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Abstract

Non-point source pollution from livestock and poultry breeding is a prominent constraint on the
green development of hilly agricultural areas. Taking Ziyang City, Sichuan Province as the research
object, this study developed a collaborative treatment technology system of “UASB-Fenton-stepped
constructed wetland” targeting the city’s hilly terrain and its industrial pattern of “pig breeding +
characteristic planting”, and designed differentiated “breeding-waste-cultivation” planting-breed-
ing circular models based on the two leading industries of Anyue lemon and Lezhi grain. Pilot-scale
results showed that the cumulative removal rates of COD, NH;-N, TP, and SS by the combined pro-
cess all exceeded 92%; the effluent met the Class I standard of the “Discharge Standard of Pollutants
for Livestock and Poultry Breeding” (GB 18596-2001), with a 100% compliance rate over 30 batches.
At a scale of 300 m3/d, the net operating cost was 2.00~2.50 RMB per ton of wastewater, which was
15%~20% lower than that of a “UASB-SBR-constructed wetland” process estimated on the same ba-
sis. Nutrient balance calculation showed that the chemical fertilizer substitution rate was 14.0%~22.7%
and the manure resource utilization rate was 93.2%, consistent with the model targets of 15% fer-
tilizer reduction and >93% resource utilization. This study can provide a technical reference for the
control of non-point source pollution from livestock and poultry breeding in hilly agricultural areas
of central Sichuan.

Keywords

Livestock and Poultry Breeding, Non-Point Source Pollution, Ziyang City, Planting-Breeding
Circular, Nutrient Balance

Copyright © 2026 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).

http://creativecommons.org/licenses/by/4.0/

1. 5|8

B A IR ARG G 20 Ol AR A PR B OR P T (1 B KPR, FRIE IR P A W 55 G 1) 32 BEoR
Bz —. WIETERB &R RE, Pl SFREA R YA E, FhIREmse. MBI, B
RG],

GEBH T AL T VU 2 b, R e R, R DY) B R AR R SR A R X . 2023 4F
ATAERE A 290.8 Jik. MRETER 167.8 JiM[2]; ZEBATIERAFHA 48 Jiw, R 60 Jit, 13
fi 4 [ 70%LL F[3].2020 4T & & IS LR AR 2 92.87% [4], (A M IR #5772 4 UL ECRS FE AT AN /2 (5]

WAMEI SRR BE. N TR, SPENERARCHERZ SR 6], KA - GH 5Wik - A
A L EIBAT AN 1.45~8.00 Jo/m® Fl 1.30~5.30 Jo/m> [7]. LG W2 R AT R0 —I4, 45 E
B2 /NI, BV R SR MRS TR ARG AL . Nk, A SOHF YRGS R
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REY %

PR AR AT 9T
2. XigEER SRS E
2.1. Xt

DIBHTAEMEILIX . 2im s, SREE, MBI T, 4K 300~500m.  (BEBHTTMEVLIX & & 72515
Pefiie DA BRI $EHE] 2025 RIS LA R ZIE 93%LA F, HAK 10 TR SRR FRIE M ORTEX
[8]s MEYLIX 2020 HFHF2A%E 75.3 Jisks W=E 345 TR K& 878 1R [8].

RIAEME T, AR R AN 48 I RT. A BEPAE 163.1 1278, Eh 33 J3 AR [3]; 2023
FATREL™ 1678 71 t[2]. “HMEFRME + FrOME” MR EE 7= b IEat).

22. ARFZE

AHFFERA “CRMBHERE - BRI - B - 3RU0AE - BORBEER” ORI . i A V7 ML
IREL RGPS, WIS R R ER SR FOR KIT MR SIS T
ETZZH, MMERRICR, BEMASTR 1.

22.1. PIRRESTZHE

e B AT VL X B AR R UL IR A3, TR 5.0 m¥/d, FELRIRIEAT . AR S -5 [
NS AT, UASB. 2R Ak BB QN TR 5 K, 25 B MRS AR WA 1, EEMHY R T
HOR TS HOLE 1.

UASBRRIES kst A Tiith
*gz}/ﬁ v‘fﬁ;ﬁ; —{ @1.2mx4.5m =40
. V=5.1m? 2.0x1.0x0.6m

Figure 1. Composition and process flow diagram of the pilot plant

E 1. il kENRSREREE

BB : UASB-RUKLIGYE: 5 iil-Fe?'/HoOp: ¥t T 004 11 b frs 10 e fa ki

UASB NIAFIEANSE R, WA 1.2 ma BE 4.5 m, M 5.1 m; SERBiks Je B E 1% 37 R AN
feitn, FEFhE I 30%, MLVSS 4 18~22 g/L. ZFiifpju it OB 5 Hop R B0 AL AL, #1120
r/min. BABEERN TIEHI > = 2%, B2 2.0 m x 1.0 m x 0.6 m, Z&IAl¥% % 0.30 m, RIEHBH H I
VIV 257 AT RR AT« WA Bkn, PR 5. &, B, % 16 Hi/m?,

