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T5H0T, BEERFEKFEIRBRINE (Aodg8iLhEEig 582) oFiE MR ETH
5, TOFXFOF—F v — R 2T 2 OFAFHMEE Table LIT/R$TZ &L TH
Do ¥, AEBRBABMNIZEITZ2RAUBROBEERGRERL Table2D X 5THD, Tk
bbb, EEBEERICKTLHEOEHESEIIN L LT270mg 715 490 mg/100g %+ ¥ T
IFIEBRRAT L LT 5, B BRE KT T 5 LB MR & &2, Bray’s No. 1 B
X 2 AWRERMEE CP0, & LT 1.6 mg 75 260mg/100 g ¥2 4 F T, MBBEXIC KT 5+
EomMBEEIBBRENREECTKO & LT17.2mg 75 880 mg/l00 g %+ % C, AKE
BRCETHFHEOAKERIEREFIKET CaO & LT1752mg 75 8188 mg/100 g
Wtk LU ERERKIC RT3 HIEOW L EEIIERMET L& T MgO £ LT 156 mg »

Table 1. Chemical characteristics of material soil

Total N Available Exchangeablek bases

. . pH in dry P05 (mg/100g dry soi)  C.EC.
Kind of soil B soil (mg/100 g

HO NKCI (o /1008, KO CaD MgO NagO (o o)

Nopporo diluvial 549 5, 0.28 2.2 1.2 2744 305 72 254

heavy clay soil

Table 2. The content of appointive elements in the soil at the seeding

Contents of element in soil (mg/100 g dry soil)

Treatment
Total-N Available-P;Os Exchangeable-K;0O Exchangeable-CaO Exchangeable-MgO
Each on the on the the Potassi the Calci the M i
elements || Nitrogen Phosphate ~ ©0 the Potassium on the Calcium  on the Magnesium
level (N)-level  (P,Os)-level (K20)level (CaO)-level (MgO)-level
Control 270 16 17.2 175.2 15.6
1.9 380
38 430 3.1 258 234.6 54.8
75 490 7.3 440
125 440 12.5 48.5 688.8 140.8
20.0 18.1 54.4 158.2
30.0 26.0 72.0 768.4
35.0 1740
42.5 88.0

50.0 818.8
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51740mg/100 g ¥t ¥ CEN T hBENIZEL LT, thboZ ik, ZO+HiE

DEBESSBRIAEROAWEROILLDOEGE LR Mz T2 bDEF %, 50cmX

50 cm @ 025 m?2 KM EBRED T F TP VT 707 7 OEBITHRA L,
RIHEOREE TR T ETRHOBITH S, Tibh, HEOEBKERE &MAY

Table 3. Amount of fertilizer added to change the soil condition
Basal fertilizer (g/0.25 m?)*

Treatment Ammonium Urea Fused Super- Potassium Calcium Magnesium
(/0.25 m?) sulfate phosphate phosphate sulfate carbonate sulfate
Nitrogen (N)-level
N  control 0 0 114 114 76 6.8 18.1
N 1.9 48 21 114 114 76 6.8 18.1
N 3.8 9.5 4.2 114 114 7.6 6.3 18.1
N 75 18.8 8.3 114 114 76 6.8 18.1
N 125 31.3 13.8 114 114 7.6 6.8 18.1
Phosphate (P;0;5)-level
P control 9.5 4.2 0 0 76 6.8 18.1
P 3.8 9.5 4.2 114 11.4 7.6 6.8 18.1
P 75 9.5 4.2 22.5 22.5 7.6 6.8 18.1
P 125 9.5 4.2 375 37.5 76 6.8 18.1
P 200 95 4.2 60.0 60.0 7.6 6.8 18.1
P 30.0 9.5 4.2 90.0 90.0 7.6 6.8 18.1
Potassium (K,O)-level
K  control 95 4.2 114 114 0 6.8 18.1
K 3.8 9.5 4.2 114 114 76 6.8 18.1
K 75 9.5 4.2 114 114 15.0 6.8 18.1
K 12.5 9.5 4.2 114 114 25.0 6.8 18.1
K 20.0 95 4.2 114 114 40.0 6.8 18.1
K 30.0 9.5 4.2 114 114 60.0 6.8 18.1
K 42.5 9.5 4.2 114 114 90.0 6.8 18.1
Calcium (CaO)-level
Ca control 9.5 4.2 114 114 7.6 0 18.1
Ca 3.8 9.5 4.2 114 114 76 6.8 18.1
Ca 125 9.5 4.2 114 114 76 225 18.1
Ca 30.0 9.5 4.2 114 114 7.6 54.0 18.1
Ca 50.0 9.5 4.2 114 11.4 7.6 85.0 18.1
Magnesium (MgO)-level
Mg control 9.5 4.2 114 11.4 76 6.8 0
Mg 38 9.5 4.2 114 114 7.6 6.8 18.1
Mg 12.5 9.5 4.2 114 11.4 7.6 6.8 82.5
Mg 20.0 9.5 4.2 114 114 76 6.8 132.0
Mg 350 9.5 4.2 114 114 7.6 6.8 247.5

