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Table 1 The origin and contents of calcium and phosphorus of the two phosphorus sources

W& Phosphorus sources fif Phosphorus/%

4E Calcium/ % S Origin

WER— — %5 MDCP 21.1
R A 55 DCP 17.1

16.1 JIEAL T
19.3 e BgE 4 4]

1.2 R5Eigit

HER A 2 x 7 758 2 PLIX i K ik it
2 U MDCP 1 DCP, 7& ZE Al 4 K e (CIEAR
MWk , NPP) 5 Jin /K F- 435 4 0.,0. 05% 0. 10% .
0.15% .0.20% .0.25% #10.30% ,2 Fhi I H 0
KA (FERAL) 33 13 A4, B4k B 6
ANEIL, BAEI 15 JG I 24 14
1.3 X5 ER

TR UL I B L AR RE AT 19 25 Jol i 7= 3R
I B SR S Y 1170 L # IR I 7 dE AR
JC 78 5 I 73 e 21 4% S A B 3R AE DY )1 ARl R

LY E SRR AT, R 3 B IR, R
3 K, A HCRES5OK, X I s FOoK I 5
R A], 2R I 16 h(06:00—22.00) YA, 4 KW
A2 7k (08:00 F115:00)

FH Tl ] AR 2 B R 1) 4R SR AR ofE (NY/ T 33—
2004) 5 NRC(1994) P i 16 (P2 B R >85% ) &
X8 FR T EE L, R B K — SO AR T AR
FEAih iR 2 B SCE R K AR 2. Tl %5 MDCP
F1 DCP frl K s}, 38 12 ek 42 MDCP 5%, DCP | filk [i§ 55
IR 4 114 7K SF-Sf 18 8 8 7K -, HoAth J50REH AN
A5 PR REIRDRR B A 2R 1 RS AR KRR

R2 EEARAMREFRKT(RKTFEM)

Table 2 Composition and nutrient levels of basal diet ( air-dry basis) %

JE#l Ingredients 2 Content

#F:7KF Nutrient levels® 2 Content

F K Corn 59.48
K&l Soybean oil 1.50
K ¥ Soybean meal 27.59
il Ak Premix" 0.53
DL - T &% DL-Met 0.09
Ak NaCl 0.40
fH#K Choline 0.10
14y Limestone 8.47
Ji&i1 . Bentolite 1.84
4] Total 100. 00

fei4the ME/(MJI/kg) 11.29
MEH T CP 16. 50
AEFE PR B NPP 0.12
iR Lys 0.88
HE R Met 0.34
FEHWR + F AR Met + Cys 0.61
4T Ca 3.48
M TP 0.34
Hifa % PP 0.22

V¥R B B T 5 4R K 45 fi The premix provided the following per kg of the diet; Fe ( FeSO, - 7H,0) 60 mg, Cu
(CuSO, - 5H,0) 8 mg,Mn (MnSO, - H,0) 100 mg,Zn (ZnSO, - 7H,0) 100 mg,Se (Na,SeO,) 0.3 mg,I (KI) 0.35 mg,
VA 8 000 IU,VD, 1 600 IU,VE 5 IU,VB, 0.8 mg,VB, 2.5 mg,VB, 1.5 mg, VB,, 0.004 mg,D - jZ i D-pantothenic acid
2.2 mg, Mg folic acid 0. 25 mg, 4Hfi# nicotinic acid 20 mg, /=4 & biotin 0. 1 mg,

2 T R R Wl 2 SN A, Hifth 23T {h, Ca, TP and PP were analyzed values, while the others were calculated

values.

1.4 KB EtR
AR RE - B A DLE A O AL I I SR R
LT TRS e V&S N % ¢ O ki = N L i ¢ O e
FBETN B0, P52 H = R PR P
H= i P2 H R B (ADFL) (iR R HoiE
e RIS 5 48,1216 .,20 il 24

JAAR, B4 AR L AL 5 M e 7 vk B
FESCRIE . oo B MR ST R H FHK E5%
58 B ASCRN AR 58 JE BE AN A2 o
1.5 HESITESWT

Jr A s LA 52 R i, FH SAS 8.0 B4R
GLM F )3 i# 17 P A & J5 22 43 #r , 1] Duncan [K %
PEF L2 R, LL P <0.05 fE 225 %K,
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B3 (P <0.05) ;M H ALK P-4 2 18] JC 2. 3% 22 5

2 HBREHW (P>0.05),F-3 H 7= d R HERF7E 90% DL L.
2.1 AEiEEe HTIEN 1 Al UL, 4% 5 ge it B0 0 A S, i 41
2.1.1 FHHPER HXGF-H = E RN s MRS S 7 T 4k 2 ik

H1¢ 3l DL WA WA 05 e 7K P 1) L A AR
XX 2 H ™ AR T B FH R (P >0.05)
TR KV 2 35 R 5 ~ 8 JA I LU i XS F 2
H"E 3 (P <0.05) , AN A, BE Al 241 & 39 F
PJAEARRAR(T7.8% ) , 5 HAWBE KP4 22 57