Table 1. Dimensions and filler parameters of main structures of the pilot plant

F 1. PiIRREFEMRYRTHEMSY

sk RT3 BFRAER BEORlA R FEHITSH
& M 0.5mx05mx08m 0.20 m? PUMAS A, AHEE 3 mm IR E 0.6 m/s
S| (% SR,
i B SR 3 mh - R+ RIEFLE SS L% > 60%
i%FL 0.5 mm
=R 15mx1.5mx18m 3.0 m? — HRTI12h, ZFFLERHE
< BT Y (19 HRT 24~36 h;
UASB % M % pl2mx45m 5.1m? REBRLTE J8(18~22 /L) FHLFUH 35 kg COD/(m™-d)
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B AL T il 0.6mx0.6mx1.0m 0.30 m? — pH % 3.0~4.0, HRT 20 min
. HaO2/Fe? BE/R B 10:1~20:1;
Z5 2 R . . i 36m? : + 0 ’
Z5 R Rt 0.6mx0.6mx12m 0.36 m FeS047H20 + H202 (30%) N7 1.5-3.0 h
ERIE 30 0.6mx0.6mx1.0m 0.30 m? NaOH + PAM pH [ %2 70~7.5,
HRT30 min

. N 1 8RA 10~30 mm;

= g
BN TIEHs *fﬁb $;ﬁ026'0 M3 0m (&) AT 5~10 mm;
LmElom 2% Vi 3~5 mm

T 7Kl 15mx15mx12m 2.0 m? — )5 R H

HRT 3~5 d; 3 2%~5%:
K S35 0.10~0.15 m3/(m?-d)

2.2.2. R EKKIFESKR

I KIZIS TiEFE L ERR G MW ARE, S-S B2 5 3N . fae s 17 i d
HY 30 fitik, FHiE5.0m. J5/K COD. NH3-N. TP. SS 735 4(4000+320). (600+48). (80+6.4). (1500+
120) mg/L, BODs/COD /¥ 0.42 +0.05, AJAEAMERLF; C:N:P £ 100:15:2, BEAHXTARGE 2).

Table 2. Characteristics of the raw experimental wastewater (n = 30)

= 2. IRIE EKFRK) 7K BRIFE®n = 30)

=07 Bhr WE = ffEE SEHE =L B WE = ffEE SEHE
pH — 74+03 6.9~7.9 TP (BLPif) mgL 80+ 6.4 50~120
CoD mg/L 4000 + 320 3000~5000 SS mg/L 1500+ 120 800~2000
BOD:s mg/L 1680+ 180 1320~2100 NI C 21.5+32 15.8~27.4
NH;-N mg/L 600 + 48 400~800 TN mg/L 720 + 58 610~840

223, BITIRASKNAER

AT 2024 4F 3~7 HESLIZEAT 120d, 28 1~30d NJAShYIMLHT, 58 31~120d AFES . A 30
UASB Ff i 1.0 25 7F 2 4.0 kg COD/(m*-d), H7K VFA <300 mg/L 48R JE S 56 i Fase 4%
LS 5 P

FasE BIFEIRK . UASB HiZK. ZRHIZK . SRt /K 4 SREERAE, B 3d —IR. 845 3 P47, 3530 itk
(F¥EHr n=30, P47 n=90). pH. 7Kili. DO BIZME, HR 4CTAR 24h WIE. 1B17/KE 15.8C~27.4C
(¥121.5°C), UASB % RIRZ4ERF 25°C~30°C . 5744 HyOo/ACOD = 0.8:1 1, Fe?*/H,0,=1:15 (BE/R);
FRAITEX NaOH [511f pH 7.0~7.5, #i PAM 2 mg/L.

2.2.4. TR EANLER
BIRFR ML S W 3. B AT AS 10% PATREEIX 2 +£5%W), & 10 #tHEIER
HERE S IAR [Z 2, AR 94.6%~106.3%

Table 3. Analytical methods and instruments for water quality indices

3. KBUERR A ES I

(1) W 5 KA FER A Hi R
NN, HACH DRB200 ¥ fii#s +
COD HESTR R (EIA 2 h) HJ 828-2017 DR3900 41 Y b RE L 4 mg/L

NH3-N P IRARF 7 HJ 535-2009 gt UV-2600 2 4ha] 05366 RETH 0.025 mg/L
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g
TP ﬁﬁ%ﬁ;ﬁﬁ%@f%ﬁ T 6B 1189389 HACH%]?IEJZS?ZE%@E% " 0.01 mg/L
N i%iz(gi?qost GB 11901-89 *%f;{ggﬁf)i E:E£;%$ " 4 mg/L
BOD:s PR 5 HERE HIJ 505-2009 ﬁf&ﬁ%%i{fgg;ﬁ 1; 0.5 mg/L
™ ﬁ}ﬂi‘fﬁﬁ@?ﬁ@&fﬁf%%% HI 6362012 HACHL%]?qu_jiJZ\O]?ZE% ?;E%% + 0.05 mg/L
pH/KIR/DO bR — HACH HO#0d fE A s b 0% T

