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Abstract

With the new layout of “raising pigs from the south to the north”, the number of pigs raised in
northeast China has increased rapidly, resulting in a large amount of liquid manure pollution. The
treatment direction of pig liquid manure is changed from “treatment” to “utilization”. In order to
explore the effects of returning liquid manure from pig manure to field on soil fertility, an experi-
ment was carried out in Kangping County, Liaoning Province. Taking regular tillage and fertiliza-
tion as the control (BCK in black soil area and SCK in sandy soil area), the liquid fertilizer gener-
ated by anaerobic fermentation from pig manure was returned to field at a high rate of 20 cubic
meters per mu. The effects of liquid manure application (BMS in black soil area and SMS in sandy
soil area) on soil nutrient content were studied. The results showed that: In the black soil area, the
contents of organic carbon, total carbon, nitrate nitrogen, available nitrogen, total nitrogen, Availa-
ble phosphorus and total phosphorus were significantly increased by 60.89%, 83.24%, 120.53%,
358.17%, 58.83%, 56.27% and 95.82%, respectively, after two application of pig manure water,
but the soil available potassium content was significantly reduced by 49.34%. After the applica-
tion of pig manure liquid fertilizer on the wind-blown sandy soil, the contents of nitrate nitrogen
and available phosphorus in the soil were significantly increased by 247.37% and 105.34%, re-
spectively. After the application of liquid fertilizer with pig manure water, the content of most nu-
trients in black soil increased greatly, and the fertilizer effect was good. There was little difference
in soil fertility between aeolian sand and conventional fertilization. In conclusion, the application
of pig manure water in the black soil area of Liaohe River Basin can significantly improve soil fer-
tility, so as to scientifically and rationally absorb pig manure water, promote soil moisture con-
servation and fertilizer cultivation in northeast China, and reduce agricultural non-point source
pollution, which is conducive to promoting the combined planting and breeding recycling mode in
Northeast China.
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TSREUR, SO FRAE AR AR b g e A B AR HE RN R o 3 10 F2Rk, oy U SR BRI A 36T A B 1 R
MPREAKBEEWGE R . WAF R R KBRS AR HECEF[3] . P RAT “IRArHii” M “ Ak
WK Aiale (H “IBARHEI” AR B MELUE B HESbRAE,  BEA VAT HEBOS I, HETe
WARFE[4] “AALKBEIR” BEBEAR RGNS A, (HEREE. A, (5 R ESERIRGL, X LAY
PSS A B AN IR I, Hs AT LA T R R E R ™ B, BORiE A UL MR 2 R
Wkl TR T OB BHIRIS] . B ST ARSI VIR UL IR R RT IR AR HE I (1A T e K b
HET0) AL 5N SR A (& kAL TR D RE AR A HUIE A7) o 4 I A BV 267 SRR AL
PRGOS “IREKEE A TR S AR 7 R “WAE KRB A7 o FRIEIRAR S B
PR XF AL H -3 77 (52T HE R FUIE AR IR T ER, (HR S5 R B A “W 71817, BE TR
gy CUR BRETTY YR, AN UM Y ek B A 2 3 0™ H A ) A g R ] 6]

“ PRI ST AR REVER F 45 B A7 3 T AR AE o 6 P AR {ELAE v R R b B
VPR T b 77 e i R 3 BT R R AN RN B AT T 2 RS A S WIIHRN im 55 7 I [3] [7]. AL T7 FRAE S
TR IRA G &R “WAE R e AR B, R RITMOT W r Uk B, B a5 G s
Hodv, BT AR, SRRSO TR ZE s MR (FIR S . WRGTIR . ISR AN SE 50K LA
Ul i5 GRS e IR AL [8]-[16], HEIN T ALH SAANIAY s Fi4h, ERIE KRN P, HOT A2 A
TR HEAN TS R A XU, 2B AHET A o A AiRR R 2 R T P Q35 A B AR 4, 7
REKBERIAR, SEATI AR R I 538 A F[17]