Amecunt of fertilizer applied after every cutting of the pasture was 1/2 amount of the
basal fertilizer.
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Lic, bbb, WEBTA3IH1IFE 9H2H2FY, 10 A13H3EHSLU2E
BiX6H23B1%F, 8A2A2EE 2 ThZhINEL, WA 70°C THRBREH % 1T
RCBRF LTI L, FLEAREIRED LR L, BEEi: s LToimic
L7

2) & #w *®

W LOLEOESH IR O —F » — F /S 2 EABEOH KT L 512,

II. RRERBLUVCER

1) tROEEERREOELIRECETRCHKZIHE

KBRBFECEFTH 77 > 07 712, HEK B2 K48 25 BTl &K I R
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7o R BRI Mg X3 X 08 Mg 350 [X, AKIESIME Ca Kk X OB HIEE K K1k T
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LDTINT 7T 7 D2 HEMTIHIB5EONbE Y Z L DgE L Tabled © & 5 T
H5,

Zhbd Tabled OB % MBI, FTEWEECHTIHEEERGBOFEE YRS
LFiglDX5Ths, TiHbb, EELLTL5EHKH 3.8g/0.25 m? KK (£5
BXOBEEFK 38KX) kT3 2 #EMO A TFIHENE 3848g » 100 & LTHET S
L, EFREENKOBREIZ62 Lich, ECEWERBCL S o, % BmESEP
EKDOZhix97 Lish, BEMRBOFEBIZEALEZT R ot, &I A MEREEREK
RKOLhiz68 &7ch, MERBOEELZ T, ChAHKEBEEECaKD FHLb2Th
D, ELREEEMgXDOL L4 Thote, WETHIE, EXROXBREIBIFLEDE
MEERRBY R0, BBORBRIIZEASEERT, MBEOXBIT3EHOBIN L &
Foledd, AKBIOELORBIIFNEFRSE, 6 oW icss kAT,

RICHFEOIREREROBALPB DG E T JiF T B> TURA T2, +0
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BHRIFig20X5Ths, Thbb, ERBEOTIMCHE REEZHEOETLL, N
KD 2753 g 2 b EIREE DA E - € N 3.8 X D 384.8 g/0.25 m? AKX & TH N5
A, FRUEOEEKE, N75KX & N125 KD FiLid 41.7 g & 24.6 g/0.25 m? K MK &
B LI, ¥HENKY 100 & LR TR L1005 140 2 ~TIXTEHL .

Table 4. Influence of the nutrient levels in the soil for
alfalfa yield (dry matter g/0.25 m2)
1968 1969

Treatment First Second Third First Second Total Index
cutting cutting cutting cutting cutting

