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This research aims to determine the appropriated tree species for forest
rehabilitation in Prachuap Khiri Khan Province, Thailand by analyzing the tree
growth, above- and belowground biomass in term of carbon sequestration into the
biomass, and soil carbon pool; and to emphasize the nutrient dynamics of the forest
plantation by identifying structure characteristics of plantation stands and
distinguishing the nutrient dynamics in each part of plantation.

Survivals of tree species were varied from species to species from less than
10 % to more than 90%. The six selected species included both native- and exotic
tree species 1.e. Acacia crassicarpa, Azadirachta indica (exotic), Pterocarpus
macrocarpus, Shorea roxburghii, Tectona grandis and Xylia xylocarpa (native).
The exotic tree species showed greater growth rate than native tree species.
Approximately two times differences in Dy, DBH and Ht were found when
compared between the best and the worst species. Monthly amount of litter fall was
fluctuated that depended and strongly related to climatic conditions. In addition,
total amounts of litter fall depended on their leaf mass. All species showed the rapid
decomposition in the first four months after fall down. On the other hand, slow
decomposition rate appeared in the dry season. There were very few differences in
soil nutrient concentration both through soil depth and among species plots. However,
soil nutrient concentration trended to slightly decrease with increasing soil depth. The
carbon pool in a plantation ecosystem depended on the relative biomass of
components. Fast growing species, i.e. 4. crassicarpa and A. indica, could store
more carbon than slow growing species. The results revealed that the major factors
affecting nutrient return to forest ecosystem were the amount of litter fall and
nutrient concentration in litter. However, only slight difference of nutrient
concentration was found. Therefore, litter mass was the main factor that played an
important role on the nutrient return rate. According to the result of the study,
massive stock of nutrient was remained in tree biomass. Hence, forest logging
programme caused nutrient loss and nutrient deficiency. Plantation management
should be intensively done for nutrient conservation aspect. Residuals included
some parts of remained trunk, branches and leaf should be leave on the ground after
logging. In conclusion, two exotic i.e. A. crassicarpa and A. indica, appeared to be
the appropriate species for commercial forest plantation programs while, 7. grandis
and X. Xylocarpa were the alternative choices for rehabilitation in degraded forest
land.
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NUTRIENT AND CARBON STORAGE IN FOREST
PLANTATION, PRACHUAP KHIRI KHAN PROVINCE,
THAILAND

INTRODUCTION

History has shown that human beings have most often considered the forest as
a space that must be cleared in order to develop activities other than forestry,
particularly farming and use, eventually beyond its capacity to regenerate itself, as a
wood and forage resource. It was only in the face of serious shortages in timber and
wood energy, or the degradation of forest lands caused by deforestation or over
exploitation. Thus, the decline of forest area is very important of natural resource
problems in the world. The total net loss of the countries with a negative change was
8.9 million hectares per year during 1990-2000. After that, during the period of 2000-
2005, the total net change in forest area is estimated decrease at 7.3 million hectares
or equivalent to a loss is 200 km” of forest per day, with few signs of a significant
decrease over time (FAO, 2009). In Thailand, the natural forest cover changed from
221,707 km® (43.21 %) to 171,585 km” (33.44 %) during the period of 1973-2009 or
the deforestation rate was estimated 1,392 km® per year (Office of the Forest Land
Management, 2010). The promotion of short-rotation plantations, as a solution to the
chronic wood shortages faced by hundreds of millions of people in tropical regions
has raised concerns about their sustainability (FAO, 1981). Of particular concern is
the risk that frequent harvest-related nutrient losses could result in soil fertility and
biomass productivity declines over successive rotations, particularly on inherently
infertile or otherwise degraded soils where such plantations are often established
(Wise and Pitman, 1981; Jorgensen and Wells, 1986; Goncalves et al., 1997). Earlier
research has clearly shown that tree species differ widely in their nutrient uptake,
storage and recycling patterns (Lugo, 1992; Cuevas and Lugo, 1998). As a result,
harvest related nutrient costs per unit of wood or total biomass production also greatly
vary (Wang et al., 1991; Toky and Singh, 1995; Foelster and Khanna, 1997). In order
for these managed forest systems to continue to provide social, economic and
environmental benefits over successive harvest rotations, a better understanding of
tree species impacts on various aspects of soil fertility, including nutrient cycling
processes, is therefore essential (Parrotta, 1999).

Reduction of tropical forest area has a great impact on the amount of carbon
dioxide (CO,) stored in the atmosphere, because the forest is the great essential source
of the world producing oxygen (O,) and storing CO,, importantly, CO, is an
influential gas leading to climate change and global warming (IPCC, 2006). Forest
plays important roles in the carbon cycle. It is not only a source but also a sink and
reservoir of CO, that absorbed by the forest and stored in standing biomass. They
will be released to the atmosphere when the forest is transformed into non-forested
land such as agricultural land, residential area, etc. Deforestation and forest burning
are the prominent factors result on an increasing level of CO, emission. CO,
sequestering capacity of the earth’s biotic system therefore depends on the changing



rate of land-use change, density of forest and patterns of land use of previous
forestland. Forestry activities design to store carbon is often purposed to the tropics,
as tropical climates supported rapid vegetation growth rates. Several studies of
forestation potential suggest that the tropics may offer a good opportunity to fix and
store large amounts of carbon, and thereby reduce the area required to store a given
amount of carbon (Marland, 1988; Myers, 1989; Sedjo, 1989; Schroeder and Ladd,
1991). Forest rehabilitation of these areas would be capture significant amounts of
atmospheric carbon, and would be expected to contribute to soil quality and
conservation (Schroeder, 1997). Although there are several estimates of carbon
storage in various forest types, few estimates of individual species carbon storage
potentials have been published. In this context, it is important to characterize various
traits which influence carbon storage on a species basis to allow informed choices
between species when establishing carbon storage projects (Kraenzal et al., 2003).



OBJECTIVES
The objectives of this study aimed to emphasize;

1. To analyze the tree growth, above- and belowground biomass in term of
carbon sequestration into the biomass, litter and soil carbon pools in the individual
tree species.

2. To emphasize the nutrient dynamics of the forest plantation by identifying
structure characteristics of plantation stands and distinguishing the nutrient dynamics
in each part of plantation.

3. To determine the appropriated tree species for forest rehabilitation in
Prachuap Khiri Khan Province, Thailand.



LITERATURE REVIEW

1. Forest degradation and green house gas emission

Forest land degradation will remain an important global issue for the 21
century, because of its adversely impact on the environment, and its effect on the
quality of life. Forest area impacts of land degradation are due to a decline in land
quality on site where degradation occur e.g. erosion, and off site where sediments are
deposited. When tropical forests are clear-cut, the deforested soil begins almost
immediately to lose organic matter. Depending on how the soil is managed, the loss
of organic matter can be fast and trigger a series of soil degradation processes
(Tiessen et al., 1994). In tropical region, most of natural forests grow on highly
weathered soils that contain low activity clays and have low natural fertility and pH
(Whittaker, 1975). Because of this, these systems depend on efficient nutrient cycling
based on litter deposition and decomposition (Vitousek, 1988). In addition, in these
soils, soil organic matter plays an important role in the soil’s cation exchange capacity
(CEC), retention of base ions, soil aggregation and is directly related to nutrient
availability, especially soil nitrogen (Craswell and Lefroy, 2001; Six et al., 2002). In
addition to being a major factor contributing to good soil functioning, soil organic
matter represents the third largest terrestrial carbon reservoir, with an estimated global
total of 1550 Pg C (Lal, 2004). Many studies have shown that tropical forests store
large quantities of carbon in their biomass and soil (Brown and Lugo, 1992; Pregitzer
and Euskirchen, 2004).

Tropical forest is the great source of CO,, which is the dominant greenhouse
gas, affecting the global temperature. The amount of CO; is influenced by the
balance between the reaction of CO, formation and the CO, sequestration. The
amount of CO; in the atmosphere is assumed that it will increase by about 0.5% a
year. Moreover, it is forecasted that the rate of CO, emission will be greater than the
CO; sequestration. If the rate of CO, increment is still unchanging, the amount of
CO, would be double increasing by the 21% century. The earth’s temperature would
consequently rise about 1.5 - 4.5 C° (IPCC, 2006). The amount was marginal,
compared to the world total. Of this total, greenhouse gas emissions in Thailand, CO,
contribute about 71% while CH4 and N,O contribute about 23 and 6%, respectively
(Ministry of Science, Technology and Environment, 2002). However, impacts of
forest land degradation are marked due to use of forest rehabilitation program
(Eswaran et al., 1999). There are three broad categories of forestry-related
interventions that will help stabilize greenhouse gas emissions: managing the existing
forest resource better, expanding the area of forest cover, and using wood fuel as a
substitute for fossil fuels. Expanding the area of forest cover not only re-creating
natural forests (reforestation) and avoiding deforestation, but also monoculture tree
farming on plantations for logging, biodiesel production, or other commercial
purposes. The term “reforestation” is nevertheless often applied to monoculture tree
farming as well as re-creating natural forests. There is also afforestation, which can
produce higher carbon sequestration rates because it mean establishing forests
particularly on land not previously forested, for example on agricultural lands where



baseline carbon levels are comparatively low (Roper, 2006). However, the role of
forests and soil as sink and/or source of greenhouse gases are still a matter of
discussion (Brown and Lugo, 1992; Hugues et al., 2002; Bellamy et al., 2005;
Keppler et al., 2006).

2. Forest biomass

Biomass is the dry mass of living organisms and dead organic matter
contained in a define area, usually one square meter or a hectare (g.m™ or kg.ha™
respectively) (Field et al., 1998). In forest ecosystem, biomass is located in five
major pools: the aboveground and below-ground tissues of over-story and under-story,
woody debris consisting of dead and fallen tree stems, forest floor, mineral soil and
the tissues of heterotrophic organisms (decomposers and consumers) (Barnes et al.,
1998). The biomass productivity of ecosystem differs from one geographic location
to another. Clearly, biomass and productivity differ markedly among forest types.
Several approaches provide ecologist with insight into the biomass and productivity
of forest ecosystem. One approach is based on relationships that exist between the
dimension of forest tree and their weight. These species-specific or allometric
relationships are typically expressed in from of mathematical equation in which the
diameter at breast height (DBH) and height of a particular tree is used to predict the
weight of leaves, branches, stems and sometime roots. Allometric equation
development is a very intensive task in which individual trees spanning a range of
DBH and height are harvested, divided into components, and weighted. Because of
the great difficulty of collecting tree roots from soil, most allometric biomass
equations are used to predict the aboveground biomass and productivity of forest
ecosystems. The laws of allometric relations formulate the relation between the
amount of two different parts of a plant, X and Y as follows (Satoo and Senda, 1958):

Y =aX® or log Y =loga+blogX

Where;
a and b are specific constant.
X is dimension of tree (diameter or height).
Y is biomass of tree.

Since the above equation represents the linear regression between the
logarithms of X and Y. The dominance or importance of any species can be
expressed as the percentage of total biomass. The aboveground biomass of the tree
can measure by stratified clip technique method (Monsi and Saeki, 1953), which is
based on allometric relation as mentioned above. However, for small quadrants in
herbaceous vegetation, biomass may be measured by clipping all aboveground matter,
oven drying and weighing (Barbour et al., 1988). The aboveground biomass of each



forest (both natural and plantation is widely different. On average, woody tissue
(trunk, branches, twigs and coarse root) made up 95% of tree’s mass and these woody
tissues have significantly higher carbon concentrations than the soft tissues (leaves,
flowers and fine root) (Kraenzel et al., 2003).

The biomass of each forest type is widely different. There are many studies
about the production of aboveground biomass in various types of natural forest and
forest plantations e.g. Yamakura et al. (1986) found that the biomass of stem branch
and leaf of trees (DBH > 4.5 cm.) in tropical rain forest, East Kalimantan, Indonesia
were 414.20, 78.86 and 5.72 ton ha™, respectively. Jamroenprucksa (1981) revealed
that the biomass of stem, branch and leaf of trees in dry evergreen forest, Nam Phom
dam, Chaiyaphum province, Thailand were 194.15, 68.92 and 4.50 ton ha™,
respectively. Furthermore, in hill evergreen forest, Doi Inthanon, Chiang Mai
province, Thailand the biomass of woody part (stem and branch) and leaf of trees
were 163.45 and 14.50 ton ha™, respectively. Sahunalu and Jamroenprucksa (1980),
who were studied in dry dipterocarp forest in various regions of Thailand, and found
that the average biomass of stem, branch and leaf were 87.85 +34.97, 36.98 + 17.66
and 1.28 + 0.28 ton ha'. In forest plantation, 8-54.7 ton ha™ of aboveground biomass
was found in forest plantation exist on opencast coal mine spoil (Dutta and Agrawal,
2003), 0.15-45.24 ton ha™ of Casuarina equisetifolia (Taylor and Zisheng, 1987),
29.5 ton ha™ of Albizia procera (Singh, 1999). According to Petmark and Sahunalu
(1980) used the harvesting method to estimate biomass content in various ages of teak
plantation at Ngao district, Lampang province, the result showed that teak plantations
at the ages of 5-19-years-old were 19.63 - 110.88 ton ha™'. Petmark (1978) carried on
net primary production of the 14-years-old stands of thinned and un-thinned teak
plantations at Ngao district, Lampang province, in thinned plantation where trees
were removed at 45% of the total basal area and has been cut 6 years before the study
carried out. The finding of the study revealed that the biomass content of the thinned
teak plantation was approximately 78.97 ton ha, whereas the un-thinned teak
plantation appeared 81.79 ton ha™'. Viriyabuncha et al. (1997) carried out the study
on aboveground biomass, leaf area index and evaluation on diameter by determination
of growth ring increment method of teak at 21-years-old with spacing of 4x4 m” at
Mae Chaem plantation, Chiang Mai province. The result presented that the mean
DBH of 21 years old teak was 18.61 cm and the total aboveground biomass showed
around 70.09 ton ha™ and the aboveground biomass of stem, branch and leaf were
50.11, 16.42 and 3.56 ton ha™, respectively. Chittachumnonk ez al. (2002) found that
the average of tree aboveground biomass in the teak plantation at the age of 4-31-
years-old were 8.91 - 113.84 ton ha”'. Dhammanonda (1981) found that the above
ground biomass of 3 x 3, 4 x 4 and 6 x 6 m” spacing of teak plantation were 23.95,
13.73 and 2.53 ton ha™', respectively. Visaratana (1993) undertook the study on
aboveground biomass of Eucalyptus camaldulensis and Acacia mangium planted
alternately in the same row with 2 x 4 m” spacing, with agro-forestry system. The
outcome presented that above ground biomass were 27.18 and 19.18 ton ha™,
respectively. Pranslip and Nongnueng (1993) found the aboveground biomass was
97.60 ton ha™ in 6-years-old Acacia mangium planted with 3 x 3 m* spacing.
Peawsa-ad and Viriyabuncha (2002) carried out the research of growth and



aboveground biomass of 7-year-old Acacia mangium plantation at Ladkrating,
Chachoengsao province. The findings presented that the total aboveground biomass
was 95.80 ton ha™.

3. Litter production and decomposition

In forest ecosystem, litter means the small fractions of leaves, branches,
flowers, fruits and others parts of plant including debris of insects on leaf blade,
which fall in forest floor (Tsai, 1974). Forest litterfall is associated with the transfer
of energy and nutrients from the living biological component to the soil and is the
starting point for nutrient cycling. Accumulation of organic matter, produced by
litterfall and its decomposition, is an important factor in both soil formation and
nutrient cycling processes (Wesemael, 1993). Thus, litter production affects tree
nutrition, growth patterns, and forest production (Newbould, 1967). Litterfall serves
three main functions in the ecosystem: energy input for soil micro flora and fauna,
nutrient input for plant nutrition, and material input for soil organic matter building up.
The first two functions are completed through decomposition and mineralization, and
the third one through decomposition and huminication. Those functions are related to
the main soil processes, such as biological ativity, nutrient cycling and soil structure
(Bernhard-Reversat and loumeto, 2002). Factors which affect the rate of litter fall in
each forest are ages, species of plants (Thaiutsa ef al., 1978), stand density, crown
cover, silvicultural systems (Bray and Gorham, 1964), climatic condition such as
annual rainfall, maximum temperature, dry season (Comforth, 1970), storm
(Prachaiyo et al., 1980), water deficit in plants physiology (Heald, 1971), topography
such as the differences of latitude and longitude, aspect, elevation and climatic region
(Bray and Gorham, 1964). Panly ef al. (2007) suggested that relative humidity,
maximum temperature, population of fungi and actinomycetes were the best predictor
variables for litter mass loss rate. Furthermore, soil quality and site quality are the
most important factors that affect litter fall (Thaiutsa et al., 1978). Semwall et al.
(2003) initiated that the species with the three-phase decomposition pattern (initial
slow phase, intermediate first phase and terminal slow phase of decomposition)
incubated before rainy season and species with two-phase pattern (initial fast followed
by a slow phase) incubated in the beginning of rainy season.

Plantations are generally exploited, resulting in nutrient losses by wood
exportation and supplying a great amount of residues to the litter system (Nwoboshi,
1980). Silvicultural practice is one of the important factors related to litter system.
Those practices require nutrient cycling study in order to obtain a nutrient balance
(Miller, 1984, Bouillet et al., 1997). Weeding is generally practiced in young
plantations and may change the litter system by burying the stand litter (Bouillet ez al.,
1997) or by spreading herbicides which may alter the microbial populations
(Andariese and Vitousek, 1988). There are many publications of litter production
which differ greatly thought out the world. Some conclusion of annual litterfall
recorded from natural and man-made stand were shown in Table 1.



Table 1 Annual litterfall in each forest type and localities.

Annual litterfall

Forest/Localities (ton ha” year' ) Source
Mountain montane forest, New Guinea 7.55 Edward (1977)
Lowland montane forest, Malaysia 8.80-12.00 Protoc et al. (1983)
Tropical rain forest, Malaysia 10.60 Spain (1984)
Tropical low land forest, Indonesia 8.44-11.74 Hatgdivinoto et al
(1996)
Evergreen forest, Hokkaido, Japan 3.52-3.59 ge;rgd 11;11n0t0 et al.
Deciduous forest, Kyoto, Japan 4.05 - 4.86 Sahgl g J sutgmai
(1986)
Dry evergreen forest, 771 Chunkaew and
Nakhon Ratchasima, Thailand ! Boonyawat (1980)
Robinia pseudoacacia forest 3.1 Tateno et al. (2007)
Hill evergreen forest, Chiang Mai, 6.88 Boonyawat and
Thailand L Ngampongsai (1974)
Moist evergreen forest, Thailand 23.22 Kira et al. (1967)
Dry dipterocarp forest,
Nakhon Ratchasima, Thailand AR Paovongsa (1976)
Deciduous forest with Teak, )
Lampang Thailand 492 Thaiutsa ef al. (1978)
Mangrove forest, Ranong, Thailand 8.90 Kooha (1983)
. . Bunyavejchewin and
Peat forest, Narathiwat, Thailand 6.70 Nuyim (1996)
Bamboo forest, Kanchanaburi, .
Thailand 4.81 Thaiutsa et al. (1978)
10—years-old 7. grandis plantation, 11.65 Aksornkaew ef al.
Lampang, Thailand ' (1972)

T. grandis plantation, Western 45.6.7 Sumantakul and
region, Thailand R Viriyabuncha, 2007)
12 years old Pinus plantation, 11.35 Thaiutsa et al. (1978)
Chiang Mai, Thailand ) )
5-year-'old Acacia crassicarpa 486 Raphael ef al. (2004)
plantation, Tanzania
Azadirachta indica plantation, India 36.2 Singh et al. (1999)




Litterfall and decomposition are two primary mechanisms by which the forest
ecosystem’s nutrient pool is maintained. In most forest the major source of nutrients
for trees is the process of decomposition. Decomposition refers to the processes that
convert dead organic matter into the smaller and simpler compounds. The products of
complete decomposition are carbon dioxide, water and inorganic ions i.e. ammonium,
nitrate, phosphate and sulfate). Decomposition is mainly a biological processes
carried out by insects, worm, bacteria and fungi both on the soil surface and in the soil
(Kuers and Simmons, 1998). Decomposition of litters has been studied in various
localities from arctic to tropical regions. Ecologists have paid considerable attention
on litter decomposition in relation to nutrient cycling and soil productivity. The
obvious reason is that litter decay has a pronounced effect on the availability of
nutrients, and nutrient availability is a basic determinant of tree growth and timber
production (Thaiutsa and Granger, 1979). In temperate forests, decomposition of leaf
litter has been studied for the dominant species composing the forest crown layer.
While in tropical forest, the decomposition of leaf litter have been studied for mixed
leaf litter collected in the study area, because of a diversity of tree species (Takeda et
al., 1984). There were rather few studies on the decomposition rates for individual
tree species in tropical forests, especially small branch litter decomposition was rarely.

Many factors developed decomposing state of forest litter e.g.; Byard ef al.
(1996) found the slow decomposition rate of Callophylum brasiliense because of the
leaf characteristics with thick waxy and contained the lowest level of N, P and Mg
may retard decomposition, as same as Tateno ef al. (2002) noted that N content was
major factor influences on decomposition rate. On the other hand, Stryphodendron
microstachyum has the high level of leaf K and P and it also has soft and small leaf
which probably favored decomposition. The species with high leaf N content do not
always decompose faster than those with lower N concentration; lignin and
polyphenol concentration may be more important factors for determining
decomposition rates. Semwall et al., (2003) concluded that monthly mass loss was
positively related with rainfall and temperature and annual decomposition constants of
mass and N were positively related with C and N concentration but negatively
correlated with C/N, lignin/N, polyphenol/N and lignin-polypheno ratio of fresh litter.
Raich et al., (2007) concluded that litter decay rates increased with increasing lignin
content. Between plantations compared to natural forests, the characteristics of tree
plantations may result in different litter forming processes as compared to natural
forests. Tree plantations are generally mono-specific and litterfall is dominated by
one species. Consequently, the litter quality in forest plantations may lead to nutrient
deficiency, extreme decomposition rates, or the accumulation of organic constituents
resulting in toxicity for soil living organisms. (Bernhard-Reversat and Loumeto,
2002).
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Litter decomposition rate or weight loss was expressed by use k constant. The
slopes (k constant) of the regression X/Xo = ¢ (Olson, 1963). There were several
reports of decomposition rate e.g. temperate forest in Korea, k constant ranges from
0.33 - 0.82 (Yang and Shim, 2003). Tateno ef al.(2007) found that k constant of
exotic black locust plantation and indigenous oak forest in China ranges from 0.15 to
0.48. Bubb et al., (1998) found the k value of hoop pine (4draucaria cunninghamii)
planted in Queensland, Australia is 1.7. In radiate pine plantation forest, after 13
years, log-wood, log-bark and side branches lost 59, 55 and 24% of their initial mass,
respectively (Ganjegunte et al., 2004), multipurpose tree species plantation in Central
Himalaya, India, k constant ranged from 0.63 to 1.16 (Semwall et al., 2003). In
tropical region, 2.01 and 3.09 of k constant were found in 7 and 3 years-old forest
plantation, and 2.28 in hill evergreen forest at Huay Kogma watershed research
station in Northern region of Thailand (Gawinchan et al., 2004). In West Africa,
Attignon et al., (2004) found that, k value ranged from 1.3 in teak plantation to 4.7 of
Afzelia africana in natural forest. Deborah et al., (2000) found that k constant of
agro-forestry system in Amazonian ranged from 0.4 to 2.1. The k values of tropical
tree plantation in Brazil ranged from 0.39 (Pinus caribaea) to 1.13 (Leguminosae)
(Smith et al., 1998), 0.24 to 1.96 of k constant was found in fast growing tree
plantation in Congo (France and Schwartz, 1997). According to Olson k constant,
ranged from slightly more than 1 to slightly more than 4 in any given stand (Thaiutsa
and Granger, 1979).

4. Nutrient distribution and their cycling in forest ecosystem

There are differently nutrient content among each tree part. Many results
reveal that generally, percentage of nutrient concentration in tree changed from
highest to lowest as leaf > bark > branch > stem > root (Curlin, 1970). For litter,
concentrate of nutrient in litterfall will change with the composition of plants, fertility
of soil and season of litterfall (Katagiri and Tsutsumi, 1983). Percentage of N, P, K
and Ca in various kinds of litter are in the following order; other litter > leaf litter >
flower litter > branch litter except Mg which is the highest concentration in leaf litter.
Concentration of nutrient in branch litter is higher in small branches than that in big
branches (Tsutsumi ef al., 1983). Jutikidecha (1996) found that in 9 years old
Eucalyptus camaldulensis Dehn. plantation, planted with density 1,100 tree ha™, the
amount of litter production on soil surface (Ao layer) is 5.86 ton ha™ year™ and the
content of N, P, K, Ca and Mg are 32.82, 0.94, 18.34, 55.67 and 6.62 kg. ha year'],
respectively, and in 10 years old teak plantation is 7.90 86 ton ha™ year" and the
content of N, P, K, Ca and Mg that accumulate in litter are 52.60, 7.10, 49.10, 154.00
and 16.69 kg. ha™ year™, respectively, and in 12 years old Pine plantation, the
production of litter is 11.30 ton ha year'1 and the content of N, P, K, Ca and Mg that
accumulate in litter are 62.40, 5.70, 47.60, 28.40 and 12.50 kg. ha year'],
respectively (Thaiutsa et al., 1978). In teak plantation, on average 13.1% of tree’s
carbon was stored in their roots and 86.9% in their shoots. The mean carbon storage
in tree roots of the plantation is 15.7 ton ha, while 104.5 ton ha™ distributes in their
shoot. The mean total tree carbon storage at the plantation level is 2-120 ton ha™
(Kraenzel et al., 2003). Lengh and Windsor (1982) found that litterfall in most
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lowland tropical forest range between 6 and 8 ton ha™ year”. Kraenzel ef al., (2003)
found that average dry mass of litter which accumulated over the floor in dry season
was 79 ton ha', containing 34 ton Carbon ha™ (the mean total tree carbon
concentration of the litter was 43.3 %).

There are many pathways of nutrient accumulation in litter and soil system i.e.
from litterfall, weathering of parent materials, atmospheric deposition, nutrients fixing
by plants and microorganisms and leaching from rainfall. Therefore, the amount of
nutrient in soil and litter depended on those factors. The amount of nutrient that
accumulated on soil surface depends on nutrient supply to soil in from of litterfall
which release nutrient to the soil by decomposition of litter on soil surface. The
concentration of nutrient in litter that accumulates on soil surface was vary with
classes of decomposition and quality of litterfall (Tsuami, 1971), such as C/N ratio
value, base content (K, Ca, Mg) in litter. William and Gray (1974) said that high
concentration of K, Ca and Mg in leaf litter conduct to rapid decomposition because
these nutrient conduct and increase pH value of environment. The litter on temperate
forest that composes of high Ca concentration will rapidly decompose. Tsunami ef al.,
(1983) found that the amount of nutrients that accumulates to soil surface in dry
evergreen forest on soil surface in dry evergreen forest , Thailand, of which N, P, K,
ca and Mg were 52.00, 2.90, 12.00, 116.00 and 17.00 kg ha™ year™, respectively.
Jutikidecha (1996) found that the accumulation of N, P, K, ca and Mg in 9 years-old
Eucalyptus camaldulensis plantation, planted with density 1,100 trees ha™ were 32.82,
0.94, 18.34, 55.67 and 6.62 kg ha™, respectively. Generally, forest soil contains high
nutrient content especially on surface soil and declines with soil depth (Jutikidecha,
1996). Puriyakorn (1982) found that the content of N, P, K, Ca and Mg in soil 70 cm
depth of dry evergreen forest are 11,900, 32.71, 705.87, 326.18 and 2,985.65 kg ha’!
year'], respectively. While, the content of N, P, K, Ca and Mg in soil 70 cm depth in
the same type of forest reported by Tsunami et al., (1983) are 5,930, 140.70, 418,
8,341 and 11,019 kg ha year™, respectively. Sahunalu ez al. (1984) reported that the
content of these nutrients in soil 55 cm depth of dry dipterocarp forest are 8,117.90,
22.70,294.12, 293.04 and 173.88 kg ha year™, respectively. Jutikidecha (1996)
reveal that the content of these nutrient in 5 cm soil depth of 9 year-old Eucalyptus
camaldulensis plantation are 384.46, 9.93, 16.36, 97.86 and 46.13 kg ha™' year™,
respectively. These results as mentioned above pointed the difference view of
nutrient content in soil between the natural forest and forest plantation. The higher of
tree density and species richness of the natural forest compare to the mono-specific
species plantation were the main causes of the higher amount of nutrient content in
the soil.

The natural nutrient cycling in forest ecosystems consists of three important
processes i.e. input process, the process that nutrients flow to ecosystem to increase
nutrients of the cycling system by releasing nutrients from soil and rocks, and the
constituent of nutrients with rainfall and fixed from atmosphere, retention process, the
process that nutrients accumulate in living biomass in soil and litter of various living
things and loss process, the process that nutrients are lost from cycling system by soil
erosion, leaching, producing by man, animals and natural disaster (Brown, 1978).
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These three processes as mentioned above are called “nutrient cycling”. Petmark
(1983) suggested that in nutrient cycling study, the necessary data used for analyzing
nutrient cycling process are; the amount of nutrient accumulates in biomass of plants
and soil, the amount of nutrient releases from plants to soil per year (annual return)
and rate of annual nutrient uptakes from soil by plants. Nutrient dynamic is a function
of the ecosystem. It can make the forest come alive and has sustainable yield (Cole,
1986). In general, forest ecosystem would develop the mechanism of nutrient
retaining in system. The general processes that control nutrient flux in ecosystem are
composed of; 1) Nutrient that concern with plant uptake. 2) Translocation and reuse
by plants. 3) Return of nutrients to soil. 4) Mineralization and Immobilization of
nutrients by microorganism, and 5) Leaching of nutrients through soil profile (Cole,
1986). Tsutsumi (1971) cited that the pattern of nutrient cycling and nutrient balance
in forest ecosystem are nutrient uptake from soil by plants, return of nutrient to soil in
the form of litterfall, leaching from crown of trees by rainfall and lost of nutrients by
leaching through soil profile and surface runoff. The estimation of these values may
be lower than true values because of insufficient data about nutrient leaching from
rainfall and lost of nutrient out of cycling by various processes (Tsunami ef al., 1983).

Many papers indicate those nutrient uptakes are greater than nutrient return to
soil according to Sahunalu ef al., (1984). They studied in dry dipterocarp forest in
Thailand and found that uptakes of N, P, K, Ca and Mg by plants are 168.97, 5.47,
58.73, 117.65 and 20.23 kg ha'yr™', respectively. In the other hand, the return of
those to soil is 96.53, 3.16, 18.47, 69.33 and 10.45 kg ha™yr”, respectively.
Jutikidecha (1986) studied in 9 year-old Eucalyptus camaldulensis plantation and
found that uptakes of N, P, K, Ca and Mg are 44.54, 2.85, 74.40, 78.90 and 10.62 kg
ha'yr', respectively. The returns of those nutrients are 35.20, 2.10, 54.76, 52.38 and
8.01 kg ha™'yr, respectively. In forest area, most nutrients are retain in soil and the
turnover rate of nutrient can be calculate from the ratio of nutrients increase to the
system and nutrients that accumulate in litterfall, nutrients that dissolve in rain water
and fall to the ecosystem. Katagiri et al., (1978) studied about turnover rate in board
leaf deciduous forest, Japan and found that turnover rate of N, P, K, Ca and Mg in
total soil system are 1, 19, 8, 57 and 1.7% yr', respectively. Chinsukjaiprasert (1996)
found that turnover rates of N, P, K, Ca and Mg in dry evergreen forest are 0.91,
10.39, 4.07, 22.99 and 0.39% yr'], respectively. While, Jutikidecha (1986) studied in
9 year-old Eucalyptus camaldulensis plantation and found that turnover rates of these
nutrients are 0.93, 0.024, 0.224, 0.081 and 0.022 yr”', respectively. Glumphabutr
(2004) was studied about turnover rate of total soil system in moist evergreen forest
(MEF), dry evergreen forest (DEF) and Hill evergreen forest (HEF) located in Eastern
region of Thailand. He reported that, in MEF site, turnover rates of N, P, K, Ca and
Mg of total soil system are 1.14, 23.18, 8.09, 6.75 and 5.99 kg ha™ year™, respectively.
While, in DEF plot, turnover rates of these nutrients are 0.79, 61.74, 5.03, 1.30 and
0.25 kg ha year™, respectively. In addition, for HEF plot, turnover rates of these
nutrients are 0.89, 25.13, 1.51, 2.91 and 2.71 kg ha™ year™, respectively.
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5. Forest plantation development in Thailand.

The first forest plantation was established by the Royal Forest Department
(RFD) in 1906 using teak (Tectona grandis). After 1910, teak plantations were
developed for wood production and forest restoration after logging. In 1939, the RFD
created the Forest Plantation Division. By 1960, forest plantations covered about
6,000 ha. Private sector involvement in plantation development was insignificant,
although mangrove plantations have been established since 1932 to meet demand for
charcoal. (Mahannop, 2004). Forest plantation development has been mentioned in
all the National Economic and Social Development Plans and the RFD promoted
forest plantations particularly for watershed protection between 1965 and 1975.
Between 1975 and 1978, Eucalyptus spp. and Acacia auriculiformis were mtroduced
to rehabilitate the national reserve forest lands. In addition, the global energy crisis
drew attention to the need to promote fast-growing trees to produce fuelwood.
Between 1978 and 1987, many community forestry plantations were established
throughout Thailand. Towards the end of this period, the government intended to
increase the area of forest plantations by about 80,000 ha per year, while at the same
time decreasing the area deforested annually from 768,000 ha to 80,000 ha. The
promotion of private sector participation in forest plantations on national reserve
forest lands and private lands increased in subsequent National Economic and Social
Development Plans between 1981 and 1996. On the national reserve forest lands, a
shortage of available land limited the planting target to 48,000 ha per year (Pousajja,
1996; Mahannop, 2004).

