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Table 1. Amount of fertilizer used for five years
Nitrogen Phosphate Potassium Calcium Magnesium S
(N) (P09 | (KO) (Ca0) (MgO) FIE® | Manure

e urea e superpho- | e potassium e calcium e magnesium cattle
e Ammonium sphate | sulfate carbonate carbonate feces

sulfate e ammonium ® potassium e magnesium
o Ammonium phosphate chloride sulfate

chloride e magnesium

chloride .

750~1000 ka/ha) 730~1280kg/ha| 750~2400kg/haj1200~6000kg/ha| 640 kg/ha | 40 kg/ha ‘ 150 t/ha

*: Fritted trace eiemenents

B (-K[X), #i0EHX (Non Fertilizer : NF [X)
O 8 MBR wE T (24), MK B7-h 3.0X33m, B:
130 cm, 11 fO¥FIHE Lz, TOREL T v &2 b
L7z

gk, T 7 5 07 5 (Medicago sativa L.
fli% : Du Puits 2~3kg/10a) éA—~F+ —F 7 7 =
(Dactylis glomerata L. 34 : 74 0y 22 15~2
kg/10a) Z T, 5 ALEMMEE L1 JEiREHZ oW T
13, Table 1 ® X 5 ic N 750~1000, %13 730~
1280, INEIZ I\~ Tik 750~2400, 45MKiE 1200~6000,
Z L C#4id 640 kg/ba TH O, #HlaEHIEF © FTE
{% 40 kg/ha, YEEEACML 15t/ha TH %,

2) BHOBRNA®

PO, EESECRCTUL2HEE T, 2
ERUMLSEREE TR T A7 7 v 7 7 B{EIRD % H
Yz ESem L ED & 2 AT DU, B¥HEIEE & I
B %128 90°C T 1 MEJLEE L7- 8 T0°C T 48 i Bl 8%
WL, REBIBFRLCSDRFIICE L,
FECRE T, @ 10cm OF X CHR, BE L
b 2mm * v ¥ OFE T o b Ok
L7z

3) & & FHE

2 (N) v, A4, ke, €33 7arvs—n
B XD RITE L, oA (P:0s) 122\ T
1%, Bray’s No. 2 {52 X b il L Fiske-Subbarow #:
ZRE-T, MEL, #Y (K0) &+ b Y ¥ 4 (NagO)
DOHEHHAT OV TUL INHBERE 7 v £ = v 4 (pH 7.0) %
BT i, SRz O WEL . A
v 9 4 (CaO) &= 7 2 vy o (MgO) DYy HTkE, &
DAY, Fr Y avOEE EDTA 2o —
MEEHRIC LY, ThEhgHiLis,
WD/, LATD LS ThDo ekt <y 7
AFTCIKAE L, K Sl (1:1) OB R CERE )y #EH o /

Wae, BEE, #V, FLV DA, Ay I Ls, BLO=
Vi SR N Y0 et B i

d8E, Mk, W, < v H Yy, BROMREERZD
W, 0.1 N-HCL e & o BHWOGHNC X » Tr#h
LD,

E1, FEMEREAH (NOs-N) 3 X087 » 4 (F) 2w
TUL, 44y 2= 2~ EKERTHILIS,

HREIUVEER

1) #RTFEOHHE

RO f%uE, Table 2~5 D@ bH TH %, Tig
bbb, RIS TIE, &5 (N) 2%, 0.35% &%
FaAy, ) B (POs), 7 ) (KeO) 23/, High (Zn),
# (Cu) LU= v # v (Mn) OB RERCOWTITIH
T3, 222KX0°07ppm TZn & CuliE 2 ¥ K
EPHEANTTEERIT A0 D,

HPLKIKEE AT = 7 2 v 9 AR XU H U AT
2%, pHIZRITTH B, i) YHEAE L BRIV TY
£, Ay v 2L EIBERRIEED TEL Lo T
Bo BT OVLTUIE 3~4 B TEL/K>Tx H, D4
BT I 2EERDIELDXNIFFITRKE -,

JRIRTETE, pHAMBOLEIZ b XFTK <,
3.85~4.47 OFFIZH O, FH1EDOHL Y U LHRHTD
72 <, (LD RHTIEE—E TR RKAL & FHEh 5 D
HOBEL o Twb, o) YIIZOWTE, E1H
DHRZHEP LT B, BT OWTHRS E, fLotiEL
et LT, 75~84 0 TERBIHIDERLREDL N
Tetroize Mn X LfEn0 F i - T L7z,

e, pH 3 6.38~6.82 & 45 & 4T
CEIBEHBLIO AL Y9 AL 71V IERRE
BDTH Do HIHZ2WLTUE, 4 3 8 (50~75) T 3.8 ppm,
55 )8 (100~120 cm) ¢ 3.9 ppm {5 7o b L DDIRLE
AIEVR T -~ETH o oo ML B E LEVEH L
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Table 2. Chemical characteristics of soil used (Diluvial soil)

