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2
® o Primosols Stagnic Anthrosols
[27]O
1 1.2
1.1 N
21°27" ~ 22°36' N 2013
100°25" ~ 101°31" E 6 3.7.9.21.27 34
° 1162.1 mm o 5 100 m 400 m’
85% 5~10 11 20 mx 20 m 587 ~ 629
~ 4 223 C 258 C 5~6 m 30° . 9m X%
16.5°C 1 21529 h, 25m 1o 7
9
UdicFer- . 9 2
ralosols Alluvic
1
Table 1 Basic information of rubber plantation in this study
Stand Ages Locations Elevations ~ Gradients ~ Plant density =~ Canopy heights gl types Soil pH Soil C/N ratios
(@) (m) ° (m X m) m
3 21°53'5.2" N 100°49'21.8" E 588 10~19  9x 25 6.05% 6.05 418+ 012 1248+ 1.16
7 21°52'43.7" N 100°49'21.7" E 587 7~ 14 9x 25 1194% 11.94 484+ 0.18 1145+ 0.93
9 21°52'57.8" N 100°49'25.4" E 590 10~17 9% 25  13.65% 13.65 473+ 023 862+ 1.85
21 21°52'57.8" N 100°49'25.4" E 629 11~29 9% 25 1892% 1892 477+ 016 1186+ 0.84
27 21°52'32.7" N 100°49'35.6" E 607 5~26 9x 25 2041 2041 475+ 015 927+ 123
34 21°52'17.8" N 100°49'36.1" E 626 6~28 9x 25  2207% 22,07 486+ 015 1201+ 0.87
1.3 °
1.3.1 2013 4 5 1.3.2 2009
9 4 cm 30
0~10 cm.10 ~ 20 cm.20 ~ 30 cm.30 ~ 50 GTI1, RRIM600, PR107
cm.50 ~ 100 cm
3 15 7
° Im 133 SPSS 16.0
100 ¢’ Repeated - measures ANOVA
3 o Two
- way ANOVA N N
3 N
o Analysis of covariance . a=
&8 0.05, SigmaPlot 12.5 o
3 g x
gcm 100 on? 100 1 2
C=Cx BDx D+ 10 1 m
N=Nx BDx D+ 10 1.08 £ 0.01 gecm’ 1.07 +
C. N, thm* € 901 gem? P>005 1
N gkg' BD .
gem® D em o 1m 3~34 094~ 128 g cm
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1.3¢ 2 2
1.2} P <0.001
1.1 P<0.05 .
EE T, 39 9
22 1.15 gem® P <005
E 09
A 27 1.13 gem?®
0.8 —— ==
—— A 1
0.7
0~10cm 50~ 100 cm 0.11
0.6 . . . . . . . . ] 3 Op <
4 8 12 16 20 24 28 32 36 gem® P<0.05 .
M (a) 2.2
Stand age
1
Fig. 1 Comparisons of soil bulk density between dry and rainy seasons P < 0.001
35
2
Table 2 Dynamic change of soil bulk density
Bulk density (g cm™)
Soil depths
em 7 9 21 27 34
3- year old 7- year old 9- year old 21- year old 27- year old 34- year old
0~10 094+ 0.08a 1.08 £ 0.05b 1.03 £ 0.04 ab 1.03 £ 0.04 ab 1.06 £ 0.09 b 1.06 £ 0.10b
10 ~ 20 1.00 £ 0.05a 1.10 £ 0.04 b 1.12+ 0.05b 1.02+ 0.05a 1.10 £ 0.06 b 1.02 = 0.06 a
20 ~ 30 1.01 £ 0.04a 1.13 £ 0.05b 1.14+ 0.05b 1.05 £ 0.04 ac 1.10 £ 0.03 be 1.10 £ 0.04 be
30 ~50 1.03+ 0.04a 1.12 £ 0.05 ac 1.18 £ 0.08 be 1.07+ 0.03 a 1.15+ 0.02 be 1.12 £ 0.04 ac
50 ~ 100 1.03+ 0.07a 1.15+ 0.04b 128+ 0.08 ¢ 1.08 £ 0.03 ad 123+ 0.04 ¢ 1.10 £ 0.03 bd
5 + 0.05 °
3 N N

Table 3  Effects of stand ages and soil depths on soil BD, soil carbon contents (SCC) and carbon storage (SCS), soil nitrogen contents (SNC) and storage (SNS)

X

Ttems Stand Ages Soil depths Stand Ages % Soil depths R?
F values P values F values P values F values P values
DF 5 5 4 4 20 20

