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ABSTRACT

Cowpea (Vigna unguiculata L.) also known as black eye pea, is an annual heat-loving
leguminous crops cultivated mostly in the semi-arid environments as grain and vegetable crop
for human consumption and as animal feeds. It is a highly nutritious crop, rich in protein, fibre
and other nutritional components such as vitamin, minerals and other secondary metabolites.
Cowpea grain availability in the local market in South Africa remains very low due to poor soil
fertility status, low soil moisture condition and low production level mainly by smallholder
farmers. Adoption of improved production practices such as Mycoroot™, a locally produced
biofertilizer containing natural Arbuscular mycorrhizae fungi (AMF) have been used to
enhance crop growth due to their ability to facilitate water and nutrients uptake and facilitate
osmotic adjustments under adverse conditions such as moisture stress. Hence, a greenhouse pot
experiment was conducted to examine the combined effect of Mycoroots™ AMF inoculation
with varied biochar-compost mixtures as an agronomic package to enhance cowpea growth,
phenological and yield attributes in two soil textural types with different moisture levels. Trial
consisted 2 soil textural types (sandy loam and loamy sand), 4 soil amendments comprising
different mix ratios of biochar (BC) and compost (C), 2 AMF levels (inoculated and
uninoculated) and 2 soil moisture regimes (adequate soil moisture and moisture stressed) as
main treatment factors. The soil amendments comprised of 50% biochar 50% compost (50:50
BC/C), 75% biochar 25% compost (75:25 BC/C), 25% biochar 75% compost (25:75 BC/C)
and a control with no amendment. The treatment factors were combined and laid out in a
2x2x4x2 factorial design fitted into RCBD with each replicated 4 times. Data collected
included growth, phenological, yield attributes, grain nutrients and secondary plant

metabolites.

Results revealed a significant (p<0.05) soil textural types and moisture levels interaction effect
on measured growth attributes while the effect of soil moisture stress on the measured growth
attributes was less severe in sandy loam than loamy sand soil. AMF inoculation gave highest
leaf length (13.8 cm) at reproductive stage than non-inoculated treatments. Integrated use of
75Bi025Comp as soil amendment gave the highest leaf length (14.12 cm). Variation in soil
textural types exert significant (p<0.05) effect on all measured yield parameters with higher
yields recorded under sandy loam than loamy sand soil. However, the measured cowpea growth
and phenological attributes were higher in plants grown on loamy sand soil. Although AMF
inoculation exerted inconsequential (p>0.05) effect on the measured yield parameters, it
significantly (p<0.05) lowered the flavonoid content of cowpea grains. Application of 25:75

\



Biochar and Compost mix ratio as soil amendment resulted in increased anthocyanin contents
in cowpea seeds. Interaction between soil moisture levels and AMF inoculation exerted a
significant effect (p<0.05) on protein content. AMF inoculation increased cowpea seed protein
(29.5%) and P content under moisture stressed condition. Integrated use of biochar, compost
and Mycoroot™ product as soil amendment represents an important nutrients management
strategy to mitigate the adverse effect of soil nutrients and moisture stress condition and

enhance cowpea yield.

Key words: Cowpeas, moisture stress, Arbuscular mycorrhizal fungi, biochar, compost,

secondary metabolites, proteins, soil textural types.
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CHAPTER 1
Introduction
1.1 Background

Cowpea (Vigna unguiculata L.) is a leguminous crop that originated from the Southern part of
Africa where it is still cultivated even today (Guimardes et al 2023; Gerrano at al 2020). It is
cultivated mainly for human consumption as it consists of protein ranging from 23-32%, rich
in amino acid essential for human health and useful as animal feeds (Ishikawa et al 2022;
Jayathilake et al 2018; Machado et al 2017). The dual character of cowpea makes it a valuable
and economic crop where land is becoming a limited resource (Alexandre et al 2016; Dube and
Fanadzo 2013). It is a crop known to survive and thrive in a broad range of conditions due to
its nitrogen fixing ability (Xu et al 2017; Carvalho et al 2017). Recent estimate of global
cowpea production suggests over 14.5 million ha of planted area annually with at total annual
production of 7.8 million tonnes (Kebede and Bekeko 2020). Over 95% of the global estimated
production of cowpeas is in Africa with Nigeria regarded as the biggest producer and consumer
in the world (Mohammed et al 2021; Osipitan et al 2021). The crop is regarded as a
multipurpose food crop in many African countries including South Africa where its seeds, fresh

leaves and green pods are consumed (Belay et al 2017; Alemu et al 2016; Moswatsi et al 2013).

Cowpea is a resilient crop known to survive and perform well under extreme agricultural
conditions (Noort et al 2022; Sanda and Maina 2013). Notwithstanding its ability to adapt to
extreme climatic conditions including drought, its production (yield) is heavily constrained
(Alexandre et al 2016). Moreover, the unpredictability, uneven distribution and low amount of
rainfall, soil moisture stress, and depleted soil nutrients content are factors that exert negative
impact on the production and establishment of the crop (Lundqvist and Falkenmark 2010;
Ahmed et al 2016). Among other abiotic factors, moisture stress and poor soils has been
highlighted to be the major factors that contribute significantly to the declining cowpea yield
and productivity which tends to threaten global food security especially in tropical Africa (Saka
et al 2018; Boukar et al 2018). Therefore, integration of seed inoculation and soil amendments
offer an agricultural mediation strategy that is feasible and sustainable to overcome constrains
associated with drought (Njeru and Koskey 2021). Seed inoculation is described as the process
of effectively inserting a large number of microbes into the surface of seeds before planting
(Pedrini et al 2020). Seed inoculation involving the introduction of beneficial microbes on

seeds either prior to or at seed sowing have been reported to aid germination and root
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colonisation (O’Callaghan 2016). Mycoroot™ inoculant is a typical example of such microbial
plant booster produced and sold to farmers in South Africa. It consists of Arbuscular
Micorrorrhizal isolates that are vital for the process of facilitating the transportation of water
and nutrients to host plants (Nyakane et al 2019; Mukhongo et al 2016). Arbuscular
Micorrhizae fungi (AMF) are defined as beneficial fungi that form symbiotic relationships with
their host plant root systems by providing access to large number of nutrients and water while
plants provide fungus with sugars (Berruti et al 2016). The fungi create microbiomes that play
a very important role in supporting the plant health and aiding adaptation to changing
environment (Willis et al 2013; Verbruggen et al 2013).

Biochar is a carbon-rich compound generated from pyrolyzing biomass under very low oxygen
levels or anaerobic conditions at temperatures between 300-900°C (Liang et al 2021; Yi et al
2017). One of many advantages of biochar include its high volume of pores that correlate well
with improve water retention and increase water holding capacity (Osman et al 2022; Tan et al
2015). Due to the challenge of soil deterioration and environmental stresses, amending
agricultural soils with biochar supports and promotes sustainable agriculture especially in
tropical regions and has received huge attention as a strategy in improving crop production,
hence it inclusion and relevance in the present study (Song et al 2022). For centuries, compost
has been used as a soil enrichment material made up of plant nutrients and beneficial organisms
(Aryafar et al 2021). It is a soil conditioner that improves the quality and fertility of the soil
(Martinez-Blanco et al 2013). Various research works (Yeboah et al 2020; Tammeorg et al
2014; Lui et al 2012; Downie 2011) illustrated that the combination of biochar and compost
have synergistic positive effects on water holding capacity as well plant available water
content. Biochar and compost serve as a win-win strategy to fight against drought as opposed
to when either compost or biochar is used individually (Fischer and Glaser 2012). Application
of a combination of biochar and AMF is reported to alter soil microbial activity and community
structure thereby promoting nutrient cycling (Hammer et al 2015). Furthermore, Pontes et al
(2017) reported that AMF inoculation and the use of organic amendments enables
agroecosystems to retain high AMF species richness, which facilitates water and nutrient
acquirement for crops. Numerous studies have established how AMF inoculation together with
organic amendments interacts in enhancing soil quality and crop performance when faced with
environmental stressors and degraded or deteriorated soils (Alguacil et al 2011, Medina and
Azcon 2010).



1.2 Problem statement

Erratic rainfall patterns which often lead to frequent drought is regarded as one of the most
disastrous abiotic stresses that affect crop production and exert huge negative impact on crop
yield (Razi and Muneer 2021). The sharp increase in both global population and anticipated
life expectancy in developing countries suggest greater demand for foods (Rohr et al 2019).
Drought is one of the major crop production constrains that lead to poor growth, development
and yields (Fahad et al 2017; Bodner et al 2015). Although, drought can occur at all crop growth
stages, seed germination is first and foremost affected whereby the crucial water entry into the
seed is limited thus affecting the physiological and metabolic processes of germination hence,
inhibiting proper seedling establishment, growth and agricultural productivity (Yu et al 2019;
Yi et al 2019; Ali and Elozeiri 2017).

Though, cowpea is a drought tolerant crop, growth and yield can be constrained by drought as
well as economic losses for farmers (Farooq et al 2021). Regrettably, future climate change
predictions in South Africa paint a gloomy picture of possible increase in drought (moisture
and heat stress) that could exacerbate future crop production challenges in many parts including
possible shift in crop production areas (Carvalho et al 2019; Weepener et al 2014). Similarly,
the arid and semi-arid areas are well-known to experience high temperatures resulting in
constant and rapid drying of the soil thereby affecting not only seed germination but also plant
population due to poor emergence (Omoyo et al 2015). Furthermore, sandy soils comprising of
large soil particles warm up easily mostly during spring, and tend to dry out quickly leading to
low water retention and as such causes severe damage on seed germination and growing plants
on crop fields (Zhao et al 2011). In contrast, heavy clay soils experience restricted water use
due to their inability to drain water properly and poor aeration (Obia et al 2018) leading to
possible water logging and inhibited seed germination and seedlings emergence (Finch et al
2014). Additionally, clay-rich soils tend to compact easily when drying out which limit root

penetration and development of plants decreasing production (Zewide 2021).

Notwithstanding the fact that agricultural soils are replete of numerous beneficial microbes
including fungi that support the well-being of plants, drought stressed soils can lower the
quantity and quality of these microbes causing malfunction in the plant life (Glick 2012).
Various reports demonstrated that resource-poor people from rural areas have limited access to
proteins and minerals from expensive sources such as meat and fish (Gondwe et al 2019), this

leads to high prevalence of mineral deficiencies causing malnutrition particularly in children



(Bain et al 2013; Amarakoon et al 2012). Unlike in many other drought tolerant plants where
the presence of secondary metabolites has been widely reported as one of the coping
mechanisms under drought condition (Yadav et al 2021), research gap on such secondary

metabolites and their function on cowpea plants has been reported (Carvalho et al 2021).

1.3 Justification

Seed quality is an essential factor in crop establishment for higher yields. Promoting the
protection of seeds sown in soil to guarantee excellent seedlings emergence under adverse
abiotic conditions such as drought is crucial for farmers and represents key components of
agronomic practices to guarantee increase yield and sustainable food production. Adoption of
strategies that can help mitigate the negative impacts of elevated drought on crops (e.g. cowpea)
such as the selection and use of appropriate soil amendment is crucial (Abbott et al 2018). This
is essential to respond quickly to changing physiological traits that often accompany moisture
stress in plant which can also be regulated by microbes such as mycorrhizal fungi (Bardgett et
al 2014). Inoculation of seeds with Mycoroot™ inoculant, provides AMF that rapidly increases
in the root cortex of the crop and creating hyphae network spreading around the roots to absorb

water and valuable nutrients (Berruti et al 2016).

Evidence from earlier research works revealed that AMF support the development of fine
elongated root hair that increases the contact surface area of roots with soil particles thereby
aiding water and nutrient absorption under drought conditions (Wasson et al 2012). Such
qualities and abilities collectively maximise plant growth under drought stress (Sahoo et al
2014; Ortas 2012). Biological inoculation of cowpea as a drought tolerant crop combined with
the use of soil ameliorant such as biochar and compost could provide added benefits to counter
the excessive effects of drought and heat on the crop. With prolonged dry spell due to climate
change, it is important to understand and appreciate appropriate measures that can be taken to

mitigate the negative impact of drought in order to maximize cowpea production.

Cowpeas are excellent sources of proteins and valuable minerals that offer huge human health
benefits (Carvalho et al 2017). Various studies reported that cowpeas consumption offers
protective advantages against chronic diseases such as obesity, vascular disease and disorders
(Jayathilake et al 2018). The secondary metabolites in cowpea have also been reported to play
significant role in life cycles of plant such as protection against drought and other

environmental stressors (Weidner et al 2018).



1.4 Aim and objectives of the study

The aim of the study was to examine the combined effects of Mycoroot™ inoculation with
varied biochar-compost mixtures as agronomic package to enhance cowpea germination,
nodulation, growth and yield in two soil types with different moisture levels. The specific

objectives of the study include:

i.  To evaluate the combined effect of Mycoroot™ inoculation with variable biochar
compost mixtures on cowpea growth and yield attributes under moisture stress

condition.

ii. To evaluate the sole and combine effect of Mycoroot™ inoculation and variable
biochar-compost mixtures on cowpea mineral, protein and secondary metabolites

content under variable soil moisture regimes.
1.5 Hypotheses

I. Combined Mycoroot™ inoculation and variable biochar-compost mixtures has no

effect on cowpea growth and yield attributes under moisture stress condition.

ii. Combined Mycoroot™ inoculation and variable biochar-compost mixtures will not
have a significant effect on cowpea mineral, protein and secondary metabolites content under

variable soil moisture regimes.

1.6 Outline of dissertation
This dissertation consists of six chapters, three of which (chapter 3, 4 & 5) are
constructed and presented as manuscripts to be submitted to journals. The summary of each

chapter is as summarized below.

Chapter 1: “Introduction”: The introductory chapter outlines the background

information, problem statement, aim, objectives and hypothesis of the study.

Chapter 2: “Literature review”: This chapter reviews the literature related to
integrating Mycoroot™ inoculation with variable biochar-compost mixtures and soil variation

effect on drought tolerance and performance of cowpeas.

Chapter 3: “Response of growth and phenological attributes of cowpeas (Vigna
unguilata Walp L.) to integrated MYCOROOT ™ inoculation, biochar-compost mixtures and

two moisture regimes . This chapter assesses and investigates growth responses of integrating
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cowpea seeds with Mycoroot™ inoculation, variable biochar-compost mixtures, and soil

variation under two moisture regimes (Adequate moisture and moisture stress).

Chapter 4: “Integrated MYCOROOT™ inoculation and biochar-compost mixture
application enhanced cowpea (Vigna unguiculata L. Walp.) yield attributes under variable soil
conditions”. This chapter evaluates yield parameters of cowpeas exposed to two moisture
levels (Adequate moisture and moisture stress) cultivated with biochar-compost mixture under

two soil variable and Mycoroot™ inoculation.

Chapter 5: “Integrated MYCOROOT™ inoculation and biochar-compost mixture
application under variable soil moisture conditions enhance cowpea grain proteins, secondary
metabolites and mineral composition”. This chapter analyses mineral and nutritional
concentration of cowpeas cultivated under integrating Mycoroot™ inoculation, biochar-

compost mixtures, soil variation and moisture regimes.

Chapter 6: “Conclusion”: Chapter six concludes the study and provides the summary,

conclusions and recommendations.
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CHAPTER 2

Literature Review

2.1 Overview and origin of cowpea production

Cowpea (Vigna unguiculata L) is an annual legume crop mostly grown in the semi-arid regions
and used as both grains and vegetable, as well as animal feed (Carvalho and Halecki 2021;
Mfeka 2019; Ba et al 2018; Fabunmi et al 2012). The crop belongs to the family Fabaceae and
originated from the Southern Africa but later domesticated in the East and West of Africa and
other parts of the world including Asia (Affrifah et al 2021). Cowpeas, also known as the black
eye peas, are heat-loving crop that thrives well in a 30°C temperature for both growth and
development (Barros et al 2020; Olalekan and Bosede 2010). Several research work have
suggested that cowpeas contribute significantly in the livelihoods of humans as it plays a vital
role of providing dietary proteins, fibre and other nutritional components such as vitamins and
minerals (Horn et al 2022; Affrifah et al 2021; Manzeke et al 2017).

Cowpeas are widely cultivated in the African continent and particularly in Nigeria, which
accounts for 66% of the world production but utilised widely as a dual-purpose crop for humans
and animal as forage (Fabunmi et al 2012). Globally, there are 6.2 million tonnes of cowpeas
produce annually on an estimated 14.5 million acres of planted land (Kebede and Bekeko
2020). Moreover, it is anticipated that cowpea yield potential will rise over the coming decade
and possibly reaching a peak of 12.3 million tonnes by 2030 (Omomowo and Babalola 2021).
However, a number of abiotic factors that hinder maximum yield potential including drought
stress affects the production of this crop. Cowpeas are known to be drought tolerant crops
(Stoilove et al 2022). Although cowpeas are tolerant to drought, it is still susceptible to drought
stress particularly at seedling establishment, growth and development stages during the

vegetative stage (Ravelombola et al 2020).
2.2 Arbuscular Micorrhizae fungi and its association with crop

Environmental stress mitigation programmes in plants against drought has been conducted
throughout the world since the beginning of the 20th century. However, drought is predicted to
escalate in intensity due to extreme weather patterns (Saharwardi and Kumar 2022; Li et al
2019a; Mathur et al 2018; Piao et al 2010). Arbuscular Micorrhizae fungi is a group of soil

microbes that form symbiotic relationships with root system of crops (Brundrett and Tedersoo
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2018). Their function is to facilitate the uptake of water and valuable nutrient during adverse
moisture stress conditions (Bowles et al 2018; Baum et al 2015). Furthermore, Wang et al
(2022) documented that these fungi display important roles in various ecological and biological

processes such as organic matter that improves soil fertility in plant health and nutrition.

Various studies have revealed that AMF can improve plant resistance to moisture stress (Li et
al 2019a). AMF are able to locate more soil pores by creating a hyphae network and release
glomalin secretions that surrounds root thereby retrieving water sources during drought periods
(Pagano 2014; Gong et al 2013). Furthermore, Chang et al (2018) revealed that the introduction
of AMF to root systems can improve crop water use efficiency by enhancing stomatal
conductance. Earlier research work from Bhardwaj et al (2014) and Dodd and Ruiz-Lozano
(2012) revealed that AMF symbiosis consist of an important strategy in which the strategy
enables cowpeas to overcome extended drought period. Moreover, soil microorganisms such
as Arbuscular Micorrhizae fungi assist crops with overcoming water-limiting conditions by
implementing osmotic adjustments, antioxidant metabolisms and phytohormone modulation
(Rubin et al 2017; Vurukonda et al 2016).

