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CHAPTER |

INTRODUCTION

1.1 Rationale

Termites are eusocial insects classified in the order Isoptera (chomEngel,
Grimaldi, and Krishna, 2009). Termites are distributed among 12 families (Engel et al,,
2009): Cratomastotermitidae, Mastotemitidae, Hodotermitidae, Archotermopsidae,
Stolotermitidae, Termopsidae, Serritermitidae, Kalotermitidae, Archeorhinotermitidae,
Stylotermitidae, Rhinotermitidae and Termitidae. Termites live in colonies composed
of 3 castes: reproductive, soldier and worker castes. Termites are detritivore and work
with other soil fauna, for example, earthworms, beetles, and springtails in the
decomposition process (Lavelle et al,, 1992). Earthworms and termites are soil
macrofauna (Abbott, 1989). They are responsible for the degradation by changing the
organic material into inorganic material for nutrient cycling with the assistance of
microflora and microfauna, such as bacteria and protozoa, respectively. Lower
termites have anaerobic flagellate protozoa and bacteria in hindgut (Brauman et al,,
1992). These flagellates feed and degrade the wood particles comminuted by the
termite (Brune and Friedrich, 2000). Essentially termites break large pieces of organic
matter into smaller ones (Witkamp, 1966). By feeding on the wide range of food from
fresh leaf litter to humus, termites can affect the entire dynamics of soil carbon
(Odum, 1983). Moreover, the ability to change organic material into inorganic material
by termites represents half of the biomass synthesized by plant such that its

decomposition is prone to impact global carbon cycling (Dickinson, 2012).

Carbon storage in above ground biomass of tropical forests is commonly
measured for various purposes (Jepsen, 2006). The important production by forests
in the tropical zone is the litterfall on forest floor because litterfall is the main
pathway of nutrient cycles and litter accumulation becomes soil organic matter
through the decomposition processes and through fire (Melillo, Aber, and Muratore,

1982; Warin Boonriam, 2010).



Decomposition processes help return nutrients to trees and increase the
capability of trees to stock carbon through biomass accumulation. Leaf litter
decomposition contributes a large portion of nutrients necessary for a forest
ecosystem. Leaves are broken down into organic materials that enrich the soil for
plant growth. Leaf litter decomposition in tropical forest is very complex. Tropical
forests have a tight nutrient cycle, where most of the vegetative biomass occurs
aboveground in the green stems and leaves of plants, and little occurs belowground
(Mason, 1977). As tropical plants shed their leaves or die, the leaf litter decomposes
rapidly and the nutrients are rapidly reabsorbed back into the living vegetation

(Takeda, 1995).

Dry dipterocarp forest is a major type of tropical deciduous forest and it
covers a large area of northern Thailand. The dominant tree species are mainly
Shorea obtuse, S. siamensis, Dipterocarpus obtusifolius, D. tuberculatus and D.
intricatus (Smitinand, 1969). Dry dipterocarp forest is commonly found in dry areas of
sandy soil. In the dry season, many dipterocarps drop their leaves to reduce
transpiration (Swift et al., 1979). A previous showed that litter decomposition rate of
dry dipterocarp forest was higher than that of the plantations (Yamashita and Takeda,
1998). In addition, the use of the chemical chlorpyrifos decreased termite population
and subsequently decreased litter decomposition rate (De Silva et al., 2010).

Therefore, the study of litter decomposition by termites in dry dipterocarp
forest is a significant study to obtain information useful for management of forest
ecosystems. However, there have been only a few studies about the role of termites
in litter decomposition in dry dipterocarp forests. There are widely distributed dry
dipterocarp forests at Nan Province (Meesuk, 2011). At the present, dry dipterocarp
forest areas are decreased and changed to be construction areas, plantations, and
orchards which may affect the role of termite and other soil fauna on the

decomposition and therefore nutrient cycling in dry dipterocarp forest ecosystem.

1.2 Objectives

The aims of this study are: 1) to study aboveground tree biomass and litter

production in dry dipterocarp forest at Lainan Subdistrict, Wiang Sa District, Nan



Province; 2) to study litter decomposition rate in dry dipterocarp forest at Lainan
Subdistrict, Wiang Sa District, Nan Province; 3) to study some biological factors
influencing decomposition, such as termites and other soil fauna; and 4) to study
some physical factors influencing decomposition, such as relative humidity, air

temperature, soil temperature, soil pH, and rainfall.

1.3 Scopes of the Study

The scope of this study involves measurements of the factors influencing
litter decomposition, such as biological and physical factors, and therefore, to apply
the knowledge of ecological function to conservation and restoration of the dry

dipterocarp forest (Figure 1).
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Figure 1 Scopes of the study

The study was conducted in four 40 x 40 m’ plots located at Lainan
Subdistrict, Wiang Sa District, Nan Province from November 2012-December 2013. To
study aboveground tree biomass, the diameter at breast height (DBH) of each tree
with 4.5 cm or larger DBH was measured and used to calculate aboveground tree
biomass by allometric equations. To study litter production, 8 litter traps per plot
was used to collect litter monthly. Litter decomposition was studied using litter bags

of two mesh sizes (0.5 mm and 2.0 mm). Mesofauna and macrofauna was extracted



using Berlese-Tullgren funnel to study the soil communities responsible for the litter
decomposition. Physical factors potentially influencing litter decomposition, such as

relative humidity, air temperature, soil temperature, soil pH, and rainfall were

measured.



CHAPTER Il

LITERATURE REVIEW

Litterfall is the main pathway of nutrient cycles in tropical forest ecosystems.
Leaf litter accumulates and transforms into soil organic matter through
decomposition processes. Litter decomposition is influenced by physical factors and
biological factors, which affect the nutrient cycles at various steps (Figure 2).
Disturbances such as fires and land use changes may also have impacts on the rates

of decomposition through changes in related physical and biological factors.

Deco sition

Figure 2 Nutrient cycling of litter in tropical forest



2.1 Litter decomposition
Carbon storage

Tropical forests play a key role in the global carbon flux and stocks (Dixon et
al,, 1994; Kimmins, 2004). Carbon accumulation in the forest ecosystems is stored as
biomass, including of aboveground and belowground biomass (Senpaseuth
Phouveth, 2009). Aboveground biomass is defined as all living biomass above the soil
surface including stems, stumps, bark, branches, seeds and foliage while
belowground biomass is defined as all living biomass of live roots (Change, 2006;
FAO, 2006). Fine roots of less than 2 mm diameter are sometimes excluded because
these often cannot be practically distinguished from soil organic matter or litter

(Change, 2006; FAO, 2006).

Carbon is stored in forests predominantly as live biomass. Various plant
structures are there transformed to leaf litter, dead roots and dead wood on the soil
surface (Odum, 1983). Carbon stock assessment in dipterocarp forest in the
Philippines showed that some of carbon was mineralized as CO, in the atmosphere
by decomposition processes. Additionally, after selective logging in a dipterocarp
forest, the original carbon density in aboveground biomass was reduced by 50%.
Subsequently, the forest recovered up to 70% of the original carbon just before the

next cutting cycle began (Lasco et al., 2006).

The accurate estimation of biomass in tropical forests is important for many
applications, from the commercial exploitation of timber to the global carbon cycle
assessment. Allometric equations can be used to estimate the biomass and carbon
stock of forests without actual cut down and weigh all trees. These equations were
developed on the basis that sparse measurements from destructive sampling are
related to more easily collected biophysical properties of trees, such as diameter at

breast height (DBH) (Basuki et al., 2009).

The accurate estimation of biomass in tropical forests is important for many
applications, from the commercial exploitation of timber to the global carbon cycle

assessment. Allometric equations can be used to estimate the biomass and carbon



stock of forests without actual cut down and weigh all trees. These equations were
developed on the basis that sparse measurements from destructive sampling are
related to more easily collected biophysical properties of trees, such as diameter at
breast height (DBH) (Basuki et al., 2009). Separate equations have been developed for
the Dipterocarpus, Hopea, Palaquium and Shorea genera, and an equation of a mix
of these genera represents commercial species. Allometric equations have been
developed for tropical forest dry dipterocarp forests by Ogawa and colleagues (1965)

and have been applied in assorted studies in the tropics.

Terakunpisut, Gajaseni, and Ruankawe (2007) estimated aboveground carbon
sequestration in the different forest ecosystems in Thong Pha Phum National Forest,
Thailand. Aboveground biomass was estimated using allometric equations. The total
aboveground biomass in tropical rain forest was higher than dry evergreen forest and
mixed deciduous forest at 137.73+ 48.07, 70.29+ 7.38 and 48.14+ 16.72 tons/ha,

respectively.

Decomposition process

Decomposition of organic matter is one of the key in processes tropical forest
ecosystems (Odum, 1983). Decomposition is the natural process during which dead
organic materials are broken down. Decomposers are responsible for the degradation
by changing the organic material into inorganic material for nutrient cycling in forest

ecosystem (Lavelle and Spain, 2001; Melillo et al., 1982).

Decomposition of organic matter plays a vital role in the carbon storage and
nutrient cycling of tropical forest ecosystems. The important production by forests in
the tropical zone is the litterfall. Litterfall is the main pathway of nutrient cycles, and
litter accumulation becomes soil organic matter through the decomposition
processes that also releases carbon and other nutrients back to the environment
(Melillo et al., 1982, Warin Boonriam, 2010). Therefore, litterfall represents an
essential link in the organic production decomposition cycle and thus is a
fundamental decomposition process in the forest (Meentemeyer, Box, and

Thompson, 1982).



Leaf litter decomposition is the combined result of physical and chemical
processes occurring inside and outside of living soil fauna and animals.
Decomposition consists of 3 steps; namely, the breakdown process beginning with
the leaching of dissolved nutrients from the leaves, soil fauna fragmentation, and
microbial decomposition (Barajas-Guzman and Alvarez-Sanchez, 2003; Mathuriau and

Chauvet, 2002; Webb et al., 1983; Witkamp, 1966).

Initially, soluble materials were transferred away from decomposing organic
matter into the environment through water leaching. These soluble materials are
either absorbed by organisms, react with the mineral phase of soil or sediments, or
are lost from the system in solution (Webb et al., 1983). Then, fragmentation by soil
fauna breaks large pieces of organic matter into smaller ones that creates fresh
surfaces for microbial colonization. Soil fauna also mix the decomposing organic
matter into the soil and return organic matter to the soil or sediments as fecal
pellets, and provide a more favorable environment for soil microbes (i.e., bacteria
and fungi) than the original consumed material (Mathuriau and Chauvet, 2002;

Witkamp, 1966).

