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ABSTRACT

The production of agricultural products is severely impacted by climate change, rising soil
salinity, and developing freshwater shortages in many different nations, most notably South
Africa. Soil salinization is a serious environmental threat to agricultural productivity and food
security around the world. It impairs the structure of the soil, the availability of nutrients, and
the growth of plants, resulting in lower agricultural yields. Freshwater shortages also represent
a few of the agricultural factors impacting the production of agriculture and the availability of
food in South Africa. It has been noted that water needs have been rising since the 1950s, yet
the availability of freshwater has been steadily declining. In water-constrained regions, the
development of agricultural irrigation competes with rising household and industrial
requirements, which could result in excess water being transferred to high-priority sectors at
the expense of agriculture. As food production and a lack of water develop, these complex
changing factors put strain on agriculture in many areas where traditional water sources are
used for irrigation. Therefore, investigation on dune spinach propagation, salinity stress,

cultivation, and nutritional values is required.

The aim of this research is to examine the impact of diluted seawater and different pruning
intervals on the nutritional profile, antioxidant capacity, and vegetative development of T.
decumbens shoots grown hydroponically. Tetragonia decumbens cuttings were collected from
a specific clone plant that was flourishing alongside the coastline at Granger Bay, Western
Cape. A stem cutting propagation technique was used to root new plant material. Four
identically designed Nutrient Film Technique (NFT) structures configured in a full block design
were set up, with different diluted seawater concentrations (100% tap water/50L, 20%
seawater/50L, and 40% seawater/50L) in each sump. Nutrifeed was essential for proper
nutrition across all systems. Dune spinach plants grown within these circumstances had four
different pruning intervals (unpruned, 15 cm, 30 cm, and 45 cm cuts). The plant growth was
measured with a tape measure, and the pruned fresh and dry plant components were weighed
on a laboratory scale. The data obtained from shoot samples subjected to diluted seawater
and different pruning intervals was statistically computed using a two-way examination of
variance (ANOVA). The Fisher’'s least significant difference will be used to compare the
significant differences between treatment means at p<0.05 using MINI-TAB statistical
software. The amount of chlorophyll in dune spinach plants was determined using a Konic-
Minolta meter (SPAD-502). Dune spinach shoots were dried and tested for total flavonols,
total polyphenols, ABTS, ferric reducing antioxidant power (FRAP), and DPPH to determine
phytochemicals and antioxidants. The dried T. decumbens shoots were evaluated by using
tests for crude proteins, crude fat content, ash content, moisture content, Neutral Detergent

Fibre (NDF) and Acid Detergent Fibre (ADF), macro-elements (sodium, phosphorus,
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magnesium, potassium, calcium, K/Ca+Mg, nitrogen), and micro nutrients (magnesium, zinc,

copper and iron) to determine its nutritional values.

Plants cultivated in 20%SW with pruning intervals of 30 and 45 cm produced large quantities
of both dry and fresh weights of dune spinach shoots at weeks 4 and 12, but at week 8 they
started to decline. Increased polyphenol, flavonol, and FRAP capacity were observed in
diluted seawater (20%SW) at pruning intervals of 15 and 30 cm. In contrast, the control shown
enhances both DPPH and ABTS capacity. Macronutrients (magnesium, salt, and nitrogen),
micronutrients (copper and zinc), and proximate components (ash, moisture, and crude
protein) produced significant yields in plants cultivated in 20%SW with three different pruning

intervals (15 cm, 30 cm, and 45 cm).
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STRUCTURE OF THE THESIS

The thesis is drafted differently from the alternative of a traditional format for a thesis. The
article-format thesis examples of published, co-published, and/or “ready-for-publication”
articles were prepared during candidature and apply to the format prescribed by CPUT for
100% master's studies, which complies with the following guidelines:

1. The overriding principle of the thesis is that it remains an original contribution to the

discipline or field by the candidate.

2. Chapters containing the journal articles form a coherent and integrated body of work that
focuses on a single project or set of related questions or propositions. All journal articles

form part of a sustained thesis with a coherent theme.

3. The study does not include work published prior to the commencement of the

candidature.

4. The number of articles included depends on the content and length of each article and
takes full account of the university’s requirements for the degree as well as the one article
already published or “ready-for-publication” expected for a master’s degree in this

discipline.

5. The thesis should be examined in the normal way and according to the normal
requirements as set out by the “Guidelines for Examiners of Dissertations and Theses”
(using Form HDC 1.7).

The thesis consists of the following chapters, which are concisely discussed as follows:

Chapter One: This chapter outlines the importance of the study, its aim, and the

comprehensive list of specific objectives that guided the study.

Chapter Two: This chapter explores the potential of T. decumbens (Dune spinach) as a leafy
vegetable. It also discusses its uses, propagation, distribution, the impact of the environment

on growth, and potential hydroponic cultivation techniques that could be used commercially.
Chapter Three: This chapter evaluated the effect of diluted seawater and different pruning
levels on the growth and chlorophyll content of T. decumbens (Aizoaceae). The research

justification, materials and methods, results, and discussions are presented.
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Chapter Four: This chapter evaluated the effect of diluted seawater and different pruning
levels on the growth parameters of T. decumbens (Dune spinach) shoots. The research

justification, materials and methods, results, and discussions are presented.

Chapter Five: This chapter evaluated the effect of diluted seawater and different pruning
levels on the polyphenolic content and antioxidant capacity of T. decumbens (Dune spinach)
shoots. The research justification, materials and methods, results, and discussions are

presented.

Chapter Six: This chapter evaluated the effect of diluted seawater and different pruning levels
on the nutrient content of T. decumbens (Dune spinach) shoots. The research justification,

materials and methods, results, and discussions are presented.

Chapter Seven: General Discussion, Conclusions, and Recommendations. This section
provides a general discussion that connects the previous sections and is followed by the
study's results. Recommendations are given for future study and to present new research

subjects.

Chapter Eight: References
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CHAPTER ONE

RESEARCH PROBLEM, AIMS, HYPOTHESES AND OBJECTIVES



1.1 RESEARCH PROBLEM
Climate change, increasing soil salinity, and emerging freshwater scarcity have severe
impacts on agricultural production in many different countries, notably South Africa (Sogoni et
al., 2021). Soil salinization is a serious environmental threat to agricultural productivity and
food security around the world (Sahbeni et al., 2023). It impairs the structure of the soil, the
availability of nutrients, and the growth of plants, resulting in lower agricultural yields (Wondim
et al., 2020; Daba & Qureshi, 2021; Tarolli et al., 2024). Salt affects about 831 to 932 million
hectares of land worldwide, producing 397 million hectares of saline and 434 million hectares
of sodic soils (Haddadi et al., 2023). Therefore, investigation of halophytes that are capable of

surviving in high salinity environments is required.

Freshwater shortages represent a few of the agricultural factors impacting the production of
agriculture and the availability of food in South Africa (Ngxabi et al., 2021). It has been noted
that water needs have been rising since the 1950s, yet the availability of freshwater has been
steadily declining (Gleick, 2003). In water-constrained regions, the development of agricultural
irrigation competes with rising household and industrial requirements, which could result in
excess water being transferred to high-priority sectors at the expense of agriculture
(Khondoker et al., 2023). As food production and a lack of water develop, these complex
changing factors put strain on agriculture in many areas where traditional water sources are
used for irrigation. Therefore, investigating new agricultural water sources is now required
(Martinez-Alvarez et al., 2017; Shemer et al., 2023).

Hydroponics is a method of cultivating plants in a soilless environment using inert media or
through their roots plunged in a solution that contains nutrients with no substrate (Tzortzakis
et al., 2022; Serio et al., 2022; Othman et al., 2024; Sharma et al., 2024). Due to urbanisation
and contemporary society, agricultural land is shrinking. To address this issue, new
technologies such as hydroponic farming provide expanding channels to reduce water use for
the cultivation of vegetables (Ravuri et al., 2024). The cultivation of crops in monitored
conditions improves development, quality, cleanliness, and uniformity (Dsouza et al., 2024).
Nonetheless, hydroponic cultivation of coastal plants has been suggested as potential
substitutes since they are salt-tolerant, use a small amount of water, and can thrive in a salinity
climate (Ventura et al., 2011; Ngxabi et al., 2021).

Tetragonia decumbens Mill. is one of the most underutilized salt-tolerant species in South
Africa, with potential economic benefits (Sogoni et al., 2021). The leaves and soft stems have
been used in a wide variety of ways, such as green food served in restaurants, consumed as

spinach, cooked with other vegetables, eaten raw in salads, and have become popular in



several cultures (Tembo-Phiri et al., 2019; Sogoni et al., 2021). However, its knowledge on
propagation, chlorophyll content, nutritional values, salt tolerance, antioxidants, and
phytochemicals could support its cultivation potential as a leafy vegetable crop. Therefore, the
purpose of this study was to investigate the effects of diluted seawater (DSW) and different
pruning intervals on the vegetative growth, chlorophyll content, nutritional values, antioxidants,

and phytochemical potential of T. decumbens (dune spinach).

1.2 AlM
This study aims to investigate the effects of diluted seawater (100% tap water/50L, 20%
SW/50L, and 40% SW/50L) and different pruning intervals (unpruned, 15 cm, 30 cm, and 45
cm cut) on the chlorophyll content, vegetative growth, phytochemical and antioxidant potential,
and nutrient content of T. decumbens in hydroponics in order to formulate a viable growth

protocol for both home gardeners and potential commercial farmers.

1.3 HYPOTHESIS

It is hypothesized that low to moderate diluted seawater concentrations will increase the
chlorophyll content, crop growth, nutrient uptake, antioxidant, and phytochemical content of T.
decumbens. It is hypothesized that diluted seawater and different pruning intervals will
positively affect the growth of T. decumbens. Additionally, high seawater concentrations will

negatively affect the growth of T. decumbens, resulting in plant death.

1.4 OBJECTIVES

1.4.1 Main objective
The purpose of this research is to explore the vegetative growth and nutrient content of T.
decumbens (dune spinach) in response to diluted seawater and different pruning intervals in

order to develop a suitable hydroponic growth protocol.

1.4.2 Specific objectives

» To determine the chlorophyll content of T. decumbens in response to diluted
seawater concentrations and different pruning intervals, to develop and implement
the most efficient hydroponic growth protocol.

» To determine the vegetative growth of T. decumbens in response to diluted
seawater and different pruning intervals to understand its salt tolerance and
cultivation potential in hydroponics.

» To determine the aerial fresh and dry weight of T. decumbens in response to diluted
seawater concentrations and different pruning intervals to understand its salt

tolerance and cultivation potential in hydroponics.



» To determine the number of leaves and shoot length of T. decumbens in response
to diluted seawater concentrations and different pruning intervals to develop and
implement the most efficient hydroponic growth protocol.

» To determine phytochemical and antioxidant capacity of T. decumbens in response
to diluted seawater concentrations and different pruning intervals to develop and
implement the most efficient hydroponic growth protocol for phytochemicals and
antioxidants.

» To determine the nutrient content of T. decumbens in response to diluted
seawater concentrations and different pruning intervals to support its potential

consumption and commercialization.
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21 Abstract
Tetragonia decumbens Mill. is a sprawling succulent shrub belonging to the Aizoaceae family.
The species is drought-tolerant in the Mediterranean climate with mainly winter rain and grows
in neutral to alkaline, well-drained soils. It is distributed along the coastal dunes from southern
Namibia to the Eastern Cape. The species is commonly called dune spinach or duinespinasie
(Afrikaans), which refers to the edible leaves that resemble commercial spinach. Historically,
the Koi-San tribe along the Cape Coast of South Africa was the first community to use this
edible plant. Today, the species has gained popularity as a leafy green vegetable foraged
along the coast and destined for mainly exclusive restaurant menus. The leaves and soft
stems are eaten raw or steamed, and they can also be cooked with other vegetables. Although
there is no knowledge on commercial cultivation of the species, a community garden in
Khayelitsha, in the Western Cape, is piloting the species for potential cultivation. A full
understanding of the plant’s cultivation requirements, drought tolerance, coastal adaptability,
and product market potential is imperative to inherently develop and formulate a cultivation
protocol for this wild species. This review aims to highlight and formulate selection and
development advances, cultivation criteria, and a cultivation protocol to support the hydroponic

cultivation of this species for commercial agriculture.

Keywords: Aizoaceae, climate-resilient crop, food and nutritional security, hydroponics, wild

leafy vegetable.



2.2 Introduction
About 831 to 932 million hectares of land around the world are affected by salt, resulting in
397 million hectares of saline and 434 million hectares of sodic soils (Haddadi et al., 2023). In
the agricultural industry, salt stress is one of the most significant elements that restricts crop
development and production in arid areas. As a result, more than 1 billion people do not
consistently have access to enough affordable, healthy, and nutritious food (da Silva et al.,
2023; Khan et al., 2023). Furthermore, salt stress poses serious threats to more than 20% of
the world's arable land, and in the United States, about 12 billion US dollars per year of
agricultural losses are attributed to salinity, and this number is predicted to increase in the

coming years (Singh, 2022a; Balasubramaniam et al., 2023).

By 2050, global food production is expected to rise by 70 to 100% to meet the needs of more
than 8 billion people (Loconsole et al., 2019; Molotoks et al., 2021). However, environmental
variables such as high temperatures, climate change, soil salinity, lack of freshwater, and soil
degradation have detrimental impacts on the crop production and yield of significant crops
such as rice, wheat, and maize to meet the basic dietary needs of communities (Raza et al.,
2019; Malhi et al., 2021). The latest initiatives to adjust to such climatic circumstances include
the utilisation of plants that tolerate salt with potential economic benefits such as animal
fodder, medicine, landscaping, vegetables, grains, and fruit (Lu et al., 2021). The consumable
fleshy parts of salt-tolerant species are valued for their salty taste as well as their elevated
levels of antioxidants and important nutrients (Castafieda-Loaiza et al., 2020; Lombardi et al.,
2022).

Tetragonia decumbens is one of the underutilized salt-tolerant species in South Africa, with
potential economic benefits (Sogoni et al., 2021). The leaves and soft stems have been used
in a wide variety of ways, such as green food served in restaurants, consumed as spinach,
cooked with other vegetables, eaten raw in salads, and have become popular in several
cultures (Tembo-Phiri, 2019; Sogoni et al., 2023). Nevertheless, there is still little information
available addressing the cultivation and potential uses of this underutilised salt-tolerant
species (Sogoni et al., 2022). Therefore, the main objective of this review is to highlight and
formulate selection and development advances, cultivation criteria, and a cultivation protocol
to support the hydroponic cultivation of this species for commercial agriculture with the

purpose of increasing its availability on the market.

2.3 Materials and methods
Relevant literature was retrieved from the library database in the research unit of the Cape

Peninsula University of Technology (CPUT). Search engines such as Google Scholar,



ScienceDirect, Scopus, SpringerLink, Web of Science, and Wiley Online Library were used in
retrieving the relevant literature on the botanical, ecological, cultivation, food, and medicinal
uses of the species. Keywords such as wild edible plants, halophytes, hydroponic systems,
and nutritional composition of leafy vegetables were used to capture data from all relevant
articles. A SWOT (strengths, weaknesses, opportunities, and threats) analysis was used to
critically assess the relevance of documented literature in the databases to determine the

cultivation potential of the species.

24 Halophytes
Halophytes are characterized as plants that can survive and complete their life cycle in saline
water or in soil with a salt concentration of 200 mM or more (Cortinhas et al., 2023). Halophytes
have many diverse plant families that may survive in a variety of salty conditions, including
coastal regions, inland deserts, salt flats, and steppes (Shabala, 2013; Tian et al., 2023). In
many countries, these halophytes are characterized as plants that can be used to sustain life
and satisfy human needs with their potential economic values such as greening and coastal
protection, grain, vegetables, fruit, medicines, animal feed, and feedstock for biofuels (Ksouri
et al., 2012), and they are thought to be an alternate to address issues related to food security,
freshwater shortage, salinization, and varying diets for better nutrition (Hasnain et al., 2023).
Halophytes are divided into two categories: (1) obligate and (ll) facultative halophytes. Obligate
halophytes can only thrive at moderate to high salinities and cannot grow at low salinities or
in freshwater, i.e., some Chenopodiceae plant species (Hasanuzzaman et al., 2014).
Facultative halophytes can thrive on salty soils, but their ideal environment is one where there
is little to no salt present, i.e., some Poaceae plant species. Globally, the future is bright for
numerous uses of halophytes, and they must continue to be cultivated for commercial

agriculture as well as for human and animal consumption to minimize hunger and malnutrition.

25 Adaptive mechanisms of halophytes

Plants are frequently subjected to unfavourable conditions like abiotic stressors, which can
sometimes drastically affect the physiological processes within the plant and reduce growth
and productivity (Ranjan et al., 2023; Zarbakhsh & Shahsavar, 2023). However, some
halophyte species have reportedly been found to exhibit a range of physiological traits that
enable them to deal with abiotic stress (Shabala, 2013). Desert environments also pose a
variety of environmental challenges to plants, such as high temperatures, salinity in the soil,
and water stress due to a lack of precipitation (Naorem et al., 2023). To thrive in these
environments, halophytes use a variety of physiological and biochemical strategies that
support their growth, reproduction, and life cycle completion under high-saline conditions

(Nikalje et al., 2018). These adaptive mechanisms include salt exclusion, salt excretion



through specialised organs like salt glands or salt bladders, dilution of salt ions through
succulence, ion homeostasis, osmotic adjustment, and ROS-detoxification, which support
their growth, reproduction, and ability to complete their life cycle in high-saline conditions
(Rahman et al., 2021).

2.6 Biochemical mechanisms of halophytes to thrive in saline environments
2.6.1 Osmotic adjustment

According to Haj-Amor et al. (2022), one of the challenges that plants encounter when grown
in salinized soils is water loss as a result of lower osmotic pressure. In this circumstance,
plants can adjust for variations in osmotic pressure with organic solutes to maintain cell volume
and turgor. To ensure osmotic adjustment in the cells in a salt-caused osmotic environment,
it is essential that Na* and CI™ are present in vacuoles, as well as K* and suitable organic
solutes such as proline and carbohydrates in the cytoplasm (Munns et al., 2020). One of the
primary methods by which halophytes tolerate salt is the accumulation of osmolytes in the
cytoplasm for osmotic adjustment (Masouleh et al., 2020). Osmolytes are molecules of organic
matter with low molecular weight and high solubility that remain ineffective even at high
concentrations and do not interfere with the normal functioning of cells (Gustavs et al., 2010).
Osmolytes play an essential role in maintaining the functioning of enzymes under stressful
conditions as well as protecting subcellular structures from oxidative damage brought on by
reactive oxygen species. Although it is believed that sodium is toxic to plants, halophytes can
use it as an osmolyte. Proline, trehalose, sucrose, polyoles, glycine betaine, and proline
betaine are a few of the crucial compatible solutes. Proline is an amino acid that develops in
plant cytosols and serves as an osmoprotectant. It is an essential signalling molecule and an
efficient way of stabilising and preserving proteins, proteinaceous enzymes, and membranes
(Arif et al., 2020). It controls membrane proteins, ROS scavengers, and cell solute
homeostasis to regulate plant metabolism while under stress. Numerous studies have shown
that proline under salinity improves the antioxidant and water absorption systems and reduces
the buildup of toxic ions (Ismail & Horie, 2017; Arif et al., 2020).

2.6.2 ROS-detoxification
Nearly all biological activities are regulated by reactive oxygen species (ROS), which are
crucial for life (Huang et al., 2019). Production of ROS is essential for plant growth, abiotic
stress responses, and immunological responses. Halophytes utilise efficient antioxidant
defence mechanisms to shield their cells and tissues from oxidative stress, which is brought
on by an excessive build-up of ROS in high salinity environments (Bose et al., 2014; Castro
et al., 2021). These efficient antioxidant defence mechanisms include enzymatic antioxidants

such as SOD, CAT, APX, glutathione reductase (GR), monodehydroascorbate reductase



(MDHAR), and dehydroascorbate reductase (DHAR), as well as non-enzymatic antioxidants
like flavonoids and tocopherols to reduce ROS-induced damage (Czarnocka & Karpinski,
2018). The enhanced salt tolerance of certain halophytes coincides with their capacity to
sustain ROS homeostasis through effective activation of their antioxidant system during salt
stress (Wang et al., 2020; Altuntas & Terzi, 2021; Yildiz & Terzi, 2021). In this process,
halophytes regulate the amounts of endogenous phytohormones to control several defence

processes, such as antioxidant defence (Wiszniewska et al., 2021).

2.6.3 lon homeostasis
Salinity is one of the environmental stresses that create soil ionic imbalance, impairing mineral
uptake and resulting in mineral deficiencies that further inhibit the physiology, root architecture,
and growth of plants (Evelin et al., 2019; Gupta et al., 2020). In order to accommodate Na*,
CIY, and K*in the tissues of halophytes, several channels and transporters are actively
involved in the process. It is generally known that the apoplastic and symplastic pathways are
mostly used for Na* absorption from soils to roots (Arif et al., 2020; Rahman et al., 2021).
Through the use of ion influx and compartmentalization to regulate ion homeostasis and
equilibrium, the plant is able to support the correct development of plants under salinity. As a
result, extra salt is either transported to the vacuole or sequestered in the old portion of plant
tissue since plants cannot handle excessive quantities of salt in their cytoplasm. With the
assistance of several pumps, Na®, which enters the soil through the root, travels to the
cytoplasm and eventually to the vacuole. Prevention of salt from entering the roots and
vacuole sequestration of salt ions are the primary techniques that halophytes use to avoid the

accumulation of excess salt in their cytosols (Himabindu et al., 2016).

2.7 Physiological mechanisms of halophytes to thrive in saline environments

271 Succulence
An increase in the water content of tissue is referred to as succulence. It typically goes hand
in hand with the accumulation of osmotically active solutes, which preserves cell turgor
pressure and thus minimises the effect of harmful ions (Nikalje et al., 2018). In saline
environments, halophytes use succulence mechanisms for ion homeostasis and the
accumulation of osmoprotectants to sustain cell turgor pressure (Mumtaz et al., 2021; Kaleem
et al., 2022). Succulent leaves are good at maintaining osmotic balance, and they contain a
greater number of large-sized mitochondrion than other types of leaves, which helps them fulfil
the energy needs of their cells to enable ion compartmentalization and sequestration. As a
result, the development of succulent leaves is regarded as a characteristic that allows for salt
tolerance. Certain halophytes that use succulence mechanisms to thrive in saline

environments through the buildup of excess salts in their leaves and stems while retaining an



increase in photosynthetic productivity include Zygophyllum xanthoxylum, Sesuvium
portulacastrum, Puccinnellia nuttalliana, Beta vulgaris susp. Maritima, Cochlearia pyrenaica,
Salsola drummondii, Achras sapota, Sarcocornia fruticosa, Salicornia herbacea, Suaeda
maritima, and Arthrocnemum macrostachyum (Garcia-Caparrés et al., 2017; Elnaggar et al.,
2020).

2.7.2 Salt excretion

Through a distinctive epidermal structure known as salt glands, recretohalophytes directly
release noticeably larger salt ion contents on the leaf surface for dealing with maintenance of
cellular ion homeostasis, causing them to be preferable to other kinds of halophytes and non-
halophytes (Lu et al., 2021). Excess ions are able to reach salt glands more rapidly when
transported by transpiration since it contains a layer of cuticle within the salt glands, and ions
surrounding the leaves are able to reach the salt glands by means of the symplastic transport
pathway (Leng et al., 2018; Shelake et al., 2022). Since the ions are released by the secretory
pores through a convoluted transport mechanism between the salt glands individual cells,
secretion serves as an active defence mechanism for plant tissues against harmful ions
(Shelake et al., 2022). As the ions are excreted throughout this process, water is also
eliminated, and due to the fact that salt glands cause salt crystals to form on the surface of
leaves, plants may be in danger of serious injury from dehydration (Lu et al., 2021). According
to Li et al. (2020), the majority of the ions secreted by salt glands during this process are
inorganic, including Na*, K*, Ca?*, Mg#, Fe?", Mn?*, and Zn?*. However, certain unfamiliar
ions, including CI, Br~, I, SO42", PO4*, and NOs™ can also be secreted during this process.
Heavy metal contamination can also be decreased by using plants that can secrete salt to
extract heavy metals, including cadmium (Cd), lead (Pb), copper (Cu), zinc (Zn), aluminium
(AD, and iron (Fe), from soils (Wilson et al., 2017). Salt glands and bladders also perform a
fundamental role in maintaining ion balance, osmotic pressure stability, and enhancing plant
salt tolerance (Sogoni et al., 2023). Nonetheless, the number of cells that collectively make
up salt glands varies, and they have distinct structural traits in various halophytes species
(Leng et al., 2018; Kuster et al., 2020; Lu et al., 2021; Zhao et al., 2022).

2,73 Salt exclusion
Certain halophytic plants use root system-induced ultrafiltration mechanisms to filter out
excess salts (Rahman et al., 2021). To transport Na* from the soil to the plant root cells during
salt exclusion, two important mechanisms, such as symplastic and apoplastic, are used. In
this process, apoplastic barriers are installed at the base of the roots to increase bypass flow
resistance, which results in the efficient removal of salts from the roots and a decreased

accumulation of harmful ions in the aboveground shoots through the transpiration stream



(Hussain et al., 2015; Hussain et al., 2023). During salt exclusion, two unique cell barrier layers
called the root endodermis and exodermis have highly specialised tasks that are associated
with two distinct cell wall properties, such as casparian band and suberin lamella. The suberin
lamella, which mainly consists of long-chain fatty acids, pervadedthe entire
exodermis/endodermis cell wall, forming a hydrophobic barrier that plays a role in ion and
water uptake regulation and is critical in minimising direct transportation of water and ions
through the apoplast to the endodermal protoplasts (Wang et al., 2020; Cui et al., 2021; Zhang
et al.,, 2021). The casparian band is a paracellular lignin buildup in the cell walls of the
endodermis and exodermis and pushes all apoplastic transport into the tightly controlled

symplastic system (Cui et al., 2021).

2.8 Potential uses of halophytes
281 Vegetable crops
There are numerous halophytes that can be consumed as vegetables, and in regions where
only saline waters and soils are available, they are used as substitute crops (Liu & Wang,
2021). These halophytic plants can be cultivated in saline soils; however, they are also
capable of growing even in environments that are not affected by salinity (Aslam et al., 2011).
Halophytes are regarded as healthy greens and are abundant in vitamins, protein, and some
vital trace elements (Li et al., 2020). For example, Chenopodium quinoa is one of the wild
vegetable crops that have been used for human consumption (Angeli et al., 2020; Pathan &
Siddiqui, 2022). This amaranthaceae species has a high concentration of phytochemicals that
are good for human health, such as vitamins, proteins, fiber, minerals, phenolics, and other
necessary trace elements (Graf et al., 2015; Pathan & Siddiqui, 2022). Moreover, Crithmum
maritimum (sea fennel) is a perennial halophyte that is used for both food and non-food
purposes (Kraouia et al., 2023). In Europe, it is still consumed as a leafy vegetable with
secondary metabolites that serve as osmolytes (Renna, 2018). The purpose of osmolytes is
to protect the cellular machinery and stop oxidative stress from damaging cells (Sharma et al.,
2019). The roots, leaves, seeds, and fruits of Crithmum maritimum contain a variety of
bioactive compounds that have potential uses as essential fatty acids, fragrances,
medications, antimicrobials, and insecticides (Montesano et al., 2018; Atia et al., 2011). In
China, Suaeda salsa L. is one of the halophytes that is used as a vegetable crop. It is rich in
vitamins, antioxidants, nutritional fibre, minerals, and flavonoids and is a high-quality
vegetable (Li & Song, 2019). Below are some of the most commonly consumed halophyte

species around the world (see Table 2.1).



Table 2.1: The scientific names, plant parts used, and economic benefits of halophytes used as possible vegetable crops.

S/IN Plant species Family Plant parts used Economic uses Reference
Atriplex hortensis Amaranthaceae Leaves Pot herb. Used in green salads (Kumorkiewicz-Jamro et al., 2023; Sai
Kachout et al., 2023)
Atriplex patula Amaranthaceae Leaves, stems, and Cooked or raw used as (Chetina et al., 2023)
seeds spinach. Seeds consumed after
cooking
Atriplex prostrata Amaranthaceae Leaves Cooked and use as a spinach (Lombardi et al., 2022; Koop-Jakobsen &
substitute Dolch, 2023)
Beta maritima Amaranthaceae Young shoots and Eaten raw, cooked or prickled (Bouchmaa et al., 2022; Puccinelli et al.,
roots 2023)

Cakile maritima

Brassicaceae

Stems, flower
buds, roots and

immature seeds

Stems, flower buds and
immature seeds are consumed

as raw or cooked

(Ksouri et al., 2007; Ellouzi et al., 2011; Ben
Amor et al., 2020; Belghith et al., 2022)

Cappatris spinosa Capparidaceae Leaves and seeds | Pricked and used as salt. Used (Sun et al., 2023)
in salads, pasta, and meat
dishes
Chenopodium album Amaranthaceae Leaves, flower Boiled and used as a salad; (Poonia & Upadhayay, 2015; Chamkhi et al.,
buds, and young Eaten raw 2022)
shoots
Chenopodium Amaranthaceae Leaves, young Consumed in as raw. Seeds (Graf et al., 2015; Angeli et al., 2020; Parvez
quinoa stems and seeds. are cooked or used as et al., 2020; Pathan & Siddiqui, 2022)

vegetable oll




Seeds are grounded into

powder and mixed with flour

9. Cichorium spinosum Asteraceae Leaves Young, freshly picked leaves (Petropoulos et al., 2017)
are frequently fried or salted
and sometimes are eaten as a
bitter meal with vinegar and
olive oil.
10. | Crithmum maritimum Apiaceae Leaves and seeds. Consumed as vegetable after (Atia et al., 2011; Gnocchi et al., 2022)
cooking or raw
11. | Cynara cardunculus Asteraceae Leaves (Ferioli & D’Antuono, 2022; Mandim et al.,
var. altilis 2023)
12. Halimione Amaranthaceae Leaves Eaten raw in salads or cooked (Lombardi et al., 2022)
portulacoides
13. Inula crithmoides Asteraceae Young leaves Consumed as either cooked, (Rodrigues et al., 2023a; Rodrigues et al.,
raw or pickled 2023b)
14. Lepidium latifolium Brassicaceae Leaves Cooked or candied as (Al et al., 2023; Nezhadasad et al., 2023)
vegetable.
15. | Mesembryanthemum Aizoaceae Leaves, fruits and Leaves are crushed and used (Cosentino et al., 2010; Oh et al., 2015;
crystallinum stems as soap substitute. Boiled and Guan et al., 2020; Mohamed et al., 2021;
eaten as a spinach. Cebani et al., 2023)
16. | Plantago coronopus Plantaginaceae Leaves and Leaves are used to make (Ceccanti, et al., 2022a; Ceccanti et al.,
flowered parts medicine and are sometimes 2022b)
used an Italian salad.
17. | Plantago lanceolata Plantaginaceae Leaves and seeds. Consumed as raw or cooked. (Abate et al., 2022; Sanna et al., 2022)




18.

Portulaca oleracea

Portulacaceae

Leaves, stems, and

Consumed as raw or cooked.

(Montoya-Garcia et al., 2023; Srivastava et

seeds. Used as a salt substitute al., 2023)
19. | Prosopis glandulosa Fabaceae Pods and seeds Can make sweet flour that can (Starns et al., 2022; Singh & Pareek, 2023)
mixed with water to make a
drink.
20. Salicornia spp. and Amaranthaceae Young shoots, Consumed in salad ingredients, | (Im et al., 2003; Ventura & Sagi, 2013; Patel,
Sarcocornia spp. leaves, and seeds. | raw, and pickled. Vegetable oil 2016)
21. Salsola soda Amaranthaceae Young shoots and | Consumed as raw, cooked, and | (Bafiuelos et al., 2022; Yasseen & Al-Thani,
leaves used as a salt substitute 2022)
22. Sesuvium Aizoaceae Stems and leaves Cooked and eaten as (Kulkarni et al., 2022; Wang et al., 2022;
portulacastrum vegetable. Alsherif et al., 2023)
23. Suaeda fruticose Amaranthaceae Seeds Can be used as a salt (Ayaz et al., 2022; Zaier et al., 2022)
substitute. Used as an edible
oil.
24. Suaeda maritima Amaranthaceae Young leaves Used as vegetable and salad. (Ghosh et al., 2022)
25. Suaeda nudiflora Amaranthaceae Leaves Used in salad; prickled; (Ghosh et al., 2022; Joshi et al., 2023)
consumed as a vegetable
26. Suaeda salsa Amaranthaceae Leaves and seeds | Seeds used for oil production. (Guo et al., 2018; Li & Song, 2019)

Consumed as cooked or
uncooked

10




27. Tetragonia Aizoaceae Leaves and stems Fermented, pickled, and used (Nkcukankcuka et al., 2021; Sogoni et al.,
decumbens in stews and soups; Served raw | 2021; Nkcukankcuka et al., 2022; Sogoni et
in green salads, or cooked with al., 2022; Sogoni et al., 2023)
other vegetables.
28. Tetragonia Aizoaceae Leaves Cooked or prickled. Eaten like (Atzori et al., 2020)
tetragonioides spinach
29. Trachyandra ciliata Asphodelaceae Flower stalk Steamed or boiled, cooked ina | (De Vynck et al., 2016; Ngxabi et al., 2021)
stew
30. Trachyandra Asphodelaceae Young flower Used as vegetable (Bulawa et al., 2022; Tshayingwe et al.,
divaricata 2023)
31. Tribulus terrestris Zygophyllaceae Leaves, stems, and Consumed raw or cooked (Salamon et al., 2016)
fruits.
32. Zostera marina Zosteraceae Seeds Raw or cooked. (Panta et al., 2014)
33. | Zygophyllum album Zygophyllaceae Seeds Vegetable oll (Abdelhameed et al., 2022; Hadjadj et al.,
2022)
34. | Zygophyllum fabago Zygophyllaceae Flower buds Prickled and consumed as (Abbasvand & Hassannejad, 2023;

vegetable oil

Shahrajabian & Sun, 2023)
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2.8.2 Uses of halophytes in bioremediation

According to Pande et al. (2020), bioremediation is the process of converting environmental
pollutants into less harmful forms by using living organisms, primarily bacteria. It uses
microbial, fungal, or plant enzymes to restore the natural ecosystem damaged by pollutants
to its initial condition. In general, there are primarily two types of bioremediation technologies:
(1) in situ and (Il) ex situ. In ex situ bioremediation, contaminants are handled inside the
controlled environment after being dug up or pumped out of the original site, whereas in situ
bioremediation treats the polluted material at the original location (Azubuike et al., 2016).
During bioremediation, microbes are required to enzymatically attack the contaminants and
transform them into nontoxic compounds for bioremediation to be efficient (Bhandari et al.,
2021). However, bioremediation, revegetation, and reclamation of such salt-affected areas
have been recommended using halophytes, and they can absorb salt and lower EC levels if
cultivated prior to planting conventional crops, i.e., Atriplex numularia, Suaeda nudiflora,
Suaeda fructicosa, Haloxylon recurvum, Sesuvium sesuviodes, and Trianthema triquatra
(Qadir et al., 2008; Munir et al., 2022; Barbafieri et al., 2023; Sordes et al., 2023).

2.8.3 Halophytes as medicinal plants
Traditional medicines are regarded as very important components of healthcare for
marginalized, uneducated, and rural populations in developing countries (Chebii et al., 2020;
Geck et al., 2020). Halophytes have the potential to be grown not solely for food and fuel but
also for medicinal use in the treatment of various illnesses in rural and tribal communities
(Lopes et al., 2023; Mohammed et al., 2023). For example, T. tetragonioides (New Zealand
spinach) provides medicinal benefits for gastrointestinal disorders such as stomach cancer,
gastritis, gastric ulcers, and acid excess (Lee et al., 2018). Moreover, the leaves, stems, roots,
seeds, and flowers of other halophytes are used to make medicines by grinding them into a
powder, juicing them, or chopping them up into pastes (Mohammed et al., 2023). In China,
Apocynum venetum L. is one of the halophytes that was used for herbal medicine, and the
leaves were used to medicate hypertension, dizziness, insomnia, neurasthenia, and heart
failure (Xie et al., 2012; Jiang et al., 2019). Mesembryanthemum crystallinum is also a
common annual halophyte with sprawling stems; it contains flavonoids with beneficial
nutritional and health properties (Li & Song, 2019; Zhang et al., 2019). The flavonoids in this
species act as natural antioxidants, strengthen the immune system and metabolism, and delay

the ageing process in people (Zhang et al., 2019).
Tetragonia decumbens has not been used for medicinal purposes; however, it has been
reported to have phytochemical activities that can be used for medicine (Sogoni et al., 2023).

