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LIRS NBERE . ZRRE SR S 0 1R L
BRI AZ Mo AWFIUIRE T2 N € A H AR,
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TIEANBIERE . AR R S BV IE, BN
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1 #MRE7AE

1.1 R IER A YR
ARG A VG A AR AREI K 2 [ K N S = T
KITHAT . 3 PR L3 5K | BTG foR (Rb 1D

Btz gg (gt Bkt CGRYi 1D o BHERM Z
JERMETT LY ZRA, RARFEY ) 0~20 cm H1=20~
40 cm. BREL BRI, BAKT, BEE 2 mm §i
#FH . il Mastersizer 2000 4G E 3T A0 2 3914
RUREZH o R0 HI AR P LR B VR 1 18 e = M i
BRAF, RAESLR Y R E, HLFEHE |
KAEFF, AR FE 400°C . LRI JGid 2 mm §ii, R
FH R SR AST-BET (brunauer-emmett-teller equation)
3 B 1IN 53.03 m¥g, i A RS2 % 1.60 mglkg,
B A FUTR M4 1.11 mg/kg. A 0~20 cm LIEFIAD)
IR HEA M it WA 1.

F1 ik 3FhEIE (0~20cm) FnEMRAIE AR

Table 1  Properties of three experimental soils (0-20 cm) and biochar

. bR G i} . . .
gﬁfﬁ Particle size distribution/% Sﬁliife);(ﬁti%e Bulk diefi?;r/%-cm%) Total éﬁ%-kg*)
=0.02~2 mm =0.002~0.02 mm <0.002 mm
Kb 1 Aeolian soil 97.33 152 114 b1 1.64 0.06
451 Cultivated loessial soil 60.74 24.54 14.71 gL 1.46 0.36
M3 1 Dark loessial soil 41.87 36.34 21.79 gt 1.38 1.01
49K Biochar 77.76 18.78 3.46 0.40 9.77

e R E R e bR
Note: According to the international soil classification system.

1.2 REKIT5HE

RIGILBE 6 NEVRME, WA RS AL
0~20 cm fEil LAF I s & LL) 0. 0.5%. 1%, 2%.
3%H1 5% TR Ao G IL 18 A, FEAEIE S 3 K.
IR EFH A4 10 em, 5 50 om (1035 A ML EEAEEAT,
B+ B E EAE R AECE P E 40 HE e MR — 2 uk4t, B
B WU = 1 v 17 o e = v e e W 3 M 0 S 11
AR Y ) 4% B (R RAE JOIR 75T 1.64, 1.46 Al
1.38 g/cm® 43 J2 (B2 5 cm) $4) 3%, 23 2 A A1 & .
I+ 40 cm, B F)E=20~40cm AR 2+
B CRSEMRIES) » L2 0~20 cm AMmiA)ig
&+ KE (0~5 em 245 225 kg/hm? (LA N ) sk,
FORE) o

K — 4 52 K Sk T EHBUK N BRI e 3Bk
Mo NBLEE B AR S OB, AKSLIEETA 1om,
NS Ik AR U L [ 7K A7 R 2 T 3T B 0 P BN 95 1)
WAL . A NB B AL B AR S, B WA A
[ B 0] P FROVRRAE IR, R 3 S0 3 20 BT AN 5 9 v 9
AR E. NBHMERRS KRG, KA AR
N A I A — B R 78k, B HlRE A
30°C, MIRNEEIRFEE 50%+2%, 128 LB N 6 AT
JEOEHE, R E 10:00 HHEFAERR R S R KR
i, AR 30d. A H ZE R ETHRARY |

E=M »x10/(nr?)

