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Preface

The Edited Volume Urban Horticulture — Sustainable Gardening in Cities is a collection
of reviewed and relevant research chapters, concerning the developments within the
book’s field of study. The book includes scholarly contributions by various authors
and is edited by a group of experts pertinent to the horticulture field. Each contribu-
tion comes as a separate chapter complete in itself but directly related to the book’s
topics and objectives.

The book includes chapters dealing with the topics: “Perspective Chapter: Application
of Nanotechnology Solutions in Plants Fertilization and Environmental Remediation”,
“Hydraulic Sizing for Watering Green Space Application in Bechar-Algeria”,
“Perspective Chapter: The Impact of Human Activities on Wetlands’ Provisioning and
Cultural Services in Epworth, Zimbabwe”, “Perspective Chapter: How Important is
Urban Farming in Indonesia to Support Food Sovereignty?”, “Therapeutic Impact of
Engagement in Green Spaces”, “Urban Vegetation: Anthropogenic Influences, Public
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Perceptions, and Wildlife Implications”, “Perspective Chapter: Mechanization in
Agricultural Production from Horizontal and Vertical Perspective”, “Landscaping
Promoting Sustainable Comfort in Cities”. The target audience comprises scholars

and specialists in the field.
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Chapter1

Perspective Chapter: Application of
Nanotechnology Solutions in Plants
Fertilization and Environmental
Remediation

Lina M. Alnaddaf, Salim F. Bamsaoud and Mahroos Bahwirth

Abstract

The effects of nanoparticles that are used on plants, either as foliar sprays or as
fertilizers, vary between promoting and inhibiting. This effect varies according to
many different factors, such as the type of nanoparticles, the concentration, the
shape, the size, the type of plant, the soil characteristics, and the soil microorgan-
isms. The effect of iron, zinc oxide, graphene, copper oxide, silicon, titanium, and
carbon nanotubes on soil fertility, plant growth and development, and crop yield
was discussed in detail. The nanoparticles affect the seed’s water absorption, roots,
germination, stem, photosynthesis rate, photosynthetic pigments, and enzymatic and
non-enzymatic compounds. Moreover, it also highlights the role of these particles in
the different stresses that can be exposed to the plant and the mechanisms of toler-
ance of these stresses. This chapter presents the ability of these particles to combat
pollution in its various forms, including groundwater, heavy metals, and wastewater.
In addition, these nanoparticles accumulate in the water, soil, and plants, and impact
humans and the food chain. Finally, the future prospects for the use of nanotechnol-
ogy to achieve the goals of sustainable development.

Keywords: nanotechnology, fertilization, environmental remediation, nanoparticles,
plant

1. Introduction

Nanotechnology can change agricultural systems and methods used via
nanofertilization. It contributes to reducing pollution and protecting the environ-
ment, as well as reducing the costs of using chemical fertilizers. Nanofertilizers
provide soluble nutrients that are quickly absorbed and reduce their build-up in the
soil. In addition, it increases plant growth and development and enhances plant resis-
tance to biotic and abiotic stresses. Nanofertilizers’ effect on plants varies according
to the plant type, method of application, and the size and concentration of different
nanoparticles. Moreover, to the positive effects of nanofertilizers, it is necessary
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to highlight their adverse effects related to toxicity. In addition, we will discuss the
future prospects for the use of nanofertilizers.

2. Mechanisms of nanofertilizer impacts on soil, plants, crops, and stress
2.1 Soil fertility

A fertile soil is one of the fundamentals (along with water, climate, and seeds)
that are essential for the advancement of agriculture and enhancing agricultural
output efficiency. Several groups of researchers each suggested a creative approach
to soil remediation. Advances in nanotechnology over the last century have allowed
for a variety of approaches to increasing soil fertility. Unpredictably, NPs in soil may
either inhibit plant development or promote it, depending on many factors related to
nanoparticles and plants [1]. Several techniques, including spraying, pouring down
nanofluid, and combining nanoparticles with the soil, are used to amend the soil with
nanoparticles in order to increase soil fertility. Brownian motion and gravitational
force may both play a role in the transit of NPs in soil, hence increasing the likeli-
hood of these particles interacting with soil constituents that subsequently reflected
plants [2]. If NPs are tiny enough (5 to 20 nm), they may penetrate plant cells through
sieve-like cell walls [3]. This has enhanced the need for employing the substance in
nanoform to overcome the problems in soil fertility and plant fertilization.

Several soil-beneficial processes are attributed to the use of nanomaterials, includ-
ing the nitrogen cycle, the enhancement of enzyme activity, and the induction of
plant-beneficial microbes. Numerous inorganic, organic, and composite nanomateri-
als were examined in terms of the possible influence they might have on fertilizing
soil and resolving issues connected to plant development and production. These
studies were conducted both in the laboratory and in the field, and they were evalu-
ated and summarized in order to be a useful resource for farmers and researchers to
save time and money.

One of the ways that nanoparticles are employed in agriculture is by incorporat-
ing them (in either fluid or solid form) into the soil [4]. These nanoparticles have
the potential to introduce either on their own or in combination with conventional
fertilization ingredients. In each of the aforementioned methods, nanoparticles and
nanotechnology, in general, have the potential to provide solutions to soil problems
that have preoccupied farmers over the period of the last several years. Among these
solutions was the application of silver nanoparticles on the soil. The combination
of these nanoparticles caused a rise in the number of diazotrophic bacteria in the
soil, which is thought to have been a contributing factor in the elevated amount of
fertilization seen in the soil. Moreover, iron nanoparticles, which are a component
of a new generation of environmental remediation technology, may provide a
cost-effective solution to one of the most challenging difficulties in environmental
cleanup. Soil contaminants such as chlorinated organic compounds, toxic metals,
and inorganic compounds can all be converted into less toxic or inert compounds by
interacting with nanoparticles zero-valent iron [5-9]. On the other hand, it is shown
that soil amendments containing metallic Cu NPs up to 600 mg/kg considerably
improved the development of lettuce seedlings by up to 91% without causing any
harmful consequences [1]. Recent research has shown that adding zinc nanoparticles
to the soil as a kind of fertilizer considerably increases the amount of zinc that is
available in the soil, which in turn significantly increases the amount of zinc that
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is present in the plant’s shoots and grain. This is due to that the application of these
fertilizers considerably accelerated the development of plant roots and exudates.
These exudates have the potential to greatly boost both the availability of zinc and its
absorption by plants [10, 11].

One of the most promising approaches that deliver the answer to reducing soil
toxicity is the use of nanocomposites, which will eventually result in an improvement
in plant growth and production [12]. The higher surface-to-volume ratio of graphene
oxide (GO) nanoparticles has unique capabilities as an efficient water transporter
in soil because of its sp2 and sp3 hybrid structure; these particles could contribute
to solving drought problems and the lack of water [13]. CuO nanoparticles, on the
other hand, promote the growth of plant growth-promoting microorganisms in the
rhizosphere of Salvia miltiorrhiza (red sage) [14, 15]. The ameliorating potential of Si
nanoparticles for soil is well known since these nanoparticles are often more effective
than their bulk equivalents [12, 16-21]. Due to the stimulation of plant photosynthesis
by SiO; nanoparticles, silicon plays a critical role in improving the plant antioxidant
system’s efficiency, promoting plant growth under salt stress, and increasing the
plant’s tolerance to abiotic and biotic stressors. Therefore, SiO, nanoparticles provide
excellent solutions for enhancing the capabilities of the soil to support agricultural
activities [12, 22]. TiO, nanoparticles have several uses in agroecosystems due to their
attractive physical and chemical characteristics, availability, cheap cost, and excel-
lent stability. TiO, NPs are used in nanofertilizers and nanopesticides to increase soil
fertility and crop development as well as improved light retention [23-25]. Numerous
studies show that TiO, nanoparticles, at a specific concentration range in various
plant species, may increase plants’ resistance to cold, heat, drought, NaCl, and
ultraviolet light [26-31]. TiO, NPs stimulate soil nutrients and microbial dynamics at
low concentrations [32]. Nanoparticles of titanium dioxide make it easier for seeds
to absorb water and, as a result, accelerate the germination process [12]. The radicle,
plumule, root, and seed germination of canola seedlings is accelerated by the applica-
tion of TiO, NPs [33].

Carbon nanotubes are employed as fertilizer to enrich the soil, consequently
encouraging the growth of many plants, including tomatoes, cucumbers, rice, maize,
broccoli, and soybeans [3, 34-39]. Carbon nanoparticles have the ability to restrict the
mobility of herbicides in agricultural applications. Furthermore, CNPs improve plant
photosynthesis, crop development, water absorption, antioxidant levels, and the effi-
ciency of nitrogen (N), P, and K use. CNPs have recently reported as part of a novel
approach that also includes compost, mycorrhizal, and arbuscular fungi blended into
the soil. This combination of CNPs has the ability to protect plants against drought
stress. The innovative use of CNPs in agriculture might fulfill growing food demand
while simultaneously protecting the environment [40]. The recent approach isa
significant indicator that nanotechnology is a fertile field for agricultural research,
and many more studies will be required to develop innovative agricultural solutions in
the near future.

2.2 Plant growth and development

The use of nanotechnology in agricultural sciences, with the assistance of
nanoscience, is now achieving a high level of success, resulting in the development
of novel solutions in a wide range of agricultural domains. The consequences of all the
novel approaches to enhance soil, irrigation water, and agricultural climate discov-
ered via the usage of nanotechnology are indirectly improving plant components in
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order to produce agricultural items and boost yields. For example, the addition of
iron nanoparticles to the soil reduces soil contaminants such as chlorinated organic
compounds, toxic metals, and inorganic compounds that could harm plants. A wide
variety of nanoscale materials were prepared and analyzed to provide a fresh strat-
egy for addressing agriculture’s perennial challenges. These nanoparticles are often
delivered directly to plants through the seeds, stems, or leaves in order to improve
growth and agricultural productivity. In this section, all of the recent researches on
how nanoparticles affect plant development are summarized.

Using carbon-based nanomaterials (CNTs) boosted seed water absorption by
moving it from the seed coat to shoots and leaves [1]. This improved germination per-
centage and plant growth by maximizing water uptake and nutrient intake [41]. This
technique has been used to improve seed germination, root and plant growth, and
final growth in numerous crops, including hybrid Bt cotton, Phaseolus mungo L.,
Brassica juncea L., tomato (Lycopersicon esculentum Mill) and rice (Oryza sativa L.),
resulting in an increase in biomass and seed germination [12]. CNTs have a crucial
role in stimulating rice seedling growth, root elongation, and seed germination in
zucchini species [42]. In addition, CNTs improved seed germination, vegetative
biomass, and tomato growth [43], and multi-walled carbon nanotubes (MWCNT)
influenced the fresh and dried mass of tomato roots as well as gene expression [44].
Research demonstrates that maize, tobacco, switchgrass, rice, tomato cell cultures,
barley, wheat, and soybean seeds grew faster when treated with single-walled carbon
nanohorns (SWCNHs) [12]. In fact, the effect on plant shape depends on the type of
nanoparticles and its applied [45]. However, titanium dioxides (TiO,) NPs, such as Ag
and graphene NPs, have shown to improve seed germination by increasing the ability
of internal tissues to convey water and increasing the metabolism of seed stores
[24]. They also improve water absorption, which accelerates seed germination [12].
Increased nitrate absorption and photosynthetic rate attributed to the augmentation
of nitrogen metabolism caused by the introduction of TiO, NPs in spinach, showing
that these nanoparticles may really boost plant growth [44]. The application of TiO,
NPs to canola seedling plants increased the growth of the radicle and plumule, as well
as root and seed germination [33].

Nanoscale zinc oxide (ZnO) is essential for plant growth at low concentrations
and does not inhibit onion seedling growth or cell division [33]. ZnO NPs enhanced
the germination of soybean, wheat, tomato, and onion seeds [46] and increased the
germination of cucumber seeds by 10%. In addition, ZnO NPs with a particle size of
50 nm favorably influenced the roots of rapeseed [33]. In addition, ZnO NPs applica-
tion on the coffee plants had a positive effect by increasing the fresh weight of roots
(37%) [44]. Compared to the control, ZnO NPs at 10 mg/L accelerated seed germina-
tion (100%), root length (185 mm), and root width (0.5 mm) [47].

