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Table 1. Bed and bedding in each period

I I 111
Resting barn Resting barn Cattle shed

Number of steer 4 4 4
Space of bed, m? 26.4 26.4 25.2
Space of section, m? 8.8 8.8 8.4
Floor material Soil Soil Concrete
Bedding

Section 1 Straw Straw Straw

Section 2 Wood Shavings wood Shavings wood Shavings

Section 3 Volcanic gravel Volcanic gravel Volcanic gravel
Concentrate offering,

(kg/steer)/day 4 6 6

Table 2. Outdoor meteorological elements (Average)
1 I 111
Resting barn Resting barn Cattle shed

Air temperature, °C 3.6 -5.1 -3.4
Relative humidity, % 78 74 89
Wind speed, m/sec. 2.35 2.24 1.81
Rain, mm 1.8 0.0 0.1
Snow cover, cm 1 30 50
Sunshine, hours/day 3.7 1.8 3.4
Soil temperature, °C

5cm depth 5.0 . -

10 cm depth 5.3 1.0 -
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Figure 1. Changes in meteorological elements during experimental period. —— Outdoor, ------ Indoor.
Table 3. Indoor air temperature and surface temperature of hair and beddings (Average)
I 1I 1II
Resting barn Resting barn Cattle shed
Air terperature, ‘C 5.28 -2.5° 0.7¢
Surface temperature of hair, °C
Right back 13.42 6.6° 13.52
Right belly 14.72 9.1° 14.8°
Surface temperature of bedding, °C
Straw 2.8 -1.3° 4.3°
Wood Shavings 2.9° -0.9° 4.6°
Volcanic gravel 1.78 -2.4° 2.7

Averages with different superscripts differ significantly (p<0.05).

BRI/ B) 79 58% 13 1T #EDHT 63% I LE~NEE (p<0.05)
BT (F ), SBROMEARRIZ, [HTIER,
AYF 7 ABLUCKIUBORICEEEZ (p<0.05) 256,
ERTOMMBEMSR LR o2, T IIHTRER
LAV F 7 AOBCHERED 2 L, KL OREEARR L
EE (p<0.05) KEH» >z, BEROBEENBRTIZERI D
NTEEL, HHKEEROERVHFER TIEL, &

ETENS LZ I TOEEANERT 2HABA SN, [TH
BT DAY XOBEBFES [ HoZh X &R
I RE»oT: (FD),

1 HOA BRI T HEC 1.3 BsRE, 11 87T 1.7 By, 111
AT 2.8 BER L 2 0, T HA & 11 #Ri3 11T Hwo be 1.3 BERE
BYEE (p<0.05) W8>, 72, 17K ik
f/8) S TH & 11 AR R o 7o Wtk HE I 1T 3



182 i - ZE - fE

CTHOBICEEEZS kol (£, FEEi (I1HB) WCHERIRREDEBRVHEER THER,
” = BECTEND LEEZ I TOMMERIT, #>F+ 72X
) TORBBRINIHOZALDES kofz, LivL, I

8}
. H
- = =2.6240.
520k y=12.92+0. 70x y=2.62+0. 70x L.
2 r=0. 84 © o} re0.67 :
. 8
o
s 15 F © 5L
o %
o &
% L
o [}
5 07 g
© R
:; o
g g 5
. 3
Q -
& °l- . 5
e .
3
< \ 2 ) - 2 2 )
-10 0 10 -10 -5 0 5
Average air temperature, T Indoor minimim temperature, T
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Average air temperature : period I and II
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Table 4. Time spent lying and standing, percentage of time spent lying and standing

I II 111
Resting barn Resting barn Cattle shed

Time spent lying?,

(min./steer)/day 8282 8242 908°
Time spent standing?,

(min./steer)/day 792 1022 166°
Time spent lying and standing,

(min./steer)/day 9072 9262 1074°
Rate of time spent

lying®, % 57.5% 57.7% 63.0°
Rate of time spent

standing®, % 5.6% 7.12 11.5°
Rate of time spent

lying and standing, % 63.1¢° 64.8° 74.6°
Daily gain, kg/day 1.08 1.12 1.22

Averages with different superscripts differ significantly (p<0.05).
D Time spent lying on bed.

