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h East Kalmantan Provinge there is about 3 million hectares of sbandoned land, congisting manly of fammer coal mining land and tallow
land of the shifing cultivation system which I8 no longer cutvated by e cwnees. The Indigencus Dayak 1ibe usually replanted he land
after rice harvesting with mulipurpese speass, such as Buil bess, ratian, and bambos. Over time, T abandonsd fand will bam into
secondary forest due to succession. ANer decaces, the spacies richnass In the regrowth forests can approach oid forest which can senva as
biodiversity repoeitonas (Yirdew & al. 2018)

The time raquired for yegetation recovery lo the ofiginal forest characleristics is influenced by several factars such as type of land use, cycle
duration, and large cleared petehes (Aththorkd et al. 2012) The pianeer plant spedes dominale abarvioned fand indiested by an
nteemediate diversity. a low dominance index. and a high everness irdu |Kam|'ni et al. 2020 Karyati et 8. 2013; Karyati et al. 2019). The
e of and Ihus the of soil on land theough plantation peograms, These activities can
reduos the expansicn of forest conversion into cultivated areas .Kanoerude(al 2010).

Ao, Torus! planting has an anporfant ol in providing eccicgical, economic, refigious, and cullurasl funchons of the secondary fores!
(Satiawan 20105 The average sturnpage value In abandoned land was caiculated 10 be B3.05 USD ha' and the total value 2.158.36 USD
! (Karmmi ot . 2020)

The caledstion of the polentisl econamic value of tmber and nan-timber forest products that can be used ss conatruction matedals for
Butldings of furniture willllustrate the patential ncoma that might be achieved from managing absndoned land. Some of the results of
previcus resaarch on abandoned land ace mosty retated 1o aspects of agrarian w policy (Afdals 2015; Durais 2014; Permana 2012) as
wed 88 gtudy on e ecology end economy of sbandoned lend after cutivation (Karmind et al. 2020). However, reesarch on the poentia foe
carbon stocks and the sconomic valuation of abandaned land afler plantation is rarely reported, The chieclives of the sludy were to assess
e ecological end eoonomia values of secondary foreet on abardonsd iand. The findings are expectad 13 be used ae the basis to maka
recommendaticn in managing the sbandened land in East Kalimantan and in other tropical areas.

Tetspi mash ada yeng balum pae dafam ntroduction tb, yailu daa kalimat bedikut: “Some of the reeults of pravicus ressench on abandoned
land are moetly relatod lo aspects of aummn \aw policy (Aldals 2018, Dumais 2014; Permana 2012) as well as study on 1ha acology and
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Tetapl masin ada yang belum pas dalam Introduction 1sb, yaity dua kalmat barkut. “Some of e results of previous research on abandoned
land are mostly refated %o aspacts of agrarian law policy (Afdalis 2016; Dumals 2014; Parmana 2012) as well as study an the ecclogy and
sconcey of abandoned land alter cultivabion (Karmini &% &l 2020). However, research ¢n the potential for carmon stocks and the ecanomic
vatuation of abandanad Bnd after plantation Is rarety eponed *

Dus kabmat tersebut agek berantangan, kecusl dalam hal carbon slock. Sementara dalam artiel v carban stock tidak dinifung. Adiket ini

hanya merbahas rdai okolog dan ekonomi, sama dengan yang sudah dilaukan sebeluminya. Saya sarankan panulis menambahkan
bebarana kalimat yang menunjuidean kebatuan erikel ini.

Figure 2 dan Figure 3 menggunakan disain yang berbeda (Figure 2 vortical, Fig 3 ). Sebaiknya disinny: di
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The ecological and economic values of secondary forest on abandoned
land in Samarinda, East Kalimantan Province Fhe-existence-of fallow

el int = I I : .

ABSTRACT

There is a large area of abandoned land that-is-rettakenmanage-ofafter plantation-activities-in the-tropicEast Kalimantan Provincg.
These abandoned traditional gardens which have been neglected for a long time have important ecological and economic values. This
study atms-aimed to assess the ecological and economic values existenee-of secondary forest on abandoned land in the-tropiefrom-ap
ecologicaland—econemic—perspectiveSamarinda, East Kalimantan Province. The ecological aspects assessed were stand structure,
floristic composition, and species diversity. Meanwhile, the economic aspects analyzed were log price, harvesting cost, profit margin,
and stumpage value. The vegetation survey was carried out on all woody trees with a diameter at bresst height (DBH) > 5 c¢m in 10
subplots, each measuring sized-20 m x 20 m. A total of. 192 trees were recorded, of-29-species-belonging to 29 species, 19 genera and
17 families. The most dominant species were Macaranga triloba (Importance Value, 1V of 46.16), Macaranga tanarius (1V of 22.97),
and Nephelium lappaceum (IV of 20.94). The indexes of diversity, dominance, evenness, and richness in the studied plots were 1.33,
0.06, 0.40, and 5.33, respectively. The means of wood price, Iogging cost, profit margin, and stumpage value at-abardened-tandof the
secondary forest were USD199.55 m™, USD69.01 m3, USD25.45 m and USD51 56 ha 1 respectlvely This study econfrrmed thatt e
abandoned lands with-had high ecologlcal and economlc values-indiea

sHESESSe-prEEass e o pies,

Key words: Abandoned land, diversity, fallow land, stumpage value, tropic.

Running title: The existence of fallow land

INTRODUCTION

In East Kalimantan Province there is about 3 million hectares of abandoned land, consisting mainly of former coal
mining land and fallow land of the shifting cultivation system which is no longer cultivated by the owners. The
indigenous Dayak tribe usually replanted the land after rice harvesting with multipurpose species, such as fruit trees,
rattan and bamboo Over time, lhe abandoned land will turn into secondary forest due to succession.Fheforest-growth

- After decades, the species richness in the regrowth forests can approach old
forest wh|ch can serve as bIOdIVEI’SIty reposnones (Y|rdaw et al. 2018).

e
a e
reqmred for vegetatlon recovery to pﬂmaryﬁueeessren rlglnal fores characterlstlcs is |nf|uenced by several factors such
as type of land use, cycle duration, and large cleared patches (Aththorick et al. 2012). The pioneer and-fast-growing-plant
species dominate abandoned lands which-are-indicated by an intermediate diversity, a low dominance index, and a high
evenness index (Karmini et al. 2020; Karyati et al. 2013; Karyati et al. 2018). The rate of succession and thus the
restoration of soil on abandoned land can be accelerated through plantation programs. These activities can reduce the

xpansmn of forest converS|on |nto cultlva ed areas (Klanderud et al. 2010)
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m&-%n%ba%Also FeresHorest plantlng has an |mp0rtant role in prowdlng ecologlcal economlc rellglous

and cultural functions of the secondary forest (Setiawan 2010). The average stumpage value in abandoned land was
calculated to be 83.05 USD ha and the total was-caleulated-to-bevalue 2,159.36 USD ha* (Karmini et al. 2020).

The calculation of the potential economic value of woed-timber and non-weed-timber forest products that can be used
as construction materials for buildings or furniture will illustrate the potential income that might be achieved from
managing abandoned land. Some of the results of previous research on abandoned land are mostly related to aspects of
agrarian law policy (Afdalis 2016; Dumais 2014; Permana 2012) as well as study on the ecology and economy of
abandoned land after cultivation (Karmini et al. 2020). However, research on the potential for carbon stocks and the
economic valuation of abandoned lands after plantation is rarely reported. [The objectives of the study were to assess the
e*steneeeecolomcal and economic values of secondary forest e#on abandoned IandJeasedAarFeeelegyuandJeeenemy

land. The flndlngs are expected to be used as the ba5|s to make recommendatlon in conservmg and managlng the
abandoned land in East Kalimantan and in other tropical abandened-lands areas.

MATERIALS AND METHODS

Study site

The research was carried out on an fallow land of abandoned traditional garden in Bukit Pinang area,—Bukit-Pinang-is
in Samarinda Ulu sub district, Samarinda City, East Kalimantan Province, Indonesia. The boundaries of the area are Kutai
Kartanegara district at north, Samarinda Utara district at east, Air Putih sub district at south, and Sungai Kunjang district at
west. Samarinda City is the capital of East Kalimantan Province, Indonesia and the city with the largest population in the
entire island of Kalimantan. The population of Samarinda is 812,597 people. Samarinda has an area of 718 km? with a
hilly geographical condition with altitudes varying from 1e-10 to 200 meters above sea level. Samarinda City is divided by
Mahakan river and becomes the gateway to the area around by river, land, and air. The research plot lies at the coordinate
points of 0°25'32.8"S 117°05'56.8"E (as-shewn-in-Figure 1).

e Map of Study Site

Figure 1. Map of study site.
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Procedures

Data collectionVegetation-survey
The research-vegetation survey was conducted from March to September 2020. A total of 10 subplots, each measuring 20
m x 20 m, were established in the study site. All woody trees with a diameter at breast height (DBH) of > 5 cm werg
measured for diameter and height, and their species were identified.

Data collection

secondary data was-were obtained from reports and articles from previous researches.

Data analysis
Ecological characteristics
The following formulas were used to measure individual basal area (BA) and volume (V) (Husch et al. 1982):
Individuals BA = (DBH/2)2 10™ ......ooiiiiiiiiiiiiiiieeeee e [€))]
Individuals V=" 1 x DBHZ 104X H X f ......ccooiiiiiiiiiiiiiiiiiie e 2)
where: DBH is diameter at breast height (cm), ‘H’ is tree height (m), and ‘f”’ is form factor.
The importance value index (1Vi) was used to determine the dominant species of community within the studied plots
in (Fachrul 2007):

RF = (Frequency of a species / Total of frequencies of all species) x 100 ............... .. (3)
Rd = (The number of individual of a species / Total number of individuals) x 100 .. .(4)
RD = (Total basal area for a species / Total basal area for all species) x 100 ................ (5)
IVI=RE +RA T RD .ottt (6)

where: RF is relative frequency, Rd is relative density, and RD is relative dominance.

The four diversity indices were analyzed to describe species diversity of standing trees in the studied plots. These
diversity indices were Shannon-Wiener’s diversity index (H'), Simpson’s dominance index (Ds), Pielou’s evenness index
("), and Margalef’s richness index (R) (Odum 2005):

e, )
In(S)

D) (10)
Inn

where: n; = number of individuals of the i- th species, N = total number of all the individuals in a unit area, and S = number
of species in each plot.

Economic literature
Data in Table 1 shows number of logs that produced from tree diameter up to 75 cm. Based on diameter class and number
of logs, eould-be-known-the equivalent merchantable height was determined. |

Table 1. Merchantable tree heights.

Diameter class (cm) Number of logs (5 m long) Equivalent merchantable height (m)
<15 0.5 2.5*
15-30 1 5
+30 - 60 2 10
+60-75 3 15
75 ke atas 4 20

Source: * Primary data (2020); Forestry Department of Piransutar-Peninsular Malaysia (FDPM) (1997). [

Reduction factor of log price was determined based on size class of DBH and-its—data—can-be-seen-n-(Table 2). Thi
researach used assumption if-that the reduction factor of log price with size class of DBH < 15 cm is-was as-many-as-0.6.

Table 2. Reduction factor of log price.

DBH size class (cm) Reduction factor

<15 0.60*
15-29 0.45
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30-44 0.30
45-49 0.15
50 - 54 0.025

>55 0.00

Source: *Primary data (2020); Noor et al. (1992) and Hanum et al. (2001).

Profit ratio is-was determined-fixed as-at many-as-30% according to Noor dan Shahwahid (1999). Equation of profit
margin is-was calculated as follows (Noor dan Shahwahid, 1999):

PM, = anzk:(PiijR)/(1+ PR)

i=1 j=1
where:

PM; = profit margin;

Pij = log price for each species at sawmill and diameter class;
PR = profit ratio;

i =an index for each species (i=1, 2, 3, 4, ..., n);

j =an index for diameter class (i = 1, 2, 3, 4, ...., n).

Logging cost of Eusideroxylon zwageri spesies was USD102.04 m? in research location when the research was done.
Meanwhile, that of others spesies was USD68.03 m™. The exchange rate was-of 1 USD equal-withwas 14,740 IDR at-on 8
October 2020. The equation of stumpage values is presented below:

S, =33V, (B, +C+ PM)

i1 j=1
where:

Sij = stumpage value for each species and diameter class (USD ha');

Vij = volume of timber for each species and diameter class (m?3);

Pijj = log price for each species at sawmill and diameter class (USD m'®);

= average logging cost (USD ha);
PM; = profit margin (USD m3);
i =an index for each species (i=1, 2, 3, 4, ..., n);
j = an index for diameter class (i=1, 2, 3, 4, ...., n).

RESULTS AND DISCUSSION

Ecological Characteristics
Diameter at Breast Height (DBH) and Height Distributions

The diameter distribution in the research plots shows an inverted J shape where an increase in diameter class is
followed by a decrease in the number of trees as-tHustrated-in-(Figure 2). As much as 70 percent of the tree density is-was
in the DBH class of 5-15 cm. The number of trees in the DBH class of 5.0-15.0 cm was 134 trees-(70%), the DBH class of
15.1-25.0 cm was-32 trees-(17%), the DBH class of 25.1-35.0 cm was-20 trees-(10%), and the DBH class of > 35.0 cm was
6 trees-(3%). Meanwhile, most of the trees (59%) belong to the 5-10 cm height sized-class as-shewn-in-(Figure 3). The tree
heights elasses-were distributed in height size-classes of 0-5.0 m (9 trees or 5%), 5.1-10.0 m (114 trees or 59%), 10.1-15.0
m (53 trees or 28%), and > 15 m (16 trees or 8%). In general, the diameter distribution of trees in secondary forest shews
has an inverted J-shape (Feldpausch et al., 2007; Alvarez-Yépiz et al., 2008) while the distribution of high-height class
shows-is a-skewed-slightly positively skewed (Ohtsuka, 1999). The The similar trends in trees diameter class and height
class were also reported on abandoned land after cultivation (Karmini et al. 2020).
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Figure 2. Distributions of diameter at breast height (DBH) in 0.4 ha ef abandened-landat the study site.
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[Figure 3. Distributions of height in 0.4 ha eﬁabandened-laﬂekbt the study site |

Density, Basal Area, and Volume

The number of individuals recorded in the research plots was 192 trees, belonging to 29 species, 19 genera, and 1|
families. There were 8 tree species belonging-toof the-Moraceae, 5 tree species of Euphorbiaceae, and 2 tree species df
Anacardiaceae. Each of Fhe-the other 14 families censisting-consisted of 1 tree species. The density, basal area, an
volume of species in the study site were-are presented in Table 3. The DBH of trees in the study plots ranges-ranged frof
6.4 cm to 29.1 cm with an average DBH of 16.3 cm. Meanwhile, the tree height ranges-ranged from 6.0 m -t017.4 m wit
an average height of 10.4 m. The total BA and volume of trees in the study plot were 9.44 and 76.86, respectively. These
values are smaller than the total BA (9.75) and the total volume (91.97) in abandoned land after cultivation (Karmini et al.
2020). The five dominant species based on total basal area and volume were Macaranga tanarius (total BA=0.91 m? ha*
and volume=7.86 m® ha'), Mangifera indica (total BA=0.67 m? ha™ and volume=7.49 m® ha), Nephelium lappaceum
(total BA=0.77 m? ha* and volume=6.37 m® ha''), Macaranga triloba (total BA=1.00 m? ha* and volume=6.05 m? ha),
and Artocarpus integer (total BA=0.62 m? ha and volume=5.63 m® ha'). The common species in abandoned land were
dominated by fast growing species, such as Macaranga spp, and Artocarpus spp. as also reported by Karyati et al. (20194)

and Karmini et al. (2020). The recorded fruit trees showed that the studied plot iactuded-was abandoned garden. Thesr
fruit species planted such-aswere Artocarpus integer (Nangka), Artocarpus lakoocha, Artocarpus anisophyllus (Mentawa),
Artocarpus odoratissimus (Terap), Artocarpus tamaran, Artocarpus elasticus (Benda), Artocarpus heterophyllus
(Nangka), Mangifera indica (Mango), Mangifera odorata (Kuweni), Durio zibethinus (Durian), Nephelium lappaceum
(Rambutan). Two tree species could not be identified in this study. Durio zibethinus and Artocarpus odoratissimus NT
are included-local tree species.

