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Abstract

The shortages of freshwater supply, inadequate groundwater, and high salinization levels in
soil have become major challenges worldwide. Salinization, which refers to the presence of
salts in the soil or water, is a common challenge in half of cultivated soil in South Africa and
that makes it difficult for conventional crops to absorb nutrients and water. However, the
salinity phenomenon has hampered the quality of arable soil and promoted the use of low-
quality water (brackish or saline water) due to the lack of fresh water. Saline water has proved
to harm the quality of crops and soil as it encourages soil erosion and causes a decline in soll
nutrients for plants. This problem has facilitated the consideration in cultivation of coastal
plants as potential alternatives as they are naturally evolved salt-tolerant species that can
survive in a saline environment. Trachyandra divaricata is an indigenous coastal plant native
to the southern African region and distributed in this hot and dry Mediterranean type climate
and in high saline conditions along the coast. Trachyandra divaricata flower buds were
historically harvested in coastal regions by indigenous people and eaten raw or boiled as a
nutritious inflorescent vegetable. However, there has been insufficient scientific
documentation supporting biochemical properties and nutritional content of this plant besides
the knowledge collected from indigenous people. Cultivating this plant in hydroponics could
be efficient as it will utilise minimal resources and nutrients but cutting plants back to

encourage new growth.

This aim of this study was to investigate the nutrient profile, antioxidants potential, and flower
bud development of the hydroponically grown T. divaricata in reaction to different potassium
dosages and levels of cutting heights to discover the appropriate protocol of the plant in a
hydroponic system. Four identically constructed Nutrient Film Technique (NFT) systems
arranged in a complete block design were used, with each system on a separate metal mesh
steel table (900 mm x 1 250 x 25000 m) having 10 replicates of each treatment. Nutrifeed™
was used as a basic nutrient in all systems, however, different potassium concentrations
(0.0216, 0.0144 and 0.0072 M of K2SO.) were used as treatments added in into each sump,
while the system with Nutrifeed only considered as a control. The different treatments
comprised of plants with three different cutting height levels and non- cut plants considered
as control, 5 cm (minimal), 10 cm (moderate) and 15 cm (maximum cutting). The plant height
was measured using a standard ruler and the number of flower buds counted manually during
and after experiment. A laboratory scale was used to measure fresh and dry weight of the
plant. SPAD-502 Konic-Minolta meter was used to measure the chlorophyll content of the
plants. The phytochemicals and antioxidants were analysed using dried samples of flower

buds by means of assays for total flavonols, total polyphenols, 2,2'-azinobis (3-



ethylbenzothiazoline-6-sulfonic acid) (ABTS), ferric reducing antioxidant power (FRAP), and
2,2-diphenyl-1-picrylhydrazyl (DPPH). Similarly to nutrient contents and proximate analysis,
the dried flower buds were assessed by means of assays for carbohydrates, crude proteins,
crude fat content, Ash content, moisture content, Non fiber carbohydrates (NFC), Neutral
detergent fibre (NDF), energy content, macro-elements (( sodium (Na), phosphorus (P),
magnesium (Mn), potassium (K and nitrogen (N)) and micro nutrients (Magnesium (Mn), Zinc
(Zn), Cupper (Cu) and Iron (Fe)). The plants irrigated with 0.0072 M of K.SO4 without pruning
showed a substantial improvement in floral bud, Neutral detergent fiber, fresh and dry weight
of the shoots and roots, ash, as well as height. Contrarily, calcium and chlorophyll content
were equivalent among treatments, but the treatment 0.0114 M of K2S0O4, and 10 cm of pruning
produced the maximum production of nitrogen, sodium, potassium and Zinc. The plants that
were pruned by 10 cm and irrigated with 0.0072 M of K;SO, had the maximum antioxidant
value (Flavonol, DPPH and Polyphenols). The results suggest that T. divaricata is a viable
leafy vegetable since a minimal concentration of K2S04(0.0072 M) and moderate cutting back
the plants optimized its productivity in relation to the biomass characteristics, growth,

antioxidant potential and nutritional content.
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Chapter 1. General introduction, RESEARCH PROBLEM, AIMS, HYPOTHESIS AND
OBJECTIVES

1.1 General introduction

The rapid growth of population and over-consumption of vegetables has forced the
reconsideration new dimensions in the cultivation of wild leafy vegetables which are important
food crops, boasting significant composition of nutrients, vitamins, and minerals for humans
(Anjur et al., 2022). Wild food crops are still consumed in many African countries because of
their history of supplementing diets with domestic vegetables (Sultanbawa & Sivakumar, 2022;
Leal Fihlo et al., 2022). In South Africa wild vegetables are mainly consumed in rural areas,
however some urban residents have gained knowledge of these food crops, and they harvest
them in the wild or buy them from street traders (Ntuli, 2019; Zulu et al., 2022). Trachyandra
divaricata is amongst the wild vegetables that is native to South Africa however its cultivation
remains underutilized due to the insufficient literature on its cultivation and nutrition value
(Ngxabi et al., 2021). Trachyandra divaricata is also wildly distributed in other parts of the
world especially Australia where it was found to be toxic to livestock in the early years (Finnie
et al., 2011). Contrary, the ethnobotanical studies reported that the flower buds of T. divaricata
is the edible plant part which were foraged by Traditional peoples of the Khoisan tribes in
ancient times (Van Wyk, 2011; De Vynck et al., 2016).

The lack of scientific studies on cultivation, exploration of medicinal properties, and nutrient
potential of this species have delayed contributions to boost food insecurity. Therefor further
research on nutrient supplementation and pruning during cultivation as growth stimulants
could have positive outcomes in measuring vegetative traits, phytochemicals, and antioxidants

potential and nutritive potential of this species.

Micro-nutrients such as potassium plays a critical role on the growth and development of the
plant, particular in high crop yields (Sardans & Pefiuelas, 2021). Potassium have been
reported to influence abundant vital enzymes involved in photosynthesis, sugar transport,
protein synthesis, nitrogen metabolism as well as the water stability and meristematic tissue
growth in plant growth (Marques, 2018). The presence of potassium in plants also effects the
guality of harvest yield (Gelaye et al., 2022). Therefore, these qualitative traits are imperative

for leafy vegetables, both in household consumption and industrial use.

Likewise, flavour in various vegetables is influenced by numerous solids, organic acids and
primary sugars, also volatile compounds whose biosynthesis and concentrations are

determined by potassium application (Wang et al., 2009). There are reports suggesting that



enhancing the potassium nutrition status of the plant can consensus to abiotic stress tolerance
by decreasing the reactive oxygen species (ROS) level of the plant (Pandey & Mahiwal, 2022).
Moreover, it was reported that potassium application has improved plant growth, the total
chlorophyl and photosynthetic efficiency, vitamin C, total phenols and flavonoids on Brassica

juncea cultivars under different various irrigation regimes (Rani et al., 2021).

Furthermore, the application of potassium being the important factor in plant growth, pruning
is also another imperative practice in producing early fruit and quality yield in plants (Mawarni
& Siahaan, 2022). In addition, it has been indicated that pruning the stem is an agronomic
management practice which fabricates the productivity of crops under controlled environments
(Nabi et al., 2022). These claims have been supported by a study on cucumber (Cucumis
sativus L.), where the shoot pruning, and potassium supplementation improved the production
and yield (Hartatik & Hudah, 2021). Similarly, the production of watermelons, sweet potatoes
and tomatoes are being influenced by shoot pruning (Hasanah et al., 2021). The above claims
provide sufficient evidence that for the improvement of nutritional status, plant growth, quality
of the yield and the antioxidants of the plant, potassium supplementation and pruning practice
is vital. The objective of this study therefore was to determine the suitable growth protocol for
T. divaricata grown in hydroponic system by evaluating the influence of pruning and potassium
concentrations on vegetative development, nutrient uptake, phytochemical content, and
antioxidant capacity of flower buds. The findings of this study are anticipated to support future
farmers, researchers and households who may be interested in exploring the benefits of the

plant.



1.1 Research Problem

The shortage of freshwater supply, inadequate groundwater, and salinization of soil have
become a major challenge worldwide (Singh et al., 2014). Salinization, which refers to the
presence of salts in the soil or water, is a common challenge in half of the arable soil in South
Africa and that makes it difficult for conventional crops to absorb nutrients and water (Hassani
et al., 2021). However, the salinity phenomenon has hampered the quality of arable soil and
promoted the use of low-quality water due to the lack of freshwater (Hussain et al., 2020).
Saline water was also shown to harm the quality of crops and soil as it encourages soil erosion
and causes a decline in soil nutrients for plants (Li et al., 2019). Thus, that has facilitated the
consideration of coastal plants as potential alternatives as they are naturally evolved salt-

tolerant plants that can survive in a saline environment (Sogoni et al., 2021).

Water and wind dispersal mechanisms allow T. divaricata to spread, as a result, the plant has
been reported to have the highest spreading capacity and become dominant over other
species when it grows in a specific area (Brown & Brooks, 2002). Trachyandra divaricata and
T. ciliata are related being members of the same genus and share similar traits regarding their
edible parts. Both species have edible flowers and were used as foodstuff by ancient people
who lived along the coastal regions of southern Africa (De Vynck et al., 2016). Trachyandra
species are underutilized in South Africa because they are not seen as being significant and
have not been updated in recent years (Ngxabi et al., 2021). However, T. divaricata has shown
to be an important species with huge potential to be grown commercially as a fresh green
vegetable (Van Wyk, 2011).

1.2 Aim

This investigation aimed to explore the flower bud development, antioxidants potential, and
nutrient profile on the growth of T divaricata in hydroponics under different potassium dosages
(0.0216, 0.0144 and 0.0072 M) and cutting height heights (5 cm, 10 cm, 15 cm) to establish

an appropriate growth protocol of the plant for hydroponic cultivation.
1.3 Hypothesis

It is hypothesized that different Potassium concentrations together with cutting heights will
improve morphological traits (height, chlorophyll and number of plants produced per root) and
size of the flower bud of T divaricata and have a positive effect on the antioxidant potential

and nutrient content of the plant.



1.4 Core Objective

The core objective of this study is to analyse the nutrient content, antioxidants, vegetative
growth, and flower bud development of T. divaricata in reaction to different potassium

concentrations and levels of cutting under the hydroponic cultivation.

1.4.1 Specific objectives

Objective one

The proposed study will determine the morphological measurements (height, fresh weight,
and root weight, the number of flower buds and weight of flower buds) of T. divaricata in
response to different potassium concentrations and pruning levels using physical
measurement tools such as centimetre ruler, weight scale, and visual observation to develop

an optimal hydroponic protocol for the species.

Objective two

To ascertain how the chlorophyll content of T. divaricata responds to various potassium
concentrations and cutting levels using the SPAD 502Plus method to develop a suitable

hydroponic protocol.

Obijective three

To determine the nutrient content of the flower bud of T. divaricata using the Inductively
Coupled Plasma- Optical Emission Spectrometer standard procedure to establish variation in

nutrient yields in response to different potassium concentrations and cutting levels.

Objective four

To determine the phytochemical and antioxidant capacity of T. divaricata in reaction to
different potassium concentrations and cutting levels that produce high amounts of antioxidant

and phytochemicals in hydroponics.

Objective five

To determine the optimal response of T. divaricata from the data gathered in sub-problem 1-
to develop an optimal growth protocol for producing high-quality vegetable plants under the

hydroponic system.
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2.1 Abstract

Trachyandra divaricata is a coastal plant that is native to the southern African region. The
plant is distributed in a hot and dry Mediterranean climate and in high saline conditions along
the coast. Trachyandra divaricata flower buds were historically harvested in coastal regions
by indigenous people and eaten raw or boiled as a nutritious inflorescent vegetable. However,
there is has been insufficient scientific papers supporting the wild coastal plants besides the
knowledge collected from indigenous people. There are suggestions that some halophytes
are doing well in saline conditions more when they are supplemented with potassium fertilizer,
as it plays a vital role in the metabolic and physiological process of the plant. Even though
halophytes can survive under harsh or saline conditions some of them have a special salt-
tolerant requirement. The breeding efforts have been made to extract the salt tolerant genes
to inoculate them onto salt sensitive plants such as conventional crops. Those efforts have
not succeeded because of the complexity of salt tolerant genes. Therefore, the domestication
of some wild edible species has added a significant over the past years value. Many
halophytes are used in pharmaceutical industries because of their potential of secondary
metabolites, whereas the edible perspective have been abandoned because the cultivation
data have been lost or not documented. Coastal edible plants have thus shown the potential
to be an alternative to conventional crops in several drought-stricken African countries where
saline soils remain problematic. About 70% of available water is seawater, and this alone
makes conventional crops susceptible to various plant stresses and damages. This study
therefore emphasised the future cultivation potential of coastal species such as T. divaricata

to support food production and alleviate food security in South Africa.

Key words: Asphodelaceae, coastal plants, gene manipulation, domestication, edibility and

food security
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Abbrevations: G - Gutters, PVC - polyvinyl chloride, LDPE - low-density polyethylene, K2SO4

- Potassium sulphate, EC - electronic conductivity, K - potassium

2.2 Introduction

Trachyandra divaricata is an indigenous herb that belongs to Asphodelaceae family, the plant
features include horizontal stem-like rhizomes with fruit sets at the tip that subsequently
develop into white and purple flowers, as well as numerous (fleshy) leaves that can spread
along the surface up to 1 meter long (Brown & Bettink, 2019). The species is native to South
Africa, even though it was later discovered in some areas of Australia in the early years
because it can easily disperse through wind and water (Hussey et al., 1997). Given that T.
divaricata leaves were found poisonous to mammals and ruminants, the plant is abandoned
by animals and there is little to no investigation on its edibility and antioxidant potential (Bulawa
etal., 2020; Huxtable et al., 2005). Poole et al. (2015) have stated that T. divaricata is palatable
and Van Wyk & Gericke (2000), also maintained that T. divaricata is amongst the coastal
edible plants which inflorescences were used as a vegetable part by Khoekhoen people in
ancient times. The species is also known for its medicinal anthraquinones properties (Van
Wyk et al., 2022).

Several studies have been conducted to investigate the coastal edible plants that were
previously used by ancient people in coastal regions and to identify the areas where these
plants were previously and currently growing due to the rapidly increasing population, food
insecurity, and malnutrition which resulted in limited agricultural land and shortage of fresh
water to cultivate conventional crops (Piperno, 2011). For the above-mentioned reasons it is
important to consider salt-tolerant plants, given that they can as well be grown using seawater
hydroponically as a substitute for conventional crops (Ventura et al., 2015). According to
Brigand et al. (2018), coastal edible plants have been shown to be healthy and contain a

special salt which is important for human health.

Potassium is one of the imperative macro-nutrients that are essential for plant development
as it improves the size of the plant. Supplementing T. divaricata with potassium could improve
edible parts of the plant as it plays a pivotal role in many metabolic activities of plants such as
maintaining cell turgidity, triggering most of the plant enzymes involved in plant metabolism,
transportation of sugars and starches uptake of nitrogen and protein synthesis. However,
potassium deficiency causes major injuries to plant growth, nutrition, and leads to reduced
yield (Karley & White, 2009).



Thus, investigating the influence which various potassium concentrations and cutting levels
will have on T. divaricata vegetative growth and nutrient uptake can contribute to developing
optimal growth protocols for cultivating high quality and nutritious plants, perhaps with big,

improved fruit sets that can be sold on a commercial scale readily.

2.3 The valuable knowledge and contribution of coastal edible plants

South Africa is one of the countries that have diverse and rich landscape vegetation in
southern Africa (Van Wyk, 2011). The region has a rich diversity of edible and medicinal
plants (Ruiters-Welcome, 2017). The dispersal of ancient people has caused a lack of
sufficient information that could help to assemble inclusive inventory about coastal edible
plants and that might be the challenge as the comprehensive publication was lastly published

in 2010 "Botanical collectors and the collection" by Germishuizen (2010).

The available documented information is scattered throughout books, articles, journals,
unpublished manuscripts, museums, and herbarium, which leads to edible plants being under-
utilized (Ruiters-Welcome, 2017). According to Raimondo (2015), a clear distinctive
informative ethnobiological inventory of all the food plants in South Africa and wild food, plants
would be beneficial as it will assist with the viable knowledge of genetic diversity of crops, also
with relative wild plants and conservation of indigenous plants. Recently, an ethnobotanical
inventory of edible plants in South Africa documented by Welcome & Van Wyk, (2019) suggest
that Apocynaceae (137) followed by Fabaceae (135 species) are the richest edible species

including in the sub- Sahara and the entire world.

The importance of gathering the indigenous knowledge of these plants as basic research in
botany, horticulture, and food science, as well as science is considered as the effective
strategy for these plants to be adopted and being popular (Van Wyk, 2002 & 2011).
Searchinger et al. (2014) has predicted that by the year 2050, the world population will reach
9 billion inhabitants, hence, it is highly alarming to re-consider salt-tolerant edible plants as
alternative sources of plant-based nutrients. Therefore, this kind of information fortifies food
safety and widening of the alternatives of food availability and may navigate a solution to

rigorous predicted climate change (Raimondo, 2015).

2.4 Importance of coastal edible plants

Halophytes have adaptation mechanisms that make them withstand or even benefit from
saline conditions, as their quality and yield can be improved (Panta et al., 2014). Important

attributes of halophytes include, their commercial application and their potentials, such as

10



them being the raw material for vegetables and a source of oilseed with a high nutritional
value, being used as a bio-fuel precursor and as secondary metabolites in pharmaceuticals,
food additives, and nutraceuticals (Shannon & Grieve, 1998; Liu et al., 2005; Fan et al., 2013;
Flowers & Muscolo, 2015; Buhmann et al., 2015). Hence, coastal edible plants appear to be
the potential alternative to conventional crops as they have several benefits and the tolerance
over saline conditions with levels higher than 20 mM NaCl or half the strength of seawater
(Flowers & Colmer, 2008). Di Baccio et al. (2004) and Sgherri et al. (2008) have as well pointed
out that moderate salinity stress in edible halophytes enhances the plant-based compounds

which show important properties for human health.

2.5 Trachyandra divaricata

The wild vegetable Trachyandra divaricata, also called "Tumbling Starlily" or "Kus
Waaibossies" (Afrikaans), has edible blossoms (Tshayingwe et al., 2023). The plant, which is
a member of the Asphodelaceae family, is primarily found in sandy areas over most of South
Africa (De Vynck et al., 2016). It is a robust, tufted, rhizomatous perennial that produces
horizontal stalks of white to purple flowers and thick leaves that can reach a length of 1 meter
(De Vynck et al.,, 2016). The plant has £+ 80 cm long height and produces several

inflorescences that turn into small white flowers which are attractive to honeybees.

2.5.1 The family Asphodelaceae and species Trachyandra species

The family Asphodelaceae is in the order of Asperagales and consists of 17 genera and about
800 species (Dahlgren et al., 1985). The family is divided into two subfamilies namely,
Asphodelaceae, Str. and Aloaceae. They are arranged according to their respective
vegetative and reproductive characters (Bridson et al., 2009). Asphodelaceae consists of 8
genera: Asphodeline Reichenbach, Asphodelus Linné, Bulbine Wolf, Bulbinella Kunth,
Eremurus Marschall von Bieberstein, Jodrellia Baijnath, Kniphofia Moench and Trachyandra
Kunth. Although the genus Trachyandra had been previously placed under the Anthericaceae

family it is now classified under Asphodelaceae (Fabaceae & Thulin. 1989).

2.5.2 Distribution of Trachyandra divaricata

Trachyandra spp. is wildly distributed in tropic, subtopic, arid, sub-arid, and heath areas. This
is evidenced in the investigation that was done on the “the analysis of plant communities on
Rotten Island (Australia)” by Poole et al. (2014) and other related studies. Trachyandra

divaricata is well distributed along coastal heath and dune areas (Johnson et al., 2000; Motzkin
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& Foster, 2002; Rippey & Hobbs, 2003). Although the species is widely distributed in different
parts of Europe it originated from the African continent (Smith & Van, 1998).

2.5.3 Climate and growth conditions

According to Heyligers (1998) T. divaricata is mostly adaptable to Mediterranean climates with
winter rains and hot and dry summers or long and mild summers especially along the coastal

region of Africa, specifically tolerating around 29-35 °C in day temperatures.

Trachyandra divaricata is thus tolerant in a diverse environment and the ever-changing climate

of South Africa as it can survive winter rains and harsh temperatures as reported.

2.5.4 Water requirements

Obermeyer (1962) has indicated that T. divaricata has coarse roots covered by a velvet-like
pubescence of interlacing root hairs, which are very active in absorbing the water and
nutrients. The species have potential to be cultivated hydroponically due to its occurrence
along seashores and natural wetlands which suggest that plants can easily adapt to variety of
environmental conditions including disturbed areas such as next to the roadside (Todd, 2016;
New et al., 2021).

2.6 Economic importance of Trachyandra species as a vegetable

Coastal species are slowly gaining recognition as biological factors such as freshwater; arable
soil and climate change have become a major challenge worldwide, negatively impacting the
life of conventional crops (Ngxabi et al., 2021). For example, saline conditions have shown
harm to the quality of the crops, resulting in insufficient nutrients such as proteins, fats and
calories. Thus, a need for a new alternative crop that will meet human requirements is needed
(Cheeseman, 2016). Amaranths, Cleome spp and other coastal species that were healthy are
being cultivated on a small scale as food crops in other countries (Van den Heever & Coertze,
1997). In East Africa plants such as Solanum nigrum, Bidens pilosa and Basella alba are
mixed in one dish to offer a variety of nutrients, taste of stable food and improve palatability
(Marshall, 2001; Lyimo et al., 2003). It is thus economically important to enhance the
cultivation of neglected species to increase food production. Table 2.1 shows an extraction for
the list of 1740 edible species that is provided in a thesis titled “Food plants for Southern
Africa" which showcase the edible plants of southern Africa. It specifies the edible parts of the
plant in each species but is lacking the nutritional value of each species as it is not fully

documented.

12



Table 2.1:

Trachyandra species.

Distribution, conservation status and uses of different parts used of

Family FSA Red List Accepted names and Plant parts used: Uses
distribution synonyms.
Asphodelaceae Indigenous Least Trachyandra ciliata (L.f.) leaves: vegetable
Concerned Kunth flowers: vegetable
Asphodelaceae indigenous; Least Trachyandra divaricata flowers: vegetable
endemic Concerned (Jacq.) Kunth
Asphodelaceae Indigenous; Least Trachyandra falcata flowers: vegetable
endemic Concerned (L.f.) Kunth
Asphodelaceae indigenous; Least Trachyandra hirsuta flowers: vegetable
endemic Concerned (Thunb.) Kunth
Asphodelaceae indigenous; Least Trachyandra hispida (L.) whole plant: vegetable
endemic Concerned Kunth flowers: vegetable
Asphodelaceae Indigenous Least Trachyandra revoluta flowers: vegetable
Concerned (L.) Kunth

Adapted from: Food Plants of Southern Africa (Ruiters-Welcome 2019).

The Asphodelaceae family has many different species that are edible. Table 2.1this table
reveals their botanical names and conservation status as part of encouraging the utilisation
and exploitation of the family. Genius Trachyandra has about 6 species that are edible and
least concerned because the plant seeds spread so fast through wind and water. There is little
related kind of literature that has been done on available coastal edible plants in southern
Africa, ever since Africa was colonized, ancient people were forced to vacate the urban areas
and introduced to conventional crops (De Vynck et al., 2016). It clearly shows the gap between
the researchers and ancient people in terms of knowledge transfer about these plants.
Therefore, Deacon, (1995) has mentioned that it will be difficult to identify the edible and toxic
parts in these plants, in hotpots areas without the proper knowledge of these plants. The
richness of the Cape coast particularly these underground storage organs (USO, s) marine
and terrestrials-based protein has been hypothesised as the main components that have
helped the ancient people during glacial phases, as they were the only inexpensive source of
food available in coastal regions (Maraen, 2010). Unfortunately, in other African countries that

may have been resource-poor, these food plants could not be found. In the meantime, no
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thorough investigations have been achieved in conjunction with the nutritional value of the wild
edible species (Ruiters-Welcome, 2017 & Maraen, 2010). Singles et al. (2015) has discovered
that Underground Storage organs that has maximum values range from (600 Kg/ha to 5,000
Kg/ha) in two different biomes in South Africa. Also, species that have a relatively large (10-
100g) starch-rich and lower fibre food and are easily harvested have been discovered
(Parkington, 1977; Deacon, 1993; Singels et al., 2015). Most of these food plants are
considered as a shack and consumed raw or boiled. In addition, these plants which are
available during late winter and early spring include fruit plants such as Carissa, Diospyros,
Olea, Sarsia as well as leaf crops such as Trachyandra species (Youngblood, 2004; Dominy
et al., 2008; De Vynck, 2011). No reports were found on the economic importance of
Trachyandra species apart from that it is edible. Trachyandra divaricata develops fruits from
mid-winter to early spring as it is the best time to harvest the flowers before fruit setting
(Obermeyer 1962; Lewis et al., 1972; Goldblatt & Manning, 1998). The flowers remain popular
in selected gourmet restaurants for its salty crispy flavour and nutritious flowers in salads (Van
Wyk & Gericke, 2000). The flowers are rich in nutrients and stewed as vegetables (Leipoldt,
1978; Rood, 2008; Luo et al., 2019; Ngxabi et al., 2021). It is documented that T. divaricata
was consumed by the ancient Khoisan people of the Western Cape, South Africa, hence, the
plant could be used to enhance the culinary values of food. Also, public sensitisation is needed
to propagate its values to promote commercial cultivation as large-scale growers would require

valuable information about the species for advertisement and commercial purpose.

Figure 2.6.1: shows a dish of boiled Trachyandra divaricata flower bud with various wild
plants and bottle stored flower buds (Rusch, 2022)
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2.7 Hydroponics as an option for cultivation

Hydroponics is a system that supplies the correct combination of nutrients required by a plant
(Mino et al., 2021). According to Searchinger et al., (2014), the world population is increasing
rapidly, and it is estimated that by 2050 the population will reach 9 billion inhabitants. Given
this increase in the population growth rate, arable land becomes an issue as a large part of
the land is used in urban expansion, while rural areas are being urbanized (Heredia et al.,
2014). Thus, there is a need for new strategies to produce food using limited resources
efficiently to cater to the unceasing population growth. It is estimated by Martinez-Beltran &
Manzur (2005) that about 70% increase in food production will be needed in the future. As a
result, hydroponics is one of the effective methods of growing sustainably food throughout the
year and should therefore be considered in cultivating T. divaricata to meet the demands of

the ever-increasing population (Alshrouf, 2017).

A completely closed hydroponic system allows the environment to automatically control plant
requirements such as temperature, light, plant nutrients, and water (Tablada, & Kosori¢, 2022).
That way an improvement in plants can be doubled compared to traditional field cultivation,
specifically in terms of quality and yield. Also, unlike in the field whereby plants need to develop
long roots to search nutrients and where more space in between plants is required, some
plants in hydroponics can grow together to use the space efficiently, because there is no
competition or search for nutrients and water, (Khan et al., 2020). Given the above potentials,
hydroponics has since then gained more recognition around the world and largely in
developed countries, and the increasing demand for the system, hydroponics is innovative,
eco-friendly, sustainable reliable, and flexible (Gwynn-Jones et al., 2018; Li et al., 2018). Fully
integration of hydroponics in developing countries would provide various important benefits
that enable the production of high-quality food and also, finding the appropriate hydroponic
growth protocol of T. divaricata will be beneficiary as it will be available through the year and

improve food security.

2.7.1 Growth substrates for hydroponic cultivation of Trachyandra

Hydroponics is also known as soilless culture because the system allows plants to grow
without the presence of soil (Dan, 2007). In hydroponics, plants are either grown using a
growing medium or without it as the growing medium provides support to the plant. Most of
the growing mediums used in hydroponics are inert which makes the roots easily penetrate
and reach a nutrient solution (Shamanshop, 2007). Although many growing substrates (coco
coir, sand, vermiculite, perlite, bark, and clay stones) are commonly used in hydroponics

depending on the type of plant and hydroponic system this study will focus on silica sand as
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it will be used. Silica sand is a white and glowed small particle from weathering rock and sieved
to a length fraction of 125-250 btm, wiped clean with HNO3 to emerge as a neutral H (Osseni
et al., 2019). Small particles make the medium to be unable to hold moisture and normally
silica sand is mixed with a lighter medium, such as vermiculite, perlite, and coco coir to
enhance its water holding capacity as the silica sand has a bit of weight (Ventura & Sagi,
2013). Silica or washed river sand would be a recommendation for cultivating T. divaricata to
simulate its natural growing medium comparable to sand dunes, however further hydroponic

experimental work is required to advance a commercial success of this species.

2.7.2 The role of nutrients (potassium) in hydroponics

Potassium (K) is an essential nutrient that is required in large quantities in plant growth and
development. In other words, potassium triggers various physiological and metabolic activities
such as photosynthesis, protein synthesis, and resistance to diseases, pests, and so forth
(Rehm & Schmitt, 2002). An adequate supply of potassium to the plants helps to maintain all
the plant activities and formation of photosynthates.

Potassium also plays a pivotal role in the transportation of water through the xylem. In that
order with the phloem transport systems, the role of K in xylem transport is often in conjunction
with specific enzymes and plant growth hormones (Lu et al., 2019). However, when there is
a lack of K in a plant, some growth activities do not function to their full capacities, given that
translocation of nitrates, phosphates, calcium (Ca), magnesium (Mg), and amino acids are
depressed (Wang et al., 2020). Therefore, a crucial component of plant nutrition and
physiology is potassium (Wakeel & Ishfag, 2022). It increases the activity of over 60 enzymes,
stomatal regulation, transfer of photosynthates from the source to sink organs, detoxification
of reactive oxygen species (ROS) and photosynthesis. It is referred to as a "quality element"
since its sufficient supply enhances agricultural commodities' quality features and production
(Kumar et al., 2006; Pettigrew 2008). Additionally, it shields the plant from the damaging
effects of biotic and abiotic stresses, and it enhances nitrogen uptake, which decreases
environmental footprints (Wakeel & Ishfaq, 2022). Evaluating concentrations of Potassium in

cultivation of T. divaricata would support a successful cultivation protocol for this species.

2.7.3 Electrical conductivity, and pH in plant growth and development in hydroponics

Nutrients in hydroculture are applied in liquid and solid forms. The salts dissolve in water and
begin to break down into ions (Mattson & Lieth, 2019). For example, potassium changes to
potash ions when dissolved. These ions carry electrical conductivity due to their negative and

positive charges (Cornish, 1992). The role of electrical conductivity (EC) is to indicate the
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concentration of nutrients in a solution. A higher level of EC indicates higher salt concentration,
while a lower level of EC indicates lower salt concentration (Cometti et al., 2013). The pH is
used to determine the acidity or alkalinity of the solution (Domingues et al., 2012). Hence
electrical conductivity and pH are critical values that need to be considered or monitored in a

hydroponic system as plant growth and development depend on these values.