Time spent standing on bed.

Time spent lying/24 hours.

Time spent standing/24 hours.
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Table 5. Time spent lying on each bedding

. Wood Volcanic
Straw .
shaving gravel
Time spent lying, (min./steer)/day
I Resting barn 6242 200° 5¢
11 Resting barn 4512 372* 1°
111 Cattle shed 466° 439* 3°

Averages with different superscripts differ significantly (p<0.05).

BB H 077 XCOBEER L D IXE» o7, L
fehdo T, EEEMHO 1 HREEARFR BRI E S (1 H#H)
DHBBEREE () &0 10%IEELHL B, 11
BT, BROXRHBESHE LEV KLU OEELNE &
AERD STz,

BEOWHERE IEENAORBIE S FEENT,
MEOREECICERLBGRRH - 12, HIP 3, KE—
BHE-BEORENEIPEABEOREKNE D, HER
EOTHRIBEREEVETICLELLTWE, ZOBE,
REEEOETIC L 23ERIBHEOWEBMEIC L 0l
HENDLH, BENEND L ZOMBERELETT
27, Licio T, BEOWERENHBHORRIET IO
#gsh, ThicEEH (TH) oBBKESTCRESI
Lo THEEBOBESNENT, ZOREBHENETT2H
DEFEZOND, Lizdo>T, BEEIICBESHERERT
Hh, BETHEND & Z ZOBEEVEED, SEHEE DK
WEBREE (1) 075 3 8RHEE O B W B4 (11
#) L0k 1 HOBBARRSE % 57, Gonyou and
Stricklin® B & OISO DIMETL TR EFRRDZ L8
BRENTVD, PUED &S 28R ORI, BRI
EEHBENIRET, SORENBRTHENT S Z L
TETHHRBIEL 2T 572D DITERIGE AT L
725 %, Gebremedhin 52 &, 7V — A h—14&EIB
WA & 24KROF RN, ERCERERED
BuaryzY—rRbRZ-ELTVE, 2D
L, K CHERREO KU COMBASIZ LA LR
ST, LhbEEEHICIRERE OEVLEE BN S
o EBEEx L2 D,

HUEDZ Eho, BEEH(12~2 B) 0Bk ES TR,
HERB I UBS L 2BPOEN L REBEOETIZ
&-T, £B40 1 HERRsERFEOZN L0
Wk edbhrol,

3 ¥
TVAY A EEBE 4REA, BEHOKIRRE

DBAK B &N ORBEENTENC BUZ TR 2 BBl s8I &
BEE S TR L7 AR, 11 B4 H» S5 11 B 24
Hq#), 12A30H»6FE1H198 (I#H) BLU
1A238»5 2858 (I#) L7, &8, 18
1AL BEMA RS, I S 3 BRF-E 2R, 8

OFHKIERIZ THSHK 3.6°C, ILHALH—5.1°C, II1 s
H1-3.4CThotc, EENOFHTRT [HHNE S, I
R, 72, BEHBER, FR, 4V F 27 ABLIUK
IO WFR S 1T #8551 #1-1I1 Bl L RERIE» > 72,
1 HOREARSRIZ [ B3 13.8 R, 11 #H48 13.7 BERT, 111
i3 15.1 BEfC B - 700 BB, 1T IR B SN O
DHERTHEN, BETENDS LT ZTOMEAERIT 3
@D H - 1z, FBED 1 HEEERLIE, THTCRrRERT
ORISR bR, R, # v F 27 ABLTKILB
O BEELH o7z, I IIHTREREA Y F 2
ADOMEEZRZ 2, KIUPDOMMEEsER I E,
o7ze MEDZ id, BEEAOMBKESE THEBFD
BEEARSE S HER IR 5 & U EIC L 2B OB & BobHR
EOETT, BERFAEOFNIVEL B I LE2REL
TWw3,

X [

D T 1, 1992 0 OFROME R, &0,
10: 59-63.

