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Effects of Corn-straw Biochar on Migration and Retention of Nitrate Nitrogen in Soil
WANG Zhan, FAN Qingfeng, XU Qiushuang, LI Xueyao, LU Jinyu, ZHANG Yulong, ZOU Hongtao"
(College of Land and Environment, Shenyang Agricultural University, Shenyang 110866, China)

Abstract: In order to explore the effects of corn-straw biochar on the migration and retention characteristics of nitrate nitrogen in
soil, this study selected brown soil and black soil in Northeast China as tested materials, different proportions of corn-straw
biochar (1%, 5%, and 10%) were added to soils for a soil column leaching test to simulate the leaching process of nitrate nitrogen
in soils, the volume of leachate, the content of nitrate nitrogen in leachate and the vertical distribution of nitrate nitrogen in soil
columns were measured. The results showed that biochar significantly affected the total leachate outflow and soil permeability
coefficient, both decreased with the increase of biochar addition. With the increase of leaching time, the outflow of nitrate
nitrogen in soil first increased, then decreased, and finally gradually stabilized (except for brown soil added with 10% of biochar,
black soil added with 5% and 10% of biochar). Under the same ratio of biochar addition, the total amount of nitrate nitrogen
outflowed from brown soil was much higher than that from black soil. The total amount of nitrate nitrogen outflow was positively
correlated with leachate volume and soil permeability coefficient. After the leaching test, part of nitrate nitrogen remained in the
soil, for brown soil with biochar added, most of nitrate nitrogen was trapped in the upper soil, nitrate nitrogen content showed a
trend of higher in the top layer and lower in bottom layer, but for the black soil with biochar added, not significant affect was
observed in the distribution of nitrate nitrogen in different layers. In conclusion, the addition of corn-straw biochar can
significantly reduce soil permeability, hinder water migration, and reduce the risk of nitrate nitrogen leaching in soil, which is of
great significance for improving nitrogen utilization and protecting environment.

Key words: Corn-straw biochar; Nitrate nitrogen; Soil; Migration; Retention
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Fig. 3 Permeability coefficients and leachate outflows from brown soil (A) and black soil (B) under different treatments
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Fig. 4 Nitrate nitrogen outflows from brown soil (A) and black soil (B) under different amounts of biochar added
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Fig. 5 Accumulated outflows of soil nitrate nitrogen under different treatments from brown soil (A) and black soil (B)
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Fig. 6 Soil nitrate nitrogen contents in different depths under different amounts of biochar added from brown soil (A) and black soil (B)

http://soils.issas.ac.cn



5 4 19

TERESE: FORFEAT AW B X i 25 R A e P I A% S5 i B A 2 e 791

YIRS IR ARS8 N 2] 10% B, DA i 35 A AIK
PR L BB

2) 3 A SR S b R R 198 8 g 44
hn, SRIEW IR B G TREBR T ZC10, HCS F1
HC10). WRBEFF b6 i g 0 Bt o 2 DB I B 3
T 25 R0 AR TR H R LR 388 o e T A= 0 T e 1
s P RS A B, PR AR A
et Fiti o AR ) BT AR I AR AT o AR ] B 461 A ) T s
T ) 3 AR A A I B s TR
FE A AR R A AU B S B IR AR R
Fl 58207 RO 3 E ARG

3) FREEREIAEYI RS, YA AW R
2 AR, RN RAR )2 TR, L
S A A L 2 B T FARA AR 3, 7r 2
- S IR A R S o SRR A R R
paniih UG RTS A

S 3k

(11 ERGHE. P ESE =54 % -2022[M]. b5t
W SET R Mk, 2022.

[2] Li B, Bi Z C, Xiong Z Q. Dynamic responses of nitrous
oxide emission and nitrogen use efficiency to nitrogen and
biochar amendment in an intensified vegetable field in
southeastern China[J]. 2017, 9(2):
400-413.

[3] EFH, KREME, BT, DIEABRRABRMVIIERET]
FRE 225 3R, 2013, 29(33): 22-25.

[4] [FIEEZ. BRPE4E H R ER 2 E M T KRS RREL 15 S TF
F[D]BEFI Y PEILRMBHE K%, 2014,

[5]  TEEA. SKNE— A Al X Bt 3 il 20 2% 9k 2% 1) 52 ) B L AL
MBS [D]. dbat: hELLRERE, 2021

[6] RJatk, XITHA, SKEMW, . AWy RS AT I8 o i
A KR A WA )], K HAREEAEIR, 2021,
35(4): 193-199.

