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Hideo OxajyiMA and Hiroki Imar
(Laboratory of Soil Science, Faculty of Agriculture,
Hokkaido University, Sapporo, Japan)

(Received May 17, 1976)

—RRic B FEE OB LR LT D 2 &2, I
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T COfME &3, TEREE BRI O RERE b foa s
MEAE S E VI BEOBRTH S, HIBROBEEIL,R L
OREGITHD Z Lhrb b, LIMBILOBHRIIEB S
X5,

SO RS DRI E LG L THET T
BLDTHDH, RO X HE5H OFREH
2, (LB OBROER L ST X - TUILEZ RS
ZENBB, bBAHA, FHEEC LD HIEOBELFEM
OELIL, OB E FELT, AP ETHD
BB bie B b DTHD, LichiaTC, TOBLEHR
HLC, DRICEEYOFICH L fifktr o< »
THEL &M, HEFEERECHS,

Lo L, $HEOBickbT s8I, &8, 1B R
BERLEOBRI L -TZ kD, FHFFERLK
XhBER D, TDTD, {LFIEH O~ DEE T
Ed, REAORBPLETH D, TTRHFEr -4
AAT y FOI0EL Febie s E R BRI LD,
T A Y A ECHE 10E I AR B FIAE < @k
ERTWB, LirL, ThbD% L, S0HELU EDfes:
O OFER T, HHOBAEED L E D T
Ve SRR EVTIE, SHEB%L X s HoREYy
BE LTGRERRIh T30, Toflizdicl, 5%
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ZENREERTV B,

ABER RS OHFEML B & &b, {LEiEkE
FoL x5 P8R 5 BT, JURERFE
EHESC RS O TRECHL VB hbh TEh=E#
BRERX DT L LS E, 8 I0ETOR
BERBROBRELZRE L,

1. EBRAFE

HBEE: JLimERE B A EES s T 1914
SE (KE 34) DM shCx=E5bR e 5%
B E L, RRIHEEHhtEThs, RBKIZIK
130X66m Dz vy Y — b7 r, s CREINER
FHX, ERHRX, &Y VEEX, &5 )Xk JOBEOR
SENLTED, FRROAMIMEK L HEI T 1920 1T
WA T, 1966 M5 19724 % CRARCH —F +
—~FZS5A, FEV—, TAT w75, TV 70—
A AR B L, 19664E6 B i iBfE, 4 —
Fy—FIFA, FTY—, TL7 517 »i130cmii
CHERL, U7 7 r— 3Bk Lk, 7, B8R, B
& N, POs, K2O & LTEhFh 50kg/10afifi L
Tz 1966 44 HIR D &I T e, KEMOF 1nk
BRI LT, 1967, 1968, 196940 34ERIIZ4 A vb
NAZTCELSBOMHIID BB LV, TODERHIEL
fehiw 2 PR B OEER A DL, 196748114 A,
6 A, 19684F11 4 H, 1081z, 19694F11 4 A, 6 AT
DHEZ IV, A FAFREOR 5 &L VDT L,
1970 4F 4 A EH U, A—HBREK B OR UHEM % R
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Lic, 1970, 1971, 1972 4Eic (328 Mkt & LCRESR
b, 193 F 4 LK EAFOHEL, HEDH» D
Chr7ERIY (T AFvermA A vans) & 1973,
1974 FE OG>l B Uiz, il BT 40 cm X
40cm TIARI & LTHE Lic, IBRHIFEZ, WA, B

Table 1.

