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Large-scale pine plantations established in the mountainous regions of Sri Lanka cause many environmental
and social issues. This paper describes a pine enrichment trial that investigated the potential to convert a
Pinus caribaea stand to a mixed species stand using four broad-leaved tree species in Hantana, Sri Lanka.
These trees were transplanted under three light treatments (full shade: Pinus understorey, partial shade:
three pine rows removed, and full light: open grassland) in 2004. All pine trees were removed in 2010. We
compared the performance of these tree species in 2010 and 2015. In 2010, the highest percentage survival
(99.0%) was under the partial shade while the highest carbon sequestration (50.2 x 10 C tyear!) and carbon
stock (0.044 x 10® C tha') were under full light by Artocarpus nobilis. In 2015, the highest percentage survival
(79.3%) was recorded by Michelia champaca, and the highest relative growth (4.2 x10® m year'), carbon
sequestration (56.7 x 10® C t year!) and carbon stock (0.049 x 10® C t ha') were recorded by A. nobilis.
Artocarpus nobilis and M. champaca can be used to convert monoculture pine plantations to mixed species
stands in mountainous regions in Sri Lanka.

Keywords: Carbon sequestration, carbon stock, enrichment planting, percentage survival, relative growth rate

INTRODUCTION

In most tropical degraded lands, monocultures
are established using several exotic tree species
such as Eucalyptus, Pinus, Acacia, Tectona and
Swietenia (Liu et al. 2018). In Sri Lanka, the
Forest Department planted Pinus, Acacia and
Eucalyptus to reforest degraded lands in wet
and intermediate climatic zones of the island
considering their ease of establishment in fire-
prone and open grass environments, their known
market access, and the availability of improved
seeds (Ashton et al. 2014a). Although over
30,000 ha of pine plantations were established
in Sri Lanka between the 1970s and 1990s, they
have hardly been managed using silvicultural
prescriptions since their establishment (Ashton
et al. 2014a, Jayawardhane & Gunaratne 2020).
These fast-growing monocultures have often met
with strong community opposition after their
establishment as they do not provide traditional
goods and services valued by local communities
and provide less ecological services than the native
vegetation they replaced (Erskine et al. 2006).
Studies on the conversion of monocultures
into mixed-species stands revealed that the latter
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result in higher delivery of ecosystem services,
namely, increased individual tree growth rates,
increased stand-level productivity, enhanced
biodiversity, improved potential to restore
degraded lands, and reduced risk of tree diseases
(Asner et al. 2018, Jonsson et al. 2019, Zhang
et al. 2019, Huuskonen et al. 2021). Selecting
native tree species over exotic tree species is
important for reforestation projects since exotic
species can have negative ecological and social
impacts (Chechina & Hamann 2015). Thus,
investigations are needed to identify appropriate
silvicultural prescriptions and site-specific plant
species to convert exotic monocultures into
broad-leaved mixed-species stands to reinstall the
ecological services valued by local communities.
Enrichment planting under thinned overstorey
is prescribed to introduce valuable species to
exotic monocultures in the tropics (Paquette et
al. 2006, Ashton et al. 2014a). Planting mixtures
of native trees accelerated the conversion of
monoculture plantations into mixed-species
stands compared with natural regeneration (Liu
etal. 2018).
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Forest restoration on degraded lands reduces
poverty, enhances environmental protection
and improves human well-being in line with
the Sustainable Development Goals declared by
the United Nations General Assembly in 2015
(Brancalion & Chazdon 2017, Bieng et al. 2021).
Furthermore, the restoration efforts help to
offset carbon losses from deforestation through
accumulation and long-term storage of carbon in
plant biomass and soil organic matter (Silver et
al. 2004). Thus, establishment of tree plantations
on cleared lands in the tropics to reduce the
rate of increase in atmospheric CO, is a popular
carbon stocking strategy (He et al. 2013, Bieng
etal. 2021). As trees grow, they sequester carbon
in their tissues, and gradually the amount of
tree biomass increases (within forest products),
mitigating atmospheric CO, levels (Losi et
al. 2003). Tree growth is utilised to assess the
demographic variation of performance among
tree species in relation to their responses to biotic
and abiotic factors (Asner et al. 2018, Ruiger et al.
2011). Gibbs et al. (2007) mentioned that using
plant species with a life span longer than 10 years
for restoration projects will sequester carbon
more effectively, resulting in a net reduction of
CO, from the atmosphere to be included and
absorbed into long-term natural sinks. Another
study revealed that 15 years after reforestation,
carbon stocks were 11% higher in mixed-species
plantations than in monoculture plantations in
China (Zhang et al. 2019).

