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Pesticides have become integral parts of cocoa cultivation for the management of in-
sect pests and fungal pathogens which cause significant damage to the crop. However,
continuous pesticide usage in the cocoa agro-ecosystem is of concern due to perceived
adverse effects on non-target organisms. In this study, mushrooms and associated ter-
mites were used to elucidate the possible effect of fungicides and insecticides on non-
target organisms in the cocoa agro-ecosystem. The vegetative phase of Pleurotus sa-
jor-caju (Oyster mushroom), Volvariella volvacea (Paddy straw mushroom), Termi-
tomyces globulus, and Termitomyces robustus (Termite mushrooms) were subjected
to concentrations of commercially formulated fungicides (metalaxyl 12 % + copper
(I) oxide 60 % and cupric hydroxide 77 %) and insecticides (imidacloprid 20 % and
bifenthrin 2.7 %) to observe their growth rates on Potato Dextrose Agar (PDA).
Worker termites, Macrotermes bellicosus, were also exposed to the pesticides in Petri
dishes for 24 h to observe their mortality. The manufacturer’s recommended concen-
tration of 245 ppm for bifenthrin completely inhibited mycelial growth of all the
mushrooms and caused 100% mortality of termites. At 0.0245 ppm, the insecticide
caused 60% mortality of termites, but it had no inhibitory effect on the mushrooms.
Except for P. sajor-caju, mycelial growth of all the other mushrooms was completely
inhibited by metalaxyl + copper (I) oxide at the manufacturer’s recommended con-
centration of 2400 ppm. However, mycelial growth rate of the mushrooms at 0.24
ppm of the fungicide was similar to the control plates. Although the recommended
concentrations of the pesticides inhibited mushroom activity under controlled condi-
tions, mushroom survival in the cocoa agro-ecosystem amidst pesticides could be due
to diluted pesticide concentrations that result in the soil after application which is usu-
ally directed at the pods, trunk, and foliage.
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Introduction

Mushrooms are fruiting bodies of macro-
fungi, usually produced above the surface of sub-
strates [1]. They grow on diverse substrates, in-
cluding deadwood, leaf litter and soil [2]. Mush-
rooms play significant ecological and agricultural
roles in forests and other terrestrial ecosystems by
providing food sources for wildlife, forming my-
corrhizal associations with plants, and decompos-
ing dead organic matter [3]. Economically, they
are used for food, industrial purposes, and medi-
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cine [4]. Commonly consumed in Africa and
Southeast Asia are mushrooms in the genus Ter-
mitomyces [5-9]. They are probably the most pre-
ferred mushrooms due to their health benefits.
Fresh extract powder or paste of fruiting bodies
of Termitomyces globulus is used for wound heal-
ing, whereas the syrup of Termitomyces ro-
bustus is used as a remedy for constipation and in-
dolence [10]. According to a survey by
Apetorgbor et al. [11], the consumption of some
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edible mushrooms with medicinal and nutraceuti-
cal properties lowers blood pressure, and they
serve as a blood tonic for children suffering from
kwashiorkor. Such haematinic properties have
also been observed in other mushroom species,
such as Pleurotus tuber-regium [12]. Unlike P.
sajor-caju (Oyster mushroom) and Volvariella
volvacea (Paddy straw mushroom), which can be
cultivated on agricultural wastes and industrial by-
products, the formation of fruiting bodies by Ter-
mitomyces species is aided by termites in the sub-
family Macrotermitinae [13] and hence, the name
termite mushrooms. The mushroom exists in a
symbiotic relationship with the termites, and this
makes it difficult for domestication under labora-
tory conditions. Generally, termites are described
as ecosystem engineers due to their activities in
the soil which result in the availability of resources
for other organisms [14]. However, they attack
and destroy cocoa trees [15, 16].

Cocoa is an important cash crop in the tropics,
and its cultivation usually involves the conversion
of forests into agro-forests [17-19] which provide
forest-like habitats for the survival of plants, ani-
mals and microorganisms interacting in an ecosys-
tem. In the cocoa agro-ecosystem are, edible
mushrooms collected, sold, and consumed by the
rural population [20]. Conservation of the cocoa
agro-ecosystem requires planting trees [21-23],
which may attract pests and pathogens to destroy
the crop [24]. Notable among diseases of cocoa are
black pod, witches’ broom, vascular streak die-
back and monilia pod rot, which, together with the
cocoa swollen shoot virus, account for 40 % of
global annual crop yield losses [25]. Insect pests
contribute significantly to worldwide yield losses
of cocoa [26-28], and in Ghana, mirid damage is
estimated to reach 30-40 % [29, 30].

Though there are many methods of managing
insect pests [31] and pathogens [32] in cocoa, pes-
ticides have become the preferred option among
farmers who consider them a quick solution to the
problems of insect pests and diseases. In this re-
gard, a number of insecticides and fungicides are
available to farmers for use in the cocoa agro-eco-
system. Before using bifenthrin, imidacloprid and
thiamethoxam for the management of mirids,
many insecticides were used but banned due to
their adverse effects on the crop and the environ-
ment [30, 33, 34,]. These insecticides formed the
basis for preparing other insecticide cocktails
against mirids [31]. However, neonicotinoids, in-

cluding imidacloprid and thiamethoxam, are cur-
rently banned in the European Union (EU) be-
cause of the threat they pose to honeybees and
other pollinators [35]. Effective management
of Phytophthora, the cause of black pod disease,
depends on copper-based fungicides [32]. Phy-
tophthora megakarya, which is noted for causing
the severe form of black pod disease, is effectively
managed by combining copper and metalaxyl or
its isomer, metalaxyl-M fungicides [36, 37].

