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Ammonia and greenhouse gas emissions from soil applied with liquid
fractions by enhanced solid-liquid separation technology with
tannic acid
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Abstract Solid-liquid separation technology is a major practice for the liquid manure management
on intensive animal farms, and improving the separation efficiencies of different separation
technologies is of importance for enhancing the recycling of liquid animal manure. To investigate the
impacts of separated liquid fractions of dairy slurry by different solid-liquid separation technologies

on soil greenhouse gas emissions, an indoor incubation of soil column culture experiment was
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conducted. Four treatments including no fertilization (CK), raw slurry application (RM), application
of liquid fraction by screw-press separation (LF), and application of liquid fraction by screw
press+tannic acid flocculant (0.5mm screen) (LFT) were set up. The nitrous oxide (N,O), carbon
dioxide (CO,) and methane (CH,) emissions of the incubation setup were measured using static
chamber technique, and the NH; emissions were measured using a dynamic chamber technique. The
results showed that: (1) the NH; emission of different treatments was in an order of
RM>LF>LFT>CK, and the N,O emission was in an order of LF>RM>LFT>CK during the whole
monitoring period. (2) The gaseous nitrogen losses of each treatment were NH;-N >N,O-N; and the
(NH3+N,0)-N of the LF and LFT treatment accounted for 10.81% and 6.84% of the input N,
respectively, where the latter significantly reduced (NH;+N,O)-N loss. (3) Compared to the RM
treatment, LF and LFT treatments significantly reduced CH, and CO, emissions. (4) Compared to the
RM treatment, LF treatment significantly increased soil CO, equivalent (CO,-e) emission, while LFT
treatment significantly reduced soil CO,-e emission by 30.00%. In conclusion, conventional
mechanical solid-liquid separation technology may increase the risk of nitrogen loss and greenhouse
gas emissions during liquid manure application, while such can be avoided to some extent when the
conventional separation technology is combined with the use of tannic acid as flocculant. However,
further research is needed to reveal its emission reduction mechanism of the screw press+tannic acid
flocculent technology and to verify the mitigation in fields.

Keywords  liquid manure, solid-liquid separation technology, tannic acid, ammonia,

greenhouse gas.
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Fig.1 Characteristics of fecal particle size distribution

5 BT L AR O AE A R =008, B 0—20 cm RJZ LI, 2 G AR, 3 2 mm
. R E N 135 gom >, pH 7.9, AU & & 11.21 g-kg !, A& & 0.89 gkg !, NH, N fl NO; N
SN 1.86 mg-kg ™! A1 0.63 mg-kg .
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Table 1 Nutrient inputs in each treatment

Qb F MBS/ (g-m?) BAE/(gm?) HAN/(gm?)
Treatment Organic carbon TN TA
RM 181.86 15 4.56
LF 116.36 15 5.29
LFT 146.86 15 5.41
1.2 FEdhREE

