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Are there arbuscular mycorrhizal associations in
carnivorous plants Drosera burmanii and D. indica?
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ABSTRACT: Arbuscular mycorrhizal (AM) associations have not been described within the roots of carnivorous
plants Drosera indica and D. burmanii which form a part of the natural vegetation of south India.
Fungal structures characteristic of an Arum-type AM colonization were present in both species
despite their low level of colonization (<50%). Root colonization by AM fungi and spore density in
the rhizosphere differed with plant species which were significantly more in D. burmanii. Edaphic
factors such as soil pH and organic carbon content positively influenced the fungal development
whilst soil moisture and phosphorus content had a negative effect. Five taxa of AM fungi belonging to
the genera Acaulospora, Funneliformis, Glomus and Racocetra were extracted from the rhizosphere of
D. indica as against three taxa belonging to the genera Funneliformis and Glomus from D. burmanii.
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INTRODUCTION

Arbuscular mycorrhizal (AM) fungi belonging to
the phylum Glomeromycota (SCHUPLER et al. 2001)
ubiquitously associate with the large majority of plant
families in different ecosystems across the world (JaNos
1980; GaI et al. 2006). This symbiosis has important
consequences for the cycling of nutrients in the soil, since
AM fungi provide plants with essential nutrients, such as
phosphate when they are scarce or have low mobility in the
soil solution. In turn, photosynthetic carbon is transported
into the soil via the transfer of sugar from the roots to their
endosymbiotic fungi which later translocate the carbon in
the form of lipids and sugar into the external mycelium
spreading in the soil (BAGoO et al. 2003).

For over a century, the roots of carnivorous plants
have been classified as non-mycorrhizal (MacpouGaL
1899; JUNIPER et al. 1989; BRUNDRETT 2009). Although
carnivorous plants may occasionally be colonized by
facultative mycorrhiza (CHAMBERS et al. 2008; FucHs
& HASELWANDTER 2004), it is a general notion that they
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do not develop a mycorrhizal association owing to their
unique mode of nutrient acquisition, e.g. the absorption
of animal-derived minerals through their specialized
leaf structures, which makes the role of the fungal
partner redundant. However, entering into a mycorrhizal
relationship bestows benefits to the host plant which often
exceed the facilitation of nutrient acquisition e.g. abiotic
and biotic stress tolerance (AuGEt 2001; Pozo & AzCON-
AGUILAR 2007), and therefore may provide the host plant
with a competitive advantage particularly in a high-stress
environment.

Drosera burmanii Vahl. and D. indica L. are two
carnivorous plant species inhabiting flooded acidic south
Indian soils low in nutrients (JAYARAM & PrASAD 2006).
Despite the fact that the captured insects contribute to
the plant nutrition (PERIcA & BERLJAK 1996), vigorous
growth of these plants under P-limiting natural conditions
led me to examine possible symbiosis between their roots
and AM fungi. It is hypothesized that despite their leaf
adaptations which allow them to acquire extra sources of
nutrients, carnivorous plants do host AM fungi in roots.
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To test this hypothesis, I have carried out a qualitative and
quantitative evaluation of AM fungi associated with two
species of Drosera in relation to some edaphic factors.

MATERIALS AND METHODS

The study was carried out in acidic sandy (entisol) soils of
Sanatana Dharma College campus situated at Alappuzha
(9° 55°N, 76° 46’E, altitude 1 m a.s.l), Kerala in the south
west coast of India. The campus had a natural vegetation
of Drosera species viz. D. burmanii and D. indica which
showed its predominance during the period from June to
August of every year.

Sampling. Sampling was done from five locations (ca.
50-100 m apart) of the campus during the month of July
2011. Ten root and rhizosphere soil samples from each
species were randomly taken from each location. Root
samples were taken by pulling out the entire plant with
utmost care to get the roots intact. The plants were gently
tapped to remove the soil particles and adherent debris
and rinsed in tap water. Soil samples of ca. 100 g were
collected from each plant species to a depth of 10 cm. Root
and soil samples from the same species were pooled to get
composite samples from each location. The samples were
collected separately in polythene bags, labeled and stored
at 4°C.

