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Yo, SR R BRI KPR BB AR AR 0T 2 IR A R A PR
BEAT R, AW 2 SO RN T SR A4
1 MR55EE%E
1.1 Rt

IRIE K RO R S IR B R 792, W 12 g AR
JREAT BT AR CNBFEEHLAE, 2 A,
(18+2.1) kg) ML AW, 46 X, aliazTm
R ERE . BTN 5.0 mx8.0 mx2.0 m, H
F(1.0mx1.5m) FFF. 2 AN R E 5 5% A
60% F1 80%, SR HBREEIEH L, M 21.5 C FFUEHHR,
£2CRN—ABEETFE 355 °C, MEEERS:3d, e
FNMR RS B E A SO A KR ta bR, IETHEER
Bift) Ty AMRIE N 24 do WRIE VIR 1 FioR.

=1 AT RRSERESH
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Table 2 Composition and nutrient levels of total mixed
ration (dry matter basis)

T H Items % & Content

K Maize/% 32.2
k17 Bran/% 8.0
T Soybean meal/% 20.0
e Peanut vine/% 18.5
£ Chinense wildrye/% 19.0
/NF4T Baking soda, NaHCO,/% 0.7
#h Salt, NaCl/% 0.8
H A4k R Multivitamin/Y% 0.2
HAEH Y)FE TR Mineral trace elements/% 0.6
&1 Total/% 100.0
M 4L Metbolic energy, ME (MJ-kg ™) 11.79
HE E Crude protein/% 14.35
HLARIT Crude fat/% 1.97
PP 4 41 4 Neutral detergent fiber/% 26.45
FRVE S AT 4E Acid detergent fiber/% 20.14
5 Calcium/% 0.55
T Phosphorus/% 0.32

Table 1 Experimental design and Temperature-humidity index
distribution
FHR I B HTRTE =R
Relative humidity/% Ambient temperature/'C  Temperature-humidity index

21.5 67.86
23.5 70.66
25.5 73.46
27.5 76.26

60 29.5 79.06
31.5 81.86
33.5 84.66
355 87.46
21.5 69.28
235 72.48
25.5 75.68
27.5 78.88

80 29.5 82.08
31.5 85.28
335 88.48
355 91.68

1.2 1AFER

AR B SRE X, H 7:00 77T H BT R
M, 21:00 K HOGAT o BT 2 d BEATVH AR ATE K. TH
B, BR e NN, AR — AR R R
BRI S [A] ) 7R PR — B, AR ERURL IR A HOIRE R '
(#%2), HohGaddmhaTwimmhigt: va
117 000 IU. VD3 175 500 IU. VE 750 IU. VBI1 350 mg.
EEV B TR B AT IR R g gt 110 mg,
Fe 1 200 mg, Cu 600 mg, Mn 7 500 mg, Zn 2 000 mg,
Se 25 mg, Co 30 mg. RLHE H HIKK.
1.3 WIIERRR A
1.3.1 AT

1) R

TRURPERS L e Jm — H - ] Testo-890 ZLAMAK
B GERE: —20~350 'C; JEHKSEZ: £2°C, PKIuH:

& ORBRENTHRE, JERINME.
Note: ME was a calculated value, while the others were measured values.

2) WRHE AR

TR AR R — H A AT AR U P IR AR
SRR 2T HOT R PR i B 0 8 ket (1 T M, SR
W3 min, THERES BT EIIFIR AR .

