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Abstract. Farouji AE, Khodayari H. 2016. Evaluation of vegetation types in the West Zagros (Beiranshahr region as a case study), in
Lorestan Province, Iran. Biodiversita 17: 1-10. The accurate identification of plant communities and their distribution are classical tools
for mapping and classification of plants. Plants are strongly sensitive against changing environmental conditions. Moreover, Iran has a
special position in Asia which has been creating a diverse ecosystem. Close floristic studies are necessary for precise determination of
diversity and uniformity. To determine plant speciesin different vegetation types in Beiran shahr region, modified multi-scale Whittaker
plots were constructed. This studied area was about 20000 ha and located in Northwest to Southwest of Iran. Eighty-nine plots were
made in different longitude and latitudes. The minimum and maximum heights were 1101 and 2489 m adl., respectively. Within each
modified multi-scale plots, each species was explored. Of 608 species, 498 and 97 are belonging to dicotyledons and monocotyledons,
and remained 13 species were Pteridophytes. As measured, Therophyte and Champhyte are the dominant and recessive form of life in
studied area. Based on species of each plot and subplots, mean Jaccard's coefficient, number of unique species and mean unique
species/plot were estimated for each vegetation type. It is obvious that there is a clear correlation between Slopes of the species-log area

curve and Mean number of unique species per plot.

K eywords: Beiranshahr, Iran, life form, vegetation type, Northwest, Zagros

INTRODUCTION

To determine all layers of vegetation in an ecosystem
not only forests but also all parts of an area must be
considered. Ecosystems have different parts in the world
such as mountains (Lindenmayer et a. 2006). In fact, the
accurate identification of plant communities and their
distribution are classical tools for mapping and
classification of plants (Tiner 1999). Iran has a special
position in Asia which has been creating a diverse
ecosystem (Alvarez-Rogel et al. 2006). Close floristic
studies are necessary for precise determination of diversity.
According to these aims, some protected areas are created
for more environmental conservation (Lindenmayer and
Franklin 2002). Biology conservation has a precise
discipline in nature and will disturb if the conservation
biologist doesn't make a right decision in different
environments (May 1984). It should be noted that
mentioned factors are not enough for conservation biology
and it need more aspects like distribution of each species
either rare or abundant, earth position whether polluted or
not and, etc (Lombard et al. 1997). It should be noticed that
the diversity of many urban areas are less than the natural
ones because of some disturbance which caused by people.
As a result, the geographic diversity and ecological
complexity will be decreased soon (Marsh 1984). Ethical
basics have a huge effect on conservation goals (Passmore
1974).

It should be considered that, conservation biology is
based on systematic, ecology and many other biological

fields which paid attention to al organisms in biotic world
(Forman 1995). Unfortunately, conservation biology is
noticed as a limited principle between biodiversity
conservation and economic development (Daly and Cobb
1989). Investigators used various indices to estimate
species diversity. Moreover, Whittaker method, sample
both tree and herb strata instantly, is a common procedure
that the herb-layer plots nested within reticular plots
(Shmida 1984). Such plots have different sizes according to
plant dimension. Therefore, species-area curves could be
constructed. Such curves transparent many significant
things like diversity, richness and all differences in each
vegetation type. Beside this, log (species)-log (area) curves
could be good coefficients of determination of vegetation
types. To investigate ecosystems which need more
watchful conservation, it was decided to use multi-scale
Whittaker plots in West and Northwest of Iran. As a
geological view, the studied area which situated in the
West of Iran, has a very specia status, this means that it
include Sanandgj-Sirjan metamorphic zone (North of
Boroujerd to South of Doroud). The remaining part belongs
to Zagros Mountains. These two bodies don't have similar
morphologies, for instance; Rocks are metamorphic In
Sanandagj-Sirjan region, but sedimentary rocks are
dominant in Zagros area.

The most important functional properties of Zagros
vegetative area is protection and conservation issues
(Chong and Stohlgren 2007). Briefly, the importance of
vegetation as well as ecosystems accentuates conservation
discussion (Magurran 2004). Eventualy, we can say that
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each species considered as a renewable resource that must
be examined (Coppolillo et al. 2004).

Zagros Mountain is stretched along Northwest to
Southwest of Iran. It comprises about 10 provinces, more
than 50 cities, important rivers, and a strategic place for
agriculture and livestock (Fattahi 2001). Furthermore, over
885750 hectares of Lorestan Province cover with
vegetation (total of 32 percent). The aims of this study
were evauation of vegetation types, life forms
(Phanerophytes, = Chameophytes,  Semi-Cryptophytes,
Cryptophytes and Therophytes), Chorotypes, determination
of unique species and environmental conservation status of
plant species in Beiranshahr region, located in Lorestan
Province (middle Zagros), Iran.

MATERIALSAND METHODS

Study area

The study area (Beranshahr, formerly called
Chaghalvandi) is about 20,000 ha and located in the
northwest of Khorramabad, Lorestan Province, middle part
of Zagros Mountain, Iran (33'64' N, 48'56' E) (Figure 1).

Procedures

To investigate topoclimatic gradients which constitute
various vegetation types, severa plots (Eighty-nine) were
constructed. The minimum and maximum heights above
sea level were 1101 and 2489 m, respectively. Based on
floristic composition of vegetation types in recent investi-
gations, the reticulated modified multi-scale Whittaker plot
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includes a 200 m? plot which consists of one 25 m? sub-
plot, centraly. In the opposite corner of chief plot and
around the inside of plot perimeter, two 5 m?2 and ten 0.5 m?2
sub-plots were constructed, respectively. The size of the
plots depends upon vegetation types. For instance; if there
isan herbal floristic composition, the size of these modified
multi-scale Whittaker could be declined. Therefore, the
area of main plot and subplots will 200 m?, 25, 2.5 and 0.5
m?, correspondingly (Figure 2).Total of eighty-nine
modified multi-scale Whittaker plots were set up in 5
vegetation types utilizing random sampling. Within each
modified multi-scale plots, each species was explored.
Based on species of each plot and subplots, mean Jaccard's
coefficient, species area evaluation (slope, r2 and c),
number of unique species (species that was only recorded
from one vegetation type), mean unique species/ plot and
species-area lognormal curves were estimated for each
vegetation type using Excel 2013 and PAST ver. 2.17.

‘ 200 m=2

1.7
0.5 m?

— |

] 25 m?

[ 1

Figure 2. 200 m? modified multi- scale Whittaker plots and
sub- plots in investigated regions in Beiran shahr region,
Lorestan Province, Iran.

Figure 1. The Map of Iran (left) and studied area (Beiranshahr) in Zagros Mountain at Lorestan Province, Iran
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Data analysis

In addition, some species were transferred to Lorestan
University Herbarium to negotiate stages of identification
(Raunkiaer 1934). Then, Chorotype and life form of each
species was carefully investigated (some species listed in
Table 5) (Stohlgren et a. 19973, b; Chong and Stohlgren
2007). On the other hand, an index of overlap between
lists, Jaccard's coefficient, was used to correct the slope of
the specieslog (ared) curves. Jaccard's coefficient is
defined as (Krebs 1999): =A /(A +B + C)

A is the number of species which occurred in both
plots, B is the species just on the first plot, and C is the
species on second plot but not on the first one (Krebs
1999). Jaccard's coefficient is useful for comprising all
plots within a vegetation type. The threatened species list
was extracted from Red data book of Iran (Jdili and
Jamzad 1999).

RESULTSAND DISCUSSION

Results

According to collected species for all vegetation types
in eighty-nine modified multi-scale Whittaker plots, 608
species belonging to 334 genera and 74 families (Table 5)
were identified (M ozafarian 2000). Of 608 species, 498 and
97 are belonging to dicotyledons and monocotyledons,
orderly, and remained 13 species were Pteridophytes.
Totally, Asteraceae (99.16%), Papilionaceae (57.9%), and
Poaceae (54.8%) families have the most species in all
studied area. Generaly, the most genera are Centaurea
(14), Astragalus (12) and Trifolium (10) respectively in
five vegetation types. The major types of these digtricts are
(i) Annual and perennia herbs including many families
such as Asteraceae, Poaceae, Apiaceae and Brassicaceae
(53, 32, 28 and 26 genera, orderly) which made the major
part of vegetation type 1. According to evidences, it can be
predicted that biodiversity have been declining over time
because of severe livestock grazing (Helms 1998). In this
layer, the most abundant species owned by Centaurea,
Astragalus, Trifolium, respectively. (ii) Higher elevations
transparent some more character species (Eryngium
caucasicum Trautv., Muscari neglectum Guss. ex Ten.,
illa arenaria Baker, Achillea wilhelmsii C. Koch,
Anthemis odontostephana Boiss., Centaurea virgata subsp.
squarrosa (Boiss.) Gugler). Obviously, each layer involve
the species of former layer, but with different abundances
(iii) Lamiaceae, Orchidaceae and Rosaceae families have
seen more in the third layer. (iv) Gradually, shrubs and
trees (Astragalus gossypinus Fisch.,, Astragalus
microcephalus Boiss,, Prunus arabica (Olivier) Meikle,
Prunus cerasus L., Prunus orientalis (Mill.) Koehne) have
noticed and (5) in the fifth layer trees (as mentioned in the
fourth layer) are dominated. Actually, many factors such as
temperature, elevation, soil structure, and grazing degree
were varied from area to area. The curve equations showed
that, in the slope of species-area curves, the slope of Type 1
(0.7499) and Type 4 (0.2) had the most and least ranges
(Table 1). The Type 1 had the lowest and Type 4 and 5 had

the highest adjusted r2 among others. Based on Jaccard's
coefficient, the third and fifth layer of vegetation types are
the most and least heterogeneous areas (Table 1).
According to Table 2, the maximum and minimum number
of unique species were observed in first and forth layer.
Moreover, the mean number of species in each vegetation
type was calculated (Table 3). Thus, most effort in
conservation management must be devoted to forth layer
and the others need less attention based upon total score of
ranking (Margules and Pressey 2000).

Discussion

The authors noticed that plant life forms depend on
many factors such as genetic and environmental properties,
elevation from sea, climate, soil texture, and plant
distribution (Lindenmayer et al. 2008). The life form of
each ecosystem represents the adaptation of each plant in
various climates and each layer has its own effect on
environmental structure and function, but Gilliam believe
that the role of herbaceous layer is more (Gilliam 2007). As
measured, Therophyte and Champhyte are the dominant
and recessive form of life in studied area, respectively. The
number of other life forms (Hemicryptophyte, Cryptophyte,
Phanerophyte) are among these ranges. Therophyte high
frequency can be due to abundant destruction in this region
(different process such as road construction, building
manufacturing, traffic, grazing and etc). Chamaephytes
such as the spiny Astragalus indicate their importance in
soil stabilization and erosion control. In any case, climate
and life forms shows close relationships between each
other (Chou et a. 2000). It should be noticed that many
phytosociologists are concerned about environmental
conservation and the dilemma of threatening species. Based
on this research each ecologist faced with detection of
areas which need serious attention. Geophytes are rare in
investigated region because these plants are intolerance to
dry and arid climate. It should be noted that some species
such as Astragalus demonstrate more attendance by
increasing height. Moreover, because of the limited
topographic variation, plant distribution was uniform
(Girirg et al. 2008).

To identify rare species, researchers use many criteria
such as length of life, life forms, geographical distribution
and plants utilization. Existence of endangered or
vulnerable species could be a sign of degradation in this
region (Myers et al. 2000). The number of endangered
species resounds the significance of conservation biology
in each vegetation type and normally it used as a standard
for conservation management (Table 4). According to
Table 5, it is obvious that there is a clear correlation
between Slopes of species-log area curve and Mean
number of unique species per plot. Because of similar
sample unit and sampling area for all vegetation types, the
number of unique species are trustful. However, this result
is accordance with Pilehvar et al. (2010) research in central
Zagros forests. Heterogeneity can be estimated by Jaccard's
coefficient. Obviously, more species were find in more
heterogenous areas. As a result, mean number of unique
species per plot can be compared with others and necessary
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conservation requirements will be specified for each  hasthe most heterogeneity according to Jaccard's coefficient,
vegetation type in studied area. Absolutely, vegetation type3  but the most ranking belonging to Type 1 (Table 5).

Table 2 number of unique species and mean unique species/ plot
Table 1. species-area curves and mean Jaccard's coefficient for  in each vegetation type.
five vegetation typesin Beiran shahr, Lorestan Province, Iran.

Number of

- - - . Mean number of . .. Mean number
Vegetation Species area Jaccard 's Vegetation _ p uniquespeciesin f uni
type Slope c r2 coefficient type SPEciesin eac each vegetation ofunique
yp P vegetation type specied plot

Typel 0.7499  0.0578 0.9098 0.14 type

Type2 03306 04839 09483 0.70 Typel 158.3 51 7.6

Type3 04566 1378 09733 0.10 Type2 108.9 18 31

Type 4 0.2 5.4 1 0.50 Type3 112 31 51

Type5 0.4 2 1 0.90 Type4 86 14 2.9
Type5 90.2 27 49

Table 3. Thelist of threatened speciesin each studied layer (vegetation type). Note: LR: lower risk; EN: endangered; DD: data deficient

Scientific name Typel Type2 Type3 Type4 Type5

Mentha longifolia (L.) L. LR LR
Tanacetum polycephalum Sch. Bip. LR LR LR
Jurinea carduiformis (Jaub. & Spach.) Boiss. LR LR LR LR
Cousinia cylindracea Boiss. LR LR LR LR
Pilostyles haussknechtii Boiss. DD DD

Prangos uloptera DC. EN EN EN EN
Ferulago contracta Boiss. & Hausskn. LR LR LR
Dianthus austroiranicus Lemperg LR LR
Cousinia khorramabadensis Bornm. DD DD

Sameraria stylophora Boiss. LR LR LR
Fraxinus rotundifolia Mill. LR LR LR
Amygdalus haussknechtii (C. K. Schnider) Bornm. LR LR LR LR
Gallium kurdicum Boiss. and Hohen. DD DD

Bunium luristanicum Rech. f. DD DD DD

Eryngium creticum Lam. DD DD DD

Stachys persepolitana Boiss. LR LR LR LR
Total 7 9 10 11 11

Table 4. Ranking measurement and absolute value for each vegetation type

M ean Number of Slopes of the

Vegetation . Jaccard's Mean number of unique  Total score of
number of threatened species-log area . . .
type . . coefficient species per plot ranking
species species curve

Typel 158.3 (5) 7(1) 0.7499 (5) 0.14 (4) 7.6 (5) 20
Type?2 108.9 (3) 9(2 0.4(3) 0.70 (2) 49(3 13
Type 3 112 (4) 10(3) 0.4566 (4) 0.10 (5) 5.1(4) 19
Type4 78.6 (1) 11 (4) 0.2(1) 0.50 (3) 291 10

Type5 90.2 (2) 11 (4) 0.3306 (2) 0.90 (1) 31(2) 11
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Table5. Floristic list of some characteristic speciesin Beiran shahr, Lorestan Province, Iran (ES: Euro-Siberian, I T: Irano-Turanian, M:
Mediterranean, Cosm: Cosmopolitan (Reshinger, 1963-2001)

Taxa Species No. Genus No. Lifeform Chorotype
Adianthaceae 1
Adiantum capillus-venerisL. 1 Hemicryptophyte Cosm
Amaranthaceae 5
Amaranthus albus L. 4 Therophyte IT
Amaranthus blitoides S. Watson Therophyte IT
Gomphrena brachystylis F. Muell. 1 Therophyte IT
Amaryllidaceae 8
Allium jesdianum Boiss. & Buhse Cryptophyte IT
Narcissus tazetta L. 1 Cryptophyte IT
Apiaceae/Umbeliferae 44
Bunium luristanicum Rech. f. 3 IT
Bunium paucifolium DC. Cryptophyte IT
Bunium rectangulum Boiss. & Hausskn. Cryptophyte IT
Bupleurum falcatum subsp. cernuum (Ten.) Arcang. 1 Hemicryptophyte IT
Chaerophyllum macropodum Boiss. 1 Hemicryptophyte IT
Daucus broteroi Ten. 1 Therophyte ES, IT,M
Dorema aucheri Boiss. 1 Therophyte IT, M, ES
Eryngium billardieri Delile. 6 Hemicryptophyte IT,M
Eryngium caucasicum Trautv. Hemicryptophyte IT,M
Eryngium creticum Lam. Hemicryptophyte IT,M
Eryngium glomeratum Lam. Hemicryptophyte IT,M
Eryngium noeanum Boiss. Hemicryptophyte IT
Eryngium thyrsoideum Boiss. Therophyte IT,M
Prangos uloptera DC. 1 Hemicryptophyte IT,M
Pycnocycla flabellifolia Boiss. 1 Hemicryptophyte IT
Korshinskia assyriaca (Freyn & Bornm.) Pimenov & Kljuykov 1 Hemicryptophyte IT
Scandix iberica M. Bieb 2 Therophyte IT
Scandix pecten-venerisL. Therophyte IT
Smyrniopsis aucheri Boiss. 1 Hemicryptophyte IT
Smyrnium cordifolium Boiss. 1 Hemicryptophyte IT,ES
Turgenia latifolia (L.) Hoffm. 1 Therophyte IT, M, ES
Zosimia absinthifalia Link 1 Therophyte IT
Asparagaceae 10
Leopoldia comosa (L.) Parl. 2 Cryptophyte IT,M
Leopoldia tenuiflora (Tausch) Heldr. Cryptophyte IT,M
Muscari neglectum Guss. ex Ten. 1 Cryptophyte IT,M
Ornithogalum brachystachys C. Koch 2 Cryptophyte IT,M
Ornithogalum persicum Hausskn. ex Bornm. Cryptophyte IT,M
Pseudomuscari inconstrictum (Rech.f.) Garbari 1 Cryptophyte IT, M, ES
cilla arenaria Baker 1 Cryptophyte IT,M
Zagrosia persica (Hausskn.) Speta 1 Cryptophyte IT
Asteraceae/Compositae 99
Achillea aleppica DC. 3 Hemicryptophyte IT
Achillea arabica Kotschy Hemicryptophyte IT
Achillea wilhelmsii K. Koch Cryptophyte IT, M, ES
Anthemis cota Sibth. & Sm. 6 Hemicryptophyte IT,M
Anthemis cotula L. Hemicryptophyte IT,M
Anthemis haussknechtii Boiss. & Reut. Therophyte IT
Anthemis microcephala (Schrenk) B.Fedtsch. Hemicryptophyte IT,M
Anthemis odontostephana Boiss. Hemicryptophyte IT,M
Anthemis pseudocotula Boiss. Hemicryptophyte IT,M
Artemisia haussknechtii Boiss. 2 Hemicryptophyte IT
Artemisia vulgaris Burm. F. Therophyte IT
Centaurea amadanensis Sch. Bip. 14 Therophyte IT, M, ES
Centaurea behen L. Therophyte IT
Centaurea bruguierana subsp. belangeriana (DC.) Bornm. Therophyte IT
Centaurea elymaitica M ozaff. Therophyte IT
Centaurea hyalolepis Boiss. Therophyte IT
Centaurea iberica Trevir. ex Spreng. Therophyte IT, M, ES
Centaurea intricata Boiss. Therophyte IT



BIODIVERSITAS 17 (1): 1-10, April 2016

Centaurea irritans Wagenitz

Centaurea koeieana Bornm.

Centaurea minor Willd. ex Spreng.
Centaurea paradoxa Mozaff.

Centaurea soltitialis L.

Centaurea virgata subsp. squarrosa (Boiss.) Gugler
Chardinia orientalis (L.) Kuntze
Cichoriumintybus L.

Cichorium pumilum Jacqg.

Cirsium sorocephalum Fisch. & C. A. Mey.
Cousinia haussknechtii C.WinkI.

Cousinia jacobsii Rech. f.

Cousinia stenocephala Boiss.

Echinops kermanshahanicus Mozaff.
Echinops mosulensis Rech. f.

Echinops pachyphyllus Rech. f.

Echinops quercifolius Freyn.

Echinops viscidulus M ozaff.

Gundelia tournefortii L.

Inula britannica L.

Jurinea carduiformis (Jaub. & Spach) Boiss.
Lactuca tuberosa Jacq.

Onopordum carduchorum Bornm. & Beauverd
Onopordum heteracanthum C. A. Mey.
Sonchus asper (L.) Hill

Sonchusoleraceus (L.) L.

Tanacetum polycephalum Sch. Bip.
Taraxacum sonchoides (D. Don) Sch. Bip.
Taraxacumwallichii DC.

Tragopogon buphthalmoides (DC.) Boiss.
Tragopogon porrifolius subsp. longirostris (Sch. Bip.) Greuter
Tragopogon vaginatus Ownbey & Rech. F.

Bieber steiniaceae 1
Biebersteinia multifida DC.
Boraginaceae 19

Anchusa azurea Mill.
Anchusa strigosa Banks & Sol.
EchiumitalicumL.
Heliotropium europaeum L.
Héliotropium noeanum Boiss.
Heliotropium supinumL.
Myosotis arvensis (L.) Hill
Myosotis refracta Boiss.
Onosma asperrima Bornm.
Onosma bulbotrichum DC.
Onosma dasytrichum Boiss.
Onosma haussknechtii Bornm.
Onosma microcarpum DC.
Onosma rostellatum Lehm.
Onosma sericeum Willd.

Brassicaceae (Cruciferae) 28

Alyssum bracteatum Boiss. & Buhse
Brassica nigra (L.) K. Koch

Capsdlla bursa-pastoris (L.) Medik.
Descurainia sophia (L.) Webb ex Prantl
LepidiumdrabalL.

Lepidium latifoliumL.

Sameraria stylophora Boiss.
Ssymbrium officinale (L.) Scop.

Caryophyllaceae 21

Acanthophyllum caespitosum Boiss.
Acanthophyllum mucronatum C. A. Mey.
Arenaria leptoclados Boiss.

Cerastium dichotomum subsp. inflatum Cullen
Dianthus austroiranicus Lemperg
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Dianthus macranthoides Hausskn. ex Bornm.
Dianthus orientalis Adams

Gypsophila elymaitica M ozaff.

Gypsophila pallida Stapf

Silene chaetodonta Boiss.

Silene conoidea L.

Slene odontopetala Fenzl.

Slene microsperma Fenzl.
Sellariaalaschanica Y. Z. Zhao

Chenopodiaceae/ Amar anthaceae
Atriplex lasiantha Boiss.
Salsola canescens (Mog.) Boiss.

Colchicaceae
Colchicum Kotschyi Boiss.
Col chicum persicum Baker.

Cyperaceae
Cyperus eremicus Kukkunen.
CyperuslongusL.

Euphor biaceae
Euphorbia aleppica L.
Euphorbia helioscopia L.

Geraniaceae
Geranium tuberosum L.

Iridaceae
Gladiolus atroviolaceus Boiss.
Gladiolusitalicus Mill.
Irisx germanica L.

Ixioliriaceae

Ixiolirion tataricum (Pall.) Schult. & Schult. f.

Juncaceae
Juncusinflexus L.
Juncus maritimus Lam.

L amiaceae (L abiatae)
Eremostachys macrophylla Montbr. & Auch.
LamiumalbumL.
Lamiumamplexicaule L.
Marrubium astracanicum Jacq.
Marrubium cuneatum Banks & Sol.
Marrubiumvulgare L.
Nepeta meyeri Benth.
Nepeta petraea Benth.
Phlomis Bruguieri Desf.
Phlomis kurdica Rech. f.
Phlomisolivieri Benth.
SalviaindicalL.
Salvia limbata C. A. Mey.
Salvia multicaulis Vahl
Salvia palaestina Benth.
Salvia persepolitana Boiss.
Salvia sclarea L.
Saturegja bachtiarica Bunge
Satureja khuzistanica Jamzad
Sachys benthamiana Boiss.
Sachys kermanshahensis Rech. F.
Stachys kurdica Boiss. & Hohen.
Sachys lavandulifolia Vahl
Stachys multicaulis Benth.
Stachys persepolitana Boiss.
Teucrium oliverianum Ging. ex. Benth.
Teucriumorientale L.
Teucrium poliumL.
Teucrium pumilum Loefl. ex L.
Teucrium scordium L.
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Thymus eriocalix (Ronniger) Jalas
Vitex agnus-castus L.

Ziziphora capitata L.

Ziziphora clinopodioides Lam.
Ziziphoratenuior L.

Liliaceae
Gagea gageoides (Zucc.) Vved.
Gagea reticulata (Pall.) Schult. & Schult. f.
Tulipa Montana Lindl.
Tulipa uniflora (L.) Besser ex Baker

M alvaceae
Alcea angulata (Freyn & Sint.) ex lljain
Alcea kurdica (Schlest.) Alef
Malva neglecta Wallr.
Malva nicaeensis All.

Orchidaceae
Orchis adenocheila Czerniak.
Orchis anatolica Boiss.

Papaver aceae
Corydalis rupestris Kotschy.
Glaucium corniculatum (L.) Curtis
Papaver dubiumL.
Papaver macrostomum Boiss. & A. Huet
Papaver rhoeas L.
Roemeria refracta DC.

Papilionaceae/L eguminosae
Alhagi persarum Boiss. & Buhse
Astragalus adscendens Boiss. & Hausskn.
Astragalus baba-alliar Parsa
Astragalus bodeanus Fisch.

Astragalus campylorhynchus Fisch. and C. Mey.

Astragal us ecbatanus Bunge.
Astragalus gossypina (Fisch.) Podlech
Astragalus microcephalus Willd.
Astragalus neomozaffarianii Maassoumi
Astragalus rhodosemius Boiss. & Hausskn.
Astragalus rytidocarpus Ledeb.
Astragalus scorpioides Willd.
Astragalus verus Olivier
Glycyrrhizaglabra L.

Hymenocarpos circinnatus (L.) Savi
LathyrusciceralL.

Lathyrus hirsutus L.

Lotus corniculatus L.

Medicago crassipes (Boiss.) E. Small
Medicago laciniata (L.) Mill.
Medicago persica (Boiss.) E. Small
Medicago polymorpha L.

Trifolium alexandrium L.

Trifolium bullatum Boiss. & Hausskn.
Trifolium campestre Schreb.
Trifolium echinatum M. Bieb.
Trifolium fragiferum L.

Trifolium grandiflorum schreb.
Trifolium lappaceum L.

Trifolium nigrescens subsp. petrisavii (Clementi) Holmboe.

Trifolium purpureum Loisel.
TrifoliumrepensL.

Trigonella spruneriana Boiss.

Trigonella stellata Forssk.

Vicia sativa subsp. amphicarpa (Dorthes) Asch.
Vicia sativa L.

Vicia villosa Roth
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Poaceae/Gramineae

Aegilops tauschii Coss.
AegilopstriuncialisL.

Aegilops umbellulata Zhuk.

Agropyron trichophorum (Link.) K. Richter.
Avena fatua L.

Bromus danthoniae Trin.

Bromus japonicus Thunb.

Bromus sericeus Ten.

Bromus sterilisL.

Bromus tectorum L.

Bromus tomentellus Boiss.

Carex phacota Spreng.

Hordeum brevisubulatum (Trin.) Link
Hordeum bulbosum L.

Hordeum murinum subsp. glucum (Steud.) Tzvelev
Hordeum spontaneum K. Koch.
Loliumrigidum Gaudin.

Phleumiranicum Bornm. & Gauba
Phragmites australis (Cav.) Trin. ex Steud.
Poaannua L.

Stipa hohenackeriana Trin. & Rupr.
Taeniatherum caput-medusae (L.) Nevski.

Polygonaceae

Rumex dentatus L.
Rumex ephedroides Bornm.

Ranunculaceae

Adonis microcarpa DC.

Anemone biflora DC.

Anemone coronaria L.

Anemone elongata D. Don.

Consolida orientalis (J. Gay.) Schrodinger
Delphinium ambiguum L.

Ranunculus asiaticus L.

Ranunculus millefolius Banks & Sol.
Ranuncul us oxyspermus Willd.

Rosaceae

Amygdalus haussknechtii (C.K. Schnider) Bornm.
Amygdalus lycoides Spach

Cotoneaster morulus Pojark.

Crataegus atrosanguinea Pojark.

Crataegus meyeri Pojark.

Prunus arabica (Olivier) Meikle

Prunus cerasusL.

Prunusmahaleb L.

Prunus microcarpa C. A. Mey.

Prunus orientalis (Mill.) Koehne

Pyrus glabra Boiss.

Pyrus syriaca Boiss.

Rosa berberifolia Pall.

Rosa canina L.

Rosa elymaitica Boiss. & Hausskn. ex Boiss.
Rubus anatolicus Focke

Rubus caesius L.

Sanguisorba minor Scop.

Rubiaceae

Galium humifusum M. Bieb.
Galium kurdicum Boiss. & Hohen.
Galium parisiense L.

Galium setaceum Lam.

Galium tricornutum Dandy
GaliumverumL.

Scrophulariaceae

Scrophularia alpestris J. Gay ex Benth.
Scrophularia atrata Pennell.
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Scrophularia striata Boiss.
Verbascum agrimoniifolium Huber-Morath

Solanaceae 4
Hyoscyamus tenuicaulis Schonb.-Tem.
Solanum americanum Mill.
Solanum luteum Mill.

Urticaceae 3
Urticadioica L.
Urtica pilulifera L.

Violaceae 1
Viola modesta House

Zygophyllaceae
TribulusterrestrisL.

o r

1 Hemicryptophyte IT

3 Hemicryptophyte IT

1 Hemicryptophyte IT

2 Hemicryptophyte IT, ES,M
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2 Hemicryptophyte IT,ES
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1 Therophyte IT,M

1 Therophyte IT,ES, M
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Abstract. Kavousi K, Ngjadsattari T, Asri Y, Ejtehadi H, Khavari-Nejad RA. 2016. Floristic changes at Khersan Glacier Territory,
Alamkuh Mountain, Central Alborz, North of Iran. Biodiversitas 17: 11-15. Extensive investigation in subnival-nival area around
Khersan glacier moraine introduced 71 vascular plant species. From this list 43 species have been listed in Noroozi et a. (2011) in “
subnival-nival vascular plant species of Iran : a unique high mountain flora and its threat from climate warming” and the others are new
for subnival-nival area of Iran. Among this plant list 31 species had introduced with Kotschy (1861a,b), Bornmuller (1906), Melchior
(1937), Klein (1982), European researchers and the other is named for the first time from Khersan glacier territory. Many species such
as Astragalus macrosemius, Pseudocamelina kleinii, Crepis multicaulis subsp. congesta, Didymophysa fedtschenkoana and Draba
melanopus due to glacier condition have very sensitive habitat, vulnerable and only gathered from restrict area with conservation value.
Vegetation change happened in many nival and subniva areas with upward movement in the same habitat and movement from lower
dtitude at apine towards summit in subnival and nival. Carex oreophila, Campanula stevenii, Bromus brachystachyus, Oxytropis
immersa, Erigeron uniflorus, Trachydium pauciradiatum, Scorzonera radicosa and some other species are surprisingly movement to
subnival area and many nival and subnival species such as Didymophysa aucheri, Didymophysa fedtschenkoana, Dracocephalum
aucheri and Arabis caucasica have come significantly upward in nival. The movement is different in all side of Khersan glacier moraine
in north, south and the east (beside moraine tongue) slops and limited with presence of soil natural generation and other ecological
remarks. Limitation for soil generation starts at different altitude in northern, southern and eastern slopes of Khersan glacier valley. This
study examined changes of flora in Khersan glacier territory during recent decades according to extensive data gathering, full list of
Khersan glacier territory introduced Barbarea stricta, Draba melanopus, Pseudocamelina kleinii, Crepis multicaulis subsp. congesta as

new report for flora of Iran and flora Iranica area.

Keywords: Alamkuh, apine, glacier territory, Khersan, moraine, subnival-nival

INTRODUCTION

Alamkuh in Mazandaran province is the second high
after Damavand peak in Iran which is protected as natural
national monument with Iranian Department of
Environment (Figure 1.A). There are 13 active glacier such
as Haft-khan with 7 western glacial valley, Marji-kash with
an eastern active moraine and parallel with Khersan valley,
4 Nordic moraines towards Sarchal valley, and Khersan
glacier with an active longest and widest glacier in these
series. Hasarchal is a plain at the base of Khersan glacier
valley which surrounded by mountain series in north such
as Alamkuh and Marji-kash, Khersan, Shane-kuh, Menar
and Lashkarag in the south side of glacier moraine valley.

Khersan peak with 4620 m lead to Shane-kuh, Menar,
Lashkarag in the east, Khersan glacier in the southeast and
Alam peak and Marji-kash glacier in the western location.
Biodiversity and abundance of native speciesis given high
values to this location as a centre of biodiversity for plant
species. In this paper Khersan glacier has been studied and
presented with more detailed information with new plant
record from Iran and Khersan glacier territories. Important
location and study area of Khersan glacier shows in the

Figure 1.B.

Botanical studiesin this area was conducted in 1843 by
Theodor Kotschy and after Kotschy (1861a,b), Bornmuller
(1906), did gathering extensive in the area, the information
that is given in the Flora Iranica. Melchior (1937) after in
depth studies in Hasarchal has provided a great deal of
taxonomic  information. Klein  (1982) completed
Bornmuller (1906) information with an extensive data
gathering in Alborz Mountains and has provided botanical
and phytosociological data from Hasarchal and Khersan
glacier territories.

The result of al previous study identified 31 plant
species from nival and subnival area of Khersan glacier
territories and Hasarchal around Khersan moraine. This
datais the basis for judgment and interpreting the theory of
plant movement and shift from lower altitude to highlands
during the recent decades. According to recent studies
since 2013, 71 plant species have been identified in this
area. Of the 71 species 40 species are reported for the first
time from Khersan glacier territory and 4 plant species are
reported for the first time from Iran. This study focuses on
the botanical condition in all sides of Khersan glacier
territory during the recent year and suggests floristic
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changes such as movement, elimination and plant species
up warding.

MATERIALSAND METHODS

Landsat ETM + has been used in this study to identify
normal range of Khersan glacier and it changes and study
area, GPS and fixed prefabricated quadrate (2m x 2m) has
been used to record the location information for studies and
comparing between present and past. European researcher
collected information such as Kotschy (1861ab) and
Bornmuller (1906), including the location and their species
nomenclature is used to replicate the recent studies and
extensive field visit during 2013 to 2015 conducted this
work studies.

Studies begin from the lower pilot in atitude 3800 m
ad. towards the mountains in three access road around
Khersan moraine with 38 quadrate in north, south and east
slopes during 2013 to 2015. Quadrate size is determined
based on standard curve for sguare size and number of
species and fixed for each altitude. Plant species gathered
from 38 square (12 in north and 15 in west, 11 in south and
east) has been named with literatures from Komarov
(1939), Assadi et al. (1988-2010), Rechinger (1963-2010),
Breckle (2007), and Noroozi et al. (2008, 2010a,b, 2011,
2013), and has been updated according to extensive data
gathering. Comparative study has done according to recent
field visit and data which had been gathered with Kotschy
(1861a,b), Klein (1982), Bornmuller (1906), Melchior
(1937) and Rechinger (1963-2010) since 1843 for
determine present or absent of plant species, biological
characteristics changes, upward movement and etc.
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RESULTSAND DISCUSSION

Results

The Table 1 is set for discussion present the species
gathered from study area during 2013-2015. It lists the
plant species collected since 1843 in Khersan glacier
territory and has been compared with the last documents
such as Noroozi et al. (2010a, 2011, 2013) about subnival-
nival vascular plant of Iran, Flora lranica and recent studies
which is demonstrated in Khersan moraine column. Each
row in the table shows the history of plant species since
1843 to the last gathered in summer 2015.

The list shows there are 71 vascular plant species in
margin of Khersan moraine glacier from 4435 m adl. in the
northern slope to lower elevation in borderline of subnival
in 3900 m asl. around Khersan territory. About 50% of this
plant list is endemic in Iran and 6 of those are mono-
regional and have only known from one locality in Iran.
This number is much more than of previous reports since
1982 with 31 species and this studies added 40 plant
species to Khersan glacier territories. A group of these
added species come upward from lower elevation and
much of it dependent to appropriate collection during the
past three years with authors.

According the plant species list Barbarea stricta, Crepis
multicaulis subsp. congesta, Didymophysa fedtschenkoana,
Draba melanopus recorded for the first time from Iran.
These species have very specific habit due to Khersan
glacier territory and with very restricted distribution. Many
species of list as above new records and some other species
with low habit and endangered location affected by human
activities classified in Critically Endangered (CR) class
according to IUCN Red List Categories and Criteria (IUCN
2001) and need to conservation and protection program.
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Figure 1. A. Alamkuh, Mazandaran province, Iran (A ), B. Highland condition with main pesksin Khersan glacier territory



Ranunculus crymophyllus
Ranunculus polyschista
Saxifragairanica
Scorzonera radicosa
Scutellaria glecomoides
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Table 1. Alphabetical list for plant speciesin study area and it's history
Collection reports
. Rechinger (1963-2010
Species Family Endemic Mpno— Noroozi et Othgr ( : This study
regional al. ..~ . Khersan
(2011) localitiesin moraine (2013-2015)
Iran
Acantholimon demavendicum Plumbaginaceae * * * *
Achillea aucheri Asteraceae * * * *
Achillea millefolia subsp. elbursensis Asteraceae * * *
Allium capitellatum Alliaceae * * * *
Alopecurus textilis Poaceae * * *
Arabis caucasica Brassicaceae * * * *
Artemisia melanopsis Asteraceae * * * * *
Asperula glomerata subsp. bracteata Rubiaceae * * * *
Astragalus aurea Fabaceae * *
Astragalus macrosemius Fabaceae * * * * *
Astragal us monanthemus Fabaceae * * *
Asyneuma amplexicaule Campanul aceae * * *
Barbarea stricta Brassicaceae * *
Bromus brachystachyus Poaceae * *
Campanula stevenii Campanul aceae * * *
Carex oreophila Cyperaceae * *
Catabrosa aquatica Poaceae * *
Catabrosdlla parviflora Poaceae * * *
Cerastium cerastoides Caryophyllaceae * * *
Cousinia alferedii Asteraceae * * *
Crepis heterotricha subsp. lobata Asteraceae * * *
Crepis multicaulis subsp. congesta Asteraceae * *
Crepis multicaulis subsp. multicaulis Asteraceae * * *
Cystopterisfragilis Woodsiaceae * *
Didymophysa aucheri Brassicaceae * * * *
Didymophysa fedtschenkoana Brassicaceae * * *
Draba melanopus Brassicaceae * *
Draba pulchella Brassicaceae * * * * *
Draba siliquosa Brassicaceae * * * *
Dracocephalum aucheri Lamiaceae * * * * *
Erigeron uniflorus subsp. elbursensis Asteraceae * * * * *
Erysimum nanum Brassicaceae * * * *
Festuca ovina Poacese * *
Ficaria kochii Ranuncul aceae * * *
Gagea soleimani Alliaceae * * * * *
Gallium aucheri Rubiaceae * * * * *
Gnaphallium supinum Asteraceae * *
Gentiana pontica Gentianaceae * * * *
Helichrysum plicatum Asteraceae * *
Lepescheniella persica Boraginaceae * * * *
Minuartia lineata Caryophyllaceae * * * *
Oxyria digyna Polygonaceae * * * *
Oxytropis hirsutiscula Fabaceae * *
Oxytropis immersa Fabaceae * * * *
Oxytropis takhti-soleimanii Fabaceae * * * *
Paraquilegia caespitosa Ranunculaceae * * *
Pedicularis caucasica Scrophulariaceae * * * *
Pedicularis sibthor pii Scrophulariaceae *
Plantago atrata subsp. spadicea Plantaginaceae * * * *
Poa bulbosa Poacese * *
Polygonum serpyllaceum Polygonaceae * * * *
Potentilla argaea Rosaceae * * * *
Potentilla aucheriana Rosaceae * * * * *
Potentilla polyschista Rosaceae * * * * *
Pseudocamelina kleinii Brassicaceae * * * *
* * * *

*

*

*

Ranunculaceae
Ranunculaceae
Saxifragaceae
Asteraceae
Lamiaceae

* % % % X
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Scutellaria pinnatifida Lamiaceae
Senecio vulcanicus Asteraceae
Tarxacum crepidiforme Asteraceae
Thymus caucasica Lamiaceae
Trachydium depressum subsp. depressum  Apiaceae

Trachydium pauciradiatum Apiaceae

Tragopogon kotschyi Asteraceae

Veronica aucheri
Veronica gaubae
Veronica kurdica
Veronica paederotae

Scrophulariaceae
Scrophulariaceae
Scrophulariaceae
Scrophulariaceae

E I R R R R R R N
E o I

* % %k X X *

* % kX

Note: * = present

Entering livestock around Khersan glacier margin
above 3800 m adl. in the recent year, camping at Hasarchal
more than of capacity, medicinal plant collection,
consecutive changes of climbing rout toward peaks that
makes mechanical erosion, and some other human
activities and due to these activities affect extremely on
Critically Endangered (CR) plant species habitat and
should be controlled and preventing.

Discussion

In the glacial valley to the accommodation camp at
3800 m ad., 71 plant species were collected, 35 species
equivalent 50% are native to Iran. Two species
Pseudocamelina kleinii, Astragalus macrosemius grow
only in this area throughout the world and those are located
on an very smal area in the southern part of Khersan
moraine. In addition to the above plant Draba melanopus,
Crepis multicaulis subsp. congesta has only known from
eastern area of Khersan moraine and Barbarea congesta
has only distributed around major spring east of Khersan
moraine with very restricted and vulnerable habitat.

The extensive survey since 2013 in Khersan territory
has not collected again Astragalus monanthemus,
Asyneuma amplexicaule, Paraquilegia caespitosa and
Tragopogon kotschyi from this area and it seems these
species had disappeared. Plant species Astragalus aurea,
Achillea aucheri, Achillea millefolia subsp. elbursensis,
Asperula glomerata subsp. bracteata, Acantholimon
demavendicum, Alopecurus textilis, Allium capitellatum,
Cerastium cerastoides, Carex oreophila, Catabrosa
aquatica, Crepis heterotricha subsp. lobata, Crepis
multicaulis subsp. multicaulis, Crepis multicaulis subsp.
congesta, Campanula stevenii, Cystopteris fragilis,
Catabrosella parviflora, Didymophysa aucheri, Scutellaria
glecomoides, Scutellaria pinnatifida, Draba melanopsis,
Bromus brachystachyus, Festuca ovina, Gnaphallium
supinum, Helichrysum plicatum, Lepescheniella persica,
Minuartia lineata, Poa bulbosa, Didymophysa
fedtschenkoana, Barbarea stricta, Oxytropis hirsutiscula,
Oxytropis takhti-soleimanii, Ranunculus polyschista,
Saxifraga iranica, Thymus caucasica, Veronica gaubae,
Veronica aucheriana and Veronica kurdica gathered for
the first time from Khersan glacier territory. Many plant
species such as Astragalus aurea, Astragalus
monanthemus, Achillea millefolia subsp. elbursensis,
Catabrosa aquatica, Campanula stevenii, Draba
melanopsis, Bromus brachystachyus, Erysimum nanum,

Festuca ovina, Gnaphallium supinum, Helichrysum

plicatum, Pedicularis sibthorpii, Poa bulbosa,
Pseudocamelina  kleinii,  Ranunculus  polyschista,
Scutellaria  pinnatifida, Trachydium pauciradiatum,

Thymus caucasica, Veronica gaubae and Ficaria kochii
has not included by Noroozi et a. (2010a, 2011, 2013) in
the previous list of subnival and nival area of Iran while
these species are growing in the highlands around Khersan
glacier valey and probability these species growing in the
other place around Alamkuh too. Pseudocamelina kleinii
has gathered from Khersan moraine margin by Klein
(1971) after Iranian flora of Brassicaceae has published. It
has mono regional location in the world with low amount
of population less than 20 and grows at altitude between
4119 and 4127 m asl.

Collecting of Carex oreophila, Poa bulbosa, Catabrosa
aquatica, Campanula stevenii, Bromus brachystachyus,
Oxytropis immersa, Erigeron uniflorus subsp. elbursensis,
Trachydium pauciradiatum, Scorzonera radicosa and many
species of veronica in subnival-nival area which are
naturally belong to apine area proof entering Alpine
species at the nival and subnival, phenomena which
illustrate the occupation and disturbing of summit with
invasive plants. During 2013-2015 Draba melanopus from
the Khesan glacier tongue, Crepis multicaulis subsp.
congesta on calcareous conglomerate at the southern area
of moraine and Didymophysa fedtschenkoana in volcanic
margin of Khersan between Alamkuh and Marji-kash peak
has been collected for the first time. These thrice species
added to actual Iranian subnival and nival plant species no
mentioned with Noroozi et al. (2011).

In subnival-nival area place to live are limited and some
late comer such as Cousinia alferedii, Festuca ovina, Poa
bulbosa and Alopecurus textilis that have higher survival
chance for living, reduce grow of the threatened species.
Pseudocamelina kleinii has a low population is at risk of
global threat. In addition the current growth point of this
plant in Iran have also been collected from Azad-kuh in
1974 at atitude 3880 m adl. Centra Alborz. Now the
situation was not known and in the recent studies species
has not been collected again. This species observed in
Khersan glacier valley for the first time in 2013 and its
habit and ecological condition has monitored in 2014 and
2015.

Plant species such as Pseudocamelina kleinii, Arabis
caucasica, Dracocephalum aucheri, Didymophysa aucheri
shows altitude displacement and do not affect the entry of
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alpine invasive species but the displacement height with
existing of soil in summit restricted. Many species didn't
moved upward and log in apine and sub alpine invasive
plants species changed their habitat and will be destroy
gradualy.

The area is highly impacted by human activities and
local livestock. Livestock disturb highlands ecosystem
regulation and native people uses rare plant medicinal and
edible and made pressure on natural ecosystem. Upward
shift of grasses such as Poa, Festuca and Alopecurus
species with wind, human, animal skins and livestock
increase population and network nest of snow vole around
of Astragalus aurea roots and some other similar plants,
gradualy, ice influencing around the root canal which
made by mature Voles, plant roots freezing and dead after
two or three winter. Livestock have main role in seed
displacement and actualy it improved by human activities.
Pseudocamelina kleinii, Astragalus macrosemius with one
address in the world and very restricted population
classified as Critically Endangered (CR) in IUCN (2001)
conservation categories and need to effective protection
plan and monitoring program.
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Abstract. Khademi H, Mehregan |, Assadi M, Nejadsatari T, Zarre S. 2015. Molecular phylogeny of Acer monspessulanum L.
subspecies from Iran inferred using the ITS region of nuclear ribosomal DNA. Biodiversitas 17: 16-23. This study was carried out on
the Acer monspessulanum complex growing wild in Iran. Internal transcribed spacer (ITS) sequences for 75 samples representing five
different subspecies of Acer monspessulanum were analyzed. Beside this, 86 previoudly published ITS sequences from GenBank were
used to test the monophyly of the complex worldwide. Phylogenetic analyses were conducted using Bayesian inference and maxi mum
parsimony. The results indicate that most samples of A. monspessulanum species from Iran were part of a monophyletic clade with 8
samples of A. ibericum from Georgia, A. hyrcanum from Iran and one of A. sempervirens from Greece (PP= 1, BS= 79%). Our results
indicate that use of morphological characteristics coupled with molecular datawill be most effective.

K eywor ds: Biogeography, maple, phylogeny, Sapindaceae

INTRODUCTION

The genus Acer L. is a member of Sapindaceae that
mainly grows in tropical and subtropical regions. This
genus is one of the most diverse tree genera in the Northern
Hemisphere with approximately 129 species and is the largest
tree genus of the northern hemisphere besides Quercus
(Fang 1966; Grimm et a. 2006). A number of characteristics
are shared among all members of Acer. The arrangement of
the two winged pericarps (samaras) in the fruits ranges from
subparallel to diverging at about aright angle.

A number of characters that are beneficial for
identification of species in the field may have evolved
independently (lobe shape, margin of lobes). These traits
may be highly variable within species like pubescence of
lower leaf surface (Grimm et al. 2007). Several different
florescence types, including racemes, panicles, corymbs
and spikes, occur in this genus. These variations make
infrageneric divisions very difficult. Species delimitation
and phylogenic relationships within the genus Acer are also
very controversia (Kholie 1967; Judd et al. 2002). Fang
(1966) proposed a different system in which the genus was
divided into two subgenera, mainly on the basis of simple
versus compound leaves (Koidzumi 1911). In Ogata’s
system (Ogata 1967), the genus was classified into 26
sections (Momotani 1962). In 1970, Murray published his
monograph of the Aceraceae with 7 subgenera, 24 sections
and 35 series within Acer (Murray 1970). Ogata’s system
was essentialy followed by Xu (1966), with some
additions and amendments. More recently de Jong (1994)
recognized only 19 series in 16 sections, providing a quite
different arrangement from those of other authors (Pax

1902; Xu 1966, 1998; Ogata 1967; Xu et a. 2008). Some
researchers discussed the infrageneric phylogenetic
relationships in the genus by analyzing gross morphology,
seed proteins, fossils and geographic distributions, but the
conclusions were not in consensus (Momotani 1962;
Rechinger 1969; Pax 1985, 1986; Wolfe and Yanai 1987,
Thorne 1992).

Acer monspessulanum is a medium-sized deciduous
tree or densely branched shrub that grows to a height of 10-
15 m (rarely to 20 m) (Fontaine 2011).The trunk is up to 75
cm diameter, with smooth, dark grey bark on young trees,
becoming finely fissured on old trees. Among similar
maples is most easily distinguished by its small three-lobed
leaves, 3-6 cm long and 3-7 cm wide, glossy dark green,
sometimes a bit leathery, and with a smooth margin, with a
2-5 cm petiole. The leaves fal very late in autumn,
typically in November. The flowers are produced in spring,
in pendulous, yellow to white corymbs 2-3 cm long. The
samaras are 2-3 cm long with rounded nutlets (Rushforth
1999; van Gelderen and van Gelderen 1999).

Acer monspessulanum from Acer section (van Gelderen
et a. 1994) has distinct small, 3-lobed leaves, while its
close réelatives A. hyrcanum and A. opalus normally have 5-
lobed leaves. Acer ibericum displays dimorphic |eaves that
are 5-lobed in juvenile plants and sucker shoots, and 3-
lobed in older plants (Grimm et a. 2007). Acer
monspessulanum fossils are fairly common in Late
Miocene and Pliocene floras from southern Europe and
south-western Asia (Kvacek et al. 2002; Sachse 2004).

The ITS is highly variable nuclear region suitable for
phylogenetic reconstruction of closely related taxa. The
utility of this marker has already been investigated in other
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plant groups including trees, e.g. Acer (Tian et a. 2002;
Grimm et a. 2006; Grimm et a. 2007) and Crataegus (Zarrei
et al. 2014, 2015) and bulbs (Zarrei et al. 2009).

The aim of this study is to clarify taxonomy and to
delimit Acer monspessulanum subspecies that grow in Iran
using ITS marker and comparing results with
morphological traits.

MATERIALSAND METHODS

Plant samples

The ITS sequencing was performed on 75 individuals
from 15 populations of Acer monspessulanum distributed
in Iran. Population name, localities, atitude, and herbarium
number for each population are shown in Table 1. The
plant specimens were identified in the Department of
Biology, Science and Research Branch of Islamic Azad
University in Tehran, by the aid of local and regional
Floras, and voucher specimens of the plants with numbers
14821-14835 were deposited in the IAUH (Table 1). The
specimens were collected during July and December 2014.

Wherever possible, five trees from at least 50 m distant
from each other were sampled randomly from each
population. Fresh leaves were collected and kept in 50 CC
falcon tubes, filled with Silica Gel, for the purpose of
drying them (Chase and Hill 1991). The leaves were then
used as a DNA extraction source.

DNA extractionsand | TS amplification

Total DNA was extracted following a modified CTAB
protocol of Doyle and Doyle (1990) using the DNeasy
Plant Mini kit (Qiagen, Germany). We amplified the
Internal Transcribed Spacer region (ITS1-5.85-1TS2) of the
nuclear ribosomal DNA using primer combinations 18S
(forward primer 5'-CCT TMT CAT YTA GAG GAA GGA
G-3) and 28S (reverse primer 5-CCG CTT ATT KAT
ATG CTT AAA-3). The PCR protocol for ITS region
included: 34 cycles of 18 seconds denaturation (94°C), 30
seconds annealing (53°C), and 60 seconds elongation (72°
C), with two additiona minutes elongation (Gaskin and
Schaal 2003). The quality of PCR products was checked by
electrophoresis on a 1.0% agarose gel and then visualized
under UV light.

Table 1. List of Acer monspessulanum subspecies investigated in our analysis and their morphological characters and locality in Iran

(small=up to 2x2 cm, large=2-3 x 3.5-4 cm)

L ocality with herbarium numbers and

M ajor features of

Taxon GenBank accession number's rlr;cggp;hologlcaj traits(Rechinger
A. monspessulanum ssp. Iran: Khorasan Shomali, 45 km N of Shirvan, Golul-Sarani, Leaves: large

turcomanicum (Pojark.) Rech.
f.

A. monspessulanum ssp.
ibericum (M.B.) Yaltirik
A. monspessulanum ssp.
ibericum (M.B.) Yaltirik
A. monspessulanum ssp.
Ibericum (M.B.) Yaltirik
A. monspessulanum ssp.
ibericum (M.B.) Yaltirik

A. monspessulanum ssp.
assyriacum (Pojark.) Rech.
A. monspessulanum ssp.
assyriacum (Pojark.) Rech.
A. monspessulanum ssp.
assyriacum (Pojark.) Rech.

