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ABSTACT

Mixed deciduous forest structure study was carried oul at Mae Klong Watershed
Research Station, Kanchanaburi Province in 2002 with particular reference {o the role of
gregarious bamboo flowering. All the trees > 5 cm diameter at breast height (dbh), 1.30 m.
were identified, measured and tagged. The results showed that the forest was characterized
by the low stem density and basal area, 170.75 ha " and 17.25 m’ha ', respactively. Within
the mixed deciduous forest ninety-nine tree species were identified. The dominance tree
species in top layer were Pterocarpus macrocarpus, Xylia xylocarpa, and Schleichera
oleosa, efc. Bamboos were the dominated species in the middle layer, especially,
Gigantochioa albociliata, G. hasskaliana, Cephalostachyum pergracite, and Bambusa tuida.
Cephalostachyumn pergracile had gregarious flowered in late 2001 which had the clump and
culm density as 0.05 m” and 11.07 clump'1. The culm size of this species is quite large with

dbh 5.08 £ 1.14 cm and average seed production is 2,442 + 1243 seed per m2.

Forest tree regeneration dynamics and bamboo themselves showed that bambeo
seedlings quickly response to the soil moisture content and rapidly germination better than
tree seedlings. Bamboo seedlings rapidly covered the whole area and could increase their

density up to 1,250 individuai/m’. Bamboo seedlings developed their root system better than
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culm system, especially in the first year seedlings. A new rhizome was produced in the
second year old. The annual survival rate of bamboo seedlings is quite high, 58 %, with
annual average height about 21.14 c¢cm and have the height growth rate in the rainy season
about 0.92 cm/month. While, the seedling emergence of dominance species was very high
emergent rate, especially in the first year after bamboo died and forest fire occurred.
Because the interaction between death bamhoo and forest fire regime produced large
vacart space to increase seed germination capacity. Tree seedling emergence and mortality
also showed high relationship to the soil moisture content same as bamboo seedlings in
which they had high seedling density in the rainy season and high mortality occurred in the
dry season when the soil moisture content is quite low. However, the number of seedling
emergence in the second year is lower than the first year due to the high dense cover of
recovery bamboo. Thus, both the bamboo undergrowth and frequent forest fires could be

dominant factors that prevent continuous regeneration.

INTRODUCTION

Mixed deciduous forest is a type of tropical seasonal forest found in Thailand {Royal
Forest Department 1962; Ashton 1995; Blasco et al. 1996), it covers large areas and shows
much wvariation in composition and structure (Bunyavejchewin 1983, 1985, Rundel &
Boonpragob 1995). In the northern parts of the country, this forest type occupies ripadan
areas and gentle slopes of elevation below 500 meters above mean sea level (Kutintara
1975; Smitinand 1977). It is dominant on deep-toned red and brown latosols which usually
have a deep top soil. The characteristic tree species are Tecfona grandis, Pterocarpus
macrocarpus, Xylia xylocarpa var. kemii, Afzelia xylocarpa, Lagerstroemia calyculata,
Terminalia spp. and Vitex peduncularis. Teak (Tectona grandis) is usually the most
important species, however, it can be absent from the mixed deciduous forest (Ogawa et al.
1961; Smitinand 1996; Ashton 1995).’The middle layer is dominated by bambeoos {Ogawa
et ai. 1961; Whitmore 1984, Ahston 1995), Gigantochlioa albociliata, Bambusa tulda, and B.
nutans are the most common among them (Kutintara 1984). During the dry season forest

fires occur within this forest.

The suppression on tree regeneration by undergrowth bamboos has been reported
from several types of forests (Taytor & Zisheng 1992). Because they have long lifespans up

to several decades (Janzen 1976), and intercepted the light efficiently by cast a deep shade
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on the forest floor (Mérod et al. 2002). Mixed Deciduous Forest, MDF, occurs in the areas
with several months of severe drought and during the dry season forest fire usually occurs
{Blasco et al. 1996} and bamboos dominated in the middle layer (Ogawa et al. 1961)
(Figure 1). Thus, once they are established, they prevented tree regeneration but their
simultaneous death after gregarious flowering can provide a large vacant space for tree

regeneration episodically (Nakashizuka 1991).

