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Abstract

Bacteria and fungi constitute microorganisms which provide essential services to the soil ecosystem, not only for the
maintenance of its fertility, but also for the degradation of certain pollutants. The present study was carried out to
evaluate the effects of a synthetic fungicide and seed extracts of two fungicidal plants (Anonidium mannii and Ricinus
communis) on microorganisms in an agricultural soil sample. With the solvents acetone, water and methanol, seed
extracts of A. mannii and R. communis were used for phytochemical screening and for the preparation of solutions with
concentrations of 50 pl/ml corresponding to fungistatic doses. For microbial colony enumeration, 10-1 dilutions for
fungi and 10-2 dilutions for bacteria were spread on the surface of SCA medium supplemented with recommended
doses of the chemical fungicide and 50 pl/ml concentrations of A. mannii and R. communis seed extracts. Petri dishes
containing these mixtures are incubated with bacteria at 30°C for 24 hours and with the fungi for 7 days. At the end of
each period, the types of microorganisms are differentiated by the colours of the colonies formed. For doses
recommended for farmers, the chemical fungicide Monchamp 720WP destroys all bacterial and fungal life on solid SCA
agar. In extracts containing abundant alkaloids, bacterial colony counts are low while in extracts containing metabolites,
bacterial colonies are high. Different groups of fungi were differentiated by the coloration of the colonies formed. A
significant number of fungal colonies of different colours were observed in the presence of extracts containing alkaloids
and sterols/triterpenes. Microbial diversity will reduce the bactericidal and fungal activity of the plant extracts used
and will favour their multiplication in the media. The inability of these plant extracts to destroy microorganisms
continues to provide beneficial ecologically services to the ecosystem which ensures soil fertility and environmental
preservation. Thus, the use of these plant extracts ensures good environmentally agriculture.
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1. Introduction

Agriculture is an important activity that contributes to the socio-economic development of the population.
Unfortunately, agricultural production is highly affected by pests and the plants diseases. To meet the ever-increasing
demands of market, yields are improved by the use of chemical pesticides [1], [2]. Domestic sales of synthetic pesticides
in Cameroon increased from CFAF 3.6 billion in 1991 to CFAF 12.2 billion in 2000. Due to business agreements with the
European Union, the 100% drop in customs duties had led to the intensive importation and use of these chemical
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pesticides in Cameroon since August 2019. It should be noted that the continuous use of chemical pesticides
impoverishes the soil.

Soil contains microorganisms which is the backbone of several nutrient cycles [3]. Depending on their specificity, these
microorganisms provide some essential services to the ecosystem such as; decomposition of organic matter and their
cycling, regulation and absorption of nutrients, plant resistance to diseases and pests, gas exchange and carbon
sequestration, soil detoxification and control of plant growth [4], [5], [6].

Thus, bacteria and fungi mechanisms on rocks, release mineral nutrients into the soil [5]. Out of 1542 USD/year which
is the overall economic value of various services provided by soil organisms to the ecosystem, 1317 USD/year is the
estimated global economic benefits due to soil microbial diversity [7]. Soil microflora include; microorganisms with no
impact, with adverse effects on the plant, or with beneficial effect on the plant. Depending on the genus of bacteria or
fungi, these microorganisms (nitrogen-fixing bacteria, mycorrhizal fungi, rhizobacteria) either harm or promote plant
growth and health [3].

Bacteria are unicellular living microorganisms present in all environments, particularly in the rhizosphere, which is the
site for intense essential microbial activities for plant nutrition and functioning of the ecosystem [8], [9]. Filamentous
bacteria (actinomycetes) grow on a wide range of substrates colonising almost all environments, and play an important
role in the degradation of organic matter for soil fertility [10], [11], [12], [3]. Bacteria are essential for the functioning
of nitrogen and biogeochemical carbon cycles. From an agronomic point of view with respect to their functional groups,
the most important bacteria are ammonifying, nitrogen-fixing, nitrifying, cellulosic and pectinolytic bacteria [13].
During their development and multiplication in solid agar culture media, bacteria form regular clusters called bacterial
colonies, visible to the naked eye after 24-48 hours [14], [3].