The potential medicinal benefits of T. decumbens will benefit both the herbal medicinal
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industry and the agricultural sector in saline land regions and coastal regions around the world,
including South Africa.

2.9 Taxonomic review of T. decumbens
291 Evolutionary origin

According to Heyligers (1999), T. decumbens was first known as Tetragonia nigrescens var.
maritima, and later, as extensive research was done with regards to the plant, it was concluded
that T. decumbens was misidentified as Tefragonia nigrescens var. maritima. On November
11, 1916, Tetragonia decumbens was first discovered in New South Wales near Maroubra
Bay, Sydney, by an author named A.A. Hamilton. The species was further discovered in
February 1919 at Camp Cove at South Head, at the entrance to Sydney Harbour, and again
collected at Maroubra in 1933 and 1955. Another collection of T. decumbens occurred in 1993
close to Birubi Point in Anna Bay, near the northeast of Stockton, where it was still found in
1998.

Nowadays, T. decumbens is a member of the Aizoaceae family that is widely found along the
coastline of Namibia, from the southern part of the country to the Eastern Cape, and it is used
as an edible halophyte (De Vynck et al., 2016; Klak et al., 2017). The leaves and soft stems
of this plant can be used like spinach, served in raw green salads, or cooked with other
vegetables (Van Wyk, 2011; Nkcukankcuka et al., 2021). T. decumbens has been fermented,
pickled, blended into stews and soups, and is very delicious when stir-fried; sometimes it
blends excellently with butter beans, sun-dried tomatoes, mushrooms, and grain salads
(Sogoni, 2020; Sogoni et al., 2022). Currently, this species does not only show potential as an
edible vegetable; it also has some potential uses, such as animal fodder, and can be used in

soil bioremediation.
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29.2 Family and close relatives of T. decumbens

Table 2.2: The scientific names, plant families, distributions, and economic benefits of close relatives of T. decumbens.

Plant species Family Distribution Economic value Reference
Tetragonia tetragonioides Aizoaceae Distributed along the coasts of Australia, New Used as a vegetable or in salads. Used (Atzori et al., 2020; Bekmirzaev et al.,
Zealand, and Tasmania but also in Argentina for medicinal purposes. 2020).
and Asian countries.
Tetragonia fruticosa Aizoaceae Tetragonia fruticose grows from It is a valuable fodder plant. It can be (Manning, 2013)
Namaqualand to the Eastern Cape, mostly consumed as a vegetable and its young
along the coast, on granite and sandstone shoots should be boiled till soft, then
slopes that are arid or semi-arid. chopped and served with butter, salt, and
pepper.
Mesembryanthemum crystallinum Aizoaceae Grows in a variety of environments in The leaves contain some medical (Cebani et al., 2023; Mndi et al., 2023)
southern and northern Africa as well as applications and can be crushed to make
southern Europe. It can be found in the another use for soap. They are capable
Eastern, Western, and Northern Cape of being pickled or served as a garnish
provinces of South Africa. on food, and they are suitable for
consumption as an alternative for
spinach.
Mesembryanthemum Aizoaceae It can be found in coastal areas of KwaZulu- It can be used as a poultice, and anti- (Lee & Nam, 2023)

cordifolium f. variegata

Natal and the Eastern Cape.

inflammatory in medicine. Also used as a
charm for luck and love. Makes a mild
enema for infants of the Zulus, and black
powder is used for vaccinations and to
protect against witchcraft. Used to relieve

joint pains with burned stems and leaves.
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293 Ecological and geographical distribution of T. decumbens

The Tetragonia plant family, Aizoaceae (fig-marigold), belongs to the order of Caryophyllales,
comprising about 135 genera and about 1800 species that are distributed in both tropical and
subtropical regions and arid zones around the world (Tembo-Phiri, 2019). T. decumbens is a
low-growing perennial plant found on coastal sand dunes from Southern Namibia to the
Eastern Cape (South Africa), stretching from the borders on the West Coast to the Kei River
on the East, where it receives winter rainfall (Forrester, 2004; De Vynck et al., 2016; Van Wyk
& Gericke, 2017).

T CulliAcu o

& Tropial Atz N _'"'\"1\_./ j :, 2 ."'-:"
" smmomTare = f}&;' N -3 : i

AL jee Trop. Caprk
[ Present n me coumry P i
| % Squmem AT NemaEriem specien iy (.-3?-.3' . "
O NATURALIS: herzrm specimen y
£ AfrNomd project R & CIBGE 019

Figure 2.1: Tetragonia decumbens map of geographic distribution (Adapted from:

http://www.ville-ge.ch/musinfo/bd/cjb/africa/details.php?langue=an&id=48025).

210 Botanical description of Tetragonia decumbens
Tetragonia decumbens consists of about 67 species. The name is derived from the Latin word
Tetragonus, which refers to the fruit and indicates that it is four-angled, and decumbens, which
means horizontal with the tip pointing upwards (Forrester, 2004). Tetragonia decumbens is a
common underutilized wild edible vegetable in South Africa and is commonly known as dune
spinach, duinespinasie, kinkelbos, and klapperbrak (Afrikaans) (Tembo-Phiri, 2019).
Tetragonia decumbens is a wild edible vegetable crop that is characterized by lance-shaped,
sessile, dark green, glistening leaves with stems that are woody at the base and rather rigid,
long fibrous roots and runners with hairy leaves, as shown in figures 2.3 (Manning, 2013;
Snijman, 2013). This species starts flowering from spring to early summer (August to
November) and bears yellow flowers that survive dry summer months and re-sprout when
exposed to water, as displayed in figure 2.3 (Manning, 2013; Snijman, 2013). The seeds are

different-sized and have a hard brown outer layer with distinct rigid wings when dry, as
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displayed in figure 2.4. Tetragonia decumbens thrives well in a wide range of environments,
such as sand dunes on the coast, dry, rocky, light, and heavy-textured soils, soils deficient in
nutrients with minimal water needs, and coastline sea spray, as displayed in figure 2.2
(Tembo-Phiri, 2019; Sogoni, 2020; Nkcukankcuka et al., 2021). The species is recognized for
its high nutritional value, drought-resistant traits, and crucial function in sand dune
stabilization, serving as a seed trap and producing organic matter, enabling the dune to

become a welcoming environment for various plants (Van Wyk, 2011; De Vynck et al., 2016).

Figure 2.2: Tetragonia decumbens growing on Strand beach, Western Cape, South Africa (
Adapted from: https://www.researchgate.net/figure/Salt-laden-spray-hovering-over-coastal-
dunes-and-strandveld-thickets-in-the-background fig5 40106511).

Figure 2.3: Dark green leaves and yellow

Figure 2.4: Tetragonia decumbens
brown dry seeds (Tembo-Phiri, 2019).

flowers of T. decumbens (Adapted from:

https://www.ukwildflowers.com/Web pages/t

etragonia decumbens sea spinach.htm).
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211 Endorsement of T. decumbens as a vegetable
2111 Economic potential of its commercial cultivation

Halophytes are prospective new vegetable species that can be grown in greenhouses, which
can provide high-quality products all year-round while using fewer resources like water,
fertiliser, and human labour (Lombardi et al., 2022). However, as the farming industry is
endangered by rising saline levels in the soil, hydroponic cultivation of salt-tolerant vegetable
crops must be developed to replace existing crop plants and ensure global food and nutrition
security (Ngxabi et al., 2021). Hydroponics is a technique for growing crops without soil
through the use of mineral nutrient solutions (Ngxabi et al., 2021). It is gaining popularity since
it is a safe, simple procedure, and there is no risk of soil-borne disease, bug, or pest infection
to the crops (Sharma et al., 2018). This eliminates the need for pesticides and the negative
effects they have. Tetragonia decumbens is one of the underutilized edible wild vegetables in
South Africa, and although this plant has never been cultivated, it has been tested in a
community garden in Khayelitsha, Cape Town, South Africa, along with other promising winter
rainfall crops, for eventual commercial cultivation (Tembo-Phiri, 2019). However, according to
the study conducted by Nkcukankcuka et al. (2021), T. decumbens can be cultivated in
hydroponics under different fertigation regimes. For the cultivation of crops in greenhouses,
numerous soilless growing techniques have been successfully developed and tested
(Lombardi et al., 2022). However, the Nutrient Film Technique (NFT) is considered the easiest
and most economical method to grow T. decumbens at high crop densities. When cultivating
T. decumbens in hydroponics, it is necessary to keep the pH between 5.5 and 6.5 and the
electrical conductivity at 3.38, 2.34, and 1.10 ds m-1(S), respectively (Nkcukankcuka et al.,
2021). Some of the key benefits of hydroponic cultivation over soil agriculture is that plants
grow more quickly and produce more food because of improved mineral nutrition and water
absorption (Lombardi et al., 2022).

211.2 Ornamental uses of T. decumbens
Ornamental plants are any plant species or varieties that bring aesthetic value, enhance the
environment, or boost the quality of our lives (Viljoen et al., 2021). Recent research has
examined the effective use of native plants in landscaping in accordance with agronomic,
political, social, cultural, and environmental needs (Rohal et al., 2023; Vasilescu et al., 2023).
The ability of these native plants to respond to both biotic and abiotic stress plays a more
significant role in their survival than their aesthetic features, and there has been an interest in
them for the purposes of repairing damaged landscapes, reducing erosion, and enhancing the
aesthetic value of different places (Leotta et al., 2023). Halophytes can be used for

revegetation or soil preservation in landscaping, and there is an increasing desire for plants
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that require minimal maintenance and water use (Nikalje et al., 2018). Tetragonia decumbens
is one of the halophytes that respond to both biotic and abiotic stress and has gained
popularity as a sand dune stabilizer, serving as a seed trap, producing organic matter, and
enabling the dune to become a welcoming environment for various plants (Forrester, 2004;
De Vynck et al., 2016; Van Wyk & Gericke, 2017).

Certain halophytes, such as Carpobrotus edulis, Mesembryanthemum crystallinum, and
Mesembryanthemum nodiflorum, are used as groundcovers (Nikalje et al., 2018). These kinds
of plants can be considered because of their extremely beautiful flowering, even for a short
amount of time. Different regions across the world are developing intensive research
programmes to identify ornamental halophytes suitable for arid environments (Liu & Wang,
2021; Garcia-Caparros et al., 2023). Currently, there is no evidence for ornamental uses of T.
decumbens, and intensive research on potential ornamental uses of this species is required

as it shows some of the characteristics of groundcovers.

2.11.3 Tetragonia decumbens as food sources
Tetragonia decumbens has been recorded as a traditional wild edible species with a rich
source of macro and micronutrients (Pereira et al., 2022). However, due to its salt content and
crunchiness on the leaves and soft stems, it has been used in a wide variety of foods, such
as green food served in restaurants, consumed as spinach, cooked with other vegetables, and
eaten raw in salads. It has also become popular in several cultures, as shown in figures 5 and
6 (Tembo-Phiri, 2019). Additionally, T. decumbens has been fermented, pickled, blended into
stews and soups, and is very delicious when stir-fried; sometimes it blends excellently with
butter beans, sun-dried tomatoes, mushrooms, and grain salads (Rusch, 2016; Sogoni, 2020).
The species has a dull flavour and a grainy texture when cooked and is transformed into an
exquisite meal when combined with butter and Oxalis pescaprae (Tembo-Phiri, 2019). The
mildly salty, juicy leaves and stems of other halophytes, such as Soutslaai, can be eaten both
raw and cooked (Nkcukankcuka et al., 2022). Furthermore, Tetragonia tetragonioides, a close
relative of T. decumbens is used in food and salads in Brazil and commercially cultivated in
Australia (Cecilio Filho et al., 2017). Even though T. decumbens is native to South Africa, it
remains underutilized as a commercial crop. However, at a community garden in Khayelitsha,
Cape Town, it was tested as a prospective commercial crop with many other potential winter
rainfall crops (Tembo-Phiri, 2019). Therefore, a proper investigation of its nutritional benefits

is needed to encourage its consumption as an underutilized edible leafy vegetable crop.
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Figure 2.5: Oep ve Koep’s Sandveld

restaurant dumplings with dune spinach

(Tembo-Phiri, 2019).

Figure 2.6: Leaves of T. decumbens and
pickled veldkool (Rusch, 2016).

Table 2.3: Consumption uses of fresh, cooked, and dried leaves of T. decumbens for potential

marketing.

Type

Products

References

Fresh leaves and

stems

Used in green salad. Eaten raw

(De Vynck et al., 2016; Rusch, 2016;
Sogoni et al., 2023)

Cooked leaves

Stew, soup, stir fry. Used as spinach

(Nkcukankcuka et al., 2021;
Nkcukankcuka et al., 2022; Sogoni
et al., 2023)

Fresh leaves and

stems

Animal fodder

(Bekmirzaev et al., 2020)

Fresh leaves and

stems

Medicines (Phytochemicals-

polphenols)

(Sogoni et al., 2021)

Leaves, stems,

and flowers

Ornamental purpose

(Forrester, 2004; Van Wyk &
Gericke, 2017)

2.11.4 Tetragonia decumbens used as animal fodder

Halophytes have been used as a substitute for animal fodder in saline environments, and they

have economic benefits in medicine, landscaping, vegetables, grains, and fruit (Ksouri et al.,
2007; Ksouri et al., 2012; Panta et al., 2014; Nikalje et al., 2018; Zhang et al., 2019).

Insufficient amounts of water and salinity in agricultural soils are common challenges across

African nations, and climate change is predicted to make these issues substantially worse in
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the coming years (Badri & Ludidi, 2020). In Africa, there has been a persistent problem with
livestock feed shortages, particularly during the dry seasons. Therefore, halophytes with
potential as fodder may be used in regions where seasonal feed shortages are significant
threats to effective animal husbandry (Badri & Ludidi, 2020; Singh et al., 2022b). The effective
use of these plants as animal feed further depends upon their biomass production, nutritional
content, and voluntary consumption of feed, i.e., Pennisetum clandestinum (Norman et al.,
2013). The expansion of animal farming might be considerably aided by halophytes with
potential for animal fodder, which could also significantly increase the nutritional value and
quality of cattle and sheep (Hasnain et al., 2023). Since halophytes thrive in a variety of
environments with varying salinities and climatic circumstances, they can be regarded as an
alternative to address issues relating to animal feed during the dry season. Therefore, the
cultivation of halophytes with potential human and animal consumption still needs to be

addressed.

212 A climate-adapted environment for cultivating a commercial crop
Tetragonia decumbens can be propagated by means of pulling up branches from the sand
and separating pieces with roots attached as cuttings (Manning, 2013; Nkcukankcuka et al.,
2021). The cuttings can be planted directly into sandy, well-drained soil, and the soil should
be kept slightly moist enough to allow the plants to establish their roots (Forrester, 2004;
Rusch, 2016). According to the study conducted by Sogoni et al. (2022), sand and peat-and-
sand mixtures have the greatest cutting rates of survival, root number, root length, and number
of leaves for this species. Substrates such as vermiculite, perlite, and coco peat had lower
root development. The availability of nutrients, water, and oxygen on the growing substrate
has a few aspects that impact how well cuttings root (Bhardwaj, 2014; Rajkumar et al., 2017).
Rooting hormone is also used to increase the chances of cuttings rooting. The roots will
usually develop quickly and be stronger when propagated using the rooting hormone. In areas
suffering from the negative effects of drought, high temperatures, soil salinity, and sodicity,
wild vegetables have enormous commercial potential (Laurie et al., 2017). Tetragonia
decumbens can be effectively cultivated through rooted stem cuttings (Rusch, 2016).
Overharvesting of T. decumbens might occur from propagation methods that include collecting
mature runners from the sand with roots attached as cuttings (Sogoni, 2020). As a result, an
appropriate and efficient propagation protocol emphasizing cultivation techniques for T.
decumbens is required to encourage the large-scale production of this green vegetable crop

for commercial agriculture (Table 2.4).
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Table 2.4: Vegetative propagation techniques and growth conditions of T. decumbens for

cultivation practices.

Activity

Cultivation practice

References

Seeds

Coastal plant seeds are best sown in a free-draining
seed mixture. Tiny seeds should be put into seed
trays after being combined with dry, clean sand.

Carefully apply a layer of coarse river sand over the
seeds. As soon as seeds are the right size, they
should be pricked out. Large seeds can be sowed

individually and coated with coarse river sand. Keep

moist but not too much as the seed may rot.

(Dixon, 2020)

Cuttings

Nodal stem cutting of a mature mother stock plant
along the coast in summer. Growth regulator
hormone powder (Dynaroot no. 1). Coarse river
sand or 1:1 sand: peat or 1:1 perlite: peat or 1:1:1
perlite: peat: vermiculite used in hydroponics.
Automatic nozzle sprayers for intermittent spray,
heating beds. Average humidity of 60 — 70%.
Temperature kept between 21 - 26°C (day) and 12 -
18°C (night).

(Rusch, 2016;
Nkcukankcuka et
al., 2021; Sogoni et
al., 2022)

Growth
conditions,
Pests and

diseases

Tolerate high temperature in full sun and drought
conditions. Tolerate environmental control
temperature of 21 - 26°C (day) and 12 - 18°C (night)
in hydroponics. Leaves occasionally attached by

insects and snails. Trampling also causes damage.

(Forrester, 2004;
Sogoni et al., 2022)

Medium,
Planting,
Fertilizing

Sandy, well-drained soil, and the soil should be kept
slightly moist. Grow up to 1 m long. Found in dunes
and on both light and heavy-textured soils. In

hydroponics pH and EC maintained at 4.5 — 6.5 and
3.38-1.10dS m™1 respectively. Nutrifeed is also

used as a fertilizer in hydroponics.

(Tembo-Phiri, 2019;
Nkcukankcuka et
al., 2021)

Pollinators,

Fruiting,

Harvesting.

Open pollinated by a wide variety of insects

(Forrester, 2004)
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213 SWOT analysis of Tetragonia decumbens for commercial production
Tetragonia decumbens has been documented as a nutritious edible wild vegetable with low
maintenance that can tolerate drought conditions. A community garden in Khayelitsha,
Western Cape, has piloted the commercial cultivation of T. decumbens to advance its
cultivation and promote its consumption as food (Nkcukankcuka et al., 2021). The leaves of
this species are used in green salads, stews, soups, and stir fries (Van Wyk, 2011; De Vynck
et al., 2016). With its use as a vegetable crop, T. decumbens has the potential to become one
of the most lucrative wild edible vegetable crops for its nutritional and medicinal properties.
Tetragonia decumbens may be commercially grown, and more people would be aware of it,

which would benefit both local and international markets (Table 2.5).
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Table 2.5: Strength, Weaknesses, Opportunities and Threats in propagation, commercial cultivation, and uses of T. decumbens.

Factors

Strengths

Weaknesses

Opportunities

Threats

Natural distribution

Tolerate high temperatures. Drought
tolerant plant. Stabilize sand dunes. Act as
a seed-trap. Enables other species to grow
on the dunes. Trap sand from blowing.

Tolerate salinity and sodicity.

Unexplored possibilities as food, medicine, and
animal fodder. Searched for by populations.
Unable to access seeds and propagation

material.

Will addresses significant concerns on food,

nutrition insecurity and poverty.

Overexploitation. Foraged by many
populations. Lack of legal protection.
Biodiversity loss. Migration of people from

rural areas to coastal regions.

Species/ Cultivars

Tolerate salinity and sodicity. Less pests
and diseases. Drought tolerant. Tolerate

high temperatures.

Unavailability of improved cultivars. Few
variations documented. No phenology studies

documented.

Can be used as food source, medicinal
purpose, ornamental use and animal
fodder.

Plant extinction. Urbanisation and not
sustainable harvested. Migration of people
from rural areas to coastal regions.
Urbanisation.

Propagation

Easy to propagate. Require little watering.
Tolerate high temperature. Tolerate wide
range of soils. Few pests and diseases.
Documented information on vegetative

propagation and cultivation.

Lack of tested information on propagation. Lack
of agronomic skills and knowledge. Limited

knowledge on the plant. Low market value.

Increase cultivation method. Gain new
market potential on the nutritional and
health properties. Gain popularity in local
and international markets. Increase the
Provide

economy. opportunities ~ for

employment.

Limited information of propagation and
cultivation techniques. Limited propagation

and cultivation interest. Biodiversity loss.

Cultivation

Easily cultivated. Few pests and diseases.
Tolerate high temperature. Tolerate wide
range of soils. Require little watering.
Tolerate drought. Ability to be cultivated in
poor soils. Practice not seasonal. Tolerate

salinity and sodicity.

Failure to establish cultivation protocols, and
lack of information on productivity. Limited
knowledge on the plant. Low market value. Lack
of evidence in cultivation and marketing. Lack of

information on harvesting. Very low yield.

Protocols for cultivation growth.
Development of new cultivation methods.
Minimize poverty, food and nutrition
insecurity. Gain new market potential on the
nutritional and health properties. Increase
healthy food supply. Provide opportunities

for employment.

Limited information on cultivation methods.
Lack of commercialization and lack of
enthusiasm in cultivation. Land use
competition. Limited propagation and
cultivation interest. Biodiversity loss. Land

degradation.

Uses

Well documented uses on medicine,
ornamental, leaf consumption, and animal
fodder. High nutrient contents and health

enhancing compounds. Easy to cook.

Little information of commercial value. Lack of
customer recognition on the species. Little
evidence on economic, medicinal, and
ornamental uses. Non- availability to public.

Lack of marketing. Low consumption value.

To promote food security and increase the
nutritional value of food. Gain popularity in
local and international markets. Increase
the economy of a country. High foreign
invested enterprise. High chances of

becoming staple food in dominant

populations.

Nutrients loss on cultivated plants. High
market competition. Lack of legal protection.
Alterations in consumer choices and tastes.

Low public awareness.
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214 Conclusion
Tetragonia decumbens Mill., commonly called dune spinach, is a promising but underrated
halophyte with enormous potential for culinary and commercial uses. It belongs to the
Aizoaceae family and may be grown in dry and coastal areas due to its exceptional resistance
to salt and drought. Its importance as a nutrient-dense leafy vegetable is illustrated by its
historical use by the Koi-San tribes and its present appeal in upscale cuisine. This revies
identifies a number of critical areas of interest for dune spinach future growth, especially with
regards to its possible commercial application and cultivation. Dune spinach is a notable option
for hydroponic system due to its tolerance to salty and drought conditions. This might reduce
soil-related issues and improve the growing conditions of this particular species. Harnessing
the full potential of the species requires a well-designed cultivation technique that takes into
account its distinct requirements for managing nutrients, water, and soil. Because of its unique
characteristics, the plant can survive in harsh conditions because to its physiological and
biochemical processes, which include osmotic adjustment, ROS-detoxification, and
succulence. It is an important resource for food security because of these processes, which
also increase its nutritional content and resistance. Beyond its usage in food preparation,
Tetragonia decumbens has a variety of other uses, including as possible involvement in soil
bioremediation and animal feed. In order to create efficient culture techniques and determine
the market potential, further study is necessary as commercial cultivation is still mainly

unknown.
2.15 Acknowledgements
This study was fully funded by Cape Peninsula University through the university post-graduate

fund (CPUT).

2.16 References

Abate, L., Bachheti, R.K., Tadesse, M.G. & Bachheti, A. 2022. Ethnobotanical Uses, Chemical

Constituents, and Application of Plantago lanceolata L. Journal of Chemistry, 2022.

Abbasvand, E. & Hassannejad, S. 2023. Reduce the Adverse Effects of Dodder on Sweet Basil

by Seed Priming with Salicylic Acid (SA) and Sown in Residues of Syrian Bean-Caper.
Journal of Plant Growth Regulation, 42(5): 2763-2775.
https://link.springer.com/article/10.1007/s00344-022-10743-w 6 December 2023.



Abdelhameed, R.F.A., Nafie, M.S., Hal, D.M., Nasr, A.M., Swidan, S.A., Abdel-Kader, M.S.,
Ibrahim, A.K., Ahmed, S.A., Badr, J.M. & Eltamany, E.E. 2022. Comparative Cytotoxic
Evaluation of Zygophyllum album Root and Aerial Parts of Different Extracts and Their
Biosynthesized Silver Nanoparticles on Lung A549 and Prostate PC-3 Cancer Cell Lines.
Pharmaceuticals , 15(11): 1334. https://www.mdpi.com/1424-8247/15/11/1334/htm 6
December 2023.

Ali, V., Rashid, A., Kumar, D. & Vyas, D. 2023. Stage-specific metabolomics suggests a trade-off
between primary and secondary metabolites for nutritional advantage in Lepidium latifolium
L. Food Chemistry, 419: 136035.

Alsherif, E.A., Yaghoubi Khanghahi, M., Crecchio, C., Korany, S.M., Sobrinho, R.L. &
AbdElgawad, H. 2023. Understanding the Active Mechanisms of Plant (Sesuvium
portulacastrum L.) against Heavy Metal Toxicity. Plants , 12(3): 676.
https://www.mdpi.com/2223-7747/12/3/676/htm 6 December 2023.

Altuntas, C. & Terzi, R. 2021. Concomitant accumulations of ions, osmoprotectants and
antioxidant system-relatedsubstances provide salt tolerance capability to succulent extreme-
halophyte Scorzonera hieraciifolia. Turkish Journal of Botany, 45(4): 340-352.
https://journals.tubitak.gov.tr/botany/vol45/iss4/7 21 November 2023.

Ben Amor, N., Jiménez, A., Boudabbous, M., Sevilla, F. & Abdelly, C. 2020. Chloroplast
Implication in the Tolerance to Salinity of the Halophyte Cakile maritima. Russian Journal of
Plant Physiology, 67(3): 507-514.
https://link.springer.com/article/10.1134/S1021443720030048 16 April 2023.

Angeli, V., Silva, P.M., Massuela, D.C., Khan, M.W., Hamar, A., Khajehei, F., Graeff-Honninger,
S. & Piatti, C. 2020. Quinoa (Chenopodium quinoa Willd.): An Overview of the Potentials of
the “Golden Grain” and Socio-Economic and Environmental Aspects of Its Cultivation and
Marketization. Foods , 9(2): 216. https://www.mdpi.com/2304-8158/9/2/216/htm 22
November 2023.

Arif, Y., Singh, P., Siddiqui, H., Bajguz, A. & Hayat, S. 2020. Salinity induced physiological and
biochemical changes in plants: An omic approach towards salt stress tolerance. Plant

Physiology and Biochemistry, 156: 64—77.



Atia, A., Barhoumi, Z., Mokded, R., Abdelly, C. & Smaoui, A. 2011. Environmental eco-physiology
and economical potential of the halophyte Crithmum maritimum L. (Apiaceae). Journal of
Medicinal Plants Research, 5(16): 3564—3571. http://www.academicjournals.org/JMPR.

Atzori, G., Nissim, W., Macchiavelli, T., Vita, F., Azzarello, E., Pandolfi, C., Masi, E. & Mancuso,
S. 2020. Tetragonia tetragonioides (Pallas) Kuntz. as promising salt-tolerant crop in a saline
agricultural context. Agricultural Water Management, 240: 106261.

Ayaz, A., Jamil, Q., Hussain, M., Anjum, F., Sarfraz, A., Algahtani, T., Hussain, N., Gahtani, R.M.,
Dera, A.A., Alharbi, H.M. & Igbal, S.M. 2022. Antioxidant and Gastroprotective Activity of
Suaeda fruticosa Forssk. Ex J.F.Gmel. Molecules , 27(14): 4368.
https://www.mdpi.com/1420-3049/27/14/4368/htm 6 December 2023.

Azubuike, C.C., Chikere, C.B. & Okpokwasili, G.C. 2016. Bioremediation techniques—
classification based on site of application: principles, advantages, limitations and prospects.
World Journal of Microbiology & Biotechnology, 32(11). /pmc/articles/PMC5026719/ 22
November 2023.

Badri, M. & Ludidi, N. 2020. Halophytes as a Resource for Livestock in Africa: Present Status and
Prospects. In Handbook of Halophytes. Springer, Cham: 1-17.
https://link.springer.com/referenceworkentry/10.1007/978-3-030-17854-3 102-1 6 December
2023.

Balasubramaniam, T., Shen, G., Esmaeili, N. & Zhang, H. 2023. Plants’ Response Mechanisms
to Salinity Stress. Plants , 12(12): 2253. https://www.mdpi.com/2223-7747/12/12/2253/htm
21 November 2023.

Banuelos, G.S., Centofanti, T., Zambrano, M.C., Vang, K. & Lone, T.A. 2022. Salsola soda as
selenium biofortification crop under high saline and boron growing conditions. Frontiers in
Plant Science, 13: 996502.

Barbafieri, M., Bretzel, F., Scartazza, A., Di Baccio, D., Rosellini, I., Grifoni, M., Pini, R., Clementi,
A. & Franchi, E. 2023. Response to Hypersalinity of Four Halophytes Growing in Hydroponic
Floating Systems: Prospects in the Phytomanagement of High Saline Wastewaters and
Extreme Environments. Plants, 12(9): 1737. https://www.mdpi.com/2223-
7747/12/9/1737/htm 22 November 2023.



Bekmirzaev, G., Ouddane, B., Beltrao, J. & Fujii, Y. 2020. The Impact of Salt Concentration on
the Mineral Nutrition of Tetragonia tetragonioides. Agriculture, 10(6): 238.
https://www.mdpi.com/2077-0472/10/6/238 20 April 2021.

Belghith, I., Senkler, J., Abdelly, C., Braun, H.-P., Debez, A., Belghith, I., Senkler, J., Abdelly, C.,
Braun, H.-P. & Debez, A. 2022. Changes in leaf ecophysiological traits and proteome profile
provide new insights into variability of salt response in the succulent halophyte Cakile
maritima. Functional Plant Biology, 49(7): 613—624. https://www.publish.csiro.au/fp/FP21151
17 April 2023.

Bhandari, S., Poudel, D.K., Marahatha, R., Dawadi, S., Khadayat, K., Phuyal, S., Shrestha, S.,
Gaire, S., Basnet, K., Khadka, U. & Parajuli, N. 2021. Microbial Enzymes Used in

Bioremediation. Journal of Chemistry, 2021.

Bhardwaj, R.L. 2014. Effect of growing media on seed germination and seedling growth of
papaya cv. ‘Red lady’. African Journal of Plant Science, 8(4). 178-184.
http://www.academicjournals.org/AJPS 17 January 2022.

Bose, J., Rodrigo-Moreno, A. & Shabala, S. 2014. ROS homeostasis in halophytes in the context
of salinity stress tolerance. Journal of Experimental Botany, 65(5): 1241-1257.
https://academic.oup.com/jxb/article/65/5/1241/2884858 18 April 2023.

Bouchmaa, N., Mrid, R. Ben, Kabach, I., Zouaoui, Z., Karrouchi, K., Chtibi, H., Zyad, A., Cacciola,
F. & Nhiri, M. 2022. Beta vulgaris subsp. maritima: A Valuable Food with High Added Health
Benefits. Applied Sciences , 12(4): 1866. https://www.mdpi.com/2076-3417/12/4/1866/htm 6
December 2023.

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. https://www.mdpi.com/2223-
7747/11/22/3183/htm 16 January 2023.

Castafieda-Loaiza, V., Oliveira, M., Santos, T., Schiler, 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, 333: 127536.



Castro, B., Citterico, M., Kimura, S., Stevens, D.M., Wrzaczek, M. & Coaker, G. 2021. Stress-
induced reactive oxygen species compartmentalization, perception and signalling. Nature
Plants , 7(4): 403—412. https://www.nature.com/articles/s41477-021-00887-0 21 November
2023.

Cebani, S., Olaide Jimoh, M., Sogoni, A., Margaret Wilmot, C. & Petrus Laubscher, C. 2023.
Enhancing nutrients and phytochemical density in Mesembryanthemum crystallinum L.
cultivated in different growing media supplemented with dosages of Nitrogen fertilizer. Saudi
Journal of Biological Sciences: 103876.
https://linkinghub.elsevier.com/retrieve/pii/S1319562X23003212 6 December 2023.

Ceccanti, C., Finimundy, T.C., Melgar, B., Pereira, C., Ferreira, I.C.F.R. & Barros, L. 2022a.
Sequential steps of the incorporation of bioactive plant extracts from wild Italian Plantago
coronopus L. and Cichorium intybus L. leaves in fresh egg pasta. Food Chemistry, 384
132462.

Ceccanti, C., Landi, M., Guidi, L., Pardossi, A. & Incrocci, L. 2022b. Seasonal Fluctuations of
Crop Yield, Total Phenolic Content and Antioxidant Activity in Fresh or Cooked Borage
(Borago officinalis L.), Mallow (Malva sylvestris L.) and Buck’'s-Horn Plantain (Plantago
coronopus L.) Leaves. Horticulturae, 8(3): 253. https://www.mdpi.com/2311-
7524/8/3/253/htm 6 December 2023.

Cecilio Filho, A.B., Bianco, M.S., Tardivo, C.F. & Pugina, G.C.M. 2017. Agronomic viability of
New Zealand spinach and kale intercropping. Anais da Academia Brasileira de Ciencias,
89(4): 2975-2986. http://www.scielo.br/scielo.php?script=sci_arttext&pid=S0001-
37652017000602975&Ing=en&nrm=iso&ting=en 20 April 2021.

Chamkhi, 1., Charfi, S., El Hachlafi, N., Mechchate, H., Guaouguaou, F.E., El Omari, N., Bakrim,
S., Balahbib, A., Zengin, G. & Bouyahya, A. 2022. Genetic diversity, antimicrobial,
nutritional, and phytochemical properties of Chenopodium album: A comprehensive review.
Food Research International, 154: 110979.

Chebii, W.K., Muthee, J.K. & Kiemo, K. 2020. The governance of traditional medicine and herbal
remedies in the selected local markets of Western Kenya. Journal of Ethnobiology and
Ethnomedicine, 16(1): 1-24.
https://ethnobiomed.biomedcentral.com/articles/10.1186/s13002-020-00389-x 22 November
2023.



Chetina, O.A., Eremchenko, O.Z. & Pakhorukov, I. V. 2023. Accumulation of Low-Molecular-
Weight Compounds in Plants in Response to Technogenic Soil Salinization. Russian Journal
of Ecology, 54(2): 88-96. https://link.springer.com/article/10.1134/S1067413623020042 6
December 2023.

Cortinhas, A., Ferreira, T.C., Abreu, M.M. & Caperta, A.D. 2023. Germination and sustainable
cultivation of succulent halophytes using resources from a degraded estuarine area through
soil technologies approaches and saline irrigation water. Land Degradation & Development,
34(16): 5029-5041. https://onlinelibrary.wiley.com/doi/full/10.1002/Idr.4827 21 November
2023.

Cosentino, C., Fischer-Schliebs, E., Bertl, A., Thiel, G. & Homann, U. 2010. Na+/H+ antiporters
are differentially regulated in response to NaCl stress in leaves and roots of
Mesembryanthemum crystallinum. New Phytologist, 186(3): 669—680.
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1469-8137.2010.03208.x 18 January 2023.

Cui, B., Liu, R., Flowers, T.J. & Song, J. 2021. Casparian bands and suberin lamellae: Key
targets for breeding salt tolerant crops? Environmental and Experimental Botany, 191:
104600.

Czarnocka, W. & Karpinski, S. 2018. Friend or foe? Reactive oxygen species production,
scavenging and signaling in plant response to environmental stresses. Free radical biology &
medicine, 122: 4-20. https://pubmed.ncbi.nlm.nih.gov/29331649/ 21 November 2023.

Dixon, K. 2020. Coastal Plants: A Guide to the Identification and Restoration of Plants of the
Greater Perth Coast. Second edition. J. Window, ed. Australia: CSIRO.

Ellouzi, H., Ben Hamed, K., Cela, J., Munné-Bosch, S. & Abdelly, C. 2011. Early effects of salt
stress on the physiological and oxidative status of Cakile maritima (halophyte) and
Arabidopsis thaliana (glycophyte). Physiologia Plantarum, 142(2): 128-143.
https://onlinelibrary.wiley.com/doi/full/10.1111/j.1399-3054.2011.01450.x 24 June 2023.

Elnaggar, A., Mosa, K.A., El-Keblawy, A., Tammam, A. & EI-Naggar, M. 2020. Physiological and
Biochemical Insights of Salt Stress Tolerance in the Habitat-indifferent Halophyte Salsola
drummondii During the Vegetative. Botany, 93(11): 673—689.

https://mc06.manuscriptcentral.com/botany-pubsBotany.



Evelin, H., Devi, T.S., Gupta, S. & Kapoor, R. 2019. Mitigation of salinity stress in plants by
arbuscular mycorrhizal symbiosis: Current understanding and new challenges. Frontiers in
Plant Science, 10: 450967 .

Ferioli, F. & D’Antuono, L.F. 2022. Phenolic compounds in local Italian types of cultivated cardoon
(Cynara cardunculus L. var. altilis DC) stalks and artichoke (Cynara cardunculus L. var.

scolymus L.) edible sprouts. Journal of Food Composition and Analysis, 106: 104342.

