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Abstract
Although studies of myxomycetes in plantations 
have started to appear in the last few years, some 
agroecosystems with homogenous vegetation remain 
unexplored. This holds true for rice agroecosystems. 
A study comparing the occurrence of myxomycetes 
in organic and conventional rice fields in the prov-
ince of Cotabato was carried out in rice farms in the 
municipalities of Kabacan and Midsayap. Ground 
and aerial litters were randomly collected from rice 
fields to set up moist chamber cultures. Three cos-
mopolitan species of myxomycetes are reported in 
this study, namely Arcyria cinerea, Diderma hemi-
sphaericum, and Perichaena depressa. Moist cham-
bers set up with rice litter substrates from organic 
fields showed significantly higher percentage yield 
than moist chambers with the substrates from con-
ventional rice farms. This study is the first to explore 
the distribution of myxomycetes in rice agroecosys-
tems of the Philippines and to compare different 
farming practices.

Introduction
Myxomycetes are known to thrive in ecosystems 
with a high rate of organic decomposition, playing 
a quintessential role in nutrient cycling (Rayner & 
Boddy 1988). This role has been pointed out as the 
possible reason to why the majority of previous re-
ports on foliicolous (leaf inhabiting) myxomycetes 
diversity is concentrated and conducted on vegeta-
tion with high plant heterogeneity (Redeña-Santos 
et al. 2017). This remains true with studies in the 
Philippines showing relatively high myxomycetes 
diversity in terrestrial ecosystems with heteroge-
nous vegetation (e.g., forest floor litter) (Dagamac et 
al. 2012; Dagamac et al. 2015; Macabago et al. 2016; 
Pecundo et al. 2017) in comparison to litter from 
those with homogenous vegetation (Carascal et al. 
2017; Macabago et al. 2017). Thus, specific plant 
microhabitat associations of myxomycetes are be-
lieved to be comparably limited and less understood 
(Buisan et al. 2019). However, in all of these vegeta-
tion studies, one may always expect the presence of 

cosmopolitan myxomycetes species that thrive on 
fast decaying organic plant material (Rea-Maminta, 
et al. 2015; Schnittler et al 2017).

Nonetheless, in recent years, myxomycetes 
studies in agroecosystems in Southeast Asia gained 
significant attention (Tran et al. 2008; Alfaro et al. 
2015; Redeña-Santos et al. 2017; Buisan et al. 2019). 
Myxomycetes occurring in agricultural plantations 
in the Philippines were first reported by Alfaro et 
al. (2015) in sugarcane plantations, followed by an 
investigation in banana plantations by Buisan et al. 
(2019). However, no studies on myxomycetes asso-
ciation with rice agroecosystems have ever been 
conducted, although the Philippines is one of the 
top rice producers in the world. The closest inves-
tigation ever done was with another grass species 
with little to no economic importance, Imperata sp. 
(Carascal et al. 2017). This proves that despite the 
increasing attention to studies of monotypic vege-
tation, many possible microhabitats – especially 
agroecosystems – are still left untouched.

Although the number of myxomycetes studies 
in the Philippines has been increasing during the 
last decade (Dagamac & dela Cruz 2019), unfortu-
nately, studies in the Southern islands of the archi-
pelago, particularly in Mindanao, are still relatively 
scarce (Almadrones-Reyes and Dagamac 2018). 
Moreover, no records of myxomycetes have ever 
been accounted for rice agroecosystems. The pres-
ent study was conducted to expand current knowl-
edge on myxomycetes in large agricultural planta-
tions in the country. Additionally, this study aimed 
to document for the first time the possible impact 
of different farming practices on the occurrence of 
myxomycetes.

Materials and Methods

Collection and Preparation of Substrates 
Aerial litter (AL) and ground litter (GL) substrate 
samples were collected from two different mu-
nicipalities practicing organic and conventional 
rice farming, respectively. These substrates were 
composed of a mix of rice leaves and straws. The 
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organic rice farm was sampled in the municipali-
ty of Midsayap (7°12’39.1” N, 124°32’45.7” E), while 
the farm with conventional farming practices was 
sampled in the municipality of Kabacan (7°07’19” 
N, 124°49’13”E). Both municipalities are part of the 
province of Cotabato, situated in Southern Min-
danao, Philippines (Fig. 1). The seasons are not very 
pronounced there, with relatively dry periods last-
ing from November to April, and wet during the rest 
of the year. The areas experience high annual rain-
fall which ranges from 1,871 mm/year to 2,876 mm/
year, with annual mean temperature ranging from 
31.0°C to 33.0°C (Department of Agriculture – Re-
gional Field Office XII 2019). 

