


Efficacy of lemon grass and mancozeb fungicide for the control of disease, growth and yield of tomato (Lycopersicum esculentum L.) in Enugu area, Southeast Nigeria

Abstract
The reliance on synthetic pesticides such as Mancozeb and others has been a common practice among farmers to mitigate these challenges. Mancozeb is a broad-spectrum fungicide widely used for controlling fungal diseases in various crops, including tomatoes. The present study aimed to explore the efficacy of lemon grass and mancozeb fungicide for the control of disease, growth and yield of tomato (Lycopersicum esculentum L.) in Enugu area, Southeast Nigeria.  The study was carried out at the teaching and research farm of the department of Agronomy and Ecological Management, Faculty of Agriculture and Natural Resources Management, Enugu State University of Science and Technology, Enugu. The experiment was carried out in 4x3 factorial design in a completely randomised design (CRD) with three treatment replications. The tomato seeds UC18B used for the experiment were obtained from a reputable agro shop in new market, Enugu State. The mancozeb (fungicide) was also procured from Homeland Agro-Chemicals in Ogbette main market Enugu. The bio-pesticides were produced locally. The two bio-pesticides, Lemon grass and Cissus araloides extract, were applied at the rate of 500 milliliter, and a synthetic pesticide (mancozeb) at the rate of 5 grams and 10 grams. Treatment application commenced four weeks after planting and continued till harvest. The result of the experiment showed a significant (p≤0.05) bio-pesticides treatment effect on mean number of leaves per plant, with the control having the highest mean of 52 leaves per plant and 10 gram of application of synthetic fungicide with the lowest mean value of 43 leaves per plant. There was no significant (p≤0.05) interaction effect on the mean number of leaves per plant. The bio-pesticides also showed significant (p≤0.05) treatment effect on mean number of flowers per plant whereas the treatment with 10 grams synthetic fungicide recorded the highest mean value of 4.2 flowers per plant, followed by lemon grass having the mean value of 4 flowers per plant and the control with the lowest mean value of 2 flowers per plant. There was a significant (p≤0.05) interaction effect on the mean of number of flowers per plant. The result also showed significant (p≤0.05) bio-pesticides effect on the plant height, with Cissus araloides having the highest mean value of 58 cm per plant and the control having the lowest mean value of 55 cm per plant. There was no significant (p≤0.05) interaction effect on the plant height. Furthermore the bio-pesticides showed significant (p≤0.05) treatment effect on the weight of fruit per pot whereas treatment with 10 grams synthetic fungicide recording the highest mean value of 4 kg per pot, followed by Cissus araloides having the mean value of 3.6 kg per pot and the control having the lowest mean value of 3 kg per pot. There was no significant (p≤0.05) interaction effect on the mean weight of fruit per pot. The results reveal that the biopesticide influenced the weight of fruits per pot at harvest. The mancozeb fungicide also had an effect on the weight of fruits per pot at harvest, and their interaction significantly impacted the weight of fruits per pot at harvest. It can be concluded that Lemon grass and Cissus araloides are environmental friendly bio-pesticides that can be used as alternatives to synthetic ones for disease control as well as promoting the growth and yield of tomatoes in Enugu State, Southeast Nigeria.
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INTRODUCTION
The prevention of the diseases is extremely significant for the crop of tomato. Practically, all the diseases are repressed adequately by the application of the chemical synthetic pesticides. However, the majority of the pesticides cost expensive and sometimes are very harmful for the human beings like for the environment, thus their use should be limited to the emergency cases (Biba et al., 2019). Tomato (Lycopersicum esculentum) is a crucial horticultural crop globally valued for its nutritional, economic, and culinary significance. In Nigeria, tomatoes play an integral role in the diet and are a primary ingredient in various traditional dishes. However, tomato production is plagued by numerous challenges, including pest infestations and diseases that significantly reduce yield and quality. Pests such as aphids, whiteflies, and tomato fruit worms, alongside diseases like leaf black spots and fruit rot, are prevalent and devastating to tomato crops (Adewale & Adeniran, 2020).
The reliance on synthetic pesticides such as Mancozeb and others has been a common practice among farmers to mitigate these challenges. Mancozeb is a broad-spectrum fungicide widely used for controlling fungal diseases in various crops, including tomatoes. Mancozeb is compatible with a wide range of crops, including fruits, vegetables, cereals, oilseeds, and ornamental plants. It can be used on both field crops and greenhouse-grown plants, making it a versatile fungicide for different agricultural practices (Emara et al., 2021). Its efficacy in managing diseases like leaf black spots and fruit rot has been well-documented (Ahmed & Johnson, 2019). However, the excessive use of non-bio-compounds has raised several concerns. These include environmental pollution, the development of pesticide resistance among pest populations, and potential health hazards to humans and non-target organisms (Akinsola & Fakorede, 2017).
In light of these concerns, there is a growing interest in sustainable and eco-friendly alternatives to synthetic pesticides. Botanical insecticides and natural plant extracts have emerged as promising candidates. Lemon grass (Cymbopogon citratus) and Cissus araloides are two plants that have garnered attention for their pesticidal properties. Studies have shown that lemon grass contains essential oils with potent insecticidal and fungicidal activities, making it a viable option for pest and disease management in crops (Abubakar&Abdullahi, 2018). Similarly, Cissusaraloides has demonstrated effectiveness in controlling various plant pests and diseases due to its bioactive compounds (Adewale&Adeniran, 2020).
This study aims to evaluate the efficacy of lemon grass, Cissusaraloides, and Mancozeb in controlling pests, leaf black spots, fruit rot, growth, and yield of tomato in Enugu, South Eastern Nigeria. The findings of this research work will contribute to the development of integrated pest management (IPM) strategies that are both effective and sustainable.
Tomato production in Enugu, South Eastern Nigeria, faces significant threats from pest infestations and diseases, resulting in substantial yield losses and economic hardship for farmers. The prevalent use of synthetic pesticides like Mancozeb, while effective in controlling diseases, poses several challenges. These include the potential for environmental contamination, health risks to farmers and consumers and the development of resistance among pest populations. There is an urgent need to explore and validate alternative pest and disease management strategies that are environmentally friendly, cost-effective, and sustainable. This study seeks to address these issues by evaluating the efficacy of lemon grass and Cissusaraloides, alongside Mancozeb, in managing pests and diseases in tomato cultivation.
MATERIALS AND METHODS
Description of the experiment.
The study was conducted at the instructional and research farm of the Department of Agronomy and Ecological Management, Faculty of Agriculture and Natural Resources Management, Enugu State University of Science and Technology, situated in Southeastern Nigeria. Enugu experiences a tropical climate with well-defined wet and dry seasons. The rainy period extends from April to October, with maximum rainfall occurring in June and September. The dry period covers November to March/April, marked by reduced humidity and minimal precipitation. The typical annual temperature fluctuates between 20°C and 30°C. The soil in Enugu predominantly consists of sandy loam, which is ideal for growing tomatoes.
Experimental Materials.
The tomato seeds used was variety UC18B. The seeds were obtained from a reputable seed store in Enugu State.
Fresh leaves of Lemon grass (Cymbopogon citratus) and Cissus araloides plant were collected from farms within the college vicinity. The synthetic insecticide, Mancozeb, that was used was sourced from a reputable agrochemical shop in the main market Enugu. Other materials include: hand held sprayer, measuring cylinders, weighing balance, sack, field notebook, pen, water, containers, mechanical grinder, honey, sieve and protective clothing (gloves, mask).