2.2.5. BIWGIHFE
NIX o AL BB T B S L RE 1 S AR BB T2 i B TR, ARt a T kbR S5 2R ER

xR,
i = (Ci=1 — Ci)/Ci-1 X 100%
Ne,i = (Co — C;)/Co x 100%

s pui W T MR ITTI T EBR (%), nei N 1 A HIT KA T K B ER#(%), Cos
Ciin G AlEEK 5 i— 1 ADNHITHI/KEEE i AN 80 K ETE SR SR S (mg/L) . BRI bR 2 4%
PR 2L A 2(delta 120) BHSE H 7K VR B RO bR e 22 5 1

BE L “EME + bREZE” F£or, FH Excel 2019 5 SPSS 26.0 4iit; BB ZE SRR B E T Z 0 (o =
0.05); LR RE(CV)IFMERENE, CV <10%HMRLEF[9].

2.2.6. BFBRAZLESZ*

Wi 7K B AR $2 32 AT A0 BR VR AIGER 5 S A T o RS R N A RIS AT. B 300 mY/d. iz
17330 dv FALHE 9.9 7 m?s 2555 AR 2024 SEB T A . 2 H S HEE. 7. AT 5489, IF
Fx UASB BN (K 4) A RIS H A “UASB - SBR - N LigHh” /%,

Table 4. Composition and calculation basis of treatment cost per ton of wastewater

4. MKSLIER ARSI BRI

A% H HFERHS T EARYE B4 7K B4R (75/m?)
HLFE AR L RS 8BS 0.92 kW-h/m? 0.60 7G/(kW-h) 0.50~0.60
H20:2 (30%) HnE: 1.6 kg/m? (H202/ACOD &Lt 0.8:1) 0.85 Ji/kg 1.30~1.42
FeSO4+7H20 & 0.26 kg/m® (H202/Fe? BE/R B 15:1) 0.60 Ji/kg 0.14~0.18
H2804 (98%) HnE 0.25 kg/m? (pH H 7.4 T E 3.5) 0.80 Ji/kg 0.18~0.22
NaOH (1) Bt 0.35 kg/m? (FAIZE pH 7.0~7.5) 2.50 Jt/kg 0.82~0.94
PAM (BA&EF) HHE 0.015 kg/m? 18.0 Ji/kg 0.24~0.30
ANT#% FER2N, 507t/ Na), FELAHKE 9.9 I md — 0.90~1.10
WA RE P E B PR 2.0%3F, 3% 150 Jiot — 0.20~0.30
BAT AN — — 4.30~5.00

UASB Bt COD 2.8 kg/m?, 7285 1.63 m*/m?
(CH4 1RFR 7341 60%)

HISAT LR — — 2.00~2.50
VE: XTHE T2 “UASB - SBR - A TEHL” [A] 4RI KZ 4T AR 3.50 Jo/m?, FO7EAIREE 0.70 Jo/m? J5 i AS 2.50~3.00
Jo/m3; AR L Z K 15%~20%.

VAAEHE T 1.35 Jo/m® JBR -2.30~-2.50
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3. thEIRIER ARk RE
3.1. RARBLESTZ®t

Bt P % SR e B AR RURAR . B R 1 ), R RSk - I RS - RKumie EE - Bt
VROEHR " BRI FVA AR R, 0N “UASB - 251 - BB s\ TigH” A& T 2.

(1) UASB JREATALEE: PRoKidEN UASB, REGAEY S EIREGHY, XK K COD L3R
AIE 85%~90% [10] [11], BEARFEAR. 15D [12].

(2) g EAL: UASB H/KBEANZS I8 IG, Fe?/Ho0, 77 4E « OH IR AL ME PR A HLY, A 3%
ik COD 5&A[13], MBIl R 2&AF.