The aim of using pesticides in the cocoa agro-
ecosystem is to boost cocoa yield by killing pests
and pathogens that destroy the crop. Unfortu-
nately, only 10% of the pesticides reach the target
pests, while the remaining contaminates the envi-
ronment [38, 39, 40]. These pesticides, including
cypermethrin, copper and glyphosate, have been
reported to have adverse effects on beneficial in-
sects and earthworms [41, 42]. Although fungi-
cides are known to reduce the population size of
soil microflora [43], Kwodaga et al. [44] found no
adverse effects of copper and metalaxyl-based
fungicides on mycoflora in cocoa soils. Even so,
there is the perception that pesticides used in the
cocoa agro-ecosystem negatively impact benefi-
cial organisms, including edible mushrooms and
associated termites. This perception was worth in-
vestigating, especially when residues of copper
have been detected in cocoa soils [45]. This study
aimed to investigate the effect of pesticides used
against cocoa pests on mushrooms (Termitomyces
globulus, Termitomyces  robustus, P.  sajor-
caju and V. volvacea) and termites (Macrotermes
bellicosus).

Material and Methods
Pesticides

Two commercially formulated fungicides and
insecticides commonly used to control black pod
disease and mirids on cocoa in Ghana were se-
lected for this study. The fungicides containing
metalaxyl 12 % + copper (I) oxide 60 % and cupric
hydroxide 77 % as active ingredients were used
according to the manufacturer’s recommended
rates of 50 (2400 ppm) and 100 g (5130 ppm) in
15 L of water, respectively. The active ingredients
of the insecticides were imidacloprid 20 % and
bifenthrin 2.7 %. They were respectively used at
rates of 30 and 100 mL in 11 L of water as recom-
mended by the manufacturers, thus 545 and 245
ppm. The pesticides were further tested at lower
rates of 10! to 10 folds of their recommended
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rates corresponding to 240, 24, 2.4 and 0.24 ppm
for metalaxyl + copper (I) oxide; 513, 51.3, 5.13
and 0.513 ppm for cupric hydroxide; 54.5, 5.45,
0.545 and 0.0545 ppm for imidacloprid; 24.5,
2.45, 0.245 and 0.0245 ppm for bifenthrin.

Collection of mushrooms

Termitomyces globulus and T. robustus were
collected from the floor of a cocoa farm (Plot D20)
at the Cocoa Research Institute of Ghana (CRIG),
New Tafo-Akim in March 2020 when few drops
of rain were experienced after a long drought. This
plot is routinely sprayed with fungicides and in-
secticides for the control of black pod disease and
mirids, respectively. P. sajor-caju was collected
from a local mushroom farm at New Tafo-Akim
whereas V. volvacea was harvested from a dead oil
palm tree at Old Tafo-Akim, all in the Abuakwa
North Municipality of the Eastern Region of
Ghana. Both mushrooms were collected in June
2020. The mushrooms were identified based on
macro-morphological characteristics such as sha-
pe, colour and position of cap, stipe, gills, volva,
and annulus [46, 47]. They were photographed and
harvested into sterile transparent ziplock bags for
culturing on agar media in the laboratory.

Culturing of mushroom

The isolation technique described in Tudses
[48] was used to obtain cultures of the mushrooms
on Potato Dextrose Agar (PDA) (Oxoid, UK).
Small pieces (2x2 mm?) of inner tissues were re-
moved from the caps with sterile sharp blades and
placed on PDA amended with chloramphenicol at
100 mg.L™! to inhibit bacterial growth. The plates
were incubated in the dark at 25°C for 5 days for
the mycelial growth of P. sajor-caju and V. volva-
cea. Plates of T. globulus and T. robustus were in-
cubated for 10 days. The cultures were purified
through several transfers on PDA plates at 25°C.
Colony morphology was recorded as growth pat-
tern and growth diameter was measured at right
angles to each other after 5 days of incubation
for P. sajor-caju and V. volvacea and 21 days
for Termitomyces. The growth diameter was con-
verted to radial growth by dividing it by two. The
cultures were stored in sterile distilled water at
25°C until needed.

Effect of pesticides on vegetative growth of
mushrooms
Poisoned agar technique was used to eval-

uate the effect of the pesticides on the vegetative
growth of the mushrooms [49]. The pesticide con-
centrations as stated above were prepared in 100
mL of molten PDA (Oxoid, UK) at 50°C and
poured into Petri dishes in a laminar flow cabinet
(ESCO, Heal Force Bio-Meditech Holdings Lim-
ited, China). The plates were allowed to set and
left overnight in the cabinet for a sterility test. The
centre of the plates was inoculated with 5 mm my-
celial disc plugs taken from the periphery of 5-
day-old cultures of P. sajor-caju and V. volva-
cea whereas 21 days old cultures were used for T.
globulus and T. robustus. Non-amended PDA
plates were similarly inoculated to serve as con-
trol. There were 3 replicated plates per treatment
for each mushroom and they were incubated in the
dark at 25°C. Growth diameter was measured at
right angles to each other 5 days after incubation
of P. sajor-cajuand V. volvacea. Diameter
growth for T. globulus and T. robustus was rec-
orded after 21 days of incubation. Radial growths
of the mushrooms were calculated by dividing di-
ameter growths by two.

Pesticide toxicity on termite

The test termites were collected from experi-
mental plots of CRIG at New Tafo-Akim. The test
concentrations were obtained by diluting the pes-
ticides with distilled water. Filter paper was mois-
tened with 1 ml of pesticide concentration and
used to line the base of a Petri dish. Ten worker
termites (Macrotermes bellicosus) were placed on
the filter paper. The setup was allowed to stand for
24 h to observe termite mortality. This was repli-
cated thrice for each pesticide concentration and
the controls. Distilled water was used for the con-
trols. The test was done under the following labor-
atory conditions; a temperature of 25-29°C, rela-
tive humidity of 75-86%, and a photoperiod of 12
L: 12 D. The number of dead termites in each
treatment was counted and converted to percent-
age mortality.

Data analysis

Each experiment was repeated twice and ho-
mogeneity of variances for datasets was confirmed
by F-tests. Data was pooled together for transfor-
mation. Data for mycelial growth rate of mush-
rooms was square root transformed. Arcsine
square root transformation was performed on in-
sect mortality data. Effect of different concentra-
tions of pesticides on mycelial growth rate of
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mushrooms and percentage mortality of termites
was statistically analysed by one-way analysis of
variance (ANOVA) using GenStat (11" edition,
VSN International Ltd.) at 5% probability level.