Similar to other nanomaterials, silver nanoparticles (SNPs) had beneficial
impacts on vascular plants, including seed germination, root development, and plant
biomass. These benefits correlated with the concentration and structure of SNPs
[42]. Experiments conducted with varied concentrations of SNPs on Cucurbita Pepo
revealed a notable change in seeding speed and duration due to the presence of the
SNPs [48]. SNPs greatly improved wheat seeding rate, rootletlet and plumule length,
and rootletlet and plumule wet and dry weight [49]. In fenugreek plants, low concen-
trations of SNPs (10-20 g/mL) increased seedling growth and seed germination [44].
A number of investigations on the impact of SNPs on two wheat and barley types
found a rise in germination ratio stem, length, and a decrease in root length compared
to the control [50].
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Rice seed germination is stimulated by the addition of Silicon (Si) NPs. Si NPs
increase maize seed germination by improving nutrient availability [41]. Si NPs
enhanced all seedling parameters such as percent germination, germination rate,
length, and fresh and dry mass of root and shoot in Changbai larch (Larix olgensis
Henry) seedlings [51, 52]. Also, utilizing Si NPs for pre-chilling seeds in tall wheat-
grass (Thinopyrum intermedium L.) breaks inertia, stimulates seed germination, and
boosts the vigor index, mean germination time, and dry weight of seedling roots and
shoots [50]. Soybean (Glycine max L.) germination and growth are boosted by boost-
ing nitrate reductase activity and improving the seeds’ capacity to absorb and use
water and nutrients [51, 52]. Seed germination, plant height, and root and shoot dry
weights were all improved by using Si-NPs in rice (Oryza sativa L.) seedlings [53].Ina
similar manner, Se NPs stimulated organogenesis and accelerated root development in
Nicotiana tabacum L. by up to 40%, compared to the effect of aqueous selenate [33].
Gold nanoparticles (NPs) at concentrations of 5-15 mg/L considerably enhanced the
germination and physiology of older maize seeds without causing any harm [54].

Numerous researchers have used a wide number of techniques, including the
biological approach, in order to fabricate NPs with a wide range of morphologies
and sizes [48, 51, 52, 54-57]. The biological approach is a synthetic technology that
involves the extraction of plant components for use in the nanoparticle synthesis
process. This technology has the potential to be an effective solution in agricultural
applications since it is controllable, inexpensive, low-risk, and safe. Generally, nano-
technology has the potential to improve agriculture’s sustainability and benefits, but
there are still many questions surrounding its use in this field.

2.3 The effect of nanofertilizer on crop yield

Numerous studies outline the nanotechnology mechanism for crop enhancement.
In this part, these findings on the function of nanotechnology in crop improvement
are discussed. Nanotechnologies have the potential to generate a substantial increase
in agricultural productivity as well as enhancements to food production systems [58].
Nanotechnology is one example of a technology that may aid in agricultural production
by reducing wasteful input consumption and increasing productivity. Nanotechnology
is regarded as an effective tool for managing a wide range of environmental stresses by
providing novel and practical solutions. Nano-fertilizers (NFs) considerably increase
plant growth efficiency, soil quality, and crop yield of high-quality fruits and cereals
[59], and also, may serve as a sustainable strategy to promote agricultural yield in
(semi-) arid regions [60]. NFs have the potential to improve nutrient absorption and
plant output by modulating fertilizer availability in the rhizosphere, prolong stress
tolerance by enhancing nutritional capacity, and raise plant defense mechanisms. For
sustainable agriculture, NFs might potentially take the place of synthetic fertilizers
since they are better at stimulating plant growth [61]. The applications of nanoparticles
and nanomaterials have a positive effect on crop productivity via different strategies.
It is summarized by green synthesis of nanoparticles, plant-targeted protection via
the application of nanoherbicides and nanofungicides, precise and constant supply
of nutrients through nanofertilizers as well as tolerance to abiotic stress, by several
mechanisms such as activation of the antioxidant enzyme system that alleviates oxida-
tive stress [62]. In addition, the tolerance to abiotic stress by several mechanisms, such
as activation of the antioxidant enzyme system that alleviates oxidative stress is one of
the positive impacts of the applications of nanoparticles and nanomaterials in agri-
culture. All the mentioned positive effects could be due to their nano-size properties,
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their high nutrient use efficiency, their slow release of nutrients, and the controllable
necessary dosage of nanomaterials used in fertilizer to get the desired results [63].

In the most recent decades, there have been reports that nanoscale zero-valent iron
has the ability to increase plant development in the laboratory. Therefore, nanoprimed
seeds demonstrated superior crop performance when compared to hydroprimed seeds
in the conventional sense. As a result, nZVI is classified as a “pro-fertilizer,” and it is
utilized commercially as a seed treatment agent capable of increasing plant develop-
ment and yield while causing little disruption to the soil ecology [64].

Essential oil content was found to increase with the use of nano-iron fertilizer, fruit
output and quality were both enhanced with the use of nano-zinc and boron fertilizers,
and the use of nano-zeolite was shown to increase germination rates and prolong the
life of soil nutrients. Increased growth from nanoparticles helps crops mature sooner
and recover more quickly from environmental challenges. In addition to increasing
the levels of photosynthetic pigments and osmolytes, the synthesized Fe,O; NPs also
increased the activities of the enzymes peroxidase (POD), polyphenol oxidase (PPO),
catalase (CAT), and superoxide dismutase (SOD) in healthy as well as infected tomato
plants when compared with the control. The optimum therapy for peroxidase and
polyphenol oxidase activities was determined to be the administration of Fe,O; NPs
(10 g/mL) to stress plants, which enhanced the activities of POD by 34.4% and PPO
by 31.24%. On the other hand, the best treatment for stressed plants was to apply Fe,O;
NPs (20 g/mL), which increased the activities of CAT by 30.9% and SOD by 31.33%)
[65]. When compared to the control, the same treatment had significantly higher
biological yield, grain yield, protein yield, and harvest index, with 14.792 Meg/ha, 7.100
Meg/ha, 890.34 kg/ha, and 40.00 percent, respectively [66]. Under normal circum-
stances, applying ZnO NPs led to considerable growth and biomass augmentation while
preventing drought-induced decrease. ZnO NPs treatment increased photosynthetic
pigments, photosynthesis, and PSII activity, with peak values at 100 mg/L [67]. Under
both normal and drought circumstances, ZnO NPs caused an increase in the total
amount of proline, glycine betaine, free amino acids, and carbohydrates. In addition,
foliar application of ZnO NPs was shown to be effective in preventing the drought-
induced decrease in the amount of phenol and mineral nutrients [67]. Stimulatory
effects were seen on total chlorophyll (0.93 g/kg FW), shoot biomass (2168 kg/ha),
and essential oil content (3.4 g/kg) and yield (7.4 kg/ha) as a result of sub-risky levels
of Zn in nanoform absorption (amounted to an average of 152.6 mg Zn/kg after foliar
application of 160 mg of zinc oxide nanoparticles) in comparison with ZnS treatment
or control. Foliar application of 160 mg/L ZnO NPs is recommended for optimal micro-
nutrient Zn biofortification, biomass production, and essential oil yield in dragonhead
[60]. The researchers used many nanocomposites with different concentrations on dif-
ferent plant species to study their effect on their production and increase the yield [4].

Foliar application of nanoparticles enhanced the foliar nutrient status and crop growth
and yield. The nano-enabled foliar application could be an ideal strategy for advancing
agricultural productivity. Canola plants had an increase in their biomass after receiving
a foliar spray of Ca-NPs at a concentration of 100 mg/L, which was deemed the best
dosage. Canola plants had an increase in their biomass after receiving a foliar spray of
calcium nanoparticles at a concentration of 100 mg/L, which was deemed the best dosage.
Furthermore, Ca-NPs also induced a drought-tolerant response in Brassica napus plants,
which correlated with an uptick in the expression of key antioxidative defense enzymes
(APX, POD, SOD, CAT), secondary metabolites and non-enzymatic components (prote-
ase, lipoxygenase, proline, total soluble protein contents, endogenous hormonal biosyn-
thesis) [68]. Grain yield components such as the number of pods per plant and 100-grain
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weight were also affected by seed priming with nano-Zn. Nano-Zn priming increased
grain protein percentage by 21%. Therefore, to increase the yield of white beans, priming
treatment with nano-Zn as well as foliar application of zinc + iron can be used [69].

The results demonstrated that nano-K,SO, enhanced shoot dry weight, plant
height, number of flowers, number of tillers, root length, root fresh weight, and root
dry weight under both salt levels on two alfalfa (Medicago sativa L.) genotypes [70].

Currently, the use of nanoparticles is having an impact on agricultural production.
There is evidence that the results obtained indicated that the foliar application of
CuNPs improved the physical and nutraceutical quality and the concentration of Cu
in melon fruits. The highest weight and the best diameters of the fruit were obtained
with copper nanoparticles have a strong impact on the growth and development of
different crops. Biofortification specifically with Cu NPs improves the nutritional
quality of food and its consumption has a positive influence on the health of human-
ity. The findings indicate that there is a statistically significant relationship between
the copper nanoparticles and the phytochemical variables found in melon fruits. It
was determined that the use of Cu NPs may be an option to enrich melon fruits, and
it has the potential to alleviate the problem of copper insufficiency in the diet of the
general population [71].

Nano-fertilizers suggest new crop management strategies. Although potassium
(K) is difficult to incorporate into organic materials, it helps to increase rice crop
quality [72]. Although the dosage of 200 ppm of K nanofertilizer resulted in a greater
increase in yield, the dosage of 100 ppm produced greater accumulations of biomass,
total chlorophyll content, SPAD values, photosynthetic activity, and nitrate reductase
activity. Based on the findings obtained, it seems that the use of K nanofertilizers
has a positive impact on the physiological growth of plants [73]. Drip irrigation with
75% nN and foliar treatment with 25% nN have a substantial effect on growth and
biochemical parameters [74].

Plant species vary in the efficiency of nanoparticle absorption and the impact of
nanoparticles on growth and metabolic processes. Nanoparticle concentration influ-
ences activities such as germination and plant growth and development [66].

Various kinds of nanomaterials have shown great promise in promoting sustain-
able agriculture as they help to improve agricultural production by increasing the
efficiency of inputs and minimizing yield losses. Nanomaterials offer a wider specific
surface area to fertilizers [75].

Our most significant findings are as follows: (1) Plants have the ability to take up
nanomaterials via their roots and leaves, which will then subsequently be transformed
by the plant. (2) Plant growth may be stimulated and stress alleviated with moderate
applications, while high concentrations can be harmful. (3) It is impossible to ignore
the impact that nanomaterials have on the rhizosphere [76].

Using nanofertilizers is a potential strategy that may boost the sustainability and
efficiency of the agricultural output of farmed crops. This technology is also effective.
This technology is also successful due to its nano-size features, high nutrient usage
efficiency, gradual release of nutrients, and therefore low necessary applied dosage of
fertilizer [77].

Smart fertilizer means using smart agro-technological and advanced tools for the
control dose and time of applied fertilizers such as global positioning systems, and
remote sensing. These tools are able to minimize agrochemical inputs and maximize
crop yield [63].

Nano-fertilization is considered an emerging strategy for increasing plant produc-
tion while avoiding agroecosystem contamination.

7
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One way to boost agricultural efficiency is the use of nanotechnology. At present,
numerous novel nanomaterials are commercially used in agriculture and developed to
improve crop productivity and preserve food quality and safety [78].

2.4 The relationship between nanofertilizer and stresses

Many scientists have studied the effect of factors that threaten crop production,
including water stress, salinity, and alkalinity, among others. Nanotechnology is
a promising tool for increasing crop yields and improving plant stress tolerance.
Many books and chapters talk about one or more types of stress. Among them, for
example, is a book, Nanomaterial Interactions with Plant Cellular Mechanisms and
Macromolecules and Agricultural Implications, and accordingly we tried to start from
where the others ended, as we limited ourselves to presenting some research that was
published in 2022 and beyond.

Table 1 shows the type of stresses as well as the impact of nanoparticles by differ-
ent concentrations on the growth and development of various plants.

3. The role of nanofertilizer in environmental protect

The essential key to agricultural sustainability is to perform all farming activities
in a sustainable manner [91]. The agricultural sector is facing a series of biological
and environmental challenges [92]. Therefore, it is essential to manage the available
natural resources in a sustainable method [93]. This requires finding more creative
and innovative solutions using modern technology such as nanotechnology that can
provide society with the proper technologies used in environmental detection, sens-
ing, and remediation [94]. Farmers face several challenges in traditional agriculture.
There are no fertilizers can successfully provide optimal plant nutrients. In addition,
chemical toxicity results from the high use of fungicides/pesticides/herbicides [95].
The chemical soluble fertilizers used not only have less utilization efficiency (less
than 30%) but large amounts of these are also lost during the application causing
environmental pollution [96].

