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Diversity of Basidiomycetous Macrofungi from MpangaForest in Mpigi
District, Central Uganda

ABSTRACT

The present study was conducted at Mpanga Research ForestlocatedinMpigiDistrict,
Uganda,duringthemonthsofMarch, April,MayandJun2020(forthefirstrainyseason)
theninSeptember,October,November,andDecember2020(forthesecond  rainy.. Season) to
determine the diversity and distribution of macrofungi as well as their influence by
seasonality,andphysicochemicalpropertiesof the soil. An inventory was carried out through
plot sampling and survey which consists of installing three permanent plots:0f 30 m x 30 m in
eachofthefourselectedsites,thesoilwasalsomeasuredin  the sample plots. To measure
distributionanddiversity,abundance,speciesrichness, density,and Simpson's and Shannon's
indices were calculated. SPSS version 20 software was-used for the significance tests of the
diversity parametershetweenthetworainyseasonsandforthoseof the correlation between the soil
factors and the abundance of macrofungi species. A total of 120 species of basidiomycetous
macrofungidistributedin53generaand22families were recorded. The dominant genus was
PsathyrellafollowedbyMarasmiusbelongingtothemostdominantfamilies (Coprinaceae
andMarasmiaceae),andthemostdominantorders(Agaricales and Tricholomatales). During the
two rainy seasons, the majority of the species that have been collected belong to the group of
saprophytes. Macrofungi species collected during thesecondrainyseasonweremore
abundant and «diverse. than those collected during the first rainy season. Among the
physicochemical properties of the soil, pH, calcium, potassium, nitrogen, organic carbon,
phosphorus, clay,sand and organic matter were significantly correlated with the abundance of
macrofungalspecies. Theresultsofthisstudyprovidedbasicinformationon  the  diversity  of
macrofungiin. Mpanga forest, it can be a point of reference for further research to study the
evolution of macrofungal biodiversity in this forest.
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INTRODUCTION

Fungiareoneofthe four classifications of the living kingdom, alongside animals, plants, and
bacteria. Formerly classified as plants, they now form a separate kingdom within the
eukaryoticgroup, called Mycota or Fungi [1]. The reign of Mycota is not limited to large
mushroomswhoseappearanceintheforestandsalesin the markets are familiar to us; it also
includesmoldsthatattackourfood,parasitizeourskinorgivethecheeseaspecialtaste.
Thesemoldsarecalledmicrofungibecausetheyareinvisible to the naked eye. The term
macrofungi(mushrooms)or macromycetes has been defined by several authors who all agree
ontheproductionoffruitingbodies visible to the naked eye [2, 3, 4, 5]. Most.macrofungi are
membersofBasidiomycota,butsomebelongtoAscomycota. These two divisions are
distinguishedbytheirsexualreproductionspores which are internal, contained “in asci for
Ascomycotaandexternal, carried by sterigmata at the top of the basidia for Basidiomycota.
Macrofungi,inparticularbasidiomycetous,whichappearmainly during  the - rainy season in
forests,arelessknownthanhigherplantsbecauseoftheirephemeralappearance.Despite their short
lifespan,  basidiomycetous macrofungi play an.. important role for the local
communitiesoftropical Africaassourcesoffood;medicinesand . substantial income [6,7,8].
Overtwo-thirdsofthesecommunitiesdependonforestproducts,eitherfor ~ subsistence or  as
cashincomederivedfroma wide range of non-timber forest products (NTFPs), including
basidiomycetous macrofungi [9].

Apartfromthenutritionalandmedicinalaspects, basidiomycetous macrofungi play also an
important role in ecosystem functioning [10] by allowing nutrient recycling, growth, and
seedlingestablishmentinforestsoil[11]. Thus, they are very good indicators of the health or age
of an ecosystem [12]. In Africa, the work of [13], [14], and [15] conducted in West Africa
haveshown this fundamental role played by basidiomycetous macrofungi in the functioning
and regeneration of natural forest ecosystems in tropical Africa. In addition to their ecological
importance,basidiomycetousmacrofungiconstituteanimportantheritageamong  the  world's
biologicalresources,ontheonehandthroughtheirusefulnessand on the other hand through their
diversity [16,17,18,19,20].

Thefungalkingdom is currently one of the most diverse systematic groups in the biosphere
afterinsects[21],thenumber of species is estimated at 2.2 to 3.8 million worldwide [22], but
macrofungiarelessrepresentedwithanestimateof140,00species [23]. Within the group of
macrofungi,thebasidiomycetousarethe most diversified and studied with 22,000 species
describedworldwide[24].However,despitebeing an important heritage among the world's

biologicalresources,thedocumentationontheirdiversityisstillinsufficientinsub-Saharan



Africa. This insufficiencyismoremarkedinWestAfricabecausenoflorahasyetbeen
availableandtherecentstudieswerecarriedoutby[25,26],[10],[27],[28]and[29].In
SouthAfrica,[30]recentlypublishedthefirstmacrofungichecklistforSouthAfrica.The most in-
depth work has been carried out in Central and East Africa with the existence of three
flora:“the iconographic flora of the mushrooms of Congo” [31], “the illustrated flora of the
mushrooms of Central Africa” [32], and “a preliminary agaric flora of East Africa” [33] but
therecentstudieswerecarriedoutby[34,35,36].InEastAfrica,diversityhasbeen widely
documentedinolderpublicationsbut recent ones have been done by [37], [38] and [39]. In
Uganda,apartfromtheveryoldpublicationsof[33],[40],[41],studiesconductedby[42] .and [43]
summarize theliterature on the diversity of basidiomycetous macrofungi. The studies
conducted by [42] and [43]recordedrespectivelyl0speciesofbasidiomycetous
macrofungibelongingto5genera and 173 species of basidiomycetous macrofungi belonging
to62genera.However, the study conducted by [43] focused exclusively on one subclass of
basidiomycetes called Aphyllophoromycetideae.
TheequatorialnaturalforestofMpangawithits500species of trees and shrubs, 300 species
ofbirds,97butterflies,and112moths[44],hasbeenthesubjectofmanystudiesonanimal and plant
biodiversity [45, 46, 47, 48, 49, 50]. It has also been the:subject of a study on the
SaprophyticAscomycetousandFungilmperfectiondeadanddecomposingbranches, logs,
andstumps[51],butnostudiesfocusingexclusivelyonBasidiomycetousmacrofungihave
everbeencarriedout,hencetheneedtostudythembecause of their risk of extinction due to
anthropogenicactivitiestowhichtheforestisexposed.DespitetheUgandangovernment's
commitment to promoting. the conservation, management, and sustainable use of its
biologicalresourcesby2025[52],thelackofdataonthediversityofsuchanimportant resource in
Uganda, which is the wettest country in thesub-regionwithits4.9million
hectaresofnaturalforests[53]conduciveforthedevelopmentofmacrofungi,constitutesa
failureinthesustainablemanagementofthisforestresource. That'swhythispresentstudy
aimsmainlytocontributetotheknowledgeofthediversityofBasidiomycetousmacrofungi in
Mpanga forest for good sustainable management, knowing that the protection of
biodiversityhasbecomeamajor issue of forest policy.Specifically,it consists in determining
thediversityanddistributionofmacrofungiaswellastheirinfluencebyseasonalityand
physicochemical properties of the soil.

MATERIALSAND METHODS

Study area



The study was conducted at MpangaResearchForestlocatedinMpigiDistrict,Uganda
(Figure 1). Mpanga Forest Reserve (0 ° 127 'N, 32 ° 175" E) is an area of moist semi-
deciduous tropical forest with Celtis that lies between 1140 and 1200 m altitude in
MawokotaCounty,southofMengo,3kmsouthwestof Mpigi town, 36 km west of Kampala
and25kmnorth-westEntebbe,onlyabout20kmfrom the shores of Lake Victoria [48]. It is also
located in the climatic zone of Lake Victoria [54], characterized by a bimodal distribution of
precipitation, with the wettest periods from March to June and from September
toDecemberasshownbytheombrothermicdiagramofMpigi district (Figure 2). The mean
annualprecipitationand the minimum and maximum temperatures are estimated at 1168 mm,
17.2°C,and26.1°C,respectivelywitharelativehumidityof90% according 10  [49]. Soils
intheregionaregenerally red and yellow latosols on the peaks and. crests, sandy-gray loams
onthelowerslopesofthehills,andgray-blueclaysand silts on the lower, slopes and valleys
[55and56].Mpangaisasmallexpanseofnaturalequatorialforestof453hectares[57]
whichsupportsanimpressiveplantbiodiversitycomposed “of 500 species of trees and shrubs
[58],dominated by Cannabaceae followed by Moraceae and-Euphorbiaceae [59]. Some of the
floristicelementsareBeilschmiediaugandensis, . Euphorbia hirta, Euphorbia heterophylla,
Lovoa trichillioides, Budongo Mahogany, Euntumia. Africana, Morus nigra, Trichilla
emetica, Celtismildbraedii,Pseudospondiasmacrocarpa,Celtisdurandii,Albiziacoliria,
Albiziaglaberrima,Albiziazygia,Celtiszenkeri,Antiaristoxicaria, = Entandrophragma  spp.,