(3) BrBARN gl R I 78 22 SR K B PRAKRERE, 2 VA FRm I R R, 55
5 2 A e O [ B BB [ 14] [ 151

3.2. AT E#HEE
HETLTZERBERE 2,

FRERKKE TRELIZRNER U SLIERER BRTIA ’/fﬂl@

AU
(EEKIESRK)

BHEHE

HEFER
(FRFFERIX)

FISREM,
(Fe?'1H,0,)
(CEREEEHY)

IRARHERUX
(FERY/ER)

EBSRAHE
(R EXBXEEER)

Mt AT
(EBRIERIRLT)

(N, PREER)

Figure 2. Process flow chart of breeding wastewater treatment in Hilly Areas of Ziyang

2. RIEERFERKCETIZRIZE

3.3. “UASB -3 - XA TIEM” HETZSHMULSLEHR

33.1. AT ESHMik
229286 == /MRS R e AZ O T2 R ES G 5).

Table 5. Main operating parameters of combined process of “UASB-Fenton-stepwise constructed wetland”

5. “UASB - 3 - MR ALER” AATEEEBITEH

T2 TR Ak
UASB JK 145 B B[R] (HRT) 24~36 h
UASB A WL 3~5 kg COD/(m3-d)
ZEtmaE AL pH 3.0~4.0
SRR H20o/Fe? /Rt 10:1~20:1
PR =N S ] 1.5~3.0h
M\ TR K 345 R Bt ] 3~5d
B 0N TRt 1 b3 R 2%~5%
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REY %

3.3.2. AATZATEYR
7 LIRS HN A A L2 IR KA B ROR W3 6.

Table 6. Removal effect of main pollutants in breeding wastewater by combined process

* 6. AETZHFEEKEESEYN KRR

VL kLN BEK R (mg/L) H 7K B (mg/L) P ERRAE ZRE %)
COD 3000~5000 <240 <400 >92
A A (NH;3-N) 400~800 <32 <80 >96
BBETP, AP 50~120 <7.0 <8.0 >91
SS 800~2000 <70 <200 >95

e HKOKBUE (& & RIS R HTSRE) (GB 18596-2001)—ZibniE.

mE 8w, Fildl A& T2% COD. NH3-N. TP. SS B EBEERNHIN 96.0% 96.0%. 92.5%-
96.0%, AP E IR T — HAREBRE (R 7). BrBAN TR X NH3-N TP HI0 2 BR %N 90.0% +
1.1%- 81.2% +2.2% (4 8), &M ARIEFZRMEIT[16]. FIRZIRTY 5.0 m¥/d HalAE5E (n = 30)
B, TR KB

333. HATEZEMBSEIRET K
F MBS ek BEAR AL LA 7 ANIA 3,

40004320 CoD 60048 NH,-N
4000 600
500
30001 ~
= S 400
g £
£ )
A 2000 Z 300 240419
@) sl
1200+96
© 5 Z 2001
1000 1 600+48
100
160+13
0- - 0-
JEIK  UASBHZK 5K #ilbHizK JFIK  UASBHHZK ZFgiH 7k J@iHzk
80+6.4 TP 1500+120 S8
1600
80+
1400
1200
~~ 60- ~~
= 21000
£ £
= 401 = 8001
= 2 6001
4001

180+14

200 1

JFZK UASBHIZK ZFIRHIZK k7K

JF7K UASBIIZK ZFMitlizk JEHiL7K

Figure 3. Variations of pollutant concentrations at each stage of the combined process (mean + SD, n = 30)

3. AT ZEMBSRIIKREZLINE = #REE, n=30)
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Table 7. Changes in pollutant concentrations at each stage of the combined process (n = 30)

#= 7. HETIZEMERTREYREZ K (n=30)

RETEH B COD (mg/L) NH3-N (mg/L) TP (mg/L) SS (mg/L)
JEIK 4000 + 320 600 + 48 80+ 6.4 1500 = 120
UASB K& H K 1200 + 96 420 + 34 64+5.1 450 + 36
S H K 600 = 48 240 + 19 32426 180+ 14
B b 20N 9 H K 160+ 13 24+£2.0 6.0+05 60+5
GB 18596-2001 —ZFrHEFR A 400 80 8.0 200
HIKIERR (%, n = 30) 100 100 100 100
3.34. HETEEM BRI ERRE
BT R R R RS R LR R WK 8 fIE 4,
(a) PATL R (b) BIRERR
b7 i
1001 mm con 1001 mmm cop
3 NHN 3 NH-N
== 1P [ NS
R e g0 =SS
g 60- g 60
X o
R 401 = 40
B Bt
20+ 204
04

Rl pirs:

2T Y UASB

UASB

Figure 4. Removal rates of each treatment unit in the combined process ((a) Unit removal rate; (b) Cumulative removal rate;
mean = SD, n =30)

E 4. AETZENIBRTERE((2) BLERE; (b) BRERE; 19E + FREE, n=30)

Table 8. Removal rates of each treatment unit in the combined process (mean + SD, n = 30)

=8 HEIZERUBRTAMEIIE £ FREE, n=30)