Results and Discussion
Mushrooms in the cocoa agro-ecosystem

The collection of T. globulus and T. ro-
bustus from the floor of a cocoa farm indicates the
conduciveness of agro-ecosystem as a habitat for
the survival of edible mushrooms [20]. The floor
was the best place to find the Termitomyces be-
cause soil covered with rich tree leaf litter presents
a good substrate for their growth [50]. The collec-
tion of T. globulus and T. robustus at the onset of
the rainy season in March confirms their period
(February — April) of occurrence in Ghana [11]. In
Cote d’Ivoire, fruiting bodies of Termitomyces are
usually observed in the rainy season [8]. Fructifi-
cation of Termitomyces is often associated with
termites in the subfamily Macrotermitinae [9, 13,
51] as was evidenced in the collection of T. glob-
ulus where the worker termites, M. bellicosus,
emerged from the holes. Macrotermes belli-
cosus is among a group of termites reported to be
associated with cocoa farms in Ghana [52]. How-
ever, none of the cocoa trees was attacked by ter-
mites in the cocoa farm where T. globulus and T.
robustus were collected.

The limited period of survey for mushrooms in
cocoa farms might have prevented the collection
of Lentinus squarrosulus and V. volvacea which
have been reported to grow in cocoa plantations in
Cameroon [20]. To increase the number of edible
mushrooms used in this study, P. sajor-
caju and V. volvacea were added even though they
were not collected from the cocoa agro-ecosys-
tem. These mushrooms were considered because
of their availability and consumption in
Ghana. Pleurotus sajor-caju was collected from
prepared sawdust bags whereas V. volvacea was
harvested from a decaying oil palm tree. They are
the most preferred mushrooms in Ghana [7, 53]
which grow on wood logs, forest floors, and de-
caying oil palm [11] but Pleurotus species are do-
mestically cultivated on a wide range of substrates
including sawdust [7, 54].

In addition to edible mushrooms in cocoa,
agro-ecosystems are pathogenic ones. Those that
are pathogenic to cocoa are mostly not edible. For
instance, Armillaria mellea causes root rot in co-
coa [55] and its consumption causes stomachache

[56]. Moniliophthora perniciosa, the mushroom
that causes witches’ broom disease of cocoa, is a
major problem in Brazil [57]. In Ghana, Marasmi-
ellus scandens has been identified to cause thread
blight disease [58]. The destructive nature of these
pathogens requires a combination of phytosanitary
practices and fungicides for effective manage-
ment. Amoako-Attah et al. [59] recommended
copper and metalaxyl-based fungicides for the
management of M. scandens. These fungicides are
also effective against Phytophthora, the pathogen
of black pod disease. However, these fungicides
are perceived to have a negative effect on benefi-
cial fungi including edible mushrooms in the co-
coa agro-ecosystem. This perception was investi-
gated by growing the vegetative phase of T. glob-
ulus, T. robustus, P. sajor-caju, and V. volva-
cea on PDA amended with the manufacturers’ rec-
ommended and lower concentrations of metalaxyl
+ copper (I) oxide and cupric hydroxide fungi-
cides. The study was expanded to include im-
idacloprid and bifenthrin insecticides used for the
control of mirids on cocoa.

Macro-morphological characteristics of mush-
rooms

Macro-morphological characteristics of P. sa-
jor-caju, V. volvacea, T. globulus, and T. ro-
bustus are summarized in Table 1. Typical of P.
sajor-caju was the grey to a cream oyster or sea
seep-shaped cap (Figure 1a). Under the cap were
crowded, decurrent, soft, and white gills. The solid
stipe lacked annulus and it attached to the cap at
its margin. There were tiny white mycelial threads
at the base of the stipe without volva. On the con-
trary, V. volvacea produced a brown volva at the
base of the stipe. It had long, thick, and numerous
mycelial threads which supported its growth on a
dead oil palm tree. The off-white solid stipe with-
out annulus was attached to the centre of a pinkish-
brown umbonate-shaped cap (Figure 1b) with
crowded, free, and pinkish-brown gills under-
neath. On the white solid stipe of T. globulus was
a large, white pendant annulus. The stipe was at-
tached to the centre of a white umbonate cap with
brown colouration at the centre (Figure 1c). The
stipe tapered at the soil level, and it was deeply
rooted. Worker termites, M. bellicosus, emerged
from the holes of the mushroom when uprooted.
The mycelial thread of T. robustus was relatively
short. It had a white scaled stipe, and it was at-
tached to the centre of a tawny brown and flat cap
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Table 1. Macro-morphological characteristics of mushroom

Mushroom Cap Gills Stipe ring Stipe Cup Mycelial
(Annulus) (Volva) threads

P. sajor-caju Grey to cream  Crowded, Absent White and Absent White and
and oyster or decurrent, attached at tiny
sea seep- soft and cap margin
shaped white

V. volvacea Pinkish-brown  Crowded, Absent Off-white Brown Long, thick
and umbonate free and and numer-
with cracks pinkish- ous

brown

T. globulus White umbo- Crowded, White pen-  White and it  Absent Long and
nate cap with free and dent tapers at the deeply
brown coloura-  white soil level rooted
tion at the cen-
tre

T. robustus Tawny brown Crowded, Absent White with ~ Absent Short and
and flat with free and scales tiny
cracks white

(b)

with cracks (Figure 1d). Under the cap were
crowded, free, and white gills.