FOKAERHE I E IR iR £ 5, A EARIRN[18] [19]. AT BRI A7 s 2 R
HIEHI[20]. VR FEAL S iR MmN AE . oK BRSSEE&,  HLEAR FICH R s 3 in [21]-[26];
SRR HTARIE R AR EE27] AP BRI 23 B R R [28], MR fEYL G
VEFBEF1[29] IR RRAS [ AR KB B i IR i B ARV B [30], AT M, 38K FH PR AR LIRS S R &
B, FIREEME, B R ERBUR[22] [31] [32], A RHGE HIRAL IR [33] [34], (&N 1R A%
K[13], FIRES TR B TE R A R[35), HIREIE R R E S E . RE. pH MEKENE
B FIEM KK R[36]. B S RSIET DGR B0 WU TSR BUEYITEE, (2t 13 A MR R A i
FURETB37] o It A HE KA 2 I8 R 3R ) bRV Sty R KA B <l AR [ 381, RE TR/ 2% A [19],
BEARIR 3 A i 7= A [18] 0 AL SE45[391RF 5T R I, HEAbHb X 37K i F & 600 m*-hm ~900 m®-hm 2, 1
JRER AT B pe et R ey, (B B 3K R, T RS RN R R A % AL,
TS5 IERHE 5 T N v B A BRI &, JRE G iml™,  [R IN 38 S e AR F 5 Gt

B R E TR “ B FRAb R B AR, TR SR R R AR R, 2017 SR AR VT RE 4
E AR KX . RYE I TE B SREDERERERTE” MG, 2020 4 AL AR bA
WE S E RIS B RGR (B &35 BHURB I FHRTE R (2018)) Hh KA R b R BT IR, 2R
S S SR N, A S5 A B B O 2 A6 5 BARTR B A Ji (A 57 5E 26T AR H S 4N
R B Y] iR i P R R 1 e R A P e B ) A P R R D RESE IR, A Rt
BEAL AR R B AT RS T AN G A AL RSN OR AR B T BRI S E BN A I B i) =~ H
bR, AN TR ST E & R AU AR S T R A ML A HUIERIE R A R F K. H
ART7 WA H0 5 N L o AN R, 20 SR P T P O Ak T S b B D ) & T Bt £ JE 8 E HE TR
T[407 o PUAAL U0 PR 2R 52, L REAE AR B A It A R B T PR3 R A 365 B IR S b i
JEE R R E SR, REOR A WRIRIIR S, A L R A SR AR RS et K B R [41]
Fei5 R R N 20 R AR T SR AR T RIS AR KBRS A R ORI AR R
FOPREE WS AR HOE N, B Qe H BT REEGER, I PEREAWTINR[42]. A ROH FIZE A8 AN A1 57
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SEP RIS, AR RO, (R RIE MY S PSR PR, o O I ) A R £ ) A

LA, AN i E R A T XA SE M A AL, BTN R BRI R IR
TERILRE . BeALEE, E b E LA SRS SRR IR T i Do BRIk, AR IO R SR IR SR I T T
BORAEBR (AR AR ST S VE AR IE RHE B it A2 P A AS [R) S 20 3 (R R b ) oK 3, % &=
4B IR Oy MU RATR 73 5 B KA B2 ETPRI T, DAY 27 A BRI O 3695 DL SO 28953 TR AR
palioy 2L R S S

2. 5 HE
2.1, I MHE

SRR T 74 BE T B (42°83'N, 123°5'E), AL, 47 EUX R4y 38 T &L, WF
X & T A KB g, ERERKERZ, BEFRKRD, —FEhEhEKERER 7~8 H, F%
JKEZ) 540 mm. FEF-EAAFERR 6.9°C, 473 H R 4 2867.8 /N, ToAE 194 150 K. SLERfE
Hh - RID ERIR L, BRI N R K.

2.2. BmRE

T A I FEF 2 (42°83'N, 123°5'E), #a4% 2 +-XvD 4= 288 X3k AR LR S . BN AL B X 45 i AX
43000 m?, EEANSEIGIX WE 2 ANEEE, 3 REE . BN RIGIX A E LU BERE AR AL EEAE e, B X
Xf R AR B (BCK) A1 XD 4 X6 RE AL P (SCK) s 7ERFAN RS X A ¥ B PR TS FEAE It FH A0 B, B R LS
FEAL it AL BMS RIXYD LRSS AR B PR AL EE SMS). T 2021 4 9 AR AT RE LIRS, 739
T FRIX A FEHL P, BEALIEET 10 ANEURE 25, FERRANHURE 25 DA T 53R 4 0 cm~20 cm 12 1 1384
AP E R 3 K, B LIRSS bR A TAR RS A B (2 mm), DU e AR i 46 4y, 353
R E BRI — 8 R BBOKAE (°C)IRAE, 55— 00 3R A BR B SO BE A 0

