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Abstract 
Tomato (Solanum lycopersicum Mill) is a staple fruit vegetable widely grown 
worldwide for its rich nutrients including vitamins, minerals and proteins. In 
spite of its importance, yield and fruit quality in Buea, Cameroon is quite low 
compared to other countries. Pests and diseases are responsible for these li-
mitations. Those of high importance are pinworm (Tatu absoluta) and Fusa-
rium wilt respectively. Synthetic chemicals have been used to manage this 
pest/disease on tomato but this has not been very successful because of high 
cost and unavailability of these chemicals. Botanicals are known to have an-
ti-microbial properties. 10% Leeks and marigold extracts were applied to to-
mato plants one week after planting. Five treatments were replicated four 
times in a randomized complete block. They include a control, a synthetic 
insecticide, leeks extract, marigold extract, and leeks/marigold extracts. 
Growth and yield parameters were evaluated and data obtained was analysed 
by descriptive statistics and ANOVA. Results showed that more tomato plant 
leaves were recorded in the leeks + marigold treatment (54) which differed 
significantly (P = 0.05) from the control (45). More fruits were harvested in 
the leeks + marigold treatment (32) which differed significantly (P = 0.05) 
from the control (18). Pinworm numbers were significantly higher in control 
(6) (P = 0.05) than the other treatments. Numerous leaf damage was observed 
in control (20) which differed significantly (P = 0.05) across treatments. More 
fruit damage was seen in control (14) and differed significantly (P = 0.05) 
from the other treatments. The least disease incidence was noted in Leeks + 
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Marigold treatment (27.5%), and the most in control (72.5%) which differed 
significantly (P = 0.05) across treatments. Fusarium oxysporium and Fusa-
rium semitectum were identified. There was a significant difference in pa-
thogen number in control compared to other treatments. Thus leeks and ma-
rigold extract increased yield of tomato by mitigating the effects of leaf miner 
and fusarium wilt.  
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1. Introduction 

Tomato is a Solanaceae that originates from the Andes, modern-day Chile, Boli-
via, Ecuador, Colombia, and Peru [1]. China was the highest world tomato pro-
ducer in 2017, and Cameroon ranked 20th with annual production of 1,068,495 
[2]. This edible and nutritious fruit vegetable is a staple in Cameroon that is 
grown both on a small and commercial scale by local farmers. Tomato contains 
vitamins A, B, C and D; minerals including iron, calcium. It also has carbohy-
drate, proteins, water and cellulose 

Nonetheless, the full production potential of this crop has been limited due to 
several factors, including insect pests like the fruit fly, fruit borer, whitefly and 
diseases like tomato blight, rot, leaf spot, wilt, and mildew [3] [4] [5] [6]. The 
most critical pest limiting production of tomato is the tomato leaf miner Ta-
tuabsoluta which recently spread to Africa [5] [7] and a soil-borne systemic 
fungus (Fusarium oxysporium) [4]. In Cameroon, three regions (Northeast, 
West, and South) were reportedly affected by pinworm (Tatu absulata), with se-
vere yield loss of 80% - 100% [8] [9] [10]. Fusarium oxysporium, on the other 
hand, causes wilting on tomato plants that result in loss of up to 80% in highly 
infested fields. The quest to increase tomato production has led to uncontrolled 
use of synthetic pesticides [11] [12]. 

Pesticides used by farmers in Cameroon for managing diseases are not limited 
to the production stage alone but extend to postharvest storage [13], as tomato is 
cultivated over intensive application of synthetic pesticides [11]. The incessant 
exploit of these non-natural pesticides helps curb the pest but has setbacks like 
ecological backlash of three “Rs” (Resistance, Resurgence and Replacement) [14] 
[15]. The use of synthetic pesticides inevitably leads to the presence of residues, 
which unfortunately deteriorates the health of farmers, consumers, and the qual-
ity of the environment [16] [17] [18]. Again, the high cost of imported synthetic 
pesticides makes it difficult for local farmers to purchase them. For instance, the 
annual cost of synthetic pesticides for controlling the most important tomato 
pests has been estimated at US$3.25 billion. They are not always available and 
expensive [19]. 
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Therefore, plant disease/pest management alternatives that are environmen-
tally friendly, without side effects on humans, and economically affordable to 
farmers are needed to improve yield and fruit quality [20] [21] [22]. Plant bioac-
tive extracts are known to have anti-microbial and anti-insecticidal properties 
which are ecologically friendly, available, durable, affordable and effective for 
pest/disease management. This is because, plants synthesize hundreds of chemi-
cal compounds for various functions including defense and protection against 
insects, fungi, diseases and herbivorous mammals [23] [24]. Therefore, this work 
aims at evaluating extracts of botanicals (10% Leek extract, 10% Marigold ex-
tract, and 10% Marigold/Leek extract) in controlling tomato leaf miner and fu-
sarium wilt as a cost-effective and eco-friendly alternative to synthetic pesticides. 

2. Materials and Methods 
2.1. Description of Experimental Site 

This research was carried out at the University of Buea, Faculty of Agriculture 
and Veterinary Medicine Teaching and Research Farm. The location of the site 
is at the foot of Mount Cameroon, Southwest Region, situated between latitudes 
3˚27' and 4˚27'N and longitude 8˚58' and 9˚25'E and at an elevation of about 500 
to 1000 m above sea level. Buea has a mono-modal rainfall regime with 86% rel-
ative humidity and sunshine between 900 to 12,000 hours per annum. The dry 
season starts from October to March, and the rainy season from March to Sep-
tember, with a mean annual rainfall of 2800 mm. The mean monthly air tem-
perature ranges from 19˚C - 30˚C, and soil temperature at 10 cm depth decreas-
es from 25˚C to 15˚C. The soil is derived from weathered volcanic rocks domi-
nated by silt and clay [25] [26] [27]. 