Table 3. Density, basal area, and volume of species (DBH of > 5 cm) in the study plots. |

Average  Average Total of Total

No. Species Family N of DBH of height BA (m? volume

(cm) (m) ha?) (m® haty
1 Macaranga tanarius Euphorbiaceae 13 18.3 12.0 0.91 7.86
2 Mangifera indica Anacardiaceae 4 29.1 17.4 0.67 7.49
3 Nephelium lappaceum Sapindaceae 12 15.0 9.5 0.77 6.37
4 Macaranga triloba Euphorbiaceae 48 9.7 8.7 1.00 6.05
5 Artocarpus integer Moraceae 4 26.4 14.0 0.62 5.63
6 Trema orientalis Cannabaceae 8 16.6 13.8 0.51 5.51
7 Artocarpus lakoocha Moraceae 3 28.2 155 0.47 474
8 Artocarpus anisophyllus Moraceae 9 14.1 9.5 0.48 4.70
9 Vernonia arborea Asteraceae 4 23.6 12.1 0.46 3.69
10 Artocarpus odoratissimus Moraceae 5 21.2 9.6 0.48 322
11 Homalanthus populneus Euphorbiaceae 7 124 82 0.35 2.69
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Average  Average Total of Total

No. Species Family N of DBH of height BA (m? volume

(cm) (m) ha) (m® ha'ty
12 Mallotus paniculatus Euphorbiaceae 15 9.8 8.4 0.33 221
13 Artocarpus tamaran Moraceae 2 22.0 115 0.23 2.06
14 Ficus uncinata Moraceae 16 10.2 85 0.35 2.01
15 Symplocos fasciculata Symplocaceae 5 16.5 71 0.31 1.74
16 Durio zibethinus Malvaceae 2 15.2 12.4 0.13 1.49
17 Macaranga gigantea Euphorbiaceae 2 18.9 9.8 0.19 1.43
18 Artocarpus elasticus Moraceae 4 15.2 8.4 0.23 1.43
19 Archidendron pauciflorum Fabaceae 10 9.5 8.7 0.19 1.19
20 Unknown species 1 Unknown family 1 1 275 12.0 0.15 1.16
21 Baccaurea parvifolia Phyllanthaceae 2 17.0 14.0 0.11 1.05
22 Cratoxylum arborescens Hypericaceae 3 125 7.0 0.12 0.64
23 Oroxylum indicum Bignoniaceae 2 13.7 113 0.08 0.60
24 Couroupita guianensis Lecythidaceae 2 12.0 11.2 0.06 0.52
25 Artocarpus heterophyllus Moraceae 2 13.2 11.1 0.07 0.50
26 Unknown species 2 Unknown family 2 1 18.5 10.0 0.07 0.44
27 Eusideroxylon zwageri Lauraceae 2 118 6.0 0.05 0.21
28 Alstonia scholaris Apocynaceae 3 7.9 74 0.04 0.20
29 Mangifera odorata Anacardiaceae 1 6.4 7.3 0.01 0.04
Total 192.0 4725 302.3 9.44 76.86
Average 6.6 16.3 10.4 0.33 2.65
Minimum 1.0 6.4 6.0 0.01 0.04
Maximum 48.0 29.1 17.4 1.00 7.86

Note : N = number of individuals (trees), DBH = diameter at breast height, BA = basal area.

Importance value index (Vi)

Most of the dominant trees based on importance value index (1Vi) were also dominant trees based on total BA and
volume. The light demanding pioneer and fast growing species dominated the studied site (as-shown-in-Table 4). The most
dominant species in terms of IVi was Macaranga triloba (IVi of 46.16) followed by Macaranga triloba (IVi of 22.97),
Nephelium lappaceum (1Vi of 20.94), Ficus uncinata (1Vi of 18.64), and Mallotus paniculatus (Vi of 17.93). Twelve of
29 species recorded had an 1Vi of more than 10.00 and 5 species of them had an 1Vi of 5.00-10.00. Meanwhile the other 12
species have-had an IVi of less than 5.00. Four dominant species of Euphorbiaceae (Macaranga triloba, Macaranga
tanarius, Mallotus paniculatus, and Homalanthus populneus) reached a total IVi of 99.72. These four species were
included in the 10 most dominant types based on IVi. Similar results—studies also reported that tree species from
Euphorbiaceae are-were important and deminate-dominating tropical lands (Danquah et al. 2011; Nizam et al. 2006;
Karyati et al. 2018; Karmini et al. 2020). The total Vi of 8 species including Moraceae reached 84.75. Moraceae is-was
the family that hashad the most species in the research location.

Table 4. Importance value index (1Vi) of trees (DBH of > 5 cm) in 0.4 hectare of the study plots.

No. Species Family RF (%) Rd (%) RD (%)  IVi (%)
1 Macaranga triloba Euphorbiaceae 25.00 10.53 10.63 46.16
2 Macaranga tanarius Euphorbiaceae 6.77 6.58 9.62 22.97
3 Nephelium lappaceum Sapindaceae 6.25 6.58 8.11 20.94
4 Ficus uncinata Moraceae 8.33 6.58 3.72 18.64
5 Mallotus paniculatus Euphorbiaceae 7.81 6.58 3.54 17.93
6 Artocarpus anisophyllus Moraceae 4.69 6.58 5.11 16.37
7 Trema orientalis Cannabaceae 417 5.26 5.44 14.87
8 Artocarpus odoratissimus Moraceae 2.60 5.26 5.08 12.94
9 Homalanthus populneus Euphorbiaceae 3.65 5.26 3.75 12.66
10 Mangifera indica Anacardiaceae 2.08 2.63 7.05 11.77
11 Artocarpus integer Moraceae 2.08 2.63 6.57 11.28
12 Archidendron pauciflorum Fabaceae 521 3.95 2.07 11.22
13 Vernonia arborea Asteraceae 2.08 2.63 484 9.56
14 Artocarpus lakoocha Moraceae 1.56 2.63 4.99 9.19
15 Symplocos fasciculata Symplocaceae 2.60 2.63 3.28 8.51
16 Artocarpus elasticus Moraceae 2.08 2.63 2.46 7.18
17 Artocarpus tamaran Moraceae 1.04 2.63 2.39 6.06
18 Baccaurea parvifolia Phyllanthaceae 1.04 2.63 121 4.89
19 Macaranga gigantea Euphorbiaceae 1.04 1.32 1.99 435
20 Eusideroxylon zwageri Lauraceae 1.04 2.63 0.58 4.25
21 Cratoxylum arborescens Hypericaceae 1.56 1.32 1.23 4.10
22 Durio zibethinus Malvaceae 1.04 1.32 1.37 3.73
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23 Unknown species 1 Unknown family 1 0.52 1.32 1.58 3.41
24 Alstonia scholaris Apocynaceae 1.56 1.32 0.41 3.29
25 Oroxylum indicum Bignoniaceae 1.04 1.32 0.81 3.16
26 Artocarpus heterophyllus Moraceae 1.04 1.32 0.73 3.09
27 Couroupita guianensis Lecythidaceae 1.04 1.32 0.66 3.02
28 Unknown species 2 Unknown family 2 0.52 132 0.71 2.55
29 Mangifera odorata Anacardiaceae 0.52 1.32 0.09 1.92

Total 100 100 100 300

Note : RF = relative frequency, Rd = relative density, RD = relative dominance, I\VV| = importance value index.

Species Diversity

The tree diversity index was categorized to-as ‘intermediate’ (H* of 1.33), indicating.Fhis-shows_ that there is-was
sufficient number of trees growing at the research location. A very complex community is indicated by a high diversity of
species (Brower et al. 1990). Meanwhile, the dominance index was at low criteria with a Ds value of 0.06. A low
dominance value indicates that no species is dominant in the region. The evenness index was in the high category (J’ value
of 0.91), meaning —Fhis—eategory—means-that the presence—individuals of trees in the studied plots is—were evenl
distributed among species. Evenness of plant species is determined by the diversity of species and the number of species
present in the area. A species richness index of 5.33 showed that there were many tree species growing in the study site.
However,-tThere were 192 trees included in 29 tree species recorded in the research plot of 0.4 ha. The species richness i
a place is determined by the number of species and the density of the existing plants. Species richness is calculated based
on the number of species in an area (Krebs, 2001). The results show that high diversity (H '), evenness (J'), and wealth (R)
will lead to low dominance (Ds). The similar results were reported for the diversity indices for trees with DBH of > 5 cm
on plots with an abandoned field age of 5, 10, 20 years (Karyati et al. 2018) and on abandoned land after cultivation
(Karmini et al. 2020).

Table 5. Diversity indices of trees with DBH of > 5 cm in the study plots.

No. Diversity indices Value
1 Shannon-Wiener diversity index (H”) 1.33
2 Simpson dominance index (Ds) 0.06
3 Pielou evenness index (J) 0.91
4 Margalef species richness (R) 5.33

Economic Value

Log Price

The-result-of this research showed-the-abandened-land-hadfound 7 trees species with higher log prices rather than 2|
the ethers-other 22 tree spesies (Table 6). Their log prices were in the range from USD122.12 m™ to USD651.29 m. Thi
log price is-varietyvaries depends-depending on the species and diameter class of log (Karmini et al., 2020). Fhe-higheg
wood-price-owned-by-Eusideroxylon zwageri had the highest speeies-price, i.e., wh}elﬁkreaehedeSDl 085.48 m3, Th
wood-timber price is influenced-bypositively correlated with its weed-demand in society..-the-higher-demand-leads—th)
higher-wood-prices. Eusideroxylon zwageri has good quality of wood, and people likely to use this wood for contructiol
materials.

S D M & @D o

Table 6. Number of stems-at-abandened-land, log price, and wood price at the study site. |

; f Number Log price NVOOd‘ price Commented [U3]: Mungkin perlu diganti dengan timber. Wood
No. Species Family (stems ha'®) (USD m®) (USD m®) adalah kayu daIaI\:m a?ﬁ subs'gmsi/’r)nateria?penyusugn batang pohon,
1 Eusideroxylon zwageri Lauraceae 8 651.29 1,085.48 sedangkan timber adalah kayu yang diproses untuk konstruksi.
2 Alstonia scholaris Apocynaceae 13 488.47 814.11
3 Artocarpus anisophyllus Moraceae 38 447.76 814.11
4 Oroxylum indicum Bignoniaceae 8 427.41 814.11
5 Durio zibethinus Malvaceae 8 151.37 288.33
6 Cratoxylum arborescens Hypericaceae 13 130.60 237.45
7 Artocarpus heterophyllus Moraceae 8 122.12 203.53
8 Artocarpus elasticus Moraceae 17 74.80 142.47
9 Artocarpus lakoocha Moraceae 13 64.11 142.47
10 Archidendron pauciflorum  Fabaceae 42 79.38 135.69
11 Nephelium lappaceum Sapindaceae 50 64.11 122.12
12 Baccaurea parvifolia Phyllanthaceae 8 54.95 122.12
13 Mangifera odorata Anacardiaceae 4 30.53 50.88
14 Macaranga triloba Euphorbiaceae 200 30.37 50.88
15 Ficus uncinata Moraceae 67 30.05 50.88
16 Mallotus paniculatus Euphorbiaceae 63 29.51 50.88

17 Homalanthus populneus Euphorbiaceae 29 28.35 50.88
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18 Symplocos fasciculata Symplocaceae 21 27.48 50.88
19 Couroupita guianensis Lecythidaceae 8 26.71 50.88
20  Tremaorientalis Cannabaceae 33 26.71 50.88
21 Macaranga gigantea Euphorbiaceae 8 26.71 50.88
22 Macaranga tanarius Euphorbiaceae 54 25.83 50.88
23 Artocarpus odoratissimus Moraceae 21 24.42 50.88
24 Artocarpus tamaran Moraceae 8 22.90 50.88
25 Artocarpus integer Moraceae 17 22.90 50.88
26 Vernonia arborea Asteraceae 17 22.90 50.88
27 Unknown species 1 Unknown family 1 4 22.90 50.88
28 Unknown species 2 Unknown family 2 4 22.90 50.88
29 Mangifera indica Anacardiaceae 17 20.99 50.88
Total 801 3,198.52 5,786.97
Mean 28 110.29 199.55

Logging Cost
The logging cost of Eusideroxylon zwageri species was highest-higher rather-than that of the other spesies in
abandened-land-in-this research (as-shewn-in-Table 7). However, logging cost per hectare was determined by log volume,
therefore-and this research found difference in logging cost per hectare among trees species. The total logging cost in
abandoned land in this research (USD752.54 ha™) was lower compared to that in another research (USD1,212.24 ha)
(Karmini et al., 2020). This is relevant because the total log volume in abandoned land in this research location was as
many-as-76.86 m® hat-was, lower rather-than that in another research location, i.e., reached-as-many-as 91.97 m® ha™.

Table 7. Logging cost of trees at abandened-fandthe study site.

