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Abstract

Amaranth is a nutrient-rich leafy vegetable. Phytopathogenic fungi are causing major losses in amaranth crop
production in the Kombé area. The detection of these phytopathogenic fungi can play an important role. The aim of this
study is to assess the abundance of endophytic and saprophytic fungi associated with amaranth cultivation in
Brazzaville, with a view to recommending biological control of fungal diseases. The prevalence of fungi associated with
amaranth began with a survey, then continued in the laboratory. During the survey, 15 amaranth and soil samples were
then collected separately in different stomacher bags, labelled and shipped to the laboratory where they were stored in
a refrigerator at 4°C for four (4) weeks for analysis. In the laboratory, endophytic and saprophytic fungi were isolated
using the fresh-state inoculation method for endophytic fungi and the suspension-dilution method for saprophytic fungi.
The isolated strains were identified by determining their macroscopic and microscopic characteristics. The
phytosanitary survey revealed that the most dominant symptom on amaranth plants in Kombé was wilting (42.86%).
The results obtained from the distribution of endophyte isolates by colour indicate the presence of 5 isolates of
unidentified endophytic fungi obtained from the leaf organ. Through isolation and microscopic analysis of soil
saprophytes, six genera of fungi were identified: Botrytis cineara, Rhizoporus sp, Penicillium sp, Mucor sp, Scedospirium
sp and Curvularia sp.
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1. Introduction

Market garden crops are leafy vegetables, fruits, roots and tubers used for food and industrial needs [1]. In Africa,
vegetables are an important component of daily diets [2]. They are also the most important component of the human
diet at all stages of life [3].

In Central Africa, amaranth is widely grown in market gardens [4]. It can produce up to 40 tons (t) of fresh matter/ha
in 3-5 weeks [3]. Amaranth is a popular leafy vegetable with a high economic value. According to market studies, it
appears to be one of the main African leafy vegetables, probably the leading one in terms of both volume and area [5].

In Congo, amaranth is a widely consumed leafy vegetable with a high nutritional value [6,7]. However, amaranth
production is not spared from pests attacks, which are limiting factors in production [2]. Biological pests can cause
damage to parts of the plant or to the whole plant. Fungi are one of the main causes of disease in amaranth. They are
responsible for around 70% of crop diseases [8]. Amaranth mould and damping-off are the main fungal diseases of
Amaranthus. Amaranth mould is caused by the fungus Choanephora cucurbitarum, it has been causing necrosis on
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leaves, young stems and petioles of Amaranthus in Congo since 1990 [4]. The causal agents of damping-off in amaranth
are cryptogams fungis Pythium aphanidermatum and Rhizoctonia solani Kiihn. These two fungi attack many species of
vegetable plants and are responsible for wilting the plant [6]. These fungi are a limiting factor in amaranth cultivation.
These cryptogam fungi are a limiting factor in amaranth cultivation. Although attacks due to fungal diseases have been
widely reported in market gardening sites in the Republic of Congo in general and in the city of Brazzaville in particular,
very little work have been done on characterising the fungi responsible for these diseases, particularly in amaranth.

The aim of this study is to assess the abundance of endophytic and saprophytic fungi associated with amaranth
cultivation in Brazzaville in order to recommend biological control of fungal diseases.

2. Material and methods

2.1. Plant material

The plant material consisted of local varieties of Amaranthus hybridus. These varieties are popular with the local
population and are grown by market gardeners at the Agricongo centre in Kombé.

2.2. Laboratory equipment

The laboratory equipment consisted of Bacto* MALT EXTRACT and Agar agar for the preparation of the Malt Agar
culture medium.

2.3. Determination of the prevalence of fungi associated with amaranth

A phytosanitary survey was carried out over three (3) days from August 26-28, 2021 among 25 market gardeners at
the Agricongo centre in Kombé. The survey was carried out among 25 randomly selected growers on the site and who
primarily grow amaranth. They were interviewed using a semi-structured questionnaire. The questionnaire focused on
the following parameters: farm characterisation and health assessment at the survey site.

Each plot was carefully examined to assess the number of plants attacked by the diseases and the extent of the damage.
Some plants showing symptoms of attack were taken for careful laboratory examination. A total of 15 samples of
amaranth plants were collected from the site and stored in a refrigerator at 4°C for four (4) weeks for analysis.