2.2. Botanical Extracts Preparation and Management of Leaf  
Miner 

Botanical extracts were prepared from fresh leaves of pot marigold and Leek. Pot 
marigold leaves were harvested from the surroundings, and the mint leaves were 
weighed by using an electronic balance (S METTLER) to obtain 200 g. Water 
extract of botanicals was prepared as follows; 200 g of the fresh pot marigold 
leaves were blended in a kitchen blender and mixed with 2 L of distilled water. 
25 g detergent (SABA power detergent manufactured by PACIFIC INTER-LINK 
Malaysia) was added to the mixture and kept for 24 hours at room temperature. 
The mixture was then filtered through a 250-micron sieve to obtain liquid ex-
tracts from the plant. Fresh leeks (wild leeks) were bought from the local Muea 
market. The same procedure for preparing marigold extract was used to prepare 
leek extract. The third treatment was a 50:50 combination of leek and pot mari-
gold. The extracts were sprayed directly after preparation without diluting with 
the aid of a knapsack sprayer. Synthetic insecticide, Emamectin benzoate 50 g/kg 
at a rate of 7.5 g/15l and diluted in water. All applications were done weekly 
from the first week after planting until flowering. 
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Establishment of tomato nursery 
A ridge measuring 2 m by 1 m was raised to 20 cm high with a hoe. 15 kg of 

poultry manure was mixed on the mound. The ridge was disinfected by spread-
ing 5 g of Terbufos mixed with 80 g of Mancozeb in a 15 L of water knapsack 
sprayer. 10 g of Cobra F1 26 hybrid seeds were then broadcasted on the raised 
bed. Watering was done before and after broadcasting. The ridge was covered 
with plantain leaves to initiate a microclimate for rapid germination and re-
moved three days after germination. 

2.3. Experimental Design 

Meter tape was used to measure 210 m2 of the experimental field. The field was 
manually cleared and sprayed with systemic herbicide. Five treatments were rep-
licated four times in a randomized complete block experimental design (Figure 
1). Twenty plots measuring 2 m × 2 m were demarcated and raised 25 cm high 
with hoe. Replicates plots were segregated by 0.5 m and a replicate to another by 
1 m. Spacing of 50 cm × 75 cm were used to marked the planting spots and pegs 
were placed at the spots giving 3 inter and 4 intra rows with 12 stands per plot.  

2.3.1. Transplanting of Tomato Seedlings 
Transplanting was done in the evening periods, between 4 - 6 pm by hand three 
weeks after seeding on the nursery and when seedlings had at least four true 
leaves. The nursery beds were watered for 2 hours before transplanting into the 
experimental plots according to the planting distance and treatments (Table 1). 
Two seedlings were planted per stand, giving 24 plants per experimental plot. 
 

 

Figure 1. Randomize complete block design with five treatments and four replicates. 
 
Table 1. Treatments. 

Codes Treatments 

T1 Control 

T2 Synthetic pesticide 

T3 Leeks extract 

T4 Marigold extract 

T5 Leek + Marigold extract 
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2.3.2. Maintenance of Tomato Crop 
Nutrients Provided for the Growth/Yield of Tomatoes 

Immediately after transplanting, watering was done, and the pattern was main-
tained every evening at 5 pm when it did not rain or if there was a decrease in 
soil moisture due to increased sunshine. 40 g of poultry manure was applied at 
the planting spots two weeks before transplanting and 3 weeks after transplant-
ing. Mineral amendment (N:P:K—20:10:10) was used in a ring form at a rate of 
10 g per stand. 

2.4. Data Collection 
2.4.1. Vegetative, Pinworm Damage, and Yield Data 
Data collection started three weeks after transplanting (WAT) and continued 
weekly. Data was collected from five tagged plants per experimental plot. Data 
collected were; leaf number, damaged number of leaves by pinworms, number of 
fruits harvested, and number of fruits damaged by pinworms.  

2.4.2. Disease Data Collection  
1) Inspection of Field and Samples Collection for Identification  
The experimental field was visited weekly, three weeks after planting, to ob-

serve wilt symptoms on plants. Infected materials were collected from each plot, 
labeled based on treatment, plot number and symptom type. Samples collected 
were put in zip-locked bags before being taken to the University of Buea Faculty 
of Science Laboratory for Fusarium identification studies. Sample collection and 
transportation were done following plant quarantine guidelines. The samples 
were stored in a cold room and fusarium identification was done using diagnos-
tic keys of Rayner [28] and Kirk et al. [29]. 

2) Methods; Isolation and Identification of Fusarium 
The preparation of samples was as described by Summerell et al. [30]. Glass-

ware were washed using detergent, while dipping scalpels, cork borer, inocula-
tion needles into 70% ethanol before applying red hot flame from the burner for 
sterilization. Beakers, agar plates and pipettes were sterilized at 120˚C in an oven 
for one hour and allowed to cool. Before samples were plated on semi solid Po-
tato Dextrose Agar (PDA), powering of the laminar flow was done for 2 hours. 1 
L conical flask with distilled water was used to suspend PDA in a water bath and 
heated at 50˚C for 20 minutes, subsequently autoclaved for 20 minutes at 121˚C 
for sterilization and stored at 4˚C in the refrigerator after cooling. 

