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Abstract: In order to understand the effects of shade tree species on the carbon storage of differ—
ent tree-tea agroforestry systems three plots with a size of 20 m X 25 m were established in each
of five different tea gardens i.e. a monoculture tea garden and four tea gardens with one two
four and six shade tree species respectively in Menghai County Xishuangbanna. Biomass re—
gression models were constructed by using the DBH of shade trees and the BD ( basal diameter)
of tea shrubs soil samples were taken from five layers (0 —20 20 -40 40 -60 60 -80 and
80 — 100 cm) in each plot and the carbon storage was then estimated based on the carbon con—
tents in different organs of trees and tea shrubs and in soils. The total carbon storage of monocul-
ture tea garden (223.442 t « hm %) was 22.701 and 3.871 t * hm "> lower than that of the Cin—
namomum pathenoxylum-tea and Cinnamomum pathenoxylum + Cunninghamia lanceolata-tea gar—
dens but 10.828 and 5.717 t * hm "> higher than that of the tea gardens with four and six shade
tree species respectively. Soil carbon storage accounted for 91.8% —96.0% of the total carbon
storage being the lowest in the tea garden with four shade tree species. The carbon storage of
plants only occupied 4.0% —8.2% of the total carbon storage and increased from the tea gar—
dens with one to four shade tree species but decreased sharply in the tea garden with six shade
tree species. Our results suggested that the tree-tea agroforestry systems in Xishuangbanna had a
strong capacity of carbon sequestration.
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Table 1 Characteristics of plots and shade trees in monoculture tea garden and four different integral tree-tea ecosystems

N E (m) () (°) (m)  (em) (m x m) (tress*hm?)
14 21°587663" 100°25-745" 1136 NE10 5 - - - -
12 21°58290" 100°25093" 1219 NE10 17 - - - -
13 21°587302" 100°25°136” 1213  NEI10 - - - -
+ n4 21°587455" 100°25-723" 1173 NEI10 5 3.830 8.680 3.28 x3.36 200
n=2 21°587340" 100°25226" 1216 NE10 7 4.142 9.103 3.18 x3.24 240
n3 21°58320" 100°25°171" 1214 NE10 7 4.293 8.951 3.64 x3.54 280
-+ m4 21°587415" 100°25236" 1193 NE10 10 5.313 10.987 3.70 x3.70 300
m=2 21°587443" 100°25257" 1193 NEI0 10 4.762 10.804 3.48 x3.31 260
m3 21°587542" 100°25-720" 1154 NE10 5 5.362 12.004 3.73 x3.58 260
4 + N4 21°587495" 100°25624" 1195 NW10 10 5.805 14.005 3.38 x3.39 400
V=2 21°58°530" 100°25659" 1183 NW10 5 5.564 10.914 2.98 x3.43 280
V3 21°58321" 100°25278" 1206 NE20 10 4.393  7.056 2.67 x2.66 280
6 + V4 21°58421" 100°25256" 1193 NEI10 10 4.592 9.185 3.52x3.49 460
V=2 21°58502" 100°25351" 1190 EW15 6 4.606 9.752 3.73 x3.60 320
V3 21°58°525" 100°25-364" 1194 EW15 6 5.147 10.594 3.21 x3.02 300
2
_ 2
( ~ + - 105 °C . 75°C 2.1
) (D)
(BD) (D)
o ( H) ( Brown et al. 1989;
Chave et al. 2001 2005) . W =aD’
( 2006) . 1992; 1998;
1.2.3 2007; 2009) .
AY AY o ( BD)
AY AY 3 3 ( D)
I m 0 ~20.20 ~40.40 ~60.60 ~ ( 2)
80 80 ~100 cm o
. o (P<0.01) .
. 2.2
. 2
CN
1.2.4 18.309 t * hm *(  3) . 4
5 + 22.026 t * hm > 4
. o + 34.687 t * hm™*;
1.3 6 +
SAS 8.1 25.755t*hm™’. 4
a =
0.05. Original 8 Microsoft Ex— ( 3).5
cel o 4 + >6
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2 4 (g kg™
Table 2 Biomass regression models for major shade trees Table 4 Carbon concentration of different plant organs in
and tea shrub different tea gardens