P
e

Species

Family

Logging cost

(USD ha™) (USD m™)
1 Eusideroxylon zwageri Lauraceae 751 101.76
2 Artocarpus integer Moraceae 83.25 67.84
3 Artocarpus tamaran Moraceae 74.43 67.84
4 Mangifera indica Anacardiaceae 61.13 67.84
5  Artocarpus lakoocha Moraceae 57.68 67.84
6  Unknown species 1 Unknown family 1 54.70 67.84
7  Vernonia arborea Asteraceae 41.96 67.84
8  Artocarpus odoratissimus Moraceae 34.25 67.84
9 Macaranga gigantea Euphorbiaceae 33.42 67.84
10  Nephelium lappaceum Sapindaceae 30.83 67.84
11 Homalanthus populneus Euphorbiaceae 30.55 67.84
12 Artocarpus anisophyllus Moraceae 27.55 67.84
13 Unknown species 2 Unknown family 2 23.49 67.84
14  Macaranga tanarius Euphorbiaceae 23.29 67.84
15  Durio zibethinus Malvaceae 23.22 67.84
16  Trema orientalis Cannabaceae 21.35 67.84
17  Baccaurea parvifolia Phyllanthaceae 21.01 67.84
18  Artocarpus elasticus Moraceae 20.02 67.84
19  Symplocos fasciculata Symplocaceae 19.38 67.84
20  Cratoxylum arborescens Hypericaceae 12.23 67.84
21 Oroxylum indicum Bignoniaceae 11.75 67.84
22 Couroupita guianensis Lecythidaceae 10.18 67.84
23 Artocarpus heterophyllus Moraceae 6.32 67.84
24 Mallotus paniculatus Euphorbiaceae 573 67.84
25  Ficus uncinata Moraceae 459 67.84
26 Archidendron pauciflorum Fabaceae 4.45 67.84
27  Macaranga triloba Euphorbiaceae 439 67.84
28  Alstonia scholaris Apocynaceae 2.38 67.84
29  Mangifera odorata Anacardiaceae 1.48 67.84
Total 752.54 2,001.36
Mean 25.95 69.01

Profit Margin

The

ities; 3 trees species eentribute-contributing big profit

margin_-namely-were Eusideroxylon zwageri, Alstonia scholaris, and Artocarpus anisophyllus. Those species also have



300  had the-high ef-log and wood prices. This meant prices of buying and selling determine profit in marketing both log anfi
301  wood. Data in Table 8 present profit margin of selling 29 trees species from abandoned land.
302
303 Table 8. Profit margin.
. . Profit margin
No. Species Family {USD mha)) USD ™)
1 Eusideroxylon zwageri Lauraceae 626.24 150.30
2 Alstonia scholaris Apocynaceae 469.68 112.72
3 Artocarpus anisophyllus Moraceae 43054 103.33
4 Oroxylum indicum Bignoniaceae 410.97 98.63
5 Durio zibethinus Malvaceae 145.55 34.93
6 Cratoxylum arborescens Hypericaceae 125.57 30.14
7 Artocarpus heterophyllus Moraceae 117.42 28.18
8 Archidendron pauciflorum Fabaceae 76.32 18.32
9 Artocarpus elasticus Moraceae 71.92 17.26
10 Nephelium lappaceum Sapindaceae 61.65 14.79
11 Artocarpus lakoocha Moraceae 61.65 14.79
12 Baccaurea parvifolia Phyllanthaceae 52.84 12.68
13 Mangifera odorata Anacardiaceae 29.35 7.05
14 Macaranga triloba Euphorbiaceae 29.20 7.01
15 Ficus uncinata Moraceae 28.90 6.94
16 Mallotus paniculatus Euphorbiaceae 28.38 6.81
17 Homalanthus populneus Euphorbiaceae 27.26 6.54
18 Symplocos fasciculata Symplocaceae 26.42 6.34
19 Trema orientalis Cannabaceae 25.69 6.16
20  Couroupita guianensis Lecythidaceae 25.69 6.16
21 Macaranga gigantea Euphorbiaceae 25.69 6.16
22 Macaranga tanarius Euphorbiaceae 24.84 5.96
23 Artocarpus odoratissimus Moraceae 23.48 5.64
24 Artocarpus tamaran Moraceae 22.02 5.28
25 Artocarpus integer Moraceae 22.02 5.28
26 Vernonia arborea Asteraceae 22.02 5.28
27 Unknown species 1 Unknown family 1 22.02 528
28 Unknown species 2 Unknown family 2 22.02 5.28
29  Mangifera indica Anacardiaceae 20.18 4.84
Total 3,075.50 738.12
Mean 106.05 25.45
304 Source:-Primary-data-(analyzed)(2020).
305
306 Stumpage Value
307 The total stumpage value at the abandoned land was estimated as much as USD1,495.31 ha'. There were 29 tre

308  species has-identified-and each species centibutes—contributed an average of USD51.56 ha?. Figure—1-deseribes—tTh
309 highest stumpage value was from Artocarpus anisophyllus-species, i.e..-as-muech-as USD168.97 ha® and the lowest
310  stumpage-value-was-contributedone by-Mangifera odorata, spesies-as-uch-asi.e., USD2.29 ha -(Figure 1).
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Figure 4. Stumpage value of trees at abandoned land.
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The existence of fallow land in the tropic from an ecology and economic
perspectives

ABSTRACT

There is a large area of abandoned land that is not taken manage of after plantation activities in the tropic. These abandoned gardens
which have been neglected for a long time have important ecological and economic values. [This study aims to assess the existence of
abandoned land in the tropic from an ecological and economic perspective. The ecological aspects assessed were stand structure,
floristic composition, and species diversity. Meanwhile, the economic aspects analyzed were log price, harvesting cost, profit margin,
and stumpage value. The vegetation survey was carried out on all woody trees with a diameter at bresstbreast height (DBH) >5 c¢cm in [1b
subplots each sized 20 m x 20 m. A total of.192 trees were recorded of 29 species belonging to 19 genera and 17 families. The most
dominant species were Macaranga triloba (Importance Value, IV of 46.16), Macaranga tanarius (IV of 22.97), and Nephelium
lappaceum (IV of 20.94). The indexes of diversity, dominance, evenness, and richness in the studied plots were 1.33, 0.06, 0.40, and
5.33, respectively. The means of wood price, logging cost, profit margin, and stumpage value at abandoned land were USD199.55 m-3,
USD69.01 m3, USD25.45 m™, and USD51.56 ha'?, respectively. The abandoned lands with high ecological and economic value indicate
the important role of abandoned lands in the secondary succession process in the tropics.

Key words: Abandoned land, diversity, fallow land, stumpage value, tropic.

Running title: The existence of fallow land

INTRODUCTION

[The forest growth continues to increase constantly in the tropic]. After decades, the [species richness fin the regrowth
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forests can approach old forest which can serve as biodiversity repositories (Yirdaw et al. 2018). PThe-planting trees o
abandoned land can be done in an effort to accelerate the restoration of vegetation and soil in the area. These activities
allow land use and reduce the expansion of cultivated areas (Klanderud et al. 2010). The time required for vegetation
recovery to primary succession is influenced by several factors such as type of land use, cycle duration, and large cleared
patches (Aththorick et al. 2012). PFhe—pioneer and fast growing plant species dominate abandoned lands which ar
indicated by an intermediate diversity, a low dominance index, and a high evenness index (Karmini et al. 2020; Karyati et
al. 2013; Karyati et al. 2018).

The land use change has significant impacts on biodiversity, carbon sequestration, and local economies (Kunts et al.
2018). The urban growth is contrasts to the spatial distribution of fallow land at the local scale and economic recessions at
the regional scale (Zambon et al. 2018). The National Land Agency (BPN) has identified an area of 7.3 million hectares df
land in Indonesia in-2011was-categerized-as abandoned land, while around 4.8 million hectares had been declared
abandoned land. [The area of abandoned land increased in 2007 to an area of 7.1 million hectares outside the forest area

(Nurlinda et al. 2014). The area of abandoned land in East Kalimantan is about 3 million hectares. In general, the
abandoned land consists of ex-coal mining land and gardens or fields that are not cultivated by the owner. In East
Kalimantan, the indigenous Dayak tribe replanted the land after planting rice with the multifunctions trees, such as fruit
trees, rattan, and bamboo. Forest planting has an important role in providing ecological, economic, religious, and cultural
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functions (Setiawan 2010). The average stumpage value in abandoned land was calculated to be 83.05 USD ha* and the
total was calculated to be 2,159.36 USD ha* (Karmini et al. 2020).

The calculation of the potential economic value of wood and non-wood that can be used as construction materials for
buildings or furniture will illustrate the potential income that might be achieved from managing abandoned land. Some of
the results of previous research on abandoned land are mostly related to aspects of agrarian law policy (Afdalis 2016;
Dumais 2014; Permana 2012) as well as study on the ecology and economy of abandoned land after cultivation (Karmini
et al. 2020). LHowever, research on the potential for carbon stocks and the economic valuation of abandoned lands after
plantation is rarely reported. ;The objectives of the study were to assess the existence of abandoned land based on ecology
and economy perspectives. The ecological aspect werewas assessed such as floristic structure, composition, and species
diversity as well as the economic aspect of standing trees such as log price, logging cost, profit margin, and stumpage
value in an abandoned land. The findings are expected to be recommendation in conserving and managing tropical
abandoned lands. |

MATERIALS AND METHODS

Study site

The research was carried out on [an fallow land bf abandoned garden in Bukit Pinang area. Bukit Pinang is in
Samarinda Ulu sub district, Samarinda City, East Kalimantan Province, Indonesia. The boundaries of area are Kutai
Kartanegara district at north, Samarinda Utara district at east, Air Putih sub district at south, and Sungai Kunjang district at
west. Samarinda City is the capital of East Kalimantan Province, Indonesia and the city with the largest population in the
entire island of Kalimantan. The population of Samarinda is 812,597 people. Samarinda has an area of 718 km? with a
hilly geographical condition with altitudes varying from 1o to 200 meters above sea level. Samarinda City is divided by
Mahakan river and becomes the gateway to the area around by river, land, and air. The research plot lies at the coordinate
point 0°25'32.8"S 117°05'56.8"E as shown in Figure 1.

Map of Study Site

Figure 1. Map of study site.

Procedures
Vegetation survey
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The research was conducted from March to September 2020. A total of [10 subplots each measuring 20 m x 20 m were
established in the study sitel /All woody trees with a diameter at breast height (DBH) of > 5 cm were measured for diameter
and height, and their species were identified.|

Data collection
Researchers collected primary and secondary data. Primary data were obtained from vegetation survey. Source of
secondary data was reports and articles from [previous researches].

Data analysis
Ecological characteristics
The following formulas were used to measure individual basal area (BA) and volume (V) (Husch et al. 1982):
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where: DBH is diameter at breast height (cm), ‘H’ is tree height (m), and ‘f>’ is form factor.
The importance value index (1Vi) was used to determine the dominant species of community within the studied plots
in (Fachrul 2007):
RF = (Frequency of a species / Total of frequencies of all species) x 100 ...................... (3)
Rd = (The number of individual of a species / Total number of individuals) x 100 ............ 4
RD = (Total basal area for a species / Total basal area for all species) x 100 ................ (5)
IVI=REF+ARA+RD ..ottt (6)
where: RF is relative frequency, Rd is relative density, and RD is relative dominance.
The four diversity indices were analyzed to describe species diversity of standing trees in the studied plots. These
diversity indices were Shannon-Wiener’s diversity index (H'), Simpson’s dominance index (Ds), Pielou’s evenness index
(J"), and Margalef’s richness index (R) (Odum 2005):
S il D) e, 7
H z[ ! ]In[ ) ™
s 2
D, = [L] .................................................................................... (8)
i\ N
L SO O SO SOUUOO ROOTORSU OO O PSP U PR U URPPROOON 9)
In(S)
S ) e (10)
Inn
where: n; = number of individuals of the i- th species, N = total number of all the individuals in a unit area, and S = number
of species in each plot.
Economic literature
Data in Table 1 shows number of logs that produced from tree diameter up to 75 cm. Based on diameter class and number
of logs could be known the equivalent merchantable height.
Table 1. Merchantable tree heights.
Diameter class (cm) Number of logs (5 m long) Equivalent merchantable height (m)
<15 05 2.5*
15-30 1 5
+30 - 60 2 10
+60 - 75 3 15
75 ke atas 4 20
Source: * Primary data (2020); [Forestry Department of Pinansular Malaysia (FDPM) (1997).] [r ted [WU12]: State the reference ]
Reduction factor of log price was determined based on size class of DBH and its data can be seen in Table 2. This reserach ((Commented [(WU131: Not incluced in the reference ls )

used assumption if reduction factor of log price with size class of DBH < 15 cm is as many as 0.6.

Table 2. Reduction factor of log price.

DBH size class (cm) Reduction factor
<15 0.60*
15-29 0.45
3044 0.30
45-49 0.15

50-54 0.025
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Source: *Primary data (2020); Noor et al. (1992) and Hanum et al. (2001),

Profit ratio is determined as many as 30% according to Noor dan Shahwahid (1999). |[Equation of profit margin is as
follows (Noor dan Shahwahid, 1999):

n_ k
PM; => > (P;xPR)/(1+PR)
-1 j=1

where:

PM; = profit margin;

Pij = log price for each species at sawmill and diameter class;
PR = profit ratio;

i =an index for each species (i=1, 2, 3, 4, ..., n);

j =an index for diameter class (i =1, 2, 3, 4, ..., n).

Logging cost of Eusideroxylon zwageri spesies was USD102.04 m™ in research location when research was done.
[Meanwhile, that of others spesies was USD68.03 m™3. The exchange rate was 1 USD equal with 14,740 IDR at 8 October
2020. The equation of stumpage values is presented below:

S = iivij (Pij +C+PM)

i=l j=1
where:

Sij = stumpage value for each species and diameter class (USD ha');

Vij = volume of timber for each species and diameter class (m°);

Pij = log price for each species at sawmill and diameter class (USD m®);
C = average logging cost (USD ha);

PMj = profit margin (USD m3);
i =an index for each species (i=1, 2, 3, 4, ..., n);
i = an index for diameter class (i = 1, 2, 3, 4, ...., )]

RESULTS AND DISCUSSION

Ecological Characteristics
Diameter at Breast Height (DBH) and Height Distributions

The diameter distribution in the research plot shows an inverted J shape where an increase in diameter class is followed
by a decrease in the number of trees as illustrated in Figure 2. As much as [70 percent bf the hree density fis in the DBH
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class 5-15 cm. The number of trees in DBH class of 5.0-15.0 cm was 134 trees (70%), DBH class of 15.1-25.0 cm was 32
trees (17%), DBH class of 25.1-35.0 cm was 20 trees (10%), and DBH class of > 35.0 cm was 6 trees (3%). Meanwhile,
most of the trees (59%) belong to the 5-10 cm height sized class as shown in Figure 3. The tree height classes were
distributed in height size of 0.0-5.0 m (9 trees or 5%), 5.1-10.0 m (114 trees or 59%), 10.1-15.0 m (53 trees or 28%), and >
15 m (16 trees or 8%). In general, the diameter distribution of trees in secondary forest shows an inverted J-shape
(Feldpausch et al., 2007; Alvarez-Yépiz et al., 2008) while the distribution of high class shows a skewed slightly positively
(Ohtsuka, 1999). The The similar trends in trees diameter class and height class were also reported on abandoned land
after cultivation (Karmini et al. 2020).
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Figure 2. Distributions of diameter at breast height (DBH) in 0.4 ha of abandoned land.
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Figure 3. Distributions of height in 0.4 ha of abandoned land.