Plants grow faster in hydroponics because of different factors such as an automatic supply of
optimum oxygen to the roots, frequently maintained EC and pH levels, and nutrient supply to
the plant (Shamanshop et al., 2007). Every plant species has a specific pH and EC which is
suitable for its growth. For example, T. divaricata usually grows well in water with marginal
alkaline pH (~7.5) with relatively high EC (160-180 mS/ m) and low dissolved oxygen
percentage saturation levels (~40) (Malan et al., 2013). However, these recommendations
need to be substantiated to advance the commercial potential of the species. Different coastal
plants have their specific amount nutrients that needs to be met for a proper growth, hence,
the correct combination of nutrients with EC and pH being maintained correctly for the
production of T. divaricata is essential as it will assist in finding correct procedure to grow the

plant on hydroponics.

2.8 Discussion

The uncertainties of abiotic and biotic factors are highly challenging to reach the necessary
goal of food accessibility to most households because their significant negative influence on
the yield of crucial crops like wheat, rice, and maize around the world, including South Africa
(Acquaah, 2007; Corwin, 2021). Moreover, early findings suggest that the strategy of adopting
wild plants that have edible potential and tolerant ability to cope with ever climatic variations
can be vital to enhance food production and add a significant value to the economies of
developing countries (Debez et al., 2010; Ventura & Sagi, 2013). In addition, the use of wild
salt-tolerant plants (halophytes), which have considerable commercial values as green
vegetables, feed crops, and medicinal precursors, is one main reason of consideration as
commercial crops due to their climatic adaptations (Debez et al., 2010; Ventura & Sagi, 2013).
As a result, there remains an increased interest in the development of edible halophytes for
use in agricultural production to address global issues with food and nutrient shortages
(Jacobsen et al., 2013). Therefore, with the literature provided in this review, the scientific
information suggests the necessity to facilitate the use of wild edible plants to enhance their

domestication for adoption as future horticulture crops in hydroponics.

Based on dietary benefits of T. divaricata and medicinal potential of its edible flowers (Bulawa

et al., 2022; Tshayingwe et al., 2023), the species could be introduced into the market as an
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easy to grow and probably most tolerant to a variety of South African climatic regions and
soils. Furthermore, embracing alternative crops that can provide essential nutrients, it may be
possible to increase dietary diversity as food-based approach to improve the biological value
of diets (Jimoh et al.,, 2020). Therefore, promoting the cultivation and consumption of
halophytes such as T. divaricata will expand dietary options and encourage additional studies
to be done on other species that have previously been shown to be valuable but lack scientific

evidence regarding important traits (Liu et al., 2005; Fan et al., 2013; Buhmann et al., 2015).
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Chapter 3: Vegetative growth of Trachyandra divaricata in response to
various cutting heights and different potassium concentrations in

hydroponics
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3.1 Abstract

The constant decline in agricultural production calls for intervention to rescue food production
that will create food security, and this includes strategies to use halophytic plants to substitute
affected crops as they can tolerate drought and grow in saline areas. The aim of this study
was to determine the effect of different potassium concentrations and pruning responses on
the growth of T. divaricata cultivated in a hydroponic system. The experiment was carried out
in four similar built nutrient film (NFT) systems, with a separate metal mesh steel table (2.5 m
length) for each system. NUTRIFEED™ fertilizer served as a basic hydroponic feed in all
systems while different potassium dosages (0.0216, 0.0144 and 0.0072 M) were added into
each sump, and the nutrient solution without the addition of K;SO.was considered as control.
The plants were also cut back to different height levels (5 cm, 10 cm, and 15 cm) and the no
cut plants were considered as a control. The experiment was set up in a greenhouse for 13
weeks during which different growth parameters such as leaf length, leaf number, number of
flower buds, fresh and dry weight were measured. The results of this experimental trial
indicated that a combination of low potassium concentration (<0.0072 M) with minimal cutting
back (15 cm) had a significant effect on T. divaricata. However, high concentrations (0.0144
and 0.0216 M) of K.SO4with low cutting back (10 and 5 cm) had negative effects on the growth
and bud development. These findings will assist horticulturists, plant enthusiasts and

commercial growers to develop a suitable growth protocol for the species.

Keywords: Asphodelaceae; flower buds; growth protocol; halophytes; Khoi-san people;

unpruned plants

Abbreviations: G - Gutters, PVC - polyvinyl chloride, LDPE - low-density polyethylene,

K2S04 - Potassium sulphate, EC - electronic conductivity, K - potassium
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3.2 Introduction

The agriculture industry in Southern African countries has been experiencing uncertainties
due to biotic and abiotic factors (Ngxabi et al. 2021). These factors include climate variation,
lack of fresh water and arable land which make it difficult to keeping up with the growing human
population to maintain food and nutrition security (Ngxabi et al., 2021). Due to the shortage of
summer rainfall and soil deterioration, plant growth become stunted during the growing
season. For instance, for the past few years, there have been significant water shortages in
South Africa’s Western Cape Province. Furthermore, due to the continuation of shortage, it is
anticipated that this province will struggle to meet its agricultural demands in a few years
(WWEF, 2017). This phenomenon stimulates the need to develop more innovative techniques

to enhance sustainable crop production (Ventura & Sagi, 2013).

Drought levels need to be evaluated with the development of new food production methods
(Ventura et al., 2011). Several writers, notably Ventura et al. (2011) and Klados & Tzortzakis
(2014), have argued that to achieve long- term food and nutrition security, the cultivation of
native, salt-tolerant, and drought-tolerant halophytic species could bring about changes,
however, there are very few cultivation protocols known for most species. This has brought
about an imperative need to employ different approaches in developing suitable cultivation

methods for underutilized wild edible species.

There is evidence that indigenous edibles species such as T. divaricata, T. ciliata, and T.
falcata were utilized as food by Khoi-San people who lived around the South African Cape
coast before colonization (De Vynck et al., 2016). The inflorescence of Trachyandra species
have become popular a gourmet dish as it can be steamed or boiled or used as in a vegetable
stew (De Vynck et al., 2016). Trachyandra species (family Asphodelaceae) are distributed all
over southern Africa, however, most of them are confined and unique to the south-western
Cape's winter rainfall region, with just one occurring as far north as Ethiopia (Smith & Van
Wyk, 1998). Most of these species occur on coastal dunes or seashores, however they can

also survive under wetland conditions (Todd, 2016).

Trachyandra is a salt-tolerant food crop that grow naturally in very saline soils along the coast
(Smith & Van Wyk, 1998) which provides an opportunity to be cultivated a possible
commercialized salt-tolerant food crop. As a result, this would be beneficial in assuming higher
agricultural productivity while also reducing the use for freshwater for irrigation during
challenging water shortages. T. divaricata has rhizomes with coarse roots covered by a felt-
like pubescence of interlacing root hairs, which are very active in absorbing the water and

nutrients and thus make it a suitable specimen for hydroponic culture, however little is known
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about growth characteristics and suitable cultivation protocols for the species. Understanding
the plant’s responses to potassium and pruning, is critical for improving its performance and
broadening its marketability. Therefore, this study investigated the vegetative growth of T.

divaricata under different potassium concentrations and pruning height in hydroponic system.

3.3 Materials and Methods
3.3.1 Greenhouse Experiment

The study was carried out over a duration of 4 months at the Cape Peninsula University of
Technology’s greenhouse site in Bellville, Cape Town, South Africa (33° 55'45.53S, 18° 38’
31. 16E). The control of the inside environment of the greenhouse was ensured by the

technologies used within the structure.
3.3.2 Plant Preparation

About 300 small plants were harvested at the back of Horticulture and Landscape design
building on the Bellville campus of the Cape Peninsula University of Technology. Excessive
plants were divided to certify the number of plant pieces (200) required for the experiment.
Plant divisions were planted individually into black plastic pots (12.5 cm (height) x 12.5 cm

(width) x 12.5 cm (depth) in a medium of silica sand.

The plants were placed in an environmental controlled propagation greenhouse with an
automated drip irrigation system from 7 am to 7 pm daily, where they were watered for 30
seconds every hour. The plants were treated with NUTRIFEED (13:0:45) solution (100 ml per
plant) once in a week as a basic nutrient. After 3 weeks, the pots were moved to the research
greenhouse for acclimatization for a week. The pots were then transferred to the research
greenhouse for a week for acclimatization. For the experiment, 160 healthy, uniform plants

were selected from the batch, each measuring 13-20 cm in height with 10-15 leaves.
3.3.3 Experimental design

The experiment consisted of four hydroponic systems arranged in a complete block design
having 10 replicates of each treatment (Table 3.3.1). Each system had used a low-density
polyethylene (LDPE) reservoir with a capacity of 70 litres, four polyvinyl chloride (PVC) square
cutters (130 mm x 70 mm x 2 500 mm), forty 12.5 x 12.5 cm plastic pots, a 2 000 L/h

submersible water pump with a 2.5 m head capacity and ten meters of 20 mm LDPE irrigation

piping.
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This experiment was designed with each hydroponic system being placed on top of a single
rectangular steel mesh table. The four systems were marked from Bl to B4. A steel mesh
table served as a flat surface for twenty white gutters while a black plastic pipe used to deliver
water from the individual reservoirs. Reservoirs were kept filled with a 50 L (water and a
specific amount of Potassium concentrations (0, 0.0072, 0.0144 and 0.0216 M) solution level
beneath each table. Each reservoir contained a submersible water pump, which recirculated
the aqueous nutrient solution to each gutter to keep the plant roots submerged with the
solution. Excess waters were returned to the reservoirs. All the gutters carried pots filled with
silica sand (labelled with numbers and arranged randomly). Digital timers were used to
automatically control each separate system to fertigate plants with various amounts of nutrient
solution (Potassium sulphate) with 0.0144 M of nutrified being used as the basic nutrients for
all systems. All aqueous solutions used in this experiment was kept constant between 6.0 to
7.0 pH level and the electrical conductivity (EC) were measured weekly with a handheld digital
EC meter (Hanna Instruments®™HI| 98312). A calibrated handheld digital pH meter
(Eurotech®™ pH 2 pen) was used to check the pH levels of every water reservoir. Potassium
hydroxide was used for increasing pH and hydrochloric acid to lower pH. The EC of the
agueous nutrient solution in the reservoirs was decreased by adding reverse osmosis water,
whereas the EC was increased by adding Hoagland solution to the aqueous nutrient solution

in the reservoirs.

¥

Figure 3.3.3: The experimental layout showing replicates (n = 10) in the Nutrient Filter
Technique hydroponic system (Bulawa, 2021).
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3.3.4 Cutting and fertigation treatments

See Table 3.3.1 below

Table 3.3.1: Treatments arranged in a randomised block design in every gutter on four

hydroponic systems with different levels of cutting heights and potassium concentrations.

Treatment  Gutter one Gutter two Gutter three Gutter four
1 5cm+0M 10cm+0M 15cm+0M Nocut+0M
2 5cm+0.0072 M 10 cm + 0.0072 M 15cm + 0.0072 M No cut + 0.0072 M
3 5cm+0.0144 M 10cm + 0.0114 M 15cm + 0.0144 M No cut + 0.0144 M
4 5cm+0.0216 M 10 cm+ 0.0216 M 15 cm+ 0.0216 M No cut+ 0.0216 M

Note: Each gutter of each Treatment contained ten plants, one plant per pot, for a total of 40
plants in each hydroponic system and 200 plants during the entire experiment. Plant heights
were cut back (cm), and Potassium nutrient concentrations (M) applied. Cutting heights of 5

cm were consider light pruning, 10 cm moderate pruning, and 15 cm heavy pruning.

3.3.5 Treatment preparation

Only silica sand (100%) was used as soilless growth substrate for cultivation in the experiment.
The sand was thoroughly washed before planting to remove unwanted substances that can
affect plant growth. All four hydroponic systems had the same water pumps installed to
achieve fertigation regimes. The same amount of aqueous nutrient solution 450 mL for 2
minutes was used for each outlet. To measure the amount, an empty bucket was placed
beneath the gutter outlet for 2 minutes. The liquid collected in the bucket was decanted and
measured using a 500 mL Erlenmeyer flask. This was done to ensure uniformity. Treatment
0 M potassium and unpruned plant height were selected as the control variable, and it only

received containing Nutrifeed™.

3.4 Data collection
3.4.1 Plant height

Plant height was measured prior to transplanting into the hydroponic systems and again during

the experiment until post-harvest. Plant height was measured in cm using a standard ruler.
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3.4.2 Plant weight

An electronic balance (Model PS 750.R2, manufactured by RADWAG®, Poland) with 0.001 g
readability was used to measure the weight of the plant prior to transplanting into the
hydroponic system and at the end of experiment excluding the flower buds as the plants

produced them at different times as they were harvested separately.

3.4.3 Number of flower buds

Flower buds were separated from the plant as they were produced at different times, and
number of flower buds were only counted manually and recorded during and at the end of the

experiment.

3.4.4 Fresh weight of the flower buds

The flower buds together with its stem-like stalk were harvested separately from the plant
during the production stage (8 week) and after the experiment as flower buds were not growing
and maturing at the same time as mentioned on 3.3.3. The flower buds were weighed using

an electronic balance and recorded.

3.4.5 Dry weight

The plants were firstly washed after being harvested with tap water until the growing substrate
particles were completely removed from the roots and allowed to dry for 10 mins to be placed
in a papery brown bag and dried at 30-31°Cin a pushed convention oven (Daihan Labtech

LDO-150F) until the samples became crispy dry. The dry material was weighed and recorded.

3.4.6 Statistical analyses

The collected data from the growth parameters (height, flower buds, plant, and root weight)
was analysed using a two-way analysis method of variance (MINITAB) to certify the accuracy
and the testing of significance levels and to be able to make correct conclusions and
recommendations. Turkey’s least significant difference was used to compare the significant
differences between treatment means at p<0.05. A computer software program, MINITAB

was used for statistical analysis of all the calculations.
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3.5 Results

3.5.1 The height of the plant

The findings of this experimental trial showed that different potassium dosages and levels of
pruning had a significant (P <0.05) influence on the plant height (Table 3.5.1). The 0.0072 M
K>SO, concentration had the highest values from second and fourth month as shown in the
(Table 3.5.1a) compared to the other treatments including control. However, the plant leaves
were pruned back in third month from the base to their respective basic leaf length level (5
cm, 10 cm and 15 cm). The plants with no cut had the highest values followed by moderate
pruning (15 cm) almost all the treatments. The combination of Potassium and cutting back
showed significance (P< 0.05). The maximum height mean was recorded in the unpruned
treatments supplemented with 0.0072 M and 0 mL K;SO, as both treatments were on the
same range compared to all the treatments. The lowest values were recorded in plants treated
with 0.0216 M K2S0O4 at all the cutting back levels (Table 3.5.1).
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Table 3.5.1: Plant height of Trachyandra divaricata in response to various potassium concentrations and various cutting back heights on monthly

intervals.
K>SO, Cutting First Month Second Month ) Fourth Month
Third Month
oM No cut 35.02 + 0.43a 45.25 + 0.57a 59.29+ 1.18a 64.14 + 1.65a
5cm 8.87 + 0.38e 18.19 £ 0.70a 14.28 +0.63ghi 15.29 + 2.24def
10 cm 13.35 + 0.45d 23.10+1.00a 19.48 + 0.93cde 31.22 £ 0.77efg
15 cm 18.15 + 0.07bc 30.36 + 0.95a 23.76 £ 0.30c 34.23 + 1.40cd
0.0072 M No cut 33.99 + 0.42a 44,01+ 1.35a 56.67 + 2.13a 78.91 + 1.85a
5cm 9.11 +£ 0.63e 18.97 £ 1.26a 15.34 +0.28fgh 37.00 + 1.14de
10 cm 13.76 £ 0.51d 29.34 +0.71a 20.87 +0.72cde 44,27 +1.68cd
15cm 17.63 £ 0.42c 29.97+ 1.31a 23.06%0.44cd 49.43 +1.57bc
0.0144 M No cut 35.49+ 0.90a 40.35+ 1.51a 48.08 + 1.67b 55.57 + 2.28b
5cm 10.30 £ 0.67e 17.98 £ 0.87a 13.64 £ 0.46hi 25.50 £ 3.59fgh
10 cm 14.17 £ 0.61d 25.52 + 0.93a 16.84 + 0.39ef 27.71 £ 0.85efg
15cm 20.42 + 0.58b 288 + 260a 18.40 £ 0.13cde 27.52 + 4.74efg
0.0216 M No cut 33.85 + 043a 40.09 + 0.75a 48.69 + 1.35b 49.19 + 2.43bc
5cm 9.70 £ 0.24e 17.37 £ 0.79a 11.65 + 0.29i 13.11 + 2.80i
10 cm 13.78 £ 0.37d 21.50+0.92a 15.05 £ 0.59fgh 15.29 + 2.24hi
15 cm 18.33 + 0.66bc 26.82 + 0.60a 18.81 +0.38def 2151+ 0 63gh|
Two-way ANOVA Minitab
K>SO, 52.2* 124071n 1091.5* 17272*
Cutting back 14431.5* 140579n 39059.7* 34194*
K2SO4*cutting back 26.9ns 379521n 376.3* 1582*

Note: The mean values * standard Error are displayed in columns. According to Fisher's Least Squares calculations, the mean values denoted by various

letters are substantially different at P <0.05 (*) and ns= not significant. The plants were pruned back to their basic height in the beginning of second month.
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Table 3.5.2: The influence of potassium and levels of pruning on fresh and dry weight of the roots and shoots of T. divaricata that is grown on
hydroponics.

K2SO4 Pruning Shoot fresh weight Shoot dry weight Root fresh weight Root Dry Weight
oM NO CUT 93.48 +19.3bc 18.27 £ 3.75ab 51.30 + 2.39bc 27.89 + 1.31abcd
5cm 60.4+9.33bcde 6.72 £1.76d 30.98 £ 1.20 de 21.27 + 1.72def
10cm 69.8 + 12.5cd 19.19 +4.83ab 30.86 £ 1.13 de 22.80 + 1.78cde
15cm 154.3 + 7.79a 19.38 + 3.76a 46.06 + 1.41cd 34.08 + 2.25abc
0.0072 M No cut 1145+ 12.6ab 16.41 +2.34b 63.23 £ 2.68a 38.17 £ 3.81a
5cm 51.65+4.96d 8.65+2.14 cd 30.98 + 1.20ef 25.60 + 0.84bcd
10cm 91.0 £13.8bc 8.76 £ 2.51cd 21.22 +1.26e 34.86 + 1.33def
15cm 89.5 £16.0bc 15.80 + 3.22b 38.09 + 2.31de 26.84 + 2.85abcd
0.0144 M No cut 97.9+17.4b 11.13+ 2.25bc 51.77 £ 3.05 bc 35.78 £ 3.76ab
5cm 25.80 +5.56f 6.79 £ 2.38d 59.92 + 3.30ab 21.27 £ 1.72bcd
10cm 45.0+12.4e 9.28 + 1.92cd 30.50 + 3.59ef 17.34 + 2.60def
15cm 50.0 + 15.6de 4.95 + 2.05e 22.93 £ 2.00fg 12.17 + 2.83efg
0.0216 M No cut 21.53+ 4.10f 8.75+ 1.11cd 32.88 + 1.33ef 10.91 + 1.67fg
5cm 5.91 + 2.26g 0.42 £0.42e 14.32 + 0. 34g 2.62 £ 0.89¢
10cm 3.81+1.82¢g 249+ 1.28e 19.19 + 0.58g 345+157¢g
15 cm 4.47 + 3.67g 1.64 + 0.57e 24.49 * 0.95fg 1.95 + 1.41g
Two-way ANOVA Minitab
K2S04 18136* 3541* 11307* 13755*
Cutting back 80109* 1276* 8830* 3393*
K2S0O4*Cutting 23891* 1017* 9949* 2825*

back

Note: The mean values + standard Error are displayed in columns. According to Fisher's Least Squares calculations, the mean values denoted by various

letters are substantially differ at P <0.05 (*) and ns= not significant.



3.5.2 Plant fresh weight

The outcomes gathered from the present experiment showed that different potassium
concentrations significantly influenced fresh weight of the plant at o = 0.05 (table 3.5.2). Also,
the pruning levels shows significant difference on the fresh weight of the plant. In contrast, the
interaction of Potassium concentrations and cutting back levels showed to have a significant
difference on the plant fresh weight. 15 cm plants treated with 0 ml K.SO4 recorded the highest
mean fresh weight (154.3 g) followed by 0.0072 M + no cut, whereas a combination of 0.0216
M K>SO, with all cutting back levels and unpruned recorded the least values than any other
treatment (Table 3.2).

3.5.3 Plant dry weight

The results obtained from the present experimental trial indicated that different potassium
concentrations had a significantly impacted (P< 0.05) on plant dry weight. Compared to
pruning levels shows significant effect on the dry weight of the plant (Table 3.2). The results
also indicate that there was an interaction in both factors as they show significant difference
on the plant dry weight. Control variable with 15 cm cut recorded the highest mean value plant
dry weight (19.38 g) while 0.0216 M in almost all the cutting back levels recorded lowest mean

value expect the no cut (Table 3.2).

3.5.4 The fresh weight of the root

Table 3.5.1b shows the significant (P< 0.05) different of various potassium concentrations on
the plant fresh weight. In supplemental, cutting back levels had the same significant difference
on the root fresh weigh (Table 3.2). However, the results show that there was no interaction
between potassium concentrations and cutting back levels on the root fresh weight. The root
fresh weight obtained the highest mean value of (63.23 + 2.68) at 0. 0072 M + No cut
treatment, whereas 0.0144 M + 5 cm and 0.0216 + 10 cm recorded the lowest values (Table
3.2).

3.5.5 The dry weight of the root

The results of the current trial experiment presented on the table (3.5.2) shows the significant
(P=< 0.05) difference of the different potassium concentrations on the root dry weight. Also,
different cutting back levels indicated significant difference on the plant dry weight. The
combination of both variables proved to be significantly different on the plant dry weight.
Treatment 0.0072 M + unpruned recorded the highest values, while 0.0216 M + 5 cm as well

as 0.0216 M + 10 cm had the smallest mean values (Table 3.2).
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Table 3.5.3: The influence of different potassium and levels of cutting back on flower bud number, plant height and the fresh and dry weight of
the flower buds of hydroponically grown Trachyandra divaricata.

K2S0O4 Pruning No. of flower bud Fresh flower Buds (g) Dry Flower Buds (9)
oM No cut 5.30£0.63 ab 16.14 + 2.34 bc 13.59+2.16b
5cm 2.80 £ 0.29 bcd 8.01+231le 6.19+2.11d
10 cm 4.60 £ 0.69 bc 9.76 £ 2.65¢€ 8.30+243c
15cm 3.30 £ 0.58 bcd 15.83+3.23 ¢ 13.71+2.49b
0.0072 M No cut 7.80+0.49 a 2295+ 344 a 20.06 £3.14 a
5cm 3.60 £ 0.37 bcd 583+ 1.16f 4.11 +0.94 de
10 cm 4.70 £ 0.78 bc 17.75+4.42b 14.31+3.83b
15cm 7.60+0.65a 22.09+4.01a 19.54 +3.65 a
0.0144 M No cut 4.00 + 0.52 bcd 11.06 £ 2.22 de 793+185c
5cm 1.80 + 0.47 def 554 +232f 4.16 + 1.86 de
10 cm 2.70 £ 0.67 cde 9.28+1.92e€ 7.35+1.66¢C
15cm 1.00 £ 0.45 fg 495+205f 3.64+154¢e
0.0216 M No cut 2.70 £ 0.34 cde 875+ 111e 6.04+0.85d
5cm 0.20+0.13 g 0.42 +£0.42g 0.23+0.23f
10 cm 1.30+£0.54 g 249+1.28¢ 1.45+045f
15cm 1.10+0.28¢g 1.64+05¢g 0.86 £ 0.30 f
Two-way ANOVA Minitab
K2SO4 483.67* 4275* 3495*
Pruning 158.22* 1903* 1411*
K2S04 x Pruning 95.61 * 1156* 11018*

Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:

significant at p < 0.05.



3.5.6 Number of flower buds

The findings of this investigation showed that the number of flower buds was significantly (P<
0.05) influenced by different potassium concentrations, pruning levels, as well as their
interaction (Table 3.3). The highest height mean values for flower buds were recorded in
minimum treatment (0.0072 M). The cutting levels shown to be also significantly affected and
highest values were observed on no cut and 15 cm pruning level. The minimum concentration

+ no cut and 15 cm recorded the highest values compared to all treatments.

3.4.7 Bud fresh weight

The findings from this investigation trial showed that different potassium dosages significantly
(P=< 0.05) influenced the bud fresh weight. Moreover, different pruning levels indicated the
significant difference on the bud’s fresh weight (Table 3.3). Various potassium dosages and
levels of pruning had a significant difference on the fresh weight of the bud. The combination
of 0.0072 M + 15 cm and unpruned had the highest mean values, and 0.0216 M + all cutting
back levels had the least value than any other treatment (Table 3.3).

3.5.8 Bud dry weight

Table 4 illustrates the effects of different potassium concentrations that influenced the bud dry
weight significantly (P< 0.05). In addition, the dry weight of the flower bud was significantly
influenced by pruning levels (Table3.5.3). However, the results show relationship between
various potassium dosages and levels of pruning on bud dry weight, according to the findings.
The combination of 0.0072 M + no cut and 15 cm cut back had the highest mean values,

whereas all the pruning levels on 0.0216 fertigation had the lowest mean values (Table 3.3).

3.6 Discussion

Recurrent droughts and extreme weather events such as floods and tropical cyclones are
wreaking havoc on Southern African countries (Muzhinji & Ntuli, 2020). Cultivating intensively,
a variety of plants including halophytic plants that require minimal usage of resources by
means of exploiting unpopular food stuff could broaden diversity and maximize food insecurity.
The present study indicated that T. divaricata can be grown under hydroponics due to its
capacity to strive and complete its life cycle under different potassium concentrations and
pruning levels. This plant has never been introduced into this type of growth protocol. This
study is substantiated with previous findings by Wahome et al. (2011), who found that plants

cultivated in hydroponics consume less resources and develop quicker. Moreover, Kausar and
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Gull, (2014) reported that high concentration of potassium has influenced the growth of wheat

under salt affected areas significantly.

Furthermore, the results gathered from the experiment have also showed that low
concentration of potassium (0.0072 M) is effective on the height and flower bud production of
T. divaricata, while high concentrations (0.0144 and 0.0216 M) reduce the flower bud
production. Also, potassium sulphate significantly affected the dry weight and flower buds as
well as both fresh and dry weight. The highest mean value for root fresh weight, root dry
weight, bud fresh weight and bud dry weight were obtained at 0.0072 M potassium
concentration, whereas high potassium concentrations recorded the lowest values. These
results are supported by findings from Hussain et al. (2013) who stated that potassium is an
essential macronutrient that is needed in moderate rate as the plants use it as potash (K>SO,)
in half of the land lacks potassium element and its addition has showed to be effective on the
growth and development of plants. Similarly in other plants that are salt tolerant such as wheat,
barley that were previously grown in the wild and strived under salt stress environment when

supplemented with potash fertilizer (Kausar & Gull, 2014).

In another study, it was reported that potash elevated some physiological growth parameters
such as length and shoot ratio in wheat and barley under the stressful conditions (Hussain et
al., 2013). Wang et al. (2013) have also mentioned that the presence of potassium is critical
in the sense that it controls most biochemical and physiological responses in plants. Even
though potassium is instrumental for plant production and development, plants have their
specific requirement in any nutrient (Ngxabi et al., 2021), hence, T. divaricata is affected by
different potassium concentrations including in the growth reduction in high concentrations.
The control yielded more prominent mean values for fresh and dry weight of the plant, root
weight and bud weight although the margins were close to those of 0.0072 M potassium
concentration. Adams (1991) and Sayyad-Amin et al. (2016) concluded that chemical or

excessive salinity decreases crop yield.

Pruning is done by farmers, researchers, and managers to achieve great yield and stimulate
growth and development (Santos et al., 2016). Plants that produce flowers and fruits are most
likely to have a higher and nutritious yield during vegetative phase of their lifecycle after
pruning in early stages of growth (Badrulhisham & Othman, 2016). Trachyandra divaricata
develops many leaves that grows up to 1m (Brown & Bettink, 2019), which are not eaten so
pruning leaves could be very beneficiary to the roots and flower stalk to utilise more nutrients
and sunlight as they are the essential elements in the plant. Soedjarwo & Tjokrosumarto

(2018), have pruned chilli sprouts on their study to encourage more fruit production, the results
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yielded positive result a this supports, and this substantiate the above statement. It is reported
by Dasa et al. (2016) that plants that grow too densely struggle to distributing nutrients to the
edible parts. Also, plants that are overly thick may cause the fruit to break apart during the
maturity phase, hence pruning is required for optimal fruit production (Orsini, 2016). In this
study, pruning had a positive influence on T. divaricata growth. However, plant height, weight,
number of buds increased at low potassium concentrations and declined on higher
concentrations because of toxicity and stress. These results revealed that unpruned
treatments had the highest value in all the treatments followed by 15 cm pruning. In contrary,
low level (10 & 5 cm) had the smallest values in all the treatments. Kandiah, (1971) have
supported the finding of this study that pruning might imply stress on the physiology of tea
plants compared to the natural growing tea plants that do not undergo pruning or trimming.

In T. divaricata, the inflorescence is the most significant aspect because it is the sole edible
component that can be utilized as a vegetable; therefore, the importance of this study results
cannot be underestimated. Low potassium concentration (z 0.0072 M) has been shown to
considerably advance the weight and development of flower bud, however high concentrations
inhibit flower development. Treatments with high potassium concentrations (0.0144 and
0.0216 M) developed few flower buds compared to lower concentration (0.0072 M). This
occurrence might be linked to a lack of hormones necessary for floral initiation brought on by
an abundance of potassium. Results from a different salinity-based investigation showed that
decreased osmotic potential and reduced stomatal conductance are connected to decreased
plant productivity with increasing salt. (Ngxabi et al., 2021). The light concentration of
K2S0s with  minimal pruning or unpruned were effective when compared with other
combinations. The results of this study agree with previous studies done by Ventura et al.
(2014), Zapryanova & Atanassova (2009); Stanton et al. (1997) who discovered that the
weight of the inflorescences and blooming buds increases at low NaCl levels and declines as
salinity rises. Therefore, this concludes that excess of any nutrient such as K,SO4 can cause

flower abortion or reduction.