3) B

TRREME &G — B riEs AN ERRE.
H iR A S AR EATIE, WEEARE,
PR K ERAE R 35 °C LLT, ISR B EOF R 71
Ja, GERHARLTIN, OR4F 3~5 min J5 U, AR
T LRI AR AL
1.3.2 ARMARIET

D REE

H o A A S B RS I 2 AR &, TRH 6:00
X BAR A, TR H R B R (dry matter
intake, DMD) =¥kl E—FIkl &

2) YoKE

B Hid s A FYOKRIA IR, KH 6:00 0% R
Kim, HHEPSIHYUKE (averagedaily waterintake, ADW) =
AR BRI RAKE.
1.4 BURDH

K F GraphPad Prism 7.0 X 22 (AR 3R I5 BE . W A4
M E i SRR R RBATRE . ©% HUYNH
S TR, SRA SPSS 19.0 it Bk b A B s 1A 43
Brs XPESETR R IR AR LB S8 (SRR L
WEIRARE . B AAERKMRE CREE. OKED
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B 1 RRRIEE T B A A AR e AL
Changes in physiological indexes of weaned lambs under
different temperature and humidity

R ARLNE AP AL T 21.5~35.5 °C I
() 3 TUEFR AR B AR R, R R 60% I,

Fig.1

29.90,T <22.99

- R'=098), (3)
! {29.90+0.48><(T—22.99),T>22.99( )

28.00,T<23.25

= R=0.99), (4)
2 {28.00+12.25><(T—23.25),T>23.25( )

B 38.52,T <26.69
37138.5240.33x(T=26.69), T =26.69

TR E Ty 80% I,

(R*=0.99); (5)

29.97,T <22.33

_ R=097), (6)
n {29.97+0.47><(T—22.33),T>22.33( )

32.00,7<23.02

= R=0.99), (7)
2 {32.00+15.11><(T—23.02),T>23.02( )

) 38.55.7 <25.41
Y37138.55+0.30x(T—25.41), T =25.41

Aoy NIRRIEEE, Cs y, NFFIRARER, K/min; y; A
HipEE, C.

M ERAXTTLLEE, REREGARE1C, &
W B R AR R B g iR B T A 0.48 C
12.25 X/min F10.33 ‘C (60%) LAK 0.47 °C. 15.11 {X/min
F10.30 C (80%) .

1 BATEH, AR R SRR
FEAN A 24 3R 8506 FF ik 22.99 'C (60%) F1 22.33 C
(80%) I, RFKIRE RN S MEWRRRE B,
MINEEIR EIS 23.25 'C (60%) A123.02 C (80%) M,
WP 2 5 I T s B I B 1 R B
RS, YiRJEIL 26.69 C (60%) H125.41 C (80%)
i, AR &I A
2.2 EEFEKMESEREEMIELMER ST

HPE 2 AT%0, 60% Fl 80% ¥R JE 2614, @it JELk vt
(5] U= 73 A7 ] #3 HH A S R Ab T 21.5~35.5°C BT 5 76 26
AR RE IR AR A R, R SRR 60% I,

1014.57,T <24.95

(R*=0.98). (8)

- R>=0.94),
Y4 {1017.57—28.40><(T—24.95),T>24.95( )
)
3253.06,7<23.02
Ys= R*=0.92),
3253.06+301.66x(T—23.02), T=23.02
(10)
BN 80% I,
1012.79,T7<23.12
Vi= (R*=0.89),
1012.79-27.49x(T-23.12), T=23.12
(1D
3278.69,T<23.43
Ys= R°=0.92).
3278.69+325.85x(T —22.43), T=22.43
(12)

Xy, NRBE, g ys NMIKE, mL.
WERERTHE 1°C, REETEK 28.40 g (60%)
F127.49 g (80%): TR/KENIZ 7 301.66 mL (60%)
F11325.85 mL (80%) .
ME 2 BT F W, R AT 21.5~35.5 C i,
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en
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a. Changes in feed intake of weaned lambs under
different temperature and humidity

12300 7 ez

Relative humidity/%
10000 F @ 60

S = 3
gy

2500

Average daily water intake/mL
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i Temperature/ C
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b. Changes of water consumption of weaned lambs under
different temperature and humidity

B2 RRRIEET B A A KM A
Fig.2 Changes in growth performance of weaned lambs under
different temperatures and humidity

