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BADBEZRS(CH (T2 B8/HBF(F, 8BF060E(C
350 42% ThHo1=h, TDORELXITETL, ZZ10F
BL 0% EDRIHEEHEL TW 3 (BMKEBLEERS
FETPBEMREER 2010). Fhk 21 EDBEAR BIEE,
78% LLEENEN S DDEEEEIDBBRIE 1%
&, RENMEBANS DBAICEKEL TLWEBRRTHS.
ZO LR oih, @B TIEEEROLA T L&
BRBMOS VR EZREGHORE & L THEEN(C
MAL, BEeBFEonLsBiEL TWV5.

AR E TR E LIFRAEET, HEIREDSKED
FAEELMIFT 5123, HEEOCRMEFICLER TRV
F—BRELEMED/NT Y REMS 2O (THITREBR
RESEIKOON D, BHFE, BEBLaNoRESE
728, SEVICHERS EHEBOBEICET 2RIV
F—HEEBE (BB (JBKRT I LN TWS. BAR
EREREF A (2006 FhR) (BX - ROEERMRSHTE
1 2007) TREIF OB DHRF TRV T —BKESE
SREVEDMIZERED 13~40% OENEISE L, *
7= NRC ZL4£5842% (National Research Council 2001)
T, #HIFZRILVF—DR10~50% DEERNTH S &
~l7z. LAL, WFNoBREBHHFELRIRECED L
TTHEETHD. 550, EBEZRET H650 EE (4, fbD
FREEHI TS < (Susenbeth 5 2004), =5 (TIEREE

W 7o (3F8EN(C & 5 EE 2RS4, Mt T
DIFBBFEEEZALET 2ERERY ) 5.

—MRICREDEE FEARBEZICEADVTHET S
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5 1981 ; Purwanto & 1990 ; %k & A# 1998 ; Brosh 5
1998 ; Brosh 5 2004 ; %% & 6945 2006 ; Brosh 2007).
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DEEICLY, BRI TLEENDBENSC 3K
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Topographic map of the pastures used in experiments 1 (left) and 2 (right).
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88, 1088, 8EBH LU BEBTHo72hY, GPS [CLBME
T—9 B LODIBEOEISEA 6 BILIT DERR B (LE#T
oA L, BITICAWNEREHIZTNTMNI
88, 688, 48BH LU 3ETHH.

THERR BB ISEEEST CREA vty b
IvE21—%%, *YFai—tv UM, KE) %25%EL
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3. MEERAE

BROOMB(CHAUbE 6 BB LU TR 11 JOy
7, 9BELIU10BIZ9T7 0y 2(IhHlS, BERES
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DEFEEBT D L) ITHERELAITICHL 2 KEE
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BABFICE T 5068E L OB 0eEIE, RE8
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AICHEHER (BETFIESRASD 2BV TAEL,
F15603.4kg Th o7z, HIRIIBRITL, FAY DEILE
[CREFARIB SUNEY 1 L—V 5185 L 7. SUgiE
[C&LBHBHOFEERILEE 6 A 241, 7TA 218, 9A
2238 LU 10 B 20.2kg/BTH 7=

2. REGHHLIUBHENBEDLE, FERIFEE
DHETE

BIEIZ6 A, TACHI1 BENS 48R, 9A8(C58
8, 10 BIC3 BRM&ER: L TITW, 1 B DBIEER (21
194 858/ /2. BRFICERANNS PHDVF— (%F
YZw BT, KR F/-I& 8 cEss s LK
BEREHEL. RN MDYV I —TE 102
BRDHD VI —EN 20 DU EDESE &> /- BREwE
KR YL, aEBlTEETE, 1 BBEMMDAHY
> MEH 5 @ELET 4 RS L 78R 2 IR S Il
LIXESHEEHTE L /. BFICGPS E#bLEEBL 2
3 3nb=CTREREERIERL 2. AR EBHD
FHET2 £E3HBORRBEOBIERMAES LUB
BRELFEL L/

REBEEE DR, 2F/2(E 30T & DBEERA
E X (IBEREITHL T 285088 (FR4BLUE
5 DI bW DEEFE > TUTORNS EE (TIRE
L, ZNo&2BEL 1 BOEEZELE L. &H EE D5t
BT, D88 DH Y OBERIEBEE 450uL/kg BW*™/[@
(Aharoni 5 2005 ; Brosh 2007), B&& 1 LIERH/-Y D
EE 20.47 kJ (Nicol & Young 1990) &= A\ /=, /=, Yama-
moto (1989) A'#RE L 7obELF (BL& 27.5kg) DLERF
03838 62.9 @ /5 % B W THXHLMBE & O I3 (TR
L, EEDETRICAW .