Density, Basal Area, and Volume

The number of individuals recorded in the research plot was 192 trees belonging to 29 species, 19 genera, and 17
families. There were 8 tree species belonging to the Moraceae, 5 tree species of Euphorbiaceae, and 2 tree species of
Anacardiaceae. The other 14 families consisting of 1 tree species. The density, basal area, and volume of species in the
study site were presented in Table 3. The DBH of trees in the study plots ranges from 6.4 to 29.1 cm with an average DBH
of 16.3 cm. Meanwhile, the tree height ranges from 6.0-17.4 m with an average height of 10.4 m. The total BA and volume
of trees in the study plot were 9.44 and 76.86, respectively. These values are smaller than the total BA (9.75) and the total
volume (91.97) in abandoned land after cultivation (Karmini et al. 2020). The five dominant species based on total basal
area and volume were Macaranga tanarius (total BA=0.91 m? ha* and volume=7.86 m® ha'), Mangifera indica (total
BA=0.67 m? ha™ and volume=7.49 m® ha?), Nephelium lappaceum (total BA=0.77 m? ha™ and volume=6.37 m® ha?),
Macaranga triloba (total BA=1.00 m? ha* and volume=6.05 m® ha'), and Artocarpus integer (total BA=0.62 m? ha™ and
volume=5.63 m® ha). The common species in abandoned land were dominated by fast growing species, such as
Nacaranga 5pp, and Artocarpus spp. as also reported by Karyati et al. (2018) and Karmini et al. (2020). The recorded frujt
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trees showed that the studied plot included abandoned garden. These fruit species planted such as Artocarpus integer
(Nangka), Artocarpus lakoocha, Artocarpus anisophyllus (Mentawa), Artocarpus odoratissimus (Terap), Artocarpus
tamaran, Artocarpus elasticus (Benda), Artocarpus heterophyllus (Nangka), Mangifera indica (Mango), Mangifera
odorata (Kuweni), Durio zibethinus (Durian), Nephelium lappaceum (Rambutan). Two tree species could not be identified
in this study. Durio zibethinus and Artocarpus odoratissimus were included local trees

species
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Table 3. Density, basal area, and volume of species (DBH of >5 cm) in the study plot.
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Average Average Total of Total

No. Species Family N of DBH of height BA (m? volume

(cm) (m) ha) (m® ha't)
1 Macaranga tanarius Euphorbiaceae 13 18.3 12.0 0.91 7.86
2 Mangifera indica Anacardiaceae 4 29.1 174 0.67 7.49
3 Nephelium lappaceum Sapindaceae 12 15.0 9.5 0.77 6.37
4 Macaranga triloba Euphorbiaceae 48 9.7 8.7 1.00 6.05
5 Artocarpus integer Moraceae 4 26.4 14.0 0.62 5.63
6 Trema orientalis Cannabaceae 8 16.6 13.8 0.51 5.51
7 Artocarpus lakoocha Moraceae 3 28.2 155 0.47 474
8 Artocarpus anisophyllus Moraceae 9 14.1 9.5 0.48 4.70
9 Vernonia arborea Asteraceae 4 23.6 121 0.46 3.69
10 Artocarpus odoratissimus Moraceae 5 21.2 9.6 0.48 3.22
11 Homalanthus populneus Euphorbiaceae 7 12.4 82 0.35 2.69
12 Mallotus paniculatus Euphorbiaceae 15 9.8 8.4 0.33 221
13 Artocarpus tamaran Moraceae 2 220 115 0.23 2.06
14 Ficus uncinata Moraceae 16 10.2 85 0.35 2.01
15 Symplocos fasciculata Symplocaceae 5 16.5 7.1 0.31 1.74

}
)
)
)
)
)




Average  Average Total of Total

No. Species Family N of DBH of height BA (m? volume

(cm) (m) ha) (m® ha'ty
16 Durio zibethinus Malvaceae 2 15.2 124 0.13 1.49
17 Macaranga gigantea Euphorbiaceae 2 18.9 9.8 0.19 1.43
18 Artocarpus elasticus Moraceae 4 15.2 8.4 0.23 1.43
19 Archidendron pauciflorum Fabaceae 10 9.5 8.7 0.19 119
20 Unknown species 1 Unknown family 1 1 275 12.0 0.15 1.16
21 Baccaurea parvifolia Phyllanthaceae 2 17.0 14.0 0.11 1.05
22 Cratoxylum arborescens Hypericaceae 3 125 7.0 0.12 0.64
23 Oroxylum indicum Bignoniaceae 2 13.7 113 0.08 0.60
24 Couroupita guianensis Lecythidaceae 2 12.0 11.2 0.06 0.52
25 Artocarpus heterophyllus Moraceae 2 13.2 111 0.07 0.50
26 Unknown species 2 Unknown family 2 1 18.5 10.0 0.07 0.44
27 Eusideroxylon zwageri Lauraceae 2 11.8 6.0 0.05 0.21
28 Alstonia scholaris Apocynaceae 3 7.9 7.4 0.04 0.20
29 Mangifera odorata Anacardiaceae 1 6.4 7.3 0.01 0.04
Total 192.0 4725 302.3 9.44 76.86
Average 6.6 16.3 104 0.33 2.65
Minimum 1.0 6.4 6.0 0.01 0.04
Maximum 48.0 29.1 174 1.00 7.86

Note : N = number of individuals (trees), DBH = diameter at breast height, BA = basal area.

Importance value index (IVi)

Most of the dominant trees based on importance value index (1Vi) were also dominant trees based on total BA and
volume. The light demanding pioneer and fast growing species dominate the studied site as shown in Table 4. The most
dominant species in terms of 1Vi was Macaranga triloba (Vi of 46.16) followed by Macaranga triloba (IVi of 22.97),
Nephelium lappaceum (IVi of 20.94), Ficus uncinata (1Vi of 18.64), and Mallotus paniculatus (Vi of 17.93). Twelve of
29 species recorded had an 1Vi of more than 10.00 and 5 species of them had an Vi of 5.00-10.00. Meanwhile the other 12
species have an 1Vi of less than 5.00. Four dominant species of Euphorbiacea (Macaranga triloba, Macaranga tanarius,
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Mallotus paniculatus, and Homalanthus populneus) reached a total 1Vi of 99.72. These four species were included in the
10 most dominant types based on IVi. Similar results report that tree species from Euphorbiaceae are important and
dominate tropical lands (Danquah et al. 2011; Nizam et al. 2006; Karyati et al. 2018; Karmini et al. 2020). The total 1Vi of
8 species including Moraceae reached 84.75. Moraceae is the family that has the most species in the research location.

Table 4. Importance value index (1Vi) of trees (DBH of > 5 cm) in 0.4 hectare of the study plot.

No. Species Family RF (%) Rd (%) RD (%) 1Vi (%)
1 Macaranga triloba Euphorbiaceae 25.00 10.53 10.63 46.16
2 Macaranga tanarius Euphorbiaceae 6.77 6.58 9.62 22.97
3 Nephelium lappaceum Sapindaceae 6.25 6.58 8.11 20.94
4 Ficus uncinata Moraceae 8.33 6.58 3.72 18.64
5 Mallotus paniculatus Euphorbiaceae 7.81 6.58 3.54 17.93
6 Artocarpus anisophyllus Moraceae 4.69 6.58 511 16.37
7 Trema orientalis Cannabaceae 417 5.26 5.44 14.87
8 Artocarpus odoratissimus Moraceae 2.60 5.26 5.08 12.94
9 Homalanthus populneus Euphorbiaceae 3.65 5.26 3.75 12.66
10 Mangifera indica Anacardiaceae 2.08 2.63 7.05 11.77
11 Artocarpus integer Moraceae 2.08 2.63 6.57 11.28
12 Archidendron pauciflorum Fabaceae 521 3.95 2.07 11.22
13 Vernonia arborea Asteraceae 2.08 2.63 4.84 9.56
14 Artocarpus lakoocha Moraceae 1.56 2.63 4.99 9.19
15 Symplocos fasciculata Symplocaceae 2.60 2.63 3.28 851
16 Artocarpus elasticus Moraceae 2.08 2.63 2.46 7.18
17 Artocarpus tamaran Moraceae 1.04 2.63 2.39 6.06
18 Baccaurea parvifolia Phyllanthaceae 1.04 2.63 121 4.89
19 Macaranga gigantea Euphorbiaceae 1.04 1.32 1.99 4.35
20 Eusideroxylon zwageri Lauraceae 1.04 2.63 0.58 4.25
21 Cratoxylum arborescens Hypericaceae 1.56 1.32 1.23 4.10
22 Durio zibethinus Malvaceae 1.04 1.32 1.37 3.73
23 Unknown species 1 Unknown family 1 0.52 132 1.58 341
24 Alstonia scholaris Apocynaceae 1.56 1.32 0.41 3.29
25 Oroxylum indicum Bignoniaceae 1.04 1.32 0.81 3.16
26 Artocarpus heterophyllus Moraceae 1.04 1.32 0.73 3.09
27 Couroupita guianensis Lecythidaceae 1.04 1.32 0.66 3.02
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28 Unknown species 2 Unknown family 2 0.52 1.32 0.71 2.55
29 Mangifera odorata Anacardiaceae 0.52 1.32 0.09 1.92
Total 100 100 100 300

Note : RF = relative frequency, Rd = relative density, RD = relative dominance, IVl = importance value index.

Species Diversity

The tree diversity index was categorized to ‘intermediate’ (H” of 1.33). This shows that there is a sufficient number of
trees growing at the research location. A very complex community is indicated by a high diversity of species (Brower et al.
1990). Meanwhile, the dominance index was at low criteria with a Ds value of 0.06. A low dominance value indicates that
no species is dominant in the region. The evenness index was in the high category (J° value of 0.91). This category means
that the presence of trees in the studied plots is evenly distributed. [Evenness of plant species is determined by the diversity
of species and the number of species present in the area. |A species richness index of 5.33 showed that there were many
tree species grow in the study site. However, there were 192 trees included in 29 tree species fecorded fn the reggg[gtm
studied plots of 0.4 ha. [The species richness in a place is determined by the number of species and the density of th
existing plants, Species richness is calculated based on the number of species in an area (Krebs, 2001). The results show
that high diversity (H '), evenness (J'), and wealth (R) will lead to low dominance (Ds). The similar results were reported
for the diversity indices for trees with DBH of > 5 ¢cm on plots with an abandoned field age of 5, 10, 20 years (Karyati et
al. 2018) and on abandoned land after[cultivation}(Karmini et al. 2020).

Table 5. Diversity indices of trees with DBH of > 5 cm in the study plot.

No. Diversity indices Value
1 Shannon-Wiener diversity index (H”) 1.33
2 Simpson dominance index (Ds) 0.06
3 Pielou evenness index (J°) 0.91
4 Margalef species richness (R) 5.33

Note : The values were calculated according to the 10 subplots sized 20 m x 20 m each.

Economic Value
Log Price

The result of this research showed the abandoned land had 7 trees species with high log prices rather than 22 others tree
spesies (Table 6). Their log prices were in the range from USD122.12 m to USD651.29 m. The log price is variety
depends on the species and diameter class of log (Karmini et al., 2020). The highest wood price owned by Eusideroxylon
zwageri species which reached USD1,085.48 m=. The wood price is influenced by wood demand in society, the higher
demand leads the higher wood prices. Eusideroxylon zwageri has good quality of wood, people likely use this wood for
contruction materials.

Table 6. Number of stems at abandoned land, log price, and wood price.

. . Number Log price Wood price
No. Species Family (stems ha™)) (USD m?) (UsD m¥)
1 Eusideroxylon zwageri Lauraceae 8 651.29 1,085.48
2 Alstonia scholaris Apocynaceae 13 488.47 814.11
3 Artocarpus anisophyllus Moraceae 38 447.76 814.11
4 Oroxylum indicum Bignoniaceae 8 42741 814.11
5 Durio zibethinus Malvaceae 8 151.37 288.33
6 Cratoxylum arborescens Hypericaceae 13 130.60 237.45
7 Artocarpus heterophyllus Moraceae 8 122.12 203.53
8 Artocarpus elasticus Moraceae 17 74.80 142.47
9 Artocarpus lakoocha Moraceae 13 64.11 142.47
10 Archidendron pauciflorum  Fabaceae 42 79.38 135.69
11 Nephelium lappaceum Sapindaceae 50 64.11 122.12
12 Baccaurea parvifolia Phyllanthaceae 8 54.95 12212
13 Mangifera odorata Anacardiaceae 4 30.53 50.88
14 Macaranga triloba Euphorbiaceae 200 30.37 50.88
15 Ficus uncinata Moraceae 67 30.05 50.88
16 Mallotus paniculatus Euphorbiaceae 63 29.51 50.88
17 Homalanthus populneus Euphorbiaceae 29 28.35 50.88
18 Symplocos fasciculata Symplocaceae 21 27.48 50.88
19 Couroupita guianensis Lecythidaceae 8 26.71 50.88
20  Trema orientalis Cannabaceae 33 26.71 50.88
21 Macaranga gigantea Euphorbiaceae 8 26.71 50.88
22 Macaranga tanarius Euphorbiaceae 54 25.83 50.88
23 Artocarpus odoratissimus Moraceae 21 24.42 50.88
24 Artocarpus tamaran Moraceae 8 22.90 50.88

Commented [WU24]: This sentence — not necessary as it was
already explained in the Methodology section on what is the
definition of Species Evenness.

Commented [WU25]: High number of tree stand exiting in the
study sites.

Commented [WU26]: recorded

[ }
( )
( commented [WU27]: 2 )
[ }
( J

Commented [WU28]: This sentence — not necessary as it was
already explained in the Methodology section

Commented [WU29]: Shifting cultivation?




271
272
273
274
275
276
277
278
279
280
281

282

284
285
286
287
288
289
290

25  Artocarpus integer Moraceae 17 22.90 50.88
26 Vernonia arborea Asteraceae 17 22.90 50.88
27 Unknown species 1 Unknown family 1 4 22.90 50.88
28 Unknown species 2 Unknown family 2 4 22.90 50.88
29 Mangifera indica Anacardiaceae 17 20.99 50.88
Total 801 3,198.52 5,786.97
Mean 28 110.29 199.55

Source: Primary data (analyzed) (2020).

Logging Cost

The logging cost of Eusideroxylon zwageri species was highest rather than other spesies in abandoned land in this
research as shown in Table 7. However, logging cost per hectare was determined by log volume therefore this research
found difference logging cost per hectare among trees species. The total logging cost in abandoned land in this research
(USD752.54 ha't) was lower compared to that in other research (USD1,212.24 ha™) (Karmini et al., 2020). This is relevant
because the total log volume in abandoned land in this research location was as many as 76.86 m® ha* was lower rather

than that in other research location reached as many as 91.97 m® ha'™, |

Table 7. Logging cost of trees at abandoned land.

pd
e

Species

Family

Logging cost

(USD ha™) (USD m™)
1 Eusideroxylon zwageri Lauraceae 7.51 101.76
2 Artocarpus integer Moraceae 83.25 67.84
3 Artocarpus tamaran Moraceae 74.43 67.84
4 Mangifera indica Anacardiaceae 61.13 67.84
5  Artocarpus lakoocha Moraceae 57.68 67.84
6  Unknown species 1 Unknown family 1 54.70 67.84
7  Vernonia arborea Asteraceae 41.96 67.84
8 Artocarpus odoratissimus Moraceae 34.25 67.84
9  Macaranga gigantea Euphorbiaceae 33.42 67.84
10  Nephelium lappaceum Sapindaceae 30.83 67.84
11 Homalanthus populneus Euphorbiaceae 30.55 67.84
12 Artocarpus anisophyllus Moraceae 27.55 67.84
13 Unknown species 2 Unknown family 2 23.49 67.84
14  Macaranga tanarius Euphorbiaceae 23.29 67.84
15  Durio zibethinus Malvaceae 23.22 67.84
16  Trema orientalis Cannabaceae 21.35 67.84
17  Baccaurea parvifolia Phyllanthaceae 21.01 67.84
18  Artocarpus elasticus Moraceae 20.02 67.84
19  Symplocos fasciculata Symplocaceae 19.38 67.84
20  Cratoxylum arborescens Hypericaceae 12.23 67.84
21 Oroxylum indicum Bignoniaceae 11.75 67.84
22 Couroupita guianensis Lecythidaceae 10.18 67.84
23 Artocarpus heterophyllus Moraceae 6.32 67.84
24 Mallotus paniculatus Euphorbiaceae 573 67.84
25  Ficus uncinata Moraceae 4.59 67.84
26 Archidendron pauciflorum Fabaceae 4.45 67.84
27  Macaranga triloba Euphorbiaceae 4.39 67.84
28  Alstonia scholaris Apocynaceae 2.38 67.84
29  Mangifera odorata Anacardiaceae 1.48 67.84
Total 752.54 2,001.36
Mean 25.95 69.01

Source: Primary data (analyzed) (2020).

