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Abstract

Agaricus bisporus, known as the white-capped mushroom, is among the cultivated mushrooms widely grown worldwide
due to its high nutritional value and economic yield. However, this species is threatened by various disease agents includ-
ing fungal, bacterial, viral and abiotic (non-microbial) agents under intensive production conditions. Early diagnosis of
the symptoms caused by these diseases is of great importance in terms of preventing yield losses and minimizing the
economic losses associated with them. In this study, it was aimed to classify five different diseases and healthy samples
seen in A. bisporus based on images and to evaluate the effects of different color spaces on the classification accuracy.
In this context, classification experiments were conducted on image datasets converted into different color space rep-
resentations, with the SqueezeNet convolutional neural network (CNN) applied separately to each representation. The
findings revealed that the XYZ, RGB and YCbCr color space provided higher classification accuracy compared to other

formats in the detection of diseases.
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Introduction

Agaricus bisporus (J.E. Lange) Imbach, commonly known
as the white button mushroom, is the most widely culti-
vated species globally (Royse 2014) and has gained sig-
nificant commercial importance in Turkey due to its high
nutritional value. Although the origin of A. bisporus is
quite old, its industrial cultivation has gained momentum
with the development of modern agricultural techniques
(Isik et al. 2004; Sassine 2021). This mushroom species is
considered an important part of a healthy diet due to its
low calorie content and rich nutrient profile (Sliva 2010;
Ozkan 2015; B.A.K.A. 2021).

A. bisporus taxonomically belongs to the class Agar-
icomycetes and is defined by its morphological and ge-
netic characteristics (Berendsen et al. 2010). A. bisporus
is a macrofungus belonging to the Agaricaceae family
and has a rich nutrient profile. It is rich in carbohydrates,
fibers, proteins, amino acids, vitamins (especially B vita-
mins, vitamins C and D) and minerals (potassium, cop-
per, iron, selenium) and low in fat and calories (Jeong et
al. 2010; Muszyniska et al. 2011; Peksen and Eren 2024).
The fact that it contains ergosterol (the precursor of vi-
tamin D,) and antioxidant compounds makes A. bispo-
rus stand out as a functional food (Sassine 2021). These
properties support the positive effects of A. bisporus on
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human health and contribute to its increasing consump-
tion (Royse 2014).

The cultivation of A. bisporus requires a more detailed
process compared to other mushroom species. Cultiva-
tion stages include critical steps such as compost prepara-
tion (Peksen and Eren 2024), mycelial inoculation, cover
soil application and climate control (Sezen and Turungog-
lu 2023). Compost is a special medium containing all
the nutrients needed by fungi, usually provided from
plant-derived organic matter and animal manure (Raj and
Antil 2011). The cover soil, which is a mixture of peat and
limestone, supports mycelial growth and promotes fungal
growth. Careful control of environmental factors such as
temperature, humidity, ventilation and light during the
cultivation process is of great importance for yield and
quality (Berendsen et al. 2010).

A. bisporus is an important source of income and con-
tributes to rural development in both developed and de-
veloping countries (Chang and Miles 2004). The intensive
cultivation of edible mushrooms predisposes to the emer-
gence of various pests and diseases under certain environ-
mental conditions. This can make mushroom cultivation
an economically risky activity (Prasad and Singh 2020).
Commonly cultivated species such as Agaricus bisporus
(white caps), Pleurotus (oyster mushrooms) and Lentinu-
la edodes (shiitake mushrooms) are susceptible to various
fungal, bacterial and viral pathogens (Prasad and Singh
2020; Zhang et al. 2022). In this case, various fungal, bac-
terial and viral diseases in mushroom cultivation pose a
serious threat to this sector (Basim and Basim 2018; Amin
et al. 2021; Sutradhar et al. 2021; Zhang et al. 2022). When
commercially important fungi such as A. bisporus are at-
tacked by these pathogens, yield losses occur and product
quality decreases (Amin et al. 2021; Zhang et al. 2022).
Fungal diseases such as dry blister disease (caused by Le-
canicillium fungicola), wet blister disease (Mycogone per-
niciosa), green mold disease (Trichoderma aggresivum)
and cobweb disease (Cladobotryum spp.) are considered
a serious threat to this industry (Fletcher and Gaze 2007;
Berendsen et al. 2010; Oztiirk et al. 2017; Prasad and Sin-
gh 2020; Sutradhar et al. 2021; Sharma et al. 2024). Pseu-
domonas tolaasii is a widespread bacterial disease (Amin
et al. 2021), which is the primary cause of brown spot
disease of white caps (Basim and Basim 2018), leading to
significant yield losses worldwide (Amin et al. 2021). This
disease, known as La France disease and caused by differ-
ent virus complexes, slows down mycelial development,
reduces yield and causes deformities in caps (Elibtiyiik
2007), and viral diseases such as fungal virus X (MVX)
can cause degeneration of mycelium, deformation of fruit
bodies and yield losses (Grogan et al. 2003; Zhang et al.
2022). These diseases not only reduce yield, but also cause
economic losses by shortening shelf life and reducing
marketability (Amin et al. 2021). Therefore, the control
and management of fungal diseases is of vital importance
for mushroom growers.