3.7 Conclusion

Alternative uses of less-than-ideal, as well as salt tolerant crops, will become increasingly
crucial in the future to address rising food poverty and enhance agricultural production. No cut
stalks of T. divaricata require minimal dosage of K2SO4 for optimal vegetative growth and bud
production. In addition, cutting back is also important on plants that produce flowers and fruits,
as it is done to improve plant development. Techniques such as hydroponics which uses less

resource’s such water, nutrients and soil efficiently will be necessary to mitigate with crisis of
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food security. Hence, these findings will assist researchers, growers, and botanists with the

correct protocol to grow this plant and for a wide range of other species.
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Chapter 4: The chlorophyll content of Trachyandra divaricata in response to various

potassium concentrations and levels of pruning in a hydroponic system
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4.1 Abstract

Chlorophyll is the green pigment which is found in algae, plant and bacteria. The pigment
plays a primary function of trapping sunlight which is key for the process of photosynthesis in
a plant. However, in areas where salt tolerant plants such as T. divaricata are deprived of
nitrogen and other essential nutrients, potassium and nutrient has been recommended to
mitigate these challenges. Pruning leaves is a viable strategy as it allows revitalization of the
edible parts of a plant and enables it to absorb nutrients effectively and get an exposure to
sunlight. The goal of this study was to ascertain how pruning and various potassium
concentrations affected the chlorophyll of T. divaricata grown in a hydroponic system. The
findings of this study showed that minimal application of potassium (0.0072 M) without pruning,
or 10 cm pruning level had the best chlorophyl results whereas the highest dose of potassium
(0.0216 and 0.0144 M) with all the pruning levels (5,10,15 cm & unpruned) had the least
chlorophyl values of T. Divaricata. These results will help horticulturists and industrial growers

create a growth technique that is appropriate for the species and its close relatives.

Keywords: Green pigment; growth protocol; halophytes; K,SO., photosynthesis, cutting and

elements

Abbreviations: Chl- Chlorophyll, K.SO, -Potassium sulphate, EC- Electric Conductivity, N-

nitrogen
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4.2 Introduction

Plants, algae and certain bacteria produce chlorophylls, which are planar and highly
conjugated tetrapyrrole compounds (Perez-Galvez et al., 2018). Even though chlorophyll have
more than 100 forms, only two forms namely chlorophyll ‘a’ and ‘b’ are more predominant in
green plants (Aramrueang et al., 2019). Chlorophyll concentration correlates positively to the
nitrogen status of a leaf and it is commonly used as an indication of the presence of nitrogen
nutrient which is vital for growth in plants (Ercoli et al., 1993; Pan et al., 2013, Meskini-vishkaee
et al., 2015). Chlorophylls are a regular component of human diet, present in both fresh fruits
and vegetables and seaweed as well as processed foods with approved green food colourings
like copper and non-copper chlorophylls (Viera et al., 2018).

Most of important processes such as photosynthesis, physiological and metabolic processes
depend on the presence of chlorophyll for the plant to perform its full functions spontaneously
(Clevers & Gitelson, 2013, Houborg et al., 2015, Li et al., 2016). The pigment allows oxygenic
photosynthetic organisms to utilise light energy to produce food and oxygen (Eberhard et al.,
2008; Wang et al., 2018; Zarco-Tejada et al., 2019). Nevertheless, chlorophyll is the most
prevalent pigment in the biosphere, yet billions of tons of it are synthesized and destroyed
yearly (Wang & Grimm, 2021).

Nitrogen, an important component of chlorophyll faces severe challenges under stressful
conditions as physiological and metabolic processes that result in chlorophyll biosynthesis
become hindered (Kausar et al., 2014). The addition of potassium nutrient in such instances
becomes more imperative as it rescues plant growth and more absorption of nitrogen minerals
may be facilitated (Tzortzakis, 2010; Ashraf et al., 2013). The presence of potassium is critical
as it controls most biochemical and physiological responses in plants, and it plays a pivotal
role in enzymes activation, photosynthesis, protein synthesis, osmoregulation, energy transfer

and stomatal movement (Wang et al., 2013).

Practices such as pruning is important as it improves the vegetative development, aesthetic
value, wood quality and growth in plants, allows the revitalization of edible parts, enables
efficient nutrients absorption, and positions the plant strategically to get an exposure to
sunlight (Kadlec et al., 2022; Pineda et al., 2020). For instance, T. divaricata is popularly
known as bush toxic leaves as its consumption lead to progressive posterior paresis in
livestock due to build-up of brownish pigments in spinal and brain neurons, whose toxic
precursors are not yet known (Botha & Penrith, 2008). Therefore, animals avoid grazing it and
this prevents the flower bud (edible part) access to the sunlight and cause the flower bud to

bend or grow unproperly (Botha & Perinth, 2008). A combination of pruning and potassium
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application could improve the growth of the flower bud as the former repositions the plant to
access sunlight while the latter triggers the absorption of nitrogen in halophytes (Tzortzakis,
2010; Ashraf et al., 2010).

The aim of this study was to evaluate the effect of pruning and potassium fertiliser on
chlorophyl concentrations in T. divaricata. These treatments were evaluated as management
alternatives that might increase the vyield for T. divaricata. The fertilization and pruning could
be used as inexpensive, simple, and eco-friendly practical recommendation for small

producers to increase T. divaricata yield if they proved to be effective.

4.3 Materials and methods

4.3.1 Greenhouse experiment

The study was carried out over a duration of 13 weeks at the Cape Peninsula University of
Technology’s greenhouse site in Bellville, Cape Town, South Africa (33° 55'45.53S, 18° 38’
31. 16E). The control of the environment inside the greenhouse was ensured by the
technologies used within the structure. The greenhouse was equipped with environmental
control with temperatures set to range from 21 to 26 °C during the day and 12-18 °C at night,
with relative humidity averages of 60%. The average daily photosynthetic photon flux density
(PPFD) was 420umol/m2/s and the maximum was1020 pymol/m2/s.

4.3.2 Plant Preparation

About 300 small plants were harvested at the back of Horticulture and landscape design
building from Cape Peninsula University of Technology, Bellville campus. Excessive plants
were divided to certify the number of plant pieces (200) required for the experiment is
achieved. Plant divisions were planted individually in black pots (12.5 cm (height) x 12.5 cm

(width) x 12.5 cm (depth) in a medium silica sand.

The plants were placed in an internally, environmental controlled propagation greenhouse with
an automated drip irrigation system from 7 am to 7 pm, where they were watered for 30
seconds every hour. The plants were treated with NUTRIFEED (13:0:45) solution (100 ml per
plant) once in a week as a basic nutrient. After 3 weeks, the pots were then moved to the
research greenhouse for acclimatization for a week. Then the pots were transferred to the
research greenhouse for a week for acclimatization. For the experiment, 160 healthy, uniform
plants were selected from the batch, each measuring 13- 20 cm in height and having 10-15

leaves.
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4.4.1 Experimental design

The experiment consisted of four hydroponic systems arranged in a complete block design
having 10 replicates of each treatment (Table 3.3.1). Each system had one low-density
polyethylene (LDPE) reservoir with a capacity of 70 litres, four polyvinyl chloride (PVC) square
cutters (130 mm x 70 mm x 2 500 mm), forty 12.5 x 12.5 cm plastic pots, a 2 000 L/h
submersible water pump with a 2.5 m head capacity, ten meters of 20 mm LDPE irrigation

piping, and 20 mm head connector were included in each system.

This experiment was designed with each hydroponic system being placed on top of a single
rectangular steel mesh table. Each system was marked B1-B4. A steel mesh table served as
a flat surface for white gutters while a black plastic pipe as a delivery pipe. Twenty plastic
gutters together with twenty LDPE pipes were placed onto four steel tables held in place with
cable ties for stability while gutters were sealed with PVC adhesive to avoid any leakage. Each
table had four plastic gutters and surrounded with irrigation pipes, and each gutter had ten
slits to insert ten plastic pots. Reservoirs were kept filled with a 50 L (water and a specific
amount of Potassium concentrations (0, 0.0072, 0.0144 and 0.0216 M) solution level beneath
each table. Each reservoir contained a submersible water pump, which recirculated the
agueous nutrient solution through transport pipe to each gutter so that the plant roots can
submerge onto the solution. All gutters were installed with an input to direct water toward the
gutters and an outlet to return excess water to the reservoir, and they were all sealed with
PVC adhesive. Each input included LDPE irrigation pipping converted in a diameter from 20
mm to 15 mm to allow solution to flow in the gutter. All the gutters carried pots filled with silica
sand (labelled with numbers and arranged randomly and arranged randomly). Digital timers
were used to automatically control each separate system in order to fertigate plants with
various amounts of nutrient solution (Potassium sulphate) with 0.0144 M of nutrified being the
basic nutrients for all systems and pruned plant height. All aqueous solution used in this
experiment was kept constant between 6.0 to 7.0 pH level and Electrical conductivity (EC)
level of the aqueous nutrient solution weekly with a calibrated handheld digital EC meter
(Hanna Instruments®™HI| 98312). A calibrated handheld digital pH meter (Eurotech®™ pH 2
pen) was used to check the pH levels of every water reservoir. Potassium hydroxide was used
for increasing pH and hydrochloric acid to lower pH. The EC of the aqueous nutrient solution
in the reservoirs was decrease by adding reverse osmosis water, whereas the EC was

increased by adding Hoagland solution to the aqueous nutrient solution in the reservoirs.
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4.4.2 Treatments

Nutrifeed fertilizer (10g/5L) from Starke Ayres in Cape Town was served as the primary
fertilizer and a source of foundation nutrients for all treatments since it is commonly utilized by
South African vegetable growers in hydroponics. The Nutrifeed fertiliser consist of the
following components: B (240 mg/kg), P (27 mg/kg), Mg (22 mg/kg), K (130 mg/kg), Mn (240
mg/kg), Zn (240 mg/kg), Cu (20 mg/kg), Fe (1500 mg/kg), Ca (70 mg/kg), Mo (10 mg/kg), S
(75 mg/kg), and N (65 mg/kg). Potassium was added in the nutritional solution as potassium
sulphate at various ratios (0.0216, 0.0144 and 0.0072 M). Only Nutrifeed was used to maintain
and irrigate control variables. Table 4.4.1 illustrate the placement of each gutter on four NFT

systems with various pruning levels (cm) and potassium sulphate (M) fertigation.

Table 4.4.2: The demonstration of the allocation of each gutter on four NFT systems with

various pruning levels (cm) and potassium sulphate (M)

Treatments Gutter one Gutter two Gultter three Gultter four
1 5cm+0M 10cm+0M 15cm+0M Unpruned + 0 M
2 5cm + 0.0072 M 10 cm + 0.0072 M 15cm + 0.0072 M Unpruned + 0.0072 M
3 5cm+0.0144 M 10cm + 0.0144 M 15cm + 0.0144 M Unpruned + 0.0144 M
4 5cm +0.0216 M 10 cm+ 0.0216 M 15 cm+ 0.0216 M No cut+ 0.0216 M

Note: Each gutter of each treatment contained ten plants, one plant per pot, for a total of 40
plants in each hydroponic system and 200 plants during the entire experiment. Plant heights
were cut back (cm) during vegetative stage at the beginning of second month, and Potassium
nutrient concentrations (mL) applied. Note: 5 cm is light pruning, 10 cm is moderate pruning,

and 15 cm is heavy pruning.
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4.5 Data collection
4.5.1 Chlorophyll content of the plant

A portable device (SPAD-502, China) was used to measure the chlorophyll content of the
leaves of T. divaricata during the day so that the device can provide accurate readings at pre-

planting and post-harvesting stage.

Figure 4.5.1: Collection of chlorophyl on three leaves that were marked specifically for
chlorophyl data (Bulawa, 2021).
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4.6 Results

4.6.1 The influence of Potassium concentrations and levels of pruning on

chlorophyl content

The findings gathered from this study suggest that different potassium dosages had affected
the chlorophyl content of the plant significantly (P< 0.05) both in pre- harvest and post-harvest
stage (Figure 4). Plants were initially significantly influenced by pruning however at post-
harvest stage proved otherwise as it shown non-significant (P<0.05) influence. The
combination of K.SO,4 and pruning also did not show positive significancy. The maximum
mean value was recorded in a combination of 0.0072 M K,SO.4 + 10 cm pruning, followed by
0.0072 M with unpruned plant samples. However, the least chlorophyl values were recorded
in the treatment having a combination of 0.0144 M K>SO4dosage with 15 cm pruning (Figure
4.6.1).
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g 10cm d E-ab

2 5cm cd E- b

' Unpruned bed E-ab

_E' 15cm bed B ab

o 10cm cd B ab
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Unpruned abt = ab
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= Chlorophyll (pre-planting) @ Chlorophyll (post-harvest)

Figure 4.6.1: The influence of Potassium dosages and levels of pruning on chlorophyl

content of hydroponically grown Trachyandra divaricata.

*Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold.

Means that do not share a letter are very dissimilar. *: significant at p < 0.05.
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4.7 Discussion

Chlorophyll is vital for life on earth because it allows oxygenic photosynthetic organisms to
absorb light energy and use it for food production and release of oxygen (Eberhard et al.,
2008). Chlorophyll plays a crucial role in a plant as it is considered as one of the parameters
that determine the wellbeing of the plant (Nkcukankcuka et al., 2021). The results from this
experiment have shown that 0.0072 M of K.SO4 had the most significant effect on chlorophyll
concentration of T. divaricata compared to all the treatments while chlorophyl contents varied
in other treatments. These findings support the assertion made by Fallovo et al. (2009) that
applying fertilizer is one of the most practical and efficient ways to manage and enhance the
production and nutritional qualities of crops intended for human consumption (Nkcukankcuka
et al., 2022). Also, the results align with Amujoyegbe et al. (2007) who reported variation in
the chlorophyll content of Zea mays and Sorghum bicolour cultivated in soil supplemented

with organic and inorganic fertilizers.

The fact that hydroponic system enables the abundant nutrient supply to increase yield in
limited space make it easy to quantify significant effect of introduced factors (Treftz & Omaye
2016). However, nutrient supplementation is vital while suitable pH and electrical conductivity
adjustment needs critical consideration in hydroponics as it influences the overall plant growth
(Wortman, 2015; Singh & Bruce, 2016). The above statement is supported by the suggestion
of Singh & Bruce (2016) that a pH range of 5.5 to 6.5 is optimal for most species for the
availability of nutrients, although some species may have specific ranges. Therefore, the
findings of this experiment corroborate with these reported earlier in the literature; that nutrient

supplementation increases chlorophyll content.

Earlier findings by Vanhove et al. (2016) and Riedel et al. (2019), indicated that to promote
the production in Cacao, proper fertilization and pruning are necessary. It was further stated
that pruning allows light to reach the canopy and prevents an increase in relative humidity, it
can be an effective method of preventing plant diseases in the organic cacao cultivation
process (Babin, 2018). This agrees with the results of this experiment whereby a combination
of the minimum concentration (0.0072 M) + 10 cm followed by 15 cm pruning level yielded the

highest value of chlorophyll compared to all the treatments.
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4.8 Conclusion

Chlorophyl is one of the most of important attributes that indicates the wellbeing of a plant
Lack of chlorophyl result in chlorosis which affects the rate of many metabolic and
physiological processes such as photosynthesis. This study has proved that minimal (< 0.0072
M) addition of potassium sulphate on halophytic plants could improve the growth of the plant.
Therefore, the results of this investigation have provided for the first time, a suitable growth
protocol that have improved the chlorophyl content of T. divaricata. The study also suggests
a reproducible cultivation method that will assist growers as plant has never been grown in
hydroponics before and in a commercial scale. Future researchers could explore irrigation,
photoperiods and other environmental factors that will contribute to improve the edible parts

and chlorophyll content of the species.
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5.1 Abstract

Plants are the most vital sources of bioactive compounds, whose synthesis are mainly
influenced by biotic and abiotic factors. In this study, the antioxidant and phytochemical
content of flower buds and roots of Trachyandra divaricata cultivated under different potassium
concentrations (0.0216, 0.0144 and 0.0072 M) and levels of cutting (5 cm, 10 cm, 15 cm, and
No cut) were evaluated using standard protocols. Antioxidants such as polyphenols, DPPH,
FRAP, TEAC and flavanols were found to be present in the flower buds and roots of
Trachyandra divaricata. However, the roots accumulated the highest values in all the
antioxidants present in the plant compared to flower buds. Polyphenols, flavonols and FRAP
all showed significant effect in the root besides DPPH and TEAC compound that was not
significantly affected by potassium concentrations in all the treatments. All the variables were
significant in the flower buds. However, minimum concentration with various pruning levels
had the highest values in all the antioxidants. Polyphenols showed the highest value influence
at moderate (0.0072 M) and all pruning levels cm, likewise flavonols which were significantly
present in samples treated with 0.772 M mL+ 10 cm pruning. While FRAP, DPPH and TEAC
were negatively influenced by potassium as control (0 mL) was the best compared to all other
concentrations and pruning was significant at the 10 cm level. Therefore, these results suggest
that potassium and pruning play a significant role in the accumulation of antioxidants in T.

divaricata.

Keywords: Asphodelaceae; bioactive compounds; flavonols; polyphenols; Trachyandra

divaricata.

Abbreviations: G - Gutters, PVC - polyvinyl chloride, LDPE - low-density polyethylene,

K2S04 - Potassium sulphate, EC - electronic conductivity, K - potassium
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5.2 Introduction

The scientific community and epidemiological studies explicitly stated that fruits and
vegetables help to prevent cancer and cardiovascular disease because of their high
antioxidant content and positive effects on human health (Renaud et al., 1998; Temple, 2000).
This has led more people to be more conscious of what they consume and accelerated the
pressure on the production of more vegetable, notwithstanding, the projected 70% toxicity and
salinity of arable land induced by human activities such as misuse of fertilizers, environmental
degradation, and climatic, hydrological, and geomorphic factors (Stefanov et al., 2016; Ma et
al., 2017; Mustafa et al., 2019). The presence of salt in agricultural land aggravates the
physiological processes of crops such as the reduction of transpiration, respiration, efficiency

of stomatal conductance, and photosynthesis (Stefanov et al., 2016).

Hence, salt-tolerant plants are opted to be a viable source of antioxidants because when they
are exposed to stressful environments, thus tend to enhance the production of secondary
metabolites that are thought to be precursors of antioxidant effects in plants (Giorgi et al.,
2013; Jimoh & Kambizi, 2022). Therefore, these phytochemicals provide plants with protective
properties against the damaging effects of stress (Ksouri et al., 2007). Plants also produce
antioxidants that neutralize free radicals during oxidative and ionic stress, and these

antioxidants are critical for human health (Jimoh et al., 2020; Mazouz et al., 2020).

In arid and semi-arid regions, crop growth and development are not favourable as most plants
exhibit dehydrated symptoms that are also associated with insufficient potassium status in
conventional land (Ahanger et al., 2017). In these conditions, potassium supplementation can
mitigate the harmful effects of oxidative and ionic stress to a manageable extent to neutralize
the metabolism of reactive oxygen species and enhance the synthesis of pigments (Soledad
et al., 2015). In addition, K plays a pivotal role in sustaining plant cellular function although
potassium is not a metabolic product, its deficiency has evident impacts on plant development
and physiological characteristics (Tiwari et al., 1998; Sharma and Agarwal 2002; Sharma et
al., 2006; Umar 2006; Jatav et al., 2014; Ahanger et al., 2015).

Pruning is mainly recommended as it is known to improve the plant health, arouse flowering
and increases production (ALRIDIWIRSAH, 2020; Hussain et al.,, 2014). However, it is
important to be conscious about the pruning of shoots and root systems of certain species as
the practice can influence biomass production, which is a vital component of antioxidants, and
nutritional content. Besides the stresses caused by pruning in the plant, cutting provides a
better crop yield by encouraging new growth in the shoots, flowers, and roots (Kaczorowska

Dolowy et al., 2019). Several reports have indicated that the level of pruning must be
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considered as it can influence numerous metabolisms such as pruning intensity influences
growth, flower and fruit development (DuToit et al., 2020). Pruning cultivated T. divaricata is
an attempt to allow temperature, air circulation light so that physiological processes can

happen easily.

This study investigates the influence of different potassium concentrations and levels of
pruning on the antioxidant and phytochemical content of leaves of T. divaricata as K proved
to enhance the salt-tolerant plants under various stress environments and pruning has a
virtuous impact on other species when trimmed at an appropriate level. Therefore, the study
will determine the suitable potassium concentration and pruning level that will have high

antioxidant content, as this was never tested previously on the plant.
5.3 Materials and methods

The study was carried out over a duration of 13 weeks at the Cape Peninsula University of
Technology’s greenhouse site in Bellville, Cape Town, South Africa (33° 55'45.53S, 18° 38’
31. 16E). The control of the internal environment of the greenhouse was ensured by the

technologies used within the structure.
5.3.1 Experimental design

The experiment consisted of four hydroponic systems. Each system had one low-density
polyethylene (LDPE) reservoir with a capacity of 70 litres, four polyvinyl chloride (PVC) square
cutters (130 mm x 70 mm x 2 500 mm), forty 12.5 x 12.5 cm plastic pots, a 2 000 L/h
submersible water pump with a 2.5 m head capacity, ten meters of 20 mm LDPE irrigation

piping, and 20 mm head connectors were included in each system.

This experiment was designed with each hydroponic system being placed on top of a single
rectangular steel mesh table. Each system was marked B1-B4. A steel mesh table served as
a flat surface for white gutters while a black plastic pipe as a delivery pipe. Twenty plastic
gutters together with twenty LDPE pipes were placed onto four steel tables held in place with
cable ties for stability while gutters were sealed with PVC adhesive to avoid any leakage. Each
table had four plastic gutters and surrounded with irrigation pipes, and each gutter had ten
slits to insert ten plastic pots. Reservoirs were kept filled with a 50 L (water and a specific
amount of Potassium concentrations (0.0072, 0.0144 and 0.0216 M) solution level beneath
each table. Each reservoir contained a submersible water pump, which recirculated the
agueous nutrient solution through transport pipe to each gutter so that the plant roots can

submerge onto the solution. All gutters were installed with an inlet to direct water toward the
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gutters and an outlet to return excess water to the reservoir, and they were all sealed with
PVC adhesive. Each input included LDPE irrigation pipping converted in a diameter from 20
mm to 15 mm to allow solution to flow in the gutter. All the gutters carried pots filled with silica
sand (labelled with numbers and arranged randomly and arranged randomly). Digital timers
were used to automatically control each separate system in order to fertigate plants with
various amounts of nutrient solution (Potassium sulphate) and pruned levels with 0.0144 M of
nutrified being the basic nutrients for all systems. All aqueous solution used in this experiment
was kept constant between 6.0 to 7.0 pH level and Electrical conductivity (EC) level of the
agueous nutrient solution weekly with a calibrated handheld digital EC meter (Hanna
Instruments®™H| 98312). A calibrated handheld digital pH meter (Eurotech®™ pH 2 pen)
was used to check the pH levels of every water reservoir. Potassium hydroxide was used for
increasing pH and hydrochloric acid to lower pH. The EC of the agueous nutrient solution in
the reservoirs was decreased by adding reverse osmosis water, whereas the EC was

increased by adding Hoagland solution to the aqueous nutrient solution in the reservoirs.

5.4 Plant Preparation

About 300 small plants were harvested at the back of Horticulture and landscape design
building from Cape Peninsula University of Technology, Bellville campus. Excessive plants
were divided to certify the number of plant pieces (200) required for the experiment is
achieved. Plant divisions were planted individually in black pots (12.5 cm (height) x 12.5 cm

(width) x 12.5 cm (depth) in a medium silica sand.

The plants were placed in an internally, environmental controlled propagation greenhouse with
an automated drip irrigation system from 7 am to 7 pm, where they were watered for 30
seconds every hour. The plants were treated with NUTRIFEED (13:0:45) solution (100 ml per
plant) once in a week as a basic nutrient. After 3 weeks, the pots were then moved to the
research greenhouse for acclimatization for a week. Then the pots were transferred to the
research greenhouse for a week for acclimatization. For the experiment, 160 healthy, uniform
plants were selected from the batch, each measuring 13- 20 cm in height and having 10-15

leaves.
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5.4.1 Nutrient solution

Nutrifeed fertilizer (10g/5L) from Starke Ayres in Cape Town served as the primary fertilizer
and a source of foundation nutrients for all treatments since it is commonly utilized by South
African vegetable growers in hydroponics. The Nutrifeed fertiliser consist of the following
components: B (240 mg/kg), P (27 mg/kg), Mg (22 mg/kg) K (130 mg/kg), Mn (240 mg/kg), Zn
(240 mg/kg) Cu (20 mg/kg), Fe (1500 mg/kg), Ca (70 mg/kg) Mo (10 mg/kg), S (75 mg/kg),
and N (65 mg/kg). Potassium was added in the nutritional solution as treatment variable at
various ratios (0.0216, 0.0144 and 0.0072 M). Nutrifeed was used to maintain and irrigate
control variables. Illustration on table 4.4.1 shows the placement of each gutter on four NFT

systems with various pruning levels (cm) and potassium sulphate (M) fertigation.

5.4.2 Treatment preparation

Potassium sulphate (K.SO4) was used to manipulate different potassium concentrations and
a component (0.0144 M) of the Nutrifeed™ nutrient solutions. Potassium sulphate was added
in week 4 after the system had been operating for 2 weeks with tap water and another week
with the addition of Nutrifeed™. In this experiment, three potassium concentrations (0.0072,
0.0144, and 0.0216 M of K»SO4) were evaluated and poured into each sump, with 0 mL of
K>SO serving as the control. Tap water was used to prepare the saline solutions. To prevent
the build-up of potassium powder in the medium, pots, gutters, and reservoirs, all nutrient

solutions containing K2SO4 were changed every week.

5.4.3 Pruning and fertigation treatments

Table 5.4.3 the three treatments of pruning which include 5 cm is light pruning, 10 cm is

moderate pruning, and 15 cm is heavy pruning.
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Table 5.4.3: The demonstration of the allocation of each gutter on four NFT systems with

various pruning levels (cm) and potassium sulphate (M)

Pruning (cm) and fertigation (mL)

Treatment Gutter 1 Gutter 2 Gutter 3 Gutter 4
1 5cm+0M 10cm+0M 15cm+0M Nocut+0M
2 5cm+0.0072M 10cm +0.0072M  15cm +0.0072M  No cut + 0.0072 M
3 5cm+0.0144M 10cm +0.0144M 15cm +0.0144M No cut +0.0144 M
4 5cm+0.0216 M 10 cm+ 0.0216 M 15 cm+ 0.0216 M No cut+ 0.0216 M

Note: Each gutter of each treatment on the system contained ten plants, one plant per pot, for
a total of 40 plants in each hydroponic system and 200 plants during the entire experiment.
Plant heights with 5 cm cut back is light pruning, 10 cm is moderate cut back, and 15 cm is
heavy cut back at the beginning of second month, during vegetative stage and Potassium
nutrient concentrations (mL) applied.
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5.5 Data collection

5.5.1 Sample Preparation

Harvested flower bud materials were immediately dried in a fan-drying laboratory oven at 40
°C for 7 days. The dried material was ground into a fine powder using a Junkel and Kunkel
model A 10 mill. It was then extracted by mixing 100mg of the dried powdered material with
25 mL of 80% (v/v) ethanol (EtOH) (Merck, South Africa) for 1 hour. It was centrifuged at 4000
rpm for 5 min and the supernatants were used for all analyses. Materials from harvested flower
buds were immediately dried for seven days at 40 °C in a fan-drying laboratory oven. The
dried material was crushed using a Junkel and Kunkel type A 10 mil to turn it into a fine
powdered sample with 25 mL of 80% (v/v) ethanol (EtOH) (Merck, South Africa) and allowing
the mixture to settle for one hour. The supernatants were used for every analysis after it was
centrifuged at 400 rpm for 5 min.

Figure 5.5.1: The fresh parts (flower buds and roots) that were grinded into fine samples of the
Trachyandra divaricata analysed for antioxidants and phytochemicals (Bulawa, 2021).
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5.5.2 Polyphenol Assay

The total polyphenols assay ((Folin & Ciocalteu’s assay) was carried out as instructed by
Jimoh et al. (2019). A 7.5% sodium carbonate solution (Sigma, South Africa) was made by
diluting Folin & Ciocalteu”s phenol reagent (2N, Sigma South Africa) ten times with distilled
water. 25 uL of the crude extract was combined with 125 L of the Folin & Ciocalteu’s phenol
reagent and 100 pL of sodium carbonate in a 96-well plate. The plate was incubated for 2
hours at room temperature. Then, the absorbance was determined at 765 nm using a
Multiskan spectrum plate reader (Thermo Electron Corporation, USA). Gallic acid (Sigma,
South Africa) standard curve with concentration ranging between 0Oand 500 mg/L was used to
calculate the values of polyphenol samples. The results were presented in the form of mg
gallic acid equivalents (GAE) for every gram of dry weight (mg GAE/g DW).

5.5.3 Estimation of Flavonol Content

The quantity of 80 mg/L in 95% ethanol (Sigma-Aldrich, Johannesburg, South Africa) and 0,
5, 10, 20, 40 concentrations of querceting were used to determine extract’s flavonol content.
For each sample, 225 L of 2 % HCI and 12.5 uLl of 0.1% HCI (Merck, South Africa) in 95 %
ethanol were combined with 12.5 L of crude sample extracts. The extracts were subsequently
incubated for 30 minutes at room temperature. At a temperature of 25°C, the absorbance was
determined at 360 nm. The findings were presented as mg quercetin equivalent per g of dry
weight (mg QE/g DW)

5.5.4 Ferric reducing antioxidant power (FRAP) assay

The FRAP assay was performed using the method of Benzie and Strain (1999) as described
by Jimoh et al. (2020). Acetate buffer (0.3M, pH 3.6) (Merck, South Africa) was mixed with
3,2,4 and 6 tripyridyl-s-triazine (10mM in 0.1M hydrochloric acid), 3 and 6 mL of distilled water
to prepare FRAP reagent. About 10 L of the crude sample extract and 300 L of the FRAP
reagent were combined in a 96-well micro-plate and incubated at a room temperature for 30
minutes. Thermo Electron Corporation of the USA’s Multiskan spectrum plate reader was used
to measure the absorbance at 593 nm. With concentrations ranging from 0 to 1000 M. An L-
ascorbic acid standard curve (Sigma-Aldrich in South Africa) was used to determine the FRAP
values for plant samples that were tested. Ascorbic acid equivalents (AAE) per gram of dry

weight (M AAE/g DW) were used to express the results (Sogoni et al., 2021)
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5.5.5 DPPH free radical scavenging activity

The DPPH radicals were measured using a 0.135 mM DPPH solution that was prepared in a
dark bottle (Unuofin et al., 2017). Trolox standard (6-Hydrox-2, 5, 7, 8-tetramethylchroman-2-
20 carboxylic acid) solution was reacted at graded concentrations (0 and 500 M) with
approximately 300 L of DPPH solution and 25 L of crude extract. The mixes were incubated
for 30 minutes, and then the absorbance at 517 nm was measured. M/Trolox equivalent per

gram of dry weight (M TE/g DW) was used to express the results.

