., 1991; HENDRIX et al., 1995
AM AM
TALUKDAR and GERMIDA, 1993;

BRUNDRETT et al., 1996 AM

KARAGIANNIDIS and HADJISAVVA-ZINOVIADI,
1998 AM
ABBOTT et
al., 1984; BOLAN et al., 1984 SMITH and RON-
CADORI, 1986 pH HAYMAN and TAVARES, 1985
KARASAWA et al., 2000a; KARASAWA et al.,
2000b
AM

AM
ARIHARA and
KARASAWA, 2000



17
1997
AM 56 AM
25
17 5 mm
17 14 1.2~1.9 kg
13 1 1.8 L
3 2
1 17 3790 AM
10 8
1997 4 4 1997 7 9
4
1996 62 56
8 55
5 mm 35L
2.4~3.9 kg pot™
1986
1 g pot™ 55 62
A By iR £ fi e pH EC fEHN (mg ke™) A%  sc#itk (meq 100g™) CEC
U~
L) (H,0) mSm") NO, NH,' (mgke) Ca Mg K
WA+
Al Ti%  xbgHmART bYUEDIS 609 45 232 1.6 116 6.4 104 028 9.1
A2 ¥ RO I+ TNy 581 37 6.6 1.7 16 34 057 061 139
A3 L HREEE - aLF 6.50 102 134 1.7 82 994 1.8 084 176
Ad EH WEAE s 1 aLF 5.90 103 46.6 2.2 133 147 290 0.84 338
A5 AW PAUMEE 1 IINY 5.42 36 84 1.7 52 85 074 058 289
AG ALEE  AREE St =51} 578 27 147 2.2 7 151 145 012 299
AT H A v FUED2L 556 26 13.6 1.8 15 7.9 1.25 0.38 228
A8 bl MWRHE aLF 566 78 253 4.2 118 128 223 035 377
A9 F JAERE 17 Mt aLF 5.60 61 220 2.1 41 87 1.12 052 312
AL0 L WmEE st T 6.00 107 319 1.8 197 143 490 246 345
ALl sk 707 ERE 1t aLF 570 68 11.7 3.0 37 106 252 0.86 354
FRAY |
Bl HLWE MR » 588 35 17.8 28 0 7.4 134 0.80 18.1
B2 i ELPF At aLF 5.97 20 1.1 33 144 29 099 055 6.8
B3 L WRA{EHE L ] 535 58 169 3.8 83 6.8 0.69 074 27.8
B4 48N REAfEHE: 7 X% 581 80 284 1.6 193 109 256 0.98 19.9
BS i WGaEH+ aLF 591 94 308 26 166 9.8 2.33 094 23.0
B6 a{ ikt Eifth 530 8 52.0 6.0 94 11.2 215 0.50 326

5

lg

70

AM

39

AM
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56 AM

5 Al, A5, A6, A7, B3

8 A5, A6, A7
A5

30
A6 30
A7 30

5 mm 100 60

2.8~3.8 kg

62 56

3790

AM 1

179 (2004)

3
AM
A5 A6 8
5 mm 2
19kg A5
13kg A6 1.8L
AM
AM 2 g pot™
AM
2 g pot™
1 g pot”
AM 5
0 05 10 3.0 5.0gP.0spot”
3790 4
2
4
AM
1

17

0.0 197 mg kg™

EC

AM

(dh

Hh EEME AMBERRA

P F P

Hii {4 ey
B 16)
AiEY X 138 (16)

<0.0001 359
54.1 <0.0001 12.9 <0.0001
4.8 <0.0001

<0.0001

8.1 <0.0001




r=0.85** P<0.01

r=0.88**
r=0.88**

AM

AM

r=0.80**
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46 17
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46
Al A8 A9 B4