A E N EAEMHZER SR, mm; M ORGP RR R
AR ZEAL, B H R EARAE, 95 r b AR
%, cm.
1.3 BIRAES S

iR BN 3 WERMPHME, XH

SigmaPlot10.0 # A E1EE, SPSS19.0 A1 STATISTICA 10.0
AT LN B SHEI MG 738, LSD VAT 2
FHERE (P <0.05)

2 GFER55M
2.1 EYRMAR MRS NS D EMEFL S
A

2.1.1 AWBERIREEHSG A

LK MR, SR AT S T LR TR
W A2 I FR A i e 29, Rl RAE K 2 A 3L R
FESER FREshE b, MK 1 LA H, W5 3 Fh
T e o T )2 B B B N B I TR n, 2
ATHEZ ARG (40 em YR BT IS TSR], ARs ik
Wi, Kb+ i (26 min) ; O M, Bt
FHIFIE) A 218 min; 545 - Wa i B bt i ) A8 (b B %, AT3k
240 em JRE T R K (452 min) .

ANFV AR RS I 3 P e B R AT B
SO, E S R A DR g R . B AR R R B )
B, Wb ARSI R 40 em R T ELM)
IHAJZE K, 0.5%, 1%, 2%, 3%. 5% “EW)RAab3E X b+
FTHIE ) 23504 27, 35, 45, 59, 87 min; MBIt fii
AW IR 5 A 3T FH I TR Il 249 255, 276, 297
405 min. XX IX P AT E IS, SR AR RS 0
KIREIREE K A AR I R RS, B9 n -390 K 40 1)
WRF o AR AT PR B AR AR Y RN L T (0.5%.
1%- 2%) BEHTIEAZACHIR, 2K 40 om ¥R it 1 1) 98
A, 43500k 378, 431, 435 min, EEERIT (3% Al
5%) Bfils [R)ye2Z, ik 40 om EE T INRIE I, 4]
ok 524 F1 570 min. 3X 1] G55 047 R R A 4 ¢ 1) A
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R NMFLBAFAE DL SR AT %, ARZEI RS IR T
R T vt (RO KALBRI b, (et 7K
IS, TG IR B s R A (HBE AR s N
I, AEPIRK 2L RINBURERE P E 2 0k
IKBEIBGIAE I SE 28, Wz T /K7 N8, AT BRI
EEEHINP AU <

XHRI I A FE 25 F (mmD) 5 A2 I t (min)
THRFRBATHA, R ERRL: F=at, Hha:

e FARRMNEE S, tARERNIBINIE
Note: F indicated wetting distance, t indicated infiltration time.

A1

5L ANTEI BT S VR B HERE PR 25 b VRV
(g R R, 6] 1 gE SR, 3 R H A I v R B
RP¥AKT 0.99, I#EMANL P<0.01, HiWIMT AL
UF HOASERLIE & A ok L SRR B I IS S A . VR B
LAt i R e, B AR s n e i, R % b
T A, RS a HMBLE/MES, X EER M
TAEWR IS INAS R FE B Wk 2% T WI4R /K o NS, it
B A=) o0t 1= 338 7K oy ie B T AT LA B AR IR 52

R A RBMETRI £, FR A2 LRBEEDSTR

Fig.1 Effects of different biochar application amount on dynamic changes of wetting front in aeolian soil,
cultivated loessial soil and dark loessial soil

2.1.2 AMRALERBANSEN -

IS R BAR e AT AR NIB R KR AE L
BB, (HAERRRENBZH, FHEBRABE
KEAELIEAB B, B 2 WAL, EWRsT 3
FpAS ) o 3 1) RARNS I RS B 25 g, {H 5
A — PR L3R KR 59, X TP
e X LR W . R, MK ANB
BT, B AP I 3 38 AN IS B B D
YNIBINTE R 20 min 5, & abPE BFIAB EARIGR I
KIS IAEY R (1056 mm) >05% (98.9 mm) >1%
(85.0 mm)>>2%(74.5 mm)>>3%(56.3 mm)>5%(52.0 mm);
5 RACERAR LY, s 0 e KD 1 RS R 2
o XA, 0.5%FN AL FEE NS WA ZE R AN,
BE B IS ] 3RS, 0.5%4b B 1) 2 AR N 1B 538 W v T %)
FTRAL I . 1% 2% 40 BE (1) SRFR NS 5 B I [R) A8 4k 1 26 5 )
WAL 22 AN S . FEAHRI BN , 3%F1 5%40 BE T

