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Introduction

Deforestation and land use change are respongiblarfye offsets of carbon to the atmosphere,
which is considered as a major contributor to theent climatic variability and climate change
(FAO, 2010 AND BERNSTEIN ET AL., 2007). The studyesthat was selected to evaluate the
impacts of land use change on carbon sequestraidhe Naban River Watershed National
Nature Reserve (NRWNNR) that is located in the Bationomous Prefecture of Xishuangbanna
in Yunnan province, which lies in southwest Chilke NRWNNR is hilly and lies between 500
and 2304 m.a.s.l. (LI ET AL., 2008). Compared taditional rubber cultivation areas, it has
overall unfavourable climatic conditions regardlaogier average annual temperatures at medium
(680 to 800 m.a.s.l.) and high (870 to 1050 m.aalévations, lower and irregular rainfall, lower
atmospheric humidity during the dry season, andhdrigelevation (TUTIEMPO AND
GUARDIOLA CLARAMONTE ET AL., 2010). Despite this,ver 10% of the NRWNNR is
covered by rubbeiHevea brasiliensis) plantations. The largest perennial land usesdrieer and
primary and secondary forests, and therefore tlge$a contributors to carbon sequestration. The
largest annual land uses include paddy rice andenM@OTTER, 2011); however, their carbon
sequestration capacity is much lower than in theerpgals. Land use change in the area is
strongly driven by the fast rate of rubber expamswhereby rubber mainly replaces primary and
secondary forests (FOX ET AL., 2009 and COTTER,130The carbon sequestration potential
in Xishuangbanna is changing as a result of tha’'ssland use change (YANG ET AL., 2005),
and needs to be evaluated. Therefore, it is impbttaestimate the biomass of forests and rubber
plantations at three elevation ranges, i.e. lowdioma and high.

Materialsand Methods

Using the studies of JIA (2006) and SONG AND ZHANKZR10) as a reference to set different
elevation ranges, this study differentiates amaw (530 to 650 m.a.s.l.), medium, and high
elevations. Since available data to estimate tbmass of rubber trees at low and high elevations
in the NRWNNR could not be assessed by the autladtesnative information from a literature
review (YANG ET AL., 2005; SONG AND ZHANG, 2010; ™G ET AL., 2009; BAO ET
AL., 2008 AND JIA, 2006) concerning biomass datauddber trees in Xishuangbanna in general
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are used here. The biomass at medium elevationgstmsated with data from 2009 and 2010 of
142 trees from the NRWNNR from which GBH (girthbaeast height), height, ages (9, 10, 11,
12, 15, 16, 21, 22, 23 and 24 years), and elevat{680 to 700 m) were available (GOLBON,
2012, personal communication). This is further sugal with data from literature. The biomass
estimation of rubber considers allometric relatiops, as well as the elevation gradient, which is
an important determinant for climate variation @splly temperature) that significantly
influences rubber tree biomass development. Thaésés in kg per rubber tree is computed using
the allometric equation from Ketterings (KETTERINGS AL., 2010)

B=aD 1)
where B ishiomass per tree in kg, a and b are the paramietdrs estimated, and D is the DBH
(diameter at breast height) of each tree in cmtdfieigs’ allometric equation is suitable as its
parameters a and b can be set for the studiedidacapecifically. The elevation gradient is
comprised in the parameter b, which shows a relslip between the DBH and height of a tree
in m at each chosen elevation range (KETTERINGSAET 2001).

Furthermore, the beta growth function
t
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where w is the biomass in t per hg,is the maximum growth rate in t per ha that i<hea at
time ty, tis the plant’'s age, anglis the time at the end of the growth period (YIN &L., 2003);
was used to express the age-dependent rubber giowvpier ha for a tree density of 450 trees per
ha (YANG ET AL., 2005 AND JIA, 2006), which is basen the biomass results of applying
Ketterings’ equation. The biomass estimates of @rimand secondary forests, as well as of the
other land uses in the area are derived from a@auestive literature review and the analysis of
primary and secondary sources.

Results and Discussion

During a life span of 38 years, rubber plantationshe NRWNNR can build up a biomass of
233.78£12.64, 193.02+10.05, and 92.79x4.75 t perath#ow, medium, and high elevations
(Figure 1), i.e. 116.89+6.32, 96.51+5.03, and 462488 t C per ha, respectively. The average
annual biomass accumulation is 6.34+0.22, 6.11+8rid 3.10+0.05 t per ha at low, medium and
high elevations. If the biomass of rubber plantaiper ha at low, medium and high elevations is
averaged, than their average biomass is of 173 ha, i.e. 86.60 t C per ha, and a yearly
biomass increment of 5.18 t per ha.
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Figure 1: Aboveground (AB) and belowground (BB)rhass in t per ha of 0 to 38 year old rubber pléomatat
low (HE), medium (ME) and high (HE) elevations issKuangbanna



Figure 1 shows that the biomass accumulation obeulplantations is significantly higher (<
0.05) at low > medium > high elevations, which dsnmainly explained by the reduction of
temperature as elevation increases (BAO ET AL.8200ower temperatures have a tendency to
restrict rubber biomass development, such that #8egrering and consequently fruiting are not
possible at high elevations (JIA, 2006). The biosnascumulation of rubber plantations in the
NRWNNR is significantly affected by the differereeations ranges, which is confirmed by the
results for Xishuangbanna of JIA (2006) and SONGARHANG (2010). Several studies show
that usually lower elevations have a larger biomiassease than higher elevations, as the
temperature tends to be higher, which increasegithwing season. A longer growing season
contributes to improve the metabolic activity oplant, such that photosynthesis rate and cell
growth can further increase. The temperature isllyslower at higher elevations, whereby
biomass development may be restricted (SONG AND KBA2010).

