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Impact of Blochar on Soil Bulk Densﬁy and Aggregates of Lou Soil y
LI Qlan qian”, rXU Chen—yang , GENG Zeng/ohero“ ZHANG Jiu- cheng ; CHEﬁ Shu-lan' , WANG Hui- hng =
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Momtorlng dl’ld Lnspection Center Hanzhong 723000" "Chma)

Abstract ; The effectof biochar on the bulk density and aggregate stability of Lou soil was evaluated and compared after biochar was
applied for 2 years and 5 years through a field-positioning experiment. Five biochar amounts were applied in this study, as follows: 0
t<hm > (B,), 20 t-hm ™ (B,,), 40 t-hm~> (B, ), 60 t-hm™> (B ), and 80 t-hm~> (B, ). The biochar was produced by
pyrolysis of stems and branches from fruit trees at the temperature of 450°C with limited oxygen apply. At the beginning of the study,
biochar was mixed thoroughly with the surface soil (0-20 ¢cm). After 5 years, the soil bulk density and aggregate stability of 0-30 c¢m
soil layers (0-10, 10-20, and 20-30 cm) were measured and compared with the results obtained after 2 years with the purpose of
observing the long-term and persist effects of biochar application. The results showed that; (D compared with the results after 2 years of
application, the effect of biochar on the aggregates at depths of 0-10 ¢cm and 10-20 cm after 5 years were less distinct, and the effect on
soil aggregates at depths of 20-30 c¢m was significantly enhanced; 2 compared with the 2 year application, the aggregate stability and
the content of the >0. 25 mm aggregate size fraction were significantly increased at 0-10 ¢cm depths after 5 years of biochar application
at a rate of 40 t-hm ™2, while bulk density was significantly decreased; at 10-20 cm and 20-30 cm soil depths, the stability of
aggregates and the content of the >0. 25 mm aggregate size fraction was significantly increased, while the bulk density was significantly
decreased after 5 years of biochar application at a rate of 60-80 t-hm™; ) when the biochar application rate was 60 t+hm ™, the
increase in soil organic carbon was the highest after 5 years. After biochar was applied for 5 years, its effect was more significant lower
in the soil profile; the soil bulk density was significantly reduced, and aggregate stability and the content of >0. 25 mm aggregates were
significantly increased at depths of 20-30 cm. Based on a comprehensive evaluation of the improvement effects and economic benefits,

the most suitable biochar application rate was found to be 40-60 t-hm . It was further concluded that the effect of biochar on soil
aggregates was gradual and sustainable.

Key words: Lou soil; biochar; soil bulk density; soil aggregates; soil organic carbon

R 1) -3 A S 1 IR ) PR B PRI SRR IR A R BEA B0, ERSRS

WFSEHEA: 2018-08-12; 11T HHA: 2019-01-25
BT AR FFAOl F5E 8 5000 = 40 H (K4030217149) 5 PRVGA H s WF LI H (2018NY-094) 5 PYILARMAELE KBRS ERIHTI
Z5HR155 H (201710712037)
EZ A ZEE (1995 ~ ), Lo, WiHBros A, 5T 7 0 R B 54 W R SRR AL A A, E-mail ; 18404968315@ 163. com
w WEVEH , E-mail; gengzengchao@ 126. com



7 3] PG AW B S8 A S T AP SR A 5 ) 3389

iR e ) AR 22 /0 n] L i - 3 )
ek | 38 S DL S A7 AL 25 5% 2 S e 1Y
K5, BRI AR T SR TR bR 2 —. BRI
AN AT ISR R | AR A5 A A U TR AR
™ R A R A R A S5 i - S AR
B, B, 9 IR PTR AR
VI HORFEFE . ZE0E S5 A ML RHE IR R B
T, gl EiR A AL AR R — R B 2L L
TR, B &wous U NARE D RoE
PER R I B IR0 ARk, YRR Z
SIRASAT RN Tz OGN, R A R A 1
BRI Tl R — T e
R, AW A 3R D 25 42 5 A AL
mesr Y, Rk e BRI Y, R
R AR (ER A BT AR
YR ETEAXT AR A R E, L2557
AR R PR AR, i B Al 22 Y R A
5$%ﬁﬂi%ﬁ*mKHU&ﬁ@ﬂﬁE?ﬁ
3é[17]
=i, %T%%ﬁﬁi%l%ﬁiﬁ;"ﬁﬂﬁﬂj_