Prior to collecting the samples, farm owners/

personnel were interviewed regarding their farming 
practices. The farms differ in seedling nursery sys-
tem, seedling age for transplant, pest and diseases 
management, common encountered pests, and 
fertilizer application (Table 1). The sampled organic 
farm practices no fertilizer application and utiliz-
es a practice of water management in dealing with 
weeds, pests, and diseases. On the contrary, the 
sampled conventional rice farm applies urea in the 
fields after transplanting and in regular times as a 
maintenance until harvest. Unlike the sampled or-
ganic farm, the conventional rice farm uses pesti-
cides, herbicides, and fungicides as an intervention 
to control pests and diseases in the fields. 

Three rice fields per farming practice were 

Fig. 1. Study sites: Cotabato Province, Southern Mindanao showing the sampling location of the two rice farms 
practicing organic and conventional farming.
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randomly selected in this study. The sampled fields 
belonged to the same farm and were approximate-
ly 200 m from each other. Samples were collected 4 
to 5 weeks after the fields were harvested to ensure 
the availability of organic decaying litter. A 10 x 10 
m plot was established per rice field. Ten samples of 
AL and GL were randomly collected from each plot 
making a total of 30 AL and 30 GL per farming prac-
tice. All samples were placed in paper bags. The col-
lected substrates were further air-dried for 12 to 14 
days prior to establishing moist chamber cultures.

Preparation of Moist Chambers and Identifi-
cation of Myxomycetes
A total of 120 moist chamber (MC) cultures were 
prepared following the detailed protocol of Ste-
phenson & Stempen (1994). Each chamber was 
lined with tissue paper, then a substrate was placed 
and soaked with distilled water overnight. After 24 
hours, the pH of each substrate was measured 3 
times with a pH meter (Sartorius, Germany), then 
MCs were maintained under ambient light con-
ditions at room temperature (25 – 27 °C) for up 
to 10 – 12 weeks. The MCs were regularly checked 
every week for the presence of plasmodia and/or 
fruiting bodies. To keep the MCs moist, distilled 

water was added at certain occasions. When myx-
omycete fruiting bodies appeared, they were placed 
inside herbarium matchboxes and kept frozen 
overnight to prevent insect infestation. The fruiting 
body characteristics (type, shape, presence of lime, 
height, and color) were then described using a ste-
reo microscope (Ceti, Belgium) and were used for 
initial determination. Microscopic characterization 
of the fruiting bodies was conducted by placing a 
single fruiting body in a slide with a drop 10% w/v 
KOH solution and investigating after 24 hours using 
light microscope (Olympus, Japan). The specimens 
were determined using an online database (http://
slimemold.uark.edu/) and were verified by the last 
author. All specimen vouchers were then preserved 
in the personal collection of the first author.

Calculation of Productivity  
and Statistical Analysis
Moist chamber productivity was used to evaluate 
the ability of each microhabitat (aerial and ground 
rice litter) to support myxomycete growth (Carascal 
et al. 2017). It was calculated as a percent yield ac-
cording to Dagamac et al. (2012). A moist chamber 
that exhibited plasmodia and/or fruiting bodies 
was considered as a positive record, and was noted 

Farming Practice Organic Rice Farms Conventional Rice Farms

Seedling Nursery System Use of seed beds Wet-bed method

Seedling Age for Transplant 25 days 14–16 days

Source of Water Irrigation Irrigation

Pest and Diseases Management

Use of water management practices; 
Non-use of chemical-based 
herbicides, pesticides, and fungicides 
for 19 years

Use of chemical-based 
herbicides, pesticides, and 
fungicides

Common Encountered Pests No common pests Snails and weeds

Application of Fertilizer No application Yes; Urea-based fertilizers

Table 1. Farming practices of the rice farms based on the responses of the farm personnel/manager.
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as one positive culture. The number of positive cul-
tures was determined and then divided by the total 
number of moist chambers prepared. A two-sample 
Kolmogorov-Smirnov (KS) Test was conducted to 
compare the proportions of positive cultures from 
the two municipalities that used different rice farm-
ing practices. This was calculated using PAST ver-
sion 4.01 statistical software (Hammer et al. 2001).

