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Biomass and annual growth of different aged rubber plantations mixed with Rauvolfia
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Abstract: Mixed-species forest plantations have been established in a large area in the tropics of
China playing an important role in carbon sequestration. To understand the changes in annual
growth and biomass allocation we investigated height ( H) diameter at breast height ( D) and
basal diameter ( BD) from different aged rubber plantations ( 8- 11-and 20-year-old) mixed
with Rauvolfia vomitoria and Flemingia macrophylla ( RM) and adjacent pure rubber plantations
( CK) in Xishuangbanna in December 2013 and 2014. Also the biomass regression models
were established. The annual growth in D or BD and biomass increment of different trees in RM
decreased with increasing stand age. The D’ s annual growth of rubber trees in 8— 11—and 20—
year-old RM was 1.16 1.01 and 1.17 times of that in CK with annual biomass increment being
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1.13 1.08 and 1.49 times respectively. The total biomass was 111.16 112.53 and 119.53
t * hm™ in the 8— 11-and 20-year-old RM respectively being 1.35 0.60 and 0.17 times high—
er than that in CK. However the total biomass increment decreased with stand age ranging from
53.20 t * hm™” in 8-year-old RM 33.64 t * hm ™ in 11-year-old RM to 11.18 t * hm ™ in 20-year—
old RM  which were 5.13 4.48 and 2.63 times of that in CK respectively. The relative contribu—
tions of stems and branches to total biomass increased with stand age in both RM and CK while
the contributions of leaves and roots decreased. The results suggest that biomass accumulation will
be greatly enhanced by constructing mixed-species rubber plantation.

Key words: rubber; complex ecosystem; growth increment; biomass.
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1
Table 1 Basic characteristics of plots
() (m) (%) (%) ( +hm?)  (em) (m) (%)
8 21°33736.62"N 870~ 880 25~30 SW60 495.0 13.3+1.5 7.4+0.3 40.0+5.0
101°28-58.84" E
11 21°33735.39"N 870~ 880 25~30 SW10 495.0 16.5+1.5 10.0+0.4 50.0+8.0
101°28759.74"E
20 21°33726.48"N 880~890 20~25 SW50 450.0 20.5+1.6 15.0+£0.5 85.0+10.0
101°28740.32" E
11 o 2013 o
1.2.2 .
2013 2014 12 2014 N
(25 mx20 m) NN 1 2 o 3
( 15 ) N 3
2
28 o
( 2014) 2014 12 1.3
21 Microsoft Office Excel
N o 2013, SPSS 18.0
29 N ( ANOVA) Duncan
N o NN ( P<0.05) o
105 C. 75 C 2 2
( Y
AY ) 2- 1
1.2.3 ( 2011) -
2013 2014 12
2 ( 1991, 1993) ,
3 49
(2009) ( 2 . 29
1.2.4 N
) ( BD*H)
3 o
2014
( P<0.01)
2
Table 2 Biomass models of Hevea brasiliensis 52
Ws= 0.0504D>> R?=0.987**
WB:0-0154DZ'5630 R2=0.911** 3
W, =0.0071D**' R*=0.955**
Wy, =0.1084D'942 R*=0.971**
W, =0.1364D>*"* R*=0.989**

* % P<0.01.

n=30

3.1 em<D<38.1 cm.,
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3

Table 3 Biomass models of Flemingia macrophylla and Rauvolfia vomitoria

=29 We. 0.0216( BDZH) 0.9955 R2=0.9880* *
0.79 em<BD<14.50 cm Wy, =0.0026( BD*H) "% R*=0.9801**
0.84 m<H<5.39m - =0.0055( BD*H) "-0%06 R2=0.9496* *
Wy, =0.0186( BD*H) *%78 R?=0.9667**
W, =0.0512( BD*H) *%%%¢ =0.9867* *
n=49 W, =0.8438( BD*H' ) 0.7450 R2=0.7550* *
0.72 em<BD<9.28 cm W, =2.4415( BD*H) *%% R*=0.7091**
82 em<H<380 cm W, =0.7636( BD* H) > R*=0.7996* *
W, =3.2992( BD*H) %% R?=0.7512**
H BD % % P<0.01,
( 4
( 4, 8 a 8
11 20 a 1.81 a 62.27% - 62.49% 20 a 64.88%
3.31 11 a 20 a 1.83 64.24%; 1/4
; 8 a
11 20a 1.57 3.34 11 a 8a 17.21%17.16%
20 a 2.12 & 20 a 17.64% 17.65%;
3 8 a 17.80%17.65%
8.11 20 a 20 a 14.96% +15.53%;
1.16.1.01 1.17 11 a 1/40 8 a
(P 2.72%2.70% 20 a 2.52%2.58% . 3
>0.05) 8 20a
( P<0.05) 8 a > >
2 > ; 11 20a > > >
3 2
( 4o o
2.3
o 8.11 20 a
1.13.1.08 3
1.49 .
2 ( 5).8a
4

Table 4 Annual growth and biomass accumulation and its organ allocation of mixed rubber—Rauvolfia vomitoria—Flemingia
macrophylla systems and rubber plantations in three different stand ages

(cm)

(tehm?)