2.3 Biochar and compost utilization and their effect on soil health

Soil nutrition and health are of great concern as these are directly linked with food security and
sustainable agricultural land use. Biochar is a carbon-rich carbonaceous compound generated
from pyrolyzing biomass under very low oxygen levels or anaerobic conditions at temperatures
between 300-900°C (Lusiba et al 2021; Li et al 2019b). It can also be formed as a result of
human activities such as fire or volcanic eruptions (Spokas et al 2012). There are numerous
benefits reported that comes with the utilization of biochar one of which is water retention
(Lentz et al 2019; Schnell et al 2012).

Biochar is extremely porous and resembles a sponge, which soak up and keep water and
nutrients within the soil which is used by cultivated crops (Tan et al 2015; Fiaz et al 2014).
Biochar utilization in tropical region has gained interest due to challenges around soil
degradation and environmental stresses (Rashid et al 2020). Numerous researchers Diatta et al
2020; Ding et al 2016; Kammann et al 2011; Verheijen et al 2010 have reported that the
application of biochar represents a win-win strategy improve soil fertility as it can also be used

as a fertiliser due to its chemical composition carbon among other nutrients. Biochar is an
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organic substance that comes highly recommended due to its effectiveness over a very long

time without decomposition when compared other organic materials (Verheijen et al 2010).

Contrarily, compost is defined as a mixture of decomposed organic matter that is used to
condition the soil and as a fertiliser (Agegnehu et al 2015). Composting is a practise that
originated from the Roman empire and was modernised from the beginning in the 1920’s and
has been used as a tool in organic farming (Gilbert 2017). Several research works have proven
that compost is a resource filled with co-substrates and valuable nutrients that can enhance the
soil’s capacity to retain water by increasing macroporosity of the soil, ventilation and alter soil
beneficial microorganism structure (Wu et al 2020). The use of compost in agricultural
production is increasing daily as both soil amendment and fertiliser to enhance soil structure,

increasing infiltration rate, organic matter and nutrients (Nguyen et al 2012).

2.4 Effects of compost and biochar application on crop growth and development

Biochar application enhance plant growth by improving the soil physical and chemical traits
such as bulk density, cation exchange capacity, water status and permeability including
biological properties which collectively increases crop productivity (Taiz and Zeiger 2013;
Sohi et al 2010). Biochar is compost of organic carbon, which is an essential nutrient in plants
as it serves as a primary building block and energy source (Yeboah et al 2020). Furthermore,
biochar is resistant to decomposition, which enables it to stay in soil for long periods and
provide necessary benefits seasons after seasons to cultivated crops (Major et al 2010). Biochar
application rises nutritional contents and available of water to the crop which in turn improves

and maximise growth and yield (Yeboah et al 2020; Lehmann and Joseph 2015).

Organic matter from compost constitutes huge capabilities to hold on to moisture and nutrients
that are the fundamentals in crop productivity (Usharani et al 2019). Compost is an organic
material that replenish soil organic matter and provide nutrients to plants, which enhances crop
enhancement (Martinez-Blanco et al 2013). Kranz et al (2020) revealed that compost increases
plant water availability which plays a significant role in crops thus, providing great benefits to
crops. Marschner (2012) found that the addition of compost increases shoot and root growth
under drought stress conditions while Duong et al (2012) showed that compost incorporation
into the soil increases plant height, roots and shoot growth when compared with unamended

soils.
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2.5 Effect of biochar-compost mixture on crop and soil health

Organic soil amendments application such as biochar and compost on agricultural soils assist
with maintaining crop productivity by restoring nutrient recycling and altering soil structure
thus representing a crucial strategy to improve crop growth, performance and sustainable land
use (Ullah et al 2021; Sanchez-Monedero et al 2019). Nadeem et al (2017) reported that the
combination of biochar and compost have a positive synergistic impact on the soil nutrient
content and water-holding capacity. The use of biochar and compost as a mixture is of suitable
use as they stabilise soil structure, improve soil water holding capacity and allowing limited
use of inorganic fertilisers as inputs (Agegnehu et al 2015). Mensah and Frimpong (2018)
documented that the application of compost-biochar mixture promotes an increase in plant

height, stem girth and dry matter accumulation in maize.

2.6 The effects of moisture stress on cowpea growth, development and yield attributes

Cowpea as a leguminous crop, widely reported to be drought-tolerant (Ravelombola et al 2020).
Drought stress due to uneven rainfall and higher temperatures are reported to exert significant
impact on cowpea growth, development and yield (Gray and Brady 2016). Many physiological
interaction processes that occur during crop growth and development influence cowpea yields
(Anjum et al 2011). Exposure to limited water supply have been reported to often lead to
disruption of leaf gaseous exchange which negatively affect the quality and quantity of crop
development and crop yield leading to reduced source and tissue sink (Vessal et al 2020; Anjum
et al 2011).

Tiwari et al (2016) reported that moisture stress reduces the production and expansion of leaves,
which ultimately results in leaf senescence and abscission. This phenomenon occurs during
moisture stress where macromolecules relocate nutrients from leaves to other organs to
improve plants fitness that causes stunted growth (Guo et al 2021). Moisture stress does not
only affect dry matter accumulation it also affects light interception which hinders crop growth
as light is one of the most fundamental factors needed for growth (Pan et al 2020). A study
reported by Yahaya et al (2019) comparing cowpeas exposed to drought stress and non-stress
observed that biomass accumulation and yields dropped significantly, biomass reduction

reflected a decrease of 33.8% in terms of dry weight.

Cowpeas are more sensitive to moisture stress before and during flowering stage however, seed

or grain filling is the most sensitive phase (Anjum et al 2011). According to Anuradha et al
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(2017), grain yield that experienced moisture stress show poor carbohydrates partitioning and
photosynthate assimilation during seed development. According to Ishiyaku and Aliyu (2013),
seed yield is very sensitive to moisture stress and causes noticeable reduction in yield by
producing seeds with deformities and reduce seed components. Yield components are excellent
indicators of insufficient water, moisture stress negatively affects the number of pods per plant

and pod size causing major reduction in grain yield (Rehman et al 2015).

2.7 Effect of moisture stress on the content of primary and secondary metabolites

Secondary metabolites are described as the compounds produced by crops, which are not
utilised for growth, development and reproduction but they are essential for adaptive roles such
as competition, symbiosis, defence, ecological interactions (Tiwari and Rana 2015). The
secondary metabolites in plants are harvested by humans to enhance their diets through healthy
nutrition while serving as growth promoters and other beneficial effects in animals (Franzoni
et al 2019). Secondary metabolites contribute vastly to food additives, flavours and
pharmaceuticals industries (Ramakrishna and Ravishankar 2011). Notwithstanding the extent
of research works done on cowpea as a leguminous crop globally, information on the secondary
metabolites content of cowpea seeds in response to moisture stress are scanty (Abebe and
Alemayehu 2022). Yet, it contributes greatly to nutritional security by being heavily associated
with significant amounts of proteins, vitamins and minerals elements that support millions of
livelihood in developing countries particularly those in tropic and subtropics regions
(Enyiukwu et al 2018; Afiukwa et al 2013; Animasaun et al 2015; Hall 2012). Broader research
spectra across wide range of environment are required to provide in-depth understanding of the
effects of moisture stress on cowpea metabolites such as vitamins and minerals to address the

current research gap in this regards.

2.7.1 Protein

Primary metabolites are organic compounds that directly participate in organism’s metabolic
processes essentially for growth, development and reproduction (Fernie and Pichersky 2015).

Protein fall under primary metabolites, they are directly involved in living organism’s
development, repair, maintenance and regeneration of tissues (Pereira 2018; Yigit 2015).
Cowpeas are deemed to be the most high-quality plant protein source consumed in various part
of the world as food stuff for humans and part of fodder for animals (Yahaya et al 2019). The

grains of cowpeas consist of about 25% of protein (Hall 2012) that serves as the most important
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component in human consumption financial gain through sales (Machado et al 2017). However,
moisture stress limits the quantity and quality of seeds due to drought-induced suppression of

the production of proteins (Farooq et al 2017).

Reduction of protein accumulation in legumes seeds is caused when the processes of
partitioning and fixing of atmospheric nitrogen are hindered and suppressed by scarcity of
water (Kumari et al 2022). Furthermore, moisture stress does not only reduced protein content
in seeds, it also significantly affects the mineral composition of the seed (Ghanbari et al 2013).
Results of a study by Bellaloui et al (2013) revealed that moisture stress doubles the level of
free amino acid pool in soybean whilst preventing amino acid inclusion into the protein chains
during flower and pod filling stage. Similarly, Reis et al (2016) reported that maintaining high
levels of soil moisture is paramount during the vegetative stage in legumes as moisture stress
exposure during the vegetative stage tend to decreases the level of protein content in seeds.
Furthermore, Chavoshi et al (2018) documented that moisture stress imposed during flowering

stage limits grain protein content accumulation in red beans (Phaseolus vulgaris cv. Goli.)
2.7.2 Total soluble sugar

Total soluble sugars are crucial constituents of plant cells essential for sustaining and
maintaining the general structure and developments of plants (Gao et al 2018). In cowpeas,
total soluble sugars influence seed production and cooking quality by desirable taste (Baptiste
et al 2011). Previous research work by Dien et al (2019) suggests that soluble sugars play a
fundamental role in maintaining water content and osmotic adjustment in plants under adverse
moisture stress conditions. It has been reported that moisture stress increases soluble sugar
accumulation in plants (Mabudi-Bilasvar et al 2022; Xu et al 2015). Cowpea seeds are highly
sensitive to moisture stress as it inhibits the process of germination. However, the presence of
soluble sugars in seeds enhances storability capabilities and mitigate against abiotic stress or

drought tolerance (Teixera et al 2012).
2.7.3 Flavonoids

Flavonoids are one of the secondary metabolites found in various crops that mainly form part
of human diets in edible plants (Kaur et al 2021; Luthra et al 2021). They are mainly found in
such crops as cowpeas, citrus fruits and other agricultural crops responsible for producing

colour particularly in flowers where they have responsible as a source of attraction to
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pollinators (Palma-Tenango et al 2017). Flavonoids form part of the two major classes of
biologically active secondary metabolites that are crucial in seedling development as well as
promotion of plant growth (Shen et al 2022). In addition, it is reported that production and
accumulation of flavonoids in plant tissues and seeds play crucial role in legume symbiosis

together with rhizobia in leguminous crops (Lui and Murray 2016).

The presence of flavonoids in cowpea seeds during adequate moisture levels releases molecules
that act as chemical inhibitors against pest attack and pathogens during seed germination but
moistures stress tends to inhibit that process (Makoi et al 2010). Furthermore, in a study done
by Li et al (2021) revealed that flavonoids can facilitate moisture stress tolerance in some crops
by regulating stomatal movement in leaves. Jaafar et al (2012) stated that flavonoids content is
enhanced under moisture limited conditions. In contrast, researchers Mundim and Pringle
(2018) and Basu et al (2010) argues that moisture stress can induce flavonoids that function to
regulate metabolic process. In addition, several research authors have revealed that flavonoids
protect cardiovascular systems and has antioxidant and anti-neuroinflammatory capacities
which is of great benefit to human health (Li et al 2020; Singh et al 2018).

2.7.4 Anthocyanin

Nassour et al (2020) defined anthocyanin as pigments that dissolves in water which contributes
to plant development and their interaction with the environment. Anthocyanin accumulates
vastly in crops upon exposure to moisture stress (Landi et al 2015). Also, Ramakrishna and
Ravishnkar (2011) reported that anthocyanin content increases during the presence of drought
and cold temperatures. Cirillo et al (2021) documented that plants containing anthocyanin in
their tissues are usually tolerant to moisture stress. Anthocyanin is essential not only for
assisting plants with their physical environmental interaction but serves as excellent natural
food colorant (Geera et al 2012; Ojwang and Awika 2010); and possesses diverse human health
benefits that include anti-inflammatory, antidiabetic, anticancer effects (Khoo et al 2017; He et
al 2011).

2.8 Effect of moisture stress and poor soil fertility status on cowpea mineral composition

Moisture availability and soil fertility status are the most crucial limiting factors in crop
production (Tittonell and Giller 2013). Agricultural productivity is restricted by a number of

poor soil fertility related issues aggravated by a variety of factors such as unreliable rainfall,
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continuous cultivation nutrient mining without replenishment, farmers’ mismanagement
practices, soil types, soil erosion (Aleminew and Melkame 2020; Vanlauwe et al 2019; Lal
2015; Tekalign and Tegbaro 2015). These factors collectively result in poor soil fertility status
that leads to a serious withdrawal of plant nutrients from the non-renewable resource known as
soil (Bogale 2014). For instance, according to Aleminew and Melkame (2020), continuous
cultivation significantly reduces the levels of phosphorus and calcium that become limiting
factors in legume production. Furthermore, some soil types are reported to cause a significant
decrease in potassium, calcium and phosphorus levels due to low organic matter content and
acidity, which then hinders productivity. Salinity in soils cause growth reduction and metabolic
changes that lessen nutrient accumulation (Mekonnen et al 2022). Grain filling is known as the
critical stage, moisture possess a negative impact during this stage as it affects absorption and
partitioning of minerals to the grain resulting in poor seed nutrient quality impaired grain
mineral quality (Namatsheve et al 2021). Although leguminous crops like cowpeas contain
high concentration of important minerals including zinc and iron (Snapp et al 2018; Gongalves
et al 2016), poor soil fertility status and nutrients deficiency could negatively impact mineral

constituents of the grains and the other edible plant parts (Mohammed et al 2021).

Nutrients movement and distribution within plants and grain is moisture dependent (Fischer et
al 2019). It has been reported that pre and post exposure of moisture levels has an effect on
grain nutrient quality (Xia et al 2013). Numerous research works have suggested that moisture
stress causes interruption in the flow of vital minerals in the soil causing an imbalance in the
nutritional status of the plants (Kapoor et al 2020; Kumawat and Sharma 2018; Kheradmand et
al 2014). Reduced nutrient availability in plants exposed to moistures stress may be driven by
poor nutrient absorption and reduced transpiration flow (Tadayyon et al 2018). Furthermore,
Sehgal et al (2019) stated that moisture stress plays a significant role in the reduction of
important nutrients such as potassium, calcium, iron, phosphorus and zinc on legumes leading
to poor nutritional quality of seeds. The reduction of these nutrients is attributed to weaken
transpiration, stomatal conductance and decrease in root functioning upon drought exposure
(De Bang et al 2021; Resco de Dios et al 2019; Qi et al 2019). Permanent or temporary moisture
deficit stress inhibits various internal processes in plants such as potassium gene encoding and
channel transportation in grape vines (Cuéllar et al 2010). In addition, some minerals such as
iron and manganese use xylem as a mode of transport across various part of the plant however,

the xylem is affected by moisture stress thus hindering the allocation of those nutrients to seeds
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(Fischer et al 2019; Sevanto 2018). To improve food security, it is imperative to explore

sustainable solutions in order to increase grain yields with balanced mineral composition.
2.9 Summary

Moisture stress is one of the widespread global challenges faced by farmers that limit
agricultural production. It affects crops’ physiological, morphological and biochemical
pathways, and ultimately reduces crop productivity. Plant metabolites and valuable nutrients
that play important roles in growth and development of plants, and human health are however,
limited by moisture stress. The above review revealed that though various studies have been
conducted, agronomic strategies to overcome moisture stress and soil fertility challenges
through combined biochar and compost use together with seed inoculation are yet to be fully
investigated. Therefore, this study examined the benefits of inoculating cowpeas seeds with
Mycoroot™ sown in two different soils (loam and sandy) combined with different biochar-
compost mixtures to mitigate problems associated with drought in cowpeas production.
Moreover, there is knowledge gap on the potential of optimum integrated compost-biochar
mixture to increase soil water retention and mitigate the impact of moisture (drought) stress
condition in soils on cowpea performance. Such information is critical in promoting soil
moisture retention to achieve field crop establishment particularly in drought prone and water

Scarce areas.
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CHAPTER 3

Response of growth and phenological attributes of cowpeas (Vigna unguilata Walp L.) to

integrated MYCOROOT™ inoculation, biochar-compost mixtures and two moisture regimes

Abstract

Cowpeas (Vigna unguilata L.) is a food legume that provides food for millions of people,
mainly in developing countries. The crop is consumed for its high protein content and other
nutritional benefits such vitamins and minerals. Incorporating more efficient approaches of
production such as Mycoroot™ which is a biofertiliser that consist of natural Arbuscular
mycorrhizae fungi (AMF) has been shown to improve growth in crops as these fungi can assist
crops with water and nutrients absorption, and control osmotic adjustment in adverse
conditions such as moisture stress. Therefore, a pot experiment was conducted under
Greenhouse condition at the University of Mpumalanga to examine the combined effect of
Mycoroots™ AMF inoculation with varied biochar-compost mixtures as an agronomic
package to enhance cowpea growth and phenological attributes in two soil textural types with
different moisture levels. The experiment consisted of 2 soil textural types (sandy loam and
loamy sand), 4 soil amendments comprising different mix ratios of biochar (BC) and compost
(C), 2 AMF levels (inoculated and uninoculated) and 2 soil moisture regimes (adequate soil
moisture and moisture stressed) as main treatment factors. The soil amendments comprised of
50%biochar50%compost  (50:50 BC/C), 75%biochar25%compost (75:25 BC/C),
25%biochar75%compost (25:75 BC/C) and a control without amendment. Treatment factors
were combined and laid out in a 2x2x4x2 factorial design fitted into RCBD; with each
replicated 4 times. Data collected included growth data measured at 3 weeks interval and
phenological data monitored daily in the reproduction stage and weekly for stomatal
conductance. Results revealed a significant (p<0.05) interaction between soil textural types and
moisture levels on the assessed growth attributes while the number of days to flowering was
less severe in sandy loam than in loamy sand. AMF inoculation resulted in the highest leaf
length (13.8 cm) at reproductive stage in comparison with non-inoculated treatments.
Integrated use of 75BC:25C as soil amendment gave the highest leaf length (14.12 cm).
Integrated use of biochar, compost and Mycoroot™ product as a soil amendment represents a
valuable approach to lessen the deleterious effects of soil nutrients and moisture stress

condition and improve cowpea growth.