Funtumia spp.,Antiaris toxicara, Ficus exasperata, Ficus mucoso.
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Figure 1:Study area (Mpanga forest) in Mpigi district, Uganda
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Figure 2:0Ombrothermic diagram of Mpigi district (2020)

Survey
SurveyswerecarriedoutintheforestofMpanga,duringthemonthsofMarch,April,May and Jun

2020 (for the first rainy season) then. of. September, October, November  and
December2020(for the second rainy season) since macrofungi can’t be observed all year
round [60] for most of the time. Macrofungi are not distributed at random; several factors
conditiontheirgrowth. Theyexhibitpatternofdiversitythatarerelatedto largely to substratum and
host availability [61]. This host,swhich is related to vegetation, is obviously of capital
importance forthesuecessofthemacrofungiharvestingcampaignbecausemany
ectomycorrhizalspecies(forexampleinthegeneraCantharellus,Lactarius,Russula,and
mostBoletales)areassociatedwithcertain ~ forest species [62].Apart from  vegetation,
ecologicalfacterssuchasprecipitationandphysicochemicalpropertiesof the soil are also to be
considered. Thus, @ preliminary study was carried out at the beginning of February 2020 to
confirm the  choice of sites which shouldhousetheplots.Thisstudywasguidedbyan
experiencedforest agent who has a good knowledge of the different types of forest vegetation
in Mpanga.At the end of this preliminary study, 4 sites were selected:
Sitesland3:aretheclearpartofthe forest rich in Cannabaceae, dominated by the Celtis (a

and c).

Sites 2 and 4: characterized by a vegetation rich in Euphorbiaceae and Moraceae (b and
d).



Photol.Thevegetationofthe4 prospected sites:(a and c)- Vegetation rich in Cannabaceae,
dominated by Celtis; (b and d)- Vegetation rich in‘Euphorbiaceae and Moraceae

Sampling

Thesurveymethodthat was used Is plot and survey sampling recommended by [63]. Three
permanentplotsof30mx30mhavebeeninstalledineachofthe4sites(Figure 3).The
locationoftheplotswaschosenatrandom within the sites. The distance between the plots
(takentwobytwo)ofthesamesiteisatleastl00m. In order to facilitate the location of the
plots,treesalongtheboundariesoftheplots have been tied with a ribbon and the geographic
coordinatesoftheplotsandofeachspeciesofmacrofungiharvestedhavebeenrecorded  using a
GPS.The geographical coordinates of the plots are as follows:

Sitel/Plot1(0°12°33""N- 32°18’ 9 E); Plot2 (0°12* 33" N - 32°18” 12” E); Plot3 (0°
12°29”N=32°18°6"E).

Site2/ Plot4(0°12* 42”* N - 32°17° 27” E); Plot5 (0°12’ 36” N - 2°17° 27" E); Plot6 (0°
12°39”N - 32°17°31"E).

Site3/ Plot7(0°12°14”N-32°17°7""E);Plot8 (0°12” 9 N - 32°17” 11 E); Plot9 (0°

12°15”N - 32°17°13"E).

Site4/ Plot10(0°12°11”N-32°17°42E);Plotdl (0°12° 9 N - 32°17” 4 E); Plot12 (0°12°6’N
- 32°17°46"'E).



Tomeasurethe soil, 1-kilogram soil samples were taken at a depth of 0 to 15 cm + the humus
layerineachofthe four sites in duplicate. The samples were air-dried at about 25 °C for 5
daystoeliminatethemoisture. Theywerethengroundusingaporcelainpestleandmortar
andthensievedthrougha2-millimetersievetoremove debris and other non-soil materials
includingstonesandroots. Thesievedsoilsampleswererepackaged,clearlylabeled to be
analyzedfromtheSoil,Plant,and Water analytical Laboratory at the Department of Agricultural
and Environmental Sciences of Makerere University. On the sieved soils samples,a broad
spectrum of agronomy related soil properties was analyzed and these included;soilpH,soil
organic matter and carbon, total nitrogen, available phosphorus;
exchangeableCalcium(Ca2"),Magnesium(Mg2®), Sodium (Na®), Potassium (K*); and soil
texture (the percentage proportions of sand, clay, and silt).
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Figure 3:Location of sites in Mpanga Forest

Data collection

Eachweek,asitewas visited, and always on the same day of the week. Since we have 4 sites
inwhich3plotswereplaced,everymonth,alltheplotswerevisitedduring the first rainy
seasonandsecondrainyseasonoftheyear2020.Thus,inonemonth,4surveys(periods) were carried
out in all the sites, which corresponds to 16 surveys for the first rainy season and
16surveysforthesecondrainyseason.Atotalof32  surveys were taken throughout the
harvestingseason.Thesurveytechniqueconsistsofsweeping the entire plot in 2m parallel
stripstoavoidomissions[64]. Duringthesurvey, all visible macrofungi were systematically

collectedandsortedbyspecies,thenumberofindividualsofeachspecieswas also counted.



Thistechniquewassupplemented by opportunistic sampling to consider the random
distribution of fruiting bodies and species observed outside the plots [64].
Forinsituphotography of collected samples, a digital camera was used to photograph each
taxonencounteredinordertomaterializethemorphologicalcharacters. The following
parametersweretakeninto account and noted for each sample collected: the type of substrate
onwhichthemacrofungigrows(onbaresoil,onlitter,onalivingorsenescent ~ tree  trunk  or
other);thedegreeofcover(awoodedarea or not) and the humidity of the environment (very
humid, humid, dry or very dry soil). The characteristics of each speciesofmacrofungi
harvestedarenoted,includingthesizeandcolorofeach part, the presence or absenee of a ring, the
shape of the ring, and the presence of pores or blades [28]. The collected samples are putin a
basket and transported to the Laboratory of the Faculty of Agriculture -of Uganda Martyrs
University.

Identification

The identification of the samples collected was “hased’ on the description of the
morphological,organolepticandecologicalcharacteristicsofthespecimens. The description ofthe
macromorphological characteristics require” a rigorous and detailed visual examination
ofthemacrofungusinallitscontours. Thedescriptionofoursampleswascarriedout based
ontherecommendationsof[65]concerningtheagricoid (famellate) and boletoid species and of
[66] for the description: of theporousandroughstructurespecies(polypores).These
recommendations consist .in deseribing the different parts of the sporophore (cap,
hymenophore, and foot or stipe) as well as the flesh of each sample.

The descriptionofthecapfocusedonthemainidentificationcharacteristicssuchasthe
shape,thecoating,margin,color,anddiameter. Thatofthe = hymenophore focused on its
color,shape,andinsertionaswellastheorganizationofitslamellae.  Concerning the foot or
stipe,thedescriptionalsocoveredthecolor, shape, length, insertion, and ornamentation. The
generalveilandthepartialveilorringarealsodescribediftheyexist.Consistency, color, smell and
flavor arethe characteristics that have been described for the flesh.

The organoleptic characteristics that have been described aresmellandtaste.Theseare
importantcharactersbutverydifficulttocategorize.Nevertheless, certain smells like bleach,
radish,corpse,lightinggas,oldcamembert,etc. [67] can be distinguished. The smell can
sometimesbesurprising: garlic, citrus, almond, anise, cinnamon, chlorine, maple, flour, fetid,
etc. [68, 69, 62].

Theparameterswhichhavebeentakenintoaccount to describe the ecological characteristics

arethetextureofthesoil,thetypeofsubstrateonwhichthemacrofungusgrows(onbare



soil,onlitter,onthetrunkofalivingorsenescenttree or other); the degree of cover (a
woodedareaornot)andthehumidityoftheenvironment(verywet,wet,dryorverydry soil).
Othercharacteristicslikelatexandsporecolorare also described. Some basidiomycetous
macrofungisuchasspeciesbelongingtothegenusLactarius,present milk after their cutting
orcrumpling.Thecolor,thetaste the viscosity and abundance of this milk are important
characteristicsfordetermining a species [68, 62]. To reveal the color of the spores, the classic
technique(Fig.4)inspired by [62] was performed. It consists in cutting the foot of the fresh
specimenandplacingthecap, hymenium downwards, on a white paper. Then<cover the hat
withglasstopreventitfromdryingout and maintain a humid confined atmesphere. A few
hoursare needed to that the hymenium releases enough spores and.that their. color. can be
judgedbymass.Sporecolor is one of the most important characters. for.species identification
[68, 62].

