
1
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.8135412510071

International 
Journal of
Biological 
and Natural 
Sciences

v. 5, n. 4, 2025

Acceptance date: 10/07/2025

All content in this magazine is li-
censed under the Creative Com-
mons Attribution 4.0 Internatio-
nal License (CC BY 4.0).

RELENTLESS ACTION OF 
THE EXTRACT OF THE 
FUNGUS GANODERMA 
LUCIDUM ON 
NASUTITERMES CUPINS

Cynara Carmo Bezerra

David Tavares Costa

Ademir Castro e Silva



2
International Journal of Biological and Natural Sciences ISSN 2764-1813 DOI https://doi.org/10.22533/at.ed.8135412510071

Abstract: Termites are xylophagous organisms 
that live in organized colonies, feeding mainly 
on wood and cellulose materials. These little 
creatures play a crucial role in nature, decom-
posing dead organic matter. However, when 
they invade homes and man-made structures, 
they can cause significant and costly damage, 
causing economic impacts for the timber sec-
tor, forest species and crops such as corn, su-
gar cane, rice, cassava and pastures. Currently, 
these insects are controlled with industrial 
chemical insecticides, which can cause harm 
to humans and impact the environment. It is 
necessary to look for new formulas to combat 
these organisms, such as the use of substances 
extracted from fungi and plants. With this in 
mind, we sought to evaluate the effects caused 
by the extract of the fungus Ganoderma luci-
dum on Nasutitermes termites, in order to find 
out about its potential as a termiticide or re-
pellent, which could serve as an input for the 
production of organic substances that could 
be used as termiticides. The extracts were ob-
tained using the cold technique with aqueous, 
ethanolic and hydroalcoholic solvents (1:1) 
at concentrations of 0.5%, 1.5% and 5%. Re-
pellency and mortality tests were carried out. 
The results showed that all the extracts tested 
had a satisfactory effect on termites, although 
the ethanolic extract had the best results in all 
the tests. In terms of repellency, the ethanolic 
extract was the most efficient in all the con-
centrations tested, with the 5% concentration 
showing the highest mortality rate (96.6%). 
The aqueous extract also had a significant ef-
fect, although less pronounced. These results 
suggest that the Ganoderma lucidum fun-
gus could be a promising tool for integrated 
pest management, helping to reduce the use 
of chemical insecticides and their negative 
impacts. Future studies are recommended to 
deepen the understanding of the mechanisms 
and action of the extracts and their applicabi-
lity to different pests.
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INTRODUCTION
The constant increase in the population of 

insects in agricultural crops has worried far-
mers, as the damage always affects production 
and compromises the harvest. Due to factors 
such as the laws and inspections that prohibit 
the use of pesticides, the high cost of insec-
ticides, especially for small and medium-si-
zed producers, and the rapid proliferation of 
pests, there is a need for alternatives to com-
bat crop pests.

Silva et al (2001) states that the use of pes-
ticides in the Brazilian countryside has had 
a number of consequences, both for the en-
vironment and for the health of rural produ-
cers. In general, these consequences are con-
ditioned by intrinsically related factors, such 
as the inappropriate use of these substances, 
the high toxicity of certain products, the lack 
of use of protective equipment and the pre-
cariousness of surveillance mechanisms, ag-
gravated by the low socioeconomic level and 
culture of the vast majority of these workers.

Nowadays, people have shown an interest 
in consuming increasingly organic and pesti-
cide-free products, and with this, the interest 
in managing crop pests with less environmen-
tal impact meets the need to look for alternati-
ve methods with less impact or risk to human 
health and the environment.

Constantino, 2002, points out that termi-
tes, usually known as termites, are among the 
most abundant insect species in tropical and 
subtropical regions of the planet. These euso-
cial insects, of the order Isoptera, with arou-
nd 2,900 cataloged species, are known for the 
economic damage they cause in urban areas, 
due to their attacks on buildings and wood in 
general, and are considered agricultural and 
forestry pests. But from an ecological point of 
view, they are very beneficial to nature, as they 
play a fundamental role in the chemical and 
physical constitution of the soil.
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In Brazil, the main families found are: 
Kalotermitidae, Termopsidae, Rhinotermiti-
dae, Termitidae and Serritermitidae, of whi-
ch only Kalotermitidae, Rhinotermitidae and 
Termitidae are economically important. Ter-
mites can be considered beneficial insects, as 
they help decompose organic matter and con-
tribute to nutrient cycling and soil aeration. 
However, they can also stand out as pests of 
forest species and some crops, such as corn, 
sugar cane, rice, cassava and pastures, among 
others (Gallo et al, 2002).