OBJECTIVES .
1. To study the structure and dynamics of a mixed deciduous forest after bamboo
flowering.

2. To study the relationships between the forast regeneration and their environmental

factors.

Figure 1 Bamboc flowering, Cephalostachyum pergracile, (A) and some forest fires

disturbance (B and C} in MDF at MKWRS.
STUDY AREA

The study was conducted in a natural mixed deciduous forest, with a bamboo
uqdergrowth, teak was absent (Kutintara et al. 1995) at Mae Klong Watershed Research
Station, Thong Pha Phoom District (14° 30" to 14° 45" N, 98° 45’ to 99° E), Kanchanaburi
Province, western Thailand, 250 km west from Bangkok. The watershed is approximately
108.9 ka in area, and ranges from 100 {o 900 m above mean sea level, and is located on
a branch of the Kwai Noi River. The climate is sub-tropical with a long wet seascn
alternates with a short cool dry season and a subsequent hot dry season. Annual rainfall
normally exceeds 1,650 mm and is concentrated from late April to October. Mean monthly

temperature is about 27.5°C with a maximum of 39.1°C in April and a minimum of 14.6°C



27

in December. Geographically the area is underlain by parent material of the Rachaburi and
the Kanchanaburi series. The rachaburi series is present in the middle area of the
watershed and is composed of granite, limestone and shale. The kanchanaburi series is in
the western part of the watershed and is composed of shale and limestone. Some rocks
have been metamorphosed and phyliite and quartzite are found. The soils are a reddish
brown lateritic soil weathered from parent materials of alluvium and residuum of sandstone,
limestone and quartzite. The study site is underlain by the Rachaburi series. ,

The prevailing forest type is a mixed deciduous forest, with some dry dipterocarp
forest on the mountain ridges and dry evergreen forest along the creeks (Kutintara ef al.
1995). Four bamboo species (Gigantochioa albaciliata, G. hasskarliana, Bambusa tulda, and
Cephalostachyum pergracile) are dominant in the understory. Most of the forest understory
was dominated by one or two of these species. Some undergrowth bamboos {most of
Gigantochloa hasskarfiana and a part of G. albociliata populations) had flowered and died in
part of the plot in 1990. Forest fire had also occurred prior o 1992 following the death of
bamboos, but it did not cccur subsequently until 1995. The dead culms of bamboo were
bumt by fire. Wild banana was mainly found at the mesic site along the valley, where
previously Gigantochloa hasskarfiana was once dominated. There were no records or
evidence of logging within the plot. However, the activiies of local people such as selective
felling of particular species or fire setting may have affected the forests surrounding the plot.
Within the area forest fire may have occurred repeatedly over hundreds of years in the past

{Rundel & Boonpragoeb 1995).

METHODS

1. "A permanent plot (60m x 50m} was established. All frees with DBH > 5cm were
tagged, measured and identified (Figure 2 E). Crown projection diagram was done
in the plot with size 40m x 40m (Figure 2 D).

2. An intensive area {(40m x 40m) was selected, and th_e 24 sets of seed traps each
adjacent fo a seedling quadrat (1.5m x 1.5m) were set up. The census was done
every 2 wks (Figure 2 A and B). All litters were classified and measured after dried
in oven with temperature 70°C about 48 hours. All seedlings were tagged and

identified in which the cause of death was checked every census.



28

3. The hemispheri.ca! phetographs were took every seedling quadrat with fish-eye
camera (Figure 2 C).

4. Soil moisture content was carried out from 0-15 cm depth and correcied every

month.

Figure 2 The seed fraps (A}, seedling quadrat {B) and hemispherical photos (C) were

conducted in the intensive area (D), including tree investigation (E).

RESULTS
Forest structure:

Tree density and basal area of MDF were 170.75 ha-t and 1725 m2.ha-1,
respectively. 93 tree species were found and the dominant species were Xylia xylocarpa
var. kerrii, Vitex peduncularis, Schleichera olecsa and Pferocarpus macrocarpus. However,
same places can be found other species which tess occurred in MDF as Dipterocarpus
alatus and Shorea siamensis.

