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Manure excretion coefficient based on the complete process of duck production and estimation of
environmental effects of duck breeding in Jiangsu, China

CAO Yun "?, WU Huashan', LIANG Zhong’, SUN Qian"?, DAT Youli’, XU Yueding"*>, HUANG Hongying"*

(1. Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences/Key Laboratory of Crop and Livestock
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Organic Waste Resource Utilization / College of Resources and Environment, Nanjing Agricultural University, Nanjing 210095, China;
3. Jiangsu Institute of Poultry Sciences, Yangzhou 225125, China)

Abstract: The present study aimed to improve the manure production and excretion parameter system applied to duck breeding to

accurately calculate related manure total nitrogen (TN) and total phosphorous (TP) excretions. A manure collection experiment was
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performed during an entire 42 d breeding period of duck production using an elevated net bed breeding system in Jiangsu. Based on the

number of livestock and pouliry breeding, and the area of cultivated land in each city in 2021 in Jiangsu Province, the amount and regional
distribution of TN and TP from livestock breeding and the contribution of duck breeding to environmental pollution by livestock manure
were calculated. The results indicated that ducks had significantly different manure production and pollutant excretion rates at different
growth stages, with 56.3, 311.5 g-d™, and 474.9 g+ d™' for manure excretion; 4.48, 20.82 g+ d™', and 30.22 g-d™' for COD excretion; 0.31,
2.03 g-d"and 3.75 g-d' for TN excretion, and 0.19, 0.85 g+d ™', and 1.41 g-d™" for TP excretion at the weaning, quick growth, and fattening
stages, respectively. Xuzhou, Suqgian, Nantong, Huai’an, and Yancheng represented the five cities with the largest total manure excretion
of duck breeding in Jiangsu, accounting for 92.9% of total manure excretion of duck breeding. In 2021, the production rates of COD, TN,
and TP in duck manure in Jiangsu Province were 134.7, 11.9 kilotons, and 5.7 kilotons, respectively. Xuzhou showed the largest TN and TP
loads per unit cultivated area for duck breeding, accounting for 23.31% and 28.53% of the TN and TP emissions from the animal breeding
industry. The TP pollution loads of livestock and poultry manure on farmland was higher than the TP standard in EU, and the water
pollution warning level was fourth in Nantong and Yancheng. Therefore, the emissions of pollutants should be calculated accurately
according to the population structure, and the corresponding production and excretion coefficient for duck breeding and the environmental
carrying capacity should be fully considered in the breeding industry development planning in Yancheng and Nantong. The scale of the
duck industry should be reduced to prevent local environmental pollution risks.

Keywords: pollutant production coefficient; pollutant excretion coefficient; duck breeding; livestock environmental pollution; manure total
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Figure 1 Variation in the weight, daily feed intake , water intake and manure production during the process of duck breeding
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Table 1 Pollutant production efficient during different growth stage of duck breeding per unit duck

G i/ (g K ed ™) BEZEEIKEE COD 5 BB (g- B -d™) TIN5 R EU(g- H'-d™) TP 5 R EU/(g- ' -d™)

Tl B Be
Growth stz Manure production/ Moisture COD production coefficient/ TN production coefficient/ TP production coefficient/
SRR (g-head™-d™) content/% (g+head™-d™) (g-head™-d™) (g-head™-d™)
B4 Weaning 56.3+23.6 75.3+3.3 4.48+1.46 0.31+0.10 0.19+0.06
H K] Quick growth 311.5+51.8 80.3+3.6 20.82+1.96 2.03+0.21 0.85+0.08
BIEM Fatten 474.9+£33.0 81.9+2.7 30.22+2.46 3.75+0.31 1.41+0.11
= 44 Me:
SR R e 250.8493.2 78.9+4.2 16.75+4.73 1.48+0.59 0.71:0.21

the whole breeding process

T B A3 SD CR[R]) 5 A2 SR W12 IR B H TS Yelpp T2 177 At phy 2522 E WIIBCT- 3 7745

Note: The data in the table is presented in the form of mean+SD (the same below). The mean value of daily production of feces and urine and its

pollutants during the whole feeding period is obtained by the weighted average of each growth period.
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Table 2 Pollutant excretion efficient during different growth stage

of duck breeding per unit duck(g-head™-d™)
COD #l5 R TN 5 R TP RS A%

= A EIL
B COD excretion TN excretion TP excretion
Growth stage .. - o
coefficient coefficient coefficient
B4 Weaning 1.21x0.39 0.08£0.03  0.05+0.02
H KM Quick growth 5.64+0.53 0.55+0.06  0.23+0.02
HIEW] Fatten 8.19+0.67 1.02+0.08 0.38+0.03
i 74
SETIFII Mean for 4 o) 153 04040.16 0194006