- N P Avlg‘il(a):’le :Ii}lefgra—blf bases |Trace elert]lents Fluorine
K70/ Naz0| €aO |Mgo Zn | Mn | Cu

Horizon HO ’ KCl ‘ /1S/em | % mgs/sgog f mg/100 g soil 1 ppm* ; ppm*

Lst ( 0~20 cm)| 5.95! 498 | 88 J 035, 07 |55 55 192.oj 172030 | 22 07| 68
“ond (20~40 cm)| 565 | 440 68 | 022 07 | 25| 95| 1065| 20|14| 71|04 60
3rd (40~60 cm) 5.431 3% 53 | 007 07 65| 138/ 1500 30552 67]12] 50
Ath (40~80 cm) 5.781 408 | 59 | 005 | 07 35 175 1845 | 589 | 62| 160 17| 47
5th (80~100cm)| 6.44 | 4.40 ‘ 55 \ 0.04 15 | 50| 225 205.54 771 | 68 | 189 i 19| 40

* Dry matter basis

Table 3. Chemical characteristics of soil used (Volcanic soil)

o ; . Avlgzigflei Exchange:dble base,s, Trace elerrllents ‘Flu%rine
‘Kzo Na0| CaO |MgO| 7n | Mn | Cu
Horizon H.O | KC1 | /Sfem | % mgs/;gf)g ' mg/100 g soil ppm* ppm*
st (0~43cm)| 626 | 546 | 74 | 012 186 4.0 3.0[ 60.9 ‘ 60 29 \ 23.9 ‘ 40| 39
ond (43~30cm)| 647 | 603 | 56 | 003 2.4 26 2.0‘ 15.4 !E 09| 53| 51| 25
3rd (30~100cm)| 6.19 | 540 | 128 | 0.25 01 | 133 6.55 175.31 95| 43| 89| 26 16
4th(100~120cm)| 623 | 570 | 74 | 003 0.7 2.4 2A0¢ 175| 10| 09| 66! 17| 12

* Dry matter basis

Table 4. Chemical characteristics of soil used (Peat soil)

i . Exchangeable bases i;'I‘race elements i .
pH EC | TN b[iwz;;le(i)— ' ; ‘ Flu%rlne
e tals KZO‘NaZOj CaO 'MgO| Zn | Mn | Cu
i i
Horizon H,0 | KCl | #Sjem| % mgs/g?Og mg/100 g soil ppm* ppm*

1st (0~20cm)| 385 | 290 393 | 190 20 | 137 233| 5L1| 80| 84} 94 0‘51 —

|
I

ond (20~40 cm)! 447 | 350 | 369 | 207, 05 9.0 | 220 179.2 | 180 84 184 03 —

3rd (40~60cm)| 447 | 380 | 418 | 162, 07 | 7.9 190 1806 | 51.0 | 7.5 | 250 04 —

4th (60~80cm)| 4.60 ; 3.70 409 1.70 0.3 115 | 183 | 13563 | 81.4 | 88| 25.0 0.81 —

5th (80~100cm)| 4.60 | 3.70 | 489 1.70 0.4 192 | 325 | 1736 | 870 84| 250 | 09| —
|

*  Dry matter basis

LT, tro FIAHMLIENF X T, 7L 757 47 728\ T 163,
) Y N R F—F ¢ —F732p125t/ha/5iETHH, MCF X%

WM OMEELY, Table 6 1273 X 5 Th oo, A 100 & L7s, 7A 770722543 & 12L0Fiz, 4
M IRz Dt 84 MCEF KA R LT, Tov77 07> —F e~ F2 32NN L 1AL h KREKERLAD

