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Table 1. Chemical characteristics of material soil

H total available exchangeable bases
P Nin  P;Os (mg/100g dry soil)  C,E,C

Kind of soil dry (mg/i00 g

}120 N-KCl soil dry soil) Kzo CaO MgO NagO (m.e)
Nopporo diluvial (%) o o an = .
heavly clay soil 59 51 0/.28 2.2 11.2 2744 30.5 7.2 25.4
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Table 2. Amount of fertilizer added to change the soil condition

Basal fertilizer (0.25 g/m?)

Treatment Ammonium Urea - - - -
sulfate Fused Super- Potassium Calcium Magnesium
(2/0.25 m?) phosphate phosphate  sulfate  carbonate sulfate
Nitrogen (N)-level
N control 0 0 11.4 11.4 76 6.8 18.1
N 1.9 4.8 21 114 114 7.6 6.8 18.1
N 3.8 9.5 4.2 114 114 7.6 6.8 18.1
N 75 18.8 8.3 114 114 7.6 6.8 18.1
N 12.5 31.3 13.8 114 114 76 6.8 18.1
Phosphate (P,Os)-level
P control 9.5 4.2 0 0 7.6 6.8 18.1
P 38 9.5 2 114 114 7.6 6.8 18.1
P 75 9.5 2 225 225 7.6 6.8 18.1
P 125 9.5 4.2 375 375 76 6.8 18.1
P 20.0 9.5 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 9.5 4.2 114 114 0 6.8 18.1
K 3.8 9.5 4.2 114 11.4 76 6.8 18.1
K 75 9.5 42 11.4 114 15.0 6.8 18.1
K 125 9.5 4.2 11.4 11.4 25.0 6.8 18.1
K 20.0 9.5 4.2 114 11.4 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 11.4 114 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 7.6 6.8 18.1
Ca 125 9.5 4.2 114 114 7.6 225 18.1
Ca 30.0 9.5 4.2 114 11.4 76 54.0 18.1
Ca 50.0 9.5 4.2 114 114 7.6 85.0 18.1
Magnesium (MgO)-level
Mg control 9.5 4.2 11.4 11.4 76 6.8 0
Mg 3.8 9.5 4.2 11.4 114 7.6 6.8 18.1
Mg 125 9.5 4.2 114 114 7.6 6.8 82.5
Mg 200 9.5 4.2 114 11.4 7.6 6.8 132.0
Mg 35.0 9.5 4.2 11.4 114 7.6 6.8 2475

* Amount of fertilizer applied after every cutting of the pasture was 1/2 amount of the
basal fertilizer.
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Table 3. Influence of the nutrient levels in the soil on dry
matter of pasture plants (Dry weight g/0.25 m?

1966 1967
Treatment First Second Third First Second Total Index
cutting cutting cutting cutting cutting
Nitrogen (N)-level
N control 16.2 248 14.6 53.7 238 133.1 100
N 1.9 48.5 58.5 448 137.7 86.0 3755 282
N 3.8 66.3 74.9 527 173.6 109.8 477.3 359
N 7.5 78.4 108.7 74.2 189.3 139.3 589.9 443
N 125 67.5 89.5 69.2 169.0 150.0 545.2 410
Phosphate (P;Os)-level
P centrol 23.3 69.3 35.6 90.2 1144 332.8 100
P 3.8 66.3 749 52.7 173.6 109.8 477.3 143
P 75 60.2 59.1 49.3 169.8 121.3 459.7 139
P 125 49.5 65.4 43.2 164.0 107.4 4295 129
P 20.0 89.1 86.2 63.8 141.7 121.8 502.6 151
P 30.0 47.4 54.3 51.3 139.0 89.9 381.9 115
Potassium i K,O)-level
K control 24.2 447 41.1 1186 143.0 3716 100
K 3.8 66.3 74.9 52.7 173.6 109.8 477.3 128
K 7.5 84.3 733 594 153.0 130.1 500.1 135
K 125 59.7 711 59.2 158.2 128.1 4765.3 123
K 20.0 75.1 84.0 54.6 1251 112.0 451.7 122
K 30.0 61.8 778 526 159.6 103.3 455.1 122
K 425 70.0 60.5 44.3 142.3 149.0 466.1 125
Calcium CaO)-level
Ca control 718 82.9 55.4 119.7 138.2 468.0 100
Ca 3.8 66.3 74.9 52.7 173.6 109.8 477.3 102
Ca 125 74.6 75.6 49.9 1295 116.2 445.8 95
Ca 30.0 62.5 71.2 59.9 111.8 106.7 4121 88
Ca 50.0 46.0 64.8 56.7 158.2 125.3 451.0 96
Magnesium (MgO)-level
Mg control 55.0 74.2 55.3 121.7 1240 430.2 100
Mg 3.8 66.3 74.9 527 173.6 109.8 477.3 111
Mg 125 474 50.0 527 130.0 108.0 388.1 90
Mg 20.0 500 61.2 511 1325 1249 419.7 98

