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Table 1 Soil physical and chemical properties of different treatments
CK F B2.5 B.5+F BS BS+F
1.07 1.05 1.04 1.06 1.02 0.99
pH 5.49 £0.09b 5.42 £0.03b 5.5 +0.04b 5.47 £0.08b 5.79 £0.04a 5.86 £0.02a
(g/kg) 7.87 £0.3c¢ 7.57 £0.1c 17.64 £0.29b 18.1 +0.2b 23.68 £0.58a 23.23 £0.65a
(g/kg) 1.08 £0.04c 1.13 £0.02bc 1.19 £0.01ab 1.13 £0.03bc 1.23 £0.02a 1.16 £0.03b
(g/kg) 0.36 =0e 0.37 £0de 0.39 +0cd 0.4 £0.02bc 0.43 £0.0la 0.42 £0.01ab
( mg/kg) 0.15 £0.03b 0.16 £0.05b 0.73 £0.27b 0.8 £0.23b 2.75 £0.66a 2.4 +0.28a
( mg/kg) 139.8 £12.96a 125.2 +£5.83a 110.4 £8.72a 107.8 £5.45a 111.6 £9.19a 112.2 +7.06a
( mg/kg) 6.92 £0.38a 6.71 £0.2a 5.97 £0.2a 5.69 £0.3a 6.51 £0.35a 6.24 £0.75a
( mg/kg) 2.01 £0.43a 1.3 £0. 84ab 0.36 £0.06b 0.55 +0.07b 0.34 +£0.04b 0.7 £0.09b

(P <0.05) ( different letters means significant difference in treatments ( P <0.05) .) o
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(P <0.05) 3
> Note: differ— Fig.3  Soil water content of different treatments in dry and rainy season
ent capital and lowercase letters mean significant difference in treat—

ments in dry season and rainy season respectively ( the same below)

! 2.4
Fig.1 Soil respiration rate of different treatments in dry and rainyseason
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Fig. 2 Soil temperature of different treatments in dry and rainy season Fig.4 Seasonal variation of rubber seeding biomass in different treatments



453
2.5 2
B2.5 + F 0
2.06 wmolCO,m *s ™', 1)
B2.5 + F(2.06 pmolCO,m *s™') > B5S +F
(1.95 pmolCO,m *s™") > B5(1.88 pmolCO,m™>
s7') > B2.5(1.84 pmolCO,m>s™") > F(1.79 o
pmolCO,m *s~") > CK( 1.26 pmolCO,m *s™") . >
33
5 ( 5
29
10
63. 5% 76.3%
5
Fig. 5 Photosynthesis rate of rubber seedling in different treatments %4
3 N
3.1
. 3.2
Co, CO,
. pH 5.49 €O,
B5+F 5.86  Vaccari P
o N Co, B5 +F
o ° B5S + F
pH 4.96 2.83 &
( 1) o 371 CO, -
Meta
Al Al 31 o C02

N 5%



454

33

36 . 37
o Laird

pH o

Co,

44 Co,
6d

38

co, v,
3.3

266 %

40

41
42

43

~ N

. 450 °C.600 °C 750
C 0.5 %1 %2 %

750 C
600 C
0.5% 1%
2%

30 t/hm* 60 t/hm’

30

16 °

( References)

1 IPCC. Summary for policymakers of climate change 2013: the physi—
cal science basis. Contribution of Working Group I to the Fifth As—
sessment Report of the intergovernmental panel on climate change

R . Cambridge: Cambridge University Press 2013.

2 IPCC. Climate change 2007: the physical science basis. Contribution
of Working Group I to the Fourth Assessment Report of the intergov—
ernmental panel on climate change M . Cambridge: Cambridge U-
niversity Press 2007: 129 -234

3 Dhillon R von Wuehlisch G. Mitigation of global warming through
renewable biomass J . Biomass and Bioenergy 2013 48: 75 -89

4 Dixon RK Brown S Houghton Rea et al. Carbon pools and flux of
global forest ecosystems J . Science( Washington) 1994 263: 185
-189

5 Hoffert MI Caldeira K Jain AK et al. Energy implications of future
stabilization of atmospheric CO, content J . Nature 1998 395: 881
- 884



455

6

12

20

21

Silver W Ostertag R Lugo A. The potential for carbon sequestration
through reforestation of abandoned tropical agricultural and pasture
lands J . Restoration Ecology 2000 8:394 —407
Fang Jingyun Chen Anping. Dynamic forest biomass Carbon pool in
China and their significance J . Acta Botanica Sinica 2001 43
(9) :967 -973 .
I 2001 43(9):967 -973
Tenenbaum DJ. Biochar: Carbon mitigation from the ground up J .
Environmental Health Perspectives 2009 117: A70 - A73
Lehmann J Gaunt ] Rondon M. Bio-char sequestration in terrestrial
ecosystems — a review J . Mitigation and adaptation strategies for
global change 2006 11: 395 -419

