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1 #R5R%E
1.1 R SR

AARIGTE H R A A i T AR I R A PR A F
R, HALTHEHBAEILT. ki EELK, B
WRZER, BEEH, XFME, X508, H
RFEK A A . SRR A & XA RERRPHRE B R, =
SRFRTEIER, RSN 3~4 F. Wk 1 Fia, 2018
& 2020 “F[H), 7E 1 & 3 Hir W, kW H & &SN
13.78 'C, i A-15.67°C, HTHIBFKREUN 2.89 d/H,
PaAb R 3~4 G RHECN 15.44 d/H -

F1 2018—2020 £ 1—3 AR RIRR

Table 1 Meteorological conditions of Zhangye from January to
March, 2018 to 2020
ARG BRIEUR ARkRe T
FE4y o A Monthly Monthly Monthly ”
Year Month  maximum minimum  precipitation Days of level
temperature/C temperature/'C days/d 3-4 Northwest
wind/d
1 6 -26 4 20
2018 2 13 -23 6 21
3 25 -5 0 21
1 10 21 6 24
2019 2 9 -16 4 22
3 19 -8 0 24
1 5 -16 3 2
2020 2 17 -17 1 2
3 20 -9 2 3
T 13.78 -15.67 2.89 15.44
Mean
1.2 Rt
RIREH 140 kAR E R4, HohnHokEE=E R

41118 3k CP¥FE (513.23£39.78) kg) , L6 MEKE,
BAEE 15~20 LkERS, BMEE (FHE WA
18mx18 m; Wi/K &N FIH 22 Kk i &E
(515.93+53.42) kg) , 6 NEE, GANEE 3~43LF
e, FEANE S (EED A 20 mx4 m. 56 H3E 35 d.

I8 ] A Test fence ® IEiiR bR

Iy
I

56 A 1) 2 [ s el R R 4 kg/sk-ds R R H AR R U7 A1
AR FR R KT ik 25 AR A T3 (50%) 54
PREKRTTI (50%) JRA, P4 350 1A R) 4 ke ) el
12 kg/3k-do RIGHIA], FK 8:30 F1 14:30 ¥4 HARLLAIR
4 HHR (Total Mixed Rations, TMR) FEzC3E4T AL A ME,
H EHOK.

F2 REHERHAREANRRERNS (THREM
Table 2 Ingredient and chemical composition of diets
(Dry matter basis) %
TiH Ttems %4 Ingredient ttf5l Percentage
FK Maize 63.00
%k H Wheat bran 5.00
M Cotton meal 14.00
KRSy 1 Soybean meal 5.00
Ingredients THIER} Premix 5.00
SEWF Vegetable cake 5.00
#h Salt 2.00
/NFFT Baking soda 1.00
TH)F Dry matter 68.99
A E Crude protein 11.67
FARNS Crude fat 2.83
» HEF4E Crude fiber 16.81
ij&iﬁiel K Sy dee flSh 5.04
PB4 3831
Neutral detergent fiber
Ac%iZ Lei/:r/jenl f/'iﬁber 22352
45 Calcium 0.31

1.3 BRE#ER
1.3.1 Ae#hoKEAZF RN

ARG AR FREE IEs N 1 fos, HARP
Jil 11 ANERE N, 345, Horh s A 4 4
FEAEE DU F PG 2 AR (B 1 a BZARIRD Jyikde i H
Fo AN ERAR AN TE Y08 18 me JHHUK IR F LR
H i 9 B A 3 A B> AR AT e I A] 4 Y ViR
KRB SEHEIFAIOK o

WA i Monitoring site of environmental indicators

51
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Third column - ~N )
IR

T Heated drinking sin}
L5755%00007: ) i
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a. RIS RS ki FH A A o i ) b FREGI AT N #oRk R Ay B R 7R
a. Schematic diagram of fence dimensions and test fence layout b. Schematic diagram of environmental measuring point and
heating water tank position
A1 ARoKBEEFREXTER (11 mm)
Fig.1 Schematic diagram of fencing fattening with heated water
1.3.2 FiBRAKEANF LK BN 3.0 me E¥IN23 mo NN EENAE, B

