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Table 1. Chemical characteristics of soil
Nitrogen Phosphate Potassium - Magnesium Trace |
(N (P20s) (K:0) Calcium (CaO) (MgO) elements [ Manure
| Ma i I
gnesium
Hll:rel?nonium Super- Potassium carbonate
sulfate phosphate sulfate Calcium Magnesium F.T.E Cattle
Ammonium Ammonium Potassium carbonate sulfate i feces
chloride phosphate chloride Magnesium
chloride
750~1000kg/ha | 730~1280kg/ha | 750~2400kg/ha | 1200~6000kg/ha { 640kg/ha 40kg/ha i 150 t/ha

*OBBEER, LEEyERFFRE FEE %, #R I, mERT
Department of Dairy Science (Soil and Plant Nutrition), Rakuno Gakuen University, Ebetsu, Hok-
kaido 069, Japan
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2EHX (Complete Fertilizer : CF [X), FilgR5ca(t
SEIRHR (SO4 1K), HaTRARTe 4 (L IR (CLIR), 5
FR (-NK), Y X (—PX), #2 )X (-KX)
5 L OMEIERHX. (Non Fertilizer : NF [X) 0 8 LK %
72h 3.0%33m, BE30cm 1l %
DOWMEIEE Uiz, FOREIXT v £k L1
HEEREN LT v 7 7 v 7 7 (Medicago sativa L. (i fk
%: 7 a € — 2~3kg/10a) &L A —F ¥ — ¥ 7 7 2 (Dac-
tylis glomerata L. i : 74 9 7 2 1.5~2kg/10
a) B, 5 AERRES LTz, RilPENZ2\ Tk Table
10X 5z %Fit 750~1000, ) > FiL 730~1280, # Y
= 35\ ChE 750~2400, KL 1200~6000 % L T 1=
640 kg/ha ¥ L, BEBEEFRIFID FET i3 40 kg/ha,

R (2 ) K

HEBEARIY 15 t/ha TdH D,

2) B OEMAE

WY, IFEMFEICRSVCTR2H/EET, 2
EAMRL S FEEF TR T M7 7 v 7 7 OBERIZ H
e, WESem bl EDE ZATHIERY, FEREEY
(3B 728 90°C € 1REHIA TR L o, 70°C T 48 Bl

RE B-®R D BEART

3) A AHE

Ltz

WO GHILTOL 5 ThH, Ll <y 7
FCIRALL, A EEE (1:1) TR MHROMIKY, Y

Vg, AY, FLVUL, AAVYILABINRSRAVY
LD HHCHE LT, FloEE - S, B, v AV

BFRIHEIC X o THHT LI

BRI LE DR Lo b oR SimicfiLic, I

BT, PRSI 100~120cm 2T, 2 42 F DI
FFE 10 cm DS TR, MEELILO% 2mm £ v ¥
> DT T DR FHCHE LT

1) #ilt ot

BRELUER
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¥ foRlEpREZEE (NO3-N) 5107 v & (F) oW T
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(kA oY, Table 2~5D: KD TH B,

Table 2. Chemical characteristics of soil used. (Diluvial soil)
‘ Avai- Exchangeable bases Trace elements ij:ion-e

pH EC | T-N| lable |

| P,Os | K:O |NaO| CaO|[MgO| Zn | Mn | Cu | F
Horizon i H,0 | KCl ,uS/cm‘| % ‘mgq/oli({ogi mg/100 g soil ppm ppm
1st (0- 20cm) | 595 | 498! 88 | 035| 07 | 55| 55 |1920] 172| 30| 22| 07| 68
2nd(20- 40cm) | 565 | 440 | 68 | 022| 07 | 25| 951065 20| 14| 71| 04| 60
3rd (40- 60cm) | 543 | 395 | 53 0.07 0.7 6.5 | 13.8 | 150.0| 30.5 5.2 6.7 1.2 5.0
4th (60- 80cm) | 578 { 408 | 59 | 0.05 0.7 35| 175 | 1845} 58.9 6.2 | 16.0 1.7 47
5th (80-100 cm) 6.44 | 440 | 55 J‘ 0.04 15 | 5.0 225 ‘ 205.5| 77.1 ‘ 6.8 | 189 19 4.0
|

