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SABHES AANIYIRIRER, TH NH, 974, SR ARERARCR . SRR, WIS A R LR
A AR Pl AT s KU RO S A PR KRR T ARG
RIS ICAEH NH, HEO R R B9, AMON 25029 s 1 A4 2 R4 A A B] B S 46F R 10 NH, ik
i, RBSE LT NH, HEBCR N 41 g¢m™, [RIBRIEAEE0T NH, HEilE S 209 g¢om . MOSTAFA
SEPV ARG AT WA R R AT R AL, R MR N 0.32 mgem” B, NH, A HERCER A% R
3.2 gm”, BEIHECT ST AL, FE 20~25 °C AT, BERIAF 90 d RIS TN R BERLE AR
Iy 399%~77% . 61%~78% Fl 23%~54% ., STELT 2527 W58 T IRAZEHIC A FErP IR BENT NH, #5E& 1
SR, P NH, 4% FEZERIR R (TS i . 25 LRmd, B Rriigs 20 KR AR 5 I A7 A
NH, 7= A HA —E s, AR EIEC RIS A E h BRI S5 A R AR
AR IETRAEE5 TS, ST TR 2O A 5 I A R e NHy HERCR A=A (LR
A, DA TS 1 R AR RS2
1 #RERE
1.1 SEISJERY

IR AL AR BB (3 R 1RSSR
BelX) W e T, g TS AR i L Table 1 Basic physical and chemical properties of
XA KIS T A kA sss, FEnimibit slurry manure
Bl 1. . 4 T2 g T2
1.2 SWKRE (0~20cm)  (20~40cm)  (40~60 cm)
AR KRB RE 1 s, EEHTAE pH 7.7£0.11 7.8+0.13 7.8+0.14
1. DUEEFERSE . BSANERSE . AUERS TS/% 13.12£0.66  13.54:0.69  13.11£0.54
8 4 TR VS/% 67.69+0.43 7097041  72.12£0.43
1.3 SRR NH,-N/(g-L™") 5.78+0.25 5.86+0.21 5.62+0.31

ARBICBE 7 3 ML, 5 ARIEAE 6N/ (mel)
(T1) . ALdEsE (T2) Fssflsgs (13),
AREER 3 HES . RBTIEWE . AEEEUN 150 L .
E‘Jmﬁﬁﬁ*ﬁif\ 120 L éﬁ{ﬁﬁgﬁ'ﬁf{ﬁ, mﬁﬁﬁﬁ% TN/ (g‘L ) 15.36+0.77 15.52+0.75 15.81+£0.66
LA 2 LE, ZEMFL AL, AL
T SSORAEE, W ORI AR A A
) NH, 3% A 25 B R AR B i 2 SO b
fifi NH, il N BRI, AR AR AR ]
ANEIWHETT. T1 h ASRIEAFAL IR, 2750 A7 i
A3 [ SR RUIRAS 3 T2 LR 3, i 1]
PP TIERE 4530 d 9k 1 Wk, BREEEERT
K4 10 min, HEFEIHER 3 000 r-min'; T3 Kk
TR AN, B I IR S AR A I A4
N, R LA B AROR, RN
SN ANEIE T, BN 5 Lomin 'Y,

R AW 180 d, o WIAEN AR EE 0.
30, 60, 90, 120, 150, 180 d 7EM FAAm Ay L .
. FE RN, BRI 50 mL. A
TSREMERR RS pH. BETEY) (TS) | nlgE kM
B (VS) . B& (TN) | #&%A (NH,'-
N) . EA (NO,-N) . AR (NO,-
N) . AHLA (Organic-N ) FI&ES (NH,) 45, ik

281+13.98 292+12.67 289+12.11

NO,-N/ (mg-L™) 1.51+0.12 1.58+0.10 1.54+0.11

e A

=

1 IR EE
Fig. 1 Test device diagram
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USRI, CSRABTIRIEARLIEN, BARGTR : WAE 0~30 d (PR 19 C) |, A7 30~60 d (71
P10 °C) , WFE] 60~90 d (SEXISIE 5 C) , WA 90~120 d (SEXSIR 5 C) , W 120~
150 d CER/IR 7 °C) , WAFE] 150~180 d (PSR 15 C) &
1.4 DHAEE

pH {E>R A LI ER#E PHS-3C A pH i1 7 ; EC BRI T34 SX-650 #E Tl ; TS fERA
WAL T VS SR BRI TIERY; TN SRR FIE A TR NH, <N SRIHAN
FGIRAEEA TIER; NO, N SRHIEAM OB T ER ;. NO, -N R N- (1-283L ) -2 MOk
HEATIAERY; Organic-N SRAMGEEI T NH, SRAIFE ZEE 1 riet,