ARG H IR KNI E 2 s, &N
TEIREEH . R ZEEMBCGRTRER, RPEER. Fak
120 m. #5FF 12.0 m. ¥ 2.5 me RAAH D HIA—IE
1 5EEAHE, EFTHMSE M 548248, 1%

LW MR SIAE AN G FOE KR E, B S 1.5 m, & 1.0 m,
BEROC SR, A R AL . A AR AEPIIS 3
AN AR D e B (I 2 B AR R, BN A K 20 m,
T8 4 m; BRI HR AL HR TOK
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140 I [l 4% Test fence

©® IAETHR A 5 W47 55 Monitoring site of environmental indicators
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W2 #ERKEANFREXTEAR (£42: mm)
Fig.2 Schematic diagram of in-house fattening with room temperature water

1.4 IMEiEtREN 5iHE

1) FEEfE b il

InFROK B T 855 % i K < AT 3R 55 45 s B 0 A
oI 1o AE 2 R . Tl S A AL P RN 0.7 AN
2.0 m i FEARA B RGE . M A BRI SR A

TR &AL TP A) 2.0 mo i AL AR BRI E il 5
LA~

RN EER 8:30. 14:30 A1 20:30 ME itk &N
WA MR KUE. AR R SR,
RIS FR AR 52 AT A SR 2 3 Fim.

F3 IMEERNENSE
Table 3 Environmental indicator measurement instrument

MRTR H RS v it AP
Item Model Range Precision Manufacturer
HE-40~85C RE£0.3C ‘ o
HE$10-EX i . YT BN RS R A A
TR B 0~100% BIE£2%
Temperature and humidity SEE-40~100°C EFL0.2°C
179-THL A . 3 (B HEOCHRARA A
HRIE 0~100% WIE+1.8%
3% Wind speed MODEL6004 0.1~20.0 ms™ +(5%+0.1)m-s™ TR BN A2 A SR A PR A 7]
kB Carbon dioxide GASTiger2000 0~10 000 mgkg" £3% RYIT T 2B PR AT
A, Ammonia GT-903 0~100 zzmol-mol’* £3% IR R T RHABR AR
2) REMERIR £ [2]= —6.56
CREMBIIRPR TR IT R R R BE N T ¢ |
Yﬂ%?ﬁgfﬁiﬁ THI[g]: . (2_26WS+0_23)U'454<29”'”*'” 6ws23 _logg 3(2.26 WS+0.33) 2] (6)
THI = 0.72x(T; +T, ) +40.6 (1) 0.005 66WS® +3.33
K Ty R TFERIRE, C: T, ARERIEE, C. s "
e L RAESHEIE 23 E, [3]:
AR E WCTH:
WCT = 24.20+1.1197 =23.721"" +.0.676 STV""* (2) E,[3]=00076RAD-0.000 02RAD-7, + |

i TARSEE, C; VARE, m/s.
o BLR AL CSTMY:
CSI=(11.7+3.1V,")x(40-T )+
481+418x (1)
K Vi WHPERGE, m/s; T, FHTRE, C: P,
NHSPERIRE KR, AT HPSREKESR 0, FHik P,
R 0,
AR TR R car'.

(3)

CCI=T, +E_[1]+E, [2]+E_[3] 4
R SR IR E[1]:
Eq.[l] — e(o.om 82-RH+1.8x107° T, -RH) %
(0.000 0547> +0.001 92T, —0.024 6)x  (5)

(RH-30).
RIgAEIE R EL E,.[2]:

0.000 057,>\/RAD +0.17, 2.

R T, 9REERE, C; RH NMHEIHEE, %; WS ANH
FHIRGE, m/s; RAD N H FIEEHREE, W/m’.