As directed by Summerell et al. [30], about 2 mm2 of plant tissue was cut using 
sterile scissors. It was washed in tap water and sterilized for 5 minutes in a solu-
tion of 1% Sodium hypochlorite. A 9 cm diameter Petri-dish was used to rinsed 
the plant tissue with distilled water four times at a one-minute interval. Sepa-
rated plating of four pieces of the planting material was done at the edges of Pe-
tri-dish containing Potato Dextrose Agar (PDA) and the other on a selective 
medium for isolating Fusarium, Peptone-Pentachloronitrobenzene (PPA). Mi-
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croscopic examination and colony characteristics procedure were as described 
by Agbor et al., 2022 while description of micro conidia, and colony were done 
according to Kirk et al. [29], Rayner’s morphological chart [28] and Hawsksworth 
et al. [31] 

( ) number of nfected plants 100
Total number of

Incidence of
 sampled pla

 disea
nts

se % = ×  [32]. 

Abundance = Number of isolated individual pathogens per total number of 
samples collected per treatment. 

2.5. Data Analysis 

Data collected were subjected to descriptive statistics and they were keyed into 
Microsoft Excel spreadsheet 2016, after which they were transferred into com-
patible software, IBM SPSS Statistics for Windows (SPSS v26). Variables were 
exposed to univariate analysis of variance (ANOVA, P < 0.05) to test the effect of 
treatments (n = 5) as categorical predictors. Significant means were separated by 
Duncan Multiple Range Test (DMRT) P = 0.05.  

3. Results 
3.1. Effect of Treatments on the Number of Leaves and Fruits of  

Tomato 

The number of leaves of the tomato plant ranged from 45 to 54 leaves per plant 
(Figure 2) and differed significantly (F4,11 = 4.674, P = 0.012) athwart treatments, 
likewise more number of leaves in leeks + marigold treatment (54) and fewest in 
control (45) (Figure 2). The number of fruits of tomato ranged from 18 to 32 
per plant (Figure 3) and differed significantly (F4,11 = 15.466, P = 0.000) athwart 
treatments, with the highest in synthetic insecticide treatment (32) and lowest in 
control (18) (Figure 3). 
 

 

Figure 2. Effect of treatments on the number of leaves of tomato. Different letter columns 
are significantly different (P < 0.05), Duncan Multiple Range Test. 
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Figure 3. Effect of treatments on the number of fruits of tomato. Different letter columns 
are significantly different (P < 0.05), Duncan Multiple Range Test. 

3.2. Treatment Effect on Pinworms Number and Their Damage on  
Leaves and Fruits 

The number of pinworms ranged from 2 to 6 per plant (Figure 4) and differed 
significantly (F4,11 = 17.909, P = 0.000) among treatments, with the least in syn-
thetic insecticide treatment (2) and the most in control (6) (Figure 4). The 
number of leaves damaged ranged from 12 to 20 leaves per plant (Figure 5) and 
differed significantly (F4,11 = 5.671, P = 0.006) among treatments, with the least 
in leeks + marigold treatment (12) and the most in control (20) (Figure 5). The 
number of damaged fruits of tomato ranged from 7 to 14 per plant (Figure 6) 
and differed significantly (F4,11 = 6.137, P = 0.004) among treatments, with the 
least in synthetic insecticide treatment (7) and the most in control (14) (Figure 
6). 

3.3. Symptoms of Fusarium Wilt on Tomato 

Plant leaves lost turgidity and shriveled fallen downwards. The stem and bran- 
ches were weak and could not support the plant upright. The plant eventually 
withers and dies. Lesions and browning were noticed on infected roots and there 
was a general decrease in root hairs. Roots finally got rotted as the plant dies 
(Figure 7). 

Fungal Pathogens Morphological Features after Isolation and Culture 
Banana-shaped Fusarium oxysporium (FO) isolates had microconidia with three 
main septa and were foot-shaped at the basal cell. Their microconidia were 
elongated, uniformed and two-celled (Figure 8). Fusarium semitectum had a 
pale violet colony coloration on PDA. The microconidia had variable septations 
with 3 - 5 septa, single septate with 2-celled microconidium, polyphialides were 
paired, and the chlamydospores in chains (Figure 8 and Figure 9). 
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Figure 4. Effect of treatments on the number of pinworms on tomato. Different letter 
columns are significantly different (P < 0.05), Duncan Multiple Range Test. 
 

 

Figure 5. Effect of treatments on the number of damaged leaves of tomato. Different let-
ter columns are significantly different (P < 0.05), Duncan Multiple Range Test. 
 

 

Figure 6. Effect of treatments on the number of damaged fruits of tomato. Different letter 
columns are significantly different (P < 0.05), Duncan Multiple Range Test. 
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Figure 7. Wilt symptom on tomato plant. 
 

    
(a)                                (b) 

Figure 8. Fusariumoxysporium. (a) Microconidia which is foot-shaped at the basal end; 
(b) Elongated uniform two-celled microconidium. 
 

 
(a) 

    
(b)                                (c) 

Figure 9. Fusariumsemitectum. (a) Microconidia with variable septations; (b) Paired po-
lyphialidesseptations; (c) Chlamydospores in chains. 

https://doi.org/10.4236/as.2023.148068


T. T. Oben et al. 
 

 

DOI: 10.4236/as.2023.148068 1031 Agricultural Sciences 

 

3.4. Impact of Treatments on Wilt Disease Incidence of Fusarium  
and Abundance of Pathogen in Tomato 

Tomato disease incidence differed significantly (F4,15 = 12.132, P = 0.000) among 
treatments with the least in Leeks + Marigold treatment (27.5%) and the most in 
the control 72.5% (Figure 10). 

