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Table 1. Chemical composition of feed'.
Thimothy hay Silage Alfalfa Alfalfa Corn
Silage Silage
Vegetative’ Bloom Grass Mixed (LM) (HM) silage
Ingredient, % of DM
Timothy 96 90
Orchardgrass 100 50
Alfalfa 50 100 100 91
Corn
Soybean meal 4 10 9
Nutrient, % of DM
DM 86.9 86. 6 27.8 28.9 49.0 21.8 43. 1
OM 92.4 94. 0 93.2 91.2 89. 3 90. 2 95.5
CP 10.9 10. 6 12. 4 14. 1 17.9 20.5 11.2
CPd 6.3 5.5 8.1 7.9 - 10. 2 6.3
CPs 2.7 2.3 6.8 7.1 - 8.9 4.0
ADF 34.4 37.6 40. 5 39.1 34. 6 39.4 21.4
NDF 62. 8 63.5 62. 6 41.8 44. 8 46. 5 34. 6
EE 2.67 2.23 6. 14 6. 70 3.85 5.17 3.21
Ca 0.25 0. 25 0.53 1. 04 1.18 1.27 0.18
P 0.27 0.22 0.27 0.29 0.29 0.27 0.23
Mg 0.10 0.10 0. 20 0.24 0. 26 0. 25 0.11
Na 0.03 0.07 0.42 0. 20 0.04 0.07 0.04
K 2.52 1.78 1.32 2.32 3. 28 2.64 1.10
Cl 0.70 0.63 0.95 1. 05 - 0.92 0.23
S 0.12 0.09 0.21 0.22 - 0.31 0.10
DCAD’ mEq/kg 389. 6 236. 3 121.7 247.5 - 253. 4 171.7
"All values expressed on a DM basis except for DM. LM:Low moisture, HM:High moisture.
‘Late vegetative.
*Calculated as milliequivalents of (Na+ K)-(Cl+ S).
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Table 2. Chemical composition of feedl.

33 T VHRIE RS BAE TR SRR O

H 0D 2 5 T LRI (P B O 2 it

The ratio of alfalfa

LEENTWAT-D, ZZCTRLULERINE
WEHDT ORI EDETH 5,

0 20 35

Ingredient, % of DM N =R A — P PE &

Alfalfa silage 0 20 35 EHEE=ERE— GE+R) e
Grass silage or hay 70 50 35 4. EEHE

§$X§?2ffDM 30 30 30 HEEHLELL, SAS (1988) OGLM7 b &
DM 50. 1 46. 0 58.9 ‘:/’\7%&: ct D ?ji’) 71—:0 357,‘:, ﬁ’i‘?‘LtFO)?‘*‘
OM 92.8 90. 8 92. 4 HIXHEIR T, AX AR, EFRIXRT
CP 15.2 16.0 15. 1 R L BT % R 0 MR BAREGE DN
CPd 8.9 8.5 8.1 ER AR T, B, R AR
o oo o RTINSy & O BURATE=b, AT
NDF 50. 3 46. 6 46. 3 {LOM, ®[{HE{LN D F B L OB O ME
EE 3.8 4.1 3.6 GREOMFRE, ERREIZRT~OHEH
Ca 0.48 0.73 0.71 BOSWRHEHR LUK & 0 RI%
P 0.36 0.32 0.37 bk,

Mg 0.19 0. 20 0.21

Na 0. 20 0.17 0.13

K 1.73 2. 30 1.95 m % R

Cl 0.84 0.94 0.76 1. BAEDHEEREA I VO RES

S 0.22 0.23 0.24 A OMLER, =X —HB LW
DCAD',mBa/ke 152 251 193 A5 R R R F TR LT, M0 TR B

"All values expressed on a DM basis except for DM.
*Calculated as milliequivalents of (Na+ K)-(Cl+S).
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Table 3. Least squares means of digestibility and energy balance of dry cows..