Profit Margin

The wood sellers hope profit from their marketing activities, the 3 trees species contribute big profit margin, namely
Eusideroxylon zwageri, Alstonia scholaris, and Artocarpus anisophyllus. Those also have the high of log and wood prices. |
This meant prices of buying and selling determine profit in marketing both log and wood. Data in Table 8 present profit

margin of selling 29 trees species from abandoned land.

Table 8. Profit margin.

Profit margin

No. Species Family {USD mha) USD ™Y
1 Eusideroxylon zwageri Lauraceae 626.24 150.30
2 Alstonia scholaris Apocynaceae 469.68 112.72
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Profit margin

No. Species Family (USD m?ha)) (USD mY)
3 Artocarpus anisophyllus Moraceae 43054 103.33
4 Oroxylum indicum Bignoniaceae 410.97 98.63
5 Durio zibethinus Malvaceae 145.55 34.93
6 Cratoxylum arborescens Hypericaceae 125.57 30.14
7 Artocarpus heterophyllus Moraceae 117.42 28.18
8 Archidendron pauciflorum Fabaceae 76.32 18.32
9 Artocarpus elasticus Moraceae 71.92 17.26
10 Nephelium lappaceum Sapindaceae 61.65 14.79
11 Artocarpus lakoocha Moraceae 61.65 14.79
12 Baccaurea parvifolia Phyllanthaceae 52.84 12.68
13 Mangifera odorata Anacardiaceae 29.35 7.05
14 Macaranga triloba Euphorbiaceae 29.20 7.01
15 Ficus uncinata Moraceae 28.90 6.94
16 Mallotus paniculatus Euphorbiaceae 28.38 6.81
17 Homalanthus populneus Euphorbiaceae 27.26 6.54
18 Symplocos fasciculata Symplocaceae 26.42 6.34
19  Trema orientalis Cannabaceae 25.69 6.16
20  Couroupita guianensis Lecythidaceae 25.69 6.16
21 Macaranga gigantea Euphorbiaceae 25.69 6.16
22 Macaranga tanarius Euphorbiaceae 24.84 5.96
23 Artocarpus odoratissimus Moraceae 23.48 5.64
24 Artocarpus tamaran Moraceae 22.02 5.28
25 Artocarpus integer Moraceae 22.02 5.28
26 Vernonia arborea Asteraceae 22.02 5.28
27 Unknown species 1 Unknown family 1 22.02 5.28
28 Unknown species 2 Unknown family 2 22.02 528
29  Mangifera indica Anacardiaceae 20.18 4.84

Total 3,075.50 738.12

Mean 106.05 25.45

Source: Primary data (analyzed) (2020).

Stumpage Value

The total stumpage value at the abandoned land was estimated as much as USD1,495.31 hal. There 29 trees species
has identified and each species contibutes an average of USD51.56 ha™. Figure 1 describes the highest stumpage value was
from Artocarpus anisophyllus species as much as USD168.97 ha* and the lowest stumpage value was contributed by

Mangifera odorata spesies as much as USD2.29 ha.
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Figure 4. Stumpage value of trees at abandoned land.
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24 Results and This sentence — not necessary as it was | Kalimat telah dihapus.
Discussion, hal | already explained in the Methodology
7, baris 249-250 | section on what is the definition of Species
Evenness.
25 Results and High number of tree stand exiting in the Kalimat telah direvisi sesuai saran
Discussion, hal. | study sites. yang diberikan.
7, baris 250-251
26 Results and recorded Telah direvisi menjadi “recorded”.
Discussion, hal.
7, baris 251
27 Results and ?7? Kalimat telah direvisi.
Discussion, hal.
7, baris 252
28 Results and This sentence — not necessary as it was Kalimat telah dihapus.
Discussion, hal. | already explained in the Methodology
7, baris 252-253 | section
29 Results and Shifting cultivation? Kalimat telah direvisi.
Discussion, hal
7, baris 256
30 Results and Revise this sentence to provide clear logic Kalimat telah direvisi.
Discussion, hal. | of your explanation
8, baris 277-279
31 Results and Revise this sentence. Kalimat telah direvisi.
Discussion, hal.
8, baris 286
32 Reference, hal. | Please recheck the reference list | find some | References telah disesuaikan

10

in-text citation were missing in the
reference list

dengan teks.

Samarinda, 31 Oktober 2020
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Abstract. Karmini, Karyati, Widiati KY. 2020. Short Communication: The ecological and economic values of secondary forest on
abandoned land in Samarinda, East Kalimantan Province, Indonesia. Biodiversitas 21: xxxx. There is a large area of abandoned land in
East Kalimantan Province. These abandoned traditional gardens which have been neglected for a long time have important ecological
and economic values. This study aimed to assess the ecological and economic values of secondary forest on abandoned land in
Samarinda, East Kalimantan Province. The ecological aspects assessed were stand structure, floristic composition, and species diversity.
Meanwhile, the economic aspects analyzed were log price, harvesting cost, profit margin, and stumpage value. The vegetation survey
was carried out on all woody trees with a diameter at breast height (DBH) > 5 cm in 10 subplots, each measuring 20 m x 20 m. A total
of 192 trees were recorded, belonging to 29 species, 19 genera and 17 families. The most dominant species were Macaranga triloba
(Importance Value, IV of 46.16), Macaranga tanarius (IV of 22.97), and Nephelium lappaceum (IV of 20.94). The indexes of diversity,
dominance, evenness, and richness in the studied plots were 1.33, 0.06, 0.40, and 5.33, respectively. The means of wood price, logging
cost, profit margin, and stumpage value of the secondary forest were USD199.55 m-, USD69.01 m, USD25.45 m-3, and USD51.56 ha

1, respectively. This study confirmed that the abandoned land had high ecological and economic values.

Keywords: Abandoned land, diversity, fallow land, stumpage value, tropic

INTRODUCTION

In East Kalimantan Province there is about 3 million
hectares of abandoned land, consisting mainly of former
coal mining land and fallow land of the shifting cultivation
system which is no longer cultivated by the owners. The
indigenous Dayak tribe usually replanted the land after rice
harvesting with multipurpose species, such as fruit trees,
rattan, and bamboo. Over time, the abandoned land will
turn into secondary forest due to succession. After decades,
the species richness and composition in the regrowth forests
can approach old forest which can serve as biodiversity
repositories (Karyati et al. 2018; Yirdaw et al. 2019).

The time required for vegetation recovery to original
forest characteristics is influenced by several factors such
as type of land use, cycle duration, and large cleared
patches (Aththorick et al. 2012). The pioneer plant species
dominate abandoned land indicated by an intermediate
diversity, a low dominance index, and a high evenness
index (Karmini et al. 2020; Karyati et al. 2013; Karyati et
al. 2018). The rate of succession and thus the restoration of
soil on abandoned land can be accelerated through plantation
programs. These activities can reduce the expansion of forest
conversion into cultivated areas (Klanderud et al. 2010).

Also, forest planting has an important role in providing
ecological, economic, religious, and cultural functions of
the secondary forest (Setiawan 2010). The average
stumpage value in abandoned land was calculated to be

83.05 USD ha! and the total value 2,159.36 USD ha'
(Karmini et al. 2020).

The calculation of the potential economic value of
timber and non-timber forest products that can be used as
onstruction materials for buildings or furniture will
illustrate the potential income that might be achieved from
managing abandoned land. Most of the previous studies
reported information on the ecological and economic value
of abandoned lands separately. The previous similar study
reported the ecological and economic value of abandoned
land where the previous land use was shifting cultivation
(Karmini et al. 2020). However, study that provides
comprehensive information on the ecological and economic
value of abandoned land after being used as traditional
gardens in the tropics is still very limited. The objectives of
the study were to assess the ecological and economic
values of secondary forest on abandoned land. The findings
are expected to be wused as the basis to make
recommendation in managing the abandoned land in East
Kalimantan and in other tropical areas.

MATERIALS AND METHODS
Study site

The research was carried out on a land area of
abandoned traditional garden in Bukit Pinang area, in
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Samarinda Ulu Subdistrict, Samarinda City, East
Kalimantan Province, Indonesia. The research plot is
located on land which is a traditional garden that has been
left for more than 44 years based on land owner
confirmation. The previous similar land use type of
traditional gardening on this land was also reported based
on interviews with land owners. The boundaries of the area
are Kutai Kartanegara district at north, Samarinda Utara
district at east, Air Putih Subdistrict at south, and Sungai
Kunjang district at west. Samarinda City is the capital of
East Kalimantan Province, Indonesia and the city with the
largest population in the entire island of Kalimantan. The
population of Samarinda is 812,597 people. Samarinda has
an area of 718 km? with a hilly geographical condition with
altitudes varying from 10 to 200 meters above sea level.
Samarinda City is divided by Mahakan river and becomes
the gateway to the area around by river, land, and air. The
research plot lies at the coordinate points of 025'32.8"S
117°05'56.8"E (Figure 1).

Procedures
Data collection

The vegetation survey was conducted from March to
September 2020. A total of 10 subplots, each measuring 20
m x 20 m, were established in the study site (Fachrul 2007;
Kusmana 2017). Sub plots were established within a same
abandoned land. All woody trees with a diameter at breast
height (DBH) of > 5 cm were measured for diameter and
height, and their species were identified. The secondary
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data were obtained from reports and articles from previous
researches (Forestry Department of Peninsular Malaysia
(FDPM) (1997); Hanum et al. 2001; Noor et al. 1992; Noor
and Shahwahid 1999).

Data analysis
Ecological characteristics

The following formulas were used to measure
individual basal area (BA) and volume (V) (Husch et al.

1982):
Individuals BA = n (DBH/2)%. 10* (1)
Individuals V = % n x DBH? 10 x H x f )

Where: DBH is diameter at breast height (cm), ‘H’ is
tree height (m), and ‘f** is form factor.

The importance value index (IVi) was used to
determine the dominant species of community within the
studied plots in (Fachrul 2007):

RF = (Frequency of a species/Total of frequencies of all

species) x 100 3)
= (The number of individual of a species/Total

number of individuals) x 100 (4)
RD = (Total basal area for a species/Total basal area for

all species) x 100 (5)

IVi=RF +Rd + RD (6)

Where: RF is relative frequency, Rd is relative density,
and RD is relative dominance.
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Figure 1. Map of study site in Bukit Pinang area, in Samarinda Ulu Subdistrict, Samarinda City, East Kalimantan Province, Indonesia
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The four diversity indices were analyzed to describe
species diversity of standing trees in the studied plots.
These diversity indices were Shannon-Wiener’s diversity
index (H"), Simpson’s dominance index (Ds), Pielou’s
evenness index (J'), and Margalef’s richness index (R)
(Odum and Barrett 2005):

iz _Z(NJ m[m ™

D, = z[NJ ®)

. 9)
In(S)

R_(8-1) (10)
Inn

Where: ni: number of individuals of the i- th species, N:
total number of all the individuals in a unit area, and S:
number of species in each plot.

Economic literature

Data in Table 1 shows number of logs that produced
from tree diameter up to 75 cm. Based on diameter class
and number of logs, the equivalent merchantable height
was determined.

Reduction factor of log price was determined based on
size class of DBH (Table 2). This research used assumption
that the reduction factor of log price with size class of DBH
< 15 cm was 0.6.

Profit ratio was fixed at 30% according to Noor and
Shahwahid (1999).

Equation of profit margin was calculated as follows
(Noor and Shahwahid, 1999):

Table 1. Merchantable tree heights

. Equivalent
Diameter class  Number of logs (5 m merchantable height
(cm) long)
(m)
<15 0.5 2.5*
15-30 1 5
+30 - 60 2 10
+60 - 75 3 15
75 ke atas 4 20

Note: *Analyzed data; FDPM (Forestry Department of Peninsular
Malaysia) (1997)

Table 2. Reduction factor of log price

DBH size class (cm) Reduction factor

<15 0.60*
15-29 0.45
30-44 0.30
45 -49 0.15
50 - 54 0.025

>55 0.00

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d2111xx
Note: *Analyzed data; Noor et al. (1992) and Hanum et al. (2001)

PM, = Zn“zk“(aijR)/(u PR)

11)
i=1 j=1
Where:
PMj; : profit margin;
Pi : log price for each species at sawmill and

diameter class;
PR : profit ratio;
i > an index for each species (i=1, 2, 3,4, ..., n);
j . an index for diameter class (i=1, 2, 3, 4, ...., n).

Logging cost of all species was USD68.03 m™ (except
logging cost of Eusideroxylon zwageri was USD102.04 m"
%) in research location when the research was done. The
exchange rate of 1 USD was 14,740 IDR on 8 October
2020. The equation of stumpage values is presented below:

n k
Sy =>.> V(P +C+PM)

(12)
i=1 j=1

Where:

Sjj : stumpage value for each species and diameter class
(USD ha'l);

Vij : volume of timber for each species and diameter
class (md);

Pi : log price for each species at sawmill and

diameter class (USD m3);
C  :average logging cost (USD hal);
PM;; : profit margin (USD m?);
i > an index for each species (i =1, 2, 3,4, ...., n);
j : an index for diameter class (i=1, 2, 3, 4, ...., n).

RESULTS AND DISCUSSION

Ecological characteristics
Diameter at Breast Height (DBH) and height distributions
The diameter distribution in the research plots shows an
inverted J shape where an increase in diameter class is
followed by a decrease in the number of trees (Figure 2).
The number of trees in the DBH class of 5.0-15.0 cm was
134 (70%), the DBH class of 15.1-25.0 cm 32 (17%), the
DBH class of 25.1-35.0 cm 20 (10%), and the DBH class
of > 35.0 cm 6 (3%). Meanwhile, most of the trees (59%)
belong to the 5-10 cm height class (Figure 3). The tree
heights were distributed in height classes of 0.0-5.0 m (9
trees or 5%), 5.1-10.0 m (114 trees or 59%), 10.1-15.0 m
(53 trees or 28%), and > 15 m (16 trees or 8%). In general,
the diameter distribution of trees in secondary forest has an
inverted J-shape (Feldpausch et al., 2007; Alvarez-Yépiz et
al., 2008) while the distribution of height class is slightly
positively skewed (Ohtsuka, 1999). The The similar trends
in trees diameter class and height class were also reported
on abandoned land after cultivation (Karmini et al. 2020).

Density, basal area, and volume
The number of individuals recorded in the research
plots was 192 trees, belonging to 29 species, 19 genera, and
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17 families. There were 8 tree species of Moraceae, 5 tree
species of Euphorbiaceae, 3 tree species of Anacardiaceae,
and 2 tree species of Phyllanthaceae. Each of the other 11
families consisted of 1 tree species. The density, basal area,
and volume of species in the study site are presented in
Table 3. The DBH of trees in the study plots ranged from
6.4 cm to 29.1 cm with an average DBH of 16.3 cm.