Table 3. Chemical characteristics of soil used. (Volcanic soil)
Avai- Exchangeable bases Trace elements Fluo-
pH EC | T-N| lable ‘ | rine

P05 | K0 ‘NaZO{l CaO |MgO| Zn ‘ Mn | Cu | F

Horizon i H0 ’ KCl ,uS/cml % mgs/c}i({og mg/100 g soil ;I ppm \ppm

X ,, : ‘
Ist( 0~ 43cm) | 626 | 546 | 74 012| 186 | 40| 30 ‘ 609| 60| 29| 239 40| 39
2nd( 43- 80cm) | 647 | 6.03 | 56| 0.03 24 2.6 | 20 i 154| 35 0.9 53 5.1 2.5
3rd( 80-100cm) | 6.19 | 540 ‘ 128 | 0.25 0.1 133 65 ‘ 175.3] 95 4.3 8.9 2.6 1.6
4th(100-120cm) | 6.23 ’I 5.70 } 74 | 0.03 0.7 24 20 ‘ 175! 1.0 i 0.9 6.6 1.7 1.2

|

g (N) L8, Widpdtic, Wilg Lo, €2
sl g — gz kO EiE L, HEOBELEY v
(P;0s) 1o\ Tik Bray’s No. 2 {42 X b il L, Fisk-
Subbarow Pz o Tiha iz X H JE L. # Y
(K:0) &+ b Y v & (NagO) O Hiz 2T 1 BIE
Mg T v =9 4 (pH 7.0) Z AV THhBRKY, &
WK E D PE LT, Ay U4 (CaO) E= 7 %
v (MgO) DL, XEDHY, FEYTLD
iLHA EDTA #lvic® v — MEHRC X D & 401

ik
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Table 4. Chemical characteristics of soil used. (Peat soil)
| i . 1 Avai- | Exchangeable bases . Trace elements {Fl;lior;e
pH | EC | T-N| lable \ [ \ ; |

‘ i P05 | KO INaZOi CaO JMgO Zn i Mn | Cu F
Horizon t H0 ) KLl /fS/cmi % lmgs/OIIOOg‘ mg/100 g soil l‘ ppm ppm

Ist (0- 20cm) | 385 | 29 : 393 190 20 | 137 233] 511, 80| 84! 94| 05, —

' ‘ :

2nd(20- 40cm) | 4.47 ‘ 35! 369 | 2.07 ‘ 0.5 9.0 ! 220 | 179.2| 18.0 84 | 184 031 —

3rd (40- 60cm) | 4.47 38 | 418 ! 1.62 | 0.7 7.9 19.0 180.61; 51.0 75| 250 04 —

4th (60- 80cm) 4.60 371 409 | 170 ! 0.3 11.4 ! 18.3 | 135.3| 81.0 8.8 | 25.0 0.8 —

5th (80-100cm) | 4.60 ‘ 37| 489 | 170 | 04 | 192 ; 325 1736| 870 | 84| 250 09| —

i | i ‘
Table 5. Chemical characteristics of soil used. (Alluvial soil)
et Avai- Exchangeable bases Trace elements Fl;lion-e
pH EC | T-N | lable
P,0s | K0 ; Na20 CaO MgO Zn | Mn | Cu F
|
Horizon ’ H,0O {[ KCl pS/em| % mgS/c}ROg‘ mg/lOOg soil l ppm I ppm
I
i |

