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ABSTRACT 

The aim of the present study was to determine the effects of single and mixed infections of nematode (Meloidogyne 

javanica), fungus (Fusarium oxysporum) and bacterium (Xanthomonas axonopodis) on nodulation and pathological 

parameters of Bambara groundnut (Vigna subterrenea (L.) Verdc.) in field condition. Nematode infested field was used 

while other pathogens were obtained from diseased plants. The Randomized Complete Block Design (RCBD) was 

adopted in a 5 × 9 × 5 factorial design (5 blocks, 9 treatments and 5 replicates per treatments) resulting in 225 

experimental units. In each experimental unit, three seeds were sown to a depth of 5cm and thinned to one plant per 

planting hole after germination at day 7. Treatments were inoculated into test plant following standard methods. As a 

result, the control treatment recorded the highest number of nodules (64.0 ± 6.91), followed by bacterium (45.2 ± 5.11) 

while N + F + B had the lowest number of root nodules (23.4 ± 2.42). Simultaneous treatment (N + F + B) gave the 

highest percentage reduction in nodulation (63.44%), followed by treatment N + F7 (56.25%). Fungus treatment recorded 

the highest mean wilted plants (3.8 + 0.20) followed by N + F7 treatment (3.40 + 0.40). Gall formation in the nematode 

treatment increased proportionately by 56.33% as the highest recorded, followed by treatment N + F7 with 50.0%. 

Treatment N + F7 had the highest reproduction factor (Rf) value of 9.30 followed by nematode (8.30), N + B7 (7.40), N 

+ F + B (6.80) and N + F14 (6.50). Zero (0) Rf value was recorded in fungus, bacterium and control treatments. The 

observed differences in nodulation and pathological parameters among the treatments are significant (P < 0.05). The data 

provided in this work is important in the control of the three pathogens affecting the productivity of Bambara nut. 

Formulation of a single protectant should be designed to have potent effects on the three pathogens to achieve effective 

protection and good production of Bambara nut. 
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1. Introduction 
Bambara groundnut (Vigna subterrenea (L.) Verdc.) is an African 

legume whose cultivation predates that of groundnut[1]. The distribution 
of wild Bambara groundnut is known to extend from Jos-Plateau and 
Yola-Adamawa in Nigeria to Garouna in Cameroon[2,3]. It is now widely 
distributed in the semi-arid zone of Sub-Saharan Africa (SSA)[4]. 
Bambara groundnut plays a key role in the traditional food and culture of 
West Africa. It is the third most important food legume after cowpea and 
groundnut[5,6]. Benue State, the dominant tribes (Tiv, Idoma, igede and 
the Etulo) are engaged in intensive production of Bambara nut mainly for 
the production of locally made tasty bean product known as “okpa”.  
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The crop’s productivity is affected by diseases caused by nematodes, fungu, bacteria and viruses. The 
root knot nematode; Meloidogyne javanica has been reported to cause losses ranging from 15% to 60% in 
vegetables such as okra, brinjal, French beans, cowpea, and soybeans[7–9]. Root knot nematodes causes poor 
root development resulting in reduced nutrient and water uptake, in addition to weak support for the plant as 
well as significant changes in the root tissues, development of prominent feeding sites called giant cells 
(GCs)[9]. Among the fungal diseases of Bambara groundnut, Fusarium wilt caused by Fusarium oxysporum 
(Schlect) Synder and Hansen, is a limiting factor in Bambara production and yield[1]. This soil-borne pathogen 
is highly specific to vegetables and legumes and is worldwide in distribution[9]. Bacterial blight caused by 
Xanthomonas axonopodis pv. vignicola is a major biological constraint to increase cowpea production in small 
holder farming sector and is prevalent in major cowpea growing areas of the world[10]. Siddiqui et al.[11] 

observed that wounds created by nematodes apparently favours bacteria more than fungi. Interaction effects 
of pathogens on the growth have been reported in other legumes[6,9]. 

It is important to understand the nature and effects of single and mixed interactions of three important 
pathogens limiting the productivity of Bambara groundnut in Nigeria. Hence, the present study was undertaken 
to determine the effects of single and mixed infections of nematode (Meloidogyne javanica), fungus (Fusarium 
oxysporum) and bacterium (Xanthomonas axonopodis) on nodulation and pathological parameters in Bambara 
groundnut (Vigna subterrenea (L.) Verdc.) in field condition.  