06 M A5 8505 K Excel 2021 ( microsoft, USA ) #E47HALEE, FIH Origin 2021 #E17 EIG AL #E 5
I3

2 GREDH

2.1 pHZMk

ANFIREERIE A R P35 1 pH AEARISOLANIE] 2 R, 3815000 pHAEYERT R 7.6~7.9, B bESES
T fEa R pH (EAE TG, EAE 30 d I, T1 A1 T2 A3 pH E R IEZE 7.0~7.4, X T3
SWAERTN, 85 PR R R BRI A M s, FA KA NIER, MU T 2805 R
Bedh, R T 250 pHAAEP", 1 T3 AbHEAY HZAIAP)Z 365 pH (288 LI, pH EILE N
8.3~8.5, MMACKFE, T3 AbIY pH (HBEE T T1 Al T2 AbFR, SXA]AEIE i TRk RES R E Wit i
A, IS R AV R RECR, I 2Rk, (e pH B . BBV AL R AR Ab T
(2895 pH (HZW e, H pH (HIEFTE 7.6~9.2 Z (Al FEMRALFERASRRREEZST511) pH (HX/NR: B2
>HE>T)R, BORHTEG F RS RBN, SRANYREEAIIRIN A AR, 5 pH (ERAK,
A5 S KAFLE %55 [RF5e 4 RIAR—3,

9.5 ®TI- I 9.5 m-T2- |- 9.5 — =@ T3-1
[ ——Tl-rf [ —&—T2-1 [ ——T3-1f
9.0+ 9.0 9.0f
| ¥ T1-F | ¥ T2-F | “¥T3-F
8.5+ 8.5 8.5
T 3 = 3 as} L
[=" o o
8.0 8.0F 8.0+
75F 750 75F
7.0+ 7.0F 7.0F
1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
0 30 60 90 120 150 180 0 30 60 90 120 150 180 0 30 60 90 120 150 180
R RKEd RYe K Avd R K Ad
(a) TULH R 2875 pH{EAS b (b) T24b 38 F 3875 hpH{H 251k (c) TR R 375 pHIE b

El2 FEAIETESS pH BT

Fig. 2 Changes of pH in feces under different treatments
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AR A AR 25 TS CEETEY) ) 2oL 3 Fin. fEs M fiad firh, I abridels
R EA TS BERSLEH R, 285 2 TS B8 b WAy, T1. T2 A1 T3 kb3
LIRFH)ZEETS TS R 12.89%~14.01%, TIZFET50) TS R 13.11% . 13.54% 1 12.98%. TTEN FF45
i, FZFHRE) TS JEFEN 2.08%~3.19%, FJZHY TS 43510 14.81% ., 14.23% 1 15.47%, XJeh TAEL”
et RE IS TP ETE YR BRI RS SRR T 2008, SEZ ST RN EIEYEETEIL. it
PG FER TS BES T LEMPZ, R AE AR e R 525
23 VS BETI

ANFALBRE AF AR P25 0 VS (PR MEFEAY) ) ZBUIEOLaNE 4 s, e fed, gk
FEES LR ER VS BB TR, IS 2R VS BIRRIAE L ES AR, T,
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Fig.3 Changes of TS value in feces under different treatments
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R R Ed e R d 6 K Ad
(a) TUbH F 3875 P VSIEAE L (b) T2Ab3E N5 VSIHAR L (c) T3 F 3875 VSIaA L