TS 5 ESR IR T BB 45k Py S AR AR PR A ) 2B 0 28 K SR 5 PR IR SR R R IR R = ) o R b sk
TR 25 5 R A O T T FE A, 2020 4EFKZEAT 2021 4EFH A B S8 Xt 20 m¥/Ei. 2021 4E#&
FAEYY T Xt FEAE 1 K. BRSO B 20 m/eT o 75 2 3 R SR 24 3t gk 7 A A it P

=

2.3. ME_RSTE

F A KRR FHFREIENE ;. KM pH i (pHS-25, i B B A PR A 7)) E pH 18, Kk
BEERIAE N & AR T, REE, RS, Ul AMKIETE AR, JEAURT, W FE A
KA, E 8RB/ Hr il (AutoAnalyzer3, SEAL, Germany)ill i +-34% 25 &0 ( NH; -N) FIAY %
(NO;-N) & i RHBIREANIRIR, KA THEN E T & & R s s A E R R AL,
VRN E LA HUK(SOC) & & K st & 2 HriX (Perkin-Elmer 2400 CHNS/O, Norwalk, CT, USA)ll &
HR(TC)M LI 2 E(TN) & & KA BRWOHE BRI I L 2 B (TP) M2 (TK) & &, I shid S Hr A
(QC8500, LachatInstruments, USA)IIE & ;K BRER S ANIR B2 L3 20, 2 ie iR #8310 mL.
N 50 mL =), FEWken 5 mL sHERPLAR, A, ikl & .

2.4. BIEALTE

K H Excel 2010 /AL BEE 5 ; SR SPSS24 k4T HLPK 377 % 43 #r (one-way ANOVA) I Pearson AH %
ABUyHr; KA Origin 2018 241l %
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3. BRED
3.1. A¥EFEKTCHEFTTIE pH BRI

10

8

pH

2

0

B BMS S SMS

e WAL R AU ALAL T, F UL MS: R A FOKAL R S YR UEIEALRE; SMS: bt
AERRFOKAE L, A FRNG FREROR AR A B 22 57 225 (P < 0.05), R,

Figure 1. Effect of pig-slurry on soil pH
1. Bk 1% pH BIR20E

R DX U AL AR EE - 3 pH 8.47, il K 2K AL B pH {608 8.1, /NTHMEIE -3, (HF 2
A1 2 M 22 5 () 1) D F e P A SR AR B U NE AR BE YD £ pH AR KA, — 403
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Figure 2. Effects of pig-slurry on soil carbon content

2. ERFOKF TIRR R S ERIFNT

B A X R X 36 K A IR it P A P55 0 IR A R - 3 SRR (TC) & AT 11.88 g-kg '~42.31
g-kg ™t 2 18], HHLER(SOC) & &/ T 7.41 g-kg *~26.21 g-kg * i), SOC/TC A/ T 62%~71%2 [7] (4] 2).
o X AU AR R A N SR, SOCITC & &I TIb % MU A 3%, it FH 2E 58 3K IR 5 4T
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BTV X AR EE E B X RS, B, SOC/ITC AT R X, BRAE
HUBK & B AR K, SOCITC M HBWEFLE. 5 ML A FEAH L, 2 4 DXt FH A% 3 /K A R A 3 45
I T AN S R, B 60.89%:; it F A 25 /KA B AL ) 35 B B B T TR A AL
HAME N 83.24%; Jiti FI % 28 /KA AL AL BE ¥) SOC/ITC EUAl 5 B AR T 5 AUME AL AL FE, [40E A 12.68%, BEEE
RS F B3N, R B K T e MRS & YR DO AR KA IR A
Bt SOCITC LUAR B H At AL b HR TC W6 25 72 5

3.3. EREFKEAMTRARS BRI

F A FR A E(NOS -N)« A (NH] -N). HRE(AN). RA(TN)Z &L ANTN B AR AR
R (CINY > 314 F 1.9 mg-kg *~85.81 mg-kg *.12.43 mg-kg *~17.14 mg-kg *.1.26 g-kg '~2.97 g-kg *.17.86
mg-kg '~102.95 mg-kg . 1.2~3.47%. 5.74~8.83(%] 3). BRI WK . BESEM AN/TN LUy
TV BB DXt A% 2 KA A A B A Bt O A P 2 A AR A O RS E A ANITN LU
Yy hn, BiE)> ) 124.83%. 358.17%. 58.82%. 189.17%, 4%A% AN CIN LR ER. v+ Xt
M 36 KA A Ak B A 1t Ak 8 - SR A SR B A TN, MR 247.37%, HAhFRir I E R E E R .
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Figure 3. Effects of pig-slurry on soil nitrogen content
E 3. AREIKITIEA RS ENFI