2. Materials and methods 

2.1. Experimental site 

The field experiment was located at the Agronomy Research Farm, Federal University of Agriculture 
Makurdi, Benue State (now known as Joseph Sarwuan Tarka University Makurdi), tropical Guinea Savanna 
(7°43′50″ N and 8°32′10″ E). The annual average rainfall was 1090 mm with a temperature range of 27.8 °C–
28.2 °C minimum 30.1 °C–34.1 °C maximum[7]. The field used this investigation had previously been cropped 
to tomato and egg plants with high Meloidogyne javanica infestation but had no incidence of Fusarium 
oxysporium or Xanthomonas spp. infection[7]. 

2.2. Collection of Bambara nut seeds 

Healthy seeds of Bambara groundnut (SUAN variety) were sourced from the seed store of the Department 
of Plant Breeding and Seed Science, Federal University of Agriculture Makurdi, Benue State. 

2.3. Sterilization of seeds, glass ware and soil  

Seeds were surface sterilized using 1.08% Sodium hypochlorite solution[12]. Other materials were either 
air dried as in plastics or oven dried as in glass wares or autoclaved as in media. All laboratory activities were 
carried out under aseptic condition[7]. 

2.4. Sources of test pathogens  

Fusarium oxysporum was isolated from stem and root of diseased okra (Abelmoschus esculentus L.) using 
standard methods[7,13] and sub-cultured on Potato Dextrose Agar (PDA) plates[14] followed by morphological 
identification on the stereobinocular microscope and the use of identification guide[15]. Spores were separated 
from the mycelium to obtain fungal inoculum. Xanthomonas axonopodis was isolated from diseased cowpea 
plant in the field[10], cultured on the Nutrient agar and sub-cultured on the YPSA (Yeast Peptone Sucrose 
Agar)[16]. Exactly 10ml of the suspension containing 1 × 10–6 of the bacteria was used to inoculate the test 
plants[11]. Meloidogyne javanica was collected from galled roots of infected tomato plants (Solanum 
lycospersicum L.) in the field using standard methods[12]. The infected roots were examined for the presence 
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of galls containing adult female and juvenile[17,18] using perineal pattern morphology as compared with standard 
pictorial guide[19].  

2.5. Pre-planting estimation of nematode population  

Nematode population (second stage juveniles; J2) was estimated before treating and sowing/planting 
through random collection of soil samples to a depth of 20 cm using a soil auger[7]. Bulked soil was used for 
nematode extraction, sieving and decanted with Baermann’s funnel[13]. The number of nematodes was counted 
under a Stereomicroscopic microscope at ×40 magnification. Counting was done thrice and the average number 
of nematodes was obtained. 

2.6. Field experimental design and seed sowing 

The Randomized Complete Block Design (RCBD) was adopted. It consisted of five blocks each 
measuring 13 m × 2 m spaced 1 m from each other[18]. The experiment was a 5 × 9 × 5 factorial design (5 
blocks, 9 treatments (T1–T9), 5 replicates per treatments) resulting in 225 experimental units in each 
experimental unit, three seed of Bambara groundnut were sown to a depth of 5 cm and thinned to one plant 
per planting hole after germination at day 7[18]. The treatment combinations are described in Table 1.  

Table 1. Treatment combination and description. 

S/N Treatments Description Symbol/code 
1 T1 Seedlings exposed to natural infection by the nematode in the soil at 

planting. 
N 

2 T2 Seedlings inoculated with 10–6 cfu/mL of fungus alone (F) fter sowing in 
Carbofuran (Furadan 10 g) treated soil.  

 

3 T3 Seedlings inoculated with 10 mL of bacterial suspension (10–6 cfu/mL) 
alone (B) in Carbofuran (Furadan 10 g) treated soil. 

B 

4 T4 Seedlings exposed to natural infection by nematode in the soil followed by 
10–6 cfu/mL of fungus and 10 mL of bacterial suspension simultaneously. 