5.5.6 ABTS free radical scavenging activity

The ABTS assay was performed following the method described by Jimoh et al. (2020). The
stock solutions included a 7 mM ABTS and 140 mM potassium—peroxodisulphate (K2S20s)
(Merck, Modderfontein, South Africa) solution. The working solution was then prepared by
adding 88 pL of K»S,0s5 to 5 mL of ABTS solution. The two solutions were mixed well and
allowed to react for 24 h at room temperature in the dark. Trolox (6-Hydrox-2, 5, 7, 8-
tetramethylchroman-2-20 carboxylic acid) was used as the standard with concentrations
ranging between 0 and 500 uM. Crude sample extracts (25 pL) were allowed to react with 300
ML of ABTS in the dark at room temperature for 30 minutes before the absorbance was read
at 734 nm at 25 °C in a plate reader. The results were expressed as uM/Trolox equivalent per
g dry weight (uM TE/g DW).
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5.6 Results

5.6.1 Total polyphenols content in the roots

The data attained from this investigation have shown that different potassium dosages
affected the total polyphenols content on the roots of T. divaricata significantly (p < 0.05). The
control treatment (O M) proved to have the highest statistical value (8.42 mg GAE/g) of
polyphenols compared to other concentrations of K2:SO4 applied. However, the sample treated
with 0.0216 M of K concentration recorded the lowest value (5.01 mg GAE/g) of polyphenols.
The cutting of the plants has showed a positive influence as it 10 cm prove to be suitable level.
Therefore, the combination of K.SO4 + cutting back produced significant results (Table 5.6.2a)
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Table 5.6.2a: The effects of different potassium concentrations on the antioxidants of Trachyandra divaricata roots under hydroponic system

Potassium Polyphenols (mg Flavonols (mg QE/q) FRAP (umol AAE/Q) DPPH (umol TE/g) TEAC (umol TE/g)
Sulphate GAE/qg)

0mL 8.42 + 0.40a 4.18 £ 0.30a 42.89 + 0.56a 27.00 £ 0.31a 20.35 £ 0.69b
0.0072 M 7.27 £0.13b 3.28 £ 0.09b 37.59£1.09b 22.99 £ 0.90b 19.51 £ 0.21b
0.0144 M 6.32 £ 0.58c 2.79+£0.19b 34.29 + 0.64c 20.69 + 0.23c 21.09 + 0.95ab
0.0216 M 5.02 + 0.64d 1.96 £ 0.09¢ 25.39 £ 0.58d 17.19 + 066d 23.47 £ 1.41a

One-way ANOVA F-
Statistics
K2S0s4 18.74* 7.78* 484.92* 152.226n 26.18n

Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:

significant at p < 0.05.
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Table 5.6.2b: The impact of potassium dosages and levels of pruning on antioxidant activity of flower buds of Trachyandra divaricata under
hydroponic conditions

K2SOq4 Pruning levels Polyphenols (mg Flavonols (mg QE/qg) FRAP (umol AAE/Q) DPPH ((umol TEAC (umol TE/g)
GAE/Q) TE/Q)
Uprunned 3.55+0.15de 3.59 £ 0.09 def 14.08 £ 0.14 gh 5.04 £ 0.002 fg 4.45V 0.09 gh
oM 5cm 3.04 £ 0.07 ef 0.69 £ 0.03j 15.33+0.48 gh 5.37 £ 0.18 efg 2.69 1+ 0.06 j
10 cm 4.63+0.14 bc 1.83+0.12 hi 23.02+0.80 cd 7.36 £0.23 cd 4.32+0.19 gh
15cm 4.29 + 0.25 bcd 1.99 + 0.08 hi 20.09 £ 0.86 de 8.63+0.16 bc 19.04+0.49a
Unprunned 6.55+0.05a 3.33+0.08 ef 19.27 +0.71 ef 6.44 £ 0.18 de 5.52 + 0.06 def
5cm 5.84+0.08 a 3.88 + 0.21 cde 33.69+1.06a 9.34+0.18 bc 5.12 + 0.03 efgh
0.0072 m 10 cm 6.13+0.29 a 5.22+0.27 a 29.48+0.85b 11.47+042a 5.87+0.31b
15cm 6.33+0.15a 4.56 + 0.29 abc 28.34+0.63b 9.25+0.36b 5.87 £ 0.31 bc
Unpruned 6.57+0.19a 2.14 £ 0.04 hi 10.09 +0.55 i 3.54+£0.09 h 5.23 £ 0.16 egh
0.0114 M 5cm 2.69+0.13 cd 4.29+0.21 cd 16.31 +0.38 fg 6.37 £ 0.21 de 6.74 £ 0.07 c
10 cm 4.26 + 0.07 cd 4.33 +0.08 bc 21.14+092c 9.01+0.32b 6.35+0.27 cd
15cm 5.02+0.13b 5.05 + 0.09 ab 19.46 £ 0.23 ef 6.18 + 0.22 def 4.17 £ 0.07 hi
Unpruned 4.13+0.13 cd 2.47 £ 0.09 gh 16.52 + 0.71 fg 6.39 £ 0.17 de 3.27£0.14jj
0.0216 5cm 2.93 + 0.06 ef 3.04+0.05fg 10.99 £ 0.29i 5.59 + 0.47 ef 6.82+0.09 c
10 cm 3.15 + 0.02 ef 1.53 + 0.008hi 12.48 £ 0.55 hi 4.31 +0.07 gh 4.57 £ 0.06 fgh
15cm 5.23 £ 0.16 ef 1.82 £ 0.06 hi 12.52 + 0.44 hi 4.10 + 0.09 hi 3.29 £ 0.08 jj
Two- way ANOVA F-Statistics
K2S04 36.97* 47.58* 726.08* 68.19* 74.58*
Pruning 26.77* 1.20* 704.83* 57.81* 187.34*
K2S04 x PRUNING 26.56* 36.38* 751.74* 97.04* 476.14*

Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:

significant at p < 0.05.
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5.6.2 Total flavonol content in the roots

The present study shows that the effect of different K;SO. concentrations on the flavonol
content in the roots of T. divaricata was statistically significant at p < 0.005. The 0.0072 M of
K>SO, treatment had the highest value of 4.18 mg QE/g of flavonol content in the root of T.
divaricata (Table 5.6.2a).

5.6.3 Total FRAP content in the roots.

The influence of various potassium dosages on the FRAP content of the roots of T.divaricata
was statistically significant at the value of p < 0.005. At p < 0.005, the control variable has
shown the highest value (42.89 umol AAE/g) of FRAP content.

5.6.4 Total DPPH content on the roots

The influence of various potassium dosages on the DPPH content of the roots of T. divaricata
was statistically significant at the value of p < 0.005. At p < 0.005 roots of T. divaricata showed
to have the highest value of DPPH content respectfully under 0.0072 M of 3potassium
concentration (Table 5.6.2a).

5.6.5 Total TEC content on the roots

The effect of different Potassium concentrations on the TEAC content of the roots of T.
divaricata was statistically significant at the value of p < 0.005. The control variable showed

the highest value (20.35 + 0.69a) compared to all the concentrations (Table 5.6.2a).

5.7 Results of the antioxidants on the flower buds of T. divaricata

5.7.1 Total polyphenols content in the flower buds

The findings gathered form obtained from this present study trial have showed that different
potassium concentrations affected total polyphenols content on the flower bud of T. divaricata
significantly at the value of p < 0.001. Pruning also had a significant influence on the plant. On
the contrary, the combination of both factors (different potassium and pruning) had a
significant difference. The combination of all 0.0072 M + pruning (5, 10, 15 cm) has recorded
the highest concentrations of polyphenols followed by 0.0144 M + 10 cm while 0.0216 M + 15
cm cut had the least value (2.93 mg GAE/g (Table 5.6.2b).
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5.7.2 Total flavonol content in the flower bud

The findings collected from this experiment have showed that different potassium dosages
had a positively influenced the flavonol content on the flower bud of T. divaricata. Similarly,
with different pruning levels have influenced the flavonol content of T. divaricata significantly
(P=<0.05). Different Potassium concentrations with pruning levels significantly influenced
(P<0.05) T. divaricata. The highest height mean was recorded in treatments with 0.0072 M +
10 cm followed by 0.0144 M + 15 cm in all the potassium concentrations and pruning levels.
While 0 M + 5 cm and 0.0216 M + 10 cm combination treatments recorded the lowest values
in all treatments (Table 5.6.2b).

5.7.3 Total FRAP content on the flower buds

The current results of the current trial have revealed that the effect of different potassium
concentrations have positively affected the FRAP content of flower buds of the T. divaricata.
Likewise, the different pruning levels had a positive influence on the FRAP content of flower
buds of the T. divaricata. 0 M + 10 cm was the highest concentration of FRAP recorded, while
0.0216 M + no cut cm recorded the smallest value (10.09 umol AAE/g) (Table 5.6.2b).

5.7.4 Total DPPH content in the flower buds

The results gathered from the present study indicated that the effect of different potassium
concentrations had a significant effect. Pruning height levels on the total content of DPPH of
the flower buds of T. divaricata had a significant effect. The two-way ANOVA statistics have
revealed that the combination of potassium concentration + pruning levels have a positive
influence on flower buds of T. divaricata at 0 M + 10 followed by 0.0072 M + 5 cm, that recorded
the highest content DPPH, while 0.0144 M + no cut recorded minimum value (3.54 umol TE/Q)
(Table 5.6.2b).

5.7.5 Total TEAC Content on the flower buds

The influence of various potassium dosages and cutting levels on the total content of TEAC
in the flower buds of T. divaricata have shown significance. The highest value TEAC recorded
was 19.04 umol TE/g in the treatment 0 M + 10 cm while 0 M + 15 cm had the least value
(Table 5.6.2b).
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5.8 Discussion

The edible plants that also produce high contents of phytochemicals are highly on demand
worldwide as half of the land globally is no longer support the growth of conventional crops
that are popularly known as a source of antioxidants (Renaud et al., 1998; Temple, 2000).,
Secondary metabolites derived from plants are known to constitute a variety of structurally
distinct groups of polyphenols with potential pharmacological effects, such as anti-tumour,
anti-inflammatory, antioxidant, and antipathogenic capabilities (Rajendran, 2007). Therefore,
the current study investigates the influence of various potassium dosages and cutting back
levels on the phytochemical content of T. divaricata. The study has never been carried out
before, related articles and indirect comparisons of plants that are similar and other

Asphodelaceae families have to be made because of scarce literature on T. divaricata.

The family Asphodelaceae is commonly known for their potential in antioxidants popularly in
Aloe, Bulbine and Kniphofia species, all of which have a mixture of anthraquinones in roots
such as red pigment of chrysalid which is also common in Trachyandra species, however, its
chemistry is unknown (Dagne & Yenesew, 1994; Van Wyk et al., 1995; Boatwright & Manning
2010). Plants with such antioxidants could be useful in the cosmetics, pharmacological and
food industries. This study has shown the significant effect of the roots and flower buds extract
in response to different potassium concentrations coupled with pruning. Similarly, the study
agrees with findings from Ngxabi et al. (2021) who reported that NaCl had a clear effect on
the antioxidants in the roots of T. ciliata than shoot extracts. Therefore, this suggests that
Trachyandra species should be considered and explored broadly in order to be utilised in

industries for various pharmacological purposes.

Several studies have revealed that under abiotic and biotic stress, plants tend to release
reactive oxygen species (ROS) consequently of an imbalanced of ROS and production of free
radicals (Mittler 2002; Vladimir- Knezevi¢ et al., 2012). These ROS have the potential to
damage proteins, chlorophyll, nucleic acids, impairment of enzyme activity, and promotes
abnormalities that act antagonistically in several vital cellular organelles such as mitochondria
and chloroplast (Mittler, 2002; Ahmad et al., 2010; Miyake, 2010; Demidchik, 2015). Vladimir-
Knezevi¢ et al. (2012) concluded that the scavenging of ROS by a protective mechanism is
referred to as an antioxidant effect. In this context, Ahmand et al. (2010) have substantiated
that both enzymatic and non-enzymatic antioxidants are closely synchronized to each other

to diminish the reactive oxygen species.

The results from this experiment indicate that all cutting back levels (5, 10, 15 cm) + 0.0072

M of potassium concentration showed a positive significance with almost similar values on the
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antioxidants such as Polyphenol of the flower bud of T. divaricata compared to all treatments
the plant samples were subjected to. This is in correlation with the results of Rezazadeh et
al. (2012) who concluded that moderate salinity induced high concentration of phenolics in the
halophytic plant, Cynara scolymus L. However, high potassium concentration proved
otherwise as the results showed no significance on the polyphenols. Similar findings were
made by Ben-Abdallah et al. (2019) and Ksouri et al. (2007), who discovered that Cakile
maritima, a halophytic plant, could not accumulate phenolic chemicals at high salinity levels.
According to other reports, the reduced absorption of potassium and phosphorus, which are
essential nutrients for the formation of secondary metabolites like polyphenols, is the reason
why polyphenol production declines at high salt concentrations (Waring & Pitman, 1985;
Shabala & Pottosin, 2014). This further corroborates the fact that the salinity and some
nutrients such as potassium and phosphorus have a similar functional influence on the plants.
Dolowy et al. (2019) have also suggested that pruning methods cause stress on the plants
and Mittler (2002), Ahmad et al. (2010), Miyake, (2010) & Demidchik, (2015) have stated that

plants release phytochemicals in stressful conditions to neutralise ROS to survive.

The flower buds of T. divaricata showed a significant effect on the concentration of 0.0072 M
+ 10 cm pruning in flavonols compared to all the treatments. This result substantiates the
statement of Rezazadeh et al. (2012) that moderate treatment influences the accumulation of
flavonols, similarly to polyphenols on the flower buds. whereas high concentrations such as
0.0216 M + no cut showed non-significance in DPPH and FRAP polyphenols present in the
flower bud of the plant (Polyphenols, DPPH and FRAP). This is also in correspondence with
claims made by (Waring & Pitman, 1985; Rezazadeh et al., 2012) that minimal to moderate

salt concentrations facilitate the favourable build-up of flavonols.

According to this study, both FRAP and DPPH assays have yielded more or less similar results
but are unique from other antioxidants as potassium concentrations have not significantly
influenced the accumulation of antioxidants in flower buds of T. divaricata. However, pruning
(20 cm) had significant effect on the plant while moderate to higher potassium concentrations
proved not to be significant. Cakmak, (2005) claimed that inappropriate K levels may also
trigger stress reactions, and because of stressors, reactive oxygen species may accumulate.
In addition, a build-up of ROS should be avoided since it can cause DNA damage, lipid
peroxidation, protein oxidation, and other oxidative reactions that can kill cells (Gill & Tuteja,
2010).

Root samples were amongst the plant parts that were used to identify phytochemicals that are

present in T. divaricata as Boatwright & Manning, (2010) claimed that a layer of red or orange
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tissue in outer cortex of the roots of most Trachyandra species is alleged to have
phytochemicals. Earlier, Dagne & Yenesew, (1994), Van Wyk et al. (1995) indicated that a red
pigment chryslandicin has been extracted from the roots of Bulbine Wolf and Kniphofia
Moench species of the Asphodelaceae family and the pigment is known to be present in the
roots of this family. In this study, different potassium concentrations were applied to the plants
to evaluate the effect they may have on the plant. The results have shown that the sample
treated with 50 mL of potassium concentration accumulated the highest values and has a
significant effect on polyphenols, flavonols, FRAP, and DPPH in all the treatments and TEAC
had been significantly influenced in all the potassium concentration treatments. This result
was supported by findings from Ngxabi et al. (2021) who found that moderate NaCl (0.0114
M) had a positive significant effect on the DPPH, TEAC, FRAP and flavanols content of T.
ciliata, a close relative of T. divaricata. In addition to having an impact on plant production,
treatment of aromatic and medicinal crops with potassium may also increase the manufacture
of other biologically active compounds, such as phenolics, which have a protective effect

against induced stress reactions (Khattak et al., 2007).

5.9 Conclusion

The results of this study have suggested that the highest values of bioactive compounds such
as (phenolics, DPPH, TEAC, FRAP and flavanols) being obtained at the presence of
potassium sulphate together with cutting back level proved that this combination treatment is
subsequently suitable. Therefore, indigenous underutilised plants need to be taken into
consideration as the plants such as T. divaricata have shown these important biologically

compounds that plays vital roles in human health.
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Chapter 6: The influence of various potassium dosages and cutting back on the
nutritional content of Trachyandra divaricata
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6.1 Abstract

The need for exploitation of underutilised plants needs to be reviewed to maximize the food
security to those who cannot afford. The intensive exploration of these food plants will help to
reveal their proximate, micro and macronutrients. In this study. The proximate, micro and
macronutrients contents of T. divaricata cultivated under different potassium (0.0072, 0.0144
and 0.0216 M) and cutting back levels (5 cm, 10 cm, 15 cm) were evaluated using standard
protocols. All the proximate components (Ash, crude protein, energy, NFC, crude fat, NDC,
Moisture) were significantly influenced by the treatments (K>SO, + cutting back). The results
of almost all the macro-nutrients such as Ca, Na, P, K, N and K/Ca+Mg were significantly
influenced by various K,SO. concentration and cutting back levels except Mg, which is not
significant. Moreover, micro-nutrients such as Zn, Fe, Mn -had the positive results, besides
Cu. Therefore, the overall results of this study indicate that potassium sulphate together with

cutting back the plants are suitable growing protocol for T. divaricata.

Keywords: Proximate, Micro and Macro nutrients, food security, edible plants, gene

manipulation

Abbbrevations: G - Gutters, PVC - polyvinyl chloride, LDPE - low-density polyethylene,

K2S04 - Potassium sulphate, EC - electronic conductivity, K - potassium
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6.2 Introduction

Food availability in South Africa has become a severe challenge because of limited resources
and employment opportunities for job creation that leads to poverty (Ngxabi et al., 2021). The
world has about 1.5 billion hectors, and that is about 12% of the arable land that is responsible
for the production of food, which is very low to support the ever-increasing population (Herrero
et al., 2012). It has been further predicted that in 50 years to come, the land will reduce by
13% due to urbanisation and the worldwide agriculture production will continue to decrease
by 1.5 yearly until 2030 (Herrero et al., 2010; Berchoux et al., 2023). This is due to too heavily
dependence on a few existing staple food crops such as rice, wheat and maize (de Fatima
Lisboa Fernandes et al., 2012, Stein, 2010) instead of exploring and introducing other food
products that have potential of providing essential nutrients and diversity in diet (Jimoh et al.,
2018).

Unavailability of arable land, fresh water and the adverse effects of climate change are the
main constraints that have greatly influenced the agricultural production negatively in many
parts of Sub- Saharan Africa (Kotir, 2011). Hence, the integration of new innovative agriculture
techniques that are more sustainable, water wise and innovative cultivation practices is
important as they ensure sufficient food is available all times through proper management of

agricultural resources and investments in automation (Yamaguchi & Blumwald, 2005).

The suggestion has enforced a huge pressure on growers to swiftly find efficient systems to
produce good quality food quantities considering other edible species (Kyriacou & Rouphael,
2018). Similarly, it is important that nutritional requirements are met for food supply. Leafy
vegetables are commonly known to be supplemented with Nitrogen (N) fertilizers to maximise
the yield and boost the production commercially. Similarly, Potassium fertilizer, especially
Potash is seen as one of the most important nutrients that is popularly known to boost flower

and fruit development when applied correctly (Borgognone et al., 2013).

Utilization of plants that are salt and drought tolerant such as Trachyandra species can
contribute to promote food security as they were anciently used (Ngxabi et al., 2021). As
halophytes have a special adaptation mechanism that make them withstand or even benefit
from saline conditions, thus, their quality and yield can be improved (Panta et al., 2014). These
important attributes of halophytes namely, their commercial application and their potentials,
such as them being the raw material for vegetables and a source of oilseed with a high
nutritional value, being used as a bio-fuel precursor and as secondary metabolites in
pharmaceuticals, food additives, and nutraceuticals have made good candidates (Shannon &
Grieve, 1998; Flowers & Muscolo, 2015; Liu et al., 2005); Fan et al., 2013; Buhmann et al.,
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2015). Thus, a need for new alternative crops that will meet human requirements is imperative
(Cheeseman, 2016). Trachyandra divaricata is considered as an edible plant because of its
flowers buds that are eaten as a snack or salad especially by the indigenous Khoisan people
of South Africa as reported by van Wyk et al. (2016) and Ngxabi et al., (2021). This experiment
investigates the potential of T. divaricata as a green vegetable, its potential as functional food,
and as an important edible crop of high economic value.

6.3 Materials and methods

The study was carried out over a duration of 13 weeks at the Cape Peninsula University of
Technology’s greenhouse site in Bellville, Cape Town, South Africa (33° 55'45.53S, 18° 38’
31. 16E). The control of the inside environment of the greenhouse was ensured by the

technologies used within the structure.
6.3.1 Plant Preparation

About 300 small plants were harvested at the back of Horticulture and Landscape design
building on the Bellville campus of the Cape Peninsula University of Technology. Excessive
plants were divided to certify the number of plant pieces (200) required for the experiment.
Plant divisions were planted individually into black plastic pots (12.5 cm (height) x 12.5 cm

(width) x 12.5 cm (depth) in a medium of silica sand.

The plants were placed in an environmental controlled propagation greenhouse with an
automated drip irrigation system from 7 am to 7 pm daily, where they were watered for 30
seconds every hour. The plants were treated with NUTRIFEED (13:0:45) solution (100 ml per
plant) once in a week as a basic nutrient. After 3 weeks, the pots were moved to the research
greenhouse for acclimatization for a week. The pots were then transferred to the research
greenhouse for a week for acclimatization. For the experiment, 160 healthy, uniform plants

were selected from the batch, each measuring 13-20 cm in height with 10-15 leaves.
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6.3.2 Experimental design

The experiment consisted of four hydroponic systems. Each system had used a low-density
polyethylene (LDPE) reservoir with a capacity of 70 litres, four polyvinyl chloride (PVC) square
cutters (130 mm x 70 mm x 2 500 mm), forty 12.5 x 12.5 cm plastic pots, a 2 000 L/h

submersible water pump with a 2.5 m head capacity and ten meters of 20 mm LDPE irrigation

piping.

This experiment was designed with each hydroponic system being placed on top of a single
rectangular steel mesh table. The four systems were marked from B1 to B4. A steel mesh
table served as a flat surface for twenty white gutters while a black plastic pipe used to deliver
water from the individual reservoirs. Reservoirs were kept filled with a 50 L (water and a
specific amount of Potassium concentrations (0, 0.0072, 0.0144 and 0.0216 M) solution level
beneath each table. Each reservoir contained a submersible water pump, which recirculated
the aqueous nutrient solution to each gutter to keep the plant roots submerged with the
solution. Excess waters were returned to the reservoirs. All the gutters carried pots filled with
silica sand (labelled with numbers and arranged randomly). Digital timers were used to
automatically control each separate system to fertigate plants with various amounts of nutrient
solution (Potassium sulphate) with 0.0144 M of nutrified being used as the basic nutrients for
all systems. All aqueous solutions used in this experiment was kept constant between 6.0 to
7.0 pH level and the electrical conductivity (EC) were measured weekly with a handheld digital
EC meter (Hanna Instruments®™HI| 98312). A calibrated handheld digital pH meter
(Eurotech®™ pH 2 pen) was used to check the pH levels of every water reservoir. Potassium
hydroxide was used for increasing pH and hydrochloric acid to lower pH. The EC of the
agueous nutrient solution in the reservoirs was decreased by adding reverse osmosis water,
whereas the EC was increased by adding Hoagland solution to the aqueous nutrient solution

in the reservoirs.
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6.3.3 Pruning and fertigation treatments

Table 6.3.1: The demonstration of the allocation of each gutter on four NFT systems with

various pruning levels (cm) and potassium sulphate (M)

Pruning (cm) and fertigation (mL)

Table Gutter 1 Gutter 2 Gutter 3 Gutter 4
1 5cm+0M 10cm + 0 mL 15cm+0mL No cut + 0 mL
2 5cm+0.0072M 10cm +0.0072M  15cm + 0.0072 M No cut + 0.0072 M
3 5cm+0.0144M 10cm +0.0144M 15cm +0.0144 M No cut + 0.0144 M
4 5cm+0.0216 M 10 cm+ 0.0216 M 15 cm+ 0.0216 M No cut+ 0.0216 M

Note: Each gutter of each treatment contained ten plants, one plant per pot, for a total of 40 plants in
each hydroponic system and 200 plants during the entire experiment. Plant heights were cut back (cm),
and Potassium nutrient concentrations (mL) applied. Cutting back, 5 cm is light pruning, 10 cm is

moderate pruning, and 15 cm is heavy pruning.

6.4 Data collection

6.4.1 Flower bud collection

The flower buds were collected manually by a pruner shear at the height ranges from 8-12 cm
during and at post- harvest as the flower bud did not mature or develop at the same time and
some plants produced multiple flower buds. Each plant had its specific marked brown paper
bag (16 x 24 cm) where the flower buds stored. After some data recorded such as flower buds’
weight, the buds produced in each system per gutter were combined nutritional content was

analysed.

6.4.2 Nutritional analysis

The nutrient uptake was only analysed on the flower buds of the plant. The plant flower buds
of each gutter per system were mixed in the same brown paper bag (16 x 24 cm) according
to their respective concentrations and pruning levels during the experiment and at post-harvest
stage. After the experiment the marked brown paper bags containing flower buds were taken
to the air forced oven (Dainhan Labtech LDO-150F). The plant edible parts were grinded using

a capacity standard coffee grinder (Mellerware - Aromatic Coffee bn  Mill & Grinder) and
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packed, labelled, and sent out to the Department of Agriculture and Rural Development

analytical laboratory, Province of KwaZulu Natal in powdery form for proximate analysis.

6.4.3 Mineral analysis

The mineral composition of each set of replicates in the experiment was determined using the
Inductively in the analytical laboratory of the Department of Agriculture and Rural
Development, KwaZulu Natal Province was used to carry out the elemental analysis as
described by Sogoni et al. (2021). The Coupled Plasma- Optical Emission Spectrometer was
used to determine mineral composition of each set of replicates in the experiment at analytical
laboratory of the Department of Agriculture and Rural Development, KwaZulu Natal Province,

was utilized to carry-out the elemental analysis as outlined by Sogoni et al. (2021).

6.5. Proximate Analysis

6.5.1 Moisture content

The procedures outlined by Jimoh et al. (2020) with slight modification were used to determine
the moisture content. Empty porcelain containers were dried in an oven at 105 °C for an hour,
cooled, and weighed W1. Approximately 1 g of the pulverized samples of T. divaricata were
placed in a receptacle and oven-dried to a constant weight at 105 °C. Prior to being
reweighted (W3), the jar and its contents were cooled in a desiccated. The equation below
was used to get the moisture content percentage.

wW2-w3

% Moisture content = 22—~

6.5.2 Crude Fibre content

This was evaluated with slight adjustment in accordance with Miechowska and Dmoski (2006)
description. A digestive tablet was used to boil 2 g of powdered materials in 100 mL of 12.5%
concentrated H>SO4for 30 minutes, then filtered under pressure. After digestive residue being
repeatedly washed with boiling water until the clear mixture was achieved, then was rinsed
with 100 ml of 12.5 NaOH solution. The resulting residue was cooled in a desiccated, dried at
100 °C and weighed (F1). The residues ere then chilled in a desiccated environment for 5
hours in a muffle furnace at 550 °C before being re-weighed (F2). The following estimation
was made for the crude fiber percentage:

% Crude fibre = F1-F2 X 100

Original weight of the pulverised sample
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6.5.3 Crude fat content

The Association of Official Analytical chemists (AOAC), (2016) criteria were followed while
calculating the crude fat. On an orbital shaker for 24 hours, approximately 1 g of the powdered
sample was extracted in 100 mL of diethyl ether. After filtering the mixture, the filtrate collected
in clean beakers that had previously been weighed (W1). The ether extract was then mixed
with 100 mL of diethyl ether to equilibrate it. The mixture was then agitated for a further 24
hours on an orbital shaker, and the filtrate was collected in a beaker (W1). After being dried
out in a steam bath and oven-dried at 55 C, the ether filtration was weighed in the beaker

(W2). Thus, the crude fat content was determined as follows.
% Crude fat content = X 100

6.5.4 Ash content

The technique created by the Association of Official Analytical Chemists (AOAC, 2016) was
used to calculate the percentage of ash content in plant samples. After being marked with
sample codes with a heat-resistant marker, porcelain crucibles were over-dried at 105 °C for
an hour. After cooling in a desiccated (W1), the crucible was weighed. Thereafter, 1 g of
ground samples were heated to 550 °C for 5 hours after being placed in a muffle furnace set
to 250 °C for 2 hours. The samples were weighed (W3) after cooling in a desiccant. The
samples of an ash content were determined as follows.
2-W3

w
% Ash content=— X 100
W2-W1

6.5.5 Crude protein

This was discovered by heating 2 g of pulverized materials and 20 mL of concentrated H.SO4
to a clear mixture while using as a catalyst (Adegbajubet et al., 2019). Following filtration and
distillation, the digested extracts were dissolved in 250mL. Thereafter a second distillation in
500 mL round-bottom flask using the aliquot containing 50 mL of 45% NaOH, 150 mL of the
distillate was placed into a flask containing 100 mL of 0.1 M HCI. A yellow colour signalled the
endpoint of the titration process, and equation below was used to compute the nitrogen

content percentage.

P_[(ml std XN of acid )—(ml bank x N of base)]—(ml std base XN of base)x1.4007
- Pulverised sample original weight

C
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Where N= stands for the crude percentage and normality were acquired by multiplying the

nitrogen value by a constant factor of 6.25 (Idris et al., 2019)
6.5.6 Neutral detergent fibre (NDF)

The NDF composition of the samples was determined using the equation below, as described
by (Idris et al., 2019).

(W1+W2)-Ww1
0 = =
Yo NDF sample weight x 100

6.5.7 Non-fibre carbohydrate (NFC)

The sample’s non- fiber carbohydrates samples were compute using the formula presented

below.
% NFC =100 - (% Ash + % Crude fat + Crude protein + % NDF)
6.5.8 Energy content

The combination of the various values for crude lipids (excluding fibre), crude protein and
total carbohydrates using factors (37 KJ, 17 KJ and 17 KJ) by means of FAO (2003)
conversion factor, the energy content of each sample of T.divaricata from various treatments
was calculated. Energy content (KJ/100 mg) = ( crude protein X 17) + (Crude fat x 37) +
(CHO x 17)

Where CHO indicate the total carbohydrate as determined by the equation below; (Tylutki et
al., 2008).

