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Abstract

This research presents an analytical investigation of Macro-fungi found in district Swabi, Khyber
Pakhtunkhwa, Pakistan. The aim of the study was to examine species diversity and community
structure of Macro-fungi in relation to climatic, topographical and edaphic factors. A year-long
survey was conducted in 2022-24 across a variety of ecological settings, including plains and
mountainous terrains, during different seasons. The study identified 66 wild mushroom species
belonging to 31 families, with Agaricaceae being the most dominant, representing 30% of the
collected species. To elucidate ecological relationships and environmental influences on mushroom
distribution, statistical techniques such as cluster analysis, canonical correspondence analysis (CCA),
and detrended correspondence analysis (DCA) were performed using PC-ORD and CANOCO
software. The findings provide valuable insights for environmental conservation, sustainable
harvesting practices, and maximizing the nutritional and commercial potential of wild mushrooms.

Keywords: Ecology, fungal diversity, poisonous mushrooms, unexplored region

Introduction
Fungi are considered the second most diverse biological community after insects (Steyeartet
al. 1980). Mushrooms, classified under the kingdom Fungi, belong to the classes
Ascomycetes and Basidiomycetes. They are characterized by well-developed nuclei, and their
main body, known as mycelium, consists of thread-like structures called hyphae. Under
favourable environmental conditions, such as optimal temperature and humidity, the
mycelium produces fruiting bodies, commonly known as mushrooms (Chaudhary et al.,
2015).Recent estimates suggest that there are approximately 5.1 million fungal species
worldwide (Blackwell, 2011). Wild edible mushrooms have been utilized for both food and
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medicinal purposes for thousands of years. Globally, around 2,327 mushroom species have
been recorded for their utility, with 2,166 species identified as edible. Of these, 1,069 species
are commonly used as food, and at least another 100 species are known to be edible but lack
sufficient evidence (Boa, 2004). According to (Mizuno, 1993; Wasser, 1995; Ferreira et al.,
2010) nearly 700 species of Basidiomycetes fungi exhibit significant ethnopharmacological
activities. Wild edible mushrooms are harvested and sold in over 80 countries worldwide
(Boa, 2004).

The diversity of wild mushroom species varies according to environmental factors such as
nutrient availability, particularly nitrogen, moisture content in soil and air, and vegetation
types (O’Hanlon and Harrington, 2012; Pradhan et al., 2013). Mushrooms typically produce
their fruiting bodies in specific seasons, inhabiting different ecosystems within forests
(Stamets, 2000). One of the critical ecological roles of mushrooms is their function as
ectomycorrhizal fungi, which play a significant part in forest cultivation programs.
Additionally, macrofungi serve as bioindicators of environmental quality (Andrew et al.,
2013). The main objective of the current study was to investigate the species diversity and
ecological distribution of macrofungi in District Swabi, Khyber Pakhtunkhwa, Pakistan.

Materials & Methods
Sampling site

The fruiting bodies of various wild mushrooms were collected from both plain and hilly
regions of District Swabi in the province of Khyber Pakhtunkhwa, Pakistan. This district is
located adjacent to the Indus River and can be pinpointed at the coordinates ‘‘34°7'0ON,
72°28'0E’’(Fig. 1). District Swabi covers an area of 1,543 square kilometers, which is
approximately 595.8 square miles. The average annual temperature is 22.2°C, and the
average annual precipitation is 639 mm. November is the driest month, with an average
rainfall of 12 mm, while August is the wettest, receiving an average of 137 mm of
precipitation(Anwar et al., 2015).
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Fig. 1.Map showing the sampling sites of the study area.

Data Collection

Quadrat-based quantitative ecological methodwere used to collect macro-fungi and their
associated ecological data during 2022-2024(Khan et al., 2011a).A GPS device was used to
measure altitude and a digital compass determined the slope aspect (East, West, South, or
North). Soil samples were collected from each site to a depth of 15 cm, mixed to form
composite samples, stored in labelled polythene bags, and transported to the Plant Ecology
and Conservation Laboratory, Department of Plant Sciences, Quaid-i-Azam University,
Islamabad, for further analysis. Taxonomists and mycologists, along with the use of available
published literature, assisted in the identification of specimens, which were then preserved in
the Herbarium of Quaid-i-Azam University, Islamabad, Pakistan.