N + F + B 

5 T5 Seedlings exposed to natural infection by nematode in the soil followed by 
inoculation with 10–6 cfu/mL of fungus 7 days after germination.  

N + F7 

6 T6 Seedlings exposed to natural infection by the nematode in the soil followed 
by inoculation with 10 mL of bacterial suspension 7 days after germination.  

N + B7 

7 T7 Seedlings exposed to natural infection by the nematode in the soil followed 
by inoculation with 10–6 cfu/mL of fungus 14 days after germination.  

N + F14 

8 T8 Seedlings exposed to natural infection by nematode in the soil followed by 
inoculation with 10 mL of bacterial suspension 14 days after germination.  

N + B14 

9 T9 Seedlings with no nematode, fungus or bacterium in plots treated with 
Carbofuran (Furadan 10 g) which served as control (C). 

C 

Note: Carbofuran is a broad spectrum carbamate insecticide and nematicide used as a positive control. 

2.7. Inoculation of test plants in field experiment  

Inoculation of test plants with fungus and bacterium was done 7 and 14 days after germination (DAG), 
whereas nematode infection was by naturally occurring nematode population in the soil. Inoculation of test 
plants was done following standard methods[20].  

2.8. Estimation of nematode population at harvest 

The number of second stage juveniles of nematode per treatment was determined by carefully mixing the 
soil in each treatment with a hand trowel. Then, nematodes from a 250 cm soil sub-sample from each treatment 
was extracted by combining Cobb’s sieving and decanting technique with the Baermann’s funnel method[13]. 
Similarly, eggs and second stage juveniles of the nematode in 5 g of galled roots were extracted following the 
methods described above. Nematode suspension was collected and the number of juveniles was counted under 

the stereoscopic microscope at ×40 magnification[7]. 
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2.9. Estimation of wilt incidence 

The number of wilted plants was counted and recorded. Percentage wilt incidence was calculated as 
described by Nene et al.[21]. 

Percentage wilting (%) = Number of wilted plants × 100 

Total number of plants 

2.10. Estimation of root galls (RG) 

Each plant was carefully uprooted and washed under tap water to free the roots from adhering soil 
particles. Roots were examined for galls and the number of galls counted[22]. Mean gall root was computed for 
various treatments. 

2.11. Nematode reproduction factor (RF) 

Nematode reproduction factor was determined following the method of Afolami et al.[23]. 

Rf = Pf 
        Pi 

where Rf is nematode reproduction factor; Pf is the final population of nematode from roots and soil; Pi is 
initial population of nematode (200 J2). 

3. Results  

3.1. Effects of pathogens on plant nodulation  

Table 2 shows the single and mixed effects of pathogens on the number of nodules produced by Bambara 
plants in the field. Control treatment recorded the highest number of nodules (64.0 ± 6.91), followed by 
bacterium (45.2 ± 5.11) while N + F + B had the lowest number of root nodules (23.4 ± 2.42). The observed 
differences are significant among the treatments (F = 19.29, P < 0.05) and blocks (F = 9.02, P < 0.05). The 
following treatments showed significant effects: control, bacterium, N + F + B, N + F7 and N + B14 (P < 0.05). 
Table 3 gives the average number of nodules per plant and the percentage reduction in nodules caused by 
inoculated pathogenic treatments when compared with the control in field. The control treatment gave the 
highest mean number of nodules of 12.8 ± 2.56 per plant while treatment N + F + B gave the lowest mean 
number of nodules per plant (4.68 ± 0.48). As a result, simultaneous treatment N + F + B gave the highest 
percentage reduction in nodulation (63.44%), followed by treatment N + F7 (56.25%), while inoculation wit 
bacterium recorded the least (26.38%).  

Table 2. Field evaluation of single and mixed infection on number of nodules. 