Mushroom cultures

Table 2 summarizes the colony characteristics
and growth rate of P. sajor-caju, V. volvacea, T.
globulus, and T. robustus. The culture of P. sajor-
caju produced white felty, circular, and flat colo-
nies with an entire margin on PDA (Figure 2a).
The colonies of V. volvacea were cottony and
creamy white in appearance (Figure 2b). The
growths of cultures of P. sajor-caju and V. volva-
cea were rapid, attaining radial growths of 42.9 +
0.1 and 44.5 + 0.5 mm respectively, on PDA after
5 days of incubation at 25°C. On the other hand,
cultures of T. globulus and T. robustus were slow
in growth, attaining radial growths of 15.5+1.0
and 16.9+1.1 mm respectively, after 21 days of in-
cubation. Colonies of T. globulus were whitish-
brown and umbonate in appearance with an undu-
lating margin (Figure 2c), whereas T. ro-
bustus produced whitish-brown colonies on PDA
(Figure 2d) after 21 days of incubation at 25°C.

(© ) (d)
Figure 1. (a) P. sajor-caju on sawdust (b) V. volvacea on dead oil palm tree (c) T. globulus on the floor in a cocoa
farm (d) T. robustus on the floor in a cocoa farm.

Effect of pesticides on vegetative growth of
mushrooms

There were significant (p < .001) differences
in radial growths of the mushrooms when they
were grown on only PDA or when grown on PDA
amended with different concentrations of the pes-
ticides. Mycelial growths of the mushrooms were
reduced at the manufacturer’s recommended con-
centration of the pesticides, but they increased as
concentrations of the pesticides reduced. Bifen-
thrin completely inhibited mycelial growths of all
the mushrooms at the manufacturer’s recom-
mended concentration of 245 ppm for the control
of mirids on cocoa. At 10-fold reduced concentra-
tion of 24.5 ppm, mycelial growths ranging from
3.0 mm for P. sajor-caju and T. robustus to 4.3
mm for V. volvacea were recorded. There was a
gradual increase in the growths of V. volvacea and
T. globulus as the concentration of bifenthrin re-
duced (Figure 3). Unlike bifenthrin, imidacloprid
did not completely inhibit mycelial growths of the
mushrooms but significantly (p < .001) reduced
them at the manufacturer’s concentration of 545
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Table 2. Colony characteristics and radial growth of Pleurotus sajor-caju, Volvariella volvacea, Termitomy-
ces globulus and Termitomyces robustus on Potato Dextrose Agar at 25°C

Mushroom “Doi  Form Eleva- Margin Texture Colour  Reverse *Radial
tion growth
(mm)
P. sajor- 5 Circular  Flat Entire Felty White White 42.940.1
caju
V.volvacea 5 Filamen- Raised Filiform Cottony Creamy Creamy 44.5+0.5
tous white white
T. globulus 21 Irregular  Umbo- Undulate  Com- Whit- Brownish- 15.5+1.0
nate pact ish- white
brown
T. robustus 21 Irregular  Umbo- Undulate  Com- Brown-  Brown 16.9+1.1
nate pact ish-
white

#Doi: Number of days of incubation period
*Each value is a mean of 3 replicated plates.

(a) (®)

(d)
Figure 2. Cultures of (a) Pleurotus sajor-caju (5 days old) (b) V. volvacea (5 days old) (c) T. globulus (21 days
old) and (d) T. robustus (21 days old) on Potato Dextrose Agar at 25°C.

8.0
7.0 —&— Pleurotus sajor-caju
6.0
5.0
4.0
3.0
2.0
1.0
0.0

Volvariella volvacea
—a&— Termitomyces globulus

—— Termitomyces robustus

Radial growth of mushrooms (mm)

Concentration of bifenthrin (ppm)

Figure 3. Effect of different concentrations of bifenthrin on radial growth of P. sajor-caju, V. volvacea, T. glob-
ulus and Termitomyces robustus on Potato Dextrose Agar. Square root transformed data and analyzed
by one-way ANOVA at 5% probability level. Least significant difference (Lsd) = 0.5. Bars represent
standard error of means.

ppm (Figure 4). Mycelial growth of the Termito- tration of 5130 ppm and its 10-fold reduction (Fig-
myces was completely inhibited by cupric hydrox-  ure 5). Except P. sajor-caju, mycelial growth of
ide at the manufacturer’s recommended concen- the other mushrooms was completely inhibited at
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Figure 4. Effect of different concentrations of imidacloprid on radial growth of P. sajor-caju, V. volvacea, T.
globulus and T. robustus on Potato Dextrose Agar. Square root transformed data and analyzed by
one-way ANOVA at 5% probability level. Least significant difference (Lsd) = 0.5. Bars represent

standard error of means.

. 80
E 70
=~ 60 - —&— Pleurotus sajor-caju
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e 00 x—
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Concentration of cupric hydroxide (ppm)

Figure 5. Effect of different concentrations of cupric hydroxide on radial growth of P. sajor-caju, V. volvacea,
T. globulus and T. robustus on Potato Dextrose Agar. Square root transformed data and analyzed by
one-way ANOVA at 5% probability level. Least significant difference (Lsd) = 0.4. Bars represent

standard error of means.

the manufacturer’s recommended concentration of
2400 ppm for metalaxyl + copper (I) oxide. How-
ever, radial growth of the mushrooms increased
drastically at 10-fold reduced concentration of 240
ppm below the recommended concentration (Fig-
ure 6).

The effect of bifenthrin and imidacloprid on
vegetative growth of these four test mushrooms
demonstrated in this study is the first time in
Ghana. The inhibitory effect of the insecticides on
vegetative growth of the mushrooms is not surpri-

sing. This is because of the known toxicity of
some insecticides to mushrooms. Sharma and De-
wangen [60] found cartap hydrochloride to be
toxic to Agaricus bisporus by inhibiting mycelial
growth of the mushroom on PDA. Copper is a
broad-spectrum fungicide and hence, its effect on
the macro-fungi is possible. According to Das
[61], mycelial growth of macro-fungi may be in-
hibited by heavy metals such as copper at low to
medium concentrations, but death of mushrooms
may occur at higher concentrations. This was evi-
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Figure 6. Effect of different concentrations of metalaxyl + copper (I) oxide on radial growth of P. sajor-caju,
V. volvacea, T. globulus and T. robustus on Potato Dextrose Agar. Square root transformed data and
analyzed by one-way ANOVA at 5% probability level. Least significant difference (Lsd) = 0.5. Bars

represent standard error of means.
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Figure 7. Effect of different concentrations of bifenthrin on mortality of M. bellicosus. One-way ANOVA at
5% probability level. Least significant difference (Lsd) = 10.27. Bars represent standard error of

means.