2302 m, Basiri 14823 (IAUH)

14834 (IAUH), KT587661

14832 (IAUH), KT587654

A. monspessulanum ssp.
cinerascens (Boiss.) Ydtirik
A. monspessulanum ssp.
cinerascens (Boiss.) Yaltirik
A. monspessulanum ssp.
cinerascens (Boiss.) Yaltirik
A. monspessulanum ssp.
cinerascens (Boiss.) Ydtirik
A. monspessulanum ssp.
cinerascens (Boiss.) Ydtirik

14824 (IAUH), K T587656

(IAUH). KT587658

(IAUH), KT587659

(IAUH)

A. monspessulanum ssp.
persicum (Pojark.) Rech.
A. monspessulanum ssp.
persicum (Pojark.) Rech.

Meyjani, 14830 (IAUH)

KT587664

Iran: Azarbayejan Sharghi, Kaleybar, Arasbaran forest, Venigh,
1070 m, Masoud, 14821 (IAUH), KT587662

Iran: Azarbayejansharghi, Kaeybar, Arasharan forest, Tuali, 850
m, Masoud, 14822 (IAUH), KT587663

Iran: Golestan, Gorgan, Golestan National Park, 677 m,
Khademi, 14833 (IAUH), KT587665

Iran: Mazandaran, Amol, Haraz road, Chelav, 737 m, Khademi,

Iran: Kordestan, Mariwan, Mohhamadeh village toward
Benavechele, 1550 m, Khademi, 14828 (IAUH), KT587655
Iran: Kordestan, Mariwan, Mohhamadeh village toward
Benavechele, 1510 m, Khademi, 14829 (IAUH), KT587653
Iran: Kermanshah, Jawanroud toward Salas, 1585 m, Khademi,

Iran: Fars, Marwdasht, Jahanabad village, 1756 m, Khademi,
Iran: Fars, Marwdasht, Bizjan village, Dorodzan Dam, 1715 m,

Khademi, 14825 (IAUH), KT587657
Iran: Fars, Marwdasht, Chav road, 1823 m, Khademi, 14826

Iran: Kerman, 25 km from Dalfard toward Jiroft, 980 m,

Iran: Kerman, Meyjan, 1218 m, Meyjani, 14831 (IAUH),

Loculusinside: hairy
Loculus outside: sparsely hairy

Leaves: large

Loculusinside: hairy

Loculus outside: glabrous
Lower surface midrib: glabrous

Leaves: large

Loculusinside: hairy

Loculus outside: glabrous
Lower surface midrib: sparsely
hairy

Leaves: small
Loculusinside: densely hairy
Loculus outside: glabrous

Iran: Fars, Bayza. Tang Tir forest, 1632 m, Khademi, 14827

Iran: Kohgiloye-va-Boir Ahmad, Gachsaran, Gachsaran, 15 km
to Choram, After Abrigoon, Deel neck, 1600 m, Mehrgan, 14835

Leaves: small
Loculusinside: glabrous
Loculus outside: sparsely hairy
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Table 2. List of taxa used in our analysis with their GenBank  A. monspessulanum ssp. monspessulanum France AM238384
accession numbers. A. monspessulanum ssp. monspessulanum France AM238385
A. monspessulanum ssp. monspessulanum France AM238386

_ GenBank A. monspessulanum ssp. monspessulanum France AM238387
Taxon Region  accession A. monspessulanum ssp. monspessulanum France AM238388

NUMDErs A mongpessulanum ssp. monspessulanum France  AM238391

2' Eyrcanum P Eyrcanum :ran ﬁigggggg A. monspessulanum ssp. monspessulanum France AM238393
- Tyreanum sp. yreanum ran A. monspessulanum ssp. monspessulanum France AM238394
A. hyrcanum ssp. hyrcanum Iran DQ366129
Ah h | DO366130 A. monspessulanum ssp. monspessulanum France AM238395
A. gr canum ssp. hyrcanum éan . Aa 238352 A. monspessulanum ssp. monspessulanum France AM238396
A. !ber!cum Georg!a AM 238353 A. monspessulanum ssp. monspessulanum France AM238397
-1oercum corgia A. monspessulanum ssp. monspessulanum France AM238398
A. ibericum Georgia AM238354
A iberi Georaia AY605307 A. monspessulanum ssp. monspessulanum France AM238399
A. !ber!cum Georg!a AY 605308 A. monspessulanum ssp. monspessulanum Germany AM 238401
! er!cum eorg!a A. monspessulanum ssp. monspessulanum Germany AM 238402
A. ibericum Georgia AY 605309 .
A iberi Georgia AY605310 A. monspessulanum ssp. monspessulanum Spain - AY 605315
A. !ber!cum Georg!a AY6E05311 A. monspessulanum ssp. monspessulanum Spain - AY 605316
A. !ber!cum Georg!a AY6E05312 A. monspessulanum ssp. monspessulanum Spain - AY 605317
-1oercum corgia A. monspessulanum ssp. monspessulanum France  AY 605318
A. ibericum Georgia AY 605313
A iberi Georgia AY605314 A. monspessulanum ssp. monspessulanum France AY 605319
A. thericum | Feorgla AM238407 A. monspessulanum ssp. monspessulanum France AY 605320
- monspessuianum rance A. monspessulanum ssp. monspessulanum France  AY 605321
A. monspessulanum France AM238408
A | F AM238409 A. monspessulanum ssp. monspessulanum France DQ366124
A. monsp%sulanum France AM238410 A. monspessulanum ssp. monspessulanum France DQ366125
A. monsp&sulanum France AM238411 A. monspessulanum ssp. monspessulanum France DQ366126
- monspessuianum rance A. monspessulanum ssp. monspessulanum France DQ366127
A. monspessulanum France AM238412
A. monspessulanum ssp. monspessulanum France DQ366128
A. monspessulanum France AM238413 -
A. obtusifolium Cyprus AM238327
A. monspessulanum France AM238414 -
A. obtusifolium Cyprus AM238328
A. monspessulanum France AM238415 o
A | F AM238416 A. obtusifolium Cyprus AM238329
A. monsp%sul anum Brel\nce. AM238423 A. obtusifolium Cyprus AM238330
- monspessuianum u'garia A. obtusifolium Syia  AM238331
A. monspessulanum Bulgaria AM238424 by, igolium Syria AM238332
A. monspessulanum Bulgaria AM 238425 '
A | Buluaria AM238426 A. opalus France AM238417
- monspessulanum ulgana A. opalus France AM238418
A. monspessulanum ssp. monspessulanum France AM238355 A. opalus France AM238419
A. monspessulanum ssp. monspessulanum France AM238357 '
A | | F AM238358 A. opalus France AM238420
A. monsp%sulanum Sp. monspasulanum France R A. opalus France AM238421
. monspessulanum ssp. monspessulanum France A. opalus France AM238422
A. monspessulanum ssp. monspessulanum France AM238361 .
A. sempervirens Greece AM238334
A. monspessulanum ssp. monspessulanum France AM238362 .
A | | F AM 238363 A. sempervirens Greece AM238335
. monspessulanum ssp. monspessulanum France A ervirens Greece AM238336
A. monspessulanum ssp. monspessulanum France AM238364 A ervirens Greece AM238337
A. monspessulanum ssp. monspessulanum France AM238365 ' perv
A | | F AM 238366 A. sempervirens Greece AM238340
A. monsp%sulanum Sp. monspasulanum France e A ervirens Greece AM?238341
. monspessulanum ssp. monspessulanum France A : ervirens Greece AM238342
A. monspessulanum ssp. monspessulanum France AM238368 A ervirens Greece AM238343
A. monspessulanum ssp. monspessulanum France AM238369 ) perv
A | | F AM238370 A. sempervirens Greece AM238344
. monspessulanum ssp. monspessulanum France A ervirens Greece AM238348
A. monspessulanum ssp. monspessulanum France AM238371 A ervirens Greece AM?238349
A. monspessulanum ssp. monspessulanum France AM238373 ' perv
A | | . AM 238374 A. sempervirens Greece AM238350
N ”D”Spmla””m SP- mo”SpMIa””m Span AMosgae A sempenvirens Greece AM238351
- MONSPESSLIIANUIM SSp. monspessuianum Spa!n A. sempervirens Greece AY605349
A. monspessulanum ssp. monspessulanum Spain - AM 238376 .
A | | F AM238377 A. sempervirens Greece AY605350
A. monsp%sulanum Sp. monspasulanum France el A ervirens Greece AY605351
. monspessulanum ssp. monspessulanum France A : ervirens Greece AY605352
A. monspessulanum ssp. monspessulanum France AM238379 A ervirens Greece AY605353
A. monspessulanum ssp. monspessulanum France AM238380 ' perv
A | | F AM 238381 A. sempervirens Greece DQ366122
. monspessulanum ssp. monspessulanum France A ervirens Greece DQ366123
A. monspessulanum ssp. monspessulanum France AM238382 ; .
A. velutinum Iran AY 605361
A. monspessulanum ssp. monspessulanum France AM238383

Note: ssp. = subsp. = sub species
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Phylogenetic analyses

Phylogenetic reconstructions were performed with 15
samples from each of 75 accessions (15 populations)
belonging to five subspecies of Acer monspessulanum from
Iran (Table 1). In addition, we used the ITS sequence of 86
accessions of Acer from GenBank. List of non-Iranian taxa
used in our analysis with GenBank accession humbers are
shown in Table 2. We used ITS sequences of Acer
velutinum Boiss. from GenBank as the outgroup based on
the earlier studiesincluding Grimm et al. (2006) (Table 2).

The 3' region of the 18SrDNA, the 5' region of the 26S
rDNA, and the whole ITS1-5.8S rDNA-ITS2 region were
sequenced for all the taxa, and these were compared to
sequences produced for other maples. Forward and reverse
sequences were visualy compared and edited, and then
aligned using Sequencher 4 software (Gene Codes
Corporation, Ann Arbor, MI, USA). In addition to our
sequences, 86 ITS sequences from other taxa were taken
from GenBank (Table 2). All ITS sequences were
assembled and aligned using MacClade 4 (Maddison and
Maddison 2005). The parsimony analyses were performed
using PAUP*4.0b10 (Swofford 2002), with the following
options: heuristic search with 1,000 random-addition-
sequence replicates; tree bisection-reconnection (TBR)
branch swapping; saving al most parsimonious trees.
Character state changes were treated as equally weighted.
Relative clade support was estimated using 1,000 bootstrap
replicates in PAUP* via full heuristic searches and simple
taxon addition. Clades with a bootstrap value of 50% or
more were considered as robustly supported nodes. The
consistency index (Cl) and retention index (RI) were
calculated to assess the amount of homoplasy present in the
data. The best-fitting substitution model (TrN+l) was
determined under the Akaike Information Criterion (AIC;
Akaike 1974) using Modeltest 3.7 (Posada and Crandal
1998). The Bayesian analysis (BA) of the ITS datasets
were performed using MrBayes v3.1.2 (Huelsenbeck and
Ronquist 2001). TrN+l is a transitiona model with six
rates. For the ITS dataset, the TrN+l model was chosen.
The amount of proportion of invariable sites (1) was 0.6732.

RESULTSAND DISCUSSION

The data set of the ITS region included 675 characters,
43 of them parsimony informative. Strict consensus tree
(length of 138 steps, consistency index (Cl) = 0.703,
retention index (RI) = 0.904) is shown in Figure 1. Figure 2
shows tree from Bayesian analysis using MrBayes. All
sampled species of Iranian Acer were pat of a
monophyletic clade with Posterior Probability (PP) = 1 and
Bootstrap Support (BS) = 79% (Clade N; Figure 1). Since
Iranian A. monspessulanum origin are from Mediterranean
(Rechinger 1969), we compare other studies that have
involved North Africa samples, and found that European,
North Africaand Asia Minor samples are in one clade as Acer
core clade with BS 75% and PP 0.96 (Grimm et al. 2007).

Our maximum parsimony results (Figure 1) indicate
that Iranian A. mongpessulanum subspecies (13 populations)
in clade N are closely related to eight A. ibericum samples
from Georgia, one sample of A. hyrcanum from Iran and

two samples of A. sempervirens from Greece (pp= 1, BS=
79). This agrees with results reported by Grimm et al.
(2007) where different taxa of one of one group fall into
three lineages. In their results, Acer monspessulanum and
A. ibericum + A. hyrcanum group together in the graph and
long proximal edges indicate that they are most closely
related. Clones of A. monspessulanum are distinct and
placed near the center of the graph (Grimm et al. 2007).

Clade O that includes six specimens of A. ibericum
from Georgia with one specimen of A. monspessulanum
subsp. turcomanicum from Iran and one specimen of A.
sempervirens from Greece (PP= 0.79; BS= 62%) has
proved Rechinger results about Iranian Acer origin. Clade
M comprises 4 species of A. mongpessulanum from Bulgaria
with PP= 0.8 and BS= 77%. Clades M and N together are
in clade C (PP= 0.95). This close relation between Iranian
and Bulgarian Acer monspessulanum species samples support
this notion that they have an origin in Mediterranean region
(Rechinger 1969). Clade L has two species from France,
one A. monspessulanum and A. monspessulanum ssp.
monspessulanum. Clade K include clade L with another A.
monspessulanum ssp. monspessulanum from France (PP=
0.84). Clade J includes clades K and L with four taxa of A.
monspessulanum ssp. monspessulanum from France and
Spain. Clade | have three A. monspessulanum ssp.
monspessulanum from France with PP= 0.91. Clade H
include 17 A. monspessulanum ssp. monspessulanum with
A. opalus, al from France (PP= 0.97). Each clades of G
and F has two A. monspessulanum ssp. monspessulanum
from France with PP= 1 and BS= 80%. Clade E comprise
cladesF, G, H, I, J, K and L from France and Spain. Clade
D has only one species A. monspessulanum from France
that with clade E are in clade B with BS= 50%. Clade P
that has one A. velutinum from Iran, consider as out-group
in our anaysis. Data anadysis indicates that the
classification of species according presence or absence of
hairs in inner or outer surface of loculus is a true
morphological characteristic for delimitation of subspecies
in Acer monspessulanum.

The observed polytomies in clades E and N indicated
that these taxa are taxonomically closely related and there
were not enough time passed since divergence from their
ancestral taxa (Zarrei et al. 2009). More divergent markers,
i.e. low-copy nuclear genes, could potentially resolve these
branches.

Based on our results using Bayesian analysis, some well
resolved clades were present (Figure 2). Clade A comprise
two subclades, E and F. Clade E includes four A.
monspessulanum specimens from Bulgaria and clade F
includes 27 taxa (PP= 1), that 13 of them are A.
monspessulanum subspecies from Iran and others are A.
ibericum (from Georgia), A. sempervirens (from Greece)
and A. hyrcanum subsp. hyrcanum (from Iran), this clade
proved Mediterranean origin of Iranian Acer (clade F;
Figure 2). One of our taxa (A. monspessulanum subsp.
ibericum) placed in clade L with five A. ibericum from
Georgia and an Acer sempervirens from Greece with high
support (PP= 0.79). This placement indicates that A.
monspessulanum and A. sempervirens are closely related
together (Grimm et al. 2007).
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Figure 1. Phylogenetic relationships of 13 samples of Acer from Iran, on the basis of the analysis of internal transcribed spacer (ITS)
sequences. Numbers above branches are Bayesian posterior probabilities. Numbers below branches are bootstrap values
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Clade B (Figure 2) have two subclades M and N (PP=
0.99) that include European Acer monspessulanum (from
France, Spain and Germany). Clades G and N show
polytomies since comprise species their morphology are
closely related together.

Clade C (Figure 2) have four taxa, three of them are A.
sempervirens from Greece and one A. obtusifolium from
Cyprus (PP= 1) that in Grimm et a. (2007) study In
Europe, their distribution ranges from northern, cool-
temperate latitudes (southern Sweden, A. pseudoplatanus
L., naturalized) throughout central, western, and south-
eastern Europe (A. hyrcanum Fischer & Meyer, A. opalus
P. Miller, A. pseudoplatanus) to the subtropical
Mediterranean (A. monspessulanum L., A. opalus, A.
heldreichii Orphanides ex Boissier, A. sempervirensL., and
A. obtusifolium Sibthorp & Smith), and with an eastward
expansion to Asia Minor, the Caucasus, and Iran (A.
trautvetteri Medvedev, A. hyrcanum, A. ibericum
Bieberstein ex Willdenow, A. monspessulanum, A.
pseudoplatanus, and A. velutinum Boissier) (Grimm et al.
2007).

Subspecies geographical  distribution show  that
assyriacum subspecies from Kordestan and Kermanshah
provinces are near together and support with Bayesian
analysis (PP= 0.82). A. monspessulanum subsp. ibericum
collected from Arasbaran forest (Azarbayeansharghi
province) placed in clade L (Figure 2) with A. ibericum
from Georgia (PP = 0.79) that from geographical
distribution approach is justifiable. All Iranian Acer
monspessulanum in the present survey made a clade with
two A. sempervirens from Greece and eleven A. ibericum
from Georgia and one A. hyrcanum subsp. hyrcanum from
Iran with high Bayesian support (PP= 1).

Because ITS results couldn’t delimitate on subspecies
level we wused from morphological traits. Some
morphological features are important for identification of
subspecies A. monspessulanum, such as size of the leaves,
lower surface midrib hair and loculus inside and outside
base on presence or absence of hair. One of the most
important characteristic traits for distinguish between some
subspecies of A. monspessulanum, is presence or absence
of hair inside and outside their loculus. Based on the size of
the leaves we have two groups, (i) small (up to 2x2 cm)
that has two subspecies (ssp. persicum and ssp.
cinarescens) and (ii) large (2-3x3.5-4 cm) with three
subspecies (ssp. turcomanicum, ssp. assyriacum and ssp.
ibericum). Lower surface midrib hair separate only two
subspecies of A. monspessulanum, one of them is glabrous
(ssp. ibericum) and the other is sparsely hairy (ssp.
assyriacum), so this trait is not a proper discriminative
factor for other three subspecies. Loculus outside hair has
two state, (i) glabrous (ssp. turcomanicum, ssp. persicum)
and (ii) sparsely hairy (ssp. ibericum, ssp. assyriacum, ssp.
cinarescens). We have three group base on loculus inside
hair, (i) hairy (ssp. turcomanicum, ssp. ibericum, ssp.
assyriacum), (ii) densely hairy (ssp. cinarescens) and (iii)
glabrous (ssp. persicum) (Wolfe and Yanai 1987), so the
most important and discriminative character to detect

subsp. persicum from subsp. cinarescens is loculus inside
hair.

The internal transcribed spacer of the nuclear region
(ITS) isawidely used molecular marker for reconstruction
of evolutionary patterns in plant kingdom. It has been used
both in the higher taxonomic level (i.e. family) as well as
lower even below the species rank (Zarrei et al. 2014). Our
results indicate that this marker could be potentialy
valuable in delineating subspecies boundaries in maple
species. The limiting factor is that this marker is not well
diverged in some groups. A more divergent molecular
marker such as low copy nuclear genes and intergenic
nuclear spacers could potentially be helpful. Based on our
experiences working on Acer and results of others studies
on tree taxa (Zarrei et al. 2014); we suggest combining our
ITS DNA sequences with additionally markers to increase
the power of our phylogenetic analysis and improve
resolution of unresolved clades. Such strategies have been
applied before (see Zarrei et al. 2015). The implication of
next generation sequencing data has been already proven in
revolving systematic problem with closely related species
(Liston et al. 2015).
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Abstract.Zohrevandi AA, Pourbabael H, Akhavan R, Bonyad AE. 2015. Determination of appropriate grid dimension and sampling plot
size for assessment of woody species diversity in Zagros Forest, Iran. Biodiversitas 17: 24-30. This research was conducted to determine
the most suitable grid (dimensions for sampling) and sampling plot size for assessment of woody species diversity in protected Zagros
forests, west of Iran. Sampling was carried out using circular sample plots with areas of 1000 m?, 1500 m? and 2000 m? for 9 grid sizes
in 200ha forest area. Importance-value curve which fitted by a Lognormal Distribution Model was plotted using Species Importance
Value index (SIV). After determining the diversity indices such as Hills (No, N1, N,) and Alatalo’s evenness (Es) in each plot and
assigning each sampling time, E%x T criterion was calculated in order to compare the methods. Results of hundred percent inventory
and sampling in forests showed that the accuracy of sampling in 1000m?plot size is higher than 2000 m? ones. According to the
Importance-value curve, accuracy and E%?x T criterion, the 150 m x 400 m grid size and sampling plot size with an area of 1000 m?

was proposed as the most appropriate one to estimate woody species diversity in Iranian Zagros Forests.

K ey words. Importance-value curve, inventory grid, sampling plot size, woody species diversity, Zagros forests

INTRODUCTION

Zagros forests in west of Iran are severely degraded and
consequently their basic structure and complexity in
identifying forest communities have changed (Khanlari
2006). This issue leads to poor soil condition and loss of
woody species diversity in forests. Diversity is a
prerequisite for understanding the patterns and processes of
forest ecosystems which described well the forest structure
in quantitative terms (Aguirre et a. 2003). Diversity
indices are important input variables for restructuring of
forest (Hasenauer and Pommerening 2006; Pommerening
and Stoyan 2008). With increase human population and
demands for resources and habitats, destructive human
pressure on nature will increase and which is the beginning
of the destruction of biodiversity (Lund et al. 2004).
M easuring woody species diversity helps us to calculate the
economic  consequences of diversity destruction
(Buongiorno et al. 1994; Kant 2002). Biodiversity
increases the reproductive capacity and ability of
adaptation to changes in forest ecosystems (Macneely
2002). Studying the patterns of species diversity helps us to
understand the mechanisms that create diversity in a
society (Wang et al. 2008). In a study in New Zealand by
means of species level curve, it showed that sampling in
500 m? plot size is the most appropriate area for studying
diversity of plant species (Neldner 2008). Alijanpour et al.
(2009) in their study for comparison of woody plants
diversity in protected and non-protected areas of Arasbaran
forests used an inventory grid with 300 m x 150 m. They
concluded that protection-based management increase

woody species diversity in forest biomasses of Arasbaran
forests. Recent studies about diversity patterns focused on
tropical forests that have too much plant species (He et al.
1996; Hubbell et a. 1999; de Oliveira and Mori 1999;
Condit et al. 2006).For example, in a 52-hectareplot areain
Borneo and a 25-hectareplot area in Ecuador, there were
1175 and 1104 species, respectively (Wright 2002). In
contrast, the 4.2 x 10° km? of temperate forests in Europe,
north of America and Asia support only 1166 tree species
(Latham and Ricklefs 1993).

In other words, the diversity of a small area in tropical
forests is comparable to the diversity of tree species in the
North Temperate Zone. Although ecologist studies rely on
a better understanding of species diversity in moderate
temperature forests, few studies focus on the spatial
distribution of species diversity and the extent in which
these patterns are influenced by environmental and spatial
factors (Legendre and Fortin 1989; Legendre 1993). In
general, number of species and their distribution (Two
components which form species diversity), are estimated
based on sampling of population at an extended level.
Obviously, alarge sample size need high cost and time, and
small sample size leads to lack of accuracy of estimations.
It is always tried to select the best possible sample size in
the existing information framework with respect to the
time, cost, and accuracy (Amidi 2006). Accuracy of
estimation increases with extending the sample size
(Nilsson 2002). The plot size also is a crucia factor in
determining the species diversity of studied area. In
inventory discussions, clarity of goals and application of
results in accordance with the goal or other predefined and
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predetermined purposes are the basic principles in
sampling (Zobeiry 2002). Hence, inventory methods are
precisely selected with regard to the goa of inventory,
forest structure, and available facilities. Wang et al. (2008)
studied 25 hectares of Chang-bye forests in China and used
plot size of 10 m x 10 m. Then, the areas of samples were
doubled until, were covered the whole of 25hectares. In
this research, the estimation of species richness, abundance
of species, and Shannon diversity index were used to assess
the patterns of species diversity.

The aim of current study is determining the appropriate
network and sampling plot size for estimating the shrub
and tree species diversity in the protected Zagros Forests in
west of Iran (Zagros oak forests). Eventually with the
highest accuracy and lowest cost of sampling (an
acceptable combination of accuracy and cost) the diversity
of woody species was studied in Zagros forests.

MATERIALSAND METHODS

Thestudy area

The study area is a part of Ghalgjeh forests located in
the southwestern part of Kermanshah province, west of
Iran (33'99 N, 46'3'E) (Figure 1).The atitude ranges from
1450 to 1950 m adl., stretched at the geographical direction
of northeast to southwest. Annual average of precipitation
and temperature are 516.7 mm and 12.8°C, respectively.
According to the Emberger climatic, Ghalgjeh forest has
mountainous sub-humid cold climate (Zohrevandi 2012).
Stone types include limestone and marl which belong to the
tertiary (Oligo-Miocene) period. The depth of sail is
medium and its texture is heavy.

Data collection

According to a Digital Elevation Model (DEM), 9
inventory grids with dimensions of 100 m x 200 m, 150 m
X 200 m, 200 m x 200 m, 100 m x 400 m, 150 m x 400 m,
400 m x 200 m, 100 m x 600 m, 150 m x 600 m, and 200 m
X 600 m were designed. Sampling procedure was the
systematic random method. Data was collected in circular
sample plots with areas of 1000 m?, 1500 m? and 2000 n.

PN, =
T 3
| Y
S % |4 . ‘
Eay
% i
B~ !
T ke ]
i i
':.IJ 4 .-'f =
; -
'\o !
i L
i
S \
LY
i —
= m
/"
o ’.r'"“" t/-.
A T
{1 b
x‘ "
L ll har
"'_' F
- i =
P e
i'? “nfo.int Trem
£ (. P

aagil [ 11]

tamma:

25

In each plot, the type of woody species (trees and
shrubs) were identified, counted and the two perpendicular
diameters of canopy of each tree and shrub were calcul ated
and recorded along with the coordinates of the plot center.

Data analysis

Foecies abundance distribution
Importance-value curve is plotted using Species
Importance Vaueindex (SIV).

Foecies Importance Value

Species importance value (SIV) was calculated for all
species using relative frequency, relative density and
dominance values for woody species. The following
formulas were used for each calculation (Maingi and Marsh
2006; Adam et al. 2007):

Relative frequency = Number of plots that contain a
species x 100 / Number of al plots

Relative density = Individuals number of a species in all
plotsx 100/ Tota individuals number of speciesin all plots

Relative dominance = Total basal area of a species in all
plotsx 100/ Total basal area of all speciesin al plots

Diversity indices

The following indices are used to determine the variety
of woody species in the study area. Hill (1973) has
introduced a series of indices that are known as Hill
numbers. The Hill numbers provide a better ecological
interpretation than other indices. These numbers measure
the effective number of speciesin the sample.

S
H'= Z(pi)(LogZpi)
i=1
where:
H = Information content of sample (bits/individual) or
index of species diversity
S = Number of species
p; = Proportion of total sample belonging to i species
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Figure 1.The geographical location of the study areain Ghalajeh forest, Province of Kermanshah, Iran
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The Shannon-Wiener index may be expressed in
another form (MacArthur 1965) in units of numbers of
species as

N; = eH’

Where:

€= 2.71828 (base of natural logs)

H = Shannon-Wiener function (calculated with base e
logs)

N;,= Number of equally common species which would
produce the same diversity as H

D=7y p?

Where: ’
D = Simpson sindex
p: = Proportion of speciesi in the community

1_ 1
D Z pi2
Where:

1/D = Simpson sreciprocal index (= Hill'sN,)
p: = Proportion of speciesi in the community

Hill (1973) caled thisreciprocal N,.

Evenness
E - N, -1
N, -1

Es: This index is known as the modified index of Hill
which is known as Alatalo index. Alatalo (1981) showed
that when a species becomes very dominant, Es closes to
zero. Thisindex is not affected by species richness.

Inventory time cost

The necessary time for measuring every plot includes
the time of measuring the intended features of the trees of
every sample as well as time of movement from one plot to
the next one. The total time is calculated by Ti= (n; x tg) +
(n; x thy), where T; is the total time of inventory of i method,
niis the number of plot of i method, ta is the average time
taken for measuring the trees of each plot in i method and
th; is the average time taken for movement from one plot to
the next (adjacent) plot in i method (Heidari et a. 2007). It
should be pointed that since the routes of all samples were
equal, the average time of moving from one plot to another
was considered the same. As a result, the time of going
from one plot to the other one was removed from time
estimation. Accordingly, the relation Ti = (n, x ta;) was
used to calculate time in every sampling method.

Selection criterion
Following formula is used to calculate the precision of
inventory.

E% = +tx5,%

Where:

E% =Precision of inventory or the percentage of
inventory error

t =Statistic of t-student table

5 =Percentage of standard error

The best sampling grid was determined byE%? x T
criterion, where T is the total time of sampling in each
method (Heidari et al. 2007).

Hundred percent inventories

Firstly to assess the data accuracy, hundred percent
inventories was done in 40ha of the forest then Ng, Nj,
N,andEs diversity indices were determined 4.55, 2.28, 1.86,
0.59, respectively. Data analysis was done using GIS,
SPSS, Past and Excel software.

RESULTSAND DISCUSSION

Treesand shrubs species

In current study the following species of trees and
shrubs were studied: Quercus brantii Linddl., Acer
cinerascens Boiss., Pistacia atlantica Desf., Crataegus
azarolus L., Cornus australis C.A.Mey., Lonicera persica
Jauh. & Spach., Cerasus microcarpa (C.A.Mey.) Boiss,,
Amygdalus orientalis Duh., and Pyru scommunisL.

Species abundance distribution

Importance-value curve was plotted using Species
Importance Vaue index (Figure 2). Means and standard
error was determined for diversity indices through 27
different sampling methods (Tables 1land 2).Table 1 shows
that estimating the richness index Ny and diversity indices
Nyand N, using different sampling grids and different
surfaces of plot size, have no significant differences. Table
2 shows that the standard error for estimating the richness
index No and diversity indices N;, and N, in different
sampling grids, have no significant differences, but
increasing of grid dimension (Lowering the number of
plot), leads to increase standard error. ANOVA was
performed to measure the estimation mean of diversity
indicesin grid dimension and sampling plot size(Table 3).

The variance analysis ofEs index in different sampling
methods showed that there is a significant difference (95%
level) between 1000 m? and 2000 m? plot size.

Comparing different methods of sampling

Different grid dimension and plot size were compared
for estimation of woody species diversity using E%°x T
criterion.

Regarding Table 5, is the least value of E%’ T
criterion belongs to sampling grid of 150 m x 400 m with
1000 m? plot size.
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Table 1. The estimated mean of diversity indices (No, N1, N,, and Es) for 9 grid dimensions (Left-hand column) and 3 plot sizes (1000
m?, 1500 m?, and 2000 m?)

Statistical parameters Mean

Plot size (m?) 1000 1500 2000

Diversity indices No N, N, Es No N, N, Es No N, N, Es
Networ k(m)

100 x 200 4.4 2.2 18 0.58 45 23 19 0.59 4.6 24 19 0.63
150 x 200 45 23 1.9 0.59 4.6 24 1.9 065 48 25 2 0.67
200 x 200 4.7 2.3 19 0.55 48 24 19 0.62 49 25 2 0.64
100 x 400 45 22 18 0.60 4.6 23 1.9 059 47 24 1.9 0.61
150 x 400 45 2.2 18 0.59 4.6 23 19 0.60 4.8 24 2 0.62
200 x 400 5 24 1.9 0.57 5 25 2 060 51 25 2 0.62
100 x 600 4.3 2.2 18 0.58 44 23 19 0.57 45 24 2 0.65
150 x 600 45 24 1.9 0.61 4.6 25 2 070 47 26 21 0.72
200 x 600 45 24 19 0.54 45 25 2 0.67 4.6 25 2 0.69

Table 2. The standard error of estimating of diversity indices (No, N1, No, and Esg) for 9 grid dimensions (Left-hand column) and 3 plot
sizes (1000 m?, 1500 m?, and 2000 m?)

Statistical parameters Standard error (53)

Plot size (m?) 1000 1500 2000

Diversity Indices No Ny N Es Mean Ny Ny N, Es Mean Ny Ny N Es Mean
Network (m)

100 x 200 0.15 0.09 0.08 0.02 0.08 0.14 0.09 0.07 0.02 0.08 0.13 0.09 0.07 0.02 0.08
150 x 200 0.19 010 0.08 0.03 0.10 0.17 011 0.09 0.03 0.10 0.17 011 0.09 0.03 0.10
200 x 200 020 014 0.11 0.03 0.12 0.20 0.13 0.11 0.03 0.12 020 013 0.11 0.03 0.12
100 x 400 021 013 010 004 012 019 012 010 002 011 018 012 0.10 0.02 0.10
150 x 400 025 014 011 0.03 0.13 024 014 011 0.03 0.13 0.20 014 0.12 0.03 0.12
200 x 400 028 019 015 003 016 026 018 014 003 015 023 018 0.15 0.03 0.15
100 x 600 0.28 016 0.13 0.05 0.15 0.26 0.16 0.13 0.04 0.15 0.25 016 0.13 0.05 0.15
150 x 600 032 015 011 004 015 031 016 012 006 016 030 0.16 0.12 0.06 0.16
200 x 600 040 024 019 0.04 022 040 025 020 0.08 0.23 0.38 024 019 0.08 0.22

Table 3.ANOVA for comparing the estimated mean diversity indices in 27 sampling methods

Indices Sour ce of variation df Sum of squares  Mean square F Sig.

No Net 8 2.180 0.272 0.293 0.965™
Size 2 0.783 0.392 0.421 0.659™
Net x Size 16 0.078 0.005 0.005 1™

N1 Net 8 0.554 0.069 0.117 0.998™
Size 2 0.444 0.222 0.374 0.689™
Net x Size 16 0.007 0 0.001 1™

N, Net 8 0.310 0.039 0.108 0.999
Size 2 0.305 0.153 0.424 0.656
Net x Size 16 0.007 0 0.001 1

Es Net 8 0.087 0.011 0.624 0.754"™
Size 2 0.111 0.056 3.190 0.049"
Net x Size 16 0.072 0.004 0.258 0.998

Note: ns: not significantly different*: significantly different



Table 5.E%x T criterion for comparing different modes of samplingfor the estimation of woody species diversity

Parameters Thetimetaken for each plot(minute) T=Nxt (Minute) E%XT

Plot size (m?) 1000 1500 2000 1000 1500 2000 1000 1500 2000
Network (m) N t t t

100 x 200 90 25 36 47 2250 3240 4230 (7.95)% x 2250 = 142206 (7)% x 3240 = 158760 (6.95)* x 4230 = 204319
150 x 200 60 25 36 47 1500 2160 2820 (8.85)°x 1500 = 117484  (8.65)?x 2160 = 161617  (8.32)? x 2820 = 195207
200 x 200 50 25 36 47 1250 1800 2350 (10.67)2x 1250 = 142311 (10.37)>x 1800 = 193566  (10.25)% x 2350 = 246897
100 x 400 45 25 36 47 1125 1620 2115 (11.57)*x 1125=150598  (9.5)* x 1620 = 146205 (8.67)? x 2115 = 158982
150 x 400 30 25 36 47 750 1080 1410 (11.75)>x 750 = 103547  (11.12)>x 1080 = 133547  (10.45)? x 1410 = 153975
200 x 400 25 25 36 47 625 900 1175 (14)% x 625 = 122500 (12.25)2x 900 = 135056 (11.87)%x 1175 = 165554
100 x 600 36 25 36 47 900 1296 1692 (14.75)2x 900 = 195806 (13.25)>x 1296 = 227529  (12.75)% x 1692 = 275056
150 x 600 24 25 36 47 600 864 1128 (13.25)2x 600 = 105337  (14.25)>x 864 =175446  (13.75)%x 1128 = 213262
200 x 600 20 25 36 47 500 720 940 (20)% x 500 = 200000 (21.25)>x 720=325125  (19.75) x 940 = 366659

Note: tg: The average needed time for measuring the trees of every plot ini method; T; = n; x tg; E% = +1x5; %;E%? x T: criterion for comparing different modes of sampling
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Table 4.Duncan test for 3 plot sizes (for evenness index)

] Subset
Size N 1 2
1000 m? 27 0.56 -
1500 m? 27 0.62 0.62
2000 n? 27 - 0.64
Discussion

The first Part of species abundance distribution curve
indicates that the large areas of the Zagros forests was
dominated by Q. brantii that are the main species of this
area forests which cover around 72% of total canopy of
trees and shrubs. Destructive human pressure on nature has
led to poor soil condition and loss of woody species
diversity in forests. Zagros forests in west of Iran are
severely degraded and consequently their basic structure
and complexity in identifying forest communities have
been changed. This issue leads to poor soil condition and
loss of woody species diversity in forests (Khanlari 2006).
The second part of the curve has a low slope that shows
diversity and higher evenness. These areas include valleys
and stone walls that are less subject to degradation. The
third part of the curve shows that there are three rare
species in the habitats. This species due to environmental
features have been deployed in specific areas of habitat.

Results of hundred percent inventory and samplings in
the forest showed that the accuracy of sampling with 1000
m? plot size is higher than sampling with 2000 m? plot size.
Variance analysis ofNy index showed that there is no
significant difference between variable sampling grids and
areas of plot.

Species abundance distribution curve shows that
5woody species gather in more suitable areas which may
be the result of group behavior, heterogeneous
environment, restoring methods (Pourbabaei 2010). The
forests with this distribution pattern of tree species have
lower sampling accuracy and higher costs. In such cases,
increase the number of plots (reducing the grid dimension)
is effective in increasing the accuracy of the sampling. The
number of plot for sampling depends on the homogeneity
and heterogeneity of under studied stands (Zaobeiry 2002).

He et a. (1996) studied 50 hectares of rain forests of
Malaysia and investigated different areas of sampling for
estimation Shannon diversity index and illustration of
species-area curve. They found that sampling design is
effective on the estimation and illustration of diversity
curves especialy species-area. Wang et al. (2008) studied
species diversity models in a part of moderate-temperature
forests in China. They estimated Shannon diversity index,
species richness and species abundance using geostatistics
and the diversity curves. They concluded that sampling
design is effective on studying the diversity pattern of
study area.

In sampling the transparency of purpose and using the
results of such purpose is a key rule (Zobeiry 2002).So the
sampling method should be selected based on the target of
sampling, forest structure and available tools. If our aimis
the comparison of plant diversity in two different areas,
diversity estimation will suffice with equal sampling
methods and don't need to more accurate sampling methods
and spending higher costs. Etemad et a. (2014) used
sampling plots at the dimensions of 10 m x 10 m, 15 m x
15m, 20 m x 20 m, and 40 m x 40 m for estimation of trees
diversity in northern Zagros forests. They compared the
diversity indices with hundred percent inventory data using
E%®x T criterion, and concluded that square methods with
dimension of 40 m x 40 m, and 20 m x 20 m were the best
sizes for determining the density and canopy cover
diversity of trees. Saber (1993) used the grid dimensions
of 150 mx400 m and circular sample plots with an area of
1000m? for estimating the canopy trees of Zagros Forest.

In conclusion, according to the Importance-val ue curve,
accuracy and E%?XT criterion, the 150 m x 400 m grid size
and sampling plot size with an area of 1000 m* was
proposed as the most appropriate one to estimate woody
species diversity in Iranian Zagros Forests.
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Abstract. Sunpapao A, Pitaloka MK, Arikit S 2015. Algal leaf spot associated with Cephaleuros virescens (Trentepohliales,
Ulvophyceae) on Nephelium lappaceum in Thailand. Biodiversitas 17: 31-35. Alga leaf spot disease of Nephelium lappaceum
(rambutan) was observed in southern Thailand. The algae were isolated on Bold’s basal medium (BBM) and identified based on
appearance of the lesions, algal morphology and molecular properties. Characteristics of the filamentous thallus cells, sporangiophores,
sporangia, gametes and zoospores were clarified. A portion of the 18S small subunit rRNA was amplified to validate the morphological
identification by sequence similarity. To summarize the main results, the plant parasite causing algal leaf spot was identified as
Cephaleuros virescens, and in sequencing-based phylogenetic analysis the Cephaleuros PSU-R5.1 isolate from rambutan grouped with
the algae in genus Cephaleuros. This confirms C. virescens as a causal organism of algal leaf spot disease on rambutan in southern

Thailand.

Key words. Green agae, leaf spot, morphology, Nephelium lappaceum, rRNA

INTRODUCTION

Rambutan (Nephelium lappaceum Linn.) is a large-
sized, evergreen tree belonging to the family Sapindaceae.
It produces numerous fruits with a protuberant hairy
surface. Rambutan is mostly cultivated in Southeast Asia
and in other tropical areas. In Thailand, most rambutan
cultivation is in the southern province of Surat Thani. Algal
leaf spot disease is among the minor diseases commonly
found in rambutan trees, exacerbated by the moist
environment and long periods of high rainfall. Rambutan is
subject to attack by several plant-parasitic organisms, some
of which can be severe. This algal disease can damage
plant leaves, fruits and stems, and cause economic loss.
Rambutan fruits are well known to possess several health
benefiting components. The most common agal parasites
of woody plants belong to the genus Cephaleuros.

Cephaleuros species are filamentous green algae widely
known as a parasite of higher plants. The genus belongs to
the division of aquatic green algae (Chlorophyta), class
Ulvophyceae, order Trentepohlidles and  family
Trentepohliaceae (Guiry and Guiry 2015). They are aerial
and need free water to germinate (Suto and Ohtani 2009).
The genus Cephaleuros has been known to cause diseases
with morphological characteristics similar to those caused
by fungi. The disease caused by this alga manifests as
bright orange spots on leaves and stems, similar to rust

fungi (Mann and Hutchinson 1907). Algae in this genus are
widespread in tropical and subtropical areas causing
damage on leaves, young stems and fruits of several host
plants (Alfieri 1969). Cephaleuros has a relatively simple
structure, but its classification based on morphology is
complex (LOpez-Bautista et al. 2006).

Though Cephaleuros species occur on the leaves of
numerous economical plants (Brooks, 2004), C. virescens
is the most frequently reported. The disease caused by this
genus has been recorded in Hawaii (Rindi et a. 2005),
Japan (Suto and Ohtani 2009), Florida (Marlatt and
Campbell 1980; Marlatt and Alfieri 1981), America
(Brooks 2003), Africa (Rindi et a. 2006) and Panama
(Rindi et al. 2008). In Thailand, Cephaleuros solutus was
the first to be reported as a causal agent of algal leaf spot
disease (Pitaloka et a. 2014). Based on morphology and
identification of its 18S small subunit rRNA, the algal |eaf
spot disease on Para rubber (Hevea brasiliensis) was
attributed to C. virescens (Pitaloka et al. 2015), and on
acacia (Acacia auriculiformis) it was attributed to C.
diffusus (Sunpapao and Pitaloka 2015). Algal leaf spot is
considered a minor disease in Thailand, so studies on the
biology, ecology, distribution, taxonomy and pathogenicity
of Cephaleuros are rare. Therefore, the aim of this research
was to isolate and identify the species of Cephaleuros on
rambutan based on its morphology and molecular analysis.
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MATERIALSAND METHODS

Morphological characters

Thirty algal leaf spot samples (n=30) of rambutan were
collected on August, 2014 from the Pest Management field,
Faculty of Natural Resources, Prince of Songkla
University, Thailand. Algal thalli were removed from fresh
leaves and preliminary observed under stereomicroscope.
The shape, size, color and growth of algal thalli and their
lesions were described and photographed. Taxonomic
characters, including gametangia, gametes, zoosporangia,
zoospores and setae were evaluated using the dichotomous
key of Thompson and Wujek (1997). Algal specimens were
deposited in the culture collection of the Pest Management
Department, at the Prince of Songkla University, Thailand.

Algal culture, isolation and DNA extraction

Alga cultures were obtained based on the methods of
Suto and Ohtani (2011). Leaves with fresh thalli were
washed under running water for one hour, wiped with
sterile cotton wool, dipped in 70% ethanol and rinsed with
sterile distilled water. After that, small thalli (2-3 mm)
were removed with a sterile razor blade and placed on
Bold’s basal medium (BBM; Bischoff and Bold 1963;
Andersen 2005), and incubated at 20°C in a light: dark
cycle of 12:12 hours, for two to six months. Algal colonies
were then scraped from the BBM medium with a glass
dide and put into a microcentrifuge tube. DNA was
extracted using the cetyl trimethyl ammonium bromide
(CTAB) method following a prior report (Kollar et al.
1990).

Amplification of 18S nuclear small subunit rRNA by
PCR

The extracted DNA was amplified with PCR using
universal primers for a conserved sequence of 18S nuclear
small subunit rRNA. The primer pairs were: PNS1-forward
(5" CCAAGCTTGAATTCGTAGTCATATGCTTGTC 3%)
(Hibbett 1996) and NSAl-reverse (5’
CCCGTGTTGAGTCAAATTA 3°). The PCR used a final
50-ul reaction volume containing 10 pmol of each primer,
2x DreamTaq Green PCR Master Mix (Thermo Scientific),
and 50 ng of template DNA. An initial denaturation step
for 3 min a 95°C was followed by 35 cycles of
denaturation for 30 s at 95°C, annealing for 30 s at 50°C,
and extension for 1 min at 72°C, with afinal extension step
of 10 min at 72°C. The PCR products were visualized by
agarose gel electrophoresis. The 1 kb GeneRuler DNA
ladder (Thermo Scientific) was used as DNA marker.

DNA sequencing and phylogenetic analyses

The PCR products of the 18S nuclear small subunit
rRNA gene region were hidirectionally sequenced at the
Scientific Equipment Center, Prince of Songkla University
by automated DNA sequencing with ABI Prism 377
(Applied Biosystems, USA), using the same primers as in
the PCR reaction. Phylogenetic analysis of the 18S rRNA
sequences from the Cephaleuros samples included known
Cephaleuros sequences from the GenBank database for
comparison. The phylogenetic and molecular evolutionary

analyses were conducted using CLUSTAL W and the
software package MEGAG.

RESULTSAND DISCUSSION

Cephaleurosvirescens Kunze ex. E. M. Fries

Synonyms.  Mycoidea parasitica  Cunningham,
Phylactidium tropicum Mobius, Cephaleuros albidus
Karsten, Cephaleuros laevis Karsten, Cephaleuros
mycoidea Karsten, Cephaleuros candelabrum Schmidle,
Cephaleuros  pulvinatus  Schmidle, Chrooderma
endophytica F.E. Fritsch, Phycopeltis hawaiiensis J.W.
King, and Cephaleuros virescens f. sessilis Islam (Guiry
and Guiry 2015).

Host: Nephelium lappaceum Linn.

Fresh thalli or lesions appeared separately or in small
groups on the leaves of rambutan in late August 2014 when
rain was frequent and the weather was warm. The
symptoms were orange to brown small circular scurf on the
leaves, approximately 1-4 mm in diameter (Figure 1.A-
1.B). Transverse sectioning demonstrated that the thalli
were subcuticular with subepidermal growth through leaf
tissue, and caused necrosis of the epidermal cells (Fig 1.E).
Filamentous cells of the algae were long and cylindrical,
95.5-147.5 (mean, 85.5) um long x 17.5-37.5 (24.5) um wide,
with length/width (L/W) ratio of 1: 3-7 (Figure 1.D). Setae
were short filaments of two to five cells, 17.5-50 (27.5) pm
long x 2.5-7.5 (5.5) um wide.

Sporangiophores developed from thalli on the upper
leaf surface. They were cylindrical, three to five cdlls,
erect, solitary, 252-430 (320.5) um long x 10-20 (17) um
wide (Figure 1.C). Head cells developed terminaly and
produced four sporangia, each on a sporangiate lateral
(Figure 1.C). Sporangia were elliptical, 20-30 (25.5) pm
long x 15-22.5 (18.5) um wide (Figure 1.C). Gametangia
were spherical to elliptical, 37.5-50 (45) um long x 30-37.5
(32.5) um wide and produced beneath the cuticle (Figure
1.D). Gametes were spheroidal, 7-10 (5.5) um long x 5-7 (6)
um wide with flagella 13-17 um long. Zoospores were
eliptical, 10-13 (11.5) um long x 5-7 (6.5) um wide with
flagella 16-22 um long. Based on these results and using
the monograph of Thompson and Wujek (1997), the thirty
samples of the algae causing leaf spot disease on rambutan
were identified as Cephaleuros virescens. We aso
compared the distinguishing characteristics of C. virescens
and C. diffusus (Table 1).

Fresh thalli cultured on BBM grew slowly, producing
3-to 5-mm diameter greenish colonies of tufted filamentsin
two to six months. To confirm the morphological
identification, one isolate (PSU-R5.1) was selected for
molecular analysis. PCR was conducted to amplify a
portion of 18S rRNA using the PNS1 and NS41 primer
pair. The nucleotide sequence analysis of the Cephaleuros
18S rRNA using BLAST search revealed that our partial
sequence was 1,052 bases long. This nucleotide sequence
was compared to known Cephaleuros spp. and other algal
generain the NCBI (the National Center for Biotechnology
Information) databases and deposited in GenBank with
accession number (AB971690). A 98% sequence identity
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Figure 1. A. Leaf spot lesions caused by Cephaleuros virescens on the upper leaf surface of rambutan, B. entire, lobed thallus, C. erect
sporangiophores of C. virescens, each with four sporangia laterals consisting of a suffultory cell and attached sporangium, D. entire
closed-ramulate thallus with young sporangiophore (ysp), gametangiainitial (gi) and gametangia (g), E. transverse section of arambutan
leaf showing the thallus (Th) of C. virescens and associated necrotic tissue

PSU-R5.1

57
ELL Cephaleuros virescens (AY220984)
96 C. virescens (DQ399585)
C. parasiticus (AY052563)

100! C parasiticus (DQ399583)

1:Prmrzma lagenifera (FI532300)
43 Trentepohlia arborum (FI532300)
Phycopeltis epiphyton (KC463791)

100 li T. abietina (Q399587)
60 1 umbring (100399591)

0.005

Figure 2. Phylogenetic tree based on 18S rRNA sequences of Cephaleuros (PSU-R5.1) shows closely related Cephaleuros cases with
less similarity to other cases. The tree was constructed with the neighbor-joining method, and the GenBank accession numbers are
presented in parentheses
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Table 1. Comparison of phenotypic characteristics between Cephaleuros virescens (PSU-R5.1) and C. diffusus

Characters

Cephaleuros virescens

Cephaleuros diffusus

(PSU-R5.1) (Sunpapao & Pitaloka 2015)

Host Nephelium lappaceum Acacia auriculiformis
Thalli Shape Raised spot, circular disk Raised spot

Diameter (mm) 1-4 1-5

Growth habit Pseudoparenchymatous Open filamentous
Filamentous cells Shape Long cylindrica Short cylindrical to irregular

Length x wide (um) 95.5-147.5 (85.5) x 17.5-37.5 (24.5) 7.5-42.5 (30.5) x 5-17.5 (12.5)

L/W ratio 3-7 1-6

Branching manner Equal dichotomous Dichotomous
Setae Shape Cylindrica filament Cylindrica filament

Length x wide (um) 17.5-50 (27.5) x 2.5-7.5 (5.5) 16.5-280 (150) x 5-7.5 (5.5)
Gametangia Shape Elliptica Spherica

Length x wide (um) 37.5-50 (45) x 30-37.5 (32.5) 12.5-32.5 (17.5) x 12.5-22.5 (20.5)
Gametes Shape Spheroidal Obconic to spherical

Length x wide (um) 7-10 (5.5) x 5-7 (6) 5-10(7.5) x 5-7.5 (6)
Sporangiophores Length x wide (um) 252-430 (320.5) x 10-20 (17) 250-440 (350.5) x 10-12.5 (10.5)

Head cell placement Terminal Terminal
Sporangia Shape Elliptica Spherical to elipsoid

Length x wide (um) 20-30 (25.5) x 15-22.5(18.5) 12.5-27.5 (15.5) x10-20 (12.5)
Zoospores Shape Elliptical Obovoid

Length x wide (um) 10-13 (11.5) x 5-7 (6.5) 10-16.25 (13.5) x 5-8.75 (7.5)
Lesions Discoloration Absent Absent
confirmed the isolate as a member of the Cephaleuros REFERENCES

genus. A phylogenetic analysis of sequences imported from
GenBank indicated that Thai isolate PSU-R5.1 was closely
related to the genus Cephaleuros, but well separated from
the other species (Figure 2).

In this study, the organism isolated from rambutan |eaf
spot was characterized based on its morphological
characteristics and molecular properties. Algae in genus
Cephaleuros have reportedly caused diseases in numerous
plant species in various habitats (Jourbert and Rijikenberge
1971; Marlatt and Alfieri 1981; Chapman and Good 1983;
Holcomb 1986; Thompson and Wujek 1997; Suto and
Ohtani 2009; Pitaloka et al. 2015; Sunpapao and Pitaloka
2015). The algae were consistently found growing beneath
the host cuticle. The tissue beneath thalli was necrotic, and
no necrotic spots were observed without thalli. Cross-
sections through thalli suggested the plant tissue necrosis
was spreading from the thalli into heathy tissues.
However, the lesions were rather small and caused only
minor damage to Nephelium lappaceum. Even small algal
spots can cause a yield reduction if there are enough of
them to reduce photosynthesis or trigger premature leaf
senescence.
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Abstract. Gerami MH, Patimar R, Negarestan H, Jafarian H, Mortazavi MS. 2015. Temporal variability in macroinvertebrates
diversity patterns and their relation with environmental factors. Biodiversitas 17: 36-43. Seasonal changes are the most important factor
in tempora variability of macroinvertebrates communities in marine benthic zone. Redlizing the pattern of these changes are the key
attributes to maintain benthic resources. For this purpose this study aimed to investigate tempora variability of macroinvertebrates
diversity patterns in different seasons in Hormozgan province waters, Persian Gulf. Five sites were identified and sampling was carried
out randomly at three places with three replicate in each site from autumn 2014 to spring 2015. Physiochemical properties of water were
recorded in each sampling site. Total of 19 macroinvertebrate orders were identified form four seasonsin al sites. Results showed that
Polychaeta were dominant taxa in all seasons and maximum diversity of benthic macroinvertebrates exhibitedin winter. According to
evenness index (E1), abundances of species were most balanced in spring. Analysis of weight and density revealed that the species
diversity and mean weight of macroinvertebrates had maximum in winter and minimum in summer. Macroinvertebrate community
structure was similar in the spring and summer and partly discriminated from remaining two seasons. SIMPER analysis confirmed these
dissimilarities and revealed that Foraminifera, Gastropoda and Polychaeta have three major contributions in dissimilarities between
seasons. According to BIO-ENV analysis, oxygen and chlorophyll a were the best variables (r = 0.7143) explaining changes in the
abundance over time of the benthic fauna under study. On the contrary, eight orders (Amphipoda, Secernentea, Cumacea, Euphausiacea,
Gastropoda, 1sopoda, Anthozoa and Sagittoidea) did not show any convergence with environmental factors in this study.

Keywords: Macroinvertebrate assemblages, diversity indices, seasona changes, Persian Gulf

INTRODUCTION 1994).

Seasonal changes in macrobenthic communities in
aquatic environment have been studied by many
researchers. Chapman and Brinkhurst (1981) declared that

seasonal movements of subtidal benthic invertebratesin the

Macrobenthic invertebrates are key components in the
functioning of coastal and marine ecosystems and also play
a significant role in marine benthic food chain (Lu 2005).

In addition, macrofauna of marine sediments play an
important role in ecosystem processes such as dispersion
and burial, pollutant metabolism, nutrient cycling, and
secondary production (Snelgrove 1998). Therefore, they
can be employed as ecological indicators to provide
synoptic information about the state of ecosystems, and
help in developmental planning and decision-making
processes (Marques et al. 2009).

The aquatic organisms are exposed to anthropogenic
disturbances and natural changes in their habitats, which
makes them react in different ways (Saghali et al. 2013;
Nouri et al. 2008). Macrobenthic invertebrates’structure is
affected by environmental factors such as temperature, pH,
dissolved oxygen and pollution (Saghali et al. 2013;
Sharma and Rawat 2009). Seasonal changes in these
factors cause variation in rate of supply of organic matter
and consequently affect the spatidl and temporal
distribution of marine organisms, such as macrobenthic
communities (Bachelet et al. 2000; Erftemeijer and Herman

Fraser River estuary were affected by runoff and salt-
wedge seasonal changes. These changes were most
apparent in the oligochaetes and polychaetes. Morrisey et
al. (1992) reported significant temporal variation of soft-
sediment benthos ranging in length from days to monthsin
Botany Bay, New South Wales, Australia.Furthermore,
Livingston (1987) found variations in the abundance and
composition of infauna at scales from weeks to years.

Consideration of the diverse environmental factors that
might potentially cause variation in macroinvertebrate
abundance over long-short period would suggest that
seasonal or monthly fluctuations are common. In addition,
revealing the relationship between macroinvertebrates and
environmental factors could describe seasonal changes
more accurately. As a consequence, any spatia
heterogeneity in the macroinvertebrates is likely to be
interpreted as an effect of time, not the effect of pollution,
for example. This process shows the importance of
studying seasonal changes.
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The aim of this study isto investigate seasonal variation
in macroinvertebrates diversity in a part of Persian Gulf
and their relation to environmental factors. The initial step
for such a survey is the identification of organismsliving in
the aquatic ecosystem (Niemi and McDonald 2004). The
results have relevance to studies of macroinvertebrates of
soft sediments other parts of Persian Gulf (or elsewhere
with the same conditions) and also to the sampling of other
marine habitats and other variables, such as pollutants.

MATERIALSAND METHODS

Due to soft sediment and high nutrients enrichment,
Hormozgan province waters are a favorablehabitat for
macroinvertebratesin Persian Gulf (Pourjomeh et al. 2014).
Five sampling sites were identified and selected (Figure 1).
Stations were chosen to give broad geographic coverage of
the most divers habitats of macroinvertebrates in
Hormozgan province waters, lIran. Due to patchy
distribution of macroinvertebrates, sampling was done
randomly at three places with three replicate, in each site
and 180 samples were analyzed during the study. Samples
were taken by Van veen Grab with 0.0256 m? cross section.
Sampling was performed seasonally, from autumn 2014 to
spring 2015. Physiochemical properties of water were
recorded by CTD device in each site. Samples were sieved
through 0.5 mm mesh and the remaining was fixed and
preserved by 97% ethanol and transferred to laboratory for
further analysis. Organism were stained by Rose Bengal
and sorted to magjor taxonomic groups. Macroinvertebrates
were identified by illustrated keys such as. Fauchald
(1997), Sterrer (1986), Bosch et a. (1995) and Debruyne
(2003). Samples were weighted with 0.0001 gr accuracy
and wet weight was determined as biomass measurement.

The following biodiversity indices were employed to
compare seasons.

Shannon-Wiener Index (Shannon and Weaver 1963):
This index is based on the Information Theory. It assumes
that individuals are sampled at random, out of an
“indefinitely large” community, and that all the species are
represented in the sample and can be estimated according
to the algorithm:

H' = =) Plog.P,

Where P; is the proportion of individuals belonging to
species i in the sample. The index can usually take values
between 0 and 5, and maxima vaues above 5
bits/individual are very rare (Marques et al. 2009). For
instance, Molveg et al. (1997) established the following
relation between the Shannon-Wiener Index values and the
different levels of ecologica quality (Table 1), in
accordance with that recommended by the Water
Framework Directive (WFD, 2000/60/CE).

Table 1. Categories considered as a function of Shannon-Wiener
Index values.

Classification Shannon-Wiener value
High status >4 bitg/individual

Good status 4-3 bitgindividua
Moderate status 3-2 bits/ individual

Poor status 2-1 bits/ individual

Bad status 1-0 bits/ individual

Simpson Index (Simpson 1949):

.{:Zf’f

Where P; is the proportion of individuals from speciesi
in the community. The Simpson Index may vary from O to
1, it has no dimensions and, in the same way, higher values
correspond to lower diversity.
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Figure 1. Location of the sampling sites at Hormozgan province waters, Persian Gulf
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According to H' the following diversity indices are
available (Ludwig and Reynolds 1988; Gerami et al. 2014):

N1 = o™
N2 = 1/A

N1 and N2 show effective numbers of species with
common species in population. Lower values shows
incompatible conditions for taxa.

Margaef Index (Margalef 1969): The Margalef Index
quantifies diversity by relating specific richness to the total
number of individuals.

(5-1)
log, N

M=

Where S = number of species and N = total number of
individuals. According to Margalef (1969) higher level of
the index represents better environmental conditions in
ecosystem.

Pielou Evenness Index (Pielou 1969): This index is a
measure of how evenly distributed abundance is among the
species that exist in a community and estimated by
following equations:

El = H'/Ln(S)

E2 = o®'/5
E3=¢e"-1/5-1

E4 = N2/N1

ES = (N2-1)/(N1-1)

For E1, E2 and E3 the values may vary from O to 1,
where 1 represents a community with perfect evenness, and
decreases to zero as the relative abundances of the species
diverge from evenness. E4 and E5 demonstrate dominance
in community. Higher values of E4 and with lower values
of E5 show harsh condition due to tendency of dominant
speciesto increase.

One way ANOVA test was performed for assessing
significant differences between environmental factors in
different seasons. In addition, normality test (Chi-square
test) was done before analysis. The non-parametric
multidimensional-scaling (NMDS) and analysis of
similarities (ANOSIM) were used to examine the spatial
patterns of macroinvertebrate assemblages. For parametric
analyses the abundance data were sgquare-root transformed
to reduce heteroscedasticity before running similarity
matrix. Bray-Curtis coefficient was used as the measure of
similarity. The level of significance was calculated by
means 999 permutations between groups. BIO-ENV

analysis was used to find the best subset of environmental
variables and community-development pattern. In addition,
Canonical correspondence analysis (CCA) was applied to
extracts major gradients among combinations of
macrobenthic assemblages and environmental variables.
Canonical discriminant analysis (CDA) was used to assess
differences between seasonal environmental parameters.
All the anayses were carried out with R statistical
packages (Version 3.13) and vegan package were used to
run MDS, ANOSIM, BIO-ENV, CCA and CDA analysis
(Oksanen et al. 2015)

RESULTSAND DISCUSSION

Physico-chemical parameters

The mean values of physico-chemical parameters at
Hormozgan province waters were represented in Table 2.
One way ANOVA anadysis showed that there was a
significant difference in mean temperature, Oxygen, pH
and Chlorophyll a between seasons, while this differencein
salinity was not significant (Table 2, Figure 2). Normality
test showed that distribution of data was not normal
(p<0.05).