Results
Out of the 120 moist chambers prepared, 38% were 
positive for myxomycetes ( fruiting bodies and/or 
plasmodia). The percentage of moist chamber cul-
tures with fructifications (20%) was similar to the 
percentage of cultures with plasmodia only (18%). 

Moist chamber cultures of agricultural litters ob-
tained from organic rice fields yielded the higher 
number of positive moist chambers (32) compared 
to the number of positive moist chamber cultures 
from conventional rice fields (14) (Fig. 2). The com-
parison of the proportions of MCs positive for myxo-
mycetes between the two farming systems revealed 
a significant difference (D = 0.5625; p = 0.0022). In 
total, organic farms produced 22 / 10 and conven-
tional farms 10 / 4 positive moist chamber cultures 
of aerial litter / ground litter.

Identification of the collected myxomycetes re-
vealed only three species, all of them cosmopolitan: 
Arcyria cinerea (Bull.) Pers., Diderma hemisphaeri-
cum (Bull.) Hornem., and Perichaena depressa Lib-
ert. These species are reported for the first time in 
rice litter substrates and are presented with some 
remarks. Mean pH ± SD, min-max values measured 
on every positive MC are also presented (Table 2).

Fig. 2. Bar graph showing the proportion of moist chamber cultures that yielded the three cosmopolitan 
myxomycete species and plasmodia. The cultures were set up with two different types of rice litter from two farms 
that utilize different farming practices.
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Arcyria cinerea (Bull.) Pers.

Sporocarps were clustered in small groups, erect, 
stalked, cylindrical in shape, and all were pale grey 
in color. Stalks were concolorous with the sporothe-
ca. Found only in aerial litter samples in both organ-
ic and conventional rice farms, a total of 11 moist 
chamber cultures were positive for A. cinerea. Our 
results show that the fields of both farming practic-
es harbor roughly equal records of A. cinerea.

Diderma hemisphaericum (Bull.) Hornem.
Sporocarps were stalked with discoid hypothallus. 
Sporothecae were also discoid and white in color 
due to the presence of lime. Seven moist chambers 
were positive for D. hemisphaericum, found both on 
organic rice fields (5) and conventional rice fields 
(2). The specimens were found mostly on aerial lit-
ter samples.

Perichaena depressa Libert.
Sporocarps were crowded, gregarious and polygo-
nal, with no apprarent hypothallus. Sporangia were 
markedly depressed with lids intact, and margins 
exhibiting circumscissile dehiscence. A total of 7 
moist chamber cultures were positive for P. depres-
sa. This species was found mostly in moist cham-
bers with aerial litter from organic fields.

Discussion
Most of the myxomycetes surveys in the Philippines 
use litter from forest floors that is produced by het-
erogenous vegetation. This limits the possibility to 
reveal foliicolous myxomycetes that could be pref-
erentially associated to specific plant substrates as 
their main microhabitats. Buisan et al. (2019) point-
ed out three reasons for this limitation: (1) the im-
practicality of identifying the leaf litter that is most 
of the time heavily degraded making it impossible 
to identify which plant it came from, (2) ground leaf 
litter is usually composed of a mixture of remnants 
of different plant species making it difficult to seg-
regate when randomly collected in the field, and (3) 
most of the scientists conducting rapid assessments 
of myxobiota have a limited botanical knowledge. 
Despite these reasons, there is an increasing inter-
est in studying myxomycetes associated with mono-
typic vegetation. To the best of our knowledge, this 
paper is the first to report myxomycetes in rice 
agroecosystems and to compare their occurrences 
with regards to farming practices. 