Mg 350 37.9 64.7 534 1194 879 363.3 84
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Table 4. Contents of nutrient elements in dry matter
of orchard grass

1966 1967
Treatment First Second Third First Second
cutting cutting cutting cuiting cutting
Nitrogen (N)-level N percentage in dry matter
N control 2.26 2.65 2.95 1.65 1.60
N 1.9 311 2.90 3.60 1.90 1.63
N 3.8 3.26 3.07 3.72 1.95 1.75
N 75 3.55 3.61 4.00 2.50 2.30
N 125 3.74 3.62 3.90 3.05 2.75
Phosphate (P,Og)-level P»Os percentage in dry matter
P control 0.08 0.16 0.29 0.32 0.18
P 3.8 0.16 0.35 0.49 0.39 0.35
P 75 0.13 0.33 0.42 0.40 0.30
P 125 0.19 0.42 0.54 0.39 0.47
P 20.0 0.18 0.44 0.57 0.38 0.46
P 30.0 0.09 0.29 0.68 0.40 0.52
Potassium (K,O)-level K70 percentage in dry matter
K control 1.28 1.50 1.40 151 1.78
K 38 2.83 3.03 3.38 2.80 3.05
K 75 3.55 3.83 3.83 3.12 3.67
K 125 3.25 4.00 3.40 3.76 3.73
K 200 355 4.30 3.78 3.84 3.95
K 30.0 3.63 4.35 3.78 3.64 3.97
K 425 4.63 443 4.35 4.10 4.63
Calcium (CaO)level CaO percentage in dry matter
Ca control 0.70 0.52 0.51 0.37 0.49
Ca 3.8 0.51 0.52 0.49 0.41 0.62
Ca 125 0.59 0.48 0.46 0.44 0.63
Ca 30.0 0.60 0.52 0.53 0.44 0.71
Ca 50.0 0.77 0.59 0.49 0.39 0.58
Magnesium (MgO)-level MgO percentage in dry matter
Mg control 0.18 0.19 0.19 0.31 0.33
Mg 3.8 0.34 0.32 0.25 0.36 (.40
Mg 125 0.25 0.20 0.37 0.36 0.63
Mg 200 0.38 0.19 0.36 0.42 0.67

Mg 350 0.53 0.53 0.45 0.48 0.72
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Table 5. Variation of the nitrogen contents in dry
matter from the average of 2.57%

1966 1967
Treatment First Second Third First Second
cutting cutting cutting cutting cutting
Nitrogen (N)-level

N control —0.31 —0.08 +0.38 —0.92 —1.17
N 1.9 +0.54 -+0.33 +1.03 —0.67 —1.14
N 38 +0.69 +0.50 +1.15 —0.62 —0.82
N 75 +0.98 +1.04 +1.43 —0.07 —0.27

N 125 +1.17 +1.05 +1.33 +0.48 —0.18

FOMBIREIC KT 2 it 1.60~3.75% ¥ CHEEL, ZFiilHEOMBE AL, T
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BEOEIZ BT 5 F OBEES 813 0.08~058% * CLAB L7200, SIS 0L ot 5
B PR S B OB ENL —E OB GED B I, FHEORIKEEOA(E T 011~
049% = TEBL, ThEAKBHEORMZE L/ T Cal25 [XF THE & h o
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DA L AKBRIC ST 2 h & s EplL 7.
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Table 6. The relationships between range of inorganic nutrients
in plants and variation of available elements in the soil