Diversdity indices

Total of 21 macroinvertebrate orders were identified
from four seasons in all sites. Results showed that
Polychaeta were dominant taxa in all seasons (Figure 3-6).
Results of diversity indices showed that maximum
diversity of benthic macroinvertebrates was found in
winter. In addition, evennessindices (E1) had its maximum
in spring (Table 2). Analysis of weight and density reveled
that maximum species diversity and species density
occurred in winterwhile these amounts were minimum at
summer (Figure 7). Canonical analysis of all orders in all
seasons showed that winter was separated from all seasons.

ANOSIM analysis revealed that there was a significant
difference between benthic community structures (R =
0.125, P = 0.001). However, R value showed that different
between environmental data was not strong. nMDS showed
that summer and spring were similar in community
structure. Moreover, results indicated that winter and
autumn were partly discriminated in  macrobenthic
community structure from other two seasons (Figure 8). In
addition, SIMPER analysis confirmed these dissimilarities
and revealed that Foraminifera, Gastropoda and Polychaeta
have three major contributions in dissimilarities between
seasons (Table 3).

Table 2. The mean values (mean + SE) of physiochemical properties of Hormozgan province waters, Persian Gulf (2014-2015)

Season Temperature (°C) Salinity (psu) Oxygen (ppm) pH Chlorophyll a (mg/m°)
Spring 31.83+1.22° 37.47+0.13° 4.04+0.89° 8.4+0.00°? 0.91+0.26%

Summer 33.35+0.26" 37.27+0.062 5.17+0.04° 8.19+0.00° 0.61+0.04°

Autumn 27.45+2.33° 38.17+0.352 5.17+0.40° 8.26+0.00° 1.45+0.23°

Winter 22.11+1.83¢ 36.14+1.37° 5.70+0.35° 8.19+0.00° 0.952+0.13¢

Note: Different uppercase |etters indicating significant difference in columns (ANOVA, P<0.05).
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Figure 2.Canonical discriminant analysis plot for physiochemical properties of water in Hormozgan province waters. Note: Sal:
Salinity, Coll: Chlorophyll a, Oxy: Oxygen, Temp: Temperature

Table2. Seasonal changesin diversity indices of benthic macroinvertebrates of Hormozgan province waters, Persian Gulf

Season H' M A N1 N2 El E2 E3 E4 ES

Winter 1.762 3.353 0.234 5.826 5.960 0.598 0.307 0.268 0.733 0.677
Spring 1.713 3.023 0.287 5.542 3472 0.633 0.369 0.324 0.626 0.549
Summer 1.515 2.736 0.193 4,551 5.161 0.590 0.350 0.295 1.133 1171
Autumn 1.512 3.537 0.208 3.166 4.795 0.406 0.186 0.135 1.513 1.761

— 1
}é 1000 7 é" 1400 -
~ 800 - ~ 1200
2€ 600 - 29 1000 -
B | Ry -
=} 400 4 g 200
© | i 600 -
= sl I N N = 2 400 - J
; PR TRETS CHEFTN Ml G IR SURRE! AN Cruht) DG EIN SRR L 200- I
8595258883388 ¢ 1 N N IR —
o e} e SRS T - T =& 3 o 3 —_ 3
_C:_&"‘Q«NOQ«GJO'U_C: U'—"G cGEcq L =¥ 8 oo g 5 & = 9
SSEEaTSESEgTEE: IRRS R R R R
) ® 3 QoS g® 5 3= 5 = T Eﬁc%o
RIES 5585 “&% SEgsEFas58924
at ™ — M

Figure 3. Mean frequency of benthic macroinvertebrates of  Figure 5. Mean frequency of benthic macroinvertebrates of
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Figure 4. Mean frequency of benthic macroinvertebrates of  Figure 6. Mean frequency of benthic macroinvertebrates of
Hormozgan province waters in autumn spring Hormozgan province waters in winter
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Figure 7. Weight and density of benthic macroinvertebrates of
Hormozgan province waters

Table 3. BIO-ENV analysis for various sets of Spearman’s
correlations between environmental variables and abundances of
taxa.

Environmental Size Correlation
factors

Oxy 1 0.4857

Oxy Col 2 0.7143

Sal Oxy Col 3 0.5429

Sal Oxy pH Col 4 0.4286
Temp Sal Oxy pH Col 5 0.0857

Note: * Sal: Sdlinity, Col: Chlorophyll a, Oxy: Oxygen, Temp:
Temperature

According to BIO-ENV analysis, oxygen and
chlorophyll a, were the best variables (r = 0.7143) for
explaining changes in the abundance over time of the
benthic fauna under study (Table 4). However, Amphipoda,
Secernentea, Cumacea, Euphausiacea, Gastropda, |sopoda,
Anthozoa and Sagittoidea did not show any convergence
with environmental factors in this study. Moreover;

Table 4. SIMPER analysis of dissimilarity among seasons based on
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Figure 8. Two-dimensional NnMDS ordination plots of the benthic
community during different seasonsin Persian Gulf. (stress = 0.3)

Blastoidea, Foraminifera, Sipunculidea and Decapoda
showed convergence with oxygen and temperature, and
Bivalvia, Enopla, Oligochaeta, Ophiurida, Ostracoda,
Turbellaria, Polychaeta, Tanaeidace and Mysida showed
convergence with pH, chlorophyll a and salinity in CCA
analysis (Figure 9).

taxa abundance

% contribution

Taxa Winter vs. Winter vs. Winter vs. Autumn vs. Autumn vs. Summer vs.
Autumn Summer Spring Summer Spring Spring

Amphipoda 6.48 6.01 497 7.47 6.92 5.93
Anthozoa - - - - - -
Bivalvia 5.57 4,62 3.96 4,35 4.27 3.90
Sagittoidea - - - - - -
Cumacea 5.13 4.14 3.93 451 4.20
Decapoda 2.49 3.21 2.24 5.23 2.24 3.40
Euphausiacea - - - - - -
Foraminifera 20.96 21.30 24.36 25.05 25.57 26.55
Gastropoda 24.10 24.24 26.13 15.35 22.60 22.73
Isopoda - - - - - -
Secernentea 4.65 4.19 4.06 - - -
Enopla 312 2.72 4,78 3.46 2.95
Oligochaeta - - - - - -
Ophiurida 4.44 6.11 5.86 8.07 5.89 7.59
Ostracoda - - - - - -
Turbellaria - - - - - -
Polychaeta 12.38 12.62 9.17 14.07 10.72 10.31
Sipunculidea - - - - - -
Tanaeidace 2.27 3.93 3.93 5.98 4.05 534
Mysida - - - - - -
Blastoidea - - - - - -
Average 61.63 59.03 49.22 57.78 57.34 54.49

Note: Bold numbers shows maximum contribution in columns
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Figure 9. CCA plot of environmenta variables and
macroinvertebrates (A = Amphipoda, B = Anthozoa, C =
Bivalvia, D = Sagittoidea, E = Cumacea, F = Decapoda, G =
Euphausiacea, H = Foraminifera, | = Gastropda, J = Isopoda, K =
Secernentea, L = Enopla, M = Oligochaeta, N = Ophiurida, O =
Ostracoda, P = Turbellaria, Q = Polychaeta, R = Sipunculidea, S
= Tanaeidace, T = Mysida, U = Blastoidea, Sal: Salinity, Coll:
Chlorophyll a Oxy: Oxygen, Temp: Temperature)

Discussion

Persian Gulf is an important place in terms of fisheries.
Commercial fisheries (especially shrimp fisheries) are
preformed every year in fishing seasons (Gerami et a.
2013). Macrobenthos as secondary producers, play an
important role in feeding of the fish and shrimp in aquatic
ecosystems (Dolbeth et a. 2003). However, due to limited
studies on macrobenthic communities of the Persian Gullf,
data for comparison of seasonal changes and diversity
pattern is scarce.

In the present study, measured physico-chemical
parameters were significantly different among seasons.
However, summer and spring overlapped in Canonical
discriminant analysis (Figure 2). Actudly, two
climatological regimes have been described for Persian
Gulf area: short cold spring and long warm summer
(Alijani 1998; Akbari and Masoudian 2009). However,
results indicated three seasons in this study (spring-
summer, autumn, and winter). This combination of seasons
was also observed in nMDS analysis (Figure 8). This
analysis showed that macroinvertebrates had similar
abundance and pattern in spring and summer while
dissimilarities in winter and autumn was higher than in
other seasons.

In this study, Polychaeta was the most abundant taxa in
all seasons which is not surprising giving the fact that this
group is dominant taxa in all brackish aquatic ecosystems
such as estuaries or lagoons. Results indicate that the most
dominant taxa in terms of abundance were Polychaeta,
Foraminifera and Gastropoda, respectively. Other taxa
exhibited high abundance fluctuations during seasons and

had not high contribution in dissimilarities between seasons
(Table 3). Cusson and Bourget (2003) used published data
of 15 major marine ecology journals (from 1970 to 1999)
and declared that the major taxonomic groups in global
patterns of macroinvertebrate inhabiting marine ecosystems
were bivalves (36%), polychaetes (20%), amphipods
(15%), gastropods (7%) and echinoderms (5%).
Foraminifera were not included among dominant taxa in
this perspective; athough in this study they were abundant
in al seasons. Thereis an apparent conflict in consideration
of Foraminifera as a meio- or macro-benthos from the past
to the present (Mare 1942; Zobrist and Coull 1992; Gooday
et al. 1995; Bett 2014). Bridges et a. (1994) stated that
Polychaeta are the most opportunist species with more
flexible response to environmental condition than other
macroinvertebrates. Chapman and Brinkhurst (1981)
declared that Polychaeta comprised over 25% of the total
taxa collected and over 60% of the individuals collected in
the Fraser River estuary. Furthermore, Salen-Picard and
Arlhac  (2002) stated that Polychaeta numerically
dominated the Calcaseu Estuary  macrobenthic
communities, and were the dominant species of surface-
deposit feeders throughout the estuary. In addition, Ansari
et a. (1986), Mohammed (1995) and Kumar (2001)
reported Polychaeta, Gastropoda, and Crustacea as
dominant taxa in their studies.

The values of H' at different seasons varied from 1.512
to 1.762. According to Table 1 and analyzing the diversity,
evenness and dominance indices, macroinvertebrates
community had poor health status in all seasons. Many
researchers reported that Persian Gulf experienced high
risk of various types of environmental degradation and
harsh conditions for marine communities due to
anthropogenic pressure. Sale et a. (2011) reported that
artisanal fisheries, hydrocarbon pollution, wastewater and
desalination have substantial negative impacts on marine
ecosystems in Persian Gulf and Carpenter et a. (1997)
found that Crustacea, Mollusca, and Echinodermata are
depauperate in Persian Gulf in comparison with Gulf of
Oman.

Temporal variation in benthic community is mostly
driven by changes in temperature, which affects salinity,
dissolved oxygen and pH of sea water (Amini-Yekta et al.
2013). Grey (1981) stated that seasonal changes of physical
and chemica environmental variables are the most
probable reason causing temporal patterns of benthic
assemblages. According to diversity indices, in comparison
with other seasons, winter had better ecological condition
in taxa diversity. However, according to dominance and
evenness indices, ecological condition was in poor statusin
winter. Therefore, it could be suggested that species
diversity was higher in winter, but opportunist species
dominated in the community of macroinvertebrates. Table
2 shows higher amounts of oxygen, lower temperature and
high amounts of chlorophyll ain winter. Better physic-
chemical conditions of water for macroinvertebrates in
winter were reported by others in Persian Gulf (Tabatabaie
et a. 2009; Yektaet al. 2013; Alles et al. 1999; Johns et al.
2003; Nabavi et al. 2011). In addition, Discriminant
analysis distinguished winter macrobenthic assemblage
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from other seasons and showed no significant differences
between spring and autumn assemblages (Figure 2, Table
2). Values of diversity indices decreased in spring but the
evenness indices improved from winter. It was suggested
that due to continuing suitable condition from winter to
spring, non-opportunist species reproducedgradually and
increased the evenness of community. Values of diversity
and evenness indices decreased in summer, while dominant
index was in appropriate condition. Table 2 indicates that
shortage of chlorophyll a and oxygen, together with high
vaues of pH caused harsh living conditions for
macroinvertebrates in summer. In autumn, by changes in
physicochemical properties of water; diversity and evenness
indices improved in macroinvertebrates community.

Figure 7 shows seasonal changes in biomass (weight
and density) of macroinvertebrates in Homrozgan province
waters. Results revesled that maximum biomass of
macroinvertebrates in this region occur in winter, while
minimum was found in summer. It is thus hypothesized
that winter have better condition for macroinvertebrates
growth in Hormozgan province waters or their species
spawning and recruitment may occur in late autumn or
early winter. Gaughan and Potter (1995) declared that high
values of species richness and density of zooplankton in
Wilson Inlet was found in summer because of recruitment
and spawning season. This finding was also confirmed for
polychaete Ceratonereis aequisetis in Broke Inlet in south-
eastern Australian estuaries (Glasby 1986). However, high
seasonal differences in taxa richness, density and diversity
that were detected in this study must partly reflect the fact
that some of the taxa spawn seasonally and cannot tolerate
a harsh conditions or seasonal changes in environmental
factors such as temperature, salinity, oxygen or chlorophyll
a. In addition, changes between weight and density of
macroinvertebrates are due to differences in sizes.Such as,
high values of density with decrease in weight represent
small sizes of macroinvertebrates.

BIO-ENV analysis revealed that macroinvertebrates
community had best correlation with oxygen and
chlorophyll a (Table 4). Therefore, seasonal variation
between sites could be explained by these factors. It is well
known that oxygen availability is a maor factor
influencing the composition of macrobenthic communities.
Furthermore, dissolved oxygen levels depend primarily on
the relative magnitudes of photosynthetic oxygen
production and total plankton respiration (Steel 1980).
Plankton is the main source of chlorophyll a in marine
ecosystems; therefore, oxygen-plankton relationship could
be described as oxygen-chlorophyll relationship. However,
Kunlasak et al. (2013) studied the relationships of
dissolved oxygen with chlorophyll a and concluded that the
relationships between chlorophyll a, and dissolved oxygen
is complex, being affected by season, nutrient inputs and
elevation. In addition, Kuhnt et al. (2013) suggested that
the pore density of some benthic foraminiferal species is
controlled by bottom-water oxygen content. However, they
declared that this relation is species-specific. In this
respect, CCA analysis revealed that there was not specific
relationship between all the taxa and environmental factors
in this study (Figure 9). Amphipoda, Secernentea,

Cumacea, |sopoda, Anthozoa and Sagittoidea did not show
any relationship with environmental factors. This
phenomenon was more important for Gastropoda as this
taxon had high contribution in between-season dissimilarity
(Table 3). Euphausiacea showed negative correlation with
oxygen and temperature and Gastropoda showed strong
negative relation to salinity and little weaker, but still quite
strong, negative respond to pH values and amount of
chlorophyll a.

In  conclusion, this study showed that
macroinvertebrates in Persian Gulf have strong temporal
variation among seasons. This variation was affected by
changes in physico-chemical properties of water especialy
oxygen and chlorophyll a In addition, diversity and
evenness indices reveded that macroinvertebrates
ecological conditions is poor in this region and needs to be
improved. These finding could be useful in furthers studies
for habitat management and monitoring programs.
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Abstract. Onrizal, Mansor M. 2015. Status of coastal forests of the Northern Sumatra in 2005 (after 2004’s tsunami catastrophe).
Biodiversitas 17: 44-54. The first intensive ecological study of coastal vegetation including mangrove, littoral and peat swamp forests
after the 2004 tsunami catastrophe in Northern Sumatra was conducted from January to December 2005 where 16 sampling sites along
2960km coastline in Northern Sumatra were selected. In each site, one quadrate of 100 m x 100 m was established and divided into 10
m x 10 m subplots where all standing trees of = 2 cm diameter at breast height (DBH) were identified to species level and measured.
Overall 54,871 standing trees were recorded in 16 sites comprising 84 species in 65 generaand 37 families. Mangrove trees Rhizophora
apiculata and R. mucronata were widely distributed and are dominant in most of the sampling sites. This indicated that these species
have stronger resilient compared to other species. The highest value of Shannon-Wiener index of species and Evenness index of species
was 3.03 and 0.85, respectively. It means that some sites were rich in biodiversity which harbors various species of plants.
Subsequently, undisturbed coasta forests including mangroves, littoral forests and peat swamp forests characterized by dense stands,
mixed species and structures play an important role in coastal protection against tsunami. Therefore, the coastal vegetation is needed to

conserve the biodiversity and to maintain the production capacity as part of sustainable and longlasting vegetation bioshield.

Keywords: Biodiversity, bioshield, resilient species, natural hazard, integrated coastal forest management system

INTRODUCTION

On 26™ December 2004, a mega-thrust earthquake of
magnitude ranges from 9.1 to 9.3 on Richter scale occurred
off the northwestern coast of Northern Sumatra, Indonesia
(Bilham 2005; Chen et al.2005; Lay et al. 2005; Ghobarah
et a. 2006; Subarya et al. 2006; Chlieh et a. 2007). This
huge earthquake triggered giant tsunami waves, which the
combined destructive impact of the earthquake and the
tsunami was enormous to the coastlines and its inhabitants
lining coastal shores of the Indian Ocean, both Asia and
Africa. The earthquake and tsunami not only caused human
fatalities and hardship. They also caused destruction of the
coastal vegetation and natural resources.

To date, there are limited publications on Northern
Sumatra coastal vegetation particularly in peer-reviewed
journals before the 26" December 2004 Indian Ocean
tsunami disaster. Whitten et a. (1997) provided
information and accounts on ecology of Sumatra, however
the facts related to the ecology of Northern Sumatra coastal
vegetation was till lacking information. According to
Kartawinata (1990, 2005), the ecological studies of natural
vegetation in Northern Sumatra are rare with only four
studies were conducted in last six decades. All of them are
in tropical lowland forests which three of them located at
Gunung Leuser National Park (GLNP), and one of them
was at Batang Gadis National Park (BGNP).

Northern Sumatra coastal studies increased after the
tsunami catastrophic; however most of them are about
coastal geo-morphological studies focusing on earthquake

and tsunami. Ammon et al.(2005), Bilham (2005), Borrero
(2005a, 2005b), Borrero et al. (2006a, 2006b), Lay et al.
(2005), Subarya et a. (2006), Natawidjgja and Triyoso
(2007), Kayanne et a. (2007), Kusuma et a. (2008) and
Meilianda et a. (2010) studied on the impact of tsunami
and earthquake on coastal deformation and destruction.
Campbell et al. (2007) and Hagan et al. (2007) studied the
impact of tsunami and earthquake on coral reef in Northern
Sumatra. Descriptive study on Aceh coastal impact and
recovery from tsunami was done by Wong (2009). Some
articles on coastal vegetation and resource destructions by
tsunami mainly based on remote sensing and geographic
information system. Chen et al. (2005), Shofiyati et al.
(2005), Iverson and Prasad (2007), and Liew et al. (2010)
provided such examples. It should be noted that coastal
vegetation studies in Northern Sumatra were very limited,
both before and after the Indian Ocean tsunami disaster.
Consequently, the ecology of coasta vegetation in
Northern Sumatra is mostly unknown.

The aim of this study is to assess the coastal vegetation
communities and diversity at affected areas by tsunami in
Northern Sumatra.

MATERIALSAND METHOD

Study sites

The 16 study sites have been established from January
to December 2005 (Table 1) along 2960-km coastline in
Northern Sumatra (Figure 1). One sample plot 100 m x 100
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m (1 ha) was established in each study site. Each plot was
divided into 10 m x 10 m subplots; therefore, there are 100
subplots within each sample plot.

Data collection

The most effective and acceptable method to study and
quantify species diversity and vegetation communities is
plot sampling method (e.g. Condit et al. 1996, Shimida
1984). All trees (or woody plant) greater than 2 cm DBH

45

Table 1. Study sites of coastal vegetation after the 2004 tsunami

Site
code

L ocation

Coastal
region

Forest type

S01 Deah Gelumpang, Banda Aceh North coast Mangroves
S02 Gampong Jawa, BandaAceh  North coast Mangroves
S03 Neuhen, Aceh Besar

S04 Ujung Batee, Aceh Besar
S05 Lhok Nga, Aceh Besar
S06 Lhok Bubon, Aceh Barat

North coast Mangroves

North coast Littoral forests
West coast
West coast

Littoral forests
Mangroves

were identified and measured. The tree diameter was S07 RawaSingkil, Aceh Singkil  West coast Peat swamp
measured (a) at 20 cm above the highest prop-roots for o o forests
Rhizophora species, (b) whereas for tree when the stem  S08 RawaSingkil, Aceh Singkil ~ West coast Mangroves
forked below 130 cm, individual ‘branches’ in a clump 2(1)8 ;gyfgﬁé/\h/ﬂ;jl\ll?aaswara \évf?ﬁ]g?ss M$g:gz:
were (rested as.separate stems, or .(C) .at 1.3 m above S11 Teluk Belukar, Gunung Sitoli  Offshore  Mangroves
ground level (diameter at breast-height; DBH) for tree S12 Sirombu, Nias Barat Offshore  Agroforests
species without stilt roots, (c) except for mangrove pamof g3 Sirombu, Nias Barat Offshore  Mangroves
Nypa fruticans, which the diameter was by measuring the  s14 Kuala Pekanbaro, Sigli East coast Mangroves
diameter of clump. S15 KualaKeureutou, Aceh Utara East coast Agroforests
S16 Jaring Halus, Langkat East Coast Mangroves
96°E 98°E 100°E
S01-04 N 6°N
>¢’E‘3anda Acehsm 515 ﬁ
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Figure 1. Distribution of study sites along Northern Sumatra coasts
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Data analysis

Stem density (individuals’ha), basal area (m*/ha) and
Importance Value Indices (IVI) were calculated for each
sampling sites. To determine the dominant species (in term
of phytosociological position in a vegetation community),
the 1VI from Curtis and McIntosh (1951) and Magurran
(2004) was adopted. The VI of each species for tree stage
was calculated by summing the relative density, relative
frequency and relative dominance. From the data collected,
a species diversity analysis using statistical software MV SP
(Multi Variate Statistical Programme) ver. 13.3d by
Kovach Computing Services (2002) was conducted.

Stem density of coastal vegetation (individual/ha) of 16
study sites was used to distinguish the community structure
by hierarchical clustering performed using the MVSP
program ver. 13.3d by Kovach Computing Services (2002)
following UPGMA method. In this case, to know the
species indicator of each vegetation group, the IVI were
calculated for each groups.

RESULTSAND DISCUSSION

Taxonomic compaosition

A total of 54,871 standing trees (i.e., 47,723 of DBH 2
to <10 cm, and 7,148 DBH = 10 cm) were recorded in 16
sites in Northern Sumatra coast immediately after the 2004
tsunami encompassing 84 species in 65 genera and 37
families. The species are indicated as persistent species and
surviving against the natural catastrophic.

In term of number of species, the family of
Rhizoporaceae (8.33% of total species) was recorded as
family with largest number of species, followed by
Arecaceae (7.14%), Euphorbiaceae, Lauraceae, and
Malvaceae (each 5.95%). The families with highest
individual count in 16 study sites were Rhizophoraceae
(82.86%), followed by Arecaceae (7.43%) and Meliaceae
(2.55%). The dendities of other family have only lessthan 2%.

The species of Rhizophora apiculata was recorded as
widest distribution (10 sampling sites or 62.5% of total
sampling sites), following by Rhizophora mucronata (8
sampling sites or 50.0% of total sampling sites) and
Xylocarpus granatum (7 sampling sites or 43.8% of total
sampling sites). The others (74 species) were recorded at
limited distribution that varied from 1 to 2 sampling sites.

Important Value Index

The dominant species varied between 16 study sites
(Table 2). The mangrove tree Rhizophora apiculata was
recorded as dominant species at 5 sites (31.25% of total
sites), i.e,, S08-11 and S16. Subseguently, the mangrove
pam Nypa fruticans dominated three sites (18.75% of total
sites), i.e., S02, S06, and S13. Three species, i.e., mangrove
tree Rhizophora mucronata, littoral tree Casuarina
equisetifolia and agroforest tree Cocos nucifera were found
to be dominant in 2 sites. Lastly, the mangrove tree
Rhizophora stylosa and peat swamp tree Tetramerista
glabra were recorded as dominant species at each one site.
The co-dominant species al so varied between sites.

Diversdity indices

The value of diversity indices has been listed in Table
3. The highest value for richness (R) was recorded from
S07 (peat swamp forests at Singkil swamps, 6.74) and the
lowest value was recorded from SO5 (littoral forests, 0.00)
where this site contained only one species immediately
after tsunami disaster, namely Casuarina equisetifolia. For
diversity (H’), the highest value was also recorded in S07
(3.03), followed by S11 (1.49), SO8 (1.45) and S16 (1.36).
The lowest value for diversity (H’) was recorded also in
S05 (0.00). Subsequently, the highest value for evenness
(E) was recorded at S16 (0.85), followed by S07 (0.76),
S01 (0.73) and S11 (0.72), while the lowest for E value was
recorded at S05 (0.00). The highest value for richness (R)
and diversity (H”) recorded in SO7, a peat swamp forests,
compared to other sites, which was probably due to the
naturally the forest type was richer compared to mangroves
and littoral forest in the same size of plot.

Vegetation community

The result of cluster analysis alowed for a floristically
(cluster group and indicator species) and ecologicaly
(habitat/vegetation type) sound scheme of six main
vegetation groups (A-F) of the 16 study sites. A UPGMA
dendrogram is shown in Figure 2. Bray Curtis’s
coefficients for species dissimilarities are more than 0.8
between groups suggesting that one group contain many
different species compared to other group, as shown in
Figure 2.

The Group A contains three sites, namely S01, S03, and
S14 and represented of mangrove forests along the affected
coast by tsunami in Northern Sumatra. Two sites of them
were situated at North Coast, and remaining site was in
East Coast. Before tsunami, all sites were degraded
mangroves surrounding the agquaculture ponds which the
ponds were developed with conversion of mangrove
forests. This group contains nine species, which the species
indicator was Rhizophora mucronata having mean density
and 1V were 115.7 individual/ha and 133.5%, respectively.
The second species indicator in this group was R. stylosa,
which the mean density and VI were 112.7 individual/ha
and 73.3% (Table 4). Therefore, this group is represented
by R. mucronata-R. stylosa communities.

The Group B contains five sites, namely S08, S09, S10,
S11 and S16. They represented of the healthy mangrove
forests along the affected coast by tsunami in Northern
Sumatra. Two sites (S08 and S09) were situated in the
West Coadt, two sites were situated in the Offshore (S10
and S11), and remaining site was in the East Coast (S16).
Prior to tsunami, all sites were healthy mangroves and they
were low or without disturbance both natural and
anthropogenic factors. This group contains 18 species,
which the species indicator was Rhizophora apiculata
having mean density and IVI were 5,426.2 individual/ha
and 140.4%, respectively. The IVI of others species was
lower than 40%. In addition, Dolichandrone spathacea was
recorded as the lowest 1V1, i.e., 0.1% and it mean density
was only 0.6 individual/ha (Table 4). Therefore, this group
isrepresented by R. apiculata communities.
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The Group C contains three sites, namely S02, S06 and
S13. They represented of the landward zone of mangrove
forests along the affected coast by tsunami in Northern
Sumatra. Each site was distributed in North Coast (S02),
West Coast (S06) and Offshore Coast (S13). Before
tsunami, sea ward and mid ward of the mangrove forests
were mostly converted to aguaculture ponds. This group
contains nine species, which the species indicator was
Nypa fruticans with mean density and 1Vl of 1,116.7
individual/ha and 58.9%, respectively. The 1VI of others
species was lower than 10%. In addition, Xylocarpus
granatum and Ceriops tagal was recorded with the lowest
IVI, i.e, 0.3% and its mean density was only 0.3
individual/ha (Table 4). Therefore, this group is
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represented by N. fruticans communities.

The Group D contains two sites, namely S04 and SO05.
They represented of the littoral forests along the affected
coast by tsunami in Northern Sumatra. Site S04 was
situated in the North Coast, and remaining site was in the
West Coast. Prior to tsunami, the sites were as recreational
areas. This group contains three species, where the species
indicator was Casuarina equisetifolia having mean density
and 1V were 173.0 individual/ha and 273.8%, respectively.
The 1VI of others species were only 19.4% for Gliricidia
sepium and 6.8% for Pterocarpus indicus (Table 4).
Therefore, this group is represented by Casuarina
equisetifolia communities.

Table 2. List of dominant and co-dominant species at each sampling site of Northern Sumatra coast immediately after the 2004 tsunami

disaster
. Dominant species Co-dominant species
Study site Species V1 (%) Species V1 (%)
S01 Rhizophora mucronata 1734 Xylocarpus granatum 62.3
S02 Nypa fruticans 282.7 Oncosperma tigillarium 33
S03 Rhizophora stylosa 1449 Avicennia marina 90.6
S04 Casuarina equisetifolia 269.3 Gliricidia sepium 22,6
S05 Casuarina equisetifolia 300.0 (None) -
S06 Nypa fruticans 285.6 Excoecaria agallocha 4.2
S07 Tetramerista glabra 66.8 Syzygium pycnanthum 272
S08 Rhizophora apiculata 139.0 Sonneratia caseolaris 331
S09 Rhizophora apiculata 109.6 Bruguiera parviflora 80.1
S10 Rhizophora apiculata 207.2 Bruguiera sexangula 495
S11 Rhizophora apiculata 97.2 Bruguiera sexangula 79.2
S12 Cocos nucifera 282.3 Arenga pinnata 6.5
S13 Nypa fruticans 297.2 Rhizophora apiculata 14
S14 Rhizophora mucronata 248.6 Avicennia marina 33.6
S15 Cocos nucifera 278.9 Mangifera indica 6.7
S16 Rhizophora apiculata 134.0 Xylocarpus granatum 714
Cluster group Habitat
Ty & dominant sp. apitats
074 F_T.glabra______% Peatswamps
SDI E C.nucifera
L Sidv Dry lands
I 5051 b o
L S04 C. equisttifolia
— S13 4
|_|: so-&I C N.fruticans
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sif T
I I T
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Figure 2. Dendrogram generated by cluster analysis of the 16 coastal forests investigated showing the species dissimilarities between
the sampling sites. Six groups and three habitats can be distinguished; group (A) contains 3 sites of the mangrove forests, (B) contains
five sites of the mangrove forests, (C) contains three sites of the mangrove forests, (D) contains two sites of coastal dry land vegetation,
(E) contains two sites of coastal fry land vegetation, and (F) contains one site of peat swamp forests. See Table 1 for site acronyms.
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Table 3. The value of indices in each sampling site

Table4. Mean density (D, individual/ha), basal area (BA, m*ha),
frequency (F, %) and important species index (1VI, %) of each
member of Group A to F

Study sites g'Chn? H' E Vegetation type
SO01 6 101 073 131 Mangroves
S02 7 0.84 0.04 0.09 Mangroves
S03 4 051 0.69 09 Mangroves
S04 3 0.34 033 036 Littora forest
S05 1 0.00 0.00 0.00 Littora forest
S06 6 0.70 0.05 0.08 Mangroves
S07 54 674 076 3.03 Peatswamp
S08 15 174 053 145 Mangroves
S09 7 0.76 0.68 133 Mangroves
S10 5 041 033 053 Mangroves
S11 8 070 0.72 149 Mangroves
S12 5 069 013 021 Agroforest
S13 3 029 0.03 004 Mangroves
S14 3 039 033 036 Mangroves
S15 6 098 013 024 Agroforest
S16 5 053 085 136 Mangroves

Note: S = species number, R = species richness index, H’ =
Shannon diversity index, E= evenness index

The Group E contains two sites, namely S12 and S15.
They represented of the agroforest along the affected coast
by tsunami in Northern Sumatra. Site S12 was situated in
the Offshore, and remaining site was in the East Coast.
Prior to tsunami, the sites were former littoral forests
converted by inhabitant to coconut agroforest. This group
contains eight species, which the species indicator was
Cocos nuciferahaving mean density and important value
index (IVI) were 335.0 individual/ha and 280.6%,
respectively. The IVI of others species were lower than
10% (Table 4). Therefore, this group is represented by
Cocos nuciferacommunity.

The Group F contains only one site, namely S07. This
site represented of the peat swamp forests along the
affected coast by tsunami in Northern Sumatra, especially
in the West Coast. Before tsunami, the site was low impact
by human activities. This group contains 54 species, where
the species indicator was Tetramerista glabrahaving mean
density and important value index (IVI1) of 621.0 ind./ha
and 66.8%, respectively. The IVI of others species was
about 10% or less (Table 4). In addition, there are four
species which their density was only 1 ind./ha, namely
Garcinia celebica, Litsea resinosa, Mangifera griffithii,
and Terminalia foetidissima. The four latest species, i.e.,
G. celebica, L. resinosa, M. griffithii, and T. foetidissima
were categorized as very rare species in the area
Therefore, this group is represented by Tetramerista glabra
communities.

Discussion
Mangrove forests

According to Tomlinson (1986), Kusmana et al. (1992)
and Whitten et al. (1997), the family of Rhizophoraceae
represents the most common in mangrove forests, including
in Sumatra. The analysis of tree flora immediately after the
2004 tsunami in 16 sites of affected area by tsunami in
Northern Sumatra showed also the largest family was
Rhizophoraceae both number of species and abundance

Species D BA F 1VI
Group A

Rhizophora mucronata 1157 0750 140 1335
Rhizophora stylosa 1227 0230 50 733
Avicennia marina 24.3 0381 4.7 47.7
Xylocarpus granatum 120 0.065 27 17.2
Rhizophora apiculata 5.7 0075 1.3 111
Avicenia officinalis 0.7 0061 0.7 6.3
Thespesia populnea 6.7 0.015 03 4.3
Sonneratia alba 0.7 0.026 0.7 4.1
Excoecaria agallocha 27 0.008 0.3 2.6
Group B

Rhizophora apiculata 5426.2 9.286 852 1404
Bruguiera parviflora 11772 1770 342 358
Bruguiera sexangula 14286 1.608 28 35.1
Xylocarpus granatum 2574 2101 318 267
Bruguiera gymnorrhiza 5240 1401 256 234
Rhizophora mucronata 3864 0931 98 129
Sonneratia caseolaris 224 1.098 28 7.0
Excoecaria agallocha 57.2 0391 8 59
Aegiceras corniculatum 734 0.266 3.6 3.6
Heritiera littoralis 19.8 0.203 36 2.7
Nypa fruticans 52 0436 0.6 25
Avicennia officinalis 3.0 0139 1.2 12
Sonneratia alba 3.0 0.046 2 11
Avicennia marina 14 0.085 0.8 0.8
Oncosperma tigillarium 0.8 0.008 0.6 0.3
Ceriopstagal 74 0.006 0.2 0.2
Hibiscus tiliaceus 14 0.018 0.2 0.2
Dolichandone spathacea 0.6 0.009 0.2 0.1
Group C

Nypa fruticans 1116.7 40.628 100.0 290.3
Rhizophora apiculata 30 0.094 20 2.3
Excoecaria agallocha 13 0.058 1.3 15
Sonneratia caseolaris 17 0043 13 15
Avicennia marina 17 0.038 1.3 15
Rhizophora mucronata 13 0.017 13 14
Oncosperma tigillarium 1.7 0.056 0.7 0.9
Xylocarpus granatum 0.3 0.003 0.3 0.3
Ceriopstagal 0.3 0.001 03 0.3
Group D

Casuarina equisetifolia 173.0 28655 395 2738
Gliricidia sepium 145 0331 5 194
Pterocarpusindicus 25 0.043 25 6.8
Group E

Cocos nucifera 3350 23607 99.0 280.6
Mangifera indica 3.0 0560 25 54
Pandanus tectorius 45 0.026 35 4.6
Arenga pinnata 25 0.069 25 33
Serculia foetida 0.5 0.340 05 20
Metroxylon sagu 15 0212 05 17
Manilkara kauki 1.0 0.040 1.0 14
Gliricidia sepium 1.0 0.004 1.0 12
Group F

Tetramerista glabra 621 21.380 98 66.8
Syzygium pycnanthum 296 4319 82 272
Dactylocladus stenostachys 193 4282 75 224
Gluta wallichii 99 5590 43 17.0
Horsfieldia glabra 111 4521 41 15.7
Shorea seminis 93 4698 38 14.9
Litsea gracilipes 115 1824 44 12.2
Shorea sp. 106 1999 45 12.2
Sandoricum beccarianum 77 2955 37 11.6
Litsea mappacea 111 0.957 43 10.6
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within this family compared to other families. In addition,
Rhizophoraceae was also mostly dominant in 8 sampling
sites (72.7%) of 11 sampling sites in mangrove forests,
where R. apiculata was dominant in 5 sampling sites,
followed by R. mucronata (2 sampling sites) and R. stylosa
(1 sampling site).

Rhizophora apiculata and R. mucronata as member of
Rhizophoraceae family were also recorded as widest
distribution and most dominant in several sampling sites.
This indicated that these species have stronger ability
compared to other species to defense against tsunami
disaster. In this study, Rhizophora spp. was the strongest
species as compared to other genera of mangroves. Thisis
in concordance with the finding by Yanagisawa et a.
(2010). The dense structures of prop roots of a Rhizophora
tree that extending all around (Jayatissa et al. 2002) have
contributed to the resistance of tsunami flow even in the
soft ground of tidal flat. Meanwhile, other genera without
prop roots were easily uprooted. Based on field survey in
Sri Lanka and Andaman coast, Tanaka et al. (2007)
reported that Rhizophora apiculata and Rhizophora
mucronata were especialy effective in providing
protection from tsunami damage due to their complex
aerial root structure. Similar findings were aso reported by
Dahdouh-Guebas et al. (2005) for mangrovesin Sri Lanka,
Kathiresan and Rajendran (2005) for mangroves in India,
Y anagisawa et al. (2009a, 2009b) for mangrove in Thailand
after the 2004 Indian Ocean tsunami. The previous study
by Mazda et al (1997) found that the effect of the drag
force on Rhizophora spp. by the wave was higher
compared to Kandelia candel because Kandelia candel has
no pneumatophores.

Baba (2004) and Dahdouh-Guebas et a. (2005)
reported that other true mangrove representatives, such as
Sonneratia spp., the stem of which can measure severa
meters in circumference which has wide prop or knee roots,
also stood firm against the ocean surge. This study also
found the large Sonneratia alba succeeded against tsunami
(Figure 3).

According to Chapman (1976) and Tomascik et al.
(1997), along estuarine creeks and in bays and lagoons,
stilt-root forming Rhizophora spp. are normaly the main
colonizers. Under pristine, natural conditions, distinct
zones with different mangrove associations can frequently
be observed along gently sloping, accreting shores. These
reflect the degree of tidal inundation but also the level of
salinity in estuarine environments. Kusmana and Watanabe
(1991) stated that Avicennia species and Sonneratia alba,
generaly, which occur seaward and genera of Rhizophora
and Bruguiera that exist generally mid and landward. This
is due to the fact that the aerial stilt roots of the Avicennia
spp. and Sonneratia alba are more tolerant than
pneumatophores of the Rhizophora spp. and Bruguiera spp.
to long periods of submergence by flood water (Kathiresan
and Bingham 2001).

The mangrove palm, Nypa fruticans was recorded as
dominant species in 3 sampling sites of the 11 sampling

sites in mangrove forests along the Northern Sumatra coast.
The zone of Nypa fruticans was situated at land ward zone
of mangroves, while the mid and sea ward zones of
mangroves surrounding areas were converted to
aquaculture ponds before tsunami disaster. According to
Lugo and Snedaker (1974), Chapman (1976), Tomlinson
(1986), Kusmana and Watanabe (1991), Laumonier (1997),
Tomascik et a. (1997), Whitten et al. (1997) and Duke et
al.(1998), Nypa fruticans commonly grow at the upper
(land ward) zones reached only by spring tides (1-20
flooding per month). Similar with this result in Northern
Sumatra coasts, Dahdouh-Guebas et a. (2005) also
reported that Nypa fruticans colony was thriving well and
were by its rhizomatous stem allowed new young leaves to
emerge less than a month after the tsunami impact.

Species richness in each sampling sites of mangrove
forests less than 12 months after tsunami varied from 3 to
15 species. There were 5 sampling sites containing species
richness less than 5 species in 1 ha plots. Subsequently, 5
sampling sites contain 6-10 species in 1 ha plot. Only 1
sampling site contains more than 10 species. The species
richness in some sampling sites was mostly lower than
other mangroves in Indonesia compiled by Kusmana et al.
(1992), i.e., between 8 to 14 species. The species richness
was only for commercial tree species with dbh more than
10 cm. This is probably because most of mangrove forest
areas in Northern Sumatra were converted into ponds and
other uses prior to tsunami. Based on field research by
Satyanarayana et al. (2010) in the Kelantan Delta,
Malaysia, the mangroves in the areas were ecologically
sensitive to anthropogenic perturbation, including the
intense aquaculture trade. Therefore, mangrove plant was
not only loss by land clearing for aguaculture ponds, but
remaining mangrove plant was continualy treated by
pollution of aguaculture activities.

According to Dahdouh-Guebas (2006), mangrove forest
exhibits a unique biodiversity with uncommon adaptations
such as vivipary in trees (young plants develop while still
attached to the parental tree). Mangroves are adapted to
intertidal environmental conditions such as high-energy
tidal action, high salt concentrations, and low levels of
oxygen (hypoxia). In addition, Cochard et a. (2008) stated
that resilience of a mangrove ecosystem is likely to be
influenced by factors such rates of tree regeneration and
seedling recruitment, and renewed sedimentation reversing
soil losses during the hazardous event.

According to Cochard et al. (2008), unlike the exposed
coasts in temperate zones, tropical ecosystems include
habitats such as offshore barrier reefs, dense mangrove
forests and high sand dunes stabilized by beach forest. As
well as providing important natural resources for many
communities, these ecosystems may represent an important
insurance against tsunami hazards; but it is essential to
properly evaluate the actual utility of these ‘‘insurance’’
assets.
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Figure 3. Large stand of Sonneratia alba in Lhok Mee, East Coast of Northern Sumatra stood firm against the 2004 tsunami. Most of
the trees have more than 1 min dbh.

Figure 4. Sumatran orangutan populations stay in peat swamp forests in Singkil swamps. Some part of the forests were affected by
tsunami, and the other hand the forests stood firm against the 2004 tsunami, and have capability in decreasing the impact of tsunami on
coastal areas behind the forests.

Figure 5. The coastal belt of peat swamp forests wiped out in several sites in the West Coast of Northern Sumatra few years after the
2004 tsunami disaster. When tsunami struck, the peat swamp forests were functionally as barrier. Large areas of green belt were erased
and loss. Therefore, an integrated approach was needed in term of economic and ecological uses, including natural hazard preparedness.
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Peat swamp forests

A one ha sampling site of peat swamp forests (PSF) in
West Coast of Northern Sumatra having 54 species of tree
with dbh 2 cm and more. The species richness was higher
than species richness of PSF at Pekan Forest Reserve,
Pahang, Malaysia, i.e., 49 species reported by Hamzah et
a. (2009). The species richness of this study was aso
higher than PSF in Riau, Indonesia, i.e., 43 species reported
by Istomo (2002, 2006). On the other hand, the species
richness value was lower than PSF at Selangor, Malaysia,
i.e., 103 species reported by Ibrahim and Lepun (2004).

Based on this result, the PSF in Singkil swamp has high
diversity, which the Shannon diversity and Richness
Margalef indices reached 3.03 and 6.74, respectively. It
indicated the PSF has rich plant species, which was
important to support the nutrient cycle and food web
surrounding the areas, including human and wildlife.

There was relatively limited research conducted on PSF
in Sumatra, some of them were by Giesen et a. (1992),
Laumonier (1997), Whitten et al. (1997), Istomo (2002,
2006), Giesen (2004). Giesen et a. (1992) stated that the
PSF at Singkil swamps was the last remaining pristine PSF
until 1992 in coastal areas of Northern Sumatra. The PSF
in Singkil swamps represent the tropical lowland forests in
Leuser ecosystem, main habitat of some endangered
species, such as Sumatran orangutan (Pongo abdlii),
Sumatran tiger (Panthera tigris sumatrae) and Sumatran
elephant (Elephan maximus). Some individuals and nests of
Sumatran orangutan were recorded during this field work
in Singkil swamps (Figure 4). If the forest become
degraded and fragmented, the endangered species become
extinct.

Along the west coast of Northern Sumatra between
Tabuyung and Kuala Cangkoang, between Kuaa Baru
Singkil and Trumon, and between Lhok Kruet and
Blangpidie, PSFs were the original dominant vegetation
types. Except in between Kuala Baru Singkil and Trumon,
large areas of PSFs have been logged and converted to
various types of cultivated land, including oil pam
plantations, predominantly in recent years. The large and
healthy PSFs were mostly found in Singkil swamps were
status as conservation forests and also managed by Aceh
traditional forest management system, Panglima Uteun.

Similar with this observation result, Giesen et al.
(1992), Rijksen et al. (1997) reported that the PSF in
western coast of Northern Sumatra have probably formed
behind coastal sand ridges in waterlogged conditions; this
type of peatswamp has also been described as “‘shallow
freshwater swamp’’ and ‘‘fringe aquaculture swamp”, for
example PSFs in Singkil swamp. Subsequently, Whitten et
al. (1997) explained that some peat swamp forests may also
occupy coastal areas that were initially reclaimed by
mangroves, these being replaced subsequently by
freshwater peat vegetation during the course of succession;
these types were most extensive on the east coast of
Sumatra, while this research found the similar case in
Singkil swamps which the areas received more fresh water
input from large river (Giesen et al., 1992, Rijksen et a.,
1997), one of them was Alasriver.

According to Mansor (2004), Page (2004), Rieley
(2004), the PSF has significant role, ecological, economical
and socia aspects. Mansor (2004) stated that the PSF was a
significant habitat for rare and endangered species. As
described previously, PSF in Singkil swamps was as main
habitat for Sumatran orangutan and Sumatran tiger
recorded as critically endangered speciesin [UCN red list.
According to Wich et a. (2008), PSF in Singkil swamps
were habitat about 1,660 population of Sumatran
orangutan, and were recorded as the second highest
population in the world.

Page (2004) stated that, PSF, as a forest, contributes to
microclimate stabilization and to maintain of regional and
global biodiversity; it aso provides a range of
economically important timber and non-timber product,
including barks, resins and rattans. Rijksen et al. (1997)
informed that the forests in Singkil swamps have important
role in supporting the fishery production of estuarine which
the production was approximately 360,000 ton per year. On
the other hand, anthropogenic disturbance as impact of
develop tropical peat swamps for short-term gain is
increasing, whilst their long-time environmental
importance is being ignored. Large areas of PSF in West
Coast of Northern Sumatra were converted to oil palm
plantations (Figure 5), including in affected area by
tsunami soon after the tsunami disaster. It indicated the
lack concerned of policy maker in land use setting.
Therefore, an emphasis was needed for integrated
approaches to the environmentally sustai nable management
of peat swamps incorporating principles of wise multiple
USES.

Coastal dry land vegetation

Most of low land areas in Northern Sumatra were
modified. Some of them were degraded and fragmented,
including coastal dry land vegetation. Based on this
research, littoral forestsin affected area by tsunami contain
only 1 to 3 species in 1 ha plots which the forest floor
vegetation was totally dead or swept out by tsunami. It was
probably due to (i) change in microhabitat as impact of
tsunami flood which most of the plants in dry land coasts
were non salt tolerance and/or (ii) the species richness of
trees was also low prior to tsunami as impact of human
disturbance. According to Onrizal and Kusmana (2004),
the tree species number of littoral forestsin Rambut Island,
Jakarta was 22 species. Subsequently, Mansor and Othman
(2003) recorded 109 plant species in coastal forest of
Pantai Acheh Forest Reserve (PAFR), Penang, Malaysia,
which species number varied from 17 species to 27 species
in each quadrate measuring 10m x 10m. Therefore, the
plant species in affected area by tsunami in Northern
Sumatra was very lower than dightly disturbed or
undisturbed coastal vegetation.

The other type in coastal dry land was agroforest
dominated by coconut. Based on this study, the agroforest
contains 5-6 speciesin 1 ha plots. The Richness Margalef
index was between 0.3 and 0.7, and the evenness was
between 0.21 and 0.24. It indicated the vegetation
community was poor and one species were very dominant.
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All regeneration stage of trees, shrubs, herbaceous and
grasses were killed due to tsunami. This is indicated the
understory plants in coastal dry land were limited capacity
against salinization due to tsunami flood.

There have been relatively little research conducted on
littoral forests in Indonesia, particularly Sumatra. Some of
them are Mahmud (1991), Mardiastuti (1992), Imanuddin
(1999), Ayat (2002), and Onrizal and Kusmana (2004). All
publications were from littoral forest in Rambut Island,
Jakarta. According to the publications, littoral forests were
important as habitats of water birds and migratory birds.
Most of the tree canopies were used as nesting places and
other activities of these birds.

Some large trees, such as Cocos nucifera, Casuarina
equisetifolia and Serculia foetida have stood firm against
tsunami. The species aso thrive well after tsunami,
however the capacity to decrease tsunami impact was low
probably due to the low density of stands, therefore many
gap was present in agroforest and littoral forest. Based on
Tanaka (2009), Thuy et a. (2009), the presence of an open
gap in a forest could intensify the force of the tsunami by
channeling them into the gap. In addition, Tanaka (2009)
stated that floating debris from broken trees can also
damaging the surrounding buildings and hurting the people.

Casuarina equisetifolia has widest distribution in
coastal dry land coast of Northern Sumatra immediately
after tsunami disaster. Orwa et al. (2009) informed that C.
equisetifolia is commonly confined to a narrow strip
adjacent to sandy coasts, rarely extending inland to lower
hills. This tree was found on sand dunes, in sands alongside
estuaries and behind fore-dunes and gentle slopes near the
sea. It may be at the leading edge of dune vegetation,
subject to salt spray and inundation with seawater at
extremely high tides. The species tolerates both calcareous
and dightly alkaline soils but is intolerant of prolonged
water-logging and may fail on poor sands where the subsoil
moisture conditions are unsatisfactory.

Many studies have revealed that these demerits can be
overcome with proper planning and management of
mangroves and coastal forests, and that coastal vegetation
has a significant potential to mitigate damage in
constructed areas and save human lives by acting as buffer
zones during extreme natural events. However, many
coastal vegetation including mangroves and littoral forests
were degraded and fragmented by anthropogenic
disturbance, making coastal areas increasingly vulnerable
to tsunamis and other natural disasters. Tanaka (2009) and
Samarakoon et al. (2013) explained that the effectiveness
of vegetation also changes with the age and structure of the
forest. Subsequently, Tanaka et al. (2011) and Samarakoon
et al. (2013) proposed Pandanus odoratissimus as the front
vegetation layer of Casuarina equisetifolia stands to reduce
the disadvantages of the open gapsin existing forestsin dry
land coasts.

According to Tanaka et al. (2011), the effectiveness of
coastal dry land vegetation (littoral forests) against tsunami
were as follow (1) multiple rows were considered more
effective than single or double rows of density of
vegetation established, (2) plant species were monoculture
less effective than mixed species, (3) low density less

effective than high density, (4) front-line species were
more effective with complex aerial root structure, (5)
multi-layer vegetation structure was more effective than
single-layer. In addition, the effectiveness could be more
effective with continuous maintenance of coastal
vegetation and high community participation.

Some of coastal forests have rich in biodiversity which
harbors various species of plants, including as habitat of
critically endangered species, such as Sumatran orangutan
and Sumatran tiger. Subsequently, undisturbed coastal
forests including mangroves, littoral forests and peat
swamp forests characterized by dense stands, mixed
species and structures play an important role in coastal
protection against tsunami. Therefore, the coastal
vegetation is needed to conserve the biodiversity and to
maintain the production capacity as part of sustainable and
longlasting vegetation bioshield. Mansor (2003) stated that
local people know more about the plants and animals in
their own surroundings. Perhaps the local knowledge
especially from the old folks should not be cast aside, and
their participation should also be encouraged.
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Abstract. Sddiqg AM, Atmowidi T, Qayim |. 2015. The diversity and distribution of Holothuroidea in shallow waters of Baluran
National Park, Indonesia. Biodiversitas 17: 55-60. A study of the diversity and distribution of sea cucumber (Holothuroidea) in shallow
waters at Baluran National Park, East Java, Indonesia was carried out from July until September 2015. The method used in this study
was systematic transect in low tide condition. Samples were collected by hands at intertidal sites. |dentification of sea cucumber species
based on morphological ossicles. Twenty one species of Holothuroidea belonging two orders and four families were found in this study.
The most dominant family found was Holothuriidae (16 species), followed by Stichopodidae (2 species), Synaptidae (2 species), and
Chiridotidae (1 spesies). Four species (Holothuria olivacea, H. verrucosa, Labidodemas rugosum, and Chiridota smirnovi) are new
record for Java waters and one species (H. papillifera) is a new record for Indonesian waters. Two morphospecies (H. aff. macroperona
and Stichopus cf. monotuberculatus) need reconfirmation to species level. The highest abundance species of Holothuroidea was found at
under rock with 15 species. Whereas, the highest number of individuals was found in seagrass areas with 5457 individuals. H. atra has

extensive habitat distribution, such as seagrass, macroalgae, coral reef, dead coral, sand, and under rock.

Key words. Baluran National Park, distribution, diversity, Holothuroidea, shallow waters

INTRODUCTION

Sea cucumbers (Holothuroidea: Echinodermata) are
found in various substrates and depths (Sluiter 1901,
Samyn et al. 2006; Woo et al. 2013). Approximately, 300
species of sea cucumber were reported in the shallow to
deep sea of Indonesian waters (Sluiter 1901; Clark and
Rowe 1971; Massin 1996, 1999; Massin and Tomascik
1996; Purwati and Wirawati 2012). Diversity of
Holothuroidea in Indonesian waters has been reported, such
as Wirawati et a. (2007), Yusron (2006, 2007, 20093, b,
2010, 2012), Setyastuti (2009), Yusron and Susetiono
(2006, 2010), Purwati and Wirawati (2008, 2009, 2011,
2012), Selanno et a. (2014). In marine ecosystem,
Holothuroidea help the process of decomposition of
organic matter in sediments and produce nutrients in the
food chain (Bakus 1973).

Some species of Holothuroidea have a high economic
value, known as Trepang or Beche-de-Mer. In Asian
tropical and sub-tropical waters, Actinopyga, Bohadschia,
Holothuria, and Sichopus are exploited as food and
medicinal product industry. Whereas, in temperate waters
of Japan, Apostichopus japonicus is the most captured by
fishery (Conand and Muthiga 2007). Some species of
Holothuroidea are listed into Appendix [I CITES
(Convention on the International Trade in Endangered
Species) (Polidoro et al. 2011), because the population of
the species declines every year in the world, including in
the Indonesian waters (Purwati 2005; Setyastuti and
Purwati 2015).

Recently, 11 species of sea cucumbers are reported as
new recordsin Johor strait and 10 species are potentially as
new species (Woo et a. 2014; Ong and Wong 2015).
Kamarudin et al. (2010) also stated that approximately 80
species of sea cucumbers are found in Malaysian waters.
The diversity of sea cucumber in Indonesian waters has
been studied only in some areas, while exploitations of
some species that have economic value occur continuously
(Purwati  and Wirawati 2009). Expeditions of
Holothuroidea in Indonesian waters, including international
expeditions, were conducted in the eastern of Indonesia
(Sluiter 1901; Massin 1996; Massin 1999). Study of sea
cucumber in national parksin Indonesiais still limited.

Baluran National Park (BNP) is a conservation area
located in the Situbondo district, East Java, Indonesia.
Geographically, this park is directly adjacent to two open
waters, Bali and Madura straits. BNP is located in the
northern coast of Java, which has a variety of substrates
and diverse marine habitat, such as sand, mud, rocks, dead
coral, seagrass, macroalgae and cora reefs. This paper
describes the diversity, distribution, and habitats of each
Holothuroideain shallow waters of BNP.

MATERIALSAND METHODS

Study sites

The study was conducted from July to September 2015
in shallow waters of BNP. Samplings of Holothuroidea
were taken in low tide condition in three locations, i.e.
Bama, Air Karang, and Bilik (Figure 1). Bama (100,000
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m?, 7°5072.1"S, 114°27'80.4"E) was dominated by the
substrate of sand and dead coral and covered by several
types of seagrass and macroalgae. Cora reefs were found
in the intertidal edge of the area. Air Karang (112,000 m?,
7°47'04.8"S, 114°25'190"E) was dominated by coral reef
and rocks with sand substrates, muddy-sand, and dead
cord. Whereas, Bilik (60,000 m? 7°4528.1"S,
114°22'75.5"E) was dominated by rocks with a substrate of
sand and mud. Dead corals as well as cora reefs were
found in the intertidal edge of the area.

Observation of Holothuroidea diver sity

The method used to observe Holothuroidea in each
location was transect at low tide condition. Observations of
sea cucumbers were conducted in transect those set up in
intertidal sites. We recorded the number of individuals and
their coordinates of each sea cucumber found by Global
Positioning System (GPS), as well as the characters of the
habitats (coral reef, dead coral, macroalgae, seagrass, under
rock, and sand). Specimens of Holothuroidea collected
were anaesthetized by 7.5% Magnesium Chloride solution
and then preserved in 70% denatured ethanol.

Identification of Holothuroidea specimens

Identification of species Holothuroidea was conducted
based on morphological ossicles using Clark (1938),
Cherbonnier (1952), Cherbonnier (1988), Clark and Rowe
(1971), Massin (1996), Massin (1999), Samyn and Massin
(2003). Technique for ossicles observation based on Purcell
et a. (2012). Ossicles observations were carried out using
Leica DMRBE microscope. All  specimens of
Holothuroidea were deposited in the Oceanography
Research Centre, Jakarta, Indonesia.