Fig 4:Classic method of obtaining a spore [62]

Theidentificationefamacrofungusbasedonthedescription of the morphological
characteristicsisatedioustaskthatsystematicallyappealstoallthesensesandrequiresa
veryobservantmind,butessentialto obtain a reference specimen of scientific value [62, 28].
The study of these characteristics, part of which was carried out in the field, was completed in
the laboratory of the Faculty ofAgriculture of UgandaMartyrs University.

By comparingthemorphologicalandecologicalcharacteristicspreviouslydescribedwith
thosedescribedintheidentification manuals, the confirmation of the identification of our
sampleswascarriedout. Themanualswhichwereused to confirm the identification are:
"Iconographic flora of the mushrooms of the Congo" [70], "llustrated flora of the

mushroomsofCentral Africa[71], Taxonomicandidentification of edible mushrooms dense

forests from central Africa [62], and " A preliminary Agaric Flora of East Africa” [33]. The



lastoneisareviewofthemacrofungioftropical Africawithafocus on East Africa. For the update
and the nomenclature of macrofungi, the exhaustive synonym update list available at
http://www.indexfungorum.org/names/Names.asp was consulted.

Classification

Thesystematicclassificationofmacrofungiisbasedand established on morphological
characteristics.To classify a macrofungus, it must first be identified. This identification was
basedon the observation of morphological, organoleptic, and ecological characteristics. The
systematicclassificationmethodthatwasusedislargelyinspiredby that of [72], [65], and
[67]. Theuseofkeysdeterminationof [73] concerning the characteristics observed, allowed,
byasuccession of choices and proposals, to move forward in the determination. However, all
characteristicsallowingtheidentificationofmacrofungiarenottakeninto. consideration to classify
them [74].

Preservation

The most practical andcommonmethodofpreservationinmycologyconsistsofsimply drying
the specimens [62]. Thus, samples were dried using a drying,oven at a temperature of50to 65
° C in order to preserve the DNA and .allow its subsequent analysis. The drying
timewas2hoursfornon-fleshyspecimensand. 4 hours for. fleshy or waterlogged specimens.
Afterdryingandinordertoavoidanyrehydration,thestillhotspecimenswerepackaged
withtheirnumberinhermeticplasticbagsofthe"Minigrip“type ~ which ~ were  immediately
sealed.Before final conservation in the herbarium, labelling was carried out. On the label, the
nameofthecollectorandtheuniquenumberassociatedwiththespecimen,thedate,and
placeofharvest,thegeographicaleoordinates,thealtitudeaswellasany vegetation and ecological
data [62] have been included.

Data analysis

Diversity analysis

Thedifferentordersandfamiliesofmacrofungiwereplottedagainstthetotal number of
individualisolates(species)pergivenorderandfamily.Speciesrichnesswascalculatedas
thetotalnumberofspecies per 30 X 30 m plot. The density of species was determined by the

following formula [11].
Density of macrofungi sp. (%) =

Total no. of individuals of a particular species X 100
Total no. of species

Diversityindices,widelyusedtomeasurebiologicaldiversity[75]suchasShannon,and

Simpson diversity indices noted below were used.
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p is the proportion (n/N) of individuals of one particular species found (n) divided by the total
numberofindividualsfound(N),Inisthenaturallog,X is the sum of the calculations, and s

is the number of species.

Pair T-test ANOVA at a 95% confidence level between means using SPSS version 20
softwarewasperformedforspecies richness, density,Simpson and Shannon diversity indices to
find out if there is a significant effect of seasonality on macrofungi species.

Soil analysis

Eachsoil property was specifically-analyzed by particular analytical methods and procedures.
Calcium and Magnesiumwereanalyzedusingtheatomicabsorptionspectrophotometer (AAS)
onamehlichlextracts.PotassiumandSodiumwereanalyzedusingtheFlame
photometeronthesamemehlichlextract, Availablephosphoruscontentwas determined
usingaspectrophotometerat882nmwavelengthafterthe mehlich 1 extracts reaction with
ammoniummaelybdateinthepresenceofascorbicacid[76].SoilpHwasmeasuredina soil-
watersolutionataratio of 1:2.5 by the help of a pH meter; Total Nitrogen (N) was determined
calorimetrically at a wave length of 655 nm on the complexed digestions mixtures
usingN*andN?reagents.(ReagentsinN'include;sodiumsalicylate,sodium
citrate,sodiumtartrateandsodium nitroprusside, N2 reagents include; sodium hydroxide and
sodium hypochlorite (JIK) mixed in the stipulatedproportionsby[77].Organicmatter
(O.M)wasdeterminedusingtheWalkleyand Black method following wet oxidation using
concentratedSulphuricacidandPotassiumDichromate.Soiltexturewasanalysed ~ using  the
hydrometermethod(Bouyoucousmethod). All analyzes were performed using routine
proceduresdescribed by [77] and other internationally recommended standard operating
procedures(SOPs).Toassessthe correlation between the physicochemical properties of the



soilandtheabundanceofmacrofungispecies,correlationanalysis by using SPSS software was
done. The abundance of species was determined by the following formulas [78].

5 Number of individuals of the species in the site
%) =
Abund. Of macrofungt 3P (A]) Total number of individuals of all species in the site X100

Results
Diversity of the macrofungal community within Mpanga forest

A total of 120 species of basidiomycetous macrofungi distributed in 53 genera:were recorded.

Among these genera, the most dominant are Psathyrella and Marasmius respectively



representedbylland9specieswhilethoselikeTremalla, Neofavolus, Daedaleopsis, Trametes,
Hexagonia, Oligoporus, Ganoderma, Cantharellus, Hymenagaricus,
Micropsalliota,Amanita,Parasola,Cystolepiota,\Volvariella,Cortinarius, Claudopus,
Rhodocybe,Panus,Pleurotus, Neonothopanus,Cuphophyllus,Cystoderma,Lentinula,
Lactocollybia, Oudemansiella are all represented by 1 species (Appendix.1).
The53generaof macrofungi belong to 22 families and 9 orders. The majority of identified
speciesbelongtoMarasmiaceae(20species)followedby  Coprinaceae (17  species) while
Dermolomataceae, Pluteaceae, Amanitaceae, Cantharellaceae, Fomitopsidaceae and
Auriculariaceaearerepresented by a single species (Fig.5). Among the 9 orders, the most
abundantwasthatofTricholomatales(55species)followedbyAgaricales and Polyporales

represented by 34 and 16 species respectively (Fig.6).

Mycenaceae 4
Marasmiaceae 20
Dermolomataceae 1
Hygrophoraceae 6
Omphalotaceae 7
Pleurotaceae 3
Termitomycetaceae 3
Tricholomataceae 11
Russulaceae 4
Entolomataceae 4
Cortinariaceae 3
Pluteaceae 1
Lepiotaceae 10
Coprinaceae 17
Amanitaceae 1
Agaricaceae 5
Cantharellaceae 1
Ganodermataceae 4
Fomitopsidaceae 1
Polyporaceae 1
Tremellaceae 1
Auriculariaceae 2

Families

0 2 4 6 8 10 12 14 16 18 20

Number of species

Fig 5: Families and ampleness of macrofungi species in Mpanga forest
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Photo2:The 22 families of macrofungi listed represented by one species: 1. Cantharellus sp.

(Cantharellaceae); 2. Oligoporus ptychogaster (Fomitopsidaceae); 3. Panus fulvus



(Tricholomataceae); 4. Auricularia delicata (Auriculariaceae); 5. Agaricus arvensis
(Agaricaceae); 6. Marasmius rotula (Marasmiaceae); 7. Cortinarius humicola
(Cortinariaceae);8.Tremallafuciformis (Tremellaceae); 9. Volvariella volvacea (Pluteaceae);
10.Polyporustenuiculus(Polyporaceae); 11,Coprinellussp.(Coprinaceae); 12. Ganoderma
applanatum (Ganodermataceae); 13. Amanita sinicoflava (Amanitaceae) ; 14. Entoloma
conferendum(Entolomataceae) ;15.Pleurotusostreatus(Pleurotaceae);16. Gymnopus ocior
(Omphalotaceae); 17. Hygrocybe colemanniana (Hygrophoraceae); 18. Macrolepiota
africana(Lepiotaceae);19.Termitomycesrobustus  (Termitomycetaceae); 20. Mycena
rapiolens(Mycenaceae);21.Cystodermaamianthinum(Dermolomataceae);22. Russula
virescens (Russulaceae).