The use of fungi as biological control 
against agricultural pests has been intensi-
fying, since in many situations they can repla-
ce chemical control with advantages. Due to 
the ban on the use of chlorinated insecticides 
from 1985 onwards, other products began to 
be used, as well as an increase in research into 
biological control agents, seeking a more ra-
tional control that is less harmful to man and 
the environment (Zanetti et al., 2002).

Wood-degrading fungi use enzymes to de-
grade the components of the cell wall. Each 
chemical component can be metabolized by di-
fferent enzymes, so we can classify wood rot ac-
cording to the type of chemical component that 
is attacked (Castro e Silva, 1996; 2001; 2002).

According to Carraro, 1997, chemical in-
secticides belong to the class of substances 
that are considered non-biodegradable. When 
accumulated in the human body, even in re-
latively small doses, insecticides cause serious 
damage to health, such as cancer, neurologi-
cal disorders, cirrhosis, genetic mutations and 
congenital malformations.

Almeida, 2012, states that plant and fun-
gal extracts have a great diversity of chemical 
constituents that can act forcefully on micro-
organisms, as well as being biodegradable. In 
this way, these extracts become a method of 
control that has less impact on humans and 
other living beings that are directly or indi-
rectly affected by the recalcitrant compounds 

used in synthetic insecticides. When compared 
to synthetic insecticides, organic extracts show 
advantages in terms of lower toxicity, rapid bio-
degradation, as well as having compounds that 
pests cannot inactivate (Quarles, 1992).

The use of organic extracts as insecticides 
not only offers a cheaper method of control, 
but is also an option currently being sought 
by companies due to the cost of chemical 
products and the environmental impact they 
have on the agricultural sector. The advanta-
ges of using fungal extracts are the optimiza-
tion of biomass yields and quality production, 
as they allow the control of nutrients, pH, 
temperature and other environmental factors. 
Furthermore, the microorganisms can be cul-
tivated on a large scale in fermenters, without 
harming the ecosystem.

Among the agents with the potential to 
produce bioactive substances and biotic re-
sistance inducers is the fungus Ganoderma 
lucidum, a medicinal mushroom traditionally 
used in oriental medicine for thousands of 
years. Known as “Lingzhi” or “Reishi” in East 
Asia and as the “King Mushroom” in Brazil 
(Cao et al., 2012), this mushroom synthe-
sizes antibiotics, immune system activating 
substances, antivirals, antiallergics and many 
other compounds of medicinal interest (Lin-
dequist et al., 2005; Boh et al., 2007).

Research with G. lucidum on termites has 
not yet been published, with only minimal 
work applied to plants. However, there are nu-
merous. There have been many reports on the 
great potential and action of compounds from 
this fungus in controlling diseases in animals 
and humans. Their characteristics reveal a 
potential for investigating elicitor molecules 
with possible use for activating plant defense 
mechanisms. Furthermore, the lack of studies 
in the literature on resistance inducers obtai-
ned from G. lucidum fungal biomass justifies 
the importance of this study.

The aim of this study is to evaluate the ef-
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fects caused by the extract of the fungus Ga-
noderma lucidum on Nasutitermes termites, 
in order to understand its potential as a ter-
miticide or repellent, which could serve as an 
input for the production of organic substances 
that could be used as termiticides.

METHODOLOGY
The work was carried out at the Fungal 

Studies Laboratory/LABEF in partnership 
with the Biotechnology Teaching and Resear-
ch Laboratory/LNEBIOTEC at the Parintins 
Higher Studies Center/CESP/UEA. The ex-
tracts were obtained from fungi of the species 
Ganoderma lucidum, which are stored in the 
form of dehydrated carpophores in the CESP 
Mycotheque.

- Termites: the termites were captured from 
tree nests around CESP/UEA. For the tests, we 
chose to capture worker termites, since they 
are the ones that bring the food to the colony. 
Identification took place using Constantino’s 
(1999) dichotomous key. For each bioassay/
treatment, 30 termites were used per plate. To 
avoid stress, the termites were always collec-
ted moments before the bioassay period and 
taken to the laboratory in screw-top test tubes.

