Effect of land-use change on the diversity of useful plants in Sumatra

(Indonesia)

Submitted by
Kamal Raj Aryal

MSc Sustainable Forest and Nature Management
(SUFONAMA)

Supervisor
Prof. Dr. Holger Kreft

Co-supervisor
Dr. Katja Rembold

Master*s thesis at the
Faculty of Forest Science and Forest Ecology
Georg-August-Universitit Gottingen
September, 2017



Der Effekt von Landnutzungsanderungen auf die Nutzpflanzen-Vielfalt in

Sumatra (Indonesien)

Kamal Raj Aryal
MSc Sustainable Forest and Nature Management
(SUFONAMA)

Betreuer
Prof. Dr. Holger Kreft

Zweitbetreuer
Dr. Katja Rembold

Masterarbeit
Zur Erlangung des M.Sc. an der
Fakultit fur Forstwissenschaften und Walddkologie
Georg-August-Universitit Gottingen
September, 2017



Acknowledgements

I would like to express my kind gratitude to Prof. Dr. Holger Kreft and Dr. Katja Rembold
for providing me the opportunity to conduct my thesis on this topic. Their support and the
encouraging supervision were really remarkable not only to conduct my thesis, but also to
broaden my horizon of knowledge in the field of forest and biodiversity. It would not have
been possible to complete this thesis without their regular guidance, encouragement, and
supervision. Furthermore, I am fully impressed for their friendly behavior and genuine
support during the period of my thesis. Their contributions for my career will always remain

in the novel page of my life.

I also want to thank Erasmus Mundus programme for providing me with a scholarship for
pursuing master degree in sustainable forest and nature management (SUFONAMA) course.
Besides this, I would like to thank all my professors who provided me in-depth knowledge
during the period of my study in Goettingen University (Germany), Bangor University
(United Kingdom) and Copenhagen University (Denmark).

Additionally, I am grateful to the EFForTS project for providing me opportunity to use
already collected primary data for my thesis. My thanks go to all authors and editors of
PROSEA books through which I got lots of information for my thesis.

Furthermore, I would also like to thank my friend Arun Parajuli, Thakur Prasad Magrati,
Lalit Dongol and Chandra Sekhar Badu for their company during the period of my thesis.
Their direct and indirect involvement, suggestions and moral supports during my thesis

period was always motivating me for the betterment of my work.

At last but not least, I am very much thankful to my father and mother for providing me a
favorable environment in my every step of my life. Their noble love, care and support will be
always in my heart and does not matter wherever I am, ranging from the top of Mount

Everest to the bottom of sea level.



Summary

Tropical rainforest has continually been threatened by land-use change due to which a lot of
species have been already extinct and some are in danger of extinction. This has also caused
serious threat to the livelihood of large numbers of indigenous people as their dependence on
forest is high to fulfil their daily needs. This study analyzes how useful plant species diversity
varies while the tropical rainforest converted into agricultural land. A plot-level based
inventory of vascular plant was carried out in 32 plots with four different land-use systems
(forest, jungle rubber, rubber plantation and oil palm plantation) in Sumatra, Indonesia. A
total of 1382 species in four land-use systems was found, and a literature review was
conducted to identify the useful value of each species. Altogether, 769 species were found to
be useful. Species richness, species abundance, Simpson index, Shannon diversity and
Pielou’s evenness (evenness) were compared between land-use systems. Further, we
categorized, useful plant species into 14 categories based on their potential uses and species
richness was calculated for each plot under different land-use sysems. Kruskal-Walis tests
were performed to identify the significant difference between land-use systems. Linear
regression analyses were performed to test the relationship between total plant species

richness and useful plant species richness.

We found that the forest had higher useful plant diversity (Simpson diversity, species
richness, Shannon diversity, and evenness) than agricultural systems. However, statistically
forest is different from only rubber plantation in terms of Simpson diversity, and both rubber
plantation and oil palm plantation in terms of species richness. Similarly, forest had
significantly higher Shannon diversity and evenness than rubber plantation and oil palm
plantation. For all measures of diversity index, forest was not significantly different from
jungle rubber. The number of individuals was higher in agricultural land than forest.

However, the significant difference was found between forest and oil palm plantation only.

While looking over different use categories, mixed result had been found. Species richness
under color, fuelwood, medicine, timber, and poison were significantly higher in the forest
than rubber and oil palm plantation. Similarly, species richness under fibre and magic
category were also significantly higher in the forest than in rubber. Ornamental species,
although found more rarely in jungle rubber, did not differ significantly in terms of species
richness between land-use systems. However, nutrient enrichment, erosion control, and

fodder species were in highest amount in agricultural system (oil palm plantation and rubber



plantation). Agricultural lands are more liable to erosion so are necessary to maintain the
fertility of land. Therefore, farmer might prefer species that provide erosion control and
nutrient enrichment due to which agricultural land having more erosion and nutrient

enriching species.

We found a linear relationship between useful plant species richness and total plant richness
The relationship was also linear in all land uses, however the extent of predictability was

higher in agricultural land than in forest.

In conclusion, though forest had a higher useful plant diversity than agricultural systems,
species richness of some use categories were lowest in forest. A significant linear relationship
between total plant diversity and useful plant diversity indicates that to get diverse useful
products, it is necessary to maintain total plant diversity. Furthermore, our result shows that
total plant diversity can serve as an estimator for useful plant diversity what might be very

useful for the estimation of consequeneces of land-use change in other areas.



Zusammenfassung

Der Tropische Regenwald ist seit Langem durch Landnutzungsdnderungen bedroht. Dadurch
sind schon viele Arten ausgestorben bzw. vom Aussterben bedroht. Dies hat auch zu
ernsthaften Problemen fiir den Lebensunterhalt einer grolen Zahl von indigenen Volkern
gefiihrt, denn deren Abhingigkeit von den Ressourcen des Regenwaldes ist hoch. Die
vorliegende Untersuchung analysiert, wie sich die Artenvielfalt von Pflanzen bei der
Umwandlung des tropischen Regenwaldes in landwirtschaftliche Nutzflichen dndert. Auf
Sumatra (Indonesien) wurde in 32 Plots mit verschiedenen Landnutzungstypen (Regenwald,
Dschungel Kautschuk, Kautschuk-Plantage und Olpalmen-Plantage) das GefidBpflanzen-
Inventar erfasst. Insgesamt haben wir 1.382 Arten in den vier Landnutzungstypen gefunden.
Mit Hilfe einer Literaturstudie haben wir den Nutzwert jeder Art identifiziert: Insgesamt
werden 769 Arten genutzt. Die Landnutzungstypen wurden hinsichtlich ihrer Artenzahl, der
Abundanz, des Simpson-Index, der Shannon-Diversitit verglichen und Pielou’s Aquitit
(Aquitit). Die Nutzpflanzen wurden in 14 Nutzungs-Kategorien eingeteilt. Fiir alle Plots
wurde der Artenreichtum unter Beriicksichtigung der verschiedenen Nutzungstypen
berechnet. Signifikante Unterschiede wurden mit dem Kruskal-Walis-Test ermittelt. Um die
Beziehung zwischen der Gesamt-Artenzahl und der Zahl der Nutzpflanzen darzustellen,

haben wir eine lineare Regressionsanlayse durchgefiihrt.

Wir fanden heraus, dass der Regenwald eine hoéhere Pflanzenvielfalt besitzt als die
landwirtschaftlich genutzten Flichen (Simpson-Index, Artenreichtum, Shannon-Diversitét
und Aquitit). Statistisch gesehen unterscheidet sich der Regenwald allerdings nur von den
Kautschuk-Plantagen in Bezug auf die Simpson-Diversitit und die Kautschuk-Plantagen und
die Palmol-Plantagen in Bezug auf den Artenreichtum. Der Regenwald hat ebenso eine
signifikant hohere Shannon-Diversitit und Aquitit als die Kautschuk- und die Palmol-
Plantagen. Fiir keinen der Messwerte des Diversitits-Index fanden wir signifikante

Unterschiede zwischen dem Regenwald und den Dschungel Kautschuk.

Bei der Betrachtung verschiedener Kategorien wurde ein gemischtes Ergebnis gefunden.
Arten, die reich an Farbe, Brennholz, Medizin, Holz und Gift waren, waren im Wald deutlich
hoher als die Kautschukplantage und Olpalmenplantage. Ebenso war die Vielfalt der Arten in
der Faser- und magische Kategorie im Wald deutlich hoher als in Kautschukplantage
.Obwohl Zierarten in den Dschungel Kautschuk seltener gefunden haben, gab es beim

Artenreichtum keine signifikanten Unterschiede zwischen den Landnutzungssystemen.

Vi



Erosion Nahrstoffanreicherung, und die Zahl von Futterpflanzen waren in den Kautschuk-
und Palmol-Plantagen am hochsten. Die landwirtschaftliche Nutzung ist fiir die Erosion
verantwortlich, so dass man dort viel fiir die Erhaltung der Bodenfruchtbarkeit tun muss.
Offenbar bevorzugen die Bauern Pflanzenarten, die fiir eine Erosionskontrolle und
Néhstoffanreicherung des Bodens sorgen, weshalb in den landwirtschaftlichen Flachen eine

groflere Zahl solcher Arten gefunden werden.

