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ABSTRACT

Pharmawati M, Yan G, Finnegan PM. 2012. The conservation of mitochondrial genome sequence in Leucadendron (Proteaceae).
Biodiversitas 13: 53-58. Mitochondrial DNA (mtDNA) is useful for developing molecular markers and for studying plant phylogeny.
However, its usefulness depends on the degree of detectable sequence variation. In seven species of the genus Leucadendron, PCR-
RFLP failed to reveal any polymorphisms in seven separate regions of the mtDNA. Sixty-two primer pair - enzyme combinations were
used to assay at least 248 restriction sites, resulting in the direct sampling of a minimum of 992 bp across 17,500 bp of mt DNA. The
highly conserved nature of the mtDNA sequence in the genus Leucadendron was confirmed by the absence of sequence variation in the
1434 bp mtDNA nad1/B-C intron across these species. Mitochondrial DNA sequences are more highly conserved than the chloroplast
DNA sequences in Leucadendron and the mtDNA sequences in many other plant genera. Phylogenetic analysis using this intron
sequence was consistent with other phylogenetic analyses in regard to the position of Proteaceae.
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INTRODUCTION

Leucadendron is a genus of South African Proteaceae
that comprises 85 species and 11 subspecies (Williams
1972). Members of the genus have been classified into two
sections (Alatosperma and Leucadendron) by Williams
(1972) based on fruit characteristics. Leucadendron are
successfully cultivated in a number of countries including
the United States of America, Australia and New Zealand.
In Australia, these plants are popular garden plants and are
grown commercially for both the domestic and export cut-
flower industries. The availability of molecular markers for
assessing variation and relatedness of Leucadendron
species would greatly aid the development of new hybrids.

A thorough understanding on the phylogenetic
relationships within Leucadendron requires information
from all three genomes. Leucadendron phylogeny has been
inferred from sequence analysis of the internal transcribed
spacer (ITS) regions of the nuclear rRNA genes (Barker et
al. 2004). Chloroplast DNA (cpDNA) variation has also
been used to evaluate interspecific relationships in
Leucadendron (Pharmawati et al. 2004). Both ITS- and
cpDNA- derived phylogenies disagree substantially with
the previous morphological classification of Leucadendron
species (Williams 1972). The phylogenies based on
molecular evidence also differ from one another. To further
define the phylogeny of Leucadendron, information from
mtDNA would be beneficial.

The use of cytoplasmic DNA sequences as breeding,
phylogenetic or phylogeographic markers requires
knowledge of the mode of inheritance and the level of
sequence variation. In the genus Leucadendron, the
chloroplast genome is maternally inherited and contains
useful amounts of sequence variation (Pharmawati et al.
2004). In contrast, the mode of inheritance of mtDNA in
Leucadendron, as well as the phylogenetic information
contained within it, has not yet been examined.

In this study, universal primers specific to land plant
mitochondrial genomes (Demesure 1995; Dumolin-
Lapegue et al. 1997) were tested for their ability to amplify
specific mtDNA fragments from seven Leucadendron
species. The resulting fragments were subjected to RFLP
analysis to evaluate the applicability of this method to the
detection of mtDNA sequence variation in Leucadendron.

MATERIALS AND METHODS

Plant materials
Leaf tissue from Leucadendron discolor Buek ex Meisn,

L. eucalyptifolium Buex ex Meisn, L. gandogeri Schinz ex
Gandoger, L. laureolum (Lam.) Fourcade, L. procerum
(Salisb. ex Knight) Williams, L. salignum Berg and L.
uliginosum R.Br were collected from the living collection
of the Leucadendron Breeding Program, University of
Western Australia (Perth, Australia). Voucher specimens
were lodged to Australian National Herbarium, Centre for
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Australian National Biodiversity Research with voucher
number CANB668317, CANB668319, CANB668324,
CANB668332, CANB668337, CANB668342 respectively
to samples stated above.

DNA extraction and electrophoresis
DNA was extracted from 0.1 g of leaf tissue using a

commercial kit (DNeasy plant mini kit, Qiagen, Clifton
Hill, VIC, Australia) according to manufacturer’s
instructions. Genomic DNA and DNA fragments were size
fractionated by electrophoresis on agarose gels and
visualized by ethidium bromide staining (Sambrook et al.
1989). To determine DNA concentration, the ethidium
bromide staining intensity of specific bands was compared
to that of a range of co-fractionated lambda DNA mass
standards (MBI, Fermentas, Hanover, MD, USA).

PCR-RFLP analysis
Each 25 µL polymerase chain reaction (PCR) assay

contained 20 ng DNA template, 16 mM (NH4)2SO4, 67 mM
Tris-HCl, pH 8.8, 0.01% (v/v) Tween-20, 1.5 mM MgCl2,
0.3µM each primer (Table 1, synthesized by Invitrogen
Life Technologies, Mount Waverley, VIC, Australia), 200
µM each standard dNTP and 1 unit of Taq DNA
polymerase (Bioline, Alexandria, NSW, Australia). The
program for the thermal cycler (iCycler, Bio-Rad, Regents
Park, NSW, Australia) had an initial denaturation step of 4
min at 94 oC, followed by 30 cycles of 45 sec at 94 oC, 45
sec at 47oC to 59 oC (depending on the primers used, Table
1) and 2 to 4 min (depending on the product length, Table
1) at 72 oC, with a final extension step of 10 min at 72 oC.

Aliquots of each amplification product were digested
singly with AluI, CfoI, HaeIII, MaeI, NdeII, RsaI, TaqI,
ThaI (Promega, Annandale, NSW, Australia), HindfI, MspI
or MvaI (Roche Diagnostic, Castle Hill, NSW, Australia),
but not every fragment was digested with every enzyme.
Digestion was for 3 h at 37 oC in 10 µl 1 x buffer (supplied
by enzyme manufacturer) containing 2 units of enzyme.

DNA sequencing and analysis
The PCR-amplified nad1/B-C intron was sequenced

directly with dideoxynucleotide chain termination
chemistry (BigDye v3.1, ABI, Western Australia) using
nad1 exon B-C primer pair (Table 1). The products were
separated and analysed by The West Australian Genome
Resource Centre. The sequences were deposited in
GenBank (Accession numbers L. discolor, DQ250042; L.

eucalyptifolium, DQ250043; L. gandogeri, DQ250044; L.
laureolum, DQ250045; L. procerum, DQ250046; L.
salignum, DE250047; L. uliginosum, DQ250048). The
sequencing data was assembled using AssemblyLIGN
(Accelrys, Sydney, Australia) and aligned using ClustalW
(MacVector 8.0, Accelrys) software. Multiple sequence
alignments generated with ClustalW were used to generate
phylogenetic trees using DNApars-PHYLIP (Felsenstein
1989).

Sequence diversity was calculated using MEGA4
(Tamura et al. 2007). For comparison, diversity of nad1/B-
C sequences from Actinidia species was calculated by
extracting sequences from GenBank (AJ536471.1;
AJ536472.1; AJ536470.1; AJ536469.1; AJ536467.1;
AJ536468.1).

RESULTS AND DISCUSSION

Seven ‘universal’ PCR primer pairs designed to amplify
mtDNA fragments from land plants (Demesure et al. 1995;
Domulin-Lapegue et al. 1997) were used in this study. The
mtDNA regions evaluated were six introns from the genes
encoding subunits 1, 4, 5 and 7 of NADH dehydrogenase
and the intergenic region between the rps14 and cob genes
(Table 1). After optimizing the reaction conditions, each
primer pair robustly amplified a single fragment (Table 1)
of 1,500 to 4,500 bp, depending on the primer pair, from
Leucadendron genomic DNA. Amplification products from
seven Leucadendron species using the nad7/2-3r mtDNA
primer pair are shown in Figure 1.

The fragments amplified from Leucadendron were
similar in size to those amplified from other plants using
these primer pairs (Demesure et al. 1995; Dumolin-
Lapegue et al. 1997; Vaillancourt et al. 2004). The seven
amplified fragments totaled about 17,500 bp of
Leucadendron mtDNA, but no length polymorphisms were
detected among the seven species.

Intergenic and intronic regions were chosen for
analysis because these regions of mtDNA are less
constrained than their adjacent exons for both overall
number of substitutions per site and indels (Laroche et al.
1997), and therefore demonstrate higher rates of
polymorphism than the very well conserved exonic
regions (Duminil et al. 2002). It was therefore surprising
that polymorphisms were not detected.

Table 1. Primers and primer pairs used in this study

Primer pair
Annealing

Temperature (oC) a
Extension

Time (min)a
Approximate product size

in this study (bp)
References

nad1 exon B nad1 exon C 57.5 2 1700 Demesure et al. 1995
nad4 exon 1 nad4 exon 2 59 2 2000 Demesure et al. 1995
rps14 cob 59 2 1500 Demesure et al. 1995
nad5/1 nad5/2r 57.5 3 2600 Dumolin-Lapegue et al. 1997
nad1/4 nad1/5r 47 3 3500 Dumolin-Lapegue et al. 1997
nad7/2 nad7/3r 57 2 1700 Dumolin-Lapegue et al. 1997
nad4/2c nad4/3r 53.5 4 4500 Dumolin-Lapegue et al. 1997
Note: aDetermined empirically
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Figure 1. Amplification of the PCR products from seven
Leucadendron species using the nad7/2-3r mtDNA primer pair.
The PCR products were separated on a 1.2% agarose gel
electrophoresis and stained with ethidium bromide. The lane
containing a 1 kb ladder (Promega) is indicated, as are the sizes of
selected marker fragments.

In an attempt to reveal mtDNA sequence polymor-
phisms across species, each PCR product was digested with
a battery of restriction endonucleases having four-base
recognition sequences. Sixty-two primer pair - enzyme
combinations were tested, revealing a total of 248
discernable restriction sites for each species, directly
assaying variation at 992 positions within the mtDNA
sequence of each species. Despite this level of sampling, no
sequence variations or length polymorphisms were
detected. The monomorphic profiles of the mtDNA
fragments obtained with the nad1 exon B-C - MvaI and
nad7/2-3r - HaeIII primer pair - enzyme combinations are
representative (Figure 2).

