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Abstract
Bambara groundnut (Vigna subterranea) is one of the most important legumes cultivated

primarily for food by smallholder farmers in Africa. It is an affordable source of protein and
contributes to income generation as well as soil fertility. Despite its importance, it is cultivated
largely for subsistence purposes in South Africa. Growers use landraces. The agronomic
performance of the traditional varieties depends on environmental factors prevailing in a
particular area. In Limpopo and Mpumalanga Provinces, there is no adequate information
regarding the performance of bambara groundnut germplasm. The objectives of the study
were to (i) determine the agronomic performance of Bambara groundnut across three
contrasting locations in Limpopo and Mpumalanga provinces over two cropping seasons (ii)
determine the genotypic variation in the seed protein level among 42 bambara groundnut
genotypes. Forty-two bambara groundnut genotypes were evaluated under three different
environmental conditions (Syferkuil, Thohoyandou and Nelspruit) over two (2013/2014,
2014/2015) seasons in a 7 x 6 rectangular lattice design replicated three times. Eight
agronomic traits including dry shoot weight (DSW), number of pods per plant (NPP), pod
length (PL), number of seed per pod (NSP), pod weight per plant (PWT), seed weight per plant
(SWT), 100 seed weight (100-SWT) and seed yield (SYLD) were measured. The results
showed that there were significant genotype x location interactions which demonstrated that
the prevailing agro-ecological conditions at the test locations were distinct from each other.
Five genotypes (‘BGN-19°, ‘BGN-11¢, ‘BGN-12‘, ‘BGN-4‘and ‘BGN-34') attained >25.0% seed
yield advantage over the local check ‘BGN-39‘. The results also showed that light brown
coloured genotypes attained relatively higher seed yield compared to the other seed colours
types. The cultivar superiority index (CSI) showed that three genotypes (‘BGN-12‘, ‘BGN-19’
and ‘BGN-34’) were the most stable across the test locations and attained >900.0 kg/ha on
average. There were significantly high positive correlations between PWT and each of the
three other attributes (SWT, 100 SWT and SYLD). In terms of seed protein, the results showed
a poor relationship between seed yield and protein levels. ‘BGN-12’ which produced the
highest seed yield, attained the lowest percent seed protein while genotype. On average, the
genotypes contained 21.72% protein. The highest and lowest seed protein quantities were
attained by the genotypes ‘BGN-42’ (25.17%) and ‘BGN-12’ (19.89%) respectively.

Keywords: bambara groundnut; agronomic performance; stability; seed protein; principal

component analysis
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1.0 CHAPTER ONE: GENERAL INTRODUCTION

1.1 Introduction

Bambara groundnut (Vigna subterranea) is an important food legume grown in many parts of
Africa. It originated from West African (Baudoin and Mergeai, 2001). At present, bambara
groundnut is cultivated in several countries in sub-Saharan Africa. It is mainly grown for human
consumption (Mazahib et al., 2013) as well as livestock feeds (Bamashaiye et al., 2011). The
crop also contributes to the improvement of soil fertility through nitrogen fixation (Yakubu et
al., 2010). Surplus bambara groundnut is often traded in informal markets in Africa thus
generating income for smallholder growers (Azam-Ali et al., 2001).

Bambara groundnut contains relatively high (>18%.0) seed protein (Mazahib et al., 2013).
Hence, it can be used to improve the nutritional status in both human and livestock (Massawe
et al., 2002). In addition, it contains essential amino acids such as lysine, tryptophan as well

as methionine (Minka and Bruneteau, 2000).

The production of bambara groundnut in Africa is generally high in the west Africa region. For
instance, Mali produced the highest amount of bambara groundnut during 2014(Table 1.1). In
South Africa, the major bambara groundnut producing areas are Limpopo, Mpumalanga and
KwaZulu-Natal Provinces (Mabhaudhi and Modi, 2013). However, the reliable production
quantities are difficult to obtain partly because the crop is grown for subsistence purposes. In
addition, growers often intercrop bambara groundnut with cereals.

Table 1.1 The main bambara groundnut producing countries in west Africa in 2014

Country Area(ha) Average Yield(t/ha) Production(Mt)
Mali 175 850.0 f 0.82 145 240.0
Niger 70 505.0 f 0.45 32 383.0
Burkina Faso 52 420.0 f 1.10 57 890.0
Cameroon 43 430.0 f 0.88 38410.0

Source: FAOSTAT, 2014
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The production of bambara groundnut in Africa is constrained by several factors. For example,
there are no improved commercial cultivars of bambara groundnut hence farmers rely on
traditional landraces (Mabhaudhi and Modi, 2013). The traditional varieties that are cultivated
by smallholder farmers in many African countries evolved from their wild relatives (Massawe
et al., 2005), which are generally low yielding. Secondly, poor germination which leads to poor
crop establishment results in diminished yields (Legwaila et al., 2013). Thirdly, bambara
groundnut production is affected by poor seed storage. The seed is susceptible to bruchids
which results in reduced seed quality (Adu-Dapaah and Sangwan 2004). In some regions,

nematodes reduced the yield of bambara groundnut significantly (Hillocks et al., 2012).

1.2 Problem Statement

The agronomic performance of traditional varieties depends on the environmental factors
prevailing in a particular area. The agronomic performance of our current bambara groundnut
germplasm (i.e. in the bambara groundnut breeding programme at the School of Agriculture,
University of Venda) in both Limpopo and Mpumalanga Provinces has not been determined
adequately. In addition, there is a dearth of information on the seed protein levels of the
traditional varieties grown by local smallholder farmers in Limpopo. In the germplasm ear-
marked for developing new improved cultivars of bambara groundnut, both the seed protein
levels and agronomic performance have not been evaluated across diverse agro-ecologies in
the target production region. Therefore, selection of elite stable cultivars for these local agro-

ecological conditions is difficult.

1.3 Justification of the Study

The genetic improvement of crops requires adequate information on the performance of
current germplasm of the specific crop of interest. At present, there is no sufficient information
about the agronomic performance of our current bambara groundnut germplasm in the target
production area encompassing the semi-arid region of Limpopo and Mpumalanga Province
(South Africa). In addition, high protein cultivars that produce optimum yields in traditionally
low-input smallholder production systems are desirable in the target production area. In this
study, a multi-location evaluation of local germplasm of bambara groundnut will generate
useful information for selecting superior cultivars in terms of both seed protein and agronomic

performance for the farmers. The improved cultivars will benefit end-users in the region.
1.4 Objectives of the Study

The broad objective of this study was to evaluate bambara groundnut germplasm in

contrasting environments. The specific objectives of the study were to determine:

© University of Venda



()
=

C) University of Venda
Creating Future Leaders
@)

(i) the agronomic performance of 42 genotypes of bambara groundnut using three contrasting
test locations
(i) the stability of the bambara groundnut genotypes

(iii) the genotypic variation in the seed protein level among 42 bambara groundnut genotypes.

1.5 Hypotheses

The study tested the following null hypotheses:

(i) the agronomic performance was similar among the bambara groundnut genotypes that
were evaluated at three test locations in Limpopo and Mpumalanga Provinces

(i) the stability was similar among the bambara groundnut genotypes that were evaluated at
three test locations in Limpopo and Mpumalanga Provinces

(iii) the seed protein levels were similar among the 42 bambara groundnut genotypes.

1.6 Dissertation outline

This dissertation is divided into six chapters. The first chapter introduces the crop and defines
the problem statement as well as objectives of the study. Chapter two focuses on reviewing
some relevant aspect of bambara groundnut production and seed protein levels. In chapter
three, the genetic materials as well as the methods that were used in the study are described.
The results of the study are presented in chapter four followed by a discussion of the results
in chapter five. The last chapter (six) outlines a summary of the findings from the study. A
combined list of references for all the chapters is followed by a list of appendices at the end of

the main body of the dissertation.
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2.0 CHAPTER TWO: LITERATURE REVIEW
2.1 Introduction
In this chapter, several aspects of literature including morphological characteristics and the
major uses of bambara groundnut are reviewed. The chapter further outlines the production,
agronomic performance as well as the nutritional attributes of bambara groundnut with

emphasis on seed protein.

2.2 Origin and distribution of bambara groundnut

Bambara groundnut is an indigenous African legume crop that originated from West Africa
around Mali. Currently, it is cultivated in many other parts of the world including South America,
Asia and Oceania (Baudoin and Mergeai, 2001). It is produced in several African countries in
western, eastern and southern Africa (Hillocks et al., 2012). In southern Africa, the crop is
cultivated mainly in Botswana (Karikari, 2000), South Africa (Mabhaudi and Modi, 2013) and

Zimbabwe (Makanda et al., 2009b) among other countries.

2.3 Morphological characteristics of bambara groundnut

Bambara groundnut is a herbaceous, annual crop with a stem that forms a crown at the surface
(Bamashaiye et al., 2011). The plant has as a well-developed taproot with alternate and
trifoliate leaves that develop from the stem (Karikari, 2000). It consists of about ten running
stems with short internodes, from where the roots develop. The crop has auxiliary peduncles
that extend from the nodes on the stem and each peduncle forms one or three flowers (Gibbon
and Pain, 1985). The bambara groundnut plant can grow up to about 0.3.0m tall. It consists
of underground pods that can grow up to 3.7 cm depending on the number of seeds (usually
< 3) per pod (Basu et al., 2007). The seed of bambara groundnut occurs in a variety of colours
particularly white, cream, red, black and dark brown.

2.4 Major uses

Bambara groundnut is consumed in a variety of forms. The fresh immature seed is often boiled
and consumed as a snack while the dry mature seed is cooked also for human consumption.
In African countries, the dry grain is often milled into flour and used in preparing food
(Bamashaiye et al., 2011). Bambara groundnut can also be processed into highly nutritious
milk, (Murevanhema and Jideane, 2013). Surplus grain of bambara groundnut is often traded
at local informal markets thus generating income for smallholder farmers in many African
countries (Makanda et al., 2009a). The foliage of bambara groundnut can also be used for
livestock feeds (Adeparusi and Agbede, 2009). The leaves and stem rich in nitrogen and
phosphorus (Tibe et al., 2007). According to Yakubu et al., (2010), bambara groundnut can fix
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about 28.4 kg/ha of atmospheric nitrogen. Hence, bambara groundnut is frequently
intercropped with cereals in many smallholder cropping systems in Africa as it improves the
soil fertility. The crop residue is often incorporated into the soil in order to add organic matter
(Giller and Cadissch, 1995).

2.5 Production of bambara groundnut

The correct planting date of bambara groundnut is dependent on the location. In some parts
of Limpopo Province (South Africa), it is planted only in January for cultural reasons. In
Botswana and Zambia, planting usually commences in November at the beginning of each
cropping season (Bamashaiye et al., 2011). Bambara groundnut performs well under well-
drained sandy loam soils with the pH range of 5.0 to 6.5 (Basu et al., 2007). The crop requires
a deep ploughed, fine seedbed to allow the underground pods to grow (Baudoin and Mergeai,
2001). It requires optimum temperatures of about 30.0 to 35.0 °C in order to allow good seed
germination (Bamashaiye et al., 2011). The plant density of bambara groundnut depends on
the cultivar. However, generally it requires about 60.0 kg/ha of seed (Basu et al., 2007).
Weeding and hilling (earthing-up) are usually done simultaneously using hand hoe. In most
smallholder cropping systems in Africa, bambara groundnut is cultivated in harsh
environments without agronomic inputs such as fertilisers, irrigation or pesticides (Massawe
et al., 2005).

One of the important factors in the production of bambara groundnut is the availability of good
quality seed that can germinate quickly and uniformly. In the majority of the smallholder
cropping systems particularly in Africa, the seed is generally of poor quality since there is no
commercial production of the seed. Therefore, it is essential to determine the seed quality
prior to planting. In general, accelerated aging of seed is caused by exposure to high

temperatures (>40° C) and humidity. It is also important to determine the seedling viability.

