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INTRODUCTION

In Indonesia, one of the activities threatening 
the existence of lowland dipterocarp forest is 
shifting cultivation, which changes the structure 
and species composition of the forest landscape 
(Lawrance et al. 2005). Shifting cultivation is 
a form of subsistence agriculture practised in 
many tropical countries that produces annual 
agricultural crops for a few years after which the 
cultivated land is left fallow (Christanty 1986, 
Delang 2007). Land preparation for shifting 
cultivation includes the slash-and-burn of native 
vegetation that can result in loss of biodiversity, 
global warming, emissions of carbon dioxide 
and other green-house gases (GHGs) to the 
atmosphere, and watershed degradation/soil 
erosion with its associated downstream effects 
(FAO 2006).
	 Many studies have discussed the recovery 
process of vegetation (Van Do et al. 2010, 
Aththorick et al. 2012) and soil properties 
(Giardina et al. 2000, Biswas et al. 2010, Osman 
et al. 2013) after shifting cultivation. An early 
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stage of vegetation succession is dominated 
by grass and pioneer tree species (Kenzo 
et al. 2010). Fallows, 10 years after shifting 
cultivation, were dominated by pioneer species, 
e.g. Macaranga gigantean, in Indonesia (Lawrence 
et al. 2005) and Wendlandia paniculata in Vietnam 
(Van Do et al. 2011). About 60% of species in 
primary forests recovered 35 years after shifting 
cultivation in Indonesia (Riswan & Abdulhadi 
1992) while less than 50% recovered after  
50 years in Eastern Himalaya (Teegalapalli & 
Datta 2016). This implies that the recovery rates 
of species composition after shifting cultivation 
are different among sites. The recovery of mixed 
dipterocarp forests after shifting cultivation was 
estimated to take more than 100 years (Riswan 
& Abdulhadi 1992, Aththorick et al. 2012). 
However, the recovery processes of dipterocarp 
forests abandoned after cessation of shifting 
cultivation, especially changes the in soil-
vegetation system, are not well known. There was 
no correlation between soil nutrient levels (P, 
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MATERIALS AND METHODS

Study site

The research was conducted in the village of 
Tanjung Paku (1120 46' E, 000 44' S), Seruyan 
Regency, Central Kalimantan, Indonesia (Figure 
1). The village has a tropical rainforest climate 
(Af) with a mean annual temperature of 22– 
28 °C at night and 30–33 °C during the day. Mean 
annual rainfall is 3730 mm. The annual number 
of rainy days per year varies from 95 to 112. Soil 
under the litter layer remains moist throughout 
the year. The soil type is Ultisol, which is strongly 
weathered and acidic due to leaching (Chesworth 
2008). Ultisol is a mineral soil with a horizon that 
contains 20% more clay (B2) than the upper 
layer (B1). 
	 Shifting cultivation is carried out in Tanjung 
Paku to produce rice and vegetables. Land 
preparation begins with slashing and burning 
all vegetation using axes or chain-saws. In this 
agricultural system, there is no tillage, terracing or 
mounding, irrigation or inputs of green manure, 

N, Mg, Ca and K) and time after abandonment 
of shifting cultivation (Lawrence 2004). Thus, 
early vegetation recovery after shifting cultivation 
may be generally specific for each site and we 
need to understand how the site-specificity is 
characterised.
	 Forests degraded by shifting cultivation 
can be successfully rehabilitated by planting 
with the appropriate species for the specific 
site conditions (Lamb et al. 2005). Therefore, 
studies on vegetation succession and soil nutrient 
status in abandoned shifting cultivation areas 
are important to provide baseline information 
for successful reforestation programmes. To 
accelerate forest recovery after shifting cultivation, 
it is necessary to understand the relationships 
between soil and vegetation recovery processes. 
In the present study, we monitored the status of 
soil nutrients and vegetation structure in fallow 
plots, 1, 5 and 10 years after the cessation of 
shifting cultivation in a primary forest as the 
control. The plots were compared to understand 
how vegetation and soil conditions changed in 
the early stages of forest recovery. 