The use of nanoparticles would decrease the consumption of agrochemicals
due to the very high efficiency. The environmental benefit of using nanoparticles
is more known when it starts to be used, for example, in plant protection prod-
ucts, chemical copper could be replaced with a suitable Cu-NP which is the least
environmentally harmful [97]. Likewise, the seed soaking with nanoparticles
solution has shown improvements toward increased and more stable production
[98]. In order to use nanoparticles in a clear legislative framework, it is neces-
sary to synthesize them with an innovative composition as well as similar in their
properties as much as possible to natural substances [99]. In this context, nanofer-
tilizers synthesized by the bio-method are promising substances for achieving
sustainable growth of crop yields and securing food for the ever-increasing
population [79].

The soil is a system full of life, particularly symbiotic associations with the roots of
different plant species [99]. Plants exchange gas and fluid with the environment via
their leaves and roots, where rhizosphere microorganisms (rhizobacteria and mycor-
rhizal fungi) solubilize minerals and then the plants absorb solubilize nutrients [100].
This can reflect on the germination of seeds, root and shoot development, biomass,
and yield of the crops [101].
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Nanofertilizers have some characteristics compared to conventional fertilizers
[99]. These features help crops absorb nutrients slowly and sustainably due to a high
surface-to-volume ratio and reduced loss of nutrients [102]. Also, it is having active
sites for a more significant number of biological activities, which increases the effi-
ciency of plant absorption of nanofertilizer [103]. Furthermore, soil fertility improve-
ment as well as maintaining a suitable environment for the growth of microorganisms
in the soil [104]. Thus, it is providing sustainable solutions to environmental pollution
and climate change [105].

Methods for preparing nanoparticles vary to the available capabilities and the
purpose of the application [106]. Many of the protocols relied on eco-friendly, less
polluting, more sustainable approaches [107]. Also, it can use extraction and separa-
tion strategies away from pressures [108], high temperatures [109], acidifications
[110], and toxic metals [111]. The most natural sources used to synthesize nanopar-
ticles from plant extracts as well as microorganisms such as yeasts, fungi, bacteria,
and algae. Biomolecules of cells microorganisms and plants such as enzymes, amines,
proteins, phenolic, alkaloids, and pigments contribute to synthesizing NPs and
capping of them [112].

Bioremediation provides based on nanomaterials many features compared to
conventional treatments. It has exhibited a quantum effect with decreased activation
energy as well as contact with a larger amount of it with the surrounding materi-
als, and also, has a high competence level, selective to specific metals, and is more
economically feasible [113].

Bioremediation processes were used in groundwater and wastewater management,
uranium remediation, solid waste, soil remediation and remediation of heavy metal
pollution as well as petroleum [114]. The ability of NMs to combat pollution is a revo-
lutionary change in the ecological field. Furthermore, it can mention these changes
via some examples such as the nanoscale zero-valent iron removing AS (III) in anoxic
groundwater [115]. Eliminating hydrophobic contaminants was viz using engineered
polymeric NPs [116]. Formatting special structures of PAMAM dendrimers are used
in water treatment [117]. Employment-engineered polymeric NPs are used for soil
remediation [118].

On other hand, NPS have a great effect on biodegradation especially dye contami-
nants. These dyes have high chemical stability, and compositions complicated and
long-distance stability in running water, which will lead to inhibited photosynthesis,
the development of aquatic biota and less use of dissolved oxygen as well as decreased
watercourse recovery rate Figure 1 [119].

In addition, several studies showed the importance of zinc oxide (ZnO) and tita-
nium dioxide (TiO,) in environmental remediation which were used in dye-sensitized
solar cells as well as water photoelectrolysis [120].

NPs have the best-advanced strategies for the treatment of wastewater due to their
properties such as high adsorption and reaction capacities as well as a suspension
in aqueous solutions as colloids, less time-consuming, efficient cost-effective, eco-
friendly and less waste compared with conventional methods [121].

Green nanomaterials have a wide effective of abilities to remove organic and
inorganic solutes, toxic metal ions and pathogenic microorganisms from water by
using various nanomaterials such as nanosorbents (carbon-based nanosorbents
such as Captymer™), nanostructured catalytic membranes (cellulose acetate,
polyvinylidene fluoride, chitosan and polysulfone), nanocatalysts (silver nano-
catalysts), bioactiveNPs, molecularly imprinted polymers (MIPs) and biomimetic
membranes [122, 123].
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Figure 1.
Graphic representation of the advantages of nanotechnology in bioremediation.
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Figure 2.
Graphic representation of the environmental benefit for nanoparticles fertilizer.

4. Nanofertilizer toxicity

NPs found naturally in soil via agricultural activities or rain as well as through
anthropogenic production [124]. Also, it is more concentrated in soil compared to air
and water. Plants absorb these NPs from the soil and move them to reach various parts
of plants and finally, a human consumes this plant Figure 2 [125].
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The NPs’ increasing application in agriculture led to directly interacting with the
environment as well as harmful effects on aquatic, terrestrial species and humans
[105]. It is reflected in the accumulation of NPs in the soil, fertility and physicochemi-
cal characteristics of the soil [126].

The NPs” harmful effects on plants include DNA damage, reactive oxygen spe-
cies (ROS) formation, association with nuclear protein, chromosomal aberration,
decreased DNA repair and genetic defects. NiO NPs access the DNA of tomato plants
and produced irreversible cell damage [127, 128]. Application Co;O4 NPs in eggplants
caused apoptosis in their cells [128]. In addition, using ZnO NPs led to adverse effects
on membrane integrity, chromosomal damage and DNA strand breakage in Vicia faba
L., Nicotiana tabacum L. and Allium cepa L. [129, 130].

The presence of silver NPs in the range of 0.1-0.5 mg kg — 1 in soil inhibits the
growth of dehydrogenase activity of bacteria [131].

Likewise, CNTs, copper NPs, zinc NPs and iron NPs have several adverse effects
on soil microflora and aquatic life, which include aquatic microbes, vertebrates and
aquatic plants [132, 133]. It is reported [134] that graphene oxide NPs caused toxic
effects on freshwater algae due to the generation of oxidative stress.

5. Conclusion and future perspective

Sustainable development to achieve the Zero Hunger SDG 2030 should be inclu-
sive. This goal is achieved via the implementation of agricultural practices to ensure
improved crop production, protecting the natural resources (water, land and forests)
as well without adverse impacts on biota and human beings [105].

Nanotechnology can achieve these requirements by relying on vital nano-
materials in environmental remediation and other industries. It is cost effective
and involves less toxic waste disposal. Also, it improves catalytic efficiency and
selectivity.

Despite the fact that the reports that are readily available on the application of
nanoparticles to the process of cultivating soil and plants are only for a small number
of nanomaterial, the quantity of materials used in agriculture is significantly greater
than what is currently available.

As aresult of this, there is an urgent need to implement a bigger variety of nano-
materials, each of which must be manufactured using a new precursor and creative
synthesized methods. In addition, using plant components in the manufacturing of
nanoparticles during green synthesis may result in the development of nanoparticles
that are well suited for performing effectively as nanofilters.

However, the growing application of NPs must be a concern on some points, their
accumulation in the soil, their interaction with plants and microorganisms and the
dose of application as well as toxicological aspects in ecotoxicological and food chains.

The potential impact of nanofertilizers on human health necessitates more inves-
tigation into their persistence in plant tissue that is consumed. While nanofertilizers
have the potential to radically alter farming methods, it is essential to evaluate their
effects on the environment as soon as possible.

Therefore, our insight will concern the development of green strategies for
biogenic nanoparticle synthesis, examining plant/soil-NP interactions in the field in
a way that enhances crop productivity and provides a suitable environment for the

growth and development of all living organisms and feeding future generations with
healthy food.
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Abstract

Cities with many parks and other green areas are better places to live because they
attract more people, improve health and well-being, foster community, and attract
tourists and investors. This paper details the detailed process of designing a drip and
sprinkler irrigation network to irrigate a 300 m” garden in a semiarid region of
Algeria. Sprinkler irrigation was then performed using two models of sprinklers: the
IPN-5-F, with a radius of 1.5 m, flow of 0.09 m>/h, and arc of 360°, and the IPN-12H,
with a radius of 3 m. The first phase involved hydraulic sizing of the drip irrigation
system for varying dripper flows, while the second addressed the use of a drip irriga-
tion system. Drip and sprinkler irrigation have somewhat comparable watering
schedules (from one for drip to 2 days for sprinkler), but drip’s flow rate is woefully
inadequate when compared to sprinklers. Because of the pressure reduction provided
by the manifold pipes in a drip irrigation system, it is efficient to install a single pump
with a sufficient debt to service both systems.

Keywords: irrigation systems, water requirement, hydraulic sizing, arid region, green
spaces

1. Introduction

The presence of green areas in public places helps to improve the quality of air,
water, and land by absorbing pollutants, while also working to keep air temperatures
within safe ranges, giving shade, stabilizing soil, and reducing harmful carbon
dioxide emissions [1]. The negative effects of the current rate of urbanization can
be mitigated, in part, by green spaces. They divide up the money fairly between
construction, transportation, and basic amenities. Solar energy is an essential
alternative clean energy source that can help ensure the long-term viability of our
civilization while reducing its environmental impact. With a solar thermal potential of
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169,000 TWh/year and a solar photovoltaic potential of 13.9 TWh/year, Algeria is
widely regarded as having the greatest solar potential in the entire Mediterranean
basin. Whereas in the Algerian Sahara, the average annual sunshine hours are around
3500, which is always over 8 hours per day and can reach up to 12 hours per day in the
summer [2, 3]. The focus of this section is on developing a robust solar-powered
irrigation system for urban green areas in the semiarid southern region of Algeria (the
Bechar region). In this investigation, we focused on two types of watering systems:
drip and sprinkler. The following sections outline some of the overarching ideas
involved in the development and operation of such systems. Figure 1 shows how the
geometry of the garden was considered during the design of the smart irrigation
system.

The following points are the most important criteria to be considered:

* Excessive pressure allows the water to be dispersed into a fine mist, which
facilitates the process of evaporation and imbalance in distribution. Weak

pressure leads to water flow, poor distribution, and loss of large quantities of it.

* Low pressure causes stagnant water to not only be poorly distributed but also to

be wasted in significant quantities.

PLANTS TYPES SOIL TYPES

Trees Sand

Shrub Silt

Lawn Clay

Grass Laom

Flowers

¥y
WEATHER WATER REQUIREMENT

Solar radiation

Quantity
Temperature Frequency
Humidity
Rain
Wind

Figure 1.
Requirement parts of the irrigation system.
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* The evaporation and dispersal effects of weather and wind on sprinkler
irrigation.

* Use flat regions or have them releveled such that they slope only 2%.

It is crucial to confirm the availability of water and its quantity by collecting basic
information, such as elevation differences, local climate data, soil type, and crop
details (type, growth stage, and pacing).

Determine how much water will be needed at its highest point.

* Decide between a drip and a sprinkler irrigation system.
Do the math on how often you should irrigate and how long it should run.
* Figure out what pipe sizes you will need (supply, main, manifold, and laterals).

Find out how much energy was wasted because of friction.
Determine the sum dynamic head.

Finally, figure out how much energy will be needed for the pumps.

2. Study area

Collect data on elevation, climate, soil, and crops to determine water
availability and amount. Determine how much water will be needed at its highest
point.

* Decide between a drip and a sprinkler irrigation system.
Do the math on how often you should irrigate and how long it should run.

* Figure out what pipe sizes you will need (supply, main, manifold, and laterals).

Find out how much energy was wasted because of friction.
Determine the sum dynamic head.

Finally, figure out how much energy will be needed for the pumps.

There is a research area of palm trees and flowering shrubbery plants sharing a
water demand (Figure 2). In the semiarid region of southern Algeria, this green
space is part of the University of Bechar in the city of Bechar. It is roughly 300 m*
in size.

There are 10 palms, evenly spaced at 3 m apart, in the middle section of this
landscape, which is watered by a drip irrigation system and has sandy loam soil.
Flowers and grass are sprinkle-irrigated in the two nonworking sections. Each palm in
the drip irrigation network has two emitters spaced at 1.5 m apart, with each emitter
watering an area of 4 m” (representing 60 percent of the total wetted area). The
following sections summarize the model used to estimate and calculate crop water
needed to schedule daily and weeKkly irrigation and the hydraulic sizing for the two

types of irrigation systems: drip and sprinkler systems, respectively presented in the
Figure 2.
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Palm tree
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Figure 2.
Part of the study area and the different irrigation systems used.

