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(WHTAMOR 2 FREE SPER2BE, Wil A 311300)
WE: [ 86 ) Wi AT FIEESHF Ipomoea batatas H b LI RAR AR L BRI SN q, IWERRK
SRR FALBEAFHAZ G E [ FEk] AAMMRE ALY, 2EE 4A#ELE, Rk, FRLE. 50% k%
D EAWIEAS50% Fi & 5 HACHE (AHUIE 50% #AX), FARE, £ 5 A S0 24 ERAb R A g REH AR5
RERBERFRI, HHEBARETE R 248, [#R] ZAZR. BESA . MEAPFRESAATREALEM
RO, REVRF TR T AIIE 50% HRFe R AEK B RF ., 5 F AL LA, A HAE 50% H X A= 5% I A5 58,
VT HEFERBIRAL TN 48.1% F2 39.6%, M EHEN BT 26.1% F= 32.7% ., A HNE 50% BXAe B ANEL AT T 42
REBHMEER, RY TRARAALEZHM, LR (R=049) L8 (RP=048) PAAXETL L EAIRERFEMX
(P<0.05), XIEH LA HMELRPEBRRAALTN 0% 2 41%, [ £# ] ABIE 50% B A 2 A NEAR T 5
IR SRR KA H ZIEH, H AL 50% HR EIES A TR HERIBLZARAK, fphle R TRy Einsk
Ak, BT4R2%33
KA AAUE; RANE; ME; RARFEREL
hESES: S506 XEkFRETE: A XEHRS: 2095-0756(2023)03-0540-10

Effects of substituting organic fertilizer and biochar-based fertilizer instead of
chemical fertilizer on nitrogen and phosphorus runoff loss in
sweet potato sloping farmland

CHEN Jiayin, HUANG Chengpeng, ZHENG Mengqi, LI Zihong, WANG Jiayu, JIANG Peikun
(College of Environment and Resources, Zhejiang A&F University, Hangzhou 311300, Zhejiang, China)

Abstract: [Objective] This study aims to explore the effects of applying organic fertilizer and biochar-based
fertilizer instead of chemical fertilizer on the amount and form of soil nitrogen and phosphorus loss from runoff
in the sloping farmland of sweet potatoes ([pomoea batatas), and to analyze the relationship between nutrient
runoff loss and soil chemical properties. [Method] A randomized block design was used to investigate the
effects of organic fertilizer and biochar-based fertilizer on nitrogen and phosphorus runoff loss in sweet potato
sloping farmland. There were 4 treatments: no fertilizer, conventional fertilizer, 50% organic fertilizer instead of
chemical fertilizer, and 100% biochar-based fertilizer. [Result] The concentration of total nitrogen, particulate
nitrogen, nitrate-nitrogen, and ammonium-nitrogen in runoff had a peak effect, and the effect of organic
fertilizer substitution and biochar-based fertilizer differed in different runoff events. Compared with
conventional chemical fertilizer, organic fertilizer and biochar-based fertilizer reduced the annual nitrogen

runoff loss by 48.1% and 39.6%, respectively, while total phosphorus decreased by 26.1% and 32.7%,
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respectively. The substitution of organic fertilizer and biochar-based fertilizer for chemical fertilizer changed the
form and composition of nitrogen and phosphorus in runoff and decreased the runoff loss coefficient of
fertilizer. The loss of total nitrogen (R*=0.49) and total phosphorus (R*=0.48) was positively correlated with soil
nitrate-nitrogen (P<<0.05). Soil available phosphorus explained 60% and 41% of total nitrogen and total
phosphorus runoff loss, respectively. [Conclusion] Applying organic fertilizer and biochar-based fertilizer
instead of chemical fertilizer are effective measure to reduce nutrient runoff loss in sloping farmland. 50%
organic fertilizer is more suitable for reducing nitrogen runoff loss in sweet potato sloping farmland, while
biochar-based fertilizer is more suitable for reducing phosphorus runoff loss. [Ch, 7 fig. 2 tab. 33 ref.]

Key words: organic fertilizer; biochar-based fertilizer; slope farmland; nitrogen and phosphorus runoff loss