KA T T Y H BN B, 255208 741 vd"; 2
HIRBHHE BN 1 535 W/m®, BB fR] BAG TH5K b X H P
HIg IR 876.25 W/m?,
1.5 HKM4gE

RIS 1 KAEE 35 KRR R4 Fr &, &
BIUFAR RO RERE, TEPYHEGE. P
BIH R B REMR .
1.6 fRKIBE

RN EER 8:30. 14:30 A1 20:30 J5E 10 F &K
FEAR KR o 7KL 58 A5 38 B0 A2 72 B AR DI T A% L 7
RHA R AT, #5 TP60S, MR EHE A-50~300 C,
FEEE N+ C,
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3 i
1.7 BHERA
B A= CRALTIAN 3 25 -+ s A7 AR 1 2 ) <

B4 o AR (8)

1.8 HitA&E
K HH SPSS 17.0 GE it 345 22 i b MO A AR TR 0%
PLAs % AbFRZH S0 B2 R) 22 S B v, A s DL P
fEbriEZ” IROR, ARSI, P<0.05 N KT .

2 HZRES

2.1 AENAFEN TINEIER

D iRE

PG A A ) B AR 0 R R 4 R LK 4 F
F 5o oo B iR R S AT T ) s 3R I B IR 2 1 B
Ui P s H R P DAV 00 S I R Ak B85 T PR
B AR T-21 C R B05 5 H BOH LA I 5E 39 18] A 74
W R A K, IR

R 4 w50, EBANRIGHIR, UK ER E IR

H P28 5 B T K s B B (P<0.05) , HH
BAKENETEAREEEY S TRAE TRIESRE
(=21°C) , Tm#AUKEF & A SR E T WA IR
I PR BN ST HE 1119 he B 5 A%, niok
B B4R T T 80% MBI K o 76.78 h; 1 W iR
KB B 51 T 80% I A4 456.33 ho Ik
KB B RIS HF R E N 49.94%, THERKENE
AEIAEE H PR N 75.79%, INHOKER & B4l H 71
WERF LT HEKENEIEA (P<0.05) .

BB RR, METMHAOKEREEEEL, &
TKENE RS H RS, R IR BRI
FREAE FIRIG SR 2 b, (A G 74 BB B2
X EE BT KA N B IR B 5 5 & 1 A
PraEm, PRRBCRTEL . MASRE SRR, ok
FELR B A T A R B B R T K& M E AR
KEERH T MPOKEREE A N AREER, H
FEEAC, B BRI SRE

x4 FRBREXREE

Table 4 Air temperature between different fattening patterns

BETF-21C

D;?»‘El 1=} vH BF \/i/} vH BF
Kb I '_’,JME“F Eﬂ Ei.ﬂmg HoP Mmr.; Temperature below —21 C
Treatment Maximum Minimum Average daily T =T
reatments temperature/'C temperature/C temperature/(‘C-d™") I 2 EHH
Total hours/h Total number of days/d
L= =
i K I 18.03a -10.43a 2.50+4.98a 0.00a 0.00a
House-fattening with room temperature water
HOKERE
IR ELE A 21.36a -22.42a -4.52+6.56b 11.19a 4.00a
Fence fattening with heated water
H: ARNEFRERRARAF RN ZR R ETE (P<0.05) , FH.
Note: The different lowercase letters indicate the significant difference between different stocking modes (P<0.05), the same below.
*5 ATREIBEREXBEILTE
Table 5  Air relative humidity between different fattening patterns
. ; ; FXHEL 5T 80%
=2y S} R = o S fiE ST44] o RE ) <IF
Ab3 i @*Hﬂﬂ&.‘ ﬁﬁ*ﬁﬂﬂg s J)FH. XT{EE. Relative humidity above 80%
Treatments Maximum relative ~ Minimum relative ~ Average daily relative TN e,
humidity/% humidity/% humidity/(%-d™") i ~
Total hours/h Total number of days/d
L= =
i K 1 I 100.00a 22.34a 75.79+14.78a 456.33a 29.00a
House-fattening with room temperature water
Jn#oK A2 & HE Fence fattening with heated water 96.28a 5.40a 49.94+12.73b 76.78a 15.00a

2) RGH. BRI AR

TR I B A 5] B IR 20T & i 2 X . 2R IR
M A BRIR S RN % 6 Fia. WRIEWE, Libk
07 m EEIREE 2.0 m &F, WHiEKENEIER

PR 85 X T $5 S A T A K A IR R A B X
(P<0.05) ; W/KENBEEMARAKRESES Atk
TRIRBELE 0.7 F12.0 m /& J& Ab 35 8 3 T In#OK B A~ F
JE (P<0.05) .