Four Bamboo species, Gigantochioa albociliate, G. hasskariiana, Cephalostachyum
pergracile, and Bambusa tulda, were found in the middle layers and culm density of total
spécies about 8500 culm/ha. Gigantochioa albociliata was the dominant species, however,
Cephalostachyum pergracife had gregarious flowering in 2001.

The light conditions were significantly different between in the gap and under the
closed canopy both during the rainy and the dry season (df = 5, t = 8.24, p < 0.001 and t =
7.42, p < 0.001, respectively). Light conditions were poor during the rainy season and much

better during the dry season under the closed canopy (df = 5, t = 7.86, p < 0.001).
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Forest regeneration dynamics:

The density of clump and culm of Cephalostachyum pergracile before flowering was
0.06 and 11.1 m'z, respectively, and the average of culm size was 5.0811.14 cm. Bamboo
seedling rapidly emerged in the early rainy season and seedling density reach to 1,250
culm/mz, especially in the open canopy which bamboo died. Their survival rate was high

about 58% and seedling growth in the rainy season about 0.9 cm/month. The average

height of one year old seedling about 22.8414.5 cm, and quickly developed the new lateral

rhizome to resprout in the next year (Figure 3).

Figure3 Bamboo seediing density in open area {A), and rhizome development in one year

old seedling of Cephalostachyum pergracile (B).

Tree sesadlings had high emerged, especially in the first year after bamboo flowering
and showed high correlation with soil moisture content {(Figure 4). Seedling emergence and
mortalily pattern could be classified into 2 types as 1) rapidly emerged in the early rainy
season and began to dead in the dry season; this pattern is mainly characterized of
dominant tree species as Vifex canesr;énse, Lagerstroemia tomentosa, Xylia xylocarpa var.
kerrii, Shorea siamensis and Plerocarpus macrocarpus. However, Plerocarpus macrocarpus
showed the different mortality pattemn in which they died socon after emerge even in the
rainy season due to fungi attacked. 2) Seedling emerged in the mid of the rainy season and
died in the dry season such as Garuga pinnata and Artocarpus rigidus (Figure 4). Forest fire
also could be activated the germination rate of wild banana and some species which have

seed bank characteristics.
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Figure4d Some abundance tree seedlings showed high relating with the amount of rainfall

and show high number of seedling after bamboo flowering.

Phenology of dominance tree species

The pattern of leaf fall of the dominance tree species in this forest had occurred in
the early dry season (December) and had remained no leave about 3-4 months before
flushing in the rainy season. However, Dipterocarpus afatus, dominant species in the dry
evergreen forest, had different pattern in which they shed their leave (November to
December) and suddenly replaced by new leave only in a week {Figure 5).

' The average seed production of bamboo had very high after bamboo flowering
2,44241,243 seedlmz. However, only 12.8 % of total seed production could be scund seed
and germinated, whife the others had incomplete as empty seed and insect attacked about
64.5 and 22.7 %, respectively (Figure 8). Some species had seed-year (once per 3-4 years)
and off-year pattern as Dipferocarpus alatus and Shorea siamensis (Figure 7). The main

pattern of seed fall usually start in the late dry season (March-April}, however, Plerocarpus

macrocarpus can be kept seed on the canopy and shed their seed through the year.
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Figure 5 Leaf shading pattern of some dominance species in Mixed deciduous forest
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Figure 7 Seed production of some daminance spectes after bamboo flowering in 2003-04
CONCLUSION

Structure of Mixed Deciduous Forest

Low stem density and basal area with relatively discontinuous canopy layer and
large canopy gap proportion characterized the forest. Tree density and basal area were
much lower than those reported for other forest types in tropicai areas (Swaine et al. 1987).
A relatively low tree density and basal area is a common structural feature among
seasonally dry forests (Gerhardt & Hyifeborn 1992), however, these values are particularly
low {see Sukwong 1877; Bunyavejchewin 1983). Within mixed deciducus forests extremely
fow tree density and basal area are formed under the influence of severe seasonal water
stress, two other factors may also be important, i.e. the dominance of undergrowth
bamboos and the frequent occurrence of fire. The results showed that the forest was
characterized by the low stem density and basal area, 170.75 ha'1 and 17.25 rnzha'1,
respectively. Ninety-nine tree species were found and identified. The dominance tree
species in top layer were Plerocarpus macrocarpus, Xylia xylocarpa, and Schleichera
oleosa, eic. Bamboos were the dominated species in the middle layer, especially,

