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ABSTRACT 

The strategy underlying disease-reducing capability of soils was investigated. Soils, having disease 

reducing and enhancing capabilities were collected from Ibadan, Oyo State and Warri, Delta State, 

respectively. These soils were used for both biological experiment and laboratory analysis. Tomato 

(Solanum lycopersicum L.) seedlings of same physiological age were infected with Verticillium 

dahliae race 1 at 4-leaf stage and grown in different Oyo and Warri ; untreated, washed and 

autoclaved soils. Plant height and symptom expression score were recorded, as well as the amount 

of fungal spores in infected plant stems were determined at 5 and 10 days post inoculation. The 

results obtained suggested that both nutrient composition and soil microorganisms can contribute to 

disease reducing / enhancing property of a soil. Infected plants grown in the Oyo soils were 

generally taller and less infected compared to those in the Warri soils. When Oyo soil was 

repeatedly washed to get rid of the mineral composition, it was observed that infected plants grown 

in it became more infected with pathogen, suggesting a role of soil nutrients in restricting pathogen 

colonization. Similar trend was observed in the infected plants grown in the autoclaved Oyo soil, 

which had both high level of symptoms and signs of the disease. The laboratory analysis indicated 

that Oyo soil possessed more soil microorganisms and mineral nutrients, especially carbon, 

nitrogen, calcium and potassium, than the Warri soil, which may be responsible for its disease 

reducing ability. Since breeding for resistant cultivars remains the only effective control method for 

Verticillium wilt disease, the results from this study suggests cultivation of tomato in a fertile soil 

can ameliorate the devastating effect of the pathogen. 
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INTRODUCTIONVerticillium wilt (tracheomycosis) is a highly destructive, fungal 

pathogen causing  vascular disease. It also causes great damage to many important 

cultivated and wild type crop species (Subbarao et al., 1995). Several pathogenic species of 

the genus, Verticilliumn are responsible for these damage, notably V. albo-atrum and V. 
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 dahliae (Robb, 2002; Agrios, 2005). The fungus, V. albo-atrum covers the majority of 

isolates producing only dark resting-mycelium as their resting structures, while V. dahliae 

includes all isolates that produce only microsclerotia as their resting structures (Fradin and 

Thomma, 2006). The visible symptoms observed in plants suffering from Verticillium 

infection include stunting, leaf epinasty, abscission, and the development of distinctive 

foliar symptoms such as flaccidity (wilt), chlorosis, followed by necrosis of successive 

branches and abrupt collapse and death of the entire plant. Verticillium pathogen is very 

difficult to control as a result of the broad host range, the long survivability of the 

microsclerotial resting structure of the pathogen, its growth within the confinement of the 

vascular tissues of the host plant, and the cyclical systemic nature of colonization within 

the vascular system of the plant. All these factors combined, render chemical and cultural 

attempts to protect plants against Verticillium wilt ineffective or impractical (Robinson et 

al., 2001). Currently, the most effective way to prevent Verticillium disease is the breeding 

of resistant cultivars, although, most crops do not contain resistance genes against the 

pathogen (Fradin, and Thomma, 2006). 

Recent study by Shittu and Goodwill (2013) indicated that soils could possess 

disease reducing capability against Verticillium colonization in tomato, thereby alleviating 

symptom expression. In this study, soils collected from Ibadan, Oyo State and Ososo, Edo 

State, had a disease-reducing ability on Verticillium-infected plants grown in them, while 

infected tomatoes grown in Benin and Warri soils were observed to be highly  diseased. 

The aim of the present study therefore, was to investigate the mechanism behind the 

disease reducing/ enhancing capabilities of the Oyo and Warri soils, respectively.  

 

MATERIALS AND METHODS 

Pathogen, plant and soil samples 

The V. dahliae race 1 (Vd1) isolate used in this study was obtained from Jane 

Robb’s Laboratory, Department of Molecular and Cellular Biology, University of Guelph, 

Guelph, Ontario, Canada. Tomato (Solanum lycopersicum L.) fruits were purchased from 

Uselu Market, Benin City, Edo State, Nigeria. Seeds were extracted from the fruits, 

washed and sun dried. Prior to planting, seeds were surface-sterilized in 10 % hypochlorite 

solution for 10 min, then rinsed in distilled water three times (total rinse time 1 hr 30 min) 

and soaked overnight in distilled water.  

