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Abstract 

Cassava (Manihot esculenta Crantz) is the second most important food crop in Côte d'Ivoire after yams. However, its production 

is threatened by the fungus Rhizopus sp., which causes cassava tuber rot. The chemical pesticides used to control these 

microorganisms pose a threat to the environment, as well as to the health of those who use and consume them. To minimize the 

damage caused by these substances, a study was conducted to evaluate the biological efficacy of aqueous extracts of Syzygium 

aromaticum, Allium sativum, Artemisia annua, Zingiber officinale and Tithonia diversifolia against Rhizopus sp. The extracts 

were tested at concentrations of 30, 60 and 90 g/L for their effect on mycelial growth and spore germination. The direct contact 

method in PDA medium was employed, and the results revealed that all the aqueous extracts exhibited an antifungal effect on 

mycelial growth and spore germination. The highest inhibition rates of mycelial growth and spore germination were obtained at 

90 g/L. Aqueous extracts of Syzygium aromaticum were the most effective, achieving a 100% inhibition rate, while those of 

Tithonia diversifolia had the lowest inhibition rates. 
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1. Introduction 

Cassava (Manihot esculenta Crantz) is an annual dicoty-

ledonous plant belonging to the Euphorbiaceae family, with 

tuberous roots that are rich in starch [1, 2]. In terms of 

plant-based food production, it ranks fourth in the world, 

behind maize, rice and wheat [3]. It is also the second largest 

source of caloric energy in developing countries [4]. 

Global cassava production was estimated at over 330 mil-

lion tonnes in 2022 [3], with West Africa producing around 

122 million tonnes a 3.4% increase compared to 2021 [5]. In 

Côte d'Ivoire, production is estimated to have exceeded 6.3 
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million tonnes in 2022. Cassava ranks second among food 

crops produced and consumed, after yams [1-6]. Production is 

widespread throughout the country, with significant activity 

in the south-east, west, and centre regions [6]. Côte d'Ivoire's 

annual cassava production has increased from 5.5 million 

tonnes in 2019 to 6.3 million tonnes in 2022 [3-7]. The av-

erage cassava yield is 8.9 tonnes per hectare in most African 

countries, accounting for 68.76% of global production [3]. 

Despite its importance, cassava production is subject to 

various biotic constraints. In Côte d'Ivoire, for example, these 

constraints have resulted in yield losses across almost all 

agroecological zones [8, 9]. These losses are primarily due to 

pests, viruses, bacteria, and pathogenic fungi [10, 11]. In the 

absence of phytosanitary treatments, they can reach 20 to 90% 

[1]. Pathogenic fungi are responsible for 30% of cassava root 

rot [12]. They penetrate the tuberous roots, producing extra-

cellular hydrolytic enzymes which degrade and discolor the 

tissue. This reduces the nutritional and commercial value of 

cassava [13, 14]. 

It is essential to introduce control methods to remedy the 

phenomenon of cassava root rot in Côte d'Ivoire. Synthetic 

chemicals have traditionally been the primary choice. How-

ever, this has resulted in pest resistance and adverse effects on 

human health and the environment [15, 16]. Using natural 

pesticides derived from local plants judiciously is an inter-

esting alternative for protecting crops, the environment, and 

living organisms [17]. These natural pesticides have produced 

convincing results in combatting crop pathogens [18, 19]. 

This study is in line with sustainable development objectives. 

It aims to evaluate the antifungal activity of five aqueous 

extracts against Rhizopus sp., the fungus responsible for soft 

rot of cassava tubers in Côte d'Ivoire. 

