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ENEOMAITFREN Mg DR HHEL KT S5 X L'Y, —F WOLTON(1963)13 2 H % &
NDHHEIZL B 77 2TF 8 =—nFEEL2BILT 5720, REOGEAREWHIZERT S
Mg &%, Mg X L TO0 2% LEd5L 98 FEL T3,

INHENDZEHS, bbhIUIEBEREIZ 51T 5 88 balance HEETH D L H2 TE
BAEG L 2 hlT ThE, Thbb, BIROE—HZN1F L U020 271273, +
) MR IR S S M AL EARIN ) K balance (2 5 ST T LWTHRE L, 2D
R —F r— F I ABLUTLT 7 A7 71281 2 EEER S R OLH I 118D
BEESEICEET 5 2L WLz L T,

AElE, CHSHA—F+—FI7F72ABLUTILT7 7L 7 7RAND L balance N2 ED -
TEELOEREOEEIZOWTHLNZIT E728, BN ZFN], A—Fr—F7 72k
FN2, TL77NT7 75 HETE2I L1280 INHIREIINL TENL 5 Bt Bk
TR H BN DCTEEL, UTICZOMELEET 5,

n A P
ERNT— SRR ED 1OBLIUZN 2L 0B LNTHL, Thubhb, FIRENME
MR TE A AL T, NI ESRERF L2 HES 2 8K AR, A—Fx—F7 7%
25, TANT77NT77%2 v BRBIEL, FNFNSHONRET-72, ZDFSIL
WEL L UCLBOGHER BT, HERNOEMR balance & Hi5 L ORE & DEE
(2D TERER2ITH 72,
m =% =

1) tIEOBEPBREOELCIHIRENEYNLEES S L UL NEREENEH Y, REI
BLEITHEOTEMICOVT

A (20 1) @ (20 2) " TIEHEOERFGIRIER O ELAMERRN O B S &
DEBEWIZ S LITTHEIZI O W TRET L, 22T, INSNEREENESHRKE
DERTZEABTIATLGRBEEKL TENL ) LMMEL Lo, ZOMEILEDED
£ ERENREEMCLE S TELT 2220 TRAT A2 21275, kB, K&ED
TR A EE T NI ATV ZEIE NRC SIEMERE (1971) DED L h T K E & %2 A
W, EAIZOWTE WOLTON' OOy R L T Ak H 72,

(a ® %

AEBRIZ BT 5L 80X A —F 4+ — F 77 2 140 MOKEL WP ER T EOFYE
ENELT2.57%TIKL, TA7 7077140 8N Z UL 3.19% TEr -~ 12, ZHAH g
NBEHZOBRIZE IREEWEERB L VWP ERTROLSHEMIFe loLH T



i C 1T 2 %4 balance 12T A (£ 28 285

o, Thbb, A—Fv—F772n@ghtEsiz HEEHRE (Total - N) D KRIZH-
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300 p—
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Fig. 1 The relationship between total-N in the soil and dry matter yield and N
content in the forage.
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100 88 +DE % 0.48% THTHICTRT 55, 10mg/100 E#E LU & Eix 0.65%
EXDBEGTERIEC kb,
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g 0 0 ~

average of P,Os content in
0.2
140 orchard grass samples.

orchard grass

alfaifa

Dry matter yield
(weight g/0.25m?/2 years)

—p 3.8 7.5 12.5 20.0 30.0
Treatment (g of P,0Os fertilizer/0.25m? plot)

on alfalfa plots

available—P,Os* contents in soil
(mg/100g dry soil)

+ Bray’s No. 1 method on orchard grass plots

Fig. 2 The relationship between available P,Os in the soil and dry matter
yield and P,O; content in the forage.
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e
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2
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Fig. 3 The relationship between exchangeable-K.O in the soil and dry matter
yield and K,O content in the forage.
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— —2.35%

4
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?
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Fig. 4 The relationship between exchangeable-CaO in the soil and dry matter
yield and CaO content in the forage.
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ZOBIREGERTIIZOERZBT LI TEL Y, INHATALT7 7L T7DENTIIA—
Fr—FI720BLF5~10E0AKEEHLERREL L LI,