Treatments/Blocks Total B1 Total B2 Total B3 Total B4 Total B5 Grand 
mean TRT 

N 50 35 32 29 26 34.4 ± 4.8bcd 

F 37 37 34 30 27 33.0 ± 1.97bcd 

B 65 44 42 38 37 45.2 ± 5.11b 

N + F + B 31 25 22 23 16 23.4 ± 2.42d 

N + F7 36 27 30 26 21 28.0 ± 2.47cd 

N + B7 60 28 34 31 26 35.8 ± 6.2bcd 

N + F14 41 40 33 30 20 32.8 ± 3.81bcd 

N + B14 71 39 35 33 27 41.0 ± 7.75bc 

C 88 60 64 63 45 64.0 ± 6.91a 

Mean block 53.22 ± 6.37a 37.22 ± 3.57b 36.22 ± 3.88b 33.67 ± 3.92b 27.22 ± 2.96c  

* Means that do not share same letter are significantly different. 
F (Treatment) = 19.29, P = 0.000 (P < 0.05)  
F (Block) = 9.02, P = 0.000 (P < 0.05) 
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Table 3. Effect of single and mixed infection on average number of nodules per plant. 

Treatments Ground mean TRT in all 
block 

Average number of leaves per 
plant 

% reduction in number of leaves against 
control 

N 34.4 ± 4.8bcd 6.88 ± 0.96 46.25 
F 33.0 ± 1.97bcd 6.60 ± 0.39 48.44 
B 45.2 ± 5.11b 9.04 ± 1.02 26.38 
N + F + B 23.4 ± 2.42d 4.68 ± 0.48 63.44 
N + F7 28.0 ± 2.47cd 5.60 ± 0.49 56.25 
N + B7 35.8 ± 6.2bcd 7.16 ± 1.24 44.06 
N + F14 32.8 ± 3.81bcd 6.56 ± 0.76 48.75 
N + B14 41.0 ± 7.75bc 8.20 ± 1.55 35.94 
C 64.0 ± 6.91a 12.8 ± 2.56  

* Means that do not share same letter are significantly different at P ≤ 0.05 using Fisher’s LSD. 
* Values are means of five replicates. 
Friedman S (Treatment) = 13.11, P = 0.015 (P < 0.05) 

3.2. Effects of pathogens on nematode population 

Table 4 presents the effects of treatments on nematode population. The highest mean value (930 ± 97.0) 
was recorded in N + F7 treatment and it was followed by 830 ± 81.5 in single treatment with nematode (N) 
while the lowest population of 30 ± 20.00 was found in the control treatment. Inoculation with bacterium or 
fungus gave zero (0) nematode population. Significant differences were recorded in the mean nematode 
population of all the treatments. 

Table 4. Field evaluation of single and mixed effect of pathogens on nematode population in the root and soil. 

Treatments/Blocks Total B1 Total B2 Total B3 Total B4 Total B5 Grand mean TRT 
N 850 1050 950 700 600 830 ± 81.5ab 

F 0 0 0 0 0 0.00 ± 0.00c 

B 0 0 0 0 0 0.00 ± 0.00c 
N + F + B 550 800 650 700 700 680 ± 40.6b 

N + F7 950 1200 1000 900 600 930 ± 97.0a 

N + B7 550 900 800 800 650 740 ± 62.0ab 

N + F14 700 750 700 600 500 650 ± 44.7b 

N + B14 600 650 650 500 700 620 ± 33.9b 

C 0 100 50 0 0 30 ± 20.00c 

* Means that do not share same letter are significantly different at P ≤ 0.05 using Fisher’s LSD. 
* Values are means of five replicates. 
Friedman S (Treatment) = 11.29, P = 0.024 (P < 0.05) 

3.3. Effects of pathogens on plant wilting 

Table 5 shows the effects of treatments on number of wilted plants. Fungus treatment recorded the 
highest mean wilted plants (3.8 + 0.20) followed by N + F7 treatment (3.40 + 0.40) while the least was 
recorded in N + B7 treatment (1.80 + 0.37) while bacterium and control treatments had no wilted plants.  

Table 5. Field evaluation of single and mixed infection effect of treatment on number of wilted plants. 