dent in this study where mycelial growth of T.
globulus and T. robustus were completely inhib-
ited at the highest concentration of cupric hydrox-
ide. Vegetative growth of the Termitomyces was
mainly inhibited by the pesticides due to their slow
growth. Radial growths of 15.5 and 16.9 mm were
respectively recorded for T. globulus and T. ro-
bustus on PDA after 21 days of incubation. These
growths were comparatively slower than 42.9 and
44.5 mm which were respectively recorded for P.
sajor-caju and V. volvacea after 5 days of incuba-
tion. The synergistic effect of metalaxyl and cop-
per was demonstrated in the complete inhibition of
mycelial growth of V. volvacea, T. globulus and T.
robustus at the manufacturer’s concentration.
However, lower concentrations of the fungicide

did not significantly (p > 0.05) have inhibitory ef-
fect on radial growth of the mushrooms. This sug-
gests that the pesticides may not have a direct ef-
fect on mushrooms in the cocoa agro-ecosystem.
This is because of the method of pesticide applica-
tion which is directed at tree trunks and cocoa can-
opies where pests and pathogens attack the crop.
The pesticides are washed down the cocoa trees
during rainfall and hence diluted before reaching
the soil where edible mushrooms thrive. Detecta-
ble residues of bifenthrin in cocoa soils range from
<0.01 - 0.03 ppm [62]. Kwodaga et al. [63] found
residues of copper in cocoa soil to range from
14.90 — 27.50 ppm. Residues of bifenthrin in co-
coa soils are less than or equal to 0.0245 ppm,
where radial growth of V. volvacea, T. globulus
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sent standard error of means.

and T. robustus on bifenthrin-amended PDA
plates were similar to the control plates. The con-
centration of 51.3 ppm for cupric hydroxide, at
which the radial growth of P. sajor-caju and V.
volvacea was similar to the control plates, is more

than the residues of copper in cocoa soils. This in-
dicates that lower concentrations of the pesticides
in cocoa soils have no effect on vegetative growth
of mushrooms and hence their survival in the co-
coa agro-ecosystem.
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Effect of pesticides on termite

The insecticides caused a mortality of 60 to
100% (bifenthrin) and 10 to 100 % (imidacloprid)
on the termites after 24 h while cupric hydroxide
and metalaxyl + copper (I) oxide caused a termite
mortality of 0 to 13.3% and 3.3 to 10%, respec-
tively. Higher termite mortality (100%) was rec-
orded at the manufacturer’s recommended con-
centration of 245 ppm for bifenthrin and its 1000-
fold reduced concentration of 0.245 ppm (Figure
7). Similarly, the manufacturer’s recommended
concentration of 545 ppm for imidacloprid caused
100% mortality but significantly (<.001) declined
at reducing concentrations of the insecticide (Fig-
ure 8). Cupric hydroxide caused 13.3% mortality
at the manufacturer’s recommended concentration
of 5130 ppm (Figure 9) whereas metalaxyl + cop-
per (I) oxide caused 10% mortality at 2400 ppm
(Figure 10).

Bifenthrin and imidacloprid, commonly used
in the cocoa ecosystem for the control of mirids,
were also effective against termites by causing
100% mortality at the manufacturers’ recom-
mended concentrations. The recommended insec-
ticide for termite control in cocoa is fipronil [34].
However, it was not included in this study because
of its limited use in the cocoa ecosystem compared
to the test insecticides. Efficacies of bifenthrin and
imidacloprid confirm previous reports [64-66] but
lower imidacloprid concentrations of 54.5 ppm
and lower were less lethal to the termites. This
suggests that the less detectable residues of the
pesticides [62] in cocoa soils do not affect the ac-
tivity of termites in the cocoa agro-ecosystem.

Conclusion

The possible effect of pesticides on mush-
rooms and associated termites in the cocoa agro-
ecosystem was reported in this study. Of the four
pesticides used, bifenthrin and metalaxyl + copper
(1) oxide had inhibitory effects on mycelial growth
of mushrooms (P. sajor-caju, V. volvacea, T. glob-
ulus and T. robustus) at the manufacturers’ recom-
mended concentrations for the control of mirids
and Phytophthora on cocoa. Also, bifenthrin
caused high mortality of termites (M. bellicosus).
However, lower concentrations of the pesticides
did not have any effect on the vegetative growth
of the mushrooms and termites, hence, the exist-
ence of mushrooms in the cocoa agro-ecosystem
amidst pesticide usage. For continuous existence
of mushrooms and other beneficial or non-target

organisms in the cocoa agro-ecosystem, strict
compliance to good agricultural practices (GAP)
with respect to pesticide usage should be adhered
to.

Acknowledgment

We are grateful to the staff of Plant Pathology
and Entomology Divisions of Cocoa Research In-
stitute of Ghana (CRIG) for their assistance in the
collection of mushrooms and termites. The assis-
tance of Mr. Prince Kwabena Kwakye and Miss.
Emma Korkor Anthonio in the laboratory inhibi-
tory and mortality tests for mushrooms and ter-
mites, is gratefully acknowledged.

References

1. Kumar K (2015) Role of edible mushroom as functional
foods: A review. South Asian Journal of Food Technol-
ogy and Environment 1(3&4): 211 - 218.
doi:10.46370/sajfte.2015.v01i03and04.02.

2. Ache NT, Tonjock RK, Eneke ET B et al. (2019) Mush-
room species richness, distribution and substrate specific-
ity in the Kilum-Ijim forest reserve of Cameroon. Journal
of Applied Biosciences 133: 13592 - 13617.
doi:10.4314/jab.v133i1.11.