Alongside bacteria, fungi are also a dominant group of microorganisms present in the soil where they play important
roles in the functioning of their ecosystems [3], [15]. Compared to other microorganisms, fungi play an important role
in the decomposition of organic matter, nutrient cycling and degradation of large quantities of biomass. For example,
species of the genus Fusarium are very aggressive, more damaging and predominant to cultivated plants [16], [17].
Specifically, the species Fusarium solani has the ability to degrade some Polycyclic Aromatic Hydrocarbons at a rate of
more than 30% [18]. However, soil-borne filamentous fungi responsible for cryptogamic plant diseases, degradation of
various organic pollutants and pesticides in the soil are destroyed by synthetic fungicides; [19], [20].

Under natural conditions, bacteria and fungi are in dynamic equilibrium in the soil and with plants; where their
prevalence in the soil, their capacity to benefit and cause infections to plants, attest their importance in the environment
depending on the species. Conventional agriculture negatively affects microbial populations, symbiotic associations,
microbial activities in the rhizosphere, the release of mineral nutrients from decomposing organic matter or weathering
rocks [5]. These agricultural practices also reduce the presence of pathogenic microorganisms on crops [3] and the soil
loses its fertility and microbiological activity. In conventional agricultural practices, pesticides are used to protect crops
from various threats and to increase crop productivity. However, prolonged or inappropriate use of pesticides can lead
to chemical pollution of the environment and destruction of soil biodiversity.

Chemical pollution of the soil resulting from pesticides reduces the abundance and diversity of organisms. However,
some of these plant protection products are specific and affect certain microorganisms such as fungi and bacteria [3].
Furthermore, under specific environmental conditions and through specific mechanisms, some soil microorganisms
degrade pesticides [21], [22], [23]. Bacteria, abundant microorganisms in agricultural field soils are responsible for the
biodegradation of chemical pesticide molecules [24]. Results from the work of [25], and [26] show that prolonged use
of the pesticide Endosufan, reduces the bacterial population and frequent use of Dimethoate leads to a decrease in the
fungal population. In cotton agrosystems in Burkina Faso, the work of [27], and [28] showed a reduction in soil microbial
biomass after pesticide application. Results from the work of [29] showed that rhizobia are very sensitive to fungicides,
especifically Mancozeb which inhibited 95% of the strains studied. [30], [31] have shown that fungicides are toxic to
Rhizobium sp. Some pesticides disrupt the symbiotic association between rhizobium-legume due to a direct negative
effect on the population of free soil bacteria; the degree of infection of the plant and the quantity of nodules formed is
reduced [32]. Depending on the concentrations and type of fungicide, Rhizobium and Bradyrhizobium strains can be
inhibited or not [33], [34], [31],[29]. The laboratory studies, [35] and [36] have shown that pesticide doses close to
those recommended to farmers have no impact on the population of soil microflora.

Anonidium mannii, a tropical African plant precisely Central and West Africa, is a fruit tree of dense and gallery forests,

10 to 30 m high, with large green leaves and a dense crown. Its fruits with numerous brown seeds, develop on the trunk
and branches and are obtained by picking from the forest [37], [38], [39]. This plant harvested in Cameroon, show
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extracts with anti-inflammatory properties [40]. Aqueous, acetone and methanol extracts of A. mannii seeds
significantly reduce the radial growth of mycelia of Fusarium solani and Collectotrichum lindemuthianum strains.

Ricinus communis, commonly known in French as ricin and "castor-oil-plant” in English, is another annual or perennial
plant of the Euphorbiaceae family that originated from Egypt, Ethiopia and India but whose cultivation has subsequently
spread to many other countries of the World [41], [42], [43], [44].- Concoctions or extracts of various plant parts are
used as biofertiliser or pesticide [45]. In West Africa, [46] showed the moderate inhibition of radial growth of Alternaria
solanisorauer by aqueous extract of R. communis leaves.

As mentioned above, soil microorganisms provide a healthy environment essential services to the ecosystem. In order
to increase agricultural productivity, there is need for increase in protection of crops against pathogens responsible for
various fungal diseases. This protection of plants is achieved by spraying with chemical or biological pesticides, most of
which are sprayed into the soil. Generally, problems resulting from spraying of crops with pesticides are, endocrine
disruption, reproductive harm, high risk of destruction to birds, mammals, arthropods and soil non-targeted
macroorganisms. The objective of this study was to evaluate the microbial potentials of different pesticides on soil
microorganisms in the agricultural soil of Akonolinga, Cameroon.