&I [ Infiltration time/min
a. Wb
a. Aeolian soil

&I [ Infiltration time/min

b. ¥

b. Cultivated loessial soil

ERANBREER T AR, Xy, YRR
TRk /DA R I T] P () RN B &2, H 0.5% 1 1% AbPE
[F) F) AN IB BBl I [R) A2 (b th 26 T W B 22 5, Hopth Ab 2
) 225t 8% . LLAIBINA) 200 min 4], 0. 0.5%. 1%.
2%. 3%. 5% WS N AL E ) SIS RS N
149.3. 139.4, 141.3. 134.9. 127.7. 108.2 mm, P& Z
FINBRIE 6.6%~27.5%, i kg R nl s, Xyb+ A2
R RGBS I g >, BN
[vi) 4k B ) D - gl 7 S e SR B (HIR I AR R
X4 L BRAR NS B IR 5% ) A1 I A GV I i 5 i A ik
FHEEn, Wk PRy RN N E (3%A15%)
TIERNBEIFHEWTRD . 31X 3 Fhfi Y |- 45 5
BINBIZE e S L riget: (b Rghite) Rk
VIR RLAR 3 AT REAE 5 LR IR B e AT 00 X5
I 5 OV i POV A v 0 S [ 5 1 43 1
FERTEAR AL AT T 45 AR

&I [ Infiltration time/min
c. YL

¢. Dark loessial soil

EIES

B2 FRAHRIEFRY L. F%H L4258 L RBRAS TN A
Fig.2 Effects of different biochar application amount on cumulative infiltration of aeolian soil, cultivated loessial soil and dark loessial soil
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2.1.3 AR BB ALY

AWFIT N 3R LW i K4 NS L FE 520,
KHI Philip NSRG40 N5 1 F5 1 2 804 T )
Hry BB AR

1(t)=St>>+At

e 10N EBANEBE, mm; S AHEE, mm/min®®;
A AFBHE (mm/min, HHE/DNTHRAITKE) 3 t B
INFIA), mine I AEZe M B/ ARk A IUA S S ELT) 5
HVEEL BTSN, A ARER e AR AE 0.991~0.999 2
), FUA AL 3 Fh LIRS Z AT NIB TR RN
LA BN B — 3, RIS INE =
) HIENBIRIE S Philip NSRRI, ISR
(S) Fo -3k aE B S SR ORI RE T, et B
TIERTIINBRE I — AN E B R AR, X IEANBYIHA
BRMEEEAER; migE (A A TIENRE T
Bk E AR R ANB R, e TIEBEERE, RS

TSN, 250 A X AT R IK /N A= B4 9,
M 2 WUEH, Kb EAa SRR, IEFIREN
B kT HAS R WK, YRR L
AR L (B, I B A ARSI 1R 18 T v BAEALG 5
03 43 1 (R W5 R A A0 R s 0 A= PR 385 2 LS 49
Je AR IR e SRS INAC BEAH EE, AR AR s i e Ak
H(0.5%) ARWFHBEND LMEER, mAEYREN
AP PO RS A By RS R
5 A AN N (R I T T BAARG s T B 4 (BRI R B AT
RS IR (R R N S S IR BRI A R RS Bk
4R, AR AT AT AR D LR SR D L RS R
FOEANBR, REFEZ K EMZ L3, R0 ses
TP LR SRR K PR I S B0 KBS S B
AR EYRAS I NBERE AR Kk, &
FH ) S B N T P S SR AR R I 45 KRR AR A
B 53 AN BB R B R

F2 SFRBELHEASNESERSE
Table 2 Soil water infiltration simulation parameters in different treatments