Nitrogen (N)-level

N  control 36.8 31.2 23.6 61.2 1225 275.3 100
N 1.9 34.6 36.1 24.7 60.5 127.1 283.0 103
N 3.8 44.1 61.4 53.0 825 143.8 384.8 140
N 75 1.3 23 4.7 9.3 24.1 41.7 15
N 12.5 0.6 6.1 4.8 71 54 24.6 9
Phosphate (P;Os)-level
P control 31.0 58.3 48.5 69.3 168.0 375.1 100
P 2.8 44.1 61.4 53.0 82.5 143.8 384.8 103
P 75 42.9 63.1 51.9 85.0 156.1 399.0 106
P 125 58.3 80.9 62.2 96.1 156.5 454.0 121
P 20.0 102.6 88.9 65.9 80.9 111.0 449.3 120
P 30.0 73.0 78.8 60.9 82.3 82.5 3775 101
Potassium (K;O)-level
K control 374 49.1 31.9 47.9 94.8 261.1 100
K 3.8 44.1 61.4 53.0 82.5 143.8 384.8 147
K 75 43.9 64.9 62.5 103.3 178.2 452.8 173
K 125 46.5 68.0 - 572 78.2 195.5 4454 171
K- 20.0 469 710 55.6 125.0 265.1 563.6 216
K 30.0 420 41.3 61.6 75.5 160.0 380.4 146
K 425 43.2 70.1 50.5 101.1 175.1 440.0 169
Calcium (CaO)-level
Ca control 144 28.2 20.3 41.0 96.3 200.2 100
Ca 3.8 44.1 61.4 53.0 82.5 143.8 384.8 192
Ca 125 772 70.7 559 69.6 160.1 433.5 216
Ca 305 79.8 89.0 61.0 60.6 162.9 453.3 226
Ca 50.0 79.6 79.8 29.8 94.5 1211 4048 206
Magnesium (MgO)-level
Mg control 15.6 22.2 14.3 39.4 73.6 165.1 100
Mg 3.8 44.1 61.4 53.0 82.5 143.8 384.8 233
Mg 12.5 26.3 326 61.4 65.5 105.0 290.8 176
Mg 20.0 29.3 414 43.8 55.7 925 262.7 159
Mg 350 9.4 224 384 28.9 64.7 163.8 99
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2) THROEEEZFBREOELBZAI 7L 7OEEERRRBRCEKXEIIEE
FNT T s DEMEERER, FEGOREERREOTLL ) BVEELR
Lt 22T, ThODHEDIREBRRRINE L L OLEOEEERREOL/L & OB
COWTELICHETAE Fig.3,4,5, 6 KXOTDL5THD, Tibb, 1FEAIEE
BIU2EH2HFHNEESR O LBEPERETEIL 245 mg 75 620 mg/100 g 2+ & MN X
HHEN LR5RICED > TKREICHE R LTV, 20X SREXRREOT(ILITESKED
SEHRTIEL, ENXHH NISXF THATES, ThHU EOEREEOEL TILHIE

45 LT3, Zhx®ENRX% 100 & LK
20 Tad &, N3BXTIX145 LIERT 575,
sl (T Index N125 KT 11 275D, L0 level
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Do ZOXSIHKBREE DL 5K E D H KRBT Fig. 6 D L QL 1, 4% Ca
K2 100 & LA BTRt & Ca300 X 353 % THIA L, +EoORKESOIL L i
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PHEMERERZIN & LT4 28 WHEKIZ 8\ T, B 2.05% 705 15 4.56% Ofi
BTEB L, £OTHREEERL319% Thoto, 05 bhEOBREEEOTLIES
PR B R EROLENE 2.75~456% * CLER Uiz, FIITEERHBE ORI -
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BWHEOEMEELELREL T B L00, AFOLOHIMRICHSD L5 = bt
TERMofe, ThRLEOMBEEEOE(L T 273~3.75% ¥ TEBT 275, B i i
BEEOHHEIRD NI\, ¥ RO MERIE OLLTIE 253~3.86% ¥ TLEHT 5,
LT, MEHAE L OBHERRD bRy, LEOTKEN T3 205~3.80 * T4 L
7o THIBFEH 1 FHE 2 FE CTHKIGME QMBI » CREGHBEES BI04 L
ThRD, FR2FHA2BHETIRAKGHEEOH K > TRIEEYhOEFEGENMET L
TWwd, ChBHEOELBEEOELTIL 251~3.90% % THH) Lich, HLiiHEE D
BERZDbhic\, ¥eeBichiaiEd, ERABRAHKEERO— BT 7
VT 7Ty DETFTAEDICONTEOEBEFIL/NE < 72 A HAMNED S L1,

b) HMESEBOEH

R OB R, POs & L T4 28 BRI 35\ THRAE 0.21% 7 b 18 0.78% O
HWETER L, OV HREE B2 048% Thote, LEOBEAEEEE DALIZ (s 0.28~
0.78% * CTHE) Lic, THIZEEHIEEORIMT I, WIThBIBaEIMA L, - h
DEEOERBEEOEL TIL021~0.75% ¥ TER L1-A%, BHEEBOLILIC(E S i
BESROEBCII—EDHEAMIRD ORI, LaLans, TR 1R, 3%t
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b, ¥l LEOMBESEORLTIX 028~061% % THEE) LIS, MBI
LA AE 5 BB SR & 1 DI BN 13— D BT B AL ie L, 0T R 0% ©
1% 028~067% & THE) Lict, FRREOLILICHE 5 Bl i & 5 BB 20 &1
e\, L LIEHBIEDO £ 1L 031~0.66% ¥ CEBH L, +hidi 4 HE ok -
TR R IR RO PRI T B WA D B,