T 318, A—F % — ¥ 5 2T 469 t/ha/SETH » bBhiz,
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Table 5. Chemical characteristics of soil used (Alluvail soil)
g - ‘; e lon !bﬁvgigs Exchangeable bases Trace elements‘Fluorine
' K:0 |Na0| €20 | MgO | Zn | Mn | Cu
Horizon H,O ‘ KCl {gS/em| % mi/g?l()g mg/100 g soil o ppm* ppmt_
1st ( 0~30cm)| 6.38 | 5.09 57 0.23 7.3 9.9 6.4 | 296.6 60.1m 58 | 254 | 4.0 i 109
2nd (30~50cm)| 6.82 | 5.09 45 0.14 29 6.4 7.7 | 3114 948 | 53| 215 | 45 4.4
3rd (50~75cm)| 6.44 | 4.91 52 0.08 4.7 4.8 79| 196.8 | 106.2 | 3.8 | 19.8 | 4.8 2.7
4th 75~100 cm)| 6.53 | 4.88 47 0.13 2.2 6.4 80| 2162} 1703 } 44| 219 | 6.7 35
5th(100~120cm)| 6.58 | 4.84 56 0.11 24 6.2 95| 1966 | 1839 | 39| 186 | 58 35
* Dry matter basis
Table 6. Dry matter yield of forage (t/ha/5 years)
_ Aligi‘iial Voigaillnic Peat soil Diil;;zlial i Average lreRafxttfellljgof
Treatment of fertilization fertilization
Al | Og | Al | Og | Al | Og | Al | Og | Al | Og | Al | Og
Manure and complete | 3.1 | 545 | 341 | 404 345 450 | 433 | 473 | 378 | 469 | 100 100
Cornplerf.;ﬁfertilizer "7/710.9 51.8 i 319 7?;8} 29.1 735:)747[ 40.6 _4_3'7 356 | 429 94 92
Sulfur ‘ 409 | 521 1 32.4 371‘8A‘ 285 | 434 | 36.9 74357 734;7 Tile— “-9; "‘9‘4‘
77(:@;; V ) i 356 | 50.5 } 309 | 333! 29.0 | 35.7 34‘5~ 37; ;32757 39.2 79 84
Non nitrogen 817 35.1 208 | 145 | 27.1| 253 | 32| 179 | 927 | 232 | 8| 50
Non phosphate 37.8 | 49.5 | 276 | 33.0 4.8 95| 303 | 205 251 | 28.1 66 60
Non potassium ! 36.2 | 446 | 27.0 | 21.8 77| 142 26.111 221 724.3 25.7 64 55
" Non fertilizer 379 347/ 134 | 188 0 0 713.777'3 132] 163|125 4 27
Average 383 | 46,6 | 285 | 29.6 | 20.1 766 H éié 30.:77 299 | 338 79 70
Ratio by soil 100 [100 |74 |63 52 |57 |81 |65 |78 |72 l |

Al: Alfalfa

Og : Orchardgrass

Fh-NRit 448 c7r72 077 Tk MCF X
100125 LT 87 (69~96) THoize —HDA—F v —
F 7 7 2Lz, MCF JX 100 iz LT 50 (36 ~64) ¢
Hb, < AFOEHBEOHRPBEE Thotc, F i
PRTCETNT 7 v 77 D4HHEDFELT66, +—F
vy = F7 7 2TE60 TH-ich, -KIXTid 64 & 55 &
Wthd 50~60% DI TH oo, ZHUTK LT SOy
FX R Cl RN ESE, 79~947% i HR o fL 4 ok

L7z,

TERERC AT, RS R LEL, T T

> N7 57T 383,

*—F r — FJ 5 2T 46.6/ha/5 T

BHotoe FloldSiX, JRRLHED 201, 26.6/ha/5 4T
HH, WL 100 & LEBETHRLE, TLT 570
Ty MB2, A —F e — VT AT EESEEL T

Fm
W ile

3) LBEREMNCKIEMEROT Y H Y (Mn) 88%E

PR, HUR RO E b s X O R E/T L
PTAT s 7y BXOA—F 5 ~FI52D<v v
AL Table 7 DX 5 Thotce ThHBHLTAT7 >
w7 7 ORI Tk 46.70, kLt C 37.44,