Forrester, J. 2004. Tetragonia decumbens | Plantz Africa. South African National Biodiversity
Institute: 1-3.

Garcia-Caparros, P., Al-Azzawi, M.J. & Flowers, T.J. 2023. Economic Uses of Salt-Tolerant
Plants. Plants, 12(14): 2669. https://www.mdpi.com/2223-7747/12/14/2669/htm 22
November 2023.

Garcia-Caparros, P., Llanderal, A., Pestana, M., Correia, P.J. & Lao, M.T. 2017. Nutritional and
physiological responses of the dicotyledonous halophyte Sarcocornia fruticosa to salinity.
Australian Journal of Botany, 65(7): 573-581. https://www.publish.csiro.au/bt/BT17100 22
November 2023.

Geck, M.S., Cristians, S., Berger-Gonzalez, M., Casu, L., Heinrich, M. & Leonti, M. 2020.
Traditional Herbal Medicine in Mesoamerica: Toward Its Evidence Base for Improving

Universal Health Coverage. Frontiers in Pharmacology, 11: 541133.

Ghosh, M., Mondal, K.C. & Roy, A. 2022. Recognition of co-existence pattern of salt marshes and

mangroves for littoral forest restoration. Ecological Informatics, 71: 101769.

Gnocchi, D., Sabba, C. & Mazzocca, A. 2022. The Edible Plant Crithmum maritimum Shows
Nutraceutical Properties by Targeting Energy Metabolism in Hepatic Cancer. Plant Foods for
Human Nutrition, 77(3): 481—-483. https://link.springer.com/article/10.1007/s11130-022-
00986-z 6 December 2023.

Graf, B.L., Rojas-Silva, P., Rojo, L.E., Delatorre-Herrera, J., Baldedn, M.E. & Raskin, I. 2015.
Innovations in Health Value and Functional Food Development of Quinoa (Chenopodium
quinoa Willd.). Comprehensive Reviews in Food Science and Food Safety, 14(4): 431-445.
https://onlinelibrary.wiley.com/doi/full/10.1111/1541-4337.12135 22 November 2023.



Guan, Q., Tan, B., Kelley, T.M., Tian, J. & Chen, S. 2020. Physiological Changes in
Mesembryanthemum crystallinum During the C3 to CAM Transition Induced by Salt Stress.

Frontiers in Plant Science, 11: 283.

Guo, J., Li, Y., Han, G., Song, J. & Wang, B. 2018. NaCl markedly improved the reproductive
capacity of the euhalophyte Suaeda salsa. Functional Plant Biology, 45(3): 350—-361.

Gupta, S., Schillaci, M., Walker, R., Smith, P.M.C., Watt, M. & Roessner, U. 2020. Alleviation of
salinity stress in plants by endophytic plant-fungal symbiosis: Current knowledge,
perspectives and future directions. Plant and Soil , 461(1): 219-244.
https://link.springer.com/article/10.1007/s11104-020-04618-w 22 November 2023.

Gustavs, L., Eggert, A., Michalik, D. & Karsten, U. 2010. Physiological and biochemical
responses of green microalgae from different habitats to osmotic and matric stress.
Protoplasma, 243(1): 3—14. https://link.springer.com/article/10.1007/s00709-009-0060-9 21
November 2023.

Haddadi, B.S., Fang, R., Girija, A., Kattupalli, D., Widdowson, E., Beckmann, M., Yadav, R. &
Mur, L.A.J. 2023. Metabolomics targets tissue-specific responses in alleviating the negative
effects of salinity in tef (Eragrostis tef) during germination. Planta, 258(3): 1-15.
https://link.springer.com/article/10.1007/s00425-023-04224-x 21 November 2023.

Hadjadj, S., Sekerifa, B.B., Khellafi, H., Krama, K., Rahmani, S. & Ould El Hadj-Khelil, A. 2022.
Salinity and type of salt effects on seed germination characteristics of medicinal plant
Zygophyllum album L. (Zygophyllaceae) native to the Algerian Sahara. Journal of Applied
Research on Medicinal and Aromatic Plants, 31: 100412.

Haj-Amor, Z., Araya, T., Kim, D.G., Bouri, S., Lee, J., Ghiloufi, W., Yang, Y., Kang, H., Jhariya,
M.K., Banerjee, A. & Lal, R. 2022. Soil salinity and its associated effects on soil
microorganisms, greenhouse gas emissions, crop yield, biodiversity and desertification: A

review. Science of The Total Environment, 843: 156946.

Hasanuzzaman, M., Nahar, K., Alam, M.M., Bhowmik, P.C., Hossain, M.A., Rahman, M.M.,
Prasad, M.N.V., Ozturk, M. & Fuijita, M. 2014. Potential use of halophytes to remediate

saline soils. BioMed Research International: 1-12.



Hasnain, M., Abideen, Z., Ali, F., Hasanuzzaman, M. & El-Keblawy, A. 2023. Potential of
Halophytes as Sustainable Fodder Production by Using Saline Resources: A Review of
Current Knowledge and Future Directions. Plants , 12(11): 2150.
https://www.mdpi.com/2223-7747/12/11/2150/htm 21 November 2023.

Heyligers, P.C. 1999. The occurrence and history of Tetragonia decumbens (Aizoaceae) in New
South Wales. Telopea, 8(3): 371-373.

Himabindu, Y., Chakradhar, T., Reddy, M.C., Kanygin, A., Redding, K.E. & Chandrasekhar, T.
2016. Salt-tolerant genes from halophytes are potential key players of salt tolerance in

glycophytes. Environmental and Experimental Botany, 124: 39—-63.

Huang, H., Ullah, F., Zhou, D.X., Yi, M. & Zhao, Y. 2019. Mechanisms of ROS regulation of plant

development and stress responses. Frontiers in Plant Science, 10: 800.

Hussain, T., Asrar, H., Zhang, W. & Liu, X. 2023. The combination of salt and drought benefits
selective ion absorption and nutrient use efficiency of halophyte Panicum antidotale.
Frontiers in Plant Science, 14: 1091292.

Hussain, T., Koyro, H.W., Huchzermeyer, B. & Khan, M.A. 2015. Eco-physiological adaptations of
Panicum antidotale to hyperosmotic salinity: Water and ion relations and anti-oxidant

feedback. Flora - Morphology, Distribution, Functional Ecology of Plants, 212: 30-37.

Im, S.A., Kim, G.W. & Lee, C.K. 2003. Immunomodulatory activity of Salicornia herbacea L.

Components. Natural Product Sciences:Research Reviews, 9(4): 273-277.

Ismail, A.M. & Horie, T. 2017. Genomics, Physiology, and Molecular Breeding Approaches for
Improving Salt Tolerance. Annual Review of Plant Biology, 68: 405-434.
https://doi.org/10.1146/annurev-arplant-042916-.

Joshi, A., Rajput, V.D., Verma, K.K., Minkina, T., Ghazaryan, K. & Arora, J. 2023. Potential of
Suaeda nudiflora and Suaeda fruticosa to Adapt to High Salinity Conditions. Horticulturae ,
9(1): 74. https://www.mdpi.com/2311-7524/9/1/74/htm 6 December 2023.

Kaleem, M., Hameed, M., Ahmad, F., Ashraf, M. & Ahmad, M.S.A. 2022. Anatomical and

physiological features modulate ion homeostasis and osmoregulation in aquatic halophyte



Fimbristylis complanata (Retz.) link. Acta Physiologiae Plantarum, 44(6): 1-13.
https://link.springer.com/article/10.1007/s11738-022-03400-y 22 November 2023.

Khan, A.R., Azhar, W., Fan, X., Ulhassan, Z., Salam, A., Ashraf, M., Liu, Y. & Gan, Y. 2023.
Efficacy of zinc-based nanoparticles in alleviating the abiotic stress in plants: current
knowledge and future perspectives. Environmental Science and Pollution Research, 30(51):
110047-110068. https://link.springer.com/article/10.1007/s11356-023-29993-6 21 November
2023.

Klak, C., Hanacek, P. & Bruyns, P. V. 2017. Out of southern Africa: Origin, biogeography and age
of the Aizooideae (Aizoaceae). Molecular Phylogenetics and Evolution, 109: 203—-216.

Koop-Jakobsen, K. & Dolch, T. 2023. Future climate conditions alter biomass of salt marsh plants
in the Wadden Sea. Marine Biodiversity, 53(3): 1-9.
https://link.springer.com/article/10.1007/s12526-023-01347-y 6 December 2023.

Kraouia, M., Nartea, A., Maoloni, A., Osimani, A., Garofalo, C., Fanesi, B., Ismaiel, L., Aquilanti,
L. & Pacetti, D. 2023. Sea Fennel (Crithmum maritimum L.) as an Emerging Crop for the
Manufacturing of Innovative Foods and Nutraceuticals. Molecules , 28(12). 4741.
https://www.mdpi.com/1420-3049/28/12/4741/htm 22 November 2023.

Ksouri, R., Ksouri, W.M., Jallali, I., Debez, A., Magné, C., Hiroko, |. & Abdelly, C. 2012. Medicinal
halophytes: Potent source of health promoting biomolecules with medical, nutraceutical and
food applications. Critical Reviews in Biotechnology, 32(4): 289-326.
https://www.tandfonline.com/doi/abs/10.3109/07388551.2011.630647 20 April 2021.

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

Kulkarni, J., Sharma, S., Sahoo, S.A., Mishra, S., Nikam, T.D., Borde, M., Penna, S. &
Srivastava, A.K. 2022. Resilience in primary metabolism contributes to salt stress adaptation
in Sesuvium portulacastrum (L.). Plant Growth Regulation, 98(2): 385-398.
https://link.springer.com/article/10.1007/s10725-022-00866-1 6 December 2023.

Kumorkiewicz-Jamro, A., Gdrska, R., Krok-Borkowicz, M., Reczynska-Kolman, K., Mielczarek, P.,
Popenda, t., Sporna-Kucab, A., Tekieli, A., Pamuta, E. & Wybraniec, S. 2023. Betalains



isolated from underexploited wild plant Atriplex hortensis var. rubra L. exert antioxidant and

cardioprotective activity against H9c2 cells. Food Chemistry, 414: 135641.

Kuster, V.C., da Silva, L.C. & Meira, R.M.S.A. 2020. Anatomical and histochemical evidence of

leaf salt glands in Jacquinia armillaris Jacq. (Primulaceae). Flora, 262: 151493.

Laurie, S.M., Faber, M. & Maduna, M.M. 2017. Assessment of food gardens as nutrition tool in
primary schools in South Africa. South African Journal of Clinical Nutrition, 30(4): 80-86—-80—
86. https://www.ajol.info/index.php/sajcn/article/view/163937 6 December 2023.

Lee, J.H. & Nam, S.Y. 2023. Comparison of Growth and Leaf Color Quality of
Mesembryanthemum cordifolium f. variegata as Affected by Shading Levels. Journal of
People, Plants, and Environment, 26(3): 207-217.
https://jppe.ppe.or.kr/journal/view.php?doi=10.11628/ksppe.2023.26.3.207 6 December
2023.

Lee, Y.S., Kim, S.H., Yuk, H.J., Lee, G.J. & Kim, D.S. 2018. Tetragonia tetragonoides (Pall.)
Kuntze (New Zealand Spinach) Prevents Obesity and Hyperuricemia in High-Fat Diet-
Induced Obese Mice. Nutrients , 10(8): 1087. https://www.mdpi.com/2072-
6643/10/8/1087/htm 23 November 2023.

Leng, B.Y., Yuan, F., Dong, X.X., Wang, J. & Wang, B.S. 2018. Distribution pattern and salt
excretion rate of salt glands in two recretohalophyte species of Limonium (Plumbaginaceae).
South African Journal of Botany, 115: 74-80.

Leotta, L., Toscano, S., Ferrante, A., Romano, D. & Francini, A. 2023. New Strategies to Increase
the Abiotic Stress Tolerance in Woody Ornamental Plants in Mediterranean Climate. Plants,
12(10): 2022. https://www.mdpi.com/2223-7747/12/10/2022/htm 6 December 2023.

Li, J., Yuan, F., Liu, Yanlu, Zhang, M., Liu, Yun, Zhao, Y., Wang, B. & Chen, M. 2020. Exogenous
melatonin enhances salt secretion from salt glands by upregulating the expression of ion
transporter and vesicle transport genes in Limonium bicolor. BMC Plant Biology, 20(1): 1-
11. https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-020-02703-x 22
November 2023.

10



Li, L., Zhao, Y., Han, G., Guo, J., Meng, Z. & Chen, M. 2020. Progress in the Study and Use of
Seawater Vegetables. Journal of Agricultural and Food Chemistry, 68(22): 5998-6006.
https://pubs.acs.org/doi/full/10.1021/acs.jafc.0c00346 22 November 2023.

Li, Q. & Song, J. 2019. Analysis of widely targeted metabolites of the euhalophyte Suaeda salsa
under saline conditions provides new insights into salt tolerance and nutritional value in
halophytic species. BMC Plant Biology, 19(1): 1-11.
https://bmcplantbiol.biomedcentral.com/articles/10.1186/s12870-019-2006-5 22 November
2023.

Liu, L. & Wang, B. 2021. Protection of Halophytes and Their Uses for Cultivation of Saline-Alkali
Soil in China. Biology , 10(5): 353. https://www.mdpi.com/2079-7737/10/5/353/htm 22
November 2023.

Loconsole, D., Murillo-Amador, B., Cristiano, G. & De Lucia, B. 2019. Halophyte Common Ice
Plants: A Future Solution to Arable Land Salinization. Sustainability, 11(21): 6076.
https://www.mdpi.com/2071-1050/11/21/6076 20 April 2021.

Lombardi, T., Bertacchi, A., Pistelli, L., Pardossi, A., Pecchia, S., Toffanin, A. & Sanmartin, C.
2022. Biological and Agronomic Traits of the Main Halophytes Widespread in the
Mediterranean Region as Potential New Vegetable Crops. Horticulturae, 8(3): 195.
https://www.mdpi.com/2311-7524/8/3/195/htm 21 November 2023.

Lopes, M., Sanches-Silva, A., Castilho, M., Cavaleiro, C. & Ramos, F. 2023. Halophytes as
source of bioactive phenolic compounds and their potential applications. Critical Reviews in
Food Science and Nutrition, 63(8): 1078—-1101.
https://www.tandfonline.com/doi/abs/10.1080/10408398.2021.1959295 22 November 2023.

Lu, C., Yuan, F., Guo, J., Han, G., Wang, C., Chen, M. & Wang, B. 2021. Current Understanding
of Role of Vesicular Transport in Salt Secretion by Salt Glands in Recretohalophytes.
International Journal of Molecular Sciences , 22(4): 2203. https://www.mdpi.com/1422-
0067/22/4/2203/htm 21 November 2023.

Malhi, G.S., Kaur, M. & Kaushik, P. 2021. Impact of Climate Change on Agriculture and Its

Mitigation Strategies: A Review. Sustainability , 13(3): 1318. https://www.mdpi.com/2071-
1050/13/3/1318/htm 21 November 2023.

11



Mandim, F., Santos-Buelga, C., C.F.R. Ferreira, ., Petropoulos, S.A. & Barros, L. 2023. The wide
spectrum of industrial applications for cultivated cardoon (Cynara cardunculus L. var. altilis
DC.): A review. Food Chemistry, 423: 136275.

Manning, J. 2013. Field Guide to Fynbos. Cape Town, South Africa: Penguin Random House
Struik (Pty) Ltd. https://www.penguinrandomhouse.co.za/book/field-guide-
fynbos/9781775845904 20 April 2021.

Masouleh, S.S.S., Aldine, N.J. & Sassine, Y.N. 2020. The role of organic solutes in the osmotic
adjustment of chilling-stressed plants (vegetable, ornamental and crop plants). Ornamental
Horticulture, 25(4): 434—442.
https://www.scielo.br/j/oh/a/9pDjjDNVgQLpK93P4PDyRgp/?lang=en 21 November 2023.

Mndi, O., Sogoni, A., Jimoh, M.O., Wilmot, C.M., Rautenbach, F. & Laubscher, C.P. 2023.
Interactive Effects of Salinity Stress and Irrigation Intervals on Plant Growth, Nutritional
Value, and Phytochemical Content in Mesembryanthemum crystallinum L. Agriculture ,
13(5): 1026. https://www.mdpi.com/2077-0472/13/5/1026/htm 24 August 2023.

Mohamed, E., Ansari, N., Yadav, D.S., Agrawal, M. & Agrawal, S.B. 2021. Salinity alleviates the
toxicity level of ozone in a halophyte Mesembryanthemum crystallinum L. Ecotoxicology,
30(4): 689-704. https://link.springer.com/article/10.1007/s10646-021-02386-6 18 April 2023.

Mohammed, H.A., Emwas, A.H. & Khan, R.A. 2023. Salt-Tolerant Plants, Halophytes, as
Renewable Natural Resources for Cancer Prevention and Treatment: Roles of Phenolics
and Flavonoids in Immunomodulation and Suppression of Oxidative Stress towards Cancer
Management. International Journal of Molecular Sciences , 24(6): 5171.
https://www.mdpi.com/1422-0067/24/6/5171/htm 22 November 2023.

Molotoks, A., Smith, P. & Dawson, T.P. 2021. Impacts of land use, population, and climate
change on global food security. Food and Energy Security, 10(1): e261.
https://doi.org/10.1002/fes3.261 14 May 2021.

Montesano, F.F., Gattullo, C.E., Parente, A., Terzano, R. & Renna, M. 2018. Cultivation of Potted
Sea Fennel, an Emerging Mediterranean Halophyte, Using a Renewable Seaweed-Based
Material as a Peat Substitute. Agriculture , 8(7): 96. https://www.mdpi.com/2077-
0472/8/7/96/htm 22 November 2023.

12



Montoya-Garcia, C.O., Garcia-Mateos, R., Becerra-Martinez, E., Toledo-Aguilar, R., Volke-Haller,
V.H. & Jesus Magdaleno-Villar, J. 2023. Bioactive compounds of purslane (Portulaca
oleracea L.) according to the production system: A review. Scientia Horticulturae, 308:
111584.

Mumtaz, S., Saleem, M.H., Hameed, M., Batool, F., Parveen, A., Amjad, S.F., Mahmood, A.,
Arfan, M., Ahmed, S., Yasmin, H., Alsahli, A.A. & Alyemeni, M.N. 2021. Anatomical
adaptations and ionic homeostasis in aquatic halophyte Cyperus laevigatus L. Under high
salinities. Saudi Journal of Biological Sciences, 28(5): 2655—-2666.

Munir, N., Hasnain, M., Roessner, U. & Abideen, Z. 2022. Strategies in improving plant salinity
resistance and use of salinity resistant plants for economic sustainability. Critical Reviews in
Environmental Science and Technology, 52(12): 2150-2196.
https://www.tandfonline.com/doi/abs/10.1080/10643389.2021.1877033 22 November 2023.

Munns, R., Passioura, J.B., Colmer, T.D. & Byrt, C.S. 2020. Osmotic adjustment and energy
limitations to plant growth in saline soil. New Phytologist, 225(3): 1091-1096.
https://onlinelibrary.wiley.com/doi/full/10.1111/nph.15862 21 November 2023.

Naorem, A., Jayaraman, S., Dang, Y.P., Dalal, R.C., Sinha, N.K., Rao, C.S. & Patra, A.K. 2023.
Soil Constraints in an Arid Environment—Challenges, Prospects, and Implications.
Agronomy , 13(1): 220. https://www.mdpi.com/2073-4395/13/1/220/htm 21 November 2023.

Nezhadasad, B., Radjabian, T. & Hajiboland, R. 2023. Diverse responses of halophyte and
glycophyte Lepidium species to the salt-mediated amelioration of nickel toxicity and
accumulation. Journal of Plant Research, 136(1): 117-137.
https://link.springer.com/article/10.1007/s10265-022-01424-6 6 December 2023.

Ngxabi, Sihle, 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(8): 244.
https://www.mdpi.com/2311-7524/7/8/244/htm 16 January 2023.

Nikalje, G.C., Srivastava, A.K., Pandey, G.K. & Suprasanna, P. 2018. Halophytes in biosaline
agriculture: Mechanism, utilization, and value addition. Land Degradation & Development,
29(4): 1081-1095. https://onlinelibrary.wiley.com/doi/full/10.1002/1dr.2819 21 November
2023.

13



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, 73(2): 67—76.
https://www.publish.csiro.au/cp/CP20511 25 April 2023.

Nkcukankcuka, M., Laubschera, C.P. & Wilmot, C.M. 2022. Potential of hydroponically cultivated
Tetragonia decumbens Mill. as a new urban food crop: an overview. Acta Horticulturae,
1356: 295-302.

Norman, H.C., Masters, D.G. & Barrett-Lennard, E.G. 2013. Halophytes as forages in saline
landscapes: Interactions between plant genotype and environment change their feeding

value to ruminants. Environmental and Experimental Botany, 92: 96—109.

Oh, D.H., Barkla, B.J., Vera-Estrella, R., Pantoja, O., Lee, S.Y., Bohnert, H.J. & Dassanayake, M.
2015. Cell type-specific responses to salinity — the epidermal bladder cell transcriptome of
Mesembryanthemum crystallinum. New Phytologist, 207(3): 627—-644.
https://onlinelibrary.wiley.com/doi/full/10.1111/nph.13414 18 January 2023.

Pande, Veni, Satish, -, Pandey, C., Sati, D., Pande, Veena & Samant, - Mukesh. 2020.
Bioremediation: an emerging effective approach towards environment restoration.
Environmental Sustainability , 3(1): 91-103. https://link.springer.com/article/10.1007/s42398-
020-00099-w 22 November 2023.

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

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

Parvez, S., Abbas, G., Shahid, M., Amjad, M., Hussain, M., Asad, S.A., Imran, M. & Naeem, M.A.
2020a. Effect of salinity on physiological, biochemical and photostabilizing attributes of two
genotypes of quinoa (Chenopodium quinoa Willd.) exposed to arsenic stress. Ecotoxicology
and Environmental Safety, 187: 109814.

Parvez, S., Abbas, G., Shahid, M., Amjad, M., Hussain, M., Asad, S.A., Imran, M. & Naeem, M.A.
2020b. Effect of salinity on physiological, biochemical and photostabilizing attributes of two
genotypes of quinoa (Chenopodium quinoa Willd.) exposed to arsenic stress. Ecotoxicology
and Environmental Safety, 187: 109814.

14



Patel, S. 2016. Salicornia: evaluating the halophytic extremophile as a food and a pharmaceutical
candidate. 3 Biotech, 6(1): 104.

Pathan, S. & Siddiqui, R.A. 2022. Nutritional Composition and Bioactive Components in Quinoa
(Chenopodium quinoa Willd.) Greens: A Review. Nutrients , 14(3): 558.
https://www.mdpi.com/2072-6643/14/3/558/htm 22 November 2023.

Pereira, L.M., Kushitor, S.B., Cramer, C., Drimie, S., Isaacs, M., Malgas, R., Phiri, E., Tembo, C.
& Willis, J. 2022. Leveraging the potential of wild food for healthy, sustainable, and equitable
local food systems: learning from a transformation lab in the Western Cape region.
Sustainability Science, 1: 1-20. https://link.springer.com/article/10.1007/s11625-022-01182-
3 24 August 2023.

Petropoulos, S.A., Levizou, E., Ntatsi, G., Fernandes, A., Petrotos, K., Akoumianakis, K., Barros,
L. & Ferreira, I.C.F.R. 2017. Salinity effect on nutritional value, chemical composition and

bioactive compounds content of Cichorium spinosum L. Food Chemistry, 214: 129-136.

Poonia, A. & Upadhayay, A. 2015. Chenopodium album Linn: review of nutritive value and
biological properties. Journal of Food Science and Technology, 52(7): 3977-3985.
https://link.springer.com/article/10.1007/s13197-014-1553-x 14 January 2023.

Puccinelli, M., Galati, D., Carmassi, G., Rossi, L., Pardossi, A. & Incrocci, L. 2023. Leaf
production and quality of sea beet (Beta vulgaris subsp. maritima) grown with saline
drainage water from recirculating hydroponic or aquaculture systems. Scientia Horticulturae,
322: 112416.

Qadir, M., Tubeileh, A., Akhtar, J., Larbi, A., Minhas, P.S. & Khan, M.A. 2008. Productivity
enhancement of salt-affected environments through crop diversification. Land Degradation &
Development, 19(4): 429-453. https://onlinelibrary.wiley.com/doi/full/10.1002/Idr.853 22
November 2023.

Rahman, M.M., Mostofa, M.G., Keya, S.S., Siddiqui, M.N., Ansary, M.M.U., Das, A.K., Rahman,
M.A. & Tran, L.S.P. 2021. Adaptive Mechanisms of Halophytes and Their Potential in
Improving Salinity Tolerance in Plants. International Journal of Molecular Sciences , 22(19):
10733. https://www.mdpi.com/1422-0067/22/19/10733/htm 24 June 2023.

15



Rajkumar, R., Gora, J.S., Kumar, R., Singh, A., Kumar, A. & Gajender, G. 2017. Effect of different
growing media on the rooting of pomegranate (Punica granatum L.) cv. ‘Phulearakta’

cuttings. Journal of Applied and Natural Science, 9(2): 715-719.

Ranjan, S., Prakash, A., Singh, R.B., Tiwari, P., Bhattacharya, S., Nongdam, P., Al-Tawaha, A.R.,
Lal, M.K., Tiwari, R.K., Mandal, S. & Dey, A. 2023. Effects of Drought Stress on Agricultural
Plants, and Molecular Strategies for Drought Tolerant Crop Development BT - New
Frontiers in Plant-Environment Interactions: Innovative Technologies and Developments. In
T. Aftab, ed. New Frontiers in Plant-Environment Interactions. Springer Nature Switzerland:
267-287. https://doi.org/10.1007/978-3-031-43729-8_10 21 November 2023.

Raza, A., Razzaq, A., Mehmood, S.S., Zou, X., Zhang, X., Lv, Y. & Xu, J. 2019. Impact of Climate
Change on Crops Adaptation and Strategies to Tackle Its Outcome: A Review. Plants , 8(2):
34. https://www.mdpi.com/2223-7747/8/2/34/htm 21 November 2023.

Renna, M. 2018. Reviewing the Prospects of Sea Fennel (Crithmum maritimum L.) as Emerging
Vegetable Crop. Plants , 7(4): 92. https://www.mdpi.com/2223-7747/7/4/92/htm 22
November 2023.

Rodrigues, M., Castafieda-Loaiza, V., Fernandes, E. & Custddio, L. 2023a. In vitro propagation of
the aromatic edible halophyte Inula crithmoides L. Planta Medica, 89(14): P-225.
http://www.thieme-connect.com/products/ejournals/html/10.1055/s-0043-1774099 6
December 2023.

Rodrigues, M.J., Castafieda-Loaiza, V., Fernandes, E. & Custddio, L. 2023b. A First Approach for
the Micropropagation of the Edible and Medicinal Halophyte /nula crithmoides L. Plants ,
12(12): 2366. https://www.mdpi.com/2223-7747/12/12/2366/htm 6 December 2023.

Rohal, C.B., Hazelton, E.L.G., McFarland, E.K., Downard, R., McCormick, M.K., Whigham, D.F. &
Kettenring, K.M. 2023. Landscape and site factors drive invasive Phragmites management
and native plant recovery across Chesapeake Bay wetlands. Ecosphere, 14(1): e4392.
https://onlinelibrary.wiley.com/doi/full/10.1002/ecs2.4392 6 December 2023.

Rusch, L. 2016. The Cape Wild Food Garden: a pilot cultivation project. Lyndoch, Stellenbosch.:
Sustainability Institute. https://www.sustainabilityinstitute.net/ 20 April 2021.

16



Sai Kachout, S., Ennajah, A., Guenni, K., Ghorbel, N. & Zoghlami, A. 2023. Potential of
halophytic plant Atriplex hortensis for phytoremediation of metal-contaminated soils in the
mine of Tamra. Soil and Sediment Contamination: An International Journal.
https://www.tandfonline.com/doi/abs/10.1080/15320383.2023.2185469 6 December 2023.

Salamon, |., Grulova, D. & De Feo, V. 2016. Comparison of two methods for field grow of
puncture vine (Tribulus terrestris L.) in Slovakia. Acta Agriculturae Scandinavica, Section B
— Soil & Plant Science, 66(3): 267-271.
https://www.tandfonline.com/doi/abs/10.1080/09064710.2015.1093652 6 December 2023.

Sanna, F., Piluzza, G., Campesi, G., Molinu, M.G., Re, G.A. & Sulas, L. 2022. Antioxidant
Contents in a Mediterranean Population of Plantago lanceolata L. Exploited for Quarry
Reclamation Interventions. Plants , 11(6): 791. https://www.mdpi.com/2223-
7747/11/6/791/htm 6 December 2023.

Shabala, S. 2013. Learning from halophytes: physiological basis and strategies to improve abiotic
stress tolerance in crops. Annals of Botany, 112(7): 1209-1221.
https://dx.doi.org/10.1093/aob/mct205 21 June 2023.

Shahrajabian, M.H. & Sun, W. 2023. A Friendly Strategy for an Organic Life by Considering
Syrian Bean Caper (Zygophyllum fabago L.), and Parsnip (Pastinaca sativa L.). Current
Nutrition & Food Science, 19(9): 870-874.

Sharma, A., Shahzad, B., Kumar, V., Kohli, S.K., Sidhu, G.P.S., Bali, A.S., Handa, N., Kapoor, D.,
Bhardwaj, R. & Zheng, B. 2019. Phytohormones Regulate Accumulation of Osmolytes Under
Abiotic Stress. Biomolecules, 9(7): 285. https://www.mdpi.com/2218-273X/9/7/285/htm 22
November 2023.

Sharma, N., Acharya, S., Kumar, K., Singh, N. & Chaurasia, O.P. 2018. Hydroponics as an
advanced technique for vegetable production: An overview. Journal of Soil and Water
Conservation, 17(4): 364.

Shelake, R.M., Kadam, U.S., Kumar, R., Pramanik, D., Singh, A.K. & Kim, J.Y. 2022. Engineering

drought and salinity tolerance traits in crops through CRISPR-mediated genome editing:

Targets, tools, challenges, and perspectives. Plant Communications, 3(6): 100417.

17



da Silva, R.R., de Medeiros, J.F., de Queiroz, G.C.M., de Sousa, L.V., de Souza, M.V.P., de
Almeida Bastos do Nascimento, M., da Silva Morais, F.M., da Nébrega, R.F., Silva, L.M. e.,
Ferreira, F.N., Clemente, M.I.B., Cordeiro, C.J.X., de Castro Granjeiro, J.C., Constante, D.C.
& da Silva Sa, F.V. 2023. lonic Response and Sorghum Production under Water and Saline
Stress in a Semi-Arid Environment. Agriculture , 13(6): 1127. https://www.mdpi.com/2077-
0472/13/6/1127/htm 21 November 2023.

Singh, A. 2022a. Soil salinity: A global threat to sustainable development. Soil Use and
Management, 38(1): 39-67.

Singh, D.N., Bohra, J.S., Tyagi, V., Singh, T., Banjara, T.R. & Gupta, G. 2022b. A review of
India’s fodder production status and opportunities. Grass and Forage Science, 77(1): 1-10.
https://onlinelibrary.wiley.com/doi/full/10.1111/gfs.12561 6 December 2023.

Singh, N. & Pareek, A. 2023. Prosopis cineraria: a potential functional food for improving sports
performance. Vegetos: 1-5. https://link.springer.com/article/10.1007/s42535-022-00556-3 6
December 2023.

Snijman, D.A. 2013. Plants of the Greater Cape Floristic Region: the extra Cape flora. Strelitzia.
https://www.sanbi.org/sites/default/files/documents/documents/strelitzia-30-2013.pdf 20 April
2021.

Sogoni, A. 2020. The effect of salinity and substrates on the growth parameters and antioxidant
potential of Tetragonia decumbens (Dune spinach) for horticultural applications. Msc. Cape

Peninsula University of Technology.

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.

Sogoni, A., Jimoh, M.O., Keyster, M., Kambizi, L. & Laubscher, C.P. 2023. Salinity Induced Leaf
Anatomical Responses and Chemical Composition in Tetragonia decumbens Mill.: an
Underutilized Edible Halophyte in South Africa. Russian Journal of Plant Physiology, 70(6):
1-9. https://link.springer.com/article/10.1134/S1021443723601775 1 November 2023.

Sogoni, A., Jimoh, M.O., Laubscher, C.P. & Kambizi, L. 2022. Effect of rooting media and IBA

treatment on rooting response of South African dune spinach (Tetragonia decumbens): an

18



underutilized edible halophyte. In Acta Horticulturae. International Society for Horticultural
Science: 319-325.

Sordes, F., Pellequer, E., Sahli, S., Sarzynski, T., Denes, M. & Techer, |. 2023. Phytoremediation
of chloride from marine dredged sediments: A new model based on a natural vegetation

recolonization. Journal of Environmental Management, 344: 118508.

Srivastava, R., Srivastava, V. & Singh, A. 2023. Multipurpose Benefits of an Underexplored
Species Purslane (Portulaca oleracea L.): A Critical Review. Environmental Management,
72(2): 309-320. https://link.springer.com/article/10.1007/s00267-021-01456-z 6 December
2023.

Starns, H.D., Wonkka, C.L., Dickinson, M.B., Lodge, A.G., Treadwell, M.L., Kavanagh, K.L.,
Tolleson, D.R., Twidwell, D. & Rogers, W.E. 2022. Prosopis glandulosa persistence is
facilitated by differential protection of buds during low- and high-energy fires. Journal of

Environmental Management, 303: 114141.

Sun, Y., Yang, T. & Wang, C. 2023. Capparis spinosa L. as a potential source of nutrition and its
health benefits in foods: A comprehensive review of its phytochemistry, bioactivities, safety,
and application. Food Chemistry, 409: 135258.

Tembo-Phiri, C. 2019. Edible Fynbos Plants: A soil types and irrigation regime investigation on
Tetragonia decumbens and Mesembryanthemum crystallinum. Msc. University of
Stellenbosch.
https://scholar.sun.ac.za/handle/10019.1/105974%0Ahttps://www.agroecologyconference.co
.zalwp-content/uploads/2019/02/Chimwemwe-Tembo-Phiri-Adoption-of-edible-fynbos-plants-
in-the-Western-Cape.pdf%O0Ahttps://www.semanticscholar.org/paper/Edible-fynbos-plant.

Tian, Y;, Li, Y;, Zhang, H;, Tian, Yu, Li, Yang, Zhang, Hongxiang, Tennakoon, K.U. & Sun, Z.
2023. Germination Strategy of Chenopodium acuminatum Willd. under Fluctuating Salinity
Habitats. Agronomy , 13(11): 2769. https://www.mdpi.com/2073-4395/13/11/2769/htm 21
November 2023.

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. https://www.mdpi.com/2073-4395/13/1/247/htm 1
August 2024.

19



Vasilescu, A.G., Plesoianu, A.l. & Patru-Stupariu, |. 2023. Aspects of traditional agricultural
landscapes: potential alternative development paths for sustainable agriculture—A review.
Biodiversity and Conservation, 32(12): 3703-3730.
https://link.springer.com/article/10.1007/s10531-023-02658-z 6 December 2023.

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

Environmental and Experimental Botany, 92(8): 144—153.

Viljoen, C.C., Jimoh, M.O. & Laubscher, C.P. 2021. Studies of Vegetative Growth, Inflorescence
Development and Eco-Dormancy Formation of Abscission Layers in Streptocarpus formosus
(Gesneriaceae). Horticulturae , 7(6): 120. https://www.mdpi.com/2311-7524/7/6/120/htm 6
December 2023.

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: 60—69.

Wang, D., Yang, N., Zhang, C., He, W., Ye, G., Chen, J. & Wei, X. 2022. Transcriptome analysis
reveals molecular mechanisms underlying salt tolerance in halophyte Sesuvium

portulacastrum. Frontiers in Plant Science, 13: 973419.

Wang, P., Wang, C.M., Gao, L., Cui, Y.N., Yang, H.L., de Silva, N.D.G., Ma, Q., Bao, A K.,
Flowers, T.J., Rowland, O. & Wang, S.M. 2020. Aliphatic suberin confers salt tolerance to
Arabidopsis by limiting Na+ influx, K+ efflux and water backflow. Plant and Soil, 448(1-2):
603—620. https://link.springer.com/article/10.1007/s11104-020-04464-w 22 November 2023.

Wang, R., Wang, X, Liu, K., Zhang, X.J., Zhang, L.Y. & Fan, S.J. 2020. Comparative
Transcriptome Analysis of Halophyte Zoysia macrostachya in Response to Salinity Stress.
Plants (Basel, Switzerland), 9(4). https://pubmed.ncbi.nim.nih.gov/32260413/ 21 November
2023.