2. Material and methods

2.1. Study site

Located at 03°48'13"N 012°15'37"E, at an altitude of 674+3m, at Akonolinga, in the Centre region, 110 km from
Yaoundé capital of Cameroon. It is located in a forest area where agriculture is the main activity. The soil was sampled
using the method of [47].

2.2. Preparation of seeds extracts of A. mannii and R. communis

The mature fruits of A. mannii were collected in a forest (03°42'20"N and 011°36'34"E) in the Mfou, Mefou and Afamba
Division in the Centre Region Cameroon those of R. communis were collected in the bushes of the city of Yaoundé. All
these fruits were transported to the Phytopathology laboratory of the University of Yaoundé1 and the seeds obtained
were dried at room temperature for 4 to 5 weeks and then crushed using a manual mill to obtain a powder of A. mannii
and a paste of R. communis. For each plant, the organic extracts were prepared by maceration of 500g of powder in 2
litre of acetone and methanol solvent and kept for 72 hours according to [48] and then filtered. The filtrates obtained
were transferred to a steam roaster and the extracts obtained were stored at 4°C in the refrigerator until use. For
aqueous extractions, the powder or paste was wrapped in muslin cloth and soaked directly in water for 12 hours and
then squized according to [49], [50] and the extracts obtained were used directly.

For each extract, the extraction yield was calculated using the formula below quoted by [51].

Mass of extract
Y1d(%) = ®

Mass of powder (g)

2.3. Phytochemical screening

The classes of secondary metabolites present in aqueous and organic extracts of A. mannii and R. communis seeds were
determined by adapting standard procedures described by [52], and [53]. These techniques are based on the
appearance of colour, precipitation and/or the presence of foam in the different reagents characterising each class of
secondary metabolites.

2.4. Preparation of SCA medium and culture of microorganisms

Starch Casein Agar (SCA) medium according to [54], [55] is composed of 10g of starch, 0.3g of casein, 2g of KNO3s, 2g of
NaCl, 2g of KH2PO4, 0.05g of MgS04, 0.02g of CaCO3, 0.01g of FeSO4, 18g of agar. Initial suspensions of microorganisms
were prepared, after placing 1g of each soil sample in test tubes containing 9 ml of sterile distilled water, and shaking
vigorously for approximately 5 minutes. Subsequently, a series of decimal dilutions were performed for each sample to
10-2. Inoculation was performed by spreading 0.1 ml of each dilution on the surface of the previously prepared SCA
medium. Petri dishes were then incubated at 302C and observed daily for a minimum of 24 hours for bacteria and 7
days for fungi.
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2.5. Enumeration of microbial colonies

10-1dilutions for fungi and 10-2 dilutions for bacteria were used. Incubation was at 30°C for 24 hours for bacteria and 7
days for fungi. Readings and records were taken at the end of each period. Enumeration of microorganisms is based on
the fact that a colony is formed from a microbial unit as described by [14]. The types of microorganisms are
differentiated by the colours of the colonies. The calculation of the number N of microorganisms per gram of soil is
obtained by the formular used by [56]:

N = 2C
T 11xd
- For C greater than 15 colonies:
1/g9
N=CXx—
d

- For C less than 15 colonies:

Where C represents the number of Colony Forming Units (CFU) counted and d the dilution rate of the initial solution of
suspended microorganisms.

Once the SCA medium was removed from the autoclave, it was divided into 16 small sterile bottles of 120 ml each (two
bottles for TO, two bottles for F, two bottles for AAc, two bottles for AAq, two bottles for AM, two bottles for RAc, two
bottles for RAAq and two bottles for RM). Once the temperature of the medium was below 50°C, 2.4 ml of extract was
introduced into each bottle, thoroughly homogenised and poured into 16 Petri dishes each. After taking 0.1 ml of
solution containing the soil, the dilutions (10! and 10-2) previously prepared were spread on the surface of each Petri
dish. The observation of the macroscopic aspect of the fungal colonies was done by the method described by [57].