Figure 1     Location of the Bornean village of Tanjung Paku in Indonesia
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Soil survey

Soil samples in each plot were collected at the 
following depths with three replicates: 0–2, 2–10, 
10–20 and 20–30 cm (Figure 2). The soil samples 
were air dried and passed through a 0.5-mm 
mesh sieve. Soil organic carbon (SOC), total 
nitrogen(TN) and available phosphorus (P2O5) 
were measured in each soil sample using H2SO4.
K2CrO7 oxidation, Kjedhal and Bray methods  
respectively (Sulaeman et al. 2005).

Data analysis

Vegetation structure

The numbers of individuals, species, species 
diversity, Shannon’s Diversity Index (H’) and 
Evenness Index (J’) were calculated to quantify 
the vegetation structure in each plot (Magurran 
1988):

	 H' = – 
s
i  pi In pi    and    J' = H'

In S
     

where, pi = ni/N, ni = number of individuals of 
the i species, N = total number of individuals of 
all species and S = total number of species in 
the plots. The indices were calculated for each 
of the four growth stages (seedling, sapling and 
small and large tree). The data were subjected to 
one-way analysis of variance (ANOVA) to test the 
effects of fallow years. Tukey’s HSD test was used 

Figure 2	 Locations of subplots for vegetation and soil surveys within each permanent plot;  = the point of 
soil sampling

fertiliser, herbicides or pesticides (Lawrence 
2005). The croplands are abandoned after 2 to 3 
years as soil nutrients become depleted, and the 
interval between crop production varies between 
5 to10 years.

Plot selection

Data on vegetation structure and soil nutrient 
status were collected in 1-ha permanent plots 
(100 m × 100 m). Three plots were established 
on cultivated sites that had been abandoned 1, 
5 and 10 years (A1, A5 and A10, respectively) 
before the survey. A 1-ha plot in a primary forest 
was also established.

Vegetation survey

All individual trees within the plots were classified 
into one of the following growth stages: seedling 
(height ≤ 1.5 m), sapling (height > 1.5 m, DBH 
< 10.0 cm), small tree (DBH 10.0–19.9 cm) 
and large tree (DBH ≥ 20.0 cm). Each plot was 
divided into 25 subplots (20 m × 20 m) (Figure 
2). In each subplot, the species of all small 
and large trees were identified and their DBH 
recorded. Similarly, the species of all seedlings 
(in 2 m × 2 m) and saplings (in 5 m × 5 m) within 
the subplots were identified. For taxonomic 
nomenclature of plants, all names of plants were 
updated as documented by the Angiosperm 
Phylogeny Group III (APG III 2009) taxonomic 
classifications using Tropicos.

20 m x 20 m 
for large and 
small tree
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Sapling

2  m x 2 m for  
seedling
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for multiple comparisons between the means of 
each plot. 

Soil nutrients

The quantity of SOC, TN and P2O5 were compared 
between the plots using one-way ANOVA for 
the combined soil depth. When the effect was 
significant (p ≤ 0.05), Tukey’s HSD test was used 
to examine the differences between the means 
of each plot. 

RESULTS

Vegetation structure

The surveys of the fallow plots and primary forest 
plot yielded a combined total of 167 seedlings 
comprising 26 species in 18 families (Table 
1), 848 saplings comprising 89 species in 36 
families (Table 2), 664 small trees comprising 
44 species in 23 families (Table 3) and 349 large 
trees comprising 59 species in 29 families (Table 
4). The species of eight saplings could not be 
identified. Among the small trees, four species 
were identified to genus level while one species 

remained unidentified. Among the large trees, 
21 species were identified to genus level while 3 
species remained unidentified.

Abundance

The number of individuals was significantly 
different among plots for all growth stages 
(seedling: F = 3.21, df = 3, p = 0.04; sapling: F = 
20.01, df = 3, p < 0.001, small tree: F = 15.72, df = 
3, p < 0.001 and large tree: F = 44.58, df = 3, p < 
0.001) (Table 5). The number of seedlings and 
saplings was highest in A1, the number of small 
trees was highest in A10 and the number of large 
trees showed an increasing trend with fallow years 
(Table 5).