A3 A4

41

-]
Al J———— ] %
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B ] a b
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All &% All FED
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10
A5 A7 B2 B4 B6 AM
r=-0.496* pH H,0
A6 A9 r=-
0.476* r=-0.559%
AM AM
AM AM
AM AM
B2 B4 10
AM AM
AM
48a AM r=0.665%* r=0.707**
AM
10
t+EOHE RAEMIDORE §
BMTPEE UEOIVERE AT ] L R b
RO A1 i "
pH (1,0) 0.210 -0.293 -0.476* E OH5
EC 0.105 -0.230 -0.195 AS E<o0 AS
NO,-N 0.182 -0.346 -0.212 A6 A6
NH,"-N -0.179 -0.263 -0.161
BLHEE P -0.045 -0.367 -0.332 A7 A7
RZHHE Ca -0.055 0.122 -0.230 B3 B3
Sk Mg -0.200 0.303 -0.349
M K -0.399 0.032 -0.084 R B A B
CEC -0.122 0.170 0.105 Al . Al
SRR 0.138 -0.496%  -0.559% AS e A
AMBE O TEE + 0.297 0.000 0.217 A6 . A6
EYT UAMBRER t  0.311 0.665%* 0.707%x A7 . A7 .
t HiIfEY 2 RIE T BRIORTEE B3 «+ , B3 o
1 RIfEE <7 ) OAMB RS 0 20 40 60 8 100 0 2 4 6 8
§ (BT UEDE—>OH T SEOE) /2aH T L EoH
*x]%KHE, *5%KETHE. AMBERREE®R (%) H EHEWME (g pot™)
Al1~A5 49
A7~A9 All B5 a
AM b
48h 0.1 1
AM
AM 10
AM
5 AM

10
AM 49a 5 A5 A7 B3
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11 AM AM
T3 ) CEERE AYEY ST AMBERERR bR E WMERICEFR )RR
gpot)  (mgkgD (%) (g porl) (mg g (mg pot'1)
-AM +AM -AM  +AM -AM +AM -AM  +AM  -AM  +AM
AS 0.0 76 76 0.0 19.0 * 041 1.29 1.03 1.00 0.42 1.28 *x*
0.5 127 131 0.0 10.5 ** 1.10 1.56 ** 1.20 1.35* 1.32 2.11 **
1.0 172 162 0.0 7.5 *x* 145 1.82 1.59 143 229 2.60
3.0 363 364 0.0 11.8 *** 3.79 4.18 2.31 245 8.87 10.20
5.0 645 652 0.0 9.5 * 5.62 5.74 3.42 3.94 19.22  21.62
A6 0.0 25 25 0.0 12.5 ** 0.60 0.59 0.82 0.82 0.50 0.48
0.5 71 69 0.0 14.0 ** 1.06 1.10 0.87 0.89 0.92 0.98
1.0 122 124 0.0 6.8 ** 2.07 1.71 0.98 1.03 2.00 1.77
3.0 329 304 0.0 8.8 ** 6.80 6.34 1.43 1.39 9.76 8.81
5.0 528 550 0.0 9.3 ** 10.86 10.00 1.92 1.98 21.78 19.89
+ RUEODEERIC, P —JEBICKDRIEL .
**%(0.1%, **1%, *5%KETHE CAMETAMDLLE) |
-AMIZAMB 8K (F— b7 L—T7 L AMEZ#8) , tAMIZAMBEEER £RT.
2
49b 49
3
AM
AM
AM
11 AM
TALUKDAR and
12
AM o} RiIfE B %I %
YA [ & R GRS EE]
AM AM Group 1
11 Al A kok *% * % +#
A2 koo * EE 23 ks
A3 *k * * ok
Ad *% *% Fkk EXS
A5 0.5 g P.Os A5 ok * ok *
1 A7 Hookk * * *
pot A8 ok * * +#
A9 *okk * dekok i
AM All koK * * *
BS *x * *k *
AM Group 2
Alo kokk n.s. Kok ok ok
B3 sk n.s *%k * %
(?6 *k n.s +F *k
roup 3
AM 0 Bl * n.s n.s. n.s.
1 B2 n.s n.s +1F n.s.
05¢g P05 pot A5 B4 n.s n.s n.s. +#
Group 4
A6 Hkk n.s * n.s
TEIT, YN SV DAMBERRIRE RO
1 17 14 T eV, von TV DAMBE TR O &
§ EXTNEE, voN R NEDIY DAMBIRI R D&
46 10 qev7iss, yob FvEE MR O B E O =
AM #LYTE TR0 O EEENI0B L LB (FEERL)
48 13 + £ TMEDDY DRRREA0% L L (R L)
AM 47 *x0.1%, **1%., *SHKETHE. ns. EEERL (p<0.05)
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GERMIDA, 1993; BRUNDRETT et al., 1996 AM
KARAGIANNIDIS
and HADJISAVVA-ZINOVIADI, 1998 AM
AM
17
4
12 1
AM
AM
2
AM
AM
AM
AM

