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Table 1 Composition and nutrient levels of
experimental diets ( DM basis) %

i H 2H %) Groups
Items AF CS
J5kl Ingredients
FKFEFF Corn straw 36.3
B Alfalfa hay 17.4
FEKFI Corn silage 18.9
K1 Soybean meal 12.4 12.4
AT Rapeseed meal 5.2 5.2
4k K & Extruded soybean 2.1 2.1
HIZZ Sugar beet pulp 4.2 4.2
2 FF Whole cottonseed 10.5 10.5
E K Corn 27.0 27.0
£ ¥} Limestone 1.0 1.0
#h NaCl 0.6 0.6
TR A} Premix " 0.6 0.6
A1 Total 100.0 100.0
# 37 /KF Nutrient levels”
WFLIEHE NE,/(MJ/kg) 29.8 28.0
HEEHE CP 18.5 16.7
LR EE 3.9 3.5
HPEPR IR 4 4k NDF 36.6 46.3
TR PEVR IR 4F 4 ADF 19.1 25.5
HLK S Ash 7.2 8.0

D&} T 5 WIR B A One kg of premix contained the
following ; VA 250 000 IU, VD 65 000 IU, VE 2 100 IU, Fe
400 mg,Cu 540 mg,Zn 2 100 mg,Mn 560 mg, Se 15 mg,I
35 mg,Co 68 mg,

D IFLERE A TR, KRB R S . NE, was
a calculated value, while other nutrient levels were measured

values.

1.2 HEXESHE

1.2.1 R A IE SR S IR 8 £ ( THI) 155
FER 0700 F1 14,00 I 2 0F-0 451 % i iR

JE . K 06:00,14:00 F1 2200 XK H 8 E

S b Y IR BE FAH X | 32 % Cowley %51

T s THI, B AR T .

THI=1.8xT+32-0.55%( 1-RH) %
(Tx1.8+32-58) ,

AT oAU (C) s RH HAHMREE (%) .

1.2.2  fEHE FLFERE SRR E

WRiEEASNARRAGIE RN FHRAIRE
i, RERICEYA M YR IR R LL 2 d SRR
WhkE  Fe R =4:3:3 1R A, FFLLA A 3h 40 bt
1 (Foss, P+ K L& A FLIE A ZLME & &, if
AR i 5 BE R E FL 4% R D7 A O 2L
I M SR B M i BORL L L ; 2 B Bhan-
dari 2"k e I R R AR & 2 R
421 AR RE FRDRLRE 65 CHET R #iesd 40 H
i, B E R . M (CP) & &R 42 H 3hL
[C5E A X ( VELP. UDK159, & ) I 5 , kL AS W
(EE) FIAH K43 (ash) 52 8 AOAC(2000) ' i
FR 7 0 5, R M 1 1% £F 4k ( ADF) Al b 1 Uk 4k £F
4k (NDF) &t R F 25 2 73 H7{X [ Ankom (200) , 35
ESRRpre
1.2.3  ZfHRE 5P E

TIE 2 5455 .56 KR H sl 28 07 ik R 4
ZEMH, B RMEIFE 6 h RAE 1 WIEM, &K RE
200 g, REELEFR G FE R 2 17, 45 500 g, — 13
7 EE  ash ADF fll NDF & &, % — {3 A 10%
6 mol/LERfRIE CP &, CP & RH 4 HY)
HLICE A AL ( VELP.UDK159, 2 K H)) il %€ , EE FiI
ash &2 AOAC(2000) ' F1 iy 75 ¥ € , ADF
1 NDF & & % H Ankom ( 200) £F 4 43 H7 1 ( Ank-
om Technology , 3£ [F ) il & ; 4= W7 18 & WL IH AL % R
FHNAR 35 SE 17 Ak I, R AN 3% K 43 (ATA) 1 N
LT /s W 1

Al R (% ) = 100
[1-(A,xB,)/(A,xB,) .

A NIRRT AIA SR (%) ;A,
HAIA T2 (%) 3B, MR T ISR (%) ;
B, AENIRF A EE(%) .