Finally, chemical alteration is performed by bacteria and fungi. Dead plant
organic matter is decomposed by the activity of soil microbes, although some
chemical reactions also occur spontaneously in the soil without microbial mediation.
Decomposition degrades litter into an unrecognizable form, it becomes soil organic
matter. Fungi and bacteria further degrade the easily metabolized components
leaving behind humus, which is composed of chemically complex organic matter
that resists decomposition (Barajas-Guzman and Alvarez-Sanchez, 2003; Witkamp,

1966).



Factors influencing decomposition

Litter decomposition is influenced by various biological factors and physical

factors (Figure 3), which affect the decomposition rate and efficiency.
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Figure 3 Factors influencing litter decomposition

1. Physical factors

Physical factors affecting decomposition include air temperature, soil
temperature, Soil pH, humidity, rainfall, and soil content, for instance. Each individual

factor is discussed below:

Air temperature: The rate of decomposition is more rapid in the temperature
range of 25°C to 30°C. At temperatures below or above this range, the rate of
decomposition is significantly decreased (Chompunut Songkhow, 2007). Appreciable
organic matter decomposition occurs at 25°C and further fluctuation in the soil
temperature has little effect on decomposition. Low outside temperatures during the
winter months slow the decomposition process, while warmer temperatures high

rate of decomposition (Swift et al., 1979).
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Aeration: Good aeration is necessary for proper activity of the microorganisms
involved in the decomposition of organic matter. Under anaerobic conditions, fungi
and actinomycetes are mostly suppressed and only a few bacteria (Clostridium) take

part in anaerobic decomposition (Feller and Beare, 1997).

Moisture: Adequate soil moisture about at 60 to 80 % of the water-holding
capacity of the soil is necessary for the proper decomposition of organic matter. Too
much moisture leads to insufficient aeration which results in the reduced activity of
microorganisms and consequently inhibits the rate of decomposition (Swift et al,,

1979).

Humidity: Relative humidity is likely to influence the amount of available
water in the substrate to micro-organisms and this in turn will influence the activity
of the decomposers (Swift et al., 1979). Decomposing leaves were exposed to a
range of relative humidity between 0 and 100% in which they equilibrated at
moisture contents ranging from 4.6 to 35.6% (Nagy and Macauley, 1982).

Soil pH: Soil pH affects directly the type, density and the activity of fungi,
bacteria and actinomycetes involved in decomposition and, therefore, rate of
decomposition of organic matter. The rate of decomposition is higher in neutral soils
than that of acidic soils (Feller and Beare, 1997). Therefore, the rate of organic matter

decomposition can be accelerated in the acid soils with treatment of lime.
2. Biological factors

Biological factors influencing decomposition process include soil fauna, for
example, termites, earthworms, beetles, and springtails (Lavelle et al., 1992). Soil
fauna can be classified by size into microfauna, mesofauna and macrofauna (Figure 4)

(Lavelle, 1996; Swift et al., 1979).
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Figure 4 Types and size of soil fauna; microfauna, mesofauna, and macrofauna
(Redrawn from Swift, Heal, and Anderson (1979))

Microfauna (<0.2 mm) are organisms smaller than 0.2 mm average body size
and consist of protozoa and smaller nematodes. Microorganisms, or microflora, as a
whole have the capacity to digest any substrate in the soil, and these refer to

bacteria and fungi (Lavelle, 1996).

Mesofauna (<2mm) are soil invertebrates with a body diameter under 2 mm.
Important soil mesofauna are Enchytraeidae, Pseudoscorpionida, Acari, Symphyla,
Pauropoda, Collembola, Protura, Diplura, Psocoptera and Hymenoptera (Eisenbeis,

2006).



12

Macrofauna (>2mm) with a body diameter larger than 2 mm, are diverse,
abundant and multifunctional elements of most soils. These include earthworms,
large insects (termites) and arachnids, and the soil-dwelling vertebrates (Lavelle,

1984).

Soil fauna can be studied using litter bag collection. Hofer et al. (2001) found
that different size classes of the fauna were involved in litter decomposition. This
was demonstrated by use of litter bags of two different mesh sizes (1 cm and 250
um). Decomposition rates in the large-mesh litter bags (1 cm) were strongly
determined by the macrofauna particularly in primary forests, where large
earthworms, termites and ants dominated the soil fauna. In the 250 um mesh litter

bags, where macrofauna was excluded, decomposition rates were significantly lower.

Bradford et al. (2002) used different mesh sizes of litter bag to control
exposure of litter to different faunal size classes. The mesh size of litter bag were:
micromesh (100 pm), permitting entry of microfauna only; mesomesh (2 mm),
permitting entry of microfauna and mesofauna; and macromesh (4.7 mm), permitting
entry of microfauna, mesofuana and macrofauna. Decomposition in micromesh litter
bags was significantly decreased by the indirect effects of mesofauna and
macrofauna, which did not enter through the 100 pm mesh of the litter bags. In
macrofauna communities, increased mesh size significantly increased decomposition
through mesh. See and Koon (1985) used litter bags of two different mesh sizes.
Medium-mesh bags were constructed from aluminium screening material with a 2.0
mm mesh while fine-mesh bags were constructed from stainless steel sieving
material with an approximately 0.5 mm mesh. The bags were used to study
decomposition of seraya leaves and pine needles in a hill dipterocarp forest (HDF)
and in a pine plantation (PP). At both sites, seraya leaves decomposed at a faster
rate than pine needles and the 2.0 mm mesh bag showed a higher decomposition
rate than the 0.5 mm mesh bag. Soil microarthopods were suspected to play a more
important role in seraya leaf litter decomposition in the hill dipterocarp forest than

in the pine plantation.
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Litter decomposition has been studied for decades. The decomposition rate
constant (k) was calculated using a first-order exponential decay function (Olson,
1963; Wider and Lang, 1982). Several litter decomposition studies used the Olson’s
decomposition rate constant (Olson’s k). Takeda (1995) used Olson’s k to study
decomposition of needle litter using a litter bag method in a natural forest of
Chamaecyparis obtusa for 5 years. Takeda (1995) found that the decomposition rate
decreased with the advance of the decomposition processes consisting of three
phases. In the leaching phase (0-3 months), soil fauna had no significant role in the
decomposition processes. However, during the immobilization phase (3-15 months),
soil fauna contributed to the immobilization processes through their grazing activities,
and there were significant differences in litter mass loss between the control and
defaunated plots. In the mobilization phase (15-60 months), saprovorous soil fauna,
such as collembolans and acari contributed to the mobilization processes by feeding

on decomposing litter.

In addition, Yamashita and Takeda (1998) studied litter decomposition rate of
plantation forest and dry dipterocarp forest in Malaysia, using litter bags of different
mesh sizes (0.5 and 2.0 mm) to compare the rate of litter decomposition by soil
fauna with different sizes. Their result showed that dry dipterocarp forest showed a
higher decomposition rate than the rubber plantation. And the decomposition rate
constant (Olson's k) of the size 2.0 mm litter bag (k=2.15) was higher than the 0.5
mm litter bag (k=0.76).

Decomposition rate constants in various forest types in the tropics are shown
in Table 1. The decomposition rate constant (k) of the evergreen forest and
deciduous forest in India was the 0.1-0.5 range while the decomposition rate of moist
deciduous forest in India was in 0.74-2.0 range. The decomposition rate of dry

dipterocarp was from 0.7-2.2 in Thailand and Malaysia.



Table 1 Decomposition rate constant (k) in various forest types in the tropics

Forest type k (year h Source
Evergreen forests (India) 0.181-0.363 (Sundarapandian and Swamy, 1999)
Deciduous forest (India) 0.136-0.403 (Sundarapandian and Swamy, 1999)
Moist deciduous forest (India) 0.74-2.0 (Sankaran, 1993)
Dry dipterocarp forest (Malaysia) 0.76-2.15 (Yamashita and Takeda, 1998)
Dry evergreen forest and dry
dipterocarp forest (Thailand) 0.74-1.62 (Warin Boonriam, 2010)

14
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2.2 Termite
Termite taxonomy

Termites are eusocial insects classified in the order Isoptera. Currently,
approximately 2,600 species of termites are distributed among 12 families and 280
genera (Engel et al,, 2009).

Termite classification (modified after (Engel et al., 2009).

Family Cratomastotermitidae (Engel et al., 2009)

Family Mastotermitidae (Desneux, 1904) a

Family Termopsidae (Holmgren, 1911)

Family Hodotermitidae Desneux, 1904b (Desneux and Wytsman, 1904) b
Family Archotermopsidae (Engel et al., 2009)

Family Stolotermitidae (Holmgren, 1910)

Family Kalotermitidae (Froggatt, 1897)

Family Archeorhinotermitidae (Krishna and Grimaldi, 2003)
Family Stylotermitidae (Holmgren, Holmgren, and Fletcher, 1917)
Family Rhinotermitidae (Froggatt, 1897)

Family Serritermitidae (Holmgren, 1910)

Family Termitidae (Latreille, 1802)

In Thailand, the genera Coptotermes, Microcerotermes, Macrotermes,
Hypotermes and Odontotermes have been found in rural and urban areas. Up to 92
species of termite have been recorded from Thailand (Sornnuwat, Vongkaluang, and
Takematsu, 2004). Previous studies show that the termite commonly observed are in
the families Rhinotermitidae, Termitidae. The most common infestation in the urban
area was caused by Coptotermes gestroi (Lee, Vongkaluang, and Lenz, 2007,

Sornnuwat et al., 1996) (Table2).



Table 2 Termite pest species found in infested houses in Thailand (n = 200)
(Sornnuwat et al., 1996)

Species Urban Rural

Coptotermes gestroi 90 22
Coptotermes kalshoveni 3 0
Coptotermes premrasmii 1 1
Coptotermes travians [haviland] a4 0
Schedorhinotermes medioobscurus 2 1
Globitermes sulphureus 0 7
Macrotermes gilvus 0 a4
Microtermes pakistanicus 0 2
Microtermes anandi 0 2
Microcerotermes crassus 0 42
Odontotermes proformosanus 0 8
Odontotermes longignathus 0
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Termites are eusocial insects living in colonies composed of 3 castes;
reproductive, soldier and worker castes. Reproduction is normally confined to a
single pair of individuals, the king and the queen. Workers forage for food and build
the mounds. Soldiers defend the colonies against predators (Lavelle et al,, 1992). A

typical termite life cycle is shown in Figure 5.
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Figure 5 Life cycle of termite (Life after bugs, 2013)



18

Types of termite: feeding types

Among xylophagous insects, termites are the most efficient decomposers of
cellulose (Noble et al., 2009). Almost all species feed on dead plant material (Bignell,
2000). Termite species can be classified into 4 feeding groups, according to the
gradient they feed on (Donovan, Eggleton, and Bignell, 2001). These groups are:

Group | or Wood and grass feeders Lower termites (i.e. non-Termitidae)

feeding on dead wood and grass.