Wir fanden einen linearen Zusammenhang zwischen der Anzahl von Nutzpflanzenarten und
der Gesamtzahl der Pflanzenarten. Das trifft auch fiir die landwirtschaftlich genutzten
Flachen zu. Die Vorhersagbarkeit dieses Zusammenhangs war allerdings bei diesen Flichen

hoher als im Regenwald.

Obwohl der Regenwald eine hohere Anzahl von Nutzpflanzenarten beherbergt als die
landwirtschaftlich genutzten Fldachen, war die Artenzahl in bestimmten Nutzpflanzen-
Kategorien im Regenwald geringer. Der signifikante lineare Zusammenhang zwischen der
Gesamtartenzahl und der Nutzpflanzenzahl zeigt, dass es wichtig ist, die Pflanzen-Diversitét
insgesamt zu erhalten, um eine vielseitige Nutzung pflanzlicher Produkte zu ermdglichen.
Unsere Ergebnisse zeigen weiterhin, dass die Pflanzen-Diversitit als Mal} fiir die Zahl
nutzbarer Pflanzen dienen kann. Diese Erkenntnisse konnen auch fiir die Abschétzung der

Auswirkungen von Landnutzungsdnderungen in anderen Gebieten genutzt werden.
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1. Introduction

1.1 The EFForTS-Project

This thesis was conducted in collaboration with the interdisciplinary research project
“Ecological and Socioeconomic Functions of Tropical Lowland Rainforest Transformation
Systems in Sumatra, Indonesia” (EFForTS). EFForTS focuses on issues on both ecological
and socioeconomic aspects of rainforest conversion to three different agricultural land-use
system (rubber plantation, oil palm plantation, jungle rubber agroforests) in Jambi province,
Indonesia. The project has set its major objective as to facilitate in-depth understanding of the
causes and consequences of rainforest transformation into agricultural systems for
biodiversity, ecosystem functions as well as human well-being. EFForTS is based on three
major lines of research: (i) environmental processes, (ii) biota and ecosystem services, and

(ii1) human dimensions.

The project area covers two landscapes with in the province of Jambi in central Sumatra,
Indonesia. These landscapes are characterized by two different systems namely Bukit
Deuabelas National Park and Harapan Rainforest. A core plot design is used to collect data
regarding to ecological dimension while socioeconomic survey design is used to collect data
regarding human dimensions. In each landscape, four core plots measuring 50m x 50m in
each of the four land-use systems have been established in 2012, resulting in a total of 16
plots per landscape and altogether 32 core plots in the project area. Similarly, socioeconomic
surveys were carried out all over Jambi Province through the survey design following
complementary approach ranging from micro to macro level using a joint sampling

framework.

The EFForTS project is a collaborative research project involving four different institutes of
two countries; Germany and Indonesia. These institutes are University of Gottingen (UGOE),
University of Jambi (UNJA), and Bogor Agricultural University (IPB) and Tadulako
University (UNTAD). The financial support for the EFForTS is managed by the German
Research Foundation (DFQG) in the framework of the Collaborative Research Centre 990. (For
further information about the EFForTS project see Drescher et al., 2016).



1.2 Tropical rainforest and deforestation in Indonesia

Tropical rainforest, one of the foremost vegetation types of the earth (Whitmore, 1998), has
been considered as the most important forest type in terms of biodiversity, carbon storage, as
well as sustaining the livelihood of the large number of forests dwelling communities
(Seymour et al., 2014). Occupying only 6 % of the earth*s land surface, tropical rainforest
contains a larger diversity of plants and animals than anywhere else on earth i.e. more than
half of the 1.4 million identified species of the world (Seymour et al., 2014). It has been
estimated that a single hectare of rainforest harbours more than 100 tree species having
greater than 10cm dbh (diameter at breast height) while in some cases more than 200 tree
species (Turner, 2001). In terms of overall plant species richness, 942 plant species has been
recorded in a single hectare of tropical rainforest (Balslev et al., 1998). Similarly, the timber
volume in tropical rainforest varies from place to place and has been estimated as 5-35 m’/ha
in Africa to 50-120 m’/ha in Asia (Goldsmith, 2012). Furthermore, tropical rainforest is
composed of very ancient ecosystem with rich in highly specialized organisms. Therefore, it

is highly fragile and highly sensitive to human disturbances (Goldsmith, 2012).

Deforestation is the major factor threatening the tropical rainforest and accounts for a loss of
13 million hectares per year globally (FAO, 2005). More importantly, Southeast Asia is
losing forest at a faster pace than other part of the world and has been forecasted as only one
fourth of the forest could be remained by 2100 if the existing speed of deforestation continues
(Sodhi et al., 2004). Out of three block of tropical rainforest distribution (the American
rainforest, the African rainforest and the Indo-Malayan rainforest), Indonesia lies in the Indo-
Malayan rainforest block (Whitmore, 1998) and is the third largest tropical rain forest rich
country in the world. It has total forest coverage of about 91 million hectare of which around
51% are primary forests and remaining 44% are naturally regenerated forests and just around
5% plantation forests (FAO, 2015). Primary forests were lost at a rate of 0.5% per annum
between the period 2010 and 2015 while the overall deforestation rate between the periods
1990 to 2015 was 1.1% per year. This means that Indonesia already lost about 27.5 million
hectare of forest between the periods 1990 to 2015 (FAO, 2015). Moreover, it has been
estimated that Sumatra alone already lost forest at a rate of 550 thousand hectares per year in

the period between 1990 and 2007 (Laumonier et al., 2010).

The vast loss of the rainforest has had an effect on biodiversity, ecosystem functioning,

sustainable land use, and local economies (Chapin et al., 2000; Hoekstra et al., 2005). It has



been estimated that biodiversity loss of up to 42% in Southeast Asia could be occurred by
2100 (Sodhi et al., 2004). More importantly, the situation is further worst in Indonesia as
Indonesian tropical rainforests are supporting a high percentage of endemic plant species
(nearly 60% of total vascular plants in Indonesia) and are therefore of high importance for
biodiversity conservation (Sodhi et al., 2004). Besides this, some communities such as
customary land users are directly suffering from rainforest conversion because they either
have to change their professions due to depleted forest resources or they need to travel further
to collect forest resources which were previously available nearby their settlements

(Obidzinski et al., 2012).

1.3 Agricultural land-use systems in Indonesia

Globally, agricultural expansion is the major cause of deforestation in the tropics (FAO,
2005). More than 55% and another 28% of fresh agricultural land in tropical areas came
through deforestating intact forest and disturbed forest respectively during the period of 1980
to 2000 (Gibbs et al., 2010). The pressure on tropical forest will be further increased, as the
demand for agricultural land is increasing. FAO (2009) has already predicted that 70%
increment in the food production is necessary to feed the increasing trend of population (9.1
billion) by 2050. Along with the demand for food, the rising demand for feed, timber, fuel
and biofuel has also accelerated the conversion of forest to agricultural land (Gibbs et al.,
2010; Lambin and Meyfroidt, 2011; Tilman et al., 2001). Furthermore, agricultural
plantations , mainly rubber, oil palm and coconut are also responsible for the losses of
rainforest and has occupied about 20-30% of all cultivated land in Southeast Asia

(Rademaekers et al., 2010).

In Sumatra, along with pulp and timber operations, the increasing trend of oil palm expansion
and rubber plantation has major role in deforestation (Margono et al., 2012; Villamor et al.,
2014). These agricultural plantations are expanding due to their associated incomes to
smallholders (Rist et al., 2010). Moreover, the increasing farmer*s technical knowledge,
experiences and easy access for processing due to development of infrastructure have further
motivated farmer for the expansion of agricultural plantations mainly oil palm plantation

(Euler et al., 2016).



1.3.1 Jungle rubber agroforest system

The conversion of tropical forest into traditional agroforest systems has been started in
Sumatra at the beginning of the 200 century, where exotic rubber tree were planted
intermixed with natural vegetation (Penot, 2004). Such form of agroforest system is called
jungle rubber and is characterized by resembling secondary or disturbed forest in structure
because of growing wild plant species in between the rubber trees (Beukema et al., 2007). In
this system, a minimum of two-thirds of total trees will be occupied by non-rubber species

and other products like fruits, medicines, resin, and timber (Pye-Smith, 2011).

Jungle rubber agroforests are established either in the previously logged forest or in degraded
forest (Gouyon et al., 1993, Wibawa et al., 2005). In this system, clearance of forest is done
using slash and burn techniques followed by plantation of rubber into the gaps. Annual food
crops are usually cultivated in between the rubber rows and repeat cultivation for the period
of 2-3 years (Joshi et al., 2000) until weed growth, shade of rubber tree and soil depletion
create unfavourable environment for further cultivation of crops (Gouyon et al., 1993).

However, we did not observe such types of intercropping practices in our study area (jungle

rubber).

For the management of jungle rubber, weeding is carried out for the first 2-3 years after slash
and burns (Beukema et al., 2007). After a few years, a complex forest-like vegetation
develops since most wild species colonizing the area are allowed to grow with the rubber
trees (Beukema et al., 2007). In this system, re-planted is usually done after about 40 years
while some jungle rubber plots are maintained up to an age of 70 -80 years whenever

profitability continues to exist (Beukema et al., 2007).

