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Abstract 
A study for fungal post-harvest rot pathogens of Irish potatot rot was 

investigated in four markets in Mubi Adamawa state, (mubi main market, 

kasuwan kuturu, new market and kasuwan gada) with objectives to identify 

the fungal pathogens of potato, to determine the incidence and the severity 

of the pathogens and to determine the in-vitro and in-vivo control of the 

three plant extracts (garlic oil, neem oil andTridax leaf ash) on the 

pathogens. One hundred and twenty Irish potatoes were randomly collected 

from the four markets and taken to laboratory of Plant Science, Modibbo 

Adama University of Technology Yola. Industrial potato dextrose agar 

(PDA) was used for the isolation of fungi. Completely randomized design 

(CRD) was used in three replicates for each of the treatment. Data collected 

were subjected to Analysis of Variance (ANOVA) and least significant 

difference (LSD) separated means that were significant. The symptoms of 

the disease were observed and associated organisms isolated and identified 

through pathogenicity test and the following pathogens were identified; 
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Aspergillus flavus, Thielavia terricola Rhizopus stolonifer and 

Scoupulariopsis brevicaulis. A severity test on the pathogens was carried 

out with the sample size of twelve potatoes by measuring the level rot of the 

pathogens. Result showed (p=0.0001) that Thielavia terricola was the most 

severe (13.11mm) and Aspergillus flavus with least of (7.97mm) and no 

significant between Rhizopus stolonifer and Scoupulariopsis brevicaulis. 

The incidence of potato rot in four markets revealed a high percentage rot 

in kasuwan gada (12.65%), mubi main market (7.65%), kasuwan kuturu 

(6.5%) and new market (5.25%). Control trials both in-vitro and in-vivo 

with garlic oil, neem oil andTridax leaf ash were found promising, and their 

different concentrations (5ml, 1oml and 15ml) were also found promising 

and the effectiveness of the control increased as the oils and quantities of 

ash increased. Essential oil of garlic, neem oil and Tridax leaf ash extracts 

proved effective in the control of potato fungal rot and are recommended 

as an alternative to synthetic fungicides which are often hazardous and 

costly.  

 

Keyword: Solanum tuberosum, Aspergillus flavus, Thielavia terricola, 

Rhizopus stolonifer and Scoupulariopsis brevicaulis, garlic, neem,Tridax 

leaf ash concentration, invivo and invitro. 

 

Introduction 
Irish Potato (Solanum tuberosum) is a 

dicotyledonous plant belonging to the 

Solanaceae family (Dutta, 2005). It is 

cultivated in temperate and 

subtropical regions across the world 

(Vaughan and Geissler, 2009). It is the 

most important vegetable crop of the 

world, ranking number one among all 

vegetables both in production and 

consumption (Abbas et al., 2011). It 

has become an integral part of much 

of the world cuisine and is the fourth 

largest yielding crop in the world after 

wheat, rice and maize (FAOSTAT, 

2008). 

It is widely cultivated for its edible 

tubers which are used to produce a 

variety of products including chips, 

crisps and vodka (Leeman et al., 

2008), vegetable relish/salad, canning 

and livestock feed. Potato tubers are a 

staple food source in most part of the 

world and are eaten after cooking. 

They may be cut or sliced and made 

into potato chips or fries (Abbas et al., 

2011). Potatoes can also be processed 
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into potato chips, French fries, potato flour, potato dice, potato flakes, canned 

potato, potato starch, dextrin and ethanol (Burton, 1989).   

Considerable research activity has occurred in the Asian-Pacific region on the 

potentials for plant extracts to control soil-borne fungi. The oils of cassia and 

clove inhibit the growth of established soil-borne infection of Aspergillus 

flavus, Curvularia pallescens and Chaetomium indicum in maize (Chatterjee, 

1990). Neem seed and garlic extracts contain Azadiractin and allicin 

respectively which are believed to have antifungal properties which was used 

in the treatment of Alternaria padwickii in rice seed (Shetty et al., 1989).  In 

addition, since high glycaemia increases yeast infections risk and components 

in garlic drop glycaemia, therapy of garlic provides an extra advantage in the 

treatment of yeast infections (Ayaz and Alpsoy, 2007). Ann et al. (2009) 

demonstrated that a combination of Amphotericin B (AmB), which is the gold 

standard of antifungal treatment for the most severe invasive mycoses, with 

allicin proved to be a promising strategy for the therapy of disseminated 

candidiasis. The researchers, Ann et al., (2009) observed that allicin, an allyl 

sulphur compound from garlic, has shown to significantly enhance the effect of 

AmB against Candida albicans and Aspergillus fumigatus in vitro and in vivo, 

although allicin did not exert a fungicidal effect. 