& N, P:Os;, KO & LT Eh%h 10kg/10a 283
JEE ULCifis Ulc, BERRBREW IS T 2 B8
L3R T, WERIU L ve e a vBEROBKIR
E% Table 1 @78 L, BREEEIIHHL, B &8FR
B Eh D TSERRES OB L,

Total amounts of fertilizer applied during the cultivation

of forage crops (7 years) and corn (2 years)

Forage crops* grown Corn** grown Cumulative amounts of
fertilizer*** applied for
Treatment 1966-1972 (kg/10 a) 1973-1974 (kg/10 a) 9 years (kg/10 a)
N P K Ca SO-S P K CaSO,~8 N P K Ca SO&S
[Caaa Grass 159 54.8 117 62.1 220 179 63.6 134 73 254
20 8.84 166 10.8 34.0
(N, P, K) | Legume | 22.7 54.8 117 621 96 43 636 134 73 130
Ok Grass - = - = - - - - - -
(®)] Legume - - = = = T - - = = =
Grass — 548 117 62.1 70 — 63.6 134 73 81
-N (P, K) ) — 8.84 16.6 10.8 11.0
Legume — 54.8 117 621 70 — 636 134 73 81
Grass 159 — 117 — 198 179 — 134 — 228
~-P (N, K) 20 — 166 — 29.8
Legume | 227 — 117 — 74 43 — 134 — 104
Grass 159 548 — 621 172 179 636 — 73 199
-K (N, P) 20 884 — 108 27.2 -
Legume | 22.7 548 — 62.1 48 43 636 — 73 75

* Fogage crops [grass: orchardgrass (O), timothy (T) legume : alfalfa (A), ladino clover (L)]

** Corn (G.C.B)

#+*  Fertilizers used: N, P, and K as ammonium sulfate, superphosphate and potassium sul-
fate, respectively. Urea was also used partly for only forage crops.

wkEx (.
sHRkk ()

complete (N, P, and K applied)
no fertilizers applied

1966 £ LURTc DT, 1936 4 (BF1 114E) igin®
CEoTlRbELDBRIHEN DD,

BEER:

B AN DI hERC—EEEK (1 m?) OBFAA|H
By, SEGER S eEYEIEERNTL, BlcXvE
i, 0V, AV, AAVYL, RIFRCTLA, S
ADZERRY JIE LESBRINESY S Ldi,

PYERL: AR ORE 4 # O &5t
PHERTN 20HEIR L, #, 2, BoFo bk
W, BEEEAR Ui, RMERRIGE LoERnEL, B
FRRICEDIRINE Y S &,

L 19734k 6 H 20H, 7H10H, 7TH 30H
IAAHE HRK OF Ty — s LVERERDOT L
7 > 7 » R 0~10cm X b 43 1~2kg
R L1z, HEAKS 2 EKE 0% itk THE L 30

SHBECEOEIZ I D pF38 ¥ COTBRE AR Lz,
+HmRe o pH, BREEE (EC mmho/em),
TvEEYAERIUOHBESER, Vv, A1), Iy
Vb, RIFXYY A, FLEYIVUL, RVYFY, TALI=
v A, B, ERETChETOHREY LRBOFETH
Br L

19744 9 Az b ¥ & m = VULHEM 4 K o0 i £ 45 4 B
MLk BAEEO~10em X bR L, REBEHUT
D WikBIot, pPH K L0 N-KCl, 1:25),
CHENG, KURTZ &Y I© X 5 & TMEHER S E, TYURIN
B Lo RESE, N-FR7 ve=v 2% X 5EER
#AEE (CEC), sIUvEBEERE, ¥ CHANG,
JACKSON 8 1 X 2TURERIER ) v 8B, B IOWEHR
BT IAEHEY YRR L &7,
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Fig. 1w T4EMOKRE ORI L%

RLTc, Mo Fag4HEOE K% 100 & Uik

Nutrient uptake by plants

Nutrient uptake by plants

Total dry matter/7 years

ton/10a
10.01
100
5.04
| IZS
L I
00 OTAL OTA
c* o
Fig. 1.

O, HROERTH B, TEBOWELFIFLR i
4 FEMERBIFC, A—~F 4+ —FZ/S5ARXTC /) om
— S DEIFHOIENE D, SR,

A FEHIE D4 E 2R R CIUE

L

orchardgrass
. timothy
- alfalfa
- ladino clover

— >0

Total yields of forage crops for 7 years.

(Notes, figures show the relative values with the complete plot equaling 100.