(a)

8 1.59+0.10 a 7.31+0.62
1.37 +0.01 b 6.48+0.36
11 0.88+0.04 a 5.16+0.33
0.85+0.05 a 4.75+2.19
20 0.48+0.08 a 4.12+1.54
0.41+0.04 b 2.73+0.38

2.02+0.17 0.32+0.03 2.09+0.16 11.74+0.98 a
1.78+0.10 0.28+0.12 1.83+0.76 10.37+0.58 a
1.42+0.09 0.21+0.01 1.34+0.59 8.13+0.28 a
1.30+0.60 0.20+0.09 1.26+0.60 7.51+£3.60 a
1.12+0.42 0.16+0.06 0.95+0.32 6.35+0.38 a
0.75+0.10 0.11+0.01 0.66+0.08 4.25+0.58 a

+

(P<0.05) ,
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5 9.63 830 (P<0.01), 11 a
Table 5 Annual basal diameter and height growth of
Flemingia macrophylla and Rauvolfia vomitoria planted in
mixed rubber ecosystems with three different ages 20 a 3.50
5.77 (P<0.01) ,
() (em) (em) ;
8 2.17+0.20 a 0.95+0.19 a -
11 1.35£0.54 b 0.54£0.24 b -
20 0.77£0.20 b 0.26£0.17 b -
8 2.49£0.14 a 3.89£0.21 a 5.67£0.04 a 3
11 2.37+0.15 a 3.56+0.06 b 5.01+0.16 a °
20 0.68+0.05 b 0.92+0.10 ¢ 3.71£0.52 b
+ 8.11 a
( P<0.05) .
> > >
N 20 a > > >
11 a 1.05( P>0.05) .1.09( P<0.05)
1.13 ( P>0.05) 20 a 3.66.4.23 1.53 o
(P<0.05) ;11 a N 2.5
20 a 3
3.49.1.35 1.35 ( P<0.05) , ( 1) 8a
8a 53.20 t * hm™ 1la 20a
11 a 1.58 4.76 .
1.61 1.76  ( P<0.05) 20 a 601 D%F
2.82  3.65 (P<0.05);11 a Seaf#
501 i
20 a 5
E 4ol
1.75 2.08 (P>0.05), B
. 0 30
2.4 *®
gzo-
#
10f
3
o 0 8 11 20
4 ¥ (a)
( 6).8a 1
Fig.1 Annual biomass increment and its allocation of
11 a mixed rubber —Rauvolfia vomitoria — Flemingia macrophylla
2.76 1.44 ( P<0.05) 20 a systems in three different stand ages
6

Table 6 Annual biomass accumulation and its allocation of Flemingia macrophylla and Rauvolfia vomitoria planted in rubber
plantation with three different ages

(tehm?)
(a)

8 4.28+4.45 a 2.60+£2.71 a 1.12+1.17 a 1.92+1.99 a 9.92+2.93 a
11 1.63+1.21 b 0.79+0.66 b 0.41x0.31 b 0.77+0.53 b 3.60+2.64 b
20 0.47+0.14 ¢ 0.18+0.06 ¢ 0.12+0.04 ¢ 0.26+0.07 ¢ 1.03+£0.65 ¢

8 18.03+£0.10 a - 11.79+£0.04 a 1.72+0.17 a 31.54+2.25 a
11 12.28+0.11 a - 8.57+0.05 a 1.06+0.08 a 21.91£2.07 a
20 1.84+£0.02 b - 1.51+£0.01 b 0.45+£0.10 b 3.80+0.53 b

*

(P<0.05) .
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Table 7 Total biomass and its allocation of mixed rubber—Rauvolfia vomitoria—Flemingia macrophylla systems and rubber

plantations in three different stand ages

(a)