3.4. EREIUKEANTRBERTEHRME

BT A BB (AP) & AT 10.87~22.31 mg-kg 2 1], & BE(TP) & &4 T 0.31~0.75 g-kg * 2 I,
AP/TP tLAEANT 2.83~6.7% [BI(&] 4). HRUBACZAAE T, B4 F Rk Al e S 38 Tt A% 350K 5 1)
WEHERB SR, BLemsEs T L.
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S DX It I Ak B 5 it 4 21 7 S Ak B T A 00 B N T 56.27% ;PR -k Xt A% 3K
AbFR IS B R T B AR AL EE, HYEA 95.82%. b X it FH A 2 I A U A A it RS Ak L I
FEWIN T LA A SR, SRS 105.34%, IEMRECK, i AE FEOK O ) R S A R MU A A PR
WA BEZR. WHAEIKEBE G AP/TP LU B2 T, [FIEA 49.66%, ¥+ AP/TP HL{ET

40 1.0 8
a
P i
Z I 708 ? .
£%0 3 I 9 9
5 2 1
I § b iz 206 b
200 [ 1 py 4 [
e &8 b
g €04 |
2 é |
o =)
[ o
<10 = 2
= 202
>
<
0 0.0 0
B BMS S SMS B BMS S SMS B BMS S SMS

TE: B BMAEHMEILALHE; BMS: BAEMHI AR IR S: W EH MM, SMS: ¥t A% KA .

Figure 4. Effects of pig-slurry on soil phosphorus content
B 4. HREIORIFTIEM RS ENFIT

3.5. H¥EIEKiE AR IR T RS EAIRM
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Figure 5. Effects of pig-slurry on soil potassium content
5. £ REFOKEAN TIRE TR BN

0

4 RN X b X R i A A R AR R 3 KO A AR Ak B 8 R SO (TK) & &= A T 75.09
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mg-kg~323.02 mg-kg ™ Z [f], AH(AK)EEA T 17.11~20.35 g-kg ' Z A, AK/TK HAE AT 0.41~1.6%2
(K 5) REXTIEAMEREATCEEZFEER, BEESEHSEN AKTK HWHEH KT . 5F N
NEALFRAR EE, R 4 X F A8 S /KRS B AL B e 25 K 1 38l 8 B 25 2, [ 49.34%, B4R UK,
Vb DXt A 26 /KBS NE AL B 1 BT P A AE AL BE T () L 3O i S B R e B 2 2 R . R Xl I
FOKBA AL B L35 B 5 & R B 1 15.92%, ¥ b Xt F R 3K S B A B S B0 5 B R I T 4.89%, (H
P51 5550 F e Rt P A AR B R) T 4 25 72 SR o PR DOt A /KRGS R AR BE 358 AKYTK BB it FH AL AT
AbFR R ZE R B, BETE Y 400%. b DX A 35K A I AL 7 1358 ARUTK LB A0 Rt FH A4 FIE A 380 1) OFG 2
FHEER.

Table 1. Correlation between soil C, N, P, K content

F 1 | R OB BRSENEXM

L LHE R L
TEH5 Soil carbon content Soil nitrogen content Soil phosphorus Soil potassium
Index content content
soc TC  NO;-N NH;-N AN N CIN AP TP AK TK
socC 1
TC 0.992" 1
NO;-N  0.913™ 0.949™ 1
NH;-N 0148 0.185 0.254 1
AN 0.893” 0.933™ 0.991™ 0.382 1
TN 0.989” 0.999™ 0.9557 0174 0.937" 1
C/IN 0894 0.834™ 0642 0.052 0.621° 0.820" 1
AP 0238 0211 0171 -0.14 0144 0215 0.27 1
TP 0.780" 0.788™ 0.844™ 0406 0.863" 0.782™ 0.622" 0.206 1
AK 0.473 0376 0.079 -0.184 0.05 0358 0.792” 0336 0.114 1
TK -0.09 -014 -0319 021 -0275 -0.158 0.163 0258 -0.166 0.467 1

E: TN 0.05%EFEKTFESR: TN 0.01%W% T EKTER.