Thimothy hay Silage Alfalfa Alfalfa  Corn
- - Silage Silage
Vegetative' Bloom SEM  Grass Mixed SEM  (LM) (HM) silage
n 2 2 2 2 12 2 2
Body weight, kg 586 584 44 673 636 16 615 740 654
DMI, kg/d 6.88 7.04 0.57 8.23 853 0.8 7.99 882  7.51
Water intake, kg/d 25.0  30.3 7.8 10.4  10.1 4.8  29.2 2.9 7.6
Block salt intake, g/d ~ 21.1 14.7 14.3  48.9  52.1 5.5 - 15.9 55. 8
Feces, kgDM/d 1.91 2.68  0.22  3.23  3.39  0.24 2.72  3.65  2.09
Urine
Volume, kg/d 7.4 5.5 2.4 10.6 14 1.6 17.3 14. 4 7.4
pH 7.94 7.64  0.20 7.66  8.15  0.29 - 8.26  7.94
Digestibility, %
DM 72.2%  62.1° 1.0 61.9  58.7 1.8 65.9 58.6  72.1
OM 74.8°  64.5¢ 0.5 64.0  59.7 1.7  67.5  59.5  74.7
CP 52.7  52.1 55  60.0  60.3 2.2 70.4  67.7  62.0
ADF 76.8°  57.8¢ 0.9 61.9% 503" 2.1 58.5  46.5  58.5
NDF 80.3°  63.3¢ 0.8 65.0° 52.8° 2.6  60.0 45.7  59.4
EE 53.0  59.4 2.0 79.1% 75.1P 0.9 62.3 67.2  80.1
Ca 11. 4 0.1 3.3 6.8  11.1 7.1 16.7 14.8  12.3
P 0.6 1.0 2.3 22.1 19.7 18.9 13.0 5.3 11.8
Mg 18.6 13.8 3.8 35.8  22.5 15. 4 19.5 16.8  26.2
K 69.7  62.1 10.9  82.2%  91.3P 2.2 87.6  90.0  71.2
Energy balance
GE, MJ/d 128.7 133.4  10.9 168.5 157.1 16.7 144.1 171.0  143.0
DE, MJ/d 104.6  90.9 11.7 104.6  90.9  11.7  94.1  97.8 104.5
ME, MJ/d 75.5  62.8 3.5  84.8  73.1 100  75.0 85.3  86.0
DE/GE, % 71.8°  60.8" 1.1  62.0 57.8 1.2 65.3 57.3  73.1
ME/GE, % 58.7°  47.2° 1.5 50.2  46.5 1.3 52.0  49.9  60.1
ME/DM, MJ/kgDM 10.84%  8.86" 0.24 9.91* 8.86" 0.24  9.38  9.60 11.47
Energy loss, MJ/d
Feces 36.6  52.4 4.7 63.9  66.1 5.3 50.0  73.2  38.5
Urine 3.6 5.8 2.5 7.8 7.0 0.5 8.0 2.5 5.4
Methane 13.3 12.6 1.1 12.0 10. 7 1.3 11.1 10. 1 13.2
CH. production, I/d  336.5 317.4  27.2 303.5 271.6  31.9 280.8 256.2 333.0
CH./DM, 1/kgDM 49.0  45.0 2.0  35.6° 32.9° 0.4 351 29.0  44.3

ABPCo. 10,22 P<0. 05,9 P<0. 01
"Late vegetative.
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Figure 1. Methane production of cows fed a) orchardgrass(A) or orchardgrass +
alfalfa (A), b) timothy at the stage of late vegetative () or bloom (4) and
c¢) corn silage ((J) or alfalfa (W).
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Figure 2. Relationships between a) digestible OM (), b) digestible NDF ([J) or ¢)
dietary ME (@) and fecal and methane production of cows.
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Table 4. Least squares means of digestibility of nitrogen and mineral of dry cows.

Thimothy hay Silage Alfalfa Alfalfa Corn
1 X Silage Silage
Vegetative: Bloom SEM  Grass Mixed SEM (LM) (HM) silage

