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FEE N ERITAW HXTRAET R ( Machilus pauhoi) AR AR K A SO AE ) K IRORE | LA A6 A — M 2235 (Mlex latifolia) AIE 5
GBS 4, JT R [ E) /N X AR 56 #F5E 0 kg( CK) (1.2 kg(T1) 2.4 kg(T2) . F1 4.8 kg(T3) 4 A4 e I XF 2015—2017 4[]
WA R A K B A K ISR A E AR BRAE AL R, SRR AR ATIYT, GBI A AR R H 16 HR AR R, A
s Rl S AE T AR = R B SE R A K RUR TR R ) 282 53 0 3 5 6 BEME | , T T2 0 T3 Ab 38T €0l 46 i Ap 35 5
A3 AN 35.71% 59.02% 1 31.81% , b T B F 43 F 3411 28.02% ,39.69% Fll 20.52% ;3 MR PRI FE T 0—15 cm A1 15—
30 cm 122 pH A WU FISACH & 1S T0 IR B4 BEE A= W il L 0 38 T in 3 05 A W e b 3R LR R A 2
WHHISAERE, MAAEY #2015 451 2016 4F 0—15 cm £ JZ G 2 & B A, 2017 45 0045 B, (B2 R R 838 (P>
0.05) o 15—30 cm )20 A S B2 AR B8 AL IR XF 2015 4 0—15 em 26 208 & & 00 WA .35, 3 2016 4FF0 2017
AR R IR, 5T A T3 A ROV R R A TR 15—30 em £ 2 R AR BB (2017 ) UM A B E
(P>0.05), BIRENR, REAHT +3E& 50 & BRI A 0—15 em>15—30 em, 2015 4E>2016 4E>2017 4E, @IFET M AEY
5 0—15 em IEFRSF AR AL W 3E IEARDCHE % 35800 & B A AE IEAHOCOC 2R 3l s AR 0ok (T2) b 3R AR DR AT 2400 Jie
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Effects of biochar on Machilus pauhoi growth and soil nutrient interannual

variation in an intercropping system
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Abstract: To explore the long-term effects of biochar on growth promotion and soil nutrients of the intercropping system of
Machilus pauhot and Ilex latifolia, a field plot experiment was carried out to study the growth dynamics of M. pauhoi and
inter-annual variability of soil nutrient content from 2015 to 2017 under the treatment of four biochars of 0 (CK), 1.2
(T1), 2.4 (T2), and 4.8 kg (T3). The results showed that the M. pauhoi growth rate was slow in the early stage, but

accelerated after transplantation at 16 months. Biochar promoted the height, leaf length, and leaf width growth of

EE TR : PTRIER MR 35 H (412666)
s B H#A:2018-05-28; % £& H AR B #A : 2018-00-00
# MIRVEH Corresponding author.E-mail ; gxfewnu@ qq.com

http ://www.ecologica.cn



2 S % 39 &

M. pauhoi, but there was no significant difference between the different dosages. Compared with the control, the shoot dry
weight of M. pauhoi under T1, T2, and T3 treatments increased by 35.71% , 59.02% and 31.81% respectively, whereas
the root dry weight increased by 28.02%, 39.69% , and 20.52% respectively. The soil pH, organic matter, and available
potassium content in 0—15 and 15—30 cm soil layers increased with biochar application rates over three years. After
biochar application, the content of total nitrogen, phosphorus, and potassium in the soil increased slightly. The alkali
hydrolysable nitrogen content in the 0—15 c¢m soil layer decreased in 2015 and 2016, but increased in 2017 and the
increment effect was not significant (P > 0.05). There was no obvious change in alkali hydrolysable nitrogen content in the
15—30 c¢m soil layer. The change in available phosphorus content in the 0—15 cm soil layer in 2015 was not obvious after
biochar application, but it increased in 2016 and 2017. In addition, the effect of T1 and T3 treatments were the most
significant. Biochar increased the available phosphorus content in the 15—30 cm soil layer, but it was not significant later
(year 2017) (P > 0.05). In general, the trend of the soil nutrient content under each treatment was: 0—15 > 15—30
cm, year 2015 > 2016 > 2017. There was a significant positive correlation between M. pauhoi biomass and the 0—15cm
soil nutrient content, and different soil nutrient contents. With respect to biochar application, the effect of T2 was most

pronounced with regard to promoting growth and holding fertilizer and was also long lasting.