1.2.4  JRWCKE S P e

TR 54 55,56 KK H s R 7 ik R 4
PR, B KB 6 h RE 1 WKW, B3R B E
30 mL, R FE 45 o1 5 4 FE & 100 mL, JREH 1%
6.0 mol/LERMRIR & . PRI PR 2R AR FE 1Y I 7 2 R
Bhandari 45 77 1% ; SR FH LR BF (355 R R 05 ) F1IR
i ( PRI ) 30700 85 2 Sl 0 S Bk YR JUL T T A1 PR 1R Ve
FE R &40 A R s AR TR T R H
FU AL TR0 52 R YR PR B R M B 5 SR FH LS i A
(PD)IMER B M AEMEASTE ", ALK
mr.
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PRAE(PRTR ) ZEHEH = IR (PRTR ) R B xR i
PD HEH B (mmol/d) = JREEZHE =+
PRIGHE i 5
PD " st 4& ( mmol/d) = ( PD HEH 5 -0.385x
BW*™)/0.85;

WA 14 H 77 5 (mmol/d ) = (PD Uit iEx70) /
(0.116x0.83%1 000) ,

A .0.385xBW*™ g YR 1 T PD HE i
(mmol/d) ;0.85 24 PD M4 ;70 & PD H A1
& # (mg/mmol) ;0.116 24 PD & 5% B AW &
RZI;0.83 R A Yy iEng i e
1.2.5 IR E 5T bR E

TREMEE 56 K, R AT 25 1E R 5 2 i ik i
W, Hl % 2 — W 2 R (EDTA) Bt #E I,
3 000 r/min 0> 20 min ] £ I3 , 2 B Bhandari

AU I S IR P IR R AR
1.3 HBELAEBSFEITHH

IR R H] SAS 9.2 i3tk 474007,
HOE I 58 L iR 7 W RE R A IE L 4%
iR E 3L R LRI L B 53 FH Proc Mixed A5 Y
I3, FEA TR AR SR — e R B (GLM) 1Y ¢ £
081, P<0.05 XnERRFH,

2 BR55H
21 & THIMPMFERNE BEFERETK
AN IS 18] 4= 4 i THI G0 1 ffoRs , 44
£ 06:00,14.:00 F1 22,00 THI “F¥J{H 53 512 73.8
(65.7~82.0) .80.0(67.9~86.9) . 77.0(65.8 ~
86.6) , Ut I 12X 55 W 5 4 &b T #RO0 BCIR 28 ( THI>
72) . 2 TN, 2 2 W AR R OB R B R e
T #2255 (P>0.05)
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Fig.1 The changes of THI in barns during experimental period
x2 R ENFHTRFERNERRE
Table 2 Respiratory rate and rectal temperature of dairy cows during experimental period
=] 2051 Groups B P {H P-value
Items AF CS SEM AL PR Trt. A 6] Time A2 H. Interaction
I 451 % RR/ (¥X/min)
07.00 39.1 37.0 1.85 0.43 0.05 0.70
14.:00 61.2 64.7 2.69 0.38 0.10 0.44
H i E RT/C
07.00 38.2 38.3 0.04 0.05 0.14 0.26
14.:00 38.8 38.9 0.12 0.62 0.61 0.49
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2.2 FHARIAE IR IS £ FE R R BN FLAN 4% Re iR IEFL R 2 & F CS 41 (P<0.05) ;1
2 3 WA AF A4 =g FLE A M B L FFLIR P i 22 R # (P>0.05)
LB F S TCSH (P<0.01) ; fEREARIE
*x3 MHARESXHMNBAE T ERER RN

Table 3 Effects of forage combinations on performance of heat-stressed dairy cows

Wi H 2 3] Groups Y P {f P-value

Items AF CS SEM AEFE Tre. IHE Time 3¢H. Interaction
FEA 4 Milk yield/ (kg/d) 35.3 30.2 1.25 <0.01 <0.01 <0.01

4% B MR IEFL 4% FCM/ (kg/d) 31.9 28.6 1.05 0.04 <0.01 <0.01
e IEF, ECM/ (kg/d) 34.4 30.4 1.06 0.02 <0.01 <0.01
#L#L L Feed to milk ratio 1.44 1.41 0.045 0.71 <0.01 0.44
FLHL 4 7= 5 Milk composition yield/ (kg/d)

A7 111 Milk protein 1.07 0.87 0.029 <0.01 <0.01 <0.01
#LJg Milk fat 1.20 1.11 0.047 0.21 <0.01 <0.01
FLBE Lactose 1.76 1.48 0.063 <0.01 <0.01 <0.01

23 HAMEASWANESBEERYRENN T ALY .CP AR CP XMW LK EF
ESUN RIS R F+(P<0.01) , 1M ADF # A & fil NDF , ADF & X754

&4 AT, 5 CSHMLI, AF A4 T8 (FEERFEM(P<0.01), NDF EE & A & fl EE
B AN R B E LT (P<0.05), T4 FUIHARYE LR E 25 (P>0.05)

x4 HEEAMESMRAEHNFEFRYFBNEMRIE L RN R0

Table 4 Effects of forage combinations on nutrient intake and apparent digestibility of heat-stressed dairy cows

