USE OF BIOSTIMULANTS TO ASSESS THE PRODUCTION OF THE
UNDERUTILISED LEGUME, BAMBARA GROUNDNUT

by

ZIDUBULE SIPHIWO

Thesis presented in partial fulfilment of the requirements for the degree of
Master of Science in Agriculture (Sustainable Agriculture)

at
Stellenbosch University

Sustainable Agriculture, Faculty of AgriSciences

Supervisor: Dr EE Phiri
Co-supervisor: Dr PN Mothapo

March 2021



Stellenbosch University https://scholar.sun.ac.za

DECLARATION

By submitting this thesis electronically, | declare that the entirety of the work contained
therein is my own, original work, that | am the sole author thereof (save to the extent
explicitly otherwise stated), that reproduction and publication thereof by Stellenbosch
University will not infringe any third-party rights and that | have not previously in its

entirety or in part submitted it for obtaining any qualification.

Date: March 2021

Copyright © 2021 Stellenbosch University

All rights reserved



Stellenbosch University https://scholar.sun.ac.za

Abstract

Underutilised crops are an important part of local diets but have not been fully adopted
in modern agriculture. Often, they are cultivated in marginal lands with low, if any,
nutrients. The need for underutilised crop research becomes apparent not only
because a big portion of plant based human food is mainly derived from a limited
number of staple crops. With the threat of global warming and associated more
extreme weather, and indirect impacts such as crop diseases, reliance on a few crops
is a major challenge to food and nutritional security. Moreover, existing deficiencies
of key vitamins and minerals pose a serious constraint to livelihoods, more especially
in rural areas. Bambara groundnut (Vigna subterranea (L) Verdc.) is one of the crops
that could be used to increase food production. With a reported high drought tolerance,
Bambara groundnut is cultivated across Africa, but its full potential has not been
realised and its agronomic performance scantily documented. Therefore, two
greenhouse experiments, using two landraces of Bambara groundnut, were
conducted at the Welgevallen experimental farm, Stellenbosch University,
Stellenbosch. The aim was to investigate the effect of different biostimulants on the
growth performance of Bambara groundnut. The specific objectives were to: (1)
Evaluate the effect of different biostimulants on agronomic plant performance, (2)
Assess the effects of biostimulants on the nutritional composition of Bambara
groundnut seeds. The study consisted of five treatments (untreated control, chicken
manure fertiliser, Kelpak®, humic substance and Moringa leaf extract, n=6 replicates
each), conducted in a tunnel production system. Biostimulant treated plants reached
50% flowering significantly earlier that the control and fertiliser treated plant. Plants
treated with Kelpak® showed significantly higher plant height, larger leaf area, and
higher leaf dry matter relative to control and other treatments. Treatment with humic
substance and Moringa leaf extracts resulted in higher yield parameters, number of
pods per plant, 100-seed weight, and total seed yield were the highest in humic
substance treated plants followed by Moringa leaf extract. Therefore, the humic
substance showed the highest harvest index percentage relative to the other
treatments. Of the three biostimulants treatments, Kelpak® treated plants produced
the lowest seed yield. Using multiple linear regression we found that variation in total
seed yield could be explained by the input of treatment, particularly humic substance
and Moringa. Kelpak® was found to not have a significant effect on seed yield but
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rather on plant height and dry shoot mass, indicating better suitability to growing leafy
vegetables than grain. The nutrient composition was improved under Moringa and
humic substance treatment, meaning that these two factors not only improved plant
growth and productivity but maintained the nutritional composition of Bambara.
Therefore, biostimulant application positively influenced Bambara groundnut growth,
development, and yield without compromising the nutritional content of the crop seeds.
Therefore, biostimulants alongside appropriate levels of fertilization may be used to
enhance the production of Bambara groundnut crops, and other underutilised and
neglected crops. However, the results need to be validated by investigating the

remaining landraces of Bambara groundnut.

Keywords: Bambara groundnut, biostimulants, underutilised crops, landraces.
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Opsomming

Alhoewel onderbenutte gewasse 'n belangrike deel van plaaslike diéte uitmaak, word
dit nie ten volle in die hedendaagse landbou opgeneem nie. Dit word dikwels op
marginale grond met min, indien enige, voedingstowwe verbou. Daar is 'n duidelike
behoefte aan navorsing oor onderbenutte gewasse, nie net omdat 'n groot deel van
plantgebaseerde voedsel vir mensgebruik hoofsaaklik van 'n beperkte getal
stapelgewasse afkomstig is nie. In die lig van die gevaar van aardverhitting en
verwante meer ekstreme weer, en indirekte impakte soos gewassiektes, is die
afhanklikheid van enkele gewasse 'n groot uitdaging vir voedsel- en voedingsekerheid.
Origens plaas die bestaande gebrek aan belangrike vitamiene en minerale 'n ernstige
stremming op lewensbestaan, veral in landelike gebiede. Die Bambara-grondboontjie
(Vigna subterranea (L) Verdc.) is een van die gewasse wat gebruik kan word om
voedselproduksie te verhoog. Na berig word, is die Bambara-grondboontjie, wat
regoor Afrika verbou word, hoogs weerstandig teen droogte, maar die volle potensiaal
daarvan is nog nie verwesenlik nie en die agronomiese prestasie daarvan is karig
gedokumenteer. Daarom is twee kweekhuisproewe met twee landrasse van die
Bambara-grondboontjie by die Welgevallen-proefplaas van die Universiteit
Stellenbosch gedoen. Die doel was om die effek van verskillende biostimulante op die
groeiprestasie van die Bambara-grondboontjie te ondersoek. Die spesifieke
doelstellings was: (1) om die effek van verskillende biostimulante op agronomiese
plantprestasie te evalueer, en (2) om die effekte van biostimulante op die
voedingsamestelling van Bambara-grondboontjiesaad te bepaal. Die studie het
bestaan uit vyf behandelings (onbehandelde kontrole, hoendermisbemesting,
Kelpak®, humusstof en moringablaar-ekstrak; n=6 replikate elk), wat in 'n
tonnelproduksiestelsel uitgevoer is. Plante wat met biostimulante behandel is, het 50%
blomvorming aansienlik vroeér as die kontrole- en messtofbehandelde plant bereik.
Plante wat met Kelpak® behandel is, het aansienlik groter plantgrootte, groter
blaaroppervliak en meer droé blaarmaterie in vergelyking met die kontrole en ander
behandelings getoon. Behandeling met humusstof en moringablaar-ekstrakte het hoér
opbrengsparameters, getal peule per plant en 100-saadgewig tot gevolg gehad, en
totale saadopbrengs was die hoogste in plante wat met humusstof behandel is, gevolg
deur moringablaar-ekstrak. Die humusstof het dus die hoogste oesindekspersentasie
in vergelyking met die ander behandelings getoon. Van die drie biostimulant-
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behandelings het Kelpak®-behandelde plante die laagste saadopbrengs gelewer. Met
behulp van meervoudige lineére regressie is bepaal dat variasie in totale
saadopbrengs deur behandelingsinset, veral humusstof en moringa, verklaar kon
word. Daar is bevind dat Kelpak® nie 'n noemenswaardige effek op saadopbrengs het
nie, maar wel op plantgrootte en droé lootmassa, wat op beter geskiktheid vir
blaargroente as graan dui. Die voedingsamestelling het verbeter met moringa- en
humusstofbehandeling, wat beteken dat hierdie twee faktore nie net plantgroei en
produktiwiteit verbeter het nie, maar ook die voedingstofsamestelling van die
Bambara-grondboontjie gehandhaaf het. Die gebruik van biostimulante het dus die
groei, ontwikkeling en opbrengs van die Bambara-grondboontjie positief beinvioed
sonder om die voedingsinhoud van die gewassade in die gedrang te bring.
Biostimulante kan dus saam met geskikte vlakke bemesting gebruik word om die
produksie van Bambara-grondboontjiegewasse en ander onderbenutte en
afgeskeepte gewasse te verbeter. Die geldigheid van die resultate moet egter bepaal

word deur die res van die landrasse van die Bambara-grondboontjie te ondersoek.

Sleutelwoorde: Bambara-grondboontjie, biostimulante, onderbenutte gewasse,

landrasse.



Stellenbosch University https://scholar.sun.ac.za

DEDICATION

This thesis is dedicated to my late partner Ms Wendy Fafa Chingono. Thank you for
pushing me to go further and encouraging me to chase my dreams. Thank you for
being my biggest support. Thank you for all the wonderful memories that you allowed
me to be a part of; thank you for all the love and care.

YOU ARE DEARLY MISSED!!!

v

Vi



Stellenbosch University https://scholar.sun.ac.za

ACKNOWLEDGEMENTS
| wish to express my sincere gratitude and appreciation to the following persons and
institutions:

e My supervisor: Dr E.E. Phiri, for her unwavering support, encouragement,
guidance, insight, and mentorship.

e My co-supervisor: Dr N.P. Mothapo for her guidance and input especially with

statistical analysis.
e Mr A.W. Baloyi for all his assistance with experimental work.

e My friends and family for their prayers, support, and encouragement, especially
my mother (Mirriam Zidubule) and sister (Zine Zidubule), for their deep desire to see

me succeed in life.

e United Exports® for the bursary.

e Mr Joubert Bosman for Moringa extract.

e Mr Kevin Hodgeson and Mr Kevin Goodrem (Vigoland) for the humic substance.

e Mr Heino Papenfus for Kelpak® (seaweed extract).

Almighty God for his enduring love that gave me strength, courage, and hope to

complete this study.

Vii



Stellenbosch University https://scholar.sun.ac.za

Table of Contents

[T F= 1= 11 [0 o PSSP i
O O Y ¢ 11 =T PSPPI i
0 O o 7o .4 211 Vo OSSPSR v
IORC R B 1= o | [oF= (o] o RPN %
1.4, ACKNOWIEAGEMENLS ... e e e e e e e e e e e e eeaaees Vi
Table Of CONIENES ... ... e e e e e e aeana s viii
S 0 1= 1o =SSR IX
LIS Of FIQUIES...ceeiiiieieiieeeeee ettt ix
Chapter 1
Introduction
0 A 1 1 o o 11 o 1o SRR 1
O B L= (=] (= o =T PSSR 4
Chapter 2

Literature review

2.1. Bambara groundnut as a food SOUICE ...........ccoeeieeiiiiiiiiiiiie e, 7
2.1.1. Processing and utilization of Bambara groundnut ..............cccccevviiiiiiieeeeeeeennn, 7
2.1.2. NUtritional Profile ........cooooiiiiii e 8
2.2. Role of mineral nutrition to successful plant growth and development ............... 9

2.3. Sustainable intensification: an alternative approach in promoting plant growth and

(0 [V 7= (o] o] 1 11 o | PPN 11
2.4. Natural product-based DIioStIMUuIaNts .................euveiiiiiiiiiiiiiiiii, 12
2.4.1. Seaweed extract (Kelpak®)........coooveeiiiiiiiiiiiiieee e 12
2.4.2. MOINQA €AF EXITACT. ... ..uutiiiiiiiiiiiiiiiiiiit bbb eaaeees 13
2.4.3. HUMIC SUDSTANCE .....uiiiiiiiiiiiiiiiiiiiiiiiiii bbb eneanee 14



Stellenbosch University https://scholar.sun.ac.za

2.5. Justification: SustaiN@bility ..........cooooiiiiiiiii e 15

2.6, SUMIMIATY L.iiiitiiiiiie ettt e et e e e e e e ear e e eaa e e et e e e ean e e et neeabneesaeeeanneeennneees 15

2.7. REIEIBNCES ...t e e e e e 16
Chapter 3

The effects of biostimulants on plant growth, yield, and seed

nutritional content of Bambara groundnut

oo [¥ o 1o o PO 24
3.1. Methods and MaterialsS ..............uuuuuimiiiiiiiiiiiiiiiiii s 28
3.1.1. Plant growth conditions and preparation of materials ......................... 28
3.1.2. Experimental design and treatment application ...............cccccuvvvennnnnns 30
G 00 G J B = = W o0 | =T o4 1 T o P 30
3.1.4. Soil chemical properties and seeds nutritional content ..................... 31
3.2, StatiStICAl @NAIYSIS ......vveuiiiiiiiiiiiiiiiiiiiie 31
3.3. ReSUItS and DISCUSSION ......uuuuuiuiiiiiiiiiiiiiiiiiiiiiiiiiiieiiiiieeeeeeeeeeeeeeeeeeeaenees 32
3.3.1. Effects of different biostimulants on plant growth parameters ............. 32
3.3.2. Effect of different biostimulants on Bambara groundnut yield.............. 36
3.3.3. Multiple regression analySiS..............uuueuuuriiiiiiiiiiiiiiiiiiiiiiiieees 40

3.3.4. Effect of different biostimulants on Bambara groundnut seed nutritional

(070 1= o | PP TPPPPT 43
3.3.4.1. Fatty acid CONtENL.........oooviiiii i 43
ICTRC I IZ2 2\ o1 11 g To JF=Tod o I oo 1 (=7 o | SU 49
3.3.4.3. SUQAT CONTENT....cuuiiiiiieeii e e e e e enas 57

3.3.5. Effect of biostimulants on soil chemical and physical properties ........ 60

0 @ T 1153 o o 64

3.5, REIBIBINCES. ...t eeeeeeae 67
Chapter 4
Synopsis
v I I T 71 = 1o 1 PP TURPPPPPPRPIN 81



Stellenbosch University https://scholar.sun.ac.za

List of Tables

Table 1. Chemical composition of some commonly consumed legumes .................. 9

Table 2: Individual multiple linear regression analysis using plant growth parameters
as predictors of seed yield under different treatments ...........ccccevvvviiiieeeereeeeiiinnnnnn. 42

Table 3: Fatty acid composition (mg/g) of Bambara groundnut seeds grown under
different treatment conditions. (Multivariate ANOVA) ......ccooviieiiiiiiiiiiiieee e 43

Table 4. Fatty acid composition (mg/g) of Bambara groundnut seeds based on
landrace. (Multivariate ANOVA) ... e e e e e e e eeaaaes 46

