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Effect of Biochar Application on Spatiotemporal Distribution and Loss
Control of Nitrogen and Phosphorus in Orchard Soil
YANG Guiting', LU Chao', XU Yehong', MA Xiaochi', MA Yan', LLUO Jia', GUO Dejie', HAN Shouhe
(L.Institute of Agricultural Resources and Environment, Jiangsu Academy of Agricultural Sciences, National Agro-Environmental
Observation and Experiment Station, Liuhe, Nanjing 210014, China; 2.College of Life Sciences,
Yangtze University, Jingzhou, Hubei 434025, China)
Abstract: [ Objective] This study aims to investigate the regulatory mechanisms of the combined application of
biochar and organic fertilizer on nitrogen (N) and phosphorus (P) loss pathways, soil physicochemical properties,
and production benefits in peach orchards, and to evaluate their synergistic effects in controlling non-point source
pollution and promoting sustainable production in orchards. [ Methods] A two-year in-situ field experiment was
conducted in Zhuzhen Town, Liuhe District, Nanjing City, Jiangsu Province. Three treatments were established :
chemical nitrogen fertilizer (CF) , organic fertilizer + chemical nitrogen fertilizer (SHCF ), and organic fertilizer
+ chemical nitrogen fertilizer + biochar (SHBCF). Surface runoff, leachate, and soil samples at different depths
were collected to analyze N and P contents and soil physicochemical properties. Additionally, peach yield, fruit

quality, and economic benefits were measured. [ Results] Compared with the SHCF treatment, the SHBCF
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treatment significantly reduced total N and P losses in runoff by 22.6% and 41.9%, respectively, with no
significant difference from the CF treatment. The average concentrations of nitrate-N, total N, and total P in
leachate of SHBCF were significantly reduced by 24.3%, 27.53%, and 73.4% compared with SHCF.
Meanwhile, the topsoil pH under SHBCF treatment was significantly higher by 0.67 — 0.81 units relative to both
CF and SHCF. At both the flowering and fruit setting stages, compared with SHCF, SHBCF {treatment
significantly increased soil nitrate nitrogen and available phosphorus content by 31.6% —55.4% and
17.8% —80.4% , respectively, in the 0—40 cm soil layer, while significantly reducing them by 17.3% —52.8% and
21.4% — 37.09% in the 40—80 cm soil layer. In 2024, the peach yield under SHBCF treatment increased by
23.2% and 8.2% , respectively, compared with the CF and SHCF treatments. The net income and soluble solid
content were significantly increased by 19.5% and 11.4%, respectively, compared with the CF treatment, with
no significant difference from the SHCF treatment. [ Conclusion ] Biochar addition can optimize the spatiotemporal
distribution of soil N and P, reduce nutrient losses through runoff and leaching, alleviate soil acidification, and
simultaneously improve yield and fruit quality, demonstrating both environmental and economic benefits.
Therefore, it is a fertilization mode worthy of promotion in orchards, though its long-term effects require further
investigation.

Keywords: biochar; nitrogen and phosphorus runoff loss; nitrogen and phosphorus leaching loss; orchard ; nutrient

migration
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Fig. 6 Soil pH, EC, ammonium nitrogen, nitrate nitrogen, and available phosphorus content in fertilization ditches at
different growth stages of peach trees under different treatments
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60.6 %6 (p<<0.05) , & W] A= 19y 7 X 0 390 A 285 R0k 2k 2L
H—EE#ER. R, SHCF 4B AE 0~60 cm %%
EAA B EET CF 35.1%~53.3% ;1 SHBCF &b
i 7E 0~20. 20~40, 60~80 cm + 2 W F & T
SHCF (R [ 27.8%~34.4%) , Ut Bl X i S A H A
R0 2 28 . BRI, 4 b B ) 25 5 OR
B FE (B 7D, BAARF £ 4k B2 8] 1y i AT 18 S A
OB & e RN A F I R E 27 (B 7e), Ul W
HE A} 3 it XoF 3 A DX 38 2R 1 5 e 3 TR A BR L BT AE A
W 2% I B P A R BT 5o i B

S E Wit IR A+ pH B S A A
ATl 14 5 A S OE AH G, 10 BH X K 4 R AE B ) A8
] b H A — Bk A A e, Bt s it IS Ak R X
N Ah - B ER BT K B e . EC B 25 A AR DGR
Kk F KR 2>, TR, I8 78 A Y pH
A R0 0 2 I AH G A SR A S A 3
1E M € s WAk B, pH L EC FIA 200k 1 2 W2 1F A1
*o AREFEAEME L, EXZEO0~20 cm) £ 3 pH 2 #
0 IE A 6 78 20~40 cm £ 2, i I 74 A % 45
B A 5 M OR B3 5 40~60 cm i AR VA N Ah +
pH B & A W8 A& ZUR A ABE 3 2 W IE A G