2. Materials and Methods 

2.1. Study Site 

The study was conducted at the Phytopathology Laboratory 

of the Root and Tuber Plant Program (RTPP) at the Research 

Station for Food Crops (SRCV) of the National Center for 

Agronomic Research (CNRA) in Bouaké. The laboratory is 

situated between the latitudes of 7°69' North and 5°03' West, 

at an altitude of 376 metres above sea level [20]. The station is 

bordered by the towns of Katiola and Dabakala to the north, 

Didiévi and Tiébissou to the south, M'bahiakro to the east and 

Béoumi, Sakassou and Botro to the west (Figure 1). The soils 

in the Gbêkê region are ferralitic and gravelly with a moder-

ately saturated, sandy-clay texture [21]. Bouaké lies in the 

transition zone between the southern forest zone and the 

northern savannah [22]. The climate is tropical and humid, 

with four distinct seasons: a long dry season from November 

to February, a long rainy season from March to June, a short 

dry season from July to August, and a short rainy season from 

September to October [23]. 

 
Figure 1. Map of the Gbêkê Region Showing the Study Area [24]. 

2.2. Fungal Material 

The fungal material consisted of isolates of the genus 

Rhizopus, a pathogen responsible for cassava root rot. Due to 

their virulence and aggressiveness, fungal isolates of the 

genus Rhizopus sp. were used in vitro testing (Figure 2). 

 
(a) Front view; (b) Rear view. 

Figure 2. Fungal Material. 

2.3. Plant Material 

The plant material used consisted of pods of Allium sativum 

L., rhizomes of Zingiber officinale, flower buds of Syzygium 

aromaticum L., the aerial parts (stem and leaves) of Artemisia 

annua L., and leaves of Tithonia diversifolia (Table 1 and 

Figure 3). These components were used to prepare aqueous 

extracts. 
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Table 1. Plant Material Collected. 

Common name Botanical name Collected part 

Clove Syzygium aromaticum Flower buds 

Ginger Zingiber officinale Rhizomes 

Wormwood Artemisia annua Stem and leaves 

Mexican sunflower Tithonia diversifolia Leaves 

Ail Allium sativum pods 

 
Figure 3. Plant Material Used for Preparing Aqueous Extracts. 

a. Clove (Syzygium aromaticum); 

b. Garlic (Allium sativum); 

c. Ginger (Zingiber officinale); 

d: Wormwood (Artemisia annua); 

e: Mexican sunflower (Tithonia diversifolia). 

2.4. Preparing Culture Media and Aqueous 

Plant Extracts 

2.4.1. Preparing the Culture Medium and Purifying 

the Fungal Isolates 

The PDA medium was used to isolate the pathogenic fungi 

responsible for cassava root rot. To prepare one litre of PDA 

medium, add 20 g of potato puree or flakes, 20 g of glucose 

and 20 g of agar to one litre of sterile distilled water. The 

solution was homogenized using a magnetic stirrer, after 

which it was sterilized in an autoclave at 121°C for 30 minutes 

at 1 bar pressure. Once cooled, the culture medium was dis-

tributed into 9 cm diameter Petri dishes under a laminar flow 

hood in the presence of a supercooled flame. Petri dishes 

containing PDA medium were used to purify fungal isolates. 

This process involved repeatedly inoculating the Rhizopus sp. 

fungus onto a new sterile culture medium under aseptic con-

ditions in a laminar flow hood with a supercooled flame [25]. 
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2.4.2. Preparing Aqueous Plant Extracts 

Maceration technique 

The maceration technique was employed for the leaves of 

Tithonia diversifolia and the aerial parts of Artemisia annua. 

The leaves and stems of these plants were dried at a laboratory 

temperature of 25 ± 2°C for 28 days. After drying, they were 

ground in a blender to produce fine powder. Then, one litre of 

sterile distilled water was added to 300 g of the powder from 

each plant, and the mixture was homogenized using a mag-

netic stirrer for 30 minutes. The powder and water mixtures 

were stored in bottles away from light for 48 hours. The 

solutions were then filtered through a fine muslin cloth to 

remove plant debris [26]. The resulting filtrates constituted 

the stock solutions (Figure 4). 