For the amaranth plants and the soil, samples were taken from the available growing beds belonging to the growers
selected during the survey. Each amaranth plant sample was followed by soil sampling using a spade in the horizon of
the beds from which the amaranth plants were collected. Samples were collected from all the beds showing symptoms
on the pigweed plants. After each amaranth sampling, the soil surface was cleared of debris and then sampled to a depth
of 15 cm. Each plant and its soil were placed separately in different stomacher bags, labelled and shipped to the
laboratory, where they were stored in a refrigerator at 4°C for four (4) weeks for analysis.

2.4. Isolation of endophytic and saprophytic fungi associated with amaranth cultivation

The associated fungi were isolated on Malt agar medium. For its preparation, 10 g of agar agar and 20 g of malt (Bacto*
malt extract) were mixed in a 1000 mL Erlenmeyer flask. This mixture was then suspended in 500 mL of distilled water
and autoclaved at 121°C for 15 minutes.

2.4.1. Isolation of endophytic fungi

A plant fragment of a plant taken was washed twice with sterile distilled water. It was then disinfected with 90°C alcohol.
One minute later, the organ was rinsed again with sterile distilled water to remove any trace of alcohol and dried with
sterile blotting paper. The leaves, roots and crown were then cut separately cut into small fragments with a sterile blade
and placed in petri dishes containing Malt agar medium. The Petri dishes were placed in an inverted position and
incubated in an oven at a temperature of 28°C for five (5) days [8].

2.4.2. Isolation of saprophytic fungi

The suspension-dilution method has been used to isolate soil fungi [9,10]. The principle involves suspending the soil in
sterile water, then incorporating different dilutions of this suspension into the isolation medium [11].

To prepare the diluted suspensions, 10 g of soil was suspended in 90 mL of sterile distilled water. The solution was
stirred for 1 hour on a magnetic stirrer and then left to settle for 2 minutes. The suspension obtained corresponds to

1262



World Journal of Advanced Research and Reviews, 2024, 23(03), 1261-1271

the stock solution (10! dilution) from which other dilutions were prepared up to 10-9 (decimal dilution). The transition
from one dilution suspension to another was made by taking care of changing the cones or tips of the 1000 pL
micropipette.

To incorporate the different dilutions of these suspensions into the isolation medium, the method used was spread
plating. This involved depositing 0.1 mL of the inoculum on the surface of the agar and spreading it until homogenisation
on the surface of the culture medium [12]. Only dilutions -1, -3, -5, -7 and -9 were used for inoculation. Using a sterile
Pasteur pipette, the inoculum was spread on malt agar medium in three replicates. The Petri dishes were incubated in
an inverted position at 28°C for seven (7) days until the fungi developed well.

After incubation, counting consisted of counting the colonies present on the working dilution. The count was carried
out macroscopically, taking into account the characteristics of the colonies on its medium. The number of Colony
Forming Units (CFU) was determined according to the formula:

Number of colonies X Final dilution factor
UFC = - - R ¢
Dry weight of soil

The pure colonies obtained were transferred to screw tubes containing malt agar medium, inclined so as to obtain
abundant colonies. Each tube was then labelled according to the information on the original Petri dish and stored in the
refrigerator.

Isolates were identified using two classic techniques according to [13,14].

2.5. Characterization of the endophytic and saprophytic fungi associated with amaranth

2.5.1. Macroscopic identification of endophytes and saprophytes

This identification was based on several aspects that are visible to the naked eye:

e the appearance of the colonies: filamentous fungi form fluffy colonies with a thick, woolly, velvety or flaky
texture,

o the relief of the colonies: they may be flat, raised, cerebriform or striated,

o the size of the colonies: they can be small, extensive or invasive,

e growth rate: colony diameter is measured at 7 days: rapid: = 3 cm — moderate: between 1 and 3 cm — slow: <
1 cm),

e colony colour (front and back): the most common colours are olive-green, brown or black, white, yellow or red,

e pigments: diffusible or localised in the mycelium.

2.5.2. Microscopic identification of saprophytes

Microscopic examination of fungi is based on several methods. The most commonly used methods are the adhesive tape
method, the lactophenol method and the fresh state method. In our study, we used the fresh state method.

