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ABSTRACT

Article History Fusarium oxysporum attacks Bambara groundnut at all stages of development. Attack
Received: 6 December 2021 prior to seed germination results in pre-emergence damping-off disease that can lead to
Revised: 28 March 2022 . . .
Accepted: 12 April 2022 losses in crop stands which eventually reduce crop yield. Dry and wet season field
Published: 25 April 2022 trials were conducted to evaluate the effect of incidence of the disease on yield of

Bambara nut landraces in Maiduguri, northeastern Nigeria. Three Bambara nut
IF{lsz:rds landraces (Cream, Red and Black) were laid out in Randomized Complete Block Design
Damping-off replicated three times in each season. Significant (P<0.05) differences were observed
1};32?;::(?’ ot among the landraces in respect of percentage seed germination, seedling emergence,
Dry oo Sroundnd disease incidence and pod yield. Seed germination ranged from 68.9 - 80.0 %. Field
Wet season emergence test taken from the average of the two seasons ranged from 40.4 — 72.3 %.

Disease incidence.

Mean across the seasons showed that Black had the highest (72.3) percent emerged
seedlings, lowest (26.7 %) disease incidence and highest pod yield of 207.2 kg/ha. While
Cream had the highest (65) percent disease incidence, the lowest (40.4) percent emerged
seedlings and lowest pod yield of 76.6 kg/ha. Cream is the most popular choice of the
farmers and consumers, and coincidentally the most susceptible among the landraces.
Low disease incidence in the wet season did not result in higher pod yield due to end of
season drought. With uncertainty/variability of rainfall pattern in the region, dry
season is the second best option for planting the crop.

Contribution/Originality: Although northeastern Nigeria is the center of Bambara nut production, it lacks in
reports on diseases affecting the crop. This preliminary assessment sought to fill this gap. It is the first field report

on Fusarium related disease and yield of Bambara nut in both wet and dry seasons.

1. INTRODUCTION

Bambara groundnut or Bambara nut (Vigna subterranean (L.) Verdc. has been variously described as an “orphan
crop”, which represents a neglected and under researched/ underutilized plant genetic resource (Halimi, Barkla,
Mayes, & King, 2020; Majola, Gerrano, & Shimelis, 2021) or “poor man’s crop” with little economic value (Damfami
& Namo, 2020). Awareness about the potential of Bambara groundnut as a food crop in dry areas has increased in
recent years (Mayes et al.,, 2019) due to the current research on its medicinal value and the high protein content
which can compete with animal protein (Damfami & Namo, 2020). The cheap protein-rich source can improve the
food and nutrition security status of rural households. Biochemical analysis of the carbohydrate, fat, protein and

mineral content reveals that Bambara groundnut produces an almost balanced diet (Khan, Rafii, Ramlee, Jusoh, &
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Al-Mamun, 2021; Mubaiwa, Fogliano, Chidewe, Bakker, & Linnemann, 2018). The nut was found to be richer in
essential amino acids than groundnut (Enwere & Ngoddy, 1986), with a protein score of 80% as compared to 65%
for groundnut, 74% for soya bean and 64% for cowpea (Schaafsma, 2012). As a “complete food”, this crop has
recently been treated as a new millennium crop (Khan et al., 2021).

FAOSTAT (2020) record showed that the annual production of Bambara groundnut is estimated to be 0.2
million tonnes from an area of 0.25 million hectares worldwide. A larger quantity of Bambara groundnut is
produced by West African countries, with a total production of 0.14 million tonnes in 2018 from an estimated area
of 0.18 million hectares. The top global Bambara groundnut producing countries are Burkina Faso, Niger, Nigeria
and Cameroon, contributing to 74% of global production (FAOSTAT, 2020; Hillocks, Bennett, & Mponda, 2012).