The extreme conservation of Leucadendron mtDNA
sequence is in sharp contrast to the cpDNA in this genus. In
the same species examined here, polymorphisms were

detected in cpDNA with 14 of 33 primer pair - enzyme
combinations when a sequence space of 16,800 bp was
sampled (Pharmawati et al. 2004). At least 120 restriction
sites representing 480 bp of cpDNA sequence were
evaluated across the 16,800 bp region, resulting in the
identification of seven restriction site polymorphisms and
33 indels. Across the seven species, this is a site
polymorphism rate of 1 per 480 bp assayed.

In contrast, at least 248 restriction sites, representing
992 bp of sequence across a sequence space of
approximately 17,500 bp, were examined in Leucadendron
mtDNA by PCR-RFLP. The lack of polymorphism
suggests that mtDNA sequences are highly conserved
among Leucadendron species, a conclusion that is
supported by no polymorphisms within the 1,434 bp
nad1/B-C sequence that was determined directly for all
seven species of this study. This contrasts strongly to the
situation found in other plants. For example, PCR-RFLP
analysis of mtDNA intronic regions has been used
successfully to detect interspecific polymorphisms in
Actinidia (Testolin and Cipriani 1997), Elymus (Sun 2002),
Musa (Nwakanma et al. 2003), Vasconcellea (Van
Droogenbroeck et al. 2004) and Houttuynia (Wei et al.
2005), and even intraspecific polymorphisms in Quercus
robur (Dumolin-Lapegue et al. 1995), Actinidia deliciosa
(Testolin and Cipriani 1997), Picea abies (Grivet et al.
1999), Solanum tuberosum (Bastia et al. 2001), Eucalyptus
globulus (Vaillancourt et al. 2004) and Buchloe dactyloides
(Gulsen et al. 2005). In a study of eight genotypes of
Eucalyptus globulus, a mtDNA polymorphism was
detected within 7960 bp of sequence space after screening
only 36 primer pair-enzyme combinations (Vaillancourt et
al. 2004). The number of polymorphisms is expected to be
higher when mtDNA evaluation is done across species. For

Figure 2. PCR-RFLP patterns of mtDNA from seven Leucadendron species. Patterns were generated using the primer pair - enzyme
combinations of nad1/B-C and MvaI (A), and nad7/2-3r and HaeIII (B). The digestion products were separated on a 3% agarose gel
electrophoresis and stained with ethidium bromide. Sizes of selected fragments of the 100 bp ladder (Promega) are indicated.
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example, among 13 Elymus species analysed,
polymorphisms were detected within 1600 bp of mtDNA
sequence space with two of seven primer-enzyme
combinations tested (Sun 2002). The complete inability to
detect site variation or indels among seven Leucadendron
species with 62 primer pair-enzyme combinations indicates
the extreme conservation of mtDNA sequence in this
genus. Since mtDNA polymorphisms were not found, the
inheritance of mtDNA could not be determined by
examining the progeny produced by interspecific crosses.

To further investigate the level of sequence
conservation in Leucadendron mtDNA, the DNA sequence
of the 1.5 kb fragment amplified using the nad1 exon B-C
primer pair was determined for each of the seven species.
All seven sequences were identical, demonstrating that the
mtDNA sequence is very highly conserved across
Leucadendron species. The Leucadendron sequence was
95% identical to that of the intron located between exons 2
and 3 of the mitochondrial NADH dehydrogenase subunit 1
gene of Lamprocapnos spectabilis (AY674682),
confirming the sequence identity of nad1/B-C. Comparison
of the Leucadendron and Lamprocapnos spectabilis
sequences revealed that the length of the intron in the seven
Leucadendron species tested was 1,434 bp. Each
Leucadendron nad1/B-C intron had characteristics typical
of plant group II introns. There was a GCGCG motif near
the 5’ splicing site and a domain V sequence
(GAGCCACATGCAGGGAAACTTGCACGTGTGGTT)
near the 3’ splicing site (Chapdelaine and Bonen 1991).

Direct sequencing of the nad1/B-C intron showed
complete conservation among the seven Leucadendron
species examined. The nucleotide diversity (π) among
samples was 0 and the over all main distance between
samples was also 0. In contrast, the mtDNA nad1B/C
sequences from Actinidia species extracted from GeneBank
showed nucleotide diversity of 0.312 and the over all main
distance between samples was 0.313. The mtDNA nad1/B-
C intron showed sufficient sequence variation to
distinguish among the Cucurbita species and allow the
construction of a phylogenetic tree (Sanjur et al. 2002).
Moreover, intraspecific sequence variation was detected
between C. pepo subspecies, as well as within C. moschata
and C. sororia (Sanjur et al. 2002).

Leucadendron is a genus which is much younger than
other genera in Proteaceae. Using molecular dating, it was
reported that Leucadendron evolved 40 millions year ago.
(Barker et al. 2007). Actinidia is dated even younger,
approximately 20-26 million year ago (Qian and Yu 1991).
However, polymorphism in mtDNA of Actinidia was
higher. Several repeated motifs within nad1B/C were
detected (Chat et al. 2004). This was predicted due to
hybridization or introgression event as well as high
polyploidization in Actinidia (Chat et al. 2004). Extensive
studies on mtDNA of Leucadendron have not been
available. This report is the first report on exploration of
mtDNA in Leucadendron which shows extreme
mitochondrial DNA sequence conservation.

The Leucadendron nad1/B-C sequence was compared
to that of other plants (Figure 5.3). The most parsimonious

phylogenetic tree shows that Leucadendron (Proteaceae) is
most closely related to Lamprocapnos spectabilis
(Fumariaceae) and Liriodendron tulipifera (Magnoliaceae).

The most parsimonious phylogenetic tree obtained
using the nad1/B-C intron sequence showed that
Leucadendron is closely allied to Lamprocapnos
spectabilis (Fumariaceae) and Liriodendron tulipifera
(Magnoliaceae) and is part of a clade that contains the
Platanaceae (Platanus occidentalis). Phylogenetic analyses
based on rbcL cpDNA sequence data (Chase et al. 1993)
and combined rbcL and atpB cpDNA sequences (Drinnan
et al. 1994) revealed that Proteaceae was sister to
Platanaceae. The result from this study demonstrated that
Leucadendron and Platanus are not sister to one another.
However, Leucadendron and Platanus are part of the same
clade and consensus tree of bootstrapped trees showed that
the grouping of Leucadendron to a clade consisting of
Laurus, Platanus and Liriodendron was 979.4 times out of
999.99 tress. Thus, this preliminary analysis of phylogeny
based on mtDNA sequence data supports the suggestion
that the Proteaceae is placed in a clade with Platanaceae as
suggested by Chase et al. (1993) and Drinnan et al. (1994).
This placement of the Proteaceae differs from the
classification by Johnson and Briggs (1975) based on
morphological, anatomical and developmental studies
which suggested that the Proteaceae were not closely
related to any of the major dicotyledonous orders. Further
studies using other markers are required to resolve the
position of Proteaceae within the angiosperm lineage.

CONCLUSION

Evaluation of organellar DNA variation showed that no
variation could be detected in mtDNA of seven
Leucadendron species tested using PCR-RFLP and
sequence analysis. This indicates that mtDNA is extremely
well conserved. Comparison with nad1/B-C sequences
from other plants with high homology to that of
Leucadendron resulted in a phylogenetic tree which shows
that Leucadendron is clade to Platanus.
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ABSTRACT

Sufaati S, Agustini V, Suharno. 2012. Isolation and phylogenetic relationship of orchid-mycorrhiza from Spathoglottis plicata of Papua
using mitochondrial ribosomal large subunit (mt-Ls) DNA. Biodiversitas 13: 59-64. All terrestrial mycorrhiza have mutual symbiotic
with mycorrhizal fungi in order to gain nutrient from surrounding environment. This study was done to isolate and to identify
mycorrhiza orchid that associates with Spathoglottis plicata and were collected from Cagar Alam Pegunungan Cycloops (CAPC),
Jayapura. Isolation of mycorrhizal orchid came after the modified method of Manoch and Lohsomboon (1992). The result showed that
based on the morphological characteristic, there were presumably 14 isolations. However, only 2 isolations have been known, namely
Rhizoctonia sp. and Tulasnella sp., while the rest were not identified yet. Among them, the DNA of the 11 isolations were able to be
extracted for further analysis. The constructed phylogenetic tree performed that those species could be grouped into 4 major clusters.
Two species, Rhizoctonia sp. and Tulasnella sp. were in different clusters.

Key words: Spathoglottis plicata, orchid-mycorrhiza, Rhizoctonia, Tulasnella, Papua

INTRODUCTION

Spathoglottis plicata Blume (ground orchid) is one of
the orchid species that is widely distributed in the world,
including in the area of New Guinea (Papua New Guinea,
PNG and Papua, Indonesia). According to Agustini et al.
(2008, 2009) Cycloop Mountains Nature Reserve (CAPC)
is one of the conservation area in Papua. This species of
orchid is also found here. One of buffer zone areas of this
nature reserve is a University of Cenderawasih (Uncen)
campus forest in Waena, Jayapura. It has plenty of S.
plicata orchids. This orchid is easy to grow and has purple-
white flowers and bloom throughout the year.

In nature, for the germination and early growth of
orchid seed and its development, it needs an association of
orchid roots and mycorrhizal fungi (orchid-mycorrhiza)
(Warcup 1981; Cameron et al. 2006; Suarez et al. 2006;
Agustini et al. 2009). This is because orchid seeds are very
small, smooth and soft and have no cotyledon which is a
food reserve in the early growth of seeds (Sarwono 2002;
Agustini and Kirenius 2002). The association to
mycorrhizal fungi helps the orchid in providing the
nutrients needed for the process of germination of its seeds
(Agustini and Kirenius 2002; Agustini 2003). The hyphae
of mycorrhizal fungi penetrate to the cell walls of roots and
then will be developed in the root cortex as dense coiled
called peloton. Mycorrhizal hyphae are very delicate;

therefore they will absorb water and certain minerals
(Suarez et al. 2006; Agustini et al. 2009).