160

140

Meanwhile, the tree height ranged from 6.0 m tol7.4 m
with an average height of 10.4 m. The total BA and volume
of trees in the study plot were 9.44 and 76.86, respectively.
These values are smaller than the total BA (9.75) and the
total volume (91.97) in abandoned land after cultivation
(Karmini et al. 2020).
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Figure 2. Distribution of diameter at breast height (DBH) in 0.4

ha at the study plot
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Table 3. Density, basal area, and volume of species (DBH of > 5 cm) in the study plots

5.1-100:0 10.1-150
Height sized class (m)

Figure 3. Distribution of height in 0.4 ha at the study plot

Species Family N Average of DBH  Average of height  Total of BA  Total volume
(cm) (m) (m? hal) (m®ha?)
Macaranga tanarius Euphorbiaceae 13 18.3 12.0 0.91 7.86
Mangifera indica Anacardiaceae 4 29.1 17.4 0.67 7.49
Nephelium lappaceum Sapindaceae 12 15.0 9.5 0.77 6.37
Macaranga triloba Euphorbiaceae 48 9.7 8.7 1.00 6.05
Artocarpus integer Moraceae 4 26.4 14.0 0.62 5.63
Trema orientalis Cannabaceae 8 16.6 13.8 0.51 5.51
Artocarpus dadah Moraceae 3 28.2 155 0.47 4.74
Artocarpus anisophyllus Moraceae 9 14.1 95 0.48 4.70
Vernonia arborea Asteraceae 4 23.6 121 0.46 3.69
Artocarpus odoratissimus Moraceae 5 21.2 9.6 0.48 3.22
Homalanthus populneus Euphorbiaceae 7 124 8.2 0.35 2.69
Mallotus paniculatus Euphorbiaceae 15 9.8 8.4 0.33 221
Artocarpus tamaran Moraceae 2 22.0 115 0.23 2.06
Ficus uncinata Moraceae 16 10.2 8.5 0.35 2.01
Symplocos fasciculata Symplocaceae 5 16.5 7.1 0.31 1.74
Durio zibethinus Malvaceae 2 15.2 12.4 0.13 1.49
Macaranga gigantea Euphorbiaceae 2 18.9 9.8 0.19 1.43
Artocarpus elasticus Moraceae 4 15.2 8.4 0.23 1.43
Archidendron pauciflorum Fabaceae 10 9.5 8.7 0.19 1.19
Glochidion obscurum Phyllanthaceae 1 275 12.0 0.15 1.16
Baccaurea parvifolia Phyllanthaceae 2 17.0 14.0 0.11 1.05
Cratoxylum arborescens Hypericaceae 3 125 7.0 0.12 0.64
Oroxylum indicum Bignoniaceae 2 13.7 11.3 0.08 0.60
Couroupita guianensis Lecythidaceae 2 12.0 11.2 0.06 0.52
Artocarpus heterophyllus Moraceae 2 13.2 111 0.07 0.50
Mangifera sp. Anacardiaceae 1 185 10.0 0.07 0.44
Eusideroxylon zwageri Lauraceae 2 11.8 6.0 0.05 0.21
Alstonia scholaris Apocynaceae 3 79 74 0.04 0.20
Mangifera odorata Anacardiaceae 1 6.4 7.3 0.01 0.04
Total 192.0 4725 302.3 9.44 76.86
Average 6.6 16.3 104 0.33 2.65
Minimum 1.0 6.4 6.0 0.01 0.04
Maximum 48.0 29.1 17.4 1.00 7.86
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Note: N: number of individuals (trees), DBH: diameter at breast height, BA: basal area

The five dominant species based on total basal area and
volume were Macaranga tanarius (total BA=0.91 m? ha*
and volume=7.86 m® ha'), Mangifera indica (total
BA=0.67 m? ha! and volume=7.49 m® ha?), Nephelium
lappaceum (total BA=0.77 m? ha! and volume=6.37 m® ha"
1, Macaranga triloba (total BA=1.00 m? ha'! and
volume=6.05 m® ha'), and Artocarpus integer (total
BA=0.62 m? ha™ and volume=5.63 m® ha'). The common
species in abandoned land were dominated by fast growing
species, such as Macaranga spp. and Artocarpus spp. as
also reported by Karyati et al. (2018) and Karmini et al.
(2020). The recorded fruit trees showed that the studied
plot was abandoned garden. These fruit species planted
were Artocarpus anisophyllus (Mentawa),
Artocarpus elasticus (Benda), Artocarpus heterophyllus
(Nangka), Artocarpus integer (Cempedak), Artocarpus
odoratissimus (Terap), Mangifera indica (Mangga),
Mangifera odorata (Kuweni), Durio zibethinus (Durian),
and Nephelium lappaceum (Rambutan). Artocarpus
odoratissimus is a native tree species, while Artocarpus
tamaran is an endemic tree species.

Importance value index (1Vi)

Most of the dominant trees based on importance value
index (1Vi) were also dominant trees based on total BA and
volume. The light demanding pioneer and fast growing
species dominated the studied site (Table 4). The most
dominant species in terms of Vi was Macaranga triloba
(IVi of 46.16) followed by Macaranga triloba (IVi of
22.97), Nephelium lappaceum (IVi of 20.94), Ficus
uncinata (Vi of 18.64), and Mallotus paniculatus (Vi of
17.93). Twelve of 29 species recorded had an 1Vi of more
than 10.00 and 5 species of them had an Vi of 5.00-10.00.
Meanwhile the other 12 species had an 1Vi of less than
5.00. Four dominant species of Euphorbiaceae (Macaranga
triloba, Macaranga tanarius, Mallotus paniculatus, and
Homalanthus populneus) reached a total IVi of 99.72.
These four species were included in the 10 most dominant
types based on 1Vi. Similar studies also reported that tree
species from Euphorbiaceae were important and
dominating tropical fallow lands (Karyati et al. 2018;
Karmini et al. 2020). The total 1Vi of 8 species including
Moraceae reached 84.75. Moraceae was the family that had
the most species in the research location.

Table 4. Importance value index (Vi) of trees (DBH of > 5 ¢cm) in 0.4 hectare of the study plots

Species Family RF (%) Rd (%) RD (%) 1Vi (%)
Macaranga triloba Euphorbiaceae 25.00 10.53 10.63 46.16
Macaranga tanarius Euphorbiaceae 6.77 6.58 9.62 22.97
Nephelium lappaceum Sapindaceae 6.25 6.58 8.11 20.94
Ficus uncinata Moraceae 8.33 6.58 3.72 18.64
Mallotus paniculatus Euphorbiaceae 7.81 6.58 3.54 17.93
Artocarpus anisophyllus Moraceae 4.69 6.58 511 16.37
Trema orientalis Cannabaceae 417 5.26 5.44 14.87
Artocarpus odoratissimus Moraceae 2.60 5.26 5.08 12.94
Homalanthus populneus Euphorbiaceae 3.65 5.26 3.75 12.66
Mangifera indica Anacardiaceae 2.08 2.63 7.05 11.77
Artocarpus integer Moraceae 2.08 2.63 6.57 11.28
Archidendron pauciflorum Fabaceae 5.21 3.95 2.07 11.22
Vernonia arborea Asteraceae 2.08 2.63 4.84 9.56
Artocarpus dadah Moraceae 1.56 2.63 4.99 9.19
Symplocos fasciculata Symplocaceae 2.60 2.63 3.28 8.51
Artocarpus elasticus Moraceae 2.08 2.63 2.46 7.18
Artocarpus tamaran Moraceae 1.04 2.63 2.39 6.06
Baccaurea parvifolia Phyllanthaceae 1.04 2.63 121 4.89
Macaranga gigantea Euphorbiaceae 1.04 1.32 1.99 4.35
Eusideroxylon zwageri Lauraceae 1.04 2.63 0.58 4.25
Cratoxylum arborescens Hypericaceae 1.56 1.32 1.23 4.10
Durio zibethinus Malvaceae 1.04 1.32 1.37 3.73
Glochidion obscurum Phyllanthaceae 0.52 1.32 1.58 341
Alstonia scholaris Apocynaceae 1.56 1.32 0.41 3.29
Oroxylum indicum Bignoniaceae 1.04 1.32 0.81 3.16
Artocarpus heterophyllus Moraceae 1.04 1.32 0.73 3.09
Couroupita guianensis Lecythidaceae 1.04 1.32 0.66 3.02
Mangifera sp. Anacardiaceae 0.52 1.32 0.71 2.55
Mangifera odorata Anacardiaceae 0.52 1.32 0.09 1.92
Total 100 100 100 300

Note: RF: relative frequency, Rd: relative density, RD: relative dominance, 1VI: importance value index.
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Species diversity

The tree diversity index was categorized as
‘intermediate’ (H’ of 1.33), indicating that there was a
sufficient number of trees growing at the research location
(Table 5). A very complex community is indicated by a
high diversity of species (Brower et al. 1990). Meanwhile,
the dominance index was at low criteria with a Ds value of
0.06. A low dominance value indicates that no species is
dominant in the region. The evenness index was in the high
category (J° value of 0.91), meaning that the individuals of
trees in the studied plots were evenly distributed among
species. A species richness index of 5.33 showed that high
number of tree stand exiting in the study site. There were
192 trees included in 29 tree species recorded in the studied
plots. Species richness is calculated based on the number of
species in an area (Krebs, 2001). The results show that high
diversity (H ), evenness (JY), and wealth (R) will lead to

Economic value
Log price

This research found 7 trees species with higher log
prices than the other 22 tree spesies (Table 6). Their log
prices were in the range from USD122.12 m3 to
USD651.29 m3. The log price varies depending on the
species and diameter class of log (Karmini et al. 2020).
Eusideroxylon zwageri had the highest price, i.e.,
USD1,085.48 m3. The timber price is positively correlated
with its demand in society. Eusideroxylon zwageri has
good quality of wood, and people like to use this wood for
contruction materials.

Table 5. Diversity indices of trees with DBH of > 5 cm in the
study plots

low dominance (Ds). The similar results were reported for Diversity indices Value
the diversity indices for trees with DBH of > 5 ¢cm on plots  Shannon-Wiener diversity index (H’) 1.33
with an abandoned field age of 5, 10, 20 years (Karyati et Simpson dominance index (Ds) 0.06
al. 2018) and on abandoned land after shifting cultivation  Pielou evenness index (J°) 0.91
(Karmini et al. 2020). Margalef species richness (R) 5.33
Table 6. Number of stems, log price, and wood price at the study site
. . Number Log price Timber price

Species Family (stems ha™) (USD m?®) (USD m®)
Eusideroxylon zwageri Lauraceae 8 651.29 1,085.48
Alstonia scholaris Apocynaceae 13 488.47 814.11
Artocarpus anisophyllus Moraceae 38 447.76 814.11
Oroxylum indicum Bignoniaceae 8 42741 814.11
Durio zibethinus Malvaceae 8 151.37 288.33
Cratoxylum arborescens Hypericaceae 13 130.60 237.45
Artocarpus heterophyllus Moraceae 8 122.12 203.53
Artocarpus elasticus Moraceae 17 74.80 142.47
Artocarpus dadah Moraceae 13 64.11 142.47
Archidendron pauciflorum Fabaceae 42 79.38 135.69
Nephelium lappaceum Sapindaceae 50 64.11 122.12
Baccaurea parvifolia Phyllanthaceae 8 54.95 122.12
Mangifera odorata Anacardiaceae 4 30.53 50.88
Macaranga triloba Euphorbiaceae 200 30.37 50.88
Ficus uncinata Moraceae 67 30.05 50.88
Mallotus paniculatus Euphorbiaceae 63 29.51 50.88
Homalanthus populneus Euphorbiaceae 29 28.35 50.88
Symplocos fasciculata Symplocaceae 21 27.48 50.88
Couroupita guianensis Lecythidaceae 8 26.71 50.88
Trema orientalis Cannabaceae 33 26.71 50.88
Macaranga gigantea Euphorbiaceae 8 26.71 50.88
Macaranga tanarius Euphorbiaceae 54 25.83 50.88
Artocarpus odoratissimus Moraceae 21 24.42 50.88
Artocarpus tamaran Moraceae 8 22.90 50.88
Artocarpus integer Moraceae 17 22.90 50.88
Vernonia arborea Asteraceae 17 22.90 50.88
Glochidion obscurum Phyllanthaceae 4 22.90 50.88
Mangifera sp. Anacardiaceae 4 22.90 50.88
Mangifera indica Anacardiaceae 17 20.99 50.88
Total 801 3,198.52 5,786.97
Mean 28 110.29 199.55
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Logging cost

The logging cost of Eusideroxylon zwageri species was
higher than that of the other spesies in this research (Table
7). However, logging cost per hectare was determined by
log volume, and this research found difference in logging
cost per hectare among trees species. The total logging cost
in abandoned land in this research (USD752.54 ha') was
lower compared to that in another research (USD1,212.24
hal) (Karmini et al. 2020). This is relevant because the
total log volume in abandoned land in this research location
was 76.86 m® hal (Table 3), lower than that in another
research location, i.e., 91.97 m3 ha™ (Karmini et al. 2020).

Profit margin

The 3 trees species contributing big profit margin were
Eusideroxylon zwageri, Alstonia scholaris, and Artocarpus

Table 7. Logging cost of trees at the study site
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anisophyllus. Those species also had high log and wood

prices. This mean prices of buying and selling determine

profit in marketing both log and wood. Data in Table 8

present profit margin of selling 29 trees species from
abandoned land.

Stumpage value

The total stumpage value at the abandoned land was
estimated as much as USD1,495.31 ha. There were 29
trees species and each species contributed an average of
USD51.56 hal. The highest stumpage value was from
Artocarpus anisophyllus, i.e., USD168.97 ha' and the
lowest one Mangifera odorata, i.e., USD2.29 ha? (Figure
4).