Land Preparation
The land was cleared manually and then marked using tape and rope. 20m x 10m (200m2) was mapped out for the experiment. 50 kg of soil was measured and placed in each sack and 5kilograms of poultry manure was mixed with soil in each sack and the pot were placed 2meter spacing them. 
Preparation of Plant Extract
Lemon Grass Extract:
Fresh leaves of lemon grass (Cymbopogoncitraus) was collected from a local farm, it was washed thoroughly with water to remove contaminants and air dried in a shaded area. The leaves were pulverized and 5 kg of the leaf powder was soaked in 30 liters of water. The mixture was then filtered through a sieve and the filtrate, which serves as the extract, was sprayed with honey on the top to prevent microbial activity. 
Cissusaraloides Extract:
Fresh leaves of Cissusaraloides were collected from a local farm, it was washed thoroughly with water to remove contaminants and air dried in a shaded area. The leaves were pulverized and 5 kg of the leaf powder was soaked in 30 liters of water. The mixture was then filtered through a sieve and the filtrate which serves as the extract, was sprayed with honey on top to prevent microbial activity. The extracts were now used in a 3-liter hand sprayer for treatment application on the designated pot. 

Treatment Application
Two weeks after transplanting, the plant extracts were applied on the designated pots using 3-liter capacity hand-held sprayer at a weekly interval till the time of harvest. Also, the synthetic fungicide mancozeb was applied according to the specifications 5 g and 10 g per 500milliliters of water on the designated pots using the hand sprayer under fairly calm weather. This is also done two weeks after transplanting till the time of harvest. The control pot received no treatment application.