Wilson, H., Mycock, D. & Weiersbye, .M. 2017. The salt glands of Tamarix usneoides E. Mey.
ex-Bunge (South African Salt Cedar). International Journal of Phytoremediation, 19(6): 587—
595. https://www.tandfonline.com/doi/abs/10.1080/15226514.2016.1244163 22 November
2023.

20



Wiszniewska, A., Kozminska, A., Hanus-Fajerska, E., Dziurka, K. & Dziurka, M. 2021. Insight into
phytohormonal modulation of defense mechanisms to salt excess in a halophyte and a
glycophyte from Asteraceae family. Plant and Soil, 463(1-2): 55-76.
https://link.springer.com/article/10.1007/s11104-021-04889-x 21 November 2023.

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. & Gericke, N. 2017. People’s plants - a guide to useful plants of Southern Africa.
2nd ed. Pretoria, South Africa: Briza Publications. https://www.nhbs.com/peoples-plants-
book 20 April 2021.

Yasseen, B.T. & Al-Thani, R.F. 2022. Endophytes and Halophytes to Remediate Industrial
Wastewater and Saline Soils: Perspectives from Qatar. Plants, 11(11): 1497.
https://www.mdpi.com/2223-7747/11/11/1497/htm 6 December 2023.

Yildiz, M. & Terzi, H. 2021. Comparative analysis of salt-induced changes in the root physiology
and proteome of the xero-halophyte Salsola crassa. Revista Brasileira de Botanica, 44(1):
33-42. https://link.springer.com/article/10.1007/s40415-020-00695-4 21 November 2023.

Zaier, M.M., Heleno, S.A., Mandim, F., Calhelha, R.C., Ferreira, |.C.F.R., Achour, L., Kacem, A.,
Dias, M.I. & Barros, L. 2022. Effects of the seasonal variation in the phytochemical
composition and bioactivities of the wild halophyte Suaeda fruticosa. Food Bioscience, 50:
102131.

Zarbakhsh, S. & Shahsavar, A.R. 2023. Exogenous y-aminobutyric acid improves the
photosynthesis efficiency, soluble sugar contents, and mineral nutrients in pomegranate
plants exposed to drought, salinity, and drought-salinity stresses. BMC Plant Biology, 23(1):
1-18. https://link.springer.com/articles/10.1186/s12870-023-04568-2 21 November 2023.

Zhang, C., Wu, W, Xin, X., Li, X. & Liu, D. 2019. Extract of ice plant (Mesembryanthemum
crystallinum) ameliorates hyperglycemia and modulates the gut microbiota composition in
type 2 diabetic Goto-Kakizaki rats. Food & Function, 10(6): 3252—3261.
https://pubs.rsc.org/en/content/articlehtm|/2019/fo/c9fo00119k 23 November 2023.

Zhang, S., Quartararo, A., Betz, O.K., Madahhosseini, S., Heringer, A.S., Le, T., Shao, Y.,
Caruso, T., Ferguson, L., Jernstedt, J., Wilkop, T. & Drakakaki, G. 2021. Root vacuolar

21



sequestration and suberization are prominent responses of Pistacia spp. rootstocks during
salinity stress. Plant Direct, 5(5): e00315.
https://onlinelibrary.wiley.com/doi/full/10.1002/pld3.315 22 November 2023.

Zhao, B., Zhou, Y., Jiao, X., Wang, X., Wang, B. & Yuan, F. 2022. Bracelet salt glands of the
recretohalophyte Limonium bicolor: Distribution, morphology, and induction. Journal of
Integrative Plant Biology, 65(4): 950—966.
https://onlinelibrary.wiley.com/doi/full/10.1111/jipb.13417 21 June 2023.

22



CHAPTER THREE

THE EFFECT OF DILUTED SEAWATER AND DIFFERENT PRUNING INTERVALS ON
CHLOROPHYLL CONTENT OF TETRAGONIA DECUMBENS MILL. IN HYDROPONICS
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31 Abstract
Chlorophyll is an essential pigment found in plants, algae, and some microorganisms. It
is crucial for photosynthesis as it absorbs light energy and converts it into chemical
energy. This study investigated how diluted seawater (DSW) and different pruning
intervals affected the chlorophyll content in T. decumbens leaves over a 12-week period.
The experiment tested various seawater dilutions (100% tap water/50L, 20%
seawater/50L, and 40% seawater/50L) and pruning intervals (unpruned, 15 cm, 30 cm,
and 45 cm cuts). Results showed that both the diluted seawater and different pruning
treatments had a significant impact on chlorophyll a, chlorophyll b, and total chlorophyll
levels. Specifically, lower salinity (20%SW) and pruning at 15 cm or 45 cm improved
chlorophyll content, suggesting better photosynthetic efficiency and stress tolerance.
These results highlight the value of tailored agricultural practices in optimizing chlorophyll

levels to boost plant health and productivity.

Keywords: chlorophyll, photosynthesis, stress tolerance, salinity stress, T. decumbens.



3.2 Introduction

Many environmental stressors, such as abiotic and biotic factors, have detrimental
effects on plant growth and development, reducing their yield (Ashapkin et al., 2020;
Elateeq et al., 2023). Chlorophyll is a rectangular, strongly connected tetrapyrrole
molecules that are produced by plants, algae, and certain microorganisms (Perez-Galvez
et al., 2018). Chlorophyll is common in green fruits and vegetables, which constitute an
essential component of our diet and play an essential function in photosynthesis (Helena
et al., 2023). Increased levels of chlorophyll in fruit and vegetable crops have been
observed to boost the biological functions and nutritional value. In plants, chlorophyll is
the most significant kind of green pigment, and an increase in this pigment enhances the
ability of the plant to absorb light, which is necessary for photosynthesis, the process by
which plants produce glucose and oxygen from carbon dioxide in the atmosphere and
water they take from the soil (Fu et al., 2021; Wang et al., 2020; Mndi et al., 2023).

There are several types of chlorophyll, namely chlorophyll a, chlorophyll b, chlorophyll c,
chlorophyll d, and chlorophyll e (Bjorn et al., 2009). Although there are various forms of
chlorophyll, mainly two forms are more common in green plants: chlorophyll a and
chlorophyll b (Wang et al., 2023). In plants, chlorophyll a appears to be the most prevalent
kind of green pigment, and it captures light successfully in the red and blue sections of
the spectrum, showing maximum absorbance between 430 and 662 nanometres,
respectively (Zhu et al., 2017; Durrett & Welti, 2021). Its chemical composition consists
of a connected hydrocarbon tail called a phytol and a porphyrin ring containing a core
magnesium ion. The phytol tail is comprised of multiple isoprenoid units, while the
porphyrin ring is formed by four nitrogen-containing groups known as pyrrole (Helena et
al., 2023). Another kind of chlorophyll that may be present in plants, algae, and some
microorganisms is called chlorophyll b. It possesses a slightly different porphyrin ring,
and its chemical composition is comparable to the structure of chlorophyll a. Due to this
variation, chlorophyll b absorbs light in the blue-green part of the spectrum, reaching its
peak around 453 nanometres (Helena et al., 2023). Chlorophyll b further serves as a
shield for chlorophyll a against excessive light; however, it is also involved in

photosynthesis.

Salinity stress, on the other hand, provides substantial difficulties to plants by altering
photosynthetic enzymes and nutrient intake, accelerating ageing processes, and
lowering chlorophyll and carotenoid levels (Yang et al., 2020; Yang et al., 2021; Al-Gaadi
et al., 2024). These effects differ based on the plant type and its natural resistance to salt
stress (Gong et al., 2018). When subjected to 0-500 mM sodium chloride, salt-resistant



plants like Thellungiella halophila showed greater or constant chlorophyll content, but
salt-sensitive plants like Arabidopsis thaliana exhibited reduced chlorophyll content
(Stepien & Johnson, 2009). A decrease in photosynthetic pigments under salt levels can
be attributed to stimulation of the chlorophyll-degrading enzymes such as chlorophyllase
and ROS generation (Abdelaal et al., 2019; Hasanuzzaman et al., 2020; El-Banna et al.,
2022), higher susceptibility of pigment-protein complexes to deprivation (Siddiqui et al.,
2020), and the chloroplast ultrastructure (Farouk & Arafa, 2018). Moreover, high salinity
levels can further cause damage to the thylakoid membrane (Hamouda et al., 2023),
resulting in reduced carbon dioxide absorption (Yusuf et al., 2024), rapid closure of
stomatal pores, and the inhibition of enzymes needed to trigger dark-reaction (Zahra et
al., 2022).

Nonetheless, pruning is one of the most significant procedures as it enhances the growth,
appearance, and vegetative development of crops (Zhang et al., 2022). It also allows for
the effective intake of nutrients, the rejuvenation of edible portions, and the strategic
positioning of the plants to receive light (Pangesti et al., 2020; Kadlec et al., 2022). During
the process of pruning, when branches are trimmed, their capacity to absorb sunlight
increases in the vegetative tissues of the unpruned branches to offset the reduction in
photosynthesis in the leaves of the pruned parts, and this allows more light to enter
through the canopy (Desotgiu et al., 2012). Although pruning itself does not directly affect
chlorophyll levels, it can indirectly influence chlorophyll dynamics through its effects on
light exposure, photosynthetic efficiency, stress response, and regrowth to optimize
chlorophyll production and distribution within a plant, ultimately supporting its growth,
health, and vitality. Consequently, pruning combined with diluted seawater may enhance
the development of T. decumbens shoots. Therefore, the purpose of the present study
was to assess how T. decumbens chlorophyll contents were affected by diluted seawater

and different pruning intervals.

3.3 Materials and methods

3.31 Experimental location
This research was carried out at the research greenhouse of the Department of
Horticultural Sciences at the Cape Peninsula University of Technology, Bellville campus,
Cape Town, South Africa (33°565'56" S and 18°38'25" E). The research project was
conducted in an experimental greenhouse with temperature regulation of 21-26 °C
during the day and 12-18 °C at night. The average relative humidity was maintained at
60%.



3.3.2 Plant material and experimental description
Tetragonia decumbens cuttings were collected on February 27, 2023, from a specific
clone plant that was flourishing alongside the coastline at Granger Bay campus CPUT,
Western Cape. A stem cutting propagation technique was used to root new plant material,
as reported by (Sogoni et al., 2021). A total of one hundred and ten plants were
propagated with rooting powder (Dynaroot™ No. 1 with active ingredient 0.1 % IBA) in
polyethylene seedling flat trays filled with a ratio of 50:50 sand/peat. The trays were
placed in the propagation greenhouse on heated beds with intermitted mist irrigation.
Seventy cuttings were selected out the total number of rooted and moved to a shaded
area for five weeks to allow them to acclimatise. Thereafter the rooted cuttings were
transplanted into 12.5 cm black plastic pots filled with Consul silica sand. Only healthy
plants were selected and arranged in a randomised block design of three treatments and

a control with three replicates per treatment totalling forty-eight plants.

3.3.3 Nutrient solution
Nutrifeed™ fertiliser from Starke Ayres in Cape Town, South Africa was used as source
of aqueous solution in a hydroponic set up. The Nutrifeed contained the following
ingredients: 65 g/kg Nitrogen (N), 27 g/kg Phosphorus (P), 130 g/kg Potassium (K), 70
mg/kg Calcium (Ca), 20 mg/kg Copper (Cu), 1500 mg/kg Iron (Fe), 10 mg/kg
Molybdenum (Mo), 22 mg/kg Magnesium (Mg), 240 mg/kg Manganese (Mn), 75 mg/kg
Sulphur (S), 240 mg/kg Boron (B), and mg/kg Zinc (Zn). For the first three weeks before
the experiment started the system operated using tap water only to ensure that plants
adapt to their new environment. Thereafter the Nutrifeed solution was prepared at a
concentration of 1:500 (1 kg/500 litres, or approximately 10 g per 5 L) in each hydroponic

reservoir.

3.34 Hydroponic design
The hydroponic system was constructed in accordance with (Bulawa et al., 2022) and
built with four identical Nutrient Film Technique (NFT) systems. Each system was
constructed on a wire mesh square table (2.5 m) to give stability and flat surface. A 50 L
low-density polyethylene (LDPE) reservoir and a single submersible water pump capable
of producing 2000 litres per hour (1 x 2000 L/h) were present in each of these Nutrient
Film Technique (NFT) systems, which were referred to as table 1 to 4 (T1-T4). The low-
density polyethylene (LDPE) reservoir served as a container for the nutritional solution
that would be utilised in the experiment. The submersible water pump was designed to
generate a nutrient solution and transport it from the reservoir to the gutters. White

polyvinyl chloride (PVC) square gutters that were 1.36 metres long were used to construct



the hydroponic system and were labelled G1, G2, G3, and G4. Each white polyvinyl
chloride (PVC) square gutter was covered with black plastic polyethylene sheets to
prevent algae growth and three holes per gutter were also created to accommodate 12.5
cm plastic pots. A 50 L low-density polyethylene (LDPE) reservoir, 1 x 2000 I/h
submersible water pump, 20 mm low-density polyethylene (LDPE) irrigation pipe, 20 mm
elbow irrigation fittings, 20 mm flow regulators, 20 mm T-piece irrigation fittings, and 20
mm end cap irrigation fittings were all used during the construction of each system. Each
gutter on each system had 3 pots with a consul silica sand medium. For preventing leaks
in the system, a silicon glue (PVC) was used to seal the two components firmly together
and when inserting irrigation fittings to the polyvinyl chloride (PVC) square gutters. A
portable digital electrical conductivity (EC) metre (Hanna Instruments®TM HI 98312) that
has been calibrated was used to measure the electrical conductivity (EC) in the nutritional
solution on a daily basis and a calibrated hand-held digital pH metre (Eurotech® TM pH
2 pen) was used to measure the pH in the nutritional solution on a daily basis. The pH
of the nutritional solution was increased with potassium hydroxide [KOH] and reduced
with phosphoric acid [H3PO4]. The pH and electrical conductivity (EC) were maintained
at 4.5,10 6.5, and 3.38 to 1.10 ds m -1 (S) respectively.

Control Treatment 1 Treatment 2
Tap Water/50L (20% SWI50L) (40% SWI50L)

Gutter 1
[ (No cut)

Gutter 2
(15cm cut)

Gutter 3
(30cm cut)

Gutter 4
o (45cm cut)

Figure 3.1: Layout and random design of the experiment showing the seawater dilution

treatments and pruning cuts applied.



3.35 Treatments

3.3.5.1 Seawater treatments
Seawater was collected from Granger Bay, Cape Town and diluted with tap water to
prepare three diluted seawater treatments and clean tap water as the control. All the
sumps (S2, S3, and S4) with seawater treatments were refilled every week (Friday) to

avoid build-up of algae. The dilutions were as follows:

= S1 Sump 1 = clean tap water (control)
= S2 Sump 2 =20% SW/50L (Treatment 1)
=  S3 Sump 3 =40% SW/50L (Treatment 2)

3.3.5.2 Pruning treatments
At the beginning of the experiment (week one), all plants were placed in the gutters and
pruned back to 15 cm. This was done to ensure uniform height in all plants. Thereafter

plants were pruned again at weeks 4 and 8 to three different heights as follows:

=  G1 Gutter 1 = No cut (S1G1, S2G1, and S3G1)
= G2 Gutter 2 =15 cm (S1G2, S2G2, and S3G2)
=  G3 Gutter 3 =30 cm (S1G3, S2G3, and S3G3)
= G4 Gutter 4 =45 cm (S1G4, S2G4, and S3G4)

At week 12, no pruning occurred, however, all plant samples were harvested and
prepared for analysis. At weeks 4 and 8, all the unpruned plants were allowed to grow
throughout the experiment without being pruned, hence they are represented with “NA”

on the tables. “NA” means the plants were not analysed at that particular stage.

3.3.6 Extraction of chlorophyll
Shoots from plants subjected to diluted seawater and pruning were harvested after 4, 8
and 12 weeks of growth to assess the chlorophyll content. The method for estimating
chlorophyll within samples was outlined by (Abbas et al., 2023). Using a mortar and
pestle, 1 g of fresh leaves was ground into a fine pulp with 20 millilitres of 80% acetone.
It was then centrifuged between 5000 and 10000 rpm for 5 minutes. The 50 millilitre flask
was filled with the supernatant. After centrifuging the residue for 5 minutes at 5000 to
10000 rpm using 20 millilitres of 80% acetone, the supernatant was poured into the same
container. The procedure was repeated until the residue became colourless. Moreover,
80% acetone was used to clean the inner part of the mortar and pestle, and the clear

washings were gathered in a glass beaker. The volume was increased to 100 millilitres



using 80% acetone. Moreover, 80% acetone was used to clean the inner part of the
mortar and pestle, and the clear washings were gathered in a glass beaker. The volume
was increased to 100 millilitres using 80% acetone. For every plant sample, this
procedure was repeated. The absorption of the extraction solution was measured at 645,

663, and 652 nm in comparison to the solvent (80% acetone).

Calculations
The following equation was used to calculate the concentrations of chlorophyll a,
chlorophyll b, and total chlorophyll (Hanafy et al., 2021; Sahu et al., 2023):

Total chlorophyll = [20.2(Aga5) - 8.02(Agg3)] XV/(W)

Chlorophyll a = [12.7(Agg3) — 2.69(Aga5)] XV/(W)

Chlorophyll b = [22.9(Aga5) — 4.68(Agg3)] XV/(W)

Where:

A= absorbance at specific wavelengths

V= final volume of chlorophyll extract in 80% acetone
W= fresh weight of tissue extracted

3.3.7 Statistical analysis
The chlorophyll data obtained from shoot samples subjected to diluted seawater and
different pruning intervals was statistically computed using a two-way examination of
variance (ANOVA). The Fisher’s least significant difference will be used to compare the
significant differences between treatment means at p<0.05 using MINI-TAB statistical

software.

34 Results

3.41 Effect of diluted seawater and different pruning intervals on the
chlorophyll content of T. decumbens.

3.4.1.1 Effect of diluted seawater and different pruning intervals on chlorophyll

a



Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on
chlorophyll a in T. decumbens shoots (Table 3.1). Plants grown under 20%DSW
recorded the highest chlorophyll content (565.12 ug/g), while the control recorded the
lowest chlorophyll content (294.98 ug/g). The highest mean value was significantly higher

than other treatments, including the control.

Pruning (Week 4): Different pruning intervals had a significant effect on chlorophyll a in
the shoots of T. decumbens. The application of 45 cm pruning intervals resulted in high
chlorophyll a content, while 15 cm pruning in the control treatment resulted in low

chlorophyll a content.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted

seawater and different pruning intervals significantly affected the chlorophyll a content.

Diluted seawater (Week 8): Diluted seawater showed a significant effect (p < 0.05) on
chlorophyll a in T. decumbens shoots (Table 3.2). Plants cultivated under control
treatment recorded the highest chlorophyll content (390.02 ug/g), while plants cultivated
under 20%DSW recorded the lowest chlorophyll content (244.00 ug/g). The lowest mean
value was significantly lower than other treatments but did not differ significantly from the

control treatment with a 30 cm pruning interval (250.16 ug/qg).

Pruning (Week 8): Table 3.2 shows a significant effect on chlorophyll a in T. decumbens
shoots. The plants subjected to 30 cm pruning intervals recorded the highest mean value
of chlorophyll a. The lowest mean value of chlorophyll a was recorded in plants subjected
to 15 cm and 30 cm in 20%DSW treatment.

Diluted seawater interaction with pruning (Week 8): A significant impact in chlorophyll
a was observed in the interaction of diluted seawater and different pruning intervals in

the shoots of T. decumbens.

Diluted seawater (Week 12): Diluted seawater (DSW) had a significant effect (p < 0.05)
on chlorophyll a in T. decumbens shoots (Table 3.3). Plants cultivated under 20%DSW
recorded the highest mean value (298.07 ug/g) of chlorophyll a and this was comparable
with the chlorophyll obtained in plants cultivated under 20%DSW with a 45 cm pruning
interval (297.01 ug/g). The control treatment recorded the least chlorophyll a content
(96.35 ug/g).]



Pruning (Week 12): Different pruning intervals showed a significant impact on
chlorophyll a content in the shots of T. decumbens. The application of 15 cm pruning
intervals recorded the highest mean values of chlorophyll a, while plants without pruning

in the control recorded the lowest mean value of chlorophyll a.

Diluted seawater interaction with pruning (Week 12): During this week, the interaction
of diluted seawater and different pruning intervals had no significant effect on chlorophyll

a.

3.4.1.2 Effect of diluted seawater and different pruning intervals on chlorophyll
b

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on
chlorophyll b in T. decumbens shoots (Table 3.1). The plants cultivated under 20%DSW
recorded the highest chlorophyll b content (431.06 ug/g), while the control treatment
recorded the lowest chlorophyll b content (198.60 ug/g). The lowest mean value was
significantly lower than other treatments but did not differ from plants subjected to
40%DSW with 45 cm pruning interval (213.50 ug/g).

Pruning (Week 4): Table 3.1 showed a significant effect on chlorophyll b content in the
shoots of T. decumbens. The application of 45 cm pruning intervals resulted in the highest
chlorophyll b content. The lowest chlorophyll b content was recorded in 15 cm pruning
intervals in the control treatment, and these were comparable to plants subjected to 45

cm pruning intervals in 40%DSW treatment.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted
seawater and different pruning intervals had no significant effect on chlorophyll b in the

shoots of T. decumbens.

Diluted seawater (Week 8): Diluted seawater (DSW), had a significant effect (p < 0.05)
on chlorophyll b in T. decumbens shoots (Table 3.2). The plants cultivated under the
control recorded the highest chlorophyll content (309.08 ug/g), while 20%DSW recorded
the lowest chlorophyll content (202.45 ug/g). The lowest mean value was significantly

lower than other treatments including the control.

Pruning (Week 8): Different pruning intervals showed a significant increase on

chlorophyll b content in the shoots of T. decumbens (Table 3.2). The application of 30



cm pruning intervals recorded the highest mean value of chlorophyll b. The lowest mean
values of chlorophyll b were recorded in 20%DSW treatment with 15 cm and 30 cm

pruning intervals.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted
seawater and different pruning intervals had no significant effect on chlorophyll b in the

shoots of T. decumbens.

Diluted seawater (Week 12): Diluted seawater (DSW) showed a significant effect (p <
0.05) on chlorophyll b in T. decumbens shoots (Table 3.3). The plants cultivated under
20%DSW recorded the highest mean value (172.94 ug/g) of chlorophyll b but did not
differ significantly from the control with a 15 cm pruning interval (170.00 ug/g). The control
also recorded the least chlorophyll b content (55.68 ug/g) and did not differ significantly
from 20%DSW without a pruning interval (81.27 ug/g).

Pruning (Week 12): Table 3.3 shows a significant effect on chlorophyll b in T.
decumbens shoots. The application of 15 cm pruning intervals resulted in the highest
chlorophyll b content in both the control and 20%DSW treatment. The plants without
pruning intervals resulted in the lowest chlorophyll b content in both the control and
20%DSW treatment.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted
seawater and different pruning intervals showed no significant effect on chlorophyll b in

the shoots of dune spinach.

3.41.3 Effect of diluted seawater and different pruning intervals on total

chlorophyll

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on total
chlorophyll in T. decumbens shoots (Table 3.1). The plants cultivated under 20%DSW
recorded the highest total chlorophyll content (996.05 ug/g), while the control treatment
recorded the lowest total chlorophyll content (406.06 ug/g). The highest mean value was

significantly higher than all other treatments.

Pruning (Week 4): Different pruning intervals showed a significant impact on the total

chlorophyll content of T. decumbens shoots. The application of 45 cm pruning intervals

10



recorded the highest total chlorophyll content, while 15 cm pruning intervals recorded the

lowest total chlorophyll content (Table 3.1).

Diluted seawater interaction with pruning (Week 4): The interaction of diluted
seawater and different pruning intervals showed a significant effect on the total

chlorophyll content in the shoots of T. decumbens.

Diluted seawater (Week 8): Diluted seawater showed a significant effect (p < 0.05) on
total chlorophyll in T. decumbens shoots (Table 3.2). The plants subjected under the
control treatment recorded the highest total chlorophyll content (699.08 ug/g), while the
plants subjected under the 20%DSW recorded the lowest total chlorophyll content
(447.00 ug/g). The lowest mean value was significantly lower than other treatments but
did not differ significantly from the 20%DSW with a 30 cm pruning interval (452.05 ug/g).

Pruning (Week 8): Table 3.2 showed a significant effect on the total chlorophyll content
in T. decumbens shoots. The plants subjected to 30 cm pruning intervals resulted in the
highest total chlorophyll content. The lowest total chlorophyll content was recorded in 15
cm and 30 cm in 20%DSW treatment.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted
seawater and different pruning intervals showed a significant effect on the total

chlorophyll content in the shoots of T. decumbens.

Diluted seawater (Week 12): Table 3.3 showed a significant effect (p < 0.05) on the total
chlorophyll content in T. decumbens shoots. The plants cultivated under 20%DSW
recorded the highest mean value (471.06 ug/g) of total chlorophyll and were comparable
to those cultivated under 20%DSW with a 45 cm pruning interval (454.01 ug/g). The
control treatment recorded the lowest total chlorophyll content (151.99 ug/g) and was

significantly lower than all other treatments.

Pruning (Week 12): The application of different pruning intervals showed a significant
effect on the total chlorophyll content in the shoots of T. decumbens. The plants
subjected to 15 cm pruning intervals recorded the highest mean value of total chlorophyll
and was comparable to plants subjected to 45 cm pruning intervals in 20%DSW
treatment. The lowest mean value was recorded in plants without pruning intervals in the

control treatment.
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Diluted seawater interaction with pruning (Week 12): During week 12, the interaction
of diluted seawater and different pruning intervals showed no significant effect on the

total chlorophyll content in the shoots of T. decumbens.
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Table 3.1: The effect of diluted seawater and different pruning intervals on chlorophyll content of T. decumbens shoots (Week 4).

Seawater Pruning level Chlorophyll a (ug/g) Chlorophyll b (ug/g) Total Chlorophyll (ug/g)
No cut NA NA NA
15 cm 294.98 + 2.24g 198.60 + 0.95e 471.06 £+ 21.00d
Control 30 cm 438.12 £ 7.62cd 316.02 + 11.04b 406.06 + 13.08e
45 cm 468.42 £ 7.00b 309.27 + 4.86b 454.08 £ 17.07de
No cut NA NA NA
15 cm 373.07 + 12.08f 24245 + 4.45d 616.00 + 17.00c
20% 30 cm 418.08 + 28.07de 271.03 £ 22.01c 689.09 + 50.08b
45 cm 565.12 + 7.50a 431.06 £ 12.05a 996.05 + 19.08a
No cut NA NA NA
15 cm 418.89 £ 5.24de 250.08 + 13.06cd 669.05 + 18.07bc
40% 30 cm 453.38 + 3.56bc 263.66 + 2.03cd 716.84 + 5.58b
45 cm 400.46 + 0.50ef 213.50 + 0.44e 613.79 £ 0.93c
Two-way ANOVA F- Statistics
Seawater 15.29* 35.24* 160.66*
Pruning 1430.33* 731.64* 783.65*
Seawater*Pruning 31.89* 41.85* 48.79*

Mean values £SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant

as calculated by Fisher’s least significant difference. NA = Not analysed.
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Table 3.2: The effect of diluted seawater and different pruning intervals on chlorophyll content of T. decumbens shoots (Week 8).

Seawater Pruning level Chlorophyll a (ug/g) Chlorophyll b (ug/g) Total Chlorophyll (ug/g)
No cut NA NA NA
15 cm 306.29 + 6.52¢ 235.28 + 5.58¢c 541.04 + 11.02c
Control 30cm 390.02 + 12.09a 309.08 + 16.01a 699.08 + 28.03a
45 cm 355.06 + 6.56b 264.85 + 9.51bc 619.07 + 15.09b
No cut NA NA NA
15 cm 244.00 + 13.06d 203.02 + 13.02d 447.00 + 26.07d
20% 30 cm 250.16 + 7.80d 202.45 +5.98d 452.05 + 13.06d
45 cm 324.04 + 16.06¢c 274.02 +17.02b 598.04 + 33.08bc
No cut - - -
15 cm - - -
40% 30 cm - - -
45 cm - - -
Two-way ANOVA F- Statistics
Seawater 70.16* 19.12* 40.92*
Pruning 517.30* 286.58* 400.87*
Seawater*Pruning 18.72* 12.66* 15.57*

Mean values £SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant
as calculated by Fisher’s least significant difference. NA = Not analysed. (-) = Death of plants.
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Table 3.3: The effect of diluted seawater and different pruning intervals on chlorophyll content of T. decumbens shoots (Week 12).

Seawater Pruning level Chlorophyll a (ug/g) Chlorophyll b (ug/g) Total Chlorophyll (ug/g)
No cut 96.35 + 0.85e 55.68 + 2.35d 151.99 + 3.12f
15 cm 244,03 +13.02c 170.00 + 14.05a 414.02 £ 27.06b
Control 30 cm 202.86 + 5.52d 158.08 + 12.04ab 361.06 + 17.00cd
45 cm 193.49 + 1.54d 128.21 £ 6.63c 321.61 £ 5.74de
No cut 196.45 + 1.22d 81.27 £ 0.46d 277.65+1.19
15 cm 298.07 + 14.00a 172.94 + 7.02a 471.06 £ 21.00a
20% 30 cm 272.99 +5.03b 133.75 + 8.87bc 406.06 + 13.08bc
45 cm 297.01 £ 10.07ab 157.07 £+ 7.81ab 454.01 £ 17.06ab
No cut - - -
15 cm - - -
40% 30 cm - - -
45 cm - - -
Two-way ANOVA F- Statistics
Seawater 197.94* 61.45* 63.84*
Pruning 87.37* 52.32* 76.70*
Seawater*Pruning 4.15ns 4.13ns 4.04ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant

as calculated by Fisher’s least significant difference. NA = Not analysed. (-) = Death of plants.
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3.5 Discussion
Chlorophyll, a complex green pigment found in plants is essential in photosynthesis
because it absorbs light energy and converts it into chemical energy (Bjérn et al., 2009).
This crucial pigment not only gives plants their distinctive green colour, but it also plays
a critical function in capturing and harnessing solar energy to sustain the metabolic
processes required for growth and development. Salinity stress, on the other hand,
provides substantial difficulties to plants by altering photosynthetic enzymes and nutrient
intake, accelerating ageing processes, and lowering chlorophyll and carotenoid levels
(Yang et al., 2020; Yang et al., 2021; Al-Gaadi et al., 2024). These effects differ based
on the plant type and its natural resistance to salt stress (Gong et al., 2018). When
subjected to 0-500 mM sodium chloride, salt-resistant plants like Thellungiella halophila
showed greater or constant chlorophyll content, but salt-sensitive plants like Arabidopsis

thaliana exhibited reduced chlorophyll content (Stepien & Johnson, 2009).

In the present study, chlorophyll content was used as a biochemical indicator to assess
the ability of T. decumbens to tolerate salt. Throughout the experiment, the amount of
chlorophyll in each treatment fluctuated. Diluted seawater (DSW), pruning intervals, and
their interaction significantly affected the chlorophyll content of T. decumbens on weeks
4 and 8. However, on week 12, only diluted seawater and pruning that significantly
affected the chlorophyll content of T. decumbens. Low salinity levels (20% SW) at 15 cm
and 45 cm pruning levels showed increased chlorophyll levels on weeks 4 and 12 when
compared to the control treatment. These findings are consistent with those of (Parvin et
al., 2015) and (Sogoni et al., 2021), who reported a significant reduction in total
chlorophyll content at high levels of salinity and a slight rise at low to moderate salinity
levels. Likewise, (Ngxabi et al., 2021) reported a similar trend, indicating a significant
increase in chlorophyll content at low salinity levels in Trachyandra ciliata. Furthermore,
chlorophyll content reduced as salt levels increased in this experiment, as demonstrated
by the 40%SW treatment at week 4. These findings are consistent with those of (Farouk
et al., 2020) who found that high salinity levels are lowering chlorophyll content of
Ocimum basilicum . (El-Taher et al., 2021) observed a similar pattern, finding that high
salinity levels are decreasing photosynthetic pigments of Cowpea (Vigna unguiculata L.).
Moreover, high salinity levels can cause damage to the thylakoid membrane (Hamouda
et al., 2023), resulting in reduced carbon dioxide absorption (Yusuf et al., 2024), rapid
closure of stomatal pores, and the inhibition of enzymes needed to trigger dark-reaction
(Zahra et al., 2022).
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Pruning is a crucial practice for maintaining plant height or extending the harvesting
season. It promotes new growth, flowering, fruiting, and high-quality yields in flowering
and crop plants (Mawarni & Siahaan, 2022; Bora et al., 2024; Peng et al., 2024).
Moreover, pruning promotes plant health by removing damaged or diseased branches
and improving air and sunlight circulation (Rahman et al., 2024). During this study,
Chlorophyll a, chlorophyll b, and total chlorophyll content under 20%SW were also
significantly increased by pruning intervals on weeks 4 and 12. These findings are
consistent with those of (Tripathi et al., 2020), who discovered a significant effect on
chlorophyll a and chlorophyll b during the pruning of guava (Psidium guajava L.).
However, a different trend was observed on week 8, where the control treatment
significantly showed higher values of chlorophyll a, chlorophyll b, and total chlorophyill.

This might be due to the increased availability of light in plants after pruning on week 4.

3.6 Conclusion and recommendations

The results demonstrated significant variations in chlorophyll a, chlorophyll b, and total
chlorophyll content under different treatments. Notably, T. decumbens plants subjected
to 20%SW with a 15 cm and 45 cm pruning intervals exhibiting high chlorophyll levels.
This suggests that low to moderate salinity levels and different pruning intervals can
positively influence chlorophyll accumulation, potentially enhancing photosynthetic
efficiency and stress tolerance in plants. The findings align with previous research
highlighting the role of environmental factors and management practices in chlorophyll
regulation. Understanding these dynamics is crucial for optimizing agricultural strategies
aimed at improving crop yield and quality, particularly in saline environments where
chlorophyll levels are often compromised. In conclusion, the study underscores the
importance of integrating saline management practices and pruning strategies to
sustainably enhance chlorophyll production in T. decumbens. Future research could
explore the underlying physiological mechanisms and long-term effects of these

interventions on plant metabolism and overall productivity.
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41 Abstract
This research aimed to investigate how diluted seawater and varying pruning levels affected
Tetragonia decumbens (Dune spinach) vegetative growth, by exploring sustainable and
environmentally friendly cultivation methods and evaluating its potential as an edible wild
vegetable crop. The treatments in the study included variable amounts of seawater dilutions
(100% tap water/50L, 20% SW/50L, 40% SW/50L, and 60% SW/50L) and different pruning
intervals (unpruned, 15 cm, 30 cm, and 45 cm cut). A Nutrifeed fertiliser was added to
boost each treatment. During weeks 8 and 12, the number of branches (NB) and stem length
(STL) were not significantly affected by diluted seawater. However, data collected at weeks 4
and 12 showed that low seawater concentrations significantly (p < 0.05) increased the shoot
length (SHL), fresh weight (FWS), and dry weight (DWS) of T. decumbens. This demonstrates
that T. decumbens may survive and thrive in seawater at low concentrations. In general,
these findings contribute to a greater understanding of sustainable cultivation strategies for T.
decumbens, emphasising its potential as a resilient and viable crop, particularly in areas with

water scarcity or salinity challenges.

Keywords: Dune spinach, hydroponics, sustainable agriculture, T. decumbens, vegetative

growth



4.2 Introduction
Climate change and unpredictable weather patterns are making it difficult for farmers in Sub-
Saharan Africa to meet the global food shortage. As the global population is expected to
exceed 9.7 billion by 2025, there will be a significant rise in demand for food supplies, which
may not be met by cultivating conventional agricultural crops (Altaf et al., 2023; Barkla et al.,
2024). Agricultural land use continues to decline due to the effects of climate change,
population growth, soil salinization, freshwater shortages, and waterlogging of the soils (Munir
et al., 2022; Sousa et al., 2024). Regenerative efforts have prompted farmers to source new
crops and manage the complexity of plant resilience to changing systems such as extreme

salinity levels (Srivarathan et al., 2023).

Several communal farmers have been experimenting with new edible wild plants that are high
in nutrients and vitamins for human dietary consumption and that can tolerate saline conditions
(Anju et al., 2022; Bulawa et al., 2022). Many wild plants are used in African countries for
supplementing local diets (Leal Filho et al., 2022; Sultanbawa & Sivakumar, 2022). One wild
edible species found in South Africa, Tetragonia decumbens (Aizoaceae), remains one of the
most underutilised wild edible vegetables due to a lack of cultivation protocols, prospective
uses, and nutritional values (Sogoni et al., 2021). This species thrives on offshore coastal
sandy dunes from Namibia to the Eastern Cape as a halophyte with lance-shaped, succulent
dark green leaves with a woody base stem and long, rigid fibrous roots (Klak et al., 2017). The
salty-tasting leaves and tender stems of this species are cooked with a variety of vegetables
or used similarly to spinach in green salads (Forrester, 2004; Mncwango et al., 2020).
Additionally, part of the plants is suitable for pickling, fermenting, and cooking in various
restaurant dishes such as stir fries, stews, and soups (Sogoni et al., 2021). Due to the species
nutritional value, it is imperative to establish growing protocols to analyse its essential vitamins
and nutrients to aid food security in Africa and globally. The most recent agricultural research
on this species focused on improving crop yield and quality while reducing production

expenses (Nkcukankcuka et al., 2021).