A. bisporus remains a primary focal point of mycolog-
ical and agricultural research, ranging from the optimiza-
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tion of cultivation conditions (Sharma et al. 2007) to the
etiology and management of various pathogens (Berend-
sen et al. 2010; Basim and Basim 2018; Amin et al. 2021).
In particular, brown spot disease caused by Pseudomonas
tolaasii, along with diverse fungal (Sutradhar et al. 2021)
and viral agents (Zhang et al. 2022), represents the most
significant challenge to the industry. Given the substantial
economic impact of these diseases on yield and product
quality, research has increasingly shifted toward utilizing
genetic and molecular techniques to elucidate disease
mechanisms and develop resistant cultivars (Amin et al.
2021; Zhang et al. 2022). Such advancements are critical
for ensuring the long-term sustainability and economic
efficiency of mushroom cultivation.

Dry blister disease (Lecanicillium fungicola)

Dry blister disease is a disease caused by the fungus Lecan-
icillium fungicola (Preuss) Zare & W. Gams (formerly Ver-
ticillium fungicola) and causes significant economic losses
in Agaricus bisporus cultivation (Zare and Gams 2008;
Fletcher and Gaze 2007). The disease usually starts with
brown spots or streaks on the upper part of the mushroom
stem and cap in mild infections. These spots turn grayish
after sporulation (Albayrak et al. 2024). In dry blister dis-
ease, many localized, light brown, sunken spots appear on
mature sporophores. These spots may merge into irregu-
lar brown spots and white fungal spore masses, or a gray
moldy cover may form on the surface (Marlowe and Ro-
maine 1982; Prasad and Singh 2020). In the later stages of
the disease, infected hats shrink, become leathery in spot-
ted areas, dry and crack (Marlowe and Romaine 1982).

Wet blister disease (Mycogone perniciosa)

Wet blister disease is an important disease caused by the
fungus Mycogone perniciosa and causes serious econom-
ic losses in Agaricus bisporus cultivation (Albayrak et al.
2024). Wet blister disease is characterized by the forma-
tion of tumor-like, irregular fungal masses in infected
young pinheads (up to 6 mm), which do not show organ
differentiation (Sharma and Kumar 2000; Umar et al.
2000). In advanced cases, a cottony, white mold growth
can be observed on these tumor-like masses (Sharma and
Kumar 2000). A white, flufty mold forms on infected ar-
eas, which over time turns the fungus into a soft myceli-
al ball. In the early stages of the disease, a brown-amber
colored liquid emerges from the fungus. These structures,
which are initially white, turn brown in time and start to
rot (Albayrak et al. 2024).

Spider web disease (Cladobotryum dendroides)

Spider web disease is a serious disease caused by Cladobot-
ryum mycophilum that can cause significant yield losses in
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white-capped mushroom (Agaricus bisporus) cultivation
(Chakwiya et al. 2015; Zuo et al. 2016). The first symptoms
of the disease are the appearance of small, white spots on
the cover crop soil. These spots spread to the nearest fungi
through a fine, gray-white mycelium network, creating a
cobweb-like appearance (Sharma 1994; Prasad and Singh
2020). As the infection progresses, the mycelium can cov-
er the surface of the fungi and cause rotting. The disease
is usually more common in fall and winter (Carrasco et al.
2016). The disease agent is a soil-dwelling fungus and is
usually transmitted to crops through soil contamination,
spores, crop residues or farm workers. Spores are easily
spread by air currents, workers’ hands, tools, clothing and
splashing water (Sharma 1994).

Bacterial brown spot disease (Pseudomonas to-
laasii)

Pseudomonas tolaasii is the causal agent of brown spot dis-
ease in Agaricus bisporus cultivated worldwide. This path-
ogen starts by forming slightly sunken brown lesions on
the surface of the fungus (Fletcher and Gaze 2007; Basim
and Basim 2018). In later stages, these lesions coalesce
to cover large parts of the infected pileus and can lead to
tissue decay (Wells et al. 1996; Basim and Basim 2018,).
Under favorable conditions, such as high humidity and
poor ventilation, this decaying tissue can emit a foul odor
(Basim and Basim 2018). Also, depending on the time of
infection, deformations such as twisting of the stems and
curvature of the caps can be observed. Depending on the
severity of the cases, crop losses can be up to 100% (Amin
et al. 2021).

Crocodile skin (Non-Microbial Causes)

Deviations from optimum growing conditions can cause
various physiological abnormalities in the development
of fungi. Fluctuations in abiotic factors such as substrate
moisture, pH, temperature, carbon dioxide concentra-
tion, airflow and relative humidity create an unfavorable
environment for fungi, leading to both yield and quality
losses. These factors can adversely affect the development
of the fungal mycelium as well as encourage the prolifer-
ation of competitive molds and pests. Deformations, such
as cracks due to fluctuations in temperature and humidity,
show the direct impact of abiotic stress on the crop (Shar-
ma et al. 2007). Crocodile skin starts with small, brown
or gray spots on the surface of the mushroom cap. These
spots grow and merge over time to form a cracked and
scaly appearance. This causes the outer surface of the fun-
gus to dry and harden, forming a typical crocodile skin-
like texture (North and Wuest 1993). This condition is
not caused by a microbial infection but by environmental
factors (Fletcher and Gaze 2007). Factors such as irregu-
lar irrigation, inadequate ventilation and sudden chang-
es in temperature can create stress on the surface of the

mushroom cap and promote the formation of such cracks.
Furthermore, nutrient imbalances and compost quality
problems also contribute to such physiological disorders
(Fletcher and Gaze 2007).