4 TEANET#ESIFIES VS EEK

Fig. 4 Changes of VS values in feces under different treatments
T2 F1 T3 AbFRE FERITPERRTS VS Sl 67.50%~71.59%, FIEZZRI50) VS 588 72.12% . 72.56% F
70.34%. MAEW AL R, FIEMAESEGH VSRR 60.13%~64.86%, FIZFE150) VS Fa il
79.03% . 76.92% 1 72.63%. XZEH TG LIZMTZ00EMA S ER T N2, AVREREII, kG
HIANLYIZEIE s S — I RBEE AR R, AR AEDRE, S8 VS SR PR, T3 4
AT R VS & /T T2 403, 3o TRl o2l b N 2R EE TGRSR, [N EE ST
HHISRN 70k . MRS RN VS SREERE T LEMPZE, & FREEN AR R Y
hn, FEEVER T EAR s L DI, BRI R Y AR 2 8y,
2.4 NH, HME2%TH

NH, J& 3575 A7 A R B R AU,

WRIG AF T ASR PRI EEIEA . AR 12 [ =1

WA i BErh 25 19, NH, HERCL AR (L B anle 5 7 al ST3
TR BEANE , A UbBILE AN A NH, £ E |

HEML 22 e R, e HEERSIE T, 0~90 d 14 Z 0}

i NH; AP HERC, s RS RE S o 2> oy

NH, F H B . T1AR 3 4E 0~90 d IF 47 191 Al 1y z .l

NH, (HEERFE S BTG TR, 78 90 d Z )51 N

m%‘lﬁiﬂ’ m’:ﬁ% 30~60 d [j\] NH3 E"Jﬁ’gﬁiiﬂi 0 0~30 3060 60 90~120 120~150 150180
# 15.65 g, 5 0~90 d N NH, HEjiL &= 1) 49.56%, IR

R NEAFIEIA NH, HECR A 33.75%; TEAR E5 REANETESH NH, HERETL
WAFAAET, 0~90d NH; (R i S B A Fig. 5 Changes of NH; emission in manure under

A5 NH,-N Ok BEA G, BEE VA7 A 18] Ao 18 different treatments



5512 4 HRE S AR AR ARSI R b B IR B 3605

I, WAEAR TR AG B IR T B R, MAZES H NH, N & =B 8, A S A LS AR
NH,"-N BYFEALECRALT NH,-N [ NH, fF6 LA, NH, RHEBCR T EZE N A7 90d J5, T
NIRRT R, WIARIES P RCE TG ISR, InE T NH,-N 9%k, It NH, BB R
P EE . T2 A3, 0~90 d IWAFHIEIN NH, BHEECRAE izl BTF, 78 90 d 2 J5 82812 I
F ST R, IAESS 30~90 d WM NH; AHR A 2] 19.70 g, S8R N NH, HECE /Y
46.53%; TEHIMRHESAE T, WSS PR R NR G, w7 BRsEag, (et T EIEYhail
AZM NH,-N 1F4k, MR T NH, AHEEOH, RICATE 0~90 d IWAEIINHEBCR 2 s el £7
90 d Ji, ZWMAIEGH NH, -N R MIRRE FROGER Z5m, NH, WHEBCE A I PR, A
. T3 AbHEF, 0~90 d IWAAUEIN NH, AUHERUEAE B8 R, 78 90 d 25 EBU AT I AE bR
sy WAFEHT 90 d 9, FERRSHEIG T, WA TR, [FIRSZ A IR s ad e, il 7
WG P E AT, D T NH, (OHERG WA7ES 90 d 5, BEEWRIAZEIS H NH, N i FIREEIR
JERYEW T, NH, fERE A FTE
AL BRI A7 AR TP 25 1 NH, SRR
AANK 6 i, T1. T2 F1 T3 AbBRAY NH, it
HECR M5 h 46.37 . 42.34 F114.18 g AJLIHH
T3 b BEAT A M) NH, R9HER, T T2 b B
NH, ez, HE R S AR A7
AT ZEAF 150 d J5 T2 AbHEAY NH, HERCE
B L TE, SXATRESE TREEASTREN T, Hl
MBS R HE T AR 15 NH, P HE

NH, i 1-HEjici /g

. 5 T1ARSRAREC, T2 A T3 AbFE NH, HEi 0 0 @ % 120 10 1%
HESYR 8.69% 1 69.42%, HHILTT I T3 Ab3 R
(R B2 0T T2 AbF 6 AEAMETZSH NH, RiHFENTL

Mmhe ey Fig. 6 Changes of NH, cumulative emissions in manure under
25 %/H*R%ﬁxﬂﬁﬂ,é different treatments
2.5.1 TN T 4L