It is stated that antibacterial and antifungal effects of garlic extracts are sourced 

from the existence of diallil disulfide having evaporation ability and allicin 

(Agrawal, 1996).                   Neem oil is a vegetable oil pressed from the fruits 

and seeds of the neem (Azadirachta indica), an evergreen tree which is endemic 

to the Indian subcontinent and has been introduced to many other areas in the 

tropics. It is the most important of the commercially available products of neem 

for organic farming and medicines {National Research Council (NRC), 1992}. 

Should this prove widely applicable, the availability of natural fungicide that 

can be grown, extracted and applied by farmers themselves could be of great 

consequence to worldwide agriculture and food supply. Not much is known 

about neem’s use against rots, smut, wilts, mildew, die-backsvaries and other 

fungal plant diseases, however several test have indicated considerable 

promises. Neem oil was used in treating Rhizoctonia solani, Sclerotium rolfsii 

and Sclerotinia sclerotiorum of chickpeas (NRC, 1992).  Garlic is one of the 

plants used most intensively and extensively (Ayaz and Alpsoy, 2007). In this 

context, fresh shape, powder state and oil of garlic have been used all around 

the world especially in Far East for centuries. In conclusion it is observed that 

http://en.wikipedia.org/wiki/Vegetable_oil
http://en.wikipedia.org/wiki/Azadirachta_indica
http://en.wikipedia.org/wiki/Evergreen
http://en.wikipedia.org/wiki/Endemic_%28ecology%29
http://en.wikipedia.org/wiki/Indian_subcontinent
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the information transferred between generations and studies made scientifically 

that garlic is effectively used in cardiovascular diseases as regulator of blood 

pressure and with dropper effects of it on glycaemia and cholesterol, against 

bacterial, viral, mycosis and parasitic infections (Ntezurubanza, 2000). It’s also 

known that garlic is a wonderful plant having the properties of empowering 

immune system, anti-tumour and antioxidant (Milner, 2001). 

The application of wood ash as a pre-storage treatment has received a great 

interest in rural communities. It is easy to come by, effective against most pests, 

available all year round and has relatively no side effect (Teye et a1., 2011). It 

is generally favored as a method of storing seeds because it does not have any 

of those disadvantages of chemicals and tend to be more durable in its effect. 

He further reported that wood ash has alkaline property which is not favorable 

for the development of diseases; it also contains insecticidal property (Adekunle 

and Umar, 1997). It can be applied to potatoes prior to storage and has shown 

some effectiveness in protecting against insect attacks and mould (Devereau, 

1994; Mutandwa and Gadzirayi, 2007). Temitope and Adedotun (2010) 

reported that wood-ash of N. diderrichii and P. africanum were capable of 

preventing a number of pathogenic fungi due to the presence of some active 

compounds in them. Akinleye et al., (2013) observed that the lowest rot was 

recorded in tubers stored in the Ash. Channya and Chimbekujwo (2002) also 

reported that wood ash effectively controlled fungal rot of plantains (Musa 

pradisiaca) in South-Western Nigeria. Similarly, Bristone et a1., (2004) 

reported that when tubers of sweet potatoes were treated with wood ash, rot 

caused by R. stolonifer and Penicillium expansum was reduced to minimal level. 

It was also found to be effective with 30% shrinkage, 5% weevil damage, 42% 

incidence of decay, 2% sprouting and 80% wholesomeness over the six week 

storage period of shelf life of cream skinned sweet potatoes cultivated in Ghana 

(Agbemalle et al., 2013). According to Mutandwa and Gadzirayi (2007) farmers 

get best result in using the combinations of wood ash and soil for the 

preservation of sweet potato roots. Mutandwa and Gadzirayi (2007) further 

reported that ash acted as an absorbent to moisture and has a repelling effect on 

pests and is applied by using the ash powder with the sweet potato roots.  

 

MATERIALS AND METHODS 

The laboratory work was conducted in the laboratory of Plant science 

Department, Modibbo Adama University of Technology, Yola between the 
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months of July and September 2019, where the isolation, identification and 

control was carried out.  