Contents in pasture plant

Nitrogen Phosphate Potassium Calcium Magnesium
Nitrogen increase decrease decrease gradual non response
8 ” decrease 5P
) increase to
imncrease to a Zertaient
Phosphate | non response increase non response a certain level. and
e ,
“fle level
oH ct of ’ then decrease
increased . .
1 mcrease to increase to
elements . . a certain a certain
. . ¢ rease non response increase
in soil Potassium decrea p level, and level, and
then decrease then decrease
Calcium non response non response decrease non response decrease
. radual gradual .
M sium| 8% : decrease non response increas
Magnesiu increase increase pons €
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Table 7.

orchard grass

The Balance of inorganic elements in

277

Ca/P (%) ratio

Treatment

minimum maximum

Nitrogen (N)-level

N control
N 19
N 3.8
N 75
N 125

Phosphate (P;0s)-level

P control
P 3.8
P 75
P 125
P 20.0
P 30.0

Potassium (K;0)-level

K control
K 38
K 75
K 120
K 20.0
K 30.5
K 425

Calcium (CaO)-level

Ca control
Ca 3.8
Ca 125
Ca 30.0
Ca 50.0

Magnesium (MgOj-level

Mg control
Mg 38
Mg 125
Mg 200

Mg 350

137~ 6.17
1.94~10.25
1.62~ 514
1.88~ 9.80
1.35~11.33

2.21~11.10
162~ 5.14
1.82~ 6.83
1.29~ 550
1.20~ 3.75
1.07~ 8.50

207~ 7.00
162~ 514
110~ 3.71
1.40~ 8.00
1.40~14.67
0.96~ 3.70
0.94~ 3.88

2.00~10.00
162~ 514
1.57~ 3.00
1.72~ 391
194~ 550

282~ 8.60
1.62~ 514
1.53~ 5.83
1.47~ 555
0.79~ 4.50

K/Ca+Mg (m.e.) ratio

minimum maximum

1.32~2.88
1.54~1.88
1.52~2.38
0.78~1.61
0.75~2.70

1.75~2.03
1.52~2.38
1.52~3.27
1.31~2.19
1.31~1.71
1.32~2.19

0.51~0.91
1.52~2.38
2.04~3.24
2.22~3.06
2.21~3.49
2.40~4.32
3.16~528

1.39~201
1.52~2.38
1.49~242
1.30~2.37
1.10~2.32

1.49~219
1.52~238
1.11~231
1.05~1.96
1.16~1.40

Ca/Mg (m.e.) ratio

minimum maximum

0.90~3.74
0.87~1.28
0.82~1.38
0.81~3.80
0.72~2.11

0.71~454
0.82~1.38
0.92~250
1.32~2.00
0.54~1.02
0.79~1.15

0.51~1.26
0.82~1.38
0.52~1.85
0.72~1.92
0.69~249
0.60~1.83
0.57~1.56

0.76 ~2.04
0.82~1.38
0.90~1.63
0.96~3.09
0.95~7.91

1.13~2.40
0.82~1.38
041~1.73
0.39~2.04
0.31~0.59




278 FE B-BE o

TLOTH A, $7oM077, mE, BRI OELBREOHATI O ratio (15 ML, &EX
079 TH - 7=,

—77 K/Ca+Mg (m.e.) ratio (X LA0 LA FAAEF L& L Ty 5 KENP B DA™ 23
HHH, AERCZKT L+ —F+— F27 7 ADMEILEL, ThHEIMBREOWMATAL
BIEE D D, FokE K/Cat+Mg (me.) ratio 11528123, LT3, 4 LIhboik
BB —THBIZENT 501, TOFRBILITAT = —REDRBIZIHL I DR
Wb betELORD, Fiz Ca/Mg (me)ratio TH A, ZHITAKEELOHARFR
THEE LI, L LA —F+—F 277 AD Ca/Mg (mee) ratio (3 FE o i BIRE 0 F biz
I BEELZF T2 &3, WEDMBOBANZOEWHOEIR L&+ 0BT
LUEBEZMHEL 0L EL bR, ZThbORFREME, AKSIVELEZRED
BNCIEPBARNH 2 Z LR T 5L D TH 5, ik 2 b OREEN O EH balance ©
ANETBRIORE L OBEECO G TOFMIRRTEND 2L &T50, Dk s
B RO BB G B R BCE AN O E balance 1CB# L, FHIIRECL HET
LD EFEZ B, Ca/P(%)ratio, K/Ca+Mg (m.e.) ratio 35 & ¢ Ca/Mg (m.e.) ratio ®
5HA —F 4+ — F 275 ATik K/CatMg (m.e.) ratio 23 LEEDIMIBRBIZFER I h 570 &
TEOEEE S RESFOBREE LY D2 &0 - 7.