the whole breeding process

2.3 LA S EE R INE R
2.3.1 VLI RS2 T5 Je H5 Ye

i 3 FR LIS RS A 7 32 B4 TR e BT ]
b DX BTV DX 5 g PR A A T PR AR R AR
B Woolk X B A S A SR, 2019—2021 4E 71 35 A S 5
FHE LA K AE AR 1.742~1.912 R . M 15
i R E  ER SRR VLN ARG IR X O 3
A ARG SF- 257 RS R A3 3R 12 769 7 (1 549 J1 .1 024
T 71077 1497 73 5 R IR 2 RS 57 48
T 93% , Horb A M RS SR 50 1 5 A 1 71% UL L
(E13)o 9  To8 i N & 5 2 K b X [ 2017
ARSI STR AR T B WU A LK, S T AR R IR IX
FRIE 7 ORAFRAE TAERY, W 3255 3 01 R AR A
W T A i R RS S A RS 4 i, 4 A HEAE 50
T HPURP,

HR 8 VL5 4% T TR SR 4 o ) 5 1 B HE S &R
B AL 2021 4F & T ARG ZE PR 7 A . LR
B 2021 AE A RG2S PR S AE RO 20174 Tt 2
FREH RS, £ T ARG 2R R 7 AR R 2 R R A
R L X R BN SR T AR (141.22 7 1) |
51T (21.55 7 0) JF (11.07 73 v) M2 (7.87 1 v) L4k
W (5.62 7 1), HoR N 44 TS 2 IR HE =
92.9%. HIK, & =W (R B8 VBT IS 28R
AL T~ vz m, HAbH X 7= A5 1 LD
L, EER R AT, N AR R (018 D).

(L

2019—2021 434451
[RLERSZRIYES v B
<100
100~499
500~999

1 000~4 999
>5 000

3 {7 2019—2021 £ PI RS TR X 43 75 [
Figure 3 Distribution of duck breeding in Jiangsu Province from

2019 to 2021

B 28 PR ™ A R T IDUY 5 3 otk A= 7 K UF A ¢
G B VLI E PO (B FT S 74 AR R IR L Fg
W G AU, X FERRON R E 2R
A BN A A B B SR A R

2021 4E VL5 4 T A G 2 JR v COD VTN TP 7 A=
IR 3FR. 24 WISEER COD TN TP &)™ A4 &
Oy A 13.47 77 119 U7 L0.57 5t M A 2 R
COD . TN.TP = A4 F e i , o 428 RS 15 e W HE =
1) 70% , o7 4 M T Py 4 E & 28 U TN TP 1)
18.1%.22.9%
2.3.2 AW N E & 2T At 17

T VA PR FRAE G B 8 T Y A e Y TR AR
LA GET 255 B A TG AR IS IR
SR T2 A % S AL S vk AT 2021
EILHE EEE G LS R, 2021
VLR & B 2R B HEGE I 4 581.6 77, P
ZEPRHECRE e, M 2 330.8 7 t, (5 AR 50.9%, 1
WHREZ, AMERMY 7 EENSEEEMN
51%. MZEVSE )T, ITIRE R AR BN
EUE 3T cE I DO o U T B TP A
TrK R 0 E b Ab P 0 5 A0 ) P M R R,
IO SR S 25 e B VA BUR SR R AR T &

TLIRAE 2021 4 3 & (B Hb 17 for 124 T 1.60~
13.69 t+hm, 3 7 4 6.53 t- hm™2, A [a] b [X 22 B
oK. Ml E S b AT E A, L e T
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Table 3 The production of duck manure and pollutants in each
city in Jiangsu in 2021
FER AL CODFAERE TN 7R 4t TP Akt

X Manure COD TN TP
Region production/ production/ production/ production/
(Frtea’)  (JFtea) (t-a™) (t-a™)
B3 5T Nanjing 3.80 0.25 224 108
JC8 Wuxi 0.22 0.01 13 6
M Xuzhou 141.23 9.43 8334 3998
# M Changzhou 0.44 0.03 26 12
FRMl Suzhou 0.18 0.01 11 5
B3 18 Nantong 11.07 0.74 653 313
¥ W5 Lianyungang  3.94 0.26 232 111
E%E Huai an 7.87 0.53 464 223
I Yancheng 5.62 0.38 332 159
#M Yangzhou 1.02 0.07 60 29
BT Zhenjiang 2.55 0.17 150 72
Z& M Taizhou 2.25 0.15 133 64
feiiE Suqian 21.55 1.44 1272 610