TOMMERUP and AB-
BOTT, 1981; BIERMANN and LINDERMAN, 1983

AM
3
AM
AM
1
3
AM
4 A6
AM
AM
AM 10
KARAGIANNIDIS and
HADJISAVVA-ZINOVIADI, 1998 A6
AM
3
AM

DAFT and NICOLSON, 1966; THOM-
SON et al., 1986
AM

179 (2004)

AM
BoLAN et al., 1984 A6
AM
A6
3 05¢g
A6 A5
A5
11
A5 A6
AM
3
AM
AM
A5
A6
11 A5 A6
AM
AM
AM pH NOORDWIJK and

HAIRIAH, 1986; NURLAENY et al., 1996; CLARK, 1997
KABIR et al., 1997; MILLER and JACKSON, 1998
ABBOTT et al., 1984; NOORDWIJK
and HAIRIAH, 1986
AM

AM

10
AM

AM AM

KARAGIANNIDIS and HADJISAVVA-ZI-
NOVIADI 1998
A6



AM
AM
A6
AM
AM
AM
AM
AM
AM
17
17 14
AM

AM

45

AM

AM

AM
AM
AM
AM
1997

AM

AM

ARIHARA and KARASAWA, 2000; KARASAWA et

al., 2000a AM

AM

ARIHARA and KARASAWA, 2000

1994 2000
2000
AM
7~8
8 AM

AM
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1
1 3
1996 1996 11 5
Vicia sp. DO 70
707
AM
7 1 8 7
9 9 10 11 1997
10 3 64 70
AM 1997 10 14 147
18 kg ha' 28 kg 70
ha' 22 kg ha™
11
5 8 7
90 9 9 57 10 11 4
25 11 5
3 2 mm
2
1997 5 19
3790 1996 11 5
ha 1997 7 22
5282 AM
13
FRAE BED PHNE UCEKRE AU (ngkeh)
(kgha”) (kgPha’) #HHEHL  TERA
EAEN - - - 86.9a 80.8ab
o5y 8HTH 2310c 4.35¢ 83.4ab 76.9ab
Ry F 8H7H 3240b 121 b 85.2ab 80.3ab
< 8H 7H 5690a 13.1 a 78.6ab 80.8ab
X7 9H 9H 477d 1.69d 84.7 ab 77.3ab
<71y  10A11d 13e 0.11e 87.3a 74.7b

179 (2004)

75 cm x 20 cm 3
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51a
9 9
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Arbuscular Mycorrhizal Associations and

Interactions in Temperate Cropping Systems

Toshihiko KARASAWA

Summary

1. It is widely known that previously planted
crops affect the growth and yield of subse-
quently planted crops through several mecha-
nisms such as changes in water use efficiency
and nutrient use efficiency and changes in the
sizes of pest populations. However, some obser-
vations cannot be fully explained by these
mechanisms. Furthermore, the effects of pre-
ceding crops are known to vary with the years
when or locations where the crops are grown. It
has therefore been difficult to determine an ap-
propriate combination of preceding and suc-
ceeding crops. A better understanding of the
mechanisms by which previously planted crops
affect subsequently planted crops is needed for
selecting the most appropriate sequence of
crops in a rotation system suited to particular
environmental conditions. The objectives of
this study were, therefore, (i) to elucidate the
mechanisms responsible for increases and de-
creases in the growth rates and yields of vari-
ous crops after cultivation of several kinds of
crops, (ii) to determine the effects of atmos-
pheric and edaphic factors on the effects of pre-
ceding crops, and (iiij to try to establish
effective methods for improving the growth
rates and yields of succeeding crops.