Table 5: Amino acid composition (mg/g) of Bambara groundnut seeds grown under
different treatment conditions. (Multivariate ANOVA) ......cccoooeeiiiiiiiiiiiiieeeeeeeeeen, 49

Table 6: Amino acid composition (mg/g) of Bambara groundnut seeds based on
landrace. (Multivariate ANOVA) ... e e e e e e eeaaans 51

Table 7: Sugar contents (mean = S.D., n = 3) in Bambara groundnut seeds grown
under different treatment conditions. (Multivariate ANOVA)...........vviiiiimiiiiiiiiiinnns 55

Table 8: Table 8: Sugar contents (mean + S.D., n = 3) in Bambara groundnut seeds
based on landrace. (Multivariate ANOWVA).........uuuuuuummmuiiiiiiiiiiiiiiiiiiiiiieieeiinneeeeees 56

Table 9: Table 9: Effect of biostimulants on soil chemical properties. One-way analysis

of variance (ANOVA) was performed for each of the variables..................ccccevneeen. 58

Table 10: Effect of biostimulants on soil chemical properties. (Kruskal-Wallis test). 61



Stellenbosch University https://scholar.sun.ac.za

List of Figures

Figure 1: Two Bambara groundnut landraces (a) BG1 and (b) BG2 ...........ccccee..... 29

Figure 2: Germination percentage (a) and number of days to 50% germination (b) of
two Bambara groundnut landraces (BG1 and BG2).......cccoovvvviiiiiiiiiiiiiieeeieeeeeiiinn 29

Figure 3: Effect of biostimulants on (a) number of days to 50% flowering, and (b) plant
height, (c) dry leaf weight of two bambara groundnut landraces. Boxplots showing the
median, min and max, 25% and 75% interquartile range for the variables days to 50%
flowering, plant height, and dry leaf weight. Stars indicate outliers. Vertical error bars
indicate standard error (SE). (Kruskal Wallis test and Mann-Whitney test) ............. 33

Figure 4: Effect of biostimulants on (a) number of pods per plant, and (b) seed yield,
and (c) harvest index of two bambara groundnut landraces. Boxplots showing the
median, min and max, 25% and 75% interquartile range for the variables pods per
plant and seed yield. Stars indicate outliers. Vertical error bars indicate standard error
(SE). (Kruskal Wallis test and Mann-Whitney test)................uuuuveiiiimiiiiiiiiiiiiiiiiiiinnns 37

Figure 5: Effect of biostimulants on 100-seed weight of two Bambara groundnut
landraces. Bar charts showing mean and standard error (SE) for the variable 100-seed
weight. (One-way ANOVA and Tukey HSD teSt.........ccevvviiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeee 38

Figure 6: Effect of biostimulants on (a) Myristic acid, (b) linoleic acid, and (c) a-
linolenic acid of two Bambara groundnut landraces. Bar charts showing mean and
standard error (SE) for the variable Myristic acid, linoleic acid, and a-linolenic acid.
(MANOVA and TUKeY HSD tESt ......uuiiiieeiiieeeee e e e e eeeaans 45

Figure 7: Difference in seed (a) a-linolenic acid, and (b) Docosadienoic acid between
BG1 and BG2. Bar charts showing mean and standard error (SE) for the variables a-
linolenic acid, and Docosadienoic acid. (Multivariate ANOVA with Tukey HSD test) 47

Figure 8: Effect of biostimulants on (a) leucine, (b) glycine, (c) lysine, (d) histidine,
and (e) tryptophan of two Bambara groundnut landraces. Bar charts showing mean
and standard error (SE) for the variables leucine, glycine, lysine, histidine, and
tryptophan. (MANOVA and Tukey HSD teSt........cooovviiiiiiiieee, 50

Xi



Stellenbosch University https://scholar.sun.ac.za

Figure 9: Difference in seed (a) lysine, (b) methionine, (c) phenylalanine, (d)
threonine, (e) histidine, and (f) tyrosine between BG1 and BG2. Bar charts showing
mean and standard error (SE) for the variables lysine, methionine, phenylalanine,
threonine, histidine, and tyrosine. (Multivariate ANOVA with Tukey HSD test) ........ 52

Figure 10: Effect of biostimulants on sucrose of two Bambara groundnut landraces.
Bar charts showing mean and standard error (SE) for the variable sucrose. (MANOVA
AN TUKEY HSD TEST ...ttt 55

Figure 11: Difference in seed (a)mannitol, and (b) sorbitol between BG1 and BG2.
Bar charts showing mean and standard error (SE) for the variables mannitol, and
sorbitol. (Multivariate ANOVA with Tukey HSD test) ............uuuummmimmiiiiiiiiiiiiiiiiiiiiininns 56

Figure 12: Effect of different biostimulants on (a) Phosphorus, (b) Carbon, (c) Iron, (d)
Boron, (e) Calcium, (f) Copper on soil chemical properties. Bar charts showing mean
and standard error (SE) for the variables Phosphorus, Carbon, Iron, and Boron. (One-
way ANOVA and Tukey HSD ESt) .....coovviiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeee e 60

Xli



Stellenbosch University https://scholar.sun.ac.za

CHAPTER 1: INTRODUCTION

1.1. Introduction

Climate and environmental changes accompanied by ever increasing environmental
ameliorations are predicted to pose significant threats to the production of well-known
cash crops and staple food crops in the future (Aliyu, Massawe, & Mayes, 2014).
Subsequently, there is a need for diversification of cultivated crops across the world.
Inclusion of underutilised crops into mainstream or commercial agriculture can relieve
pressure and over reliance on staple crops for food and nutritional security (Azam-Ali
et al., 2001; Bamshaiye et al., 2011). Out of about 7000 crop species reported to have
been cultivated or collected in the past, only 20 species provide about 90% of the world
food and nutritional requirement (Collins & Hawtin, 1999). Of the 20 most consumed
crop species, maize (Zea mays), rice (Oryza sativa), and wheat (Triticum aestivum)
account for 60% of world population diets (Collins & Hawtin, 1999), thus, leaving an
abundance of crops unutilised which could contribute food and nutritional

requirements of the world population.

Underutilized crops are species that are currently not classified as major crops
(Chivenge et al., 2015), with little utilisation at the worldwide scale, and yet assume a
crucial role in the food and nutritional security of rural farmers and consumers. Most
underutilized crops are adaptable to extreme ecological conditions and perform well
in marginal and low input farming lands (Mkandawire, 2007; Mabhaudhi & Modi, 2013).
These crops also play a crucial role in the economy of developing countries by
providing a source of income to small-scale farmers (Nedumaran et al., 2015). The
African Orphan Crop Consortium (AOCC, 2011) have highlighted 101 underutilized
crop species. Many of these are indigenous to the African continent including finger
millet (Eleusine coracana), tef (Eragrostis tef), and Bambara groundnut (AOCC, 2011,
Hendre et al., 2019). Underutilised species that are found and grown in South Africa
include taro (Colocasia esculenta) spider plant (Cleome gynandra), kei apple (Dovyalis
caffra), and marula (Sclerocarya birrea) (AOCC, 2011; Hendre et al., 2019).

This study focuses on Bambara groundnut (Vigna subterranean (L) Verdec) — an
underutilised grain legume mainly produced by small-holder farmers in many African

countries, including South Africa (Mabhaudhi & Modi, 2013). The crop has several

1
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advantages over preferred species as far as health benefits and tolerance to
unfavourable environmental conditions is concerned (Mkandawire, 2007). In most
African countries, Bambara groundnut is the third most consumed grain legume after
peanuts (Arachis hypogaea) and cowpea (Vigna unguiculata) (Koné, Paice, & Toure,
2011). Nigeria is presumed as the highest producer of Bambara groundnut with around
100,000 tonnes of grain yield a year (Hillocks et al., 2012). In South Africa, Bambara
groundnut is mostly produced at small-scale by women farmers for subsistence and
major production areas are in the Limpopo, Mpumalanga, North West, Gauteng, and
KwaZulu-Natal provinces (Swanevelder, 1998; DAFF, 2016). Bambara groundnut is
advantageous in that it can be produced in poor soils with little precipitation and is
normally used in intercropping systems with maize or taro (Colocasia esculenta)
(Mabhaudhi & Modi, 2014). Moreover, Bambara groundnut is a good source of
biological fixation of nitrogen, important for supplying nitrogen for crop production, thus
modifying the soil for increased crop productivity (Mkandawire, 2007; Hillocks et al.,
2012; Mabhaudhi et al., 2013). However, regardless of the significant characteristics
of Bambara groundnut, its agro-ecological capabilities have not yet been fully realized
nor its full economic significance met. Adebooye et al. (2005) reported major
constraints that limit the productivity of Bambara groundnut including non-availability
of improved seeds and poor agronomic practices which lead to inadequate yield.
Attempts to increase crop yields in agricultural systems without production land
expansion is currently dependent on the large- scale use of chemical fertilisers
(Adesemoye et al., 2009). The enormous use of chemical fertiliser in crop production
is influenced by growing food demand impacted by factors such as worldwide
population growth, economic growth, and local effects of climate change affecting
agricultural production (Alves et al., 2008). Chemical fertilisers have become
fundamental a part of present-day agriculture since they provide basic plant
supplements, for example, nitrogen, phosphorus, and potassium. However, overuse
of these fertilisers has unforeseen ecological and environmental effects, and its prices
are so high that subsistence farmers in most developing countries cannot afford them
(Adesemoye et al., 2009).

To accomplish extreme advantages as far as fertiliser savings and better crop
development, natural-product based biostimulants ought to be used with appropriate
levels of chemical fertilisation. Du Jardin (2015) defined a biostimulant as any

2
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substance applied to plants to improve or enhance nutritional efficiency, stress
resilience, and quality (Du Jardin, 2015). Biostimulants are not fertilisers as they do
not contain supplements intended to be directly delivered to plants, rather, they may
encourage mineral procurement (European Biostimulants Industry Council, 2012).
Their fundamental capacity is centred on plant growth enhancement while assisting
with improved abiotic stress handling by the crop and promoting harvest yield and
guality. The utilisation of biostimulants is an important procedure for sustainable farm
management, lessening ecological and environmental problems by reducing the use
of chemical fertilisers (Hungria et al., 2010), and increasing production and economic
potential of the farm.

Considering the beneficial effects of biostimulants in enhancing crop growth and yield,
the present study investigated the effect of Moringa leaf extracts, Kelpak® (seaweed
extract) and a humic substance on Bambara groundnut performance with the aim to
investigate the agronomic productivity of Bambara groundnut. Moringa leaf extracts,
Kelpak®, and humic substance contain nutritional substances such that when applied
to plants they stimulate its growth and yield making them a natural plant growth
enhancer. This aim was achieved by the following objectives:

i) Evaluate the effect of different biostimulants on agronomic plant performance and
soil chemical properties.
i) Assess the effect of different biostimulants on Bambara groundnut seed nutritional

content.
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CHAPTER 2: LITERATURE REVIEW

2.1.Bambara groundnut as a food source

Bambara groundnut, which is popularly known as jugo beans in South Africa,
originated in West Africa (Linnemann & Azam-Ali, 1992). Their name originates from
Bambara, a district on the Upper Niger. Bambara groundnut has been grown for
centuries and contributes to the food security of many people (Azam-Ali et al., 2001,
Mwale et al., 2007). Bambara groundnut seeds are grown for human consumption but
can also be used as a livestock feed (Ntundu et al., 2006; Shegro et al., 2013). All
cultivated Bambara groundnut genotypes are landraces that have evolved directly
from their wild relatives (Massawe et al., 2005, Mabhaudhi & Modi, 2013). They have
adapted to many environments and are popular among farmers for their stability under
different environmental conditions. Several scientists have collected Bambara
groundnut landraces from different regions of Africa and beyond; the International
Institute of Tropical Agriculture (IITA) in Nigeria is one of the major collectors of
Bambara groundnut germplasm (Massawe et al., 2005) for breeding purposes. In
South Africa, Shegro et al. (2013) looked at the phenotypic differences among 20
Bambara groundnut landraces. Similarly, Unigwe et al. (2018) assessed the nutritional
value of 30 Bambara groundnut landraces. They found highly significant differences
among the landraces for all phenotypic traits studied and that the contents of the four

anti-nutritional compounds varied widely among the Bambara groundnut landraces.

2.1.1. Processing and utilization of Bambara groundnut

Bambara groundnut seeds can be eaten in several ways, fresh or roasted and can
also be boiled or milled into flour and combined with maize to prepare porridge
(Bamshaiye et al., 2011; DAFF, 2016). The use of Bambara groundnut seeds also
varies among nations. In the western and northern parts of Cote d'lvoire seeds are
eaten as a snack (Hillocks et al., 2012). In Zimbabwe, freshly harvested seeds are
eaten as snacks after boiling for approximately an hour (Plahar et al., 2002; Hillocks
et al., 2012). The seeds can also be milled into flour and used to make cakes or bread
(Mubaiwa et al., 2017). In Nigeria, the seeds are made into a local pudding called Moi
Moi or Okpa (Okpuzor et al., 2010), whilst in South Africa, the seeds are consumed
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similar to Cote d'lvoire and Botswana, in addition to being prepared into a flour to make
cakes or to blend in with maize to make porridge, especially in the Limpopo Province
(DAFF, 2016).

Several studies have looked at the utilization of Bambara groundnut in the fortification
process of different foods. In Nigeria, a quality assessment of hamburger patties
formulated with Bambara groundnut seed flour has been tried (Alakali et al., 2010). In
another study, a puree was formulated with Bambara groundnut seeds and banana
(ljarotimi et al., 2009). The authors reported that the utilization of the complementary
puree was sufficient to meet the prescribed dietary allowance for vitality, protein, and
minerals for babies and that the puree had a fundamental amino acid profile. Bankole
(2013), also reported an improvement in the nutritional content of a traditional dish
(Garri), a fermented cassava fortified with Bambara groundnut. Composite flours have
additionally been made with Bambara groundnut seeds and wheat flour in the baking
of biscuits (Nwosu, 2013). As expected, the biscuits had a higher protein content than
those produced using unmodified wheat flour. Nonetheless, studies on the utilisation
of Bambara groundnut in formulating complementary nourishments in South Africa are

very limited.