Phytochemical Screening
Qualitative phytochemical test was performed on the plant extracts to detect the presence of bioactive compounds such as citral, geraniol, myrcene, and flavonoid in the plant leaves using standard laboratory methods following the procedures described by Ngbede et al., 2008.

Experimental Design and Field Layout
The research was carried out in a 4x3 factorial in a completely randomised design (CRD) with three replications.
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500mlCi = 500mililitres Cissusaraloides.
500mlLe = 500mililitre Lemon grass.
Ma = Mancozeb
G = Gram.
Number of plant per pot =3
Total number of plant in the field =108plants.
Number of replicates in the experiment = 36
Other Agronomic Practices
Sowing of Tomato seeds
Seeds of tomato UC18B were planted in a separate nursery bed, which was covered on the top to prevent direct heat from the sun. The seedlings are watered every morning to keep them hydrated. Seedlings of the same height and girth were picked and transplanted two weeks after emergence into the pots. They planted 3 seedlings in a pot with a spacing of 20cm x 20cm, making a total of 108 plants in the experimental area.

Weeding
Theremovalofweedswascarriedoutmanuallythroughhandpullingtechniquesat20days,40days,and60daysfollowingplantingtomitigatecompetitionfromunwantedvegetation.

Harvesting 
Harvesting of fresh tomato fruits was done at interval, early in the morning and the weight and other records were taken.
Disease Incidence
Number of leaves infested by black spot disease:This was accomplished by tallying the number of afflicted leaves at 20 days, 40 days, and 60 days post-planting.
Number of rotten fruits per plant: This was carried out by enumerating the number of spoiled fruits at 40 days and 60 days following planting.


Plant Growth Parameters
Number of leaves per plant: This was determined by counting the quantity of leaves per plant at 40 days and 60 days after planting. 

Number of flowers per plant: This was achieved by recording the number of blossoms per plant at 40 days and 60 days post-planting..
Plant height: This was assessed by measuring each plant's height using a measuring tape at 40 days and 60 days post-planting.
Yield Parameters
Number of fruits per plant: This was executed by tallying the number of fruits per plant at 40 days and 60 days following planting.
Fruit yield: This was measured by weighing the fruits harvested from each plant throughout the experiment duration. 

Statistical Analyses
The gathered data underwent examination through analysis of variance (ANOVA), and notable treatment means were distinguished using the least significant difference (FLSD), with all conclusions drawn at a 5% probability threshold, following Obi (2002).

RESULTS AND DISCUSSION
The findings derived from the experiments indicate that lemon grass extract proficiently managed diseases in tomatoes, mirroring the effectiveness of mancozeb. This aligns with the findings of Akinsola and Fakorede (2017). Additionally, the results reveal that Cissusaraloides extract shows promising potential in disease management, corroborating the findings of Eke and Nwosu (2020) that support the use of botanical insecticides as sustainable alternatives. This outcome can be attributed to the bioactive compounds present in lemon grass, including citral, geraniol, and myrcene, which have exhibited insecticidal and antifungal capabilities (Abubakar and Abdullahi, 2018). Research has demonstrated that lemon grass extract can effectively combat a wide array of pests and diseases in crops. Conversely, Cissusaraloides extract contains various bioactive compounds such as flavonoids, alkaloids, and tannins, which possess pesticidal and antimicrobial properties, according to Adewale and Adeniran (2020). Adewale and Adeniran (2020) also discovered that Cissusaraloides extract was effective in diminishing the population of prevalent tomato pests, noting that the bioactive compounds in the plant interfere with pests' feeding and reproductive behaviors by repelling them through unpleasant odors, thereby causing their decline. The results further indicate that mancozeb is highly effective in addressing fungal diseases in tomato plants, consistent with the findings of Daniel and Thompson (2016), which illustrated that regular applications of mancozeb significantly lowered the occurrence of tomato diseases, resulting in increased yields. The biopesticides had a notable impact on the number of flowers per plant at both 40 DAP and 60 DAP, suggesting a direct influence on the growth and development of the tomato plants. Additionally, mancozeb fungicide also impacted the number of flowers at both 40 DAP and 60 DAP, corroborating the report from Awere (2023) that demonstrated how regular applications of mancozeb enhance the growth and yield of cucumbers in the Enugu Area. Their interactions also affected the flower count per plant at 40 DAP and 60 DAP. The biopesticides also influenced the number of leaves per plant at 60 DAP. Although mancozeb fungicide impacted the number of flowers at both 40 DAP and 60 DAP, their interaction did not affect the leaf count at either measure. The biopesticides had a significant effect on plant height at 60 DAP, while the mancozeb fungicide significantly influenced plant height at both 40 DAP and 60 DAP, with their interaction showing no significant impact. The biopesticides affected the number of curled leaves per plant at 40 DAP, but there was no interaction effect on curled leaves at either time point. The biopesticide showed no impact on the number of premature plant deaths or rotten fruits at harvest time. Similarly, the mancozeb fungicide affected the number of prematurely dead plants and rotten fruits at harvest. Their interaction did not influence the count of premature dead plants or rotten fruits per plant at the time of harvest. Furthermore, the results reveal that the biopesticide influenced the weight of fruits per pot at harvest. The mancozeb fungicide also had an effect on the weight of fruits per pot at harvest, and their interaction significantly impacted the weight of fruits per pot at harvest. 