Data analysis

Species and environmental data sets were processed in MS Excel in accordance with the
requirements of PCORD V.5. Data collected from 20 sampling sites (66 quadrats) revealed
the presence of 66 mushroom species. These species data, along with seven environmental



_ Voyage Journal of Scientific Research and Exploration (VJSRE) Vol 2. Issue 1 VJS R E
*.ISSN (Online): 3007-3898, ISSN (Print): 3007-388X, Aprilto September 2025

variables such as altitude, slope, aspect, soil organic matter, soil pH, soil electrical
conductivity, and moisture content were analyzed using PCORD version 5 (McCune and
Mefford, 1999). Cluster Analysis (CA) and Two-Way Cluster Analysis (TWCA) were
conducted to identify significant habitat and fungi community types using Sorensen measures
based on presence/absence data (Greig-Smith, 1983), revealing patterns of similarity in
species and station data. To assess the effects of various environmental variables on the
composition, distribution, and abundance of the mushroom species, ordination analyses,
including Canonical Correspondence Analysis (CCA) and Detrended Correspondence
Analysis (DCA), were performed using CANOCO software version 4.5 (Anwar et al., 2019).
In the laboratory, soil samples were analyzed for pH, electrical conductivity (EC), total
dissolved solids (TDS), moisture content and organic matter content. Soil pH was measured
using a pH meter (Jackson et al., 1962), while EC was determined using an electrical
conductivity meter (Rhoades et al., 1990). TDS was calculated based on EC readings,
following the methodology of (Richard, 1954).

Results & Discussion

The district Swabi remains largely unexplored with respect to the diversity, habitat, and
potential uses of wild mushrooms. To address this gap, a comprehensive survey was
conducted across various plain and hilly regions of the district from 2022 to 2024, following
periods of rainfall. In hilly areas such as Gadoon, Beer Gali, Besak, Utla, Kabghani, Bada,
Takeel, Sandowa, and Gani Chatra, the majority of wild mushrooms were found to produce
fruiting bodies primarily in August and September. In contrast, in the plain areas including
Lahor, Yar Hussain, Adina, Kalu Khan, and Shewa, mushroom diversity peaked in July,
August, and December following heavy rainfall. During the field survey, a total of 66 wild
mushroom species (Tab.1) were collected and identified to the species level, representing 31
different families following established methodologies (Figs 2a,2b,2c,2d) (Yusranet al.,
2021). Previously documented species were morphologically verified using published
descriptions (Dwivedi et al. 2015). The dominant family identified was Agaricaceae, with 20
species (30%), followed by Amanitaceae and Psathyrellaceae, each with 4 species (6%),
Inocybaceae with 3 species (5%), and both Russulaceae and Diplocystaceae, each with 2
species (3%). Wild mushroom species exhibited significant variation in habitat preference.
Approximately 41% of the species were found growing on soil, 24% on dead wood, 20% on
trees, and the remaining 15% on dung. These findings provide crucial insights into the
ecological diversity of mushrooms in the district and open new avenues for exploring their
ecological, nutritional, and medicinal potential.
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Figure 2a.Field photographs 1-20 of collected mushrooms (Species names are mentioned in table 1).
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Figure 2b.Field photographs 21-40 of collected mushrooms, (Species names are mentioned in Table 1).
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Figure 2c.Field photographs 41-60 of collected mushrooms, (Species names are mentioned in Table 1).
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Figure 2d.Field photographs 61-66 of collected mushrooms, (Species names are mentioned in Table 1).

Mushrooms edibility in district Swabi

The district of Swabi, located in a region with fertile soil, is home to a diverse array of wild
mushrooms. These mushrooms have been categorized into different groups based on their
edibility, with 36% being edible, 23% non- edible, 21% poisonous, and 3% remaining
unidentified. The presence of edible mushrooms, such as Morchella esculenta, Agaricus
propeaugustus, Agaricus bitorquis, and Agaricus subpinus, has made them a valuable food
resources for the local rural population.