A. bisporus is exposed to numerous fungal, bacterial,
and abiotic disease threats under intensive cultivation
conditions. Among these, green mold caused by Tricho-
derma aggressivum is one of the most difficult diseases to
diagnose and necessitates the use of artificial intelligence-
based approaches. This is primarily because the white my-
celia of the pathogen at the early stage are visually indis-
tinguishable from those of A. bisporus itself (Sasi¢ Zori¢ et
al. 2023; Djisalov et al. 2024). The disease is typically rec-
ognized only after the formation of dark green spores, at
which point yield losses can reach between 60% and 100%
(Sasi¢ Zori¢ et al. 2023). Another critical disease, dry bub-
ble caused by Lecanicillium fungicola, initially manifests
as small brown lesions on the cap or as deformities on the
stipe known as “blow-out” under mild infections; how-
ever, these symptoms can easily be confused with other
fungal spots (Berendsen et al. 2010; Amin et al. 2021).
Wet bubble disease, caused by Mycogone perniciosa, leads
to the formation of undifferentiated, tumor-like masses
on young pins and produces characteristic amber-color-
ed droplets at advanced stages (Amin et al. 2021; Albay-
rak et al. 2024). Bacterial blotch disease, caused by Pseu-
domonas tolaasii, results in sunken brown lesions on the
cap, whereas an abiotic disorder known as “crocodile skin”
creates a scaly and cracked appearance due to environ-
mental factors, often mimicking pathogenic symptoms
(Basim and Basim 2018). Conventional visual inspection
methods require a high level of expertise to differentiate
these symptoms, and intervention is often delayed until
the symptoms become pronounced (Djisalov et al. 2024).
Therefore, deep learning models such as SqueezeNet have
become critically important for enabling early and accu-
rate diagnosis by analyzing subtle textural and color var-
iations that are not discernible to the human eye (Theer-
thagiri et al. 2024).

Deep learning and machine learning

There are many studies in the literature where various
Deep Learning and Machine Learning based methods
have been successfully applied for the detection of diseas-
es seen in plants. These studies are generally carried out
to classify disease symptoms on images obtained from
plant parts such as leaves, fruits and stems. Methods
such as Convolutional Neural Networks (CNN), Transfer
Learning, Support Vector Machines (SVM) and Artificial
Neural Networks (ANN) are widely preferred; these ap-
proaches attract attention with their high accuracy rates,
especially in image-based diagnosis systems. Early diag-
nosis of leaf diseases that cause yield loss in agricultural
products is of great importance in terms of preserving
product quality. In this context, deep learning-based ap-
proaches offer effective solutions, especially in automatic
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diagnosis systems based on image data. Recent research
has particularly highlighted the efficiency of lightweight
architectures. For instance, Theerthagiri et al. (2024) con-
ducted a study on the detection and classification of maize
leaf diseases using various deep learning models. They
reported that the SqueezeNet architecture, a compressed
Convolutional Neural Network, is an effective diagnostic
method offering both rapid processing times and high ac-
curacy. Al-Khateeb (2024) used SqueezeNet based deep
learning method for the detection of olive crop diseases.
Image-based deep features extracted with SqueezeNet ar-
chitecture were trained with two different machine learn-
ing models, ANN and SVM. As a result of the experi-
ments, ANN model showed the highest performance with
92.9% accuracy rate, while SVM model achieved 85.5%
accuracy. Similarly, Alado (2024) achieved a high accura-
cy rate of 92% in identifying Cassava leaf diseases using
the SqueezeNet architecture, reinforcing that its light-
weight structure is highly suitable for agricultural tasks.
Furthermore, Koklu et al. (2023) successfully applied deep
features from SqueezeNet for the classification of soybean
seed defects. This success of the SqueezeNet architecture
in agricultural diagnostics has also been confirmed in
the current literature by Jagdev et al. (2025); researchers
achieved high accuracy rates using this architecture in the
classification of tomato leaf diseases. This result shows that
SqueezeNet, despite its lightweight and optimized struc-
ture, can exhibit high performance in agricultural image
classification tasks and is a suitable deep learning architec-
ture for such applications. Nath et al. (2025) demonstrated
that deep learning architectures offer significantly higher
accuracy and processing speed in diagnosing brinjal fruit
diseases compared to traditional methods.

Albayrak et al. (2025) classified the diseases seen in
Agaricus bisporus using image data with pre-trained deep
learning models and carried out the analysis of the diseas-
es. In the study, they used a special dataset consisting of
images collected with a specially designed portable imag-
ing device under uniform white light conditions.

Currently, the methods used to detect Agaricus bispo-
rus diseases present several limitations in terms of effec-
tiveness, cost, and time. Visual inspection, the most com-
monly used approach, is entirely subjective and remains
insufficient for diagnosis before the pathogen reaches the
sporulation stage (Sasi¢ Zori¢ et al. 2023; Djisalov et al.
2024). Culture-based methods require the pathogen to be
grown on selective media, a process that is time-consum-
ing and may take several days to weeks (Sasi¢ Zori¢ et al.
2023). Similarly, microscopy-based techniques necessitate
waiting until the sporulation stage to examine spore struc-
tures (Sasi¢ Zori¢ et al. 2023). Although molecular meth-
ods such as PCR, RT-PCR, and MNP provide highly sen-
sitive results, they are not well-suited for field applications
due to their reliance on expensive equipment, the need
for skilled personnel, and their susceptibility to inhibitors
present in compost, which may lead to false-negative re-
sults (Sagi¢ Zori¢ et al. 2023; Djisalov et al. 2024; Liu et
al. 2025). In contrast to laboratory-based techniques such
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as PCR, image-based analysis systems can perform detec-
tion within seconds using images captured by a standard
smartphone camera. The SqueezeNet architecture em-
ployed in this context enables real-time operation on mo-
bile and embedded devices by delivering high accuracy
with a reduced number of parameters (Theerthagiri et al.
2024; Kiran et al.,2026).