 

Site for Survey and Sample Collection 

The survey and collection of potatoes was carried out in Mubi Main Market, 

kasuwan kuturu, new Market and kasuwan gada Market, in Mubi north Local 

Government Area of Adamawa state in the year 2019. The variety of potato 

used in this research work was Nicola.The diseased potatoes was collected from 

each location where the types of rot were identified as either soft or dry rot,  

Eighty potatoes samples was purchased / collected randomly in each of the four 

markets mentioned. The samples collected from the four markets were kept in 

sterile polythene bags and labeled then taken to the laboratory for further 

studies. Three hundred and twenty potatoes constituted the sample size. 

 

Incidence of potato tuber rot assessment. 

This was estimated by identifying the total diseased tubers from the Three 

hundred and twenty tubers purchased minus the diseased tubers and this was 

expressed as percentage incidence as follows:  

 

 

Where A= number of potatoes sampled. 

           B= number of diseased potatoes. 

          C=% incidence of diseased tubers. 

 

Media Preparation and Sterilization 

The media employed for the studies was similar to the one of Smith and Onions, 

(1994). Industrially prepared potato dextrose agar (PDA) was used. Twenty 

grams was dissolved in 1 liter conical flask and volume was made up to one 

liter using sterile distilled water homogenized in an autoclave for 15mins at labs 

Pressure.  

The media after preparation was sterilized by autoclaving the flasks with the 

media in an autoclave for 15mins at 101 lbs pressure and allowed to cool. The 

Petri dishes used were sterilized in an oven at 160°C for 6 hours, by using 

sterilization can. The needle and cork borer used for inoculation was sterilized 

by flaming and after which they were cooled by dipping them into a methylated 

spirit. The inoculation of the organisms was carried out in an inoculating 

A-B 

A 
X  100 

C = 
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chamber. The table in the inoculation chamber was wiped with 95% ethanol and 

the UV light was put on to sterilize the inoculating chamber for 30mins.  

 

Isolation and Identification of Causal Organisms 

Five millimeter square piece of the lesion on the potato was removed using 

scissors, and surface sterilized using Mercuric chloride solution for thirty 

seconds in a Petri dish to remove surface contaminants. Subsequently the 

sectioned piece surface was dried between two sterile filter papers. This was 

aseptically transferred to the solidified sterile potato dextrose agar (PDA) in a 

9cm diameter Petri-dish using flamed and cooled forceps. 

The plates was incubated at 250C in the inoculation chamber, for 72 hours and 

observed for any growth. The resulting single spore colonies after series of sub-

culturing was transferred to fresh potato dextrose agar (PDA). Stock cultures 

are usually stored in McCartney bottles at 40°C The organism isolated was 

stained with lactophenol cotton blue viewed under the microscope and 

subsequently identified, by comparing the morphological characteristics of the 

organisms observed under the light microscope with the structures in 

Alexopoulus, (1966).  

 

Pathogenicity Test 

Healthy potato tubers (Solanum tuberosum) were used in this experiment. 

Twelve tubers appearing healthy and uniform in weight (80-100g) were selected 

and washed in sterile water to remove excess soil, and surface sterilized in 

Mercuric chloride solution for thirty seconds and rinsed in three changes of 

sterile distilled water and then air dried (Liu and Kushalappa, 2002). The tubers 

were wounded with a sterile cork borer with a diameter of 4mm to a depth of 

20mm and borer tissue was removed (Choiseul et al., 2007; Peters et al., 2008). 

A sterile needle was used to section the pathogen culture of each from the plate 

(2mm) and inoculate into the tubers where the wound was sealed with sterile 

vesper prepared from wax and Vaseline. The control was set up in the same 

manner except that 2mls of sterile distilled water was used instead of the 

inocula. All the potato tubers wounded were wrapped in black polythene bags 

(Manici and Cerate, 1994).  

Tubers inoculated were placed in desiccators and incubated at 300C the setup 

was four isolates replicated three times in a completely randomized design. All 

these were carried out under aseptic conditions. Regular observations were 
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made while making a regular measurement using millimeter ruler and re-

isolation of pathogenic organism was done for comparison with the original 

isolates. Records/ruler of lesion size in millimeters measurements were made 

for a period of fifteen days. Measurements were subjected to analysis of 

variance while lesions were compared to the original lesion observed on the 

collected samples.   

 

Control of Fungal Pathogens 

The food poison method of Nene and Thalpiyal (2000) was used to assess the 

efficacy of the oils and ash in controlling pathogens of Irish potato the in vitro 

test was carried out as follows. The fungicidal properties of each of the 

treatment ash of tridax and neem with garlic oils respectively were tested on the 

mycelia growth of the isolated pathogens by growing it on PDA amended with 

different concentrations of botanical oils and quantities of aqueous ash. In the 

in vivo control trial, a sterile needle was used to cut the pathogen from the plate 

and inoculate the tuber. Similarly ruler measurements of lesion sizes of the 

incubated potatoes were taken.   