Ui it 7 BaTERE (%) BEEBRE (%) CV (%)
COD 70.0 + 3.4 70.0 +3.4 4.8
NH3-N 30.0 £8.0 30.0+8.0 26.6
UASB R4
TP 20.0+9.0 20.0 9.0 452
SS 70.0 + 3.4 70.0 +3.4 4.8
COD 50.0 5.7 85.0+1.7 11.3
NH3-N 429+6.5 60.0+4.5 15.1
JEmAE AL
TP 50.0 5.7 60.0 £ 4.6 11.4
SS 60.0 4.5 88.0 1.3 7.4
619 ALY
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COD 73.3+3.0 96.0 + 0.5 4.1
‘ NH;3-N 90.0 £ 1.1 96.0 £ 0.5 13
gy E W N RT3
TP 81222 92.5£0.9 2.7
SS 66.7+3.8 96.0 £ 0.5 5.7

% 8 I, HFokBRESREREREERNAE, FEfiRmviEl. B COD it, FFisic ks
50.0% £ 5.7%, FFH 85.0% = 1.7%; IRHIXT NH3-N 0 LERE 90.0% + 1.1%, ZMAFEHIG. TP 1E
UASB BT R BRFAN 20.0% +9.0% (CV =45.2%), T BEAKIESFI(50.0% + 5.7%)- 518 H1(81.2% + 2.2%) %
B, 5 DAL 2 TUE R T Dy 32— 8 16 CV = S5k K B i 30 S5 Pl PR 2= PR A A O

R T, & 5o R LR R ME Z IR AR E IR : COD £3.4%—>+0.5%, NH3-N £8.0%—>+0.5%,
TP £9.0%—>+0.9%, SS+3.4%—>+0.5%; ¥EHhHi/K 4 T CV #5<1.0%, HKKE(160+13). (24+2.0). (6.0
0.5)~ (60 + 5) mg/L, 30 #LIIEARE 100%. ANOVA ZRfHABEZE 7 (P < 0.05), RFHAAETLEH
i U 58 AT R E VERLIR (9]

3.4. EFMEatr

e 4, RTZMKIEITHA 430~5.00 70, FI7VESULE 2.30~2.50 Jo/m® 5§ LA 2.00~2.50 JG/m’;
WL “UASB - SBR - N TigHh” 1A 2.50~3.00 J6/m?, AT 2K 15%~20% [7]. HiEF &g KA -
RSP - AP EA N 1.45~8.001 1.30~5.30 Jo/m3 [7], AT 2T+ FIR. SAMLERE: i
A A, 25 LL257) B AR < HkE: UASB & 4H 70% COD it HSU RS = [10] [11].

4. “IF¥E - BEFY - WE” BEIMEE17]
4.1. BB

B Ah IR . AR EACIR AR S, B “— 101 @R, LR E SR E ZE R
AR, B TR FEUEICES . st i . 2 Mz L= = JE NI [18].
4.2. EEEEBTFEDIFE

W 2% B AR AN IR R BB TR (5 15 R /K) S I A ME IR F= o 2024 4F 5~10 A 43 12 #LUCRR S 357
WEHENERE, #% NY/T 525-2021 5 GB 5084-2021 Jll5E, &5 LE 9,

Table 9. Nutrient and pollutant contents of biogas slurry and composted organic fertilizer (n = 12, mean + SD)

#9. BRSHBENEARIRSERIEEN=12, 19E + IREE)

- TR R
Lo BBRERBEFER) BRI =1:3) HEREF LA EIRE
2% N 2.82+0.23 g/L 0.71 £ 0.06 g/L 1.81 +0.14% —
e 1.86+0.17 g/L
&5 e _ _
B NH, N (2 66%) 0.47+0.05 g/L
HAZ NO; -N 0.07 £0.01 g/L 0.05+0.01 g/L — —
2T P2Os 0.49 +0.05 g/L 0.12+0.01 g/L 1.05 +0.09% —
241 K20 2.82+0.24 g/L 0.71+0.06 g/L 1.25+0.10% —
1%'\?%63\ 0, 0,
(N + P05 + K:0) 6.13 g/L 1.54 g/L 4.11% >4.0% (NY/T 525-2021)
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AHLRA 5.24+0.45 g/L 131+£0.12 g/L 46.3 +3.2% >30% (NY/T 525-2021)
5.5~8.5
pH 73+02 74402 8.1+03 (NY/T 525.2021)
Ry & — — 28.5+2.0% <30% (NY/T 525-2021)
<15 mg/kg
fih As <0.05 mg/L <0.05 mg/L 2.4+0.5 mg/kg (NY/T 525-2021)
- <3 mg/kg
4 Cd <0.01 mg/L <0.01 mg/L 0.31 £ 0.06 mg/kg (NY/T 525-2021)
n <50 mg/kg
£ Pb <0.05 mg/L <0.05 mg/L 9.2 + 1.4 mg/kg (NY/T 525-2021)
il Cu 1.6 £ 0.3 mg/L 0.4+0.1 mg/L 38 + 6 mg/kg —
¥ Zn 32+0.5mg/L 0.8+0.1 mg/L 156 + 22 mg/kg —
W A GRAE T A >98% >98% >98% >95% (NY/T 525-2021)
AN
FR AR <100 MPN/L <100 MPN/L <100 /g =100 /g