Group Il or Litter feeders Termitidae with a range of feeding habits including

dead wood, grass, leaf litter, micro-epiphytes, fungus comb and conidia.

Group Il or Soil-wood feeders Termitidae feeding in the organic rich upper

layers of the soil, presumably feeding on the soil-wood interface.

Group IV _or Soil feeders Termitidae, which are called true soil-feeders,

ingesting apparently mineral soil to feed on organic matter usually found highly
dispersed therein.

Soil feeders are small, soft-bodied organisms living and foraging in the soil
matrix. Litter and intermediate feeders are normally larger organisms with highly
sclerotized bodies, and frequently feed in the open (De Souza and Brown, 1994).
Moreover, resources for wood and litter feeders depend on the quantity of fallen

trees and the surrounding plants killed.

Types of termite: habitat types

Termites are commonly classified by habitat into three groups (Sornnuwat,
1996) as follows:

1) Drywood termites: species living entirely within drywood and do not need
to access to an external moisture source and soil

2) Dampwood termites: species living in old tree stumps, rotting logs and
pieces of buried timbers, and can also invade into sound wood in buildings

3) Subterranean termites: species building shelter tubes and nest in the soil or
on the sides of trees or building constructions and rely principally on soil for

moisture
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Subterranean termites are the most destructive pest of wooden constructions
in Thailand. Over 90% of the overall losses are caused by subterranean termites in
the whole country. Baiting methods have been adopted to estimate the field
population of subterranean termites and to monitor their foraging territory
(Sornnuwat, 1996).

Monitoring termites

Termite colonies have a fixed location, and both workers and soldiers are
usually present throughout the year. Therefore, workers and soldiers of termites can
be sampled directly comparing to other insects which are solitary and mobile. A
sampling method should be the methods that can characterize and quantify
accurately the structure of the local termite assemblage at different sites (Jones and

Eggleton, 2000).
Three commonly used methods are:

1. Belt transect (Davies, 1997; Eggleton et al., 1997; Jones and Eggleton, 2000):
A belt transect (2 x 100 m) is laid in each forest. Each transect is divided into 20 (2 x
5 m) sections and in each section one man hour is spent searching for termites.
Within each section the following microhabitats are searched; surface soil (12
samples, each about 12 x 12 cm, to 10 cm depth), leaf litter and humus on the
forest floor (at the base of trees, between buttress roots etc.), inside dead logs, tree
stumps, branches, twigs, subterranean nests, mounds, and runways on trees up to a

height of 2 m aboveground and arboreal nests up to 2 m height.

2. Standardized search protocol (Coaton and Sheasby, 1972): The

standardized sampling protocol is based on a belt transect of 100 m length by 2 m
width, divided into 20 contiguous sections of 5 x 2 m, the plots were searched for
termites. One hour was spent searching each plot. All possible termite microhabitats
are examined, including the bark on trees, visible termite mound structures, fallen
logs, soil portions and others. All specimens collected are preserved in vials

containing alcohol for later identification.
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3. Baiting (Ferrar, 1982; La Fage, Nutting, and Haverty, 1973): Subterranean
termite are sampled using baiting systems. Most bait systems are much smaller than
natural food resources and normally do not include wood. Instead, either paper,
cardboard or cellulose powder is offered (French, Ahmed, and Ewart, 1995; Su, 1994).
In a previous study in arid Namibian rangelands (African), three types of baits were
placed in a regular spacing in each of the 1 ha study plots: 1) toilet paper rolls, 2)
cattle dung, and 3) soft pine-wood tongue depressors. The results showed that the
baiting method detected 69% of the taxa, and the soil-excavating transect and the
visual search method 63% each. Some taxa were detected with one method only,

and could be absent seasonally (Zeidler, Hanrahan, and Scholes, 2004).

Evans (2005) sampled termites in the Brindabell Mountains of the Australian
Capital Territory. He examined the effect of bait size and composition (paper only or
paper plus wood) on termite presence and on untreated bait paper removal rates
over four months. The results showed that the most effective bait were large, folded

paper-plus-wood baits with inspections at two months.

Decomposition by termites

Almost all termites feed on dead organic matter, breaking it down in a
complete way. Effects of termites in decomposition processes were quantitatively
elucidated in a dry evergreen forest, Northeast Thailand, in terms of C mineralization
and N fixation (Yamada, Wawatwitaya, and Inoue, 2005). In many tropical habitats,
termites also contribute to the consumption and mineralization of a significant litter
portion by processing large quantities of plant material (Bignell, 2000; Freymann, De

Visser, and Olff, 2010; Yamada et al., 2005).

A previous study showed that the use of the chemical chlorpyrifos during
litter bag experiments decreased termite population and subsequently decreased
litter decomposition rate (De Silva et al., 2010). In addition, the study in lowland
dipterocarp forest in Sabah, Malaysia showed that converse distribution of
macrofauna (earthworms and termites), the termites having the highest species
richness and biomass in tropical rainforest, while earthworms have the highest

species richness and biomass in both tropical rainforest and tropical savannas. And



21

both macrofauna (termite and earthworm) are regarded as fulfilling functionally
analogous roles in soil processes. Moreover, a full analysis of soil properties (e.g. soil
pH, moisture, C and N) may describe the factors determining termite and earthworm

distributions (Donovan et al., 2007).
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2.3 Dry dipterocarp forest
Distribution of dry dipterocarp forest

The dry dipterocarp forest is a deciduous forest distributed naturally on
mainland of Southeast Asia (Figure 6). Dry dipterocarp forest is a major type of
tropical deciduous forest and it covers a large area of northern Thailand. A survey in
1982 found that dry dipterocarp forest of Thailand had an area of 48,930 km’ or
about 31.25% of the total country forest area. Its distribution is in the Northern,
Northeastern, Central, and Eastern regions with 34,318, 13,819, 540, and 253 kmz,
respectively. A characteristic of dry dipterocarp forest is its low tree density. It is
mostly consisted of medium and small trees, and fewer understory species and vines

(Surasak Ratree, 2003).

Dry dipterocarp forest is scattered in the area characterized by monsoon
climate with a marked dry period usually more than four months per year, total
annual rainfall of 900-1,200 mm and relative humidity of 60-80%. It usually favors
sandy and laterite soils. Soil fertility is lower than in other forest types.
(Bunyavejchewin, 1982; Wong, 1991). The dry dipterocarp or deciduous dipterocarp
forests, covering an extensive area in the dry regions of the country from a peneplain
(a land surface of considerable area and slight relief shaped by erosion) of 150-300 m
elevation to slopes and ridges of up to 1300 m elevation (Smitinand, 1969). Tree
species are diverse ,and the dominant tree species are mainly Shorea obtusa, S.
siamensis, Dipterocarpus obtusifolius, D. tuberculatus and D. intricatus (Smitinand,

1977).
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Figure 6 The forest map in Southeast Asia (Stibig, Achard, and Fritz, 2004)
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Type of dry dipterocarp forest

Ogawa et al. (1965) divided dry dipterocarp forest into 3 community types as
follows:

(1) Shorea obtusa-S. siamensis community type is the driest forest that
distributes in a hillside. Mostly the soil originates from sandstone, granite, gneiss or
basalt. It is usually found on laterite soil. S. obtusa and S. siamensis are the
dominant species. Ground cover generally distributes with grass and Cycas siamensis.
In more arid zones, there are Zyzyphus spp. and Cratoxylon spp.

(2) Dipterocarpus tuberculatus-D. obtusifolius community type distributes in
low land level, rather plain and at 700 m level. It usually grows on sandy loam, deep
soils without lateritic characteristics. D. tuberculatus and D. obtusifolius are dominant
species. If general conditions are more moist, this forest will have higher tree species
numbers.

(3) Mixed dry dipterocarp community type usually has more moisture and
grows on sandy clay loam as in a valley. There is not dominant species in this forest.
It is mixed with D. tuberculatus, D. obtusifolius, S. obtusa and S. siamensis.

In Thailand during the dry season from December to April, trees shed their
leaves, and consequently, the leaf litter can accumulate quickly, and then serve as
perfect fuel for forest fires which play an important role in the maintenance of this
forest type (Chaiyo, Pizzo, and Garivait, 2013). Sometimes fires are deliberately set by
local communities. Fires of tropical deciduous forests, including dry dipterocarp
forest and mixed deciduous forest in Thailand are generally anthropogenic in origin.
The reasons frequently recorded by forest fire control stations are 1) to facilitate the
gathering of non-timber forest product, 2) to ease the access to forest for hunting
and 3) to help land clearing for crop cultivation (Cermak, 2005). The fires occurring in
dry dipterocarp forest are surface fire. The fuel this type of fire is biomass present on
the ground surface of the forest; leaf litter, twig, grass, undergrowth, shrub, climber,
and seedling. The leaf litter constitutes the major component of biomass fuel.
Studies on fuel consumption indicated that about 95% of biomass fuels in dry

dipterocarp forest are consumed by surface fires (Supparat Samran, 2005).
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Today, human-induced fires are the more important of the two main
categories of fire causes. Stott, Goldammer, and Werner (1990) reported that human-
induced fires are started for a deliberate purpose, including path clearing and a drive
in hunting. In the tropics, these deliberate fires can have many other applications,
such as the production of thatching material (e.g., the large leaves developed by
Dipterocarpus tuberculatus, a common dipterocarp forest tree), the extraction of
wood-oil (from tree in the family Dipterocarpaceae) and of honey, the
encouragement of edible shoots (e.g., Milientha suavis) or of fungi on the forest
floor, and the stimulation of better growth in tendu leaves Diospyros melanoxylon,
which are used for cigarette (bidi) wrappings in Maharashta, India.

