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Effects of combined application of biochar and biogas slurry on percolate
electrical conductivity, total nitrogen and soil physical and chemical properties
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Abstract ; In order to increase the retention of nutrients in the soil and improve the utilization efficiency of bio-
gas slurry, an indoor soil-column experiment was carried out. Different biogas slurry ratios (1 :4, 1 :6, and 1 : 8
of biogas slurry : water, volume ratio) , biochar mixing rates (0.0%, 0.5%, 1.0%, and 2.0% of soil mass frac-
tion) , and biochar mixing thickness (5, 10, 15 ¢cm, and 20 cm) were set up to study the effect of biochar com-
bined with biogas slurry on soil column exudate. Soil physical and chemical properties including electrical conduc-
tivity, total nitrogen ( N), bulk density, water stability aggregates, total porosity, pH value, and organic matter
were studied. The results showed that when biogas slurry ratio was at 1 : 8, biochar combined with biogas slurry
had no significant effect on total N leaching. When biogas slurry ratio was at 1 : 6, the leaching range of total N in
exudate was 34.49% ~66.79%. When biogas slurry ratio was at 1 : 4, the leaching range of total N in exudate was
4.17% ~71.67% , that indicated that biochar combined with biogas slurry effectively improved the total N content in

soil. With increasing biochar ratio, the soil had more water stable aggregate > 0.25 mm, higher soil total porosity
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and soil organic matter with a range of CK < 0.5% < 1.0% < 2.0%. With decreasing biogas slurry ratio in an order

of 1:4>1:6>1: 8, soil water stable aggregate >0.25 mm increased by 8.47% ~31.99% , soil total porosity in-
creased by 0.76% ~3.72%, and soil organic matter increased by 4.83% ~37.17%. Soil bulk density increased with
increasing the proportion of biochar and biogas slurry in the soil with a decreasing range of 2.22% ~8.15% , which

showed that biochar with biogas slurry improved the physical and chemical properties of the soil.

Keywords: biogas slurry; biochar; matching application; electrical conductivity; total nitrogen leaching;

physical and chemical properties of soil
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HEYIRIBB IR K 5 em B IRIBE 0.5% .1.0% il
2.0% M Rb 342 8 RT3 CK /3 BIREAIK 4.17% |
46.25%H1 55.83% ; =Y IRBIREE J 10 cm B,
RBEO0.5% . 1.0% 1 2.0% ML B4 R it & B
CK 43 HIFEAK 7.50% 21.25% F171.67% ; 44 M) iR
BIEE R 15 cm B IRBE 0.5% .1.0%F1 2.0% ¥ 4k
AR RIS EK CK 40l FER31.67% ,50.42% il
64.17% ; B AW IR B IR EE N 20 cm B, BB &
0.5% .1.0% 11 2.0% FI AL BR 4 5 B e {H 4 CK 43
BIFEAR 27.08% .52.08% F1 61.67% , LEE R H &I,
TRWBC LN 1« 4 I, AR it 58 4 U ) 22 S
BHEBE,

IR EM YRWEC O 1 8 B BR T A
YIHARBIREE 5 cm S, HAAE Y IRIBIB IR E LT
P AR W B VR VO B R 2 A S R
FXFHR CK, IS EWEC 126 AL - 4 158LT,
PIRBH S Ml e A S I BN R CK R
SYMTAS TR AL TR MR B I, W it A= 4 e A i T 42
R, MY R, ABBR D &AM
A HLE TR ORI, W RO B R > T 2R
ok,

2.3 AEEIT L IEE AR R A R0

FEi A Y B BIE N 5,10 em F 15
em B, AR YR R I 5] o A AE S AR AL, FT
RESIR T I REAC TR AR J57 7 A 5 i PR (SO 2B )
BARBIRIE N 20 em, BIAEY R 5) 50 A T £ AN
(R G0 A BEEA T 40T
231 ARRKAEAMNEEFZFHY A FTIERFER
T SRR B B AKERE , R 2 MY
SARIBIRIE N 20 em, 18 RBC LA A 4 TR 45 1 %)
TR ERE W IEN , HIEWORE —E B, A A
ViR i3, 1 A B2 W Y
YRR i — B, WA TR WG L A3 R, + 4%
HEEZRERE /NG, R 2 TR, KR LR
1: 8, A=Wk iIRB N 0.0(CK) .0.5% .1.0% FI
2.0% 40 3 55 i A 598 25 43 0 AR 2.22% ,2.96% |
3.70% 1 4.44% ; IHIREC LM 12 6 B, A WRiR B &
9 0.0(CK) .0.5% .1.0% F1 2.0% kb B4 JF 4 e 25
I AR 2.96% 4.44% .5.93% F16.67% ; TH TR L
R : AR AEYIRIRB R R 0.0( CK) 0.5% . 1.0% Fl
2.0% 40 F 5 i A 9 75 43 I B AR 4.44% .5.19% |
6.67%H18.15%