Table 8. Profit margin

Logging cost

Profit margin

Species Family (USD ha) (USD m?) Species Family (USDm?ha’) (USDMY)
Eusideroxylon zwageri Lauraceae 751 101.76  Eusideroxylon zwageri  Lauraceae 626.24  150.30
Artocarpus integer Moraceae 83.25 67.84  Alstonia scholaris Apocynaceae 469.68 112.72
Artocarpus tamaran Moraceae 74.43 67.84  Artocarpus anisophyllus Moraceae 43054 103.33
Mangifera indica Anacardiaceae 61.13 67.84  Oroxylum indicum Bignoniaceae 410.97 98.63
Artocarpus dadah Moraceae 57.68 67.84  Durio zibethinus Malvaceae 145,55 34.93
Glochidion obscurum Phyllanthaceae 54.70 67.84  Cratoxylum arborescens Hypericaceae 125.57 30.14
Vernonia arborea Asteraceae 41.96 67.84  Artocarpus heterophyllus Moraceae 117.42 28.18
Artocarpus odoratissimus Moraceae 34.25 67.84  Archidendron pauciflorum Fabaceae 76.32 18.32
Macaranga gigantea Euphorbiaceae 33.42 67.84  Artocarpus elasticus Moraceae 71.92 17.26
Nephelium lappaceum Sapindaceae 30.83 67.84  Nephelium lappaceum  Sapindaceae 61.65 14.79
Homalanthus populneus  Euphorbiaceae 30.55 67.84  Artocarpus dadah Moraceae 61.65 14.79
Artocarpus anisophyllus  Moraceae 27.55 67.84  Baccaurea parvifolia Phyllanthaceae 52.84 12.68
Mangifera sp. Anacardiaceae 23.49 67.84  Mangifera odorata Anacardiaceae 29.35 7.05
Macaranga tanarius Euphorbiaceae 23.29 67.84  Macaranga triloba Euphorbiaceae 29.20 7.01
Durio zibethinus Malvaceae 23.22 67.84  Ficus uncinata Moraceae 28.90 6.94
Trema orientalis Cannabaceae 21.35 67.84  Mallotus paniculatus Euphorbiaceae 28.38 6.81
Baccaurea parvifolia Phyllanthaceae 21.01 67.84  Homalanthus populneus Euphorbiaceae 27.26 6.54
Artocarpus elasticus Moraceae 20.02 67.84  Symplocos fasciculata ~ Symplocaceae 26.42 6.34
Symplocos fasciculata Symplocaceae 19.38 67.84  Trema orientalis Cannabaceae 25.69 6.16
Cratoxylum arborescens  Hypericaceae 12.23 67.84  Couroupita guianensis  Lecythidaceae 25.69 6.16
Oroxylum indicum Bignoniaceae 11.75 67.84  Macaranga gigantea Euphorbiaceae 25.69 6.16
Couroupita guianensis Lecythidaceae 10.18 67.84  Macaranga tanarius Euphorbiaceae 24.84 5.96
Artocarpus heterophyllus Moraceae 6.32 67.84  Artocarpus odoratissimus Moraceae 23.48 5.64
Mallotus paniculatus Euphorbiaceae 5.73 67.84  Artocarpus tamaran Moraceae 22.02 5.28
Ficus uncinata Moraceae 4.59 67.84  Artocarpus integer Moraceae 22.02 5.28
Archidendron pauciflorum Fabaceae 4.45 67.84  Vernonia arborea Asteraceae 22.02 5.28
Macaranga triloba Euphorbiaceae 4.39 67.84  Glochidion obscurum Phyllanthaceae 22.02 5.28
Alstonia scholaris Apocynaceae 2.38 67.84  Mangifera sp. Anacardiaceae 22.02 5.28
Mangifera odorata Anacardiaceae 1.48 67.84  Mangifera indica Anacardiaceae 20.18 484
Total 75254 2,001.36  Total 3,075.50 738.12
Mean 25.95 69.01 Mean 106.05 25.45
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Figure 4. Stumpage value of trees at abandoned land
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Abstract. Karmini, Karyati, Widiati KY. 2020. Short Communication: The ecological and economic values of secondary forest on
abandoned land in Samarinda, East Kalimantan Province, Indonesia. Biodiversitas 21: xxxx. There is a large area of abandoned land in
East Kalimantan Province. These abandoned traditional gardens which have been neglected for a long time have important ecological
and economic values. This study aimed to assess the ecological and economic values of secondary forest on abandoned land in
Samarinda, East Kalimantan Province. The ecological aspects assessed were stand structure, floristic composition, and species diversity.
Meanwhile, the economic aspects analyzed were log price, harvesting cost, profit margin, and stumpage value. The vegetation survey
was carried out on all woody trees with a diameter at breast height (DBH) > 5 cm in 10 subplots, each measuring 20 m x 20 m. A total
of 192 trees were recorded, belonging to 29 species, 19 genera and 17 families. The most dominant species were Macaranga triloba
(Importance Value, IV of 46.16), Macaranga tanarius (IV of 22.97), and Nephelium lappaceum (IV of 20.94). The indexes of diversity,
dominance, evenness, and richness in the studied plots were 1.33, 0.06, 0.40, and 5.33, respectively. The means of wood price, logging
cost, profit margin, and stumpage value of the secondary forest were USD199.55 m-3, USD69.01 m3, USD25.45 m-, and USD51.56 ha

1, respectively. This study confirmed that the abandoned land had high ecological and economic values.

Keywords: Abandoned land, diversity, fallow land, stumpage value, tropic

INTRODUCTION

In East Kalimantan Province there is about 3 million
hectares of abandoned land, consisting mainly of former
coal mining land and fallow land of the shifting cultivation
system which is no longer cultivated by the owners. The
indigenous Dayak tribe usually replanted the land after rice
harvesting with multipurpose species, such as fruit trees,
rattan, and bamboo. Over time, the abandoned land will
turn into secondary forest due to succession. After decades,
the species richness and composition in the regrowth forests
can approach old forest which can serve as biodiversity
repositories (Karyati et al. 2018; Yirdaw et al. 2019).

The time required for vegetation recovery to original
forest characteristics is influenced by several factors such
as type of land use, cycle duration, and large cleared
patches (Aththorick et al. 2012). The pioneer plant species
dominate abandoned land indicated by an intermediate
diversity, a low dominance index, and a high evenness
index (Karmini et al. 2020; Karyati et al. 2013; Karyati et
al. 2018). The rate of succession and thus the restoration of
soil on abandoned land can be accelerated through plantation
programs. These activities can reduce the expansion of forest
conversion into cultivated areas (Klanderud et al. 2010).

Also, forest planting has an important role in providing
ecological, economic, religious, and cultural functions of
the secondary forest (Setiawan 2010). The average
stumpage value in abandoned land was calculated to be

83.05 USD ha? and the total value 2,159.36 USD ha*
(Karmini et al. 2020).

The calculation of the potential economic value of
timber and non-timber forest products that can be used as
onstruction materials for buildings or furniture will
illustrate the potential income that might be achieved from
managing abandoned land. Most of the previous studies
reported information on the ecological and economic value
of abandoned lands separately. The previous similar study
reported the ecological and economic value of abandoned
land where the previous land use was shifting cultivation
(Karmini et al. 2020). However, study that provides
comprehensive information on the ecological and economic
value of abandoned land after being used as traditional
gardens in the tropics is still very limited. The objectives of
the study were to assess the ecological and economic
values of secondary forest on abandoned land. The findings
are expected to be used as the basis to make
recommendation in managing the abandoned land in East
Kalimantan and in other tropical areas.

MATERIALS AND METHODS
Study site

The research was carried out on a land area of
abandoned traditional garden in Bukit Pinang area, in
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Samarinda Ulu Subdistrict, Samarinda City, East
Kalimantan Province, Indonesia. The research plot is
located on land which is a traditional garden that has been
left for more than 44 years based on land owner
confirmation. The previous similar land use type of
traditional gardening on this land was also reported based
on interviews with land owners. The boundaries of the area
are Kutai Kartanegara district at north, Samarinda Utara
district at east, Air Putih Subdistrict at south, and Sungai
Kunjang district at west. Samarinda City is the capital of
East Kalimantan Province, Indonesia and the city with the
largest population in the entire island of Kalimantan. The
population of Samarinda is 812,597 people. Samarinda has
an area of 718 km? with a hilly geographical condition with
altitudes varying from 10 to 200 meters above sea level.
Samarinda City is divided by Mahakan river and becomes
the gateway to the area around by river, land, and air. The
research plot lies at the coordinate points of 025'32.8"S
117°05'56.8"E (Figure 1).

Procedures
Data collection

The vegetation survey was conducted from March to
September 2020. A total of 10 subplots, each measuring 20
m x 20 m, were established in the study site (Fachrul 2007;
Kusmana 2017). Sub plots were established within a same
abandoned land. All woody trees with a diameter at breast
height (DBH) of > 5 cm were measured for diameter and
height, and their species were identified. The secondary

data were obtained from reports and articles from previous
researches (Forestry Department of Peninsular Malaysia
(FDPM) (1997); Hanum et al. 2001; Noor et al. 1992; Noor
and Shahwahid 1999).

Data analysis
Ecological characteristics
The following formulas were used to measure
individual basal area (BA) and volume (V) (Husch et al.
1982):
Individuals BA = & (DBH/2)?. 10* 1)
Individuals V = % n x DBH2. 104 x H x f ¥
Where: DBH is diameter at breast height (cm), ‘H’ is
tree height (m), and ‘f>’ is form factor.

The importance value index (IVi) was used to
determine the dominant species of community within the
studied plots in (Fachrul 2007):

RF = (Frequency of a species/Total of frequencies of all

species) x 100 3)
= (The number of individual of a species/Total

number of individuals) x 100 4)
RD = (Total basal area for a species/Total basal area for

all species) x 100 (5)

IVi = RF + Rd + RD (6)

Where: RF is relative frequency, Rd is relative density,
and RD is relative dominance.

. \ B
. —‘L Map of Study Site }
» |

Figure 1. Map of study site in Bukit Pinang area, in Samarinda Ulu Subdistrict, Samarinda City, East Kalimantan Province, Indonesia
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The four diversity indices were analyzed to describe
species diversity of standing trees in the studied plots.
These diversity indices were Shannon-Wiener’s diversity
index (H'), Simpson’s dominance index (Ds), Pielou’s
evenness index (J'), and Margalef’s richness index (R)
(Odum and Barrett 2005):

H=—Z(len(nﬁj Q)

s 2
D, = [7j ®
=N

R 9
In(S)

g_(8-1) (10)
Inn

Where: ni: number of individuals of the i- th species, N:
total number of all the individuals in a unit area, and S:
number of species in each plot.

Economic literature

Data in Table 1 shows number of logs that produced
from tree diameter up to 75 cm. Based on diameter class
and number of logs, the equivalent merchantable height
was determined.

Reduction factor of log price was determined based on
size class of DBH (Table 2). This research used assumption
that the reduction factor of log price with size class of DBH
<15 cm was 0.6.

Profit ratio was fixed at 30% according to Noor and
Shahwahid (1999).

Equation of profit margin was calculated as follows
(Noor and Shahwahid; 1999):

Table 1. Merchantable tree heights

Equivalent

Diameter class merchantable height

Number of logs (5 m

(cm) long) (m)

<15 0.5 2.5*
15-30 1 5
+30 - 60 2 10
+60 - 75 3 15
75 ke atas 4 20

Note: *Analyzed data; FDPM (Forestry Department of Peninsular
Malaysia) (1997)

Table 2. Reduction factor of log price

DBH size class (cm) Reduction factor

<15 0.60*
15-29 0.45
30-44 0.30
45 - 49 0.15
50-54 0.025

>55 0.00

Note: *Analyzed data; Noor et al. (1992) and Hanum et al. (2001)
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PM, = ii(aj XPR)/(1+ PR)

(11)
i=1 j=1
Where:
PM;; : profit margin;
Pij : log price for each species at sawmill and

diameter class;
PR : profit ratio;
i : an index for each species (i=1, 2, 3,4, ..., n);
j : an index for diameter class (i =1, 2, 3, 4, ..., n).

Logging cost of all species was USD68.03 m™ (except
logging cost of Eusideroxylon zwageri was USD102.04 m
%) in research location when the research was done. The
exchange rate of 1 USD was 14,740 IDR on 8 October
2020. The equation of stumpage values is presented below:

n k
S; =D > V(P +C+PM)
i=1 j=1
Where:
Sjj : stumpage value for each species and diameter class
(USD hat);
Vij : volume of timber for each species and diameter
class (m°);
Pi : log price for each species at sawmill and
diameter class (USD m?);
C  :average logging cost (USD ha);
PMij : profit margin (USD m™®);
i : an index for each species (i=1, 2, 3, 4, ...., n);
j : an index for diameter class (i =1, 2, 3, 4, ..., n).

(12)

RESULTS AND DISCUSSION

Ecological characteristics |
Diameter at Breast Height (DBH) and height distributions
The diameter distribution in the research plots shows an
inverted J shape where an increase in diameter class is
followed by a decrease in the number of trees (Figure 2).
The number of trees in the DBH class of 5.0-15.0 cm was
134 (70%), the DBH class of 15.1-25.0 cm 32 (17%), the
DBH class of 25.1-35.0 cm 20 (10%), and the DBH class
of > 35.0 cm 6 (3%). Meanwhile, most of the trees (59%)
belong to the 5-10 cm height class (Figure 3). The tree
heights were distributed in height classes of 0.0-5.0 m (9
trees or 5%), 5.1-10.0 m (114 trees or 59%), 10.1-15.0 m
(53 trees or 28%), and > 15 m (16 trees or 8%). In general,
the diameter distribution of trees in secondary forest has an
inverted J-shape (Feldpausch et al.; 2007; Alvarez-Yépiz dt
al.; 2008) while the distribution of height class is slightl
positively skewed (Ohtsuka; 1999). The The similar trends
in trees diameter class and height class were also reported
on abandoned land after cultivation (Karmini et al. 2020).

Density, basal area, and volume

The number of individuals recorded in the research
plots was 192 trees, belonging to 29 species, 19 genera, and
17 families. There were 8 tree species of Moraceae, 5 tree
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species of Euphorbiaceae, 3 tree species of Anacardiaceae,
and 2 tree species of Phyllanthaceae. Each of the other 11
families consisted of 1 tree species. The density, basal area,
and volume of species in the study site are presented in
Table 3. The DBH of trees in the study plots ranged from
6.4 cm to 29.1 cm with an average DBH of 16.3 cm.

£1-150 140 -2%0 241 -380 - 350

DIEH sized class (cm)

Figure 2. Distribution of diameter at breast height (DBH) in 0.4
ha at the study plot

Meanwhile, the tree height ranged from 6.0 m tol17.4 m
with an average height of 10.4 m. The total BA and volume
of trees in the study plot were 9.44 and 76.86, respectively.
These values are smaller than the total BA (9.75) and the
total volume (91.97) in abandoned land after cultivation
(Karmini et al. 2020).

5.0

§.1-100

10.1-150

Height sizedd class (i)

Figure 3. Distribution of height in 0.4 ha at the study plot

Table 3. Density, basal area, and volume of species (DBH of > 5 cm) in the study plots

Species Famil N Average of DBH  Average of height ~ Total of BA  Total volume
P y (cm) (m) (m?ha'}) (m*ha!)
Macaranga tanarius Euphorbiaceae 13 18.3 12.0 0.91 7.86
Mangifera indica Anacardiaceae 4 29.1 17.4 0.67 7.49
Nephelium lappaceum Sapindaceae 12 15.0 9.5 0.77 6.37
Macaranga triloba Euphorbiaceae 48 9.7 8.7 1.00 6.05
Artocarpus integer Moraceae 4 26.4 14.0 0.62 5.63
Trema orientalis Cannabaceae 8 16.6 13.8 0.51 5.51
Artocarpus dadah Moraceae 3 28.2 15.5 0.47 474
Artocarpus anisophyllus Moraceae 9 141 9.5 0.48 4.70
Vernonia arborea Asteraceae 4 23.6 121 0.46 3.69
Artocarpus odoratissimus Moraceae 5 21.2 9.6 0.48 3.22
Homalanthus populneus Euphorbiaceae 7 12.4 8.2 0.35 2.69
Mallotus paniculatus Euphorbiaceae 15 9.8 8.4 0.33 2.21
Artocarpus tamaran Moraceae 2 22.0 115 0.23 2.06
Ficus uncinata Moraceae 16 10.2 8.5 0.35 2.01
Symplocos fasciculata Symplocaceae 5 16.5 7.1 0.31 1.74
Durio zibethinus Malvaceae 2 15.2 12.4 0.13 1.49
Macaranga gigantea Euphorbiaceae 2 18.9 9.8 0.19 1.43
Artocarpus elasticus Moraceae 4 15.2 8.4 0.23 1.43
Archidendron pauciflorum Fabaceae 10 9.5 8.7 0.19 1.19
Glochidion obscurum Phyllanthaceae 1 275 12.0 0.15 1.16
Baccaurea parvifolia Phyllanthaceae 2 17.0 14.0 0.11 1.05
Cratoxylum arborescens Hypericaceae 3 125 7.0 0.12 0.64
Oroxylum indicum Bignoniaceae 2 13.7 113 0.08 0.60
Couroupita guianensis Lecythidaceae 2 12.0 11.2 0.06 0.52
Artocarpus heterophyllus Moraceae 2 13.2 111 0.07 0.50
Mangifera sp. Anacardiaceae 1 18.5 10.0 0.07 0.44
Eusideroxylon zwageri Lauraceae 2 11.8 6.0 0.05 0.21
Alstonia scholaris Apocynaceae 3 79 7.4 0.04 0.20
Mangifera odorata Anacardiaceae 1 6.4 7.3 0.01 0.04
Total 192.0 4725 302.3 9.44 76.86
Average 6.6 16.3 104 0.33 2.65
Minimum 1.0 6.4 6.0 0.01 0.04
Maximum 48.0 29.1 17.4 1.00 7.86

Note: N: number of individuals (trees), DBH: diameter at breast height, BA: basal area
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The five dominant species based on total basal area and
volume were Macaranga tanarius (total BA=0.91 m? ha
and volume=7.86 m® ha'), Mangifera indica (total
BA=0.67 m? ha'! and volume=7.49 m® ha), Nephelium
lappaceum (total BA=0.77 m? ha™* and volume=6.37 m® ha’
1), Macaranga triloba (total BA=1.00 m? ha' and
volume=6.05 m® ha?), and Artocarpus integer (total
BA=0.62 m? ha™ and volume=5.63 m® ha). The common
species in abandoned land were dominated by fast growing
species, such as Macaranga spp. and Artocarpus spp. as
also reported by Karyati et al. (2018) and Karmini et al.
(2020). The recorded fruit trees showed that the studied
plot was abandoned garden. These fruit species planted
were Artocarpus anisophyllus (Mentawa),
Artocarpus elasticus (Benda), Artocarpus heterophyllus
(Nangka), Artocarpus integer (Cempedak), Artocarpus
odoratissimus (Terap), Mangifera indica (Mangga),
Mangifera odorata (Kuweni), Durio zibethinus (Durian),
and Nephelium lappaceum (Rambutan). Artocarpus
odoratissimus is a native tree species, while Artocarpus
tamaran is an endemic tree species.