Keywords: Cowpeas, moisture stress, arbuscular mycorrhizal fungi, biochar, compost
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3.1 Introduction

As the world population is exponentially increasing so does the requirement for food to feed
the population (Dinar et al 2019). Agricultural farmers particularly based in semi-arid and arid
areas have been facing challenges of constant reduction of crop yields (Ndhleve et al 2017).
These reductions often influenced by climate change limits the amount and distribution rainfall
leading to adverse moisture stress being introduced to crops (Corwin 2021). Moisture stress
limits crop production thereby aiding food insecurity especially in rural underprivileged
settlements (Wheeler and VVon Braun 2013).

Cowpeas are widely consumed vegetables that are essential component in the human diet due
to their high protein content, carbohydrates and valuable amino acids (Jayathilake et al 2018;
Beebe et al 2013). The crop is mostly produced and consumed by subsistence farmers situated
in semi-arid and arid regions whereby they are not grown only for their dry seeds, but their
leaves and pods as vegetables (Gerrano et al 2022; Wabwayi et al 2020; Dube and Fanadzo
2013). The leaves and pods provide ordinary households with valuable protein and mineral
sources particularly those from underprivileged communities as compared to other leguminous
grains (Alemu et al 2016; Bvenura and Afolayan 2015). Cowpeas is a drought tolerant legume
crop (Nkomo et al 2021). Despite the ability of cowpeas to adapt in low moisture levels, there
is enough documented information illustrating that growth and productivity is hindered under
extent levels of moisture stress, threatening the genetic potential of cultivated varieties (Ritte
et al 2022; Rathore et al 2015).

Mycoroot™ is a locally produced commercial granular product comprised of indigenous strains
of Arbuscular mycorrhizae fungi (AMF) applied in agricultural soils (Dames 2011). In natural
environments, Arbuscular mycorrhizae fungi (AMF) play a significant role in plant abiotic
alleviation stresses (Augé et al 2015). They form symbiotic relationships between the roots of
higher plants (Kafle et al 2019). AMF form hyphae networks which are important components
in the development of stable soil aggregates and the establishment of microspores, assisting
plants with the utilisation and absorption of water and nutrients under moisture stress conditions
(Rush et al 2021; Symanczik et al 2020; Soka and Ritchie 2014). A number of studies have
shown that the presence of AMF can improve water transport, nutrient acquisition and osmotic
adjustment, which is of benefit for the survival of plants under stress (Cheng et al 2022; Jongen
et al 2022; Fattahi et al 2021).
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Biochar is a carbon-rich material composed from heating biomass under anaerobic conditions
through the pyloric process (Wang and Wang 2019; Meyer et al 2017). This material is highly
porous in nature which enables it to soak up and store in water and nutrients within the soil
which is used by cultivated crops (Tan et al 2015). This improves physical properties of soil
such as water holding capacity (Zhou et al 2021). Additionally, biochar surfaces provides a
cation exchange surfaces that support valuable nutrient absorption which leads to improved

nutrition in more biochar amended soils (Hollister et al 2013).

Compost refers to a type of decomposed organic material that is utilised as a fertiliser and a
conditioner for the soil to enhance fertility (Ding et al 2021). Compost in numerous studies,
has been shown to be a valuable resource that contains co-substrates and important nutrients
that can improve the soil's ability to hold onto water by increasing soil macro porosity,
improving soil ventilation, and changing the structure of the soil's beneficial microorganisms
(Wu et al 2020). Soil texture is probably the most crucial of these properties, which has an
impact on soil water dynamics and nutrient. Sandy loam is distinguished by a weak structure,
poor water and nutrient retention, which can cause the development of various adverse effects
on crop establishment due to its high permeability and poor drainage (You et al 2019). While
loamy sand allows efficient drainage and is filled with nutrients. There are various reported
benefits associated with soil amendments and Arbuscular mycorrhizae fungi that contributes
significantly to agricultural sustainability. However, not a lot of studies have been done on
cowpea production. Hence, it is hypothesized that sole and combined Mycoroot™ inoculation
and variable biochar-compost mixtures have no effect on cowpea growth and phenological
attributes with and without moisture stress, they will equally perform the same. Identifying the
use of appropriate recommended integrated biochar and compost rates in combination with
AMF inoculation will assist resource poor small-scale farmers to be able to improve cowpeas

growth and development.
3.2 Materials and Methods
3.2.1 Description of the study site

The study involved a pot trail, conducted under greenhouse conditions at the Teaching and
Research farm (25°43°65°S; 30°98°18°E) of University of Mpumalanga, Mbombela Campus.
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3.2.2 Cowpeas seed inoculation

A locally produced and marketed commercial inoculant Mycoroot™ (Figure 1) obtained from
Mycoroot™ (Pty) Ltd, South Africa based at Grahamstown, Eastern Cape Province was used
as seed inoculant for the study. It comprises of indigenous Mycorrhiza fungi (Arbuscular

mycorrhizae fungi) was used for the inoculation of the cowpea seeds.

.v\-\ “

At the root of every he

www.mycoroof-com

Figure 1: Mycoroot™ inoculant grannules

3.2.3 Description of experiment, treatments, research design and layout

The experiment consisted of four different factors namely: two soil textural types (sandy loam
and loamy sand), soil amendments based on complementary application of different mix ratios
of biochar (BC) and compost (C) including a control without amendments as a standard check,
Moisture levels (adequate moisture and moisture stressed) and cowpea seed inoculation (AMF
inoculated and AMF non-inoculated seeds). The three soil amendments comprised of 50%
biochar and 50% compost (50:50 BC/C), 75% biochar + 25% compost (75:25 BC/C) and 25%
biochar + 75% compost (25:75 BC/C). The various factors resulted in 2x2x4x2 factorial
experiment with a total of thirty-two (32) treatment combinations (Table 3.1) replicated 4 times.

All these resulted in a total of 128 pots used for the trial.
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Table 3. 1: Treatment combinations

Treatment combination

With inoculation

Without inoculation

SIM1SA1l SIM1SAL N SIM1SAL N
SIM1SA2 SIM1SA2 N SIM1SA2 N
SIMI1SA3 SIM1SA3 N SIM1SA3 N
S1IM1SA4 SIM1SA4 N SIM1SA4 N
S1IM2SA1 S1IM2SA1 N SIM2SAL N
SIM2SA2 S1IM2SA2 N+ S1IM2SA2 N
S1IM2SA3 S1IM2SA3 N S1IM2SA3 N
S1IM2SA4 S1IM2SA4 N* S1IM2SA4 N
S2M1SA1 S2M1SAL N S2M1SAL N
S2M1SA2 S2M1SA2 N S2M1SA2 N
S2M1SA3 S2M1SA3 N S2M1SA3 N
S2M1SA4 S2M1SA4 N S2M1SA4 N
S2M2SA1 S2M2SA1 N S2M2SAL N
S2M2SA2 S2M2SA2 N S2M2SA3N
S2M2SA3 S2M2SA3 N S2M2SA3N
S2M2SA4 S2M2SA4 N S2M2SA4 N

3.2.4 Agronomic Practices

Two soils with distinct textural types (sandy loam and loamy sand) collected from uncultivated
areas at the University of Mpumalanga experimental farm were used for the study. The soils
collected from 0-20 cm soil depth were subjected to air-drying, sieving to remove plant roots
and stones and homogenization before weighing into 30-cm diameter pots used for planting the

trial. Commercially produced biochar used was purchased from Organic Matter SA (Pty)
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Limited, Garsfontein, Pretoria while Earth 2 Earth compost was obtained from Plasgrow
Whiteriver, which is approximately 18 km away from the University campus. Filling of each
planting pot with 10 kg of the homogenized soil was followed by the application of the various
compost-biochar mix ratios based on the treatments as soil amendments in each of well-labelled
pot. The rate of 12 t ha™* for biochar based on the recommendation by Berihun et al (2017)
supported by Neyton et al (2020) and 10 t ha* according to Adejumo et al (2017) for compost
was adopted for this study. Each soil-filled pot containing soil amendments (i.e. biochar-
compost mixtures) were thoroughly mixed with 800 ml tap water subsequently added, allowed
for equilibration and left for a period of 7 days to allow for soil reaction and mineralization
before planting was undertaken. Prior to seed sowing, each pot received further 500 ml water
and left overnight for equilibration. Four seeds were sown at a depth of 2-3 cm per pot, 1 g of
Mycoroot™ inoculant granules (figure 1) were placed next to the seeds at 2 cm distance, thinned
to two plants per pot 12 days after seedling emergence. All pots containing treatments were
arranged in a completely randomized design and each replicated four times. The pots
containing growing plants continued to receive regular irrigation for a further period of 6 weeks
(42 days) after which moisture stress was imposed in the specified pots by withholding
watering for a period of 12 days. Thereafter, irrigation with 250 ml water resumed to keep and

maintain the plants alive until physiological maturity as described by Mwela et al (2017).

3.2.5 Data collection on cowpea growth and phenology attributes

Plant height, number of trifoliate leaves per plant, length and width of trifoliate leaves and
chlorophyll content were measured on the two plants per pot at vegetative stage, reproductive
stage and physiology maturity. Plant height was measured from ground level to the tip of the
plant using a measuring tape. The number of trifoliate leaves were counted per plant and
recorded. Length (cm) and width (cm) were measured using a ruler. To measure leaf length, a
ruler was placed at the stem base of each trifoliate leaf to the growing apex. Leaf width was
measured by placing the ruler across the broadest part of the trifoliate leaf. Chlorophyll content
was measured using a chlorophyll meter. Each reading was made by placing the chlorophyll

meter at the adaxial surface of the top most fully expanded leaf (Chimonyo et al 2015).

3.2.6 Phenological attributes

Regular daily visit to the greenhouse throughout the period of study to monitor and maintain

the trial. Observation and recording of flower initiation and the number of days to 100%
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flowering was recorded. Stomatal conductance was measured between 8 am and 12 noon
during vegetative, reproductive and physiological using a leaf porometer where sensor head is

attached to the abaxial surface of the most fully developed leaf.

3.3 Statistical analysis

All data collected were subjected to analysis of variance (ANOVA) using Statistic 10.0. The
significant treatment means were separated using Tukey’s test at 5% level of significance. The

statistical model used for data analysis is as follow:

Yi =M + STi+ MLj+SAc+ IN/ + (Six ML) + ........ + (STi X ML X SAk X INj) + Ejik
where Yij = yield (measure parameters). i = population mean. ST = effect of soil textural
types. ML = effect of moisture levels. SA = effect of soil amendments. IN = effect of

inoculation. STi x ML x SAk X IN, = effects of interactions. Ejik=random experimental errors.

Growth data from the experient was subjected to Pearson correlation analysis to determine the

relationship between the measured growth attributes.

3.4 Results

3.4.1 Sampled soil analysis results

The results of soil sample analysis for this study are presented in Table 3.2. The measured pH
value of 6.80 for loamy sand and 6.27 for sandy loam suggest that the soils were slightly acidic.
Available P measured in sandy loam soil is adequate based on 13.51 mg kg™ is higher than the
7.0 mg kg described optimum (FSSA 2016) required for growth and development while in
loamy sand soil, the measure available P is 5.86 mg kg is lower than the critical soil available
P hence, deficient and inadequate for growth. Furthermore, the exchangeable Ca, Mg and K
contents in the studied loamy sand soil were 446, 60 and 22 mg kg, respectively that are higher
than the critical level suggested by Hazelton and Murphy (2007). Similarly, the observed Ca,
Mg and K contents of 456, 117 and 96 mg kg2, respectively in sandy loam soil were also higher
than the critical levels described by Hazelton and Murphy (2007). The K:(Ca+Mg) of 23 and
6.0 measured in loamy sand and sandy loam soil, respectively are above the range of 1.8-2.2

prescribed for legumes by Grzegorczyk et al (2013).
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3.4.2 Characteristics of the soils and amendments used in the trial

The results of chemical analysis of the two soil amendments (biochar and compost) used for
this study are presented in Table 3.3. The pH of biochar indicates that it is alkaline while that
of the compost indicates acidity, which suggests that the compost was possibly, produced from

materials that are acidic in nature.

Table 3.2: Physical and chemical characteristics of the two soils

Soil properties Soil 1 Soil 2
Silt 0.4% 19.4%
Sand 82% 65.2%
Clay 17.4% 15.4%
Textural class Loamy sand Sandy loam
pH(water) 6.80 6.27
Resistance (ohms) 580 600
Calcium, Ca (mg/kg) 446 459
Magnesium, Mg (mg/kg) 60 117
Potassium, K (mg/kg) 22 96
Sodium, Na (mg/kg) 19 8
Phosphorus, P-Brayl (mg/kg) 5.86 13.51
Aluminium, Al (mg/kg) 5 9
Ca/Mg ratio 7.43 3.92
(Ca+Mg)/K ratio 23 6.00

Table 3.3: Chemical characteristics of the two soil amendments

Biochar Compost
Parameters Values Parameters Values
Ph 10 pH 4.34
Fixed carbon content (%) 90 Moisture content (%) 8.63
Ash content 3 Ca (mg/l) 5.25
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Moisture content (%) 5 Mg (mg/l) 1.19
lodine number (mg/g) 471 K (mg/l) 17.84
Bulk density (kg/m?®) 100 Na (mg/l) 3.43
Average pore diameter 18 Cl (mg/l) 13.39
Total pore volume (cm®/kg) 254 Zn (mg/1) 0.09
Micro-pore volume (cm®kg) 182 Cu (mg/l) 0.05
Total surface area (m?/g) 551 Fe (mg/l) 2.31
Micro-pore area (m?/g) 471 P (mg/l) 1.72
N (mg/l) 5.39
B (mg/l) 0.48
Air filled porosity (%) 18.00
Water holding capacity (%) 30.54

Source: ARC-TSC Chemical Leaf and Soil Laboratory, Nelspruit

Ca=Calcium; Mg=Magnesium; K=Potassium; Na=Sodium; P=Phosphorus; Cu=Copper;
Fe=Iron; N=Nitrogen; Cl= Chloride

3.4.3 Treatment effect on measured growth parameters
3.4.3.1 Plant height

Inoculation and soil amendments had no significant effects (p>0.05) on plant height across all
growth stages while all the measured growth parameters at the vegetative growth stage differed
significantly (p<0.05) across the two soil textural (Table 3.4 and 3.5). However, differences in
soil moisture levels exerted a significant (p<0.05) effect on plant height only at reproductive
stage (Table 3.6). Furthermore, the interaction between soil amendments and soil textural types
exerted significant (p<0.05) effect on plant height at vegetative stage (Table 3.6). Similarly,
the interaction between inoculation and moisture levels had a significant effect on plant height

at reproductive stage (Table 3.6).
3.4.3.2 Number of trifoliate leaves

Among the main treatment factors, inoculation and soil amendments had no significant effect
(p>0.05) on the mean number of trifoliate leaves measured across all growth stages while soil
textural types showed a significant effect (p<0.05) at both vegetative and reproductive stages

(Table and 3.6). The interaction between inoculation and soil amendments had a significant
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(p<0.05) effect on the number of trifoliate at reproductive stage (Table 3.6). Similarly, soil
amendments and soil textural types interaction had a significant (p<0.05) effect on the mean

number of trifoliate per plant only at reproductive stage (Table 3.6).
3.4.2.3 Leaf length

Soil textural types were significant (p<0.05) on leaf length across all growth stages (Table 3.4
and 3.6). The application of Mycoroot™ as inoculant had a significant effect (p<0.05) on leaf
length at reproductive stage but insignificant at the other two growth stages (Table 3.4 and 3.6).
Interestingly, moisture levels did not significantly influence (p>0.05) leaf length across all
growth stages (Table 3.4 and 3.6). Leaf length showed a positive response (p<0.05) to soil
amendments at reproductive and physiological maturity (Table 3.6). Moreover, a significant
(p<0.05) interaction effect was observed between soil amendments and soil textural types on
leaf length at reproductive stage while moisture levels and soil amendments interaction on leaf

length was also significant at physiological maturity stage (Table 3.6).
3.4.3.4 Leaf width

Inoculation, moisture levels and soil amendments were insignificant (p>0.05) on leaf width
across all growth stages (Table 3.4 and 3.6). However, soil textural types were significant on
leaf width at reproductive and physiological maturity stage (Table 3.6). Moreover, interaction
between soil amendments and soil textural types had a significant effect (p<0.05) on leaf width
at reproductive stage (Table 3.6). Similarly, inoculation and soil textural types interaction was

also significant (p<0.05) on leaf width at physiological maturity stage (Table 3.6).
3.4.3.5 Chlorophyll

Inoculation exerted insignificant (p>0.05) effect on chlorophyll content across all growth stages
while soil textural types had a significant effect (p<0.05) across all growth stages (Table 3.4
and 3.6). However, variation in soil moisture levels had significant (p<0.05) effect on
chlorophyll content only at the physiological stage (Table 3.6). Interaction between inoculation
and soil amendments as well as between soil moisture levels and soil amendments were
significant (p<0.05) on chlorophyll only at the physiological maturity (Table 3.6).

Table 3.4: p-values of ANOVA for the measured growth parameters at vegetative stage after
seedling emergence

Factor Plant No trifoliate Leaf Leaf width  Chlorophyll
height leaves length (cm) (umol m2)
(cm) (cm)
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Inoculation (IN) 0.187 0.399 0.170 0.144 0.302

Moisture levels (ML)  0.136 1.000 0.336 0.334 0.236
Soil amendments (SA) 0.524 0.981 0.592 0.227 0.704
Soil textural types (ST) 0.000***  0.000*** 0.000***  0.000***  0.000***
SA*ST 0.035* 0.363 0.450 0.267 0.371

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments
at 1% and ***= indicates significant effect of treatment at 0.1%

Table 3.5: Effects of inoculation, soil moisture levels, soil amendments and soil textural types
on cowpea growth parameters at vegetative stage after planting

Factor Plant No of trifoliate  Leaf Leaf Chlorophyll
height leaves length width  (umol m?)
(cm) (cm) (cm)

Seed Inoculation

Inoculated 39.62a 2.36a 11.92a 19.9a 15.47a

Non-inoculated 38.72a 2.30a 11.47a 19.3a 14.48a

ICritical value 1.3514  0.1464 0.6565 0.8163 1.8973

Moisture levels

Moisture stressed 39.68a 2.33a 11.86a 19.80a 15.55a

Adequate moisture  38.66a 2.33a 11.53a 19.40a 14.41a

ICritical value 1.3514 0.1464 0.6565 0.8163 1.8973

Soil amendments

75Bi025Comp 39.78a 2.34a 11.88a 19.46a 14.5a

25Bio75Comp 39.42a 2.32a 11.95a 19.95a 15.48a

Control 39.09a 2.34a 11.40a 18.95a 14.33a

50Bio50Comp 38.39% 2.31a 11.54a 20.3a 15.60a

ICritical value 2.5164 0.2726 1.2224 1.52 3.56329

Soil Textural types

Sandy loam 44.95a 2.95a 14.53a 24.45a  21.64a

Loamy sand 33.39b 1.70b 8.86b 14.75b  8.31b

ICritical value 1.3514 0.1464 0.6565 0.8163 1.8973

*1 Implies critical value for comparison (Tukey s HSD)

Table 3.6: p-values of ANOVA for the measured parameters at reproductive and physiological
maturity stage

Factor Plant No Leaf Leaf Chlorophyll  Stomatal
height trifoliate length leaveswidth content (umolconductance
(cm) (cm) (cm) m2) (mmol2s?)