3. Marcot BG (2017) A review of the role of fungi in wood
decay of forest ecosystems. U.S. Department of Agricul-
ture, Forest Service, Pacific Northwest Research Station.
Research Note PNW-RN-575.
https://www.fs.fed.us/pnw/pubs/pnw_rn575.pdf. Ac-
cessed date: 27" January, 2021.

4. Lakhanpal TN (2014) Mushroom biodiversity in India:
Prospects and potential. Proceedings of the 8th Interna-
tional Conference on Mushroom Biology and Mushroom
Products (ICMBMP8). pp. 7 — 16. doi:10.2737/PNW-
RN-575.

5. Pegler DN, Vanhaecke M (1994) Termitomyces of South-
east Asia. Kew Bulletin 49(4): 717 - 736.
doi:10.2307/4118066.

6. Sangvichien E, Taylor-Hawksworth PA (2001) Termito-
myces mushrooms: A tropical delicacy. Mycologist
15(1): 31 — 33. doi:10.1016/50269-915X(01)80058-6.

7. Obodai M, Ferreira ICFR, Fernandes A et al. (2014) Eval-
uation of the chemical and antioxidant properties of wild
and cultivated mushrooms of Ghana. Molecules 19(12):
19532 — 19548. doi:10.3390/molecules191219532.

8. Koné NA, Soro B, Vanié-Léabo LPL et al. (2018) Diver-
sity, phenology and distribution of Termitomyces species
in Cote d’Ivoire. Mycology 9(4): 307 - 315.
doi:10.1080/21501203.2018.1500498.

9. Seelan JSS, Yee CS, Fui FS et al. (2020) New species of
Termitomyces (Lyophyllaceae, Basidiomycota) from Sa-
bah (Northern Borneo), Malaysia. Mycobiology 48(2): 95
—103. doi:10.1080/21501203.2018.1500498.

10. Aryal HP, Budathoki U (2016) Ethnomycology of Termi-
tomyces R. Heim in Nepal. Journal of Yeast and Fungal
Research 7(4): 28 — 38. doi:10.5897/JYFR2015.0154.

11. Apetorgbor MM, Apetorgbor AK, Obodai M (2006) In-
digenous knowledge and utilization of edible mushrooms
in parts of Southern Ghana. Ghana Journal of Forestry 19

JTLS | Journal of Tropical Life Science

10 Volume 13 | Number 1 | January | 2023



EK Asare, SW Avicor, Y Bukari, et al. 2023 / Post pesticide survival of mushrooms and termites in cocoa

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

& 20: 20 — 34. doi:10.4314/GJF.V1911.36908.

Dandapat S, Kumar M, Ranjan R, Sinha MP (2019) Nu-
tritional, hypoglycemic, and haematinic potentiality of
edible mushroom Pleurotus tuber-regium (Rumph. ex
Fr.) Singer. Journal of Tropical Life Science 9(2): 195 —
207. doi:10.11594/jt1s.09.02.08

Wisselink M, Aanen DK, van’t Padje A (2020) The lon-
gevity of colonies of fungus-growing termites and the sta-
bility of the symbiosis. Insects 11: 527. doi:10.3390/in-
sects11080527.

Ejomah AJ, Uyi OO, Ekaye SO (2020) Exposure of the
African mound building termite, Macrotermes bellicosus,
workers to commercially formulated 2,4-D and atrazine
caused high mortality and impaired locomotor response.
Plos One 15(3): e0230664. doi:10.1371/jour-
nal.pone.0230664.

Akpesse AAM, N’guessan GRY, Coulibaly T et al.
(2019) Attacks and damage of termites (Insecta: Isoptera)
in cocoa plantations (Theobroma cacao L.) of M’brimbo
S. A. B Station (South Cote d’Ivoire). International Jour-
nal of Advanced Research 7(1): 438 - 445,
doi:10.21474/1JAR01/8347.

Sylvain TBC, Tenon C, Hortense BS (2019) Attacks of
termites (Insecta: Isoptera) in cocoa farms (Theobroma
cacao, L.) in Oumé (Cote d’Ivoire). International Journal
of Current Research 11(9): 6899 - 6905.
doi:10.24941/ijcr.36521.09.2019.

Asare R (2005) Cocoa agroforests in West Africa. A look
at activities on preferred trees in the farming systems.
Forest and landscape Denmark working papers No. 6,
University of Copenhagen, Copenhagen.

Oke D, Odebiyi K (2007) Traditional cocoa-based agro-
forestry and forest species conservation in Ondo State,
Nigeria. Agriculture Ecosystems & Environment 122:
305 —311. doi:10.1016/j.agee.2007.01.022.

Anglaaere CNL, Cobbina J, Sinclair FL, McDonald MA
(2011) The effect of land use systems on tree diversity:
farmer preference and species composition of cocoa-
based agro-ecosystems in Ghana. Agroforestry Systems
81: 249 — 265. doi:10.1007/s10457-010-9366-z.

van Dijk H, Onguene NA, Kuyper TW (2003) Knowledge
and utilization of edible mushrooms by local populations
of the rain forest of South Cameroon. Ambio 32(1): 19 —
23. doi:10.1579/0044-7447-32.1.19.

Duguma B, Gockowski J, Bakala J (2001) Smallholder
cacao (Theobroma cacao, Linn.) cultivation in agrofor-
estry systems of west and central Africa: challenges and
opportunities. Agroforestry Systems 51: 177 — 188.
doi:10.1023/A:1010747224249.

Leakey RRB, Tchoundjeu Z (2001) Diversification of
tree crops: domestication of companion crops for poverty
reduction and environmental services. Experimental Ag-
riculture 37: 279 - 296.
doi:10.1017/S0014479701003015.

Asare R (2006) A review on cocoa agroforestry as a
means for biodiversity conservation. In: Paper presented
at World Cocoa Foundation Partnership Conference,
Brussels. 15.

Schroth G, Krauss U, Gasparotto L et al. (2000) Pests and
diseases in agroforestry systems of the humid tropics. Ag-
roforestry Systems 50: 199 - 241.
doi:10.1023/A:1006468103914.