The role of mycorrhizal fungi is very interesting in the
life cycle of orchids. In the early growth, all orchid species
are heterotrophic, so it requires association with
mycorrhizal fungi to obtain the needed nutrients (Brundrett
et al. 2003; Taylor et al. 2004; Wu et al. 2010). Orchids
that have low levels of heterotrophic are dependants on the
presence of mycorrhizae. Based on morphological
characteristics, most of the fungi associated with orchids
are members of the form of anamorphic (asexual)-genus
Rhizoctonia (Athipunyakom et al. 2004) and generally
come from families of Basidiomycetes. Several studies of
terrestrial orchid-mycorrhiza in temperate-climate areas
have been done a lot, but the studies on the tropics are very
few (Otero et al. 2002). In Papua, researches and
publications on ground orchid-mycorrhiza, especially S.
plicata are very small in number. Therefore, there is a need
for the study on the diversity of orchid-mycorrhiza
associated with ground orchids S. plicata. Furthermore,
according to Kristiansen et al. (2001) to find out the
phylogenetic of the obtained isolates, the DNA sequencing
analysis is required. Therefore, the purpose of this study
was to isolate and to find out the phylogenetic relationship
of the orchid-mycorrhiza of S. plicata species using
mitochondrial sequences of ribosomal large subunit (mt-
Ls) DNA.
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MATERIALS AND METHODS

Time and area study
The research was carried out for 10 months in 2008.

The isolation of orchid-mycorrhiza was done in the labo-
ratory of Plant Tissue Culture and Laboratory of Micro-
biology, Department of Biology, Faculty of Mathematics
and Natural Sciences, University of Cenderawasih (Uncen),
Jayapura, Papua, Indonesia. The maintenance and regene-
ration of the isolates were carried out at the same place.

Isolation of orchid-mycorrhiza
According to Manoch and Lohsomboon (1992),

isolation of orchid-mycorrhiza was done by the modified
method of Masuhara and Katsuya (1989). The roots of S.
plicata was cut for about 1 cm, and sterilized with 10% of
Clorox for 30 seconds, and then washed with aquadest and
rinsed with distilled water, then sterilized again with 70%
alcohol. The sterilized pieces of roots were sliced
transversely using a sterile knife (razor blade) in the LAF
(Laminar Air Flow). The thickness of the slice was ± 200-
300 m or 3-4 pieces in 1 mm slice. The slices then were
planted in the media of potato dextrose agar (PDA) in petri
dish. Each dish were filled with 1-3 pieces of roots and
then incubated at 28oC. Mycorrhizal mycelia start to appear
within 2-3 days.

After mycorrhizae grew, isolation was conducted if,
through a morphology observation, there was a difference
in shapes and growth patterns, to separate each of these
groups, because there possibly was more than one species
of media. In the same medium, the isolation was carried out
again if in the growing up process, the different shape and
growth patterns can still be found, until finally a really pure
and free from contamination-free isolate was obtained
(each mycorrhizal was cultured separately). In 2-3 times of
isolation, the isolates obtained were really pure.

Identification of orchid-mycorrhiza
The identification of the species of orchid-mycorrhiza

was done by looking at the morphological and microscopic
characteristics. Morphological features, including the
diameter of colony growth, mycelia morphology and other
characteristics. Microscopic characteristics include
presence or absence of septum and spores shape or conidia.
Some of the literatures used in the identification of orchid-
mycorrhiza were Athipunyakom et al. (2004) and Karl-
Franzens (2006).

Isolates of orchid-mycorrhiza and phylogenetic
relationship
The isolates culture and DNA extraction

The mycelia of each isolate was dissolved in 2 µL of
aquadest and transferred into 0.5 mL Eppendorf tubes
containing 6 µL of dd H2O and 2 µL of 10X PCR
(polymerase chain reaction) buffer (0.35 M Sorbitol, 0.1 M
Tris, 5 mM EDTA pH 7.5). The solution was then heated at
95 oC for 10 minutes in a water bath. The DNA of these
isolates was extracted using the method of hexadecyl-
trimethylammonium bromide (CTAB) (Gardes and Bruns
1993). The DNA quality was checked by electrophoresis.

DNA amplification by PCR
Of the extracted Isolates, 8 µL was used as a template

for PCR amplification. ML5/ML6 regions of the genes of
mitochondrial large submit (mt-Lr) RNA was amplified
with a PCT100 thermocycler (MJ Research Inc.., MA).
PCR solution which was used for each isolates contains 2
µL of 10X PCR Buffer, 2 µL (mM) for each primer, 6 µL
ddH2O, 8 µL dNTPs (2 mM) and 0.1 µL Taq polymerase.
PCR was conditioned according to the method of Gardes
and Bruns (1993): initial denaturation at temperature of
95oC for 1 minute 35 second, followed by 13 cycles of
denaturation for 35 seconds, temperature 94 oC, primer
annealing for 55 seconds at a temperature of 55 oC, and
polymerization for 45 seconds at 72. The addition of nine
cycles of the polymerization was done by extending to 2
minutes. The 9 cycles consisting of 3 min of extension, and
ending with 10 min of polymerization at a temperature of
72oC. Primer used was ML5
(CTCGGCAAATTATCCTCATAAG), MLIN3
(CGACACAGGTTCGTAGGTAG) and MI6
(CAGTAGAAGCTGCATAGGGTC).

DNA sequencing
The results of PCR amplification was purified with

QIA Quick PCR extraction kit (Qiagen GmbH GE). DNA
was dissolved in 30 µL of sterile H2O and was being
sequenced with a primer ML5/ML6 using ABI 377
automatic sequencer (Perkin Elmer) (Kristiansen et al.
2001). The sequencing uses the dideoxy chain termination
procedure (Sanger et al. 1977).

RESULTS AND DISCUSSION

Isolation of orchid-mycorrhiza
The results of orchid-mycorrhiza isolation associated

with S. plicata on eight sites are 13 isolates. Of these 13, 2
of them morphologically are identified as Rhizoctonia sp.
and Tulasnella sp., while 11 other species of orchid-
mycorrhiza, namely sp.1, sp.2, sp.3, sp.6, sp.7, sp.8, sp.9,
sp.10, sp.11, sp.12, and sp.13 isolates are associated with S.
plicata which is only from 1 different location (Table 1)
not all of them can be identified based on differences in
morphological features (Figure 1). However, the results of
phylogenetic analysis (Table 2, Figure 2) shows that there
are 4 clusters that are likely encountered two other species
of orchid-mycorrhiza.

The results of this isolation adds the data of isolation
result of the initial survey conducted by Agustini et al.
(2009) in the campus of Faculty of Mathematics and
Natural Sciences, Cenderawasih University, located in the
buffer zone of CAPC. In her research, she discovered two
species of orchid-mycorrhiza, namely Rhizoctonia sp. and
Tulasnella sp which are isolated from orchids S. plicata
and several other species of orchids. In this research, at
least there are two unknown species of orchid-mycorrhiza.
Both species are different from Rhizoctonia sp. and
Tulasnella sp.



SUFAATI et al. – Orchid-mycorrhiza from Spathoglottis plicata 61

Figure 1. Morphology of some isolates of orchid mycorrhiza isolated from S.
plicata. A-B: Isolates sp7., C-D: Isolate sp.2., E-F: Tulasnella sp., and G-H:
Rhizoctonia sp.

Table 1. Species of orchid-mycorrhiza from S. plicata in the Campus area
Cenderawasih University, Waena, Jayapura.

Code of sampling locationIsolates of orchid-
mycorrhiza L1 L2 L3 L4 L5 L6 L7 L8
Rhizoctonia sp. √ √ √ √ √
Tulasnella sp. √ √ √
sp.1 √
sp.2 √
sp.3 √
sp.6 √
sp.7 √
sp.8 √
sp.9 √
sp.10 √
sp.11 √
sp.12 √
sp.13 √

5 2 1 1 3 4 2 1
Note: √ = found; - = not found; L1 to L8 = sites in Waena, Jayapura

In a study, Athipunyakom et al. (2004)
isolated orchid-mycorrhiza of S. plicata
obtained from Chiang Mai, Chanthaburi,
Nakhon Ratchasima and Bangkok and
found three genera and four species of
orchid-mycorrhiza which has successfully
been identified based on morphological
characteristics, namely Epulorhiza repens,
Rhizoctonia globularis, Rhizoctonia sp.,
and Sebacina sp.

Table 1 show that S. plicata can be
associated with more than one species of
mycorrhiza-orchid. Kristiansen et al.
(2001) showed that the orchid can be
associated with more than one species of
mycorrhizal fungi. In addition,
Handayanto and Hairiah (2007) also said
that some mycorrhizal fungi can colonize
one root of the plant. This is because
identification of orchid- mycorrhiza fungi
in conventional way is still difficult to
conduct. According to Rasmussen (2004),
Hollick et al. (2004) and Kristiansen et al.
(2001) the characteristic of the fungus
which never reach sexual phase or sterile
in a culture condition made it difficult for
identification process so that the
identification with molecular techniques
needs to be done.

Description of orchid-mycorrhiza
species

Orchid-mycorrhiza orchids isolated
from S. plicata, showing the development
of a variety. The most rapid growth of the
colony diameter reached by isolates sp.2
with a diameter of 9 cm in 3 days,
followed by Rhizoctonia sp., Tulasnella
sp., sp.12 and sp.1. While other species of
orchid- mycorrhiza with colony growth of
more than 15 days showed a very slow
growth, whereas the optimum diameter of
colony growth for orchid-mycorrhiza is 15
days. The growth rapidity of this colony
affects the speed of nutrients absorption in
nature. According to Smith and Read
(2008), the growth rapidity of
mycelia/hyphae potentially increased the
extent of nutrients absorption surface in
the soil during symbiosis process with the
plant root system. Thus, the plants quickly
obtained nutrients needed through hyphae.
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Table 2. Description of the morphology of orchid-mycorrhiza species associated with S. plicata.