2.6 Agronomic performance

The field performance is often used to assess the genetic potential and adaptation of bambara
groundnut landraces. In these field evaluations, yield components such as pod load, duration
to maturity and seed size are often positively correlated to the grain yield of bambara
groundnut (Ouedraogo et al., 2008; Mabhaudhi and Modi, 2013; Kouassi and Zorobi, 2011).
These characters are also useful in the selection of potential new cultivars. In a study involving
the field evaluation of bambara groundnut landraces, early maturity was positively correlated
with high yield (Toure et al., 2012).
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In another study comparing the productivity of cultivars differing in growth habit, the bunched
types attained higher yield than the spreading types (Dje et al., 2005). A study conducted in
South Africa reported that red coloured genotypes matured earlier and produced >30% higher
yield than the brown coloured types (Mabhaudhi and Modi, 2013). Nonetheless, these studies
did not attempt to evaluate the stability of the cultivars across different environments and
cropping seasons. In the case of the bambara groundnut germplasm utilized in this study,
there is no adequate information regarding their yield potential in the region particularly in
Limpopo and Mpumalanga Provinces. Furthermore, it is unclear if the relatively high yielding

genotypes are stable across the region.

2.7 Environmental influence

Plant breeders often aim at developing cultivars that produce optimum stable yields across
multiple environments. The yield of a genotype can differ with environments and seasons
(Gurmu et al., 2009). Therefore, genotype x environment interaction is used to determine the
stability among the genotypes (Sabaghnia et al.,, 2012). Understanding the genotype x
environment interaction among the bambara groundnut genotypes will help to identify the most
stable genotypes across different environments in the target production areas of Limpopo and

Mpumalanga Provinces.

The yield stability can be measured using different methods. Eberthart and Russell (1966)
proposed the estimated variance of genotype deviations from regressions as a measure of
stability. In 1988, Linn and Binns derived a stability concept which uses the cultivar superiority
index (CSI) which measures the squared difference between a cultivar's yield and the
maximum yield within each environment averaged over all environments. In this method, the
cultivars with broader adaptation have lower CSI values because they yield closer to the

maximum within each environment (Shiringani and Shimelis, 2011).

2.8 Breeding in bambara groundnut

The breeding of bambara groundnut crop is limited by difficulties to perform crosses. This is
because of the small size of flowers and low seed set (Massawe et al., 2005). Identification of
landraces within segregating populations that produce optimum stable yields is currently one
of the common approaches breeders are utilizing to improve bambara groundnut (Kouassi
and Zorobi, 2011). However, in this approach, the germplasm requires field evaluation in the
target production area in order to identify and validate the performance of the superior

genotypes.
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Agronomic attributes particularly yield, yield components and seed protein are important
selection criteria in bambara groundnut breeding (Massawe et al., 2005). However,
environmental factors influence these quantitative attributes particularly the grain yield.
Therefore, these attributes require multi-location evaluation in order to determine their stability
from one season to the other in a prospective production region. Apart from selecting for yield
components, high seed protein would be desirable since bambara groundnut is used primarily
for human consumption. The evaluation of nutritional components such as the essential amino
acids (for instance lysine, methionine or tryptophan) could be valuable in the genetic
improvement of bambara groundnut. However, the analysis of amino acids is generally

expensive compared to that for crude protein.

In some communities, the popularity of bambara groundnut depends on the seed coat (testa)
colour. For instance, in Burkina Faso, creamy white bambara groundnut is the most popular
on the market due to its homogenous colour (Ouedraogo et al., 2008). In addition, some
smallholder farmers rely on the seed colour to identify their traditional varieties (Massawe et
al., 2005). Also, seedling vigour as an indicator of the potential for crop establishment could

be a useful criterion in the development of improved cultivars of bambara groundnut.

2.8.1 Principal component analysis
The principal component analysis (PCA) is a multivariate method often used to change

correlated variables into uncorrelated variables called the principal components (Rymuza et
al., 2012). The method is used to differentiate the relationships among the traits and also
decide which agronomic variables contribute to the grain yield (Mohammadi et al., 2014). The
PCA method can be explained using the eigenvalues. When the eigenvalue is greater than
one, it is considered significant (Esposito et al., 2007). The phenotypic variation among
bambara groundnut genotypes can be explained using the PCA biplots. When the genotypes
are scattered in all the quadrants in a PCA biplot there is a large genetic variation for the traits.
When the genotypes are closer to each other in a principal component axes, it means that

they have similar relationships for the variables (Esposito et al., 2007).

The PCA method was successfully used to classify quantitative and qualitative variations in
bambara groundnut (Shegro et al., 2013). In the study, the variation among the agronomic
traits of bambara was attributed partly to grain characteristics such as seed weight. In another
study, the PCA method grouped closely related genotypes of peanut based on their field
performance (Punto and Lantican 1983).
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2.9 Nutritional attributes of bambara groundnut

The seed of bambara groundnut contains considerable amounts of protein (14.0 to 24.0%),
carbohydrates (60.0%) and oil (6.0 and 12.0%) (Olugbemi and Adebosin, 2014). In addition,
bambara groundnut contains about 30.0% essential amino acids such as lysine, tryptophan
as well as methionine (Minka and Bruneteau, 2000).

Several methods are often used for quantifying grain protein in legumes such as bambara
groundnut. For instance, the Kjeldahl method is used to determine the nitrogen concentration
from organic and inorganic compounds (Pomeranic and Meloan, 1978). The protein content
present in a sample is calculated from the nitrogen concentration (Fijihara et al., 2001). The
method has been used previously to determine the protein level in many leguminous crops
such as chickpea (Qayyum et al., 2012) broad and kidney beans (Afiukwa et al., 2013) as well
as cowpea (Animasaum et al., 2015). The grain protein of bambara groundnut genotypes was
also determined by near infrared reflectance spectroscopy (NIRS) (Schmilovitch et al., 2000).
The NIRS is a fast, non-destructive method and does not involve chemicals or reagents. In
another study, the grain protein was determined using nuclear magnetic resonance (Pople et
al., 1957). The technique was used to analyse protein and oil quantity in soybean (Gwata and
Nziramasanga, 2001; Weir et al., 2005). Apart from these three methods, grain protein can be
determined using Duma’s method which is a combustion method that measures nitrogen gas
involved in the total destruction of the sample (AOAC, 1995). However, in each of these

methods, grain protein varied significantly within each leguminous species.

2.10 Summary of the literature review
(i) Bambara groundnut is a multi-purpose crop largely cultivated by smallholder growers in
Africa.

(ii) In general, the crop is difficult to breed particularly using conventional approaches due to
the small size of the flowers and breeders resort to selection from landrace populations.

(iii) In South Africa, there are no improved commercial cultivars of Bambara groundnut at

present.

(iv) Poor seed germination which leads to poor crop establishment is one of the constraints in
bambara groundnut production

(v) Multi-location evaluation of experimental lines was used successfully for identifying

genotypes with optimum and stable yield in specific agro-ecologies.
(vi) The grain protein in bambara groundnut showed considerable varietal differences.

8
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3.0 MATERIALS AND METHODS
3.1 Test locations
Three test locations were used for the field evaluation of the bambara groundnut germplasm
in this study (Table 3.1). The test locations were distinct from each other in terms of the agro-

ecological conditions.

Table 3.1 Prevailing agro-ecological conditions at three test locations that were used for
evaluating bambara groundnut genotypes.

. . . Annual rainfall M
Location Altitude (m) Soil type nuatraintafl | viean summero References
(mm) temperature (°C)

Syferkuil 1325  Sandyloam 350-500 28°Ct0o30°C  Moshiaetal., 2008
Thohoyandou 764 Red-well drained 450-900 22°Cto38°C  Mzezewaetal., 2012

Nelspruit 1781  Sandyloam 600-800 18°Ct029°C  Paterson, 2012

3.2 Genetic materials
Forty-one genotypes and one local check were used in the study. All the genotypes were

selected previously from the landrace germplasm collection in the bambara groundnut
breeding program at the School of Agriculture (University of Venda) (Rikhotso et al., 2013).
The germplasm consisted of a diverse range of seed colour types and size including black,
light brown, cream (white) and red (Fig. 3.1). Most of the genotypes (50%) consisted of the
cream (white) testa colour (Table 3.2). The hylum color among the genotypes was
predominantly white (Table 3.2). Thirteen genotypes including the local check (‘BGN-39’)
possessed a light brown testa while only three genotypes (‘BGN-4’; ‘BGN-7" and ‘BGN-34")

and five genotypes were classified as black and red seeded types (Table 3.2).
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Fig.3.1 The four major seed types based on testa color among 42 bambara groundnut
genotypes evaluated across three locations in Limpopo and Mpumalanga Provinces (South
Africa). [clockwise: 1a = Cream / white (plain hylum); 2 = Light brown; 1b = Cream / white
(dark brown hylum); 3 = Red; 1¢ = Cream / white (brown hylum); 4 = black].
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Code of experimental

Hylum color and /or

. Testa color .

line morphological features
BGN-1 Cream (White) Brown; speckled

BGN-2 Light brown White

BGN-3 Cream (White) Brown

BGN-4 Black White

BGN-5 Cream (White) White

BGN-6 Light brown White

BGN-7 Black White

BGN-8 Cream (White) Brown

BGN-9 Cream (White) White; speckled

BGN-10 Red White

BGN-11 Light brown White

BGN-12 Red White

BGN-13 Cream (White) White; speckled

BGN-14 Red White

BGN-15 Cream (White) White surround by dark color
BGN-16 Cream (White) White

BGN-17 Red White

BGN-18 Cream (White) White

BGN-19 Light brown White

BGN-20 Red White

BGN-21 Cream (White) White surround by dark color
BGN-22 Cream (White) White surround by dark color
BGN-23 Red White

BGN-24 Cream (White) White surround by dark color
BGN-25 Red White

BGN-26 Cream (White) White surround by dark color
BGN-27 Cream (White) White surround by dark color
BGN-28 Cream (White) White surround by dark color
BGN-29 Cream (White) White surround by dark color
BGN-30 Red White

BGN-31 Red White

BGN-32 Cream (White) White surround by dark color
BGN-33 Light brown White

BGN-34 Black White

BGN-35 Cream (White) White surround by dark color
BGN-36 Cream (White) White surround by dark color
BGN-37 Light brown White

BGN-38 Light brown White

BGN-39 (Check) Light brown White

BGN-40 Cream (White) White surround by dark color
BGN-41 Light brown White

BGN-42 Cream (White) White surround by dark color

11
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3.3 Planting, trial management and measurements

Healthy seed of each genotype was planted manually at each test location in a two-row field
plot. In each row, the seed was planted at approximately 4.0 cm deep and 25.0 cm intra-row.
The rows were 2.0 m long each and spaced at 0.6 m apart. There was no treatment of seed
with commercial inoculants prior to planting. During the season, standard agronomic

management practices (such as weeding) were followed.

At maturity, the plants were harvested manually by excavating the pods followed by sun-drying
to a constant weight. For each plot, five plants were selected at random for determining the
following agronomic attributes:

(i) dry shoot weight per plant (DSW)

(ii) number of pods per plants (NPP)

(iii) pod weight per plant (PWT)

(iv) pod length (PL)

(v) number of seeds per pod (NSP)

(vi) 100 seed weight (100-SWT)

(vii) seed weight per plant (SWTP) and

(viii) seed yield (SYLD)

3.4 Determination of seed protein

The seed protein was determined using the Kjeldahl method (AOAC, 1990). In the method,
1.0g of the seed sample of each genotype was mixed with 25.0ml H.SO4 in a heating tube
prior to the addition of sodium sulphate and allowed to undergo digestion for 9 to 10 hours
after which distillation was carried out. The digested mixture (Fig. 3.2) was distilled thereafter
and collected into 4.0% boric acid containing two drops of methyl red indicator and titrated
using direct titration method in order to determine the N concentration which was subsequently
converted (x 6.025 conversion factor) into the protein concentration. The process was

repeated (duplicated) for each sample.

12
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Fig. 3.2 An example of digested mixtures (test tubes 1 to 6) during seed protein analysis in
the laboratory using Kjedahl method.
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3.5 PCA and cluster analysis
The PCA was conducted to reduce a number of variables into a few uncorrelated components

using PROC PRINCOMP of SAS Institute (2014). The cluster analysis was done on a genetic
distance matrix of the genotypes to predict their grouping pattern. PROC CLUSTER of SAS
institute (2014) using unweighted pair of group method was employed (Habtamu et al., 2011).