CHO = NFC + NDF
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6.6 Results

6.6.1 Macronutrients

The level of accumulation of macro elements such as potassium (K), phosphorus (P), nitrogen
(N), calcium (C), magnesium (Mg) in the elevated flower bud samples is presented in table
6.7.1. The increasing of mineral yields per 100 g of plant sample is Mg <K < Na <P < Ca. In
all evaluated treatments, including the control, different potassium application, cutting levels
and their interaction did not significantly influence the Ca yield of the flower buds, however,
Mg was positively influenced by the treatments (Table 6.7.1). Samples from the treatment O
M + 10 cm cutting had the highest Mg yield, which was statistically comparable to the control
+ 5 and 15 cm pruning levels, respectively. Contrarily, the Na composition of the samples
varied in all treatments, and the treatments with highest value was 0.0144 M + 10 cm pruning.
similarly, treatments 0.0144 M + 10 cm pruning had the highest potassium composition,
however, this was not statistically different from control,0 ml + 5 cm, 10 cm, and 15 cm pruning,
respectively. Furthermore, treatment 0.0144 M with the following levels of pruning (no cut, 5
cm and 10 cm) have obtained the highest values of nitrogen compositions compared to all
other treatments, including the control and the values were noticeably higher. In addition,
treatments 0. 0144 M with no cut, 5 and 10 cm showed the highest values of N. These values
were noticeably greater than those of the control and all other combination treatments. In
contrast, the treatment with the highest yield of K was 0.0072 M with no cut, which was much

higher than all other treatments, including the control. (Table 6.5.1).
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6.6.2 Micro-elements

Table 6.5.3 shows the extent of the accumulation of heavy metals like magnesium (Mn), iron
(Fe), cupper (Cu) and Zinc (Zn) in the raised flower bud samples. The accumulation of heavy
metals in T. divaricata was significantly influenced by potassium application and pruning levels
in this study compared to control treatment. The treatment 0.0144 M with 10 cm of pruning
had the highest yield of Zinc, which was significantly higher than any other treatment, including
the control treatment. Similarly, the highest Mn yield was obtained in treatment 0.0072 M with
no cut, which was significantly higher than all other treatments, including control treatment.
This was different for Cu, where the highest yield (0.53 mg/100 g) was obtained from treatment
with 0.214 M and no cut, respectively. The same pattern was observed for iron, with the

highest yield (13.3 mg/100 g) obtained from treatment 0.0144 M with no pruning treatment
(Table 6.5.2).

Figure 6.6.2: The flower quality of buds were collected in the hydroponic system under 0.0072 M
where each plant produced more than two flower buds (Bulawa, 2021).

87



Table: 6.6.2: Major elements obtained from flower buds of Trachyandra divaricata grown in hydroponics under different potassium dosages and

levels of pruning.

K2S04 Pruning Ca(mg/100g Mg (mg/100g  Na(mg/100g P (mg/100 g N (mg/100 g K (mg/100 g K/Ca+Mg
DW) DW) DW) DW) DW) DW) (mg/100 g DW)
230M No cut 610 + 0.01ab 340 + 0.01ab 220 +0.00c 740 = 0.01ab 3790 £ 0.07b 5700 + 0.01hi 2530 + 0.05h
5cm 480 +0.0labc 340+ 0.0l1ab 190 £ 0.00cde 700 +0.0labc 3630 +0.07b 5460 + 0.02ij 2580 + 0.09h
10cm 650 + 0.01ab 370 +£0.02a 180 £ 0.01def =~ 700 +0.01abc 3800 + 0.00b 5130 + 0.01jk 2030 +0.017i
15¢cm 640 = 0.01ab 350 + 0.00a 210 +0.01cd 660 + 0.02cde 3690 + 0.05b 5130 +0.09jk 2160 + 0.00i
0.0072 M Unpruned 260 +0.01cd 170 £ 0.01e 120 +£0.01h 670 = 0.01cd 3550 + 0.08b 9460 + 0.78a 9490 + 0.02a
5cm 440 + 0.01ab 280 + 0.28bc 130 £0.00gh 710 +0.0labc 3690 + 0.05b 6490 + 0.03ef 3750 + 0.05¢
10cm 250 £ 0.01cd 210 + 0.01cde 120 + 0.00gh 750 £ 0.01a 3770 £0.06b 7090 + 0.04cd 5680 + 0.14b
15¢cm 390 + 0.0bc 250 + 0.01cd 130 £ 0.01gh 740+0.0lab 3700 +0.058b 7530 +0.07b 7530+ 0.07d
0.0144 M No cut 280 + 0.01cd 240 = 0.01cde 270 £ 0.01b 670+ 0.24cd 4300 + 0.06a 6460 + 0.03ef 4930 + 0.04d
5cm 330+ 0.01bc 250 +0.01cd 140 £0.01fgh 660 +0.15cde 4300 * 0.06b 5820 + 0.0h 4180 + 0.04ef
10 cm 310+ 0.01bc 260 + 0.00cd 340+ 0.01a 760 = 0.01a 4470 £0.09a 7160 £ 0.07bc 4950 + 0.01d
15¢cm 270 +0.01cd 230 £0.00cde 180 +0.01cde 620 + 0.01def 4340 £0.02a 6730 % 0.03 def 5350 + 0.02c
0.0216 M No cut 700 +10.2a 220 + 0.01cde 270 +£0.01b 590 + 0.01ef 2970+ 0.03cd 6360 * 0.04fg 3910 + 0.06fg
5cm 230 +0.01cd 210 + 0.01cde 130 £0.01gh 680 +0.02bcd 3530 +£0.145b 3530 + 0.15k 4150 + 0.02ef
10 cm 240+ 0.01cd 270 + 0.03bc 300 +0.01b 560 + 0.02cde 3170 +0.07c 6770+ 0.13de 4400 + 0.05e
15¢cm 500 + 0.88ab 190 + 0.01de 160 + 0.01efg 550 + 0.02f 2800 +0.06d 6070 + 0.027fg 4760 + 0.04d
Two-way ANOVA F-Statistic
K2SO4 1.06* 75.85* 137.70* 43.30* 181.01* 706.71* 2898*
Pruning 0.96ns 5.40* 100.60* 19.48* 21.50* 228.54* 519*
K2SO4*pruning 0.95ns 4.72* 45.47* 11.32* 9.99* 92.39* 532*

Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:
significant at p < 0.05.
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Table 6.6.3: The present micro-nutrients on the T.divaricata influenced by different potassium dosages and levels of pruning grown in hydroponics

K2SO4 Pruning Zn Mn Cu Fe
(mg/100 g DW) (mg/100 g DW) (mg/100 g DW) (mg/100 g DW)
0mL Unpruned 10.8 £ 1.15bcd 4,23+ 1.20def 0.5. £ 0.00a 12.3+ 0.88abc
5cm 8.9 £ 0.58ef 2.9+ 0.88jk 0.373+0.15hc 12.23+ 0.67bc
10 cm 8.4. +1.15fg 3.36+ 0.33jj 0.464 + 0.31ab 8.9 + 0.58fg
15cm 10.2 + 1.15bcd 3.8+ 1.00gh 0.5+ 0.00a 8.72+ 0.64fg
0.0072 M Unpruned 10.9+ 1.53bc 6.7+ 0.58a 0.2 £ 0.00d 9.23+ 2.03ef
5cm 8.6 + 0.88f 4.4+ 1.15de 0 + 0.00f 7.1+ 0.58h
10 cm 7.3£0.58h 4.9+ 0.58bc 0.1+ 0.00e 5.6+ 1.53i
15cm 11+ 0.58b 5.2 £1.20b 0.1+ 0.00e 8.2+ 1.13¢g
0.0144 M Unpruned 10.8 + 1.53bcd 3.8+ 0.58gh 0.4+ 0.00bc 13+ 0.58ab
5cm 10.1+ 0.58bcd 4.2+ 0.58efg 0.4+ 0.00bc 8.1+ 1.15¢
10 cm 12.6+ 0.88a 4.03+ 0.35efgh 0.4+ 0.00bc 12+ 4.51c
15cm 9.8 + 0.58de 2.9+ 0.58k 0.2+ 0.00d 13.3+ 2.65a
0.0216 M Unpruned 10.16+ 1.67bcd 3.9+ 0.58fgh 0.537+ 0.34a 10.7+ 3.71d
5cm 9.83+ 6.94cde 4.633+ 0.88cd 0.357+ 0.32c 8.8+ 0.56fg
10 cm 8.86+ 0.33ef 3.7+ 0.58hi 0.370+ 0. 21bc 9.43+ 0.89ef
15cm 7.5+ 2.52gh 2.8+ 0.00k 0.467+ 0.41ab 10.13+ 0.89de
Two-way ANOVA F-Statistic
K2S04 2017.8* 2364.29 * 96.497* 10710.7 *
Pruning 1456.4* 597. 59 * 10.313* 4358.4 *
K2SO4*pruning 5253.8* 1365.23* 14.407* 7284.4 *

Note: Tukey’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:
significant at p < 0.05.
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6.6.3 The influence of potassium and pruning on proximate composition of flower buds

This experimental trial revealed significant effects in proximate contents in flower buds of
hydroponically grown T. divaricata under different potassium concentrations and levels of
pruning regarding ash, non-fibre-carbohydrate, crude protein, moisture, energy values n
neutral detergent fibre, and crude fat (Table 6.5.3). The highest ash content of the flower buds
was recorded in treatments 0.0072 M + 15 cm pruning respectively. The values obtained were
positively significant than all other treatments including the control. Th. On the contrary the
highest crude fat content was recorded from treatment 0.144 M + 15 cm pruning. However,
this did not differ from the control, 0 M + 5 cm, 0.0072 M +10 cm, 0.0144 M with no pruning
and 0.0216 M with no pruning respectively. Moreover, the highest yield of crude protein was
recorded in treatment 0.0144 M with 5 cm pruning, and this was significantly higher than all
treatments including the control. Similarly, the highest NDF (37.8 %) was significantly higher

than all treatments including the control (Table 6.5.4).

The content of NFC was high in treatment 0.0216 M + no cut, and this was similar with
treatment 0.0216 M in all pruning levels. The treatments with the highest moisture percentage
were 0.0072 M + 15 cm and 0.0.144 M + 5 cm pruning, respectively. The energy content of T.
divaricata flower buds, measured in (KJ/ 100g), differed between treatments. According to an
analysis of the results, plants that were pruned into height of 15 cm without the potassium
application had the highest energy density (1507.3 mg/ 100g), which was equivalent to many

other treatments, including the control treatment.

90



Table 6.6.4: The influence of various potassium concentrations and levels of cutting on proximate composition of flower buds of hydroponically
grown Trachyandra divaricata

K2SOq4 Pruning levels % Ash % Crude fat % Crude protein % NDF % NFC % Moisture Energy value (KJ/100 g)
0 mL Unpruned 15.7 £ 0.02bcd 2.2+ 0.05abc 24.2 £ 0.04cd 33.2+ 0.2cd 24.6x 0.2def 10.08+ 0.04g 1476.4+ 0.3ab
5cm 14.9 £+ 0.20cd 2.3+ 0.08abc 23.6 + 0.04cde 31.8+ 0.4ef 27.2+ 0.4bcd 10.3+ 0.1efg 1491.1+ 2.2ab
10cm 14.5 + 0.20d 2.0 £ 0.05bc 24.1 £ 0.01cd 34.6+ 0.1bc 24,7+ 0lde 10.5+ 0.07defg 1493.5+ 6a
15cm 14.0 + 2.30d 2.0 £ 0.02bc 23.46 £ 0.1de 35.3+£ 0.2b 25.1+ 2.5de 10.23+0.08fg 1503.2+ 3.2a
50 mL Unpruned 23.6 £ 0.30a 1.9+ 0.02bc 22.3 £ 0.2¢f 37.8+£0.2a 14.2+ 0.4g 10.9+ 0.03cde 1335.7 +0.5d
5cm 16.0+ 2.10bcd 2.0 £ 0.01bc 23.7 £ 0.4cde 32.3+ 0.3de 25.8+ 2.1cde 10.8+ 0.1cdef 1469+ 0.3abc
10cm 19.1 + 0.05bc 2.1+ 0.06abc 23.7 £ 0.1cde 31.6+ 0.3ef 23.3+ 0.2def 12.19+ 0.1a 1417.4+ 0.2bc
15cm 20.0 £ 0.04ab 1.8 £ 0.01bc 23.19 £ 0.2def 35.05+ 0.08b 19.85+ 0.3f 11.8+ 0.08ab 1395+ 0.4cd
100 mL Unpruned 16.5+ 0.30bcd 2.3+ 0.08ab 25.1 £ 0.3bc 31.94+ 0.08def 24+ 0.6def 11.4+ 0.2bc 1464.9+ 4abc
5cm 14.8 + 0.10cd 1.9+ 0.02bc 23.5+0.3de 30.£0.1gh 26.5+ 0.2cde  11.82+ 0.01ab 1486.8+ 1.8ab
10 cm 16.8 £ 0.01bcd 2.3+0.1ab 26.0+0.1ab 32.6+ 0.3de 22.1+ 0.4ef 11.46+ 0.1bc 1459.9+ 2.1abc
15cm 17.1 + 0.07bcd 2.6 £0.29a 26.6 £ 0.3a 31+ 0.01fg 25.7+ 0.02cde 11.+ 0.06cd 1461.2+ 2.1abc
150 mL Unpruned 15.7 + 0.20bcd 2.1 + 0.08abc 22.5 £ 0.3ef 26.9+ 0.1j 59.5+ 0.5ab 10.9+ 0.03cde 1475.5+ 2.1ab
5cm 13.3+0.10d 1.7 £ 0.06c 24.3+0.2cd 30.1+ 0.04gh 60.5+ 0.2a 10.2+ 0.1fg 1507.3+ 3.1a
10 cm 15.6 £ 0.20cd 1.9+ 0.01bc 23.2+0.2de 28.9+ 0.2hi 59+ 0.1ab 9.9+ 0.2g 1473.2+ 3.6ab
15cm 16.2 + 0.30bcd 1.9+0.1bc 21.7 £ 0.5f 28.2+ 0.3ij 60.1+ 0.4a 10.1+ 0.1fg 1462.2+ 3.3abc
Two-way ANOVA F-Statistic
K2SO4 28.05* 10.56* 56.51* 394* 85.82* 103.53* 29.46*
Pruning 9.59* 1.32ns 26.97* 24.2* 10.59* 3.04* 8.56*
K2SO4*pruning 3.02* 3.80* 6.31* 58.38* 8.85* 14.15* 3.18*

Note: Turkey”’s LSD was used to rank the means along the column with a 0.05 significance threshold. Means that do not share a letter are very dissimilar. *:

significant at p < 0.05. * NDF= Neutral Detergent fibre; NFC= Non-Fibre Carbohydrates, ns= not significant
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6.7 Discussion

Indigenous coastal edible crops were once popular in the early days before the colonization,
as plants such as Amaranthus were consumed in the pre- Colombian America, Aztec, Africa
(Li et al.,, 2015). Coastal plants provide various proximate, macro and micronutrients.
Schroeder & Backhed, (2016) have reported that excessive amount of Ash content gives an
indication that the plant is rich in dietary fibres that protects digestive organisms in the
alimentary tract. In the present study Trachyandra divaricata has accumulated the highest
value (23.6 %) of Ash and this value was the highest compared to other treatments (Table
6.3). These results are similar with study done by Jimoh et al. (2020) on A. caudatus who
recorded more than 5% of ash content, which is the minimum required value. Mlakar et al.
(2009); Nascimento et al. (2014) and Soria- Garcia et al. (2018) reported on their studies lower
results compared to those collected by the present study, as they have accumulated 7.1%,
7% and 6.43% on other salt tolerant plants. In contrary, Akin- Idowu et al. (2018); Nascimento
et al. (2014) results produced otherwise results earlier as they had less than 5% of Ash

content.

Trachyandra divaricata contains the lowest values of crude fat, as the significant treatment
0.0114 M + 15 cm obtained the lowest values, and this is evident that K,SO4 + cutting back
had less effect on the protein. These results agree with those of Bressani (2018), who
recorded the lowest values of crude fat from A. cactus under different soil at different growth
stages. Bressani (2018), further explained that most plants with high Ash are likely not to
contain high amount of crude fat. Hence, it can be concluded that ash content act conversely
with fat. However, crude fat is commonly known for its major role in human diet, organoleptic
properties, and absorption of fat-soluble vitamins (Jimo et al., 2020). Jimoh et al. (2020) also
mentioned that food plants with high fat (unsaturated) content could be associated with chronic
and cardiovascular diseases such as obesity, heart complications. Therefore, T. divaricata

with low fat could be used as a dietary supplement formulated for weight loss purposes.

The minimal preferred standard number by the United States Department of Agriculture for
protein value of Amaranthus is 13.6% (Jimoh et al., 2018). The minimum preferred protein
value recorded in Amaranthus species is doubled by the crude protein value of 26.6%
recorded in T. divaricata flower bud. Comparing the protein values of other various studies of
A. caudatus, Mekonnen et al. (2018) obtains 14.96%, Nascimento et al. (2014) recorded
13.4% and Tapia- Blacido et al. (2007) recorded 15.1%. Thus, findings from this study implies
that T. divaricata is rich in crude protein. These results are further supported by a study done
by Alli et al. (2021) where 50% of K.SO4 had the best results on the quality of potatoes
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resulting in specific quality parameters such as starch, sugars and protein content. These
results are followed by the 100% of K>SOa. In addition, starch synthesis (carbohydrates) in
potatoes is associated with the potassium availability. This is in correlation with our study
despite the plant, as 0.0144 M of K,SO4 had proved to alleviate crude protein as well NFC in
0.0144 M of K>SO4. However, cutting back could be detrimental as it is unusual practise in
plants and associated with stress. However, in this study it was different case as it has
significantly influenced T. divaricata on the accumulation of proximate (crude protein, NFC,
and energy content). Shabala & Pottosin (2014) agrees with statement above, with the

emphasis that potassium assists plants in adapting to biotic and abiotic stressors.

The combination of high potassium concentration (0.0216 M mL) together with unpruned
recorded the highest value of non-fibre carbohydrates (NFC) content (60.5+ 0.2) and that was
the only treatment that has an outstanding value compared to other concentrations. The
results of this study are way higher than those of Jimoh et al. (2020) who recorded 17.51 % at
the post-harvest of A. caudatus. However, the values are still slightly low compared to the
results of Amaranthus which proves to be rich in this carbohydrate as it recorded 61.4 % and
52.18% in the study done by Alvarez-Jubete et al. (2010) & Akubugwo et al. (2007)
respectively. Jimoh et al. (2020), has suggested that the low values of carbohydrate might be
traded off for protein production in A. caudatus. Therefore, the claims made by Jimoh et al.
(2020) are also supported by (Elsheikha & Elzidany, 1997) that protein is in inverse manner
with carbohydrates. Moreover, the highest values of Ash content might be the reason of low
content of protein. With T. divaricata managed to have high values in almost all the compounds
make these different potassium sulphate concentrations + various pruning levels to be the
suitable growing protocol. The results of energy have recorded the lowest value on 0.0072 M
+ unpruned, while 0.0216 M + 5 cm recorded the highest value, and this suggests that
employing 0.0216 M + 5 cm has the best energy levels on T. divaricata. Thus, the results
gathered in this study agree with Jimoh et al. (2020) who reported that protein, carbohydrates,
fats, and fibre are the small building blocks of energy so when these compaositions have the

high values, energy will ultimately have the high value.

Minerals are inorganic substances that perform vital metabolic processes that cannot be
generated by living organisms (Alemayehu et al., 2021). The structural functions of soft tissues
and the skeleton, as well as regulatory processes including blood coagulation, oxygen
transport, neuromuscular transmission, and enzyme activity, are all significantly influenced by
minerals (NCR, 1989).
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The calcium shows to be significantly influenced by the K>SOa, while cutting back was not
significant. Considering the fact that calcium (Ca) is essential for neuron function, muscular
contraction, and cell signalling. By preserving healthy bones and teeth, it also supports the
skeletal system. When communicating with other cells, calcium is used by body cells to
activate certain enzymes, move ions across cellular membranes, and send and receive
neurotransmitters (Sadler, 2011). The result of this study is far higher compared to the results
obtained by Alemayehu et al. (2021) on the different Oat (Avena sativa) varieties which is also
an underutilised cereal grain in Ethiopia, their highest values ranged from 44 to 102.7 mg/100
g. Wasonga et al. (2020), claimed that the excessive application of potassium rate lead to
higher rates of the following nutrients, Ca, P, Mg, Zn, Fe and S both in leaves and roots

regardless of the irrigation dose.

Magnesium serves as a co-factor for enzymatic activities, releases neurotransmitters,
promotes cell adhesion, and maintains calcium-potassium equilibrium and structural roles in
nucleic acids, proteins and polyribosomes are vital roles played by Mg (Rude 1998; Stein,
2010). Potassium together with cutting back the plants had no influence on the magnesium
composition of T. divaricata as the highest value of Mg was obtained at 0 mL + no cut.
However, the fact that T. divaricata has accumulated the highest value (370 mg/100 g) that is
more than (55 mg/ 100 g) of cooked Amaranthus food recommended by USDA (2018),
suggests that T. divaricata is a rich source of magnesium. The study of Adegbaju (2019), had
the same results as C. argentea has not significant at 53.9 mg/ 100 g on different growth levels
and the (450 mg/ 100 g) to meet the recommended daily consumption magnesium for survival.
However, the recommended value of Amaranthus is also far below to all the values gathered
from all the treatments in the present study. Mekonne et al. (2018); Nascimento et al. (2014)
on the proximate analysis of A. caudatus had slightly similar results of Mg compared to those
of this study. Thus, this implies that plants that have high level of Mg content such as T.
divaricata they could be used to supplement.

Howeler (2014), also found that over-supplied with K cassava had decreased Ca, Mg, and S
levels. The combination of these elements (K/ICA + mg) have yielded positive results of
potassium supplemented together with cutting back T. divaricata. The value of 9490 mg /100
g considering the daily recommended content of both Ca+ Mg being mentioned above, this
will provide the human body with the necessary benefits of these nutrients. The significance

of each of these elements have already been discussed above.

Sodium is a micronutrient that is required for human body, about 1500 mg recommended daily
allowance (RDA) for adult (McCarron et al., 2013). However, He & MacGregor (2009), have
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urged that the RDA of 200 -500 mg of sodium for healthy living. K2SO4 together with cutting
back have proven to influence sodium content of T. divaricata as the highest rate was recorded
at 0.0114 M + 10 cm. A sodium hormone regulator termed aldosterone, which functions
differently depending on sodium level, is housed in the renal tubule of the kidney. Despite the
kidney's ability to retain salt, some significant sodium losses still happen through sweating and
defaecation, which may not always necessitate supplementation with sodium (Aburto et al.,
2013; Food and Nutrition Board, 1989; Stein, 2010). Phosphorus is another micronutrient that
is required about 700 mg/ day quantity (Chang et al., 2014).

Phosphorus is one of the main essential micro-nutrients that is significant for cell growth and
maintenance, also with kidney functioning and repair (Adegbaju et al. 2019). Considering the
fact that it also plays a crucial role on the formation of Adenosine triphosphate (ATP), DNA
and RNA. In addition, phosphorus promotes calcium absorption and preserves the acid-base
balance (Gharibzahedi & Jafari, 2017).

In this study, the highest value of phosphorus has superbases 760 mg/ 100 g at 0.0114 M +
10 cm and this quantify the plant to be considered as phosphorus supplement as the
potassium and cutting back had also significant influence on the plant obtaining the highest
value. Adegbaaju et al. (2019) have endorse C. argentea as a good phosphorus supplement
by obtaining 845 mg/ 100 g. This is similar to the study done by Makobo et al. (2010) who
recorded the higher amount of P of A. cruentus at the early growth stages. Thus 118.3 mg of
T. divaricata could be able to deliver the daily requirement of 1000 mg/ day for adults as
suggested by (NHMRC, 2006).

Potassium is a vital mineral needed by the body for controlling blood pressure, nerve
transmission, muscle contraction, regulating waste disposal, and maintaining optimum fluid
balance (Gharibzahedi &Jafari, 2017). WHO (2012) have suggested that at least 3510 mg of
potassium should be consumed daily by adults. Thus, potassium sulphate has managed to
elevate the P composition of T. divaricata as it acquired 9460 mg/ 100 g. The results of this of
study have obtained high values compared to the average potassium of different varieties of
oats (248.3 mg/ 100 g) Alemayehu et al. (2021) and Ozcan et al. (2017) had previously
recorded lower values. The potassium results of this study are even higher than the staple
food as Mckevith (2004) reported their values as follows, Wheat (150 mg/100 g), rice (250
mg/100g), maize (220 mg/100 g) and barley (270 mg/100 g). Therefore, reported figures in

this study potassium supplemented T. divaricata is a potential source of potassium.

Trachyandra divaricata has accumulated numerous micronutrients such as Fe, Zn, Mn, and

Cu. These types of nutrients also play significant in human body but are frequently required in
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small amounts unlike macro- nutrients. The different potassium concentrations and cutting
back the plants have been significant on the accumulation of all micronutrients. However,
cutting back the plants in most cases causes stress to the plants but the potassium seems to
have mitigate the stress as it is one of the potassium functions because the all the micro-

nutrients are significant.

Iron (Fe) is one the most insufficient micronutrient on the school children and adults as a result
many are using medicinal supplements. Iron is usually associated with anaemia, fatigue, and
other blood related diseases (Haimi & Lerner, 2014). The amount of 9 and 15 mg/day of an
iron is recommended for children and adults (Jahnen-Dechent & Ketteler, 2012). However,
Hurrell & Egoli (2010), have emphasized that the minimum Fe requirement for adults is 1.8
mg/ day. Trachyandra divaricata have accumulated 13.3 mg/ 100 g, which quantify the plant
to be consumed daily as it will meet the RDA of iron. Therefore, the result of this study agrees
with Wasonga et al. (2021) who had proved that potassium had a positive effect on Cassava
plant as the highest values were obtained on the maximum potassium concentration (32 Mm).
The Zinc (Zn) is needed by human body for healthy growth and maintenance. It is an essential
element of more than 300 enzymes involved in the production and breakdown of lipids,
proteins, nucleic acids, carbohydrates, and carbohydrates (WHO, 2005). It is present in many
biological systems and processes and is essential for the thyroid, blood coagulation, immune
system, and wound healing processes. Potassium together with cutting back T. divaricata as
the treatments has played a positive impact on the accumulation of Zn as it has obtained
highest value at 0.0072 M + 10 cm. This is comparable with study done by Wasongo et al.
(2021), who recorded highest amounts in 32 Mm (30.2) on the leaves of cassava. Thus, T.
divaricata have accumulated the highest value of Zn compared to the results of an oats (1.6
mg to 2.1 mg / 100 g) provided by Alemayehu et al. (2021). Mn (0.0072 M + no cut).
Manganese (Mn) serves as a co-factor for several enzymes and is essential for the efficient
operation of the neurological system throughout the body, including the brain (Jahnen-
Dechent & Kettele, 2012). While, the efficient functioning of organs depends on copper, which
also functions as a co-factor and a component of various enzymes, Cu also boosts the immune
system's ability to combat infections (DiNicolantonio et al., 2018). Copper (Cu) compound
have been significantly influenced by the potassium and cutting back of T. divaricata as the
highest value is 6.7 mg/ 100 g. Therefore, T. divaricata could not provide sufficient Cu at all
different potassium sulphate and cutting as John et al. (2009) suggested that it does not meet
the RDA for Cu as the RDA is specified (0.7 or 1.1 mg/ 100 g per day) for children including
adults. The present results suggest that T. divaricata supplemented with K.SO4 has low values
of Cu because the highest value is 0.54 mg/100 g. This suggest that only plants like Celosia

argentea could manage to provide with sufficient Cu, Adegbaju et al. (2019), recorded the
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highest value of 7.65 mg/ 100 g in his study. However, T. divaricata had the higher values
than those obtained by Alemayehu et al. (2021), different oats varieties that range from 0.2 to
0.4.2 mg/100 g. This agrees with the suggestion that micronutrients are required in small

guantities in human body unlike macronutrients.

6.8 Conclusion

This study revealed that potassium sulphate has managed to work conjunction with cutting
back because almost all the minerals, micro and macronutrients are significantly influenced.
Macro nutrients such as N, P, and K are found to be high in this plant which means the
utilization of this underutilised plants could be beneficiary as they have potential to combat
malnutrition. The study also reveals that potassium sulphate could mitigate physiological
stress induced by cutting back. Therefore, T. divaricata contains essential minerals in
adequate proportion required in a balanced diet and may be considered as conventional crop

to foster food security.
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CHAPTER 7: THE GENERAL DISCUSSION AND CONCLUSION

7.1 General discussion

The shortages of nutrient supply, inadequate groundwater, and salinization of soil have
become a major challenge worldwide (Singh et al., 2014). Salinization, which refers to the
presence of salts in the soil or water, is a common challenge that has impacted half of the land
in southern Africa (Dimsey, 2006). The above-mentioned challenges have affected food
production severely in such that conventional crops struggle to strive under such
circumstances. Therefore, this is an alarm for food producers to adopt new strategies that
could be imperative for food production or domestication of ancient wild food plants. The
potassium supplementation strategy reported to mitigate the plant growth and development in
salt affected areas and other stress conditions (Ngxabi et al., 2021). This becomes interesting
as Kausar & Gull (2014) discovered that wheat and barley grown in the wild were able to
survive under salt stress because of potassium supplementation. Potassium has been
reported to be lacking in most arable land and therefore, the addition of this micronutrient is
essential as the plant uses it in stressful conditions to enhance their growth and development
(Hussain et al., 2013). However, a combination of potassium supplementation and pruning
has never been investigated before, but few studies have attested that pruning is beneficial to
dense plants as it encourages new growth and allocates nutrients to edible parts
(Badrulhisham & Othman, 2016). This will encourage the extension of the extinct knowledge
and exploitation of underutilised edible species such as T. divaricata as part of solving food

insecurity crisis and embracing diversity.

The effect of different potassium concentrations and pruning levels on the growth of
hydroponically grown T. divaricata was investigated in chapter 3. The morphological growth
parameters such as height, weight, flower bud yield, total dry and wet weight of shoots and
roots were significantly affected by different potassium concentrations and pruning levels.
Plants that were fertigated with 0.0072 M K;SO. had the highest values in terms of
morphological growth parameters. Similar results have been reported on the length and shoot
ratio of wheat and barley supplemented with potassium under saline condition (Hussain et al.,
2013). Likewise, Wanshnong et al. (2022) reported the same findings on Papaya var. Red
Lady, where the application of potassium increased the plant height, plant girth and the total
number of leaves. In addition, pruning of some flowering and fruit plants are mostly likely to
have high and nutritious yield when the leaves are pruned (Badrulhisham & Othman, 2016).