The major direct benefit of this system is low input (cost and labor) required to achieve
diversified income from the diversified useful plants such as food, fruits, rattans, fodder,
fuelwood, timber and other non-timber forest products growing in with rubber (Gouyon et al.,
1993; Penot, 2004; Michon, 2005). So, jungle rubber is becoming the major sources of
income for the millions of households in Indonesia (Joshi et al., 2006) while about 7 million
people are living from this system only in Sumatra and Kalimantan (De Foresta and Michon,
1996). Besides this, this system is associated with other benefits such as high environmental
and soil conservation values compared to monoculture plantations (Penot, 2004). Therefore,
this system is considered as the most viable option for the conservation of biodiversity in the

case of disappeared condition of forest (De Foresta and Michon, 1996; Bohnert et al., 2016).

4



Further, the continuous and natural regeneration of various species in this system provides the
mimic of forest structure composed of plants of every age group (Feintrenie and Levang,

2009) which in fact has vital role for the conservation of forest flora (Ekadinata et al., 2004).

1.3.2 Monoculture rubber plantation:

Increasing global demand with striking price of the natural rubber is continually creating the
pressure for the conversion of jungle rubber into more productive monoculture rubber
plantations (Feintrenie and Levang, 2009). Though, the conversion to the monoculture system
has been continuously occurred since 1950 (Feintrenie and Levang, 2009), the most rapid
change has been occurred in 1990s in Sumatra, where international agencies (mainly World
Bank) were encouraging monoculture rubber plantations and were replacing traditional jungle
rubber gardens in a greater extent (Pye-Smith, 2011). This has led to the decreasing trend in
the jungle rubber area, but the total rubber area has been increasing day by day. Unless, the
rewarding provisions are made for retaining jungle rubber, farmers will continue to replace
high diverse jungle rubber with low diverse monoculture system (Pye-Smith, 2011). In
Indonesia (mostly in Sumatra and Kalimanthan), the monoculture along with jungle rubber
which was 1.8 million hectares in 1990 rapidly expanded and reached 3.5 million hectares in

2013 (FAOSTAT, 2016).

The monoculture rubber plantation is an intensively managed system characterized by less
than 1% non- rubber trees growing unintentional in most of the cases (Pye-Smith, 2011). The
productivity under this system is three times higher than the jungle rubber system (Penot,
2004). However, this systems needs high level of capital investment for establishment (Pye-
Smith, 2011). Along with threatening diverse jungle rubber, this system has also posed a
threat to the forest. So, the expansion of this system is also associated with negative effect

on biodiversity, environment and soil conservation (Penot, 2004; Pye-Smith, 2011).

1.3.3 Oil palm plantation

In Indonesia, oil palm cultivation has been started commercially from the east coast of
Sumatra in 1911 under Dutch administration (Corley and Tinker, 2003). Although the large
scale cultivation in the region was successful, the native people planted it only for decorative
purpose without replacing their coconut palms. However, later, the rising demand and more
profitability of oil palm plantation as well as government policy for technical and financial

incentive to the farmer lured people to focus more on oil palm plantation (Budidarsono and



Susanti, 2013). The oil palm plantation demonstrates much higher financial returns
comparing to other form of agricultural products such as rubber or rattan (Belcher et al.,
2004) so in Indonesia, this plantation is replacing not only forests but also rubber plantations
(Feintrenie et al., 2010). The dramatic increment in the cultivation appeared between the
period 1990 and 2013. The total plantation was only 700 thousand hectare in 1990 and
reached seven million hectares in 2013 (FAOSTAT, 2016). Therefore, since 2008, Indonesia
is in the topmost position in the list of palm oil producing and exporting countries in the

world (Feintrenie et al., 2010).

Expansion of oil palm plantation is one of the major factors causing forest loss in Indonesia.
Simultaneously with the increasing cultivation of the oil palm, the forest loss was also
increasing. Between 1990 and 2005, 1.7-3 million hectares of Indonesian forests were lost
due to oil palm expansions, what amounts to 50% of the total forest loss during that period
(Fitzherbert et al., 2008). From 2000 till 2010, another 11% of the deforestation were due to
oil palm expansion in Indonesia (Abood et al., 2015). The situation will get further worst
since the government of Indonesia has set its goal to double the oil palm production within
the next ten years (Carlson et al., 2013). So, the monoculture plantations of oil palm will
further dominate the landscape of Indonesia, particularly in Sumatra (Carlson et al., 2013)
and will create even more stress on the tropical biodiversity and ecosystem functioning
(Laurance et al., 2014). This situations will ultimately threat to the human well-being in long
run as degradation in the ecosystem services is associated with the insufficient provision of

goods and services needed for human well-being (Daily et al., 1997).

1.4 Useful plant species

Useful plants are the plants that have been documented as importance for human, animal or
the wider environment for the fulfilment of particular needs (Kew, 2016). People use plant
species for several functions such as for medicine, poisons, dyes, shelter, fiber, religious and
cultural ceremony (Heywood, 1999). A total of 31,128 plant species in the world are
considered as useful and have documented use (Kew, 2016). Besides ornamental species, it
has been estimated that only about 7,000 species are cultivated worldwide ( FAO, 2014 ).
This indicates that a large number of useful plant species are non-cultivable and are found

outside cultivated land or grow naturally on cultivated land.



Although agriculture is the major sources for nutrition and supporting for the survival of 60%
of world population (FAO, 2009), forest also plays an important role in the fulfillment of
various needs. Globally, around 300 million people are dependent on useful plants from the
tropical forest (Richardson, 2010) out of which 60 million indigenous people are fully
dependent on the rainforest for the purpose of materials, as well as cultural and spiritual
wellbeing (Seymour et al., 2014). Furthermore, forest foods such as wild fruits, nuts,
vegetables etc. play an important role in contributing for food security, to fulfil household
nutrition during the time of leans seasons or in the period of little agricultural productions
(Kehlenbeck et al., 2013). Moreover, wild products from the tropical forests have been an
important sources of income for large number of people living around tropical forests. In and
around tropical forest, households have made 21% of their total income through harvesting

wild products (Seymour et al., 2014).

Tropical rainforest is the original habitat for some useful plant species. Many foods that we
consumed worldwide such as Brazil nuts, avocados, various chilies, papayas, sweet potatoes,
etc. are from tropical rainforest (Seymour et al., 2014). Furthermore, the world most
important food that we are eating today (rice, sugarcane, banana, coconut, mango) are
originated from the tropical rainforest of Southeast Asia (Whitemore and Burhnam, 1984)
Beyond that, tropical rainforest are rich in commercially valuable plants species used in raw
materials for the manufacture of several products such as resins, oils, fibres, and fruits for the
production of valuable raw materials (Myers, 1988). Moreover, tropical rainforest are the
potential store house of the medicinal plants, as the product that we collected and tested for
the biologically active compounds for the development of new drugs are only the small

fraction of rainforest plants (Balick and Mendelsohn, 1992).

Most plant species in the tropical rainforest are rare and needs large areas to maintain viable
populations (Alvarez-Buylla et al., 1996), so the increasing human disturbances have driven
numerous plant species to the edge of extinction (Barraclough and Ghimire, 1990). [UCN has
already estimated that about 21% of the total plant species are at risk of extinction (Kew,
2016).The extinction of plant species is associated to the livelihood of a large number of
people on one hand and their contribution for sustaining ecosystem on otherhand. This
situations highlights the need to explore more about useful plant diversity to decide proper

land-use practices for the fulfilment of human needs and ecosystem functioning.


http://www.sciencedirect.com/science/article/pii/S0006320799000889#BIB9

1.5 Objectives

Some previous researches (Bohnert et al., 2016; Rembold et al., 2017) in the same area
through EFForTS project were confined to study on another aspect of plant diversity but did
not analyze about the diversity of useful plant species . This study aims at analysing how the
useful plant species diversity changes with the changes in land-use system. For this, we made
comparison about the useful plant diversity in four different land-use systems. Besides this,
species richness under different use categories of plant species across four land-use systems
were also compared. Furthermore, we tried to explore relationship between total plant

diversity and useful plant diversity.

To achieve our objectives, we had set three main hypotheses for this study. ( H1) Useful plant
species diversity is higher in forest than in agricultural systems; (H2) Species richness under
different use categories are higher in forest than in agricultural systems and (H3) Useful plant

species richness and total plant species richness are linearly related.
2. Materials and Methods

2.1 Study area

The study area was located in the EFForTS (Ecological and Socio-economic Functions of
Tropical Lowland Rainforest Transformation Systems) project region in the lowlands of
Jambi Province, central Sumatra, Indonesia (Fig.1). Jambi, one of the 34 provinces of
Indonesia, is positioned on the eastern coast of central Sumatra. It covers 50160km’
expanding from the southern Malacca Strait in the east to the Barisian Mountain range in the
west (Statistik, 2014). Jambi province is suffered from deforestation mainly due to increasing
population and agricultural intensification. It has only 30% forest area whereas 10% is

degraded land, and remaining 55% is agricultural land (Drescher et al., 2016)

The study was conducted in the area of naturally regenerated lowland rainforest and three
different agricultural systems, i.e. jungle rubber, rubber plantation, and oil palm plantations.
The core plot established in rainforest represents primary degraded forest with signs of
human disturbance like logging and extraction of forest products (Drescher et al., 2016).
Jungle rubber represents a agroforestry system established through rubber tree plantation in
previously logged or degraded rainforest (Gouyon et al., 1993; Wibawa et al., 2005). Both

rubber core plots and oil palm core plots have been established in monoculture plantations



managed by smallholders (up to 50-ha landholdings). During the time of plot selection in
2012, the age of rubber plantations was between 7 and 16 years and that of oil plam

plantations was between 8 and 15 years (Drescher et al., 2016; Kotowska et al., 2016).