Key Words: biochar; Machilus pauhoi; soil nutrients; interannual variation
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PRALPERT 3G 3Rk RE ) Hr R ISR Ay (R AE K T RE I R B 4 AR A HE Y T A O T s AR
T RN A 5 R A 1oy P e 0 ) A 7 e P 488 1 240 R B S P ARV T A 3 AR 1
IR

WAL ( Machilus pauhoi) Fy 8 K& SRR FRA JE AR RHE R AR AT HE B, Wk 5 %
FEALLER BT SR 2T 60 A BT 8 5 A% B PR3 S AT P 7 2% A 10 R R0 00 5 R - aih e sy, T il 2 A
098 Tl T P il T A s e RIS SR A AT [ B AR AR A B O B A, R HIEAE R R B
AR BA 2R 2 T 3 1 HLELA S 00 A A, S TR R AT b X D B v I R DX IO R
1Y % AR AR ST PR T AN A P 3 SR RE IS SR Filr

H T, B A OCEIAETR AR AT D B AR 4 FUR T2 B3R 1 (AR A AR 0 & RS EOR A28
SRR RRARLEE AR BEAE I o E ARAER SR T . BIAEAR R AR P O AR R G 2 K B8 W AR B
T, H AR G, A R TG, S A8 AR A8 A KRR Rk, AR RS HT 3 ARG A K
BN , WA VEE RN R R IAD (IR S [ R AT SR R R B R E AL, A OCAE TR R )R &
BHRA

Mt 45 (llex asprella) ,HEAR T EIE 3 m, 1 N PERCSE , B8 A% T W3 , 76 NE R S5 988 75 114 b 7 4 ] A= | L
M AT A R EE SR R AT AR AN A R A R | MR LA — e B 2 TN (E A A I A T A
A JHE B 7 AR N A Aok ) A A P 28385 Sy GO A1 e 40 P A4 R ) 3 P P3G, 38 T LAt vy A7 i vy 28
Dralas , s R R AR A M . TRl Bt T AR ki R A A B LA T - SNE T B A SRk R
PE, RAERI LT A 2 B AR BTt K 23 R HE R

H RO T A Wy A B BIFIE F2 B2 B X 4R SRR AR, b bt - 3980 R SRR A K & & S 0 R A5 DU I
WELZ  IF H R0 45 B8 A AR I B B, R R AE B AMNEIVE S50 A D LE MR A AN [F] & & AT FRATE P A 4
NS S A A A 7 3 S Dy TR T D ST AR5 LA B I AR - M A (B R GE N BEIE X 4, T
Ji& FH Ta] 2K et /N DX it A [ 12 W e, BIFSE T bR 3 AR TRI) AL Al Al AR A2 K 3h A 3 4RI 0 5 AR )
RSN 3 A2 E] 0—15 em M 15—30 em +J2 H3E pH | 352 F BAEBRAAIF O, 3B 9 e 463
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1 HHE5T®

1.1 e

P BER AT M T AR R AR 2R e M 2R 2 R 2SR FT N T 2188 4% BRI SE PRk b 1 +
JRIREERA A,

LAY IR AW R BEPY A B AR YRR IR BRI R A BN RIER AL A0RE Ry 152 55 i AR AR T S 5% B IR A
RIS, 250 T (80°C ) , SR 5 Fe il RS AE 24 I b (450°C) AT TC A A 2 28 8 /I, dRele , 155 k%
MEFER, BT 3 mm 0, BB0EY 50 pH (E 10.3,C H N A1 O By S & 55300 72.38% .2.62%
1.19%H1 23.81% , TSR MEEA S 75300 0.52 mg/kg F1 1.86 mg/kg,

BERA D) LT A (08 F 7 AR A T AL BB 0 W) Mg &3 (T N T iR i AR 2
Hl) .

