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BRI/, IR S K i R, BRI E RS, Horh FORFSFFAAR A 20 em 23BN A HIME iR . IR
Py BB IEZ RS A B IR, IBA 20 cm £ZXBIRAMEIER . IRiERECHIG, 2% (total phosphorous,
TP) Wk, (Ha2% (total nitrogen, TN) WA EIENN; TRAE ERFEFF XN TN FAEMEDN, BEAH 4B ik
s IR RRER AR, (AL TP S G, 78 EIF RN S, AlEPRE RSB A 10 em 12, BEARON R
RS TP WA, (HFFEESIM TN fik; B ARREFFAARA 20 cm HZEEMK B HEER, AROED/KSBINS TP i
&K, AT B KSR D T4 PTIRXK BN RGeS ERR o, HIEMT TP ik, A SLbrn .
FKER: AEYES; BHE a4 AR A %

HESZES: 81527 NEIREE: A

Effects of Kind and Incorporation Depth of Biochars on Water Movement and
Nitrogen and Phosphorus Loss in Purple Soil

SUN Ningting, WANG Xiaoyan®, ZHOU Hao, NI Ke, CUI Can
(College of Resources and Environment, Southwest University, Chongqing 400715, China)

* R ABIITL 55 2% L I (XDIK2017B025 ), FEARTHTHEARQIHT S5 MHAR I H - (cstc2018jsex-mszd0340 ) FIPH R K2 AR A BHE
A O KEETHE (2018001 ) ¥ B Supported by the Fundamental Research Funds of the Central Universities of China ( No.
XDJK2017B025 ), the Technology Innovation and Application Demonstration Project of Chongging in China ( No. cstc2018jscx-mszd0340 )
and the Undergraduate Science and Technology Innovation “Guang Jiong” Project of Southwest University ( No. 2018001 )

+ W IRAE#H Corresponding author, E-mail: youblue@swu.edu.cn
EHEA: VTR (1997—), %, BREBA, B, FENEIEERMBTIS . E-mail: 15608389571@163.com
Wk B 0T 2020-08-13; B MR B 0T 2020-12-21; FIZE & B (www.cnkinet): 2021-03-02

http://pedologica.issas.ac.cn



31 INT IS AW B2 SR TR B A 55 (8 /K i B PR 2% ) 52 ) 723

Abstract: [ Objective ] Biochar applied in soil plays an important role in improving soil moisture and soil fertility. To explore
effects of kind and incorporation depth of biochars on soil water movement and nutrient interception, an in-lab experiment was
conducted. [ Method ] The experiment was designed to have a stable water potential, three kinds of biochars (biochar derived from
rice husk, biochar derived from maize straw, and biochar derived from bamboo), two incorporation depths (10 cm and 20 cm), and
a control plot of bare purple soil. During the experiment, water movement, total nitrogen (TN) loss and total phosphorus (TP) loss
were monitored and changes in soil structure observed. [ Result] Results show that application of biochars altered soil pore
structure, which, together with the specific surface area and particle size distribution of biochars, affected the movement of soil
water. The application of biochars reduced soil bulk density, to a varying extent relative to kind of the biochars applied. Among the
three, rice husk biochar was the highest in the effect of reducing bulk density, and only rice husk biochar significantly increased
total soil porosity and saturated soil water content. Rice husk biochar significantly promoted advance of the wetting front and
enhanced soil water infiltration. The rice husk biochar incorporated into the soil 10 cm deep showed the greatest effect of
promoting water infiltration in the biochar-soil layer and did not have much effect on water leakage, and when into the soil 20 cm
deep, it promoted water leakage and increased saturated hydraulic conductivity. Maize straw biochar is the highest in specific
surface area and in total pore volume, thus having a strong ability to retain soil water. Maize straw biochar does not have particles
more than 1 mm in size. Once incorporated, it did not have much effect on soil total porosity, but did reduce soil saturated water
content, thus inhibiting soil water migration. Maize straw biochar incorporated into the soil 20 cm deep showed the most significant
inhibitory effect on water leakage. Bamboo biochar did not have much effect on wetting front movement and infiltration process,
but did inhibit water leakage process when incorporated into the soil 20 cm deep. Moreover, it was found that rice husk biochar
reduced total phosphorous loss, but increased total nitrogen loss; maize straw biochar did not have much effect on total nitrogen
loss, but did have some effect of reducing total phosphorous loss; and bamboo biochar adsorbed nitrogen but enhanced total
phosphorous loss. [ Conclusion] When planning to incorporate biochars into the soil, rice husk biochar incorporated into the soil
10 cm deep is the best choice, for it can effectively reduce surface runoff and total phosphorous loss, but it should be remembered
that it can increase total nitrogen loss, too. Maize straw biochar incorporated into the soil 20 cm deep can reduce soil water
migration rate, thus effectively inhibiting soil water leakage and total phosphorous loss, so it is the best choice for use in sandy soil
and other highly permeable soils. Bamboo biochar has less impact on water infiltration and leakage than rice husk biochar and
maize straw biochar, and does increase TP loss, thus making it the worst choice for use in farmlands.