T H 2H 51 Groups bR P{#

Items AF CS SEM P-value
% A Intake/ (kg/d)

F¥ 5 DM 21.1 17.9 0.50 <0.01

HHlY oM 19.0 16.4 0.49 <0.01

W PR 2T 48 NDF 7.5 7.5 0.20 0.99
PR MR £ 4k ADF 3.9 4.6 0.12 <0.01

HEH CP 3.8 3.0 0.10 <0.01

H s EE 0.66 0.62 0.018 0.11

FWLIE L3 Apparent digestibility/ %

F¥ 5 DM 71.4 67.0 1.10 0.01

HHLY oM 73.0 68.4 0.94 0.02
rhE PR £F 4 NDF 50.1 55.7 0.99 <0.01

R MR 4T 4k ADF 38.1 47.5 1.95 <0.01

MEH R CP 75.7 68.6 1.32 <0.01

HLAG EE 83.1 79.5 1.52 0.11

2.4 MARBAEXREMBENRK KRR APR  EREERT CS 4 (P<0.01), M EH MAEYE
ERRENMBEERENES~ENFN 7R T CS A (P<0.05) , FLH IR R Ak
H1% 5 Al 1, AF U5 B R AR BOR R AW A RIJC R 225+ (P>0.05)
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Table 5 Effects of forage combinations on blood, urine and milk urea nitrogen concentrations and
ruminal microbial protein yield of heat-stressed dairy cows
3 H 4L Groups prifiist P
Items AF CS SEM P-value
M R 2 % BUN/(mg/dL) 16.4 19.8 0.62 <0.01
PR RE A UUN/(mg/dL) 387.4 528.6 23.5 <0.01
FLHIRESA MUN/(mg/dL) 15.9 16.6 0.86 0.59
¥ EH Microbial protein/ ( g/d) 1 626 1 039 136.9 0.02

2.5 HAMABEWNANBNFERELAENZIN
H1 6 I, AF 20 9544 ) b 8 4k A i F 3L

PR R E T CS 4 (P<0.01), 1 A M1k
BRI FLT CS 4H(P<0.05) ,

®o6 MHEAMAASWANBNFRELIENZINE

Table 6 Effects of forage combinations on nitrogen conversion rate of heat-stressed dairy cows

WHE 1% Groups b i P

Items AF CS SEM P-value
A B AR Nitrogen intake/ ( g/d) 611.6 478.4 15.7 <0.01
P A7 Milk nitrogen yield/( g/d) 165.0 141.4 3.99 <0.01
R %L LR Nitrogen conversion rate/ % 0.27 0.30 0.007 0.02

R I
3.1 RIS HR

THI B IA Ay S 4 W 7% 2= T4 380 1Y — 10 o B 4
bro WFSE AL, 24 THI KF 72 B, 4= &t 80 ™
A R R R IR ] THI AR H T 72,
14.:00 ) THI £ 2 3 785 1t B 0% 4 Ab T #4400 38
ARZS ; 5340, Berman 251 HRIE G 1, 24 7 0 2R
WP 35 R R i 60 YK/ min, T34 2> H ™ 5 A 17
JR T 1400 W5 24 W W 4 %6 i 3 60 YK/ min, 1
UEBA T 305 24 b 1 07 JHOIR S |
3.2 FEEANAE IR IS & P R RI N

PN F B AR B R R, SR ERY
J A A R PR AR, Baumgard ST
FERIETE AN B ST, W AR A e 4% 8 3R ) B AE
HAPFHmAEHTWH, A<kge, 5 CS 4
F, AF 2 U3 R AR G, 0 TR MR A 3 1T 1
T A B Ok £ B, Ren 251 5% A1 2 2R fA) M
1 + T KT AR 5 40 SR B it v T M R OK A AT
W, BT REETHE, AF 494 7= i hpE
T, EE&A% B LB, R T T AR
AR 1 7 0 i W 2 e T M R OK RS AR, )

4h, AF 4IAR Y CP & i , X n] BB 7= 0 2
Y — AR, Grings 25 BFSY R B, 24 1 R
CP KTk B, @32 1 7= i i 7 &
33 MEREAENANBNFEFRDRERU
H R