 

In-vitro control 

In-vitro control was carried out using food poisoning method of Nene and 

Thalpiyal (2000). The potato dextrose agar (PDA) was amended with 2mls, 

3mls and 5mls of the botanical oils and aqueous solution of tidax leaf ash after 

which the pathogen was introduced and allowed to grow / incubated for seven 

days under observation and record. Growth inhibition of the mycelial at 

different concentration of the oils and quantities of ash were determined by 

measuring the diameter of the mycelial growth using millimeter ruler. 

 

In-vivo control 

The method of Nene and Thalpiyal (2000) was used where healthy fresh potato 

tubers were purchased from the Market in Mubi Main Market and conveyed to 

the laboratory of plant science department in sterile polythene bag. The tubers 

were washed with sterile distilled water and deeped in mercuric chloride for 

thirty seconds and rinsed in three sets of distilled water. The tubers were 

wounded with a sterile cork borer (flamed and cooled) with a diameter of 4mm 

to a depth of 20mm and borer tissue was removed. Volume of 5mls, 10mls and 

15mls of the botanical oil and aqueous ash were mixed with the media before 
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inoculating the pathogen. Similar set was made to serve as control using sterile 

distilled water. A sterile needle was used to section 2mm of the pathogen from 

the plate and inoculated into the tuber. The wound was sealed with sterile vesper 

prepared from wax and vaseline. The control was set up in the same manner 

except that 2mls of sterile distilled water was used instead of the inocula. Rot 

development due different concentrations of the oils and quantities of ash was 

determined by measuring the diameter of the rot lesion using millimeter rule. 

All were done in replicates of three and incubated at room temperature for seven 

days. 

 

Preparation of neem seed extract 

Dried neem (Azadirictin indica) seeds were collected and the shells cracked 

using pestle and mortar to separate the shell from the kernel. The kernels were 

grounded into paste using mortar and pestle. Fifty gram of the paste was 

weighed and 250mls of water added stirred for ten minutes and allowed to stand 

for 24 hours before filtering with muslin cloth (Amuchi, 1999). 

 

Preparation of garlic oil 

Garlic (Allium sativum) where collected and weighed up to fifty gram. The shell 

is separated from the bulb manually and the bulb grounded into paste using 

mortar and pestle and paste mixed with 250mls of water stirred for 10 minutes 

and filtered after twenty-four hours using muslin cloth (Amuchi, 1999). 

 

Preparation of Tridax extract from leaves 

The leaves of Tridax procumbens were obtained from Hurda and dried under 

shade to maintain the composition of the leaves. The leaves were weighed up 

to one hundred gram and was flamed to ash. The two oils can best be extracted 

using chemicals than the distle water used but because the essential chemicals 

to be used was not available in the laboratory that was the reason why distle 

water was used instead.  

 

Experimental Design and Statistical Analysis 

Completely randomized design of three treatments which include neem seed 

oil, garlic oil and tridax leaf ash was adopted for experiment two with three 

replications. All the data was analyzed using analysis of variance (ANOVA) 

according to Gomez and Gomez (1984). Significant means was separated using 



277  africanscholarpublications@gmail.com                                                                               

 2020 

 

least significance difference (LSD) at p=0.0001 according to Ogbulu et al. 

(2009). The statistical package used was Statistical Analysis System (SAS) 

version 9.1. 

 

RESULTS AND DISCUSSION 

Dry and soft rots were encountered and four organisms were responsible for the 

rots: Aspergillus flavus, Thielavia terricola, Rhizopus stolonifer and 

Scoupulariopsis brevicaulis. Rot incidence was of wide occurrence in all the 

four markets sampled with an average of 8.01%. Kasuwan gada Market had the 

highest incidence of 12.65%, followed by Mubi Main Market with 7.65% while 

Kasuwan kuturu Market had 6.5%, with the least in New Market of 5.25%. 