Mycorrhiza
(isolates)
species

Growth on PDA Morphology

Rhizoctonia
sp.

 The growth of the colony very fast, within 4 days.
 Mycelia are translucent white and thin. There is

a set of dark green granules forming a round
shape in the middle.

 Branched hyphae, less dense
 At the end of hyphae branch, it is formed small sphere-

shaped granules, which in turn form a collection of
granules. The presence of globulus oil is found around it.



Tulasnella
sp.

 Growth of colonies is rather slow, 8 days.
 Mycelia are white and thicker.


Branched hyphae with dense septate.
The presence of conidia, in a group or scattered, and

with a magnification of 1000x, the conidia seems like
bananas, in sectional.



sp.1  Colony growth is slow.
 Achieving a diameter of 9 cm in 12 days.
 Mycelia are whitish-green brown.
 Mycelia are thick and round.

 Branched hyphae, more than 1core, dense septate.
 Spores are brown and on the tip of hyphae.
 The hyphae are long and round and in the shape of chain,

and the conidia are round, semi round, ramiform (like
kidney shapes), allantoidal (like cashew nut shape with no-
sharp edge), and crystal look-like.



sp.2  The colony growth is very fast, within 3 days
 Blurred white mycelia

 Mycelia are rather thick and the granules are yellow to
green and are scattered in a circle in the middle and edge.

 Microscopically, hyphae are branched with long septet.
There are dispersed small oval-shaped spores.



sp.3  The colony growth is very fast, within 5 days
 Mycelia are white to yellow and have tree-like

branches when mature.

 The hyphae are septate and dense. At the tip of the
hyphae, there are round and brown spores, and also in
“V” like shape in brown color with parallel lines in it.



sp.6  Colony growth is very slow, reaching only Ø 9
cm in 22 days

 Mycelia are yellowish green, thick and form
concentric zones. On the edge side, mycelia are thin
and white.

 Branched hyphae with dense septate.
 Spores are clustered and dispersed small round shape.

Some tips of hyphae form many branches covered by the
collection of spores.



sp.7  Slow colony growth, 15 days
 Mycelia are white with dark brown sides that

form a circle in the middle and thick.

 The hyphae are branched with non-close septate.
 Conidia’s shape are like crystals and resembles a figure of

number eight are scattered and there is a chain composed
ellipse.



sp.8  Colony growth is slow, 17 days
 Mycelia are white with brown color in the

middle, and appear thicker

 Hyphae are long with septate.
 Conidia are round and crystals-shaped with elongated dots

which are arranged like a chain.
 The presence of large round-shaped spores is found on the

tip of hyphae.


sp.9  Colony growth is very slow 20 days
 At the beginning, Mycelia grow clearly white

and thin. As the growth continues, white mycelia
appear thicker in the middle.

 branched hyphae with non-close septate. With 400x
magnification, the hyphae look like spiral.

 Some hyphae appear thickened and the presence of spiny
conidia is visible and scattered round.

sp.10  Growth of colony is very slow, 24 days.
 Mycelia are white with blackish brown in the

middle and it looks thicker.

 There are branched hyphae and close septate.
 The shapes of conidia are like crystals, and there is

much globular oil which is attached to the hyphae.

sp.11  Slow growth colony, 16 days.
 Mycelia are thick and white forming

concentric zone.

 Hyphae are septate and branched.
 Some hyphae appear thickened and there are many

globular attached to the hyphae. Among hyphae, there are
conidia in crystal shape.

sp.12  Colony growth is rather slow, 8 days
 Mycelia are blackish green and thick.

 Hyphae are branched with non-close septate.
 Many spores are black round-shaped and are found on the

tip of hyphae. Some hyphae are coil-shaped.

sp.13  Growth of colonies is very slow; it needs
more than a month to reach a diameter of 9 cm.

 Mycelia are white and thick.

 Hyphae have long septate and a lot of branches.
 There are many scattered elliptical conidia and are attached

to the hyphae.
 In addition, there is presence of globular attached to the

hyphae
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Table 3. Phylogenetic relationship of 11 isolates of orchid orchid-mycorrhiza based on molecular approach (DNA) isolated from orchid
S. plicata.

Isolate 1 2 3 4 5 6 7 8 9 10 11
1 **** 0.6667 0.3333 0.3333 0.3333 0.6667 1.0000 0.6667 0.6667 0.3333 0.3333
2 0.4055 **** 0.6667 0.6667 0.6667 1.0000 0.6667 1.0000 1.0000 0.6667 0.6667
3 1.0986 0.4055 **** 0.3333 1.0000 0.6667 0.3333 0.6667 0.6667 0.3333 1.0000
4 1.0986 0.4055 1.0986 **** 0.3333 0.6667 0.3333 0.6667 0.6667 1.0000 0.3333
5 1.0986 0.4055 0.0000 1.0986 **** 0.6667 0.3333 0.6667 0.6667 0.3333 1.0000
6 0.4055 0.0000 0.4055 0.4055 0.4055 **** 0.6667 1.0000 1.0000 0.6667 0.6667
7 0.0000 0.4055 1.0986 1.0986 1.0986 0.4055 **** 0.6667 0.6667 0.3333 0.3333
8 0.4044 0.0000 0.4055 0.4055 0.4055 0.0000 0.4055 **** 1.0000 0.6667 0.6667
9 0.4055 0.0000 0.4055 0.4055 0.4055 0.0000 0.4055 0.0000 **** 0.6667 0.6667
10 1.0986 0.4055 1.0986 0.0000 1.0986 0.4055 1.0986 0.4055 0.4055 **** 0.3333
11 1.0986 0.4055 0.0000 1.0986 0.0000 0.4055 1.0986 0.4055 0.4055 1.0986 ****

Phylogenetic relationship of orchid-mycorrhiza of
Spathoglottis plicata

In Table 2, the isolates number of mycorrhizal orchid
which were isolated from Spathoglottis plants are 13
species, but only 11 species that can be isolated their DNA.
Therefore, phylogenetic analysis (Table 3) would only be
done on these 11 species that have been successfully
analyzed. The results of DNA analysis shows that there are
four major groups (clusters) of 11 species of orchid-
mycorrhiza isolated from S. plicata (Figure 2). With the
method of UPGMA (unweighted pair group method with
arithmetic mean), cluster 1 shows the phylogenetic ties
among sp.1 and sp.7 isolates. Cluster 2 shows the
relationship among the four species, namely, sp.2, sp.6,
sp.8 and sp.9 isolates. Cluster 3 shows that there are 3
isolates having a very close relationship, namely sp.3
isolates, Tulasnella (Tul) and sp.11 isolates. Whereas
cluster 4 shows that there are two species of isolates having
a close relationship ties i.e. the species of Rhizoctonia (Rhi)
and sp.10 isolates. And also, the results show that each
isolates of those four clusters have the same index value of
relationship. Rhizoctonia has a relationship index equal to
100% to isolates sp.10, Tulasnella to isolates sp.3 and
sp.11, so it can be said that these isolates have the same
species.

The growth rate of the colonies did not affect the
nearby distant phylogenetic relationship in one cluster. It
can be seen from the Tulasnella, which grows slowly (8
days/9 cm), is different from sp.11, which has a diameter of
colony growth on PDA medium for up to 16 days/9 cm,
although morphologically the relationship among species
and isolates within a cluster is very close. It is similar with
Rhizoctonia case, morphologically, it grows very fast (4
days) on PDA medium, whereas sp.10 grows very slow and
it takes about 24 days to reach a diameter of 9 cm.
However, microscopically both are similar in its
morphology (Table 1). The same thing occurs in clusters 1
and 2. For the species group of the two clusters, the DNA
relationship is closer to cluster 3 of Tulasnella sp. and is
further to Rhizoctonia sp. group.

Figure 2. Dendrogram showing the phylogenetic relationship of
several species and isolates of orchid-mycorrhiza isolated from S.
plicata with UPGMA method.

CONCLUSION

Based on morphological and microscopic character,
there were 13 isolates of orchid mycorrhizal fungi has
been isolated from S. plicata’s root. Among them, isolates
has been known as Rhizoctonia sp and sp Tulasnella. The
constructed phylogenetic tree of 11 isolates performed
that those species could be grouped into 4 major clusters.
Two species, Rhizoctonia sp. and Tulasnella sp. were in
different clusters.
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ABSTRACT

Pala SA, Wani AH, Mir RA. 2012. Diversity of macrofungal genus Russula and Amanita in Hirpora Wildlife Sanctuary, Southern
Kashmir Himalayas. Biodiversitas 13: 65-71. The Hirpora Wildlife Sanctuary that extends over an area of 114 km2 lies in the Pir Panjal
range at a distance of 70 km in south-west of summer capital Srinagar. It is rich in biodiversity including macrofungal diversity. The
Sanctuary has been subjected to high ecological and anthropogenic disturbance due to the construction of Mughal road which is major
threat for its biodiversity. Since there is hardly any report of documentation of macrofungi from this sanctuary. In this back drop a
survey was carried out during the year 2010 and 2011 to explore and invetorise macrofungal diversity of the sanctuary. During the
survey a no of macrofungi were documented, among which Amanita and Russula were dominant genus represented by 7 species each.
All the 14 species viz. Amanita ceciliae (Berk. & Broome) Bas. Amanita flavoconia G.F. Atk., Amanita muscaria var. formosa Pers.,
Amanita pantherina (Fr.) Krombh., Amanita phalloides (Fr.) Link., Amanita vaginata (Bull. ex Fr.) Vitt., Amanita virosa (Fr.) Bertillon,
Russula aeruginea Fr., Russula atropurpurea (Krombh.) Britz., Russula aurea Pers., Russula cyanoxantha (Schaeff.) Fr., Russula delica
Fr. Russula emetica (Schaeff. ex Fr.) Gray. and Russula nobilis Velen. are ectomycorrhizal in nature and among them Russula
aeruginea Fr. is reported first time from the Kashmir.