CONCLUSION
Taking into consideration all the growth and yield parameters recorded in the present experiment, it will be concluded that the alternative use of lemon grass and Cissusaraloides extract in the growing of tomatoes in Enugu southeastern part of Nigeria is highly recommendable. Because the result above has shown that these biopesticides have insecticidal properties that take care of pests in the tomato farm, thereby increasing its growth and development.

RECOMMENDATION
Taking into consideration of the results obtained from these studies, the following could be recommended:

● That tomato could be commercially produced under good management in Enugu south eastern Nigeria.

● That lemon grass and Cissusaraloides are effective biopesticide which can be used for the  production of tomatoes.
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	Table 1. Effect of Mancozeb and Biopesticides on the number of flowers per plant at 40DAP and 60DAP.

	
	Mancozeb rates(B)

	
	40DAP
	60DAP

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	3.00
	2.00
	2.67
	2.56
	3.00
	5.67
	12.33
	7.00

	0 ml Le
	2.67
	5.33
	3.33
	3.78
	1.35
	5.33
	11.33
	6.00

	500 ml Le
	2.00
	6.00
	3.00
	3.67
	4.67
	3.67
	14.00
	7.44

	500 ml Ci
	2.67
	3.00
	3.67
	3.11
	3.33
	6.00
	12.33
	7.22

	Mean (A)
	2.58
	3.17
	4.08
	
	3.08
	5.17
	12.50
	

	
	
	
	40DAP
	60DAP

	F-LSD(0.05) for Factor A
	0.688
	
	       3.530

	F-LSD(0.05) for Factor B
	0.596
	
	       3.057

	F-LSD(0.05) for Factor A X B	
	1.192
	
	       6.115






	Table 2. Effect of Mancozeb and Biopesticides on the number of leaves per plant at 40DAP and 60DAP.

	
	Mancozeb rates (B)

	
	       40DAP               
	                 60DAP

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	53.67
	46.67
	37.67
	46.00
	47.67
	46.33
	29.00
	41.00

	0 ml Le
	57.33
	49.33
	43.33
	50.00
	51.67
	43.00
	41.67
	45.44

	500 ml Le
	51.67
	54.00
	41.33
	49.00
	47.00
	49.67
	41.67
	46.11

	500 ml Ci
	46.33
	43.67
	50.00
	46.67
	41.67
	42.00
	46.00
	43.22

	Mean (A)
	52.25
	48.42
	43.08
	
	47.00
	45.25
	39.58
	

	
	
	
	40DAP
	                   60DAP

	F-LSD(0.05) for Factor A
	5.219
	
	3.975

	F-LSD(0.05) for Factor B
	4.520
	
	3.443

	F-LSD(0.05) for Factor A X B	
	9.040
	
	6.885

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level, ml-                    
Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.





	
Table 3. Effect of Mancozeb and Biopesticides on the plant height(cm) at 40DAP and 60DAP.

	
	Mancozeb rates (B)

	
	       40DAP               
	                 60DAP

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	47.00
	47.00
	46.33
	46.78
	55.33
	55.00
	55.33
	55.22

	0 ml Le
	50.67
	50.67
	52.00
	51.11
	58.33
	59.67
	59.33
	59.11

	500 ml Le
	48.33
	48.33
	43.67
	46.78
	57.00
	58.00
	52.00
	55.67

	500 ml Ci
	54.00
	43.67
	49.67
	49.11
	62.67
	53.00
	61.00
	58.89

	Mean (A)
	50.00
	47.42
	47.12
	
	58.33
	56.42
	56.92
	

	
	
	
	40DAP
	                   60DAP

	F-LSD(0.05) for Factor A
	3.979
	
	    4.002

	F-LSD(0.05) for Factor B
	3.446
	
	    3.466

	F-LSD(0.05) for any 2 A X B	
	6.891
	
	    6.931

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level,                                                          


Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.