. : Kb+ Wt By
%;ﬁg Aeolian soil Cultivated loessial soil Dark loessial soil
N L 5 7 5 7y S e
. B Fap%x o W75 % fapx e W75 % Fas % o
BK-)Ché-‘r Permeability Stable {kﬂs%%ﬁ Permeability Stable &E.’%%f Permeability Stable &E.’%%f
application P determination P determination P determination
o rate/ infiltration rate/ . 2 rate/ infiltration rate/ . 2 rate/ infiltration rate/ . 2
rate/% . 05 Y coefficient R . 05 S coefficient R . 05 . coefficient R
(mm-min™") (mm-min™) (mm-min™") (mm-min™) (mm-min™") (mm-min™)
0 22.56a 0.238ab 0.993 8.12¢c 0.053bc 0.996 12.61a 0.146a 0.998
0.5 20.93a 0.265a 0.998 9.26a 0.072a 0.999 11.30b 0.102b 0.995
1 19.84b 0.201c 0.998 8.42bc 0.063ab 0.996 11.29b 0.092¢ 0.997
2 15.98¢ 0.182cd 0.995 8.57bc 0.070a 0.999 10.59hbc 0.074c 0.996
3 11.84d 0.169cd 0.998 8.01c 0.070a 0.992 9.82¢c 0.056d 0.997
5 12.37d 0.162d 0.991 7.24d 0.042d 0.996 7.96d 0.022¢ 0.997

e FIBIAE/NG T RE R A PR 72 53 i % (P<0.05)

Note: Different small letters in the same column mean significant difference at 0.05 level among treatments.

.14 Adprat BEALF G TR

34T 3 M-I I A R I i L R
RGN 3 ERTLUEH, ERHE
SERRPIRAEY, BEAE IR IOHER, , SRy LK 1 BB
KR, HOCOhTEg L, b RAC. xfEan LR
B, WS INAIRAT S INAS R I ) B AR 2R R R
BEEAANEF . XL, ARG T 57
FOMAL, RN k2 D 2O AT R R R 7R

R 5d J, ARV A H LSt FeE Ak B 25N AR AR R
10.4%~17.6% (P<0.05) ; 7k 10d J5, W&HW/DRR
KRR 9.4%~15.0% (P<0.05) ; %k 15d /5, WFEmW
NEFZE R 8.0%~11.0% (P<0.05) ; BfiZ& & I Ia] g4
B, AXTE L O (P ab B R AR R -6 AL
BEERZE R fm) Do) AL 3 RN 2 =) B, #130d
AT S5 RNy, AR A 0 b B 55 56 HE Ak 8 i) - 3 SRR R
RZERANLE . IR TR 28R AT, YR

A= 3% 75 Ik Biochar application rate/%

-0 —©0o—05 —~—1 —-—2 —=—3 —©—5

120 ¢ 120 120
g g g
g g g

£ 100} <100} < 100}
.S .S .8

HE g0t =HE 80 =5 E g0t
o g ® g ® g

{ﬂ g 60 F {ﬂ g 60 {ﬂ, g 60
= o = o :é/ 5

BRZ 40t B2 40t B2 40f
= = =

E 20} o E 20f E 20}

o) o) Vo o) )

0 1 1 1 1 1 1 I Ot’ 1 1 1 1 1 1 I ch 1 1 1 1 1 1 I
5 10 15 20 25 30 35 5 10 15 20 25 30 35 0 5 10 15 20 25 30 35
7% #Z 5 [ Evaporation time/d 7% #Z 5 [ Evaporation time/d # %I il Evaporation time/d
a. Mibt b. #4h-L c. M|
a. Aeolian soil b. Cultivated loessial soil c. Dark loessial soil
B3 TRAMEAETERELZLHHMGIX A

Fig.3 Relationships between soil cumulative evaporation and time under different biochar treatments
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S (W R 7K 43 1 e S S L3 Eh R IR i, BRI T A
WA, AT I AP R AL BRI H R AR AR Bk 5
MZER G, XA TR ZE T E, HJEEREA%
R EBEHR N, BT LB KN Rzl )+
HEZE R . RARCkUL, RIS SAE T A R R R 4
LAY BRI LR (30d) 5 (HSAE T Kb L3
RAFAE, FHIICETIIZE R AR T IN F A E R b
I AE KA A B,
2.2 HHRIARE Rt T IERE S RKA B R