Ecological distribution of macrofungi

Theresultsofthispreliminarystudyon the diversity of basidiomycetous macrofungi showed that
the Mpanga forest abounds in considerable macrofungal biodiversity with 120 species
harvestedinjusttwo rainy seasons. During these two rainy seasons, the majority of
macrofungicollected belonged to the group of saprophytes. Macrofungal species collected
duringthesecond rainy season were more abundant and diverse than those collected during the
first rainy season.

Fromthecollectedmacrofungispecies;the saprophyte group largely dominates with 79%
followedby the ectomycorrhizal symbiont group, while the symbiont group with termites and
theparasiticgrouparepoorlyrepresentedwith3%and1%respectively(Fig.7).Depending on  the
substrate they decompose, the groupofsaprophytesisdominatedbyhumicolous
specieswhichdecomposesoil organic matter (60%), followed respectively by saprophytic
species of litter which decompose dead leaves,twigs,andotherplantdebris(25%)and
lignicolous species which decompose dead wood's organic matter (15%) (Fig.8).

By considering theecologicaldistributionofmacrofungiinthe4prospectedsites,Fig.9
showsthatthesaprophytegroupstillremainsdominantinallsites,butthisdominanceis
morepronounced in sites 1 and 3 with 45 and 31 species respectively. These sites (Sites 1 and
3)arehoweververypoorinectomycorrhizalsymbiontspecieswith2speciesineach, while
Site2harborsthelargestnumberofectomycorrhizalsymbiontspecies (10  species) followed
bySite4(7species).As for species symbionts with termites, they are represented by a single
speciesinsites1,3and4,andabsentinsite2whiletheonly parasitic species collected was found in

site 3.
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Fig9:Ecological distribution of macrofungi within the four prospected sites
Influence of seasonality on the diversity
Theharvestofmacrofungiwas more fruitful during the second rainy season with 101 species
against69speciesduring the first rainy season. Fifty species were present in the second rainy
seasononlyand18specieswerepresentinthefirstrainy season only, while 51 species were
presentbothinthefirst and second rainy seasons (Appendix.2). Moreover, by comparing the

valuesofthediversityindicesofSimpsonandShannonduring the first rainy season (0.97 &



3.94)andthoseduringthesecond rainy season (0.99 & 4.44), the values of the latter are

significantly higher (P<0.05). Macrofungi

density and species richness were also

significantly(P<0.05)higherduringthesecondrainyseasonthanduring the first one (Table.1).

Table 1:Statistical test of significance on species richness, density, and diversity indices

during the two rainy seasons

Parameters Seasons Measured values + SD t value df Pvalue
Species richness (m) First season 5.75 + 2.094 -4.392 11 0.001*
Second season 8.42 + 3.528
Density (m?) First season 17.71 + 15.255 - 3.690 68 0.000"
Second season 30.06 + 21.640
Simpson diversity First season 0.97 £ 10.526 8,564 897,36 | 0.000*
Second season 0.99 + 20.223
Shannon diversity First season 3.94 + 10.526 -17.613 | 1090.9 [ 0.000*
Second season 4.44 + 20.223
*Significant difference (P< 0.05)
Relationship between the physicochemical properties of the soil and the abundance of
macrofungi species
Thecorrelationbetweenthephysicochemicalpropertiesofthesoilandthe abundance of

macrofungispeciesonlyconcernedspecieshavingthesoilasdirectsubstrate(37 species) in order to
obtain convincing results:

Generally,thephysicochemicalpropertiesofthesoilofMpangaforestvaryfromonesite to another,
except for silt, the percentage of which is constant at 12% in each of the 4 prospected
sites.Apartfromthesilt,theresult of the correlation between the other soil factors and the
abundanceofthe37speciesofmacrofungishowedthat 16  species  were  significantly
correlatedwithcertainsoilfactors(Appendix.3).Amongthesefactors,sodium(Na) was
significantlycorrelated with the most species such as Macrolepiotadolichaula(-0.951),
Arrheniaobscurata(-0.995),Lentinussp.(0.986), Lactarius indigo (0.988), Termitomyces
microcarpus (0.965) and Hygrocybe colemanniana (0.975). As for calcium (Ca), itwas
significantly correlated with 3 species which are Cuphophyllus virgineus (-0.998),
Tetrapyrgosnigripes(-0.962) and Clitocybe fragrans (-0.983) while clay was significantly
(-0.986)

phaeophtalma(-0.986).Theotherparameters were each significantly correlated with a single

correlatedwithtwospecieswhichare ~ Termitomyces clypeatus and  Clitocybe




species ofmacrofungi.Thisisthecaseofpotassium(K)withinocybesindonia(0.953),
nitrogen(N)withArrheniavelutipes(0.994),organiccarbon(OC)withArrhenia velutipes (0.986),
organic matter (OM) with Arrhenia velutipes (0.986), phosphorus (P) with Rhodocybe
sp. (0.976), pH with Russula aurea (-0.953) and sand with Termitomyces clypeatus
(0.986).

DISCUSSION

A similar study conducted in Bwindi Impenetrable and Kibale National Parks, Albertine Rift,
WesternUgandareported173species[43]whilethatconductedinSouthwestern region of
Uganda,specificallyin Malabigambo and Namalala Forest Reserves reported only:10 species
[42].Thelaterwascarriedoutinan area similar to ours despite the low number of species
recorded.Thisdifferenceisexplainedby the many forest gaps caused by the encroachment
andoverexploitationoftimberintheforestreservesofMalabigamboandNamalala[42]
whileMpangaforestisoneofthe few well-managed government reserves in Mpigi district [48],
although  there are still gaps incooperationbetweenthecommunityandtheforest
managementstaff. In other tropical African countries, similar studies have also been carried
out,butinlargerforestareasthanours. ThisisthecaseofCameroonwhere[79]recorded

177 species in theMountCameroonregionandthatofKenyawhere[38]recorded224
speciesintheKereitaandKikuyuEscarpmentforests. These results show that in forest areas
thathavenotundergoneexcessivedeforestation,thelargerthe area, the more fruitful the
harvesting of macrofungi.

The dominance of macrofungi species belonging to the Marasmius and Psathyrella genera is
consistent with the nature of the study site which is a tropical moist semi-deciduous forest
withCeltiswhosefall of its dead leaves constitutes a moist litter enriching the soil with black
humus,conducivetothedevelopment of macrofungi belonging to the genera Psathyrella and
Marasmius. Moreover, since the greatest number of macrofungi species was collected in the
middleoftherainyseasons, the dominance of species belonging to the Coprinaceae family is
normal because they need heavy rains to appear and develop [67].

The majority of macrofungal species collected belonged to the saprophyte group. Thiscouldbe
attributed to the ability of saprophyticmacrofungitodegrademanytypesofsubstratespresent in
the forest [80].



These results are consistent withthedominanceofspeciesbelongingtotheMarasmiaceaeand
Coprinaceaefamilies,whicharesaprophyticspecies decomposing mainly litter-based
substrates. Theyaremainly favored by the presence of dead twigs and leaf substrates while
othersoccuroncow dung [38]. Similar results have been found by several authors who noted
thatsaprophyticmacrofungi were the dominant macrofungal group in tropical forests [78, 81,
82,83].Bycomparingtheecological distribution of macrofungi in the 4 prospected sites, the
dominance of the group of saprophytes is confirmed especiallyinsitesland3richin
Cannabaceae,inparticular,thegenus Celtis while in sites 2 and 4, a single species differentiated
the saprophytic groups from those of the ectomycorrhizal symbionts. Our
resultscorroboratethoseofseveralstudieswhichhave shown that species belonging to the
genusCeltis are part of the forest species thatallowtropicalforeststoproduceagreat
diversityofwoodandleavesresultinginamultitudeofsubstratesfavorable to the
developmentofsaprophyticmacrofungi [83, 84, 85]. As for the difference observed in sites 2
and4,itcan be explained by the fact that these sites are characterized by vegetation rich in
Euphorbiaceae which is a family strongly involved in.symbietic associations with macrofungi
[86]. The low representation of ectomycorrhizalmacrofungispeciesobservedduringthe
entirecollection could be linked to the tropical nature of Mpanga because, in China, studies
haveshownthatectomycorrhizalmacrofungiwere more diversified in temperate forests than in
tropical forests [82, 78].