Comparison between plain and hilly areas

There is a contrast in the familiarity and reliance on wild mushrooms between the inhabitant
of plain areas and those in hilly areas (specifically Gadoon). In the plain areas, people are not
highly familiar with wild mushrooms and do not heavily depend on them for sustenance. In
contrast, people living in the hilly areas, like Gadoon, have a closer relationship with wild
mushrooms and utilize them as a food source. Their reliance on wild mushrooms is
particularly linked to rainfall patterns, as certain edible mushrooms only produce their
fruiting bodies after heavy rainfall (Yaseen et al.,2016). The occurrence of poisonous wild
mushrooms in hilly regions presents a considerable threat to local communities, particularly
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because these toxic species often bear a close resemblance to edible varieties. This risk was
tragically highlighted by a recent incident in which two young boys succumbed after
ingesting toxic mushrooms, mistakenly consumed as food. This unfortunate event emphasizes
the critical need for accurate mushroom identification and public awareness initiatives to
educate the population on the potential dangers of foraging wild mushrooms.

Threats to mushroom diversity

The rich diversity of mushrooms in the study areas is increasingly at risk due to a range of
anthropogenic pressures. Key threats include deforestation, overgrazing by livestock, road
construction, urban expansion, and the widespread use of chemical fertilizers for agricultural
enhancement. Additionally, there is a notable lack of awareness and interest among the local
population regarding the conservation of mushroom biodiversity. These human activities are
contributing to the degradation of natural habitats.

Ecological Study
Cluster analysis

The cluster analysis was performed using PCORD version 5. It classified all the 66 quadrates
and 66 species into four major communities based on Sorensen distance measurements
Distance in District Swabi, Khyber Pukhtunkhwa, Pakistan(Fig. 3).
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Figure 3. Cluster dendrogram of 66 quadrates showing 4 Macro-fungi communities based on Sorensen
distance measurement.

9



Voyage Journal of Scientific Research and Exploration (VJSRE) Vol 2. Issue 1 VISR E
ISSN (Online): 3007-3898, ISSN (Print): 3007-388X, Aprilto September 2025

Two way cluster analysis

Two-way cluster Analysis (TWCA) was employed to show the quadrate wise distribution of
mushrooms species. In the quadrate, green dots indicate the occurrence of specific species of
mushrooms, whereas white dots indicate their absence(Fig. 4).
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Figure 4. Two-way cluster analysis dendrogram of 66 species and 66 quadrates based on Sorensen
measures representing groups of mushrooms species and quadrats through PC-ORD version 5.
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Environmental gradient

Ordination techniques such as DCA and CCA were implemented using CANOCO software
version 4.5 to analyze the ecological data. The relationship between mushroom species and
soil variables was examined through the CANOCO program. The environmental factors,
specifically the edaphic variables, had a significant influence on the diversity, abundance, and
distribution of the mushroom species.

Canonical correspondence analysis for species

Canonical Correspondence Analysis (CCA) was performed using CANOCO software to
examine the relationships between environmental variables and mushroom species
distribution. The environmental factors analyzed included soil pH, electrical conductivity,
total dissolved solids (TDS), organic matter, slope, moisture content, and altitude. The first
quadrant of the CCA biplot indicated a strong correlation between species and environmental
variables. In the second quadrant, most species were clustered around soil pH, TDS, and
slope, indicating a positive influence of these factors on species distribution. In the third
quadrant, altitude, moisture content, vegetation cover, and electrical conductivity were the
primary variables influencing species. The fourth quadrant showed that organic matter was
the dominant factor affecting species distribution (Fig. 5).
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Detrended canonical correspondence analysis for species.

