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Abstract

The leaf surface, or phylloplane, is inhabited by various microorganisms. Micro-
mycetes are typical organisms of the phylloplane that are able to exert nega-
tive effects on plants. Seventeen species of micromycetes were indicated in the 
phylloplanes of G. gnemon and G. montanum. Micromycetes form biofilms on 
the surface of the upper epidermis. In the lower epidermis, they mainly colo-
nize cork warts and destroy their cells. Collapsing cells and the micromycetes 
are isolated from the living tissues of leaves by layers of densely arranged cells. 
During changes from season to season, the number of disappearing micromy-
cete species in the upper epidermis is approximately equal to the number of 
appearing new species. The total number of micromycete species in the phyl-
loplane of the lower epidermis is reduced in winter. Structural organization, 
biodiversity, seasonal changes in the phylloplane and the influence of its micro-
mycetes on leaf cells differ in the upper and lower epidermis of Gnetum leaves.
Keywords: phylloplane, micromycetes, Gnetum, epidermis, cork warts.

Introduction

Various microorganisms, among which microscopic fungi play a special role, usu-
ally inhabit the surface of plant leaves (Levetin and Dorsey, 2006). Yeast and fila-
mentous fungi are considered the main inhabitants of the phylloplane (Irga, Bur-
chett, O’Reilly, and Torpy, 2006). Together with other microorganisms, they form 
peculiar communities on the leaves. Among the most common inhabitants of the 
leaves of various plants, most prevalent are Alternaria alternata, Cladosporium 
cladosporioides, Gliocladum viridae, Mucor racemosus and Penicillium chrysoge-
num; these species are found around the world (Ajay, Aparajita, and Das, 2013). 
There are fungi of the phylloplane that grow in certain terrestrial ecosystems. For 
example, Cladosporium oxysporum is a common species for plants in tropical eco-
systems (Ellis, 1971; Lee and Hyde, 2002). Another species, Cladosporium clado-
sporioides, is a characteristic component for the phylloplane of temperate climates 
(Ajay, Aparajita, and Das, 2013). The typical fungi of a mangroid phylloplane are 
Cladosporium cladosporioides, C. oxysporum, Penicillium sp., Phoma sp., Pesta-
lotiopsis oxyanthi, P. maculans, Arthrinium sp., Colletotrichum sp. and Trimma-
tostroma sp. (Kuthubutheen, 1984). The study of phylloplane mycobiota has also 
been carried out in greenhouses, although only a few works have been devoted to 
this. Among them, there is the study of mycobiotic plants of the botanical garden 
in Pavia (Northern Italy), which focused on the biodiversity of micromycetes of 
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the phylloplanes and in air in the greenhouses (Rodolfi, 
Legler, and Rinaldi, 2006). The authors showed that the 
greatest concentration of fungi spores in the air occurs 
in the tropical and Mediterranean greenhouse. In total, 
72 species of micromycetes belonging to 42 genera were 
isolated from the air and from leaf surfaces. Many fungi 
species found in the air were extracted from leaf surfac-
es. Potential pathogens for humans were found among 
them. The authors noted the importance of monitoring 
mycobiota in greenhouses of botanical gardens (Rodolfi, 
Legler, and Rinaldi, 2006). Non-pathogenic phylloplane 
fungi use as food sources excretions from plants, as well 
as substances deposited from the atmosphere (Inacio et 
al., 2002; Gonsalez and Tello, 2010).

Spores of fungi usually reach the surface of the leaf 
accidentally by means of wind or rain. Their attachment 
and subsequent germination depend on the properties 
of the spores themselves, environmental factors, and the 
features of the leaf surfaces (Andrews, Spear, and Nord-
heim, 2002). High humidity promotes successful germi-
nation of fungal spores and the growth of the mycelium 
(Collado, Platas and Gonzaloz Pelaez, 1999; Prabakaran, 
Merinal and Panneerselvam, 2011).