3.6 Experimental design and data analysis
At each location, the field trial was arranged as a 7 x 6 rectangular lattice design replicated

three times. Data sets were subjected to analysis of variance (ANOVA) procedure with SAS

(SAS Institute, 2014) using the following statistical linear model:

Yix = M4 + Li+ Sj+ RLik+ G| + SGj + LGj + SLG; + Eiju

where:

Yiu = the value of the observed trait for genotype i in crop season j in replicate k within the
environment |

M = the overall mean

Li = the effect of the i" environment

S; = the effect of the ji" crop season

RLik = the random effect of the i environment within the k" replicate

G = the effect of the I genotype

SG;j = the interaction between the ji" season and the [ genotype

LG = the interaction between the i" environment and the I genotype

SLG; = the interaction among the i environment and the j" season and the I genotype
Eiw = the residual error

The stability of each genotype over the two seasons was determined using the Cultivar
Superiority Index (CSI) (Shiringani and Shimelis, 2011; Lin and Binn, 1998). The CSI
measured the squared difference between each genotype’s yield and the maximum yield
within each environment averaged over all environments. Therefore the genotypes with
broader adaptation had relatively lower CSI values because they yielded closer to the
maximum within each environment. The data set for the seed protein content were analysed
(using the ANOVA procedure) as a randomized complete block with two replications. The

means were separated using the Duncan’s procedure (Duncan, 1956).

14
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4.0 CHAPTER FOUR: RESULTS
This chapter presents the findings of the study covering all the three specific objectives. In the
first part, the chapter presents the results of the evaluation of agronomic performance of
bambara groundnut genotypes under different environmental conditions. The results of the
stability of the genotypes as well as their seed protein are also presented.

4.1 Field evaluation

There were significant (P<0.05) differences for both dry shoot weight (DSW) and seed yield
(SYLD) among the bambara groundnut genotypes at Syferkuil over the two seasons (Table
4.1). In addition, there were highly significant (P<0.01) differences for all the traits, with the
exception of pod length (PL) between the two seasons at Syferkuil. However, at Thohoyandou,
there were highly significant (P<0.01) differences among the genotypes for all the six
agronomic traits (Table 4.1). Overall, the number of seeds per pod (NSP) and number of pods
per plant were similar among the genotypes (hence the actual values were not shown in the
summary tables). Nonetheless, some individual genotypes, such as ‘BGN-34’ showed high
pod load and shoot biomass particularly at Nelspruit (Fig 4.1). The genotype x season
interaction was significant (P < 0.05) for only three agronomic attributes namely pod weight
per plant (PWT), seed weight per plant (SWTP) and 100-seed weight (100-SWT). In
comparison, the genotype x season interaction was highly significant (P < 0.01) at
Thohoyandou only for DSW, PWTP and SWTP (Table 4.1). At Nelspruit, the genotypes
showed highly significant (P<0.01) differences for only three traits namely PL, 100-SWT and
SYLD (Table 4.1)

The combined analysis of variance across the three locations showed that there were highly
significant (P<0.01) differences between the genotypes for all the six agronomic traits that
were evaluated (Table 4.2). Similarly, the genotypes showed highly significant (P<0.01)
differences for all the traits. The location x genotype and location x season interactions were
highly significant (P<0.01) for all the six traits (Table 4.2). However, there were no significant
seasonal effects on PL. In contrast, the genotype x season interaction was highly significant
(P<0.01) for PWT, SWTP, 100-SWT and SYLD (Table 4.2). Similarly, the location x season
interaction was highly significant (P<0.01) for all the traits except for PL.

15
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Table 4.1 Mean squares for six agronomic traits of bambara groundnut genotypes evaluated at each of three locations in Limpopo and
Mpumalanga Provinces (South Africa). (DSW=dry shoot weight; PL=pod length; PWT=pod weight per plant; SWTP=seed weight per plant; 100-
SWT=100 seed weight; SYLD=seed yield).

*

Traits

Source df

DSW (g) PL (cm) PWT (9) SWTP (g) 100-SWT (g) SYLD (kg/ha)
Syferkuil
Rep 2 4545.7948 0.1667 2652.1297 1390.5710 = 1144.4278  396124.2030
Block (Rep) 18 150.1219 0.1563 238.6511** = 127.1804** 727.4501** 214781.1300**
Genotype 41 285.5370* 0.2243 151.0608 78.5357 678.0480** 166107.1040*
Rep x Genotype 70 86.0904 0.2349 65.7085 35.0575 210.1808 56579.3600
Season 1 23973.3762** 0.0648 29396.5315** 15789.6648** 4558.4376** 5418708.0130**
Genotype x Season = 41 202.8322 0.1296 192.9209* 99.6828* 358.2087*  136803.2070
Thohoyandou
Rep 2 74.5149 0.8703 102.75 74.7707 90.6707 629830.2200
Block (Rep) 18 70.7505** | 0.1790**  41.5788** 22.4382** 73.8885 119580.1200**
Genotype 41 54.7358** | 0.2905** 64.0598** 36.5444**  317.4535"* 329891.4200**
Rep x Genotype 70 65.4924** 0.1216 25.8315* 16.0741* 88.1723 78030.7900
Season 1 2663.5053** 6.8673** = 213.2376** 0.6380 4961.6131**  8507.4700
Genotype x Season = 41 54.1231** 0.1144 35.0418** 19.6380** 94.6069 59246.8300
Nelspruit
Rep 2 2876.7867 0.3717 2460.1720 1391.6916 99.7687 1249961.5300
Block (Rep) 25 187.5782  0.3294** 112.6008 57.5193 335.1312  189391.7000*
Genotype 41 176.3749  0.4069** 123.3651 74.2006 747.3446** 432436.5100**

*; * = significant at the 1.0% and 5.0% probability levels, respectively.
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Fig. 4.1 High pod load and shoot biomass in an individual plants of bambara groundnut
genotype ‘BGN-34’ (top) and ‘BGN-7’ (bottom) during the 2013/2014 cropping season.
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Table 4.2 Mean squares for six agronomic traits of bambara groundnut genotypes evaluated across three locations in Limpopo and Mpumalanga
Provinces (South Africa). (DSW=dry shoot weight; PL=pod length; PWT=pod weight per plant; SWTP=seed weight per plant; 100-SWT=100 seed
weight; SYLD=seed yield).

Source df frat

SDW (9) PL (cm) PWTP (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)
Location (L) 2 5146.4568** 7.2723** 8337.8410** 5579.4775** 26314.8063** 7513352.4700**
Rep(L) 5 1848.1472** 0.4318** 1103.2623** 586.7296** 567.0311**  720010.1500**
Genotype (G) 41 211.1427**  0.4269** 138.4241**  83.2894** 783.7333**  483010.6800**
LxG 82 317.8963**  0.2192** 189.2403**  105.1468**  253.6023**  133479.7400**
Rep x G(L) 205 58.6012 0.1338*  39.8851 22.2758 129.8104* 75648.6000
Season (S) 1 2845.4328"* 6.0589 8816.0709** 5977.7789** 188.8253 2120370.1400**
LxS 1 23879.9718** 2.5110** 20777.5920** 9812.1017** 9224.8363** 3299842.0600**
GxS 41 92.7932 0.1273 93.6530** 52.9119** 209.6093* 106931.8400*
LxGxS 41 180.5421**  0.1395 154.5920**  75.0082** 251.5969**  113345.6500**

**. * = significant at the 1.0% and 5.0% probability levels, respectively.
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At Syferkuil, at least six genotypes achieved >50.0% higher DSW than the check genotype
(Fig. 4.2). The highest DSW was attained by the genotype ‘BGN-40’ (44.95 g) while the check
genotype (‘BGN-39’) achieved only 21.70 g (Table 4.3). The longest pods (2.90 cm) were
observed for genotype ‘BGN-40’ but the heaviest pods (31.31 g) were developed by the
genotype ‘BGN-18’ (Table 4.3). In comparison with the check genotype, ‘BGN-18’ attained a
two-fold higher SWTP. On average, the seed size of the genotypes was >50.0 g at Syferkuil
(Table 4.3). In terms of seed yield, only genotype ‘BGN-11’ achieved >1.0 t/ha while the trial
mean at the location was 540.36 kg/ha. Nonetheless, >40.0% of the genotypes attained

<500.0 kg/ha but genotype ‘BGN-21" achieving the lowest (191.0 kg/ha) SYLD (Table 4.3).

50.0

40.0

30.

2 ‘
10.0

BGN-40 BGN-13 BGN-7 BGN-15 BGN-1 BGN-17 BGN-39
(Check)

o

o

Dry shoot weight (g)

Genotype

Figure 4.2 Dry shoot weight of the top six bambara groundnut genotypes in comparison with
the check genotype (red) that were evaluated at Syferkuil during 2013/2014 cropping season.
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Table 4.3 Means of six agronomic attributes of bambara groundnut genotypes evaluated at
Syferkuil during 2013/2014 and 2014/2015 cropping seasons. (DSW=dry shoot weight;
PL=pod length; PWT=pod weight per plant; SWTP=seed weight per plant; 100-SWT=100
seed weight; SYLD=seed yield).

Genotype Trait

DSW (g) PL (cm) PWT (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)
BGN-40 44 .95 a 290 a 10.59 h-j 5.59 jj 38.40 no 469.40 d-m
BGN-13 44 .47 ab 1.98 e-f 26.27 a-e  17.01 a-f 55.60 d-n 512.00 c-m
BGN-7 37.37 a-c  2.28 b-f 24.68 a-f 17.09 a-f 64.97 a-i 790.90 a-e
BGN-15 36.37 a-d  2.00 d-f 27.39 a-c 19.73a-d 62.98 c-j 511.10 c-m
BGN-1 33.89a-e 2.08 c-f 13.35f+ 9.00 f-j 50.84 g-o 371.70 f-m
BGN-17 33.28 a-f 2.30 b-f 23.77a-g 16.55a-g 67.15a-g 514.70 c-m
BGN-18 32.29a-g 2.68ab 31.31a 22.60 a 58.18 c-I 392.80 f-m
BGN-33 31.55a-g 1.92ef 16.76 c-j 12.08 b-j 76.08 ab 744.50 a-f
BGN-20 3042 a-h 2.56 a-c 2433 a-g 18.28a-e 71.31a-e 612.00 b-l
BGN-8 29.90 a-h  2.00 d-f 18.99 b-j 11.65 c-j 69.03 a-f 697.10 a-h
BGN-9 29.51a-h 242 a-e 12.25 g-j 8.69 f+j 59.47 b-k 585.80 b-I
BGN-32 28.86 b-h  1.98 ef 7.96 j 4.73] 39.27 m-o 300.50 k-m
BGN-27 28.40c-h  1.92 ef 10.18 ij 6.30 h-j 14.05 p 251.50 Im
BGN-31 28.34c-h 2.08 c-f 19.68 a-j 13.93 a-i 66.46 a-h 683.10 a-j
BGN-16 28.10c-h 210 c-f 2445 a-g 14.28 a-i 51.67 f-o 381.10 f-m
BGN-34 27.52c-h  1.94 ef 22.80a-h 16.69a-g 81.67 a 926.00 ab
BGN-35 27.27 c-h  2.06 c-f 16.18 c-j 10.14 e-j 3711 p 258.40 I-m
BGN-4 27.15¢c-h  2.36 b-f 19.60 a-j 14.39 a-i 52.28 f-o 813.60 a-d
BGN-23 26.33c-h  2.20 b-f 19.92 a-j 12.34 b-j 63.24 b-j 687.30 a-i
BGN-21 25.80 c-i 1.92 ef 13.67 f-j 9.26 e-j 54.69 e-n 191.10 m
BGN-41 25.65 c-i 2.20 b-f 12.40 g-j 8.42 f-j 68.25 a-g 674.90 a-j
BGN-24 25.40 c-i 1.84 f 9.84 ij 5.95 i 56.64 c-m 192.90 m
BGN-30 25.39 c-i 2.02 d-f 14.79 d-j 10.48 e-j 58.77 b-I 511.40 c-m
BGN-19 25.30 c-i 2.10 c-f 20.58 a-i 16.30a-g 72.11 a-d 648.10 a-k
BGN-42 25.22 c-i 2.28 b-f 23.88a-g 13.21 b+ 39.05 no 310.50 j-m
BGN-6 24.66 c-i 2.18 b-f 29.70 ab 21.12 ab 63.07 b-j 719.10 a-g
BGN-2 23.95 c-i 2.28 b-f 15.18 d-j 10.90 d-j 49.33 h-o 318.70 i-m
BGN-11 23.66 c-i 1.96 ef 26.79a-d 20.35a-c 66.30 a-i 1016.70 a
BGN-25 23.05 c-i 2.52 a-d 21.96 a-i 14.06 a-i 69.95 a-e 604.70 b-l
BGN-39 (Check) 21.70 c-i 2.14 c-f 14.81 d-j 10.36 e-j 41.81 1o 421.40 e-m
BGN-5 21.32 d-i 2.22 b-f 18.29 b-j 12.72 b-j 48.99 i-o 485.40 c-m
BGN-29 20.02 e-i 2.28 b-f 12.60 f+j 8.93 f-j 57.29 c-l 384.00 f-m
BGN-26 19.94 e-i 1.96 ef 12.50 g-j 8.82 f-j 41.96 l-o 326.60 h-m
BGN-3 18.74 e-i 1.90 ef 15.85 c-j 11.40 c-j 47.14 j-o 480.70 c-m
BGN-10 18.54 e-i 212 c-f 16.88 c-j 11.54 c-j 63.48 b-j 693.60 a-h
BGN-28 17.69 f-i 2.00 d-f 10.59 h-j 7.64 g-j 39.46 m-o 498.80 c-m
BGN-12 16.65 g-i 2.16 b-f 14.43 e-j 10.87 d-j 73.18 a-c 848.40 a-c
BGN-37 16.56 g-i 2.18 b-f 16.24 c-j 12.02 c-j 51.20 g-o 548.40 c-m
BGN-14 16.38 g-i 2.30 b-f 15.88 c-j 11.67 c-j 66.44 a-h 694.30 a-h
BGN-36 14.68 hi 2.04 c-f 15.65 c-j 10.85 d-j 43.58 k-0 676.30 a-j
BGN-38 14.49 hi 2.26 b-f 11.12 h-j 8.25 f-j 60.11 b-k 595.80 b-I
BGN-22 10.101i 2.22 b-f 21.54 a-i 15.19a-h  55.05d-n 349.80 g-m
Grand mean 25.73 2.16 17.99 12.41 56.38 540.36
C.V.(%) 48.26 19.04 52.91 56.88 24.07 53.95
R2(%) 91.76 84.84 94.65 94.46 92.08 89.63