Department of Silviculture (1994) reported that many exotic tree species were
introduced and planted through Thailand in both government and private sectors.
Most of them was Acacia spp. e.g. A. aulacocarpa, A. auriculiformis, A. confuse, A.
crassicarpa and A. indica; Bucalyptus spp. e.g. E. camaldulensis, E. citriodora, E.
cloeziana, E. deglupta, E. grandis, E. globules and E. robusta; Pinus spp. e.g. P.
caribaea and P.oocarpa; Paulownia taiwaniana, Casuarina junghuhniana. Exactly
when Eucalyptus spp. was introduced to Thailand is not clearly recorded. However,
information from some records could be assumed that these trees were introduced by
foreigners who lived in Bangkok around 1900-1903 (Pousajja, 1996). In the late 1980s,
eucalyptus became the favored species for private plantations. Opposition by local
villagers and NGOs against the use of eucalyptus grew when environmentalists
declared that “commercial eucalyptus plantations are incompatible both with forest
conservation and with village livelihood (Lohmann, 1990; Lang, 2002). Despite this
opposition to Eucalyptus and commercial plantations, the RFD maintained a strong
interest in agroforestry and community forestry throughout this period. Most recent
data from Royal Forest Department (2009) concluded that; both government and
private sectors; there were 2.86 million hectare of forest plantation consist of both
native species through rehabilitation in forest degraded area, and exotic tree species
mainly by E. camaldulensis and A. mangium for commercial purposes in private
sector.
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6. Selected species information.

Acacia crassicarpa A. Cunn. ex Benth. Family: Fabaceae — Mimosoideae.
Acacia crassicarpa is a small- to medium-sized tree 25 to 30 m height; bole often
straight and branchless for about 13-18 m; up to 50-60 cm in dbh; crown heavily
branched and spreading. Bark is dark or grey brown, hard with deep vertical furrows;
inner bark is red and fibrous. Phyllodes falcate, 8-27 x 1-4.5 cm, greyish-green,
glabrous; primary veins 3-5, prominent, longitudinal, tending to run into the lower
margin at the base; secondary veins parallel, not anastomosing, crowded; pulvinus, 4-
20 mm long with a circular gland at the top. Inflorescence is bright yellow spike, 4-7
cm long, clustered in groups of about 2-6 in the upper axils; peduncle is 5-10 mm
long, rachis thick; flowers pentamerous, bisexual; calyx broadly cupular, 0.5-0.7 mm
long, lobes concave, lobed to about halfway down; corolla widely spreading, glabrous,
1.3-1.6 mm long, 2-3 times as long as the calyx; stamens are 2-3 mm long; ovary
shortly pubescent, more densely hairy at the top. Pod woody, ovoid-oblong, flat, 5-8 x
2-4 cm, glabrous, dull brown, transversely veined but hardly reticulate. Seed
oblongoid, 5-6 x 2-3 mm, black, arranged separately in separate compartments; areole
large and almost closed; funicle folded and thickened, forming a long, pale creamy-
yellow aril below the seed (Thomson, 1994; Hong ef al., 1996; Doran and Turnbull,
1997).

The species is found in warm to hot humid and sub-humid zones in the
lowland tropics. In Australia, it is commonly found immediately behind beaches, on
coastal plains and foothills. It appears to be tolerant of salt spray and soil salinity. In
Papua New Guinea and Irian Jaya, Indonesia, 4. crassicarpa is found on the gently
undulating terrains on well-drained, strongly acid soils, and on imperfectly drained
soils that flood in the wet season. In the southern coastal lowlands of Queensland the
species occurs in the understory of open forest and in open woodland dominated by
Eucalyptus pellita, E. tereticornis or E. tessellaris. On frontal sand dunes it is found
as a wind-sheared shrub or small tree, behind Casuarina equisetifolia and associated
with Alphitonia exelsa. On Cape York Peninsula, it is associated with Eucalyptus
tetrodonta, Allocasuarina littoralis and Melaleuca spp. In Papua New Guinea,
northern wattle occurs frequently with Acacia aulacocarpa, A. auriculiformis and A.
mangium. Altitude: 0-200 m (max. 450), Mean annual temperature: 15-22 to 31-34
deg. C, Mean annual rainfall: 500-3,500 mm Soil type: Red wattle occurs on a wide
variety of soil types, from calcareous beach sands, yellow earths derived from granite,
red earths on basic volcanic rock to alluvial and colluvial soils (Turnbull, 1986;
Lemmens et al.,1995; Faridah and Maesen, 1997).
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Figure 1 Acacia crassicarpa A. Cunn. ex Benth.

Azadirachta indica A. Juss. Family: Meliaceae. Azadirachta indica is a small
to medium-sized tree, usually evergreen, up to 15 - 30 m height, with a round, large
crown up to 20 m in diameter; branches spreading; bole branchless for up to 7.5 m, up
to 90 cm in diameter, sometimes fluted at base; bark moderately thick, with small,
scattered tubercles, deeply fissured and flaking in old trees, dark grey outside and
reddish inside, with colourless, sticky foetid sap. Leaves alternate, crowded near the
end of branches, simply pinnate, 20-40 cm long, exstipulate, light green, with 2 pairs
of glands at the base, otherwise glabrous; petiole 2-7 cm long, subglabrous; rachis
channeled above; leaflets 8-19, very short petioluled, alternate proximally and more
or less opposite distally, ovate to lanceolate, sometimes falcate 3.5-10 x 1.2-4 cm,
glossy, serrate; apex acuminate; base unequal. Inflorescence an axillary, many-
flowered thyrsus, up to 30 cm long; bracts minute and caducous; flowers bisexual or
male on same tree, actinomorphic, small, pentamerous, white or pale yellow, slightly
sweet scented; calyx lobes imbricate, broadly ovate and thin, puberulous inside; petals
free, imbricate, spathulate, spreading, ciliolate inside. Fruit 1 (max. 2)-seeded drupe,
ellipsoidal, 1-2 cm long, greenish, greenishyellow to yellow or purple when ripe;
exocarp thin, mesocarp pulpy, endocarp cartilaginous; seed ovoid or spherical; apex
pointed; testa thin, composed of a shell and a kernel (sometimes 2 or 3 kernels), each
about half of the seed’s weight. A. indica trees may start flowering and fruiting at the
age of 4-5 years, but economic quantities of seed are produced only after 10-12 years.
Pollination is by insects such as honeybees. Certain isolated trees do not set fruit,
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suggesting the occurrence of self-incompatibility. The flowering and fruiting seasons
largely depend on location and habitat. In Thailand for instance, neem flowers and
fruits throughout the year whereas in East Africa (with pronounced dry and wet
season) flowering and fruiting are restricted to distinct periods. Fruits ripen in about
12 weeks from anthesis and are eaten by bats and birds, which distribute the seed
(Baumer, 1983; National Research Council, 1992; Lemmens et al., 1995; Kausik,
2002; Zhang, 2008).

In India, A. indica is present in mixed forest with Acacia spp. and Dalbergia
sissoo; in Indonesia, it is naturalized in lowland monsoon forest. In Africa, it is found
in evergreen forest and in dry deciduous forest. A4. indica tolerates some frost, but
seedlings are more sensitive. It quickly dies in waterlogged soils. 4. indica requires
large amounts of light, but it tolerates fairly heavy shade during the first few years.
Altitude: 0-1500 m, mean annual temperature: Up to 40 °C, mean annual rainfall:
400-1200 mm, A. indica grows on a wide variety of neutral to alkaline soils but
performs better than most species on shallow, stony or sandy soils (Randhawa and
Parmar, 1993)

Figure 2 Azadirachta indica A. Juss.
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Pterocarpus macrocarpus Kurz. Family: Fabaceae. Pterocarpus
macrocarpus 1s an important timber species of Southeast Asia, with a natural
distribution extending from Myanmar through Thailand, Laos, and Cambodia to
southern Vietnam (Rojo 1977; Forest Inventory and Planning Institute, 1996). Trees
are generally found scattered in mixed deciduous forest, dry dipterocarp forest, and
hill evergreen forest with altitudes ranging from 100 to 600 m. P. macrocarpus has a
perfect flower that relies on insects as pollinators. Although individual flowers have a
short blooming period lasting only a few hours in the morning, individual trees
generally produce abundant flowers and the flowering episode within each tree lasts
for 2 to 3 weeks (Liengsiri ef al., 1995).

It is a light-demanding, drought tolerant tree that is suitable for well drained,
light textured soils with shallow depths and little humus (Khorn, 2002). It is a medium
to large tree, reaches from 25-30 m high and produces boles from 70-90 cm in dbh
(Cambodia Tree Seed Project, 2001). The trunk is straight and cylindrical, and the
bark is dark brown and longitudinally fissured. The crown is a dense and globosely.
New twigs are covered with dense hairs, and become glabrous after development.
Leaves are compound, alternate, bi-pinnate, with densely hairy on the petiole. 5-11
alternate are oblong-ovate and taper into a hard point at their tips. The bases of
leaflets are rounded and the edges are smooth. The leaflets are glossy-green above
and dull below. About 20 densely reticulate pairs of nerves from 7-9 mm long. Small
flower, yellow, aromatic flowers are concentrated on axillaries flowering stalks from
10-15 cm long. These are covered with dense brown hairs. The bell-shaped calyx
exhibits 5 prominent tips and an outer covering of hairs. The standard petal (or ‘flag’)
is oval and 12-14 mm long. The flower has 10 stamens, and the ovary is densely hairy.
Immature fruits contain 2-4 ovules. The fruit is surrounded by thin wing which is flat
and round, and around 8 cm in diameter. It has 1-2 chambers and bears 1-2 seeds in
each (Forest Inventory and Planning Institute, 1996).
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Figure 3 Pterocarpus macrocarpus Kurz.

Shorea roxburghii G. Don. Family: Dipterocarpaceae. Shorea roxburghii G.
Don is a tropical rainforest tree species belonging to the white meranti group of
Dipterocarpaceae, and is commonly used for plywood, construction timber, and
furniture. It is distributed from Eastern India to Southeast Asia, and grows to over 40
m in height and 1 m in trunk diameter (Soerianegara and Lemmens 1994). This
species is useful for silviculture in the tropics, because of its tolerance to heavy
drought and high survivorship after forest fire (Nakamura, 2006)
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Figure 4 Shorea roxburghii G. Don.

Tectona grandis Linn. Family: Lamiaceae. Tectona grandis is indigenous to
the continental asia on moist and dry mixed deciduous forest types below 1000 m
MSL in India, Mynmar, Lao and Thailand. Its distribution is not continuous. The
northern limits are: India, Rajputana 24 42°°N, Jhansi 25’ 33°’; Mynmar 25°30°’N
and southern limits are India, Travancore 9°N ; Mynmar 15-16’N (White, 1991).
Kasoa-ard (1991) suggested that 7. grandis naturally occurs in India, Mynmar, Lao
and Thailand but it is not natural occurs in Indonesia. It was introduced to Indonesia
400-600 years ago. Evans (1986) suggested that 7. grandis was successfully
introduced into Sri Lanka by the Dutchman throughout the eighteenth and early
nineteenth. In 1829 T. grandis was successfully planted in Java and the first
plantation of 7. grandis in India was established in 1840. Perhutani (1992) suggested
that 7. grandis forests in Indonesia were planted by Hindu merchants in the beginning
of the 14™ century.

T. grandis is a large deciduous tree with a rounded crown, large leaf, entire
and a long clear bole often buttressed at the base, sometime fluted. 7. grandis
produces a large deep root system, a thick taproot is formed which may persist or
disappear, but strong laterals are formed. 7. grandis is pronounced light demander
and seedling are intolerant of shade and thrive best in the open. They are very
sensitive to any suppression by weeds. Growth of sapling under the light shade will
be slower than open grown trees. In natural, seedling is frequently killed back for
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year in succession while the root system develops until it attains sufficient vigor to
produce a permanent stem. Young 7. grandis has a power of recovery to damage
from fire. 7. grandis coppice and pollards vigorously sometimes retaining coppicing
ability to considerable size (White, 1991).

Gyi (1992) suggested that, in Myanmar most 7. grandis forests are found in
hilly or undulating country and noticeably more growth of 7. grandis represent in
deep, well drained alluvium found along the banks of river and the foot of ridge.
Growth of 7. grandis in Myanmar is poor on the upper slope and top of the ridge
according to the natural forest with 7. grandis in Thailand, its growth in deep and well
drained alluvial soil with an optimum range of soil pH between 6.5 and 8.0 with
relatively high calcium (Ca) and Phosphorus (P) content (Kaosa-ard, 1992). In India,
the most suitable soil for 7. grandis as deep and well-drained alluviaum high
percentage of calcium (Ca) and Phosphorus content of 5 to 7 mg per 100 g soil. On
lateritic soils 7. grandis growth deteriorate and other factors that inhibit regeneration
are water-logging and low lime content (Kumaravelu, 1992). In Vietnam, the best
soil type for plated 7. grandis is basaltic soil originating from volcanic rock which is
very fertile and moist with good drainage (Forest Science Sub-Institute of Southern
Vietnam, 1998).

Research Institute of Tropical Forestry (1992) was divided the natural
distribution of 7. grandis in China in three climatic zones, the middle tropics, the edge
tropics and the south sub-tropics. Phompate (1993) suggested that 7. grandis can
grows in dry regions approximate rainfall 500-5,000 mm./year; however, T. grandis
have a better growth in moist climate areas than dry climate areas. The appropriate
rainfall for 7. grandis is 1,250-2,500 mm/year in 118 day/years. T. grandis can grow
in temperature ranges from 2 to 40 C° but appropriate temperature ranges from 20-30
C° in daytime and 20-30 C° in night time. In addition, light intensity of 75-95 % is
required for seedling establishment. In India, 7. grandis grows under a variety of
precipitation ranges from 800 to 2,500 mm and base on rainfall. 7. grandis forests in
India can classified into five types as very dry (<900 mm), dry (901-1,200 mm.),
semi-moist (1,201-1,600 mm.), moist (1,601-2,500 mm.) and very moist (>2,500 mm)
(Kumaravelu, 1992). In Mynmar, Gyi (1992) suggested that 7. grandis of the best
quality, producing cylindrical and sound logs occurs in the zone where the rainfall
range from 1,270 to 1,650 mm; however, it can still occur within the extreme limit of
760 and 5,080 mm. 7. grandis cannot tolerant severe drought, but needs at least 2
months of dry season for normal development. In Thailand, Kaosa-ard (1992)
observed that the range of rainfall in Thai 7. grandis region is from 1,000 to 1,800
mm, the most favorable amount of rainfall for better growth and timber qualities is
about 1,200 mm.

T. grandis plantations were recognized many centuries ago, leading to its
relatively wide spread distribution and cultivation throughout the tropics. In
Myanmar, the area of 7. grandis plantation has been established about the year 1700,
in Thailand the pioneer plantations of 7. grandis were established from 1906.
Establishment of 7. grandis plantation in India commenced in 1842 and in Indonesia,



21

T. grandis was introduced into Java in the fourteenth century. Plantation of 7.
grandis also widespread in the tropical Americas, where it was introduced early in the
twentieth century. In the Pacific region, 7. grandis was introduced by the Germans to
Papua New Guinea in the early 1900 (Krishnapillay, 2000).

Figure 5 Tectona grandis Linn.

Xylia xylocarpa (Roxb.) Taub. Family: Leguminosaec Mimosoideae. Xylia
xylocarpa is a large deciduous tree to over 18 m high by 60 cm trunk diameter, native
of eastern India, Burma and Thailand. Leaves are double-compound, carried on stalks
3-6 cm long. Leaflets are 2-4 pairs - lowest leaflets are 3-4 cm long, with a pointed
tip. End leaflet is 7-15 cm long. Stalkless tiny white flowers arise in round heads 2
cm in diameter, carried in slender 7 cm long stalks. Pod is 10-16 ¢cm long, 6 cm wide,
woody, rusty velvety, shaped like a boomerang, splitting into two twisted segments.
Flowering between March-April. Xylia xylocarpa is a medium-sized deciduous tree
usually reaching up to 20 m in height and 2 m in girth. On dry and poor sites the tree
may be smaller and the trunk crooked. The timber is very hard and used for house
and bridge construction. It is often found on areas of abandoned
cultivation and on low hilly country. It is fire resistant.



Figure 6 Xylia xylocarpa (Roxb.) Taub.
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MATERIALS AND METHODS

Materials

Diameter tape

Balance

Electronic relay scope model Criterion RD 100

Atomic absorption spectrophotometer; model J-Science Thermo S Series
Digestion apparatus

CN micro corder; model JM 1000 CN

UV-VIS Spectrophotometer; model Shimadzu UV-1800
Flame photometer; Perkin Elmer Inc.

9. Litter traps

10. Vinyl bags

11. Computer and software packages

XXRNANN R DD

Site description
1. Location of study area

Prachuap Khiri Khan Province covers an area of 6,367 km” and locates at 300
km southern of Bangkok. The district is located on the narrow land bridge connecting
the Malay Peninsula with mainland Asia. The province contains the narrowest part of
Thailand - directly south of the capital it is just 13 kilometers from the coast of the
Gulf of Thailand to the border with Myanmar (Figure 7). In 1993, the Prachuap Khiri
Khan Silvicultural Research Station was established in Kui Buri district, Prachuap
Khiri Khan Province. Originally, this research area was covered by dry evergreen
forest. However, in 1980, it was disturbed by migrants and converted to agricultural
land dominated by pineapple plantations. The Royal Forest Department acquired and
established PSRS in 1990. The study plot covered 1 hectare which was 100 m x
100m, planted with 19 species, included both native and exotic species (Table 3).
Completely randomized block design which 25 treatments and 4 replications were
used for experimental stand. In each 10 m x 10 m sub-plot contained 25 trees planted
with 2 m % 2 m spacing. The unplanted control plot was set in abandoned crop fields
nearby the study plot. The control plot was abandoned and changed to grasslands in
1990 after the Royal Forest Department acquired the land. The grasslands have been
sustained by wildfires, which were mainly accidental. The study was carried out from
August 2007 to July 2008, when the trees were 14-15 years-old.
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2. Climatic data

Prachuap Khiri Khan Province is located on the peninsula approaching to the
gulf of Thailand on the eastern and Tanao Sri range on the western. Thus, Tanao Sri
range, highly ridge mountain which was laid down from north to south on the western
side influenced on climatically of this Province, especially the amount of rainfall.
Climatic information indicated that average rainfall between 1961 and 1990 in
Prachuap Khiri Khan was 1,153 mm year". That seem to be inferior from southern
region climate i.e. in the same period, Chumporn, the nearby southern Province
rainfall was 1,962 mm year” (Thai Meteorological Office, 2011). From all
information that mentioned above, Prachuap Khiri Khan Province seem to be the
drought area and distinctively different climate from other area of southern region.

In the period of study (August 2007-July 2008), annual rainfall was 1,049.40
mm. The rainy season (when average monthly rainfall exceeded 100 mm) occurred
twice a year, firstly between August 2007 and October 2007, and then between March
2008 and May 2008. The averages maximum and minimum temperatures were 35.52
and 23.18 °C, respectively. The average temperature was 27.85°C. The average
relative humidity was 83.8%. All information were shown in Table 2 and Figure 8.

Table 2 Climatic data of Prachuap Khiri Khan Silvicultural Research Station
between August 2007 and July 2008.

Rainfall AREIRSP Relative humidity
Month temperature
(mm.) 0 (%)
August 2007 214.8 28.2 85.5
September 192.3 28.9 86.4
October 98.1 28.1 89.1
November 12.8 28.1 85.2
December 36.5 26.2 76.0
January 2008 27.2 26.5 83.4
February 57.8 27.2 87.8
March 113.5 27.8 89.2
April 98 296 88.7
May 134.8 28.8 82.1
June 63.3 28.7 84.3
July 2008 0.3 26.2 68.1
Total 1,049.40

Average 87.45 27.85 83.82
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Figure 8 Walter’s climatic diagrams of Prachuap Khiri Khan Silvicultural Research

Station between August 2007 and July 2008.



3. Layout of sample plot

The 1 hectare sample plot was contained both native and exotic tree species
planted in 1993 A.D. The native tree species included; Dipterocarpus alatus,
palembanica, Pterocarpus macrocarpus, Tectona grandis, Fagraea fragrans, Shorea
roxburghii, Dalbergia cochinchinensis, Xylia xylocarpa, Sterculia foetida, Alstonia
macrophylla, Casuarina equisetifolia and Fermandoa adenophylla. While, the exotic
species were Acacia mangium, A.auriculiformis, A. crassicarpa, Casuarina
Jjunghuniana, Azadirachta indica, Acrocarpus fraxinifolius, and Eucalyptus
camaldulensis. A. auriculiformis and C. equisetifolia have unique number and code
which were difference via provenance of seed sources. Arrangements of study plot

and species information were shown in Figure 9 and Table 3.

Replication 1 Replication ?
5
4 11 1 14 3 7 5 18 L] 7
1n 23 iz 12 15 11 23 2 21 iz
3 1 24 T a 14 19 1 [ an
20 14 13 17 16 3 13 16 25 ]
12 2 5 [ 25 15 in 12 L3 ity
100 m.
10 [ 4 20 21 2 ] ] 23 19
15 5 11 2 14 15 3 in zn a5
16 ] 1 22 19 4 T 1 1z 21
7 25 4 23 4 11 14 ] 18 a4
- 7
_F. 13 3 12 17 24 13 ! 5 15 17 s
'S et r
I - ,"" F ,r H
{ h 2 1hm., f {
Replication 3 | - 51| Replication 4
."' “ .'r rI
Ir - ! r
- - [ ]
) | L
0 o 0 o 0 ;
I|
o o 0 o o H
O O 0 laea
0 o 0 o o :EI Litter traps
0 ,: Litter decomposition bags
T 0 ] 0 ] [ H
lm y
4 W o 0 o o I|I
[

Figure 9 Permanent 1 hectare sample plot (100 m x 100 m), numbering labels

show the number of subplots. Litter bags placing and litter

decomposition bags laid down were shown as the square shape below.




Table 3 Planted tree species m the study plot.

No. Scientific name Common name Thai name Famuily Status
. _ . Black Wattle, Hickory Krathm Tae Paa .
1 Acacia mangium Wild. Wattle, Mangium ndeivadth Fabaceae exotic
2 Acacia auriculiformis Cunn. Darwmn black wattle, Ear-pod . . Fabaceae exotic
wattle. Wattle NIznUBTIN
. | MNorthern wattle, Papua New Krathm Crassicarpa ;
3 Acacia crassicarpa A.Cunn. ex Benth. Guinea red wattle, Red wattle nsz@uasiadnith Fabaceae exotic
4  Dipterocarpus alatus Roxb. Yang, Gurjan, Garjan Yaang Naa 01311 Dipterocarpaceae  native
5  Casuarina junghuniana Miq. Beef wood Son Pradipat auiliza ini  Casuarinaceae exotic
6  Acadirachta indica A. Juss. Nium, Neem Sadao India oz 101D Meliaceae exotic
8  Intsia palembanica Mig. Malacca teak Lumphor Hauma Leguminosae native
Burma Padouk, Iy . .
7 Pterocarpus macrocarpus Kurz B se Ebony Pra Duu Paa 1l5zdth Papilionaceae native
) . . Pink Cedar. Red Cedar, ]
9  Acrocarpus fraxinifolius Wight ex Arn. Shingle tree Sadao Chaang a9 1 Fabaceae exotic
10 Tecrona grandis L.f. Teak Sak in Labiatae native
11  Eucalyptus camaldulensis Dehnh Red Gum, River Red Gum Eucalyptus sialaa Myrtaceae exotic
12 Fagraea fragrans Roxb. Tembusu Kan Krao nuimni Loganiaceae native

8¢C



Table 3 (Continue)

No. Scientific name Common name Thai name Famuly Status
Common sal, Indian
13 Shorea roxburghii G.Don. dammer. Sal tree, Pha Yom ooy Dipterocarpaceae  native
Yellow balau
14 Dalbergia cochinchinensis Pierre Siamese Rosewood Pha Yuung wz# Leguminosae native
15 Xylia xylocarpa Taub. Iron wood Daeng 1a4 Mimosaceae native
16  Sterculia foerida Linn. Bastard Poon, Pinari Sam Rong 1134 Sterculiaceae native
17 Alstonia macrophylla Wall. Devil tree Thung Faa ﬁqﬁl Apocynaceae native
Khae Hang Khaang
18 Fernandoa adenophylia Steenis - . Bignoniaceae native
WA 1A 1
19 _dcacia auriculiformis A. As above
20 Acacia auriculiformis B. As above
21  Casuarina equisetifolia JR. gmnn:d{rg:a“;id! Son Thale dunzia Casnarmaceae native
22 Casuarina equisetifolia no.13 As above
23 Casuarina equisetifolia no_14 As above
24 Casuarina equisetifolia no.21 As above
25 Casuarina equisetifolia no.16 As above

6¢
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Field methodology

1. The study of above and below ground biomass

At first, all trees were measured by using diameter tape for diameter at ground
level (D,), diameter at breast height (DBH) and Electronic relay scope for total height
(Ht). All remaining trees of each species were calculated into survival rate. Only the
6 highest survived species (include both indigenous and exotic tree species) were
selected for this study. Tree census was re-measured in annual period. After finished
tree census, 5 trees of each selected species, which covered all size classes, were
selected for studying above and below ground biomass. The above ground biomass
was studied by using stratified clip technique (Monsi and Saeki, 1953). Harvested
tree was separated into different above ground component. Stem and branch were cut
into 1 meter segments as fresh weight was recorded. Above ground were separated
into stem, branch and leaf. An approximately 1 kilogram of fresh sample of each
component was collected for nutrients analysis.

Below ground biomass was studied by excavation method. Root system of the
sample tree was excavated from a Im x 1m pit set up around the sample tree. The
soil pit was separated into 5 vertical stratums, at the interval 10 cm. (Figure 10). The
excavated soil was spread on plastic sheets and roots in the soil were collected by the
hand sorting method. (Kanzaki ef at.,1991; Kraenzel et at., 2003). As the tree density
was high, it was difficult to distinguish between fine root systems of different trees
sharing the space. To deal with this problem, pits were established around each
sample tree from which all soil was removed to isolate the fine and coarse roots. The
perimeters of these pits were set halfway between the sample trees and their neighbors
(1 m from the sample tree) to balance for the foreign fine roots which were collected
from within the pit (Kraenzel et al., 2003). The soil was manually washed using a
low-pressure water source over a | mm mesh. After washing soil off, the roots were
separated into fine- and coarse root. Fine root was the root with less than 2 mm in
diameter, and coarse root was larger than 2 mm diameter.
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1 meter interval;
Separated to stem, branch and leaf

10 cm depth interval
(5 layers, 50 cm depth)

Figure 10 Schematic diagram of tree sampling with stratified clip technique.

2. Litterfall

Litter production or litterfall was observed for one year. In order to collect
litterfall, 12 square litter traps of each species (3 traps x 4 replications) were set up at
the middle most of sub-plot. Trap made from plastic net with Im x1m size was set up
of approximately 1 m high above ground level, by using plastic pole. All
accumulated litterfall in traps were collected monthly at the end of month during one
year period. The collected litter was air dried and sorted into leaf, other leaf, branch
and miscellaneous (bark, seed, flower, bud scale, insect bodies and feces and
unidentified fraction). Sub-sample was collected monthly for oven dry. The oven
temperature was set at 85 °C in 48 hours for find out constant weight. Chemical
analysis in each type of litter was investigated in laboratory.

3. Litter decomposition

Litter decomposition; nylon mesh bag technique was used to monitor the litter
decomposition (Bernhard-Reversat, 1982). Nylon bags with a 2 mm mesh was used
because this mesh size is small enough to prevent major losses of fragmented leaves,
yet large enough to allow aerobic microbial activity and the entry of small soil
invertebrates. The nylon bag of 30 cm x 30 cm size was filled with 10 grams of air
dried leaf litter. In every sub-plot of each selected species, 12 litter bags were carried
out. Before laid down the litter bags on the forest floor, top litter layer that covered
forest floor was moved aside. The removed litter was set on the top of the litter bags
(Byard et al., 1996). At the end of the month, 4 litter bags per species were brought
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back to laboratory monthly. The litter bags were air dried and brushed for cleaning
soil contamination. The residual litter in each litter bag was weighted for calculated
the litter decomposition rate (k constant). Remaining litter was oven dried for
chemical properties analyzed.

4. Soil sampling

After root sampling by excavation method, soil sampling was conducted in
each soil trench. Soil samples were taken from 5 depths differently, 0-10 cm, 10-20
cm, 20-30 cm, 30-40 cm and 40-50 cm. In each horizon, disturbed and undisturbed
soil samples were collected for 1 kg. Undisturbed sample was conducted by using
100 cc soil core samplers. Soil samples were collected for physical and chemical
properties analysis.

Laboratory Methodology
1. Nutrients content in plant samples

Plant samples were brushing for replacing contamination e.g. soil, sawmill etc.
Nutrient content in plant samples; Sample of each tree component and litter was
sorted and oven dried at 80 °C until the constant weight were achieved. The
component dry matter was calculated from its fresh weight and percent dry weight.
Contents of organic and mineral constituents in all samples were analyzed in
laboratory. The air-dried sample was ground with laboratory mill to pass 0.5 mm.
screens. Some parte of sorted samples were used as the samples for analyzing
nutrient content. Total nitrogen (total N) and total carbon (total C) was analyzed by
using CN micro corder model JM 1000 CN. HNO;-HCIO4 wet digestion and atomic
absorption spectrophotometer was used for analysis of Potassium (K), calcium (Ca),
magnesium (Mg) and sodium (Na). Total phosphorus (P) was analyzed by using
HNO;-HCIO4 wet digestion and Vanadomolybdate yellow color method. Nutrient
concentration was calculated in each kind of sample and the value of nutrient
concentration was transformed to nutrient accumulation in each kind of sample per
unit area (kg ha™).

2. Soil sample analysis

Soil sample from the sampling trenches was brought back to laboratory and
air-dried at the room temperature and used for analyzing the physical and chemical
properties of soil as follows; bulk density of each soil sample was determined by
weighing the sample after oven dry at 105 °C for 48 hours and expressed as g cm™.
The available P was determined by using Bray II method and Spectrophotometer
(Alexander and Robertson, 1970). The exchangeable K, Ca, Mg and Na were
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determined by 1 N. NH4Oac extraction method and measured by using Atomic
absorption spectrophotometer (Jackson, 1967). All elements were expressed as
kilogram per unit area (kg.ha™). The details of plant and soil analysis were shown in
Table 4.

Table 4 Nutrient analysis method in plant and soil samples.

Elements Tools/Methods Cited
Plant
Total N Dry combustion method Steward et al. (1964)
Total C Dry combustion method Steward et al. (1964)
HNO;-HCIO4 wet digestion and Olsen and Sommers
Total P Vanadomolybdate yellow color
(1982)
method

HNO;-HCIO4 wet digestion and

K, Ca, Mg and Na Atomic absorption pmngigand Miller

spectrophotometer (PR
Soil

Natural Resources

Bulk density Oven dried method Conservation Service
(2007)

Total C Dry combustion method Steward et al. (1964)

Total N Dry combustion method Steward et al. (1964)

. Bray 1l method and
Available P Spectrophotometer Hesse (1971)

1 N. NH40,. extraction method
and Atomic absorption
spectrophotometer

Exchangeable K, Ca,
Mg and Na

Sumner and Miller
(1996)
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Data analysis and calculation

1. Above- and below ground biomass

To study the above and below ground biomass, all data from stratified clip
technique was calculated as follow;

1.1 Survival percentage of tree; remaining tree was calculated into survival
percentage by using the formulae as follows:

Survival percentage (%) = [Do- D¢ ] % 100
Do

Where;

D, is density of tree in established year (trees ha™).
D, is density of tree at the period of study (trees ha™).

1.2 Tree growth evaluation; any given tree growth parameter i.e. Dy, DBH
and Ht data were used to generate the tree growth model by using logistic growth
curve as follows;

L
S | 7 o |
1+ae™

Where;
Y is growth parameters i.e. Dy, DBH (cm) and Ht (m)
L is the upper limit to the growth parameter
e is the base of the natural logarithms
t is tree age (year), and
a and b are the coefficients obtained by fitting the curve to the data

1.3 Dry weight; all samples of each tree parts and litter component were
sorted and weighted before and after oven dry for calculate percentage of moisture
content by using the formula as follows:

Moisture content (%) = Fresh weight (g) - oven dry weight (g) x 100
Oven dry weight (g)

Dry weight (kg) = 100 x fresh weight (g)
moisture content (%) + 100
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1.4 Allometric relationship of estimated component dry matter; allometric
relationship of estimated component dry matter on DBH were developed from the
harvested sample trees for each components separated by using the formula as
follows;

Y =aX’or log Y =loga+blog X (Satoo and Senda, 1958)

Where;
a and b are specific constant
X is diameter at breast height (DBH; cm.)
Y is biomass of tree (kg tree™)

1.5 Belowground biomass was calculated by mean tree method (Satoo, 1970).
Sample of root achieve from 3 sample trees by using excavation method were
categories to coarse root (>2 mm in diameter) and fine root (< 2 mm in diameter).
After all, belowground biomass was obtained from multiplying number of tree of each
size class with belowground biomass of sample tree in the same size class

Belowground biomass (kg ha™)= ¥ WiNi

Where;
Wi is biomass of sample tree obtained from i size class (kg tree™)
Ni is number of tree of i size class (tree ha™)

1.6 The component biomass values of the plantation stands were obtained by
applying DBH (cm) to the Allometric equation developed for each component, after
that, multiplying by the number of remaining tree density (tree ha™). The sums of
aboveground biomass components in the plantation stands were converted to total
aboveground biomass.

Total aboveground biomass (kg.ha™)

= biomass of each tree (kg tree”) x tree density (tree ha™)
2. Litterfall mass and litter decomposition

Annual amount of litterfall (kg.ha™) was calculated by sum of monthly
litterfall. Decomposition rate of leaf litter of each species was estimated by using
exponential decay model derived from Olson (1963). The data used for the
calculation of decomposition constants was the mean value of weight remaining at
each collection time.
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Where;
X, 1s the initial weight of litter (g)
X, 1s the weight of litter at given period (g)
k is decomposition rate constant
e is natural logarithm
t is period of decomposing (year)

3. Nutrient content in plant and soil

3.1 Total nutrient content in biomass; the total nutrient contents of
aboveground biomass, roots, and litter were estimated on a unit-area for each species
as the sum of the products of estimated biomass (by component) and their respective
nutrient concentrations by using the formula as follows:

Nutrient content in biomass (kg ha™) = Nutrient concentration x Biomass of each plant part

3.2 Total nutrient in soil; the masses of nutrients in the soil were calculated by
multiplying the mean concentration of each nutrient in each layer by the
corresponding mean soil bulk density (Ma et al., 2007) by using the formula as
follows:

Soil nutrient storage (kg ha™) = nutrient concentration x soil bulk density

The bulk density of each soil sample was determined by weighing the sample
after oven drying at 105 °C for 48 hours. Then the bulk density was calculated as
follows;

D, = MS
Vi

Where;
Dy, is bulk density (g cm™)
M; is soil weight (g)
Vy, is soil volume (cm?)
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4. Nutrient Dynamics

Nutrient dynamics of the forest plantation were estimated by considering the
amount of nutrient content in each part of the forest plantation as the studies of
Sahunalu et al. (1984), Chinsukjaiprasert (1984), Suksawang (1988), Jutikidecha
(1996), Pansatha (2002) and Glumphabutr (2004) as follows;

4.1 Annual return rate. The annual returns of nutrients were derived from the
content of nutrients that accumulated in litterfall. The annual return values in each
species plot were calculated by multiplying the amount of annual litterfall with the
concentration of nutrient of litter.