While most artificial intelligence models in the litera-
ture rely only on RGB inputs, this study aimed to deter-
mine the effect of different color spaces on classification
success using deep learning. Deep learning-based image
classification approaches offer significant advantages over
traditional methods in the detection of Agaricus bispo-
rus diseases. Deep learning-based image classification
approaches offer significant advantages over traditional
methods in the detection of fungal diseases. In particular,
they can generate results in seconds by automatically ex-
tracting features from images, thus providing a significant
speed advantage compared to laboratory-based analyses.
Furthermore, since they only require camera and software
infrastructure, they reduce costs and enable large-scale
applications. Comparing different color spaces can im-
prove model accuracy by allowing for more distinct dif-
ferentiation of disease symptoms. The proposed approach
enables the development of consistent and fully automat-
ed diagnostic systems in this field, reducing human error.

Color spaces that achieved a high accuracy rate in dis-
tinguishing visually similar diseases such as Lecanicillium
fungicola and Cladobotryum dendroides were identified in
this study. This system, operating under field conditions,
allows growers to quickly quarantine infected areas, thus
preventing disease spread and minimizing yield losses.

The continuation of the study includes the creation of
the dataset, the creation of the deep learning model, and
the findings obtained for the purpose of predicting these
different types of fungal diseases from images, respectively.

Material and method
Data collection

The photographic data utilized in this study were obtained
from mushroom specimens cultivated under controlled
conditions in the production rooms of the Mushroom
Cultivation Program at Korkuteli Vocational School. The
cultivation process was conducted in accordance with
standard commercial mushroom farming protocols, en-
suring all necessary environmental and hygiene param-
eters were maintained. Disease symptoms were initially
observed following the first flush period. From that point
onward, photographs were systematically captured at reg-
ular intervals to document disease progression and to
compile a representative image dataset for analysis.

The study contains 21 images from the Healthy catego-
ry, 40 images from the Lecanicillium fungicola category, 40
images from the Mycogone perniciosa category, 45 images
from the Cladobotryum dendroides category, 40 images
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from the Pseudomonas tolaasii category, and 40 images
from the Crocodile skin abiotic disorder category, totaling
226 images.

The images were collected with a 12 MP smartphone
camera in a mushroom growing area under the same
lighting conditions. The collected images were cropped so
that only the mushrooms remained in the image.

Each image was taken from approximately the same
distance (25 cm) and under similar conditions. A den-
sity was observed among the sporophores developing
after primordia formation, with an average distance of
2-5 cm between them. Different diseased and healthy Ag-
aricus bisporus could be located at various positions with-
in the production room; therefore, images for each class
were collected to encompass the specific mushroom along
with a portion of its immediate surroundings. The camera
was not fixed at any specific location; rather, in line with
the goal of practical disease identification, mushroom
photographs were captured without the use of any formal
image-acquisition setup.

In mushroom growing environments, rare or irregular
diseases are inherently unavoidable. Since these diseases
do not occur with the same frequency in each production
period, creating a balanced and large dataset is practically
difficult. In this study, to mitigate the effects of data scarci-
ty, the generalization ability of the model was enhanced us-
ing data augmentation. According to the defined settings,
each image can be randomly rotated between -20° and
+20° and randomly reflected on the horizontal axis in each
training cycle. Thus, although the dataset does not phys-
ically grow, the model becomes more generalizable and
robust by viewing different variations of the same images.

These collected RGB formatted images were converted
to HSV, NTSC, XYZ and YCbCr color spaces to create a
total of five different data sets. For each different color for-
matted set, 70% of the data collected from each class was
used in the training of the network and the remaining part
was used in the testing phase. Data augmentation was ap-
plied to the images in the data set during training. Fig. 1
below shows sample RGB formatted images for each class.
Fig. 2 shows sample images with different color spaces for
fungi belonging to the Crocodile skin abiotic disorder class.

SqueezeNet convolutional neural network

In the proposed study, SqueezeNet model is used for the
detection of fungal diseases. SqueezeNet model focuses
on sensitivity with fewer parameters, and this model de-
sign emphasizes more sensitivity than other convolutional
neural network models. This model is a lightweight and
fast convolutional neural network model used in deep
learning and is designed to provide high performance
especially in limited computational resources. The basic
structure of the network consists of blocks called “fire
module”; these blocks first reduce the input feature maps
with “squeeze” layers, then expand this information with
“expand” layers to extract more complex features. In this

Figure 1. Example fungi images belonging to the classes.
a. Healthy; b. Lecanicillium fungicola; c. Mycogone perni-
ciosa; d. Cladobotryum dendroides; e. Pseudomonas to-
laasii; f. Crocodile skin abiotic disorder.

HSV

YCbCr NTSC

XYZ

Figure 2. Sample images in color spaces for the Croco-
dile skin abiotic disorder class.

study, ‘InitialLearnRate’ was set to le-4, ‘MaxEpochs’ to
20, and ‘MiniBatchSize to 8.

Thus, high accuracy can be achieved with fewer param-
eters with the model. In the study, the last classifier layer
of the pre-trained SqueezeNet was restructured according
to the number of classes in accordance with our dataset
(Theerthagiri et al. 2024).

Results

5-fold cross-validation was performed in this work. Con-
fusion matrices obtained with the SqueezeNet model for
different color spaces in the classification of fungal diseas-
es from images are given in Fig. 3. The obtained average
success rates with different performance metrics for dif-
ferent color spaces are given in Table 1.

When the table is examined, it is seen that the high per-
formance of RGB, XYZ, and YCbCr color spaces is quite
similar. This shows that the model already makes good use

Table 1. Cross-Validation success rates for the different
color space formats.

