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Influence of biochar on biogas infiltration and infiltration reduction effect of clayey and sandy red soil

CHEN Si, WU Fengping’, WANG Hui, OUYANG Zan

(College of Water Resources and Civil Engineering, Hunan Agricultural University, Changsha 410128, China)

Abstract: Regulating the biogas infiltration process in red soil mixed with biochar can provide a scientific basis for slowing down water
infiltration in clayey and sandy red soil. In this study, we conducted soil column experiments with different mixing amounts and thicknesses
of biochar. We set three mixing amounts (1%, 3%, and 5%) and four mixing thicknesses (5, 10, 15 c¢m, and 20 ¢cm) of biochar to study the
effect of biochar on biogas infiltration and infiltration reduction in clayey and sandy red soil and to select a suitable soil infiltration model
for biochar mixing with biogas. In addition, the soil without biochar was set as the control treatment (CK). The results showed that biochar
reduced the transport rate of the red soil wetting peak, reduced the accumulated infiltration, and characterized the infiltration effect on red
soil as a reduction of infiltration. For different mixing amounts, the transport rate and cumulative infiltration of red soil wetting fronts
decreased with the increase of biochar mixing amount. They reached the minimum value with a 5% mixing amount. For different mixing

thicknesses, the transport rate and cumulative infiltration of wetting fronts showed a trend of decreasing first and then increasing with the
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increase of mixing thickness at 1% and 3% mixing amounts, reaching the minimum value at 10 ¢em mixing thickness, decreasing by 21.62%

and 26.89%, respectively, compared with the CK treatment. Under the 5% mixing treatment, the transport distance and cumulative

infiltration of wetting fronts in red soil tended to decrease with increasing mixing thickness and reached the minimum value at 20 ¢cm

mixing thickness, decreasing to 35.58% and 45.49%, respectively, compared with the CK treatment. The Philip, Kostiakov, and Horton

models were used to simulate the water infiltration process in red soil. The Kostiakov model was better than the other models by comparing

model parameters, RMSE and R’. The study showed that biochar inhibited the water infiltration capacity of red soil, slowed down the

process of methane water infiltration, and reduced the risk of groundwater pollution.

Keywords : water infiltration; biochar; biogas; infiltration reduction; infiltration model
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(a),(c),(e),and (g) respectively showed the graphs of the variation of wetting fronts under treatments of 5,10, 15 ¢m,and 20 cm for different mixing
amounts of biochar; (b), (d), (f),and (h) respectively showed the transport distances of wetting fronts at 80 min and 140 min for different mixing amounts
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Figure 1 Variation curve of wetting fronts with different maxing amounts of biochar
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(a),(c),and (e) respectively showed the graphs of the variation of the wetting fronts at different maxing thicknesses of biochar under treatments 1%,3%,

and 5%;(b), (d),and (f) respectively showed the transport distances of the wetting fronts at 80 min and 140 min for different maxing thicknesses of
biochar under treatments 1% ,3% , and 5%.
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Figure 2 Variation curve of wetting fronts with different maxing thickness of biochar
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JEL B b BB R 4T3 BRA B R RPN CK>
T10A1~T10A3>T20A5, ¥ & & R £ M Ky T20A5>
T10A3=T10A1, T20AS5AbFE A2 B4 A k.
2.3 EYIRAEIE TOIEKD NERENE
2.3.1 Philip ABELFIHIG 25

Philip F B 1 A& S 50U 55 2 78 o Philip #5275 (1
R*7E 0.986~0.999 Z [a] , RMSE 7£ 0.013~0.054 Z [a] , #11
BRI E . IRBAEY IR s (65 CK LA 1
25 0 2 (P<0.05) . BAFNEB R F L5 em F1 10
em {RBIEEE AL BT s (EREE A Y iR 1B & 1 2
S )G B TG 15 em 120 em IR B R A0 o {H 52
SeHE IR SEARNIRBIEE NS 1% BB &
AP s (R A= e TR AB TR FE A B8 i R 8015 3% 11
B b B s (2 JE IS B B R 5% IR B R AL s (E
WS T R s . X R AP RIBB RS
JELBE X B WRB Z A AN R R B A S ) 1T 25 A B
B 7E-0.113~0.245 mm - min™' 5 [l N , K 2 B0ab #L K £,
(B 5 52 PR AR R AR, BRI Philip SRR TE FH F 4
W% -
2.3.2 Kostiakov AB A4 25