* complete

#* no fertilizers applied)

kg/10a
300
kg/10a p . K
kg/10a _
200 40 o
mo m 0100
0 3
1001 iy . 81oo
| 31 iy 40
By zy
0 OTAL OTAL OTAL OTAL OTAL 0 OTAL OTAL OTAL OTAL OTAL OTAL OTAL OTAL OTAL OTAL
—P -N —P —K ~N -P =K
kg/10a
Ca 1 Mg k /10 Na .
kg/1 9 a
100 g/10a ki3
50
0 o m
W 101 § 1) i u
Mm e 5
o8 el 13k % L)
0 OTAL OTAL OTAL OTAL OTAL OTAL OTAL OTAL OT/;)L OTAKL OTAL OTOAL or L TAL OTAL
— _ — —_p —

Fig. 2.

forage crops for 7 years.

Total cumulative amounts of nutrient removed by

(Note, figures show the relative values with the complete plot equaling 100)

MEEFK T
TIISEEX O 3EEETH
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2705, 7 AR BIRR T b SER K 0 8 TR DI
R, H), BIOY BB LY R EERIKIC
WTRESK LR BEORENE S v, Y VR,
7 VKT A 2 F, 2B & S SERR O BEH D
MO E A B2,

WSS T OB 5B I E% Fig. 2R L, %
LR CHEPE LS 200 kg WADEREBRIL LTV %,
AL, MERX T FBHI2HUTCH B, <4
FHIEEFREX TIIELR L IFRBRN L5, U v
B ik, MEBRE TIL~ A B OWILE A 2B
I h&L, 8 VBT AR ORINER LR D,
SEREDOBKED Y EERILE D I3IT 5 B 5 7 E D
WER LI, TEBKA—F+—F7 3 AR o &b %
U VERRRIR LT, 25kg/l0a, T/ 7 m— 138
10 kg/10 a KU LTV B,

H ) OWINEITES VX CREARE L LEEKD 54

kg/10a
150]

100

C

(=]

Gain

kg/10a
1004

Loss 50

50
kg/10a M

oﬂa”nl&ﬂd[ﬂ?

25 4o 100 kg/10 a Fih TH BHS, MK, MEFE
R oA % FHREISERR O 3EI D 28 LD inv, &R
FE D~ A FHKEIIELK LIERBETH L, EIER
RTir7 47 » 47 w5 120kg/10a O ILEZRL,
FRIIFELRD TECHS LTV 5, Y7 A3T
MK T = 2 BHE ORI A AR X b
%, MAVEDOTNLT 747 713 106kg/l0a LK
OWINEATFRL, BEFEROFEr—i1bkglbol
bR,

TAERI DR IER L E OB WIE OBRY Fig. 3
LT, & TS OELE (Loss) & EHE (gain) 1
IR L MINEOELYTRTSOTH D, KRBT LOME
BLHEORESBRINE DT v A%BZDHEDTH S,
BRIVThoOKE L L, TXTORRRVTRNE L
MIEE L b, &= AR BEBRERELS
100~200 kg/10a DEREFIR L TWBZ &icied, ¥

0 —N —-P —K
Loss n
5
orchardgrass
0
50

E]:H]:_ ‘[ﬂljj: timothy

Gain

150
Loss 100
50

q

50
kg/10a
150 1
100

50
L,

Loss

IR

H]‘h alfalfa
J

) 0 j:ED:-
Gain CaNa CaNa

501
Fig. 3.

NPKMg NPKMg NPKMg
Gain and loss of plant nutrients in the soils, during

H S HA‘H—; JUDCD ladino clover
CaNa CaNa

NPKMg  NPKMg

7 years of forage crop cultivation.

