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Table 1 Profile of 33 dairy farms combined with
growing and breeding

¥

1
Fite ﬁ’%;';” BRI R SR T 2
Hh [X “+ Breeding Way of manure Technology of slurry
District Farm stock/k collection treatment
amount
TEEE. FIEET
THFE TGS HIBOCAE . S ER
HIEX 9 550~2400 F&. THEIEAR LA REK
B TESER IS B A+
(R
i T TIHIHT REKBEHRRICA W

1% 9 450~5400 WEFE. TiEFEKM MRS REK
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e a s TR AL
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= 1A AL e

T, TR B AL T
THIX 4 440~2630 phEE. TIEEKM A EATE. RAK

36/ 2 -+ AL
L o T TSR ORI, R
Bl 3 960~2850 by SR TR+ L
_ S T A R RET
JbJRIX 2 400~3 200 e s

T I SR A T2 i A 3351 B (LIRS BARIE ) .
Her, “FRISHTIIE B T RRARCREGz I
FSHTT; KPR SRR AR 23 5 VS K BOR B B i
W RS 25 T A IBETEVEL” RIS E X COGEE” XK
RIS 7T, BRGSO R — A “ I3 BRI A
BB S8 W 24 Xl il F) 385

Note: Glossaries of the way of manure collection and technology of slurry
treatment were quoted from Technical guide for calculation of land carrying
capacity. Therein ond dry clean means the way of manure collection and transport
in the gutter via the scraper. Slurry flush means the way of manure flushing by
the liquid segment after the separation or the supernatant from the final facility.
Deep litter means the way of manure collection and storage via the bedding
materials in the shared house. As above 1* dry clean during the ways of manure
collection means the manure collection and transport via the scraper or forklift in
the alleys of barns.
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Fig.1 Slurry movement route with sampling sites in dairy farms
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Fig.2 Distribution of monitoring dairy farms with sampling
amounts
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A RN 0.64, BREAAALR FYEALL TN 220N, BLEHE
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Fig.3 Overall distribution of Total Nitrogen (TN) and Total
Phosphorus (TP) content in the slurry
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Note: 82 winter samples. 111 spring samples. 114 summer samples.
121 autumn samples. Line in the box plot means the median, while solid circle
shows the mean value. Abnormal values (A) are in the external, Hereinafter
inclusive.
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Fig.4 Variation characteristics of TN and TP contents under
different seasons
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G RA RO 2R, UHAEM . URIRSENm R
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Table 2 Likelihood ratio test for the fixed effects in the

LME-model
%‘éﬂ\‘ lﬁliﬁkm %/‘ﬂrﬁﬂﬁ 4t df Pfa

Indicator Fixed effect Chi square test P value
eSSy 85.00 3 <0.000 1

Hh X 10.59 5 0.060 2

N M ESpEN 6.13 5 0.293 5
KM T 8.33 4 0.080 3
FIKZBBHT 119.96 18 <0.000 1

EcSt] 235.06 3 <0.000 1

Hh X 11.74 5 0.038 6

TP GELYIE:N 238 5 0.794 2
KM T 6.41 4 0.1703
FIKZBHT 72.94 18 <0.000 1
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Kl 5 5o T R BT AR FREH X P54 35 26K b TN Al
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TP &&= RIRFE AT, ASF X T 9543 B A A A
B ZER, FEARSAME, HTIURX AR 7
A, AENRFEN, MRAR S R ER. 5T IN &&, 7
XA R AL X R, 8 2 081.7 mg/L, FHoAth 4 M
XIITE 1 600 mg/L 7247; VEMEEHX TN & & EHE 216
oY, HoPEAREES, X5ZMX 9 KK
Ty 3 36 /KA BRASE AR I B SE B M &5 T g X
TN & &R BN, FFAZHIX 3 F g4
WK E P2 RO IS B 0. % T TP & &,
X ) FA) 22 SR K I X f TP 2 & P44 N 112.3 mg/L,
AR T AR X, iR XA S X 1 TP & =g,
218 75 mg/L, EREX A FHRX A TP & & VI E (K,
218 60 mg/L. FHLX ) TP BiEMxT 4, 7 RN
0.58, T HEHEE X IR AT 8, 5 R0 0.73, HAF
SPETE K. X TN A1 TP & 2 A b4 aT LR, TN
TP & & FHE A SO I FE T X B, SRR AE 0
DUAE SR IX R R HRIX . 25 R W, AS[A) Hl X 8] 38 7K S0
TEAAAMESR.
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Note: 72 Ninghe samples. 118 Binhai samples. 101 Wuqing samples. 41 Jinghai
samples. 89 Baodi samples.