In each column, means followed by a different letter are significant at the 5.0% probability level.
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At Thohoyandou, the highest (29.56 g) and lowest (11.66 g) DSW was achieved by genotype
‘BGN-13" and ‘BGN-22’ respectively (Table 4.4). Overall, the mean DSW at Thohoyandou
(21.03 g) was only 7.0% more than that of the check genotype (‘BGN-39’). ‘BGN-40’ produced
the longest pods (2.74 cm) while the shortest pods (1.72 cm) were observed for genotype
‘BGN-21’ (Table 4.4). At the same location, genotype ‘BGN-13’ produced both the heaviest
pods per plant (23.12 g). The average seed size (46.72 g per 100 seed) at the location was at
least 10.0% higher than for the check genotype. The highest SYLD (982.0 kg/ha) was
achieved by ‘BGN-19’ and the trial mean was 639.01 kg/ha (Table 4.4).

In the single season that the genotypes were evaluated at Nelspruit, the highest DSW (24.87
g) was 47.0% heavier than the trial mean (Table 4.5). The genotype ‘BGN-40’ also attained
the longest pods (2.81 cm) at Nelspruit. The mean SWTP (9.14 g) at the location was 40.0%
lower than the highest seed weight per plant that was achieved by the genotype ‘BGN-13’
(Table 4.5). However, the largest seed (55.38 g per 100 seed) was observed for genotype
‘BGN-19" while the highest SYLD (1 206.80 kg/ha) at the location was attained by genotype
‘BGN-19’ (Table 4.5). The average SYLD across the three locations was <1.00 t/ha (Table
4.6)
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Table 4.4 Means of six agronomic attributes of bambara groundnut genotypes evaluated at
Thohoyandou during 2013/2014 and 2014/2015 cropping seasons. (SDW=dry shoot weight;
PL=pod length; PWT=pod weight per plant; SWTP=seed weight per plant; 100-SW=100 seed
weight; SYLD=seed yield).

Genotype Trait

DSW (g) PL (cm) PWT (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)
BGN-13 29.56 a 1.91 f-k 23.12 a 16.69 a-c =~ 40.53 h-m 596.90 e-m
BGN-32 29.31 a 1.89 g-k 12.84 de 8.80 c-e 39.01 j-m 411.30 k-n
BGN-34 27.60 ab 2.07 b+ 22.65 a-c 16.34 ab 59.02 ab 908.40 a-c
BGN-40 25.64 a-c 2.74 a 13.36 b-e 8.78 c-e 44.33 e-m 460.90 i-n
BGN-16 25.50 a-c 217 b-i 1941 a-e 12.68a-e 4147 g-m 391.20 I-n
BGN-18 24.92 a-c 2.14 b-i 20.82a-d 15.34 ad 42.18 f-m 431.50 j-n
BGN-17 24.79 a-c 2.11 b-i 16.94 a-e  12.02 a-e 54.08 a-f 739.80 a-g
BGN-7 24.66 a-c 2.11 b-i 18.51a-e 13.18 a-e 47.78 b-l 697.70 b-i
BGN-35 24.40 a-d 2.14 b-i 2040 a-d 13.93 a-e 40.46 i-m 465.50 i-n
BGN-38 23.93 a-e 2.03 c-k 22.78 ab 17.02 a 49.87 a-k 827.30 a-e
BGN-3 23.11 a-e 1.77 jk 19.34a-e 14.19a-d 41.57g-m 478.90 g-n
BGN-42 23.06 a-e 2.01 c-k 17.94a-e 11.26a-e 34.74 m-n 431.90 j-n
BGN-30 22.68 a-e 2.03 ¢+ 16.65a-e 12.21 a-e 52.91 a-g 657.20 c-k
BGN-33 22.55 a-e 1.93 e-k 17.52 a-e  13.00 a-e 54.41 a-f 872.00 a-d
BGN-27 22.41 a-e 1.97 e-k 10.29 e 6.78 e 2440 n 323.60 n
BGN-20 22.15 a-e 2.31 b-d 20.75a-d 15.83 a-c 56.49 a-e 793.40 a-f
BGN-24 21.79 a-f 1.92 f-k 13.82 a-e 9.71 b-e 42.85 f-m 402.10 k-n
BGN-15 21.79 a-f 1.98 e-k 19.07a-e 14.20a-d 4547 c-m 472.70 h-n
BGN-25 21.76 a-f 2.31 bc 19.64 a-e 13.44 a-e 57.56 a-c 852.40 a-e
BGN-41 21.68 a-f 2.05 ¢+ 17.01a-e 11.92 a-e 52.06 a-i 603.80 e-m
BGN-4 21.13 a-f 1.98 e-k 19.33a-e 1444 a-d 4532d-m 921.90 a-b
BGN-31 20.93 a-f 1.98 e-k 17.33a-e 12.24 a-e 51.58 a-j 735.70 a-h
BGN-1 20.72 a-f 2.08 b-j 13.15c-e 9.67 b-e 40.65 h-m 488.20 g-n
BGN-8 20.58 a-f 1.99 e-k 15.36 a-e = 10.27 a-e 52.76 a-h 612.00 d-l
BGN-19 20.32 a-f 2.01 c-k 19.09a-e 15.60 a-c 62.06 a 982.00 a
BGN-23 20.02 a-f 2.08 b-j 18.66 a-e  12.90 a-e 51.58 a-j 815.00 a-f
BGN-29 19.94 a-f 2.20 b-g 14.68a-e 10.80a-e 46.30c-m 612.20 d-l
BGN-21 19.66 a-f 1.72 k 13.96 a-e 9.81 b-e 46.45 c-m 346.20 m-n
BGN-2 19.65 a-f 2.36b 14.32a-e 10.45a-e 4551 c-m 594.90 e-m
BGN-39 (Check) 19.57 a-f 1.88 h-k 13.85 a-e 9.68 b-e 42.37 f-m 702.10 b-i
BGN-28 18.58 b-f 2.06 b-j 14.31a-e 10.35a-e 38.01 k-m 558.40 f-n
BGN-9 18.49 b-f 2.21 b-f 11.72 de 8.41 d-e 46.16 c-m 663.90 b-k
BGN-14 18.39 b-f 2.19 b-h 17.70 a-e  13.06 a-e 52.58 a-i 763.40 a-f
BGN-6 18.27 b-f 1.92 f-k 19.68 a-e 14.11 a-d 53.03 a-g 790.30 a-f
BGN-11 17.72 b-f 1.86 i-k 20.20a-d 15.23 ad 54.23 a-f 974.70 a
BGN-37 17.02 c-f 2.03 c-j 17.06 a-e  12.24 a-e 43.88 f-m 656.90 c-k
BGN-26 16.78 c-f 1.91 g-k 13.93a-e 10.16 a-e 43.65 f-m 680.60 b-j
BGN-5 16.51 c-f 2.01 c-k 12.75 de 9.02 c-e 36.46 I-n 469.80 i-n
BGN-36 15.99 c-f 1.98 e-k 15.55a-e 10.94 a-e 40.37 i-m 657.50 c-k
BGN-12 14.27 d-f 2.23 b-e 16.21a-e 1251 a-e 57.36 a-d 926.50 ab
BGN-10 13.86 ef 2.00 d-k 16.67 a-e 1244 a-e  46.94 b-m 689.40 b-j
BGN-22 11.66 f 1.95 e-k 14.70 a-e  10.62 a-e 43.19 f-m 378.50 I-n
Grand mean 21.03 2.05 16.98 12.17 46.72 639.01
C.V.(%) 65.18 20.35 75.43 79.11 35.28 55.54
Rz(%) 15.34 22.05 13.07 13.11 21.75 27.63

In each column, means followed by a different letter are significant at the 5.0% probability
level

22

© University of Venda



()

o
@ University of Venda
@)

Creating Future Leaders

Table 4.5 Means of six agronomic attributes of bambara groundnut genotypes evaluated at
Nelspruit during 2013/2014 cropping season. (SDW=dry shoot weight; PL=pod length;
PWT=pod weight per plant; SWTP=seed weight per plant; 100-SWT=100 seed weight;
SYLD=seed yield)