Soil analyses. The moisture content of the soil was
determined within 2-3 h of sample collection by drying
in a hot air oven at 80°C for 24 h. pH was measured using
a digital pH meter (soil:water ratio 1:2). Organic carbon
(OC) was analyzed by dichromate oxidation and titration
with ferrous ammonium sulphate (WALKLEY & Brack
1934) and phosphorus (P) by the ascorbic acid method
(WATANABE & OLSEN 1965).

Assessment of AM colonization in roots. The root
samples were cleared in 10% (w/v) KOH (15 min,
90°C) and stained with 0.05% trypan blue (PHILLIPS &
Hayman 1970). Fifteen root fragments (ca. 1 cm long)
were mounted on slides in a polyvinyl alcohol-lactic acid-
glycerol (PVLG) mixture (Koske & TESSIER 1983) and
examined with a compound microscope to quantify AM
colonization. The percentage of root length colonized
by AM fungi was determined using the magnified line-
intersect method (McGONIGLE et al. 1990).

Spore extraction and analysis. Spores were isolated from
the air-dried sample by wet-sieving and decanting method
of GERDEMANN & NicoLsoN (1963). Spore density was
expressed per 50 g dry soil. Spores of each morphotype
were mounted on PVLG and PVLG mixed with Melzer’s

reagent (1:1, v:v). Taxonomic identification of spores
to the species level was based on spore size, colour,
ornamentation and wall characteristics (SCHENCK &
PEREZ 1990) and by comparing the original descriptions
available at http://invam.caf.wvu.edu.

Statistical analysis. Results were analyzed statistically by
one-way ANOVA. Means were compared using Tukey’s
honestly significant difference (HSD) test at the 0.05 level
of probability. Pearson’s correlation coefficient was used
to explain the relationship between soil and mycorrhizal
characteristics. Statistical analyses were performed with
the Systat (version 9) statistical programme.

RESULTS AND DISCUSSION

AM colonization was evident in the root samples of both
species of Drosera collected from different sites. The fungal
structures such as intra and extra radical hyphae, vesicles
and arbuscules were found in the cortex of both species in
a manner typical of Arum-type colonization (Fig. la-b).
Vesicles were found to aggregate at certain points in the
cortex in D. burmanii (Fig. 1c) while they were sporadically
distributed throughout the entire length of the colonized
roots in D. indica. Vesicles were produced at the tip of
intercellular hyphae (Fig. 1d). In both species, arbuscules
were produced from a truncate hypha entering the host
cell which showed coarse branching (Fig. le).

The proportion of root length colonized by AM fungi
and spore density in the rhizosphere soil of Drosera species
is given in Table 1. In general, both the plant species had
a low level (<50%) of colonization by AM fungi. Root
colonization and spore density were significantly more in
D burmanii as compared to D. indica.

Soil collected from the rhizosphere of Drosera species
recorded a moisture content varying from 7.2% (D.
burmanii) to 10.6% (D. indica). The pH was low, ranging
from 4.7 (D. indica) to 5.8 (D. burmanii). OC in the soil
ranged from 0.37% (D. indica) to 0.48% (D. burmanii). The
available P level was significantly (P<0.001) more in the
rhizosphere soil of D. indica (20.4 kg h™') than that of D.
burmanii (15.2 kg h'). Correlation analysis revealed that
root colonization and spore density in the rhizosphere
of Drosera plants were positively correlated with soil
properties such as pH and OC content but negatively
correlated with soil moisture and P (Table 2)

Five taxa of AM fungi belonging to the genera
Acaulospora, Funneliformis, Glomus and Racocetra were
isolated from the rhizosphere of Drosera indica (Fig. 2) but
only three taxa were obtained from the rhizosphere of D.
burmanii (Table 3).

The incidence of AM fungi with fully-developed fungal
structures in Drosera species is consistent with the reports



Table 1. AM colonization in roots and rhizosphere spore density of

two species of Drosera. Means in a column with different letters are
significantly different (P<0.05) by Tukey’s HSD.