This study showed a moderately low percentage 
(38%) of moist chamber cultures positive for myxo-
mycetes either as plasmodia (18%) or fruiting bodies 
(20%), with only three species revealed. This result 
is similar to the results of the investigation done for 
Musa sp. litter in Southern Mindanao (Buisan et al. 
2019), which gave 31.66% moist chamber productivi-
ty – mostly plasmodia – and 5 cosmopolitan species. 
Furthermore, in comparison to the other study in the 
Philippines conducted for agricultural sugarcane lit-
ter (Alfaro et al. 2015), our percentage yield is com-
paratively higher (38% vs. 18%). However, our find-
ings contradict the observations made in a similar 
study of agricultural litter conducted in Thai Nguyen, 

Species pH ± SD, min – max

A. cinerea 6.26 ± 0.49, 5.52 – 6.81
D. hemisphaericum 6.58 ± 0.67, 5.48 – 7.66
P. depressa 6.54 ± 0.40, 5.92 – 7.16

Table 2. The table shows the cosmopolitan species and their mean pH ± SD, min – max values as measured on 
positive moist chambers.
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Northern Vietnam (Redeña-Santos et al. 2017). 
Their results showed a MC productivity of 90% and 
a higher myxomycetes occurrence of 165 records for 
the agricultural plantations of guava, green tea, and 
longan. The low turn out of positive moist chambers 
could probably be attributed to the smooth surface 
of the rice leaves. This is supported by Alfaro et al. 
(2015) who reported that smooth leaf morphology is 
not an effective spore trap for myxomycetes, in con-
trast to leaf litter with thick leathery leaves and hair-
like structures studied by Redeña-Santos et al. (2017) 
in Vietnam. Still, it is interesting to note that rice 
varies in phenotype depending on the variety (Hu et 
al. 2013), some exhibit a glabrous or pubescent leaf 
morphology. This may warrant future investigations 
comparing myxomycetes associated with leaf litter 
of rice varieties with different leaf morphology. Be-
cause of the low exhaustiveness of the survey, which 
may have led to the insufficiency to represent a con-
clusive significance of the differences in myxomycete 
distribution between aerial and ground litter, the 
data should be treated with caution. This, however, 
calls for a more thorough examination, prompting 
further investigations.

Our results also oppose the findings of Caras-
cal et al. (2017), which evaluated the distribution of 
myxomycetes in other grass species found in Philip-
pine grasslands. They reported higher productivity 
despite the homogeneity of the vegetation. How-
ever, it should be noted that Carascal et al. (2017) 
studied the grass species of little to no agricultural 
importance and the plant community with minimal 
anthropogenic intervention. Various anthropogenic 
interventions have been shown previously to reduce 
myxomycete diversity and abundance (Tran et al. 
2008). In turn, rice fields are subject to numerous 
human interventions (e.g. application of fertilizers 
and herbicides, and removal of plant materials) that 
aim to boost crop production, which could affect 
spore dispersal and viability, especially in conven-
tional rice farms.

The results of this study also show the signifi-
cant difference in proportions of moist chamber 
cultures positive for myxomycetes between the two 
farming practices. It has been previously pointed 
out that conventional and organic farming systems 
play a major influence on the composition of micro-
bial communities (Lupatini et al. 2017). Lupatini et 

al. (2017) also suggested that organically managed 
systems increase taxonomic and phylogenetic rich-
ness, diversity, and heterogeneity of soil microbiota 
when compared with conventional farming sys-
tems, and that composition of microbial communi-
ties was altered by soil health treatments. Increased 
protozoan densities as a result of organic amend-
ments have also been reported before (Treonis et al. 
2010). However, sampled organic rice fields in this 
study do not practice the addition of organic ferti-
lizers and other amendments, hence, the low per-
centage of positive cultures. Application of organic 
fetilizers has the potential to increase bacterivo-
rous and other phagotrophic protists (Xiong et al. 
2017). Although at this point it would be difficult to 
conclude if farming practices directly affect the pro-
pensity of fructification of other species of myxomy-
cetes, applying for example barcoding approach for 
species identification of plasmodia (Shchepin et al. 
2017) that appear in moist chambers or the more 
sophisticated eDNA analysis method (Shchepin et 
al. 2019) for litter and soil samples would help dis-
entangle these speculations. 