Table 5. Contents of nutrients in dry matter of alfalfa

B 1968 1969
Treatment First Second Third First Second
cutting cutting cutting cutting cutting
Nitrogen (N)-level N percentage in dry matter
N  control 3.51 2.87 341 2.75 2.84
N 1.9 3.27 3.15 3.77 2.80 3.00
N 3.8 3.02 2.90 3.67 3.05 2.95
N 7.5 4.24 3.75 4.26 2.81 3.40
N 12.5 4.56 4.00 3.72 3.19 3.20
Phosphate (P2;0s)-level P;0; percentage in dry matter
P control 0.41 0.49 0.40 0.28 0.52
P 3.8 0.46 0.53 0.46 0.34 0.52
P 7.5 0.66 0.54 0.48 0.33 0.62
P 12.5 0.74 0.60 0.54 0.39 0.65
P 20.0 0.70 0.67 0.60 0.52 0.70
P 30.0 0.78 0.77 0.77 0.59 0.76
Potassium (K;O)-level K,0 percentage in dry matter
K  control 1.30 1.18 1.17 1.44 1.47
K 3.8 2.10 2.30 2.32 251 2.45
K 75 3.15 2.84 2.70 2.84 2.75
K 12,5 3.05 3.00 3.06 3.02 3.21
K 20.0 3.30 3.40 3.51 3.35 3.62
K 30.0 3.45 3.70 3.60 4.05 3.80
K 42.5 3.95 3.80 3.78 3.65 3.70
Calcium (CaO)-level CaO percentage in dry matter
Ca control 2.98 1.70 2.16 1.57 1.62
Ca 3.8 3.61 2.90 241 2.03 1.75
Ca 12.5 3.75 2.01 241 1.90 2.20
Ca 30.0 3.98 2.40 2.72 2.16 2.50
Ca 50.0 4.03 2.60 2.83 2.50 2.88
Magnesium (MgO)-level MgO percentage in dry matter
Mg control 0.14 0.32 0.44 0.32 0.20
Mg 3.8 0.56 0.58 0.54 0.46 0.53
Mg 12.5 0.66 0.62 0.76 0.48 0.72
Mg 20.0 0.98 0.85 0.96 0.84 0.95

Mg 35.0 1.48 1.20 116 1.10 1.31
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c) MEEROEH

BEEDFOMBEE T KO & UT4 28 UEKICE\ W TRIE 1.17% 255 4.05%
OEHETEEH L, TOFBEMBEEREIL243% THot, TD I b EOMBRBEOT(LT
11 117~4.05% £ CEE L, ThIXEKRE2»HKI125K FTimBHEDHINCLE -
THREFMBE SR AT S, L LK 125 K EoinBiEm & cit, Htidini
Agmﬁfiéé%ﬁfﬁéo_hﬁigﬂxﬁi RETOEILTIL 1.67~3.73% % CEH)
L, EFEHEOEM > TEOMBERBIBATAHANED LS, LaL I D
FHEE L BROET TGN I oo T b, HIEOBEERE O T 1.30~2.77%
EFTEBHL, ThIIBBENEOM KT » TREFMEGEIICPRD Lic, £L T4
WORKRE O TIE 140~3.00% % TEE L, ZIITGEKERROHEINCEE - TR
THEMAED bR, FHEOFLREOLIL TIL160~279%  TEE L, Fihik
AR E OBk » THEAMBEE R L,

d AREBOEH
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Table 6. Variation of the calcium contents in dry matter
from the average of 2.35%

1968 — 1969
Treatment First Second Third First Second
cutting cutting cutting cutting cutting
Calcium (CaO}-level

Ca control +0.63 —0.65 —0.19 —0.78 —0.73

Ca 3.8 +1.26 +0.55 +0.06 —0.32 —0.60

Ca 12.5 +1.40 —0.34 +0.06 —0.45 —0.15

Ca 30.0 +1.63 +0.05 +0.37 —0.19 +0.15

Ca 50.0 +1.68 +0.25 +0.48 +0.15 +0.53
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Table 7. The relationships between range of inorganic nutrients in
plants and variation of available elements in the soil

Contents in alfalfa plant
Nitrogen Phosphate Potassium Calcium Magnesium

et

z: Nitrogen gradual increase non response decrease decrease increase

gz Phosphate | non response increase decrease non response gradual increase
E; Potassium | non response non response increase decrease decrease