Recognising the importance of forests for
the removal of atmospheric carbon, the Paris
Agreement set out a global action plan to limit
global warming to well below 2 °C, preferably
to 1.5 °C, compared with pre-industrial levels
in order to achieve a climate-neutral world
by mid-century through economic and social
transformations (UNFCCC 2016). Climate
change has led many countries to study the
carbon budgets and carbon sequestration of
their forest resources in order to understand
their importance in mitigating climate change
(Eneji et al. 2014, Schulte-Uebbing & de Vries
2018). Valuation of carbon provides incentives
for users to change their use of forest resources,
if benefits reach them in a timely, appropriate
and effective manner that builds confidence in
the process (Vashum & Jayakumar 2012).

Two restoration trials using different
silvicultural prescriptions were conducted to
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determine the potential for converting Pinus
caribaea plantations to mixed-species stands in the
Sinharaja Man and the Biosphere Reserve and
Hantana Environmental Protected Area in Sri
Lanka (Ambagahaduwa et al. 2009, Ashton et al.
2014b). Pinus caribaeawas planted in the Hantana
Mountain range between 1980 and 1985 by the
Forest Department under the upper Mahaweli
water catchment reforestation project. In 2003,
a pine enrichment demonstration trial was
initiated by the Department of Botany, University
of Peradeniya to improve stand structure,
composition and ecosystem services offered
by these monoculture stands. The silvicultural
treatments included strip cutting of pines in
2003, enrichment planting of four broad-leaved
tree species into the strip cuts in 2004 followed
by total thinning of pinesin 2010. Itis mandatory
to measure the performance of broad-leaved
tree species transplanted into the pine stand at
different time scales to assess the success of the
silvicultural treatments and to select potential
species for enriching pine stands in mountainous
wet climatic zone of Sri Lanka.

Thus, the objectives of the study were to
assess the survival, relative growth in diameter
at breast height (RGRppy), carbon sequestration
and carbon stock of the four broad-leaved species
transplanted into the monoculture pine plantation
in Hantana. Measurements were taken in 2010 (six
years after enrichment planting) and in 2015 (five
years after total pine canopy removal).

MATERIALS AND METHODS
Study site

The study was conducted at the lower elevations
of the Hantana mountain range (7° 05' N, 80°
30" E) which is in the wet zone of Sri Lanka
(Figure 1). The topography of the study site is
moderately hilly and, in some places, itis steeply
undulating spanning between an altitudinal
range of 504 to 585 m. This site belongs to the
tropical humid region, which receives an annual
rainfall of 2000-2500 mm and has a mean
annual temperature of 29.3 °C (Jayawardhane &
Gunaratne 2020). This area consists of rocks of
the highland series, which have a metamorphic
origin and the soil type of Kandy district, where
the study site is located, is red-yellow Podzolic soil
(Ultisols) (Indraratne 2020).
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site in Hantana (square) (Google Earth Pro 2021)
Experimental design