H 2% 3 AT H1, Kostiakov 1% %Y ) R* 7E 0.993~1.000
2@1WMfﬁmsomuﬁﬂﬂA%Fﬁ%oﬂ

SRZ YRR B R ARBIEEILFER W, A
Hi%mﬁﬁiﬁmxﬁﬂnﬁmﬁmtﬂﬁﬁ
5 em BB IR AP KA B A 9 % 1R 45 G i in 5 53
W 10 em TRB R AL BN KB &2 55005 5 1Y
15 em 120 em VBB R AT K{H 25615
VAR A 45 A B KA K ECRBEA KF CK AR B 1fif n
(ELRHE A ) ¢ TR 45 s 338 T S22 S48 T Vs () R A, 45 b B
{EKF CKAFE, A FRRIB R 5 K{EA o (EH
A A/—E . 1% FI 3% IRBEAFET , KEM n{E
Y B A ) i IR A5 R 1A T B2 e DU B A Y, 20 em
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(a),(c),(e),and (g) respectively showed the graphs of cumulative infiltration under treatments 5, 10,15, and 20 em for different mixing amount of hiochar.
(h),(d),(f),and (h) respectively showed the cumulative infiltration at 80 min and 140 min for different mixing amount of biochar under
treatments 5,10, 15,and 20 cm.
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Figure 3 Variation curve of cumulative infiltration with different biochar incorporation contents

1% WHART]



WRIT , 45 - AR W A5 o8 2ot R £ 3R VR B 8 R 52 ) 585

TR A FR AR K, AN TR A5 J5 1 A 3 ) 25 57 (B %
(P<0.05) ;5% IRAB AL BT KAE A n 2 5e 38 5 0801
3,20 em BB IR AL F A/
2.3.3 Horton NS A4

FH % 4 A] %1, Horton 152 %1 ) R*7E 0.928~0.986 2
[f] , RMSE 7£ 0.058~0.770 2 [a] , #81 & ¥ J& ik T Philip
PRI FN Kostiakov B o {E 1% IRBEATE T, &5
RFBH O B 3% IRB BT f f Kk EHY B
A= IR TR A5 TER P 1 18 M0 2 e D 3 (R #A 5 5% 1R 4B
TEANIET 45 SR A ) TR B R P 1 TR R 2 3 ik

1201 (a)

-O- CK
= T5A1

RRABE
Cumulative infiltration/mm
[N
(=)

40 -
- T10A1
20 - T15A1
- T20A1

0 40 80 120 160 200 240 280 320 360
SV B B} A] Cumulative infiltration time/min

-0 T5A3

FRABT
Cumulative infiltration/mm
oy
S

40
-&- T10A3
20 b§ - T15A3
—<—- T20A3

(=]

0 40 80 120 160 200 240 280 320 360
2 A B0t E] Cumulative infiltration time/min
120 [ (e)

S5 =L
Z H

60
-O-CK

EYAVN

Cumulative infiltration/mm

40 + = —{+ T5A5
o —m- T10A5
20 4 - TI5A5
—0— T20A5

0 . . . . . . . . . . . . ,
0 40 80 120 160 200 240 280 320 360 400 440 480 520
ZFUA BB E] Cumulative infiltration time/min

B S IRIEB AT £AE Y B LT CK b3
(P<0.05) , REALE W) i/ 1 203 R8 E A B A (H
G SLAEBSEBR A R ATF G RB R ILPRE O, BT A
Horton B F FHIG AW LIEA B 2

3 g

TIEAB R TR AT RO
SRR KR | IRES SRR AT 2
AB SRR RRAB ARSI
)28 A B i R 24 52 A BE N 37 G2 g a3 TR B AR W

1001 (b) a [ 80 min [ 140 min
= =
£ 80r b c b b
=
i 2 {_ ab % _]:_ be _I_
o
«L\g 60 F c bc
< E
= ERT
Bk =
=
Z 20f
S
0
CK T5A1 T10A1 T15A1 T20A1
AbF Treatment
1007 (d) 5 080 min 140 min
=
E sof b b
R T SN o [
=5 H | JE E O b
N = 60 c
< E
= S 40t
=
£ 20}
S
0
CK T5A3 T10A3 T15A3 T20A3
AP Treatment
100 (f) 4
- —F— [J80 min [ 140 min
E g8of
= I H & T
IH 3
%02 60 e b be < .
<E cod
BEo 0l d
M'% 40
=
£ 20f
S
0