3. Results

3.1. Extraction yield

The yield and characteristics of the different extracts obtained depend on the solvent used for extraction (Table 1). For
A. mannii, the methanol extraction gave the highest yield of 32.89% than the acetone and water extracts; all three
extracts were brownish in colour, viscous in acetone and methanol and the extract was liquid in water. On the order
hand, R. communis, extraction in acetone gave the highest yield of 39.67%, an average yield of 36.20% with methanol
and the lowest yield of 31.01% with water; all extracts where liquid with three different colours.

Table 1 Extraction yields and characteristics of extracts obtained with 500g of seeds.

Plants species Solvent Yield (%) Characteristic
Acetone 14.67 brownish and viscous
A.mannii Methanol 32.89 brownish and very viscous
Water 25.40 brownish and liquid
Acetone 39.67 brownish liquid and oily
R. communis
Methanol 36.20 Yellowish, oily and liquid
Water 31.01 Milky, Creamy and liquid

3.2. Phytochemical screening of extracts

The phytochemical screening reveals the presence of the following compounds; a persistent and thick foam for
saponins; white precipitates for phenols, pale yellow colour for alkaloids, purplish red colour for terpenes, dark blue for
tannins and greenish blue for sterols. Alkaloids are abundant in extracts of A. mannii with acetone, water and methanol;
they are present in extracts of R. communis with the same solvents. Phenols and saponins are abundant in the aqueous
extracts of both plant species and present in the extracts of A. mannii with acetone and abundantin R. communis with
methanol. Sterols and triterpenes are very abundant in the methanol and acetone extracts of A. mannii and in the acetone

31



Magna Scientia Advanced Research and Reviews, 2021, 02(01), 028-039

extract of R. communis; they are present in the aqueous extract of A. mannii and in the methanol extract of R. communis
and absent in the aqueous extract of R. communis. Tannins, on the other hand, are absent in the methanol extract of A.
mannii and present in the other extracts of both plant species. Anthraquinones and flavonoids are totally absent in all
the A. mannii seed extracts but present in the R. communis extracts except in aqueous extracts with the absence of
anthraquinones (Table 2).

Table 2 Chemical composition of the different extracts of A. mannii and R. communis

A. mannii extract R. communis extract
Products Acetone Aqueous Methanol Acetone Aqueous Methanol
Alkaloides ++ ++ ++ + + +
Anthraquinones - - - + - +
Flavonoides - - - ++ + ++
Phenols + ++ - - ++ ++
Saponines + ++ - - ++ +
Tanins + + - + + +
Sterols and triterpenes ++ + +++ +++ - +

Absent: -; present: +; abundant: ++; abundantly presence: +++

3.3. Effect of pesticides on soil bacteria

After 48 hours of incubation in various Petri dishes, the chemical fungicide F completely inhibited the growth of
bacteria; in the control medium TO, there was an average growth of bacterial colonies. In the presence of A. mannii
extracts, there was a high formation of bacterial colonies with aqueous extract (AAq) than with the acetone (AAc) and
methanol (AM) extracts. With all extracts of R. communis (RAc, RAq, RM), large numbers of bacterial colonies were
formed (Figure 1).

Figure 1 Effect of A. mannii and R. communis extracts on bacterial colony formation in agar medium. Where F = Chemical
fungicide; TO = Control; AAq = Anona aqueous extract; AAc = Anona acetone extract; AM = Anona methanol extract; RAq
= Ricin aqueous extract; RAc = Ricin acetone extract; RM = Ricin methanol extract
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3.4. Bacterial colonies counted as a function of the treatments

In the presence of the chemical fungicide, no bacteria grew; but in all other media, bacterial colonies were formed (Table
3). The largest amounts of bacterial colonies are formed in RAc, RM, RAq and AAq media and lowest formation of
colonies in TO medium, with 7.00x102 CFU/g.

Table 3 Number of CFU bacteria.