ﬁ@@ﬁ?ﬂéﬂﬁﬁﬁ? k%mﬁwﬁﬁﬁy
&m”m ﬁ%&%ﬁﬁﬁﬁ%@ﬁ%i 3 B
i%ﬁﬁ%@%%éﬂmﬂ%mﬁfﬁﬁm%

D(US 1914

ﬁﬁ%&ﬁ Hﬁ%ﬁiﬁ%%%%ﬁﬁﬁiﬁﬁ
MR, i Rias T, TP 2 4 5 75 e 14

(PR P IR BRI, H
iﬁﬁguﬁ;ﬁi AR WERT D, LA

Mo IX LSS B AR SC T TSR, ARG DAy T ] 5 7
G, ISR, n] LS4 i 5T B 5 A7 BR
3SR AR W Rt 1 - IR E5 K P A s . A
KAEm AR5 RS SR b AR A S
a HIER A R S Y A 3 2 a BYIRS0 45 R it
Fr B, PRITREE A BR A IE < A 1 ¢ ATl A 0] 18
b E AR AR i SRR E R R, LA
R I 5 N i T S A T A S R T i S 1L R
M.

1 #MeEHE

1.1 R ML

AR I 57 T B PG 44 A v s v X P AL AR AR
K g B, Mo 38 AR bR D dE 26 340167, R &
108°04", TE4K 458.6 m. HHEAHI N 0T B+
WK, LL IR, EEER, RGO A
NA, TR e . % b X R R KR S T
SR, 4R P BE B2 196 b, iﬁ%ﬁﬁw
13%C, ivmiwo7mmmﬂm%Wmmd
L2 REAET N W P
121 #95T |y & 1€

ENCENI i%ﬁﬁ%ﬁ@%ﬁ% ﬁﬂ&#
AT BRI AL AP R AEBRBE T (450°C) 5
%WW¥\&%mﬂﬁﬁﬁ PG 1 mm 5
R AL N 3 1 TR
1.2.2 e ib e

AR R+ A BRI AL PR B N3 2 B,

F1 EWRBEUER
Table 1  Physical and chemical properties of biochar

pH L R N 0 C H ST ) e
(+skE M 1:10) /mz'g’l /% /% /% /% /mg’kg’l /mg'kg’l
10. 43 86.70 1.09 23.81 72.38 2.62 0.52 1. 86
F2 Ml HIEEAER
Table 2 Physical and chemical properties of soil

pH Ea A X el TEEOY A SR HA K AL

(LK 1:2.5) /grem 3 /g-kg! /g-kg ! /g-kg™! /mg-kg™!  /mg-kg”!  /mgkgT!  /mg-kg! /g-kg!
7.33 1.30 0.71 0.43 19. 64 18.20 15.90 12.38 193. 00 14. 99
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Table 3 DR, ,5 and WR,, 55 of different soil layers

under different biochar treatments/ %

- +2RE/cm

O 0~10 10 ~20 20 ~30
B, 87.6+l1.2ab 88.3%2.4h  87.9£2. Obe
By,  91.4+0.6a  92.0x1.2ab  86.9+0.3c

DRo.s  Bgy  86.8+1.5ab  88.9+1.2b  91.0=0. 5ab
By  85.5+1.9b  91.3+1.9ab 93.0+0.5a
By,  86.1+2.0h  94.2x0.6a  93.0+1.2a
B,  44.5:2.3b  46.2+1.2ab 33.8+1.0b
By,  41.7+1.5h  46.8+1.6ab 37.8+2.5h

WRy.s By  55.8+0.9a  44.5+2.5b  39.0x0.4b
By  35.6+1.2c  51.1+0.6a 35.9+2.2b
By  30.8+0.3d  44.4:1.6b  45.4+2.4a