WA, FE A 21 G S By R R B AR T
INJCHLEAS 4 (P <0.05) ;3% B Bedeit , MRS ~
8 JE I Uy , B At 20 55 U T JC AL W A5 4 0 2 S B
(P <0.05) , JFHEIE Br BUE I, P2 B = R T
WEREREIE N
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Table 3 Effects of phosphorus source and level on average daily egg production of laying hens %
NPP 487K 1~4JH 5~8 J 9~12 ] 13~16J] 17~20f 21 ~24 [ 1~24
i H Items NPP supplemental 1 to4 5to8 9to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 94.6 88.6" 83.7 73.3° 61.7° 58.0° 77.8°
0.05 94.7 93.1" 93.5" 93.5" 92.6" 91.7° 93.2°
.. 0.10 96.6 94. 5" 94. 5" 95.0" 94. 7" 93.5" 94.8"
;ijzl/)‘%glect 0.15 96.6 94. 0" 94. 5" 95.6" 94.9° 94.1° 95.0°
0.20 95.6 95.4" 96.1° 95.7" 96. 0" 95.1° 95.6"
0.25 96.1 93. 4" 93.6" 93.9* 94. 3" 92.8° 93.9°
0.30 96.0 94. 6" 95.9° 96.0" 94. 3" 93.5° 95.1°
SEM 0.747 1.405 1.318 1.162 1.406 1.217 0.878
PR, BEER— 45 MDCP  95.3 92.7 92.9 91.5 90.0 88.7 92.0
Source effect ik 45 DCP 96. 2 94.0 93.3 92.2 89.6 88.0 92.4
SEM 0.399 0.751 0.705 0.622 0.752 0.650 0.469
A S s E Source of variation P {H P-value
5 Phosphorus source 0.138 9 0.2317 0.694 6 0.444 3 0.722 8 0.444 5 0.5159
7K 3 Phosphorus level 0.349 4 0.0252 <0.0001 <0.0001 <0.0001 <0.000 1 <0.000 1
WU x WK T
Phosphorus source x 0.571 7 0.660 3 0.604 7 0.936 8 0.633 3 0.503 9 0.624 2

phosphorus level

RIS R B AR AN R 7 B R R 22 5 .25 (P <0.05) . P&,

In the same column, values with different letter superscripts mean significant difference (P <0.05). The same as below.

2.1.2 FHH/EESE

S WU 37 3 RS 0 & B (O RER (B g
X XG44 B = R G E (P >0.05) . B
IKEXE S ~8 JH K LA EXG - H = EEA
FR (P <0.05) , N WIRE , Bl 41 X 71
HmE e k[46.2 g/(H - d) ], B 3FH 8T HA
BKF (P <0.05) 50. 20% K-V E - 34 H
FREE R R, 5 0.05% BEKF A 2 R W E (P <

0.05) , 111 55 Aty B 7K - 21 1) A 35 22 5 (P <
0.05) . MABIEORE , N 5 ~8 JH Tty , He itk 20 3
MG-E H 7 R E AR T A B KA (P <
0.05) , Flis g Y S 4, "I e A 38 3 5 G Al K
HBEIRE I AT, 2 H = i R g |
0. 05% i 7K F- 20 58 i 2 B /0, 3 21 ~ 24 JH i
BEHEMT 0.20% BKF4L(P<0.05)
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Fig.1 Influence of dietary NPP level on average weekly egg production
®4 BRABKENEBFEHETEENZN
Table 4 Effects of phosphorus source and level on average daily egg mass of laying hens g/(H - d)
NPP 757K 1~4JH 5~8 J 9~12 ] 13~16Ji] 17~20J 21~24 [ 1~24
i H Items NPP supplemental 1 to4 5to8 9 to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 54.1 53.0° 50.4° 44.8° 36.9" 34.3° 46.2°
0.05 54.1 55.8" 57.2° 57.5° 56.9° 56.5° 56.3°
KA 0.10 55.1 56.8° 57.5" 58.3" 58.1° 57.5% 57.2%
7] S TN
A 0.15 55.5 56.8° 57.8° 59.0° 58.6° 58.2% 57.6%
Level effect
0.20 55.1 57.8" 59.5" 59.6° 59.7" 59.2" 58.4"
0.25 54.8 56.0° 57.0° 57.6° 58.2° 57.3% 56. 7%
0.30 54.6 56.6° 58.2° 59.0° 58.0° 57.5% 57.2%
SEM 0.459 0.880 0.934 0.798 0.906 0.764 0.593
BN BER— 45 MDCP  54.6 55.8 56.8 56.5 55.4 54.7 55.6
Source effect iz = 45 DCP 55.0 56.4 56.8 56.6 55.0 54.1 55.7
SEM 0.245 0.470 0.499 0.427 0.484 0.408 0.317
A S i Source of variation P {H P-value
W55 Phosphorus source 0.138 9 0.414 9 0.957 1 0.909 2 0.508 6 0.294 7 0.894 7
7K - Phosphorus level 0.349 4 0.0113 <0.0001 <0.0001 <0.0001 <0.0001 <0.000 1
WU > W K-F
Phosphorus source x 0.571 7 0.643 8 0.630 8 0.920 5 0.510 4 0.371 8 0.523 4

phosphorus level

2.1.3 FHHRAER

2% 5 T L, B D55 e 7P 1) B AR 200 X 2R
X ADFL JG & % 52 Wi (P > 0. 05) o @ Y XS 8 7Y
ADFI A —5E %0 , W\ 15k F , DCP 4 % % ADFI
fi8F MDCP 41, #%3I .#% /KF- (P =0.070 0) ; 5%
BBk %, DCP 412 4% ADFI ¥k F MDCP 4, H.
Wit A P (] £ 3 <, 22 B2 i 0 K £ 21 ~ 24 ]
25t R BB K- (P =0.005 4) o 8 /KF 355