2.3.2 AR AT LKA E RIKG A
A R R A FE A AR Y, IR R AR
KAV S - e AT Pk | A S SOk B DI DG, XF

RAEDI R KA R %3 Y AR
BIERE N 20 cm , IBWRAC LAV W) iR IR 5 50 6 + 3>
0.25 mm /KA E P AT RS BRI 00, 24V K
W —E R, & YRR B R B, +1>0.25
mm JKFRE PR A R AR B R R MY
HAR B —E i), B VR RAC LA B K, £31850.25
mm JKFRE PR A R AR B R ks, k3
LA TRRECLE M 12 8 B, B mIRB RN 0.5% |
1.0% F1 2.0% 4b ¥ 4 % M P R A3 %t R4 CK
(0.0%) 43 B3 11.14% .20.55% F1 31.99% ; TH W
BeLb=h 12 6 B, AW IBHB 58 0.5% . 1.0% F
2.0% A0 3 A 3RS M AT SR AR A0 REZHL CK 43 391 35
9.06% ,17.92%F1 26.42% ; iHRBC LA 1« 4 B, A4
YRR BE N 0.5% . 1.0% F1 2.0% 4k P + e @
P B A A X6k IR 2H CK 43 1) 48 i 8.47% , 16.06% F11
23.91%,

233 FARAEEEEILREG TR THEAL
Bt 2 - 478 SAH IR AR ) 0T B A% 1, R/ B
RIS (B G5 A P8 T A v iy Jot 2 7% 1 O =R
B JEVEM - 3EAE 3 R A 0 A S g K 1 i ) R
Rz R4 NEYFIRBIRE R 20 em, B
B L RN A ) i TR 95 X = L B A 5 15 O
VR — g i), Bl R Y R B s, +
HERILBR R WG i R S A Y iR B R —
FEIS B2 VRO L R )N , 398 A LB 2 5

%2 AEALEYUREBREETFHTERE (g- om”)
Table 2 Effect of biochar application on soil bulk
density under different treatments

W BSRAB R %

s .
RIS Biochar ratio
Slurry : water
0.0 0.5 1.0 2.0
1:8 1.32 1.31 1.30 1.29
1:6 1.31 1.29 1.27 1.26
1:4 1.29 1.28 1.26 1.24

R3 AEYREERRLE>0.25 mm
KIRE B RE S BRI %
Table 3  Effect of biochar application on soil water stability

aggregates >0.25 mm under different treatments

HI = K W iciR 5 & Biochar ratio/ %

Slurry : water 0.0 0.5 1.0 2.0
1:8 20.10c 22.34be 24.23h 26.53a
1:6 24.38¢ 26.59b 28.75ab 30.82a
1:4 27.64d 29.98¢ 32.08b 34.25a

H: W =T AR FE R RIR P<0.05 K E TR ENEES
(Duncan Tﬁl}ﬁ) , FIF],
Note: Different letters in the same row indicate significant difference

at the level of P<0.05 ( Duncan test). The same below.
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1.49% 1 2.25% ,1.48% .2.99% Fl 3.72%,0.74%
2.20% 1 3.68% , Ut W A= W) ik 48 A AT 3 B
FLBREE LT .

2.4 AESEI LIFEE AL FERH M

24.1 AR L pH A HR £S5 WEY
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AW RIRAB RN, £ 38 pH (A 2 2 W i
MIE YRR R — o B, Bl TR REC L BN,
5% pH (HE R WG &, maR 5 R, H AT I
J1 4w AEYRIEBE R 0.5% . 1.0% F1 2.0% ik
P32 pH (HH IR 20 CK 43 %13 A0 0.01.,0.03 Al
0.04; THWRECEL M 1 2 6 B, AEW RIEB &N 0.5% |
1.0% 1 2.0% + 3¢ pH {H 42 %t B2 CK 4 51 384
0.01.0.03 F10.04; VAW ACLL A 1 ¢ 8 W, £ iR B
HH0.5% . 1.0% 1 2.0% 3¢ pH {HE X B4 CK 43
ST 0.01.,0.03 F110.05, X Ho A B, AN [RIVA IR L
FVEY AR IB RN 3 pH (E A IR A8/, W] 20
it