Genotype Trait

DSW (9) PL (cm) PWT (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)
BGN-35 24.87 a 2.07 b-f 16.33b-d 11.73b-g 41.13 b-g 560.60 g-o
BGN-13 24.49 ab 1.86 b-j 23.22 a 156.58 a 28.37 k-n 564.90 g-n
BGN-34 23.86a-c 2.04 b-g 18.22b 12.36 a-d  45.21 b-e 853.40 b-f
BGN-16 22.04a-d 2.09 b-e 9.46 j-m 6.11 n-p 30.01 j-n 293.40 o-q
BGN-42 2126 a-e 1.83c-k 10.40h-m 6.68 m-p  28.40 k-n 355.50 m-q
BGN-30 20.67 a-f 1.99 b-h 14.27 b-i 10.50 b-k  47.14 a-c 647.20 e-l
BGN-18 20.37 a-f 1.68 h-l 10.99g-m 8.01 h-p 27.44 |-n 342 40 m-q
BGN-14 19.83a-g 2.01b-g 16.24b-e 11.86b-e 40.57 b-h 666.90 c-k
BGN-17 19.83a-g 1.94b-i 11.87d-m 8.18 g-p 41.92 b-g 825.50 b-g
BGN-28 19.09a-g 1.91b- 9.38 j-m 6.15 n-p 30.96 i-n 520.50 i-q
BGN-41 18.97 b-g 1.96 b-h 15.52 b-f 10.91 b-i 38.36 b-j 524.10 i-q
BGN-20 18.66c-h 2.11 b-d 17.90 b 13.59 ab 47.10 a-c 909.50 b-e
BGN-2 18.32 c-i 217b 8.90 k-m 5.93 n-p 37.52 d-k 575.00 g-m
BGN-33 18.15 c-i 1.76 f-I 1794 b 13.19a-c  37.87 ¢+ 755.40 b-i
BGN-27 18.14 c-i 1.77 ek 9.37 j-m 6.38 m-p  26.00 mn 257.80 q
BGN-39 (Check) 18.00 d-i 1.80 d-I 1296 c-k  9.20d-n 37.56 d-k 747.10 b-j
BGN-38 16.89 d-j 1.73 g-k 16.13b-e 11.30b-h  40.15 b-i 779.90 b-i
BGN-37 16.82 d-j 1.94 b-i 16.38 b-d 11.74b-f  36.07 e-l 565.90 g-n
BGN-21 16.66d-k 1.501 8.11 I-m 484 p 36.30 e-l 346.90 m-q
BGN-6 16.18 e-k  1.78 e-l 13.84 b-j 9.83 c-m 43.93 b-f 648.80 d-I
BGN-3 16.11e-k  1.61j- 16.80 bc 11.67 b-g 36.09 e-l 482.80 j-q
BGN-11 1593 e-k 1.77 e-k 156.30 b-g 10.92 b-i 42.67 b-g 812.90 b-h
BGN-19 15.88e-k 1.86 b-j 16.33b-d 12.84a-c 55.38a 1206.80 a
BGN-25 1586 e-k 2.03 b-g 10.89g-m 8.25f-p 47.58 ab 916.70 b-d
BGN-7 15.77 e-k  1.90 b-j 11.43f-m 7.75 h-p 33.88 g-m 458.90 k-q
BGN-26 15.42 f-k 1.63 i-l 11.72e-m 8.48e-0 44.36 b-f 926.60 bc
BGN-36 15.36 f-k 1.91 bj 11.42f-m 7.98 h-p 34.51 g-m 537.60 i-p
BGN-24 15.25 f-k 1.84 c-j 14.70 b-h  10.56 b-j 30.79 j-n 466.60 k-q
BGN-29 15.09 f-k 217b 10.99g-m 7.69i-p 35.72 f-I 593.90 f-m
BGN-23 14.91 f-k 1.84 c-j 14.10 b-i 10.44 b-k  45.35b-e 1015.10 ab
BGN-31 14.90 f-k 1.91 bj 12.17 d-I 8.66 e-0 36.99 d-k 549.80 h-o
BGN-32 14.86 f-k 1.80 d-I 10.10i-m  7.08 j-p 33.69 g-n 305.20 n-q
BGN-9 14.84 f-k 2.04 b-g 10.12i-m  6.96 k-p 33.97 g-m 584.20 g-m
BGN-8 1443 g-k 2.01b-g 10.93g-m 7.29j-p 36.36 e-l 393.20 I-q
BGN-4 1414 g-k 1.84c-j 14.20 b-i 10.28 b-l 37.15 d-k 829.00 b-g
BGN-12 14.10g-k 2.13bc 13.72 b-j 10.30 b-l 45.94 b-d 929.50 bc
BGN-15 13.04 h-k  1.80 d-I 7.56 m 5.69 n-p 31.69 h-n 363.50 m-q
BGN-40 13.03h-k 2.81a 11.07 f-m 717 j-p 42.96 b-g 392.90 I-q
BGN-1 12.70 i-k 1.87 bj 10.72h-m 7.63i-p 30.81 j-n 439.90 k-q
BGN-22 12.05 j-k 1.51 k-l 7.54m 5.59 o-p 30.97 i-n 278.00 p-q
BGN-5 12.02j-k 1.86 b-j 9.33 j-m 6.78 I-p 2444 n 399.40 k-q
BGN-10 10.86 k 1.83 c-k 13.36 c-k  9.80 c-m 31.74 h-n 542.80 i-p
Grand mean 16.90 1.90 12.90 9.14 37.26 599.19
C.V. (%) 32.52 16.77 33.09 36.78 23.64 42.32
R? (%) 82.54 81.32 80.58 79.15 79.88 80.38
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Table 4.6 Means of six agronomic attributes of bambara groundnut genotypes evaluated
across three locations during 2013/2014 cropping season. (SDW=dry shoot weight; PL=pod
length; PWT=pod weight per plant; SWTP=seed weight per plant; 100-SWT=100 seed weight;
SYLD=seed yield).

Genotype Trait
DSW (g) PL (cm) PTWT (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)

BGN-13 32.84 a 1.92g-m 2.20a 16.43 a 41.50 g-m 557.93 c-n
BGN-40 27.87ab 2.82a 11.67ef 7.18g-i  41.90 fm 441.07 fn
BGN-34 26.33ac 202ek 21.22ab 1513ad 61.97a 895.93 ac
BGN-17 2597 ac 212b-h 17.53b-e 12.25af 54.38 a-e 693.33a-k
BGN-7 2593 a-c 2.17 c-i 18.21 a-e 12.67 af 48.88 b-k 649.17 a-l
BGN-18 25.86 a-c  2.17 b-f 21.04 a-c 15.32 a-c 42.60 e-m 388.90 h-n
BGN-35 2551 a-d 2.09 c-i 17.64a-e 11.93ag 39.57 j-m 428.17 g-n
BGN-16 2521ad 212b-g 17.77a-e 11.02d-i 41.05h-m  355.23j-n
BGN-32 24.34 b-e 1.89 il 10.30 f 6.85 hi 37.32k-m  339.00 I-n
BGN-33 24.08 b-e 1.87j-m 17.41b-e 1276 af 56.12 ad 790.63 a-f
BGN-20 23.74b-e 2.33b 20.99 ac 15.90ab 58.30 ac 771.63 a-g
BGN-15 23.73b-e 1.93g-m 18.01a-e 13.21ae 46.71c-l 449.10 fn
BGN-42 23.18 bf 2.04ek 17.41b-e 10.38d-i 34.06 m 365.97 i-n
BGN-27 2298 bf 1.89i-m 9.95f 6.49 i 21.48 n 277.63 n
BGN-30 2291bf 201ek 1524bf 11.06b-i 52.94ag 605.27 a-n
BGN-1 22.44b-g 201ek 12.41df 8.77ei 40.77 i-m 433.27 g-n
BGN-41 2210 b-g 2.07 c-j 14.98 bf 10.42d-i 52.89 a-g 600.93 a-n
BGN-8 21.64b-g 200ek 1509b-f 9.74e-i 52.72a-h 567.43 c-n
BGN-31 21.39b-g 1.99 fk 16.39 b-f 11.61a-h 51.68 a-i 656.20a-1
BGN-9 20.95b-g 222b-e 11.36ef 8.02fi 46.53 d-| 611.30 a-n
BGN-24 20.81b-g 1.87j-m 12.79d-f 8.74e-i  43.43e-m 353.87 k-n
BGN-4 20.81 b-g 2.06 d-j 17.71 a-e 13.04 a-e 44.92d-m  854.83 ad
BGN-21 20.71b-g 1.71m 11.91df  7.97 fi 4581 d-m  294.73 mn
BGN-2 20.64b-g 227b-d 12.80d-f 9.09ei 44.12e-m  496.20 e-n
BGN-19 20.50 b-g 1.99 f-k 18.67 a-d 14.92a-d 63.18a 945.63 a
BGN-23 20.42b-g 204ek 17.56b-e 11.89a-g 53.39 af 839.13 a-e
BGN-25 20.22 b-g 2.29 bc 17.45b-e 11.92a-g 58.36 ab 791.27 af
BGN-39 (Check) 19.76 b-g  1.94 g-| 13.87df 9.74e-i  40.58i-m 623.53 a-n
BGN-6 19.70 b-g  1.96 f 21.07 a-c 15.02 a-d 53.34 a-g 719.40 a-i
BGN-3 19.32¢c-g 1.761-m  17.33b-e 1242 af 41.60 fm 480.80 f-n
BGN-11 19.10c-h 1.86j-m 20.76 a-c 15.50 a-c 54.40 a-e 943.77 ab
BGN-28 18.45c-h  1.99 fk 11.43 ef  8.05fi 36.14 ml 525.90 d-n
BGN-38 18.44c-h 201ek 16.68b-f 12.19af 50.04 b 734.33 a-h
BGN-29 18.35¢c-h 222b-e 12.76df 9.14ei  46.44 d-l 530.03 d-n
BGN-14 18.20 c-h  2.17 b-f 16.61 b-f 12.20 af 53.20 a-g 708.20 a-j
BGN-26 17.38d-h 1.83k-m 12.72df 9.15ei 43.32e-m 644.60 a-m
BGN-37 16.80 e-h 2.05e-k  16.56 b-f 12.00 af 43.72e-m  590.40 b-n
BGN-5 16.62e-h 2.03ek 13.46df 951ei  36.63ml 451.53 f-n
BGN-36 15.34 fh  1.98 14.21cf 9.92e-i  39.49jm 623.80 a-n
BGN-12 15.01 fh  2.17 b-f 14.79 bf 11.23b-i 58.83 ab 901.47 ac
BGN-10 14.42gh  1.98 fk 15.64 bf 11.26 e-i 47.39 b-l 641.93a-m
BGN-22 11.27 h 1.89 h-m 14.59 b-f 10.47d-i 43.07e-m 33543 I-n
Grand mean 21.22 2.04 "15.96 ™1.25 '46.78 592 85
C.V. (%) "9.18 '5.48 21.29 21.44 "2.58 "7.97
R2 (%) 72.92 '84.48 '67.56 '69.63 '85.13 '82.72

In each column, means followed by a different letter are significant at the 5.0% probability level
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4.1.1 Relative agronomic performance in three selected agronomic attributes

Across the three locations, 10 genotypes attained >20.0% SDW over the check genotype
(Table 4.7). However, genotype ‘BGN-13’ which attained the highest (59.05%) increase in
SDW relative to the check did not perform proportionately high in terms of both 100-SWT and
SYLD. In contrast, ‘BGN-34" which produced >30.0% higher SDW than the check, achieved
52.71% and 43.69% advantage over the check genotype in 100-SWT and SYLD, respectively.
In addition, genotype ‘BGN-19’ produced the largest seed (100-SW = 63.18 g) and relatively
high SYLD (945.63 kg/ha) (Table 4.7). Furthermore, based on the testa color, genotype ‘BGN-
19’ was also classified as light brown seed type which was similar to that of the check genotype
‘BGN-39" while ‘BGN-34’ was in the black seeded type category (Table 4.8). The red seeded
type (‘BGN-25’) also achieved a relatively good yield (852.39 kg/ha).

4.1.2 Relationship between agronomic attributes
There was a highly significant (P<0.01) correlation between PWT and each of SWTP, 100-

SWT and SYLD (Table 4.9). The results also showed a highly significant (P<0.01) positive
correlation between SWTP and SYLD. In contrast, PL showed a positive but not significant (P
> 0.05) relationship with PWTP, SWTP, 100-SWT and SYLD (Table 4.9). At least >90.0% of
the change in SWTP was explained by PWT (Fig. 4.3). However, the results indicated that
only 60.0% of the change in SYLD was accounted for by the seed size as measured by the
100-SWT.
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Table 4.7 The relative agronomic performance in three agronomic attributes of the top 10
bambara groundnut genotypes evaluated across three locations in Limpopo and Mpumalanga
Provinces (South Africa).

Genotype Mean % Advantage Over Check
Shoot dry weight (g)
1  BGN-13 32.84 66.19
2 BGN-40 27.87 41.04
3 BGN-34 26.33 33.25
4 BGN-17 25.97 31.43
5 BGN-7 25.93 31.22
6 BGN-18 25.86 30.87
7 BGN-35 25.51 29.10
8 BGN-16 25.21 27.58
9 BGN-32 24.34 23.18
10 BGN-33 24.08 21.86
Check BGN-39 19.76 -
100-seed weight (g)
1 BGN-19 63.18 55.69
2 BGN-34 61.97 52.71
3 BGN-12 58.83 44.97
4 BGN-25 58.36 43.81
5 BGN-20 58.30 43.67
6 BGN-33 56.12 38.29
7 BGN-11 54.40 34.06
8 BGN-17 54.38 34.01
9 BGN-23 53.39 31.57
10 BGN-6 53.34 31.44
Check BGN-39 40.58 -
Seed yield (kg/ha)
1 BGN-19 945.63 51.66
2 BGN-11 943.77 51.36
3 BGN-12 901.47 4458
4 BGN-34 895.93 43.69
5 BGN+4 854.83 37.10
6 BGN-23 839.13 34.58
7 BGN-25 791.27 26.90
8 BGN-33 790.63 26.80
9 BGN-20 771.63 23.75
10 BGN-38 734.33 17.77
Check BGN-39 623.53 -
26

© University of Venda



()

o
*. University of Venda
Creating Future Leaders
@)

Table 4.8 Mean 100-seed weight (100-SWT) and seed yield (SYLD) in the best performing
genotypes in each of the four distinct testa color seed categories.

Testa Color Genotype 100-SWT (9) SYLD (kg/ha)
Light brown BGN-19 63.18 945.63
Black BGN-34 61.97 895.93
Red BGN-25 58.36 791.27
Cream / white BGN-26 43.32 644.60
Light brown BGN-39 (Check) 40.58 623.53

Table 4.9 The Pearson correlations of six agronomic attributes of bambara groundnut
genotypes evaluated across three locations in Limpopo and Mpumalanga Provinces (South
Africa). [SDW=dry shoot weight; PL=pod length; PWT=pod weight per plant; SWTP=seed
weight per plant; 100-SW=100 seed weight SYLD=seed yield].