Furthermore in dry season, leaves are broken down into organic materials
that enrich the soil for plant growth. Leaf litter decomposition in tropical forest is
very complex. Tropical forests have a tight nutrient cycle, where most of the
vegetative biomass occurs aboveground in the green stems and leaves of plants, and
little occurs below ground. As tropical plants shed their leaves or die, they
decompose quickly and their nutrients are rapidly reabsorbed back into the living
vegetation (Mason, 1977; Takeda, 1988).

Dry dipterocarp forests are widely distributed in Nan Province, Thailand
(Meesuk, 2011). Nan Province has a tropical savanna climate (Koppen climate
classification). Winters are quite dry and very warm. Temperatures rise until April,
which is very hot with the average daily maximum at 36.5 °C (Table 3). The monsoon
season runs from late April through October, with heavy rain and cooler

temperatures (Wikimedia Foundation, 2014).

The average rainfall of 12 months is 1,263 mm/year. The highest precipitation
was in August 2013, with 247.6 mm and highest average precipitation day of 22 days
(Table 3). Over the course of a year, the temperature typically varied from 15°C to
36°C and is rarely below 13°C or above 37°C. The hottest day of the year was in April
2013, with an average high of 36.5°C and low of 22°C. The coldest day of the year
was in December 2013, with an average low of 14.3°C and high of 29°C (Table 3). The
relative humidity typically ranged from 40 to 99% over the course of the year; The
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air is driest around March 2013 at which time the relative humidity drops below 40%

and it is most humid around December, exceeding 99% (Weatherspark, 2014)
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Table 3 Climate data of Nan Province 2013 (Thai Meteorological

Department, 2014)



CHAPTER IlI

METHODOLOGY
3.1 Structure of the study

The research is divided into 2 parts, namely the field data collection and the
data analysis. The field study was conducted in four plots of dry dipterocarp forest.
We measured aboveground tree biomass, litter production, litter bag decomposition,
and factors influencing decomposition. Statistical analyses were used to compare

and find relationships among the measurements (Figure 7).

Data analysis

| | Comparison physical factors

1. Study area 2. Decomposition rate Between plots

Comparison

4 plots at - l. Tree biomass | (Mesh size)

Lainan Subdistrict, Correlation

Wiang Sa District, Physical fact
- Il Litter production (Physical factors)
Nan Province

Multiple Linear

Regression

Il Litter bag
decomposition

IV. Factors influencing
decomposition

Figure 7 Structure of the study

3.2 Study Site Description

Study area

The study was conducted at the Chulalongkorn University Forest and
Research Station (CFRS), Lainan Subdistrict, Wiang Sa District, Nan Province, Northern
Thailand from November 2012 to December 2013 (Figure 8). The areas boundary was
placed within the UTM zone 47Q: N2051960-2054260 and E0688400-0690360. The
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area was the low level forest, settled 800 m or higher above sea level. Forest types
of the area are deciduous forest, mixed deciduous forest and dry dipterocarp forest
(Pongchai Dumrongrojwatthana, 2004). Secondary dry dipterocarp forest is dominated
by Dipterocarpus tuberculatus Roxb. The study site is in the tropical seasonal forest
with the temperature typically varies from 15°C to 36°C and annual rainfall of 1,263
mm. Monthly rainfall is typically less than 40 mm during the dry season, from

December to April 2013 (Thai Meteorological Department, 2014).

Lainan Subdisgfict

Figure 8 Map of Nan Province, Thailand and Lainan Subdistrict, Wiang Sa
District, Nan Province.

3.3 Study site designation

Four 40 x 40 m’ plots (A1-Ad) were located in secondary dry dipterocarp
forest, as shown in Figures 9 and 10. The overall forest vegetation was dominated by
D. tuberculatus Roxb (22%). Al and A2 plots were located in the fire control area

while A3 and A4 plots were located in the fire-prone area. Each plot (40 x 40 mz)
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consisted of four 20 x 20 m2 quadrats (sub-plots) namely; Q1, Q2, Q3, and Q4 (Figure
11).

Figure 9 Location of plots A1-A4 in dry dipterocarp forest, Lainan Subdistrict, Wiang Sa
District, Nan Province (Aerail photograph taken by the Department of Land
Development in 2002)
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Figure 10 Experimental plots (A1-Ad) in dry dipterocarp forest, Lainan Subdistrict,

Wiang Sa District, Nan Province

Q4 Q3

40 m

Q1 Q2

40 m

Figure 11 The 20x20 m” subplots (Q1-Q4) in each 40x40 m’ plot
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3.4 Aboveground tree biomass

The diameter at breast height (DBH) of each tree with 4.5 cm or larger DBH
was used to calculate biomass by allometric equations (Ogawa et al., 1965). The
biomass was measured at the beginning (November 2012) and was repeated at the
end of the study (December 2013). The following allometric equations were used:

Stem mass (Ws) = 0.0396 (D°H) " ° kg
Branch mass (Wb) = 0.003487(D°H)"*" kg
Leaf mass (WL) = 1/[(28.0/(Ws+WDb))+0.025] kg
Aboveground biomass (AGB) = Ws+Wb+WL kg
Where: 1/H = 1/ (@*DBHAh) + 1 / Hmax
by Simplex Method Number of samples is 1991
a = 0.8427938
h = 0.9813652
Hmax = 26.63541

3.5 Litter production

Mixed-species leaf litter was collected within each 40x40 m’ plot. Two 1x1
m’ litter traps were randomly placed into each 20x20 m’ sub-plot (Figure 12) for a
total of eight traps per plot. Trap were constructed with 2 mm plastic mesh and held
1 m above the ground. The litter was collected monthly from the traps, from
November 2012-December 2013. The litter samples were oven-dried at 95+5°C for 2
hours or until no weight change (+0.001 g) was measured. The dried litter samples

were weighed for the litter biomass.



-
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D Litter trap size 1x1 m?

Figure 12 Location of litter traps in each plot in in dry dipterocarp forest,

Lainan Subdistrict, Wiang Sa District, Nan Province

Figure 13 1x1 m’ litter trap
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3.6 Litter bag decomposition

Litter bag preparation

Mixed leaves of the same composition found in the litter traps were collected,
and oven-dried at 95+5°C for 2 hours or until no weight change (+0.001 ¢) was
measured. Then, 40 ¢ of the dried litter were placed into each 20x20 cm’ nylon bag
with 0.5 or 2.0 mm mesh size in November 2012 (Figure 14). Three rows of 12 pairs of
both mesh size bags were placed on the ground in the middle of each 40x40 m’ plot
and secured with 2 cm-mesh plastic net, for a total of 36 bags for each mesh size
(Figure 15). Three bags of each mesh size were sampled from each plot monthly
from November 2012 to December 2013. The litter from each bag was first hand
sorted for macrofauna larger than 2 mm, then extracted for mesofauna and
macrofauna using Berlese-Tullgren funnel (2 mm sieve) for 4 days. Afterward, the
litter was oven-dried at 95+5°C for 2 hours or until no weight change (+0.001 g) was
measured. The decomposition rate of litter was determined by measuring litter mass
loss, between the initial of dry matter and the mass of dry matter after a given
month incubation. Olson’s decomposition constant (k) (Olson, 1963) was used to
calculate the decomposition rate due to the logarithmic pattern of the litter mass
loss. Leaf litter decomposition rate by Olson’s decomposition constant (k) provided a

formula for simple decay with no litter input.

Rate of mass loss in litter bags can be expressed as:

dL
— =kl
dt

Where:
L = quantity of litter
t =time

k = decomposition rate constant



The above equation can be solved as following:

Lt
— =exp(-kt)
|_O
Where:
Lo = initial of dry matter
Ly = mass of dry matter after a given month incubation t

k = decomposition rate constant

35
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Figure 14 Litter bags, 0.5 mm mesh size (top row) and 2.0 mm mesh size (bottom
row)
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Figure 15 Location of litter bags on the ground in each plot of size 40x40 m’
for a total of 36 bags for each mesh size (0.5 mm and 2.0 mm)
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3.7 Factors influencing decomposition
3.7.1 Biological factors

Soil samples were collected for soil fauna detection monthly from November
2012-December 2013. Soil samples of 10x10x5 cm’ volume were collected from four
20x20 m” subplots from each plot and the samples were pooled for each plot with
about 200 ¢ total weight. First, each soil sample was manually sorted for macrofauna
larger than 2 mm, then the soil sample was extracted for mesofauna and
macrofauna using Berlese-Tullgren funnel (2 mm sieve) for 4 days (Figure 16). Letters
A to E signify the range of number of soil fauna. The median of each range represent

the relative abundance of that particular soil fauna.

Number of soil fauna

(individauls) Median
A 1-5 2.5
B 6-10 7.5
C 11-50 30
D 50-100 75
E 100 up -

Moreover, termite relative abundance surrounding the litter bags was estimated
monthly from November 2012-December 2013. Each baiting station consisting of
eight PVC tubes (10 cm diameter and 20 cm depth) was systematically placed in the
ground of each plot (Figure 17), with 10 g of straw paper bait in each tube (Figure 18).
The termite infestation in each baiting station was observed monthly and the paper

bait was replaced monthly.



Figure 16 Berlese-Tullgren funnel (2 mm sieve) to extract mesofauna and

macrofauna in soil and litter bags

38



39

[@ = Straw paper in PVC]

e o e e e e ]

Figure 17 Location of eight termite baiting stations in each plot

Figure 18 Paper bait trap in termite baiting stations
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3.7.2 Physical factors

Relative humidity and air temperature were measured using a thermo-
hygrometer. Soil temperatures were measured using a thermometer placing 5 cm
depth in the soil. Soil pH were measured by mixing soil samples with distilled water
at 1:1 ratio by volume and tested with pH paper (Burt, 1992). Soil content was
evaluated by measuring the thickness of layers precipitated for 24 hour from mixing
400 ¢ of grounded soil with distilled water in 1,000 ml graduate cylinder (adapted
from Jones and Benton (1999)). The physical factors were measured monthly in each

plot.