2. A field experiment was conducted from 1991
to 1992 in a Melanudands field in Sapporo, lo-
cated in the northernmost island of Japan, to
determine the effects of preceding crops on the
growth and yield of succeeding maize. Sun-
flower (Helianthus annuus L.), maize (Zea mays
L.), soybean

(Glycine max Merr.), potato

(Solanum tuberosum L.), spring wheat (Triticum
aestivum L.), cabbage (Brassica oleracea L.)
and sugar beet (Beta vulgaris L.) crops were
grown as initial crops in 1991. In 1992, a maize
crop was grown in each previously planted plot
and in plots that had been fallowed. All of the
preceding crops had significant effects on the
Both
shoot weight and grain yield of subsequently

yield of subsequently planted maize.

planted maize varied widely depending on the
crop grown in the previous season. Shoot
weights and grain yields of maize after sun-
flower, maize, soybean, potato or wheat crop-
ping were much higher than those after
fallowing or cabbage or sugar beet cropping.
The adverse effects of fallowing or cabbage or
sugar beet cropping on growth and yield of
maize could not be compensated for by phos-
phorus (P) application (87 kg P ha'). However,
P deficiency was seen in subsequently planted
maize after fallowing or after cabbage or sugar
beet cropping. Arbuscular mycorrhizal (AM)
colonization of maize roots, which is known to
accelerate plant P uptake, was influenced by
the crop species grown in the previous season,
and AM colonization of maize roots was posi-
tively correlated with the shoot dry weight of
maize. It was therefore speculated that the dif-
ferences in growth rates and amounts of P up-
take of subsequently planted maize were
caused by differences in the AM colonization of
the maize roots.

3. A pot experiment was conducted to deter-
mine whether the positive effect of AM host
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cropping on the growth of succeeding maize is
mainly due to the multiplication of indigenous
AM fungi. Maize plants were grown in soil (Me-
lanudands) after mustard (Brassica alba Boiss,
non-host) cropping without AM fungal (AMF) in-
oculum (MDyj), with inoculum from the soil af-
ter sunflower cropping (MDiss), with sterilized
inoculum (MDs), and in soil after sunflower
(host) cropping without inoculum (SFu). The
growth of maize after mustard cropping (MDuy)
was inferior to that after sunflower cropping
(SFn). The AMF inoculum from the soil after
(MDisr)

growth and AM colonization of maize, and

sunflower cropping improved the
shoot weight was increased from 17 to 49% of
that in the SFw treatment. However, the steril-
ized inoculum (MDsg) did not show similar ef-
fects. Similar AMF species to those increased
by sunflower cropping were dominant in SFy-
treated and MDis-treated soils following maize
cropping, also indicating that the AM coloniza-
tion of maize was improved by multiplied AM
fungi through sunflower cropping. These re-
sults suggest that the effects of preceding crops
on maize growth are at least partly due to differ-
ences in AMF densities caused by various pre-
ceding crops.

4. A series of field experiments was conducted
in a Melanudands field to investigate whether
similar effects of preceding crops are observed
in various succeeding crops other than maize.
Growth and yield of kidney bean (Phaseolus vul-
garis L.), adzuki bean (Vigna angularis L.), soy-
bean, sunflower, wheat and potato (AM host)
after cultivation of AM host crops were superior
to those after nonhost crops. However growth
and yield of radish (Raphanus sativus L.), cab-
buckwheat
Moench) and sugar beet (nonhost) were not af-

bage, (Fagopyrum esculentum

fected by the preceding crops. Growth and yield
of most AM host crops are thought to be af-
fected by the preceding cropping in ways simi-
lar to those of maize, given that AM host crops
depend on arbuscular mycorrhizae for their P
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uptake. However, the degrees of effects of pre-
ceding crops on AM host crops were different;
the effects on adzuki bean, kidney bean, soy-
bean, sunflower and maize crops were greater
than those on wheat and potato crops.