2.3 WiNEFEAIBIERSRIEIEHAVEL RIS
B IR b T 21.5~35.5 C I, 2 BB & 1F R,
Ty AL TS N 67.86~91.68. it A2tk [ )9 70 #r 45
BT 7% 26 SR AR ER AR ARBE Ty FH S T AR R (] 3D,
HENE TR R
29.94,T<69.84
= {29.94+0.30><(T—69.84), r=69.84 K =095

(13>

31.78,T<71.46
Y2= (R*=0.99),
31.78+9.30x(T~71.46), T=71.46
(14

38.53,T<74.83
Y 3:{38.53+0.19><(T—74.83),T>74.83 (R*=0.96).
15

T STHE 1, RFRIRE . WP R B i 4y )
25 0.30°C . 9.30 Y/min F10.19 C.

Ty 0T 67.86~91.68 (21.5~35.5 C, 60%~80%)
TEE K, % T kT 69.84 LR, AR IEEHIXNEE,
T 7% 69.84 B, (R JE BRI BEE T, 8900,
Ty 3% 71.46 I, WPURARCRTT UG 2GRN B ETT
HELRVESE NG Ty BIEN 74.83,
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a. Changes in body surface temperature of weaned
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b. Changes in respiratory rate of weaned
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{245 51 Temperature-humidity index
c. A FHR AR ECT W26 R R 1
c. Changes in rectal temperature of weaned
lambs under different 7},

B3 RRRIZAERT Wi A A A AL
Fig.3 Changes in physiological parameters of weaned lambs
under different Temperature-humidity index

2.4 BEFEKMEESRIEERAIEL RIS
4 mE, Ty 4T 67.86~91.68 (21.5~35.5C,
60%~80%) JulH N, AKMEREIENF CREESTUOKE)
5 Ty W B HEZRPE AT R AR
1013.98,7 <72.11

- R*=0.91),
Ve {1013.98—18.04><(T—72.11),T272.11( )
(16)
3265.87,T7<70.12
ys= ®*=0.91).
3265.87+203.80x(T—70.12), T=70.12
QYD)

T &9 1, REEMK 18.04 g, MIIK/KERS
203.80 mL.

Ty HASAETEELN 67.86~91.68 (21.5~35.5C, 60%~
80%) , Ty N 70.12 I, AR/KEIT 46 R I 214,
M Ty 18 7211 B, REEITIR LR, M Ty & F
ZBECLU TR, PO K Re e bR i A R AR B AR
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Fig.4 Changes in growth performance of weaned lambs under
different temperature-humidity index conditions

2.5 BRERFERNBAERRENEED T

I IR W SR A SR R S B S AR B R AR R
KAERESRAR (AR Lk B3 0 Hr, PRBEIERE 21.5~355 C
A 60%~80% MEFEFAF T, TR IR A E LA
BE % (T ATy BUEIR 3 Bros.

RAE A B R (RIEE . PRI A B D
FAEKMERE bR CREEMUOKE) ISR R E,
R W 26 5 ALK B RR L IR E HEAT IX R, E 60%

MRHEE TR, 21.5 CT<T,<22.99 C N4F&EX, 22.99 C
<T,<23.25 C AP PIX, 23.25 C<I,<24.95 C H
TR X, 24.95 T<T,<26.69 C NHRBIX, 26.69 C<
T, N IX: 80% MHXTRE T, 21.5 C<T,<2233 C
REFIEX, 22.33 ‘C<T,<23.02 'C ALK, 23.02°C
<T,<23.21 'C AWEX, 2321 C<I,<25.41 C AN
WX, 2541 C<T, NEHX.