FITINLOHEIZOWTHENBEREAKENEILIZ L > TNRCIZL 21FEED
RENBERES ENIZTHLBLZ2COCTREL2ERIOENL ) THS,

*—Fr— F 772N ARG RIZ LREOBRMEAIKEEA CaO & L T 100mg/
100 & +LITF & 42 L 9%k 5 NRC i#to» CaO B4 L 13 cWBNnhbh b, F 2l
I BOBREAIRZ & 170me/100 &L ETH, FOEELMTIZIITT TE L
W, X L2 HEOBRMLIK G857 400~800mg/100 8E LI EL CLA—F v —F 77
ZOEIREBIZAREERL, FENLHIZERUFT LI LI TE 2,

TLT7FNT77NDFNIE LEOBRELAIKEE 5 150mg/100g UL TH L X
2.3% iz Eigx L3 bbb, ZNH250~800mg/100 88t Tid 3.0~4.0% 2% ) &
HKEEE LS,
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ZHhiLd,

() &H o

S BMIEBXIZBIT 2 A—F +— F 75 2 40 SnEhFFERFE L ERIE MgO & LT
0.33% T, TIL77)7 7140 HDF 1L 0.59% ThEH0.26% @0 > 72,

TEOELROM K IOMEOEMEERB L U OE L T EOENIL Fig. 5
NEITHD, Thbbt—F+r— 77 RITENBIREELZENHERIIH- T
HEERIL, FLHRRHMATEA, FOBLILZGIZHA L2, Lr LEREEZYWhOF LS
B130.17~072%F CHrBENEHREF TR A THKLLZ, 2T
TFNT P DEFNATIIHENOBEREE LT EOMAIIE > TWEERIZ, ILHA2TY
B 7225, T LEWICEAT e R L7z, Lo LEEYPNOE L Z=30.14
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~1.48% ¥ THEOBREE L EROMAIIMH > THALZ,

NRC fikHEi (1971) 12 £ AUEBIR P Bk T 5% & itiE MgO 2 L T0.17% T
52, L LWOLTONIZ 0.33% U T TR 77 27§ =—RENTAREMEAIH L L L Ty
DY TN AKREE L TRET AL A—F+— F7 72013 LA LIZZOM0.33% & VK
Vo FRTATPATTOENTLELEHAL LK TREEHOELTRITRT 5
YEZ LMD, £ CHEOBEREELEGROENIZL > TREDERE SNLTHLE
OOV TRELERIIDENL ) TH A,

MgO content in forage
(percentage dry matter bases)

Dry matter yield
(weight g/0.25m?/2 years)

exchangeable-MgO content in soil

(mg/100g dry soil)

400

—Mg 3.8
Treatment

average of MgO content in

’7 140 alfalfa samples

-—-0.59%

average of MgO content in
140 orchard grass samples.

0.33%
L Wolton's MgO level (0.33%)
in dry matter

_L NRC (1971)'s mineral
standard level (0.17%) in
dry matter

orchard grass

alfalfa

125 200 350
(g of MgO fertilizer/0.25m* plot)

on alfalfa plots.

on orchard grass plots.

Fig.5 The relationship between exchangeable-MgO in the soil and dry matter

yield and MgO content in the forage.
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F—Fx—FI72A8YWPnETTRII I EOEREE L FEH MO & L T20mg/
100 8 LLITTI3B L £ 0.24%TH 5, 20~60mg/100 EE+NE 2B L% 0.33%TH
), 200mg/100 8 ¥ LA LT3 0.50%iZ b1ET 5,

TILT7 N7 7DENUITENEREEZFLZEH20mg/100 SELUT TIRB L £ 0.
28% T % #*, 20~50mg/100 &+ T12 0.53% TH N, Zh»* 150mg/100 & +LL =T
130.98%Iz L L 72,

INHNZEHSLWOLTON DIERT 5 Mg B4 B TR 1 (T 2 2HICIIHED V>
AEMOT LROBREF L3 B4 MgO & L T20~50mg/100 8 LN &I RD =
EDVPLETH B,

2) WEGANEM balance NEW) & LW E & URFORAR

HEREARE L TREICERENIEH THSE, CORBEDOERSENEHITENE
GEEIZL > TEHT LT TH B, I T EEERMEE R balance |2 822+ 3
LDOTHD, ZOEEHWRECEDS ) L BR 525X H 20 %, +—F+r—F
TI7RAETNT 7 NT7 P ORBIZBCTRE T2 L1,