1st ( 0- 30cm) | 6.38 | 509 | 57 0.23 | 73 99 ‘ 6.4 2966 601' 58 | 254 ‘ 40| 109
2nd( 30- 50cm) | 6.82 | 509 | 45 0.14 2.9 i 6.4 | 7.7 3114‘ 94.8 53| 215 45 4.4
3rd ( 50- 75cm) | 6.44 | 4.91 52 0.08 4.7 4.8 7.9 | 196.8 1062} 38 198 J 4.8 2.7
4th ( 75-100cm) | 6.53 | 4.88 | 47 | 0.13 22 64| 80 2162 1703 44 (219 57| 35
5th (100-120cm) | 6.58 | 484 | 56 | 0.11 24 l 62| 951966 183.9‘ 39| 186 I 58| 35
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U, BMIEER T 2FTHRD TS o T %, il
(Cu) iIZ DWW THEEE 2 J B & TRIANTT I3 £ 1 i oM

MUKW E LTI = 272 v 9 a8 L 000 ) AV
2, pHIRIFTH D, U vEEIE 1 BRERGTD
L, Ay g AL B 3 EERFIEIED TEL s T
Do DV TIEH 3~4BTEL o Tk h, 2 D18

HnRbh, THARCT L 2 EHERDES DX SFFICKE L,
Table 6. Dry matter yield of forages. (t/ha/5 years)
Diluylial Volc:.ilnic | Peat soil Alluylial Average trelz}?;?e:tyof
Treatment of fertilizer o st : ! fertilization
Al [Or | Al ' Or | Al L Or | Al | Or | AL | Or | Al | Or
}“ﬂnure and complete | 591 545 | 341 | 404 | 345 | 450 | 433 | 47.3 | 378 | 469 100 | 100
ertilizer
Complete fertilizer 409 | 51.8 | 291 | 36.8| 29.1 | 394 | 406 | 437 | 356 | 429 94 92
Sulfur 356 | 52.1 | 324 | 378 | 285 | 344 | 369 | 435 | 347 | 442 92 94
Chlorine 37.7 | 505 30.9 | 333 | 29.0 | 357 | 245 | 372 | 325 | 39.2 79 84
Non nitrogen 378 | 351 | 308 145 27.1 | 253 | 352 | 179 | 327 | 232 87 50
Non phosphate 36.2 | 495 | 276 | 33.0| 4.8 95| 303 | 205 | 251 | 281 66 60
Non potassium 379 | 446 | 270 | 218 771142 261 | 221 | 243 | 257 64 55
Non fertilizer 3831 3471 134 | 188 0 0 137 | 132 | 163 | 125 43 27
Average 383 | 466 | 285 296 | 20.1 | 266 | 31.3 ! 30.7 | 39.9 | 338 79 70
Rate by soil 100 100 74 63 52 57 I 81 65 78 72

Al: Alfalfa

Or:

Orchardgrass
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R pH, Y vEES B O EERC L AERTES,
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CECHEBHTEL o Tb, ¥~/ 2y 9 afn
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hELEE T pH, 2, v I ARBIUF MY
g AMBIFCH o1, Eloh Y, U VEHEIRREL, <
TR vy aRSECEAARDR D, AZOWTIZDA4
o HEEP G b S8 TRAT I R nEmR A
Rbohic,

2) EV R

IR ORI, Table 6 iR T LSO THo7o, M
BRIz Zto8E& MCF XSRS ES TV 77 v 7 7T
378, A —F v+ — N 752 T46.9 ttha/SETH »
fro FEBEINFRTTV 77 V77V TFRY
163, #—F4 — 7 7 223125 t/ha/5 T, MCFX
w100 & L7-BETNV T 7 07 7 43 L 2RI, &
—F =PI FRM2TE 14 E700, RERERNRD
bhiz,

LRI RIS TS RS T, T T 7
N7 7T383, A—F v — V252 T466t/ha/SETH
sl FROBRAELY, JRRAEED 201, 266 t/ha/5 {ETH
bel f:o