fugir i th 110%, 73N TS S#fEHh 17 ff eI IRIHRG 32 7
XM 16T R F S 25T B 0 ey 2 1
2z b, 535124 9.36.9.60.13.69 t-hm™, X £ 4 17 4
B S B T sk b, R 70 7 11 BT R 2 430 R 24.69%
5.51% .1.82%. KX T6 55 (R{E )X & & 2875 7l G
T A4 IR 05 e U A TR e, S5 SR T
IR BB A TG Y XU 15 B F 0.05~0.46 Z 8], B
PR A FH PR BE 52w 458 /08 , BBV 9048 <+ = 10" 3 1)
M) 7 BRI TS Y BRSO B B k. mEiE
(R=0.46) . EhIk (R=0.44) 3 & ZE(H XS )™ A= T —
BRI G KU , AR FE AR T4 98 Ty ek, a2 10K 3505
il BCA MUIE ] S48 T4 85, /N SR BE 5 T R EAS T 265
7 FEE A AR TSR A A S R AL B
2.3.3 DA E 6 25 Al AL B FR A B M T A
BRI b TR 1 B 20 U £ oy 2 PRI XU
PE B AR AR . R S 2 I A i R R 4 i A PR R
WESY R 170 kg-hm 2 F1 35 kg-hm 02 BA7 b 16
PR (e ) 0 A Ao 3 A RAELAE 27 Dk il TR k11
WRPER, 2021 4 VL5548 - 359 B A B b 1T BH 3 4 2%
{8 TN TP 1 faf 4351 4 44.0 kg hm > F119.4 kg-hm™?,
P o o ok B P A it 2 Lt e PR AR .
T | 300 P b DX A TR AR 4 67 A e T R R
PR, X B M T R SR R 2
15, DA A 38 T 1R R ol R T ER A  H 1
WK

P 1%) WHARTY

YL 45 T BB 1 8 26 TN TP 47 i 2 oK
TR BRI AR UE (2 4) o BBk b P TS 35 58 L i 11
o o bR i 8 AR N L 4300 R 23.31% .28.53% , FLIk
JtE ik m A, o A o 5.41%~5.61% . 5.47%~
6.09%. SR, ARG 558 X5 VL IR 48 B A b 1T AR
SO ) B for UK EER /N {EL PRS2 i g o v
AT DX B B 2 Pl 2 ey O R AR v B, ax
i XA M & R B B T ) 2 B R RS
WERE ) . RAERMTT M5 TNUTP 5 i
L H TR E S 258 TN TP i /0, I )
SRA — B TS P2l & J2s [B) . ma il SR A5 b T vl
T Y45 /N DRGSR GE AR, A5 e XU o

R4 2021 FIIHA B TR BMHBER
BR BB A
Table 4 TN and TP load from livestock manure per unit cultivable

land area in Jiangsu in 2021

Hi X manure/(kg-hm™) (kg+hm™) i /%
Region INFAfif TPOUfE TNGUBE TPOfE o

TN load TPload TNload TP load
¥ &¢ Nanjing 1.55 0.74 27.63 13.52  5.61 547

Je Wuxi 0.09  0.04 8.54 400 105 1.00
5 Xuzhou 13.64  6.54 58.52 22,92 23.3128.53
%M Changzhou ~ 0.17  0.08 1606  7.60 1.06 1.05
F Suzhou 0.06  0.03 1002 344  0.60 0.87

418 Nantong 147 070 10576 4625 139 1.51
% 7 Lianyungang  0.61 0.29 38.92 1452 1.57 2.00
WE4 Huai' an 097 047 3459  13.80 2.80 3.41
ERIk Yancheng 0.40 0.19 100.42 4779 0.40 0.40
# M Yangzhou 0.18 0.09 3325 1498 0.54 0.60
HAYT Zhenjiang 092 0.44 3403 1653 270 2.66
Z& M Taizhou 0.30 0.14 4745 2236 0.63 0.63
T 1T Sugian 3.12 1.50 57.27 2462 545 6.09

2.3.4 [RING N F 8 2 TS K AATS YL £ A

IS AR R /K&, FRAR A ol E A7 5 5% (HATh e R
S KR 3 K DR 0k PR S 2 3 = B4 KR
FE ALK, 25 2T B A B AL, A 5 s B K AR T
Yo TN PTG SR B KR TS G o g 3 LAPEAS DY, S8k
M5 AN, B8 2 X AR 15 YA 2 15 e A
TSN 0 5 2 b K PR R A O, RS RN T L
B B B A AR TS YL B A5 TS 285 ey
SRR HERCR S SR AR B TR . VLA B R
15 XK AR B SRR TS P48 800 T 0.40~19.37 , i HE AR K
S-SRI A T S bR, TG IV R A
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Table 5 Equivalent standards of pollutants from duck breeding and equivalent pollution index of livestock and