The difference in diversity observed during the two rainy seasons could be explainedby the
fact that thereisenoughhumidityavailableduringthesecondrainyseason which is the rainiest
since humidityisoneofthemainfactorsinfluencingfruiting.macrofungi. Thiscorrespondswith the
conclusions of [79] in the Mount Cameroon region, [87], in the southern part of
Cameroon,[88]insouthernGhana,[89]and[90]whoworked on the diversity of macrofungi
insemi-evergreenhumiddeciduousforestinShimoga-Ksrnatakadistrict,India. 1t was  also
foundthatsomespeciesofmacrofungiwerepresent in both rainy seasons, while others were
onlypresentinthefirstorsecondrainyseason. Theseresultscouldbeduetodifferencesin
thetimebetween the appearance of favorable fruiting conditions and the production of fruit
bodiesbetweenthedifferentspeciesofmacrofungistudied,asnotedby[79]. Thisagrees
withthefindingsof[91],whostudiedsubstratespecificityandcommunityphenology of macrofungi
in Tanzania. During the collectionperiod,itwasnotedthatgenerallysmall,

delicateandfragilespecieswithsmallthread-likestipesoflitter-dwellinggenerasuchas



Coprinus,Marasmiusand Mycena, fruited following heavy rains. These species came and
wentveryquicklywhilethetallfruitingbodies fructified after a continuous period of rains
lastingseveraldays. Thesameobservationwasmadeby[67]and[79],and similar results
werealsofoundby[92],whonotedthatmostmacrofungirequireaperiod of vegetative growth prior
to fruiting during which mycelia accumulate before being triggered to fruit.

The results also showed that fleshy macrofungi were dominant duringthesecondrainy
seasonwhileduringthefirstrainy season, non-fleshy macrofungi (polypores) were dominant
(Appendix2).Sincethesecondrainy season is rainier than the first, the dominance of fleshy
macrofungicouldbeexplainedbythe fact that this period is favorable for their production.
Duringthisperiod,adequatehumidity,favorable temperature, relative humidity and sunshine
helpmacrofungitodecomposedeadorganicmatter[93]. Asforthedominance of polypores
duringthefirstrainyseason,itcouldbeduetothedecrease in precipitation and relative, humidity,
theincreaseintemperatureandsunshinewhichmostofthefleshymacrofungi
cannotwithstand[79].Itwasalsonotedthat species like \olvariella “volvacea among other
species(Appendix2)showed no seasonal variation but-were.present in'both seasons. Similar
results were also recorded by [87].

The correlation results between the physicochemical properties and the abundance of the
species  obtained during this study are similar to  those recorded
by[42]onthestudyoftheecologyof  -edibleindigenousmacrofungifromLakeVictoria  Basin,
Uganda. Other authors such as [94],:[95]and [96], have also demonstrated the existence of an
edaphic preference of many macrafungiintropicalforests.[97]and[98] noted that sandy loam
texture, low soil bulk.  density, high organic matter and pH were
propertiesthatstimulatedthedevelopmentof macrofungi.The importance of organic matter is
due to its water holding. capacityand nutrient availability [99]. [97] and [99]
alsonotedthatacidsoilscombinedwithahigh
contenteforganiematterstimulatesthedecayfunctionofmacrofungicompared to other
microorganisms such as bacteria and actinomycetes. The soils of our study site were
generallyacidic,whichisconsistentwiththefindingsof[100] and [101] in their studies conducted
in tropical regions.

CONCLUSION

Theresultsofthispreliminarystudyon the diversity of basidiomycetous macrofungi showed that
the Mpanga forest abounds in considerable macrofungal biodiversity with 120 species
harvestedjustintworainyseasons.Duringtheseseasons,themajorityofthespeciesthat

havebeencollectedbelongtothegroupof saprophytes. Macrofungi species collected during



thesecondrainyseasonweremoreabundantanddiverse than those collected during the first
rainyseason.Amongthephysicochemicalpropertiesofthesoil,pH,calcium, potassium,
nitrogen,organiccarbon,phosphorus,clay,sandandorganicmatterwere significantly correlated
with the abundance of macrofungal species.Thisstudyprovided basic information on the
diversity of macrofungi in Mpanga forest, it can beapointofreference for further research to
study the evolution of macrofungal biodiversity inthisforest.

Moreover,the importance of macrofungi not only in the dynamics of forest
ecosystemsbutalsoinhumannutritionandhealthincreases the need for conservation of this
resource of non-timber forest products. Conservation canalsobeachievedthroughtheir
cultivationandthereductionof illegal logging hence the need to include macrofungal

biodiversity conservation in forest management policies in Uganda.
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Appendix1. Systematic classification of identified species with an indication of their harvest date and geographic coordinates

Division Class Subclass Order Family Genus Species Sample Harvest | Geographic
number date coordinates
Basidio Auriculariales Auriculariaceae Auricularia Auricularia KN 110 MF | 07/05/20 | 0°12°31”N
mycota delicata 32°18’6”E
Auricularia KN 065 MF | 23/11/20 | 0°12°19”N
Phragmobasidiomycetes auriculasjudae 32°17°54E
Tremellales Tremellaceae Tremalla Tremalla KN 131 MF | 14/05/20 | 0°12°29”N
fuciformis 32°18°’11E
Homobasidio | Aphyllophoro | Polyporales Polyporaceae Polyporus Polyporus KN 032 MF | 19/10/20 | 0°12°25”N
mycetes mycetideae grammocephalus 32°18’5”E
Polyporus badius | KN 021 MF | 19/10/20 | 0°12°31”N
32°18°5”E
Polyporus KN 183 MF | 27/05/20 | 0°12°32”N
tenuiculus 32°18’7”E
Polyporus varius | KN 193 MF | 07/06/20 | 0°12°25”N
32°18’12"E
Neofavolus Neofavolus KN 001 MF | 05/10/20 | 0°12°23”N
alveolaris 32°18’11"E
Daedaleopsis Daedaleopsis KN 089 MF | 14/12/20 | 0°12’2”N
confragosa 32°18’40E
Trametes Trametes gibbosa | KN 009 MF | 05/10/20 | 0°12°24”N
32°18’11E
Microporus Microporus KN 055 MF | 09/11/20 | 0°12°22”N
xanthopus 32°17°58”E
Microporus KN 192 MF | 07/06/20 | 0°12°26”N
affinis 32°18’11E
Microporus KN 204 MF | 07/06/20 | 0°12°35”N
vernicipes 32°18’8”’E
Hexagonia Hexagonia tenius | KN 187 MF | 27/05/20 | 0°12°33”’N




32°18’6”’E

Fomitopsidaceae Oligoporus Oligoporus KN 200 MF | 07/06/20 | 0°12°35”N
ptychogaster 32°18’°9”E
Ganodermataceae Ganoderma Ganoderma KN 066 MF | 23/11/20 | 0°12°19”N
applanatum 32°17°53”E
Amauroderma Amauroderma KN 189 MF | 27/05/20 0°12°2”N
rude 32°17°52”E
Amauroderma sp. | KN 082 MF | 07/12/20 | 0°12°30”N
32°18°’11E
Amauroderma KN 195 MF | 07/06/20 | 0°12°29”N
rugosum 32°18’10”E
Cantharellales Cantharellaceae Cantharellus Cantharellussp. | KN 198 MF | 07/06/20 | 0°12°34”N
32°18°’10"E
Agarico Agaricales Agaricaceae Agaricus Agaricus arvensis | KN 011 MF | 05/10/20 | 0°12°25°N
mycetideae 32°18’11"E
Agaricus KN 074 MF | 30/11/20 | 0°12°25”N
diminutivus 32°18’14”E
Agaricus moelleri | KN 150 MF | 21/05/20 | 0°12°10°N
32°17°42E
Hymenagaricus | Hymenagaricus | KN 062 MF | 23/11/20 | 0°12°20”N
sp. 32°17°54E
Micropsalliota | Micropsalliota sp. | KN 035 MF | 19/10/20 | 0°12°26”N
32°18°5”E
Amanitaceae Amanita Amanita KN 072 MF | 30/11/20 0°12°23”N
sinicoflava 32°18’11"E
Coprinaceae Coprinellus Coprinellus KN 053 MF | 09/11/20 | 0°12°19”N
disseminatus 32°17°54E
Coprinellus sp. KN 185 MF | 27/05/20 | 0°12°32”’N
32°18°5”E
Coprinopsis Coprinopsis KN 088 FM | 07/12/20 | 0°12°40”N
lagopus 32°18°44E