Data analysis

Diversity of Holothuroidea was analyzed using
Shannon-Wiener index (H’), evenness index (J°), and
species dominant (D) performed by PAST software
(http://folk.uio.no/ochammer/past) version 2.17c.
Distribution pattern of Holothuroidea was constructed by
mapping of each coordinate points of Holothuroidea in
their habitats. Data of Holothuroidea coordinates and their
habitats were exported into shape file format and processed
by QGIS software (http://qgis.org/). Basic maps were
obtained from Indonesian  Geospatial ~ Agency
(http://www.bakosurtanal .go.id/peta-rupabumi/).

RESULTSAND DISCUSSION

Thediversity of Holothuroidea

Twenty one species of Holothuroidea belonging two
orders (Aspidochirotida and Apodida), four families, and
eight genera were found in this study. The family
Holothuriidae (16 species) has highest species richness,
followed by Stichopodidae (2 species) and Synaptidae (2
species), and Chiridotidae (1 species) (Table 1). The
highest number of individuals found in BNP was
Holothuria atra (9935 individuals). The speciesis found in
various substrates, such as seagrass, macroalgae areas, dead
cora, coral reef, rock, and sand. Species Chiridota
smirnovi was found at under rock with lowest abundance.
In Bama, dominant species found was H. atra (9875
individuals), whereas in Air Karang and Bilik were
Opheodesoma grisea (835 and 198 individuals),
respectively. The highest diversity of Holothuroidea was
found in Bilik (S=15, H’=1.335, J’=0.506), followed by Air

MADURA STRAIT

BALURAN
NATIONAL PARK

BALI
STRAIT

Figure 1. Study sitesin shallow waters of Baluran National Park, East Java, Indonesia: 1. Bama, 2. Air Karang, 3. Bilik
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Karang (S=13, H’=0.666, J’=0.259), and Bama (S=9,
H’=0.146, J’=0.066). In contrast, the highest dominance
was found in Bama (D=0.951), followed by Air Karang
(D=0.761), and Bilik (D=0.404), respectively (Table 1).

Spatial distribution pattern of Holothuroidea

Digtribution of Holothuroidea related to habitat
composition (Figure 2). Holothuriidae and Synaptidae were
found in Air Karang, Bama, and Bilik. Stichopodidae was
found in Air Karang and Bilik, while Chiridotidae in Bilik.
Family Holothuriidae dominated in all habitats, such as
macroalgae, seagrass, coral reef, dead coral, under rock,
and sand. In contrast, Chiridotidae has limited habitat at
under rock. Commonly, Stichopodidae is found at under
rock, while Synaptidae is found in seagrass and
macroalgae. Only few individuals of Stichopodidae and
Synaptidae have been found in dead coral.

Habitat preference of Holothuroidea

From 21 species Holothuroidea found in shallow waters
of BNP, seven species (33%) were found at under rock.
Fourteen species (67%) were found at more than one

habitat, i.e., coral reef, dead coral, macroalgae, sand, and
seagrass. The highest abundance of Holothuroideais found
at under rock (15 species), followed by dead cora (10
species), sand (9 species), seagrass (7 species), macroalgae
(5 species), and coral reef (2 species). In contrast, the
highest number of individuals of Holothuroidea was found
in seagrass (5457 individuals), followed by sand (2658
individuals), coral reef (1014 individuals), dead coral (998
individuals), macroalgae (920 individuals), and at under
rock (194 individuals) (Figure 3).

Discussion

Based on this study, diversity of Holothuroidea in shallow
waters at BNP is higher than at Moti Island (8 species;
Yusron 2007), Minahasa (8 species; Yusron 2009), West
Lombok (14 species; Purwati and Wirawati 2009), Prigi
Bay (7 species; Purwati and Wirawati 2012), South China
Sea, Sulu Sea and Sulawesi Sea (12 species; Woo et al.
2013), but lower than in Central Moluccas (22 species;
Selanno 2014), Ambon (53 species, Massin 1996) and
Spermonde Archipelago (56 species; Massin 1999). Four
species (H. olivacea, H. verrucosa, L. rugosum, and C.

Tabel 1.Number of individuals and species of Holothuroidea collected in shallow waters at Baluran National Park

Order: Family Number of individuals .
Species AK __BM _ BL  To Lo

Aspidochirotida: Holothuriidae
Actinopyga echinites Jaeger, 1833 0 0 3 3 DC, SG
Bohadschia marmorata Jaeger, 1833 0 2 2 4 CR, DC, MA
B. similis Semper, 1868 2 0 2 4 DC, MA, SG
Holothuria (Selekonthuria) erinaceus Semper, 1868 0 3 0 3 UR
H. (Halodeima) atra Jaeger, 1833 15 9875 45 9935 CR,DC,MA, SD, SG, UR
H. (Mertensiothuria) hilla Lesson, 1830 4 0 39 43 SG, UR
H. (Mertensiothuria) leucospilota Brandt, 1835 14 16 8 38 DC, UR
H. (Mertensiothuria) papillifera Heding inMortensen, 1938 0 0 2 2 UR
H. (Thymiosycia) impatiens Forskal, 1775 26 2 1 29 UR
H. (Thymiosycia) aff. Macroperona Clark, 1938 0 0 7 7 DC, UR
H. (Stauropora) fuscocinerea Jaeger, 1833 10 0 0 10 DC, UR
H. (Stauropora) olivacea Ludwig, 1835 8 0 0 8 UR
H. (Lessonothuria) pardalis Salenka, 1867 0 4 3 7 SD, UR
H. (Lessonothuria) verrucosa Salenka, 1867 4 0 0 4 UR
H. (Metriatyla) scabra Jaeger, 1833 7 4 0 11 SD, SG
Labidodemas rugosum Ludwig, 1875 0 0 4 4 UR
Aspidochiratida: Stichopodidae
Stichopus cf. monotuberculatus Quoy & Gaimard, 1833 4 0 5 9 DC, UR
S quadrifasciatus Massin, 1999 2 0 2 DC, UR
Apodida: Synaptidae
Opheodesoma grisea Semper, 1868 835 121 198 1154 DC, MA, SG
Synapta maculata Chamisso & Eisenhardt, 1821 28 102 6 136 SG, MA
Apodida: Chiridotidae
Chiridota smirnovi Massin, 1996 0 0 1 1 UR
Number of individual 959 10129 326 11414
Number of species 13 9 15
Shannon-wiener index (H’) 0.666 0.146 1.335
Evennessindex (J°) 0.259 0.066 0.506
Dominance index (D) 0.761 0951 0.404

Reference: Clark (1938); Cherbonnier (1952, 1988); Massin (1996, 1999); Samyn and Massin (2003). Note: AK=Air Karang,
BM=Bama, BL=Bilik, CR=coral reef, DC=dead coral, MA=macroalgae, SG=seagrass, SD=sand, UR=under rock
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Figure 3. Number of species (A) and individuals (B) of Holothuroidea found at five habitatsin BNP

smirnovi) are new record in Java waters. Previoudly, the
species were reported in Sulawesi, Nusa Tenggara, and
Irian Jaya waters (Sluiter 1901; Massin 1996; Massin 1999;
Purwati and Wirawati 2011). One species (H. papillifera) is
a new record in Indonesia. Previoudly, the species was
reported in the Red Sea (Gardagha, Abu Sadaf, and Abu
Fanadir) (Samyn and Massin 2003). Two morphospecies
(H. aff. macroperona and S. cf. monotuberculatus) need
reconfirmation to species level. Based on ossicles
morphology, H. aff. macroperona is similar with H.
macroperona. This species is only distributed in Western
Australia (Clark 1938). S. cf. monotuberculatus is similar
with S, monotuberculatus (Cherbonnier 1952) and the
species widely distributed across the tropical Indo-West
Pasific (Massin et a. 2002).

Distribution of sea cucumber was influenced by
microhabitat. Woodby et a. (2000) reported that some sea

cucumbers prefer harder substrate, such as sand, rocks and
dead coral related to their locomotion. Based on this study,
approximately 71.4% species of Holothuroidea (family
Chiridotidae, Stichopodidae, and some species of
Holothuroiidae) was found at under rocks around the reef.
Purwati and Wirawati (2012) aso reported in Prigi Bay,
six species of sea cucumbers (H. atra, H. erinaceus, H.
mactanensis, Afrocucumis africana, Chiridota sp., and
Polycheira rufescens) were found at under rock and some
individuals in sand-boulders. In shallow waters of BNP,
dead coral and sand are the habitat prefered by
Holothuroidea. The similar result also was reported by
Woo et al. (2013), in South China Sea, Sulu Sea, and
Sulawesi Sea, about 83% sea cucumber belonging family
Holothuriidae, Synaptidae, and Stichopodidae prefered
dead coral and sand as their habitat.
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The highest number of individuas was found in
seagrass areas, while the lowest at under rock. H. atra has
a highest individual number, mainly in seagrass areas. It is
showed by high dominance index with density 5-15
individuals/m® In the tropical area, H. atra has a density
5-35 individualgm? (Bakus 1973). Totaly, 9935
individuals of the species are found in shallow waters of
BNP. When low tide conditions, this species immerse
themselves in the sand substrates. Some individuals were
found with sand grain attached in their body. H. atra is the
common species from Indonesian waters (Yusron 2006,
2007, 2009; Purwati and Wirawati 2009, 2012) and Indo
Pasific area (Massin 1999; Jontila 2014). In BNP, C.
smirnovi is only found one individu. Previously, the
species was reported in Ambon water (Massin 1996).

Eighteen species of order Aspidochirotida (A. echinites,
B. marmorata, B. similis, H. erinaceus, H. atra, H. hilla,
H. leucospilota, H. papillifera, H. impatiens, H. aff.
macroperona, H. fuscocinerea, H. olivacea, H. pardalis,
H. verrucosa, H. scabra, L. rugosum, S cf.
monotuberculatus, and S quadrifasciatus) dominated in
shallow water of BNP. Domination of order
Aspidochirotida also was reported in Western Indian
Ocean with 28 species and some species are new records
(Conand et al. 2010). While, order Apodida in BNP has
lower species richness (O. grisea, Synapta maculata, and
C. smirnovi). The species were found in seagrass,
macroalgae, dead coral, and under rock. S. maculata
(Synaptidae) occupied in seagrass areas (Yusron 2006;
Yusron and Susetiono 2006). Color variations of the
species was found in this study. O. grisea has more than
three color variations. Purwati and Wirawati (2008) also
reported O. grisea from Timor Island, East Nusa Tenggara
has three color variations. Massin (1999) stated that color
variations of O. grisea depend on the nature of sediment
type.

Marine conditions of Baluran Nationa Park as a
conservation area, can not ensure the existence of
Holothuroidea from over exploitation. Many fishermen are
periodically enters in this area, especialy in Air Karang,
and take some Holothuroidea that have high economic
value. Approximately, 58 species of Holothuroidea in the
world are listed as the fisheries commodities (Conand and
Muthiga 2007; Choo 2008; Purcell et al. 2012), and 27
species of them are found in Indonesian waters (Purwati
2005; Setyastuti and Purwati 2015). Some species found in
the study, such as A. echinites, B. marmorata, B. similis, H.
atra, H. hilla, H. impatiens, H. leucospilota, H. scabra and
S. quadrifasciatus were reported as fisheries commodities.
Conand et al. (2014) reported population of H. scabra
decrease and the species is listed as endangered category
of Red List Threatened Species (IUCN 2015). H. scabra is
endangered aguatic species in Indonesia (Ubaidillah et al.
2013). Cultivation or aquaculture of some species that have
high commercial value, such as H. scabra (Conand and
Muthiga 2007; Leopold et a. 2015) can be conducted in
Baluran National Park. In addition, sustainable expeditions
of sea cucumber are needed in Indonesian waters,
especially in deep sea waters.
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Abstract. Tamalene MN, Al-Muhdhar MHI, Suarsini E, Rahman F, Hasan S. 2016. Ethnobotany of Canarium plant species used by
Tobelo Dalam (Togutil) ethnic community of Halmahera Island, Indonesia. Biodiversitas 17: 61-69. Tobelo Dalam (Togutil) ethnic
group has been using local plants for years; one of them is Canarium. The ethnic are nomads and live in conservation forests. Data on
ethnobotanical knowledge was collected through interview technique with “work in the wood” method. There were three types of
informant: main informants, key informants, and recommended informants. Main informants were chosen through purposive sampling
technique while key informants and recommended informants were chosen through snowball sampling technique. The informantsin this
study were grouped based on their age: 14 children (5-11 years), 18 teenagers (12-25 years), 13 adults (26-45 years), nine elder (46-65
years) and three old age (= 65 years). The result of fidelity level analysis (FL%) indicated that all age groups had FL value of 100% in
utilizing walnut as local food. Regarding the use of skin exocarp the result was as follow: children (FL: 28.57%), teenagers (FL:
77.77%), adults (FL: 69.23%), and elder and old age (FL: 100%). Whereas, the use of Shell endocarp among the age groups was as
follow: children (FL: 14.28%), teenagers (FL: 66.66%), adults (FL: 46.15%), elder (FL: 33.33%), and old age (FL: 100%). Canarium
bark had value of FL% in children (FL: 35.71%), teenagers (FL: 61.11%), adults (FL: 92.3%), elder (FL: 33.33%), and old age (FL:
100%). The use of resin by the groups was children (FL: 50%), teenagers (FL: 83.33%), adults (FL: 92.3%), elder and old age (FL:
100%). The use of Canarium root among the groups was children (FL: 14.28%), teenagers (FL: 61.11%), adults (FL: 92.3%), elder (FL:
33.33%), and old age (FL: 100%). The use of plant’s trunk was as follow: children (FL: 50%), teenagers (FL: 77.77%), adults, elder,
and old age (FL: 100%).The research indicated that walnut had high utility value. All parts of the plant (root, wood, bark, and resin)

were exploited for economic, health and cultural interest.

K eywords: Ethnobotany, Tobelo Dalam, Togutil, Canarium, Halmahera

INTRODUCTION

Local communities have knowledge of plants having
ecological, economic, medical and cultural benefits. The
knowledge is inherited from generation to generation
through word of mouth. Local communities have a
tradition in managing, utilizing and protecting local plants
wisely. Ethnobotany studies the relationship between
human’s culture and local plants’ use. Plants can be used as
food, fabric, natural dye, medicine, and materials for
cultural and religious rituals (Mathias 2004; Kim 2007).

Martin (2001) defined ethnobotany as a study of the
utilization and preservation of plants by local society. Hun
(2007) stated that ethnobotany studies the use of leaves,
flowers, roots, barks, fruits and resin as herbal medicine.
Ethnobotany is a study of the relationship between human
and plant and the use of plant in society, technological
manipulation, nomenclature, and agricultural system
(Richard 2008). Ethnobotany helps to clarify the
differences between how society utilizes forest products
and preserves the nature (Sara et al. 2009). Hurrell and
Albuquerque and de Medeiros (2013) stated that
ethnobotany study leads to ecological system and plant as a

religious symbol in every culture. Therefore, based on the
definition of ethnobotany, study on the utilization of plants
by human to fulfill their need such as food, health and
culture is an important study in ethnobotany science and it
has been going on for long.

Local society uses plants in their surrounding area to
fulfill their necessities. Plants used by local society as food
is aways an important component in providing vitamins
and nutrition for their bodies, such as vitamin C, A,
calcium, and fiber (Arnason et a. 1981; Kuhnlein and
Turner 1991; Marles et al. 2000). Plants also play a crucial
role in a cultural society since they are used in traditional
healing treatment. The society takes advantage of plants to
fix bones’ injury and other general health complaints. Wild
plants consumed by local society come from various types
of plant, such as trees, bushes, ferns, mosses or fungus.
Local society has holistic approaches to healing various
diseases, which are physical and emotional approaches.
Cultural values, beliefs, and rituals, as well as the roles of
family and other society members are the components
needed to support the healing process (Andre et al. 2006).
Ethnobotany can be used as a tool to document local
society knowledge of the use of plants. People in villages
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have been benefited from plants to support their living.
Various plants are used for food, medicine, building
materials, traditional ceremonies, culture, dye, and so on.
All society groups in compliance with their area
characteristics and custom has a dependency on various
plants at least for food. In this modern era, only hundreds
kinds of plant are known as food sources; however, there
are thousands of plants used by various ethnic groups
worldwide (Uryadarma 2008).

Besides being used in traditional healing treatment,
plants also serve as food sources, fabric, materials for
construction, sources of energy, dye, fragrances, toxic,
decorative or ornament, materials for cultural and religion
rituals, medicine, rope/wrap, handicrafts, pesticides, and
cosmetics. In addition, they can be used as signs of water
resources, natural disaster, and season changes (Tamalene
2015). Local society still uses local plants as the sources of
food despite the availability of modern food. Local wisdom
and local culture are applied wisdly, such as plants are
utilized as firewood to boil water and to cook. Even some
plants can be used as medicine, dye, and contain nutrition
which can fulfill human needs for energy.

One of the local plants being used for years by Tobelo
Dalam (Togutil) ethnic group in Halmahera is walnut plant
(Canarium). The ethnic lives as nomads in conservation
forests and takes advantages of Canarium as source of
food, medicine, and construction. Their local knowledge
about plants has been applied and well-preserved for years.
Walnut plant has been used as the main source of food
(walnut grains), resin, logs, and materials for ceremonial
and spiritua activities (McClatcheyet al. 2011). Canarium
ovatum (walnut plant) has long been popular on Halmahera
Idand in North Maluku province. Recently, the plant has
been claimed as endemic to the eastern part of Indonesia.
Therefore, local knowledge of Canarium needs to be
recorded to establish the sustainability of local plants
information for the sake of conservation.

Canarium is Burseraceaefamily, and it is a common
plant in Indonesia. It exists in other countries as well, such
as Africa, South Nigeria, Madagascar, South China, India,
Philippine, and Southern part of Asia (Antanonius 2014).
The genus Canarium contains approximately 77 species.
Those species are spread in tropical area of Africa and
Indo-Malaysia (Monteiro et a. 2006). Canarium vulgare is
a native plant of East Malaysia, Papua, Papua New Guinea
(Morabe), Alor, Nusa Tenggara Timur (Sunda Kecil
Idlands) and Moluccas (endemic to Ambon). Canarium can
also be found in India, Sri Lanka and other tropical places.
C. indicum is the famous species in Indonesia and grows
well in the area of eastern Indonesia, such as Maluku and
Southeast Sulawesi (Coronel 1996). Not only in Indonesia
but canarium is also planted and spread in various Asian
countries such as Malaysia, Thailand and Philippine.
Philippine is a country that mostly cultivates Canarium
ovatum Engl (Chaplin and Poa 1988). Walnut is rich in
bioactive compound having high contribution in human
health. Compounds containing in walnut are able to reduce
generative diseases such as, cholesterol, hypertension,
Diabetes, and cataract. Bioactive compounds containing in
walnut fruits or seeds are phenalic, carotenoid, phytosteral,

and tocopherol. The concentration of the compounds
depends primarily on the variety and age of fruits and seeds
(Djarkasi et al. 2011). The tree bark of local Canarium can
be used for construction materials and musical instruments
(Tesoro and Aday 1990). Walnut plant is beneficial for
health and has high economic use value particularly for its
seed that processed to be eaten and sold (Roberto 1996).
The plant produces 4.5 ton of seeds per year (Thompson
and Evans 2014).

Canarium, which has been utilized by various local
ethnic groups for years, is a local knowledge worth
knowing. This can give significant contribution to
sustainable development in the future. To reach this ideal
condition of development, however, support from ethnic
groups who live in a particular place, either they are
categorized as modern, traditional, or remote, is a
necessity. Mostly, loca communities who live in the
village have maintained genetic resources in their areas.
They have cultivated local plants to maintain a sustainable
biodiversity for thousands of years. It has been proven that
these practices can improve and promote biodiversity
locally and can help keep the ecosystem healthy and
balanced. Nevertheless, the contribution of local society in
preserving and sustaining biodiversity is beyond their roles
as the manager of natural resources. Their skills and
techniques give invaluable information for a global
community. The availability of loca food in natural
ecosystem has been unable to fulfill the inhabitants’ needs.
Changes have been brought to the ecosystem by human.
Therefore, local biodiversity needs to be preserved to
prevent it from extinction. Ethnobotanical study on
Canarium (walnuts) in Halmahera is one of the efforts to
reveal economic, ecological, medical, and cultural benefits
of the plants. The results of this study is expected to give a
contribution to the development of science and technology
as well as to explore the potentials of tropical plants found
in Halmahera Island in Indonesia and further to be used as
the foundation of sustainable conservation in empowering
local community in Halmahera.

MATERIALSAND METHODS

Study area

Data of this ethnobotanical study were collected in
April 2014-April 2015, from Halmahera Island (Tobelo,
Akelamo Pumlanga, Tayawi), Indonesia. Figure 1 shows
map of the study area. Surveys were done in the areas that
chosen based on its accessibility and availability of the
remote ethnic group of Tobelo Dalam (Togutil). The
surveys were done to gain information about the use of
walnut plants. In-depth interviews were conducted to 57
local informants (36 males and 21 femaes). The
informants were grouped based on their age: 14 children
(5-11 years), 18 teenagers (12-25 years), 13 adults (26-45
years), 9 elder (46-65 years) and 3oldage (= 65 years).

Data were collected from three groups of informants:
main informants, key informants, and recommended
infformants. Main informants were chosen through
purposive sampling technique; whereas, the last two groups
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Figure 1.Location of the study conducted in Halmahera, North Maluku Province, Indonesia: A. Tobelo, B. Akelamo Pumlanga, C.
Tayawi
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of informants were chosen through snowball sampling
technique. Information obtained from the main informants
determined the presence of other informants and this
technique was done continuously until homogenous data
was able to answer the research problems. There were three
main informants who are the areas’ chieftains. However,
there was no specific number of key informants and
recommended informants since they were determined only
to complement the data based on the purpose of this study.
Data of this study were collected from interviews with
“work in the wood” method to find out types of Canarium
plants used by the Tobelo Dalam (Togutil) ethnic group.

Data analysis

Descriptive dtatistical analysis was employed to
determine which parts of plants mostly used in relation to
their benefits observed from economic, ecological,
medical, and cultural aspects.

The frequency of parts of Canarium plants used was
evaluated through the level of participants’ responses based
on parts of plant using the following formula:

F = (SIN) - 100;

S: number of informants who provided positive
responses towards the parts of plants used; N: number of
informants. Formula explained by Monteiro et al. (2006)
was used to recognize the agreement level among the
informants on which parts of plants used as well as how to
utilize them.

Fidelity level(FL) which was measured to know the
specific purpose of using particular parts of plants was
calculated using the formula suggested by Friedman et al.
(1986):

FL (%) = (N) « 100

Where n is the number of informants for a specific use,
and N istotal number of informants.

RESULTSAND DISCUSSION

There were three species of Canarium used by community
of Tobelo Dalam (Togutil) ethnic i.e: Canarium
decumanum (Figure 2), C. indicum (Figure 3), and C.
vulgare (Figure 4). The local name of Canarium is Hiburu.
The fruit flesh (Seed kernel [Cotyledons]) of C.
decumanum and C.wulgare is fairly thick. C. indicum is
smaller with grayish yellow exocarp and white fruit flesh
(mesocarp). The surface of inner skin of C. decumanum is
uneven; whereas C. indicum and C. vulgare has smooth
and even surface. The three species have 2-3 seeds
(endocarp). Canarium fruit contained oil used for health
such as for massage therapy, aromatherapy therapy, and
cosmetic materials. The wood could be used as materials
for house construction. Tree trunk of Canarium is upright
and gray. The tree bark releases resin when it peeled. The
resin is white and sticky at first and then it turns into pale
yellow. The resin has soft texture, whitish color and

aromatic odor (Figure 5A, B and). The threes are fruiting in
March to November. The fruit of C. decumanum, C.
indicum and C. vulgare has seeds encased in hard shell
(endocarp) with flesh that can be eaten raw. The ail
contained in the seed could be extracted as a substitute for
coconut oil. The hard skin of Canarium was used as fuel to
substitute firewood. Tree trunk of C. decumanum, C.
indicum and C. wulgare species was used for house
construction, and the leaves were boiled for traditional
medicine to expedite menstruation in women.

Ethnobotanical uses of Canarium species

The result of frequency analysis (F) on Canarium
related to its use showed that Tobelo Dalam (Togutil)
ethnic group use Canarium for economic, ecological,
health and cultural reasons. The values of F observed from
the economic use aspects of Canarium include; (i)
construction materials, (ii) food sources and (iii) medicine.
Knowledge of economic values of Canarium as
construction materials was found in 15.78% of children,
83.33% of teenagers, 100% of adults, elder, and old age. In
general, al groups of age use Canarium as food sources
(100%). Canarium was also sold as medicine to the local
community. Knowledge of the use of Canarium as
medicine to support the economy of Tobelo Dalam
(Togutil) ethnic group was found in 42.85% of children,
66.66% of teenagers, and 100% of adults, elder, and old
age (Figure 6).

Canarium is also functioned to save water, preserve
animals habitat, and prevent flood. Tobelo Dalam (Togutil)
ethnic group had knowledge of Canarium observed from
the ecological aspect. The result of frequency (F) analysis
on knowledge of how Canarium can be used to preserve
water is as follows; 35.71% of children, and 100% of
teenagers, adults, elder, and old age. Knowledge of how
Canarium can be used to preserve animal’s habitat was
found in 78.57% of children and 100% of teenagers, adults,
elder, and old age. Whereas, knowledge of how it can
prevent flood was found in 35.71% of children, 88.88% of
teenagers, and 100% of adults, elder and old age (Figure 7).

Canarium is beneficial for health especialy as aroma-
therapy oil, massage oil, and cosmetics. Knowledge of this
health function was found in 15.78% of children, 100% of
adults, elder, and old age. There were 71.42% of children
and 100% of teenagers, adults, elder, and old age who had
knowledge about Canarium functioned as massage oil.
Whereas, there were 14.28% of children, 61.11% of
teenagers, 46.15% of adults,33.33% of elder and 66.66% of
old age who had knowledge of Canarium functioned as
cosmetics (Figure 8).

Ethnobotanical use of Canarium as materias for
religious rituals was found in 14.28% of children, 61.11%
of teenagers, 46.15% of adults, 33.33% of elder, and
66.66% of old age. While knowledge of Canarium used in
cultural rituals was found in 35.71% of children, 100% of
teenagers, adults, elder, and old age.

Canarium is beneficial for health especially as aroma-
therapy oil, massage oil, and cosmetics. Knowledge of this
health function was found in 15.78% of children, 100% of
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Figure5.A. Resin of Canariumindicum, B. Resin of C. vulgare, C. Resin of C. decumanum
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adults, elder, and old age. There were 71.42% of children
and 100% of teenagers, adults, elder, and old age who had
knowledge about Canarium functioned as massage oil.
Whereas, there were 14.28% of children, 61.11% of
teenagers, 46.15% of adults,33.33% of elder and 66.66% of
old age who had knowledge of Canarium functioned as
cosmetics (Figure 8).

Ethnobotanical use of Canarium as materias for
religious rituals was found in 14.28% of children, 61.11%
of teenagers, 46.15% of adults, 33.33% of elder, and
66.66% of old age. While knowledge of Canarium used in
cultural rituals was found in 35.71% of children, 100% of
teenagers, adults, elder, and old age.

# House construction % Food # Medicine

Local knowledge of Canarium parts’ functions

Tobelo Dalam (Togutil) ethnic group use Canarium
parts: fruit, skin exocarp, shell endocarp, bark, sop, root,
and stem, to fulfill their daily needs. Parts of Canarium
plants give direct benefit to the people because they have
high use-value observed from the economic, ecological
(such as for water reserve, animal habitat and to prevent
flood), medical, and cultural aspects. The result of fidelity
level (FL) analysis (Figure 10) proves that all age groups
had 100% of FL in utilizing Canarium as local food source.

The FL of skin exocarp use can be described as follows:
28.57% among children, 77.77% among teenagers, 69.23%
among adults, 100% among elder and old age. The FL of

# Cosmetics

@ Aromatherapy  # Massage oil

Children Teenagers Adults Elder Old aged

Figure 6. Ethnobotanical use of Canarium in economy based on
age groups

#Water saving ¥ Animals habitat  # Flood prevention

Children Teenagers Adults Elder Old aged

Figure 7. Ethnobotanical use ofCanarium in ecology based on
age groups

Children ETeenagers
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Children Teenagers Adults Elder Old aged

Figure 8. Ethnobotanical use of Canarium in medicine based on
age groups
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\ . %
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Figure 9. Ethnobotanical use of Canariumin rituals based on age
groups
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Figure 10. FidelityLevel (FL) of ethnobotanical use of Canarium
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shell endocarp used can be described as follows: 14.28%
among children, 66.66% among teenagers, 46.15% among
adults, 33.33% among elder and 100% old age. The FL of
Canarium bark used is described as follows: 35.71%
among children, 61.11% among teenagers, 92.3% among
adults, 33.33% among elder and 100% among old age. The
FL values of sap/resin and roots part among group age
were as follows: children (resin: 50%, roots. 14.28%),
teenager (resin: 83.33%, roots. 61.11%),adults (resin and
roots: 92.3%), elder (resin: 100%, roots: 33.33%),0ld age
(resin and roots: 100%). The last is that FL of Canarium
trunk can be described as follows: 50% of children, 77.77%
of teenagers, and 100% of adults, elder, and old age. This
study had depicted that walnut plants were beneficial and
they had high use-value. Each part of the plants served
many advantages to local people. All parts of the plants
(root, wood, bark, sap) were exploited to fulfill the
economic, health, and culture needs.

The results of the study revealed that children,
teenagers, adults, elder, and old age had local knowledge of
Canarium use-value and the knowledge had been preserved
up to now. In every generation, the knowledge was
obtained through direct experiences without having to
attend any formal education. Local knowledge had been
perceived as a system built on some subsystems that need
one another. One of the subsystems’ important components
was humans. They, therefore, play role in protecting local
resources especialy plants that gave direct benefit to them.
The overview of local knowledge of Canarium is
illustrated by Figure 11.

Discussion

Based on the study result, it can be concluded that
Tobelo Dalam (Togutil) ethnic group knew that Canarium
plants are multifunctional in the aspect of economy,
ecology, health, and culture. Therefore, they protect the
plants through ex situ conservation. In addition, it is
recommended for pregnant women to consume the
Canarium fruit. It is believed that the fruit can keep the
babies healthy when they are still in their mother’s wombs.
Roposi (1994) reported that Canarium indicum contains
protein 14.2 ¢/100g, carbohydrate 5.5¢g/100g, calcium 119
mg/100g, and oil 74.99/100mg. Canarium fruit or root can
be used as sources of energy since they contain nutrition
and vitamins (Terashima and Ichikawa 2003). Canarium
fruit has become traditional food for local people for
thousand years (Wissink 1994). The fruit is eaten raw to
boost their energy (Smith 1991).

Henderson (1994) recorded that the economic use-value
of Canarium could improve the consistent prosperity of
local community through conservation. Canarium has the
potential to increase income of local people by selling
Canarium fruit products and producing oil for cosmetic
industries (Varghese and Ticktin 2008; Pauku 2010).
Canarium wood can be used as materials for home framing
and musical instrumentals (Tesoro and Aday 1990; Menna
at a. 2012). The wood can also be used to make key
holders that very attractive and popular among local and
international  tourists in Indonesia (Gonzalez and
Bunoan1947; Coronel1966). Resin powder is given orally

to treat rheumatism, fever, cough, asthma, epilepsy, chronic
skin disorders, syphilis, and hernia and also helps to
improve skin (Meena at al. 2012).Canarium species are
used extensively in the application of traditional medicine
to treat bronchitis, catarrh, extreme coughing, aged,
damaged or Injured skin and generalized stress (Schwab
2007). Walnut contains phenolic compounds from different
chemica properties, including flavonoids, phenolic acids
and tannins (Djarkasi et a. 2011). Canarium indicum has
brought very useful value to society. Canarium can be used
as food products that can be consumed, Canarium fruits
contain fiber, and they can be used as fuel, or a pole house,
and drugs. Resin powder is beneficial to cure rheumatic,
fever, cough, asthma, epilepsy, skin chronic disturbance,
syphilis, hernia and help to improve skin (Augustine and
Krishnan 2006). In addition, Canarium species is also
functioned for soil stabilization (Evans 1999; Elevitch
2006).

Remote tribe living in the forest area in Halmahera
island-Indonesia had deep knowledge of source of native
plants. Most of native fruits were collected from the forest.
Fruits of wild plants such as Canarium were their everyday
food; its fruit is an exotic fruit in Halmahera Island.
Canariumis the most preferred fruit by children, teenagers,
adults, the elderly, and seniors. Commercialization of
walnut was carried out by certain groups to supplement
their family income. Canarium is a local plant, which has
an important role in the regeneration of forest vegetation on
the Halmahera Island. Loca ecological knowledge of
Tobelo Dalam (Togutil) related to Canarium conservation
could positively affect local biodiversity. Furusawa et al.
(2014) reported that behaviors, such as giving respect to
forest reserves and semi-domestication of some species can
contribute to the effort of preserving local biodiversity
especialy local endemic species. Canarium plant aso
serves ecologically to withstand high winds (Tesoro and
Aday 1990).

Canarium fruits were used by Tobelo Dalam (Togutil)
as skin protection. This fruit has long been exploited for
aromatherapy, cosmetics and massage products. The resin
is used for dry skin (Athar and Nasir 2005). The resin is
used differently to coat the ship, make a torch and tonic
(Bradshaw 2013). Canarium species are functioned as
panacea (panacea of witchcraft, couth) (Jiofack et al.
2009). Canarium resin is used as incense in religion and
cultural ceremony (Agustine 2006). Canarium species is
used by local people as food source (the seed), resin, and
wood which can be used in healing ceremony, religion
ceremony, rituals and wars (McClatchy et al. 2006). Local
people use Canarium resin for prayer rituals(Varghese and
Ticktin 2008).

This study has provided crucial information about
ethnobotanical knowledge of Tobelo Dalam (Togutil)
ethnic group found in Halmahera, Indonesia. Canarium
decumanum, C. indicum and C. vulgare had been used
economically, ecologically, medicaly, and culturaly. It
means that the plants are multifunctional. Local knowledge
of Canarium by the age group showed that the elder and
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the old aged had the highest level of knowledge in the use
of Canarium. Children, teenagers, and adults knew the

Canarium

v v

v v v v

Parts of plant > Stem Shell Skin Fut | | Bak || Root | | Resn |
(endocarp) (exocarp) (seed)
Y
Category of Use> Economical Ecological Cultural
Construction Water saving Aromatheraphy Réligion ritual
Food source Animal habitat <P Massage <> Culture ritual
Medicine Flood prevention Cosmetics
¢ Y
Age group > | chilren | [ teeaes | | Adis || Ede | | Odaged |

1 0

Figure 11. Local knowledge of Canariumusein Tobelo Dalam (Togutil) ethnic group

benefits of Canarium from everyday life experience gained
from the elder and the old age. Socio-cultural study helped
to promote Canarium species as one of the plants that has
high use value for local communities. This study
contributes to the development of science and technology
as well as explores the potential of tropical plants on the
Ha mahera Island, Indonesia that will serve as the basis for
sustai nable conservation to empower local communities.
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Abstract. Bisht AS, Bhatt AB. 2016. Dominance and diversity studies of tree species in lesser Himalayan forest of Uttarakhand, India.
Biodiversitas 17: 70-77. For the present investigation single mountain, approach was applied. This is a supplement the basic approach
and extends the gradients further downward in to the forest belt. Vegetational analysis of nine stands covering al the four aspects of the
study site of Pauri Garhwal district of Uttarakhand, India has been undertaken. In seven trees, species were encountered. East aspect is
characteristics by highest density of Cupressus torulosa while west aspect comprised of Cedrus deodara, Myrica esculenta, Pinus.
roxbugrhii, Quercus leucotrichophora and Rhododendron arboreum, i.ehigh diversity with low dominance Cupressus torulosa and
Cedrus deodara dominated the north aspect. In general, influence of higher anthropogenic pressure on Quercus species is an important
factor for leads to gradual replacement of oak species by Pinus roxburghii in al the aspects.
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INTRODUCTION

Northwest Himalaya is a distinct Himalayan region
with a chrematistic climate, geology and flora. The floristic
diversity is manifested through different phyto-climatic and
topographic regimes. The floral diversity is fascinating
because of gpecies richness and diverse community
structure. The diversity has occurred in time and space due
to a number of ecological changes, often resulting in
speciation, isolation, competition, etc. (Gaur et al 2003).

Lesser Himalaya is the central part of Himalaya
extending between Siwaliks in south and Great Himalaya
in the north and range from 20-60 km in width. The
mountain peak rang between 1200-1300 m highs where as
the valleys range between 400-1200 m. The district
Garhwal in northwest Himalaya though represents rich
biodiversity, has remained neglected by the past explorers.

The pervasive influence of man in Himalayan forest
and heavy dependence of Himalayan agriculture on an
“energy subsidy” from the forest (Pandey and Singh 1984)
inextricably bind the welfare if Himalayan people to that of
the uncultivated ecosystem around them. Accurate measure
of the degree of degradation and its effect upon future
productivity and quality of lode in the Himalayas is
difficult task. Shortage of abiotic resources in the habitat or
an excess of a condition unfavorable for function is
function known as stress. ‘Stress’ refer to same
environmental situation that often produce changes in
organism or ecosystems that we consider being undesirable
for example, reduced productivity, an impoverished flora,
or an unbalanced species composition stress affects the
structure and composition of complex vegetation. Adverse
climate, repeated fire, pollution, ionizing radiation

(Woodwell 1970) including local folk (Wiart 1983) are the
major mean causing stresses on Himalayan forest.

In any community diversity decrease with increasing
stress resulting disappearance of most sensitive species
first, then large woody plants and finally al higher plant
(mostly woody). Mostly this change occur in natura
system as across timberline (Arno and Hammerly 1984),
with reduced nutrients (Westman 1975) and where stress
has been imposed by man as around metal smelters
producing SO, (Amiro and Courtin 1981). Mostly is
observed that the species, which are important for fodder
and fuel purpose, are completely eliminated in highly
disturbed near settlement sites while unusable species viz.
weeds (Eupatorium adenophrum and Parthenium
hysterophorum) and shrubs (species of Berberis and
Rubus) are frequently distributed near villages.

Damage to individua plants or to forests is
accompanied or followed by damage to the productive
potential of the land. In areas where stress can be
recognized from the vegetation, direct observation of
properties of the soil may alow one to estimate the
likelihood of permanent damage to its productive capacity.
Much nutrient loss may occur in product removal (fodder
forest floor litter and dung) during burning or dissolved in
run off water and is difficult to detect. However, there can
be easily detectable soil losses with out occurrence of the
gullies and landslide (Pandey et al 2000).

During the past century, there had been rapid depletion
in forest area in whole of the Himalayan region in general
and Uttarakhand in particular. The forests of the Lesser
Himalayan zone are experiencing the problem of enormous
damage to the biological diversity. The factor responsible
for the depletion in biodiversity may be attributed to the
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settkenent of villages between 1000 to 2000 m asl. Most of
the needs of villagers are fulfilled from forest, which result
in latter’s degradation.

MATERIALSAND METHODS

Study area

For the present investigation a survey of various
summits in district of Pauri Garhwal, Uttarakhand, India,
its proximity to site, latitudinal gradient, slope, aspects and
other congenia region. The Pauri district lies between
Lat.29° 47°-30° 13'N and Long. 78° 18°-79° 10°E. The
study sites exhibited an elevation range from 1800 to 2250
m (Figure 1). Field research was conducted in two series,
i.e. October 2010 to March 2011 and October 2011 to
March 2012.

Geomor phology

District of Pauri Garhwal is one of the thirteen district
of Uttarakhand extended in lesser Himalayan zone and
known for the hill station. The district is one of the most
fascinating segments of the Himalaya, stretches from the
Ramganga river that separates Pauti-Kumaun boarder in
the east and to the Ganga demarcating the western boarder.
Physiographically the study site having undulating
topography with gentle slopes in southern and South-
Western direction (Bisht and Sharma 2014).

M eteor ological aspects

Therainfall pattern in study areais monsoon dependant.
The south-east monsoon commences towards the end of
June and it rains until mid of September. Northeast

Figure 1. Study areain District of Pauri Garhwal, Uttarakhand, India

monsoon causes occasional winter showering during
December to February. The mean monthly rainfall
fluctuated between 22.5 cm to 430 cm in 2 year. In
November of both sampling years, there were no rains. The
mean maximum rainfall with maximum number of rainy
days in a month was reported in June to September in one
or both sampling years (Rawat 2003).

Niche breath
Niche breath of the i species was estimated by the
following formula (Levins 1968).

1 (ZjNij)? Yi2
Bi = = =

ZjPij? ZjNij? ZjNij?
Bi = 2j Pij log Pij
Where,

Nij = Total number of individual of thei™ speciesin the
resource state.

Yi = Total number of individuals of the i" species over
all resource state.

Pij = Nij/Y = Proportion of the individuals of i" species
which is associated with resource state j.

Both the measures are maximized when the species,
distributed uniformly over the other resource states. They
minimized when the species are associated with only one
of the resources state. The measures Bi and Bi’ are inverse
of Simpson’s (1949) measure of concentration and
Shannon-Wiener formula (Shannon-Wiener 1949) for
formation or uncertainty.
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Niche overlap

The niche overlap between species i and h was
calculated by the following formula (Colwell and Futuyma
1971).

Cih =1-1/2 ZJ' [Pij'Phj]

Where P; = N;//Y; = Proportion of the individuals of it
species which is associated with resource state j and Py =
Nr/ Y corresponding to asecond species h.

The measure has a minimum value of 0, when species |
and h share no resource among the resource states. The
niche measures (1), (2) and (3) are absolute and are good
estimators provider the resources states are al equally
distinct. Otherwise, the measures are measures are liable to
yield misleading results (Sai and Budholia 1986).

RESULTSAND DISCUSSION

Quantitative studies: Primary features

As stated in methodology there were nine stands where
the qualitative and quantitative studies were undertaken.
Because of quantitative analysis, the vegetation has been
studies in terms of mean frequency, density, total basal
cover (TBC) and important value index (1VI) of all species.
The observations are presented stands wisein Table 1.

Secondary features

On the basis of primary data collected directly from the
field, the derived attributes have also been worked out for
two consecutive year and presented stand wise in Table 2.
the features include concentration of dominance generally
diversity index, apha diversity and evenness value of
species. Likewise the secondary parameters also include
the beta diversity of all the three strata along various stands
of the investigation site. The result are presented in Table
3.

Niche width

Niche width measures the degree of specialization of a
species as its ability to exploit an environmental range in
space and to maintain its population in different
environments. In present investigation the niche breadth
(Bi and Bi’) of each species if tree were measured
separately at all aspects (east, south, north and west)
including submit top (stand 1%). The niche breath of species
was measured aspect wise. Lower and upper elevational
stand of each aspect including summit top were considered
for computing the niche width of species (Table 4).

Quercus lecotricophora appeared to possess maximum
niche breadth at north (Bi=2.48, bi’ 0.429) and east (Bi=
1.95. Bi’=0.295) aspect while at south and west aspect it
turn out in to 3" position. P. wallichiana had broader niche
at east aspect (Bi= 1.80, Bi’= 0.276) while at other aspect it
covered minimum niche breath at south aspect (Bi=2.67,
Bi’=0.453), the niche breath declined simultaneously at
west (Bi=2.38, Bi’=0.410) and north aspect (Bi= 2.0,
Bi’=0.31) followed by west (Bi=1.95, Bi’=0.295) and north
(Bi=1.54, Bi’=0.233) and least at east aspect (Bi= 1.22,

Bi’=0.141). L. ovalifolia had broader niche at south aspect
while at other aspects it have minimum value (Bi = 1.64,
Bi’=0.252) aspect but least at south aspect. C. deodara was
the only tree species with maximum niche breath at east
aspect and it take minimum value at all other aspects.

Niche overlap (Chi)

The niche overlap value for species of tree on the east
south, north and west slopes of the forest of Pauri were
caculated separately and presented on Tables 4. Data
presented in Table 4 clearly indicate that at east aspect P.
roxburghii vs R. arboreum exhibited maximum niche
overlap (Chi = 0.900) followed by C. deodara vs C.
torulosa (Chi= 0.889). Except C. torulosa, C.dedara shared
minimum resources with other associated species at east
sope (Stand 1%-3%). M. esculenta, P. roxburghii, P.
wallichiana, Q. lehotrochophora and R. arboreum shared
huge products of each other as compared to C. deodara and
C. torulosa.

All plant species occur in alimited range of habitat and
with in this range, most of them are more abundant around
their particular environmental optimum in the absence of
competition (Ter Brask and Prenrice 1988). Species
components pf communities thus change along
environmental gradients, the replacement and separation of
species in the environment depend on variation of
resources along these gradients (Pichett 1980).

The Himalayan forest are most productive than the
forest of other temperate region with similar rainfall
amount, possibly because of a long season of relatively
congtant favorable temperature and the moderating effect
of the mountains during cold winter (Mani 1974).
Relatively high wood nutrient concentration produces
nutrient accumulation in forest biomass that is relatively
higher compared to temperate forest (Singh et a. 1985). It
is suggested that forest with multilayer canopy and well-
developed forest floor would be more productive of soil
and water in comparison to a forest having thin layers.
Profile diagrams can aso be usefully employed in
vegetation of lower height to illustrate the relationship
between topography and drainage of an area (Kershaw
1973).

The presence of old oak trees and newly developed chir
pine patches in the study ate indicates the presence of
original oak forest in the area, The study showed the much
anthropogenic disturbances in all stands. In a complex
Himalayan forest ecosystem chronic from disturbances
exists in which people remove only a small fraction of
forest biomass in the form of grazing, lopping, surface
burning and litter removal at a given time (Khera et al.
2001). These disturbances are affecting the stability of
ecosystem and retarding the success ional process in the
area. Both natura and human caused disturbances are
considered since vegetation responses do not distinguish
them between natural and human activities.

The present investigation on vegetational analysis is
based upon the comparison of different aspect (N, E, S and
W direction) from the summit top (Stand 1%). In total 7
species were encountered during whole of the study period
at all stands. The finding revelsthat the high density of C.
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Table 1. Mean frequency, density, total basal cover (TBC) and important value index (1V1)

73

Name of species

Freq.

Freq.

Density

Density

TBC

TBC

VI

VI

2010-2011  2011-2012 2010-2011 2011-2012 2010-2011 2011-2012 2010-2011 2011-2012

Stand |
Cupressus torulosa
Lyonia ovalifolia
Myrica esculenta
Pinus wallichiana
Quercus leucotrichophora
Rhododendron arboretum

Stand |1
Cedrus deodara
Cupressus torulosa
Pinus roxburghii

Stand |1
Cedrus deodara
Cupressus torulosa
Myrica esculenta
Pinus roxburghii
Pinus wallichiana
Quercus luecotrichophora
Rhododendron arboreum

Stand IV
Cedrus deodara
Lyonia ovalifolia
Myrica esculenta
Pinus roxburghii
Quercus leucotrichophora

Stand V
Lyonia ovalifolia
Myrica esculenta
Pinus roxburghii
Quercus lecotricophora
Rhododendron arboreum

Stand VI
Cedrus deodara
Cupressus torulosa
Myrica esculenta
Pinus roxburghii
Quercus leucotrichophora

Stand VII
Myrica esculenta
Pinus roxburghii
Quercus leucotrichophora

Stand VIII
Cedrus deodara
Cupressus torulosa
Myrica esculenta
Pinus roxburghii
Quercus leucotrichophora
Rhododendron arboreum

Stand I X
Myrica esculenta
Pinus roxburghii
Quercus leucotrichophora
Rhododendron arboreum

30.00
10
10
46.67
73.33
13.33

90
100
10

33
27
*

53
43
83
53

20
*

30
100
20

15
100
66.7
40

20
20
93.33
50

10.00
33.33
56.67

13.33
20

63.33
33.33
63.33

50

43.33
33.33
36.67

23.33
*

*

36.67
56.67
16.67

80
100
*

13
27
40
40
27
70
40

133
20
25
86.70
15

133
233
100
333
10

15
30
20
83.33
26.67

53.33
50
43.33

20
20
63.33
63.33
30
43.33

33.33
10.00
23.33

14
0.1
0.2
13
21
0.2

3.7
8.7
0.1

0.8
05

1.0
0.5

23

0.3
*

0.4
55
0.3

0.2

17
0.6

0.2
0.2
35
0.9

0.1
0.9
13

0.3
0.4
1.0
15
1.0
13

0.8
15
0.7
11

0.8
*

*

0.7
15
0.2

22
7.0

*

0.2
04
0.7
0.7
0.3
2.7
1.2

0.2
01
0.4
53
0.3

01
0.3
34
0.9
0.1

0.2
0.7
0.2
3.6
0.3

0.9
11
13

0.4
0.2
1.0
1.0
13
0.4

E

5.68
0.36
0.14
4.52
513
0.26

19
36.84
0.1

3.96
1.69
*

6.22
477
6.99
10.45

1.38
*

0.94
32.8
0.3

00.3
29.13
3.87
16

0.64
0.3
18.11
124

0.18
5.38
3.71

1.45
1.99
2.67
2.62
2.46
3.95

1.63
4.21

3.03

3.23
*

*

5.95
4.34
0.52

15.23
41.19

*

1.06
167
151
2.95
1.87

3.03

0.62
0.16
0.63
28.17
0.38

0.15
041
20.16
2.28
0.19

041
153
0.28
76.02
212

1.69
39
28

2.09
0.99
161
6.21
1.16
14

2.18
0.43
113

79.35
9.56
8.87
80.51
118.45
12.59

1101
187.83
6.22

32.52
2153
*

51.07
34.52
87.43
72.93

21.3

*

26.28
235.72
16.7

*

10.19
196.68
65.62
30.90

*

20.04
16.90
209.17
53.89

6.5
141.38
156.45

19.08
253

52.66
87.29
44.72
70.96

69.4
113.53
54.76
85.44

57.24

*

*

102.26
118.17
22.32

96.95
203.05

*

15.90
28.14
36.77
45.74
26.67
1158
55.49

14.52
8.94
29.62
242.63
15.38

10.94
20.13
218.71
47.70
7.53

14.45
37.39
17.74
220.92
26.72

84.8
112.61
102.58

34.09
21.56
62.46
102.44
32.23
47.23

*

159.53
34.14
129.09

Note: * = absent



74 BIODIVERSITAS 17 (1): 70-77, April 2016

Table 2. Concentration of dominance (cd), general diversity index (H), alpha diversity and evenness value of tree species in different

season and year at all stands includes gamma diversity

1st Field research

2nd Field research

Oct 10 Jan 11 Mar 11 M ean SD Oct 11 Jan12 Mar 12 M ean SD
Stand |
Cd 0.28 0.30 0.34 0.31 0.02 0.30 0.31 0.39 0.33 0.04
H 1.40 1.32 1.18 1.30 0.09 1.27 1.24 1.09 1.20 0.08
Alpha 6.00 5.00 4.00 5.00 0.82 4.00 4.00 4.00 4.00 0.00
Evenness 1.79 1.89 1.97 1.88 0.07 211 2.07 1.80 1.99 0.14
Stand I1
Cd 0.50 0.52 0.56 0.53 0.02 0.58 0.55 0.57 0.57 0.01
H 0.75 0.67 0.63 0.69 0.05 0.61 0.95 0.62 0.73 0.16
Alpha 3.00 2.00 2.00 2.33 0.47 2.00 2.00 2.00 2.00 0.00
Evenness 1.58 2.23 2.10 197 0.28 2.04 3.16 2.07 2.42 0.52
Stand I11
Cd 0.19 0.22 0.23 0.21 0.02 0.17 0.25 0.29 0.24 0.05
H 1.72 1.61 1.64 1.67 0.05 1.83 2.24 1.47 1.85 0.31
Alpha 6.00 6.00 6.00 6.00 0.00 7.00 6.00 6.00 6.33 0.47
Evenness 221 2.07 2.10 2.13 0.06 2.17 2.88 1.89 2.13 0.42
Stand 1V
Cd 0.63 0.62 0.65 0.63 0.01 0.68 0.64 0.69 0.67 0.02
H 0.76 0.77 0.73 0.75 0.02 0.67 0.78 0.58 0.68 0.08
Alpha 4.00 4.00 4.00 4.00 0.00 4.00 5.00 3.00 4.00 0.82
Evenness 1.26 1.27 1.20 1.24 0.03 111 1.12 1.22 1.15 0.05
Stand V
Cd 0.51 0.52 0.45 0.49 0.03 0.54 0.53 0.63 0.57 0.04
H 0.91 0.89 0.93 0.91 0.02 0.82 0.96 0.74 0.84 0.09
Alpha 4.00 4.00 3.00 3.67 0.47 4.00 5.00 4.00 4.33 0.47
Evenness 1.52 1.48 1.94 1.64 0.21 1.37 1.37 1.23 1.32 0.06
Stand VI
Cd 0.43 0.60 0.58 0.54 0.08 0.51 0.42 0.79 0.57 0.16
H 1.04 0.79 0.82 0.89 0.11 1.00 1.15 0.43 0.86 0.31
Alpha 4.00 4.00 4.00 4.00 0.00 5.00 5.00 3.00 4.33 0.94
Evenness 1.73 1.32 1.37 1.47 0.19 1.44 1.65 0.90 1.33 0.31
Stand VII
Cd 0.54 0.55 0.51 0.53 0.02 0.34 0.34 0.35 0.34 0.00
H 0.72 0.64 0.68 0.68 0.04 1.09 1.09 1.08 1.09 0.01
Alpha 3.00 2.00 2.00 2.33 0.47 3.00 3.00 3.00 3.00 0.00
Evenness 1.52 2.12 2.26 1.97 0.32 2.29 2.29 2.26 2.28 0.01
Stand VIII
Cd 0.20 0.20 0.21 0.20 0.00 0.20 0.24 0.22 0.22 0.02
H 1.68 1.68 1.66 1.67 0.01 1.70 1.58 1.66 1.65 0.05
Alpha 6.00 6.00 6.00 6.00 0.00 6.00 6.00 6.00 6.00 0.00
Evenness 2.16 2.16 2.13 2.15 0.02 2.18 2.03 2.14 211 0.07
Stand 1 X
Cd 0.39 0.26 0.26 0.30 0.06 0.52 0.51 0.50 0.51 0.01
H 1.01 1.37 1.37 1.25 0.17 0.83 0.69 0.69 0.74 0.07
Alpha 3.00 4.00 3.00 3.33 0.47 3.00 2.00 2.00 2.33 0.47
Evenness 211 2.28 2.86 2.42 0.32 1.75 2.29 2.30 211 0.26

torulasa forest (87.0 trees 100m-?) was observed on the
east (Cooler)aspect and the lower zone (stand 2™ ) where it
was found associated with C. deodara only. The lowest
density of C. torulosa (2.0 trees m) was observed on the
west aspect (stand 8™) where it was associated with C.

deodara, M. esculenta, P. roxurghii, Q. leucotrichophora and
R. arboreum which is supported by the fact that high
diversity of plants decreases the dominance if species. In
the south aspect (stands 4™ and 5) this species was
completely absent. C. torulosa emerged as a co-dominant
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Table 4. Niche overlap between species of trees at all aspects

: 1 2 3 4 5 6 7 8
SN. Name of species cd Ct Lo Me Pr Pw Ql Ra
East aspect
1 Cedrus deodara *
2 Cupressus torulosa 0.889 *
3 Lyonia ovalifolia 0.000 0.112 *
4 Myrica esculenta 0.152 0.152 0.22 *
5 Pinus roxburghii 0.252 0.141 0.00 0.778 *
6 Pinus wallichiana 0.152 0.152 0.667 0.556 0.333 *
7 Qurecus leucotrichophora 0.152 0.152 0.420 0.802 0.58 0.753 *
8 Rhododendron arboreium 0.152 0.141 1.00 0.878 0.900 0.433 0.68 *
South aspect
1 Cedrus deodara *
2 Cupressus torulosa 0.000 *
3 Lyonia ovalifolia 0.600 0.200 *
4 Myrica esculenta 0.500 0.250 0.900 *
5 Pinus roxburghii 0.497 0.000 0.679 0.729 *
6 Pinus wallichiana 0.000 1.000 2.000 0.250 0.000 *
7 Qurecus leucotrichophora 0.091 0.636 0.491 0.591 0.364 0.606 *
8 Rhododendron arboreum 0.000 0.333 0.400 0.500 0.521 0.333 0.606 *
North aspect
1 Cedrus deodara *
2 Cupressus torulosa 0.267 *
3 Lyonia ovalifolia 0.000 0.365 *
4 Myrica esculenta 0.182 0.003 0.182 *
5 Pinus roxburghii 0.773 0.407 0.000 0.409 *
6 Pinus wallichiana 0.000 0.367 1.000 0.182 0.000 *
7 Qurecus leucotrichophora 0.150 0.675 0.525 0.657 0.377 0.525 *
8 Rhododendron arboreum 0.000 0.733 1.000 0.182 0.000 1.000 0.525 *
West aspect
1 Cedrus deodara *
2 Cupressus torulosa 0.214 *
3 Lyonia ovalifolia 0.000 0.786 *
4 Myrica esculenta 0.500 0.314 0.100 *
5 Pinus roxburghii 0.583 0.214 0.000 0.900 *
6 Pinus wallichiana 0.000 0.786 1.000 0.100 0.00 *
7 Qurecus leucotrichophora 0.206 0.824 0.618 0.618 0.383 0.618 *
8 Rhododendron arboreium 0.524 0.310 0.095 0.095 0.905 0.095 0.478 *

Table 3. Betadiversity matrices for species

Stands 1 2 3 4 5 6 7 8 9
l *

0.00 *

124 095 *

0.73 053 103 *

110 0.00 1.03 120 *

073 107 137 120 0.80 *

110 0.00 095 1.07 107 107 *

100 100 155 110 110 147 100 *

083 0.00 118 09 135 090 117 125 *

©CoOo~NOO~wN

species at stand 2™ (east aspect) it had maximum density
(37.0 trees 100 m?), TBC (19.0 m?) and frequency (90%)
in this stand (2") followed by sites having west and north
aspect. In the north aspect the presence of C. torulosa and

C. deodara was due to the plantation program undertaken
by the forest department. The forest of C. deodara can be
literally attributed to edaphic and topographical conditions.
The development of deodar forest is associated with
residua soil formation (Joshi et al. 1983) being the east
face, the low insolations and high moisture condition of
slope further promoter its growth. Q. leucotricophora was
found in all stands except stand 2™. It is dominated in the
summit top (Stand 1%) having maximum VI value
(118.45). Further it is more frequent in the upper elevation
of east and north face, while in the west aspect its occupied
small TBC (0.30-0.38 m? 100 m?) and exhibits least
density (3.0 trees 100 m®) as compared to P. roxburghii.
Due the fact that the lower stands of north and south aspect
were dominated by chir pine while the east and west
aspects comprise C. deodara, C. torulosa, R. arboreum,
etc. in the upper elevation of these aspects were
dominated by P. roxburghii. Influence the higher
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Table 4. Niche breath in al aspects

SN. Name of species Bi Bi’
East aspect

1 Cedrus deodara 135 0.185
2 Cupressus tolurosa 1.36 0.223
3 Lyonia ovalifolia 1.00 0.00
4 Myrica esculanta 153 0.23
5 Pinus roxburghii 1.22 0.141
6 Pinus wallichiana 1.80 0.276
South aspect

1 Cedrus deodara 1.00 0.00
2 Cupressus torulosa 1.00 0.00
3 Myrica esculenta 2.67 0.452
4 Pinus roxburghii 2.00 0.301
5 Pinus wallichiana 1.00 0.00
6 Quercus luechotrichophora 2.05 0.373
7 Rhododendron arboreum 1.80 0.276
North aspect

1 Cedrus deodara 1.00 0.00
2 Cupressus torulosa 164 0.252
3 Lyonia ovalifolia 1.00 0.00
4 Myrica esculenta 212 0.394
5 Pinus roxburghii 154 0.233
6 Pinus wallichiana 1.00 0.00
7 Quercus leucotrichophora 248 0.429
8 Rhododendron arboreum 1.00 0.00
West aspect

1 Cedrus deodara 1.00 0.00
2 Cupressus torulosa 151 0.226
3 Lyonia ovalifolia 1.00 0.000
4 Myrica esculenta 2.38 0.410
5 Pinus roxburghii 1.95 0.295
6 Pinus wallichiana 1.00 0.000
7 Quercus leucotrichophora 2.20 0.404
8 Rhododendron arboreium 2.33 0.404
L andscape level

1 Cedrus deodara 2.020 0.451
2 Cupressus torulosa 1.560 0.333
3 Lyonia ovalifolia 2.270 0.414
4 Myrica esculenta 6.080 0.831
5 Pinus roxburghii 5.340 0.785
6 Pinus wallichiana 1.800 0.276
7 Quercus leucotrichophora 5.320 0.804
8 Rhododendron arboreum 3.500 0.604

anthropogenic pressure on this species us another important
cause for presence of lower number of both small and large
oak tree in the study area. Large number of tree are
chopped and lopped for fodder, fuel purpose and log for
construction work, resulting more open canopy which
provide for favorable environmental condition for the
invasion of secondary species. Chettri et a. (2002)
observed that in both open canopy and closed canopy
forest, reduced value for VI and basal area for species that
are preferred for fire wood. The chir pine (P. roxburghii)
enjoyed as a dominant species at al aspect completely
absent at the summit (stand 1%) with highest elevation

(2300 m ad). As compared to other stands, it was less
common in the east aspect as Pinus grows more rapidly in
the drier area as compared to cool moist areas. This
situation is comparable with the studies done by Singh and
Singh (1992) and Singh et al.(1997) on Kumaun Himalaya
and Sharma and Baduni (2000) in the moist temperate
forest of Garhwa Himalaya and Sundriyal and Sharma
(1996), Chetrii et a(2002) on Sikkim Himalaya. Summit
top (stand 1%) possess the maximum tree species richness
and represents the trees of all other aspect (except P.
roxburghii), supported the fat that higher altitudes
promotes heterogeneity. Summit point itself gives the idea
of general vegetation pattern. In its east aspect was C.
deodara, C. torulosa and R. arboreum. The south facing
slope of this stands was burned by the forest fire but the dry
tree of C.torulosa, C. deodara and Q. leucotrichophora
give an idea about the closed forest patch in the past.