Grinding technique 

This grinding technique was applied to Allium sativum pods, 

Zingiber officinale rhizomes, and Syzygium aromaticum dried 

flower buds. This involved grinding the pods, rhizomes and 

flower buds in a blender with sterile distilled water. For every 

150 g constituent used, 50 ml of sterile distilled water was 

added while blending. After mixing, the resulting solutions 

were pressed using a fine muslin cloth (Figure 3). These 

solutions were diluted prior to application. 

Amendment of the PDA culture medium using aqueous 

plant extracts 

For the in vitro tests, a stock solution of 300 g/l was diluted 

to produce three daughter solutions containing 30%, 60% and 

90% of the original solution [27]. 

Medium 1: 50 ml of PDA medium without an aqueous ex-

tract (control). 

Medium 2: 45 ml of PDA medium + 5 ml of aqueous ex-

tract, giving a final concentration of 30 g/L. 

Medium 3: 40 ml of PDA medium + 10 ml of aqueous ex-

tract to obtain a medium at 60 g/L. 

Medium 4: 35 ml of PDA medium + 15 ml of aqueous ex-

tract to obtain a medium at 90 g/L. 

The final solutions were equally distributed (10 ml each) 

into five Petri dishes [28]. 

 
a: Artemisia annua; b: Tithonia diversifolia; c: Zingiber officinale; d: Allium sativum; e: Syzygium aromaticum. 

Figure 4. Stock Solution of Aqueous Plant Extracts. 

Contact with fungal inoculum 

The fungal inoculum was placed in pre-prepared Petri 

dishes. These dishes contained a mixture of plant extracts and 

PDA medium, except for the control dish. To better evaluate 

the biological efficacy of the extracts, two diagonals were 

drawn (Figure 5) on the back of the Petri dishes [29]. Using a 

sterile cookie cutter, a 7 mm fungal inoculum was taken and 

placed at the intersection of the diagonals [30]. This inoculum 

was taken from a 7-day-old fungal culture. The amended 

dishes were stored in transparent trays in the laboratory. Data 

were collected every 24 hours to measure mycelial growth 

according to extract concentration. Data collection ceased 

when the controls filled the Petri dishes [31]. For each aque-

ous solution, the control concentrations (C1 at 30 g/L, C2 at 

60 g/L and C3 at 90 g/L) were repeated three times, with five 

boxes for each concentration. Thus, sixty Petri dishes were 

used for each aqueous solution and three hundred for the five 

solutions in total. 

 
Figure 5. Diagram Showing How the Device Measures the Radial 

Growth of Fungal Colonies Using Two Perpendicular Axes Under-

neath the Petri dish. 
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2.5. Evaluation of the Biological Efficacy of 

Aqueous Extracts on the Macroscopic 

Characteristics of Rhizopus sp 

Description of the macroscopic characteristics of Rhizopus 

sp., on the medium amended with aqueous extract: observa-

tions began on the first day of the experiment and continued 

until the last day. These characteristics included the appear-

ance and color of the mycelium colonies, which were cate-

gorized according to the treatments (aqueous extracts and 

concentrations). To improve the description, these character-

istics were compared with the control. 

2.6. Evaluation of the Biological Efficacy of 

Aqueous Extracts on the Growth 

Parameters of Rhizopus sp 

The growth parameters were the average diameter, growth 

rate, and mycelium growth inhibition. The average mycelial 

growth diameter was calculated using the formula developed 

by Boungab et al., in 2014 [32]. 

    [(     )   ]       

D1 and D2 are the two perpendicular diameters of myce-

lium growth. DE is the diameter of the explant and Dm is the 

average mycelium growth diameter. 

The mycelium Growth Speed (GS) was obtained using the 

formula developed by Alem and Amrouche in 2016 [28]. 

    [     ]   [     ]  [     ]     [(      

 )   ]  

D: Diameter of the growth zone each day (mm); T: Incu-

bation time (days); GS: Growth speed. 

Percentage inhibition was calculated using the sensitivity 

formula developed by Kumar et al., in 2007 [33]. 