3. Hydraulic sizing model
3.1 Crop evapotranspiration

Source Plant Since evaporation and transpiration are both influenced by weather,
they are climatic parameters. The FAO Penman-Monteith method is the only one
suggested for calculating ETo. The technique was chosen because it is physically
based, explicitly combines both physiological and aerodynamic characteristics [4] (see
Figure 3), and provides a close approximation of grass ETo at the region studied.

a. Evaporation is the transfer of thermal energy that transforms water from a
liquid or solid state into a gaseous state.

ranspiration

Rain ¢po

\

12N

Evaporation

Irrigation O
AQ‘
= \
@) o
Root depth ° 9 ° ..' de ° . Rain off
—+_ 0 © '.’ @ o°
e © °O0 ©° O

Ground water

Figure 3.
Physiology and aerodynamic parameters process of a crop.
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b. Transpiration: The evaporation of water taken up by the crop and used
immediately in the construction of plant tissue at a period. Soil evaporation is
not a part of this.

c. The term “evapotranspiration” (ET) refers to the total amount of water lost
from the evaporation of soil and plants in the area occupied by the crop during
its growth. The standard unit of ET is millimeters per day. Evapotranspiration,
ET: It is the sum of the amount of water transpired by plants during the growth
process and the amount that is evaporated from soil and vegetation in the
domain occupied by the growing crop. ET is normally expressed in mm/day.

This refers to crop ET under standard conditions, that is, ET from disease-free,
well-fertilized crops, grown in extensive fields, under optimum soil water conditions.
ET, can be derived from ETo using the equation [4]:

ET, =ETo.k, 1)

where:

ETo: Reference evapotranspiration.

k.: Crop factor.

Crop evapotranspiration under nonstandard conditions, as mentioned above,
is called ETc (adjusted). This refers to the growth of crops under no optimal
conditions [4].

For more specification case of drip irrigation system, crop evapotranspiration
stated in Eq. (1) can be given by [5]:

Echdrip =ET. k, (2)

k, : Ground cover reduction factor.

3.2 Water application net depth

Water should be delivered at a certain depth during irrigation to make up for what
the crop loses via evaporation and transpiration. The following parameters are needed
for the net depth of water application computation [6]:

* Moisture in the ground (Field capacity predicted wetness)
¢ Permissible loss of soil moisture (P).

The RZD is the effective depth of the crop’s root zone.

It is important to survey and test the soil to learn its field capacity (FC) and
permanent wilting point (PWP). When the soil texture is understood, it is possible to
make estimations without the equipment and time by looking up numbers in the
literature, ideally from the area. However, there is a discrepancy between the reported
data on the moisture content of various soil types.

The maximum net depth to be applied per irrigation can be calculated using the
following equation [6]:

due = (Fc — PWP).RDZ.P 3)
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where:

dyer: Readily available moisture or net depth of water application per irrigation for
the selected crop (mm).

F¢: Soil moisture at field capacity (mm/m).

PWP: Soil moisture at the permanent wilting point (mm/m).

RDZ: Depth of soil that the roots exploit effectively (m).

P: Allowable portion of moisture permitted for depletion by the crop before the
next irrigation

To express the depth of water in terms of the volume, the area proposed for
irrigation must be multiplied by the depth |6]:

Volume of water to be applied (m*) = 10.A.dy (4)

where:
A: Proposed area for irrigation (ha).
dper: Depth of water application (mm).

3.3 Irrigation efficiency

How these functions (Iy) interact regarding uniformity and losses determines the
irrigation efficiency [7].

- Aner
Ir = ET,

©)

There are some factors that affect irrigation efficiency which are as follows:

* System design: Along with maintenance requirements and site conditions, these
are fundamental factors that influence the overall efficiency of irrigation systems.

* Soils: High irrigation efficiencies are easier to achieve on heavier and deeper soils,
while low efficiencies are more common for sites on shallow and free-draining
soils.

o Sprinkler packages: The right sprinkler package that is well maintained can reduce
losses to evaporation and improve the distribution uniformity and application
efficiency.

* Pump flow rate: High flow rates for flood irrigation systems can reduce the time
required to water each bay and hence use less water per irrigation event.

* Irrigation scheduling: Applying the right amount at the right time to match crop
water requirements and soil moisture holding capacity can cause less deep
drainage and improved efficiency.

* Application depth: If the average application depth is greater than the soil
moisture holding capacity, it will cause excessive deep drainage per irrigation
event and, therefore, contribute to low overall system efficiency [8].

The factors to improve irrigation efficiency are as follows:
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» Water losses can be decreased to increase irrigation effectiveness. The following
three key areas could use improvement.

* Transmission system: Alternatives for channel lining or treatment can lower
channel system losses. To prevent excessive losses, piped systems need to be
properly maintained.

* Application system: Achieving high irrigation efficiency requires effective
irrigation system design and maintenance.

* In managing irrigation systems, deep drainage losses are reduced when the
amount of water is applied at the time [8].

3.4 Irrigation requirement

FAO 1984 defines the net irrigation requirements (IR,) as the depth or volume of
water required for normal crop production over the whole cropped area, excluding
contribution from other sources. The following equation is used to calculate the
amount of irrigation requirement [9]:

IR, = (ET..k,) —R + LR (6)

k,: Ground cover reduction factor

R: Water received by plant from other sources than irrigation (for example rainfall,)

LR : Amount of water required for leaching of salts

Gross irrigation need is the term used to describe the total amount of water applied
through irrigation. The net irrigation requirement plus water application losses and
other losses make up this amount. Depending on the requirements, the gross irrigation
need can be calculated for a field, a farm, an outlet command area, or an irrigation
project by considering crop losses at different phases of growth [10].

_ET.k, IR,
IRg—Ta—R‘i’LR—E (7)

where:

IR,: Gross irrigation requirement (mm/day).

E.: Field application efficiency of drip irrigation system

According to Rain Bird International (1980), the following efficiencies should be
used when the surface area wetted by one emitter does not exceed 60 cm in diameter
[9]: Hot dry climate: 0.85, Moderate climate: 0.90, Humid climate: 0.95.

3.5 Emitter sizing

The number of emitters per plant is established as follows [9]:

_area per plant.Py,

N, A,

(8)

P,: Percentage wetted area.
A,: Area wetted by one emitter.
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The diameter of the wetted area can be calculated using this equation:

Aw =— (9)

The percentage of wetted area P,, should be checked to see if it is still within the
recommended limit. This can be done using the equation [8]:

100.N,.S,. W
P, = Tpte T (10)
Sp-Sy

where:

Se: The distance between the emitters, which is the emitter spacing.

W: Wetted width or width of width strip along lateral with emitters.

Sp: Distance between the plant within a row.

S;: Distance between plant rows or rows spacing.

The relation between S,, S,, and N,, given the spacing, which can be calculated
by [9]:

Se = (11)

Sp.
NI’

The duration of irrigation or length of operation time (T,) at peak demand can be
established by the equation below [9]:

T, =% (12)

T,: Duration of irrigation per day
q : Emitter discharge

3.6 Sprinkler sizing
3.6.1 Set time

Set time is the time each set of sprinklers should operate at the same position to
deliver the gross irrigation depth, which can be calculated by [11]:

d
T _ gVOSS 1
= (13)
where:
T,: Set time

P,: Sprinkler precipitation rate

Agross : Gross depth of water

The net depth of irrigation, divided by the agricultural irrigation efficiency, yields
the gross depth of water application (E). It should be emphasized that possible water
losses from pipe leaks are factored into the effectiveness of farm irrigation. The gross
depth of water can be calculated using the equation shown below [11]:
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QL

dgross = (14)

b

E : Farm irrigation efficiency

3.6.2 Sprinkler system capacity

Sprinkler system capacity is one of the predetermining parameters in the evalua-
tion of a sprinkler irrigation system. It depends on the system application rate. The
sprinkler discharge test is carried out and compared with the calculated value using
equation [11]:

Q = N..N,.Q, (15)

Q: The system capacity

N.: The number of laterals operating per shift while

N;: The number of sprinklers per lateral

Q,: The sprinkler discharges

The actual selection of the sprinkler is based on design information furnished by
the manufacturers of the equipment. The choice depends mainly on the diameter
of coverage required, pressure available, and sprinkler discharge. The sprinkler
discharge may be determined by the following formula [11]:

S1.Sm I
L =360 (16)
S;: Spacing of sprinklers along the laterals
Sm: Spacing of laterals along the main
I: Optimum application rate
The number of sprinklers calculated by [12]:
N. — field width (17)

s Sl
* The goal of irrigation is to supply enough water to keep the crop’s root zone at the
optimal level of soil moisture. Irrigation work must be completed at a fair labor,
power, and material cost.
Below, I summarize the benefits of sprinkler irrigation over surface irrigation:
* Most soils with an infiltration rate under 4 cm/h can use it.
* Appropriate for practically all crops.

* It is appropriate to use uneven ground.

* Irrigation water is a cost-effective way to apply fertilizer, herbicides, and
fungicides.

* Can be used to cool crops in the summer and protect against winter frost.
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* Bunds and supply channels are not necessary.

* Saving money on labor and water.

* Enables the transportation of farm equipment.

* Increased crop yields and healthy growth.

* Less disease and pest infestation.

* Sprinkler irrigation restrictions.

* Sprinkler patterns become distorted by wind, leading to uneven distribution.

* Soft fruit that is ripening has to be shielded from spray damage.

* Higher upfront costs.

* High power needs because it operates at 5 to 100 m of water head.

* Not appropriate for fine-textured, slow-infiltrating soil.

* After irrigation, the movement of portable pipes in some soils could be problematic.
3.7 Pipes sizing

After computing the friction losses in the supply line, mainline, manifold, and laterals
for a more in-depth check reference [13, 14], it is important to first calculate the permis-
sible pressure fluctuation that will offer emission uniformity close to the required value.
3.8 Total dynamic head

The total dynamic head (TDH) of a pump is the sum of the total static head,
pressure head, friction head, and velocity head. An explanation of these terms follows
and is shown graphically in Figure 4 [15].
3.8.1 Total static head

The vertical distance that the pump must raise the water is known as the total static
head. When pumping from a well, the vertical lift of the water from the ground
surface to the discharge point is added to the distance from the well’s pumping water
level to the ground surface. It would be the total vertical distance from the water
surface to the discharge point when pumping from an open water surface [15].
3.8.2 Pressure head

Pressure is necessary for sprinkler and drip irrigation systems to function. To
distribute the water effectively, center pivot systems require a specific pressure at the

pivot point. By multiplying by 2.31, the pressure head at every location, where a
pressure gauge is installed, can be translated from PSI to feet of head.
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------------------ Water level

Figure 4.
Total dynamic head [15].

3.8.3 Friction head

The energy or pressure reduction brought on by friction when water
moves through pipe networks is known as the friction head. The amount of friction
loss is significantly influenced by the water’s velocity. When water flows through
straight pipe sections, fittings, or valves, around corners, or where pipes expand or
contract in size, frictional head loss occurs. These losses’ values can be computed or
got from tables of friction loss. The total of all friction losses determines the friction
head of a piping system [15].

3.8.4 Velocity head

The energy of the water is known as velocity head because of its velocity.
When calculating irrigation system losses, this smaller amount of energy is typically
negligible [15].

3.9 Pumping power requirement

The choice of the pump and power plant is the next matter to be addressed in a
design. A pump that should deliver the head and flow at the best efficiency, as well as
an electric motor to drive the pump, should be chosen from the manufacturer’s charts.
The criterion for choosing a pump is whether its Net Positive Suction Head Required
(NPSHR) is greater than it’s Net Positive Suction Head Available (NPSHA). The basic
formula for calculating power requirements is given below [6]:

Q.THD

. ) _ 1
Power requirement in BHP 273E, (18)
, , Q.THD
P tin KW = 1
ower requirement in 360.E, (19)
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where:

KW or BHP: Energy transferred from the pump to the water

Q: Discharge

TDH: Total dynamic head

E,: The pump efficiency (%) from the pump performance chart.

It should be noted that this formula expresses the actual power required at the

pump

4, Results and discussion

First, the climatic data collection for Bechar-Algeria semiarid region during the
corn period, which takes place in the middle of July as; the minimum and maximum
temperature (Tyi, = 25" and Ty = 40°), the day solar radiation
(6944.4 W /m? /day), the sunshine hours (10.4 hours), the humidity (33%), and the
wind speed (156 Km /j) needed for running the calculation, after the collection of the
principal data for hydraulic sizing is necessary. Using the data shown in Table 1, the
results of designing irrigation networks are presented below.