1.2 5Tt

RIRT 2014 4F 11 A6 MR AL K2R R 2B A, R 1 mx1 mx2 m HFR 2 m*AY7K
et AT 3 12 KT , B KPEIAE I — AN, ST A AN T, AR 5 IR 8 4 R
B AP HAL AT 3R .0.1.2 2.4 4.8 kg (ARHUIERFRIEN 12 v/hm” A2 TASZE 1.2 kg 40, NAE P AE
KRB 53 SR FH PR 28 2o 1 505 R R B, JHL i S 46142 R AT 5 45 1 1 €00 4 0 A o A 1% 2= e K 1) it
FH LB (PR 2 i B IR AS: RFR AN = 261:150: 181, mg/ Bk ) , #4 BE M A BB 43 T A B /K Je it 41.76 ¢ JRE 24
g DLBETRES N 28.96 ¢ BREREFMICAE , K525 A V19 AE W e 5 b i 32 )2 IR &, T T RB HL 58 0 B 1
S ANER/INXFRIZE 0—15 em 2, SEERA/KIEHURFBIELA 80 em JEBE R MELHE, SR )5 727K e it 138
BRI T A=Y R MR 2+, B0 3 AN, i A FEREHLHES . KB B e s, R RS
S Frpf RS EAE . HARZE SR g 1,

F1 HEEREAER

Table 1 Basic physical and chemical properties of soil

AL . , Y - ..
. TR e aw PR e
. pH 5 Total N/ Total P/ Total K/ . Available P/ Available K/
Soil sample matter/ (&/kg) (&/kg) (&/ke) nitrogen/ (me/ke) (me/ke)
o o m m,

(¢/kg) v o T (mykg) i i
Mﬂﬁi’%%i 5.65 15.25 0.305 0.248 2.763 19.32 9.95 36.67
Surface soil of woodland
FRABE 6.05 3.16 0.203 0.165 1.702 11.59 3.20 20.08

Lower red soil

BRI 9:6 LG S G AL R + Mg A 75 (B4 e BEAMg AL R AR AR OB 1.
1.3 FEACRES I

ARIEPR I AE - 43 I TERIAE TR RS 1) 4 .8 12,16 .20 .24 28 A, i Hpk & < i g sl 8748
Ak, BEICE AL il AR VL RS T () 565 3 A, REASAL BRI 3 i B

AN 280t 3 AR I SR PSR D e Ak ) A i

T HERE AL SR AR S E R IR W AR , T 2015 4E 3 H 2016 4F 3 H 2017 4E 3 H (HH, K564 1)
2014 4F 12 A BRENARAE) , FEEA/NX N $7 S TE 2Rk 5 N BORE &S, BN BURE 5.2 0—15 em 1 15—30
em SRAE FHERESL KGR 2 S ARERIRAI A, KRR N F AR 2 RS B R 0, SR A LA T
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TH I AR
1.4 #HdEsit
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Fig.1 Experimental planting pattern
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Fig. 2 The effect of biochar on the plant height of M. Pauhoi
CK: %5 A XTI Blank control; T1: iz ¥ 7% 1.2 kg Apply 1.2 kg of
biochar; T2 . Jiti = #) 5% 2.4 kg Apply 2.4 kg of biochar; T3 jifi £ ¥
4.8 kg Apply 4.8 kg of biochar
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Fig.3 The effect of biochar on the leaf length of M. Pauhoi
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231 3 pH FIAHLE

M LS AT, SR B AR e aT v i 3 AN4E
$y 0—15 em 3 pH FIA LT i, H KGR it o it 1)
K hnniyg n . A= My CK WAl $2  15—30 em
4% pH, HH £ 2016 4F,15—30 em 14 pH BEA=Y)
St P B G I G 0, 7E 2017 4R N[ A ] G
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Fig.4 The effect of biochar on the dry weight of M. Pauhoi
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PR 22 A 35 (P>0.05) o 18 2016 4F,CK \T1 T2 W22 7 PEAN B35 (P>0.05) {5 T3 .35 i T HAt b 2

(P<0.05),

mmCKk = Tl mm T2 T3
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Fig.5 Soil pH and organic matter contents of different treatment in 0—15c¢m and 15—30cm
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Fig.6 Total and alkali-hydrolysable nitrogen contents of different treatment in 0—15cm and 15—30cm
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BACTE T AR + 39 e BB A S B T CKL I 0—15 em HIEAEAE T1 A T2 AR 5 CK A 225
AN (P<0.05) , #Ab 3R] ¥ T B 3 25 5% (P>0.05) .
2.3.3  IEBERIA R