This method consisted of placing a drop of distilled water on the slide, then collecting and dissociating a sample of the
colony to be identified in the drop, covering the slide with a coverslip and observing with an immersion microscope
[15]. Observations were made using an immersion microscope at magnification (x 40). This type of identification is
essentially based on morphological studies of the mycelium (absence or presence of partitions, colour, differentiation,
etc.) and spores (shape, colour, texture of the walls, etc.) [16,17].

2.6. Statistical analysis

The data collected in the field were analysed using the computer-assisted statistical tool, using SPSS (Statistical Package
For Social Science) software version 22.0 and R software version 4.1.3. The statistical methods used are related to the
sampling methods and experimental design adopted. The normality of the residuals and the homogeneity of the
variances were verified. Two-factor analysis of variances (ANOVA) and linear correlations were performed. Means were
separated using the Student Newman and Keuls test and the Kruskal-Wallis test at the 5% probability threshold.
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3. Results

3.1. Occurrence of fungi associated with amaranth cultivation

3.1.1. Plant health survey

Figure 1 shows that the most common symptom found on amaranth plants in Kombé is wilting (42.86%), followed by

dry rot (P-dry) with a percentage of 23.81%. Other symptoms were yellowing (9.52%), rust spot (9.52%), mole rot (P-
mole: 4.76%) and spider web (4.76%).

Statistical analysis shows significant differences between the symptoms encountered at the Kombé Agricongo site (p <
0.05). The analysis of variance revealed four (IV) homogeneous groups (a, b, d, bc), the most significant of which were
wilt on boards amended with on poultry manure amended boards (group d) and dry rot (group bc) (Table I).

50.00 ~
45.00 A
40.00 A
35.00
30.00 4
25.00 A
20.00
15.00
10.00 +

5.00 A
0.00 .- -.L

Wilting  Yellowing Mole mould Dryrot  Small black Spot of rust Spider's web
grain

Prevalence of symptoms (%)

symptoms

Figure 1 Symptoms observed on amaranth plants at the Agricongo site in Kombé

Table 1 Symptoms observed on amaranth plants at the Agricongo site in Kombé

Symptoms N | Incidence (%)
Wilting 9 | 42.864+0.01
Yellowing 2 {09.52b+ 03
Mole mould 1|04.762+0.21
Dry rot 5 (23.81bc+0.02
Small black speck grain | 1 | 04.762+0.41
Spot of rust 2 109.52b+0.34
Spider’s web 1 |04.762+0.71

N= number of plants per crop. Numbers followed by distinct letters are statistically different at the P>0.05 threshold. Otherwise, numbers followed
by identical letters are not statistically different P > 0.05 according to the Student Newmann and Keuls test.

Table II shows that there is a weak positive correlation (0.083*) between the age of the plant and the symptoms
encountered. In short, the age of the plants had very little influence on the appearance of symptoms. On the other hand,
itis easy to observe a moderately positive correlation (0.33**) between density and the symptoms encountered, as well

as between density and the age of the plant (0.34**). Age and density are parameters that can influence the appearance
of symptoms (the disease).
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Table 2 Linear correlation between survey variables (Symptoms, age of plants (DAS) and density)

Symptoms | Age of plants (DAS) | Density

Symptoms encountered | 1
Age of plants (DAS) 0.083* 1
Density 0.33** 0.34** 1

DAS= Days after semi *= low correlation; **= mean correlation; Endophytic fungi isolated from amaranth

The total number of isolates varied according to the organs inoculated during the analysis (Figure 2). The number of
isolates was highest in leaves (25) compared to collars (23) and roots (7).
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Figure 2 Isolates according to the organs seeded

3.1.2. Saprophytic fungi isolated from amaranth soil

The results shown in Figure 3 highlight eight (8) species of saprophytic fungi present in the soil of Agricongo in Kombé.
The fungus ch1 was the most abundant in the soil, with an average value of 13333 x106, followed by ch6 (6667 x10°¢),
ch8 (6667 x10°), ch2 (33 x106) and ch4 (33 x10¢). On the other hand, the fungi ch3 (4 x10¢), ch5 (109), ch7 (0.33 x109)
were the least abundant in the soil. The statistical analysis shown in Table III reveals that there was no significant
difference between the CFU concentration of the different types of fungi found in the soil of Agricongo in Kombé (p-
value >0.05).
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Saprophytic fungi

Figure 3 Abundance of saprophytic fungi isolated from soil samples
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Ch: fungi (1, 2, 3,4,5, 6,7, 8).