Table1.  Pathogenicity test on these isolates proved to be post-harvest rot fungal 

pathogens of potatoes in the four markets in Mubi North Local Government, 

viz: Mubi Main Market, kasuwan kuturu, Mubi new Market and Kasuwan gada 

market. The study indicated that a number of fungi are associated with post-

harvest fungal rots of Irish potatoes in the study area. These fungi include 

Aspergillus flavus, Thielavia terricola, Rhizopus stolonifer and Scoupulariopsis 

brevicaulis. They have been previously reported as tuber rot pathogens of Irish 

potatoes (Agrios, 1997: Arora and Paul, 2004: Bradshaw et al., 2001: Hafiz et 

al., 2012). 

Out of the four fungal pathogens sampled, A. flavus had the highest level of 

occurrence with the average of 3.5 pathogens per sample location, while 

T.terricola had the least average level of occurrence of 1.25 organisms per 

sample location.  S. brevecaulis and R.stolonifer had 1.75and 2.75 pathogens 

per sample location respectively (Table 2). 

Similar organism were identified to cause rots in Irish Potatoes as reported by 

Bristone (2004) and Peters et al.,(2008) Virulence of the individual fungal 

pathogens was determined. The severity of fungal isolates responsible for Irish 

Potatoes rots varied significantly at p= 0.0001. Table 3 shows T. terricola has 

the highest mean diameter rot (13.11mm) and A. flavus has the least (7.97mm). 

However there was no significant difference between R. stolonifer and S. 

brevecaulis. (Plates VI and VII) 

Results from the present study indicated that oils from the plants used and ash 

were capable of inhibiting colony growth of Aspergillus flavus, Thielavia 

terricola, Rhizopus stolonifer and Scoupulariopsis brevicaulis, invitro. Shetty 
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et al. (1989); Ann et al. (2009) and Ayaz and Alipsy (2007) reported the 

inhibitory action from the extracts. 

The isolated fungi were susceptible to treatment with garlic oil. The result is 

also similar to that of Atia (2011) who reported that increase in oil concentration 

resulted in reducing percentage of mycelia growth of the tested fungi. Garlic oil 

(Allium sativum) contain diallyl thiosulfinate as an active compound (Burt, 

2004; Ceylan, 2004). Allium sativum (garlic) juice extract belongs to such non-

traditional treatments and among the natural fungicide substances, it has been 

found most active against many fungal species (Curtis et al., 2004; Slusarenko 

et al., 2008).  

The antifungal properties of garlic oil, neem seed oil and aqueous tridax leaf 

ash for control of the isolates were due to chemical substances that are present 

in garlic oil, neem seed oil and related oils of other plants which have 

antimicrobial activities. Ntezurubanza (2000) reported that oil from C. citratus 

contain cittral, triterpene, phytosteriod, sulphide,sallystein, allypropyl and 

others that have antimicrobial effects which are also present in both garlic and 

neem seed oil. 

Garlic oil was reported by Milner (2001) to have antimicrobial substances such 

as volatile oil. These volatile compounds are considered to be responsible for 

most of inhibitory properties of garlic. Garlic contains not less than thirty-three 

sulphur compounds like aliin, alicin, ajone, dially, sulphide, allypropyl, 

sallyssteine and others (Milner. 2001, Agrawal, 1996). Some if not all the 

compounds may be responsible for the antifungal properties of garlic oil which 

proved to have inhibitory capacity on the four isolates. 

Neem seed oil tend to be more effective than garlic oil where neem seed oil 

inhibit the growth of  more than garlic oil in most if not all the isolates causing 

20.16mm growth inhibition in Thielavia terricola where garlic oil inhibit the 

radial growth of S. brevicaulis at 17.79mm. This indicated that neem seed oil 

may have more of antimicrobial properties than garlic oil Shetty et al., (1989) 

The ash extract reduces the radial growth greatly even better than the oils to 

18.50mm radial in Thielavia terricola with comparatively the same effects on 

the rest of the isolates. (Table 3). This is as reported by Channya (1991) who 

demonstrated the control of fungal rot of plantain in South West Nigeria using 

ash. The ash extract of Tridax leaf ash used in this study has some potential to 

be effective antifungal agents against fungal pathogens of Irish potatoes this 
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becomes so because of the alkalinity of the ash which possess antifungal 

property Channya (1991). 

Test results with control (in-vitro and in-vivo) that ash was an effective control 

for moulds. This is also reported by Channya and Chimbekujwo  (2002) that 

wood ash effectively controlled fungal rot of plantains (Musa parasidiaca L.). 