Importance value index (1Vi)

Most of the dominant trees based on importance value
index (Vi) were also dominant trees based on total BA and
volume. The light demanding pioneer and fast growing
species dominated the studied site (Table 4). The most
dominant species in terms of IVi was Macaranga triloba
(IVi of 46.16) followed by Macaranga triloba (Vi of
22.97), Nephelium lappaceum (IVi of 20.94), Ficus
uncinata (Vi of 18.64), and Mallotus paniculatus (Vi of
17.93). Twelve of 29 species recorded had an Vi of more
than 10.00 and 5 species of them had an Vi of 5.00-10.00.
Meanwhile the other 12 species had an IVi of less than
5.00. Four dominant species of Euphorbiaceae (Macaranga
triloba, Macaranga tanarius, Mallotus paniculatus, and
Homalanthus populneus) reached a total IVi of 99.72.
These four species were included in the 10 most dominant
types based on IVi. Similar studies also reported that tree
species from Euphorbiaceae were important and
dominating tropical fallow lands (Karyati et al. 2018;
Karmini et al. 2020). The total 1Vi of 8 species including
Moraceae reached 84.75. Moraceae was the family that had
the most species in the research location.

Table 4. Importance value index (1Vi) of trees (DBH of > 5 cm) in 0.4 hectare of the study plots

Species Family RF (%) Rd (%) RD (%) 1Vi (%)

Macaranga triloba Euphorbiaceae 25.00 10.53 10.63 46.16
Macaranga tanarius Euphorbiaceae 6.77 6.58 9.62 22.97
Nephelium lappaceum Sapindaceae 6.25 6.58 8.11 20.94
Ficus uncinata Moraceae 8.33 6.58 3.72 18.64
Mallotus paniculatus Euphorbiaceae 7.81 6.58 3.54 17.93
Artocarpus anisophyllus Moraceae 4.69 6.58 511 16.37
Trema orientalis Cannabaceae 4.17 5.26 5.44 14.87
Artocarpus odoratissimus Moraceae 2.60 5.26 5.08 12.94
Homalanthus populneus Euphorbiaceae 3.65 5.26 3.75 12.66
Mangifera indica Anacardiaceae 2.08 2.63 7.05 11.77
Artocarpus integer Moraceae 2.08 2.63 6.57 11.28
Archidendron pauciflorum Fabaceae 5.21 3.95 2.07 11.22
Vernonia arborea Asteraceae 2.08 2.63 4.84 9.56
Artocarpus dadah Moraceae 1.56 2.63 4.99 9.19
Symplocos fasciculata Symplocaceae 2.60 2.63 3.28 851
Artocarpus elasticus Moraceae 2.08 2.63 2.46 7.18
Artocarpus tamaran Moraceae 1.04 2.63 2.39 6.06
Baccaurea parvifolia Phyllanthaceae 1.04 2.63 121 4.89
Macaranga gigantea Euphorbiaceae 1.04 1.32 1.99 4.35
Eusideroxylon zwageri Lauraceae 1.04 2.63 0.58 4.25
Cratoxylum arborescens Hypericaceae 1.56 1.32 1.23 4.10
Durio zibethinus Malvaceae 1.04 1.32 1.37 3.73
Glochidion obscurum Phyllanthaceae 0.52 1.32 1.58 341
Alstonia scholaris Apocynaceae 1.56 1.32 0.41 3.29
Oroxylum indicum Bignoniaceae 1.04 1.32 0.81 3.16
Artocarpus heterophyllus Moraceae 1.04 1.32 0.73 3.09
Couroupita guianensis Lecythidaceae 1.04 1.32 0.66 3.02
Mangifera sp. Anacardiaceae 0.52 1.32 0.71 2.55
Mangifera odorata Anacardiaceae 0.52 1.32 0.09 1.92

Total 100 100 100 300

Note: RF: relative frequency, Rd: relative density, RD: relative dominance, 1VI: importance value index.
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Species diversity

The tree diversity index was categorized as
‘intermediate” (H> of 1.33), indicating that there was a
sufficient number of trees growing at the research location
(Table 5). A very complex community is indicated by a
high diversity of species (Brower et al. 1990). Meanwhile,
the dominance index was at low criteria with a Ds value of
0.06. A low dominance value indicates that no species is
dominant in the region. The evenness index was in the high
category (J° value of 0.91), meaning that the individuals of
trees in the studied plots were evenly distributed among
species. A species richness index of 5.33 showed that high
number of tree stand exiting in the study site. There were
192 trees included in 29 tree species recorded in the studied
plots. Species richness is calculated based on the number of
species in an area (Krebs, 2001). The results show that high
diversity (H "), evenness (J), and wealth (R) will lead to

Economic value
Log price

This research found 7 trees species with higher log
prices than the other 22 tree spesies (Table 6). Their log
prices were in the range from USD122.12 m?® to
USD651.29 m®, The log price varies depending on the
species and diameter class of log (Karmini et al. 2020).
Eusideroxylon zwageri had the highest price, i.e.,
USD1,085.48 m. The timber price is positively correlated
with its demand in society. Eusideroxylon zwageri has
good quality of wood, and people like to use this wood for
contruction materials.

Table 5. Diversity indices of trees with DBH of > 5 cm in the
study plots

low dominance (Ds). The similar results were reported for Diversity indices Value
the diversity indices for trees with DBH of > 5 cm on plots ~ Shannon-Wiener diversity index (H*) 1.33
with an abandoned field age of 5, 10, 20 years (Karyati et Simpson dominance index (Ds) 0.06
al. 2018) and on abandoned land after shifting cultivation  Pielou evenness index (J°) 0.91
(Karmini et al. 2020). Margalef species richness (R) 5.33
Table 6. Number of stems, log price, and wood price at the study site
. . Number Log price Timber price

Species Family (stems ha'®) (USD m™®) (USD m™®)
Eusideroxylon zwageri Lauraceae 8 651.29 1,085.48
Alstonia scholaris Apocynaceae 13 488.47 814.11
Artocarpus anisophyllus Moraceae 38 447.76 814.11
Oroxylum indicum Bignoniaceae 8 427.41 814.11
Durio zibethinus Malvaceae 8 151.37 288.33
Cratoxylum arborescens Hypericaceae 13 130.60 237.45
Artocarpus heterophyllus Moraceae 8 122.12 20353
Artocarpus elasticus Moraceae 17 74.80 142.47
Artocarpus dadah Moraceae 13 64.11 142.47
Archidendron pauciflorum Fabaceae 42 79.38 135.69
Nephelium lappaceum Sapindaceae 50 64.11 122.12
Baccaurea parvifolia Phyllanthaceae 8 54.95 122.12
Mangifera odorata Anacardiaceae 4 30.53 50.88
Macaranga triloba Euphorbiaceae 200 30.37 50.88
Ficus uncinata Moraceae 67 30.05 50.88
Mallotus paniculatus Euphorbiaceae 63 29.51 50.88
Homalanthus populneus Euphorbiaceae 29 28.35 50.88
Symplocos fasciculata Symplocaceae 21 27.48 50.88
Couroupita guianensis Lecythidaceae 8 26.71 50.88
Trema orientalis Cannabaceae 33 26.71 50.88
Macaranga gigantea Euphorbiaceae 8 26.71 50.88
Macaranga tanarius Euphorbiaceae 54 25.83 50.88
Artocarpus odoratissimus Moraceae 21 24.42 50.88
Artocarpus tamaran Moraceae 8 22.90 50.88
Artocarpus integer Moraceae 17 22.90 50.88
Vernonia arborea Asteraceae 17 22.90 50.88
Glochidion obscurum Phyllanthaceae 4 22.90 50.88
Mangifera sp. Anacardiaceae 4 22.90 50.88
Mangifera indica Anacardiaceae 17 20.99 50.88
Total 801 3,198.52 5,786.97
Mean 28 110.29 199.55
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Logging cost

The logging cost of Eusideroxylon zwageri species was
higher than that of the other spesies in this research (Table
7). However, logging cost per hectare was determined by
log volume, and this research found difference in logging
cost per hectare among trees species. The total logging cost
in abandoned land in this research (USD752.54 ha™) was
lower compared to that in another research (USD1,212.24
hal) (Karmini et al. 2020). This is relevant because the
total log volume in abandoned land in this research location
was 76.86 m® ha' (Table 3), lower than that in another
research location, i.e., 91.97 m® ha! (Karmini et al. 2020).

Profit margin

The 3 trees species contributing big profit margin were
Eusideroxylon zwageri, Alstonia scholaris, and Artocarpus

Table 7. Logging cost of trees at the study site
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anisophyllus. Those species also had high log and wood

prices. This mean prices of buying and selling determine

profit in marketing both log and wood. Data in Table 8

present profit margin of selling 29 trees species from
abandoned land.

Stumpage value

The total stumpage value at the abandoned land was
estimated as much as USD1,495.31 ha. There were 29
trees species and each species contributed an average of
USD51.56 ha’. The highest stumpage value was from
Artocarpus anisophyllus, i.e., USD168.97 ha' and the
lowest one Mangifera odorata, i.e., USD2.29 ha™ (Figure
4).

Table 8. Profit margin

Logging cost

Profit margin

Species Family {USD ha’) (USD ) Species Family {USDm*ha’) (USDATY)
Eusideroxylon zwageri Lauraceae 751 101.76  Eusideroxylon zwageri  Lauraceae 626.24  150.30
Artocarpus integer Moraceae 83.25 67.84  Alstonia scholaris Apocynaceae 469.68 112.72
Artocarpus tamaran Moraceae 74.43 67.84  Artocarpus anisophyllus Moraceae 43054 103.33
Mangifera indica Anacardiaceae 61.13 67.84  Oroxylum indicum Bignoniaceae 410.97 98.63
Artocarpus dadah Moraceae 57.68 67.84  Durio zibethinus Malvaceae 145.55 34.93
Glochidion obscurum Phyllanthaceae 54.70 67.84  Cratoxylum arborescens Hypericaceae 125.57 30.14
Vernonia arborea Asteraceae 41.96 67.84  Artocarpus heterophyllus Moraceae 117.42 28.18
Artocarpus odoratissimus Moraceae 34.25 67.84  Archidendron pauciflorum Fabaceae 76.32 18.32
Macaranga gigantea Euphorbiaceae 33.42 67.84  Artocarpus elasticus Moraceae 71.92 17.26
Nephelium lappaceum Sapindaceae 30.83 67.84  Nephelium lappaceum  Sapindaceae 61.65 14.79
Homalanthus populneus  Euphorbiaceae 30.55 67.84  Artocarpus dadah Moraceae 61.65 14.79
Artocarpus anisophyllus ~ Moraceae 27.55 67.84  Baccaurea parvifolia Phyllanthaceae 52.84 12.68
Mangifera sp. Anacardiaceae 23.49 67.84  Mangifera odorata Anacardiaceae 29.35 7.05
Macaranga tanarius Euphorbiaceae 23.29 67.84  Macaranga triloba Euphorbiaceae 29.20 7.01
Durio zibethinus Malvaceae 23.22 67.84  Ficus uncinata Moraceae 28.90 6.94
Trema orientalis Cannabaceae 21.35 67.84  Mallotus paniculatus Euphorbiaceae 28.38 6.81
Baccaurea parvifolia Phyllanthaceae 21.01 67.84  Homalanthus populneus Euphorbiaceae 27.26 6.54
Artocarpus elasticus Moraceae 20.02 67.84  Symplocos fasciculata ~ Symplocaceae 26.42 6.34
Symplocos fasciculata Symplocaceae 19.38 67.84  Trema orientalis Cannabaceae 25.69 6.16
Cratoxylum arborescens  Hypericaceae 12.23 67.84  Couroupita guianensis  Lecythidaceae 25.69 6.16
Oroxylum indicum Bignoniaceae 11.75 67.84  Macaranga gigantea Euphorbiaceae 25.69 6.16
Couroupita guianensis Lecythidaceae 10.18 67.84  Macaranga tanarius Euphorbiaceae 24.84 5.96
Artocarpus heterophyllus Moraceae 6.32 67.84  Artocarpus odoratissimus Moraceae 23.48 5.64
Mallotus paniculatus Euphorbiaceae 5.73 67.84  Artocarpus tamaran Moraceae 22.02 5.28
Ficus uncinata Moraceae 4.59 67.84  Artocarpus integer Moraceae 22.02 5.28
Archidendron pauciflorum Fabaceae 4.45 67.84  Vernonia arborea Asteraceae 22.02 5.28
Macaranga triloba Euphorbiaceae 4.39 67.84  Glochidion obscurum Phyllanthaceae 22.02 5.28
Alstonia scholaris Apocynaceae 2.38 67.84  Mangifera sp. Anacardiaceae 22.02 5.28
Mangifera odorata Anacardiaceae 1.48 67.84  Mangifera indica Anacardiaceae 20.18 4.84
Total 75254 2,001.36  Total 3,075.50 738.12
Mean 25.95 69.01 Mean 106.05 25.45




8 BIODIVERSITAS 21 (11): xxx, November 2020

S, (USD ha®)
180 4
160 4
140 4
120 4
100 4
50
60 4
40 4
20 1
o 4
S £ =2 £ EE Z
Z2£ 22 = 8
= 2 = E = B
£ £ E S E =
gz B ﬁzg
= 2 E 5 £
= = = 8 o
R 55
= = =2
=

Figure 4. Stumpage value of trees at abandoned land
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