Key words: Biochar; Simulated soil column; Purple soil; Infiltration; Nitrogen; Phosphorus
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AR L g+ (hEga T3 btk t
B, RAHEKMTARXARE K¥E0 L
(106°24'23"E, 29°48'34"N ), 3 Jfi 1 b 4iab +-(
FEHD), AT & & 8.54 gkg ', RAEHE 0~40 cm,
LR RS G ARKT, EEE 2 mm
o MRYEA Y R S AE RS ML X AT AR, 2k F A
Tk FORFEFF R AT o AP AWy Bk, B A

WY FBIHE 500 °C A2 AT ARS8 A B SR A5 1 T i 159 5]
He W I o ORERL AR E 0.02~7 mm 22 [8] , FH 43
A b A W I e BRI AR A3 A o PR 7K 25 3 e ) 32
W TRk, RS TRSTFAKE. &Y
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B 48 1O B RP A B ok TR BB S0 gkg '
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w5 0~10cm +ZEA (FH7KK 10em); (3) 14
a5 0~20cm TREA (F5Tk 20cm); (4)
FEFF 55 0~10 cm + )21 A (F5FF 4 10 cm ); (5)
Fift 5 0~20 cm 1 J2IRA (F5FFH 20 cm); (6)
x5 0~10em +Z2RE (7% 10ecm); (7) 47
K5 0~20cm HERA (715 20 cm ). F40FT
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Table 1 Physical properties of the biochars used in the experiment

WK ZH A Particle composition/ ( g'kg ') bR TH AR SALARF
AW B Specific Total pore
7~ 5~ 3~ 2~ 1~ 0.5~ 0.25~ 0.1~ 0.05~
Biochar surface area/ volume /
5 mm 3 mm 2 mm 1 mm 0.5mm 025mm 0.lmm 0.05mm 0.02 mm
(m>g™") (mL-g")
fEFEA" 1.93 6.67 33.45 78.63 499.60 234.30 64.21 66.21 15.05 87.86 0.073
TR A 0.00 0.00 0.00 0.00 763.40  229.80 3.20 2.60 1.00 252.70 0.179
A 5c? 0.00 63.33 288.30 217.40 303.30 72.16 21.31 29.88 4.36 186.20 0.095

(DRice husk biochar, @Straw biochar, @Bamboo biochar.

RS- IR AW ZRAA VIS E N,
I N 14.0cem, JE 0.5cm, 7 50.0 cm, JEF
WA A B4R 2 mm, BB 2 mm @9 ETEB L, 2%
A B A B B A, B Ik IR K
IFAEBE I N BEY SR K — 2 FLbR, DLkE S 4
RN PR o 4% AR IR 5 om — 20 R AR
Bedh, RR AT R, BB EIME.