In agriculture, pruning is a very important technique used to maintain plant height or extend
the harvesting period. It stimulates new growth, blooming, fruiting, and high-quality yields in
flowering and crop plants (Mawarni & Siahaan, 2022; Bora et al., 2024; Peng et al., 2024).
Furthermore, pruning enhances the health of plants by eliminating unhealthy or diseased
branches and promoting better air and sunlight circulation (Rahman et al., 2024). Lack of
pruning results in shorter, thinner emerging buds, which disrupts the overall volume of canopy
growth and reduces the support growth of the plant (Mozumder et al., 2021). This study aims

to assess the impact of pruning on vegetative growth of T. decumbens. It also focuses on the



development of a production protocol for T. decumbens in a hydroponic system to evaluate its

resilience to various seawater dilutions.

4.3 Materials and methods

4.3.1 Experimental location
This research was carried out at the research greenhouse of the Department of Horticultural
Sciences at the Cape Peninsula University of Technology, Bellville campus, Cape Town,
South Africa (33°55'56" S and 18°38'25" E). The research project was conducted in an
experimental greenhouse with temperature regulation of 21-26 °C during the day and 12—-18

°C at night. The average relative humidity was maintained at 60%.

4.3.2 Plant material and experimental description
Tetragonia decumbens cuttings were collected on February 27, 2023, from a specific clone
plant that was flourishing alongside the coastline at Granger Bay, Western Cape. A stem
cutting propagation technique was used to root new plant material, as reported by (Sogoni et
al., 2021). A total of one hundred and ten plants were propagated with rooting powder
(DynarootTM No. 1 with active ingredient 0.1% IBA) in polyethylene seedling flat trays filled
with a ratio of 50:50 sand/peat. The trays were placed in the propagation greenhouse on
heated beds with intermitted mist irrigation. Seventy cuttings were selected out of the total
number rooted and moved to a shaded area for five weeks to allow them to acclimatise.
Thereafter, the cuttings were transplanted into 12.5 cm black plastic pots filled with Consul
silica sand. Only healthy plants were selected and arranged in a randomised block design of

three treatments and a control with nine replicates per treatment, totalling forty-eight plants.



Figure 4.1: Stem cuttings of Tetragonia decumbens placed on a heated bed in the

environmentally controlled greenhouse (Picture: Ntoyaphi).

43.3 Nutrient solution
Nutrifeed™ fertiliser sourced from Starke Ayres in Cape Town, South Africa, was used to
prepare a hydroponic aqueous solution and used as general feeding to ensure healthy plant
development. Nutrifeed contains the following ingredients: 65 g/kg Nitrogen [N], 27 g/kg
Phosphorus [P], 130 g/kg Potassium [K], 70 mg/kg Calcium [Ca], 20 mg/kg Copper [Cu], 1500
mg/kg Iron [Fe], 10 mg/kg Molybdenum [Mo], 22 mg/kg Magnesium [Mg], 240 mg/kg
Manganese [Mn], 75 mg/kg Sulphur [S], 240 mg/kg Boron [B], and mg/kg Zinc [Zn]. For the
first three weeks before the experiment started, the system operated using tap water only to
ensure plants would adapt to their new environment. Thereafter, the Nutrifeed concentration
was maintained at a concentration of 1:500 (1 kg/500 litres, or approximately 10 g per 5 L) in

each hydroponic sump.



3 A balanced general plant food for pot plants,
) “rmamental shrybs, vegetables, fruit trees and
wns, Nutrifeed may be used as a water soluble
) "l treatment or a foliar spray.

-

Figure 4.2: Nutrifeed, a balanced fertiliser for shrubs, trees and vegetables used as a soluble

water treatment (Picture: Ntoyaphi).

4.3.4 Hydroponic design
The hydroponic system was constructed in accordance with (Bulawa et al., 2022) and built
with four identical Nutrient Film Technique (NFT) systems. Each system was constructed on
a wire-mesh square table (2.5 m) to provide stability and a flat surface. A 50-litre low-density
polyethylene (LDPE) reservoir and a single submersible water pump capable of producing
2000 litres per hour (1 x 2000 L/h) were present in each of these Nutrient Film Technique
(NFT) systems, which were referred to as Tables 1—4 (T1-T4). The low-density polyethylene
(LDPE) reservoir served as a container for the nutritional solution that would be used in the
experiment. The submersible water pump was designed to generate a nutrient solution and
transport it from the reservoir to the gutters. White polyvinyl chloride (PVC) square gutters of
1.36 metres long were used to construct the hydroponic system and were labelled G1, G2,
G3, and G4. Each white polyvinyl chloride (PVC) square gutter was covered with black plastic
polyethylene sheets to prevent algae growth, and three holes per gutter were also created to
accommodate 12.5 cm of plastic pots. A 50-litre low-density polyethylene (LDPE) reservoir, 1
x 2000 I/h submersible water pump, 20 mm low-density polyethylene (LDPE) irrigation pipe,
20 mm elbow irrigation fittings, 20 mm flow regulators, 20 mm T-piece irrigation fittings, and
20 mm end cap irrigation fittings were all used during the construction of each system. Each
gutter on each system had three pots with a consul silica sand medium. For preventing leaks
in the system, silicon glue (PVC) was used to seal the two components firmly together and
when inserting irrigation fittings into the polyvinyl chloride (PVC) square gutters. A portable
digital electrical conductivity (EC) metre (Hanna Instruments®TM HI 98312) that has been



calibrated was used to measure the electrical conductivity (EC) in the nutritional solution on a

daily basis, and a calibrated hand-held digital pH metre (Eurotech® TM pH 2 pen) was used

to measure the pH in the nutritional solution on a daily basis. The pH of the nutritional solution

was increased with potassium hydroxide [KOH] and reduced with phosphoric acid [H3PO4].

The pH and electrical conductivity (EC) were maintained at 4.5, 6.5, and 3.38 to 1.10 ds m-1

(S), respectively.

Control Treatment 1
Tap Water/50L (20% SWI/50L)

Treatment 2
(40% SWI/50L)

Gutter 1
[ (No cut)

Gutter 2
o (15cm cut)

Gutter 3
(30cm cut)

Gutter 4
o (45cm cut)

Figure 4.3: Layout and random design of the experiment showing the seawater dilution

treatments and pruning cuts applied.

4.3.5 Treatments

4.3.5.1 Seawater treatments

Seawater was collected from Granger Bay, Cape Town, and diluted with tap water to prepare

three diluted seawater treatments and clean tap water as the control. All the sumps (S2, and

S3) with seawater treatments were refilled every week (Fridays) to avoid the buildup of algae.

The dilutions were as follows:
= S1 Sump 1 = clean tap water (control)
= S2 Sump 2 =20% SW/50L (Treatment 1)

=  S3 Sump 3 =40% SW/50L (Treatment 2)

4.3.5.2 Pruning treatments



At the beginning of the experiment (week one), all plants were placed in the gutters and pruned
back to 15 cm. This was done to ensure uniform height in all plants. Thereafter plants were
pruned again at weeks 4 and 8 to three different heights as follows:

= G1 Gutter 1 = No cut (S1G1, S2G1, and S3G1)
» G2 Gutter 2 =15 cm (S1G2, S2G2, and S3G2)
* G3 Gutter 3 =30 cm (S1G3, S2G3, and S3G3)
* G4 Gutter 4 =45 cm (S1G4, S2G4, and S3G4)

At week 12, no pruning occurred, however, all plant samples were harvested and prepared for
analysis. At weeks 4 and 8, all the unpruned plants were allowed to grow throughout the

experiment without being pruned, hence they are represented with “NA” on the tables. “NA”

means the plants were not analysed at that particular stage.
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Figure 4.4: Stem length growth of T. decumbens in a NFT hydroponic system (Picture:

Ntoyaphi).

4.3.6 Collecting data

4.3.6.1 Shoot length and stem length
The shoot length and stem length were used to determine the height and new growth of the
plants. Shoot length and stem length were measured (cm) every week (Tuesdays) using a

standard measuring tape and recorded on a data spreadsheet.

4.3.6.2 Number of branches
The number of branches were manually counted every week (Tuesdays) and recorded on a

data spreadsheet.



4.3.6.3 Pruned branches
The branches were pruned every four weeks from weeks 4, 8, and 12. A standard laboratory
scale (g) (RADWAG® Model PS 750.R2) was used to determine both fresh and dry weights
of pruned plant materials. Thereafter, the pruned plant material was separately dried at 40 °C
using a LABTECH™ model LDO 150F (Daihan Labtech India. Pty. Ltd., 3269 Ranijit Nagar,
New Dehli, 110008) oven until moisture was completely removed from the tissues. The fresh
and dry weights of pruned plant material were then measured and recorded on a data

spreadsheet.

4.3.6.4 Plant weight
The plant weight was determined using a standard laboratory scale (g) (RADWAG® Model
PS 750.R2). The shoots, stems, and roots were separated after week 12, and the fresh
weights of the individual samples were recorded on a spreadsheet. The plant material was
then oven-dried at 50 °C in a LABTECH™ model LDO 150F (Daihan Labtech India. Pty. Ltd.,

3269 Ranjit Nagar, New Delhi, India) to a constant weight and recorded.

4.3.7 Statistical analysis
The data obtained from growth parameters, harvesting intervals, and essays in this study were
statistically computed using a two-way examination of variance (ANOVA). The Fisher's least
significant difference will be used to compare the significant differences between treatment

means at p<0.05 using MINI-TAB statistical software.

44 Results
441 Effect of diluted seawater and different pruning intervals on plant growth
parameters

4.41.1 Effect of diluted seawater and different pruning intervals on shoot height

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on the shoot
height of T. decumbens (Table 4.1). The control treatment recorded the highest mean value
(85.13 cm) of shoot height, while 40%DSW recorded the least mean value of shoot height
(41.77 cm). The highest mean value was significantly higher than all other treatments but did
not differ much from 20%DSW (81.93 cm).

Pruning (Week 4): Table 4.1 showed no significant effect on the shoot height of T. decumbens
shoots. The application of 45 cm pruning intervals in the control treatment resulted in the
highest shoot height of dune spinach, while plants without pruning in 40%DSW treatment

resulted in the lowest shoot height.



Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had no significant effect on the shoot height of dune spinach
(Table 4.1).

Diluted seawater (Week 8): Diluted seawater showed no significant effect on the shoot height
of dune spinach (Table 4.2). The plants cultivated in 20%DSW recorded the highest mean
value of shoot height (96.3), while the control recorded the least shoot height value (44.17
cm). The highest mean value was significantly higher than all other treatments but was

comparable to the control without pruning interval (91.1 cm).

Pruning (Week 8): The application of different pruning intervals had a significant effect on the
shoot height of T. decumbens. The plants without pruning intervals in 20%DSW showed the
highest mean value of shoot height in dune spinach. The lowest mean value was obtained 15
cm pruning intervals in the control treatment. The highest mean value was significantly higher

than all other treatments but did not differ from the control without pruning.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and different pruning intervals had no significant effect on the shoot height of dune spinach
(Table 4.2).

Diluted seawater (Week 12): Diluted seawater had a significant impact (p < 0.05) on the
shoot height of T. decumbens (Table 4.3). The plants subjected to 20%DSW recorded the
highest mean value (118.6 cm) of shoot height, while the least shoot height value (34.40 cm)
was recorded in the control. The highest mean value was significantly higher than all other

treatments but was comparable to the control without a pruning interval (106.6 cm).

Pruning (Week 12): Table 4.3 showed a significant increase on the shoot height of dune
spinach. The plants without pruning intervals in 20%DSW recorded the highest mean values
of shoot height. The lowest mean values were obtained in 15 cm pruning intervals in the control

treatment.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
and different pruning intervals had no significant impact on the shoot height of dune spinach
(Table 4.3).

4.41.2 Effect of diluted seawater and different pruning intervals on shoot length



Diluted seawater (Week 4): Diluted seawater had a significant impact (p < 0.05) on the shoot
length of T. decumbens (Table 4.1). The highest mean value of shoot length (11.60 cm) was
recorded in 40%DSW and was significantly higher when compared to other treatments. The

control recorded the least shoot length value (5.80 cm).

Pruning (Week 4): Different pruning intervals had no significant impact on the shoot length of
T. decumbens. The plants subjected to 30 cm pruning intervals in 40%DSW recorded the
highest shoot length, while 30 cm pruning intervals in the control recorded the lowest mean

value.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had no significant impact on the shoot length of T. decumbens
(Table 4.1).

Diluted seawater (Week 8): Diluted seawater different pruning intervals had no significant
impact on the shoot length of T. decumbens. The results showed that there was no difference

between the control treatment and 20%DSW treatment.

Pruning (Week 8): Different pruning intervals showed nonsignificant effect on the shoot length
of T. decumbens (Table 4.2). The application of different pruning intervals showed no

difference between the treatments (Table 4.2).

Diluted seawater interaction with pruning (Week 8): Table 4.2 showed nonsignificant effect
on the shoot length of dune spinach. It is clear that the interaction of diluted seawater and

different pruning intervals had no positive impact on T. decumbens shoots.

Diluted seawater (Week 12): Diluted seawater had nonsignificant impact on the shoot length
of T. decumbens (Table 4.3). The results showed no significant differences between the
control and 20%DSW.

Pruning (Week 12): Different pruning intervals showed no significant effect on the shoot
length of T. decumbens (Table 4.3). The application of different pruning intervals showed no

difference between the treatments (Table 4.3).
Diluted seawater interaction with pruning (Week 12): Table 4.3 showed nonsignificant

effect on the shoot length of dune spinach. It is clear that the interaction of diluted seawater

and different pruning intervals had no positive impact on T. decumbens shoots.

10



Table 4.1: Effect of diluted seawater and different pruning intervals shoot height, stem length, number of
branches, FWS, and DWS of hydroponically grown T. decumbens. (Week 4).
Seawater Pruning level SHL (cm) STL (cm) NB (n) FWS (g) DWS (g)
No cut 67.60 + 9.53abc 7.00 £ 0.15¢cd 5.67 £ 0.67a NA NA
15 cm 72.6 £ 12.7ab 6.70 + 0.78cd 5.00 + 0.58a 152.4 + 45.7abc 22.75 + 6.52abc
Control 30 cm 79.87 + 3.72ab 5.80 + 0.30d 5.33+0.88a 61.1+12.9c 8.25 + 1.46¢d
45 cm 85.13+2.78a 6.60 + 0.61cd 4.67 £0.67a 78.7 +20.4c 10.46 + 2.68bcd
No cut 72.07 + 3.00ab 7.60 + 1.50bcd 4.33 £0.33ab NA NA
15 cm 65.13 + 6.52bc 7.26 +0.52cd 5.33 + 0.67a 269 + 119ab 28.1+ 12.3ab
20% 30 cm 81.93 +2.27ab 7.70 £ 1.16bcd 4.00 + 0.58ab 290 + 123a 30.5+ 12.4a
45 cm 63.57 £6.71bc 8.50 + 0.70bc 4.67 +0.88a 65.3 +21.1c 6.06 + 2.61cd
No cut 41.77 + 1.76d 8.50 + 0.46bc 4.00 + 1.00ab NA NA
15 cm 52.83 + 7.02cd 8.43 + 1.93bcd 4.00 + 0.58ab 123.6 + 79.5bc 14.78 + 9.23abcd
40% 30 cm 51.93 + 6.46cd 11.60 + 0.55a 2.67 £0.33b 27.5+12.6¢ 3.24 + 1.55d
45 cm 62.73 £7.07bc 10.01 £ 0.64ab 4.00 + 0.58ab 10.22 + 3.33¢ 1.43 +0.33d
Two-way ANOVA F-Statistics
Seawater 14.53* 11.65* 5.04* 4.39* 3.40*
Pruning 1.93ns 0.76ns 0.78ns 5.95* 7.23*
Seawater*Pruning 1.39ns 1.27ns 0.66ns 1.38ns 1.31ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as
calculated by Fisher's least significant difference. Ns = Not analysed. Shoot length (SHL), Stem length (STL), Number of branches (NB), Fresh Weight of Shoots (FWS), Dry
Weight of Shoots (DWS), Fresh Weight of Roots (FWR), Dry Weight of Roots (DWR), Total Fresh Weight (TFW), Total Dry Weight (TDW).
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Table 4.2: Effect of diluted seawater and different pruning intervals shoot height, stem length, number of
branches, FWS, and DWS of hydroponically grown T. decumbens. (Week 8).
Seawater Pruning level SHL (cm) STL (cm) NB (n) FWS (g) DWS (g)
No cut 91.1 £ 13.6ab 9.13 £ 0.32a 7.67 £ 1.76a NA NA
15 cm 4417 £ 2.50e 10.17 £ 1.36a 6.33 + 1.86a 14.11 £ 1.81cd 4.22 +0.90cd
Control 30 cm 53.03 + 0.29cde 8.13 £ 0.68a 5.00+1.73a 8.28+2.26d 2.39+0.42d
45 cm 65.90 + 7.18cd 9.60 £ 1.23a 5.00 £ 1.00a 7.67 £1.76d 2.70 £ 0.68d
No cut 96.3 £ 10.1a 11.50 £ 3.18a 8.00 + 2.52a NA NA
15 cm 51.50 + 4.15de 8.90 + 1.39a 6.00 + 1.53a 53.1 + 18.4ab 8.96 + 3.12ab
20% 30 cm 61.30 £ 3.56cde 8.73 £ 1.94a 4.00 £ 0.58a 38.50 +4.73bc 7.79 + 0.65bc
45 cm 72.93 + 3.50bc 10.30 £ 1.82a 5.33+1.20a 69.1+ 17.6a 12.46 +2.23a
No cut - - - - -
15 cm - - - - -
40% 30 cm - - - - -
45 cm - - - - -
Two-way ANOVA F-Statistics
Seawater 1.99ns 0.25ns 0.02ns 24.90* 23.88*
Pruning 16.30* 0.46ns 1.60ns 6.81* 10.95*
Seawater*Pruning 0.02ns 0.38ns 0.08ns 3.78 3.85

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher's least significant difference. Ns = Not analysed, (-) = Plant death. Shoot length (SHL), Stem length (STL), Number of branches (NB), Fresh Weight of

Shoots (FWS), Dry Weight of Shoots (DWS), Fresh Weight of Roots (FWR), Dry Weight of Roots (DWR), Total Fresh Weight (TFW), Total Dry Weight (TDW).
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Table 4.3: Effect of diluted seawater and different pruning intervals shoot height, stem length, number of
branches, FWS, and DWS of hydroponically grown T. decumbens. (Week 12).
Seawater Pruning SHL (cm) STL (cm) NB (n) FWS (g) DWS (g) FWR (g) DWR (g) TFW (9) TDW (9)
level
No cut 106.6 + 16.2ab 9.13+0.31a 7.67 £ 1.76a 305 + 129b 99.1 + 34.8ab 34.6 £18.1cd 10.36 + 5.69¢c 340 £ 144bc 109.5 + 38.2b
15 cm 34.40 + 3.45¢e 10.17 £ 1.36a 6.33 + 1.86a 46.2+11.9b 11.84 +£2.89c 43.06 + 7.44bcd 13.84 £ 3.39bc 89.3+18.4c 25.68 £ 5.84c
Control 30 cm 43.43 + 4.24de 8.13+0.67a 5.00 £ 1.73a 55.3 + 14.5b 20.22 + 5.68¢ 31.24 +9.70d 8.69+2.79¢c 86.4 +24.1c 28.91 +8.09c
45 cm 66.53 + 3.05cd 9.60 + 1.23a 5.00 £+ 1.00a 128.1 £17.3b 46.78 £ 4.27bc 35.96 + 2.83cd 11.33+1.23c 164.0 £ 16.2bc ~ 58.11 + 5.00bc
No cut 118.6 + 17.6a 11.50 £ 3.18a 8.00 £ 2.52a 444 + 253a 61.3 £ 15.9bc 100.07 + 9.26a 31.31 £ 0.90a 939 + 262a 188.4 +47.7a
15 cm 56.13 + 7.59de 8.90 + 1.39a 6.00 + 1.53a 141.5 £ 37.3b 26.00 + 6.39¢ 86.7 + 38.3abc 26.6 + 10.9ab 228.2 £ 75.6bc 52.6 + 17.2bc
20% 30 cm 69.33 £ 0.81cd 8.67 + 1.99a 4.00 £ 0.57a 839 + 253a 157.3 £ 47.5a 110.2 £ 20.5a 27.46 + 4.34ab 555 + 273ab 88.8 + 20.0bc
45 cm 85.10 + 3.46bc 10.30 + 1.82a 5.33+1.20a 380.9 + 20.0b 73.0 £ 10.2bc 93.70 £ 5.43ab 31.28 £ 1.95a 474.6 +21.3bc 104.3+12.1b
No cut - - - - - - - - -
15 cm - - - - - - - - -
40% 30cm - - - - - - - - -
45 cm - - - - - - - - -
Two-way ANOVA F- Statistics
Seawater 8.96* 0.23ns 0.02ns 10.98* 4.97* 2429+ 26.77* 13.42* 9.56*
Pruning 20.47* 0.48ns 1.60ns 4.39* 9.10* 0.05ns 0.17ns 3.79% 7.78*
Seawater* 0.20ns 0.38ns 0.08ns 0.96ns 0.37ns 0.35ns 0.27ns 0.92ns 0.41ns
Pruning

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as
calculated by Fisher's least significant difference. Ns = Not analysed, (-) = Plant death. Shoot length (SHL), Stem length (STL), Number of branches (NB), Fresh Weight of
Shoots (FWS), Dry Weight of Shoots (DWS), Fresh Weight of Roots (FWR), Dry Weight of Roots (DWR), Total Fresh Weight (TFW), Total Dry Weight (TDW).
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4.41.3 Effect of diluted seawater and different pruning intervals on number of
branches

Diluted seawater (DSW) had a significant impact (p < 0.05) on the number of branches of T.

decumbens only at week 4 (Table 4.1). Pruning and the interaction of diluted seawater with

different pruning intervals had nonsignificant effect on the number of branches at week 4,

week 8, and week 12. The number of branches showed no significant difference at all weeks.

It is clear that different pruning intervals, the interaction of diluted seawater and different

pruning intervals showed no positive influence on the number of branches of T. decumbens.

4.41.4 Effect of diluted seawater and different pruning intervals on the fresh weight
and dry weight of shoots

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on both the

fresh and dry weights of T. decumbens (Table 4.1). The highest mean values of fresh and dry

weights were recorded in 20%DSW treatment. These highest mean values of fresh and dry

weights were significantly higher than all other treatments, including the control. The lowest

fresh weight of shoots was recorded in all the treatments including the control. The lowest dry

weight of shoots was recorded in 40%DSW.

Pruning (Week 4): Different pruning intervals showed a significant effect on fresh and dry
weights of T. decumbens shoots. The application of 30 cm pruning intervals recorded the
highest mean values of fresh and dry weights, while the lowest mean value was recorded in

the following pruning intervals (30 cm and 45 cm) in all the treatments including the control.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had non-significant effect on fresh and dry weights of T.

decumbens.

Diluted seawater (Week 8): Diluted seawater had a significant impact (p < 0.05) on both the
fresh weight and dry weight of T. decumbens shoots (Table 4.2). The highest fresh and dry
weights were recorded in 20%DSW treatment. These highest mean values of fresh and dry
weight were significantly higher than all other treatments, including the control. The lowest
fresh and dry weights were recorded in the control treatment. These were significantly lower

when compared to other treatments.

Pruning (Week 8): Table 4.2 showed a significant effect on the fresh and dry weights of T.

decumbens shoots. The application of 45 cm pruning intervals on the shoots of T. decumbens

14



resulted in the highest fresh and dry weights, while 30 cm and 45 cm in the control resulted in

the lowest fresh and dry weights.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and different pruning intervals had a significant effect on fresh and dry weights of T.
decumbens. This means that the interaction of diluted seawater and different pruning intervals

had a positive influence of the shoots of T. decumbens.

Diluted seawater (Week 12): Diluted seawater showed a significant impact (p < 0.05) on the
fresh and dry weights of T. decumbens shoots (Table 4.3). The highest fresh and dry weight
values were recorded in 20%DSW treatment. These highest mean values of fresh and dry
weight were significantly higher than all other treatments, including the control. The lowest
fresh weight was recorded in the control, but it did not differ significantly when compared to
other treatments. The lowest dry weight was recorded in the control and 20%DSW with 15 cm

pruning interval.

Pruning (Week 12): Table 4.3 showed a significant effect on the fresh and dry weights of T.
decumbens shoots. The application of 30 cm pruning intervals in 20%DSW recorded the
highest mean value of fresh and dry weights, while 15 cm pruning intervals resulted in the

lowest mean values.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
and different pruning intervals showed non-significant effects on the fresh and dry weights of

T. decumbens shoots.

4415 Effect of diluted seawater and different pruning intervals on the total fresh
weight and total dry weight of shoots

Diluted seawater (DSW): Diluted seawater had a significant increase (p< 0.05) on the total

fresh and dry weight of T. decumbens shoots (Table 4.3). The highest total fresh and dry

weights were recorded in 20%DSW, while the least total fresh and dry weights were recorded

in the control treatment. These highest mean values of total fresh weight and total dry weight

were significantly higher than all other treatments, including the control.

Pruning: The application of different pruning intervals showed a significant effect on the total
fresh and dry weight of T. decumbens shoots. The plants without pruning intervals in 20%DSW
resulted in the highest mean values of fresh and dry weights of T. decumbens shoots. The
lowest mean values were recorded in 15 cm and 30 cm pruning intervals in the control

treatment.
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Diluted seawater interaction with pruning: The interaction of diluted seawater and different
pruning intervals had nonsignificant effects on the total fresh and dry weights on T. decumbens
shoots. This is clear that the interaction of diluted seawater and different pruning intervals

showed no positive influence on dune spinach shoots during week 12.

4.5 Discussion

Salt stress is known to be one of the primary factors that impacts enormous areas of
cultivated land across the world, resulting in significant decreases in plant growth, seed
dormancy, and productivity (Ahmad & Anjum, 2023b; Ahmad et al., 2023a). It has significant
implications for plants, affecting various aspects of their physiology and growth. One of the
primary impacts is on nutrient absorption and metabolic activities such as lipid and
carbohydrate metabolism (Parida & Das, 2005; Zafar et al., 2022). This disruption can lead
to reduced crop growth and yield. Additionally, salt stress affects the plant's root system and
overall water balance. Elevated sodium levels create osmotic stress, leading to water
shortages within plant cells and affecting water potential (Ekinci et al., 2022). This imbalance
in water availability further exacerbates the stress conditions for plants in saline
environments. Furthermore, salt stress alters nutrient availability in the soil, causing ion
toxicity in plants (Ali et al., 2021). The accumulation of sodium and other ions can disrupt
cellular processes and lead to metabolic disorders, ultimately impacting plant health and

productivity.

In a nutshell, salt stress imposes multiple challenges on plants, including disruptions in
nutrient absorption, metabolic imbalances, osmotic stress, and ion toxicity. These factors
collectively contribute to reduced crop yields and pose significant obstacles for agriculture in
saline environments. Innovative techniques for addressing salt stress in agriculture integrate
advancements in genetics, physiology, agronomy, and biotechnology (Ahmad et al., 2023a).
These approaches aim to develop resilient crops capable of sustaining productivity in saline
environments while minimizing environmental impact. Continued research and
implementation of these strategies are essential for ensuring global food security and
agricultural sustainability in the face of increasing soil salinization and climate change
challenges. Osmotic stress is primarily associated with a decrease in the development of
leaves, shoots, and reproductive growth and is brought on by a deficiency of water in plant
tissues (Chourasia et al., 2022). An increase in osmotic potential causes the plant cells to dry,
allowing water to exit the root cells and reach the surrounding soil (Fu & Yang, 2023; Hualpa-
Ramirez et al., 2024; Sharavdorj et al., 2024). To ensure that food is produced under such
environmental stress, it is necessary to find and cultivate vegetable crops that can withstand

salinity.
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In this present study, the effects of diluted seawater and different pruning intervals on the
growth characteristics of T. decumbens were assessed. Plants grown under low seawater
concentrations (20% SW) with different pruning intervals (no cut, 15 cm, 30 cm, and 45 cm)
showed an increase in shoot length, fresh and dry weight of shoots, and the total yield of T.
decumbens. This supports the findings of (Azeem et al., 2023; Sharavdorj et al., 2024) and
(Ngxabi et al., 2021), who found that low salinity concentrations increased vegetative growth
whereas high salinity concentrations drastically reduced vegetative growth of halophytes,
resulting in leaf yellowing and wilting. Similar results for Cakile maritima, Arthrocnemum
macrostachyum, and Sarcocornia fruticosa were reported by (Pungin et al., 2023), who
observed an increase in shoot biomass, leaf expansion, and shoot and root weight in fresh
and dried plants at low to moderate salt concentrations. (Ghanem et al., 2021; Gill et al., 2024),
and (Sogoni et al., 2021) observed comparable trends and concluded that high salinity
concentrations greatly lowered the halophyte growth characteristics. However, the findings of

this study revealed that T. decumbens is a low-salt-tolerant wild edible vegetable crop.

Pruning is considered a crucial procedure for producing optimal production and early fruit in
plants (Mawarni & Siahaan, 2022). According to (Peng et al., 2024), pruning optimised the
production, yield, and quality of Capsicum annuum. This further occurred in this investigation,
where pruning significantly (p< 0.05) enhanced the shoot length, fresh and dry weight of
shoots, and total fresh and dry weight of T. decumbens. (Zhong et al., 2024) have reported
comparable results on Ginkgo biloba, demonstrating that pruning improved the yield and
quality of crops. Pruning plays an essential aspect in developing crops that produce good
quality and yields (Botanicae et al., 2010). Moreover, Chapagain et al. (2022) have made
reference to this problem, stating that pruning increased productivity and fruit weight in
cucumber (Cucumis sativus). According to some recent studies of (Peng et al., 2024; Rahman
et al., 2024), pruning has been showing similar patterns and has a major influence on plant
growth, quality, and productivity. Furthermore, a similar trend was observed by (Bulawa et al.,
2022), where pruning had a significant impact on the growth of Trachyandra divaricata. The
results above therefore indicate that in vegetable cultivation, pruning and diluted seawater

concentration (20% SW) may greatly increase the yield and quality of halophytes.

4.6 Conclusion and recommendations
This research emphasises the adverse effects of salt stress on the growth of plants and
explores viable mitigation alternatives, with an emphasis on the use of diluted seawater and
pruning methods. By examining T. decumbens growth parameters under various conditions,
the study shows that lower seawater concentrations (20%SW) combined with different pruning

intervals (30 cm and 45 cm) can result in considerable increases in shoot length, biomass
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production, and overall yield. Furthermore, the study emphasises the importance of pruning
as a management strategy to increase agricultural output and quality, as shown in diverse
crops. The research study also reveals the potential of diluted seawater and pruning as
strategies for enhancing plant efficiency and quality in vegetable crops, opening up novel
opportunities for sustainable agricultural practices amidst increasing environmental
challenges such as salinity. Additional research and implementation of such approaches can

help ensure food security in salt-affected regions.
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CHAPTER FIVE
EFFECT OF DILUTED SEAWATER AND DIFFERENT PRUNING INTERVALS ON
PHYTOCHEMICALS AND ANTIOXIDANT CAPACITY OF TETRAGONIA DECUMBENS
MILL. (DUNE SPINACH) IN HYDROPONICS
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5.1 Abstract

Wild edible vegetables such as spinach are vital components of a nutritious diet, containing
mineral elements, nutritional fibres, carotenoids, vitamins, antioxidants, and phytochemical
components. However, the aim of the research work was to evaluate the effect of seawater
dilutions and different pruning intervals in hydroponic cultivation on the antioxidants and
phytochemical content of T. decumbens to advance its potential uses as a wild edible
vegetable crop. In the present study, the phytochemical and antioxidant content of T.
decumbens shoots cultivated at various seawater concentrations and pruning intervals was
determined using total flavonol, polyphenols, ABTS, DPPH, and FRAP assays. The findings
of this study showed that diluted seawater and pruning intervals significantly (p < 0.05)
increased the phytochemical and antioxidant content of T. decumbens. It was further noted
that low seawater concentration (20%SW) yielded significantly higher mean values for
polyphenols, flavanols, FRAP, and DPPH, while the control recorded the highest values of
ABTS. Low concentrations of seawater (20%SW) seem to increase antioxidant activity,
polyphenol and flavonoid content, and other biochemical properties, suggesting possible

methods of improving crop growth in saline environments.

Keywords: crop resilience, DPPH, FRAP, polyphenols, wild edible vegetables



5.2 Introduction
Many environmental stressors, such as abiotic (drought, salinity, temperature, reactive oxygen
species, and soil pH) and biotic (fungi, bacteria, viruses, and nematodes) factors, have
detrimental effects on plant growth and development, reducing their yield (Ashapkin et al.,
2020; Elateeq et al., 2023). One of the most significant elements affecting agricultural crop
productivity is salinity, and it has a negative impact on crop yield, plant vigour, and germination
(Atta et al., 2023). In saline environments, cells are dehydrated, which results in osmotic stress
and the evacuation of water from the cytoplasm, which lowers the volumes of the cytosol and
vacuoles. Plants under salinity stress frequently experience osmotic and ionic stress, which

can cause certain secondary metabolites to accumulate or decrease (Sytar et al., 2018).

Nevertheless, in order for plants to survive under these critical conditions, they need to
develop a number of defence mechanisms, such as primary and secondary metabolites. Plant
primary metabolites are defined as compounds comprising carbohydrates, lipids, proteins, and
amino acids (Elateeq et al., 2023). Primary metabolite production develops when necessary
nutrients are present in a growth medium during the active growth phase, or trophophase
(Zaynab et al., 2019). All plants contain primary metabolites, which are necessary for healthy
plant growth and development (Erb & Kliebenstein, 2020; Elateeq et al., 2023). These primary
metabolites have been believed to be the main components that protect plants from a variety

of environmental stressors by acting as osmolytes and osmoprotectants (Ejaz et al., 2020).

Conversely, plant secondary metabolism describes tiny molecular compounds that are
produced by metabolic pathways but are not crucial for the development or reproduction of
organisms (Pang et al., 2021; Qaderi et al., 2023). In plants, secondary metabolites such as
flavonoids, phenolic substances, alkaloids, and terpenes are generated close to the stationary
phase of growth and do not directly contribute to the development, growth, or reproduction of
plants (Rahman et al., 2023; Zhang et al., 2023). Several plant species produce secondary
metabolites to protect themselves from various abiotic stresses, especially in saline
environments (Pang et al., 2021; Rahman et al., 2023). Moreover, plant secondary metabolites
play crucial roles in controlling microbial populations associated with hosts, warding off pests
and diseases, and serving as signals for symbiosis between microbes and plants (Guerrieri et
al., 2019).

Tetragonia decumbens (Aizoaceae), also known as kinkelbos, klapperbrak, and sea spinach,
is an edible wild vegetable that is found along the coast from southern Namibia to the Eastern
Cape (Tembo-Phiri et al., 2019; Nkcukankcuka et al., 2021; Sogoni et al., 2021). The plant is

characterized by glossy, hairy, sessile leaves that are dark green in appearance



(Nkcukankcuka et al., 2021; Sogoni et al., 2021). Due to the salt content and crunchiness of
its leaves and stems, it can be used in a variety of green foods, such as spinach, served raw
in green salads, or cooked with other vegetables (Agudelo et al., 2021; Sogoni et al., 2021).
The stems and leaves can be used for pickling, fermenting, and cooking in a variety of
restaurant meals, including soups, stews, and stir fries (Sogoni et al., 2021). T. decumbens is
underutilized due to a dearth of research on its cultivation, phytochemical, and antioxidant
properties. The purpose of this study is to explore the effect of diluted seawater and different
pruning intervals on the phytochemical and antioxidant content of T. decumbens shoots

cultivated in hydroponics.

5.3 Materials and methods

5.3.1 Experimental location
This research was carried out at the research greenhouse of the Department of Horticultural
Sciences at the Cape Peninsula University of Technology, Bellville campus, Cape Town,
South Africa (33°55'56" S and 18°38'25" E). The research project was conducted in an
experimental greenhouse with temperature regulation of 21-26 °C during the day and 12-18

°C at night. The average relative humidity was maintained at 60%.