The diversity of phylloplane micromycetes varies 
during the year (Borogohain et al., 2014). This can be 
explained by external conditions, the ecological charac-
teristics of the fungi, their competitive ability, life cycles, 
and various potential for utilization of organic sub-
stances that are deposited from the atmosphere or ex-
creted by the plant (Blakeman, 1993; Bakkar et al., 2002; 
Ajay, Aparajita, and Das, 2013). For example, in Psidium 
guineense, the peak of biodiversity occurs in May, but the 
most notable development of Penicillium chrysogenum 
was observed in January (Levetin and Dorsey, 2006). In 
Eucalyptus viminalis, the maximum diversity of fungi 
occurs in the autumn–winter period, while minimum 
diversity is observed in summer (Inacio et al., 2002). In 
mangroves Kandelia candel and Aegiceras corniculatum, 
the greatest variety of fungi was observed in summer, 
and the smallest variety in winter (Lee and Hyde, 2002). 
There are also species of fungi with a constant presence 
and high distribution throughout the year. For example, 
Alternaria alternata is the most common micromy-
cete that occurs throughout the year on Jartropa curcas 

(Borogohain, Das and Chutia, 2014).
Despite numerous studies, at present there are no 

comparative data on the composition, structural orga-
nization and seasonal dynamics of the upper and lower 
epidermis of the leaf blade phylloplanes. The objectives 
of this work were to study the peculiarities of micro-
mycete colonization of the upper and lower epidermis 
of Gnetum (Gnetaceae) leaves, to characterize seasonal 
changes in the phylloplane, and to assess the influence of 
micromycetes on leaf tissues. The main tasks of the work 
included identification of specific features of distribu-

tion of micromycetes on the upper and lower side of the 
Gnetum gnemon L. and G. montanum Markgraf (Gneta-
ceae) leaf blade, identification of their species diversity 
in different seasons, and revealing of structural changes 
in leaf tissues under the influence of micromycetes.

Materials and Methods

Plant material. Leaves of Gnetum gnemon and G. mon-
tanum were studied. G. gnemon is a low tree growing in 
tropical rain forests of southeastern Asia; G. montanum is 
a tree liana (Won and Renner, 2006). Plant material was 
collected in the greenhouse of the Botanical Garden of 
the Komarov Botanical Institute (St. Petersburg, Russia). 
The research project began in September 2015 and will 
conclude in April 2020. In summer, the air temperature 
in the greenhouse often rises above 30°C during the day. 
Temperatures of 40°C have been recorded. During this 
period, plant crowns were watered daily and on particu-
larly hot days were watered twice a day. In winter, the air 
temperature is 20–22°C. Plants were watered irregularly.

Mycological	examination

Fungal sampling from the phylloplane. Leaves for my-
cological examination were collected in May and No-
vember 2015, and in January 2016. Each time, four ful-
ly-grown leaves were sampled both from G. gnemon and 
from G. montanum. The leaves of G. gnemon were taken 
from the middle part of the crown periphery. The leaves 
of G. montanum were chosen from the upper, middle 
and lower parts of the stalk of the liana. The collected 
material was used for isolation of phylloplane micromy-
cetes in a pure culture and for the study of the phyllo-
plane using light and electron scanning microscopy.

Mycological objects were selected in four ways. The 
first of them was point isolation via transfer of fungal 
structures (mycelium and conidia) with a preparation 
needle to the nutrient medium in Petri dishes. This 
method was used for the isolation of micromycetes from 
the abaxial side of the leaf. Samples were taken along 
the main vein and secondary veins, as well as from cork 
warts. Secondly, samples from the upper surface of the 
leaves were taken on sterile swabs at sites with a dark 
plaque, where the development of dark-colored myce-
lium and its sporulation indicated the presence of mi-
cromycetes (Fig. 1). Thirdly, fungal fragments were col-
lected by imprinting from the leaf surface of G. gnemon 
and G. montanum on the nutrient medium of imprint-
ing replicas. Finally, plating was carried out via flushing 
from the surface of the leaf.

Fungal sampling from the air. In addition, the pres-
ence of micromycetes in the greenhouse air was evalu-
ated. The diversity of the aeromycota was analyzed using 
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the sedimentation method. Open Petri dishes with Cza-
pek Dox Agar medium were exposed to the air for 1 hr in 
June 2016. The cups were placed in close proximity to the 
studied plants at soil level and at heights of 1 m and 2.5 m.