Key words: Russula, Amanita, Hirpora, macrofungi, Kashmir

INTRODUCTION

Mushroom is regarded as a macrofungus with a
distinctive fruiting body that can be either epigeous or
hypogenous and large enough to be seen with the naked
eye and to be picked by hand (Chang and Miles 1992).
Mushrooms belong to the kingdom fungi, which constitutes
the most diverse group of organisms after insects on this
biosphere. Defining the exact number of fungi on the earth
has always been a point of discussion and several studies
have been focused on enumerating the world’s fungal
diversity (Crous 2006). Current studies estimate that out of
1.5 million species of fungi existing on this biosphere,
140,000 species may be considered as mushrooms, but only
14,000 species are known to man, which accounts for 10%
of the estimated mushroom species (Chang and Miles
2004). Only a fraction of total fungal biodiversity has been
subjected to scientific scrutiny and mycologists continue to
unravel the unexplored, hidden and fascinating fungal
biodiversity as many macro-fungi are becoming extinct or
facing threat of extinction because of habitat destruction
and global climate change (Swapana et al. 2008). There are
about 7750 macrofungal species known to have
ectomycorrhizal nature (Rinaldi et al. 2008). The genus
Amanita contains about 500 species, including some of the
most toxic known mushrooms found worldwide (Zhang et
al. 2004). This genus is responsible for approximately 95%
of the fatalities resulting from mushroom poisoning, with
death cap accounting for about 50% on its own. There are

around 750 worldwide species of mycorrhizal mushrooms
which compose the genus Russula (Miller et al. 2006). The
state Jammu and Kashmir is rich in macrofungal diversity
due to wide agro-climatic variations diverse physiography
and undulating topography, but understanding of the
macro-fungal flora of the Kashmir is still in an exploratory
stage and undoubtfully there are many more species to be
recorded (Watling and Abraham 1992).

The present communication describes the brief
morphological description, macro and microscopic details,
seasonal occurrence and edibility of the 14 species of
macrofungi belonging to genus Russula and Amanita
collected from Hirpora wild life sanctuary.

MATERIALS AND METHODS

Regular field trips were carried to document the
macrofungal diversity of Hirpora wildlife sanctuary (Figure
1) dominated by conifer forests. Usually 4-5 trips were
carried out per month to cover as much species as possible.
These field trips were organized according to the method
given by Hailing (1996). Standard method of collection,
preservation, macro and microscopic studies were followed
(Kumar et al. 1990; Atri et al. 2003) and the shape, size,
color of fresh specimen, time of collection and their
edibility were recorded on the field notebook before
brought to  the  laboratory for further observations
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Figure 1. Map showing the collection site, Hirpora Wildlife Sanctuary, Southern Kashmir Himalayas of Jammu and Kashmir State,
India.

and preservation for herbarium purposes. The spore prints
were taken according to the guidelines given by Michel
Kuo (2001), then their morphology, such as shape, size of
spores, surface features of spores, presence or absence of
oil drops and starch granules were recorded under the
trinocular microscope at USIC (University Scientific
Instrumentation centre) in Kashmir University. Reagents
used for preparation of spore slides were 3% KOH, cotton
blue, lactophenol and Melzer’s reagent. To elicit the
necessary information regarding their edibility local people
were consulted. Photographs were taken in field using
Cyber shot Sony 10.1 megapixel Camera. The fungal
specimens were also preserved in formalin solution for

herbarium purposes, in fungal collection of KASH
Herbarium of Plant Taxonomy, Division of Botany
Kashmir University, Kashmir.

RESULTS AND DISCUSSION

During the survey to different places of Hirpora
Wildlife Sanctuary, 14 ectomycorrhizal macrofungal
species belonging to genus Amanita and Russula were
collected and identified (Figure 2). Their detailed
description along with photographs is as:



PALA et al. – Russula and Amanita of Hirpora, Kashmir 67

Amanita ceciliae (Berk. & Br.) Bas
Synonym (s). Amanita inaurata Secr., Amanita

strangulata (Fr.) Quel., Agaricus ceciliae Berk & Br.
Common name (s). Snakeskin grisette
Description
Cap. 5-10 cm in diameter, initially convex, expanding

to planoconvex or flat with a shallow umbo, brown in color
with slightly darker centre, usually covered with grayish
patches, margins deeply lined at maturity.

Gills. Free, crowded, entire, white in color.
Stipe. 6-15 cm long, 0.7 1.5 cm thick, tapers towards

the apex, whitish, finely hairy, brownish colored volva or
patches of volva remnants dotted around stipe base.
Annulus (ring) is absent.

Flesh. Thick, soft, white, not changing when sliced.
Spores. Globose, smooth, non-amyloid, 9-12 microns;

Spore print white.
Habit and habitat. Mycorrhizal, growing alone or

scattered under conifer trees.
Season. Summer
Edibility: Inedible, considered to be poisonous.

Amanita flavoconia G.F. Atk.
Synonym (s). Amplariella flavoconia (Atk.) Gilbert,

Venenarius flavoconius (G.F. Atk.) Murill
Common name (s). Orange Amanita or Yellow-dust

Amanita
Description
Cap. 3 to 8 cm in diameter, initially ovoid, but with

maturity becomes convex and finally flattened, orange to
bright yellow-orange in color. The young specimens are
covered with chrome yellow warts that may be easily
rubbed off or washed away with rain,

Gills. Free, crowded, white to cream colored and
initially covered with a yellowish partial veil.

Stipe. 4-12 cm long, 0.5 to 1.3 cm thick, equal or
slightly tapered upward (bulbous), white to yellowish
orange in color, mostly smooth sometimes covered with
small scales. The persistent skirt-like ring (annulus) is
present on the upper portion of stipe 1-2 cm below the cap
and partially underground powdery yellow volva is present
at the base.

Flesh. Thick, brittle, white in color.
Spores. Elliptical to globose, smooth, amyloid, 7-9 x 5-

8 microns; Spore print white.
Habit and habitat. Mycorrhizal, growing either solitary

or in groups under conifer trees.
Season. Summer and early autumn
Edibility. Inedible (poisonous)

Amanita muscaria var. formosa Pers.
Synonym (s). Amanita muscaria var. guessowii Veesely
Common name (s). Fly agaric
Description
Cap. 5-11 cm in diameter, initially oval to convex or

campanulate, but fattens or curve upward with maturity,
yellowish to tannish with concentrically arranged white
scales on entire cap surface

Gills. Free, broad, crowded, white in color.

Stipe. 4-12cm long, 1-2cm thick, white, bulbous with a
ring on the upper half. Volva consisting of 2-3 concentric
rings is present at the base of stipe.

Flesh. Thick, white in color.
Spores. Oval, smooth, non-amyloid, 9-13 x 6.5-9

microns; Spore print white.
Habit and habitat. Mycorrhizal, growing solitary or

scattered under conifer trees.
Season. Late summer
Edibility. Inedible

Amanita pantherina (Fr.) Krombh.
Synonym (s). Amanitaria pantherina (DC.) Krombh,

Agaricus pantherinus DC.
Common name (s). Panther cap
Description
Cap. 4-12 cm in diameter, initially hemispherical but

turns convex to plano-convex at maturity, color dark brown
to yellowish brown, veil remnants forming pointed white
warts on upper surface.

Gills. Free, crowded, white in color.
Stipe. 6-10 cm long, 0.8-2 cm thick, unequal, tapers

towards the tip, white in color. The partial membranous
veil is leaving a white ring at the upper portion of stipe and
universal veil forms a single roll or collar on the basal bulb.

Flesh. Thick, white not discoloring on exposure or
bruising.

Spores. Globose, smooth, non-amyloid, 8-12 x 6-8
microns; Spore print white.

Habit and habitat. Mycorrhizal, growing singly,
scattered, or gregariously under pine trees.

Season. Summer and early autumn especially in rainy
season.

Edibility. Inedible, poisonous but not deadly poisonous.

Amanita phalloides (Fr.) Link.
Synonym (s). Agaricus phalloides Fr., Amanita viridis

Pers., Amanitina phalloides (Fr.) Gilbert
Common name (s). Death cap
Description
Cap. 4-14 cm broad, initially oval, becoming convex,

then broadly convex to flat with age, smooth, sticky when
wet, shiny when dry; color ranging from olive-brown to
yellowish-brown

Gills. Free, crowded, moderately broad, white to cream
colored.

Stipe. 4-15 cm in length, 1-2 cm thick, more or less
equal or tapering towards apex, smooth, white or with tints

of the cap color; ring present in the upper part but is
often lost; white volva encases the base.

Flesh. Thick near the disc, soft, white in color.
Spores. Globose, amyloid, 7-12 x 6-9 microns; Spore

print white.
Habit and habitat. Mycorrhizal, growing singly or in

small groups on the ground under coniferous trees.
Season. Summer and early autumn
Edibility. Deadly poisonous. It has been estimated that

30 gms or half a cap of this mushroom is enough to kill a
human (Gopinath et al. 2011).
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Amanita vaginata (Bull. ex Fr.) Vitt.
Synonym (s). Amanitopsis vaginata (Bull. Ex Fr.) Roze,

Amanita vaginata var. plumbea (Bull.) Quel. & Bataille,
Agaricus plumbeus Schaeff.

Common name (s). Grisette
Description
Cap. 4-10 cm broad, initially oval then convex and

eventually flattens as it matures, sticky when wet, gray to
grayish brown in color, mostly with a few scattered white
to grayish patches on the surface. The margin is
prominently lined or grooved that duplicate the gill pattern
underneath.