ZFITHIBRENIBLIUEN 2" L RENMBERB L UEKREICBET 2 L SbN
% Ca/P (%) ratio'?i= >\ Ti3 Fig. 6, T 5 L U812, RENT AT 7 =— I BET 5 &
2 b Twa K/Ca + Mg (me) ratio (2 Fig. 9, 10, 11 BX U 12 F#nFILRL 72,
(a) #Eom Ca/P (%) ratio & +1R+ & UREFOHBE

ko Ca/P (%) ratio iI2 DWW TUE—MFIC 1 ~ 2 S TH B E EN TV B2 F—
Fr—F7 7208 ratio 3£ NIZH L DIEVEETRTLON S, ZHUIZL LT
NTPNTPDENRERICEN 4 ~6EICLRA TS, INHLBEOESFENEL
TIkFig 6D izA—Fr—F I 7 AN EFNHFLBOBEENE AL L UELOMAT
2 , alfalfa

orchard grass

Ca/P (%) ratio in forage
for animal

T T T T T T 1T 711

“'\“_|
safety level

-N 193875125 -P3.87.512520.030.0 —K 3.87.512.520.030.042.5 —Ca 3.812.530.050.0 -Mg 3.812.520.035.0

Inorganic element levels in sail. (g of fertilizer/ 0.25m? plots)

Fig. 6 The relationship between inorganic element in the soil and Ca/P (%)
ratio in the forage.
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Ca/P (%) ratio in the farage
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Fig. 7 The relationship between available-P;Os in the soil and Ca/P (%) ratio
in the forage.
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Fig. 8 The relationship between exchangeable-CaO in the soil and Ca/P (%)
ratio in the forage.
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2 Ca/P (%) ratio VKT HE8H L 72, Lo L HiEomsEE, mEs L VHIKOBEATIZ
PR LRI D SN U h 72, THHATIULT7 7L 7 7 DEFNTIIHIEOMRE, MEE L
UELDMARIZE > TCa/P (%) ratio i3 VIET L 72, -+ BAKOAIZ L - T
M ratio (AL 72, Lh L LEEROMA TIIHBELERIIERD SN h - 12,

ZIT INHDED ) H o ratio DERIZEH - TV 3 HIKE L U LiEh o
&L 2 Ca/P (%) ratio HE D & ) %BIRIZH ), 72 FNHKRE & OBGEIZ OV THRES
LZ#RIEFIg TBLE80L 9 Thd, T4ubb, HETOAMEERBETEI B AT S
gy Ca/P (%) ratio IFETF L T d, ZHERENEK ratio & HRSE TRt
EDOEDNLEHTH D,

F—Fx— V7720 Ca/P (%) ratio (3 LENOH I HEMRE & &4 P.0s & L 7 23mg/
100 8 ALLETII B L £ 3LUTTIHIRTFTH S5, Z1H 13mg/l00 €8+ % Tid b
IZSLUTTRRTRTHE, #LT7 mg/l100 & +LITF T3 Ca/P (%) ratio # 10 LI
LIV ET 2L 008D LN 5,

TNLT7NT7DENUITEPOFRESESEH P.0s & L T 15mg/100 g &+ |-
TLBELIZS5LULLELVARRTHY, ZH 10mg/100 84 LL ¥ 7ix Ca/P (%) ratio [t
10~1512 LT 5L 0H D LN B,

INHNDZ b RN MEREES T ~10mg/100 EEELITFIZ B W TRELS O HIE
WHE L UBBRIEL EOBERIZEET 5 & bt b Ca/P (%) ratio Ak & ¢ Bk 20
hHb,

FLLBOERMAINZ BHIERT B 2 4E ) Ca/P (%) ratio 3 Z(LL T3, i %
K& DEKratio L DBETHRAT L EDENL 5 TH 2,