However, fungal diseases are a major constraint on Bambara groundnut production in Nigeria (Tanimu &
Aliyu, 1997), Burkina Faso (Sérémé, Kiwallo, & Zida, 1991); Kenya (Wakhungu, Tabu, Otaye, & Wasike, 2017), and
South Africa (Anonymous, 2016). Damping-off is one among other fungal diseases which affects all agricultural field
crops. Fusarium spp., Rhizoctonia spp., Pythium spp. and Phytophthora spp. are the most frequently associated with
damping-off and are considered the most important causal agents of the disease in literature (Lamichhane, Durr,
Schwanck, Robin, & Sarthou, 2017). Laboratory examination of some Bambara nut landraces had revealed the
presence of Fusarium sp in the seeds as well as diseased samples from the field. F. oxysporum is a common soil as well
as seedborne pathogen and saprophyte that feeds on dead and decaying organic matter. It survives in crop debris as
mycelia and is commonly recovered from cultivated soil as chlamydospores (Maina et al., 2015). F. oxysporum
attacks Bambara nut at all stages of development. The propagules gain entry into the plant through cut seed
surfaces, damaged roots and stem tissues of young and stressed plants, infected seeds and through wounds caused
by insects (Leslie, Summerell, & Bullock, 2006). Affected seeds result in pre-emergence damping-oft disease which
prevent seeds from germination while affected seedlings collapse at post emergence and die. Effect at later stage of
plant growth shows wilt symptom. The disease represents for farmers one of the most important yield constraints
both in nurseries and fields (Lamichhane et al., 2017). It reduces yields by lowering plant populations in all or
portions of fields (Hudge, 2015). F. oxysporum infestation on Bambara nut causes yield losses ranging from trace to
total crop failure, especially when adverse environmental conditions persist after planting through flowering (Cook,
1978). In Nigeria, Bambara nut is widely grown presently in most parts of the country during the rainy season or
wet season. It is the period of the year during which rainfall distribution characteristics are suitable for crop
germination, establishment, and full development. But this period is also characterized by high temperatures and
humidity which predispose the crop to fungal attacks. Bambara nut is not usually grown during the dry season in
Nigeria. But its trial for adaptation outside the main growing season has proved its productivity during this period.
This period is characterized by high temperature and low relative humidity which has the advantage of disease
escape, especially foliar diseases due to reduced humidity (Makanda, Tongoona, Madamba, Icishahayo, & Derera,
2009). Investigations conducted on Bambara nut were so far limited to the crop nutritional value (Okonkwo &
Opara, 2010), seed yield (Abejide, Falusi, Adebola, Daudu, & Salihu, 2018), processing and utilization (Aviara,
Lawal, Atiku, & Haque, 2013), response to fertilizer (Effa, Nwagwu, Osai, & Shiyam, 2016), and seedborne
Aspergillus spp. (Isadeha & Time, 2018; Iwuagwu et al., 2019) with little or no field pathological reports either in the
wet or the dry season. The objective of this study was to assess the quality of seed through germination test and
determine the incidence of pre-emergence damping-off and yield of three Bambara nut landraces during dry and wet

planting seasons in Maiduguri, northeastern Nigeria.

2. MATERIALS AND METHODS
Sources of seeds: Three Bambara groundnut landraces Cream, Black, and Red were purchased from Gamboru

and Monday markets Maiduguri, Borno State, Nigeria. These were transported to the Plant Pathology Laboratory,
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Department of Crop Protection for seed germination test. Thereafter, they were taken to the Teaching and
Research farm of the Faculty of Agriculture, University of Maiduguri for the dry and wet season trials.

Seed germination test: Ten seeds of each of the landraces were plated on two layers of moistened filter papers
placed in 9.0 cm diameter Petri dishes. The Petri dishes were arranged on a laboratory bench in a completely
randomized design (CRD) with three replications for 10 days. Germination counts were taken daily until the final
counts on the tenth day and expressed as a percentage of the total number of seeds per plate.

Field experiment: Field experiment was conducted at the Teaching and Research Farm of University of
Maiduguri from January to April, 2017 during the dry season, and from July to October, 2018 during the wet
season. At the beginning of each experiment, previous crop residues were cleared and the land ploughed by hoe and
leveled. The three Bambara nut landraces (Cream, Red and Black) were laid out in Randomized Complete Block
Design replicated three times in each season. One seed was taken from each seed lot and sown directly into sowing
holes. The plants were spaced 20 ¢cm apart within a row and 50 ¢cm apart between rows. Permethrin insecticide was
spot applied to control soldier ants and other insects feeding on Bambara leaves. The field was irrigated throughout
the experiment during the dry season trial. While sowing during the wet season was done only when the rains
have established. Weeding was carried out as at when necessary using hoe.