A (TN) RHR3ET 7500 £ 2R L et e
- 35 S IS ST G ST

| TR 1 TN BB AR A RS of ST BT ST P

PIAERMERHIEL, S TR R = R i
FRATG Y . AFAHIE AR R 2750 TN 481k
TEHLUNE 7 fin, 2ETAASREY, Br T3 AHE
2 TN S84 FREAL, Frfr b Birhaiys L2
2 TN S8R0 BIHR RS, m2ssT
JZ TN i g L e o FE Ao, #54b
TN S RAEHE 13.79<17.28 g L7, I fE4s
iF, T1. T2 A1 T3 ALFRAY 12 TN S &4051 8
5.98. 9.3 f110.77 'L, TREIREEESHIN 61.07% .
46.18% F1 23.89%; T1. T2 F1 T3 kb # Y v 2
TN S0 114, 1178 #1111 gL', FRig
BEA N 26.55% . 14.58% F1 28.75%; T1. T2 F1 T3 ALFEAFJE TN S5 18.4. 18.45 Fil 21.21
gL, FTHEEES N 16.38% . 19.57% i1 33.48% . FIUIE HAEZETS A7 G HIA AL BEARIRBE ) TN &
TN FE>ESLZE, XA TS EN A B R A DRI 300 . 2555 MOSTAFA 4514
HIBFR AR IEA B
252 NH,"-N &4

NH,-N B35 P AR EEIEE, RELBEE A NH, -N g & 8 s, Fra ik
PR 25 1) NH, N & R 28 B IR FREMEHES, T, T2 f T3 AH A 9T 4G NH,-N & 5 H

TN/(g-L")
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Fig. 7 Changes of mass concentration of TN in feces under
different treatments
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4.99~5.86 'Ly FEIAE 30 d i, FPAALEE NH, - g -
N SRRSO, T1AFRA NH, N &b 6 T %:i ST
5.53~6.02 gL', EFHIEIEN 2.56%~4.15%; T2 oS :
bR NH,'-N Frily 5.78~5.85 gL', L FHiE 2
H5.05%~7.93%; T34k 3 9 NH,-N % & ° o3
5.04~5.66 gL, IHIEE N 1.009%~4.89%. VA7 “ 2 | :
SEURE, T1. T2 A T3 AbFRAY NH,-N & it % ! 1A
2.00~2.98 gL, SIAFHIAIEL T EF 42.08%~ *™0 30 60 ‘! 120 | 150 18
61.07%. th FIREERIIHAIR, TENAE 30 d i, R KA/
NH,-N Bl THIa &, R R h T 8 TEIETESH NH, N S22k
W AFRTNEES & FA VDGR, 715 NH, - Fig. 8 Changes of mass concentration of NH,"-N in feces
N SEEATEM, MEEVFENE R, APLER under different treatments
Bf A NH,, 75 NH,-N Sritleqs PR, 44b 0. \ _
PRI R 5 MR R A7 ssof BT T SIEE
K, FI5HRIY NH, HEEFRE R T 5 _ o0 f FTERATHINETF
SMB, IR TR, RAEETSI A o .
RPN R AT BRI s AR I, AT § 2s0f §
RHLFIGE, H45 55 ALITALO %59 f9BT5Y il i
LEREA 3, “ ool
253 NO, -N %1t o 1 |

J75111 NO, N AT LRI —F AU 0@ 01201018
S, ABIIRMERIEA EE M, R | PR .
SR AR TS NO, N Asfehntmig o | 0 TRHEETSSIERIES NO, -N SR

R AN, BT T2 e Clnsotis oo 80 N
HMEETE I NOy-N & i 258 B TS TR,

i T1 FEHEE0 NO, -N FEEH bIHEH o T, T2 M T3 A # R4 NO, -N & &b 279~301
mg L' 7EIVAT 30 d i, £4bFHAE) NO, -N &iily 315~382 mg L', THEEN 6.419%~32.63%., WATLEHR
B, T1. T2 fil T3 AbFEEY )2 NO,-N &40l 98, 212 fil 163 mg-L™', T FilR 435 R 65.12%
24.01% 1 42.2%; T1, T2 F1 T3 AHLAYH)ZE NO,-N S48 121, 162 A1 162 mg-L™", T FRIE 435
H 58.56% . 43.75% 1 45.08%; T1. T2 ALBEAY R 2 NO,-N & #4054 389 mg-L™' #1311 mg-L™", LJF
WERE SN 34.6% F 3.32%, T3 ALFRAY )2 NO, -N &k 258 mg L™, FREIEEE N 12.84% ., X2 ATE
WA, TR SEAYIIR RN~ NH, N, RSN, NH, N R, s
B NO; N, MIMHAAbHE NOS-N A & it T ha & . MiZsish NO;y-N ek £ 2 53805 his e