60~80 cm Jiti AT 74 P9 4 1+ 18 pH EC | % 25 A R AT 3L
B E A
F2 HMIEANMERGMTEERABEFTHNABLET
HELIERAE X
Table 2 Correlation of physicochemical properties of soil
inside and outside fertilization ditches at different
growth stages and in different soil layers

LHFWYS . i s -
YR fem pH EC SR WARE AR
e FH 0538 0.007ns —0.030ns  0.237" 0.290™
FAEW 0.413" 0.246ns —0.136ns  0.131ns  0.382"
A B 0.108ns —0.079ns  0.127ns  0.604™ —0.209ns
ek 1 0.859™ 0.506™ —0.035ns  0.129ns  0.406™
0~20 0.586™ 0.076ns —0.091Ins —0.196ns  0.076ns
20~40 0.230ns —0.019ns —0.040ns —0.222ns —0.131ns
40~60 0.533™ 0.132ns —0.334" 0.337° 0.349°
60~80 0.784™ 0.388"  —0477" 0.413° 0.167ns

T oo el e 43 51 2R 7E p<<0. 05, p<C0. 01,p<C0. 001 K F
FAT BB sns FORAEVEAR B

25 HFFESRKHE

th % 3 1 %1, SHBCF ) 8k + ™ & 7% 2023 42 5
CF .SHCF b3 J0 1 3% 22 5, R AEW e ) In AE
AT RE R T8 4 & HE L 7 B ALE . SHBCF
R FRTE 2024 4F 77 HE 1k 18.14 t/hm?, # CF #1 SHCF 4%
W 23.2% F18.2% (p<<0.05) . JZ M i A= ¥y e K
199t AT S G R R 7 5 . SHBCF 4 2 09 JE
AR 7E 2024 4F B8 CF 42 & 160.6%, SR 11 2024 4F
SHBCF kb B 4l 25 %8 CF 4255 19.5% ,{H 5 SHCF
T

R3 2023F 2024 FEHRTF 25U R
Table 3 Peach yield and net income in 2023 and 2024

G Ab 3 fﬁif E‘fﬂ(i&/ﬁ ﬂlﬂfﬂrﬁizl—i/ )\I‘%ﬁ/ Z{%ﬁ/ﬁ ii{ﬁjﬂﬁ‘i %/ ?%Jﬁﬁ{
(t+hm™®  (Fst-hm ® (Foi-hm > (JFG-hm > (Fit-hm * (FiG-hm * (FiG-hm >

CF 12.61a 18.91a 1.05 1.20 0.30 0.90 15.46a

2023 SHCF 13.02a 19.53a 2.12 1.35 0.30 0.90 14.86a
SHBCF 12.51a 18.77a 2.75 1.50 0.30 0.90 13.33a

CF 14.45¢ 21.67c 1.05 1.20 0.30 0.90 18.22b

2024 SHCF 16.76b 25.14b 2.12 1.35 0.30 0.90 20.48a
SHBCF 18.14a 27.21a 2.75 1.50 0.30 0.90 21.76a

T RS R/ING g 3R A IR HE AL 380 ) 22 5 1 2% (p<<0. 05) . T,

26 WHFHER

2023 4F I 2024 4F 45 4b B (0] A4 R £h & 2 A0 AL R
G W 3 25 (36 4, {H 2024 4F T A A B A R £
I E I A X — AT AR 5K it AR S B0 A
FULR S Ly /e A X 7E 2023 4F

SHCF 4b B 1) ] %5 1 [ JE ¥ & & & % & T CF #
SHBCF 4k # | 1fif 75 2024 4 , SHBCF &b P 7] %5 1 [#
ey & i B CF b 3 W 3 18 11.4 %, 3= W] W it
FHAE Wy ¢ FT i 38 o 43 - 98 45 4 I 3% 43 4L 0 g

P TEAR S BT
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Table 4 Peach quality under different fertilization treatments

s Al v M [ I s
#omm G e
CF 41.03a 3.40c 3.95a
2023 SHCF 41.37a 4.25a 3.63a
SHBCF 44.14a 3.73b 3.69a
CF 131.84a 7.72b 1.47a
2024 SHCF 138.28a 7.85ab 1.62a
SHBCF 126.99a 8.60a 1.50a
304 i

3.1 AWk e A xRk E E R Sk B R R E AR AL

T AR M T U835 G By 2 008 5 v, A W) e B W R [
Fi A BN Sk 2 BEL W Rl i A A O LR 2 — o AR
F 5% 2 W, 76 58 [ N S 20, SHBCF Ab #1195 95 ik
J& % SHCF Ml CF 4b # & 3 % i 38.8%~88.1%
(I 3), X AT B8 S e T A= W ¢ 4 Tk / R A8 A W o o
5 W TR AR T WL N BRI 2% 5 W L LA S BAL &5 R o J0RE
BB B2 AT . SHBCF Ab Bl 2 24 ¥y 7% 11 1%
B 22 0N, 8 A 0RO 2 i 4R AR S CF A
K 4)