Y (kd/kg BWO™/2 £72(3 3 /1) =
450 (uL/kg BW*™/[@]) X #B854/0:6%0 X 62.9([@)/45) X
2(F 7213 3 ) X 109X 20.47 (kJ)
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SITICHEL 7o, e, 2Bk 1 EREKkDFHET DM, CP,
NDF, ADF %8I L, TDN [JFRMEDITEE (=L D
i, RR) ([CLoTHBoNAITEEEIC NRC FLA4E
ERZ% (NRC 2001) (CERESN/EEARTHERE L /2.

4. fREtERIT

BERF(CHVTRF L RBBFOBEMERAZDE
Bl 88A Z&(CE5T L, Kormogorov-Smirnov
test AV TEERARBICL 2 BEEREET /.

& ES

e 1 REROBIENAE OB

B\BRODFHKEE6A17.0C, 7H821.6°C, 98
17.1°C, 10 B 12.4°C TH>7=.

PR DERETCH T 2EL, EEHLIURNE
2R 1ITRLI. SEEADEL(L, PRA13.4~28.6
cm, OG A 11.5~45.0cm Th o1z, BRAEINDIBEES
L IEEEE B L UBR B THRL/Z1 B 18H/2Y DE
WEB(L, 136.4~391.5kgDM THY, BERAEHH

B 3-0D+HREEN D/ WED NDF EE(L
50.7~59.8% Th Y, —xBIE PR £7/2(3 0G EAEDMK
WE (B - BOEXRIMRSTHIERE 2010) (THNS
EORZ VMBI D o /2.

6 BB LUV BICHE T 5 MIE DHREIFE S ERERFE
hZFNZN 584, 58.6%, MM THEY A L —I %45
SLETABLU 108 T3 136, 436% &0 (&
2.

M ER BT 00 ED 9290, BEHEF(L
94,5 @), ITfrftkB8%(388.0RTH -7z (R 3). MRS
BED/0Fa% A 1.00 & L 7285088, MU ER B,
BEE(CHEWVTENTN 1.07, 1.08 EILfARBIELY B
BEICEM 272 (P <0.05). %7z, IREIFDLIGE
HE LU OB (77.30/4, 0.92) (&, IIFAREEFL
YL EEITEN - (P <0.05).

KB OB BHERAZINICEKR LI (TRL
. LYDOBBERIBEN2~4E, 4~6E, 6~8EIC
BT 2B088(EFNE41.08, 1.11, 1.10 THY, 0

Table 1 Height, herbage mass and chemical composition of grass before experimentation
on the pasture in experiment 1
June July September October
Height PR (cm) 28.6 27.1 14.5 13.4
0G (cm) 45.0 35.0 13.9 11.5
RCG 45.2 37.5 13.7 13.4
Herbage mass (tDM/ha) 2.2 1.9 0.7 0.6
Herbage allowance (kgDM/head/day) 391.5 327.5 136.4 194.4
Chemical composition DM (% of FM) 17.9 25.9 24.4 22.0
CP (% of DM) 11.5 10.5 13.1 12.5
NDF (% of DM) 55.9 59.8 54 .1 50.7
ADF (% of DM) 29.8 32.8 28.9 27.1

PR : Perennial ryegras (Lolium perenne L.), OG : Orchard grass (Dactylis glomerata L.),
RCG : Reed canarygrass (Phalaris arundinacea L.)
FM : Fresh matter, DM : Dry matter, CP : Crude protein, NDF : Neutral detergent fiber,

ADF : Acid detergent fiber

Table 2 Time budget for each behavior per observational time for lactating cows on the pasture

in experiment 1

Grazing Resting
Pasture Silage Standing Lying Rumination” Moving Other
%
June 58.4 — 9.5 7.5 14.8 5.2 4.5
July 13.6 20.1 22.4 16.4 23.4 3.1 1.1
September 58.6 — 3.9 16.3 17.4 2.6 1.2
October 43.6 14.3 6.6 7.2 25.1 0.9 2.3

— : No supplementation of grass silage in the pasture

Y Rumination during standing and lying

BES$R 83 (1) @ 47-56, 2012
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Table 3 Heart rate and relative heart rate of each behavior for lactating cows on the pasture in experiment 1