Agbeniyi (1988) reported that when kola nut (Cola nitida) was treated with ash 

of Vernonia spp, Tectonia grandis and Cassia seamia before storage, it reduced 

the incidence of moulds. Bristone et al. (2011) reported that when tubers of 

sweet potatoes were treated with wood ash, rot caused by Rhizopus stolonifer 

and Penicillium expansum was reduced to minimal level. Agbeniyi (1988) and 

Channya (1991) adduced the performace of ash to pH of ash that is highly 

alkaline. The ash of tomato was found to have a pH of 9. 

 

 Table 1.  Incidence of Postharvest Rot of Irish Potato in Mubi North Local 

Government Area of  Adamawa State. 

Markets Incidence of rot ( % )                  

Mubi main market 7.65 

Kasuwan kuturu                                6.5    

New market                                    5.25 

Kasuwan gada                                                 12.65 

Average 8.01 

 

Table 2.  Frequency of the fungal pathogens per Markets sampled. 

                  Frequency of fungal pathogens 

Market A. flavus     T. 

terricola    

S. 

brevicaulis      

R. 

stolonifer                          

Mubi main market                              1 - 2 5 

Kasuwan kuturu              5 1 1 5 

New market                               4 2 1 - 

Kasuwan gada                               4 2 3 6 

Total 14 5 7 11 

Average 3.5 1.25 1.75 2.75 

 

Table 3.  Rate of growth of fungal Pathogens of Irish Potato Postharvest rot in 

Mubi North Local Government, Area of Adamawa State 
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Fungal species Lesion Size (mm) after fourteen 

days of incubation 

Aspergillus flavus 7.97 mm                     

Thielavia terricola 13.11mm 

Rhizopus stolonifer 9.82 mm                  

Scoupulariopsis brevicaulis 9.96 mm 

 

Table 4.   Effects of the Garlic oil, Neem seed oil and Tridax leaf ash on 

pathogens In-vitro 

Extracts Growth of colony (mm) 

Garlic oil 24.18 

Neem seed oil 20.16 

Tridax leaf ash 18.50 

Control 34.70 

 

Table 5.  Effects of the Different Concentration / Levels of Garlic oil on the 

Pathogens of Irish  

Potato In-vitro. 

Concentration of Garlic oil ( 

1/20ml)Of PDA 

Radial expansion of colony ( mm 

) 

5 26.94 

10 21.74 

15 16.30 

0 (Control) 

LSD (0.0001) 

35.70 

3.10 

 

Table 6.  Effects of the Different Concentration / Levels of Neem Seed Oil on 

the Pathogens of Irish Potato In-vitro. 

Concentration of Garlic oil (1/20ml) 

Of PDA 

Radial expansion of colony (mm) 

5 19.62 

10 15.59 

15 13.37 

0 (Control) 

LSD (0.0001) 

35.95 

1.80   
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Table 7.  Effects of the Different Concentration / Levels of Aqueous Solution 

of Tridax leaf ash on the Pathogens of Irish Potato In-vitro. 

Concentration of Garlic oil (1/20ml) 

Of PDA 

Radial expansion of colony 

(mm) 

5 19.72 

10 15.26 

15 11.86 

0 (Control) 

LSD(0.0001) 

31.16 

1.62 

 

Table  8.  Effects of the Garlic oil, Neem seed oil and Tridax Leaf Ash on 

Pathogens In-vivo 

Extracts Growth of colony (mm) 

Garlic oil 5.02 

Neem seed oil                                   5.19 

Tridax leaf ash                                  4.13 

Control 7.90 

 

Table 9.  Effects of the Different Concentration / Levels of Garlic Oil on the 

Pathogens of Irish Potato In-vivo. 

Concentration of Garlic oil (1/20ml) 

Of PDA 

Radial expansion of colony (mm) 

5 4.92 

10 3.93 

15 1.24 

0 (Control) 

LSD (0.0001) 

7.89 

1.13 

 

Table 10.  Effects of the Different Concentration / Levels of Neem Seed Oil on 

the Pathogens of Irish Potato In-vivo. 

Concentration of Garlic oil (1/20ml) 

Of PDA 

Radial expansion of colony (mm) 

5 5.30 

10 3.81 
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15 1.76 

0 (Control) 

LSD(0.0001) 

7.91 

1.15 

 

Table11.  Effects of the Different Concentration / Levels of Aqueous Solution 

of Tridax Leaf         Ash on the Pathogens of Irish Potato In-vivo. 

Concentration of Garlic oil (1/20ml) 

Of PDA 

Radial expansion of colony (mm) 

5 4.94 

10 2.58 

15 0.41 

0 (control) 

LSD (0.0001) 

7.24 

1.20 
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