242 FRKALESFIEHAIALS T H A AL
T RE R B PH B T, 8 A 48 OR e B A 19 % o AR T
P, SRR 3 38, 6 T RIS MR R &R
6 N EYIRIRIBIEREE N 20 em , TR L FIAE P TR
Bt AL SO, YR WO —
B, B A ) TR A5 i 0 B, 3 A BT S A
ROk YA Y IR B — B, B A TR W L
)N, -8R LT S B s ME S, R 6 nl A,
THIRECLE A 1 2 4 B AW RiRBE N 0.5% . 1.0% F1

R4 EYREEBRYN LEBFLIRENZNE
Table 4  Effect of biochar application on soil total porosity

under different treatments

B 2 K H Y B iR B I Biochar ratio/ %
Slurry : water 0.0 0.5 1.0 2.0
1:8 50.19d 50.57¢ 50.94h 51.32a
1:6 50.57d 51.32¢d  52.08bc 52.45a
1:4 51.32¢ 51.70b 52.45ab 53.21a

RS EWREMZBRYLIE pH BRI
Table 5 Effect of biochar application on soil

pH under different treatments

B K AW B = Biochar ratio/ %
Slurry : water 0.0 0.5 1.0 2.0
1:4 8.08 8.09 8.11 8.12
1:6 8.09 8.10 8.12 8.13

1:8 8.11 8.12 8.14 8.16

2.0% Kb 3+ 5 A LT B B4 CK 43 0l 3
4.83% 14.22% K1 22.89% ; VHIR AL L R 1 = 6 B, A4
YIRIRIBE N 0.5% .1.0% F1 2.09% Ab # + 3247 HL Ik
BN IRZH CK 43534 5.51% 10.61% F117.67% ; I
WECLE A 1 2 8 B, AE Y IR H H0.5% . 1.0% F
2.0% /b 3 4 1 AT B BT A R4 CK 43 il 3
12.44% .21.69% F1 37.17%, HPHEWHE L 1 ¢ 8
B, A PLE G i 3 K THWBCE 12 6 A1
1 4403 RIATRWREC L 1 ¢ 8 FohtiA: R 0t 3 f
HLR B s R

3 9 ®

3.1 BHAESEMERSENT

Tan 25 (B 5T R 0 AL W) e e AR F 3 A
HLAE BRI b [ 2 FEE AL, Sy 385 A P 3 R
BN - 385 U s Hidetoshi 28 [ AFF 98 36 W AE 4 0%
WD T it FH TG HLEUIE 38 1 8 28 it FH 5% 43 1) )
JH ;s Ding %5 (B 57 2 WDEE A 0 5V 51 32 2 + 45
AT DA /D R e AR I 2 o ) Al R
R S A T R A L X 3 27 B o e B
Jiti FH A 300 o T 0 T e AR R W, I 4
R A ML RN 4 2 B, R T O A AR
FH, FHEE S B A A A 5 A
THBHERE SRR S E RN, SIH A T —
FERS B A W) R B R B ANR B i 1 K, B
V4 R BT T T R 0 (LB o BRI, R
R VB TR 1 4 U BE TE RO, A Wk
it AT LA et A R R i R 2R
N s X 02 N AR W e HLA R R D5 A AL 2
P, LR & A R B R Bt BRI AR AT, X
SOZERA R LA T R 1R W B R e B R
HFE 2 RS R AR, 1 48 rp 4 B i iR
T RCE(E, R R B A Y AR 2 TEBR i =
Az TRV RAE | A R R B ek e 1 2 W o o 4 D b
BRI &, SR YR IR B — e B Rl TR B
FLIIE R B il R/ Bt ARk g i 1
2% B 2 M CK>0.5%>1.0%>2.0% , 73] +
B R S WA VR R HE RS AT I, X5
®6 EMREEERNTEENRSENEN/ (g- ke')

Table 6  Effect of biochar application on soil organic

matter under different treatments

VAW = K HYiRiRIB R Biochar ratio/ %

Slurry : water 0.0 0.5 1.0 2.0
1:4 18.00c 18.87bc 20.56b 22.12a
1:6 17.43d 18.39¢ 19.28b 20.51a
1:8 13.83¢ 15.55be 16.83ab 18.97a
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