5.3.2 Plant material and experimental description
Tetragonia decumbens cuttings were collected on February 27, 2023, from a specific clone
plant that was flourishing alongside the coastline at Granger Bay, Western Cape. A stem
cutting propagation technique was used to root new plant material, as reported by (Sogoni et
al., 2021). A total number of one hundred and ten plants were propagated with rooting powder
(Dynaroot™ No. 1 with active ingredient 0.1 % IBA) in polyethylene seedling flat trays filled
with a ratio of 50:50 sand/peat. The trays were placed in the propagation greenhouse on
heated beds with intermitted mist irrigation. Seventy cuttings were selected out the total
number rooted and moved to a shaded area for five weeks to allow them to acclimatise.
Thereafter the cuttings were transplanted into 12.5 cm black plastic pots filled with Consul
silica sand. Only healthy plants were selected and arranged in a randomised block design of

three treatments and a control with three replicates per treatment totalling forty-eight plants.

5.3.3 Nutrient solution

Nutrifeed™ fertiliser from Starke Ayres in Cape Town, South Africa was used to prepare a
hydroponic aqueous solution and used as general feeding to ensure healthy plant
development. Nutrifeed contains the following ingredients: 65 g/kg Nitrogen (N), 27 g/kg
Phosphorus (P), 130 g/kg Potassium (K), 70 mg/kg Calcium (Ca), 20 mg/kg Copper (Cu),
1500 mg/kg Iron (Fe), 10 mg/kg Molybdenum (Mo), 22 mg/kg Magnesium (Mg), 240 mg/kg



Manganese (Mn), 75 mg/kg Sulphur (S), 240 mg/kg Boron (B), and mg/kg Zinc (Zn). For the
first three weeks before the experiment started the system operated using tap water only to
ensure that plants adapt to their new environment. Thereafter the Nutrifeed concentration
were maintained with a concentration of 1:500 (1 kg/500 litres, or approximately 10 g per 5 L)

in each hydroponic sump.

5.3.4 Hydroponic design

The hydroponic system was constructed in accordance with (Bulawa et al., 2022) and built
with four identical Nutrient Film Technique (NFT) systems. Each system was constructed on
a wire mesh square table (2.5 m) to give stability and flat surface. A 50 L low-density
polyethylene (LDPE) reservoir and a single submersible water pump capable of producing
2000 litres per hour (1 x 2000 L/h) were present in each of these Nutrient Film Technique
(NFT) systems, which were referred to as table 1 to 4 (T1-T4). The low-density polyethylene
(LDPE) reservoir served as a container for the nutritional solution that would be utilised in the
experiment. The submersible water pump was designed to generate a nutrient solution and
transport it from the reservoir to the gutters. White polyvinyl chloride (PVC) square gutters that
were 1.36 metres long were used to construct the hydroponic system and were labelled G1,
G2, G3, and G4. Each white polyvinyl chloride (PVC) square gutter was covered with black
plastic polyethylene sheets to prevent algae growth and three holes per gutter were also
created to accommodate 12.5 cm plastic pots. A 50 L low-density polyethylene (LDPE)
reservoir, 1 x 2000 I/h submersible water pump, 20 mm low-density polyethylene (LDPE)
irrigation pipe, 20 mm elbow irrigation fittings, 20 mm flow regulators, 20 mm T-piece irrigation
fittings, and 20 mm end cap irrigation fittings were all used during the construction of each
system. Each gutter on each system had 3 pots with a consul silica sand medium. For
preventing leaks in the system, a silicon glue (PVC) was used to seal the two components
firmly together and when inserting irrigation fittings to the polyvinyl chloride (PVC) square
gutters. A portable digital electrical conductivity (EC) metre (Hanna Instruments®TM HI
98312) that has been calibrated was used to measure the electrical conductivity (EC) in the
nutritional solution on a daily basis and a calibrated hand-held digital pH metre (Eurotech® TM
pH 2 pen) was used to measure the pH in the nutritional solution on a daily basis. The pH of
the nutritional solution was increased with potassium hydroxide [KOH] and reduced with
phosphoric acid [HzsPO.]. The pH and electrical conductivity (EC) were maintained at 4.5, to
6.5, and 3.38 to 1.10 ds m -1 (S) respectively.



Control Treatment 1 Treatment 2
Tap Water/50L (20% SWI/50L) (40% SWI50L)
Gutter 1
[ (No cut)

Gutter 2
o (15cm cut)

Gutter 3
(30cm cut)

Gutter 4
o (45cm cut)

Figure 5.1: Layout and random design of the experiment showing the seawater dilution

treatments and pruning cuts applied.

5.3.5 Treatments

5.3.5.1 Seawater treatments
Seawater was collected from Granger Bay, Cape Town and diluted with tap water to prepare
three diluted seawater treatments and clean tap water as the control. All the sumps (S2, S3,
and S4) with seawater treatments were refilled every week (Friday) to avoid build-up of algae.

The dilutions were as follows:

= S1 Sump 1 = clean tap water (control)
= S2 Sump 2 =20% SW/50L (Treatment 1)
= S3 Sump 3 =40% SW/50L (Treatment 2)

5.3.5.2 Pruning treatments
At the beginning of the experiment (week one), all plants were placed in the gutters and pruned
back to 15 cm. This was done to ensure uniform height in all plants. Thereafter plants were

pruned again at weeks 4 and 8 to three different heights as follows:

= G1 Gutter 1 = No cut (S1G1, S2G1, and S3G1)
» G2 Gutter 2=15cm (S1G2, S2G2, and S3G2)



» G3 Gutter 3 =30 cm (S1G3, S2G3, and S3G3)
» G4 Gutter 4 =45 cm (S1G4, S2G4, and S3G4)

At week 12, no pruning occurred, however, all plant samples were harvested and prepared for
analysis. At weeks 4 and 8, all the unpruned plants were allowed to grow throughout the
experiment without being pruned, hence they are represented with “NA” on the tables. “NA”

means the plants were not analysed at that particular stage.

5.3.6 Phytochemical and Antioxidant analysis

5.3.6.1 Sample preparation

T. decumbens shoots were pruned after weeks 4, 8, and 12 using different pruning intervals
(no cut, 15, 30, and 45 cm). All materials from pruned shoots of T. decumbens were promptly
dried for eight days at 40 °C in a fan-drying LABTECHTM model LDO 150F (Daihan Labtech
India. Pty. Ltd., 3269 Ranjit Nagar, New Dehli, 110008) oven. The material that had dried out
was ground to a fine powder using a Junkel & Kunkel model A 10 mill. After that, 100 mg of
the dried powdered material was mixed with 25 mL of 80% (v/v) ethanol (EtOH; Merck,
Modderfontein, South Africa) and left for one hour to extract the pruned shoot material. The
resulting filtrates were then used for all analyses after being centrifuged for five minutes at
4000 rpm. All T. decumbens samples with “no cut” pruning intervals were not analysed (Na)
in weeks 4 and 8. However, they were only analysed in week 12 after harvesting the entire

plant.

5.3.7 Determination of antioxidant capacity and content
The amount of antioxidant and metabolite accumulation in the leaves was evaluated by
different assays for total polyphenols, DPPH, ABTS, flavanols, and ferric reducing antioxidant
power (FRAP).

5.3.7.1 Polyphenol Assay
The analysis of total polyphenols in the tested plant extracts was carried out using the Folin-
Ciocalteu method, as reported by (Jimoh et al., 2019). A solution of 7.5% sodium carbonate
(Na2CO:3) (Sigma, South Africa) was made by diluting Folin & Ciocalteu's phenol reagent (2N,
Sigma South Africa, Sandton, South Africa) ten times with distilled water. A 96-well plate was
filled with 25 pL of the crude extract, 125 uL of Folin & Ciocalteu's phenol reagent, and 100
ML of sodium carbonate (Na2COs3). The plate was then incubated at room temperature for two
hours. After that, the amount of absorption was determined using a Multiskan spectrum plate

reader (Thermo Electron Corporation, Waltham, MA, USA) at a wavelength of 765 nm. A



standard curve for gallic acid (Sigma, South Africa) with concentrations ranging from 0 to 500
mg/L was used to determine the polyphenol levels of the samples. The findings were reported

as mg of gallic acid equivalents (GAE) per g of dry weight (mg GAE/g DW).



5.3.7.2 Estimation of Flavonol Content

The extracts of flavonol content were measured using quercetin of 0, 5, 10, 20, 40, and 80
mg/L in 95% ethanol (Sigma-Aldrich, Johannesburg, South Africa) as a standard (Tshayingwe
et al., 2023). For every sample, 225 pL of 2% hydrochloric acid (HCI) and 12.5 pL of 0.1%
hydrochloric acid (HCI) (Merck, South Africa) in 95% ethanol (CH3;CH>,OH) were combined
with around 12.5 L of crude sample extracts. After that, the extracts were incubated for 30
minutes at room temperature. At a temperature of 25 °C, the absorbance was measured at
360 nm. The findings were presented as mg quercetin equivalent (mg QE/g DW) per g of dry
weight.

5.3.7.3 Ferric Reducing Antioxidant Power (FRAP) Assay
The FRAP content of T. decumbens shoots was determined using the procedure outlined by
(Jimoh et al., 2019). The FRAP reagent was made by combining 30 mL of acetate buffer (0.3
M, pH 3.6) (Merck, South Africa) together with 3 mL of 2,4,6-tripyridyl-s-triazine (10 mM in 0.1
M hydrochloric acid), 3 mL of iron (lll) chloride hexahydrate (FeCl3-6H20) (Sigma, South
Africa), and 6 mL of distilled water. 300 pL of the FRAP reagent and 10 pL of the crude sample
extract were combined in a 96-well microplate, and the mixture was incubated for 30 minutes
at room temperature. After that, the absorbance was determined using a Multiskan spectrum
plate reader (Thermo Electron Corporation, Waltham, MA, USA) at 593 nm. A standard curve
of L-ascorbic acid (Sigma-Aldrich, South Africa) with concentrations ranging from 0 to 1000
MM was used to determine the FRAP values of the examined plant samples. The findings were

represented as UM ascorbic acid equivalents (AAE) per gramme dry weight (g DW).

5.3.7.4 DPPH Free Radical Scavenging Activity
The DPPH radicals were produced using a 0.135 mM DPPH solution that was made in a dark
bottle (Mndi et al., 2023; Cebani et al., 2024). A mixture of graded concentrations (0 and 500
MM) of Trolox standard (6-Hydrox-2,5,7,8-tetramethylchroman-2-20 carboxylic acid) solution
and 25 L of crude extract was reacted with about 300 L of DPPH solution. The mixes were
incubated for 30 minutes, and then the absorbance at 517 nm was determined. The findings

were presented as pyM/Trolox equivalent per g dry weight (uM TE/g DW).

5.3.7.5 ABTS Free Radical Scavenging Activity
The ABTS assay was carried out using the procedure outlined by (Jimoh et al., 2019). A 140
mM Potassium-Peroxodisulphate (K2S20s) (Merck, Modderfontein, South Africa) solution and
a 7 mM ABTS solution were among the stock solutions. After that, 5 mL of ABTS solution and

88 pL of K2S20s were combined to prepare the working solution. After thoroughly mixing the



two solutions, they were left to react for 24 hours at room temperature in the dark. A standard
consisting of Trolox (6-Hydrox-2,5,7,8-tetramethylchroman-2-20 carboxylic acid) was used
with concentrations varying from 0 to 500 uM. After allowing the crude sample extracts (25
bL) to react with 300 uL of ABTS in the dark at room temperature for 30 minutes, the
absorbance was measured in a plate reader at 734 nm at 25 °C. The findings were presented

as uM/Trolox equivalent per g dry weight (uM TE/g DW).

5.3.8 Statistical analysis
The data obtained from growth parameters, different pruning intervals, and essays in this study
were statistically computed using a two-way examination of variance (ANOVA). The Fisher's
least significant difference will be used to compare the significant differences between

treatment means at p<0.05 using MINI-TAB statistical software.

54 Results

5.4.1 Effect of diluted seawater and different pruning intervals on Phytochemicals
and Antioxidant Activity of T. decumbens shoots

5.4.1.1 Effect of diluted seawater and different pruning intervals on the accumulation

of Polyphenols

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on the
accumulation of polyphenols in T. decumbens shoots (Table 5.1). The plants cultivated under
20%DSW recorded the highest polyphenol concentrations (1.43 mg GAE/g), while 40%DSW
recorded the lowest concentration of polyphenols (0.48 mg GAE/g). The highest mean value
was significantly higher than other treatments but did not differ from the control treatment (1.33
mg GAE/q).

Pruning (Week 4): Table 5.1 shows that the application of pruning intervals had a significant
effect on the shoots of T. decumbens. The high polyphenols were found in plants subjected to
30 cm pruning intervals. The plants subjected to 30 cm pruning intervals in 40%DSW showed

the least polyphenols.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and pruning had a significant impact on the polyphenols of T. decumbens shoots. Table 5.1
shows that there was a significant production of polyphenols during the interaction of diluted

seawater and pruning.



Diluted seawater (Week 8): Diluted seawater had a significant effect (p < 0.05) on the
accumulation of polyphenols in T. decumbens shoots (Table 5.2). The highest mean value
(4.21 mg GAE/qg) of polyphenols was recorded under 20%DSW. The highest mean value (4.21
mg GAE/g) was significantly higher than all other treatments but did not differ from the control
treatment (3.89 mg GAE/q).

Pruning (Week 8): Pruning intervals had a significant impact on the total polyphenols of T.
decumbens shoots. The application of 15 cm pruning intervals in the shoots of dune spinach
resulted in high total polyphenols. The lowest value of polyphenols was recorded in plants

subjected to 30 cm and 45 cm pruning intervals.

Diluted seawater interaction with pruning (Week 8): Table 5.2 showed a significant effect
on the interaction of diluted seawater and pruning in the shoots of dune spinach. These
interactions showed that there was a high polyphenol production in the shoots of dune

spinach.

Diluted seawater (Week 12): Diluted seawater showed a significant effect (p < 0.05) on the
accumulation of polyphenols in T. decumbens shoots. The plants cultivated under 20%DSW
recorded the highest mean value (2.72 mg GAE/g) of polyphenols, while the control treatment
recorded the least polyphenol concentration (1.20 mg GAE/g). The highest mean value was

significantly higher than all other treatments, including the control (Table 5.3).

Pruning (Week 12): Table 5.3 showed a significant impact on the total polyphenols of dune
spinach shoots. The plants without any pruning resulted in high polyphenols in the shoots of
dune spinach, while the one’s subjected to 45 cm pruning intervals recorded the lowest values

of polyphenols.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
and different pruning intervals showed a significant impact on the polyphenols in T.

decumbens shoots.
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Table 5.1: The effect of diluted seawater and different pruning intervals on phytochemicals and the antioxidant activity of T. decumbens

shoots (Week 4).

Seawater Pruning Polyphenols (mg Flavonols (mg FRAP (umol AAE/g) DPPH (umol TE/g) ABTS (umol TE/g)
GAE/g) QE/g)
No cut NA NA NA NA NA
15 cm 1.03 £ 0.08c 0.45+0.01b 36.52 + 0.15b 10.40 £ 1.75¢c 47.81 +1.29bc
Control 30cm 1.33+0.14a 0.59 + 0.08a 36.28 + 1.01b 12.27 + 0.94bc 50.22 + 1.79b
45 cm 1.07 £ 0.09bc 0.32 £+ 0.02c 35.91 £ 0.35b 12.15 + 1.30bc 49.15 +0.86b
No cut NA NA NA NA NA
15cm 0.67 + 0.06de 0.40 + 0.02bc 39.73+£1.23a 13.14 £ 2.72bc 43.65 + 0.52de
20% 30 cm 143 +0.11a 0.65+0.01a 40.89 + 0.64a 11.27 £ 1.78¢c 42.93 + 1.05e
45 cm 0.76 + 0.05d 0.43 +0.08bc 40.21 + 1.06a 11.63 + 1.12bc 42.52 + 0.56e
No cut NA NA NA NA NA
15 cm 0.59 + 0.03de 0.37 £ 0.02bc 34.74 £ 0.54b 14.60 * 1.82bc 46.04 £ 1.74cd
40% 30 cm 0.48 £ 0.08e 0.41 + 0.05bc 35.02 £ 0.22b 17.51 + 1.09b 49.59 + 0.62b
45 cm 1.30 £ 0.07ab 0.62 + 0.08ba 32.38 £ 0.57¢c 28.52 £5.20a 53.10 £ 0.40a
Two-way ANOVA F- Statistics
Seawater 36.41* 10.86* 5.06* 12.99* 32.86*
Pruning 126.97* 112.99* 2495.27* 42.25* 1859.29*
Seawater*Pruning 8.16* 3.21* 22.09* 4.49* 717

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA= Not analysed.



Table 5.2: The effect of diluted seawater and different pruning intervals on phytochemicals and the antioxidant activity of T. decumbens

shoots (Week 8).

Seawater Pruning Polyphenols (mg Flavonols (mg QE/g) FRAP (umol DPPH (umol TE/g) ABTS (umol TE/g)
GAE/g) AAE/g)
No cut NA NA NA NA NA
15 cm 3.89 £ 0.09a 0.60 + 0.03a 33.34 £ 0.35¢ 18.08 + 1.46a 62.50 + 0.79b
Control 30 cm 2.76 £ 0.08b 0.51+£0.01b 43.63 £ 0.93b 9.84 + 1.09d 67.51 £ 0.20a
45 cm 142+ 0.11c 0.60 £ 0.01a 44.40 £ 1.68b 12.71 £ 0.93cd 56.03 + 0.81d
No cut NA NA NA NA NA
15 cm 4.21+0.26a 0.32 £ 0.02c 33.34 £ 0.35¢ 15.26 + 1.19abc 58.97 + 0.89¢
20% 30 cm 1.31+0.13¢c 0.58 £ 0.02a 55.24 £ 0.18a 17.02 + 1.13ab 54.67 £ 0.47de
45 cm 1.45 +0.02¢c 0.37 £ 0.03c 34.48 £ 0.17¢c 14.08 + 1.33bc 53.01 £ 0.83e
No cut - - - - -
15 cm - - - - -
40% 30 cm - - - - -
45 cm - - - - -
Two-way ANOVA F-Statistics
Seawater 365.46* 40.40* 444 19* 3.79ns 208.65*
Pruning 221.05* 233.67* 1688.97* 101.79* 4521.36*
Seawater*Pruning 50.93* 26.37* 80.33* 8.23* 48.31*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.



Table 5.3: The effect of diluted seawater and different pruning intervals on phytochemicals and the antioxidant activity of T. decumbens

shoots (Week 12)

Seawater Pruning Polyphenols (mg Flavonols (mg QE/g) FRAP (umol AAE/g) DPPH (umol TE/g) ABTS (umol TE/g)
No cut 2.4iiE(l)9(;4b 0.36 + 0.02c 41.46 + 0.15ab 17.51 £ 1.61ab 53.66 + 0.94cd
15 cm 1.67 £ 0.14d 0.51+0.31b 42.34 + 0.45ab 14.46 + 2.88abc 67.51 £ 0.20a
Control 30cm 2.14 £ 0.07bc 0.45 + 0.04bc 42.01 £ 0.63ab 8.77 £1.41d 54.82 + 0.32cd
45 cm 1.20 £ 0.08e 0.36 + 0.02c 45.06 + 0.46a 12.87 + 1.69bcd 59.79 £ 1.73b
No cut 2.72 £ 0.06a 0.41 +0.05c 43.99 + 1.86a 18.88 +2.17a 55.83 + 0.84c
15 cm 2.05+0.13c 0.43 + 0.02bc 38.24 £ 0.37bc 10.39 + 0.95cd 52.29 + 0.39d
20% 30 cm 1.55 + 0.06d 0.40 + 0.02c 34.89 + 0.60c 16.34 + 1.33ab 53.09 + 1.22cd
45 cm 1.54 + 0.04d 0.63 +0.01a 42.42 + 3.55ab 15.16 + 2.09abc 54.02 £ 0.70cd
No cut - - - - -
15 cm - - - - -
40% 30cm - - - - -
45 cm - - - - -
Two-way ANOVA F-Statistics
Seawater 101.64* 3.86ns 7.39% 1.87ns 61.51*
Pruning 30.63* 4.07* 5.25* 4.24* 16.47*
Seawater*Pruning 8.13* 10.76* 3.73* 3.30* 32.39*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as calculated

by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.



5.4.1.2 Effect of diluted seawater and different pruning intervals on the accumulation
of Flavanol

Diluted seawater (Week 4): Diluted seawater significantly affected (p< 0.05)the

accumulation of flavonols in T. decumbens shoots (Table 5.1). The 20%DSW recorded the

highest mean value of flavonol (0.65 mg QE/g), while the control recorded the least flavonol

value (0.32 mg QE/g). The highest mean value was significantly higher than other treatments

but was also comparable the control (0.59 mg QE/qg).

Pruning (Week 4): Pruning intervals had a significant effect on the accumulation of flavonols
in the shoots of dune spinach. The application of 30 cm pruning intervals resulted in high
flavonol content, while 30 cm pruning intervals in 40%DSW recorded the lowest flavonol

content.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater

and different pruning intervals had a significant effect on the accumulation of flavonols.

Diluted seawater (Week 8): Diluted seawater had a significant influence (p < 0.05) on the
accumulation of flavonols in T. decumbens shoots (Table 5.2). The control treatment recorded
highest flavonol values (0.60 mg QE/g). The highest mean value recorded in the control was
significantly higher than other treatments but did not differ significantly to 20%DSW (0.58 mg
QE/qg).

Pruning (Week 8): Table 5.2 showed a significant impact on the accumulation of flavonols in
the shoots of T. decumbens. The plants pruned with 15 cm, 30 cm, and 45 cm recorded the
highest mean values, while one’s subjected in 20%DSW with 45 cm pruning recorded the

lowest values of flavonols.

Diluted seawater interaction with different pruning intervals (Week 8): These interactions

had a significant effect on the accumulation of flavonols in the shoots of dune spinach.

Diluted seawater (Week 12): Diluted seawater had no significant effect on the accumulation
of flavonols in the shoots of T. decumbens. The plants cultivated in 20%DSW recorded the
highest flavonol content (0.63 mg QE/g). The lowest mean value was found in the control and
was significantly lower than all other treatments but did not differ when compared to 20%DSW

without pruning and 30 cm pruning.

Pruning (Week 12): Table 5.3 showed a significant effect on the accumulation of flavonols in

T. decumbens shoots. The application of 45 cm pruning intervals in 20%DSW treatment
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recorded the highest mean value, while plants without pruning recorded the lowest mean

values of flavonols.

Diluted seawater interaction with pruning (Week 12): The interactions had a significant

effect (p < 0.05) on the accumulation of flavonols in T. decumbens shoots (Table 5.3).

5.4.1.3 Effect of diluted seawater and different pruning intervals on the accumulation
of FRAP Antioxidant Content

Diluted seawater (Week 4): Diluted seawater had a significant impact (p < 0.05) on the FRAP

antioxidant content of T. decumbens shoots (Table 5.1). The plants subjected under 20%DSW

recorded the highest mean value of FRAP antioxidant content (40.89 umol AAE/g), while

40%DSW recorded the least FRAP antioxidant content (32.38 umol AAE/g). The highest mean

value was significantly higher than all other including the control.

Pruning (Week 4): The application of different pruning intervals showed a significant effect
on the FRAP content of dune spinach shoots. The plants subjected to the following pruning
intervals (15 cm, 30 cm, and 45 cm) recorded the highest FRAP values, while 45 cm pruning
intervals in 40%DSW recorded the lowest FRAP content.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater

and pruning intervals had a significant effect on the FRAP content of T. decumbens shoots.

Diluted seawater (Week 8): Diluted seawater had a significant effect (p < 0.05) on the FRAP
antioxidant content of T. decumbens shoots (Table 5.2). The plants cultivated under 20%DSW
recorded the highest FRAP antioxidant content (55.24 umol AAE/g) and were significantly
higher than all other treatments. The least FRAP antioxidant content (33.34 umol AAE/g) was

recorded in the control treatment.

Pruning (Week 8): Different pruning intervals showed a significant increase on the FRAP
content in T. decumbens shoots. The application of 30 cm pruning intervals resulted in the
highest mean value of FRAP content, while 15 cm pruning intervals resulted in the lowest

mean values.

Diluted seawater interaction with pruning (Week 8): The interactions showed significant

effect on the FRAP antioxidant content of T. decumbens shoots.

Diluted seawater (Week 12): Diluted seawater had a significant effect (p < 0.05) on the FRAP

antioxidant content of T. decumbens shoots (Table 5.3). The plants subjected under the
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control recorded the highest FRAP antioxidant content (45.06 umol AAE/g), while the least
FRAP antioxidant content (34.89 umol AAE/g) was recorded in 20%DSW treatment. The
highest mean value was significantly higher than other treatments but did not differ from
20%DSW without pruning interval (43.99 umol AAE/qg).

Pruning (Week 12): Table 5.3 showed a significant increase on the FRAP content of T.
decumbens shoots. The highest mean value was found in plants without pruning and 45 cm

pruning intervals, while the least mean value was found in 30 cm pruning intervals

Diluted seawater interaction with pruning (Week 12): Diluted seawater interaction with

pruning significantly affected the FRAP antioxidant content of T. decumbens.

5.4.1.4 Effect of diluted seawater and different pruning intervals on the accumulation
of DPPH Antioxidant Content

Diluted seawater (Week 4): Diluted seawater significantly increased (p < 0.05) the DPPH
activity of T. decumbens shoots (Table 5.1). The plants cultivated in 40%DSW resulted in the
highest DPPH antioxidant content (28.52 umol TE/g), while the control resulted in the least
DPPH antioxidant content (10.40 umol TE/g). The highest mean value was significantly higher
than other treatments, and the lowest mean value was significantly lower than all other
treatments but did not differ from 20%DSW with a 30 cm pruning interval (11.27 uymol TE/Q).

Pruning (Week 4): Different pruning intervals had a significant effect on the DPPH activity of
T. decumbens shoots. The application of 45 cm pruning interval recorded the highest DPPH

activity, while 15 cm pruning interval in the control recorded the lowest mean value.

Diluted seawater interaction with different pruning intervals (Week 4): The interactions
of diluted seawater and different pruning intervals had a significant effect on the DPPH activity

of T. decumbens shoots.

Diluted seawater (Week 8): Diluted seawater had no significant effect on the DPPH activity
of T. decumbens shoots. The plants cultivated in the control treatment resulted in the highest

and lowest DPPH activity depending on the pruning intervals made.

Pruning (Week 8): Different pruning intervals had a significant effect on the DPPH activity of
dune spinach shoots. The plants subjected to the control with 15 cm pruning intervals recorded
the highest DPPH activity, while the one’s subjected to 30 cm pruning intervals recorded the

lowest mean values of DPPH activity.
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Diluted seawater interaction with pruning (Week 8): The interactions of diluted seawater
and pruning had a significant effect (p < 0.05) on the DPPH activity of T. decumbens shoots
(Table 5.2).

Diluted seawater (Week 12): Diluted seawater had no significant effect on the DPPH activity
of T. decumbens shoots. The plants cultivated under 20%DSW resulted in high DPPH activity
(18.88 umol TE/g), while the least DPPH activity (8.77 umol TE/g) was recorded in the control
treatment. The highest mean value was significantly higher than all other treatments including

the control.

Pruning (Week 12): The application of pruning intervals had a significant effect on the DPPH
activity of T. decumbens shoots. The plants without pruning intervals recorded the highest
mean values of DPPH activity, while plants with 30 cm pruning intervals in the control recorded

the lowest mean values.

Diluted seawater interaction with pruning (Week 12): The interactions of diluted seawater
and pruning had a significant effect (p < 0.05) on the DPPH activity of T. decumbens shoots
(Table 5.3).

5.4.1.5 Effect of diluted seawater and different pruning intervals on the accumulation
of ABTS

Diluted seawater (Week 4): Diluted seawater had a significant effect (p < 0.05) on the ABTS
values of T. decumbens shoots (Table 5.1). The plants subjected to 40%DSW recorded the
highest ABTS value (53.10 ymol TE/g), while the least ABTS value (42.52 pymol TE/g) was
recorded in 20%DSW treatment. The highest mean value was significantly higher than all
other treatments, and the lowest mean value was significantly lower than all other treatments
but did not differ from 20%DSW with 30 cm pruning interval (42.93 ymol TE/g).

Pruning (Week 4): Different pruning intervals showed a significant increase on the ABTS
content in the shoots of T. decumbens. The application of 45 cm pruning intervals recorded
the highest mean values, while 30 cm and 45 cm pruning intervals in 20%DSW treatment

recorded the lowest mean values of ABTS.
Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater

and different pruning intervals showed a significant effect on the ABTS content of T.

decumbens shoots.
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Diluted seawater (Week 8): Diluted seawater had a significant effect (p < 0.05) on the ABTS
values of T. decumbens shoots (Table 5.2). The plants cultivated in the control recorded the
highest ABTS values (67.51 ymol TE/g), while the least ABTS value (53.01 ymol TE/g) was
recorded in 20%DSW treatment. The highest mean value was significantly higher than all

other treatments.

Pruning (Week 8): Table 5.2 shows a significant impact on the ABTS content of T.
decumbens shoots. The plants subjected to 30 cm pruning intervals resulted in high ABTS

values, while 45 cm pruning intervals resulted into low ABTS values.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and different pruning intervals showed a significant effect on the ABTS content of T.

decumbens shoots.

Diluted seawater (Week 12): Diluted seawater significantly affected (p < 0.05) the ABTS
values of T. decumbens shoots (Table 5.3). The plants cultivated in the control recorded the
highest ABTS value (67.51 ymol TE/g), while the least ABTS value (52.29 ymol TE/g) was
recorded in 20%DSW treatment. The highest mean value was significantly higher than all

other treatments.

Pruning (Week 12): Different pruning intervals had a significant increase on the ABTS values
of T. decumbens shoots. The application of 15 cm pruning intervals recorded the highest mean
values in the control treatment. The least mean values of ABTS were obtained in 15 cm

pruning intervals in 20%DSW treatment.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
and different pruning intervals showed a significant effect on the ABTS content of T.

decumbens shoots.

5.5 Discussion
Salinity poses significant challenges to agricultural productivity, impacting the growth of crops,
their morphology, and their biochemical parameters (Jameel et al., 2024). It is therefore
imperative to develop growing protocols for wild vegetable crops that tolerate salt to maximize
the production of food around the world. Edible stalk portions of vegetables such as spinach
are known to be essential constituents of a well-balanced diet enriched with phenolic
compounds consisting of polyphenols, alkaloids, saponins, proteins, polysaccharides,
carotenoids, minerals, dietary fiber, vitamins, and phytochemicals (Nirmala et al., 2022; Sarkar

et al., 2023). Among these phytochemicals, polyphenols play an important function in
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suppressing proinflammatory transcription factors by linking with proteins responsible for cell
signalling (Zhang & Tsao, 2016; Muscolo et al., 2024). These polyphenols further gained
interest due to their possible beneficial effects on cardiovascular diseases (Abd El-Hack et al.,
2023). Certain phenolic-rich plant components serve to safeguard human tissues against
oxidative damage through eliminating free radicals and preventing lipid peroxidation (Akbari
et al., 2022; Bulawa et al., 2022). They improve the nutritional quality of food while mitigating
any possible adverse health effects associated with excessive intake of synthetic chemicals.
The importance of fruits and vegetables with high antioxidant capacity goes beyond their
nutritional value as they provide added-value goods that are increasingly sought after by

consumers and the food industry (Pinto et al., 2022).

The present study emphasizes the vital significance of comprehending the effects of salinity
on the growth and biochemical composition of agricultural crops, with a specific emphasis on
phytochemicals and antioxidant activities. The results show a complex relationship between
salinity levels and the physiological responses of T. decumbens shoots, highlighting both
positive and negative effects on polyphenol production and antioxidant capacity. Low
concentrations of diluted seawater seem to increase antioxidant activity, polyphenol and
flavonoid content, and other biochemical properties, suggesting possible methods of
improving crop growth in saline environments. However, elevated levels of salinity may trigger
a range of alterations in the anatomy, physiology, biochemistry, and molecular biology of
tissues and cells in numerous plant species (Zhao et al, 2019; Rosca et al., 2023).
Furthermore, plant development is inhibited by high salinity concentrations due to a decrease
in hyperosmotic stress and the buildup of salts at toxic levels for the plants (Van Zelm et al.,
2020; Balasubramaniam et al., 2023). Plants adapt to these challenges by changing their

physiological and metabolic processes.

According to (Pinto et al., 2022), fruits and vegetables containing high levels of antioxidants
enhance the value of food products and are favourably acknowledged by customers and the
food business. The consumption of food items with elevated phenolic content helps preserve
human tissue oxidation through scavenging free radicals and reducing lipid peroxidation,
enhancing nutritional quality, and avoiding potential difficulties brought about by excessive
amounts of synthetic chemicals (Akbari et al., 2022). Therefore, it is of paramount importance
to improve the phytochemical elements found in fruits and vegetables during cultivation. From
the results obtained in this present study, the application of diluted seawater had a significant
impact (p < 0.05) on the polyphenol content of T. decumbens shoots, with high-profile content
in plants watered with low seawater concentration (20%DSW), while plants irrigated with high

seawater concentration (40%DSW) showed significantly lower mean values of polyphenols,
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flavanols, and antioxidant capacity, and this further resulted in the death of plants. These
findings validate those of (Ngxabi et al., 2021) on T. ciliata, where low to moderate salinity
concentrations showed a positive effect on polyphenols, while high salinity concentrations
demonstrated lower mean values. A similar trend was further observed by (Pungin et al., 2023)
on Glaux maritima, where low salinity stress effectively enhanced the amount of phenolic

compounds.

Plants also frequently suffer from ion imbalance and osmotic stress when exposed to high salt
concentrations, which reduces their uptake of vital minerals like potassium and phosphorus
(Shabala & Pottosin, 2014; Ngxabi et al., 2021). This limits the amount of potassium and
phosphorus that are available for metabolic activities, such as the production of polyphenols.
A similar trend was observed regarding flavonol content, where low seawater concentrations
(20%DSW) significantly enhanced the flavonol content of T. decumbens shoots, while high
seawater concentrations (40%DSW) showed significantly lower mean values that resulted in
the death of plants. However, these findings were in correspondence with those of (Ngxabi et
al.,, 2021) and (Ksouri et al., 2007) on T. ciliata and Cakile maritima, where low salt

concentrations recorded significantly higher mean values of flavonols.

The antioxidant activity (FRAP and DPPH) on T. decumbens shoots irrigated with low
seawater concentrations revealed greater mean values than the control. These findings
contradict those of (Pungin et al., 2023) on Glaux maritima plants, where high salt
concentrations increased the amount of FRAP, DPPH, and ABTS. Furthermore, these findings
corroborate those of (Chrysargyris et al., 2018) on edible flowers, where salinity increased the
amount of antioxidants. A similar trend was observed by (Ngxabi et al., 2021) on T. ciliata,
where low salinity concentrations also recorded slightly higher antioxidants. The correlation
between elevated production of secondary metabolites and oxidative stress caused by salinity
could provide validity to these findings. Moreover, excessive salinity may be the cause of this
since it can be toxic and inhibit photosynthesis, which in turn reduces the synthesis of
secondary metabolites. It was not the case for ABTS, where the control recorded the highest
mean values when compared to other treatments. Low seawater concentrations (20%DSW)
recorded the lowest mean values of ABTS. These results corroborate the findings of (Sogoni
et al., 2021) on T. decumbens, which demonstrated significantly lower antioxidant capacity in
the leaves of plants subjected to different salinity concentrations than the control. The findings
of this research demonstrate that T. decumbens can thrive in environments with low to
moderate salinity levels and suggest that it might be used as a substitute food source in

regions with low to moderate salinity soils.
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5.6 Conclusion and recommendations
Nonetheless, elevated quantities of seawater lead to a reduction in polyphenol levels, a
compromise in antioxidant activity, and even the mortality of plants, indicating that agricultural
techniques must carefully regulate salinity stress. This study highlights the significance of
taking into account both the nutritional value of crops and their resilience to environmental
difficulties, and it provides insightful information on the mechanisms underlying plant
responses to salinity stress. The research provides opportunities for the development of
sustainable farming practices and the improvement of food security in countries affected by
soil salinity by clarifying the intricate relationships between oxidative stress, salinity, and the
synthesis of secondary metabolites. In the end, the results indicate that T. decumbens is a
resilient crop species with possibilities to enhance dietary health and agricultural production
in areas with low to moderate salinity. Further research into the molecular mechanisms
governing plant responses to salinity stress will be crucial for harnessing the full potential of

salt-tolerant crops and addressing global challenges in food production.
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CHAPTER SIX
SEAWATER DILUTIONS AND DIFFERENT PRUNING LEVELS MODULATE FULL FEED
OF HYDROPONICALLY CULTIVATED TETRAGONIA DECUMBENS MILL.