( )
Wi, =0.0327D* % 0.984*** 493.63  498.40  482.00  529.60  487.85  490.10
l<D<21 W, =0. 0103 D% 2% 0,973 % % * (14.78)  (13.49)  (6.24)  (15.00) (10.12)
(n=10) Wy =0. 052407 0.980* * * 503.45  493.11  505.85  530.30  489.28  494.83
W, =0.0361 %05 0,984 % * * (9.81)  (12.56)  (4.59)  (21.80)  (9.9)
~ . . 504.72 51150 501.14  537.70  481.42  493.88
Wy =0.0143D 0.996™"" (14.64) (14.84) (8.87) (40.10) (11.37)
W. =0 1456D2.0817 0 987**x
T= . : . 490.18  481.00  473.85  519.70  486.85  484.89
W, =0.0231D*® 0.932%** (17.26)  (21.17)  (12.22) (17.20) (12.83)
3<D<33 Wy =0.0225D> % 0.967*** - 493.88 - - - 493.88
(n=12) Wy =0.2970D" 328 0.903 * * - (14.32) - - -
Wy =0. 0450D" %7 0.973*** - - 492.42 - - 492.42
W, =0.2191 %16 0.98] * * * - - (9.13) - -
W, =0. 0498 D" 159 0.930% * * 498.00  495.59  491.05  529.40  486.35  490.54
1<D<17 Wy =0.0171 D> 0.987 % ** “o 29 7
(n=10) W, =0. 0776D% 1410 0.99] * * *
Wy =0. 0359 D% 0937 0. 982 * * * 2.3
WF =0. 0015D2.5968 0. 901*** 2 3 1
Wy =0. 1669D* 134 0.996* **
%., =0. 0058( B%) 581:; 0.730**
1<BD<7 ;D) - ' 0.897***
(n=18) &V =0. 0098(3178 275 g7 rx
Wi = . 0291 s ( 4).
) 1. 8100 0.758 "
&V[‘ =0. 0438( BD) 23645 () gy r KK : > >
* % kP <0.001 ** P<0.01 W(kg): :D(cem): 1.3 ; > > >
BD( cm) : .
+ > -+ > + > o 2.3.2 4
4 4 +
4 1.95 (P<0.05);
+ + 1.97 6 + -
; 6 + -+ 2 3.8890  3.619 t * hm™ *( P >0.05)
4 + +
3.7%  11.4%; + 1.877 t+ hm™2(P>0.05) ( 5).
28.8% »
( 3). 5 (t*hm™?)
L Table 5 Carbon storage of live plants in monoculture tea
3 (t-hm™)

garden and four different integral tree-tea ecosystems

Table 3 Biomass and its components in monoculture tea
garden and four different integral tree-tea ecosystems

% %
8922 a - - - 8.922 b
% % (0.053) - (0.053)
('(f' 130089) - - - (153130%9) . 7.639ab  70.7 3060b  29.3  10.799 ab
: : (1.807) (0.573) (1.381)
! (1%5‘760776) 7.2 (?' fgg) 2.8 (222'8(11286) - 6.695ab  53.4 5.845ab 466 12.541 ab
3 : : 0. 456 0. 449 0.795
- 13.741 543 1,550 457 25.29 (0.456) (0.449) (0.795)
(0.934) (0.810) (1. 600) 4 7.257ab 418 0.119a 582 17.375a
4 ¢ 14802 4.9 19.794  57.1 34.6 * (2.999) (6. 844) (4.703)
(5.117) (13.374) (9.14) 6 + 5.853b 45.7 6.958 ab 54.3 12.811 ab
6 + 12013 46.6 13742 53.4  25.755 (0.824) (1.095) (1.885)
(1.691) (2.298) (3.923) -
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4 + 1. 06
4 + + ; 3 ; 4
(P <0.05)
(P> ;
0.05) . + 3
4 + 58.2%;6 o
+ 54.3%; - > > >
+ 46. 6% + > > ( 6),
29.3% . 4 2.4
6 2.4.1
+ 4 + (0 ~100 cm )
(P<0.05) ( 95)- -+ . + 6
+
4 3.87.2.14  0.65g-kg ',
( 5 -+ > + >0
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( 6).4
4 ( 7o
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Table 6 Allocation of carbon storage of different plant organs in monoculture tea garden and four different integral tree-tea
ecosystems