A 7 AIAL BE 0—15 em T3, ANRIACFE T 58 S BEAA 0wk & m AR bl —30, £ 2015 4, fiti ik
PR 0—15 em HHELRE S RIS T CK, A0 & R T1 SMIINT CK, 7 2016 4, 25 A B ) 25 A i 3
(P>0.05) , B T2 1 T3 %8 CK 2B /MR B AL, f b FRES CK ¥ — @ BRI, 78 2017 47, B
T2 Fl T3 % CK 2MA /Mg BE 38 in &b, A 9 e o 398 2l A 30 & LR 520 5 2016 4F25 L, 3t 15—30
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T CK, T2 A1 T3 AR T CK Zb3E, 7E 2017 4%, T1 T2 1 T3 Zb3H CK A — @&, 3 ME AN
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Fig.7 Total and available phosphorus contents of different treatment in 0—15cm and 15—30cm
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Fig.8 Total and available potassium contents of different treatment in 0—15cm and 15—30cm
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2.4 QIETERGAEY R 3 pH 5 3O R ] B AR SR AT

AR5 A W R it FHAE 18 0—15 em FRJ2, P, 60046 A A= 40 12 0 = 8 37 43 6] 9 A S PE e BT U 6 2
(0—15 cm) HHEMFEDRAHT, 2 2 Z5 R Won QeI R B N4y e 5 R E RS SRR IE
MHRXKR, 518 pH BR TR, B B AW 5 M SRS B EHEKTF(P>0.05) , 5 H85EH L
Jo AR B R AT SO R A R R AR R IE ARG (P<0.01) |, 5 - A Wl A O 5 22 ) 2 1 A 2 T AR G
(P<0.05) , 4T #BAE Yy 5 A7 40 i (W] 34 A b 2 TEAHOC (P<0.01)

88 pH 5 HHEGHLR A 2 2R B A A U S R IR AR, T 5 2R
FA B (A SR IR B KO (P<0.05) 5 IR & M B IEAROCOC R Horp, RIEA L & & 52
R A R BR  2 [A) E 5E E IEAHE (P<0.05) ;s TR A & 54 28 A5 ma s Ry R R
FIFME(P<0.05) , S5t A & S B F IFAHXE(P<0.01); HIEEu SRS H MMM &L
B IEAHDE (P<0.05) , 5 Rk & i SR 3 TEAH DG (P<0.01) 5 I8 B0 5 5 i AU A R0 & st 13 52
B IEAHDE(P<0.05) , 5 BACH & i B 3 TEAH G (P<0.01) 5 THEG A S & 5 - A S0 e & &
8], A 0 S O o 2 () A B IR ARG (P<0.01) 25 FRR, (4B A e S IR S
] ELAT B R ) IE AR 56 R 0, SR B A A ) A K 5 3 3500 & i 2 (A BT E R

®2 1 pH SRSGESBIREANEXEIN

Table 2 Correlation analyses between each index of soil pH and chemical properties

v e e i i
o U i O S 2R 2@ QUL
biomass biomase otter Total N Total P Total K nitrogen Available P Available K

Hh A |

Aboveground biomass

)

ﬁiiﬁi — 0.8457* 1

pH -0.401 -0.423 1

A ML Organic matter 0.902**  0.936** -0.344 1

2% Total N 0.732**  0.863** -0.512% 0.362 1

45 Total P 0.601%  0.724** -0489%  0.441 0.652 = 1

S Total K 0.429 0.696"*  -0.379 0.608 * 0.557 0.609 = 1

B Alkaline nitrogen 0.823"*  0.972** -0.345 0.444 0.779**  0.456 0.580 = 1

B3 Available P 0.847**  0.933"* -0.393 0.603 0.512 = 0.874*  0.605 * 0.819** 1

R Available K 0.555 0.903**  -0.171 0.676%  0.559%  0.607#  0.683** 0700  0.711** 1