M) HE X 1Y ADFIL, M4 K | JEAli2H 25X ADFI fix
[103.1 g/(H - d) ], 5HAMBEK V425 8%
(P <0.05) ; b /K48 i, ADFI #2555, 760. 20%
KPR B e, 5 0 ~ 0. 10% WK V-2 25 5 i
# (P <0.05) ;0.05% filf /K F-2H 5 H A B K- 2H 22
SHEZE(P<0.05);0.15% ~0.30% WK 41 HE G
ADFI TR #E 255 (P >0.05) , W& B BOoRE,
R 1~ 4 JE T 46 230 56 45 00, L Al 41 25 X9 ADFI
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BWTREAL, B B 8T H A K41 (P <0.05),
ifi 0. 05% W /K F-41 4 ADFI & 2% F 0.10% ~
0.30% B /K 21 (9 ~12 JEBR4M) (P<0.05);

0.10% Wi/K ¥ EXG/EIRXK 1 ~4 J& 9 ~ 12 Ji |
13 ~16 J& 21 ~24 J& ADFI ¥ i #K T 0. 20% #
IKFAL(P <0.05)

x5 BEMBKEMNEBEHAREENZ N
Table 5 Effects of phosphorus source and level on ADFI of laying hens ¢/ (H -d)
NPP #MAKE 1 ~4JF 5~8J8 9~12J4 13~16J8 17~20J8 21~24JH 1~24 &
1 H Items NPP supplemental 1 to 4 5to08 9 to 12 13t016 17020 21 to 24 1 to 24
level/ % week week week week week week week
0 110. 8° 110. 2° 108.0° 103. 3¢ 92. 3¢ 89.1°¢ 103.1°¢
0.05 112.1° 115.4° 117.5¢ 118.0°¢ 113.2° 111.2°¢ 114.6°
KR 0.10 115.0f 118.4a 118.6% 120. 7% 117. 4f‘ 114. 1f 117. 67”
Level effect 0.15 115.8% 120.3° 121.4* 123.2% 119.6° 116.0% 119.5%
0.20 117.4° 119.6° 122.9° 124.1° 120.4° 117.5° 120.3°
0.25 116.5% 118.8* 120.2* 122.4® 118.4° 115.7% 118.8%
0.30 116.8% 120.3° 120. 7% 123.4® 118.7° 116.7° 119.6®
SEM 0. 662 0.946 0.993 0.895 1.109 0.788 0.638
Wy BER— 45 MDCP  115.3 117.9 118.9 119.6 115.0 112.3° 116.7
Source effect iz & 55 DCP 114.5 117.3 118.1 118.9 113.5 110.6° 115.7
SEM 0.354 0.505 0.531 0.479 0.593 0.421 0.365
2555k Y8 Source of variation P {f P-value
U5 Phosphorus source 0.1145  0.409 7 0.262 8 0.287 3 0.085 2 0.005 4 0.070 0
7K - Phosphorus level <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.0001 <0.000 1
WEUR x B K
Phosphorus source x 0.7588  0.722 6 0.741 2 0.470 1 0.943 4 0.347 9 0.779 8

phosphorus level

2.1.4 FEFE

H12¢ 6l DL iR TR 0505 Tl /K P 1) L A A8
XX EE IR E W (P >0.05) o N4 H
K WKV R R G P R (P <0.05),
SRl ARG P 2 A (59. 4 g) , AR #EK
VS (P <0.05) ; i B K P A9 32 5, oF
YEE R T m E R B, 0. 20% Bk F- 41
HEXGP R E A (61,0 g) , B H T 0.10% Al
0.30% WK (P <0.05) o A5 BrBOKAE,
17 ~20 JH T4, B At 20 5 29 F- 3 2 g 5 (K T
b /K- (P <0.05) ¢
2.1.5 FHEL

o1& 7 R UL, W U5 W K P B AR SO X R
MR L E (P >0.05) 78 1 ~4 4,
MDCP4] & ¥ k& [t W 2 @& T DCP 4] (P <
0.05) , fHHABR Be Jo 2.3 22 5% (P >0.05) o WK
- S 2 W G 4 U AR R L, Sl 4 RN )
R (2.24) , SHABKFHER B FH (P <

0.05) ; Iff oAt B K240 2 18] 6 i & 22 5% (P >
0.05) . MEBBORE ,BR 5 ~8 i .9 ~12 4, i
KPR o Al B B RHER EL, 5 4 MR R
FERIFEHAMF (BR 1 ~4 F4h) , FERI R
filt 25 25 A R 2 LU o i, 5 A KO 4 2% e
(P<0.05), B 50 e K, LAtk 21 250 ) 2
(R0 N T TR E R (187 A E B
2.1.6 MT-%

122 8 WJ I, WU W U5 5 B KO 1 B AR O
ST EXGFET I B E 50 (P >0.05) ,{H DCP 41
XS HE T % 5 T MDCP, £ 38 8 3 K (P =
0.0750), /K P8 FZmEGILT R (P <
0.05) , JEali 2l B XS AU T i = (3. 34% ) , i & &
T 0.20% F10. 25% B K F-4H (P <0. 05) ; H At #
KNS LTI & 22 55 (P >0.05) . F#
HWEKOF 132 &, G FE T T R, 0. 20% Al
0.25% W7k HHEM A B BT, {H 0. 30% /K
P-4 G ST h BT