WREEEER 100 & LA ThbE, TVI7 VT 7
P525, A—Fr—FI3R571L LV RE LT
PRV A
3) TEESEANICLDiEMEROR (Cu) 8FEX

PERENE, DR AL ol A B L
27727077 D Cu4HHKIL Table 7D L 5TH
atte FhebbH 8.25, 8.24, 7o bHUNZ 8.52 ppm T2
OO TIIERIIAS W is o 72y, BIRLHT
1% LRV THBIZKL 435 ppm THolo, A—F ¢
— F 75 211686, 7.46, 7.36 ppm TULRPEIICET
ET2ARBGNT, BRFETET V7 7 07 7 FHEL

o)« WART

485ppm Th o1, ZHITH LEHDOHZD Cu FBTH
2% CuliiiRz 2 ML S B BHTH B HliHY
Brvy F2a—n"BLOA2Y 75477220 T
RIFRBEAT, TOREFRKC CuCly, CuHA &K
O CuEDTA D& 2 &M LIclhik{To72. T DHS
Hbd, R0 EEA~D Cu DL Xk s LT
Cu DAFFERED M & 0, S eI Tl Cu 74
BOERE oo Thion, o Cu SRR L
WaEEaEEE Y, ko Cu FiEx T2
ZEHFRDTD,
Table 7. Copper concentration in forages
grown on different soils.  (ppm)

Diluvial |[Volcanic] Peat |Alluvial
soil soil soil soil
n=112 | n=112 | n=98 | n=112

8.25 8.24 4.35. 8.52

Alfalfa £271 | +247 | +319| +181

686 | 764 |48 |7.36
Orchardgrass | 35115 +2.46 | +2.46 | +231
* n=111

4) BRLERNCLSEMEROR (Cu) 3HE

MiCMB O Z LD TV 77 v 7 7 BLO A~ F
— k27720 CugtiHix Table 8 DX 5 THotz, 7
W77 77O Cu GHEDOFINLT49+111 ¢, —P
(X3 XU NF [T b LT 1% v < v THIE
1Zin< 918 3 X 08 9.50 ppm T —N X, MCF Xt L8
CF [XT{t< 6.48, 6.65 35 L 18 6.68 ppm Tdr o7z, #+ —
Fr— N5 20OFH)36.754+058 ppm TT VT 7
7 7 [k =P X L0 NI X ¢4 < 7.51, 7.77 ppm T
—N X, MCF X KOGEAIXAMKL *6.34, 6.34 RTF 6.02
ppm TdHhH -1z,

M T — P KRR ORI E5 - 72Dk Y
Y EER T DODIEFHE S AL T D LT Lo T, MR
CHEEBT AR E Y, FORH—EREOMMk
Wi Cu BINEDN S cstclcbd Exb D, F

Table 8. Copper concentration in plants grown with different fertilization. (ppm)
Manure |
and |Complete| Sulfur Chlorine Non Non Non Non | Average
jcomplete nitro- |phos- pota- ferti-
| fertilizer|fertilizer gen phate | ssium lizer| S. D.
) | =56 | n=56 | n=56 | n=56 | n=56 | n=56 | n=56 | n=42 |
Alfalfa 6.65 6.68 | 7.01 7.61 6.48 9.18 6.84 9.50 7.49
¢ +2.32 +2.69 +3.17 +3.21 +2.43 +3.49 +2.41 ‘ +3.09 +1.11
|
6.02 6.34* 6.53 6.98 6.34 7.51 6.48 | 7.77 6.75
Orchardgrass | “.p39| 4229|4250 | £328| £208 | 27| 4228 | £268 | 058

* n=55
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e iz MCF X CF KTt ENRIF & -
folb =l 72 ) @ Cu IRILELA e < fe D, B

MEFLIZLDEEZ BB, F12, GHRDOEVKT
FHERBERE T e b b O e Dy Cu OWRILE TS -7z

DéLEbID,

5) XEOBHC K HHEHE R (Cu) 8FE

TNT7 T 7 bd—F v — ¥ I 2DRHD ML
CufzEit Table 9D L 5 Thotc, TVITNVT 7D
Wipthrh Cu Gk 1% 1) ¢ 7.16:3.28, 2 %Ei¢ 8.00
+3.32, 3FLTLISL21T TA~F v —F 25 2 Tid
5.9242.86, 7.80+-2.44, 6.19-:1.61 ppm TR & § 2
FTRF T 1Y v~ THBC I MOBE AR L, 37
WTET LT,