Annual return rate (kg ha™ yr™)

= total amount of litterfall (kg tree™) x nutrient concentration of litter (%)

4.2 Rate of nutrient release to soil. Rates of nutrient released from plant to
soil were estimated from nutrient that released from decomposition of both litter fall
and litter on soil surface.

Rate of nutrient release to soil (kg ha™ yr™)

= {nutrient concentration of litterfall (%) x weight loss of litter (kg ha™ yr'}
+ {nutrient concentration of litter on soil surface (%) X total amount of litter on soil
surface (kg ha™ yr')}

4.3 Uptake rate. The amounts of annual nutrient uptake by trees were
estimated by considering the summing value of nutrient content in annual increment
of the tree biomass with nutrient that release in the form of litterfall in one year period.

Annual uptake rate (kg ha” yr') =

= annual retain by plant (kg ha” yr') + annual return by litterfall (kg ha™ yr™)

4.4 Retain rate. The annual retain of nutrient in aboveground biomass of trees
was estimated from the amount of nutrient that accumulated in the annual increment
of aboveground biomass. The annual nutrient retain was estimated by using nutrient
content in the annual increment of tree biomass plus with the concentration of nutrient
in each part of the trees in each species plot.
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Annual retain rate (kg ha™” yr™)

= nutrient content in the annual biomass increment (kg ha™ yr™)
x concentration of nutrient in each part of tree (%)

4.5 Turnover rate. The turnover rate of nutrient was calculated by dividing the
value of nutrient in the form of nutrient uptake, nutrient return, nutrient release to soil
with the content of nutrient that accumulated in each part of the forest i.e. plant
system, litter on soil surface, mineral soil and total soil system. The processes of
nutrient dynamic study were carried out as in Figurell.

Turnover rate in plant system (% yr)

L i
- Total uptake by plant (kg ha™ yr™) % 100

Total storage in tree biomass (kg ha™)

Turnover rate of litter on soil surface (% yr™)

. 47 4
Annual return by litterfall (kg ha™ yr™) % 100

Storage of litter on soil surface (kg ha™)
Turnover rate of mineral soil system (% yr™)

_ Total released by litter decomposition (kg ha yr') % 100

Total storage in mineral soil (kg ha™)
Turnover rate of total soil system (% yr)

-1 -1
_ Total return (kg ha™ yr™) x 100

Total storage of litter on soil surface + Total storage in mineral soil (kg ha™)
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Retain
Plantation Litterfall Return
(tree)
Uptake Nutrient content in litterfall
(N, P, K, Ca, Mg and Na (N, P, K, Ca, Mg and Na
analysis) analysis)

Decomposition
(Decomposition rate constant (k) analysis)

Litter on soil surface
(N, P, K, Ca, Mg and Na analysis)

Release
(N, P, K, Ca, Mg and Na analysis)

Soil
(N, P, K, Ca, Mg and Na analysis)

Figure 11 Diagram of nutrient dynamic study.
5. Mathematic analysis

Diftferences between treatments and blocks in tree and stand characteristics
were tested by using one way analysis of variance (ANOVA). The probability level
used to determine significant was P, 0.05. When the ANOV A indicated significant
effect, the mean were compared with Duncan’s New Multiples range test by using
SPSS. 11.5 statistical software (SPSS Inc.). Tree growth estimation was calculated
from logistic growth model by using Curve Expert 1.4. Biomass equations were fit
using the data collected from the harvested trees. Biomass prediction models were
evaluated by using exponential models. Cluster analysis by Sorensen (Bray-Curtis)
distance was used to measured, and the group average method by PC-ORD version
5.10 generated a dendrogram, which separated into groups of the plant nutrient
concentration from each tree part.
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RESULTS AND DISCUSSION

The results of this study were conducted both on field experimental and
laboratory works. The results were divided into parts including the studied of
survival rate and species trials, tree growth characteristics, biomass of tree, litter
production and decomposition, soil and plant properties, soil and plant nutrient pools
and carbon concentration and pools in plant and soil system. All results and their
discussion were as follows;

1. Survival rate and species trials

Tree survival rate was calculated when the trees were 15- years-old. Survival
varied significantly between tree species (Table 5 and Figure 12). Survival rate
ranking showed that, a couple of exotic tree species; Azadirachta indica and Acacia
crassicarpa expressed the highest survival rate, 94.45%, while native tree species
showed the survival rate between 69.45 and 83.34%. The highest survival rate of
native tree species was Shorea roxburghii; 83.34%. The second was Pterocarpus
macrocarpus, 72.23%. In addition, Tectona grandis and Xylia xylocarpa were similar,
69.45%. Other Acacia species including A. mangium was 58.34%, A. auriculiformis
were ranged from 25.00 to 52.78%. Casuarina junghuniana was 55.56%. On
contrast, C. equisetifolia was ranged from 5.56 to 30.56%. There were 3 species
showed the results below 10% of survival including; E. camaldulensis,  C.
equisetifolia and Intsia palembanica. The lowest survival rate was C. equisetifolia
and Intsia palembanica, 5.56%. Tree survival rates were grouped by using Duncan
multiple range test (Table 5). The results demonstrated that A. crassicarpa and A.
indica were distinctly higher different results from other species. In addition, /ntsia
palembanica and C. equisetifolia were also distinctly lower values than other species.
Anyhow, there are 13 plots showed the results more than 50% of survival. Acacia spp.
(1.e. 4. crassicarpa, A. mangium and A. auriculiform) were the exotic tree familiar
that could adapted and survived very well. The statistical results and status of tree
derived from Table 5 were distributed to 2 group e.g. 4. crassicarpa and A. indica as
the same group, while, other species including P. macrocarpus, S. roxburghii, T.
grandis and X. xylocarpa were another group. These species which included both
native and exotic tree were selected for biomass and nutrient circulation study. Either
native or exotic will appropriate for such forest rehabilitation proposes.

The greatest survival of A. crassicarpa in the present trial mirrors the good
results achieved by Nyadzi et al. (2003). He reported that the survival of 4.
crassicarpa planting in Malawi was reached up to 81%. According to 93.3 %
survival was found in 2.5-year-old A. crassicarpa plantation in western Tanzania
(Nyadzi et al., 2002). However, it was higher than A. crassicarpa planted in the same
country that ranged from 36 to 81% (Ngulube, 1993). Roongrattanakul et al. (1999-a)
revealed that 4. crassicarpa which introduced to plant in western part of Thailand was
72.08-74.47% of survival in 5-year-old plantation. Awang et al., (1997) reported that
the survival of 2-year-old of 4. crassicarpa planted in Malaysia was more than 94 %.
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On the contrary, Rarivoson et al. (2007) revealed that A. crassicarpa was the lowest
survival species when compared to other Acacia spp. and Eucalyptus camaldulensis
planted in Madagascar. Anyway, many articles indicated 4. crassicarpa was a good
adaptability to a wide range of site conditions especially in dry land and acid soils
(National Research Council, 1983; Meekaew et al., 1990; Ngulube et al., 1993;
Roongrattanakul et al., 1999-b; Nyadzi et al., 2003; Rarivoson et al., 2007). All
results from this present studied showed the lower results of both native and exotic
tree species when compared to Nualngam (2002). He studied in 14-year-old
plantation, north eastern, Thailand and found that survival rates of native tree species
P. macrocarpus and Xylia xylocarpa were 94.50 and 80.00%, respectively. In
addition, survival rates of exotic tree species, A. auriculaeformis, A. mangium and E.
camaldulensis were 69.50, 52.60 and 75.20%, respectively. In incredibility,
Eucalyptus camaldulensis, the most favorite species for plantation program in
Thailand showed only 8.33% survival. Actually, E. camaldulensis have planted
throughout Thailand, even the most drought area of the north-eastern area. According
to Watanabe ef al. (2009) speculated that the majority of E. camaldulensis sites with
low survival rates were located on hilltops, ironstone outcrops or near ironstone hills,
where shallow soils less than 60 cm deep were present. In addition, some paper
indicated that E. camaldulensis exhibits a deep root system (Sun and Dickinson 1995).
Some Eucalyptus species roots could grow to 30 m. in depth (Jacobs 1955) and
extracedt water from 6 to 15 m deep (Peck and Williamson, 1987). That may be the
course of mortality of E. camaldulensis in this present study. The low survival of

C. equisetifolia was explained by Elfers (1988) that the species naturally present in
the beach vegetation and restricted on foreshore dunes and sandy flats. It did not
grow well on other areas. From that reason, Casuarina spp. in the experiment plot,
which displace on the evergreen forest, could not adapt and survive in this area. The
survival of C. equisetifolia of the present study was on the same range reported by
Papa et al. (1993) between 11 and 60%. Comparing the survival of X. xylocarpa, the
result was lower than some those were reported e.g. Jongsuksuntigool and
Lertnitiwong (1999). They reported that survival of 10 years-old-plantation of X.
xylocarpa was 98.8% that was higher than 69.45% of this present studied. Punsatha
(2001) reported that the survival of 14-15 year-old A. indica plantation was ranged
from 78.63 and 100.00%. That result was greatly varied via tree planting density.
Anyway, the result reported by Punsatha (2001), as the same planting density of this
study (2500 tree ha™') was 96.88% survival. That result was comparable to this
present result. The 6 most ranking of highest survival species, including both native
and exotic species were selected for the experimental procedures.



Table 5 Survival rates of 15-year-old planted tree species and their ranking.

Survival
Ranking Scientific name Status rate Group tree/ha
(%)

1 Acacia crassicarpa exotic 94.45 : 2,361
2 Azadirachta indica exotic 94 .45 a 2,361
3 Shorea roxburghii native  83.34 K 2,084
4 Pterocarpus macrocarpus  native  72.23 abe 1,806
5 Tectona grandis native  69.45 2% 1,736
6 Xylia xylocarpa native  69.45 '} 1,736
7 Alstonia macrophylla native  63.89 abed 1,597
8 Dalbergia cochinchinensis  native  61.12 - 1,528
9 Acacia mangium exotic  58.34 7% 1,459
10 Casuarina junghuniana exotic  55.56 bedefg 1,389
11 Fermandoa adenophylla native  55.56 o 1,389
12 Acacia auriculiformis B exotic  52.78 s 1,320
13 Acacia auriculiformis exotic  50.00 bedefg 1,250
14 Acrocarpus fraxinifolius exotic  47.23 cdefgh 1,181
15 Sterculia foetida native  41.67 gl 1,042
16 fgﬁ“”"d equisetifolia o tic 3056 et 764
17 A. auriculiformis A exotic ~ 25.00 cfghi 625
19 Coswarmacquisefolic eyotic 2500 625
19 fﬁibgarlna equisetifolia exotic 22.23 fighi 556
20 Dipterocarpus alatus native 16.67 ehij 417
21 Fagraea fragrans native 13.89 hij 347
22 Eucalyptus camaldulensis  exotic 8.33 i 208
23 Casuarina equisetifolia exotic 8.33 i 208
24 Intsia palembanica native 5.56 J 139
75 Casuarina equisetifolia exotic 556 i 139

no.21

Remark: ANOVA results; the same letter in each column denotes groups that were
not significantly different (p>0.05).
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2. Tree growth characteristics

Tree growth measurement was undertaken by Prachuap Khiri Khan
Silvicultural Research Station from the first year until the trees were 4 years-old.
Afterward, no data was collected until the trees were 14 and 15 years-old. Diameter
at ground level (Do), diameter at breast height and height of all trees, except border
rows were measured yearly. All details were shown as follows;

2.1 Diameter at ground level (Do)

Diameter at ground level was measured at the base of stem. Exotic, 4.
crassicarpa showed the greatest annual growth of diameter at ground level. From the
established year, 4. crassicarpa expressed 4.54 cm and reached to 20.60 cm when the
trees were 15-years-old. A. indica and T. grandis were shown the similar trend of
annual increment. When the trees were 15-years-old, Dy of 4. indica was 14.37 cm.
It was closely to 15.02 cm of 7. grandis. The annual growths of both species were
0.96 and 1.00 cm year, respectively. Likewise, P. macrocarpus and Shorea
roxburghii showed the similar trend of annual increment of diameter at ground level,
that was 11.02 and 10.99 cm, respectively. The highest annual growth was 4.
crassicarpa; 1.37 cm year”. A. indica, T. grandis and X. xylocarpa shown the results
nearly to 1.00 cm year'. P. macrocarpus and S. roxburghii were showed the poorest
growth. Annual growth of these species were similar; 0.73 cm year”. A. crassicarpa
showed remarkably good growth when compared to other species. The present results
conform to Ngulube ez al. (1993). They reported the diameter at ground level of 1-
and 2-years-old 4. crassicarpa were between 0.3 and 3.0 cm, and 4.0 and 6.8 cm,
respectively. Nevertheless, higher results reported by Nyadzi ef al. (2003); 9.2 and
18.6 cm when A. crassicarpa were 2.25- and 4-years-old, respectively. In addition,
18.64 cm Dy were found in A. crassicarpa plantation in western Tanzania (Nyadzi et
al.,2002). A result of 4. indica represent above was higher than the result of
Punsatha (2001). He revealed that Dy of 13- and 14 year-old A. indica planted with
2,500 tree ha was between 11.5 and 11.7 cm. While, the result of this present
studied was range from 14.17 and 14.37 cm.

Data of Dy from Table 6 were used for generating logistic growth model.
All results were shown in Table 7. Data from 15 years-old plantation, “L” coefficient
indicated the upper limit of Dy growth under present situation. The highest possible
results of Dy was A. crassicarpa came after by T. grandis and A. indica which 20.69,
14.33 and 14.20 cm, respectively. For X. xylocarpa, the highest possible Dy was
13.96 cm. P. macrocarpus and S. roxburghii were 10.59 and 9.53 cm, respectively.
All r values were ranged from 0.97 to 1.00, which were highly correlation between
parameter (age) and Dy size. The infection point indicated the point of maximum
growth rate. Data from Table 7 showed that A. indica and T. grandis reached to the
inflection point in 2.40 and 2.55 year, respectively. While, A. crassicarpa, S.
roxburghii and X. xylocarpa were 3.44, 3.85 and 3.87 year, respectively. The lowest
growth rate species, P. macrocarpus met the inflection point in 4.34 years. After that,
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the growing rates of all species were slowdown. The infection point typically
appeared at half of upper limit. Hence, the time to steady of growing state of tree was
calculated from multiply the time of inflection state by 2. The results from Table 7
showed that the fastest growing rate was A4. indica, and it took 4.80 years to reached
up the steady stage of Dg. While, T. grandis, A. crassicarpa, S. roxburghii, X.
xylocarpa and P. macrocarpus were 5.11, 6.88, 7.71, 7.74 and 8.67 years,
respectively. Ground level diameter growth curves were shown in Figure 13.



Table 6 Diameter at ground level of each mdividual tree species (cm).

Tree age Ac A1 Pm Sr Tg Mx

(years) Dy sd Dy sd Dy sd Dy sd Dy sd Dy sd
1 4.54 1.16 3.29 0.80 134 0.82 1.46 0.45 3.50 1.78 1.19 0.62
2 7.47 1.64 6.74 1.37 242 1.73 2.43 0.99 5.27 227 2.60 1.61
3 10.10 1.93 910 1.64 391 2.10 391 1.52 915 270 532 2.65
4 10.99 2.08 983 220 4.62 2.42 483 1.76 10.08 219 7.03 3.30
14 20.53 5.98 14.17 4.96 10.06 6.24 8.02 5.70 13.72 4.52 13.07 7.85
15 20.60 6.02 14 37 481 11.02 511 1099 476 15.02 3.13 14 .86 6.75

AGR 1.37 0.96 0.73 0.73 1.00 0.99

Remark: Ac: Acacia crassicarpa, Av: Azadirachta indica, Pm: Preroca

Xx: Xylia xylocarpa and AGR: Absolute growth rate (cm year™

T

Table 7 Coefficient of logistic model of annual growth of diameter at ground level.

us macrocarpus, Sr- Shorea roxburghii, Tg: Tectona grandis,
)

species L a b T mfection point (vears)  steady state (years)
Acacia crassicarpa 20.69 4.70 0.45 1.00 3.44 6.88
Azadirachta indica 142 4.99 0.67 0.99 2.40 4.80
Pterocarpus macrocarpus 10.59 954 0.52 1.00 4.34 8.67
Shorea roxburghii 9.53 8.65 0.56 0.97 3.85 7.71
Tectona grandis 1433 6.45 0.73 1.00 2.55 2.11
Xvlia xylocarpa 13.96 18.2 0.75 1.00 3.87 7.74

9t
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Figure 13 Ground level diameter growth curves of each tree species.
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2.2 Diameter at breast height (DBH)

As same as data of diameter at ground level, data in Table 8 showed the
differences of DBH among tree species. A. crassicarpa expressed the greatest size of
16.28 cm DBH when the trees were 15-years-old. In addition, 4. indica and T.
grandis showed similarly sizes of 11.57 and 11.73 cm, respectively. Even the first
four year, A. indica showed the larger size of DBH when compared to 7. grandis, but
after that, more rapid growth rate was found in 7. grandis. Annual growth rate of 7.
grandis was higher than 4. indica (0.78 vs. 0.77 cm yr™'). Hence, there were the
similar sizes of DBH in this present period. X. xylocarpa was 10. 84 cm, and its
annual growth rate was 0.72 cm year'. A couple of native tree species, S. roxburghii
and P. macrocarpus showed the lowest results of DBH size when they compared to
other species. DBH of these species were 8.18 and 7.97 cm, and annual growth rate
were 0.55 and 0.53 cm year, respectively. According to annual growth rate of 4.
crassicarpa, 1.09 cm year™, approximated 2 times higher was found when it
compared to these native species.

Roongrattanakul et al. (1999) reported the average DBH of 5-year old A4.
crassicarpa was ranged from 13.70 to 14.01 cm. Nydzi et al. (2002) reported that A.
crassicarpa reached to 10.16 cm DBH in 4 years. That result was comparably higher
than the present studied. The important reason was the spacing differences (4 m x 4
m vs. 2 m x 2 m of this present study). The DBH of 4. indica of this present study
was higher than the result was reported by Punsatha (2001). He revealed that DBH of
14-15 year-old A. indica plantation was ranged between 7.9 and 8.1 cm. For T.
grandis showed lower results when it compared to other results i.e. 14-years-old
plantation with 20.95 cm DBH reported by Sumanakul and Viriyabuncha (2007); 13-
14-years-old plantation that ranged between 20.50 and 27.29 cm, which reported by
Piananurak (1995); 15-years-old plantation with 15.88 cm DBH, reported by Petsri
(2006). Furture more, many results from other countries also showed higher results
e.g. 20-years-old plantation in Panama with 24.4 cm DBH, reported by Kraenzel et al.
(2001). Annual growth rate of 7. grandis from present study (1.09 cm yr™') was
comparable to other countries i.e. 0.40-1.26 cm year” in China (Research Institute of
Tropical Forestry, 1992); 0.40-1.34 cm year” in Lao PDR (Department of
Forest,1998); 0.60-1.20 cm year” in Vietnam (Forest Science Sub-Institute of
Southern Vietnam, 1998); 1.00-3.10 cm year™ in Panama (Varmola,1998). In the
other hand, some reports showed higher e.g.1.27 cm year” in Bhutan (Droji, 1998);
1.50-2.00 cm year™ in Brazil (Bhat and Whan, 2001); 1.50-2.50 cm year™ in
Honduras (Varmola, 1998). In case of X. xylocarpa, this native species expressed the
higher growth trend when it compared to the results reported by Jongsuksuntigool and
Lertnitiwong (1999). These different results were probably caused by the individual
diversity of plantation management, spacing, stand density and the topography of the
study sites.
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As presenting in Table 9 and Figure 14, the parameter “L” expressed the
upper asymptote of diameter at breast height, which calculated from logistic growth
model. Native trees, S. roxburghii and P. macrocarpus seemed to be the lowest DBH
with 7.38 and 7.47 cm, respectively. Meanwhile, “L” constants of other species were
higher, and all species seemed to be more rapid growing than those couple species.
The narrow spacing is one of the first reason which can explain the situation. The
upper asymptote of diameter at breast height of 4. crassicarpa, A. indica, T. grandis
and X. xylocarpa were 16.36, 11.37, 11.26 and 10.18 cm, respectively. A. crassicarpa
and P. macrocarpus showed the high relationship with r =1, while other species
expressed between 0.98 and 0.99. Exotic species i.e. A. indica and T. grandis seemed
to be the fastest growth species to reach the inflection point and the steady stage of
growth in 2.16, 2.65 and 4.32, 5.30 years, respectively. DBH is the important
parameter for decision the time of stand thinning; therefore the results from this
present study indicated the suitable time for thinning by using the time to reach the
steady stage. The results showed that the suitable time for thinning was from 4 to 8
years after planting.



Table 8 Diameter at breast height (DBH) of each mdividual tree species (cm).

Tree age Ac Ai Pm Sr Tg Xx

(years) DBH sd DBH sd DEH sd DBH sd DEBH sd DEH sd
1 na. na. na. na. na. na. na. na. na. na. na. na.
2 544 1.33 5.16 1.29 2.35 1.01 1.42 0.55 3.90 1.76 1.68 1.05
3 7.82 1.63 7.64 1.33 2.85 1.58 275 1.08 7.12 1.97 3.89 1.81
4 9.02 2.06 8.29 1.57 3.25 1.73 3.57 1.59 7.55 2.19 5.49 2.36
14 16.21 558 11.19 421 6.91 4.08 6.56 3.79 10.34 317 954 547
15 16.28 4 88 11.57 4.61 7.97 4.35 8.18 3.50 11.73 2.67 10.84 5.02

AGR 1.09 0.77 0.53 0.55 0.78 0.72

Remark: Ac: Acacia crassicarpa, Ar: Azadirachta indica, Pm: Pterocarpus macrocarpus, Sr: Shorea roxburghii, Tg: Tectona grandis.
Xx: Xvlia xylocarpa, na.: data not available and AGR: Absolute growth rate (cm }rear'l)

Table 9 Coefficient of logistic model of annual growth of diameter at breast height.

species L a b r mfection point (vears)  steady state (years)
Acacia crassicarpa 16.36 4.61 0.45 1.00 3.40 6.79
Azadirachta indica 11.37 3.82 0.62 0.99 2.16 432
Pterocarpus macrocarpus 483 11.06 0.55 0.99 322 6.44
Shorea roxburghii 747 13.06 0.64 098 4.01 8.03
Tectona grandis 11.26 6.40 0.70 0.98 2.65 530
Xvlia xylocarpa 10.18 22.83 0.84 0.99 3.72 745

0s
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2.3 Total height

A. crassicarpa showed the highest total height of all period. In the first
year, total height of A. crassicarpa was 3.24 m., while other native tree species were
ranged from 0.74 to 1.81 m. A. crassicarpa was 15.48 m height when the trees were
15 years-old, compared to height of 4. indica, P. macrocarpus, S. roxburghii, T.
grandis and X. xylocarpa were 10.11, 7.88, 9.33, 11.24 and 14.75 m, respectively.
From results above, 4. crassicarpa in the present study, showed higher than those
reported from Africa region (Ngulube ef al, 1993; Nyadzi et al., 2002). Nevertheless,
height growth of 4. crassicarpa was nearly the result reported by Roongrattanakul et
al. (1999). They reported the average height of 5-year-old A. crassicarpa was ranged
from 12.85 to 13.28 m. Rarivoson et al. (2007) revealed that 3-year-old height of 4.
crassicarpa planted in Madagascar was 4.86+0.79 m.

Native tree species, X. xylocarpa showed dramatically height growth after
15 years of planting. The results from this present study were higher than other
reports e.g. height of 10-years-old plantation, northeastern Thailand was 6.18 m
(Jongsuksuntigool and Lertnitiwong, 1999). Total height of 7. grandis was lower
than many studies that established in plantation e.g. Piananurak (1995), Sumantakul
and Viriyabuncha (2007). Therefore, some reported that studied in poor site of the
northern Thailand showed the similar results of the present study (Srisuksai, 1990;
Piananurak, 1995). Total height of 7. grandis in the present study (11.24 m) ought to
be classified as the poor growth rate (Srisuksai, 1990; Anoop, 2005). The annual
growth rate was highest with 4. crassicarpa; 1.03 m year™. The second was X.
xylocarpa; 0.98 m year™, followed by T. grandis, A. indica, S. roxburghii and P.
macrocarpus; 0.75, 0.67, 0.62, and 0.53 m year ™, respectively. X. xylocarpa was the
native tree species that showed the fast annual height growth. Comparing by annual
growth rates of 4. crassicarpa and X. xylocarpa were quite similar, but they differed
from others. Table 10 showed that total heights of trees were varied between species-
to-species. Similar results were found in the first year until the trees were four-years-
old. For that time, no differences of height growth rate were found among tree
species. However, 4. crassicarpa showed distinctly results in higher growth rate.
Consequently, when the trees were 14- and 15-year-old, X. xylocarpa showed the
rapid growth rate, and reach up to 13.67 and 14.7 m, respectively. Other species,
including 4. indica, P. macrocarpus, S. roxburghii and T. grandis showed the
consistently growth rate throughout the period of study. Even total height at 15" year
of X. xylocarpa was lower than that of 4. crassicarpa, but it could grow up with more
rapid rate and could reach up more in total height than A. crassicarpa in the near
future. From Table 11 and Figure 15, the asymptote height was ranged from 7.75 to
15.20 m. A. crassicarpa expressed the highest result 15.20 m height followed by
native tree species 1.e. X. xylocarpa and T. grandis; 14.23 and 10.47 m height
respectively. Other exotic, A. indica showed as similar height as S. roxburghii; 9.61
and 9.22 m. respectively. P. macrocarpus was the lowest feasible height, 7.75 m.
High relationships between height growth and age of tree were found. A4. crassicarpa,
A. indica and T. grandis reached the maximum growth in less than three years (2.65,
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2.57 and 2.50 years, respectively). In addition, other species took almost five years to
reach the maximum growth rate. Therefore, P. macrocarpus, S. roxburghii and X.
xylocarpa took 8.74, 9.90 and 10.01 years, respectively to reach the steady stage of
height growth. Meanwhile, A. crassicarpa, A. indica and T. grandis should be
thinned around 5 years after planting, and P. macrocarpus, S. roxburghii and X.
xylocarpa should be thinned after 8 years of planting.



Table 10 Total height of each mdnvidual tree species (m ) and standard deviation.

Tree age Ac Ax Pm Sr Tg Xx

(years) H sd H sd H sd H sd H sd H sd
1 3.24 0.41 2.03 0.37 1.03 0.64 1.12 0.30 1.81 1.13 0.74 0.39
2 5.62 1.11 3.94 0.58 1.61 0.85 1.60 0.53 3.32 1.46 1.59 0.75
3 9.10 1.22 543 0.79 2.69 1.18 2.67 1.01 7.23 1.95 3.08 1.35
4 11.04 1.62 1.37 1.04 340 1.28 348 1.49 8.54 2.14 472 2.18
14 14.97 3.70 9.10 6.84 7.55 0.54 8.95 3.46 9.80 453 13.67 2.87
15 1548 4.23 10.11 494 7.88 0.65 9.33 321 11.24 3.88 14.75 221

AGR 1.03 0.67 0.53 0.62 0.75 0.98

Remark: Ac: Acacia crassicarpa, A1: Azadirachta indica, Pm: Pterocarpus macrocarpus, Sr: Shorea roxburghii, Tg: Tectona grandis,
Xx: Xylia xylocarpa and AGR: Absolute growth rate (m. year™)

Table 11 Coefficient of logistic model of annual growth of total height.

species L a b T mfection pomt (years)  steady state (years)
Acacia crassicarpa 15.20 7.88 0.78 1.00 2.65 5.29
Azadirachta indica 9.61 7.80 0.80 0.99 2.57 5.14
Pterocarpus macrocarpus 7.75 10.59 0.54 1.00 437 8.74
Shorea roxburghii 9.22 11.87 0.50 1.00 495 9.90
Tectona grandis 10.47 17.80 1.15 0.99 2.50 5.01
Xylia xylocarpa 14.23 30.04 0.68 1.00 5.00 10.01
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Figure 15 Total height growth curve of each tree species.



3. Tree biomass

3.1 Allometrie equation for estimate tree biomass.
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After finished tree census, five trees which covered all DBH classes were
cutting down. Above- and belowground components obtained by using stratified clip
technique. An allometric relationship of estimated component dry matter with DBH

was developed from the harvested sample trees for each component separated using

equation; Y = aX". All results were shown in Table 12.

Table 12 Allometric equation (Y = aXb) constants (a,b) and coefficients of
determination (R%) for estimating biomass components of individual

tree species.

Tree species Tree component a b R’
stem 0.27 2.10 0.98
Acacia crassicarpa branch 0.10 1.70 0.73
leaf 0.09 1.80 0.91
stem 0.28 2.11 0.97
Azadirachta indica branch 0.04 2.06 0.99
leaf 0.04 1.66 0.98
stem 0.08 2.33 0.98
Pterocarpus macrocarpus branch 0.02 2.35 0.97
leaf 0.00 2.43 0.98
stem 0.14 2.31 0.99
Shorea roxburghii branch 0.04 2.25 0.91
leaf 0.05 1.70 0.92
stem 0.06 2.59 0.99
Tectona grandis branch 0.00 2.88 0.98
leaf 0.01 2.24 0.83
stem 0.11 2.47 0.98
Xylia xylocarpa branch 0.02 2.43 0.93
leaf 0.06 1.62 0.97
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3.2 Aboveground biomass of each tree species.

Aboveground biomass of each tree species was calculated by using
average DBH of each species. As shown in Table 13 and Figure 16, the above ground
biomass distributed mainly into stem part, come after by branch and leaf, respectively.
The results of A. crassicarpa showed that; stem, branch, leaf and total above ground
biomass were 231.53, 26.84, 14.34 and 272.71 ton ha™, respectively. A. indica were
128.81, 17.15, 5.81 ton ha™', and total aboveground biomass was 151.77 ton hal. P.
macrocarpus was the lowest aboveground biomass species. The results expressed the
stem, branch and leaf biomass was 27.76, 7.29 and 1.33 ton ha, respectively. The
total biomass of P. macrocarpus was 36.38 ton ha™. S. roxburghii were 42.83, 10.60,
3.63 ton ha”of stem, branch leaf biomass. The total biomass was 57.06 ton ha'. The
total aboveground biomass of 7. grandis was 92.85 ton ha™, divided into stem, branch
and leaf; 76.83, 10.77 and 5.25 ton ha™, respectively. X. xylocarpa, showed
remarkably higher result when compared to other native tree species. The total
biomass was 114.22 ton ha™, divided into stem, branch and leaf with 93.50, 15.28 and
5.44 ton ha™, respectively.

Duncan’s multiple range test indicated the variation of tree biomass among
tree species. For stem biomass, 4. crassicarpa and A. indica showed distinctly
different. However, those two species could classify as the same group as X.
xylocarpa. Native tree, P. macrocarpus showed the distinctly lowest result of stem
biomass. As stem part, branch biomass also varied species to species. Distinctly
different results were found, the highest and the lowest results of branch biomass were
A. crassicarpa and P. macrocarpus, respectively. For leaf biomass, A. crassicarpa
showed the distinctly highest result. Furthermore, 4. indica, T. grandis and X.
xylocarpa were classified as the same group. In addition, P. macrocarpus and S.
roxburghii were the lowest group of leaf biomass. Total biomasses of 4. crassicarpa,
A. indica and X. xylocarpa were distinctly different from the others. The
aboveground biomasses of this study were varied when compared to other findings.
The aboveground biomass of A. crassicarpa from this study was higher than the 4.
crassicarpa planted on acid sandy soil in Tanzania with 31.4 and 95.8 ton ha™
(Nyadzi, 2003) or 84.8 ton ha™ planted in southwestern Papua New Guinea where this
species occurred naturally (Kiratiprayoon and Williams, 1991). Kiatwoottinan et al.
(1997) researched in 4-year-old A. crassicarpa plantation and reported that
aboveground biomass was 120.88 ton ha™. This result seemed to be higher when
compared to the present.

Aboveground biomass values of the present study, with the exception of
the 4. crassicarpa plot, were lower than that reported by Nualngam (2002) who
studied a 14-year-old plantation in northeastern Thailand. He reported that the above-
ground biomass of P. macrocarpus and X. xylocarpa were 53.1 and 88.3 ton ha™,
respectively. In contrast, he reported the above-ground biomass of Acacia spp. was
ranged from 119.5 to 195.2 ton ha™, which was lower when compared to the results of
A .crassicarpa from this study (272.71 ton ha™). The differences were due to
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different tree density (2 m x 2 m spacing versus the spacing of 2 m x 3 m) and the
higher survival rate of 89 % in the current study than the survival rates values of 69.5
and 52.6% that reported by Nualngam (2002). Total aboveground biomass of 7.
grandis of this present study was 2 times higher than the results reported by Petsri
(2004). She revealed that the aboveground biomass of 15-year-old 7. grandis
plantation including stem, branch and leaf were 32.12, 7.72 and 0.41 ton ha™,
respectively. These results were comparably lower than 76.83, 10.77 and 5.25 ton ha™,
of the present study. More over, 40.26 ton ha™ total aboveground biomass reported by
Petsri (2004) was lower than 92.85 ton ha™, that of the present study. Furthermore,
Viriyabuncha et al. (1997) carried out the study on aboveground biomass of 21-years-
old teak plantation and reported 70.09 ton ha™ total aboveground biomass, including
stem, branch and leaf were 50.11, 16.42 and 3.56 ton ha™, respectively. This result
from older stand was lower than this present study. Anyhow, many results reported on
the adversely results i.e. Petmark and Sahunalu (1980) revealed that the aboveground
biomass of 14-year-old T. grandis plantation planted 1,700 tree ha™ density was 110.88
ton ha. In addition, resemble result was reported by Petmark (1980). He revealed that
aboveground biomass of 7. grandis in thinned and un-thinned stand were 78.97 and
81.79 ton ha™', respectively. These results were lower than 7. grandis plot of this
present study, that was probably due to the narrow spacing (2 m x 2 m) of present study
occupied the high stand density (1,736 tree ha). In addition, the highly survival rate
(69.45 %) which was one of the important factor resulted higher aboveground of
present study. According to the result reported by Dhammanonda (1981) revealed
that 61.54 ton ha™, the largest aboveground biomass was found in 2 m x 2 m spacing
of T. grandis plantation. On the other hand, the larger spacing, 3 mx3 m,4 mx4 m
and 6 m x 6 m spacing were 23.95, 13.73 and 2.53 ton ha™, respectively. He gave the
results reason that because the 2 m x 2 m spacing stand occupied the highest stand
density of 2,013 tree ha'], whereas, the stand densities of 3mx 3 m, 4 m x4 m and 6
m x 6 m spacing were 907, 457 and 201 tree ha™, respectively.