=
5
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Table 6  Effects of phosphorus source and level on average egg weight of laying hens g
NPP {HKE  1~4 )& 5~8J8 9-~12J8 13~16J8 17~20J8 21 ~24 J4 1~24 &
i H Items NPP supplemental 1 to 4 5to8 9 to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 57.2 59.8 60.2° 61.0 59.8" 59.3" 59.4°
0.05 57.1 60.0 61.1% 61.5 61.4° 61.7° 60.4*
o 0.10 57.1 60.1 60.9" 61.4 61.4° 61.5 60. 3"
;ﬁj:%?fect 0.15 57. 4 60. 4 61.2% 61.7 61.7° 61.9° 60.6%
0.20 57.6 60.6 61.9° 62.3 62.1° 62.2" 61.0°
0.25 57.1 60.0 60.9% 61.4 61.7 61.7 60.4°
0.30 56.9 59.8 60. 7% 61.4 61.5° 61.5° 60.2°
SEM 0.218 0.243 0.296 0.279 0.274 0.283 0.231
PRk BER— 45 MDCP  57.2 60. 2 61.1 61.7 61.5 61.5 60. 4
Source effect @R %45 DCP 57.1 60.0 60.9 61.4 61.3 61.3 60.2
SEM 0.117 0.130 0.158 0.149 0.147 0.151 0.123
A Sk YR Source of variation P {& P-value
W55 Phosphorus source 0.575 0 0.182 5 0.363 5 0.079 1 0.284 1 0.3650 0.190 1
7K F- Phosphorus level 0.273 2 0.1251 0.009 7 0.070 7 <0.0001 <0.0001 0.000 8
B > Bk
Phosphorus source x 0.776 9 0.633 4 0.851 1 0.449 7 0.202 6 0.262 9 0.488 1
phosphorus level
F7 AEBEFBEAFEHELR R
Table 7 Effects of phosphorus source and level on feed/egg ratio of laying hens
NPP 787K - 1~4 5~8 JA 9~12F 13~16 17~20 21 ~24F 1~24
i H Items NPP supplemental 1 to 4 5to8 9to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 2.05° 2.09 2.17 2.32° 2.54° 2.62° 2.24°
0.05 2.07% 2.07 2.06 2.05 1.99° 1.97° 2.04°
. 0.10 2.09™ 2.09 2.08 2.07° 2.02° 1.99° 2.06°
ijzjzﬁfr‘fict 0.15 2.09" 2.12 2.12 2.09° 2.05° 2.00° 2.08°
0.20 2.13" 2.07 2.07 2.08° 2.02° 1.99° 2.06
0.25 2.13% 2.13 2.13 2.13° 2.04° 2.02° 2.10°
0.30 2,15 2.12 2.08 2.09° 2.03° 2.03° 2.09°
SEM 0.018 0.025 0.029 0.026 0.039 0.035 0.020
PRy BEER— 45 MDCP  2.12° 2.11 2.11 2.13 2.10 2.09 2.09
Source effect iR % 55 DCP 2.08° 2.08 2.10 2.11 2.10 2.09 2.09
SEM 0.010 0.014 0.016 0.014 0.021 0.019 0.019
A S5 i Source of variation P {f P-value
55 Phosphorus source 0.023 0 0.103 7 0.5211 0.406 0 0.745 6 0.763 4 0.229 6
7K 3% Phosphorus level 0.004 2 0.430 3 0.126 0 <0.0001 <0.0001 <0.0001 <0.000 1
WU > WK
Phosphorus source x 0.187 2 0.191 7 0.607 5 0.699 0 0.808 7 0.892 1 0.258 6

phosphorus level
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Table 8 Effects of phosphorus source and level on mortality of laying hens %

I H Items

NPP 73 /ill/K-F NPP supplemental level /%

BET-# Mortality

TR

Level effect

SEM

Source effect

SEM

75 555 Source of variation
5 i Phosphorus source
7K 3 Phosphorus level

0
05
10
15
20
25
30

S

Wiz — —45 MDCP

YR x #E /K 3 Phosphorus source x phosphorus level

PR =85 DCP

w

S N O O = O O NN =

.34°

1lab
22%
22 ab
00"
00"
67nb

.814
.95
.06
.435

P {H P-values

0.
0.
0.

0750
044 8
3779

2.2 BERRE

2.2.1 WEZX

H1¢ 9 nl DL iR Wi 0505 Tl /K P 1) L A A8 0
Xt NS HE R IO & R (P >0.05) o Bk
FR AL MR (P <0.05) , FEAfi 20 HE X Y
ERR R (0.82% ), 5 H AWK 4H 2 57 0%

(P <0.05) ;71 H Al @5 7K ~F- 4 2 0] JC . 3 25 S
(P>0.05), MiXEBr BORE , BEKFM 13 ~ 16
JEOT 46 . 3 S R SR (P <0.05) , BRAE 13 ~ 16
Jil 55 0.15% 1 J0 3% 22 5+ (P > 0. 05) Fb, FE Al 41