Identification of fungal species. Identification was 
carried out after germination and formation of colo-
nies. The fungal species were identified based on cul-
tural characteristics and morphology of fruiting bodies 
and spores by using standard texts and keys within the 
identification manuals (Ellis, 1971, 1976; Hoog and Her-
manides-Nijhof, 1977; Hoog and Guarro, 1995; Satton, 
Fotergill and Rinaldi, 2001). Verification of species in 
accordance with modern nomenclature was carried out 
using the electronic database Index Fungorum (http://
www.indexfungorum.org/NAMES/NAMES.asp).

Comparison of the lists of fungal species. The oc-
currence frequency (%) of fungi species was estimated 
via the number of leaves where this species was detected.

In order to assess the seasonal changes in the spe-
cies composition of G. gnemon and G. montanum phyl-
loplane mycobiota, the lists of micromycetes species 
that were found on their leaves in different seasons were 
compared. To compare the lists, the Jaccard coefficient 

(Schmidt, 1984) was used:

Kj = A + B – C
C

 
,

where A is the number of micromycetes species in the 
G. gnemon phylloplane, B — the number of micromycete 
species in the G. montanum phylloplane, C — the num-
ber of micromycete species which are present in both the 
G. gnemon and G. montanum phylloplanes. The Jaccard 
coefficient can take values Kj from 0 to 1. Kj = 1 means 
complete similarity of the mycobiota in G. gnemon and 
G. montanum phylloplanes (absolute coincidence of the 
lists of micromycetes that are present in the phylloplanes 
of G. gnemon and G. montanum). Kj = 0 means that the 
phylloplanes of G. gnemon and G. montanum do not 
have a single common species of micromycete.

Light and scanning electron microscopy. Distri-
bution of micromycetes on the surface and within the 
tissues of the leaves was studied via methods of light and 
scanning electron microscopy. To make cross-section 
slides of leaves, their fragments were dehydrated through 
a series of alcohols of increasing concentrations, poured 
into paraffin, and then transferred to a hydrophobic me-
dium (β-limonene) (Barykina et al., 2000). Slides were 
made on a microtome SAKURA Accu-Cut SRM  200 
(Japan). After the cutting, samples were rehydrated. The 
material was stained with the combined dye alcyan blue 

Fig. 1. Colonies of micromycetes on the leaf surface of G. gnemon. A — mature leaf with black fungal film-like deposit. B — fragment of leaf 
surface with dark-colored mycelia colonies (cm). A — 10 mm; B — 500 μm.
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and safranin. All specimens were poured into a glycer-
in-gelatin mixture. Viewing and photographing of the 
slides were carried out using a Leica EZ4  binoculars, 
Leica DM500 microscopes, Leica DM1000 microscope 
and Leica EC3 digital camera (Germany).

The staining of cork warts on suberin was produced 
by potassium hydroxide (KOH) which stained them a 
bright yellow color (Barykina et al., 2000). The frag-
ments of blade and petiole epidermis with cork warts 
and its transverse sections were heated in a 30 % solution 
of potassium chloride.

For scanning electron microscopy the leaf frag-
ments were dehydrated in a series of ethanol of increas-
ing concentrations (20 %, 50 %, 70 %, 80 %, 90 %, 96 %, 
100 %). Then, they were dipped into mixtures of acetone 
and ethanol (100 %), acetone and isoamyl acetate and 
isoamyl acetate only. Dehydrated specimens underwent 
critical point drying using liquid carbon dioxide (CO2). 
Dried objects were applied to specimen holders and 
sprayed with ions of gold. We used a scanning electron 
microscope JSM-6390LA (Japan) for examination of 
prepared specimens.

Results

Micromycetes of the phylloplane in G. gnemon. We 
identified 14 species of micromycetes in the G. gnemon 
phylloplane (Table 1). Cladosporium cladosporioides was 

found in all of the samples taken from the leaf surface. 
The occurrence of other micromycetes varies through-
out the year. Some of them were found only during one 
season.