Figure 1: Location of study sites in Sumatra (Jambi Province) where core plots were located in two landscapes near to Bukit
Duabelas National Park and Harapan Rainforest (framed in red). Core plots locations are indicated through grey square.

(Sources: Drescher et al., 2016)

The study area has two landscapes .i.e Harapan landscape and the Bukit Duabelas landscape.
Soils in Harapan landscape are characterized by more even proportions of sand, silt and clay
so called loam Arisols whereas clay Arisols with more factions of clays in Bukit Duabelas
landscape (Allen et al., 2015). The study area has tropical humid climate with mean monthly
rainfall of more than 100mm throughout the year and the annual weather is characterized by a

rainy season (October to April) and a dry season (July-August) (Drescher et al., 2016).



2.2 Sampling Design

Eight plots measuring 50 m x 50 m in each of the four land-use systems were already
established in 2012, resulting in a total of 32 study plots (Fig. 2). These plots were used for
the inventory of trees with a minimum dbh of 10 cm. All plants smaller than that were
assessed in five subplots measuring Sm x 5m nested within in each plot (160 subplots in

total).

Tropical lowland forest ~ Jungle rubber Rubber plantations  Oil palm plantations

O o|gCt "
O O O g
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D D D D TNBD

Figure 2: Allocation of plots across four land-use systems and two landscapes

2.3 Data Collection
2.3.1 Vegetation survey

A vegetation survey was the major method to collect primary data about the plant species
found in the study area. For this study, we took an opportunity of already collected data from
a vegetation survey carried out by Rembold et al. (2017). 1382 species were found in that
study, out of which 312 species were not yet identified to species level. So in our study to

identify the useful species, we only focused on 1070 identified plant species.
2.3.2 Literature survey

Literature survey was another important aspect of this study since our study was fully based
on the literature survey to find out the potential uses of each plant species. For this, our work
began with the collection of information from all published volumes of PROSEA (Plant

Resources of South-East Asia) books. After that, we searched information from the online
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portal named ,,Useful Tropical Plant™ database (http://tropical.theferns.info/). For additional

information, we used Google Scholar and Web of Science to find published articles.

Different authors (Kew,2016; Sheil et al., 2006 ) have categorized useful plant species into

different categories, but with the nature of our data we categoried useful plant species in our

own way in 14 categories on the basis of their potential useful functions to human (Table 1).

The full list of literatures used for classifying useful plant species into different categories are

provided in the appendix 6 and details about collected data with citations is available at:

https://drive.google.com/drive/folders/0B40tIT8Y sDqvRkpQbVBDTHZLSjQ?usp=sharing.

Table 1: Categorization of plant species into 14 main use categories.

Use category

Description

Color (Color species)

Erosion control (Erosion control species)

Fibre (Fibre species)

Fodder (Fodder species)
Food (Food species)

Fuelwood (Fuelwood species)
Handicraft (Handicraft species)
Magic (Magic species)
Medicine (Medicinal species)

Nutrient enrichment (Nutrient species)

Ornamental (Ornamental species)

Poison (Poison species)

Rubber (Rubber species)

Timber (Timber species)

Plants that can be used as paint, varnishes, tanning and
dyes

Plants that have the potential to minimize erosion

Plants that are used for making clothes, ropes or that are
used as rope or for tying purposes.

Plants that are edible for domestic animals

Plants or plants parts that are edible for humans as food
or spices or oil

Plants or plants part (including oil) that are potential for
cooking purposes.

Plants that can be used for making different items
through weaving and carving.

Plants that are used as magical purposes, religious belief
Plants potential to be used as treatment for human disease
Plants potential for enriching soil or making soil fertile
such as green manure, some leguminous crops.

Plants that can be planted for decorative purposes. For
instance, planted for road side area or garden just to give
beautiful looks.

Plants that are potential to be used as poison. It also
includes insecticides, fish poisons etc.

Plants that are used for producing rubber/gum/wax etc
Plants that are potential for making building materials,

furniture, tools, plywood and veneer etc.
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2.4 Data Analysis

Since most methods for measuring diversity are actually composed of two factors namely
species richness and species evenness (Magurran, 2004). So, we also followed the same path
and we calculated the species richness, species abundance (number of individuals), Simpson
index, Shannon diversity and evenness for each land-use system to measure the useful plant

species diversity in different land uses.

Species richness was calculated on the basis of total number of useful plant species in each
land-use system. Species richness is the most widely used diversity measure because of its
simplicity and effectiveness to use (Stirling and Wilsey, 2001). It is also considered as a
rational option for monitoring and evaluation purposes to judge outcomes in conservations
(Cardinale et al., 2011). The plot-wise species richness was also calculated for making later

comparisons on using test statistical tools.

Simpson‘s index of diversity is actually based on the chance of getting same species in the
case of randomly selected two individuals from an infinity large community (Simpson,
1949).This index is less sensitive to species richness and emphasize on the most abundant

species in a sample (Magurran 2004). It is expressed as

D=Zpiz

Where, pi denotes the proportion of the abundance of i™ species. But in the case of finite

community, the related index (D) is calculated as:

B ni[ni — 1]
b= Z N[N — 1]

Where ni and N represent the abundance of individuals in the i™ species and total abundance
respectively. The index in this form has inverse relationship with diversity so is
counterintuitive. Therefore, to get a flawless figure for the clear presentation of the value, we
used 1-D as a measure of Simpson index of diversity in this study. In this study, the value of
Simpson index of diversity (1-D) would be between 0 and 1. The higher value of an index

represents the greater diversity and vice versa.

Evenness(E) was calculated based on the Shannon diversity (H'). This diversity index is

commonly used diversity index as it takes both species richness and abundance into account
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and is highly sensitive to the variation in the rarest class (Heuserr, 1998). This diversity index
is calculated as
H'

" Ins
H' =Y pilnpi and pi =%i
Where, pi indicates individual's proportion in the i™ species.
In this measurement, both more even distribution and higher species richness increase species
diversity. The value of H' determines the respective species diversity in the different land use.
Higher the diversity, greater will be the value of H' and vice versa. Land use with single
species would have H' value of 0 because pi would be 1 and its multiplication (product) with
log pi equals to 0. This indicates that the value of H' allow us to know both number of species

and their distribution in the community (Magurran, 1988).

Species richness, species abundance, Simpson index, Shannon diversity and evenness were
calculated per plot. The per plot findings were tested for normality using skewness and
kurtosis, and judging through plotted histogram. We used Shapiro-Wilk-test (Shapiro and
Wilk, 1965) to conclude the normality of data. We found abnormality in the distribution of
plot-wise data, so, we used non parametric test called Kruskal-Wallis one-way analysis of
variance (Kruskal and Wallis, 1952) to make comparison of data from different land-use
systems. Further, we analysed data using post hoc multiple comparison to determine the

pairwise differences within these data between land-use systems.

Species accumulation curves were also drawn to estimate total species richness per system.
For this, sample-based species—accumulation curves were plotted from samples taken
randomly within a given area as mentioned by Gotelli & Colwell (2001). These curves denote
the aggregate number of recorded species as a function of sample plots (Colwell and
Coddington, 1994). The rise and stable nature of curve depends on the availability of new
species in the additional sample plot. The curve will rise when new species are found and will
remain in the stable condition in absence of new species in additional sample plot. This stable
condition represents no more sampling effort required for the estimation of the total species

richness of the particular area.
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To identify the variation of 14 use categories of useful plant species in four land-use systems,
we calculated number of species (species richness) per plot in each land uses. These plot
datas were tested for normality (following the procedure as mentioned earlier). However, we
found abnormalities in the distribution of data, so we used Kruskal and Wallis tests to
determine how different use categories of useful plant species varies when land shift from

one land-use system to another.

To examine the relationship between total plant species richness and useful plant species
richness, we used the regression analysis and plot the diagram with the equation. Simple
linear model was used to examine the relationship between dependent and independent
variable. Total plant species richness was modelled as an explanatory variable against useful
plant richness (dependent variable). Similarly, the relation between total plant abundance and

useful plant abundance were also identified using the same method.

The useful plant species diversity and abundance were analyzed using the free software
statistical package for social science (IBM SPSS statistics 22) and Microsoft excel. Most of
the figures were created in SPSS however; species accumulation curve was calculated using

vegan package in the free software for statistical computing and graphics R, Version 3.2.1.
3. Results
3.1 Useful plant species diversity and abundance across different land-use systems

Out of 156,006 individuals of 1,382 species found in the study area, about 78% (121,107) of
total individuals and about 56% (769) of the total species were found to be useful to fulfil the
different needs of humans. Useful plant species richness was highest in the forest (548)
followed by jungle rubber (421) and rubber plantation (168). The lowest useful plant species
richness was observed in oil palm plantation (157) (Fig.3a). The abundance of species was
found just reverse of the useful plant species richness in different land-use systems. Despite
the highest number of useful plant species in the forest, the abundance was lowest in the
forest (11,002 individuals) and jungle rubber had approximately 15,170 individuals.
Although oil palm plantation had the lowest number of species, the abundance was highest

(61,942 individuals) followed by rubber plantation (32,993 individuals) (Fig.3b).
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Figure 3: Species richness (a), and abundance (b) of useful plant species across four land-use systems (F- forest, J- jungle

rubber, R-rubber plantation and O- oil palm plantation).