Color spaces Mean accuracy Precision Recall F1
RGB %88.93 0.9085 0.8892 0.8956
HSV %81.89 0.8265 0.8164 0.8186
NTSC %85.41 0.8585 0.8497 0.8533
XYZ %88.95 0.9054 0.8948 0.8970
YCbCr %90.26 0.9179 0.9106 0.9126
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Figure 3. Confusion matrices obtained in different color space formats.

of color information for these three color spaces. YCbCr
provides the most balanced results, with a slight advantage,
especially in terms of precision, recall, and F1-score. RGB,
on the other hand, demonstrates a strong baseline by pro-
ducing competitive results even without any conversion.
The high precision values in the XYZ and YCbCr color
spaces indicate that the vast majority of samples classified
as positive by the model are indeed correct. This provides
a critical advantage, especially in applications where false
positives are costly. Thanks to the better separation of
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color and brightness components in XYZ and YCbCr, the
model learns distinguishing features more clearly, which
contributes to increased precision. As a result, these two
color spaces allow the model to work more selectively
and reliably.

As can be seen from these confusion matrices, it is
possible to obtain full accuracy in images with different
color spaces, especially for some disease classes. This can
provide higher success by converting to an effective color
space, especially in determining some disease types.
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Discussion

Accurate and early identification of fungal diseases in
Agaricus bisporus cultivation is essential to reduce yield
losses and ensure economic sustainability in mushroom
production. In this study, a deep learning-based diagnostic
framework was proposed using the lightweight SqueezeN-
et convolutional neural network architecture to classify six
distinct classes five disease types and one healthy condition
based solely on image data. A unique contribution of this
research lies in its systematic investigation of different color
space conversions (RGB, HSV, NTSC, XYZ, and YCbCr)
and their effect on classification performance, which re-
mains an underexplored area in fungal disease diagnostics.

In this study, similar and high success rates were ob-
tained for RGB, XYZ, and YCbCr color spaces. The superi-
or performance of XYZ and YCbCr color spaces is largely
due to their better separation of chrominance and lumi-
nance information. This separation allows the model to be
less affected by light variations and learn more meaningful
features. In YCbCr, the separation of brightness and color
difference components produces more noise-resistant and
balanced results, while XYZ, offering a more linear color
representation closer to human vision, demonstrates its
ability to capture color differences more consistently. This
finding suggests that the selection of an appropriate color
space plays a pivotal role in enhancing feature representa-
tion and model sensitivity, particularly for visually similar
diseases like Lecanicillium fungicola and Cladobotryum
dendroides. The perceptual uniformity and component
decorrelation characteristics of the XYZ format likely con-
tributed to this superior performance.

In contrast, HSV and NTSC color spaces have been ob-
served to have lower success rates. In the HSV color space,
the sensitivity of the Hue component to lighting variations
and its instability at low saturation levels may have caused
the performance decrease. The fact that the NTSC color
space provides a lower success rate compared to RGB but
a higher success rate compared to HSV may be due to its
different representation of color components. It is con-
sidered that the YCbCr color space more effectively rep-
resents disease-related color changes due to its ability to
separate brightness and color components, and therefore
achieves higher accuracy.

Another critical strength of the study is the simplici-
ty of its data acquisition process. Images were captured

References

Al-khateeb SN (2024) An Al-based framework for olive disease iden-
tification using SqueezeNet, artificial neural networks, and support
vector machines. In: 2024 IEEE 30™ International Conference on
Telecommunications (ICT). IEEE, 5 pp. https://doi.org/10.1109/
1CT62760.2024.10606117

Alado D (2024) Cassava Disease Classification Using Squeezenet CNN
Technique. 2024 IEEE 15" Control and System Graduate Research
Colloquium (ICSGRC), SHAH ALAM, Malaysia, 2024. IEEE, 1-5.
https://doi.org/10.1109/ICSGRC62081.2024.10691308

under controlled lighting using a standard smartphone
camera, without the use of specialized imaging hardware
or preprocessing techniques beyond cropping. This em-
phasizes the robustness and practicality of the model for
in-field applications, aligning with the goals of precision
agriculture and low-cost diagnostic tool development.

In methodological terms, the findings validate the po-
tential of lightweight CNN models like SqueezeNet for ag-
ricultural diagnostics, particularly in settings with limited
computational resources. While previous studies (Theer-
thagiri et al. 2024; Alado 2024) have reported promising
results using SqueezeNet in classifying plant leaf diseases,
this study extends those insights to fungal pathogens and
highlights the role of image representation through color
space conversion. The results support the broader thesis
that domain-specific optimization of input features can
significantly impact deep learning performance in agri-
cultural contexts.

Conclusion

This study demonstrates that deep learning models, par-
ticularly the SqueezeNet CNN architecture, can effectively
classify fungal diseases in Agaricus bisporus using simple
image-based data. Among the color spaces evaluated, YCb-
Cr, XYZ and RGB was identified as the most effective in en-
hancing classification accuracy. The ability to achieve high
performance using smartphone images without extensive
preprocessing confirms the feasibility of deploying such
systems in real-world mushroom production environments.
These findings underline the importance of incorpo-
rating color space considerations into model design for
agricultural diagnostics and support the development of
accessible, field-deployable decision support systems for
mushroom growers. As a practical implication, growers
could utilize mobile applications or embedded systems
leveraging this approach for on-site disease monitoring.
For future research, it is recommended to explore mul-
ti-input CNN architectures that can process different color
space representations concurrently, integrate multisenso-
ry data for improved diagnosis, and adopt explainable AI
techniques to increase user trust and model transparency.
The establishment of open-access, annotated datasets and
mobile-compatible tools would further advance the inte-
gration of Al into mushroom cultivation practices.