Data collection: Parameters assessed were percentage seed germination, seedling emergence and incidence of
pre-emergence damping off, plant height (cm), canopy width (cm), number of pods per plant, pod weight per plant
(g) and pod weight per plot converted to kg/ha.

Data analysis: Data collected on disease incidence, growth, yield and yield components were subjected to

analysis of variance and means were separated using Least Significant Difference (LSD) at 5 %.

3. RESULTS

Seed germination on filter paper was higher than seeds planted in the field Figure 1. Germination on filter
paper using blotter method ranged from 68.9 — 80 %, compared with average of seed germination from the two
seasons which ranged from 40.4 - 72.8 %. Only 40.4 % of Cream germinated when planted in the field compared to
68.9 % on filter paper, and 60.2 % of Red germinated in the field compared to 80 % on filter paper. Black remained
the highest with over 70 % germination in both field and laboratory tests.
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Bambara nut landraces
Figure 1. Seed germination (%) test in the laboratory (filter paper) and field.

Percentage seedling emergence and pre-emergence damping-off incidence were significantly (P<0.05) different
among the landraces in both the dry and the wet seasons trials Table 1. Black had the highest emergence and the

lowest disease incidence during the dry season trial while Red had the highest emergence and the lowest incidence
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during the wet season trial. Across the seasons Black had the lowest (26.6 %) damping- off incidence and the highest
(72.8 %) seedling emergence. Across the landraces, damping-oft incidence was lower and seedling emergence was

higher during wet season than in the dry season trial.

Table 1. Percentage seedling emergence and incidence of pre-emergence damping-off for three Bambara groundnut landraces during 2017/2018

dry and wet season field trials.

Seedling emergence (%) Mean | Pre-emergence damping-off incidence (%) Mean
Landrace

Dry season Wet season Dry season Wet season
Cream 40.4b 40.4b 40.4 70.3a 59.6a 65.0
Red 43.0b 77.8a 60.2 53.8a 22.7b 38.0
Black 73.8a 70.7a 72.3 24.1b 29.3b 26.7
Mean 52 .4 62.8 57.6 49.2 37.2 43.2
SE+ 10.9 4.66 14.4 4.7

Note: Means followed by the same letter(s) within the same column are not significantly different using Duncan’s Multiple Range Test (DMRT) at P<0.05.

Landraces did not differ significantly in the number of pods produced per plant and dry pod yield produced in
kg/ha Table 2. However, Black produced the highest (9.5) pods/plant in the dry season trial, and had the highest
pod yield of 836.1 and 78.3 kg/ha in the dry and wet seasons trials, respectively. Mean across the seasons showed
that Black had the highest (207.2 kg/ha) pod yield while cream had the lowest pod yield of 76.6 kg/ha. The average

across the landraces showed dry season trial with higher number of pods/plant and pod yield than the wet season

trial.

Table 2. Number of pods per plant, pod yield and days to 50 % flowering for three Bambara groundnut landraces during
2017/2018 dry and wet season field trials.

Landrace No. of pods/plant Mean Pod yield (kg/ha) Mean
Dry season Wet season Dry season Wet season

Cream 4.8 4.2 4.5 109.9 43.3 76.6

Red 7.1 3.5 5.8 128.8 72.8 100.8

Black 9.5 3.1 6.3 336.1 78.3 207.2

Mean 7.1 3.6 5.4 191.6 64.8 128.2

SE+ 2.53 1.30 287.2 26.95

Figure 2 shows the height of the three Bambara groundnut landraces recorded during the dry and wet season
field trials. Red recorded the highest height of 10.5 cm and 20.4 cm in the dry and wet season trials, respectively.
Cream had the lowest height in both season. Mean across the landraces showed that wet season planted crops were

taller than those planted during the dry season trial.
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Figure 2. Height of three Bambara nut landraces during 2017/2018 dry and wet season field trails.
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Canopy width of the three Bambara groundnut landraces is presented in Figure 3. Red had the widest (22.8 cm)
width of the canopy in the dry season trial, and when averaged across the two seasons. Black had the lowest canopy
width of 17.8 ¢cm and 82.4 cm in the dry and wet season trials, respectively. The canopy width was wider in the wet

season when averaged across the landraces than the dry season planted crops.
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Figure 3. Canopy width of three Bambara groundnut landraces during 2017/2018 dry and wet season field trials.