Number of species and diversity indices

The numbers of species of seedlings (F = 3.00, 
df = 3, p = 0.05) and saplings (F = 14.99, df = 3, p 
< 0.001) also differed significantly among plots. 
The number of species of seedlings and saplings 
was highest in A10, followed by A1, primary 
forest and A5 (Table 1).  H’ differed significantly 
among plots for all growth stages (seedlings: F = 

Table 1	 List of species, families and number of individuals for seedlings in plots 1 year (A1), 5 years (A5) 
and 10 years (A10) after abandonment, and in primary forest 

Family Species A1 A5 A10 Primary forest

Moraceae Ficus uncinulata 27 3 3 -

Lamiaceae Vitex pinnata 9 - - -

Myrtaceae Syzygium sp. 5 3 8 -

Euphorbiaceae Macaranga pruinosa 5 - - -

Sapindaceae Nephelium uncinatum 3 3 4 -

Melastomataceae Pternandra cordata 3 - 6 -

Myristicaceae Knema cf.latifolia 3 - 3 -

Aquifoliaceae Ilex cissoidea 2 - 2 -

Phyllanthaceae Antidesma montanum 1 1 10 -

Lauraceae Actinodaphne glomerata 1 1 10 -

Dipterocarpaceae Shorea leprosula 1 - 3 4

Annonaceae Goniothalamus malayanus - - 15 -

Phyllanthaceae Antidesma neurocarpum - - 3 -

Clusiaceae Garcinia parvifolia - - 1 1

Myrtaceae Eugenia sp. - - - 7

Dipterocarpaceae Shorea laevis - - - 1

Fabaceae Kingiodendron sp. - - - 1

Aquifoliaceae Ilex cissoidea - - 2 -

Lamiaceae Geunsia pentandra - - 2 -

Others   3 - 7 -
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Table 2	 List of species, families and number of individuals for saplings in plots 1 year (A1), 5 years (A5) 
and 10 years (A10) after abandonment, and in primary forest 

No Family Species A1 A5 A10 Primary forest

1 Lamiaceae Geunsia pentandra 84 12 6 -

2 Moraceae Ficus uncinulata 81 15 32 3

3 Cannabaceae Trema tomentosa 79 2 - -

4 Euphorbiaceae Mallotus paniculatus 60 2 1 -

5 Euphorbiaceae Macaranga pruinosa 41 10 34 -

6 Moraceae Ficus aurata 15 1 7 -

7 Lamiaceae Vitex pinnata 8 4 1 -

8 Lauraceae Actinodaphne glomerata 2 4 21 -

9 Actinidiaceae Saurauia nudiflora 1 1 17 -

10 Myristicaceae Knema cf. latifolia 1 1 10 1

11 Euphorbiaceae Macaranga conifera 1 1 3 -

12 Rubiaceae Nauclea macrophylla 1 - 4 1

13 Dipterocarpaceae Shorea hopeifolia - 2 1 8

14 Dipterocarpaceae Shorea leprosula - - 17 3

15 Dipterocarpaceae Shorea seminis - - 2 -

16 Fabaceae Fordia splendidissima - - 10 -

17 Myrtaceae Eugenia sp. - - - 28

18 Lauraceae Litsea firma - - - 23

19 Malvaceae Microcos cf. pyriformis - - - 12

20 Others   19 20 61 74

Table 3	 List of species, families and number of individuals for small trees in plots 1 year (A1), 5 years (A5) 
and 10 years (A10) after abandonment, and in primary forest

No Family Species A1 A5 A10 Primary forest
1 Cannabaceae Trema tomentosa 72 23 10 -
2 Euphorbiaceae Mallotus paniculatus 1 2 8 -
3 Lamiaceae Geunsia pentandra 1 12 30 -
4 Euphorbiaceae Macaranga pruinosa - 9 183 1
5 Moraceae Ficus lepicarpa - 1 4 -
6 Lamiaceae Vitex pinnata - 1 7 -
7 Euphorbiaceae Macaranga gigantea - 2 70 -
8 Phyllanthaceae Glochidion celastroides - 1 11 1
9 Annonaceae Cananga odorata - 19 - -