DSW (g) PL (cm) PWTP (g) SWTP (g) 100-SWT (g) SYLD (kg/ha)

DSW (g) 1.0000
PL (cm) 0.1187
PWTP (g) 0.3839
SWTP (g) 0.2313
100-SWT (g) 0.0583
SYLD (kg/ha) 0.1546

1.0000
*0.0245
0.0400
0.1709
0.0735

1.0000

0.9498 ** 1.0000

0.4789 ** 0.5682 ** 1.0000

0.4684 ** 0.5799 ** 0.7804 ** 1.0000
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Fig. 4.3 The relationship between seed weight per plant and pod weight per plant of bambara
groundnut genotypes evaluated across three locations in Limpopo and Mpumalanga
Provinces (South Africa).

4.1.3 Principal component analysis
The principal component analysis (PCA) for the eight agronomic traits (including NPP and

NSP)from the combined cropping seasons 2013/2014 and 2015/2016 indicated that two
principal components (PCs) with eigen values greater than one accounted for 66.77% of the
total variation among the genotypes (Table 4.10). PC1, which was dominated by SWTP,
explained most of the variation (42.28%) while PC2 accounted for 24.49% of the total variation.
Two of the traits, namely SDW and NPP showed negative correlations for PC2. In addition,
PC2 was correlated mainly with PL and NSP but both SDW and NPP showed negative
correlations. Based on these two principal components, the PCA also produced generally two
clusters (groups) of the genotypes one of which included at least 50.0% of the top 10
performing genotypes that achieved >20.0% seed size advantage over the check (Fig. 4.4).
However, genotype ‘BGN-34’ which consistently attained more than 25.0% higher SDW, 100-
SWT and SYLD than the check, fell outside either group.
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Table 4.10 Eigenvectors and eigenvalues of the first two principal components of eight
agronomic attributes of bambara groundnut genotypes that were evaluated at Limpopo and
pods per plant; PL=pod
SWTP=seed weight per

Mpumalanga provinces. (SDW=shoot dry weight; NPP=number of

length; PWT=pod weight per plant; NSP=number of seeds per plant;

plant; 100-SW=100 seed weight; SYLD=seed yield).

Trait PC1 PC2
SDW 0.17 -0.16
NPP 0.43 -0.28
PL -0.07 0.53
PWTP 0.57 0.04
NSP -0.13 0.54
SWTP 0.52 0.02
100-SWT 0.33 0.37
SYLD 0.33 0.42
Eigen value 3.38 1.96
% of variation 42.28 24.49
% of variation cummulative 4.28 66.77

Prinz

-2 T * 27

Prind

Fig. 4.4 Two clusters of bambara groundnut genotypes based on two principal components.
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4.1.4 Cluster analysis
Further analysis produced a dendrogram clustering the genotypes into six well defined groups

(Fig. 4.5). The number of genotypes per cluster ranged from two to twelve (Table 4.11). The
seed color types were distributed throughout the six groups indicating that the clustering was
independent of this qualitative trait, hence it was not considered in the process. It was
interesting to note that two relatively high yielding light brown genotypes (‘BGN-11’ and ‘BGN-
12’) as well as a black seeded genotype (‘BGN-4’) were clustered together in group VI (Fig.
4.5). The number of genotypes per cluster ranged from two to twelve (Table 4.11). Group V
contained the highest number of genotypes while both groups Il and V had no genotype that
was classified as high yielding (Table 4.11). The latter group was dominated by the cream

(white) seeded types.

Cluster Analysis
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Fig. 4.5 Dendrogram of 42 bambara groundnut genotypes evaluated for agronomic
performance in the field across three locations in Limpopo and Mpumalanga Provinces
(South Africa).
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Table 4.11 Groups of bambara groundnut genotypes determined by cluster analysis based on
agronomic attributes. (Seed size as determined by 100-seed weight (g): Large > 55.0; medium
= 45.0 — 55.0; small < 45.0; Seed yield (kg/ha): high > 780.0; medium = 680 - 780; low <
680.0).

Notes
Group Genotype Total - -
Seed size Seed yield Seed color
| BGN-42 5 Small Low yield Cream/White
BGN-16 Small Low yield Cream/White
BGN-19 Large High yield Light brown
BGN-32 Small Low yield Cream/White
I BGN-21 5 Small High yield Cream/White
BGN-18 Small Low yield Cream/White
BGN-15 Small Low yield Cream/White
BGN-25 Large High yield Red
BGN-40 Small Low yield Cream/White
BGN-23 Medium High yield Red
" BGN-17 8 Medium Moderate yield Red
BGN-24 Small Low yield Cream/White
BGN-7 Medium Low yield Black
BGN-8 Medium Low yield Cream/White
BGN-6 Medium Moderate yield Light brown
BGN-13 Small Low yield Cream/White
BGN-38 Medium Moderate yield Light brown
IV BGN-20 5 Large Moderate yield Light brown
BGN-10 Medium Low yield Light brown
BGN-3 Small Low yield Cream/White
BGN-35 Small Low yield Cream/White
BGN-30 Medium Low yield Red
BGN-22 Small Low yield Cream/White
BGN-27 Small Low yield Cream/White
Vv BGN-41 10 Medium Low yield Light brown
BGN-36 Small Low yield Cream/White
BGN-34 Large High yield Black
BGN-28 Medium Low yield Light brown
BGN-37 Small Low yield Cream/White
BGN-5 Small Low yield Cream/White
BGN-33 Medium High yield Light brown
BGN-9 Medium Low yield Cream/White
BGN-39 (Check) Small Moderate yield Light brown
BGN-14 Medium Moderate yield Light brown
BGN-31 Medium Low yield Red
VI BGN-2 12 Medium Low yield Light brown
BGN-12 Large High yield Light brown
BGN-11 Medium High yield Light brown
BGN-29 Medium Low yield Cream/White
BGN-26 Small Low yield Cream/White
BGN-4 Medium High yield Black
BGN-1 Small Low yield Cream/White
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4.2 Stability of genotypes
The results showed that genotype ‘BGN-12’ was the most stable followed by ‘BGN-19’ (Table

4.12). In addition, 15 genotypes (approximately 35.0% of the germplasm used in the study)
were relatively more stable than the check (‘BGN-39’) across the locations (Appendix I).
Despite a large proportion (50.0%) of cream (white) seeded genotypes used in the study,
these types were all less stable than the check. However among the relatively stable
genotypes, the light brown and black seeded types constituted 66.0% and 13.0% respectively.
The top five most stable genotypes included at least one black seeded (‘BGN-34’) and one
red (‘BGN-23’) seeded types while the rest were light brown (‘BGN-12’, ‘BGN-19’ and ‘BGN-
11’) seeded types (Table 4.12). In contrast, ‘BGN-27’ was the most unstable genotype.

Table 4.12 Cultivar superiority index of the top 10 most stable bambara groundnut genotypes
that were evaluated for agronomic performance in the field across three locations in Limpopo
and Mpumalanga Provinces (South Africa).

Genotype CSil Rank
BGN-12 36100.14 1
BGN-19 45288.65 2
BGN-34 46178.34 3
BGN-11 51736.83 4
BGN-23 57714.08 5
BGN-4 62531.49 6
BGN-25 90232.72 7
BGN-20 95913.11 8
BGN-33 96651.60 9
BGN-38 127777.50 10

BGN-39 214683.40 16

4.3 Seed protein
There were significant (P<0.05) differences in seed protein content among the bambara

groundnut genotypes and 28.0% of the genotypes were inferior to the check in terms of seed
protein (Table 4.13). However, in comparison with the check, the genotype ‘BGN-42’ achieved
19.74% higher percent seed protein (Table 4.13). On average, the genotypes contained
21.72% protein. In comparison with the check, only three genotypes (‘BGN-42’, ‘BGN-7’ and
‘BGN-32’) achieved >10.0% higher seed protein. The percent seed protein ranged from
19.89% (‘BGN-12’) to 25.17% (in ‘BGN-42’) (Table 4.13). In general the cream (white) seeded
genotypes showed a relatively high % seed protein compared to the other seed color types

(Table 4.14). A poor relationship existed between % seed protein and seed size (Fig. 4.6).
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Table 4.13 Mean percent seed protein of bambara groundnut genotypes.

Genotype % Seed Protein Seed Color Type % Increase Over Check
1 BGN-42 2517 a Cream / White 19.74
2 BGN-7 23.19 ab Black 10.32
3 BGN-32 23.13 abc Cream / White 10.04
4 BGN-41 23.09 abc Light brown 9.85
5 BGN-19 22.88 bcd Light brown 8.85
6 BGN-15 22.85 bcd Cream / White 8.71
7 BGN-24 22.65 bcde Cream / White 7.75
8 BGN-35 22.54 bedef Cream / White 7.23
9 BGN-3 22.51 bedef Cream / White 7.09
10 BGN-13 22.38 bcdfg Cream / White 6.47
11 BGN-11 22.34 bcdefg Light brown 6.28
12 BGN-40 22.32 bedefg Cream / White 6.18
13  BGN-27 22.24 bedefg Cream / White 5.80
14 BGN-30 22.19 bcdefg Red 5.57
15 BGN-2 22.13 bcdefg Light brown 5.28
16 BGN-37 22.07 bcdefgh Cream / White 5.00
17 BGN-17 22.06 bcdefgh Red 4.95
18 BGN-36 22.05 bcdefgh Cream / White 4.90
19 BGN-28 22.04 bcdefgh Light brown 4.85
20 BGN-26 21.94 bcdefgh Cream / White 4.38
21 BGN-25 21.86 bcdefgh Red 4.00
22 BGN-14 21.47 bcdefgh Light brown 2.14
23 BGN-38 21.69 bcdefgh Light brown 3.19
24  BGN-9 21.60 bcdefgh Cream / White 2.76
25 BGN-31 21.44 bcdefgh Red 2.00
26 BGN-5 21.25 bedefgh Cream / White 1.09
27 BGN-6 21.23 bcdefgh Light brown 1.00
28 BGN-8 21.21 bcdefgh Cream / White 0.90
29 BGN-22 21.15 bcdefgh Cream / White 0.62
30 BGN-39 (Check) 21.02 bcdefgh Light brown 0.00
31 BGN-1 20.93 cdefgh Cream / White -0.43
32 BGN-18 20.92 cdefgh Cream / White -0.48
33 BGN-23 20.83 defgh Red -0.90
34 BGN-16 20.75 defgh Cream / White -1.28
35 BGN-21 20.54 efgh Cream / White -2.28
36 BGN-4 20.49 efgh Black -2.52
37 BGN-34 20.48 efgh Black -2.57
38 BGN-20 20.45 efgh Light brown -2.71
39 BGN-33 20.45 efgh Light brown -2.71
40 BGN-29 20.43 fgh Cream / White -2.81
41 BGN-10 20.29 gh Light brown -3.47
42  BGN-12 19.89 h Cream / White -5.38
Grand mean 21.72 - -
C.V. (%) 5.04 - -

Means followed by a different letter are significant at the 5.0% probability level
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Table 4.14 Percent seed protein among the main seed color types of 42 bambara groundnut
genotypes.

Seed Color Type

Attribute
Black Cream/ White Light brown Red Total
Mean % seed protein 21.87 21.86 19.9 21.68 -
o :
Mean % seed proteinof - 5 g7 23.72 22.77 22.19 -

top three genotypes
Range % seed protein  20.48 - 23.19 20.43-25.17 19.89-23.09 20.83 - 22.19

% Increase over check 10.32 19.74 9.85 5.57 -
Number of entries 3 20 14 5 42
250
* +
24.0 .
*
c 23.0 * S .
2 ot Nh * o
g‘ 22.0 2 2 L
s 20 cecmecceemcccscc=s st
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y = 0.0064x +21.747
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100-Seed weight (g)

Fig. 4.6 A week correlation between percent seed protein and seed size in diverse bambara
groundnut germplasm raised at Thohoyandou (Limpopo Province, South Africa).
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CHAPTER FIVE: DISCUSSION

The results of this study revealed new insight in the agronomic performance of Bambara
groundnut in the representative agro-ecologies that were used. Firstly, the results showed
significant seasonal variations among the genotypes for the majority of the agronomic
variables at both Syferkuil and Thohoyandou. This confirmed that genotypic performance in
Bambara groundnut is generally sensitive to environmental conditions. This observation was
in agreement with the findings reported previously in bambara groundnut (Alake et al., 2016;
Jonah et al., 2012; Pungulani et al., 2012) However, it was interesting that pod length (PL)
was generally not influenced by the seasons. This suggested that while the seasons effects
were able to discriminate the genotypes in terms of the majority of quantitative traits that were
measured, the seasonal variations were not sufficiently distinct to separate the genotypes in
terms of the PL.