Reproductive stage

Inoculation (IN) 0.125 0.715 0.028* 0.856 0.980 0.827
Moisture levels (ML) 0.002**  0.146 0.634 0.105 0.295 0.898
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Soil amendments (SA)

Soil textural types (ST)

IN*ML
IN*SA
SA*ST

Inoculation (IN)
Moisture levels (ML)
Soil amendments (SA)
Soil textural types(ST)
IN*SA

IN*ST

ML*SA

ML*ST

0.107
0.000***
0.053*
0.285
0.020**

0.896
0.785
0.727
0.000***
0.399
0.776
0.820
0.132

0.737 0.001***
0.000***  0.000***
0.070 0.644
0.033* 0.626
0.021* 0.003**
Physiological Naturity
0.640 0.171
0.000***  0.966
0.749 0.018*
0.305 0.000***
0.683 0.739
0.640 0.080
0.636 0.051*
0.001***  0.330

0.101
0.000***
0.603
0.091
0.016*

0.204
0.586
0.350
0.000***
0.925
0.027*
0.101
0.145

0.924
0.000**
0.948
0.199
0.594

0.610
0.058*
0.113
0.000***
0.008**
0.441
0.051*
0.075

0.563
0.664
0.165
0.274
0.392

0.896
0.034*
0.350
0.578
0.538
0.690
0.141
0.039*

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments

at 1% and ***= indicates significant effect of treatment at 0.1%
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7: Effects of inoculation, soil moisture levels, soil amendments and soil textural
types on cowpea growth parameters at reproductive and physiological maturity stage

Factor Plant height No trifoliate Leaf length  Leaf Chlorophyll
(cm) leaves (cm) width content
(cm) (umol m2)

Reproductive stage

Seed Inoculation

Inoculated 54.79a 4.16a 13.81a 22.06a 39.59a
Non-inoculated 51.59a 4.22a 13.29b 21.97a 39.53a
ICritical value 4.09 0.34 0.46 1.02 4.70
Moisture levels

Moisture stressed 54.45a 4.06a 13.61a 22.43a 40.81a
Adequate moisture 49.94b 4.31a 13.5a 21.59a 38.31a
ICritical value 4.0911 0.3387 0.461 1.0195 4.6954
Soil amendments

75Bio25Comp 55.87a 4.19a 14.16a 22.81a 40.25a
25Bio75Comp 51.46a 4.03a 13.54ab 21.95a 40.34a
Control 49.89a 4.25a 12.77b 21.04a 38.33a
50Bio50Comp 55.55a 4.28a 13.76a 22.29a 39.32a
ICritical value 7.6179 0.6306 0.6306 1.8984 8.7432
Soil Textural types

Sandy loam 60.53a 4.66a 15.06a 24.64a  49.10a
Loamy sand 45.86b 3.72b 12.05b 19.39b  30.02b
ICritical value 4.0911 0.3387 0.461 1.0195 4.6954

Physiological maturity

Seed Inoculation

Inoculated 63.43a 3.69a 12.69a 20.51a 37.83a
Non-inoculated 63.69a 3.77a 13.20a 21.51a 36.51a
ICritical value 3.9571 0.3305 0.7282 1.1349 5.1332
Moisture levels

Moisture stressed 63.83a 3.23b 12.95a 20.99a 34.68a
Adequate moisture 63.29a 4.22a 12.94a 21.30a 39.66a
ICritical value 3.9571 0.3305 0.7282 1.1349 5.1332
Soil amendments

75Bi025Comp 64.27a 3.69a 13.94a 22.04a 34.85a
25Bio75Comp 63.29a 3.59% 12.74ab 20.85a  39.76a
Control 61.83a 3.81a 12.72ab 20.96a 40.83a
50Bio50Comp 64.86a 3.81a 13.37b 20.74a  33.23a
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ICritical value 7.3684 0.6155 1.3559 2.1132  9.5585
Soil Textural types

Sandy loam 68.67a 3.81a 14.00a 23.37a 30b
Loamy sand 58.45b 3.64a 11.88b 18.93b 44.34a
ICritical value 3.9571 0.3305 0.7282 11349 5.1332

*1 Implies critical value for comparison (Tukey s HSD)
3.4.3.6 Stomatal conductance

None of Mycoroot™ inoculation, soil amendments nor the variation in soil textural types had
no significant (p>0.05) effect on stomatal conductance at both vegetative and physiological
maturity (Table 3.8). However, the variation in soil moisture as well as the interaction between
soil moisture levels and soil textural types had significant (p<0.05) effect on stomatal

conductance of cowpea plants at physiological maturity stage.

Table 3. 8: p-values of ANOVA for the measured stomatal conductance across all growth stages
Factors Stomatal conductance (mmol-? s?)

Vegetative stage

Inoculation (IN) 0.156
Moisture levels (MLs) 0.105
Soil amendments (SAs) 0.704
Soil textural types (STs) 0.200
Reproduction stage

Inoculation (IN) 0.827
Moisture levels (MLs) 0.898
Soil amendments (SAs) 0.563
Soil textural types (STs) 0.664
Physiological maturity

Inoculation (IN) 0.896
Moisture levels (ML) 0.034*
Soil amendments (SA) 0.350
Soil textural types (ST) 0.578
ML*ST 0.039*

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments
at 1% and ***= indicates significant effect of treatment at 0.1%
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9. Effects of inoculation, soil moisture levels, soil amendments and soil textural
types on stomatal conductance (mmol s*) across all growth stages

Factor Vegetative stage Reproductive stage Physiological
maturity
Inoculation (IN)
Inoculated 1353.3a 1473.7a 616.61a
Non-inoculated 1018.5a 1526.0a 602.58a
ICritical value 464.01 472.14 211.75
Moisture levels (MLs)
Moisture stressed 1377.4a 1484.5a 494.99b
Adequate moisture 994.4a 1515.2a 724.19a
ICritical value 464.01 472.14 211.75
Soil amendments (SAs)
75Bio25Comp 1003.9a 1712.2a 485.39a
25Bio75Comp 1120.1a 1622.5a 742.91a
Control 1242.1a 1347a 653.1a
50Bio50Comp 1377.4 1317.8a 556.97a
ICritical value 864.02 879.16 394.29
Soil Textural types
Sandy loam 1336.8a 1448a 579.75
Loamy sand 1034.9a 1551.7a 639.44a
ICritical value 464.01 472.14 211.75

*1 Implies critical value for comparison (Tukey s HSD)

3.4.3.7 Days to flowering

Variation in soil moisture levels and soil textural types had significant (p<0.05) effect on the

mean number of days to flowering while none of Mycoroot™ inoculation nor soil amendments

50



Table 3.

exerted any significant (p>0.05) effect on the mean number of days to flowering (Table 3.10).

Nonetheless, the interaction between Mycoroot™ inoculation and soil amendments as well as

variation in soil moisture levels and soil amendments interaction had significant effect on the

mean number of days to flowering of the cowpea plant (Table 3.10).

Table 3. 10: p-values of ANOVA for the measured parameter days to flowering

Factor

Days to flowering

Inoculation (IN)
Moisture levels (MLs)

Soil Amendments (SASs)

Soil textural types (STs)

IN*SA
MLs*SAs

0.573
0.016*

0.326
0.000***
0.012*
0.002**

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments
at 1% and ***= indicates significant effect of treatment at 0.1%

11: Effects of inoculation, soil moisture levels, soil amendments and soil textural
types on the number of days to flowering on selected cowpea

Factor

Days to flowering

Inoculation (IN)
Inoculated
Non-inoculated

ICritical value
Moisture levels (MLs)
Moisture stressed
Adequate moisture

ICritical value

Soil amendments (SAs)

75Bio25Comp
25Bio75Comp
Control

42.77a
42.95a

0.658

42.43b
43.27a
0.658

42.44a

42.69a
43.13a
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50Bio50Comp 43.13a
ICritical value 1.2252
Soil Textural types (STs)

Sandy loam 40.86b
Loamy sand 44 .86a
ICritical value 0.658

*1 Implies critical value for comparison (Tukey s HSD)

3.4.3.8 Pearson correlation analysis

Correlation analysis revealed that plant height was significantly and positively correlated with
all four plant growth attributes (number of trifoliate leaves, leaf length, leaf width and
chlorophyll) across all three growth stages (Table 3.12 to 3.15). Likewise, there was a strong
and positive correlation between the mean number of trifoliate leaves per plant and leaf length,
leaf width and Chlorophyll across all three growth stages. A significant and positive correlation
was obtained between leaf length, leaf width and chlorophyll as well as leaf width stomatal

conductance in all three stages of growth (Table 3.12 to 3.15).
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12: Correlation coefficients among different growth attributes in cowpeas at
vegetative stage

Plant No of Leaf length  Leaf Chlorophyll
height trifoliate (cm) width 5
(cm) leaves (cm) (hmol m~)

Plant height 1

No of trifoliate leaves ~ 0.980*** 1

Leaf length 0.985***  (.981*** 1

Leaf width 0.989***  (,983*** 0.992*** 1

Chlorophyll 0.910***  (.935*** 0.936*** 0.941*** 1

Stomatal conductance  0.647***  0.647*** 0.651*** 0.648*** (0.565***

*** indicates significance

Table 3. 13: Correlation coefficients among different growth attributes in cowpeas at
reproductive stage

Plant No of Leaf Leaf Chlorophyll
height trifoliate length width .
’ leaves ’ (umol m)
Plant height 1
No of trifoliate leaves 0.964*** 1
Leaf length 0.978*** 0.973*** 1
Leaf width 0.978***  0.969***  (0.995*** 1
Chlorophyli 0.930***  0.911***  0.940*** (0.938*** 1

Stomatal conductance 0.704*** 0.727*%**  (0.738*** 0.739*** (.661***

*** indicates significance

14: Correlation coefficients among different growth attributes in cowpeas at
physiological maturity

Plant No of Leaf Leaf Chlorophyll
height trifoliate  length width (umol m?)
(cm) leaves (cm) (cm) H

Plant height 1
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No of trifoliate leaves 0.946*** 1

Leaf length 0.973*** 0.962*** 1
Leaf width 0.974***  0.964***  0.995*** 1
Chlorophyli 0.873***  0.861***  0.886*** (0.881*** 1

Stomatal conductance 0.674*** 0.770***  0.701*%** 0.704*** (.608***

*** indicates significance

3.5 Discussion

3.5.1 Growth and physiological parameters

Plant height is a crucial morphological and development plant attribute that determines the
overall plant growth and predict yield (Wang et al 2018). The application of Arbuscular
mycorrhizae fungi inoculation in the form of Mycoroot™ did not significantly influence plant
height. Our results are consistent with the findings by Ibiremo et al (2012) and Long et al
(2010). These earlier authors revealed that inoculation of Arbuscular mycorrhizae fungus may
not always yield favourable results leading to ineffectiveness of the AMF, which may possibly
be affected by the presence of native AMF microbes that readily colonized the roots in
understudied soils. Contrarily, Abeer et al (2015) reported that inoculation of AMF improves
plant height by 49.52%. The findings from the current study that soil amendments had no
positive effect on plant height across all measured growth stages concur with previous work by
Trupiano et al (2017) who reported that integration of biochar and compost was negligible to
growth of Lettuce (Lactuca sativa). Similarly, Cobb et al (2018) reported that integrating
biochar and compost as soil amendments did not significantly increase the aboveground
cowpea production. Furthermore, the observed significant effect of soil moisture variation on
plant height during the reproductive growth stage, which was taller under moisture stress
conditions than in well-watered pot may be attributed to drought escape and avoidance
mechanism that involved rapid plant growth and development facilitated by the prioritised
completion of the lifespan (Nadeem et al 2019). These findings contradict various previous
research works reported (Santo et al 2020; Dong et al 2019; Olajide and llori 2017).
Additionally, the significant interaction between inoculation and soil moisture levels on plant

height in the current study is in agreement with earlier study by Aganchich et al (2022).
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Soil textural types significantly influenced cowpea plant height. Taller plants were obtained in
sandy loam textured treatments than in loamy sand textured treatments, supporting the findings
of Al-Tawaha et al (2018). According to Shahid et al (2012) sandy loam increase water
retention, which is beneficial to plant growth. Furthermore, the presence of abundant nutrients
and moisture retention in sandy loam soil may have been the cause of the higher plant height.
Moreover, loamy sand soils, which is similar to sandy soil, are often associated with low
nutrient content (Mulcahy et al 2013). Plant height was higher in cowpea plants inoculated with
Mycoroot™ compare to the non-inoculated under moisture stress level. This could be attributed
to the hyphae created by the Mycoroot™ AMF that enhance root functionality to acquire
moisture and nutrients under moisture deficits conditions (Chitarra et al 2016). In addition,
plant height had a positive association with the mean number of trifoliate leaves, leaf width,
leaf length and chlorophyll suggesting that an increase in plant height leads to an increase in
an increase in the number of trifoliate leaves, leaf width, leaf length and chlorophyll content
(Table 3.12 to 3.14).

Trifoliate leaves are excellent physical traits that indicate the plant proper development
characterised by a leaf divided into three leaflets (Paix&o et al 2019). The finding that the
application of AMF inoculation in the form of Mycoroot™ had no significant effect on the
number of trifoliate leaves across all sampling days agrees with earlier findings by Aprahamian
et al (2016) who reported a reduction in plant performance under inoculation compared to
controls. Contrarily, several studies have shown a significant increase in leaf number following
AMF inoculation (Sebastin et al 2021; Adeyemi et al 2020; Liu et al 2018). The significant
effect of variation in soil moisture level on the number of trifoliate leaves reported in the current
study is consistent with the findings of Olorunwa et al (2021) and Ndiso et al (2016). Under
moisture stress, the mean number of trifoliate leaves were less compared to adequately watered
plants. Moisture stress has been reported to cause a significant increase in leaf drop and/or leaf
senescence (Santos et al 2020; Hayatu et al 2014; Okon 2013). The reduction in the number
of trifoliate leaves during moisture stress is believed to be caused by reduced node emergence

and cellular expansion (Wijewardana et al 2019). Moreover, Riaz et al (2013) revealed that the
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reduction of leaf number is associated with moisture preservation mechanism under moisture
stress conditions. Moisture stress proves to be the most detrimental environmental stress on
leaves development. Leaf senescence occurred during drought stress imposition period where
leaves gradually changed in colour. This phenomenon occurs during moisture stress where
macromolecules relocates nutrients from leaves to other organs to improve plants fitness (Guo
et al 2021). This therefore caused drying out and eventually leaf drop. Leaves from adequate

moisture regime performed better until physical maturity.

Application of different soil amendments rates showed no statistical effect on the number of
trifoliate leaves. In the current study, leaf number was almost similar among all treatments.
Response of soil amendment rates is likely depended on the soil characteristics such as pH and
cation exchange capacity, which might have lessened the impact of the soil amendment rates
on plant development (Agegnehu et al 2017; Schulz et al 2013). These results were contrary
to those of Mensah and Frimpong (2018) who observed an increase in the number of leaves
under intergrated application of biochar and compost. Numerous research works have
documented that biochar and compost integration may result in an oversupply of toxic elements
such as lead, cadmium, aluminium and manganese or micronutrients that are only required in
small quantity, which hinder crop physical performance (Domene 2016; Kloss et al 2012,
Beesley and Marmiroli 2011). As expected, soil textural types had a significant effect on the
number of trifoliate leaves. Sandy loam textured soil recorded a higher leaf number in
comparison to loamy sand. Soil classified as loamy sand are faced with low nutrient and
moisture retention and thus limit crop performance (Uzoma et al 2011). Furthermore, current
results showed a significant inoculation and soil amendments interaction effect on the mean
number of trifoliate leaves, which is consistent with earlier findings by Pineiro et al (2013) who
reported a significant effect of inoculation on the number of trifoliate leaves. The combined
application of mycorrhizal inoculation and soil amendments resulted in increased growth and
survival of the crop under moisture stress condition rather than when either is used alone.
Similarly, the number of trifoliate leaves showed a positive response to the interaction between
soil amendments and soil textural types. Sandy loam soil under different soil amendments rates

recorded the highest number of trifoliate leaves compared to loamy sand.

Inoculation showed no significant effect on leaf width across all measured days. However,
inoculation showed a significant effect on leaf length at vegetation stage after planting. The

results collaborate with the findings of Long et al (2010). The AMF association maximise the
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use soil nutrients to benefits the host plant (Olawuyi et al 2012). However, the lack of
inoculation could be attributed to the duration of the inoculation process. Previous studies have
indicated that the efficiency depends on early colonization (Rahimzadeh and Pirzad 2017,
Majewska et al 2016). Interestingly, both leaf attributes were not affected by moisture levels in
the current experiment. contrary to the results of Ravelombola et al (2018) and Kunert et al
(2016). Exposure to limited moisture conditions disrupt gaseous exchange in the leaves, which

negatively affect crop development (Verma et al 2020).

Soil amendments had no significant effect on leaf width in all sampling dates supporting the
findings of Trupiano et al (2017). However, a significant effect exerted on leaf length at
reproductive and physiological stage. Treatments with soil amendments rates 75bio:25Comp
produced the highest leaf length as compared to other rates and the control. The presence of
more biochar and less compost promoted leaf length elongation. A possible explanation is that
biochar surfaces provides a cation exchange sites that aid valuable nutrient absorption, which
leads to improved nutrition in more biochar amendment soil pots (Hollister et al 2013; Jones et
al 2012; Sohi et al 2010). Soil textural types were significant in both leaf attributes across all
sampling dates. Leaf length and width developed the highest on sandy loam soil substrate than
in loamy sand substrates. Chamizo et al (2018) reported similar results. Interaction between
inoculation and soil textural types were significant in both leaf attributes. Inoculated treatments
with sandy loam soil produced the highest leaf length and width in comparison with inoculated

treatments with loamy sand textures soil.