The characteristics of the irrigation system can be simply determined if adequate
parameter values have been estimated for each type of crop and area. Each palm will
have two emitters in the drip irrigation network, spaced 1.5 m apart. About 4 m” is
wetted by one emitter, with 60% of that area being wet. It is crucial to compare
several dripper laws in order to select the best dripper flow. The results of sizing for
variations in dripper flow from 4 to 23 I/h are shown in Table 2.

Table 2 shows that when pipe flow and diameters increase, irrigation hours drop
and pipe friction loss (at laterals and manifolds) increases. The total dynamic head
rises because of friction loss. As a result, the energy needed to run the solar pump
increased from 15 to 88 W. Because irrigation frequency depends on how much water
the crop needs, it was constant across many drippers. The dripper of 15 I/h for pump

Crop RDZ (mm) ETP (mm/day) Efficiency (%) FC-PWP (mm/m)
Palm tree 0.7 7.4 55 90
Grass 0.5 8 55 90

Table 1.

Principal data for hydraulic sizing [5, 6, 9, 16].

Dripper flow (1/h) 4 8 15 23
Irrigation frequency (day) 1 1 1 1
Irrigation hours (h) 8 4 2 1.44
Total lost friction in pipes (m) 0.35 0.5 0.9 2.03
Pump flow (m>/h) 0.16 0.32 0.60 0.92
Total dynamic head (m) 12.50 17.50 18.93 19.02
Power requirement (w) 15 30 57 88
Table 2.

Results of sizing drip irvigation network with different dripper flow.
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Sprinkler code IPN-5-F IPN-12H
Precipitation (mm/h) 335 22
Number of sprinklers 17 7
Pump flow (m*/h) 3 15
Power requirement (w) 263 124
Irrigation hours 1 15
Irrigation frequency (day) 2 2
Table 3.

Results of sizing irrigation network with two models of sprinkler.

debit is approximately 0.6 m>./h is the best option in terms of operation times and
power requirements.

Two sprinkler types have been employed in the sprinkler irrigation system: the
IPN-5-F, which has a radius of 1.5 m, a flow of 0.09 m?/h, and an arc of 360°, and the
IPN-12H, which has a radius of 3 m, a flow of 0.1 m>/h, and an arc of 180°. Table 3
compiles the findings from sizing.

In terms of the number of sprinklers, pump flow, and power needed, the sprinkler
IPN-12H is a better option than the sprinkler IPN-5F. For the best design, we installed
sprinklers IPN-12Q with a 90° arc in the corners. For additional information on these
sprinkler types, check the reference [9]. The sprinkler spacing is around 4.2 m because
of the sprinkler head spacing percentage, which is approximately 60% (for the desert
region) [17, 18].

For the two types of irrigation systems—drippers and sprinklers—the irrigation
frequency values range from 1 to 2 days, respectively. The pump debit in the drip
irrigation system (0.6 m>/h) is minimal compared to the pump debit in the sprinkler
irrigation system (1.5 m*/h). In addition, the irrigation hours in the two networks are
different: the drip irrigation network is closed for two hours, while the sprinkler
irrigation network is closed for 1.5 hours. These factors make it appropriate to install
only one pump, which has the greater debit for the two networks and the drip
irrigation system; manifold pipes must use decreased pressure.

There are some situations that could influence and interpret how much power is
needed to run the pump and the entire dynamic head. Three situations are examined
here, and Figure 5 shows the outcomes:

a. Case 1: Variation of distance between the water source and the green space from
10 to 100 m, see Figure 5(a).

b. Case 2: Variation of difference in elevation between the water level and the
highest point on the land from 1 to 10 m, see Figure 5(b).

c. Case 3: Variation of suction lift from 1 to 5 m, see Figure 5(c).

In Figure 5(a)-(c), the power requirement (Pr) increases relatively from 126 to
200 W because the total dynamic head (TDH) boost slightly from 18 to 27 m. In
Figure 5(a), whatever the length of supply line rise, the total friction losses do not
exceed the allowable pressure variation, which equals 1.5 m in our case, this is
achieved by changing of pipes section. In Figure 5(b), a slope of two percent or less is
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Figure 5.
Different variations of (a) distance between the water source and the green space, (b) difference in elevation
between the water level and the highest point on the land, and (c) suction lift.

excellent for irrigation systems; any slope more than this causes pressure changes,
which require more power to maintain the required flow rate. Use of pressure-
compensated drippers is strongly advised in this circumstance [11].

The third scenario (Figure 5(c)) shows a slight increase in TDH and Pr that only
slightly affects the suction lift, which for a surface pump does not exceed 5 m.

The performance of seasonal crop water needs, ETc, I-f, and T at peak demand for
the two types of irrigation networks should be studied, it is concluded. Table 4
presents the outcomes.

Month ETc Iy (day) T (h)
(mm/day) . N A X
Drip Sprinkler Drip Sprinkler
(q=151/h) (R=3m) (g =151/h) (R=3m)
Winter 4 3 5 1 05h
Spring 6 2 4 2 0.7h
Summer 8 1 2 3 01h
Fall 5 2 4 2 0.7h
Table 4.

Performance of seasonal crop water needs for irrigation system.
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The findings are shown in Table 4, which includes the variation in irrigation time
(T) and frequency (I-f) for the crop evapotranspiration (ET-C) values for the season.
The minimum and maximum values were attained during the corn period (period of
summer), and then in the fall, as shown in the graph below. The changing of seasons is
caused by I-f. and T. Irrigation becomes rarer during winter, then rises again in
summer. Longer irrigation times and fewer cycles are caused by increased crop water
demand in summer because of higher temperature. Both drip and sprinkler irrigation
networks are linked to the same irrigation system. It is suggested to adjust the
irrigation value duration. This investigation will be released later.

5. Conclusion

The application, effectiveness, and financial return of irrigation in the industrial
process can all be improved by improving the design of irrigation systems. Design
requirements should be based on an understanding of irrigation, hydraulics, econom-
ics, energy, and environmental factors. The principal goal of this study is to arm the
general people with the information and resources required to achieve the effective
use of water for outdoor irrigation, as well as those who are to water public green
spaces. A network of permanent pipes joined to emitters and sprinklers that are
installed and planned to use the water from a particular natural area is an irrigation
system. Tools installed on a tube and used under pressure to drain water as a
drip or nozzle are emitters and sprinklers, respectively. A system that is established
and intended to lower the capacity for producing water is an efficient irrigation
system.
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Nomenclature

ETtrop Crop evapotranspiration (mm/day)

ET, Reference evapotranspiration (mm/day)

ET crop—drip Crop evapotranspiration for drip irrigation (mm/day)
k. Crop factor (0.9)

k, Ground cover reduction factor (0.8)

Aer Net depth (m)

Fc - PWP Moisture (90 mm/m)

RDZ 0.5m | 0.7m

p Allowable portion of moisture for drip | sprinkler (20% | 50%)
A Irrigation area (ha)

d Water application depth (mm)

IR, Net irrigation requirement (mm)

IR, Gross irrigation requirement (mm)
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R Water received by plants from sources other than irrigation
(mm/day)

LR Amount of water required for leaching of salts (mm/day)

E, Field application efficiency of drip irrigation system (0.85)

Aygross Gross depth of water application (m)

Eg Farm irrigation efficiency of sprinkler irrigation system (0.65)

q Dripper discharge (1/h)

Np Number of drippers per plant (---)

P, Percentage of wetted area (60%)

A, Area wetted by one emitter (m?)

Sp Drippers’ spacing (m)

S, Plant spacing (m)

q Emitter discharge (1/h)

T, Set time (h)

P, Sprinkler precipitation rate (mm/h)

Agross Gross depth of water (mm)

T, Duration of irrigation per day (h)

Ng Number of sprinklers (---)

Q The system capacity (m>/h)

N, Number of laterals operating per shift while (---)

N; Number of sprinklers per lateral (---)

Q, Sprinkler discharge (---)

Si Spacing of sprinklers along the laterals (m)

S Spacing of laterals along the main (m)

I Optimum application rate (cm/h)

E, Pump efficiency performance chart (%)

TDH Total dynamic head (m)

KW or BHP Energy transferred from the pump to the water (W)

Q Discharge (m3/h)
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Chapter 3

Perspective Chapter: The Impact
of Human Activities on Wetlands’
Provisioning and Cultural Services
in Epworth, Zimbabwe

Tatenda Musasa, Kudakwashe C.R. Muringaniza
and Emmanuel Dakarai Mhlanga

Abstract

The study assessed the impacts of human activities on wetlands’ provisioning
and cultural services in Epworth’s Ward 6 (Overspill), Zimbabwe. The researcher
adopted a case study approach which implemented both the qualitative and quantita-
tive approach. Semistructured interviews, questionnaires and field observations
were conducted to gather primary data that was synthesised with collected second-
ary data. Data obtained from the field was analysed through Statistical Package for
Social Scientists (SPSS) software version 20.0 and Microsoft excel. Findings show
that the majority of households (31.6%) were motivated to utilise wetlands due to
the availability of market for agricultural products. Wetland use was influenced by
population increase, availability of rainfall and donor funding for sustainable food
security projects. The dominant wetland use is agriculture as indicated by 35.1% of
respondents. Essential services of the wetland include supply of water for agricul-
ture (26.3%), livestock grazing, spiritual enrichment, cultural heritage, ecotourism
etc. Agriculture, urbanisation, dumping of waste and livestock grazing negatively
impacted the wetland. The study advocates for support of environmental conserva-
tion initiatives from key stakeholders. It also recommends that relevant authorities
come up with an integrated land use planning approach that will go a long way in
addressing issues of land degradation and fragmentation.

Keywords: wetlands, human activities, provisioning services, cultural services,
Epworth
1. Introduction

Wetlands are defined as areas of marsh, fen, peat land, or water, whether natural
or manmade, permanent or temporary, with water that is static or flowing, fresh,

brackish, or salt, including sea water with a depth of less than 6 m at low tide [1].
Wetlands provide benefits to humans and the environment which can be categorised
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as provisioning, cultural and supporting [2, 3]. Provisioning services are those ben-
efits provided or produced by wetland ecosystem for example food, fuel, water and
fibre or genetic resources whereas cultural services are non-material benefits from
wetland ecosystems [3-5]. Cultural services include spiritual enrichment, ecotour-
ism, recreation, aesthetics and cultural heritage while supporting services are factors
which are necessary for producing ecosystem services for example hydrological cycle,
soil formation and nutrient cycling [6].

Wetlands play an essential part in people’ life as supplies of water for residential
and irrigation needs, important fishing regions, plant harvesting for roofing and
crafts manufacture, food production, and valuable grazing land [7, 8]. Wetlands have
provided substantial opportunities for tourism and recreation on a global scale, pro-
viding financial benefits to governments, tourism industry, and local residents, with
the proceeds being used to finance their protection [9]. Human activities are posing
a threat to wetlands all over the world. In 1971, nations assembled in Iran for the
Ramsar Convention to address concerns about wetlands and their deterioration [9].
According to Mandishona and Knight [10], the poor directly rely on natural resources
for their livelihood, and high poverty levels in most emerging countries have acceler-
ated the rate of wetlands destruction. Kimani [11] further expressed that in devel-
oped countries, the consequences of wetlands loss and degradation are frequently
mitigated with costly artificial constructions, such as major flood protection schemes
or water purification plants, but this is not the case in developing countries, where
mitigation measures may take too long to implement, owing to financial and technical
constraints. More than half of the world’s population lives in cities, with that number
expected to climb to 75% by 2050 [12].

Wetlands in India for example are under threat from overpopulation as well as a
variety of human activities such as the construction of houses and roads, agriculture,
and overfishing [11, 12]. Kumar [13], opines that agriculture and urbanisation in
India have taken over the wetland area due to population growth which hasled to
expansion of human activities into wetlands hence affecting wetlands provisioning,
cultural and supporting services. Ahidur [7], concluded that most people in India are
illiterate and live in an impoverished location, they primarily participate in primary
occupations such as fishing.

