



Comparative evaluation of fungicidal effects of some botanicals and Ridomil plus on the management of Black Pod Disease of Cocoa (Theobroma Cacao L.)

ABSTRACT

Phytophthora, the ‘plant destroyer’, is a cosmopolitan genus of Oomycete obligate plant pathogens with about 60 described species, attacking several plants in both the temperate and the tropical regions of the world. Cocoa had been one of the major sources of income and foreign earnings to Nigerians before the crude oil discovery in commercial quantities in the 1970s. The aim of the study is to compare the evaluation of fungicidal effects of some botanicals and Ridomil plus on the management of Black Pod Disease of Cocoa (Theobroma Cacao L.). Phytophthora megakarya-infected cocoa pods were obtained from the plantation of Cocoa Research Institute of Nigeria (CRIN), Ibadan and transported in sterile polythene bags to the Plant Pathology laboratory. Leaf samples of Chromolaena odorata, Morinda lucida and Ocimum gratissimum collected from the campus of Ekiti State University, rinsed with sterile distilled water and air dried for 4 weeks. The effect of aqueous extract of Chromolaena odorata, Morinda lucida and Ocimum gratissimum on the mycelia growth of P. megakarya at 3, 5 and 7 days post inoculation. The highest inhibitions of 90.53%, 91.09, and 93.13 by Chromolaena odorata against P. megakarya at 3, 5 and 7 days post inoculation at 30g 100 ml-1 were observed, but the lowest at a concentration of 10 g 100 ml-1. C. odorata exhibited higher inhibition (67.13, 71.64 and 79. 64%) than ridomil plus (62.91, 66.31 and 67.83%) at 3, 5 and 7 days after treatment. The aqueous extracts of (30%) Occimum gratissimum also showed comparable effectiveness with ridomil gold in reducing the radial growth of the pathogen. This work also gives credence to the global advocacy for organic food production for human health benefit. C. odorata is cheap and easily affordable for farmers to use in the management of the menace of Phythophtora megacaya
.
INTRODUCTION

Cocoa had been one of the major sources of income and foreign earnings to Nigerian before crude oil discovery in commercial quantity in 1970’s (Folayan et al., 2006). 

Phytophthora, the ‘plant destroyer’, is a cosmopolitan genus of Oomycete obligate plant pathogens with about 60 described species, attacking several plants in both the temperate and the tropical regions of the world (Drenth and Guest, 2004). The genera Phytophthora which is one of the most destructive pathogen have been well studied in the temperate regions of the world, after the potato late blight epidemic in Europe in 1845–47. This led to the development of plant pathology as a scientific discipline. Phytophthora diseases are prevalent in the wet tropical regions and are of high economic importance. They cause significant losses in many fruit crops in the form of stem cankers, leaf blights, root rots, collar rots, and fruit rots (Drenth and Sendall, 2001). Several host and pathogen factors together with features of their interactions make Phytophthora diseases so troublesome in the wet tropics (Drenth and Guest, 2004).

Eight species of Phytophthora had been isolated from cocoa. In West Africa where most of the world’s cocoa is produced, P. megakarya has been identified as the most virulent Phytophthora species causing massive losses due to black pod. Black pod disease is considered the most destructive of the several cocoa diseases globally. The disease affects all plant parts including the pods, beans, flower cushions, leaves, stems and roots (McMahon and Purwantara, 2004). In Nigeria, P. palmivora and P. megakarya had been previously reported to be associated with black pod disease of Cocoa (Lachenaud et al., 2007). While P. palmivora is present in all cocoa producing regions, P. megakarya, is restricted to West Africa (Opoku et al., 2000; Nyadanu 2011). Pod losses due to P. palmivora is estimated to range from 4.5% to 19%, while P. megakarya can cause losses ranging between 60-80% and 100% in newly affected and old affected farms respectively  (Opoku et al., 2000). Global annual losses due to Phytophthora species are estimated to be about 450,000 tons, equivalent to $ 423 million (Bowers, et al., 2001
). 
A combination of adequate cultural and quarantine methods, chemical, biological and use of resistant varieties in an integrated program has been recommended as the best alternative for a sustainable management of cacao black pod disease (Deberdt et al., 2008). But due to toxicity of these chemicals, plant extracts are now used which are known to have little or no mammalian toxicity (Boumama et al., 2006).