Gigantochioa albociliata, G. hasskaliana, Cephalostachyum pergracile, and Bambusa fulda.
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Cephalostachyum pergracile had gregarious flowered in late 2001 which had the clump and
cuim density as 0.05 m'2 and 11.07 clump'1. The culm size of this species is quite large with
dbh 5.08 + 1.14 cm and average seed production is 2,442 + 1243 seed per mz. Short-term
dynamics of this forest after the local die-back of bamboos clearly showed the importance of
the life history of bamboo for the dynamics and structure of the mixed deciducus forest. The

fire occurred just after the bamboo die-back indicates the complexities of forest dynamics.

The role of undergrowth barmboo on forest regeneration

The impeding effect of undergrowth bambcos upon tree recruitment is common in
temperate zone forests (Veblen ef af. 1980; Nakashizuka 1987, 1988; Taylor & Zisheng
1692). The low tree density of the natural mixed deciduous forest may be due in part to the
effects of the deep shade from the bamboos. As the cover of bamboo become more danse
in the canopy gaps, the regeneration of tree seedlings in gaps will be prevented and the
canopy tends to become more discontinucus (Marod et al. 2002). Without episodic death of
bamboos and consequent tree recruitment, the canopy would become more discontinuous
and tree density would also gradually decrease. Human disturbances such as harvesting
would accelerate such a process.

The long lifegpan of undergrowth bamboo makes the continuous recruitment of trees
difficuit and greafly affects the regeneration pattern of the forest. The longevity of bamboos
differ among species, but usually extend to several decades; flowering intervals were
reported as about 25-100 years for Dendrocalamus strictus in India (Gupta 1972; Dwivedi
1988), about 42-51 years for Melocanna bambusoides in Bangladesh (Hossain 1962).
However, as they have flowered and die simuitaneously, light conditions on the forest floor

are greatly improved for the natural forest regeneration.

While, bamboc had gregaricus flowering and died they provided not only the
vacant space for the tree seedling regeneration but also regeneration of themselves.
Bamboo seedling rapidly emerged and expanded to cover the forest floor with high density,
1,250 seedlmz, espacially in the open canopy and bamboo died area. Seed germination of
bamboo had very high even they had only 12.8% sound seeds of total average seed
production (2,442 + 124'3; seedfmz). dThe annual survival rate of bamboo seedling showed
the high rate about 58% in which they had the average annual height growth rate about
21.14 cm and the growth height growth rate in the rainy season is 0.99 cm/month.
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The role of fire

Fire plays an important ecological role to maintain certain types of plant
communities and populations in seascnally dry regions, including grasslands, shrublands,
savannas, woodlands, and closed forests (Gill et al. 1970; Tyler 1995; Mueller-Dombois &
Goldammer 1890). Adaptations of plants in fire-prone communitiés, including their life forms
and regeneration strategies, promote their survival following fire (Vogl & Schorr 1872). In
Thailand, forest fires, which are mostly caused by human activities, occur frequently usuaily
as ground fires during the dry season in dry deciduous dipterocarp forest and mixed
deciduous forest (Sukwong & Dhamanittakul 1977; Bunyavejchewin 1983). Fire should have
had a strong influence upon these forest types and helped to maintain them (Stott 1988,
Stott et al. 1990). Western Thailand is characterized by‘ a tong dry season (6-7 months)
during which the herbaceous vegetation dries out and the leaf litter of deciducus woody
plants accumulates on the ground. This dry surface biomass is subject fo burning and many
wocdy species in such a habitat are often characterized by recurrent shoot die-back
{Chidumayc 1989, 1991). In addition to the severe seascnal drought, fire may play

important roles to determine the composition and dynamics of these forests.

The forest dynamics of MDF after bamboo flowering were influenced by many
factors as forest fire, targe gap area, soil moisture content, and etc. Thus, one dynamic
model in the MDF after simultaneous flowering of bamboos and following by those factors

could be established as in Figure 8.
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Figure 5 The successional model in MDF after simultaneous flowering of bamboo.
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