The total number of fungi species in the phylloplane 
of the upper epidermis counts 7–8  species through-
out the year. In transition from season to season, the 
number of micromycetes that disappear from the up-
per epidermis is approximately equal to the number of 
species emerging. For example, in the May phylloplane 
of G. gnemon in comparison with the January phyllo-
plane, 5  species of micromycetes disappear and 6  new 
ones colonize (Table 1). In the November phylloplane in 
comparison with the May phylloplane, 4 species disap-
pear and 2 new ones settle. In the January phylloplane in 
comparison with the November phylloplane, 4  species 
disappear and 4 new ones colonize.

The total number of fungi species in the lower epi-
dermis is reduced from 6  in the spring season to 4  in 
autumn and 3 in winter. Species detected in the winter 
phylloplane are widely distributed and are found in all 
of the specimens.

Micromycetes of the phylloplane in G. monta-
num. We isolated 14 species of micromycetes from the 
phylloplane of G. montanum (Table 2). C. cladosporioides 
was discovered in all of the samples. Some species of mi-
cromycetes were found during only one of the seasons.

Table	1.	Frequency	indexes	(%)	of	phylloplane	fungi	in	leaves	of	G. gnemon

Species of fungi

May November January

epidermis epidermis epidermis

abaxial adaxial abaxial adaxial abaxial adaxial

Alternaria alternata (Fr.) Keissl. 0 0 100 50 100 100

Cladosporium cladosporioides (Fresen.) G. A. de Vries 100 100 100 100 100 100

C. sphaerospermum Penz. 50 25 0 25 100 0

Penicillium brevicompactum Dierckx 25 25 0 50 0 0

P. citrinum Thom 0 0 100 0 0 50

P. decumbens Thom 0 0 100 50 0 50

P. herqueri Bainier & Sartory 50 0 0 0 0 50

Penicillium sp. 0 25 0 0 0 0

Phoma herbarum Westend. 100 75 0 50 0 0

Rhizopus stolonifer (Ehrenb.) Vuill. 0 25 0 0 0 0

Sarocladium strictum (W. Gams) Summerb. 0 0 0 0 0 50

Sclerotinia sclerotiorum (Lib.) de Bary 0 0 0 0 0 50

mycelia sterilia, light-colored 50 100 0 25 0 50

mycelia sterilia, dark-colored 0 25 0 0 0 0
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The total number of micromycetes in the phyl-
loplane of the upper epidermis counts 5–7  species 
throughout the year. In comparison with the winter 
phylloplane in the spring phylloplane, 5 species of mi-
cromycetes disappear and 4 others appear. In the winter 
phylloplane compared with the autumn one, 2  species 
disappear and 3 new ones appear (Table 2).

The total number of species in the lower epidermis 
is reduced from 8 in the May phylloplane to 4 in the No-

vember phylloplane and 2  in the January phylloplane. 
Species detected in the winter phylloplane were found in 
all of the samples taken from the leaf surface.

Comparison of the lists of fungal species. The Jac-
card coefficient was calculated to compare the lists of 
micromycete species that were found on the leaves of 
the studied plants in different seasons throughout the 
year (Table 3). The highest values of this coefficient, and 
hence the highest similarity, were found between spring 
and autumn mycobiota. This similarity is higher than 
that found between spring, autumn, and winter myco-
biota in both G. gnemon and G. montanum.

Micromycetes in the greenhouse air. We found 
20  species of micromycetes in the greenhouse air (Ta-
ble 4). Of these, 15 were found at the soil level and 14 spe-
cies each at heights of 1 m and 2.5 m. A total of 10 spe-
cies of micromycetes were found at all these heights. 
C. cladosporioides and light-colored mycelia sterilia are 
dominating. They were found in all of the samples.

The 10  species of micromycetes found in the air 
were also indicated in the phylloplanes (Table 4). At the 
same time, 10  species of microscopic fungi that were 
absent from the leaf surface were found in the air sam-
ples. On the contrary, 7  species of micromycetes were 
present in the phylloplane, but they were not found in  
the air.