Fo6 TRBEMEXBINE. RIRESZEURKE

Table 6 Wind velocity, ammonia concentration and carbon dioxide concentration between different fattening patterns

WU NH; i ik CO, JF #IRE
i % g Wind velocity/(m-s'l) Mass concentration of ammonia/(mg-m'3) Mass concentration of carbon dioxide/(mg-m’3)
» WiKENFIE oK E R H e WiKENFIE oK E R E e WiKENFIE Ik E R E R

Time Height/m ; ; . X
House-fattening with  Fence fattening with

room temperature water heated water

House-fattening with
room temperature water

House-fattening with ~ Fence fattening with
room temperature water heated water

Fence fattening with
heated water

8:30 0.7 0.25+0.08 Aa 1.18+0.27Ab 5.10+0.68Ba 0.01£0.02 Ab 2337.40+£313.38ABa 1 181.29+44.57 Ab
) 2.0 0.16+0.04 Aa 1.50+0.39 Ab 5.84+1.34Aa 0.01£0.02 Ab 2 614.12+£279.98Ba 1 188.56+39.63 Ab
1430 0.7 0.28+0.07 Aa 1.46+0.46 Ab 2.93+1.51Aa 0.00+0.00 Ab 1972.77+£262.01 Aa 1135.74+25.41 Ab
2.0 0.24+0.10 Aa 1.81+0.60 Ab 3.99+1.92Aa 0.00+0.00 Ab 2 084.21+346.67Aa 1137.52+25.58 Ab

2030 0.7 0.21£0.09 Aa 1.51£0.50 Ab 3.98+1.16ABa 0.02+0.05 Ab 2 658.24+281.18Ba 1 149.96+27.55 Ab
2.0 0.15+0.04 Aa 1.94+0.77 Ab 4.61+1.53Aa 0.02+0.06 Ab 2 939.19+299.87Ba 1 147.52+29.96 Ab

T AFRE FREORFE —mEA RN 2 Z R B E#E (P<0.05) .

Note: Different capital letters indicate the significance of the difference at different times at the same height (P<0.05).

RIS HITRL, i A K B A AR T ) R
e INAOK B B IER A RGeS 2, SRR E

Ko HBAR 3 AN ] 508 TR K& N E IS oK
B2 ME B RGHE AR A 1% L, B0 4% IR TR) A 2 ) R 22
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ARZE (P>0.05) , LRI B KOELE R — RN
AR E s IR A A R K S N E AN POk B F
T2 3 AN R] fURT 2 AN B v BE I P B 2 R FE 3 R
Fr, B NH; i SR AT 20 mg/m®. 1% K& W
HIEAKIEE COWKEE, B 14:30 B 0.7 m 2 &P,
HABHET 1500 mg/m®, #H 7 Z R AT bR &
WOH B R AR e . R E R K &N B4 D
WA E 2%
3) LREMEIRPR
CREMBIRbR A R 7 Pos. HiEAKENEIEA
FIAEE THI. WCIL. CCI 20528 (34.71£1.77) « (117.82+
9.16) kJ/m>h f1 (—-6.56+1.58) C, ¥EEHT (P<0.05)
Tk B RS & AL (21.74+2.78) « (12.38+10.38 )kJ/m*h
Al (-8.35+1.09) C.
#z7 AEBERENRENEEINEER
Table 7 Comprehensive environmental indicators between
different fattening pattern
TEIRB WATRB o sy VORI