Chlorophyll content in leaves is a practical indicators of plant vigour and photosynthetic
productivity (Hokmaliour and Darbandi 2011). Likewise, AMF inoculation did not
significantly influence chlorophyll content across all growth stages. Contrary to the findings of
Saboor et al (2021), who reported an 8% significant increase following AMF inoculation in
chlorophyll contents under stress. A possible reason could be that AMF colonisation from the
Mycoroot™ adversely affected by growing conditions that might have inhibited hyphal growth

and expansion in the soil.

The effects of different soil amendments were not significant on chlorophyll content with
considerably higher chlorophyll contents in leaves from soil amended soils particularly
(75bi0:25Comp) compared to un-amended soil. This may have been as result of improved
uptake of water, nitrogen and other beneficial nutrients provided by the soil amendments

(Agegnehu et al 2015a). In spite of the inconsequential effect of soil amendments on
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chlorophyll content, our results confirm those of Agegnehu et al (2015b). Nonetheless,
variation in soil moisture levels exerted significant effect on chlorophyll content with decline
in chlorophyll contents obtained under moisture stress as compared to pots that received
adequate moisture. Previous research works (Xu et al 2020; Moaveni 2011) reported similar
results. A decreased in chlorophyll content under moisture stress conditions are mainly a result
of chloroplasts damage that are caused by active oxygen species and turgor pressure loss
(Chaghakaboodi et al 2021). variation in soil moisture levels and soil amendments had
significant (p<0.05) effect on chlorophyll content only at the physiological stage Soil textural
variation exerted significant effect on chlorophyll content. The sandy loam soil treatment
recorded the highest chlorophyll levels while loamy sand soil pots recorded the lower. Our
results coincide with the findings of Sebetha et al (2018). Loamy sand soils possess low
penetration resistance and nutrient holding capacity, and contribute to the poor performances

of the plants which loam soil provides adequate nutrients (You et al 2019).

3.5.2 Phenological parameters

Days to flowering is a good measure of earliness in cowpeas production. Flower development
marks the start of the reproductive stage after planting. However, the flowering process in this
current study occurred fairly uniformly across all treatments. Application of AMF inoculation
did not significantly affect the number of days to flowering. These results are in line with the
findings of Othman et al (2022) who reported an insignificant effect of AMF inoculation in the
mean number of days to flowering in both inoculated and non-inoculated plants. Contrary to
our findings, Yaseen et al (2011) revealed that early flowering as well as maximum flowering
were observed on inoculated treatments compared to non-inoculated treatments in cowpeas
variates. The contradiction in the current study may be attributed to the fact that only one
cowpea variety was studied. The beneficial impact presented by AMF colonisation is
associated with improved nutrition and water (Navarro et al 2014). On the other hand, moisture
levels significantly influence the number of days to flowering. Moisture stress imposed during
the cause of flowering in current study resulted in delayed flowering and caused severe flower
drop in already flowered plants. Research work from Islam et al (2011) reported similar results.
Thus, it is apparent from the observations from the current study that cowpea flowering is
sensitive to moisture deficit conditions. Likewise, soil textural types were significant on the

days to flowering. Plants from loamy sand soil had the highest number of days to flowering in
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comparison with plants from sandy loam soil treatments. This means that sandy loam soil
treatments will fill their seeds very fast compared to loamy sand treatments. Soil amendments
were not significant on the number of days to flowering. Our results contradict those of Musa
et al (2020). who reported a maximum flowering under soil incorporated with amendments in

tomatoes (Solanum lycopersicum).

Stomatal conductance is an indicator of plant water use and can be used as a determinant of
crop yield (Faralli et al 2019). Interestingly, inoculation, soil amendments and soil textural
types were not significant on stomatal conductance. According to Tyagi et al (2017) the lack
of effectiveness by AMF inoculation is the reduced supply of carbohydrates by the host plant.
However, variation in soil moisture levels exerted significant effect at the physiological
maturity stage. A reduction in stomatal conductance was observed under moisture stress as
reported by Olorunwa et al (2021). Moisture stress mobilises the production of phytohormones
and abscisic acid, which has the capacity stimulate stomatal closure in response to moisture
stress (Agurla et al 2018). Numerous authors revealed similar findings (Zhao et al 2017; Huang
et al 2019). Furthermore, interaction between moisture levels and soil textural types were
significant. Under moisture stress, loamy sand treatments produced had a highest stomatal

conductance than in sandy loam.

3.6. Conclusion

The current study rejects the hypothesis that sole and combined Mycoroot™ inoculation and
variable biochar-compost mixtures exerted no effect on cowpea growth and phenological
attributes with and without moisture stress, they will equally perform the same. Soil textural
types and moisture levels showed significant effect on plant height, number of trifoliate leaves,
leaf length, leaf width, chlorophyll content and stomatal conductance. Sole application of AMF
showed significant variation on leaf length except other growth attributes. The interaction
effect between Mycoroot™ inoculation, soil amendments and moisture levels exerted a
significant difference on plant height, no trifoliate leaves, leaf length and leaf width.
Mycoroot™ inoculation under moisture stress conditions enhanced plant height in cowpea.
Under low soil moisture condition or erratic rainfall condition the use of Mycoroot™ can
increase crop production including cowpea. Selection of sandy loam soil managed to improve

cowpea growth and development. The integration application of organic ameliorants such as
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biochar and compost combined with Mycoroot™ inoculation can present a significant strategy

in counteract against adverse effects of cowpea production under moistures stress.
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CHAPTER 4

Integrated MYCOROOT ™ inoculation and biochar-compost mixture application enhanced

cowpea (Vigna unguiculata L. Walp.) yield attributes under variable soil conditions

Abstract

Cowpea, often identified as the most crucial legumes in human diet, provides inexpensive
proteins and other beneficial nutrients as a grain legume. The use of Mycoroot™, a locally
manufactured biofertilser, as one of the innovative approaches to enhancing crop production
and yield. A greenhouse pot experiment was conducted to examine the combined effect of
Mycoroots™ inoculation with varied biochar-compost mixtures as an agronomic package to
enhance the yield attributes of grain cowpea on two soils with distinct textural characteristics
and moisture regimes. Treatment factors comprised of 2 soil textural types (sandy loam and
loamy sand), 4 soil amendments comprising different mix ratios of biochar (BC) and compost
(C), 2 AMF levels (inoculated and uninoculated) and 2 soil moisture regimes (adequate soil
moisture and moisture stressed) as main treatment factors. The soil amendments comprised of
50:50 BC/C, 75:25 BC/C, 25:75 BC/C and a control with no amendment. The trial was laid out
in a factorial design and fitted into RCBD with four replications. Results revealed that soil
textural types had a significant effect (p<0.05) on measured yield parameters. Cowpea
performance was higher in sandy loam soil across all measured yield attributes than in loamy
sand soil. Moreover, the interaction between moisture levels and soil textural types exerted
substantial (p<0.05) effect on mean pod dry weight and length, number of seeds, fodder, seed
and haulm weight. Under moisture stress, increased pod dry weight, number of seeds, fodder
weight, seed weight, haulm weight and pod length were obtained sandy loam suggesting that
the symbiotic relationship from mycoroot™ inoculation enhanced plant tolerance and relieve

the negative effect of moisture stress. The findings underscore the importance of selection of
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appropriate agronomic practices as key strategy for improving cowpea production under

variable soil condition.

Keywords: Arbuscular mycorrhizal fungi, moisture stress, cowpeas, biochar, compost, soil

textural types

4.1 Introduction

Commonly known as black eye peas, cowpeas (Vigna unguiculata L. Walp.) is a heat-loving
legume crop that is often cultivated in the semi-arid and arid regions and utilised for human
consumption as grain legume and vegetable (Barros et al 2020; Mfeka 2019). Among several
legumes, cowpeas have the advantages of being an inexpensive source of protein, fiber and
other nutritional components such as vitamins and minerals (Mekonnen et al 2022; Horn et al
2022). Cowpeas does not only provide a significant contribution to human diets, but it also
displays the ability to enhance soil fertility through atmospheric nitrogen (N) conversion
(Mndzebele et al 2020; Simuniji et al 2019). Unfortunately, the yield of cowpea has remained
below its genetic potentials due to various abiotic factors including soil nutrients and moisture
stress leading to low yield thus contributing to food insecurity (Iseki et al 2021; Bisikwa 2011)
due to grain scarcity. It is an increasingly important plant protein-rich candidate crop that is
now been promoted for cultivation by farmers in many disadvantage and under-privilege
communities of South Africa to deal with food insecurity challenges (Kamara et al 2018;
Alemu et al 2016; Wheeler and VVon Braun 2013).

Arbuscular mycorrhizae fungi (AMF) are soil microorganisms that provide a symbiotic
relationship with plant roots (Aguila et al 2022). This symbiotic relationship supports their host
plants with increasing access to nutrient and water uptake from soil while protecting them from
various biotic and abiotic stressors (Powell and Rilling 2018). The importance of this
relationship has been widely acknowledged in both ecological and agricultural systems due to
their benefits towards enhancing both growth and yields of crops (Oyewole et al 2017; Kim et
al 2017; Olawuyi et al 2012). Additionally, the application of Arbuscular mycorrhizae fungi
represent a latent potential opportunity to enhance food security globally (Rodriguez and
Sanders 2015). AMF is marketed as Mycoroot™ in South Africa (Mukhongo et al 2016).
Mycoroot™ is a commercialised product in granular form composed of native isolates of AMF
use as bio-inoculants for fertility management strategy and inexpensive way to improve crop

yields (Sharma et al 2013; Maboko et al 2013). Enhancing mutualistic relationships with
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advantageous soil microbes, such Arbuscular mycorrhizae fungi, may be a key to effective

cowpea production.

Compost is regarded as a very valuable material utilised as an organic fertiliser and soil
conditioner (Chia et al 2020). It influences soil substrate size distribution thereby allowing
porosity for the aeration process and increases surface area for water infiltration (Adugna et al
2016). Previous research works have shown that compost can help improve the soil's ability to
retain water thus improving the productivity of cultivated crops such as chickpeas (Cicer
arietinum) and lentils (Lens culinaris) (Chukwudi et al 2022; Wu et al 2020; Ditta et al 2018;
Ahmadpour and Hossain 2017). Biochar on the other hand is a carbon rich material produced
from pyrolyzing biomass under anaerobic conditions at temperatures between 300-700°C
(Liang et al 2021). Biochar utilization as an organic amendment has been reported to promote
increase soil organic matter content whilst mitigating the negative impacts of moisture
shortages on plant development and crop yield (Ullah et al 2021; Gavili and Haghighi 2019).
The application of biochar improves soil properties by increasing absorption of water and
nutrients due to its porous nature thereby aiding crop productivity (Tan et al 2015; Sohi et al
2010). Numerous reports have demonstrated that application of a combination of biochar and
compost promote synergistic effects that enhance productivity in agricultural crops (Tammeorg
et al 2014; Lui et al 2012; Downie 2011). Integrating biochar and compost as soil organic
amendments consist of multiple benefits in agroecosystems such as enhanced Nitrogen (N)
fixation on legumes and improvements on growth and yields in cereal-legumes intercropping

systems including cowpeas as reported Cobb et al (2018) and Liu et al (2017).

Despite some degrees of the drought tolerance ability of this important crop, cowpea have not
been adequately research and promoted in South Africa on the association of Arbuscular
mycorrhizae fungi with variable soil amendment rates such as biochar and compost in
mitigating moistures stress (Safaei Asadabadi et al 2021; Gerrano et al 2019). AMF inoculation
along with compatible combination of biochar and compost soil amendments rates offers a
cheaply efficient tool to alleviate moisture stress and promote the health status of cowpeas
rather than the use of expensive inorganic agrochemicals, considering the fact that small-scale
farmers in South Africa mostly cultivate this crop. Henceforth, the objective of the study is to
evaluate the sole and combined effect of Mycoroot™ inoculation and variable biochar-compost
mixtures on cowpea yield and yield attributes with and without moisture stress. Furthermore,

the sensitivity of cowpea yield due to moisture stress has not been adequately established
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(Ahmed and Suliman 2010). Cowpea production is gradually increasing in South Africa,
therefore it is important to gather well-researched information on the sensitivity of moisture
stress in cowpea yield that will be accessible to small scale farmers, as moisture stress tends to
present unfavourable growing conditions that alters growing seasons which subsequently
reduces yield productivity. Therefore, it is hypothesised that the combined us of Mycoroot™
inoculation with variable biochar-compost mixtures will have no effect on cowpea yield and

yield attributes under moisture stress condition.

4.2 Materials and Methods
Detailed description of the methodology including trial layout for the study are as previously

provided in sections 3.2.1 to 3.2.4 in chapter 3.

4.3 Data collection

4.3.1 Yield data

At maturity, yield parameters were recorded after harvesting. The number of pods per pot was
counted to determine the treatment effect on pods. Thereafter, oven dried at 65°C for 48 hours
to determine dry pod weight. Pod length was determined using a ruler to measure length.
Thereafter, the pods were threshed by hand to count the total number of seeds, seed cavities
and haulm weigh per pot and to further determine the treatment effect on seed yield. Seed and
haulm weight was determined by using an electronic weighing balance. Shoots were cut at
ground level while roots were carefully removed from the pots, washed of soil to count the
number of nodules. For fodder and root dry weight determination, plant shoots and roots were

oven dried at 65°C for 48 hours to determine their dry weight.

4.3.2 Statistical analysis

All data collected was subjected to analysis of variance (ANOVA) using Statistic 10. The
significant difference between mean of treatments was tested using Tukey’s test at 5% level of
significance. The statistical model used for data analysis was as presented under section 3.3.
Similarly, Pearson correlation analysis was performed to determine the relationship between

grain yield and measured yield attributes.
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4.4 Results
4.4.1 Treatment effects on yield and yield attributes of selected cowpea

There is variation among the main treatment factors. Moisture levels showed a significant effect
(p<0.05) in all yield parameters except root dry weight, while soil textural types significantly
influenced (p<0.05) all measured yield parameters (Table 4.1). Unexpectedly, soil
amendments and inoculation had no significant effect (p>0.05) on all measured yield
parameters (Table 4.1). Furthermore, interaction between moisture and soil textural types had
a significant effect on mean dry weight, number of seeds, fodder weight, seed weight, mean
haulm weight and mean pod length (Table 4.1). Interaction between soil amendments and soil

types had a significant effect (p<0.05) on fodder weight and mean pod length (Table 4.1).
4.2.2: Correlation analysis

Correlation analysis revealed that number of pods was significantly and positively correlated
with all measured yield attributes of mean pod dry weight, mean pod cavity, number of seeds,
number of nodules, fodder weight, root dry weight, seed weight, mean haulm weight and mean
pod length (Table 4.3). Likewise, positive and strong correlation was obtained between mean
pod dry weight and mean pod cavity, number of seeds and number of nodules, fodder weight
and root dry weight. Moreover, a significant and positive correlation was observed form seed

weight, mean haulm weight as well as mean pod length.
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Table 4. 1: p-values of ANOVA for the measured yield parameters

Factor No Pods Poddry No pod No Seeds No Fodder Root dry  Seed Haulm Pod
weight cavities nodules  weight (g) weight weight weight Length
(9) (9) (@) (@) (cm)
Inoculation (IN) 0.948 0.062 0.567 0.441 0.871 0.875 0.421 0.601 0.847 0.515
Moisture levels (ML) 0.000*** 0.000*** 0.023* 0.000*** 0.045* 0.000***  0.065 0.000*** 0.000*** 0.497
Soil Amendments (SA) 0.345 0.504 0.705 0.107 0.531 0.267 0.189 0.318 0.100 0.407
Soil Types (ST) 0.000***  0.000*** 0.000*** 0.000*** 0.000*** 0.000***  0.005**  0.000*** 0.000*** 0.020*
ML*ST 0.558 0.000*** 0.192 0.004**  0.957 0.004** 0.351 0.000*** 0.010**  0.054*
SA*ST 0.415 0.902 0.380 0.758 0.362 0.055* 0.421 0.600 0.576 0.054*

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments at 1% and ***= indicates significant effect of

treatment at 0.1%



Table 4. 2: Effects of inoculation, soil moisture levels, soil amendments and soil textural types on measured yield parameters

Factor No Pod dry Noof pod No Seeds No Fodder  Rootdry Seed Haulm Pod
Pods  weight Cavities Nodules weight  Weight weight (g) weight (g) Length
(9) (9) (9) (cm)
Inoculation (IN)
Inoculated 434a 7.6la 10.53a 31.95a 19.64a 9.4a 7.62a 5.55a 1.29a 14.03a
Non-inoculated 433a 6.94a 10.3la 30.75a 19.92a 9.13a 8.05a 5.39a 1.28a 13.82a
ICritical value 0.474 0.707 0.754 3.081 3.425 1.142 1.054 0.616 0.136 0.645
Moisture levels (ML)
Adequate moisture  4.89a 8.13a  10.86a 35.5a 21.53a 10.19a 8.33a 6.32a 1.55a 14.04a
Moisture stressed 3.78b  6.42b  9.98b 27.2b 18.03b 7.98b 7.34 4.61b 1.01b 13.82a
ICritical value 0.474 0.707 0.754 3.081 3.425 1142 1.054 0.616 0.126 0.645
Soil Amendments
(SA) 7.72a 10782  345a  18.09a 847a  7.67a 586a  13%  14.34a
75Bi025Comp 4.63a
50Bio50Comp 447a 7.23a 10.44a 31.06a 21.34a 8.55a 7.12a 5.31a 1.30a 13.55a
25Bio75Comp 416a 7.17a 10.19a 30.63a 20.66a 9.63a 8.75a 5.61a 1.30a 13.88a
Control 4.09a 6.98a 10.28a 29.22a 19.03a 9.69a 7.78a 5.09a 1.15a 13.94
ICritical value 0.883 1316 1.404 5.737 6.378  2.127 1.962 1.146 0.253 1.201
Soil Types (ST)
Sandy loam 488a 9.72a 11.56a 41.08a 24.14a 12.37a  8.60a 7.95a 1.48a 14.31a
Loamy sand 3.80b 4.83b 9.28b 21.63b 15.42b 5.80b 7.06b 2.98b 1.08b 13.54a
ICritical value 0.474 0.707 0.754 3.081 3.425 1.142 1.054 0.616 0.136 0.645

*1 Implies critical value for comparison (Tukey HSD)



Table 4. 3: Pearson correlation analysis between grain yield and yield attributes

No Poddry  No of No seeds No Fodder Rootdry Seed Haulm Pod
Parameters Pods weight pod nodules weight weight weight weight length
cavities
Nopods 1
Poddry  0.951*** 1
weight
No pod 0.945*** (0.941*** 1
cavities
No seeds 0.946*** (0.969*** (0.941*** 1
No 0.849*** (0.866*** 0.876*** (.853*** 1
nodules
Fodder 0.863*** 0.909*** 0.905*** (0.910*** 0.861*** 1
weight
Rootdry  0.894*** (.881*** (.929*** (.887*** (0.844*** (0.905*** 1
weight
Seed 0.921*** (0.976*** 0.905*** (0.967*** 0.835*** (.899*** (.859*** 1
weight
Haulm 0.968*** (.952*** (.937*** (.952*** (.859*** (.878*** (.891*** (.944*** 1
weight
Pod length 0.939*** 0.920*** (0.974*** (0.920*** 0.877*** 0.886*** 0.930*** (.880*** 0.934*** 1

*** indicates significance



4.5 Discussion
4.5.1 Number of pods

In the present study, the application of Arbuscular mycorrhizae fungi (AMF) inoculation did
not significantly affect the number of pods. The number pods were similar in both Arbuscular
mycorrhizae fungi levels (inoculated and uninoculated). These findings contradict the findings
of Rocha et al (2020) and Kazadi et al (2020) who reported an increase in the number of pods
following the application of Arbuscular mycorrhizae fungi inoculation. The lack of positive
response could be as a result of poor adaptation of the fungal and pH that affect the frequency
of root colonization by AMF (Kazadi et al 2020). Moisture levels had a positive effect on
number of pods. Moisture stress reduced number of pods produced. These results are in
agreement with those of Yahaya et al (2019). The reduction in the number of pods under
moisture stress may be due to the flower abortion experienced by the plants during the period
of moisture stress. The number pods did not respond positively to the application of soil
amendments rates. Despite the non-statistical difference, soil amended treatments performed
better than the control. Contrarily to the current findings, Agegnehu et al (2015a) reported that
organic amendments with biochar and compost increased the number of pods. Soil textural
types showed a significant effect on pod yield. Sandy loam soil recorded the highest pod
number compared to loamy sand soil. Results from the study are in line with the findings of I¢
et al (2010), who reported sandy loam soil possess good moisture retention thereby improving

yield.