3.8 Data analysis

Analysis of aboveground tree biomass, litter production, litter bag

decomposition and soil fauna

Two-way ANOVA was used to analyze the effects of plot and month on
aboveground tree biomass and litter production as well as to analyze the effects of
plots and mesh size on litter decomposition and soil fauna relative abundance in
litter bags. Pearson’s correlation was used to examine the relationship between all
factors. Multiple Linear Regression was used to analyze the relationship between
factors that affect to litter decomposition. All analyses were performed with

Sigmaplots v11.1.0 (Systat Software, 2008)



CHAPTER IV

RESULTS
4.1 Aboveground tree biomass

At the beginning of the study, there were 443, 291, 459, and 225 trees of
more than 4.5 cmn DBH in Al-Ad plots, respectively. 463, 304, 464, and 231 trees of
more than 4.5 cm DBH were observed in Al-Ad plots, respectively, at the end of the
study (Table 4). Aboveground biomass at the beginning of the study period of Al-Ad

plots were 1.14x105, O.81x105, O.61x105, and O.57x105 ke/ha, respectively. At the end
of study, the aboveground biomass of the 4 plots were 1.19x105, O.83><105, 0.65 ><105,
and 0.58x10° ke/ha, respectively. Aboveground biomass was highest in plot Al and
lowest in plot A4 (Figure 19). The aboveground tree biomass was significantly
different among plots (F=9.23, df=3, 2609, p<0.001) (Appendix A, Table A-1). Average
annual aboveground tree biomass increased 4.2% in all 4 plots (Table 5). The
frequency of tree class size in all plots A1-A4 show that 10 cm DBH trees was most
common in all plots, and plot A3 contained the highest relative frequency of 10 cm
DBH trees among all plots (Figure 20) (Appendix A, Table A-2).

Table 4 Number of trees (individuals) in plots A1-Ad4 (Nov 2012-Dec 2013) at dry

dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province

Number of trees (individuals)

Plot
November 2012 December 2013
Al 443 463
A2 291 304
A3 459 a64
Ad 225 231

Total 1418 1462




Aboveground tree biomass
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Figure 19 Aboveground biomass in plots A1-Ad (November 2012 and December 2013)

at dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province

Table 5 The aboveground tree biomass at the beginning of the study (November
2012) and at the end of the study (December 2013) and average annual biomass

increase in plots A1-Ad at dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District,

Nan Province

Aboveground tree biomass (tons/ha)

Plot Annual biomass increase (%)
November 2012  December 2013

Al 114.3 118.9 4.1

A2 81.0 83.1 2.6

A3 60.7 65.2 7.5

Ad 56.6 58.4 3.2

Average 78.1 81.4 4.2
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Figure 20 Frequency of tree class size in plots Al-Ad at dry dipterocarp forest,

Lainan Subdistrict, Wiang Sa District, Nan Province
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4.2 Litter production (Litter biomass)

Overall, annual litter production in plot A2 was highest, followed by Al, A3,
and A4, respectively (Table 6). However, there was no significant difference of litter
production between plot (F=3.152, df=3, 36 p=0.073) (Appendix A, Table A-3). The
highest leaf litter production was in March 2013 while the lowest leaf litter
production was in July 2013 for all four plots (Figure 21). Leaf litter production was
high in late dry season (January-March 2013) and low production in wet season (April-
September 2013) (Figure 21). The average of leaf litter production was 7.9+0.9
tons/ha/yr (Table 6). Aboveground tree biomass and litter production were positively

correlated (R =0.57) (Figure 22)

Table 6 Aboveground tree biomass and litter production in plots A1-Ad

Aboveground tree Litter production
Area biomass (tons/ha) (tons/ha/yr)
Al 118.9 9.1
A2 83.1 9.7
A3 65.2 6.3
Ad 58.4 6.3

Average 81.4 7.9
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Figure 21 Litter production collected in litter traps in plots A1-Ad (December 2012-

December 2013) at dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan
Province
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Figure 22 Average aboveground tree biomass and litter production in plots A1-Ad

(December 2012-December 2013) at dry dipterocarp forest, Lainan Subdistrict, Wiang

Sa District, Nan Province
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4.3 Litter decomposition

Monthly litter mass loss was small at the beginning of the 13-month study,
only up to 5 ¢ per bag in the first 3 months (December 2012-February 2013). The
monthly mass loss increased cumulatively, resulting in the remaining litter, from the
initial 40 g, of 11.89+0.65 ¢ in 2.0 mm-mesh bags and 15.53+0.85 ¢ in 0.5 mm-mesh
bags in December 2013 (Table 7 and Figure 23). The litter biomass decreased was
logarithmical: R’= 0.79 for 0.5mm and R = 0.86 for 2.0 mm (Figure 24). The litter mass
loss in plot A4 was highest, followed by A2, A3, and Al, respectively (Figure 25).

Three phases of decomposition process, the initial phase (0-3 months), the
middle phase (4-9 months), and the last phase (10-13 months) can be observed over
the study period based on the rate of mass loss (Figure 23). There was no significant
difference between the remaining in 0.5 mm mesh litter bags and 2.0 mm mesh litter
bags at the initial phase (F=0.48, df=1, 24 p=0.49) and the middle phase (F=0.91,
df=1, 40 p=0.35). However, the litter mass loss of the 2.0 mm mesh litter bags was
significantly higher than 0.5 mm mesh litter bags at the last phase (F=7.64, df=1, 24
p=0.01).

Average litter mass loss at the end of the 13-month period (December 2012-
December 2013) of the 2.0 mm litter bags was higher than that of 0.5 mm bags
(F=4.85, df=1, 96, p=0.03). Soil fauna were found in the litter bags throughout the 12
month study period (January-December 2013). Termites were found in the litter bags
of both mesh sizes, so we separated the 0.5 mm litter bags infested with termites (15
bags with the presence of holes bigger than 2 mm presumably caused by termite
invasion) from the non-infested 0.5 mm bags (129 bags) in calculation. No significant
difference was found in litter mass loss among plots in the 0.5 mm mesh litter bags
(F=1.40, df=3, 36, p=0.26), but the litter mass loss in the 2.0 mm mesh litter bags was
different between plots (F=6.36, df=3, 36, p=0.001) (Figure 25) (Appendix B, Tables B-
1, B-1, B-3).
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Table 7 Average remaining litter biomass in litter bags, 0.5 and 2.0 mm

mesh sizes, placed in all 4 plots (December 2012-December 2013) in dry

dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Figure 23 Litter biomass in litter bags, 0.5 and 2.0 mm mesh sizes, placed in all 4

plots (November 2012-December 2013) in dry dipterocarp forest, Lainan Subdistrict,
Wiang Sa District, Nan Province
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Figure 24 Litter biomass remaining in litter bags (in log scale), 0.5 and 2.0 mm mesh

sizes, placed in all 4 plots (November 2012-December 2013) in dry dipterocarp forest,
Lainan Subdistrict, Wiang Sa District, Nan Province
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Litter mass loss in litter bags
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Figure 25 Litter mass loss (mean+SE) in non-infested 0.5 mm, termite-infested 0.5
mm, and 2.0 mm litter bags by plots (A1-A4) from January-December 2013 at dry

dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Leaf litter decomposition rate (Olson’s k) from December 2012-December 2013
(Table 8) were 0.87 for 0.5 mm bags and 1.12 for 2.0 mm bags which are comparable
to the studies in tropical forests in Malaysia (Yamashita and Takeda, 1998) and India
(Kumar et al., 2012) (Table 9). The decomposition constant of this study is lower than
the other studies probably due to different physical factors, for example, rainfall and
humidity. Moreover, the mass loss of leaf litter was positively correlated to humidity

(Pearson’s correlation=0.21, df=287, p<0.001).
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Table 8 Olson’s decomposition constant (k) from 0.5 mm mesh litter

bags and 2.0 mm mesh litter bags
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Table 9 Comparison of Olson’s decomposition constant (k)

S1C Sve AN (sdeq wwi 0°7) ¥
9L°0 - 180 (s5eq ww G°0)
(8661 ‘epXeL pue eyyseue,) (Z10Z ‘yenieg pue ‘emde ‘Jewiny))
eIsAeje|y JeINSUIUDd eIpU| ‘Wessy Apnis syl




54

4.4 Factors influencing decomposition

A variety of soil fauna were found in the litter bags, such as springtails
(Collembola), beetle larvae (Coleopteran), bark lice (Psocoptera), mites (Acari), ants
(Hymenoptera), lepidopteran larvae, spiders, pseudoscorpions, cockroaches,
(Blattidae), Thrips (Thysanoptera) and termites (Figures 26-37). Presumably, thrips,
beetles larvae and lepidopterans larvae were attached to, and have fallen with,
flowers and/or leaf litter but they do not play an important role to litter
decomposion. Two species of termites, Odontotermes sp. (Termitidae) and
Coptotermes sp. (Rhinotermitidae), were found in the litter bags (Figure 26).
Springtails were the most prevalent soil fauna followed by larva and adult beetles in
2.0 mm-mesh litter bags. On the other hand, the high abundance of springtails
followed by bark lice were found in 0.5 mm-mesh litter bags (Table 10).

3 mm 3 mm

b
R e

Coptotermes sp. Odontotermes sp.

Worker caste

Ficure 26 Termites found in litter bags extracted by Berlese-Tullgren funnel from
plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province
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Family: Entomobryidae

P Family: Entomobryidae

Figure 27 Springtails found in litter bags extracted by Berlese-Tullgren funnel from

plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province
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Family: Elateridae Family: Dermestidae

Figure 28 Beetle larvae found in litter bags extracted by Berlese-Tullgren funnel

from plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province
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Figure 29 Adult beetles found in litter bags extracted by Berlese-Tullgren funnel
from plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province
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Figure 30 Bark louse (Psocoptera) found in litter bags extracted by Berlese-Tullgren
funnel from plots A1-Ad from January-December 2013 at dry dipterocarp forest,
Lainan Subdistrict, Wiang Sa District, Nan Province
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Family: Smarididae

Figure 31 Mites found in litter bags extracted by Berlese-Tullgren funnel from plots
A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan Subdistrict,
Wiang Sa District, Nan Province
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Figure 32 Ants found in litter bags extracted by Berlese-Tullgren funnel from plots

A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan Subdistrict,
Wiang Sa District, Nan Province
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Figure 33 Spiders found in litter bags extracted by Berlese-Tullgren funnel from plots
A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan Subdistrict,

Wiang Sa District, Nan Province
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Figure 34 Lepidopterans larvae found in litter bags extracted by Berlese-Tullgren
funnel from plots A1-Ad from January-December 2013 at dry dipterocarp forest,
Lainan Subdistrict, Wiang Sa District, Nan Province

5mm

Figure 35 Pseudoscorpions found in litter bags extracted by Berlese-Tullgren funnel
from plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province
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5mm

Figure 36 Cockroach found in litter bags extracted by Berlese-Tullgren funnel from plots
A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan Subdistrict, Wiang

Sa District, Nan Province
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Figure 37 Other fauna found in litter bags extracted by Berlese-Tullgren funnel from
plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District, Nan Province



Table 10 Soil fauna in litter bags arranged by the relative abundance (RA)
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0.5 mm+Termites 0.5 mm 2.0 mm
Rank RA RA RA

(n=15) (n=129) (n=13)
1 Termites 7.26 Springtails 8.33 Springtails 3.44
2 Springtails 2.74 Bark lice 4.09 Beetles 2.40
3 Beetles 1.42 Beetles 4.04 Ants 2.14
a4 Mites 1.78 Mites 2.84 Mites 1.98
5 Bark lice 1.28 Ants 0.70 Bark lice 0.90
6 Ants 0.35 Lepidopterans 0.28 Spiders 0.69
7 Pseudoscorpions  0.21 Spiders 0.14 Pseudoscorpions  0.66
8 Lepidopterans  0.14 - Termites 0.50
9 Spiders 0.05 - Lepidopterans  0.26
10 - Cockroaches 0.17
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Soil fauna from soil samples, extracted with Berlese-Tullgren funnel, was
relatively low in abundance, but their diversity was comparable to soil fauna in the
litter bags. However, the rank abundance of soil fauna in soil samples did not follow
the rank of soil fauna in litter bags. Ants were the most abundant group in soil while
springtails were the most abundant group found in the litter bags. Meanwhile,

termites ranked fifth in both the soil samples and the litterbags (Table 11).