BURESEUR , A EAE TS — K IE AR, R K i
Yool 1 300 R — 4k Kk T A B LA+
EABSBRARE, HE 50.0cm, PIE 14.0 cm (¥
S ERIRRFE K, IR ABEIEHIKK R 1.0 cm,
TR H A AER S, Pl S FOR AR, d
50 mg-L ' KNO; fil 5 mg-L ™' KH,PO, IR &V, B
WP TN VEFE N 6.93 mg' L', TP ¥JE K 1.14 mgL™',
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Table 2 Physical and chemical properties of the soil and the soil incorporated with biochar in the experiment
e SALBE B AEBRELBRE L 7K e X
L e Total Capillary Non-capillary Saturated water Total Total
Bulk density/ pH
Material (gem™) porosity/ porosity/ porosity/ content/ nitrogen/ phosphorus/
% % % (gkg!) (gkg") (gkg")

Lot 1.25a 52.68b 35.03b 17.65a 415.9b 0.47c 0.46b 6.50b
Fie k- IRIR A 0.87c 62.45a 42.86a 19.59 615.1a 0.61b 0.56a 6.85a
R FF - IR A 1.18b 52.66b 34.95b 17.71a 382.7¢ 1.00a 0.50b 6.84a
Prk-+HOR A" 1.11b 54.50b 35.40b 19.10a 414.1b 0.84a 0.49b 6.80a

T [\ —5 Fp R Rl /NG ) 2 7 b 3 R 77 AF B 281 22 57+ ( P<0.05 ), Note: Different lowercase letters within the same column indicate

significant differences between treatments ( P<0.05) . (DPurple soil, @Soil incorporated with rice husk biochar, Soil incorporated with

straw biochar, @Soil incorporated with bamboo biochar.

AB BRI, 05 S IO A K & . R
PR, THRADEF GBI, 0B IR,
[ [B) B A 2% e B, R BRI 29 10 he o 2
Z50EIE B IR TN, TP R,
1.3 S *E

JKFE TN ¥R iR A A — 52 Aok
FEVMAE , TP e B >R FH B3 R BRI fif—H B b 4o
JCEEEIE ,, TN, TP WRE 5B lwEr kBT R
iEE TN 5 TP R K i

35 K - IRA Y R RN R, FES R
(3B A b W 56 - R ph v S s B H
Tk, MERE. BELRE . WS KERHAR
JNE, BALBE AR SHEHRAR, EBEA
B SRR 5 BB Z 22, AT e
TR R Gk A A S R
FLBEEE 4311 ( QUADRASORB SI, Quantachrome
Instruments, BLHBF]), DI N, AWM, 7ERAR
& 77 KR AR W Bk b T AR S R LR AR
1.4 HiEAbIE

R b BT A s Ao 25 E A I 1 S ME, R
FH Microsoft Excel 2016 F1 SPSS 24.0 {41554 4%
WM RS L E S A
OriginPro2018 F1 Excel 2016 52 i il [ .

2 4 R

2.1 AMBRRFHESREREXEEEEH R
P B A — E FE L 1 8 B S K o 7 L

LSRN NI AR N B SRR IE, HE 3 RIA,
Az 1) I e 24 TR S V) 8 Ak R S [ A 8 . 1 a
SR T4 A B A B A 1] 58 B AE L, NIRRT
DLF R HAS [ R 2 A ) o o I Y 10 58 B 17 100
H—EZS . SXIAHE, AR RS 7S ok (0 fil i< B
1515 A BT e | =SS A UK (B i (EDEEB a7 N 12141
RFEFT o M IR R . B X IR R I s B
SEHE N 0.16 cmmin ', SXIRAHL, RS
D AR 1A YRR T s A R R, A
Fek 10 cm. FEFiK 20 cm AbFH AR IE IS 1418 78
WRAAE, 8 0.26 cmemin™', AL I 62.5%.
FEFEH 10 em, FEFEHE 20 cm Ab FH I I8 U6 fi S If i)
B A3 I 29%F1 39% ( P<0.05 ), {EASTEE
J&, RSk 10 cm AL PRI IEIEIET 30 cm # 12
mf, HIR s BRI ik I AR ZE , 1R IGE 52
R A TRRSFE o T IR BB R, RS FF AR
10 cm ARG PO HIVE A ek, {0 PR AL AR
A8 B R AR 0D 18.8%,  fih RS A ] 5 AR
B 28% ( P<0.05 ); FHFF ok 20 om b FESV-3i8 85 3k
R LI 12.5%, flCHS RIEAR L340 16%
(P<0.05 ). RMEATHR)G, MRS R i fE 5 X e 3
AR—E, I 04 At Ao () 5 X R 25 SN I