Out of 769 useful plant species identified in the study area, most species (267 species) were
exclusively found in the forest followed by jungle rubber (102) and 173 species were only
confined to both forest and jungle. Rubber plantation had lowest number of unique species
(10) however oil palm had 29 unique species. The majority of species were confined to forest
and jungle rubber while only 40 species are found in all types of land-use. Only three species
Mikania micrantha, Selaginella intermedia and Calophyllum pulcherrimum were found in all
types of land-use systems besides jungle rubber. Five species (Syzygium racemosum,
Hypserpa nitida, Friesodielsia biglandulosa, Baccaurea parviflora, Xylopia elliptica ) were
restricted to only forest and oil palm. Oil palm plantation and jungle rubber had four species
(Archidendron jiringa, Millettia sericea, Symplocos fasciculate, Merremia umbellata) in
common which were not found in other land uses. Similarly, 33 species were found in all

agricultural land-use systems, however these species are completely absent in forest (Fig. 4).

If we categorize useful plant species into two types: generalist (found in at least two land
uses) and specialist (found in only one land-use system), forest comprised of nearly more or
less equal amount of both generalist (51%) and specialist plant species (49%). But in the case
of agricultural land-use systems, the situation was quite different as there was domination of
generalist species over specialist species. It is interesting to mention that 94 % of the useful
plant species in the rubber plantation were occupied by generalist species and 83% and 75%

percentage respectively in oil palm plantation and jungle rubber.
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Figure 4: Venn diagram showing numbers of useful plant species across four land-use systems (F- forest, J- jungle rubber,

R-rubber plantation and O- oil palm plantation).

The species accumulation curves drawn for all four systems clearly showed the differences in
the number of plant species in all systems (Fig. 5). Forest and jungle rubber had far more
species than the two plantations, regardless of the number of plots. While all curves are still
increasing, the plantations are rather closed to saturations, while more plots would lead to
increasing number of useful plants in forest and jungle rubber. These accumulation-curves
specify that the sampling effort of 32 plots (8 plots per land-use system) was sufficient to
make comparison of land-uses in terms of species richness. However, it seems that sampling

effort is not sufficient to depict the maximum number of species in all these four land-use.
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Figure 5: Species-accumulation curves for useful plant species in four land-use systems.

Species richness, number of individuals, Simpson‘s index, Shannon diversity, and evenness
differed between the four land-use systems(Fig.6). Forest had the highest Species richness,
Simpson‘s index, Shannon diversity and evenness and was followed by jungle and oil palm
respectively. The value for all these measures of diversity indices were lowest in rubber
plantation. But in the case of a number of individuals, different pattern was observed as the
forest had lowest mean number of individuals while oil palm plantation had highest mean
number of individuals. Kruskal-Wallis test also showed the significant differences of land-use
system in terms of Species richness, number of individuals, Simpson index, Shannon

diversity and evenness (P<0.05).

With respect to species richness, post hoc comparison showed significant differences between
forest and rubber (P<0.001), rubber and jungle (P=0.019), and forest and oil palm (p=0.001)
(Fig. 6a). In terms of number of individuals, only the mean difference between forest and oil

palm was significant (p=0.001)(Fig. 6b).

Post hoc multiple comparisons showed that forest had significantly higher Simpson index
than rubber plantation only (P=0.017) (Fig. 6¢). Forest had significantly higher Shannon
diversity and evenness than rubber plantation (p=0.012 and p<0.001 respectively) and oil
palm plantation (p=0.012 and p<0.001 respectively) (Fig. 6d and 6e). In all measures of

diversity indices, forest was not significantly different with jungle rubber.
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Figure 6: Useful plant species richness (a), number of

individual (b), Simpson index (c), Shannon diversity (d) and
Evenness (e) in the four different land-use systems (n= 8
plots per system). Kruskal-Wallis one-way analysis of
variance showed significance level of differences; p=0.024
(a), p<0.001 (b), p=0.007 (c), p<0.001(d) and p=0.002 (e).
Bar indicates mean value while error bars indicate standard
error. Means with different letters within one system, are
significant different from each other (post hoc multiple
comparisons after Kruskal-Wallis). X-axis represent four
different land-use systems (F- forest, J- jungle rubber, R-

rubber plantation and O- oil palm plantation).

3.2 Variation of useful plant species categories across different land-use systems

While looking over the all 14 use categories of useful plant, we found strong links between

timber, food and medicine categories. This means that from 151 to 200 timber species had

also potential to be used as food and medicine. Similarly, 101 to 150 species had potential to

be used for both timber and fuelwood while 51 to 100 medicinal plant species have the

potential to be used for fuelwood, color, poison and ornamental. The interesting thing is that
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not a single species was potential to be used for both fodder and rubber. A similar pattern was
also seen between the connection between magic and nutrient species as not a single species
has a dual function of both magic and nutrients. Besides these, the rest of the categories had

linkage between them (Fig.7).

Figure 7: Diagrammatical representation of link between 14 use categories of plant species (useful plant categories) in four
land-use systems. Useful plants were categorized based on their useful value to human. The 14 use categories are Color
(Col), Erosion control (Ero), Fibre (Fib), Fodder(Fod), Food (Foo), Fuelwood (Fue), Handicraft (Han), Magic (Mag),
Medicine (Med), Nutrient enrichment (Nut), Ornamental (Orn), Poison (Poi), Rubber (Rub) and Timber (Tim). The different
color of line connecting each use category indicates the number of useful plant species (as shown in index) overlap between

these two categories. Details about these links have been presented in Appendix 5.

If we consider the species having more than one useful value as multi-purpose species and
species having a single value as single purpose species, we found that multi-purpose species
occupied more than 68% of the useful plant species in each land-use system. Forest was
characterized by highest number (378 species) of multi-purpose species followed by jungle
rubber (314) and rubber plantation (128 species). The lowest number of multipurpose species
was found in oil palm plantation (121 species)(Fig.8a). However, whenever we looked over
the percentage on the basis of total useful plant species in each land-use system, the trend was

reversed. Only 69% percentages of useful plant species in forest were multipurpose while

19



75%, 76% and 77% of species in jungle rubber, rubber plantation and oil palm plantation
respectively were multipurpose species. A similar pattern was also followed in the case of
number of single purpose species as forest (170 species) had the highest number of single
purpose species followed by jungle (107 species) and rubber (40 species) and lowest in Oil
palm (36 species) (Fig. 8a). But in terms of percentage of total useful species found in each
land-use system, forest was characterized with 32% of single purposes species, while jungle
rubber, rubber plantation and oil palm plantation were characteriszed with 25%, 24% and

23% single purposes respectively.

Out of fourteen categories of the useful plant species, most of the multipurpose species were
timber species followed by medicinal and food species and were mostly found in forest and
jungle. Very few numbers of multipurpose fodder species and multi-purpose erosion control
species were found in forest comparing to other land-use systems (Fig. 8b). Interestingly,
seven out of fourteen categories were characterized by some single purpose species, while
remaining seven categorized had no any single purposes species. Plant categories under
timber, medicinal and fiber were the dominant single purposes species and these were also
mostly found in the forest followed by jungle rubber, rubber plantation and oil palm
plantation respectively. The interesting thing is that not as single single purposes ornamental
species was found in forest, while jungle rubber and oil palm had equal number of single

purpose ornamental species (Fig. 8c).

In overall (combining both multipurpose and single purpose species), timber species were the
dominant species followed by medicinal and food species respectively in both forest and
jungle rubber. Similarly, medicinal plant species were the dominant species in both rubber
plantation and oil palm plantation. The number of species having potential to control erosion,
fodder and nutrient enrichment was higher in agricultural land-use systems than in the forest

(Fig. 84).

In terms of total individuals, highest number of individuals under most of the categories were
found in oil palm plantation however, individuals under timber categories were in a higher
amount in forest than agricultural land-use systems. Lowest number of individuals were
noticed under nutrient category in all land-use systems apart from oil palm plantation.

Medicinal plant species were in greater amount in all land-use systems, however species such
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as magic, handicraft and nutrients enrichment were in lesser amount in all land-use systems

compared to other categories of useful value (Fig. 8e).
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Figure 8: Total number of multipurpose and single purpose
species across four different land-use systems (F- forest, J-
jungle rubber, R-rubber plantation, and O- oil palm
plantation) (a), total number of multipurpose species (b),
total number of single purpose species (c), total number of
species under different categories of useful plant(d) and total
individuals under different categories of species (e) across
four land-use system. Useful plants were categorized into 14
categories based on their useful value to human. The 14
category of useful plant are Color (Col), Erosion(Ero), Fibre
(Fib), Fodder (Fod), Food (Foo), Fuelwood (Fue), Handicraft
(Han), Magic (Mag), Medicine (Med), Nutrient enrichment
(Nut), Ornamental (Orn), Poison (Poi), Rubber (Rub) and
Timber (Tim).