Bhandari et al. (1998), Ghidiyal et al. (1998), Bankoti
and Tewari (2001), Khera et a. (2001) etc. workers
reported the similar pattern of species diversity in
distributed forest of Central Himalaya with special
reference to aspect and atitude. The present finding for
diversity index falls well with in the range of other
temperate forests. Monk (1967) and Risser and Rice (1971)
obtained 2.3 as the highest value for diversity index for
temperate vegetation including forest trees. Barun (1950)
reported species diversity between 1.69 and 3.40 in an
eastern deciduous forest vegetation including herbs at
North America. Baduni and Sharma (1997) reported
diversity index value up to 1.70 for moist temperate forest
of Garhwal Himalaya. On the other hand, tropical forest
including vegetation of Savana indicate higher diversity
index as calculated by Knight (1975) for young (H= 5.06)
and old (H= 5.40) stands.

A second major component of diversity is evenness or
equitability in the apportionment of individuals among the
species. The evenness varied between 1.26 (south aspect)
to 3.16 (east aspect). Moist cooler conditions, moderate soil
temperature and lower degree of human disturbance are the
main factor for the equal share of individuals among
species at east aspect. The individual of species in south
and north aspects were not equally distributed due to the
microclimatic difference and varying anthropogenic
disturbance.

The analysis of niche relationship in natura
communities is of considerable interest. The way in which
species with in ecological communities partitions available
resources among themselves is a magjor determinant of the
diversity of co-existing species (MacArthur 1958). All else
being equal, a community, with more resources sharing, or
greater niche overlap, will clearly support more species
than one with less niche overlap (Pianka 1974).

REFERENCES

Amiro BD, Courtin GM. 1981. Pattern of vegetation in the vicinity of an
industrially disturbed ecosystem, Sudbury, Ontario. Canadian J Bot
59: 1623-1639.

Arno SF, Hammerly RP. 1984. Timberline. Mountain and Arctic forest
frontiers. Mountaineers, Sesattle, Washington.



BISHT & BHATT - Tree speciesin Lesser Himalayan Forest of Uttarakhand, India 77

Baduni NP, Sharma CM. 1997. Fexibility-fitness-compromise of the trees
in moist temperate forest of Garhwal Himalaya. Ann For 5 (2): 126-
135.

Bankoti NS, Tewari LM. 2001. Analysis of forest vegetation a and
around Soni-Binsar area in Kumaun Himalaya. In: Pande PC, Samant
SS (ed.). Plant Diversity of the Himalaya. Gyanodaya Prakashan,
Nainital.

Bhandari BS, Metha JP, Tiwari SC. 1998. Woody vegetation structure
along an atitudinal gradient in a part of Garhwal Himalaya. JHill Res
11 (1): 26-31.

Bisht AS, Sharma KD. 2014. Plants utilization by the communities of
Bharsar and adjoining area of Pauri Garhwal District, Uttarakhand,
India. Biodiversitas 15 (1): 94-100

Braun EL. 2000. The ecology of the forest of Eastern North America, their
development, composition and distribution. Deciduous forest of
Eastern North America. McGraw Hill, New Y ork.

Chettri NE, Klabya DC, Sundriayal RC. 2002. Impact of firewood
extraction on tree structure, regeneration and woody biomass
productivity in atrekking corridor of the Sikkim Himalaya. Mountain
Res Dev 22 (2): 150-158.

Colwell RK, Futuyma DJ. 1971. On the measurement of niche breadth
and overlap. Ecology 52: 567-576.

Connell JH, Orias E. 1964. The ecological regulation of species diversity.
Amer Nat 98: 399-414.

Gaur UN, Raturi GP, Bhatt AB. 2003. Quantitative response of vegetation
in glacial moraine of Central Himalaya. The Environmentalist (23):
237-247.

Ghidiyal S, Baduni NP, Khanduri VP, Sharma CM. 1998. Community
structure and composition of oak forests, along altitudinal gradientsin
Garhwal Himalaya, Indian J For 21 (3): 242-247.

Joshi SC, Joshi DR, Dani DD. 1983. Kumaun Himalaya- A Geographical
Perspective on Resource Development. Gyanodaya Prakashan,
Nainital.

Kershaw KK. 1973. Quantitative and Dynamic Plant Ecology. 2nd ed.
ELBS and Edward Arnold (Publ.) Ltd. London.

KheraN, Kumar A, Ram J, Tewari A. 2001. Plant biodiversity assessment
in relation to disturbances in mid-elevational forests of Central
Himalaya, India. Trop Ecol 42 (1): 83-95.

Knight DH. 1975. A phytosociological analysis of species rich tropical
forest on Barro Colorado Island, Panama. Ecol Monogr 45: 259-284.

Levins R. 1968. Evolution of changing environments. Some theoretical
explorations. Amer Nat 147: 784-812.

MacArthur RH. 1958. Population ecology of some warblers of
Northeastern coniferous forests. Ecology 39 (4): 599-619.

Mani MS. 1974. Ecology and Biogeography of High Altitudes. Insects.
Junk Publishers. The Hague.

Monk CD. 1967. Tree species diversity in the eastern deciduous forest
with particular reference to North Central Florida. Am Nat 101: 173-
187.

Pandey AN. Singh JS. 1984. Mechanism of ecosystem recovery: A case
study from Kumaun Himalaya. Reclam Reveg Res 3; 271-292

Pandey N, Nautiyal BP, Bhatt AB. 2000. Studies on vegetation analysis,
plant form and biological spectrum of an apine zone of north-west
Himalaya. Trop Ecol, 40: 163-166

Pianka ER. 1974. Niche overlap and diffuse competition. Proc Natl Acad
Sci USA 71: 2141-2145.

Pichett STA. 1980. Non equilibrium co existence of plants. Bull Theor
Bot Club 107: 238-248.

Rawat J. 2003. Completion, Niche and Diversity patterns along an
dtitudinal gradient in a part of lesser Himalaya in Uttaranchal.
[Dissertation]. HNB Garhwal University, Srinagar, India

Risser PG, Rice EL. 1971. Diversity in tree species in Oklahoma upland
forest. Ecology 52: 876-880.

Sal VS, Budholia SS. 1986. Niche measurement of tree species in central
Indiaforest. Trop Ecol 27: 76-84.

Shannon CE, Wiener W. 1949. The mathematical
communication. University of Illinois Press, Urbana, IL.

Sharma CM, Baduni NP. 2000. Effect of aspect on the structure of some
natural stands of Abies pindrow in Himalayan moist temperate forest.
The Environmentalist 20: 309-317.

Simpson EH. 1949. Measurement of diversity. Nature 163: 688.

Singh JS, Singh SP 1992. Forests of Himalaya: Structure, functioning and
impact of Man. Gyanodaya Prakashan, Nainital, India.

Singh JS, Tiwari AK, Saxena AK. 1985. Himalayan forest. A net source
of carbon to the atmosphere. Environ Conserv 12: 67-69.

Singh SP, Rawat YS, Garkoti SC. 1997. Failure of broun oak (Quercus
semicarpifolia) to regenerate in Centra Himalaya A case of
environmental semi surprise. Curr Sci 73 (4): 371-374.

Sundriyal RC, Sharma E. 1996. Anthropogenic pressure on tree structure
and biomass in the temperate forest of Mamlay Watershed in Sikkim.
For Ecol Manag 81 (1-3): 113-134.

Ter Braak CJF, Prenrice IC. 1988. A theory of gradient analysis. Adv Ecol
Res 18: 271-317.

Westman WE. 1975. Edaphic climax pattern of the pygmy forest region of
California. Ecol Monogr 45: 109-135.

Wiart J. 1983. Ecosystem Villageois Traditionnel en Himalaya Nepalais: |
Producton Forestiere Suffit-elle aux Besoins de la Population?
[Dissertation]. Universite Scientifique et Medicae de Grenoble,
France.

Woodwell GM. 1970. Effect of pollution on the structure and physiology
of ecosystem. Science 168: 429-433.

theory of



BIODIVERSITAS ISSN: 1412-033X
Volume 17, Number 1, April 2016 E-ISSN: 2085-4722
Pages. 78-83 DOI: 10.13057/biodiv/d170111

Cédlulolytic and hemicellulolytic bacteria from the gut of
Oryctesrhinoceros larvae

SITI LUSI ARUM SARI®, ARTINI PANGASTUTI, ARI SUSILOWATI, TJAHJADI PURWOKO,
EDWI MAHAJOENO, WAHYU HIDAYAT, IKOW MARDHENA, DANIEL FAJAR PANUNTUN,
DEWI KURNIAWATI, ROBIAH ANITASARI
Departement of Biology, Faculty of Mathematics and Natural Sciences, Sebelas Maret University. J.. Ir. Sutami 36 A Surakarta 57126, Central Java,
Indonesia. Tel./fax.: +62-271-663375, Yemail: arumprasojo@gmail.com

Manuscript received: 17 December 2015. Revision accepted: 2 February 2016.
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Anitasari R. 2016. Cellulolytic and hemicellulolytic bacteria from the gut of Oryctes rhinoceros larvae. Biodiversitas 17: 78-83.
Lignocellulose is very potential as raw material for biofuel production because it is cheap, abundant and renewable. The main
carbohydrate constituents of lignocellulosic material are cellulose and hemicelluloses (a group of heteropolymers that includes xylans
and mannans). The most important process in bioethanol production from lignocellulose is the bioconversion of polysaccharides into
fermentable sugar. Enzymatic hydrolysis has been developed because it is the more environmentally approach. Since the cost of
hydrolytic enzyme production is the major problem of the process, many type of research has been focused on lowering the cost of
enzyme production, including screening for organisms with a novel enzyme. This present study was conducted to isolate and screen of
the cellulolytic and hemicellulolytic Bacteria from the gut of Oryctes rhinoceros L. larvae. The 3 instars were used in this research.
The research succeeded to isolate 11 bacteria isolates from the gut of O. rhinoceros larvae. The screening result demonstrated that
bacteria isolates had cellulolytic (63.6% of total isolates), xylanolytic (72.7% of total isolates), and mannanolytic (100% of total
isolates) activity. Based on the 16S rDNA sequence, 10 isolates were classified into Bacillus and only 1 isolate was classified into
Citrobacter. The GOR2 which was closely related to Bacillus pumilus vit bacl has the highest cellulolytic and xylanolytic activities.
The isolate with the highest mannanolytic activity was the GOR7 which was closely related to Bacillus aryabhattai strain IHB B 6821.

Keywords: Cellulolytic, hemicellulolytic, lignocellulosic, Oryctes rhinoceros

INTRODUCTION

Increasing worldwide demand for energy, fuel oil
depletion, continuously price increasing of crude oil and
environment issues such as global warming and pollution
encourage intensive investigation to develop an alternative
renewable energy (Dashtban et al. 2009). Bioethanol is an
alternative energy source that can be potentially developed
to replace petroleum. It can be utilized as transportation
fuels with little change to current technology, renewable
and reduce green house gas emissions (Carere et a. 2008).

Bioethanol can be produced from the organic material
which contains sugar, starch, or lignocelulose.
Lignocellulose is the main component of plant cell wall. It
is very potential to be developed as a substrate for
bioethanol production since it is very cheap, abundant, and
renewable. Structurally, it is formed of three main
polymers, namely: cellulose (a homopolymer of D-glucosyl
residues), hemicelluloses (a group of heteropolymers that
includes xylans and mannans), and lignin (a complex
polyphenolic polymer). The main polysaccharides of
lignocelluloses, celluloses and hemicelluloses (mannan,
and xylan), can be hydrolyzed to yield fermentable sugars,
which can then be fermented to generate bioethanol (Gong
et a. 1999; Cheng and Timilsina 2011).

Polysaccharides hydrolysis can be performed either
thermochemically using acid and heat or biologically using
hydrolytic enzymes. Enzymatic hydrolysis possesses
several advantages such as its efficiency is quite high, its
byproduct can be controlled, its process does not need
expensive instruments, and its energy need is quite low
(Badger 2002). However, the enzymatic digestion of native
plant cell walls is inefficient, presenting a considerable
barrier to cost-effective biofuel production (Lacayo et al.
2013). Much research efforts have been focused on
lowering the cost of enzyme production. Various ways are
done start from microbial exploration as a potential enzyme
source, strain  and enzyme engineering, process
engineering, including substrate selection, cultivation
condition and bioreactor design (Badger 2002; Howard et
al. 2003).

Cellulase and hemicellulase are hydrolytic enzymes
which play an important role in lignocellulose hydrolysis.
Cellulase is a group of enzymes that degrade cellulose, a
major component of lignocellulose. Components of
cellulase systems were classified based on their mode of
catalytic action into three major types. endoglucanase (EC
3.2.1.4), exoglucanase or Cellobiohydrolase (EC 3.2.1.91),
and B-glucosidase (EC 3.2.1.21) (Lynd et al. 2002
Dashtban et al. 2009). Mannanase and xylanase are the key
enzymes which have rolesin hemicellulose hydrolysis.
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Polysaccharide hydrolysis is the key process of
herbivorous insect feed digestion (Shi et a. 2011). The
herbivorous insect can utilize lignocellulose as its energy
source. Its ability is supported by the presence of microbes
in its gut, which produce hydrolytic enzymes (Suh et al.
2003). Rhinoceros beetles (Oryctes rhinoceros L.) is a
herbivorous insect belong to the Coleopteran order
(Scarabaeidae family) (Bedford 1974; Lavelle et a. 1997,
Swamy and Deesh 2011). The O. rhinoceros larvae growth
in a pile of decaying vegetation and using the residue from
organic material as feed (Schmaedick 2005). This research
was conducted to isolate and screen cellulolytic,
hemicellulolytic (xylanolytic and mannanolytic) bacteria
from the gut of O. rhinoceros larvae.

MATERIALSAND METHODS

Organism

Oryctes rhinoceros larvae were collected from rice stalk
composting field in Srumbung, Magelang, Central Java,
Indonesia. The 3%instars were used in this research.

Media

Media for isolating bacteria from O. rhinoceros gut was
Lauria-Bertani Agar (LA) with composition: 1% tryptone,
0.5% yeast extract, 0.5% NaCl, and 1% agar. Regeneration
of bacteria used Lauria-Bertani medium. Screening of
cellulolityc bacteria used minimal media (Berg’s et al.
1972) with the addition of 10 g L™ carboxymethy! cellulose
(CMC) sodium sdt low viscosity (Sigma-Aldrich) for
cellulolytic, Locus bean gum for mannolytic and 1% beech
wood xylan (Sigma-Aldrich) for xylanolytic and pH was
adjusted to 7. Composition of minimal medium (in g/100
mL) was 0.2 g NaNOs3, 0.05 g MgS0O,, 0.005 g K,HPO,, 1
mg FeSO,, 2 mg CaCl,, 0.2 mg MnSO,, and 2% agar.

I solation of bacteria from the gut of O. rhinoceroslarvae

The 3 instars were used in this research. The instars
were cleaned externally with 95% ethanol and dissected.
The entire digestive tract was aseptically isolated in a UV
laminar flow hood and homogenized for 5 minutes in
sterile NaCl (0.85%) solution then incubated for 30
minutes at 37°C. Isolation of bacteria was done by dilution
plate method. The supernatant was serially diluted 10°-10°.
After seria dilution, 0.1 mL of solution was taken using
sterile micropipette and plated on LA medium. Incubation
was done at 37°C for 48 hours.

Screening for cellulolytic, xylanolytic and mannolytic
bacteria

Bacterial isolates were grown in LB medium with the
addition of 1% carbon source at 37°C for 24 hours.
Screening for hydrolytic activity was done by inoculating 0.5
Ml inoculums into screening medium and incubated at 37°C
for 48 hours. The clear zone around colony showed
cellulolytic, xylanolytic or mannolytic activity. The clear
zone was made become clearer by coloring with Congo red
for cellulolytic and xylanolytic (Wood 1980) and lodin for
mannanolytic.

I dentification of bacteria

Bacterial isolates were grown in LB medium at 37°C
for 24 h. Cultures were centrifuged at 10,000x g for 1 min,
and the supernatant was removed. DNA extraction was
performed using a Presto™ Mini gDNA Bacteria Kit
(Genaid, Taiwan) according to the manufacturer’s
instructions. Bacterial universal primers 63F (5’-
CAGGCCTAACACATGCAAGTC-3’) and 1387R (5'-
CCCGGGAACGTATTCACCGC-3’) were used to amplify
the 16S rDNA from genomic DNA (Marches et al. 1998).
Polymerase chain reaction (PCR) was performed in a
Thermo Cycler (Aplied Biosystem). The amplification was
performed as follows: initial denaturation for 5 min at
94°C, 35 cycles each of denaturation for 15s at 94°C,
annealing for 15s at 55°C, and elongation for 15s at 72°C,
and a final extension for 7 min at 72°C. PCR product
purification and sequencing were done by 1% BASE
(Singapore). Sequences of 16S rDN were compared to the
16S rDNA sequences available in the Gen Bank data base
using the BLAST program at Nationa Center for
Biotechnology Information http: //www.ncbi.nlm.nih.gov/

Phylogeneticanalysis

Phylogenetic analysis was performed using the
neighbor-joining method with MEGA 6.0. (Tamura et al.
2013). To datigtically evaluate the branching, bootstrap
analysis was carried out with data resampled 1000 times

RESULTSAND DISCUSSION

I solation and screening of cellulolytic bacteria

The research succeeded to isolate 11 bacterial isolates
from the gut of O. rhinoceros larvae. The screening result
based on the formation of a clear zone around the colony
demonstrated that bacterial isolates have cellulolytic
(63.6%), xylanolytic (72.7%), and mannanolytic (100%)
activity (Table 1). Based on the clear zone diameter, it was
observed that the isolates have varied ability in hydrolyzing
the carbon source in the forms of CMC, Xylan, and
mannan. The clear zones diameter ranges between 0.97-
3.03 cm on CMC media, 0.17-4 cm on xylan media, and

Table 1. Screening result of cellulolytic and hemicellulolytic
bacteria from the gut of O. rhinoceros larvae

Clear zone diameter (cm)

Code of isolates XVl odi M annan CMC
ylan medium medium medium
GOR1 1.17 1.91 3.01
GOR2 4.00 1.32 3.03
GOR3 0.17 2.61 1.87
GOR4 1.67 251 -
GOR5 1.60 2.53 -
GOR6 - 0.55 2.73
GOR7 2.50 3.48 2.90
GORS8 2.67 2.36 1.77
GOR9 2.33 1.04 0.97
GOR10 - 2.83 -
GOR11 - 3.39 -
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Table 2. Identity of the cellulolytic and hemicellulolytic bacteria isolated from the gut of O. rhinoceros larvae based on 16S rDNA
sequences

Code of isolates Accession E Value I dentity Strain of closest match

GOR 1 KF135465.1 0.0 99% Bacillus subtilis strain JK1316S
GOR 2 K(C845305.1 0.0 99% Bacillus pumilus strain Vit Bacl
GOR 3 KJ534434.1 0.0 99% Bacillus cereus strain LD147

GOR 4 KJ534462.1 0.0 99% Bacillus megaterium strain RD30
GOR5 JF512478.1 0.0 99% Bacillusthuringiensis strain Pak2310
GOR 6 KF933659.1 0.0 99% Bacillus aquimaris strain HNS62
GOR 7 KF668459.1 0.0 99% Bacillus aryabhattai strain IHB B 6821
GOR 8 KJ572277.1 0.0 99% Bacillus cereus strain L-3

GOR9 CP000822.1 0.0 99% Citrobacter koseri ATCC BAA-895
GOR 10 FJ189762.1 0.0 99% Bacillus clausii strain MSB08

GOR 11 JF512478.1 0.0 99% Bacillus thuringiensisstrain Pak2310

0.55-3.48 cm on mannan media. The highest cellulolytic
and xylalolytic activity was demonstrated by GOR2 while
the highest mannanolytic activity was displayed by GOR?Y.

I dentification of bacteria

The gram staining results reveal that almost all bacterial
isolates were rod-shaped gram-positive, except for GOR9,
which was short rod-shaped gram-negative. All isolates
were then identified based on thel6S rDNA sequences. The
16S rDNA amplicons of some isolates using bacterial
universal primers 63F and 1387R showed in Figure 1.
Based on the BLAST analysis (Table 2.), all bacteria had a
partial sequence similar to the database from the Gene
Bank, having the level of similarity of over 99%.

Phylogeneticanalysis

Phylogenetic analyses placed the 11 isolates in the 2
groups: Bacillus and Citrobacter (Figure 2). Bacillus was
the dominant group, including 10 isolates. Branching off
this unknown group from Bacteroides cellulolyticus strain
CRE2 was supported by a 100% bootstrap value.

Discussion

The ability to degrade cellulose and hemicellulose can
be measured based on clear zone diameter (Figure 3). The
isolate ability on making a clear zone showed that this
isolate can hydrolyze polysaccharide as a carbon source or
produced hydrolytic enzymes which were secreted to the
growth medium. These enzymes degrade [3-1,4-glycosidic
bond in CMC, xylan and mannan. Nevertheless, clear zone
diameters were qualitatively reproducible with the plate
overlay technique. Theclear zone is made become clearer
by coloring with Congo red and lodin which strongly
interacted with B-1,4-glikosidik bound (Wood 1980;
Teather and Wood 1982).

Based on clear zone diameter, it was determined that
the potential isolates for cellulase and xylanase producer
were GOR2 that was closely related to Bacillus pumilus vit
bacl. Bacillus pulmilus have been reported as cellulase
(Kotchoni et al. 2006) and xylanase (Lamid 2006)
producer. Several Bacillus have been reported to have
cellulolytic activity such as B. Brevis (Singh and Kumar

1998), B. pumilus, B. amyoliquefaciens DL-3 (Lee et al.
2008), and B. subtilis YJL (Yin et a. 2010); and
xylanolytic activity, such as B. subtilis (Heck et al. 2002),
B. altitudinis (Adhyaru et al. 2014), and B. cereus (Mandal
et al. 2012). Bacillus is the most dominant bacterium used
in enzymes industry because of its ability to produce and
secrete an amount of extracellular enzymes (Rastogi et al.
2010).

The bacterial isolate with the highest mannanolytic
activity was GORY7, that was closely related to Bacillus
aryabhattai. Bacillus aryabhattai have been isolated by
Ray et a. (2012) from the rhizosphere region of Lemna sp.
from the East Kolkata wetlands. Bacillus aryabhattai have
the properties of withstanding Cr** exposure, salinity,
stress, and also withstanding high UV exposure. Bacillus
aryabhattai was also discovered as producer of L-
asparaginase (Singh and Srivastava 2014) and protease
(Sharmaet al. 2014).

The result of the research showed that al isolates had
cellulolytic or hemicellulolytic activities. Cellulolytic and
hemicellulolytic bacteria are found in most herbivorous
insects' gut such as termite (Kuhnigk and Konig 1997),

1500bp __

1000bp —

Figure 1. Bacteria 16S rDNA PCR products using Bacteria
Universal Primer 63F (5’-CAGGCCTAACACATGCAAGTC-3%)
and 1387R (5’-CCCGGGAACGTATTCACCGC-3’). The
following DNA templates were used for PCR (by lane): 1, GOR1;
2, GOR2; 3, GORS; 4, GOR4; 5, GORS5; 6, GOR6; 7, GOR7; 8,
GORS; 9, GOR9; 10, GOR10
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Figure 2.16S rDNA-based dendrogram showing phylogenetic relationships of cellulolytic and hemicellulolytic bacteria from the gut of
O. rhinoceros larvae (shown with GOR as a code of isolate) to members of the cellulolytic bacteria from Gen Bank data base. Bootstrap
values (n=1000 replicates) of >49% are reported as percentages. The scale bar represents the number of changes per nucleotide position
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Figure 3. Isolate GOR2 on CMC medium (A) and beech wood xylan medium (B) after coloring with 1% Congo red and GOR7 on
locust bean gum medium after coloring by 0.5 N lodin (C). The clear zone surrounding a colony indicates hydrolitic activity

Bombix mori larvae (Anand et al. 2010), and Holotrichia
parallela larvae (Huang et al. 2012). Insects such as
Reticulitermes flavipes (Zhou et a. 2008), Anoplophora
glabripennis (Geibet al. 2010), Tenebrio molitor (Ferreira
et a. 2001), and Pachnoda marginata (Cazemier et al.
2003) can degrade plant biomass with the help of
microorganism in their gut. The presence of bacteriain the
gut of herbivorous insect has an important role in feed
hydrolysis. The result of the research demonstrates that the
gut of O. rhinoceros larvae is an attractive source for the
study of novel cdlulolytic, xylanolytic and mannanolytic
microorganisms and enzymes that are wuseful for
lignocellulose degradation.

The result of the identification shows that 10 out of 11
isolates were classified into Bacillus. Bacillus is also
discovered in the digestive tract of Holotrichia parallela
(Coleoptera: Scarabaeidae) during the second and third
instars (Huang and Zhang 2013) and Pachnoda spp.
(Coleoptera: Scarabaeidae) (Andert et al. 2010). Bacillus
can survive in quite high ranges of temperature and pH
such asin the gut of Lepidoptera larvae. Lepidopteralarvae
have the average temperature around 37° C and the alkaline
pH so that it is optimum for the growth of Bacillus
(Broderick, 2003).The bacterial composition in insect's
digestive tract also related to the types of feeds (Broderick,
2004).
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In conclusion, the research succeeded to isolate 11
bacterial isolates from the gut of O. rhinoceros larvae. The
screening result demonstrated that bacterial isolates have
cellulolytic (63.6% of total isolates), xylanolytic (72.7% of
total isolates), and mannanolytic (100% of tota isolates)
activity. Based on the 16S rDNA sequence, 10 isolates
were classified into the Bacillus and only 1 isolate was
classified into Citrobacter. The GOR2 which was closely
related to Bacillus pumilus vit bacl has the highest
cellulolytic and xylanolytic activities. The isolate with the
highest mannanolytic activity was the GOR7 was closely
related to Bacillus aryabhattai strain IHB B 6821.
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Abstract. Ekyastuti W, Faridah E, Sumardi, Setiadi Y. 2016. Mitigation of mercury contamination through the acceleration of
vegetation succession. Biodiversitas 17: 84-89. The success of the restoration of the tailings ex-gold mining through the succession is
highly dependent on the ability of plants to grow and adapt to the troubled land. Restoration through natural succession takes a very long
time. Therefore, human intervention is required to accelerate the succession. The purpose of this research was to improve the
effectiveness of mitigation of mercury contamination through the acceleration of vegetation succession. This research has been carried
out in a greenhouse using an experiment with a completely randomized design. There are 8 treatment consists of four indigenous species
(Dillenia excelsa, Melastoma affine, Cinnamomum porrectum and Casuarina junghuhniana) grown alone (one species) and collective
(more than one species) in the tailing media with a mercury content of 20 ppm. The results showed that the planting collectively have a
mutually supportive interaction, so that increased the plant growth. In addition, collective planting two or four different species of
plants, and the D. excelsa itself could decrease the concentration of mercury in the tailing. The acceleration of vegetation succession
through the right choice of plants species and planting collectively, capable to increasing the potential of mitigation of mercury

contamination in the tailings.

Keywor ds: Ex-gold mining succession, mitigation of mercury contamination, tailing

INTRODUCTION

Rehabilitation of the tailing areas of ex community gold
mining in West Kalimantan, have been urged to do. One
phase of the rehabilitation activities is revegetation.
Through revegetation activities are expected to not only
lower the mercury contamination in the tailings, but also
improve the local micro-climate conditions. Revegetation
can be done artificially by humans and naturally through
the process of succession. The success of the improvement
of the tailings of ex community gold mining through a
succession are highly dependent on the ability of plants to
grow and adapt to the troubled land, so the use of
restoration techniques in revegetation is one right choice
(Ekyastuti and Roslinda 2015). Restoration is an effort to
repair or restore the condition of the damaged area by
forming the structure and function close to the original
condition (RECA Project 2014). Restoration through
natural succession has been proven to reduce the levels of
mercury contamination in the tailings, but the process takes
a very long time. Previous research has found that the
succession of the tailing areas of ex gold mining running
very dow. In the tailing areas of ex community gold
mining that have been abandoned for five years is till
dominated by groundstorey and shrubs (Ekyastuti and
Roslinda 2015). Therefore, human intervention is required
to accelerate the succession. Human intervention can be
done through increasing revegetation activities deliberately
in the tailing areas of ex gold mining.

The use of indigenous species is preferred in re-
vegetation activities which refers to the restoration techniques.
This meant that the goal to forming the structure and
function close to the original condition can be achieved. In
addition, the use of indigenous species can also maximize
the success of replanting, due to the suitability of species
where they grow. Secondary forests around the tailing
areas of ex community gold mining in West Kalimantan
has excellent potential in providing a source of indigenous
species for revegetation. Ekyastuti and Rodlinda (2015)
research in the tailing areas of ex gold mining found 10
indigenous species in Mandor location and 18 indigenous
species in Menjalin location. This indicates that the use of
indigenous species for revegetation is feasible in both
locations. Potential and equal opportunities is aso
happening in mined land in other places.

Considering the succession in the first five years of the
tailing areas are ill dominated by groundstorey and
shrubs, as previously described, it is necessary to know the
role of species of these plants to improve revegetation
success. Population groundstorey and shrubs are also
thought to have a role in reducing mercury (or other
pollutants) on the ground. However, there is no information
that conveys the formulation or planting utilizing this
groundstorey and shrubs. Therefore, this study aims to
improve the effectiveness of mitigation of mercury
contamination through the acceleration of vegetation
succession. Acceleration of the vegetation succession is
done by using some indigenous species elected.
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MATERIALSAND METHODS

Research has been carried out in a greenhouse using an
experiment with a completely randomized design. As an
experimental material were four indigenous species elected
refers Ekyastuti et a. (2016), which consists of two species
of shrubs that was Dillenia excelsa and Melastoma affine
and two species of woody plant that was Cinnamomum
porrectum and Casuarina junghuniana (Figure 1).
Selection of species was based on the ease of the species
found in the study site and easy too propagation.
Furthermore, the treatment consists of eight levels (planting
with species grown alone (one species) and collective
(more than one species)), and each treatment was repeated
five times. As a plant growth media were tailings of ex
gold mining + mature compost 1:1 (v:v) (Ekamawanti and
Ekyastuti 2010), with a mercury content 20 ppm. It refers
to Ekyastuti et al. (2016) that with the mercury content 20
ppm, these four species of plants still can grow well.
Mercury added to the media using techniques of Rabie
(2005).

Analysis of variance is done using statistical software
program SAS 13 for data growth of plants that collected
during the study, namely: (@) the increase of height (cm),
(b) the increase of diameter (mm), (c) increase the number
of leaves, (d) the ratio of roots and shoots, and (e) the total
dry weight of the plant. At the end of the study was also
carried out analysis of total mercury content in the roots,
shoots and media (ppm) in the Laboratory of Baristand
Pontianak using standard SNI 06-6992.2 2004. The data
will be used as baseline data to calculate: bioconcentration
factor, translocation factor and tolerance index following
the technique of Rabie (2005).

RESULTSAND DISCUSSION

Results
Plant growth as a manifestation of the advancement of
succession

In general, the growth of four indigenous species are in
agood condition and healthy. Found as many as 10% of the
crop showed symptoms of mercury poisoning but only until
early symptoms of poisoning that are leaves turn yellowing
in the bud and leaf edge become browning (Figure 2), and
plants still can grow normally until the end of the study.
Indigenous species that show symptoms of mercury
poisoning are three individual of D. excelsa and three
individual of C. porrectum. The results showed that at all
levels of treatment, except in the number of leaves D.
excelsa which planted individually, there were no
differencesin plant growth (Table 1).

The content of mercury in the media and plant tissue
Six months after planting, the results of the analysis of
mercury in the tailings media vary considerably (Table 2).

The decrease of mercury content in the media are from 20
ppm to 1.46 ppm until <0.002 ppm. Another fact that
derived from this data is the discovery of a tendency that
the collective planting (more than two species) and planting
D. excelsa singly, faster to decrease of mercury content in
the media than other treatments. The controls are the same
medium but without the plant, that is used as a comparison
to see the effect of plantsin reducing mercury in the media.
Mercury concentrations in control media showed the
highest value (1.46 ppm), but not much different from the
media of C. junghuniana that planted singly (1.44 ppm).

Mercury analyzes were also performed on plant tissue
at the end of the study (Table 3). At all indigenous species,
a different treatment does not cause the differences in
mercury concentrations in the plant tissues. However, there
is a tendency that C. junghuhniana and D. excelsa has a
higher ability to accumulate mercury, compared with two
other species (Figure 3). Meanwhile, for the ANOVA
among the treatments (that is the sum of all the mercury
content of the plants in each treatment) was significantly
different. In order to track the differences among the
treatments, we carried out further testing using DMRT
(Table 4).

Based on the results of DMRT can be explained that the
mercury content in plant tissue on collective planting of
four species found the highest, followed by the collective
planting of two species of woody plant, then the collective
planting of two species of shrubs and planting single of C.
junghuhniana and D. excelsa. Between M. affine and C.
porrectum that grown singly did not show differences in
mercury content in the plant tissues, and have the lowest
content of mercury in the plant tissues.

Bioconcentration factor, translocation factor and tolerance
index

Bioconcentration factor, trandocation factor and
tolerance index are measured to determine the distribution
of mercury in the media and in the plant, as well as the
ability of plants to face the presence of mercury
contamination (Table 5). Bioconcentration factors are
measured to determine where mercury accumulated, in
plant tissue or in the media. The result showed that the
majority of plants, except C. junghuhniana and C.
porrectum that planted alone, have a vaue of
bioconcentration factor > 1. This means that the
accumulation of mercury generaly occurs in the plant
tissue, not in the media (Rabie 2005). Based on this data,
C. junghuhniana and C. porrectum (woody plant) does not
have the ability of mercury accumulation in plant tissues
when planted aone. However, if they are planted
collectively with other species, these plants have the ability
of mercury accumulation in plant tissue. This suggests that
the relationships formed among species of these plantsis a
co-founding or support each other to absorb mercury. The
same trend also occurred in the group of herbaceous plants
(D. excelsa and M. affine).
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Figure 1. Indigenous species were planted. A. D. excelsa, B. M. affine, C. C. porrectum, D. C. junghuniana, and E. Experimental
planting in the greenhouse

Figure 2.A-B. Early symptoms of mercury poisoning that appears on D. excelsa




EKYASTUTI et a. — Mitigation of mercury contamination 87

Table 1. Results of the analysis of a varian (Anova) of plant

growth
Zﬁ:\/’ﬁﬁle of Indigenous species Average P-value Anova
Theincreaseof D. excelca 2.00 0.178 ns.
height (cm) M. affine 1.09 0369 ns
C. porrectum 111 0.362 ns.
C. junghuniana 0.25 0.786 ns.
Theincreaseof D. excelca 0.40 0.679 ns.
diameter (mm) M. affine 2.67 0.110 ns
C. porrectum 0.75 0493 ns.
C. junghuniana 2.00 0.178 ns.
Increase the D. excelca 0.93 0420 ns.
number of leaves M. affine 2.00 0.178 ns.
C. porrectum 4.96 0.027 *)s
C. junghuniana 0.63 0548 ns
Thetota dry D. excelca 2.66 0.110 ns
weight of the M. affine 0.61 0560 ns.
plant (g) C. porrectum 211 0.164 ns.
C. junghuniana 0.99 0399 ns
Theratio of D. excelca 2.06 0.170 ns.
roots and shoots M. affine 0.79 0476 ns.
C. porrectum 0.55 0593 ns.
C. junghuniana 0.26 0.776  ns.
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Figure 3. The average of mercury content in plant tissue (ppm)
Note: Cj = C. junghuhniana, Cp = C. porrectum, De = D. excelca,
Ma= M. affine; 2 = collectively planted two different species; 4 =
collectively planted four different species

Table4. DMRT of mercury content in plant tissue

Note: ns = non significant; *) s= significant

Table 2. Concentration of total mercury in the media six months
after treatment

Average of
Treatment mer cury content DMRT
(ppm)
De+ Ma+ Cp+Cj 3.85 a
Cp+Cj 2.30 b
De+ Ma 1.35 c
C. Junghuhniana (Cj) 1.20 cd
D. excelca (De) 1.10 cd
M. affine (Ma) 0.40 e
C. Porrectum (Cp) 0.40 e

Concentration of total

Treatment mercury in the media (ppm)

Control 1.46

D. excelca (De) <0.002
M. affine (Ma) 0.278
C. porrectum (Cp) 0.758
C. junghuniana (Cj) 144

De+ Ma <0.002
Cp+(j <0.002
De+Ma+Cp+(Cj <0.002

Description: Mean followed by the same letter on DMRT showed
no significantly different results

Table 5. Bioconcentration factor, translocation factor and

tolerance index

Table 3. ANOVA of mercury content in plant tissue

Bioconcen- Trans-

Indigenous species tration location ToIeranoce

Factor Factor Indexs (%)
D. excelca 578.95 0.22 148.79
M. affine 1.44 1.00 133.56
C. porrectum 0.53 1.00 97.06
C. junghuniana 0.83 0.17 113.04
D. excelca-2 526.32 0.27 119.74
M. affine-2 210.53 1.00 145.83
C. porrectum-2 210.53 1.00 65.52
C. junghuniana-2 1000.00 0.12 183.33
D. excelca-4 842.11 0.15 216.79
M. affine-4 210.53 1.00 180.00
C. porrectum-4 210.53 1.00 164.29
C. junghuniana-4 789.47 0.15 171.43

Average of
I ndigenous species mercury P-value Anova
(ppm)

Among plants:
D. excelca 1.89 0.295 ns.
M. affine 0.40 0.400 ns.
C. porrectum 0.40 0.400 n.s.
C. junghuniana 2.85 0.203 n.s.
Among the treatments 3.56 0.0001 **) V.S,
(7 planting)

Note: ns = non significant; **) v.s = very significant

Description: -2 = collectively planted two different indigenous
species and -4 = collectively planted four different indigenous
species

The value of trandocation factor is measured to
determine in what part the mercury accumulated in plants,
whether in the roots or shoots. If the value of the
trandocation factor = 1 means that mercury accumulated in
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the shoots, whereas when the value < 1 means that the
mercury accumulated in the roots (Rabie 2005). The value
of factor trandocation of four indigenous species (Table 5)
showed that C. junghuhniana and D. excelsa accumulate
mercury in the roots, while C. porrectum and M. affine
accumulate mercury in the shoots. This phenomenon does
not change in plants grown singly (alone) and collectively.

The value of tolerance index is used to see the level of
tolerance of plantsto mercury. If the value of the tolerance
index <30% = low (intolerant), 31-70% = moderate
tolerance and > 71% = high tolerance (tolerant). From
Table 5 it is known that except the C. porrectum that grow
together with C. junghuhniana, three other indigenous
species have tolerance index 97.06% - 216.79%. This
means that amost all species of plants that used in this
study have a high tolerance for mercury. Another
phenomenon is detected that the collective planting four
indigenous species together always show the highest level
of tolerance than the other treatments.

Discussion
The growth of the plant as a manifestation of successin
addressing the problem of mercury

The success or failure of plants to grow normally,
describes the ability or the failure of plants to exploiting the
potential of media in order to supporting and overcoming
the limitations. The areas of ex gold mining (tailings) have
many limitations as a medium for plant growth. This media
belongs to the criteria of degraded land because the nutrient
content is very low, there is no organic matter, acidic to
very acidic pH, CEC is very low, and contains of mercury
(Ekamawanti and Ekyastuti 2010). Furthermore, it also
made clear that these limitations can be minimized by the
addition of mature compost in the ratio 1: 1 (v:v).
Therefore, in this study we used tailings + mature compost
as aplant growth mediawith aratio 1: 1 (v:v). Theresult is
a better fertility rate, making it feasible to be used as a
medium to plant growth. This is evidenced from the plant
growth response that normal.

At the end of this study, the concentration of mercury in
the media become much lower ranged between <0.002 ppm
to 1.46 ppm. The decrease is due to severa reasons,
including: absorbed and accumulated by plants or
evaporates into the atmosphere due to volatilization (Wang
2004). Mercury uptake by plants can occur through a
process of phytoextraction or phytostabilization (Sarma
2011). Decreasing the concentration of mercury in the soil
is an indicator of the occurrence of metal binding process
by roots exudates. In many cases, soil microorganisms have
avery important role in assisting this process of decline of
heavy metals in the soil (Prasetyawati 2009). Low
concentrations of mercury in the media will be followed by
the successful plant growth. This condition proves that the
four indigenous species used in this study has the ability to
accumulation of mercury. This statement is supported by
the bioconcentration factor in most of the plants in all
treatments > 1, which means the mercury accumulated in
the plant tissue.

Vegetative growth as the response of plants to the site
conditions showed that most plants can grow well and

healthy. Although not differ in terms of growth and total
mercury concentrations in plant tissue, there is a tendency
that the planting collectively have a better plant growth if
compared with the planting singly. The same trend is also
seen in its ability to accumulate mercury in plant tissue.
This is thought to be caused by the rapid reduction of
mercury in large amounts, because absorption is done
jointly with another individual. So the opportunity to grow
better is higher. This statement is supported by the results
of the analysis of mercury in the media. Planting
collectively is causing the mercury content in the media to
be much lower at <0.002 ppm, while the planting singly is
0.278 to 1.46 ppm. Except D. excelsa that planted singly,
the mercury content is <0.002 ppm. This indicates that
specific to D. excelsa, not only planted collectively but also
planted singly capable to lowering the concentration of
mercury in the media <0.002 ppm. Safety threshold of
mercury in the soil according to the Decree of the Minister
of Environment No. 202 of 2004 is 0.005 ppm.

Based on the value of the trandocation factor, it is
known that in C. junghuhniana and D. excelsa accumulate
mercury in the roots, while C. porrectum and M. affine
accumulate mercury in the shoots. Thus, the process of
remediation of mercury by C. junghuhniana and D. excelsa
is phytostabilization, while C. porrectum and M. affine is
phytoextraction (Fulekar et al. 2009; Sarma 2011).

In most plants are tolerant of heavy metals, the
remediation process is done through phytostabilization.
This is because the process phytostabilization cause heavy
metals (mercury) substituted into the tissues of plants and
will soon be accumulated in a safe place. A safe place is
generally at the root vacuoles. Thus, the process of
photosynthesis is not inhibited because mercury does not
enter into the leaf tissue. Conversely, if the remediation of
mercury through phytoextraction process, the mercury will
be up to the leaf tissue so that the process of photosynthesis
to be blocked. This disorder occurs through the inhibition
of the light reaction and the dark reaction, caused by the
substitution of the centra atom of chlorophyll and
magnesium by mercury (Patra and Sharma 2000; Wang
2004). Therefore, the plants which remediate mercury
through phytoextraction process tend to be lower tolerance
to mercury. This causes the visualy growth C.
junghuhniana and D. excelsa much better than C.
porrectum and M. affine.

Opportunity of increase in mitigation of mercury
contamination through the acceleration of vegetation
succession

Mitigation of mercury contamination biologically using
a plant is called phytoremediation. Phytoremediation is a
techniques of mercury reduction which the most
inexpensive and safe for the environment (Sarma 2011,
Project RECA 2014). Many researches have been carried
out on phytoremediation. As a result, today it has been
reported there are about 500 species of plants from 101
families, which have the ability to remediate heavy metals
(Sarma 2011). However, only a few were specificaly
reported to remediate mercury. The ability of the plant as a
phytoremediator is specific to the kind of heavy metal
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(metal-specific) (Ward and Singh 2004; Palapa 2009;
Sarma 2011). Therefore, plant species are able to remediate
lead may not be able to remediate mercury as well.

C. junghuhniana and C. porrectum (woody plant) and
D.excelsa and M. affine (shrubs) are four indigenous
species that used in this study. They have the ability as
phytoremediator mercury. This study can prove that the
four indigenous species are able to grow well in the tailing
media containing mercury 20 ppm. In addition, the four
indigenous species are also able to accumulate mercury in
plant tissue with diverse abilities and different places (plant
tissue). When compared with the planting singly, planting
collectively have a tendency to grow better and decrease
the concentration of mercury in the media much faster
(<0.002 ppm). This is evident from the results of the
analysis of mercury content in the plant tissue. Planting
collectively four indigenous species (3.85 ppm) and two
indigenous species of woody plant (2.30 ppm),
significantly has a higher ability to absorb mercury
compared to collective planting two species of shrubs (1.35
ppm) and planting singly (0.4 to 1.2 ppm). However based
on the value of tolerance index, all these plants are tolerant
of mercury with the category of moderate to high. This
proves that the four species of these plants are
phytoremediator mercury (as previous explanation) and can
be used to remediate mercury from the soil.

Four indigenous species used in this study is a local
species, obtained from the remaining forest in the Nature
Reserve in Mandor (West Kalimantan), a place where the
community gold mining is taking place. The natural
seedlings of the four species of plants are found in
abundance in this area. This indicates that the remaining
forest surrounding the community gold mining have a good
potential as a source of seed.

Naturally, in the tailing areas of ex community gold
mining will be occurred the succession. However, from a
previous study showed that the succession process in the
tailing ex community gold mining run very slowly. The
succession after lasting more than five years is still
dominated by groundstorey and shrubs (Ekyastuti and
Roslinda 2015). So to speed up the repairs required active
action of people who deliberately make the succession
process run faster (acceleration). Based on the explanations
that have been presented previoudly, it can be concluded
that the chances are very large to increase the mitigation of
mercury contamination through the acceleration of the
vegetation succession. At gold mining areas in Mandor,
West Kalimantan, the acceleration by utilizing D. excelca,
M. affine, C. porrectum, and C. junghuhniana which
planted collectively are highly recommended for
revegetation purposes simultaneously mitigate mercury
contamination in the tailings. However, this research is till
a basic research. Further fieldwork studies are to be
continued on stable surfaces established on waste
stockpiles where particular species combinations would be
planted.

From this study obtained results that: (i) the planting of
four indigenous species namely D. excelca, M. affine, C.
porrectum, and C. junghuhniana collectively cause
interactions mutually support each other so that mutual
benefit, (ii) planting collectively of two or four species
plants, and planting D. excelsa singly capable to lowering
the concentration of mercury in the media until <0.002
ppm, and (iii) plant tissues where the accumulation of
mercury in C. junghuhniana and D. excelsa are in the roots
(phytostabilization), whereas in C. porrectum and M. affine
are in the shoots (phytoextraction). Based on the summary
of the results can be concluded that the opportunities for
improving mitigation of mercury contamination through
vegetation succession acceleration is very great.
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Abstract. Jamili, Yanti NA, Susilowati PE. 2016. Diversity and the role of yeast in spontaneous cocoa bean fermentation from
Southeast Sulawesi, Indonesia. Biodiversitas 17: 90-95. Yeast is one of the microbial group which is role in the process of cocoa
spontaneously fermentation. The objective of this study was to determinate and to know the diversity of yeast that role on cocoa bean
fermentation. Yeast was isolated by pour plate method from cocoa bean that was naturally fermented by a cocoa farmer in Kolaka
District, Southeast Sulawes using yeast mannitol agar (YMA) media. Yeast was characterized and identified using phenotypic
characters based on numeric-phenetic analysis. Yeast isolates applied to cocoa bean to determine its role in cocoa bean fermentation.
The result was obtained seven isolates the dominant yeast during cocoa bean fermentation in Kolaka District, Southeast Sulawesi. The
result of numerical-phenetic analysis based on phenotypic characters to seven yeast isolates showed that 1 isolates (K1k1) identical with
Candida krusei. Three isolates (Klk4, KIk5 and KIk7) identical with Candida tropicalis, one isolate (KIk2) identica with
Saccharomycopsis fibuligera, one isolate (K1k3) identical with Kloeckera sp. and one isolate (KIk6) identical with Saccharomyces
cerevisiae. The result also showed that fermentation of cocoa with seeding of yeast inoculums served to increase the quality of cocoa
beans than spontaneous fermentation. Therefore, the seven yeast isolates potentially be used as an inoculum to improve the cocoa

quality.

Keywords: Cocoa bean, diversity, Southeast Sulawesi, spontaneous fermentation, yeast

INTRODUCTION

Fermentation is one of the important processes to
improve the quality of the cocoa bean. However, the
majority of cocoa farmers in Indonesia, especialy in
Southeast Sulawes is still less interested in doing the
fermentation of cocoa beans, since for processing cocoa
beans through a fermentation process takes a long time
which is five to six days. Fermentation of cocoa beans
undertaken by cocoa farmers is a spontaneous
fermentation. Spontaneous fermentation is fermentation
utilizing natural microorganisms in the environment and
proliferate spontaneously because the environment suitable
for growth.

Fermentation of cocoa beans involves the role of
microorganisms in outlining of polyphenolic compounds,
proteins, and sugars contained in cocoa beans through the
action of the enzyme produced by such microorganisms so
that the fermentation of cocoa beans will undergo physical
and chemical changes. The groups of microorganisms
involved in the spontaneous fermentation of cocoa are
yeast, acetic acid bacteria and lactic acid bacteria (Ardhana
and Fleet 2003; Jespersen et a. 2005; Guehi et al. 2010;
Pereira et al. 2012). Yeast is one of the microorganisms
that play arole in the fermentation of cocoa beans to break
down sucrose, glucose, and fructose into ethanol. In
addition, the yeast also serves to degrade the pulp with the
help of pectinolytic enzymes during fermentation of cocoa
beans (Jespersen et al. 2005; Ho et al. 2014).

The diversity of yeasts in the fermentation of cocoa
beans has been reported by several researchers earlier.
Ardhana and Fleet (2003) found the yeast isolates
Kloeckera apis, Saccharomyces cerevisiae and Candida
tropicalis who have contributed in the fermentation of
cocoa beans in three plantations in Central Java, Indonesia.
Alwi (2009) reported some type of yeast of the genus
Saccharomyces, Candida, Debaryomyces and Rhodotorula
that dominate the fermentation of cocoa beans in three
districts in Central Sulawesi. Sidarsyah (2005) also was
isolate yeast of the genus Saccharomyces, Endomycopsis
and Hanseniaspora of origin cocoa beans Ranomee to
plantations in the Southeast Sulawesi. Daniel et al. (2009)
also reported a yeast diversity of spontaneous fermentation
of cocoa in Ghana is dominated by Pichia kudriavzevii
(Issatchenkia orientalis), Saccharomyces cerevisiae and
Hanseniaspora opuntiae. However, these yeasts, yet
unknown role in improving the quality of cocoa beans.

The involvement of yeast in the fermentation process of
cocoa beans contributes to determining the quality of cocoa
beans product. However, not much is reviewing the role of
yeast that is obtained from the fermentation of cocoa beans
spontaneoudly to quality cocoa beans (Ardhana and Flest
2003;Alwi  2009;Daniel et a. 2009;Pereira et al.
2012;Mahazar, et al. 2015). Therefore, the exploration of
the role of yeast in the fermentation of cocoa beans needs
to be done.
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MATERIALSAND METHODS

I solation of yeast from the fer mentation of cocoa bean

The source of yeast isolates was obtained from samples
of cocoa beans that have been fermented spontaneously by
farmers in Kolaka District, Southeast Sulawesi, Indonesia
Isolation of yeast was done by pour plate method using
yeast mannitol media agar (YMA) (Alwi 2009). A total
of10g sample suspended in 10 mL of 0.85% NaCl solution
and made serial dilutions. One mL of the suspension was
inoculated into a sterile petridish and was added YMA
media. Furthermore, the petridish was incubated at a
temperature of 37°Cfor 48 hours. Purified colonies were
grown on YMA media. Pure culture yeast obtained, was
inoculated into the dant YMA media and was stored at
4°C.

Characterization and identification of yeast isolate

Characterization and identification of yeast isolates are
based on phenotypic characters which include the
characters of the colony and cel morphology,
physiological and biochemical. Characterization of yeast
isolates carried out based on the guidelines used Kirsop et
a. (1984).Identification of yeasts was done based on
numeric-phenetic analysis using the program Multi-variate
statistical package (MVSP) verson 3.1 to determine
similarity between strains. Similarity value determined
using the Simple Matching Coefficient (SSM) method and
the classification is done using agorithms UPGMA
(Unweighted Pair Group Method with arithmetic
Averages).

Application of yeast isolates on fer mentation of cocoa
bean

Fermentation of cocoa beans is done on a laboratory
scale using fresh cocoa bean varieties Forastero. Cocoa pod
obtained from cocoa plantations in Kolaka District,
Southeast Sulawesi. Cocoa pod skin surface is chemically
sterilized using a solution of detergent and phenol while
cocoa beans that will be fermented sterilized by U.V.
radiation overnight (Jamili et al. 2014).

A total of 1kg of cocoa beans was fermented in a plastic
box. Yeast inoculum was grown for 24 hours at Potato
dextrose broth (PDB) +1% extract of cocoa pulp. A total of
10% (v/w) of inoculum containing 10° CFU/mL were
inoculated in cocoa beans. Fermented cocoa beans without
yeast inoculum (spontaneous fermentation) are performed
as a comparison. Cocoa fermentation was done at room
temperature for five days and sampling at the beginning of
fermentation (0), 3 and 5 days of fermentation to measure
parameters of quality cocoa beans in accordance with
national standards of Indonesia (SNI 2008), which include
the levels of unfermented beans and fat content. The
method of measuring the levels of unfermented beans
according to those described in SNI (2008) and measuring
the fat content is done with the Soxhlet method (AOAC
2005).