A—Fr—F77 20 Ca/P (%) ratio (I TBOBEBRMELIK S B/ AL T L MM
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K/Ca+Mg (me) ratio in the forage
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Inorganic element levels in the soil (g of fertilizer/0.25m? plots)

Fig.9 The relationship between inorganic element in the soil and K/Ca + Mg
(me) ratio in the forage.
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Mx RS, ZonE#dE CaO 200~800mg/100 EHTNEB TIZIT &L A EH74 LITT TRX
TR EZOHLNT:, TR AUTHIC MU EN T BEREAIKEETIIELH» T
\’\e

TLTPNLT77DFILUIEBENOERERKEEAHCaO & L T 240mg/100 g s L2
TZhratiolg 5L E ) RRATR EL B H, ZH 400 mg/100 8L 1 TIE, 2D
Ca/P (%) ratio#* 10 # 82 5 L OH L BDH LD,

INLDZ DL HBOBRMAIKS BIZAL (C TH 400mg/100 8 & AKX L, 21
AW AGAIRENHERB L VUEHREL YOERKIZEFRT S L bt T3 Ca/P
(%) ratio " K& BT 2B HH 5,

(b) HEHSANK/Ca + Mg (me)ratio & TIHH L URBNAE

@ ktH o) K/Ca + Mg (me) ratio |22\ Tid, 140 LA FHZEFE L2 L T % KEMP
SO ENH DY, FERIIBITAA—F o —F 77 2nHEIIEL, FiUILEOME
HOBKIZHECEL (AL EES5.28 124 L 72, ¥ 0Bk L O L8RS
ftoTZnratio 3T L7, LALTA 777 7DD ratio lZ HEOIE BAH
KLTL&E 11212 EFE-72 (Fig. 9),

ZZT, INHNEED ) b I D ratio DRI > TV ME, AkB L UELOL
b nfME L 29 K/Ca + Mg (me) ratio A& & 5 ZBIRIZH ), FNHEE L OB
EIZOWTRET L 22#RIEFig 10, L1 550120k ) THE, T bbb, LENEHRMEM
BoarAkT s Lo K/Ca + Mg (me) ratio (2 8kL Tv23,Z 11 % KEMPS D4
T ARMELOBETRFATLEDENL ) TH B,

*—Fv— F 7520 K/Ca+ Mg (me) ratio |3 HEBHNEBERMEMBS2HAK0 & LT
25mg/100 8L LUTHEE 14T THE, £ L T25~40mg/100 €8t & % 1.4~
2.0 &7%9,40~70mg/100 8+ nE E = HratiolF 312:FET A, A 70mg/100 g E 1
LLl-tig, 2o K/Ca + Mg (me) ratio (34 ~5 VL HIZLET B, TL 7707 7 DELUL
OB HRMEME A 100 mg/100 810 FizE L T4 K/Ca + Mg (me) ratio (2 1.12 T
hab,

N ERLTEOEREMBEEE, K0 & L T25mg/100 g8 LUl o & &,
A —F x— F I/ IR TR EFNTENBEHREMBEHL KT 2120, K/Ca + Mg
(me) ratio (38K T 5 Z LAEBAL 72,

$ IO BEREAGIKEG R L K/Ca + Mg (me) ratio E NBETIZHENLH T
o Thbbt—Fr— F27F 20 K/Ca+ Mg (me) ratio 3 HEBEOERMAIKEEH
Ca0 ¥ L 7500mg/100 E& LN EE 16T THEY, ZHTENERMALAIKZTE
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Fig. 10 The relationship between exchangeable-K.O in the soil and K/Ca +
Mg (me) ratio in the forage.
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Fig. 11 The relationship between exchganeable-CaO in the soil and K/Ca +
Mg (me) ratio in the forage.
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H7400mg/100 EH LA T TldZnratio (320 %82 3, TL 77NN 7 7DENIITED
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ELHIZEHMOBBREE L SEOMAICHE > THEN K/Ca + Mg (me) ratio (KT L T
w3, 2Rk K/Ca + Mg (me) ratio & DBIETRET 2 L 2ENL ) TH B,