of it FHTCHUIE T B R AR & S SR Rk, Tl A= = R R Bk, ks e
GG, 9D TR TR AN IR R FHRCR B TEJEBE . A LIS A BN B AT 2 b I 85 7
JURAEREEY) ™ s A RGE R, W3 B2 o AR ISR N SR SR o0 Ra oKk, DAk BB ek
IR AR BB R 0 BB . A USSR R R e A ML B 6™, e BENE N T2 9
o R AR i S5 80 . A MU AT Be sk 20 H R kA R I % 8.7%~25.6%" " I 4
= 7KHE Oryza sativa 771 21%~24%"", KT R = R FHRCEBEA HLUIE L 35 & i s, B HLAE Lo i i
i 75% W R FE R FHBCRBEAR 5B AR R HE Nicotiana tabacum 38 F AR 1Y 6.45%~8.36%,
R R 3R A R I e R T S et g T AU, A BILNE B e BENE A AR AR N X 802 A FH Ak e
RN B R/NZ IR AL | e . AR BRI AEY RS, AR IR R, T RE
o 9 B 5 A% Camellia sinensis . W ¥ Cinnamomum cassia F1 8 JK Cucumis mel 7= & 43%. 166% F1
176%™, S b+ 584 25 B w2 o ), B RIS R e dt i, B H 2 Ipomoea batatas WFEH A F
R eyl S = T €6 B e~ 77 e Ny e W) 12 O e Y 21 £ S5 R SO e S L D= N T N
AR BT EED, PR AR AT, H EROER A HUIE RN 5 BN A AT A5 it o 2R
FRATFE AR (R SE M XE LA TR0 o A B ERR A HUIE R B AR A QA I X S5 3 B b+ A2 U Ul U
KRBT | BRI AR i N HIE AR, [R50 7RI R 40 it 2k B A A e R B 2 (R 1Y ¢
e, DU H B AR 0 it 2 155 100 it S A8 R i 4 R PR R i

1 MRS 7 *

1.1 AREER

5 XA T Wi T e T I 28 XA R (1 30°05727.64"™N, 119°44'03.44"E), % X & W HHT iR
TZERAME, UZE B, A5 HBREHECKH 1946 h, JCREIAN 239d, A PAIRN 158 C, A THRKE N
1629 mm, ¥R 150 m, T3 LTHE AL,
1.2 iRt

Fie FEFEHLIX 2H i1 4 i AEAREE (3% 1) ASHEAE (WHRE) . HRAAE . 50% Jii i 70 5cA HLIE+50% it i
SHEUALIE CHALIE 50% B X)), RILE, MAABER 3R, ANXHEFEY 30 m*. KBk & A s e
W, B/NXZ A FK IR BEHE T 58 20 cm, K 30 ecm UK IRES . BEAS/NXIECA 1A B g HEK D R
HWARF M T REMFERTRAK, HE VR L batatas ‘Qingxiang” 5 Et B4 M, 17 50 cm,
FRIF 30 cm, N 6.8 Tikk-hm™2, 202046 H 8 HtizE L, 6 H 9 HE AR, 7 H 20 HiEBEAE, A
B S O S BIEE, ARG T )2 0~5 cm &b, T 2020 4E 10 A 24 Hkgk,
1.3 FmftiEFRRERLE

SrRITE 20204FR 6 H22H, 7H1H, 7H7H. 7H12H, 7H17H, 7TH30HX9H 21 H
WCEE ML RAR T, Sl A It KA B DA R AR K &, PR AR RK FE 0040 50, S5 263t AN [A]FH
B ANFERIE SRR ERIAT 2 IR AR KEEET 4 °C A7, I I sLg e R ZIAb 2

Wk E )R, SA/NXBEPLES: 5 M ERE 0~20 cm 2 4, MRS EAN— TR, L
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Table 1 Fertilizer types and rates
pisi MR (g bon™) () = mILRIL=B) -
e sEE m(EALE
ANt AE R ) 0 0 0:0:0
JRZE 195.66; F5EEHEIE 500.00; JRZ 195.66; F5EERENIES00.00;
HHR 160 :
e FREREN 577.00 TRERER 577.00 90+ 60+ 300
509% it 7 BATHLIE+50% Tt SEAFIF900.00; JREK 97.67; FHFIF900.00; JREK 97.67; 45 9 - 60 : 300
SAEUARIE (EHLIES0% 1K) FEAEREAN312.67; BRIRET 559.67 BEREAE312.67; BRRRET 559.67 T
HHEN500.00; FHEEREIN291.67; B AHIENLS500.00; FHEEMIN291.67; o
I R 51480.67 BiR480.67 90+ 60+ 300

UL JRE AU 43 B0R 46%; 5 BB AE b AU fk B I A A RO 12%; BRR AP P AR B B A A ROl 52%; SERFDER
m(F) :m(FEA ) mCGE L) (W )=5.0:2.5:1.0:46.0, AP E0CR 85%; HcHENE B % B 4% & HUIE AT BR A w6F
i, m(E):m(ILEA ) mGEAER) : m(B#)=18:5:10:25, HAEHK 2~4 mm, Hr, EWTR RSN 12%, HAEH @S
£ 400~500 °C ZMB I, AETCEAME TR | ho ZE4 5 L FTEBUVRIFLAAR TR0 R 2242 m> g AT O.11 em’-g 7'

AR R AE SR, AW AETEINT] (AL 5.05 cm, & 5.00 cm) RE HIERTHN . BN
24, VOB ERRE AT, o 2 mm i, FHFNE BREESEMMEER. 5 L BAT, BREA AR
MAI, SRIG AL 2 mm 0, FF0E 58 pH . B . A28, BRI 2 mm 5 + 580 &
FBk e R+ FE FH IS B IR EE 355 0.15 mm 0, FHFIE H3EA LB . BAR. BBEFLEA .