RESULTSAND DISCUSSION

Y east isolates from fer mented cocoa bean

Yeast isolates were found in cocoa beans fermented
naturally/spontaneously for three days by cocoa farmersin
the village of Konaweha, Samaturu sub-district Kolaka
District, Southeast Sulawes was as much as seven isolates.
Some yeast isolates obtained from the fermentation of
cocoa beans are listed in Tablel.The result in Table 1
showed that yeast was obtained from cocoa bean
fermentation at the first day was as much as four isolates,
whereas at the second day is two isolates and the third day
only one isolate. These results showed that the amount of
yeast isolates in the cocoa fermentation at 1% day (+ 24
hours) higher than the yeast isolates were obtained at 2™
and 3 day of fermentation. This indicates that the yeast
acts on the 1% day of fermentation of cocoa bean so that the
type more than on the 2™ and 3" days. The results are
consistent with research conducted by Ardhana and Fleet
(2003) which states that the yeast at most the number and
the type found in 24-36 hours after fermentation of cocoa
because of their role in the process of degradation the
varioustypes of sugar that contained in the cocoa bean pulp.

Environmental conditions during cocoa fermentation
process such as temperature, also be one cause of the
decline in the number of types of yeast during the
fermentation process. The result of temperature measurements
during spontaneous fermentation of cocoa beans was done
by farmers in Kolaka, after one day was 33°C, on the
second day was 36,5°C and the third dayreach42°C. The
high temperature on the third day of fermentation of cocoa
causing some type of yeast can not survive. According to
Pereira et al. (2012), the range of optimum temperature for
yeast in general is 25°C-35°C. Ardhana and Fleet (2003)
also found that there are only a few yeasts were able to
survive at high temperatures (>40°C), such as
Saccharomyces cerevisiae and Candida tropicalis.

I dentification of yeast isolates

Seven yeast isolates were identified based on similar
phenotypic characters with eight reference strains, namely
Saccharomyces cerevisiae, Saccharomyces bayanus,
Candida tropicalis, Candida krusei, Candida lambica,
Saccharomycopsis fibuligera, Saccharomycopsis fermentant
and Kloeckera sp. Eight reference strains of yeasts are
selected based on the resemblance of character with yeast
isolates were isolated and the species of yeast that are often
found in fermented cocoa. Phenotypic characters were
analyzed by systematic numeric-phenetic is as much as31
characters (Table 2). Numerical systematic analysis results
based on phenotypic characters yeast isolates and reference
strains with 3.1 MV SP program are visualized in the form
dendrogram listed in Figurel.

Table 1. Result of selection yeast isolates from fermented cocoa bean

Time fermentation of cocoa bean Number of yeast isolate

(days)

1 4
2 2
3 1
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Table 2. Phenotypic characters of yeast isolates and reference strains

yeast isolates and reference strains

@ 7 B
Q. Q. S
P ¢ 5ty 2 83 8g @
Characters $ ¥ 2 X L S8 L g 5 £ OS2 8 Eg B2
¥ ¥ x¥x ¥ ¥ x x 2 g 8 ‘sg & 5E 53 3
E g U 806 v £8 §& S
o &g Q &} X
8 &
Colonies mor phology
Shape
Circular + + - + + + + + + + + + + + -
Irregular - - + - - - - - - - - - - -
Edge
Entire + + - + + + + + + + + + + + -
Undulate - - + - - - - - - - - - - - +
Color
White + + - + - - + + - - - - - + -
Beige - - + - + + - - + + + + + - +
Elevation
Low convex - + + - - - - - - - - - + - +
Convex + - - + + + + + + + + + - + -
Structurein
Opague + + + + + + + + + + + + + + +
Cell morphology
Shape
Ovade - - - - + + - - + - + + - - -
Round + + - + - - + + - + - - + + -
Elliptica - - + - - - - - - - - - - - +
Vegetative reproduction
Type of budding
Bipolar - + + - - - - - - - - - + + +
Multipolar + - - + + + + + + + + + - - -
Pseudomycelium + - - + + - + + + + - - - - -
Sexual/asexual spores
Ascospore - + + - - + - - - - + + + + +
Chlamydospore + - - + + - + + + + - - - - -
Biochemical
Urea hydrolysis - - - - - - - - - - - - - - ,
Nitrate reduction + - - - - - - + - - - - - - -
Carbohydrate fermentation
Glucose + + + + + + + + + + + + + + +
Sucrose + - - + + + + + + - + + - + -
Lactose - - - - - - - - - - - - i, , -
Maltose + + - + + + + - + - + + - + -
Assimilation
Glucose + + + + + + + + + + + + + + +
Sucrose + + - + + + + + + - + + - + -
Lactose - - - - - - - - - - - - - - -
Maltose + + - + + + + - + - + + - + -
Ethanol + + + + + + + + + + + + + + +
Physiological
Temperature Tolerance (°C)
37 + + + + + + + + + + + + + + +
40 + + + + + + + + + + + + + + +
Glucose tolerance of 50% + + + + + + + + + + + + + + +

Note: characters for reference strains according to Kirsop et al. (1984) and NCY C (2016).

Dendrogram based on similarity values listed in Figure  lambica, isolates KIk5, isolates KIk7 and isolates Klk4.
1, shows there are 3 clusters are formed. Cluster | formed  Sub cluster 1 consists of isolates KIk1 and C. krusel with a
four sub-clusters with similarity value of 83.3%, which  similarity value of 86.7%. This indicates that Klk1 isolates
shows the group consisting of strains of the genus Candida  identical with C. krusei, the only difference being the shape
that included isolates Klk1, C. krusei, C. tropicalis, C. of the colony and the ability to ferment maltose (Table 2).
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Sub-cluster 2 consists of C. tropicalis and isolates KIk5
with a similarity value of 100%. This indicates that isolates
KIK5 is a member of the species of C. tropicalis because all
the phenotypic characters are compared, are similar. Sub
Cluster 3 consists isolates Klk4 and isolates KIk7 has a
similarity value of 100%, but the two isolates has
similarities with C. tropicalis with the similarity value of
93.3%. Thisindicates that the two isolates were identical to
C. tropicalis, the only difference from the structure of
colony morphology and shape of the cells (Table 2). Sub
cluster 4 only consists of C. lambica and it is joined with
al strainsin the cluster | with 83% similarity values.

Cluster 1l consists of isolates KIk3 and Kloeckera sp.
with a similarity value of 100% (Figure 1). This indicates
that isolates KIk3 is a member of the species Kloeckera.
Characters of Klk3isolatesthat can ferment glucose, but it
can not ferment sucrose, lactose and maltose according to
the key characters of the species Kloeckera (Kirsop et al.
1984).

Cluster 111 formed three sub-clusters that show the
group comprising the genus Saccharomyces and
Saccharomycopsis (Figure 1). Sub-cluster 1 consisted of
isolates KIk6 and S. cerevisiae with a similarity value of
100% and S. bayanus joined by second strains with a
similarity value of 96.7% (Figure 1). This indicates that
isolates KIk6 is a member of the species S. cerevisiae.
Characters of Klk6 isolates that reproduce by budding
multipolar and not forming pseudomycelium, are consistent
with the key character of the species S. cerevisiae (Kirsop
et a. 1984), thus strengthening the identity of the isolates
KIk6 is a member of that species. Sub-cluster 2 consists of
isolates Klk2, Sachharomycopsis fibuligera and
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Saccharomycopsis fermentant. Klk2 isolates and S
fibuligera have a similarity value of 93.3%. Sub Cluster 3
consist of S. fermentant joining both sub clusters 1 and 2
with a similarity value of 74%. Isolates KIk2 possibilities
are members of the species S fibuligera because isolates
Klk2 reproduce by budding bipolar and does not form
pseudomisdium and the character similar with the
character S fibuligera (Kirsop et al. 1984). These three
main clusters are then joined with a similarity value of
58.3%.

The diversity of yeast were obtained in this study
showed similar results with the diversity of yeast from
fermented cocoa beans in East Java, Indonesia plantation
found by Ardhana and Fleet(2003), there are of the species
Kloeckera, S. cerevisiae and C. tropicalis. Species of yeast
that is found by Alwi (2009) from the cocoa bean origin
Central Sulawesi, namely from the genera Saccharomyces,
Candida, Debaryomyces, and Hanseniaspora. In addition,
in some countries such as Brazil, Ghana and Maaysia was
found yeast of the genus Saccharomyces and Candida were
dominant in the cocoa fermentation (Schwan and Wheals
2004; Daniel et al. 2009). This indicates that the yeast of
the genus Saccharomyces and Candida are indigenous
yeasts in the cocoa fermentation.

Therole of yeast isolates on the cocoa fer mentation

The role of the seven yeast isolates to improve the
quality of cocoa beans in accordance with the standards of
quality based on cut test results to determine of
unfermented cocoa beans levels and fat content.
Characteristics of the quality of cocoa beans are fermented
using yeast isolates listed in Table 3.

Klk 1
Candida krusei

Candida tropicalis
o 0 KIk 5 ?

85,7

88,7

83,3

00 Klk 7

Klk 4

Candida lambica
|Kloeckera sp.

822

74

00Kk 3
Klk 6

100lSaccharomyces cerevisae

96,7
Saccharomyces bayanus

{Sacchammycopsis fibuligera
' Kk 2

I T T T I
68 76 B4

Saccharomycopsis fermentans
1

92 100

Similarity Percentage (SSm)

Figure 1. The dendrogram showing the phenetic relationship between 7 local yeast isolates and 8representatives of the yeasts species
based on simple matching coefficient (SSy) analysis and unweighted pair-group method with arithmetic average (UPGMA) agorithm

based on phenotypic characters.
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Table3showsthat the seven yeast isolates role in
improving the quality of cocoa beans. Based on the levels
of unfermented beans (Table 3) showed that the
fermentation process, either fermented with the addition of
yeast inoculum and spontaneous fermentation (without the
addition of inoculum) can reduce levels of unfermented
beans to 5-0% after five days of fermentation. This
indicates that the fermentation process can improve the
quality of cocoa beans up to the quality | (max. 3%) and
quality 11 (max.8%) accordance with National Standard of
Indonesia (SNI 2008). The addition of several inoculum
yeasts (K1k3, Klk4 and KIk6) even produce cocoa beans
that fulfilling the quality standards Il within three days of
fermentation and after five days of fermentation has
fulfilled the quality standard I, while cocoa beans are
fermented naturally only fulfilling quality standards Il after
five days of fermentation. Therefore, the local yeast
isolates an important role in improving the quality of cocoa
beans. It indicated that yeast inoculum in the fermentation
can improve the quality of cocoa bean with reduced
unfermented beans and enhanced fermented beans (entirely
brown in color). This result consistent with research was
done by Ho et al. (2014) was found beans fermented with
yeast growth were fully brown in color and gave chocolate
with typical characters which were clearly preferred by
sensory panels. Therefore, yeast growth and activity were
essential for cocoa bean fermentation and the development
of chocolate characteristics.

The addition of yeast inoculum in the fermentation of
cocoa beans can also increase the fat content of cocoa so
that fulfilling the quality standards in accordance with SNI
(2009), i.e. = 48%. Table 3 shows that the addition of some
of inoculum yeasts (KIk2, Klk4, KIk5, KIk6, and KIk7) in
fermentation, able to produce cocoa beans with a fat
content that fulfilling the quality SNI (2009) within 3 days
of fermentation whereas spontaneous fermentation (without
addition inoculum) has a fat content of less than standard
quality up to the fifth day of fermentation. Joel et al. (2013)
stated that the higher the percentage of fat content, hence
the higher also quality of cocoa beans because fat is the
most expensive component of cocoa beans. High-fat
content in cocoa beans causes the cocoa is not easy rancid
because the fat of cocoa contains polyphenols that act as
antioxidants which can prevent rancidity and good for
human health (Hii et a. 2009). Fat Cocoa contains one
molecule bound triglycerides, oleic acid, pamitic and
stearic cause cocoa easy to melt and give a distinctive
flavor to the chocolate so that cocoa can be used in the
manufacture of sweets or confectionery (Towahaet a. 2012).

Based on the observations result on cocoa beans were
obtained after the fermentation using yeast inoculum
(Table 3), showed that the addition of yeast inoculum role
in the process of cocoa fermentation and can improve the
quality of cocoa beans. The addition of yeast inoculums
specially isolates KIk6 can also shorten the fermentation
time from 5 days to 3dayswith the quality of cocoa beans
fulfilling the SNI (2009).

Table 3. The characteristics of quality cocoa bean were fermented using yeast isolates for five days

Characteristics

Fermentation time

I solate code (day) Unfer mented bean (%) Fat content (%)
y Sample Quality standard* Sample Quality standard?
Klk1l 0 80 43.18
3 10 45.93
5 5 50.55
Klk2 0 80 44.30
3 15 48.70
5 0 50.05
Klk3 0 85 44.46
3 5 46.07
5 0 52.67
Klka g 83 I max. 3% 238471
5 3 50.71
KIk5 0 85 I1: max. 8% 45.03 =48
g 13 I11: max. 20% gggg
Klk6 0 80 46.16
3 5 50.35
5 0 53.03
KIk7 0 75 44.63
3 10 49.60
5 5 51.24
Kontrol® 0 80 42.18
3 10 45.77
5 5 45.73

Note: 1SNI (2008); 2SNI (2009); *Fermentation without yeast inoculum
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In conclusion, diversity of seven yeast isolates from
cocoa beans fermented spontaneously in Kolaka District,
Southeast Sulawesi is quite high, which is identical to the
five species of yeast, namely Candida krusei, Candida
tropicalis, Saccharomycopsis fibuligera, Kloeckera sp. and
Saccharomyces cerevisiae. The seven yeastsisolatesrolein
the process of cocoa beans fermentation and can improve
the quality of cocoa beans in a shorter time compared with
spontaneous fermentation.
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Abstract. Sutomo, van Etten E, Wahab L. 2016. Proof of Acacia nilotica stand expansion in Bekol Savanna, Baluran National Park,
East Java, Indonesia through remote sensing and field observations. Biodiversitas 17: 96-101. One of woody species that is known to
inhabit certain savanna ecosystems is Acacia nilotica. The Acacia nilotica tree is widespread in the northern savannah regions, and its
range extends from Mali to Sudan and Egypt. Acacia nilotica was first introduced to Java Island in 1850. It then spread to Bali, East
Nusa Tenggara, Timor and Papua. Found in grasslands, savannais reported as important colonizer at Baluran National Park in East Java
and Wasur Nationa Park Papua. We conducted Vegetation analysis in three areas of the Baluran Savanna namely: Grazed, burned and
unburnt. Our observation result analysis showed that in terms of the three most important tree speciesin all of the sites that we sampled
(grazed, burnt and unburnt savannas) Acacia nilotica appeared in each of these sites. The values however, vary between sites. Acacia
nilotica Importance Value Index is highest in the unburnt savanna, with 11 reaching aimost 250. The unburnt siteis actually aburnt site
but with moderate age or time since fire (approximately 6-7 years), whereas the burnt site is savanna with relatively young age/time
since fire (few months to 1 year). We aso conducted GIS analysis using Satellite Images (October 2013 and October 2014) to pick up
changes in Bekol savanna. Result showed that expansion of A. nilotica stand occurred towards the savanna. Over dominance of the

woody species A. nilotica could shift the savannainto another ecosystem state, i.e. secondary forest.

Keywords: Acacia nilotica, Baluran Nationa Park, expansion, remote sensing, vegetation analysis

INTRODUCTION

Before the year 1928, A.H. Loe de Boer, from the
Dutch Colonia, had areas of agriculture concession at
Labuhan Merak and Mount Mesigit, Baluran. Since then,
he had always interested in big mammals and thought that
the areas will play important roles in conserving these
animals. Following Indonesia independence, the Ministry
of Agriculture also stated Baluran as game reserve area
with decree No. SK/11/1962. Later on in 1980, the area then
stated as a national park, the Baluran National Park with an
areas of 25,000 ha. Baluran is known for its vast areas of
savanna and is famous as the “Africa van Java” (Bauran
National Park 2010).

Savanna is a term to define ecosystem in tropical and
subtropical that typical of displaying a continuous
herbaceous cover of C, grasses that has different patterns
based on seasonality in which it is related to water, and
where woody plants are also of important values but with
sparse patterns and no closed canopy (Frost et a. 1986).
Tropical savannas cover over 20% of the Earth surface,
with the largest coverage is in Africa, Australia and South
America, and just only approximately 10% occur in India
and Southeast Asia (Bond and Wilgen 1996; Werner 1991).

Other savannas ecosystem have also been intensively
studied such as eucalypt savanna woodlands in Northern

Australia (Burrows et al. 1991; Werner 1991), and the
Miombo woodland of Southern Africa (Isango 2007).
Indonesian savanna however remain somewhat unfamiliar
to the scholarly with very few studies have been done. One
of the foremost early studies on Indonesian flora was of
Backer and van den Brink (1963) and van Steenis (1972).
Mountain flora of Indonesia especialy in Java Idand was
what van Steenis specialized. In his report, even in early
1900, grasslands on Java Mountains are aready common.
Fire, according to van Steenis (1972) was presumed as the
major factor that drive the existence of grasslands on Java
mountains especially in East Java which is subject to dryer
dry season, lower precipitation compare to other parts of
theidand.

One of woody species that is known to inhabit certain
savanna ecosystem is Acacia nilotica (Figure 1). Acacia
nilotica is known to be abundant originally in Africa
(Brenan 1983) and has been scantly studied. In a study by
Skowno (1999) in Hluhluwe Game Reserve, South African
savanna, A. nilotica was described in terms of their
guantitative structure and distribution. In Australia, this
species is dominant in Queensland where it has been
declared as weeds, and only a few are found in Western
Australia, New South Wales, Adelaide and Northern
Territory (Reynolds and Carter 1990). In Austraian
savanna ecosystem’s study by Radford (2001), A. nilotica
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Figure 1. Sketch of Acacia nilotica subsp. indica from Baluran
National Park (lllustrated by M. Sumerta, Bali Botanical Garden,
Indonesia)

is acknowledged to have negative impacts on savannas. A.
nilotica can be threatening to savannas as its adult trees are
apparently fire tolerant and can form thorny thicket
formation (Burrows et al. 1991).

Baluran savanna has also been introduced with the A.
nilotica in the late 1960, where its original purpose was to
create fire break to prevent fire to spread from Baluran
Savanna to the adjacent teak forest. However today A.
nilotica has spread rapidly and threatening the existence of
Baluran Savanna and it has been observed to cause changes
in ecosystem from open savannas to some extent a closed
canopy of A. nilotica in some areas (Barata 2000; Djufri
2004). This condition could put large mammals of Baluran
savanna such as barking deer (Muntiacus muntjak), sambar
deer (Cervus unicolor) and banteng (Bos javanicus) in
endangered due to the loss of browsing and grazing fields
(Sabarno 2002).

This research objective are to provide up-dated
information regarding the state of this exotic species A.
nilotica in Bekol Savanna Baluran National Park and
search for evidences of expansion of A. nilotica stand at the
Bekol Savanna through field observation and Geographical
Information System (GIS) application.

MATERIALSAND METHODS

Baluran National Park located in Banyuputih sub-
Didtrict, belongs to Situbondo District in East Java
Province, Indonesia (Coordinates. 7°50'S 114°22'E).
Baluran National Park borders are adjacent to: On the north

it is bordered with Madura Strait, on the east is Bali Strait,
on the south is Bajulmati River, Wonorgjo Village and on
the west is with Klokoran River, Sumberanyar Village. The
park is a rough circle, with the extinct volcano, Baluran, at
its center. Baluran has a relatively dry climate and mainly
consists of savanna (40%), as well as lowland forests,
mangrove forests and hills, with Mount Baluran (1,247m)
as its highest peak. According to Schmidt and Fergusson
classification, Baluran National Park (BNP) has type F dry
climate with temperature ranging 27.2-30.9°C, relative
humidity 77%, and wind speed average 7 knots. Rainy
season in November to April, dry season is in April to
October. Highest precipitation usualy is in December to
January. Baluran savanna has alluvial soil type. In dry
season or drought the soil will crack and the deep of the
crack could reach up to 80 cm.

We used vegetation analysis method by using quadrate
plot to sample vegetation following Kent (2011) as seen in
the Figure 2. Quantitative information including above-
ground biomass and floristic composition obtained from
each sites namely: burned, unburnt and grazed. Each site
we created 10 plots for observation and so in total there
were 30 plots al together, randomly located. All plant
species in each plot identified (Indriyanto 2006). Field
herbarium created so that the plants can be more easily
recognized to species level in the subsequent field work,
which demands rapid identification in the field. The
identification assisted by Herbarium Baliensis of the
Indonesian Ingtitute of Sciences. Plant identification aso
make used of flora books such as Backer and Bakhuizen
van den Brink (1963), van Steenis (1972), Soerjani et al.
(1986), and Whitten et al. (1996). A diagram profile was
also created by using a transect with 60 m long and 7 m
wide and captured the woody habitus as well as sapling,
seedling and grasses in the boundary area between the A.
nilotica stand and the Bekol Savanna of Baluran National
Park. Vegetation analysis was then conducted to calculate
the value of Important Index (IVI) for tree habitus.
Ordination analysis for tree species composition in the
sampling plots was conducted using Non metric
Multidimensional Scaling (NMDS) in the PRIMER V.5
Software (Clarke and Gorley 2005).

20m

25¢cm Im

25¢m 20m
Figure 2. Shape and size of sampling plot (Kent and Coker 1992),
20 x 20 m? to observe and measure woody sapling and basal area.
1 x 1 to observe non woody speciesand 25 x 25 e’ for their biomess
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Satellite images of the Bekol savanna in 2013 were
obtained online using Universal Map Downloader (UMD)
with highest level of pixel category to alow high standard
images. The spatia data was download from Geo-Eye
(Google Earth) using the UMD application.GeoEye-
1/Digital Globe (Google Earth) has a resolution of 0.41-
meter on panchromatic and 1.65-meter on multispectral
imagery (Setiabudi et al. 2013). To cover Bekol savanna
and the surrounding, many such small GeoEye-1 images
were constructed by the UMD and stored in JPEG files to
be merged and integrated into one mosaic of GeoEye-1
image. Finally the mosaic image was rectified or geo-
referenced using coordinate data from Google Earth. The
data were projected into WGS 1984-UTM, Zone 49S. In
this way a detailed vegetative map was developed. The
identification of A. nilotica stand is based on prior
knowledge of the plant from the preliminary field
observation in 2013. The interpretation result and up-date
data was also checked through ground-truth observation in
the field in 2014. Ground/field observation in 2014 was
then compared with 2013 satellite image and was displayed
using ARC-MAP software from ARC GIS.

RESULTSAND DISCUSSION

Our observation result analysis showed that in terms of
the three most important tree species (described in
Importance Value Index/IVI) in all of the sites that we
sampled (grazed, burnt and unburnt savannas) A. nilotica
appeared in each of these sites (Figure 3). The values
however, vary between sites. A. nilotica IVI is highest in
the unburnt savanna, with VI reaching ailmost 250. The
unburnt site is actualy a burnt site but with moderate age
or time since fire (approximately 6-7 years), whereas the

i
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burnt site is savanna with relatively young age/time since
fire (few monthsto 1 year). It is assumed that A. nilotica
pods grazed by buffalo and spread the seeds to many areas
of savanna including the burnt areas. Once it was
experienced fire, the heat assisted in scarification process
of the seeds and speed up the germination. When there was
no subsequent fire for significant period of time, these
seeds grow and become mature and dominating the unburnt
site. In terms of species diversity, al of these sites have
low species diversity (around 0.8) as measured by Shannon
and Wiener and Simpson Index (Table 1). Thisis perhaps,
due to over dominance of certain species, as can be seen
from the next graph.

Ordination analysis (Figure 4) shows that the grazed
and ungrazed sites were not as different in terms of the
species composition as shown by the close position
between the dots that represent the two sites and sometimes
these dots were mixed. Whereas when we look at the burn
site, we notice that the dot that represent the burn site is
clearly separated from the other two sites although the
points of the burn area were also has different pattern,
some are clumped and some are scattered. These results
imply that it is difficult to find a site that is purely ungrazed
as animals move around in such a dynamic pace. We can
only assume that dite/plots that have no traces of
scatg/stools or remains of the herbivore to be the ungrazed
site, however we know now that it is not adequate.
Therefore the ungrazed and grazed sites have did not
separate very well and imply that these sites has similarity

Table 1. Species diversity in three sampling sites

Index Shannon Index Simpson
Un-grazed 0.83080091 0.437944506
Grazed 0.845667704 0.447737829
Burnt 0.745068622 0.45753436
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W Grazed area, Azadirachta indica

m Grazed area, Zizyphus rotundifolia
m Grazed area, Acacia nilotica

m Burnt area, Azadirachta indica

m Burnt area, Acacia nilotica

m Burnt area, Cordia bantamensis

m Burnt area, Morinda sp

m Unburnt area, Acacia nilotica

B Unburnt area, Zizyphus rotundifolia

Acacianilotica
Unburnt area,
Zizyphus rotundifolia I

Figure 3. Importance Value Index analysis for tree habits at the sampling sites in Bekol Savanna, Baluran Nationa Park, East Java,

Indonesia
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Figure 5. Result from GIS analysis and ground check showing expansion of Acacia nilotica stand at Bekol Savannain 2014, Baluran
National Park, East Java, Indonesia

Figure 6. A profile diagram of the boundary area between the A. nilotica stand and Bekol Savanna, Baluran National Park, East Java,
Indonesia. Notes: An = Acacia nilotica, Ai = Azadirachta indica, Zr = Ziziphus rotundifolia, Pa = Polytrias amaura, Dc = Dichantium
coricosum, Tl = Thespesia lampas
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Figure 4. Result from NMDS ordination of sitesin terms of their
species composition at Baluran Nationa Park, East Java,
Indonesia

in terms of their species composition. The burn site
however was quite distinct in terms of species composition
with the grazed and ungrazed sites. Burning create such a
catastrophic condition in such a short time. Burning
modified the environmental factors/microclimate in the
area and thus changes the species composition.

Spatial analysis of the satellite images showed distinct
patterns of expansion of A. nilotica stand. Older stand
clumped together and form a dense dark green block like a
carpet on the South and northeast of the Bekol Savanna.
Meanwhile a younger stand identified by a lighter green
color with a sparse density pattern that located at the front
of each older stand (Figure 5). A profile diagram from field
observation (Figure 6) revealed that these expansion areas
were mainly comprises of species of younger A. nilotica in
sapling sizes and also in seedling form. Beside A. nilotica,
this area aso mixed with other species but in less
dominance namely Azadirachta indica, Ziziphus
rotundifolia, Thespesia lampas, Polytrias amaura and
Dichanthium coricosum. In just only 1 year there was a
decrease in areas of the Bekol Savanna. As many as
approximately 85 ha savanna areas have converted to A.
nilotica stand (Figure 7).

Vegetation analysis and GIS application can be applied
in combination as demonstrated in the present paper. A.
nilotica survive and strive in burned, unburnt, grazed and
ungrazed areas of the Bekol Savanna in Baluran National
Park. We know now that A. nilotica is aggressively
invading Baluran savanna, but, what are the factors that
encourage the spread and the domination of A. nilotica in
the savanna? This question needs further research into seed
ecology of A. nilotica and its dispersal agent, which will be
addressed in our next paper.
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Abstract. Astiani D. 2016. Tropical peatland tree-species diversity altered by forest degradation. Biodiversitas 17: 102-109. Indonesian
experienced relatively high deforestation and degradation. The forests degradation could bring the forests into a temporary or might be
permanent destruction not only in forest vegetation density and structure, but also in species composition. A study had been carried out
to examined the impact of peatland forests degradation on their species diversity composition in Ketapang, West Kalimantan peatland
forest. Stratified random sampling was used to distinguished forest degradation class (low, intermediate and high degradation levels)
based on the differences in spectra image and confirmed with field checking by measuring forest canopy opening to measure the
degradation levels. Six to twelve of a 20x100m plots were established to sample tree structure and composition distributed along
peatland landscape. All trees species diameter >5cm was registered an species identified. Results indicated that tree diversity was
significantly reduce due to forest degradation, in low, intermediate, and high degraded forest were 82, 72, and 48 consecutively. Forest
degradation is not only resulted more than 50% of important species loss in high degraded peatland forest but also reducing ~40% tree
abundance. Ten species were found in high degraded forest, e.g., Calophylum inophyllum, Cyathocalyx biovulatus, Neoscortechinia
kingii, and Eugenia cerina, were not present in low degraded one. The species composition and abundance shifting due to forest
degradation should be considered on peatland forest management to hinder permanent species|oss.

K eywor ds: species abundance, species composition, tree species |oss

INTRODUCTION Consequently, the forest experience relatively high

Tropical forest is regarded as one of the largest
biodiversity which has rich array of plants, animals, and
microbial life form and plays an important role in
ecological system due to it large area of coverage, which
are important to maintain their function in biosphere (Dirzo
and Raven 2003). It aso provides habitat biodiversity,
hydrology regulator, and carbon storage and the ecosystem
recently deserve special attention because of continuing
considerable destruction (Celine et a. 2013). While the
tropical forests are facing the environmental problem,
many aspects of the issue had been overlooked until
recently. The tropical forest degradation was not only
clearing large area of forests (i.e. with selective logging)-
but the altering and replacing of old growth forest also
happened spreadly (Foley et al. 2007).

Forest and non forest term are not adeguate for
describing forest in alandscape, yet until recently it is used
to draw the condition of tropical forest. Recent forest
ecosystem is further dynamic and a complex system
because they experience logging, opening landscape,
regrowth, mortality which result more complex mosaic of
intact rain forest and recovering secondary forest (Nepstad
et al. 1999; Cardille and Foley 2003).

Indonesian rainforest plays an important role in as
home to third most extensive humid tropical rainforest and
account for 2.3% of global forest cover (FAO 2010). It
contains high floral and faunal biodiversity (Ministry of
Forestry 2011), yet about 27% of Indonesian population
depends directly on these forests for their livelihood.

deforestation and degradation. The deforestation rates of
intact forest in Southeast Asian tropical peatlands-
concentrated in Sumatra and Kalimantan Indonesia-has
been reported as 3.4% y* from 1990-2010 (Miettinen et al.
2011; Achard et al. 2002).Similar to the global condition,
tropical forests in Indonesia are in a lot of pressure mainly
due to anthropogenic activities such as logging causing
forest disturbances and degradation (Margono et al. 2012).

Land cover change pressures and rapid deforestation
and degradation were also occurred in West Kalimantan
peatland forests. The forest type extends about 1.58 million
ha in this province however only around 45% of the forest
is still remaining with variable forest conditions. The
forests degradation may alter the forests into a temporary
or might be permanent destruction in forest vegetation
density and structure, species composition (Lambin 1999;
Grainger 1993) and the condition could lead to reduce their
productivities and ecological role in the landscape.

In addition, land use change will also impact effects and
alter terrestrial ecosystem processes (Miettinen et al.
2011).Thus, land conversion has and will likely continue to
alter the emissions of greenhouse gases (IPCC 2011,
Carlson et a. 2012, 2013). However, the impacts of forest
degradation on peatland forest in-situ condition such as
micro climates and forest in state condition is not clearly
stated and how this condition affect the process within the
forest changes matrix is interesting to be investigated. The
occurrence of various forms of peatland conversion and
degradation is well known. Yet the impacts of forest
degradation on forest dynamics is also not clear. To
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investigate the impacts on the ateration of forest tree
composition and their dynamics, a study had been carried
out to examine the impact of peatland forests degradation
on their species diversity composition in Ketapang, West
Kalimantan peatland forest.

MATERIALSANDMETHODS

Study sites

This study was conducted in an ombrotrophic, peatland
in Riam Berasap and Tulak of Ketapang District, West
Kalimantan, Indonesia (110° 6’ 0” E to 110°18' 0” E and 1°
21' 0" S0 1°31' 0" S ~ 4 m ad.; Figure 1; in Astiani
2012). Peat depth range 2-7.5 m. Mean annual rainfall was
2892 mm £ 17 mm with 172 + 8.2 rain days per year
(compiled from Ketapang airport, Rahadi Usman weather
station, West Kalimantan; in 200-2014). This area had been
low-impacted logged 8-10 year ago and naturally regrowth.
However, the forest coverage and condition was left in
various conditions in term of their canopy coverage and
tree density. The peatland forest in this area were
distributed to four blocks: Riam Berasap (RB), Manjau

103

(MJ), Marsela (MS), and Tulak (TL) Peat Forest. These
areas were chosen based on the indication of peat land area
derived from satellite image interpretation and soil map.

From our peat surveys and studies in West Kalimantan
(Astiani 2014), we determined that this study area was
highly representative of West Kalimantan coastal -peatland
areas as the overwhelming majority of coastal peat areas
had been selectively-logged and transported with 'sepeda
or 'kuda-kuda system along the skilled road (Figure 2.A
and 2.B).

Sampling approachesfor collecting data

Forest tree biodiversity was conducted following
Adtiani (2012) survey using stratified sampling based on
the differences in spectra of Land Sat Image according to
the land cover change or forest cover types. Based on
overlaying of Landover Map 2009 and SRTM Spectra with
90 meter Resolution, this area is classified based on the
canopy closures and land cover types in the area were
grouped into: low, intermediate, and high degraded peatland
forest. Field checkings were conducted to measure tree
canopy opening using Densiometer measurement.
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Figure 1. Study area map in Riam Berasap (RB) and Tulak (TL) of Ketapang, West Kalimantan, Indonesia
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Figure 2. Low-impacted logging (A) and wood transportation using 'sepeda (B) and 'gerobak’ (C) on Ketapang, West Kalimantan

peatland forest

Figure4.Low (A), intermediate (B), and high (C) degradad peatland forest on Ketapang, West Kalimantan, Indonesia

Within each land cover dratification (low, intermediate,
and high degraded forest), concurrently with carbon stock
survey team works (Astiani et a. 2016, data not showed),
we purposively measured 9-12 plots of a20m x 100m size
all tree species diameter >5cm. In each plot we measured:
tree diameter >20cm within 20m x 100m area and tree
diameter >5cm>20cm within 5m x 40m nested plot.
Throughout each plot, we measured tree diameters, tree
heights, and identified tree species local and scientific
names. Some species found which not well identified in the
field were made herbarium and brought to LIPI and other

labs to have species identified.

Data analysis

Throughout the estimation of species structure and
composition, data are presented as mean and standard error
(SE) in selected intervals unless otherwise noted. Analysis
of variance ANOVA was used and then Pairwise
comparisons (Tukey Procedures) was tested among
peatland degradation levels (low, intermediate, high
degraded forest) in term of basal area, tree density etc.
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RESULTSAND DISCUSSION

Forest stratification description

In the entire forest area of peatland in Riam Berasap,
108 species from 39 families were found. The land cover
stratification was Low, Intermediate, and Low Degraded
Peat Forest. Each land cover and canopy opening of forest
stratification could be described as follows and visualized
in Figure 4, and the peatland forest structure is drawn in
Figure 5 and 6.

Low Degraded Peat Forest (LDPF). This type of forest
is covered by low impacted logged-over peat forest, mainly
old secondary peat forest that had occurred at least more
than 10 year ago. Peat forest is in good succession,
indicated by sufficient level of young trees and they formed
‘J-shaped’ as an indicator of balance uneven structure of
trees. There are 80 tree species listed that compose this
forest type. In general, for the whole area forest cover are
dominated by Jungkang (Pouteria malaccensis), Nyatoh
daun lebar (Palaquium coclearifoium), Nyatoh punjok
(Palaquium pseudorostratum), Ubah, Perepat (Sonneratia
alba), and Nyatoh beras (Palaquium ridleyii). Low
Degraded Peat Forest dominated by trees (diameter >20
cm) and poles (diameter 5-<20cm) with stem density 258.9
+ 30.6 trees’ha and 340.7 + 62.9 tree/ha consecutively.
Canopy gaps assessment resulted they ranged from close to
medium opened canopy, and showed very good succession
of younger and smaller trees growth. Mean tree basal area
was 22.6 + 2.0 mf/ha (N=14)

Intermediate Degraded Peat Forest (IDPF). This forest
mainly secondary peat forest, that recently (less than 5-6
year ago) disturbed by logging. Dominant tree species in
intermediate was similar to low degraded one such as
mentioned above, yet they had less stem density with
opened to rather opened canopy. The stem densities for tree
diameter >20 cm and 5-<20cm were 199.5 + 23.1 and
358.0 + 21.3 consecutively. The trees diameter >20 cm
quantity is approximately four fifth of the LDPF, yet the
stem density of smaller trees is not different, only a bit
higher than LDPF. The basal area was also less than LDPF
(19.6 + 2.3 m?/ha (N = 11). The species composition was
altered their dominance which prominent species registered
such as Jonger (Ploiarium alternifolium), Kelentit Nyamuk
(Mangifera swintonioides), Kumpang perawas
(Gymnacranthera contracta), Nyatoh Banir (Palaquium
ridleyii), Unang-unang (Polyathia sumatrana) and Leban
Paya (Porterandia anisophyllea).

High Degraded Peat Forest (HDPF). These forests
were mainly high degraded secondary peat forest that
recently open or burned scatter and found interspaced
among the other two canopy cover conditions. Vegetation
was dominated by a few tree, pole, and saplings level tree
growth and shrubs ferns, grasses were found scattered. The
stem density was 130.8 + + 22.1 and 372.9 +46.2 for tree
diameter >20 cm and 5-<20cm. Its mean basal area was
13.2 + 2.0 m%ha (N = 7). Some prominent species found
were Jungkang (Pouteria malaccensis), Leban Tikus (Vitex
secundiflora), Mentepis (Calophylum  inophyllum),
Keminting hutan (Polyalthia glauca), and Bintik
(Elaeocarpus graffithii).
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When we compared tree density among forest
condition, it shown that tree diameter >20cm were
significantly reduced their density in high degraded forest
compared to low degraded one, while intermediate stage
was a transition state between the low and high degraded
forest. Smaller trees were réelatively similar density (Figure
5).Difference in stand density affected their basal areas
when compared amongst them. Reduction in basal area on
high degradation forest reached 41,3% for tree diameter
>20cm, yet increased ~33% for tree diameter 5-<20cm
(Figure 6).

Tree species diversity among forest degradation levels

Resultsshowed that forest degradation had significant
impacts on tree diversity in tropica peatland of Riam
Berasap. Higher level of forest degradation reduced tree
diversity variously and significantly influenced the existing
peatland forest. For larger trees (diameter >20cm), there
were found82, 72, and 48 tree species in low, intermediate,
and high forest degradation respectively, while in smaller
trees, in similar order of degradation,there were 61, 53, and
28 tree species Figure 4. demonstrated that high degraded
peatland forest decreased tree species diversity of 14%
from low to intermediate and 43% from low to high
degraded one.

Some species were lost in high degraded forest, and yet
some other species emerged, while others survived among
the tree degradation levels (Figure 5, Table 1). There were
45 species that found in low degraded forest that were not
present in high degraded one. The most prominent species
losses were some species of Nyatoh i.e. Nyatoh beras daun
lebar (Palaquium coclearifoium), Nyatoh punyok (P.
pseudorostratum), Nyatoh Babi (P. xanthochynum),
Nyatoh Beras (P. ridleyii), Ubah (SyzZigium spicata),
Bintangur (Calophyllum hosel Ridley), Kayu Cin (Nageia
wallichiana (Pred.) O.K.) and other important species
where found abundant in low degraded peatland. On the
other hand, 10 species were found in high degraded forest
such as Mentepis (Calophylum inophyllum), Mengkasai
(Cyathocalyx biowvulatus), Ilas (Neoscortechinia kingii
King), Gelam tikus (Eugenia cerina Endl.) were not
available in low degraded one.

Viewing from forest ecology side, Shannon-Winner
Index (Diversity Index) of trees among the three
degradation levels were consider high (3.63, 3.32, and
3.21) consecutively for low, intermediate and high
degraded peatland forest. It is indicated that among the
three forest coverage levels they were al high in tree
species diversity. Tree species in each forest condition has
relatively diverse in tree abundance especially when low
and high degraded forest compared, that shown from their
Eveness Index which were 0.63 and 0.43.When analyzing
their Similarity Index, their species composition were
relatively shifted. The value were 41.5%, 34.3%, and
30.1%respectively when contrasting low vs intermediate,
low vs high, and intermediate vs high degraded peatland
forest. Those values described that between the 2 forest
condition they have <50% tree species in common.
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Discussion

Simply, forest ecosystem classification is based on their
type of habitat (i.e. tropical peatland forest is forest that is
growing on peatland).However, forest ecosystem itself
contribute to abundant and complicated roles in nature.
There are variety of ecosystem function derived from
tropical forest such as their roles in biogeochemical cycles,
biological diversity, carbon sequester, improving welfare
for people, opportunities on research, recreation and other
ecosystem services (Putz and Redford 2010) and forest type
description solely will mislead those ecosystem function.

Tropical peatland forest is one of vegetation ecosystem
type which maintain enormous roles in their landscapes.

BIODIVERSITAS 17 (1): 102-109,April 2016

Recent condition and on going pressure on this ecosystem
type could have devastating impacts on biodiversity of
forest. The problems that are fundamental for maintaining
and monitoring biodiversity is not yet appropriate at
present even though severa technique has been established
to monitor forest such as land cover mapping and
monitoring, either on local, regional, and continental scale
(Eva et a 2010; Margono et al 2012). Our concerns on
peatland forest conservation in West Kalimantan led us to
study the impact of forest degradation and revealed the
facts of peatland tree biodiversity influenced by the
anthropological degradation. These results acknowledge
and clarify exact impacts of forest degradation (even though
this area was practiced by low impact logging before) to the
future peatland forest structure and species composition.

Forest structure is related to physical arrangement,
intermixing size and composition distribution and other
components in the forest that are related to ecological
function and processes that also encompasses species
composition and basal area (McElhinney et al. 2005; Husch
et al. 2002; Hansen et a. 2001). Results show that forest
degradation altered forest tree density and forest basal area
per hectare although this forest has been abandoned for
about 10 years. The density of larger trees was decreased,
while younger/smaller trees were increased when the
degradation level rose. This result supported our previous
finding in peatland forest of Kubu Raya West Kalimantan
(Astiani 2014). Reducing larger trees in higher level of
degradation, gave more opportunity to younger trees due to
optimal gap size produced (Curran et al. 1999). Prescott et
al. (2003) and Denslow et a. 1998 mentioned that large
gap size enhance N mineralization and phosphorus
availability that elevate their concentration available N and
P for enhancing tree growth. Increasing canopy gap size
has been shown to impart greater microclimate change on
in the forest floor (Asbjornsen et al. 2004; Proe et al. 2001,
Barton et al. 1989).These results imply that in tropical
peatlands, forest degradation and land cover change-with
corresponding alterations of soil microclimate (e.g.,
temperature, CO,, light, humidity)-will influence forest
growth and dynamics.

The shifts also occurred on species composition.
Species diversity was reduced when forest degradation
increased. Moreover, some new species found their new
sites in highly degraded forest. Although all those forest
cover levels have relatively high in diversity, the species
diversity shiftings are circumstances which need to be
considered. The alteration of tree species composition
could permanently cause the extinction of severd
important tree species along the peatland landscape. This
post-logging dynamic in high degraded forest diminished
more than one third species previoudy present in low
degraded one. Most of species lost were high economic and
conservation value timber/wood when logged, leaving less
valuable tree species in high degraded forest. In term of
tree species conservation, a lot of important tree speciesin
tropical peatland (e.g., Gonystylus bancanus, Shorea
belangeran, Shorea teijsmanniana, Pouteria spp.,
Palaquium spp. etc.) could be endangered when forest
degradation continued.
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Table 1. Species composition and tree density among forest degradation levelsin peatland of Ketapang, West Kalimantan, Indonesia

. Treedensity/Ha

Species L ocal name Low Intermediate  High
Actinodaphne sphaerocarpa (BI.) Nees. MedangAsam 0.6 1 0
Adenanthera pavoninalLam. Empahong 0 1 0
Aglaia rubiginosa Blume. Parak 0.6 1 0
Alangium longiflorum Merr. Mengkapas 111 0 1.7
Alangium sp. Mengkapas 0.6 0 0.8
Alseodaphne coreasea Nees Medang Pasir 0 0 0.8
Alstonia spatulata Blume Pelaik Pipit 2.8 0 0
Blumeodendron takbrai (Blume) Kurz Mengkajang 0.6 0 0
Buchaniana arborescens Blume Mate udang 2.8 0 0
Calophyllum hosei Ridley Bintangur 5.6 45 0
Calophylum inophyllum Lam. Mentepis 0 25 42
Cal ophylum schlerophyllum Lam. Bintangor 0.6 0 0
Camnosperma squamatum Ridl. Terentang Putih 2.2 0 0
Cantleya corniculata (Becc) Howard. Bedaru 8.3 4 0.8
Choriophyllum malayanum Bth.. Ubah Merah 0 0.5 0.8
Cratoxylum glaucum Korth. Gerunggang 22 1 0.8
Cyathocalyx biovulatus Boerl Mengkasai 0 0 25
Dactylocladus stenotachys Oliv. Mentibu 8.3 0.5 0.8
Dillenia pulchella (Jack) Gilg. Simpur Laki 11 15 0
Diospyros bantamensis Kds.et Va. ex Bakh. Kayu Maamdl 0 3 0
Diospyros maingayi (Hiern.) Bakh. Kayu Malam 11 1 0
Dipterocar pus bornensis Slooten. Keruing Paya 0 0 0.8
Durio carinatus (Mast). Durian Burung 0.6 0 1.7
Dyera costulata Hook.f. Jelutung 39 1 0.8
Elaeocarpusmastersii King Mentanang 0.6 0 0
Elaeocarpus griffithii A. Gray Mempening 17 15 0.8
Elaeocarpus petiolatus (Jack) Wallich ex Steudel. Pangal 22 2 0.8
Elaeocarpus sp. Mencubok 0 15 0
Eugenia cerina Endl Gelam Tikus 0 15 0.8
Eugenia spicata Lam. Ubah 111 1 0
Eugenia sp. Keempit 0 0 0.8
Ganua mottleyana Pierre ex Dubard Ketiau 1.7 0.5 0
Garcinia cf. bancana Mig. Manggis Hutan 0 0.5 0.8
Garcinia parvifolia (Mig.) Mig. Asam Kandis 17 25 0
Gluta wallichii (Hook.f.) Ding Hou Meransing 0 1 0
Gonystylus bancanus (Mig.) Kurz Ramin 39 0.5 0.8
Gonystylus hankenbergii Diels. Ramin Buaya 0.6 0 0
Gymnacranthera contracta Warb. Kumpang perawe 0 9 0
Gymnacranthera sp. Kumpang 2.8 0.5 33
Ilex cymosa Blume Mensire 0 1 0
Ilex cf hypoglauca (Mig.) Loes. Rawe Aek 17 0 0
Knema cinerea Warb. Mendarahanl 11 0 0
Knema kunleri Warb. Mendarahan 2 11 0 0
Koompasia malaccensis (Maingay) Benth. Kempas 44 0.5 33
Litsea elliptica Blume. Medang sp.1 0.6 0 0
Litsea gracilipes Hook.f. Medang Lendir 0.6 0 0
Litsea grandis 1 (Wall ex Nees) Hook.f. Medang Kédlincir 0.6 0 0
Litsea nidularis Gamble Medang Keladi 22 0 0
Litsea resinosa Blume Medang Perawas 0.6 0 0
Litsea rufo-fusca Kosterm. Medang sp2 0 0 0.8
Litsea sp. Medang kunyit 11 0 0
Litsea turfosa Kosterm. Medang mali 0 0.5 0
Macaranga caladiifolia Beccari Garung 0 1 0
Macaranga pruinosa (Mig.) Mudl. Arg. Mahang 0 1 0
Madhuca mottleyana (de Vr.) Baeh. Nyatoh Ketiau 22 0 25
Magnolia bintulensis (A. Agostini) Noot.) Medang limau 22 0.5 0
Magnolia sp. Medang Kuning 0.6 0 0.8
Mangifera longipetiolata King. Rerawe Babi 0 5 0
Mangifera swintonioides Kosterm. Kelentit Nyamuk 33 9.5 0
Mezzetia leptopada Hk. f. & Th. Keminting d kecil 11 0 0
Mezzetia parviflora Becc. Mempisang 1.7 1 1.7
Mezzetia umbel ata Becc. Keminting d besar 1.1 0 0
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Nageia wallichiana (Presl.) O.K.
Neoscortechinia kingii King

Nephelium maingayi Hiern

Notaphoebe umbeliflura Blume

Palaquium coclearifoium Boerl.

Palaquium lanceolata Blanco

Palaquium leicocarpum Boerl.

Palaquium pseudorostratum H.J.Lam
Palaquiumridleyi King & Gamble
Palaquiumridleyi King & Gamble
Palaquium xanthochynum Pierre.

Parkia singularis Miq. subsp. borneensis
Ploiarium alternatifolium (Vahl) Melch.
Polyalthia glauca (Hassk.) Boerl.

Polyathia sumatrana (Mig.) Kurz.

Pometia pinnata JR. & G. Forst.
Porterandiaanisophylla (Jack ex Roxb.) Ridl
Pouteria malaccensis (Clarke) Baghni
Pouteria obovata (R.Br.) Baehni

Pternandra galeata (Korth.) Ridl.

Santiria laevigata Blume formaglabrifolia H.J.Lam
Shorea belangeran (Korth.) Burck.

Shorea parvifolia Dyer.

Shorea parvistipulata Heim.

Shorea teijsmanniana Dyer ex Brandis
Shorea uliginosaFoxw

Sndora leiocarpa Backer ex K. Heyne
Sonneratia alba Seem.

Stemonurus scor pioides Becc.

Semonurus secundiflorus Blume

Serculia lychnophora Hance

Syzygium havilandii (Merr.) Merr. & L.M.Perry
Syzygium lineatum (DC.) Merr.& L.M. Perry
Syzygium sp.

Syzygium zollingerianum (Mig.) Ams.
Tabernaemontana macrocarpa Jack
Tetractomia tetrandra Craib.

Tetramerista glabra Miq.
Teysmaniadendronsp.

Tristaniopsis cf merguensis (Griff.) Peter G.Wilson & J.T.Waterh.
Vatica mangapachoi Blanko

Vitex secundifloraHallier f.

Xanthophyllum ellpticum Korth. ex Mig.
Xylopia coryfolia (Griseb.) King & Robins.
Xylopia fuscaMaingay ex Hook. f. & Thomson

Kayu Cin 4.4 0 0
llas 0 0.5 17
Rambutan Hutan 22 0.5 0
Medang Bulu 0 0.5 0
Nyatoh dl 239 15 0
Nyatoh dk 0 0.5 0
Nyatoh Cermai 0.6 0 0
Nyatoh Punjok 22.8 1 0
Nyatoh Beras /Banir 7.2 85 16
Nyatoh Beras 144 1 0
Nyatoh Babi 11.7 45 0
Petai Hutan 11 0.5 17
Jonger 2.8 46 0
Keminting Hutan 6.1 3 33
Unang-unang 17 7.5 0
Kasai 0.6 15 0
Leban Paya 5.6 6 25
Nyatoh Jungkang 40.6 0.5 225
Nyatoh duduk 34 0.5 0
Meransik 2.8 0 0.8
Asam Rawe 0 0 0.8
Belangir 0.6 0 0
Meranti 0 15 0
Meranti Rawa 0.6 0 17
Meranti Batu 0 1 0
Meranti Bunga 0 3 0
Sindur 11 0 0
Perepat 211 0.5 0.8
Mempasir dl 0.6 1 0.8
Mempasir dk 1.7 0.5 1.7
Semangkok 39 2 0
Ubah Bentan 39 0.5 0
Ubah Jangkar 0.6 0 0
Ubah Bunga 0 4 0
Ubah Jambu 0.6 0 0.8
Bintik 17 2 3.3
Ubah Putih 5 15 0.8
Punak 7.2 0.5 0.8
Nyatoh sp.1 6.1 55 17
Pelawan 11 0 17
Resak 0.6 0 0.8
Leban Tikus 5 0.5 8.3
Menjain 11 0.5 0
Angin-angin 0 0.5 0
Bahang 0 1 0

Furthermore, there are numerous hydrologica and
ecological functions of tropical peatlands ranging from
regulation of water flow to providing refuge for endangered
animal species (Rieley and Page 2005). The increasing
scarcity of available resources in mineral soils, advanced
land conversion technology and continuously rising
demand for forest and agricultural products have led to a
rapid increase in peatland conversion and degradation.
Escalating rates of logging, drainage, fires, conversion to
plantations and expansion of small-holder dominated
mosaic landscape have occurred since the 1980sand
continued until recent time. These activities disturb
ecosystem functions invariably, both directly because of
atering forest dynamics, reduction of living biomass and
acceleration in peat oxidation (Hooijer et a. 2006, 2010;
Couwenberg et al. 2010) and indirectly by making the
ecosystems more vulnerable to yearly fire activity (Siegert

et al. 2001; Page et al. 2002). The species composition and
abundance shifting due to forest degradation should be
considered on peatland forest management to hinder
permanent species |oss.
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Abstract. Yulianti, Sudrajat DJ. 2016. Morphological responses, sensitivity and tolerance indices of four tropical trees species to
drought and waterlogging. Biodiversitas 17: 110-115. Indonesia’s climate model predicts an increase in threat of drought and
waterlogging in several areas. However, knowledge on variations between tropical forest tree species, i.e. Anthocephalus macrophyllus,
Anthocephalus cadamba, Fagraea fragrans, and Magnolia champaca to drought and waterlogging stress are till limited, though they
are relevant to future development of forest ecosystem. The objective of this research is to investigate the adaptability of four potential
tree species to drought and waterlogging stress in a controlled greenhouse. The results showed that the adaptive responses of four
tropical tree species were different, according to the results, all species were more tolerant to waterlogging than to drought stress, which
can be observed from morphological, seedling survival, stress tolerant and stress sensitivity indices. The waterlogging resistant in four
species followed the order of: A. cadamba > F. fragrans > A. macrophyllus, and > M. champaca, while for the drought resistant species

followed the order: A. macrophyllus > A. cadamba > F. fragrans and > M. champaca.

Keywords: Adaptability, seedling, stress, tropical trees

INTRODUCTION

Indonesia, is an archipelago country lies in the equator
area, is considered as a susceptible region to climate
changes. Rainfall pattern changes, increase of water sea
level and temperature, and extreme weather events are
some serious impacts of climate changes occurring in
Indonesia. According to Policy Synthetic Team of Ministry
of Agriculture (2008), climate change will cause the
following: (a) Indonesia will undergo temperature increase,
the rate of which is lower than the temperature in
subtropical areas; (b) South Indonesia area is predicted to
undergo rainfall decrease enhancing the drought risks,
while in North Indonesia, the rainfall intensity will
increase, thus rising the frequency and intensity of floods.

Drought and flood or waterlogging limits the potential
range of many species by affecting seedling survival,
growth and development potential of plants. They showed
significant effects at the initial stages of plant growth (e.g.,
during the first year of cultivation) (Kozlowski 1997,
Dunisch et al. 2003) and endangered plants survival. The
effects of water stress have been reported for a large
number of angiosperms and gymnosperms, resulting
considerable changes in plant physiology, morphology and
overall biochemical processes (Cernusak et a. 2007,
Chaves et al. 2008; Cordeiro et a. 2009; Ditmarova et al.
2009; Yang and Miao 2010; Li et a. 2011; Xioling et al.
2011). Water stress is a major growth-limiting factor
highlighting the need for selecting drought resistant species
for successful plantations (Ky-Dembele et al. 2010). To
promote the successful current-year tree seedlings
settlement, the key to understand is how they are adapted to

drought and waterlogging, a critical condition for
silviculture activities of several potential tree species.

However, very little is known about species variations
in adaptability to drought and waterlogging stresses in
tropical forest trees species. Some tropical tree species
showed ability to satisfactorily tolerate or postpone drought
such as Swietenia macrophylla (Cordeiro et al. 2009),
Garcinia kola and Garcinia afzelii (Peprah et a. 2009). In
other study, Rao et al. (2008) reported that seedling height
and dry biomass of Albizzia lebbek, Dalbergia sissoo,
Leucaena leucocephala, and Shorea robusta decreased at
very high stress. The drought resistant in different species
followed the order of: L. leucocephala > T. grandis > D.
sissoo > S, robusta and > A. lebbek. Adaptability study of
Anthocephalus cadamba to drought and waterlogging
showed that the species were more resistant to
waterlogging than to drought stress (Sudrajat et al. 2015).

Therefore, comprehensive knowledge about species
responses on drought and waterlogging can become a
reference in the development of forest trees species transfer
guideline (Wang et al. 1989), selection of adaptive species,
and also as a key of adaptation strategy on climate change
(Millar et a. 2007). The hypothesis in response to drought
and waterlogging stress, there is a large variation among
tropical trees species expressed in growth, stress sensitivity
and stress tolerance indices.

The objective of this study was to investigate the
morphological responses, sensitivity and tolerance indices
of Anthocephalus macrophyllus, Anthocephalus cadamba,
Fagraea fragrans, and Magnolia champaca seedlings to
drought and water logging stresses in a controlled
greenhouse.
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MATERIALSAND METHODS

Materials

The studied species were A. macrophyllus, A. cadamba,
F. fragrans, and M. champaca (Table 1). The seeds of the
species were collected from 10 dominant trees per species.
The seeds from individual trees were equally sampled by
weight, and bulked by species for the experiment.

Seedling preparation, experimental design and
parameter measur ement

A. macrophyllus, A. cadamba, F. fragrans, and M.
champaca seedlings were tested in a controlled conditionin
the greenhouse to identify their adaptability on different
water stress conditions. For each species, 60 normal
seedlings (£ 3 cm in height) were randomly taken from
sowing boxes and planted in pots (18.5 cm in diameter x 16
cm in height). There were 20 seedling pots planted for each
treatment. At the early stage of growing, seedlings were
placed in an optimal condition in nursery and after 2
months, they were moved to the greenhouse. During the
experiment, the average day and night temperatures in the
greenhouse were set at 34° C and 29° C, respectively, and
the relative humidity ranged from 60 to 75 %. The
treatments of water stress condition were done after 1
month of seedling in the greenhouse.