1) AR/INE Fb: 3R R Al — - 2 AN ) Ak 2 8] 24 535 1) i K (P <
0.05), FH

R 3 AT, AWt A 135 a, TER)ZO0 ~
10 cm, By, . B, . Bl By, 1 DR, ,s 5 B, AH TG
FMEZER, 7E10 ~20 em 12, By 19 DR, 55K B, i
FHNNT 6.7% 3 1E 20 ~30 em )2, By, 1 By, Y
DR, s B, #B W ZE M T 5.8% . #EEJZ 0 ~ 10
em, B, H WR, 48 B, BEHN T 25.4% , By, Al
By, # B, 40 8 /N T 20% F130. 8% ; 7E 10 ~
20 em 1), By By B M1 By B9 WR, 555 B, AL
TR EMEZES 7620 ~30 cm /2, By, i WR, . 5
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Table 4 MWD of different soil layers under different biochar treatments
. T RRE/em
& AR 0~10 10 ~20 20 ~30
B,  4.35+0.0la 3.98 +0.46ab 4.08 +0.04b
B, 4.26+0.24a  4.43£0.10ab 4.51 0. 44ab
Tk By  4.3120.17a  4.06+0.06ab  5.17-+0.02a
By ~ 3.72£0.08b 3.79£0.20b  5.10%0.05a
By 347 £0.02b  4.72:0.01a 4. 18 :'0!.,‘“0"8‘11
By 1045 £0.06cd 1,37 £0.02h/ 1) é}#’d 03
: By ' ¥1/84+0.07a  1.54 £0/10b5 1179340, 43a.
W | By 1.69£0.07ab 1.36 +0500h /108 £0. odh
B! | 1.57+0.08bc 1.40 +0.06bs" f1.29 £0.12b
J /By, 1431 £0.06d  1.92x0/014 |/ 1.38+0/08b |
" | -/

] ¥ 5 i ’ | =
WA AL TR, 70 ~10 em B2 By,

Fil By M9 MWD 43 51 %5 B, 5804 T 14.5% F
20.2% ; 1E 10 ~20 em +J2, By By« B Ml By, Y
MWD 5 B, A L34 R 8 3] i 4 25 55 7E 20 ~ 30
em 12, B, Ml B, 20514 B, W EHIIN T 26. 7%
25.0%. MBI, AEP ARG MWD Bl A= 4 % FH
SIS KIF N, 7ERIZ 0 ~ 10 em AR
4 B,y > By, >Bg, > B, > By, Byl B, MWD %% B,
Iy B E N T 26. 9% F116. 6% 5 1E 10 ~20 cm +
2, By B9 MWD fii, % B, 31T 40. 1% ; 1&
20 ~30 cm Ak, B, ) MWD fif, 5 B, &N T
40.9% . Vi HAEY B S a, 70 ~10 em T2,
AW ATt R A 20 tohm 2 140 t-hm 2 HF, K
0.25 mm KEPER TR R MWD B350, 78 10 ~
20 em 12, AWt &R 80 t-hm 2, KF
0.25 mm KFaM: A RIRA) MWD E%iﬁﬂ; 1E 20 ~
30 em 2, BRGSO 20 t-hm 2B, KT
0.25 mm KERHERIRAR MWD B 238 0. 1=
HXFRT 0. 25 mm HUBRER & M ET R AR K MWD 1R
FHLAE 20 ~30 em )2 ks 2 5t AW %
PIAE SR HEEH 0 ~20 em 42 H R MWD A

PR H i i) b A PR K R E I S, AR dxe 2%

LEYESTRER

B HEZ LT B = A 5, X
FJE VR 23 AR X 855
2.1.3 AW S R AR E R 5 e

PAD Fl E, BERSAR 7 M iz ke -+ 48 AT SR A e 1k

(F5). HAEMUOR, o M RIATRE M2, LI
RALAR BB Ry H(EBE /D, 3R T A R
%LMJ.

x5

different biochar treatments/%

£k bIETARELE PAD M E /%
Table 5 PAD and E|; of different soil layers under

J5hi fb 2R E/cm
0~10 10 ~20 20 ~30
By  49.22+2.05c 47.4+0.64bc 61.46+1.91a
By  54.42 +1.48b 49.09 £2.04bc 56.57 £2.82ab
PAD By  35.77+1.31d 49.93x2.73b 57.15 £0,33ab
By~ 58.44+0.58b 44.07 £0.36c 6141 +2.39a
By, 641521152 58.12x1.43a 51102 82b
B, | 8199 +0.88bc 82.37 £0.89a 86 42 £1.29a
By | 83.78 +1.38ab 83.04+1.58a 5. 10,.+0 76a
Eiy By 1779.30 £0.81c| 82.05 +2.22a" 85, 51 =0, 67a
By . 86,46 +0.70a '78.13 +1.71al 851331.40a
0. 06.4°1. 82h