CK T5A5 TI10AS TI15A5 T20A5
A3 Treatment

(a) () M) 5 AP BRI IBIEBEAE 1% 3% 5% IR B AR i) REIAB BB INZR & 5 (b) L () FTCH 2351 A 9 5N TR TR B IR BE A
1% 3% 5% IR 45 AL TR 80 min F1 140 min A9 ZFA B &

(a),(c),and (e) respectively showed the graphs of cumulative infiltration at different maxing thicknesses of biochar under treatments 1%,3% ,and 5%.

(b),(d),and (f) respectively showed the cumulative infiltration at 80 min and 140 min for different maxing thicknesses of
biochar under treatments 1% ,3% ,and 5%.
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Figure 4 Variation curve of cumulative infiltration with different biochar maxing thickness
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F2 Philip BEA B
Table 2 Fitting parameters of Philip model

1% R it 1% maxing amount

3% 45 1 3% maxing amount

5% IR 45 i 5% maxing amount

RBIEE

Maxing thickness/cm s/(mm- fJ(mm‘ R RVSE s/(mm- fJ(mm‘ R RVSE s/(mm- fJ(mm‘ R RVSE

min ™) min™) min ™) min™) min ") min™")
0 10.021d  0.245 0.997 0.025 10.021¢  0.245 0.997 0.025 10.021b  0.245 0.997 0.025
13.890ab  -0.033 0.999 0.030 13.285h  -0.061 0.998 0.023 11.298a  0.016 0.993 0.048
10 11.593¢  -0.020 0.999 0.013 9.529d 0.094 0.987 0.054 11.007a  -0.017 0.999 0.019
15 14.064a -0.074 0.998 0.038 14.788a  —0.059 0.998 0.027 8.059¢ 0.046 0.991 0.038
20 13.807b  -0.064 0.996 0.042 14.810a  -0.113 0.997 0.037 5.578d 0.109 0.986 0.033

1 RIS/ NG T R A Fia) 22 5 k2 (P<0.05) . Rl

Note : Different lowercase letters in the same column indicated significant differences among treatments (P<0.05). The same below.

& 3 Kostiakov BN E S E]

Table 3 Fitting parameters of Kostiakov model

RBERE 1% 1R 5 1% maxing amount 3% 145 & 3% maxing amount 5% {45 8 5% maxing amount
Maxing thickness/em g n R RMSE K n R RMSE K n R RMSE
0 4.647¢  0.402d 1.000 0.013 4.647d  0.402e 1.000 0.013 4.647b  0.402d 1.000 0.013
5 6.970c  0.510¢ 0.999 0.033 6.732¢  0.521c 0.998 0.031 5.446a  0.482h  0.994 0.044
10 5.822d  0.507¢ 0.999 0.015 4390e  0.439d  0.994 0.038 5475a  0.503a 0.999 0.021
15 7.516b  0.539h 0.998 0.042 8.288b  0.546ab  0.999 0.027 3.763¢  0.456¢ 0.995 0.028
20 8.120a  0.561a 0.995 0.042 8.784a  0.577a  0.999 0.037 2.480d  0.399d 0.993 0.023
F 4 Horton REESH
Table 4 Fitting parameters of Horton model
BB 1% 8454k 1% maxing amount 3% iR 454k 3% maxing amount 5% iR 454k 5% maxing amount
N L e T S e e S
0 0.720a 2.760c 0.05lab 0.969 0.081 0.720a 2.760c 0.051a 0.969 0.081 0.720a 2.760a 0.05la 0.969 0.081
5 0.609bh 3.582a 0.055a 0.964 0.123 0.457cd 3.117b 0.043a 0.964 0.457 0.441b 2.625a 0.039bc¢ 0.976 0.088
10 0.389d 2.063d 0.028¢ 0.986 0.058 0.409d 2.158d 0.032b 0.968 0.409 0.391b 2.568a 0.041b 0.955 0.118
15 0.525be 3.452ab 0.049ab 0.972  0.111 0.552b 3.558a 0.046a 0.968 0.552 0.295¢ 1.755b 0.031cd 0.953 0.089
20 0.471cd 3.243b 0.043b 0972 0.116 0.522bc 3.659a 0.050a 0.979 0.522 0.274c¢  1.249¢  0.028d 0.928 0.770