The enrichment of the Pinus plantation in
Hantana using four broad-leaved tree species
was initiated in 2003 by the Department of
Botany, University of Peradeniya. The light
treatments in this trial, viz, partial shade (PS:
partial shade level was stimulated by removing
three adjacent rows of Pinus trees in north-
east—south-west direction along the slope), full
shade (FS: Pinus understorey), and control
(FL: full light in open grassland area), were
established in 2003 (Ambagahaduwa 2008). In
2004, four broad-leaved tree species, namely,
Artocarpus nobilis (Moraceae, endemic), Madhuca
longifolia (Sapotaceae, native), Michelia champaca
(Magnoliaceae, exotic) and Terminalia bellirica
(Combretaceae, native) were planted in a
split-plot design with a two-factor factorial
combination, comprising three replicates
(three blocks) into partial shade, full shade and
full light. At present, the exotic M. champaca is
naturalised in the country and it also provides
good quality timber to local markets, thus, it was
selected for this study. In 2010, all the remaining
Pinus trees in between treatments were removed
from the partial shade and full shade (total pine
canopy removal) treatments (Figure 2).In 2010
and 2015, diameter at breast height (DBH) and
height of the broad-leaved species were measured
using DBH tape and hypsometer respectively.
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Data analysis

The percentage survival and relative growth rates
were calculated using values from 2005 and 2007
as baseline data respectively. These data were
collected by the University of Peradeniya. Due
to the small size of seedlings/saplings in 2005,
DBH values were taken from the 2007 data set.
The data collected on height and DBH during
the previous censuses (2005 and 2007) were used
to calculate the performances of the four tree
species before total canopy removal.

Percentage survival was calculated using the
equation below:

) N
Survival rate =100 x (—

i

where, N; = number of individuals (final) and
N; = number of individuals (initial). The relative
growth rate of the trees was calculated using the
equation below (Wright et al. 2010).

In(DBH,/DBH,)
(4=1)

Relative growth rate (RGR) =

where, DBH; and DBH; = final and initial DBH
values, t; and t; = final and initial year of the
census.
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Figure 2  Partial shade treatment in the pine enrichment site using four broad-leaved species in Hantana,
Sri Lanka; (a) 2004: after transplantation, (b) 2007: three years after transplantation, (c) 2009: five
years after transplantation and (d) 2015: 11 years after transplantation

The method modified by Eneji et al. (2014)
was adopted to calculate carbon sequestration for
the tropical forest species where: W=aboveground
total (green) weight of tree (kg), D = diameter of
the trunk (cm), H = height of tree (m), and S =
wood density (g cm®). For trees with D <10, the
equation used was: W = 0.25D?HS and for trees
with D >10.1, W = 0.15D?HS. If the root system
weighs about 20% as much as the aboveground
weight of tree,

Total green weight of the tree (Wg)
=W x 120%

Dry weight of the tree (Wd)
= weight of the tree (Wg) x 72.5%

Weight of carbon in the tree (Wc)
=Wd x50%

Weight of CO, sequestrated in the tree W,
=Wc x 3.6663

Weight of CO,sequestrated in the tree per year
= Wgo/ the age of the tree

The method used by Liu et al. (2014) was used
to determine the carbon stock.

AGB = p.exp(-1.239 + 1.980 In(DBH) +
0.207(In(DBH))?2 - 0.0281 (In(DBH))?)

where, ABG = aboveground biomass (kg), DBH
= diameter at breast height (cm), and p = wood
density (g cm®). The wood densities were taken
as 0.58 g cm?® for A. nobilis, 0.43 g cm™ for M.
champaca, 0.72 g cm® for T. bellivica and 0.74 g
cm® for M. longifolia (Brown 1997).
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For the estimation of carbon (C) stock of tree,
the equation used was

AGB
C()= —
2

The belowground biomass carbon (t C ha')
values were

BGBC = 0.285 x AGB if AGBC > 62.5 t C ha'!
BGBC = 0.205 x AGB if AGBC < 62.5 t C ha'!

Total carbon stock of a tree = AGB carbon of
a tree (AGBC) + BGB carbon (BGBC) of a tree.