Grazing Resting Rumination
(Pasture) Standing Lying Standing Lying Moving
mean SD mean SD mean  SD mean SD mean SD mean SD
Heart rate (beats/min) June 94 .1 9.3 87.1 11.0 82.8 15.2 73.0 6.9 79.8 10.1 99.8 12.4
July 92.3 111 96.3 12.8 101.8 30.3 84.8 10.9 99.0 37.9 100.3 9.2
September 88.3  11.1 81.5 19.5 64.0 3.8 — — 63.0 4.3 84.3 14.6
October 96.3 24.1 88.0 9.8 79.3 32.7 68.5 0.7 85.7 45.3 80.3 2.9
Mean 92.9 84.3 77.3* 83.3 94.5
Relative heart rate”  June 1.09 0.09 1.00 0.91 0.10 0.91 0.10 0.90 0.17 1.15 0.13
July 0.97 0.13 1.00 1.04 0.17 0.94 — 1.01 0.25 1.06 0.16
September 1.11  0.14 1.00 0.82 0.17 — 0.05 0.80 0.15 1.06 0.15
October 1.15  0.18 1.00 0.95 0.29 0.89 1.01  0.41 0.98 0.10
Mean 1.07* 1.00 0.94 0.92* 0.93 1.08*
n= 22 22 19 9 19 22

YValue was the divided of heart rate of each behavior except for resting with standing by heart rate of resting with standing
* Means between resting with standing and each behavior with asterisk symbol differ (P < 0.05)
— : No recording with heart rate monitor

Table 4 Relative heart rate (RHR) of lactating cows per ascending and descending inclination (X°) during
grazing on the pasture in experiment 1

Degree Mean SD n= Degree Mean SD n=

Ascent 0=X<2 1.09 0.22 519 Descent —2<X<0 1.09 0.23 172
2=X<4 1.08 0.22 272 —4 <X =2 1.06 0.24 177

4 =X<6 .11 0.23 235 —6<X=—4 1.08 0.23 149
6=X<8 1.10 0.21 199 —8<X=—6 1.06 0.24 102

8 = 1.156% 0.15 165 = —38 1.09 0.17 40

*Means between RHR at an ascending or descending inclination of 0° < X < 2° degrees and RHR at an
inclination of 2° = X < 4°,4° < X < 6°,6° = X < 8° and 8° = X with asterisk symbol differ (P < 0.01)

~2 EOMXHNeE (1.09) EZE(Fah o7z BEMERA
£ 8 BL EDABXILIBEIL 115 ThHY, 0~2EDESL
YEBEEICSC (P <0.01), BRMERIBEN 8 ELU LT
DB EZENRontz. —h, TYDISBHERAE
(TH (T B 08% (L 1.06~1.09 DEEAR(CH Y, £
BRI ENENI L THES N LR T 21E0[ (74
nor-.

REFOMES OO EFBEREANICEKS (TRL. Lk
Y DBENREHD 2~4m/5, 4~6m/HITH (T BExIE
BEFNEFN 110, 1.09 THY, 0~2m/HDME (1.09)
EFERH%TH-Z. 6~8m/%, 10~15m/%, 15~20
m/HDE LV 20m/DLLEICE (T BB 0 iBE(L, 0~2
m/% (1.09) LYELFEEICEL, TATN1.14 (P < 0.05),
117 (P < 0.05), 1.21 (P < 0.01) LU 1.23 (P < 0.01)
ThY, 6m/DLULEOBERE TLBHRO EENE 5N
. =7, TYDEBERE(CH T 5/8% 085S 1.04
~1 1 OBEATHY, BERER TERLRERE,
BERENENL THOBHEN LR T 2O HEDL -
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Table 5 Relative heart rate (RHR) of lactating cows per ascending and descendingwalking rate (X) during

grazing on the pasture in experiment 1

m/min Mean SD n= m/min Mean SD n=

Ascent 0=X<<?2 1.09 0.22 317 Descent 0=X<<2 1.1 0.38 103
2=X<14 1.10 0.18 408 2=X</4 1.08 0.17 176

4 =X<6 1.09 0.15 200 4 =X<6 1.07 0.14 128
6=X<8 1.14* 0.17 107 6=X<38 1.1 0.27 86

g =X<10 1.12 0.22 72 8§ =X <10 1.09 0.30 41

10 = X< 15 1.17~% 0.27 106 10 = X< 15 1.08 0.17 58

15 =X<20 1.21%* 0.23 43 15 =X <20 1.04 0.16 22

20 =X 1.23** 0.36 73 20=X 1.06 0.21 67

*** : Means between RHR at ascending or descending walking rate of less 2m/min

and each RHR at the

walking rate of less 4, 6, 8, 10, 15, 20 and more 20 m/min with asterisk symbol differ (* £ < 0.05, ** P < 0.01)