However, in this study no cut and 15 cm cutting had the highest values in almost all the

103



parameter while 5 & 10 cm had smallest values. This may be because T. divaricata has its

specific pruning level.

The minimum concentration of K.SO4 had the highest formation of flower buds, fresh and dry
weight. These results may be due to the claim made by Sardans and Pefiuelas (2021) that
potassium plays a crucial role in plant development and making a point of interest in improving
yield. In addition, the highest cutting level (15 cm) and no cut recorded the highest formation
of flower bud and fresh/dry weight. Orsini (2016) has claimed that pruning is vital in plants that
produce flowers and fruits as it encourages the new growth and more stems. Similar results
were reported by Pongki and Tjokrosumarto (2017), on the growth of chilies as pruning

encouraged maximum fruit production.

The effect of different potassium concentrations and cutting levels on chlorophyll content of T.
divaricata was evaluated in chapter 4. The minimum K,SO4 concentration (0.0072 M) had the
significant results on the chlorophyll content compared to other concentrations. Also, 15 cm
and no cut recorded the positive results of chlorophyll yield in T. divaricata. These findings
suggest that 0.0072 M and 15 cm or no cut could be the optimal protocol for chlorophyl yield
of T. divaricata. This study indicates that the minimum addition of potassium and 15 cm cut
back to no cut could have a uniform effect on the chlorophyll content, as the chlorophyll reflects
the state of plant health. These results align with the claim made by Trankner, & Tavakol,
(2018) that the additional applicant of potassium enhance the photosynthetic CO2 fixation as
the transportation and consumption of photo assimilates in plants regulate chlorophyll content
during oxidative stress conditions. Siddiqui et al. (2018) also reported similar findings on
tomato seedlings exposed to drought stress which was mediated by the exogenous application
of potassium that further regulated endogenous potassium, which in turn enhanced the

chlorophyll content and photosynthesis in tomato seedlings.

The lack of fresh water and arable land has promoted the reconsideration of cultivation of wild
plants with antioxidant potential same as vegetables which are popularly known for their
antioxidant capacity by consumer and food industry (Pinto et al., 2022). Halophytes are opted
to be a viable source of antioxidants because when they are exposed to stressful
environments, they tend to increase the production of secondary metabolites that are alleged
to be precursors of antioxidant effects in plants (Giorgi et al., 2013; Jimoh & Kambizi, 2022).
Therefore, these phytochemicals carry defensive traits on the plant from the adverse effect of
stress (Ksouri et al., 2007). Plants also produce antioxidants that neutralize free radicals
during oxidative and ionic stress, and these antioxidants are critical for human health (Jimoh

et al., 2020 & Mazouz et al., 2020). The constant improvement of these phytochemicals and
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antioxidant in plants is essential as they are important for human health. This can be
accomplished by modifying fertilizer and growing conditions. This chapter focused on the
phytochemical and antioxidant activity of flower buds under different potassium concentrations
and pruning levels on T. divaricata (Jacg.) Kunth and findings from the current study
demonstrate that potassium concentrations along with cutting levels had favourable effects on
phytochemicals and antioxidants. Under various cutting levels in this study, T. divaricata
accumulated the maximum values of polyphenols, flavonols, FRAP, and DPPH on 0.0072 M
(K2S0,). These outcomes are supported by the findings of Mahmoud et al. (2019), who
applied a moderate potassium concentration to Solanum tuberosum tubers to promote
phytochemical accumulation. A similar pattern was also noted by Zikalala et al. (2017) when
they examined how fertilization with nitrogen, phosphorus, and potassium affected the
nutritional quality of baby spinach (Spinacia oleracea L.), finding that a moderate amount of K
increased the concentrations of total phenols, total antioxidant activity, total flavonoids, and
vitamin C. On the contrary, TEAC got the highest value in control and 15 cm cutting level, so
this was different. This may be related to the preferred K.SO4 concentration by the species.
Cakmak, (2005) supported the claims by stating that inappropriate K levels may also trigger
stress reactions, and because of stressors, reactive oxygen species may accumulate and
infringe some phytochemicals. In this case, pruning may be played a crucial role as it
previously stated that it helps with encouraging a new growth and nutrient allocation on edible
organs. In this case, pruning can play a crucial role since it has already been mentioned as

helpful in encouraging new growth and nutrient allocation on edible organs.

Chapter 6 covers the effect of different potassium concentrations and pruning levels on the
nutrient content of T. divaricata. All the proximate compositions that were found to be present
in T. divaricata were significantly affected by different potassium concentrations and pruning
levels. The results of this study revealed that the ash content of the flower bud of T. divaricata
has shown a positive result of 13.3% to 23.6% composition in all treatments, and normally wild
plants does not exceed 5%. The ash content of food is a measure of its nutritional value and
is thought to be a reflection of the mineral contents preserved in food materials (Akbari et al.,
2022). Ntuli (2019), reported similar findings on two water spinach species (Ipomea
plebeian R.Br. and Ipomea wightii (Wall.) Choisy), where the ash content reported was 24%.
Therefore, the outcome of the present study is comparable with ash content of the processed
foods (Muioz-Arrieta et al., 2021). This high ash value indicates that the plant is high in dietary
fibres, which provide shelter for digestive organisms in the gastrointestinal tract (Schroeder &
Backhed, 2016).
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The fat content in flower buds of T. divaricata ranged from 1.7-2.3%, and this was like the
findings Ntuli, (2019) on two water spinach species. With 0.144 M of K2SO4 + 15 cm cut back
treatment having highest values (2.6g/100g) compared to all. This is in coloration with the
claim made by Bressani (2018) who explained that most plants with high ash are likely not to
contain high amount of crude fat. However, the fat in leafy vegetables provides energy,
essential fatty acids, and vitamins and which adds to palatability through absorption and

retaining flavour.

The moderate treatment (0.144 M) with 5 cm cutting had the highest protein composition and
values ranged from 21.7 to 26.6% in tested samples, and these were lower than those
reported in A. caudatus (30.2%) and S. nigrum (38.98%), respectively by Jimoh et al. (2020)
and Ogundola et al. (2018). Nevertheless, the protein content of the flower buds of T.
divaricata was comparable with that of Moringa oleifera leaves (27.3%), as reported by
Sultana (2020). However, the highest carbohydrates contents (60.5%) found in T. divaricata
at 0.0114 M + 5 cm treatment has exceeded those presented by Bvenura et al. (2017) for wild
edible vegetables in Southern Africa. This indicates that T. divaricata is a rich source of
carbohydrates and has a high calories content that can assist in providing the body with
calories. The presented moisture content of flower buds was between 9.9 to 12.1% of all tested
treatments. These lower moisture values imply that the flower buds of this plant may have a
long storage lifespan, benefiting the producers and sellers and its potential use for prolonging
the shelf life of foods or as preservatives may be researched. The absorption and
concentrations of additional nutrients that are available to plants have been demonstrated a
growth and developmental change because of fertilizer application (Jimoh et al., 2020). This
might be caused by interactions in the transport of other minerals or ion absorption within plant
cells (Davarpanah et al., 2016; Norozi et al., 2019). Therefore, it is essential to use the proper
fertilizer doses for plant growth and development. These nutrients support life by supplying
the body the essential nutrients it needs for its psychophysical well-being (Bulawa et al., 2022).
The harvests from treatment 0 M (K>SQO4) + 10 cm pruning had the maximum Mg yield, which
was statistically comparable to the control, 0 M + 5 and 15 cm pruning levels, respectively.

The highest mineral contents discovered in this study confirm earlier claims that certain wild
vegetable species are a source of necessary minerals (Jimoh et al., 2018). Variations in the
study's findings further demonstrated that K, Calcium (Ca), and Magnesium (Mg) ions had an
antagonistic effect since Ca and Mg levels declined when K was added. Even though these
minerals were marginally decreased in samples that had 0.0072 M of potassium treatment

and various amounts of cutting levels, they improved the growth and development of flower
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buds. These findings support prior research by Norozi et al. (2019), who found that potassium
fertilizer application diminished calcium and magnesium leaf concentrations while increasing
nitrogen, phosphorus, potassium, and sodium concentrations. These findings demonstrate
that the calcium content of T. divaricata was below the 1000 mg RDA for adults that was
suggested. Although magnesium level in all investigated treatments was significantly higher
than the RDA value of 55 mg/100 g, as reported by the (USDA, 2008). In addition to its
structural roles in proteins, nucleic acids, and polyribosomes, magnesium also plays important
roles in the release of neurotransmitters, cell adhesion, calcium-potassium homeostasis
stabilization, and as an enzyme cofactor (Stein, 2010). So, regular consumption of this plant

will guarantee ideal serum magnesium concentration.

Several micronutrients, including iron, zinc, aluminium, copper, and manganese, are crucial
for human nutrition (Ntuli, 2019). Less than 20 mg of these trace minerals must be consumed
daily, and they make up less than 0.01% of body weight (Ogundola et al., 2018). According to
the USDA (2008), all trace elements examined in T. divaricata flower buds, with the exluding of
copper, are within the required daily intake. Trachyandra divaricata recorded the highest
values of 13.3 mg/100g iron at 0.0114 M + 15 cm treament, which was lower than the values
reported for other wild vegetables consumed in South Africa, such as Lecaniodiscus
cupaniodes (27.8 mg/100 g), Sterculia tragacantha (803.7 mg/100 g), and Ipomea plebeian
(1225 mg/100 g) (Ntuli, 2019). Similar to manganese, T. divaricata flower buds were found to
have between 2.8 to 6.7 mg/100 g of manganese, which was less than the value found in
Moring oleifera (252 mg/100 g) (Gopalakrishna et al., 2016). In addition to its role as an
antioxidant, manganese also plays a role in bone development, blood sugar regulation,
immune system function, and cellular reproduction (Ghanbarzadeh et al., 2022). Fe is
necessary for the creation of haemoglobin, reducing anaemia rates, and healthy central
nervous system function (Kaur et al., 2017). Based on these results, it may be considered that
T. divaricata flower buds are suitable for consumption because they accumulate fewer heavy

metals than other wild vegetables.

7.2 General Conclusion

This current study supports the hypothesis that have been made on chapter one as different
potassium concentrations and cutting levels have influenced the growth, chlorophyll content,
proximate composition, nutrient content, and antioxidants content of T. divaricata. The
minimum concentration (0.0072 M) with pruned or unpruned levels showed to be an
outstanding amongst the others. The growth parameters of T.divaricata together with

chlorophyl have shown to be positively influenced by the treatments. With various essential
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nutrients such as Zinc, Potassium, nitrogen, Iron calcium, manganese, phosphorus,
potassium, sodium, and proximity such ash, protein carbohydrates and fat being affected by
the treatments showed to be vital for T. divaricata. The plant’s high fibre content confirms its
digestive effectiveness in humans, and its high protein content confirms its worth as an
immune booster, an important nutraceutical, and a potential functional food. In addition,
moisture has been significantly affected with low values and this showed that this plant has
high lifespan. Therefore, the findings suggest that the edible, antioxidants and phytochemicals
of this plant have been influenced by the treatments and quantifies it to be considered for
public consumption and make it available in commercial market for the purposes of embracing

diverse culinary.

7.3 Recommendations

The study suggested that hydroponic cultivation of Trachyandra divaricata with a minimal
K>SO4 concentration (0.0072 M) and moderate pruning (15 cm) optimizes productivity,
resulting in improved floral bud development, nutritional content, and antioxidant properties.
This approach offers a sustainable solution for addressing salinization challenges and
obtaining a valuable leafy vegetable. Overall, the dissertation aimed to contribute to
sustainable agriculture and food security by exploring the potential of Trachyandra divaricata
as a valuable crop and providing insights into the cultivation practices that can optimize its
growth and nutritional value. However, further research can be done on the physiological,
medicinal and biological activities of T. divaricata to widen and popularise its potential

pharmacological uses.

7.4 Refences

Akbari, B., Baghaei-Yazdi, N., Bahmaie, M. & Mahdavi Abhari, F., 2022. The role of plant-

derived natural antioxidants in reduction of oxidative stress. BioFactors, 48(3): 611-633.

Badrulhisham, N. & Othman, N. 2016. Knowledge in tree pruning for sustainable practices in
urban setting: Improving our quality of life. Procedia-Social and Behavioral Sciences, 234:
210-217.

Bressani, R. (eds). 2018. Composition and nutritional properties of amaranth. In Amaranth

biology, chemistry, and technology (pp. 185-205). CRC Press.

108



Bvenura, C. & Sivakumar, D. 2017. The role of wild fruits and vegetables in delivering a

balanced and healthy diet. Food Research International, 99: 15-30.

Cakmak, I. 2005. The role of potassium in alleviating detrimental effects of abiotic stresses in
plants. Journal of Plant Nutrition and Soil Science, 168(4): 521-530.

Davarpanah, S., Tehranifar, A., Davarynejad, G., Abadia, J. & Khorasani, R. 2016. Effects of
foliar applications of zinc and boron nano-fertilizers on pomegranate (Punica granatum cv.

Ardestani) fruit yield and quality. Scientia Horticulturae, 210: 57-64

De Vynck, J.C., Van Wyk, B.E. & Cowling, R.M., 2016. Indigenous edible plant use by
contemporary Khoe-San descendants of South Africa's Cape South Coast. South African

Journal of Botany, 102, pp.60-69.

Dimsey, R. 2006. Salinity unit converter. The state of Victoria, department of primary
industries. Agricola, 1(22): 45.

Ghanbarzadeh, M., Moazami, N., Shahavi, M.H. & Mirdamadi, S. 2022. Study of bioactive
compounds in Arthrospira platensis MGH-1 fortified with micronutrients of iron, zinc, and

manganese. Journal of Applied Phycology, 34(5): 2449-2462.

Giorgi, A., Panseri, S., Mattara, M.S., Andreis, C. & Chiesa, L.M. 2013. Secondary
metabolites and antioxidant capacities of Waldheimia glabra (Decne.) Regel from
Nepal. Journal of the Science of Food and Agriculture, 93(5): 1026—-1034.

Gopalakrishnan, L., Doriya, K. & Kumar, D.S. 2016. Moringa oleifera: A review on nutritive

importance and its medicinal application. Food Science and Human Wellness, 5(2): 49-56.

Hussain, Z., Khattak, R. A., Irshad, M. & Eneji, A. E. 2013. Ameliorative effect of potassium
sulphate on the growth and chemical composition of wheat (Triticum aestivum L.) in salt-
effected soils. Journal Soil Science and Plant Nutrition, 13(2): 401-415.

Jimoh, M.O. & Kambizi, L. 2022. Agquatic Phytotherapy: Prospects, Challenges and
Bibliometric Analysis of Global Research Output on Medicinal Aquatic Plants from 2011—
2020. In Medicinal Plants for Cosmetics, Health and Diseases, 507-522. CRC Press.

109



Jimoh, M.O., Afolayan, A.J. & Lewu, F.B. 2019. Antioxidant and phytochemical activities of
Amaranthus caudatus L. harvested from different soils at various growth stages. Scientific
Reports, 9(1): 1-14.

Jimoh, M.O., Afolayan, A.J. & Lewu, F.B. 2020. Nutrients and antinutrient constituents of
Amaranthus caudatus L. Cultivated on different soils. Saudi Journal of Biological Sciences,
27(12): 3570 —3580.

Kausar, A. & Gull, M. 2014. Nutrient’s uptake and growth analysis of four sorghum (Sorghum

bicolor L.) genotypes exposed to salt stress. Pensee Journal, 76(4): 102-110.

Kausar, A., Zulfigar, S. & Sarwar, M.l. 2014. Recent developments in sulphur-containing

polymers. Polymer Reviews, 54(2): 185-26.

Ksouri R., Megdiche W., Debus A., Falleh H., Grignon C. & Abdelly C. 2007. Salinity effects
on polyphenol content and antioxidant activities in leaves of the halophyte Cakile maritime.
Plant Physiology and Biochemistry 45: 244-249.

Mahmoud, S.H., Salama, D.M., El-Tanahy, A.M.M. & El-Bassiony, A.M. 2019. Effects of
prolonged restriction in water supply and spraying with potassium silicate on growth and
productivity of potato. Plant Archives, 19(2): 2585-2595.

Mazouz, W., Haouli, N.E.H., Gali, L., Vezza, T., Bensouici, C., Mebrek, S., Hamel, T., Galvez,
J. & Djeddi, S. 2020. Antioxidant, anti-alzheimer, anti-diabetic, and anti-inflammatory activities
of the endemic halophyte Limonium spathulatum (Desf.) kuntze on LPS-stimulated RAW264
macrophages. South African Journal of Botany, 135: 101-108.

Mufoz-Arrieta, R., Esquivel-Alvarado, D., Alfaro-Viquez, E., Alvarez-Valverde, V., Krueger,
C.G. & Reed, J.D. 2021. Nutritional and bioactive composition of Spanish, Valencia, and

Virginia type peanut skins. Journal of Food Composition and Analysis, 98: 103816.

Ngxabi, S., Jimoh, M.O., Kambizi, L. & Laubscher, C.P. 2021. Edibility of Trachyandra ciliata
(LF) kunth an underutilized vegetable from South African Western Cape Coast: A

review. African Journal of Food, Agriculture, Nutrition and Development, 21(9): 18645-18662

Norozi, M., ValizadehKaji, B., Karimi, R. & Nikoogoftar Sedghi, M. 2019. Effects of foliar
application of potassium and zinc on pistachio (Pistacia vera L.) fruit yield. International

Journal of Horticultural Science and Technology, 6(1): 113-123.

110



Norozi, M., ValizadehKaji, B., Karimi, R. & Nikoogoftar Sedghi, M. 2019. Effects of foliar
application of potassium and zinc on pistachio (Pistacia Vera L.) fruit yield. International
Journal of Horticultural Science and Technology, 6(1): 113-123.

Ogundola, A.F., Bvenura, C. & Afolayan, A.J. 2018. Nutrient and antinutrient compositions
and heavy metal uptake and accumulation in S. nigrum cultivated on different soil types. The
Scientific World Journal, 20:18.

Ogundola, A.F., Bvenura, C. & Afolayan, A.J. 2018. Nutrient and antinutrient compositions
and heavy metal uptake and accumulation in S. nigrum cultivated on different soil types. The
Scientific World Journal, 20:18.

Orsini, F., Maggio, A., Rouphael, Y. & De Pascale, S. 2016. “Physiological quality” of
organically grown vegetables. Scientia Horticulturae, 208: 131-139.

Pinto, T., Vilela, A. & Cosme, F., 2022. Chemical and sensory characteristics of fruit juice and

fruit fermented beverages and their consumer acceptance. Beverages, 8(2): .33.

Sardans, J. & Pefuelas, J. 2021. Potassium control of plant functions: Ecological and

agricultural implications. Plants, 10(2): 419.

Schroeder, B.O. & Backhed, F. 2016. Signals from the gut microbiota to distant organs in
physiology and disease. Nature Medicine, 22(10): 1079-1089

Siddiqui, M.H., Khan, M.N., Mukherjee, S., Alamri, S., Basahi, R.A., Al-Amri, A.A., Alsubaie,
Q.D., Al-Mungedhi, B.M., Ali, H.M. & Almohisen, I.LA. 2021. Hydrogen sulphide (H2S) and
potassium (K+) synergistically induce drought stress tolerance through regulation of H+-
ATPase activity, sugar metabolism, and antioxidative defence in tomato seedlings. Plant Cell
Reports, 40(8): 1543-1564.

Singh, D., Buhmann A.K., Flowers, T.J., Seal, C.E. & Papenbrock, J. 2014. Salicornia is a
crop plant in temperate regions: the selection of genetically characterized ecotypes and
optimization of their cultivation conditions. Saline water. Agricultural Water Management, 149:
102-114.

Sultana, S. 2020. Nutritional and functional properties of Moringa oleifera. Metabolism
open, 8: 100061.

Tjokrosumarto, W.A. & Pongki, D, 2017. Growth and production plant chili pepper (Capsicum

111



annum) as a result of the existence pruning leaves: 439-449.

USDA National Nutrient Database for Standard Reference Release. 2008. In Proceedings of
the Full Report (All Nutrients) 11003, Amaranth Leaves, Raw, Beltsville, MD, USA, September
2008: 1-3.

Wanshnong, E., Mounika, K., Kumar, K.A. & Maiti, C.S. 2022. Effect of Different Levels of
Potassium on Growth and Flowering of Papaya Var. Red Lady. Pharma Innovation
Journal, 11: 1314-1317.

Zikalala, B.O., Nkomo, M., Araya, H., Ngezimana, W. & Mudau, F.N. 2017. Nutritional quality
of baby spinach (Spinacia oleracea L.) as affected by nitrogen, phosphorus and potassium
fertilisation. South African Journal of Plant and Soil, 34(2): 79-86.

112



CHAPTER 8: REFERENCES

Aburto, N.J., Hanson, S., Gutierrez, H., Hooper, L., Elliott, P. & Cappuccio, F.P. 2013. Effect
of increased potassium intake on cardiovascular risk factors and disease: systematic review

and meta-analyses. Bmj, 79(3):346.

Acquaah, G. 2009. Principles of plant genetics and breeding. John Wiley & Sons.

Adegbaju, O.D., Otunola, G.A. & Afolayan, A.J. 2019. Proximate, mineral, vitamin and anti-
nutrient content of Celosia argentea at three stages of maturity. South African Journal of
Botany, 124: 372-379.

Ahanger, MA., Agarwal, RM., Tomar, NS., & Shrivastava, M. 2015. Potassium induces positive
changes in nitrogen metabolism and antioxidant system of oat (Avena sativa L cultivar Kent).
Journal of Plant Interactions, 10(1): 211-223.

Ahanger, MA., Agarwal, RM., Tomar, NS., & Shrivastava, M. 2015. Potassium induces positive
changes in nitrogen metabolism and antioxidant system of oat (Avena sativa L cultivar Kent).
Journal of Plant Interactions, 10(1): 211-223.

Ahmad, P., Jaleel, C.A., Salem, M.A., Nabi, G. & Sharma, S. 2010. Roles of enzymatic and
nonenzymatic antioxidants in plants during abiotic stress. Critical Reviews in
Biotechnology, 30(3):161-175.

Ahmad, P., Jaleel, C.A., Salem, M.A., Nabi, G. & Sharma, S. 2010. Roles of enzymatic and
nonenzymatic antioxidants in plants during abiotic stress. Critical Reviews in
Biotechnology, 30(3):161-175.

Ahnger, M.A., Tomar, N.S., Tittal, M., Argal, S. & Agarwal, R.M. 2017. Plant growth under
water/salt stress: ROS production; antioxidants and significance of added potassium under

such conditions. Physiology and Molecular Biology of Plants, 23: 731-744.

Ahnger, M.A., Tomar, N.S., Tittal, M., Argal, S. & Agarwal, R.M. 2017. Plant growth under
water/salt stress: ROS production; antioxidants and significance of added potassium under

such conditions. Physiology and Molecular Biology of Plants, 23: 731-744.

Ainsworth, E.A. & Gillespie, K.M. 2007. Estimation of total phenolic content and other
oxidation substrates in plant tissues using Folin—Ciocalteu reagent. Nature Protocols, 2(4):
875-877.

113



Akbari, B., Baghaei-Yazdi, N., Bahmaie, M. & Mahdavi Abhari, F., 2022. The role of plant-
derived natural antioxidants in reduction of oxidative stress. BioFactors, 48(3): 611-633.

Akhtar, J., Ahmad, R., Ashraf, M. Y., Tanveer, A., Waraich, E. A., & Oraby, H. 2013. Influence
of exogenous application of salicylic acid on salt stressed mung bean (Vigna radiata): growth
and nitrogen metabolism. Pakistan Journal of Botany, 45(1):119-125.

Akin-ldowu, P.E., Adebo, U.G., Egbekunle, K.O., Olagunju, Y.O., Aderonmu, O.l. & Aduloju,
A.O., 2020. Diversity of mango (Mangifera indica L.) cultivars based on physicochemical,
nutritional, antioxidant, and phytochemical traits in Southwest Nigeria. International Journal of
Fruit Science, 20(sup2), S352-S376.

Akubugwo, I.E., Obasi, N.A., Chinyere, G.C. & Ugbogu, A.E. 2007. Nutritional and chemical
value of Amaranthus hybridus L. leaves from Afikpo, Nigeria. African Journal of
Biotechnology, 6(24): 2833-2839.

Alemayehu, G.F., Forsido, S.F., Tola, Y.B., Teshager, M.A., Assegie, A.A. & Amare, E. 2021.
Proximate, mineral and anti-nutrient compositions of oat grains (Avena sativa) cultivated in

Ethiopia: implications for nutrition and mineral bioavailability. Heliyon, 7(8): 07722.

Alemayehu, G.F., Forsido, S.F., Tola, Y.B., Teshager, M.A., Assegie, A.A. & Amare, E. 2021.
Proximate, mineral and anti-nutrient compositions of oat grains (Avena sativa) cultivated in

Ethiopia: implications for nutrition and mineral bioavailability. Heliyon, 7(8): e07722.

Ali, M.M., Petropoulos, S.A., Selim, D.A.F.H., Elbagory, M., Othman, M.M., Omara, A.E.D. &
Mohamed, M.H. 2021. Plant growth, yield and quality of potato crop in relation to potassium
fertilization. Agronomy, 11(4): 675.

Alisson, S. C. A, Ajalmar, R. N. & Jodo, P. P. G. 2016. A new pruning method for extreme
learning machines via genetic algorithms. Applied Soft Computing, 44: 101-107.

Alridiwirsah, A., Lubis, R.M. & Novita, A. 2020. The Effect of Pruning and Chicken Manure on
Vegetative Growth of Honey Deli (Syzygiumaqueum Burn F.) in 9 Months Age. In Proceeding
International Conference Sustainable Agriculture and Natural Resources Management
(ICoSAaNRM), 1-18.

Alridiwirsah, A., Lubis, R.M. & Novita, A. 2020. The Effect of Pruning and Chicken Manure on
Vegetative Growth of Honey Deli (Syzygiumaqueum Burn F.) in 9 Months Age. In Proceeding

114



International Conference Sustainable Agriculture and Natural Resources Management
(ICoSAaNRM), 1-18.

Alvarez-Jubete, L., Arendt, E.K. & Gallagher, E. 2010. Nutritive value of pseudocereals and
their increasing use as functional gluten-free ingredients. Trends in Food Science &
Technology, 21(2):106-113.

Amujoyegbe, B.J., Opabode, J.T. & Olayinka, A. 2007. Effect of organic and inorganic fertilizer
on yield and chlorophyll content of maize (Zea mays L.) and sorghum (Sorghum bicolour L.
Moench). African Journal of Biotechnology, 6(16): 1869—-1873.

Anju, T., Prabhakar, P., Sreedharan, S. & Kumar, A. 2022. Nutritional, antioxidant, and
dietary potential of some traditional leafy vegetables used in ethnic culinary preparations.
Food Control, 141:109161.

Aramrueang, N., Asavasanti, S. & Khanunthong, A. 2019. Leafy vegetables. In Integrated

processing technologies for food and agricultural by-products (pp. 245-272). Academic Press.

Ashraf, M.Y., Gul, A., Ashraf, M., Hussain, F. & Ebert, G. 2010. Improvement in yield and
quality of Kinnow (Citrus deliciosa x Citrus nobilis) by potassium fertilization. Journal of Plant
Nutrition, 33(11): 1625-1637.

Babin, R. 2018. Pest management in organic cacao. Wallingford UK: CAB International.

Badrulhisham, N. & Othman, N. 2016. Knowledge in tree pruning for sustainable practices in
urban setting: Improving our quality of life. Procedia-Social and Behavioral Sciences, 234:
210-217.

Batten, A., Ispot, Manning, J., Goldblat, P., Smith, C., Van Wyk, B., Van Wyk, B. &
Gerick, N. 2017. Modern vegetation at the Klasies river archaeological sites,
Tsitsikamma coast, South-Eastern Cape, South Africa: A Reference Collection, 150 (1):
20-26.

Ben-Abdallah, S., Zorrig, W., Amyot, L., Renaud, J., Hannoufa, A., Lachéal, M. & Karray-
Bouraoui, N., 2019. Potential production of polyphenols, carotenoids and glycoalkaloids in

Solanum villosum Mill. under salt stress. Biologia, 74, pp.309-324.

Benzie, I.F. & Strain, J.J. 1999. [2] Ferric reducing/antioxidant power assay: direct measure of

total antioxidant activity of biological fluids and modified version for simultaneous

115



measurement of total antioxidant power and ascorbic acid concentration. In Methods in

enzymology, 299.15-27. Academic press.

Berchoux, T., Hutton, C.W., Hensengerth, O., Voepel, H.E., Tri, V.P., Vu, P.T., Hung, N.N.,
Parsons, D. & Darby, S.E. 2023. Effect of planning policies on land use dynamics and
livelihood opportunities under global environmental change: evidence from the Mekong
Delta. Land Use Policy, 131: 106752.

Bigand, R., Weller, O., Tencariu, F.A., Alexianu, M. & Asandulesei, A. 2018. Ovine
pastoralism and mobility systems in Romania: an ethnoarchaeological approach.
In historical archaeologies of transhumance across Europe: 245-263.

Boatwright, J.S. & Manning, J.C. 2010. Notes on the genus Trachyandra (Asphodelaceae:
Asphodeloideae) 1: A review of the T. thyrsoidea group (Section Trachyandra), including three

new species from the Northern Cape. South African Journal of Botany, 76(3): 499-510.

Boatwright, J.S. & Manning, J.C. 2010. Notes on the genus Trachyandra (Asphodelaceae:
Asphodeloideae) 1: A review of the T. thyrsoidea group (Section Trachyandra), including three
new species from the Northern Cape. South African Journal of Botany, 76(3): 499-510.

Borgognone, D., Colla, G., Rouphael, Y., Cardarelli, M., Rea, E. & Schwarz, D. 2013. Effect
of nitrogen form and nutrient solution pH on growth and mineral composition of self-grafted

and grafted tomatoes. Scientia horticulturae, 149, 61-69.

Botha, C.J. & Penrith, M.L. 2008. Poisonous plants of veterinary and human importance in
southern Africa. Journal of ethnopharmacology, 119(3): 549-558.

Bressani, R. (eds). 2018. Composition and nutritional properties of amaranth. In Amaranth

biology, chemistry, and technology (pp. 185-205). CRC Press.