. 85.84 £1.0la

81. 59 +1. 19a

e

~H PAD F1 E % B, #B T & W 1%,

H%ES T%ﬂ 1 0 30 om 2, PAD T ELTA%:}
B i — ﬁuﬁﬁﬂ@ R £ £ )2 010 ain,
PAD # ELT%ISS%HHW*MFR WA S HFHRD, By,
Gy M BEAR T
27.3% F15.3% , T B,, . By, Fl By, 1) PAD # B, 43
B ZE N T 10. 6% | 18.7% F130.3% , By, Hl By,
() E 48 By 0B WM T 5. 1% . 4.8% ; 1£ 10 ~
20 em +)2, E FFARB B B EMEZESR, By PAD
B, BEWINT 22.6% ; 1£20 ~30 cm )2, By,
() PAD 1 E,, 3¢ B, $4 W EFRAK, 430 F%A% 16. 9%
M7.4%. WLUFH, #£0~10 em 12, LY
HEAE 40 t-hm "7 B - 498 A SRR P R M B, BRIL
FHAh, AR AR IR Re e M B R 5 75 10
~20 em 12, YRR 80 t-hm R, B
FEAR T A SRR AR e Pk 76 20 ~30 em 12,
A= B FH A S 3 T A SRR RS e b, Y
IKE 80 t-hm °H, HIRIKFE R, B, ZA
] - JZUREE R 2, 3 SR AR e X 26 e FH
T AL A AR, AR 6T 1 S A SR AR RS Pk

APy e NI S

2.2 WS TR HL@%E’J% U

m e, AR S a, A LK
BEWIN. 7£0 ~10 cm 1)Z, By, . By, . B, A1 By Y
AP S =R B, B W, B ERm T
20.6% ., 27.9% . 75. 4% F1 86. 8% , + A HLuK &
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w5 ARt AR AR — 3, AW it
A, ALK S B E; 7510 ~20 cm )2, B,
By, Fll By, I BLAR 5 B4 B, Y88, 2 534
T 48.9% . 25.7% 1 64.9% ; 120 ~30 em 1 )2,
B, A ALK & 58 B, BN T 27. 8% . BT
5, MY R EEGHT 582, Fiko ~10
em F110 ~20 em B9 H3EF AR & & B & T HT
243 (20 ~30 em). fE0 ~10 em T2, BAREY)
i FH R 80 t-hm i, A LR S R, (H 5
FHHE R 60 t-hm B (194G HLAR & AH G, IR IR
PP FMEZES 1610 ~20 em + )2, AW it T
jleOt hm =2 B AR - A LR ™= A 25 152

e 5 Ry penti AT G, ARt FH B A2 ) e P R 2
ii%éﬁ’a%z RSN 55 ; E 20 ~30 em + )2, 49
TR 60 t-hm HF, SEERIN T 43 HLAK
‘% PR L2525 PG TN - 498 AL 1) 30 R0 I

Tri g kA, EWREH N 60 t-hm ™ ZEIT%%I)L,
Biﬁ:

0By WBg
@ B BBy

10 |

FHLBE S tgke™!

[T B =

10~20 . 20~-30
] EAERHE /em
1 EYRAENAELE BB
Fig. 1 Effect of biochar treatment on the organic

carbon content of different soil layers

2.3 BT+ HEA AR

s E R R E B —, B
5B SR UG, BRAES S b 1

2 s, YA S a, #£0 ~10 em
2, B A ER B, WERILT 13.2% , HAi
%ﬁﬁﬁﬁ;i%ﬁﬁﬂ%ﬂﬂ%gﬁfﬂiﬁﬁﬁfﬂﬁ £
10 ~20 ecm +JZ2, 7£ B,, . B, (34 40 5% B,
WBEBERT 12.6% F111.9% ; 1620 ~30 cm T2,
B, U HHERTE S B, ML, BERKT 22.8%. Bt
WA A= ) 0 B 4 3 A R e R 1 LB 2 s () Y
B, it R AR R T 3 R T A A %
g, RRERINEIEARERM FERA. £0 ~
10 110 ~20 em BY#FZ L3, W) it H 2 40
~60 t-hm i}, THEAE B E K, 7620 ~30 em
F 2, W 80 t-hm 2R, AT BE
FEAIK.