Treatments | F | TO AAq AAc AM RAq RAc RM
Nber of | 0 | 7.00x102 | 1.30x104 | 3.73x103 | 2.09x103 | 2.60x104 | 2.70x104 | 2.64x104
UFC/g

F = Chemical fungicide; TO = Control; AAq = Anona aqueous extract; AAc = Anona acetone extract; AM = Anona methanol extract;
RAq = Ricin aqueous extract; RAc = Ricin acetone extract; RM = Ricin methanol extract; CFU/g = Colony forming units per gram of
soil

3.5. Effect of pesticides on soil fungi

After 7 days of incubation, the synthetic fungicide F completely inhibited the growth of fungi in the medium, while a
diversity of fungal microorganisms is observed in the control medium and seed extracts of A. mannii and R. communis
(Figure 2). White and grey coloured fungi are present in AAc, AAq, AM, RAc and RM media. Black coloured fungi grew
in TO, AAc, AAq, AM and RAc. The red and green coloured fungi do not appear in TO medium; the red ones are present
in the media with the different extracts of A. mannii and in the acetone extract of R. communis; the green ones are formed
in the media treated with AAc, AM, RAq and RAc.

Figure 2 Effect of pesticides on colony formation of fungal microorganisms. With F = Chemical fungicide; TO = Control;
AAq = Anona aqueous extract; AAc = Anona acetone extract; AM = Anona methanol extract; RAq = Ricin aqueous extract;
RAc = Ricin acetone extract; RM = Ricin methanol extract; CFU/g = Colony-forming units per gram of soil; ND = Not
determined.

3.6. Fungal colonies counted according to treatments

The highest number of green coloured fungi (3.64 x102 CFU/g) grew in RAc medium, followed by grey (1.82x102
CFU/g) in AM medium and white (1.82x102 CFU/g and 1.64x102 CFU/g) in RAc and RM media; the lowest amounts (9
CFU/g) were observed for reds in AM medium and black in RAc medium (Table 4). The greatest diversity of fungi is
observed in AAc medium with 6 different groups; followed by AM and RAc media with 5 groups and lastly RAq medium
with 2 groups of fungi (Table 3).
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Table 4 Number of fungal CFU per treatment.

Number of UFC/g according to the colours of the colonies Number
Treatments of groups
White Grey Yellow Black Red Green
TO 7.0x101 1.40x102 00 1.30x10? 00 00 3
F 00 00 00 00 00 00 0
AAq 1.45x102 7.0x10! 00 2.0x10! 3.0x10! 00 4
AAc 1.40x102 | 1.10x10%z | 2.0x10! 2.0x10t! 2.0x10t 4.0x101 6
AM 1.45x102 | 1.82x102 00 5.0x10!? 1.0x10!? 3.0x10! 5
RAq ND 00 00 00 00 3.64 x102 2
Rac 1.82x102 9.0x101 00 1.0x10!? 2.0x10? 3.64x102 5
RM 1.64x102 | 1.36x102 00 00 2.0x10? 00 3

F = Chemical fungicide; TO = Control; AAq = Anona aqueous extract; AAc = Anona acetone extract; AM = Anona methanol extract;
RAq = Ricin aqueous extract; RAc = Ricin acetone extract; RM = Ricin methanol extract; CFU/g = Colony Forming Units per gram
of soil; ND = Not determined

4. Discussion

The extraction of 500 g of A. mannii and R. communis powder shows a variation in yields depending on the solvents
used. Extraction yields methanol with R. communis and A. mannii (36.20% and 32.89% respectively) are higher than
those of water with R. communis (31.01%) and A. mannii (25.40%). The conditions of the plant material at the time of
collection that is, the plant cycle, environmental conditions and the solvent used could account for this variation in yield.
[58], using Moringa oleifera leaves, and [59], using Thevetia peruviana seeds, showed that extraction yields were better
with methanol than with water. Phytochemical analyses show that extracts of A. mannii and R. communis contain
numerous secondary metabolites such as alkaloids, phenols, saponins, sterols and triterpenes. According to [60], [61],
[62] and [63], the molecules most often responsible for antimicrobial activity are phenols, terpenoids and alkaloids
respectively.