PG T FIBMEZ R, ¥ Tu=<71.46 & L AT
BIX, 71.46<T <7211 AIGHHNEIX, 72.11<T;<
74.83 NANPLIX, 74.83<Ty; NEIGIX
3 it i
3.1 MMEIREEMEINEFEE IR KM R

KTmiEmrEmSH e mE M aRL. K&
WEFUE B, PRFRIRBEE . PR A B W iR A2 B
ENIL Y/ E IR G G N W 5 BV | B2 2 LA CIN = B 1Y
T AR SE D AR, FERT IO AR B B AE A AR
FEREAT R o PR AR 2R [ VA 8E ) W] DL BE 47 Hb ko sh 4 4
A PR AR AR A U HE AT A3 A S22 T T L
B T, 4Rty 5~25 CH, Ml
Hg, Pk Xl 12~32 CPY, X2 RAT R 50 5
Pl WS, EREAIE B EE DI, ARSI
WEFILEFE T 21.5~35.5 °C R H AR O A8 1R B AT
T Py R S, IR T, X
FEFRRRE BARIL T 4RSS AR R B, (E AR S
KR T EHBEED, AR, FERZSHREREE
X R D BE A R R T R R R R AR LA R K, A
T AR 30E ALY 17 7 R A R B0, I g 0. MINKA
LN R W], AR IEE & % PR ETIR AR AL 1)
s, HH T TR MT R E N 3~7 C, X
EARGERMML, AFIEEE 21.5~35.5 C LB N &K
#M5.68 C,

R3 ENEFEEEGNEKEEEUNIFRREMRRERIR
Table 3 Threshold value of ambient temperature and Temperature-humidity index of physiological indexes and growth performance
changes in weaned lambs

AEFE 48R4 54 Threshold value of physiological index

A K AMERED) A Threshold value of growth performance

T RE| FEX AL - - - —— =
ftoms Relative humidity/% Az W IR E Ea oKL
Body surface temperature Respiratory rate Rectal temperature Dry matter intake Average daily water intake
P 60 22.99 26.69 24.95 23.02
Ambient temperature/C 80 22.33 25.41 23.21 22.43
NE=B3=F 5
A 60~80 69.84 74.83 72.11 70.12

Temperature-humidity index

W AT %6 2 B R feH F AL e dn 2 —, (A
Fo U, HILR M A S B IRAS . AT
AR, BEEEALE FEE 65% MR HGE T IR K
BOAS I HBE IR T, PRI R B K,
R 31.2~271 R /min. {E il A AN W g R 25 B
A 2 Z B, IEIRATE 2 F2E E 155~200 !X /min,
I HL B IE 5 s A IR B [ A BB B 2 6 B
BURME AR, MACIAS-CRUZ 2P R 95 30, Wi 26 2
AR A B 2 AU ME T 58, PUAAIBIRE 5 22 . AR
B, AFRAEIREEALLE 21.5~35.5 C I, WrhsaE e
WA Ay 28~211 K/min, i FERFEL T, EiRE

o 8 R R SR AN SR B . X5 MEHABA 2509 B 70— 3,
BRI N, AT 28~35 C HIE 54T 15~20 C HIAH
Eb, BRURARZRIGIN T 214%. RUABFR MR, pEE
FRONL PR FE PR, IR AR A 2 3

B iR S R AL P 1K S ) B /B,
MURE R T R AT, A I 1 Rz A S
TR oo I R AT 23R 7 A AR DA R AR Y B8P fliT . LR T
AR LGRS, BEREESTIEY, s
FEME IR ER S Z AN R0, MACIAS-CRUZ
SEDVRE R, 3 HR WIS E H BRI R 2F 2]
P2 1.0 °C, MFEKEEFERERZEMNH 0.5 C. Al
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B, OIREEIRE M 21.5 °C & 35.5 C i, EHBEELT
38.38~41.42 C. HHFINN, UM 28 C 4
&35 °CH, BEEMEGEEM 39.38 C % 39.85 C,
M7E 15~20 C SEE A, HpRELEEELP), x5
ARG S5 RAY -, ARG B iR R IR T
PRI 05 R 45 U A 3R T P R0 PR AT R T e P A B 0 P 403
MR, THWAITESPY WF &M, HE Gt 42 C
B, WEALAARIE A AT R, AL, R R A
AL N,
3.2 MEREMBEERNEINEFEARMAEHEN
i