12,1 SREEACRAE

N,O. CO, Il CH, R4 5i5E 7 (8 2): BEAFRAE G I T MR A, B3 B A% 8 em, N
30 cm. JIKFREE PVC LA, %35 1AT 3 AT, 2050 I == 1 J1 P45 11, N,O. CO, Fil CH, R
£ 170 NH; R4 . 2 N,O F CH, HERCIT, 285 36 s 7E R b, SCM 4R O R s HES O Y
W], TR IE i — A~ 4% P A A5 48, %% 1 30 min, 3 BIZE 55 0 A1 30 min B 50 mL 4 5 2% R 42 <R
30 mL. ISR 351X (Agilent6820) 7F 24 h P& M 5 (1 N,O Fil CH, R 2. 3@ 4 Innova I 7 4
& CO, We . SRAE NH; B, SCH ihff i NLO SRAE 1], T R A 0 FE N HES DI ], A8 AR TR
TIE R —A sh 35, FTFF AR M TF 6, 1145 A B A SRR 2 PR R — 20 1A IR RSO (A R M
L E 0.05 mol- L™ AR 200 mL) Wi 2 Ah i 8 25 S 1 NH,, SR 2 H17E 20 L'min ', 1< 1 h /5
WA T W AT 22, R B 45 A B N HEICHS B4 3 75 SR W SORR, /P TaF A0 JEC Al Ak LA [+ 1) B [ R 4y
AL, HEBRZS S Y NH; XA IS i 5% . (8 1627 43 B 1 (SmartChem?200 ) 1] 2 i W O H NH, 11
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Fig.2 Sample collection device
122 IR CRAE
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NH,-N F1 NO3-N ] 2 mol-L™" () KC1 ¥ LA 1:5 B9 13 B 38R0 KCLIE IR &, #23% 1 h 5 i i,
W 4R U8 VR, A FH Ak 2% 23 A A2 ( Smart Chem200) 1 22 NH, 1 NO; ¥ . £+ 58 DOC 38 iif 7K 3= # bb 8 ik
.
123 iEARK
+ 385 N,O, CH, A1 CO, HERHE %K.
F=dC,/dtx HX T, /(To+T) (D
X F 9 N0, CHy #il CO, HE i 3 (mg-m>-h™") 5 dC, /dr Sy A P UAACHR 2 [ N 1) 22 1 F) 4 A R
(mg-m>h™); A kR BN 15 5256 U5 A0 = (m) 5 Ty WARRIRAS T 28 B4R E (K) 5 T 52k
2R (CC).
F AR I NH;-N HEH K
F=CxV/tS 2
A F o NH3-N HEBGER (mgem 2-h ') 5 C R BRER ) NH,, "B BE (mg L") 5 V7 R 1R W WAV 1) A4 AR
(L); ¢ AHAETE (h) 5 S AR R IEF (m?).
N,O. CO,. CH, fil NH; ZFH
Q:Z:ll(Fi‘*‘Fin)/zx(tin—fi) (3

Kb 0 MIREE W] N,O-N, CO,. CH, Al NH3-N & 2 FHERCE (mg-m2) 5 1 i 56 30 18] 00 1 A 8
i FRFEREL F 0 N,O-N, CO,. CH, 1 NH;-N HEBGHE R (mg-m 2-h ") 5 ¢ Ryl A 1] (h).

7E 100 4[N, N,O, NH; Fil CH, A3 iRV 3420,

GHG = A X265+ Bx44/28 x 1% % 265 + C X 28 4

A : GHG 4 N,O. NH; Al CH, 34 (11 CO,-e), A iy N,O HE:HE & (mg-m ™) ; B 2 NH; HE 51
) EZ G (mgrm ™), %30 0 31530 45 5 o & & U0 % I 51 1Y NLO [ 2k jik; € o CH, HEiCE
(mg'm™).
1.2.4 Bisgit

K H Excel X146 2040 #E 17 40 38, SPSS24.0 #4788 4t it 3 M, 2K HI LSD ¥ (0=0.05) L. 458 b #E [A]
2 SRy 8.3 k. 3 ] Origin 2021 1 B4R #.

2 R 5318 (Results and discussion)
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T 36 107 1] 25 Ak B 4 9 NH, HEBCRRAE A0 1] 3A FT7R. 5 CK AR LE, it S A B S 35 m T +- 4
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NH; HEC, H 45 it AP A #E A NH; HEGOE R sh B AE W AE R K 22 5% FE50 1—3 K, 45 it A b 23
NH; HEBOE R Y BE a2 8 R R, (EAE%5 4—5 K, RM I LF 403 580 H 0 52 A9 NH, HEfo, H RM 4k
BRI NH; HEACE(E 5 14.86 mg-m™h', 1 35 5 T2 A0 34 WM (R], 2% Ab 38 NH; HEHCE S0 A
>4 RM>LF>LFT> CK.
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FEARIE o /N S 3075 2% A B ) 22 7 Wit 51, 0=0.05.
Fig.3 Emission rate(A) and cumulative emission(B)of NH;from soil under different types of liquid fecal.

The small letters in the bars indicate the significant difference among treatments, 0=0.05.