Table 13 Aboveground biomass of each tree species (ton ha™).
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Above-ground biomass

Total above-

Year Species .
Stem Branch Leaf ground biomass
A. crassicarpa 230.26 26.51 14.18 270.95
A. indica 121.74 16.22 5.54 143.50
2007 P. macrocarpus 24.97 6.56 1.20 32.72
S. roxburghii 34.31 8.54 3.09 45.94
T. grandis 71.84 10.02 4.94 86.80
X. xylocarpa 86.38 14.13 5.18 105.69
A. crassicarpa 231.53*  26.84° 14.34° 272.71°
A. indica 128.81°  17.15>  5.81° 151.77°
P. macrocarpus 27.76° 7.29¢ 1.33° 36.38°
S. roxburghii 42.83%  10.60  3.63¢ 57.06%
2008 1 grandis 76.83%¢  10.77% 525" 92.85%
X. xylocarpa 93.50" 15.28™  5.44% 114.22%
F-value 46.07 67.97 48.60 48.96
Significant - P y "
A. crassicarpa 1.27 0.33 0.16 1.76
N o A. indica 7.07 0.93 0.27 8.27
growth  P. macrocarpus 2.79 0.73 0.14 3.66
rate S. roxburghii 8.52 2.06 0.55 11.12
(AGR) T. grandis 4.99 0.75 0.31 6.05
X. xylocarpa 7.12 1.14 0.26 8.53
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Figure 16 Total above ground biomass of each tree species.

Table 13 indicated that, absolute growth rates of aboveground biomass
gradually increased for 4. crassicarpa and P. macrocarpus which were 1.76 and 3.66
ton ha™ year”, respectively. On the other hand, rapid growth of 14- to 15-year-old S.
roxburghii was found (see Table 6, 8 and 10) that affecting absolute growth rate. This
species increment was 11.12 ton ha” year”. Absolute growth rates of 4. indica, T,
grandis and X. xylocarpa expressed comparable results ranged from 6.05 to 8.53 ton
ha™ year”. Anthony ez al. (2007) reported that absolute growth rate of A. crassicarpa
was 10.2 ton ha™ year”. He also revealed that A. crassicarpa showed higher result of
increment when compared to 4. mangium and A. polyacantha. This contrary higher
result of Anthony ef al. (2007) was mainly due to the different of stand age. Anthony
et al. (2007) achieved their results from 5-year-old stand. This early stage of stand
development could be able to produce rapid growth rate. On the contrary, mean
annual increment (1.76 ton ha™' year™) from present study may be resulted from dense
stand and closed canopy. Generally, tree species which wide canopy and deep root
system would be expected to produce high biomass under limited supply of growth
resources (Anthony et al., 2007). Hence, A. crassicarpa, the species which eminently
growth and present the wide canopy produce the largest aboveground biomass, 272.71
ton ha. While, P. macrocarpus and S. roxburghii represented only 36.38 and 57.06
ton ha™, respectively. A. indica aboveground biomass was 151.77 ton ha™. This
result may be related to the largest volume of root mass which functioning water and
nutrient supply for tree growth mechanism.
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4. Total belowground biomass of each individual tree species.

Root samples were categorized into fine root (<2 mm) and coarse root (>2
mm). Vertical distribution was studied 10 cm depth interval from soil surface. All
data were showed in Table 14 and Figure 17. The results reveal that all species
showed decreasing trend of root biomass with increasing soil depth. A. indica, P.
macrocarpus and T. grandis expressed the highest total root biomass in top soil layer
from 0 to 10 cm. While, 4. crassicarpa, S. roxburghii and X. xylocarpa were the
highest in the second layer from 10 to 20 cm. Most fine root biomass of 4.
crassicarpa was distributed in the second (5.34 ton ha™). While, the first, fourth and
fifth were 3.95, 2.83, 2.22 and 1.14 ton ha™, respectively. Coarse root was distributed
mostly in the first layer of 1.01 ton ha™'. The second layer was 0.94 ton ha™', while the
third, fourth and fifth layer were 0.27, 0.53 and 0.31 ton ha™, respectively. Total root
biomass of 4. crassicarpa was mostly distributed in the first and the second layer of
4.96 and 6.96 ton ha™, respectively. The third, fourth and fifth layers were 3.10, 2.75
and 1.44 ton ha, respectively. Fine root of A. indica was distributed mostly in the
first layer of 14.02 ton ha™', decreasing in the second layer to 5.76 ton ha™. The third,
fourth and fifth layers were 3.15, 1.33 and 0.66 ton ha™, respectively. Coarse root
was distributed mostly in the first layer of 15.43 ton ha'. While, the second, the third,
fourth and fifth layers were 3.51, 3.59, 1.44 and 1.05 ton ha'], respectively. Total root
mass of A. indica was mostly distributed in the first layer of 29.45 ton ha™. While,
decreasing of root mass was found in the second layer of 6.66 ton ha™. Total root
mass was increasing in the third layer of 9.35 ton ha”, and continuously decreasing in
fourth and fifth layers of 2.77 and 1.71 ton ha™, respectively

Fine root of P. macrocarpus was mostly distributed in the first layer of 2.75
ton ha”, and then decreasingly in the second layer 2.21 ton ha™, the third layer 2.37
ton ha™, fourth layer 1.10 ton ha™ and fifth layer 0.60 ton ha”. The decreasing trend
of fine root biomass with increasing depth also occurred with coarse root biomass.
Coarse root biomass decreasing when soil depth was increasing from the first layer
2.49 ton ha™' and then root mass was decreasing from the second, the third, fourth and
fifth layers of 2.11, 1.00, 0.02 and 0.01 ton ha™, respectively. Thus, total root mass
also decreasing when soil depth was increasing, from the first layer of 5.24 ton ha™,
and continuously decreased to the second layer of 4.32 ton ha™, the third layer of 3.37
ton ha™, fourth layer of 1.12 and the fifth layer of 0.61 ton ha™. Root mass
distribution of S. roxburghii; fine root was found mostly in the second layer of 9.07
ton ha. This was roughly 2 times higher result from top layer (4.80 ton ha™). At 30-
50 cm depth, root biomass was a bit change that expressed between 0.91 and 1.11 ton
ha™, respectively. Coarse root biomass of S. roxburghii was smaller amount than fine
root and was decreased with increasing soil depth. The data was ranged between 0.05
and 0.47 ton ha™.

Root biomass of 7. grandis distributed mostly in the first layer both fine root
and coarse root were 6.79 and 5.41 ton ha™, respectively. While, the second layers,
fine and coarse root mass were 2.97 and 4.24 ton ha™, respectively. The last three
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layers, fine root were 2.79, 2.73 and 1.49 ton ha'], respectively. For coarse root, the
last three layers contained of 1.62, 2.09 and 0.09 ton ha™, respectively. Total root
mass of 7. grandis from the upper most to the deepest layer were 12.20, 7.21, 4.41,
4.83 and 1.58 ton ha™, respectively. Fine root biomass of X. xylocarpa was
distributed mostly in the first and second layers (1.36-1.39 ton ha™). After that, root
masses continuously decreased from the third to fifth layers were 1.71, 1.08 and 0.68
ton ha™, respectively. Coarse root mass was mostly occurred in the second layer of
1.95 ton ha™', while the results from other layers were ranged between 0.21 and 0.34
ton ha. From the results revealed above, mostly biomass of both coarse- and fine
root were distributed in the second soil layer. Hence, total root mass of X. xylocarpa
also appeared mostly in the 10-20 cm depth (3.34as ton ha™) while the top soil layer
contained 1.73 ton ha of total root mass. After that, total root mass continued from
the third layer to fifth layer and ranged between 0.90 and 2.02 ton ha™, respectively.

The below-ground biomass in the current study showed a similar trend to
other exotic tree species plantations that had total below-ground biomass between 3.8
and 25.5 ton ha (Dutta and Madhoolika, 2003), and 26.54 ton ha reported by Singh
(1994), who studied in Eucalyptus spp. hybrid plantations. Data in Table 14 and
Figure 17 showed that all species mostly distributed root mass in upper surface soil
layer, especially from 0-10 cm and 10-20 cm depths. According to Tongtapao (2008) ,
she revealed that 16-year-old Acacia aulacocarpa and Eucalyptus urophylla, fine root
mass was mostly distributed in 0-20 cm soil depth (76.14 and 69.54 %, respectively).
While, coarse root was mostly distributed in 0-30 cm soil (87.71 and 85.48 %,
respectively). The differences of soil nutrient and moisture content between different
soil depths were the major causes affecting to root distribution. Rytter and Hanson
(1996) found the seasonal difference of root growth; fine root growth started in May
and increased through summer and early autumn. After that, decreasing of growth
occurred from September and continued during autumn. In addition, most fine roots
were found in the upper 45 cm depth. The difference in the below-ground biomass
among tree species might probably be due to genetic variation and adaptation to each
natural habitat. A. crassicarpa, which was naturally distributed in moist regions, had
a lower value for below-ground biomass than the species that were naturally
distributed in dry regions, such as P. macrocarpus and X. xylocarpa. The greater
below-ground biomass of A. indica and T. grandis signifies their suitability for forest
restoration on dry land that were due to their greater moisture and nutrient absorption
capacity. X. xylocarpa, the native tree species expressed the lowest survival rate of
69%, nevertheless, the total biomass of this species was greater than the species with
greater survival rate e.g. P. macrocarpus (76%) and S. roxburghi (74%). The greater
total biomass was due to the wider growing space and the height of X. xylocarpa was
higher than other species. Srivastava et al. (1986) found that the spatial distribution
of fine root of 19-year-old 7. grandis plantation in dry tropical region was distributed
of 10-30 cm depth with the total root mass of 5.46 ton ha™. This publishes revealed
comparable higher result when compared to 2.72 ton ha™ fine root mass of this present
study. However, there was the similar trend of root distribution in the upper most soil
layer. Consistent to Parrotta et al. (1999) revealed that average fine-root mass in the
plantation plots increased only slightly following rapid development during the first
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year. He also found the decrease in fine root mass with soil depth. Pumijumnong
(2007) who studied in 10-28-years-old plantation reported that range of lateral root

distributed was 50 cm depth and 1.50 m wide. She also found that belowground

biomass of 7. grandis plantation was ranged from 0.54 to 5.72 ton ha™. This result
seemed to be distinctly different from this present study that might be due to
differences of stand density. The excavation method is very useful to assess root

distribution and quality of belowground biomass. However, the method is time
consuming. This method is very demonstrative and it has to be used when no
information is available on a given species (Anegbe, 2006).

Table 14 Vertical distribution of root biomass of each species (ton ha™).

Root part Depth (cm) Ac Al Pm Sr Tg Xx
0-10 395 1402 275 480 679  1.36

10-20 534 576 221  9.07 297 139

Fine root 20-30 283 3.15 237 111 279 171
biomass 30-40 222 133 1.10 1.10 273  1.08
40-50 1.14 066 060 091 149  0.68

total 1548 2492 9.03 1699 16.78 6.22

0-10 1.01 1543 249 029 541 037

10-20 094 351 211 047 424 195

Coarse root 20-30 027 359 1.00 021 162 031
biomass 30-40 053 144 002 0.06 2.09 0.34
40-50 031 1.05 0.0l 0.05 0.09 021

total 3.06 2501 563 1.07 1345 3.18

0-10 496 2945 524 508 1220 1.73

10-20 629 6.66 432 954 721 334

Total root 20-30 310 935 337 132 441  2.02
biomass 30-40 275 277 112 1.16 483 142
40-50 141 171 062 096 1.58  0.90

total 18.54 4993 14.66 18.06 3023  9.40

Remark: Ac: A. crassicarpa, Ai: A. indica, Pm: P. macrocarpus, St: S. roxburghii,
Tg: T. grandis and Xx: X. xylocarpa
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Figure 17 Vertical distribution of fine root (above) and coarse root biomass (below)

of each tree species.
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Data of total belowground biomass in Table 14 (at 0-50 cm depth) were
used to calculated the estimate total root mass in deeper soil layer. By generated the
exponential equation of the relationships between soil depth and belowground
biomass, the estimated data of root mass at 50-100 cm depth were showed in Table 15.
The results were revealed that, no such increased of root mass both S. roxburghii and
T. grandis plots. In the other hand, total root mass of X. xylocarpa was increased 2.97
ton ha™ that it changed from 9.40 into 12.37 ton ha™. Total root biomasses of A.
crassicarpa and P. macrocarpus were 0.45 and 0.91 ton ha™'. These results were
lower than the increased of root mass derived from A. indica plot, 0.91 ton ha™. Data
in Table 15 could be concluded that, when root mass at 50-100 cm was taken into
account, a little changed in term of total belowground biomass was found. This
situation could be described by the natural root distribution phenomena which was
mostly occurred in the soil surface due to appropriate nutrients supply and moisture
content. That was supported by many articles e.g. Schenk and Jackson (2002), they
revealed that globally, at least 50% of all roots were found in the upper 0.3 m.
Srivastava et al. (1986) reported that the bulk of the root mass of 7. grandis was
distributed at a depth of 10-30 cm. Toky and Bisht (1992) studied in 6-year-old trees
of 9 indigenous and 3 exotic species growing in arid climate of north-western India ,
and found that top 30 cm soil contained up to 78% of the total biomass.

Table 15 Total belowground biomass at 0-100 cm depth (ton ha™).

Depth (cm) Ac Ai Pm Sr Tg Xx
0-10 3.95 29.45 5.24 5.08 12.20 1.73
10-20 5.34 9.27 4.32 9.54 7.21 3.34
20-30 2.83 6.74 3.36 1.32 4.41 2.02
30-40 2.22 w5 4] 1.12 1.16 4.83 1.42
40-50 1.14 1.70 0.62 0.96 1.58 0.90
50-60 1.22 0.78 0.42 0.00 0.00 0.88
60-70 0.88 0.39 0.24 0.00 0.00 0.70
70-80 0.63 0.20 0.14 0.00 0.00 0.57
80-90 0.45 0.10 0.08 0.00 0.00 0.45

90-100 0.33 0.05 0.04 0.00 0.00 0.36

Observed (0-50 cm) 18.53 49.92 14.66 18.06 30.23 9.40

Estimated (0-100 cm)  18.98 51.43 15.57 18.06 30.23 12.37

Estimated increase 0.45 1.51 0.91 0 0 2.97

Remark: Ac: A. crassicarpa, Ai: A. indica, Pm: P. macrocarpus, St: S. roxburghii,
Tg: T. grandis and Xx: X. xylocarpa
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5. Total tree biomass.

Results of total tree biomass were shown in Table 16 and Figure 18. The
results indicated that the total above-ground biomass of both exotic tree species i.e. 4.
crassicarpa and A. indica (272.71 and 157.77 ton ha™', respectively) were higher than
that of all native tree species. In contrast, the two native species, S. roxburghii and P.
macrocarpus, which were lowest values of total height and also presented the lowest
above-ground biomass of only 57.06 and 36.38 ton ha™, respectively. Total above-
ground biomass of 7. grandis and X. xylocarpa were 92.85 and 114.22 ton ha™,
respectively. Overall, differences of biomass among species plots were primarily due
to the presence or absence of planted trees and also the growth performance of each
tree species. A. crassicarpa showed the highest survival rate, 89%, with its biomass
productivity 5-to-6 times greater than that of S. roxburghi and P. macrocarpus, which
had lower survival rates of 74 and 76%, respectively. Above-ground biomass values
from the current study, with the exception of the A. crassicarpa plot, were lower than
reported by Nualngam (2002) who studied a 14-years-old plantation in northeastern
Thailand. The above-ground biomasses of P. macrocarpus, X. xylocarpa and
Dalbergia cochinenesis were 53.1, 88.3 and 84.2 ton ha™, respectively. In contrast,
the above-ground biomass of Acacia spp. in the same plot ranged from 119.5 to 195.2
ton ha™, which were less than 272.71 ton ha™ for A. crassicarpa in the current study.
The difference was due to the tree density of 2 m x 2 m spacing in the current study
versus the spacing of 2 m x 3 m. In addition, the higher survival rate of 89 % in the
current study compared to values of 69.5 and 52.6% reported by Nualngam (2002).

Total below-ground biomass to 50 cm soil depth ranged from 9.40 to 49.93 ton
ha', and the highest value was in the A. indica stand and the lowest value was in the X,
xylocarpa stand. Fine- and coarse-root biomass ranged from 6.22 to 24.92 ton ha™, and
ranged from 1.07 and 25.01 ton ha™, respectively. In contrast to the above-ground
biomass, the total below-ground biomass of A. crassicarpa was only 18.54 ton ha™.
Overall, the average fine root mass was greater than that of the coarse roots,
irrespective of tree species. S. roxburghii had the smallest amount of coarse roots (1.07
tonha™). The below-ground biomass from the current study showed a similar trend to
that of other exotic tree species that had total below-ground biomass between 3.8 and
25.5 ton ha™ (Dutta and Madhoolika, 2003), and 26.54 ton ha reported by Singh
(1994), who studied Eucalyptus spp. hybrid plantations. The differences in the
below-ground biomass among tree species might probably be due to genetic variation
and adaptation to each natural habitat. A. crassicarpa, which is naturally distributed in
moist regions, has a lower value for below-ground biomass when compared to species
that are naturally distributed in dry regions, such as P. macrocarpus and X. xylocarpa.
The greater below-ground biomass of A. indica and T. grandis signifies their
suitability for forest restoration on dry land due to their greater moisture and nutrient
absorption capacity. X. xylocarpa, the native tree species expressed the lowest survival
rate of 69%, nevertheless, the total biomass of this species was greater than the
species with greater survival rate e.g. P. macrocarpus (76%) and S. roxburghi (74%).
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The root-to-shoot ratio (R:S ratio) was lowest for A. crassicarpa (0.07) and X.
xylocarpa (0.07), and was highest for P. macrocarpus (0.40). The low root-to-shoot
ratios of A. crassicarpa could be explained the seriously situation that many trees in
the study area have been damaged by wind snap and wind throw as a result of
thunderstorms and strong winds. A. crassicarpa trees, which were taller and had a
greater canopy surface area, were severely damaged. All native tree species, except X.
xylocarpa had an R:S ratio between 0.32 and 0.40 which were higher than the value
of 0.07 for the exotic tree species of 4. crassicarpa. The R:S values of 7. grandis
found in the current study were greater than the range from 0.11 to 0.23, with a mean
of 0.16 reported by Kraenzel (2003) in a 20-years-old teak plantation. However, that
result was comparable to the report from Sheikh and Siddiqui. (2002). They reported
that R:S ratio of 1-year-old 7. grandis seedling was ranged between 0.1-0.4. In the
same way, R:S ratio of 4. indica from current studied showed the result (0.34) as in
the same range of seedling stage of A. indica which were reported by Muthukuma e¢
al. (2001) 0.15-0.34; and Puri and Swamy (2001) 0.25-0.48. Cairns et al. (1997)
found the average R:S for tropical forests was 0.24. Only a few articles have reported
on the below-ground biomass allocation of individual tree species. Nevertheless,
there has been a reported progressive decrease in the values of the R:S ratio with
increasing plantation age (Hase and Foelster, 1983; Kraenzel, 2003).

Although, the estimate of total belowground biomass through to 100 cm depth
showed exceed data than observed belowground biomass (0-50 cm depth), R:S ratio
derived between observed and estimated data seemed to be equal. The explanation
was due to the increased of belowground biomass which estimated from 50-100 cm
depth not affect neither total belowground biomass nor R:S ratio. The uprooting of
many trees in the 4. crassicarpa plot caused by wind throw made an interest point on
the silvicultural method necessary to solve this problem. Intensive plantation
management is necessary in 4. crassicarpa plantations, involving suitable initial
spacing and intermediate cutting for canopy structure improvement is required. An
appropriate wider spacing, such as 4 m x 4 m or 2 m x 4 m, could favor tree diameter
growth rate, which would allow trees to reach a satisfactory diameter size to resist the
wind damage.



Table 16 Average above-ground and below-ground biomass of each tree species (ton ha').

: Below-ground Total Total
Above gifand taoiios biomass Tote. below- below- R:S R:S
. above- Total . .
Species ot und ground  ground biomass  TAT° ratio
Stem Branch Leaf  fine root - bgi?ma o biomass  biomass (Obs.) (Est)
(Obs.) (Est.)
A. crassicarpa 231.53"  26.84° 1434 1548 306 27271*  18.54% 1898  291.25" 0.07° 007
A. indica 128.81° 17.15° 581° 2492 2501* 151.77° 49.93* 5143 201.69° 033 034
P. macrocarpus ~ 27.76°  7.29% 133" 9.04° 5.62% 36.38° 1466 1557 51.04° 040° 043
S. roxburghii 42.83* 1060 363" 16.99° 1.07*  57.06™ 18.06 1806  7512°  032* 032
T. grandis 76.83%  1077% 525 1678® 1345 9285® 3023 3023 12307 033° 033
X xylocarpa 935 1528 544  6.22° 318 11422 9.40™ 1237 123.62° 007" 011
F-value 46.07 6797 4860 2180 10458 48.96 48.04 4095 17.65 -
SigIllﬁcant 2 3 £ 3 3 E 3 ] *E % % ik £ L] £ ]

Remark: Obs. : Observed data from 0-50 em soil depth, Est. : Estimated data from 0-100 cm so1l depth.
ANOVA results; ns: treatment effect not sigmficant; *: sigmficant at p<0.05; **: sigmficant at p<0.01.
The same letter in each column denotes groups that were not significantly different (p>0.05).
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6. Monthly litterfall.

Litterfall collection was set in August 2007. For monthly litter collection,
litter samples were sorted into 3 parts; leaf, branch and miscellaneous, after air dried.
After that, each type of litter was weighted and calculated to dry weight. All results
were showed in Table 17. A. crassicarpa showed the largest amount of litterfall in
January 2008, 2.214 ton ha™ followed by 1.979 ton ha™ in December of the same year.
Falling period occurred again in July 2008 with total litterfall of 1.979 ton ha™. In
rainy season between August to October 2007, total litterfall was roughly estimated as
0.50 ton ha™. Litterfall of 4. crassicarpa was dominated with leaf part that made up
more than 90%. Miscellaneous and branch parts were the second and the third
composed of A. crassicarpa litterfall. Annual litterfall of each part was 11.093, 0.808
and 0.538 ton ha™, respectively. Total yearly litterfall was 12.438 ton ha. Litterfall
of A. indica expressed the highest total litterfall in December 2007 with 1.025 ton
ha™. Volume of litterfall, especially leaf part, was increased from August to
December 2007. Total litterfall was increased from 0.350 to 1.025 ton ha™. From
March to May 2008, litterfall of 4. indica was dominated by miscellaneous part,
which composed of fallen flower and seed. While, branch part of A. indica was fallen
in the small amount though the year. Yearly litterfall of 4. indica was composed of
leaf, miscellaneous and branch with 1.951, 1.393 and 1.131 ton ha™, respectively.
Total yearly litterfall was 4.475 ton ha™.

For native tree species, almost litterfall of P. macrocarpus, especially leaf part
was fallen between December 2007 and January 2008. Only two months of falling
period, leaf fall made up to 40% of total yearly litterfall. Miscellaneous part
expressed the larger volume when compared to others from March to July 2008.
There were the plant production organs e.g. flower and seed of P. macrocarpus that
fall between this period. The annual litterfall was dominated by leaf, miscellaneous
and branch part with 1.132, 1.062 and 0.768 ton ha™, respectively. Total litterfall of P.
macrocarpus was 2.962 ton ha™. S. roxburghii leaf was fallen through a year, except
in rainy season between August and November 2007. In January 2008, total litterfall
was highest with the value of 0.436 ton ha™. Annual litterfall of S. roxburghii was
dominated by leaf which was 1.193 ton ha™. In addition, branch and miscellaneous
were 0.734 and 1.008 ton ha™', respectively. Total amount of yearly litterfall of S.
roxburghii was 2.884 ton ha™

T. grandis was the seasonal leaflet species. Leaf was the dominant
compartment of 7. grandis litterfall. Especially in dry season between November
2007 and January 2008, amount of leaf fall was ranged between 0.219 and 0.459 ton
ha™. Short period of extremely litterfall occur in dry season followed by the rainy
season that small amount of litter were fallen. Yearly litterfall of 7. grandis was
2.424 tonha”. X. xylocarpa also expressed the seasonal leaflet trend. Most leaf of
trees was fallen in dry season from December 2007 to February 2008. Leaf litter of X.
xylocarpa was extremely fallen in 2 month between December 2007 and January
2008 with 0.852 and 1.512 ton ha™, respectively. Annual amount of X. xylocarpa
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litter fall was highest in leaf part followed by branch and miscellaneous, which were
3.110, 1.429 and 0.624 ton ha™, respectively. Total amount of litterfall was 5.163 ton
ha™'. Monthly details of litterfall and change trend related to seasonal change were
shown in Figure 19.



Table 17 Total amount of monthly litterfall of each tree species (ton ha™).

Acacia crassicarpa Azadirachra indica Pterocarpus macrocarpus

month leaf Branch muscellaneous total Leaf Branch nuscellaneous total Leaf Branch muascellaneous total

Aug 07 0635 0.130 0.051 0.815 0.153 0.143 0.054 0.350 0.027 0.089 0.086 0.202
Sep.07 1046 0023 0.064 1.133 0216 0.074 0.067 0.357 0042 0069 0.078 0.189

Oct07 0378 0.005 0.071 0.454 0239 0062 0039 0.341 0019 0021 0076 0.116

Nov. 07 0932 0005 0.016 0.954 0280 0090 0.037 0.406 0031 0012 0.028 0.071
Dec 07 1839 0040 0.101 1.979 0.730 0216 0.079 1.025 0477 0.089 0.041 0.607
Jan08 2155 0014 0.045 2.214 0111 0.123 0.102 0.337 0363 0.111 0.054 0.528

Feb.08 0452 0017 0.031 0.500 0.026 0.035 0.072 0.132 0071 0.048 0.064 0.183
Mar08 0554 0093 0.057 0.704 0021 0020 0.151 0.192 0022 0042 0.113 0.176
Apr08 0324 0032 0114 0.470 0035 0.083 0.330 0449 0016 0.055 0.182 0.253
May 08 0328 0.021 0.112 0.461 0035 0083 0329 0.447 0016 0.058 0.182 0.256
Jun08 0614 0.102 0.059 0.775 0.056 0.064 0.081 0.202 0012 0073 0.041 0.126

Jul 08 1836 0055 0.088 1.979 0049 0137 0.051 0.237 0035 0.103 0.117 0.254

total 11.093 0538 0.808 12.438 1951 1.131 1.393 4475 1132 0.768 1.062 2.962

L



Table 17 (Continued)

Shorea roxburghii Tectona grandis Xvlia xylocarpa

month leaf Branch muscellaneous total Leaf Branch muscellaneous total Leaf Branch miscellaneous total
Aug 07 0010 0.102 0.035 0.147 0051 0.073 0.039 0.163 0078 0.100 0.032 0.210
Sep.07 0029 0.036 0.066 0.132 0177 0.022 0.059 0.257 0086 0.063 0.046 0.195
Oct.07 0004 0035 0.043 0.082 0034 0008 0.033 0.075 0028 0.063 0.040 0.132
Nov.07 0024 0035 0.025 0.084 0219 0007 0.038 0.265 0019 0.002 0.018 0.040
Dec.07 0127 0.066 0.030 0.224 0459 0.023 0.049 0.531 0852 0234 0.081 1.166
Jan 0B 0335 0016 0.085 0.436 0349 0.083 0.080 0.512 1512 0366 0.072 1.950
Feb.08 0.108 0.029 0.094 0.231 0.030 0.024 0.054 0.108 0.257 0.224 0.056 0.537
Mar 08 0.165 0.028 0.123 0.316 0006 0.008 0.045 0.059 0079 0.055 0.046 0.179
Apr08 0.157 0.085 0.205 0.447 0032 0.077 0.058 0.168 0029 0.057 0.078 0.164
May 08 0.158 0.067 0.170 0.394 0032 0044 0.036 0.112 0028 0.057 0.078 0.163
Jun08 0.015 0.151 0.071 0.237 0026 0028 0.022 0.077 0022 0.122 0.038 0.182
Jul08 0.061 0.084 0.061 0.153 0076 0011 0.013 0.101 0119 0.085 0.040 0.244

total 1.193 0734 1.008 2,884 1469 0424 0.970 2,428 3110 1429 0.624 5.163

€L
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The total litterfall throughout the year showed a marked seasonal distribution
(Figure 19-20). Total litterfall was lowest during the rainy season (August — October
2007 and February — June 2008) and highest during dry season (November 2007 —
February 2008). It could suggest that the litterfall might be related to the water
shortage in dry season. Highest amount of monthly litterfall of 4. indica, T.grandis
and P. macrocarpus were occurred in December 2007, in addition, 4. crassicarpa, S.
roxburghii and X. xylocarpa were occurred in January 2008. In rainy season, only a
few amount of litterfall were found of all species. These results indicated that the
dispersion pattern of litterfall were negative correlation with rainfall. Factors which
affected the rate of litter fall in each forest were ages, species of plants (Thaiutsa ef al.,
1978), stand density, crown cover, silvicultural systems (Bray and Gorham, 1964),
climatic condition such as annual rainfall, maximum temperature, dry season
(Comforth, 1970), storm and water deficit in plants physiology (Heald, 1971),
topography such as the differences of latitude and longitude, aspect, elevation and
climatic region (Bray and Gorham, 1964), site fertility (Jorgensen et al., 1975).
evapotranspiration (Meentemeyer et al., 1982). The amount and the duration of
litterfall in the present study were significantly affected by the total amount of rainfall
during the dry period and the peak of litterfall occurred in the dry season for most
species. Many related publication were supported results from this present study e.g.
Ghosh et al. (1982); Kikuzawa et al. (1984); Jordan (1988); Lonsdale (1988); Kimu
and Deepu, (1992); Bernhard-Reversat and Loumeto (2002). The proportion of
litterfall component was varied between tree species. Nevertheless, leaf part
accounted for over 90 % of all species. Many publishes confirmed these results e.g.
Parrotta (1999), Ruhende et al. (2004), Bo et al. (2006). Litter production of 15 year-
old exotic and native tree species ranged from 2.86 to 5.16 ton ha” y "' Differences
in the litter production observed in this study could be attributed to differences in the
species and canopy type of the tree. A. indica and X. xylocarpa were characterized by
a large branch and dense spreading crown. While, P. macrocarpus and S. roxburghii
were smaller trees with narrow and light spreading crown. Many results from this
study showed the lower results of litterfall when compared to other i.e. 5-years-old of
A. crassicarpa planted in dry land of Western Tanzania, the total litterfall was 4.86
ton ha™ y " (Raphael et al., 2004) vs. 3.92 ton ha™ y ear” ; A. indica raised on coal
mine spoil in India, the total litterfall was 36.2 ton ha™ year ™' (Singh et al., 1999) vs.
3.92 tonha™ ear ', 6 to 27 year-old of 7. grandis planted in Western Thailand were
ranged from 4.5 to 6.7 ton ha™ year ' (Sumantakul and Viriyabuncha, 2007) vs. 2.86
ton ha™ year " of the present study.
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7. Leaf litter decomposition and constant of decomposition rate (k).

Litter decomposition was studied by following the changes in weight of the
litter samples of each species. The results revealed that changes in dry weight of the
litter samples over the study period were different (Table 18 and Figure 21). All
species were shown the rapid decomposition in the first four months, weight loss of 4.
crassicarpa, A. indica, S. roxburghii, T. grandis and X. xylocarpa were 37.25, 63,
14.25, 39.48 and 18.00 g, respectively. Weight loss of P. macrocarpus was 49.12 g
and found only in the first month. All species expressed a slow decomposition rate or
stop decomposition process in the dry season between November 2007 and April
2008. Anyhow, it was clearly that litters of different species did not decompose at the
same rate even under similar environment conditions. This was due to differences in
the structure and composition of their leaf parts. The mass remaining was
characterized by an initial faster rate of disappearance followed by a subsequent
slower rate. High rate of decomposition recorded at the early stage and around July
and August might be attributed to less moisture content in the soil, leading to high
aeration, causing the aerobic organism to be active. Berg and Staaf (1980);
McClaugherty and Berg (1987) revealed that in the initial stages (0-3 months) of leaf
breakdown, small soluble carbon molecules i.e. starches and amino acids, were lost
first leaving behind the more recalcitrant molecules 1.e. lignin.

Decomposition during the first phase is rapid because these molecules are easy
to break down and rich energy. The second stage of decomposition or the breakdown
of lignin is much slower because lignin consists of very large and complex molecules.
This rapid initial breakdown followed by a longer period of slow decomposition
results in a mass loss curve that resembles an exponential decay curve. During the
wet season, the rate of litter decomposition is increase due to increasing in microbial
activity, the penetration of fine root and the increasing in the biological activity of
macro arthropods, especially termite (Luizao and Sehubart, 1987). Frioretto ef al.
(1998) suggested that microbial activity could be limited by litter moisture content.
This supported the hypothesis that climate set the general limits of the litter
decomposition process through physiological constraints on the activity of organisms.
The general conclusion was that physical climate determined rate of decay (Courteaux
et al., 1995; Temel, 2003). The result showed a small percentage of original weight
remaining; this might suggest that there was always litter remaining before new litter
fall, a situation that favors erosion control in plantations. Slow decomposition rate
recorded after the first raining period might indicate period of low humidity. Padley
et al. (2007) advocated that mass loss of litterfall was significantly correlated with
percent relative humidity. On the contrary, temperature, population of fungi and
actinomycetes were weak negative correlations. However, decomposition still
occurred in dry season from September 2007 to April 2008. High temperatures
tended to increase microbial activity, which, in turn, led to increased decomposition.
Moreover, decomposition of leaf litter showed a clear seasonal change and was high
in rainy season while in dry season decomposition rate was rather low comparing with
those in rainy. Slow rate of decomposition recorded between September 2007 and
July 2008 was associated with period of low rainfall.



Table 18 Remaining weight of litter (g).