Flood J, Guest D, Holmes KA et al. (2004) Cocoa under
attack. In: Flood J, Murphy R, eds. Cocoa Futures: A

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

source book of some important issues facing the cocoa
industry. Chinchina, Colombia: CABI-FEDERACAFE,
USDA. 33 -53.

N’Guessan FK, Coulibaly N (2000) Dynamique des pop-
ulations de mirides et de quelques autres déprédateurs du
cacaoyer dans la régionou est de la Cote d’lvoire (In
French). Proceedings of the 13th International Cocoa Re-
search Conference: 425 — 435. Cocoa Producers Alliance,
Malaysia.

Sounigo O, Coulibaly N, Brun L et al. (2003) Evaluation
of resistance of Theobroma cacao L. to mirids in Cote
d’lvoire: results of comparative progeny trials. Crop Pro-
tection 22: 615 - 621. doi:10.1016/S0261-
2194(02)00244-2.

Babin R, Bisseleua H, Dibog L, Lumaret JC (2008) Rear-
ing method and life table data for cocoa mirid bug Sahl-
bergella singularis Haglund (Hemiptera: Miridae). Jour-
nal of Applied Entomology 132: 366 - 374.
doi:10.1111/j.1439-0418.2008.01273.x.
Adu-Acheampong R, Janice J, van Huis A et al. (2014)
The cocoa mirid (Hemiptera: Miridae) problem: Evidence
to support new recommendations on the timing of insec-
ticide application on cocoa in Ghana. International Jour-
nal of Tropical Insect Science 34(1): 58 - 71.
doi:10.1017/S1742758413000441.

Awudzi GK, Asamoah M, Owusu-Ansah F et al. (2016)
Knowledge and perception of Ghanaian cocoa farmers on
mirid control and their willingness to use forecasting sys-
tems. International Journal of Tropical Insect Science 36:
22 —31. doi:10.1017/S1742758415000247.
Adu-Acheampong R, Sarfo JE, Appiah EF et al. (2015)
Strategy for insect pest control in cocoa. American Jour-
nal of Experimental Agriculture 6(6): 416 — 423.
doi:10.9734/AJEA/2015/12956.

Marelli JP, Guest DI, Bailey BA et al. (2019) Chocolate
under threat from old and new cacao diseases. Phyto-
pathology 109(8): 1331 — 1343. doi:10.1094/PHYTO-12-
18-0477-RVW.

Antwi-Agyakwa AK, Osekre EA, Adu-Acheampong R,
Ninsin KD (2015) Insecticide use practices in cocoa pro-
duction in four regions in Ghana. West African Journal of
Applied Ecology 23(1): 39 — 48.

Bateman R (2015) Pesticide use in cocoa: A guide for
training administrative and research staff (3rd ed.). Inter-
national Cocoa Organization (ICCO), London-UK.
https://www.icco.org. Accessed date: 12" February 2019.
Valavanidis A (2018) Neonicotinoid insecticides. Banned
by the European Union in 2018 after scientific studies
concluded that harm honey bees. Scientific Reviews 37.
https://www.chem-tox-ecotox.org/ScientificReviews.
Accessed date: 24" September, 2021.

Opoku IY, Appiah AA, Akrofi AY, Owusu GK (2000)
Phytophthora megakarya: A potential threat to the cocoa
industry in Ghana. Ghana Journal of Agricultural Science
33: 237 — 248. doi:10.4314/gjas.v33i2.1876.

Akrofi AY (2015) Phytophthora megakarya: a review on
its status as a pathogen on cacao in West Africa. African
Crop Science Journal 23(1): 67 — 87.

Pimentel D (1995) Amounts of pesticides reaching target
pests: Environmental impacts and ethics. Journal of Agri-
cultural and Environmental Ethics 8: 17 - 29.
doi:10.1007/BF02286399.

Carriger JF, Rand GM, Gardinali PR et al. (2006) Pesti-
cides of potential ecological concern in sediment from

JTLS | Journal of Tropical Life Science

11

Volume 13 | Number 1 | January | 2023



EK Asare, SW Avicor, Y Bukari, et al. 2023 / Post pesticide survival of mushrooms and termites in cocoa

40.

41.

42.

43.

44.

45.

46.

47.

48

49.

50.

51.

52.

53.

South Florida canals: An ecological risk prioritization for
aquatic arthropods. Soil and Sediment Contamination 15:
21 —45. doi:10.1080/15320380500363095.

Gill HK, Garg H (2014) Pesticide: Environmental im-
pacts and management strategies. In: Solenski S, Lar-
ramenday ML, eds. Pesticides — Toxic effects. Intech Ri-
jeka. 187 — 230. doi:10.5772/57399.

Norgrove L (2007) Effects of different copper fungicide
application rates upon earthworm activity and impacts on
cocoa yield over four years. European Journal of Soil Bi-
ology 43: 303 — 310. doi:10.1016/j.ejsobi.2007.08.031.
Aminu FO, Edun TA (2019) Environmental effect of pes-
ticide use by cocoa farmers in Nigeria. Journal of Re-
search in Forestry, Wildlife & Environment 11(4): 153 —
163.

De Waard MA, Georgopoulos SG, Hollomon DW et al.
(1993) Chemical control of plant diseases: problems and
prospects. Annual Review of Phytopathology 31: 403 —
421. doi:10.1146/annurev.py.31.090193.002155.
Kwodaga JK, Odamtten GT, Owusu E, Akrofi AY,
Wiafe-Kwagyan M (2017a) Effect of four copper-based
fungicides on soil fungi in a cocoa farm at Tafo, Eastern
Region, Ghana. Scientia Agriculturae 17(2): 55 — 76.
doi:10.15192/PSCP.SA.2017.17.2.5576.

Addo-Forjour P, Gyamfi HG, Fei-Baffoe B, Akrofi AY
(2013) Impact of copper-based fungicide application on
copper contamination of cocoa plants and soils in the
Ahafo Ano North District, Ashanti Region, Ghana. Ecol-
ogy, Environment & Conservation 19(2): 303 — 310.
Tibuhwa DD, Kivaisi AK, Magingo FSS (2010) Utility of
the macro-& micro - morphological characteristics used
in classifying the species of Termitomyces. Tanzania
Journal of Science 36: 31 —45.