3B i (9 02 45 b 3+ 1 NH; 52 BUHE G, 8 S W00 3 9 RM Ak 3 NH; 228 HE ik & R
1456.18 mg-m 2, 2 3 /& T HAh 4 B ; LF 2Bk 2, &y 1323.90 mg-m % LFT 4 ¥R B (% T LF 4b B, it
AN ER Y LFT A3 25 FAR 1 358 NH; HEk, D% 35.62%. LF 4031 NH; fFE 1% T RM 40
B, X5 Amon SEF (BFSY 5 R — B, X AT RS B T 1R 40 B WS A v T T AR, BB AL AT b
BAF 3, IR S & A4 NH; #5125 ; RM AR BE NH; (955 AN HER s, it & T Hfbab B, 7T fg 2 Ho
K A VLA 5T 250 R AR B 7R B T = 8, 1 LF A BRHE RO AT B 1817 43 128 1o 2 fif A
A HLAE SR RIE R RS, G LF A1 LET b3 4 58535 pH 4351k 7.83 1 7.87, i AH 2245
/N, PRI HERR pH % NH HERCR i 14 7] BE.

2.1.2  N,O fEik

ASTA]Ab P 4 398 NLO HERUCRAE Qi &l 4A FF7n. 5 CK A HE, RM., LF, LFT b BRIA77E BH 8 1Y N,O HE
. AR 7, RM AL B NLO HEjk b 7+ A W& e F LF 1 LET Ak 3, {5 05 B I &5 3 5 > A 34
LFT Zb 319 N,O B FH 5 LF AbBEARTR], H 5 BAHEGHE 2R 19 T BB R F LF b2,
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Tt z | ™
T AL 24001 o
g E g
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S .1 z
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§ E 100}
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T Ty T4 6 8 10 12 14 16 CK RM LF LFT
ud Treatment
B 4 i A RSB ZSZEAT 158 N,O HER N,O HEBUBAFHE (A) A1 N,O RFRHE(B)

FEAR /NG BR824 3R] 25 57 i 5 1, 0=0.05
Fig.4 Emission rate( A)and cumulative emission(B)of N,O from soil under different types of liquid fecal

The small letters in the bars indicate the significant difference among treatments, 0=0.05

S W I 3] PN 45 Ak B ONLO AR HE B A 4B TR, RM AR FE NL,O A HE L B 4 475.61 mg-m 2,
ifif LF 2b 3 Z2FHE R A 3 565.45 mg-m™2, 1 3 5 T RM LB, a8 i #A 7 FR AL FE LFT /9 N,O HEJL Lt
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LF Ab#EHE A i 2 A, D HE R 36.00%. 25 L ik, 5 AN 50 B 28 I8 RM AR L, 5 B0 1 23 25 1 i A
ZENE LF AT BE23 8 0 1458 N,O HEC, B FL B 4 85 5 0 T IR S A5 6, W38 IR T PGS 28 1
HE N,O HEJik. LF 4b P N,O HEil i He RM 4L B 57, 5 Fangueiro 5529 iff 57 45 R — 2. X Al BB 2 TS
I3 S A1 G RV PR Bl R 2 RO B AR, A S AR T LT 1Y o Z2FEVERT, i L 0 A Akt
B E LA (40B) . AL TR nirS 09 F B2 T FEAIK nosZ B9 42, NI 512 NLO HEBCE ines =31,
5 LF Zb AR L, LFT Zb 38 N,O HEj i 25 B A%, X AT e 2 A BT 5 A LA S & 1 A ILAT fh 5
FEAG, 51 380 P LA NH,'-N FI NOy -N 7 &t R P, i 2 T3 41 N,O HEAFFAL
2,13 "AEARHAF

