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F1 i TEREYRROERENE
Table 1 Basic properties of biochar and soil used
pH
(H0) (g/kg) (g/kg) (g/em’) (ng/kg) (ng/kg) (m’/g)
10.4 467 5.9 0.65 55.18 11.97 8.92
5.93 14.55 0.83 1.56 89.21 60.29 -
pH 1:5
1.2 14
0~20cm Excel 2003 SPSS 13.0
pH
[11] V3 27 )
Vo(7 14 ) VI12(8 1 ) 2
R1(8 10 ) R3(8 25 ) 2.1
R509 19 ) R6(10 1 ) 2 3
. 2 o
Cl C2
Arnon %! co C2 co  Cl
10 Co
6 105°C C1
30 min 80°C co C2 Co0
3 20 t/hm* 40 t/hm?
30 ( 14% ) 40 t/hm?
1.3 20 t/hm’
=0.75 x X
= /
*2 HEYRRMAREBENERERKSHIZI
Table 2 Effects of biochar on maize plant heights in different growth stages
Co 413+09a 67.2+33a 2083+8.5a 2703+5.7a
C1 39.8+04a 635+13a 205.8+4.5a 260.3+6.1a
Cc2 37.1+£02b 61.8+3.7a 199.7+14.6 a 263.5+92a
P 0.05
x3 EYRRMERFELEENA LMLV ST
. Table 3  Effects of biochar on biomass of maize in different growth stages
Co 8.67+0.8a 70.5+9.54 a 118.5+2.46b 168.32+9.88b 37133+ 12.440 44326+19.23 a
Cl1 7.19+0.52b 65.7£2.93 ab 141.37+220a 188.12+6.53 a 426.00 £ 16.31 a 458.67+5.62a
C2 7.13+0.83 b 59.89+£8.55b 117.3+293b 159.80+4.01 b 39525+ 11.68b 43532+ 13.68 a
2.2 - Cl
1 co C2 Co
- Cl C2
Co - Cl
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2
Co Cl C2
0.425 ~ 0.444
10 5coact me2
~ 07 288 g2 boab 6/ ©0CO aCl mC2
g 80 a aa, a . .
Ezg- bb b b 5 2, bmb bmb a_ .
-~ - a a a
Eﬂ 50F ﬁ 4r b
| & 3
% 30p &
= 20+ £t
10+
04 1p a2
V6 V12 R1 R3 R5 R6 1
HEHEH 0
V6 V12 R1 R3 RS R6
¢ (P<0.03) R
) p— 4 ,
A e 2 EYRRMERTEEENAHEREHOZNE
.1 EE%E&}#EE*Z;H =Xl [H'?i?/a\iﬁ"l %? ) Fig. 2 Effects of biochar on leaf area index of maize in different
Fig. 1 Effects of biochar on chlorophyll contents of maize in growth stages
different growth stages
2.5
2.3 5 20 hm? 40 t/hm’
2 Cl pH
2 (LAD) 34.79%
- Cl 44.93% C2 12.20%
Co c2 Co
Cl C2 Co 13.4% (
11.6% 3 Co Cl
2.4 36% 7% ~
4 Co Cl1 20% C2
10% ~ 44%
Cl1 C2
x4 HEYRRMERFERFEWHEFRIFNE
Table 4 Effects of biochar on maize yield and its components
(cm) (cm) (8 (kg/hm’) (kg/hm’)
Co 173+04a 540%£004a 543+7b 2855+54a 4136+130a 26413+£1490a 11216£617a 0425+0.044a
C1 179+05a 549+0.05a 573+8a 292.6t63a 4157+112a 26796+331a 11753+70a 0.439£0.005a

C2 17.8+02a 546x0.03a 545£1b 2763+1.7b 4276+195a 25800%8lla 11462+178a  0.444+0.026a

F5 HEYRRMNTIEBAERFME

Table 5 Effects of biochar on soil properties

(152%) (g/em®) (g/kg) (g/kg) (mg/kg) (mg/kg)
Co 593+£0.35b 156+ 0.01 a 7.99£0.14 ¢ 0.82+0.04 b 64.54+0.48 a 98.72 £ 10.84 a
1 6.11 £0.09 ab 1.46 £ 0.06 b 10.77 £0.51 b 0.86£0.03 b 66.09 £3.77 a 109.00 £7.83 a
2 6.46£0.02 a 147 £0.02 b 11.58+0.51 a 0.92+0.02 a 63.61 £5.95a 100.51 £ 10.66 a
3
[14-17] (18]

Baronti
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30 60 t/hm’ 20%
52% 100 t/hm> 200 t/hm’
8% 30%
[19]
[26]
C/N
Asai
[27]
[20]
4
Asai ®
40 t/hm’
20 t/hm’
C/N

[21]

[22-24]

2.2% ~ 4.8%

pH

[18]



273

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[J. , 2007, 52(15):
1 826-1 831
[J1. , 2009, 28(12):
2 459-2 463
1. , 2011, 27(2):
1-7
Lemann J. Bio-energy in the black[J]. Frontiers Ecology

and the Environment, 2007, 5(7): 381-387

Fowles M. Black Carbon sequestration as an alternative to
bioenergy[J]. Biomass and Bioenergy, 2007, 31(6): 426432
Asai H, Samson BK, Stephan HM, Suthord KS,
Songyikhangsuthor K, Homma K, Kiyono Y, InoueY,
Shiraiwa T, Horie T. Biochar amendment techniques for
Soil
physicalproperties, leaf SPAD and grain yield[J]. Field
Crops Research, 2009, 111: 81-84

Chan KY, Zwieten LV, Meszaros I, Downie A, Joseph S.
Agronomic value of greenwaste biochar as
amendment[J]. Soil Research, 2007, 45(8): 629-634

upland rice production in Northern Laos: 1.

a soil

s

[J1. , 2011, 20(4): 779785

[J1. , 2007,
24(6): 687-694

1. ,
2011, 19(5): 1 229-1 236

M] .