B5 TRRARREE A S5 E T TAUFIE
Fig.5 Variation characteristics of TN and TP contents under
different districts

& 2 19, BESRMIX A 2K &R & B R 2,
HREAFRMXIEKF: TN EELEEEZES (P>0.05) .
FHC IR AER 3 M XK TN &= FAEMZET
JU, HEHCHEM 0BG X AL JERIXFEK TN &
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S5 DC (THE#) M DC DL (FH&EZAmmaeh 72k
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F+TIEZS 7 FUREER TN A TP A8 7 2B/, 7
A 0.49 A 043, HEEAANES, 25008 2 394.0 F
93.9 mg/L, %7 RAEHRAAHI (RFE 7 B A7 I FE N G 823F
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1) TN Al TP A BUK, X 5@airl FIfldEr 3R
ANHEN 5 838K M T3 FH 2 G5 0 B0 S A AR 7%
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DC DC DC  DC DL DC SF
o e > .
%5 3%77 A\ Way of manure collection

7E: DCHEFIHIE, DL ARFMAHE, SFARFRAKMIE. FIHIHEALH
68, TiEIE+THEMALCN 36, THEIEMBEMBERHEALCN 25, TiF#E+
IKMSEREABON 269, TEFHK ISR EAEE A LN 30,

Note: DC stands for dry clean. DL represents deep litter. SF means slurry flush.
68 DC samples. 36 DC_DC samples. 25 DC DL samples. 269 DC_SF samples.
30 DC_SF DL samples.

Bo6 TREwEHXTE D EHEST R
Fig.6  Variation characteristics of TN and TP contents under
different ways of manure collection
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s SR BT 2 B PR R R R (39%~
58%) , [AINTREFFIC NH; 5k, BRERRAHRR S
FoKh, SARFREERATT. DC_SF DL (TE3+/K bk
AEgREED 7R AR TN A TP S EHREAL, BT
BRI RIS AN K R AR 38T, TR S 2k N SR S A B
EH ZAMERE TR D SR ERENEEREA. 250, A
G NP 3K AR S B ER, (HHAEE.
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2.2.4 ARIKEILTEKAHHSE T

W T 2R W R IOK I — A HEE RN R . ZiHT
351, Sbs L GGAMICAF+HAAIE) Al Af Sbs L (JREK
PR A+ AR S R 2R R I 32 A 3 T
2. HE T PR, X2 MAETZ TN, TP 525 HIT
BWHEERAK, IN SEFYED N 15884 Fl
1758.6 mg/L; TP & & FH5ES 58 69.5 F1 80.1 mg/L.
TEIX 5 FFKAF T 29, Af Sbs (REKEHEIAT)
fEFF TN S&EFEMEN 2402.6 mg/L, i T HAl 4
FTZ: TP SETIMEN 90.6 mg/L, il 4 FhTZ
B MR L CEARIE) ARFRF A2 TN A TP & &R
K. SRR, AR T2 F KA S BEEAEER.

7500 - [ &% Total Nitrogen (TN)
vZ1 5.1 Total Phosphorus (TP)

= O
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g N 4150 £
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23000¢ =
2 g
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S 1500} 10 %
® o - 10 &
m =
1 1 1 1 1 :Eél
15 Sbs Sbs L Af Sbs Af Sbs L

FEAKALFE 1. Z Technology of slurry treatment

e ACRGRIREUREE, Sbs FBMICAE, L AREMIE. L BEAKCH 35,
Sbs FEARKUAN 66, Sbs L #EAKN 119, Af Sbs AR A 42, Af Sbs L #
AEN 166.