Furthermore, the biomass accumulation in diffenglant organs is generally higher at low >
medium > high elevations. As an example, the bieeasf 14 year old trees at low, medium and
high elevations correspond to 70.21, 55.11 and®B6ger ha in the stem, 10.60, 16.55 and 11.47
t per ha in the branches, and 2.84, 3.96 and 2089 ha in the leaves (Figure 2). The difference
between stem biomasses can be partially attriciotéloe different average heights of 14 year old
trees, which are 16.27+0.54 m at low, 15.08+1.0Gatmmedium, and 9.75+0.35 m at high
elevations (JIA, 2006). When stem, branch, and beafhass are taken into account separately,
they show to be significantly different (< 0.05)the different elevations ranges. Nevertheless,
they do not follow the pattern of aboveground aebtblWwground biomass partitioning (Figure 1),
where biomass is higher at low, than at medium,thad at high elevations.
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Figure 2: Stem, branch and leaf biomass in t pexflfato 38 year old rubber plantations at low (laBd medium
(ME) elevations in Xishuangbanna

An exception was observed in branch and leaf bisegsavhich were overall higher at medium
than at low elevations (Figure 2). This can beiglytexplained by the biomass allocation at
medium elevations, which compared to low elevatiangreater to branches and leaves, and
simultaneously lower to stems. It can also be pastplained by the winter temperature inversion
in the area, which occurs over 80% of the days éetwthe beginning of December and the end
of February (JIANG, 1981). This possibly influendaster developing plant organs, such as
branches and leaves, and enables them to accurmudaéebiomass at medium elevations, where
the beginning of leaf growth occurs around th& @bFebruary, i.e. already about 9 days earlier
than at low elevations. Nevertheless, there isreguent temperature inversion during the rest of
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the year, which then explains the significantly Heg stem biomass accumulation at low
elevations compared to medium and high elevatiSteans develop more slowly, and at medium
elevations they may not benefit from the tempotamperature inversion for sufficient time to
surpass stem biomass at low elevations.

As a means of comparison with mature rubber plamst(38 years old) that store 86.60 t C per
ha when averaging t C per ha of mature rubber\attto high elevations, the average carbon
sequestration of the different land uses in the NNNR, in ascending order, is 5.41 t C per ha in
paddy rice — 93.75% less than in rubber, 66.02peCha in mature secondary seasonal tropical
and montane rainforests — 23.76% less, 71.00 t IChpein mature secondary subtropical
evergreen broadleaf forests — 18.01% less, 116.24 pger ha in primary tropical montane
rainforests — 34.23% more, 122.08 t C per ha img@ry subtropical evergreen broadleaf forests —
40.97% more, and 183.16 t C per ha in primary tapseasonal rainforests — 104.32% more
(Figure 3; LI ET AL., 2008; WEHNER, 2007; DEVEVRB&HORWATH, 2000; ZHENG ET
AL., 2006; LU ET AL., 2006; Lu ET AL., 2010; FENGTEAL., 1998; BAO ET AL., 2008 AND
TANG ET AL., 1998).

Furthermore, rubber has a 38 year life cycle, inctvht is unable to compensate the biomass
carbon loss when replacing primary tropical seals@naforests or primary subtropical evergreen
broadleaf forests in the study area. Primary t@pisontane rainforests located at medium and
high elevations and rubber plantations at low dlema have almost the same amount of biomass
(Figure 3). However, since primary tropical montaamforests are located at medium and high
elevations, rubber plantations at those elevatamesunable to compensate the biomass carbon
loss of replacing primary tropical montane raingselhis means that there would be no gain in
biomass carbon sequestration if primary forestseweplaced with rubber plantations, only a
loss. Nonetheless, already 18 up to 21 years mifdrer is planted at low and medium elevations,
it is able to compensate the biomass carbon loswhaplacing a mature secondary tropical
seasonal and montane rainforest, and a mature dagosubtropical evergreen broadleaf forest,
respectively. Therefore, rubber plantations at &owl medium elevations in the middle of their
life cycle are able to surpass the biomass carleguestration capacity of mature secondary
forests. Only rubber plantations at high elevaticaassnot compensate for the biomass carbon loss
of replacing neither primary nor secondary forests.
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Figure 3: Biomass carbon estimations in t C pesfhaature rubber, paddy rice, and primary and sgapnforests
in Xishuangbanna. All vegetation except rubberasdual on data from LI ET AL., 2008; WEHNER, 2007;
DEVEVRE and HORWATH, 2000; ZHENG ET AL., 2006; LUTEAL., 2006; LU ET AL., 2010; FENG ET AL.,
1998; BAO ET AL., 2008 AND TANG ET AL., 1998
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Conclusion

The biomass accumulation of rubber plantationi&WNRWNNR is significantly affected by the
different elevations ranges, and shows a negatiwelation as elevation increases. Furthermore,
there is a winter temperature inversion in the ,avélaich contributes to the higher biomass
accumulation of faster growing plant organs, susteaves and branches, at medium elevations
than at low elevations. Moreover, rubber plantaicannot reach the same biomass amount of
the primary forests in the area. However, rubbdoatand medium elevations is able to reach
the same biomass carbon of secondary forests amdcrehe middle of their life cycle.
Additionally, at the end of their life cycle theyeaable to surpass biomass carbon stocks of
secondary forests by 31.56 to 43.52%, making ruldrerimportant contributor to carbon
sequestration in the area. However, it cannot bggestied that the expansion of rubber
plantations is an appropriate solution to increegdon sequestration in the area, as other
important factors need to be carefully consideiiest,fsuch as impacts on biodiversity and on
other ecosystem components that may be negatiffelsted, such as water availability.
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