DCA is a variation of correspondence analysis (CA) used to identify the underlying gradients
in the species data without any correlated to environmental variables. A closely associated
group of Auricularia auricula-judae, Agaricus comtulus, Leucoagaricus nivalis, Morchella
esculenta, Agrocyberetigera, Russula umbra, Bjerkanderaadusta, Bjerkanderaadusta are
present on the left side of x-axis. While Psathyrella specie, Inocybe pallida,
Russulacyanoxantha, Lepiotabrunneoincarnata, Schizophyllum commune,
Panaeolussubbalteatusformed comparatively associated group at the top left side.While the
second quadrate showed that Hygrophorusalbo flavescens, Gymnopussubnudus, Lentinus
squarrosulus, Abortiporusbiennis, Podaxispistillaris, Coprinellus disseminates, Scleroderma
brevistipetus. The third quadrate showing the majority of speciesCortinariusmicrocarpus,
Craterellus cinereus, Candolleomycescandolleanus, Xylariacurtaare grouped around the left
x-axis of the quadrate. While the majority of speciesinocybe pallida, Agaricus swaticusare
grouped around the right side of x-axis. The fourth quadrate showing the distribution of
speciesGeastrum triplex, Parasolapseudolactea, Marasmiusoreades (Fig.6).
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Conclusion

The finding of the current studiesshowed that district Swabi environmental conditions were
more suitable for the growth of mushrooms species. Additionally, the results of the study
provided more evidence that mushrooms species growth were significantly higher in the
Swabi.In mountainous areas, the growing season of wild mushrooms was at peak in August
and September, whereas in plain areas, the diversity was more pronounced in July, August,
and December after significant rains. Environmental research and conservation initiatives can
benefit from an understanding of the distribution of mushroom families.
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Table 1. List of wild mushroom species with their common names, habitat, locality, growing season, and edibility collected from plain and hilly areas of District