4. DISCUSSION

Pre-emergence damping-off is an important disease worldwide, which can occur when seeds decay prior
germination, or when the germinating seeds are killed by variety of seed- and soil- borne pathogens while shoot
tissues are still below ground (Horst, 2013; Hudge, 2015). In the present study, about 27.7 — 59.6 % of the landraces
planted in the field averaged across the seasons failed to emerge while 20 — 31.1 % failed to germinate when tested
on blotter paper. Cream, the most susceptible lost 31.1 % seeds in germination test and 59. 6 % in the averaged field
test. Salerno, Lori, and Morelli (2003) reported that seed contamination with Fusarium spp. affected the
performance of most Ponderosa pine seed lots and reduced percentage seed germination. Similarly, Pandey,
Kapkoti, and Kapkoti (1990) reported Fusarium spp. associated with Pinus roxburgii. seeds that failed to germinate.
The reduced germination is often attributed to pre-emergence damping-off as Fusarium-contaminated seed produce
weak germinant that die before the radicle emerges (Salerno et al., 2003).

There was higher failure in emergence in the soil than germination test on paper suggesting more favorable
conditions for development of the damping-oft pathogens. In particular, contaminated seeds in soil, wet and cool
soils, and cool to moderate air temperatures favor the development of Fusarium spp. (Lamichhane et al., 2017).

Landrace vs season show that Black was the least affected in both seasons with more than 70 % emerged
seedlings. More than 59 and 70 % of Cream seeds failed to germinate when planted during the wet and dry seasons,
respectively. The seasonal influence on the amount of seeds that failed to emerge was greater during the dry than in
the wet season. Dry planting was conducted in February when the environmental and soil temperatures were cool
and irrigation during this further cool the air and soil temperatures. These factors tend to predispose seed or
seedlings to damping-off pathogens and increase the severity of infection. Predisposing factors such as
contaminated seeds (in soil or growing media), wet (e.g., due to poor drainage or overwatering) and cool soils, cool
to moderate air temperatures, higher soil pH and with increased N levels are particularly favorable for the
development of Fusarium spp. (James, 2012).

Number of pods/plant and pod yield/ha were also influenced by pre-emergence damping-oft. Cream was the

most affected and had the lowest pod yields in both dry and rainy season trials. Seed quality/health of susceptible

72
© 2022 Conscientia Beam. All Rights Reserved.



International Journal of Sustainable Agricultural Research, 2022, 9(2): 68-75

varieties can be easily compromised by the seed or soil borne pathogens which weaken the ability of crops to
become established and realize their full potential of yield and value (Salerno et al., 2003).

Black and Red landraces on the other hand, were the least affected and had the highest pod yields. These
contain Phytochemicals such as Flavonoids and tannins in their seed coat (Khan et al., 2021). Tannins are complex
chemical substances derived from phenolic acids (sometimes called tannic acid) that bind readily with proteins,
cellulose, starches, and minerals to form substances that are insoluble and resistant to decomposition (Anonymous.,
2021). The presence of these substances in the two landraces could have reduced their rot due to attack by the
damping-off pathogens, hence the reduction in disease incidence.