Year 2010 data (six years after transplantation
of four broad-leaved species into light treatments)

The mean values of relative growth rate, carbon
sequestration, carbon stock and percentage
survival of the four species were compared
using Minitab 17 software (2015) to detect
the influence of different light treatments
on performance of the four broad-leaved
species. From the census conducted in 2010, the
individuals and the numbers used to calculate
percentage survival in 2010 were A. nobilis
(513), M. champaca (495), M. longifolia (394)
and 7T bellirica (293). The number of individuals
used to calculate relative growth rate, carbon
sequestration and carbon stock were A. nobilis
(362), M. champaca (437), M. longifolia (322) and
T: bellivica (220). The calculation of percentage
survival and relative growth rate was done using
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2005 data as baseline data. Normality and outlier
tests were performed on all data sets to determine
the quality and outliers of the population
respectively. Three general linear models were
fitted to data with the three response variables
(i.e. relative growth rate, carbon sequestration
and carbon stock). The experimental variables
for the above three models were species, light
treatment and interaction between species and
light treatment. The mean values obtained from
the percentage survival for 2010 were compared
using the Tukey’s pairwise comparison test
(at 95% confidence level) using 1695 data points.
A binary logistic regression model was fitted
to percentage survival data collected in 2010.
Here, the response variable was the percentage
survival, while the experimental variables were
the type of species and light interaction. The
values of variance inflation factor (VIF) were
used to express the level of correlation between
predictors.

Year 2015 data (five years after total removal of
pine canopy in 2010 and 11 years after initial
transplantation in 2004)

The normality and outlier tests were performed
for 1370 data points in each data set to determine
the quality and the outliers of the population
respectively. One-way ANOVA was used to test
the significance of light treatment on the relative
growth rate, carbon sequestration and carbon
stock in A. nobilis (352 individuals), M. champaca
(376), M. longifolia (296) and T. bellirica (213).
This was followed by Tukey’s pairwise comparison
test (at 95% confidence level) to determine the
statistical significance of the two factors. Finally,
a binary logistic regression model was fitted
to percentage survival data of A. nobilis (401
individuals), M. champaca (398), M. longifolia,
(331) and T. bellirica (240). The VIF values were
used to express the level of correlation between
predictors.

RESULTS

Performance of broad-leaved tree species
in 2010

Six years (i.e. in 2010) after the initiation of
the enrichment trial in the pine stand, the light
treatments significantly affected the percentage
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survival of the four species (df = 3, p = 0.000).
The interaction between the species and light
treatments was statistically significant (df = 6, p
= 0.000). The highest percentage survival was
observed in A. nobilis (99.0%) under partial
shade, followed by M. longifolia (98.7%) under
full light and M. champaca (97.9%) under
partial shade. Multicollinearity existed in the
regression and it was highly correlated in
partial light. Madhuca longifolia and T. bellirica
had high VIF values (> 10) under partial shade
treatment, showing that there could be other
factors affecting their survival. Other groups
were moderately correlated, where VIF values
were between 5 and 1. The lowest percentage of
survival was observed in T. bellirica (18.3%) under
full shade (Figure 3a).

The light treatments significantly affected
the RGRyg; of all four species (df = 3, p = 0.000)
before total canopy removal in 2010. The
interaction between species and light treatments
was significant (df = 6, p = 0.000) during this
time. The highest RGRpyy (6.0 x 10° m year™)
under full shade was achieved by M. champaca
with a notable difference in the rest of the
light treatments and species. The highest
RGRpp; under partial shade was achieved by
A. nobilis (5.3 x 10® m year!) (Figure 3b).
Madhuca longifolia and T. bellirica had the lowest
RGRy;; under full shade (3.9 x10® m year! and
3.6 x10® m year! respectively).