S b SR A A P, A A A - S RUR R i s
BB IR Ty R AR o AN 5T R I A MR AN [ R FEE b 9k
DT ARG 3 Tl 5 M 3 IR A 5 O AR R L R R AR
(NOs-N) #E B TR (12 hy (4 . SXHEM
SR N KA X e T 05 A ) e s 108 L R 72 w7 N2
WARRL 24.8%~78.8%, 7.0%~41.2%F1 7.0%~37.7%
(P<0.05), LA, 0.5%. 1%. 2%. 3%. 5% ‘L)
IRACF D L1 NO3-N i 2k 5 73 il /D> 18.1%. 20.2%.
13.5%. 28.7%- 37.2%; w4153l 37.8%. 10.1%.
33.8%. 74.6%. 87.7%; M3 1505l 30.2%. 14.7%.
13.8%. 39.8%. 80.8%; iXLj Sika Al Hardie®7r jifii
FERERLT IR R 2 PR A AU R I 45 S — 5,
W A=W (A ot ik 2 3 - DX - B F MR B R
ARUAE R o A BRI T f: H R A R URT R iR
o NOg-N IR JEFTIL [ PesE » FE LRI, — 5 A& R oA A
Yy s LIERFEKAE ST (B 2) , MR 3 i ik 1
BEREAAR 7T, AEYR R IE I FL IR £ R R
K11 b 2 T A A R0 e A R A 2 W B4 ) L B B
PR E, WO B NOs-N = . AT, a8 AN
S 2B i o AN [) I M S A SRR 1 ek D AN
S L REIR A 2%AbBEEAR, B4R L IMBRIE A 1%4b 2
A%, 7RG BRIELE 1% 29%40 BRI & 2% 3L
AR DAL B, 3X ] BE 52 AR R R BT RE VS AR ) IR A
R BRI (HIE RIS 0 5940 FRE /D 5 2%

AR I

120 - Biochar application rate/%
0 zza 1 B 3

0.5 SN2 X 5
ab

f=3

f=}
()
®

2
(=}
T

X

o~
=)
RRRRRRAY

0.4

it R
NO;-N leaching amount/mg
=] (=
f=] [=)
RS

TV
K
A Y

%
d
3
N
%
%
_%
%.

0 2. VAN 2 R 4
Wbt Bt My
Aeolian soil Cultivated loessial soil Dark loessial soil
e AR LA RN PR AL I ) 22 5 2 (P<0.05) .
Note: Different small letters in the same soil mean significant difference at 0.05
level among treatments.

B4 AWEFmEsTRI L, &% LA
B3P L AHARHE Y
Fig.4 Effects of biochar application amount on NO3™-N leaching
amount of aeolian soil, cultivated loessial soil and dark loessial soil

Ny

(P<0.05) . X5 Larid “MFsugs 5, R R
b3 EAER 1 ] EE B A R IR B BRI
R R s Ry AU H e,

3 & it

A EE N AR, RS T 0~20 cm
LR IMED I KIS REF ORI NS 7%
KO TR EAURMIFEN, 3 H AP AN [R] o s 38 £
RN, A3 R 4ig:

D YRR S RRNBE RSN
T SR o AN IR AE ) R VS N R ek 2 Kb A
BYT K INBHSE (FHRNBHFFFE NE R,
W BIE IR LR (92 T 3K F ik B E ANVBH)
W], AR RS . TR gR T, 0.5% 4k
IIARHEAR 73 NSRBI T3 RANB &, 1% F1 2%
INETCEZ, RN (3%R1 5%) JRZEK Iy NIB T
PR 4 BN &,

2) WINAE s SR B IS B R B s B I ) )
FrEm R EOCR Philip NBHARTT TR & APk
() 3K 7> RGBT AR T

3) WA BE MRS ST T DA AR
SRR (30d) 5 (HEAR T XD T HIZEARE, Sl
NTTEliFay

4) FEWIR T i e e 3 Tt - SR A AR U
e, GARSIAEDIBARLE, VR 0.5%~5%4:4) s Ak B 5
FH BTSN A ZUMA ik 18.1%~37.2% (P<0.05) ,
T AR RIS 33.8%~87.7% (P<0.05) , M
T A EM R IL 13.8%~80.8% (P<0.05) ; 3 Ffiiiih
(¥ - BEAEAR AR MR VN N (0.5% ) A i AR 4 A Nt (3%
H15%) T FRR A S 1 2 BRI RS R A
T FE 1% 18 o 3 S0 [ KRR B8 0 L BRI 2 U K A Y
AU o