The results also showed that the location effects were significant between Nelspruit and the
other two test locations particularly for yield (SYLD) with the former showing markedly higher
yield potential (>1.0 t/ha versus < 0.6 t/ha). This observation suggested that both Syferkuil and
Thohoyandou were similar and therefore, in future, there will be little merit, if any, in utilizing
both of them simultaneously for identifying superior genotypes of bambara groundnut.
However, in this regard, inclusion of the test locations at Nelspruit together with either
Syferkuuil or Thohoyandou will be useful. Many studies involving multi-location evaluations of
the agronomic performance of various crops including legumes (Dehghaui et al., 2011; Yan
and Tinker, 2006) and cereals (Anley et al., 2013; Kaya et al., 2006) have been able to identify
the best or most ideal test locations (or test environment). In most of these studies, the
genotypes plus the genotype x environmental interaction bi-plot method was used widely
partly because of its ability to map graphical presentations that can be interpreted easily (Yan
and Wu, 2008).

It appears that the bambara germplasm that was used in this study possessed inherently low
yield potential. Results from a recent study showed grain yield range of 703-2256 kg/ha as
well as a moderate N fixation capacity (28.0 kg/ha) (Yakubu et al., 2010). The low yield
reported in this study could be partly because the germplasm was originally selected from
traditional varieties that were not improved genetically. In the same breath, a quantitative
determination of the crop establishment in the study could have provided more information
possibly accounting for, at least in part, the yield levels that were observed. Significant
variation in seedling vigour in the present germplasm was previously reported (Mogale, 2015)
(Appendix Il). However, the seedling vigour was determined under laboratory conditions.
Nonetheless, in comparison with control, the results indicated a significant yield improvement.
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In addition, the study was able to identify relative good performing genotypes in the other seed
colour categories apart from the light brown type. At any rate, the relatively low yield
associated with the germplasm also suggested strongly that more work aimed at the
improvement of seed yield will be merited.

In this study, differential cultivar performance could be attributed probably to differences
between the location at Nelspruit and the other test locations. Nonetheless, cultivars ‘BGN-19’
produced the highest SYLD at both Nelspruit and Thohoyandou suggesting that it can be
considered for further evaluation at more locations over more seasons. Similarly, four other
cultivars that attained >25% yield advantage over the check (‘BGN-11’; ‘BGN-12’; ‘BGN-4’;
and ‘BGN-34’) could also be considered for further evaluation. Ideally, final field evaluation
stage could involve the participation of growers in the target production area in order to
enhance the adoption of the new cultivars. Farmers participation in cultivar evaluation was
used routinely recently for a broad range of crops (Horn et al., 2016; Thapa et al., 2009; Tiwari
etal., 2009; Vom Brocke et al., 2010; Witcombe et al., 2001). This approach could also resolve
the end-use preferred traits such as seed color types or seed size. For instance, ‘BGN-34’
consists of black large seed while genotype ‘BGN-19’ consists also of large but light brown
seed. Therefore, it will be merited to involve growers to determine their preferred set of trait

combinations as represented by each of the individual potential cultivars.

The results also showed that based on the cultivar superiority index, genotype ‘BGN-19’ was
the most stable after ‘BGN-12’ thus suggesting that this potential cultivar has a wide ecological
amplitude in which it can be cultivated. Nonetheless, as indicated above more test-locations
and seasons will be required for these genotypes especially in Mpumalanga where the crop
was evaluated for only one season. In this regard, it is also important to exercise caution about
the observed relatively high yield potential in individual genotypes partly because the on-farm
productivity of the crop is generally lower than that from field experimental trails. On the other
hand, it will be interesting to evaluate the yield potential of these genotypes under irrigated
conditions of which higher seed yield (>3.0 t/ha) for light brown genotypes of the crop were
reported previously (Mabhaudi and Modi, 2013).

The results from this study also indicated genotypic difference in dry matter accumulation as
measured by the dry shoot weight (DSW). The three genotypes (‘BNG-13’; ‘BGN-32’; ‘BGN-
34’) that attained at least 40% higher DSW than the check genotypes could be useful in the
production of fodder for instance. Alternatively, the crop residues from these genotypes that
remains in the field after harvesting could provide a good source of organic matter if it is
incorporated in the soil. Previous studies with groundnut for instance, showed that the crop

36

© University of Venda



()
=

C) University of Venda
Creating Future Leaders
@)

residue that was not removed from the field supplied a considerable amount of organic matter
to the soil (Giller and Cadish, 1995). In a similar study involving soybean, there was
asignificant improvement in the grain yield of corn that was grown in the same field during the
following season (Kasasa et al., 1998). However, in this study, there was no significant
correlation between DSW and SYLD implying that in general, genotypes that produced high
DSW did not necessarily produce high seed yield. Nonetheless, there were some high yielding

individual genotypes (for example ‘BGN-19’) that also achieved high (>25.0g) DSW.

Both the weight of the pods per plant as well as the weight of seed per plant showed significant
positive relationships with the SYLD which was in agreement with other studies reported
previously (Abu and Buah, 2011; Amarainghe et al., 2016; Karikari and Tabona, 2004). From
a practical plant breeding stand point, the positive correlation between the pod weight per
plant (PWT) and SYLD presented a relatively more rapid and less laborious method for
screening for high yielding genotypes since both manual excavation and the subsequent
shelling of Bambara groundnut pods is quite cumbersome. In general, the medium to large
cultivars were present in the cream (white), light brown and red types which provides seed

colour type options for end-users.

In terms of crude seed protein, the cream seeded types showed a considerably higher level
than the rest of the seed colour types suggesting that breeding programs aimed at improving
this attribute in bambara groundnut need to consider cream seeded germplasm. Ideally, the
quality of the seed protein in particular, the amino acid profiles would be of interest in future
studies. While this additional information is limited partly by the cost of laboratory (chemical)
analysis, it is valuable to determine the amino acid profiles of the genotypes. However, the
findings regarding seed protein levels were consistent with the results from similar studies
elsewhere. For instance, previous studies indicated that bamabra groundnut could possess
as high as 25.0% crude protein (Mahala and Mohammed, 2010). In another study that was
conducted to determine amino acid levels in the seed of bambara groundnut, two essential
amino acids lysine and methionine achieved 6.6% and 1.3% respectively (Temple and Aliyu,
1994). In this study, the amino acid profiles were not determined but a preliminary survey of
minerals in the germplasm that was conducted separately (Mogale and Gwata, 2016;

unpublished) indicated distinct variability in both iron (Appendix Ill) and zinc (Appendix 1V).

There will also be merit in future in investigating the genetic control of the nutritional attributes
such as the essential amino acid, minerals, vitamins and crude seed protein in order to design
effective breeding approaches to manipulate these traits. Recently, mutation breeding was

used successfully to improve both seed protein and the amino acid, methionine in bambara
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groundnut (Bharatkumar et al., 2015). Other approaches that have been used successfully in
the genetic enhancement of bambara groundnut include tissue culture (Lacroix et al., 2003;
Kone et al., 2007) and marker assisted selection (Ho et al., 2016; Ho et al., 2017). New
improved bambara groundnut cultivars that are high yielding and highly nutritional will be
desirable particularly for resources poor rural communities in South Africa. Another drawback
in the study was the absence of exotic germplasm originating from other bambara groundnut
production regions such as West Africa or countries in southern Africa for the purposes of
comparison. A comparison of the performance of a broad range of genotypes would be useful
for designing genetic improvement programs (Aliyu et al., 2014) for the local bambara
groundnut end-users since this legume popular and is often marketed informally (Appendix
V). Nonetheless, the results of this study were useful in revealing the agronomic potential and

seed protein levels in the currently available bambara groundnut germplasm.
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CHAPTER SIX: CONCLUSIONS AND RECOMMENDATIONS

The results of this study showed that the agronomic potential of bambara groundnut genotypes
varied depending on the prevailing agro-ecological conditions under which they were
cultivated. The highest seed yield (1.2 t/ha) was observed for genotype ‘BGN-19’ at Nelspruit.
At least five of the experimental genotypes attained >30.0% higher dry shoot weight and 100-
seed weight than the local check genotype while five of the newly identified potential cultivars
also achieved at least >25.0% higher seed yield than the check genotype. Three of the
superior genotypes consisted of light brown seed while the remainder were black seeded
types. This variation in seed colour types is important in terms of technology adoption by
growers. The highest amount of crude seed protein (25.17%) was observed for the cream
(white) seeded genotype ‘BGN-42’. The cluster determination using the principal component
analysis showed that the 42 genotypes could be grouped into six distinct categories among
which the highest number of genotypes (12) was classified together with the check genotype.
Three of the five most stable genotypes were of the light brown seeded types and the
remaining two were either black or red seeded types.

There were significant positive relationships among some of the agronomic attributes notably
between seed yield and each of pod weight per plant, seed weight per plant as well as 100-
seed weight. Overall, there was considerable variation in the amount of seed crude protein
among the genotypes. The cream seeded types showed the highest amount of percent seed

protein (25.17%) with an advantage (19.74%) over the check genotype.

In future, there will be merit in the further evaluation of the best 10 performing genotypes over
more test locations in the target production areas. In addition, it will be useful to consider the
participation of bambara groundnut growers in the selection of desirable genotypes that
possess the preferred combinations of end-use traits. This will facilitate cultivar adoption by
the growers as well as provide reasonably sufficient quantities of the initial seed to the
growers. Furthermore, quantitation of the amino acids in the germplasm will be useful in future.
This will enhance the chances for the genetic improvement of both the nutritive and agronomic
attributes of bambara groundnut for the local end-users. The application of molecular
techniques which was reported previously (Lacroix et al., 2003; Kone et al., 2007; Ho et al.,
2016; Ho et al., 2017) offers more options to bambara groundnut breeders in future since the
small size of the flowers and sensitivity to emasculation will not limit the use of molecular

methods in improving cultivar development. In practice, these approaches work efficiently
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when they are combined with conventional breeding methods in many field crops including

legumes (Atemkeng et al., 2011).
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APPENDICES

Appendix |

Cultivar stability indices of 42 bambara groundnut genotypes evaluated across three
locations in Limpopo and Mpumalanga Provinces (South Africa).

Genotype CSI Rank
BGN-1 415999.68 33
BGN-2 345407.22 28
BGN-3 354860.54 29
BGN-4 62531.49 6
BGN-5 398841.10 30
BGN-6 145559.55 11
BGN-7 230388.85 21
BGN-8 300329.71 25
BGN-9 224831.06 20

BGN-10 210301.46 15
BGN-11 51736.83 4

BGN-12 36100.14 1

BGN-13 271686.57 24
BGN-14 147739.91 12
BGN-15 408724.25 31
BGN-16 529110.52 38
BGN-17 152018.18 13
BGN-18 479829.61 35
BGN-19 45288.65 2

BGN-20 95913.11 8

BGN-21 608428.34 41
BGN-22 557212.43 40
BGN-23 57714.08 5

BGN-24 520942.16 37
BGN-25 90232.72 7

BGN-26 215197.34 17
BGN-27 639874.20 42
BGN-28 306221.69 27
BGN-29 304235.91 26
BGN-30 224658.43 19
BGN-31 201200.55 14
BGN-32 550507.83 39
BGN-33 96651.60 9

BGN-34 46178.34 3

BGN-35 419788.53 34
BGN-36 223000.35 18
BGN-37 245249.24 23
BGN-38 127777.50 10
BGN-39 214683.40 16
BGN-40 411171.90 32
BGN-41 241980.59 22
BGN-42 508680.05 36
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Appendix Il

A Short Communication prepared for local presentation (2017)

Variation in Seedling Vigour Among Diverse Bambara Groundnut Genotypes

Mogale TE

Department of Plant Production, University of Venda, School of Agriculture, P. Bag X5050,
Thohoyandou 0950, South Africa

Abstract

Bambara groundnut (Vigna subterranea) is an annual herbaceous plant that is native to Africa.
It is cultivated mainly for its seeds that are used for human consumption. It is ranked the third
most important leguminous crop in many parts of Africa after cowpea (Vigna unguiculata) and
peanut (Arachis hypogaea). It is well adapted to semi-arid regions and tolerant to marginal
soils. In southern Africa, it is cultivated mainly by smallholder growers who retain seed from
one harvest to the next planting. The seed is often poor in quality, leading to poor germination
and crop establishment and consequently reduction in yield. This study was designed to
determine the variation in seedling vigour and identify superior bambara groundnut genotypes.
The study was conducted under laboratory conditions at room temperature at Thohoyandou
() (Limpopo Province, South Africa). Five seeds of each of 42 genotypes of bambara
groundnut were planted separately in plastic containers using a 7X6 rectangular lattice design
with three replications. Four seedling vigour traits namely the primary root length (PRL),
secondary root length (SRL), shoot height (SHT) and dry root weight (DRW) were measured
18 d after planting. There were highly significant (P<0.01) differences among the genotypes
for all traits. ‘BGN-40’ produced a two-fold increase in SHT, SRL and DRW over the check
(‘BGN-39’). Similarly, ‘BGN-31" and ‘BGN-9’ attained a two-fold increase in SRL and DRW
over the check. The results indicated the potential of phenotypic based selection for the traits

in bambara groundnut germplasm which was used in the study.