10 Aquifoliaceae Ilex cissoidea - - 34 -
11 Moraceae Ficus aurata - - 31 -
12 Dipterocarpaceae Shorea leprosula - - 9 2
13 Rubiaceae Nauclea macrophylla - - 13 -
14 Euphorbiaceae Macaranga sp. - - - 4
15 Thymelaeaceae Gonystylus brunnescens - - - 1
16 Euphorbiaceae Aporusa nitida - - - 1
17 Dipterocarpaceae Shorea dasiphylla - - - 4
18 Dipterocarpaceae Shorea parvifolia - - - 1
19 Dipterocarpaceae Shorea falax - - - 1
20 Others   - 12 74 8
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Table 4 	 List of species, families and number of individuals for the large tree stage in plots 1 year (A1), 
5 years (A5) and 10 years (A10) after abandonment, and in primary forest

Family Species A1 A5 A10 Primary forest
Cannabaceae Trema tomentosa - 27 4 -
Lamiaceae Geunsia pentandra - 1 - 1
Magnoliaceae Elmerilia sp. - 1 - -
Aquifoliaceae Ilex cissoidea - - 37 -
Euphorbiaceae Macaranga pruinosa - - 23 -
Moraceae Ficus aurata - - 19 -
Euphorbiaceae Macaranga gigantea - - 15
Rubiaceae Anthocephalus chinensis - - 4 17
Lythraceae Duabanga moluccana - - 4 3
Euphorbiaceae Macaranga hypoleuca - - - 24
Dipterocarpaceae Shorea stenoptera - - - 17
Dipterocarpaceae Shorea leprosula - - - 16
Dipterocarpaceae Shorea dasiphylla - - - 14
Dipterocarpaceae Shorea fallax - - - 8
Dipterocarpaceae Vatica sp. - - - 5
Dipterocarpaceae Dipterocarpus sp. - - - 4
Dipterocarpaceae Hopea sp. - - - 2
Dipterocarpaceae Shorea leavis - - - 2
Dipterocarpaceae Shorea ovalis - - - 1
Dipterocarpaceae Dryobalanops sp. - - - 1
Dipterocarpaceae Shorea johorensis - - - 1
Dipterocarpaceae Shorea parvifolia - - - 1
Dipterocarpaceae Shorea gibbosa - - - 1
Others   - - - 96

Table 5	 Number of individuals, species, Shannon index and evenness of  seedlings, saplings, small trees 
and large trees in plots 1 year (A1), 5 years (A5) and 10 years (A10) after abandonment, and 
in primary forest

 Sample  Plot Number of 
individuals

Number of 
species

Shannon index Evenness

Seedling (per 4 m2) A1 3.75(3.89) a 1.94(1.34) ab 0.42(0.54) ab 0.45(0.45) ab

A5 1.29(0.76) b 1.14(0.38) b 0.09(0.24) b 0.13(0.35) b

A10 3.71(1.27) a 2.86(1.15) a 0.91(0.44) a 0.84(0.31) a

Primary forest 1.56(0.53) ab 1.56(0.53) ab 0.39(0.37) ab 0.56(0.53) ab

Sapling 
(per 25 m2)

A1 18.56(11.09) a 5.60(1.71) a 1.46(0.4) ab 0.89(0.11)

A5 4.68(3.15) b 3.05(1.93) b 0.83(0.62) c 0.90(0.23)

A10 10.36(4.76) b 6.80(1.98) a 1.69(0.38) a 0.90(0.12)

Primary forest 5.80(1.53) b 4.16(0.94) b 1.29(0.24) bc 0.93(0.09)