A completely randomized block design was used with
factorial combinations of water stress [well-water supply
(contral), 3-5 cm-water logging (W, ), watered every 2 days
with 25% field capacity (Was)] and species (4 species).
Five seedlings were randomly assigned accordingly to each
of the twelve experimental treatment units and arranged
randomly in each of the four blocks (5 seedlings x 4
species x 3 irrigation regimes x 4 blocks). There were a
total of 240 seedlings pots or 60 seedlings per species. The
soil volumetric water content for control and drought
treatments were maintained at 32.8 + 2.8% and 19.8 +
1.4% and Wy, respectively. 120 days after the initia
treatment, the experiment was terminated.

Height (SH) and root collar diameter (RCD) of
seedlings were recorded prior to and at the end of the
experiment. The growth of seedling height and diameter
resulted from reduction of the final measurement with the
first measurement. The number of leaves was counted in all
plants. Seedling biomass was measured by harvesting
roots, stems, and leaves. Roots were elutriated with water
to remove soil. Roots, stems, and leaves were dried in a
drying oven at 70° C for 48 h and weighed to +0.0001 g.

Data analysis

The data were analyzed with ANOVA to test the effect
on the water stress and populations on the morphological,
anatomical and physiological variables. Duncan’s multiple

Table 1. Geographic origin of the investigated species
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range test at a significance level of p<0.05 was used to
compare the significant differences in the means. The
statistical analysis was performed applying SAS 9.1 for
windows. To compare the adaptability among species,
stress tolerance index (STI1) and stress susceptibility index
(SSl) were analyzed on the growth parameters (seedling
height and root collar diameter). STI was analyzed using
formula (Fernandez 1992):

STI = (ypi x ysi) / YP?

while SSI was analyzed using formula (Fischer and
Maurer 1978):

SSl =1- (ysi /ypi) / Sl, while SI =1- (YS/ YP)

Where: yd, ypi, YS, and Y P were each speciess parameter
under stress and non-stress conditions, parameter mean of
all species under stress and non-stress conditions, respectively.

RESULTSAND DISCUSSIONS

There were no seedlings died in the control and WL
treatments for F. fragrans, A. macrophyllus, and A.
cadamba, while in the Ws, treatment, 7 seedlings of F.
fragrans, 6 seedlings of A. macrophyllus, and 8 seedlings
of A. cadamba were observed to have died at the end of the
experiment. The died seedlings on M. champaca were more
occurred on the al treatments then died seedlings on the
other species, i.e. 1seedling in the control, 12 seedlings in
the water logging stress, and 14 seedlings in the drought
stress (Figure 1).

In our experiment, significant differences among four
species (A. macrophyllus, A. cadamba, F. fragrans, and M.
champaca) were observed in the growth rate (seedling
height, root collar diameter and biomass) under drought
and waterlogging regimes. The seedling growth on the
control (well-water supply) of 4 species was relatively not
significant difference (Figure 2) and showed the highest
growth. Drought and waterlogging stresses caused
significant changes in seedling height and root collar
diameter on all species. The lowest growth occurred on
drought treatment followed by the growth on the
waterlogging treatment. M. champaca had lower height and
root collar diameter growth both on drought and
waterlogging treatments then the other species. On the
other hand, F. fragrans and A. macrophyllus had the
highest root collar diameter under the WL treatment
(Figure 3). The seedling survival and growth status under
drought and waterlogging stress can be regarded as one of
the important indices in plant tolerance (Vreugdenhil et al.
2006; Mommer et al. 2006; Li et al. 2011).

Species, family L ocation Latitude Longitude '?;:';l;d)e
Fagraea fragrans, Loganiaceae Ogan Komering Ilir,South Sumatra 04°30'S 104°02E 25
Anthocephalus macrophyllus, Rubiaceae  Bolaang Mongondow, North Sulawesi 00°39' N 124°13E 100
Magnolia champaca, Magnoliaceae Lahat, South Sumatra 03°54'S 103°07'E 650
Anthocephalus cadamba, Rubiaceae Parangloe, Gowa, South Sulawesi 05°14'S 119°35'E 119
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Figure 3. Seedling root collar diameter of 4 trees species under
drought and waterlogging stresses at 4 months old

Total biomass, leaf number and leaf area were generally
decreased in water stress (Table 2). A reduction biomass by
drought stress was higher than waterlogging stress in all
species. During water stress, the leaf number and leaf area
per plant of white jabon significantly decreased except for
leaf area of F. fragrans due to the leaf size of the speciesis
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very smal so the changes on the leaf size is not
significantly detected. Leaf number and leaf area were
affected adversely in both seedling height and root collar
diameter of all species. Reduction in leaf humber and |eaf
area by water stress is an important cause of the reduced
growth through reduction in photosynthesis (Rucker et al.
1995). The reduction in leaf area under water stress may be
associated with the decline in the cell enlargement (Shao et
al. 2008). The cell size reductionin leaf occurred as a result
of turgidity being necessary for cell expansion. The cell
size reduction is reasonably interpreted as a tolerance
mechanism of the leaf to maintain tissue turgidity for the
seedlings.

A reduction growth rate by drought stress was higher
than by waterlogging stress in al species. The growth
parameters reductions of four species were higher in
drought stress indicated that the species were more tolerant
to waterlogging than drought stress. In waterlogging and
drought stresses, M. champaca showed the largest growth
parameters reductions (Table 3). F. fragrans and A.
macrophyllus had the negative reductions for root collar
diameter due to root collar diameter in the waterlogging
treatment was higher than in the other treatments. The
similar result also occurred in waterlogged seedlings of
Carex lasiocarpa and C. limosa (Lu 2011). According to
Kozlowski (1997), waterlogging often affects xylem and
phloem production. Waterlogged soils increased stem
diameter growth more as a result of increasing bark
thickening and stem hypertrophy, which then cause xylem
increment. The increase in bark thickness was associated
with accelerated proliferation of phloem parenchyma cells
and large amounts of intercellular space in the phloem
(Yamamoto and Kozlowski 1987).

To compare the adaptability of the stresses among
species, stress sensitivity index (SSI) and stress tolerance
index (STI) were used to observe the four trees species
(Tables 4 and 5). SSI and STI were used to identify the
resistant genotype (Yarnia et a. 2011; Anwar et al. 2011).
STI can be used to identify genotypes that produces high
yield under both stress and non-stress conditions
(Fernandez 1992; Anwar et al. 2011). The species with low
SSI and high STI can be considered to be more tolerant
species among the all tested species (Olaoye et a. 2009).
According to Fischer and Maurer (1978) and Badami and
Amzeri (2011), the species were categorized as tolerant if
SSI < 0.5, medium tolerant if 0.5 < SSI < 1, and sensitive if
SSI > 1. While for STI, grouping of tolerant species
followed criteria of Doreste et al. (1979) and Susanto and
Sundari (2011), i.e. very tolerant species if STI > 0.898,
tolerant if 0.74 < STI < 0.898, medium tolerant if 0.41 <
STl <0.74, sensitive if 0.25 < STI < 041, and very
sengitive if STI < 0.25.Based on the SSI and STI on the
root collar diameter of the waterlogged seedlings, F.
frangrans, and A. cadamba (SSI <0.5, STI > 0.74) could be
categorized as tolerant species to waterlogging stress, but
for drought stress, no species could be grouped as tolerant
species. According to early result, the SSI of A. cadamba
was lowest on waterlogging stress, but highest on drought
stress (Sudrajat 2015). Adaptability of F. frangrans
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Table 2. Seedling leaf characteristics and biomass of 4 trees species under drought and waterlogging stresses at 4 months old

Treatment (Species*watering regime) L eaf number Leaf area Biomass total
Fagraea fragrans Control 235+6.1a 24.72 +1.18d 16.62+141a
Waterlogging 16.3+5.2b 21.73 +1.97d 15.06+0.78a
Drought 115+36¢C 17.76 +4.13d 5.06£1.37 b
Anthocephal us macrophyllus Control 64+12e 132.58 +2.06a 16.95+0.30a
Waterlogging 55+ 1.3¢€f 97.87 +1.89%b 1562+ 0.39a
Drought 49+ 10¢€f 33.19 +5.22d 443+0.86b
Magnolia champaca Control 9.4+20d 68.61 +2.27¢c 1842 +£0.19a
Waterlogging 51+21¢€f 33.54 +6.33d 4,84+ 1.63b
Drought 45+ 15f 16.27 +2.74d 3.99+0.44b
Anthocephal us cadamba Control 64+18e 142.90 £3.18a 18.17+0.19a
Waterlogging 55+2.2¢f 103.88 +4.01b 1599+ 045a
Drought 28+11g 42.81 +11.35d 3.70+0.70b
Means 7.89 61.32 11.56
Coefficient of variation (CV) 30.35 7.66 7.51
F test (species*watering regime) 18.85** 72.49** 43.09**

Note: Different letters in the same column indicate significant differences at P < 0.05 between treatment and provenances in each
parameter.

Table 3. Percentage decrease of seedling growth parameters under drought and waterlogging compared with control condition

Treatment (speciestwatering regime) Height Root collar L eaf number Leaf area Biomass
(%) diameter (%) (%) (%) total (%)
Fagraea fragrans Control 0 0 0 0 0
Waterlogging 25 -5 31 12 9
Drought 61 42 51 28 70
Anthocephalus macrophyllus ~ Control 0 0 0 0 0
Waterlogging 13 -6 14 26 8
Drought 62 42 23 75 74
Magnolia champaca Control 0 0 0 0 0
Waterlogging 83 88 46 51 74
Drought 85 90 52 76 78
Anthocephal us cadamba Control 0 0 0 0 0
Waterlogging 22 5 14 27 12
Drought 59 31 56 70 80

Table 4. Stress sensitivity index of seedling height and root collar diameter of 4 trees species under drought and waterlogging stresses at
4 monthsold

Species Seedling height Root collar diameter
Waterlogging Drought Waterlogging Drought
Fagraea fragrans 0.59 0.98 0.25 0.92
Anthocephal us macrophyllus 0.67 0.88 0.27 0.73
Magnolia champaca 222 1.22 4.09 1.56
Anthocephalus cadamba 0.36 0.89 0.24 0.74

Table 5. Stress tolerance index of seedling height and root collar diameter of 4 trees species under drought and waterlogging stresses at
4 months old

Species Seedling height Root collar diameter
Waterlogging Drought Waterlogging Drought
Fagraea fragrans 0.83 0.34 1.30 0.65
Anthocephal us macrophyllus 0.72 0.38 0.73 0.56
Magnolia champaca 0.20 0.18 0.13 011

Anthocephalus cadamba 0.70 0.31 1.01 0.40
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and A. cadamba seedlings to waterlogging is correlated
with their natural habitats, generally distributed on the
deep, moist, and alluvial sites and vice versa, the general
condition of the natural habitat also affected the adaptation
of seedlings that is less adapted to drought stress
(Soerianegara and Lemmens 1993; Kartawinata 1994). The
seedlings of M. champaca behaved the opposite way or
there was higher SSI on both waterlogging and drought
stresses indicating that the species is not adapted both for
drought and waterlogged sites, this results is similar with
the early results of SSI of M. champaca (Yulianti et al.
2015).

In waterlogging stress, SSI values of A. cadamba were
lowest, followed by F. fragrans, A. macrophyllus, and M.
champaca, while for the STI values, from the highest to the
lowest, were F. fragrans, A. macrophyllus, A. cadamba,
and M. champaca. In drought stress, SSI values of seedling
height and root collar diameter of A. macrophyllus had the
lowest, followed by A. cadamba, F. fragrans, and M.
champaca. On the other hand, the highest SSI value in
drought stress for seedling height was A. macrophyllus, and
M. champaca had the highest STI both for seedling height
and root collar diameter. The lower SSI and the higher STI
showed better adaptability of the plants to the stresses
(Blum et a. 1992). The waterlogging resistant in four
species were in the order of: A. cadamba > F. fragrans >
A. macrophyllus, and > M. champaca, while for the drought
resistant species were in the order of; A. macrophyllus > A.
cadamba > F. fragrans and > M. champaca.

The data from the current experiment indicated that all
species tend to be more tolerance to water logging than to
drought stress. Waterlogging tolerance is determined by the
ability of a plant to grow and survive in soils with water
content above field capacity (Rowe and Beardsell 1973). In
contrast to water logging, the species in the seedling stage
were very senditive to drought. The more adaptive seedling
of four species to waterlogging described the natural
habitat of the evergreen tropical tree species generally
distributed on the relatively higher humidity and moist
sites. The range of response of evergreen species to
different drought intensities indicated a lower degree of
plasticity than that of deciduous trees (Ditmarova et al.
2010).

In conclusion, seedling height and root collar diameter
growth of A. macrophyllus, A. cadamba, F. fragrans, and
M. champaca were more affected by drought and
waterlogging stress conditions. The species were more
tolerant to waterlogging than drought stress, which can be
observed from morphological, the absence of seedling
under the waterlogging treatment that died during the
experiment, stress tolerant index, and stress sensitivity
index. The waterlogging resistant in four species followed
the order of: A. cadamba > F. fragrans > A. macrophyllus,
and > M. champaca, while for the drought resistant species
followed the order of: A. macrophyllus > A. cadamba > F.
fragrans and > M. champaca. A. cadamba and F. fragrans
can be planted in temporary waterlogging sites, while for
dry sites, A. macrophyllus is more adaptive. M. champaca
is preferably not to be planted in waterlogged and dry sites
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due to its relatively low tolerance to drought and
waterlogging stresses.
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Abstract. Amirta R, Nafitri S, Wulandari R, Yuliansyah, Suwinarti W, Candra KP, Watanabe T. 2016. Comparative characterization of
Macaranga species collected from secondary forests in East Kalimantan for biorefinery of unutilized fast growing wood. Biodiversitas
17: 116-123. Wood species for industrial forest plantation has been selected to produce construction wood material's, boards and papers,
and unutilized fast growing wood as a source for biofuel production has been out of the scope for selection. Macaranga Thouars
(Euphorbiaceae) is widely distributed in the tropics and importance of the genus has been recognized due to its high level of growth rate
and adaptability to constitute forest ecosystem. However, potency of the genus as a source for bioethanol production has not been
systematically studied. We herein first report differential properties of six Macaranga wood species collected in East Kalimantan,
Indonesia, as araw feedstock for enzymatic saccharification for bioethanol production. Among the wood species examined, the highest
sugar yield 48.6% (weight of original wood basis), which corresponds to 315 mL ethanol/kg biomass, was obtained with 5.0% NaOH at
160°C for M. hypoleuca. Significant differences in the sensitivity to alkaline concentration and temperature have been found among the
species. A high sugar yield, 40.4% was obtained for M. winkleri with a low akaline concentration, 3.5% NaOH at 150°C, while M.
motleyana gave the sugar yield 12.8% under the same condition. M. motleyana required a set of the conditions with higher NaOH
concentration 5.0% and temperatures over 160°C. The harsh condition with 5.0% NaOH at 170°C promoted delignification of al the
species but M. hypoleuca decreased the saccharification yield by raising the temperature from 160°C to 170°C, probably due to
decomposition of carbohydrate cores. This temperature-dependent negative effect was not observed with 3.5% NaOH for M. hypoleuca.
These results indicate that differences in the balance between disintegration effects and excess degradation of carbohydrates are different
among the species and the variation should be taken into account on screening. Thus, we found a wide range of diversity in the
susceptibility to alkaline pretreatment in the genus Macaranga and selected the wood species giving high productivity of fermentable
sugars.

Keywords: Alkaline pretreatment, biorefinery, ethanol, Macaranga, wood biomass

INTRODUCTION the biofuels (Watanabe et al. 2008). Thus far, industria

forest plantation has been designed to produce construction

Recently, it has been recognized that conversion of
abundant lignocellulosic biomass to biofuels presents a
viable option for improving energy security and reducing
greenhouse emissions. Biofuels are cleaner-burning than
fossil fuels, and the short cycle of growing plants coupled
with their burning emits much less CO, to the atmosphere.
It has been reported that bioethanol from lignocellulosic
biomass has the potential to reduce greenhouse gas
emissions by 86% (Wang et a 2008).

As one of the countries which have abundant reserves
of forest biomass and agricultural residues and expect
future energy crisis, Indonesia government has declared to
start production of fuels and energy from renewable
sources. The government realizes that the biofuels and
bioenergy industries will increase the amount of domestic
supply of fuels with decrease in subsidy for promotion of

wood materials, boards and papers, and potency of
unutilized fast growing wood as a source for biofuel
production has received much less attention. However,
tropical rain forest includes a wide variety of wood species
which has no values for the current industry but may have a
great deal of potential for production of biofuels and
chemicals.

From the view point of biodiversity and potential of the
bioresources for sustainable society, WWF Indonesia
pointed out importance of the tropical forests in Indonesia,
particularly in Kayan Mentarang Forest, Malinau, East
Kalimantan, which includes around 15,000 species of
plants (Pio and D’Cruz 2005). The biodiversity value of the
forest is the highest compared to other places on the earth.
Forest in Kalimantan is characterized also by richness in
endemic species. There are at least 6,000 endemic species
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of plants, including 155 dipterocarp trees species and more
than 30 of the genus Macaranga and Mallotus
(Euphorbiaceag) plants (Pio and D’Cruz 2005; Slik 2003,
2005).

Macaranga is known as one of the pioneer species
classified in very fast growing species in the tropical forest
ecosystem. Distribution of more than 300 of the genus
Macaranga spreads in the southern part of Asia, Africa,
Audtralia, and the South Pacific regions (Webster 1994).
Although importance of Macaranga for biological diversity
and its potential as a source for biorefinery can be
expected, the biomass potency of Macaranga is not fully
perceived benefits. The lack of information on the basic
properties, function and suitability as the feedstock for the
fuels and energy production, is believed as the main reason
and barrier factor for utilization of this wood species.
Macaranga has a wide variety of variations in its genus,
and understanding of the properties of each species as a
feedstock for biofuels is important for establishment of
biorefinery.

Woody biomass, including many species in the genus
Macaranga has a complex composite structure, and its
efficient utilization requires exposure of cellulose and
hemicelluloses from the cell walls coated with lignin.
Lignin is a magor factor limiting the degradation of
lignocellulosics by microbial, physicad and chemical
pretreatments. To break the composite structure, various
pretreatment methods such as microbial treatment using
white-rot fungi, diluted and concentrated acids, steam
explosion, microwave irradiation, milling, CO, explosion,
ammonia fiber explosion (AFEX), autohydrolysis and
alkaline treatments have been studied (Itoh et al. 2003,
Nakamura and Godliving 2003; Amirta et al. 2006; Kumar
et a. 2009a; Verma et al. 2010; Chiaramonty et al. 2012).
In this study, we selected alkaline pretreatments for
processing of 6 species of Macaranga wood collected in
secondary forests in East Kalimantan, Indonesia. The
susceptibility of the wood species to akaline pretreatment
for enzymatic saccharification is reported.
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MATERIALSAND METHODS

Study area

The field observation and plant material including wood
biomass was collected from Bukit Soeharto Education
Forest of Mulawarman University located at Kutai
Kertanegara District, East Kalimantan, Indonesia
(116°50°6.89”E-117°9’53.81"E, 0°38°43.387S5-1°5"24.71"S
). This education forest has an area of about 22,000 ha and
annual temperature of 24-30°C, while the daily
temperatures fluctuate between 3-4°C. The mean annual
precipitation was 1921.3 mm, whereas the highest monthly
rainfall was obtained in March and the lowest occurs in
September amounted to 54.3 mm, respectively.

Wood material

Wood samples from six species of Macaranga with
diameter about 10-20 cm and their leaves and branches
were collected from Mulawarman University Education
Forest located at Bukit Soeharto, Kutai Kertanegara, East
Kalimantan, Indonesia. Leaves of wood samples were
identified as Macaranga conifera, M. gigantea, M.
hypoleuca, M. motleyana, M. pearsonii and M. winkleri in
the Laboratory of Forest Dendrology, Faculty of Forestry,
Mulawarman University, Samarinda, East Kalimantan,
Indonesia. The wood samples were debarked, chipped and
air dried up to approximately 12% moisture content (MC),
and used throughout this study.

Alkaline pretreatment of woody biomass

Alkaline pretreatment of Macaranga wood was carried
out for 60 min at 150° and 170°C using a liquid-to-solid
ratio 8:1 (w/w) and NaOH concentration between 3.5% and
5.0% based on dry weight of the woody biomass. The
reactions were carried out using a rotary digester equipped
with a controller for pressure, rotary speed and
temperature. After the reaction, the pulp fraction was
separated by filtration and washed extensively with tap
water until neutral pH.
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Figure 1. Sampling location at Bukit Soeharto Education Forest of Mulawarman University, Kutai Kertanegara, East Kaimantan, Indonesia
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Wood component analysis

The Klason lignin content was determined by the
TAPPI standard method (1998). The holocellulose and a-
cellulose contents were determined according to Wise’s
chlorite method (Wise et al. 1946) and the TAPPI standard
method (1988), respectively. The reducing sugar content
was determined by the Somogyi-Nelson method (Somogyi
1952).

Enzyme activity

Filter paper unit activities were assayed in reaction
mixture containing 50 mg (w/v) Whatman filter paper
number 1, 50 mM tartrate buffer, pH 4.5 and the enzyme.
After incubation at 50°C for 30 min., the reducing sugars
produced were determined by Somogy-Nelson method
(Somogy 1952). One unit (U) of each enzyme activity is
defined as the amount of enzyme, which produce 1 pmol
reducing sugar as glucose in the reaction mixture per
minute under above specific condition.

Saccharification of wood biomass

The wet pulp fraction was hydrolyzed with a
commercial cellulose preparation, meicellase from
Trichoderma viride (Meiji Seika Co., Ltd., Japan), 224
filter paper units (FPU)/g, B-glucosidase activity 264 [U/g).
The cellulase enzyme loading was an 8-FPU/g substrate.
Enzymatic hydrolysis was performed at a substrate
concentration of 2% in 0.05 M sodium citrate buffer (pH
4.5) containing 0.02% sodium azide at 45°C on a rotary
shaker (NTS-4000C, Rikakikai, Japan) at 140 rpm for 48 h
(Itoh et al. 2003). The saccharification ratio per pulp was
calculated according to the NREL LAP-009 procedure
(Brown and Torget 1996). The sugar yield per wood is
based on the weight percentage of the reducing sugars to
the original wood. The overall yield of sugars per wood is
calculated by multiplying the saccharification ratio per pulp
and the pulp yield. All enzymatic hydrolysis experiments
were performed in triplicate.

Estimation of ethanol production from woody biomass

Potential ethanol production from Macaranga wood
was estimated based on the amount of hexose sugar
(HXTEL) in the lignocellulosic material obtained by
enzymatic saccharification of the insoluble pulp fraction.
Due to the high content of glucose in the pulp fraction,
HXTEL was approximated by the amount of reducing
sugars obtained from the pulp fraction (equation 1). The
ethanol yields (ETOHBIO) based on the weight of original
biomass was calculated from equation (2).

(mg/kg)
ETOHBIO = HXTEL x Yeh/b (mL/kg)

HEXTEL =HEX x a eq.1l

eg.2

Where HEX is the hexose (D-glucose) yield upon
saccharification from hexosan (w/w, of origina wood
basis), ais the weight of substrate (1000 mg, 1kg), Ye.his
the theoretical ethanol yield from hexose (D-glucose)
(0.511), and b is the ethanol density (0.789 kg/L) (Premjet
et al. 2013-Modified).
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RESULTSAND DISCUSSION

Lignocellulosic composition of Macaranga

The genus Macaranga widely distributes in tropical
regions in the world with a wide range of diversity
counting 300 different species. Since many years ago, the
light density hardwood from a pioneer tree species of
Macaranga was traditionally used as fuel wood material
and to be a primary source of energy for the people living
in the remote area and surrounding of forest area,
particularly in Southeast Asia countries and India (Bhatt
and Tomar 2002; Yuliansyah et al. 2012). Instead of
fuelwood, utilization of Macaranga is still limited due to
lack in natural physical strength as a construction material
and short fiber morphology for paper production (Ang et al.
2009; Adi et al. 2014). However, the weak physical
properties may contribute biorefinery process including
production of biofuels through enzymatic saccharification
and fermentation. We collected Macaranga species from
the secondary forest in East Kalimantan and evaluated their
properties as the source for sugar production by enzymatic
saccharification, aiming at constituting a new biorefinery
process of unutilized fast growing wood species in the
tropics. Because the collected wood species is suitable to
grow on the soil under the climate conditions of the
collected area, selection of the wood species directly lead
to the new forest plantation industry coupled with the
biofuel production.

We characterized changes in the lignin content and
susceptibility to enzymatic saccharification after alkaline
pretreatment at temperatures between 150°C and 170°C
with 3.5-5.0% NaOH. The pretreatment demonstrated that
the alkaline pretreatment decreased the lignin content and
gave a high level of sugar yields by enzymatic
saccharification to the extent comparable to other
hardwood and softwood species reported for bioethanol
production (Zhao et al. 2008; Mirahmadi et a. 2010;
Verma et a. 2010; Alvarez et a. 2013). The akaline
pretreatment effectively decreased the Klason lignin
content and produced residual pulp fractions as a result of
disintegration of the cell wall structure (Table 2 and 3). The
removal of lignin is beneficia for enzymatic
saccharification due to increased accessibility of hydrolases
to cellulose and hemicelluloses and decrease in non-
productive binding between lignin and the enzymes (Zhao
et al. 2008; Alvarez et al. 2013; Rahikainen et al. 2013).

The highest decrease in lignin content was obtained
when 5.0% NaOH was applied at 170°C. Under this
condition, decrease in Klason lignin content was from
27.6% to 4.8% (M. hypoleuca), 27.6% to 4.7% (M.
gigantea), 30.8% to 5.2% (M. motleyana), 26.5% to 5.2%
(M. conifera), 32.9% to 5.4% (M. pearsonii) and 28.7% to
3.1% (M. winkleri), (Table 3). As for M. winkleri 89% of
the lignin was removed by the pretreatment. Although the
pretreatment condition was suitable for delignification, the
high temperature decreased the pulp yield owing to the
decomposition of carbohydrates, resulted in the lower
overall sugar yields (Table 4). For instance, when the
reaction temperature was raised from 160°C to 170°C using
5.0% NaOH, the pulp yield decreased from 53.5% to
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45.0% (M. hypoleuca), 50.3% to 44.5% (M. motleyana),
60.4% to 44.5% (M. conifera), 54.3% to 46.6% (M.
winkleri), 56.1% to 49.5% (M. pearsonii) and 45.4 to
41.7% (M. gigantea) (Table 2).

The effects of akali pretreatment on enzymatic
saccharification was analyzed a two different
concentrations of NaOH and three set of temperatures
using a commercial cellulase from T. viride, meicelase
(Table 4). The ethanol yields estimated by the sugar yield
are tabulated in Figure 3. Neutral sugar composition of the
pulp obtained using 3.5% and 5.0% NaOH at 160°C for 60
min was analyzed by HPLC equipped with a fluorescence
detector and post-labeling reactor (Figure 2). The pulp
fraction processed at 3.5% and 5.0% of NaOH at 160°C for
60 min contained 94.9% and 97.1% glucose as the major
sugar with 5.1% and 2.9% xylose, respectively. The
amount of arabinose and mannose were below the
background level, indicating that the pulp fraction
contained cellulose as a major carbohydrate component
with a small amount of xylan. General trend for promotion
of sugar yield by higher concentration of NaOH with the
decreased amount of remaining lignin was found (Table 3
and 4), in accordance with the previous report by
Taherzadeh and Karimi  (2008); Wang et a. (2008); and
Kumar et a. (2009b), who described that the
hydrolizability of NaOH-treated hardwood increased with
decrease in lignin content. However, we found exceptions
of the theory and striking differencesin the susceptibility to
the concentration of NaOH among the Macaranga wood
species examined.

High sugar yield, 40.4% (weight of origina wood
basis) was obtained for M. winkleri even at lower alkaline
concentration, 3.5% NaOH at 150°C. Increase in the NaOH
concentration from 3.5% to 5.0% increased the sugar yield

119

just by 3.2%. On the contrary, sugar yield of M. motleyana
with 3.5% NaOH at 160°C was only12.8%, while the
pretreatment with 5.0% NaOH gave the sugar yield 45.3%
at the same temperature. Thus, the higher concentration
increased the sugar yield from M. motleyana by 3.5 times.
This effect was not prominent at 150°C for the same wood
as found in the yields 12.8% and 14.6% at the NaOH
concentration 3.5% and 5.0%, respectively. Thus,
temperatures breaking the cell wall structures depends both
wood species, and increase in the alkaline concentration
below the breaking temperature is useless for the
pretreatment. Thus, a wide range of diversity existed in the
genus, Macaranga in terms of suitability to akaline
pretreatment for enzymatic  saccharification and
fermentation. Among the Macaranga wood species, M.
winkleri can be highlighted by its high degradability caused
by low concentration of NaOH at low temperature. In the
series of Macaranga wood, M. hypoleuca gave the highest
sugar yield 48.6% based on the weight of original wood
with 5.0% NaOH at 160°C. The sugar yield corresponds to
315 mL ethanol/kg of the original wood (Figure 3).

Table 1. Composition of original Macaranga wood

Wood species Chemical component* (%)
Lignin Holocellulose Cellulose
M. hypoleuca 276+0.2 73.0+08 68.8+0.5
M.gigantea 276+0.7 71.0+£0.3 63.0+0.1
M. motleyana 308+04 722+17 654+0.3
M. conifera 26.5+0.7 70.7+£0.3 61.0+0.7
M. winkleri 28.7+0.9 69.7 £ 0.2 63.2+0.9
M. pearsonii 329+1.1 70.7+0.2 674+1.1

Figure 1. Macaranga plant species used in this research. A. Macaranga conifera, B. M. gigantea, C. M. hypoleuca, D. M. motleyana, E.

M. pearsonii and F. M. winkleri
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Table 2. Pulp yield of Macaranga wood pretreated with 3.5 and 5.0% of NaOH at 170°C for 60 min

Pulp yield® (%)

Wood species 150°C 160°C 170°C
3.5% NaOH 5.0% NaOH 3.5% NaOH 50% NaOH  35% NaOH  5.0% NaOH
M. hypoleuca 76.4° 72.1 71.4 53.5 66.0 450
M. gigantea 68.5° 60.7 61.2 45.4 49.8 417
M. motleyana 75.7° 66.6 713 50.3 56.8 445
M. conifera 745 69.2 69.7 60.4 65.5 445
M. winkleri 69.2° 64.0 63.3 54.3 57.1 46.6
M. pearsonii 73.5° 71.7 68.1 56.1 56.7 495

Note: Pulp yield based on the weight of original wood; °Pulp was not fibrillated completely

Table 3. Residual lignin content of Macaranga wood pretreated with 3.5% and 5% NaOH at 170°C for 60 min

Lignin® (%)

Wood species 150°C 160°C 170°C
3.5% NaOH 5.0% NaOH 3.5% NaOH 5.0% NaOH 3.5% NaOH 5.0% NaOH
M. hypoleuca 96+02 92+01 89+01 57+0.2 82%0.1 48+0.1
M. gigantea 87+03 76+04 79+02 53+11 58+0.1 47+0.1
M. motleyana 9.6+0.1 87+0.0 89+0.1 58+0.2 74+12 52+03
M. conifera 9.1+02 86+0.3 91+01 78+01 84+01 52+01
M. winkleri 87+01 79+01 79+03 62+01 6.8+0.0 31+00
M. pearsonii 95+0.1 9.2+0.1 89+0.1 71+0.2 71+0.2 54+0.9

Note: 2 Klason lignin was determined based on the weight of original wood

Table 4. Enzymatic saccharification yields of Macaranga wood pretreated with 3.5% and 5% NaOH for 60 min

Saccharification yield (%)

Wood species t em;;zfﬂfg ) 3.5% NaOH 5.0% NaOH
Based pulp? Based wood" Based pulp® Based wood”
M. hypoleuca 150 270+20 20.7+45 41.8+54 30.2+3.0
M. gigantea 223+17 153109 3b5+24 215+11
M. motleyana 169+ 17 128+29 219+33 14609
M. conifera 281+14 21.0+23 581+24 402+ 35
M. winkleri 58.8+0.9 404 +£0.6 68.1+0.7 436+04
M. pearsonii 181+09 13.3+0.0 256+3.9 18325
M. hypoleuca 160 31.1+6.9 222+44 91.0+0.7 48.6 +0.3
M. gigantea 265+ 3.6 16.3£20 83.1+0.3 378x0.1
M. motleyana 180+ 6.0 128+ 3.6 90.1+1.7 453+0.5
M. conifera 371+10 258+ 0.6 69.7+5.7 421+3.0
M. winkleri 584+0.9 40.1+1.6 80.2+0.8 43.6+04
M. pearsonii 330+1.7 224+1.1 544+65 306+34
M. hypoleuca 170 50.6 £5.0 334+£3.0 90.9+0.8 409+0.3
M. gigantea 53.0+33 264+1.2 814+3.6 34.0x0.2
M. motleyana 415+6.3 236+3.3 940+ 3.9 418+ 27
M. conifera 411+19 269+11 996+5.1 444 +20
M. winkleri 71.8+0.7 41.0+£05 96.9+5.3 452+22
M. pear sonii 51.3+55 29.0+ 3.0 63.3+0.9 31.6+04

Note: Weight percentage of the pulp based on the weight of pulp fraction obtained. "Weight of pulp based on the weight of origina wood

Macaranga hypoleuca was also sensitive to akaline temperature was raised from 160°C to 170°C with 5.0% of
concentration like M. motleyana and it gave only 22.2% NaOH whilst the same temperature increase with 3.5%
sugar yield at the same temperature 160°C with 3.5% NaOH increased the sugar yield from 22.2% to 33.4%.
NaOH. The sugar yield is equivalent to 83 mL ethanol/kg Under the high concentration of NaOH at 170°C,
of the original wood. Interestingly reducing sugar yield of  degradation of carbohydrate core structures may become
M. hypoleuca decreased from 48.6% to 40.9% when the  prominent over the range of disintegration effects of the
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Figure 3. Estimated ethanol yields from Macaranga wood pretreated with 3.5% and 5% NaOH at 150°C-170°C for 60 min: A. 3.5%
NaOH, and B. 5% NaOH. The values are expressed by the weight of origina biomass
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Figure 2. HPLC profile of the saccharified sugar obtained from
M. hypoleuca by pretreatment with (a) 3.5% and (b) 5.0% of
NaOH at 160°C for 60 min

wood cell walls. This trend was also found for M. gigantea
and M. motleyana. However, the theory was not true for M.
winkleri, M. conifera and M. pearsonii. These wood
species increased the sugar yield slightly with 5.0% NaOH
by increasing the temperature from 160°C to 170°C. The
effects of disintegration of the cell walls are prominent
over the range of decomposition of the carbohydrate cores.
In this study a broad range of differences in adaptability
to enzymatic saccharification for ethanol fermentation was
found in the genus Macaranga. This phenomenon inline
with the previous results reported. Biomass properties vary
and are commonly associated with plant species (Avelin et
al. 2014). Macaranga hypoleuca and M. winkleri are
attractive for their high conversion efficiency and
susceptibility to the pretrestment. Macaranga motleyana
and M. conifera are aso suitable for the bioethanol
production while M. pearsonii lacks in the suitability for
the conversion. Macaranga gigantea, M. hypoleuca, and
M. winkleri have been used as a secondary firewood
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species by local people in East and North Kalimantan
Provinces, instead of the higher density wood species such
as Vitex pinnata, Nephelium lappacelum, Blumeodendron
kurzii and Dipterocarpus sp. (Yuliansyah et a. 2012). The
selected fast growing wood species belonging to
Macaranga are the pioneer woods that usually grow after
forest fire or opening area for the shifting cultivation.
Macaranga was also reported growth sporadically on the
gap of forest canopy, open area and degraded land (Slik et
a. 2003). Instead of firewood, Macaranga was aso
traditionally used by Dayak people in East Kalimantan as
the natural plant indicator to determine the end of the
recovery period of forest land after ground fire or shifting
cultivation activities. The present study gives a new role in
the Macaranga as a resource for biorefinery. Design of the
sustainable cycle including forest plantation of the
Macaranga wood and other wood species, and their
conversion into fuels and chemicals will activate the local
economy in the tropics with concomitant contribution to
the global environment.

Finaly, our finding suggested that tropical wood
biomass Macaranga, particularly M. hypoleuca is a
promising material in term of pulp yield, and sugar
production and potentially used as the feedstock or raw
material for the lignocellulosic bioethanol production and
chemical in the near future. Even, further investigation
required to explore and find more attractive tropical fast
growing wood plant species that available in the tropical
rain forest, particularly in East Kalimantan, and also
Indonesia in combination with the more effective
pretreatment processes. Last but not least, based on our
knowledge this is the first paper that report on the potential
saccharified sugar and estimation of ethanol production
from Macaranga wood biomass as far.
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Abstract. Sulistyo A, Sumartini. 2016. Evaluation of soybean genotypes for resistance to rust disease (Phakopsora pachyrhizi).
Biodiversitas 17: 124-128. Pest and disease are one of limiting factor in soybean cultivation in Indonesia. One of the diseases that can
reduce soybean production is rust diseases caused by Phakopsora pachyrhiz. The use of resistant varieties can reduce yield losses due
to this disease. The aim of this study was to evaluate the resistance of soybean genotypes to rust disease and to study the interaction
between agronomic traits with rust disease on soybean genotypes. This study was conducted at a screen house of the Indonesian
Legumes and Tuber Crops Research Ingtitute (ILETRI) in Maang, Indonesia from April to July 2015. A total of 10 soybean genotypes
consist of eight lines and two varieties (Argomulyo and Grobogan) was evaluated for rust resistance to rust disease. The eight lines
tested were a progeny of a cross between offspring of IAC 100 (resistant to rust disease) with high yielding soybean varieties
(Argomulyo and Grobogan). The experiment was arranged as randomized completely block design with four replications. Each
genotype planted in five plastic pots for each replicate. Three weeks after planting, all plants were inoculated with rust disease.
Inoculation was done by spraying a suspension of spores (spore density of 10* spore mL™) to the surface of leaves. Observations were
carried out on rust disease severity based on the method of International Working Group on Soybean Rust rating system, days to
flowering, plant height, number of branches, number of fertile nodes, number of pods, and seed weight per plant. The results showed
that all genotypes classified as moderately resistant to rust disease. In this study, days to flowering and plant height influence the
development of rust disease severity. There are three lines that have seed weight per plant significantly heavier than Argomulyo (4.97 g)
and Grobogan (4.30 g), namely K/1100//B63///G-7 (6.55 g), K/1100//B63///G-8 (6.15 g), and 1100/B54//A-5 (5.85 g). The high value of
the scales of seed weight per plant for the three lines is supported by high-performance plants with a lot of number of fertile nodes and
pods. These three soybean genotypes potentialy serve as genetic material to develop high yielding soybean varieties and resistant to rust
disease.

Key words: disease severity, Glycine max, IWGSR, selection, soybean lines
Abbreviations: DAP (Days after planting), PDL (Position of diseased leaves), DL (Density of lesions/cm?), DE (Disease existence), Tl
(Type of infection), RC (Reaction criterid), R (Resistance), MR (Moderately resistant)

INTRODUCTION

Soybean is one of the staple food commodities and a
major source of vegetable protein in Indonesia. These
commodities have a strategic value which ranks third after
rice and maize because every day it is consumed by most
people in Indonesia with an average consumption rate of
8.12 kg per year (Sudaryanto and Swastika 2007).
Domestic soybean demand will continue to increase in line
with the rise of Indonesia population. However, domestic
soybean productions are only able to fulfill a small portion
(35%) of the needs of soybean, and the remaining is
obtained through imports (Direktorat Akabi 2013). The
dependence of Indonesia on soybean import will be a
serious threat on food security in the future (Supadi 2009).
One solution to overcome this problem is to increase
domestic soybean production.

One of the obstacles to increase soybean production in
Indonesia is an infection of rust disease caused by the
fungus, Phakopsora pachyrhiz. Yield losses due to this
disease range from 28% in Argentina (Formento 2008) and
75% in Brazil (Yorinori et al. 2005). In Indonesia, the rust

diseases found in soybean production centers in Sumatra,
Java, Bdli, West Nusa Tenggara, Kalimantan and Sulawesi
(Semangun 2008). According to Huang and Wu (2009),
there is no single method that is capable of controlling crop
diseases satisfactory, but a combination of effective control
measures may enhance protection of crops from diseases as
well as reduce production inputs for crops. Sumartini
(2010) states that environmentally-friendly control methods
of rust disease include planting a soybean resistant variety,
application of botanical fungicide made of oil clove, and
use of antagonistic bacteria (Bacillus) as well as
antagonistic fungi (Verticillium).

Most soybean crop improvement programs seek to
develop rust resistant and high yielding varieties. The first
step that must be done is to get the source of resistance
genes. According to Tukamuhabwa and Maphosa (2010),
recently there are six race-specific genes have been
identified, namely Rppl, Rpp2, Rpp3, Rpp4, Rpp5 and
Rpp? (Hyuuga). In addition, there is also recessive gene
have been reported to participate in controlling on soybean
resistance to rust disease (Calvo et a. 2008).
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Research on evaluation of soybean genotypes for
resistance to rust disease has been carried out in severa
programs. One of the activities of screening germplasm in
large quantities has been done in the USA by Miles et al.
(2006). More than 16,000 soybean accessions of the USDA
germplasm collection have been evaluated for resistance to
soybean rust disease and acquired approximately 805
accessions that showing a low mean visual severity or the
presence of a red-brown reaction. Other researchers have
also reported the results of screening of its genetic material
in Vietnam (Pham et al. 2009; Pham et al. 2010) and
Nigeria (Twizeyimana et a. 2008). The aim of this study
was to evaluate the resistance of soybean genotypes to rust
disease and to study the interaction between agronomic
traits with rust disease on soybean genotypes.

MATERIALSAND METHODS

Plant material and experimental design

A total of ten soybean genotypes, consisting of eight
lines and two varieties (Argomulyo and Grobogan) were
tested for resistance to rust disease. The eight lines tested
were obtained from the cross between the descendants of
IAC 100 with high yielding soybean varieties (Argomulyo
and Grobogan). Martins and Juliatti (2014) found that IAC
100 has a partia resistance to rust disease. The experiment
was conducted at a screen house of Indonesian Legumes
and Tuber Crops Research Ingtitute (ILETRI) in Malang,
Indonesia from April to July 2015. Each genotype were
planted in 20 plastic pots and laid out as a randomized
completely block design with four replications, each
replicate consist of five plastic pots.

Preparation of spore suspension and inoculation of rust
disease

Spore suspension was prepared in the laboratory one
day before inoculation. Spore density used was 10* mL™.
Infected plants naturally in the field were used as a source
of inoculums. Infected leaves were taken to the lab to be
incubated at 100% humidity condition for 24 hours.
Afterward, the spores were taken using a brush and diluting
with distilled water. Furthermore, spore suspension was
homogenized by using Tween-20 two drops per liter. Spore
suspension obtained was used for inoculation of all the
genotypes tested. Inoculation was done on a three-week-old
plant by spraying the spore suspension to the surface of the
leaves. At three-week-old plant, soybeans have formed 3-4
trifoliolate leaf. According to Pham et al. (2009), the
inoculation may be applied at the second or third
trifoliolate leaf. Additionally, inoculating on a three-week-
old plants aim to ensure that the rust disease symptoms can
appear before the plant flowering (R2 phase).

Observations and data analysis

Observations were carried out on rust disease severity,
days to flowering, plant height, number of branches,
number of fertile nodes, number of pods, and seed weight
per plant. The observation of rust disease severity based on
the method of International Working Group on Soybean
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Rust (IWGSR) rating system and carried out at two and
three weeks after inoculation.  According to
Shanmugasundaram (1977) this method uses a system of
the three-digit score to categorize soybean resistance
against rust disease. The first digit indicates the top
position of diseased leaves (1 = bottom third of the canopy,
2 = middle third of the canopy, 3 = upper third of the
canopy). The second digit indicates the density of rust
lesions on the most diseased leaves (1 = no lesions, 2 = 1-8
lesiongcm?, 3 = 9-16 lesions’‘cm®, 4 = more than 16
lesiong/cm?). The third digit indicates the type of infection
(1 =no pustule, 2 = no sporesin pustules, 3 = pustules with
spore). The data obtained was statistically analyzed using
PKBT-STAT 1.0 software, except for rust disease severity.
The category rust disease resistance based on a three-digit
scoring system shown in Table 1.

RESULTSAND DISCUSSION

Rust disease severity

The results showed that the incubation period of rust
disease (time from inoculation until the appearance of
disease symptoms) was between 7 to 14 days for al the
genotypes tested (data not shown). The reaction of soybean
genotypes to rust disease on the first observation showed
that al the tested soybean genotypes classified as resistant
to rust diseases (Table 2). In the following week, there was
an increase reaction to the rust disease that causes a change
in resistance reaction of all soybean genotypes. In the
second assessment all soybean genotypes categorized as
moderately resistant to rust disease (Table 2).

Yield components

Analysis of variance showed that there were significant
differences almost for all characters were observed, except
number of branches which were not significantly different
among genotypes tested (Table 3). The varieties of
Argomulyo and Grobogan categorized as early flowering
genotypes, 33 days after planting (DAP) for each variety.
There was only one soybean line among eight lines which
has days to flowering similar to both varieties, namely
K/1100//B63///G-7. Two soybean lines, namely
K/1100//B63///G-8 and 1100/B54//A-5 has the highest
performance, with a plant height of each line were 49.50
and 48.25 cm, respectively. The soybean line 1100/B54//A-
5 aso hasalot of number of fertile nodes (16.00), followed
by 1100/K8//A-1 with the number of fertile nodes as much
as 15.50.

Table 1. Relationship between disease reactions and IWGSR
ratings for soybean rust

Disease reaction IWGSR rating
Immune 111
Resistance 122,123, 132, 133, 222, 223
Moderately resistant 142, 143, 232, 233, 242, 243, 322, 323
Moderately susceptible 332, 333
Susceptible 343
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Table 2. Disease reactions and resistance criteria of 10 soybean genotypes to rust diseases

First observation

Second observation

Genotypes DL DL DE Tl Score RC PDL DL DE Tl Score RC
I100/K8//A-1 1 10 3 2 132 R 2 15 3 3 233 MR
1100/K 8//A-2 1 7 2 2 122 R 2 11 3 3 233 MR
1100/K 14//G-3 1 10 3 2 132 R 2 12 3 3 233 MR
1100/K 14//G-4 1 10 3 2 132 R 2 11 3 3 233 MR
1100/B54//A-5 1 9 3 2 132 R 2 11 3 3 233 MR
1100/B54//A-6 1 7 2 2 122 R 2 11 3 3 233 MR
K/1100//B63///G-7 1 7 2 2 122 R 2 14 3 3 233 MR
K/1100//B63///G-8 1 6 2 2 122 R 2 10 3 3 233 MR
Argomulyo 1 11 3 2 132 R 2 12 3 3 233 MR
Grobogan 1 10 3 2 132 R 2 12 3 3 233 MR

Note: PDL = Position of diseased leaves, DL = Density of lesions/cm?, DE = Disease existence, Tl = Type of infection, RC = Reaction

criteria, R = Resistance, MR = Moderately Resistant

Table 3. Yield and its components of 10 soybean genotypesin rust disease inocul ated conditions at screen house

Daysto

Genotypes flowering Plant height Number of Number of Number of Seed weight
(DAP) (cm) branches fertilenodes  pods per plant (g)
1100/K 8//A-1 38.00° 44,507 2.75 15.50® 33.00° 4.70%
1100/K 8//A-2 38.50° 42,755 2.00 12.00 23.50™ 3.88¢
1100/K 14//G-3 34.75° 39.00% 175 11.25% 25.00% 4.35™
1100/K 14//G-4 34.25° 39.75% 2.25 12,750 24.00™ 4.22%
1100/B54//A-5 36.75% 48.25% 3.00 16.00° 30.75® 5.85%
1100/B54//A-6 38.75° 46.25%* 2.75 14.25% 27.00%* 4.30™
K/1100//B63//IG-7 33.00° 47.25%¢ 2.25 14.50%¢ 32.75° 6.552
K/1100//B63///G-8 34.50° 49502 2.25 14,007 30.50® 6.152
Argomulyo 33.00° 38.00° 2.25 11.00° 22.75° 4.97™
Grobogan 33.00° 42,00 2.00 13.75%% 27.25%¢ 4.30%

Note: The numbers in the same column followed by the same letter are not significantly different by LSD at 5%

In the character of yield, there were four soybean lines
with number of pods significantly higher than Argomulyo
and Grobogan varieties (Table 3). The four soybean lines
are 1100/K8//A-1 (33.00), 1100/B54//A-5 (30.75),
K/1100//B63///G-7 (32.75) and K/1100//B63///G-8 (30.50).
The last three soybean lines were genotypes with grain
yield per plant higher when compared to other genotypes.
The soybean line K/1100//B63///G-7 produces seed with a
weight of 6.55 g per plant, while K/I100//B63///G-8 and
1100/B54//A-5 successively produce seeds with a weight of
6.15 and 5.85 per plant.

Discussion

Rust disease symptoms in this study started to appear
since 7 to 14 days after inoculation (data not shown). The
incubation period in the present study a little longer when
compared with the results of other research in Africa
Twizeyimanaet a. (2007) found that in Nigeriait took 5 to
7 days after inoculation to lesion of rust disease appear on
the surface of leaves. Meanwhile, Maphosa et a. (2013)
reported that the incubation period of rust disease in
Uganda began to be seen since 4 to 5 days after
inoculation. This means that the isolates of rust fungus
from Africa are more virulent compared with isolates from
Indonesia, and or soybean genotypes from Indonesia are
more resistant than soybean genotypes from Africa.

The differences of incubation period that found in this
research caused by the differences in environmental factors
as well as genetic differences of the plant material used.
The optimal environmental conditions required for spore
germination and disease perpetuation, i.e.: high relative
humidity of at least 85% (Twizeyimana and Hartman 2010)
for 14 hours (Nunkumar et al. 2009), and a temperature
between 17 and 28°C (Bonde et al. 2007; Del Ponte and
Esker 2008). In this study, the lowest relative humidity that
recorded during the research was 56%, and the highest was
81%. While the recorded temperature ranges between 22
and 31°C, the environmental condition like this
theoretically can not support the spores of P. pachyrhiz to
germinate and grow to the maximum.

Although the incubation periods of rust disease in
present study longer when compared with the results from
Africa, the inoculation of rust disease that has been doneis
able to bring up the different reactions of soybean
genotypes tested. The reaction differences seen in the
number of lesions between one genotype to other genotype
were observed. Lesions of rust disease that appears varies
between genotype and within genotype, ranging from 2
lesions cm (in line 1100/K 14//G-3 and K/1100//B63///G-7)
to 22 lesons cm? (line 1100/K8//A-1) on the first
observation, and from 4 lesions cm™ (in line 1100/B54/A-
6, K/1100//B63///G-7 and K/I100//B63///G-8) to 25 lesions
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cm”? (line 1100/K8//A-1) on the second assessment (data
not shown). Differences in the reaction of genotypes tested
are also found in other studies (Pham et a. 2009;
Twizeyimana et a. 2008). Pham et a. (2010) stated that
genotypes with non-characterized genes for resistance may
be useful for host plant resistance studies and breeding
soybeans for rust resistance.

The reaction of soybean genotypes with resistance
against rust diseases showed that al of the genotypes
classified as resistant on the first observation while at the
second assessment al of the genotypes categorized as
moderately resistant. The different resistance reaction
between the first observation and second assessment is
caused by spores of the rust disease require time to
germinate and formed the new spores. According to Yang
(2002), after an infection has occurred, it takes 5 to 7 days
to produce uredinia by urediniospores and 10 to 20 days to
produce a new generation of spores. This difference gives
guidance for soybean breeders to determine the appropriate
time to conduct the selection. Sulistyo and Sumartini
(2015) found that there are differencesin heritability of rust
disease severity on observation of one, two and three weeks
after inocul ation.

The emergence of rust diseases on the various phases of
the development of soybean will determine how much
yield loss will occur. Kumudini et al. (2008) found that if
the rust disease began to occur at the R2 growth stage (full
flowering phase), it would cause yield losses up to 66-68%,
meanwhile, when it started at the R5 growth stages (seed
filling phase), it will cause yield losses reach 35-39%. In
this research, a soybean genotype with early flowering can
avoid alarge yield loss. The mechanism was shown by line
K/1100//B63///G-7 and K/1100//B63///G-8. Both of these
soybean lines flowering at 33 and 34 DAP (respectively),
had the highest seed yield per plant (6.55 and 6.15 g,
respectively) compared with other lines. In contrast, the
line 1100/K8//A-1, 1100/K8//A-2 and 1100/B54//A-6 were
flowering at about 38 DAP, had aweight of seeds per plant
(4.70, 3.88 and 4.30 g, respectively) were significantly
lower than the two previous line.

Plant height in this study appears to be one of the
factors that will determine differences in the severity of
rust disease on soybean genotypes tested. Correlation
analysis showed that there is a significant negative
correlation (r =-0.753, P < 0.05) and negative correlation (r
=-0.077, P > 0.05) between plant height with the number of
rust lesions in the first and second observation,
respectively. It means that the higher a plant, then the fewer
rust disease lesions. This is not surprising because P.
pachyrhizi does not have an active mechanism for
spreading the spores. According to Isard et al. (2005), wind
seems to be critical factors for spread out spores and lifting
them out of the canopy. Thus, it takes quite much wind to
spread the spores of rust on soybean genotypes with
appearancestall plants.

Rust disease in present research did not seem to affect
the character of other yield components, such as the
number of branches, the number of fertile nodes and the
number of pods. However, the three characters have an
influence on seed yield per plant. According to Oz et al.
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(2009) number of pods per plant had significant
correlations with seed yield and gave direct positive effect.
VaenciaRamirez and Ligarreto-Moreno (2012) found a
similar result with the addition character i.e. the number of
nodes per plant. Malik et al. (2007) suggested that number
of pods can be considered as selection criteriain improving
the bean yield of soybean genotypes.

The evaluation of resistance of soybean genotypes
against rust disease in this study showed that no soybean
genotype classified as immune or resistant genotype to rust
disease. The whole genotypes tested were categorized as
moderately resistant genotype. Days to flowering and plant
height influence the development of rust disease severity.
Three of the eight lines produce seeds with the seed weight
per plant heavier than Argomulyo and Grobogan varieties,
namely  K/1100//B63///G-7,  K/1100//B63///G-8 and
1100/B54//A-5. Characteristics of the three genotypes,
among other the performance of plantsis high with alot of
number of fertile nodes and number of pods.
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Abstract. Sutrisno, Kuswantoro H. 2016. Cowpea Mild Mottle Virus (CpMMYV) infection and its effect to performance of South Korean
soybean varieties. Biodiversitas 17: 129-133. Cowpea Mild Mottle Virus (CpMMV) isavery detrimental disease to soybean. This virus
infection can cause yield reduction up to 56%. Introduction varieties can be served as aternative materia in breeding program to
develop resistant variety. This study aimed to evaluate the response of introduction soybean varieties from South Korea to the CoMMV
infection. Ten South Korean soybean varieties and two check Indonesian soybean varieties were grown at ILETRI from August to
November 2012. CpMMV infection was carried out by natural infection using whitefly (Bemisia tabaci) transmission. The results
showed that the South Korean variety of Daemang-2 had lower |leave malformation level than two Indonesian varieties. Varieties of
Cheongja-3, Daemang, Daehwang, Daewon, Danweon, Geomjeong-3 Geonjeongsaeol produced grain yield that equal to Anjasmoro
variety. Daepung was the most resistant to CoMMYV than other varieties, but having low grain yield. Daemang-2 was the most tolerant
to CoMMV, because it till able to produce high grain yield although showing high leaf infection. These two varieties could be used as

gene sources for resistant/tolerant to CoMMYV in soybean breeding program.

Keywords: Agronomic performance, Bemisia tabaci, CoMMYV, Korean soybean, yield potential

INTRODUCTION

Aslong as last decade, demand of soybean in Indonesia
increases but national production decreases every year. For
instance, in 2005, 2010, and 2015, soybean production
808.353, 907.031, and 982.967 ton whereas consumption
level achieved 1.89, 2.65, and 2.6 million ton. As a
consequence, Indonesian government had to import as
much as 1.08, 1.74, and 1.6 million ton to fulfill this
demand (BPS 2015; Faostat 2015). There are many aspects
that cause low soybean production in Indonesia. One of the
aspects is the limiting soybean production by pest and
discase. The high level of whitefly (Bemisia tabaci)
population is a major constraint in soybean cultivation
(Marwoto et al. 2011). This pest is a viral vector of
Cowpea Mild Mottle Virus (CpMMYV) that attacks the leaf
tissue (Laguna et al. 2006). The infected leaves gradually
become malformations which ultimately inhibits the
growth and yield. The impact of the damage caused by
these pests can reduce yields up to 11-56% (Akin 2003).

Various attempts to obtain whitefly resistant variety
have be done by exploration, selection of local varieties,
crossing (Barmawi et al. 2012), as well as the introduction
of new varieties from other country. Introduction of new
varieties is often done to increase the diversity of genetic
resources. The present of the wide genetic resources
diversity is expected to be able to improve varieties for
high yielding or pests and diseases resistances. To broaden
the diversity of genetic resources, we can introduce
soybean germplasm from areas with rich in soybean
landraces and wild relative such as China, Japan and

Korea.