  ( )   [(     )   ]       

I (%): percentage inhibition of mycelium growth. Dt (mm): 

average diameter in the control box (without extract). Dx 

(mm): average diameter in the test box (with extract). 

The level of resistance or sensitivity of the fungus Rhizopus 

sp. to aqueous extracts was assessed using the rating scale 

developed by Kumar et al., in 2007 [33]. This scale is sum-

marized into five levels: 

Level 1 corresponds to an inhibition rate greater than 90% 

(I > 90%), indicating the aqueous extract is highly effective. 

Level 2 corresponds to an inhibition percentage between 75 

and 90% (75 < I < 90%), indicating good efficacy. 

Level 3 corresponds to an inhibition percentage between 60 

and 75% (60 < I < 75%), indicating average efficacy. 

Level 4 corresponds to an inhibition percentage between 40 

and 60% (40 < I < 60%), indicating low efficacy. 

Level 5 corresponds to an inhibition percentage below 40% 

(I < 40%), indicating very low efficacy. 

2.7. Evaluation of the Biological Efficacy of 

Aqueous Extracts on the Sporulation of 

Rhizopus sp 

The biological efficacy of the extracts on Rhizopus sporula-

tion was evaluated on the seventh day of the experiment. The 

7-day-old fungal inocula were collected using a sterile 7 mm 

diameter cookie cutter and placed in pill dispensers containing 

10 ml of sterile distilled water under a laminar flow hood and in 

the presence of a flame. Four fungal discs were collected per 

treatment. The pill bottles were placed on a vortex at 2,800 rpm 

for five minutes to thoroughly detach the spores (conidia). The 

resulting spore suspension was filtered using Wattman paper to 

remove mycelial fragments [34]. After filtration, the number of 

spores was counted in 10 µl of spore solution using a Malassez 

cell according to the diagonal method. After counting, the 

number of spores was estimated in millilitres (ml). The formula 

developed by Kumar et al., in 2007 [33] was then used to 

determine the inhibitory activity and biological efficacy of the 

aqueous extracts and concentrations. The formula is as follows: 

  R ( )   [(𝑁𝑆𝐶  𝑁𝑆 ) 𝑁𝑆𝐶]       

SIR (%): Sporulation Inhibition Rate; NSC: Number of 

Spores in the Control colony; NST: Number of Spores in the 

Test colony. 

2.8. Statistical Analysis 

The data collected from the tests were entered into a 

computer using Excel 2016 software and analysed using 

Statistica version 7.1. A one-way analysis of variance 

(ANOVA 1) model with a classification criterion was used to 

compare the effect of the aqueous plant extracts on each other, 

as well as the effect of each concentration on the growth 

parameters and sporulation of Rhizopus sp. A significant 

difference was observed between the aqueous plant extracts at 

a probability of less than 0.05 (P < 0.05). Tukey's HSD test 

was therefore used to identify homogeneous groups at a 

significance level of 5%. These analyses enabled the average 

diameters of Rhizopus sp. mycelium growth and inhibition 

rates, as well as the efficacy level of the plant extracts, to be 

grouped into two or three homogeneous groups according to 

the concentrations of the aqueous extracts. 

3. Results 

3.1. Effect of Aqueous Extracts on the 

Macroscopic Characteristics of Rhizopus sp 

The appearance of the mycelium of Rhizopus sp. on PDA 
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medium amended with aqueous extracts varied according to 

the concentration of the extract used. Mycelium was observed 

for all concentrations of Zingiber officinale and Tithonia 

diversifolia extracts. They were whitish in color with a cot-

tony appearance throughout the experiment. These observa-

tions were made for all concentrations of T. diversifolia 

(Figure 6). The Zingiber officinale colonies remained un-

changed (Whitish) throughout the three tests with concentra-

tion C3. This contrasted with concentrations C1 and C2, 

which caused the colonies to darken from the second day of 

the experiment (Figure 7). Mycelial colonies of Artemisia 

annua extracts were observed at concentrations of C1 (30 g/l) 

and C2 (60 g/l). These colonies were white on the third day of 

the experiment (Figure 8). 