Species Root colonization (%) Spore density
(mean*SD) in 50 g soil

D. burmanii 38.00°+5 78'+8

D. indica 20.00°+6 45°+3

Table 2. Pearson’s correlations between soil characteristics, AM
colonization and spore density in the rhizosphere of Drosera (n=10,
**P<0.01, ***P<0.001).

Soil L. Root colonization 'Spor? density .
characteristics in rhizosphere soil
Moisture -0.9120* -0.9340¢

pH 0.844** 0.976%*

OoC 0.789** 0.893**

P -0.916*** -0.940**

of Fucus & HASELWANDTER (2004) and WEISHAMPEL &
BEDFORD (2006) who observed colonization attributable
to AM fungi in the roots of D. intermedia and D.
rotundifolia. The fungal structures particularly, presence
of arbuscules, is a sine qua nome for identification for
AM colonization in roots (BONFANTE-FAsoLO 1984),
since these structures are formed by all AM fungi whilst
vesicles are not (GERDEMANN & TRAPPE 1974). In the
present study, intercellular aseptate hyphae, vesicles and
arbuscules were the most frequent structures seen in both
species of Drosera providing unequivocal evidence of AM
colonization in their roots.

The AM in Drosera corresponded to the Arum-
type characterized by intracellular hyphal growth with
intracellular arbuscule formation in contrast to the
Paris-type with extensive intracellular hyphal coils seen
in plants of the natural condition. Morphological types
of AM colonization in a host are influenced mainly by
two factors. Firstly, the anatomical features of the host
such as variations in longitudinal extent of the air space
could influence mycorrhiza morphology (BRUNDRETT
& KEeNDRICK 1990). Secondly, the identity of an AM
fungus can also affect whether an Arum- or Paris-type
morphology develops in a given host (CAVAGNARO et al.
2001). However, the most likely factor that determines AM
morphology in Drosera is to be identified through more
detailed studies.
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Fig. 1. Colonization of AM fungi in Drosera roots. A- Intra and

extra radical hyphae with entry point (ep) in D. indica; B- Root
colonization in D. burmanii with a dense vesicular cluster (vc); C,
D- An intercellular hypha (ih) ending in a vacuole in the root cortex
of D. indica; E- A degenerating arbuscule in the cortical cell of D.
burmanii with arbuscular trunk (at) intact; bars A- 4um; B- 15um;
C, D- 4 ym; E- 2 ym.

Percentage root length colonized by AM fungi was
very low in root samples of Drosera, probably due to
narrow root length and density in these plants. This is in
agreement with the finding of MUTHUKUMAR et al. (1999)
that the extent of root colonized by AM fungi in sedges
is proportional to the length and density of root hairs.
Furthermore, in most root samples, the fungal structures
such as hyphal coils and appresoria were rarely found. The
potential nutrient benefit of mycorrhizal association in
Drosera therefore has yet to be ascertained. The present
study also witnessed a positive relationship (r=0.856,
P<0.01, n=10) between mycorrhizal root length and spore
density in the rhizosphere soil which contrasts with the
earlier reports of AL-RADDAD (1991) that the extent of
AM colonization in a host plant need not necessarily be
correlated with spore density in the rhizosphere.

Variability in natural colonization by AM fungi in
plants belonging to identical genera is not uncommon
in the plant kingdom (GrRaHAM et al. 1991). Though
D. burmanii and D. indica were growing in the same
ecological conditions, the percentage root colonization
and spore density in the rhizosphere differed between the
species. This could be ascribed to the genetic variability of
the host (MENGE et al. 1978, GRAHAM et al. 1991).