(Note, calculated from the total amounts of nutrients removed by
plants and those of supplied by fertilization)
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VESEINE, &Y VBRI CTROEERETHD,
RE R ORI E OWINE L it S h, LR
LT3 ERbhD, &< RESHER O FRHIETT
1250kg/10 a i3 EFA-BeER S hic LB bhbd, 7Y
REEEE DA FPHEOBINE DR, A—F v —
F7 5 AT50kg/10a, FEv—ik 75kg/10a NEHERH X
hizz &l s, £OMOK TR+ TR SEIEE
EEbD, BEOTEXF T —Tik 130kg/10a %
THEALINE LT B,

Ay AERRE, &Y VB DSCILERP Y
VEBAL LY LAEREOHTRAZRTE D, Y vEE
EROA FPHEE C B BR Lics s1einbdt, <
ABRRETIENIVRDF O, 7a— P A h vy
AOBRBEHSHHERE I D EHEL LT B, JBRE LT
ERAZKTGWEW= 2% oY A, S M) AT lE
1 20~10kg/10 a P HEH LB X D & hE
bhicZ Eieith, EHIVRETRSF MY 7 ADIEEN
fbPR X h&EL, &F—F+— ¥/ 5 A2 50kg/10a B
ZHENLLRIR LTV 5,

D EoIER, RINEORENL LD L, 7THEIOK
HREURRERICThoR CLIBLTITh Y, Y v

B X CIERRL LD, BV Y A EERK A
FRMEE O L WTRERICH B, vy Ay VEE
He5XK DA 2B ClERE, ~ A B0 CIRER
THhHb, ¥, EEE, ) VBRuThdRERc
bh, EERXOA FBHLTECXY VB, »Y, A

U AE, N VX TR VERE AN T AR FRF R
WeER LI EBbh b,

(2) PYERQIHIE: 1973, 19744ED 24 +
vER o o AERYEWECT Fig. 4 CF Lk, %LK
TURMAR & § 4 BHCEE A 1 RO L b, 5
TOTHBIVEFIRITFCH -7, EIEK, EERKT
REK W IERR~ 4B COEFLHBTH Y, 4
B 2 U TTFE R B 0 B2 SRR %
ET5RETH -0, S LTA #BHE ST
SEU L O EEIRBC L D BRREERIED LR
oo &Y VEERIT I TIRAM OE I, B2
.0 6 Eps b TEHIOFGMELY R Lic, &YX TikA *
BHCEM CEF AL D, LR FE Y P TIREE
TR &Y, EMEL, TS TREEDCEL LI
KL, 7V RISEHEOERYE L, ~ 4Bt
AR & b A B RRRRIFTH T,

kg/10a
2000
10
100
100100
1500 7
i
£ g 00 o
z 63
= 1000 e
©
ks]
- %
500 L
1974
1973
0 OTAL O AL OTAL OTAL OTAL
o) -N =P —K
Fig. 4. Total dry matter productions in corn.

(Note, figures show the relative values with the complete plot equaling 100)

FoERa YD 2FMORS RINEY Fig. 5 TRL
T SEIEE}, EEFEX T 4Bt COREORINE
2%, THBA 2FH o 2~3 FRIFIA LTV
o Y VBRECEVTR, FEELL 07 -1HlD
1~15kg DY VBB A BRIM LT3, &H VK RIT S
# Y ORI 1ER TEHL, TA7 747 7 HITI
RIS 12kg/l0a IKETHORK L, 7 v —ihT

it 25kg/10a L4 7o,

BEEOEE LAk, 2HMO F 7 e w2 UM
ORIEE L WINE O % Fig 6 1R Lic, BELE
J VEE, A VREDFFIETRE Py ER 2 OR
WEABREYREZL EEbsTw 5B, T, EIBE,
BEER O < A B TEZRORNENRL - 213,
AP BEC LV EMERVELRIRLDEEZDN
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kg/TOa

30
gt e

20

10

0

OTAL OTAL OTAL OTAL OTAL

Nutrient upfake of corn

0 OTAL OTAL OTAL OTAL OTAL
C 0

kg/10a X
kg/10a 0 P 9/10a K
6 30
5410 01 1 n
iy i 9 ]
4 p ® 201! i
3 . 3 5 B
8
) & ¢ il 10
1
1 o4