Table 6 Height, herbage mass and chemical composition of grass before experimentation

on the pasture in experiment 2

June July September October

Height (cm) 111 15.1 17.5 18.3
Herbage mass (tbM/ha) 0.7 0.7 0.9 0.9
Herbage allowance (kgDM/head /day) 22.0 24.2 23.8 30.0
Chemical composition DM (% of FM) 22.8 26.2 23.3 26.5
CP (% of DM) 20.0 18.3 16.5 15.9

NDF (% of DM) 40.2 45.6 49.8 43.8

ADF (% of DM) 18.0 23.9 25.4 21.1

TDN (% of DM) 76.6 71.9 69.0 7.7

FM : Fresh matter, DM : Dry matter, CP : Crude protein, NDF : Neutral detergent fiber,
ADF : Acid detergent fiber, TDN : Total digestible nutrients

Table 7 Time budget for grazing per day and energy expenditure (EE) associated with grazing per day for

lactating cows on the pasture in experiment 2

June July September October
Grazing time (min/day) 520.0 520.5 584.0 500.2
EE of grazing® (kJ/BW°™/day) 346.3 345.0 306.2 310.2
EE per grazing time (kd/BW®"/hr of grazing time) 40.0 39.8 31.4 37.2
Estimate EE of grazing on the level pasture® (kd/BW°"/day) 345.0 343.9 304.8 309.3
EE on the sloping pasture/estimate EE in the level pasture® 1.00 1.00 1.00 1.00

3) =1)/2)

BEERAE (X5 NEBHLEIE(L129~164% T
Hot. TUYICDLWTHEBE 10 BDEEANTRITER
ZHtERLIEA (P < 0.05), BEERALL(C—2~0%
DEEEIEN RS, BIHERABEDEINEE S (THE
EEE (LR L .

KEEOESBEERA L L USHENRE L8506
] (F4, 5) #E(CHEL /-1 BOIRES EE (£ 306.2~
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346.3 kJ/BW*, KRB 1B L Y (TIRE T 5 & 31.4~
40.0kJ/BWO TH o7z (RT). Tz, REFDBEER
BEEZLYTY EHIC0~2 ELUT DIHE % FB At
EARTE L THEE L 723 & 8% EE (4 304.8~345.0 kd/BWO™
ThY, ERMTOEE(ZEAEETLSRA ST (FiB
HD 1.00 15).
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Figure 2 Frequency distribution of ascending inclination (left) and descending inclination (right) of lactating cows
during grazing on an inclined pasture in June (ascents n = 527 ; descents n = 486), July (ascents n = 1046 ;
descents n = 986), September (ascents n = 399 ; descents n = 375) and October (ascents n = 463 ; descents
n = 464), in experiment 2 (an ascent, June and October P < 0.01; a descent, June and October P < 0.05,

Kolmogorov-Smirnov test).
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Heart rate (HR) and grazing activity of lactating cows were measured to assess the energy expenditure
(EE) associated with grazing on an inclined slope. In experiment 1, the HR and movements of lactating
Holstein cows grazing on an inclined slope were recorded using an HR monitor and a global positioning
system (GPS). These data were used in conjunction with altitude to calculate relative heart rate (RHR : HR
during grazing/HR during rest while standing) per moving inclination during grazing. In experiment 2, the
moving inclination of lactating Holstein cows during grazing was measured using a GPS receiver on an
inclined pasture (11.8°) and the daily EE associated with grazing was calculated with the RHR values
obtained in experiment 1. In experiment 1, the HR associated during grazing and resting while standing were
92.9 and 88.0 beats/min, respectively. The RHR associated during grazing was higher than during resting
while standing (P < 0.05). Also, the RHR of cattle ascending inclinations greater than 8° (1.15) during
grazing were higher than those of cattle ascending inclinations of 0° to 2° (1.09) (P < 0.01). No difference
was observed between the RHR of cattle descending inclinations of 0° to 2° and the RHR of cattle descending
inclinations greater than 2°. In experiment 2, the time budget for grazing per day was 500.2 to 584.0 min, and
the percentage of cattle ascending more than 8° during grazing was 12.9 10 16.4%. The EE associated with
grazing per day ranged between 306.2 and 346.3 kJ/BW®™, which was similar to the estimated EE in cows
grazing on a level pasture. The inclination of a pasture therefore seemed to have no effect on the EE
associated with grazing, likely because the ascending inclination of lactating cows during grazing was less
than the inclination angle of the pasture as a whole. However, it suggested that the EE associated with
grazing estimated from the percentage of cattle ascending or descending and RHR was overestimated.
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