Gills. Free or slightly attached to stipe, crowded, edges
are minutely fringed, white in color.

Stipe. 7-14 cm long, 1-2. cm thick, more or less equal or
bulbous, smooth or with a few grayish scales, ring absent.
White sack-like volva encloses the base of the stem.

Flesh. Thin, white, and does not change color upon
bruising or injury.

Spores. Globose, smooth, non-amyloid, 8-12 microns;
Spore print white.

Habit and habitat. Mycorrhizal, growing singly or
scattered in coniferous trees as well as on road side of
Mughal road under broad leaved trees like Populous, Salix
etc.

Season. Late spring and summer.
Edibility. Edible

Amanita virosa (Fr.) Bertillon
Synonym (s). Agaricus virosus Fr.
Common name (s). Destroying angel
Description
Cap. 5-10 cm across, initially oval, becoming convex

then expanded flat with age, white, smooth, margins not
lined, viscid when moist.

Gills. Free, crowded, white in color
Stipe. 6-18 cm long, 0.6-2 cm thick, tapering towards

the tip, white with surface often disrupted into shaggy
fibrils, white sac like volva encases the base or collapses at
early stage, ring collapses very early.

Flesh. Thick, soft, white in color
Spores. Globose, smooth, amyloid, 8-10 microns; Spore

print white.
Habit and habitat. Mycorrhizal, growing, singly or

scattered under broad leaved trees near road sides of
Mughal road.

Season. Late spring and summer.
Edibility. Deadly poisonous, its poisonings are common

in the area because of its resemblance with Agaricus sps

Russula aeruginea Fr.
Synonym (s). Russula graminicolor (Gillet) Quel.
Common name (s). Grass-green Russula
Description
Cap. 4-8 cm in diameter, initially convex, becoming

broadly convex to flat with a shallow depression, smooth,
grayish green to yellowish green to pale green, margin
often lined at maturity.

Gills. Almost free, crowded, forked, creamy to light
yellow.

Stem: 4-6 cm long, 0.8-1.8 cm thick, cylindrical,
smooth, white

Flesh. Thick, brittle, white in color, color does not
change on bruising.

Spores. Globose, warty, 6-8 microns; Spore print
creamy to light yellow.

Habit and habitat. Mycorrhizal, growing scattered, or
gregariously under conifer trees or under Salix near
roadsides of Mughal road.

Season. Summer to early autumn
Edibility. Edible

Russula atropurpurea (Krombh.) Britz.
Synonym (s). Russula krombholzii Shaffer, Russula

undulate Velen.
Common name (s). Blackish purple Russula or Purple

brittlegill
Description
Cap. 4-9 in diameter, convex to flat with a shallow

depression in centre or turns upward, smooth, purple violet
in color with dark centre.

Gills. Adnexed, crowded, cream or pale straw in color.
Stipe. 2-7 cm long, 0.8-2 cm thick, cylindrical, brittle,

smooth, white often becoming gray with age.
Flesh. Thick, brittle, white, with an odour of apple fruit.
Spores. Globose, warty, 6-8 microns; Spore print

creamy to light yellow.
Habit and habitat. Mycorrhizal, growing singly or

scattered under conifer trees.
Season. Summer
Edibility. Inedible

Russula aurea Pers.
Synonym (s). Agaricus auratus With., Russula aurata

(With.) Fr.
Common name (s). Golden Russula or Gilded brittlegill
Description
Cap. 5-9 cm in diameter, initially convex but flattens

with age with a slight depression in the centre, reddish
orange with yellow tinge near the margin, smooth, margin
sulcate when mature, cuticle peeling halfway to center.

Gills. Free to adnexed, broad, fairly distant, yellow in
color.

Stipe. 3-7 cm tall, 1-2 cm thick, cylindrical, smooth,
light yellow in color.

Flesh. Thick, brittle, yellow in color.
Spores. Echinate, 7-9 microns; Spore print ochraceous.
Habit and habitat. Mycorrhizal, growing solitary or

scattered under pine trees.
Season. Summer to autumn.
Edibility. Edible.

Russula cyanoxantha (Schaeff.) Fr.
Synonym (s). Agaricus cyanoxanthus Schaeff., Russula

cutefracta Cook, Russula furcata Sensu Auct.
Common name (s). Charcoal burner
Description
Cap. 5-12 cm in diameter, initially globose, becomes

convex to flat at maturity with a central depression in the
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centre, grayish purple to dark violet, slimy when moist.
Cuticle can be separated up to half to the centre.

Gills. Subdecurrent to adnexed, intermediately spaced,
flexible, greasy to touch, white.

Stipe. 4-7 cm long, 0.7-1.5 cm thick, cylindrical or
slightly bulbous, smooth, white.

Flesh. Thick, brittle, white.
Spores. Ellipsoid, warty, 7-8 x 6-7 microns; spore print

white.
Habit and habitat. Mycorrhizal, growing scattered to

gregariously under conifer trees.
Season. Summer
Edibility. Edible

Russula delica Fr.
Synonym (s). Agaricus exsuccus (Pers.) Anon.,

Lactarius exsuccus (Pers.) Sm.
Local name (s): Milk-white brittlegill
Description
Cap. 5-13 cm in diameter, initially convex with a

depression in the centre or infundibuliform at maturity,
margins inrolled, whitish often developing brownish
discolorations, mostly contains leaf debris on the upper
surfaces. Cuticle cannot be peeled off.

Gills. Decurrent, crowded, often forked, white.
Stipe. 2-4 cm long, 1.5-3 cm thick, cylindrical, smooth,

white.
Flesh. Thick, brittle, white, not changing color on

bruising.
Spores. Ovoid, warty, 8-11 x 7-9 microns; Spore print

white.
Habit and habitat. Mycorrhizal, growing scattered on

ground under Pine trees.
Season. Early autumn.
Edibility. Edible

Russula emetica (Schaeff. ex Fr.) Gray.
Synonym. Agaricus emeticus Schaeff.: Fr., Agaricus

linnaei var. emeticus (Schaeff.) Fr., Russula clusii Fr.
Common name (s). Sickener
Description
Cap. 3-8 cm in diameter, convex when young latter on

flattened, sticky, bright scarlet to cherry red or blood red in
color with finely ridged margins. The cuticle is readily

peeled from the cap.
Gills. Free, crowded, cream or pale straw in color.

Stipe. 2-9 cm in length, cylindrical, brittle, smooth, white.
Flesh. Thick, brittle, white in color.

Spores. Roughly spherical, covered with small spines,
6-8 microns; Spore print white
Habit and habitat. Mycorrhizal, growing singly or

scattered under conifer trees.
Season. Summer
Edibility. Inedible

Russula nobilis Velen.
Synonym (s). Russula mairei Singer, Russula emetica

Schaeff., Russula fagetorum Bon
Common name (s). Beechwood sickener

Description
Cap. 4-9 cm in diameter, initially globular, becoming

flattened and finally slightly depressed or sometimes turns
upward, red to pink colored, sticky, very often damaged by
slugs at places.

Gills. Adnexed, intermediately spaced, broad, creamy
white

Stipe. 3-6 cm long, 1-1.5 cm thick, cylindrical, smooth,
white

Flesh. Thick, brittle, white but pink beneath the cuticle.
Spores. Ovoid with warts, 7-8 x 6-7 microns; Spore

print white
Habit and habitat. Mycorrhizal, scattered near the

roadsides of Mughal road under broad leaved trees.
Season. Summer and autumn
Edibility. Poisonous, but some people use after cooking.

Discussion
A wide variety of ectomycorrhizal fungi are symbionts

of many tree species in temperate climatic zones. In the
recent years, however, anthropogenic activity has made
different countries all over the world to show serious
concern about the dwindling biodiversity of
ectomycorrhizal macrofungal species being last at the rate
never known before. The present study confirms the
remarkable species richness of the macrofungal genus
Amanita and Russula in Hirpora Wild Life sanctuary.
Fourteen species, seven of each Russula and Amanita were
recorded from the selected area. Watling and Gregory
(1980) recorded 119 taxa of macrofungi from Kashmir
including many species Russula and Amanita. Watling and
Abraham (1992) reported about 77 species of
ectomycorrhizal macrofungi from coniferous forests of
Kashmir with Amanita and Russula as dominant genus.

Dar et al. (2009, 2010) pointed out that coniferous
forest of Jammu and Kashmir harbors some 260 species of
macrofungi. They reported Russula delica, Russula aurea,
Russula atropurpurea and Russula paludosa first time from
coniferous forests of Kashmir. Lakhanpal (1996, 1997);
Atri et al. (2000); Beig (2008) have also documented many
species of Russula and Amanita from conifer forests of
Kashmir. Gardezil and Ayoub (2003a) described eight
species of Russula first time from Azad Kashmir. Gardezil
and Ayoub (2003b) reported Amanita muscaria var. alba,
A. ceciliae, A. pantherina and Amanita virosa from Azad
Kashmir. Boda (2009) reported 44 different species of
mushrooms from southern part of the Kashmir including
Russula emetica, and Amanita muscaria.

Russula and Amanita represent two major genera
having multifarious medicinal properties besides their
mycorrhizal role. They have been found to live in
symbiotic association with a wide variety of coniferous and
deciduous trees. The compounds derived from these
mushrooms avert diseases and boost up immune system
thereby improving human health (Wasser 2002). Different
species of Russula are known to possess antiviral,
antibacterial, antiparasitic, anti-inflammatory, antioxidant,
hepatoprotective, antidiabetic and anticancer activities
(Turkoglu et al. 2009; Wasser 2010).
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Figure 2. Diversity of Russula and Amanita in Hirpora, Kashmir. A. Amanita ceciliae (Berk. & Br.) Bas, B. Amanita flavoconia G.F.
Atk., C. Amanita muscaria var. formosa Pers, D. Amanita pantherina (Fr.) Krombh., E. Amanita phalloides (Fr.) Link., F. Amanita
vaginata (Bull. ex Fr.) Vitt., G. Amanita virosa (Fr.) Bertillon, H. Russula aeruginea Fr., I. Russula atropurpurea (Krombh.) Britz., J.
Russula aurea Pers., K. Russula cyanoxantha (Schaeff.) Fr., L. Russula delica Fr. M. Russula emetica (Schaeff. ex Fr.) Gray., N.
Russula nobilis Velen.