Yadav MK, Chandra R, Yadav SK, Dhakad PK,
Sushreeta NU (2017) Morphological characterization,
identification and edibility test of edible mushrooms from
Vindhya Forest of Northern India. Environment & Life
Sciences 10(3): 246 — 248.

. Tudses N (2016) Isolation and mycelial growth of mush-

rooms on different yam-based culture media. Journal of
Applied Biology & Biotechnology 4 (5): 33 — 36.
doi:10.7324/JABB.2016.40505.

Alhajj MS, Qasem MAA, Jar El Nabi AR, Al-Mufarrej SI
(2019) In-vitro antibacterial and antifungal effects of high
levels of Chinese Star Anise. Brazilian Journal of Poultry
Science 21(1): 1- 8. doi:10.1590/1806-9061-2016-0427.
Ye L, Karunarathna SC, Li H, Xu J, Hyde KD, Mortimer
PE (2019) A survey of Termitomyces (Lyophyllaceae,
Agaricales), including a new species, from a subtropical
forest in Xishuangbanna, China. Mycobiology 47(4): 391
—400. doi:10.1080/12298093.2019.1682449.

Vesala R, Niskanen T, Liimatainen K et al. (2017) Diver-
sity of fungus-growing termites (Macrotermes) and their
fungal symbionts (Termitomyces) in the semiarid Tsavo
Ecosystem, Kenya. Biotropica 0(0): 1 — 11. doi:
10.1111/btp.12422.

Ackonor JB (1997) Preliminary findings on termites
(Isoptera) associated with cocoa and coffee farms in
Ghana. International Journal of Tropical Insect Science
17 (3-4): 401 — 405. doi: 10.1017/S1742758400019251.
Kortei NK, Odamtten GT, Obodai M, Wiafe-Kwagyan
M, Prempeh J (2018) Survey of mushroom consumption

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

and the possible use of gamma irradiation for sterilization
of compost for its cultivation in Southern Ghana. Agricul-
ture & Food Security 7: 83. doi:10.1186/s40066-018-
0235-8.

Obodai M, Amoa-Awua W, Odamtten GT (2010) Physi-
cal, chemical and fungal phenology associated with com-
posting of ‘wawa’ sawdust (Triplochiton scleroxylon)
used in the cultivation of oyster mushrooms in Ghana. In-
ternational Food Research Journal 17: 229 — 237.
Delgado-Ospina J, Molina-Herndndez JB, Chaves-Lépez
C, Romanazzi G, Paparella A (2021) The role of fungi in
the cocoa production chain and the challenge of climate
change. Journal of Fungi 7: 202. doi:10.3390/jof7030202.
Shim JO, Chang KC, Lee YS et al. (2006) The fruiting
body formation of Armillaria mellea on oak sawdust me-
dium covered with ground raw carrots. Mycobiology 34:
206 — 208. doi:10.4489/myco0.2006.34.4.206.

Lisboa DO, Evans HC, Aratijo JPM et al. (2020) Monili-
ophthora perniciosa, the mushroom causing witches’
broom disease of cacao: Insights into its taxonomy, ecol-
ogy and host range in Brazil. Fungal Biology 124: 983 —
1003. doi:10.1016/j.funbio.2020.09.001.

Amoako-Attah I, Ali SS, Aime MC et al. (2020) Identifi-
cation and characterization of fungi causing thread blight
diseases on cacao in Ghana. Plant Disease 104(11): 3033
— 3042. doi:10.1094/PDIS-03-20-0565-RE.
Amoako-Attah I, Akrofi AY, Bin Hakeem R, Asamoah
M, Kumi-Asare E (2016) White thread blight disease
caused by Marasmiellus scandens (Massee) Dennis &
Reid on cocoa and its control in Ghana. African Journal
of Agricultural Research 11(50): 5064 - 5070.
doi:10.5897/AJAR2016.11681.

Sharma S, Dewangen NK (2014) In vitro effect of insec-
ticides on edible mushroom Agaricus bisporus. Journal of
Industrial Pollution Control 30(2): 335 — 337.

Das N (2005) Heavy metals biosorption by mushrooms.
Natural Product Radiance 4(6): 454 — 459.

Fosu-Mensah BY, Okoffo ED, Mensah M (2016) Syn-
thetic pyrethroids pesticide residues in soils and drinking
water sources from cocoa farms in Ghana. Environment
& Pollution 5(1): 60 — 72. doi:10.5539/ep.v5n1p60.
Kwodaga JK, Odamtten GT, Owusu E, Akrofi AY
(2017b) Influence of copper-based fungicides application
on copper contamination of soils of cocoa farm at Akim
Tafo, Eastern Region, Ghana. Ecology, Environment &
Conservation 23(1): 165 — 172.

Yeoh BH, Lee CY, Tsunoda K (2006) Evaluation of sev-
eral novel and conventional termiticide formulations
against the Asian subterranean termite, Coptotermes
gestroi (Wasmann) (Isoptera: Rhinotermitidae). In: Tsu-
noda K. ed. Proceedings of the third conference of Pacific
Rim Termite Research Group. Kyoto University, Kyoto,
Japan. 79 — 83.

Mao L, Henderson G, Scherer CW (2011) Toxicity of
seven termiticides on the Formosan and eastern subterra-
nean termites. Journal of Economic Entomology 104:
1002 — 1008. doi:10.1603/EC11005.

Sapkota R, Stout MJ, Henderson G (2020) Residual ef-
fects of termiticides on mortality of Formosan subterra-
nean termite (Isoptera: Rhinotermitidae) on substrates
subjected to flooding. Journal of Economic Entomology
113(1): 367 — 374. doi:10.1093/jee/toz293.

JTLS | Journal of Tropical Life Science

12

Volume 13 | Number 1 | January | 2023