In Table 2, incidence of Fusarium oxysporium differed significantly (F4,15 = 
9.441, P = 0.001) among treatments with the mostin control (8) and the least in 
Leeks + Marigold treatment (4). Fusarium semitectum (FS) differed significantly 
(F4,15 = 12.132, P = 0.000) among treatments with the most in control (7) and 
least in Leeks + Marigold treatment (3). Overall, more of the fusarium pathogens 
were found in control (15), which differed significantly (F4,15 = 11.238, P = 0.000) 
among treatments and less pathogens seen in Leeks + Marigold treatment (7) 
(Table 2). 

4. Discussion 
4.1. Effect of Treatments on Tomato Number of Leaves and Fruit  

Yield 

The high number of leaves and the number of fruits produced in the botanical  
 

 

Figure 10. Effect of treatments on tomato disease incidence. Different letter columns are 
significantly different (P < 0.05), Duncan Multiple Range Test. 
 
Table 2. Effect of treatments on the abundance of tomato fungi pathogens. 

Treatment 
Fusarium 

oxysporium (FO) 
Fusarium 

semitectum (FS) 
Total 

pathogens 

Control 8 ± 0.5a 7 ± 0.5a 15 ± 1.0a 

Synthetic insecticide 4 ± 0.5b 3 ± 0.5b 7 ± 1.0b 

Leeks extract 5 ± 0.5b 4 ± 0.5b 9 ± 1.0b 

Marigold extract 4 ± 0.5b 3 ± 0.5b 8 ± 1.0b 

Leeks + Marigold extract 4 ± 0.5b 3 ± 0.5b 7 ± 1.0b 

Values within the column with the same letters are not significantly different according to 
Duncan Multiple Range Test, P < 0.05. 
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treatments illustrate their ability to control pinworm and fusarium wilt disease 
of tomato plants. This allows the plants to produce more leaves, increasing the 
photosynthesis surface, translating to more fruits [33]. Coincidentally, other 
narratives have demonstrated compelling results of botanical extracts eloquently 
increasing crop productivity compared to none treated crops [34]. The fewer 
leaves and fewer fruits in control showcase the absence of a defense mechanism 
against pinworm and fusarium wilt disease, thus giving them a leeway to devour 
the crop, drastically reducing their performance [24]. It can also be noticed that 
the botanical extract, especially the Leeks + marigold extract treatments, has very 
comparative effects on the performance of tomato plants to that of synthetic in-
secticide, as also seen in other works [35] [36]. Pinworm alone has been shown 
to reduce up to 80% - 100% of tomato fruit yield, meaning its control in the ap-
plied treatment plants massively boosted their performance [10]. While fusa-
rium wilt damage can amount to 80 % of crop loss, it is evident in this study that 
the treatments successfully mitigated the disease effect, which conforms with 
other views [6].  

4.2. Effect of Treatments on Tomato Number of Pinworm, Leaves,  
and Fruits Damaged 

The reality that the applied strategies managed the malicious pinworm infesta-
tions more than the control treatments means that they effectively limit its 
damage. Particularly with the botanicals, this efficacy in abating pinworm results 
from secondary metabolites they harbor [23] [37]. Leeks contain the compound 
saponins and allicin, while Marigold subsumes geraniol [24] [38]. These com-
pounds could have worked as neurotoxins, inhibiting acetylcholinesterase and 
octopamine, inflicting insect dysfunction and dead [39] [40]. This led to reduced 
pinworm infestation in botanical extract treatments. Botanical extracts of leeks 
and marigold have been evinced to exhibit pest-control potential [35]. The re-
duced number of pinworms has translated to few leaves and fruits damaged in 
the administered treatments, while control treatments suffer the consequence of 
no form of applied control measure [41]. Looking at these results, the botanical 
extracts had overall comparative performance in suppressing tomato pinworm 
and limiting damage to leaves and fruits with synthetic insecticide; however, 
they are substantially unique from the control, which is in line with preceding 
articles [42] [43]. Botanical extracts derived from leeks and marigold have 
shown evidence for pest control, and their effectiveness against insects has been 
reported [35] [36]. The dominant force of synthetic insecticide over leeks and 
marigold extracts is affiliated to their broad spectrum of activity [44]. 

4.3. Impact of Treatments on Wilt Disease Incidence 

Fusarium wilt disease on tomato plants caused by Fusarium oxysporium and fu-
sarium crown and root diseases caused by Fusarium semitectum (FS) is the most 
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devastating soil-borne diseases of tomato [4]. They occur worldwide in the field 
and lead to significant losses in tomato production. From this study, the identi-
fication of the symptoms of lesions, browning, loss of turgidity, and wilting of 
leaves, as well as the isolation of the fungal pathogens, enabled a clear view of the 
compelling actions of the botanical treatments in combating the disease which is 
consistent with Agbor et al. [6]. Further laboratory investigations of the fungal 
isolates gathered, including cultural attributes observed on PDA such as the mi-
croconidia with mainly three septa and foot-shaped at the basal cell and a pale 
violet colony coloration confirmed the pathogens Fusarium oxysporium and 
Fusarium semitectum. The high pace of disease incidence in control depicts the 
absence of a diseases regulation system, in this way reassuring diseases to mul-
tiply openly, while the opposite was found in different therapies applied with 
minimal frequency in the leeks and marigold extracts confirming their pesticidal 
properties [4] [33] [45]. Swarmed leaves investigation uncovers two parasitic 
fungal pathogens devouring tomato plants’ coherent development, resulting in 
infections that decrease yield [6]. It can be seen that leeks and marigold extract 
limit the mischief brought about by these fungal pathogens altogether [46] [47]. 
This outcome is in line with the speculation of this study. 