Table 11 Soil fauna in soil ranked by relative abundance

Rank Relative abundance
1 Ants
2 Mites
3 Spiders
4 Beetles
5 Termites
6 Springtails
7 Lepidopterans
8 Cockroaches

9 Pseudoscorpions




64

4.4.1 Termite

Termites were found in the litter bags throughout the 12 month study period.
They were found in the 2.0 mm mesh bags (n=13), with the highest relative
abundance in October 2013. Even though the 0.5 mm mesh bags were designed to
exclude termites, some termites were found in some bags (n=15) for all 4 plots via
an invasion through holes larger than 2.0 mm. The remaining 0.5 mm litter bags
(n=129) was non-infested from all four plots. In these termite-infested 0.5 mm-mesh

bags, the highest relative abundance was observed in June 2013 (Figure 38) (Table
12).

High abundance of termites were observed from the 2.0 mm litter bags,
particularly litter bags from A3 (relative abundance=12.5) and A4 (relative
abundance=11.7) and some of the termite-infested 0.5 mm litter bags from A4
(relative abundance=25.6). These litter bags with high termite abundance contained

soil debris presumably from the remnant of termite soil tunnels (Table 12) (Figure
39).
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Figure 38 Termites abundance (mean+SE) in litter bags (non-infested 0.5 mm,
termite-infested 0.5 mm, and 2.0 mm) extracted by Berlese-Tullgren funnel from
plots A1-Ad from January-December 2013 at dry dipterocarp forest, Lainan
Subdistrict, Wiang Sa District
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Relative abundance of termite in litter bags
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Figure 39 Relative abundance of termites in litter bags extracted by Berlese-Tullgren
funnel from plots A1-A4 from January-December 2013 at dry dipterocarp forest,

Lainan Subdistrict, Wiang Sa District, Nan Province

Table 12 Termites relative abundance in litter bags (termite-infested 0.5 mm, non-

infested 0.5 mm, and 2.0 mm)

0.5 mm+Termites 0.5 mm 2.0 mm

Plot Relative Relative Relative
(n=15) (n=129) (n=13)

abundance abundance abundance
Al 2.5 n=1 0 n=35 3.8 n=4
A2 10.0 n=5 0 n=31 2.5 n=2
A3 5.0 n=5 0 n=31 12.5 n=4
Ad 25.6 n=4 0 n=32 11.7 n=3
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4.4.2 Other soil fauna

The relative abundance of springtails were high in the wet season (June-

September 2013), with the highest in August 2013 for both sizes of litter bags.

Springtails relative abundance in 0.5 mm mesh litter bags were significantly higher

than in 2.0 mm mesh litter bags (F=13.03, df=1, 52, p=0.004) (Figure 40) (Appendix C,

Table C-1).
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Figure 40 Relative abundance of springtails in litter bags extracted by Berlese-
Tullgren funnel from plots A1-Ad from January-December 2013 at dry dipterocarp
forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Larva and adult beetles were found in high abundance in late dry season
(October-December 2013), with the highest abundance in October 2013 for both
sizes of litter bags. Beetles in 0.5 mm mesh litter bags were significantly higher than

in 2.0 mm mesh litter bags (F=7.91, df=1, 52, p=0.017) (Figure 41) (Appendix C, Table
C-2).
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Figure 41 Relative abundance of larva and adult beetles in litter bags extracted by
Berlese-Tullgren funnel from plots A1-A4 from January-December 2013 at dry
dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Bark lice were found in high abundance in wet season (June-September 2013),
with the highest abundance in June 2013 for 0.5 mm mesh litter bags and May 2013
for 2.0 mm mesh litter bags. Bark lice in 0.5 mm mesh litter bags were significantly

higher than in 2.0 mm mesh litter bags (F=7.8, df=1, 52, p=0.018) (Figure 42)
(Appendix C, Table C-3).
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Figure 42 Relative abundance of bark lice in litter bags extracted by Berlese-Tullgren
funnel from plots A1-Ad from January-December 2013 at dry dipterocarp forest,
Lainan Subdistrict, Wiang Sa District, Nan Province
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Mites were found in high abundance in wet season (June-September 2013),

with the highest abundance in July 2013 for both sizes of litterbag. Mites in 0.5 mm-

mesh size litter bags were higher than in 2.0 mm-mesh size litter bags (Figure 43)

(Appendix C, Table C-4).
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Figure 43 Relative abundance of mites in litter bags extracted by Berlese-Tullgren

funnel from plots A1-A4 from January-December 2013 at dry dipterocarp forest,

Lainan Subdistrict, Wiang Sa District, Nan Province
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The relative abundance of termite from paper bait stations, located within
each 10x10 m plot, showed that the plot A2 had the highest termite infestation at
92.31% followed by Al, A3, and A4, respectively (Figure 44) (Appendix C, Table C-5).

Termite abundance in litter bags were related to litter decomposition
(R=0.6282) (Figure 45). The termite abundance and litter mass loss in litter bags
mesh size 2.0 mm were higher than the litter bag mesh size 0.5 mm. High termite
abundance in litter bags mesh size 2.0 mm were related with high litter mass loss
comparing to low termite abundance in litter bags mesh size 0.5 mm were related

with low litter mass loss (Figure 45).
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Figure 44 Percentage of termite infestation in the baiting stations (n = 8 per plot)
surrounding litter bags in plot A1-Ad4 (December 2012-December 2013) at dry
dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Figure 45 Comparison of termites in litter bags and litter mass loss in plots A1-Ad

(December 2012-December 2013) at dry dipterocarp forest, Lainan Subdistrict, Wiang

Sa District, Nan Province
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4.4.3 Physical factors

Although temperature, rainfall and humidity were not different among the
plots, seasonal variation was observed. The highest air temperature of 35.25°C was
observed in April 2013 and the lowest air temperature of 22.57°C was recorded in
January 2013. Additionally, the highest soil temperature was 31.6°C in April 2013 and
the lowest soil temperature was 20.8°C in January 2013. During November 2012-
December 2013, day-time air temperature ranged from 20 to 38°C and soil
temperature ranged from 20 to 33°C. Humidity ranged from 43 to76% (Figure 46).

The soil texture in all 4 plots was classified as loamy sand with the range of
70-90% sand, 8-15% silt, and 0-6% clay. The soil pH was 7-8 in all plots, except pH
of 5-6 in April 2013 due to fire in A3 and A4 plots (Appendix D, Tables D-1, D-2, D-3,
D-4).

Wet season and dry season in this study were determined based on the
climate diagram plot between mean air temperature and total rainfall (Walter,
Harnickell, and Mueller-Dombois, 1975). The seasons were designated as follows: dry
season (January 2013-May 2013 and October-December 2013) with mean air
temperature ranged from 22.6-35.3°C and total rainfall ranged from 5.6-73.2 mm’ and
wet season (June-September 2013) with mean air temperature ranged from 27.9-

33.8°C and total rainfall ranged from 106.7-281.1 mm’,
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Figure 46 The January-December 2013 climograph at dry dipterocarp forest, Lainan

Subdistrict, Wiang Sa District, Nan Province, based on temperature and total rainfall
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4.5 Relationship between biological factors, physical factors and leaf litter

decomposition

Litter mass loss was positively correlated with humidity and mesh size while
litter mass loss was negatively correlated with soil temperature, relative abundance
of bark lice, air temperature, and relative abundance of mites, respectively. Relative
abundance of termite was positively correlated with only mesh size. Among
biological factors, relative abundance of bark lice, relative abundance of springtails
and relative abundance of mites were negatively correlated with mesh size, because
these fauna were found significantly in a large number in 0.5 mm mesh litter bags.
For physical factors, air temperature, soil temperature and rainfall were positively
correlated, while they were negatively correlated with both humidity and soil pH

(Table 13).
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Table 13 Pearson’s Correlation
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Multiple linear regression showed that mesh size, some biological factors such
as relative abundance of termite, beetle and some physical factors, such as humidity
and air temperature, had significant effects on the litter mass loss (F= 5.556, df=11,
261, p<0.001). Increasing mesh size, air temperature, relative abundance of termite,
humidity, and relative abundance of beetle had positive effects on the litter mass

loss while rainfall, relative abundance of bark louse, springtail, mite, soil-temperature,
and soil pH had negative effects on the litter mass loss. The highest positive
coefficient was observed in mesh size (1.368) while the highest negative coefficient
was observed in soil temperature (1.185) and soil pH (1.278), respectively (Appendix

E, Table E-1).