SRy i — 25 AT 45 Ak B e R R TR IR BE )2
HERIEOL, SR EEAEARRIRE - 20 FE%
R IEAT T4, 28R WE 16 BrR. IE AT
DL, 25 A BRI B Y38 B i R 5 B B IR
B SN WBIEHEAN T 0~10cm 12
b, FEFEm 10 cm AFRAF BB HE R R K, 55
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Table 3 Two-way ANOVA of kind and incorporation depth of biochar with different factors
) T 7] ¢ Ml P o [ ZHAB R ZHB R LR B R L R R
AN
Wetting front Cumulative Cumulative Cumulative total Cumulative total
Influencing factors
bottoming time/min infiltration/cm leakage/mL nitrogen loss/mg phosphorus loss/mg
Gy i 77.87%* 44.34%* 19.05%* 337.5%% 66.83%*
TR 1.67 n.s. 0.56 n.s. 0.23 n.s. 11.12%% 0.31 n.s.
A T e AR it TR 2.16 n.s. 0.65 n.s. 15.93%* 34.44%% 274 ns.

R IR P<0.01 KFE L 2R BE; ns. £/R AR Note: ** means significant difference at 0.01 level; n.s. means non-significant

difference. MKind of biochar,

@Incorporation depth,

N
(=] [V
T 1

a)

W W
(=] W
T T

25+

20 k" s %t Control

—— *ﬁ JU

—a—FEFF 510 cm Straw biochar 10 cm
—e—#AF 520 cm Straw biochar 20 cm
—=—777%10 cm Bamboo biochar 10 cm
—e— 17420 cm Bamboo biochar 20 cm

IRIEHE IR Wetting front depth/cm

150 200 250 300 350 400
8] Time/min

0 50 100

I ARVNG FRER IR AL R — 22 o, AR A B 2 ) 28 5 B35 ( P<0.05 ), &

—— fa,(jJ“z 10 cm Rice husk biochar 10 cm
<20 cm Rice husk biochar 20 cm

(®Biochar kindx incorporation depth.

b)
0.80 o Xf[ H4 Control
070l a a;L 10 cm Rice husk biochar 10 cm
—_ fa 7FE3 ; 720 cm Rice husk biochar 20 cm
T kS o 10 cm Straw biochar 10 cm
3 o -8 0.60 = % %20 cm Straw biochar 20 em
¥ 5 E u 10°'cm Bamboo biochar 10 ¢m
é’& & g 0.50 . 20 c¢cm Bamboo biochar 20 cm
a2
gggowb b 0
L O
iégmo :
%E?mo o
H< 'z b
0.00 |Ili—
0~10 10~20 20~30 30~4O
+ 2 Soil depth/ cm

[f] . Note: Different lowercase letters indicate significant

differences in the same soil layer among different treatments ( P<0.05 ) . The same below.

B 1 #A0HEENERE (a) 5B

Dynamics of wetting front in depth (a) and average moving velocity (b) relative to treatment

Fig. 1

0.67 cmmin', 5% 86.1% ( P<0.05), K5t
20em AFERZ, CFIE R R E R 69.4%
(P<0.05); 7F 10~40 cm )28}, F58H 10 cm 4b
P 04 12 B R R 2RI, IFAE 20~40 em + )2
B R /N TARE Kk 20 om 0F, HRATE
30~40 cm #f - JZ I 04T 3 R AR AIG 2 5 0 i
Tol F 22 R, A o RN 06 /)N i Gk
83.6%. AEFC A 20 cm Ab F7E RL AN 5o A v i v e
BB/ MR FE IR 77.0%, (HEZ4AE 30~40 cm L )2,
L ] D - 347 3 3R B 3 K TR IR (P<0.05 ), (mﬁfﬁﬁ
FFRALFEAE 30~40 cm + )2 AT 612 A% 3 1tk
ﬁ?ﬁ%o%mﬁﬁﬁﬁiﬁm@%gﬁﬁzw