The carbon sequestration of tree species
under different light treatments varied
significantly (df = 3, p = 0.000) by 2010. The
interaction between species and treatments
(df =6, p=0.000) was statistically significant. The
highest carbon sequestration was recorded for
A. nobilis (50.2 x 10* C t year') under full light
followed by M. champaca (18.5 x 10* C t year™)
under partial shade. The lowest carbon
sequestration in all four species was recorded
under the full shade treatment and 7. bellirica
(0.4 x 10* C t year!) recorded the lowest value
(Figure 3c).

By the year 2010, carbon stocks of the four
species were significantly different under
light treatments (df = 3, p = 0.000) and the
interactions between species and treatments
(df =6, p = 0.000) were significant. The highest
value for carbon stock was recorded for A. nobilis
(4.4 x 10° C t ha') under full light and it was
significantly greater than in partial shade and full
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Figure 3 Performance of Artocarpus nobilis, Madhuca longifolia, Michelia champaca and Terminalia bellivica under

three light treatments: full shade (dark grey), partial shade (light grey) and full light (white) in 2010
(6 years after the transplantation) in a silviculturally managed pine plantation in lower Hantana, Sri
Lanka; (a) percentage survival, (b) relative growth rate, (c) carbon sequestration, and (d) carbon stock

shade treatments (Figure 3d). The lowest carbon
stock in all four species was recorded under the
full shade treatment, where both 7. bellirica and
M. longifolia (0.01 x 10* C t ha') had lower values
than the other two species.

Performance of broad-leaved tree species
in 2015

Eleven years after the initiation of the enrichment
trial, the highest percentage of survival was
obtained by M. champaca (89.8%), followed
by A. nobilis (87.5%). The lowest survival was
recorded by 7. bellirica (68.8%). The p-values of
M. champaca and M. longifolia under full shade
(p = 0.310 and 0.132 respectively ), and A. nobilis
under partial light condition (p = 0.107) were
greater than 0.05 significance level, indicating that
not only light but other factors may have affected
the relative growth rate of the trees (Figure 4a).
In 2015, five years after total removal of all
remaining P. caribaea trees between the treatment
plots, i.e.11 years from transplanting, the highest
RGRpp;; was obtained by A. nobilis (4.2 x 10 myear™)
(Figure 4b). The lowest relative growth rate was
obtained by M. longifolia (3.6 x 10° m year™).
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Although M. champaca recorded a significant
difference in the RGR; under full shade than
the other species and light treatments, in 2010,
their RGRygy; did not vary significantly compared
with the other three species in 2015.

Eleven years after transplanting, the highest
carbon sequestration was obtained by A. nobilis
(56.7 x 10° C t year!) followed by T. bellirica
(38.5x 10? C tyear?) (Figure 4c). The lowest value
was obtained by M. longifolia (24.3 x 10° C tyear™).
In the first six years after the initiation of the
enrichment plantation, A. nobilis recorded a
significant difference in carbon sequestration
under full light condition compared with the
other three species and treatments, but there
was no such significant difference between this
species and the other three species in 2015 after
the total canopy opening.

In 2015, the highest carbon stock was obtained
by A. nobilis (4.9 x 105 C t ha!) followed by
T. bellivica (3.0 x 105 C t hal) (Figure 4d). The
lowest carbon stock was obtained by M. longifolia
(2.0 x 10° C t ha'). However, the total carbon
stock of A. nobilis accumulated per year during
2010-2015 (0.98 x 10° C t ha!) was less than that
of during 2004-2010 (1.06 x 10 C t ha™).
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Figure 4 Performance of Artocarpus nobilis, Madhuca longifolia, Michelia champaca and Terminalia bellivica in
2015 (11 years after trasplantation followed by total thinning of pines) in a silviculturally managed
pine plantation in lower Hantana, Sri Lanka; (a) percentage survival, (b) relative growth rate,
(c) carbon sequestration, and (d) carbon stock

DISCUSSION

Use of native broad-leaved tree species for
enrichment planting of monoculture isa common
practice in forestry (Chu et al. 2019). Our study
demonstrated the relative performance of four
broad-leaved tree species in a pine enrichment
trial in the lower montane region of Sri Lanka.
The trees performed differently to changes
in light intensity under different silvicultural
treatments.