2) Gebremedhin, K. G., C. O. Cramer and H. J.
Larsen, 1985. Preference of dairy cattle for stall
options in free stall housing. Transacsions of
the ASAE, 28: 1637-1640.

3) Gonyou, H. W. and W. R. Stricklin, 1984. Diural
behavior of feedlot bulls during winter and spring
in northern latitudes. J. Anim. Sci., 58: 1075~
1083.

4) RAN=%, HFEEMH, HEHEDE, LAY, #d
F=, 1988, 7V — X b—VAEESOFRMEE BT 5
R~ A b —VERC T 2 BEFOBIRKIG. &



184 FHHE - FH - R

AR, 48: 43-51. J. Daily Sci., 65: 146-153.

5) BIREMNE, IRHEE, 1990, L¥EEC BT 2EN 11) Shibata, M. and A. Mukai, 1979. Effect of heat
SURD LA T 2 WA OITBIRIG. HELR, stress and hay concentration on milk production
61: 690-694. and some physiological response of lactating

6) g &, ST, HROTER, KE=ER, 1986, cows. Jpn. ]J. Zootech. Sci., 50 : 630-637.
BEOENIZ & b ) BHREOITEEIC DT, 12) BHZ=R, WIBET, FRE—, KIEM, JI4@
KEDEHE, 22: 32-34. K, WBIREH, 1992, BB L VETEEN7 ) —

7= B BRHEEE, 1990, KETHY, pp. 24-64 A b= NVEENOBAALOTEIC KT THE, AX
HEE, HH, KEEHIRRE, 28: 55-61.

8) HIFR, SITfe—H, FTE F, 1987, HE, FEE 13) M %, 1983, HEZ DL E S 5 EREEE, pp.
ZHoNKRBSERERICRIZTHE, FEOETH 85-86 HEH, HH,

22: 103-111. 14) Young, H.G., M. A. Hellickson, J. L. Reeves and

9) MWPS-1, 1983. Structures and Environment M. J.Owens, 1972. A time-lapse photography
Handbook, 701.2-701.3 MWPS, Iowa. . study of free stall housing for daily calves.

10) Natzke, R. P, D.R. Bray and R. W. Everett, 1982. Transactions of the ASAE, 15: 751-753.

Cow preference for free stall surface material.

Summary

Four steers were used to study the effect of the meteorological environment during periods
of severe winter on lying behavior. The experimental periods were from November 4 to 24
(period I), from December 30, 1992 to January 19 (period II) and from January 23 to February 5
(period III). Steers were raised in a resting barn in periods I and I1, and in a cattle shed in period
III. The bed was divided into three sections. Each section had a different bedding (Straw,
Wood Shavings and Volcanic gravel). The average outdoor air temperature during each period
was 3.6°C in period I, —5.1°C in period II and —3.4°C in period III. The average indoor air
temperature was lowest in period II, and highest in period I. The surface temperature of each
bedding in period II was significantly lower than that for periods [ and III. The daily time spent
lying was 13.8 hours in period I, 13.7 hours in period II, and 15.1 hours in period III. The time
spent lying decreased due to dirt in the bed, particularly when the bedding was dirtied by manure
and snowfall in period II. The daily time spent lying was significantly different for each
bedding, and that for the section of straw bedding was longest in period I. The time spent lying
on the section of volcanic gravel bedding was shortest in all experimental periods. We con-
cluded that the time spent lying in the resting barn was shorter than that in the cattle shed during
periods of severe winter, because the bed was dirty and the bedding surface temperature low.
The time spent lying on the section of volcanic gravel was shortest during periods of severe
winter.
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