Small tree (per 400 m2) A1 5.29(4.97) b 1.21(0.58) bc 0.05(0.17) d 0.07(0.25) b

A5 4.16(2.91) b 2.95(1.27) b 0.96(0.49) b 0.91(0.24) a

A10 19.36(8.69) a 7.56(2.69) a 1.67(0.32) a 0.86(0.08) a

Primary forest 1.14(0.53) c 1.14(0.53) c 0.47(0.38) c 0.09(0.30) b

Large tree (per 400 m2) A1 - - - -

A5 2.07(1.49) c 1.07(0.27) c 0.04(0.27) c 0.72(0.00) b

A10 4.24(1.94) b 2.64(0.95) b 0.84(0.35) b 0.92(0.10) a

Primary forest 8.56(2.81) a 8.60(2.81) a 2.09(0.36) a 1.00(0.00) a

Values are means + standard deviation; different letters indicate significant differences between permanent plots (Tukey’s 
HSD)
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4.01, df = 3, p = 0.018; saplings: F = 9.00, df = 3,  
p < 0.001; small trees: F = 9.61, df = 3, p < 0.01; 
large trees: F = 16.79, df = 3, p < 0.001) (Table 1). 
The H’ was highest in A10 for seedlings, saplings 
and small trees, while in primary forest it was 
highest for large trees. The J’ values for seedlings, 
small and large trees also differed significantly 
among plots (F = 4.56, df = 3, p = 0.011; F = 10.18, 
df = 3, p < 0.001 and F = 17.29, df = 2, p < 0.001)  
respectively (Table 1). J’ values for saplings were 
not significantly different among plots (F = 0.91, 
df = 3, p = 0.442) (Table 1). 

Species composition

The most abundant seedling species in A1 
and A5 was Ficus uncinulata (Moraceae) which 
comprised 42.9 and 27.3% of total individuals, 
in the respective plots (Table 1), whereas in A10, 
the most abundant species was Goniothalamus 
malayanus (Annonaceae, 19.0%). Eugenia sp. was 
the most abundant in the primary forest plot, 
comprising 50.0% of total individuals. Antidesma 
montanum (Phyllantaceae) and Actinodaphne 
glomerata (Lauraceae) were found in all fallow 
plots. For the group of other families, three 
species, Trichadenia philippinensis (Flacourtiaceae), 
Glochidion celastroides (Phyllanthaceae) and Nauclea 
macrophylla (Rubiaceae) seedlings were found in 
A1. Meanwhile four species, Antidesma cuspidatum 
(Phyllanthaceae), Nauclea excelsa (Rubiaceae), 
Cratoxylum arborescens (Hypericaceae) and 
Melanochyla caesia (Anacardiaceae) seedlings were 
found in A10 (Table 1).
	 For saplings, Geunsia pentandra (Lamiaceae) 
and F. uncinulata were the most numerous species 
in A1 and A5, comprising 21.4 and 20.0% of the 
total individuals, respectively. A10 was dominated 
by Macaranga pruinosa (Euphorbiaceae) (15.0% of 
saplings) while Eugenia sp. (Myrtaceae) comprised 
18.3% of saplings in the primary forest plot. The 
primary forest and fallow plots A1, A5 and A10, 
differed markedly in species composition of 
seedlings and saplings. The primary forest plot 
recorded 5 seedling species (19.2% of the 26 
species identified across all plots) and 49 sapling 
species (54.4% of the 90 species identified across 
all plots). Among saplings of the group of others, 
Euphorbiaceae was the most abundant in the 
fallow plots, while Dipterocarpaceae was the most 
abundant in primary forest plot (Table 2)
	 The numbers of small and large tree species 
also differed significantly between the fallow and 
primary forest plots (F = 11.96, df = 3, p < 0.001, 