Table 3 Abundance of saprophytic fungi isolated from soil samples

Fungus | UFC x10¢ |Standard deviation
chl 13333.332|5.25
ch2 33.332 7.74

ch3 4.002 1.00
ch4 33.332 7.74
ch5 0.672 1,15
ché 6666.672 |4.01
ch7 0.332 0.58

ch8 6666.672 |7.01

CFUx10¢ = number of fungal cells per fungus. Numbers followed by identical letters are not statistically different at the
threshold of P > 0.05, p-value = 0.7002 according to Kruskal-Wallis; Ch: fungus (1, 2, 3,4, 5, 6, 7, 8).

3.2. Characterisation of endophytic and saprophytic fungi

Figure 4 Macroscopic aspects of the five endophytic isolates

After incubation, a variety of mycoflora developed. Isolates were tested for purity by successive subculturing on malt
agar medium. Subculturing involved removing a mycelial fragment with a sterile loop and transferring it to the malt
agar medium. The inoculum was placed in the centre of the dish. The Petri dishes were incubated in an inverted position
at 28°C for 72 hours.

Based on the colour of the endophytic isolates, Figures 4 and 5 show that the isolates were divided into five (5) groups
according to the colour of the mycelial thallus and the type of organ sown. The group of green isolates contained the
highest number of isolates compared to all other groups. The results of the same figure show that for the group of green
isolates, the highest number of isolates was observed in the crown and the lowest number in the roots. As for the brown
isolates, their numbers in the leaf and crown were similar and higher than in the roots. For the red-white isolates, the
number at the level of the sown organs was as follows: leaf > crown > root. Next, the white group showed a total absence
of isolates in the roots and a higher number of isolates in the crown. Finally, the grey group showed the highest number
of isolates in the leaf and a similar number of isolates in the roots and crown.
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Table 4 Macroscopic and microscopic characteristics of saprophytic isolates found in the soil

Strain | Cultivation characteristics on malt agar Microscopic aspects Genres
code . L. L. identified
Side Inverser Description Our results Our results Photo | Description
reference
microscope
Ch1l Speed rate: moderate e P u Septate thallus Botrytis
colour: light blue- °  ; Unicellular, globose | cineara
green B , 2 a and clear conidia
white underside % » o
single, flat, powdery
colony
Ch2 speed of growth: fast Non-septic thallus. | Rhizoporus
colour: white reverse Presence of rhizoids, | sp
white presence of stolons,
single colony with globular sporocysts
aerial mycelium,
woolly and small black
dots
Ch3 speed of Septate thallus Pénicillium
growth: rapid Branched sp1
colour: yellow with conidiophores
white edges Unicellular conidia
pale yellow underside arranged in a long,
. oval, clear, diverging
single, flat, woolly .
chain
colony
Ch4 speed of Septate thallus Pénicillium
growth:  moderate, Branched spZ
colour: greyish green conidiophores
reverse white, single Unicellular conidia

flat powdery colony

arranged in a long,
oval, clear, diverging
chain
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Ch5 speed of Non-septate thallus Mucor sp
growth: rapid, colour: Conidia  unicellular,
dark brown reverse round and dark brown
white, single flat
granular colony

Ché speed of Non-septate thallus, | Scedospirium
growth: slow, colour: hig}_lIY brar.lched sp
initially white, then conidiophores with an
blue-green, aged ampuliform head and
white single flat, flaky round, green conidia.
colony Chlamydospores are

round.

Ch7 speed of Septate thallus Curvularia
growth: fast, colour: Curved conidia, multi- | SP
black reverse black, celled, multi-septate
single flat colony and black

Ch8 speed of Septate thallus Penicillium
growth: moderate, Branched sp3
colour: grey reverse conidiophore
grey, pigmented || Conidia oval,

single, flat, powdery
colony

unicellular, and clear
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Figure 5 Distribution of isolates by colour of mycelial thallus according to sown organs

Based on macroscopic observations of the colonies, eight (8) saprophytic fungi were identified on the saprophytic
isolates.