Table	2.	Frequency	indexes	(%)	of	phylloplane	fungi	in	leaves	of	G. montanum

Species of fungi

May November January

epidermis epidermis epidermis

abaxial adaxial abaxial adaxial abaxial adaxial

Acremonium sp. 25 0 0 0 0 0

Alternaria alternata 0 0 0 25 0 100

Cladosporium cladosporioides 100 100 100 100 100 100

Paecilomyces divaricatus (Thom) Samson, Houbraken & 
Frisvad

0 0 0 0 0 50

Penicillium brevicompactum 25 50 0 25 0 0

P. citrinum 0 0 0 0 0 50

P. decumbens 25 0 100 25 100 50

P. herqueri 0 50 0 0 0 100

Phoma herbarum 50 100 50 25 0 0

Rhizopus stolonifer 75 0 0 0 0 0

Sclerotinia sclerotiorum 0 0 0 0 0 50

Talaromyces purpureogenus Samson, Yilmaz, Houbraken, 
Spierenb., Seifert, Peterson, Varga & Frisvad

0 0 50 0 0 0

mycelia sterilia, light-colored 25 100 0 0 0 0

mycelia sterilia, dark-colored 25 50 0 0 0 0

Table	3.	Jaccard	coefficient	of	similarity	between	the	
lists	of	micromycetes	species	estimated	for	the	leaves	
of G. gnemon and G. montanum	in	different	seasons	
throughout the year 

Correlation coefficients are presented as only the digits following the 
decimal point. The values of Kj > 0.55 are marked by italics and bold-
face. MG. g., NG. g., JG. g. — Jaccard coefficient for phylloplane mycobiota 
of G. gnemon in May, November and January phylloplanes; MG. m., 
NG. m., JG. m. — Jaccard coefficient for phylloplane mycobiota of G. mon-
tanum in May, November and January.

MG. g. NG. g. JG. g. MG. m. NG. m.

MG. g. –

NG. g. 417 –

JG. g. 286 545 –

MG. m. 636 417 286 –

NG. m. 250 555 250 363 –

JG. m. 143 363 600 231 300
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Colonization of the upper and lower epidermis of 
the leaf blade by micromycetes. Biofilms composed of 
the mycelia and generative structures of micromycetes 
were formed on the upper side of both G. gnemon and 
G. montanum leaves (Fig. 2).

Intensive development of micromycetes on the low-
er side of the leaves were confined mainly to the cork 
warts. Cork warts develop in local leaf areas because of 
periclinal divisions of the epidermal and subepidermal 

cell layers (Fig. 3a, b). Besides, the development of cork 
warts could be accompanied by hypertrophied growth 
of leaf cells (Fig. 3c). The resulting cells put pressure 
on the cuticle. This leads to a protrusion of the cuticle 
above the leaf surface and the development of cracks 
in it (Fig. 3d). Micromycetes penetrate inside the warts 
through these breaks. Fungal hyphae and their spores 
were found regularly in the intercellular spaces and cavi-
ties of collapsing cells that fill the subcuticular space of 
the formed cork warts (Fig. 4a, b, c). Collapsing cells and 
micromycetes colonizing them were separated from the 
living tissues of the leaf by the layers of densely arranged 
cells that underlie the cork wart (Fig. 4d). The walls of 
these cells contain suberin.

Discussion

This research revealed 17  species of micromycetes in 
the phylloplane of G. gnemon and G. montanum leaves. 
These species colonize both the upper and lower surface 
of the blade. 

It is thought that spores of micromycetes fall on the 
leaf surface mainly from the air. It has been repeatedly 
shown that the dissemination and spreading of fungal 
spores is promoted by rain and wind (Lee and Hyde, 
2002; Levetin, 2002; Levetin and Dorsey, 2006). The 
results of the study are consistent with these ideas. Of 
the 17 micromycete species of the Gnetum phylloplane, 
10 were also found in air samples. Similar factors take 
place in the greenhouse. When the greenhouse is ven-
tilated, strong air currents arise. Crowns of plants are 

Table 4. List of microscopic fungi species in air and on 
the phylloplanes of G. gnemon and G. montanum