and F = 29.71, df = 3, p < 0.001) respectively (Table 
5). A10 was the most dominated by small trees 
(Table 3), whereas in the primary forest plot, 
large trees were more abundant than in other 
plots (Table 4). For small trees, Trema tomentosa 
dominated (97.3% of individuals) in plot A1, 
followed by Mallotus paniculatus (1.4%) and G. 
pentandra (1.4%). The species composition in A5 
was dominated by T. tomentosa (28%), Cananga  
odorata (23.1%) and G. pentandra (14.6%). The 
number of species was greater in A10 than in 
A1 and A5. The dominant species in A10 was M. 
pruinosa (37.8%) followed by M. gigantea (14.4%) 
and Ilex cissoidea (7%) (Table 3). At the family 
level, the levels of dominance between fallow year 
plots and the primary forest plot differed slightly. 
The richest family in A1 and A5 was Cannabaceae, 
of which small trees comprised 97.3% (Table 1) 
and 28.1% (Table 2), respectively. For small 
trees in A10, Euphorbiaceae was the dominant 
family (55.6%), while in the primary forest 
plot, 33.3% of the small trees were in the family 
Dipterocarpaceae. For the group of other 
families, Rutaceae, Moraceae, Rubiceae and 
Sonneratiaceae, as small trees, were found in all 
plots, less than 8 individuals per ha (Table 3). 
The number of species of large trees increased 
with increasing fallow years (Table 5). The most 
abundant species in A5, A10 and primary forest 
plot was T. tomentosa (93.1% of the total number 
of species), I. cissoidea (34.9%), and M. hypoleuca 
(11.2%), respectively. Large trees abundant 
in primary forest plot were from the families 
Dipterocarpaceae (34.1%), Euphorbiaceae 
(12.1%) Lauraceae (7.9%), Rubiaceae (7.9%) 
and Myrtaceae (5.6%), while the other families 
had less than 8 individuals per ha (Table 4).

Dipterocarp species

Dipeterocarp species were also found growing 
in the fallow plots. Seedlings of S. leprosula were 
found at A1 and A10 (Table 6). Saplings of S. 
hopeifolia were found at A5 and A10, and those 
of S. leprosula and S. seminis at A10. Additionally, 
small trees of S. leprosula were found at A10. Shorea 
sp., especially S. leprosula and S. stenoptera, were 
prevalent species of Dipterocarpaceae, which 
dominated in the primary forest plot (Table 4).

Soil nutrients

SOC and TN were not significantly different 
among plots for combined soil depth (SOC: F 
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= 0.138, df = 3, p = 0.937; N: F = 0.584, df = 3,  
p = 0.629), whereas P2O5 content in A1 was higher 
than the other plots for combined soil depth  
(F = 8.435, df = 3, p<0.001) (Table 7).

DISCUSSION

Vegetation structure

We found that the family composition of seedlings 
and saplings in the early stages of forest recovery 
differed from that in primary forest. Seedlings 
and saplings found in the primary forest plot 
were predominantly Eugenia sp. (Myrtaceae), 
which was also found in the understorey of a 
tropical forest in Sumatra, Indonesia (Hadi et 
al. 2009). It implied that Eugenia sp. was a shade 
tolerant species (Cid-Liccardi et al. 2012). The 
domination of F. uncinulata in A1, N. unicnatum 
in A5 and G. malayanus in A10 depicts an early 
species composition that is different from that 
reported in the East (Hashimoto et al. 2007) and 
West Kalimantan (Lawrence et al. 2005). The 
differences in species at seedling stage among 
plots in the study may be due to seed inputs from 
the surrounding secondary forest. Ficus sp., which 
was the dominant seedling species in A1, could 
have been dispersed to that fallow plot by animals 

such as birds and bats which feed on the drupe 
fruits (Galindo-Gonzalez et al. 2000)
	 For small trees, the number of species 
was highest in the fallow plot 10 years after 
abandonment, and the species composition also 
differed among plots. For example, T. tomentosa 
(Cannabaceae), a dominant species in A1, is 
known as a fast-growing pioneer species, from 
which seeds germinate successfully in open areas 
but do not germinate well in the understorey 
(Raich & Khoon 1990). The dominant small 
trees in A10, i.e. M. pruinosa, was not found in a 
previous study (Lawrence et al. 2005). This may 
be because seeds of this species can germinate in 
the forest understorey with lower light intensity.
The density of large trees increased with time 
after abandonment, but remained markedly 
lower than that in the primary forest plot, even 
in A10. The density of each species differed 
between A5 and A10, e.g. T. tomentosa was most 
abundant in A5 but less abundant in A10, being 
replaced by I. cissoidea in A10. The dominance 
by S. leprosula in the present study, and also in  
Pasoh Forest Reserve in Malaysia (Davies et 
al. 2003) indicates that S. leprosula has a wider 
distribution than other dipterocarp species. 
The results also showed that the pioneer species 
in fallow plots were replaced overtime by both 

Table 6	 The number of species and individuals of dipterocarps in A1, A5 A10 and primary forest 
 