F—F+—F 772N FNIILBHOEREZLEEH MgO & L T 50~100mg/100 &
Ut x1.0~2.3TH5, 50mg/100 g8 LLI T & & K/Ca + Mg (me)ratio |3
1442822 L05%0, TL7 7L 7 7N ZDratio 3 HENEREE LS EA MO &
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Fig. 12 The relationship between exchangeable-MgO in the soil and K/Ca+
Mg (me) ratio in the forage.
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feo T, E72EL ¢ HBOBEBREE T BOB A 2o ratio (3 0.81~20.31 % TEH
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Fig. 13 The relationship between inorganic element in the soil and Ca/Mg
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Fig. 14 The relationship between exchangeable-CaO in the soil and Ca/Mg
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RELNBETRIATLEDENL ) TH A,

F—F o FII2NDFNIILBOBERMELEH MO & L T30mgUTNEE 2 A
#r7enhs, 60mg/100 &L ETIF ITUTE %N 0.31IZLIETT 2 LoridEsoHs i
2. TALT7 AT 7 DENTRLEOBRMEE L& RA20mg/100 EEEUTOLE, 2
& ratio % 8.90~20.31  TE L Witk ERTH, A 20~70mg/l00gkENL 2
2.10~7.52, # LC120mg/100 g &+ Tix 2. 0 BEF TR T 24, T hll Lo E#REE L
&8 Tl BB Ca/Mg (me) ratio (2 1.00 % 0.81 i & T+ 2 np @b NIz,

SHLNT Eh b HEOERMEE LRI MgO & L T 20~30mg/100 8 LN EEHIC
Eon»EL % Ca/Mg (me) ratio 222 L & VREFIZE>TEFL WD TR Wi
LEzZ LN,

LENC EhbRENEASH 5 \VIZERIES & grasstetany % EIZBIET 5 L F
% 5T\ 5 &% mineral ratio * TRNOEHEHOMICIZES T VWHENEIH S Z
ALk T 7n, BKEIZIZ, ARNMEREREEE P,Os & L T 10~20mg, ERMEMER
K,0 » T 25~40mg, EMRMEAKIE CaO & LT 150~300 mg iz, &t +i3 MgO
Y LT20~30mg BBEL T 52 ENRENOORENIHIZEE L W EFEZ LN, L
LD S, LN EEMERHT L IZEEL <, &M mineral balance %i&Y)
CEO RS L LA AREE e B ED, BEEL TOREENEHLBRATILEYD
5, &z,

I 2

B B KN 0 B % balance HEBY & 1B E L URENBEICOWTHLPIZT 5720,
FeFo— FTIRETALT7 P AT 7 EHCTRE L2, ZORBRIIUTNE ) THE,
1) tENLEETROMAIIA AFENBRTREZEL (HASE, JNHFRENS
2 NFHELZETE BN H L EEL LN,

OV FENHREEEE S RIZ A —F v — F 7 FATP,0s &L T20mg/100 88 LLLE, 7
NTPNTPTLD % &b 10mg/100 8 &L Bic &> 2 & #*NRC FEEED
mineral &b HRE L CTEETHB EEZ LN,

3) O BEREMBEZRIIA—F X —FI 7T K,O & LT 20mg/100 8 & LT, 7
N7 777 T50mg/100 E¥ LT &35 2 & »NRC kR #ED mineral T &> LK
HLTEILwEEZ LN,

4) tHOBEREAKSRIZ Ca0 & L TH—F x—F7 7 A Tid 200mg/100 gE L
F, A7 7A7 7 Tid 150mg/100 EEEALETH B,
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5) X BNBBMUELERBTIIMEO L LT, A—Fx—FIIR, TL77L77 &I
20~50mg/100 8¥+LL EizffRD> 2 & A NRC fg#HZ# ) mineral &2 52 TEF L
wrkEz sni, ‘