These fungi were identified according to the determination keys of [18]. On this basis, we defined the fungi representing
six (6) genera: Botrytis cineara, Rhizoporus sp, Penicillium sp, Mucor sp, Trichoderma sp and Curvularia sp. The results
are presented in the table below.

4. Discussion

The study assessed the abundance of endophytic and saprophytic fungi associated with amaranth cultivation in
Brazzaville, with a view to recommending biological control of fungal diseases. The results of the survey showed that
the most common and dominant symptom on amaranth plants in Kombé was wilt. There are several possible
explanations for the appearance of this symptom on the observed plants. The first is that the same species are grown
on the same plots. The results of the previous crops that we obtained after the surveys support this first hypothesis and
confirm the hypothesis put forward by [19], which states that « in a good crop rotation, the health of the soil is preserved
in the long term and the pressure of diseases and pests is kept at a low level ». The second hypothesis is the quality of
the organic amendment. The addition of organic fertiliser enriches the soil with organic supplements and stimulates the
development of micro-organisms. Unreasonable and uncontrolled use, without taking into account the different
phenological stages of the crop and their needs, can lead to an upsurge in bio-aggressors [20]. Based on research into
the impact of fertilisation and on plant resistance, [21,22] show that susceptibility to infestation increases with
fertilisation. The remaining hypotheses are the sanitary quality of the plant material used (seed) and the presence of
outbreaks in the environment of the plots. It should also be noted that the permanent presence of plant cover in
neighbouring plots provides the most favourable conditions for the development of wilt pathogens. These results were
almost similar to those of [23], who worked on integrated disease management. In his field, the symptoms manifested
themselves as yellowing and wilting of the leaves, gradually leading to complete necrosis of the foliage.

The appearance of the symptoms observed on amaranth plants is weakly correlated with the age of the plants. This
means that age cannot be a factor influencing the appearance or spread of the disease observed in young plants in the
field. On the other hand, amaranth crops become more attractive and more exposed to pathogens (diseases) gradually
as plant density increases. This high density can also facilitate the rapid spread of a contagious disease, as well as the
intra-specific competition between plants that is responsible for their susceptibility to attack. These results corroborate
those obtained by [24], which show a highly significant positive relationship between stomatal density and the severity
of cercosporiosis at different phenological stages of the plant.

As for the isolation and characterisation of the isolates, the results of our analyses showed that the greatest number of
isolates was observed at the leaf level. This high level of occurrence could be explained by foliar attacks by parasitic
fungi. The results obtained from the distribution of endophyte isolates by colour indicate the presence of five
undetermined fungal species in the samples taken at Agricongo in Kombé. This can be explained by the richness and
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diversity of the fungal populations sampled. Our results are almost similar to those obtained by [25] who, following the
isolation of endophytic fungi from date palm (Phoenix dactylifera L.), recorded a total of 485 fungal endophyte isolates
from 630 root fragments used.

According to the results of the Kruskal-Wallis test, we then identified six (6) saprophytic genera from the analysis of the
soil samples taken at Agricongo in Kombé: Botrytis cineara, Rhizoporus sp, Pénicillium sp, Mucor sp, Scedospirium sp and
Curvularia sp. The presence of these fungal genera can be explained by the richness of the soil studied in organic matter,
proteins and sugars provided by plant and animal residues. Our results are similar to those of [26], which revealed the
presence of thirteen fungal genera in a soil sample from an orchard to know: Aspergillus, Rhizopus, Alternaria,
Ulocladium, Aureobasidium, Phoma, Mucor, Circinella, Torula, Memnoniella, Cladosporium, Bipolaris and Penicillium.

5. Conclusion

The abundance of fungi associated with amaranth cultivation was assessed at the agriCongo centre in Kombé. The
phytosanitary survey revealed that the most dominant symptom on amaranth plants in Kombé was wilting (42.86%).
Isolation on malt agar medium revealed five (5) isolates of endophytic fungi undetermined obtained from the leaf organ.
Eight (8) saprophytic fungi were found in soil samples collected at the Agricongo centre in Kombé. These fungal genera
were statistically analysed using a Kruskal-Wallis test, which showed six (6) saprophytic genera to know: Botrytis
cineara, Rhizoporus sp, Pénicillium sp, Mucor sp, Scedospirium sp and Curvularia sp.
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