Species A1 A5 A10    Primary forest

a/b/c/d a/b/c/d a/b/c/d a/b/c/d

Dipterocarpus sp. - - - 0/0/0/4

Dryobalanops sp. - - - 0/0/0/1

Hopea sp. - - - 0/0/0/2

Shorea dasiphylla - - - 0/0/4/14

Shorea fallax - - 0/0/1/8

Shorea gibbosa - - - 0/0/0/1

Shorea hopeifolia - 0/2/0/0 0/1/0/0 0/8/0/0

Shorea johorensis - - - 0/0/0/1

Shorea leavis - - - 1/0/0/2

Shorea leprosula 1/0/0/0 - 3/17/9/0 4/3/2/16

Shorea ovalis - - - 0/0/0/1

Shorea parvifolia - - - 0/0/1/1

Shorea seminis - - 0/2/0/0 -

Shorea stenoptera - - - 0/0/0/17

Vatica sp. - - - 0/0/0/5

Total 1/0/0/0 0/2/0/0 3/20/9/0 5/11/8/73

	 a = seedling, b = saplings, c = small trees, d = large trees
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light-demanding and shade-tolerant species, as 
observed in Singapore (Chua et al. 2013), Bolivia 
(Peǹa-Claros 2003) and Vietnam (Van Do et al. 
2010, 2011). The species number, evenness and 
Shannon indices of large trees increased with 
time after abandonment. Only 1.8% in A5 and 
3.8% in A10 of the total occupied species were 
found in the primary forest plot, e.g. G. pentandra 
in A5, and A. chinensis and Duabanga moluccana in 
A10. This indicated that the fallow plots required 
more time to recover and attain a number of 
species comparable to primary forest.

Emergence of dipterocarp species 

Succession in the young fallow plots after 
cessation of shifting cultivation was illustrated 
by the development of vegetation overtime 
and the increasing number of individuals and 
species of large trees. Large trees change the 
micro-climate and allow late succession species 
to survive under the shade of pioneer species 
(Breugel et al. 2007, Teegalapalli & Datta 2016). 
Our discovery of late-succession dipterocarp 
forest species, i.e. S. leprosula, S. hopeifolia and S. 
seminis (Dipterocarpaceae), recolonising young 
fallows, has not been previously reported. The 
existence of dipterocarps in young fallows is 
probably because these plots were surrounded 
by seed sources of dipterocarps.
	 The results also suggested that lands abandoned 
after shifting cultivation could facilitate the 
regeneration of late-succession species, even 
though natural regeneration of dipterocarps 
was still poor, 10 years after abandonment. The 
limited number of dipterocarps was probably due 
to a high light intensity in the fallows (Hattori 
et al. 2013), which causes high mortality for 
dipterocarp seedlings (Kenzo et al. 2011, Hattori 
et al. 2013). For instance, the only dipterocarp 

seedlings found in A1 was S. leprosula, whose 
seedlings and saplings are known to demand 
relatively high-light conditions (Zipperlen & 
Press 1996, Kobayashi et al. 2001, Phillips et al. 
2002) and are tolerant to moisture stress and 
open areas in the early stages of development 
than the other dipterocarps species (Appanah 
& Weinland 1993). Shorea hopeifolia and S. seminis 
were found in A5 and A10. Since they are known 
as shade tolerant species (Phillips et al. 2002), 
nurse trees at A5 and A10 may have provided 
favorable microclimates for the recruitment of 
these seedlings. 
	 However, overall the number of individuals 
and species of dipterocarps found in young 
fallows was small, likely because young fallows, 
such as A1 and A5, provided micro-environments 
(e.g. high light intensity and temperature on the 
forest floor due to direct sunlight) unfavorable 
for growth of dipterocarp species, especially 
shade tolerant species (Otsamo et al. 1996). 
Seedlings and saplings of dipterocarps are known 
to be intolerant of open environments and need 
shading under nurse trees (Appanah & Weinland 
1993).
	 Otsamo (1998, 2000) showed that dipterocarps 
can grow in degraded forest areas under nurse 
trees of some exotic species, e.g. Acacia mangium, 
A. crassicarpa, Gmelina arborea, Paraserianthes 
falcataria and Peronema canescens. The exotic nurse 
trees, however, may have negative impacts such 
as invasion into natural ecosystems (Osunkoya 
et al. 2005). The results suggest that some native 
pioneer species, such as T. tomentosa, C. odorata, 
M. pruinosa, M. gigantea, F. aurata and I. Cissoidea 
may be candidates of nurse trees for dipterocarp 
species. These species were able to adapt to young 
fallows and may create a suitable microclimate 
for both light-demanding and shade-tolerant 
dipterocarp species. 