Figure 01: Arboreal termite nest

Source: authors

- Preparation of the extracts: for the bioa-
ssays, three extracts of the fungus were tested 
(alcoholic, aqueous and hydroalcoholic) obtai-
ned from an extraction process using solvents 

with different polarity gradients. This stage 
follows the guidelines proposed by Castro and 
Silva, 2002. The extracts were obtained using 
the cold extraction technique with a 96% etha-
nolic solvent to obtain the alcoholic extract, 
and a hydroalcoholic solution in a ratio of 1:1 
(water: ethanol) to obtain the hydroalcoho-
lic extract; distilled water previously boiled in 
the microwave was used to obtain the aqueous 
extract. The extracts were left to stand for 72 
hours in an amber container to avoid possib-
le chemical reactions with light. The solvents 
were evaporated in a FANEM 515 electric oven 
at a temperature of 35±2 ºC and the dried cru-
de extract duly stored (Figure 02).

Figure 02: G. lucidum crude extract and sol-
vents prepared for drying and dried in the 

oven.

Source: authors

The fungi were dehydrated in an oven at 40 
°C and then ground in a knife mill and passed 
through a 60 mesh sieve. For every 100 grams 
of crushed material, 250 mL of the following 
solvents were added: ethanol, water (aqueous 
extract) and hydroalcoholic and left to stand 
for a period of 72 hours in an amber container 
to avoid possible chemical reactions with light 
and stored in a refrigerated chamber at a tem-
perature of 4 ºC. Concentrations of 0.5%, 1.5% 
and 5% were tested for each type of extract.

Bioassays: the bioassays used termites of 
the genus Nasutitermes, collected in the vici-
nity of CESP/UEA, and the experimental de-
sign used a factorial model to study the inte-
ractions between the variables tested. Initially, 
the concentration of the fungal extract (stock 
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solution) was obtained by mixing 50 mg of 
the dry extract in 2 mL of distilled water. All 
the tests were carried out in triplicates, with a 
control (plate without extract).

Repellency and Mortality: The tests were 
conducted in observation arenas, with the 
extracts applied in different concentrations, 
in aqueous, alcoholic and hydroalcoholic for-
ms. The arena was divided into a treated zone 
and a control zone, with the termites being 
introduced into the center of the arena, alwa-
ys using a control plate sprayed in the same 
proportion with distilled water. The test was 
carried out in triplicate for each concentration 
and always including the control. 30 Nasuti-
termes termites were placed in each Petri dish, 
between the treated and untreated zone and 
observed at intervals of 10, 20 and 30 minutes.

Figure 03: Bioassay arenas.

Source: authors

The mortality test was carried out in dispo-
sable 90x15mm Petri dishes. After conditioning 
the 30 termites per dish, 5ml of the extracts 
were sprayed at a distance of 15cm in triplicates 
to observe the activity of the extracts, and for 
all the concentrations used, a control dish was 
always used, spraying in the same proportion 
of distilled water. The plates were then taken 
to an experimental termitary, where they were 
kept at 28ºC and relative humidity of around 
85-92% (with a cotton pad soaked in water). To 
assess the toxicity of the sprayed extracts, cou-
nts were taken over a 12-hour period.

Statistical analysis: a non-parametric sta-
tistical model (Tukey test) was used to evalua-
te the results of the treatments. In inferential 
statistics, the hypotheses tested were to see if 
there was a difference in termite mortality in 
the different concentrations of the different 
solvents used. The descriptive statistics pre-
sented the quantitative parameters that des-
cribe the samples tested.

RESULTS AND DISCUSSION
The results obtained from the application 

of the extracts of the fungus Ganoderma luci-
dum on Nasutitermes termites showed promi-
sing effects, both in terms of behavioral chan-
ges and in the late mortality of the exposed 
individuals. The data was analyzed based on 
systematic observations made over five con-
secutive days, after the application of different 
concentrations (0.5%, 1.5% and 5%) of the hy-
droalcoholic, aqueous and alcoholic extracts.

The results for the mortality rates are lis-
ted in Table 1, where you can see the data ob-
tained after the termites had been exposed to 
the tested extracts for 3 days (30 termites were 
used for each concentration).

With regard to mortality, in general, the 5% 
concentration of the alcoholic extract is whe-
re the highest percentage of termite mortality 
occurred, killing 100% of the termites in the 
first 24 hours (Table 1). At this concentration 
there was no statistical difference in mortality 
between the three extracts tested.