Albayrak U, Golcuk A, Aktas S, Coruh U, Tasdemir S, Baykan OK (2025)
Classification and Analysis of Agaricus bisporus Diseases with Pre-
Trained Deep Learning Models. Agronomy 15(1): 226. https://doi.
org/10.3390/agronomy15010226

Albayrak U, Gélciik A, Aktag S (2024) A comprehensive dataset for im-
age-based disease classification in Agaricus bisporus. The Journal of
Fungus 15(1): 29-42. https://doi.org/10.30708/mantar.1452976

Amin Z, Wani FE, Gulzar H, Dar WA, Sheikh PA (2021) Diseases of

white button mushroom (Agaricus bisporus)- A potential threat to

Emirates Journal of Food and Agriculture


https://doi.org/10.1109/ICT62760.2024.10606117
https://doi.org/10.1109/ICT62760.2024.10606117
https://doi.org/10.1109/ICSGRC62081.2024.10691308
https://doi.org/10.3390/agronomy15010226
https://doi.org/10.3390/agronomy15010226
https://doi.org/10.30708/mantar.1452976

8 Ozding¢ Polat and Ozturk.:

The effect of color spaces on image-based disease classification

mushroom industry. International Journal of Current Microbiology
and Applied Sciences 10(2): 2076-2085. https://doi.org/10.20546/ijc-
mas.2021.1002.247

B.A.K.A. [Western Mediterranean Development Agency 2021] (2021)
Antalya Korkuteli Current Situation Analysis. https://baka.gov.tr/
assets/upload/dosyalar/antalya-korkuteli-mevcut-durum-analizi.pdf

Basim E, Basim H (2018) Characterization of Pseudomonas tolaasii iso-
lates, causing brown blotch disease of mushroom (Agaricus bisporus).
International Journal of Agriculture and Biology 20(12): 2721-2730.

Berendsen RL, Baars JJP, Kalkhove SIC, Lugones LG, Wosten HAB, Bak-
ker PAHM (2010) Lecanicillium fungicola: Causal agent of dry bubble
disease in white button mushroom. Molecular Plant Pathology 11(5):
585-595. https://doi.org/10.1111/j.1364-3703.2010.00627.x

Carrasco J, Navarro MJ, Santos M, Didnez F, Gea FJ (2016) Incidence,
identification and pathogenicity of Cladobotryum mycophilum,
causal agent of cobweb disease on Agaricus bisporus mushroom
crops in Spain. Annals of Applied Biology 168: 214-224. https://doi.
org/10.1111/aab.12257

Chakwiya A, Van der Linde EJ, Korsten L (2015) In vitro sensitivity test-
ing of Cladobotryum mycophilum to carbendazim and prochloraz
manganese. South African Journal of Science 111(11-12): 1-7.
https://doi.org/10.17159/sajs.2015/20140408

Chang ST, Miles PG (2004) Mushrooms: Cultivation, nutritional value,
medicinal effect, and environmental impact (2" ed.). CRC Press.

Djisalov M, Janjusevi¢ L, Léguillier V, Sagi¢ Zori¢ L, Farre C, Anba-Mon-
doloni J, Vidic J, Gadjanski I (2024) Loop-mediated isothermal am-
plification (LAMP) assay coupled with gold nanoparticles for colori-
metric detection of Trichoderma spp. in Agaricus bisporus cultivation
substrates. Scientific Reports 14: 15539. https://doi.org/10.1038/
541598-024-65971-9

Elibiiyiik 10 (2007) Virus diseases on cultivated mushrooms. Journal of
the Faculty of Agriculture, Ondokuz Mayis University 22(1): 105-
115.

Fletcher JT, Gaze RH (2007) Mushroom Pest and Disease Control. A Co-
lour Handbook (1% ed.). CRC Press. https://doi.org/10.1201/b15139

Grogan HM, Adie BAT, Gaze RH, Challen MP, Mills PR (2003) Dou-
ble-stranded RNA elements associated with the MVX Disease of
Agaricus bisporus. Mycological Research 107(2): 147-154. https://doi.
org/10.1017/50953756203007202

Isik SE, Aksu §, Damgaci E, Erkal S, Ergun C (2004) Mantar Yetistiriciligi.
Atatiirk Central Horticultural Research Institute Publications, Publi-
cation No. 75. Yalova, Turkey.

Jagdev S, Sundararaman B, Khatri N, Gaur P, Mewada H (2025)
SqueezeNet-Based deep learning framework for accurate tomato (So-
lanum lycopersicum) leaf disease diagnosis and classification. Inter-
national Journal of Computational Intelligence Systems 18(1): 229.
https://doi.org/10.1007/s44196-025-00978-2

Jeong SC, Jeong YT, Yang BK, Islam R, Koyyalamudi SR, Pang G, Cho KY,
Song CH (2010) White button mushroom (Agaricus bisporus) lowers
blood glucose and cholesterol levels in diabetic and hypercholesterol-
emic rats. Nutrition Research 30(1): 49-56. https://doi.org/10.1016/j.
nutres.2009.12.003

Kiran SM, Somashekar K, Chandrappa DN, Jyoti RM (2026) A squeeze-
based lightweight model for disease detection in precision agricul-
ture. 2026 International Conference on Intelligent and Innovative
Technologies in Computing, Electrical and Electronics (IITCEE).
IEEE, 6 pp. https://doi.org/10.1109/IITCEE67948.2026.11394108