;;‘:: Calcium increase gradual decrease decrease increase decrease

i:;_q% Magnesium | non response  gradual increase decrease decrease increase

1))

4) ZILT 7T &P OERERD balance
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Table 8. The balance of inorganic elements in alfalfa

Ca/P (%) ratio K/Ca+Mg (m.e.) ratio Ca/Mg (m.e.) ratio
Treatment — - — - — -
minimum maximum minimum maximum minimum maximum
Nitrogen (N)-level
N control 6.03 ~ 16.80 045 ~ 0.73 248 ~ 3.53
N 19 511 ~ 11.57 038 ~ 066 194 ~ 378
N 3.8 6.30 ~ 1290 028 ~ 058 238 ~ 464
N 75 446 ~ 17.78 023 ~ 053 158 ~ 283
N 12.5 433 ~ 14.00 026 ~ 041 157 ~ 214
Phosphate (P,Os5)-level
P control 6.35 ~ 14.67 023 ~ 064 3.03 ~ 444
P 38 6.30 ~ 1290 028 ~ 058 238 ~ 4.64
P 75 556 ~ 11.14 026 ~ 051 3.09 ~ 492
P 125 586 ~ 953 022 ~ 039 244 ~ AT73
P 20.0 565 ~ 665 027 ~ 04 252 ~ 411
P 30.0 459 ~ 612 020 ~ 0.38 189 ~ 349
Potassium (K;O)-level
K control 1094 ~ 1429 017 ~ 023 253 ~ 450
K 3.8 6.30 ~ 1290 028 ~ 058 238 ~ 464
K 75 714 ~ 1140 041 ~ 064 295 ~ 4.08
K 125 591 ~ 11.06 049 ~ 0.75 333 ~ 480
K 20.0 718 ~ 10.08 064 ~ 090 3.08 ~ 4.88
K 30.0 560 ~ 814 069 ~ 110 252 ~ 482
K 42.5 556 ~ 8.00 092 ~ 112 258 ~ 6.06
Calcium (CaO)-level
Ca control 400 ~ 968 032 ~ 071 173 ~ 3.16
Ca 3.8 6.30 ~ 1290 028 ~ 058 238 ~ 464
Ca 125 654 ~ 11.62 024 ~ 063 212 ~ 482
Ca 30.0 497 ~ 1495 022 ~ 058 376 ~ 796
Ca 50.0 572 ~ 2057 019 ~ 044 450 ~ 1451
Magnesium (MgO)-level
Mg control 6.58 ~ 16.59 030 ~ 068 407 ~ 2031
Mg 3.8 630 ~ 1290 028 ~ 056 238 ~ 4.64
Mg 125 576 ~ 986 031 ~ 0.64 1.70 ~ 3.37
Mg 20.0 504 ~ 994 031 ~ 055 123 ~ 212

Mg 350 393 ~ 640 023 ~ 048 081 ~ 120
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Summary

The nutrition balance of soil, feed and animal in grassland agriculture is dis-
turbed when an increased amount of nutrients is introduced and a quick circulation
of nutrients occurs.

Because of the importance of an efficient nutrition management system in grass-
land agriculture, as a first step, we conducted research on the influence of inorganic
elements on alfalfa plants with special regard to the variation of available elements
in the soil.

A summary of the results is follows:

1) Increase of nitrogen in soil produced a low response in the dry matter yield
of alfalfa, but potassium, calcium and magnesium produced a high response, while
phosphate produced no response.

2) The amount of nutrient uptake by alfalfa was correlated with the amount
of available elements such as phosphate, potassium, calcium and magnesium in the
soil but was not correlated with nitrogen.

3) The range in content of inorganic elements in dry matter was from 2.05 to
456 percent for nitrogen: and 0.21 to 0.28, 1.17 to 4.05, 1.30 to 4.03 and from 0.14
to 1.48 for phosphate (as P,Os), potassium (as K,O), calcium (as CaO), and magnesium
(as MgO), respectively.

4) With the increase of potassium uptake, calcium and magnesium uptake by
the plants decreased. Therefore, we concluded that, potassium, calcium, and mag-
nesium in plants are in competition with one another.

The Ca/P percentage-ratio in alfalfa was from 3.93 to 20.57 and was related to
rickets in animal and it varied with amount of available nutrients in soil. The
range of K/Ca+Mg mill iequivalent-ratio in alfalfa was from 0.17 to 1.12, and was
related to grass tetany in animal, but this ratio was within the safety range.
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