BB (L Cu OEEA 15 1 kg 7 b 0.001 mmol
~1mol ¥ TELXBHEY 2 @V 451 THIT 5 ER
TfTotopt, 2[E B A - 7o ik T o Cu RS
TLTkY, ChEEmROBERETZL 2 LoTixk
<, FEEHIRPOLEERMC L5 Ca DREIHETL
TIPSR T 2 AR EAMET L7cicd EHEE L T 5,

Table 9. Copper concentration in different
cutting forages. (ppm)

st cutting [2nd cutting|3rd cutting
plants plants plants
n=155 n=155 n=124

Alfalfa 7.1643.28 | 8.00+3.32 | 7.13+2.17

Orchardgrass | 5.92+4-2.86% 7.804-2.44 | 6.194-1.61

* n=154

6) HEHEP DR (Cu) SFRICHIT I EHEM=E

5AFRIOD % A Lo Todffpiko Cu &1
ROENE, 77 7 v 7 7 T 7.43+3.06 ppm TA — F
v — N9 2T11 6694255 ppm THh o710, WL 71
KIXILBRIsh - 1oL DDA TV 7 7 v 7 7 O
LTI ORI & T o 7,

KA RGP OO DHERI A 2V Ty I SRk
Vy Fo7a—n~"EHuicboTHa1o)y, Ly F2a—

BLOF —F v~ F 275 204 (Cu) RINKHE 125

Table 10. Interspecific different copper

absorption by plants. (ppm)
Alfalfa Orchardgrass
n=434 n=433
Average 7.43+3.06 6.69+2.55

RRETT V77 v 7 7 BETEVCEAE KDL, =
AR L o A RHRE L OBBRIEATRELTVWE EE
Z %o

7) BLECHT S (Cu) SBE

AFEOPHEOREAHRIL Table 11 D L 5THo

720 4 HiD DO FIEiE 1.5541.01 ppm i it LB KL
PhbgE, W18 T AR 263 5 L0 247 ppm T
Hotz, BEEEER LOVEKLEE €13 0.33 &5 L7 0.78 ppm
EABCEL, thEotEPTRHEOEHI X 5
Cu DEE L, FAHBEEERIETCILEROR L
ek, BEbIhictcdEBbhs, MHES i
X Pb%t, Cut S 2liDESBE 1 & v ORIRFEE
Ca?t ZBEHEL LTI T5 L E L BV ERR B 1R
HENDBEENH Y, DX 5 BEFIIL Ca2t BEY
HDTH—EREINTESE A 4 » O - T E
BRZIIFR ERBD ORI LRI Y 55 L LT3,
¥ RO U HECESBYHML, 0
ERBREDFHEHBELICHERENLD L, B Cu msx‘«‘
WEME AR LR L ), AEROSIRERC D
HOERDEIN T A EA b2 b,

Table 11. Copper content in soil

after cutting. (ppm)

Diluyial Volcgmic Peat soil Alluyial Average
soil soil soil
n=80 n=80 n=280 n=80 S. D.

1.55

0.33 2.63 0.78 2.47 +1.10

8) WELAERILEOHSHE ,
WEARLLEEIK BB 0 39 & 45 % (% Table 12 X

NHERZ Cu FHEDN G 2 22 LT D, SO S THotze HHEOHEHEDFEIHIL 1561012 T
Table 12. Copper content in soil by fertilizer treatment. (ppm)
N%‘Q“ﬂ‘:;if:ld [ Complete ‘ Sulfur | Chlorine Non ; Non Non Non Average
fertilizer | fertilizer | nitrogen |phosphate|potassium | fertilizer S. D
n=40 | n=40 { n=40 n=40 n=40 n=40 n=40 n=40 it
L | ' T .
1.32 i 1 1.67 1.70 l 1.49 } 1.54 1.48 1.69 1.56+0.12
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MCF KTCHEICEL 149 ppm, SO4X, CIK & L T
NF XCH B i< 167, 170 % L% 1.69 ppm ThH -
Foo ChDORETHEIEEDO BRI X 5 Cu OBE
5T 0.IN-HC D a/#EAME T Lictz o O & KK
F, F72 S04 ClAMEEHC & 2 LERRED LRI X H
HRORIMSE x DI D2 BRI BEAGTRDYE D > 12