Bambara groundnut fits well into the socio-economic potential of many in developing
nations. However, because of disregard by the research establishment in the past,
little agronomic data is recorded about this crop. A combination of factors, inter alia,
the absence of better agronomic practices, seed improvement, and nutritional inputs
comprises a significant limitation in its production, which result in poor or low yield.
Frequently, poor yield profitability of underutilized crops is due to natural limitations
and the utilization of wasteful agricultural techniques which start from land planning,
poor germination and plant development, harvesting, and storage (Denning, 2009).
Furthermore, since most rich croplands are utilised to grow staple harvests, native

crops are generally grown on degraded soils.

2.1.2. Nutritional profile

The seeds of Bambara groundnut are a complete food source containing about 18 —
24% protein with high lysine and methionine content, 51 — 70% carbohydrates, 4 —
12% crude oil and 3 — 12% of dietary fibre (Mayes et al., 2019; Bamshaiye et al.,

8
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2011). They also contain major micronutrients such as iron, potassium, sodium, and
calcium (Amarteifio et al., 2006; Fasoyiro et al., 2006). Table 1 shows the chemical
composition of some of the commonly consumed legumes in Africa. It is evident that
carbohydrates and protein are the major nutrients in Bambara groundnut and, thus, is
a cheap source of protein especially in areas where animal protein is not affordable.
Bambara groundnut protein content compares well with other legumes including
pigeon pea, African yam bean, cowpea, and lima bean, and more so with groundnut
and soybean in terms of mineral composition (Table 1). Fasoyiro et al. (2006) reported
a comparable sodium, calcium, potassium, phosphorus, and iron quantities in
soybean, groundnut, and Bambara groundnut. The levels of nutritional content are

reported to differ according to landrace and growth conditions (Nti et al., 2009).

Table 1. Chemical composition of some commonly consumed legumes

Legume Carbohydrate (%) Protein (%) Ash (%) Crude oil (%) Crude fibre (%)
African yam bean 50.02 24.19 3.31 5.04 7.20
Bambara groundnut 55.63 22.06 3.97 2.02 21.31
Lima bean 50.44 24.19 5.64 2.92 2.07
Marama bean 24.10 34.10 3.70 33.50 4.40
Mung bean 59.30 26.37 4.30 1.10 4.30
Pigeon pea 48.31 25.98 4.06 1.91 4.62
Soybean 25.19 37.27 4.86 17.79 5.05
Benniseed 16.60 18.10 11.20 36.10 14.10
Cowpea 55.93 23.87 3.80 1.50 3.93
Groundnut 13.74 27.01 5.80 45.81 3.03

(Fasoyiro, Ajibade, Omole, Adeniyan & Farinde 2006; Amarteifio, Tibe & Njogu, 2006).

2.2.Role of mineral nutrition to successful plant growth and development

The two significant nutrientss that, to a great extent, limit plant development
particularly in smallholder cultivation in Africa, are nitrogen (N) and phosphorus (P)
(Kelly, 2005; Ulzen et al., 2016). This has been to a great extent credited to the
deficient use of these supplements and poor soil management. Nitrogen is a significant
constituent of amino acids, nucleic acids, and other compounds and is accessible to
plants as nitrate and ammonium molecules (Uchida, 2000; Reeve et al., 2016). Amino
acids are vital to plant growth and development as they are key in forming protoplast
which is additionally the site for cell division. Moreover, N is a significant auxiliary
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segment of the chlorophyll molecule and thus bolsters photosynthesis by improving
the quality and quantity of leaves (Uchida, 2000). In legumes, N is likewise required
for development, flower formation, seed set, and to advance seed size. The

combination of every one of these variables decides the total harvest yield.

Phosphorus, together with N, is one of the most significant nutritional components
concerning the nourishment of the plants (Sharma et al., 2013) and is also a
fundamental macronutrient for plant development and improvement. It is an important
constituent for vitality change and guideline of different enzymatic reactions (Schulze
et al., 2006). This component assumes a role in numerous metabolic processes
identified with the above-ground organs, including energy generation, photosynthesis,
respiration, and nucleic acid synthesis (Vance et al., 2003; Suliman et al., 2013).

Therefore, low accessibility of P in soil would restrict plant growth and improvement.

Potassium (K*) is another significant macronutrient required by plants and has
numerous functions in physiological, biochemical, and metabolic processes. It is
responsible for the upkeep of osmotic potential, charge balance, cytoplasmic pH
homeostasis, enzyme activation, stomatal regulation, protein actuation,
photosynthates translocation and water uptake (Oosterhuis et al., 2014).
Photosynthetic metabolism requires adequate levels of K* for proper functioning
(Marschner & Marschner, 2012). With fertilisers not being affordable to most small-
scale farmers (Sanginga & Woomer, 2009), the average fertiliser application in Sub-
Saharan Africa is 9 kg.hat, with the lowest use in Sudan and Central Africa with 4
kg.ha! and 3 kg per hectare, respectively. Instead of chemical fertiliser inputs, many
low-income farmers generally intercrop with legumes to supplement inputs for nitrogen
fixation. Under such conditions, legumes rely upon normal nitrogen fixation through
beneficial interaction with rhizobia to meet their N prerequisite (Hungria & Kaschuk,
2014). However, the majority of the regular rhizobia cannot meet all the N necessities
(Sanginga et al., 1996). In their study, Fening & Danso (2002), looked at the adequacy
of local rhizobia in nodulating cowpea. They found out that only about 32% of the local
rhizobia that nodulated cowpea was effective. Therefore, nutrient application in the
form of fertilisers or biostimulants is needed to supply plants with all necessary

nutrients for growth.
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Regardless of affordability of chemical fertiliser, there are concerns over
environmental pollution coming about because of high nitrate draining into natural
systems (Dong et al., 2005). When overused, fertilisers are washed away from the
fields because of runoff and become inaccessible to the crops (Halpern et al., 2015).
To make up for the misfortune, farmers generally apply more fertilisers than the plant
needs, and these huge amounts of synthetic fertilisers bring about significant
expenses and can result in extreme natural contamination (Vance, 2016). The
chemical process of manufacturing synthetic fertilisers is also an intense procedure
that has serious implications given the huge worldwide carbon discharges (Chen,
2006; Vance, 2016).

2.3.Sustainable intensification: An alternative approach in promoting plant

growth and yield

Food production must be expanded to meet the food needs of the rapidly growing
world population. Further expansion of the production area is probably not going to be
the solution because of the negative ecological and environmental effect of changing
indigenous habitats to croplands (Ramankutty et al., 2018). Therefore, food needs
should be fulfilled by increased efficiency per unit land area, as opposed to growing
the farming outskirts. The aim is to search for a methodology to balance crop
production with environmental and ecological impacts. Bambara groundnut is
traditionally cultivated without any fertilizers (Mabhaudhi & Modi, 2013; Meena &
Massawe, 2013). A few studies have made use of manure in the production of
Bambara groundnut. Oyiga & Uguru (2011) applied pig dung before planting. Several
studies have also used organic fertilisers (Mabhaudhi & Modi, 2013) and chemical
fertilizers (Mwale et al., 2007; Jonah et al., 2010; llyas & Sopian, 2013; Makanda et
al., 2014). Chen (2006) proposed the utilization of biofertiliser and organic farming
practices as an elective technique in advancing harvest development while
maintaining the fertility of the soil and preventing ecological contamination.
Introduction of biostimulants to crops via leaves as a foliar spray, seed soaking or soil
can fill in as a method for invigorating development and keeping up agrarian yields in
an environmentally friendly manner (Halpern et al., 2015). Current research
demonstrates the utilization of biostimulants to be the best elective methodology for

increased crop productivity and yield.
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2.4.Natural product-based biostimulants

Plant biostimulants incorporate different substances and microorganisms that
enhance plant development. They contain substances as well as microorganisms
whose work, when applied to plants or in the rhizosphere, is to stimulate natural
processes to enhance nutrient uptake and effectiveness, resistance to biotic and
abiotic stress and, harvest quality (Calvo et al., 2014). Biostimulants have no
immediate activity against pests or placing nutrients into the soil, therefore, cannot be
classified as pesticides or fertiliser (Parrado et al., 2008; European Biostimulants
Industry Council, 2012). Calvo et al. (2014) and European Biostimulants Industry
Council (2012), characterized biostimulants impacts on plants as to cultivate plant
development and advancement throughout the plant life cycle from seed germination
to harvest. There are many different types of biostimulants with varying components
depending on the natural source but are generally grouped into four classifications: In
particular, (1) seaweed and plant leaf extract, (2) fulvic and humic substances, (3)
microbial inoculants, and (4) protein hydrolysates and amino acids (Du Jardin, 2015).
This study focused on one commercial biostimulant product (Kelpak®) that is currently
in the South African market and two products that are under field trial investigation (a
humic substance and Moringa leaf extract), both are developed and produced in South
Africa.

2.4.1. Seaweed extract (Kelpak®)

Seaweed extracts are a plant-based growth enhancer used as a non-polluting source
of nutrients in sustainable and organic farming. Seaweeds constitute a vast group of
species that are classified into three different phyla, including brown (Phaeophyta),
red (Rhodophyta) and green algae (Chlorophyta) (Tandon & Dubey, 2015).
Ascophyllum nodosum, which belongs to the Phaeophyta phylum, is generally utilised
in horticulture as biostimulants (Khan et al., 2009). Seaweeds contain plant hormones,
for example, auxins, cytokinin, abscisic acid and amino acids (Khan et al., 2009; Lotze
& Hoffman, 2016), in addition to growth stimulating constituents including micro- and
macronutrients and sterols, all of which are known to act on soils as well as on the
plant (Halpern et al., 2015; Lotze & Hoffman, 2016). Seaweed concentrate could be
applied either by seed priming, seedling root drench preceding transplant, irrigation,
or foliar spray. The technique for application, times of use and the rate of utilization

12



Stellenbosch University https://scholar.sun.ac.za

vary as per development targets, plant variety, and development stages (Papenfus et
al., 2013). Matysiak (2011) uncovered that the stimulatory impacts of seaweeds
application were increasingly apparent when applied at the beginning period of plant
development. Seaweed extracts contain organically dynamic compounds, some of
which have been affirmed to positively affect soil health (soil structure, moisture
retention and impact on microorganisms in the plant rhizosphere), plant development
(root improvement and mineral ingestion, shoot development and photosynthesis, and
harvest yield) and resistance to environmental stresses (mitigating biotic and abiotic
stress) (Khan et al., 2009). These effects are ascribed to the presence of organic
molecules which chelate mineral supplements making them progressively bioavailable
(Schmidt et al., 2003).

The commercial product Kelpak® is acquired from the seaweed algal species Ecklonia
maxima. It is a rich source of cytokinin and auxin precursors, enzymes, chelating
agents, minerals, betaines, organic acids, amino acids, and hydrolysed proteins (Khan
et al., 2009; Lotze & Hoffman, 2016; Tandon & Dubey, 2015). Kelpak® is broadly
utilised in horticultural research (Featonby-Smith & Van Staden, 1987, Van Staden,
2015), with significant evidence of plant development and enhancement reported. The
use of Kelpak® in wheat plants increased root to shoot dry mass proportion, which
showed that the components in the seaweed considerably affected the root
development of the plants (Van Staden, 2015). The root advancing action was seen
when the extracts were applied to the plant rhizosphere or as a foliar spray. In another
study, Featonby-Smith & Van Staden (1987) indicated that the concentration and
number of applications of the seaweed extract is a critical factor to its viability. It was
observed that when foliar was applied to groundnut plants at a dilution of two dm? per
hectare twice a season, the overall seed mass increased by sixty-five percent than
when a similar dilution was applied just a single time (forty-one percentage increase).
Moreover, a maximum yield from plants that received two applications, also yielded

the greatest number of seeds that were categorised as the large size category.
2.4.2. Moringa leaf extract

Moringa oleifera is one of thirteen species of the genus Moringa and family

Moringaceae, with Moringa oleifera being the most known and utilised species (Murro

et al. 2003; Arora et al. 2013). It is notable over the globe including Africa, Arabia, and
13
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India; the Moringa tree is widely commercialised across the world as super food due
to the high nutrient content found in its leaves (Moyo et al., 2011, Ekesa, 2017).
Moringa leaf extract is considered as one of the most promising plants biostimulants
and can be applied as a natural and elective source of mineral sustenance to plants
(Phiri & Mbewe, 2010; Abdalla, 2013). Leaves of the Moringa trees are rich in growth-
promoting substances including phytohormones, cytokinin (zeatin) and auxins and
other compounds such as ascorbate, phenolics, and minerals (calcium, potassium,
zinc, and iron) (Abdalla, 2013). Supplements, antioxidants, and phytohormones
reported in Moringa leaf extract makes it an excellent natural plant growth enhancer.
Even though the use of Moringa leaf extract as a biostimulant is on the rise, however,
little work on its application has been reported on other crops including maize,
sugarcane, black lentils, cantaloupe, melon, and soybean (Makkar & Becker, 1997;
Foidl et al., 2001; Biswas, Hoque, & Abedin, 2016). A study conducted by Prabhu
(2010) on Moringa leaf extract in basil revealed a noteworthy increment in various
agronomic and physiological parameters including plant length, leaf number, leaf area,
and biomass yield. In a correlation study by Latif & Mohamed (2016), Moringa leaf
extract application increased shoot, root length and their biomass weights,
photosynthetic pigments concentration, and phytohormone content in common bean

(Phaseolus vulgaris).
2.4.3. Humic substances

Humic substances are heterogeneous natural particles that structure in the soil, as a
result of microbial digestion of dead organic matter, including soils, municipal waste,
and vermicompost (Nardi et al., 2002). It is applied in a few different ways, including
foliar spray or direct application into the plant rhizosphere (Halpern et al., 2015; Katkat,
2014). The humic substance is one of the most widely recognized natural substances,
making up sixty percent of the organic matter in the soils (Sutton & Sposito, 2005;
Muscolo et al., 2007). A humic substance is reported to elicit different morphological
changes in plants, prompting changes in plant development and improvement
(Trevisan et al., 2010). They have also been used to promote growth and yield in many
crops such as soybean, wheat, rice, maize, potato, cucumber, and peppers (Calvo et
al., 2014). Additionally, it is known to influence soil health by improving the structure

of the soil and nutrient solubility (Ayuso et al., 1996).
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2.5.Sustainability

Endeavours to increase worldwide food security face several complex and interlinking
difficulties. A lesson from the 2008 global food price crisis, which started revolts in
excess of two dozen nations, is that essentially producing enough food is not in itself
enough when the poor are not in a situation to have the buying capacity to access that
food source (Christiaensen, 2009; Rosset, 2014). The need to provide food to the large
and increasing human population by 2050 will require an escalation of cultivating
frameworks, but indigenous knowledge, for example, nutritional diversity of traditional
diets will need more attention to accomplish the fight against food insecurity.
Underutilized crops have the potential to play a pivotal role in ensuring food security.
This incorporates the economic development of developing countries by providing the
poor with subsistence and source of income (Mabhaudhi, Modi & Beletse, 2013).
Hence, an intervention is expected to improve the yield of these crops to get a higher
income for the farmers and nutritious foods for the consumers. Perhaps the greatest
test is the advancement of these crops into a profitable, feasible, and ecologically well-
disposed production system. One of the most imaginative and promising answers to
address this comprises the utilization of natural-based biostimulants. Biostimulants
have been used as elective method to improve soil richness by keeping up microbial
biodiversity in agricultural soils and ultimately increase yield (Du Jardin, 2015). As
such, as we advocate for the advancement of underutilised crops and alternative
cultivating practices, such conversations ought to likewise concentrate on

sustainability.