Lehmann J Rillig MC Thies J et al. Biochar effects on soil biota —
A review J . Soil Biology & Biochemistry 2011 43: 1812 - 1836
Li Feiyue Liang Yuan Wang Jianfei et al. Biochar to Sequester
Carbon and mitigate greenhouses emissio: a review J . Journal of

Nuclear Agricultural Sciences 2013 27(5) : 681 - 686

2013 27(5) : 681 —686
Steinbeiss S Gleixner G Antonietti M. Effect of biochar amendment
on soil carbon balance and soil microbial activity J . Soil Biology
and Biochemistry 2009 41:1301 —1310
Huang Chao Liu Lijun Zhang Mingkui. Effects of biochar on prop—
erties of red soil and ryegrass growth J . Journal of Zhejiang Uni—
versity: Agric. & Life Sci. 2011 37(4) :439 —445
J.

2011 37(4): 439 -445
Chan K Van Zwieten L. Meszaros I et al. Agronomic values of
greenwaste biochar as a soil amendment J . Soil Research 2008
45:629 - 634
Glaser B Lehmann J Zech W. Ameliorating physical and chemical
properties of highly weathered soils in the tropics with charcoal: a
review J . Biology and fertility of soils 2002 35:219 -230
Ma Li Hou Zhenan Lv Ning. Effects of biochar application on
wheat growth and Nitrogen balance ] . Xinjiang Agricultural Sci-
ences 2012 49(4) :589 -594

] 2012 49
(4): 589 -594
Lenton TM Vaughan NE. The radiative forcing potential of different
climate geoengineering options J
Physics 2009 9:5539 -5561
Troy SM Lawlor PG O“Flynn CJ et al. Impact of biochar addition

. Atmospheric Chemistry and

to soil on greenhouse gas emissions following pig manure application
J . Soil Biology and Biochemistry 2013 60: 173 —181

Kimetu JM Lehmann J. Stability and stabilisation of biochar and
green manure in soil with different organic carbon contents J . Soil
Research 2010 48: 577 - 585

Sohi S Krull E Lopez — Capel E et al. A review of biochar and its
use and function in soil J . Advances in Agronomy 2010 105:47
-82

Laird D Fleming P Wang B et al. Biochar impact on nutrient leac—

hing from a Midwestern agricultural soil J . Geoderma 2010 158:

22

22

24

25

26

27

28

29

31

32

33

34

436 - 442
Oguntunde PG Fosu M Ajayi AE et al. Effects of charcoal produc—
tion on maize yield chemical properties and texture of soil J . Bi—
ology and Fertility of Soils 2004 39:295 -299
Liu X Feng Z Jiang L et al. Rubber plantation and its relationship
with topographical factors in the border region of China Laos and
Myanmar J . Journal of Geographical Sciences 2013 23: 1019 -
1040
Tang Yanlin Deng Xiaobao Li Yuwu et al. Research on the differ—
rent of soil fertility in the different forest types in Xishuangbanna

J . Journal of Anhui Agricultural Sciences 2007 35( 3) :779 -
781

I 2007 35(3) :779 -781

Zhou Zong Hu Shaoyun Tan Yingzhong. Ecological environment
impact from large-scale rubber planting in Xishuangbanna J .

Yunnan Environmental Science 2006 25:67 —69

2006 25: 67 -69
Li Mingrui Sha Liqing. Soil nitrogen mineralization under different
land use patterns in Xishuangbanna J . Chinese Jouranl of Applied