Soils were obtained from Amuloko village, Ibadan, Oyo State and Warri, Delta State. 

These soils henceforth, were referred to as Oyo and Warri soils, respectively. Both soils 

were divided into two for biological experiment and laboratory analysis. The soils used for 

the biological experiment were subjected to two types of treatment. They were sterilized in 

an autoclave at 121 oC and 15 1bs/ins2  pressure for  15 min and henceforth, referred to as 

“autoclaved Oyo soil” and 
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“autoclaved Warri soil”, respectively. In the second treatment, both soils were repeatedly 

washed with de-ionized water five times and allowed to dry before use for the experiment. 

They were also referred to as “washed Oyo soil” and “washed Warri soil”, respectively.  

Plant infection 

One hundred seeds were sown in three Kords containing soil collected from the Botanical 

Garden of the Department of Plant Biology and Biotechnology, Faculty of Life Sciences, 

University of Benin, Benin City, in order to have many seedlings from which plants of 

equal height  was selected for the study. After two weeks of sowing, the Oyo soil was 

placed in four seperate Kords and six seedlings of equal height were selected and 

transplanted into each Kord. Two Kords contained seedlings grown in untreated Oyo soil, 

which were meant for uninfected control and infected plants, respectively. The other two 

Kords contained seedlings grown in autoclaved and washed Oyo soils, respectively. 

Similar procedure was carried  out for the Warri soil. The Vd1 spore suspension was 

prepared to give a final concentration of 1 x 107 spores / ml in sterile 

0.5 % gelatin solution only. All plants were maintained in the screen house at 28+2 oC. 

Experimental plot design and statistical analysis 

 The experiment was set up in a completely randomized design of 6 replicates and 

results represent mean + standard error. The statistical tools used in this study were one 

Way Analysis of Variance (ANOVA) and Student T- Test. All statistical analyses were 

performed using the Statistical Package for the Social Sciences (SPSS) version 14. 

Disease expression measurements 

Symptom expression score was done at 5 and 10 days post inoculation (dpi), using 

a 0 - 5 scale, with 0-healthy plants, 0.5 - premature loss of cotyledon, 1.0 - yellowing and 

flaccidity of the first leaf, 2.0 - lower 40 % of leaves affected, 3.0 - lower 60 % of leaves 

affected, 4.0 - lower 80 % of leaves affected and 5.0 - plant death (Shittu et al., 2009). 

Plant height was measured by recording the length of the stem using a meter rule. 

Measurements were taken from the lower base of the stem (closest to the soil) to the apical 

meristem. The amount of spores was determined as an estimate of the amount of fungus in 

infected plant stem samples using a compound microscope and a haemocytometer, as 

decribed in Shittu and Goodwill (2013). Samples were collected from infected plant stems 
after the petioles and leaves were removed. The cut ends of chopped stems were coated with a high 

vacuum grease and surface sterilized in a 10 % hypochlorite solution for 10 min, then 
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 rinsed in  distilled water, three times (total rinse time 30 min). To obtain a fungal spore 

sample, 0.15 g of the plant stems was weighed into a mortar. One milliliter of autoclaved 

distilled water was added and the tissue was ground  very well with a pestle. A 

haemacytometer (Neubauer-ruled Bright Line counting chambers) was used to determine 

the spore count using a Nikon Labophot microscope. Each replication was counted 5 times 

and three independent replicate counts were made per sample. Soil samples were analyzed 

for physicochemical, microbial isolation and identification (Buchanan and Gibbons, 1976; 

Barnett and Hunter, 1975). 

 

RESULTS 

The results obtained for plant height at both 5 and 10 dpi are shown in Figure 1. 

There was no significant difference (P < 0.05) in the height of infected and non infected 

control plants grown in the Oyo soil. Infected plants grown in washed Oyo soil were 

observed to have a 2.5 fold reduction in height compared to those in untreated Oyo soil. A 

similar trend was observed in infected and non infected plants grown in the Warri soils. 