Coprinopsis KN 141 MF | 14/05/20 | 0°12°27”N
domesticus 32°18’9”E
Coprinopsis KN 197 MF | 07/06/20 | 0°12°32”’N
cinerea 32°18’5”E
Parasola Parasola KN 201 FM | 07/06/20 | 0°12°35”N
auricoma 32°18’9”E
Psathyrella Psathyrella KN 086 MF | 07/12/20 | 0°12°28”N
tephrophylla 32°18’37”E
Psathyrella KN 015 MF | 12/10/20 | 0°12°1”N
leucotephra 32°17'8”E
Psathyrella KN 045 MF | 02/ 11/20 0°12°2”N
candolleana 32°17°41E
Psathyrella KN 054 NF | 09/11/20 | 0°12°19”N
spadiceogrisea 32°17°54”E
Psathyrella KN 106 MF | 07/05/20 | 0°12°34”N
clivensis 32°18’6”’E
Psathyrella KN 128 MF | 14/05/20 | 0°12°30”N
inflatocystis 32°18’12’E
Psathyrella KN 042 MF | 26/10/20 | 0°12°31”N
conferta 32°18’11"E
Psathyrella KN 159 MF | 21/05/20 | 0°12°10”N
pennata 32°17°42”E
Psathyrella KN 136 MF | 14/05/20 | 0°12°30”N
conopilus 32°18’11"E
Psathyrella KN 026 MF | 19/10/20 | 0°12°32”’N
olympiana 32°18’5"E
Psathyrella sp. KN 181 MF | 27/05/20 | 0°12’11”N
32°17°28"E
Lepiotaceae Lepiota Lepiota cristata | KN 061 MF | 23/11/20 | 0°12°17”N
32°17°54E
Lepiota felina KN 057 MF | 23/11/20 | 0°12’22"'N




32°17°57”E

Macrolepiota Macrolepiota KN 030 MF | 19/10/20 | 0°12°24”N
africana 32°18’7"E
Macrolepiota KN 126 MF | 14/05/20 | 0°12°32”N
procera 32°18’12”E
Macrolepiota KN 076 MF | 30/11/20 | 0°12°30”N
dolichaula 32°18°9”E
Cystolepiota Cystolepiota KN 024 MF | 19/10/20 | 0°12’5”N
pulverulenta 32°18°56”’E
Leucoagaricus Leucoagaricus KN 014 MF | 12/10/20 | 0°12°25”N
rubrotinctus 32°18’5”E
Leucoagaricus KN 182 MF | 27/05/20 | 0°12°13”N
croceovelutinus 32°17°25E
Leucocoprinus Leucocoprinus KN 018 MF | 12/10/20 | 0°12’6”N
Scissus 32°17°40”E
Leucocoprisnus | KN 104 MF | 07/05/20 | 0°12°34”N
brebissoni 32°18°’7"E
Pluteaceae \olvariella \olvariella KN 155 MF | 21/05/20 | 0°12°’11”N
volvacea 32°18°42’E
Cortinariales Cortinariaceae Cortinarius Cortinarius KN 137 MF | 14/05/20 | 0°12°29”N
humicola 32°17°11"E
Inocybe Inocybe sindonia | KN 095 MF | 14/12 /20 0°12°2”N
32°17°40"E
Inocybe rimosa KN 203 MF | 07/06/20 | 0°12°36”N
32°18’9”E
Entolomatales Entolomataceae Entoloma Entoloma KN 083 MF | 07/12/20 | 0°12°40”N
conferendum 32°18’34E
Entoloma sp. KN 036 MF | 26/10/20 | 0°12°28”N
32°18’10"E
Claudopus Claudopus KN 081 MF | 07/12/20 | 0°12°33”N
variabilis 32°18’12"E




Rhodocybe Rhodocybe sp. KN 135 MF | 14/05/20 | 0°12°29”N
32°18’11"E
Russulales Russulaceae Russula Russula.aurea KN 013 MF | 05/10/20 | 0°12’24”N
32°18’11"E
Russula virescens | KN 138 MF | 14/05/20 | 0°12’29”N
32°18’11"E
Lactarius Lactarius KN 144 MF | 14/05/20 | 0°12°26”N
chrysorrheus 32°18’9”E
Lactarius indigo | KN 151 MF | 21/05/20 | 0°12°12”N
32°17°43”E
Tricholomatales | Tricholomataceae Tricholoma Tricholoma KN 068 MF | 20/11/20 | 0°12’25”N
stiparophyllum 32°18’5”E
Tricholomasp.1 | KN 070 MF | 20/ 11/20 | 0°12°24”N
32°18’5"E
Tricholomasp.2 | KN 171 MF | 24/05/20 | 0°12°22”N
32°17°55”E
Arrhenia Arrhenia KN 040 MF | 26/10/20 | 0°12’32°N
velutipes 32°18’12"E
Arrhenia KN 134 MF | 14/05/20 | 0°12°29”N
epichysium 32°18’41"E
Arrhenia KN 168 MF | 24/05/20 | 0°12°14”N
obscurata 32°17°53”E
Clitocybe Clitocybe KN 116 MF | 07/05/20 | 0°12°30”N
phaeophtalma 32°18’6”E
Clitocybe KN 107 MF | 07/05/20 | 0°12°34”N
fragrans 32°18’6"E
Clitocybe sp. 1 KN 037 MF | 26/10/20 | 0°12°32”N
32°18’11"E
Clitocybe sp. 2 KN 102 MF | 07/05/20 | 0°12°34”N
32°18’7"E
Panus Panus fulvus KN 084 MF | 07/12/20 | 0°12°31”N




32°18’15”E

Termitomycetaceae | Termitomyces Termitomyces KN 031 MF | 19/10/20 | 0°12°26”N
robustus 32°18’7”E
Termitomyces KN 148 MF | 14/05/ 20 0°12°’5”N
microcarpus 32°18’10”E
Termitomyeces KN 060 MF | 23/11/20 | 0°12°23”N
clypeatus 32°17°56”E
Pleurotaceae Pleurotus Pleurotus KN 052 MF | 09/11/20 | 0°12°21”N
ostreatus 32°17°55”E
Lentinus Lentinus tigrinus | KN 165 MF | 24/05/20 | 0°12°22’N
32°18°5”E
Lentinus sp. KN 049 MF | 02/11/20 | 0°12°10”N
32°17°40”E
Omphalotaceae Neonothopanus | Neonothopanus | KN 153 MF | 21/05/20 | 0°12°31”N
hygrophanus 32°18°42"E
Gymnopus Gymnopus KN 145 MF | 14/05/20 | 0°12°26”N
dryophilus 32°18’9”E
Gymnopus KN 103 MF | 07/05/20 | 0°12°34”N
luxurians 32°18’7”E
Gymnopus ocior | KN 114 MF | 07/05/20 | 0°12°30”N
32°18°6E
Gymnopus KN 092 MF | 14/12/20 0°12°2”N
biformis 32°17°40”E
Gymnopus KN 034 MF | 19/10/20 | 0°12°24”N
confluens 32°18’5”E
Gymnopus KN 033 MF | 19/10/20 | 0°12°27”N
foetidus 32°18’5”E
Hygrophoraceae Hygrocybe Hygrocybe KN 023 MF | 19/10/20 | 0°12°31”N
colemanniana 32°18’7”E
Hygrocybe KN 127 MF | 14/05/20 | 0°12°30”N
radiata 32°18’11"E




Hygrocybe sp. KN 058 MF | 23/11/20 | 0°12°22”N
32°17°57"E
Lichenomphalia | Lichenomphalia | KN 038 MF | 26/10/20 | 0°12°32”N
umbellifera 32°18°11"E
Lichenomphalia | KN 080 MF | 07/12/20 | 0°12°33”N
velutina 32°18'12’E
Cuphophyllus Cuphophyllus KN 117 MF | 07/05/20 | 0°12°26”N
virgineus 32°18’6”E
Dermolomataceae Cystoderma Cystoderma KN 016 MF | 12/10/ 20 0°12’1”N
amianthinum 32°17'41”E
Marasmiaceae Marasmius Marasmius KN 004 MF | 05/10/20 | 0°12°23N
bekolacongoli 32°18’11”E
Marasmius KN 140 MF | 14/05/20 | 0°12’26”N
fulvoferrugineus 32°18°9”E
Marasmius KN 170 MF | 24/05/20 | 0°12’18”N
tageticolor 32°17°56E
Marasmius KN 129 MF 14/05/20 | 0°12°29”N
Spissus 32°18’11"E
Marasmius siccus | KN 112 MF | 07/05/20 | 0°12’31”N
32°18’6"E
Marasmius rotula | KN 118 MF | 07/05/20 | 0°12°26”’N
32°18’6"E
Marasmius KN 007 MF | 05/10/20 | 0°12°25”N
wynneae 32°18’10”E
Marasmius KN 079 MF | 07/12/20 | 0°12°33”N
arborescens 32°18’11"E
Marasmius sp. KN 194 MF | 07/06/20 | 0°12°27”N
32°18’10”E
Lentinula Lentinula edodes | KN 139 MF | 14/05/20 | 0°12°27”N