S. The effects of preceding crops on AM forma-
tion and growth of succeeding maize were ex-
amined at different soil moisture levels. Maize
was grown in pots filled with soil (Melanu-
dands) taken from the plots in which AM host
(sunflower, maize, soybean, kidney bean,
adzuki bean, potato and wheat) and nonhost
(mustard, radish, sugar beet and buckwheat)
crops had been cultivated in the previous sea-
son. Soil water potential was adjusted to
around -10 kPa (wet: W), -50 kPa (moist: M)
and <-63 kPa (dry: D) from 11 days after sow-
ing. The soils after cultivation of AM host
plants in the previous season contained more
AMF spores than did those after cultivation of
nonhost plants. The influence of the preceding
crops on AM colonization was pronounced in
drier soils, in which AM colonization of maize
following AM host cropping occurred more fre-
quently than that after nonhost cropping. Ar-
buscular mycorrhizal colonization of maize,
however, improved with increasing soil mois-
ture status even after nonhost cropping, de-
spite the low AMF spore population. The
influence of preceding crops on maize growth
was also distinct, but it declined markedly with
increase in the soil moisture status. The in-
crease in AM colonization with increase in the
soil moisture status despite the low AMF spore
population suggests that a higher soil moisture
status improved the efficiency of AM coloniza-
tion. Such effects may have, in turn, stimu-
lated P uptake and enhanced plant growth,
thereby reducing the influence of the cropping
history.

6. Preceding crops have been reported to affect
the growth and P uptake of succeeding crops
because of their distinct effects on AM coloniza-
tion. It has also been reported that low soil tem-



perature greatly reduces plant P uptake.
Therefore, the effects of preceding crops on the
growth, P uptake and AM colonization of suc-
ceeding maize plants were examined at three
soil temperatures in order to clarify the effects
of low soil temperature on the growth re-
sponses of maize plants to preceding crops.
Maize plants were grown in pots in which sun-
flower (AM host) or mustard (nonhost) crops
had been cultivated as preceding crops. Soil
temperature was adjusted to 15, 20 or 25 °C
during cultivation of maize plants. Air tempera-
ture was equally adjusted to 25 °C (day) and
20 °C (night) in each treatment. The growth rate
and AM colonization of maize plants declined
as the soil temperature fell. However, the
growth of maize plants after cultivation of sun-
flower crops was superior to that after mustard
cropping at each soil temperature. Shoot dry
weights of maize after sunflower cropping were
S.1-times (at 15 °C), 6.5-times (at 20 °C) and
5.0-times (at 25 °C) greater than those after
mustard cropping. The percent AM coloniza-
tion of maize roots after sunflower cropping
was much greater than that after mustard crop-
ping at each soil temperature. The results
therefore suggested that the AM colonization of
maize roots was affected by the preceding crops
at each soil temperature and that cultivation of
sunflower (AM host) crops improved the AM
colonization of succeeding maize, which accel-
erated the P uptake and growth of maize even
at low soil temperature above 15 °C.

7. It is well known that soil-P availability affects
AM colonization of plants. Thus, the effects of
preceding crops may be also influenced by soil-
P availability. A field experiment was con-
ducted to determine the influence of P availabil-
ity on the effects of preceding crops. After
cultivation of cabbage, soybean and maize, O,
250 and 500 kg P.Os ha' of P were applied and
maize crops were grown in each plot. Cabbage
is a non-mycorrhizal host, and soybean and
maize are AM host crops. Growth of maize dif-
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fered depending on the preceding crop; the
growth rate of maize after cultivation of soy-
bean or maize (AM host) was higher than that
after cultivation of cabbage (nonhost) at each
level of soil-P availability. At a low available P
level, the effect of the preceding crop was evi-
dent, but the effect became less evident with in-
crease in soil-P availability level. Arbuscular
mycorrhizal colonization of maize roots de-
pended on the preceding crop, and the percent
colonization of maize after cultivation of soy-
bean or maize was higher than that after culti-
vation of cabbage. The percent AM colonization
of maize after cultivation of each crop de-
creased with increase in available P level. The
effects of preceding crops on the grain yield of
maize were not as pronounced as the effects on
early growth of maize. Differences in maize
yield were observed only when no P was applied
(available P level of the soil without P fertilizer
being less than 103 mg P kg' soil), suggesting
that the effects of preceding crops are pro-
nounced at a low available P level in soil and
that the effects are also evident at the available
P level recommended in Hokkaido (44-131 mg
P kg soil).