G HR Y 3 = T HAR# 4L (P <0.05) o
B X0 0 10 S, Bl 2H A R AR A B T T

x99 BHEMBIKEXNEBHERNZM
Table 9 Effects of phosphorus source and level on cracked and broken egg percentage of laying hens %
NPP 75 /K-F 1~4 5~8 9~12J 13~16JF 17~20 21 ~24 1 1~24 K
i H Items NPP supplemental 1 to4 5t 8 9to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 0. 34 0.47 0.61 1.17° 1.52% 1.57° 0.82°
0.05 0.50 0.34 0.39 0.20° 0.23° 0.51° 0.36"
. 0.10 0.26 0.25 0.32 0.31° 0.36" 0.51° 0.33°
ﬁjzﬁfr‘f{m 0.15 0.43 0.22 0. 44 0.68" 0.32° 0.57° 0.44°
0.20 0.30 0.18 0.24 0.33° 0.30° 0.63° 0.32°
0.25 0.25 0.28 0.49 0.34° 0.31° 0.53° 0.36°
0.30 0.31 0.16 0.25 0.27° 0.41° 0.16° 0.26°
SEM 0.108 0. 084 0.121 0.199 0.195 0.284 0.089
BSOS WER— 4% MDCP  0.37 0.27 0.43 0.48 0.54 0.42 0.34
Source effect ik & 455 DCP 0.31 0.28 0.35 0.46 0.44 0.41 0.50
SEM 0.058 0. 045 0. 065 0.107 0.104 0.047 0.108
75 S K5 Source of variation P} P-value
5 Phosphorus source 0.499 7 0.873 1 0.358 7 0.884 8 0.499 7 0.403 7 0.820 6
7K 3% Phosphorus level 0.639 6 0.168 8 0.2850 0.012 7 0.000 1 0.037 6 0.000 7
W > HEKF
Phosphorus source x 0.985 6 0.610 5 0.240 5 0.674 0 0.986 8 0.873 3 0.996 4

phosphorus level
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2.2.2 BoTHER
1% 10 Al DL B LW 555 A 7 - 1 E A X

FeE R B E S T HABACEA (P <0.05) , T HAh

BEACP A Z 0 22 5 A B3 (P >0.05) 5 B K7 X

FEHGTERTRFELW(P>0.05) (HBEKFT 21 ~ 24 J& 850 8 A 09 5 0 $2 0 .35 K F (P =
FR 1T ~20 R EXG AT E R R AL S 0.058 3),
F10 BEEMBIKENEBREEXZNTMN
Table 10  Effects of phosphorus source and level on soft-shell egg percentage of laying hens %
NPP KE 1 ~4 5~8J8 9~12 13~16J8 17~20J8 21 ~24JF 1 ~24 J&
Iji H Ttems NPP supplemental 1to4 5to8 9 to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 0.09 0.14 0.40 0.47 1.08" 0.72 0.41
0.05 0.15 0.04 0.39 0.25 0.03° 0.08 0.16
. 0.10 0.04 0.28 0.58 0.91 0.29° 0.65 0.45
ﬁiig{ct 0.15 0.06 0.18 1.01 0.49 0.33" 0.35 0.40
0.20 0. 24 0.23 0.11 0.20 0.21° 0.32 0.22
0.25 0.06 0.18 0.45 0.63 0.32° 0.12 0.31
0.30 0.06 0.02 0.67 0.34 0.26° 0.13 0.25
SEM 0.057 0.089 0.268 0.293 0.150 0.168 0.113
JERLR  BER— 4% MDCP  0.13 0.21 0.51 0.54 0.40 0.30 0.34
Source effect iz = 55 DCP 0.07 0.09 0.52 0.40 0.32 0.41 0.29
SEM 0.031 0.047 0.143 0.157 0.080 0.090 0. 060
A 55k JE Source of variation P {H P-value
W55 Phosphorus source 0.194 8 0.077 9 0.964 5 0.539 1 0.493 9 0.411 4 0.544 3
fi# 7K - Phosphorus level 0.2121 0.371 6 0.382 5 0.663 6 0.000 3 0.058 3 0.4751
BRI x Bk
Phosphorus source X 0.648 5 0.818 4 0.455 6 0.552 2 0.9027 0.633 6 0.606 5

phosphorus level

2.2.3 WEEZR

B 11 AT 0L, B U i KT Y B AR
VX EE XS W T SR T R (P >0.05) , BEK
V- 5 3 52 e e 4 U EE X Y e JE B R (P < 0..05)
DAl 2H 55 (5. 04% ), 5 HABBE K V-2 22 = 1
F(P<0.05) , 1M HAth 8 K V-4 Z [0 JC i % 22 7
(P>0.05), W& BoRE, A I ER,
FETl 20 A 1) W JE 2R RO W I L, R IR 17 ~ 20
JARD 21 ~ 24 il 2w 3, 5 H AR B K V-2 25 7
Z(P<0.05),
2.2.4 EFCUREAIESCEE

B 12 AT 0L, BRI U i KT 1Y B AR
I X EE XS B 7 5 B TG i R (P >0.05) o X5
5516 JEAIZE 20 J&, FERb A ERG ECRE RAR, 5
Fo K120 22 5 W25 (P <0..05) , 17 Ho At /K P
HZE ZERARE(P>0.05), 55 16 i,
0.20% WKV 2H XS ST IR BE B KT 0. 15% Fi
0.30% HE /K4 (P <0.05)