Africa is one of the most urbanised continents, yet this phenomenon has not
kept pace with the continent’s economic, social, and political progress [8, 14]. In
Africa, urbanisation has been increasing by the rate of approximately 3.9% annually.
According to United Nations Population Fund, it is estimated that the population of
Africa will be doubled by the period of 2030. High human population growth rates
and economic development in Kenya have also resulted in wetlands, forests, ecosys-
tems, and air quality degradation [5]. Sedimentation, livestock wastes, and hazardous
wastes, pose a severe threat to lakes. These are washed away from the earth and wind
up in rivers, streams, lakes, and seas, causing eutrophication and altering food chains.
Most wetlands in Kenya are being impacted by an expanding human population,
which means more land is being opened up for cultivation, necessitating increased
use of pesticides and other agro-chemicals, which are then washed down through
surface run-off, resulting in wetlands pollution [15].

Wetlands in Zimbabwe are under pressure from human activities. Over the
last few decades, Zimbabwe has seen a steady loss of wetlands, resulting in major
societal losses [6]. In Zimbabwe since 1980 after the country gained independence,
the population of the country’s major cities is increasing by the rate of 5% per
annum [16]. According to Marambanyika and Beckedahl [5], both the colonial and
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independence governments’ socio-economic policies and political expediency had a
considerable impact on the morphology (form, structure, and population distribu-
tion) of Zimbabwe’s towns and cities, affecting wetlands ecological services. Due to
increased demand for services, Epworth’s rate of urbanisation and population growth
has mostly outpaced existing resources [17]. Based on this background, the goal of
this study was to assess the effects of human activities on wetlands’ provisioning and
cultural services in Epworth. This was achieved through the following objectives

to; (1) determine the major land use activities in wetlands located in Epworth, (2)
establish the factors influencing wetland use as perceived by the households, (3)
assess the current range of wetland provisioning and cultural services obtained by the
local community, (4) examine the impact of human activities on wetland provision
and cultural services in Epworth, Harare.

2. Materials and methods
2.1Location of study area

The study area is Ward 6 (Overspill) of Epworth District which is situated in
Zimbabwe’s Harare Province and is located about 12 km from Harare city centre
(Figure 1). It is located on the north-eastern side of Epworth district and is the
second biggest ward in the district between latitudes 17.873°S and 17.899°S and lon-
gitudes 31.156°E and 31.203°E. Overspill is one of the most densely populated wards
in Epworth District [15]. There is a stream flowing towards Manyame River through
the midsection of Overspill which runs seasonally, and in the summer, completely
drowns wetlands. Overspill as part of the Southern Africa Highveld, is characterised
by gradually undulating ground punctuated by granite outcroppings and magnificent
balancing rocks that are popular with tourists and mildly rolling terrain in the upland
parts [18, 19]. The soils of the area are primarily silt to clay, characterised prominently
by riparian vegetation in the wetlands dominated by reeds. The suburb has been
selected as the study area because it consists of the largest informal settlement across
urban districts in Harare. In 1980, Epworth had a population of 20,000, in 2002 it
had an estimated population of 123,250 and in 2012 it had 167,462 [16]. It is largely
dominated by high density residential areas. Ward 6 (Overspill) has a population of
25,597 people.

2.2 Data collection and analysis

Field data were collected between October and November 2021 to solicit data on
human impacts on wetlands. The study adopted a case study research design which
allowed collection of the data in a realistic setting and increased the researcher’ ana-
lytical power as well as ability to learn more about the social issues. The quantitative
and qualitative approaches were utilised in the study to explore the impacts of human
activities on wetlands provisioning and cultural services in Overspill, Epworth. These
techniques utilised semi structured questionnaires, interviews, observations and
secondary data from principal land uses on wetlands records. The researchers selected
representatives from Overspill (Ward 6) households to respond to the questionnaire
as they formed the majority of people who are resident near wetlands and hence
possess diverse knowledge on wetland utilisation in the area. Households were also
targeted to identify the drivers of the activities that are being done on wetlands and
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Ward 6 of Epworth District, Harare Province.

also the impacts of these activities on this ecosystem. Targeted key informants for the
interviews included Epworth Local Board employees, Environmental Management
Agency (EMA) Officer, Ward 6 councillor and Harare City Council Urban Planning
Department as well as Housing Department officials. The officials from Harare

City Council’s Urban Planning Department and Housing Department were targeted
because they are in charge of administering land within the study area as well as issu-
ing licences. Officials from the Departments of Housing and Engineering were tar-
geted because they have an environmental section in charge of managing all natural
resources, including wetlands hence it is their responsibility to safeguard and monitor
the environment. In line with the study’s goal, the EMA provided useful information
on human activities that affect wetlands as it is the major stakeholder in responsible
for wetland management and protection. The councillors were chosen because they
represent legislators of the by-laws that govern local wetland use.

Clustered random sampling was utilised to pick target respondents who lived
within 1000 m of a wetland within the study area. The targeted households were
regarded as part of a heterogeneous community in terms of their benefits from wet-
lands due to their location. The study adopted the use of random systematic sampling
on the households located within 1000 m of concerned wetlands in Overspill (Ward
6). A ground census was carried out in the field to identify the number of households
located within a 1000 m radius of wetlands in Overspill, Ward 6 of Epworth District
and 300 households were identified in this process. A total of 60 households (20%)
was determined as the sample size of questionnaire respondents. A random household
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was chosen as the starting point from which every fifth household was selected for
the study amounting to 60 households. The sampling criteria gave each household
an equal chance of selection and reduced any form of bias. The key informants were
purposively sampled which allowed the selection of professional interview respon-
dents who possessed attributes or experience requisite in the understanding of the
research’s objectives.

The researcher administered face to face questionnaires in order to get in-depth
responses from respondents on their perceptions about wetlands. Questionnaires
allowed the researcher to capture wider and varying views of participants with
regards to wetlands provisioning and cultural services. The questionnaire also
allowed respondents to respond freely and better express their positions and opinions
towards the effects of human activities on wetland and what they thought could be
remedial on the human activities on wetlands. The surveys were self-administered
to assure the formulation of complex questions, especially for illiterate people, and
to save money. Since it was during COVID-19 era, the researcher took the survey
under COVID-19 regulations that is practising social distance, wearing of masks
when questioning questions to the targeted group. Also, the researcher took the
survey while carrying a small bottle of sanitizer by himself so that he will sanitise the
questionnaire before giving him/her questions to answer. The researcher distributed
60 questionnaires, and 57 were returned, resulting in a 95% response rate, which was
extremely significant in terms of providing a meaningful sample size from which
to draw research conclusions. Saunders and Kalff [20] reiterates that “a research is
said to be valuable, reliable and acceptable if at least 60% for the target population
provide information for the research”

In order to obtain data from stakeholders such as Harare City Council officials,
Environmental Management Agency (EMA) officials, Epworth Local Board (ELB)
officials, and Ward Councillors. Interviews were done as planned, with a 100%
response rate from interviewees. The researcher employed semi structured interviews
whilst conducting telephonic interviews to save time, uphold COVID-19 safety
protocols and allows the respondents to respond freely on their time. The researcher
first sought for the consent from the local authority in order to carry out his research.
Field observations were employed to acquire data that addressed the study’s aims
and research concerns. Observation aids in grasping the actual data of activities that
are taking place on wetlands in this case the activities that are being done by humans
that affected wetland provisioning and cultural services. Transect walks were also
used to observe the selected sites through a systematic stroll across the community
area following a designated path (transect) while listening, and observing the major
activities on the wetland. The researcher employed direct observation, which entailed
going straight to the field to study human activities on wetlands, with the goal of
acquiring first-hand data and allowing the data to be supplemented with images. This
guaranteed that the study conclusions were backed up by evidence. As a result, the
observer had to interpret what was going on around the Overspill (Ward 6) and try to
justify their observations.

Secondary data was gathered from reports, newspapers, textbooks, journals, and
other publications for this study. Secondary data was used to find out what are the
main human activities that are being done on wetlands in Overspill. The researcher
obtained past and current articles that are related to the study. Some of the secondary
data was taken from Harare City Council reports, ELB reports and also EMA reports.
The researcher analysed old articles that are related to the study in order to find the
information that is relevant to his study.
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3. Results and discussion
3.1 Socio-demographic characteristics of respondents

The respondents from the distributed questionnaires had a majority of females
(65%) whilst 35% were males (Table 1). The questionnaire survey results show that
the majority of the household respondents (67%) were married a position which also
had bearing in terms of wetland use types and benefits derived. In terms of age, the
most dominant group was that comprising of 36-45 years old respondents who consti-
tuted 35.1%, followed by 26-35 (26.3%), 46 years (22.8%) and above then 18-25 years
(15.8%) was the least one (Table 1). The dominance (3645 years) is relevant to the
research since it includes of mature persons with job experience who can easily recog-
nise any human activities and affects in wetlands. Research statistics indicate that age
respondents of 36-45 years were dominated by economically active people.

Questionnaire survey showed that 29.8% of household respondents attained
tertiary education followed by those with Secondary education (O level) (26.3%),
then A level (22.8%), and 12.3% were those who never attained any formal education
(Table 1). The least respondents constituted 8.8% that is primary level. The researcher
also collected information on the respondents’ educational attainment in order to
learn more about their knowledge and awareness of the impact of human activities
on wetlands providing and cultural services. Respondents from tertiary level (29.8%)
contributed significantly to the validity of the results. The better educational back-
ground of the Epworth citizens is crucial as it helps them to understand to have crucial
thinking on the impacts of human activities on wetlands provisioning and cultural
services.

Questionnaire survey highlights that, self-employed household was the major-
ity of the respondents with 42.1% followed by those who are employed with 33.3%
then the none employed attains 24.6% (Table 1). Self-employed households were
dominant since there is high rate of unemployment in Epworth, hence people tend
to engage into different activities influenced water availability in the wetlands. These
findings concur with those of Feresu [19] who observed that high rates of unemploy-
ment and poverty forced many people to turn to agricultural activities especially on
open spaces such as wetlands to improve their incomes and food security. In a study
conducted as they indicate that high unemployment forces household to indulge in
wetland cultivation for survival.

Questionnaire survey results demonstrated that 33.3% of the respondents reside
within a kilometre of the wetlands are the more respondents, followed by those who
live 1-2 km (26.3%), and 3-5 km (22.8%) then 5 km and above are the least ones
with 17.5%. Respondents who lived a kilometre away from Epworth Ward 6 wetlands
played a significant role in the study because they were the ones who are quickly get
affected by the impacts of wetland destruction.

3.2 The main land uses on wetlands in Epworth
3.2.1 Agriculture
The results of a questionnaire study revealed that wetlands are used for a variety

of purposes. The research findings showed that urban agriculture was the major
main land use in Epworth Ward 6 as revealed by 35.1% of the households (Figure 2).
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Variable
1 Gender Frequency Percentage
Male 20 35
Female 37 65
2 Marital status
Single 19 33
Married 38 67
3 Age
18-25 9 15.8
26-35 15 26.3
36-45 20 351
46 above 13 228
4 Education qualification
Primary 5 8.8
Tertiary 17 29.8
Secondary (O level) 15 26.3
Alevel 13 22.8
None 7 12.3
5 Employment status
None 14 24.6
Employed 19 333
Self-employed 24 421
6 Employment type
Temporary 12 211
Permanent 5 87
Full time 14 24.6
Part time 10 175
Contract 16 281
7 Distance
1km 19 333
1-2km 15 26.3
3-5km 13 228
5 above km 10 175

Table1.
Socio-demographic chavacteristics of the household vespondents.

According to the researcher’s survey, poverty was the primary motivator for individu-
als in Epworth Ward 6 to engage in urban agriculture because the wetlands provide
rich soil and water for irrigation in their fields. According to ZimStat [16], Ward 6

of Epworth has a higher poverty prevalence rate than the other wards in Epworth.
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Main land uses on wetlands in Epworth wavd 6.

The researcher also observed that maize, tomatoes and sweet potatoes were the crops
that were grown by households in Epworth wetlands. The researcher noted that
people in Epworth mostly utilise wetlands in winter season due to the characteristics
of seasons, so the surrounding area of wetland is occupied by agricultural activities
which end up seeing people encroaching into wetland due to poverty which increase
the demand of land for agricultural activities. This demonstrates that wetlands are
helping to achieve Sustainable Development Goals (SDGs) 1 and 2, which are to
eradicate hunger and poverty, respectively. These findings concur of Feresu [19], who
observed that food insecurity, unemployment and poverty has increased the rate of
wetland use for agriculture.