Seawater dilutions and different pruning levels modulate full feed contents of
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6.1 Abstract
Vegetables are crucial for a balanced diet and the major source of nutritional stability. Although
underutilised vegetables use have increased to combat poverty, hunger, and economic
growth, essential nutritional content for many of these species remained underutilised. In this
study, the effect of diluted seawater (100% tap water/50L, 20% SW/50L, 40% SW/50L, and
60% SW/50L) and different pruning intervals (unpruned, 15 cm, 30 cm, and 45 cm cut) on
proximate, micronutrient, and macronutrients of hydroponically cultivated T. decumbens was
investigated. Results showed greater ash content and higher amounts of important minerals,
such as magnesium (Mg), potassium (K), and zinc (Zn), at 20% seawater dilution, and 30cm
and 45cm pruning levels. The study emphasises high content of minerals such as iron (Fe),
manganese (Mn), copper (Cu), and zinc (Zn) in T. decumbens which are required for human
health. These findings suggest that T. decumbens has the potential to be a nutrient-dense and
robust crop that can increase food security and nutrition, particularly in areas with
environmental stresses under optimal growing conditions. Further study to optimise cultivation
procedures, field trials for practical application, and consideration of incorporating T.
decumbens into regional food systems are encouraged to meet nutritional demands and

improve food security.

Keywords: ash content, Dune spinach, food security, micronutrients, macronutrients,

neglected vegetables



Introduction

Global agricultural production needs to increase by 70-100% by 2050 in order to meet the
food demands of approximately seven billion people worldwide (Loconsole et al., 2019).
According to (Timmer, 2010) and (Jagtap et al., 2022), more than one billion people lacked
consistent access to affordable and nutritious food. Commercial agricultural land worldwide of
1.5 billion hectares, is too small to generate enough food to feed the increasing world
population (Herrero et al., 2012). Additionally, it has been projected that over the next 50
years, urbanisation will reduce agricultural land by 13%, and by 2030, the global productivity

of agriculture will decline by 1.5 percent annually (Berchoux et al., 2023).

The yields of several important crops, such as rice, wheat, and maize, are negatively impacted
by unfavourable environmental changes that occur all over the world, such as high
temperatures, climate change, salinity of the soil, soil degradation, and a lack of clean irrigation
water (Haj-Amor et al., 2022; Cakmakgi et al., 2023). Due to this, the world food supply has
decreased in many developing nations, making it more difficult for many people to have access
to sufficient nutritional food for daily dietary needs to support healthy and active lifestyles
(Malhi et al., 2021). Nevertheless, this suggests that in the coming years, food production will
need to increase in order to meet the growing demand for agricultural products (Sahu et al.,
2013). To meet this demand, exploring underutilized plants become necessary to increase

leafy options and meet daily demand for vital nutrients.

Vital nutrients in plants include macronutrients and micronutrients. Macronutrients are
required in larger quantities for the growth of plants, and micronutrients are required in smaller
quantities but are still essential for the growth of plants (Vejan et al., 2021). The macronutrients
are nitrogen (N), potassium (K), phosphorous (P), magnesium (Mg), calcium (Ca), and sulphur
(S) (Daramola & Hatzell, 2023). Macronutrients are essential for plant and human life as they
execute vital metabolic and physiological functions like respiration, photosynthesis, and
growth (Tariq et al., 2023; Monib et al., 2023). A balanced availability of these vital nutrients
in soil is crucial for the healthy growth of plants (Tariq et al., 2023). Micronutrients are
characterised as important small-molecule nutrients that plants require in small amounts
(Sherefu et al., 2021; Faizan et al., 2024). The micronutrients include manganese (Mn),
molybdenum (Mo), iron (Fe), chloride (CI), zinc (Zn), aluminium (Al), boron (B), and copper
(Cu) (Thapa et al., 2021). These small-molecule nutrients serve as the building blocks for both
coenzymes and enzymes. They are crucial for the resilience of plants and productivity,
particularly during times of stress. However, the absence of any of the micronutrients has a
significant detrimental effect on the crop's development, yield, and overall nutritional value

(Zaib et al., 2023). Furthermore, these micronutrients help produce antioxidants that



safeguard cells in plants from oxidative damage brought on by a variety of stressors like salt

content, pollution from heavy metals, and nutritional imbalances (Nandi et al., 2024).

Due to their high nutrients, vitamins, and mineral composition, green vegetables are essential
to a healthy diet and are the primary contributors to world nutritional stability (Ebert, 2020).
However, vegetables that are underutilised are being used more frequently and successfully
to combat poverty, hunger, and economic growth (Jena et al., 2018; Shree et al., 2022). These
neglected vegetable crops are vital biological resources for the impoverished in rural areas
and have the potential to improve the health of millions of people living in tribes. Furthermore,
neglected vegetable crops have high levels of antioxidant activity and are abundant in
minerals, vitamins, and other elements that promote health (Yasin et al., 2018; Bulawa et al.,
2022). Neglected vegetable crops may further feed the underprivileged by satisfying the
dietary needs of vulnerable populations and are resistant to many biotic and abiotic stresses
(Hossain et al., 2021; Barooah et al., 2023).

Tetragonia decumbens, also referred to as dune spinach, is one of the underutilised
vegetables that may be eaten raw or cooked with other vegetables. It may also be used as an
alternative for traditional spinach (Sogoni et al., 2021). This species can thrive in a wide range
of environments, such as salinity and soils deficient in nutrients with minimal water needs
(Nkcukankcuka et al., 2021). The importance of cultivating underutilised edible halophytes has
become problematic in crop production (Bueno & Cordovilla, 2020). Additionally, it has been
noted that edible halophytes such as T. decumbens are a good source of nutrients and
bioactive elements (ElI-Amier et al., 2021; Sogoni et al., 2021), which are thought to have
significant influences on many health outcomes (Shah & Smith, 2020; Barreca et al., 2021).
The aim of this study was to determine the effects of graded salinity derived from diluted
seawater and different pruning levels on nutritional composition of T. decumbens to guide

future production of green vegetables in food security.

6.3 Materials and methods

6.3.1 Experimental location
This research was carried out at the research greenhouse of the Department of Horticultural
Sciences at the Cape Peninsula University of Technology, Bellville campus, Cape Town,
South Africa(33°55'56" S and 18°38'25" E). The research project was conducted in an
experimental greenhouse with temperature regulation of 21-26 °C during the day and 12-18

°C at night. The average relative humidity was maintained at 60%.

6.3.2 Plant material and experimental description



Tetragonia decumbens cuttings were collected on February 27, 2023, from a specific clone
plant that was flourishing alongside the coastline at Granger Bay, Western Cape. A stem
cutting propagation technique was used to root new plant material, as reported by (Sogoni et
al., 2021). A total number of one hundred and ten plants were propagated with rooting powder
(Dynaroot™ No. 1 with active ingredient 0.1 % IBA) in polyethylene seedling flat trays filled
with a ratio of 50:50 sand/peat. The trays were placed in the propagation greenhouse on
heated beds with intermitted mist irrigation. Seventy cuttings were selected out the total
number rooted and moved to a shaded area for five weeks to allow them to acclimatise.
Thereafter the cuttings were transplanted into 12.5 cm black plastic pots filled with Consul
silica sand. Only healthy plants were selected and arranged in a randomised block design of

three treatments and a control with three replicates per treatment totalling forty-eight plants.

6.3.3 Nutrient solution

Nutrifeed™ fertiliser from Starke Ayres in Cape Town, South Africa was used to prepare a
hydroponic aqueous solution and used as general feeding to ensure healthy plant
development. Nutrifeed contains the following ingredients: 65 g/kg Nitrogen (N), 27 g/kg
Phosphorus (P), 130 g/kg Potassium (K), 70 mg/kg Calcium (Ca), 20 mg/kg Copper (Cu),
1500 mg/kg Iron (Fe), 10 mg/kg Molybdenum (Mo), 22 mg/kg Magnesium (Mg), 240 mg/kg
Manganese (Mn), 75 mg/kg Sulphur (S), 240 mg/kg Boron (B), and mg/kg Zinc (Zn). For the
first three weeks before the experiment started the system operated using tap water only to
ensure that plants adapt to their new environment. Thereafter the Nutrifeed concentration
were maintained with a concentration of 1:500 (1 kg/500 litres, or approximately 10 g per 5 L)

in each hydroponic sump.

6.3.4 Hydroponic design

The hydroponic system was constructed in accordance with (Bulawa et al., 2022) and built
with four identical Nutrient Film Technique (NFT) systems. Each system was constructed on
a wire mesh square table (2.5 m) to give stability and flat surface. A 50 L low-density
polyethylene (LDPE) reservoir and a single submersible water pump capable of producing
2000 litres per hour (1 x 2000 L/h) were present in each of these Nutrient Film Technique
(NFT) systems, which were referred to as table 1 to 4 (T1-T4). The low-density polyethylene
(LDPE) reservoir served as a container for the nutritional solution that would be utilised in the
experiment. The submersible water pump was designed to generate a nutrient solution and
transport it from the reservoir to the gutters. White polyvinyl chloride (PVC) square gutters that
were 1.36 metres long were used to construct the hydroponic system and were labelled G1,
G2, G3, and G4. Each white polyvinyl chloride (PVC) square gutter was covered with black

plastic polyethylene sheets to prevent algae growth and three holes per gutter were also



created to accommodate 12.5 cm plastic pots. A 50 L low-density polyethylene (LDPE)
reservoir, 1 x 2000 I/h submersible water pump, 20 mm low-density polyethylene (LDPE)
irrigation pipe, 20 mm elbow irrigation fittings, 20 mm flow regulators, 20 mm T-piece irrigation
fittings, and 20 mm end cap irrigation fittings were all used during the construction of each
system. Each gutter on each system had 3 pots with a consul silica sand medium. For
preventing leaks in the system, a silicon glue (PVC) was used to seal the two components
firmly together and when inserting irrigation fittings to the polyvinyl chloride (PVC) square
gutters. A portable digital electrical conductivity (EC) metre (Hanna Instruments®TM HI
98312) that has been calibrated was used to measure the electrical conductivity (EC) in the
nutritional solution on a daily basis and a calibrated hand-held digital pH metre (Eurotech®TM
pH 2 pen) was used to measure the pH in the nutritional solution on a daily basis. The pH of
the nutritional solution was increased with potassium hydroxide [KOH] and reduced with
phosphoric acid [HsPO.]. The pH and electrical conductivity (EC) were maintained at 4.5, to
6.5, and 3.38 to 1.10 ds m -1 (S) respectively.



Control Treatment 1 Treatment 2
Tap Water/50L (20% SWI/50L) (40% SWI/50L)

Gutter 1
A A A A A A A A A . (NO CUt)

Gutter 2
(15cm cut)

Gutter 3
(30cm cut)

Gutter 4
o (45cm cut)

Figure 6.1: Layout and random design of the experiment showing the seawater dilution

treatments and pruning cuts applied.

6.3.5 Treatments

6.3.5.1 Seawater treatments

Seawater was collected from Granger Bay, Cape Town and diluted with tap water to prepare
three diluted seawater treatments and clean tap water as the control. All the sumps (S2, S3,
and S4) with seawater treatments were refilled every week (Friday) to avoid build-up of algae.

The dilutions were as follows:

= S1 Sump 1 = clean tap water (control)
= S2 Sump 2 =20% SW/50L (Treatment 1)
= S3 Sump 3 =40% SW/50L (Treatment 2)

6.3.5.2 Pruning treatments
At the beginning of the experiment (week one), all plants were placed in the gutters and pruned
back to 15 cm. This was done to ensure uniform height in all plants. Thereafter plants were

pruned again at weeks 4 and 8 to three different heights as follows:

= G1 Gutter 1 = No cut (S1G1, S2G1, and S3G1)
= G2 Gutter 2=15cm (S1G2, S2G2, and S3G2)



» G3 Gutter 3 =30 cm (S1G3, S2G3, and S3G3)
» G4 Gutter 4 =45 cm (S1G4, S2G4, and S3G4)

At week 12, no pruning occurred, however, all plant samples were harvested and prepared for
analysis. At weeks 4 and 8, all the unpruned plants were allowed to grow throughout the
experiment without being pruned, hence they are represented with “NA” on the tables. “NA”

means the plants were not analysed at that particular stage.

6.3.6 Nutritional analysis

6.3.6.1 Sample preparation
The nutrient uptake was analysed on the harvested shoots of T. decumbens. Only materials
from pruned shoots of T. decumbens were dried for eight days at 40 °C in a fan-drying
LABTECHTM model LDO 150F (Daihan Labtech Pty. Ltd. New Dehli, India) oven. The
materials that had dried out was ground to a fine powder using a Junkel & Kunkel model A 10
mill. After the experiment, all the samples were packed, labelled, and sent out to the
Department of Agriculture and Rural Development analytical laboratory, of KwaZulu Natal in

powdery form for minerals and proximate analysis.

6.3.7 Proximate Analysis

6.3.7.1 Moisture content
The moisture content was determined through modified techniques that was used by (Mndi et
al., 2023). A temperature of 105 °C was used to dry empty porcelain containers for an hour.
After cooling, the containers were weighed (W1). About one gram of the pulverized samples
of T. decumbens were placed in a receptacle and oven-dried to a constant weight at 105 °C.
The glass container was allowed to cool in a desiccated environment before being weighed

again (W3). To find the moisture content percentage, the following equation was used.

) W2 — W3
% Moisture content = W2 Wi x 100

6.3.7.2 Crude fat content
The crude fat was calculated using a minor modification that corresponded with the description
provided by (Tshayingwe et al., 2023). One gram of the powdered material was extracted in
100 millilitres of diethyl ether using an orbital shaker for a duration of twenty-four hours. The
mixture was filtered, and the filtrate was collected in clean beakers that had been weighed
previously (W1). To equilibrate the ether extract, 100 millilitres of diethyl ether was added.

After mixing the mixture for an additional twenty-four hours on an orbital shaker, the filtrate



was collected into a beaker (W1). The ether filter was weighed in the beaker (W2) after being
dried out in a steam bath and oven-dried at 55 °C. As a result, the following was used to

determine the crude fat content.

% Crude fat content = Wz — Wi x 100
o Lrudeiat content = Original weight of the pulverised sample

6.3.7.3 Ash content
A procedure described by Bulawa et al., (2022) was used to ascertain the percentage ash
content of T. decumbens shoots that were examined. A 105 °C oven was used to heat
porcelain dishes that had been labelled with samples for one hour. A desiccator was used to
cool the crucibles before they were weighed. (W1). Then, a crucible containing one gram of
ground shoots was reweighed (W2). The crucible containing the plant sample was put in a
muffle oven and heated to a temperature of 250 °C for 1 hour. Thereafter, the temperature of
the muffle oven was increased to 550 °C for five hours in order to thoroughly ash the samples.
Samples were weighed and the porcelain bowls were kept cool in a desiccator (W3). The ash

content of the samples was calculated using the following equation.

W2 - W3
% Ash content = m x 100

6.3.7.4 Crude protein
This was discovered by heating 2 grams of pulverized materials and 20 millilitres of
concentrated sulfuric acid (H2SO4) to a clear mixture while using as a catalyst (Cebani et al.,
2024). Following filtration and distillation, the digested extracts were dissolved in 250 millilitres.
Thereafter a second distillation in 500 millilitres round-bottom flask using the aliquot containing
50 millilitres of 45% sodium hydroxide (NaOH), 150 millilitres of the distillate was placed into
a flask containing 100 millilitres of 0.1 M hydrochloric acid (HCI). A yellow colour signalled the
endpoint of the titration process, and equation below was used to compute the nitrogen

content percentage.

Crude protein

[(mlstd acid X N of acid) — (ml bank X N of base)] — (ml std base X N of base) x 1.4007
Original weight of the pulverised sample




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

nitrogen value by a constant factor of 6.25 (ldris et al., 2019).

6.3.7.5 Neutral detergent fibre (NDF)
The NDF composition of the samples was determined using the equation below, as described
by Jimoh et al., (2024).

% NDF = — Wit W2) - WL -,
° ~ Weight of the sample

6.3.7.6 Acid detergent fibre (ADF)
The NDF composition of the samples was determined using the equation below, as
described by (Obregén-Cano et al., 2019).

W3 -W1

6.4 Results

6.4.1 Macronutrients

Diluted seawater (Week 4): Diluted seawater had a significant effect (p< 0.05) in all
macronutrients of T. decumbens shoots (Table 6.1). The plants subjected to 20%DSW
produced the highest amount of magnesium (880 mg/100g), phosphorus (810 mg/100g),
nitrogen (4695 mg/100g), and sodium (5135 mg/100g). The least mean values of magnesium
(630 mg/100g) and sodium (955 mg/100g) were obtained in the control treatment, while for
phosphorus and nitrogen were obtained in 40%DSW treatment. The highest amount of
calcium (710 mg/100g), potassium (5470 mg/100g), and K/Ca+Mg (1595 mg/100g) were
recorded in the control treatment and their lowest amounts were recorded in 40%DSW

treatment.

Pruning (Week 4): Different pruning intervals showed a significant effect in all the
macronutrients in the shoots of T. decumbens. The application of 30 cm pruning intervals in
the shoots of dune spinach resulted in the highest amount of magnesium and sodium, while
their lowest amounts were recorded in 15 cm pruning intervals in the control. The highest
amount of phosphorus and nitrogen were recorded in 15 cm pruning intervals, while their

lowest amounts were also recorded in 15 cm pruning intervals but in 40%DSW treatment. For



calcium, potassium, and K/Ca+Mg 15 cm pruning intervals in the control treatment recorded

the highest mean values, while 15 cm pruning in 40%DSW recorded the lowest mean values.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had a significant effect in all macronutrients in the shoots of T.

decumbens except magnesium

Diluted seawater (Week 8): All macronutrients were significantly affected (p < 0.05) by diluted
seawater (DSW) in T. decumbens shoots except for nitrogen and potassium (Table 6.2). The
plants subjected to 20%DSW produced high amounts of magnesium (770 mg/100g), sodium
(5105 mg/100q), phosphorus (960 mg/100g), and nitrogen (3345 mg/100g). The least mean
values were recorded in the control for both magnesium (330 mg/100g) and sodium (605
mg/100g). Phosphorus, nitrogen, and potassium no significant difference. This means that the

differences were so small that they are not noticeable.

Pruning (Week 8): Different pruning intervals had a significant impact in all macronutrient in
T. decumbens shoots. For magnesium and sodium, plants subjected to 15 cm and 30 cm
pruning intervals recorded the highest mean values. However, phosphorus, nitrogen, and

potassium showed no significant difference in this stage.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and different pruning intervals had a significant effect on calcium and K/Ca+Mg. However, for
other macronutrients no significant effect was observed in the shoots of dune spinach. It is
clear that the interaction of diluted seawater and different pruning intervals had no positive

effect on most macronutrients.

Diluted seawater (Week 12): Diluted seawater significantly affected (p< 0.05) all
macronutrients except for nitrogen (Table 6.3). The plants cultivated in 20%DSW produced
high amounts of magnesium (955 mg/100g), nitrogen (2960 mg/100g), and sodium (6110
mg/100g), while least mean values were recorded in the control treatment. For calcium (430
mg/100g), phosphorus (565 mg/100g), potassium (5235 mg/100g), and K/Ca+Mg (2340
mg/100g), their highest mean values were recorded in plants cultivated under the control

treatment. Their lowest mean values were all recorded in 20%DSW treatment.

Pruning (Week 12): Different pruning intervals in the shoots of T. decumbens showed a
significant effect in magnesium, sodium, and potassium. However, the was not significant
effect in calcium, phosphorus, nitrogen, and K/Ca+Mg. It is clear that the application of

different pruning intervals in some macronutrients had no positive effect.
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Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
with different pruning intervals showed a significant effect in the shoots of T. decumbens in
calcium, magnesium, sodium, and phosphorus. However, for nitrogen, potassium and

K/Ca+Mg no significant effect was observed.
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Table 6.1: The effect of diluted seawater and different pruning intervals on macronutrients of T. decumbens shoots (Week 4).

Seawater Pruning level Ca (mg/100g DW) Mg (mg/100g DW) Na (mg/100g DW) P (mg/100g DW) N (mg/100g DW) K (mg/100g DW) K/iCa+Mg
(mg/100g DW)
Control No cut NA NA NA NA NA NA NA
15 cm 710 + 10.0a 630 + 0.00d 955 + 15.0d 705 + 5.00c 3165 £ 5.00c 5470 £ 30.0a 1555 + 35.0a
30 cm 510 + 90.0b 715 + 115cd 2815 + 1685bc 710 + 0.00c 3715 £ 165b 5215 + 435a 1595 + 225a
45cm 700 + 0.00a 735 + 5.00bcd 1195 + 5.00cd 775 + 5.00ab 4075 £ 45.0b 5310 £ 80.0a 1465 + 5.00ab
20% No cut NA NA NA NA NA NA NA
15 cm 375+ 5.00c 815 + 5.00abc 5015 + 95.0a 810 + 10.0a 4695 + 15.0a 4405 * 15.0bc 1315 + 5.00b
30 cm 280 + 50.0d 880 + 40.0a 5135 + 365a 690 + 30.0c 3950 + 530b 4270 £ 20.0c 1270 + 80.0b
45cm 265 + 5.00d 840 + 20.0ab 4580 + 360a 760 + 20.0b 3215 £ 5.00c 4720 £+ 0.00b 1465 + 35.0ab
40% No cut NA NA NA NA NA NA NA
15 cm 270 + 0.00d 725 + 5.00cd 4405 + 565ab 455 + 5.00d 1835 + 5.00d 2840 + 40.0d 990 + 10.0c
30 cm 275 + 5.00d 735 + 5.00bcd 4225 + 275ab 465 £ 5.00d 1850 + 10.0d 2895 + 45.0d 995 + 25.0c
45cm 275+ 15.0d 745 + 25.0bc 3985 + 75.0ab 480 + 10.0d 1860 + 0.00d 2985 + 25.0d 1020 + 30.0c

Two-way ANOVA F-Statistics

Seawater 100.91* 10.39* 22.55* 425.39* 112.65* 202.44* 32.73*
Pruning 140.48~ 325.36" 34.23* 2391.10% 300.31* 803.58” 247.58*
Seawater*Pruning 14.54* 1.56ns 3.22* 54.31* 16.00* 22.83* 4.57*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.2: The effect of diluted seawater and different pruning intervals on macronutrients of T. decumbens shoots (Week 8).

Seawater Pruning level Ca (mg/100g DW) Mg (mg/100g DW)  Na (mg/100g DW) P (mg/100g DW) N (mg/100g DW) K (mg/100g DW) K/Ca+Mg
(mg/100g DW)
Control No cut NA NA NA NA NA NA NA
15cm 410 £ 40.0a 430 £+ 130b 855 + 305b 730+ 0.00a 2575 + 775a 3940 + 940a 1800 * 20.0a
30 cm 385+ 15.0a 435+ 115b 890 + 310b 849 + 160a 2940 £ 1150a 4125 + 1005a 1890 + 170a
45 cm 410 £ 20.0a 330+ 10.0b 605 + 15.0b 715+ 15.0a 1825 + 15.0a 3240 + 50.0a 1740 £ 40.0a
20% No cut NA NA NA NA NA NA NA
15 cm 240 + 0.00b 760 % 0.00a 4865 * 65.0a 960 + 300a 2785 £ 5.00a 3320 £ 10.0a 1140 + 0.00c
30 cm 230 + 10.0bc 770 + 50.0a 3250 + 2950ab 605 + 35.0ab 3055 + 55.0a 3350 + 240a 1145 £ 15.0bc
45 cm 180 £ 0.00c 685 + 5.00a 5105 + 195a 290 + 0.00bc 3345 + 65.0a 3445 + 15.0a 1345 + 15.0b
40% No cut - - - - - - -
15 cm - - - - - - -
30 cm - - - - - - -
45 cm - - - - - - -
Two-way ANOVA F-Statistics
Seawater 132.48* 31.77* 13.23* 6.77¢ 1.76ns 0.72ns 103.35*
Pruning 165. 49* 40.36* 6.26* 19.01* 15.97* 26.32* 291.38*
Seawater*Pruning 16.53* 3.54ns 1.84ns 1.03ns 1.05ns 0.46ns 14.32*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.3: The effect of diluted seawater and different pruning intervals on macronutrients of T. decumbens shoots (Week 12).

Seawater Pruning level Ca (mg/100g DW) Mg (mg/100g DW) Na (mg/100g DW) P (mg/100g DW) N (mg/100g DW) K (mg/100g DW) K/Ca+Mg
(mg/100g DW)
Control No cut 430 + 0.00a 465 + 5.00e 970 + 20.0c 565 + 5.00a 2790 + 50.0ab 4530 * 60.0abc 1940 + 10.0b
15 cm 430 + 60.0a 580 + 20.0cd 1020 + 140c 490 £ 10.0ab 2800 + 490ab 5235 + 555a 1945 + 235b
30 cm 375 + 45.0ab 515 + 25.0de 980 + 120c 370 + 10.0bc 2630 + 360ab 4740 £ 370ab 1985 + 165b
45cm 305 + 5.00bc 450 + 40.0e 955 + 20.0c 360 + 20.0c 2650 + 180ab 4655 + 205abc 2340 + 0.00a
20% No cut 195 + 5.00d 635 + 5.00c 4545 + 255b 215+ 15.0d 2120 £ 10.0b 2690 + 70.0e 1110 + 20.0c
15 cm 205 + 5.00cd 850 + 20.0b 6110 + 50.0a 325 + 15.0cd 2565 + 25.0ab 4030 £ 70.0bcd 1285 + 5.00c
30 cm 235 + 5.00cd 955 + 15.0a 6070 + 10.0a 230 + 0.00d 2960 + 40.0a 3815 + 15.0cd 1080 + 10.0c
45cm 285 + 45.0bcd 785 + 45.0b 5865 + 25.0a 330 + 100cd 2735 + 45.0ab 3605 + 335d 1170 + 90.0c
40% No cut - - - - - - -
15cm - - - - - - R
30 cm - - - - - - -
45 cm - - - - - - -
Two-way ANOVA F-Statistics
Seawater 49.60* 277.23* 3217.57* 42.37* 0.59ns 41.12* 139.39*
Pruning 0.20ns 22.46* 21.00* 3.36ns 0.81ns 4.70* 2.00ns
Seawater*Pruning 5.12¢ 9.66* 19.82¢ 6.37* 1.83ns 1.08ns 1.98ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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6.4.2 Micronutrients
Diluted seawater (Week 4): Diluted seawater had a significant effect (p< 0.05) in all
micronutrients of T. decumbens shoots (Table 6.4). For manganese (Mn) and iron (Fe), the
highest mean values were obtained in the control treatment, while the lowest mean values
were obtained in 40%DSW treatment. For copper (Cu) and zinc (Zn), the highest mean values
were recorded in plants subjected to 20%DSW treatment, while the control treatment recorded

the lowest values of these two nutrients.

Pruning (Week 4): Different pruning intervals showed a significant effect on the micronutrients
of T. decumbens shoots. The application of 30 cm pruning intervals in both manganese and
iron resulted in the highest mean values, while high diluted seawater (40%DSW) recorded the

lowest mean values of these nutrients.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had a significant effect on the micronutrients of T. decumbens

shoots except for copper (Table 6.4).

Diluted seawater (Week 8): Diluted seawater had no significant effect in the micronutrients
except for copper (Table 6.5). Manganese recorded the highest mean values in the control
treatment, while the least mean value was recorded in 20%DSW treatment. For copper the
highest mean values were obtained in 20%DSW treatment and the lowest mean values were
obtained in the control treatment. For iron and zinc, both the highest and lowest mean values

were obtained in 20%DSW treatment.

Pruning (Week 8): Different pruning intervals showed a significant effect in the micronutrients
of T. decumbens shoots. The application of 45 cm pruning intervals in the control resulted in
high mean values of manganese. The 45 cm pruning intervals in 20%DSW treatment recorded
the least mean values of manganese. For copper and zinc, the application of 30 cm pruning
intervals recorded the highest mean values, while 45 cm pruning intervals recorded the least
mean values. A different trend was observed for iron, where the application of 15 cm pruning
intervals recorded the highest mean values and the least mean values were recorded in 45

cm pruning intervals.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and different pruning intervals had a significant impact on copper and zinc. However, for

manganese and iron the interaction were not significant.
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Diluted seawater (Week 12): Diluted seawater had no significance on the micronutrients of
dune spinach expect zinc (Table 6.6). The plants subjected to 20%DSW produced high
amounts of iron (3.85 mg/100g) and zinc (8.55 mg/100g). The least mean values were
recorded in the control treatment for both iron (1.50 mg/100g) and zinc (2.95 mg/100g). For
manganese and copper, plants showed no significant difference between the control treatment
and 20%DSW.

Pruning (Week 12): Table 6.6 showed non-significant effect on all micronutrients in the shoots
of T. decumbens except for iron. The application of 15 cm pruning intervals in 20%DSW
recorded the highest mean value of iron, while 30 cm pruning intervals in the control treatment
resulted in the lowest mean value. Manganese and copper showed no significant different
between the control and 20%DSW treatment. For zinc, the application of the following different
pruning intervals (15 cm, 30 cm, and 45 cm) in 20%DSW recorded the highest amount, while
the following pruning intervals (15 cm, 30 cm, and 45 cm) in the control resulted in lowest

mean values of zinc.

Diluted seawater interaction with pruning: The interaction of diluted seawater and different
pruning intervals showed a significant effect on manganese and zinc. However, on copper and

iron non-significant effects were observed during week 12.

6.4.3 Proximate composition

Diluted seawater (Week 4): Diluted seawater had a significant effect (p< 0.05) in all
proximate content of T. decumbens shoots (Table 6.7). The plants cultivated under 20%DSW
resulted in high ash content and crude protein, while the control treatment resulted in low ash
content. Crude protein resulted in the lowest mean value in plants subjected to 40%DSW
treatment. For crude fat, the highest mean value was recorded in the control. The lowest mean
value was recorded in 20%DSW and was similar to the control with 45 cm pruning intervals.
For ADF and NDF, the highest mean values were obtained in the control and 40%DSW, while
their lowest mean values were obtained in 20%DSW. Moisture content was found highest in

20%DSW and 40%DSW, while the lowest moisture was found in the control treatment.

Pruning (Week 4): The application of different pruning intervals showed a significant effect in
all proximate content in the shoots of T. decumbens. The plants subjected to 45 cm pruning
intervals recorded in 20%DSW recorded the highest ash content and crude protein. The lowest
ash was recorded in 15 cm pruning intervals in the control, while the following pruning intervals
(15 cm, 30 cm, and 45 cm) in 40%DSW recorded the lowest crude protein. The application of

15 cm pruning intervals in the control resulted in the highest crude fat, ADF, and NDF contents.
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The lowest ADF and NDF contents were recorded in 45 cm pruning intervals in 20%DSW
treatment. For crude fat, the lowest mean values were recorded in 30 cm pruning intervals in
20%DSW and 45 cm pruning intervals in the control. The highest moisture content was
recorded in the following pruning intervals (15 cm and 30 cm) in both 20%DSW and 40%DSW,

while the lowest mean values were recorded in 30 cm pruning intervals in the control.

Diluted seawater interaction with pruning (Week 4): The interaction of diluted seawater
and different pruning intervals had a significant effect in all proximate composition of T.

decumbens shoots except for crude fat and moisture.

Diluted seawater (Week 8): Diluted seawater showed a significant increase on the ash
content, ADF, and NDF of T. decumbens shoots (6.8). However, non-significant effect was
obtained in crude fat, crude protein, and moisture. The plants subjected to 20%DSW recorded
the highest mean values of ash (27.64%). The lowest mean values of ash were recorded in
the control treatment (12.61%). Crude fat, crude protein, and moisture showed no significant
difference between the control and 20%DSW treatment. The plants cultivated under the
control resulted in the highest ADF (37.19%) and NDF (55.82%) contents, while their lowest

mean values were found in 20%DSW.

Pruning (Week 8): Table 6.8 showed a significant effect in all proximate composition of T.
decumbens shoots except for crude fat. The application of 15 cm pruning intervals in 20%DSW
resulted in the highest ash content, while 45 cm pruning intervals in the control resulted in the
lowest ash content. No significant difference was obtained for crude fat, crude protein, and
moisture in week 8. The plants subjected to 45 cm pruning intervals in the control recorded
the highest mean value of ADF and NDF.

Diluted seawater interaction with pruning (Week 8): The interaction of diluted seawater
and pruning had a significant effect on the ash content of T. decumbens shoots. However,

there was no significant effect for other proximate compositions.

Diluted seawater (Week 12): Diluted seawater had a significant increase on the ash content,
ADF, and NDF of T. decumbens shoots (Table 6.9). However, no significant effect was
observed for crude fat, crude protein, and moisture. The plants cultivated under 20%DSW
recorded the highest mean values of ash content (30.10%), while the control treatment
recorded the lowest mean values (15.19%). Crude protein and moisture showed no significant

difference between the control and 20%DSW treatment. The plants subjected to the control
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treatment resulted in the highest mean value of crude fat, ADF, and NDF, while their lowest

mean values were found in 20%DSW treatment.

Pruning (Week 12): Table 6.9 shows that different pruning intervals had no significant impact
on crude fat, crude protein, ADF, and moisture of T. decumbens shoots. However, ash and
NDF showed a significant effect on the shoots of dune spinach. The plants subjected to the
following pruning intervals (15 cm, 30 cm, and 45 cm) resulted in high ash content in 20%DSW
treatment. The lowest mean values were found in plants subjected to 30 cm and 45 cm pruning
intervals in the control treatment. The plants without pruning intervals in the control recorded
the highest ADF and NDF mean values, while their lowest mean values were found in 45 cm
pruning intervals in 20%DSW. For crude fat, 30 cm pruning intervals in the control resulted in
the highest mean value, while plants without pruning in 20%DSW resulted in the lowest mean

values.

Diluted seawater interaction with pruning (Week 12): The interaction of diluted seawater
and pruning had no significant effect in the proximate composition of T. decumbens shoots.
Only ash was significantly affected by the interaction of diluted seawater and different pruning

intervals.
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Table 6.4: The effect of diluted seawater and different pruning intervals on micronutrients of T. decumbens shoots (Week 4).

Seawater Pruning level Mn (mg/100g DW) Cu (mg/100g DW) Fe (mg/100g DW) Zn (mg/100g DW)
Control No cut NA NA NA NA
15cm 13.00 £ 0.00a 0.20 £ 0.00d 11.75 £ 0.05abc 8.05 £ 0.05d
30 cm 13.15+ 0.05a 0.35 £ 0.15cd 14.80 £ 4.40a 11.75 £ 3.05bc
45cm 13.45 £ 0.05a 0.35 £ 0.05cd 8.80 + 0.60bcd 11.30 £ 0.00c
20% No cut NA NA NA NA
15cm 9.10 £ 0.10b 0.40 £ 0.00bc 9.60 £ 0.00bcd 14.25 + 0.45b
30 cm 8.65 £ 0.15b 0.60 £ 0.10a 7.90 £ 0.00cd 17.10 £ 0.00a
45 cm 8.20 £ 0.20b 0.55 £ 0.05ab 11.95 £+ 0.65ab 14.10 £ 0.30b
40% No cut NA NA NA NA
15cm 6.30 £ 0.20c 0.25 £ 0.05cd 6.20 £ 0.00d 12.50 £ 0.10bc
30 cm 5.75+1.75¢c 0.30 £ 0.00cd 6.85 £ 0.15d 12.75 £ 0.50bc
45 cm 5.85 £ 0.05¢ 0.30 £ 0.00cd 6.90 £ 0.70d 13.15 £ 0.35bc
Two-way ANOVA F-Statistics
Seawater 113.44* 11.44* 8.77* 15.87*
Pruning 243.35* 33.42* 38.80* 154.03*
Seawater*Pruning 12.93* 1.60ns 3.47* 3.07*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.5: The effect of diluted seawater and different pruning intervals on micronutrients of T. decumbens shoots (Week 8).

Seawater Pruning level Mn (mg/100g DW) Cu (mg/100g DW) Fe (mg/100g DW) Zn (mg/100g DW)
Control No cut NA NA NA NA
15 cm 7.50 £ 2.70ab 0.15 £ 0.05cd 17.8 £ 12.1ab 11.00 £ 2.50ab
30 cm 6.60 £ 3.60ab 0.15 £ 0.05cd 11.20 £ 4.40abc 10.30 £ 2.00b
45 cm 10.45 £ 0.05a 0.10 £ 0.00d 6.85 £ 0.05bc 8.95 1 0.05bc
20% No cut NA NA NA NA
15cm 6.80 £ 0.10ab 0.35+ 0.50b 23.55 + 0.25a 12.45 £ 0.35ab
30 cm 5.35 £ 0.35ab 0.50 £ 0.00a 10.90 £ 1.50abc 14.40 £ 0.80a
45 cm 2.60 £ 0.00bc 0.20 £ 0.00c 2.60 £ 0.50c 5.20 £ 0.10c
40% No cut - - - -
15 cm - - - -
30 cm - - - -
45 cm - - - -
Two-way ANOVA F-Statistics
Seawater 4.71ns 56.33* 0.01ns 0.29ns
Pruning 8.60* 42.11* 7.63* 47.15*
Seawater*Pruning 2.59ns 11.89* 0.41ns 3.89*

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.6: The effect of diluted seawater and different pruning intervals on micronutrients of T. decumbens shoots (Week 12).