Other factors likely to influence root colonization
and spore density are soil properties. AM colonization
in roots and spore density in the rhizosphere of Drosera
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Fig. 2. AM species identified from the rhizosphere of Drosera. A- Acaulospora lacunosa; B- Funneliformis
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geosporus; C- Funneliformis dimorphicus; D- Glomus invermaium; E- Racocetra verrucosa; bars A- 10 pm; B- 15

pum; C- 30 um; D- 10 um; E- 15 um.

decreased with an increase in soil moisture. AL-AGELY &
REEVES (1995) also noted the poor spore density and root
colonization in Oryzopsis hymenoides due to the high soil
moisture. Rhizosphere soils of Drosera showed their pH to
be acidic. A positive correlation between soil acidity and
AM colonization observed in the present study contrasts
with the finding of KHALIEL (1988) who concluded that no
correlation exists between AM colonization and soil pH
in three Indian forest trees. A correlation study between
spore density and pH (RAJASREE 2009) also supports the

negative relationship. Soil inhabited by Drosera had a low
level of OC which was found to have a stimulatory role
on root colonization as well as spore density. GRYNDLER
et al. (2002) observed that some of the organic materials
in the soil could stimulate AM fungal development. The
negative relationship between fungal characters and P
level in the present study is consistent with the observation
by other workers (Mossg 1973; ABBOTT & ROBSON 1991;
KaHiLuoTto et al. 2000) who found root colonization and
spore density to decrease with increasing P.



Tab. 3. Distribution of AM species in rhizosphere soils of Drosera.
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AM fungi D. burmanii D. indica
Acaulospora lacunosa Morton.n.sp +
Funneliformis dimorphicus (Boyetchko & + +

JP Tewari) Oehl, GA Silva & Sieverd., comb.nov

Funneliformis geosporus (TH Nicolson & Gerd.) + +

C Walker & A Schiissler

Glomus invermaium IR Hall + +
Racocetra verrucosa (Koske & C Walker) Oehl +

FA Souza & Sieverding

+ = present

AM fungal taxa belonging to Glomerales (Glomus,
Funneliformis) ~ dominated  over  Diversisporales
(Acaulospora) and Gigasporales (Racocetra) in the
rhizosphere of Drosera. To assign a possible reason for
this is rather complex. Nevertheless, factors such as their
adaptability to acid soils, high competitiveness and/
or reproductive capacity (SIEVERDING 1991) may be
contributing to this. Prevalence of Glomus over Acaulospora
and Gigaspora was reported earlier from cropped soils of
Canada (TALUKDAR & GERMIDA 1993). Another notable
feature in the present study was the confinement of
Acaulospora lacunosa and Racocetra verrucosa only to
the rhizosphere of D. indica. This is probably because of
the specificity of these taxa to a particular host. Previous
studies also suggest the existence of some degree of fungal-
host preference in AM associations (DHILLION 1992;
HusBAND et al. 2002; BEVER 2002).

The present results suggest that a natural AM system
influenced by the host as well as edaphic factors are
operating in Drosera species. However much research is
required to unravel the exact role of the symbiosis and the
stage/s at which carnivorous plants like Drosera are greatly
dependent on it.
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Ima li arbuskularna mikorize kod karnivornih biljaka
Drosera burmanii i D. indica?

Variampally Sankar HARIKUMAR

Arbuskularna mikoriza nije opisana u korenima karnivornih biljaka Drosera burmaniii D. indica iz juzne Indije.
Ipak, fungalne strukture karakteristi¢ne za Arum-tip arbuskularne mikorize konstatovane su kod obe vrste
iako je nizak nivo kolonizacije ovim gljivama (<50%). Kolonizacija korenova mikorizalnim gljivama kao i prisustvo
spora u rizosferi se razlikuje kod ovih vrsta i bitno je izrazenije kod D. burmanii. Edafski faktori kao $to su pH
zemljita i sadrZaj organskog ugljenika pozitvno su korelisani sa razvojem gljiva, dok je sadrzaj fosfora i vlaznost
zemljiSta negativno korelisan. Pet taksona arbuskularno-mikoriznih gljiva iz rodova Acaulospora, Funneliformis,
Glomus i Racocetra su izolovani iz rizosfere D. indica dok je iz rizosfere D. burmanii izolovano tri taksona iz rodova

Funneliformis i Glomus.

Kljuc¢ne reci: arbuskularna mikoriza, karnivorne biljke, Drosera burmanii, Drosera indica