* Means that do not share same letter are significantly different at P ≤ 0.05 using Fisher’s LSD. 
Friedman S (Treatment) = 12.73, P = 0.013 (P < 0.05) 

Treatments/Blocks Total B1 Total B2 Total B3 Total B4 Total B5 Grand 
mean TRT 

N 3 3 2 1 2 2.2 ± 0.37bc 

F 4 4 4 4 3 3.8 ± 0.20a 

B 0 0 0 0 0 0.00 ± 0.00d 
N + F + B 3 4 3 2 2 2.80 ± 0.37abc 

N + F7 4 4 4 3 2 3.40 ± 0.40ab 

N + B7 3 2 2 1 1 1.80 ± 0.37c 

N + F14 3 3 2 2 1 2.20 ± 0.37bc 

N + B14 2 3 2 1 2 2.00 ± 0.32bc 

C 0 0 0 0 0 0.00 ± 0.00d 

Mean block 2.44 ± 0.50 2.56 ± 0.53 2.11 ± 0.48 1.56 ± 0.44 1.44 ± 0.34  
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Figure 1. Single and mixed effects of pathogens on percentage wilt in Bambara field condition. 

Significant difference exists among the treatments (F = 12.73, P < 0.05). However, the effects of N, N + F14 
and N + B14 treatments were the same (P > 0.05). Result on percentage wilt (Figure 1) revealed that treatment 
fungus treatment had the highest percent wilt (76%), followed by N + F7 (68.0%) and N + F + B (56.0%) 
treatments while the least was recorded in N + B14 (40.0%). 0% wilt was recorded in bacterium and control 
treatments. 

3.4. Effects of pathogens on gall formation and nematode reproduction 

Table 6 presents field evaluation effects of treatments on total number of galls. Nematode treatment 
recorded the highest number of galls (33.8 ± 1.74), followed by N + F7 (30.0 ± 4.57) and N + B7 (25.81 ± 
3.17) while the control treatment recorded the lowest in gall formation (0.60 ± 0.40). Treatment with fungus 
or bacteria alone recorded zero number of galls. Friedman’s test showed significant differences in the treatment 
means (S = 36.63, P < 0.05). Table 7 gives the average number of galls per plant and the percentage reduction 
in galls caused by inoculated pathogenic treatments when compared with the control in field. Treatment with 
nematode alone gave the highest mean value (6.76 ± 0.35) while the control was the lowest (0.12 ± 0.08) per 
plant. Treatment with bacterium or fungus recorded no gall at all. Based on the result recorded on the 
proportional increase in the number of galls using the control as a reference, gall formation in the nematode 
treatment increased proportionately by 56.33% as the highest recorded, followed by treatment N + F7 with 
50.0%. Bambara groundnut roots inoculated with nematode alone had galls slightly higher than that of 
inoculation of nematode prior to fungi 7 days later compared with uninoculated control. Figure 2 shows the 
field evaluation of single and mixed infection effect of treatments on nematode reproduction factor (Rf) 
Treatment N + F7 had the highest Rf value of 9.30 followed by nematode (8.30), N + B7 (7.40), N + F + B 
(6.80) and N + F14 (6.50). The least was recorded in N + B14 (6.20) while Zero Rf was recorded in fungus, 
bacterium and control treatments.  

Table 6. Field evaluation of single and mixed infection effects of treatments on number of galls. 

* Means that do not share same letter are significantly different. 
Friedman S (Treatment) =36.63, DF = 8, P = 0.000 (P < 0.05). 
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Treatments/Blocks Total B1 Total B2 Total B3 Total B4 Total B5 Grand 
mean TRT 

N 35 36 38 32 28 33.8 ± 1.74a 

F 0 0 0 0 0 0.0 ± 0.00d 

B 0 0 0 0 0 0.0 ± 0.00d 

N + F + B 13 14 12 25 15 15.80 ± 2.35c 

N + F7 20 20 30 43 37 30.0 ± 4.57ab 

N + B7 22 16 26 33 32 25.8 ± 3.17abc 

N + F14 16 18 20 25 26 21.0 ± 1.95bc 

N + B14 18 15 17 31 25 21.2 ± 2.97bc 

C 0 02 01 0 0 0.60 ± 0.40d 

Mean block 13.78 ± 4.00 13.44 ± 3.86 16.00 ± 4.64 21.00 ± 5.53 18.11 ± 4.93  
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Table 7. Effect of single and mixed infection on average number of gall per plant. 