* % P<0.01, * P<0.05

3 e

3.1 ANIEI AW i FH X A A A K B A e A S )

A RAY BRI E R K= R C A AT, A HRHREE R, BN 5 ot 548 3K 40xt
R 35 R M (EUJ2 DA FH A M 5 B 5 4 (2016 4F ) JF iR TR =i i i, X 283 76 A [F] + SA 5
AR S MG AR A MR ST g S A el 1 UL MR R AR i T LM AR i
MNP E T AR AR AT D6 ARG 4 SR 87 it T A 0 e 0 300 600 4 T A 1 vy PR RN 5 PR B KA —
E R B R PEREAE T HAER CK 225 AN 3, FLIZAE MU P 00 A0 g A s P AR 5 P 2 i P A 9 7 54—
AETTAG , R AE TR A 1 R HHRORI SEAL CK 22 5 i KOO 38 = T CK, T RER R PR, AR R pp ], 1R
Iy FE AL, WAL AT F7 70 B WSCIR g BR | A W 9 8T 325 b 3K 73 R o e EAEL ) AR A BRSNS S i A R —4F
J& , RAEFR BT | A iR AR A VR A A RS 35 Major W BRI 452 5 B E 458 — 3K, W)
I, 55 @ AR AR AR A7 AR R QLT R B T S 22 AR A v ) 78 S I ) A 10 7 e i e

http ; //www.ecologica.cn



13 1 SR AR (PR 2R v ) AR T AR A R R SR AR B A A ) R 9

HETIAETE R A PR A AR B A AR R AR KR IR, BEAE KIARIE K AR 2 4R A b B
(A AL AR AR R I RT3 35 S 3 5 1 CK A3 AR s AR 40 o X A4 0 e 114 i o7t 2 4 b, R G 04
I B2 IEAE 5 AR Y ot 1 B S TR L, T3 AR R bk & AERR T SN T T2, REE K= AR A AT
AL 0 A K S T R B S5 A it P A L e e A 4 it PR G R A0 4 AR R B R R RS (3
AN WRIME IS 3 AR 3 A AR KB LR B 38 B3 1Bl e FH A e B AT B S8 9 )5 R AE R, MELRR TE 2015 48
2016 4 2017 4% 3 MR KA K R B AS - P12 1 AR 1

3.2 [ A YR it A 3 pH 3740 i R R

AT A A B S, PR Dt A 3805 T 3 pH, R R IR AR o 3 il R
Y AL PRAY 155 pH 35 = T CK, FLREG o o A 38 N3 in . 45 A0 R 58 pH ¥R A 0—15 em HJE K
T 15—30 em )2, X S s it T 158 12 R AEY X 0—15 em 13 pH A2 5L 15—30em A
Ko ARGy £33 pH 2B 2015 4F fe i, ELRE T 1R] (1) 4 RS 120 7 R AIG 1) R 3, HLmT B8 A D RS, A W e A B
SRR A -SRI I 4 pH B TR AR B R IR 2 R, B K S 1

A VLT SRR AT 3 R T CK, I Rl it i e 0 386 T 52 BSR4 i ik B, U FH R AR fS
(2017 4F) B K RA I8k 38 W AE M [ 15 - A LR A PE e LA Koot | X S5l A gt 4 i — 20,
IR 2505 A i i W B S AL o, Ak /Ny A HU R A8 L A L 55—
T, AW ¢ B ikt v A 5 T DA R A LS e, EL A R A 2218, vT DAXT - HEAE i 4
R BT

Jti A3, AR S EAE 0—15 em F1 15—30 em )2 EHE T CK AL 7E 2016 4E 1 2017 4F 45 4b B
[ 22 MR 2 X Sk ERE SR e R P R A R — 8, W T RN, S R T AR Y R
(T1) A PR 54 0—15 em T2 2B i, 15—30 em W H7E 2017 AEF 0 —E BB . 0—15 em
1 15—30 cm -2 @8 & BEAERER 5 WU A SN, (BN B35 S am 4 0 R e g R —ak,