Note: Af represents anaerobic fermentation. Sbs stands for storage of biogas
slurry. L refers to lagoon. 35 L samples. 66 Sbs samples. 119 Sbs_L samples. 42
Af Sbs samples. 166 Af Sbs L samples.

B7 RREKLELLTEREHHEELNE
Fig.7 Variation characteristics of TN and TP contents under
different technologies of slurry treatment

H#E 2 B, NELFETZETR, #K TN (P>0.05)
M TP (P>0.17) SEEFWARE ., REKEHERIAT
HETZEHTRIZEK TN S8 P EEE S, TP 581
Htb s, HEGEXIERE, USRI BT K
AR BB AT E IS SR AF T 2AEH T TN °F
PHERAR, SEAEER T TN SERE TR, RER
-+ SE AR A LU IR R BRI A7 2B R TN &
WK, X TF3K TP & &, REKFEHTRIC AR R A7+
A T2HERTR W TP S AL, IRERBEHERIE AT+
A SENTE T2Z/ER T TP S24HL, BRI AF T
ZAEFHTT TP & 208 & T2, (R TR A+ 4L
Yo PR B K I AF A BRI K 2 N EE R AL, AT (D
W N R RS, N, REKBLZE N TN &
WA T 25, AT AR R LR T2 AR
WK GA AWM — B2, REN, BRRE
RGBT AFH A T2 T RS g T AR 4 Fh T
2, HERFARE.
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WK 8 fizn, Cmg. Agg-1. Cst-1 fil Lag 1 /& FF i &
FOACE & PR, BB R T 9 4= I A B 36 K I K 2 A0,
XU, 2 36K A AR AR5 A B 2 i
Lag 1. Lag2 il Lag 3 fIFE S i IZ ik, I8 T 45440
B2 ARy, R AT 256 25 IR 2 U A AR 5224 28
EFEEAIRAKMHE T2, Cmg. Agg-1. Cst-1 f1 Lag 1
F) TN “FEIEES58 1 8093, 1 798.0. 2 102.1 Fl
1532.1 mg/L, TN & &I 4E 764 B IR RBR AU, 7E Cst-1
TN i i, RS B B E, FEE
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Al Lag 3 i TN “F&E 8 1 171.1 F11 126.9 mg/L, TN
o EMEAAIEEZORE, EKRA ST R AEA
FFEE R RS, Cmg. Agg-1. Cst-1 #1 Lag 1 ) TP
SRS RSN N 66.1 66.7. 80.3 A1 68.5 mg/L, TP 1 TN
HIFE Cst-1 & B . Lag 2 Al Lag 3 ) TP ‘P & &
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R 53 it i, ELBE S A3 R s ek o
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F6/KIB AT Link of slurry movement
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Note: Cmg represents manure collecting gutter. Agg-1 samples represents slurry
tank for adult cow. Cst-1 represents separation tank-1 for adult cow. Rts stands
for regulating tank/sedimentation basin. Sct stands for 2" sedimentation tank.
Lag-1 stands for lagoon-1. Lag-2 refers to lagoon-2. Lag-3 refers to lagoon-3.
Ang refers to anti-epidemic ditch. 44 Cmg samples. 93 Agg-1 samples. 64 Cst-1
samples. 30 Rts samples. 11 Sct samples. 87 Lag-1 samples. 26 Lag-2 samples.
14 Lag-3 samples. 10 Ang samples.
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Fig.8 Variation characteristics of TN and TP contents under
different links of slurry movement
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Variation characteristics and rules of nitrogen and phosphorus contents
throughout the slurry movement from scaled dairy farms in Tianjin