All, except infected plants grown in the Oyo soil, showed significantly (P < 0.05) high 

levels of symptom expression score at 10 dpi (Figure 2) with corresponding high amounts 

of pathogens in plant stems (Figure 3). There was about 50 % reduction in the amount of 

symptom expression score at 5 dpi compared to 10 dpi in infected plants grown in 

untreated Oyo soil, with corresponding values of 1.7+0.5 x 105 cfu/g and 1.6+0.1 x 

105sfu/g, respectively. The amounts of pathogen in plant stems at 10 dpi remained 

significantly (P < 0.05) higher in all the treatments, except in plants grown in the untreated 

Oyo soil.      In Oyo soil, total bacterial count was 3.00×105 cfu/gcompared to 

2.6×104cfu/g obtained in the Warri soil (Table 1). Similarly, the fungal count (1.4×104) 

sfu/g in Oyo soil was greater than what was obtained for the Warri soil (8.0×103sfu/g). The 

cultural, morphological and biochemical characteristics of bacterial isolates present in both 

the Oyo (Table 2) and Warri (Table 3) soils revealed that both contained almost the same 

isolates which included Bacillus sp., Pseudomonas aeruginosa, Escherichia coli, 

Staphylococcus aureus, Klebsiella sp.,  with the Oyo soil having Enterobacter sp. in 

addition. Similarly, the fungal isolates were the same for both soils (Table 4) which 

included Aspergillus sp., Penicillium sp., Mucor sp. and Fusarium sp. The 

physicochemical analysis (Table 5) showed that Oyo soil was higher in conductivity, thus 

the amounts of carbon, nitrogen, calcium, magnesium and potassium, while Warri soil was 

richer in Phosphorus.     

   DISCUSSION 

The results presented in this study indicated that both microorganisms and nutritional 

properties of a soil can contribute to its disease-reducing capability. The uninfected and 

infected plants grown in all the Oyo soils were comparatively taller than 
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Figure 1: Plant height in Verticillium-infected tomatoes grown in Oyo and Warri experimental 

soils. 

 

Each value is a mean + standard error of three replicates. Means followed by the same letter are not 

significantly different according to Duncan’s multiple range text (P= 0.5). (A) Tomato plant 

(uninfected) grown in untreated Oyo soil; (B) Tomato plant infected with V. dahliae race 1 grown in 

untreated Oyo soil; (C) Tomato plant infected with V. dahliae race 1 grown in autoclaved Oyo soil; (D) 

Tomato plant infected with V. dahliae race 1 grown in washed Oyo soil; (E) Tomato plant (uninfected) 

grown in untreated Warri soil; (F) Tomato plant infected with V. dahliae race 1 grown in untreated 

Warri soil; (G) Tomato plant infected with V. dahliae race 1 grown in autoclaved Warri soil; (H) 

Tomato plant infected with V. dahliae race 1 grown in washed Warri soil; Bars with stripes: 5 days post 

inoculation; Bars with black and white dots: 10 days post inoculation 
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Figure 2: Symptom expression score of tomatoes infected with Verticillium dahliae race 1 grown in 

Oyo and Warri experimental soils. 

 

Each value is a mean + standard error of three replicates. Means followed by the same letter are not 

significantly different according to Duncan’s multiple range text (P= 0.5). (A) Tomato plant infected 

with V. dahliae race 1 grown on untreated Oyo soil; (B) Tomato plant infected with V. dahliae race 1 

grown on autoclaved Oyo soil; (C) Tomato plant infected with V. dahliae race 1 grown on washed Oyo 

soil; (D) Tomato plant infected with V. dahliae race 1 grown on untreated Warri soil; (E) Tomato plant 

infected with V. dahliae race 1 grown on autoclaved Warri soil; (F) Tomato plant infected with V. 
dahliae race 1 grown on washed Warri soil; Bars with stripes: 5 days post inoculation; Bars with black 

and white dots: 10 days post inoculation 
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Figure 3: Comparing amount of Verticillium spores in tomato plants grown in Oyo and Warri 

experimental soils.  