S NH,'-N BGOSR S G, ik 450 @TI- |- @T1-+p STI-F
PR, S5t NH, N 2L sof BTLE BT STE
PR Z () NO, N [ e A2 3 785571 1 £ )5 A

, 25 NH, N IR, 5 R L0 i
M NH, N [ NO, -N b, BEA5R 51 4R Z 20
4090 [ R S 1= il
254 NO, -N %k osft|

NO, -N 235 h AR —Mieds, 2605 R T

IPAE R NO, N Aritierb, AR R
TS NO, N ZRLHFUL I 10 Bk, SET5IE 10 RERHERESIEIRHh NO,-N HETH

fEdEh, T1A T2 A3 R JRSEE NO, -N %Mg Fig. 10 Changes of mass concentration of NO, -N in fecal
B LTHE TRERES, 1 T1 A T2 L2 2% waste under different treatments
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S, T, T2 A1 T3 ABEARTEG NO, -N Fithy 1.47~1.78 mg-L™'; ZEVAF 30 d i, £54bFHAY NO, -
N & BN 2.10~2.87 mg- L', EFHIREE N 38.16%~90.07%., WAFLERE;, T1. T2 A1 T3 AbHf) )2
NO, -N & #5374 1.03. 1.4 F1 1.24 mg-L™", NFEREE 0 31.78% . 4.69% Fl 18.42%; T1. T2 FiI
T3 A BRHE NO, -N & 7094 116, 1.46 Al 1.14 mg-L™"', FFEIREE 798 26.58% 17.97% Hil
22.45%; T1. T2 f1 T3 AR T )2 NO, -N & &350 4.12. 4.0 Fl 2.14 mg-L™', b FH0E 555 5 0
167.53% . 152.83% F138.06%. K NO, -N J&fsfb A it B himl =4, FrA & 82805 NO, =N &
SASEAR

2.5.5 Organic-N T4t

Z515 9Bk NH,-N, NO,-N. NO, -N 4}, it 207 @T1-F @Tl-f ST

. ) e St e e ar 18 [ BT2-F T2-$ ST2-F Poof
A KB Organic-N, 255 A R LEM 16 | BT3-L 2T 813 F
60.69%~68.63%, Z&i5H Organic-N & 2R 1) = D ouaf
IR 2 8 26 75 AL A0 Y T A bR 2 — o — R 2 o ;
Organic-N FEfif R , 2675 il Fil R 2, 2 4 / !
HT5 HAIEARRLY , (RN R K SRR g ¢ | :
Organic-N BT, SEFHARIGEE , ok ) o |
DASHIAEH Organic-N AFALA R TS 7EL T 0t 0 o 1o s
R 2195555 . ARSI AE gl R K
i) Organic-N ZRALIEHLANE 11 Fis. Frd abBH E 11 FEMSETESIOAFEIEH Organic-N 2831
#5 LIERIP)ZER) Organic-N AR EL S TR TR Fig. 11 Changes of mass concentration of Organic-N in
BORaE, TR R3S & AR manure under different treatments