2.6.Summary

Underutilised crops have the potential to contribute to attaining food security by
providing subsistence and source of income to many rural communities. Bambara
groundnut is dubbed as a "complete food" due to its high and diverse nutritional
content. In addition, it is resilient to extreme environmental conditions and adaptable
to marginal and low input environments. However, low yields hinder the full potential
and economic worth of this crop. The use of biostimulants along with appropriate levels
of chemical fertilisation could play a significant role in improving the production of

Bambara groundnut in a sustainable manner.
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CHAPTER 3: THE EFFECT OF BIOSTIMULANTS ON GROWTH,
YIELD, AND NUTRIONAL CONTENT OF BAMBARA GROUNDNUT

Introduction

Bambara groundnut (Vigna subterranea (L) Verdc.) is a grain legume mostly grown by
subsistence farmers in several regions across Africa (Mkandawire, 2007). It is
commonly known as Jugo beans or Izindlubu in South Africa and believed to have
originated in Northern Africa and migrated with indigenous people to Southern Africa
(Mabhaudhi & Modi, 2013). For centuries, Bambara groundnut has contributed to the
food and nutritional security of African people (FAO, 2001; Azam-Ali et al., 2001;
Mwale et al., 2007). However, introduction of more popular leguminous crops such as
peanuts (Arachis hypogaea) has relegated Bambara groundnut to its current
underutilised status (Swanevelder, 1998). Bambara groundnut plants can grow under
harsh climatic and drought conditions (Gregory et al., 2019). The crop is perfect for a
water-scarce country like South Africa, with approximately 80% of the country
classified as hyper-arid to semi-arid (Bennie & Hensley, 2001). In most African
countries, Bambara groundnut is the third most consumed grain legume after peanuts
and cowpea (Vigna unguiculata) (Koné, Paice, & Touré, 2011). Its production is
estimated to be approximately 300 000 tonnes per year. Almost a half of this amount
are produced in West Africa, with Nigeria being the world leading producer with around
100 000 tonnes per year (Bamshaiye et al., 2011). It is mostly utilised as an intercrop
with maize or taro but also does well as a sole crop (Mabhaudhi & Modi, 2014).
Previous studies shown that Bambara groundnut predominantly exist as landraces
with hardly any varieties created through controlled breeding (Aliyu, Massawe &
Mayes, 2014; Massawe et al., 2005). Research activities on establishing reproducing
strategies to encourage production of higher yielding varieties of Bambara groundnut
are gaining momentum (AOCC, 2011; Oyeyinka et al., 2015; Shegro et al., 2013).

Bambara groundnut landraces come in various sizes, shapes, and colour shading
(Oyeyinka et al., 2017). According to DAFF (2016), it has seven landraces separated
by their shading that range from black, red, and creamy white. As an annual plant, it
takes around a quarter to half a year to develop, depending on environmental

conditions and landrace. Flowering, which determines maturity and pod development,
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typically begins at 30 to 35 days after planting depending on the landrace and
ecological conditions (Mkandawire, 2007; DAFF, 2016). During this process, the flower
stem lengthens, sepal expands, and the pod develops just above or underneath the
soil surface. Bambara groundnut is an unconventional legume of the genus Vigna
because it develops pods underground. Pod development is influenced by internal and
external variables, including photoperiod, hormonal parity, and physiological
development (Linnemann & Azam-ali, 1993). Bambara groundnut is mainly grown for
its edible seeds; therefore, the economically important part of the Bambara groundnut
plant is the pod which encloses the seed grain. The size of the seeds and the quantity
of the seeds per unit are significant standards that influence the market estimation of
grain legume (Adu-Dapaah & Sangwan, 2004). The yield of the Bambara groundnut
is typically dictated by the quantity of fertile flowers produced per plant, which
determines pod and seed development. The yield components, namely the quantity of
pods per plant, number of seeds per unit and seed weight are also of importance. The
highest seed yields are expected when all yield components are maximized. In
addition, growth parameters, for example, the quantity of leaves, leaf area, and leaf

area index also influence crop yield (Liu & Stutzel, 2004).

Bambara groundnut grains have a comparable nutritional composition to that of
cowpea (Oyeyinka et al., 2017). Because of lower cultivation and utilization levels
globally, Bambara groundnut contribute less to worldwide caloric intake and protein
diet requirements than other legumes. However, this crop does assume a major role
in worldwide food and nutritional security by providing rural populations with an
affordable and resilient plant-based source of fibre, fat, protein, and other minerals
(Graham & Vance, 2003; Mubaiwa et al., 2016). Moreover, they fill in as an important
source of protein for many in developing regions that cannot afford animal protein (Ho
et al.,, 2017). Bambara groundnut protein stands out in its moderately higher lysine
and methionine content in contrast with other commonly consumed legumes including

soybean (Oyeyinka et al., 2018).

In addition to a high protein content, Bambara groundnuts also contain a significant
amount of carbohydrates (Kaptso et al., 2014, 2016; Oyeyinka et al., 2015) and major
micronutrients such as iron, potassium, sodium, and calcium (Amarteifio et al. 2006;

Fasoyiro et al., 2006). Due to its balanced amino acid and micronutrient profile, the
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high protein content in Bambara groundnut seed grain may be utilised as a useful
ingredient in the food industry (Bamshaiye et al., 2011), together with the antioxidant
properties of its protein hydrolysate and peptide fractions (Arise et al., 2015). Many
studies have reported on the important use of this legume in foods for improved protein
and energy contents. Egounlety & Aworh (2003) reported a higher protein and energy
content of a cereal-based weaning food fortified with soybean, cowpea, and Bambara
groundnut compared to a plain cereal. A study by Nnam (2001) also showed an
appreciable nutrient density in a composite blend of germinated sorghum and
Bambara groundnut flour with fermented sweet potato flour. This study showed a
similar result as that of ljarotimi & Esho (2009), who reported a simultaneous increase
in energy, protein, fat, and fiber content of a banana-based complementary

supplement upon the addition of Bambara groundnut flour.

Despite these important dietary properties, Bambara groundnut remains an
underutilised crop, for the most part, grown for subsistence. Regardless of the
potential of Bambara groundnut, the crop stays a customary harvest with constrained
use. Due to neglect by the research community in the past, little is documented about
the ideal agronomic practices for this crop. Non-availability of improved seeds and
poor agronomic practices also present a major constraint to the cultivation and
productivity of the Bambara groundnut, leading to large yield gaps (Adebooye et al.,
2005). In addition, like most underutilized crops it is grown at a small scale with minimal
inputs (Mabhaudhi, Modi & Beletse, 2013).

Hence, there is a need to explore different innovative and sustainable methods for
improving the growth and yield parameters of Bambara groundnut. A set of physio-
chemical, biological, and integrated approaches have been used to improve crop yield
(Bedada et al., 2016; Gaudin et al., 2015). Among them, the use of natural plant based
biostimulants as growth stimulants are considered a viable approach to improve yield.
Biostimulants are natural growth enhancers that stimulate crop yield via enhanced
nutrient uptake and efficiency, improved tolerance to biotic and abiotic factors and
enhancement of the rhizosphere activities (Jardin, 2015). They include natural sources
like seaweed extracts, humic substances, microbial inoculants, and plant leaf extracts
(European Biostimulants Industry Council, 2012; Jardin, 2015; Glodowska et al.,

2016). Moringa oleifera leaf extracts, humic substances, and seaweed extracts are
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commonly used growth enhancers, applied as a seed priming agent, foliar spray
and/or directly into the plant rhizosphere via irrigation. It has been shown that these
substances positively modify plant growth and production with alterations in metabolic
processes (Rady et al., 2013; Yasmeen et al., 2013; Khan et al., 2017a, 2017b).

Moringa, among all the natural occurring plant growth stimulants, is starting to receive
enormous attention from the scientific community because of its rich source of growth
hormones, antioxidants, vitamins, and mineral nutrients in the leaves (Foidl et al.,
2001; Yasmeen et al., 2013). In literature, application of Moringa leaf extract via a
seed, foliar spray, or plant rhizosphere has been demonstrated to enhance
emergence, seedling, and plant growth as well as economical yield (Basra et al., 2011;
Khan et al., 2017a). Khan et al. (2017a) reported that Moringa leaf extract has a higher
biostimulant potential regarding seed emergence and plant vigour.

Seaweed extracts are a plant-based growth enhancer used as a good agricultural
practice in sustainable and organic farming. Seaweeds contain plant hormones,
auxins, cytokinin, abscisic acid and amino acids (Khan et al., 2009; Lotze & Hoffman,
2016), in addition to plant advancing constituents including micro and macronutrients,
all of which are known to act on soils as well as on the plants (Halpern et al., 2015;
Lotze & Hoffman, 2016). Seaweed extracts can be applied either by seed priming prior
to germination, seedling root drench preceding transplant or/and foliar spray. Several
studies have reported the influence of seaweed extracts on plant growth and

production yield.

Humic substance has been reported to elicit different morphological changes in plants,
prompting changes in plant growth and development (Trevisan et al., 2010). They
have been shown to provide growth in many plant species, including soybean (Glycine
max), wheat (Triticum aestivum), rice (Oryza sativa) maize (Zea mays), and
vegetables crops such as potato (Solanum tuberosum), cucumber (Cucumis sativus),
and peppers (Capsicum annuum) (Calvo et al., 2014). Similar to Moringa leaf extract
and seaweed, humic substances can also be applied in few different ways including

foliar spray or direct application into the plant rhizosphere (Halpern et al., 2015).

To further increase the utilisation of Bambara groundnut beyond traditional usage, it

may be important to explore nutrient management strategies mainly focusing on
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supplying optimum levels of nutrients to plants for high or economically optimum seed
yield. Also, it may be important to explore the nutritional quality of the Bambara
groundnut following application of different biostimulats. Therefore, the present study
aimed at investigating the influence of biostimulants, Kelpak®, a humic substance,
and Moringa leaf extract on the performance of two Bambara groundnut landraces in
a controlled greenhouse environment. This was achieved by determining the effect of
the above-mentioned biostimulants on agronomic plant performance in comparison to
an untreated control and fertiliser application. Moreover, the seed protein,
carbohydrate, and lipid composition of the landraces was evaluated for each

treatment.

3.1. Methods and Materials

Two independent experimental trials were conducted to assess the effects of
biostimulant application on the growth, yield, and nutritional content of two Bambara

groundnut landraces.

3.1.1. Plant growth conditions and preparation of materials

The experiments were conducted under tunnel conditions (between August 2019 and
February 2020) at Welgevallen experimental farm, Stellenbosch University, South
Africa (33°56'33"S; 18°51'56"E). Polythene plastic bags (10 L capacity) were filled with
a 1:1 river sand to potting soil growth medium. The bags were perforated at the bases
to reduce waterlogging. Seeds from the two landraces (cream with a black and white
eye (BG1) and red with white eye (BG2) (Figure 1) were germinated in a closed room
with temperature of about 22°C in seedling trays filled with Hygromix and vermiculite

growing mixture.
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Figure 1. Two Bambara groundnut landraces (a) BG1 and (b) BG2

The seeds were checked daily and irrigated. Landrace BG1’s first emergence was
after ten days and reached 50% emergence thirteen days after planting, whereas
BG2’s first emergence and 50% emergence were fourteen and eighteen days after
planting, respectively. Also, 93% of seed germination was recorded in BG1, and 72%
was recorded for BG2 (Figure 2a and b).
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Figure 2: Germination percentage (a) and number of days to 50% germination (b) of two Bambara
groundnut landraces (BG1 and BG2).