A. crassicarpa A. indica P. macrocarpus 8. roxburghii T. grandis X xylocarpa
month weight sd  weight sd weight sd weight sd weight sd weight sd
Jul-07 100.00 0.00 10000 000 100.00 0.00 100.00 0.00 100.00 0.00 100.00 0.00
Aug-07 8255 021 6300 083 50.88 0.72 87.05 0.22 80.08 0.78 90.98 0.64
Sep-07 8203 0.71 4985 036 41.13 142 8313 0.47 61.08 149 8890 035
Oct-07 62.75 2.17 3700 058 42 50 386 8575 0.66 60.53 0.61 8250 1.05
Nov-07 63.75 1.24 3510 041 41.45 222 83.03 0.64 52.33 1.32 78.83 0.46
Dec-07 66.30 218 26.10 0.76 3298 142 76.68 129 50.55 1.04 7228 254
Jan-08 60.43 193 2575 0.74 33.90 1.58 67.78 3.02 44 .45 1.24 75.05 0.72
Feb-08 63.65 1.06 2575 0.68 36.58 1.28 62.35 1.50 46.65 031 7893 0.72
Mar-08 62.15 215 2960 0.69 2770 205 4795 1.52 3828 0.63 74.63 0.80
Apr-08 61.11 186 3297 090 24.13 1.25 47.70 1.08 3476  0.86 73.96 0.91
May-08 4330 138 31.70 1.02 23 88 1.60 41.63 1.08 2278 144 6933 083
Jun-08 4390 1.40 31.65 0.38 20.28 220 2920 1.86 985 0.40 38.58 233
Jul-08 35.10 134 1875 048 18.87 1.93 17.75 0.62 6.25 0.40 30.50 1.83

8L
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Changes in weight of leaf litter samples over the study period were fitted by
negative exponential function that proposed by Olson (1963). Data in Table 18
showed the decreasing trend of leaf litter in each sample plot. The results found that
decomposition rate constant (k) of leaf litter were varied. The decomposition rates
estimated of this study were summarized in Table 19 and Figure 21. Decomposition
rate of 7. grandis was highest with 2.025 month™, followed by P. macrocarpus (1.894
month™) and S. roxburghii (1.187 month™). While 4. indica and A. crassicarpa a k
constant were 1.797 and 0.908 month™, respectively. The slowest decomposing
species was X. xylocarpa with 0.744 month™. All species expressed a slow
decomposition rate or stop decomposition process in the dry season between
November 2007 and April 2008.

Table 19 Decomposition rate of leaf litter (k) in each species plot.

. Decomposition Weight remaining (g)
s rate (k) 6 month 12 month
A. crassicarpa 0.908 66.30 35.01
A. indica 1.797 26.10 18.75
P. macrocarpus 1.894 32.98 18.87
S. roxburghii 1.187 76.68 17.75
T. grandis 2.025 50.55 6.25
X. xylocarpa 0.744 72.28 30.50

All K constant of this studied shown the higher results value compared to
many results i.e. in temperate forest, in Korea, k constant ranged from 0.33 to 0.82
month™ (Yang and Shim, 2003). Tateno ef al. (2007) found that k constant of exotic
black locust plantation and indigenous oak forest in China ranged from 0.15 to 0.48
month™. Bubb ez al. (1998) found the k value of hoop pine (draucaria cunninghamii)
planted in Queensland; Australia was 1.7 month™. In radiate pine plantation forest,
after 13 years, log-wood, log-bark and side branches lost 59, 55 and 24 % of their
initial mass, respectively (Ganjegunte ef al., 2004). Multipurpose tree species
plantation in Central Himalaya, India, k constant ranged from 0.63 to 1.16 month™
(Semwal et al., 2003). However, all k results were distributed in the same range or a
little bit lower than many studies in the tropical region such as, 2.01 and 3.09 month™
of k constants were found in 7 and 3 years-old forest plantation, and 2.28 month™ k
constant in hill evergreen forest at Huay Kogma watershed research station in
northern Thailand (Gawinchan et al., 2004). In West Africa, Attignon et al. (2004)
found that, k value range from 1.3 month™ in 7. grandis plantation to 4.7 month™ in
Afzelia africana in natural forest. Deborah et al., (2000) found that k constant of
agro-forestry system in Amazonian ranged from 0.4 to 2.1 month™. The k values of
tropical tree plantation in Brazil ranged from 0.39 month™ (Pinus caribaea) to 1.13
month™ (Leguminosae) (Smith et al., 1998). In addition, 0.24 to 1.96 month™ k
constants were found in fast growing tree plantation in Congo (France and Schwartz,
1997). The decomposition rate estimated of this study was higher than that of exotic
tree plantations at Doi Ang Khang, Chiang Mai province, northern Thailand. Sang-on
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(2007) found that the decomposition constants of 6 exotic tree species were ranged
from 0.2744 to 1.2886 month™. A. crassicarpa was 0.908 month™ that close to the
results of k constant derived from some Acacia species such as, in African forest-tree
plantations; Bernhard-Reversat (1993) found that k constant of Eucalyptus spp. were
ranged from 0.35 and 0.49 month™, k constant of Acacia mangium and Acacia
auriculiformis were 0.69 month™. T. grandis resulted (2.025 month™) was equal to
the report from Egunjobi (1974) found that k constant of Tectona grandis was 2.02
month™. Egunjobi ez al. (1979) found that k constants of Pinus caribea was 0.34
month™. Decomposition constant of Pinus caribaea were ranged from 0.29 to 0.33
(Kadeba ef al., 1998). Harmand (1997) had studied decomposition rate of Acacia
polycantha and Eucalyptus camaldulensis that were 0.92 and 0.39 month™,
respectively. Kumer and Deepu (1992) were studied in moist deciduous forest,
Western Ghats, India. They found that decomposition constant of Tectona sp. and
Xylia sp. were 0.32 and 0.35 month™, respectively. Ladpala and Phanuthai revealed
that constant of X. xylocarpa in natural mixed deciduous forest was 1.83 month™.
Kumer and Deepu reported that monthly k constant of X. xylocarpa was range
between 0.31 and 0.39, with 0.32 in mean. They also categorized X. xylocarpa into
fast decomposition species. There were slightly lower when compared to 7. grandis
and X. xylocarpa from this present study (2.025 and 0.744 month™, respectively).
Yamasita and Takeda reported that k constant of Shorea lepurosula mixed with
Heritiera javanica was 0.063 month™. That was slightly lower result than S.
roxburghii k constant of this present study (0.187 month™).

At a regional scale with similar climatic condition, litter decomposition rates
were primarily controlled by the substrate quality of litter (Berg, 2000). The enhance
litter decomposition rates in rainy season of all species showed a combined effect of
rainfall and relative humidity. Changes in temperature and moisture availability had
been related to decomposition rates (Agbim, 1987). Differences of temperature and
moisture supply interactions and higher activity of the decomposers or organisms
could explain the large variation in litter decomposition rate altered the external
environmental factors. In dry season, deceased rainfall and relative humidity were
responsible for a slow rate of litter decomposition. Pandey et al. (2007) suggested
that relative humidity, maximum temperature, population of fungi and actinomycetes
were the best predictor variables for litter mass loss rate. Numerous studies in
tropical tree plantations showed a large accumulation of litter standing crop,
especially when the planted species was exotic (Kadeba and Aduayi, 1985; Lugo,
1992; Bernhard-Reversat, 1993; Singh et al., 1993; Bernhard-Reversat and Loumeto,
2002). They were suggested that local decomposers were poorly adapted to the
biochemical composition of the litter. When the planted species were not exotic, as S.
roxburghii or T. grandis in the present study or Mahogany in the study by Lugo
(1992), the litter standing crop was comparable to that of the natural forest. The
occurrences of the adapted soil biota, and the higher nutrient content of native species
compared to Acacia spp., might be involved.
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Furthermore, the quality of the leaves is another important factor. Substrate
quality has been defined in many different ways i.e. the nitrogen concentration as the
lignin content, the C:N ration (Kumer and Deepu, 1992; Moorhead et al. 1999).
Taylor and Jones (1990) reported that decomposition of leaf litter could be predicted
by the C:N ratio. More over, lignin content or lignin: nitrogen ratio could be used for
predict the composition rate (Meentemeyer, 1978; Melillo et al., 1982). Semwall et al.
(2003) initiated that the species with the three-phase decomposition pattern (initial
slow phase, intermediate first phase and terminal slow phase of decomposition)
incubated before rainy season and species with two-phase pattern (initial fast followed
by a slow phase) incubated in the beginning of rainy season. Litter decomposition, all
k constants of this study showed lower value than those of temperate forest (Yang and
Shim, 2003; Tateno et al., 2007; Bubb et al., 1998; Ganjegunte et al., 2004 and
Semwal ef al., 2003). In the other hand, k constant in the tropical region was
distributed in ranged of results reported by many researchers (Attignon et al., 2004;
Deborah ef al., 2000; Smith et al., 1998 and France and Schwartz, 1997). Olson k
constant ranged from slightly more than 1 to slightly more than 4 in any given stand
(Thaiutsa and Granger, 1979). Bernhard and Loumeto (2002) suggested that the
ranges of k were very wide from 0.2 month™ in eucalypt plantations to 5 month™ in
rubber plantation. Therefore, the k values found here were comparable in this range.
All results indicated that almost of leaf litter of all species nearly extinct in 1 year
period. Furthermore, in tropical forest plantation, there were very little or no
accumulation of litter, implying a fast turnover of organic matter in the soil.



12000 v=100g0908x 120 y=100¢* 7%
100.00 R=0.8038 100 R=0.1917
8000 ~ 80
o .
2 6000 *“‘\( 2 6
3 3
Z 4000 S w0
2000 20 N
0.00 0
02 04 06 08 1 12 0 02 04 06 08 1 12
Time period (year) Time period (year)
Acacia crassicarpa Azadirachta indica
120 120
y= 100g184 y=100e1187
0 R°=0.5636 100 \ R =08153
~ 80 ~ 80 ‘
& &
2 60 Z 60
3 3
B B
40 40
4\\
20 —t—— 20 \\
0 0
0 02 04 06 08 1 12 0 02 04 06 08 1 12
Time period (year) Time period (year)
Pterocarpus macrocarpus Shorea roxburghii
120 120
y= 100620250 y= 100074
100 R=0.8075 100 R*=0.6423
~ 80 ~ 80
2 €]
3 6 £ e
2 K}
40 Z 4
20 20
0 0
0 02 04 0.6 08 1 12 0 02 04 06 08 1 12
Time period (vear) Time period (year)
Tectona grandis Xylia xylocarpa

Figure 21 Relationships of remaining weights of litter and time period

between August 2007 and June 2008.

82



83

8. Nutrient concentration in soils.

Nutrient concentrations of litter on soil surface were shown in Table 20. T.
grandis represented 0.46 % of N concentration of litter on soil. This result was lower
than other species which ranged between 0.72 and 0.84 %. P concentration was
resemble results, and ranged between 0.11 and 0.15 %. P. macrocarpus expressed the
highest of K concentration which the result of 0.34%. On the other hand, S.
roxburghii, A. crassicarpa and T. grandis were ranged between 0.11 and 0.15%. Ca
concentration was comparatively higher than other elements. The results of Ca
concentration were ranged between 0.41 and 1.15 % of 4. crassicarpa and A. indica,
respectively. S. roxburghii showed the highest result of Mg concentration (0.29%),
which was comparable 2 times higher than 0.14%, the lowest result from 4.
crassicarpa. Na concentration expressed the lowest result when compared to other
elements, and ranged between 0.01 and 0.03%.

After root sampling by excavation method, soil sampling was conducted in
each soil pit. Soil samples were taken from 5 depth intervals, 0-10 cm, 10-20 cm, 20-
30 cm, 30-40 cm and 40-50 cm. In each horizon, disturbed and undisturbed soil
sample were collected for 1 kg each. Undisturbed sample was conducted by using
100 cc soil samples. Soil samples were collected for analysis of physical and
chemical properties. The physical and chemical properties of soil in each species plot
were shown in Table 21 and Figure 22. Soil nutrient concentration beneath 4.
crassicarpa plot was slightly different via soil depth. Highly significant differences
were found with N and P. In addition, significant difference was found with Na. On
the contrary, no significant differences were found with other elements. N
concentration was highest in the top soil layer from 0-10 cm with 0.11 %. Slightly
decreased of N concentration was found with increasing soil depth and ranged from
0.07 to 0.08%. P was greatest in the top soil layer with 11.00 mg kg”. Uncertainly
decreasing trend of P concentration was found accordance with soil depth. The
results showed between 2.68 and 9.27 mg kg'. No significant difference was found
with soil K concentration. The data ranged from 0.26 to 0.32 cmol kg™'. Resemble
highest results were found in 0-10 and 40-50 cm depths. Ca concentration was no
significant difference result. The data showed similarly results of all depth and
ranged from 0.79 to 1.08 cmol kg™'. Mg concentration of A. crassicarpa plot was
increased with increasing soil depth. Anyhow, no significant difference was found.
The data in Table 21 were ranged from 0.19 to 0.29 cmol kg™'. Na concentration was
signiﬁca?t difference. The data were slightly differences and varied from 0.10 to 0.15
cmol kg™

Soil nutrient concentrations beneath 4. indica plot were different according to
elements and depth. Highly significant differences were found with N and P. In
addition, significant differences were found with Mg and Na. Anyhow, no significant
differences were found with K and Ca. N concentration of soil in 4. indica plot was
ranged from 0.05 to 0.09 %. P concentration of 0-10 and 10-20 cm depths were
grouped (8.00 and 9.22 mg kg™). On the contrary, there were no significant
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differences of the data at 20-50 cm depth which ranged from 1.29 to 1.43 mg kg™
For K and Ca, no significant differences were found. Nevertheless, the highest results
was found in the top soil layer, and decreased through soil depth. Soil Mg
concentration was highest in the top soil (0.21 cmol kg™), and decreased through soil
depth (0.16 — 0.20 cmol kg™'). On the contrary to other elements, soil Na
concentration was lowest in the top soil layer at 0-10 cm depth (0.08 cmol kg™).
While, the highest result was occurred in the second layer at 10-20 cm depth with
0.15 cmol kg™, and decreased through soil depth (0.09-0.13 cmol kg™). Soil N and P
concentration of P. macrocarpus plots were highly significant differences. The
results revealed that the highest results occurred in 0-10 and 10-20 cm depth of both
elements. N concentration was ranged from 0.05 to 0.09 %, while P was ranged 1.29
to 8.00 mg kg™. On the contrary, K, Ca, Mg and Na concentration showed no
significant differences results. K was ranged from 0.23 to 0.45 cmol kg”. Ca was
ranged from 0.16 to 0.44 cmol kg™'. Mg was ranged from 0.13 to 0.21 cmol kg”. In
addition, Na was ranged from 0.09 to 0.15 cmol kg™

Soil nutrient of S. roxburghii plot showed no significant differences, except P.
Most elements showed the highest results in the top soil layer (0-10 cm), and were
decreasing through soil depth. N concentration was ranged from 0.04 to 0.10 %. P
was highest in surface soil (10.74 mg kg™) and decreased through soil depth in the
same time (1.35-5.88 mg kg™). K concentration was ranged from 0.23 to 0.32 cmol
kg'. Ca, Mg and Na expressed the highest in the third layer (20-30 cm depth). Ca
was ranged from 0.44 to 0.77 cmol kg™. While, Mg was ranged from 0.14 to 0.18
cmol kg”. In addition, Na concentration was ranged from 0.09 to 0.18 cmol kg™.
Soil N concentration of 7. grandis was highly significant difference through depth.
The data expressed the highest results at 0-10 and 10-20 cm depth with 0.09 %. While,
N concentration was decreasing through soil depth. P concentration was significant
difference. The upper layers showed the highest results of P concentration with 8.60
and 8.03 mg kg™, The other deeper layers were ranged from 1.34 to 1.70 mg kg™
For other element, no significant differences were found. Data from Table 21 showed
that, K concentration was ranged from 0.22 to 0.28 cmol kg'. Soil Ca concentration
was ranged from 0.32 to 0.53 mg kg”. Mg concentration was ranged from 0.58 to
0.77. Na concentration was ranged from 0.12 and 0.16 cmol kg™'. In X. xylocarpa plot,
only N and P that expressed the significant difference results. As same as other plots,
N showed the highest results in the top layer with 0.09 %. While, N concentrations
from other layers were ranged from 0.05 to 0.08 %, which decreased through soil
depth. P concentration was ranged from 1.17 to 7.16 mg kg™'. For other elements, no
significant differences were found. The data from Table 21 showed that, K
concentration was ranged from 0.17 to 0.22 cmol kg™. Soil Ca concentration was
ranged from 0.20 to 0.32 cmol kg™'. Mg concentration was ranged from 0.07 to 0.19
cmol kg”. Na concentration was ranged from 0.05 to 0.12 cmol kg™'. Control plot
showed the similar results of nutrient concentration of other plots. The results
revealed that the highest results still occurred in the two upper layers of most elements.
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N was the only one element which showed the significant difference results.
The data was ranged from 0.05 to 0.08 %. The other elements showed no significant
differences between different soil depths. P concentration was ranged from 2.47 to
7.85 mg kg, K concentration was ranged from 0.59 to 0.93 cmol kg”'. Soil Ca
concentration was ranged from 0.87 to 1.41 cmol kg”. Mg concentration was ranged
from 0.14 to 0.20 cmol kg™'. Na concentration was ranged from 0.09 to 0.128 cmol
kg'. Despite differences of biomass and litter productivity, there were very few
differences in soil nutrient concentration (to 50 cm depth) among species plots. N
concentration slightly decreased with increasing soil depth. In the top soil layer, N
concentration was greatest in S. roxburghii plot (0.10 %) and was higher than control plot
(0.080 %). Data of available elements (P, K, Ca, Mg and Na) indicated few different in
soil of plantation and control plots. Several apparent differences in soil properties,
especially for the top most layer (0 to 20 cm) were probably due to pre-plantation site
variability. One very obvious difference between plantation and control plot was the
higher results of exchangeable K and Ca in the abandon crop field (control plot) and
plantation. That was probably due to translocation and was absorbed by plant tissues that
K and Ca showed highly concentration comparing to other elements. This result
advocated with the report of Nualngam (2002). He reported that in abandoned fields
replaced with Imperata cylindrical, soil exchangeable K and Ca were distinctly higher
than those soils from plantation plot. He also concluded that it was probably due to
low rate of nutrients uptake from plants with lower results of biomass ( 3.88 ton ha™)
comparing to other plantations (53.11 -195.22 ton ha™).

The results in this present study revealed that, most tree species had the
highest concentration of N followed by Ca, K, Mg, P and Na, respectively.
Glumphabutr (2004) reported the highest soil nutrient concentration in evergreen
forest was Ca>N>Mg>K>P, and it was similar to the report of Punsatha (2002) that
studied in A. indica plantation. Concentration of nutrients declines according to soil
depth, which was similar trend to Glumphabutr (2004), Suksawang (1998) and
Jutikidecha (1996). Soil properties were distinctly different according to soil depth.
Especially N and P, the results from all plots (except S. roxburghii) showed that at 0
to 20 cm depth, these elements were significantly different from the deeper soil layers.
Morisada et al. (2005) advocated that available nutrient especially P and K seemed to
be added in the top soil layer at 0-20 cm depth. For other elements, either no
significant or only weak significant different were found between difference soil
depths. That might be due to the highly return of N and P from leaf litter, consistently
with the report from Watt ef al. (2005). Murray et al. (2007) determined impacts of
forest plantation on soil nutrients and revealed that significant positive relationships
between foliar nutrients and 0-10 cm layer properties were evident for N and P.
Relative to control treatment, N and P concentration in plantation plot seemed to be
exceeding result. Furthermore, slightly different results were found with Ca, Mg and
Na between plantation and control plots.



Table 20 Nutrient concentration of litter on soil surface.

Spp Litter Nutrient concentration (% by dry weight)

(kg ha‘lj N sd P sd K sd Ca sd Mg sd Na sd

Ac 348323 072 0.071 0.12 0.016 0.14 0.040 0.41 0.336 0.14 0.020 0.02 0.008
Al 670.56 0.84 0.222 0.12 0.044 0.27 0.141 1.15 0.399 0.26 0.123 0.02 0.012
Pm  355.11 0.80 0.294 0.15 0.066 0.34 0.177 0.72 0.485 0.20 0.102 0.01 0.006
Sr 403.27 0.81 0.047 0.13 0.027 0.11 0.094 0.76 0.175 0.29 0.026 0.03 0.011
Tg 72.94 0.46 0.036 0.13 0.037 0.15 0.060 1.10 0.506 0.23 0.049 0.02 0.003

Xz 1.03201 0.74 0.118 0.11 0.014 0.25 0.056 0.69 0.038 0.19 0.021 0.03 0.006

Remark: Ac: A. crassicarpa: Av: A. indica: Pm: P. macrocarpus: Sr: S. roxburghii: Tg: T. grandis and Xx: X. xylocarpa

98



Table 21 Nutrient concentration of soils from each species plot.

S depth (cm) Avail. P Exch. K Exch. Ca Exch. Mg Exch. Na
PP pth (em
4 sd mg ]»;g'l sd  cmol kg'l sd cmol l-;g'l sd cmol kg'l sd cmol l:g'l sd
0-10 0.11* 0.02 11.00* 3.21 0.31 0.06 0.79 0.43 0.21 008 0.13™  0.02
10-20 0.09° 0.01 647° 011  0.26 0.07 0.79 0.52 0.19 0.08 0.15%  0.01
Ac 20-30 007° 001 927" 1.72 023 0.03 1.08 0.18 0.24 004 011  0.02
30-40 0.08® 001 2.68° 202 026 0.06 0.94 0.45 0.24 0.06 0.14® 0.01
40-50 0.08° 000 6.11% 109 032 0.08 0.97 0.24 0.29 0.06 0.10°  0.02
significant " J b 7 a '
0-10 0.09* 0.01 800" 220 0.38 0.03 72 0.26 0.21* 0.03 0.08° 0.00
A; 10-20 0.08% 001 9.22° 474  0.34 0.06 0.58 0.19  0.19®  0.02 0.15%  0.02
i 20-30 0.06° 001 143" 049 035 0.13 0.51 0.23 0.20° 001 013"  0.01
30-40 0.06% 000 131 008 029 0.14 0.39 0.18 0.16° 002 0.10% 0.01
40-50 0.05° 001 129° 016 031 0.17 0.33 0.16  0.16° 003 009"  0.04
significant ~ \ B 7 / '
0-10 0.09* 0.02 1074 1.65 0.32 0.04 0.44 0.31 0.14 0.07 0.13 0.03
Py 10-20 0.08* 0.01 671° 1.98 0.27 0.07 0.31 0.15 0.14 0.04 0.12 0.04
20-30 0.05° 000 1.37° 0.33 0.31 0.12 0.26 0.17 0.17 0.08 0.15 0.03
30-40 0.06° 0.00 1.44° 045 0.23 0.11 0.16 0.08 0.13 0.08 0.00 0.02
40-50 0.06° 000 324 1.92 0.45 0.36 0.23 0.10 0.21 0.11 0.14 0.05
significant " - . " . .

L8



Table 21 (Contmued)

N Avail. P Exch. K Exch. Ca Exch. Mg Exch. Na
Spp. depth (cm)
%o sd mgkg' sd cmolkg' sd cmolkg’ sd emolkg” sd cmolkg’ sd

0-10 0.10 001 11.93* 0.53 0.32 0.03 0.47 0.47 0.18 0.04 0.11 0.03
10-20 0.09 002 5.88° 1.34 0.25 0.02 0.61 0.09 0.14 0.01 0.12 0.01
Sr 20-30 0.06 0.01 1.35° 0.47 0.27 0.02 0.77 0.38 0.17 0.07 0.18 0.09
30-40 0.06 0.00 151° 0.48 0.29 0.06 0.64 0.36 0.14 0.04 0.13 0.06
40-50 0.04  0.00 1.365 0.45 0.23 0.03 0.44 0.22 0.15 0.05 0.09 0.02

significant . : ' A = =
0-10 0.09"  0.00 860" 3.20 0.28 0.07 0.40 0.04 0.14 0.04 0.15 0.11
Te 10-20 EI'.DQ: 0.01 8.{}3; 5.04 0.26 0.04 0.53 0.36 .16 0.02 0.16 0.07
- 20-30 0.06 0.01 1.63 1.10 0.24 0.07 0.50 0.42 0.15 0.04 0.11 0.03
30-40 0.07% 0.01 1.34°  0.59 0.24 0.06 0.41 0.27 0.12 0.04 0.13 0.04
40-50 0.05° 0.00 l.?ﬂb 0.73 0.22 0.02 0.32 0.14 0.16 0.07 0.11 0.08

significant - ' " 7 > B
0-10 0.09*  0.00 7.16" 1.11 0.18 0.01 0.20 0.03 0.07 0.01 0.05 0.01
x 10-20 0.08° 0.01 6.44" 1.65 0.22 0.04 0.33 0.07 0.15 0.02 0.08 0.01
* 20-30 0.05° 0.01 1.80° 0.71 0.19 0.05 0.32 0.12 0.16 0.02 0.09 0.03
30-40 0.07° 000 2.16° 050 017  0.03 032 007 016 0.02 0.09  0.01
40-50 'D.{]'ﬁh 0.01 l.l?h 0.11 0.17 0.04 0.29 0.13 0.19 0.09 0.12 0.05

significant ) “ 1 - - =
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Table 21 (Continued)

Avail. P Exch. K Exch. Ca Exch. Mg Exch. Na

Spp. depth (cm) - v S - . .
Yo sd mgkg sd  cmol kg sd  cmolkg sd  cmol kg sd  cmolkg sd
0-10 0.08% 0.00 7.85 1.51 0.65 0.23 0.87 0.06 0.15 0.06 0.09 0.04
10-20 0.08% 0.01 7.78 3.52 0.77 0.13 1.33 0.65 0.15 0.01 0.09 0.03
Cf 20-30 0.06° 0.00 6.54 4.25 0.93 0.20 1.41 0.42 0.20 0.06 0.12 0.04
30-40 0.07% 0.00 2.47 2.32 0.59 0.34 1.14 0.46 0.14 0.03 0.09 0.04
40-50 0.05% 0.01 2.82 1.60 0.64 0.23 1.07 0.11 0.16 0.02 0.09 0.01

significant B B < N B -

Remark: Ac: 4. crassicarpa: A: A. indica: Pm: P. macrocarpus: Sr: S. roxburghii: Tg: T. grandis: Xx: X. xylocarpa
and Cf: Abandoned crop field (control plot)
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9. Plant nutrient concentrations

Plant nutrient concentrations of each tree species were studied in 2 different
categories as living tree part e.g. leaf, branch, stem, fine- and coarse root part.
Another was the study in senescence tree part e.g. falling litter. All results were as
follows;

9.1 Living tree part nutrient concentration;

Tree species differed greatly in the relative amount of nutrients absorbed
from soil. Consequently, the chemical composition of trees fraction (leaf, branch,
stem and root) of various species was different even when the trees were growing in
the same habitat (Thaiutsa et al., 1978). Parrotta (1999) advocated that differences in
biomass production and nutrient return, that was due to differ in soil properties. In the
present study, nutrients concentration in each part of tree was obtained from 5 trees of
each species which cover all sized classes. Tree samples divided into leaf, branch,
stem, fine and coarse root. All samples were oven dried and were ground with 20
mesh sieve. Ground materials were analyzed for N, P, K, Ca, Mg and Na in the
laboratory. Nutrient concentrations varied greatly among tree component for each of
the planted tree species.

N concentration of 4. crassicarpa was varied on consequently leaf>fine
root>branch>coarse root>stem with value of2.09, 1.49, 0.98, 0.61 and 0.24%,
respectively. While no significant differences were found with concentration that
ranged from 0.09 % of stem part to 0.15 % of leaf part. K concentration was highest
in leaf part (1.06%). Branch and fine root were classified as the same group (0.59 %
and 0.54 %, respectively). Stem and coarse root were also classified as the same
group as well (0.22 % and 0.16 %, respectively). Concentration of Ca was varied
from part to part of 4. crassicarpa. Branch and fine root were 1.12 and 1.26 % which
categories the same highest group. Leaf, stem and coarse root were 0.83, 0.30 and
0.23 %, respectively. Mg concentration was greatest in leaf part (0.33%). Mg
concentration of 4. crassicarpa was varied. Branch and fine root were 0.13 and
0.16 %, respectively. While stem and coarse root were classified into the same group
(similarly result 0.20%). Na concentration was greatest result in fine root (0.10 %).
The other parts were varied from 0.20 to 0.08 %. All nutrient concentration (except
P) of A. crassicarpa was highly significant differences. Leaf part of A. crassicarpa
showed the greatest results of concentration for all elements except Ca and Na. Stem
and coarse root showed the lowest result of most elements.

A. indica expressed the varied results of nutrient concentration. N
concentration was highly significant differences between tree parts. The result was
highest in leaf part (2.55 %). Other elements were classified as the same group. N
concentration of branch, stem, fine- and coarse root were 1.23, 0.80, 1.60 and 1.22 %,
respectively. No significant differences were found with P and K. P concentration of
A. indica was ranged from 0.17 % in stem to 0.32 % in fine root part. K concentration
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was ranged from 0.87 % in stem part to 1.35 % in leaf part. Ca concentration in leaf,
fine root and branch were little difference and ranged from 2.41, 2.23 and 1.57 %,
respectively. Ca concentration in stem and coarse root were 0.88 and 0.96 %,
respectively. Significant difference was found with Ca concentration. As the same
trend of Ca, Mg concentration was highest in leaf part, followed by fine root and
branch with 0.70, 0.46 and 0.45 %, respectively. While the lowest results were coarse
root and stem part (0.19 and 0.15 %). Highly significant difference of Mg
concentration was found between different tree parts. There was no significant
difference of Na concentration between tree parts. The results were varied from

0.02 % in leaf and coarse root to 0.04 % in branch and fine root. Most of all elements
showed the highest concentration values in leaf part. Except P and Na that were
highest in branch and fine root. Anyhow, no significant difference was found.

For P. macrocarpus, N concentration in leaf part was 3.01 % which
greater than those in other parts. N concentration of fine- and coarse root were
1.92 % and 1.37 %, respectively. N concentration of branch and stem parts were the
lowest with 0.99 and 0.72 %, respectively. P concentration of P. macrocarpus was
classified in two groups. The higher results appeared in leaf and fine root with 0.29
and 0.25 %, respectively. The other groups were branch, stem and coarse root with
0.10, 0.09 and 0.14 %, respectively. K concentration of P. macrocarpus showed
similarly consequence results. Leaf part still showed the greatest results with 1.37 %.
The other parts were varied from 0.90 % in coarse root to 1.22 % in fine root. As
same as K, Ca concentration showed similarly trend varied. Leaf part expressed the
greatest result with 1.70 %. While other parts were ranged from 0.54 % in stem part
and 1.05 % in branch part. Mg concentration was greatest in leaf part (0.70 %) and
was lowest in stem part (0.12 %). On the contrary to other elements, Na
concentration was highest in fine root with 0.13 %. While other parts were categories
in the same group. There was ranged from 0.02 to 0.07 %. Concentration of all
elements showed the significant difference. Leaf part always showed the highest
concentration of all elements, except Na.

S. roxburghii expressed the greatest N concentration in leaf part with
2.28 %, followed by fine root, branch and coarse root with 0.95, 0.77 and 0.70 %,
respectively. Stem part expressed the lowest N concentration with 0.43 %. For P,
leaf part expressed the highest result with 0.41 %. Branch and fine root were
categories as the same level (0.16 and 0.19 %, respectively). Stem and coarse root
parts were classified in the same level as well. As same as P, K concentration still
highest in leaf part (1.23 %), followed by branch and fine root (0.77 and 0.72 %,
respectively). K concentration of stem and coarse root were the lowest group with
0.40 and 0.37 %, respectively. Ca concentration of Sr was greatest in fine root
(1.98 %). Nearby, Ca concentration in leaf and branch were 1.14 and 0.98 %,
respectively. Stem part showed the lowest result with 0.36 %. Mg concentrations of
all part except leaf resembled results. The highest result was 0.48 % in leaf part.
While, Mg concentration in branch, stem, fine- and coarse root parts were 0.23, 0.07,
0.30 and 0.06 %, respectively. As same as Ca, Na concentration of S. roxburghii
were resembled except fine root (0.08 %). Leaf, branch, stem and coarse root were
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classified as the same group. The results were 0.04, 0.03, 0.03 and 0.06 %,
respectively. Remarkable for S. roxburghii, N, P, K and Mg showed the highest
results in leaf part. While Ca and Na were highest results in fine root part. On the
contrary, stem and coarse root expressed the lowest results of all most elements.
Highly significant differences of all elements concentration were found.

T. grandis showed the highest of N concentration in leaf part (2.11 %).
While the other parts expressed similarly results. The results showed that N
concentration of branch, stem, fine- and coarse root were 0.76, 0.43, 0.16 and 1.00 %,
respectively. P concentration was highest in leaf part with 0.35 %. The other parts
were categorized as the same group. P concentration of branch, stem, fine- and coarse
root were 0.08, 0.06, 0.16 and 0.17 %, respectively. K concentration was highest in
leaf part (1.27 %). K concentration of branch and fine root were classified as the same
group with 1.01 and 1.05 %, respectively. The lowest K concentration was shown in
stem and coarse root with 0.56 and 0.62 %, respectively. Ca concentration was highest
in branch and fine root with 1.43 and 1.53 %, respectively. Coarse root contained the
lowest Ca concentration with 0.65 %. Mg was highest in leaf part followed by fine root
part with 0.57 and 0.30 %, respectively. Branch, stem and coarse root were categorized
as the same group. Their Mg concentration was 0.16, 0.08 and 0.11 %, respectively.
No significant difference of Na concentration was found. The Na results were ranged
from 0.02 to 0.08 %. On the contrary, highly significant differences were found for all
other elements. Most of all elements except Ca were highest in leaf part. Stem and
coarse root always showed the lowest results as well.

On similar way as other species, N, P and K of X. xylocarpa were highest in
leaf part. On the contrary, stem and coarse root parts were shown the lowest results.
N concentration of X. xylocarpa was highest in leaf part, followed by in fine root and
branch with 2.62, 1.29 and 1.01 %, respectively. The N concentration of stem and
coarse root parts were 0.97 and 0.51 %, respectively. P concentration of X. xylocarpa
was highest in leaf part with 0.22 %. The other parts were classified into the same
group. The results were ranged from 0.03 to 0.11 %. As same as P, K concentration
was highest in leaf part with 1.23 %. Branch, stem, fine- and coarse root were
classified as the same group. The values ranged from 0.65 to 0.83 %. Ca
concentration was highest in branch part with 1.85 %. The other parts expressed
similarly results with no significant differences. In addition, no significant difference
was found for Na. Na concentration of X. xylocarpa was ranged from 0.03 to 0.06 %.
The overall results from this present study showed that the percentage of nutrient
concentration differed among parts of tree and found that concentration of N, P, K, Ca,
Mg and Na in various parts of trees of most tree species were similar trend in
sequence of leaf>branch>stem for aboveground biomass. According to the studies of
Glumphabutr (2004) in evergreen forest in eastern region, and Punsatha (2001) in 4.
indica plantation, their publications also reported on the same sequence. The results
of A. crassicarpa plot of present study were supported by Qin et al. (2007). They
were studied in 4. crassicarpa plantation in China, the results revealed that
concentration of N was highest followed by Ca, K, Mg and P, respectively. All
details were shown in Table 22 and Figure 23.