AR AR B0 AR 2 1) AR AR 1 R PR RN Ty %o T 40 76
AT . BT AR BRIE R AN AR K 1 R F bt A0S S
BREEAH, HAEEDRREEREEA . KR
AR NS AN RAED AR AEE S Tk
ENSEET R, s B RS 5K . R E T
e AR I A 5 o B T L S SRR Y AR e e BT 7
S B A = IR AT AR SR Sl ) # S T (1) B S
DR, AR B0 K T P IR R 453 it v T AR 3R R P 403
(IR X ek S e S TR X o T4 T PR A 2R 455 A
(PRI DX 5k 7 o T IX sl SR AN . S 4h, dEad
A2V B FR AR I AR AL VA 200 R FE 2 RS AR 1)
FEARIE . H RIS bR S R Y,
T EME, BRI ROK R 5 52 3N 8,
XA EMAE KR E B REE, HAATE NN
(B . ARG, BEERSEEER LT, Wi
FEMPUKERERIH LR R, WiE, BiyhEE
PR EIFE R M T s, WP S, mEF
PSR VO B SRS R B B YOK B R . Rk,
AAR I AR A S AR S N O A B R 2 TR BR . RR
2 I S B IR X e SO AL, g v T R
R MG TR & S s PR EE X SO T X 5K
FERNBEIX o KT WA= #hop v X PR 1 F 98 0 dik
i, K 25.0~26.0 5% 24.0~27.0 ‘CP AT b [X
FRRERE. =TGRS R . KRR AIA
Ny IS N B IR 2 () BRI FE R ARG
=T B IR E P A RS X e SO IX

4 & B

ZEA W 26 26 AR HE S RO A K RE E R TR IR S
(60%~80%, 21.5~35.5°C) FHIAALIE, S

D BEERERE R BT, S WU B AR B 2 38 0,
(HEP AR A AR . PRI A2 0 g I
P SRS 2 A o AT E 60% T 4 il A 22,99,
23.25 F126.69 °C; FHXHESE 80% 7354 2233, 23.02
F125.41 C.

2) MEEREREN LT, YUKE RPN, K
IR E N 22.07 (60%) F122.47 (80%) . 1MiKEE
KU TR, HA5 SR EN: 2495 C (60%) Fl
2321 °C (80%)

3) FEEDHTRIERE .. AHMA KRR, FEEREE0Y
IO H B 55 A ST AR IR O AR ERIREE (69.84) |
POKE (70.12) « FEIRAER (71.46) . KRE®E (72.11)

MEMRERE (74.83).

4) WEABERE (T) MBESFR: 60% EE T,
21.5 C<T,<22.99 C A&IEIX, 22.99 CT<T,<23.25 C
RNTEIELIX, 23.25 ‘C<T,<24.95 C NTEX, 24.95°C
<T,<26.69 C AP X, 2669 C<T, NEIX;
80% ME T, 21.5 C<T,<22.33 C NEF&EIX, 2233 C
<T,<23.02 C AP PIX, 23.02 C<T,<23.21 CH
THEX, 23.21 C<T,<25.41 'C NHMNBIX, 2541 C<
T, WEZHIX.

5) WRIE Ty MBMES R, T,<71.46 I\ E NTLHN
WX, 71.46<Ty<72.11 Alf FHP X, 72.11<Ty<
74.83 NIHNBEIX, 74.83<Tyy NEIGIX o
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The threshold of occurrence of heat stress in weaned lambs based on
physiological and growth performance

ZHAO Shoupei'?, FENG Man’, LIU Qianhai*, SU Dongyao', DONG Qing*, WANG Chao?,
SUN Xinsheng®*, GAO Yuhong'®, CHEN Zhiyu®, WEI Yudong’

(1. College of Animal Science and Technology, Hebei Agricultural University, Baoding 071001, China;, 2. Animal Nutrition Institute,
Sichuan agriculture University, Chengdu 611100; 3. Chengde Academy of Agricultural and Forestry Sciences, Chengde 067000;
4. Hebei Baoding Tang County Agriculture and Animal Husbandry Bureau, Baoding 072350; 5. College of Information Science and
Technology, Hebei Agricultural University, Baoding 071001; 6. Hebei Province Zhangjiakou Agricultural Information Center,
Zhangjiakou 075031; 7. Hebei Provincial Animal Husbandry Station, Shijiazhuang 061399)