ABFgE EW A S ,0—15 em IR A S AR 2015 4FEF 2016 41538 Ik Bl i 2 0 4 38 0
MR, 15—30 em HJZMIAE TN, F] 2017 4, 1 FJ2 45845 it s b BRI) X5 0 1 3 22 5 (H 8 T i, X
AR A2 K R R T KRG AT 2% (500°C ) (49 15 21 398 7K e 40 25 0l /0 | Tl 25 ZRURR R 080 0 1 0 5 4 SR —
B, B AP 0 R AT B ACE RS, I pH (HIR S, S B IR R R DL - R C/N
FUAR R B3R T e R A 1 Y AT BR T SRR R S 91 (2017 4F) 44 pH %
WA, AR 2 A W [ O R A, O EL R A o W R DI, - SR 2 % i SOZ W /NI BE RS I, A= A
R P Sk R e DA R M A P B S RN B S R, WD B R A IR R T AR Ot S R P
R R ) Fe B A w5 T

ah AR S RS AR A HAE 0—15 om 2 ik BE A5 i Bt 25 R R] A0 T AL 2 T L #E 15—30
em R R A 4 e A BT 438 SO0 A B T CK AREE 53X Su 850 TEPAR IR AR50 15
WA AT B A O S R A5 — 3, AR A SRR R 1 A= M SR ¥ N T 1€ pH (A,
BEAR T AT S B K BRI 25 25, DT 384 ol - 396 sl ) L EL 3 2017 A1, 1 it FF o ) A 0 0 O F AS BE R 2
Hafn 15—30 em HIHEA RS X SEiiscE T C/N i & g1 0 oA SO 5 A= W 1 E R IE T Ca”
PEBEBRAR AU TTRE N 2 A e, HIF W1 (2017 4F) 3 pH B, s> T & 8000 B, A= 85 s fin + e
A SR A SR L R B S R R 0 R R, ek D A R B kv 0 R - e MLAS B A B AR
jjjz[m] 5

ARHIFFE IR A B, A= 0 i R S v 9 e OSSO 114 B i, LR A 2 it FH R R IR R N, X S5 2
WFgT e R —8" ) AR R He i S S i, — O AT RS R T AR AR B S AR T IE PR e
A S JE RN T SR B SOE ARk B RO W B R B & R AR, TR T R TR
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okt ATTHE TR T 4P 0 B IR 5 55— O T AT BB R 2 0k 1 AL B 2 4 RR VR /N K 3 (495 D ek
2% +HEh K IRe  ITEn 1 sl e ) & i

AN N 2015—2017 4, HIEAHLET AR W 4B Bl L A R R i R (R Y HE RS 1Y P 2
R SRR, — 5T, BB A A A R AR X ISR 2 W WSO S 0, 55— D7 T, 398 5% 03 e /K 28 7
&Ko ARG 0—15 em H2HFRDF K 15—30 em L2005, HFEFRFEA =) w8, H—E 5 in 2
EPTE 0—15 em L2 JF H FE B RMEERZ 5 HIR S RARE S T T 220 L KRk b
VEPIAE T RERIZ RN T RIERRE IR A =R A E AR N O T 0—15 em )R A
FF 0—15 em HIEF 1[4,
3.3 PIETEREAEY S 8 pH  FR 50 i R AR DG

AWFFE T, QIR AR Y S Ry R R R B B R AR AOG, Ho R B AR W S SR O A B A
MR T 1 E 3R, BER QBT RGO A= KRB AT 337 0 AL 4SO OO~ AR R T o R R Y
SO BN, RUIAHIFE b LR o & B 2 BRI ) AE g A A K 2 7~ L3 pH 5 LA A4 0k
i R ARSC, B pH I 1 IR A BERTES 0 . IR IR i Z RN WA DGR ROR U R 1 0
TR 2R AT SO AR A T () 4 SR AN I TR DG, R AR S (] 1 78 A — B T RE S R KA G, K
R R BB A KIS IR A B i X S PSR R 5D I Mendham 457 RFSR A5 16— 3K

4 it

(1)t AP S5 26 2 4F- (2016 4F) |, BIAETE AR A F s BE e b, Hobk i 4 I 53 SR EE S RS i (. 3%, ok
AVEFISRBERI AN, FL T2 AbFE T i 50N B i3 . 2017 AR5 HoA= Wy, T2 b B G AR bk T4 5 1) R 241 3
LATRTETE N