Seawater Pruning level Mn (mg/100g DW) Cu (mg/100g DW) Fe (mg/100g DW) Zn (mg/100g DW)
Control No cut 5.20 £ 0.00a 0.10 £ 0.00a 2.20 £ 0.00bc 7.10 £ 0.20ab
15¢cm 3.80 + 1.70ab 0.10 £ 0.00a 3.75+ 0.85ab 2,95+ 0.45¢c
30cm 2.35+ 1.05ab 0.10 £ 0.00a 1.50 £ 0.20c 3.80 + 0.00c
45 cm 1.10 £ 0.20b 0.10 £ 0.00a 3.20 £ 0.20ab 3.60 + 0.20c
20% No cut 2.80 £ 0.20ab 0.15+ 0.05a 3.45 £ 0.85ab 4.30 £ 0.00bc
15cm 4.05 + 0.25a 0.35+ 0.05a 3.85+0.05a 7.30 £ 0.50a
30 cm 3.85 £ 0.05ab 0.25+ 0.05a 2.60 + 0.40abc 7.50 £ 0.10a
45 cm 495+ 1.45a 1.65 + 1.35a 3.60 + 0.60ab 8.55 + 2.45a
40% No cut - - - -
15 cm - - - -
30 cm - - - -
45 cm - - - -
Two-way ANOVA F-Statistics
Seawater 1.64ns 2.19ns 3.97ns 15.90*
Pruning 0.70ns 1.09ns 4.51* 0.37ns
Seawater*Pruning 4.35* 1.09ns 0.59ns 7.93%

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.7: The effect of diluted seawater and different pruning intervals on proximate content of T. decumbens shoots (Week 4).

Seawater Pruning level % Ash % Crude Fat % Crude Protein % ADF % NDF % Moisture
Control No cut NA NA NA NA NA NA
15cm 18.99 + 0.33¢c 2.31+0.03a 19.81 £ 0.03e 32.56 + 0.07a 51.22 +0.14a 4.61 £ 0.65bc
30 cm 22.73 +2.94b 2.07 £ 0.13bc 23.23 +1.04c 27.78 +1.73b 44.70 £ 2.99b 4.00 + 0.02¢
45 cm 19.66 + 0.14c 1.95 + 0.03c 2545+ 0.28b 26.80 + 0.00b 4418 £ 0.42b 5.31 £ 0.92abc
20% No cut NA NA NA NA NA NA
15 cm 26.81+0.18a 210+ 0.16abc  20.10 £ 0.03e 24,18 £ 0.02c 39.00 £ 0.05¢ 6.22+0.13a
30cm 27.19 + 0.56a 1.95 + 0.08¢ 21.57 £+ 0.18d 24.02 + 0.46¢ 38.47 + 0.66¢ 6.33+0.17a
45 cm 28.82 + 0.39a 2.07 £ 0.04bc 29.36 + 0.10a 18.73 £ 0.52d 32.47 £0.17d 5.66 + 1.04ab
40% No cut NA NA NA NA NA NA
15cm 22.59+0.27b 2.07 £ 0.05bc 11.47 £ 0.05f 31.60 + 0.00a 49.20 £ 0.35a 6.30 £ 0.05a
30 cm 23.93+0.18b 2.11+0.02abc  11.55+ 0.07f 30.83 £ 0.42a 48.86 + 0.50a 6.51 + 0.55a
45 cm 23.95 + 0.30b 2.18 + 0.04ab 11.62 £ 0.02f 32.16 + 1.76a 48.94 + 0.58a 5.72 £ 0.30ab
Two-way ANOVA F-Statistics
Seawater 36.70* 0.93ns 1023.44* 91.48* 113.10% 7.15*
Pruning 542.10* 704.09* 2914.36* 1033.18* 1712.58* 103.03*
Seawater*Pruning 5.37* 2.35ns 157.56* 16.17* 17.46* 1.81ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death
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Table 6.8: The effect of diluted seawater and different pruning intervals on proximate content of T. decumbens shoots (Week 8).

Seawater Pruning level % Ash % Crude Fat % Crude % ADF % NDF % Moisture
Protein
Control No cut NA NA NA NA NA NA
15¢cm 15.31 + 3.36b 2.33+041a 16.09 + 4.85a 30.98+7.24ab 49.57+7.39ab 4.90+0.87a
30cm 15.10 + 2.85b 245+ 0.38a 18.38+7.19a 29.17 £ 8.36ab  46.45+8.05abc 5.80 + 0.44a
45 cm 12.61 £ 0.07b 2.19+0.07a 11.46 £ 0.12a 37.19+0.13a 55.82 + 0.45a 5.27 + 0.50a
20% No cut NA NA NA NA NA NA
15 cm 27.64 +0.19a 242 +0.01a 17.40 £ 0.01a 19.21£0.18b 34.81 +1.02c 6.04 + 1.46a
30 cm 25.41 + 0.56a 1.91 £ 0.63a 19.10 £ 0.33a 18.99 £ 0.85b 34.19+1.37c 7.03 £ 1.86a
45 cm 25.48 + 0.16a 2.25+0.08a 20.91+0.38a 19.49 £ 0.00b 3796 +0.19bc  7.44 + 1.45a
40% No cut - - - - - -
15 cm - - - - - -
30 cm - - - - - -
45 cm - - - - - -
Two-way ANOVA F-Statistics
Seawater 63.70* 1.00ns 1.75ns 12.77* 16.44* 2.33ns
Pruning 83.74* 1.00ns 16.00* 22.11* 61.70* 16.93*
Seawater*Pruning 7.32% 1.00ns 1.04ns 1.76ns 2.00ns 0.36ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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Table 6.9: The effect of diluted seawater and different pruning intervals on proximate content of T. decumbens shoots (Week 12).

Seawater Pruning level % Ash % Crude Fat % Crude Protein % ADF % NDF % Moisture
Control No cut 16.75 £ 0.24cd 1.70 £ 0.11bc 17.47 £ 0.33ab 34.30+0.12a 53.45 + 1.00a 7.24 £ 0.00a
15 cm 18.63 £ 1.33c 2.46 £ 0.12abc 17.51 + 3.08ab 32.53 +4.42ab 50.40 £ 4.30ab  4.69 + 0.36b
30 cm 16.09 £ 0.59d 3.12+0.36a 16.44 £ 2.24ab 28.74+ 4.16abc 48.77£2.85ab  6.02+0.31ab
45 cm 15.19 £ 0.54d 2.82 £ 0.07ab 16.54 + 1.13ab 27.25+1.32abcd 48.38+0.35ab  6.33 + 0.90ab
20% No cut 22.64 +0.03b 1.46 + 0.99c 13.27 £ 0.07b 25.79 + 1.22bcd 4476 £ 1.22b 7.66 £ 0.10a
15cm 30.10 £ 0.55a 2.32 £ 0.09abc 16.03 £ 0.18ab 22.34 £ 1.09cd 36.06 + 1.22¢ 7.04 £ 0.82ab
30 cm 28.76 + 0.15a 2.27 £ 0.02abc 18.49 £ 0.27a 21.06 £ 0.14cd 34.28 + 0.09¢ 6.71 £ 1.09ab
45 cm 29.87 + 0.06a 2.30 £ 0.30abc 17.10 £ 0.28ab 23.41 £ 0.80d 37.78 £ 0.77c 6.71 £ 1.14ab
40% No cut - - - - - -
15 cm - - - - - -
30 cm - - - - - -
45 cm - - - - - -
Two-way ANOVA F-Statistics
Seawater 715.00* 2.52ns 0.59ns 21.76* 73.94* 3.53ns
Pruning 21.22* 3.35ns 0.78ns 2.12ns 5.70* 1.66ns
Seawater*Pruning 20.28* 0.33ns 1.83ns 0.69ns 1.05ns 0.83ns

Mean values +SD are shown in columns. The mean values followed by different letters down the columns are significantly different at P <0.05 (*) and ns = not significant as

calculated by Fisher’s least significant difference. NA = Not analysed, (-) = Plant death.
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6.5 Discussion

Drought and saltwater conditions had a significant impact on the nutritional values of
commercial plants across the globe, with a noticeable impact in arid locations (Ali et al., 2022).
This has caused an expanding global quest for the examination of the dietary and nutraceutical
values of halophytes to combat malnutrition and improve food security in countries impacted
by drought and salinity (Alexopoulos et al., 2023). Halophytes have been demonstrated to
have essential beneficial minerals with numerous phytochemical compounds crucial for
human consumption (Duarte et al., 2022). These halophytes perform an imperative function
in worldwide nourishment and food security, and the consumption of beneficial wild edible
vegetables can be explored to support the nutritional needs around the globe (Shahid et al.,
2023; Beato et al., 2024). According to (Bulawa et al., 2022), these wild edible vegetables

offer a variety of macronutrients, micronutrients, and proximate compounds.

An abundance of ash content indicates that the crop is high in dietary fibre, which shields
digestive enzymes in the alimentary tract (Shahid et al., 2023). Ash contains many vital
nutritive ingredients, particularly minerals, micronutrients, and macronutrients that are
essential for the regular physiological processes of the body (Bulawa et al., 2022; Shahid et
al., 2023). According to (Shahid et al., 2023), ash is made up of inorganic material from plants
containing oxides and salts, such as anions like phosphates, sulphates, and chlorides, and
other cations and halides like calcium, sodium, potassium, magnesium, manganese, and iron.
This study found that the maximum levels of ash content on hydroponically grown T.
decumbens shoots were found in week 4 under 20%SW + 15 cm pruning interval (Table 6.7).
The ash composition of T. decumbens shoots varied between 12.61% and 30.10% across all
treatments, which is higher than the 5% recorded in different wild edible vegetables and is
consistent with the composition found in processed foods (Mufoz-Arrieta et al., 2021; Liu et
al., 2022). These findings are consistent with the study of (Bulawa et al., 2022) on Trachyandra
divaricata flower buds where potassium concentrations without pruning and with 15 cm
pruning levels had the highest ash content. A similar trend was observed by (Ranjbar et al.,
2021) on the ash content of Salicornia bigelovii (pickleweed) where increasing salinity had
ascending and significant values. Similar findings were further observed by (Mndi et al., 2023)
on Mesembryanthemum crystallinum where ash content increased with increasing salinity and

drought conditions.
Moisture content refers to the quantity of water present in a material (levinsh, 2023). An

elevated moisture content indicates that water-soluble enzymes may be more active in the

plant (Stadlmayr et al., 2011). The amount of moisture is primarily determined by the
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plants temperature, humidity, and harvest time. The increased amount of moisture in plants
from less humid and arid environments may be related to their stronger water retention
capacity since they are xeric, and xerophytes retain water and have sunken stomata to
minimise water transpiration (Shahid et al., 2023). In the current research, the highest amount
of moisture on hydroponically cultivated T. decumbens shoots was discovered in week 4 under
40%SW + 30 cm pruning intervals. The moisture contents of T. decumbens shoots varied
between 4.00% and 7.66% across all treatments, indicating that leaves of this plant may have
lesser microbial contamination and chemical degradation, which are often linked with high
levels of moisture (Mndi et al., 2023). Such decreased values indicate that T. decumbens

leaves might possess a longer storage life, which benefits the growers and sellers.

The highest protein composition was obtained in (20%SW) with 45 cm pruning intervals.
Availability of large amount of protein found in wild edible vegetables means that they are
more nutritious than other conventionally consumed vegetables (Shahid et al., 2023). The
protein content found in hydroponically grown shoots of dune spinach varied between 11.47%
and 29.36 % in this study. Consuming food that contain around 12% of their caloric intake
from proteins represent excellent sources of protein. This implies that dune spinach can play
an essential function in helping people in rural regions get affordable and easily accessible
proteins. These findings corroborate with similar studies to the studies on Tetragonia
decumbens, Mesembryanthemum crystallinum L. and Trachyandra divaricata (Bulawa et al.,
2022; Mndi et al., 2023; Tshayingwe et al., 2023)

According to (Jimoh et al., 2020), wild vegetable crops like Amaranthus caudatus L., Solanum
nigrum, Ipomoea plebeia, Ipomoea wightii, Limeum sulcatum, and Pyrenacantha
kaurabassana have been discovered to have small amounts of unsaturated oils, which vary
from 1.9 to 4.8%. The fat composition of T. decumbens shoots ranged between 1.46% to
3.12%, and these results were consistent with those of (Bulawa et al., 2022; Mndi et al., 2023;
Tshayingwe et al., 2023). Vegetable fats supply energy, fatty acids, and vitamins that enhance
their edible qualities by retaining taste (Sarker & Oba, 2020; Kumar et al., 2022).

Iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) are essential minerals for the diet of
humans (Punchay et al., 2020; Mndi et al., 2023). Small amounts of trace elements are
needed in not more than 20 mg per day and constitute less than 0.01% of the human weight
(Tshayingwe et al., 2023; Islam et al., 2023). The small amounts of elements assessed in T.
decumbens shoots meet the daily nutritional require as reported by (Bulawa et al., 2022). At
weeks 4 and 12, dune spinach recorded the highest iron (Fe) content in 20%SW + 15 cm and

45 cm pruning intervals, and ranged from 1.50 to 17.8 mg/100 g. This was significantly less
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than the amounts recorded for other wild edible crops that are consumed in South Africa, such
as Lecaniodiscus cupaniodes (27.8 mg/100 g), Sterculia tragacantha (803.7 mg/100 g), and
Ipomoea plebeian (Ntuli, 2019; Mbatha et al., 2021). Fe is an important micromineral present
in diets such as meat, lentils, and green vegetables (Farag et al., 2021; Bulawa et al., 2022).
Iron intake also plays an essential function in the prevention of illnesses during pregnancy
(Farag et al., 2021).

The amount of manganese (Mn) found in T. decumbens shoots varied from 1.10 to 13.45
mg/100 g, which was less than the amount found in Moring oleifera (252 mg/100 g).
(Ghanbarzadeh et al., 2022). Manganese serves as an antioxidant and has a role in
reproduction of cells, functioning of the immune system, blood sugar management, digestion,
and the development of bones (Punchay et al., 2020; Ghanbarzadeh et al., 2022; Islam et al.,
2023). Zinc (Zn) were measured in large quantities in T. decumbens shoots when compared
with earlier investigations of wild edible vegetables (Sritalahareuthai et al., 2020; Alam et al.,
2020; Punchay et al., 2020). Plants cultivated in 20%SW + 15 cm and 45 cm pruning intervals
produced high amounts of zinc (8.55 mg/100g). The maximum amount of zinc in the shoots of
dune spinach ranged from 2.95 mg/100 g to 7.10 mg/100 g. A high proportion of zinc
consumed in accordance with the recommended daily allowance (RDA) may reduce the
chance of developing chronic illnesses such as impotence, delayed sexual maturation, growth
retardation, and skin and eye disorders (Farag et al., 2021; Islam et al., 2023). Also, zinc
regulates the synthesis of cytokines and antibodies and impacts the functional ability of innate
and adaptive immune system cells, all of which are important for immunological homeostasis
(Weyh et al., 2022; Gasmi et al., 2023).

At weeks 4 and 8, dune spinach growth with 20%SW + 30 cm pruning intervals produced the
highest amount of copper. Copper (Cu) as an essential nutrient that is necessary for the
survival of humans (Farag et al., 2021). T. decumbens shoots were also discovered to have
significant levels of copper (Cu), and varied between 0.10 mg/100 g and 1.65 mg/100 g.
Copper further plays a vital role in several biochemical processes that sustain life, including
but not limited to iron homeostasis, peptide hormone processing, mitochondrial respiration,
connective tissue formation, antioxidant defence, and melanin production (Farag et al., 2021;
Islam et al., 2023).

Minerals such as nitrogen (N), sodium (Na), phosphorus (P), magnesium (Mg), calcium (Ca),
potassium (K), and K/Ca+Mg were examined in this chapter. Magnesium (Mg) is widely
recognised for preventing a variety of ailments, such as heart disease, and its insufficiency

has also been connected to the aetiology of diabetes mellitus (Arshad et al., 2020; Mathew &
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Panonnummal, 2021; Gasmi et al., 2023). Furthermore, it is required in the human system as
an intracellular electrolyte and a co-factor for the production of various enzymes, proteins, and
nucleic acids (Farag et al., 2021; Bulawa et al., 2022). At weeks 4, 8, and 12, magnesium
contents were found to be greater in 20%SW with three different pruning intervals (15 cm, 30
cm, and 45 cm) when compared with other treatments, including the control. The maximum
composition of magnesium in T. decumbens shoots ranged between 330 mg/100 g to 955
mg/100 g, which is more than the USDA's recommendation of 55 mg/100 g of cooked meals.
These findings are consistent with the outcomes of (Bulawa et al., 2022), who discovered that
this component was above the RDA value in T. divaricata tested samples. As a result, using

dune spinach will aid in the treatment of a variety of ailments.

The use of diluted seawater and different pruning intervals considerably increased the
potassium (K) content in T. decumbens shoots. At weeks 4, 8, and 12, The control with the
following pruning intervals (unpruned, 15 cm, 30 cm, and 45 cm) produced the maximum
potassium content and ranged from 2690 mg/100 g to 5470 mg/100 g. Potassium is a vital
element for a balanced diet. It is particularly essential physiologically as it triggers intracellular
and extracellular cations necessary for blood pressure regulation, muscle contractility, and
nerve impulse transmission (Farag et al., 2023). The WHO recommends a daily intake of 3510
mg of potassium to support a nutritional diet (Drewnowski et al., 2015). A study by Jimoh et
al. (2020) suggested that adults should consume at least 2000 mg of potassium, which is in
line with the amount reported in T. decumbens shoots in this study. Sodium (Na) is the most
abundant cation in extracellular fluid. It is essential for maintaining acid-base balance and acts
as a precursor for nerve impulse transmission (Jobin et al., 2021). Sodium is a mineral
essential for the body of humans, with an RDA of 3371 mg for adults (Drewnowski et al., 2015).
At weeks 4, 8, and 12, dune spinach cultivated in 20%SW with the following pruning intervals
(15 cm, 30 cm, and 45 cm) produced the maximum composition of sodium and varied between
605 mg/100 g and 6110 mg/100 g.

Phosphorus is an essential element of nucleic acids and cell membranes (Serna & Bergwitz,
2020; Bird & Eskin, 2021). It plays an imperative role in the movement and generation of
energy in the form of ATP, in regulating the pH level, as well as increasing bone minerals and
triggering various pathways of metabolism such as glycolysis and gluconeogenesis (Ballestin
et al., 2021). Approximately 750 mg of this element is needed by adults, and more during the
rapid growth of children (Serna & Bergwitz, 2020; Bird & Eskin, 2021). In the present study,
the maximum phosphorus content surpassed 760 mg/100 g. At weeks 4 and 8, dune spinach
cultivated in 20%SW + 15 cm and 30 cm pruning intervals ranged between 215 760 mg/100
g and 960 760 mg/100 g. Nevertheless, this study quantified T. decumbens to be regarded as
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a phosphorus supplement since diluted seawater and different pruning intervals had a
significant effect on the plant responses. A comparable analysis was conducted by (Bulawa

et al., 2022), who found a greater concentration of phosphorus (P) in Trachyandra divaricata.

Nitrogen (N) components were greater in 20%SW + 30 cm and 45 cm pruning intervals when
compared to all treatments, including the control (Tables 6.1 and 6.3). Crops use nitrogen (N)
to promote leaf development and green colour, as well as to sustain their metabolic processes
at low tissue water potential, thereby helping to ease drought stress in cereal crops (Nawaz et
al., 2020). Nitrogen is also important in meals because it helps the body synthesise amino
acids (Shahid et al., 2023). The highest amount of nitrogen varied from 1825 mg/100 g and
4695 mg/100 g). The calcium composition shows to be significantly influenced by diluted
seawater and different pruning intervals (Tables 6.1, 6.2, and 6.3). At weeks 4, 8, and 12, the
control with 15 cm, 30 cm, and 45 cm pruning intervals produced the maximum amount of
calcium. The highest calcium content in this study ranged between 180 mg/100 g and 710
mg/100 g. These results agrees with the findings of (Tshayingwe et al., 2023) on Trachyandra
divaricata. Calcium (Ca) is reported to protect membrane structure and function under salt
stress (Farzana et al., 2023). It inhibits osteopenia and osteoporosis brought on by certain
chemotherapy medications and is essential for the development and maintenance of both
muscles and bones (Cope, 2022; Afuape et al., 2022; Costa et al., 2024).

6.6 Conclusion and recommendations
The study revealed that 20%SW with or without pruning nearly optimized all minerals,
micronutrients macronutrients of dune spinach than other seawater dilution treatments.
Proximate compositions such as ash, crude protein, and moisture are found to be high in dune
spinach. This implies that dune spinach can play an essential function in helping people in
rural regions get affordable and easily accessible food that is rich in proteins. The high content
of essential minerals and nutrients, coupled with their adaptability to salinity, makes them a
promising resource for addressing global nutritional needs. Therefore, cultivation of T.
decumbens with 20% seawater dilution could provide significant nutritional benefits needed

for a balanced diet and may combat malnutrition and enhance food security.
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CHAPTER SEVEN
GENERAL DISCUSSION, CONCLUSION AND RECOMMENDATIONS



71 General discussion

Global agricultural production needs to increase by 70-100% by 2050 in order to meet the
food demands of approximately seven billion people worldwide (Loconsole et al., 2019).
However, climate change, increasing soil salinity, and emerging freshwater scarcity have
severe impacts on agricultural production in many different countries, notably South Africa
(Sogoni et al., 2021). This reduction has encouraged more study on underutilised wild edible
vegetables to enhance daily meals (Ngxabi et al., 2021). The present research demonstrated
that growing wild edible vegetables such as T. decumbens can be effective in improving the
availability of food as these wild vegetables tolerate adverse conditions like as salinity while

providing nutritional contents, needed secondary metabolites, and antioxidant properties.

In chapter 2 it was concluded that Tetragonia decumbens Mill., commonly called dune
spinach, is a promising but underrated halophyte with enormous potential for culinary and
commercial uses. This species has been reported to be grown in dry and coastal areas due
to its exceptional resistance to salt and drought. Harnessing the full potential of the species
requires a well-designed cultivation technique that takes into account its distinct requirements
for managing nutrients, water, and soil. Because of its unique characteristics, Dune spinach
can survive in harsh conditions because to its physiological and biochemical processes, which
include osmotic adjustment, ROS-detoxification, and succulence. It is an important resource
for food security because of these processes, which also increase its nutritional content and
resistance. Beyond its usage in food preparation, T. decumbens has a variety of other uses,
including as possible involvement in soil bioremediation and animal feed. However, in order
to create efficient culture techniques and determine the market potential, further study is

necessary as commercial cultivation is still mainly unknown.

In chapter 3 the effect of diluted seawater (DSW) and different pruning intervals on the
chlorophyll content in T. decumbens shoots was conducted. The results indicate that low
levels of diluted seawater (20%SW) and different pruning intervals (15 cm and 45 cm)
significantly increased the chlorophyll values on the shoots of T. decumbens when compared
with the control on week 4 and 12. These findings suggest that 20%SW with 15 cm or 45 cm
pruning could be the optimal protocol for chlorophyl yield of T. decumbens. These findings are
consistent with those of (Parvin et al., 2015) and (Sogoni et al., 2021), who reported a
significant reduction in chlorophyll content at high levels of salinity and a rise at low to
moderate salinity levels. Likewise, (Ngxabi et al., 2021) reported a similar trend, indicating a
significant increase in chlorophyll content at low salinity levels in Trachyandra ciliata. (Bulawa
et al., 2022), also reported similar findings on Trachyandra divaricata exposed to low salinity

levels with 15 cm pruning interval, which resulted in enhanced chlorophyll content.



In Chapter 4 the effect of diluted seawater (DSW) and different pruning intervals on the
vegetative growth of T. decumbens shoots cultivated through hydroponics was investigated.
The growth parameters such as shoot length, fresh weight and dry weight of shoots, and total
dry and wet weight of shoots and roots were significantly affected by diluted seawater
concentrations and different pruning intervals The results indicated that low levels of diluted
seawater (20%SW) and different pruning intervals (no cut, 30 cm, and 45 cm) enhanced the
production of T. decumbens and high levels of diluted seawater (40%SW) reduced the
production and resulted leaf wilting and plant death. Similar results have been reported by
(Azeem et al., 2023; Sharavdorj et al., 2024) and (Ngxabi et al., 2021), where low salinity
levels increased vegetative growth of halophytes, while high salinity levels reduced growth
and caused leaf wilting and resulted in plant death. Likewise, (Pungin et al., 2023) reported
similar findings on Cakile maritima, Arthrocnemum macrostachyum, and Sarcocornia
fruticosa, where low to moderate salinity levels increased shoot biomass, leaf expansion, and
shoot and root weight in both fresh and dried. A similar trend was observed by (Ghanem et
al., 2021; Gill et al., 2024), and (Sogoni et al., 2021) where high salinity levels significantly
reduced halophyte development. In addition, pruning stimulates new growth, blooming,
fruiting, and high-quality yields in flowering and crop plants (Mawarni & Siahaan, 2022; Bora
et al., 2024; Peng et al., 2024). However, in this current study, no cut, 30 cm, and 45 cm
pruning intervals had the highest values in all growth parameters. A similar trend was
observed by (Zhong et al., 2024) on Ginkgo biloba, where pruning showed increased yield

and quality of crops.

In chapter 5, the effect of diluted seawater (DSW) and different pruning intervals on the
phytochemical and antioxidant activity of T. decumbens shoots grown hydroponically was
conducted. The phytochemical and antioxidant capability of T. decumbens shoots was shown
to be enhanced by low concentrations of diluted saltwater (20%SW) and varying pruning
intervals (15 cm and 30 cm), according to the study's findings. T. decumbens gathered the
highest concentrations of polyphenols, flavonols, FRAP, and DPPH in this study. These
outcomes are supported by the findings of (Bulawa et al., 2022), who applied low potassium
concentrations to Trachyandra divaricata to promote phytochemical accumulation. When it
came to polyphenols, low to moderate salinity concentrations had a favourable impact,
whereas high salinity concentrations exhibited lower mean values. This trend was also noted
by (Ngxabi et al., 2021) in their study on Trachyandra ciliata. The number of phenolic
compounds was efficiently increased by low salinity stress, as further found by (Pungin et al.,
2023) on Glaux maritima in a similar pattern. In contrast, the control and high diluted seawater
(40%SW) had high mean values for DPPH and ABTS.



In chapter 6, the investigation on the effect of diluted seawater (DSW) and different pruning
intervals on nutritional content of T. decumbens shoots grown hydroponically was evaluated.
The results indicated that low levels of diluted seawater (20%SW) and different pruning
intervals (15 cm and 30 cm) significantly enhanced the nutritional content in the shoots of T.
decumbens. The results of this study revealed that the ash composition of T. decumbens
shoots have shown positive results of 12.61% and 30.10% across all treatments, which is
higher than the 5% recorded in different wild vegetables and is consistent with the composition
found in processed foods (Munoz-Arrieta et al., 2021; Liu et al., 2022). These results are
consistent with findings of (Bulawa et al., 2022) on Trachyandra divaricata, where the ash
content reported was between 13.3% to 23.6% in all treatments. High ash value indicates that
the plant is high in dietary fibres, which provide shelter for digestive organisms in the
gastrointestinal tract (Bulawa et al., 2022; Shahid et al., 2023).

The moisture content on hydroponically cultivated T. decumbens shoots was discovered in
week 12 under 20%SW without pruning. The moisture content of T. decumbens shoots varied
between 4.00% and 7.66% across all treatments, indicating that leaves of this plant may have
lesser microbial contamination and chemical degradation, which are often linked with high
levels of moisture (Mndi et al., 2023). Such decreased values indicate that T. decumbens
leaves might possess a longer storage life, which benefits the growers and sellers. These
results are similar with that of (Bulawa et al., 2022) on flower buds of Trachyandra divaricata,

where the moisture content ranged between 9.9% to 12.1% in all treatments

The highest fat content in dune spinach shoots was found in week 4 under 20%SW + 45 cm
pruning intervals. The fat composition of T. decumbens shoots ranged between 1.46% to
3.12%, and these results were consistent with those of (Bulawa et al., 2022; Mndi et al., 2023;
Tshayingwe et al., 2023). Similar findings were also observed by (Jimoh et al., 2020) on wild
vegetable crops like Amaranthus caudatus L., Solanum nigrum, Ipomoea plebeia, Ipomoea
wightii, Limeum sulcatum, and Pyrenacantha kaurabassana, where they have small amounts
of unsaturated oils, which vary from 1.9 to 4.8%. Vegetable fats supply energy, fatty acids,
and vitamins that enhance their edible qualities by retaining taste (Sarker & Oba, 2020; Kumar
et al., 2022). Diluted seawater (20%SW) + 30 cm and 45 cm pruning intervals had the highest
protein composition in this study and varied between 11.47% and 29.36 %. These were similar
to those of (Bulawa et al., 2022; Mndi et al., 2023; Tshayingwe et al., 2023) on Tetragonia
decumbens, Mesembryanthemum crystallinum L. and Trachyandra divaricata. The protein

content of this plant was comparable with that of Moringa oleifera leaves (Sultana, 2020).



Iron (Fe), zinc (Zn), copper (Cu), and manganese (Mn) are essential minerals for the diet of
humans (Punchay et al., 2020; Bulawa et al., 2022; Mndi et al., 2023). These small amounts
of trace elements are needed in not more than 20 mg per day and constitute less than 0.01%
of the human weight (Tshayingwe et al., 2023; Islam et al., 2023). Diluted seawater (20%SW)
+ 15 cm pruning interval significantly affected the iron content in dune spinach shoots. The
iron content ranged between 1.50 to 17.8 mg/100 g. This is significantly less than the amounts
recorded for other wild edible crops that are consumed in South Africa, such as Lecaniodiscus
cupaniodes (27.8 mg/100 g), Sterculia tragacantha (803.7 mg/100 g), and Ipomoea plebeian
(Ntuli, 2019; Mbatha et al., 2021). The results were also similar to the ones of (Bulawa et al.,
2022) on flower buds of Trachyandra divaricata. The highest manganese content in dune
spinach shoots was found in week 12 under 20%SW + 15 cm pruning intervals. The amount
of manganese (Mn) found in T. decumbens shoots varied from 1.10 to 13.45 mg/100 g, which
was less than the amount found in Moring oleifera (252 mg/100 g). (Ghanbarzadeh et al.,
2022). The highest zinc and copper content in dune spinach shoots were found in weeks 4
and 8 under 20%SW + 30 cm pruning intervals. Zinc and copper were further found in large
quantities in T. decumbens shoots when compared with earlier investigations of wild edible
vegetables (Sritalahareuthai et al., 2020; Alam et al., 2020; Punchay et al., 2020). The
maximum amount of zinc in the shoots of dune spinach ranged from 2.95 mg/100 g to 7.10
mg/100 g, and copper varied between 0.10 mg/100 g and 1.65 mg/100 g. Copper further plays
a vital role in several biochemical processes that sustain life, including but not limited to iron
homeostasis, peptide hormone processing, mitochondrial respiration, connective tissue

formation, antioxidant defence, and melanin production (Farag et al., 2021; Islam et al., 2023).

Magnesium (Mg) is widely recognised for preventing a variety of ailments, such as heart
disease, and its insufficiency has also been connected to the aetiology of diabetes mellitus
(Arshad et al., 2020; Mathew & Panonnummal, 2021; Gasmi et al., 2023). Furthermore, it is
required in the human system as an intracellular electrolyte and a co-factor for the production
of various enzymes, proteins, and nucleic acids (Farag et al., 2021; Bulawa et al., 2022).
Magnesium contents were found to be greater in 20%SW with three different pruning intervals
(15 cm, 30 cm, and 45 cm) when compared with other treatments, including the control. The
maximum composition of magnesium in T. decumbens shoots ranged between 330 mg/100 g
to 955 mg/100 g, which is more than the USDA's recommendation of 55 mg/100 g of cooked
meals. These findings are consistent with the outcomes of (Bulawa et al., 2022), who
discovered that this component was above the RDA value in T. divaricata tested samples. As

a result, using dune spinach will aid in the treatment of a variety of ailments.



The maximum potassium content ranged from 2690 mg/100 g to 5470 mg/100 g. Potassium
is a vital element for a balanced diet. It is particularly essential physiologically as it triggers
intracellular and extracellular cations necessary for blood pressure regulation, muscle
contractility, and nerve impulse transmission (Farag et al., 2023). The WHO recommends a
daily intake of 3510 mg of potassium to support a nutritional diet (Drewnowski et al., 2015). A
study by Jimoh et al. (2020) suggested that adults should consume at least 2000 mg of
potassium, which is in line with the amount reported in T. decumbens shoots in this study.
Dune spinach growth with 20%SW with the following different pruning intervals (15 cm, 30 cm,
and 45 cm) produced the highest amount of sodium in weeks 4,8, and 12. Sodium (Na) is the
most abundant cation in extracellular fluid. It is essential for maintaining acid-base balance
and acts as a precursor for nerve impulse transmission (Jobin et al., 2021). Sodium is a
mineral essential for the body of humans, with an RDA of 3371 mg for adults (Drewnowski et
al., 2015). In this study, the maximum composition of sodium varied between 605 mg/100 g
and 6110 mg/100 g.

Phosphorus is an essential element of nucleic acids and cell membranes (Serna & Bergwitz,
2020; Bird & Eskin, 2021). It plays an imperative role in the movement and generation of
energy in the form of ATP, in regulating the pH level, as well as increasing bone minerals and
triggering various pathways of metabolism such as glycolysis and gluconeogenesis (Ballestin
et al., 2021). Approximately 750 mg of this element is needed by adults, and more during the
rapid growth of children (Serna & Bergwitz, 2020; Bird & Eskin, 2021). In the present study,
the maximum phosphorus content surpassed 760 mg/100 g at the 20%SW + 15 cm pruning
intervals and ranged between 215 760 mg/100 g and 960 760 mg/100 g. Nevertheless, this
study quantified T. decumbens to be regarded as a phosphorus supplement since diluted
seawater and different pruning intervals had a significant effect on the plant responses. A
comparable analysis was conducted by (Bulawa et al., 2022), who found a greater

concentration of phosphorus (P) in Trachyandra divaricata.

Nitrogen (N) components were greater in 20%SW + 30 cm and 45 cm pruning intervals when
compared to all treatments, including the control. Crops use nitrogen (N) to promote leaf
development and green colour, as well as to sustain their metabolic processes at low tissue
water potential, thereby helping to ease drought stress in cereal crops (Nawaz et al., 2020).
Nitrogen is also important in meals because it helps the body synthesise amino acids (Shahid
et al., 2023). The highest amount of nitrogen varied from 1825 mg/100 g and 4695 mg/100 g).
Calcium (Ca) is reported to protect membrane structure and function under salt stress
(Farzana et al., 2023). It inhibits osteopenia and osteoporosis brought on by certain

chemotherapy medications and is essential for the development and maintenance of both



muscles and bones (Cope, 2022; Afuape et al., 2022; Costa et al., 2024). The highest calcium
content in this study ranged between 180 mg/100 g and 710 mg/100 g. These results agrees
with the findings of (Tshayingwe et al., 2023) on Trachyandra divaricata.

7.2 Conclusion

The results of this study indicate that T. decumbens plant growth, chlorophyll content,
nutritional content, phytochemical content, and antioxidant capacity have all been positively
impacted by diluted seawater (DSW) and varying pruning intervals. Among all treatments,
including the control, low diluted seawater (20%SW) and pruned or unpruned intervals proved
to be the most effective. On the other hand, dune spinach development was shown to be
strongly influenced by the impacts of diluted seawater and different pruning intervals on plant
growth, chlorophyll content, nutritional content, phytochemical content, and antioxidant
capacity. These findings suggest that T. decumbens may be grown as a viable leafy green
vegetable by using diluted seawater and different pruning intervals. When grown under
salinity, edible wild vegetable plants like T. decumbens have the ability to be commercialised

as an edible leafy green crop.

7.3 Recommendations
The study suggested that hydroponic cultivation of dune spinach using low levels of diluted
seawater (20%SW) and different pruning intervals optimizes productivity, resulting in improved
plant growth, chlorophyll content, nutritional content, phytochemical 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 dune spinach as a
valuable crop and providing insights into the cultivation practices that can optimize its growth
and nutritional value. However, further research is needed on the nutritional content of T.

decumbens to support its commercial viability as a wild edible vegetable.
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