2 ML T 1 HE A5 AL FE NH3-N Fl N,O-N $i 2k A R A1 R4 Hr, RM 4b 3 NH3-N i 2%
REH 7.96%, LF Zb B L RM AR BRI T 0.83 A~ 43 44, LFT 4b 3 NH;-N 2K REC L LF b 3R L T
2.83 N SF AL, 225 3 RM AR B N,O-N 1 2k R HCH 3.08%, LF 2L FHAY N,O-N i 2k R L RM 4b 7
BEINT 0.60 1~ H 43 &, LFT A3 N,O-N #6126 44 L LF Zb B & 25 B AR T 1.14 4> 43 40 RM AL B A0
LF 4k Ff (NH;+N,0) -N i 2 Z 50M 35, LF F1 LET &b B (NH;+N,0) -N 45 2 5823 518 10.81% F1 6.84%.
g LTIk, R ALK R A B X (NH3+N,0) -N #5128 RBCGE W A K, 7 e i 2 BT
(NH3+N,0)-N i1k R %K.

£ 2 RIEIGEAAL B NH;-N T N,O-N $i 2 R %4
Table 2 Proportions of NH;-N and N,O-N losses to the N inputs in different treatments

p OB

Treatment NH;-N/% N,O-N/% (NH3+N,0)-N /%
RM 7.96a 3.08b 11.04a
LF 7.13a 3.68a 10.81a
LFT 4.30b 2.54¢ 6.84b

TE: FIFIEAR G /NG 5 BER7R RGN L2253 .35 (P<0.05).
Lowercase letters after data in the same column indicate significant comparison differences within the system(P<0.05)
2.2 WASFENERT L5 CH, HERL R
I CH, 3R HEHCRE AN AT SA B, 4840 PR M I 5F 4—5 0% th BLHER g, BN RM>LF>LFT>
CK, RM Ak B HE T U {EL > 3.00 mg-m-h', B kb = - FL A AR B8, LF A1 LFT b BEHE R0 (6 R /MR T,
CK Ab B E R A 00 353 P4 HE i i R A A1

o[ A _200r g .
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g 20r E
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= 3 :
o 1ot 2
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5 i AARFZEANR SN 1 CH, Hiit CH, HEBI A FHIE (A) F1 CH, BFHE(B)
ARE /NG FRER TR 5 AR 22 57 8 3, 0=0.05
Fig.5 Emission rate( A)and cumulative emission(B) of CH, from soil under different types of liquid fecal.

The small letters in the bars indicate the significant difference among treatments, ¢=0.05

W3 N RM 4k BR A+ 3 CH, BFRHE B 4 176.53 mg-m? W 3 i T H AL FEIE 5B; LF AL Ny
71.75 mg-m2, % RM A BRI 59.36%; CK AR BB, {0A 1.18 mg-m™2 L5 LTIk, [ 43 254 F T %
ik 38 CH, HEBCR:, Wi N T BR A LFT 4b P+ 3% CH, HERCE A K. RM 4b 2 + 3% CH, RAHECR
I T LF A8, 3O TR B 280 A HLT & & L LF b3S ARk (36 1),
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T2 O £ 40 0 B A 2 AR A 53R 2 [ A 5 AR 0 A 252 TR 28 A S, T I 9 B AR 3k 25 B
TR R AR AT MERE A 10T ALURE, PR 53 CO, HER S B AT =7 L S AR A RRAE ),
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“. ol J( _g c
50+ WA / S 10k H
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B 6 JtiAAFARMESINC +E CO, HEi; CO, HEEhAFHE(A) F1 CO, ZFRHEK (B)

ARIE PN FREFOR A AR 22 5 B 35, 0=0.05
Fig.6 Emission rate( A)and cumulative emission(B)of CO, from soil under different types of liquid fecal

The small letters in the bars indicate the significant difference among treatments, ¢=0.05

A FE CO, ERHERCE W 6B Frs, RM AL B+ 1 CO, ZFHEE &N 52.80 gm?, B & H
F LF 4b 35 LF Fl LET AL BE CO, SAHEMCE AT, 20514 47.98 g-m™ Fil 44.84 g-m™2, CK Ak B IK, L
13.25 g'm™ % FRrak, B 20 85 0 3 PR A% T 38 Co, HE, X2 T B AN A ML & & 1L LF &b
PSS PTEL (R 1), TSN T IR XS 133 CO, HERGE A K.