1.4 HEmaHh

FEVKFE VA . PP R P I B R B0 0 % 28 A0 3 O BE ¥ (GB 11894—1989) e . #2237k
T A AT A R P 3k B R A T4 A 4 W L (812 (GB 11893—1989) ., #2237 KA e 25 U IR 25 280K JH 1) e
AT SE o KA pH I A2 /K FE pH.

A SR R A LB AR EUR DT R A A A s I e wR T SR -B AR . R L Bk
W 8 R A S RL . OB R ;A AR R A 0.030 mol- L' 98 fk 4% -
0.025 mol- L™ #hiRiz 4 . FHBA DUt Ikilg ; TR R HEE R B 48 . JOEB R s LIRS
R EAFCRF E AR — R AT 4SO
1.5 TEMFEITDHF

AWk B (R, kg-hm?): R=ZCivi s AWK RE(C): Cr=Rm—Ro)/Ry ;3 WURLAA (PN) i
W ¥ (Np, mg-L™"): Np=Nr—Np :lil%ﬁﬂj.}@i (PP) i ¢ J& (Pp, mg-L™"): Pp=Pr—Pp; "IIEEAHL
A (DON) i (Npo, mg'L™"): Npo=Np—Nx—Na o HH: C RS i ARRIKHE . BBk e
(mg-L™"); Vi W5 i IRRTUK AT (m); n HERIRIKEG Ry AR AR &5 Ry A
NERABERLR & R A REIE S BRG] & 5 Np M EA (TN) BT EE (mg-L™"); Np N Al EPE A
(DN) iR (mg-L™"); P AEBE (TP) iR (mg-L"); Pp AR EEE (DP) iR (mg-L);
Ny AR (NN) BTs VR E (mg-L); Ny WEASE (AN) BTk (mg L),

FIIH SPSS 26.0 #ATEHE ST /AT, R LD 2 5 25 70 BT AR 1 22 2 LU 8R0S ] Ah B 1) 1) 25 S5
W EME (P<<0.05). FIFH IR 500 (PCA) B E A2 it AU S OHOE 28 Z A BARAE 45400 o R ITCA 50 Bt
(RDA) K4 +3ERpPE 5 H IR R AW M HIE S Z AR R
2 FERGHHT
2.1 ARLETER-REENARESRBEREREM pH AT

A M EBR (B 1) K. RFEALER . AR s ) R A B AR AR S PR i AS A
RS R R B YA AR AR (P<<0.05), MR A . BRI A A AU R R A AR
BN, I BANFEAR R = i AR R R AL B A R R ] o AR, SR AEARA L, A LR 50%
AR5 L AT Kb AR AR U A T M B 0 U/ T 58.4% 1 49.0% 5 Uk AU R 4 S0 T 84.5% Al
78.3%; FHASE IR BT 32.1% M1 26.4%; #ASR IR MIE D T 66.1% F1 80.0%. it
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B T F BB [ mH F 100~ g F
~ 20 HAEALEE (s)] 13.4%+ Lo20 | [BEAEAEEE ()] 12.6%* T .5 | [UERE ()] 7.9+
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Figure 1  Effects of fertilizer types and runoff dates on nitrogen, phosphorus contents and pH value in the runoff
WS, WHLLIE . A HLAE 50% BAR M a AR X AR i B A . PR . S RN A U e VR 5
M7

AN [) A SHLRARS 8 7™ YA B 1] Sk 252 M 8 3 T i M BRI BB B Bk B (P<<0.05),  HLAR RIS 78 1) 5% M)
i —2 ., ISR A A A, A HLAE 50% 44 B A AR I T VAt RS R A0 )
523 . 1.03mg- L™, HIEACLLFIAYFR R/ 2.85. 0.91 mg- L™, 5 E{K T % MALIEALHE (535 8.59
M 1.33mg L),

TR = T Ao ] 5 2 5 M AR 3 T VA M LU mT PR RV (P<<0.05), HE T AN 32 AN A Ab HEL Y
M (P>0.05). 74k, pH AR R G [ A2 L i 22 {6 (P>0.05), &M ACIEALBEH pH {H (7.45) Ik
TAHHUE 50% AL (7.62) R FEAL (7.79) 4bFE
22 AELAETERRFREENARESRBRKXEM N