Key words: bambara groundnut; genotype; seedling; selection; vigour.
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1.0 Introduction

Barbara groundnut (Vigna subterranea) is a leguminous crop which is cultivated in many
African countries. The seed is rich in protein (25.0%) and minerals. Apart from utilisation as
human food, the stover is useful for animal feeds. The crop is also useful particularly in
smallholder cropping systems in Africa partly because of its ability to fix atmospheric nitrogen.
However, in South Africa, there are no commercial improved bambara groundnut cultivars,
hence the growers utilize seed of traditional landraces selected from previous harvests
(Hillocks et al., 2011). The seed is often poor in quality, leading to poor germination and crop
establishment thus a reduction in yield (Mabhaudhi, 2009). Ideally, good quality seed of high
genetic and physical purity, uniform and with high percent germination as well as free from

seed borne diseases is desirable in order to achieve optimum vyield.

Limited research work focussing on seed viability and seedling vigor in bambara groundnut
has been reported. In a study conducted with seed of different testa colors, Chibarabada et
al., (2015) reported that black speckled types outperformed cream types in percent
germination. Using in vitro conditions, Kone et al. (2015) attributed low germination partly to
the seed coat. In other legumes such as french bean (Vishvanath et al., 2006) and lentil (Hojjat,
2011), seed size influenced percent germination. Apart from measuring percent germination,
several studies measured seedling traits in order to determine the seedling vigour
(Chibarabada et al., 2015; Razpour et al., 2013; Hojjat, 2011; Peksen et al., 2004.). In the
present study, the objectives were to determine the variation in seedling vigour and identify

superior bambara groundnut genotypes.

2.0 Materials and methods

Genetic materials

Forty-one experimental lines and one local check were used in the study. All the experimental
lines were selected from the landrace germplasm previously in the bambara groundnut
breeding program at the School of Agriculture (University of Venda) (Rikhotso et al., 2013).
The germplasm consisted of a diverse range of seed colour types and size.

Planting and measurements

The seed samples of each genotype was germinated in the laboratory at room temperature.
The seed was germinated in plastic jars measuring 7.5 cm x 8.0 cm in order to raise the
seedlings (Gwata et al., 2016). Prior to germination, the inside of the base of each jar was
lined with moist filter paper before placing 10 seeds and ensuring that each individual seed

was free from contact with other seeds in the jar. Three plants from each jar per replicate were
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measured for primary root length (PRL), secondary root length (SRL), shoot height and dry
root weight (DRW).

Experimental design and data analysis
The experiment was laid out as randomized complete block design replicated three times.
Data sets were subjected to standard analysis of variance procedures (SAS Institute, 2014)

followed by mean separation (Duncan, 1956).

3.0 Results and Discussion
The results showed significant (P<0.05) differences among bambara groundnut genotypes for

all the seedling parameters that were measured (Table A-1). Four genotypes (‘BGN-27’, ‘BGN-
22’, ‘BGN-29’, ‘BGN-32’ and ‘BGN-16’) failed to germinate suggesting that prior to large-scale
field planting, seed germination tests will be necessary. The longest primary roots (156.67 cm)
were produced by ‘BGN-9’. There were phenotypic differences in root attributes (Fig. A-1).
Some genotypes germinated but did not develop viable shoots (Fig. A-2). On average, the
PRL among the genotypes (82.16 cm) exceeded the mean SRL (45.30 cm) by >80.0%. The
genotypes ‘BGN-21" and ‘BGN-40’ attained the highest SRL (96.17 cm) and SHT (55.33 cm),
respectively (Table A-1). The shortest shoots (5.0 cm) were observed for genotype ‘BGN-27’
which suggested that early seedling growth varied considerably in bambara groundnut. The
genotype also showed proportionately short primary and secondary roots. These observations
were consistent with the highly significant correlation that was found between SHT and both
PRL and SRL (Table A-2). Interestingly, the DRW exhibited a negative relationship with all the
other seedling traits. The genotypic variation in PRL and SHT among the top 10 performing
genotypes differed markedly (Fig. A-3). Similar findings in studies involving these traits in

legumes were also reported (Chen et al., 2017; Gwata et al., 2016; Sarker et al., 2005).

In comparison with the check genotype (‘BGN-39’), the greatest relative performance for both
PRL (38.22%) and SHT (118.44%) were observed for genotype ‘BGN-9’ but genotype ‘BGN-
7’ showed no relative advantage of the check in both the SHT and DSW (Table A-3). Overall,
genotypes ‘BGN-9’, ‘BGN-14’ and ‘BGN-31’ were superior in terms of the seedling parameters
that were measured. The three genotypes were from three distinct seed colour types. This
was potentially useful in cultivar adoption since the preference for seed colour types varies
among smallholder bambara groundnut growers. In contrast, dark colored seeds produced
more vigorous seedling than light colored seeds (Berchie et al., 2010; Sinefu, 2011; Zulu and
Modi, 2010). In other studies involving legumes, the variation in seedling vigour was attributed

to seed size. For instance, Ambika et al., (2014) observed that genetic variation influences
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Table A-1 Means of four seedling vigour parameters of bambara groundnut genotypes
evaluated under laboratory conditions. (PRL = primary root length; SRL = secondary root
length; SHT = shoot height; DRW = dry root weight).

Genotype PRL(cm) SRL(cm) SHT(cm) DRW(g)
BGN-9 156.67a 82.00a-c 32.00a-g 0.07a-c
BGN-14 145.50ab 88.00ab 54.33ab 0.08a
BGN-7 145.50ab 50.50a-f 20.83c-h 0.03a-e
BGN-23 124.00a-c 54 .17a-f 35.67a-f 0.04a-e
BGN-40 122.17a-c 57.33a-f 55.33a 0.03a-e
BGN-31 118.83a-c 87.33ab 45.33a-d 0.08a
BGN-17 117.83a-c 47 .67a-f 22.17c-h 0.05a-e
BGN-21 117.17a-c 96.17a 27.50a-h 0.06a-c
BGN-20 115.83a-c 53.50a-f 45.83a-c 0.04a-e
BGN-33 114.17a-c 77.67a-d 17.67c-h 0.05a-e
BGN-39(Check) 113.83a-c 40.33a-f 25.33b-h 0.03a-e
BGN-25 111.33a-c 53.33a-f 35.83a-f 0.04a-e
BGN-34 106.50a-c 46.17a-f 20.33c-h 0.04a-e
BGN-8 104.50a-c 72.17a-e 29.00a-h 0.05a-d
BGN-6 103.50a-c 26.17c-f 29.50a-h 0.04a-e
BGN-37 102.00a-c 66.17a-e 30.83a-g 0.05a-e
BGN-38 100.00a-c 39.83a-f 20.17c-h 0.04a-e
BGN-12 94.00a-c 55.50a-f 42.00a-e 0.05a-e
BGN-10 92.50a-c 47 50a-f 21.67c-h 0.03a-e
BGN-30 92.50a-c 55.17a-f 23.17c-h 0.05a-e
BGN-15 91.83a-c 56.50a-f 28.33a-h 0.06a-c
BGN-11 91.67a-c 64.17a-e 25.33b-h 0.05a-e
BGN-3 91.33a-c 54 .50a-f 31.50a-g 0.05a-e
BGN-24 84.00a-c 41.83a-f 19.67¢c-h 0.05a-e
BGN-36 83.33a-c 39.83a-f 14.50e-h 0.05a-e
BGN-2 77.83a-c 32.50b-f 18.17¢c-h 0.03a-e
BGN-1 77.00a-c 29.17c-f 11.67f-h 0.04a-e
BGN-28 74.67a-c 31.67b-f 15.67d-h 0.04a-e
BGN-13 69.67a-c 39.00a-f 19.50c-h 0.03b-e
BGN-5 64.00a-c 47 17a-f 25.33b-h 0.04a-e
BGN-4 60.67a-c 96.33a 20.17c-h 0.04a-e
BGN-41 58.83a-c 41.17a-f 33.83a-g 0.05a-e
BGN-19 57.00a-c 30.17c-f 13.33e-h 0.05a-e
BGN-18 42.67a-c 40.33a-f 26.50a-h 0.04a-e
BGN-35 37.17a-c 22.50d-f 21.33c-h 0.03a-e
BGN-26 29.83a-c 14.67ef 12.67e-h 0.02b-e
BGN-42 24.00bc 20.67d-f 12.83e-h 0.02c-e
BGN-27 6.67¢c 3.33f 5.00gh 0.00e
BGN-22 0.00c 0.00f 0.00h 0.00e
BGN-29 0.00c 0.00f 0.00h 0.00e
BGN-32 0.00c 0.00f 0.00h 0.00e
BGN-16 0.00c 0.00f 0.00h 0.00e
Mean '82.16 45.30 23.57 '0.03

The means followed by different letters in the same column are significantly different at the
5.0% probability level.
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Fig. A-1 Phenotypic variation in seedling vigour in bambara groundnut.

Fig. A-2 Poor shoot growth in some seedlings of bambara groundnut genotypes.
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variation in seed size between varieties and is due to flow of nutrients into the seed at the

mother plant which eventually impacts on mobilization of food reserves to growing seedlings.

Future studies could determine the seedling vigour under field conditions (Kolasinska, 2000).
and various abiotic stresses including salinity (Tsegay and Gebreslassie, 2014), pH (Mandic
et al., 2012), temperature (Antonio et al., 2016; Porch, 2006; Awal and lkeda, 2002; Covell et
al., 1986) and low moisture (Serraj et al., 2004). This will enhance the selection of elite
germplasm that can be exploited in the genetic improvement of seedling vigour in bambara

groundnut. There will be merit in testing the seedling vigour also under a variety of soil types.

Table A-2 The Pearson correlation coefficients among bambara groundnut genotypes which
were evaluated for seedling vigour under laboratory conditions.

PRL(cm) SRL(cm) SHT(cm) DRW(g)
PRL(cm) 1.0000
SRL(cm) 0.6592**  1.0000
SHT(cm) 0.5508**  0.5548**  1.0000
DRW(g) -0.4464*  -0.5894**  -0.6007**  1.0000
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Fig. A-3 Genotypic variation in shoot height and primary root length in the top 10 bambara
groundnut genotypes that were evaluated for seedling vigour under laboratory conditions.

57

© University of Venda



()
=

C) University of Venda
Creating Future Leaders
@)

Table A-3 Means of the top genotypes in each of the seed colour types of bambara groundnut
germplasm which was evaluated for seedling vigour under laboratory conditions. (Values in
bold represent the relative percent advantage over the check genotype).

Genotype PRL(cm) SRL(cm) SHT(cm) DSW(g) Seed color

BGN-9  156.67 (38.229%) 82.00 (103.32%) 55.33 (118.44%) 0.07 (133.33%) Cream/white
BGN-14  145.50 (28.56%) 88.00 (118.20%) 54.33 (114.49%) 0.08 (166.67%) Light brown
BGN-7  145.50 (28.56%) 50.50 (25.22%) 20.83 (-17.76%) 0.03 (0.00%)  Black

BGN-31  118.83 (5.00%) 87.33 (116.54%) 45.33 (78.96%) 0.08 (166.67%) Red

BGN-39

113.18 40.33 25.33 0.03 Lightb
(Check) ight brown
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Appendix IlI
Source: Mogale and Gwata, 2016; unpublished).
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Appendix IV
Source: Mogale and Gwata, 2016; unpublished).
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Appendix V

Informal marketing of bambara groundnut in Makhado (Limpopo Province, South Africa)
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