Hr e 13 0] UL, B R W 7K 7 LA R B U 5 8 K
V- BAEXT EE R T R (P >0.05)
3 W i
3.1 BMEXMNEBEFMEMERRENZN

AN TR B 5 0 A 7 T2 B AR M T nT R S i L
XTSI LE Y R o BRI AR A R B A
LR, ABEIR — A8 (MPP) Sy bRifEd) , w5 1 AH
XA 2E 3 R BN/ MY : MDCP \DCP | # 1i2
— 445 (MCP) .MPP, 32 B MDCP F1 DCP %} & %
AR I iR W U . Sconberg 457 HLERHIFSE T L
T I A XoF 0 XS %) R X A 1 2 A, DA IR —
B (NaH, PO, ) s HEY) , 1250 9 W 1R 45 L ) e
Tl 1 815 R 0 960 1l T 8 19 A X A= ) 2 R AR IR
$5:93% 72% F1 45% . Said 2 B 5E F 0, LU
DCP FUHL ) B0k 9 B2 A S Wl U5, 25 5¢ B 2 TG i
#955, Roland 45" % B DCP | it 98 W 2 £k #1 Y
B0 R ) A ) 7 AR I AR A AR AR, R

o
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EHE TP FE . Vandepopuliere % BF 58 % JA) HE S ADFI, {HiX % 42 11 LI MDCP Jy B J5 1)
B, LA DCP FIBE SR R IR A B UR , 8 LU k58 SRS PSPERE AN SE 0 & 5 1L DCP Wi 5 14 26 3
ER REERNMEER LB ELR., AR TREXES, JW MDCP o] LI DCP,

25 B W], MDCP W] g 3% 2 w5 i 30 5 19 (21 ~ 24

F 11 BRREMBEKEX EIGETE R

Table 11  Effects of phosphorus source and level on abnormal egg percentage of laying hens %

NPP KE 1 ~4 5~8J8 9~12 13~16J8 17~20J8 21 ~24JF 1 ~24 J&

Iji H Ttems NPP supplemental 1to4 5to8 9 to 12 13 to 16 17 to 20 21 to 24 1 to 24
level/ % week week week week week week week
0 1.48 0.97 1.47 1.99 11.49° 24.12° 5.04"
0.05 1.17 0.81 0.72 1.17 0.68° 0.91° 0.91°
. 0.10 0.95 1.05 1.03 0.82 0.64° 0.66° 0.87°
itiéfr‘f{a 0.15 1.31 0.76 0.69 0.77 0.07" 0.68" 0.74°
0.20 1.21 0.81 0.40 0.85 0.55 0.63° 0.76°
0.25 1.19 0.71 0.63 1.03 0.63" 0.82° 0.85°
0.30 1.19 0.99 0.57 0.65 0.58" 0.63" 0.79°
SEM 0.295 0.298 0.278 0.401 1.603 1.499 0.407
WS WEER— 45 MDCP  1.27 0.95 0.88 1.13 2.05 1.46 1.48
Source effect iz = 55 DCP 1.16 0.79 0.70 0.94 2.13 1.39 1.17
SEM 0.158 0.160 0.148 0.214 0.857 0.217 0.30
A 55k JE Source of variation P {H P-value
W55 Phosphorus source 0.638 1 0.469 6 0.379 4 0.536 9 0.949 4 0.856 4 0.821 8
fi# 7K - Phosphorus level 0.9387 0.977 2 0.145 4 0.2798 <0.0001 <0.000 1 <0.000 1
WU x KT
Phosphorus source X 0.626 9 0.566 4 0.945 2 0.455 2 1.000 0 0.999 8 0.980 0
phosphorus level
F12 BHEMBIKENEBERRENTN
Table 12  Effects of phosphorus source and level on eggshell strength of laying hens kg/cm’
T H Ttems NII\JIII:P;u{?fijlE:feiztal G4 I 58 8 12 )8 10 J 520 Ji o 24 )
level/ % Week 4 Week 8 Week 12 Week 16 Week 20 Week 24
0 4.654 5.184 5.315 4.542°¢ 4.554° 4.443
0.05 4.740 5.512 4.990 5.107" 4. 882" 4.825
KR 0.10 4.752 5.450 5. 0‘61 5. 097?b 5. 024‘“ 4.673
Level effect 0.15 4.750 5.607 5.036 5.194* 4. 943?‘ 4.587
0.20 4. 667 5. 547 5.249 4.905" 5.029° 4.790
0.25 4. 685 5. 662 5.314 5.030% 4. 889" 4.766
0.30 4.767 5.728 5.493 5.300° 5.064" 4.838
SEM 0. 146 0. 208 0.168 0.089 0.092 0.312
TRANE Wl — —4% MDCP 4.746 5.514 5.168 5.015 4.910 4.749
Source effect Hili2 =55 DCP 4. 686 5.554 5.248 5.036 4.915 4.658
SEM 0.078 0.111 0.090 0.047 0. 049 0.059
A S5k YR Source of variation P {f P-value
55 Phosphorus source 0.590 4 0.793 1 0.534 0 0.754 9 0.941 7 0.281 5
57K F- Phosphorus level 0.996 3 0.644 2 0.317 6 <0.000 1 0.003 9 0.120 2
BRI X BT 0.298 8 0.447 8 0.743 7 0.288 5 0.361 9 0.396 3