5. Conclusion 

This study reveals the biocontrol efficacy of leeks and marigold botanical ex-
tracts in limiting pinworm and fusarium wilt on tomato plants. The botanicals 
massively reduced the disease incidence, the number of pinworms, leaves, and 
fruits damaged, as well as increased the number of leaves and fruits of the toma-
to plants, affirming their pesticidal potential under field conditions. These re-
sults allow resource-poor farmers to use leeks and marigold botanical extracts as 
a source of effective and affordable biocontrol eco-friendly alternatives to syn-
thetic insecticide in managing pests and diseases of tomato. 

Acknowledgements 

We are grateful to the Ministry of Higher Education of Cameroon and the Fa-
culty of Agriculture and Veterinary Medicine (FAVM) of the University of Buea, 
Cameroon, for their support towards the realisation of this work. 

Authors’ Contributions  

This work was carried out in collaboration with all authors. Author DTA pro- 
cessed data, performed statistics, and literature searches, and wrote the first 
manuscript draft. Author GTM, DBA, EETB and EAE designed and established 
field trials, collected data, and performed literature searches. Author TTO did 
laboratory analysis, coordinated field site, manuscript preparation, and con-
ducted literature searches.  

The final manuscript has been read by all authors. 

https://doi.org/10.4236/as.2023.148068


T. T. Oben et al. 
 

 

DOI: 10.4236/as.2023.148068 1034 Agricultural Sciences 

 

Conflicts of Interest 

The authors say they have no conflicting interests regarding this paper.  

References 
[1] Melomey, L.D., Danquah, A., Offei, K.S., Ofori, K., Danquah, E. and Osei, M. (2019) 

Review on Tomato (Solanum lycopersicum, L.) Improvement Programmes in Gha-
na. In: Nyaku, S.T. and Danquah, A., Eds., Recent Advances in Tomato Breeding 
and Production, 49 p. https://doi.org/10.5772/intechopen.75843 

[2] Food and Agriculture Organization Corporate Statistical Database (FAOSTAT) 
(2018) Online Statistical Database of the Food and Agriculture Organization of the 
United Nations, 2018. http://www.fao.org/faostat/en/#data/TP  

[3] Ntonifor, N.N., Nsobinenyui, D.N., Fokam, E.B. and Fontem, L.A. (2013) Develop-
ing an Integrated Management Approach for the Fruit Fly Dacus Punctatifrons on 
Tomatoes. American Journal of Experimental Agriculture, 3, 470-481.  
https://doi.org/10.9734/AJEA/2013/3846 

[4] Bakeer, T.R.A., El-Mohamedy, S.R., Saied, M.N. and Abd-El-Kareem, F. (2016) 
Field Suppression of Fusarium Soil Borne Diseases of Tomato Plants by the Com-
bined Application of Bio Agents and Chitosan. Biotechnology Journal International, 
13, 1-10. https://doi.org/10.9734/BBJ/2016/24985 

[5] Rwomushana, I., Beale, T., Chipabika, G., Day, R., Gonzalez-Moreno, P., Lamon-
tagne-Godwin, J., Tambo, J., et al. (2019) Tomato Leaf miner (Tutaabsoluta): Im-
pacts and Coping Strategies for Africa. CABI Working Paper 12.  

[6] Agbor, D.T., Oben, T.T., Afoh, L.T., Eboh, K.S., Kum, Y.F., Fon, C.T. and Dohnji, 
J.D. (2022) Comparative Study of Botanicals and Synthetic Insecticide on the Con-
trol of Insect Pests and Diseases of Cowpea. International Journal of Agriculture 
and Environmental Research, 8, 368-387. https://doi.org/10.51193/IJAER.2022.8212 

[7] Biondi, A., Guedes, C.N.R., Wan, H.F. and Desneux, N. (2018) Ecology, Worldwide 
Spread, and Management of the Invasive South American Tomato Pinworm, Tu-
taabsoluta: Past, Present, and Future. Annual Review of Entomology, 63, 239-258.  
https://doi.org/10.1146/annurev-ento-031616-034933 

[8] Shiberu, T. and Getu, E. (2017) Estimate of Yield Losses Due to T. absoluta Meyrick 
(Lepidoptera: Gelechiidae) on Tomato Crops under Glasshouse and Field Condi-
tions in Western Shewa of Central Ethiopia. International Journal of Fauna and Bi-
ological Studies, 4, 104-108.  

[9] Shiberu, T. and Getu, E. (2018) Evaluation of Bio-Pesticides on Integrated Man-
agement of Tomato Leafminer, Tuta absoluta (Meyrick) (Gelechiidae: Lepidoptera) 
on Tomato Crops in Western Shewa of Central Ethiopia. Entomology, Ornithology 
and Herpetology, 7, Article ID: 1000206. https://doi.org/10.4172/2161-0983.1000206  

[10] Food and Agriculture Organization (2018) Diagnostic Study of Postharvest Loss 
Reduction of Three Cassava Crops. Tomato, Potato Synthesis Report. 