The effect of the disease on plant height and canopy width was not significant in the present study. However,
differences exist between heights and canopy sizes of landraces planted during dry season and those grown during
the rainy season. Taller plants with larger canopies were observed in the rainy season trial than the dry season.
Despite the luxuriant growth during the rainy season, pod yield was considerably reduced due to end of season
drought. Abejide et al. (2018) similarly observed that water stress reduced the yield of the Bambara groundnut
landraces by 47%. Without the stress factor, Kumaga, Ofori, and Coblavie (1988) observed higher yield in minor
season sown Bambara groundnut than the major season. Where water can be provided, the dry season would be
better for the cultivation of Bambara groundnut (Doku & Karikari, 1970). In contrast, Berchie et al. (2012). reported
that in the Guinea savanna agro-ecology, the dry season cultivation of Bambara groundnut under irrigation

produced low yields.

5. CONCLUSION

The presence of fungal pathogens on seed and in soil affects seed health which can reduce germination or
seedling emergence. Soil environment favored activities of the pathogens where higher incidence of pre-emergence
damping-off was observed in the field than on paper viability test. Among the three landraces, Black had the highest
(72.3) percent emerged seedlings, lowest (26.7 %) disease incidence and highest pod yield of 207.2 kg/ha would
have been the best for cultivation but is unpopular in the region. Cream is the most popular choice of the farmers
and consumers, and coincidentally the most susceptible among the landraces. Introduction of high yielding disease
resistant cream variety is necessary in the region. Awareness of uses of Bambara groundnut other than direct
consumption may encourage farmers to increase cultivation of the Black variety. The influence of seasons on disease
and crop yield depends on risk factors such as false start of rainy season, long dry spell in the middle of the rainy
season and end of season drought which are accompanied by wide fluctuations in temperature and relative humidity.

With these risk factors in the wet season, dry season is the second best option for planting the crop.

Funding: This study received no specific financial support.
Competing Interests: The author declares that there are no conflicts of interests regarding the publication
of this paper.

REFERENCES

Abejide, D. R, Falusi, O. A., Adebola, M. O., Daudu, O. A., & Salihu, B. Z. (2018). Evaluation of seed yield of Nigerian bambara
groundnut [Vigna subterranea (L.) Verdc.] landraces under varying water conditions. Notulae Scientia Biologicae, 10(2),
233-239.Available at: https://doi.org/10.15835/nsb10210238.

Anonymous. (2016). Bambara groundnuts (Vigna subterranean): Production guideline. Produced by Department of Agriculture,

Forestry and Fisheries, Republic of South Africa. pp: 20. Retrieved from: http://www.nda.agric.za.

Anonymous. (2021). Tannins. U.S. Forest service. United States Department of Agriculture. Retrieved from:

https://www.fs.fed.us/wildflowers/ethnobotany/ tannins.shtml.

73
© 2022 Conscientia Beam. All Rights Reserved.


http://www.nda.agric.za/
http://www.fs.fed.us/wildflowers/ethnobotany/tannins.shtml

International Journal of Sustainable Agricultural Research, 2022, 9(2): 68-75

Aviara, N, Lawal, A., Atiku, A., & Haque, M. (2013). Bambara groundnut processing, storage and utilization in north eastern
Nigeria. Journal of Control Science and Engineering, 8(1), 28-36.Available at:
https://doi.org/10.5707/cjengsci.2013.8.1.28.36.

Berchie, J., Opoku, M., Adu-Dapaah, H., Agyemang, A., Sarkodie-Addo, J., Asare, E., . . . Akuffo, H. (2012). Evaluation of five
bambara groundnut (Vigna subterranea (L.) Verdc.) landraces to heat and drought stress at Tono-Navrongo, Upper
East Region of Ghana.  African  Journal of  Agricultural — Research,  7(2), 250-256.Available at:
https://doi.org/10.5897/ajar11.817.

Cook, A. A. (1978). Bambara groundnut (Voandzeia subterranea). Diseases of Tropical and Subtropical Vegetables and Other
Plants (pp. 381). Michigan, U.S.A: Hafher Farmington Hills, Macmillan Pub Co.

Damfami, A., & Namo, O. (2020). Bambara groundnut (Vigna subterranea (L.) Verd.): A review of its past, present and future
role in human nutrition. Journal of Agriculture and Forest Meteorology Research, 3(1), 274-281.

Doku, E., & Karikari, S. (1970). Flowering and pod production of Bambara groundnut (Voandzeia subterrdnea Thouars) in
Ghana. Ghana Journal of Agricultural Science, 3(1), 17-26.