Species of micromycetes Air
Phylloplane 

G. gnemon G. montanum

Acremonium sp. + +

Alternaria alternata + +

Aspergillus niger Tiegh. +

A. ochraceus G. Wilh. +

A. versicolor (Vuill.) Tirab. +

Botrytis cinerea Pers. +

Cladosporium 
cladosporioides 

+ + +

C. herbarum (Pers.) Link +

C. sphaerospermum + +

Paecilomyces divaricatus +

Penicillium brevicompactum + + +

P. citrinum + + +

P. commune Thom +

P. decumbens + + +

P. expansum Link +

P. griseofulvum Dierckx +

P. herquei + +

Penicillium sp. +

Phoma herbarum + +

Phoma sp. +

Rhizopus stolonifer + + +

Sarocladium strictum +

Sclerotinia sclerotiorum + +

Stachybotrys chartarum 
(Ehrenb.) S. Hughes

+

Talaromyces purpureogenus + +

mycelia sterilia, dark-colored + + +

mycelia sterilia, light-colored + + +

Fig. 2. Colonies of micromycetes forming biofilm on the leaf surface 
of G. gnemon. 100 µm.
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watered by hose. The absence of some species of phyl-
loplane micromycetes in the air samples could be the 
result of their sporulation during the other seasons of 
the year. Our data are based on the analysis of only July 
air samples. In addition, some micromycetes of the phyl-
loplane are thought to be able to have a negative impact 
on pathogenic microorganisms (Prabakaran, Merinal 
and Panneerselvam, 2011; Thakur and Harsh, 2014). 
Our data correspond well with the previously obtained 
results of M. Rodolfi, S. E. Legler and A. M. Picco (2006), 
according to which regular exchange of micromycetes 
takes place between the phylloplane and the air. It is pos-
sible that the absence of some micromycetes from the air 
on the surface of the Gnetum leaves can be explained by 
interspecific influence of other micromycetes. 

The attachment of spores to the leaf surface depends 
not only on the abilities of the spores themselves, but 
also on the characteristics of the leaf surface (Andrews, 
Spear and Nordheim, 2002). The presence of various 

relief irregularities on the surfaces facilitates the attach-
ment of spores and their subsequent germination. This 
investigation has shown that colonization of the upper 
and lower epidermis of Gnetum leaves by micromycetes 
occurs in different ways. On the surface of the upper epi-
dermis, they form biofilms (Fig. 2). In the lower epider-
mis, micromycetes mainly colonize cork warts (Fig. 4).

According to numerous data, cork warts can occur 
in response to both mechanical damage of the epider-
mis, and an excess water flow into the plant combined 
with obstructed transpiration (Farooqui, 1982; Gui-
marães, Andreata and Costa, 2011; Vaz, Souza, Alves 
and Arruda, 2018). Micromycetes penetrate into cork 
warts of Gnetum through cuticle damages (Fig. 3a, b). 
At the same time, mass death and destruction of cork 
wart cells after colonization with phylloplane micromy-
cetes was observed. There is every reason to believe that 
these destructive processes are caused by micromyce-
tes. It is known that they can have a negative effect on 

Fig. 3. Development of cork warts in G. gnemon (A, B, D) and G. montanum (C). A, B, C — transverse sections of developing cork warts. Black ar-
rows indicate damages in the cuticle, under which the periclinal cell divisions occur. Asterisks (*) indicate hypertrophic overgrown cells of the 
cork wart. D — the surface of mature cork wart. pcd — periclinal cell divisions; cc — cracks in the cuticle. A, B, C — 50 µm; D — 20 µm.
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plant cells. For example, the Gnetum phylloplane con-
tains micromycetes that are known as biodestructors of 
such major cell wall components as cellulose (Cladospo-
rium cladosporioides, C. sphaerospermum, Alternaria 
alternata, Phoma herbarum, Acremonium strictum) 

(El-Said, 2001)  and pectin (C. cladosporioides, Penicil-

lium brevicompactum, A. alternata, Ph. herbarum) (Lu-
guskas, Mikulskeke and Shlyaungene, 1987). Fungi of 
the genus Penicillium, identified on the surface of leaves 
in a significant amount, are able to change the pH of 
the environment due to the release of organic acid (Ba-
rinova, Vlasov and Shchiparev, 2010). Acid production 