Phosphorus source x phosphorus level
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Table 13  Effects of phosphorus source and level on eggshell thickness of laying hens mm
TiH Items Ngiif;ﬁzi(eftal G4 A 58 A 12 A 10 ) 520 JA 24 A
level/% Week 4 Week 8 Week 12 Week 16 Week 20 Week 24
0 0.382 0.350 0.365 0.345 0.340 0.383
0.05 0.380 0.361 0.356 0.365 0.353 0.370
.. 0.10 0.373 0.367 0.357 0.368 0.350 0.366
iij;?%;\:fict 0.15 0.380 0.361 0.361 0.360 0.370 0.371
0.20 0.375 0.369 0.356 0.350 0.358 0.366
0.25 0.369 0.364 0.359 0.360 0. 346 0.378
0.30 0.376 0.359 0.358 0.357 0.351 0.376
SEM 0. 004 0.005 0. 004 0.008 0.009 0.008
R A WEfR— — %5 MDCP 0.375 0.363 0.358 0.359 0.356 0.375
Source effect Wi =45 DCP 0.378 0.360 0.360 0.357 0.350 0.371
SEM 0.002 0.003 0.002 0.005 0.005 0. 004
A S K5 Source of variation P} P-value
5 Phosphorus source 0.244 9 0.452 5 0.392 8 0.800 4 0.3551 0.460 9
5 7K % Phosphorus level 0.343 2 0.266 6 0.634 7 0.497 2 0.313 2 0.626 2
W > KT 0.161 0 0.399 2 0.922 0 0.925 4 0.635 9 0.722 2

Phosphorus source x phosphorus level

3.2

BE KX EGE LS

E /
oAl

AU B, H il 41 20 1 - 2 H T AR

Vandepopuliere 25 i 55 £ B, 5 0. 3% [
NPP ] Lt , 7 #E NPP /K2 0. 2% Bf 8539 7= 3 %6
RERAE &R EFK. SES " Rk
BH, 5 NPP /K4 0.19% ~0.27% #H 1 ,0. 11%
F10.15% NPP f]# i 25 B AR AR XS 1) 7 2 5 FE R
WA EE, BERSEEL. AKRSRS
AABEIE S SR — 30, MRS 2R & , AN Jin NPP
(LRI AR (NPP 24 0. 12% ) 41 85X 1) = % )
Hi VP EEREMTIHINO0.05% ~0.30%
NPP 4, 7= H 23 1 R AIK 55 R £ o RV EDRL A FH 23
(P

AR S5 TR0, B Rl 20 XS 1) ADFIL i 1%
T H A KO- A1, TRk 2R B0 A g K
-2 Bl B 7K OF- 1 5 v, ADFT 52—l 4k 8500
Miles 25" BF5E B, 5 0.23% ~2.30% f 2w
FH L, fRR B K- 0. 17% I, 85 X9 ADFI {2
FEAIK, BN 0. 10% JCHLEE Z )5 , FE %% ADFI i 2% 7t
7. Gordon 2" 1 Sohail 25" B 57 £ 1, Bl & W
BRI, SR B AW &, O B ek
B RIS . R BRI R, A AL
WK M 0.08% | FF5] 0. 25% K}, ADFI 5 £; 1
FFE (R =0.952 2,P <0.05) .

$55 ~8 JH (5 7 IR B 2 K H At B 7K
41, IRl 50 10 0 HE K PR B 1S 0, 3 T B
AR A R 5] A X W R BT AR P AR O
A 5. Sohail 25" WF 5T @R, ML 0. 10% NPP /i
FRE, ZERY P= F R AR IR 5 12 J8 S IR IK, b5
T NPP 7KDL 0. 10% FHE 2] 0. 70% , = H 2
281k FFh, Gordon 2™ BF5Y L, fl Kt NPP /K -
H0.10% I, 2 X 7= 8 R ES 11 JE T 4h 8 % B
1, B KT (4R 5, JEAS P R 2k pE sl ik
T S oI -9 P o (A 7 iR Y N EN AR 7 26
Y ] 18] B o T Lt ) Rl A O S 7 R AR A

S H 7R AN P R AT S B R
RILE AR . Miles 25 BIFSE B, 6 25 1 L
KM 0. 17% Tt B 2. 50% , 7= 8 R F- 2 8K &
-2 H = B e TR JE B K. A Rt R
B2 TR NPP [ 7F 5, OF- ¥ 28 2 e T IS RR AR
fy#a%e . {HJE Gordan %5'" HI Sohail 45" ff 57 %
B, Bt GRDAR B KO 1 T i, P S R R S A
PEFRAG, AL ¥ AR 4, AT RE R i T EE Y = R
Tt FHOS E AR/, R,

ARG K R, e WAV W ( 3t 4, S Jn /K -
N O) R, X AL TR B BT, BEE B KT B T
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i, XA T A B IS ARG TR & . So-
hail 22" WF5E R B, 5 0. 20% ~ 0. 70% () f A
NPP /KA ,0. 10% F1 0. 15% (1) 47 4 NPP /K-
BERE T ENITF, Usayran 25t B
AL 45 5, 25k NPP /K SE FEK 5] 0. 05% ~
0.12% B, FEAGHE T2 5 3 Fh o 1 ARl AR I B &
SECE R, TR E A TR W
B B 1A S KT R O 7 B O A 1 R B 25 5
BRI R TL  RB R R 255k B e
S 8 0, T 51k B S RE 2 B T
ZG UL R R W, KT X XS PR T R Y R
AT RE AR BT AN I B A A5 8 L | A TR L Y I
WU /b, DT S350 T RN B AR T T R, R TR
R IR R RYOK, m&sE TEMNMMIM A S
EEEL( REE ) e SEEXT,
3.3 BAEMELEERENZIT