Table 22 Plant nutrient concentrations of each tree part (via part).

Nutrient concentration (% dry weight)

Spp. part
N sd P sd K sd Ca sd Mg sd Na sd
Leaf 2.09° 030 015 005 106 019 083 021 033 008 008° o002
Branch 0.98° 014 0.13 006 059° 022 1.12° 035 013 006 005 004
Ac Stem 0.424 006 009 007 022 005 030° 014 002 001 003 001
Fine root 1.49° 0.29 0.12 0.12 054" 013 126 012 016 012  0.10° 005
Coarse root 0.61° 006 002 001 016 006 023 005 002 001 003 001
5j_gn]_ﬁca_|1‘[ £ ns E2 3 *x *® E
Leaf 2.55° 046 033 005 135 010 241° 103 070° 000 002 0.01
Branch 123" 005 027 0.12 128 026 157 005 045 007 0.04 001
Stem 0.80° 044 017 0.17 0.87 040 088" 033 015 015 0.03 0.01
Fine root 1.60° 055 032 005 1.19 002 223 022 046 024 004 043
Coarse root 1.22° 0.40 0.19 0.06 0.91 036 096° 027 0.19° 0.10 0.02 0.28
significant % 3 ~ d y B
Leaf 3.01° 0.31 029  0.02 137 007 1.70° 050 070° 000 0.03° 0
Branch 0.99% 012 010° 001 105 002 105 048 023 008 003" 001
o Stem 0.72¢ 017 009® 003 093* 009 054° 007 012° 002 002® o001
Fine root 1.92° 036 025° 006 122 008 150° 057 036 009 013 004
Coarse root 1.37° 020 014° 007 09" 032 088" 037 019% 003 007 002

significant

s

s
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Table 22 (Continued)

Nutrient concentration (% dry weight)

Spp. part
N sd P sd K sd Ca sd Mg sd Na sd

Leaf 228 017 041 005 123 010 114° 020 048 001 004 002

Branch 0.77° 005 016 003 077 012 098 017 023 002 003 001

S Stem 0.434 002 007 001 040° 003 036 007 007 002 003 001

Fine root 0.95° 008 019° 005 072 019 198 045 030° 024 008  0.09

Coarse root 0.70° 005 007 002 037 008 075 023 006 002 0068 004
Hgﬂlﬁcaﬂt L1 L1 an e s LR

Leaf 2.11° 015 035 002 1277 003 126® 001 057 012 003 0.01

Branch 0.76 007 008 003 101° 007 143 026 016 005 0.03 0.01

T Stem 0.43° 002 0068 002 056 013 079 009 008 002 002 0

8 Fine root 1.16° 034 0165 010 105 018 153 053 030° 0.07 0.08 0.07

Coarse root 1.00° 029 007" 001 062 010 065 001 011° 004  0.03 0.01
SI.gﬂlfiCHﬂt e (1] L] e L] e

Leaf 2623 012 022 006 123 007 109 036 035 001 0.03 0

Branch 1.01% 017 007° 004 080° 026 185 043 019° 007 0.03 0.01

Stem 0514 002 003 002 065 008 044® 006 010° 0.01 0.03 0.01

Fine root 1.29° 006 011° 001 083 017 087" 028 026 007 0.06 0.02

Coarse root 0.97° 031 006 002 071 027 076 063 020° 014 003 0.01
SI.Eﬂlflcaﬂt e - L] e L] jot!

Remark: Ac: A. crassicarpa. At A. indica, Pm: P. macrocarpus, St: 8. roxburghii, Tg: T. grandis and Xx: X xylocarpa

L6
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Figure 23 Nutrient concentration in various tree part (% by dry weight).
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The cluster analysis classified the plated tree species into 2 principal
difference groups via nutrient concentration of tree parts as shown in Figure 24.
Parameters of plant nutrient concentration i.e. N, P, K, Ca, Mg and Na from leaf, stem,
fine- and coarse root parts showed the similarly cluster results when using 50% of
remaining information. The results indicated that A. indica and P. macrocarpus was
classified as the same group. Furthermore, A. crassicarpa, S. roxburghii, T. grandis
and X. xylocarpa were classified as the same another group. Anyhow, cluster result
from branch nutrient properties indicated the differences result. The results revealed
above probably due to highly nutrient concentration of A. indica and P. macrocarpus,
which seemed to be higher than other species that classified into another group.

Distance (Objective Function)

2 8E-02 6.4E-01 1 3E+00 1.9E+00 2 5E+00
Information Remaining (%)
100 75 50 25 0
Ac
Sr
Tg
Xx
Pm !
Leaf
Distance (Objective Function)
S 4E-02 3.2E-01 39E-01 8 6E-01 11E+00
Information Remaining (%)
100 75 50 25 0
Ac |
gr |
Tg
Xx !

Branch

Figure 24 Dendrogram obtained by the cluster analysis of nutrient concentration
in different tree parts.



101

Distance (Objective Function)
2E-02 22E-01 11E-01 6.1E-01 8.1E-01

Information Remaining (%)

100 75 50 25 0
Ac |
g |
Tg -]
Xx SE—
Pm —
Stem
Distance (Objective Function)
14E-01 6.7E-01 1 2E+00 1.7E+00 22E+00
Information Remaining (%)
100 75 50 25 0
Ac |
Xx !
Al |
Pm !
Sr —|
Tg —
Fine root
Distance (Objective Function)
1.5E-02 3.2E-01 63E-01 9.4E-01 1.2E+00
Information Remaining (%)
100 75 50 25 0

Ac
Sr
Tg
Xx
Pm J

Coarse root

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa

Figure 24 (Continued)
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9.2 Senescence tree part nutrient concentration;

Senescence tree part or litterfall was varied in element content because of
the varied properties of leaf. Table 23 and Figure 25 showed concentration of N, P, K,
Ca, Mg and Na in leaf litterfall of each plot. N and Ca seemed to be the highest
concentrations of nutrients remain in leaf litter. A. crassicarpa, P. macrocarpus and
X. xylocarpa showed the highest concentration of N. While, A. indicus, S. roxburghii
and 7. grandis showed the highest concentration of Ca. Anyhow, both elements
expressed comparable results of nutrient concentration for all tree species. The orders
of abundance of nutrients in leaf litter were in sequence of N>Ca>K>Mg>p>Na for 4.
crassicarpa, Ca>N>K>Mg>P>Na for 4. indicus and X. xylocarpa,
N>Ca>K>Mg>P>Na for P. macrocarpus and T. grandis, and Ca>N>P>Mg>K>Na
for S. roxburghii. K and P concentrations were the third and the fifth for most species,
respectively except S. roxburghii. While, Mg concentration was the fourth for all tree
species. Na was the lowest nutrient concentration in leaf litter for all tree species as
well. The resemble results of nutrient concentration consequence in forest litter were
reported from many researchers e.g. Semwall ef al. (2003), Glumphabutr (2004),
Joseph and Bernhard-Reversat (2006) and Ma et al. (2007). Ngoran et al. (2006)
revealed that leaf litter of Acacia mangium and A. auriculiformis planted on sandy soil
in Ivory Coast represented the N, P, K and Mg concentration of 1.97-2.03, 0.09-1.15,
1.07-1.19 and 0.19-0.22%, respectively. These results were comparably higher than
the results derived from Acacia spp. in present study. Figure 26 revealed that 4.
crassicarpa was classified in distinctly group when using 50% of remaining
information which was probably due to lower nutrient concentration than other
species. This result could be indicated the highly re-translocation rate of nutrient
from senescence leaves of A. crassicarpa (see Table 22 and 23).

Data in Table 22 and 23 indicated that nutrient concentration in living leaf
was higher than that leaf litter. The translocation processes of nutrient from old- to
younger parts were the one of the reasonable reasons. Furthermore, comparing to
living leaf nutrient concentration, nutrient conservation mechanisms like strong
nutrient re-translocation efficiency and immobilization of nutrients are operated. All
species, especially P. macrocarpus and X. xylocarpa adapted a strong nutrient
conservation mechanism, as evident from higher nutrients re-translocation from
senescing leaves to permanent plant tissue. This mechanism could be help these
species to competition with other species in nutrient deficiently soil. This result was
supported by many publication e.g. Tripathi and Singh (1995); Rapp et al. (1999); Xu
et al. (2003); Pandey et al. (2007). Their researched indicated that nutrient
concentration in leaf litter was lower than that in green leaf. With regard to nutrient
analysis of senescent leaves and fresh leaves, obviously different result was observed,
possibly because they are the most mobile elements. However, lower mobility
elements such as Ca and Mg were less fluctuating. This result revealed above
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was advocated with the publication of Xu ef al. (2003). Nutrient re-translocation is
one of the important nutrient dynamic processes. Rapp et al. (1999) revealed that
translocation of N and P in tree, from leaves to woody tissue, was a more important
process than return to the soil by litter fall and recycling through the ecosystem.



Table 23 Nutrient concentration i hitterfall

Nutrient concentration (% dry weight)

SPP- N sd P sd K sd Ca sd Mg sd Na sd
A. crassicarpa 1.13% 002 008 001 036 033 070° 08 0249 026 008 001
A. indica 1.29% 015 018 006 045 036 141° 281 031 057 002° 0.00
P. macrocarpus 1.52° 013 029° 004 049° 055 123 08 034" 029 002° 000
S. roxburghii 1.24% 006 043 003 039 022 135 078 040" 045 003" 0.00
T. grandis 1.09* 006 013 002 044® 024 133 170 034 069 002° 0.00
X. xylocarpa 1.43% 007 020° 003 038 030 101° 132 021° 036 003 0.00
Significard = = = = = =

Y0l
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Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa

Figure 25 Concentration of nutrients in leaf litterfall of each tree species.

Distance (Objective Function)
2 5E-02 1.7E-01 32E-01 4.7E-01 6.2E-01

Information Remaining (%)
100 75 50 25 0

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa

Figure 26 Dendrogram obtained by the cluster analysis of nutrient concentration
in litterfall.
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10. Soil nutrient content.

Soil nutrient accumulation was divided into 2 portions as follows;

10.1 Nutrient content in litter on soil surface.

Table 24 showed nutrient content that accumulated on soil surface, the
results were found that the amounts of litter that accumulated on soil surface were
highest in A. crassicarpa plot (3,438.23 kg ha™) while 4. indica, P. macrocarpus, S.
roxburghii, T. grandis and X. xylocarpa were 670.56, 355.21, 403.27, 729.43 and
1,032.01 kg ha™, respectively. The highest amount of remaining litter on soil surface
in A. crassicarpa plot was mainly due to the highest results of all nutrient
accumulation in litter on soil surface. On the other hand, results derived from P.
macrocarpus and S. roxburghii plot showed the absolutely different results which
were due to small amount of remaining litter on soil surface. N content of litter on
soil surface was varied from 2.86 kg ha™ in P. macrocarpus to 24.91 kg ha™ of 4.
crassicarpa plots. While P content in litter on soil was ranged from 0.52 to 4.16 kg
ha. S. roxburghii and P. macrocarpus expressed the equivalently results of P
content. Anyhow, P. macrocarpus expressed slightly higher results than S.
roxburghii for P and K content. Ca seemed to be the lager amount of nutrient content
than others except N. The high concentrations in living and dead tree parts were
mainly due to the higher Ca content of litter on soil surface. The data revealed that Ca
content of litter on soil surface was ranged between 2.56 and 14.26 kg ha™'. Mg
content was ranged between 0.73 and 4.75 kg ha. While, Na showed the lowest
results when compared to other elements. The results from Table 24 indicated that Na
content was ranged between 0.05 and 0.76 kg ha™, of P. macrocarpus and A.
crassicarpa plots, respectively. Comparing to the results from other studies, nutrient
content in litter on soil surface was distinctly lower than other results e.g. Jutikidecha
(1996) and Punsatha (2002) who was studied In Eucalyptus camaldulensis and A.
indica plantation, or the results from natural forest e.g. Chinsukjaiprasert (1984),
Suksawang (1988) and Glumphabutr (2004). That lower results in this present study
because of lower amount of remaining litter on soil surface. Moreover, the lower
nutrient concentration of the remaining litter was another important factor on the
accumulation of nutrients. These results indicated that nutrient accumulation on soil
surface were varied with the amount of litter fall and nutrient concentration of litter
that accumulated on soil surface.



Table 24 Nutrient content of litter on soil surface.
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Spp Litteﬂ Nutrient content (kg ha’l)
- (kgha') N P K Ca Mg Na
Ac 3,483.23 2491 4.16 4.86 14.26 4.75 0.76
Ai 670.56 5.66 0.79 1.82 7.74 1.73 0.11
Pm 355.21 2.86 0.53 1.20 2.56 0.73 0.05
Sr 403.27 3.25 0.52 0.44 3.07 1.16 0.11
Tg 729.43 3.35 0.98 1.16 8.13 1.75 0.19
Xx 1,032.01 7.61 1.10 2.62 7.12 1.99 0.30

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;

Soil was sampled to the depth of 50 cm, in 10 cm intervals in all

Tg: T. grandis and Xx: X. xylocarpa

10.2 Nutrient content in mineral soil.

treatments and grass land. Despite differences in biomass productivity and litter

production, there were differences in soil nutrient content among experimental

treatments. All results showed variable of the soil properties through soil dept (to 50
cm). Definitely, only upper soil layer (0 to 10 cm) expressed the highest value of all
elements of most treatments. In the other hand, uncertainly results were found in the

lower soil layers. All results were shown in Table 25.

A. crassicarpa showed the greatest amount of soil N content especially in the

top soil layer (1,644.14 kg ha™). The result from 10-20 cm and 40-50 cm depths were
similar (1,235.25 and 1,224.73 kg ha™). While, 910.36 and 949.56 kg ha™ of N were
found in 20-30 and 30-40 cm depth. respectively. P was ranged from 3.89 to 17.23 kg
ha™, in 30-40 and 0-10 cm depth, respectively. Different results of N and P, K contents
were highest in the deepest layer at 40-50 cm depth, with 40.39 kg ha™'. Anyhow, from
the top layer to 40 cm depths, P content was decreased with increasing soil depth. Ca
and Mg contents were highest at 40-50 cm depth, with amount of 250.74 and 44.54 kg
ha™, respectively. Whereas, Na content at 10-20 cm was the highest (11.28 kg ha™).
Moreover, unclear of change trend on nutrient content were exist in the latest 3 elements.
A. indica showed the N content between 851.95 and 1,486.30 kg ha™'. The highest result
was appeared in the top soil layer. In addition, N content was decreased with soil depth.
P expressed 14.35 kg ha™, the highest results at 10-20 depth. Except the top layer (12.80
kg ha™), P content was decreased with increasing soil depth. As same as other elements,
K content in soil of 4. indica plot was decreased with depth. The results ranged from
32.78 to 46.98 kg ha™'. Ca was ranged from 89.21 to 183.39 kg ha™. The results showed
decreasing trend from top to the deepest soil layer. Mg was ranged from 21.85 to 32.09
kg ha”. Na was ranged from 6.68 to 10.40 kg ha™. N content in soil of P. macrocarpus
plot expressed clearly decreasing trend from top soil layer to the deepest soil layers. The

result was ranged from 773.05 to 1,526.88 kg ha™. In case of P, the top soil layer
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expressed the content more than ten times when compared to the deeper layers such as
20-30 cm and 30-40 cm depths (28.34 vs. 2.04 and 2.31 kg ha™, respectively). While, K
content from each layer seemed to be the same, and ranged from 32.59 to 51.47 kg ha™.
Ca content of top soil layer was the highest (115.05 kg ha™"). This result was nearly two
times over those other layers (56.46-78.11 kg ha™). Moreover, the decreasing trend of
content was also found with Ca. Na and Mg elements showed the highest results of
nutrient content in 30-40 cm depth. Anyhow, the data of both elements were closely i.e.
21.28-33.10 kg ha™ for Mg, and 8.48-11.78 kg ha™ for Na. Greatest result of N content
of S. roxburghii plot was distributed to the top soil layer (1,497.13 kg ha™). In the same
way, P content was highest in the top soil layer (18.25 kg ha™) and was decreasing
through soil depth. The results revealed that P content from the top soil layer was nearly
or more than ten times greater than the deeper soil layers (1.44-2.37 kg ha™"). K content
was similarly results, and ranged from 28.49 to 36.94 kg ha™. Change of Ca content
through soil depth was oscillation. The data reveal that 20-30 cm and 0-10 cm depth
were the greatest amount of Ca content with 180.22 and 171.41 kg ha™, respectively.
Mg content was ranged from 20.70 to 25.18 kg ha™'. While, Na content was ranged from
6.74t0 12.20 kg ha™.

N, P and K content in soil of 7. grandis plot were decreased with increasing
soil depth. All results revealed that the greatest amounts of nutrient were occurred in top
soil layer. Nutrient contents of N, P and K were ranged from 789.30-1,554.87, 2.22-
14.97 and 28.76-38.43 kg ha™, respectively. Ca content showed the greatest result in the
middle layer at 20-30 cm depth (131.11 kg ha™"). The results of other layers were varied
between 87.80 and 128.19 kg ha™'. Mg content was ranged from 19.46 to 26.60 kg ha™.
While, Na content was ranged from 8.12 to 12.37 kg ha™. N content of X. xylocarpa plot
was greatest in top soil layer (1,589.54 kg ha™), and was decreasing via depth. Anyhow,
at 30-40 cm depth, N content was increasing to 1,213.77 kg ha™. Majority of P content
was occurred in the upper layer from 0-10 and 10-20 cm depths (12.34 and 11.29 kg ha™,
respectively). In other layers, the results were ranged from 1.95 to 4.26 kg ha”'. K and
Ca contents were greatest in the top soil layer (48.87 and 111.42 kg ha™', respectively).

K content of other layers was ranged from 21.21 to 29.27 kg ha™'. While Ca content in
other layers was ranged from 75.50 to 102.86 kg ha”. Mg content showed the increasing
trend in deeper soil depth. The data was ranged from 24.40 to 30.19 kg ha, which the
greatest content of Mg was in the deepest layer of 40-50 cm depth. The result of Na
content was varied, and ranged from 6.59 to 9.37 kg ha™'. The greatest result also
appeared in the deepest layer. In grass land, N content in soil layer was ranged from
867.55t0 1,291.84 kg ha™'. The normally decreasing trend of nutrient content was
occurred. Anyway, at 30-40 cm depth the result was increased (1,006.93 kg ha"). P
content was ranged from 4.81 to 12.77 kg ha”. The decreasing trend of nutrient content
was almost the same as other elements. K was ranged from 84.67 to 115.35 kg ha™.
Most of content of K was occurred at 20-30 and 30-40 cm depths with values of 115.35
and 112.97 kg ha™, respectively. Ca content of grass land was greater than that of other
plantation plot. The data was ranged from 287.03 to 529.62 kg ha”'. Mg and Na contents
were varied through soil depth. The results of both elements revealed the greatest results
at 30-40 cm depth with values of 37.31 and 12.22 kg ha™, respectively.



Table 25 Soil nutrient content 1n 10 em interval

- : T
Species soil depth (cm) B“& Sflgfj'lw - . nume;t content fkgaha ) e -

0-10 1.55 1.666.14 17.03 37.50 19524 3045 8.89

10-20 1.59 1.235.25 10.26 3285 20134 2868 11.28

A, crassicarpa 20-30 152 01036 14 23 2653 25937 3528 T.75
30-40 148 049 56 389 2976 22138 33.72 9.40

40-50 1.61 1.224.73 10.52 4039 25074 44 54 7.60

total - 508604 5593 16703 112806 17267 4492

0-10 159 148630 1280 4698 183 39 3209 568

10-20 1.52 122818 1435  41.08 137.68 2834 1040

o 20-30 1.52 82608 1095 4295 120.92 2960  9.20

A. indica 30-40 145 884.45 930  32.78 92.05 2185  6.68
40-50 1.69 851.95 503 4073 89.21 2540  7.04

total 5,276.95 52 .42 204.53 62324 137.28 3899

0-10 1.59 1.526.88 28 34 4024 11505 2128 928

10-20 1.51 1.199.33 975 3259 78.11 21.62 848

20-30 1.51 80621 2.04 37.07 65.05 24 80 1023

P. macrocarpus 30-40 1.62 994 35 231 4896 67.96 3310 11.78
40-50 1.53 773.05 497 5147 56.46 2000 977

total R 529982 4742 21033 382.63 13071 4953

601



Table 25 (Continued)

: : -
Species soil depth (cm) B“(‘g S;gf}rlw . s ﬂutfwg content {kg:ﬂ ) = -
0-10 150 149713 1825 3694 171 41 2518 732
10-20 1.51 138372 196  29.60 148 31 2070 842
S roxburghi 20-30 148 106222 202 3113 180.22 2401 12.20
30-40 147 1,11875 237 3452 156.00 2093 913
40-50 1.60 1,13409 144 2849 111.16 2332 6.74
total - 619590 2604 16068 76709 11413 4380
0-10 173 155487 1491 3843 11039 2337 1237
10-20 159 144010 1287 3249 128.19 2443 1125
_ 20-30 1.65 101226 270 3082 131.11 2340 812
T. grandis 30-40 1.65 116576 222 3049 109.66 1946  10.03
40-50 1.69 78930 284 2876 87.80 2660  8.63
total . 596229 3554 16098 56716 11725 5040
0-10 172 158954 1234 4887 11142 2444 840
10-20 1.74 98328 1129 2927 92.52 2440 659
20-30 1.56 924 15 276 2276 78.92 2445 675
X xylocarpa
30-40 192 121377 426 2487 102.86 2956 815
40-50 165 801.97 195 2121 75.50 3019 937
total - 551272 3260 14698 46122 13304 3925

0TI



Table 25 (Contmued)

- - T
Species soil depth (cm) Bm(; ‘zﬁ;}lw N P nu&m;j: coutent (kg:m ) Mg Na

0-10 1.61 1,291.84 12.77 96.91 287.81 26.69 8.13
10-20 1.56 1,171.14 11.83 9476 32332 22.85 6.50
Abandoned crop field 20-30 1.60 970.07 16.01 11535 363 42 30.58 9.05
(control plot) 30-40 1.66 1,006.93 9.16 112,97 520.62 37.31 12.22
40-50 1.67 867.55 481 84.67 287.03 26.13 6.68
total - 5,307.52 54 58 504 66 1,78221 143.55 42 58

ITI1
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Data in Table 26 and Figure 27 showed that total N content at 0-50 cm depth
was varied. The results revealed that the comparable of N content of all species were;
S. roxburghii>A. crassicarpa>T. grandis>X. xylocarpa>abandoned crop field>P.
macrocarpus>A. indica with 6,195.90, 5,986.04, 5,962.29, 5,512.72, 5,307.52,
5,299.82 and 5,276.95 kg ha™, respectively. Anyhow, no significant difference was
found. The effect of tree species on total N stock in the soil was inconsistent
(Augusto et al., 2002; Rouhi-Moghaddam et al., 2008). Many results revealed that
soil N content between different forest types or species were similar (e.g. Binkley,
1997; Montagnini, 2000; Parrotta, 1999; Rouhi-Moghaddam et a/.; 2008). More over,
the results form present study revealed that soil N content in Leguminosae 4.
crassicarpa plot was quite higher than that of other species. That would be described
by many results which indicated that Leguminicae spp. can fix and stored N from the
atmosphere (Garcia-Mantiel and Binkley, 1998; Hansen and Dawson, 1982; DeBell et
al., 1989; Tokky and Singh, 1993; Parrotta, 1999). No significant difference was
found with P content. Comparable values of P content of the studied species; 4.
crassicarpa >grass land> 4. indica> P. macrocarpus> T. grandis> X. xylocarpa> S.
roxburghii were 55.93, 54.58, 52.42, 47.42, 35.54, 32.60 and 26.04 kg ha™,
respectively. K content was highly significant differences from species to species. All
data could be comparable as follow; grass land > P. macrocarpus > A. indica> A.
crassicarpa > T. grandis > S. roxburghii > X. xylocarpa. The results of K content
through 50 cm depth were 504.66, 210.33, 204.53, 167.03, 160.98, 146.98 kg ha'],
respectively. Ca content also expresses the highly significant differences by species.
The results could be arranged as follow; grass land > 4. crassicarpa > S. roxburghii >
A. indica > T. grandis > X. xylocarpa > P. macrocarpus. The results were 1,782.21,
1,128.06, 767.09, 623.24, 567.16, 461.22 and 382.63 kg ha™, respectively. Highly
significant difference was found with Mg content from plot to plot. All results could
be comparable as follow; A. crassicarpa > grass land > A. indica > X. xylocarpa > P.
macrocarpus > T. grandis >S. roxburghii with 172.67, 143.55, 137.28, 133.04, 130.71,
117.25 and 114.14 kg ha™, respectively. Yamashita ez al. (2008) found that the total
stock for entire soil profile (0-30 cm) were 248.7 kg ha™ for Ex.-Ca and 110.9 kg ha
for Ex. Mg in Acacia plantation, and were 755.9 kg ha™ for Ex.-Ca and 199.6 kg ha™
for Ex. Mg in Imperata grasslands. Anyway, no significant differences among
vegetation type were found for C, N, P, K and P at 0-30 cm depth. The stocks of Ca
and Mg in the soil were higher in grass land (grass land) than other plantation plots
(except A. crassicarpa plot). This result may be related to the different plant biomass.
The differences of soil Ca and Mg among the vegetation types resulted from the
translocation from soils into tree biomass. In case of 4. crassicarpa plot, Ca and Mg
were clearly higher than other species. That was probably due to amount of litterfall
with impact on soil nutrients characteristics. Lugo et al. (1990) suggested that
amounts of nutrient return to the forest floor had a measurable impact on soil nutrient
characteristics, especially in the surface soil. Therefore, 4. crassicarpa plot was
higher amount of litterfall than other plots that would be the cause of larger volume of
nutrient in soil. The last element, Na content revealed no significant difference via
plots.



Table 26 Total soil nutrient content through 50 cm depth (kg ha).

nutrient content (kg ha'l)

Species N P K Ca Mg Na
A. crassicarpa 5,986.04 55.93 167.03™ 1,128.06" 172.67° 44.92
A. indica 5,276.95 52.42 204.53 ° 623.24% 137.28° 38.99
P. macrocarpus 5,299.82 47.42 210.33° 382.63* 130.71° 49.53
S. roxburghii 6,195.90 26.04 160.68 ™ 767.09° 114.13° 43.80
T. grandis 5,962.29 35.54 160.98 ™ 567.16% 117.25° 50.40
X. xylocarpa 5,512.72 32.60 146.98 © 461.22° 133.04° 39.25
Abandoned crop field 5,307.52 54.58 504.66° 1,782.21° 143.55° 42.58

f-value 0.40 0.69 50.73 21.06 4.04 1.29

significant
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11. Plant nutrient pool in different tree parts of each species

Plant nutrient pools were greatly varied with species (Table 27 and Figure 28).
Differences of tree biomass and nutrient concentration were resulted in different
nutrient pools. Total N pools ranged between 516.59 kg ha™ of Sr plot and 2,092.22
kg ha™ of A. indica plot. Even through A. crassicarpa (1,788.91 ton ha™) was the
greatest of total biomass species (272.71 ton ha™), N pool in this plot was lower than
A. indica plot (2,092.22 kg ha™). P. macrocarpus and S. roxburghii plots represented
the resemble results of total N pools; 561.17 and 516.59 kg ha™, respectively.
Furthermore, native tree species, 7. grandis and X. xylocarpa plots also represented
the resemble results with 849.76 and 882.55 kg ha™, respectively. Leaf part contain
smallest amount of N pool. In spite of leaf was the smallest biomass representative
part. The N pool of leaf part was ranged from 39.97 and 298.99 kg ha™ with obtained
from P. macrocarpus and A. crassicarpa plots, respectively. The N pool of branch
part in X. xylocarpa plot was 153.87 kg ha™, even the branch biomass of this species
contain only 15.28 ton ha™. This result must be explained by the different N
concentration in branch of X. xylocarpa which higher than other species. Stem part
was the greatest pool of all elements, even N. The result of N pools in stem part was
ranged from 182.88 to 1,030.48 kg ha™, in S. roxburghii and A. indica plot,
respectively. For below-ground N pool, all species plots represented the higher
results in fine root compared to coarse root. These different results were due to higher
fine root biomass of all species. Even A. indica plot which was slightly higher
biomass of coarse root than fine root (25.01 and 24.92 ton ha™"). Nevertheless, the
result of below-ground N pools was higher in fine root compared to coarse root
(398.47 vs. 304.12 kg ha™"). This greater result due to higher N concentration in fine
root (1.62 %) compared to coarse root part (1.22 %).

P pools were varied from species to species. Total pool of P was greatest in 4.
indica plot with 409.06 kg ha™. While, the lowest result was 62.57 kg ha™ in X.
xylocarpa plot. P pool represented the greatest results in stem part, according to the
largest value of stem biomass. P pools in stem part of. A. crassicarpa and A. indica
plots represented the greater results than other species. In addition, there were the
resemble results of the two species with 210.69 and 217.69 kg ha™, respectively. Leaf
P pools of all species represented similarly results (11.86-21.80 kg ha™), except in P.
macrocarpus plot (3.97 kg ha™). P pools of below-ground parts were greatly varied
from 8.53 to 126.01 kg ha™, of X. xylocarpa and A. indica plot, respectively. For A.
crassicarpa plot, below-ground P pool was only 19.65 kg ha™. The paltry result of
this species were due to small root biomass (18.54 ton ha™), and minimum of P
concentration (0.02%). Total above- and below-ground P pools in P. macrocarpus
plot represented the resemble proportion results with 25.99 and 30.22 kg ha™.
Meanwhile, another plots represented greater difference of P pools between above-
and below ground parts. The total K pools were ranged from 433.27 to 1,937.38 kg
ha™, which mostly distributed to above-ground part (i.e. leaf, branch and stem).
Similarly results of N and P pools, K pool represented the greatest result for A. indica
plot, followed by 4. crassicarpa, X. xylocarpa, T. grandis, P. macrocarpus and S.
roxburghii plots, respectively. The higher result in A. indica plot was due to high
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concentration of K, especially in leaf and fine root parts. Leaf of 4. crassicarpa
represented the greatest result of K pool with 151.72 kg ha'. While, 4. indica, T.
grandis and X. xylocarpa represented the similar results and ranged between 66.47

and 78.32 kg ha”'. Branch and stem parts represented the largest pools of K. Stem
part of A. indica plot was 1,115.49 kg ha™'and branch part was 219.18 kg ha™. Below
ground K pools still represented the greater results in 4. indica plot than others. The
results of below-ground K pools were greatest in A. indica plot followed by 7. grandis,
P. macrocarpus, S. roxburghii, A. crassicarpa and X. xylocarpa plots with 524.39,
258.91, 161.01, 126.92, 87.74 and 73.77 kg ha™, respectively. Most of below-ground
K pool was distributed in fine root part.

All plots represented the large pools of Ca. The quantities of Ca pools were
roughly equal to N pools for each tree species. In A. indica plot, the largest of Ca
pool was found (2,340.79 kg ha™). Ca pools of Ca plot consisted of 139.96, 268.91,
1,136.10, 555.47 and 240.35 kg ha™! for leaf, branch, stem, fine- and coarse root parts,
respectively. A plenty volume of Ca pool also found in 4. crassicarpa and T. grandis
plots with 1,326.31 and 1,171.74 kg ha™, respectively. Most Ca pools in plant part
were distributed to stem and fine root. Whereas, leaf and coarse root represented very
small proportion when compare to others, e.g. 828.97 kg ha”of Ca pool in X.
xylocarpa plot was distributed to leaf and coarse root only 59.51 and 24.01 kg ha™,
respectively. Meanwhile, Ca pools of branch, stem and fine root were 282.99, 408.60
and 53.87 kg ha™, respectively. These results would be explained by the large
proportion of branch, stem and coarse root biomass compared to the other parts. In
addition, many published revealed that the woody parts usually contain more Ca
concentration than the soft tissue e.g. leaf. The smallest pools of Ca represented in P.
macrocarpus plot (433.27 kg ha™) and S. roxburghii plot (644.48 kg ha™), which
result from the small biomass volume and low intensity of tissue in tree parts. X.
xylocarpa plot represented the distinctive differences of Ca pool between above- and
below-ground parts (751.09 vs. 77.87 kg ha™, respectively). Differently, it might be
due to the above ground biomass was nearly ten times of below ground biomass
(114.22 vs. 9.40 ton ha™, respectively).

Mg pools represented the greatest result in 4. indica plot (472.55 kg ha™) that
consisted 0f 40.90, 76.49, 197.50, 114.38 and 46.27 kg ha! for leaf, branch, stem,
fine- and coarse root, respectively. The greater next amount of total Mg pools were in
T. grandis, X. xylocarpa, A. crassicarpa, S. roxburghii and P. macrocarpus with
values of 172.84, 167.39, 164.25, 123.80 and 103.70 kg ha™, respectively. Mg pool in
leaf part of 4. crassicarpa plot represented the larger amount than other parts with in
species; even the biomass of leaf was obviously smaller than those due to the
concentration of leaf part of A. crassicarpa was higher than that of other parts (0.33 %
vs. 0.02-0.26%). In addition, leaf part of other species also played an important role
to amount of Mg pools. For Na pools, all species plots were showed the paltry
amount of total Na pools. Moreover, when compared to other elements, Na pools
were showed the smallest in volume. The total Na pools of tree biomass from this
studied was ranged from 23.60 kg ha™ in P. macrocarpus plot to 106.73 kg ha™ in A.
crassicarpa plot.
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Due to biomass of all species were orderly distributed into stem, branch, leaf,
fine root and coarse root. In addition, nutrient concentrations between species were
nearly the same. Hence, the results of present study revealed that most nutrients
accumulation was largest in stem and followed by branch, leave, fine root and coarse
root, respectively, which were consistent with studies of Sahunalu ez al. (1984);
Chinsukjaiprasert (1994) and Glumphabutr (2004). Qin et al. (2007) advocated that
the total storage of nutrient element in A. crassicarpa plantation increased with the
biomass accumulation in the processes of the stand growth. The distribution of
nutrient accumulations varied with the different stand growth stages. In young stand,
most nutrient elements accumulated in leaves and branches. Thereafter, in the older
stand, they gradually moved to branches and roots. Furthermore, 4. crassicarpa
produced mostly biomass at low nutrient costs that was presumably due to higher
nutrient use efficiency than other Acacia spp. Nutrient pool in A. crassicarpa and A.
indica were similar to the results from the study of Chinsukjaiprasert (1994) and
Glumphabutr (2004). However, the current results were higher than results that
reported by Punsatha (2002) for A. indica plantation; Suksawang (1988) for dry
evergreen forest and Sahunalu et al. (1984) for dry dipterocarp forest. Because of the
higher total biomass in plantation plot and probably due to the higher soil nutrient
pool in forest plantation compared to the soil nutrient pool of the dry dipterocarp
forest (Junmahasatien et al., 2004). Therefore, deciduous tree species plots i.e. P.
macrocarpus, S. roxburghii and X. xylocarpa, nutrient pools were higher than nutrient
pool of these species in dry dipterocarp forest at Sakaerat, Nakhon Ratchasima
province, North Eastern of Thailand (Nualngam, 2004).