Iv. = 3|

B S B 5 3, fFR X OKEZONE balance 13T 0BENEMLI RS
LIZXh, FOEBEEIIEAL, H2OFhiChhb 5 WEILREIZZ O balance %425
Bnnd b, 2 Thhbills O%E balance ALV L, 18, S IOK
BOGBENERARLETLT 5B E U TARMEERMIEL 7,

PO SRS RS S0 (AP © S balance 123 JIF 3BT O THGRT
T 570, MBS ST N (25 B (GEAC) 0~12.5 g/0.25 m?, PyOs (X 6 2§ 0~30.0g
K,O (17 B3l 0~425g, CaO (15 Bk 0~50.0g, MgO (% 5 BFE 0~35.0 g/0.25 m* ii D>
Gt 28X AF T, BREIBERIZEELELTH—F+— F27 7 ARHEL, LO/ME
IZOWTHFLERD Z LB Elg - T,

1) +EOREEFBREOBNA —F +— F 7 7 AOEYEEICE LIFTHELE
FNKTH D, FHBEBESIOMBLROBEL Y, AKEIUE RIREOE)E
FEIZIZ L A BEL B LIE D - T,

2) +FEOBETERBEIIRTAA—F +— F 277 AOERRIEEHR, B, In
BRI OERC o TEhEhO£2%EFE, Bray's No. 1 ORI X 2B EHE, BRiE



B ST 45T 5 #EHE balance i3I AT (B 18D 279

ML L OCBEBREELC O TEECBEE N ED B R, Lo LERERORKRIE &+
b OEBRELIK & OBIEIZEED B Rt h - T,

3 BEZphOBBEREGROLEHFEMIEHRNN L LT 145~400%, Bfsix
P,Os &L T 008~068%, mnHix K0 &1 T 1.33~463%, FHIKiz CaO &1L T 023~
0.77% B3 L O E £ MgO & LT 007~0.77% % TEEL 7=,

4 A—F - F 7 AGEYhOBBEERERIBBEEOM K, TELEE
WAL, $RMBEEEOMRIAEKBIOELEEXYHL S, ZALME, HK
JUELDO=0DHHREEIBIRICH 5 2 LB PB R .

5 FEOMERBET 5 L vbh 2K E h D Ca/P (%) ratio iZit A X 7e ALy s
bmuﬁL,76x%5:~n%@¢5&bbh5&ﬁ¢@Kmﬁwmmmnmmit

ﬁ%ﬁ%mmiquﬁix%ﬂ=—%$ﬁﬁﬁﬁﬁaké:&ﬂ%%makotc
6) UEDZ LB MEETRIT % EE balance DEEM/EHE X i,

X ik

D oRE - LRFE-ZH S, 1964 AR S B B IERR S O BRIz o T B IR,
35: 351-354.

2) BARNARD, J. A. and R., CHAYEN, 1965. Modern methods of chemical analysis. pp. 1-19
25-34, 101-106. Mcgraw-Hill, London.

3) BoLToON, J. L, 1962. Alfalfa, pp. 358, Leonard Hill, New York.

4) BOMMER, D. F. R, 1969. =2 — w»y st 2 EiMse 0@, HEsE, 15 105-111.

5! HARLAN, J. R,, 1956. Theory and Dynamics of Grassland Agriculture, D. van-Nostrand,
New York.

6 JHH B, 1967. KEORSRICABW IS F R ARMBEIERCE T 201%. B rE A
#oEE, 3: 90-137.

7R B D), 1968, HMEC R A MEGECETAHE (8 1®. B 39: 202-
299.