Different plant extracts for controlling black pod disease of Cocoa have been reported by different researchers. This approach to plant disease management is economically viable and poses little or no environmental risk. Also the plants are available to farmers in Nigeria that do not have ready access to synthetic fungicides which are expensive to purchase (Ademiluyi and Ojo 2018).  Thus the present work was designed to assess the comparative efficacy of Chromolaena odorata, Morinda lucida and Ocimum grattisimum, as biological control approach and synthetic fungicide (Ridomil) in management of P. megakarya in the production of Cocoa in Nigeria.

MATERIALS AND METHODS

Isolation and Identification of the Pathogen

Phytophthora megakarya infected cocoa pods were obtained from the plantation of Cocoa Research Institute of Nigeria (CRIN) Ibadan and transported in sterile polythene bags to the Plant Pathology laboratory. The pods were surface sterilized in 2% sodium hypochlorite solution for two minutes and then rinsed thrice with sterile water to eliminate any trace of disinfectant (Rubini et al., 2005). The superficial tissues were removed from sampling zones using a sterile scalpel. Ten cubic shape fragments of 5 to 7 mm were taken per pod in the husk. The samples taken were cultured on carrot dextrose agar (CDA) plates incubated at 23 °C for 5 days (Adedeji et al., 2008). The observed isolates were sub cultured into freshly prepare CDA plates and incubated as above. After 7 day, the isolated P. megakarya strains were viewed under an Olympus tri-ocular compound microscope at x10 and x40 objective lens magnifications to authenticate the pathogen.
Extracts’ Preparation and Susceptibility Test
Leaf samples of Chromolaena odorata, Morinda lucida and Ocimum gratissimum collected from the campus of Ekiti State University, rinsed with sterile distilled water and air dried for 4 weeks. The air-dried samples were pulverized and weighed as 10, 20 and 30 g into measuring cylinder and distilled water added to reach the 100 ml level to produce 10, 20 and 30 % extracts concentrations. The cylinders were each covered with aluminum foil and stored for 24 hours after which the solutions were filtered twice using sterile muslin clothes and What-man filter papers of spore size 90mm respectively.

Ethanol extracts of the botanicals were prepared by dissolving 10, 20 and 30 g of the botanicals into measuring cylinders and diluted with ethanol to the 100 ml level to produce 10, 20 and 30 % extracts concentration respectively. The mixtures were shaken in mechanical shaker (IKA Labortechnik KS 125 basic) for 1 hour and then allowed to stand for 24 hours at 28°C and filtered through three layers of sterile cheese cloth. The filtrates were transferred into separate evaporation discs and evaporated over a steam bath at 90°C to obtain the pasty extract. Each of the extracts was reconstituted with sterile distilled water to 100 ml level and making different concentrations of 10, 20 and 30%. Ridomil Gold (4% Mefenoxam and 64% Mancozeb), a synthetic fungicide approved by the federal government for use on cocoa to manage black pod disease in Nigeria was used as the standard fungicide prepared with sterile distilled water according to the manufacturer's prescription.

Sterile Petri dishes were prepared and four equal sections were made by drawing two perpendicular lines on each plate. The point of intersection indicated the centre of each of the plates. The prepared extract concentrations as well as the standard was pour-plated with formulated Potatoe
 dextrose agar (PDA) using the poisoned food technique and allowed to set according to the method of Amadioha and Obi, (1999). Agar plugs of P. megakarya culture were cut with the aid of a 5mm diameter cork borer. A plug-culture of the organism was carefully placed at the centre of each of the poisoned plates while the other sets were left as the control. The plates were then incubated at 23oC for seven days during which the mycelia radial growth diameter of the pathogen on each of the plates was measured and recorded in millimetres (mm) with the aid of a scale rule at 3, 5 and 7 days post incubation (Ademiluyi and Ojo 2018). 
Obtained data were subjected to statistical analysis of variance and means compared using the Duncan’s multiple range test.
RESULTS