Uniform and hardened-off four weeks old Bambara groundnut seedlings were
transplanted into polythene bags. Overall, the two landraces differed significantly in
seedling height (Kruskal-Wallis Hs,40) = 23.268; p < 0.000) and leaf number
((Kruskal-Wallis H,40) = 23.268; p < 0.000).
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3.1.2. Experimental design and treatment application

The three biostimulants were donated by the respective companies. Trial 1: The
biostimulants were applied in combination with a fertiliser (chicken manure), excluding
humic substance and were arranged in a randomised complete block design (RCBD)
with six replications (n=6). Chicken manure was used because most Bambara
groundnut growers are small scale farmers and used chicken manure as a source of
nutrients. The treatments were as follows: T1 = Control (1L of untreated tap water per
plant); T2= Fertiliser (1L of untreated water plus 100 ml chicken fertiliser per plant); T3
= Humic substance (1L solution per plant); T4 = Moringa leaf extract (1L solution plus
100 ml fertiliser per plant); T5 = Kelpak® (1L solution plus 100 mL fertiliser per plant).
T3 and T4 was applied according to protocol which required an application of 3%v/v
once a week during the growing season. For T5, an application of 3%vV/v twice a week
during the growing season was required. T1 and T2 was also applied twice a week
until the end of the season. 630g of chicken manure was soaked in 5L of water for 24
hours. Recommended fertiliser application concentrations (100 ml per plant) and rates
were followed, which was twice a week after transplant and again after ninety days.
All treatments were soil applied via hand irrigation. The exact same protocols were

followed for Trial 2 and was carried out three months after trial 1 commenced.
3.1.3. Data collection

Trial 1: Number of days to 50% flowering, leaf area, leaf dry weight, plant height,
number of pods per plant, 100 seed weight, total seed yield, harvest index, seed
nutritional composition and soil chemical properties were measured. Following a
sampling method (Peksen, 2007), leaves of the same age were sampled from the
same level of the canopy (2" leaf) during the full-foliage period (100 days after
initiation of treatments). The leaf area was recorded using a (LI-COR 3100) leaf area
meter. The leaf samples were oven-dried at 60° C for five days after which the dry
weight was recorded. Days to 50% flowering were monitored and counts were carried
out on all the plants. The plants were checked twice weekly for the duration of the
flowering period (20-80 days). The number of days it took each plant in a pot to show

a fully opened flower was recorded.
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Plant height was measured from the ground level to the highest tip of the leaves. This
was done with the use of a metre ruler at hundred days after transplant. All the plants
were harvested at hundred and fifty days after initiation of treatments. For number of
pods per plant, plants were harvested per treatment by carefully removing the plant
from the soil using a garden shovel and all the pods plucked. These were then counted
manually. The grain yield was determined by threshing the harvested pods after they
have dried to a constant weight. These were put in labelled envelopes by treatment
and then weighed. The resulting weights, in grams (g) were then presented. The 100-
seed weight was determined by counting 100 seeds of the same size per treatment.
These were weighed to represent the mean seed weight per treatment. The harvest
index was recorded as the ratio of grain yield to total above-ground biomass. The

same variables were measured in Trial 2 in the same sequence.

3.1.4. Soil chemical properties and seeds nutritional content

Soil samples were taken before planting (initial) and after plant harvest by treatment.
The soil samples were then sent to BemLab (Somerset West, Western Cape) for total
nutrient analysis. The seeds were cleaned manually, and any foreign objects removed,
the whole seeds of the Bambara groundnut landraces were ground to a fine powder
in a mixer mill. Three replicates, obtained by pooling five-gram powder from treatment
samples, were used for each essay. The powder was then sent to the Central
Analytical Facilities-ICP-MS &XRF Unit, Stellenbosch University, for nutrient analysis
(amino acids, fatty acids, and carbohydrates in the form of sugars).

3.2. Statistical analysis

A normality test (Shapiro Wilk test) was used to determine if a data set had been drawn
from a normally distributed population. When our data followed a normal distribution
(p>0.05), parametric tests were employed, otherwise non-parametric methods were
used. One-way analysis of variance (ANOVA) with Tukey HSD test (at 5% probability)
was performed to determine which treatment had an influence on the 100 seed weight.
The impact of treatment on plant height, leaf area, days to 50% flowering, pods per
plants, grain yield and harvest index were compared using Kruskal-Wallis test followed
by Multiple Mann-Whitney U test as Posthoc with a Bonferroni correction applied to

correct for multiple pairwise comparisons. The Bonferroni corrections gives a new
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alpha value to have a more conserved interpretation of the output and to avoid making
type two errors. It is calculated as follows: Bonferroni corrected p value=(a)current p
value+(n) number of pairwise comparisons; the new p value used was 0.005. Multiple
linear regression analysis was used to determine which of the growth parameters had
an influence on total seed yield under the different treatments. For seed nutrient
composition data, Multivariate analysis of variance (MANOVA) with Tukey HSD test
for multiple comparisons were used to compare differences in nutrient concentrations
based on treatment. Kruskal-Wallis test followed by Multiple Mann-Whitney test U test
and One-way ANOVA with Tukey HSD test was used to test if there are any
differences on soil chemical properties between the treatments. Data were analysed
using SPSS 27 (IBM® SPSS Statistics 2020), and statistical significance was
accepted at p = 0.05.

3.3. Results and Discussion
3.3.1. Effects of different biostimulants on plant growth parameters

Our results showed that the application of biostimulants had a significant influence on
leaf dry weight (Kruskal-Wallis H,60) = 30.010; p < 0.00), plant height (Kruskal-Wallis
Ha,60) = 34.326; p < 0.00), and number of days to 50% flowering (Kruskal-Wallis H,60)
= 26.704, p < 0.00). Additionally, findings showed that the effect of treatment had no
significant influence on leaf area (Kruskal-Wallis Ha,60); p> 0.463).

Figure 3a-c present the variation in Bambara groundnut growth parameters according
to treatment. Plants supplied with humic substance had a significantly lower number
of days to 50% flowering than the control and fertiliser, respectively (Figure 3a).
Moringa leaf extract and Kelpak® also had a relatively lower average number of days
to 50% flowering than control and fertiliser, even though there were not statistically
significant (Figure 3a). Kelpak® produced higher dry leaf weight than all other
treatments (Figure 3c) and had a significantly higher plant height than the control and
Moringa leaf extract (Figure 3b). Relative to control and fertilizer, the humic substance
had a higher plant height (Figure 3b).

32



Stellenbosch University https://scholar.sun.ac.za

Treatments b 30.00 a Treatment
a 600 M Control ' 2 B Fotizer
b b M Fertilizer ab M Kelpak
o 50.00 ' ab b b =I|-(|3:ﬁ::ksubstance ° b b ab b .Hurﬁic substance
£ b ab a. B Moringa (= b ab 0 eab HEMoringa
2 40.00 a ab a £ 20.00 o
o ' o = i I
= l i L= .
& 30.00 < i
8 §
@ 20.00 a 10.00
g
10.00
.00
00 BG1 BG2 BG1 BG2
Landraces Landraces
C Treatment
10.00 a M Control
a N M Fertilizer
b b M Kelpak
8.00 ; - M Humic substance
— b b I b b b  MMoringa
m — — * *
E b
=) 6.00 - -
(7]
>
5 4.00
2.00
.00
BG1 BG2
Landraces

Figure 3: Effect of biostimulants on (a) number of days to 50% flowering, and (b) plant height, (c) dry leaf weight of two bambara groundnut
landraces (BG1 and BG2). Boxplots showing the median, min and max, 25% and 75% interquartile range for the variables days to 50% flowering,
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plant height, and dry leaf weight. Stars indicate outliers. Vertical error bars indicate standard error (SE). Statistical tests used were the Kruskal
Wallis and Mann-Whitney test.
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These results corroborate previous studies reported by several authors. For example,
Halpern et al. (2015) have reported the effect of biostimulants from different sources
in increasing plant growth and yield. Likewise, Rathore et al. (2009) showed that shoot
yield of soybean treated with biostimulants increased by 6% when compared to the
control. Additionally, Van Staden et al. (1994) reported an increase in shoot mass of
marigold (Tagetes patula) treated with biostimulants compared to an untreated control.
Kowalczyk & Zielony (2008) also reported that lettuce (Lactuca sativa) sprayed with a
biostimulant had a higher head mass and increased leaf dry matter content. An
increase in plant height due to biostimulant application have been reported in several
crops including soybean (Rathore et al., 2009), common bean (Phaseolus vulgaris)
(Latique et al., 2016) and chickpea (Cicer arietinum) (Boghdady et al., 2016). Kocira
et al. (2018) have also reported a significant increase in plant height in soybean due

to seaweed extract application.

The observed differences between the treatments can be attributed to different growth
stimulating effect of different biostimulants. Biostimulants contain phytohormones and
macro and micronutrients (Khan et al., 2009; Halpern et al., 2015; Latif & Mohammed,
2016, Khan et al., 2020, Zulfigar et al., 2020). Yasmeen et al. (2013) have reported
the presence of both macro- and micronutrients, such as N, P, K, Ca, B, Mg, Cu, Zn,
Mn, Na and Fe in Moringa leaf extracts. Several studies have also reported the
presence of zeatin, ascorbic acid, vitamin E, phenolic compounds, and mineral
nutrients in different biostimulant sources (Foidl et al., 2001; Yasmeen et al., 2012;
Yasmeen et al., 2013). The presence of phytohormones (i.e., auxins, cytokinin, and
gibberellins) have also been reported from different biostimulants sources (Featonby-
Smith & van Staden ,1987; Foidl et al, 2001; Khan et al, 2003; 2009; 2020; Abdalla,
2013; Halpern et al., 2015). Similar to a study by Rathore et al. (2009) in soybean the
plant height of Bambara groundnut was increased by Kelpak® application. This was
attributed to the role of phytohormones (cytokinin) in promoting cell division and
elongation. Several studies reported the stimulating effect of cytokinins in plants.
Cytokinins stimulate cell division and growth of cell tissues in growing plants (Taiz et
al., 2015)..

Early flowering is viewed to infer early plant development and maturity (Shegro et al.,
2013), and it is a significant trait in crop production as early maturity can be selected
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for early season finish and rotation. Also, early plant development may help facilitate
avoidance of stressful environmental conditions and may enable selection for
adaptation to drought prone regions. Generally, flowering in Bambara groundnut
occurs about 30 to 40-45 days after planting and might continue until the crop reaches
maturity depending on a landrace (Unigwe et al., 2016). Massawe et al. (2005),
Masindeni (2006), and Shegro et al. (2013) reported that days to flowering in Bambara
groundnut ranged from 43 to 80 days after planting depending on the landrace. In the
current study, days to 50% flowering was quite variable among the treatments ranging
from 25 to 50 days after planting. The effect of biostimulants on flowering was clear in
the current study as all three biostimulants had a lower number of days to 50%
flowering relative to the control and fertiliser treatments on both landraces. Although
only the humic substance was significantly different from the control and fertiliser, in
general the average number of days to 50% flowering was lower in Moringa leaf extract
and Kelpak® relative to the control and fertiliser, respectively. Early flower initiation in
biostimulant treated plants has been reported in previous studies. In their study, Taylor
& Wilkinson (1977) reported early flowering in plants that received low dosage of
seaweed extract. Similarly, Kumar et al. (2012) also reported early flowering in mung
bean (Vigna radiata) treated with seaweed extract. This is attributed to the ability of
biostimulants to promote hormonal activity in plants resulting in the initiation of flowers
at an early stage. Furthermore, these results can be accredited to the accelerating
effect of biostimulants in plants leading to fast growth and maturity. Harris et al. (2002)
have reported that early crop establishment leads to rapid growth and early completion

of phenological events such as flowering.

3.3.2. Effect of different biostimulants on Bambara groundnut yield

Our findings showed that the effect of treatment had a significant influence on the
number of pods per plant (Kruskal-Wallis Ha,60) = 16.157, p < 0.00), seed yield
(Kruskal-Wallis H,60) = 12.80, p < 0.00), and harvest index (Kruskal-Wallis H,60) =
11.507, p < 0.00). Hundred-seed weight (Fueo) = 10.01, p < 0.000) was also
significantly influenced by treatment.

Figure 4 showed the differences in yield parameters between the treatments. The
humic substance had a significantly higher number of pods per plant than all
treatments except Moringa leaf extract (Figure 4a), whereas Moringa leaf extract was
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only significantly different from the control treatment. Humic substance had a
significantly higher seed yield than all the treatments, except Moringa leaf extract

(Figure 4b). The harvest index percentage was highest in humic substance treated
plant (Figure 4c).
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Figure 4. Effect of biostimulants on (a) number of pods per plant, and (b) seed yield, and (c)
harvest index of two bambara groundnut landraces (BG1 and BG2). Boxplots showing the
median, min and max, 25% and 75% interquartile range for the variables pods per plant and
seed yield. Stars indicate outliers. Vertical error bars indicate standard error (SE). (Kruskal
Walllis test and Mann-Whitney test).

The humic substance had a significantly higher 100 seed weight than all treatments

except the Moringa leaf extract (Figure 5).
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Figure 5: Effect of biostimulants on 100-seed weight of two Bambara groundnut landraces.
Bar charts showing mean and standard error (SE) for the variable 100-seed weight. (One-way
ANOVA was used to compare the means of the different landraces according to treatment and
Tukey HSD test was used to find out which of the means are significantly different from one

another).

The observed increase in yield parameters, and ultimately grain yield in the current
study affirms past investigations depicting the positive impact of biostimulants on the
yield of different crops (Khan et al., 2009; European Biostimulants Industry Council,
2012; Halpern et al., 2015). Foliar spraying of biostimulants have been reported to
improve the yield of harvests, including maize (Zea mays), lupine (Lupinus
polyphyllus), potatoes (Solanum tuberosum), common bean (Phaseolus vulgaris), and
groundnut (Arachis hypogaea) (Featonby-Smith and van Staden, 1987; Matysiak et
al., 2012; Kocira, Korna, & Kocira, 2013). Our findings are in line with those of
Featonby-Smith and van Staden (1987), who reported a significant effect of
biostimulants on yield and yield parameters of peanuts (Arachis hypogaea).
Moreover, biostimulant application was found to have improved the production and
average weight of tepary bean (Phaseolus acutifolius) seeds (Beckett et al., 1994).
Among various traits contributing to final yield of a crop, number of pods per plant and
100-seed weight are of prime importance in legumes. In the current study humic
substance had the highest number of pods per plant and 100-seed weight followed by
Moringa leaf extract for both landraces. These results confirmed previous findings by
other authors. In their study, Featonby-Smith & Van Staden (1987) reported a
maximum of 41% seed weight increase in peanut plants treated with biostimulants
when compared to the control. Our findings were further supported by Emengor (2015)
who reported an increase in pod length and pod vyield per plant of green beans
(Phaseolus vulgaris) treated with Moringa leaf extract as a biostimulant. The
explanation behind the observed yield increment can be ascribed to the growth

stimulating effect of biostimulants.

