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Effects of Biochar on the Physical Properties and Infiltration of Clay Loam

CEN Rui, QU Zhongyi, SUN Guanfang, YANG Fang
(1. College of Water Conservancy and Civil Engineering , Inner Mongolia Agricultural University , Hohhot 010018, China)

Abstract: For improving irrigation water utilization efficiency of clay loam in arid and semi arid region, using
biochar as soil conditioner to reformed cultivated soil at Hetao irrigation area, we simulate water infiltration
process with three classical infiltration models to seek a suitable infiltration model to describe cultivated soil
infiltration process and select a most effective proposal to improve the irrigation efficiency in semiarid climate
area. There were four biochar application rates (10 t/hm*, 20 t/hm*, 30 t/hm*, 50 t/hm®) and we carried
out the double loop infiltration test under irrigated condition to measure soil moisture content, infiltration
rate and cumulative infiltration amount during the crop growing period for the four applications. The Green-
Ampt model, Philip model and Kostiakov empirical formula were used to simulate the infiltration process of
experimental group and control group (CK). The results show that the effect of group of 30 t/hm* was most
significant and application layer (0 to 40 cm) infiltration rate increased by 44. 6% . soil moisture content in-
creased by 8. 9% and cumulative infiltration volume increased by 45. 45%. Compared with the infiltration
process fitting results of three models, the Kostiakov empirical formula fitting presented better tendency and
was close to the testing values, which could provide the theory basis for soil improvement in the study area.

Keywords: biochar; soil infiltration rate; infiltration model
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1.1 RIE# A

T 2015 4F 410 JAEA TG T EZ /R TIG
TAT DCOBUIATAE U R 36 3k (107°23'12. 017E, 40°45'58. 28"ND) 34
AT BIFE XA T ] B JBL i v i B R
TRERAMEX , FEWFT DA K 133, 8 mm,
AEZE R BRI 2 294, 6 mm, A BRR 6 ~8C, 24
SE$5 H BB 3 229. 9 ho EFEHA K 130 dU P, it
5 X DA S o L 18 O SR L K F
TR, HHA P E N 10035 g/kg. HoAh ¥y B
e

AR YR B Y - R R RS A A L B AL
T A AR AR FF K AT PR | A e i RL AR 1. 5~
2.0 mm,pH {2} 7. 84, Pk, EFRIT R & A 4
Fm A A L 6820 i 0.82% P 1.55% .

F1 KBTEWMEBARE

b R TR/ TR K%/ H [7] 0—40 cm
0.05~2mm  0.002~0.05 mm  0.002 mm (geem™®) (mm * min~") Feki/ % LB/ %
CK 43.09 50. 50 6.41 1.48 1.414X107" 24.91 44,03
Bo—10 50. 02 44,41 5.57 1.42 1.909X 10" 25.28 16. 57
Bo—20 47.45 46.03 6.52 ML 1.41 2.115x10* 27.78 47.65
Bo—30 44. 66 48. 86 6.49 1.40 2.051X10°" 26. 35 46. 15
Bo—50 43.09 50. 50 6. 41 1.33 2,108 X107 26. 44 49. 93

1.2 RI&igit

T X RIS 4 3t 5 2l Ab#E L 617 MR A B IR
g, g A R 4 A AWk i K OF-: 10 t/hm?, 20
t/hm?,30 t/hm*,50 t/hm?*, &4 =1"EE .23 #%
- b P S i BRI it SR T BE AL 4 0 24 A0 R
ARG T2 0—40 cm o, A EE /N K H S
60 m*, DL R OK A S AEY . & b B AR I O CK OCHf
1) ,Bo-10(10 t/hm?®),Bo-20(20 t/hm?®),Bo-30 (30
t/hm?) . Bo-50(50 t/hm?) . ¥ X A B LI R IT A
RS PR 15 em &b, ML B8 15 em AR K Sk
PR 5 I IRFT A ZE M EE A K T4 s DGR IE 7K 3 1) ) 3
Z IR M8 Kk D IR K L & 10 em, XA
ABAULEEE 30 cm MR EHAE 30 cm. WEREH A 10
em, (7K T2 O S IR (& D,
1.3 SHAE