Brown, K. & Bettink, K. 2019. Trachyandra divaricata (Jacg.) Kunth: Flora Base: Flora of
Western Australia. Available at https://florabase.dpaw.wa.gov.au/browse/profile/1368. [date
assessed 23 March 2021].

Brown, K. & Brooks, K. 2003. Bushland weeds: a practical guide to their management in

western Australia. Bushland weeds: A practical guide to their management, 108: 351.

116


https://florabase.dpaw.wa.gov.au/browse/profile/1368

Buhmann, A K., Waller, U., Wecker, B. & Papenbrock, J. 2015. Optimization of
culturing conditions and selection of species for the use of halophytes as biofilter for
nutrient rich saline water. Agricultural Water Management, 149: 102-114.

Bulawa, B., Sogoni, A., Jimoh, M.O. & Laubscher, C.P. 2022. Potassium Application
Enhanced Plant Growth, Mineral Composition, Proximate and Phytochemical Content
in Trachyandra divaricata Kunth (Sandkool), Plants, 11(22): 3183.

Bvenura, C. & Sivakumar, D. 2017. The role of wild fruits and vegetables in delivering a
balanced and healthy diet. Food Research International, 99: 15-30.

Cakmak, I. 2005. The role of potassium in alleviating detrimental effects of abiotic stresses in
plants. Journal of Plant Nutrition and Soil Science, 168(4): 521-530.

Castafeda-Loaiza, V., Oliveira, M., Santos, T., Schiiler, L., Lima, A.R., Gama, F., Salazar, M.,
Neng, N.R., Nogueira, J.M.F., Varela, J. & Barreira, L. 2020. Wild vs cultivated halophytes:
Nutritional and functional differences. Food Chemistry, 3: 127536.

Chang, C.Y., Yu, H.Y., Chen, J.J., Li, F.B., Zhang, H.H. & Liu, C.P. 2014. Accumulation of
heavy metals in leaf vegetables from agricultural soils and associated potential health risks in
the Pearl River Delta, South China. Environmental monitoring and assessment, 186: 1547—
1560.

Cheeseman, J. 2016. Food security in the face of salinity, drought, climate change, and
population growth. In: Khan, M.A., Ozturk, M., Gul, B., & Ahmed, M. (Eds.), Halophytes
for food security in drylands. Elsevier Inc.

Cheeseman, J. 2016. Food security in the face of salinity, drought, climate change, and
population growth. In: Khan, M.A., Ozturk, M., Gul, B., & Ahmed, M. (Eds.), Halophytes for

food security in drylands. Elsevier Inc.

Clevers, J.G.P.W. & Gitelson, A.A. 2013. Remote estimation of crop and grass chlorophyll and
nitrogen content using red-edge bands on Sentinel-2 and -3. International Journal Applied
Earth Observation and Geoinformation, 23: 344-351.

Cometti, N.N., Bremenkamp, D.M., Galon, K., Hell, L.R. & Zanotelli, M.F. 2013.
Cooling and concentration of nutrient solution in hydroponic lettuce crop. Horticultura
Brasileira, 31: 287—-292.

117



Cornish, P.S. 1992. Use of high electrical conductivity of nutrient solution to improve
the quality of salad tomatoes (Lycopersicon esculentum) grown in hydroponic culture.
Australian Journal of Experimental Agriculture, 38(4): 218-227.

Corwin, D.L. 2021. Climate change impacts on soil salinity in agricultural
areas. European Journal of Soil Science, 72(2): 842—-862.

Dagne, E. & Yenesew, A. 1994. Anthraquinones and chemotaxonomy of the
Asphodelaceae. Pure and applied chemistry, 66(11): 2395—-2398.

Dagne, E. & Yenesew, A. 1994. Anthraguinones and chemotaxonomy of the
Asphodelaceae. Pure and applied chemistry, 66(11): 2395-2398.

Dahlgren, R., Clifford, H. & Yeo, P. 1985. Pollen morphology in the family Asphodelaceae

(Asphodelaceae, Kniphofieae). The families of the monocotyledons. Berlin: Springer.

Dan, J. 2007. Hydroponics plants triumph in unlikely places. Available at http://ezine
articles.com/? hydroponics plants triumph-in-unlikely-places & id =607720.

Das, S., Teja, K.C., Duary, B., Agrawal, P.K. & Bhattacharya, S.S. 2016. Impact of nutrient
management, soil type and location on the accumulation of capsaicin in Capsicum chinense
(Jacq.): One of the hottest chilies in the world. Scientia Horticulturae, 213: 354—-366.

Davarpanah, S., Tehranifar, A., Davarynejad, G., Abadia, J. & Khorasani, R. 2016. Effects of
foliar applications of zinc and boron nano-fertilizers on pomegranate (Punica granatum cv.

Ardestani) fruit yield and quality. Scientia Horticulturae, 210: 57-64

De Fatima Lisboa Fernandes, O., Costa, C.R., de Souza Lino Junior, R., Vinaud, M.C.,
Hasimoto e Souza, L.K., de Paula, J.A.M. & do Rosario Rodrigues Silva, M., 2012. Effects of
Pimenta pseudocaryophyllus (Gomes) LR Landrum, on melanized and non-melanized

Cryptococcus neoformans. Mycopathologia, 174, pp.421-428.

De Vynck, J.C., Cowling, R.M., Potts, A.J. & Marean, C.W. 2016. Seasonal availability
of edible underground and aboveground carbohydrate resources to human foragers on
the Cape south coast, South Africa. Peer Journal, 2016(2): 1-18.

De Vynck, J.C., van Wyk, B.E. & Cowling, R.M. 2016. Indigenous Edible Plant Use by
Contemporary Khoe-San Descendants of South Africa’s Cape South Coast. South
African Journal, 102: 60-69.

118



Deacon, H.J. 1995. Two Late Pleistocene? Holocene archaeologi? Ccal depositories from the
southern Cape, South Africa. The South African Archaeological Bulletin, 50: 121-131.

Deacon, H.J. 1995. Two Late Pleistocene? Holocene archaeologi? Ccal depositories
from the southern Cape, South Africa. The South African Archaeological Bulletin, 50:
121-131.

Debez, A., Saadaoui, D., Slama, I., Huchzermeyer, B. & Abdelly, C. 2010. Responses
of Batis maritima plants challenged with up to two-fold seawater NaCl salinity. Journal
of Plant Nutrition and Soil Science, 173(2): 91-299.

Demidchik, V. 2015. Mechanisms of oxidative stress in plants: from classical chemistry to cell
biology. Environmental and Experimental Botany, 109: 212228.

Demidchik, V. 2015. Mechanisms of oxidative stress in plants: from classical chemistry to cell

biology. Environmental and Experimental Botany, 109: 212228.

Di Baccio, D., Navari-1zzo, F. & 1zzo, R. 2004. Seawater Irrigation: Antioxidant defence
responses in leaves and roots of sunflower (Helianthus annuus |.) ecotype. Journal of
Plant Physiology, 161: 1359-1366.

Dimsey, R. 2006. Salinity unit converter. The state of Victoria, department of primary
industries. Agricola, 1(22): 45.

DiNicolantonio, J.J., Mangan, D. & O’Keefe, J.H. 2018. Copper deficiency may be a leading

cause of ischaemic heart disease. Open heart, 5(2): 000784.

Domingues, D.S., Takahashi, H.W., Camara, C.A. & Nixdorf, S.L. 2012. Automated
system developed to control pH and concentration of nutrient solution evaluated in

hydroponic lettuce production. Computers and Electronics in Agriculture: 84: 53-61.

Dominy, N.J.E.R., Yeakel, J.D., Constantino, P. & Lucas, P.W. 2008. Mechanical
properties of plant underground storage organs and implications for dietary models of

early hominins. Evolutionary Biology 35(3): 159-175.

Du Toit, I.S., Sithole J. & Vorster, J. 2020. Pruning intensity influences growth, flower, and fruit
development of Moringa oleifera Lam. under sub-optimal growing conditions in Gauteng,
South Africa. South African Journal of Botany 129: 448-456.

119



Eberhard, S., Finazzi, G. & Wollman, F.A. 2008. The dynamics of photosynthesis. Annual
Review of Genetics, 42: 463-515.

Elsheikh, E.A. & Elzidany, A.A. 1997. Effect of Rhizobium inoculation, organic and chemical
fertilizers on proximate composition, in vitro protein digestibility, tannin and sulphur content of
faba beans. Food Chemistry, 59(1): 41-45.

Elsheikh, E.A. & Elzidany, A.A. 1997. Effect of Rhizobium inoculation, organic and chemical
fertilizers on proximate composition, in vitro protein digestibility, tannin and sulphur content of
faba beans. Food Chemistry, 59(1): 41-45.

Ercoli, L., Mariotti, M., Masoni, A. & Massantini, F. 1993. Relationship between nitrogen and
chlorophyll content and spectral properties in maize leaves. European Journal of
Agronomy, 2(2): 113-117.

Fallovo, C., Rouphael, Y., Cardarelli, M., Rea, E., Battistelli, A. & Colla, G. 2009. Yield and
quality of leafy lettuce in response to nutrient solution composition and growing

season. Journal of Food, Agriculture and Environment, 7(2): 456—462.

Fan P., Nie L., Jiang P., Feng J. & Lv, S. 2013. Transcriptome analysis of Salicornia
under saline conditions revealed the adaptive primary metabolic pathways as early

events to facilitate salt adaptation. Plus One, 8(11): e80595.

FAO. 2013. The State of Food Insecurity in the World. The multiple dimensions of food
security, Rome.

Finnie, J.W., Windsor, P.A. & Kessell, A.E., 2011. Neurological diseases of ruminant
livestock in Australia. II: toxic disorders and nutritional deficiencies. Australian Veterinary
Journal, 89(7): 247-253.

Flowers, T.J. & Colmer, T.D. 2008. Salinity tolerance in halophytes. New Phytologist;
179(4): 945-963.

Flowers, T.J. & Muscolo, A. 2015. Introduction to the special issue: halophytes in a

changing world. AoB Plants; 7: plv020.

Food & Nutrition Board. 1989. Recommended Dietary Allowances, 10th Edition, Food and

Nutrition Board, Commission on life Sciences, National Research Council.

120



Gelaye, Y., Alemayehu, M. & Ademe, D. 2022. Potato (Solanum tuberosum L.) Growth and
Quality as Influenced by Inorganic Fertilizer Rates in North-western Ethiopia. International
Journal of Agronomy; 22: 9476021.

Germishuizen, G. & Glen, H.F. 2010. Botanical exploration of southern Africa. South African

National Biodiversity Institute.

Ghanbarzadeh, M., Moazami, N., Shahavi, M.H. & Mirdamadi, S. 2022. Study of bioactive
compounds in Arthrospira platensis MGH-1 fortified with micronutrients of iron, zinc, and

manganese. Journal of Applied Phycology, 34(5): 2449-2462.

Gharibzahedi, S.M.T. & Jafari, S.M., 2017. The importance of minerals in human nutrition:
Bioavailability, food fortification, processing effects and nanoencapsulation. Trends in Food
Science & Technology, 62: 119-132.

Gill, S.S. & Tuteja, N. 2010. Reactive oxygen species and antioxidant machinery in abiotic

stress tolerance in crop plants. Plant physiology and biochemistry, 48(12), pp.909-930.

Giorgi, A., Panseri, S., Mattara, M.S., Andreis, C. & Chiesa, L.M. 2013. Secondary metabolites
and antioxidant capacities of Waldheimia glabra (Decne.) Regel from Nepal. Journal of the
Science of Food and Agriculture, 93(5): 1026—-1034.

Giorgi, A., Panseri, S., Mattara, M.S., Andreis, C. & Chiesa, L.M. 2013. Secondary metabolites
and antioxidant capacities of Waldheimia glabra (Decne.) Regel from Nepal. Journal of the
Science of Food and Agriculture, 93(5): 1026-1034.

Glen, H.F. & Germishuizen, G. 2010. Botanical exploration of southern Africa, 2nd
edition. Strelitzia 26. South African National Biodiversity Institute, Pretoria.

Goldblatt, P. & Manning, J. 1998. Gladiolus in southern Africa. Fernwood Press (Pty)
Ltd.

Goldblatt, P. & Manning, J. 1998. Gladiolus in southern Africa. Fernwood Press (Pty) Ltd.

Gopalakrishnan, L., Doriya, K. & Kumar, D.S. 2016. Moringa oleifera: A review on nutritive

importance and its medicinal application. Food Science and Human Wellness, 5(2): 49-56.

Gwynn-Jones, D., Dunne, H., Donnison, I., Robson, P., Sanfratello, G.M., Schlarb-
Ridley, B., Hughes, K. & Convey, P. 2018. Can the optimisation of pop-up agriculture in

remote communities’ help feed the world. Global Food Security, 18: 35-43

121



Haimi, M. & Lerner, A. 2014. Nutritional deficiencies in the pediatric age group in a multicultural

developed country, Israel. World Journal of Clinical Cases, 2(5): 120.

Hartatik, S. Hudah, M. & Soeparjono, S. 2021. Suharto shoot pruning and potassium
application effect on cucumber (Cucumis sativus |.) seeds production and quality. IOP
Conferences Service. Earth Environment Science, 709: 012067.

Hasanah, Y., Rahmawati, N. & Nasution, K.H. 2021. Growth and Production of Cilembu
sweet potatoes (Ipomoea batatas L.) varieties in the highlands with potassium fertilizer and
pruning treatments. In IOP Conference Series: Earth and Environment Science, 782 (4):
042027

He, F.J. & MacGregor, G.A. 2009. A comprehensive review on salt and health and current
experience of worldwide salt reduction programmes. Journal of Human Hypertension, 23(6):
363-384.

Heredia, N.A. 2014. Design Construction and Evaluation of a Vertical Hydroponic
Tower. Available at: https://www.digitalcommons.calpoly.edu/braesp/86. [Date
assessed 23 April 2023].

Heredia-Guerrero, J.A., Benitez, J.J., Dominguez, E., Bayer, |.S., Cingolani, R.,
Athanassiou, A. & Heredia, A. 2014. Infrared and Raman spectroscopic features of

plant cuticles: A review. Frontiers in Plant Science, 5: 1-14.

Heyligers, P.C. 1998. Some new south Wales coastal plant distributions: comparisons

of herbarium records with transect survey data. Cunninghame, 5(3): 645-664.

Houborg, R., Fisher, J.B. & Skidmore, A.K. 2015. Advances in remote sensing of vegetation
function and traits. International Journal of Applied Earth Observation and Geoinformation, 43:
1-6.

Howeler, R.H. 2014. Sustainable soil and crop management of cassava in Asia: a reference

manual. CIAT Publication.

Hussain, M.l., Farooq, M., Muscolo, A. & Rehman, A. 2020. Crop diversification and saline
water irrigation as potential strategies to save freshwater resources and reclamation of

marginal soils—A review. Environmental Science and Pollution Research, 27: 28695-28729.

122



Hussain, Z., Khattak, R. A., Irshad, M. & Eneji, A. E. 2013. Ameliorative effect of potassium
sulphate on the growth and chemical composition of wheat (Triticum aestivum L.) in salt-
effected soils. Journal Soil Science and Plant Nutrition, 13(2): 401-415.

Hussain, Z., Khattak, R.A., Irshad, M. & Mahmood, Q. 2014. Sugar beet (Beta vulgaris L.)
response to diammonium phosphate and potassium sulphate under saline-sodic conditions.
Soil Use and Management, 30(3): 320-327.

Hussey, B.M.J., Keighery, G.J., Cousens, R.D., Dodd, J. & Lloyd, S.G. 1997. Western
Weeds; a guide to the weeds of Western Australia. Plant Protection Society of Western
Australia (Inc.), Victoria Park, WA.

Huxtable, C., Chapman, H., Main, D., Vas, D., Pearse, B. & Hilbert, B. 1987.
Neurological disease and lipofuscinosis in horses and sheep grazing Trachyandra
divaricata (Branched onion weed) in South-western Australia. Australian Veterinary
Journal, 64 (4): 105-108.

Idris, O.A., Wintola, O.A. & Afolayan, A.J., 2017. Phytochemical and antioxidant activities of
Rumex crispus L. in treatment of gastrointestinal helminths in Eastern Cape Province, South
Africa. Asian Pacific Journal of Tropical Biomedicine, 7(12): 1071-1078.

Jacobsen, S.E., Sgrensen, M., Pedersen, S.M. & Weiner, J. 2013. Feeding the world:
genetically modified crops versus agricultural biodiversity. Agronomy for Sustainable
Development, 33(4): 651-662.

Jatav, KS., Agarwal, RM., Tomar NS. & Tyagi SR. 2014. Nitrogen metabo- lism, growth and
yield responses of wheat (Triticum aestivum L) to restricted water supply and varying

potassium treatments. Journal Indian Botanical Society, 93:177-189.

Jimoh, M.O. & Kambizi, L. 2022. Aquatic Phytotherapy: Prospects, Challenges and
Bibliometric Analysis of Global Research Output on Medicinal Aquatic Plants from 2011—
2020. In Medicinal Plants for Cosmetics, Health and Diseases, 507-522. CRC Press.

Jimoh, M.O., Afolayan, A.J. & Lewu, F.B. 2018. Suitability of Amaranthus species for

alleviating human dietary deficiencies. South African Journal of Botany, 115: 65-73.

Jimoh, M.O., Afolayan, A.J. & Lewu, F.B. 2019. Antioxidant and phytochemical activities of
Amaranthus caudatus L. harvested from different soils at various growth stages. Scientific
Reports, 9(1): 1-14.

123



Jimoh, M.O., Afolayan, A.J. & Lewu, F.B. 2020. Nutrients and antinutrient constituents of
Amaranthus caudatus L. Cultivated on different soils. Saudi Journal of Biological Sciences,
27(12): 3570 —3580.

Johnson, W.C., Jackson, L.E., Ochoa, O., Van Wijk, R., Peleman, J., Clair, D.S. &
Michelmore, R.W. 2000. Lettuce, a shallow-rooted crop, and Lactuca serriola, its wild
progenitor, differ at QTL determining root architecture and deep soil water
exploitation. Theoretical and Applied Genetics, 101(7): 1066 —1073.

Jones Jr, J.B. 1982. Hydroponics: Its history and use in plant nutrition studies. Journal
of Plant Nutrition, 5(8): 1003-1030.

Kaczorowska Dolowy, M., Godwin, R.J., Dickin, E., White, D.R., & Misiewicz, P.A. 2019.
Controlled traffic farming delivers better crop yield of winter bean as a result of improved root

development. Agronomy Research 17(3): 725-740.

Kaczorowska Dolowy, M., Godwin, R.J., Dickin, E., White, D.R., & Misiewicz, P.A. 2019.
Controlled traffic farming delivers better crop yield of winter bean as a result of improved root
development. Agronomy Research 17(3): 725-740.

Kadlec, J., Novosadova, K. & Pokorny, R. 2022. Impact of Different Pruning Practices on
Height Growth of Paulownia Clone in Vitro. Forests, 13(2): 317.

Kandiah, S. 1971. Studies on the physiology of pruning tea 1. Turnover of resources in relation
to pruning. [https://dl.nsf.gov.lk/handle/1/12936].

Karley, A.J. & White, P.J. 2009. Moving cationic minerals to edible tissues: potassium,

magnesium, calcium. Current opinion in Plant Biology,12(3): 291-298.

Kausar, A. & Gull, M. 2014. Nutrient’s uptake and growth analysis of four sorghum (Sorghum

bicolor L.) genotypes exposed to salt stress. Pensee Journal, 76(4): 102-110.

Kausar, A. & Gull, M. 2014. Nutrient’s uptake and growth analysis of four sorghum (Sorghum

bicolor L.) genotypes exposed to salt stress. Pensee Journal, 76(4): 102-110.

Kausar, A., Zulfigar, S. & Sarwar, M.Il. 2014. Recent developments in sulphur-containing

polymers. Polymer Reviews, 54(2): 185-26.

124



Khan, S., Purohit, A. & Vadsaria, N., 2020. Hydroponics: current and future state of the
art in farming. Journal of Plant Nutrition, 44(10): 1515-1538.

Khattak, A.B., Zeb, A., Bibi, N., Khalil, S.A. and Khattak, M.S. 2007. Influence of germination
techniques on phytic acid and polyphenols content of chickpea (Cicer arietinum L.)
sprouts. Food Chemistry, 104(3): 1074-1079.

Klados, E., & Tzortzakis, N. 2014. Effects of substrate and salinity in hydroponically grown

Cichorium spinosum. Journal of Soil Science and Plant Nutrition, 14: 211-222.

Kotir, J.H. 2011. Climate change and variability in Sub-Saharan Africa: a review of current and
future trends and impacts on agriculture and food security. Environment, Development and
Sustainability, 13: 587—605.

Ksouri R., Megdiche W., Debus A., Falleh H., Grignon C. & Abdelly C. 2007. Salinity effects
on polyphenol content and antioxidant activities in leaves of the halophyte Cakile maritime.
Plant Physiology and Biochemistry 45: 244-249.

Kumar, U. 2006. Agricultural products and by-products as a low-cost adsorbent for heavy

metal removal from water and wastewater: A review. Sci. Res. Essay, 1(2), pp.33-37.

Kyriacou, M.C. & Rouphael, Y. 2018. Towards a new definition of quality for fresh fruits and
vegetables. Scientia Horticulturae, 234: 463—-469.

Leal Filho, W., Barbir, J., Gwenzi, J., Ayal, D., Simpson, N.P., Adeleke, L., Tilahun, B.,
Chirisa, 1., Gbedemah, S.F. & Nzengya, D.M. et al. 2022. The Role of Indigenous
Knowledge in Climate Change Adaptation in Africa. Environmental Science, 136(5): 250—
260.

Leipoldt, C. 1976. The potential of South African plants in the development of new food
and beverage products. South African Journal of Botany, 77(4): 857—868.

Leipoldt, C.L. 1978. Kos vir die Kenner [“Food for the expert’]. (Fascimile edition of the
first edition of 1933). Tafelberg, Cape Town.

Lewis, G.J., Obermeyer, A.A. & Barnard, T.T. 1972. Gladiolus; a revision of the South
African species. Journal of South African Botany, 10: 316.

Li, J., Gao, Y., Zhang, X., Tian, P., Li, J. & Tian, Y. 2019. Comprehensive comparison of
different saline water irrigation strategies for tomato production: Soil properties, plant growth,

fruit yield and fruit quality. Agricultural Water Management, 213: 521-533.

125



Li, L., Ren, T., Ma, Y., Wei, Q., Wang, S., Li, X., Cong, R, Liu, S. & Lu, J. 2016. Evaluating
chlorophyll density in winter oilseed rape (Brassica napus L.) using canopy hyperspectral red-

edge parameters. Computers and Electronics in Agriculture, 126: 21-31.

Liu, H., Shi, Z., Li, J., Zhao, P., Qin, S. and Nie, Z., 2018. The impact of phosphorus supply
on selenium uptake during hydroponics experiment of winter wheat (Triticum aestivum) in

China. Frontiers in Plant Science, 9: 373.

Liu, X. G., Xia, Y. G., Wang, F., Sun, M., Jin, Z. J. & Wang, G. T. 2005. Analysis of the fatty

acid composition of Salicornia Europaea |. Seed oil. Food Science, 2: 42.

Lozoya-Gloria, E. 2018. Biotechnology for an ancient crop: Amaranth. In Amaranth Biology,

Chemistry, and Technology (pp. 1-7). CRC Press.

Lu, Z., Xie, K., Pan, Y., Ren, T., Lu, J., Wang, M., Shen, Q. & Guo, S., 2019. Potassium
mediates coordination of leaf photosynthesis and hydraulic conductance by
modifications of leaf anatomy. Plant, Cell & Environment, 42(7): 2231-2244.

Luo, B., Liu, B., Zhang, H., Zhang, H., Li, X., Ma, L., Wang, Y., Bai, Y., Zhang, X., Li, J.
& Yang, J., 2019. Wild edible plants collected by Hani from terraced rice paddy
agroecosystem in Honghe Prefecture, Yunnan, China. Journal of Ethnobiology and
Ethnomedicine, 15: 1-22.

Lyimo, M., Temu, R.P.C. & Mugula, J.K. 2003. ‘Identification and nutrient composition

of indigenous vegetables of Tanzania,” Plant Foods for Human Nutrition, 58, 85-92.

Ma, L., Ma, F., Li, J., Gu, Q., Yang, S., Wu, D., Feng, J. & Ding, J. 2017. Characterizing and
modeling regional-scale variations in soil salinity in the arid oasis of Tarim Basin,
China. Geoderma, 305: 1-11.

Maccrone, 1.D. 1937. A note on the Tsamma and its uses among the bushmen. Bantu
Studies, 11: 251-252.

Mahmoud, S.H., Salama, D.M., El-Tanahy, A.M.M. & El-Bassiony, A.M. 2019. Effects of
prolonged restriction in water supply and spraying with potassium silicate on growth and
productivity of potato. Plant Archives, 19(2): 2585-2595.

126



Makobo, N.D., Shoko, M.D. & Mtaita, T.A. 2010. Nutrient content of vegetable amaranth
(Amaranths cruentus L.) at different harvesting stages. World Journal of Agricultural
Sciences, 6(3): 285-289.

Malan H., Batchelor A., Scherman P., Taylor J., Koekemoer, S. & Rountree, M. 2013.
Specialist appendix A7: Water quality assessment. In: Rountree MW, Malan HL & Weston BC
(Eds.); Manual for the rapid ecological reserve determination of inland wetlands (Version 2.0);
WRC Report No. 1788/1/13; Water Research Commission, Pretoria, pp. 76—88.

Marean, C.W. 2010. Pinnacle Point cave 13B (Western Cape province, South Africa) in
context: the Cape Floral Kingdom, shellfish, and modern human origins. Journal of Human
Evolution, 59(34): 425-443.

Maroyi, A. 2022. Traditional Uses of Wild and Tended Plants in Maintaining Ecosystem
Services in Agricultural Landscapes of the Eastern Cape Province in South Africa. Journal of
Ethnobiology, 18: 7.

Marques, D.J. Bianchini, H.C. da Silva Lobato, A.K. & da Silva, W.F. 2018. Potassium
Fertilization in the Production of Vegetables and Fruits. In Potassium-Improvement of Quality
in Fruits and Vegetables through Hydroponic Nutrient Management. InTech Open: London,
UK, 2018.

Marshall, F. 2001. ‘Agriculture and use of wild and weedy greens by the Piik AP Oom

okiek of Kenya,” Economic Botany: 55:1.

Martinez-Beltran, J. & Manzur, C.L. 2005. Proceedings of the International Salinity Forum.
311-313.

Mattson, N. & Lieth, J.H. 2019. Liquid culture hydroponic system operation. In Soilless
Culture: 567-585. Elsevier.

Mawarni, L. & Siahaan, M.D.A. 2022. Effect of Chicken Manure and Pruning on Kyuri
Cucumber Plant. IOP Conference Series. Earth Environmental Science, 977(2): 012043.
Mazouz, W., Haouli, N.E.H., Gali, L., Vezza, T., Bensouici, C., Mebrek, S., Hamel, T., Galvez,
J. & Djeddi, S. 2020. Antioxidant, anti-alzheimer, anti-diabetic, and anti-inflammatory activities
of the endemic halophyte Limonium spathulatum (Desf.) kuntze on LPS-stimulated RAW264
macrophages. South African Journal of Botany, 135: 101-108.

Mazouz, W., Haouli, N.E.H., Gali, L., Vezza, T., Bensouici, C., Mebrek, S., Hamel, T., Galvez,
J. & Djeddi, S. 2020. Antioxidant, anti-alzheimer, anti-diabetic, and anti-inflammatory activities
of the endemic halophyte Limonium spathulatum (Desf.) kuntze on LPS-stimulated RAW264
macrophages. South African Journal of Botany, 135: 101-108.

127



McCarron, D.A., Kazaks, A.G., Geerling, J.C., Stern, J.S. & Graudal, N.A. 2013. Normal range
of human dietary sodium intake: a perspective based on 24-hour urinary sodium excretion
worldwide. American Journal of Hypertension, 26(10): 1218-1223.

McKevith, B. 2004. Nutritional aspects of cereals. Food Nutritional Bull. 29 (2): 111-142.

Mekonnen, G., Woldesenbet, M., Teshale, T. & Biru, T. 2018. Amaranthus caudatus
production and nutrition contents for food security and healthy living in Menit Shasha, Menit
Goldya and Maji Districts of Bench Maji Zone, South-western Ethiopia. Nutritional Food

Science International Journal, 7(3).

Meskini-Vishkaee, F., Mohammadi, M.H., Neyshabouri, M.R. & Shekari, F. 2015. Evaluation
of canola chlorophyll index and leaf nitrogen under wide range of soil moisture. International
agrophysics, 29(1): 83— 90.

Mino, E., Pueyo-Ros, J., Skerjanec, M., Castellar, J.A., Viljoen, A., Istenic, D.,
Atanasova, N., Bohn, K. & Comas, J. 2021. Tools for edible cities: A review of tools for
planning and assessing edible nature-based solutions. Water, 13(17): 2366.

Mittler, R. 2002. Oxidative stress, antioxidants, and stress tolerance. Trends in Plant
Science, 7(9): 405-410.

Mlakar, S.G., Turinek, M., Jakop, M., Bavec, M. & Bavec, F. 2009. Nutrition value and use of

grain amaranth: potential future application in bread making. Agricultura, 6(4): 43-53.

Mostafa, A. Z., Abd El Aziz, O.A., Mouray, A.A., Lotfy, S.M., Lamail, M.M., 2019. Effect of
nitrogen concentrations and Fusarium oxysporum inoculation on barley growth under different

Cd levels. Applied Geochemestry, 107: 1-7.

Motzkin, G. & Foster, D.R. 2002. Grasslands, heathlands, and shrublands in coastal
New England: historical interpretations and approaches to conservation. Journal of

Biogeography, 29: 10-11.

Mufoz-Arrieta, R., Esquivel-Alvarado, D., Alfaro-Viquez, E., Alvarez-Valverde, V., Krueger,
C.G. & Reed, J.D. 2021. Nutritional and bioactive composition of Spanish, Valencia, and

Virginia type peanut skins. Journal of Food Composition and Analysis, 98: 103816.

128



Mustafa, G., Akhtar, M.S. & Abdullah, R., 2019. Global concern for salinity on various agro
ecosystems. In Salt stress, microbes, and plant interactions: Causes and solution (pp. 1-19).

Springer, Singapore.

Muzhinji, N. & Ntuli, V. 2020. Genetically modified organisms and food security in Southern
Africa: conundrum and discourse. GM Crops and Food, 12(1): 25-35.