R ER Temperature Wind chill gﬁ -~ Cold stress
omprehensive

Treatments humidity index/ climate index/C index/
index  (kI'm*h™) (kI'm>h™)
P =] =3
K IR L N
House-fattening with  34.71x1.77a 1(1)71' 2?1 6561582 | ? 26 75?5
room temperature water : ’
puIE:YINGEE =S
™ + +
Fence fattening with 21.74£2.78b 1538 835¢1.00p ' 3009

heated water

AN, WIEKEN B IRANIAES CSI N (1 067.85+
12.56 ) kI/m*h, W& ZFAK T ok B2 E R4 K

(1301.69+7.87) kI/m*h. WIZEMAKSZIEEE . AR
HERS R RS EM, iR MR ERE —
SERMRYE, ARG T UL 4 Fhgs SRR RR, fths
BN A A SO PPN IR R X AR . 2R FR
Befebr el DUR I, H K P B BEAR X (0 A 358 F Ui 10 €
AR KA B R T POk BA: B AR R, X 5458
1D o EK S A B IR BT 2)
FORH B 25 PR I 258 2 — 3
2.2 AREEAFERTAFBERKMERENRKRE

TG I (8] AN 5] B BEASE 2R PR 4 1 AR M R A AOK IR
R 8 Fin. PR E IR RE-FRPIGE R R K
FLEMIE H R RSB EEZR (P>0.05) . M#K
FIREH R4 RF H &N (1.40+0.39) ke/d, W&
BT EIRKE N E B4R (1.14+0.47) kg/d (P<0.05) ,
MAKEEFRENFMHRESRESHWBR R A
8.83£3.63, WEM T HE /AKENEIAR 12.11+6.34
(P<0.05) ; Bt 58 HA )i # ok A & AEZH H~F 351k
JKIEFEN (20.58+0.91) C, &3 m THiRKE N E A
) (7.20£1.70) ‘C (P<0.05) . LA E&EHRFE, hn#ok
Bl E s Rty B 5 R e E RN E, 4HEn
FE . X AT RE AR BT I #OK FE R B AR A A ORI
ERTEEAKENEIRANRE, £FRAERAH AR
PemR B AR E E, JRiE R R R A TR R R R
TR 2, 3 — DA TR AR RN, R
2R LA R A A K P e

*8 ATREBRENX BRI AFEF1TRE
Table 8 Growth performance of beef cattle between different fattening pattern

4hEm I R RE2lEE Ve FHIARE R BL L SPRIOKIREE
Treatments Initial body Final body Average dailly Average daily feed Feed conversion ~ Average water
weight/kg weight/kg gain/(kg-d™) intake/(kg-d™) rate temperature/'C
R KE N H I
. . 515.93+53.42a 560.27+54.94a 1.14+0.47b 13.81+£3.02a 12.11+6.34a 7.20 £ 1.70b
House-fattening with room temperature water
+ SPAS
IARK R 7 A 513.23£39.78a  567.73+38.41a 1.40+0.39a 12.36+1.42a 8.8343.63b 20.58+0.91a

Fence fattening with heated water

2.3 KiMXEEERSENEREZRALR

R 5 L AR e B 9 P oA 8 B A T AR e A 9
F, %380 g e 2 A EL S B I DX I 1% X F A7 [T
FHb 2R LL 0.78 76/ (m*a) fliit, EFH4ERA 50 a i,
B 39 Jo/m’ . INHK FEES & IE-5 5 Tk 5 4 B IR A 2R 4
FEEEAF, R AT SEREARAE,  F g s A
T 25 & LG/ Sk N B

DL & 8 f iy A B M DX 3 B T AR SR i
FEIA B A X el et 2 I AR 80 000 m?, EHEHR L) 1040 J5
TG CHBRHTN, AEEHSA) , & 130 jo/m’. ZEHRIX
BRI FR 4 400 kB IRA:, AAEkAR G 18 m®, HHRA
#4139 jo/m®, FERE XS ER R AL S 3042 T0/k.

N E IR B SRR, DR AL RR IR
ZERIZ) 300 Jo/m’s AR T2 80 Ji/m?; TRk 1M £
150 Jo/m’*; [1E %) 30 Jo/m*; KHEILEHEZ 40 000 JC,
1 440 m* HH A A 30 o/m*; WAEHEL 50 o/m’, &
T4 640 Jo/m’. AN E EAEZE 200 kB EE, A6k
A 7.2 m?, BHIUERAZ) 39 To/m?, AN B B X ST

WAL E 4 889 Ju/k. A WK X FEIAE B B2 i
TN N B AR T 37.78%.