BN, S5XTRERARLE,
22 HYIBRRMESEERETNSEENZI

TIEAB I BRI EZR, H"HERABE

EFHERER (b) 2

KR L IEABEE S, #E 180 min B, FE5THK
20 cm ALFR I O SRR, PEEEXT 180 min
AT RFAB BT, U5 b BRI g 2447 F
20~40 cm 2. & 3 AT, AW AT
FHRABRAREZW . K03 BB EHER
A PR AN 22 s . BRIV, BERRIERS, &
Wb BB & ETHEBR B IR GE, AN BRI
W, SRR AR SR 5 X A L
(=180 min ), FE5H 10 cm 5 20 cm AbFRAEREAS A
BHBETEERSABIR, WMNERRABR G
(P<0.05), RFAB I HHAR T3 14% 1 24%.
FKFEFFR 10 cm 5 20 cm ACFH AT I E R A B HE
WO BBABE (P<0.05), ZBEAB RSN
BRI 27% . 26%. Fr7k 10 em, 20 cm A FRAY 22
BAB & SXHERAEE (P>0.05),
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20—} % Control
—.—*ﬁﬁ?}“ 10 cm Rice husk biochar 10 em a)
Fi5C 520

HAT K
—'V—iF‘ FF4%20 cm Straw biochar 20 cm
1 51—=—%:10 cm Bamboo biochar 10 cm
——%20 cm Bamboo biochar 20 cm _

ZUFR A8 Cumulative infiltration/cm

150 200

A [E) Time/min

0.40
o X} & Control b)
7¢%10 cm Rice husk biochar 10 cm

-g
g
g o f5
S a o 5 ¢20 cm Rice husk biochar 20 cm
=, 030 da o f##F/#%10 cm Straw biochar 10 cm
g ,} | f5#F 420 em Straw biochar 20 cm
L2 B 7% 10 cm Bamboo biochar 10 cm
- 14 B 77720 cm Bamboo biochar 20 cm
g
Hg 020
%
2z
B-E 0.10
o O
%D a
g bbbb bbAbe pe
o cc
< 0.00

0~10 10~20
TR

20~30
* Soil depth/cm

30~40

K2 HUHERABE (a) LFHPABEE (b) 2k

Fig. 2 Dynamics of cumulative infiltration (a) and average velocity (b) relative to treatment

ik — ARG A AL AR R FNR B 2 A B S
O, 45 A HRE I 0 3] 3K R[] A 2 I S 2 A8
RAAIAT TG0, 45 RAnE 2b) frs . m AT,
BEZ L ZURBERE N, 45 Ab B2 A8 R L A
o, WERE R B ERIET K-LEKIFAB
( P<0.05), FHFEH 10 cm 5 20 cm AEFEAE 0~10 cm
TR A H RS ) A IR 112% . 91%. 5
R I B P SRR AR RN, RS AR 10 om A HRAE 5~
TR ABEER K, ZIEARTMH, 7FEk
£ 20~40 cm TJEEF, AP A B HUREE 2N TR
Fek 20 cm, HTE 30~40 cm HEABBEKER S
MNP RTE =L I SOSUN PN 378 N o ) pr
86%. FHFEH 20 cm AbBHTEHLAN 1 FE A IS R 1 ik
/NIRIETR 79.3%, {HIRZAE 30~40 cm L )2, H
X5 TR I 3 i TN IR( P<0.05 ) AEFF Ak 20 cm
AEEEAE 30~40 cm 1 2R, FIABEF R ELT
PR (P<0.05), 7% 10 cm, 20 cm AbPR7E# A+
HOE I AB RG22 R RN, RiRgs SRR,
FAL A B R SIS s I R, TR
FEre ok pe i E MR IR AB, HPhREFER 10 cm 4
HXT B2 0~10 em 12 ABMRIEHEKR, ZEA
BHR ARG, A 20~40 cm T2 A BIEHERE S
AUNFEFE K 20 cm ARBR, FEFF R 20 cm AL BEXT 30~
40 cm +JZEMK I AL R AT X L R
IRXTEEA 4K 53 A B R 5 AN B
23 YR RMESREEREXKS SR