[11] Tarla, N.D., Manu, N.I., Tamedjouong, T.Z., Kamga, A. and Fontem, A.D. (2015) 
Plight of Pesticide Applicators in Cameroon: Case of Tomato (Lycopersiconescu-
lentum Mill). Farmers in Foumbot. Journal of Agriculture and Environmental 
Sciences, 4, 87-98. 

[12] Tayoh, L., Kiyo, M.L.I. and Nkemnyi, M.F. (2016) Chemical Fertilizer Application 
and Farmers Perception on Food Safety in Buea, Cameroon. Agricultural Science 
Research Journal, 6, 287-295. 

https://doi.org/10.4236/as.2023.148068
https://doi.org/10.5772/intechopen.75843
http://www.fao.org/faostat/en/%23data/TP
https://doi.org/10.9734/AJEA/2013/3846
https://doi.org/10.9734/BBJ/2016/24985
https://doi.org/10.51193/IJAER.2022.8212
https://doi.org/10.1146/annurev-ento-031616-034933
https://doi.org/10.4172/2161-0983.1000206


T. T. Oben et al. 
 

 

DOI: 10.4236/as.2023.148068 1035 Agricultural Sciences 

 

[13] Galani, H.J., Houbraken, M., Wumbei, A., Djeugap, F.J., Fotio, D. and Spanoghe, P. 
(2018) Evaluation of 99 Pesticide Residues in Major Agricultural Products from the 
Western Highlands Zone of Cameroon Using QuEChERS Method Extraction and 
LC-MS/MS and GC-ECD Analyses. Foods, 7, Article 184.  
https://doi.org/10.3390/foods7110184 

[14] Silva, J.E., Assis, C.P.O., Ribeiro, L.M.S. and Siqueira, H.A.A. (2016) Field-Evolved 
Resistance and Cross-Resistance of Brazilian Tutaabsoluta (Lepidoptera: Gelechii-
dae) Populations to Diamide Insecticides. Journal of Economic Entomology, 109, 
2190-2195. https://doi.org/10.1093/jee/tow161 

[15] Agbor, T.D., Acha, A.D., Eboh, S.K., Morara, N.C., Dohnji, D.J., Teche, M.L. and 
Nkongho, N.R. (2022) Impact of Natural and Hand-Assisted Pollination on Cu-
cumber Fruit and Seed Yield. International Journal of Sustainable Agricultural Re-
search, 9, 76-86. https://doi.org/10.18488/ijsar.v9i2.2975 

[16] Brice, K.N.D., Bi Fai, P.A., Norbert, N.T. and Mbida, M. (2017) Environmental and 
Human Health Assessment in Relation to Pesticide Use by Local Farmers and the 
Cameroon Development Corporation (CDC), Fako Division, South-West Came-
roon. European Scientific Journal, 13, 454-473.  
https://doi.org/10.19044/esj.2017.v13n21p454 

[17] Manfo, F.P.T., Harthé, C., Nantia, E.A., et al. (2019) Biphenol A Differentially Af-
fect Male Reproduction Function Biomarker in a Reference Population and Agro-
peticide Use in Djuitita, Cameroun. Toxicology and Industrial Health, 35, 324-335.  
https://doi.org/10.1177/0748233719838437  

[18] Galani, Y.J.H., Houbraken, M., Wumbei, A., Djeugap, J.F., Fotio, D., Gong, Y.Y. 
and Spanoghe, P. (2020) Monitoring and Dietary Risk Assessment of 81 Pesticide 
Residues in 11 Local Agricultural Products from the 3 Largest Cities of Cameroon. 
Food Control, 118, Article ID: 107416.  
https://doi.org/10.1016/j.foodcont.2020.107416 

[19] Sola, P., Mvumi, B.M., Ogendo, J.O., Mponda, O., Kamanula, J.F., Nyirenda, S.P. and 
Stevenson, P.C. (2014) Botanical Pesticide Production, Trade and Regulatory Me-
chanisms in Sub-Saharan Africa: Making a Case for Plant-Based Pesticidal Products. 
Food Security, 6, 369-384. https://doi.org/10.1007/s12571-014-0343-7 

[20] Joseph, A., Ese, E.I.A., Ademiluyi, B.O. and Aluko, P.A. (2017) Efficacy of Selected 
Plant Extracts in the Management of Tomato Early Blight Disease Caused by Alter-
naria solani. Asian Journal of Plant Pathology, 11, 48-52.  
https://doi.org/10.3923/ajppaj.2017.48.52 

[21] Lengai, G.M.W., Muthomi, J.W. and Narla, R.D. (2017) Efficacy of Plant Extracts 
and Antagonistic Fungi in Managing Tomato Pests and Diseases under Field Con-
ditions. Journal of Agriculture and Life Sciences, 4, 20-27. 

[22] Birhan, A. (2018) Tomato Leafminer [(Tuta absoluta Meyrick) (Lepidoptera: Gele-
chiidae)] and Its Current Ecofriendly Management Strategies: A Review. Journal of 
Agricultural Biotechnology and Sustainable Development, 10, 11-24.  
https://doi.org/10.5897/JABSD2018.0306 

[23] Phrutivorapongkul, A., Kiattisin, K., Jantrawut, P., Chansakaow, S., Vejabhikul, S. 
and Leelapornpisid, P. (2013) Appraisal of Biological Activities and Identification of 
Phenolic Compound of African Marigold (Tagetes erecta) Flower Extract. Pakistan 
Journal of Pharmaceutical Sciences, 26, 1071-1076.  