On the plot level analysis, the four systems showed significant differences within number of

all 14 categories of useful plant species (Kruskal-Walis one way analysis of variance,
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P<0.05). The mean number of species potential for color production was highest in forest
followed by jungle rubber and rubber plantation respectively while lowest number was in oil
palm plantation. With respect to the number of color species per plot, Kruskal-Wallis post-
hoc comparisons showed significant difference between the pair oil palm plantation and
jungle rubber (p=0.004), oil palm plantation and forest (p<0.001) and forest and rubber
plantation (p=0.012) (Fig. 9a). The mean number of fuelwood species, timber species, rubber
species and poison species also followed the same trend as color species (highest in forest
and lowest in oil palm plantation). However, significant difference was noticed only in
certain pairs in each category. Such as in terms fuelwood species, rubber species and timber
species richness, the mean difference between forest and rubber plantation, forest and oil
palm plantation, and jungle rubber and oil palm plantation were significant (P<0.05) (Fig. 9f,
9m, 9n) but in poison species, only the mean difference between forest and rubber plantation,

and forest and oil palm were significant (p<0.001) (Fig. 91)

The mean number of erosion control species was highest in oil palm plantation followed by
rubber plantation and jungle rubber respectively while forest had lowest number of such
species. However, the post hoc comparisons showed the significant difference between only
the pair forest and rubber plantation (p=0.002) and forest and oil palm plantation (p<0.001)
(Fig.9b). Mean number of fodder species also followed the same path as erosion control
species followed (highest in oil palm plantation and lowest in forest) but only the mean
difference between the pair forest and rubber plantation, forest and oil palm plantation, and
jungle and oil palm plantation were significant (p=0.003, <0.001 and 0.029 respectively)
(Fig. 9d).

Jungle rubber had highest mean number of fibre species followed by forest and oil palm
plantation respectively. The post hoc comparisons showed the mean difference between
forest and rubber plantation, jungle rubber and rubber plantation, and jungle rubber and oil
palm plantation were significant (P=0.007, 0.003 and 0.037 respectively) (Fig. 9c). The mean
number of food species and medicinal species were highest in forest followed by jungle
rubber and oil palm plantation respectively however lowest in rubber plantation. The post hoc
comparisons showed the mean difference between forest and rubber plantation, forest and oil
palm plantation, jungle rubber and rubber plantation, and jungle rubber and oil palm
plantation were significant in terms of both food and medicinal species richness (p<0.05)

(Fig. 9¢).
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Figure 9: Mean number of 14 categories of useful plant species in four land-use systems. Useful plants were categorized
based on their useful value to human. The 14 category of useful plant are color (a), erosion (b), fibre (c), fodder (d), food (e)
, fuelwood (f), handicraft (g), magic (h), medicine (i), nutrient enrichment (j), ornamental (k), poison (1), rubber (m) and
timber (n). Kruskal-Wallis one-way analysis of variance showed significance level of differences; p<0.000 (a), p<0.000 (b),
p<0.001 (c), p<0.001(d), p<0.001 (e), p<0.001 (f), p<0.002 (g), p=0.001 (h), p<0.001(i), p=0.018 (j), p<0.029 (k), p<0.001
(1), p<0.001 (m) and p<0.001 (n). Bar indicates mean value while error bars indicate standard error. Means with different
letters within one system, are significant different from each other (post hoc multiple comparisons after Kruskal-Wallis). X-
axis in each diagram represent four different land-use systems (F- forest, J- jungle rubber, R-rubber plantation and O- oil

palm plantation).



The mean number of handicraft species was highest in jungle rubber followed by forest and
oil palm plantation whereas lowest in rubber plantation. The statistical significant difference
was found only between forest and rubber plantation, and jungle rubber and rubber plantation

(p<0.02) (Fib. 9g).

Forest and jungle rubber had equal number (mean) of ornamental species which was highest
and were followed by oil palm plantation. The lowest mean number of ornamental species
had been found in rubber plantation. Although the Kruskal-Walis one way analysis of
variance shows the significant difference (p=0.029), the post hoc pairwise comparisons did
not showed any significant difference between any pairs (Fig. 9k). Similarly forest and jungle
rubber had nearly equal number of magic species and were followed by rubber plantation,
however lowest mean number of magic species had been found in oil palm plantation. The
statistical comparison showed only the mean difference between forest and oil palm
plantation (p=0.004), and jungle rubber and oil palm plantation (p=0.009), were significant
(Fig. 9h).

The mean number of nutrient enrichment species was higher in agricultural system than
forest. In agricultural system, rubber plantation had highest number followed by oil palm
plantation and jungle rubber respectively. However, the statistical significant difference was

found only between the pair forest and rubber plantation (P=0.016) (Fig. 9j).

3.3 Relationship between total plant species richness and useful plant species richness
Simple linear regression showed a positive relationship between useful plant species richness
and total species richness, however the extent varied in different land-use systems (Fig.10a).
Thus the higher number of useful plant species richness could be expected with the increasing
number of total species richness in each land-use system. Further simple linear regression
models revealed that the total species richness were able to explain useful plant species
richness in each land use (Appendix 1). In case of forest, total species richness did describe
80% of useful plant species richness (F= 23.583, P= 0.003 and R?=0.797) while in jungle
rubber 93% (F= 75.963, P<0.000, R*= 0.927). It is interesting to mention that in rubber
plantation, total species richness did reveal about 99% (F=397.396, P<0.001, R*= 0.985) of
useful plant species richness and in oil palm plantation around 96% (F=156.495, P<0.001,
R*= 0.963).
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Similarly, a positive relationship between total individual number and useful plant individual
number was found in all land-use categories (Fig. 10b). The simple linear regression models
also showed the total individual number was able to describe useful plant individuals
(Appendix 2). Like as earlier, total number of individuals in rubber did explain about 98%
(F=321.243, P<0.001, R’= 0.982) of useful plant individuals in rubber which is higher
comparing to others. This was followed by jungle (97%) (F=226.150, P<0.001, R*= 0.974)
oil palm (82%) (F=27.059, P=0.002, R*= 0.819) and lowest in forest (59%) (F=8.586,
P=0.026, R*= 0.589).
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Figure 10: Simple linear regression models: useful plant species richness plotted against total species richness (a) and useful
plant species individual number plotted against total individual number (b). Overall useful species richness plotted against
total species richness (c) and useful plant individual number against total individual number (d). The four different colors

used in figure (a) and figure (b) indicate value of four different land-use systems.
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While plotting the useful plant species richness against total plant species richness without
considering the different land-use systems, the linear regression line showed the positive
correlation between these two variables (Fig. 10c). Further, the total species richness did
describe 97% of useful plant species richness (F= 879.806, P=0.000 R?=0.967) (Appendix
3). Similarly, the total individual number did explain 94 % of useful plant individual number
(F=437.142, and P<0.000, R?=0.936) (Appendix 4) and the corresponding regression line

between these two variables also showed a positive correlation (Fig. 10d).

4. Discussion

Land-use system determines the availability of plant species in the area. When the land-use
change occurs, the change in the microclimatic conditions brings change in the composition
of vegetation (Danielsen et al., 2009; Yaap et al., 2010). Moreover, other factors which are
vital for plant growth (soil pH, nutrient concentration and organic matter content) vary in
different land-use systems (Koerner et al., 1997; Flinn et al., 2005) which may be favourable
for some species while unfavourable for others. Agricultural systems are driven by the
economic aspects so farmers focus on the few species that can fulfil economic needs. For
example, in intensively managed agricultural land-use systems (oil palm and rubber
plantations), almost all native species are removed for the plantation of the major species (oil
palm and rubber). Frequent management techniques are applied for the betterment of the
major species and to suppress the other undergrowth that has low economic value. So, there
will be strong declined in the total plant diversity in these land-use systems comparing to the
intact forest (Rembold et al., 2017). The decline in total plant diversity, lead to the narrower
choice of species, may ultimately lead to low useful plant diversity. Therefore, it is not
surprising that we found a decrease in useful plant diversity with increase in land-use

intensity.

The understanding on the useful plant diversity with their various ethno-botanical uses is
important to provide guidance for the rational uses of resources (Tabuti et al., 2003;
Kamatenesi-Mugisha and Oryem-Origa, 2005). To this end, our results provide detail
understanding about variation of useful plant diversity and use categories between different
land-use systems, as well as the association between total plant diversity with useful plant

diversity.
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4.1 Useful plant species diversity and abundance across different land-use systems

Plot-based inventories of useful plant species in the four land use systems in our study area
showed a clear difference between land-use systems in terms of species diversity. Our finding
partially supported the Hypothesisl (H1) hypothesizing that forest has more useful plant
species diversity than agricultural land-use systems. Forest had significantly higher useful
plant species diversity than oil palm plantation and rubber plantation but forest had no any
significant difference in useful plant diversity with that of the jungle rubber. This indicates
that forest and jungle rubber were rich in useful plant species diversity while other
agricultural land-use system (rubber plantation and oil palm plantation) were poor in useful
plant diversity. The finding regarding non- significant difference between forest and jungle
rubber emphasized the importance of jungle rubber (among other agricultural land-systems)

for the maintenance of useful plant diversity.

We found the strong decline in number of useful plant species with increasing land-use
intensity. Jungle rubber, rubber plantation and oil palm plantation had only 77%, 31% and
29% of useful plant species found in forest respectively. This is consistent with study by
Chittababu and Parthasarathy (2000) in tropical evergreen forest in India where decreasing
useful plants species richness (useful understory plant species) by 54% in disturbed forest
comparing to undisturbed forest has been observed. Similarly, Kessler et al. (2005) in
Indonesia found that tree species richness declined gradually from primary forest to forest
gardens, secondary forests, and cacao plantations. Kurniawan (2016) also found higher tree
species diversity in forest and jungle rubber than in the converted land-use systems (rubber
and oil palm plantation). In our study area also, Rembold et al. (2017) found highest number
of plant species in forest than other land-use systems. Similarly, Bohnert et al. (2016)
observed strong declines of vascular epiphytes diversity in our study region at landscape level
but at plot level, epiphyte diversity in oil palm plantation was not significantly different from
forest. In contrast, we found that useful plant species richness in plot level was significantly
higher in forest than in agricultural plantations (rubber plantation and oil palm plantation) in
our study area. From these studies, we can speculate that the effect of land-use change can

vary between different plant groups.