(thm™) (%) (thm™) (%) (thm™) (%) (thm) (%) (tehm) (%)
8 28.76:14.22 25.87 8.010.48 7.21 1.44+0.57 1.30 10.58+5.09 9.52 48.79+23.9 43.89
9.350.71 8.41 4.99+0.43 4.49 2.46+0.19 2.21 5.60+8.87 5.04 22.4+1.66 20.15
18.03+1.10 16.22 - - 11.79+2.04 10.61 10.152.05 9.13 39.97+4.22 35.96
56.14£2.38 50.50 13£0.89 11.69 15.69+0.26 14.11 26.33£0.87 23.69 111.16+4.36 100.00
27.93+2.87 59.05 7.78+0.79 16.45 1.39+0.13 2.94 10.200.83 21.56 47.30+4.62 100.00
11 41.28+3.01 36.68 11.45+0.82 10.18 1.95+0.12 1.73 20.64+1.5 18.34 75.325.45 66.93
4.16+1.25 3.70 1.83+0.58 1.63 1.06+1.10 0.94 2.10+1.04 1.87 9.15+4.97 8.13
12.28+2.11 10.91 - - 8.57+1.05 7.62 7.21£2.06 6.41 28.06+3.23 24.94
57.72+4.46 51.29 13.28+1.62 11.80 11.58+0.64 10.29 29.95+2.22 26.62 112.53+8.86 100.00
42.44+8.53 60.32 11.76+2.33 16.71 2.01£0.34 2.86 14.15£2.14 20.11 70.36+13.35 100.00
20 70.013.11 58.57 19.30+0.85 16.15 3.08+0.12 2.57 20.51+2.12 17.16 112.90+13.72 94.45
0.98+0.26 0.82 0.31£0.09 0.26 0.26+0.07 0.22 0.59+0.14 0.49 2.14+0.56 1.79
1.84+0.12 1.54 - - 1.51£0.01 1.26 1.14+0.10 0.95 4.49+0.54 3.75
72.83+3.96 60.93 19.61+2.42 16.41 4.85+0.31 4.06 22.24+2.03 18.61 119.53+4.76 100.00
62.39:1.19 61.30 17.23£0.46 16.93 2.82+0.06 277 19.34+0.38 19.00 101.78+2.52 100.00
+ (P<0.05) .
N 31.54 2.35.1.60 1.17
t*hm™ 11 20a
1.44 830 8.11
20 a
(4 5.13.448 2.63
3 8 a 43.89%-.11 a 66.93%
20 a 99.95%;
8a 1la 8 a 35.96%
59. 28% 20.15% 11 a 24.94% 8.13% 20 a
65.13%; 22.07%  24.16%; 339% 1.62%-
18.65% 10.70%. 20 a
56.80% 50.5% ~ 61.3%;
33.99% 9.21%. 18.34% ~ 26.62%; 11.69% ~ 16.93%;
3 2.77% ~14.11% »
2.6 o
3
3
(7
o 20 a “
11 a ” ( Chaturvedi et
1.45 1.06 8 a al. 2015) ( )
215 1.07 ; 1l a
8 a
1.49 1.01 . ( Bambo et al. 2009) . (2013)
8a.lla 20a ( Morus alba) - ( Medicago sativa)
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N N kg * hm_z) : 14
9.2%+36.4%.61.1% (1269.79 kg * hm™)
12.7%. 8.11 20a ( 7).
1.13.1.08
1.16 ( 1997)
( Amomum villosum)
1.88 SLA(
o )
( 2002) . .
RMR ( ) (
2010)
( Peoples et al. ( Poorter
1995; 2009; 2014) . et al. 2000) .
N 8 a
N 4730 111.16 t * hm™’
( 2004: . 8 a
2007) . 6 a ( Eucalyptus robus—
ta) (95.58 t * hm™)
( 2012) :
( 1983) . . 11 a (70.36
t * hm™) 13 a ( Cunning—
( Strong 2011) hamia lanceolata) (98 tehm™)(
. 2009) 11 a ( Michelia hedyosperma)
( Forrester et (85.58 t * hm™) ( 2013) ;
al. 2013) . . 11a (112.53 t * hm™?)
16 a
( Gonzilez-Hernandez 1998; 2015) ( Pinus massoniana) ( 110. 499
( t*hm™) ( 2009)
1998) . 13 a ( Betula alnoides) +
( Cinnamomum cassia)
o (119.33 t * hm™) ( 2009) - 20 a
(101.78 t * hm™) 25 a
o (103.6 t * hm™) (
: 1995) 17 a
(112.89 t * hm™) ( 2008) ;20 a
( 2006) (132.39 t * hm™) 30
( 1998) ( Manglietia fordiana)
(144. 066 t = hm™) ( 1997) 3

(3089.62 kg * hm™) ;
7 ( 1499.00
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(500
*hm™) 3~4
( Forrester et al. 2013) .
o (2014)
50
564.104 t * hm™( 2014)
20 4.72 .
o 3
4
4
3 (8.11 20a )
8.11
20 a (1.59.0.88
0.48 cm) 1.16.1.01
1.17 (11.74.8.13  6.35t * hm™)
1.13.1.08 1.49 . 3
3
o 3 (111.16.

112.53  119.53 t * hm™)
2.35.1.60 1.17
11.18 t » hm™?)

2.63 .

(53.20.33.64
5.13.4.48
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