The occurrence of the myxomycetes reported 
in this study confirms the broad range of distribu-
tion of these species in Southeast Asia (Tran et al. 
2008). These records of cosmopolitan species are 
widely distributed in the Philippines (Reynolds 
1981) and other parts of Southeast Asia (Reynolds 
& Alexopolous 1971; Ko Ko et al. 2010; Ko Ko et al. 
2012; Ko Ko et al. 2013). A. cinerea can sporulate in a 
variety of environments and agricultural substrates, 
such as corn (Tran et al. 2008), banana (Tran et al. 
2008; Buisan et al. 2019), sugarcane (Alfaro et al. 
2015), and guava (Redeña-Santos et al. 2017). Sim-
ilarly, P. depressa is common in the tropics (Keller 
& Eliasson 1992) and occurs quite abundantly in 
different agricultural plantations, especially green 
tea plantations (Redeña-Santos et al. 2017). To date, 
there are no records of P. depressa in other agricul-
tural litters in the Philippines. D. hemisphaericum, 
on the other hand, was noted to be one of the most 
common myxomycetes species that has appeared 
in systematic surveys in the Philippines (Alma-
drones-Reyes et al. 2019). The species occurs to be 
quite abundant in mango (Tran et al. 2008), as well 
as other agricultural plantations, such as green tea, 
longan, and guava (Redeña-Santos et al. 2017). The 
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occurrence of these cosmopolitan species supports 
previous suggestions (Buisan et al. 2019) that com-
prehensive diversity assessments of monotypic veg-
etation, particularly in agricultural rich areas, are 
feasible.

The present understanding of the distribution 
of myxomycetes in the Philippines, especially in 
Mindanao and in agroecosystems, is far from be-
ing complete (Alfaro et al. 2015; Dagamac & dela 
Cruz 2015, 2019). Many agricultural factors are still 
in need of further investigations (e.g. climactic var-
iations, seasonal occurrence, use of fertilizers and 
soil amendments). Economic importance of myx-
omycetes may also warrant future investigations 
regarding slime molds and agroecosystems. One 
interesting idea is the role of myxomycetes as “plant 
pathogens” as previously reported (Cresenzi et al. 
2015; Agra et al. 2018). However, damage to plants 
was either mechanical, as the result of extensive 
plasmodial growth due to foraging that eventual-
ly smothered the plants, or coincidental (Lee et al. 
2008), rather than caused by a true parasitism (Tu 
et al. 2016). In spite of a few isolated reports, due to 
no global evaluations have ever been made on the 
possible economic impact of myxomycetes, the idea 
of their role as pathogens in agricultural plantations 
seems highly improbable.

Our results agree with the general pattern that, 
in spite of the homogeneity of the vegetation like 
in agricultural plantations, organic decaying leaf 
litter substrates can harbour at least cosmopolitan 
myxomycetes species. Considering the results of 
our study, it seems that agricultural leaf litters can 
indeed serve as potential microhabitats for myxo-
mycetes. Hence, it would be important to expand 
myxomycetes studies in different agroecosystems 
for the Philippines.

Acknowledgements

The authors would like to acknowledge Prof. Elma G. Sepelagio 
(Laboratory In-Charge, Biology Central Laboratory) of the 
Department of Biological Sciences, College of Science and 
Mathematics, University of Southern Mindanao and her staff 
for providing us a space to conduct our study. The authors 
would also like to thank the farm managers, Abdila T. Dayundo 
of Kabacan and Efren Utlang of SCC Nature Farm, Midsayap 
for providing us the necessary rice fields for our sample col-
lection. Additionaly, JPC would like to acknowledge the help 
extended by Gerrald Catalon, LPT for assisting us on securing 
the necessary permits for our sampling in Midsayap. NHAD 
would like to acknowledge the DOST-PCAARRD for the 
research support given as a Balik Scientist grantee. 

References

Agra, L.A.N.N., Seixas, C.D.S., & Dianese, J.C. 2018: False 
bean smut caused by slime mold. Plant Disease 102: 507-510.

Alfaro, J.R.D., Alcayde, D.L.I.M., Agbulos, J.B., Dagamac, 
N.H.A. & dela Cruz, T.E.E. 2015: The occurence of myxomy-
cetes from a lowland montane forest and agricultural planta-
tions of Negros Occidental, Western Visayas, Philippines.  
Fine Focus 1: 7-20.

Almadrones-Reyes, K.J., Bernardo, J.L.M., Redeña-Santos, 
J.C., & Dagamac, N.H.A. 2019: Distribution of the 18S rDNA 
variants of Diderma hemisphaericum (Myxomycota) specimens 
obtained from moist chambers of materials collected in the 
Philippines and Vietnam. Philippine Journal of Systematic 
Biology 13: 20–28.