 

Each value is a mean + standard error of three replicates. Means followed by the same letter are not 

significantly different according to Duncan’s multiple range text (P= 0.5). (A) Tomato plant infected 

with V. dahliae race 1 grown on untreated Oyo soil; (B) Tomato plant infected with V. dahliae race 1 

grown on autoclaved Oyo soil; (C) Tomato plant infected with V. dahliae race 1 grown on washed Oyo 

soil; (D) Tomato plant infected with V. dahliae race 1 grown on untreated Warri soil; (E) Tomato plant 

infected with V. dahliae race 1 grown on autoclaved Warri soil; (F) Tomato plant infected with V. 
dahliae race 1 grown on washed Warri soil; Bars with stripes: 5 days post inoculation; Bars with black 

and white dots: 10 days post inoculation 
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              Table 1: Microbial counts of Oyo and  Warri soil samples 

Soil type                                                    Microbial counts  

                                                      Bacterial(cfu/g)              Fungal(sfu/g) 

----------------------------------------------------------------------------------------------------------- 
Oyo soil                                            3.00×105           1.4×104 

Warri soil                                     2.6×104          8.0×103 

-------------------------------------------------------------------------------- 

 

those in the Warri soils, indicating that the Oyo soil may contain more mineral elements, 

required for growth. This observation was supported by the results obtained for the 

physicochemical analysis with the Oyo soil containing higher amounts of carbon, nitrogen, 

calcium, magnesium and potasium. When the Oyo soil was repeatedly washed to get rid of 

the mineral elements, it was observed that infected plants grown in it showed more 

symptoms, associated with Verticillium wilt disease, as well as the presence of higher level 

of pathogen in the stems, compared to infected plants grown in the untreated Oyo soil. The 

results obtained in this study is in agreement with report on mineral nutrition deficiency on 

susceptibility to infection by Verticillium dahliae. Ashworth  et al. (1985a and b) observed 

that increased incidence of disease was associated with Pistacia vera trees having low 

level of potassium. This suggested that apart from supplying plants with necessary mineral 

elements to support growth, nutrient composition of a soil may also provide infected plants 

grown in it rigour to combact pathogen attack. The way in which nutrient-pathogen 

interaction brings about resistance and susceptibility are not well understood.  

 

When Oyo soil was autoclaved to eliminate all the microorganisms present in it, it was 

observed that both the level of symptom expression and amount of pathogen in infected 

plant stems were significantly higher at 10 dpi, compared to those grown in the untreated 

Oyo soil, When Oyo soil was autoclaved to eliminate all the microorganisms present in it, 

it was observed that both the level of symptom expression and amount of pathogen in 

infected plant stems were significantly higher at 10 dpi, compared to those grown in the 

untreated Oyo soil, suggesting a role of soil microorganisms in restricting Verticillium 

colonization. Also, the laboratory analysis revealed that more soil bacteria and fungi were 

present in the Oyo soil, and this may be partly responsible for its higher disease-reducing 

capability against Verticillium colonization, as compared to the Warri soil. The observation 

of soil microorganisms, especially Trichoderma species serving as biocontrol agents of 

plant diseases have been reported by several authors (Harman, 2000; Sharon et al., 2001). 
Several mechanisms have been put forward to explain the biocontrol ability of such 
microorganisms. Some of these include competition through rhizosphere competence by competing 

for food and space with the pathogen (Zhang et al., 1996; Howell et al., 2000). Other methods 

include mycoparasitism and antibiotic production (Howell, 2003). 

 CONCLUSION 

The Oyo soil contained more mineral elements and soil microorganisms than the Warri soil. These 

properties may contribute to the disease-reducing capability of tomato grown in the Oyo soil. 
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Table 2: Cultural, morphological and biochemical characteristics of bacterial     

isolates found in Oyo soil 

Bacterial isolate 
Characteristics       1                    2                   3                     4                       5                    6 

Cultural  

---------------------------------------------------------------------------------------------------------------------------                                     

 Elevation                 Flat          Low convex        Convex           Convex          Convex       Low convex 

Margin                Entire       Entire           Entire             Entire            Smooth          Entire 

Shape              Circular      Circular       Circular          Circular        Circular          Circular 

Colour    Cream Green         Cream        Yellow     Cream            Cream 

 

Morphological            

Gram staining               +          -     -                         +               -            - 

Cell type                       Rod              Rod                 Rod                   Cocci           Rod                Rod 

Cellarrangement        Chains      Single Single              Cluster         Single               Single 

Spore stain       +     -                   -                -               -                  - 

 

Biochemical                                          

Catalase                   +          +                     +                       +                   -                + 

Oxidase                   -          +     -                         -                   -                - 

Coagulase            -                    -                      -                        +                -  - 

Citrate                   +         +     -                        +                   +                + 

Urease                   +         -     -                        +                   +                - 

Indole        -  -                      +                -               -       - 

Glucose                   +         +     +                       +                   +                + 

Lactose                   -         -     +                       -                   +                + 

Isolates                    Bacillus sp.   Pseudomonas   Escherichia       Staphylococcus    Klebsiella sp.  Enterobacter. 