3.2.2 Human settlement

Questionnaire survey shows that 24.5% of the households indicated that, apart
from urban agriculture, urbanisation was also another major land use in Epworth
Ward 6 (Figure 2). They noted that Epworth’s urbanisation is the outcome of migra-
tion, which has resulted in a search for more land to supply housing. One of the
Housing Cooperative Heads, in particular, stated that the expanding population asa
result of in-migration was putting strain on the land. Housing, according to respon-
dents, can be a significant land use in wetlands. According to the Zimbabwe National
Statistical Agency [21], Epworth had a total population of 161,840 people, with 25,597
individuals living in the study area (ward 6). During an interview ELB official high-
lighted that, shortage of land for accommodation is forcing Epworth Ward 6 residents
to build their informal (illegal) settlements stretching into wetlands haphazardly [22]
opines that urban growth and rapid urbanisation have been the major drivers dimin-
ishing the land resource in sub-Saharan cities.
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3.2.3 Dumping of waste

Questionnaire surveys results show that 22.8% of the respondents pointed out
that, wetlands were also used for dumping of waste (Figure 2). The researcher
observed that illegal dumping of garbage and other waste was a threat to the wetland
area, which posed several health problems to the community. The researcher also
discovered that, the colour of water in wetlands after taking transect walk into field
showed that there is a lot of waste that was being dumped in the wetland area. During
an interview the EMA officer highlighted that, dumping of waste into wetland is due
to the shortage of the resources to the Epworth Local Board to collect garbage on time.
As aresult, people end up emptying their bins near or open spaces (wetland) thereby
affecting wetland quality, its function and also life under water. This conclusion is
consistent with Goredema and Sithole [23], who found that people tend to dump their
trash in wetland areas because they are considered open and undeveloped.

3.2.4 Grazing

Questionnaire survey highlighted that 17.5% of the households, indicated that
grazing was another land use of wetlands in Epworth. Households explained that, the
wetland provides palatable pasture and a source of drinking water to livestock includ-
ing cattle and sheep from the local people. This finding is consistent with that of [16],
who state that most rural wetlands, particularly in Zimbabwe, are used for agricul-
tural and cattle grazing, as in Dufuya and Madigane. This is because most temporarily
and seasonally waterlogged wetland habitats may provide valuable grazing fields for
domestic animals, this decision was made. During an interview the ward 6 Councillor
demonstrated that grazing of wetlands was mostly done by farmers who have live-
stock. These wetlands are used for agricultural purposes as well as animal grazing to
keep them healthy. Grazing and agriculture are common uses for wetlands a position
also confirmed by Ndlovu et al. [24]. The researcher observed that, people drove
their livestock for grazing into wetland areas because that is where they can find good
grazing pastures and water for their animals. They did not take any considerations
of the importance of vegetation on wetlands because what they care mostly are their
livestock. This demonstrates that wetlands are an important element considering the
important role that agriculture plays as an important back bone of local communities’
livelihoods.

3.3 Factors influencing wetland utilisation patterns in Epworth, Harare
3.3.1 Availability of market for agricultural products

Questionnaire surveys demonstrate that 31.6% of the respondents (Figure 3)
stated that the availability of market for agricultural products influenced wetland
utilisation patterns in Epworth Ward 6 (Overspill). In some circumstances, water
removal for agricultural irrigation can amplify the impacts of various pressures on
wetland ecosystems, resulting in effects that are greater than those expected from
dewatering alone. The households highlighted that, most of the people that utilise
wetland for growing of agricultural products are females because a large number of
men have migrated in search of formal jobs. Types of crops that are grown in wetlands
in Epworth include maize, tomatoes, onions and sweet potatoes, these products were
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Figure 3.
Factors influencing wetland utilisation patterns in Epworth.

not meant for household consumption only but some are meant for selling since they
were at the demand at the daily market to generate more income. Households also
explained that, trend in market especially in agricultural sector is pushing most of the
people in attaining agricultural activities. As a result, external factors such as market
dynamics have an impact on wetland resource demand [24]. So, economic trends
have prompted individuals in urban areas to engage in urban agriculture, relying on
wetlands for other agricultural inputs such as irrigation water.

3.3.2 Availability of water

Rainfall pattern trends influenced wetland utilisation patterns in Epworth.
Research findings highlight that 22.8% of the households pointed out that availability
of water is also another major factor that influences wetland utilisation (Figure 3).
They pointed out that groundwater availability has a significant impact on the nature
and function of wetlands. Wetlands are highly dependent on groundwater levels,
hence changes in climatic conditions that affect groundwater availability will have
a significant impact on the nature and function of specific wetlands, including the
types of plant and animal species that live there, analysing groundwater availability
as a key driver of wetland changes is an important process [12]. For example, in
Matabeleland South located in agro-ecological region 4 with unpredictable rainfall;
locals rely on wetlands to absorb rainwater during dry periods [24]. People rely on
wetlands to better their livelihoods as a result of poor rainfall. This finding supports
Phethi and Gumbo’s [25] observation that the availability of water in Makhita has
resulted in the expansion of agricultural activities to meet the growing need for food.
In these regions, people drain water from these wetlands for their agricultural activi-
ties so that they boost their products and income, but this process affect wetland
water table through reducing it to a lower level where it will not be able to cope up
with the surrounding conditions therefore degraded. Wetlands ecosystem consists of
soil, water and vegetation. Changes in hydrologic actions have an immediate impact
on the physical condition of a wetland, such as the depth, duration, and frequency of
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inundation. Human-caused changes in hydrology can have complete control over a
wetland’s existence and characteristics.

3.3.3 Population increase

Questionnaire survey results show that, 26.3% of the respondents pointed out
that, population increase poses serious threat to wetlands (Figure 3). During an
interview, ELB officials highlighted that in-migration plays a major role in popula-
tion increase in Epworth which poses serious threats to wetlands natural resources.
Population increase has increased the demand of social, economic and environmental
services. Human activities such as urbanisation, infrastructure development, recre-
ational, and industrial activities have all posed a threat to urban wetlands [14]. These
findings support the findings of Madebwe and Madebwe [26], who claim that popula-
tion increase, high drought incidence rates, and national and economic development
issues led to the establishment of many gardens on the outskirts and within wetlands.
One way to relieve pressure on existing land use change is to expand human settle-
ments in wetlands [14].

3.3.4 Donor funding for sustainable food security projects

Questionnaire survey demonstrate that, 19.3% of the household respondents state
that, donor funding also plays a role in influencing wetland utilisation (Figure 3).
Household respondents show that the majority of the donors are Non-Governmental
Organisations (NGOs). These donors provide items to local people, which they
employ in the implementation of wetland-based food security projects that require
the usage of wetlands. Non-governmental organisations (NGOs) provide wetlands
fence and distribute farming inputs such as inorganic fertilisers, seedlings, and farm
implements. Due to lack of knowledge from the community people end up utilising
the donor’s resources poorly to an extent that they destroy wetlands. This conclu-
sion is in line with Schuyt’s [27] who observed that, wetlands ecosystem is under
strain due to poorly implementation of food security projects. This was confirmed
by Marambanyika and Beckedahl [5] in a separated study conducted in semi-arid
communal areas.

3.4 Provisioning and cultural services obtained by the surrounding community
3.4.1 Provisioning sevvices derived from wetlands by the local community

According to the results of a questionnaire survey, 26.3% of families strongly
agree that they get water from the wetlands to support their agricultural activities as
well as for domestic usage in their homes (Figure 4). They indicated that they grow
crop throughout the whole year as long as water is available in wetlands. This finding
tallies to that of Dehnhardt et al. [22], who stated that wetlands provide a variety
of services that contribute to human livelihoods by providing food and economic
opportunities. About 28.1% of the households agree that food is also a major provi-
sioning service that they obtain from the wetland (Figure 4). They agreed that the
wetlands provide water and food for their cattle as well as the rest of the town. This
finding is consistent with that of Svotwa et al. [28], who found that cattle grazing in
wetlands has increased in Mwaonazvawo due to the availability of water and pastures
on wetlands. According to the findings, 15.8% of households indicate that they also
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Figure 4.
Provisioning services obtained by the surrounding community. Strongly agree—SA, agree—A, neutral—N,
disagree—D, strongly disagree—SD.

get wetland materials such as lumber for home roofing and other applications. The
respondents indicate that they obtain timber at a minimal scale. Results show that
22.8% of the household’s respondents highlight that they neither agreed nor disagreed
that they also obtain medical plants from the wetland ecosystem. This is related to the
perception that many Epworth Ward 6 households adopt western cultural practices
that ignore local tradition. As a result, the majority of the residents in the area rely on
clinics or hospitals for medical care.

Results obtained from the survey demonstrate that households’ respondents
(26.3%) strongly agreed that water is the major resource they obtain from wetlands,
because of their proximity to the wetland ecosystem. Most of the respondents lived
1km (33.3%) from the wetland ecosystem, indicated that most of their activities were
done using water for example, irrigation, building of infrastructure and also water for
their domestic use since the area is located to a place where there are no water pipes to
each and every household. These finding concur with that of Mandishona and Knight
[10] who reiterated that wetlands are among the most productive ecosystems, offering
households with several opportunities to tap especially for urban inhabitants. Apart
from water, the results also show that 28.1% of households agree that they get their
food from the wetland habitat. This is because, during their yearly drying, the flood-
plains become extremely rich in food for aquatic living species, providing a fertile
nursery and feeding area for larvae and hatchlings. These findings are also in line with
the findings of Madebwe and Madebwe [26] and Mbereko et al. [29], who claimed
that during dry periods, wetlands become the only source of moisture, and farmers
rely on them for agriculture. Results in Figure 4 show that households disagree that
they obtained timber (26.3%) and medical plants (24.6%).

3.4.2 Cultural services derived from wetlands by the local community

It was established that 19.3% of the households strongly agree that they obtain rec-
reational services whereas 22.8% of the households agree that they utilise wetlands for
education and research services (Figure 5). Results also show that about 22.8% of the
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Cultural services obtained by the community in Epworth. Strongly agree—SA, agree—A, neutral—N,
disagree—D, strongly disagree—SD.

household respondents, wetlands give a significant possibility for tourism as well as
academic services. Turpie et al. [30] also found that wetlands have educational value
since researchers and students from diverse research institutes visit to investigate
various elements of wetlands. There was an equal agreement from the respondents as
28.1% neutrally agreed that ecotourism was also a benefit to the community. About
28.1% of the households also highlighted that spiritual enrichment was also another
benefit. These findings revealed that the community was already receiving a lot of
cultural services (Figure 5). During an interview the ward councillor indicated that
culture dilution/modification is affecting wetlands in providing numerous cultural
services as they were used to be. These concur with the findings of Ongoro [31] who
observed that the effects of modernisation, cultural services are rarely observed. As
far as conservation was concerned, certain of the beliefs were no longer respected,
and some of these cultural values were deemed restrictive. Only 17.5% of the house-
hold respondents agreed that they use wetland for spiritual activities such as worship-
ing through baptism of their worshippers. This finding is consistent with that of [16]
who found that wetlands provide spiritual activities on a small scale because such
practices were abandoned owing to cultural and technological developments.

3.5 Impacts of human activities on wetland provision and cultural services in
Epworth, Harare

3.5.1 Household perception of human impacts on wetlands

The majority of household respondents (31.6%) strongly agreed that agricultural
operations have a greater influence on wetlands, according to poll results. Followed by
urbanisation (22.8%), then dumping of waste (19.3%) and lastly grazing with 15.8%
(Figure 6). Household respondents in Epworth indicated that agricultural activities
remain the predominant activity over the past decade. Household respondent pointed
out that, agricultural activities are the dominant activities that plays a big role in
wetland destruction. According to Zimbabwe National Statistics Agency [16], Ward
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Major impacts of wetlands in Epworth. Strongly agree—SA, agree—A, neutral—N, disagree—D, strongly
disagree—SD.

6 of Epworth has a higher poverty prevalence rate than the other wards in Epworth.
During an interview with the ELB official, he stated that since the rate of poverty

is high in Epworth ward 6, people tend to engage into agricultural activities. This is
because, people wanted to improve their income and household food security. About
19% of the 35.1% of the people aged 36-45 respondent that, due to the availability

of market for agricultural products and also availability of water in wetlands pushed
many people to engage themselves in agriculture. This is because some of them are
among the economically active group that is of 36-45 years. Maize, Onion, Tomatoes
and Sweet potatoes are some of the types of crops that are grown into wetlands.
Household respondents indicated that these products are being sold to nearer urban
areas that are found in Harare (Mbare, Chitungwiza etc). These several agricultural
activities in wetlands resulted in their depletion. Household respondents indicated
some of the agricultural practices which include, ploughing, tilling, weeding, harvest-
ing and cultivation. This finding concurs with that of [18] who discovered that several
agricultural practices which include land clearance through deforestation resulted in
wetland degradation.