[71 Chen X P, Duan M L, Zhou B B, et al. Effects of biochar
nanoparticles as a soil amendment on the structure and

GCB Bioenergy,

hydraulic characteristics of a sandy loam soil[J]. Soil Use
and Management, 2022, 38(1): 836-849.

[8] raflrg, ok, X, 5%, 5Hh-H A A Y ok +
SRR AR S R R AR D] Al TR, 2014,
30(6): 54-61.

[91 FI—%i, X8, KEEW, 5. AYnx s L NOs-N
BRI R L[], FRIERLY:, 2024, 45(5): 2905-
2912.

[10] Li S L, Zhang Y W, Yan W M, et al. Effect of biochar
application method on nitrogen leaching and hydraulic
conductivity in a silty clay soil[J]. Soil and Tillage
Research, 2018, 183: 100-108.

[11] 87, B, XA, 4. BT Meta J-HTiYI5R4TEE
Bl L B RACRATAL (7] L34, 2025, 62(2): 388-399.

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

ARRIAE, BRGE, TR, F. ARNFEKG ST R K
Jote JFH 0 e B 3 il 35 1 S SR W R I S D], 0,
2024, 56(3): 525-532.

EHE, XVBA, XU, 55 AP AA- 28R YR ox i
X 32 H I AR I B RCR AV SR A R RS ], AE
DE R B, 2024, 40(11): 1524-1532.,

Antor N H, Mia S, Hasan M M, et al. Chemically and
biologically activated biochars slow down urea hydrolysis
and improve nitrogen use efficiency[J]. Pedosphere, 2023,
33(4): 659-669.

Purakayastha T J, Bera T, Bhaduri D, et al. A review on
biochar modulated soil condition improvements and
nutrient dynamics concerning crop yields: Pathways to
climate change mitigation and global food security[J].
Chemosphere, 2019, 227: 345-365.

MR, XL, sy, 4. SRISHAT AL 5 R B S
T A A A PERE SALRI BRI (0], AL AL R, 2024,
55(5): 386-394.

Lu L, Yu W T, Wang Y F, et al. Application of
biochar-based materials in environmental remediation:
From multi-level structures to specific devices[J]. Biochar,
2020, 2(1): 1-31.

T, AT, BB, 55 FORAEY sOM B R +
S TCHL R I R B AT S (9], ARl BRI A o
2018, 37(12): 2810-2820.

X Aa%, W, B, B EY IO R R R LIER
EIRAWEREm I, b ELRBHE T4, 2020, 22(5):
181-186.

IR, Bk, AR, F YN E S ER [E
B3 NOs-N BB RHMERZ M [J]. 7K T ORFRRIFSE,
2013, 20(5): 60-63, 68.

Fvk, BN, BIER, 5. AP B S
FKAYFEMI[T]. K AR5, 2016, 30(2): 73-79, 87.

Cui S, Kong F L, Li Y, et al. Effect of mineral loaded
biochar on the leaching performances of nitrate and
phosphate in two contrasting soils from the coastal estuary
area[J]. Science of the Total Environment, 2021, 779:
146346.

SRELE, RLE, EdE, 55 AW HEN N ) K Ok il
X0 V) 3 - 49 G 3R T < 1) S T A 0 D L A8 R Rl X ¥
AR RMKN ], AERFFMR, 2019, 39(4):
1295-1302.

W, WRECIR, ZRRKER, 4. M AR W T B X 1 HE i
SR TR HIB PR R B D). A 24, 2014,
25(11): 3161-3167.

FHE, PERL, TIH, . AT IR X A K
FNE IR 2 ) AR IR (0], AP IR R A2
ik, 2017, 36(9): 1820-1828.

ZLSCHE . AR A 50 R R B —— A R SACR B  E
WK ST SE[D]. BN MR, 2023,

BME, FRA, REWR, 5. AW 5O T m W R XA
K EIKIY ABRHE R, K 2 ORF2EH, 2024, 38(5):
225-235.

http://soils.issas.ac.cn



792 + e %58 4%

(28] JAwkF, A, ZEPHH, 5. B EEA LA Y BT+ [30] Euk, BN, A, & LY BTHR A 8 00 B %

BRI R BOm SR A WIS R sZ i [J]. IRBERM2EAFST, 2023, THARMERERZ W], Al FREERF 22244, 2016, 35(1):
36(3): 581-589. 115-121.

[29] H¥4, sitss, JEIY, F. AW R E X LK [31] g, Xk, By, 55, FRFEFEY moxt + 1
AB | R IS MM, £l TRE2=4), 2015, ToHLR R WA KU () 5 M F 5T (3], Ak IR Rl 2 24 412,
31(16): 128-134. 2015, 34(2): 310-318.

(REHE: L5 %)

http://soils.issas.ac.cn