                                                        aeruginosa             coli                   aureus                                           sp 
Legend: +: present; -: absent 

 

Since breeding for resistant cultivars of tomato remains the only effective method of 

controlling Verticillium wilt disease, the results obtained from this study indicated that 

cultivating the crop in a fertile soil may alleviate the devastating effect of the pathogen. 

The future direction of this study is to investigate the particular microorganism(s) present 

in the Oyo soil that may be responsible for restricting Verticillium colonization, thereby 

reducing symptom expression and also the mechanism by which this is brought about. 
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Table 3: Cultural, morphological and biochemical characteristics of the bacterial isolates from 

Warri soil 

     Bacterial isolate 

Characteristics               1                       2                         3                          4                  5 

---------------------------------------------------------------------------------------------------------------------- 

Cultural                    

Elevation                  Convex               Flat               Convex               Low convex    Convex 

Margin             Entire   Entire               Entire  Entire           Smooth 

Shape            Circular Circular          Circular  Circular  Circular 

Color Cream Cream               Yellow                      Green         Cream 

 

Morphological      

Gram staining           -     +                          +                                  -                   - 

Cell type                   Rod                        Rod                   Cocci                 Rod         Rod 

Cellarrangement    Single Chains            Cluster     Single   Single 

Spore stain    -    +                         -                              -                 - 

 

Biochemical      

Catalase + +      +        +               + 

Oxidase            -  -                         -                                 +               - 

Coagulase                  -                      -                        +                                   -               - 

Citrate            -  +                        +                                 +    + 

Urease - +                         +                            -               + 

Indole            +  -                         -                                 -     - 

Glucose + +                        +                           +               + 

Lactose            +  -                         -                                   +               - 

Isolates     Escherichia coli     Bacillus sp.   Staphylococcus  aureus     Pseudomonas    Klebsiella sp. 

                                                                                                                       aeruginosa 

Legend: +: present; -: absent 
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Table 4: Cultural and morphological characteristics of fungal isolates from Oyo and Warri soils 

-------------------------------------------------------------------------------------------------- 

      Cultural                  Microscopy                                        Possible isolates  

------------------------------------------------------------------------------------------------------------------------- 

Black fluffy                       Septate hyphae conidia occur                              Aspergillus sp.     

colonies with                      on large radiating heads. 

reverse side yellow   Conidiophores arise from a segment  

    of mycelium called a foot cell    

Green flat colonies                Septate hyphae conidiophores                            Penicillium sp.    

with white periphery           with smooth stripe.      

White flat colonies              Non-septate hyphae,                                           Mucor sp.          

with reverse                        sporangiophores symbolically 

 side colourless                   branched with long and short  

                   criminate branches   

Cottony white colonies           Micro-conidia, ovoid to ellipsoidal                  Fusarium sp.        

with reverse side colourless    in shape are borne on simple   

                                                 phialides. Macro-conidia are borne on  

                                                phialides on branched conidiophores.  

                                                Septate fusiform, slightly curved and  

                                                 pointed at both ends.    

------------------------------------------------------------------------------------------- 
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Table 5: Physicochemical analysis of Oyo and Warri soils  

 

Parameter                 Oyo soil        Warri soil 

------------------------------------------------------------------------ 

pH                                     7.1                                   6.3 

Conductivity (mhos/cm)       98.4             17.3 

Carbon (%)                       3.15               0.86 

Nitrogen (%)                    1.09               0.07 

Sand (%)                          32.6             94.5 

Silt (%)                            48.5               3.7 

Clay (%)                         18.9                                   1.8 

Sodium (meq/100g)         0.41               0.37 

Calcium (meq/100g)        2.38               1.26 

Magnesium (meq/100g)      0.96               0.18 

Potassium (meq/100g)     0.63               0.21 

Phosphorus (mg/kg)        4.78               5.30 

---------------------------------------------------------------------------- 
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