By 2010, A. nobilis, M. longifolia and T.
bellirica recorded comparatively higher values
for percentage survival in partial shade and
full light than under the Pinus understorey
(full shade) confirming that light availability
is a key limiting factor for photosynthetic
carbon gain, which in turn influences growth
and mortality of plant species (Wright et al.
2010). Ambagahaduwa (2008) attributed the
low growth performance of transplants at
the same study site to the differences in total
daily photosynthetic photon flux at ground
level between the full light (27 mol m? day?!),
partial shade (13 mol m?day') and full shade
(5 mol m?day!). With decreasing stand density
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due to strip cutting of pines in 2003 followed by
total thinning in 2010, the competition for above-
and belowground resources between transplants
and pines may have decreased drastically, which is
advantageous for transplants of broad-leaved tree
species. Ambagahaduwa (2008) also attributed
the low growth performance of transplants to
competition with P. caribaea trees for nutrients
and soil moisture.

In 2010 A. nobilis recorded the highest
percentage survival under partial light, and it
recorded the second-highest value for percentage
survival under the full light. Further, it recorded
the highest values for RGRyy; for both partial
shade and full light treatments in 2010 indicating
that seedlings and saplings of the endemic A.
nobilis performed well under different light
intensities. Even after the total pine canopy
removal in 2010, A. nobilis recorded the highest
RGRgy; in 2015. Thus, these results suggest that
this species can tolerate different light regimes
and achieve higher RGRp;;; compared with the
rest of the species in this trial. Moreover, the
highest carbon sequestration and carbon stock
was obtained by A. nobilis under full light in 2010
and 2015, i.e. five years after the total removal

16
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of pines in 2015. Thus, considering all these
attributes of A. nobilis, as well as production of
edible fruits for fauna, it is the best tree species
out of the four tested broad-leaved species to
enrich strip cuts of pine plantations and to
restore open grasslands in the lower montane
regions (1000-1500 m) of Sri Lanka.

Although M. champaca is an exotic species,
it was selected for the enrichment trial since it
is presently naturalised on the island and yields
economically valuable timber (Ambagahaduwa
2008, Chu et al. 2019). Under partial shade, it
recorded the second-highest percentage survival
in 2010. Furthermore, the percentage survival of
M. champaca, five years after the total removal of
pines decreased from 97.9% in 2010 to 89.8%
in 2015 under full light. This variation was due
to averaging of the percentage of survival values
across the three light treatments in 2015 as they
had the same microclimatic conditions after 2010
due to the total pine canopy removal in 2010.
Further, M. champaca obtained the highest value
for RGRp;; under the full shade treatment and
the second-highest RGRyp; (5.1 x 10% m year?)
under partial shade treatmentin 2010. Although
M. champaca is a light-demanding tree species
during its adult stage, its saplings perform well
under partial shade condition (Orwa etal. 2009).
In this study, itrecorded the second-highest value
for carbon stock under partial shade in 2010. This
result confirms that M. champaca saplings favour
partial shade for establishment rather than full
light even though M. champaca is considered a
light-demanding tree species (Orwa et al. 2009).
Michelia champaca recorded the second-highest
value for carbon sequestration in 2010 under
partial shade and the third highest in 2015.
Although M. champaca is an exotic species, it
is now naturalised on the island and produce
animal-dispersed seeds (personal observation).
It also has several good growth attributes that can
be used to convert pine stands to mixed-species
stands resulting in improved ecosystem services
by manipulating light conditions (partial shade
condition during the sapling stage and full light
beyond the sapling stage).