The multiple linear regression equation is as follows:

v=9.298+(1.368*X, ) +(0.707%X, ) +(0.408*x, ) +(0.333*X, ) +(0.103*X, )-(0.00381*X, )

-(0.0994%x,)-(0.111%X,)-(0.146*, )-(1.185%,,)-(1.278%X,,)

where: Y = Litter mass loss
X4 = Mesh size
X5 = Air temperature
X3 = Relative abundance of termite
Xa = Humidity
Xs = Relative abundance of beetle
X = Rainfall
X7 = Relative abundance of bark louse

Xg = Relative abundance of springtail



Relative abundance of mite
Soil temperature

Soil pH
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CHAPTER V

DISCUSSIONS

Aboveground tree biomass and litter production

Leaf litter production was high in the late dry season, with the peak in March
2013, and low in the wet season (Figure 21). Sundarapandian and Swamy (1999)
reported that the peak of litterfall occurred during the dry season (January-April
2013) in a deciduous forest in South India. The amount of litterfall increased in drier
months, as in many other tropical forests (Muoghalu, Akanni, and Eretan, 1993; Rai
and Proctor, 1986; Songwe, Fasehun, and Okali, 1988). This suggests that water deficit
is a determinant of litterfall in many seasonal forests. Only a few studies have found
peaks in both dry and wet seasons (Cornforth, 1970).

Although aboveground tree biomass and litter production were positively
related, the plot with the highest plant biomass (A1) was different from the plot with
the highest litter production (A2). It could be caused by the different size classes of
tree circumference because the plot A2 had more sizable trees (DBH more than 10
cm) in than the plot Al, suggesting that the large trees produced higher litter
production than small trees. Moreover, a number of small trees in this study was
higher than large size trees, so the forest of this study was secondary or disturbed
dry dipterocarp forest.

The average tree biomass was 81.4+13.5 tons/ha which was higher than 56.7
tons/ha measured in 2003 in the same study area (Pongchai Dumrongrojwatthana,
2004). Based on the average aboveground tree biomass annual increase of 4.2% in
this study, the expected aboveground biomass over 10 years (2003-2013) from 56.7
tons/ha should be 85.6 tons/ha which is comparable to the measured aboveground
biomass of 81.4 tons/ha. Therefore, the average annual increase of the forest in this
study is approximately 4.2% with 1.24 tons/ha of accumulated carbon per year
based on carbon stock from 50% of aboveground biomass (Heath and Smith, 2000).

The average leaf litter production was 7.9+0.9 tons/ha/yr whereas the
recorded litterfall in other tropical forests elsewhere in Asia ranged from 3.4-12.0

tons/ha/yr (Lim, 1978; Rai and Proctor, 1986; Yamada, 1976). In Thailand, the annual
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litter production at dry diptercarp forest was found to be 4.664 tons/ha/yr (Siriwat
Paowongsa, 1976). Only 70.3% of leaf litter was decomposed during the study
period, so the annual leaf litter production in the dry dipterocarp forest could be
accumulated from 2.1-2.6 tons/ha/yr, and the undecomposed leaf litter accumulated

over years could be fuel for recurring bushfire common for dry dipterocarp forests.
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Litter decomposition and factors influencing decomposition

The remaining litter in litter bags logarithmically decreased over the study
period probably due to the diminishing size of litter. At the initial phase (0-3 months),
the litter had a large size, and the rate of decomposition was slow because the
breakdown process began with the leaching of dissolved nutrients from the leaves
leaching of dissolved components. In the middle phase (4-9 months), the litter was
changed to debris by soil fauna (macrofauna and mesofauna), and the small size of
leaf litter induced a higher rate of decomposition than the initial phase. In the last
phase (10-13 months), the litter was almost cleared by microbial decomposition
(microfauna and microflora), and the leaf litter decomposition rate was highest at this

stage (Cummins, 1974; Mathuriau and Chauvet, 2002).

There was no significant difference between the remaining in 0.5 mm mesh
litter bags and 2.0 mm mesh litter bags at the initial phase and the middle phase but
the litter mass loss of the 2.0 mm mesh litter bags was significantly higher than 0.5
mm mesh litter bags at the last phase. Thus, the soil fauna, particularly termites, may
induce the breakdown of litter into small size at the middle phase, especially in 2.0

mm mesh size bags.

The litter mass loss of the 2.0 mm mesh litter bags was significantly higher
than 0.5 mm mesh litter bags due to both physical factors, such as humidity and air
temperature, and biological factors, such as mesofauna and macrofauna. Exclusion of
macrofauna, such as termites, in 0.5 mm mesh litter bags significantly reduced the
decomposition rate while mesofauna did not affect relatively the decomposition rate
as much as termites did. More mesofauna were found in 0.5 mm mesh litter bags
than in 2.0 mm mesh litter bags. Bradford et al. (2002) reported that decomposition
in micromesh (100um) litter bags, permitting entry of only microfauna, was
significantly decreased by the effects of mesofauna and macrofauna comparing to
mesomesh (2 mm) litter bags, permitting entry of only microfauna and mesofauna,
and macromesh (4.7 mm) litter bags, permitting entry of microfauna, mesofauna, and
macrofauna. Additionally, See and Koon (1985) also found that increased mesh size

significantly increased decomposition through mesh and that the 2.0 mm mesh litter
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bags showed a higher decomposition rate than the 0.5 mm mesh litter bags in both
hill dipterocarp forest and a pine plantation plots. Soil micro-arthopods were
suspected to play a more important role in seraya leaf litter decomposition in the

hill dipterocarp forest than in the pine plantation.

No significant differences were found in overall litter mass loss among plots in
the litter bags. However, the litter mass loss and decomposition rate in the 2.0 mm
mesh litter bags was different among 4 plots possibly due to the canopy cover in the
study site. In addition, the different decomposition rate in 2.0 mm litter bags among
plots might be influenced by increased exposure to light and rain under less-densed
canopy. A less-densed canopy allows increased exposure to litght and rain, and
therefore, the increase in temperature and moisture to litter bags, particularly in
plots A3 and A4 than in plots Al and A2. Kim, Sharik, and Jurgensen (1996) reported
that leaf mass loss in the clearcut (no canopy cover) red oak treatment was
significantly higher than in the uncut (high canopy cover) red oak treatment, due to a

higher temperatures in the clearcut than in closed-canopy stands.

The leaf litter decomposition rate was higher in the wet season than the dry
season, suggesting that the leaf litter decomposition was dominantly caused by
rainfall or humidity. Moreover, the leaf litter decomposition rate in this study was
lower than the other studies conducted in the dry dipterocarp forest with higher
annual rainfall at Assam, India (Kumar et al, 2012) and Peninsular Malaysia
(Yamashita and Takeda, 1998). This is possibly due to the inland nature of Nan in this
study causing less than one-half annual rainfall of the other two studies. Thomas and
Asakawa (1993) indicated that climate are responsible for the rates of decomposition
during the forest distribution and the inclusion of rainfall data in the percentage of
organic matter remaining. In addition, different species composition of leaf litter in
litter bags test may possibly influence the decomposition rate. Kumar et al. (2012)
used only leaves of Dipterocarpus tuberculatus in litter bags while this study used
mixed leaves of dipterocarp species with 22% D. tuberculatus composition. The
humidity and rainfall may increase the decomposition directly as well as possibly

indirectly through the interactions with soil fauna.
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The higher relative loss of litter biomass during the rainy season, compared to
the dry season, might be due to physical factors, principally soil moisture content,
temperature and evapotranspiration for the activity of decomposers (Facelli and
Pickett, 1991). However, the interactions among physical factors may also increase
the aboveground termite activity and consequently the role of termites in leaf litter
decomposition. Moreover, the termites found in the litter bag represent only the
snapshot of the total termite activities in leaf litter decomposition, suggesting that

termites play an important role in leaf litter decomposition of dry dipterocarp forest.

Low precipitation in this study comparing to Malaysia (Yamashita and Takeda,
1998) and India (Kumar et al., 2012) might result in poor nutrients and higher lignin in
litter which subsequently reduced decomposition rate. Several studies demonstrated
that higher nitrogen content of leaf litter promoted fast decomposition rate
(Couteaux, Bottner, and Berg, 1995; Melillo et al,, 1982; Singh and Gupta, 1977).
Tanner (1981) also stated that 27 to 96% of decomposition depends on the type of
humus and contents of nutrients (N and P) in the leaves. Soil fauna may increase
their abundance from higher nutrient content in leaf litter and promoted higher

decomposition rate.

A variety of soil fauna were found in the litter bags, such as springtails,
beetles, mites, bark lice, ants, lepidopterans larvae, spiders, pseudoscorpions,
cockroaches, and termites. Springtails were the most prevalent soil fauna followed
by larvae and adult beetles in 20 mm mesh size litter bags while the high
abundance of springtails followed by bark lice were found in 0.5 mm mesh size litter
bags. Two species of termites, Odontotermes sp. and Coptotermes sp., were found in
the litter bags. Springtails, beetles and bark lice in 0.5 mm mesh size litter bags were
significantly higher than in 2.0 mm mesh litter bags, that may be due to the litter
bags of 0.5 mm mesh size have higher moisture than the litter bag of 2.0 mm mesh
size. A study by Wachendorf et al. (1997) showed that the contribution of fauna to
the decomposition process was studied at two field sites in an alder forest in
Germany. The two sites differed in their moisture regime and nutrient status. Mass
loss in litter bags was determined. The faunal biomass was greatest in the soil at the

wet site. Leaching contributed to an 18% loss at the dry site and a 30% loss at the
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wet site, which supported the fact that the soil fauna was higher in moisture

condition.

In Thailand, Odontotermes sp. was observed only in forest areas, while
Coptotermes sp. was observed in both forest and urban areas (Sornnuwat et al.,
1996). The results in this study showed that two species of termites, Odontotermes
sp. and Coptotermes sp., were both found in the litter bags, meaning that both
termites were foraging competitors to each other. Coptotermes spp. are regarded as
the most important structural pests. Moreover, Coptotermes spp. may migrate from
forest to urban area for foraging or remain in the area if the forest area was
converted to urban area. Therefore, monitoring of Coptotermes spp. should be

conducted and leaf litter can be used as bait.

The relative abundance of soil fauna was not significantly different among all
plots. In addition, termites in the litter bags were not correlated with the litter mass
loss. Although termites were found in a low number in litter bags, high termite
foraging activities in the litter bag, particularly in litter bags of 2.0 mm, can accelerate
the decomposition. Moreover, the termites found in the litter bag represent only the
snapshot of the total termite activities in leaf litter decomposition. Coaton (1958)
found that termite has a foraging distance, and some species build their nests
entirely underground with a network of galleries leading aboveground and ending in
many foraging holes (approximately 100-1000) scattered over territories of often

more than 2,000 m.