F UTI AT 3138 T,

Z ORI MES K E <

FERIIGED DI o2, PEEEAIE TR 1S v
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Table 7. Manganese concentration in plants grown in different soils (ppm)
Diluvial soil Volcanic soil Peat soil Alluvial soil
n=112 n=112 n=112 n=112
Alfalfa 45.70+22.52 37.44+50.42 46.09+31.38 24,48+ 9.69
Orchardgrass 87.40--49.76 60.61:+33.55 60.141+54.95 82.63429.37
Table 8. Manganese concentration in plants grown with different fertilization (ppm)
Manure
Non and |Complete{ Non Non Non Sulfur | Chlorine | Average
fertilizer [ complete | fertilizer | nitrogen |phosphate|potassium
n=42 | fertilizer | n=56, n=>56 n=>56 n=>56 n=>56 n=>56 LSD
n=>56
Alfalf 35.84 38.03 35.94 36.74 30.60 39.87 46.73 49.21 39.12
alla 1 11665 | +16.46 | +£1971 | #2120 | 1634 | £2571 | 2206 | 2492 | +571
Orchard- | 78.07 71.89 65.94* 7276 56.85 66.26 100.94 94.75 75.93
grass +20.70 +47.40 +36.22 +40.90 +35.77 +35.36 +47.03 +53.18 +14.00
*: n=>5b
THEKL 2448 ppm TH 7o, Fod —F ¢ — F 2 Table 9. Manganese concentration in
5 R CUL PRSI A-1 87.40, Joilipl: 458 60.61, JRpRt-bi different cutting of forage
6014, & L CilKittin 8263 ppm o DRICIIEE. (ppm)
FiRdO NI ol TTICHIM LI L 9, =¥ > 1st 1cutting 2nd cutting| 3rd cutting
D GARLEID PHCRHLAENIE £ > ThE <% plants | plante | plante
DN Eieh, ZOZ &), MEZIZZh60 S
WEDGAREILIHTNDL D ENELLRLY, Alfalfa 34.91419.47| 37.71421.01| 38.72+25.03
4) WIRRBRACKLSHEmEbDv Ty (Mn) &8 Orchrad
= grra carad | 65.32:046.77) 76.91:43.88) 77.241:42.20

HeEAABE DI L BT v 7 7 v 7 s BIU A —F »
—F7720<=v v HHEIL Table 8 DX 5 THo
1o THT7 7207 5D #rEFEROFEHT 39.12+
571, 1% LA THEIZ -PX T, F7-SOs4X
& CLIK T @ LM EIESE 3300 B s o 7o,
A=F v~ F27 5 2DFHL 75.93214.00 ppm TT v
777 7 MEELZ Vv THEIZ -PR T L, SO
£ & CLIZ TR MBI JIE PR R AT 0D AN by 5 1o

WA C -P X3 X O NF [X (EIBRK) O &4 4F R
Do iDL v R T DMDICEEG AL T 2 &
& T, MRPICHIETR TR e, Toen—
WEE I DO HIEEMTC D D < v 5 v R A ML #5504
MBS, B lgatctcd bEIBRS,

5) XImORHBICKoEmERT s HvaEE

THTrs T 7 EX—F v —F7 7 ZOMIH BRI
v Y EAI R, Table9 D X 5 tHotzy T4 7
77y DYy Y (Mn) GERLIREC

3491419.47, 2 &+ 37.71+21.01, + LT 3HFETIT
387242603 TH H, A—F+—FJ 52 TI265632%
46.77, 76.91+£43.88 % | T 77.24+42.20 ppm T, 4K
HELRENRKE L, COMTRERIZD Dhicr
f)to
6) YO T T vaEROEERE
SEMOBHBCAT LT XTOEDED <Y & v
GHERDYY (Table 10) 13, 7o 75 175 3769+
2413ppm, A ~F v — F 2 5 2T 72.424+45.03 CH
D, A—=F+—FI 32087707750, BILE
{, 1B v R THEBETHoTze 2D L5 EMEHEID,
TS, L pH OB IR X B2 E L b DAY,
FPRRET Iebb, EWEOLOMFELID <Y i
TEWEEZFW LT ChERIRLTOW AL H 0,
DL EIXOWTRSEORFRT Tt bl
WS, EEZ T35,
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Table 10. Interspecific difference of Manganese
concentration in plants

(ppm)
Alfalfa Orchadrgrass
n=448 n=447
Average l 37.691+24.13 72.424+45.03

7) LB HTEI A (Mn) ER

AFEOMAEED = > # v Gk Table 11 © X 5 ¢

B« DI

Mn & EIERAHELHEE T TH - 12, T
bbb, EEEcEpH b, ¥/ Mn i, SHERLT
Wico —HIRREHT - © pH, Mn A 3EiE L, D
B X 5, HES Mn SHEE L RBL T,
L2 LBkt e ki 380k & o BRAWIBR Tidiens
27126
8) MIERMERXILBEOC A AR
TR X gLt < » 7 v @ 8iL Table 12 0
L5 Thots, HLBED<Y # Y HROFLNL 2475+