The qualitative phytochemical screening of the leaves of the three botanicals (Chromolaena odorata, Morinda lucida, and Ocimum gratissimum) are presented in Table 1. This showed that Flavonoids, Alkalods, Saponins, Tannins and Steroids were present in Chromolaena odorata and Ocimum gratissimum while Flavonoids and Saponins were absent in Morinda lucida. Cardiac glycosides and Anthraquinone were absent in the three botanicals except in Morinda lucida where Anthraquinone was present.
Table 1: Qualitative Phytochemical Composition of the Test Plants

	Phytochemicals
	Chromolaena odorata
	  Morinda lucida
	Ocimum gratissimum

	Flavonoid
	+
	-
	+

	Alkaloid
	+
	+ 
	+

	Saponin
	+
	-
	+

	Tannin
	+
	+ 
	+

	Cardiac glycosides
	-
	-
	-

	Anthraquinone
	-
	+ 
	-

	Steroid
	+
	+
	+


Key: + Present and - Not present
Table 2: Effect of Different Concentrations of Aqueous Extract of the Botanicals on the Mycelia Growth Reduction of P. megakarya at 3, 5 and 7 Days after Inoculation
	Conc. %
	Mycelia growth reduction (mm)

	
	C. odorata
	M. lucida
	O. gratissimum

	
	3
	5
	7
	3
	5
	7
	3
	5
	7

	10
	39.08c
	50.23d
	68.75c
	44.68c
	45.74d
	48.30d
	43.54c
	44.17d
	48.19c

	20
	64.81b
	70.79b
	86.94b
	54.10b
	55.67c
	53.13c
	46.24b
	49.92c
	57.69b

	30
	90.53a
	91.09a
	93.13a
	57.77b
	59.33b
	60.19b
	48.20b
	54.31b
	64.00a

	Standard (Ridomil gold)
	62.91b
	66.31c
	67.83c
	62.91a
	66.31a
	67.83a
	62.91a
	66.31a
	67.83a


Means with same alphabet(s) within columns are not significantly different at P[image: image1.png]


 0.05 according to the Duncan’s Multiple Range Test

Table 2. Shows the effect of aqueous extract of Chromolaena odorata, Morinda lucida and Ocimum gratissimum on the mycelia growth of P. megakarya at 3, 5 and 7 days post inoculation. The highest inhibitions of 90.53% and 91.09 and 93.13 by Chromolaena odorata against P. megakarya at 3, 5 and 7 days post inoculation at 30g 100 ml-1 were observed but lowest at concentration of 10 g 100 ml-1. At 3 and 5 days post inoculation, ridomil showed higher mycelia growth reduction than C. odorata (10 g 100 ml-1) but similar at 7 days after inoculation. Concentrations of Morinda lucida extracts showed significantly lower inhibition than ridomil. Ocimum gratissimum at 10 and 20 g 100 ml-1 demonstrated lower mycelia growth reduction than Ridomil while the 10 g 100 ml-1 showed no significant difference from ridomil (P[image: image2.png]


0.05). 

Table 3: Effect of Different Concentrations of Ethanol Extract of the Botanicals on the Mycelia Growth Reduction of P. megakarya at 3, 5 and 7 Days after Inoculation
	Conc. %
	Mycelia growth reduction at 3, 5 and 7 days days inoculation(mm)

	
	C. odorata
	M. lucida
	O. gratissimum

	
	3
	5
	7
	3
	5
	7
	3
	5
	7

	10
	42.08c
	44.83c
	48.39c
	39.34c
	42.60c
	46.62c
	42.08c
	43.73b
	45.42c

	20
	64.36b
	67.42b
	69.72b
	40.82c
	49.79b
	53.05b
	46.36b
	46.14b
	50.68b

	30
	67.13a
	71.64a
	79.64a
	44.57b
	50.60b
	55.41b
	47.08b
	49.68b
	51.61b

	Standard
	62.91b
	66.31b
	67.83b
	62.91a
	66.31a
	67.83a
	62.91a
	66.31a
	67.83a


Means with same alphabet(s) within columns are not significantly different at P[image: image3.png]