Table 27 Nutnent pool in different tree parts of each species plantation.

_ Nutrient pools (kg ha™)
Species Tree component

N P K Ca Mg Na

Leaf 298.99 21.80 151.72 119.17 47.61 11.47

Branch 264.11 3597 158.62 301.14 35.70 1449

Stem 977.06 210.69 50474 703.85 55.57 64.83

Fine root 230.19 19.04 8282 195.05 2477 1517

4. crassicarpa Coarse root 18.57 0.61 493 7.10 0.61 0.77
Total above ground pool 1,540.15 268.45 81508 1,124.16 138.87 90.79

Total below ground pool 248.76 19.65 87.74 202.15 2538 1594
Total pool 1,788.91 288.11 902.82 1,326.31 164.25 106.73

Leaf 147 86 19.06 78.32 13996 40.90 139

Branch 211.29 4631 219.18 268.91 76.49 6.17

Stem 1,030.48 217.69 1,115 49 1,136.10 194 50 3993

_ Fine root 398 .47 7994 29730 55547 114 38 997

A ndica Coarse root 304.12 46.27 227.09 240.35 46.27 5.00
Total above ground pool 138963 283.05 1412 99 1544 98 31189 4750

Total below ground pool 702.59 126.01 52439 795.81 160.65 14.97
Total pool 2.09222 409.06 193738 2.340.79 47255 62.47
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Table 27 (Contmmed)

Nutrient pools (kg hal)

Species Tree component % 5 x Ca Mg N
Leaf 3997 3.79 18.15 22.66 9.36 0.33
Branch 71.88 122 76.40 76.40 16.99 1.82
Stem 198.76 2498 25872 148.79 34.14 6.11
Fine root 173.57 22.24 110.38 135.96 32.36 11.57
F. macrocarpus Coarse root 76.99 798 50.64 49 46 10.85 3.717
Total above ground pool 310.61 3599 35328 247.86 60.49 8.26
Total below ground pool 250.56 30.22 161.01 185.42 4321 15.34
Total pool 561.17 66.21 514.29 433.27 103.70 23.60
Leaf 82.66 14.85 4458 41.24 17.42 1.34
Branch 81.62 1738 81.20 104.30 2427 297
Stem 182 88 30.84 170.89 155.04 29.98 11.99
S. roxburghii Fine root lﬁligl 32.28 123.01 335.89 51.48 13.59
Coarse root 7.51 0.77 3.92 §.00 0.64 0.66
above ground pool 34716 63.07 296.66 300.59 71.68 16.30
below ground pool 169.43 33.05 126.92 343.90 52.12 14.26
Total pool 516.59 96.12 423.59 644.48 123.80 30.56

0l



Table 27 (Continued)

Nutrient pools (kg ha!)

Species Tree component - - - Ca Mg Na
Leaf 110.57 18.38 66.47 66.20 29.82 1.31
Branch 81.74 9.05 108.56 153.69 17.66 291
Stem 328.06 49.17 42717 607.73 60.70 14.60
Fine root 194.48 27.18 175.52 257.24 50.00 13.26
- gradis Coarse root 134.90 9.95 8339 86.89 14.66 3.63
Total above ground pool 520.37 76.59 602.20 827.62 108.18 18.82
Total below ground pool 32938 37.14 25891 344.12 64.66 16.89
Total pool 849.76 113.73 861.11 1.171.74 172,84 35.71
Leaf 142.58 11.86 66.80 59.51 18.77 1.52
Branch 153.87 10.39 122.85 282.99 29.03 4.58
Stem 47498 31.79 609.62 408.60 97.24 2992
X. wylocarpa Fine root BO.36 6.53 51.32 53.87 15.99 3.67
Coarse root 30.75 2.00 22.45 24.01 6.36 1.02
Total above ground pool 771.43 54.04 799.27 751.09 145.04 36.03
Total below ground pool 111.11 8.53 13.77 71.87 2235 4.69
Total pool 882.55 62.57 873.04 828.97 167.39 40.71
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Figure 28 Plant nutrient pool in different species plantation (kg ha™).
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12. Nutrient content in plant and soil system

The amounts of nutrient storage in plant and soil systems were shown in Table
28 and Figure 29. The results revealed that, 4. crassicarpa plot expressed the higher
nutrient retention than other plots while P. macrocarpus and S. roxburghii showed
lowest nutrient retention. In 4. crassicarpa plot, the contents of N, P, K, Ca, Mg and
Na retained in total plant and soil systems were 7,799.86, 348.20, 1,074.71, 2,468.63,
341.667 and 152.41 kg ha™', respectively, and A. indica plot, the content of those
were 7,374.83, 462.27,2,143.73,2,971.77, 611.56 and 101.57 kg ha'], respectively.
In native tree plots, the content of those nutrients of P. macrocarpus plot were
5,863.85, 114.16, 725.82, 818.46, 235.14 and 73.18 kg ha'], respectively, while the
contents of those nutrients in S. roxburghii were 6,715.74, 122.68, 584.71, 1,416.64,
239.09 and 74.50 kg ha, respectively. Accumulation of N, P, K, Ca, Mg and Na in
total plant and soil system of 7. grandis were 6,813.04, 149.54, 1,022.42, 1,741.30,
290.60 and 86.14 kg ha™, respectively. The accumulation of those nutrients in X.
xylocarpa plot, results was 6,402.88, 96.27, 1,022.64, 1,297.36, 302.42 and 80.26 kg
ha™, respectively. The accumulation of total nutrient in abandoned crop field
occurred only in soil system due to vegetation was cleared by fire every year. The
results showed that N, P, K, Ca, Mg and Na that retained in soil system were 5,307.52,
54.58, 504.66, 1,782.21, 143.55 and 42.58 kg ha'], respectively. The total nutrient
accumulation in plant and soil systems and percentage were shown in Table 28 and
Figure 29. The results showed that N and Na mostly accumulated in soil systems of
every plot. In contrast, other elements including P, K, Ca and Mg were mostly
distributed to plant systems. Anyhow, in P. macrocarpus and S. roxburghii the
proportion of Ca, Mg and Na seemed to be equal.

From data that mentioned in Table 29 and Figure 30, total nutrient
accumulations in total system were greatly varied between plot to plot. Total
accumulations of N, P, Mg and Na in soil system seemed to be similar. In addition,
the resemble results of nutrient content in total soil system between plantation and
control plots were found. Therefore, the differences of N, P, Mg and Na
accumulations in total system were depended upon tree mass. On contrast, clearly
different results of K and Ca accumulations in soil systems between plantation and
abandoned crop field control plots were found. Control plot showed higher results of
these elements in soil system. Data in Table 28 revealed that, in soil system, K
storage in control plot was 504.66 kg ha™. That result was higher than the results
from plantation plots, which were ranged from 149.60 kg ha™ in X. xylocarpa plot to
211.53 kg ha™ in P. macrocarpus plot. Total system of K accumulation in control
plot seemed to be equal to the result from small tree mass plots 1.e. P. macrocarpus
and S. roxburghii (504.66 vs. 725.82 and 584.71 kg ha™, respectively). Ca in control
plot also expressed the equal or excess storage of whole system comparing to other
native tree plots. In addition, if only soil system was taken into account, Ca storage in
control plot was showed the excess results when compared to others. Change of K
and Ca amount in soil system after established the forest plantation that might be the
results from nutrient translocation.



Table 28 Nutrient storage in plant and soil systems.
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Nutrient accumulation (kg ha™)

Species sources
N P K Ca Mg Na
plant 1,788.91 288.11 902.82 1,326.31 164.25 106.73
% 22.94 82.74 84.01 53.73 48.07 70.03
Ac soil 6,010.95 60.09 171.89 1,142.32 177.42  45.68
% 77.06 17.26 15.99 46.27 51.93 29.97
total 7,799.86 348.20 1,074.71 2,468.63 341.67 152.41
% 100 100 100 100 100 100
plant 2,092.22 409.06 1,937.38 2,340.79 472.55 6247
% 28.37 88.49 90.37 78.77 77.27 61.50
A soil 5,282.61 53.21 20635 630.98 139.01 39.10
% 71.63 1UDEN 9.63 21.23 22.73 38.50
total 7,374.83 462.27 2,143.73 2,971.77 611.56 101.57
% 100 100 100 100 100 100
plant 561.17  66.21 51429  433.27 103.7 23.6
% 9.57 58.00 70.86 52.94 44.10 32.25
Do soil 5,302.68 47.95  211.53  385.19 131.44 49.58
% 90.43 42.00 29.14 47.06 55.90 67.75
total 5,863.85 114.16 725.82  818.46 235.14 73.18
% 100 100 100 100 100 100
plant 516.59  96.12 42359  644.48 123.8 30.56
% 7.69 78.35 72.44 45.56 51.78 41.02
S soil 6,199.15 26.56 161.12  770.16 115.29 43.94
% 92.31 21.65 27.56 54.44 48.22 58.98
total 6,715.74 122.68 584.71 1,414.64 239.09 74.50
% 100 100 100 100 100 100




Table 28 (Continued)
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Nutrient accumulation (kg ha™)

Species sources

N P K Ca Mg Na
plant 849.76  113.73 86l1.11 1,171.74 172.84 35.71
% 12.47 76.05 84.22 67.29 59.48 41.46
Te soil 5,963.28 35.808 161.311 569.558 117.763 50.43
% 87.53 23.95 15.78 32.71 40.52 58.54
total 6,813.04 149.54 1,022.42 1,741.30 290.60 86.14

% 100 100 100 100 100 100
plant 882.55  62.57  873.04 828.97 167.39 40.71
% 13.78 64.99 85.37 63.90 55.35 50.72
soil 5,520.33  33.70  149.60  468.34  135.03  39.55
xx % 86.22 35.01 14.63 36.10 44.65 49.28
total 6,402.88 96.27 1,022.64 1,297.31 302.42 80.26

% 100 100 100 100 100 100

plant 0 0 0 0 0 0

% 0.00 0.00 0.00 0.00 0.00 0.00
ot soil 5,307.52 5458  504.66 1,782.21 143.55 42.58
% 100.00 100.00  100.00  100.00  100.00 100.00
total 5,307.52 5458  504.66 1,782.21 143.55 42.58

% 100 100 100 100 100 100

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis; Xx: X. xylocarpa and Cf: Abandoned crop field
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Figure 29 Percentage of nutrient accumulation in total plant and soil systems.
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Table 29 Total nutrient accumulation in plant and soil systems (kg ha™).

Nutrients Ac Ai Pm Sr Tg Xx Cf
N 7,799.86 7,374.83 5,863.85 6,715.74 6,813.04 6,402.88 5,307.52
P 34820 46227 114.16  122.68  149.54 96.27 54.58
K 1,074.71 2,143.73 725.82 58471 1,022.42 1,022.64 504.66
Ca 2,468.63 2,971.77 818.46 1,414.64 1,741.30 1,297.31 1,782.21
Mg 341.67 611.56  235.14  239.09 290.60 302.42  143.55
Na 152.41 101.57 73.18 74.50 86.14 80.26 42.58

8,000 -
7,000
6,000
5,000
= 4,000
[11]
v,
3,000
2,000
1,000
0
N P K Ca Mg Na

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;

Tg: T. grandis; Xx: X. xylocarpa and Cf: Abandoned crop field

Figure 30 Total nutrient accumulation in plant and soil systems (kg ha™).
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13. Carbon concentration and pool in plant and soil systems

The results of plant and soil carbon concentration were shown in Table 30.
The results showed that the average carbon concentration in tree component (leaf,
branch, stem, fine- and coarse root) of each species were similar. For aboveground
biomass, carbon concentration was similar trend and was in sequence of
stem>leaf>branch. The belowground plant carbon concentration varied between fine
and coarse roots. A. indica, P. macrocarpus and X. xylocarpa showed the greater
carbon concentration in fine root. The average carbon concentration of ranged from
44.90 in leaf of P. macrocarpus to 51.90 % in leaf of A. crassicarpa.

The carbon concentration in mineral soil was studied from 0 to 50 cm depth in
every treatments and control plot. The results showed that soil carbon content was
highest at 0- 10 cm depth and declined with increasing soil depth. Regarding to the
first soil horizon, 4. crassicarpa showed the greatest value (1.44%), followed by S.
roxburghii (1.24 %) and P. macrocarpus (1.13 %). The variation was probably due
to the fact that A. crassicarpa had greatest amount of leaf and branch that later these
component had fell as litter and decomposed on the forest floor. Consequently these
litter affected the carbon concentration in mineral soil, especially in the surface soil (0
to 10 cm depth). Carbon pool of biomass and mineral soil were shown in Table 30
and Figure 31. The carbon pool of total biomass was highest in A. crassicarpa plot
(177.20 ton ha™) followed by in 4. indica plot (91.37 ton ha™) and X. xylocarpa
(58.85 ton ha™). The total carbon pool in mineral soil layers was highest in S.
roxburghii plot (62.64 ton ha™) followed by in A. crassicarpa plot (58.63 ton ha™)
and in 4. indica plot (44.49 ton ha™). In addition, the carbon content in surface soil
was higher than sub-surface for every treatments. Carbon concentrations of
aboveground biomass from this present studies were similar trend and being the
sequences of stem>leaf>branch, as same as the study of Sakuntaluk (1999),
Nualngam (2002) and Glumphabutr (2004). Bin et al. (2009) researched in 7-years-
old A. crassicarpa plantation and found that carbon concentration of different organs
orderly were leaf>branch>stem>root>bark. The result was similarly to the result
from this present study. However, carbon concentrations in soil of the present study
were lower than those in report of Sakurai et al. (1998) and Glumphabutr (2004),
which were studied in natural evergreen forest in eastern and north-eastern part of
Thailand. The results ranged from 2.48 to 4.16% and 2.42 to 3.63%, respectively.
Therefore, the results compared with the report of Nualngam (2002) that studied in
the forest plantation where established on the abandoned crop field originated from
the dry evergreen forest, the carbon concentration of soil was the similar trend of the
present study. He also reported the carbon concentration of soil at 0 to 5 cm depth
ranged from 1.23 to 1.95% that was the same range of this study, 0.96 to 1.44%.
These results indicated that the efficiency of aboveground carbon storage for all tree
species largely depended on aboveground biomass because the concentration of
carbon in the plant tissues between studied species were comparable between species
which was consistent with the results of Nualngam (2002) and Glumphabutr (2004).



Table 30 Carbon concentration (%) in plant and soil of different species plots (standard deviations m parentheses).
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Species Ac Ai™ Pm’ Sr™ Tg Xx Control plot
Leaf 51.49°(0.94) 44.89(0.82) 44.86°(0.78) 48.28(037) 4543°(0.13) 48.44°(0.70) na.
Branch 48.34°(0.34) 4496 (0.25) 46.63°(0.25) 47.40(0.10) 46.78°(0.19) 45.40°(0.25) na.
Tree part Stem 48.01°(0.82) 45.86(1.53) 47.41°(0.34) 48.52(0.83) 47.20'(0.26) 47.96*(0.17) na
Fine root  45.18°(0.93) 4438(1.20) 46.15°(0.94) 4636(1.43) 45.14°(1.19) 47.65"(0.77) na.
Coarse root  47.83°(0.36) 43.68(1.10) 45.11%(1.09) 47.59(0.51) 46.28°(0.47) 4644 (1.79) na.
Species Ac” A" Pm’~ Sr™ Tg Xx' Control plot’
0-10 1.44°(0.32) 1017(025 1.13°(022) 1.24(0.28) 1.03°(0.08) 096°(0.15)  0.80*(0.13)
Soil 10-20 0.66°(0.14) 067°(0.16) 0.67°(0.04) 093 (0.19) 091°(0.15) 064°(0.09)  0.87°(0.26)
depth 20-30 0.53°(0.09) 049%(0.15) 0.49™(0.06) 0.73(0.38) 068°(0.17) 050"(0.16) 066" (0.18)
(cm) 30-40 0.50°(0.08) 043%(001) 039°(0.10) 0.58(0.15) 0.60°(0.10)  0.45°(0.24)  0.46° (0.06)
40-50 0.66°(0.08) 028°(0.14)  030°(0.05) 064(0.38) 0.19°(0.11) 025%0.17)  033°(0.12)

Remark: Ac: A. crassicarpa. Al: Azadirachra indica, Pm: Prerocarpus macrocarpus, St. Shorea roxburghii, Tg: Tectona grandis,

Xx: Xyvlia xylocarpa and na.: data not available

ANOVA results; ™ non sigmificant; *: p<0.05, **: p<0.01. Similar letter denoted groups of significantly similar (p < 0.05)

0¢I



Table 31 Carbon pool (ton ha™) in plant and soil of different species plots.

species Ac An Pm Sr Tg Xx Control plot
Leaf 7.38°(0.78)  2.61(0.65) 0.60°(031)  175(0.65) 2.38°(0.71) 2.63°(0.37) na.
Branch 25.49°(1.85)  7.71(2.39) 340°(1.69)  502(233) 504%(188) 6.94°(1.05) na.
Stem 135.87°%(17.33) 5907(18.67) 13.16°(648) 20.78(9.83) 36.26%(12.29) 44.84'(6.85) na.
Tree part Fine root 6.99°(0.59) 1106(1.66) 4.17°(1.30)  7.88(207) 7.58°(0.94)  2.96%0.20) na.
Coarseroot  146%(008) 1092(086) 254(054) 051(022) 622°(1.70) 1.48(0.19) na
Slgmﬁcmt E2 3 o £ s 23 £ na
total 177.20 9137 23.86 35.94 57.49 58.85 na.
0-10 22.18%(492) 1612°(4.12) 18.19%(492) 1856(434) 17.81°(143) 1651*(2.83) 12.94°(3.14)
10-20 10.51°(2.18) 10.08°(2.28) 10.11"(2.44) 14.06(3.35) 14.48"°(3.23) 11.09°(2.08) 13.28"(3.30)
) 20-30 8.03*(0.97) 7.32=(1.85) 744™(1.64) 1090(581) 11.26™(3.14) 7.75°(2.18) 10.65%(3.24)
Smilcdmefth 30-40 7.28°(093)  6.18°(035)  6.40(1.78)  9.10(250) 993°(2.15) 9.60°(792)  7.58"(1.23)
40-50 1063°(1.58) 4.78%(243) 464°(090) 1002(575) 330°(259) 4.06°(2.59) 5.42°(1.68)
significant - - - L - . .
total 58.63 4449 46.78 62.64 56.77 49.00 4987

Remark: Ac: A. crassicarpa, Ai: Azadirachra indica, Pm: Prerocarpus macrocarpus, St: Shorea roxburghii, Tg: Tectona grandis,
Xx: Xylia xylocarpa and na.: data not available
ANOVA results; ™ non significant; *: p<0.05; **: p<0.01. Similar letter denoted groups of significantly similar (p < 0.05)

1€l
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Figure 31 Carbon pool (ton ha™) in plant and soil up to 50 cm depth of different
species plots.

The largest new carbon store, after the establishment of the plantation is the
trees themselves. Larger amount of plant carbon was located in aboveground part. In
addition, most carbon was also stored in the soil. For some species, such as P.
macrocarpus and S. roxburghii, carbon was stored in the soil more than in the stand
biomass. The aboveground mean carbon storage of each tree species in this present
study was lower than 100 ton ha™ except for 4. crassicarpa was more than 177 ton
ha™'. Carbon storage for native species in current study was lowers than 20-years-old
teak (7. grandis) planted in Panama, of which 120 ton ha™ was stored (Kraenzel et al.,
2003). By contrast, the result of this study compared to the results of Petsri (2004)
who’s reported that aboveground carbon pool of 6 to 24-years-old teak plantation
ranged from 29.76 to 37.58 ton ha”. Nualngam (2002) found that 4. mangium
plantation stored the highest aboveground carbon content (94.45 ton ha™), followed
by A. auriculaeformis plantation (56.74 ton ha™), Eucalyptus camaldulensis plantation
(55.66 ton ha™), X. xylocarpa plantation (41.89 ton ha™), Dalbergia cochinchinensis
plantation (38.46 ton ha™) and P. macrocarpus plantation (24.72 ton ha™). His result
appeared lower for Acacia spp., and X. xylocarpa but more or less the same for P.
macrocarpus, which compared to the results of this study. This is probably due to the
individual differences of growth rate, spacing, stand density or topography of the
study sites.
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It is necessary to compare the aboveground carbon content estimated in the
plantation of this study with the carbon content in the natural forest stand. The
aboveground carbon contents in the eastern Thailand for moist evergreen forest, dry
evergreen forest and hill evergreen forest were 215.2, 170.1 and 51.9 ton ha'],
respectively (Glumphabutr, 2004). Petsri (2004) reported that the aboveground
carbon content of mixed deciduous forest was 60.06 ton ha™'. Comparingly, the
results of this present study, aboveground carbon content in the plantation was lower
than the natural evergreen forest, but it was greater than that of dry land natural forest.
Evergreen forest structure composed of many tree layers that contained many life
forms, in the other hand forest plantation contained only one species. Therefore,
carbon stored in the aboveground biomass between natural evergreen forest and
plantation was different.

For soil carbon pools in natural forest, Glumphabutr (2004) reported the
carbon pools in the 100 cm depth soil ranged from 120.9 to 179.9 ton ha™. Kraenzel
et al. (2004) reported the carbon content in soil to 100 cm depth was 225 ton ha™.
Nualngam (2002) reported that soil carbon content (30 cm depth) in plantation ranged
from 37.2 to 48.9 ton ha™. The soil carbon content in this study (to 50 cm depth), was
lower than that in the natural forest and teak plantation in other region, but storage
was similar to that of the forest plantation located in the north eastern of Thailand
(Nualngam, 2002). The different results were probably due to the larger litterfall
volume of natural evergreen forest. Litterfall was the source and supplying soil
carbon store. Carbon could release from litter through litter decomposition process.
Besides, the soil carbon pools were compared between unplanted control plot and
plantation, the results were varied; 4. crassicarpa, S. roxburghii and T. grandis
expressed larger volume of carbon content. In the other hand, 4. indica, P.
macrocarpus and X. xylocarpa showed the slightly lower the volume of carbon
content. Litter volume and decomposition rate of each tree species might be the
reason of variations. Anthony et al. (2007) advocated that short rotation woodlot
system after 5-years fallow period, soil carbon in tree fallows (0.8-1.3 %) were
significantly higher than the continuous cropping treatment (0.06 %). The importance
of soil carbon presumably resulted from litter accumulation and fine root turn over as
reported by Rao et al. (1998) and Tien et al. (2001). In addition, the results in Table
31 indicated that soil carbon content was decreasing with increasing soil depth. In
surface soil, especially at 0-10 cm depth, the result was distinctly different from the
deeper soil layer. This result was probably due to effects of supplement of carbon
releasing processes e.g. litter decomposition. A publication, e.g. Bin ef al. (2009)
revealed the decreasing trend of soil carbon via depth. He also found that total carbon
storage in 4. crassicarpa plantation was 141.05 ton ha™', with in over storey, under
storey, litter floor and soil accounting for 33.30, 1.47, 3.18 and 65.23 %, respectively.
The different result in the present study was the proportion of carbon stock between
plant and soil systems. According to Bin ef al. (2009) reported larger carbon stock
distributed to soil system than plant (65.23 and 34.77 %, respectively). Whereas, the
results in present study calculated to 24.78 and 75.12 % of total soil and plant systems,
respectively. The adversary might be due to the differences of initial soil properties
and stand biomass.



134
14. Nutrient dynamics

The major processes of nutrient dynamics or nutrient cycling in a forest
plantation include nutrient uptake by root system; nutrient accumulation in various
tree components; return of organic matter and nutrients to the soil by litterfall, foliar
leaching, stem flow, root sloughing and mortality; and release of nutrients from
organic matter by decomposition processes. The differences of tree species are
indicated the approach of nutrient retention, nutrient uptake, nutrient release and
nutrient utilization for tree growth (Cole, 1986). In nutrient cycling study, the
necessary data used for analyzing the nutrient cycling processes are 1) the amounts of
nutrient accumulate in biomass of plant and in soil system. 2) The amount of nutrient
release from plant to soil per year (annual return). 3) Rate of annual nutrient uptake
from soil by plants (Petmark, 1983). In present study, nutrient dynamics of each
species plantation were determined by evaluating the nutrient fluxes in term of
nutrient return, release, uptake, retain and turn over rate as the same method of
Sahunalu et al. (1984); Chinsukjaiprasert (1984); Suksawang (1988); Jutikidecha
(1996); Punsatha (2002) and Glumphabutr (2004) that were investigated as follows:

14.1 Annual return of nutrients by plants.

In the present study, the annual returns of nutrients were derived from
the content of nutrients that accumulated in litterfall. Table 32 showed the amount of
nutrient that return to soil in the form of litterfall. The results showed that the annual
return of nutrient in 4. crassicarpa plots seemed to be highest due to largest volume
of annual litter fall. There were 140.57, 9.95, 45.28, 87.20, 30.23 and 10.45 kg ha' for
N, P, K, Ca, Mg and Na, respectively. While those elements from A. indica plot were
57.66, 8.05, 20.25, 63.16, 13.63 and 0.76 kg ha'], respectively. Data from P.
macrocarpus plot indicated that all elements except K and Ca seemed to be equivalent
the results derived from 4. indica plot, even smaller amount of annual litterfall. There
were 44.99, 8.58, 14.53, 36.41, 10.12 and 0.47 kg ha'], for those elements respectively.
The results of annual nutrients return in S. roxburghii and T. grandis plots were
appeared on the same range of all elements. The annual nutrients return of S.
roxburghii plot were 35.71, 12.38, 11.35, 38.91, 11.49 and 0.98 47 kg ha!, while the
data from 7. grandis plot were 27.58, 3.29, 11.16, 22.52, 8.50 and 0.46 47 kg ha™ for
N, P, K, Ca, Mg and Na, respectively. X. xylocarpa showed the great value of N
return, 73.70 kg ha™. While, P, K, Ca, Mg and Na were 20.32, 19.61, 52.32, 10.58
and 1.39 kg ha™, respectively. The major factor that played an important role to
different results of nutrient annual return was the volume of litterfall. Data in Table
17 showed clearly that the results of litter fall volume from A. crassicarpa and X.
xylocarpa plots which were higher than other plots. The second factor was the
nutrient concentration of litter. Leguminosae spp. i.e. A. crassicarpa showed both
high volume of litterfall and nutrient concentration in litterfall, especially N. Hence,
this plot demonstrated the highest results of annual nutrient.
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Table 32 Annual return of nutrients in forest plantation.

Nutrient return (kg ha™ yr')

PP N P K Ca Mg Na

Ac 140.57 9.95 45.28 87.20 30.23 10.45
Ai 57.66 8.05 20.25 63.16 13.63 0.76
Pm 44.99 8.58 14.53 36.41 10.12 0.47
Sr 35.71 12.38 11.35 38.91 11.49 0.98
Tg 27.58 3.29 11.16 33.52 8.50 0.46
Xx 73.79 10.32 19.61 52.32 10.58 1.39

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa

14.2 Annual release of nutrients to soil.

Nutrients releasing to soil were estimated from nutrient that released
from decomposition of both litter fall and litter on soil surface. From annual period of
study, the result revealed that A. crassicarpa plot expressed the greatest result of litter
decomposition which was 11.56 ton ha™ yr”'. While, annual litter decomposition of A.
indica, P. macrocarpus, S. roxburghii, T. grandis and X. xylocarpa were 4.30, 2.76,
2.77,2.35 and 4.62 ton ha™ yr', respectively. Nutrient contents were released to soil
in each plot were estimated from nutrient that released from decomposition of litter
fall and litter on soil surface as shown in Table 33. The results found that, 4.
crassicarpa plot released 116.27, 10.63, 34.29, 70.93, 24.40 and 7.55 kg ha yr™' for
N, P, K, Ca, Mg and Na, respectively. A. indica plot released 52.51, 7.33, 18.27,
59.06, 12.81 and 0.73 kg ha™ yr”', for those elements respectively. Furthermore, P.
macrocarpus released 39.36, 7.49, 12.99, 32.10, 8.94 and 0.43 kg ha” yr'. While,
32.62,10.71,9.77, 35.07, 10.61 and 0.95 kg ha yr for N, P, K, Ca, Mg and Na were
released from S. roxburghii plot. T. grandis plot represented the amount of those
elements released which were 25.16, 3.05, 10.16, 30.99, 7.82 and 0.42 kg ha™ yr'],
respectively. Finally, X. xylocarpa plot released N, P, K, Ca, Mg and Na in values of
58.59, 8.27, 16.25, 43.48, 9.34 and 1.27 kg ha™ yr'', respectively.



Table 33 Annual release of nutrient to soil by decomposition of litter and litter

on soil surface.
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. Litter Nutrient released (kg ha™ year™)
Species Source 1

(ton ha™) N P K Ca Mg Na
Ac Decomposition 8.08 9136 647 2943 56.67 19.65 6.79
Litter on soil surface 3.48 2491 416 486 1426 475 0.76
Total 11.56 116.27 10.63 3429 7093 2440 7.55
Aj Decomposition 3.63 46.85 6.54 1645 5132 11.08 0.62
Litter on soil surface 0.67 5.66 0.79 1.82 7.74 1.73 0.11
Total 4.30 52.51 7.33 1827 59.06 12.81 0.73
Y Decomposition 2.40 36.50 696 11.79 29.54 821 0.38
Litter on soil surface 0.36 2.86 0.53 1.20 256 0.73 0.05
Total 2.76 39.36 749 1299 32.10 894 0.43
St Decomposition 2.37 2937 10.19 933 32.00 945 0.81
Litter on soil surface 0.40 3.25 0.52 044 3.07 1.16 0.14
Total 2.77 32.62 1071 9.77 35.07 10.61 0.95
Tg Decomposition 2.28 2483 296 10.05 30.19 7.65 0.4l
Litter on soil surface 0.07 0.33 0.09 0.11 0.80 0.17 0.01
Total 2.35 25.16  3.05 10.16 3099 7.82 042
Decomposition 3.59 51.28  7.17 13.63 3636 7.35 0.97
Litter on soil surface 1.03 7.61 .10  2.62 7.12 199 0.30
Total 4.62 58.89 827 1625 4348 934 1.27

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa

14.3 Annual retain of nutrients in each part of the plantation.

In present study, annual retain of nutrients in aboveground biomass of
trees was estimated from the amount of nutrient that accumulated in the annual
increment of aboveground biomass (Table 34). The results from A. crassicarpa plot

showed that amounts of nutrient retain in above ground biomass were in comparative
sequence of N>Ca>K>P>Mg>Na with 11.91, 8.89, 6.41, 1.84, 1.27 and 0.74 kg ha™!

yr', respectively. For A. indica plot, the results of annual retain of nutrients in
sequence were Ca>K>N>P>Mg>Na with 83.44, 76.75, 74.88, 19.37, 16.72 and 2.59
kg ha” yr', respectively. The results of K>N>Ca>Mg>P>Na were derived from P,

macrocarpus plot with 35.56, 31.53, 24.99, 6.12, 3.63 and 0.83 kg ha™' yr™,
respectively. Results from S. roxburghii were 65.04, 57.36, 56.53, 13.32, 11.76 and
3.17 kg ha™ yr! for N>Ca>K>Mg>P>Na, respectively. While, Ca> K> N>
Mg>P>Na were found in 7. grandis plot with 54.08, 39.23, 33.70, 6.93, 4.91 and 0.20
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kg ha™ yr', respectively. Finally, annual retains of nutrients of X. xylocarpa plot
were K>Ca>N>Mg>P>Na with 58.78, 55.07, 54.64, 15.03, 3.76 and 2.69 kg ha™ yr,
respectively. All results were shown in Table 34.

Table 34 Annual retain of nutrients in each part of the plantation.

Nutrient content kg ha™ yr'

Species Tree part
N P K Ca Mg Na
Stem 533 1.16 2.77 3.86 0.30 0.36
Ac Leaf 3.34 0.24 1.69 1.33 0.53 0.20
Branch 3.23 0.44 1.95 3.70 0.44 0.18
total 11.91 1.84 6.41 8.89 1.27 0.74
Stem 56.56 11.95 6123 6236 10.68 2.19
Ad Leaf 6.89 0.89 3.64 6.50 1.90 0.06
Branch 11.44 6.54 11.89  14.58 4.15 0.33
total 74.88 19.37 76.75 83.44 16.72 2.59
Stem 20.09 2.51 26.00 14.95 3.43 0.61
Pm Leaf 4.21 0.40 1.91 2.39 0.99 0.04
Branch 7.23 0.72 7.65 7.65 1.70 0.18
total 31.53 3.63 35.56  24.99 6.12 0.83
Stem 36.64 6.13 33.99 30.84 5.96 2.39
St Leaf 12.54 RS 6.75 6.25 2.64 0.20
Branch 15.86 3.38 15.78 2027  4.72 0.58
total 65.04 11.76  56.53 5736 13.32 3.17
Stem 21.46 3.19 27.74 3947 3.94 0.95
Tg Leaf 6.54 1.09 3.92 3.91 1.76 0.08
Branch 5.70 0.63 7.56 10.70 1.23 0.20
total 33.70 491 39.23  54.08 6.93 1.23
Stem 36.31 242 4642  31.11 7.40 2.28
x Leaf 6.81 0.57 3.19 2.84 0.90 0.07
Branch 11.51 0.78 9.17  21.11 6.73 0.34
total 54.64 3.76 58.78 55.07 15.03 2.69

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa
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14.4 Annual uptake of nutrients by plants and return/uptake ratio.