 
Figure 6. Appearance and Coloration of Rhizopus sp. Mycelium on a 

Medium Amended with Tithonia diversifolia. 

 

Figure 7. Appearance and Coloration of Rhizopus sp. Mycelium on a 

Medium Amended with Zingiber officinale. 

 
Figure 8. Appearance and Coloration of Rhizopus sp., Mycelium on 

a Medium Amended with Artemisia Annua. 

Except for the C1 concentration of Allium sativum, the 

mycelium colonies of the genus Rhizopus sp., were unable to 

germinate (Figure 9). The germinated colonies exhibited a 

consistent macroscopic appearance throughout the test. Re-

gardless of the concentration, Syzygium aromaticum extracts 

caused incompatibility during the interaction between the 

extract and the fungal inoculum (Figure 10). The control 

boxes exhibited a whitish coloration with a cottony appear-

ance at the onset of growth, subsequently turning greyish 

upon maturity. These boxes exhibited characteristics similar 

to concentrations C1 and C2 of Zingiber officinale extract, 

which resulted in the colonies turning black from the second 

day of the test onwards. 

 
Figure 9. Appearance and Coloration of Rhizopus sp. Mycelium on a 

Medium Amended with Allium Sativum. 
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Figure 10. Appearance and Coloration of Rhizopus sp. Mycelial 

Colonies on a Medium Amended with Syzygium Aromaticum. 

3.2. Effect of Aqueous Plant Extracts on the 

Growth of Rhizopus sp. Mycelium 

Growth of Rhizopus sp. mycelium as a function of aqueous 

extract concentrations 

The average mycelium growth diameter also varied as a 

function of aqueous extract concentrations (Table 2). The 

smallest diameters were obtained at concentrations C1, C2 

and C3 of S. aromaticum extracts, at concentrations C2 and 

C3 of A. sativum extracts, and at concentration C3 of A. annua 

extracts. The largest average diameters of Rhizopus sp. my-

celium growth were, however, recorded for concentrations C1 

and C2 of T. diversifolia, followed by concentration C1 of Z. 

officinale, and the smallest diameters were obtained in the 

media control without aqueous extracts. 

Table 2. Average Diameter of Rhizopus sp. Mycelium Growth as a Function of Aqueous Extract Concentration. 

Aqueous extracts 

Concentration 

C1 C2 C3 

S. aromaticum 0,0000 ± 0,0000 a 0,0000 ± 0,0000 a 0,0000 ± 0,0000 a 

A. sativum 0,6600 ± 0,0300 b 0,0000 ± 0,0000 a 0,0000 ± 0,0000 a 

A. annua 1,0500 ± 0,0600 c 0,5500 ± 0,0300 b 0,0000 ± 0,0000 a 

Z. officinale 2,7400 ± 0,1400 c 1,0400 ± 0,0500 b 0,2100 ± 0,1000 a 

T. diversifolia 4,0600 ± 0,2100 c 3,3300 ± 0,1700 b 2,3000 ± 0,1200 a 

Control 9,0000 ± 0,4500 a 9,0000 ± 0,4500 a 9,0000 ± 0,4500 a 

Average 2,9200 2,3200 1,9200 

Probability (P) < 0,0001 < 0,0001 < 0,0001 

Values followed by the same letter on the same line are statistically equal at the α = 0.0001 threshold. 

Average growth rate of Rhizopus sp. mycelium as a func-

tion of aqueous extract concentrations 

The average growth rate of Rhizopus sp. varied depending 

on the concentration of the aqueous extract. Regardless of the 

extract used, the rate of mycelium growth decreased as the 

concentration increased. Compared to the control (C0), no 

growth was observed with the Syzygium aromaticum-based 

aqueous extract. The Allium sativum extract caused a de-

crease in the mycelium growth rate from 27.28 mm/day to 

0.33 mm/day at concentration C1. No mycelium was observed 

at concentrations C2 and C3. By contrast, the Tithonia diver-

sifolia aqueous extract at C3 concentration induced a decrease 

in the growth rate from 27.28 to 7.88 mm/day (Figure 11). 
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Figure 11. Average Speed of Mycelial Growth Depends on the Aqueous Extracts. Rate of Inhibition of Rhizopus sp. Mycelium Growth and 

Level of Plant Extract Efficacy Based on Aqueous Extract Concentrations. 