 0.05 according to the Duncan’s Multiple Range Test
The effects of ethanol extracts of C. odorata, M. lucida and O. gratissimum on the mycelia growth of P. megakarya at 3, 5 and 7 days after inoculation are presented in Table 3. C. odorata exhibited higher inhibition (67.13, 71.64 and 79. 64%) than ridomil plus (62.91, 66.31 and 67.83%) at 3, 5 and 7 days after treatment. There was similar mycelia growth reduction of P. megakarya by ridomil with C. odorata at the concentration of 20 g 100 ml-1. The standard (Ridomil) showed higher mycelia reduction than M. lucida and O. gratissimum. 
The comparative effects of aqueous extract of the plant extracts on the mycelia growth of P. megakarya at 7 days post inoculation are presented in Table 4. The highest inhibition at 10% concentration was exhibited by C. odorata but not significantly different from the ridomil. At 20% and 30% concentrations of the botanicals, C. odorata gave the highest growth reduction of P. megakarya. However, the 30% concentration of O. gratissimum and Ridomil were not significantly different but higher than M. lucida in the reduction of radial mycelia growth of P. megakarya. M. lucida gave the lowest reduction of radial mycelia growth of P. megakarya. 
The ethanol extract of the plant extracts (10% concentration) showed that the standard was highest in reducing the radial growth of P. megakarya while O. gratissimum was lowest. C. odorata and M. lucida were not significantly different. C. odorata and the standard were highest in reducing the radial growth reduction of P. megakarya at the 20% concentration while O. gratissimum and M. lucida were not significantly different. C. odorata (30% concentration) exhibited the highest reduction of radial growth of the pathogen while O. gratissimum gave the lowest radial growth but not significantly different from M. lucida (Table 5). 

Table 6 compares the aqueous and ethanol extracts of the plant extracts on the mycelia growth of P. megakarya at 7 days after inoculation. The aqueous extract of the botanicals gave higher inhibition of radial mycelia growth of P. megakarya than the ethanol extracts.  Ocimum gratissimum at concentration of 20 g 100 ml-1 of aqueous and ethanol extracts exhibited similar inhibition of radial mycelia growth of P. megakarya. The aqueous extract of C. odorata (10 ml) was higher than ridomil while the ethanol extract was also higher than the standard in reducing mycelia growth of P. megakarya at 7 days post inoculation.

Table 4: Comparative Effect of Aqueous Extracts of the Plant extracts on the Mycelia Growth Reduction of P. megakarya at 7 days after inoculation
	Extracts                                                        %Concentration

	
	10%
	20%
	30%

	C. odorata
	68.75a
	86.94a
	93.13a

	M. lucida
	48.30b
	53. 13d
	60.19c

	O. gratissimum
	48.19b   
	57.69 c 
	64.00b

	Standard (Ridomil gold)
	67.83a
	67.83b
	67.83b


Means with same alphabet(s) within columns are not significantly different at P[image: image4.png]


 0.05 according to the Duncan’s Multiple Range Test
Table 5: Comparative Effect of Ethanol Extracts of the Botanicals on the Mycelia Growth Reduction of P. megakarya
	Extracts                                                        Concentration

	
	10%
	20%
	30%

	C. odorata
	48.39b
	69.72a
	79.64a

	M. lucida
	46.62b
	53.05b
	55.41c

	O. gratissimum
	45.42c
	50.68b
	51.61c

	Standard (Ridomil gold)
	67.83a
	67.83a
	67.83b


Means with same alphabet(s) within columns are not significantly different at P[image: image5.png]


 0.05 according to the Duncan’s Multiple Range Test
Table 6: Comparative Effect of Aqueous and Ethanol Extracts of the Botanicals on the Mycelia Growth Reduction of P. Megakarya
	Extract/Conc
	Chromolaena odorata
	Morinda lucida
	Ocimum gratissimum

	
	10
	20
	30
	10
	20
	30
	10
	20
	30

	Aqueous
	68.75a
	86.94a
	93.13a
	48.30b
	57.69b
	62.19b
	48.19b  
	50.13b
	64.00a