Emirates Journal of Food and Agriculture

Koklu M, Kursun R, Yasin ET, Taspinar YS (2023) Detection of defects
in soybean seeds by extracting deep features with SqueezeNet. 2023
IEEE 12 International Conference on Intelligent Data Acquisition
and Advanced Computing Systems: Technology and Applications
(IDAACS), Dortmund, Germany. IEEE 1: 713-717. https://doi.
org/10.1109/IDAACS58523.2023.10348939

Liu E, Cai ZX, Kang WY, Chen WZ, Lu YP, Chen MY, Zhao RL (2025) A
new method for constructing high®resolution phylogenomic topol-
ogies using core genelassociated MNP markers: A case study from
Agaricus bisporus. Microbial Biotechnology 18: €70070. https://doi.
org/10.1111/1751-7915.70070

Marlowe A, Romaine CP (1982) Dry bubble of oyster mushroom caused
by Verticillium fungicola. Plant Diseases 66: 859-860. https://doi.
org/10.1094/PD-66-859

Muszynska B, Sutkowska-Ziaja K, Ekiert H (2011) Indole compounds in
fruiting bodies of some edible Basidiomycota species. Food Chemistry
125(4): 1306-1308. https://doi.org/10.1016/j.foodchem.2010.10.056

Nath B, Gulzar Y, Tamang S, Alkanan M (2025) Comparative evalua-
tion of deep learning architectures for brinjal fruit disease classifica-
tion. Emirates Journal of Food and Agriculture 37: 1-14. https://doi.
org/10.3897/ejfa.2025.172982

North LH, Wuest PJ (1993) The infection process and symptom
expression of verticillium disease of Agaricus bisporus. Ca-
nadian Journal of Plant Pathology 15(2): 74-80. https://doi.
org/10.1080/07060669309500829

Ozkan HG (2015) Pleurotus Ostreatus Mushroom Cultivation From Var-
ious Lignoselulosic Substrates And Its Characterization” MSc Thesis,
Kahramanmaras Siitgii Imam University, Kahramanmaras, Turkey.

Oztiirk N, Basim E, Basim H (2017) Common microbial diseases ob-
served in cultivated edible mushroom (Agaricus bisporus (J. Lge)
Imbach). Harran Journal of Agricultural and Food Science 21(1):
112-125. https://doi.org/10.29050/harranziraat.303179

Peksen A, Eren E (2024) Mushroom industry in the world and Turkey
and its sustainability. The Journal of Fungus 15(Special Issue): 49-65.
https://doi.org/10.30708/mantar.1581406

Prasad D, Singh R (2020) Diseases, moulds, insect-pests and mites of
mushroom. International Journal of Plant Protection 13(2): 211-226.
https://doi.org/10.15740/HAS/IJPP/13.2/211-226

Raj D, Antil RS (2011) Evaluation of maturity and stability param-
eters of composts prepared from agro-industrial wastes. Biore-
source Technology 102(3): 2868-2873. https://doi.org/10.1016/].
biortech.2010.10.077

Royse DJ (2014) A global perspective on the high five: Agaricus, Pleu-
rotus, Lentinula, Auricularia & Flammulina. Proceedings of the 8™
International Conference on Mushroom Biology and Mushroom
Products (ICMBMPS).

Sagi¢ Zori¢ L, Janjusevi¢ L, Djisalov M, Knezi¢ T, Vunduk J, Milenkovi¢
I, Gadjanski I (2023) Molecular approaches for detection of Tricho-
derma green mold disease in edible mushroom production. Biology
12(2): €299. https://doi.org/10.3390/biology12020299

Sassine YN [Ed.] (2021) Mushrooms: Agaricus Bisporus (Vol. 37). CABL
https://doi.org/10.1079/9781800620414.0000

Sezen G, Turungoglu M (2023) Investigation of the use of Arthrospira
(Spirulina) platensis and Cladophora glomerata algae in Agaricus
bisporus (white button mushroom) cultivation to increase growth
and yield. Kastamonu University Journal of Engineering Sciences 9:
104-116. https://doi.org/10.55385/kastamonujes.1399589


https://doi.org/10.20546/ijcmas.2021.1002.247
https://doi.org/10.20546/ijcmas.2021.1002.247
https://baka.gov.tr/assets/upload/dosyalar/antalya-korkuteli-mevcut-durum-analizi.pdf
https://baka.gov.tr/assets/upload/dosyalar/antalya-korkuteli-mevcut-durum-analizi.pdf
https://doi.org/10.1111/j.1364-3703.2010.00627.x
https://doi.org/10.1111/aab.12257
https://doi.org/10.1111/aab.12257
https://doi.org/10.17159/sajs.2015/20140408
https://doi.org/10.1038/s41598-024-65971-9
https://doi.org/10.1038/s41598-024-65971-9
https://doi.org/10.1201/b15139
https://doi.org/10.1017/S0953756203007202
https://doi.org/10.1017/S0953756203007202
https://doi.org/10.1007/s44196-025-00978-2
https://doi.org/10.1016/j.nutres.2009.12.003
https://doi.org/10.1016/j.nutres.2009.12.003
https://doi.org/10.1109/IITCEE67948.2026.11394108
https://doi.org/10.1109/IDAACS58523.2023.10348939
https://doi.org/10.1109/IDAACS58523.2023.10348939
https://doi.org/10.1111/1751-7915.70070
https://doi.org/10.1111/1751-7915.70070
https://doi.org/10.1094/PD-66-859
https://doi.org/10.1094/PD-66-859
https://doi.org/10.1016/j.foodchem.2010.10.056
https://doi.org/10.3897/ejfa.2025.172982
https://doi.org/10.3897/ejfa.2025.172982
https://doi.org/10.1080/07060669309500829
https://doi.org/10.1080/07060669309500829
https://doi.org/10.29050/harranziraat.303179
https://doi.org/10.30708/mantar.1581406
https://doi.org/10.15740/HAS/IJPP/13.2/211-226
https://doi.org/10.1016/j.biortech.2010.10.077
https://doi.org/10.1016/j.biortech.2010.10.077
https://doi.org/10.3390/biology12020299
https://doi.org/10.1079/9781800620414.0000
https://doi.org/10.55385/kastamonujes.1399589