B 10 %
180 OBe @By a
B By BBy ab
1.60 & By be
TE g2 ab c C é
g 140 iy, 2 A=
& § — c
20 \ —
" % =
1.00 - % =
\ =
0.80 . = .
0~10 10-20 20~30
F4EE i fem

B2 S¥YxEXNAELETEFSENZI
Fig. 2 Effect of biochar treatment on the soil bulk

density of different soil layers

2.4 IRV RR A P %) 5 A R AR S i ) He A
2.4.1 AFRAEBRAEY AT >0.25 mm 5 A B K
AT N
M6 AL, THisAFT, 'ﬁ@e%ﬁ%ﬁﬁ/\i%

2 a fURIFRE ii%% DR, 57" = 1835 M AH tt it A
YIS a, ,EQX]L 10 ~20 cm 120 ~30cm im%ﬁi
iﬁﬁiﬁ%wﬂn ﬁﬁxﬁc 0 ~10 cm i);;’-%ﬁil%f‘ri
ﬁ%%ﬂﬁ

j‘fﬁ%ﬁﬂf %ﬁz%ﬁ‘zﬁ@bﬂ 2 a %&%E “%Htt

i%#ﬁﬁﬁ/\ﬂﬁ 5a, 60 ~10 em LB BB B
k] WRo.zs-i“pm*IrmggT 7.7% , Bsoﬂ] Bsoﬁi‘gf{}jﬁ
T WRy 55 7E10 ~30 em +)2, 2% 1 L 4 A 3

/L DFRE WR, o7 B (S .

2.4.2 RFEAEBRAEY BT >0.25 mm FRAE MWD
AR

M7 AlAL, THiaT, s A 12
a, T£0 ~10 cm 12, B, By, [ MWD %% B, 3%
BN 27.9% F123. 1% )| WS AEBR GBI, A=
YR TIE 5 a, By, Hl By, B MWD %5 B, .35 1k
/INT 14.5% F120.2% . 710 ~30 cm T2, W&
ERRIA TR, A9 e 6 SRR MWD i 5% i 78 £
FERIFEZES A RiEA T2 a, 10 ~20 cm
T )2/ B, Bl B, B¢ B, R ¥, MiAE 20 ~ 30
em )2, By, By, Be, Ml By [ MWD 5 B, #H L3
KRikF| R EWEZES; MAEYRBA LS a, 710
~20 em T2, B, . B, . B, fil By, ) MWD 5 B,
LA AR P22 5% ) 7620 ~30 em 12, B,
Fl B, B8 B, B E 10, 7= Az 5 b B 42 1 I PR O
P[] - 4 B0 )2 3 B T 4 30 A % B 4 47 R 7
B A R e N2 BT IRE L
A R AR = HEAE .

WG AT, SAwmAsn 2 o AL, A
i ATHES a, 70 ~10 ecm + 2, K HELY
A MWD FISENR G BT 55, B, . By, A By, 230l
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W T 20.9% | 27.2% 1 52. 6% ; 1F 10 ~20 c¢m
2, By 55 T 18. 1% , By, W58 T 14.2% ; 1 20 ~

30 em T2, AEWncti A H3E 2 a FEARK MWD ;=4
WBER, HA S a EEFRI T MWD.