Almadrones-Reyes, K.J. & Dagamac, N.H.A. 2018: Predicting 
local habitat suitability in changing climate scenarios: Applying 
species distribution modelling for Diderma hemisphaericum. 
Current Research in Environmental and Applied Mycology  
8: 492-500.

Buisan, P.N.H.N., Pasandalan, Z.M., Pandulo, A.D., Balabagan, 
N.A., Farid, T.O., Abubakar, T.A., Pantog, A.M.M., Labas, D.A. 
& Dagamac, N.H.A. 2019: Records of cosmopolitan myxo-
mycetes occuring on banana litter from Southern Mindanao, 
Philippines. Philippine Journal of Systematic Biology 13: 55-57.



258

Carascal, M.B., Rea, M.A.D., Dagamac, N.H.A. & dela Cruz, 
T.E.E. 2017: Myxomycetes associated with grassland litter 
in the Philippines. Current Research in Environmental and 
Applied Mycology 7: 56-63.

Crescenzi, A., Rana, G.L., Fanigliulo, A., Lahoz, E., & Carrieri, 
R. 2015: First report of Physarum cinereum on lettuce, rocket, 
endive, and celery in Italy. Plant Disease 99. 1272.

Dagamac, N.H.A. & dela Cruz, T.E.E. 2015: Myxomycetes 
research in the Philippines: updates and opportunities. Myco-
sphere 6: 784-795.

Dagamac, N.H.A. & dela Cruz, T.E.E. 2019: The Philippine 
slime molds after Dogma’s 1975 list – How far have we been?. 
Philippine Journal of Systematic Biology 13: 58-65.

Dagamac, N.H.A., Rea-Maminta, M.A.D., Batungbacal, N.S., 
Jung, S.H., Bulang, C.R., Cayago, A.G. & dela Cruz, T.E.E. 
2015: Diversity of plasmodial slime molds (myxomycetes) on 
coastal, mountain and community forests of Puerto Galera, 
Oriental Mindoro, Philippines. Journal of Asia-Pacific Biodi-
versity 8: 322-329.

Dagamac, N.H.A., Stephenson, S.L., & dela Cruz, T.E.E. 
2012: Occurrence, distribution and diversity of myxomycetes 
(plasmodial slime moulds) along two transects in Mt. Arayat 
National Park, Pampanga, Philippines. Mycology 3: 119-126.

Hammer, Ø., Harper, D.A.T. & Ryan, P.D. 2001: PAST:  
Paleontological statistics software for education and data 
analysis. Paleontologica Electronica 4: 9.

Hu, B., Wan, Y., Li, X., Zhang, F., Yan, W. & Xie, J. 2013 
Phenotypic characterization and genetic analysis of rice with 
pubescent leaves and glabrous hulls (PLgh). Crop Science 
 53 (2013): 1878-1886.

Keller, H.W. & Eliasson, U.H. 1992: Taxonomic evaluation of 
Perichaena depressa and P. quadrata based on controlled culti-
vation, with additional observations on the genus. Mycological 
Research 96: 1085-1097.

Ko Ko, T.W., Hanh, T.T.M., Stephenson, S.L., Mitchell, D.W., 
Rojas, C., Hyde, K.D., & Lumyoung, S. 2010: Myxomycetes  
of Thailand. Sydowia 62: 243-260.

Ko Ko, T.W., Tran, H.T.M., Clayton, M.E., & Stephenson,  
S.L. 2012: First records of myxomycetes in Laos.  
Nova Hedwigia 96: 73-81.

Ko Ko, T.W., Rosing, W.C., Ko Ko, Z.Z.W. & Stephenson,  
S.L. 2013: Myxomycetes of Myanmar. Sydowia 65: 267-276.

Lee, J.H., Han, K.S., Bae, D.W., Kim, D.K., & Kim, H.K. 2008: 
Identification of Diachea leucopodia on strawberry from  
greenhouse in Korea. Mycobiology 36: 143-147.

Lupatini, M., Korthals, G.W., de Hollander, M., Janssens, 
T.K.S., & Kuramae, E.E. 2017: Soil Microbiome Is More  
Heterogeneous in Organic Than in Conventional Farming 
System. Frontiers in Microbiology 7.