	Ethanol
	48.39b
	69.72b
	71.64b
	46.62c
	53.05c
	55.41c
	43.42c
	50.68b
	51.61b

	Standard(Ridomil gold)
	67.83a
	67.83b
	67.83c
	67.83a
	67.83a
	67.83a
	67.83a
	67.83a
	67.83a


Means with same alphabet(s) within columns are not significantly different at P[image: image6.png]


 0.05 according to the Duncan’s Multiple Range Test

DISCUSSION
The isolation of the named fungi in this study corroborated the report of (Adedeji, 2008) that isolated the organisms from infected Cocoa pod. The extracts of the test plants used in this study are also used in traditional medicine. They have been reported to contain biologically active constituents that are insecticidal, nematicidal, fungicidal and generally antimicrobial (Morales and Simon, 1996). The presence of some reported fungitoxic compound in the test plants agreed with the report of Okigbo and Nneka (2005) who likewise reported some of the detected phytochemicals in this study. The assayed phytochemicals in the present work as observed the test botanicals are compounds that occur naturally in plants. These compounds form parts of plant defense mechanisms against plant diseases as corroborated by Eleazu (2013). Similarly, the presence of these phytochemicals in the test plants supported that of Sule et al., (2008
). 
The phytochemicals assayed in the test plants in this study have also been reported to support bio-activities in the medicinal plants (Monroe and Poik 2000). The present work showed that Flavonoids, Alkaloids, Saponins, Tannins and Steroids were present in Chromolaena odorata and Ocimum gratissimum while Flavonoids and Saponins were absent in Morinda lucida. Cardiac glycosides and Anthraquinone were absent in the three botanicals except in Morinda lucida where Anthraquinone was present. This findings might give credence to higher mycelia growth reduction in Chromolaena odorata and Ocimum gratissimum than Morinda lucida which lacked Flavonoids and Saponins. Also, the higher efficacy of Chromolaena odorata than Ocimum gratissimum might be adduced to higher composition of the phytochemicals like Alkaloid, Tannins and Saponins in Chromolaena odorata than Ocimum gratissimum.
Alkaloids are a group of naturally occurring chemical compounds and chief class of plant secondary metabolites. They have been reported to be bitter to taste and thus toxic to other organisms (Gupta et al., 2010) and hence act in inhibiting microbial growth. The antifungal properties of the test botanicals may be due to the presence of alkaloids (Gupta et al., 2010). The presence of flavonoid as found in the varied proportions in the botanicals have been reported as antioxidants that inhibit the oxidation of low density lipoprotein and reduce thrombotic tendencies (Salawu et al., 2011). In addition, plant extracts might pose some inhibitors against enzymes of invading phyto-pathogens (Amadi et al., 2014).  Tannis have been reported to contain antibacterial and antifungal (Akiyama et al., 2001 and Funatogawa et al., 2004).  The presence of flavonoids and tannis in the leaves of the botanicals used in this study have also been reported to impede microbial growths (Salawu et al., 2011). Tannins had also been reported to impede microbial proliferation by denaturation of enzymes involved in microbial metabolism which agreed with the report of Awosika (1999).
The efficacy of phytochemical composition of the leaves of the botanicals used in this work corroborates the work of Eleazu (2013) who reported the presence of secondary metabolites such as alkaloids, saponins, tannins, flavonoid which might contribute to their antifungal value in the tested plant. Phytochemicals such as alkaloids, tanins and flavonoids that were assayed in C. odorata in the present study have been reported (Hill, 1952; Wollenweber and Roitman, 1996; Tona, et al., 2004).

Siva (2008) had reported the recognition of the presence of antifungal principles in higher plants as vital factor in plant disease resistance. This is because such compounds are biodegradable and selective in their toxicity, hence considered important for controlling some plants diseases.
The presence work clearly shows that the aqueous extracts of Chromolaena odorata (20 and 30 %) were most effective in managing the incidence of Phythophtora megacaya as these extracts were more efficacious in reducing the radial growth of the pathogen. The aqueous extracts of (30%) Occimum gratissimum also showed comparable effectiveness with ridomil gold in reducing the radial growth of the pathogen. This work also gives credence to the global advocacy for organic food production for human health benefit. C. odorata is cheap and easily affordable for farmers to use in the management of the menace of Phythophtora megacaya.
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