The growth enhancing potential of the biostimulants is attributed to the presence of
phytohormones, and micro- and macronutrients in different biostimulants sources
(Khan et al., 2009; Halpern et al., 2015). Andrews (2006) reported the presence of
zeatin, dihydrozeatin, and isopentyladenine in Moringa leaf extracts which are

endogenous cytokinins. Phytohormones are known to affect cellular metabolism in
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treated plants, prompting enhanced growth and yield (Crouch et al., 1992; Crouch
&Van Staden 1993; Stirk et al., 2006; Stirk et al., 2009). In vegetative plant organs
cytokinin are associated with nutrient partitioning whereas in reproductive organs, high
levels of cytokinin are linked with nutrient mobilization. This view was supported by
several studies, e.g. Stirk et al. (2009), and Ciura & Kruk (2018), who observed that
plants treated with seaweed extracts had a higher concentration of cytokinin
contrasted with untreated fruits. Abdalla (2013) also found that biostimulant foliar
application in Rocket (Eruca vesicaria subsp. sativa) plants at 2% and 3% enhanced

endogenous auxins, gibberellins and cytokinin levels compared to untreated plants.

These responses show that biostimulants might be involved either in enhancing the
mobilization of phytohormones from the roots to the developing vegetative growth,
fruit, grain, or, by improving the quantity or synthesis of endogenous plant
phytohormones (Takei et al., 2002). In addition, the growth enhancing potential of
biostimulants is also attributed to the ability of biostimulants to improve and facilitate
micro and macronutrients uptake by the plants (Khan et al., 2009; Halpern et al., 2015;
Latif & Mohammed, 2016, Khan et al., 2020, Zulfigar et al., 2020), a process that has
been reported in several literature studies. In their study, Rathore et al. (2009) reported
a significant increase of N, P, and K uptake by soybean plants treated with a
biostimulant compared to an untreated control. Crouch et al. (1990) also noted an
increased uptake of Mg, K, and Ca in lettuce with biostimulant application. In a
separate study, Turan & Kose (2004) and Mancuso et al. (2006) reported increased
uptake of N, P, K, and Mg in grapevines (Vitis vinifera) and cucumber (Cucumis

sativus) plants treated with a biostimulant.

3.3.3. The prediction of growth parameters influence on Bambara groundnut
seed yield under different treatments.

A multiple linear regression was run to predict which of the growth parameters
influence Bambara groundnut seed yield under the different treatments. We ran
individual multiple linear regression analysis using the plant growth parameters (leaf
area, days to 50% flowering, plant height, pods per plant, 100-seed weight, and
harvest index) as predictors of seed yield which is the independent variable (Table 2).
The model showed that the growth factors significantly explained the variation in seed
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yield under control (Fi,11) = 27.81, p < 0.00), fertiliser (Fes,11) = 75.10, p < 0.00),
Kelpak® (F,11) = 116.28, p < 0.00), humic substance (F,11) = 81.95, p < 0.00) and
Moringa leaf extract (F@.11) = 94.61, p < 0.00) treatments and explained 94% (adjusted
r’=0.94), 98% (adjusted r>=0.98), 98% (adjusted r>=0.98), 98% (adjusted r>=0.98) and
98% (adjusted r>=0.98) of the variation in yield, respectively. With fertiliser and
Moringa leaf extract treatments, the combination of all the predictor variables
significantly influenced seed yield but individually none of the variables had a
significant effect on seed vyield (Figure 4 b). The variation in seed yield was largely
explained by the number of pods per plant (B = 0.69, t= 2.60, p < 0.05) in the control
plants and Kelpak® (B = 0.87, t = 6.32, p < 0.00) treatment, respectively. However,
both the control and Kelpak® produced the lowest seed yield, and thus did not differ
in their influence on Bambara groundnut yield. Under treatment with humic substance
the variation in seed yield was largely explained by harvest index (8 = 0.63, t = 3.12;
p < 0.03), which is the ratio of grain yield and biomass. Therefore, increased seed
yield under humic substance treatment can be attributed to the effects of the treatment
on variation in growth parameters that result in higher biomass, and subsequent

translocation into grain yield (Figure 4c).

It has been reported in literature that these characters (pods per plant, seed weight,
and harvest index) are closely associated with legume grain yield (Ayaz et al., 2001).
In their study, Ouedraogo et al. (2008) have reported that the number of pods per plant
is strongly associated with grain yield in Bambara groundnut. Associations of pods per
plant, seed weight and harvest index with grain yield have also been reported in
common vetch (Vicia sativa) (Albayrak, 2006). Moreover, Misangu et al. (2012) have
reported that number of pods per plant are highly associated with seed yield in

Bambara groundnut.
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Table 2: Individual multiple linear regression analysis using plant growth parameters as predictors of seed yield under different

treatments
Predictor Control Fertiliser Kelpak Humic substance Moringa extract
variables B t P B t P B t P B t P B t P
(Constant) 0,36 0,734 0,371 0,726 2,656 0,051 -1,184 0,290 -0,052 0,961

Leaf area (cm?) -0,056 -0,436 0,681 | 0,315 1,718 0,146 | 0,011 0,139 0,895 | 0,130 1,140 0,306 | 0,120 1,125 0,312
100-seed weight (g) | 0,176 1,183 0,29 | -0,046 -0,496 0,641 | -0,102 -1,990 0,103 | 0,049 0,579 0,588 | -0,057 -1,108 0,318
Plant height (cm) -0,051 -0,566 0,596 | -0,004 -0,078 0,941 -0,023 -0,379 0,72 | -0,013 -0,236 0,822 | -0,002 -0,044 0,967
Harvest Index 0,306 1,200 0,284 | 0,488 2,238 0,075| 0,167 1,198 0,285 | 0,628 3,118 0,026 | 0,390 2,091 0,091
Pods per plant 0,635 2,603 0,048 | 0,242 0,87 0,424 | 0,869 6,317 0,001 | 0,276 1,828 0,127 | 0,551 2,278 0,072

Days to 50% -0,005 -0,037 0,972 | -0,057 -0,897 0411 -0,062 -0,992 0,367 | 0,012 0,109 0,918 | 0,030 0,577 0,589
flowering
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3.3.4. Effect of different biostimulants on Bambara groundnut seed nutritional

content

3.3.4.1. Fatty acid content

The major fatty acid content found in all our samples were myristic acid, pentadecylic
acid, palmitic acid, palmitoleic acid, margaric acid, stearic acid, oleic acid, linoleic acid,
arachidic acid, a-linolenic acid, behenic acid, erucic acid, docosadienoic acid, and
lignoceric acid. Our results show that the fatty acids myristic acid (F@,30) = 7.48, p <
0.00), linoleic acid (Fa,30) = 3.92, p < 0.02), and a-linolenic acid (F@,30) = 18.46, p <
0.00) were significant influenced by treatment (Table 3).

Table 3: Fatty acid composition (mg/g) of Bambara groundnut seeds grown under
different treatment conditions. (Multivariate ANOVA was used to compare the

means of the different samples).

Fatty acids Common name DF F P Partial Eta Squared
Cl4 Myristic acid 4 7,482 0,001* 0,599
C15 Pentadecylic acid 4 1,747 0,179ns 0,259
Cl6 palmitic acid 4 0,976 0,443 0,163

Cil6:1 palmitoleic acid 4 0,965 0,448"s 0,162
C17 margaric acid 4 1,505 0,239" 0,231

Cc 18 stearic acid 4 2,03 0,129ns 0,289
C18:1(cis) oleic acid 4 0,943 0,46 0,159

C18:2 (cis) linoleic acid 4 3,916 0,017* 0,439

C20 arachidic acid 4 1,274 0,313" 0,203

C18:3n3 a-linolenic acid 4 18,458 0,000* 0,787
Cc22 behenic acid 4 2,227 0,103" 0,308
c22:1 erucic acid 4 0,637 0,642"s 0,113
C22:2 Docosadienoic acid 4 1,817 0,165 0,267
C24 lignoceric acid 4 1,309 0,300"s 0,207

*indicates significant differences (new p value <0.005), "™ indicate no significant differences.

The differences in fatty acid content of bambara groundnut seeds based on treatment
are presented in Figure 6. Moringa leaf extract had a significantly higher myristic acid
content than both the fertiliser and humic substance for both landraces. The fertiliser
had the lowest myristic acid content of all the treatments in both landraces (Figure 6a).
The linoleic acid concentration was highest in humic substance treatment followed by
the fertiliser and control for BG1, while in BG2 fertiliser had the highest linoleic acid
content followed by Kelpak® and humic substance (Figure 6b). Only the fertiliser and

humic substance treatments resulted in a significantly higher a-linolenic acid content
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than all other treatments for BG1, while the fertiliser, Kelpak®, and humic substance
treatments resulted in significantly higher a-linolenic acid content than all other

treatments for BG2 (Figure c).
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Figure 6: Effect of biostimulants on (a) Myristic acid, (b) linoleic acid, and (c) a-linolenic acid of two Bambara groundnut landraces. Bar charts
showing mean and standard error (SE) for the variable Myristic acid, linoleic acid, and a-linolenic acid. (MANOVA was used to compare the means of
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the different landraces according to treatment and Tukey HSD test was used to find out which of the means are significantly different from one
another).
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Landrace was also found to be a significant factor in Bambara groundnut fatty acid
content. Our results showed that the fatty acids, a-linolenic acid (F@a,30) = 12,75, p <
0.00, eta=0,389), and docosadienoic acid (F@30 = 5,07, p < 0.04, eta=0,202)

concentrations differed between the two landraces (Table 4).

Table 4: Fatty acid composition (mg/g) of Bambara groundnut seeds based on landrace.
(Multivariate ANOVA was used to compare the means of different samples).

Fatty Common name DF F P Partial Eta Squared
acids

Cc14 Myristic acid 1 3,114 0,093" 0,135
C15 Pentadecylic acid 1 0,17 0,684"s 0,008
C16 palmitic acid 1 0,022 0,883"™ 0,001
Cile6:1 palmitoleic acid 1 0,773 0,39"s 0,037
C17 margaric acid 1 0,806 0,38" 0,039
C18 stearic acid 1 3,49 0,076"s 0,149
C18:1(cis) oleic acid 1 2,784 0,111 0,122
C18:2 (cis) linoleic acid 1 1,542 0,229"s 0,072
C20 arachidic acid 1 0,761 0,393" 0,037
C18:3n3 a-linolenic acid 1 12,745 0,002* 0,389
Cc22 behenic acid 1 0,873 0,361" 0,042
Cc22:1 erucic acid 1 1,646 0,214"s 0,076
C22:2 Docosadienoic acid 1 5,069 0,036* 0,202
C24 lignoceric acid 1 0,004 0,953"s 0,000

*indicate significant differences (p value <0.05), ns indicate no significant differences.

As can be seen in Figure 7, BG2 had a significantly higher a-linolenic acid
concentration than BG1 (Figure 7a), whereas BG1 had a significantly higher

Docosadienoic acid concentration than BG2 (Figure 7b).
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Figure 7: Difference in seed (a) a-linolenic acid, and (b) Docosadienoic acid between BG1
and BG2. Bar charts showing mean and standard error (SE) for the variables a-linolenic acid,
and Docosadienoic acid. (Multivariate ANOVA was used to compare the means of the different
landraces according to treatment and Tukey HSD test was used to find out which of the means
are significantly different from one another).

The current study confirmed the abundance of fatty acids in Bambara groundnut
seeds. The concentrations of palmitic acid, margaric acid, stearic acid, oleic acid,
linoleic acid, and a-linolenic acid were found in large amounts in all our samples. Our
results agree with those of Minka & Brunetean (2002), who reported that palmitic acid,
linoleic acid, and a-linolenic acid are found in large amounts in Bambara groundnut
seeds. Similarly, Halimia et al. (2019) have reported high concentrations of palmitic
acid, stearic acid, oleic acid, linoleic acid, and a-linolenic acid in Bambara groundnut
seeds. The essential dietary fatty acids linoleic acid and a-linolenic acid are of
particular interest to human health. Previous reports suggest that intake of these fatty
acids can reduce the likelihood of hypercholesterolemia and improve cardiovascular
function (Mensink et al., 2003; Wanders et al., 2010).

Previous studies on the effect of biostimulants on individual fatty acid concentrations
of legume is limited. However, the use of growth regulators auxins (Nawaz et al.,
2016), gibberellins (Saleem et al., 2008), and cytokinins (Khalid et al., 2012) have
been reported to improve plant growth, productivity, as well as fruit nutritional quality.
Biostimulants including humic substance and Moringa leaf extract contain traces of
these growth hormones in addition to micro and macronutrients (Khan et al., 2009;
Halpern et al.,, 2015; Khan et al., 2020), and can be the result of the observed
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differences in treatments in the current study. In their study, Nasir et al. (2016),
reported an increase in nutrient content of a citrus Kinnow mandarin (Citrus reticulate)
after application of Moringa leaf extract. Similar findings were reported by Yasmeen et
al. (2013), and this was ascribed to the rich nutritional content of Moringa leaf extracts,
which when applied as foliar spray directly or indirectly affected the plant metabolism.
Our results showed that Moringa leaf extract and humic substance increased the fatty
acid content of Bambara groundnut, however, these results were not consistent across
the two landraces. This suggests the need to conduct research on each landrace to

determine differences in landraces.

Our results further showed that the effect of treatment did not significantly influence
the fatty acid content of pentadecylic acid, palmitic acid, palmitoleic acid, margaric
acid, stearic acid, oleic acid, arachidic acid, behenic acid, erucic acid, docosadienoic
acid, and lignoceric acid concentrations (Table 3). Moreover, no significant differences
were found between the landraces on the fatty acid content with regard to myristic
acid, pentadecylic acid, palmitic acid, palmitoleic acid, margaric acid, oleic acid,
linoleic acid, arachidic acid, behenic acid, erucic acid, and lignoceric acid
concentrations (Table 4). Our findings are not directly comparable to previous work,
as there are few evaluations on the association between individual fatty acid
composition and biostimulant application. In general, these results can be viewed to
mean that biostimulants can be used to better the growth and total yield of Bambara
groundnut without compromising/negatively affecting the nutritional composition of the
crop. Additionally, the comparability of the control treatment with the fertiliser and the
biostimulants treatments observed in most of the studied amino acids validate
previous reports on the ability of Bambara groundnut to grow and produce on low input
soils (Massawe et al. 2005; Kone et al. 2011; Mabhaudhi and Modi 2013).