Abstract: The object of this study was to evaluate the effects of ambient temperature and humidity on physiological indexes
and growth performance in weaned lambs. The threshold for heat stress (HS) occurrence was also predicted to prevent the HS
in weaned lambs. Environmental control cabins were used to control the indoor temperature and humidity. 12 healthy weaned
lambs [Small-tailed Han sheep x Dupo sheep, 2 months, (18+2.1) kg] were assigned into two treated groups, and fed in the
individual cabin with relative humidity of 60% and 80%, respectively. The ambient temperature in the cabin gradually
increased from 21.5 to 35.5 °C with a gradient of 2 ‘C. The temperature in each gradient was kept for 3 days, and the entire
experiment lasted for 24 days. The physiological indexes included the body surface temperature (BT), respiratory rate (RR),
and rectal temperature (RT). The growth performance was represented by the dry matter intake (DMI) and average daily water
intake (ADW) of weaned lambs under temperatures from 21.5 to 35.5 “C at two humidity conditions of 60% and 80%. The
threshold of inflection point ambient temperature and temperature-humidity index (THI) were predicted for each parameter
using nonlinear regression. The results showed that: 1) RR ranged from 28 to 211 times/min, BT from 29.90 to 35.65 “C, and
RT from 38.38 to 41.42 °C under present experimental conditions. 2) Three physiological indexes (BT, RR, and RT) were
relatively stable in the early period of the trial, and then increased linearly with increasing temperature under two humidity
conditions. At the humidity of 60%, the threshold value of BT, RR, and RT were 22.99 ‘C (R*=0.98), 23.25 ‘C (R*=0.99), and
26.69 °C ( R?=0.99), respectively. At the humidity of 80%, the three physiological parameters inflection point ambient
temperature were as follows: 22.33 (R*=0.97), 23.02 “C (R*=0.99), and 25.41 ‘C (R*=0.98). 3) The threshold values of two
growth parameters (DMI and ADW) were: the inflection point ambient temperature of DMI was 24.95 C ( R*=0.94) at
humidity of 60% and 23.21 “C (R*=0.89) at humidity of 80%; the inflection point ambient temperature of ADW was 23.02 “C
(R*=0.92) at 60% and 22.43 ‘C (R*=0.92) at 80%. Furthermore, the DMI decreased and ADW increased linearly when the
ambient temperature exceeded inflection point ambient temperature. 4) With the increase in THI, each index of inflection was
ranked in the order of: BT (69.84) <ADW (70.12) <RR (71.46) <DMI (72.11) <RT (74.83). According to the nonlinear
regression between various parameters and THI, it was found that: with every 1 increase in THI, BB, RR, and RT increased by
0.30 C, 9.30 times/min, and 0.19 C, respectively. DMI decreased by 18.04 g, while ADW increased by 203.80 mL, as the THI
increased by 1. The optimal threshold values were achieved by temperature, where the 21.5-22.99 C at 60% or 21.5-22.33 'C
at 80% was as a comfortable zone; 22.99-23.25 C at 60% or 22.33-23.02 C at 80% was as a non-HS zone; 23.25-24.95 C at
60% or 23.02-23.21 C at 80% was as an early-warning zone, 24.95-26.69 C at 60% or 23.21-25.41 ‘C at 80% was as a HS
zone, and above 26.69 ‘C at 60% or 25.41 C at 80% was as alert zone. Besides, below 71.46 was defined as non-HS, 71.46-
72.11 was as a critical HS zone, 72.11-74.83 was as an HS zone, and above 74.83 was as an alert zone. The findings can
provide a strong reference for the HS evaluation in weaned lambs.

Keywords: temperature; animal; heat stress; temperature and humidity index; threshold; physiological index; growth
performance; weaned lamb
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