Light-demanding trees have low wood density,
and their growth rates are negatively correlated
with the wood density (King et al. 2006).
Thus, the lower wood densities of A. nobilis
(0.58 g cm™®) and M. champaca (0.43 g cm™®) than
that of 7. bellirica (0.72 g cm™®) and M. longifolia
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(0.74 g cm™®) (Brown 1997) may have resulted
in higher RGR; in A. nobilis and M. champaca
compared with 7. bellirica and M. longifolia in
2010 and 2015.

Although native species M. longifolia and
T. bellirica showed relatively lower percentage
survival and RGRyg; under full and partial
shades than the other two species in 2010,
their percentage survival at initial seedling and
sapling stages were greater under full light,
confirming that the young life stages of these
species required full light. At the same study site,
Ambagahaduwa (2008) reported that 28 months
after the initiation of enrichment planting,
T. bellirica and M. champaca had the highest
growth rates (considering DBH and root collar
diameter) under full light in the open grassland
area and the lowest values under the full shade
of the Pinusunderstorey. Since both survival and
growth of these two species are higher under full
light, they can be used to restore open areas in
lower mountainous regions in Sri Lanka as well.

By 2010, due to low growth rate compared
to the other two species, the contribution of M.
longifolia and T. bellirica to carbon sequestration
and carbon stock were less in light manipulated
treatments. The lowest values for most of the
tested response variables were obtained by 7.
bellirica under different light treatments in 2010.
However, by 2015, the carbon stock of 1. bellirica
increased, probably due to more light availability
due to canopy opening, demonstrating its high
light requirement for successful establishment.
Since many saplings of 7. bellirica at the research
site were damaged by herbivores such as
porcupines (personal observation), this could
have led to their lower performance in this
trial in 2010. Orwa et al. (2009) also noted T.
bellirica required good protection from grazing.
High wood density, damage resistance, and
unpalatability to herbivores are traits that
enhance the survival of trees (King et al. 2006).
Although T. bellirica has the second-highest
wood density of the four species, due to its high
palatability, to introduce this valuable medicinal
species into pine stands, larger canopy removal
is required along with herbivore exclusion from
initial phases of establishment. This species can
also be used to restore open degraded grasslands
or shrublands using appropriate silvicultural
prescriptions in lower montane regions of
Sri Lanka.
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Although we considered only light conditions
as a major factor affecting the performance of
the tree species, other factors such as allelopathy
effects and competition for soil moisture with
mature pine trees may affect the performance
of the transplants where both intraspecies and
interspecies interactions would be impacted
(King et al. 2006, Piotto 2008). Kanowski and
Catterall (2010) reported that the restoration
plantations stored significantly more carbon
in aboveground biomass than monoculture
plantations of conifers. Further, they mentioned
that tree species used in restoration planting
had high wood densities which stocked more
densely than any monocultures. A 55-61-year-old
reforestation project with native and non-native
species in similar elevation range to our study site
in Puerto Rico has accumulated carbon at a rate
of 1.4 Mg ha' year!(Silver et al. 2004). In our
study, which spanned only 11 years, the carbon
accumulation rate was 7.9 x 10° Mg ha year.

The use of silvicultural prescriptions to
convert monoculture pine plantations into
mixed-species stands provides a promising
strategy to sequester carbon to mitigate climate
change while gaining social acceptability. Further,
this study provides insights to the selection of tree
species and silvicultural prescriptions to convert
monoculture pine plantations to multi-structural
and multi-species tree stands with enhanced
ecological, economical and social benefits in
lower montane regions in Sri Lanka.

CONCLUSION

Monoculture Pinus plantations can be converted
into mixed-species tree plantations successfully
using species with high survival and growth
potential such as A. nobilis and M. champaca
and species with high carbon sequestration and
carbon stock potential such as A. nobilis and
T bellirica. Following appropriate silvicultural
prescriptions for requirements of different
species would speed up the conversion of pine
plantations to mixed-species stands in lower
montane regions of Sri Lanka.
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