[24] Gakuubi, M.M., Wagacha, J.M., Dossaji, S.F. and Wanzala, W. (2016) Chemical 
Composition and Antibacterial Activity of Essential Oils of Tagetes minuta (Aste-
raceae) against Selected Plant Pathogenic Bacteria. International Journal of Micro-

https://doi.org/10.4236/as.2023.148068
https://doi.org/10.3390/foods7110184
https://doi.org/10.1093/jee/tow161
https://doi.org/10.18488/ijsar.v9i2.2975
https://doi.org/10.19044/esj.2017.v13n21p454
https://doi.org/10.1177/0748233719838437
https://doi.org/10.1016/j.foodcont.2020.107416
https://doi.org/10.1007/s12571-014-0343-7
https://doi.org/10.3923/ajppaj.2017.48.52
https://doi.org/10.5897/JABSD2018.0306


T. T. Oben et al. 
 

 

DOI: 10.4236/as.2023.148068 1036 Agricultural Sciences 

 

biology, 2016, Article ID: 7352509. https://doi.org/10.1155/2016/7352509 

[25] Proctor, J., Edwards, I.D., Payton, R.W. and Nagy, L. (2007) Zonation of Forest Ve-
getation and Soils of Mount Cameroon, West Africa. Plant Ecology, 192, 251-269.  
https://doi.org/10.1007/s11258-007-9326-5 

[26] Manga, V.E., Agyingi, C.M. and Suh, C.E. (2014) Trace Element Soil Quality Status 
of Mt. Cameroon Soils. Advances in Geology, 2014, Article ID: 894103.  
https://doi.org/10.1155/2014/894103 

[27] Fomenky, N.N., Tening, A.S. and Mbene, K. (2017) Physicochemical Properties of 
Soils and Some Water Sources on the Eastern Flank of Mount Cameroon. African 
Journal of Environmental Science and Technology, 11, 219-236.  
https://doi.org/10.5897/AJEST2016.2248 

[28] Rayner, R.W. (1970) A Mycological Colour Chart. Commonwealth Mycological In-
stitute, Kew. 

[29] Kirk, P.M., Cannon, P.F., David, J.C. and Stalpers, J.A. (2001) Dictionary of the 
Fungi. 9th Edition, CABI, Wallingford. 

[30] Summerell, B.A., Salleh, B. and Leslie, J.F. (2003) A Utilitarian Approach to Fusa-
rium Identification. Plant Disease, 87, 117-128.  
https://doi.org/10.1094/PDIS.2003.87.2.117 

[31] Hawksworth, D.L., Kirk, P.M., Sutton, B.C. and Pegler, D.N. (1995) Ainsworth & 
Bisby’s Dictionary of the Fungi. 8th Edition, CAB International, Wallingford. 

[32] Anjorin, T.S., Jolaoso, M.A. and Golu, M.T. (2013) A Survey of Incidence and Se-
verity of Pests and Diseases of Okra (Abelmoschus esculentus L. Moench) and 
Eggplant (Solanum melongena L.) in Abuja, Nigeria. American Journal of Research 
Communication, 1, 333-349. 

[33] Pattnaik, M.M., Kar, M. and Sahu, R.K. (2012) Bioefficacy of Some Plant Extracts 
on Growth Parameters and Control of Diseases in Lycopersicum esculentum. Asian 
Journal of Plant Science and Research, 2, 129-142. 

[34] Nahak, G. and Sahu, K. (2017) Bio-Controlling Effect of Leaf Extract of Tagetes pa-
tula L. (Marigold) on Growth Parameters and Diseases of Tomato. Pakistan Journal 
of Biological Sciences, 20, 12-19. https://doi.org/10.3923/pjbs.2017.12.19 

[35] Ibrahim, T.B. and Kenawy, A.M. (2017) The Impact of Leek (Allihumampelopra-
sum L.) Extract on Prohemistomum vivax (Sonsino, 1892) Encysted Metacercariae 
in Clarias gariepenus Fish. Research Journal of Pharmaceutical, Biological and 
Chemical Sciences, 8, 607-617.  

[36] Mehdizadeh, T., Razavi, M. and EsmaeiliKoutamehr, M. (2019) The Effect of Wild 
Leek (Allium ampeloprasum) on Growth and Survival of Lactobacillus Acidophilus 
and Sensory Properties in Iranian White Cheese. Journal of Research and Innova-
tion in Food Science and Technology, 7, 431-444. 

[37] Tadele, S. and Emana, G. (2017) Effects of Crude Extracts of Medicinal Plants in the 
Management of Tutaabsoluta (Meyrick) (Lepidoptera: Gelechiidae) under Labora-
tory and Glasshouse Conditions in Ethiopia. Journal of Entomology and Nematol-
ogy, 9, 9-13. https://doi.org/10.5897/JEN2017.0169 

[38] Shakouri, M.J., Hassandokht, M.R., Jari, S.K., Larijani, K. and Ghanati, F. (2018) 
Studying the Morphological Properties, Nutrients, and Allicin Content of Iranian 
Taree Accessions (Allium ampeloprasum Taree Group). EurAsian Journal of BioS-
ciences, 12, 13-18.  