FEAS I 5 v, Bk Bl R0 A% 40 2k 1 3h 2 T &5
S CEL 3T 4) 488 7= AN [ il AEASE = % 5% 433 46 19 fb 3
225 . CF Kb RAE B YR 5 R r 2 B0 2 v 1) B Lk
FE, AT BE 5 b I8 A R Y RO IR R R N OG
SHCF 4b P & A & G s b B A (R D B -1 R %
T A RV B A CF A B I 28 BRI, e e AL A X6 £k
HEL G202 1% 0 3 0 B % . AR IS 3 SHCE 1
RWMHRN AR WA EL CF B &M% 2 AT %,
SHCF 4b B (1% 28 F1EL 0T 2K & 98 4% 450 10 18 Ab 28 34
I 1A% CE O FEABESE h, IF A 2 A UL B 181k
e i 2 TE AR IE B SE Ak b 38 it A AILAE 150 B A HLIE
S il G o g SR 2 AN K M A AL E AR U o il
T I 5 K Vs e s o AR W AR S R PLIE I it
B, BB A A0k 22 3k 2 ¥ e 171 fif 1 9% kPR BRI, 9/ THT
515 e 1 KU

SHCF &b 2 v 12 s Wil A 20k B 7F 48 K 2 5 ns
W1 W25 E T CF A3, W] AR th T A JLE Y K 4%
A AEZ A E . i SHBCF 4k # 4 SHCF Ab B
i 2 REAIK 25.9%0~39.5%0 , R B AL W o B A fig A &K
MHMERNRE . HE9H 24 H,SHBCF &b H i
SR E M CF AL PR 129.1% . W] fiE 5 A= W 75 W
0 RV R A W sk AR A OG0 A A Y A
I AR B ) (4 I 2 EL A A R RN ER A AR R Y . PR
6 i A= W e i) 2o R o, 7 gk — 20 B oY L
I — fite WA 114 2 25 S A7 , LASE RS 6 D0 R X R R i R 1Y

PR . BAKSKRFE , SHBCF Ab 3 % W % (19 BB 3%
RREMTARE. 7TE4H27THMSA 17 B BBk E
% SHCF & 3 B % 90.7%~93.3% , SHBCF 4b # &
i Mk JE U & <<0.04 mg/L, i SHCF &b ¥ 3 3 ik
0.04~0.20 mg/L. ZWRW, SHBCF &b B G 0 v B2
5% SHCF X 58.3% . A W 5x "2 B, A= 4 i ]
Bl 12 0 O 0 /0 LM s A WA R T, 2 e A
Yy e Tf R n Az B T R SR BILST R BRI LR 5 2R
7 L T W 0 U B RE ) B R R L T RE R i TR
SR W i I B L L DT T s ke 79 6 1) R T 338 I
B o DRI, AR e 5 A BILIE A TEC it AN A g ek 4
IR BRI, 1B BB A RO B R ) K AR TR
3.2 AW e B X Bk E SRR AL 1 R 0 BN

WA SRR AR TR, A W B R I B 3
- HE R B R R 3% 43 43 A . SHBCF Ab LAY 36 2 1 4
pH # CF #il SHCF 435l #2& &5 0.67 .0.81 A~ FA A5 o 1M1 7
A S A2 R JE A2 ) ok pH 2 6.65, H H BH B F 38
iR 17.8 cmol/kg. B BF5E R, 24 A4 4 mic 1Y)
pH #2351 3 pH B, 25 W) ¢ 1 B B B AS 15 % 1 3 pH
A B R AR ARSI S iR i AE ) ik s pH B
T AL 22— ] BE 2 2R W e v R I K 4 R B
PEBA B 7 o A2 W e Bk BH B T R, R 2 Catt
FVK™, AT AE A 38 e A £ v fop o7 0 B 460 AT A 1k AP
FH A7 % m e pH™ . 55— A~ n] g i ML 2
A=W VS 51 & B A BLBA ES R AR L B Ol R
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B WO 2 4 1Y, I 3G i 438 pH™ 7R RUS 1Y
TF 2 R 4 Ak 282 0G4 A ) e 0 Bk el 4 8 A 0 1Y) 52
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F482) WS AT L BB EIRBES
RPN EA RS R B A I b T v it A LR
A DA 2 R M pHL I AE AR 5 o AR W e 1 pH 2
AN AT R i R YA AT LR S B IR AL . FE
AEEM)T M, SHBCF Ab B B Z 8 £ 2 LM S
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HAERZF WA 7 i B w2 . 75 A 8
JE D7 T, SHBCF Ab 3 a3 8 15 % 1) 1 o0 A, i
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80 cm - JZ= A R L WD B R 2 L EWIERS
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i B E 1Y IR JE b A RO A A S AR
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