1% WHART]



WRIT , 45 - AR W A5 o8 2ot R £ 3R VR B 8 R 52 ) 587

FLBRFNA ZAAL IR L B8N, 7K 5338 2l 18 T 5 4%, DA
TS A B PERE R AR, 5 T IS S5V B A AR T o 4
VA RK I ABTERE . BUKE SRR
AW e P R - X K ANB R Ty . A B
RIMFEFF B PE = T LK N B H0R X 5 A5
SRR, T RE S T ARSE S B AN [, 2 ¢
NI BT AL AN ARG LS, AT RE S HGIN IEA RUAL
B, 47 KoK g3z slyid iE , A K 23 A B0
i[9 5240 2 Ui B S OB R TS A ) k6 - 4 D)X
2B Z R S MAFTE , 5 T2 BB S 2 IR S
X S ARG BUAIAL , S22 AR G54 A A [ FL B 25 4
FEC)ZE AR AR A E] , NI A B &
AWMU, R SRR ESEOR , K3 A B R A B
PRI AL, A8 880N BAL I [R] PN S 425 TR 2 1
B KRR, A A LD X R S
Xf 2R e B R b R R BOR AR B RN IS
GORIEAR

ARWFFE R 3 AL LTS R T LA
Philip SRR BB (HIHL fAH 5 S E UARAT,
X AT B 2 AR DL A N ) 5 3 A T AU
ASZIE A, B UL Philip #8589 T A o5, H
B IE 0006 5 K 2 5 o0 A i 2 Jo - i — 4
T HAB M. Kostiakov RG0S 5 HA&A S
AT LB IE O, U R BT . Horton BERILLA 4G
FEAK T Philip £ 5 F Kostiakov A5 7 | [] i 481 &2 54 £,
EH AT ETB R EPRTE I .t AT W Kostiakov
B 538 6 0 IV WHE T T TR A2 A W ok I 21388 K 43
AB R,

AW A 7 kA AR 15 5 M R IR 18 )8 )2
R TE HE W) IR R LUK I3 NB B RO i HA —
JE [ JRy BRAE | A= 1 e ) M I 52 30 T R R SIS |
iR T FRAR BF [va] 25 DR 2% 1) 5 0, AN ) A 40 e R 21 38
KO ANB R MAFAE 22 5 A IR ¥ T A Rl b 2 A=
W 55X I GR LT AR 3 NS B2 WBIEIE , SR A W) e AR
TR 538 T o e Ok 7K 75 4 1 IXURS: 32 IR} 2
(S

4 it

(DIRWHEBAAE T IR B A Y A B I 2% 21
FoK A NSRBI, o] BEARTR W AE 13 b A8
5 B H T 7K 35 2% R KUK -

(2) DR 18 5 R B P A M BB R
W88, 1% F1 3% A=Y iR B T 10 em RIBIEE AL

BRI I SO 5% W) BB R T 20 em
IRIBIR A PRI OB ORI . 276 TR, 5%
IR 20 em {RAB 5B AL BRIHE ROR B UF

(3) M H Philip A Kostiakov #5 %Y F1 Horton 5
RS VWS 2038 K 3 A8 i R dEAT 40, Horp
Kostiakov 152 BUFL A R FAT .

S 3k

[IJHU Y N, CHENG H F, TAO S. Environmental and human health chal-
lenges of industrial livestock and poultry farming in China and their
mitigation[J|. Environment International, 2017, 107(11):111-130.

[2] M2, HE0, SKEET, S5 . A bt FH TR RS 7 5 ST A0 KoK - 31555
SEM] AU, 2013, 44(8) : 118-125,179. WU S B, CUL
C, ZHANG X Q, et al. Effect of biogas slurry on yield increase, ouality
improvement, water and soil environment[J]. Transactions of the Chi-
nese Society for Agricultural Machinery, 2013, 44(8): 118-125, 179.