4.5.2 Seed yield and seed weight

Seed vyield is the total end product of cowpea production which is important for it economic
value (Kardile et al 2018). Seed yield is correlated with seed weight. The application of AMF
had no significant effect on seed yield and seed weight. Rocha et al (2019) and Erman et al
(2011) reported similar results. This can be ascribed to the fact that improvements in nutrients
acquisition was not enough for the plants to use efficiently to develop and fill the seed cavities.
However, other researchers reported significant enhancement in grain yield and weight under
AMF association (Aguégué et al 2021; Ghorchiani et al 2018). Moisture levels had a significant
effect on seed yield and weight. Adequate moisture treatments performed better in terms of
producing seed yield and weight as compared to moisture stress. These results confirm those

of Abayomi et al (2019) and Farooq et al (2018). Moisture deficit inhibit the process of protein
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synthesis, which is responsible for seed development and composition, limit embryo
development due to lack of photosynthates, resulting in impaired grain yield (Farooq et al
2018). Furthermore, a report from Kedir (2020) documented that moisture stress reduces kernel
weight in wheat. Seed yield and weight showed no positive response on the application of soil
amendments rates. However, amended soil treatments performed the highest with producing
highest seed weight and yield as compared to non-amended soil treatment (control) particularly
soil amendment rate 75Bio0:25Comp. Contrary to the findings of the study, El-shimi (2022)
documented an increase in seed yield and weight due to the addition of biochar and compost
as soil ameliorant. The insignificant effect of soil amendments could be ascribed to inadequate
concentration of soil amendments. Soil textural types together with the interaction between soil
textural types and moisture levels showed a positive effect on seed weight and yield. Sandy
loam soil produced under adequate moisture recorded the highest grain yield than loamy sand
textural soil type under moisture stress. This could be as a result of loamy sand, consisting of
a high sand percentage (Table 3.2) classified as the poorest soil in terms of nutrients availability

which manifested in poor performance (Yetunde et al 2022).

4.5.3 Pod characteristics
4.5.3.1 Pod length, cavity, pod dry weight and haulm weight

In the current study, application of AMF inoculation did not impact pod length, cavity, haulm
weight and pod weight. However, AMF inoculated treatment recorded the highest mean pod
length, cavity, weight wand haulm weight than in non-inoculated treatments. Our results
confirm those of Dobo (2022), who reported an insignificant effect on pod length following
AMF inoculation in soybean (Glycine max). According to Dobo (2022) compared to natural
ecosystems, agricultural soils have been found to have lower AMF levels. Moreover, Pellegrino
and Bedini (2014) revealed that poor adaptation AMF and soil pH of the soil could be the
reason to the efficiency of AMF inoculation. In contrary, Adeyemi et al (2020) reported an
increase in pod dry weight of inoculated treatment. Moisture levels significantly influenced
pod characteristics mean pod dry weight, pod cavity and haulm weight except pod length. The
highest mean pod characteristics (pod dry weight, pod cavity, haulm weight) were achieved
under adequate moisture than in moisture stress. Hamidou et al (2013) in which it was
documented that moisture stress decreased reported similar results pod and haulm yield. This

may be attributed to the highest flower abortion during moisture stress imposition.
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Additionally, Moisture stress that occurs during vegetative stage cause a disruption in yield
potential such as premature grain and which results in weight grain reduction in which this
tends to affect pod cavity as well as haulm weight. Soil amendments did not positively
influence pod length, pod cavity, pod weight and haulm weight. These results contradict the
findings of El-shimi (2022) who reported that integrating compost and biochar increased pod
development. Valuable nutrients from biochar and compost integration takes time to react with
the soil and they are realised in slow rates, this could be the reason as to why soil amendments
did not positively influence these parameters. Soil textural types influenced pod length
significantly. The highest mean pod length was recorded on sandy loam soil treatments
compared loamy sand treatments. Pod cavity, pod dry weight and haulm weight followed a
similar trend. Based on these observation, loam soil influenced pod length, pod cavity and pod
weight due to it beneficial properties of retaining valuable nutrients and water that support plant
development as compare to sandy soil. Moreover, interaction between moisture levels and soil
textural types was significant on the pod length, pod dry weight and haulm weight. These
measured parameters where more pronounced on well-watered and sandy loam soil treatments
than in moisture stressed and loamy sand soil treatments. Due to sandy soil being porous, high

permeability and poor drainage contribute to poor crop establishment (Hollister et al 2013).

4.5.4 Fodder weight

Application of AMF inoculation did not significantly affect fodder weight in the present study.
Fodder weight was maximum in inoculated plants but not significantly differing from non —
inoculated plants. These results are in disagreement with Oliveira et al (2017) who reported an
increase in fodder weight due to mycorrhizal inoculation. The ineffectiveness of the inoculation
may be attributed to the growing condition, soil pH growing season. According to a study done
by Pellegrino and Bedini (2014) on chickpea, mycorrhizal inoculation resulted in an increase
in fodder weight in spring. Moisture levels had a positive impact on fodder weight. Moisture
stressed pots recorded less fodder weight compare to adequate moisture pots. These finding are
similar to Kedir (2020). Moisture stress slows down processes such as photosynthesis thereby
decreasing fodder accumulation and causes stunted growth (Waraich et al 2011). Moisture
stress decreased the number of leaves and plant height hence the reason fodder weight was less

under moisture stressed pots. Similarly, soil amendments did not affect fodder weight. These
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results contradict with those of Cobb et al (2018) who reported a significant increase fodder in

biochar and compost amended plants. Similar results were reported by Trupiano et al (2017).

The lack of soil amendments effect on fodder weight may be attributed to many factors
including the type and composition of biochar and compost. Soil textural type had a positive
effect on fodder weight. The highest fodder weight was recorded from sandy loam soil. This is
attributed to the positive advantages of loam soil such as good nutrients retention (Table 3.2).
Surprisingly, interaction between soil amendments and soil textural types was significant. The
control in sandy loam soil produced the highest fodder dry weight as compared to application
of soil amendment rates in loamy sand that might have been ascribe to the benefits of loam soil

as mentioned above.

4.5.5 Root dry weight

Application of natural Arbuscular mycorrhizae fungi inoculation did not impact root weight.
However, numerous reports suggested that AMF inoculation increase root dry weight
(Adeyemi et al 2021). Root dry weight increases significantly following AMF inoculation is
often associated with beneficial effects derived from the AMF colonisation mycorrhizal
association (Pellegrino and Bedini 2014). However, the benefits of mycorrhizal association is
inhibited by lower soil pH which might have affected the results of the study. Moisture levels
as well as soil amendments did not impact root dry weight. Moisture levels had no significant
effect however under moisture stress, less root dry weight was observed as compared to
adequate moisture. Jangpromma et al (2012) revealed that moisture deficit reduces root dry
weight. Since the current study was conducted using pots, this might have hindered root
elongation due to space constraint imposed. Soil amendments did not have an impact on root
weight. Despite insignificance, maximum root dry weight was observed on amended soil
particularly 50Bio:50Comp compared to a control. These results are in sharp contrast to the
earlier findings reported by Awasthi et al (2019) who observed a statistical significant increase
in root dry weight from compost-biochar amended soil compare to the control. The
contribution of biochar and compost soil amendments have been reported minimal in various
studies (Borchard et al 2014). Soil textural types significantly influenced root weight. Root
weight was higher on sandy loam soil as compared to loamy sand. This is attributed to the good

qualities loam soil has for agricultural crops.
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4.5.6 Nodule number

Root colonisation by AMF inoculation did not influence the number of nodules. Interestingly,
fewer nodules were formed in inoculated plants as compared to non-inoculated plants. In
contrast to our findings, reported that AMF inoculation increased nodule number. Tajini et al
(2013) and Huang et al (2014) reported similar reports in common beans and white clover
respectively. Following AMF inoculation increased the absorption of nutrients such as P, which
may have contributed to more nodule production (Oruru et al 2018). Soil pH affect the
frequency of root colonization, which may have been the cause of ineffectiveness of AMF
colonisation. Soil amendments did not impact the number of nodules. These results correlate
with Yeboah et al (2020) who indicated that the number of nodules was not affected by
integrating biochar and compost as soil amendments. Agegnehu et al (2015b) reported that
negative response of crops to soil amendment could be attributed to soil properties changes and
pH induced micronutrient deficiencies. Moisture levels positively influenced the number of
nodules. Moisture stress treatments recorded a sharp reduction in the number of nodules as
compared to well-watered treatments. Umamahesh et al (2018) reported similar findings.
Moisture stress lowers plant investment in the number nodules and invest more energy to other
part of the plant. Soil amendments did not significantly influence root dry weight. There were
no significantly variation between treatments. Soil textural types significantly influenced the
number of nodules. The number of nodule count was substantially higher in the sandy loam
soil treatments than in loamy sand soil treatments, supporting the findings of Thapa et al (2018).
Nodulation is highly sensitive to moisture dynamics, which is greatly influence by soil
substrates. According to Abidi et al (2015) and Khandelwal and Sindhu (2012) reported that

nodulation may be affected by water deficit and temperature.

4.5.7 Pearson correlation analysis

The highly significant and positive correlation between seed yield and he number of pods in
the current study is in agreement with previous studies. Santos et al (2014) reported that number
of pods showed a positive and significant correlation with cowpea seed yield. Similarly, the
highly significant and positive correlation between seed yield with pod length, seed dry weight,
root dry weight and fodder weight are consistent with the findings reported by Meena et al
(2015) and Kamara et al (2017). Furthermore, root dry weight, number of seeds positively
collated with seed weight, supporting the findings of Alidu (2018). The implication of these
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observations is that these parameters can be useful in selecting traits for the improvement of

cowpea yield (Igbal et al 2010).

4.6 Conclusion

In conclusion, the findings revealed that moisture stress and loamy sand soil significantly
reduces cowpea yield while maximum yield was obtained from adequate water and sandy loam
soil. The application of Mycoroot™ inoculation showed inconsequential effect on the
measured yield parameters. However, despite statistical insignificance, Mycoroot™
inoculation managed to enhanced some yield attributes such as pod characteristics (pod length,
cavity, pod dry weight and haulm weight) and fodder weight indicating potential effectiveness
of the inoculant. Based on the results obtained, soil amendment at 75:25 Biochar and Compost
mix ratio achieved 15.1% higher seed weight than the control while soil amendment with 50:50
biochar and compost mix ratio produced the highest root dry weight. This suggests that cowpea
yield performance was improved in amended soil. Based on the findings in this study, the
hypothesis that combined Mycoroot™ inoculation with variable biochar-compost mixtures will
have no effect on cowpea yield and yield attributes under moisture stress condition is hereby
rejected. Integrated use of Mycoroot™ as inoculant containing native Arbusculr mycorrhizae
fungi with 75:25 biochar and compost mix ratio as soil amendment offers an appropriate
agronomic approach that can assist farmers with enhancing cowpea seed yield up to 15.1% in

moisture deficient and low fertility soils.
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CHAPTER 5

Integrated MYCOROOT™ inoculation and biochar-compost mixture application under
variable soil moisture conditions enhance proteins, secondary metabolites and mineral
composition in cowpea grains.

Abstract

Cowpea (Vigna unguiculata L.) is a protein-rich grain that is grown in various parts of
SubSaharan Africa (SSA). Its benefits include among others, an inexpensive plant-protein
source and a vital constituents of essential minerals for human nutrition and health. Mycoroot™
is a South African locally produced biofertiliser that is gaining interest among scientists as an
unconventional approach to enhance legume crops performance including grain qualities. A
greenhouse experiment was undertaken at the University of Mpumalanga to examine the effect
of integrated Mycoroot™ inoculation and biochar-compost mixture application ratios as an
agronomic package to enhance protein, secondary metabolites and mineral composition in
cowpea grains under variable moisture conditions. The trial comprised of 4 soil amendments
derived from different mix ratios of biochar (BC) and compost (C), 2 AMF levels (inoculated
and uninoculated) and 2 soil moisture regimes (adequate soil moisture and moisture stressed)
as main treatment factors; and evaluated on 2 distinct soil textural types (sandy loam and loamy
sand). The soil amendments comprised of 50%biochar50%compost (50:50 BC/C),
75%biochar25%compost (75:25 BC/C), 25%biochar75%compost (25:75 BC/C) and a control
with no amendment. The treatment factors were combined and laid out in a 2x2x4x2 factorial
design fitted into RCBD with each replicated 4 times. Results of the study revealed that
Mycoroot™ inoculation resulted in 0.26 G/dm reduction of grain flavonoid content under both
moisture levels. Higher flavonoid concentration of 0.38 G/dm was recorded from un-inoculated
treatments compare to 0.26 G/dm from inoculated treatments. Similarly, Mycoroot™
inoculation increases anthocyanin and protein contents in cowpea grain under moisture stressed
condition. The different soil amendments exerted significant (p<0.05) effect on anthocyanin
and flavonoids but had inconsequential effect on protein and TSS content. Although none of
Mycoroot™ inoculation or soil amendments exerted any significantly effect on the mineral
composition of cowpea grain except for Zn content that was increased by the 75% biochar and
25% compost mix ratio. The variation in soil moisture level had positive effect on cowpea grain

P content with higher concentration recorded in moisture stressed cowpea plants.
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5.1 Introduction

Cowpeas (Vigna unguiculata L.) are leguminous crops cultivated mostly by smallholder
farmers in semi-arid and arid areas (Singh and Das 2022; Nkomo et al 2021). They are known
to be second-most valuable food source after cereals due to their inexpensiveness and the high
amount of proteins contained in their grains and the different plant parts (Maphosa and Jideani
2017; Kumar et al 2016; Pereira et al 2014). The crop is among the well-known local African
grain and vegetable crops that are high in nutrients, vitamins and minerals, possessing a great
potential to maximising food and nutritional security (Owade et al 2020; Okonya and Maass
2014). According to Diouf (2011), cowpea grains consist of a significant amount of
micronutrients such as iron and calcium while the crude protein content ranges from 23 and
32% supporting millions of people in developing countries and underprivileged communities
(Hall 2012). Several research works have revealed that cowpeas are a good source of vital
minerals such as Calcium (Ca), Copper (Cu), Iron (Fe), Phosphorus (P) and Zinc (Zn) that are
important for human nutrition and health (Asiwe 2022; Alamu et al 2016). Secondary
metabolites are involved in various physiological functions of plants that exhibit defensive
effects in attempt to respond against adverse environmental stresses such as moisture stress
(Shojaie et al 2016). Cowpeas and common bean (Phaseolus vulgaris) are some of the
leguminous crops that contain high levels of secondary metabolites such anthocyanin and
flavonoids (Shishehbor and Hemmati 2022; Harmankaya et al 2016). Secondary metabolites
are utilised to enhance flavours in various human diets and assisting plants with survival under
harsh environmental conditions by promoting glutamic acid-mediated proline biosynthesis
pathway essential for osmotic regulation under drought stress (Qu et al 2019; Tiwari and Rana
2015; Ramakrishna and Ravishankar 2011).

Crop is drought tolerant, making it to be an important crop in drought prone areas (Sanjeev et
al 2018). However, one of the significant abiotic stresses that impair cowpea plants’ growth
and yield is moisture stress (Ritte et al 2022; Etienne et al 2018; Gagné-Bourque et al 2016).
Moisture stress reduces crop productivity by affecting plant organs (xylem) responsible for
water and nutrient acquisition and acquisition thus contributing to reduced food availability,
malnutrition, famine and exacerbate the risk of food insecurity especially in rural poor

communities (Masih et al 2014). In addition, plants develop defence mechanisms that provide
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protection and serve as coping strategies against environmental stresses such as moisture stress
(Rao et al 2013). Secondary metabolites assist crops under moisture deficits conditions by
inducing in-vivo drought signalling whereby drought stress is perceived in the root system
network as a stress signal through cell to cell signalling networks, which then travels to the
leaves via xylem and then triggers stomatal closure through the vascular to cell guards
signalling, preventing water loss (Yadav 2021). There is a research gap currently on the effect
of moisture stress on the availability of secondary metabolites and mineral content in cowpea

production.