Adaptation of a plant in new habitat is very important.
Therefore, adaptation test is intended to determine plant
characteristics expressed in the new area. The performance
of the plants generally changes when grown in the new area
(Li et a. 2014). If an introduced variety can grow and
maintain its characters well, this introduced variety can be
used as a new materials for further breeding program based
on the superior traits of the variety such as high yielding,
large grain size, and pest and disease resistance.

Adaptation test of South Korea introduced varieties that
performed in 2012 showed that those varieties have a
shorter plant height and lower grain yield than the
Indonesian varieties (Kuswantoro et al. 2014). However,
the introduction varieties have larger grain size than the
Indonesian varieties. This larger grain size trait is expected
to be superior traits that can be inherited through a crossing
and alows plant genetic improvement for high yielding
through large grain size improvement. In addition, other
characters such as a resistance to pest and disease are also
needed. Some studies reported that whitefly infestation by
transmission virus CpMMV causes many types of
physiological obstacles such as photosynthesis and enzyme
activity inhibition (Zhang and Wen 2008) decreasing
chlorophyll leaf index, plant height, number of branches
(Jindal et al. 2009), number of pods, (Barmawi et al. 2012),
grain size, grain yield (Akin 2003), and acceleration of
defoliation (senescence) (Jindal et a. 2009). These
physiological obstructions will greatly affect the quality of
the grain yield of the genotype. However each genotype
has a different response or resistance level to the whitefly
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infestation or CpMMYV infection. It leads the pest and or
disease resistance level of each variety should be tested.
This study aimed to evaluate the response of introduction
soybean varieties from South Korea to the CpMMV
infection.

MATERIALSAND METHODS

The experiment was conducted in Indonesian Legume
and Tuber Crops Research Ingtitute (ILETRI), Malang,
East Java, Indonesia, since August until November 2012.
The tested varieties consist of ten soybean varieties that
were introduced from South Korea, i.e. Cheongdu-1,
Cheongja-3, Daehwang, Daemang, Daemang-2, Daepung,
Daewon, Danweon, Geomjeong-3, Geonjeongsaeol, and
two Indonesian soybean varieties i.e. Detam-1 and
Anjasmoro). The design was arranged in Randomized
Completely Block Design (RCBD) with three replications.
Each experimental unit consisted of three polybag with two
plants per polybag. Plants were fertilized using NPK
fertilizer (16-16-16) at a dose of 2 g/polybag that was
applied at seven days after planting (DAP). Watering was
given every three days with one liter of water for each
polybag. Natural whitefly infestation since 21 DAP until
maturing age was used for CoMMYV resistance level test.
Population of whitefly was controlled with pesticide in
order to keep the population between 50 - 100 individual
per clump. Plant were harvested when the leaves were
fallen, pods color start to be brown, and the pods were dry.
Growth component were observed on leaf diseased score,
flowering age, harvested age, plant height, number of
branches, number of reproductive nodes, pod length, pod
width, number of filled pods, number of empty pods,
number of grains per plant, percentage of abnormal grains,
100 grains weight and grain weight per plant. The level of
infected leaf score was calculated by the following method
(Zubaidah et al. 2010):
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= 209 x 100
N.Z

Where:

| = the infestation intensity per plant (%)

n = number of infected leaves on certain score
Vv = score category at certain leaf

N = number of observed leaves per plant

Z = the highest score category

RESULTSAND DISCUSSION

The results showed that preference levels of whitefly
against all tested varieties that indicated by a leaves score
were quite diverse. Performance of agronomic characters
and infected level by CpMMV were different among all
tested varieties. The level of susceptibility of varieties
maybe caused by genetic different.

Flowering ages of introduction varieties were shorter
than Indonesian varieties ranging from 4 to 6 DAP. Four
introduction  varieties, i.e. Cheongja3, Daehwang,
Daemang-2, and Geonjeongsaeol, had equivalent flowering
age to variety of Detam-1, while other introduction
varieties had longer flowering age. Anjasmoro had the
longest flowering age 33 DAP (Table 1). Flowering age of
introduction varieties of this study was generally shorter
than flowering age in the previous study that was not
infested by whitefly. Flowering age in this study was
shorter one to two days than previous study except
Geonjeongsaeol that had four days longer (Kuswantoro et
al. 2014), This fact indicates that whitefly infestation could
affect flowering time. Infected of CpMMYV through
whitefly caused metabolism disturbance, and finaly
encourage plant to faster flowering. This stress basically
effect availability and activity of gibberellin hormone
(Hamayun et al. 2010) or gibberellin, abscisic acid, and
brassinosteroids (Domagalska et a. 2010).

Table 1. Agronomical characters of South Korean introduced soybean varieties that infected by CoMMV, Malang, East Java, Indonesia

2012
_— owering age Harvesting age ant height umber o . umber o ;
Varieties H . H i Pl heigh Number of rglpurrcr)](kj)jrct?\ie N ber of Ntljrr:;ﬁleéd()f

(DAP) (DAP) (cm) branch nodes filled pods*) pods**)

Anjasmoro 3327 91.8% 57332 44® 203® 64%® 182
Detam-1 319%® 83.2%¢ 5582 6.2°2 2692 6.9°2 1.0°
Cheongdu-1 270°¢ 743 233%™ 3.0° 83°¢ 36% 12b
Cheongja-3 281%™ 77.0 ¢ 308" 48%® 9.0°¢ 40% 13®
Daehwang 29.4 ¢ 736 265> 45%® 98¢ 35° 1.2°
Daemang 272°¢ 77504 186°¢ 48%® 97°¢ 41°% 1.2°
Daemang-2 285 853%® 244 38" 129 5.4% 13
Daepung 256°¢ 704 ¢ 220 28" 99¢ 43°¢ 132
Daewon 259°¢ 77.3 04 263 35° 95°¢ 41% 06°
Danweon 27.1°¢ 727 204 % 41° 147 48% 1.3
Geomjeong-3 27.7°¢ 726 ™ 24.7% 44%® 11.3¢ 38%® 13®
Geonjeongsaeol 29.0 % 73.6 ™ 211 46%® 106°¢ 4.2°¢ 11°
cv 4.63 461 13.6 16.4 19.8 8.92 13.1

Note: *) 1x sgrt transformation; **) 2x sgrt transformation. Values followed by the same letter in the same column do not different

according to LSD o 0.05
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Table 2. Infected |eaves score and agronomical characters of South Korean introduced soybean varieties, Malang, East Java, Indonesia,

2012

Varietas Infected leaf  Pod length Pod width  Number of seed  Weight of Abnormal  Grainyield per

score (%) (cm) (cm) per plant 100 seeds seed (%) plant (g)

Anjasmoro 50.8 372 092 772%® 107°© 50.2 82"
Detam-1 47.3 39° 092 103.7 2 122°¢ 43 1222
Cheongdu-1 30.0 452 10?2 26.6 153" 22.1 39¢
Cheongja-3 52.2 432 122 221f 2392 32.0 554
Daehwang 40.3 442 122 224f 2592 36.7 6.5
Daemang 448 43° 112 29.3 ¢ 199%® 16.6 534
Daemang-2 515 40° 102 56.4 198%® 175 94®
Daepung 222 392 092 438°° 13°¢ 6.7 41¢
Daewon 433 382 132 28.2 ¢ 2382 147 6.1 ¢
Danweon 33.1 42° 102 488" 145> 8.3 7.10¢
Geomjeong-3 46.5 432 122 24.7¢ 2323 28.4 6.5
Geonjeongsaeol 433 392 122 28.7 ¢f 2353 13.2 6.7 >
cv 50.8 6.61 14.7 9.58 13.1 20.7 19

Note: Value that followed by the same letter did not different according to LSD o 0.05

Harvesting ages of introduction varieties were shorter
than Indonesian varieties except variety of Daemang-2.
Harvesting age of introduction varieties ranged from 72 to
85 DAP, while Indonesian varieties ranged between 83-92
DAP. Anjasmoro variety had the longest generative phase
compared to other tested varieties, followed by Daemang-2
and Detam-1 with 58, 57, and 49 days respectively (Table
1). Daemang-2 that had long generative phase (since
flowering until harvesting time) aso had longer and
maximum pod filling phase. Longer flowering time caused
longer harvesting age. Hakim (2012) stated that the
lowering date is closely linked to harvest age. Harvesting
age in this study seems to be shorter than previous study
with harvesting age of 74-84 DAP (Kuswantoro et al.
2014). For example, varieties of Cheongja-3 and Daemang
with the most severe infection had harvesting time 5 days
shorter than when they were grown in normal condition
without whitefly infection, namely 83 and 82 DAP. The
level of whitefly infestation that affects plant growth and
development may be influence the speed up of harvesting
age. Zhang (2008) concluded that offensive of Bemisia
tabaci inhibits antioxidant enzymes activities that finally
increase senescence or defoliation and accelerates plant
death.

Plant height of introduction varieties was lower than
Indonesian varieties. In general, the Indonesian varieties
had double plant height than introduction varieties. The
highest plant height of introduction varieties was achieved
by Cheongja-3, while the lowest was achieved by Daemang
i.e. 30 and 18 cm respectively (Table 1). Infection of
CpMMV caused abnormality in plant growth lead
hampering plant growth. Other studies stated that virus
which spread by whitefly causes lower plant height (Jindal
et al. 2009). Some varieties extremely decreased plant
height, while others dlightly decreased. For instance,
variety of Cheongja-3 decreased 1 cm while Daemang
decreased 3 cm. The declining of plant height is not always
in line with the level of CoMMYV infection, but also by
genetic factor. For example on the similar leaves score and

number of abnormal grain, the declining plant height of the
tested genotypes was not similar.

Branches numbers of several introduction varieties
were equivalent to Anjasmoro variety but lower than
Detam-1 variety. The number of branches in introduction
varieties was quite a lot compared to Indonesian varieties
despite having shorter plant (Table 1). A large nhumber of
branches likely due to stunted plant growth so that
vegetative growth directed to establishment of branches.
Infestation of CoMMV detained plant growth but likely did
not directly affected number of branches. This evidenced
with number of branches in this study were equal to
varieties when grown normally (Kuswantoro et al. 2014).
However, other study stated that whitefly infection
diminished branches number (Jindal et a. 2009). The
difference occur, probably due to each genotype has
different response to whitefly and CpMMV infestations. In
this research, number of branches was closely linked to
performance of the plant height (Hakim 2012).

The numbers of reproductive nodes of Indonesian
varieties were double than the introduction varieties.
Reproductive nodes number of introduction varieties of
Danweon, Daemang-2, and Geomjeong-3 were 14.7, 12.9,
and 11.3 respectively (Table 1). Number of reproductive
nodes seemed very affected by plant height and number of
branches. Varieties that had higher plant height and more
branches tend to generate more reproductive node number.
Judge (2012) stated that plant height and branch positively
associated with the number of nodes. Higher infection of
CpMMV may reduce the number of nodes that produce
pods. For instance, varieties of Cheongja-3 and Daemang
which looked susceptible to CopMMV infection produced
fewer amount of reproductive nodes than Daemang-2.
Compared to previous study, reduction of reproductive
node number of Cheongja-3 and Daemang was higher than
Daemang-2 where it was more resistant to CpMMV
infection and had no decreasing reproductive nodes number
(Kuswantoro et a. 2014).
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Infection of CoMMYV diminished both establishment of
filled pods and unfilled pods. The moderate resistance
variety to whitefly, Daemang-2, produced more number of
pods than other introduction varieties. Performance of pods
number seems more diverse than previous study
(Kuswantoro 2014). This may be affected by plant
response to CoMMV. Barmawi et al. (2012) suggested that
CpMMYV infection that transmitted by whitefly decrease
the number of pods. Number of pods of Indonesian
varieties seemed more than introduction varieties. Both of
Daemang-2 and Danweon varieties produced the most pods
than other introduction varieties.

Pods length and width or pods size of all tested varieties
did not different but the number of grains, 100 grains
weight and grain yield were different on each variety. The
amount of grains of Indonesian varieties was higher than
introduction varieties. Danweon and Daemang-2 varieties
achieved the highest number of seed among tested
introduction varieties. Number of grainsin each of varieties
affected by plant performance i.e. plant height, number of
branches, and number of nodes. For example, Daemang-2
variety that has higher plant height, more number of
productive nodes and number of filled pods had more
number of seeds than others introduction varieties (Table
2). Similar finding also stated by Sarutayophat (2011) and
Judge (2012) that the number of grains was positively
correlated with its vegetative performance.

Introduction varieties achieved 100 grains weight or
grain size larger than Indonesian varieties. Daehwang
produced the largest grain size, followed by Choengja-3,
Daewon, Geomjeong-3, Geonjeongsaeol, Daemang, and
Daemang-2 varieties respectively. Daepung, Cheongdu-1
and Danweon varieties produced the smallest grain size and
their sizes were similar to the Indonesian varieties (Table
2). Generaly, level of CoMMYV infection reduced weight
of 100 seeds with varying in decline level. Infection of
CpMMV causes photosynthesis rate and photosynthate
distribution into seed is hindered and lead smaller grain
size. According to Zhang and Wen (2008), infestation of
whitefly that transmitted by CpMMYV inhibits rate of
photosynthesis and activity of antioxidant enzymes. Jindal
et a. (2009) suggested that whitefly transmission decreased
leaf chlorophyll index. That conclusion is equal to this
finding that weight of 100 grains in Daepung and
Daehwang only 10 to 25 g respectively whereas in the
previous study that grown without whitefly infection
reached 19.10 and 33.99 g. In this fact, whitefly infection
caused decreasing yield until 33%.

Infection of CoMMV caused different leaf infection.
Two Korean varieties i.e. Cheongja-3 and Daemang-2 had
higher infected leaf percentage than Anjasmoro and
Detaml whereas other seven Korean varieties had lower
infected leaf than Indonesian varieties. Cheongja-3 and
Daemang-2 had the highest infection among al tested
Korean varieties. However, Daepung had the lowest
damage (Table 2). The level of leaf damage was likely
affected by thickness and leaf trichomes. Other studies
reported that density, length, and tiffness of trichomes
affect whitefly preference to infect plant leaves (Taggar
and Gill 2012).
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CpMMYV infection increased percentage of abnormal
grain. Anjasmoro varieties seemed the most susceptible
while Detam-1 showed the most resistant to CpMMV
infection. Cheongja-3 and Daehwang had the highest
percentage of grain damage among al Korean varieties
while Daepung and Danweon had the lowest abnormal
grain percentage. Difference in this abnormality is due to
the different resistance of the varieties through the
mechanism of metabolic, genetic, physic, as well as
interaction among those factors. The level of susceptibility
of introduction varieties to disease is caused by
environmental factors that different with their original
region. Introduction varieties have to adjust with two
environmental stresses i.e. abiotic (environmental) and
biotic (pest) stresses simultaneously (Mbeyagala et al.
2014).

Infection of CoMMV virus decreased crop yield with
different level. The same result also was stated by Akin
(2003) and Barmawi (2012) that CpMMV virus infection
decrease soybean grain yields. Some varieties having
different susceptibility could have similar yield reduction,
while varieties with similar susceptibility showed similar
yield reduction. Cheongdu-1 and Daemang-2, for example,
were equivalent in decreasing yield athough they had
different susceptibility, whereas Daewon, Danweon,
Geomjeong-3, and Geonjeongsaeol that had same
susceptibility had different yield. Daewon was the most
decreased varieties than their yield when grown in normal
condition without CpMMV stressed (Kuswantoro et al.
2014). Grain yield of Indonesian varieties were higher than
introduction  varieties. However, Daemang-2, the
introduction varieties, produced grain yield higher than
Anjasmoro but lower than Detam-1. Some of introduction
varieties such as Daewon, Danweon, Geomjeong-3,
Geonjeongsaeol, and Daehwang had grain yield equivalent
to Anjasmoro.

In conclusion, agronomical performance of South
Korean introduction varieties that infected by CoMMV
seemed to be lower than Indonesian varieties. Infection of
CpMMYV hampered plant height growth, decreased number
of filled pods and grain yield, increased percentage of
infected grain, and accelerating harvesting time. All
Korean varieties were more resistant than Anjasmoro
variety but more susceptible than Detam-1. Variety of
Daepung having the lowest infection indicated that this
variety was more resistant than other varieties. In the other
hand, Daemang-2 seemed to be more tolerant to CoMMYV,
because athough it had high infected leaf score but it was
able to produce high grain yield. Therefore, Dagpung and
Daemang-2 could be used as gene sources in soybean
breeding program for resistant/tolerant to CoMMV.
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Abstract. Krisnawati A, Gatut-Wahyu AS, Adie MM. 2016. Screening of elite black soybean lines for resistance to rust disease,
Phakopsora pachyrhiz. Biodiversitas 17: 134-139. Indonesian tropical climate isideal for both of soybean growth and harmful disease
development. Soybean rust, Phakopsora pachyrhiz, has been a serious disease in Indonesia and may have an impact on soybean
production. The objective of the study was to evaluate the resistance of elite black soybean lines to rust disease. Agronomic characters
(yield and yield component) were evaluated based on research conducted in 16 soybean production centersin Indonesia. The evaluation
for rust resistance was conducted in Indonesian Legumes and Tuber Crops Research Institutes greenhouse in 2011 using ten elite black
soybean lines. The seed yield of ten black soybean lines grown in 16 locations ranged from 2.51-2.88 t/ha, with an average of 2.59 t/ha
The eight lines showed higher yield than check cultivar of Malika, whereas only one line (W9837 x Cikuray-66) had higher yield than
check cultivar of Detam-1. Resistance reaction to rust disease fluctuates over time. Two €lite lines of Cikuray x W9837-171 and
Cikuray x W9837-184 showed a consistent resistance to P. pachyrhizi. W9837 x Cikuray-66 and check cultivar of Detam-1 consistently
showed a moderately resistant. In the terms of agronomic aspects, W9837 x Cikuray-66, which has moderately resistant to P.
pachyrhiz, produced the highest yield (2.88 t/ha). The both of resistant lines of Cikuray x W9837-171 and Cikuray x W9837-184 have
early maturity, and medium seed size with yield 2.57 t/ha and 2.56 t/ha, respectively. The resistant and moderate lines with high yield,
early maturing, and medium seed size found in this study playing an important role in the soybean varietal development program for rust

resistance in Indonesia.

Keywords: Black soybean, Glycine max, resistance, rust disease, screening, yield

INTRODUCTION

Soybean rust, caused by Phakopsora pachyrhiz, has
been a major disease limiting soybean production and has
caused significant economic annual yield losses in Asia,
Africa, and South America (Hartman et a. 2004; Levi
2004; Panthee et a. 2007; Jarvie 2009; Khanh et al. 2013).
Soybean rust also has become one of the obstacles to
increase soybean production in Indonesia due to the
tropical climate (high temperature and humidity) providing
suitable conditions for disease development, especially
during the dry season.

Soybean rust becomes the most destructive foliar
disease of soybean worldwide due to the widespread
digtribution and the potential for severe yield losses
(Hartman et a. 2005). Soybean rust symptoms generally
occur first on the leaves at the base of the plant and spread
up to the canopy as the disease severity increases. Rust
symptoms include presence of tan to dark brown or reddish
brown lesions (Sinclair and Hartman 1999). An increase in
leaf density will result in leaf yellowing, early leaf
senescence, and yield losses (Tichagwa 2004). The heavy
defoliation due to rust disease was affected the pod
formation and pod filling (Yang et al. 1991).

Yield losses due to soybean rust can occur 100%
depending on the weather conditions and degree of plant
susceptibility (Kawuki et al. 2003a; Mueller et al. 2009). In
southern Japan, yield losses were estimated at 15-40%

(Bromfield 1976), whereas the yield losses 10-30% was
common in Southern China and can be over 50% in severe
epidemics (Bromfield et al. 1980). In Korea, yield lossesin
susceptible and tolerant cultivar were 68.7% and 22.3%,
respectively (Shin and Tschanz 1986). In Indonesia,
soybean rust has potential to reduce the soybean yield from
10% up to 90% (Sumartini 2010).

Resistance to soybean rust is manifested phenotypically
by red-brown lesions and characterized by the three plant
responses that have been shown to be associated with
single dominant genes for soybean rust resistance, i.e. an
immune response, reddish-brown lesions (or incomplete
resistance), and the susceptible tan lesions (Bromfield,
1984). Six major resistance genes (Rppl, Rpp2, Rpp3,
Rpp4, Rpp5, and RppHyuuga) controlled the resistance to
soybean rust have been identified with different resistance
to a limited set of rust isolates (Hartman et al. 2005;
Maphosa et a. 2012). Severa strategies for controlling
soybean rust have been applied, such as fungicide
application, cultural and seed sanitation technique, and the
use of resistant cultivar. The use of adapted soybean
cultivars with resistance to P. pachyrhiz is cost-efficient
ways and harmless to the environment (Goellner et al.
2009; Hassan et a. 2014; Yamanaka et al. 2011).

Singh and Schwartz (2011) stated that there are
principal factors that play important role in the
implementation of strategies and methods used for
breeding for resistance to soybean rust that consist of: (i)
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the genetic distance between the cultivar to be improved
and resistant donor germplasm, (ii) the availability of direct
and indirect screening methods, (iii) the genetics of
resistance, and (iv) the number of resistances and other
traits to be improved. Furthermore, the choice of the
selection method will depend on various factors including
the breeding objective, genetic variability, available facility
and infrastructures, and the personal skill of breeding team
(Vishnyakova and Seferova 2013).

In Indonesia, the major emphasis in soybean varietal
improvement (soybean breeding) is focused on producing
high-yielding cultivar. Within 97 years (1918-2015), the
Indonesian government has successfully released nine
black soybean varieties (ILETRI 2014). The potentia
development of soybean as a raw material for industry is
reflected in the last ten years, showed by increasing
demands for black soybean, thus contributes to farmers'
income. Black soybean in Indonesiais used as raw material
for soy sauce industry, both in the domestic and large scale
industries. Since soybean rust becomes serious disease in
Indonesia, it is important to develop black soybean
genotypes with high yield potential and less yield loss from
soybean rust.

The objective of the study was to evaluate the resistance
of elite black soybean lines to rust disease, Phakopsora
pachyrhiz.

MATERIALSAND METHODS

The genotypes used in this study were black soybean
lines derived from the crossing of parental lines W9837,
MLG 3102, Cikuray (black soybean); and 100H (yellow
seed coat). The research materials consist of eight black
soybean promising lines (Cikuray x W9837-171, Cikuray x
W9837-105, W9837 x Cikuray-66, W9837 x 100H-236,
MLG 3102 x Cikuray-435, Cikuray x W9837-181, Cikuray
X W9837-184, and W9837 x Cikuray-26), and two
commercial check varieties (Detam-1 and Malika).

Theyield trial was conducted in 16 soybean production
centers in 2011 cropping season. A randomized complete
block design with four replicates was arranged in each
location. Each line was planted on 2.8 m x 4.5 m plot size,
40 cm x 15 cm plant distance, two plants per hill. Fertilizer
of 50 kg/ha Urea, 100 kg/ha SP36 and 75 kg/ha KCl were
applied before sowing time. Weed, insect and disease were
controlled intensively. The parameters measured consists
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of yield and yield components: days to flowering (when
50% of the plant population have been flowering), days to
maturity (calculated if 95% of the leaves have turned
yellow), plant height (taken from average of 5 randomly
sample plants in cm), 100-seeds weight (determined by
randomly weighing 100 seeds in gram), and seed yield
(randomly taken from the seed yield per plot and converted
to t/ha). All the data collected were subjected to statistical
analysis of variance (ANOVA) of mean performance of
genotypes, locations, and their interaction. Least significant
differences (L SDs) were determined at 5% probability level.

Evaluation of rust resistance was conducted in
Indonesian Legumes and Tuber Crops Research Institutes
(ILETRI)’s screen house in Malang, East Java, Indonesiain
dry season 2011 using a completely randomized design.
The first factor was inoculation treatment (without
inoculation and with inoculation), and the second factor
was 10 black soybean genotypes. Each genotype was
planted in a plastic polybag (¢ =15 cm), two plants per
polybag. At 30 days after planting, plants were inoculated
with uredospore. The inoculation density was 10,000
spores per millimeter. Spore suspension was originated
from naturally infected plants. Uredospore were harvested
from the lower surface of infected leaves. Rust severity was
determined at weekly intervals (38, 45 52, 69, and 76 days
after planting) using IWGSR (International Working Group
on Soybean Rust) rating system (Shanmugasundaram 1977).

The IWGSR rating system uses a three-digit rating
score to record the rust severity (Table 1). The first digit
denotes the upper bond position of most diseased leavesin
the canopy of the plant. The second digit denotes the
density of rust lesions on most of the diseased leaves. The
third digit denotes the infection type on most of the
diseased leaves. The rating scale of each digit is explained
as Table 1, and relationship between disease reactions and
IWGSR ratings for soybean rust is explained as Table 2
(Yang 1977).

Table 2. Relationship between disease reactions and IWGSR
ratings for soybean rust

Disease reaction IWGSR rating

Immune 111

Resistance 122, 123, 132, 133, 222, 223
Moderately resistant 142, 143, 232, 233, 242, 243, 322, 323
Moderately susceptible 332, 333

Susceptible 343

Table 1. The International Working Group on Soybean Rust (IWGSR) rating system

Parameter criteria Score Description

First digit: upper bond position of 1 1 = bottom third of the leaf canopy of the plant

most diseased leaves 2 2 =middle third of the leaf canopy of the plant
3 3 = upper third of the leaf canopy of the plant

Second digit: density of rust 1 1=nolesion

lesions on most diseased leaves 2 2 = light lesion density (<1-8 lesions per cm?)
3 3 = medium lesion density (9-16 lesions per cm?)
4 4 = heavy lesion density (>16 lesions per cm?)

Third digit: infection typeonmost 1 1 =no pustules

diseased leaves 2 2 = non-sporulating pustules
3 3 = gporulating pustules
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RESULTSAND DISCUSSION

Yield and yield component

The combined analysis of variance was presented in
Table 3. Genotype, location, and genotype by environment
interaction were highly significant. The agronomic
characters of ten black soybean lines in 16 environments
are presented in Table 4. All the data of agronomic
characters (yield and yield components) were of the
average of 16 locations. The seed yield of ten black
soybean lines grown in 16 locations ranged from 2.51-2.88
t/ha, with an average of 2.59 t/ha. The eight black soybean
lines showed higher yield than check cultivar of Malika,
whereas only one line (W9837 x Cikuray-66) had higher
yield than check cultivar of Detam-1.

The yield component consists of days to flowering,
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classification, all elite lines showed early maturing day,
except the check cultivars which showed medium maturity
(Table 4). The earliest maturity (under 76 days) were
mostly showed by lines derived from the crossing of
Cikuray x W9837, i.e. Cikuray x W9837-171 (74 days),
Cikuray x W9837-105 (75 days), Cikuray x W9837-184
(75 days), and Cikuray x W9837-181 (75 days).

The soybean seed size are categories into three: small
(< 10 ¢g/100 seeds), medium (10-14 ¢/100 seeds), and large
size (> 14 g/100 seeds (PVT 2007). The seed weight of all
lines was categorized as medium-seeded size (Table 4).
The medium soybean seed size in Indonesiais desirable for
tofu industry.

Table 3. The combined analysis of variance for black soybean
yield in 16 locations. 2011.

days to maturity, plant height, seed weight, and seed yield.
Days to flowering ranged from 33 to 35 days, days to

maturity ranged from 74 to 82 days, plant height varied
from 51.16 to 63.46 cm, seed weight ranged from 10.92 to
13.60 g/100 seeds, and seed yield ranged from 2.46 to 2.88
t/ha. In Indonesia, soybean maturing day classified as late
maturity (> 90 days), medium maturity (80-90 days), and

Source df Sum of Square Mean of Square
Location (L) 15 12.6600 0.8440**
Genotype (G) 9 7.5400 0.8380**

GxL 135 23.3800 0.1730**

Error 432  44.0700 0.1020

CV (%) 12.31

early maturity (<80 days). According to maturity

Note: CV = coefficient of variation; ** = significant at p = 0.01

Table 4. Agronomic characters of 10 black soybean €elite linesin 16 locations, 2011

Black soybean lines Daysto flowering Daysto maturity Plant height (cm)  Seed weight (g) Yield (t/ha)
Cikuray x W9837-171 34d 749 57.55b 11.22 de 2.57
Cikuray x W9837-105 34e 75f 58.28 b 10.98 ef 2.58
W9837 x Cikuray-66 34e 75 ef 56.87 bc 11.75¢ 2.88
W9837 x 100H-236 36a 76 de 53.16d 11.01 ef 2.54
MLG 3102 x Cikuray-435 33f 76 cd 55.41¢c 11.36d 2.54
Cikuray x W9837-181 35¢ 75 ef 57.49b 10.92 f 2.64
Cikuray x W9837-184 35cd 75f 55.04 ¢ 10.96 f 2.56
W9837 x Cikuray-26 33f 76¢C 51.16e 12.20b 251
Detam-1 34e 82a 57.36b 13.60a 2.66
Malika 35b 8lb 63.46 a 11.32d 2.46
Average 34 77 56.58 11.53 2.59
LSD (5%) 0.31 0.41 1.89 0.32 0.96

Note: Vaue within the same column followed by the same letter are not significantly different at the 0.05 level according to LSD test

Table5. Rust rating score of ten elite black soybean lines at five weekly intervals, 2014

Rating score according to IWGSR

Black soybean lines

38 DAP 45 DAP

52 DAP 69 DAP 76 DAP

Cikuray x W9837-171
Cikuray x W9837-105
W9837 x Cikuray-66
W9837 x 100H-236

MLG 3102 x Cikuray-435
Cikuray x W9837-181
Cikuray x W9837-184
W9837 x Cikuray-26
Detam-1

Malika

2
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NNWNDNWNDNNDN
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WWNNWNDNDNWN

WWNNNWWWWN
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2
2
2
2
2
2
1
2
2
3
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WNDNENNNDNNDN
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A WWNNWWW

Note: DAP = days after planting, IWGSR = International Working Group on Soybean Rust (Y ang 1977)
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Table 6. Black soybean resistance to rust at five weekly intervals,
2014

Resistance criteria according to
IWGSR

38 45 52 69 76

DAP DAP__DAP DAP DAP

Black soybean lines

Cikuray x W9837-171 R R R R R

Cikuray x W9837-105 MR MR MR MR R

W9837 x Cikuray-66 R R MR MR MR
W9837 x 100H-236 R R R MR MR
MLG3102xCikuray-435 R R MR MR MS

Cikuray x W9837-181 R MR R R
Cikuray x W9837-184 R R R R R

W9837 x Cikuray-26 MR R R R MR
Detam-1 R MR MR MR MR
Madlika R MR MS MS S

Note: DAP = days after planting, IWGSR = International
Working Group on Soybean Rust (Yang 1977). R = resistant, MR
= moderately resistant, MS = moderately susceptible

Therust resistance evaluation

The rust severity of ten black soybean lines was
determined based on rating score, and evaluated at weekly
intervals, consist of 38, 45 52, 69, and 76 days after
planting (Table 5). According to the resistance criteria
(Yang 1977), the rust resistance of black soybean elite lines
consists of resistant (R), moderately resistant (MR), and
moderately susceptible (MS) (Table 6).

At 38 days after planting (DAP), most soybean lines
showed resistant reactions to the disease. At 45 DAP,
which plants in the pods formation, the number of resistant
lines decreased. The next intervals of evaluation at 52 DAP
(pod filling stage/R5), 69 DAP (full pod filling stage/R5-
R6), and 76 DAP (full seed/R6) showed a gradually
decreasing resistance.

Discussion

Black soybeans play important roles in the industrial
sector in Indonesia. Besides used as raw material for
producing soy sauce, soybean with black seed coat are
known to have high levels of phenolic and anthocyanin,
and also have antioxidant and anti-inflammatory effects
(Ku et a. 2000; Astadi et al. 2009; Xu et a. 2012). The
main focus of the new soybean cultivar development in
Indonesia involves breeding for high potential yield with
desired characteristics, such as high nutritional contents
and tolerance or resistance to biotic and abiotic stresses.

Seed yield as a complex trait consists of components
which serve as significant indicator for the seed yield of
soybean. The combined analysis of variance indicated that
treatments  (genotype, location, and genotype by
environment interaction) were highly significant, showing
that genotypes responded differently to the environments
used during the study.

The yield and yield component showed variability
between locations. The check cultivar of Detam-1 (2.66
t/ha) had higher yield than Malika (2.46 t/ha). Detam-1 is
Indonesian black soybean varieties with high protein
content (up to 45.36%), and released in 2008. Malika
released as black soybean variety in 2007. The elite line of
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W9837 x Cikuray-66 produced the highest yield (2.88
t/ha); it is higher than the two check cultivars of Detam-1
and Malika (2.66 t/ha and 2.46 t/ha, respectively). In
addition to high yield, this line also has characteristics of
early maturity and medium seed size.

Indonesia as the tropical country receives plentiful
sunshine throughout the year. Thisis an ideal environment
for both of growing soybeans and the development of
soybean pests and disease. In addition, the soybean
cultivation mostly in the dry season Il (June-September),
which the pest and disease incidences occurred in the
highest frequency.

The resistance evaluation to rust disease showed
variation between weekly intervals. Most of the soybean
lines showed resistant reactions at 38 days after planting,
except the two lines (Cikuray x W9837-105 and W9837 x
Cikuray-26) which were moderately resistant. In Indonesia,
the soybeans plant age at 38 DAP were mostly in the first
reproductive (R1) growth stage (Adie and Krisnawati
2007). The R1 growth stage is beginning flowering (Fehr
and Caviness 1977). In the pods formation stage (45 DAP),
the number of resistant lines were decreased. A total of six
lines showed resistance reaction, and the rest were
moderately resistant. Furthermore, the next intervals of the
evaluation showed a gradually decreasing resistance. There
were four resistant elite lines for each week interval.
According to Kumudini et al. (2008), this is reasonable
since disease severity increased as reproductive
development advanced. Ribeiro et a. (2007) aso stated
that during the pod filling stage (R5-R6) become the most
critical time due to the greater increase of the disease attack
and causing the significant yield losses. Furthermore, it has
been reported that soybean yield is most sensitive to leaf
defoliation injury at the R5 growth stage (Fehr and
Caviness 1977; Fehr et al. 1981). The overal results
showed that Cikuray x W9837-171 and Cikuray x W9837-
184 showed a consistent resistance to P. pachyrhiz,
whereas the check cultivar of Detam-1 and W9837 x
Cikuray-66 showed a consistent moderate resistance at 52
DAPS, 69 DAP, and 76 DAP. The other check cultivar of
Malika showed a moderately susceptible reaction in pod
filling formation, and then showed decreasing resistance to
susceptible in full seed/R6.

A key requirement in breeding efforts is the screening
of plants for resistance to diverse pathogen populations to
identify cultivars that are likely to withstand variable
pathogen populations (Harman et a. 2005). Severd
screening trials have been conducted for identification of
resistant or tolerance genotypes. In Brazil, Santa Rosa, FT-
1 and Uniao were identified as resistant cultivars and all the
varieties and germplasm from US were found to be
susceptible during screening trials (Ribeiro et al. 1985).
Kawuki et al. (2003b) screened soybean germplasm for rust
resistance at the NaCRRI and found none of the screened
materials to be immune to rust infection. A total of 8
accessions were resistant, 45 moderately susceptible, 31
susceptible and 112 very susceptible. Screening through
artificial inoculation using segregating populations (F3) of
two crosses involving two high yielding varieties JS335
and JS9305 (both susceptible to rust), and one germplasm
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line EC241780 (resistant to rust) were conducted in India
Six among the 62 progeny lines showed resistant or
moderately resistant to rust (Shivakumar et a. 2011).
Furthermore, screening trial against soybean rust under
natural epiphytotic conditions at Barapani (Meghaaya,
India) revealed that only two lines NRC 80 and MAUS 417
were moderately susceptible. There were no line or variety
was in the moderately resistant or resistant category
(Baiswar et al. 2012). The newest study in ten Indonesian
soybean lines resulted that there were no line identified as
resistant line (Sumartini and Kuswantoro 2014).

A high yielding varieties with rust resistance is one of
pursued goal in Indonesian soybean breeding program. The
both of resistant black soybean elite lines of Cikuray x
W9837-171 and Cikuray x W9837-184 have agronomic
characteristics of early maturity and medium seed size.
These lines produced yield 2.57 t/ha and 2.56 t/ha,
respectively; higher than check cultivar of Malika. The
highest yield was produced by W9837 x Cikuray-66 (2.88
t/ha), which has moderately resistant to P. pachyrhiz. The
resistant and moderate lines found in this study can be used
as a source in breeding programs and/or can be developed
to be a new black soybean cultivar with desirable
characteristics.

To conclude, resistance reaction of black soybean elite
lines to rust disease fluctuates over time. Two elite lines of
Cikuray x W9837-171 and Cikuray x W9837-184 showed
a consistent resistance to P. pachyrhiz, and two others
(W9837 x Cikuray-66 and check cultivar of Detam-1)
consistently showed a moderately resistant, respectively.
Resistant and moderately resistant soybean lines with early
maturity and medium seed size identified in this research
may provide the gene source needed for future
development of soybean cultivars with soybean rust
resistance in Indonesia.
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Abstract. Kadir S, Badaruddin, Nurlina, Ridwan |, Rianawaty F. 2016. The recovery of Tabunio Watershed through enrichment
planting using ecologically and economically valuable species in South Kalimantan, Indonesia. Biodiversitas 17: 140-147. Watershed is
a medium system where hydrological -biophysical processes as part of hydrological cycle and social, economic, and cultural events as
the results of human intervention on natural resource occur. The increasing human population results in the increasing need of water that
may reduce the availability of water, causing environmental degradation. The objectives of this study were to study the characteristics of
Tabunio watershed and to give recommendation on the enrichment planting for the watershed recovery. This study used watershed
ecological area approach and the data were analyzed spatially using GIS. The results showed that based on the characteristics of its
components, Tabunio Watershed was categorized as moderately to very highly qualified for recovery. The recovery should be done
through: (i) enrichment planting based on the land capability, land suitability and the legal function of the area, (ii) conservation of soil
and water using vegetative and civil engineering methods, and (iii) issuance of regulations to increase the watershed’s carrying capacity.

Keywords: South Kalimantan, Tabunio, watershed recovery, water resource sustainability

INTRODUCTION

Watershed is a medium system where hydrological-
biophysical processes as part of hydrological cycle and
social, economic, and cultural events as the results of
human intervention on natural resource occur. The
increasing human population results in the increasing need
of water that may reduce the availability of water, causing
environmental degradation. The deteriorating
environmental quality has threatened the sustainability of
human and other living creatures, so that serious and
consistent environmental protection and management must
be done by al sakeholders. The program for
environmental protection and management for certain
period of time should be written in the Planning for
Environmental Protection and Management document as
part of the Medium Term Development Plan (Act No.
32/2009 regarding the Environmental Protection and
Management).

The vulnerability to flood in Tanah Laut District of
South Kalimantan Province, Indonesia which is located in
Tabunio Watershed increased from 2007 to 2010, with a
total of 22 villages being flooded in 2010 (Balitbangda
2010). The area of degraded land in Tabunio Watershed is
19,109.89 ha or 31 % of the watershed area (BPDAS Barito
2013). The recovery of Tabunio Watershed (The Ministry
of Forestry Decree No. P.60/MENHUT-11/2014) is
expected to create sustainable productive land which
functions ecologically optimally to ensure the

environmental and hydrological stability and, at the same
time, to increase the community’s income.

The objective of this study was to know the
characteristics of Tabunio Watershed in South Kalimantan
Province, Indonesia in order to give recommendation for
watershed recovery through enrichment planting of
ecologically and economically valuable species. The results
of this study can be used as reference for the efforts to meet
the water demand in Tabunio Watershed.

MATERIALSAND METHODS

This study used watershed spatial approach in which
the watershed area was divided into three parts. upstream,
middle and downstream. The data were analyzed and
presented using GIS. The results were recommendation for
Tabunio Watershed recovery through enrichment planting.
The method of research was based on the Decree of the
Ministry of Forestry No. P.60/MENHUT-11/2014 regarding
the Determination of Criteria for Watershed Classification.
The parameters analyzed were land use, classes of land
degradation, water regulation, legal function of the area,
and land capability classes for enrichment planting.

The area of Tabunio Watershed is 62,558.56 ha, located
in Tanah Laut District, South Kalimantan Province,
Indonesia spread in 6 sub-districts. The upstream is
17,542.82 ha, the middle 13,038.44 ha and the downstream
31,977.30 ha. The location of study isgivenin Figure 1.
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Figure 1. The map of Tabunio Watershed and its sub-watersheds in South Kalimantan Province, Indonesia

RESULTSAND DISCUSSION

The characteristics of Tabunio Watershed which are the
main factors to be considered in watershed recovery are
land use, land degradation classes, dope, hydrology, the
legal function of the area, land capability classes, and plant
species for enrichment planting.

Water shed characteristics
Land use

Based on the GIS analyses, there were 15 types of land
use in the Tabunio Watershed (Table 1, Figure 2).

Table 1 shows that the permanent vegetation cover in
Tabunio Watershed was 24,687.60 ha, or 39.46%,
indicating that Tabunio Watershed was categorized as
highly qualified for recovery in order to restore its carrying

capacity.

Water infiltration is higher and the surface flow islower
in forest than in agriculture land, so vegetation cover
should be increased in order to reduce the vulnerability to
flood and to increase the community’s prosperity (Kometa
and Ebot 2012). Meng et a. (2011) stated that the
expansion of rubber plantation had reduced the number of
forest trees, so the expansion of rubber plantation must be
controlled. Zhao et al. (2012) reported that the changes in
land use and vegetation cover in watershed affected the
surface flow. Liu and Chen (2012) state that the area of
agriculture land (non forest) increase with the increasing
population.

Classes of land degradation

The area of degraded land was determined by overlying
land cover, erosion, slope and watershed management. The
determination of degradation class was based on the Decree
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of Director General of Land Rehabilitation and Social
Forestry, the Ministry of Forestry no. SK.167/V-SET/2004.
The GIS was used for determination of land degradation
class, analyses and presentation of spatial data. The area of
degraded land is one of determining factors whether a
certain watershed needs to be restored or maintained. The
results of analyses are presented in Table 2 and Figure 3.
Table 2 shows that the area of degraded and critically
degraded land was 19,109.89 ha (30.55%). Based on the
percentage of degraded land (30.55 %), Tabunio Watershed
was categorized as highly qualified for recovery in order to
increase its carrying capacity. The distribution of degraded
and moderately degraded land is presented in Figure 3.
According to Kadir (2014), the Rehabilitation of Forest
and Land is an effort to restore, maintain and improve the
function of forest and land, so their carrying capacity,

productivity and role as life supporting system can be
maintained. Rueda (2010) says that conservation effort can
reduce deforestation rate. In addition, Bukhari and
Febryano (2008) state that the communities can practice
traditional agroforestry system on degraded land based on
local condition and wisdom.

Sope

Saud (2007) says that water flow increases with the
increasing slope. Water, in the steep land, flows faster than
in flat land. The results of slope analyses using GIS are
presented in Table 3 and Figure 4. Table 3 shows that the
slopes of 0-7% dominated the area of Tabunio Watershed
(79.85%). Based on its dominant slope, the land is suitable
for agriculture crops which can improve the prosperity of
community in Tabunio Watershed.

Table 1. Types of land use in Tabunio Watershed, South Kalimantan, Indonesia

Land usetypes Area_ (ha) Total
Upstream Middle Down-stream (ha)
Secondary dry forest 2,343.74 201.08 - 2,544.82
Secondry mangrove 5.00 - 702.92 707.92
Plantation forest 274.85 4,487.91 832.07 5,594.83
Settlement - 416.48 36.96 453.44
Plantation 512.69 20.65 - 533.34
Dry agriculture land 4,872.93 12,986.01 9,180.24 27,039.18
Dry agriculture land and shrub 4,347.61 1,900.35 2,275.88 8,523.84
Swamp - 11.31 - 11.31
Field - 984.13 5,420.88 6,405.01
Shrub/bush 2,971.28 1,320.77 3,014.86 7,306.91
Shrub/bush on swamp - - 9.30 9.30
Fish farming - - 349.52 349.52
Mining 821.47 321.02 - 1,142.49
Open land 1,393.30 202.99 213.53 1,809.82
Water body - 82.78 44.08 126.86
Total 17,542.87 22,935.48 22,080.24 62,558.59
Table 2. The classes of land degradation in Tabunio Watershed, South Kalimantan, Indonesia
. Area (ha) Total
Classes of degradation Upstream Middle Down-stream (ha)
Not degraded
Potentially degraded 5,055.94 5,213.26 3,657.78 13,926.98
Moderately degraded 3,482.32 12,771.04 13,268.35 29,521.71
Degraded 6,634.49 4,861.22 5,154.11 16,649.82
Critically degraded 2,370.12 89.96 - 2,460.08
Total 17,542.87 22,935.48 22,080.24 62,558.59
Table 3. Slopesin Tabunio Watershed, South Kalimantan, Indonesia
Slopes Area (ha) Total
Upstream Middle Down-steam (ha)
0-2% 2,566.74 9,539.87 17,028.13 29,134.74
2-7% 7,967.23 8,959.05 3,892.70 20,818.98
7-14% 2,728.49 1,477.09 404.77 4,610.35
14-21% 1,457.51 876.84 302.30 2,636.65
>21% 2,822.90 2,082.63 452.34 5,357.87
Tota 17,542.87 22,935.48 22,080.24 62,558.59
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Figure 2. The map of land use in Tabunio Watershed, South
Kalimantan, Indonesia
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Figure 3. The map of degraded land in Tabunio Watershed, South
Kalimantan, Indonesia
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Figure 4. The map of slopes in Tabunio Watershed, South
Kalimantan, Indonesia
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The topography of a watershed affects the speed and
volume of surface runoff. Steep slope results in high speed
of surface runoff and low infiltration rate (Arsyad 2010).
According to Asdak (2010), the upstream of watershed
usually has steep slope and dense drainage, so that this part
of watershed should be forested.

Hydrology
Flow regime coefficient (FRC)

Flow regime coefficient (FRC) is a number indicating
the ratio of maximum water flow (Qmaks) with the
dependable water flow (Qa) in a watershed/sub-watershed.
The data of water flow from 1978 to 2000 from the Office
of Public Work of South Kalimantan Province are
presented in Table 4 and Figure 5.

Table 4. The average water flow (Q) in Tabunio Watershed,
South Kalimantan, Indonesia within a period of 23 years (1978-
2000)

Y ear Water flow (m®/second) FRC
Max Min Average

1978 33 2.46 18.27 0.7
1979 9.5 2.89 15.58 2.4
1980 7.01 1.33 18.50 15
1981 45.14 2.42 14.94 12.1
1982 27.49 0.39 5.22 21.1
1983 40.24 0.99 10.39 155
1984 2.47 0.92 9.76 1.0
1985 5.7 0.99 8.64 2.6
1986 - - -
1987 3.3 1.17 15.83 0.8
1988 334 0.68 13.83 1.0
1989 8.75 0.03 10.74 3.3
1990 4.99 0.89 12.50 1.6
1991 8.76 0.69 1.75 20.0
1992 36,5 0,92 11,68 12,5
1993 4.4 0.99 12.81 1.4
1994 40.42 8.15 9.92 16.3
1995 3.66 1.42 10.58 14
1996 1.49 0.6 11.65 0.5
1997 4.76 0.44 578 3.3
1998 9.54 1.23 13.10 2.9
1999 40.24 0.42 10.14 159
2000 8.67 0.5 9.93 35
Average 145 1.4 114 6.4
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Figure 5. The average water flow in Tabunio Watershed, South
Kalimantan, Indonesia



144

Table 4 shows that the maximum water flow within a
period of 23 years (1978-2000), was 45.14 m*/second, the
dependable water flow was 2.86 m*/second, so the Flow
Regime Coeficient (FRC) was > 15.79, meaning that
Tabunio Watershed was categorized as highly qualified for
recovery. The water flow decreased from 1978 to 2000,
and it was even lower in 2015 (from measurement).

Sgjikumar and Remya (2015) have analyzed the effect
of land use and cover on the characteristics of surface
runoff and water flow from two watersheds in Keraa,
India. Zhang et a. (2015) have given theoretical basis and
technical support for land reclamation and conservation of
water and soil in ecologically vulnerable mined land.
Furthermore, Fox et a. (2012) analyzed the impact of land
cover changes on the runoff and total water flow for a
period between 1950 and 2003 in Mediterranean region of
France, concluding that the change of land cover affected
water flow.

Ma et al. (2010) say that flood control can be done by
making water canals and creating artificial peak flood in
order to discharge sediment and to increase the volume of
water in the rivers. Polonskii and Solodovnikova (2009)
recommended flood control by utilizing the water for hydro
power.

Coefficient of flow

The annual flow coefficient is one of parameters to
indicate the hydrological condition of a watershed. The
coefficient was calculated from the average annual water
flow (11.4 m¥second), rainfall (1583.667 mm/year and
area of Tabunio Watershed (62558.56 ha). The coefficient
of flow in Tabunio Watershed was 0.36, categorized as
moderately qualified for recovery.

Sediment load

The sediment load is one of parameters indicating the
hydrological condition of a watershed, calculated from the
concentration of sediment (0.0008123 gram/liter), average
annua water flow (11.4 m*second) in Tabunio Watershed.
The result was 29.20 ton/halyear, so the Tabunio
Watershed was categorized as very highly qualified for
recovery.

Inappropriate land use and land ownership cause the
loss of biodiversity and the loss of topsoil and its nutrient.
Saygin et al. (2011) state that land degradation due to soil
erosion is one of the most serious problems. Calvo-Cases
and Arnau-Rosalen (2007) reported that potential erosion
and surface runoff had increased significantly.

Arribas et a. (2003) reported the result of simulation
showing that the impact of land degradation on the climate
of the Iberian Peninsula depended on local factors, such as
level of degradation and geographical location.

Flood

Flood, in this study, is defined as the spill of water from
the rivers in Tabunio Watershed, inundating usually-dry
areas, causing significant loss materially and immaterially
to human and the environment. The data required for this
study were flood frequency collected from reports and from
direct observation. The data showed that within a year there
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could be 2-3 times of flooding, indicating that the
watershed was categorized as highly qualified for recovery.

Cui et a. (2009) studied the Xiaoginghe Watershed,
China thoroughly to develop a design of river networks in
order to reduce flood risk and at the same time to maintain
the rivers at their natural condition. The results showed that
the design increased connectivity and circuit during the
period of low water flow, indicating that the water move
faster, reducing the risk of flooding during high water flow.

To improve the success of recovery from flood, all
tributaries must be seen as a functional ecosystem, so the
recovery can be done integrally as a system. There must be
a shift from a tactical approach toward a strategic approach
in recovery of rivers and watersheds. Thomas (2014)
predicted the possible response of flood frequency with the
changes of river network complexity caused by
urbani zation within a watershed.

Legal function of thearea

Forest area is a certain area designated by the
government to be maintained as permanent forest (Act no
41, 1999 regarding Forestry). The forest area in Tabunio
Watershed is categorized into several forest functions
(Table 5). Each forest area has different physica
conditions, topography, biodiversity and ecosystem types,
so each area is designated to a certain forest function. Most
area in Tabunio Watershed is non forest area (52,504.80
ha), while the forest areaiis only 4.031,82 ha.

Table 5 shows that sub-watersheds of Panjaratan and
Tebing Siring have the largest protection forest, namely
1,563.89 ha and 682.90 ha respectively. The utilization of
protection forest has the objective of improving the
prosperity of rural community and at the same time to
encourage community to maintain and improve the function
of protection forest for the current and next generation
through maintai ning sustainable water regulation.

The main function of protection forest is to protect life
support system through maintaining water regulation, flood
protection, erosion control, sea water intrusion prevention,
and soil fertility protection. Protection forest is located in
the upstream of catchments area and along the river side,
according to its function as water regulator as expected in
the Act No. 41, 1999 regarding Forestry.

Changes of landuse in protection forest change the
hydrological conditions in the river system, which in turn
increase the risk of flooding in the urban areas. Therefore, a
rational land use must be implemented in order to give
maximum benefit and to minimize the negative impact of
flood (Zhang and Wang 2007).

Land capability classes

The success of traditional gold mined land reclamation
is determined by the availability of infrastructure and
facilities for reclamation. In addition, the success of
conservation of water and soil through vegetative method is
determined by land capability class of the land unit.

The results showed that most of the land in Tabunio
Watershed had land capability classes of Il to VIII,
indicating that the land could be used for: (i) limited
agriculture, (ii) limited to intensive grazing, (iii) forest, and
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(iv) nature reserve. Asdak (2010), Rudlan et a. (2013) and
Kadir (2013) state that land use based on land capability
may improve the function of watershed ecologically as
water regulator and economically by increasing land
productivity which in turn increases the community’s
income. The land capability classes in Tabunio sub-
watersheds are presented in Table 6 and Figure 7.

Recovery of water shed

Based on the analyses of the characteristics of Tabunio
Watershed, the recovery of watershed should be done
through the following characteristics:

Enrichment planting for watershed recovery

Highland. Rehabilitation of forest and land must be
conducted in the upstream area of the watershed, taking
into account the land capability classes and land suitability
and using economically and ecologicaly valuable tree
species in order to increase the community’s income to
conserve the ecosystem. The non-forest area could be
enriched with rubber trees, and the area of oil palm
plantation must be controlled and it must be enriched with
deep-rooted trees. The production forest area should be
enriched with economically valuable forest tree species.
The protection forest area should be maintained according
to its function as water regulator through enrichment
planting with forest trees (mahogany, teak, etc).

Lowland. Dry lowland and wetland should be enriched
with rengas, anglai and other species which have high
ecological and economic value and suitable to the habitat.
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Regulations for watershed recovery

The activities include: (i) issuing government
regulations (or bylaws) regarding the recovery of
watershed carrying capacity, so it can function
ecologically, socialy and economicaly; (ii) issuing
government regulation regarding the planting of deep-
rooted along the river side and implementing the regulation
in line with related regulations and laws (iii) Limiting the
use of land for oil palm plantation only in downstream of
Tabunio Watershed.

One of the Tabunio Watershed characteristics was its
vegetation cover, which was 39.46%, of the watershed
area, indicating that this watershed was categorized as
highly qualified for recovery. The percentage of degraded
land was 30.55 %, indicating that Tabunio Watershed was
categorized as very highly qualified for recovery. The slope
of the watershed is mostly 0-7%, indicating that the land is
suitable for agriculture activities to increase the prosperity
of people living in Tabunio Watershed. The Flow Regime
Coefficient was > 15.79, meaning that Tabunio Watershed
was categorized as highly qualified for recovery. The
coefficient flow was 0.36, indicating the watershed was
categorized as moderately qualified for recovery. The
sediment load was 29.20 ton/halyear, meaning that the
watershed was categorized as very highly qualified for
recovery. According to the people, flooding occurred 2 to 3
times a year, meaning that the watershed was categorized

Table 6. Land capability classes in each sub-watershed of
Tabunio Watershed, South Kalimantan, Indonesia

Civil engineering for watershed recovery . Sub- Land capability classes Area (ha)
The actions needed include: (i) normalization of river  Watershed

previously used for traditional gold mining in order to Amparokecil IV €2 3,912.90
increase the carrying capacity, normalization of water flow — Atuatu IV e2 3,676.86
fluctuation and improvement of water flow speed; (i) Bk Il d302, IV e2 and VII 15 3,161.36
maintenance of river as close as possible to its natural  BEraSU 11 d302 and IV &2 2,548.65
condition both in rura and urban settlement; (iii) Kandangan IV.e2and VIl 16 3,651.57

. o . ' Panjaratan Il d302, IV e2 and VII 15 9.897,04
construction of mﬂl'gratlon ngls, lakes and ponds for  piam 11 d302, IV €2, VI I5and VI 16 4,288.91
sedimentation of mining materials before the water flows  Takisung 11l d302 and V 04 9,775.09
into the main rivers, (iv) making of biopori in oil palm  TebingSiring IV €2, VII I5and VIII 16 9,341.06
plantation for water and soil conservation by increasing  Tungkaran 11 d302, IV €2 and V 04 12,305.15
water infiltration. Tota 62,558.59
Table5. Thelega functions of areain Tabunio Watershed, South Kalimantan, Indonesia

L egal functions of the area

Sub-watershed Protection forest Production forest Naturereserve Non forest area Total (ha)
Amparo kecil 3,041.11 871.79 3,912.90
Atuatu 3,676.86 3,676.86
Bakar 251.60 2,909.75 3,161.36
Berasau 2,548.65 2,548.65
Kandangan 70.55 3,581.02 3,651.57
Panjaratan 1,563.89 8,333.15 9,897.04
Riam 1,063.59 894.62 2,330.70 4,288.91
Takisung 206.86 9,568.23 9,775.09
Tebing Siring 682.90 2,086.25 6,571.91 9,341.06
Tungkaran 192.42 12.112,73 12.305,15
Total 2,716.62 1,315.20 6,021.97 52,504.80 62,558.59




146 BIODIVERSITAS

312,000 w020
i

7] FUNCTION AREAS MAP
WATEREHED OF TABUNIO

!
PET

3nc. 00
N

Amanmn
|
ammL

nteishec ol tabitum

Functinn Aroas:
I erciecied foests

predust an ferosts
u soersior ef Taresl arciize
B e rodacs 5 limied

ather Lae aas
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as very highly qualified for recovery. Most of Tabunio
watershed area is non-forest area, 52,504.80 ha, while the
forest areais only 4,031.82 ha. The land capability classes
in the watershed were mostly 111 to VIII. The use of water
in the watershed was for vegetation, domestic and
industries.

Based on the analyses of the watershed characteristics,
recovery must be done through components of the
watershed characteristics, using vegetative technique, civil
engineering and related regulations. Watershed is an
ecosystem which has several components and functions,
whether in upstream, middle or downstream, so the
watershed recovery must be conducted integraly,
involving all stakeholders, all administrative areas for
ecological and economic benefits.
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