R6 TREMEYRLETARLEMN DR, 371 WRy » /%
Table 6 DR ,5 and WR,, ,5 of different soil layers after 2 years’ and 5 years’ biochar application/%

R DRy 55 WRy,»5
TR/ em Qb s . s 2
B, 92.7 +0.5h 87.6 +1.2ab 28.7+2.7b 44.5£2.3b
By, 92.4 1. 4b 91.4 +0. 6a 38.5 +3. 0ab 41.7+1.5b
0~10 By, 93.6 +1.2ab 86.8 = 1. 5ab 38.2+2.7b 55.8 +0.9a
By, 96.0 0. 6a 85.5+1.9b 47.327. 1a 35.6+1.2¢
By, 94.6 +0. 9ab 86.1+2.0b 46.8 x1.7a 30.8 +0.3d
B, 94.7 £0.7a 88.3 2. 4b 38.2+3.4b 46.2 +1.2ab
B,y 95.2 0. 6a 92.0 % 1. 2ab 49.2+1.2a 46.8 1. 6ab
10 ~20 By, 95.1%1. 1a 88.9+1.2b 49.5 +4.3a 44.5+2.5h
Bg 96.5 1. 0a 91.3 +1.9ab 42.8 +4.7ab 51.120.6a
By, 95.4 0. 6a 94.2 £0. 6a 43.5 1. lab 44.4+1.6b
B, 95.9 0. 8a 87.9 2. Obe 43.0 +2.0b 33.8 +1.0b
B, 95.5%1. 1a 86.9 0. 3¢ 51.2 +3.9ab 37.8 £2¢5h
20 ~30 By, 96.1+1.1a 91.0 +0. 5ab 5574, +8.0a /739 0';}0. anl~
B 97.0£1.0a 93.0£0.5a | 51.2 %3.9ab 350+ 2/ 2.
By, 95.8 +0,4a 93.0+1.2a = 40.3 +3.0b 45.442 45
1)2 o BClR 1 SCHR 1T AR ING 5 R 48 i — L2 R IS 22 ek B k7, P 205, T | e
P 'R7 AREREVRABTARLEY MWDY s
F i / ' Table7 MWD of diff_ereﬁt sqii’iayé?s-;fter 2 years’ and 5 Hyez,‘irls’-“biodal'alr applicali.qfl;" :
(e G| wm ) IO~ O R, DR el
=/ b A 5 /@ 2 a a° %
4 B, /46 £0.12h 4.35+0.01a 0| | 1.38%0.05h 1.45 £0:06¢d.4
B, J/ B430 4ob 4.26 0. 2a . 2.04 £0. 10a 1.84 40,074
g 0410 By, 4.24x0f06b /| 4.3120.174 2.10 £0. 04a 1.69 +0.07ab
) " @ " By o 5.32880. La o 3.72£0.08b 2.22 +0.26a 1.57 0. 08be
Il By, U512 £0559% 3.47 0. 02b 2.54+0.26 1.31 £0.06d
r B, 4.16 +0.43h 3.98 +0. 46ab 1.97 +0.20b 1.37 0. 02b
By, 5.26 +0.32ab 4.43 £0. 10ab 2.57 £0.24a 1.54 +0. 10b
10 ~20 By, 5.38 0.37a 4.06 +0. 06ab 2.32 £0. 15ab 1.36 +0. 00b
By 5.49 +0.30a 3.79 +0.20h 2.48 0. 18ab 1.40 +0. 06b
By, 4.80 +0. 41ab 4.72£0.01a 2.48 +0. 13ab 1.92+0.01a
B, 5.36 £0.27a 4.08 +0.04h 2.25 0. 14a 1.37 0. 03b
B, 5.96 +0.61a 4.51 +0. 44ab 2.76 +0. 06a 1.93 0. 13a
20 ~30 By, 4.77 £0.30a 5.17 £0.02a 2.83 £0. 63a 1.08 +0. 04b
Bg 4.94 £0.40a 5.10 £0. 05a 2.44 £0. 4a 1.29 +0. 12b
By, 5.18 +0.41a 4.18 +0.08h 2.20 0. 13a 1.38 +0. 08b
2.4.3  RIRIAERRAE Py pont 1 58 1A SR AR R 1 5 ) Bt FH LA 40 ~ 60 t-hm 2B, I 4G 0 4 e 23R
Y H A fRFE M MAEY R 80 t-hm A, IR IA

AN [R) AR A 1y e Xk = 398 A SR AR T s T A
JiARTE], %8 MAEYI KA LTIE2 a F15 a, AL
R AFEL)Z PAD fl E 1 FLER.