32°18°9”E




Collybia Collybia KN 028 MF 19/10/20 | 0°12°25°N
alboflavoda 32°18’5”E
Collybia KN 158 MF | 21/05/20 | 0°12’11”
subpruinosa 32°17°42”
Collybia cookei KN 162 MF | 21/05/20 0°12’4”N
32°17°41"E
Collybia KN 047 MF | 02/11/20 0°12’5”N
dryophila 32°17°40”E
Collybia aurea KN 078 MF | 07/12/20 | 0°12°31”N
32°18°6”’E
Collybia sp. KN 048 MF | 02/11/20 0°12°6”’N
32°17°40”E
Lactocollybia | Lactocollybia sp. | KN 142 MF | 14/05/20 | 0°12°27°N
32°18°9”E
Tetrapyrgos Tetrapyrgos KN 071 MF | 30/11/20 | 0°12°26”N
nigripes 32°18’5”E
Tetrapyrgos sp. KN O59 MF | 23/11/20 | 0°12°22°N
32°17°57"E
Oudemansiella | Oudemansiella KN 063 MF | 23/11/20 | 0°12°19”N
canarii 32°17°54”E
Mycenaceae Mycena Mycena rapiolens | KN 025 MF | 19/10/20 | 0°12°31”N
32°18°5”E
Mycena cinerella | KN 115 MF [ 07/05/20 | 0°12°30”N
32°18°6E
Mycena vulgaris | KN 019 MF | 12/10/20 | 0°12°27°N
32°18°5”E
Mycena KN 123 MF | 14/05/20 | 0°12°32”N
leptocephala 32°18’11"E
1 Division 2 Classes 2 subclasses 9 orders 22 families 53 Genera 120 Species

KN = Khady Ngom; MF = Mpanga Forest




Appendix2. Checklist of macrofungi species with an indication of their ecology, substrate, and seasonality

Species Ecology Substrate First season Second season
Auricularia delicata (Mont. ex Fr.) Henn Saprobic Wood -
Auricularia auricula-judae (Bull.) Quél Saprobic Wood
Tremalla fuciformis Berk Saprobic Wood +
Polyporus grammocephalus Berk Saprobic Wood +
Polyporus badius (Pers.) Schwein Saprobic Wood +
Polyporus tenuiculus (P. Beauv.) Fr Saprobic Wood +
Polyporus varius (Pers.) Fr Saprobic Wood +
Neofavolus alveolaris (DC.) Sotome &T. Hatt Saprobic Wood +
Daedaleopsis confragosa (Bolton) J. Schrit Saprobic Wood + +
Trametes gibbosa (Pers.) Fr Saprobic Wood +
Microporus xanthopus (Fr.) Kuntze Saprobic Wood +
Microporus affinis (Blume &T. Nees) Kuntze Saprobic Wood + +
Microporus vernicipes (Berk.) Kuntze Saprobic Wood +
Hexagonia tenius (P. Beauv.) Fr Saprobic Wood +
Oligoporus ptychogaster (F. Ludw.) Falck & O. Falck Saprobic \Wood +
Ganoderma applanatum (Pers.) Pat Parasitic Tree trunk +
Amauroderma rude (Berk.)Torrend Saprobic Soil +
Amauroderma sp. Saprobic Soil +
Amauroderma rugosum (Blume &T. Nees)Torrend Saprobic Soil +
Cantharellus sp. Ectomycorrhizal symbiont Rotten wood +
Agaricus arvensis Schaeff Saprobic Soil
Agaricus diminutivus Peck Saprobic Litter
Agaricus moelleri Wasser Saprobic Litter +




Hymenagaricus sp. Saprobic Litter

Micropsalliota sp. Saprobic Litter

Amanita sinicoflava Tulloss Ectomycorrhizal symbiont Soil

Coprinellus disseminatus (Pers.) J.E. Lange Saprobic Litter

Coprinellus sp. Saprobic Litter

Coprinopsis lagopus (Fr.) Redhead Saprobic Litter +
Coprinopsis domesticus (Bolton) Gray Saprobic Litter

Coprinopsis cinerea (Schaeff.) Redhead, Vilgalys &Moncalvo Saprebic Soil +
Parasola auricoma (Pat.) Redhead,Vilgalys & Hopple Saprobic Litter +
Psathyrella tephrophylla (Romagn.) M.M. Moser Saprobic Litter +
Psathyrella leucotephra (Berk. & Broome) P.D. Orton Saprobic Litter +
Psathyrella candolleana (Fr.) Maire Saprobic Litter +
Psathyrella spadiceogrisea (Schaeff.) Maire Saprobic Litter +
Psathyrella clivensis (Berk. & Broome) Rezende-Pinto Saprobic Litter

Psathyrella inflatocystis A.H. Sm Saprobic Litter

Psathyrella conferta Eyssart. & Chiaffi Saprobic Litter

Psathyrella pennata (Fr.)A. Pearson & Dennis Saprobic Litter

Psathyrella conopilus (Fr.)A. Pearson & Dennis Saprobic Litter

Psathyrella olympiana A.H. Sm Saprobic Litter +
Psathyrella sp. Saprobic Litter

Lepiota cristata (Bolton) P. Kumm Saprobic Litter +
Lepiota felina (Pers.) P. Karst Saprobic Litter +
Macrolepiota africana (R. Heim) Heinem Saprobic Litter +
Macrolepiota procera (Scop.) Singer Saprobic Litter +
Macrolepiota dolichaula (Berk. & Broome) Pegler:& R.W. Rayner Saprobic Soil +
Cystolepiota pulverulenta (Huijsman)\Vellinga Saprobic Litter +
Leucoagaricus rubrotinctus (Peck).Singer Saprobic Soil +
Leucoagaricus croceovelutinus (Bon & Boiffard) Bon Saprobic Litter

Leucocoprinus scissus Justo, Bizzi &Angelini Saprobic Litter +
Leucocoprisnus brebissoni (Godey) Locquin Saprobic Litter +




\oblvariella volvacea (Bull.) Singer Saprobic Wood +
Cortinarius humicola (Quél.) Maire Ectomycorrhizal symbiont Soil +
Inocybe sindonia (Fr.) P. Karst Ectomycorrhizal symbiont Soil +
Inocybe rimosa (Bull.) P. Kumm Ectomycorrhizal symbiont Soil + +
Entoloma conferendum (Britzelm.) Noordel Saprobic Litter +
Entoloma sp. Saprobic Litter +
Claudopus variabilis (Pers.) Gillet Saprobic Wood +
Rhodocybe sp. Ectomycorrhizal symbiont Soil +
Russula aurea Pers Ectomycorrhizal symbiont Soil +
Russula virescens (Schaeff.) Fr. Ectomycorrhizal symbiont Soil + +
Lactarius chrysorrheus Fr. Ectomycorrhizal symbiont Soil

Lactarius indigo (Schwein.) Fr. Ectomycorrhizal symbiont Soil + +
Tricholoma stiparophyllum (N. Lund) P. Karst Ectomycorrhizal symbiont Soil +
Tricholoma sp. 1 Ectomycorrhizal symbiont Soil +
Tricholoma sp. 2 Ectomycorrhizal symbiont Soil + +
Arrhenia velutipes (P.D. Orton) Redhead, Lutzoni, Moncalvo &Vilgalys Saprobic Soil +
Arrhenia epichysium (Pers.) Redhead, Lutzoni, Moncalvo &Vilgalys Saprobic Wood + +
Arrhenia obscurata (D.A. Reid) Redhead, Lutzoni, Moncalvo &Vilgaly Saprobic Soil +
Clitocybe phaeophtalma (Pers.) Kuyper Ectomycorrhizal symbiont Soil +
Clitocybe fragrans (With.) P. Kumm Ectomycorrhizal symbiont Soil +
Clitocybe sp. 1 Ectomycorrhizal symbiont Soil +
Clitocybe sp. 2 Ectomycorrhizal symbiont Soil + +
Panus fulvus (Berk.) Pegler & R.W. Rayner Saprobic Wood +
Termitomyces robustus (Beeli) R. Heim Symbiont with termites Termite mound +
Termitomyces microcarpus (Berk. & Broome) R. Heim Symbiont with termites Termite mound + +
Termitomyces clypeatus R. Heim Symbiont with termites Termite mound + +
Pleurotus ostreatus (Jacg.) P. Kumm Saprobic Litter + +
Lentinus tigrinus (Bull.) Fr Saprobic Soil + +
Lentinus sp. Saprobic Soil +
Neonothopanus hygrophanus (Mont.) De Kesel & Degree Saprobic Wood + +