	Table 4. Effect of Mancozeb and Biopesticides on the number of curled leaves per plant at 40DAP and 60DAP.

	
	Mancozeb rates (B)

	
	       40DAP               
	60DAP

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	29.00
	21.70
	18.00
	22.90
	2.33
	1.67
	0.00
	1.33

	0 ml Le
	26.00
	19.00
	6.700
	17.20
	2.33
	1.67
	0.00
	1.33

	500 ml Le
	16.30
	17.00
	11.70
	15.00
	6.00
	1.67
	0.00
	2.56

	500 ml Ci
	13.00
	10.30
	10.30
	11.60
	4.33
	1.00
	0.00
	1.78

	Mean (A)
	21.10
	17.00
	11.90
	
	3.75
	1.50
	0.00
	

	
	
	
	40DAP
	                   60DAP

	F-LSD(0.05) for  Factor A
	10.04
	
	    2.264

	F-LSD(0.05) for  Factor B
	8.700
	
	    1.961

	F-LSD(0.05) for any 2 A X B	
	17.39
	
	    3.922

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level, 
Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.







	Table 5. Effects of Mancozeb  and Biopesticides on the number of premature dead plant and number of rotten fruits per plant

	
	Mancozeb rates (B)

	
	Number of premature dead plant
	Number of rotten fruits per plant 

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	0.667
	0.00
	0.00
	0.222
	2.000
	0.333
	0.333
	0.889

	0 ml Le
	0.333
	0.00
	0.00
	0.111
	1.667
	0.333
	0.333
	0.778

	500 ml Le
	0.333
	0.00
	0.00
	0.111
	0.333
	0.667
	0.333
	0.444

	500 ml Ci
	0.000
	0.00
	0.00
	0.000
	0.000
	0.000
	0.000
	0.000

	Mean (A)
	0.333
	0.00
	0.00
	
	1.000
	0.333
	0.250
	

	
	Number of premature dead plant
	    Number of rotten fruits per plant               

	F-LSD(0.05) for Factor A
	0.2809
	
	0.5378

	F-LSD(0.05) for Factor B
	0.2432
	
	0.4658

	F-LSD(0.05) for Factor A X B	
	0.4865
	
	0.9315

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level, ml-                    
Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.




	Table 6. Effect of Mancozeb and Biopesticides on the number of fruits per plant at 40DAP and 60DAP.

	
	Mancozeb rates (B)

	
	40DAP
	60DAP

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	1.33
	1.33
	0.33
	1.00
	7.67
	8.33
	16.33
	10.78

	0 ml Le
	0.67
	1.00
	1.00
	0.89
	7.00
	11.67
	21.33
	13.33

	500 ml Le
	0.67
	1.00
	1.33
	1.00
	6.33
	11.33
	14.33
	10.67

	500 ml Ci
	0.33
	0.00
	1.67
	0.67
	5.33
	9.00
	18.00
	10.78

	Mean (A)
	0.75
	0.83
	1.08
	
	6.58
	10.67
	17.50
	

	
	40DAP
	                               60DAP

	F-LSD(0.05) for Factor A
	0.725
	
	               5.217

	F-LSD(0.05) for Factor B
	0.628
	
	               4.518

	F-LSD(0.05) for Factor A X B	
	1.256
	
	               9.036

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level, ml-                    
Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.





	Table 7. Effect of Mancozeb and Biopesticides on the weight of fruits per pot (g) at harvest.

	
	Mancozeb rates (B)

	

	Biopesticide rates (A)
	0 gMa
	5 gMa
	10 gMa
	Mean (B)

	0 ml Ci
	2.07
	4.03
	3.50
	3.20

	0 ml Le
	1.90
	3.67
	4.13
	3.23

	500 ml Le
	1.90
	2.33
	4.37
	2.87

	500 ml Ci
	2.70
	3.63
	4.57
	3.63

	Mean 
	2.14
	3.42
	4.14
	

	
	                     weight of fruits per pot

	F-LSD(0.05) for Factor A
	0.700

	F-LSD(0.05) for Factor B
	0.673

	F-LSD(0.05) for Factor A X B	
	1.346

	DAP – Days after planting, F-LSD(0.05) –  Fisher's least significant difference at 0.05 probability level, ml-                    
Ml = Millilitre
Le = Lemon grass              
Ci = Cissusaraloides
Ma = Mancozeb
G   = Gram.