8. The effects of the preceding crops, sunflower
(AM host) and mustard (nonhost), on AM colo-
nization and growth of succeeding maize were
examined in 17 soils in an attempt to clarify the
influence of soil characteristics on the effects of
preceding cropping. Shoot weight of and P up-
take by maize planted after sunflower cropping
were much higher than those after mustard
cropping in 14 soils, although the preceding
cropping had little effect on soil-P availability.
Percent AM colonization of maize after sun-
flower cropping was much higher than that af-
ter mustard cropping. The effect of preceding
crops was eliminated by soil sterilization.
These results suggested that the differences in
maize growth were caused by differences in AM
colonization. Correlation analysis of the effect
of preceding cropping and soil properties
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showed that the difference in the effects on
maize growth could not be explained by soil
chemical properties but only by the AM coloni-
zation of the preceding sunflower. In one of the
17 soils, however, the effect was not evident de-
spite the fact that the percent AM colonization
of the preceding sunflower was high. This soil
was sterilized, and the effect of inoculation of
AM fungi on maize was examined. However, it
was found that the inoculation increased AM
colonization but did not improve maize growth
at any P level, suggesting that the effect of AM
fungi was unusually inhibited in this soil by un-
known soil physicochemical properties. In
most soils, however, the preceding AM host
crop, sunflower, increased the AM colonization
of the succeeding maize and improved its
growth.

9. It has been suggested that cultivation of
some crops with little arbuscular mycorrhiza
results in a decline in AM colonization and
growth of succeeding crops. However, such
crops also need to be cultivated in rotation. To
try to establish an effective method for improv-
ing the growth of succeeding crops, therefore,
green manure crops (AM host crops) were
grown immediately after harvesting of crops
with little mycorrhiza, and the effects on suc-
ceeding maize were examined under field condi-
tions. After oat (Avena sativa L.) cropping,
sunflower, vetch (Vicia sp.) or mustard seeds
were sown as green manure on August 7, 1996.
Sunflower seeds were also sown on September
9 and October 11. Each green manure crop was
harvested (unincorporated) or incorporated on
November 5. In the following season, maize was
grown in the plots after sunflower, vetch or
mustard cropping and in a plot after fallowing.
The percent AM colonization, shoot weight and
yield of maize grown after AM host (sunflower
and vetch) cropping were much greater than
those after fallowing and nonhost (mustard)
cropping. Furthermore, the growth of succeed-
ing maize was not affected by incorporation of
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the green manure crops. These results suggest
that the increases in AMF populations during
cultivation of AM host crops improved the effi-
ciency of AM colonization in the following sea-
son and that this brought about positive effects
of sunflower and vetch cropping. Effects of sun-
flower cropping on the growth of maize were
not observed in the plots in which sunflower
seeds were sown after September. Since there
was little AM colonization of sunflowers for
which the seeds had been sown after Septem-
ber, it is thought that sunflower cropping after
September did not increase sizes of AMF popu-
lations in the soil. Therefore, AM host crops
must be sown in August (in case of sunflower)
to improve AM colonization, growth and yield of
succeeding crops when crops with little mycor-
rhiza are grown in the field.

10. The results of this series of studies sug-
gested that the differences between growth
rates of succeeding crops were mainly caused
by fluctuation in sizes of indigenous AMF popu-
lations due to different preceding crops. These
results indicate that AM dependency of crops
and the associations of crops with AM fungi are
important factors for selection of an appropri-
ate combination of preceding crops and suc-
ceeding crops. The effects of preceding crops
were evident in dry soil and in low-P soils but
not in wet soil and in high-P soil. These effects
were observed over relatively wide ranges of soil
temperature and soil type. Information on
these effects is useful for determining the most
appropriate sequence of crops in a rotation sys-
tem suited to particular environmental condi-
tions. The results of this series of studies
indicate that the selection of a combination of
preceding crops and succeeding crops should
be based on the AMF status in soil when crops
are grown in dry soil (especially drier than field
capacity) or low-P soil (especially less than 110
mg P kg'). The results also suggest that the pro-
ductivity of crops after cultivation of nonhost
crops is improved by the introduction of AM



host crops as green manure. Improvement in
crop sequences and introduction of green ma-
nure crops are thought to be useful means for
manipulating indigenous AM fungi so as to im-

prove field crop production in crop rotations.
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