Nabi, J., Narayan, 1.S., Malik, I.A., Mir, I.S., Wani, 1.J., Khan, I.F., Bhat, I.T., Shah, I.L., Nisar,
I.F. & Hussain, I.K. 2022. ZA Bhat Division of Floriculture and Landscaping Influence of
Fertigation and Pruning Levels on Soil Status and Mineral Content of Parthenocarpic
Cucumber under Polyhouse Conditions. Pharma Innovative Journal,11: 605—609.
Nascimento, A.C., Mota, C., Coelho, I., Gueifédo, S., Santos, M., Matos, A.S., Gimenez, A.,
Lobo, M., Samman, N. & Castanheira, |. 2014. Characterisation of nutrient profile of quinoa
(Chenopodium quinoa), amaranth (Amaranthus caudatus), and purple corn (Zea mays L.)
consumed in the North of Argentina: Proximates, minerals and trace elements. Food
Chemistry, 148: 420-426.

National Health & Medical Research Council (Australia). 2006. Nutrient reference values for
Australia and New Zealand: including recommended dietary intakes. National Health and

Medical Research Council.

National Research Council. 1989. Diet and health: implications for reducing chronic disease

risk.

New, T.R., Sands, D.P. & Taylor, G.S. 2021. Roles of roadside vegetation in insect
conservation in Australia. Austral Entomology, 60(1): 128—-137.

Newsholme, S.J., Schneider, D.J. & Reid, C. 1985. A suspected lipofuscin storage disease of
sheep associated with ingestion of the plant, Trachyandra divaricata (Jacqg.) Kunth. Current
Opinion in Insect Science, 50, p.100866.

Ngxabi, S., Jimoh, M.O., Kambizi, L. & Laubscher, C.P. 2021. Edibility of Trachyandra ciliata
(LF) kunth-an underutilized vegetable from South African Western Cape Coast: A

review. African Journal of Food, Agriculture, Nutrition and Development, 21(9): 18645-18662.

Ngxabi, S., Jimoh, M.O., Kambizi, L. & Laubscher, C.P. 2021. Growth characteristics,
phytochemical contents, and antioxidant capacity of Trachyandra ciliata (L.f) Kunth Grown in

hydroponics under varying degrees of salinity. Horticulturae, 7: 244.

129



Nisar, N., Li, L., Lu, S., Khin, N.C. & Pogson, B.J. 2015. Carotenoid metabolism in
plants. Molecular plant, 8(1), pp.68-82.

Nkcukankcuka, M., Jimoh, M.O., Griesel, G. & Laubscher, C.P. 2021. Growth characteristics,
chlorophyll content and nutrients uptake in Tetragonia decumbens Mill. cultivated under
different fertigation regimes in hydroponics. Crop and Pasture Science.1124: 171-189

Nkcukankcuka, M., Jimoh, M.O., Griesel, G. & Laubscher, C.P. 2021. Growth characteristics,
chlorophyll content and nutrients uptake in Tetragonia decumbens Mill. cultivated under

different fertigation regimes in hydroponics. Crop and Pasture Science,1124: 171-189.

Nkcukankcuka, M., Jimoh, M.O., Griesel, G. & Laubscher, C.P. 2021. Growth characteristics,
chlorophyll content and nutrients uptake in Tetragonia decumbens Mill. cultivated under
different fertigation regimes in hydroponics. Crop and Pasture Science,1124: 171-189.

Nkcukankcuka, M., Laubscher, C.P. & Wilmot, C.M. 2022. A potential of hydroponically
cultivated Tetragonia decumbens Mill. as a new urban food crop: an overview. In XXXI
International Horticultural Congress (IHC2022): International Symposium on Urban
Horticulture for Sustainable Food 1356: 295-302.

Norozi, M., ValizadehKaji, B., Karimi, R. & Nikoogoftar Sedghi, M. 2019. Effects of foliar
application of potassium and zinc on pistachio (Pistacia Vera L.) fruit yield. International

Journal of Horticultural Science and Technology, 6(1): 113-123.

Ntuli, N.R. 2019. Nutrient content of scarcely known wild leafy vegetables from Northern
KwaZulu-Natal, South Africa. South African Journal, 127: 19-24.

Obermeyer, A.A. 1962. A revision of the South African species of Anthericum,

Chlorophyton and Trachyandra. Bothalia, 7: 669—-767.

Ogundola, A.F., Bvenura, C. & Afolayan, A.J. 2018. Nutrient and antinutrient compositions
and heavy metal uptake and accumulation in S. nigrum cultivated on different soil types. The
Scientific World Journal, 20:18.

Orsini, F., Maggio, A., Rouphael, Y. & De Pascale, S. 2016. “Physiological quality” of

organically grown vegetables. Scientia Horticulturae, 208: 131-139.

Osseni, S.A., Masseguin, M., Sagbo, E.V., Neumeyer, D., Kinlehounme, J.Y., Verelst,

M. & Mauricot, R. 2019. Physico-chemical characterization of siliceous sands from

130



Houéyogbé in Benin Republic (West Africa): potentialities of use in glass industry.
Silicon, 11: 2015-2023.

Ozcan, M.M., Bagci, A., Dursun, N., Gezgin, S., Hamurcu, M., Dumlupinar, Z. & Uslu, N. 2017.
Macro and micro element contents of several oat (Avena sativa L.) genotype and variety

grains. Iranian Journal of Chemistry and Chemical Engineering 36(3).

Pan, B., Zhao, G.X., Zhu, X.C., Liu, H.T., Liang, S. & Tian, D.D. 2013. Estimation of chlorophyl|
content in apple tree canopy based on hyperspectral parameters. Spectroscopy and Spectral
Analysis, 33(8): 2203—-2206.

Pandey, G.K. & Mahiwal, S. 2020. Role of potassium in plants, pp. 45 -49. Berlin/Heidelberg,
Germany, Springer.

Panta, S., Flowers, T., Lane, P., Doyle, R., Haros, G. & Shabala, S. 2014. Halophyte

agriculture: Success stories. Environmental Experimental Botany, 107: 71-83.

Parkington J.E. 1977. Soaqua: hunter-fisher-gatherers of the Olifants river valley
western Cape. South African Archaeological Society, 32(126): 150-157.

Pereira, C.G., Barreira, L., da Rosa Neng, N., Nogueira, J.M.F., Marques, C., Santos,
T.F., Varela, J. & Custédio, L. 2017. Searching for new sources of innovative products
for the food industry within halophyte aromatic plants: In vitro antioxidant activity and
phenolic and mineral contents of infusions and decoctions of Crithmum maritimum

L. Food and Chemical Toxicology, 107: 581-589.

Perez-Galvez A., Viera |. & Roca M., 2018. Curriculum. Medicine Chemistry. 24: 4515.

Pineda, A., Pangesti, N., Hannula, S.E. & Bezemer, T.M., 2020. Soil inoculation alters the
endosphere microbiome of chrysanthemum roots and leaves. Plant and Soil, 455, pp.107-
1109.

Pinto, T., Vilela, A. & Cosme, F., 2022. Chemical and sensory characteristics of fruit juice and

fruit fermented beverages and their consumer acceptance. Beverages, 8(2): .33.

Piperno, D.R. 2011. The origins of plant cultivation and domestication in the New World
tropics: patterns, process, and new developments. Current Anthropology, 52(4): 453—
470.

131



Poole, H.L., Mukaromah, L., Kobryn, H.T. & Fleming, P.A. 2015. Spatial analysis of
limiting resources on an island: diet and shelter use reveal sites of conservation
importance for the Rottnest Island quokka. Wildlife Research, 41(6): 510-521.

Raimondo, D. 2015. South Africa's Strategy for Plant Conservation. South African

national Biodiversity Institute and the Botanical Society of South Africa, Pretoria.

Rajendran, A., Narayanan, V. & Gnanavel, |. 2007. Evaluation of therapeutic efficacy of Aloe
vera sap in diabetes and treating wounds and inflammation in animals. Journal of Applied
Science Research, 3(11): 1434-1436.

Rajendran, A., Narayanan, V. & Gnanavel, I. 2007. Evaluation of therapeutic efficacy of Aloe
vera sap in diabetes and treating wounds and inflammation in animals. Journal of Applied
Science Research, 3(11): 1434-1436.

Rani, P., Saini, I., Singh, N., Kaushik, P., Wijaya, L., Al-Barty, A., Darwish, H. & Noureldeen,
A. 2021. Effect of potassium fertilizer on the growth, physiological parameters, and water
status of brassica juncea cultivars under different irrigation regimes. Plos one,16(9):
€0257023.

Rehm, G. & Schmitt, M. 2002. Potassium for crop production. Retrieved February 2,
2011, from regents of the University of Minnesota website: http://

www.extension.umn.edu/distribution/cropsystems/dc6794.

Renaud, S.C., Guéguen, R., Schenker, J. & D'Houtaud, A. 1998. Alcohol and mortality in
middle-aged men from eastern France. Epidemiology, 1: 184—188.

Rezazadeh, A.A., Ghasemnezhad, M.B., & Telmadarrehei, T. 2012. Effect of salinity on
phenolic composition and antioxidant activity of artichoke (Cynara scolymus L.) leaves. Res.
Journal Medicinal Plants, 6: 245-252.

Riedel, J., K&gi N., Armengot, L & Schneider, M. 2019. Effects of rehabilitation pruning and
agroforestry on cacao tree development and yield in an older full-sun plantation. Experimental
Agriculture, 55(6): 849—-865.

Rippey, M.E.A. & Hobbs, R.J. 2003. The effects of fire and quokkas (Setonix
brachyurus) on the vegetation of Rottnest Island, Western Australia. Journal of the
Royal Society of Western Australia, 86(2): 49-60.

132


http://www.extension.umn.edu/distribution/cropsystems/dc6794

Rood, B. 2008. The potential of South African plants in the development of new food
and beverage products. Kos Uit Die Veldkombuis, 77(4): 857—-868.

Rude, R.K. 1998. Magnesium deficiency: a cause of heterogenous disease in

humans. Journal of Bone and Mineral Research, 13(4):749-758.

Ruiters-Welcome, A.K. 2019. Food Plants of Southern Africa. University of
Johannesburg (South Africa).

Sadler, T.W. 2011. Langman's Medical Embryology. 11th ed. Wolters Kluwer Lippincott
Williams & Wilkins, Philadelphia.

Sardans, J. & Pefiuelas, J. 2021. Potassium control of plant functions: Ecological and
agricultural implications. Plants, 10(2): 419.
Schachtman, D. & Liu, W.H. 1999. Molecular pieces to the puzzle of the interaction between

potassium and sodium uptake in plants. Trends in Plant Science, 4: 281-287.

Schroeder, B.O. & Backhed, F. 2016. Signals from the gut microbiota to distant organs in
physiology and disease. Nature Medicine, 22(10): 1079-1089.

Schroeder, B.O. & Backhed, F. 2016. Signals from the gut microbiota to distant organs in
physiology and disease. Nature Medicine, 22(10): 1079-1089

Searchinger, T., Hanson, C., Ranganathan, J., Lipinski, B., Waite, R., Winterbottom, R.,
Dinshaw, A., Heimlich, R., Boval, M., Chemineau, P. & Dumas, P. 2014. Creating a
sustainable food future. A menu of solutions to sustainably feed more than 9 billion people by
2050. World resources report 2013-14: interim findings (pp. 154). World Resources Institute
(WRI); World Bank Groupe-Banque Mondiale; United Nations Environment Programme
(UNEP); United Nations Development Programme (UNDP); Centre de Coopération
Internationale en Recherche Agronomique pour le Développement (CIRAD); Institut National

de la Recherche Agronomique (INRA).

Sgherri, C., Kadlecova, Z., Pardossi, A., Navari-1zzo, F. & 1zzo, R. 2008. Irrigation with
diluted seawater improves the nutritional valOue of cherry tomatoes. Journal of
Agriculture Food-Chemistry. 56: 3391- 3397.

Shabala, S. & Pottosin, 1. 2014. Regulation of potassium transport in plants under hostile
conditions: implications for abiotic and biotic stress tolerance. Physiologia Plantarum, 151(3):
257-279.

133



Shamanshop, 2007. Effects of different hydroponics systems and growing media on the
vegetative growth, yield, and cut flower quality of gypsophila (Gypsophila paniculate
L.). Hydroponics, 7(6): 231 — 250.

Shannon, M.C. & Grieve, C.M. 1998. Tolerance of vegetable crops to salinity. Science
Horticulturae, 78; 5-38.

Sharma, G.L. & Agarwal, R.M. 2002. Potassium induced changes in nitrate reductase activity
in Cicer arietinum L. Indian Journal of Plant Physiology, 7(3): 221-226.

Sharma, R.K., Agrawal, M. & Marshall, F. 2006. Heavy metal contamination in vagetables
grown in wastewater irrigated areas of Varanasi, India. Bulletin of Environmental

Contamination & Toxicology, 77(2).

Siddiqui, M.H., Khan, M.N., Mukherjee, S., Alamri, S., Basahi, R.A., Al-Amri, A.A., Alsubaie,
Q.D., Al-Mungedhi, B.M., Ali, H.M. & Almohisen, I.LA. 2021. Hydrogen sulphide (H2S) and
potassium (K+) synergistically induce drought stress tolerance through regulation of H+-
ATPase activity, sugar metabolism, and antioxidative defence in tomato seedlings. Plant Cell
Reports, 40(8): 1543-1564.

Singels, E., Potts, A.J., Esler, K.J., Cowling, R.M., Marean, C.W. & De Vynck, J.C. 2015.
Foraging potential of underground storage organ plants in the southern Cape, South Africa.
PeerJ PrePrints, 3.

Singh, D., Buhmann A.K., Flowers, T.J., Seal, C.E. & Papenbrock, J. 2014. Salicornia is a
crop plant in temperate regions: the selection of genetically characterized ecotypes and
optimization of their cultivation conditions. saline water. Agricultural Water Management,
149: 102-114.

Singh, D., Buhmann A.K., Flowers, T.J., Seal, C.E. & Papenbrock, J. 2014. Salicornia is a
crop plant in temperate regions: the selection of genetically characterized ecotypes and
optimization of their cultivation conditions. Saline water. Agricultural Water Management, 149:
102-114.

Singh, H. & Dunn, B. 2016. Electrical conductivity and pH guide for hydroponics. Oklahoma

Cooperative Extension Service.

Smith, G.F. & Van Wyk, B.-E. 1998. Asphodelaceae. In: Kubitzki, K. (Ed.), The families and

genera of vascular plants, Vol. 3. Springer, Berlin:130-140.

134



Smith, G.F. & Van Wyk, B.E. 1998. Asphodelaceae. In: Kubitzki, K. (Ed.), The families

and genera of vascular plants, Vol. 3. Springer, Berlin: 130-140.

Soedjarwo, D.P. & Tjokrosumarto, W.A. 2018. Growth and production plant chili pepper
(Capsicum annum) as a result of the existence pruning leaves. In Proceedings, 5(1)2: 439—
449.

Sogoni, A., Jimoh, M.O., Kambizi, L. & Laubscher, C.P. 2021. The impact of salt stress on
plant growth, mineral composition, and antioxidant activity in Tetragonia decumbens mill.: An

underutilized edible halophyte in South Africa. Horticulturae, 7(6): 140.

Soledad, O.N., Florencia, M.M., Laura, F.M., Raul, D.G., Balbina, A.A. & Pia, O.F. 2015.
Potassium phosphite increases tolerance to UV-B in potato. Plant Physiological and Biological
Chemistry, 88: 138.

Soriano-Garcia, M. & Aguirre-Diaz, I.S. 2019. Nutritional functional value and therapeutic

utilization of Amaranth. In Nutritional Value of Amaranth. IntechOpen.

Stanton, M.L., Galen, C. & Shore, J. 1997. Population structure along a steep environmental
gradient: consequences of flowering time and habitat variation in the snow buttercup,

Ranunculus adoneus. Evolution, 51(1): 79-94.

Stefanov, M., Yotsova, E., Rashkov, G., lvanova, K., Markovska, Y. & Apostolova, E.L. 2016.
Effects of salinity on the photosynthetic apparatus of two Paulownia lines. Plant Physiology
and Biochemistry, 101: 54-59.

Stefanov, M., Yotsova, E., Rashkov, G., lvanova, K., Markovska, Y. & Apostolova, E.L. 2016.
Effects of salinity on the photosynthetic apparatus of two Paulownia lines. Plant Physiology
and Biochemistry, 101: 54-59.

Sultana, S. 2020. Nutritional and functional properties of Moringa oleifera. Metabolism
open, 8: 100061.

Sultanbawa, Y. & Sivakumar, D. 2022. Enhanced nutritional and phytochemical profiles of
selected underutilized fruits, vegetables, and legumes. Curriculum Open. Food Sciences, 46:
100853.

Tablada, A. & Kosori¢, V. 2022. Vertical farming on facades: transforming building
skins for urban food security. In Rethinking Building Skins, p. 285-311.

135



Tapia-Blacido, D., Mauri, A.N., Menegalli, F.C., Sobral, P.J. & Aidén, M.C. 2007. Contribution
of the starch, protein, and lipid fractions to the physical, thermal, and structural properties of

amaranth (Amaranthus caudatus) flour films. Journal of Food Science, 72(5): E293-E300.

Temple, N.J. 2000. Antioxidants and disease: more questions than answers. Nutrition
Research, 20(3): 449-459.

Thompson, M.V. & Zwieniecki, M.A. 2005. The role of potassium in long distance transport in

plants. In Vascular transport in plants, pp. 221-240. Academic Press.

Tiwari, H.S., Agarwal, R.M., & Bhatt, R.K. 1998. Photosynthesis, stomatal resistance, and
related characteristics, as influenced by potassium under normal water supply and water

stress conditions in rice (Oryza sativa L). Indian Journal Plant Physioligica, 3: 314-316.

Tjokrosumarto, W.A. & Pongki, D, 2017. Growth and production plant chili pepper (Capsicum
annum) as a result of the existence pruning leaves: 439—-449.

Treftz, C. & Omaye, S.T. 2016. Hydroponics: Potential for augmenting sustainable food

production in non-arable regions. Nutrition & Food Science.

Tshayingwe, A., Jimoh, M.O., Sogoni, A., Wilmot, C.M. & Laubscher, C.P. 2023. Light
intensity and growth media influence growth, nutrition, and phytochemical content in

Trachyandra divaricata Kunth. Agronomy, 13(1): 247.

Tzortzakis, N. G. 2010. Potassium and calcium enrichment alleviate salinity-induced stress in

hydroponically grown endives. Scientia Horticulturae, 37: 155-162.

Umar, S. 2006. Alleviating adverse effects of water stress on yield of sorghum, mustard, and

groundnut by potassium application. Pakistan Journal of Botany, 38(5): 1373—-1380.

Unuofin, J.O.; Otunola, G.A.; & Afolayan, A.J. 2017. Nutritional evaluation of Kedrostis
africana (L.) Cogn: An edible wild plant of South Africa. Asian Pacific Journal of Tropical
Biomedicine, 7: 443-449.

USDA National Nutrient Database for Standard Reference Release. 2008. In Proceedings of
the Full Report (All Nutrients) 11003, Amaranth Leaves, Raw, Beltsville, MD, USA, September
2008: 1-3.

136



Van den Heever, E., Coertze, A.F. 1997. Cleome. Information leaflet A.2. Vegetable

and ornamental plant institute, Pretoria.

Van Wyk, B. & Gericke, N. 2000. Indigenous edible plant use by contemporary Khoe-San
descendants of South Africa’s Cape South Coast. South African Journal of Botany, 102: 60—
69.

Van Wyk, B.E. 2011. The potential of South African plants in the development of new food
and beverage products. South African Journal, 77(4): 857—868.

Van Wyk, B.E. 2011. The potential of South African plants in the development of new
food and beverage products. South African Journal of Botany, 77(4): 857—-868.

Van Wyk, B.E., Yenesew, A. & Dagne, E. 1995. Chemotaxonomic significance of
anthraquinones in the roots of Asphodeloideae (Asphodelaceae). Biochemical Systematics
and Ecology, 23(3): 277-281.

Van Wyk, B.E., Yenesew, A. & Dagne, E. 1995. Chemotaxonomic significance of
anthraquinones in the roots of Asphodeloideae (Asphodelaceae). Biochemical Systematics
and Ecology, 23(3): 277-281.

Van Wyk, H.M., Schoeman, D., Kwembeya, E., Hans, R.H., Pool, E.J. & Louw, S., 2022. In
vitro acetylcholinesterase inhibitory activity and chemical composition of the dichloromethane
extracts of the leaves and inflorescences of the tumbleweed, Trachyandra laxa (NE Br.)

Oberm. Var. rigida (Suesseng.) Roessl. South African Journal of Botany, 147, pp.231-237.

Vanhove, W., Vanhoudt, N. & Van Damme, P. 2016. Effect of shade tree planting and soll
management on rehabilitation success of a 22-year-old degraded cocoa (Theobroma cacao

L.) plantation. Agricultural Ecosystem Environment, 219: 14-25.

Ventura, Y. & Sagi, M. 2013. Halophyte crop cultivation: the case for Salicornia and

Sarcocornia. Environmental and Experimental Botany, 92: 144-153.

Ventura, Y., Eshel, A., Pasternak, D. & Sagi, M. 2015. Tetragonia tetragonioides
(Pallas) Kuntz. as promising salt-tolerant crop in a saline agricultural context. The

development of halophyte-based agriculture: Past and Present, 240: 2.

Ventura, Y., Wuddineh, W. A., Myrzabayeva, M., Alikulov, Z., Khozin-Goldberg, I., Shpigel,

M., Samocha, T. M. & Sagi, M. 2011. Effect of seawater concentration on the productivity and

137



nutritional value of annual Salicornia and perennial Sarcocornia halophytes as leafy vegetable
crops. Scientia Horticulturae, 128: 189-196.

Viera, |, Chen, K., Rios, J.J., Benito, I., Pérez-Gélvez, A. & Roca, M. 2018. First-pass
metabolism of chlorophylls in mice. Molecular Nutrition & Food Research, 62(17): 1800562.

Vladimir-Knezevi¢, S., Blazekovi¢, B., Bival Stefan, M. & Babac, M. 2012. Plant polyphenols
as antioxidants influencing the human health (pp. 155-180). IntechOpen.

Wahome, P.K., Oseni, T.O., Masarirambi, M.T. & Shongwe, V.D. 2011. Effects of different
hydroponics systems and growing media on the vegetative growth, yield and cut flower quality
of gypsophila (Gypsophila paniculata L.). World Journal of Agricultural Sciences, 7(6),
pp.692-698.

Wakeel, A. & Ishfag, M. 2022. Potash use and dynamics in agriculture. Singapore:
Springer.

Wang, P. & Grimm, B. 2021. Connecting chlorophyll metabolism with accumulation of the
photosynthetic apparatus. Trends in Plant Science, 26(5): 484-495.

Wang, W., Ren, G., Li, F., Qi, S., Xu, Y. & Wang, B. 2018. A chalcone synthase gene AeCHS
from Abelmoschus esculentus regulates flavonoid accumulation and abiotic stress tolerance

in transgenic Arabidopsis. Acta Physiology Plant, 40: 97.

Wang, X., Zhang, M., Zhao, Y., Wang, H., Liu, T. & Xin, Z. 2013. Pentadecyl ferulate, a potent
antioxidant and antiproliferative agent from the halophyte Salicornia herbacea. Food
Chemistry, 141(3): 2066—-2074.

Wang, Y., Zhang, Z., Liang, Y., Han, Y., Han, Y. & Tan, J., 2020. High potassium
application rate increased grain yield of shading-stressed winter wheat by improving

photosynthesis and photosynthate translocation. Frontiers in Plant Science, 11: 134.

Wang, Y.T., Liu, R.L., Huang, S.W. & Jin, J.Y. 2009. Effects of potassium application on

flavor compounds of cherry tomato fruits. Journal of Plant Nutrition, 32: 1451-1468.

Wanshnong, E., Mounika, K., Kumar, K.A. & Maiti, C.S. 2022. Effect of Different Levels of
Potassium on Growth and Flowering of Papaya Var. Red Lady. Pharma Innovation
Journal, 11: 1314-1317.

138



Waring, R.H. & Pitman, G.B. 1985. Modifying lodgepole pine stands to change susceptibility
to mountain pine beetle attack. Ecology, 66(3): 889-897.

Wasonga, D.O., Kleemola, J., Alakukku, L. & Makela, P.S. 2020. Potassium fertigation with
deficit irrigation improves the nutritive quality of cassava. Frontiers in Sustainable Food
Systems, 4: 575353.

Welcome, A.K. & Van Wyk, B.E. 2019. An inventory and analysis of the food plants of
southern Africa. South African Journal of Botany, 122:136-179.

Wortman, SE. 2015. Crop physiological response to nutrient solution electrical conductivity

and pH in an ebb-and-flow hydroponic system. Scientia Horticulturae, 194: 34—-42.

WWE. 2017. Scenarios for the Future of Water in South Africa — WWF South Africa.

Yamaguchi, T. & Blumwald, E. 2005. Developing salt-tolerant crop plants: challenges and
opportunities. Trends in Plant Science, 10(12): 615-620.

Youngblood, D. 2004. Identification and quantification of edible plant foods in the upper
(Nama) Karoo, South Africa. Economic Botany, 58(1): 43—-65.

Zapryanova, N. & Atanassova, B., 2009. Effects of salt stress on growth and flowering of

ornamental annual species. Biotechnology and Biotechnological Equipment, 23: 177-179.

Zarco-Tejada, P.J., Hornero, A., Beck, P.S.A., Kattenborn, T., Kempeneers, P. & Hernandez-
Clemente, R. 2019. Chlorophyll content estimation in an open-canopy conifer forest with
Sentinel-2A and hyperspectral imagery in the context of forest decline. Remote Sensor
Environment, 223: 320-335.

Zikalala, B.O., Nkomo, M., Araya, H., Ngezimana, W. & Mudau, F.N. 2017. Nutritional quality
of baby spinach (Spinacia oleracea L.) as affected by nitrogen, phosphorus and potassium
fertilisation. South African Journal of Plant and Soil, 34(2): 79-86.

Zulu, S.S., Ngidi, M., Ojo, T. & Hlatshwayo, S.I. 2022. Determinants of consumers’
acceptance of indigenous leafy vegetables in Limpopo and Mpumalanga provinces of South

Africa. Journal Ethnobiology Foods, 9: 13.

139



Appendix 1

l plants

ey

Arfide

Potassium Application Enhanced Plant Growth, Mineral

Composition, Proximate and Ph

ochemical Content in

Trachyandra divaricata Kunth (Sandkool)

Bakholise Bulawa, Avela Sogoni |, Muhali Olaide Jimoh and Charles Patrus Lanbacher*

ek far

ey
Ctatior: Bukera, B ; Sogos, A
Ftindy, WLCY; Larubmchuer, CF
P i J'u liasticnn Finh
Flanit Corredh, Blinueral Coavigpe S,
P tvuabr vl Phy besbweimical
et o Tradhyendra doerksia
Eusdh (Sandiond) Phrels 2022, 71,
FNHT e ebk o FHLTI00Y
plians] Z2TEET
Aocaabimmic Blslore Luve FieklE and
Basma Migar

Fewrvat 2 Ooloher J122
Someprbek: 10 Nowwdiber D02
Pt 21 Mo mnber 2022

Publishes Meke MOPT stays nautral
weilh neggan] to jurisdictona] deims i
prabishine] stapes ared inststutaonal affk
.

ol

o e
Copyright © HI22 by the aulhors
Dacfisen: ML, Baoesd, Swibserlind
This arficks i an ofen oo artick:
deirlaied wider e o and
conulstioans of the Cnaitive Comncdc
Adtribetion (00 BY) lossoer (hitpec F
Crinle coiiioe. ong e e by

ALy

Ehpmct-:me-ﬁmlrmalE:’mm Faolty -:E.A.pplind.E:ininﬂ.Eqn Pnﬁmhuﬁnlityof'hduduﬂ.
Belhsille, Caps Town 7535, South A frica
* Comespandence lanbscherc@cput ac z

Abstrack Wild leafy vegetables are commenly included in the diet of people in rural homesteads.
Among various wild edible vegetables in South Africa, Trechymndra dimaricats (Sandkool) is one of the
mast abundant but undenotilized due to the dearth of literahaee on its cultivation and motritional vahse.
In the present study, the effect of potassinm application and pruning on growth dy namics, mineral
compogition, and prosimate and phytochemical content in T, dioarioe were evaluated. Treatments
comgigted of theee potassium concentrations (00072, L0144, and 00216 M) supplemented in the fomm
of potassinm sulphate (K50 ) with four pruning levels (unpruned, 5, 10, and 15 cm) applied ineach
teeatment The potassium doses wen added bo the nutrient solotion, w hile the control treatment
was sustained and irtigated with nutrient solotion onby. The maults mvesled & significant incoeage
flower bud yield, height total dry and wet weight of shoots and roots, a5 well a3 ash and neutral
detergent fbme in plants irtgated with 00072 M of K250 without pruning. Contversely, chlorophyll
content and Ca weme comparable among treatments, while the highest yield of Na, B N, and Znwas
mecorded in treatment 100 mL of Kz50g with 10 cm pruning. Likewise, the highest antiocidant value
(Polyphenols, Flawonol and DPPH) was obtained from plants irrigated with (00072 M of K250 with
10em pruning Based on these findings, T divaricats is a promising leaty vegetable as a minimum
dese (LOF2 M) of K with moderate pruning eptimsed its productivity in terms of groowth, biomass
parameters, nutritional confent, and antioridant potential Dhe to its rich matritional vahue, the plant
shiould be domesticated and studied further for its pobential nutracentical benefits.

Keywords: Asphodelaceas; functional food; inflorescent vegetables; mutraceuticals; potassium
sulphate; underutilized vegatables

1. Introduction

Wild leafy vegetables ame important food crops becanse they contain adequate amounts
of nutrients, vitamins, and minerals for humans [1]. African communities have a long
history of supplementing their diets with traditional vegetables [2,2]. In South Africa,
meost rural esidents rely on foraged leaves as their primary source of leafy vegetables [4]
Although wild leafy vegetables are commonly consumed in rural areas, they are also
consumed by urban residents who either buy them from traders or collect them in the
wild [5,6].

Among various wild edible vegatables in South Africa, Trachyandra di nericate (Sand-
kool) is one of the most abundant but underutilized herbs due to the dearth of literature on
its cultivation and nutritional vahse [7]. Although it was found in the early years in some
parts of Australia, T. divaricafs is native to South Africa. The plant is an invasive species
within Asphodelaceas, and it has rhizomes which produce numerous feshy leaves which
spread along the surface up to 1 m long and a horizontal stem-like structure that produces
white and purple flowers which tum into fruit sets at the Gp, at the later stage [5]. Ethnob-
otanical reports claim that the inflorescence of this plant is palatable as it was consumsed
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