n 2 2 2 2 12 2 2
N balance, g/d
Intake 119. 6 118.1 6.9 169. 2 186. 0 26. 2 220.9 289.0 134.1
Excretion
Feces 56. 1 56. 7 4.0 67.1 74. 4 9.6 64.7 93.4 50.9
Urine 52.3 55.0 11.0 89.4 106. 6 10. 0 117.9 165. 6 75.7
Absorption 63.5 61.4 9.9 102. 2 112. 5 17.5 146. 5 195. 6 83.2
Retention 11. 2 6.4 5.9 12. 8 5.9 12. 6 38.3 30.0 7.5
Ca balance, g/d
Intake 17.2 17.6 1.1 43.3% 8574 7.4 92,7  112.3 13.7
Excretion
Feces 15.2 17. 6 0.6 35. 6° 75.9% 3.9 76. 8 95.5 12. 2
Urine 0.6 0.6 0.3 1.8 0.9 0.2 2.4 1.9 0.9
Absorption2 2.0 0.1 0.6 7.7 9.8 4.4 15.9 16. 8 1.5
Retention 1.4 -2.4 1.6 5.9 8.9 4.3 13.3 14.9 0.8
P balance, g/d
Intake 18. 4 16.0 1.2 22.8 24.0 3.0 22.6 24.2 17.2
Excretion
Feces 18. 2 15.8 0.9 17.6 18. 8 2.6 19.7 22.9 15. 4
Urine 0.5 0.4 0.2 2.8 1.1 1.9 1.3 0.3 1.5
Absorption2 0.2 0.2 0.4 5.3 5.3 5.1 3.0 1.3 1.9
Retention -0.4 -1.1 0.8 2.4 4.2 3.3 3.9 3.7 2.2
Mg balance, g/d
Intake 6.9 7.2 0.5 17. 4 19.7 2.5 20.0 21.7 8.5
Excretion
Feces 5.6 6.2 0.6 10. 7 15.3 2.4 16. 1 18.0 6.3
Urine 0.8 1.0 0.1 2.5 3.6 0.4 3.1 3.8 1.9
Absorp‘[ion2 1.3 1.0 0.3 6.7 4.4 3.2 3.9 3.7 2.2
Retention 0.2 -0.1 0.3 4.3 0.8 3.4 0.8 -0.1 0.4
K balance, g/d
Intake 173. 6 125. 6 11.5 112.7°  190.0? 10.9 255.8 232.9 82.5
Excretion
Feces 51.5 46. 4 13.3 19.7 16.5 1.5 30. 7 23.7 23.8
Urine 71.3 59.4 28.9 58.7° 182.2° 12.1 213.6 215.8 54. 7
Absorption2 122. 1 79. 3 24.2 93.0> 173.5° 1.1 225.1 208.9 58. 7
Retention 50. 8 22.0 10. 7 34. 47 -8. 8P .1 11. 4 -6.9 4.0
ABPco. 10, P<0. 05,9 P<0. 01
"Late vegetative.
“Apparent absorption
Yye = 0.214"Xnin—16.6 Xin) & KWILE (Yew), KRAPKEEMHE (Yew) 12
Yie = 0.176™Xnint31. 3™ (ZLLT DRRE DG b7,
Yy = 0.610"Xnw—14. 7 Yior = 1. 056" Xkin—55. 8™
KEHE & KEMED 2 Vi3 KPRt &R Yeow = 1. 018" Xxiu—34. 2"

EFRBERRITE O Do 20y, KERE L JRE & RP~DOEFZYEME (r=0.78), JRHP~DKHE
KN E (r=0.98), R~ KHEE (r=0.83) M & (r=0.92) 20, 1%/KUETHE 72BN RD 5
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Figure 3. Relationships a) between N or K intake and their absorption (>) and

retention (@), b) between N or

K intake and their urine excretion ([1) and

fecal excretion (), and ¢) urine N or K and urine volume (A).
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Figure 4. Relationships between a) Ca, b) P or ¢) Mg intake and their absorption
() and retention (@) and between Ca, P or Mg and their urine excretion

(0 and fecal excretion (M).
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MIZ 1 %/KHET, F-MgiEHE & 3 MehEi &
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Yl\'lgab = 0. 222**XMgin_0. 17
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IR DFEEE, =L F—Hils LT
A B I RER 5K LT, WE TR
IXASOX I L OVAS20 X TR 2378
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ABHEEIZ R DR A KGN E & BRI L
7o m LA OB E LA R T 57201, A
B CHIH TR 72 B AHETEHG 5-REIC 1T 2402 b D
A X PR ONCEE R - I R T AVHEIEE ORI EE
HHRTHZEDEPE KL ETHD, £IT, K
W CITIEHETE2 ) 2465 L= 3L A4 NS
falklz 7 EREE LT EIREOT — X AR LT, A
A PR L 2R - 2 R T AVHEIRICRE T A 2B
BE, TLVv77 07 7BLObyERa YA L—

Table 5. Least squares means of digestibility and
energy balance of cows during dry period.