8) IRWAVIME, 1957, FLARo et & A%, pp. 112-133, @i dR, Ha

9) MFIEE-HFERER, 1953, -RHEYIRRY:. pp. 139-144, B, BN

10) 4 FERH, 1966, 4FomEHE. HBAR, 37: 369-374

11) FigHEs, 1950. E&o LMk, pp. 333-339, ZIUE, Hi

12) JACKSON, 1958. Soil chemical analysis. pp. 159-160, 183-204, Prentice-Hill, Englewood,
Cliffs. N. .

13) #7 3K, 1964 RBFEORBCHET 255 10 FRoHEA. HELH, 35, 835, pp. 27-34.

14) FURBEFREM, 1960, B LFEHEBE. 1: 247-248, EEEH, Hil

15) BEFHBER, 1956, =2 — 27 v FEMEBERE Grassland of New Zealand |. pp. 160-178, &

16) METSON, A. I, W. M. H. SAUNDERS, T. W. CoOOLLIE, and V. W. CRAHAM, 1965.

Chemical composition of pastures in relation to grass tetany in beef breeding cows.

N.Z. J.L., Agric, Res., 9: 410-36.

]



280 KH B-HBE I

17) e~ KRB B-ER AL, 1967. FLo(bZ, pp. 46-53, MERHAK, Fi.

18) IR 3, 1967. LHdomBEH & KERNMEOEFRIC OV T. dhlE BRI ERRE, 59:
22-41.

19) HYRBEFERFTETRSLE, 1961, HEPYREFEFER. pp. 19-99, UIAHE, Hel

20) HEIEEF, 1958, HEH#) v B O Fiske-SubbaRow iz X % HEGER. {0 FEIBIHMT, 34: 8-11.

21 WRBEBEAL¥HER, 1960. EE#xb®, I, pp. 54-59, BIAHIE, Hit.

22) EERGE, 1960. fRF TAFORMBEE L SREY ] LBEEEEASS, LR

23) tREILA, 1966. FLE OB pp. 337-440, BIUEN LB S, Hal.

24) VoOISIN, A. 1959. Soil, Grass and Cancer. pp. 47-53, Crosby-lockwood, London.

25) VOISIN, A, 1961. Grass Productivity. pp. 1-33, Crosby-lockwood, London.

26) VOISIN, A, 1963. Grass tetany. pp. 147-153, Crosby-lockwood, London.

Summary

The nutrition balance of soil, feed and animal in grassland agriculture is
disturbed by an increased amount and quick circulation of nutrients.

Because of the importance of an efficiencial nutrition management system in
grassland agriculture, as a first step, we conducted research on the influence of inor-
ganic elements in pasture plants on the variation of available elements in the soil.

A summary of the results is as follows:

1) Increase of nitrogen in soil produced a high response in the dry matter
vield of orchard grass, but phosphate and potassium produced only a response, and
calcium and magnesium produced no response.

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

3) The range in content of inorganic elements in dry matter was from 1.45
to 4.00 percent for nitrogen: and 0.08 to 0.68, 1.33 to 4.63, 0.23 to 0.77, and from
0.07 to 0.77 for phosphate (as P,0O;), potassium (as K,O), calcium (as CaQ), and
magnesium (as MgQ), respectively.

4) With the increase of phosphorus uptake in orchard grass, the magnesium
absorption by the plants increased. But, with the increase of potassium uptake,
calcium and magnesium absorption by the plants decreased. Therefore, we con-
cluded that, the potassium, calcium, and magnesium in plants are in competition
with one another.

The Ca/P percentage-ratio in orchard grass varied slightly and was related to
rickets in animal. However, with the treatment of nutrients for plants, and the
range of K/Ca+Mg mill equivalent-ratio in orchard grass, was from 0.51 to 5.28 and
was related to the grass tetany of animal. Orchard grass produced an ocurrence

of grass tetany with variation of available elements in the soil.



	page1
	page2
	page3
	page4
	page5
	page6
	page7
	page8
	page9
	page10
	page11
	page12
	page13
	page14
	page15
	page16
	page17
	page18
	page19