Out of 769 useful plant species found in our study area, 35% (267 species) were exclusively

found in forest and 14% (105 species) were exclusively found in jungle rubber. But in other
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agricultural land-use systems, only 1% (10 species) and 4% (29 species) of the total useful
plant species found in our study area were exclusively found in rubber and oil palm
plantations respectively. The highest number of the endemic useful plant species (exclusively
found) in forest indicates that the increasing deforestation in the study area had put vast
amount of endemic forest species (useful plant species) at risk of extinction. The loss was
dependent on the type of land-use system adapted. For example, the effect was low whenever
forest converted into jungle rubber and the effect was high whenever the forest converted into
monoculture plantation. This shows that lowland rainforest are incomparable with the other
agricultural land-use system for the maintenance of endemic useful plant diversity, however
jungle rubber could serve as a buffer for endemic useful plant species in the context of

disappeared condition of forest.

While looking over the similarity between different land-use systems in terms of number of
useful plant species, jungle rubber had highest number of useful plant species overlapped
with forest (264 species) but oil palm plantation had the highest number of useful plant
species overlapped with rubber plantations (101 species). Rembold et al. (2017) in the same
study area also found similar type of result where jungle rubber had highest number of plant
species (350 species) overlapped with forest and oil palm had highest number of plant species
(125 species) overlapped with rubber plantation. This indicates that with the present context
of increasing deforestation rate for agricultural expansion in tropical areas, jungle rubber
could be the most viable option (among other agricultural land-use systems) to cope with the
challenge for the maintenance of total plant species diversity on one hand and to fulfil the
growing human needs on other hand (through maintaining useful plant species diversity). The
highest useful plant species diversity in jungle rubber among other agricultural plantations
might be due to the fact that agricultural plantation are based on the plantation of few species
(mainly single species in monoculture plantations) over the area, while jungle rubber system
1s managed with variety of plant species to get variety of products so jungle rubber resembles

the characteristics of forest (Penot, 2004).

Species accumulation curve also showed that the forest was rich in useful plant species
richness, followed by jungle rubber. These two land-use systems had more or less similar
useful plant richness till the end of sample plot. Similarly, rubber plantation and oil palm
plantation were poor in useful plant species richness. With the current sampling effort,

although these curves did not reach saturation, we could clearly see the differences between
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forest with that of rubber plantation and oil palm plantation. However, continued sampling
would most likely increase the number of useful plant species in each system, especially in
forest and jungle rubber. This finding suggests that more sampling effort is necessary in order

to aggregate the total number of useful plant species in that area.

Simpson“s diversity index was also highest in forest than other agricultural systems however
at plot level jungle rubber and oil palm plantation were comparable to forest. The reason for
the non-significant difference in Simpson“s diversity index between oil palm plantations
(though having less useful plant species in oil palm plantation) and forest may be due to the
nature of Simpson index as it is less sensitive to species richness and put emphasize on the
most abundant species (Magurran, 2004). Similarly, species evenness (Pielou“s eveness) was
also highest in forest and was comparable with only jungle rubber at plot level. Both results
(Simpson index and evenness) demonstrate that the forest was not only rich in useful plant
species diversity but also had more even distribution of useful plant species. The statistical
non-significant difference in Simpson index and evenness between forest and jungle rubber
emphasize that the jungle rubber is comparable to forest not only in useful plant species

diversity but also in evenly distribution of useful plant species.

Analysing the data regarding species abundance (number of individuals) only, we found the
reverse of species richness; this means that species abundance was highest in agricultural
land-use systems and lowest in the forest. This is due to the fact most abundant species in the
forest was Selaginella intermedia (1773 individuals) while the other species individual
number was less than 500 in forest. But in case of agricultural land, particularly in oil palm
plantation, some species like Clidemia hirta (15764 individuals) Centotheca lappacea (10365
individuals), Asystasia gangetica (10365 individuals) and another 8 more species (having
more than 1000 individuals) were growing in higher amount which made oil palm plantation
to stand in the first position in terms of individuals number. However, such species have
limited economic value (though we considered these species also as useful plant species in
our study) and also considered as invasive species. Instead of increasing economic returns,
the presence of these species (invasive species) in plantations decrease local species diversity
(Pysek, et al., 2012) and increase management cost (weeding and herbicides) (Rembold et al.,
2017) as these plants species competes with other plant species to fulfil nutrients and light
requirements. This will ultimately effect on ecosystem functioning and human wellbeing in

long run (Pejchar and Mooney, 2009). The growth of these invasive species in excess amount
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in the agricultural land is due to the higher availability of light conditions (Danielsen et al.,
2009). But in the case of forest, the lack of canopy openness creates low sunlight leads to the

prevention of undergrowth and invasive species.

Our finding follows the similar pattern with the study by Wenzel (2015) about vascular
epiphytes in our study area, where individual number of vascular epiphytes was higher in oil
palm plantation than forest. Incontradiction to our study, Wenzel (2015) also found the
highest number of individuals( vascular ephiphytes) in jungle rubber and lowest in rubber
plantations. Anglaaere et al., (2011) also reported highest abundance of useful tree species in
forest than other land-use systems. This shows that number of individuals under different
plant groups also varies with adopted land-use system. The possible reason for a higher
number of some plant communities (particularly epiphytes plants) in oil palm plantation is
due to amassing of organic matters in the leaf axils of the oil palm (Altenhével, 2013).
Bohnert et al. (2016) has also speculate the intentional destruction of some plant communities
(epiphytes) by farm workers leads to the low abundance of ephiphytes in rubber plantation.
Since our study was based on all types of useful vascular plant species (includes both
epiphytes and non-epiphytes plants), we can conclude that microclimatic condition,
availability of organic matters and farmer preference determine the abundance of plant

species in different land-use systems.

4.2 Variation of useful plant species categories in different land-use systems

Our finding shows that the different categories of useful plant species richness varied with the
different land-use systems. Though forest had more useful plant species richness in overall,
however, didn“t have all use categories of useful plant species (useful plant species
categories) higher than agricultural land. This indicated that our finding partially supported
hypothesis 2 hypothesizing that forest has highest species richness under all use categories of
useful plants. Species richness under fuelwood, medicine, timber and poison categories were
highest in the forest than agricultural plantation, but species richness under other use
categories like erosion control, fodder, and nutrient enrichment were highest in agricultural
plantations. In all categories of useful plant species richness, we found non-significant
difference between jungle rubber and forest indicates that jungle rubber is also comparable to

forest to provide various various categories of useful plant species. This finding is
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particularly important as it could provide the guidelines for the adoption of land-use systems

based on need of people.

We found forest comprised of both single purpose and multipurpose species number higher
than agricultural land-use systems. The networking diagram (Fig.7) had shown that the
timber, food and medicine categories had good linkage with each other. This indicates that
whenever the land-use system is rich in one useful category, there will be the high chance of
having other useful categories because of multipurpose use nature of that species. It is
obvious that forest comprises of mainly timber species than agricultural land-use systems. So
the significant number of useful plant species under food and medicine categories in the
forest might be due to the multiplepurpose natures of timber species. This finding particularly
demonstrates that the management of forest could serve multiple returns from the useful

plants species rather than other agricultural plantations.

Segnon et al., (2014) reported the significantly higher number of edible (food) species
richness in the semi-arid area comparing to arid area. While comparing microclimatic
condition in our study area, Shekhar Badu et al., (2017) found that forest had cooler and
moist microclimatic conditions comparing to other agricultural land-use systems. Analysing
these two studies, we can speculate that the cool and moist microclimate in the forest is one

of the major factor for the highest number of food species in forest.

Our finding is in line with Anglaaere et al. (2011) where higher number of non-timber
species (in overall) in forest than coca-farm was observed in Ghana. In agricultural system,
generally farmers give priority for the major crops. They destroy other plant species if they
feel that other plants are hindering their major crops because of shade and root competition
(Anglaaere et al. (2011). This leads to the low plant species diversity in agricultural land. In
our study area (agricultural plantation), the major focus of farmers was on rubber and oil
palm production, So species richness under most of the categories were lowest than forest.
Incontrast, species richness under some categories (nutrient enrichment, erosion control) were
highest in agricultural land in our study area. As tropical soil is poor in nitrogen content due
to lack of humus layer, nitrogen is the most limiting factor for the agricultural production
(Gutteridge and Shelton, 1994). Moreover, the problem of soil erosion and land degradation
is severe in agricultural land (rubber and oil palm plantations) (Guillaume et al. (2016). To

fulfil this gap, farmers focus on some plant species along with major crops (Anglaaere et al.,
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2011). These plant species have some other benefits as some can be used for fodder, food,
fuelwood, etc. For example, cultivation of some leguminous crops is popular in agricultural
land in the tropics (Gutteridge and Shelton, 1994). Although in our study area (agricultural
land-use systems), none of the plant species were cultivated besides rubber and oil palm but
farmer might have protected some naturally growing such species for the conservation of
their land. So it isn“t surprising that we found mixed result about species richness under

different use categories among different land-use systems.