(2) s A= e a5t 0—15 em Al 15—30 em 3E pH A HLJTFNH5CHR 55 2 B4 52 ) o5 P e, 29 Bt ot 7k 3
T RN, MRS A4 (2015 4F) K AR (2017 4E) W BN 0—15 em TIEAE SR, T1 AbBEX)
A R R R AN TE 3 MR B BN BT R . T2 AbBRTE 2015 4R X L HE 8 S m e R wm akon , H
ARG AL BE R HIE A SRR EER

(3) B MORFE , AFAL T P& 3200 S R IMA 0—15 em & F 15—30 em, H 2015 4 -5 rp 4557
ST 2016 4E,2016 457 T 2017 4F,

(4) AN S 0—15 em HIEFR S EAFTE 3 IR A SCHE , H35 pH 5459740 & W] 2 FAH 656
RSO R Z AR IE A DG OC R Ly Wi 2 A 5l | A0 B 5 O O [ ) S M B 2 TR R G, %
I3 (O 2 A Al R0 ) o it 1) 38 FLAh 3R o ity

SR it AR PR S REAR B IR o S i AR T AR K IR T R R, EAR R,
SRR R IR I ER R DL T2 AL AR s IZRIRGT R A R A A 4 R N TR g R
EHMA RSB E RIS %

£ 3L Hf ( References)

[ 1] Antal M J,Grgnli M. The art, science, and technology of charcoal production. Industrial and Engineering Chemistry Research,2003,42(8) :
1619-1640.

[2] BRilAR, sHW, R%. s S0 RO T MBS R L. Al SRBER 242441, 2014,33(5)  821-828.

[ 3] Lin QM,XuM G. Beyond biochar-soil , plant and environment; research progress and future prospects. Journal of Integrative Agriculture,2014,13
(3): 467-470.

[ 4] Paz-Ferreiro J,Lu H,Fu S,Méndez A ,Gasco G. Use of phytoremediation and biochar to remediate heavy metal polluted soils; a review. Solid Earth
Discussions,2013,5(2) : 2155-2179.

[ 5] O’Connor D,Peng TY,Zhang J L, Tsang D C W, Alessi D S,Shen Z T,Bolan N S,Hou D Y. Biochar application for the remediation of heavy metal
polluted land: a review of in situ field trials. Science of the Total Environment,2018,619-620; 815-826.

http ; //www.ecologica.cn



13 SR AR (PR 2R v ) AR T AR A R R SR AR B A A ) R 11

[6]

[7]
[8]
[9]
[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]
[20]

[21]
[22]

(23]

[24]
[25]

[26]
[27]
[28]

[29]

[30]
[31]
[32]
[33]
[34]
[35]

[36]
[37]

Zhu Q,Liao B Y,Li P,Li J C,Deng X M,Hu X S,Chen X Y. Phylogeographic pattern suggests a general northeastward dispersal in the distribution
of Machilus pauhot in South China. PLoS One,2017,12(9) : e0184456.

TGS ERLT R A —— A WA, bt R, 1992 698-698.

SRtk , RICT-, 2. MR RZE &AM E S R BoR. SUURAEARHE 2008, (20) : 55-55.

2Rkt BB IC 5 AL X I AE T A A AR A K A BT SRR B R SR AT ST D). BT TR, 2017,

Bl bk, BART, BEAEER AR, MK, QBRI R R R AR R TR A AT Mol B4, 2002,38(2) ¢ 165-168.

Peng M H,Dai W P,Liu S J,Yu L W ,Wu Y N,Liu R,Chen X L,Lai X P,Li X, Zhao Z X, Li G. Bioactive glycosides from the roots of Ilex
asprella. Pharmaceutical Biology,2016,54(10) : 2127-2134.

Major J, Rondon M, Molina D,Riha S J, Lehmann J. Maize yield and nutrition during 4 years after biochar application to a Colombian savanna oxisol.
Plant and Soil ,2010,333(1/2) : 117-128.

Wang H L,Lin K D,Hou Z N, Richardson B, Gan J. Sorption of the herbicide terbuthylazine in two New Zealand forest soils amended with biosolids
and biochars. Journal of Soils and Sediments,2010,10(2) : 283-289.

LEM, BN IO, RER , TRZ. EY IO L3RI MAEY A KGR BT S0 . BTl 741 ,2013,25(2) : 410-415.