28 WA, B it A L4582 a, 0~30 cm
()12 AL BRE PAD 1 E, 80 s/, 1A i
A2 a WAEY) B EWI T + 8 H Rk E
P AR SR A Y R A 1S a, XL
BEPTR IR E TR W o, WA BT, X
SR TR E . 4E0~20 em H2, EY)

FasE T BB FRAK. TAE 20 ~30 em T2, HATEE
YRt &8 80 t-hm 2A), +IERIRIK K FaE M
Aol g Hp A B I B S5 R .

3 it

AR, EW A TIE2 a 15 a, HXT
0 ~20 em )2 PRI P A L 3E 5 , {HAE Yt
NS a 552 " BBFTE S A LA BT . A R it
A5 aXf20~30 cm 12 HEPAIRA W R E, &
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B 40 %

IR 2 a X 20 ~30 em 12 1 5 A B AR 52
AR, UL - P AY B R A R — A

GBI AR X R 2 S 04 SRR R AR A e T
ARt T IEHHE (B 0 ~20 em +2), B W)
HATBEE L= A E, X 20 ~30 em 12500

BN 25, R B, Z MKk YE & B
(A AR ) 48 B AR AU RIS shrdsgm, +
e N OREER Y b S LI N = e b 1) ¥ ipw > A1) 1]
X 20 ~30 em t 2RI R A TR, 5 e la] B
R ST R A TR

#8 AEEREMXKLETAELE PADME /%
Table 8 PAD and E, of different soil layers after 2 years’ and 5 years’ biochar application/%

TR/ em b3 PAD Epyr
2a Sa 2a Sa
B, 69.72 £2.78a 49.22£2.05¢ 71.33 £2.66a 81.99 +0.88hc
By 58.34 +3.19ab 54.42 +1.48b 61.49 £3.03ab 83.78 +1.33ab
0-~10 By 59.15 +3.24ab 35.77 £1.31d 61.83 £2.65ab 79.30 £0.81c
Bgy 50.68 7. 61ab 58.44 £0.58b 52.71 +7.08b 86.16 £0.70a
By, 50.51 =1.34b 64.15£1.15a 53.16 £1.71b 85.84 +1.01a
B, 59.67 +3.61a 47.4 £0. 64be 61.83 £3.42a 82.37 £0.89%
By 48.35 £2.17ab 49.09 2. 04he 50.85 +1.19b 83.04 +1.58a
10 ~20 By 47.99 +4.54h 49.93 £2.73h 50.54 £4.26b 82.05 £2.22a
Bgy 55.51 £9.35ab 44.07 £0.36¢ 57,146 £4.73ab 78,4341, 71400
By 54.37 1.29ab 58.12+1.43a 56,49 + 1. 11ab 81, 59.4_4 19a
B, 55.2 2. 1la 61.46£1.91a | 57,04 +2.03a 86.42 £1.29a
By 46.48 ¥4 26ab 56.57£2.82ab| . 48.85 %1, S6ab 85._.}‘(5%9.-7“65 ’
20 ~30 By - 42.16%8.87h 57.15 £0.33ab 44,58 £8.02b 85, 5140.67a/
Bgy | 47.19 £4.22ah 61.41 £2.394 /48,81 £3.90ab 85. 334 1,40a [
By, 57.98 £2:66a  51.10+2.82bs,  59.%4 +3. 02 80.06 = 1.82h
/ oy Vil P ) € ~
ARG RI, PEY R S ), #0400 RUEPERER; 4 4E 10 & 20, em Fil 20 ~ mcmiﬁf
(miF %%@%ﬁ%iﬁthﬂﬁﬁ@%w g 4y 5 B 60, ~ 80 t-hm 7 B, WR 4 Fi