I 2A AT : 76 7 AT, ANFEAEE AR B0 8% 25 5% (P>0.05). X% M AL
AbEE, 51 IRBEN AR IR AR R PR B 46.2%, TEXANETHT, A HLIE 50% B AR
F AR Ak B AT 43D B AR A i 1,78 A1 1.25 kgehm? L AEASZUR G 0.29 F10.21 kg-hm?, EZ SRR K
#0.27 #10.32 kg-hm 2, A[¥EPEGHLA 0.64 F10.30 kg-hm 2, fE 2B 7] W, 55 1 RFERR RGP #E R
MR SERWTR BRI 53.9%., A HLIE 50% A% F 5 K208 L 33 AT 43 590 vk /0 20w 7 2k = 1y
35.3% M132.1% ., AlEPEBRRAREEY 54.3% M1 13.5% . FORIBE S 5 1) 24.9% F1 42.3%.

23 AEAAEBMZRARMEBEREAEREREZHNZI

il 3A FNIE 3B 1T U s ANt A A A A4 30 v 9 B EURTL BB O 2K B 40 30l ok 2.27 10,40 kg-hm?.
FIARIE A B R AR AR S AU R B 7.75 kg-hm ™, 2 BIE A HLAE 50% B4R B (4.02 kg hm ) Flc AR
Ab 3 (4.68 kg-hm ™) 19 1.93 F1 1.66 5. A HLAE 50% A A e F A Ak 38 A3 A A2 I BB 3 2% 143l Ry 1,22

1.11 kg-hm™2, 28 HALIEALBE (1.65 kg-hm™) #4 73.9% Fl 67.4% .
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Figure 2 Effects of fertilizer types on different fractions of nitrogen and phosphorus loss rate in runoff in different runoff dates
M 3C AT UL H AR AR . B ALAE 50% 240 e A0 Ak R0 R R BT BN 6.09% . 1.94% il
2.67%, TiSBERKRE N 6.91% . 4.53% 1 3.94% ., AHHLH FALIE, A HLIE 50% B4R % KA AL
PR BRI R BB DR T 68.09% 1 56.11%, 1 BB 2k ZE0 WIFRAR T 34.54% F1 43.00%.
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RING 7 RE R A 6] 2 5 523 (P<0.05).
B3 FRRELEHGZAFER(A) FEHE B) WAKERBARZE (O
Figure 3 Effects of fertilizer types on total nitrogen (A) and total phosphorus (B) loss rate and runoff coefficients (C) in the runoff
2.4 AREAIEIT L E MR RN
M2 AU SEHACIEA AR L, A HUAE 50% BRI AB A B LA MLae . ik, &8
BUA . B8 AN A RO BT 5t 40 BORR A P i i, (HBR T ¢ 5 I A 341 W) 25 92 8 1+ S8 WL I3 £ 43 4K
(P<<0.05) &b, HARAFEYIRIA B EKT . H SN IATLL, A HUIE 50% AR5 S0 A0 25 1) i
BRI SO R B0 5 B PR T 18.19%~26.2% Fl 45.0%~65.0% (P<0.05).
2.5 AEEXERAERSEBELES R0
H5HEAANEAAIAT L, A HLIE 50% £ 4K 4 3 A 25 2 AT A AL o B o 4 1 28% il

x2 AEETZENFEER
Table 2 Effects of fertilizer types on soil properties

AR/ ) el AHAE,  WESEY BASE AR AR

A ot (kg (kg (kg (k)  (mgg) (mgkg') (mgkg') (mgekg))
AR 562bc  11.39b 0.36a 31.15a 1.93a 36.30b 5.08a 9.30b 179.60 b
HRALIE 551¢ 11.08 b 0.33a 27.56 a 193a 49.10 a 6.28a 26.00 a 241.60 ab
HHUIL50%854C 5.66b 13.63 ab 041a 27.73 a 2.10a 40.28 b 772a 9.10b 212.10 ab
PRI 591a 1454 a 0.30a 2922 2.17a 36.20b 557a 1430 b 269.40 a

UE . RIFIREV NG TR 3R 25 5 i 3 (P<<0.05)
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46%, (BB 2 SRRSO 25 2009 o5 FL A S0 T 9% FI1 18% ;¢ J5 JIE A FH0 ) Ak s 2458 20 FD AT VA A WL EL Y
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Figure 4 Effects of fertilizer types on proportions of nitrogen and phosphorus fractions in the runoff
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Figure 5 Principal component analysis (A) and redundancy analysis (B) of nitrogen and phosphorus fractions in different fertilizer types
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Figure 6 Correlations between runoff nitrogen and phosphorus
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Figure 7 Relationships between runoff nutrient loss and soil nitrogen, phosphorus, potassium contents and pH
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