[39] Sing, Y., Gupta, A. and Kannojia, P. (2020) Tagetes erecta (Marigold)—A Review on 
Its Phytochemical and Medicinal Properties. Current Medical and Drug Research, 

https://doi.org/10.4236/as.2023.148068
https://doi.org/10.1155/2016/7352509
https://doi.org/10.1007/s11258-007-9326-5
https://doi.org/10.1155/2014/894103
https://doi.org/10.5897/AJEST2016.2248
https://doi.org/10.1094/PDIS.2003.87.2.117
https://doi.org/10.3923/pjbs.2017.12.19
https://doi.org/10.5897/JEN2017.0169


T. T. Oben et al. 
 

 

DOI: 10.4236/as.2023.148068 1037 Agricultural Sciences 

 

4, Article ID: 201. https://doi.org/10.53517/CMDR.2581-5008.412020201 

[40] Shahrajabian, M.H., Sun, W. and Cheng, Q. (2021) A Review of Leek (A. ampelo-
prasum L.), an Important Vegetable and Food Ingredient with Remarkable Phar-
maceutical Activities. Pharmacognosy Communications, 11, 9-12.  
https://doi.org/10.5530/pc.2021.1.3 

[41] Tibugari, H., Mombeshora, D., Mandumbu, R., Karavina, C. and Parwada, C. (2012) 
A Comparison of the Effectiveness of the Aqueous Extracts of Garlic, Castor Beans 
and Marigold in the Biocontrol of Root-Knot Nematode in Tomato. Journal of 
Agricultural Science and Technology, 8, 479-492. 

[42] Haddi, K., Turchen, L.M., Viteri Jumbo, L.O., Guedes, R.N., Pereira, E.J., Aguiar, R.W. 
and Oliveira, E.E. (2020) Rethinking Biorational Insecticides for Pest Management: 
Unintended Effects and Consequences. Pest Management Science, 76, 2286-2293.  
https://doi.org/10.1002/ps.5837 

[43] Stankovic, S., Kostic, M., Kostic, I. and Krnjajic, S. (2020) Practical Approaches to 
Pest Control: The Use of Natural Compounds. In: Kontogiannatos, D., Kourti, A. 
and Mendes, K.F., Eds., Pests, Weeds and Diseases in Agricultural Crop and Animal 
Husbandry Production, IntechOpen, London, 1-18.  
https://doi.org/10.5772/intechopen.91792 

[44] Barry, B.R., Ngakou, A. and Nukenine, E.N. (2017) Pesticidal Activity of Plant Ex-
tracts and a Mycoinsecticide (Metarhrizium anisopliae) on Cowpea Flower Thrips 
and Leaves Damages in the Field. Journal of Experimental Agriculture Internation-
al, 18, 1-15. https://doi.org/10.9734/JEAI/2017/37002 

[45] Vallisuta, O., Nukoolkarn, V., Mitrevej, A., Sarisuta, N., Leelapornpisid, P., Phruti-
vorapongkul, A. and Sinchaipanid, N. (2014) In vitro Studies on the Cytotoxicity, 
and Elastase and Tyrosinase Inhibitory Activities of Marigold (Tagetes erecta L.) 
Flower Extracts. Experimental and Therapeutic Medicine, 7, 246-250.  
https://doi.org/10.3892/etm.2013.1373 

[46] Phoofolo, M.W., Mabaleha, S. and Mekbib, S.B. (2013) Laboratory Assessment of 
Insecticidal Properties of Tagetes minuta Crude Extracts against Brevicoryne brassicae 
on Cabbage. Journal of Entomology and Nematology, 5, 70-76.  
https://doi.org/10.5897/JEN2013.0080 

[47] Hanawi, M.J. (2016) Tagetes erecta with Native Isolates of Paecilomyceslilacinus 
and Trichoderma hamatum in Controlling Root-Knot Nematode Meloidogyne ja-
vanica on Tomato. International Journal of Application or Innovation in Engineer-
ing and Management, 5, 81-88.  

 
 

https://doi.org/10.4236/as.2023.148068
https://doi.org/10.53517/CMDR.2581-5008.412020201
https://doi.org/10.5530/pc.2021.1.3
https://doi.org/10.1002/ps.5837
https://doi.org/10.5772/intechopen.91792
https://doi.org/10.9734/JEAI/2017/37002
https://doi.org/10.3892/etm.2013.1373
https://doi.org/10.5897/JEN2013.0080

	Botanicals, as a Sustainable Agroecological Alternative to Synthetic Pesticide for Controlling Leaf Miner (Pinworm) and Fusarium Wilt Disease of Tomato
	Abstract
	Keywords
	1. Introduction
	2. Materials and Methods
	2.1. Description of Experimental Site
	2.2. Botanical Extracts Preparation and Management of Leaf Miner
	2.3. Experimental Design
	2.3.1. Transplanting of Tomato Seedlings
	2.3.2. Maintenance of Tomato Crop

	2.4. Data Collection
	2.4.1. Vegetative, Pinworm Damage, and Yield Data
	2.4.2. Disease Data Collection 

	2.5. Data Analysis

	3. Results
	3.1. Effect of Treatments on the Number of Leaves and Fruits of Tomato
	3.2. Treatment Effect on Pinworms Number and Their Damage on Leaves and Fruits
	3.3. Symptoms of Fusarium Wilt on Tomato
	Fungal Pathogens Morphological Features after Isolation and Culture

	3.4. Impact of Treatments on Wilt Disease Incidence of Fusarium and Abundance of Pathogen in Tomato

	4. Discussion
	4.1. Effect of Treatments on Tomato Number of Leaves and Fruit Yield
	4.2. Effect of Treatments on Tomato Number of Pinworm, Leaves, and Fruits Damaged
	4.3. Impact of Treatments on Wilt Disease Incidence

	5. Conclusion
	Acknowledgements
	Authors’ Contributions 
	Conflicts of Interest
	References