BD 25.259 < 0.001 20.035 <0.001 1.818 0.026 0.669

SCC 32.422 < 0.001 178.566 < 0.001 0.877 0.615 0.882

SCS 13.930 <0.001 259.532 <0.001 1.475 0.103 0.905

SNC 13.278 <0.001 247.573 <0.001 1.084 0.375 0.900

SNS 14.547 < 0.001 606.470 < 0.001 4.460 < 0.001 0.956

3
9 854 gkg' 881 gkg' 8.03 gkg' P<0.05 0~10cm
1327 gkg' P<0.05 . 50 ~ 100 cm -6.06 gkg!'
34 548 gkg' 9
17.32 gkg' 3 o
20.65 gkg' 3~34 1 m
2a , 3a 3 34 9 <27 <21 <34 <7 <3
10 ~ 20 cm. 20 ~ 30 cm. 30 ~ 50 cm 119.12 t hm? 142.67 t hm? 145.24 t hm? 149.29
430 gkg' 478 gkg' 484 gkg' thm? 164.90 thm? 17052 thm> 2b ., 34
P<0.05 0~10cm 21.23 t hm?
032 gke! . P<0.05
9 3b . 3 9
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30.14% 51.40 t hm? P <0.05 P<0.05 . 10
9 34 cm 3~9
30.17 t hm? 20 ~ 30 cm -7.12 t hm? P <
P<0.05 . 3b 3 0.05 9 ~34
34 0~10cm 248 0~10cm 6.52 thm? P <0.05 20 ~ 30
t hm? P<0.05 . cm 3.80 t hm? P<0.05 .
50 ~ 100 cm
e (g ke ™) Wit (1 hm ™)
Carbon content Carbon storage
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7 E/ELE R N v —
9
i 3030
= 27 At R
mm 34 44z 50~ 100
5 +
2
Fig. 2 Soil carbon contents and carbon stocks
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Fig. 3 Changes of soil carbon contents and carbon stocks
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Fig. 4 Soil nitrogen contents and nitrogen storage
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Fig. 5 Changes of soil nitrogen contents 6

Fig. 6 Mean annual yield of dry rubber (AYDR) varying with tapping
years
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4 N N poplar 4

Table 4 Effects of annual yield of dry rubber (AYDR) and stand age on
soil BD, SCC, SCS, SNC and SNS

Ttems AYDR Stand Ages R
F values P values F values P values
BD 2752 0111  11.628 <0.001 0.72 o
SCC  0.173  0.681  8.888 <0.001  0.698 334 1 m
SCS 0.006 0939 4473 0.005  0.540 ) ,
SNC 0229 0637 3.836 0011 0526 12.54 thm* ~ 16.47 t hnr 4 ., 3~34
SNS  0.801 0.380  6.599 0.001  0.599 020 gkg! 1.3 t hm?
3 o
3 ~34 1 m 3 21
148.62 t hm? 2b de Blécourt et al.
139.43 t hm? . 3 34 27 0.19 gkg's
34
21.23 t hm? 2b o
o 2 3 o
<9
9 [31,32]
o -5% ~ 18%
1 o,
2a 4a 2
- Katsunori and Shoji ®” 3 7~9
N P <0.01 2
3 I m 0~10cm
3
4 5 0~10cm
o 10 cm 30 cm
<9 30 cm
9 20 ~ 40 cm (14331
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Impacts of Long—term Rubber Plantation on Soil Carbon and Nitrogen
Sequestration in Xishuangbanna

SUN Yan- ci®? MA You- xin'", CAO Kun- fang®, LI Hong- mei', HE Jian- fen*,
LIU Chang- ping*, LIU Hong- ping’, LI Bin’

(1. Key Laboratory of Tropical Forest Ecology, Xishuangbanna Tropical Botanical Garden, Chinese Academy of Sciences, Menglun 666303,
China; 2. University of Chinese Academy of Sciences, Betjing 100094, China; 3.State Key Laboratory for Conservation and Utilization of
Subtropical Agro—bioresources, and College of Forestry, Guangxi University, Guangxi 530004, China; 4. The management committee of

Xishuangbanna Mansha Farm, Jinghong 666100, China; 5. Forestry and water integrated service center, management committee of

Jinghong Farm, Jinghong 666100, China)

Abstract: In order to enhance the development of sustainable rubber plantation, this study investigated the dynamics
of soil carbon and nitrogen concentrations in the rubber plantation with different stand ages in Xishuangbanna,
Southwest China. The results showed that soil carbon and carbon storage, soil nitrogen contents and nitrogen storage
decreased over 34 years of rubber plantation. Approximately 3.33 g kg'' and 21.23 t hm? carbon, 0.20 g kg' and
1.3 t hm? nitrogen were depleted, respectively. The depletion of soil carbon continued at the early stage of rubber
planting till the stand age of 9 years, thereafter, soil carbon gradually increased and reached a relatively stable state in
stands older than 21 years. Compare to soil carbon, soil nitrogen contents continuously reduced for a longer time (3 ~
21- year stand). Soil nitrogen storage was sensitive to soilbuk density(BD), and its temporal change was irregular. As for
the top 1m soil profile, changes of soil carbon and nitrogen mainly occurred in the top 30 cm soil while soil depths
were evenly divided by every 10 cm. Covariance analysis showed that annual dry rubber yield had no significant effect
on soil carbon and nitrogen concentrations. However, soil carbon and nitrogen contents decreased obviously at the
beginning of rubber tapping (9- year), indicating that rubber tapping might cause some physiological and ecological
changes which in turn affect soil carbon and nitrogen sequestration in rubber plantation.

Key words: Rubber plantation; Soil carbon and nitrogen; Rubber tapping; Xishuangbanna