3.3.4.2. Amino acid content

The essential and non-essential amino acids found in all our samples were, valine,
leucine, isoleucine, methionine, threonine, phenylalanine, lysine, histidine, tyrosine,
tryptophan, and cysteine, glutamic acid, aspartic acid, serine, proline, respectively.
The effect of treatment had a significant influence on amino acid content of Bambara
groundnut seeds with regard to: glycine (F@,30) = 3.03, p < 0.04), leucine (F,30) =4.02,
p <0.02) lysine (F@30 = 5.09, p < 0.01), histidine (F@,30 = 4.51, p <0.01), and
tryptophan (F.30) = 5.54, p <0.00) (Table 5). Our results also showed that the effect
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of treatment did not significantly influence the amino acid concentrations of alanine,
valine, isoleucine, proline, methionine, serine, threonine, phenylalanine, aspartic acid,

cysteine, and tyrosine (p>0.05) (Table 5).

Table 5: Amino acid composition (mg/g) of Bambara groundnut seeds grown
under different treatment conditions. (Multivariate ANOVA was used to
compare the means of different samples).

Amino acids DF F P Partial Eta Squared
Alanine 4 2,458 0,079"s 0,33
Glycine 4 3,033 0,042* 0,378
Valine 4 2,309 0,093" 0,316
Leucine 4 4,018 0,015* 0,446

Isoleucine 4 1,158 0,359 0,188
Proline 4 1,633 0,205" 0,246
Methionine 4 2,637 0,064 0,345
Serine 4 1,297 0,305 0,206
Threonine 4 1,511 0,237"s 0,232

Phenylalanine 4 1,500 0,240"s 0,231

Aspartic acid 4 1,108 0,38"s 0,181
Cysteine 4 0,802 0,538" 0,138

Glutamic acid 4 1,130 0,371™ 0,184
Lysine 4 5,09 0,005* 0,504

Histidine 4 4,508 0,009* 0,474
Tyrosine 4 0,941 0,461" 0,158
Tryptophan 4 5,541 0,004* 0,526

*indicate significant differences (p value <0.05), ™ indicate no significant differences.

Figure 8 shows the differences in amino acid concentrations of Bambara groundnut
seed based on treatment. The three biostimulants had a significantly higher leucine
concentration than the control and fertiliser treatments for BG1. The Moringa leaf
extract treatment had a significantly higher leucine concentration followed by fertiliser
and humic substance for BG2 (Figure 8a). The control, Kelpak®, Moringa leaf extract
treated Bambara groundnut had a significantly higher glycine concentration for BG1
compared to the fertiliser and humic substance treatments. For BG2, fertiliser and
Moringa leaf extract had a significantly higher glycine concentrations relative to the
other treatments (Figure 8b). Similarly, the fertiliser treatment had an extremely high
lysine concentration for BG2 compared to other treatments. For BG1, the control and
humic substance had a relatively higher lysine to the other treatments (Figure 8c). The
control and Moringa leaf extract treatments had a higher histidine concentration for
BG1. Whereas the fertiliser had a significantly higher histidine content than all other

treatments for BG2 (Figure 8d). The Moringa leaf extract treatment had the highest

50



Stellenbosch University https://scholar.sun.ac.za

tryptophan concentration which was significantly different from humic substance and
fertiliser treatments, respectively (Figure 8e).
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Figure 8: Effect of biostimulants on (a) leucine, (b) glycine, (c) lysine, (d) histidine, and (e) tryptophan of two Bambara groundnut landraces.
Bar charts showing mean and standard error (SE) for the variables leucine, glycine, lysine, histidine, and tryptophan. (MANOVA was used to compare
the means of the different landraces according to treatment and Tukey HSD test was used to find out which of the means are significantly different from
one another.
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Our results further revealed that there was a significant difference between the two
Bambara groundnut landraces with regards to: methionine (F@4,30) = 6.63, p < 0.02),
threonine (F@4,30) = 6.29, p < 0.02), phenylalanine (F@,30) = 6.78, p < 0.02), lysine (F@,30)
= 10.60, p < 0.00), histidine (F@,30) = 9.39, p < 0.01), and tyrosine (F@4,30) = 6.22, p <
0.02) (Table 6). Moreover, no significant differences were found between the
landraces with regard to the amino acid concentrations of alanine, glycine, valine,
leucine, isoleucine, proline, serine, aspartic acid, glutamic acid, and tryptophan (p>
0.05) (Table 6).

Table 6: Amino acid composition (mg/g) of Bambara groundnut seeds based
on landrace. (Multivariate ANOVA was used to compare the means of the

different samples).

Amino acids DF F P Partial Eta Squared
Alanine 1 0,154 0,699" 0,008
Glycine 1 0,001 0,970 0,000

Valine 1 0,436 0,517 0,021
Leucine 1 0,33 0,572" 0,016
Isoleucine 1 0,029 0,867" 0,001
Proline 1 0,007 0,933" 0,00
Methionine 1 6,634 0,018* 0,249
Serine 1 2,031 0,170" 0,092
Threonine 1 6,288 0,021~ 0,239

Phenylalanine 1 6,783 0,017~ 0,253

Aspartic acid 1 0,904 0,353" 0,043
Cysteine 1 3,51 0,076" 0,149

Glutamic acid 1 0,524 0,478" 0,026

Lysine 1 10,6 0,004~ 0,346
Histidine 1 9,394 0,006* 0,32
Tyrosine 1 6,216 0,022* 0,237

Tryptophan 1 2,111 0,162" 0,095

*indicate significant differences (p value <0.05), ns indicate no significant differences

Figure 9a-f shows that BG2 had a significantly higher methionine, threonine,

phenylalanine, lysine, histidine, and tyrosine concentrations than BG1.
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Figure 9: Difference in seed (a) lysine, (b) methionine, (c) phenylalanine, (d) threonine, (e) histidine, and (f) tyrosine between BG1 and BG2. Bar charts
showing mean and standard error (SE) for the variables lysine, methionine, phenylalanine, threonine, histidine, and tyrosine. (Multivariate ANOVA with used
to compare the means of the different landraces and Tukey HSD test was used to find out which of the means are significantly different from one another).
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The quantification of essential amino acids concentration relative to nutritional
requirements are typically used to assess the protein quality of foods. Our results
agree with those of Glew et al. (1997), who reported that Bambara groundnut seeds
contain all the essential amino acid. Among the essential amino acids found in the
current study, lysine, threonine, phenylalanine, leucine, were found to be predominant
followed by valine, tyrosine, histidine, and isoleucine. The sulphur-containing amino
acids, cysteine, and methionine, as well as tryptophan were found to be the most
limiting in all studied samples. These results confirm previous findings by other
researchers on legumes being poor sources of sulphur containing amino acids (lgbal
et al.,, 2005). In their study, Yao et al. (2015) reported that Bambara groundnut
landraces had a very limited amount of tryptophan. However, despite this limiting
factor, Bambara groundnut could still play an important role in meeting people’s protein
needs. Very high lysine levels were observed in all studied samples, a very important
nutritional attribute that makes Bambara groundnut a good supplementary protein to
lysine deficient foods. In addition to lysine, glutamic acid, aspartic acid and threonine
were the most abundant of the studied amino acids. These results confirm findings
from previous studies; in their study, Adebowale et al. (2011), Mune et al. (2011), and
Arise et al. (2017) reported that Bambara groundnut protein contain higher levels of

aspartic acid and glutamic acid concentrations than any other amino acids.

The biostimulants influenced amino acids, with the Moringa leaf extract treatment
showing a more consistent increase in concentration compared to to all studied amino
acids. There is limited information on the effect of biostimulants on individual amino
acid content in legumes. However, several studies have previously reported a positive
influence of biostimulants on plants nutrient content. In their study, Zulfigar et al.
(2020) reported that spinach plants supplemented with Moringa leaf extract showed
an increase in concentration of total soluble protein and other bioactive compounds.
Similarly, Fan et al. (2013) reported an increase in total soluble protein content in
spinach treated with a biostimulant application. The varietal effect on proximate
composition of legumes have previously been reported (Nti, 2009, Yao et al., 2015;
Unigwe et al., 2018). The current study also showed that BG2 had a higher methionine,
threonine, phenylalanine, lysine, histidine, and tyrosine concentrations than BG1. Our
results agree with previous studies by other authors. Kaptso et al. (2007) reported a
significant difference on the protein and carbohydrates content of Bambara groundnut
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landraces. Additionally, Nti (2009) observed that dark seeded landraces (black and
red) had a higher nutrient and mineral contents than light seeded ones (cream) which
was also observed in the current study. The effect of treatment did not significantly
influence the amino acid concentrations of alanine, valine, isoleucine, proline,
methionine, serine, threonine, phenylalanine, aspartic acid, cysteine, and tyrosine nor
did the landraces with regard to the amino acid concentrations of alanine, glycine,

valine, leucine, isoleucine, proline, serine, aspartic acid, glutamic acid, and tryptophan.

Our findings are not directly comparable to previous work. Although there are many
studies on the effect of biostimulant application on nutritional value and quality of plant
products such as leaves and grain legumes (Matysiak et al., 2012; Kocira, 2018),
however, there are limited studies demonstrating the effect of different biostimulants
on specific amino acid concentrations. In the current study biostimulant application
mostly increased or had comparable amino acid content to that of fertiliser and control
treatments. As such, biostimulant application can be presumed to improve the growth
and yield of Bambara groundnut without compromising the nutritional value of the crop.
Our findings also indicated that the control treatment in some cases showed higher
nutritional content than both the fertiliser and the biostimulant treatments.

3.3.4.3. Sugar content

The major sugars found in all our samples were, D-Fructose, D-Glucose, Mannitol,
Sorbitol, Myo-inositol, and sucrose. Research looking at sugar content of Bambara
groundnut is limited. However, there has been previous results stating that fructose,
glucose, mannitol, sorbitol, myo-inositol, and sucrose are the most dominant sugars

in legume species (Onweluzo et al., 2002; Zouari et al., 2020). The sugar sucrose

was the predominant in all our samples. This result support previous work by other

authors. In their study, Onweluzo et al. (2002) reported that sucrose is present in
several of the commonly consumed legumes. The effect of treatment had a significant
influence on sugar content of Bambara groundnut seed with regards to sucrose F,30)
= 14.14, p< 0.00) (Table 7).
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Table 7: Sugar contents (mean £ S.D., n = 3) in Bambara groundnut seeds grown
under different treatment conditions. (Multivariate ANOVA was used to compare
the different samples).

Sugars DF F P Partial Eta Squared
D-Fructose 4 1,082 0,392 0,178
D-Glucose 4 0,591 0,673 0,106

Mannitol 4 0,763 0,562 0,132

Sorbitol 4 0,609 0,661 0,109

Myo-inositol 4 2,251 0,100"s 0,31
Sucrose 4 14,139 0,000* 0,739

*indicate significant differences (p value < 0.05), " indicate no significant differences.

The fertiliser and humic substance had the highest sucrose concentrations for both
landraces, which was significantly higher than Moringa leaf extract, control, and
Kelpak®, respectively (Figure 10).
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Figure 10: Effect of biostimulants on sucrose of two Bambara groundnut landraces. Bar
charts showing mean and standard error (SE) for the variable sucrose. (One-way ANOVA
and was used to compare the means of the different landraces according to treatment and
Tukey HSD test was used to find out which of the means are significantly different from one
another).

Our results also showed that there was a significant difference in seed sugar content
of the two Bambara groundnut landraces with regards to: Mannitol Fa,30)= 10.99, p =
0.00) and Sorbitol Fa,30) = 9.43, p = 0.01) (Table 8).
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Table 8: Sugar contents (mean + S.D., n = 3) in Bambara groundnut seeds based
on landrace. (Multivariate ANOVA was used to compare the means of the different

samples).
Sugars DF F P Partial Eta
Squared

D-Fructose 1 2,116 0,161" 0,096

D-Glucose 1 1,106 0,305" 0,052

Mannitol 1 10,99 0,003~ 0,355

Sorbitol 1 9,434 0,006* 0,321

Myo-inaositol 1 0,541 0,47"s 0,026

Sucrose 1 2,345 0,141 0,105

*indicate significant differences (p value <0.05), "™ indicate no significant differences.

BG1 had a significantly higher mannitol, and sorbitol concentrations relative to BG2
Figure 11a-b.

s3]

Mean Mannitol (mg/g)

Landrace

o
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Figure 11: Difference in seed (a) mannitol, and (b) sorbitol between BG1 and BG2. Bar
charts showing mean and standard error (SE) for the variables mannitol, and sorbitol.
(Multivariate ANOVA with Tukey HSD test. Multivariate AVOVA was used to compare the
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means of the different landraces and Tukey HSD test was used to find out which of the
means are significantly different from one another ).

Several studies have reported the effect of biostimulants on plant sugar levels. Foidl
et al. (2001), reported that biostimulant foliar application to cantaloupe (Cucumis melo
var. cantalupensis) and sugarcane (Saccharum officinarum) increased sugar and
mineral levels, respectively. Similarly, Nasir et al. (2016) reported that Moringa leaf
extract applied as a biostimulant improved fruit nutrient quality, such as sugars and
total antioxidants in mandarin orange. The improvement could be ascribed to the fact
that most biostimulants contain minerals, growth hormones, phenolics, antioxidants,
amino acids and vitamins which are linked to better fruit growth and development
process (Abdalla, 2013; Halpern et al. 2015; Khan et al., 2009; Khan et al., 2020).