Swabi.
S.No Name Common Name Family Locality Host Seasonality Egtgllljlsty Reference
Abortiporusbienn . . . July- Non .
1 is Blushing rosette Meruliaceae Jagan Nath Muddy soil/wood September edible (Singer, 1944)
. . . . . August- .
2 Agaricus abietis button mushroom Agaricaceae Jalsai Soil humus Edible (Batsch, 1783)
September
Agaricus . . . .
3 abramsii button mushroom Agaricaceae Inbar wood logs and manure piles | July-August Edible (Murrill, 1912)
Agari . . . August- .
4 _gancus button mushroom Agaricaceae Jalbai Sandy soil ugus Edible (Imbach, 1946)
bisporus September
Agari . . April- .
5 .garlcqs Pavement Mushroom Agaricaceae Kota Road bank/grassy field pri Edible (Saccardo, 1887a)
bitorquis August
Agari ) ) ) ly- . .
6 garlcu§ meadow mushroom Agaricaceae Jagan Nath | Grassy field after heavy rain July Edible (Linnaeus, 1753)
campestris September
Agaricus . . . . .
7 Mini mushroom Agaricaceae Gandaf Soil June-August Edible (Fries, 1838)
comtulus
Agari . . . August- . .
8 garlcus_ meadow mushroom Agaricaceae Maneri Sandy and loamy soil ugus Edible (Heinemann, 1956)
heterocystis October
Agari . . ly- .
9 . garllc_us button mushroom Agaricaceae Utla Waterlogged soil/rice crop July Edible (Zhuo and Zhao 2015)
sinodeliciosus December
: - : . Poisonou :
10 Agrocyberetigera Spring Fieldcap Strophariaceae Dobyan Sandy soil/ above wood July-August s (Singer, 1951)
. _ _ _ _ August- | Poi _
11 Amanita abietum fly amanita Amanitaceae Maneri Humus of pine forest ugust olsonou (Gilbert, 1929)
September S
. . . . . . . Poisonou
12 Amanita abrupta royal fly agaric Amanitaceae Besak Soil grassy field / live wood April-July . (Peck, 1897)
Amanita _ . . Rich humus/dead and living August- Non )
13 echinocephala stinking dapperling Agaricaceae Gandaf wood October edible (Quélet, 1872)
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S . . . . July- Non
14 Amanita cinis fly agaric Amanitaceae Sodier On ground pine forest September edible (Ullahet al., 2019)
15 Amanita flavipes fly zgnigr?itoar fly Amanitaceae Beer gali Soil/ dead wood April-July Pms:nou (Imai, 1933)
Astraeus . . . December- .
16 hygrometricus hygroscopic earthstar | Diplocystaceae Utla Loamy soil/dead wood April Edible (Morgan, 1889)
Auricularia . . December- .
17 Jelly Ear Fungus Auriculariaceae Jamra Dead tree Edible (Ehrenb, 1820)
cornea February
. Smoky .
Bjerk . h . ly- N
18 jerkanderaadust polypore/smoky Meruliaceae Ghani Soil July _on (Karst, 1879)
a chatra September edible
bracket
Candolleomycesa . August- . (Wéchter and  Melzer
19 berdarensis Crumble Cap Psathyrellaceae Gaddon Sandy soil/wood October Edible 2020)
20 Car?tharellus Black Trumpet, Horn Cantharellaceae | Jagan Nath Association with pgpulous August- Edible (Pers, 1794)
cinereus of Plenty, tree roots/soil November
. Poi .
21 Chlorophyllum flowerpot parasol Agaricaceae Kalu khan | decayed plant matter humus | June-August oisonou (Vellinga, 2002)
abruptibulbum S
Chlorophyllum false parasol . . . July- Poisonou
22 molybites Mushroom Agaricaceae Yar hussain Grassy field/garden lawn September . (Massee, 1898)
Clavuli loi . . . I October- .
23 avu |2:Scora o white coral fungus Clavulinaceae Adina Ground soil/ pine forest I\(;I;)rcir Edible (Schréter, 1888)
inellusall N . h f I . .
24 Coprlneiu:sa ove fairy inkcap Psathyrellaceae Manki Shaded arfse:z)s popuious March-May Edible (Doveriet al., 2010)
Coprinus . . . dung or manured soil/ July- Poisonou
2 . h k Al B 197
5 xerophilus shaggy ink cap garicaceae Jasai grassland December . (Bogart ,1976)
26 Cortinariusaavae gypsy mushroom Cortinariaceae | Jagan Nath Pine forest/ wood July-October ms:nou (Niskanen et al.,2012)
27 Crepidotusigbalii peeling oysterling Crepidotaceae Besak dead twigs of populous tree | July-October edi(;)rl]e (Izhar etal., 2021)
28 Crucibulumvulga bird's-nest fungi Nidulariaceae Gandaf dead stems of morus / August- Non (Tulasne andTulasne 1844)
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re muddy soil November edible
29 ECZ;BE?S;ma freckled dapperling Agaricaceae Gaddon Leaf humus/ dead wood June-July Edible (Bon, 1991)
Favolusgrammoc . . July- .
30 ephalus honeycomb fungus Polyporaceae Topi Above dead and living trees September Edible (Lloyd, 1924)
31 FIammuI!naflllfor golden needling Physalacriaceae Maneri Dead wood August- Edible (Wang et al.,2018)
mis mushroom September
32 Geastrlljjr:qaculeat rounded earthstar Geastraceae Beer gali litter humus of pine forest oc:\(jlt;r:r? nd Unknnow (Silva and Baseia 2013)