, 2000
. [M] . , 1992:

10-15
Arnon DI. Copper enzymes in isolated chloroplasts.

polyphenoloxidase in beta vulgaris[J]. Plant Physiology,
1949, 24(1): 1-15

5 s > 5 s >

[J]. , 2011, 30(9): 1 797-1 802
Zhang AF, Liu YM, Pan GX, Hussain Q, Li LQ, Zheng JW,
Zhang XH. Effect of biochar amendment on maize yield
and greenhouse gas emissions from a soil organic Carbon
poor calcareous loamy soil from Central China Plain[J].

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

Plant and Soil, 2012, 351(1/2): 263-275

Van Zwieten L, Kimber S, Morris S, Chan KY, Downie A,
Rust J, Joseph S, Cowie A. Effects of biochar from slow
pyrolysis of papermill waste on agronomic performance and
soil fertility[J]. Plant and Soil, 2010, 327(1/2): 235-246
Zhao YC, Shi XZ, Weindorf DC, Yu DS, Sun WX, Wang
HJ. Map scale effects on soil organic carbon stock
estimation in North China[J]. Soil Science Society of
America Journal-Abstract, 2006, 70(4): 1 377-1 386
Baroti S, Alberti G, Vedove GD, Gennaro FD, Fellet G,
Genesio L, Miglietta F, Peressotti A, Vaccari FP. The
biochar option to improve plant yields: First results from
some field and pot experiments in Italy[J]. Italian Journal
of Agronomy, 2010, 5(1): 3—-11

> > > s > s >

31 ,2010, 19(11): 27132 717
Khan MA, Kim KW, Mingzhi W, Lim BK, Lee WH, Lee JY.
Nutrient-impregnated  charcoal: ~An environmentally
friendly slow-release fertilizer[J]. The Environmentalist,
2008, 28(3): 231-235

[J1. , 2011, 27(15):
16-25
Kimetu JM, Lehmann J. Stability and stabilisation of
biochar and green manure in soil with different organic
carbon contents[J]. Soil Research, Soil research. 2010,
48(7): 577-585
Lehmann J, Gaunt J, Rondon M. Bio-char sequestration in
terrestrial ecosystems—A review[J]. Mitigation and Adaptation
Strategies for Global Change, 2006, 11(2): 395419
Steiner C, Glaser B, Teixeira WG, Lehmann J, Blum WH,
Zech W. Nitrogen retention and plant uptake on a highly
weathered central Amazonian Ferrasol amended with
compost and charcoal[J]. Plant Nutrition and Soil Science,
2008, 171(6): 893-899
Liang B, Lehmann J, Sohi SP, Thies SP. Black carbon
affects the cycling of non black carbon in soil[J]. Organic
Geochemistry, 2010, 41(2): 206-213
Woods WI, Teixeira WG, Lehanmn J Steiner C,
Winklerprins A, Rebellato L. Amazonian Dark Earths: Wim
Sombroek’s Vision[M]. Berlin: Springer, 2009: 209-324
Atkinson CJ, Fitzgerald JD, Hipps NA. Potential mech-
anisms for achieving agricultural benefits from biochar
application to temperate soils: A review[J]. Plant and Soil,
2010, 337(1/2): 1-18



274 46

Effects of Biochar Amendment on Maize Growth and Soil
Properties in Huang-Huai-Hai Plain

LI Xiao', ZHANG Ji-wang?, LI Lian-ging', PAN Gen-xing', ZHANG Xu-hui', ZHENG Ju-feng',
ZHENG Jin-wei'", YU Xin-yan', WANG Jia-fang'

(1 Institute of Resource, Ecosystem and Environment of Agriculture, Nanjing Agricultural University, Nanjing 210095, China;
2 Key Laboratory of Crop Biology, Shandong Agricultural University, Taian, Shandong 271018, China)

Abstract: This paper investigated and analyzed the effects of biochar on maize plant growth, yield and soil properties in
field experiment, with the biochar addition at the rates of 0, 20 t/hm? and 40 t/hm>. The results showed that, compared with the
control (no biochar used), biochar amendment with 20 t/hm? and 40 t/hm” biochar inhibited the maize growth at the beginning
growth, showed in lower plant height, less biomass and leaf chlorophyll content. With biochar addition at the rates of 20 t/hm?,
the maize plant maintained higher biomass, leaf area index and chlorophyll content in the late growth stage, but no significantly
difference with 40 t/hm?. With the biochar addition at the rates of 20 and 40 t/hm?, soil organic carbon were increased by 34.79%
and 44.93%, soil total nitrogen increased by 4.88% and 12.20%, respectively. Biochar amendments significantly increased soil pH
and soil volumetric water content, but decreased soil bulk density. Compared with conventional treatment, the maize yield were
increased by 4.80% and 2.20%, with the biochar addition at the rates of 20 t/hm” and 40 t/hm?, but no significantly difference with
control. The results above provided a theoretical basis for biochar on improving soil fertility and enriching the efficiency of crop
production in the Huang-huai-hai Plain.

Key words: Biochar, Maize, Soil, Agriculture character, Yield
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