In present study, the amounts of nutrient uptake by trees were derived
from summation of nutrient that accumulated in annual litterfall and nutrient
accumulation in annual growth of tree. The results showed that, in 4. crassicarpa
plot, nutrient that annual accumulations in aboveground biomass were 11.91, 1.84,
6.41, 8.89, 1.27 and 0.74 kg ha'], for N, P, K, Ca, Mg and Na, respectively. While,
returns of those nutrients to the soil were 140.57, 9.95, 45.28, 87.20, 30.23 and 10.45
kg ha™, respectively. The proportion of return and uptake ratio for N, P, K, Ca, Mg
and Na from this plot were 0.92, 0.84, 0.88, 0.91, 0.96 and 0.93, respectively. These
ratios were higher than the results from A. indica plot which were 0.44, 0.29, 0.21,
0.43, 0.45 and 0.23, respectively. All results were shown in Table 35. These ratio,
which <0.50 derived from retain rate that exceeded return rate due to high growth rate
and less litterfall comparing to 4. crassicarpa plot. Retain rate of N, P, K, Ca, Mg
and Na from A. indica plot were 74.88, 19.37, 76.75, 83.44, 16.72 and 2.59 kg ha'],
respectively. While, return rate of those elements were 57.66, 8.05, 20.25, 63.16,
13.63 and 0.76 kg ha™, respectively.

Data derived from P. macrocarpus indicated that return uptake ratio of K
and Na were less than 0.50 (0.29 and 0.36, respectively). In the other hand, >0.50
ratios were found for N, P, Ca and Mg (0.59, 0.70, 0.59 and 0.62 kg ha"). Retain rate
of S. roxburghii plot were higher than return rate. Thus, return uptake ratios derived
from this plot were < 0.50. The ratio of N, P, K, Ca and Mg were 0.35, 0.51, 0.17,
0.40, 0.46 and 0.24, respectively. Results from 7. grandis plot were; retain rate of M,
P, K, Ca, Mg and Na were 33.70, 4.91, 39.23, 54.08, 6.93 and 1.23 kg ha'],
respectively. While, return rate of those elements were 27.58, 3.29, 11.16, 33.52, 8.50
and 0.46 kg ha'], respectively. Return uptake ratios were 0.45, 0.40, 0.22, 0.38, 0.55
and 0.27 kg ha™, respectively. Finally, the results from X. xylocarpa plot expressed
that retain rate were 54.64, 3.76, 58.78, 55.07, 15.03 and 2.69 kg ha'], respectively.
While, return rate were 73.79, 10.32, 19.61, 52.32, 10.58 and 1.39 kg ha'],
respectively. Return uptake ratios were 0.57, 0.73, 0.25, 0.49, 0.41 and 0.34,
respectively. Tsutsumi (1971) concluded that return/uptake ratio of N, P, K, Ca and
Mg were ranged between 40-60 %. Rapp et al. (1999) studied in Oak forest and
stated that turnover of N, P, K, Ca and Mg in Quercus spp. stand were 9.1-13.1, 5.2-
10.9, 5.3-12.8, 2.6-7.8 and 8.7-23.1 %, respectively.
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Table 35 Annual nutrient uptake and return uptake ratio.

Nutrient content (kg ha™)

Species  source of nutrient

N P K Ca Mg Na

retain 11.91 1.84 6.41 8.89 1.27 0.74
Ac return 140.57  9.95 4528 87.20 30.23 10.45
total uptake 15248 11.79  51.69 96.09 31.50 11.19
return/uptake ratio  0.92 0.84 0.88 0.91 0.96 0.93

retain 74.88 19.37  76.75 83.44 16.72  2.59

Ad return 57.66 8.05 20.25 63.16 13.63  0.76
total uptake 132.54 2742  97.00 146.60 3035 3.35
return/uptake ratio  0.44 0.29 0.21 0.43 0.45 0.23

retain 31.53 3.63 3556 2499 6.12 0.83

Pm return 44.99 8.58 1453 36.41 10.12 047
total uptake 76.52 1221  50.09 6140 1624 1.30
return/uptake ratio  0.59 0.70 0.29 0.59 0.62 0.36

retain 65.04 11.76  56.53 5736 1332 3.17

Sr return 35.71 1238 11.35 3891 1149 0.98
total uptake 100.75 24.14 67.88 96.27 2481 4.15
return/uptake ratio  0.35 0.51 0.17 0.40 0.46 0.24

retain 33.70 491 39.23  54.08 6.93 1.23

Tg return 27.58 3.29 11.16 33.52  8.50 0.46
total uptake 61.28 8.20 50.39 87.60 1543 1.69
return/uptake ratio  0.45 0.40 0.22 0.38 0.55 0.27

retain 54.64 3.76 58.78 55.07 15.03  2.69

Xx return 73.79 10.32  19.61 5232 10.58 1.39

total uptake 128.43 14.08 78.39 107.39 25.61 4.08
return/uptake ratio  0.57 0.73 0.25 0.49 0.41 0.34

Remark: Ac: A. crassicarpa; A: A. indica; Pm: P. macrocarpus; St: S. roxburghii;
Tg: T. grandis and Xx: X. xylocarpa
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15. Turnover rate and nutrient dynamic processes.

The turnover rate is a rate that indicated rate of nutrients released or entered
into systems (plant system or soil system). In forest ecosystem, most nutrients are
retained in soil. The turnover rate of nutrient can be calculated from the ratio of
nutrients increased to the system and nutrient retained in system. Turnover rates in
each system were shown in Table 34.

15.1 Turnover rate in plant systems, N, P, K, Ca, Mg and Na turnover rate of
plant system in A. crassicarpa plot were 8.52, 4.09, 5.73, 7.25, 19.18 and 9.87 % yr',
respectively. While in 4. indica plot,turnover rates of those elements of plant system
were 6.34, 5.14, 5.01, 6.26, 6.42 and 1.63 % yr™', respectively. All native tree species
e.g. P. macrocarpus, S. roxburghii, T. grandis and X. xylocarpa expressed the higher
results of nutrient turnover rate in total plant systems than the other exotics. The
results from P. macrocarpus were 13.64, 18.45,9.74, 14.17, 15.66 and 5.51 % yr'],
respectively, while S. roxburghii were 19.50, 25.12, 16.02, 14.94, 20.04 and 8.85 %
yr', respectively. In 7. grandis plot, the results of plant systems turnover rate were
7.21,7.21, 5.85, 7.48, 8.93 and 4.73 % yr™', respectively. Lastly, X. xylocarpa
expressed the results ranged from 8.98 to 22.51 % yr']. N, P, K, Ca, Mg and Na
turnover rate of X. xylocarpa were 14.55,22.51, 8.98, 12.95, 11.21 and 10.03 % yr™,
respectively. The results from the present study seemed to be equivalent to the results
that reported by Glumphabutr (2004). He was studied in natural evergreen forest and
reported that turnover rates of N, P, K, Ca and Mg were 7.35-10.57, 8.68-21.96, 6.85-
11.65, 5.82-11.55 and 8.30-14.59 % yr’', respectively. In contrast these results were
higher than Fir and Hemlock stands which less than 10 % of turnover rate. Anyhow,
Petmark (1983) reported the higher results from fast growing tree plantation, of
Acacia auricuraformis, Eucalyptus camaldulensis and Peltophorum dasyrachis that
were 40-80 % yr'.

15.2 Turnover rate in litter on soil surface. The results from P. macrocarpus
and S. roxburghii expressed the highest results that were due to small amount of
remaining litter on soil surface (see Table 17 and 18). The results showed that
turnover rate of N, P and K of S. roxburghii were 1,098.77, 2,380.77 and 2,579.55 %
yr'', respectively. P. macrocarpus expressed the highest results with Ca and Mg
(1,422.27 and 1,386 % yr™', respectively). While Na turnover rate was highest in A.
crassicarpa with the result of 1,375.00 % yr”'. These present results seemed to be
higher that the results reported by Punsatha (2001). He revealed that turnover rate of
N, P, K, Ca and Mg from A. indica stand was 599.64, 735.38, 1,605.43, 361.50 and
1,129.09 % yr', respectively.

15.3 Turnover rate in mineral soil system (50 cm depth). In A. crassicarpa
plot, K and Na were the highest results of nutrient turnover rate which were 17.62 and
15.12 % yr’', respectively. While, turnover rate of other elements e.g. N, P, Ca and
Mg were 1.53, 11.57, 5.02 and 11.38 % yr’', respectively. Similarly trend of N
turnover rate in mineral soil was found in 4. indica plot, which was lowest than other
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elements (0.89 % yr'l). P, K, Ca, Mg and Na were 12.48, 8.04, 8.23, 8.07 and 1.59 %
yr’', respectively. N and Na turnover rates of P. macrocarpus expressed equivalently
results. The data were 0.69 and 0.77 % yr™', respectively. P from S. roxburghii
expressed the highest turnover rate of the mineral soil systems. The result was 39.13
% yr']. While other elements were 0.47, 5.81, 4.17, 8.28 and 1.85 % yr'], respectively.
Turnover rate of P from X. xylocarpa plot expressed the higher result than other
elements as well. Turnover rate of N, P, K, Ca, Mg and Na from X. xylocarpa were
0.93,21.99, 9.27, 7.88, 5.52 and 2.47 % yr'], respectively. The results from the
present study seemed to be the similar trend of the results from Glumphabutr (2004).
He revealed that turnover rate of mineral soil system (100cm depth) was highest with
P (21.68-84.12 % yr™"). On the other hand, N was the lowest turnover rate of mineral
soil system. In addition, K, Ca and Mg turnover rates in mineral soil system were
fluctuated depending on many factors i.e. litter quality, climate and soil parent
materials.

15.4 Turnover rate in total soil system, turnover rate of N, P, K, Ca and Mg
derived from 4. crassicarpa were 2.35,17.79, 27.11, 7.73, 17.51 and 23.26 % yr'],
respectively. While, the results from A4. indica were 1.09, 15.36, 9.90, 10.13, 9.93 and
1.95 % yr™', respectively. Turnover rate of those element in P. macrocarpus were
0.85, 18.09, 6.91, 9.52, 7.74 and 0.95 % yr'], respectively. The highest result of
turnover rate from these present studied was found in S. roxburghii plot, that was
47.54 % yr'] for P. When as, turnover rates of N, K, Ca, Mg and Na were 0.58, 7.06,
5.07, 10.07 and 2.24 % yr™', respectively. The results from 7. grandis were 0.46, 9.26,
6.93, 5.91, 7.25 and 0.91 % yr™', respectively, while the results from X. xylocarpa
were 1.34, 31.66, 13.34, 11.34, 7.95 and 3.54 % yr'], respectively. The results of
present study revealed that P was the highest turnover rate in total soil system. This
evidence was similarly result that was reported by Glumphabutr (2004). He revealed
that P expressed the highest turnover rate in total soil system and the results ranged
from 4.73 and 62.28 % yr". He also explained this evidence due to most of P tended
to accumulate in plant tissue especially in aboveground biomass of trees and in
litterfall that affected the return rate of P. in addition, P turnover rate of the present
study was equal ranged which the results reported by Katagiri e al. (1978) and
Suksawang (1988). Anyhow, the results from present study were higher than that of
Punsatha (2001). He stated that turnover rate of N, P, K, Ca, Mg and Na of total soil
system in 4. indica plantation were 0.25-0.54, 3.78-8.37, 3.60-7.73, 0.05-0.11 and
0.43-0.09 % yr', respectively.

From the results as mentioned above, nutrient dynamic processes, nutrient
fluxes in each part of forest plantation (see Figure 32) and various trend of turnover
rate in plants and soil systems were investigate as shown in Table 36-42 and Figure
33-38.



Table 36 Turnover rates of nutrients in plants, mineral soil (50 cm depth) and total soil system.

Turnover Rate ( % yr')
Species Source
N p K Ca Mg Na
Plant system 852 4.09 5.73 7.25 19.18 987
Ac Litter on so1l surface 564.31 239.18 931.69 611.50 636.42 1,375.00
Mmeral soil system 1.53 11.57 17.62 5.02 11.38 15.12
Total soil system 234 16.56 26.34 7.63 17.04 2288
Plant system 6.34 5.14 5.01 6.26 6.42 1.63
. Litter on soil surface 1,018.73 1,018.99 1,112.64 816.02 787.86 690.91
Al Mineral so1l system 0.89 12.48 8.04 8.23 8.07 1.59
Total soil system 1.09 15.13 9.81 10.01 9.81 1.94
Plant system 13.64 18.45 9.74 14.17 15.66 53.51
Litter on so1l surface 1,573.08 1,618.87 1,210.83 142227 1.386.30 940.00
P Mineral soil system 0.69 14.68 5.61 7.72 6.28 0.77
Total soil system 0.85 17.89 6.87 945 7.70 095
Plant system 19.50 2512 16.02 1494 20.04 8.85
. Litter on so1l surface 1,098.77 2,380.77 2,579.55 1,267.43 990.52 700.00
Mineral so1l system 0.47 3913 5.81 4.17 8.28 1.85
Total soil system 0.58 46.61 7.04 5.05 9.97 2.23

[44!



Table 36 (Contimed)

_ Turnover Rate (% yr')
Species Source

N P K Ca Mg Na
Plant system 7.21 7.21 5.85 7.48 8.93 473

Ta Litter on soi1l surface 823.28 33571 962.07 412.30 485.71 418.18
Mmeral so1l system 0.42 8.33 6.24 532 6.52 0.81
Total soil system 0.46 9.01 6.88 583 7.14 091

Plant system 14.55 2251 8.98 1295 11.21 10.03

Xx Litter on soil surface 969 .65 938.18 T48.47 73483 531.66 46333
Mmeral soil system 0.93 21.99 927 7.88 5.52 2.47
Total soil system 1.34 30.62 13.11 11.17 7.84 3.51

Remark: Ac: 4. crassicarpa; A: A. indica, Pm: P. macrocarpus, Sr: S. roxburghii; Tg: T. grandis and Xx: X. xylocarpa

vl



Table 37 Dynamic processes of Nitrogen (N) in forest plantation.

Species
Systems Processes -
Ac Ax Pm Sr Tg Xx
(1) Storage mn aboveground biomass (kg ha™) 1.78891 209222 561.17 516.59 24976 882.55
Plants (2) Retain (kg ha™) 11.91 74 88 31.53 65.04 33.70 54.64
(3) Return (kg ha” yr') 140.57 57.66 4499 35.71 27.58 73.79
(4) Storage of litter on soil surface (kg h.a']]l 2491 5.66 2.86 325 3.35 7.61
Soils (5) Storage m muneral soil (kg ha'll 5986.04 527695 529982 619590 596229 5512.72
o :
(6) Uptake by plant (kg ha™ yr'') 152.48 13254 76.52 100.75 61.28 12843
(7) Released by litter decomposition (kg ha™ yr™) 91.36 46.85 36.50 2937 24.83 5128
(8) Plant systems (% yr') 8.52 6.34 13.64 19.50 721 14.55
(9) Litter on soil surface (% 31"1] 564.31 1.018.73 157308 1,098.77 823.28 969.65
Turnover rate _ . 1
(10) Mineral soil system (% yr ) 1.53 0.89 0.69 0.47 0.42 0.93
(11) Total soil system (% yr™) 2.34 1.09 0.85 0.58 0.46 1.34

Remark: Ac: A. crassicarpa;, A1 A. indica; Pm: P. macrocarpus; Sr: 5. roxburghii;, Tg: T. grandis and Xx: X xylocarpa

(8) =[(6)/(1)] x 100

(9) =[(3)/(4)] x 100

(10) = [(7)(3)] x 100
(11) = [3)()+(5)] x 100

124!



Table 38 Dynamic processes of Phosphorous (P) i forest plantation.

Species
Systems Processes .

Ac Ai Pm Sr Tg Xx

(1) Storage i aboveground biomass (kg ha™) 288.11 533.16 66.21 96.12 113.73 62.57

Plants (2) Retain (kg ha™®) 1.84 19.37 3.63 11.76 491 3.76
(3) Return (kg ha™ yr) 9.95 8.05 8.58 12.38 3.29 10.32

(4) Storage of litter on soil surface (kg ha™) 416 0.79 0.53 0.52 0.98 1.10

Soils (5) Storage in mmeral soil (kg ha'l} 535.93 5242 47.42 26.04 35.54 32.60

0

(6) Uptake by plant (kg ha™ yr') 11.79 27.42 12.21 24.14 8.20 14.08

(7) Released by litter decomposition (kg ha™ yr) 6.47 6.54 6.96 10.19 296 7.17

(8) Plant systems (%o }'1"1] 4.09 5.14 18.45 25.12 7.21 22.51
(9) Litter on soil surface (% }T’l} 23918 101899 161887 2380.77 335.71 038.18

Turnover rate _ ) 1

(10) Mineral so1l system (% VT ) 11.57 12 .48 14 68 39.13 8.33 21.99

(11) Total soil system (% yr') 16.56 15.13 17.89 46.61 9.01 30.62

Remark: Ac: A. crassicarpa;, Ai: A. indica; Pm: P. macrocarpus; St: S. roxburghii; Tg: T. grandis and Xx: X. xylocarpa

(8) =[(6)/(1)] x 100

(9) = [(3)/(4)] x 100

(10) = [(7)/(5)] x 100
(11) = [(3)/(4)+(5)] x 100

94!



Table 39 Dynamic processes of Potassium (K) m forest plantation.

Species
Systems Processes -
Ac Ai Pm Sr Tg Xx
(1) Storage in aboveground biomass (kg ha™) 90282 193738 51429 423.59 861.11 873.04
Plants (2) Retain (kg ha™) 6.41 76.75 35.56 56.53 39.23 58.78
(3) Return (kg ha” yr') 4528 20.25 14.53 11.35 11.16 19.61
(4) Storage of litter on soil surface (kg ha"} 4.86 1.82 1.20 0.44 1.16 2.62
Soils (5) Storage in mineral soil (kg ha'l} 167.03 204 .53 210.33 160.68 160.98 146.98
0
(6) Uptake by plant (kg ha™ yr') 51.69 97.00 50.09 67.88 50.39 78.39
(7) Released by litter decomposition (kg ha™ yr) 29.43 16.45 11.79 933 10.05 13.63
(8) Plant systems (%o ‘_','r‘]} 5.73 5.01 9.74 16.02 5.85 8.98
(9) Litter on soil surface (% j,"r']} 931.69 1.112.64 1,210.83 2.579.55 962.07 748.47
Turnover rate _ . 1
(10) Mineral soil system (% yr) 17.62 8.04 5.61 5.81 6.24 9.27
(11) Total soil system (% yr) 26.34 9.81 6.87 7.04 6.88 13.11

Remark: Ac: 4. crassicarpa; Ar: A. indica; Pm: P. macrocarpus; St: S. roxburghii; Tg: T. grandis and Xx: X. xylocarpa

(8)=[(6)/(1)] x 100

(9) = [(3)/(4)] x 100

(10) = [(7)/(5)] x 100
(11) = [(3)/(4)+(5)] x 100

ol



Table 40 Dynamic processes of Calemm (Ca) in forest plantation.

Species
Systems Processes -

Ac Al Pm Sr Tg Xx
(1) Storage in aboveground biomass (kg ha™) 1,32631 234079 43327 64448 117174  828.97
Plants (2) Retam (kg ha'l} 5.89 8344 2499 57.36 54.08 55.07
(3) Return (kg ha™ }T") 87.20 63.16 36.41 38.91 33.52 52.32

(4) Storage of litter on soil surface (kg ]13'1} 14.26 7.74 2.56 3.07 813 712
Soil (5) Storage in mmeral soil [kg,ha'l} 1,125.06 62324 382.63 167.09 567.16 461.22

oils

(6) Uptake by plant (kg ha™ yr) 96.09 146.60 61.40 96.27 87.60 10739

(7) Released by litter decomposition (kg ha™ yr™) 56.67 51.32 29 54 32.00 30.19 36.36

(8) Plant systems (% yl"]} 1.25 6.26 14.17 14.94 748 1295
(9) Latter on so1l surface (% }'T']]I 611.50 816.02 142227 126743 412.30 73483

Turnover rate j ) 1
(10) Mineral soil system (% yr) 5.02 8.23 7.72 4.17 5.32 7.88
(11) Total so1l system (% }r'r'l] 71.63 10.01 945 505 583 11.17

Remark: Ac: A. crassicarpa; A1 A. indica, Pm: P. macrocarpus; St: S. roxburghii; Tg: T. grandis and Xx: X. xylocarpa

(8) = [(6)/(1)] x 100

(9) =[(3)/(4)] x 100

(10) = [(7)/(5)] x 100
(11) = [3)/(9)+(5)] x 100
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Table 41 Dynamic processes of Magnesmum (Mg) in forest plantation.

Species
Systems Processes -

Ac A Pm Sr Tg Xx
(1) Storage in aboveground biomass (kg ha™) 16425 47255  103.70 12380 17284 22851

Plants (2) Retain (kg ha™) 1.27 16.72 6.12 13.32 6.93 15.03
(3) Return (kg ha™ yr') 30.23 13.63 10.12 11.49 8.5 10.58

(4) Storage of litter on soil surface (kg ha'l} 4.75 1.73 0.73 1.16 1.75 1.99
Sl (5) Storage in mineral soil (kg ha™) 172.67 13728 13071 11413 11725  133.04

ous

(6) Uptake by plant (kg ha™* yr') 31.50 30.35 16.24 24.81 15.43 25.61

(7) Released by litter decomposition (kg ha™ yr'™) 19.65 11.08 8.21 9.45 7.65 7.35

(8) Plant systems (% yr) 19.18 6.42 15.66 20.04 8.93 11.21
(9) Litter on soil surface (% yr) 63642  787.86 138630 99052 48571  531.66

Turnover rate _ _ A

(10) Mineral soil system (% yr') 11.38 8.07 6.28 8.28 6.52 5.52

(11) Total soil system (% vr') 17.04 981 7.70 9.97 7.14 7.84

Remark: Ac: A. crassicarpa; At A. indica, Pm: P. macrocarpus; St: S. roxburghii; Tg: T. grandis and Xx: X. xylocarpa

(8) =[(6)/(1)] x 100
(9)=[(3)/(#)] x 100

(10) = [(7)/(5)] x 100
(11) =[(3)/(HH5)] x 100

3l



Table 42 Dynamic processes of Sodum (Na) in forest plantation.

Species
Systems Processes -
Ac A Pm Sr Tg Xx
(1) Storage mn aboveground biomass (kg ha™) 113.33 205.92 23.60 46.87 35.71 40.71
Plants (2) Retain (kg ha™) 0.74 2.59 0.83 3.17 1.23 2.69
(3) Return (kg ha™ yr') 10.45 0.76 0.47 0.98 0.46 1.39
(4) Storage of litter on soil surface (kg ha"] 0.76 0.11 0.05 0.14 0.11 0.30
Soi (5) Storage in mmeral soil (kg ha™) 44.92 38.99 49.53 43.80 50.4 39.25
0115
(6) Uptake by plant (kg ha™ yr'™) 11.19 3.35 1.30 415 1.69 4.08
(7) Released by litter decomposition (kg ha™ yr') 6.79 0.62 0.38 0.81 0.41 0.97
(8) Plant systems (% yr) 9.87 1.63 5.51 8.85 473 10.03
(9) Litter on soil surface (% yr) 137500 69091  940.00 700.00  418.18 46333
Turnover rate 1
(10) Mineral soil system (% vyr™) 15.12 1.59 0.77 1.85 0.81 2.47
(11) Total soil system (% yr) 22.88 1.94 0.95 2.23 0.91 3.51

Remark: Ac: 4. crassicarpa;, A1: A. indica; Pm: P. macrocarpus; 5r: S. roxburghii;, Tg: T. grandis and Xx: X. xylocarpa

(8) = [(6)/(1)] x 100
(9)=[(3)(4)] x 100

(10) = [(7)/(5)] x 100
(11) = [(3)/(9)+(5)] x 100

4!
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CONCLUSION AND RECOMMENDATION

The study of nutrient and carbon storages in forest plantation was conducted at
Prachuap Khiri Khan Silvicultural Research Station, Prachuap Khiri Khan Province.
The 15-years-old plantation was located 300 kms-southern ward of Bangkok. The
aims of this study were emphasize; the above and below ground biomass in term of
carbon sequestration into the biomass, litter and soil carbon pool in the individual tree
species. In addition, the nutrient dynamics of the forest plantation, by identifying
structure characteristics of plantation stands and distinguished the nutrient dynamics
in each part of plantation were investigated. All information was used to select the
appropriated tree species for forest rehabilitation in Prachuap Khiri Khan Province,
Thailand. The conclusion and recommendation of this study ware explained as
follows;

1. Survival of tree species were varied from species to species from below
10 % to more than 90%. The 6 species which highest survival rate ranking were
selected. Those species included both native- and exotic tree species 1.e. A.
crassicarpa, A. indica (exotic), P. macrocarpus, S. roxburghii, T. grandis and X.
xylocarpa (native). Exotic tree species showed the greater growth rate, compared to
native. Approximately 2 times differences with Dy, DBH and Ht were found,
compared to the best and the worst species. Anyhow, the excellent growth rate, some
time was the weak point. A. crassicarpa, the exotic species with highest growth rate,
was damaged by wind throw in the rainy season. Above-ground biomass was mainly
distributed to stem part followed by branch and leaf part, respectively. The results
were greatly varied from 36.38 to 272.71 ton ha”'. Belowground biomass was mostly
distributed to top soil layer, especially from 0 to 20 cm depth. The results of total
belowground biomass were ranged between 9.40 and 49.93 ton ha™. The results
indicated that exotic tree species contained higher total tree biomass than native
species e.g. A. crassicarpa>A. indica>X. xylocarpa>T. grandis>S. roxburghii>P.
macrocarpus.

2. A large proportion of senescent leaves were recycled to the soil in the form
of litterfall. Monthly amount of litterfall was fluctuated that depended on and
strongly related to climatic condition. In addition, total amount of litterfall was
depended on leaf mass. Thus, exotic trees i.e. A. crassicarpa and A. indica expressed
higher litter production than those natives. Litter decomposition, all species were
shown the rapid decomposition in the first four months. On the other hand, slow
decomposition rate or stop decomposition process in the dry season. Anyhow, it was
clearly that litters of different species did not decompose at the same rate even under
similar environment condition.

3. There were very few differences in soil nutrient concentration both through
soil depth and among species plots. Anyhow, soil nutrient concentration trended to
slightly decrease with increasing soil depth. Data on available elements (P, K, Ca, Mg
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and Na) indicated few differences in soil of plantation and abandoned crop field (control
plots). Several apparent differences in soil properties, especially for the most top layers
(0 to 20 cm) were probably due to pre-plantation site variability. The results from this
present study of almost tree species had the highest concentration of N followed by
Ca, K, Mg, P and Na, respectively. Nutrient content of soil expressed variable results
through soil depth. Definitely, only upper soil layer (0 to 10 cm) expressed the
highest results of soil nutrient content in almost treatments. In the other hand,
uncertainly results were found in the lower soil layers. Available nutrient content in
all plots could be arranged as followed; N >Ca >K >Mg >P >Na. Nutrient
concentration in difference plant parts was greatly varied. For aboveground part, leaf
was distinguishingly higher concentration than other parts of all elements. Fine root
expressed higher concentration, compared to coarse root in case of belowground
biomass. Branch and stem part were shown the lowest results of nutrient
concentration. Thus, nutrients that contain in existing tree were varied from species
to species. Moreover, nutrient contain in plantation affected from biomass volume
which differed via species. The present results revealed that exotic tree e.g. A.
crassicarpa and A. indica contained more nutrient than native tree species. Those
results were due to greater tree biomass of exotic tree species than that of native tree
species.

4. There were indistinct differences in the carbon concentration in the plant
and soil from different species. The carbon pool in a plantation ecosystem depended
on the relative biomass of components. Fast growing species, such as A. crassicarpa
and A. indica, could store more carbon, compared to slow growing species, such as P.
macrocarpus or S. roxburghii. As the size of the carbon pool depended on biomass
productivity, fast-growing tree species that could achieve greater levels of biomass
productivity should be chosen for any nutrient conservation or carbon sequestration
programme.

5. Nutrient dynamic processes included annual return through litter fall,
released of nutrient to soil by decomposition processes and nutrient retain in tree
biomass. The results revealed that the major factors affecting annual nutrient return
was the amount of litterfall. A4. crassicarpa and X. xylocarpa showed the higher
nutrient return rates. Another factor was their nutrient concentration in litter.
However, only slight difference of nutrient concentration was found from present
study. Therefore, litter mass was mainly factor that played an important role on the
nutrient return rate. Afterward, annual nutrient released to soil was studied by
discover decomposition rate and total amount of nutrient release. Exotic tree species
seemed to be highly rate of nutrient release to soil due to huge litter mass and rapid
decomposing rate. Nutrient retain in biomass was conducted among 14- to 15-years-
old tree. On this period, S. roxburghii expressed dramatically growth rate. Hence,
highest rate of annual nutrient retain was detected from this plot. On the contrary, a
few sight of annual growth of A. crassicarpa plot affected the poorest annual nutrient
retain. It could be obviously concluded that nutrient dynamics rate depended on
biomass production, amount of litter fall, litter decomposition rate and soil nutrient
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stock. Thus, A. crassicarpa and A. indica showed the distinguished nutrient dynamics.
Furthermore, 7. grandis ad X. xylocarpa seemed to be the outstanding native tree
species. For whole nutrient dynamic process, N trend to accumulate through soil
profile. By contrast, P and K were mainly distributed to plant system. While, Ca, Mg
and Na dynamics were greatly varied. Nevertheless, these elements seemed to be
comparable between soil and plant system.

6. According to the results from this study, it identified that forest plantation
played the significant roles to the carbon cycle. Re- and Afforestation had great
influences on the reduction of CO; in the atmosphere. Climate caused tree growth
rapidly, especially in the tropical area. Moreover, estimate of carbon sequestration of
plantation separated by individual species was useful to identify the potential of each
species for carbon sequestration plantation projects. This information would be very
beneficial for the carbon sequestration database, and would be applied to establish the
carbon cycle models. From the results of the current study, A. crassicarpa and A.
indica appeared to be the appropriate species for such programs. In addition, two
native tree species, 7. grandis and X. Xylocarpa, were also alternative choices for
such purposes

7. Nutrient dynamic processes in an important function to make the forest
plantation become sustaining yield both environmental and economic aspects.
Therefore, intensively plantation management and silvicultural practices might be
used for making excellent plantation programme. According to the results from this
study, massively stock of nutrient remaining in tree biomass. Hence, forest logging
programme resulted on nutrient loss and nutrient deficiency. Plantation management
should be intensive done for nutrient conservation aspect. Residual including some
part of remained trunk, branches and leaves should be leave on the ground after
logging. Burning out of residual should be avoided. These remaining residual will
keeping and afterward, releasing nutrients through decomposition processes.
Moreover, it could be functioning as forest ground cover to avoiding soil erosion and
nutrient loss through surface runoft.

8. The results of nutrient cycling from this study might be an underestimation
because neglecting some information such as nutrient return and release from
standing death and large litter decomposition e.g. branch or dead stem, loss of nutrient
through many path ways e.g. leaf leaching and stem flow. The study should be
extended in the near future.
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Appendix Table 1 Characteristics of sample trees for stratified clip technique study.

crown . 1
Spp. Tree 1o, D, DBH H(m) cover Tree biomass (kg tree™)
(cm) — (cm) (m’) stem  branch leaf total
1 15.37 10.53 11.00 14.43 40.14 12.26 3.85 56.25
2 2380 16.64 1990 4434 146.85 26.14 373  176.72
3 41.75 29.53 20.56 102.29 472.06 65.18 17.00 554.24
Ac 4 40.66 34.55 2090 102.74 613.87 51.04 2347 688.38
5 58.13 40.66 20.56 102.29 75537 7541 37.24 868.02
average 3594 2638 18.58 73.22 405.66 42.01 17.06 464.72
1 6.17 3.95 4.20 8.11 5.98 0.75 0.36 7.09
2 12.03 1037 11.72 18.10 24.57 5.05 1.42 31.04
y 3 21.51 15.75 15.60 21.37 95.16 10.74 458 110.47
Al 4 23.04 20.84 20.77 13.86 21558 26.24 5.13  246.94
5 2895 2285 1835 39.05 207.71 27.69 6.52 241.92
average 18.34 1475 14.13 20.10 109.80 14.09 3.60 127.49
1 5.41 2.39 3.40 3.86 0.72 0.13 0.03 0.88
2 8.88 5.44 6.40 11.65 3.31 0.88 0.18 4.36
Pm 3 17.02 12.82 12.00 35.53 35.39 9.09 1.62 46.10
4 17.66 14.57 10.54 26.99 30.36 4.96 1.66 36.98
5 30.64 20.75 1561 4130 119.71 2490 8.33 15294
average 1592 11.19 9.59 23.87 37.90 7.99 2.36 48.25
1 4.77 2.64 3.36 2.30 1.44 0.48 0.30 2.23
2 8.37 6.11 9.00 15.52 8.18 0.86 0.64 9.69
S 3 1445 1034 10.60 24.30 35.19 10.08 4.24 49.51
y 4 16.10 12.66 10.86 28.52 48.27 11.20 3.82 63.30
5 18.55 17.25 1445 3230 106.15 25.11 5.52 136.77
average 1245  9.80 9.65 20.59 39.85 9.55 2.91 52.30
1 8.40 6.94 8.50 10.67 8.05 1.25 0.76 10.06
2 11.14 827 11.66 11.56 15.58 1.17 0.32 17.07
T 3 18.87 14.16 1745 17.58 59.48 6.78 2.57 68.83
g 4 2020 15.75 15.21 40.17 70.44 10.22 3.55 84.21
5 2666 21.83 19.71 4285 170.99 28.01 5.19 204.20
average 17.05 13.39 14.51 24.57 64.91 9.49 2.48 76.87
1 6.52 4.20 6.55 12.01 2.88 0.39 0.56 3.83
2 10.72  6.62 9.60 15.73 17.28 3.72 1.45 22.44
Xx 3 17.82 1241 16.60 28.01 60.00 7.31 2.33 69.65
4 2221 16.67 14.72 32.79 88.25 22.31 5.61 116.16
5 2749 23.67 22.00 39.05 28222 3276 10.85 325.83
average 1695 12,71 13.89 25.52 90.13 13.30 416 107.58
Remark: Ac: A. crassicarpa; At A. indica; Pm: P. macrocarpus; St: S. roxburghii;

Tg: T. grandis and Xx: X. xylocarpa
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Appendix Figure 1 Above- and below ground biomass study.
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Appendix Figure 2 Litter bags placing and litter decomposition study.
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Appendix Figure 3 Litter on soil surface and soil sample collection.



187

icarpa was broken and up rooted after strong wind throw.
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