3.538 b 1.755 ¢ 0.669 b 2.961 b - - 8.922 b
(39.6) (19.7) (7.5) (33.2) - - (100)
. 3.968 b 2.567 ab 0.985 ab 3.278 b - - 10.799 b
(36.7) (23.8) (9.1) (30. 4) - - (100)
. 4.543 b 2.298 be 1.726 a 3.572 b 0.378 a 0.025 a 12.541 b
(36.2) (18.3) (13.8) (28.5) (3.0) (0.2) (100)
4 + 7.339 a 3.078 a 1.945 a 4.580 a 2.449 a 0.032 a 17.375 a
(42.2) (17.7) (11.2) (26.4) (2.3) (0.2) (100)
6 5020 2.255 ab 1.222 ab 3.517 b 0.411 a 0.082 a 12.811 b
(39.3) (19.9) (9.5) (27.5) (3.2) (0.6) (100)
“o (P<0.05) .
7 (g-kg™)

Table 7 Carbon concentration of different soil layers in monoculture tea garden and four different integral tree-tea ecosys—
tems

(cm)
0~20 20 ~40 40 ~60 60 ~80 80 ~ 100
30. 32 25.58 19.09 12.51 10. 36 19.57
(7.77) (7.09) (5.08) (3.23) (2.20)
+ 32.80 29.27 20.50 14.59 11.37 21.71
(11.30) (10.42) (5.29) (1.71) (0.31)
S 32.06 32.93 25.95 15.20 11.07 23.44
(13.67) (14.75) (13.81) (4.41) (2.02)
4 + 27.87 23.28 17.51 13.13 10. 06 18.37
(9.33) (8.01) (4.64) (2.41) (0.41)
6 + 29. 84 27.03 20.92 12.91 10. 41 20.22

(1.71) (3.61) (4.05) (1.12) (1.24)
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8 (t+hm™)

Table 8 Total carbon storage in monoculture tea garden and four different integral tree-tea ecosystems

8.922 £0.053 a -

8.922 £0.053 ¢

214.520 £26. 153 a

223.442 £26.107 a

(4.0) - (4.0) (96.0) (100)
+ 7.639 +1.807 ab 3.160 £0.572 b 10.799 +1. 381 be 216.514 +36.632 a 227.313 £37.954 a
(3.4) (1.4) (4.8) (95.2) ( 100)
-+ 6. 695 £0.455 ab 5. 845 £0. 449 ab 12.540 +£0.795 ab 233.602 +£32.687 a 246. 143 £32.131 a
(2.7) (2.4) (5.1) (94.9) (100)
4 + 7.257 £2.999 ab 10. 119 +£6.844 a 17.375 £4.703 a 195.239 +29.462 a 212.615 £27.518 a
(3.4) (4.8) (8.2) (91.8) ( 100)
6 + 5.853+0.824 b 6.958 +£1.095 ab 12. 811 +1. 885 ab 204.914 +£5.926 a 217.725 £6. 166 a
(2.7) (3.2) (5.9) (94.1) ( 100)
. “_n (P <0.05) .
+ 6 +
(P>0.05) 10. 828 5.717 t * hm *(
2.4.2 8) .
-+ ( 8
+ °
19.082  1.994 t« hm >;6 + 4 91% 4.0% ~
+ 8.2% 2.7% ~
9.606  19.281 t * hm . 3.4%; 1.4% ~4.8% -
4
0 4
2.0 3
-+ 20 ~40 c¢m 1.2 ~1.5 4
0~20 cm 4
° + °
0~20 cm T0-
1L (W
27.0% ~30.0% 20 ~ 40 cm 24.7% ~ 60} ll g Illll
27.3% 2 1/2 ; 50k |V
E [ BAY
40 cm 3 -~ 40F
42.8% ~45.8% - + ﬁﬂh
20 ~40 cm .-+ 20 ~60 =208
cm 2 10}
;4 + 6 + 0 0-20 20-40 40-60  60-80  80-100
+HEE (em)
0 ~40 cm ( Do 1 (t-hm™)
Fig.1 Carbon storage of different soil layers in monocul-
ture tea garden and four different integral tree-tea ecosys—
tems
(P>O.()5)O 6I: ;]]:Jr + ;I - + ;IV:4 + 5V
2.5
+
22.701  3.871 t* hm™?;, 4
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(198.00 t * hm ) ;

(91.089 t * hm™?) ( 2000
2006)

N N

( Tilman et al. 1997; Davidson & Jans—
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