(NY/T 525-2021)

HEE o vl 4, A LMESENTE(E 2R 66%), HEAMEM; HEAELIED 4.11%. AHLR 46.3%, FF
A NY/T 525-2021, B4 @A, (ERAEH R 5 KH . BEE 1:3 (EF) AR HIEBR, NP K N 0.71,
0.12. 0.71 g/L, /& GB 5084-2021, AJ/KHE—fAAk i .

4.3. BREITETXEFREN

EEat 2 AT KR T R, Wit “FRAE KA - VBORS HEREIR ” e FISEW s B, Wk
“UASB - 25 - Brh 0N T AbBE, hr /K ST 1:3 RS, Z/KIE— A mErr g [ 44
U A HERE A MR T g ek B o B B IR R 2 93%LA E[19], LRSS A HUILE A /40 A, ik
AP R R AR F 2 15%~20% [20], $RIHFFE MR ST sed /1.

FENTRENR FEREITE” Aiit. ZEMES REREIRD TR 10, FroE e =1 H x|
NSRRI R A, R SEFR 4 AR U A [22] “ LR Z50(TF ¢ HHEFE N 473, P2Os
1.00. K>0 4.60 k)45 & 517~ 18.8 thm? #5; oK. /KFEH AR T HE[23 ] SEVRIKE 241350

Table 10. Nutrient requirements of main crops

= 10. TEEMFITEKRE

(2l FEEKF N P20s K20 KR
S I 133.4 kg/h m? 81.3 kg/h m? 117.0 kg/h m?

Rt ) HrACE (104.4~162.4) (61.0~101.6) (86.9~147.1) (21]

FrECRETEA S E)  18.8 thm? 88.7 kg/h m? 18.8 kg/h m? 86.3 kg/h m? [22]

F 45 N:P205:K20 LA — 1 0.56~0.63 0.79~0.91 [21]

FK(E L JTHRL — 1.98 kg 0.90 kg 2.24kg [23]

IKFE(E 2 JTFFHL) — 1.85+0.39 kg 1.00 £ 0.45 kg 2.66 +0.73 kg [24]
FREEYI(AR SCHUA) — 1.92 kg 0.95 kg 2.45kg t1[23] [2414L
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REY %

44. FERRTRXEFER
BEXREAR G X, Bt “FRIASESHIE - AU HMAR” BERR[25]: FBIAIETS SREATR & 4 A

PEH R A U A R SR B i Lk RE IR BOAL e H .

IRE MR EMREER) T, 2023 TR AR 167.8 1 to AV ANEE iR . #1277
B, IR R 15%0 F, PP EE R E SR T.
4.5. FhFEERFS LEZE

RS RSHEVLRC” AIATYE, 3PP IEXT iR IR R G TR I TR BT S R
MRBCRH (B &35 BRSO EEARIEH) (261, SHAE 11,

Table 11. Parameters and their value basis for nutrient balance calculation

F11. o FERESHSIEKE

SH & f&k¥z
AR A Y 145.4 Jik4E 2023 A% 290.8 J33k[2], FEHEHAL 2.0 HLRITE
e A . RN 61.8%, K&, FE. FEL 38.2%;
ERREARAT 853 ESR i 15 JEUELT X 2000 4 25 6 H1 24 4[5
e s A e e\ A woe 5 SCHR[4]3RIE 1 2020 4 448 J7 t FEAR—F
EE(EMRATEE 447.8 J3 t/a (1.90 t/(J& 242 -a)) IR 0.4%)
ZHEM R 2 11 kg/(% M 1-a) [26]
Tt it 2R 4 1.65 kg P/(J% Mt -a), T P2053.78 kg [26]
B 25 8.0 kg KoO/(F 4 & -a) P8 242 26 PR A HEE B U
TR IR 90% T + B2
. N 40%/60%; P20s 20%/80%; AR EAR S E PR H LR 2 80% [26];
YBT3 HE K20 55%/45% W B 5 34 EE A AR
REAKRBRERR 5% 255 P QR U N 2%
IFEHIRR R R R 25% Fli 20/ 25 BEHEE NH; % Kk
e, AL PRER 2k 5% DU S5 VB IR E
AR MR AR N 60%; P205 70%; K20 85% N L N ARl e A =TT &y L
HERFE o MZERER N 25%; P20s 30%; K20 60% [26] XA HLIEH 1L iR 38 S5
g 5 18.8 tthm?; 3.2 J hm? WHEFE 60 i t, RAFIA 48 FiH[3]
FE TR 167.8 Fi t 2023 AR B 2([2]
MR WK 12, DI ST LS N 7932, P,0s 2890, Ko0 11,870 t; VEMTF R N 36,487,