2.4 WASFAEXT 4 NO;-N, NH,-N 1 DOC 7 i [ 52 i
B TA R A 2 AE X £ 3 NH,-N B9 52 . 25 5 K, 45 A0 B + 18 NH, N & i i =, LF 4b 3 1 3

NH,-N &4 219.89 mg-kg™' B = T RM 43, 5d J5, LET Zb ¥ 43 NH,-N 7 & B Z % T LF kb3,

+3E NO; -N & & 2 B Wi+ it ¥ & 7B, £ LF>RM>LFT, LF 4hH 3 NO; -N & & fie i M
120.54 mg-kg ', Fb RM AbFE4S 75 LFT 4 FE 43 NO; -N it i KT LF ZbH.

i 7C A, FEIREREE 5 K LFT Ab 3+ 3 DOC & &AM /K, K 8.97 mgkg ', B & & T LF
A3 LF AbFE R 3.89 mg-kg ! {3 = T RM ARHE. 25 [ BraR, A& Ge LA (&1 43 25384 0 7 £ 48 NO5™-N A1l
NH, =N & &, MR T2, A% T 138 NO, =N Fl NH, =N & . 724 % I 4 19 J5L R ] RS2 BT IR BE i
PRSI AE RO, X ] B M R B S 45 A VE A G, BIVRS 2 B 4 4 v 8% B 1Y) B T R T il
o B0 A M A R A BRI E W A R SRS AR L, 1T 5 1S 1 4 NH,-N T NO; -N IV~
B TR IR R I 38 0 T 1€ DOC F i, WREH T T 78 2 T A i I
2.5 A[FEALEE CO, X5 (CO,-e) HEiK

it ISR 0 2 Bk R TS 506 (GWP) F AR TRl SR HE i & 5% 458 CO,-e. H1 36 3 AT, 45403 N,O i
X CO4-e HEAC R BTk e K, LR A CH,, NH; 51K, % 403 COp-e I H LF>RM>LFT>CK, LF 4t 3
COy-e HE & K 157.36 grm™, W& & T RM A3, LFT 4B 5 LF AbFEAH HE 5B 38 AR T 4% CO,-¢ HEKL
i, BHERRH 30.00%, 25 5 0 3. 25 B RTIR, B4 B 5 WA ZE A RN T 13 CO,-e, N FHER T WRAE
Ry B2 R F) T B ARG T 25 26 B 3 COp-e HETi. #& 1A K, LF AL B CO,-e HECE: B3 55 T RM Al
LFT 4bB, 3% 32222 i Fi% AL BE NLO HERL = F RM Al LET 4L BE AT 20, HE4b, Dinuccio S50 78 & BH, A&
FIE S 3 88 Ja e At A7 3 (B A 380 FH U COp-e HEMCEE LU AR /0 B 38 A =5 1%, 3X A — @ R 3] T
[ VR 5 AR A IR A b 5 5 7 (%) N7 FH T 55 DRI > 5R FH B 7 R A Sl R ) ), (A5 R A o B 4 Ak
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it 1 i COL-e HEMCE 25 [, ARRFRBETRAD 124 Fir b AL I 0 B BOR R R s, DRIt B AT 3R A i
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Fig.7 Changes of NH,*-N(A), NO; N(B)and DOC (C) in soil under different treatments.
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Table 3 Emissions of CO,-¢ from different treatments

P J
M3 CH, /(g'm™) N,O /(g'm™?) NH; /(g'm?) it/ (gm?)
Treatment Total
CK 0.03c 3.47d 1.06¢ 4.56d
RM 4.94a 126.04b 6.02a 137.00b
LF 2.01b 149.85a 5.51a 157.36a
LFT 1.93b 104.49¢ 3.74b 110.15¢

TE: RIFIEAR G /NG 55178 RGN L2857 135 (P<0.05).

Lowercase letters after data in the same column indicate significant comparison differences within the system(P<0.05).

3 %58 (Conclusion)
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