In South Africa, Mycoroot™ products containing local soil specie of Arbuscular mycorrhizae
fungi (AMF) are commercially packaged and marketed agricultural inputs that have potential
to colonise with roots of host plants in a symbiotic relationship and are directly linked to a
number of advantages (Qiao et al 2015; Mukhongo et al 2016). These microorganisms create
large hyphal networks that facilitate root absorption under adverse environmental conditions
(Sharma et al 2021). This symbiosis relationship is essential for plant growth, yield, and in
nutrient limiting conditions providing greater tolerance to numerous abiotic stressors such as
drought (Ercoli et al 2017; Fileccia et al 2017; Soka and Ritchie 2014). Abdel-Fattah and Asrar
(2012) revealed that the presence of AMF in the soil helps to prolong the availability of
nutrients in soil such as phosphorus (P) that plays a vital role in plant growth and development.
AMF have been reported to possess the ability to boost the host plants' capacity to withstand
water stress by simplifying water and nutrient acquisition in plant roots (Ingraffia et al 2019;
Delavaux et al 2017). Furthermore, improvements in grain nutrient P, K, Zn contents due to
AMF application have been described by Mehmood et al (2022) and Watts-William and Gilbert
(2021). Therefore, a key to efficient cowpea grain production may be prompted by the use of

mutualistic association benefits such as Arbuscular mycorrhizae fungi such as Mycoroot™.

Biochar is an organic waste material utilised in agricultural systems to improve soil fertility,
conserve water and enhance crop yields (Lusiba et al 2021; Ding et al 2016; Petter and Madari
2012). It is a carbon-rich material derived from decomposition of lignocellulosic biomass at
relatively low temperature, with little or no oxygen present (Novotny et al 2015). According to
Spokas et al (2012), the use of biochar contributes to food security and mitigation of
environmental related issues. Many studies have reported that biochar is among the cost-
effective organic soil amendments utilised for increasing agricultural productivity. It is a

nutrient carrier that retains moisture to the soil, increase soil pH and cation-exchange capacity,
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alleviate nutrient and drought stresses which collectively improves crop yields required to feed
population and subsequently restore degraded lands (Joseph et al 2021; Yadav et al 2019;
Hagemann et al 2018). Compost on the other hand is a by-product rapid microbial

decomposition of organic materials under controlled aerobic condition (Adugna 2016).

Compost performs several functions to better the quality and state of the soil such as increasing
available plant water, water holding capacity and soil fertility (Wu et al 2020). Integrated use
of biochar and compost to act as soil conditioners improves soil physical properties thereby
increasing plant yield such as Faba beans (Vicia faba) and Soybean (Glycine max) (Haddad et
al 2022; Lui et al 2012).

Combining AMF inoculation with integrated use of biochar and compost presents a promising
tool that can lead to positive improvement in plant and soil conditions to achieve higher grain
yields. Furthermore, using these microorganisms as inoculants may contributes to a more viable
production system that is less dependent on inorganic fertilizers. There are numerous works
regarding individual application of AMF inoculation and biochar-compost amendments rates
to agricultural crops, however the interactive effects of integrating AMF inoculation and varied
biochar and compost mixtures as an agronomic package under moisture stress in cowpea
production has not been well established. Therefore, it is hypothesised that the combination of
Mycoroot™ inoculation with variable biochar-compost mixt ratios will significantly improve

cowpea mineral, protein and secondary metabolites content under two moisture regimes

5.2 Materials and methods
5.2.1 Description of the greenhouse trial
Detailed description of the methodology greenhouse trial including trial layout were as

previously provided in sections 3.2.1 to 3.2.4 in chapter 3.

5.2.2 Seed preparation and milling
Seeds obtained from the greenhouse trial yield were grounded into fine powder using a grinding

blander and sieved using a 0.1 mm sieve.

5.2.3 Protein content determination in the milled seed samples

The total protein was determined using the Kjeldahl method that involved digestion followed
by distillation and titration (Omenna et al 2016). Digestion of 0.5 g weighed dried sample in a
Kjeldhal tube mixed with 1 g catalyst mixture of K2SO4 and CuSO4 mixture (Kjeldhal tablet),
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and 15 ml concentrated H>SO4 carefully added along the wall of the Kjeldhal tube. The tubes
containing samples and digestion mixtures were placed in the digestion apparatus for the
process of digestion set at a temperature of 350°C and about 2 hours until the solution became
clear. The tubes were removed and allowed for cooling to occur at room temperature and then

50 ml of distilled water was added. Digestion was done on a blank sample as well.

Distillation process: Approximately 10 ml of 1% boric acid (10g/1) plus 2 drops of bromocresol
green indicator (100 mg in 100 ml ethanol) was added onto a 250 ml conical flask. Each
Kjeldhal tube containing the digested sample and the conical flask were both attached onto the
preheated distillation apparatus. The digest was distilled until the volume of the distillate in the
receiving flask increased up to 40 ml. The flask containing boric acid and distillate was

removed and prepared for the titration process.

Titration: The NHz trapped into the boric acid in the distillation flask was titrated with 0.01 of
hydrochloric acid (HCI).

Calculation:

(V1 —V2)xNx14.01
N% = x 100%

Wx1000

V1= volume of the HCI used for the sample (ml)
V2= volume of the HCI used for the blank (ml)
W= weight of the dry sample (g)

N= normality of HCI solution

14.01= atomic weight of Nitrogen (g)

5.2.4 Determination of Anthocyanin

Cowpea seeds were blended to fine powder using a blender, sieved at 0.85 mm. One gram of
blended sample was mixed with 9 ml of acidified acetone solvent following the ratio
70:29.5:0.5 of Acetone:water:acetic acid. The mixture was homogenised and centrifuged at
4000 rpm for 20 minutes at 4°C. The supernatant was separated, and the extracted residue

underwent the same process for the second time under the same conditions. The extracts were
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diluted using a mixture of 1:5 ratio of 0.025 M (pH 1.0) potassium chloride and 0.4 M (pH 4.5)
sodium acetate solution as buffer. Measurement of absorbance at absorption spectrum of 710
nm on all samples using spectrophotometer with values observed expressed in Gdm™
(AquinoBolanos et al 2016).

5.2.5 Determination of flavonoids

A sample of 1g grounded seed powder was weighed and mixed with 9ml of acidified methanol
prepared to the ratio 79:20:1 (MeOH:H2O:HCI). The mixture was incubated for 72 hours in
darkness for auto-extraction, after which the mixture was centrifuge at 4000 rpm or 20 minutes
4°C. The absorbance of the clear supernatant liquid was measured spectrometrically using a
double beam spectrophotometer at 300 nm, and values observed expressed in Abs Gdm™ as
described by Makoi et al (2010).

5.2.6 Determination of total soluble sugars (TSS)

Using a grinding blender, cowpeas seeds from the greenhouse trial were grounded into fine
powder, sieved using a 0.1 mm sieve. About 1g of powder sample was weighed and then
transferred into 50 ml microfuge tubes. 40 ml of 80% ethanol was added, homogenized for 1
minute and the tubes were placed in a water bath at 80° C for 20 minutes, thereafter the cooling
down process was allowed at room temperature. After this treatment, the tubes were subjected
to centrifuge at 6000 rpm for 10 minutes (Al-Amri 2023). Using a pipette, a drop of the
supernatant was carefully put on the surface of the refractometer’s prizm. The total soluble

sugar values were observed and recorded.

5.2.7 Laboratory determinations on milled cowpea grain samples

5.2.7.1 Determination of the mineral composition of cowpea grains

All mineral analyses were undertaken following methodology described in AgriLaboratory
Association of Southern Africa (AgriLASA) Handbook of Feeds and Plant Analysis, method
6.3.1 and 6.5.1. Approximately 0.5 g sample of seed powder was weighed out into 25 cm?®
calibrated tube with 4 ml of 55% nitric acid and 70% perchloric acid added and allowed to stay
overnight. Thereafter, the tubes were placed on a digestion block with power on to digest
samples for 2 hours at 100°C and then for 6 hours at 180°C on digestion block. Digestion was
completed when the digest became colourless. The cooling process was allowed overnight, and
calibrated thereafter made up to 25 cm® mark with de-ionized water. The concentration of Ca,

Zn, Cu and Fe in the digests were measured using atomic absorption spectrophotometer while
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K concentration was measured using fame emission spectrophotometer conditions as indicated

in Table 5.1 below.

Table 5. 1: Spectrophotometer condition used for K, Ca, Zn, Cu and Fe determination

Element Wavelength  Slit width  Working range  Flame type Type of

(o) (nm) - spectroscopy
Calcium 422.7 0.5 1-4 Air-acetylene Atomic Absorption
Potassium  766.5 0.1 0.03-2.0 Air —acetylene  Flame emission
Zinc 213.9 0.5 04-15 Air —acetylene  Atomic Absorption
Copper 324.7 0.5 1-5 Air —acetylene  Atomic Absorption
Iron 248.3 0.2 2-9 Air —acetylene  Atomic Absorption

Source: AgriLaboratory Association of Southern Africa (AgriLASA) Handbook of Feeds and
Plant Analysis

Five standard solutions for each element, including the blank were prepared for the reading of
the concentration of all elements in each digest sample. The sample extraction factor of 50 was
included in the standards (25 cm®/0.5 g (v/m ratio) = 50). To prevent ionization interferences
in Ca and K determinations, an ionization buffer (2000 ppm Strontium chloride) was added to
each standard and sample solutions (Maseko et al 2022). Strontium chloride was the releasing
agent for the flame spectroscopy. Standard solutions were aspirated into the flame starting with
the lowest concentration and the corresponding absorbance read. A calibration graph was
drawn relating absorbance to the concentration in ppm of nutrient present. Proceeded with
sample solutions. The concentration of the sample was directly read from the calibration graph
in ppm. Results of Zn, Cu and Fe were reported in mg/kg whilst K and Ca were reported in

percent (%).

5.2.7.2 P determination

Standard solutions containing 0, 10, 20, 30, 40 and 60 ppm P were prepared. The sample
dilution factor of 50 was included in the standards. Using an automated P analyser, the sample
containing reagents comprising of vanado-molydate and stannous chloride solution run through

the system for 30 minutes with a set baseline. The determination of P was based on colorimetric
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method in which a blue colour was formed by the reaction of ortho-phosphate and the
molybdate ion. The phospho-molybdenum complex read at 660 nm and the measured P and

results reported in percent.
5.3 Statistical analysis

All data from laboratory analyses namely mineral composition, secondary metabolites, proteins
and TSS were subjected to analysis of variance (AVONA) using Statistic 10. The significant
difference between mean of treatments tested using Tukey’s test at 5% level of significance.
The statistical model that described ANOVA use for the data analysis is as presented in 3.3.
Pearson correlation analysis was performed to determine the relationship between measured

mineral composition and grain contents.
5.4 Results

5.4.1 Treatment effect on grain proteins, secondary metabolites and Total soluble sugars (TSS)
of selected cowpea.
5.4.1.1 Protein

Mycoroot™ inoculation, soil amendments, moisture levels and soil textural types had no
significant effect (p>0.05) on protein content (Table 5.2). Interestingly, interaction between
Mycoroot™ inoculation and moisture levels had a significant effect (p<0.05) on protein content
(Table 5.2). Similarly, the interaction between soil moisture levels and soil textural types as
well as soil moisture levels and soil amendments interaction exerted significant (p<0.05) effect

on protein content (Table 5.2).

5.4.1.2 Anthocyanin

Variation in soil moisture levels and soil amendments exerted significant (p<0.05) effect on
anthocyanin content (Table 5.2). However, Mycoroot™ inoculation and soil textural types had
no significant (p>0.05) on anthocyanin content (Table 5.2). Moreover, the interaction between
inoculation and moisture levels as well as soil textural types and soil amendments exerted

significant (p<0.05) effect on anthocyanin content (Table 5.2).
5.4.1.3 Flavonoids

Application of Mycoroot™ inoculation and soil amendments showed a significant effect

(p<0.05) on flavonoids content (Table 5.2). While, moisture levels and soil textural types
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showed no significant effect (p>0.05) on flavonoid content. Moreover, interaction between
inoculation and soil amendments had a positive effect (p<0.05) on flavonoids content (Table
5.2). Also, interactions between moisture levels and soil amendments and interaction between
soil textural types and soil amendments had a significant effect (p<0.05) on flavonoid content
(Table 5.2).

5.4.1.4 Total soluble sugar (TSS)

Application of Mycoroot™ inoculation, soil amendments, moisture levels and soil textural
types had no significant (p>0.05) on TSS content (Table 5.2). However, interaction between
moisture levels and soil amendments had a significant effect (p<0.05) on TSS content (Table
5.2).

Table 5. 2: p-values of ANOVA of measured parameters Anthocyanin, Flavonoids, TSS and
Proteins

Source of variation Proteins Anthocyanin Flavonoids  TSS
(%) (mg/g DM)  (G/dm) (°Brix)
Inoculation (IN) 0.377 0.595 0.000*** 0.313
Moisture Levels (ML)  0.128 0.025* 0.143 0.073
Soil Amendments (SA) 0.392 0.000*** 0.000*** 0.833
Soil Types (ST) 0.101 0.859 0.363 0.459
IN*ML 0.055*  0.033* 0.3343 0.997
IN*SA 0.227 0.067 0.010** 0.718
ML*ST 0.039* 0.137 0.125 0.211
ML*SA 0.049* 0.504 0.005** 0.044*
ST*SA 0.325 0.007** 0.001** 0.257

*= indicates significant effect of treatments at 5% **=indicates significant effect of treatments

at 1% and ***= indicates significant effect of treatment at 0.1%
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Table 5. 3: Mean separation of measured parameters Anthocyanin, Flavonoids, TSS and
Proteins
Source of variation Proteins Anthocyanin Flavonoids TSS

(%) (mg/g DM)  (g/dm) (°Brix)

Inoculation (IN)

Inoculated 29.15a 0.3la 0.26b 20.17a
No inoculation 28.16a 0.3la 0.38a 20.00a
*ICritical Value 2.219 0.037 0.049 0.328
Soil Moisture Levels (ML)

Moisture stressed 27.71a  0.33b 0.30a 19.92a
Adequate moisture 29.60a 0.29a 0.34a 20.25a
*ICritical Value 2.460 0.037 0.054 0.362
Soil Amendments (SA)

25Bio75Comp 28.28a 0.32a 0.28b 19.99a
50Bio50Comp 30.66a 0.25b 0.44a 20.13a
75Bio25Comp 27.51a 0.3lab 0.28b 20.13a
Control 28.17a  0.36a 0.29b 20.19a
*ICritical Value 5.592 0.041 0.105 0.708
Soil textural types (ST)

Sandy loam 29.78a 0.3la 0.33a 20.01a
Loamy sandy 27.53a 0.3la 0.31a 20.16a
*ICritical Value 2.695 0.040 0.058 0.390

*I Implies critical value for comparison (Tukey’s HSD)

5.4.2 Treatment effects on mineral composition of selected cowpea

The results of the treatment effect on P, K, Ca, Zn, Cu and Fe contents of cowpea grain are
contained in Table 5.4. None of the P, K, Ca, Zn, Cu and Fe contents of cowpea grains
significantly affected by the application of Mycoroot™ inoculation, soil textural types and soil
amendments treatments. However, moisture levels and its interaction with Mycoroot™
inoculation had a positive effect (p<0.05) on P content (Table 5.4). Interaction between soil
textural types and soil amendments significantly affected (p<0.05) Cu content in cowpea grain

(Table 5.4). Significant and positive effect obtained between mineral compositions (Table
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5.5). The correlation analysis performed revealed that mineral P content was significantly and

positively correlated with all five mineral contents namely K, Ca, Zn, Cu and Fe (Table 5.6).

Similarly, a strong and positive correlation was observed between K and Ca, Zn and Cu mineral

contents. Moreover, there was a significant and positive correlation was obtained between Cu

and Fe grain contents (Table 5.6).

Table 5. 4: p-values of ANOVA for the measured parameters

Factor (%) (mg/kg)
K Ca Zn Cu Fe
P

Soil Types (ST) 0.065 0.396 0.951 0.793  0.145 0.942
Soil Amendments (SA) 0.539 0.806 0.357 0.624 0.475 0.970
Moisture Levels (ML) 0.043* 0.121 0.951 0.158 0.126 0.354
Inoculation (IN) 0.236  0.218 0.430 0.234 0.394 0.249
ST*SA 0.079 0.376 0.871 0.097  0.036*  0.335
ML*IN 0.049* 0.315 0.951 0.073 0.145 0.157

P=Phosphorus; K=Potassium; Ca= Calcium; Zn= Zinc; Cu= Copper; Fe= Iron; *= indicates

significant effect of treatments at 5% **=indicates significant effect of treatments at 1% and

***= indicates significant effect of treatment at 0.1%

Table 5. 5: Effects of inoculation, soil moisture levels, soil amendments and soil textural types

on cowpea nutrients

Factors (%) mg/kg

P K Ca Zn Cu Fe
Soil Types (ST)
Loamy sandy 0.30a 1.23a 0.10a 42.60a 4.54a 73.06a
Sandy loam 0.27a 1.19a 0.10a 43.28a 4.31a 72.88a
ICritical value 0.0333 0.0970 0.0216 5.4907 0.3221 5.4862
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Soil Amendments (SA)

Control 0.31a 1.24a 0.10a 43.34a 4.61a 73.63a
25Bio75Comp 0.28a 1.21a 0.09a 42.45a 4.40a 72.13a
50Bio50Comp 0.28a 1.18a 0.09a 40.6a 4.40a 72.63a
75Bio25Comp 0.27a 1.22a 0.11a 45.35a 4.28a 73.50a
ICritical value 0.0639 0.1863 0.0141 10.545 0.6186 10.536
Moisture Levels (ML)

Moisture stressed 0.30a 1.25a 0.10a 44 84a 4.30a 74.19a
Adequate moisture  0.27b 1.18a 0.10a 41,03a 451a 71.75a
ICritical value 0.0333 0.097 0.0216 5.4907 0.3221 5.4862
Inoculation (IN)

Non-inoculated 0.30a 1.24a 0.9a 44 52a 4.36a 74.50a
Inoculated 0.28a 1.18a 0.10a 41.35a 4.49a 71.44a
ICritical value 0.0333 0.097 0.0216 5.4907 0.3221 5.4862

*! Implies critical value for comparison (Tukey’s HSD); P = Phosphorus; K = Potassium; Ca

= Calcium; Cu = Copper; Fe = Iron

Table 5. 6: Pearson correlation coefficients among mineral composition of cowpea grain

%P % K % Ca Zn mg/kg Cu mg/kg Fe
mg/kg
P 1
K 0.995*** 1
Ca 0.940***  0.959*** 1
Zn 0.990***  0.991*** 0.961*** 1
Cu 0.991*** (0.995*** (0.957*** (.989*** 1
Fe 0.992***  (0.999*** (0.963*** (0.992*** (0.996*** 1

*** indicates significance
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5.5 Discussion

5.5.1 Treatment factors and their interaction effects on protein and secondary metabolites.

In the present study, the application of Mycoroot™ inoculation did not significantly affect seed
protein content. However, interaction between AMF inoculation and moisture levels showed
significant effect on protein content. Under moisture stress, AMF inoculated treatments
recorded the highest amount of protein content than in non-inoculated treatments. These results
corroborate the findings by Oliveira et al (2017) and Habibzadeh et al (2013). The positive
response from application of AMF is associated with an increased root length density and
improve nutrition under moisture stress (ElI-Sawah et al 2021). Moisture levels did not exert a
significant response on the concentration of protein in seeds. However, based on the
comparison of the two moisture levels, the moisture stressed treatments resulted in reduced
percentage seed protein content which in agreement with earlier findings by Ghanbari et al
(2013). It appears that the decrease in grain protein content may have been caused by the drastic
reduction in photosynthetic process due to moisture stress, which interrupted the materials that
are responsible for protein synthesis (Maleki et al 2013). Researchers believed that moisture
stress reduces the rate of Nitrogen partitioning and fixation which lowers the rate of protein
formation in seeds. Soil amendments did not significantly influence protein content in cowpea
seeds. Contrary to these findings, Ramzani et al (2017) revealed that sole application of biochar
increased protein content in quinoa seeds. It has been reported that the increase in seed protein
content is influenced by the improvement in soil health and nutrition for the plants (Shahbaz et
al 2018). Soil textural types had no significant effect on protein content. However, high protein
contents were recorded in cowpea seeds obtained from loamy sand than sandy loam soil.
Loamy sand soil possesses good drainage capacities and excellent moisture retention, which is

beneficial to crops (ig et al 2010).