OTAL OTAL OTAL OTAL OTAL
—P —K

Na

kg/10a

2
)
54 w |8 W
2
mlwlmm # g IH

%1% 1974
n.
L Bypk H1973

OTAL OTAL OTAL OTAL OTAL
N —P =K

orchardgrass

timothy

alfalfa

ladino clover

N —P -—K N —P —K
kg/10a
c 5 kg/JOa Mg
3
5 4
@
s
s, Py wsa § Py
<
2
0 OTAL OTAL QTAL OTAL OTAL OTAL OTA\. OTAL OTAL OTAL
-N P —K N —P —K
Fig. 5. Nutrlent uptake of corn for 2 years.
(Note, figures show the relative values with the complete plot equaling 100)
kg/10a
C O
10
Loss g
O d
Gain §
10
Loss 5 [I
O_
Gain 5
15
Loss 10
5 J{EL
of %
Gain 5
10
Loss
of S
Gain g
Ca Na CaNa CaNa CaNa CaNa
NPK Mg NPK Mg NPKMg NPKMg NPK Mg

Fig. 6.

2 years of corn cultivation.

Gain and loss of plant nutrients in the soils, during
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bo —F, EY VERES VRO 2B CIRERD
WAL EA IR X v t-Tk Y, EEfck-T
Wh, U B VBB SR IS VT T RINE
PREIEE L v ied, HBCERL VBT EERLT
Who AHOECEEE, &5 04 FRH TR &L
CEER D, ThARPIBISBIE LTV
Ll s,

71 ) RSERRC I TR A B & S RIE 2 IR &
D%, E@TA7 97 2B TIRIEBERM S,
DT LER, £ VRIEREVCTLEBETHY, B
TE7 A7 w07 2 X DERFEFEI VS ELELLIRT
WHHREA DD, ek LESRR ClaRIEsd
BB L TWBT cind, AV T LAY v
B bz CWBRTRTRUESEIRINE X 1% <,
HERKXTH2EMC 10kg/10a0EF LIz &
5,

PEoz &b, RifEoRBEREC X - T~ 2 B
TREBECER LA VNELSh, tvEr a3 D
B, FIRAER k- TctBbhd, FKEL by
Era OREERBLCERIBRA Ly, U vET
BEXTRERR LD, # Y 9L 8B8EEDO 1 25}
P CREBRE T, oK TIBER LB,

@) VBFEOLERAOEMS S ME: KXo
Y — P L BMEREROT LT » 47 5 B DT,
1973 RIC LN e IR O E 0 A+ V% Fig. 7
25 Fig. 9 &hic o TR LA, pH (Fig. 7) 11524,

me/L C 0 -N
S 50- (T (m (m

w &
S o
N

Cation concentrat
N
S

10 '
/|
< 01 = -
=4
% 10
2
$ 20 N N
8 N
g 30 —
5
<
50+ 2
6779 6;;3 677
070504 B07080%  Soiedoe

4

j :
i~N after timothy

0P cultivation

4K

<N after alfalfa
cultivation

6/20 7/107/30 9/4

m

F

dates
Fig. 7. pH of the soil solution.
(Note, separated from the soil adjusted

to 40% in moisture)

mho/cm

s C
’ :_8 after‘timothv
3.0 o —pP| cultivation
a—K
2.0 v —N after alfalfa
cultivation
1.0
0.0 .

6/20 7/10 7/30  9/4
dates
ig. 8. Electrical conductivity of the soil
solution.

(Note, separated from the soil adjusted
to 40% in moisture)

v

Fig. 9. Mineral ion concentration of the soil solution.

[Notes, separated from the soil adjusted to 40% in moisture. * (T):
after timothy cultivation. ** (A): after al

falfa cultivation]
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mH VXTI, TRECL46 R LT3, EIDE
RT@E< 60k Th -1, BEERX, #£Y vEXIZ
LEOROFHETHHEN, EERX CrF v —iiith
Io7A7 sy Pl CRGEIECH -, 9AK
pHR— e LR LTREE NS i, EC
(Fig. 8) nzxeX, &) VEBX, & VK TEL, 8%
FXizTh X 0B, TAT7 L7 s TR
— B X DEEECH B, EIERKIE 1 mmho/cm
LFTHot