PALA et al. – Russula and Amanita of Hirpora, Kashmir 71

CONCLUSION

Since the wild macrofungi play an important ecological
role for the healthy maintenance of the ecosystem
particularly that of forest ecosystems, besides their
tremendous medicinal value, therefore it becomes quite
necessary to explore, document and conserve this natural
wealth. Also the area is ecologically fragile, but has been
subjected to high magnitude of disturbance due to
construction of National highway through the wild life
sanctuary which is a major threat for its biodiversity;
therefore it becomes quite imperative to document its
biodiversity. The present communication reports the
fourteen species of ectomycorrhizal macrofungus from the
area among which Russula aeruginea Fr. is reported first
time from the Jammu and Kashmir.
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ABSTRACT

Pourbabaei H, Asgari F, Reif A, Abedi R. 2012. Effect of plantations on plant species diversity in the Darabkola, Mazandaran Province, North
of Iran. Biodiversitas 13: 72-78. In this study, the effect of plantations on plant species diversity was investigated in Darabkola,
Mazandaran province, north of Iran. To conduct the study, a natural mixed forest, a broad–leaved plantation (Alnus subcordata-Acer
velutinum) and a coniferous plantation (Cupressus sempervirens var. horizontalis-Pinus brutia) were selected. 35 sampling plots were
taken in systematic random method in each area. Data analysis was carried out using Simpson, Hill's N2, Shannon-Wiener and Mc
Arthur's N1 diversity indices, Smith and Wilson evenness index and species richness. Results revealed that there were 32 plant species in
natural forest and 30 plant species were found in each plantation. Rosaceae and Lamiaceae were the main families in the studied areas.
Diversity and evenness indices of all vegetation layers had the most values in the natural forest. Richness of woody plants had the
highest value in the natural forest, while herbaceous richness was the highest in coniferous plantation. Mc Arthur's N1 had the highest
value among diversity indices and followed by Hill's N2, Shannon-Wiener and Simpson indices, respectively. In addition, results showed that
there were significant differences among diversity, evenness and richness indices in all vegetation layers in the three studied areas.

Key words: plantation, plant species diversity, Darabkola, Mazandaran.

INTRODUCTION

Afforestation and replanting programs have helped
reverse the decline of forest cover. Currently 3% of the
world’s forests are plantations, comprised of 60 million
hectares in developed nations and 55 million hectares in
developing nations (Hartley 2002). Forest plantations that
achieve yields corresponding to site potential are part of the
economic growth of forest resources; such economic growth
should not be hampered by a lack of ecological information.
Conservation and enhancement of biological diversity is a
key component of sustainable forest management in
vegetation communities (Jobidon et al. 2004). Conservation
of ecological services, prevent a lack of special species and
aesthetics values, attention to principles of forest
management, promote social and commercial of medical
and industrial plants are the most important components of
biodiversity conservation in forest plans (Pilehvar 2000).
Biodiversity has been an important objective of forest
management, because it provides a broader array of
ecosystem services (Wang and Chen 2010).

There is a common belief that forest management
negatively influences biodiversity (Wagner et al. 1998).
Plantations are often viewed unfavorably compared to
natural forests by the public and conservation biologists,
because of the lack of biodiversity (Perley 1994; Potton
1994; Freedman et al. 1996). Plantations usually include
exotic and non-native species, or native species in pure
stands. Plantations contribute to biodiversity conservation

variously. Most directly, plantations can contain substantial
components of biotic diversity across many taxa (Ferns et
al. 1992; Allen et al. 1995; Michelsen et al. 1996; Chey et al.
1997; Estades and Temple 1999), including rare species in
some cases (Norton 1998; Tucker et al. 1998; Wilson and
Watts 1999). Even exotic plantations can help to restore
native biota to degraded sites by stabilizing soil and
creating site conditions suitable for native animals and
plants to recolonize (Lugo 1997). Plantations are most
likely to contribute positively to biodiversity conservation
when used to reforest degraded or deforested areas (Moss
et al. 1979; Evans 1982; Moore and Allen 1999). In
addition, plantations can benefit landscape composition
(Estades and Temple 1999). It may seem that the best use
of all plantations would be to maximize fiber production
while minimizing costs (Moore and Allen 1999), but this
assumes that plantations will increase the amount of natural
forests that are taken out of production or harvested
minimally. Replacement of native forest with exotic tree
plantation could cause important changes in diversity and
composition of community in local and regional scale
(Brockerhoff et al. 2001).

The most disputed of plantation management is
extensive use of exotic species in plantations (Potton 1994;
Tucker et al. 1998). Most studies suggested that poly-
culture plantations have abundant and diverse flora and
fauna more than monocultures (Baguette et al. 1994;
Donald et al. 1997; Khanna 1997; Twedt et al. 1999;
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Humphrey et al. 2002; Carnus et al. 2006), especially
where native species are planted. Poly-culture plantations
are generally host of many animal species because of the
strong relationship between native plant diversity and
animal diversity within a divers forest stand (Braganc et al.
1998; Donald et al. 1998). Using native fast growing
species such as Alnus subcordata and Acer velutinum
increase the yield potential in short rotations caused by
decreasing timber harvesting in natural forest in the north
of Iran; on the other hand, these forests could play their
environmental roles. Also, using native species in planta-
tions could decrease the concern of adaptation and being
infected the pests and diseases. The study on plantation in
Iran and the other part of the world was extended in recent
decades (Abdy and Mayhead 1992; Allen et al. 1995;
Menalled et al. 1998; Ferris et al. 2000; Coroi et al. 2004;
Lindenmayer and Hobbs 2004; Yamashita et al. 2004; Lee
et al. 2005; Lemenih and Teketay 2005; Pourbabaei et al.
2005; Corney et al. 2006; Ginsberg 2006; Mosayeb Neghad
et al. 2007; Pourbabaei and Roostami Shahraji 2007;
Poorbabaei and  Poorrahmati 2009).

The study on herbaceous species diversity in Lajim,
Mazandaran province in Iran showed that herbaceous
species diversity in natural broad–leaved forest was
significantly more than coniferous plantation (Ghelichnia
2003). In addition, comparison of plant biodiversity in
Alnus subcordata and Acer velutinum-Fraxinus excelsior
plantations in Guilan province of Iran indicated that
diversity indices (Shannon-Wiener and Mc Arthur's N1),
evenness index and species richness in Acer velutinum-
Fraxinus excelsior was more than Alnus subcordata
plantation and there was no significant difference between
plantations in diversity and evenness indices, but there was
a significant difference in richness (Pourbabaei et al. 2005).
The investigation of biodiversity indices (Simpson,
Menhinick richness and Peet’s evenness) of woody species

in mixed coniferous stand of Pinus nigra-Picea abies and
natural broad-leaved coppice stand revealed that the most
number of native species was recorded in natural broad-
leaved coppice stand, but richness and evenness indices
had lower value in natural forest (Memarian et al. 2007).
Comparison of vegetation diversity in forest floor and
fauna diversity in coniferous and broad–leaved plantations
showed that flora and fauna diversity was lower in
coniferous plantation. Therefore, the forest floor diversity
could be a criterion to realize the effect of plantation on
wildlife diversity (Magurran 1996).

Considering the necessity of plantation and importance
of biodiversity conservation in all life forms (tree, shrub,
herb and regeneration) in the north forests of Iran, the objec-
tive of this study was the investigation and comparison of
the effects of plantation on plant species diversity in
Darabkola’s region, Mazandaran province, north of Iran.

MATERIALS AND METHODS

Study area
Three areas were selected including broad–leaved

plantation consist of Acer velutinum and Alnus subcordata
(parcel No. 30), coniferous plantation of Cupressus
sempervirens var. horizontalis and Pinus brutia (parcel No.
40) and natural broad-leaved mixed forest (parcel No. 29),
which located in district No. 1 of Drarabkola region in
Mazandaran province, north of Iran and had 11, 14 and 15
ha area, respectively. These areas located in 36º 28′ 00″ N
latitude and 52º 31′ 00″ E longitude in watershed No.74.
Average altitude is 300 m asl. in broad-leaved plantation,
270 m asl. in coniferous plantation and 450 m asl. in
natural forest. Average slope in the most parts of all regions
was 30℅ and general aspect was northern (Figure 1).

Figure 1. Location of the study area, Darabkola, Sari district, Mazandaran Province in northern Iran. Parcel no. 29. Natural stand, parcel
no. 30. Broad leaved plantation, parcel no. 40. Coniferous plantation.
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Procedures
The sampling method was systematic random. 35

sampling plots were surveyed in each area. All tree species
(diameter at breast height, DBH ≥ 10 cm) were identified
and measured, and shrub species and seedlings (DBH < 10
cm) were identified and counted in 400 m2 (20 m × 20 m)
sampling plots. Cover percentage of herbaceous species
were estimated according to Braun-Blanquet criterion in 64
m2 (8 m × 8 m) circular plots obtained minimal area
method (Poorbabaei and Poorrahmati 2009; Eshaghi Rad et
al. 2009).

Simpson (1-D) and Hill's N2 diversity indices were used
due to more sensitivity to the most frequent plant species.
Shannon-Wiener (H′) and Mc Arthur's N1 diversity indices
were used due to more sensitivity to frequency of rare
species. Smith and Wilson evenness index (Evar) was used
to study the distribution of individual among species.
Diversity and evenness indices of each plot were calculated
using Ecological Methodology software. Species richness
(S) was number of species per plot (Krebs 1999). Finally,
Jaccard's similarity index was used to find similarity
among regions (Pourbabaei 2004):

cba

a
JI




JI: Jaccard's index, a: number of common species in
samples or communities, b: number of species that exist
just in first sample or community, c: number of species that
exist just in second sample or community.