P,0s 18,543, Ko0 44,855 to &~ W FLIEEARE 21.7%. 15.6%. 26.5%, ZiH 22.7%; {iHAEEIEG
(15 61.8%)2E 4 14.0%. BACKXIE 14.0%~22.7%, WMALIEE 15% H bR B I35 PATHRIE . 7S]

IS S TR L 13, 2T 3875 447.8 J5 e+, [AH 134.3 75 t(30.0%)HEAEHIA HLAE, ¥RAH
313.5 73 t(70.0%) IR K BE 5 VR GE H L 35.0 5 ¢ R P Ak 38 R K R SR il o B2 IR AY 417.5 75 ¢ R FH 26 93.2%:
KA 30.3 73 t(6.8%) NBARHE. KIS AFHik. 4585 HAr 93%—#[19].
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Table 12. Nutrient supply-demand balance and chemical fertilizer substitution rate calculation

F 1. FORFTESUREREREE

WA N (t/a) P20s (t/a) KO (t/a) &3t (t/a)
O HeE(235.3 4 E) 25,883 8893 18,824 53,600
@ WEE@ x90%) 23,295 8004 16,942 48,241
@ KB )5 EHEAE 19,335 7604 16,095 43,034
@ HFHRFETE 7932 2890 11,870 22,692
® FrERETFERG.2 Ji hm?) 4269 2602 3744 10,615
® WREFEDFRA67.8 Jit) 32,218 15,941 41,111 89,270
@ 1EMFESFRETHG + ©) 36,487 18,543 44,855 99,885
HIEBERE@/D, %) 21.7 15.6 26.5 22.7
© U IG B (%) 13.4 9.6 16.4 14.0

Table 13. Material flow and resource utilization rate calculation of livestock and poultry manure

13, BEEERYRRASHELFAREE

b/ AC HE t/a) 5 H(%) RETFARIEL
AR (FIE € + [ B IEAH) 134.3 30.0 —
HE AR A LA 131.0 29.3 v
HE AR FE AR 5 3.3 0.7 %
WAHER 2> (IR + 1K) 3135 70.0 —
PREEUR BRI 3 251.5 56.2 2
TR A3 K [ FH VR 35.0 7.8 &
IREK B S AR 10.5 2.3 &
IEARHEIR 16.5 3.7 i
&t 447.8 100 —
PR AR = IR AR A R 417.5 93.2 —

4.6. FMRNBITTEE DR
WEMRREEFEMEGCE 14): ZEMEBRSRFTVRER, GERETFEVIKIETR; SEME ESER
1, ERKHEMARE R, —HWENE “miiEgy. minifm” , XN X T S FR 041 .

Table 14. Comparative analysis of the Anyue model (lemon-producing area) vs. the Lezhi model (grain-producing area)

F 14, REEXITHE~X)/FEEARBE X)X L2

xf L 4EFE AR AT ™ X)) IR ER AR X)

FHTTIH TS PR F IR HE HERE 18 A5 PR FE LR A

W ??’?E%**Wﬁl?ﬁ&—»\iiﬁ)?*j HB— K ?’?ﬁﬁﬁ*??ﬁﬁ%j%fﬁﬁﬂ + FEAT =T
JIE A P A A SR [l BUIEIE FE oA

R TARKTR(E A, =) IR CREEY, ML)
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0o 38 PRI R 5 AR s AR o B el MR PR TR A M R K EIX
~ VK R A ] AP
B B + KIE— MRS + IFRMERE B + A HUIEOEN L +
" TR G HE I FEAFUSCfig A R
TIER = >93% >93%
AR ATV 15%~20% >15%

5. FlEmEREHI S KHBIBITRE

BT “EURFRRAT. WAL R e, W8 “BURMNE + DIEE + KPP S57 4R
BEAILHI[27].

(1) BUFEIS: BT O H GBERHEI S EMIRIE . EILX 2025 Fmnit =10 . 3558 H
K >93%[19]; AT REACER 99.7% Z5AFIHZE 91.8% [28]; 2022~2024 4 [F 44 5 1% Wi T /K it
R FELE 100% [19] [28].