SRVBEF St B - K o & B R ARG . R
FH 8 Rl BT 28 522 ) (Sympatee GmbH) 30O BE U6 +

FER T SEWOR R T 00T . 5 BRI T K B 3R e it
TESRE IR AR L T RS RIABEE, DL IR K
VE R AR 10 SRR AR EEEL, 10 SR A : 0~10 min, 30
s/ YK ;10~30 min,1 min/¥X ;30~60 min,5 min/ ¥ ;60~120
min,10 min/¥X ;120~300 min,20 min/ X,

ABRITE.
Iy - (&)‘ .

D;\?

(3) -~

o Is M AB K& (em) s hy h 5 RIFUE FE &
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FHIF] B A A 1 2 3 S A B B BRI AE AR 8 A8 B
Bt (0~60 min) FEE A BB B (=60 min) , Bt Al
f %] (1 min,5 min,10 min,30 min,60 min) ¥ A& #
FXRE A M CK YA B BTG 2. T
JEFe e A B B, Bl A ) i A BRI 45 A B R
IR g e, Horh Bo-30 A4k i b ik 2 min
I 4 5 T HoA A B (B 2) 78 4% iR i BE A CK 43
P 35. 0%, 40. 3%, 39. 6%, 44. 4%, 45. 9%,
A1.7%  HIE AN AB P S Bo-50 #HZEE M. A
BRI 30~60 min WHIRE TV 2%, 7E 60 min J5
S EIEATRE A B B B, LR 45 41 (Bo-10, Bo-20,
Bo-30,Bo-50) A & # F M & T CK 405 3 fm 1

34.09%.,56.82% .,45.45%.,50% .

2 AEEABBEE

ABHER IEFE/em
TR Bt ) CK Bo-10  Bo-20  Bo30  Bo-50
1 min 0.1050 0.1260 0.1312 0.1417 0.1469
5 min 0.0206 0.0291 0.0305 0.0289 0.0289
10 min 0.0101 0.0153 0.0146 0.0141 0.0170
30 min 0.0045 0.0060 0.0077 0.0065 0.0066
60 min 0.0037 0.0050 0.0052 0.0054 0.0056
FHEREABER  0.0044  0.0059 0.0069 0.0064 0.0062
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Ko AN Bt B A B AR 8 5 T AR E A B R R
ABBRNAERIREABZN. FHERAB R
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3). 43 W & CK B 37. 6%, 38. 83%., 44. 6%,
44.2% . #AEFAE 60 min £ A AR E AL, HE
Ab 3R 2R S 1 4 B A= ) ik it P G T O
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2.3 ZBANBSHEBABYNSERITLSH

HR A 3 Fofr 2 A 7Y (18 A8 400 25 SR (IR 4O X A ) ok
MR TR AT A . CK Ry X BE 4 52 i A, K—CK,
P—CK,G—CK 4 %]} # v i) Kostiakov 1% %Y | Philip

FERY  Green-Ampt 57 1) X B A ABELL(E .

L o fEEEKR . R TRHE H KCF TR AL SR b
ANEIIRI HERY o (HI/NTF CKGR 3D, U ik 12
R A Atk T LA Bl 2R A PR g 0 FL B R
Lo oK BE T o DT BEAR 1 2 1 - 8 B 45 K 9 T REE
TEREAL R X - S S SR T BERSEALL . 43 SR A s £