Li Mengting®, Sun Di**, Mu Meirui?, Liu Haixue?, Zhang Kegiang®, Yang Renjie?, Zhao Run**
(1. Agro-Environmental Protection Institute, Ministry of Agriculture and Rural Affairs, Tianjin 300191, China; 2. Laboratory of Agricultural
Analysis, Tianjin Agricultural University, Tianjin 300384, China; 3. College of Engineering and Technology, Tianjin Agricultural University,
Tianjin 300384, China; 4. College of Resources and Environment, Jilin Agricultural University, Changchun 130118, China)

Abstract: Both nitrogen and phosphorus were abundant in the dairy manure, which were ideal water and fertilizer resources in
agriculture. However, influenced by the change of environmental conditions, there were great differences in manure collection
and transportation methods and treatment processes in different dairy farms, resulting in unclear characteristics and varying rules
of nitrogen and phosphorus components and contents in numerous links of slurry movement, which was harmful to the sustainable
management on the manure. Based on the long-term monitoring on the complex manure rotation system of 33 large-scale dairy
farms in Tianjin, the variation characteristics of nitrogen and phosphorus contents were uncovered in the whole chain of slurry
movement along with the time and space, and the variation rules of nitrogen and phosphorus contents were explored under
different management modes in different dairy farms. The results showed that there were 6 single or combined manure cleaning
ways and 5 slurry treatment technologies in 33 dairy farms distributed in 6 main dairy industry districts. Therein dry clean plus
slurry flush and dry clean were the main cleaning ways of manure in Tianjin. Sbs_L (storage of biogas slurry plus lagoon) and
Af Sbs L (anaerobic fermentation plus storage of biogas slurry plus lagoon) were the main combined treatment processes
adopted by the dairy farms. Great variability was appeared to the overall distribution of nitrogen and phosphorus in the slurry
movement, and positive skewed distribution was showed on the data of total nitrogen (TN) and total phosphorus (TP). The range
of TN content was 100.4-6 207.4 mg/L, the average value plus minus standard deviation was 1 691.5 = 1279.1 mg/L, and the
coefficient of variation was 0.76, and great variability was showed on the data. The highest probability of TN content was around
750 mg/L. The range of TP content was 2.0-184.0 mg/L, the average value plus minus standard deviation was 69.0 + 44.2 mg/L,
and the coefficient of variation was 0.64. The highest probability of TP content was in the range of 20-40 mg/L, while the degree
of variation of TN was greater than that of TP. The characteristics and rules of nitrogen and phosphorus content were focused on
slurry movement under different space-time conditions and management conditions in this study. The analysis of linear mixed
effect model showed that, 1) the contents of TN and TP in the slurry were significantly different in 4 seasons (P < 0.001); 2) the
contents of TN in the slurry was no significantly different in 6 districts (P > 0.05), but the contents of TP in the slurry was
significantly different in 6 districts (P < 0.05); 3) the contents of TN (P > 0.05) and TP (P > 0.79) in the slurry were no
significantly different under 6 cleaning ways of manure, but the contents of TN and TP in slurry under DC_DC (dry clean + dry
clean) were slightly higher than those in other approaches; 4) the contents of TN (P > 0.05) and TP (P > 0.17) in the slurry were
no significantly different under 5 slurry treatment technologies, but the contents of TN and TP after Af Sbs (anaerobic
fermentation plus slurry storage) treatment were slightly higher than those of the other 4 technologies; 5) the contents of TN and
TP in the slurry were significantly different in 19 migration processes (P < 0.000 1). In the combined processes of dry clean plus
dry clean and anaerobic fermentation plus storage of biogas slurry, the highest content of TN and TP was yielded, while during
the dry clean plus slurry flush /deep litter and lagoon, the lowest content of TN and TP was yielded. In conclusion, this study
systematically illuminated the variation characteristics and rules of nitrogen and phosphorus contents in the whole chain of slurry
movement under complicated environmental and management conditions, which provided a theoretical basis for the research and
development of practical technologies and pathways selection of manure management.

Keywords: manures; nitrogen; phosphorus; variation characteristics; rule; large-scale dairy farm; slurry management
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