TR oA A B (Fig. 9) 4% &, ECezo
HEA R END L O AR EBEFRIERE 2 VBB D
B Lo A 4 VR R LT3, Tk hElkr
K C7 =4 vE LU SRS DT EEL, B
BEEZ LD TR, T2X, &) vBK, £5 VK
T LR E B LBUER % 5 1 ¢, Lnwt
R 7 = A v &AL, TheRELTHh 54 vk
PEHREIh TV, B 4 VIBE EIDEEAE
Vi, ORI S E DL,

0

mg/100g Soll C

dmgEst, 4 ) KTl Th 2 RERIEh OFERE 72
T4 BB ABRDLENEDTHE, O EIXH
WO TON X O, GERIERORA X - EER
PR v v 7 A DEIREK &g - T B 72D, Bk
BARLRIL DTS phh b TSR ORBEEC»
FDERNVERbhS, BERROF v s 7
N7 Ty PR TTIAEERRECE L ER AL RS,
FE v P CREREEN 7 =4 v OEEE L, g
VB THD, TA7 r A7 p TR B EN
13me/LIcELT W5,

(4) Pt HBEOLPHBEICONT: LBEEHEOF
EHRREE C/NE Fig. 10 R Lic, Bt thBo%s
BREIZAIXIZIE 350 mg/100 g L-RHTH D, BFEOR
LECEY VB OFE L —FHITI 390 mg £ Fh T
WAS, MEER, SEFEXTH 310mg L EFEh T
b, RERD S BENEBERIIZ BETHY, Ky
DEEETHS, FEEZEROI bUL-Thol i,
30% BE v 6 N R Cin K o S o\ kRGeS

-P

—-N

4004 10.110.098102 11110598 9.9 96 98104109 10391 9192
AnAuAN Ry EEEE e
.. 300 ES
C
@
<
8
_ 2001
[MINOs—N
- NHs—N N
AN : = Z 7 amino sugar—
100 7_ A ./ ; [ lamino acid—N
[FHacid soluble humin—N
[ JNH:—N
0 £ non-identiied—N
O T A L O 7T A L O T A L O T A L
Fig. 10. Chemical composition of nitrogen in the soil of long-term
experiment with fertilizer application.
(Note, figures show the C/N ratio)
mg/100g soll
300
= 200
DO
IS
S Caep-
a 100 AR
A Fe—P
| | Hardly soluble—P
oL i % Org—P
C 0-N-PK
after orchard after timothy after alfalfa after ladino clover
Fig. 11. Chemical composition of phosphorus in the soil of

long-term experiment with fertilizer application.
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ThHY, BORBIKSFEORELY Ch b, Kk
B X 5T, BINKSFEREOXESROFEL
R L oTv b, C/N hiddie ) vRBIX Cikee
RV, 584, IR, EEERX LD 10 fTHRICHER S
RTw5b,

+ ) VBRI EY Fig. 11 iR L, %3C
MERERE Y VBRI IKENIC K X A h B A, FEREY
VBRI IR & A EEN L, 70 mg/100 g N & —
FELTWD, U VBRI T CRIER LA 5, WIROE
LA TLICER T AEIEwHBH, RoXdek
WA VK OKAHER, BEERX D 2B CLlTE
W) “BEESE K- T3, ) VEBERLEE &
LTHEZBRTV22, Lihtiksbierrvy a8
Vv, Triz=wsBllyvEich, —8gR Y vophE
i ->Tu b, EIRE, 40 VERX ¢ 50 mg/100 g 1
BEOEBEEY vEELSEh 5%, TDO3HLHEE L
TRANY T ABY vRIe L, WIS Y VA LY
L EENRTWD,