ARG 45 R R W AR R 0 iR T R
Wl 7e B SRR B R, B R T TR g, X
5 Vandepopuliere 25 35 7 3% (1 BF 9% 45 5t
FAAL

BARTEER S LML, B & AR E 1%,
{EXFF By 1k 8 58 1 i 4R A AR A, BRI
Ky 3T 24 AR AV R Al A - T AR v R S T v
3R R AR R AT R B S B,
B AT 0.11% ~0.27% [ 5 /i #it NPP
TRV B 5T 5 R R, 45 SRR ,0. 19% 11 F A
NPP /K- &g 25 4 7 T 85 5¢ ) B Ml 85 72 . Klin-
gensmith 25 5 328, 5 0.3% ~0. 7% [ 5L
BEAT L, R AR A 300 7K S 4 0. 9% Xt 28 Lo 3 A 5%
R W, AR E] 0. 1% B, B FREALT
B8 B0 7™ o IR ) B 5 T o R e (IR R
M " 2R e 5 ) RS, AT 66 - 5 R 4 I 1)
B L o B AAT T 5T & B A R W K S X B e I
JosN . Keshavarz ™ BIF 57 & B, fRl AR NPP /K -y
0.11% .0.21% F1 0. 41 % W}, BB & 50 5 5 HI & T
PG A 3 25 St . Park 25 RS 0 R B
IR0 0.3% F1 0. 4% B}, 5 4% 25 57 o 4 F1 AR
FIEERA 25 . AR EE Rt & B AR NPP I
KM O HEHE] 0. 30% i 8 7% 5 f i A7 g %
A
3.4 EBEEBANAKENHAR

Roland"* 2 38 , 3 it X T To B85 14 75 32 & 7
40 AFB ] ORI R B, NRC (1994) LU= 5 %5

FEbR, HEAE 21 ~ 51 JAl i 7ok it 85 X 7 2 i U 0
RAF AT T 25 250 mg'" . FEAS KT L AT
Fer, AT & B0 & XS 1) B 75 % & 0] eI T NRC
(1994 ) pyffitF ™ . Rao 5"V 3H 26 X 1 bl
TR K 728 AR R, B 45 NI 4 BF g
20 ~40 Ji % 1Y A8 5E B 1R NPP K - LA
0.20% L. Snow %Y 3¢ £ W, 47 #t o NPP
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TG 0 3P A S BE T B A7 22 5. Snow
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At SR W P 75 B
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BN 0. 48% 1y MDCP, # 5% fr 4 117.6 ¢ i, 4
K NPP $ A 4 259 mg, X[ P H = E % 7 K
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Effects of Phosphorus Source and Level on Performance and
Eggshell Quality of Laying Hens

TAN Zhankun' BAI Shiping' ZHANG Keying'* DING Xuemei' ZENG Qiufeng' PENG Xi’

(1. Key Laboratory for Animal Disease-resistance Nutrition of China Ministry of Education, Institute of Animal Nutrition,
Sichuan Agricultural University, Ya’ an 625014, China; 2. College of Veterinary Medicine
Sichuan Agricultural University, Ya’ an 625014, China)

Abstract; The experiment was conducted to investigate the effects of different phosphorus levels from mono-
dicalcium phosphate ( MDCP) or dicalcium phosphate ( DCP) on performance and eggshell quality of laying
hens. A completely randomized design involving a 2 x 7 factorial arrangement of treatments was used in this
study. Two phosphorus sources were MDCP and DCP, and seven phosphorus supplemental levels were O,
0.05% , 0.10% , 0.15% , 0.20% , 0.25% and 0.30% , respectively. A total of 1 170 commercial Lohm-
ann pink-shell laying hens aged 25 weeks were randomly assigned to 13 treatments with 6 replicates each and
15 hens in each replicate. The corn-soybean meal based diet contained 0. 12% non-phytate phosphate ( NPP)
and calcium level of all diets was 3. 5% . The experiment lasted for 24 weeks. The results showed as follows
there were no significant interactions between phosphorus source and phosphorus level in the laying perform-
ance and eggshell quality (P >0.05). During the whole experimental period, hens fed the basal diet had the
lowest average daily egg production, average daily egg mass, average daily feed intake ( ADFI) and average
egg weight, and the highest feed to egg ratio, cracked or broken, and malformation egg percentage
(P <0.05). Phosphorus source and level had no significant effects on eggshell thickness (P >0.05). When
hens were fed the diets with NPP supplemental level between 0. 05% and 0. 30% , there were no significant
differences in average daily egg production, feed to egg ratio (except for 1 to 4 weeks) , mortality, cracked or
broken, soft, and malformation egg percentage (P >0.05). When hens were fed the diets with NPP supple-
mental level between 0. 10% and 0. 30% , there were no significant differences in average daily egg mass
(P>0.05). With dietary NPP level increasing, average egg weight and ADFI increased firstly, and then de-
creased. The results indicate that MDCP can completely replace DCP in the diet of laying hens. The suitable
NPP level in the corn-soybean meal based diet is 0.22% , and MDCP supplemental level is 0.48% for laying
hens aged from 25 to 49 weeks. [ Chinese Journal of Animal Nutrition, 2011, 23(10) :1684-1696 ]
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