The rate at which Rhizopus sp. mycelium growth was in-

hibited varied according to the concentration of the aqueous 

extract (Table 3). The highest inhibition rates were obtained 

with concentrations C1, C2 and C3 of S. aromaticum, C2 and 

C3 of A. sativum, and C3 of A. annua. The lowest inhibition 

rates were recorded with concentrations C1 and C2 of T. 

diversifolia and concentration C1 of Z. officinale aqueous 

extracts. According to Kumar et al. (2007), concentrations C1, 

C2 and C3 of S. aromaticum, C2 and C3 of A. sativum, and 

C3 of A. annua were very effective, while concentrations C1 

and C2 of T. diversifolia were very ineffective. 

Table 3. Inhibition Rate of Mycelium Growth (%) and Level of Efficacy of Plant Extracts According to the Concentrations of Aqueous Extracts. 

Aqueous extracts. 

Concentrations Level of efficacy 

C1 C2 C3 C1 C2 C3 

S. aromaticum 100,0 ± 0,00 a 100,00 ± 0,00 a 100,00 ± 0,00 a VE VE VE 

A. sativum 89,12±2,03b 100,00 ± 0,00 a 100,00 ± 0,00 a EE VE VE 

A. annua 83,03±2,55 c 90,86± 2,55 b 100,00 ± 0,00 a EE VE VE 

Z. officinale 54,52±6,26 c 82,70±6,26 b 96,50±6,26 a ME EE VE 

T. diversifolia 32,85±4,28 c 45,01±4,28 b 62,00± 4,28 a VLE LE ME 

Control 0,00 ± 0,00 a 0,00 ± 0,00 a 0,00 ± 0,00 a VLE VLE VLE 

Average 59,92 69,76 76,42    

Probability (P) 0,05 0,05 0,05    

Inhibitions (%) classified according to the following scale: 1) VE (> 90% inhibition); 2) EE (> 75-90% inhibition); 3) ME (> 60-75% inhibi-

tion); 4) LE (> 40-60% inhibition) and 5) VLE (< 40%). VE = Very Effective, EE = Effective, ME = Moderately Effective, LE = Less Effective, 

VLE = Very Less Effective. 

Values followed by the same letter on the same line are statistically equal at the α = 0.05 threshold. 

3.3. Effect of the Aqueous Extracts on the 

Sporulation of Rhizopus sp. and Their 

Respective Levels of Effectiveness 

The rate of spore germination inhibition varied according to 

concentration (Table 4). The efficacy of the aqueous extracts 

on the sporulation of Rhizopus sp. was interpreted according 

to the scale of Kumar et al., in 2007 [33]. Concentrations C1, 

C2 and C3 of Syzygium aromaticum, C2 and C3 of Allium 

sativum and C3 of Artemisia annua induced an inhibition rate 

of 100%. The C3 concentration of Zingiber officinale induced 
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an inhibition rate of 80.42%, which was lower than that ob-

served in previous interactions. The lowest level of efficacy 

was observed with the C1 concentration of Tithonia diversi-

folia. 

Table 4. The Inhibition Rate of Spore Germination and the Level of Efficacy of Plant Extracts. 