Treatments Ground mean  
TRT in all block 

Average number  
galls per plant 

% reduction in number of 
galls against the control 

N 33.8 ± 1.74a 6.76 ± 0.35 56.33 
F 0.0 ± 0.00d 0.0 ± 0.00 0.00 
B 0.0 ± 0.00d 0.0 ± 0.00 0.00 
N + F + B 15.80 ± 2.35c 3.16 ± 0.47 26.33 
N + F7 30.0 ± 4.57ab 6.00 ± 0.91 50.00 
N + B7 25.8 ± 3.17abc 5.16 ± 0.63 43.00 
N + F14 21.0 ± 1.95ab 4.20 ± 0.39 35.00 
N + B14 21.2 ± 2.97bc 4.24 ± 0.59 35.33 
C 0.60 ± 0.40d 0.12 ± 0.08  

* Means that do not share same letter are significantly different. 
Friedman S (Treatment) = 36.63, DF = 8, P = 0.000 (P < 0.05).  

 
Figure 2. Single and mixed effects of pathogens on nematode reproduction factor (Rf) in Bambara field experiments. 

4. Discussion 
The observed significant reduction in the number of nodules might have affected pod yield since nodules 

harbor nitrogen-fixing bacteria in legumes. Root knot nematode infection can cause reduced transport of 
growth regulators such as cytokinins and gibberellins, thus resulting in reduced growth and yield[24]. The 
disease complex of the pathogens in Bambara groundnut aggravated symptoms such as wilting, stunted growth 
and drooping of foliage. Chlorosis was observed in inoculated plants compared to uninoculated control. The 
effects were observed on leaves of plant inoculated with mixed pathogens. This result agrees with the findings 
of Iheukwumere et al.[7] who observed mild chlorosis on leaves of plants with combined infection of M. 
javanica and F. oxysporum.  

The observed chlorosis may be as a result of reduced chlorophyll content and this vividly explains the 
reduction rate of photosynthesis and yield. This result is similar with the findings of Iheukwumere and 
Orkpeh[25] who showed that mild chlorosis and wilting occurred in plants infected with both pathogens, and 
this was attributed to the combined parasitic effects of the fungus and nematode on the plant. The present work 
found significant difference in the number of plants wilted plants inoculated with fungi alone had the highest 
wilt percent incidence while plants inoculated with nematod and fungi 7 days germination (N + F7); had 
difference with that inoculation preceded 14 (N + F14) germination. Fusarium has been reported to penetrate 
xylem elements, aiding in disruption of uptake water minerals by the root system[26] thus, it may account for 
the wilting and drooping of leaves observed in this study. 

The increase number of galls could be as a result of giant cell formation, by the feeding activities of the 
nematodes which led to excessive root galls. This observation was in conformity with many findings[13,27]. 
Similarly, the number of galls was apparently higher in plants inoculated with nematode alone probably 
because, there was no competition with any organism and the nematode had all the necessary space and 
nutrients to itself for growth and multiplication[7,26]. Formation of galls is the most characteristic symptom of 
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root knot nematode infection. The nematode secretes growth regulators of the indole group which induces 
hypertrophy (cell enlargement) and hyperplasia (cell multiplication) at infection or feeding sites[27]. Gall cells 
serve as nutrient sinks in infected plant and thus cause a shift in the plant metabolism and transport of materials 
in favour of the roots[9]. This may also be the reason for the observed weight increase. Giant cell formation are 
triggered off by enzymatic secretions from the root knot nematode in host plants, which induce re-
differentiation process that eventually leads to the formation of multinucleated feeding cells called giant cells. 
It has also been reported that, the presence of nematode infection in plants induces an increase in plant 
hormones (indole acetic acid, cytokinins, abscisic acid) concentrations which result to accelerated growth 
around the nematode feeding sites[24,28].  

5. Conclusion 
Simultaneous infection of Bambara plant with nematode, fungus and bacterium (N + F + B) significantly 

reduced nodulation. Fungus application caused the highest wilting while nematode application alone induced 
gall formation, whereas additional inoculation with fungus 7 days after germination (N + F7) gave the highest 
nematode reproduction factor. The data provided in this work is important in the control of the three pathogens 
affecting the productivity of Bambara nut. Formulation of a single protectant should be designed to have potent 
effects on the three pathogens to achieve effective protection and good production of Bambara nut. 
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