Macabago, S.A.B., Dagamac, N.H.A., dela Cruz, T.E.E., & 
Stephenson, S.L. 2017: Implications of the role of dispersal on 
the occurence of litter inhabiting myxomycetes in different 
vegetation types after a disturbance: A case study in Bohol 
Island, Philippines. Nova Hedwigia 104: 221-236.

Macabago, S.A.B., Stephenson, S.L., & dela Cruz T.E.E. 
2016: Diversity and distribution of myxomycetes in coastal 
and mountain forests of Lubang Island, Occidental Mindoro, 
Philippines. Mycosphere 7: 18-29.

Pecundo, M.H., Dagamac, N.H.A., Stephenson, S.L., & dela 
Cruz, T.E.E. 2017: First myxomycete survey in the limestone 
forest of Puerto Princesa Subterranean River National Park, 
Palawan, Philippines. Nova Hedwigia 104: 129-141.

Rayner, A.D.M., & Boddy, L. 1988: Fungal Decomposition of 
Wood. Its biology and ecology. John Wiley & Sons Ltd.: Sussex.

Rea-Maminta, M.A.D., Dagamac, N.H.A., Huyop, F.Z.,  
Wahab, R.A., & dela Cruz, T.E.E. 2015: Comparative diversity 
and heavy metal absorption of myxomycetes (slime molds) 
from forest patches on ultramafic and volcanic soils. Chemistry 
and Ecology 31: 741-753.

Redeña-Santos, J.C., Danca, J.A.U., Thao, D.V., & Dagamac, 
N.H.A. 2017: Myxomycetes occuring on selected agricultural 
litters. Studies in Fungi 2: 171-177.

Reynolds, D.R. 1981: Southeast Asian Myxomycetes. II.  
Philippines. Philippine Journal of Biology 10: 127-150.

Reynolds, D.R., & Alexopolous, C.J. 1971: Southeast Asian 
Myxomycetes. I. Thailand and Burma. Pacific Science  
25: 33-38.

Schnittler, M., Dagamac, N.H.A. & Novozhilov, Y.K. 2017:  
Biogeographical patterns in myxomycetes. In: Stephenson,  
S.L. & Rojas, C. Myxomycetes: Biology, Systematics,  
Biogeography, Ecology, 299-331. Academic Press.

Shchepin, O.N., Schnittler, M., Dagamac, N.H.A., Leontyev, 
D.V., & Novozhilov, Y.K. 2019: Unexplored diversity of the mi-
croscopic myxomycetes: evidences from environmental DNA. 
Plant Ecology and Evolution 152: 499–506.



259

Shchepin, O.N., Dagamac, N.H.A., Sanchez, O.M.,  
Novozhilov, Y.K., Schnittler, M., & Zemlyanskaya, I.V. 2017: 
DNA Barcoding as a tool for identification of plasmodia and 
sclerotia of myxomycetes (Myxogastria) appearing in moist 
chambers. Mycosphere 8: 1904–1913

Stephenson, S.L. & Stempen, H. 1994: Myxomycetes:  
A Handbook of Slime Molds. Timber Press

Tran, H.T.M., Stephenson, S.L., Hyde, K.D. & Mongkolporn,  
O. 2008: Distribution and occurence of myxomycetes on 
agricultural ground litter and forest floor litter in Thailand. 
Mycologia 100: 181-190.

Treonis, A.M., Austin, E.E., Buyer, J.S., Maul, J.E., Spicer, L. 
& Zasada, I.A. 2010: Effects of organic amendment and tillage 
on soil microorganisms and microfauna. Applied Soil Ecology 
46: 103-110.

Tu, Y.L., Xiao, F., Zhang, J.Z., Lu, Q.Q., & Wang, L.F. 2016:  
Two “myxomycete diseases”” occurred on cultivated fields of 
Dendrobium candidum. Journal of Zhijiang University  
(Agriculture and Life Sciences) 42: 137-142.

Xiong, W., Jousset, A., Guo, S., Karlsson, I., Zhao, Q., Wu, H., 
Kowalchuk, G.A., Shen, Q., Li, R. & Geisen, S. 2017: Soil  
protists communities form a dynamic hub in the soil  
microbiome. The ISME Journal: 1-5.