1.68 -¢ MCF X THBEIZE D o 1285, B MBX 3%

Hotee AMEDOAEEDFHHL 24.7426.53 ppm IKf L, BIXBRd T o1z, o TN OREITHERILED
PR THIRICE 8269 ppm Th - o JRREET HEWC X5 < v 7 v OB AL 52
(% 1454 ppm &4, TEERESHIETH o7z, b DEFEZ LD,
ChbD=y iy GHELELRORET b pH, EC,
Table 11. Manganese content in soil after cutting (ppm)
Diluvial soil \ Volcanic soil Peat soil Alluvial soil I
n =80 | n=80 n=80 n=80 l Average
26.91+7.76 | 24.93+5.47 14.54+9.24 32.5946.42 | 24.74+6.53
! |
Table 12. Manganese content in soil after cutting (ppm)
Manure ‘ | | ) ‘ ‘
Non and Complete Non Non Non Sulfur | Chlorine
fertilizer | complete | fertilizer | nitrogen | phmphate potassum | | Average
n =40 fertilizer n=40 n=40 n=40 n =40 |
n=40 ' [
i P ‘
22.45+7.62 27.86i9.81; 25.43i9.74‘25.21i10.91 23.27+9. 771 23.37+9. 18‘26 27-+10. 4‘5} 24.11+9. 75 24.754+1.68
| | | |
L L

E B

AFFeiE 1980~1985 47 ¥ TO BRIV BY RS
BERB#ERR O FHER S EDOH T X
HH, LDIDEBERL LFLRETH D,

£ #

W LB~y 7Y ORIV E DT 5720,
TAT7rT7y (Wi Faobs) BIOWA—F+—F
752 (h: 74 vy 7 2) REFBBRETR R,
RETTHURLA Uk, R R R T & DN REHE
g 8 MR A7%iT 5 #EEEL, ERRLICHS
BIzLLTD L5 TH 1o,

1) #REEOOIN-HCl /A~ Y FRIE
[BCHLELO L P A (23.9)= (R AE (254> PRTTIT
(22.2> R K5 (9.4 ppm) DBIRTH - 72,

HEZANERT

2) ZhHoEETHEEIRICT A7 7 17 7 D
IR B ERRE 31, HIRLKILME 29, JEiR 20 5 X UM 38t/
ha/SH. T, #A—F+~¥F¥27 5 2T331, 30, 2T % L O°
47 t/ha/5 iETH - 12,

3) EOMGEIZ X DM b= v Yy T H AT
L, T7 7077 TR (46.09) >4 B (45.70)> 1}
(37.44)>>7hF4 (2448 ppm) DR TH o7 A —F v+ —

F 77 2 CiL gt B (87.40>1hRT (82.63)>:k1LI (60.61)>
VeI (60.14 ppm) DEIRTH - 72,

) BfEMEABET A, HwicTar 7075
448 D~ v H v GATHIL 376912413 ppm TH D, #
—F 5 — F 75 R AT D F i 72.42+45.03 ppm ¢
BT 77077 XD A—F % —F 752K T

HECEWERRLRLI,
5) JEIEMBEK A= v 7 v BERTCREIT VT > v T

SO, X (46.73), Cl[X (49.21) 2% D4 3 39.1245.71



THTg N7y BIUA—=F e~ PS5 2025y (Mn) BIEE: 7

PHATHECSE L, #—F v — F7 5 2 -P[X (56.85),
-K [X (66.26) 45 X U CF X (65.94) 257 4= F ¥3 75.93
+14.00 ppm 2B R THEZD 7o\ IR TH - 72,

6) JEMAFHO -y H SRR IL T 2475+
1.68 ppm G, MCF>SO,>CF=-N>CI>-K -P>NF
DIETIH 12,

1)
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The necessity and func-

and crops.

Ann.

Alfalfa (Medicago sativa 1) and orchardgrass (Dactylis glomerata 1.) were grown by

8 fertilizations in 4 soil types, for 5 years from 1977.

average.
plot, and SO, and Cl plots were higher than that of the average.

1) Manganese concentration in the forage grown on different soils were 24.48-+4-9.68—
46.09-31.38 ppm in alfalfa and 60.14+54.95—87.40-£49.76 ppm in orchardgrass.
2) Manganese concentration in alfalfa by different fertilization was 39.12+5.71 ppm on

The concentration of -P plot was lower than that of the average of treatment

Manganese concentra-

tion in orchardgrass was 75.933:14.00 ppm. The concentration of -P, CF and -K plots

were lower than that of the average, and SO, and Cl plots were higher.

3) Manganese concentration absorbed by plant was 37.69::24.13 ppm in alfalfa and
72.42+45.03 ppm in orchardglass.
Orchardglass in particular showed a higher uptake than that of alfalfa, and inter-

specifiic difference of manganese absorption by plant was recognized.

4) Manganese content in alluvial soil after cutting was 32.59:6.42 ppm and was higher

than the average, but in peat soil was 14.54+9.24 ppm, and was lower than the average

manganese content.

5) Manganese contents in soils under different fertilization were low in NF, -P, and
-K plots, high in MCF, and SO, plots.
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