Sheil et al. (2006) found that the forest as the most important sources for all different
categories of useful plant species (food, medicine, light construction, heavy construction,
boat construction, firewood etc) comparing to other land-use systems. Combining this finding
with our study, we can speculate that forest not only composed of highest diversity of most of
the categories of useful plant species but also composed of most important species for the
human beings. With the limited available time to conduct this research, we could not make
comparison about the economic value as well as sustainable harvestable amount of each
useful plant species categories across different land-use systems in our study area. People are
still converting rainforest in a perilous manner to get economic returns from agricultural
plantations, so it is indeed very essential to explore the possibility of forest to fulfil human
needs. This could serve for not only prevention of forest conversion but also raise the income

of people through the sustainable harvesting of forest products.

4.3 Relationship between total plant species richness and useful plant species richness

In all cases, we found the significant linear relationship between total plant richness and
useful plant species richness as well as total plant abundance and useful plant abundance. We
found the highest value of R in agricultural land, but lowest in the forest. This shows that we
can predict total useful plants from total plant species with greater confidence in agricultural

land than forest.

In our study area, 56% (548 species) of total forest species were useful while more than 65%
(421 species in jungle rubber, 168 species in rubber plantations and 157 species in oil palm)
of plant species found in each agricultural land-use system were useful. This means that
forest comprised of lots of species, however, proportionally only few species were useful.
This might be the factor responsible for the low prediction ability of useful plant species from

total plant species in forest land. Besides that, the reduced proportion of useful plants in
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forest might be due to lack of knowledge about the uses of some plant species. We had
information from the published papers only but there might be plenty of uses of plant species
that are not published yet. On the other side, agricultural land-uses are managed based on the
plantation of more useful species and control less useful species and or useless species.
Several factors such as market accessibility and economic value determine priority of plant
species in their land (Snelder et al., 2007; Byg et al., 2007). People are familiar about the
uses of plant species growing in their agricultural land and most of the plant species in
agricultural land are also documented in literatures due to which the proportion of useful
plant species becomes higher. This leads to the higher confidence in the prediction of useful

plant species through total plant species in agricultural land.

Previous research in our study area (Rembold et al., 2017) also found the decreasing total
plant diversity with increasing agricultural intensifications. This means that forest had highest
plant diversity whereas agricultural plantations had lowest plant diversity. Our finding
regarding useful plant diversity followed the similar trend indicates that there should be a
relationship between total plant diversity and useful plant diversity. This also supports our

hypothesis that we can predict useful plant species diversity from total plant diversity.

Our finding is in line with Salick et al. (1999) who found the proportional decrease in the
useful plant species richness as the total plant species richness decrease and vice versa.
Begossi (1996) also reported the fact that region with higher plant species richness possess
more useful plant species than the lesser one. The major reason for such types of relationship
between total plant richness and useful plant richness might be due to the broader chance of
obtaining useful plant species wherever broad ranges of total plant species are available.
Similarly, Sheil and Salim (2012) found a direct relationship between useful plant species
and total plant species (richness and abundance), but in terms of linear relationships, they
found mix results among the community used to identify useful plant species during social
survey. This means that some communities were familiar with some useful plant species
while some communities weren“t familiar. This indicates that the number of unidentified
species also affect on strength of relationship between useful plant species richness and total
plant species richness. In our study area also, out of 1382 plant species, we could not identify
312 plant species up to species level, so we considered these species as useless species. The
diversity of useful plant could be further increased and the better relationship could be

developed, if we consumed more time to conduct the research and to identify these species.
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Many researches (Aduradola, 2004; Asase et al., 2010; Kessler et al., 2005; Rembold et al.,
2017) in tropical region were conducted about total plant diversity. As tropical forest contains
vast number of plant species, the problem in the available literature and identification may
take long time to identify useful plant species. So our finding regarding the linear relationship
between total plant species richness and useful plant species richness might be of particular
interest for the researchers to predict useful plants in these land use whenever limited time

and resources provided.

5. Conclusion

Tropical rainforest is remarkable not only in terms of overall plant diversity, but also in terms
of useful plant diversity. Most plant species in tropical rainforest are useful or potential to be
used for several functions for human beings. Our study showed that the conversion of tropical
rainforest to other land-use system lead to the loss of useful plant diversity but the intensity of
the loss varied with the adopted land-use system. The highest number of useful plant species
overlapped between jungle rubber and forest, and the non-significant difference in useful
plant species diversity between forest and jungle rubber demonstrates that the jungle rubber
is comparable to forest in terms of useful plant species diversity. This indicates that with the
prevalent condition of increasing deforestation in the study area, the adoption of the jungle
rubber agroforest system can serve as the most viable option for the maintenance of useful
plant diversity. Our finding regarding highest number of endemic useful plant species in
forest indicates that the vast loss of forest area in the study region put these endemic species
at the edge of extinction. The loss of these endemic forest species cannot be compensated
from other land-use systems however, the loss could be minimize in overall through adopting

jungle rubber land-use system.

We found that agricultural land were highly infested with invasive species (we also
considered these invasive species as useful plant species based on available literatures) so the
overall abundance of useful plant species became highest in agricultural land (mainly oil
plam plantation). The presence of these invasive species in agricultural land not only threat
local plant species diversity but also can minimize the economic returns as such species have

very limited uses for human beings.
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One remarkable result of this study was that forest had not all categories of useful plant
species richness higher than agricultural land. Some useful plants species categories such as
erosion controlling species and nutrient enrichment species richness were higher in
agricultural land (plantations) than forest. This is due to the fact that agricultural land are
highly prone to erosion, so the necessity for controlling erosion and maintaining producitivity
in agricultural land lured farmer to protect such species with major crops in agricultural land.
Other useful plant categories richness like timber, medicine, food and fuelwood were higher
in forest than agricultural land indicating that the forest could serve as an important source to

provide important forest products necessary for human beings.

Another finding of this study is infact very important for predicting the amount of total useful
plants in the tropical rainforest. We noticed the statistically significant linear relationship
between total plant richness and useful plant richness, also total plant individual and useful
plant individual number in each land-use categories. This shows the reliability of plot based
plant diversity studies for the documentation of ethno-botanical uses with using limited
resources and time. This finding will be the milestone for the estimation of useful plant

species from total plant species in tropical areas.

With the limited time available to conduct this research, we couldnot make comparision
between land-uses systems interms of sustainable harvestable amounts of each categories of
useful plants and the possible financial returns. It is still questionable; is forest really
sufficient to provide required amount of different categories of human need in our study area?
This type of study is indeed very necessary to decide the rationale use of land in the present
context of increasing conversion of forest for the sake of economical returns. This can be the
new task for the researchers to get over view of useful plant diversity and their possible role

for the fulfillment of human needs.
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7. Appendix

Appendix 1: Results of simple linear regression models between useful plant species

richness and total species richness in different land uses

Land-use systems F P R’ Adjusted R*
Forest 23.583 0.003 0.797 0.763
Jungle 75.963 0.000 0.927 0.915
Rubber 397.396 0.000 0.985 0.983
Oil palm 156.495 0.000 0.963 0.957

Appendix 2: Results of simple linear regression models between useful plant individual

number and total individual number in different land uses

Land-use systems F P R’ Adjusted R*
Forest 8.586 0.026 0.589 0.520
Jungle 226.150 0.000 0.974 0.970
Rubber 321.243 0.000 0.982 0.979

Oil palm 27.059 0.002 0.819 0.788

Appendix 3: Results of simple linear regression model between useful plant species richness

and total plant species richness

Useful plant species richness
F p R’ Adjusted R?

Total plant species richness ~ 879.806 0.000  0.967 0.966

46



Appendix 4: Results of simple linear regression models between useful plant individual

number and total plants individual number

Useful plant individual number
F P R’ Adjusted R?

Total plants individual number 437.142  0.000  0.936 0.934

Appendix 5: Number of plant species in each category and their intersection (species
overlapped) to other categories. These useful categories are color (Col), erosion control (Ero),
fibre (Fib), fodder (fod), food (Foo), fuelwood (Fue), handicraft (Han), magic (Mag),
medicine (Med), nutrient enrichment (Nut), ornamental (Orn), poison (Poi), rubber (Rub) and

timber (Tim).

Categories Col FEro Fib Fod Foo Fue Han Mag Med Nut Om Poi  Rub Tim

Col 74 5 10 2 45 19 4 4 57 5 16 11 4 52
Ero 5 24 7 10 11 4 4 3 16 8 6 4 1 11

Fib 10 7 77 4 31 8 17 7 47 4 16 7 5 28
Fod 2 10 4 27 13 1 1 1 15 5 4 1 0 6

Foo 45 11 31 13 292 40 12 8 187 10 49 31 16 161
Fue 19 4 8 1 40 128 7 4 54 4 4 6 5 121
Han 4 4 17 1 12 7 49 3 19 2 9 2 1 35
Mag 4 3 7 1 8 4 3 19 12 0 3 3 1 13
Med 57 16 47 15 187 54 19 12 394 12 62 51 12 155
Nut 5 8 4 5 10 4 2 0 12 16 5 3 1 8

Om 16 6 4 49 4 9 3 62 5 82 13 2 45
Poi 11 4 7 1 31 6 2 3 51 3 13 69 3 34
Rub 4 1 5 0 16 5 1 1 12 1 2 3 24 11

Tim 52 11 28 6 161 121 35 13 155 8 45 34 11 449
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