6) #EN Ca/P (%) ratio F REIC L > THF LW EENTWB 1 ~212F272Hi2i3,
TROFMEHFEEES P.Os & L T20mg/100 EH L FIcEOZ LA UETH S, F
INEENIEHBREAKEREIZ Ca0 & L T 200mg/100 8 # LRIz E>DHT L
WeEEZ LNz, DFVLEBAINP0s:CaO k% 1 I 10RHETHIEHHF L\,
7) % K/Ca + Mg (me) ratio %, grass tetany &£ 251k 2 72H D ratio 123 2
2O, A—Fr—F7 7R TIIEREMESEES K0 & LT 25mg/100 g & +LITF,
EiREAKEREIZ Ca0 & LT 250~300mg/100 8 &2z, FtBoFRMENE L
ZEIEMgO & L T30mg/100 EHERELU LICEOZEHYEE LV, TNHTLT7 7L
77 TiiEBoEREME X 100mg/100 g &+ LU, FHIKiZ 100~1000 mg/100 £ &+
T, $70& 2 Tl3 25~350mg/100 8 L NEIL TL &4 % K/Ca + Mg (me) ratio & T
Horz,

8 )4 & NCa/Mg ratio IZFZFIZH L THE L WVEVAHBHBETL VWA, A —F 5+ —F 752
TRETROEREAKZTEZ Ca0 & L T 250 mg §ijfg, LENERME LT E S MO &
LT30mgLlEicROZk, $RTA77 L7 7DFNIITBOBHRELIKE & % 300
mg/100 8 t, HBOFBRUEFLSTE S 20~70mg/100 EEEIZHEOZ EHREIZE -
TEEFL VDT W tEZ LN,

9Lk Z &H 5, FKE % mineral OB & 2 v 3 EHE balance NELILIZ & 2 18K H
5 VI BRIE L L grass tetany 4 CORIFD H5F 520D HIBERIVETH LA, =
NOOLBEGLZHT Z LITMEL £, Lo L s 5 B892, HMEREE % P,Os &
L T10~20mg, BB % KO & L T 25~40mg D& & L, BH#RMEGK% Ca0 & L
T 150~300mg, &S UrEHREHFLE MgO & L T20~30mg/100 €810 F &4 308
7% 5, & 5|2 mineral balance DA L RBHRENHRBHIVETH L EEL, T
OO BRI TRV EETH D,
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Summary

Because of the importance for efficient management of mineral nutrition in grass-
land agriculture, as a secondary step in our present investigator, we conducted a study on
the relationship among the content of inorganic elements in the forage of orchand grass
and alfalfa and variation of available elements for plants in the soil and animal diseases.

A summary of the results are as follows ;

1 )The nitrogen content in the gramineous forage increased in proportion to total-N
in the soil, therefore a decreased absorption rate of minerals by the animal is expected.

2) The available phosphorous and exchangeable bases in the soil must be main-
tained at a level of P,0s 10~20 mg, K,O 20~50 mg, CaO 200~300 mg and MgO
20~50 mg/100 g dry soil for gramineous forage (orchard grass) and for legumious forage
(alfalfa), and also must be maintained to satisfy the content of mineral in the forage for
animal health.

3) On the other hand, available P,Os over 20 mg and exchangeable CaO near 200
mg/100 g dry soil was required, for maintenace of a safety ratio of 1~2 of Ca/P(%) in the
forage, for Rachitis and Osteomalacia of animals.
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4) And, exchangeable CaO under 250~300 mg, K,O under 25 mg and MgO over
30~100 mg/100 g dry soil for gramineous forage (orchard grass) was required, for the
maintanance of a safety ratio under 3 of K/Ca + Mg (me) ratio in the forage for
grasstetany, but for leguminous forage (alfalfa) those values were 100~ 1000 mg of Ca0,
100 mg K,O and 25~350 mg of MgO/100 g dry soil.

5 )Also, to maintain a safety level of Ca/Mg (me) ratio for grasstetany of animals,
a level of exchangeable CaO under 250 mg and MgO over 30 mg for the gramineous
forage (orchard grass) must be maintained and CaO should be held under 300 mg and
MgO 20~70 mg/100 g dry soil for leguminous forage (alfalfa).

In conclusion, on grassland agriculture, maintenance of available P,Os of 10~20 mg,
exchangeable K,O of 25~40 mg, CaO 150~300 and MgO of 20~30 mg in the soil is
important for the forage, and to maintain animal health. Therfor the importance of
mixed forage of legumes and grasses should be recognized again.
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