poultry manure pollution in Jiangsu in 2021

3Rk b ST K b
W43 COD S5hFHbI W36 TN ZRHERCER W26 TP BArtnie oo KSR SRR o e ks
=~ . R . 5 YL B0 vk 15 YL %0 i it
1 Equivalent Equivalent standard Equivalent standard N . TS5
HbIX . . Contribution of duck  Equivalent standard -
. standard COD TN discharge from TP discharge from . . Water contamination
Region manure to equivalent  pollution index to

discharge from duck duck manure/ duck manure/ risk level from

standard pollution  water from livestock

manure/(10* m*) (10* m*) (10* m*) index/% manure livestock manure
B3 3% Nanjing 1.27 2.24 5.38 6.06 1.64 |
o8 Wuxi 0.07 0.13 0.31 1.16 0.53 I
%Ml Xuzhou 47.16 83.34 199.90 23.19 8.13 I
#JH Changzhou 0.15 0.26 0.62 1.14 0.99 I
FHl Suzhou 0.06 0.11 0.26 0.84 0.40 I
F518 Nantong 3.70 6.53 15.67 1.39 19.37 \%
% 73 % Lianyungang 1.31 2.32 5.57 1.75 3.86 I
#E%2 Huai' an 2.63 4.64 11.14 3.02 4.61 I
3 Yancheng 1.88 3.32 7.96 0.40 16.64 I\
%M Yangzhou 0.34 0.60 1.44 0.61 4.90 I
BAYT Zhenjiang 0.85 1.50 3.60 2.89 3.72 I
%M Taizhou 0.75 1.33 3.19 0.67 11.68 iif
75 3F Sugian 7.20 12.72 30.51 6.06 5.85 Il

L ER IR, RO M SR TS YR RE SR g R I
G AR E IR T S T, HoAr i 1) S5 AR5 e
EEUAMET 6.

YL M8 26K & COD . TN TP HE il 43 # 4 F
0.0742~47.16 42 .0.1312.~83.34 12 .0.26 /2.~199.90 12
m’ AR M TG 2K AR 5 e Wy HE i f &, COD TN
TP HEJif 1 53 51 R 47.16 44 .83.3444..199.90 12 m’, 5
2 WS 28T e W S AR HE U 19 70% LA B IR e
BT, A 10% DL B R . AR T8 TR SEXT
TSRS e 8 B DTk R 0L R 25— AL R
A T 7 TIN5 5 G £l R 1) A T K L ) FR B
HIZETS B, PR S IR B S 2 TS R Ak Ak P R
TR J5K A7 A R, ST
Y An far 45 A — B0, i AR Ik S A A — 2
FEIRTH AT Ry, 8 S R S (T RN ) B SR
B Lk SR B SR AR K A4 5 e JRUBS: 9 R 3

3 it

(1) PG AS ) A AE B Y B U ) 8 A R I i
Z5 R E AR T, WIRE T 28 24 F W
- dA #2677 4k B COD TN TP H 795 2 5043 5k
250.8.16.75.1.48.0.71 g+ K" -d™', 55 FE Z I B
A B BRI HE S BB IR KT IR SR A

B 7455 ZR LA R 5 R v e e CROML TR 7 HE TS R %k
T o G =15 R

(2)2021 4%, VL9348 & 8 28 (8 #F Hh 17 17 &2 A T
1.60~13.69 t-hm™, & & 2 i {5 YL XU 15 204 T 0.05~
0.46 , F&IARXT AR ISR RE AL /N o 428 T3 B B 1l
1 AR 3 8 25 {8 TN TP 17 fif 12t 4371 4 44.0 kg - hm™ il
19.4 kg hm™, A 88 18 B0 2N B o o TRV HAG e
TR DX AR P S 26 X P b SR L Wl £ iy 194 BT R 40 0l
23.31%.28.53% . i Eh AR M TS YL 1A
TFRRERARE , 7877 b 4 J FLRI sf o7 T ok 2% B P i
EFIREEARER T 38 Y080 N R R SR A A

(3)2021 4EVLIR A 7 B 2815 KR SR bR TG QL 45 21
A F 0.40~19.37, il Fh K AR SR TS5 Y48 B
TR R IV Heo HM A8 T BUEL ) R 1T 9, BFS
FEXT KR SRR TS Y8 B DTk R A R 25—
A7, B A IO 568 5 R i b e ) 2 T B 7K b
TIN5 B, $E R R Y B B 25 TR IR LA B
BT, I S5 A5 7K A A7 Ak 3R K R Rt i 14
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