33 Geastrum triplex Earth star fungi Diplocystaceae Sandwa Soil September- Non (Jung, 1840)
P g plocy November edible g
34 Gymnopussubnud Collybiasubnuda Omphalotaceae | Jagan nath leaf litter of pinus October- Edible (Antonin et al., 1997)
us tree/decomposer March
35 Hemllec.cmumlm iodine bolete Boletaceae Utla Soil/dead and live wood August- Edible (Sutara, 2008)
politum October
Hygrophorusalbo . . . August- .
36 flavescens ivory waxy cap Hygrophoraceae Gandaf Soil/dead and live wood October Edible (Naseer et al., 2019)
37 Infundibulicybe field mushroom Agaricaceae Ghani Soil humus/ pine forest April- June Edible (Harmaja, 2003)
squamulosa chatra floors
38 Inocybe aberrans white inocybe Inocybaceae Kalu khan Above pine tree June- Non (Garrido, 1988)
y y y P September edible '
Inocybecaroticol . . . Association with pine June- Non
39 or Beige Fibrecap Inocybaceae Jalsai tree/soil September edible (Fan and Bau 2013)
AUGUSL- deadly
40 Inocybe pallida | white fibercap fungus Inocybaceae Jalbai Loamy soil/ above other tree Oc?ober poisonou (Velen, 1920)
S
a1 Lactarius milk-caps mushroom Tricholomatace Besak Grassy field soil/above March- N_on (Bon, 1980)
aberrans ae wood October edible
42 Lentinus Tiger Sawgill fungus Polyporaceae Gandaf Soil/ dead wood July-October | Edible (Mont, 1842)
squarrosulus
43 Leplo(;[::)nr::aneom deadly dapperling Agaricaceae Utla Garden lawn /soil April-June POIS:nOU (Chodat and Martin 1889)
44 Leucoagaricus white Agaricus Agaricaceae Ghabasni Loamy soil/humus October- Non (Singer, 1973)
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acaciarum mushroom November edible
L i . . . . . D - .
45 eucqaga.\rlcus White Dapperling Agaricaceae Berr gali Soil/ dead wood ecember Edible (Ge and Yang 2017)
nivalis February
M tidi . . . N
46 acroa/ji; lacue Cucumber Cap Marasmiaceae Sandwa Grassy field April- June e dicl;Te (Josserand, 1934)
Macrolepiota . . December- .
47 dolichaula slender parasol Agaricaceae Gadoon Grassy field April Edible (Taylor, 2001)
M i L . . tober- . .
48 arasn:susoread fairy ring mushroom Marasmiaceae Lahor Beneath pine tree O&;’?j Edible (Fries, 1836)
M . . . . F - N
49 ontagr_1ea Desert inkcap Agaricaceae Manki Forest soil/dead wood ebruary _on (Zeller, 1943)
arenaria March edible
50 Morchella sponge morel Morchellaceae Jalbai Sugarcane field/ burned April- Edible (Pers, 1794)
esculenta areas December
Panaeoluspapilio . . .. . October- Unknow ,
51 Petticoat mottlegill Bolbitiaceae Besak manured soil/grazed land (Quél, 1872)
naceus March n
P lussubbalt . . . Poi
52 anaegal:jzu a banded mottlegill Bolbitiaceae Beer gali horse dung June-August 0|s;)nou (Saccardo, 1887h)
Parasolapseudol August- Non
53 actea Pleated Inkcap Psathyrellaceae Lahor Grassy area/decomposer September edible (Shah et al.,2018)
54 Phellog;wr::hercul maru khumbhi Phelloriniaceae Inbar Sandy soil June-August Edible (Kreisel, 1961)
Phylloporusbrun . . . July- .
55 . gilled bolete Boletaceae Topi Muddy soil/dead wood Edible (Zeng et al.,2013)
neiceps September
. Deer Shield : ;
56 Pluteus cervinus mushroom Pluteaceae Shewa Decomposer of wood debris | June-August Edible (Kumm, 1871)
T . . August- .
57 Podaxispistillaris | desert shaggy mane Agaricaceae Gandaf Muddy soil October Edible (Lundae, 1829)
Psathyrell i A - . .
58 sathyrellaspadi Crumble cap Psathyrellaceae Kunda Grown OrT roots/grassy Hgust Edible (Singer, 1951)
cea fields October
59 Rhlzop?ggnroseo Shoro mushrooms Rhlzop(;gonacea Gandaf Rocky soil/dead wood '\2?;:] Edible (Fries, 1909)
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September-
October
60 Russulaabietina brittle gills Russulaceae Hund Grassy f|g|d/shaded area of June- Poisonou (Peck, 1902)
pines trees September S
61 Russulacyanoxan charcoal burner Russulaceae Gandaf Attached with p Ine tree June —July Edible (Schaeff,1863)
tha root/soil
Schizophyllum o Schizophyllacea . June- .
62 commune split gill fungus e Beer gali Mostly found on dead wood September Edible (Fries, 1815)
63 Scler(_)derma common earth ball Sclerodermatace Yar hussain sandy soil, forest tracks May-June Poisonou (Pat and Trab 1899)
albidum mushroom ae S
- Cauliflower . . . July — . .
64 Sparassiscrispa mushroom Sparassidaceae Sodier Sandy soil September Edible (Fries, 1821)
Volvariella . . Decomposer of dead . .
65 bombycina Silky Rosegill Pluteaceae Tarbella hardwoods July-August Edible (Schaeff and Singer 1951)
. Dead man finger . . July- Non .
66 Xylariacurta fungi Xylariaceae Jagan nath Dead tree/soil September edible (Fries, 1855)
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