Anthocyanin are a class of polyphenolic compounds widely distributed in plants in which they
play a significant role in plant propagation and plant defence mechanisms against various
abiotic and biotic stresses (Alappat and Alappat 2020; Liu et al 2018). Anthocyanin content
was not significantly affected by the presence of AMF inoculation. These results are in
disagreement with the findings of Zhang et al (2019) who reported that inoculation with AMF
improves anthocyanin content and mainly acts as barriers and protectors against drought stress.
The lack of Arbscular Mycorrhizae fungus inoculation effect could be attributed to the length

and severity of drought stress which affects the colonisation of the fungus (Jongen et al 2022).
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Moisture levels had a positive effect on anthocyanin content. Unexpectedly, highest
anthocyanin contents were observed from moisture stressed treatments seeds than in adequate
moisture treatments. This suggest that moisture stress favoured the accumulation of
anthocyanin in seeds, perhaps to store molecules with a higher number of sugars as energy
reservoirs during moisture stress conditions (Hinojosa-Gémez et al 2020). Similarly, these
findings were also in agreement with Kamali and Mehraban (2020) and Haneef et al (2014)

who documented improvements in anthocyanin contents under drought stress.

Soil amendments showed statistical difference on the contents of anthocyanin. Non-amended
soil treatments (control) recorded high concentration of anthocyanin compared to amendment
soil. These results do not correlate with the findings of Lui et al (2021) who documented that
the application of compost and biochar results in an increase in the total anthocyanin contents.
However, there were slight differences between individual amendment treatment
combinations, making it difficult to compare data in literature. Treatment with more compost
(25Bi0:75Comp) recorded high amounts of anthocyanin and treatment with 50% of biochar
and 50% compost recorded the least while the control remained the highest. Soil textural types
had no positive influence on anthocyanin content. These results disagree with the findings of
Cheng et al (2014) whereby rapid concentration of anthocyanin was observed in soil rich with

sand similar, which is similar to sandy loam.

Flavonoids are defined as phenolic chemicals concentrated in seed coats that make up majority
of colouring in grains (Anjos Barros et al 2020). AMF inoculation showed significant
difference in the concentration of flavonoids, supporting the findings of Lu et al (2015).
Interestingly, the highest contents of flavonoid were observed on non-inoculated seeds than in
inoculated seeds, suggesting that the presence of AMF lowered flavonoid contents. Contrarily
to these findings, Jerbi et al (2022) documented a significant increase in gran flavonoids
following AMF inoculation in Barley (Hordeum vulgare ssp. nudum L.). Additionally,
flavonoid concentration in plants inoculated with AMF regulate and maintain the
developmental stage of Arbucular mycorrhorrhizal fungus symbiosis (Lu et al 2015). There
was no significant effect influenced by moisture levels on flavonoid concentration. However,
flavonoid concentrations found to be less in moisture stressed treatments compared to flavonoid

concentration in adequate moisture treatments.

Moisture stress significantly reduced the amount flavonoids concentration, which confirmed

the results of Gholinezhad and Darvishzadeh (2021). Contrary to this, numerous reports have
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documented that flavonoids concentrations tend to increase when crops suffer from
environmental stresses such as drought (Kumar and Sharma 2018; Hodaeia et al 2018).
However, secondary metabolites accumulations such as flavonoids are strongly depended on
growing conditions which might have been a factor in influencing our end results (Pradhan et
al 2017). Soil amendments showed a significant effect on the contents of flavonoids, supporting
the findings of Kasmaei et al (2019). Amended soil treatment 50Bio:50Comp recorded a
significant increase in flavonoids concentration with 0.44 G/dm compared to the control 0.29
G/dm. It has been reported that the integration of organic amendments (biochar and compost)
favours accumulation of flavonoids which is a great indication of nutrient status (Bozzolo et al
2017; Salama et al 2015). Soil textural types showed no relevant variation on flavonoid
concentration. However, previous research work from Lin et al (2010) described a positive
increase in flavonoid concentration was observed on loam (loamy sand) soil compared to sandy

(sandy loam) soil.

5.5.2 Total Soluble Sugar

Plants adapt to environmental stresses through various forms of adaptive strategies in response
to these stresses such as altering their metabolic adjustments that results in the production of
organic solutes such as sugars (Choudhary et al 2023). Total soluble sugars are components
that perform a crucial function in the maintenance of water availability and osmotic adjustments
in various crops exposed to adverse water limiting conditions (Dien et al 2019). In the current
study, the application of AMF did not impact the total soluble sugars. These results contradict
of Sheteiwy et al (2022) and Garg et al (2018), where they were reported that the introduction
of AM fungi in the soil increased the concentration of total soluble sugars in chickpea seeds
and peanuts, respectively. This is attributed by the ability of AMF to induce metabolic
pathways which becomes beneficial to crops (Gao et al 2020; Begum et al 2019). Moisture
levels and soil amendments were not significant on the total soluble sugars present in the seeds.
Comparison showed that moisture stress recorded the lowest TSS values than in adequate

moisture.

Soil moisture stress reduce the concentration of sugar in seed (Nacer 2012). According to
reports, moisture stress has an impact on the translocation of total sugars due to impaired
photosynthetic processes during the development stages (Wijewardana et al 2019; Nacer 2012).

Unexpectedly, soil amendment rates treatments performed the least in influencing the
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concentration of total soluble sugars than the control, which recorded more. In contrast, Das et
al (2022) detailed that seed soluble sugars increases in response to application of organic soil
amendments. In addition, interaction between soil amendments and moisture levels exacted a
significant impact. Treatment 50Bio:50Comp recorded the highest TSS values under moisture
stress when compared to other soil amendment combinations including the control. Organic
fertilisers under moisture limited conditions enhance relative water content in crop there by

increasing the concentration of total soluble sugars (Roy et al 2022; Salehi et al 2016).

5.5.3 Treatments and their interaction effects on mineral composition of cowpea grain

Plant minerals are nutrients essential for the maximum development and functioning of humans
and animals as they are required in cell and tissue development (Watts-Williams and Gilbert
2021 et al 2017). In the present study, the application of Mycoroot™ inoculation had no
significant effect on P, K, Zn, Fe, Cu, grain contents. In contrast, similar trends from previous
research work reported significant improvements in grain nutrient P, K, Zn content following
AMF inoculation application respectively (Mehmood et al 2022; Watts-William and Gilbert
2021). The AMF's mechanism for balancing and optimizing plant nutrients and Zn uptake was
responsible for this improvement. However, according to Watts-Williams and Cavagnaro
(2018) and Ercoli et al (2017) reported that seeds from mycorrhizal inoculated plants may have
more or less Zn, Fe, or P than the non-mycorrhizal control. Inoculants are comprised of living
organisms, their introduction in an environment occasionally causes unexpected effect on the
soil, which affect nutrient uptake by plants (Koch et al 2011). According to Asiwe (2022)
nutrient content in cowpea grains is reliant on the availability of soil nutrients for uptake
suggesting that if soil is low in nutrient contents, that could result in low nutrient uptake by the
growing plant thus limiting the nutrient concentration in the grain. Moisture levels showed no
significant effect on K, Ca, Zn, Cu and Fe grain contents. Interestingly, moisture stressed
treatment had significantly higher P contents. Grain nutrient is strongly impacted by drought,
for instant drought conditions improved the concentration of P irrespective of the stress pattern
whether gradual or sudden (Farooq et al 2018). The application of variable mix ratios of
biochar-compost as soil amendments had no significant effect on all measured grain nutrients.
Despite statistical deference of soil amendment ratios on Fe, Cu, Ca, K and P mineral
composition, Zn content was found greater on soil amendment ratio 75Bi0:25Comp than other

soil amendment rates. These results concur with the findings of Lusiba et al (2021) who
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escribed the increase of Zn in chickpeas (Cicer arietinum) due to the improvement of pH by

biochar.

5.6 Conclusion

In conclusion, results from the study revealed that Mycoroot™ had no statistical effect on
protein, anthocyanin and flavonoids. However, significant effects of Mycoroot™ inoculation
and its interaction with moisture levels were noticed. Under moisture stress, the application of
Mycoroot™ inoculation significantly increased protein and anthocyanin contents suggesting
that Mycoroot™ inoculation can alleviate negative effects of moisture stress, which, in turn,
led to a better grain quality in terms of increased protein for solving malnutrition while
increased anthocyanin contents can assist with better adaptation to harsh environments.
Moreover, based on the results obtained, moisture stress increased P grain content compared
to adequate moisture, which can be ascribed to the benefits of Mycoroot™ inoculation as
supported by literature. Soil amendment rate 50Bio:50Comp gave the highest flavonoids
concentration suggesting that cowpea grain secondary metabolite was improved in amended
soil. Zn was improved by soil amendment rate 75Bio25Comp. In this study, the hypothesis that
sole and combined Mycoroot™ inoculation and variable biochar-compost mixtures will have
a significant effect on cowpea mineral, protein and secondary metabolites content under two
moisture regimes is hereby accepted. Integrated use of Mycoroot™ as inoculant containing
native Arbuscular mycorrhizae fungi with 50Bio:50Comp mixture as soil amendment presents
an appropriate agronomic approach that can assist farmers with improving cowpea protein,

secondary metabolites and mineral contents in moisture deficient and low fertility soils.
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CHAPTER 6
General Summary, Conclusion and Recommendations

6.1 Introduction

Cowpea is a nutrient-rich leguminous crop cultivated in most tropical and sub-tropical regions
(Weng et al 2019). The crop plays significant roles in meeting the diets of humans and animals
as sources of dietary proteins, vitamins and minerals (Owade et al 2020; Ibro et al 2014). It is
a very resilient crop, recognised for surviving and performing well under challenging
agricultural conditions such as moisture stress (Olorunwa at al 2021). However, moisture stress
and low soil fertility enhance the decrease in cowpea grain yield and the overall productivity
including grain quality (Boukar et al 2019; Ahmadi et al 2015). Moisture stress has ability to
alter plant growth, development and metabolic processes and ultimately affect the quality and
yields of crops, thus constituting a threat to food security (Islam et al 2011). It is an important
abiotic factor, which limits cowpea growth and yield notwithstanding its drought tolerant
ability. In order to address this threat and the resultant problem, we initiate a study to investigate
the potential of improved agronomic practice as a management strategy. Mycoroot™, an
inoculant product containing local (South African) strains of AMF reported to possess the
potential to enhance crop growth, and yield, is among many inputs used for crop production.
AMF are soil microorganisms that participate in water and nutrient acquisition in plants under
various stresses such as drought (Lanfranco et al 2018). Similarly, both biochar and compost
are considered as excellent soil amendments that improve water holding capacity and plant
available water content (Yeboah et al 2020; Lui et al 2012). Given the benefits associated with
integrated natural resource use, this study investigated the integrated use of Mycoroot™
inoculation with different ratios of biochar-compost mixtures as an agronomic package as a
potential adaptive strategy to assist potential cowpea growers to overcome the challenges of

low yields brought by moisture stress under different soil conditions.

6.2 Research organisation

The greenhouse pot trial planted at the UMP experimental farm during January to April 2022,
examined the effect of combined Mycoroot™ inoculation with varied biochar-compost mix
ratios on the growth, yield and yield attributes of cowpea grown on two soils with distinct
textural characteristics and moisture regimes. The mineral, protein, secondary metabolites and
total soluble sugars content of the harvested cowpea grains were chemically analysed under

laboratory condition.
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6.3 Main findings of the study

a. Results of pre-planting soil analysis revealed that the soil textural classes are sandy loam and

loamy sand soil. The measured pH value was 6.80 (loamy sand) and 6.27 (sandy loam)

suggesting that both soils are slightly acidic. The measured available P level in sandy loam

of 13.51 mg kg* was medium in adequacy (Buchholz et al 2004) while the loamy sand value

of 5.86 mg kg™ was below the critical level of 8 mg kg™ considered adequate to support
plant growth and development (FSSA 2016).

b. The results of the greenhouse trail revealed the following:

Soil textural types exerted a positive (p<0.05) on growth parameters. Results revealed

that loamy sand soil managed to enhance growth parameters.

Sole application of Mycoroot™ inoculation managed to show variation in leaf length
at reproductive stage. Moreover, its interaction with moisture levels and soil
amendments exerted a positive effect (p<0.05) on plant height and chlorophyll content

at vegetative and physiological maturity stage.

Application of Mycoroot™ inoculation and soil amendments had inconsequential effect
on the mean number of days to flowering. However, the interaction between
Mycoroot™ inoculation and soil types had significant effect on the mean number of
days to flowering of the cowpea plant with the highest number of days to flowering

recorded in loamy sand soil following Mycoroot™ inoculation.

The variation in soil moisture levels had significant (p<0.05) effect on all measured
yield parameters except root dry weight while differences in soil textural types

significantly (p<0.05) influenced all measured yield parameters.

Moisture stress condition significantly lowered stomatal conductance resulting in a

significant reduction in yield attributes under loamy sand soil.

Cowpea grain P, K, Ca, Zn, Cu and Fe content did not respond to any of the Mycoroot™
inoculation, variation in soil textural types and soil amendments treatments. However,
moisture levels and its interaction with Mycoroot™ inoculation had a positive effect
(p<0.05) on P content. Similarly, application of a mixture of 75% Biochar and 25%

Compost as soil amendment resulted increases in the Zn content of cowpea grain.
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Both anthocyanin and proteins contents of cowpea grains increased significantly

following Mycoroot™ inoculation but lowered the flavonoids contents.

Integrated use of Mycoroot™ with varied biochar-compost mix ratio (50:50) resulted
in positive increase in the mean number of trifoliate leaves and leaf length at the
vegetative stage while the integrated Mycoroot™ use with 25Bio75Comp treatment

resulted in increased chlorophyll content at physiological stage.

The different soil amendments exerted significant (p<0.05) effect on anthocyanin and
flavonoids but had insignificant effects on protein and TSS content. Soil amendments
containing 50% and more compost in the mix ratios (i.e. 25:75 and 50:50; biochar:

compost) gave elevated amount of anthocyanin and flavonoids, respectively.

Based on the results of this study, the hypothesis that sole and combined Mycoroot™
inoculation and variable biochar-compost mixtures has no effect on cowpea growth and
yield attributes with and without moisture stress is hereby rejected. Results of the
laboratory analysis undertaken indeed confirmed that the mineral, protein and
secondary metabolites content of cowpea grown on the two soil textural types under

different moisture regimes differed significantly.

6.4 General conclusion

This study revealed that extended period of moisture stress affected cowpea growth,
yield and yield attributes under diverse soil conditions suggesting that managing
moisture stress through appropriate agronomic practice is critical to promoting
increased and sustainable cowpea production.

Interaction between Mycoroot™ inoculation and moisture levels had a significant effect
on growth parameters. Under moisture stress, Mycoroot™ inoculation increased leaf
length, plant height and number of trifoliate leaves. Moreover, protein and anthocyanin

grain contents increased by Mycoroot™ inoculation under moisture stress conditions.

Although Mycoroot™ inoculation had inconsequential effect on cowpea grain yield,
enhanced such vyield attributes as pod length, number of cavities per pod, pod dry

weight, haulm weight and fodder weight.

Soil amendment with 75% biochar:25% compost mix ratio produced the tallest plants

and highest leaf length under loamy sand soil as well as improved Zn grain content in
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loamy sand soil. The 50% biochar:50% compost mix ratio promoted increase flavonoid

content in cowpea grain.

« Integrated use of Mycoroot™ inoculation with appropriate biochar and compost mix
ratio offers an effective technique that can relieve cowpea moisture stress and, prevent
excessive use of expensive synthetic fertilizer. Additionally, such integrated soil-crop
management practice if adopted by small-scale farmers will constitute an improved
agronomic technique that can assist small-scale farmers to guarantee increase and

sustainable cowpea production under dryland and nutrient-deficient soil.

» Improving poor soil fertility and alleviating moisture stress through the integrated use
of biochar, compost and local strain of AMF (e.g. Mycoroot™) enhanced cowpea

growth, yield, protein, secondary metabolites and mineral composition.

6. 5 Recommendations

The results of the study indicate that the use of Mycoroot™ inoculation with variable
biocharcompost mix ratios can be an effective and inexpensive technique to enhance cowpea
growth and vyield attributes such as protein and anthocyanin. Furthermore, the various soil
amendments evaluated were able to improve mineral and Zn as well as anthocyanin and
flavonoid contents under limited soil moisture conditions. The results underscore the potential
use of biocharcompost mix to promote profitable pot production of high value vegetable and
grain legume crops such as cowpea. However, we recommend a field validation of these
findings under different soil and climatic conditions as part of the process for upscaling the
practice. The study illustrates the need for identification of more local AMF strains available
on diverse soil textural types and climatic conditions in South Africa to assess the efficiency as
a cost-effective and low-input agricultural product for promoting increase and sustainable

cowpea production under diverse soil and growing conditions.
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