Gymnopus dryophilus (Bull.) Murrill Saprobic Litter +
Gymnopus luxurians (Peck) Murrill Saprobic Litter +
Gymnopus ocior (Pers.)Antonin & Noordel Saprobic Litter +
Gymnopus biformis (Peck) Halling Saprobic Litter +
Gymnopus confluens (Pers.)Antonin, Halling & Noordel Saprobic Litter +
Gymnopus foetidus (Sowerby) J.L. Mata & R.H. Petersen Saprobic Wood +
Hygrocybe colemanniana (A. Bloxam) P.D. Orton &Watling Ectomycorrhizal symbiont Soil +
Hygrocybe radiata Arnolds Ectomycorrhizal symbiont Soil +
Hygrocybe sp. Ectomycorrhizal symbiont Soil +
Lichenomphalia umbellifera (L.) Redhead, Lutzoni, Moncalvo &Vilgalys Saprobic Litter +
Lichenomphalia velutina (Quél.) Redhead, Lutzoni, Moncalvo &Vilgalys Saprobic Litter +
Cuphophyllus virgineus (Wulfen) Kovalenko Saprobic Soil +
Cystoderma amianthinum (Scop.) Fayod Ectomycorrhizal symbiont Soil +
Marasmius bekolacongoli Beeli Saprobic Litter +
Marasmius fulvoferrugineus Gilliam Saprobic Litter +
Marasmius tageticolor Berk Saprobic Litter +
Marasmius spissus Gilliam Saprobic Litter +
Marasmius siccus (Schwein.) Fr. Saprobic Litter +
Marasmius rotula (Scop.) Fr. Saprobic Litter +
Marasmius wynneae Berk. & Broome Saprobic Litter +
Marasmius arborescens (Henn.) Beeli Saprobic Litter +
Marasmius sp. Saprobic Litter +
Lentinula edodes (Berk.) Pegler Saprobic Soil +
Collybia alboflavoda (Peck) Kauffman Saprobic Litter +
Collybia subpruinosa (Murrill) Dennis Saprobic Litter +
Collybia cookei (Bres.) J.D.Arnold Saprobic Wood +
Collybia dryophila (Bull.) P. Kumm Saprobic Litter +
Collybia aurea (Beeli) Pegler Saprobic Litter +
Collybia sp. Saprobic Litter +
Lactocollybia sp. Saprobic Litter +




Tetrapyrgos nigripes (Fr.) E. Horak Saprobic Soil + +
Tetrapyrgos sp. Saprobic Litter +
Oudemansiella canarii (Jungh.) Héhn Saprobic Wood +
Mycena rapiolens J. Favre Saprobic Wood + +
Mycena cinerella (P. Karst.) P. Karst Saprobic Litter + +
Mycena vulgaris (Pers.) P. Kumm Saprobic Litter + +
Mycena leptocephala (Pers.) Gillet Saprobic Litter + +




Appendix3. Correlation between the physical properties of the soil and the abundance of

macrofungi species

Ca Cuphophyllus virgineus
Pearson Correlation 1 -0.998**
Ca Sig. (2-tailed) 0,002
N 4 4
Pearson Correlation -0.998** 1
Cuphophyllus virgineus Sig. (2-tailed) 0.002
N 4 4
**Correlation is significant at the 0.01 level (2-tailed), N = Number of sites
Ca Tetrapyrgos nigripes
Pearson Correlation 1 -0.962*
Ca Sig. (2-tailed) 0,038
N 4 4
Pearson Correlation -0.962* 1
Tetrapyrgos nigripes Sig. (2-tailed) 0.038
N 4 4
*Correlation is significant at the 0.05 level (2-tailed)
Ca
Pearson Correlation 1 -0.983*
Ca Sig. (2-tailed) 0,017
N 4 4
Pearson Correlation -0.983* 1
Clitocybe fragrans Sig. (2-tailed) 0.017
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N.= Number of sites
Clay Termitomyces clypeatus
Pearson Correlation 1 -0.986*
Clay Sig. (2-tailed) 0,014
N 4 4
Pearson‘Correlation -0.986* 1
Termitomyces clypeatus Sig. (2-tailed) 0.014
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
Clay Clitocybe phaeophtalma
Pearson Correlation 1 -0.986*
Clay Sig. (2-tailed) 0,014
N 4 4
Pearson Correlation -0.986* 1
Clitocybephaeophtalma.  Sig. (2-tailed) 0.014
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
K Inocybe sindonia
Pearson Correlation 1 0.953*
K Sig. (2-tailed) 0,047
N 4 4
Pearson Correlation 0.953* 1
Inocybe sindonia Sig. (2-tailed) 0.047
N 4 4
*Correlation is significant at the 0.05 level (2-tailed) N = Number of sites,
N Arrhenia velutipes
Pearson Correlation 1 0.994**
N Sig. (2-tailed) 0,006
N 4 4
Pearson Correlation 0.994** 1
Arrhenia velutipes Sig. (2-tailed) 0.006




N 4 | 4
**Correlation is significant at the 0.01 level (2-tailed), N = Number of sites
Na Macrolepiota dolichaula
Pearson Correlation 1 -0.951*
Na Sig. (2-tailed) 0,049
N 4 4
Pearson Correlation -0.951* 1
Macrolepiota dolichaula  Sig. (2-tailed) 0.049
N 4 4
*Caorrelation is significant at the 0.05 level (2-tailed), N = Number of sites
Na Arrhenia obscurata
Pearson Correlation 1 -0.995**
Na Sig. (2-tailed) 0,005
N 4 4
Pearson Correlation -0.995** 1
Arrhenia obscurata Sig. (2-tailed) 0.005
N 4 4
**Correlation is significant at the 0.01 level (2-tailed), N = Number of sites
Na Lentinus sp.
Pearson Correlation 1 0.986*
Na Sig. (2-tailed) 0,014
N 4 4
Pearson Correlation 0.986* 1
Lentinus sp. Sig. (2-tailed) 0.014
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N.= Number of sites
Na Lactarius indigo
Pearson Correlation 1 0.988*
Na Sig. (2-tailed) 0,012
N 4 4
Pearson Correlation 0.988* 1
Lactarius indigo Sig. (2-tailed) 0.012
N 4 4
*Correlation is significant at the 0.05 level.(2-tailed), N = Number of sites
Na Termitomyces microcarpus
Pearson Correlation 1 0.965*
Na Sig. (2-tailed) 0,035
N 4 4
Pearson Correlation 0.965* 1
Termitomyces microcarpus - Sig. (2-tailed) 0.035
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
Na Hygrocybe colemanniana
Pearson Correlation 1 0.975*
Na Sig. (2-tailed) 0,025
N 4 4
Pearson Correlation 0.975* 1
Hygrocybe colemanniana  Sig. (2-tailed) 0.025
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
oC Arrhenia velutipes
Pearson Correlation 1 0.986*
ocC Sig. (2-tailed) 0,014
N 4 4
Pearson Correlation 0.986* 1
Arrhenia velutipes Sig. (2-tailed) 0.014
N 4 4

*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites

oM

Arrhenia velutipes




Pearson Correlation 1 0.986*
oM Sig. (2-tailed) 0,014
N 4 4
Pearson Correlation 0.986* 1
Arrhenia velutipes Sig. (2-tailed) 0.014
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
P Rhodocybe sp.
Pearson Correlation 1 0.976*
P Sig. (2-tailed) 0,024
N 4 4
Pearson Correlation 0.976* 1
Rhodocybe sp. Sig. (2-tailed) 0.024
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
Pearson Correlation 1 -0.953*
pH Sig. (2-tailed) 0,047
N 4 4
Pearson Correlation -0.953% 1
Russula aurea Sig. (2-tailed) 0.047
N 4 4
*Correlation is significant at the 0.05 level (2-tailed), N = Number of sites
Termitomyces clypeatus
Pearson Correlation 1 0.986*
Sand Sig. (2-tailed) 0,014
N 4 4
Pearson Correlation 0.986* 1
Termitomyces clypeatus  Sig. (2-tailed) 0.014
N 4 4

*Correlation is significant at the 0.05 level (2-tailed), N =.Number of sites