MRS ABELEREARWG, KSFF RSB
A, BRI RN EREZ —, R
RN A R A B 5 R AT A B A AR i

KF, MR 3 AT, AW e AR R S TR R
W28 HAE XK 5y BB T A B, 54
AT I U fi PGS 22 R A, 28 7 e ] P R B /MR
PN FEFF S 20 em( 41 min ), A7 5¢ 20 em( 29 min ).
P 10 cm (28 min ), F5#F 10 cm (27 min ), &
55 10 cm (18 min ), Xf A& ( 17 min ), FFFE /% 20 cm
(12min), MBIREBIFIRICTE, &0 RHB R
A R 5 B R Ja R SR R s an &l 3
o HE 3aalLIEH, %&ﬁ%%ﬁﬁg%ﬁﬂﬁ
Lt B HA —E MR TERIE, BIRERE 25, 1
min J5 £ A0 B i R FEARTEE o5 0 BEAH FE( =240
min ), {XREFE S 20 cm AbBEX K 435 A R EVE A,
B R A R T HA AN B, HLAR RSk
5 2B BER TX (P<0.05), BB
e X HR 34.0%; RS SE R 10 em ARHXS K505 T
AR, AP 10 cm 5 20 em AbFRAYE T
FUNTXIR, XK B A MEER, SRS
SR TXR 10.0%. 31.0%, A FEFF5E 20 em Ab
BRI 75 o7 1 T BV I N U K 0 1 = T Y A
( P<0.05 ). #7%¢ 20 cm ALBREEAM Gl K /3B T 2,
EMBIREM TR 13.0%, HAT5 20 cm AbFfY
TN S K 2 IR T X R (P<0.05 ),
24 HEYBRFMESEEREMNR. BiRANF
Kageit PIEmAY iR E, AR, MRS
KAFBIRTHEW g, TN 5 TP ik & thk /05 T
HABRET TN 5 TP Wk LR Y . i3 3 7T

R, EYI R IERL | RMEITREE K P S HAR A 42
RIKR A REZW . K 4 L NE T DSRIT
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Control

_E] 1800 "'or(; ]:r)‘n Rice husk biochar 10 cm 5

Z %20 cm Rice husk biochar 20 cm a)

g 1 600 fili#1 7% 10 cm Straw biochar 10 cm

5] —v— FiFF 20 em Straw biochar 20 cm 0.25

& 1 400 |.—=— 17710 cm Bamboo biochar 10 cm 2 , b)
2 —&— 17720 em Bamboo biochar 20 cm 2 e a

AQ>) 1200+ 0 g :\0.20 b ]

g v O ‘

= 1000} T28, s be be be g
£ BEE d

O 800 =5 £

iz 600 EE‘ \;OA 10

| B
ég 4000 £ 50.05
iy 3
B 2001 20,00

X §FFBE10 em BEFFR20em  fTB10em 5520 em
O e 35 200 157 500°S o G
0 100 150 200 250 300 350 400 450 500 550 h )
A i) Time/min AbFE Treatment

K3 HhPERBESRE (a) SHRMFKE (b) HE

Fig. 3 Comparison between treatments in cumulative leakage process (a) and saturated hydraulic conductivity (b)

LRI TN A TP SR % 1 Bl s ] 1) 28 A 1 O o AT
il AE Y, 7EB IR ZE 100 min B, 408 TN, TP
SR A R i B b 100 min J5 BB G R
IR E . B 4a o, BIEE 465 min B, B+
XF IR TN 2R SN 31.40 mg, RMRETER)G,
TN R B E m TR (P<0.05), FFFEx 10
cm A1 20 cm AFEAY TN BBV J< &5 5l 5 H X IR
60.89 mg. 102.6 mg, RFTF /G TN ZRK &
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Fig. 4 Dynamics of cumulative TN (a) and TP (b) losses relative to treatment
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