At a concentration of 1.5%, for both the 
aqueous and alcoholic extracts, mortality was 
also quite significant, between 86% and 94%, 
72 hours after spraying the extract. It should 
be noted that 48 hours after applying the ex-
tract at a concentration of 5% of the aqueous 
extract, a 99% mortality rate was achieved. In 
general, for all the concentrations tested, for all 
the extracts, there was a positive relationship 
between the increase in concentration and the 
increase in the mortality rate.
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Extract Concentration (%) Time (days) Control Ind. dead % Dead individuals

Alcoholic 0,5 3 2 83%

1,5
5

3
1

1
2

94%
100%

Hydroalcoholic 0,5 3 2 70%

1,5
5

3
2

1
2

86%
100%

Aqueous 0,5 3 2 66

1,5
5

3
2

2
2

70%
99%

TABLE 1- Final comparison of termite mortality at different concentrations, time and exposure to 
Ganoderma lucidum extracts

Concentration (%)
Aqueous

Aqueous Ethanolic Hydroalcoholic

0,5 Attractant(c) Repellent(a) Attractant(c)

1,5
5

Attractive(c)

Repellent(a)
Repellent(a)

Repellent(a)
Neutral

Repellent(a)

In the aqueous extract, there was no statistical difference in the repellency index, with the highest percen-
tage of repellency index occurring for the 1.5% concentration (54%) compared to 33% and 19% for the 5% 

and 0.5% concentrations respectively.

TABLE 2: Repellency index of the extracts at different concentrations. Equal letters in the column 
mean that there is no statistical difference at the 95% significance level (p>0.05) using the Tukey test.

The repellency test was carried out within 
30 minutes for all treatments. During the first 
few moments after applying the extracts of 
G. lucidum extracts, a particularly important 
behavior of the termites was observed, the 
initial avoidance of contact with the treated 
discs, for all the extracts, which is a typical 
behavioral repellency characteristic.

At all concentrations, the ethanolic extract 
obtained from the carpophore of the fungus 
G. lucidum proved to be repellent to termites. 
In a way, this result corroborates the killing 
potential obtained in the toxic effect tests of 
the bioactive compounds that make up the 
carpophore extracts.

The aqueous extract showed a higher per-
centage of insects in the “untreated areas” at a 
concentration of 5%, proving to be repellent. 
At concentrations of 0.5% and 1.5% there was 

an increase in preference for the treated areas, 
indicating that termites prefer these compou-
nds, with 40.8% and 23% of individuals in the 
untreated areas respectively.

The percentage of insects that chose the 
area treated and untreated with the hydro-
alcoholic extract showed no significant dif-
ferences at the 5% probability level, and was 
neutral at the 1.5% concentration, with 50% of 
individuals in the treated and untreated areas. 
It should be noted that at a concentration of 
0.5% the result was attractive with a percenta-
ge of 64.1% in the treatment and repellent at a 
concentration of 5%.

The repellency test was carried out in are-
nas, interconnected by transparent tubes. The 
observation of the insects circulating inside 
the communication tubes between the plates 
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and inside the plates with extract and without 
extract indicates that the termites might avoid 
those containing the extracts, although this is 
a group choice rather than an individual one. 
The termites’ preference for a product that 
causes them mortality is somewhat unexpec-
ted, even if it depends on the type of product 
and is not always immediate, as Rosales (2001) 
observes.

CONCLUSION
The aim of this study was to evaluate the po-

tential of the crude extract of the fungus Gano-
derma lucidum on Nasutitermes worker termi-
tes, with a view to understanding its potential 
as a termiticide or repellent, which could be 
used as an input in the production of organic 
substances that could be used as termiticides. 
The results showed that all the extracts tested, 
alcoholic, hydroalcoholic and aqueous, at con-
centrations of 0.5%, 1.5 and 5% showed signi-
ficant toxic effects on the exposed individuals, 
especially the ethanolic extracts.

According to the results obtained, the etha-
nolic, hydroalcoholic and aqueous extracts of 
Ganoderma lucidum have repellent potential 
against Nasutitermes sp termites, with the etha-
nolic concentrations being more efficient than 
the aqueous and hydroalcoholic extracts, whi-
ch only had a repellent effect at 5%. However, 
the 5% and 1.5% ethanolic treatments were 
more effective at repelling termites.

In terms of termite mortality, all the ex-
tracts proved to be efficient, but the ethanolic 
extract was the one that showed the greatest 
termite mortality in the first 24 hours of the 
test, killing 100% of the individuals.

Thus, based on the data obtained, it can be 
concluded that the fungus Ganoderma luci-
dum has bioactive compounds with high in-
secticidal potential against termites, and may 
represent a variable and less aggressive alter-
native to conventional chemical control me-
thods. The gradual action of the extracts can 
be advantageous in integrated management 
programs, especially considering the social 
behavior of termites, which favors the spread 
of toxic agents.
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