Fig. 4. Micromycetes in the phylloplane of the lower epidermis in G. gnemon leaf, A — fragment of the cork wart surface. Fungal hyphae in cracks 
of the wart are visible. B, C — fragments of transverse sections of the cork wart containing dead leaf cells, hyphae and spores of micromycetes. 
D — transverse section of mature cork wart. Layers of densely lying cells isolate living subepidermal tissues of the leaf from dead cells of the 
wart. c — cuticle; m — mycelia; de — destroyed epidermis; sp — spores; ldc — layers of densely lying cells; ccw — contents of the cork wart. 
A — 10 µm; B, C — 20 µm; D — 100 µm.
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by fungi is often considered one of the pathogenic fac-
tors (Dickison, 2000; Prusky et al., 2004)  which leads 
to tissue damage and cell death in plants (Magro, Mar-
ciano and di Lenna, 1984; Hadas, Goldberg, Pines and 
Prusky, 2007). Finally, micromycetes C. cladosporioides 
and Ph. herbarum, which are common for the Gnetum 
phylloplane, are known as plant parasites (Pidoplichko, 
1977, 1978).

In cork warts, cell destruction occurs; these cells do 
not contain suberin in their walls and are not covered 
with cuticle. Destroyed cells are separated from living 
tissue of the leaf by layers of tightly packed cells with su-
berized walls. There is no single piece of evidence about 
penetration of micromycetes through this barrier inside 
the leaf. Layers of tightly packed cells could be interpret-
ed as “wound periderm”.

It is traditionally thought that during the year there 
is both a period of increasing biodiversity of micromy-
cetes on the leaves of seed plants and a period of its sig-
nificant decreasing (Blakeman, 1993; Bakkar et al., 2002; 
Ajay, Aparajita and Das, 2013; Borogohain, Das and 
Chutia, 2014). Such seasonal changes occur in the phyl-
loplane of the lower epidermis in Gnetum.

The number of micromycetes on the surface of this 
tissue is extremely reduced in winter and, on the con-
trary, increases in spring. Seasonal changes in the phyl-
loplane of the upper epidermis occur differently. The to-
tal number of species of its micromycetes insignificantly 
varies throughout the year. At the same time, its com-
position changes significantly. Disappearing species are 
replaced by new ones.

The estimation of the Jaccard coefficient for com-
parison of the lists of micromycetes species that are 
found on the leaves of the studied plants in spring, au-
tumn and winter has shown that changes in the species 
composition of mycobiota in G. gnemon and G. monta-
num phylloplanes in the course of the year occur in a 
similar way.

The obtained results determine possible directions 
for further research. Among them, the evaluation of fac-
tors that determine the differences between the phyl-
loplanes of the upper and lower epidermis of Gnetum 
leaves; the identification of climatic preferences of dif-
ferent micromycetes that could successively replace each 
other in the phylloplane annual seasons; comparison 
of the phylloplane of unevenly aged leaves; conducting 
comparative histological and cytological studies of peri-
derm in stems with tissue underlying the cork warts of 
gnetum leaves.

The structural organization and seasonal changes in 
the phylloplane, as well as the influence of its micromy-
cetes on leaf cells, differ on the upper and lower surfaces 
of Gnetum leaves. Cells of cork warts destroyed by mi-
cromycetes are isolated from living tissues of leaf by lay-
ers of densely arranged cells with suberized walls.

The study showed that the phylloplanes of the up-
per and lower leaf epidermis of seed plants may differ 
fundamentally from each other. It also detected the pen-
etration of micromycetes into the damaged epidermis 
of cork warts, in which they remain isolated from living 
tissues of the leaf by layers of cells that correspond to 
a “wound periderm”. The obtained data could be taken 
into account when studying mycobiota of the phyllo-
plane, evaluating their effect on plants and taking mea-
sures to combat micromycetes that have settled on the 
surface of plants. Moreover, the obtained data on the 
seasonal dynamics of phylloplane mycobiota should be 
considered in fungicidal spraying of plants growing in 
the greenhouse.
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