Table 7 	 Contents of SOC (A), TN (B) and P2O5 (C) in plots 1 year (A1), 5 years 
(A5) and 10 years (A10) after abandonment, and in primary forest

Plot SOC TN P2O5

A1 2.66(0.85) 0.22(0.07) 38.17(1.87) a

A5 2.49(0.85) 0.23(0.08) 11.53(2.73) b

A10 2.27(0.64) 0.17(0.05) 14.17(1.13) b

Primary forest 2.68(0.76) 0.18(0.05) 18.25(4.02) b

Values are means + standard deviatio; different letters indicate significant differences between 
permanent plot (Tukey’s HSD)
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Soil nutrients

The results revealed that the concentrations of 
SOC and TN did not differ significantly between 
fallows and primary forest. This is probably 
because using the slash-and-burn technique 
to prepare the land for shifting cultivation 
had only a short-term effect of increasing soil 
nutrients. The slash-and-burn method used 
in shifting cultivation was observed to directly 
increase amounts of SOC and TN by 10.8 and 
10.4%, respectively, while afterwards SOC and 
TN reverted to initial levels due to soil erosion 
and leaching (Tulaphitak et al. 1985, Tanaka 
et al. 2001). The results suggested that the 
concentrations of SOC and TN did not differ 
significantly between the fallow and primary 
forest plots, likely because the increase in soil 
nutrients resulting from the slash-and-burn 
land preparation was only transient in the 
nutrient-poor ultisols characteristic of soils in 
this region. The higher concentration of P2O5 in 
A1 as compared to that in the other fallow and 
primary forest plots was likely a consequence 
of deposition of P2O5 from vegetation burned 
during land preparation.

Implications for accelerating recovery of 
degraded forests

Enrichment planting in the fallows using late 
succession species such as Shorea sp. may be useful 
to accelerate recovery of species abundance 
and diversity. Successful natural regeneration 
of dipterocarps in abandoned areas depends on 
surrounding conditions, such as the abundance 
of mother trees in surrounding secondary 
forests. The main constraints to the natural 
regeneration of dipterocarp species are irregular 
flowering (Appanah 1993, Numata et al. 2003) 
and their recalcitrant seeds (Otsamo et al. 1996). 
The enrichment planting using dipterocarps 
with native pioneer species as nurse trees may 
help accelerate forest recovery by increasing 
species abundance while avoiding the potential 
negative effects of using exotic species in forest 
regeneration (Kartawinata 1994).
	 Soil nutrient composition was no different in 
young fallow plots (five years after abandonment) 
and the primary forest plot, while the species 
diversity and number of individual  large trees 
increased with fallow age. This implies that 
the development of vegetation in the early 

successional stages can increase the total biomass 
in young fallow areas, which contributes to 
nutrient availability through litter decomposition 
(Tanaka et al. 2007). 

CONCLUSIONS

The study implied that young fallow areas would 
be suitable sites for enrichment with native 
species in terms of facilitating the recovery of 
soil properties and vegetation. It was observed 
that the density of large trees increased with 
time after abandonment, and that species 
composition of large trees differed greatly 
between A10 and primary forest plots, where 
A5 and A10 was dominated by the pioneer 
species T. tomentosa and I. cissoidea, respectively. 
Changes in vegetation structure did not affect the 
status of soil nutrients in the young fallow plots. 
Furthermore, the young fallow plots may have 
created suitable forest micro-environments (e.g. 
shading) that favored their early colonisation 
by the typically late-succession forest species, S. 
hopeifolia, S. seminis and S. leprosula. 
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