+EE o ER AR (CEC) (BERkEEE S Fig
12 @R LTz, CECILEIERIK 4.5 AR EAE
Eh <, 38me/100g +TH H, EHEIOMIED CEC

T B Ebd Tk DEEL SRS, B
M A L 7 A B0 B 90% B LD TWB, A
VU ADEAIRTVIWEY VR, EIERHZ kT
3 18 25 19 me/100 g LT 2,

“ 7 oy MABRE LTS SR Th i i,
SE4, Y VER, VXD X RBESIRERDOSL K
CRRAERR, MERRT B RTARL, EKRERIR
TRWTFROM S 1 me B &t o Tubh, SRR
Tk 3meFERTWBHEIAMD, <732V T ARE
#, Vvig, » oA vRYTRENCHB L
2HhB, 2V EEEEEK LR D ) IRIE DD
e, fEEEFR, FY VBRTEL, EICEERRD A
FEHACIE Sme T LATVWS, KELEN IR
HoTh 0ldme IZEFHELTVD, FREREDOT L
T T ST, TAT AT 2R TR UD
7 ) ENEAHIBEEZREL Lo TV B hhb
5, fOoRE L b $4< 1bme bFEEL TV 5,
F DY ARDWTR, (R OWRIE DA T EARRHX
TRREWHEBICH HH, KEHE »BEE RS
bhinu,

after alfaita after ladino clover
3.1

33 W6 xD
¥ s

g?;¥*
4

BS %7
33 B4

C 0-N-P-K

Cation exchange capacities and exchangeable bases

of the soils after corn cultivation

(Note, figures show CEC, soil sampled in September, 1974)

me/100g soil
atier orchard after timothy
30 ®E 48 B4 BE BT 3
g 9 %%EE
© H HS
Q T —‘-‘7—LE
o 2 > g? 7
L
O
Q
o
S 10
(e}
5
0 NP <
C O-N-P-K C 0-N-P-K
Fig. 12.
3. & =

= A PR X AR FEOEE L b, EIEH,
MEFX TEA FBHRE L VEBVBIFCh o7, &1
) VEEE A VAR IR TWAEEEX TR L
BB EAEENEDL N » 1o, HIERHX Tk Y
VEE, 7 UMBHIRER LA, BEER I OEH
D oz, A FBHRFITEER, SERK CIENE L
EL, BENTOHRER L Ic - T lcZ LB ED
MNCHB, EY VEE, 1&H VE T A 2R, ~ AR

Ml AR R LT 80 58 90% DINEARRELTVS
23, BWED Y VEE, P VIRINEL T OB LT
RE& LT B,

O BEABTOBRIEL VT v 2 v AOREIE
EH#E, EERXKICKE L HE bR, TR D~ Bk
CEBOWTrYEraYOEFERRETH-T2Z &1, £
B OMBREAE WS Eh56 L, Tiff X 2%8HD
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Summary

The balance of the mineral elements in soil and
crops was investigated to study the effect of long
term crop cultivation and fertilizer application on
the chemical properties of experimental beds.

In 1966, orchardgrass, timothy, alfalfa, and ladino
clover were sown in plots in which long term ex-
periments on three major element (N, P, K) appli-
cation had been conducted since 1914. Fertilizer
application consisted of 5 treatments, namely, com-
plete (N, P, K), -N (P, K), -P(N, K), -K (N, P), and
no fertilizer applied in a similar manner to the pre-
ceding experiment. The forage crops were cultured
for 7 consecutive years until 1972. After which,
corn was grown in 1973 and 1974 as the test crop
to examine the effect of the cropping sequence in
combination with fertilizers on the soils.

The results obtained are summarized as follows.

(1) Corn in the legume grown plots of -N treat-
ment, showed a fairly good growth and nitrogen

uptake, compared with those of the grass grown.
Also the soil solution obtained from the legume
grown plots was high in nitrate content, indicating
an enrichment of soil nitrogen by legumes. In
addition to soil nitrogen, alfalfa also enriched soil
potassium.

(2) There were no appreciable differences in
total nitrogen, carbon, cation exchange capacity,
and organic phosphorus of the soils among all
treatments including no fertilizer application. Also
no appreciable differences were observed in soil
C/N ratio.

(3) Exchangeable cations, inorganic phosphorus
in the soils were closely correlated with the bal-
ance of fertilizer applied and elements removed
by crops.

(4) Soil pH decreased with increase of total
amounts of fertilizer applied. The pH of the soil
solution obtained during crop growth was also low
in the plots where a high amount of fertilizer was
applied.