I Organic-N #iky 8.37-11.86 ¢'L ™', T1., T2 FI-T3 ALBEYEN A7 60~90 d I} IJZFIHZAY Organic-N %1
KENEME, HIGE N 8.06~14.41 gL', S5 AF#IER Organic-N &AL THE T 6.19%~72.16%, 1 FJZHY
Organic-N & 845 7F T Bt o WAFZS oA, T1, T2 M1 T3 4b P19 [ )2 Organic-N & & 4351k 3.73.
6.32 F11 7.88 g-L ", TR A 61.06%., 46.71% K1 13.97%; T1 F1 T3 AbFEAYHZ Organic-N & 43
Wk 8.6 g LA 9.1 g L', FREIEBEEHIA 10.97% F1 13.09%; T2 &b FE ) )2 Organic-N & i 4
9.66 g'L', LFHIEE N 1541%; T1., T2 M T3 ABLAY T JZ Organic-N 7% & 435l 4 15.77. 15.89 Al
18.70 gL', _ETHIRESM N 54.76% . 60.67% 1 78.78%; W] LAF Hi 45 4L BE ) Organic-N 7 K/
T3>T2>T1; FEAHFACEE FARFREE #7569 Organic-N it k. FE>HES L2, SHAKEMIL FER
Organic-N g Bt R KK, ORI REET5 £V S 800, a5 R 5250 i oe g REA
—3

3 ifigEER

3.1 e

ARG AT LA H . AU S A B PT35I NH, 724, 5 AR AEfLE, 3L
IHERS R0 8.69% Fl 69.42%, WIFRIRAHZERA, i FRANHECR Z5m K TIP3, X
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Table 2 Summary of nitrogen indexes during storage of each treatment

HESR 0d 30d 60 d 90d 120 d 150.d 180 d

T1 15.56 16.04 14.83 14.93 1333 12.02 11.93
TN/(g'L™) T2 15.5 15.04 15.71 16.67 14.7 13.78 13.18
T3 15.21 15.25 14.94 13.94 14.17 14.62 14.36

T1 5.75 5.85 4.1 3.58 3.24 2.75 2.56
NH,'-N/(g'L™) T2 5.46 5.82 3.45 3.07 2.77 2.44 2.55
T3 5.18 5.35 3.39 3.01 2.83 2.68 2.47

T1 287.33 333.67... 332.67 300.33 25333 21033 202.67
NO; -N/(mg-L™) T2 289.33 35433 328 286.67  262.67 228 228.33

T3 291 32333 30533 24733 20233 177.67 19433
Tl 1.54 2.68 2.34 1.94 1.96 2.09 2.1
NO, -N/(mg'L™") T2 1.62 245 2.09 2.22 2.33 2.22 23
T3 1.51 2.36 1.57 1.94 1.49 1.28 1.51
Tl 9.81 10.19  10.73 11.36 10.1 9.27 9.37

Organic-N/(g'L™) T2 10.04 9.22 12.26 13.6 11.93 11.34 10.62
T3 10.03 9.89 11.54 10.93 11.34 11.93 11.89
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Effects of different oxygen supply modes on nitrogen nutrients changes during
storage of liquid manure
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Abstract  In recent years, with the rapid development of animal husbandry in China, the treatment and
utilization of livestock manure have received increasing attention. In large-scale breeding farms, the excretion of
liquid manure accounts for nearly 60% of all livestock manure, which has become a research hotspot in recent
years. To investigate the effects of different ventilation methods on nitrogen nutrient changes during the storage
of liquid manure, this study conducted a pig slurry manure storage experiment which lasted for 180 days. The
experiment involved three treatments: natural storage, mechanical stirring, and forced aeration, and analyzed the
changes of nitrogen nutrients such as ammonia, total nitrogen, ammonium nitrogen, nitrate nitrogen, nitrite
nitrogen and organic nitrogen: The results showed that compared with natural storage, mechanical stirring and
forced aeration treatment had better effects on nitrogen retention and ammonia emission reduction. Compared
with mechanical stirring treatment, forced aeration treatment increased the total nitrogen by 9.89%, increased the
organic nitrogen content by 13.46%, decreased the nitrite nitrogen content by 37.62%, decreased the nitrate
nitrogen content by 16.78%, decreased the ammonium nitrogen content by 3.11%, and decreased the ammonia
emissions by 60.73%. The total nitrogen content in each treatment gradually decreased with the increase of
storage time, and the loss rate changes as follows: natural storage>mechanical stirring>forced aeration. The
ammonia gradually increased with the increase of storage time, and the ammonia emission reduction rate of
forced aeration treatment was much higher than that of natural storage and mechanical stirring. Overall, the
forced aeration treatment can significantly reduce ammonia emissions during the storage of liquid manure and is
beneficial to the retention of nitrogen nutrients.

Keywords oxygen supply modes; liquid manure; storage; nitrogen nutrients changes
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