TR, AL B WERMAHDCHE AT RORCGR 1), BRESE. AW A, SRS, AHURS A
B AR EAE. S5, . CINHEAR T 0.7807 LA EAR &A%

4. ¥1ig

AHIF 7 P P % 25K 5 B pH ) 8.47 BHiFE R 8.1, At SHIUKMSIESHREANRE L, G
B pH A F#MK[43], X 554k B S5 [4417E 3 L my J5 S A B Aol SR — 85 it B R KOS e w38
pH #a Tk, BT B EEmrAE K. Kb+ pH A&, AT R — Vit ok S 30 pH (8724
BEBN.

HIOKMSIKBENFR R L, 5HFENEEER A EE IR MANR, A2 LG,
FROPRANESR, PR FH 2 = [45] [46]. AHITE A It F A 3 7K A B e A Ak 2 B A ML R
BT 51.31%, X 52055 [47]EAZ R QB [48]7E Bkt B 78— 3. "R T KA G EH K
HANEEANE, R EENRCEYRM, FRS i TR R i, SR e e R
BR46]. LIEGHURRELEDIRUEERE AL 0 RETR, RIS GEREM 39845 1 (¥ 72 R - 38 X AR
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RrPERT, AR IR ) A E 2R AR[49].

ABE TS SR BE RN T R EMEREE, AEAEP ST E TEHSR, MERSELES
R 5 A, AT RESHE N LR AR R AT G TR R [49],  SAR S ISR [30] MW U A R — B Ht
EYEEE[BVT FUUESE, FRIENL/K I RGN H BN S &, AR S BT s TSR, HEAENS
1 90%. LK HIKEA PRI EA LIRS AR, FEIK T RUILHE T R IS Gk AR R
[40]. F 51 =S [SOIABLRERE 0 0N, FER R NEIRE LR R X SRR SN %
AKEEIGIN T B AEEE, AR TR IO HUR LA AR SRR R 7 e AL R 208, AR T LA
FEREK, WnHRaE SR, MEMSE[SLIFERE H R SR L E TR RA RIS R

AT T FE KA N F A 1 B R A S, — TG TR IOKIS I R GR 0 R 5
PARN[52]s 53— D5 G AR AN (B R B ), Y IR S K. 3R b
B ) AR A E TR R AN TE A AL, I R FOK AT R K R P 2 3G TR i ok, T o B I 25 P
%, 3 5 55 SCAF[52]7E 7 38 L it FH AN [ 2 0 T VRORE B O T 7 — 50 D 0 L A i 5 B e W B A4k
DAY 5 00t 5 S 25 3 A2 ARV AL S A 2 A Tl 3K T LA R S S BT A P 25 2R [47] [53]
TR, R BE BRERIGHSCIE T LA LR S R RE AN AL R R L AN SR S, AL %
NET ) ZE M R 2

g bEnTRL RSO BRI EO IR, W R R RIRIE Ty, WTRER P NER kS
KANTESN, BARE BE AR A ROESRAL. BAETRR B AEA DU L S TS
£, VEVIARBEEIRICRI A, Tt A B R0 &R, AEIOKE, RIS amMeED. &Rk
B JRHERREBEHE T A ATE IR et B T BRI E SR TR A LR, SRR A
TIRAPHE IR IUR S E N, R A SR TR 70 [54] . B W A8 FOKREBE I 2, HIRAER
MAHUBRHR B 2 580, H C.N MM, CIN H T A€, A FT ool L3 st Me s E M A K [55] .
Jit FH R KBS IEXT D H IR 2 m e/, AT RE St A SRABHcE > . Kb 370 s B H 5 bk 45
K[56], ARASIEFES [RGB, WK EAE YA L3 AR Vi MR T IR AR S i A I R A 05, S 8ULE

o

c

THEFH R AR B2
5. &g

AT TNt FH A 2K S 2 4R e 2R AT LR AN BB A A5 57 0 5 &, i CIN T R0E,  IF A 3 R
Form e, — R o BB RS, S T IR . W BSOS IERE R e (YR A
Kb T TR SAEPERI R, SO EY A P #h 8 R B R RE B K T 2T, e st mifE &, 18
ARACHRFIR U T SR RRIBE IR SR B A 3K, R BRI AR B, — 5 s 7 RS54, i —
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