[31 XU, FBEEIL, XUFE, 45 . FK PR HITH 0N A X 20 DX 3 R R
S Aol PR BSR4 22 4, 2021, 40(11) : 2528-2536.  LIU C,
ZHENG Y Q, LIU S, et al. Effects of biogas slurry application on nitro-
gen loss soil in black soil area during the autumn fallow period[J]. Jour-
nal of Agro—Environment Science, 2021, 40(11) :2528-2536.

[4] UG, PhREIWE, 8%, 45 TR S A HUIBRCHE A (R T 20 XU A F
FE 1. AL R BE B 4, 2019, 38(8) : 1743-1750.  ZHOU W,
SUN G F, WANG X, et al. Risk of nitrogen loss under the combined ap-
plication of biogas slurry and organic fertilizer(J]. Journal of Agro—Envi-
ronment Science, 2019, 38(8) : 1743-1750.

[5] XU G, LV Y, SUN J, et al. Recent advances in biochar applications in
agricultural soils: Benefits and environmental implications[]J]. Clean:
Soil Air Water, 2012, 40(10) : 1093-1098.

[6] &4, ARA7AN . AL WSt e Ak BT R HL o L SRR E M RE S IR I F 50
HEFRL)). A BB, 2011, 20(4) :779-785. YUAN J H, XU R
K. Progress of the research on the properties of biochars and their influ-
ence on soil environmental functions[J]. Ecology and Environmental
Sciences, 2011, 20(4) :779-785.

[7) CHAN K'Y, VAN ZWIETEN L, MESZAROS 1, et al. Using poultry lit-
ter biochars as soil amendments[J]. Australian Journal of Soil Research,
2008, 46:437- 444.

[8] sk e ¥y, BRI, BRI, 45 . it FH A= 9 B e i S 213 AL £k
Bt FER S (1], 7K RG22 4R, 2017, 31(2) :191-196. ZHANG
X L, CHEN X M, TAO P C, et al. Effects of biochar on soil organic car-
bon mineralization and carbon pool in upland red soil[J]. Journal of
Soil and Water Conservation, 2017, 31(2):191-196.

[9] GLASER B, LEHMANN J, ZECH W. Ameliorating physical and chemi-
cal properties of highly weathered soils in the tropics with charcoal : A
review[J]. Biology and Fertility of Soils, 2002, 35(4) :219-230.

[10] v ifg e, 22k, BRI, 45 . 2R W) e B e BE RN X 1 3 1K 1 g

SEM B SELS]. T E AR 2011, 27(24) :207-213. GAO H
Y, HE X S, GENG Z C, et al. Effects of biochar and biochar-based ni-
trogen fertilizer on soil water—holding capacity[J]. Chinese Agricultur-

al Science Bulletin, 2011, 27(24) :207-213.

WWW.Qes.019.CN




NGE3>%

VRETR Rt Y FEFE3H

(L] A4, I —2i, XM, 45 AR a7 5 b s i IX 43Kk
Gr NB B R e RS W ()], S 4R, 2018, 49(6) £ 1326-1332.
BAO W B, BAI' Y R, ZHAO Y P, et al. Effect of biochar on soil water
infiltration and water holding capacity in the arid regions of middle
Ningxia[J]. Chinese Journal of Soil Science, 2018, 49(6) : 1326—1332.

[12] &7t RUIPE, ZRIEMS, 45 . AR FF A P 5 0 387K 43 A8 Rl
ZER ML) K AR FRAR, 2021, 35(1) :294-300.  ZHAN S
T, SONG M D, LI Z P, et al. Effects of different straw biochars on soil
water infiltration and evaporation[]]. Journal of Soil and Water Conser-
vation, 2021, 35(1) :294-300.

[13] M, skiks:, s 07, 55 AWy 8 - X ORI A B 8L K
A M IR R ()], ROk T AR 244, 2015, 31(16) : 128134,
XIAO Q, ZHANG H P, SHEN Y F, et al. Effects of biochar on water
infiltration, evaporation and nitrate leaching in semi—arid loess area
[J]. Transactions of the Chinese Society of Agricultural Engineering,
2015, 31(16) : 128-134.

[14] ffi, E O, S5IMS, 55 . AW oexl B4R Lok 43 ARGk M g
HSE A )], HIERFREE 244, 2016, 7(1) :65-76, 86.  XIE Q, WANG
L M, QI R P, et al. Effects of biochar on water infiltration and water
holding capacity of loessial soill]]. Journal of Earth Environment,
2016, 7(1) :65-76, 86.