Our results further showed that the effect of treatment did not significant impact the
sugar content of D-Fructose (Fw.30) = 1,08, p < 0.39), D-Glucose (Fa,30) = 0,59, p <
0.67), Mannitol (Fa,30) = 0,76, p < 0.56), Sorbitol (F@,30) = 0,61, p < 0.66), and Myo-
inositol (Fwa,30) = 2,25, p < 0.10) (Table 7). Moreover, no significant differences were
found between the landraces with regards to: D-Fructose (F(s,30) = 2,12, p < 0.16), D-
Glucose (F@,30 = 1,11, p < 0.31), Myo-inositol (F@4,30) = 0,54, p < 0.47), and Sucrose
(F@a30) = 02,35, p < 0.14) concentrations (Table 8). Our results are not directly
comparable to previous findings; there are few evaluations of associations between
biostimulant application and individual sugar concentrations. In general, sugar content
in legumes have not received much attention in the research community. Historically,
the primary concern has been on oil or protein content (Teixeira et.al., 2012). Of
particular interest is the fact that the control treatment had a comparable concentration
with the other treatments for almost all the sugars. These results support previous
findings stating that Bambara groundnut are able to growth and produce on low input
soils. High nutritional value and the ability to yield on low input soils are few of
Bambara groundnut great attributes (Massawe et al., 2005; Mkandawire, 2007).

3.3.5. Effect of biostimulants on soil chemical and physical properties

Our results show that the effect of treatment had a significant influence on chemical
nutrients with regards to: Ca (F@.62) = 12.63, p < 0.00), Cu (F@62) = 3.66, p <0.01), B
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(Fa.62) = 3.35, p < 0.01), Fe (Fuae2 = 2.93, p < 0.02), C (Fu62) = 2.46, p < 0.04), and
P(Fwue62 = 3.72, p < 0.01) (Table 9).

Table 9: Effect of biostimulants on soil chemical properties. One-way analysis of
variance (ANOVA) was performed for each of the variables.

Variable DF F P

Ca 4 12.634 0.000*
Cu 4 3.658 0.006*
B 4 3.345 0.010%*
Fe 4 2.932 0.020*
C 4 2.461 0.044*
P 4 3.721 0.006*

*indicate significant differences (p value < 0.05), ™ indicate no significant differences

The phosphorus (P) level for the Kelpak® was significantly higher than Moringa and
humic substance, respectively, but comparable with the other treatments including the
initial soil (Figure 12a). The initial soil sample had a significantly lower carbon (C)
percentage than all treatments except the control and humic substance, and no
significant differences were observed between the treatments (Figure 12b). The only
notable differences in iron (Fe) were between the fertiliser with control and Kelpak®,
respectively. The control had a significantly higher Fe level than the fertiliser. Similarly,
the Kelpak® treatment had a significantly higher Fe than the fertiliser (Figure 12c). The
initial, humic substance, and Moringa leaf extract had a non-significant boron (B) levels
compared to Kelpak®, control and fertilizer (Figure 12d). The treatments had a
significantly higher calcium (Ca) levels when compared to the initial soil. Kelpak® had
a significantly higher Ca levels than all treatments, except the control. The humic
substance had a significantly lower Ca levels than almost all the treatments (Figure
12e). The copper (Cu) levels from all the treatments were significantly higher than the

initial soil but no significant differences were found between the treatments (Figure 12

f).
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Figure 12: Effect of different biostimulants on (a) Phosphorus, (b) Carbon, (c) Iron, (d) Boron, (e) Calcium, and (f) Copper on soil chemical
properties. Bar charts showing mean and standard error (SE) for the variables Calcium, and Copper. (One-way ANOVA and was used to
compare the means of the different landraces according to treatment and Tukey HSD test was used to find out which of the means are
significantly different from one another).
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Our findings are not directly comparable to previous work, as there few studies looking
at the association between biostimulants and soil chemical properties. However,
biostimulants have been reported to affect the physical, biological, and chemical
properties of the soil. For example, Du Jardin (2015) reported the use of humic
substance as biostimulant as an essential contributor to soil fertility, acting on physical,

and chemical and biological properties of the soll.

Our results further showed that the effect of treatment did not have a significant
influence on soil chemical nutrients with regard to: N, P, K, Na, Zn, Mn, S, Mg, and
Na (p> 0.05) (Table 10).

Table 10: Effect of biostimulants on soil chemical properties. (Kruskal-Wallis test
was used to assess for significant differences of the variables).

Variable N P K Na Zn Mn S Mg

DF 4 4 4 4 4 4 4 4

Kruskal- 12.629 11.117  7.797  10.165 12.870 14.969 12.802 18.813
Wallis H

P 0.027" 0.049™ 0.168™ 0.071"™ 0.025" 0.010™ 0.025"™ 0.02"™
*indicate significant differences (p value < 0.005), "™ indicate no significant differences

It is important to keep in mind that biostimulants are not fertilisers meant to correct soil
nutrient deficiency but are chemicals that when used in small amount promote and
improve plant growth through their direct effects on metabolic processes (Gallant,
2004). Du Jardin (2015) and Schmidt et al. (2003) have emphasised the point that
biostimulants unlike chemical fertilisers do not directly supply any nutrients to crops
but may enhance growth possible by facilitating important plant cellular metabolisms

as well as nutrient utilization from the soil.

3.4. Conclusion

Our results showed that Bambara groundnut exhibited significant changes during
growth, with plant height, leaf area, number of days to 50% flowering, number of pods
per plant, seeds yield, and harvest index varied between the treatments. The current
study demonstrated that plants treated with the humic substance had the shortest
number of days to 50% flowering followed by moringa leaf extract and Kelpak® for
both landraces. The control and fertiliser took the longest to reach 50% flowering.

Plants treated with humic substance and moringa leaf extract produced the highest
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number of pods per plants, total seed yield and 100-seed weight for both landraces.
Kelpak® produced the lowest seed yield of the three biostimulants but had the highest
plant height and shoot dry weight. As such, it is evident that Kelpak® might be more
suitable for production of leafy vegetables than is to grain. The results of the regression
analysis revealed that, under fertiliser and Moringa leaf extract treatments, the
combination of all the predictor variables significantly influenced seed vyield but
individually none of the variables had a significant effect on Bambara groundnut seed
yield. Under the control and Kelpak® treatments, the variation in Bambara groundnut
seed yield was found to be largely explained by the number of pods per plant.
Moreover, under treatment with humic substance the variation in seed yield was
largely explained by harvest index. Our results further revealed that the effect of
treatment had a significant influence on some individual fatty acids, amino acids, and
sugars, respectively. Out of the three biostimulants, Moringa leaf extract showed more
consistent results with regards to the above-mentioned nutrient compositions. Our
results further revealed that the untreated control was comparable to the other
treatments for most of the individual seed nutrients analysed. Our results showed
observable differences between the initial soil and treatments with regards to
phosphorus, carbon, iron, boron, calcium, and copper. In the light of the achieved data,
it may be concluded that humic substance and Moringa leaf extract increased the seed
yield of Bambara groundnut without compromising or/and negatively affecting the
nutritional value of the crop. Therefore, biostimulants can be used as a sustainable
and effective tool to improve Bambara groundnut crop yield. However, this study only
focused on two of the seven Bambara groundnut landraces that are classified by DAFF
in South Africa. Therefore, further research is required to validate the results on the

five identified Bambara groundnut landraces.

In conclusion, the unique characteristics of Bambara groundnut differentiate it from
many other legume plants. With its extreme tolerance to harsh conditions, high
nutritional content, and ability to fix nitrogen, Bambara groundnut is well suited for
widespread productivity, use, and profitability. However, in order for Bambara
groundnut crop production to meet burgeoning demands, a multipronged approach
will be necessary. Successfully improvement of Bambara groundnut can positively
impact the profitability of small-scale production systems by enhancing returns, as well

as contribute to the economic development of rural communities. Effective and
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sustainable crop management strategies are needed to increase the yields of
established crops without further land use changes, as demonstrated in this study.
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CHAPTER 4: SYNOPSIS

In this study, the effects of biostimulants (humic substance, Kelpak® and Moringa leaf
extract) on the growth, yield, and nutritional content of Bambara groundnut was
investigated. The experimental results showed statistically significant differences
between the treatments regarding Bambara groundnut growth, yield, and nutritional
composition. The plants treated with the humic substance and Moringa leaf extract
produced the highest number of pods per plant, 100-seed weight, total seed yield, and
harvest index percentage. Kelpak® had the highest above-ground yield (leaf area,
shoot dry matter and plant height) but lowest seed yield of the three biostimulants. The
results of the regression analysis revealed that under fertiliser and moringa leaf extract
treatments, the combination of all the predictor variables significantly influenced seed
yield but individually none of the variables had a significant effect on seed yield. Under
the control and Kelpak® treatments, the variation in Bambara groundnut seed yield
was found to be largely explained by the number of pods per plant. Moreover, under
treatment with humic substance the variation in seed yield was largely explained by

the harvest index.

Our results also showed that the different treatments had a significant influence on
fatty acids, amino acids, and sugars of Bambara groundnut seeds. The Moringa leaf
extract treatment had a significantly higher myristic acid content than both the fertiliser
and humic substance for both landraces. The fertiliser had the lowest myristic acid
content compared to all the treatments in both landraces. The Moringa had the lowest
linoleic acid concentration than all other treatments. The fertiliser and humic substance
treatments had a significantly higher a-linolenic acid content than all other treatments
in BG1. Whereas, fertiliser, Kelpak®, and humic substance treatments had a
significantly higher a-linolenic acid content than all other treatments in BG2. Our study
revealed that BG2 had a significantly higher a-linolenic acid concentration than BG1,
whereas BG1 had a significantly higher Docosadienoic acid concentration than BG2.
The results further showed that the effect of treatment did not influence pentadecylic
acid, palmitic acid, palmitoleic acid, margaric acid, stearic acid, oleic acid, arachidic
acid, behenic acid, erucic acid, docosadienoic acid, and lignoceric acid concentrations.
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Moreover, no significant differences were found on myristic acid, pentadecylic acid,
palmitic acid, palmitoleic acid, margaric acid, oleic acid, linoleic acid, arachidic acid,
behenic acid, erucic acid, and lignoceric acid concentrations between the landraces.
The three biostimulants resulted in a significantly higher leucine concentration than
the control and fertiliser treatments for BG1. Moringa leaf extract had a significantly
higher leucine concentration followed by fertiliser and humic substance in BG2. The
control, Kelpak®, Moringa leaf extract had a significantly higher glycine concentration
in BG1 compared to the fertiliser and humic substance treatments. In BG2, fertiliser
and moringa leaf extract had a significantly higher glycine concentrations relative to
the other treatments. In BG1, the control and humic substance had a relatively higher
lysine to the other treatments. The fertiliser treatment had an extremely high lysine
concentration in BG2 compared to other treatments. The control and Moringa leaf
extract treatments had a higher histidine concentration in BG1. In BG2, the fertiliser
had a significantly higher histidine content than all other treatments. Whereas the
Moringa leaf extract treatment had the highest tryptophan concentration which was
significantly different from humic substance and fertiliser treatments, respectively.
Furthermore, our results showed that BG2 had a significantly higher methionine,
threonine, phenylalanine, lysine, histidine, and tyrosine concentrations than BGL1.
There were no significant differences between the amino acid concentrations of
alanine, valine, isoleucine, proline, methionine, serine, threonine, phenylalanine,
aspartic acid, cysteine, glutamic acid, and tyrosine across the treatments. Moreover,
no significant differences were found between the landraces with regard alanine,
glycine, valine, leucine, isoleucine, proline, serine, aspartic acid, cysteine, glutamic

acid, and tryptophan concentrations.

The major sugars D-fructose, D-glucose, mannitol, sorbitol, myo-inositol, and sucrose
were found in all the samples. Sucrose was the dominant sugar in all our samples.
Our results showed that fertiliser and humic substance had the highest sucrose
concentrations for both landraces, which was significantly higher than Moringa leaf
extract, control, and Kelpak®, respectively. Our results also showed that there was a
significant difference in seed sugar content of the two Bambara groundnut landraces
with regards to mannitol and sorbitol. BG1 had a significantly higher mannitol, and
sorbitol concentrations compared to BG2. Our results further showed that there were

no significant differences in D-fructose, D-glucose, mannitol, sorbitol, and myo-inositol
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concentrations across the treatments. Moreover, no significant differences were found
between the landraces with regards to D-fructose, D-glucose, myo-inositol, and

sucrose concentrations.

The results revealed that the phosphorus (P) level for the Kelpak® treatment was
significantly higher than Moringa and humic substance treatments, respectively, but
comparable with the other treatments including the initial soil sample. All the
treatments had a significantly higher calcium (Ca) levels when compared to the initial
soil sample, whereas, the Kelpak had a significantly higher Ca levels than all
treatments, except the control. The copper (Cu) levels from all the treatments were
significantly higher than the initial soil but no significant differences were found
between the treatments. The control had a significantly higher iron (Fe) level than the
fertiliser. The initial soil sample had a significantly lower carbon (C) percentage than
all treatments except the control and humic substance, and no significant differences
were observed between the treatments. Finally, our results showed that there were no
significant differences on soil chemical nutrients with regard to N, P, K, Na, Zn, Mn,

and S across all treatments.

As a future study it would be worth looking at the effect of these biostimulants on
Bambara groundnut at a field level. Moreover, only one concentration level
(manufacturers’ protocols) was used in the current study, three or four levels of
concentration could help to give a better view of the biostimulants mode of action. Due
to the induced increase in growth and yield parameters of Bambara groundnut plants
by biostimulant application it can be concluded that biostimulants (humic substance
and Moringa leaf extract) has the potential to be used as a cheap source of plant
growth hormones and nutrient elements to help improve the growth and development

of Bambara groundnut plants.
4.1. Limitations

This study was conducted only two landraces. In a larger study conducted by a current
PhD student in our research group, at least 42 landraces were identified as occurring
in South Africa (contrary to DAFF’s seven landraces). The two landraces in this study

were the most abundant seeds collected by the farmers. From these results, we will
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further analyse the nutrition profile of the additional landraces, which was beyond the
scope of the MSc.

82