3 i i

TP 3 PR P R 5 R 0 P 5 B i P A A K
MR R . WA RN EEHRIREZ N 3~
20°CH, TR BRIG SR A-21CM . FEA BT ] B T EUA
PR AR, BETTRE AR RGN, A E A
B2 RN AR S, R A AT, IR
RIS R 7 EAUM AR R R, B EIAEGR
JERFTRRE 1°C, WAFTR4ERFRER LR R 2.89 ki/kg AU
I ARE R, 5EIEAKENE LML, oK
FELR A IEZH A B P 2 2 P, R BN T
Ak RMIAKIR SRR, InIOK AL E AL - 1
T2 H R R S TR KA B IR, HE R
BHRE R R E . XaRR b T 5 RIRKEN
FACALE, oK B B IR SR B B A P A, (EF
AR B 35 WA PO A A K B R P AR Kennedy 2517
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WAREREY, F£-20CHET, R 10 h £ 214 M
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Feasibility analysis of the drinking heated water under fencing fattening
mode of beef cattle in winter

He Tengfei'?, Liu Tianxu'?, Long Shenfei'?, Zhang Xiaojun?, Liu Ruibing'?,
Ling Xiaofan?, Liu Jijun'?, Chen Zhaohui***
(1. State Key Laboratory of Animal Nutrition, China Agricultural University, Beijing 100193, China;
2. College of Animal Science and Technology, China Agricultural University, Beijing 100193, China)

Abstract: This study aims to clarify the effects of drinking warm water under fencing fattening modes on the growth
performance of beef cattle in winter. A field experiment was carried out in the Zhangye area under the two modes: fencing
fattening with warm water (average drinking water temperature: (20.584+0.91)C), and house-fattening with cold water
(average drinking water temperature: (7.20+1.70)°C). Some thermal parameters were measured, including the temperature-
humidity index (THI), wind chill index (WCI), comprehensive climate index (CCI), and cold stress index (CSI). 140 fattening
cattle were collected to divide into two groups, including a fence fattening with warm water group, and a house-fattening with
cold water group. In the warm water group, 118 fattening cattle (average body weight at (513.23+39.78) kg) were divided into 6
repetitions with 15 to 20 fattening cattle each repetition, and the area of each repetition (fence) was 18 m x 18 m. In the cold
water group, 22 fattening cattle (average body weight at (515.93+53.42) kg) were divided into 6 replicates with 3 to 4 fattening
cattle in each replicate, and the area of each replicate (fence) was 20 mx4 m. The period of this experiment was last for 35 days.
The total mixed ration (TMR) was mechanically fed at 8:30 and 14:30 every day, and the water was taken freely for each
fattening cattle. Some parameters were measured and recorded at 8:30, 14:30, and 20:30 each day, including the air
temperature, humidity, wind speed, carbon dioxide concentration, ammonia concentration, and the drinking water temperature.
The fattening cattle were weighed in the morning before feeding on the 1st and 35th day of the experiment, where the feed was
weighed and recorded each day. As such, the average daily gain, average daily feed intake, and feed conversion rate were
calculated, according to the feed. The results showed that there were significantly lower air temperature, humidity, pollutant
gas concentration, THI, WCI, and CCI of fencing-fattening with warm water (P<0.05), whereas, the wind speed and CSI index
was significantly higher (P<0.05), compared with the cold water group. The average daily gain of the fencing fattening with
warm water beef cattle was (1.40+0.39) kg/d, which was significantly higher than the (1.14+0.47) kg/d of the house-fattening
with cold water beef cattle (P<0.05). The feed conversion ratio of the fencing fattening with warm water beef cattle was
significantly lower (P<0.05) than that of house-fattening with cold water beef cattle. The construction cost of fencing fattening
with warm water was 37.78% lower than that of in-house fattening with cold water. In conclusion, the fencing fattening with
warm water mode in winter presented a lower environmental humidity and less harmful gas concentration, such as carbon
dioxide and ammonia for fattening cattle, which was more conducive to the growth of beef cattle.

Keywords: temperature; environmental regulations; fattening cattle; fencing fattening; house-fattening; water temperature;
growth performance