Aqueous extracts 

Concentrations Level of efficacy 

C1 C2 C3 C1 C2 C3 

S. aromaticum 100,00 ± 5,00 a 100,00 ± 5,00 a 100,00 ± 5,00 a VE VE VE 

A. sativum 42,70 ± 2,13 c 100,00 ± 5,00 a 100,00 ± 5,00 a LE VE VE 

A. annua 68,3 ± 3,41c 69, 72 ± 3,48 b 100,00 ± 5,00 a ME ME VE 

Z. officinale 56,35 ± 2,81 c 67,99 ± 3,39 b 80,42 ± 4,04 a LE ME EE 

T. diversifolia 23,62 ± 1,18 c 47,52 ± 2,37 a 49,84 ± 4,28 a VLE FE LE 

Control 00,00 ± 0,00 a 00,00 ± 0,00 a 00,00 ± 0,00 a VLE VLE VLE 

Average 48,50 64,20 71,71    

Probability (P) 0,05 0,05 0,05    

Inhibitions (%) classified according to the following scale: 1) VE (> 90% inhibition); 2) EE (> 75-90% inhibition); 3) ME (> 60-75% inhibi-

tion); 4) LE (> 40-60% inhibition) and 5) VLE (< 40%). VE = Very Effective, EE = Effective, ME = Moderately Effective, LE = Less Effective, 

VLE = Very Less Effective. 

Values followed by the same letter on the same line are statistically equal at the α = 0.05 threshold. 

4. Discussion 

The results of in vitro tests on aqueous extracts at different 

concentrations of S. aromaticum, A. sativum, A. annua, Z. 

officinale and T. diversifolia showed different biological 

activity against the fungus Rhizopus sp. These aqueous ex-

tracts induced effects on the appearance and colouration of 

colonies as well as on mycelial growth and spore germination 

of Rhizopus sp. The nature of their activity showed that these 

aqueous extracts may have antifungal properties [35, 36]. 

These properties may be due to secondary metabolites such as 

saponosides, flavonoids, tannins, quinones, alkaloids and 

polyterpenes produced by these plants [37, 38]. The variation 

in biological activity could be linked to the different chemical 

compounds contained within these aqueous extracts, as well 

as their concentrations within the culture media. 

The efficacy of the extracts in influencing the appearance 

and color of Rhizopus sp. colonies varied according to the 

extract's concentration and type. The three concentrations of S. 

aromaticum and the two concentrations of A. sativum (C2 and 

C3) did not produce any colonies. Compared to the control, 

the three Z. officinale concentrations and the C1 and C2 A. 

annua concentrations had no effect on the appearance or color 

of Rhizopus sp. colonies. Colonies were recorded, initially 

appearing whitish; over time, the growth front remained 

whitish, and the center turned black. These observations can 

be explained by the ineffectiveness of Z. officinale and A. 

annua extracts in altering the color of Rhizopus sp. colonies. 

Similar results were obtained by Koua (2022), who showed 

that Z. officinale-based extracts have no effect on the colora-

tion of Aspergillus sp. mycelium. [39]. For the three T. di-

versifolia extract concentrations and the A. sativum C1 con-

centration, Rhizopus colonies were recorded as being present 

in low numbers and remained white until the third day. These 

results could be due to these extracts' ability to modify the 

biological behaviour of Rhizopus sp., which corroborates 

Koua's 2022 work on the biological modification of fungi 

according to the biological activity of aqueous extracts [39]. 

The biological efficacy of the aqueous extracts on the 

mycelium growth of Rhizopus sp. varied depending on the 

type and concentration of the extract. Aqueous extracts of S. 

aromaticum, A. sativum and A. annua have demonstrated 

excellent efficacy and may contain secondary metabolites that 

exhibit antifungal properties. Similar results were obtained by 

Guyenot in 2003 for S. aromaticum extracts. They demon-

strated the presence of eugenol in these extracts [40]. 