[15] SR, K&, BUk2, 5. € FEAF N EY o T 5 X L
IKIY NBREAERTEZ AT W A 25241, 2014, 25(8) - 2281-2288.
QI R P, ZHANG L, YAN Y H, et al. Effects of biochar addition into
soils in semiarid land on water infiltration under the condition of the
same bulk density[J]. Chinese Journal of Applied Ecology, 2014, 25
(8):2281-2288.

[16] 2R, /L, W), 55 . A=W 0t I Oy =X 8 T 338K oy A%
SR Al AR, 2016, 32(14) :135-144. LIS L,
WANG X, WANG S, et al. Effects of application patterns and amount
of biochar on water infiltration and evaporation|J|. Transactions of the
Chinese Society of Agricultural Engineering, 2016, 32(14) : 135-144.

[17] B IE, TR, XU, 45 . By W b K 0 RRAE 22 S o BT[], 7K
T AEFEA, 2017, 31(2):97-102. HU CW, WANG H, LIU C, et al.
Different analysis of hydraulic characteristics of typical soils in south
China[J]. Journal of Soil and Water Conservation, 2017, 31 (2):97-
102.

(18] BRIG, SRIRCF-, T, 45 . Az W0 %ok v Jy 138 FIK A oK Ty 2

1% WHART]

ARSI 53 71T HEEHE K %4, 2020, 39(9):73-80.  CHEN J, WU
F P, WANG H, et al. The effects of biochar amendment on hydraulic
properties of red and paddy soils in southern ChinalJ]. Journal of Irri-
gation and Drainage, 2020, 39(9) : 73-80.

[19] E&har, sk, B Mg, 5 . B W s IR RAS 4K 43 A8 it
TR R[], FEMEHE K 22412, 2018, 37(12) : 60-65. WANG Y Q,
BAO W B, ZHAO Y P, et al. Amending soil by biochar reduces the
ability of the soil to infiltrate water[J]. Journal of Irrigation and Drain-
age, 2018, 37(12) :60-65.

[20] 2= . AR W ICHE T VBN 338K P A8 Rk K AL A T4 5 i
WFFE[D]. 22H « 22 M PR T K2#, 2020:21-24. LI X Y. Study on the
effect of biochar combined with biogas slurry on horizontal infiltration
characteristics and physical and chemical properties[D]. Lanzhou:
Lanzhou University of Technology, 2020:21-24.

[21] HANKS R J, BOWERS S A. Numerical solution of the moisture flow
equation for infiltration into layered soils[J]. Soil Science Society of
America Journal, 1962, 26(6).

[22] BRAKEL, FH, XK, 55 Ao B L X L Koy S A B TR RE
14 5 W [T, Al HLBLCF iR . 2019, 50(9) :290-299.  WEI Y X,
WANG H, LIU H, et al. Effect of biochar on soil moisture and its infil-
tration performance in black soil arealJ]. Transactions of the Chinese
Society for Agricultural Machinery, 2019, 50(9) :290-299.

[23] A4, i 8 S0, INETTT, 45 FEAT AR W o0 B B LB 52
[J]. 7k LARERF 5T, 2016, 23(6) :284-289. CEN R, QU Z Y, SUN
G F, et al. Effects of biochar on the physical properties and infiltration
of clay loam[]]. Research of Soil and Water Conservation, 2016, 23
(6):284-289.

[24] EHEH, BRKET, PMAKMG, 55 . AN A= W0 me it fin B 19 138K 70 A8
e oy AR el T RE2A41, 2016, 32(8) : 113-119. WANG
Y Y, WEI'Y X, SUN J P, et al. Soil water infiltration and distribution
characteristics under different biochar addition amount[J]. Transac-
tions of the Chinese Society of Agricultural Engineering, 2016, 32(8) :
113-119.

[25] B0, R F, Wk, 5. b2 R R XIS K s B Y
00 [7]. 4l TR 22 4, 2011, 27 (10) : 169-173. WU S Y,
ZHANG ] F, GAO R, et al. Effect of soil depth on water movement in
simulated finger flow[J]. Transactions of the Chinese Society of Agricul-
tural Engineering, 2011, 27(10) : 169-173.

(ST - AR IR 5L