In April 2013, fires burned through plots A3 and A4, the height of
approximately 1 m reaching and clearing litter on the forest floor. The fires might be
human-induced normally used for path clearance and a drive in hunting. Soil fauna
were minimally affected from the fire because their populations recovered the
following months. Soil fauna may take refuge in deeper soil, and particularly termites
have underground nests. André, Noti, and Lebrun (1994) reported that the vertical
distribution of collembolans and mites is roughly similar, at different soil depths. The
density of collembolans varies from 1127 individuals dm” at 10 cm to 239 individuals

dm” at 70 cm in tropical forest. Moreover, newly burned area may recruit soil fauna
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immigrating from the adjacent unburned area. Therefore, fires influences
metapopulation dynamics of soil fauna. In other words, metapopulations of soil
fauna are driven by habitat succession and disturbance, such as fires, (Parr and
Chown, 2003; Wilcox, Cairns, and Possingham, 2006). In May 2013, fire did not affect
to the number of soil fauna in litter bag. The soil fauna recovered nearly to the level
before the fire because they were r-selection species. The population of r-selection
species were reduced in unstable habitats, their survivorship pattern in which most of
the individuals die within a short time but a few live much longer and the recovery
of population could be rapidly (Parry, 1981). The result is consistent with the study
by Springett (1976), which reported that the activity of microfauna was lessened in
the burnt area even though the species diversity and the population densities were
not affected. Certini (2005) showed that some effects of fires on biological properties
of forest soil could decrease microbial biomass but the recovery of pre-fire level
depended inevitably on soil moisture that caused plant re-colonization. In addition,
the time of recovery could be predictable because it strictly depends upon soil

moisture content after burning.

Mesh size, air temperature, termite, humidity, and beetle larvae had positive
relation on the litter mass loss while rainfall, bark lice, springtail, mite, soil-
temperature, and soil pH had inversed relation on the litter mass loss. Mesh size had
the highest coefficient to litter decomposition. However, the effect of mesh size can
be both from termites and some physical factors, such as rain and light. The small
mesh size (0.5 mm) majorly excluded termites while the large mesh size (2.0 mm)
completely allowed termites, suggesting that termite activity influences litter
decomposition. In addition, some physical factors, such as rain, may affect litter
decomposition through leaching process. (Moore et al. (1999)) used a multiple
regression to analyze between the litter decomposition rate and the related factors,
and found that mean annual temperature, mean annual precipitation and
lignin:nitrogen ratio had positively affected 73% of the litter decomposition. Soil
temperature and soil pH had significantly negative effects on the litter mass loss. This
may be caused by the rise of soil temperature and soil pH during dry season,

especially in plots with fire in April 2013.
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CONCLUSION AND RECOMMENDATIONS
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Termites have an important role in the leaf litter decomposition in dry

dipterocarp forest ecosystems, as shown in this research with no other macrofauna,

such as earthworm, in forest with disturbance. Other soil fauna, such as springtails,

mites, beetles and bark lice, have limited influence comparing to termites in the leaf

litter decomposition in dry dipterocarp forest ecosystems. Earthworms were not

found in the survey, but they could play an important role in litter decomposition in

other forests because the mesh size used or type of soil were not suitable. Physical

factors, such as humidity, air temperature, soil pH, and soil temperature importantly

influenced litter decomposition in dry dipterocarp forest ecosystems, either directly

or indirectly through soil fauna.
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The termites found in the litter bags represented only the snapshot of the
total termite activities in leaf litter decomposition. However, the interactions among
physical factors may also increase the aboveground termite activity and
consequently the termite’s role in leaf litter decomposition. Termites have a large
foraging distance. When the forest was destroyed by fire, termites may migrate to
another location. Therefore, foraging distance of termite should be further
determined. Moreover, termite mounds in natural forest should be protected,
because termites play a rather important role on litter decomposition in forest as
well as serve as food for several animals, such as amphibians, reptiles, and

mammals.

The average aboveground tree biomass annual increase was 4.2% in the
study area. The average leaf litter production was 7.9+0.9 tons/ha/yr. Only 70% of
leaf litter production was decomposed during the study period. Therefore the
remaining 30%, or 2.4 tons/ha/yr, could become fuel for bushfire in the dry
dipterocarp forest. If people want to collect the leaf litter on forest floor to make a
compost, they could harvest this amount for balancing and restoring the nutrient
cycle. Different biomass values among plots may affect the canopy cover of each
plot which may prevent the effects of rainfall and sunlight on litter decomposition.
Therefore, the canopy cover of dry dipterocarp forest should be measured to

determine the difference between plots.

Leaf litter management can help to prevent soil erosion because leaf litter on
the forest floor may protect and prevent soil erosion from rainfall and wind.
Therefore, leaf litter should be burned before the peak of litter production and to

allow time for litter to accumulate on the forest floor.

The effects of fire on nutrient dynamics have been extensively investigated in
both natural and plantation forests. Therefore, we should be conserving and
managing the forest area to prevent fires (fire control area) by removing leaf litter
from the network of tracks in the area. Moreover, fire does not always negatively

impact the soil fauna. Therefore, limited controlled burning should be conducted
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and uncontrolled human-induced fires, such as path clearance and a drive in

hunting, should be reduced to conserve nutrient cycling and ecological function.

As mentioned above, this research identified aboveground tree biomass
accumulation, litter production, litter decomposition, and several physical and
biological factors influencing litter decomposition which constitutes the nutrient
cycling process in dry dipterocarp forest. Finally, this research on the role of termites
in litter decomposition considerably elucidates the nutrient cycling process in dry

dipterocarp forest.
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Appendix A



Table A-1 Two way ANOVA to compare the aboveground biomass between plots

Source of Variation DF SS MS F P
Area 3 295160.7 98386.92 9.23 <0.001
Biomass (Pre/Post) 2 4330.872 2165.436 0.203 0.816
Residual 2609 27810967 10659.63
Total 2614 28106646 10752.35
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Table A-3 Two way ANOVA of litter production compared between plots

Source of Variation DF SS MS F P
Area 3 90.916 30.305 3.152 0.073
Month 12 2979.842  248.32 25.824 <0.001
Residual 36 346.175 9.616

Total 51 3416.933  66.999
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Table B-1 Two way ANOVA to compare the litter mass loss between the litter bag
mesh size 0.5 mm and 2.0 mm

Source of Variation DF SS MS F P
Mesh size 1 333.31 333.31 4.85 0.03
Area (plot) 3 231.63 77.21 1.123 0.344
Mesh size x Area 3 78.067 26.022 0.379 0.769
Residual 96 6598.069  68.73
Total 103 7241.076  70.302

Table B-2 Two way ANOVA of litter bag mesh size 2.0 mm compared between plots

Source of Variation DF SS MS F P
Area 3 41.867 13.956 1.405 0.257
Months 12 2323.054 193588  19.486 <0.001
Residual 36 357.647 9.935

Total 51 2722.568  53.384

Table B-3 Two way ANOVA of litter bag mesh size 2.0 mm compared between plots

Source of Variation DF SS MS F P
Area 3 267.83 89.277 6.358 0.001
Months 12 3411.876 284.323 20.249 <0.001
Residual 36 505.492 14.041

Total 51 4185.198  82.063
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Table C-1 Relative abundance of springtails in 0.5 mm and 2.0 mm mesh litter
bags extracted by Berlese-Tullgren funnel from plots A1-A4 from January-
December 2013

1542 16.67 1271 15.63 3.33 0.63
8.13 11.88 5.00 1.88 0.83 0.21

Months

9.17
4.38

2.08 0.00 0.83
1.25 0.00 1.04

8.64
3.33

6.88
33

Jan-13  Feb-13 Mar-13 Apr-13 May-13 Jun-13 Jul-13 Aug-13 Sep-13 Oct-13 Nov-13 Dec-13
3.

0.5 mm
2.0 mm

Mesh size
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Table C-2 Relative abundance of larvae and adult beetles in 0.5 mm and 2.0 mm
mesh litter bags extracted by Berlese-Tullgren funnel from plots A1-A4 from

January-December 2013

e}
i 0 o
) < AN
o] SV oN
(@]

O
<~ (oo IR
> o N
0 No Rl
=
O

)
- ©
ko] o o
O ~—
e}
— ~ ™
o} o9
(] — O
n
e}
— ToNNNON
on ~ A
-] NN
<
Q < ©
L [« 2NN

- )
> )

S| =

5
s}

=| L ™
< N9
5 — o
=
e}

N 0 <
> N
(O N
=
e}
— — O
0 N S
o o O
<
s}
— a o~
L 2 EEEANe]
© o
=
e}
i ©
o) . QO
0] S NN
LL
e}
n S <
S © =
o

N £ €

‘n

= = £

LN
q) .
o
=




108

Table C-3 Relative abundance of bark lice in 0.5 mm and 2.0 mm mesh litter
bags extracted by Berlese-Tullgren funnel from plots A1-A4 from January-
December 2013
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Table C-4 Relative abundance of mites in 0.5 mm and 2.0 mm mesh litter
bags extracted by Berlese-Tullgren funnel from plots A1-Ad from January-
December 2013
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Table C-5 Percentage of termite infestation in the baiting stations (n = 8 per plot)
surrounding litter bags in plots A1-Ad (December 2012-December 2013)
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Table D-1 Air temperature (°C) in plots A1-Ad (November 2012-December 2013) at

dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Table D-2 Soil temperature (°C) in plots A1-Ad (November 2012-December
2013) at dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan

Province
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Table D-3 Humidity (%) in plots A1-Ad (November 2012-December 2013)
at dry dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan

Province
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Table D-4 Soil pH in plots A1-Ad (November 2012-December 2013) at dry

dipterocarp forest, Lainan Subdistrict, Wiang Sa District, Nan Province
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Table E-1 Multiple linear regression

Coefficient  Std. Error t P VIF

Constant 9.298 20.216 0.46 0.646

Mesh size 1.368 0.723 1.893 0.059 1.14
Air-temperature 0.707 0.376 1.882 0.061 9.452
Termites 0.408 0.263 1.553 0.122 1.06
Humidity 0.333 0.15 2.216 0.028 8.227
Beetles 0.103 0.0723 1.429 0.154 1.386
Rainfall -0.00381 0.0156 -0.245 0.807 6.882
Bark lice -0.0994 0.101 -0.983 0.327 1.275
Springtails -0.111 0.0615 -1.812 0.071 1.865
Mites -0.146 0.123 -1.192 0.234 1.557
Soil-temperature -1.185 0.336 -3.522 <0.001 3.941

Soil pH -1.278 0.768 -1.664 0.097 2.254
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