It is the main secondary metabolite of S. aromaticum and 

can dissolve in aqueous media, causing the destruction of 

microbial cell walls. This explains its effectiveness in inhib-

iting the growth of Rhizopus sp. Other studies conducted on A. 

sativum have shown the presence of allicin in these extracts 

[41]. Allicin is the primary secondary metabolite found in 

garlic cloves. It may act on mycelial hyphae, causing them to 

lose rigidity and cell wall integrity. This could result in my-

celia collapsing and dying [42]. Furthermore, studies con-
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ducted by Bhattarai in 2016 on A. annua revealed that the 

presence of artemisinin in these extracts was responsible for 

their antifungal activity [43]. This could explain their an-

tiparasitic and antifungal activities, including against Plas-

modium falciparum. Studies on Z. officinale have shown that 

ginger juice has antifungal properties thanks to gingerols, and 

ginger extracts have been found to moderately inhibit the 

mycelial growth of Rhizopus sp. Gingerols are thought to be 

secondary metabolites with the ability to inhibit fungal hy-

phae and slow their growth [44]. 

The extract of T. diversifolia showed low efficacy, which 

could be due to the fungus's resistance to the active ingredi-

ents or the low concentration of bioactive compounds in the 

medium. Studies by Tona in 2000 showed that T. diversifolia 

leaves contain sesquiterpenes, saponins, and alkaloids [45]. In 

summary, the dose-response principle indicated by Fofana in 

2020 is observed by increasing the doses of the extracts [46]. 

The biological efficacy of aqueous extracts on the mycelial 

growth and spore germination of Rhizopus sp. varied de-

pending on the extracts and their concentrations. Indeed, these 

extracts contain active ingredients that have an antifungal 

effect on the mycelium of Rhizopus. Our results are consistent 

with those of Camara in 2007 and Tuo in 2022, who demon-

strated in their respective studies that plant extracts exhibit 

insecticidal, fungicidal and bactericidal properties [47, 48]. 

Their effectiveness in promoting spore germination could also 

be explained by the spores being completely immersed in the 

medium. The active ingredients in the aqueous extracts appear 

to act on multiple sites on the spores. These results demon-

strate that media based on these extracts are not conducive to 

the germination of Rhizopus spores. This corroborates the 

2018 study by Khebbeb, which showed that inhibiting spore 

formation and germination is an effective indicator of a 

product's fungicidal properties [41]. The ability of allicin and 

artemisinin to prevent sporulation and hyphal growth could 

explain the inhibition of A. sativum and A. annua germination 

[49]. 

The aqueous extract of Z. officinale was found to partially 

inhibit sporulation. The dose-response principle described by 

Fofana in 2020 could explain why higher doses of Z. offici-

nale lead to greater inhibition of spore germination [46]. 

However, some studies have shown that Tithonia diversifolia 

leaves contain antifungal compounds [45]. Nevertheless, the 

low efficacy of T. diversifolia on Rhizopus sp. spore germi-

nation could also be explained by the low concentration of 

bioactive compounds. 

5. Conclusions 

This study evaluated in vitro efficacy of the following 

aqueous plant extracts against the fungus Rhizopus sp., 

which causes soft rot in cassava tubers: Syzygium aro-

maticum, Allium sativum, Artemisia annua, Zingiber of-

ficinale and Tithonia diversifolia. The biological activity of 

the aqueous extracts varied depending on the extract and its 

concentration in the PDA culture medium. Extracts of S. 

aromaticum, A. sativum, A. annua and Z. officinale exhib-

ited excellent efficacy in inhibiting the mycelial growth of 

Rhizopus sp., with complete inhibition occurring at con-

centration C3. In contrast, the T. diversifolia extract ex-

hibited weak efficacy at concentrations C1 and C2, be-

coming moderately effective at concentration C3. Re-

garding sporulation, the extracts of Syzygium aromaticum, 

Allium sativum and Artemisia were highly effective against 

the isolate. The Tithonia diversifolia extract showed low 

efficacy. All three S. aromaticum concentrations had a 

fungicidal effect. Concentrations C2 and C3 of A. sativum, 

as well as C3 of A. annua, had a fungistatic effect. 

These results are based solely on an in vitro study involving 

a single genus of fungus. Given the results obtained, it would 

be advisable to test the in vivo effect of these plant extracts 

and establish whether they are effective against other patho-

genic fungi responsible for cassava root rot. 
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