15 ST 5 Pk K T 0 454 8 i 7 5 9
Ent g 8 8 8 (R AT . HOA K Kostiakov 28 50 4080 7T 1 2 o
= 1 g8 8 8 . o AR 5 X B T B AR R
2 A i Philip BUBGHLA SE0l AR ¢« FRBE% S
Y aoo"" FIRE B 1O S T2 30055 S Bk Dy
iiElY 4 o Ba30 X bes B HEAGREETR K AL BB R R I A B R
0 T S— TR BB 3 B IR WA 4 4195 5
50 100 150 200 250 300 N ) _
AR/ min 1 . BRI L H B A LR 53 15 HA
B3 LHRANEE BRI FX LT LA th Philip B8 55 950 22
TEBIRIR LR B R+ 0 BN BT e AR AT IR0 . A5 LA R A A,
xR3 NEFERERESH
Kostiakov o
4b 0 /<230 min 30 min Philip Green-Ampt
K a r K a r S B r r S,

Ck 0.112 —1.075 1.00 0.009 —0.249 .71 0. 2464 —0.0209 0.919 152.059 0.997
Bo-10 0.130 —0.988 0.99 0.012 —0.249 .71 0.2963 —0.0241 0.917 136.518 0.994
Bo-20 0.144 —1.052 0.99 0.015 —0.299 .69 0. 309 —0.0253 0.923 128.315 0.993
Bo-30 0.154 —1.043 0.99 0.012 —0.249 .71 0. 338 —0.0279 0.922 143.752 0.992
Bo-50 0.155 —1.050 0.99 0.012 —0.236 .68 0. 344 —0.0288 0.919 143.086 0.994

Green-Ampt #A i1 46 Fl 7K 28 Ks Bl & Jifi ] i
A3 T A 2 498 R e A RV B R T S, LB A i
JH £ 1 B i 39 O, U B A= W e 1 i AN S T JRUCIR
(1) - ek e, [a] B, Q0T BT 34, 23 X - 4 S oKk R AR
S AR AN S 1 B2 vh 0 46 5 7K FxF L K
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B LG o Ks AL S, AHE 520, S W 4R
PR TR AR RS S A B I 35 SIS AT — 5 1 i 22 (8T 4)
WHE 2 T HB AR R AN [A] 4 B A8 A6 T i A B B s 7E B 4A
HE 4C 1 Green-Ampt B A 5 58 AE BAH T B A7E
4B, [ 4D, [&] 4E b i 22 8K X 23 8CR 6 T Philip
B, BJR AT E AB IR IO 34 5 Se i 23 3
& 2% F Kostiakov 22§ Y it BEFUURS FE

3 Ww

HARAAETT o 338 5 M 2 52 i) 4 38 45 K M i T 2L
P20 R AR A LIRS B2
SR L W KU 7 B i L RS A B 1 2 K
T b L 9 0B K R ) B B A R R
FHE, A LA R I 3 R ALBRE L A

RE A ) FELE T T AW ok — o i A M il L LA R
G (0 27 KPR s DT 3 5 T X A K A 1 R B g
J1, W) e b — o R L RS 0 - R K R
31 4 A B A8 et B 1 A B A R i B
], FE Piccolo S5 Az W g it + R K 1
Wi B BIF 9 S o L TR N 0. 05 g/ kg YA ¢ J% 4t 1% AT LA
LRy SIUERTIN-DARE: D I s S &

SR, Tryon™™ Ay 57 45 S 26 0, 16 HLI0RE £ i
rh A W S 0 AT LA S S R Y 5 K R (R 2
SOURE A 5T A sk 2 A ) e B 4x B BRI R HE
K, B XA ST DX R4 L AR W i S A
BHEFREWMPL LR (E 5, KA E K 30. 62 t/hm’
BB a2 A3 1 F G #1) fiz K (0. 006 83 em/min) . 55K
W B e A3 it A A

K Kostiakov 28 55 455 BRI v, A2 408 25 1 Jon A
KA AKX FEI, B 3 ¢ 2 ¢ R
B, HABREGERIAXT R AL LRS . A
B R 5 0 N A B E) E AT X BRis AL & BLAE 30 min
BF A5 3 3 5 [ A5 0 1 2R R o A7 B AR Ak BT
DRSS A8 2 B2 2L 30 min Sy B HEAT 4 BE L4, B
oy M ARG E A B W BERERE AB B B 43 s He kAT
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