(& % x ¥
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Effects of biochar on water infiltration, evaporation and nitrate leaching
in semi-arid loess area

Xiao Qian®?, Zhang Hongpei'?®, Shen Yufang>®*, Li Shiging"**
(1. State Key Laboratory of Soil Erosion and Dryland Farming on Loess Plateau, Northwest A&F University, Yangling 712100, China;
2. College of Forestry, Northwest A&F University, Yangling 712100, China;
3. College of Resources and Environment, Northwest A&F University, Yangling 712100, China)

Abstract: Water scarcity and low use efficiency of nitrogen are the major limiting factors for agriculture sustainable
development in dryland areas of the Loess Plateau. Biochar has been widely proposed as a promising novel alternative of soil
amendment to improve soil quality and increase crop productivity, but limited quantitative work has been addressed on the soil
water infiltration process, evaporation characteristics and nitrate leaching. A better understanding of these characteristics can
provide the solid basis for the evaluation of the effect of biochar amendment on soil hydrology and nitrogen retention in arid
and semi-arid regions. In the present study, by using the soil column simulation investigation, biochar derived from maize
stover (pyrolysis temperature of 400°C) was applied to 3 different types of soil samples (aeolian soil, cultivated loessial soil
and dark loessial soil) collected from the Loess Plateau at 6 rates of 0, 0.5%, 1%, 2%, 3% and 5% (w/w) with triplicate. The
wetting process, the cumulative infiltration amount, the permeability and the stable infiltration rate were determined. The water
infiltration analysis showed that the advancement of wetting front and the cumulative infiltration amount changed with the
biochar addition amount and soil texture. The migration rate of water was the fastest in aeolian soil and the slowest in
cultivated loessial soil due to the soil texture and structure. The migration rate of wetting front in aeolian soil and
dark loessial soil was decreased after the biochar addition. As the rate of biochar addition increased, the cumulative infiltration
amount of aeolian soil and dark loessial soil gradually declined. For cultivated loessial soil, the higher biochar addition rates
(3% and 5%) increased the time of the wetting front to the bottom of the column, while the lower rates (0.5%, 1% and 2%)
increased the wetting front migration rate; the cumulative infiltration amount was not decreased at the rate of 0.5%, 1% and
2%, but reduced significantly at the rates of 3% and 5%. Overall, biochar addition reduced the water infiltration capacity and
increased the water holding capacity for aeolian soil and dark loessial soil; the lower rates of biochar addition in
cultivated loessial soil were not conducive to the water retention, while the higher rates of biochar addition favored. There
were extremely significant power function relationships between wetting front distance and infiltration time under different
rates of biochar treatments with the determination coefficient of greater than 0.99. Philip infiltration model was suitable for the
simulation of soil water infiltration process under biochar treatments with the determination coefficient ranging from 0.991 to
0.999. During the successive evaporation of 30 days, biochar addition had no significant effects on the cumulative evaporation
in cultivated loessial soil and dark loessial soil. However, biochar amendment changed the evaporation characteristics of
aeolian soil: the evaporation was inhibited in the early stage; due to the continuous supply of water, the evaporation gradually
increased in the later stage, but not significantly. The nitrate leaching was determined by the volume and the concentration of
the leaching solution. The 2% addition rate of biochar in aeolian soil and the 1% addition rate of biochar in loessial soil had
no significant effects on the total amount of nitrate leaching (P>0.05), when compared with the levels of the control (0%).
Biochar addition reduced nitrate leaching by 18.1%-37.2% in aeolian soil, 33.8%-87.7% in cultivated loessial soil and
13.8%-80.8% in dark loessial soil, which may lead to increase the capacity of nitrogen holding in soil, reduce the nitrogen
leaching risk in environment. Our results suggest that the use of biochar as soil amendment in agricultural soils plays an
important role in increasing soil water holding capacity, improving available nitrogen and helping crop development in dryland
areas of the Loess Plateau. However, more studies are needed to understand the mechanisms through which these benefits are
achieved.

Key words: soils; moisture; evaporation; biochar; soil texture; infiltration; nitrate leaching