SRR, A=W 53 3 B FAR RAEY A A B SIS [ DL s ;. PHARARAR R I 2015,

B Ak, B O, BB AR LIRS I Akt TN WL AR MR A AR A A LU B R AL 2 A3 R R . L
Al 4% ,2014,23(3) ; 85-92.

Van Zwieten L, Kimber S, Morris S, Chan K Y,Downie A,Rust J, Joseph S, Cowie A. Effects of biochar from slow pyrolysis of papermill waste on
agronomic performance and soil fertility. Plant and Soil,2010,327(1/2) ; 235-246.

Laird D A,Brown R C, Amonette ] E,Lehmann J. Review of the pyrolysis platform for coproducing bio-oil and biochar. Biofuels, Bioproducts and
Biorefining,2009,3(5) ; 547-562.

SRABNE 203 2208 R, T A= 0 5 0 P e 4t DX 5% (2 R R B i VR FHRCR,. Bk 2741, 2017,26(4) © 63-72.

IR, A, TR R SRR SR AR XU, BT A R TR AT SR T R e SN 0 M R R R AR 2
M. AHPE IR SRR, 2016,22(1) ¢ 67-75.

EOGI. AW R RIS AL L A BUR AR M AR MRS [ DL BB . SR BHARE R 2013,

R 2R, K T R, SR AN R A FF A 4 0 X 21 P K RS 37 43 KU W BRI S A S . v [ Al B4 2015,48(7)
1361-1369.

Deenik J L,McClellan A T, Uehara G. Biochar volatile matter content effects on plant growth and nitrogen transformations in a tropical soil// Western
Nutrient Management Conference, Vol. 8. Salt Lake City, UT,USA,2009: 26-31.

Clough T J,Condron L M,Kammann C,Miiller C. A review of biochar and soil nitrogen dynamics. Agronomy,2013,3(2) . 275-293.

Lehmann J,da Silva Jr J P, Steiner C,Nehls T,Zech W, Glaser B. Nutrient availability and leaching in an archaeological Anthrosol and a Ferralsol of
the Central Amazon basin: fertilizer, manure and charcoal amendments. Plant and Soil,2003,249(2) . 343-357.

IR AR AR RS IR+ SRTEHLBR T S R BT EEAROL B2, 2012,49(11) + 2102-2107.

I Y PR AR BRSO S B A RNE[ D], BN . WK Y,2015.

Steiner C,Teixeira W G, Lehmann J,Nehls T,Macedo J L V,Blum W E H,Zech W. Long term effects of manure, charcoal and mineral fertilization
on crop production and fertility on a highly weathered Central Amazonian upland soil. Plant and Soil,2007,291(1/2) : 275-290.

Lehmann J, Rondon M. Bio-char soil management on highly weathered soils in the humid tropics//Uphoff N, el. Biological Approaches to
Sustainable Soil Systems. Boca Raton: CRC Press,2006: 517-530.

Lehmann J, Joseph S. Biochar for Environmental Management: Science and Technology. London: Earthscan,2009: 15801-15811.
BRSSO A I SRAREE. AW R DS S KGR AL B B R RS T SE . AR HLAE AR ,2014,45(1) ¢ 137-142.

FRKAE TR SCHR, BB, TR SO, A s L P JE A 125 220 A K BRI AR OR 242041, 2004, 21(2) « 159-163.

B4R AT 2 BRI, Tk i 0. AR R [R] LA 2 VR B /N A2 IBE 77 e MR 2R A4, 2013,33(20) : 6534-6542.
FEfhin, FEELE S, AL, AR5 BRI L3 AL 1y SR 2T AP B RSE . R TR S ARA ,2017,23(2) ¢ 468-475.
Chen Y, Shinogi Y, Taira M. Influence of biochar use on sugarcane growth, soil parameters, and groundwater quality. Australian Journal of Soil
Research,2010,48(7) : 526-530.

W gl Ak 5RO B B b P B P SRR L3R s AV ST AT . Bl a4, 2011,20(2) : 76-84.

Mendham D S, Sankaran K V,0'Connell A M, Grove T S. Eucalyptus globulus harvest residue management effects on soil carbon and microbial

biomass at 1 and 5 years after plantation establishment. Soil Biology and Biochemistry,2002,34(12) : 1903-1912.

http ; //www.ecologica.cn