() hisE: B 5 LWL EE, st e, MBS LLFFEYy + R, + &1
IREEA R RS SR, TR R i T,

(3) RFZ5: FfE RS A VRS MOAE, BRI R B as R AR 55 . &
P sl 33 T RARAYIIUGEE 1.7 30 (3]s A WG BRVE & B A, A1) SR ER.
6. WA ST A=
6.1. 75

FHAR I, HE T HKIEIE GB 18596-2001 —Zibnift, nI SCHEHIFREIR ARG G XK |,
2022~2024 45 {7 [ 4 2 A% W T 7K 3R A B 4E 100%, IR R E R 99.7%. 454 FI 2 91.8% [28];
RIS, ARG A OV B, T A PR
6.2. ZFMEE

S5 b, R T ZMKF AR 2.00~2.50 70, KT H LT 7] #6356 12 R ERE 14.0%~22.7%,
AR PSR AL RN o RS LEE A 163.1 1ZTT[3], 1B S S 2 2 R, AR
KRAEE BV FRFE v B IR AR AT B AR IR AR A RS
6.3. ¥ IR

AL AR R GHARE N R S5 ESR , VT. BT S F2R T R X B AR, &
FHERRIE. CESRE. EEMK 2 MRiastth, G2, Z/EWK IS .
7. &g

(1) 4 “UASB - 75l - frkpaQN TigHh” A &R, 5.0 m¥d Fik. %52 120 d FXF COD. NH;3-N.
TP. SS H EFEERE N 96.0% £ 0.5%- 96.0% £ 0.5% 92.5% = 0.9%- 96.0% =+ 0.5%, 7Kk —LbrE;
300 m?/d EF AN 2.00~2.50 TG, B UK 15%~20% [7].

(2) SLRRFATES RER G BT 2 F L IR - RS - M B, AT pERR LA . %
IR EALNEB AR 14.0%~22.7% BIFILZF 93.2%, SIE 15%. FIFFR 93%LLEHERMAT

(3) “BUMHNE + iz E + KPP 257 HlHlS “FRiE + M + S BEIER R,
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“HEER. RizE” W, REKPOET.
(4) TRRRIEAANR Z AR O )1 b b b 5 8 IR RS Ain R RS % b il BB 5 I B
PR, RIIRCR S X I 2 7 2D I

E&WE

BRAT UL PH T 8 Ak R S R U it/ A 25 SO 5 AT RS R AT T oI SRS RE, REAA BR
(BT & & IR I TS e VA B “IRBH - IR 7Y - M PRI B CER it 72 ) (W H %5
SY2025Y09); AT AR Tl 22 e (B /8 KO B2 AL QB BDL I 2Rt S T H S50 kF, IUH 448K (5
B T 78 5 FR AL VRS G W RV B 55 IR0 - PRI - Rt PO PR A U AR BT 78 ) (F H 45 : 202611116029);
R IH NN ZRTHRIIUH 28K CSCHR T H s A AR R - BB R ST R R A RSB EHR
WEFE M) (UH %5 : QM2026040); ARFKEIFT QML IIZRit-RITH 288 (B i s KAL) K

TR RS 70 TP A 2 U [P B AR OGSO I 7 S S (BTH 25 - QM2026041).

x OB

OFVE: https://www.mee.gov.cn/ywgz/febz/bz/bzwb/shjbh/swrwpfbz/200301/t20030101 66550.shtml

SE

(11 VUNARAESHET WINERIEMTRTHR D)4 EEFREELME MR FE %I [EB/OL]. 2022-12-30.
https:/sthit.sc.gov.cn/sthjt/c23101802/2023/1/16/6e74298a18704af095142a66279d5394.shtml, 2026-07-08.

[2] HEPFHTE 2023 £ EH RED AL &R ES 1T A H[EB/OL]. 2024-03-27.
https://ziyang.gov.cn/zysrmzf/tjgb/pc/content/content 1819378406345490432.html, 2026-07-08.

[31 E)IN. i&DR EETHTINE 2 2 220 <P & IR B R 24E[EB/OL]. 2025-09-08.
http://guoqging.china.com.cn/2025-09/08/content 118066764.shtml, 2026-07-08.

[4] MRizds. k2 A TG OIS B T 2 100% DY) 5 BH 435 3B VA LAE B4 HERE[EB/OL]. 2021-10-27.
https://www.peopleapp.com/rmharticle/30024955477, 2026-07-08.

[5] fAr2E. BEPHT & & MARIRIE 15 Yib EEUIR /04 o SR (0], 4R & 4, 2017(9): 49-52.

[6] fbeth, EREe, O, 5. FIR IS BB 16 L2 08 SRR R %K [I]. IR 254K, 2023, 43(12): 152-
157.

[7] BRI, 25, EhriE RES@FREEKEEE AR TR BRI EREE, 2021(21): 29-35.
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