Effa, E., Nwagwu, F., Osai, E., & Shiyam, J. (2016). Growth and yield response of Bambara groundnut (Vigna subterranea (L.)
Verdc) to varying densities and phosphate fertilizer rates in Calabar, South-eastern Nigeria. Journal of Biology,
Agriculture and Healthcare, 6(16), 14-20.

Enwere, N., & Ngoddy, P. (1986). Eftect of heat treatment on selected functional properties of cowpea flour. Tropical Science,
26(4), 223-232.

FAOSTAT. (2020). Food and agriculture organization of the United Nations. Rome, Italy: Statistical Databases.

Halimi, R. A, Barkla, B. J., Mayes, S., & King, G. J. (2020). Characteristics of the underutilised pulse Bambara Groundnut (Vigna
subterranea (L.) Verdc.) Relevant to food & nutritional security. Multidisciplinary Digital Publishing Institute Proceedings,
36(1), 199.Available at: https://doi.org/10.3390/proceedings2019036199.

Hillocks, R., Bennett, C., & Mponda, O. (2012). Bambara nut: A review of utilisation, market potential and crop improvement.
African Crop Science Journal, 20(1), 1-16.

Horst, R. K. (2013). Damping-off. Westcott’s plant disease handbook (pp. 177). Dordrecht: Springer Netherlands.

Hudge, B. (2015). Management of damping-oft disease of soybean caused by Pythium ultimum Trow. Infernational Journal of
Current Microbiology and Applied Sciences, 4(1), 799-808.

Isadeha, A., & Time, I. (2018). Seed borne fungi of Bambara groundnut in Benue state, Nigeria. International Journal of Scientific
& Engineering Research, 9(8), 159-163.

Iwuagwu, C. C, Kpadobi, R. C., Chukwuma, A., Nwogbaga, M. T. S, Theaturu, D. E., & Onejeme, F. C. (2019). Fungitoxic effects
of some plant extracts on seedborne fungi pathogens of Bambara groundnut in Awka South of Anambra State, Nigeria.
Advancement in Medicinal Plant Research, 7(2), 44-53.

James, R. L. (2012). Fusarium root and stem diseases. In: Cram MM, Frank MS, Mallams KM (eds) For. Nurs. Pests. USDA
Forest Service (pp. 117-120). Washington DC: Agriculture Handbook.

Khan, M. M. H,, Rafii, M. Y., Ramlee, S. I, Jusoh, M., & Al-Mamun, M. (2021). Bambara groundnut (Vigna subterranea L.
Verdc): A crop for the new millennium, its genetic diversity, and improvements to mitigate future food and nutritional
challenges. Sustainability, 13(10), 1-27.Available at: https://doi.org/10.8890/5u13105530.

Kumaga, F. K., Ofori, K., & Coblavie, C. S. F. (1988). Effect of time of planting on growth, flowering and seed yield of Bambara
groundnut (Vigna subterranea (L.) Verdc) Promotion of Bambara groundnut. Latest development of Bambara groundnut
research. Paper presented at the Proceedings of the Second International Workshop of International Bambara Network
(BAMNET), Sep. 23-25, CSIR, Accra, Ghana.

Lamichhane, J. R., Durr, C., Schwanck, A. A., Robin, M. H., & Sarthou, J. P. (2017). Integrated management of damping-off
diseases. A review. Agronomy for Sustainable Development, 37(2), 1-25.Available at: https://doi.org/10.1007/513593-017-
0417-y.

Leslie, J. F., Summerell, B. A, & Bullock, S. (2006). The fusarium laboratory manual (pp. 388). New York: Wiley-Blackwell.

T4
© 2022 Conscientia Beam. All Rights Reserved.



International Journal of Sustainable Agricultural Research, 2022, 9(2): 68-75

Maina, P. K., Wachira, P., Okoth, S., Kimenju, J., Otipa, M., & Kiarie, J. (2015). Effects of land-use intensification on distribution
and diversity of Fusarium species in Machakos County, Kenya. Journal of Agricultural Science, 7(4), 48-60.