BB RRGE M R B AL, x5 AR X

%@mﬁﬁﬁ/\#@wm/mﬁ KRS, HEX

—1Z, %i%ﬁmﬁiﬁmtmn%fwm%ﬂ
MWD §LEH501, PAD HI E,, 55 REAE, W e T
SRR ) B AR R M, LIRS - 9 AT SR A ) 5 J
FaEMIR B, Glaser 2 (S AL, W)
B AT LASE SR AR s e AT A 2
Y, W AR AR 25 W 0, DT B 5 T 2R
RARETE. M55 Rt ALY
ARG I A R AIR R e, AR S 2 5
2 a MRS AR A T E R ML AE 0 ~ 10 em +
2, MR R 60 ~80 t-hm “2H, WR, s Fl
MWD /0N, PAD 1 E, S E 800, 33 5 M- 76 i
VOB RIS 45 R — B, A A SRR &
A IMAEY BT m HIER A R G =, BE
FEAR T HIERI R MR E M. X EZERN NI
Yrpcossim + 55 i SALBREE | $2 i R IEOK SR R AE
F1, BAWyhchti A3, FL B R 2 B K
PP ORFERFIRIG X 2 T2, £)2(0 ~10 cm)
T HEZ M ALK, B T KSR, BRAR
T HIEFLE T, 1S T, Rl AE Yk LR

T, /N, rfiad R A BT REAN S A R A
SRGURE T PR I v e P i 14 A R T T AT SR A

MWD S B PAD 1 E 3 FAK, 156 0 Bt
ARG A E MR G . X — IR Y
PR 5 P SR A RN A= 4 e B A B (] ) F 2 RS A
K Bl A BR B3 K, AW AE R KRV L A I
)4 B (AN TR ) A1 SRS W S R F R & i) R
JEAER T X2 e A B AR 5 (R
FHAE AW e el A FH B 2 4 FR 14 S 38 T 0 55
e it FH 2 1 A 1 e TR 2 3R VR R B T n ik, X
TRIZ SRR IS 8K 5 BRI Z b, 7 A Bt
R T, RIZMAREW N TRER, B8 T F
JEA B M AR, i _E R A RS B

A

WA TR, A [F) 2 1Y - ok iy A<l
i AR, — ORI, AL A AR+

O R B A 25 B PRI, A M
%, WIRR LS i fs 2kss. ARFsE LB, &
WIHTALTIE2 a 55 a, TIEATYBERME, H
RGN S5 a 5 2 ot S SRR L I . 2k
YIRMATIES a5, 7£0 ~10 cm 110 ~20 cm +
2, MHTG RN 40 ~60 t-hm 20, HIHEAE B E
FEARG, 24 Hoi FH A0 80 t-hm 2, Jf R4
Wi 7520 ~30 em 1), 4 HACY) A=Y mt &
h 80 t-hm PINF, IR AR, A
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(RIS KR, TR it A -3 2 a, A=W it F
940 ~80 t-hm A, TR E I WAEREAL. B R
RERE RFAIK e T REA W 7 R N, — iR
EA ZALE5H, W ERAL, M 155 RRaERE AT
MR, B —EMmBER, S —Jrm, A
FE A AW ] L i S A A A A T
HGR A R, Tk LRy
HIAWFSEERB, 720 ~20 em T2, 4EY%iE
FHHEEN 60 t-hm 2B, 78 5 35 2 ) - 4905 M LA
N SRR A RIS AL e - e W
PR L MRS L) R A e A koR U ATy i
PR s A A T T AR W it iR 40 ~ 60
t-hm 2RI, WA R, 40 t-hm
AV pc A REM RPE L, e RE N A
EBERE. AL, EYRIEATIES a, 4
AW R R R 60 t-hm ~2 B, X T334 HLER (1
ICRF IR ; 750 ~10 em LJ2, HHt &y
40 t-hm I, P IR AR ek % R S 2 B R A
MBS, 25 E W E PR, 7E 10 ~ 207 em #1720 ~ 30
cmiF M mmiﬁ&)SOHMZM I%w
&%m&%M#%Mﬁ&H @E @ﬁ
I%%%%Aﬁﬁﬁ$ﬁ?ﬁn%% Fi&
A e R 40 ~ 60 t- hm‘zﬂjXT:t%%

mﬂ%ﬂ%rﬁ” [V,
4 'z.%i@' AL g 1 =

(ni%ﬁﬁi&@%%ﬂQM%#¢mL%

, BEFEAERR A3, Az 4 e 12 W 6P R 2 4
iﬁm.ﬁiwﬁ%Ai%zamw,iwﬁwA
5a, 20 ~30 cm )2 B R E W ARG, FIRIE
i RIS E PR A R .

(2) N MBGERIR G & % 18, TEHEZE
A 8856 A 40 ~ 60 t-hm > f2E )R
5% 30k
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