m Emir. J. Food Agric - Volume 38 - 2026

Sharma K, Sharma A, Sharma M (2024) The diseases of white button
mushroom: A closer look. Agri Journal World 4(7): 21-28.

Sharma SR (1994) Survey for diseases in cultivated mushrooms. Annual
Report of the National Research Centre for Mushroom 23.

Sharma SR, Kumar S (2000) Studies on wet bubble disease of white but-
ton mushroom, A. bisporus caused by M. perniciosa. Mushroom Sci-
ence 15(2): 569-575.

Sharma SR, Kumar S, Sharma VP (2007) Diseases and competitor
moulds of mushrooms and their management. Technical Bulletin,
National Research Centre for Mushroom (ICAR).

Sliva D (2010) Medicinal mushroom Phellinus linteus as an alternative
cancer therapy (Review). Experimental and Therapeutic Medicine 1:
407-411. https://doi.org/10.3892/etm_00000063

Sutradhar A, Singh S, Rana M, Ishani (2021) Dry bubble disease [Leca-
nicillium fungicola (Preuss) Zare & W. Gams] of white button mush-
room (Agaricus bisporus). Bulletin of Environment, Pharmacology
and Life Sciences 10(6): 6-11.

Theerthagiri P, Ruby AU, Chandran JGC, Sardar TH, Shafeeq BMA
(2024) Deep SqueezeNet learning model for diagnosis and predic-
tion of maize leaf diseases. Journal of Big Data 11(1): e112. https://
doi.org/10.1186/540537-024-00972-2

Umar MH, Geels FP, Van Griensven LJLD (2000) Pathology and patho-
genesis of Mycogone perniciosa infection of Agaricus bisporus. Mush-
room Science 15: 561-567.

Wells JM, Sapers GM, Fett WE, Butterfield JE, Jones JB, Bouzar H, Mill-
er FC (1996) Postharvest discoloration of the cultivated mushroom
Agaricus bisporus caused by Pseudomonas tolaasii, P. “reactans’,
and P. “gingeri”. Phytopathology 86(10): 1098-1104. https://doi.
org/10.1094/phyto-86-1098

Zare R, Gams W (2008) A revision of the Verticillium fungicola spe-
cies complex and its affinity with the genus Lecanicillium. Myco-
logical Research 112(7): 811-824. https://doi.org/10.1016/j.my-
cres.2008.01.019

Zhang Y, Gao J, Li Y (2022) Diversity of mycoviruses in edible fungi.
Virus Genes 58(5): 377-391. https://doi.org/10.1007/s11262-022-
01908-6

Zuo B, Lu BH, Liu XL, Wang Y, Ma GL, Gao J (2016) First report of
Cladobotryum mycophilum causing cobweb on Ganoderma lucidum
cultivated in Jilin province, China. Plant Diseases 100(6). https://doi.
org/10.1094/PDIS-12-15-1431-PDN

Additional information

Conflict of interest
The authors have declared that no competing interests exist.

Ethical statement
No ethical statement was reported.

Artificial Intelligence (Al) use

The authors accept full responsibility for the content of the manuscript, including
the disclosure of any use of AL

No AI tools were used in the preparation of this manuscript.

Funding

No funding was reported.

Author contributions
All authors have contributed equally.

Author ORCIDs
L.N. Ozding Polat ‘& https://orcid.org/0000-0002-7443-8465
N. Oztiirk & https://orcid.org/0000-0002-4395-7780

Data availability
The datasets generated and/or analyzed during the current study are available from
the corresponding author on reasonable request.

Emirates Journal of Food and Agriculture


https://doi.org/10.3892/etm_00000063
https://doi.org/10.1186/s40537-024-00972-z
https://doi.org/10.1186/s40537-024-00972-z
https://doi.org/10.1094/phyto-86-1098
https://doi.org/10.1094/phyto-86-1098
https://doi.org/10.1016/j.mycres.2008.01.019
https://doi.org/10.1016/j.mycres.2008.01.019
https://doi.org/10.1007/s11262-022-01908-6
https://doi.org/10.1007/s11262-022-01908-6
https://doi.org/10.1094/PDIS-12-15-1431-PDN
https://doi.org/10.1094/PDIS-12-15-1431-PDN
https://orcid.org/0000-0002-7443-8465
https://orcid.org/0000-0002-4395-7780

	Determining the effect of color spaces on image based disease classification in agaricus bisporus using squeezenet convolutional neural network
	Abstract
	Introduction
	Dry blister disease (Lecanicillium fungicola)
	Wet blister disease (Mycogone perniciosa)
	Spider web disease (Cladobotryum dendroides)
	Bacterial brown spot disease (Pseudomonas tolaasii)
	Crocodile skin (Non-Microbial Causes)
	Deep learning and machine learning

	Material and method
	Data collection
	SqueezeNet convolutional neural network

	Results
	Discussion
	Conclusion
	References
	Additional information