Research works have shown that flavonoids, tannins, sterols and saponins also have strong antimicrobial capacities and
negatively affect the growth of isolated strains of rhizospheric bacteria and fungi [64], [65]. In a medium of Monchamp
720WP (chemical fungicide), at the dose recommended to farmers, no bacterial colonies were formed after 24 hours of
incubation. This result is similar to that obtained from the work of [29] in vitro which shows that, the chemical fungicides
Captan and Mancozeb inhibit the growth of bacteria strains of the genera Rhizobium, Sinorhizobium and Mezorhizobium
at 95%. In addition, this work had shown that large numbers of bacterial colonies were formed in the presence of 50
ul/ml doses of A. mannii and R. communis extracts which contain abundant phenols. These phenols would be
biodegraded by the bacteria present in the medium. Indeed, some bacteria have a strong capacity to degrade phenol
[66], [67] and [68]. [69] also highlighted the biodegradation capacity of phenols by the Bacillus genus. Alkaloids show
antimicrobial activity against some gram positive and negative bacteria (by [70] and [71]). This work, explains the low
amount of bacterial colonies formed in AAc (3.73x103 CFU/g) and AM (2.09x103 CFU/g) media in which alkaloids are
abundant. Also, RAc (2.70x10* CFU/g), RAq (2.60x10* CFU/g) and RM (2.64x10* CFU/g) media showed a significant
amount of bacterial colonies in which alkaloids are present. Also, after seven days of incubation, no fungal colonies were
formed in the presence of the chemical fungicide (Monchamp 720WP). The study of [72] in vitro, showed that the
chemical fungicides Benomyl and Hymexazol inhibited the growth of Fusarium solani and Fusarium oxysporum by more
than 80%, but [73] showed that the bacterium Pseudomonas aeruginosa 604 was resistant to the alkaloids contained in
extracts of two species of Fumaria genus (F. bastardii and F. capreolata).

From the ten colours used to differentiate mould colonies, six colours were used to detect the presence of various fungi
in the different incubation media [74]. However, colouring alone cannot classify colonies of microorganisms into a
precise family. In the control medium, there was the formation of three groups of fungi, whereas the seed extract
medium favored the growth of many families of fungi. Due to the presence of alkaloid and sterol/triterpene metabolites,
six of the fungal groups are observed in colonies (six in AAc, five in AM and four in AAq). Thus, the different type of fungi
that developed could be due to the presence of the metabolites contained in the different seed extracts. The fungi
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observed at Akonolinga soil were not affected by the metabolites; although, in vitro, the phenolic compounds in the A.
mannii extracts may cause radial growth inhibition of pure strains of F. solani and C. lindemuthianum, which are two
fungal pathogens of bean plant. In this work, in the presence of diversed fungal strains, the antifungal capacities are
reduced. Similarly, the works of [75] and [76], showed that Phanerocae techrysosporium is a microscopic fungus that
degrades phenol. The present work shows that the different soil fungi seem to have degraded the secondary metabolites
of the extracts in order to grow in large numbers. Probably, at an extract concentration of 50ul/ml, the microbial
diversity takes over their fungicidal power. By degradation of the organic substances contained in the plant extracts,
the microorganisms multiply. This could explain the formation of more colonies with certain extracts than the control
medium.

5. Conclusion

At the dose recommended to farmers, Monchamp 720WP destroys pathogenic fungi of crops and microbial life and does
not promote bacterial or fungal colony formation in the SCA solid agar medium. At the concentration of 50ul/ml], in the
presence of secondary metabolites, aqueous, acetone and methanol extracts of A. mannii and R. communis seeds show a
strong antifungal capacity on F. solani and C. lindemuthianum strains tested in vitro. However, in the presence of a mixed
solution of several soil microorganisms at the same concentration, these seed extracts favoured the formation of
bacterial and fungal colonies in SCA solid agar medium. This study shows that the synthetic fungicide has a negative
effect on soil microbial diversity, and that the seed extracts of A. mannii and R. communis would intensify the diversity
of soil bacteria and fungi. The use of A. mannii and R. communis seed extracts would be a good alternative to synthetic
fungicides for the protection of cultivated plants because they intensify the provision of important ecosystem services
by soil microorganisms for a better protection of the environment. The observed microbial diversity is not the same for
all the extracts used; the number and type of secondary metabolites contained in these extracts could justify this
difference in biological diversity. The AAc, AM and RAc extracts are more favourable to the preservation of soil microbial
diversity. This study was based on the microbial colonies formed to differentiate of groups of microorganisms present
in the media. It would therefore be interesting to continue this work in order to identify the families or species of
microorganisms that form these coloured colonies in the presence of A. mannii and R. communis seed extracts.
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