B, AS3BXMAS20X LV H&0o7-,
R () 1ZAS201X 35 L TRAS35X AYAS0

The ratio of alfalfa

0 20 35 SEM
KEDHEo7=h, REITUHEXEIZE n 4 4 4
B3RO N -7-, ADFEBLOIND Body weight, kg 752 745 731 8
b a
P IB{L 1L ASOIE A AS20[X 45 J- (RAS35[X 3}EJ§ﬂfk el 23;8 iﬁg 1%f2 335
. . . . A 22 ater intake, kg . . . .
OB, FEDMBLUOMBAL 5o coptintake, g/d 27,9 26,6 45,6 6.1
WZ~ 73T A (Mg) WIERIFASOXDY  Feces, kgDM/d 2.61°  3.19*  3.31*  0.16
AS20X L0 b Eo T, Urine
TR — R DN L — OF ] Vﬁlume, kg/d 1;- 21 ;- ?6 13 21 (1)- ?1
R T - =5 p . . . .
ﬁﬁxﬁf&_&iﬂfiﬁﬁaﬁi_ﬁaﬁ\&inﬁ&) awm Digestibility. %
ST, P OMES EIZAS20X 23 AS35 DM 71. 32 64. Sb 38.7 1.5
XL Zhotl-, A X UFAERITASIBXN OM 73.4*  66.7°  70.4 1.4
ASOKH FUAS0K £V %<, £l CF 69.4 6lL2 69.9 2.6
kgliT- 0 DA ¥ LR RITASISK RAS20  LPT 66.2 5380 86.70 LT
g3/ = NDF 67.8% 55.3° 59.4° 1.9
EINUIE 2/ACY o EE 70.1  75.8  73.0 2.8
4. FIRFNDEZR - SRTILEEHE Ca 28.9 22.4 20.5 3.3
HREDREHE « I 2T MO R % & 1;4 gfl’ g 12 éb fé g i ;
T e, R g . . . .
GhTLtoiﬁWWiﬁN¥wm%$O K 85 141 869 o
IZJ: D %)%< , if:(kﬁ%@%k ﬁqj“\@(:a Energy balance
PEAE BT AS20 X 35 1L TNAS35 X 2SASO X &L n 2 4 2
D % oio, PHEEBURIZASIEKASAS20K ggﬁﬁi 157.9  168.8 188.0 5.6
108.9 109.4  125.8 3.6
2 I =~ N = ? ’
L O bEMoTs, P &‘W%‘iASOE?‘ ME, MJ/d 83.7 91.5  98.7 3.9
AS20X LV b E otz FEHA~DOMgHEH DE/GE. % 69.0 64.8  67.0 0.8
EITAS20X 3 L TRAS3IS X SASOK L 0 & ME/GE, % 53.0 54. 1 52. 6b 0.6
Lo T8, W R~ DO MaHE F L ASO ME/DM, MJ/kgDM 9.95 10.24"  9.69 0.08
=g S . Energy loss, MJ/d
KTRRTH ST, O KHFHE R Feces 49.0  59.4  62.2 2.6
AS20X23AS3BX LV 2 <, HITJRH A~ Urine 12.6 6.1  10.6 1.4
DKM EIZAS20X TR/ TH Y, F£7- Methane 12.6°  11.8"  16.4° 0.2
AS20X D K ZREMBASOK L ) S7o 7. CH.: production, I/d ~ 319.3% 298.5% 415.1° 5.8
B CH./DM, 1/kgDM 38.0  34.4%  40.7° 0.9
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Table 6. Least squares means of digestibility of BsE LTV 707 7 TIIEE O KX\
nitrogen and mineral balance of cows during CENEDLNT, F, TAT AT S
dry period. I R S =, FLAE O
The ratio of alfalfa BREIIHNTA 500, &Y - k0T
0 20 35 SEM LRI TT DR RKESNLTND
n 4 4 4 (Hoffman®, 1998) 23, AREROLLIR4
N balance, g/d BEOWHETH ST AP A L— kb
Intake 230.5  236.2  257.1 10. 8 VLS LT, 7T o T o 8 T
Excretion e
Feces 70.6  91.7  78.2 7.4  HMEOTHEHRMET Lz,
Urine 140. 9 95.0  132.1 28.9 FLAED A Z U FEARIT T D N O#ERZER
Absorption 159.9  144.5” 179.0 9.0 B 1. SEFRE TS WER RO L &
Retention 17. 4 49.5 44.5 22.2 L ICHI B8, NS Fk - 1) 0