i i

FREOWMD Lo h, FEARIHE L SHIR
fetiunte, ACE-LABESE S O Y K RRB AT
B L EFs. Floohb o HERI% 1980~
1985 4 ¥ T O HIEEW SRS PIRETER LF LD
LB EZABRTHD, L& b E#BL TR
HTH b,

= #

W X A ERORIEEE B b T e, TH7
777 (B Fa) BIVA~Fr—FI TR
(FfE: 74 my 7 R) LEFRSERPEERG 1, fERIALRL
KUY, EREARR SR b N R R
8 FEABAMVER A 3T 5 wAERIBEE L, FBRUCHRILL
TDX5Thot,

1) #3480 0AN-HCl A ERE B R TH
S5 L1 538 (4.0) = Y - (4.0)> BB (0.7) > Y8 1K
48 (0.5 ppm) DEAKRTH - 72

2) thboLECREIhIcT V77 v 7 7 OFH
B BERE 31, SNk LM 29, YRIR 20 35 X UNHER 38 ¢/
ha/54ETC, A—F % — F7 72 T30, 30, 27K LV
47 t/ha/5GETH o 120

3) EoMEC X AEpkPRTRERRL, T
7 7 v 7 7 I (8.52)> R (8.25) = UKL ok 1Li 14 (8.24)
>RIK (4.35 ppm) DBARTH o7,

4) BEEMELHRHETID, BnlTr77 77
A34 SOREERIL 7434306 ppm THH, A —F v —

¥ 75 = 433 50 F it 6.691+2.55 ppm TR 7c 7 v
TJr AT TRENTA—F 4+ — FI 72 LVFRETE

Ty - [@EBT

HEREY R LI,

5) MilPMEXBIRHEHETET» 77 77 NFK
9.5), —PX (75D nFDLFEHTA9xLIL NG K TH
FIEL, A~Fr—F7 7% MCFIX(602), —N|x
(6.34) 45 £ 0° CF [X (6.34) 23 % D 42 -4 6.75+0.58 ppm
PO L THEBIC VI WEATH -1,

6) MEICAERH O TR S H R T#1.56+0.12 ppm
©, CI>NF>S0,>CF=—P>—-Nz—K>MCF D]}
THo1,

& & X w
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Summary

Alfalfa (Medicago sativa L.) and Orchardgrass (Dactylis gromerata L.) were grown on by 8

fertilizer treatments in 4 soil types, for 5 years from 1977.

The main results were as follows;

1) Copper consentration in forage grown on different soils were 4.35+3.19~8.52+1.81 ppm
in alfalfa and 4.85+2.46~7.46+2.46 ppm in orchardgrass.
2) Copper concentration in alfalfa by different fertilization was 7.49+1.11 ppm. The concen-
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tration of MCF, CF and -N plots were lower than that of the average of treatment plot, also,
that of -P plot and NF plot were higher than that of the average.

3) Copper concentration absorbed by plant were 7.43+3.06 ppm in alfalfa and 6.69+2.55 ppm
in orchardgrass. Namely, alfalfa showed a higher uptake than that of orchardgrass, and inter-
pecific difference of copper absorption by plant was recognized. But the difference was not clear
in standard deviation.

4) Copper content in alluvial soil was 2.63 ppm and was higher than other soil. Namely, the
contents of copper were 2.47 in alluvial soil, 0.78 ppm in peat soil and 0.33 ppm in diluvial soil
respectively.

5) Copper contents in soils under different fertilization were lower in MCF and -N plots, and
higher in SQ,, Cl and NF plots.
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