Ecology 2005 16( 1) :54 -58

2005 16( 1) :54 -58
Sha Liging Zhengzheng Feng Lizhi et al. Biogeochemical cycling
of Nitrogen at a Tropical Seasonal Rain Forest in Xishuangbanna
SW China J . Acta Phytoecologica Sinica 2002 26( 6) : 689 —
694
J . 2002 26
(6): 689 -694
Zhang M Schaefer DA Chan OC et al. Decomposition differences
of labile Carbon from litter to soil in a tropical rain forest and rub—
ber plantation of Xishuangbanna southwest China J . European
Journal of Soil Biology 2013 55:55 -61
Dharmakeerthi R. Biochar and its potential uses in rubber planta—
tions J . Bulletin of the Rubber Research Institute of Sri Lanka
2010 51:61 -69
Vaccari F Baronti S Lugato E et al. Biochar as a strategy to se—
quester carbon and increase yield in durum wheat J . European
Journal of Agronomy 2011 34:231 -238
Biederman LA Harpole WS. Biochar and its effects on plant pro—
ductivity and nutrient cycling. a meta-analysis J . GCB Bioener—
gy 2013 5:202 -214
Lal R. Forest soils and carbon sequestration J . Forest ecology and
management 2005 220:242 -258
Van Zwieten L Kimber S Morris S et al. Effects of biochar from
slow pyrolysis of papermill waste on agronomic performance and soil
fertility J . Plant and soil 2010 327:235 —246
Gao Haiying He Xusheng Geng Zengchao et al. Effects of biochar
and biochar-based Nitrogen fertilizer on soil water-holding capacity
J . Chinese Agricultural Science Bulletin 2011 27(24) : 207 -
213
I 2011 27(24):207 -



456 33

213 40 Asai H Samson BK Stephan HM et al. Biochar amendment tech—
35 Schlesinger WH Andrews JA. Soil respiration and the global carbon niques for upland rice production in Northern Laos: 1. Soil physical

cycle J . Biogeochemistry 2000 48:7 -20 properties leaf SPAD and grain yield J . Field Crops Research
36 Zimmerman AR Gao B Ahn M - Y. Positive and negative carbon 2009 111:81 -84

mineralization priming effects among a variety of biochar-amended 41 Spokas KA Novak JM Stewart CE et al. Qualitative analysis of vol—

soils J . Soil Biology and Biochemistry 2011 43:1169 - 1179 atile organic compounds on biochar J . Chemosphere 2011 85
37 Laird DA Brown RC Amonette JE et al. Review of the pyrolysis (5):869 882

platform for coproducing bio-eil and biochar J . Biofuels Bioprod— 42 Fernandes MB Skjemstad JO Johnson BB et al. Characterization of

ucts and Biorefining 2009 3:547 - 562 carbonaceous combustion residues: I. Morphological elemental and
38 Smith JL Collins HP Bailey VL. The effect of young biochar on soil spectroscopic features J . Chemosphere 2003 51( 8) : 785 —795

respiration J . Soil Biology and Biochemistry 2010 42: 2345 — 43  Deenik JL McClellan T Uehara G et al. Charcoal volatile matter

2347 content influences plant growth and soil nitrogen transformations
39 Spokas KA Reicosky DC. Impacts of sixteen different biochars on J . Soil Science Society of America Journal 2010 74(4): 1259

soil greenhouse gas production J . Annals of Environmental Sci- -1270

ence 2009 3:179 - 193

Effect of Biochar on Soil Properties and Rubber( Hevea brasilensis)
Seedling Biomass

. 12 12 s e 1
PAN Libing © XU Fanzhen °~ SHA Liqing

( 1. Key Laboratory of Tropical Forest Ecology Xishuangbanna Tropical Botanical Garden Chinese Academy of Sciences Yunnan Kunming 650223 China;
2. University of Chinese Academy of Sciences Beijing 100049 China)

Abstract: A pot experiment was carried out with biochar ( CK:0; B2.5:2.5%; B5:5% ; w/w) and fertilizer( 0 kg/
hm®; F: 300 kg/hm®) (totally 6 treatments: CK CK +F B2.5 B2.5+F BS and BS + F) during 2014. The study
investigated the effects of biochar application in rubber plantation on i) enhancing carbon sequestration ii) soil
properties and iii) rubber seedling biomass. The study revealed that biochar application significantly increased soil
pH soil water content (26.9% ~76.3% in rainy season and 30.8% ~63.5% in the dry season respectively)

Soil C Phosphorus and reduced soil bulk density soil nitrate. Soil available phosphorus of BS and B5 + F treatments
was raised to 18.3 and 16 folds as compared to the control. Soil respiration in the dry and rainy season showed the
same pattern: BS + F > B2.5 + F >B5 > F > B2. 5 > CK the control was significantly lower than any other treat—
ments. Rubber seedling biomass of treatments with fertilizer showed a great difference from the control and treat—
ments with biochar alone and B2.5 + F was more remarkable. Both biochar and fertilizer also enhanced seedling
photosynthetic rate dramatically. It was concluded that biochar changed the soil properties ( soil moisture and most
of soil nutrients that promote the growth of plants) and has a potential to improve carbon sequestration of both above
and below ground. For this reason it is suggested that adding biochar with fertilizer rather than alone could enhance

rubber seedling growth.

Key words: Biochar; soil nutrient; soil water content; soil respiration; rubber seedlings