PN AT AR A R R BT AR Y I
R4 5T & B, B SRS R CP R T LR
BEAR 10% 1A I8 2 7 A0 025 1F R B 52 AS T
FLGEH A X CP LI fb R g, 25 S R 01, 15
A% AF 401 K CP i Ak 5 T CS 410 R, i 16
Wit CP AR A LIE =054 CPiH LR . X4
P55 TR DUMK 2 22 B 5 45 R — 3, Bl ALK CP 7K SF
Fhin, CP AR M R LR T, B 21 IA
SR CP F i B , A A T BRI RS
T 110 2T 2 2R 25 400 5% W 2K, 11 05 43 i
34 HARAESNANINMFEEHMEYVER
=9od: kA

S B AR W B R T AR AR A
4 R CP A AL R AR L AR R
FR eI 1 B R e R ) (e
1) 28 a5 oo R T RE ML, A A AP A 1k B R
IR B Rt R HE AR AT 5 3SR R
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o A9 U E I A
3.5 FAERAEIHMNHNE REL SR
AEAESEARBEAR MAEYWEA™
YIS, Wright 45 F 53 & Pk 2 17 R CP
TKF-TFH s, R R R B85 1 BRI B Y R
FL RS FLE A e, BEN S IR SRR, FLE
H- a5 CP A=A 0.874, 5 AW &
FP R A G R 0,484, AR I, AF 4015 4R R
GOEF PN | B N - Wsh s = S AP o v %
ik, AFALRCRAR AT RE & B T CP /K F(18.5%)
e, RN 2% Y HE S £ 3 i, Mulligan 257
W5 2 LA A ] W g 26 10 T Tl A ( 20.4.% ) JR A
SVECHE M B L AR R AR AR 1 BRI AR (16.4% ) =, A
RIGEE R BN, 5 EORREFFAH L, B8 + BRI
MIZH A B T CP KT 38 n T W54 2 11 4
AT, AR 3 T 28 A R, (HE CP KEAS )
TARB AL,

4 & it

H A AT 3N HORAS, RE R BR R,
FERUE Y AR AR R AL, 55k,
TR A 7 A A AR AR B R
D)1 I o S g8 O N W L = I e o =
AR, P T IR S AR SR B R CP R E 1k
AR TR BMEMEAMILEAS K, T
PR, HR T AE + R OK T I A RO A B A Ak
BRI, T i — LW 5T Bl CP KF, DU 1 40
PR LR A R = R AR
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Effects of Forage Combinations on Nitrogen Efficiency of
Dairy Cows under Heat Stress

GUO Jiang"*® WANG Jiagi® GAO Shengtao®® QUAN Suyu”® BU Dengpan'****
(1. College of Animal Science and Technology, Hunan Agricultural University, Changsha 410128, China;
2. State Key Laboratory of Animal Nutrition, Institute of Animal Science, Chinese Academy of
Agricultural Sciences, Beijing 100193, China; 3. Joint Laboratory on Agroforestry and Sustainable
Animal Husbandry, CAAS-ICRAF , Beijing 100193, China; 4. Synergetic Innovation Center of
Food Safety and Nutrition, Northeast Agricultural University, Harbin 150030, China)

Abstract; In order to investigate the effects of forage combinations on nitrogen efficiency of heat-stressed
cows, twenty healthy Holstein cows with similar parities and days in milk were randomly divided into two
groups with ten cows per group. Cows were fed diets with two forage combinations [ corn silage+alfalfa hay
(0.92:1.00, AF group) and corn straw ( CS group) |, but with the same concentrate and the same concentrate
to forage ratio (63.7:36.3). The pretest lasted for 1 week, and the test lasted for 8 weeks. The results showed
as follows: 1) compared with CS group, cows in AF group had significantly higher milk, energy-corrected
milk, 4% fat-corrected milk, milk protein and lactose yield ( P<0.05 or P<0.01). 2) Cows showed signifi-
cantly higher crude protein ( CP) apparent digestibility in AF group diet than that in CS group diet ( P<0.01).
3) Ruminal microbial protein yield in AF group was significantly higher than that in CS group ( P<0.05),
however, urine and blood urea nitrogen concentration were significantly lower in AF group (P<0.01). 4)
Compared with CS group, cows in AF group had significantly higher nitrogen intake and milk nitrogen yield
(P<0.01), however, had significantly lower nitrogen conversion rate ( P<0.05). These results indicate that
compared with corn straw, the combination of alfalfa hay and corn silage can increase dietary CP level, in-
crease CP apparent digestibility, and improve microbial protein and milk protein synthesis of heat-stressed dairy
cow, however, nitrogen efficiency needs to improve.[ Chinese Journal of Animal Nutrition, 2016, 28(6) .
1696-1703 ]
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