Three studied areas were compared using one-way
ANOVA and Tukey’s test.

RESULTS AND DISCUSSION

Results
Results showed that natural forest has 32 plant species,

which consist of 10 trees, 4 shrubs and 18 herbaceous
species. 30 plant species were recorded in Alnus
subcordata-Acer velutinum broad–leaved plantation
including 7 trees, 5 shrubs and 18 herbaceous species, and
30 plant species including 8 trees, 4 shrubs and 18
herbaceous species were presented in Cupressus

sempervirens var. horizontalis-Pinus brutia coniferous
plantation (Table 1). Values of biodiversity indices in tree,
shrub, herbaceous and regeneration layers had higher
values in the natural forest (Table 2).

Natural forest had the highest value of evenness in all
vegetation layers and coniferous plantation had the lowest
value (Table 3). Natural forest had the highest value of
species richness in all vegetation layers other than
herbaceous layer (this layer had the most value in broad–
leaved plantation) (Table 4). ANOVA test indicated that
there were significant differences among diversity,
evenness indices and richness in all vegetation layers in the
three studied areas (P < 0.05) (Table 5).

In tree layer, the results of Tukey test (P < 0.05)
revealed that there was no significant difference between
natural forest and broad–leaved plantation in Simpson,
Shannon–Wiener and evenness indices. While, natural
forest and coniferous plantation had significant difference
in all diversity indices. Also, broad–leaved and coniferous
plantations had significant differences in all diversity
indices in this layer.

In shrub layer, Tukey test revealed that there was no
significant difference between natural forest and broad–
leaved plantation in all diversity indices. In addition,
broad–leaved and coniferous plantations had significant
difference in species richness. There was significant
difference between natural forest and coniferous plantation
in all indices in this layer.

 In herbaceous layer, Tukey test indicated that there was
no significant difference between natural forest and broad–
leaved plantation, but there was significant difference
between natural forest and coniferous plantation in all
indices. In addition, broad–leaved and coniferous
plantations had significant differences in all indices except
evenness index.

In regeneration layer, Tukey test showed that there was
no significant difference between natural forest and broad–
leaved plantation, but natural forest and coniferous
plantation and also two plantations had significant
differences in all indices.

Jaccard's similarity index revealed that natural forest
and broad–leaved plantation had the most similarity in
woody and herbaceous layers, and the lowest value was
between natural forest and coniferous plantation (Table 6).

Table 2. Mean and standard errors values of diversity indices in different vegetation layers in the studied areas

Vegetation layers 1-D N2 H' N1

Tree 0.32 ± 0.03 1.47 ± 0.10 0.76 ± 0.07 1.68 ± 0.11
Shrub 0.21± 0.03 0.91 ± 0.13 0.46 ± 0.07 1.03 ± 0.15
Herb 0.56 ± 0.04 2.94 ± 0.25 1.96 ± 0.12 3.53 ± 0.27

Natural forest

Regeneration 0.40 ± 0.03 1.75 ± 0.08 0.92 ± 0.06 1.94 ± 0.08
Tree 0.24 ± 0.04 1.01 ± 0.16 0.52 ± 0.08 1.07 ± 0.17
Shrub 0.15 ± 0.03 0.66 ± 0.13 0.33 ± 0.07 0.73 ± 0.15
Herb 0.55 ± 0.03 2.73 ± 0.19 1.61 ± 0.09 3.34 ± 0.22

Broad–leaved plantation

Regeneration 0.34 ± 0.03 1.50 ± 0.13 0.81 ± 0.08 1.68 ± 0.14
Tree 0.05 ± 0.01 0.31± 0.08 0.12 ± 0.03 0.34 ± 0.09
Shrub 0.09 ± 0.02 0.35 ± 0.09 0.17 ± 0.04 0.37 ± 0.10
Herb 0.18 ± 0.04 0.81 ± 0.18 0.47 ± 0.10 0.94 ± 0.21

Coniferous plantation

Regeneration 0.19 ± 0.04 0.80 ± 0.17 0.41 ± 0.09 0.87 ± 0.18
Note: 1-D = Simpson diversity index, N2 = Hill's diversity index, H′ = Shannon-Wiener diversity index, N1 = Mc Arthur's diversity index
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Table 3. Mean values of evenness in different vegetation layers in
the studied areas

Vegetation
layers

Natural
forest

Broad–leaved
plantation

Coniferous
plantation

Tree 0.56 ± 0.05 0.43 ± 0.07 0.11 ± 0.03
Shrub 0.35 ± 0.05 0.28 ± 0.06 0.15 ± 0.04
Herbaceous 0.55 ± 0.04 0.42 ± 0.04 0.25 ± 0.05
Regeneration 0.62 ± 0.03 0.51 ± 0.05 0.28 ± 0.06

Table 4. Mean values of species richness in different vegetation
layers in the studied areas

Vegetation
layers

Natural
forest

Broad–leaved
plantation

Coniferous
plantation

Tree 2.26 ± 0.13 1.71 ± 0.13 1.71 ± 0.07
Shrub 1.83 ± 0.16 1.37 ± 0.14 0.88 ± 0.14
Regeneration 2.51 ± 0.12 2.43 ± 0.21 1.46 ± 0.23
Herbaceous 5.43 ± 0.44 6.17 ± 0.49 1.57 ± 0.34

Table 5. Results of ANOVA analysis of diversity, evenness
indices and richness in different vegetation layers

Vegetation
layers

Biodiversity
indices

Mean
square df F P-Value

1-D 0.665 2 17.021 0.000
N2 12.061 2 18.419 0.000
H′ 3.609 2 17.918 0.000
N1 15.890 2 21.286 0.000
Evar 1.906 2 15.474 0.000

Tree

S 10.314 2 23.483 0.000
1-D 0.130 2 2.914 0.059
N2 2.814 2 4.179 0.018

Shrub

H′ 0.783 2 4.146 0.019
N1 3.782 2 4.739 0.011
Evar 0.381 2 3.164 0.046
S 8.267 2 10.890 0.000
1-D 1.666 2 26.453 0.000
N2 48.317 2 19.534 0.000
H′ 16.312 2 27.282 0.000
N1 73.398 2 23.602 0.000
Evar 0.823 2 8.307 0.000

Herb

S 213.438 2 33.905 0.000
1-D 0.426 2 7.432 0.000
N2 8.453 2 8.663 0.000
H′ 2.486 2 7.957 0.000
N1 10.946 2 9.751 0.000
Evar 1.072 2 9.391 0.000

Regeneration

S 12.067 2 9.185 0.000
Note: 1-D = Simpson diversity index, N2 = Hill's diversity index,
H′ = Shannon-Wiener diversity index, N1 = Mc Arthur's diversity
index, Evar = Smith and Wilson evenness index, S = species richness.

Table 6. Percentage of Jaccard's similarity index of woody and
herbaceous species in the studied areas

Study area Woody
species

Herba-
ceous

species
Natural forest-Broad–leaved plantation 0.63 0.50
Natural forest-Coniferous plantation 0.37 0.40
Broad–leaved plantation-Coniferous
plantation

0.50 0.38

Discussion
There is no single or simple answer to the question of

whether planted forests are good or bad for biodiversity.
Plantations can have either positive or negative impacts on
biodiversity of the tree, stand or landscape level (Hartley
2002; Zerbe 2002; Lindenmayer and Hobbs 2004;
Ginsberg 2006; Paritsis and Aizen 2007). It has been
argued that plantation may protect natural biodiversity
indirectly by enabling greater wood production from
smaller, intensively managed areas, thus sparing remaining
natural forests harvesting pressure (Carnus et al. 2006).

In our study, the number of tree species recorded in the
natural forest, broad–leaved and coniferous plantations
were 10, 8 and 7, respectively. Grazing, collection of litter
and dry branches may be most likely reduced in woody
species number in plantations (Yirdaw and Luukkanen
2003), and forest managers should pay attention to the
natural composition of forest communities (Eshaghi Rad et
al. 2009). In this study, species of shrubs was higher in
broad–leaved plantation. Plantation management studies
have shown that shrub species are more resistant and
recover more easily than tall tree species (Nagaike 2002)

We found that number of plant species in natural forest
were significantly higher than plantations. Single species
plantations have often been criticized for being associated
with a low level of biodiversity in the ecosystems
(Montagnini et al. 1995; Lindenmayer and Hobbs 2004).
High biological diversity at the landscape level could bring
about many benefits from forests including wood
production, water and environmental conservation, carbon
stocking, education and science recreation. To achieve this
objective, it is essential to retain some natural forests in the
reforestation area, avoiding large scale clear-cutting (Kamo
et al. 2002).

Tree species richness and evenness were the lowest
values in coniferous plantation. It seems that due to lack of
attention to the mix structure and presence of many
individuals of two species include Cupressus sempervirens
var. horizontalis and Pinus brutia reduced evenness in this
site. It was stated that species richness and evenness were
the most in natural forest and the least in Acer velutinum
and Pinus taeda plantations in the north of Iran (Baktash
2003).

Also, we found that diversity of herbaceous species in
natural forest is more than plantations. Ghelichnia (2003)
showed the same results in the comparison of diversity in
natural hardwood stand and softwood plantation in
Mazandaran province, north of Iran.

Investigation on the relation of plant diversity, planting
distance and soil types in native and exotic pine plantations
showed that more planting distance caused more richness,
less woody species abundant and more coverage of
herbaceous species. Also, light absorption of pine's needles
and their fallings had negative impact on plant diversity
(Newmaster et al. 2006). Broad–leaved deciduous species
increase the organic matter of soil and caused soil
productivity (Jalali et al. 2007).

Results of this study revealed that seedling had been
established in broad–leaved plantation.  The growth of
under storey is influenced by various factors, including