Majola, N. G., Gerrano, A. S., & Shimelis, H. (2021). Bambara groundnut (Vigna subterranea [L.] Verdc.) production, utilisation
and genetic improvement in Sub-Saharan Africa. Agronomy, 11, 1-16.Available at:
https://doi.org/10.88390/agronomy11071345.

Makanda, I., Tongoona, P., Madamba, R., Icishahayo, D., & Derera, J. (2009). Evaluation of Bambara groundnut varieties for off-
season production in Zimbabwe. African Crop Science Journal, 16(3), 175 — 183.

Mayes, S., Ho, W. K., Chai, H. H., Gao, X, Kundy, A. C, Mateva, K. I, . .. Licea, L. C. (2019). Bambara groundnut: An exemplar
underutilised legume for resilience under climate change. Planta, 250(3), 803-820.Available at:
https://doi.org/10.1007/500425-019-03191-6.

Mubaiwa, J., Fogliano, V., Chidewe, C., Bakker, E. J., & Linnemann, A. R. (2018). Utilization of bambara groundnut (Vigna
subterranea (L.) Verdc.) for sustainable food and nutrition security in semi-arid regions of Zimbabwe. PLoS One,
13(10), €0204:817.Available at: https://doi.org/10.1871/journal. pone.0204:817.

Okonkwo, S., & Opara, M. (2010). The analysis of Bambara Nut (Voandzeia subterranea (L.) Thouars) for sustainability in Africa.
Research Journal of Applied Sciences, 5(6), 394-396.Available at: https://doi.org/10.8923/rjasci.2010.394.396.

Pandey, K. N., Kapkoti, N., & Kapkoti, N. (1990). Mycoflora associated with the chir-pine seeds in Central Kumaun Himalaya.
Indian Journal of Mycology and Plant Pathology, 20(2), 150-151.

Salerno, M. 1., Lori, G., & Morelli, P. (2008). Effect of seedborne Fusarium on nursery diseases of Pinus ponderoda Dougl. ex Laws in
Argentina. Paper presented at the A Paper Submitted to the XII world Forestry Congress, 2003, Quebec City, Canada.

Schaafsma, G. (2012). Advantages and limitations of the protein digestibility-corrected amino acid score (PDCAAS) as a method
for evaluating protein quality in human diets. British Journal of Nutrition, 108(5S2), S333-S336.Available at:
https://doi.org/10.1017/80007114:512002541.

Sérémé, P., Kiwallo, L., & Zida, E. (1991). Improving the cultivation of voandzou (Vigna subterranea (L.) Verdc.) In Burkina Faso by
controlling its main pathogens. Paper presented at the In: II'S-CTA Regional Seminar, Wageningen, Ouagadougou,
Burkina Faso.

Tanimu, B, & Aliyu, L. (1997). Country reports: Northern Nigeria. In: Heller, J., F'. Begemann and J. Mushonga, editors. 1997. Bambara
groundnut (Vigna subterranea (L.) Verdc.). Promoting the conservation and use of underutilized and neglected crops. Paper
presented at the Proceedings of the workshop on Conservation and Improvement of Bambara Groundnut (Vigna
subterranea (L.) Verdc.), 14—16 November 1995, Harare, Zimbabwe. Institute of Plant Genetics and Crop Plant
Research, Gatersleben/Department of Research & Specialist Services, Harare/International Plant Genetic Resources
Institute, Rome, Italy.

Wakhungu, C. N., Tabu, I. M., Otaye, O. D., & Wasike, W. V. (2017). Distribution of Fusarium wilt of Bambara nut (Vigna
subterranea (L.) Verdc.) in farmers’ fields’ of Busia County in Western Kenya and its management using farmyard
manure. Archives of  Phytopathology and Plant Protection, 50(7-8), 398-414.Available at:
https://doi.org/10.1080/03235408.2017.131964.

Views and opinions expressed in this article are the views and opinions of the author(s), International Journal of Sustainable Agricultural Research shall not be
responsible or answerable for any loss, damage or liability etc. caused in relation to/arising out of the use of the content.

75
© 2022 Conscientia Beam. All Rights Reserved.