Ca balance, g/d - i -
Intake 44.5° 67.0° 75. 0° 3.9 AL HERITEEYF O C P B LUMER
Excretion ENREWITI ED L 720, WCHES B
b a a
Eeces 31.5 52.1 59. 4 3.6 EEL LTS (BEE S, 1995;Shibata
rine 2.4 0.9 1.3 0.8 _ o .
Absorption’ 130 149  15.6 2.3 > 593"‘K”me’ 2002). 7, *H:@%
Retention 10. 6 14.0 14. 2 2.3 HEME B X TE LR D E W EREF T 7 < 72 D 23,
P balance, g/d ) WEY A L — VR TG L2l 03k
gltake _ 3.0 3070 39.47 L9 mywApiEECR K Y N D F B S O
xXcretion N . T ASTIRL N GO
Feces 23.9  25.7  30.8 2.7 @Wﬁ‘ﬁ;“&bq”'aﬁﬂ@%wmwgﬁ
Urine 0.9 0.5 0.7 0.2 CTCNDFEREZDRLLTHZLITLY,
Absorption' 10. 1° 5.0° 8.7 1.4 EEFEB CEDIZENWEINATWD
Retention 9.3 4.5 7.9 1.5 (555, 1998),
Mg balance, g/d P P L b7 .
Intake 17.2 18.0  21.6 1.5 ARG TIIA S RERS LURIHER
Excretion HEIEEE 1 kgX472 0 THRFT L=, iF
Feces 11.6° 15.7° 17.9° 1.2 WA A & %A B IR X A4
. a b b
A[érme . 22 ég é; (1)? BT oo b DD, HHANLO
sorption . . . . . = 4 Y B
Retention 1.8 0.8 2.0 0.9 A 5(:gﬁi%&?ﬁ%%%é‘z\bif‘ﬁﬂ%@{m%
K balance, g/d BOEVHEE TR, F7I7A A 1L—
Intake 159.0  199.8  202.1 15. 7 D50% & T INVT 7 V77 TRETHZ LT
E;jcretlon 00 a0 oo g T APYRERBKTGEMTS L
eces . . . . <= . . g e
Urine 148.1  101.7° 179.5°  18.3 ﬁwm%“g°%ﬁ“ﬁbf’§imﬂﬁ
Absorption' 128.9  147.7 175.9  17.2  (CABHOEmWEE S W OME
Retention -19.3°>  46.0° 3.6 16. 2 GROBWEEICL R 250, WiHE &
Wb Do, 05 L OBIRIZH BT hemo 1,

2Apparent absorption
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B OYEMEARFIEIZ SV T UL T TREH %,

1. DA UREES S UVEBHEDRFN
HUETRL O — R ORI E LTIX, T 7707
7E hyEOTa YA L— VA RIS L
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— SR FPYETa LA L—URRLEL, A%

PLEDFER G, fHED DR NT LT 7

VT 7 EROHEEHG G TIEA ¥ 34 E
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ARELEBEZLND,
2. FDRESLUVER - SR IILHHEDHFMN
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A FRHRE X ZEOFBICFEY Lz, F2, 777
VT 7 TIIOHEEAENEL, 4 3REE 7
77T 7 TIEKEEDEFICE L 2 DGE DD

S, HEECIRK, S hU A (Na) S8l
gL CA A (S), HiE (C) GEIDnT &
MmE, A3 NRT AT T L IEDEE R LT,

HAFDESR - IR TVPREORME LT, K
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LTixCa, PR EDEMELUSNDIRTINANHITH
no UKD, 19915 45K, 199858 5, 1998), £7-,
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B, 1999; 5, 2000),
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~HEE S, P B XMl R~ — e S -
0, R A~OCaftt Bl3ME Th o7, IREITRF
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