About 26.3% of the household respondents agreed that urbanisation also have neg-
ative impacts on wetlands which affected them in continue providing both provision-
ing and cultural services. Urbanisation is a process that has increased as a result of
population growth, expansion, and the spread of developed structures in a given area.
During the interview with Ward 6 Councillor, he reiterates that, population increase
has resulted in high demand of land for settlement. So, people end up building their
structures into wetland areas therefore affecting the biological and hydrological
function of wetland. The poor are the most susceptible in Epworth, according to the
researcher, because they lack the financial means to purchase pricey land. As a result,
the establishment of informal settlements occurred. This finding is consistent with
that of Marongwe et al. [32], who discovered that the impoverished are the ones who
build slums and informal communities like Hopely farm and other parts of Epworth.

Questionnaire survey results indicated that, household respondents (31.6%)
neither agreed or disagreed that, dumping of waste plays a big role in wetland
destruction. Household respondents who live 1 km and 2-3 km from the wetland
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areas reiterates that, dumping of waste has a role in wetland degradation in Epworth.
Other household respondents from areas ranging 5 km away from the wetlands also
are among the (31.6%) respondents who neither disagreed that dumping of waste

in wetlands has negative impact to wetlands. From the questionnaire results the
researcher obtained, household respondents pointed out that, the inconvenience of
ELB team that is responsible for carrying garbage’s forced many residents to utilise
any open space for disposing away garbage’s. So, some of the open space include
wetland areas. During an interview with the ELB official, he opines that, the ELB has
experiencing resource shortages including equipment’s in transport so that they can
practice their duties in time especially the one of carrying garbage’s. From the inter-
view the researcher conducted to EMA, EMA official opines that not only garbage’s
are thrown into wetland areas, also waste from industries and construction activities
are flowing into wetland areas. This finding concurs with that of Goredema and
Sithole [23] show that waste is dumped in wetland areas because they are considered
open and unutilized.

Questionnaire survey demonstrate that, about 14% of the household respon-
dents neither agreed or disagreed that livestock grazing has a negative result on
wetlands. Self-employed household respondents, pointed out that apart from
agriculture, urbanisation and dumping of waste, also grazing is continuously
contributing to wetland degradation. They opine that, availability of water and
green pastures on wetlands drove people (farmers) to come with their livestock’s
(sheep, cattle and goat) to feed them with grass and watering them. Decrease in
wetland vegetation resulting in bare land was attributed to livestock grazing as
highlighted by 15.8% of the household respondents who were aged 18-25 years.
They demonstrate that, there is an increase in the number of livestock in their ward
6 over the past decade. These all livestock during dry periods, were all fed from
wetland products and resulting in bare land. This is because wetlands provide good
pastures for livestock. This finding concurs with that of Musamba et al. [33], they
recognised that wetlands provide suitable pastures for livestock grazing and are also
a constant source of water for livestock, creating a potential condition that could
lead to wetland degradation.

3.5.2 Most affected wetland aspect

Questionnaire survey results indicated that about 40% of the household respon-
dents highlighted that water is the most affected wetland aspect in the community
followed by vegetation (37%) and soil (23%) (Figure 7). Household pointed out
that water was affected more because it was used for several activities both social
and economic activities. According to Jain et al., [34] the process of runoff from
agricultural fields is a major cause of non-point pollution in Indian rivers. As shown
on Figure 3, availability of water also pushed people in wetland utilisation, this
enlighten that water was the major aspect that was being used by the community for
agricultural activities mostly. During an interview with the EMA official, he pointed
out that water was the most affected aspect since it was being used for a variety of
activities. It was being affected by illegal dumping of waste being disposed into it
for example sewage (human and animal dump) disposal, pesticides and fertiliser
thereby affecting water quality. These findings matched those of Luan and Zhou
[35], who claim that pesticide and fertiliser runoff, as well as industrial and munici-
pal wastewater discharges, promote eutrophication in practically all Asian rivers,
lakes, streams, and wetlands.
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Most affected wetland aspect.

Questionnaire results demonstrate that, 37% of the household respondents agree
that apart from water, also vegetation was also a target aspect from the community
(Figure 7). Wetland vegetation was being used for several activities in the community
as household respondents highlight. Household respondents show that, there are
some people in the community who obtain their medical from wetland vegetation,
so people utilise vegetation for their medication. During an interview with the ELB
official, it was highlighted that, people obtain timber from wetland vegetation which
they used for roofing. The Overspill ward councillor revealed that there is an increase
in the number of livestock’s (cattle, goat and sheep) in his ward since the year of 2000
up to 2022 as his book statistics said therefore which resulted in an increase in bare
land from grazing of animals. According to Marambanyika and Beckedahl [5] cattle
grazing alters vegetation and causes trampling, which leads to an increase in bare
areas. Therefore, wetland vegetation was mostly affected through grazing since there
was good pastures for livestock in wetland. This shows that human activities such
as cattle grazing have unbearable consequences as they reduced areas of palatable
pastures to areas devoid of vegetation.

According to the survey’s findings, soil was another factor that affected wetlands
for 23% of the household respondents (Figure 7). Household respondents highlight
that, poor agricultural activities in wetlands led to soil erosion therefore resulting in
the decline of soil fertility. During an interview with the elderly household respon-
dents who were above 46 years, shows that anthropogenic activities have caused a
dramatic drop in the soil fertility of wetlands over the last decade. Results obtained
from an interview conducted by the researcher to ELB officials show that, informal
landholders settled in wetland areas used various agents in fertilising the soil. They
indicated that, they used these fertilisers with the aim of improving the soil pH. Poor
application of these fertilisers led to the loss of soil nutrients hence decline in the soil
fertility. From the interview conducted with the EMA official, he respondent by high-
lighting the impacts of organic and synthetic fertilisers on soil, showing that from the
last results they undertake in the field on soil quality, results demonstrate the pres-
ence of high nitrogen values. The group concluded that environmental issues resulted
from poor nitrogen and phosphorus fertiliser application in terms of soil quality. This
finding concurs with that of [5] who believes that various anthropogenic activities in
metropolitan areas have resulted in water chemical changes, biodiversity loss, habitat
loss, and soil erosion in most wetlands.
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3.5.3 Impact of each human activity on wetland provisioning and cultural services

Questionnaire survey results demonstrate that, 40.3% of the household respon-
dents (Figure 8) highlight that agriculture has severe impact on wetland which
contributes to wetland degradation. The household results show that agriculture
has more severe threats to wetlands as compared to other activities as it results in
alteration of wetland components such as water and vegetation due to clearance
and excessive abstraction. During an interview with the ward 6 Councillor, he
stated that agriculture poses more threats to wetland since more people in his ward
engage into several agricultural activities. The ward 6 councillor indicated some of
the activities that are done in wetlands under agriculture which include, ploughing,
planting, weeding, hand crafts, pest and disease control, and harvesting the yields.
This finding is similar with that of Feresu [19], he noted that urban agriculture
encompasses a variety of agricultural activities, some of which include land clear-
ance by tree removal, resulting in huge deforestation, while irrigation development
may also be used to compensate for irregular rainfall patterns. The constant process
of agriculture that is increasing year after year as answered, but ELB officials when
interviewed said that these cultivation activities exhaust the nutrients in the soil,
necessitating fertiliser application to boost yields. This also destroys the soil of
wetland from fertile to unfertile therefore reducing the quantity and quality of pro-
visioning services (food, water, etc.) that are being obtained from wetlands. This
resulted in food insecurity in the community. So, from the results obtained in the
field demonstrated that agriculture was more severe to the destruction of wetlands
in Epworth.

Results show that 40.3% of the household respondents revealed that urbanisation
has moderate impacts on wetlands, followed by 31.6% (severe), 19.3% (not severe)
and the least was 8.8% (no impact) (Figure 8). Urbanisation usually negatively
impact wetlands both the surface and underground perspectives. Urbanisation
include the process of population increase, area expansion and built up of structures
in an area. Household respondents (40.3%) revealed that urbanisation has moderate
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Figure 8.
Impact of human activity on wetland provisioning and cultural services in Epworth.
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to wetland soil. Through interviews the researcher conducted to ELB officials and
EMA officials, they stated that growing of population in an area or community
has resulted into an increase in social demands (land). Several wetland losses have
occurred around the world as a direct result of human economic activity [2].

Questionnaire survey demonstrated that 33.3% of the respondent’s highlight that,
dumping of waste has neither or no severe impact to wetland areas (Figure 8). Those
who live far away from the wetland pointed out that they did not throw away their
garbage into wetland. So, they neither agree nor disagree that dumping of waste into
wetland did not have severe impact to wetland since they did not experience their
impacts. Goredema [23] opines that resident dispose waste in wetland areas because it
has gone some days without being collected. Leaves falling from trees, paper (pam-
pers) and metallic components and also liquid wastes are some of the dump materials
that are being disposed into wetland.

The survey’s findings reveal that 8.8% of the household respondents pointed out
that grazing has posed severe impacts to wetland status (Figure 8). During an inter-
view with an EMA official, he pointed out that grazing has severe impacts to wetlands
because almost every household that kept livestock, feed their livestock from wet-
land products during dry seasons. He pointed out that, wetlands face some serious
threats from livestock grazing mostly during dry periods because they produce green
pastures for livestock. Livestock grazing affect water, vegetation and also soil but
at a minimal scale. Livestock grazing leave a bare land which exposes soil to erosion
therefore leading to wetland sedimentation. This will affect the quality of food and
also quantity of water obtained from wetland. Household respondents indicated that
grazing reduces the quantity of medical plants obtained by the community. They
also highlight those negative impacts of livestock grazing result in wetland depletion
hence affecting recreational activities, ecotourism and spiritual enrichments. Most
rural wetlands in Zimbabwe (Dufuya and Madugane) Marambanyika and Beckedahl
[5], are used for agriculture and cattle grazing. Several other studies have documented
the harmful consequences of cattle grazing on wetlands species, such as the negative
effects of trampling on eggs, resulting in habitat loss for wetland species.

4. The nexus between human activities, ecosystem services and the
perceived impacts on wetland ecosystems

Results from the present study demonstrate that the majority of the households
in Epworth are self-employed a position which pushes then to look for other means
to enhance livelihood strategies. Households are therefore left with no option except
to turn to wetlands for their survival a position which has also been motivated by the
availability of market for agricultural products especially in urban centres such as
Harare. Wetland use is also largely driven by other factors such as population increase,
rainfall availability and donor funding for sustainable food security projects due to
existence of semi-arid conditions. Results also show that the dominant wetland use is
agriculture as indicated by most of the households and was also reported to be changing
wetland conditions. These specific human activities which are undertaken in wetlands
in Epworth were affecting the wetland’s ecological components in different several ways
which will compromise the ability of the ecosystems to continuously provide goods
and services in the near future if they remain unchecked and monitored. These activi-
ties were draining water from the wetlands, a situation which would possibly result in
wetland degradation and possibly loss which will affect the broad spectrum of goods
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and services that the wetlands have been providing for instance water for drinking
as well as opportunities for eco-tourism and habitat loss. Of all the human activities
agriculture and urbanisation severely impacted on the wetland’s component such as
soil and water. Pertinent to note is the fact that agriculture, urbanisation, dumping
of waste and livestock grazing are the main contributors to wetland loss a situation
which requires further interrogation through site specific studies. The study advocates
for strong support of environmental conservation stakeholders from the government
through including these stakeholders on financial budget.it also recommends that EMA
and Epworth Local Board to come up with an integrated land use planning approach
that will go a long way in addressing issues of land degradation and fragmentation.
The findings show that the wetlands were experiencing habitat loss, biodiversity
loss and declining hydrological conditions due to human activities. In light of this it is
difficult to maintain wetland conditions if wetland use and access is not regulated and
backed by sound environmental practise. Therefore, using the proposed framework
in Figure 9, there is need to conduct further detailed studies which focus on wetland
use activities and their impacts on the wetlands ecological framework using devel-
oped frameworks such as the WET-Sustainable Use and WET Health frameworks
which inform decisions makers based on a cite of scores and magnitude against the
perceived impact in relation to land use activities. This will ultimately contribute to
sound decision making as information is based not only with a partial view of reality
but is all encompassing.

Human land use patterns/
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Figure 9.
Framework to enhance sustainable use of wetlands and proffer wetland conservation.
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5. Conclusion and recommendations

The article examined the impacts of human activities on wetland provisioning
and cultural services in Epworth, Harare. The findings demonstrate that wetlands are
mainly used for agriculture activities mainly related to vegetable production followed
by human settlement and due to increasing population density being exposed to waste
dumping as some households viewed them as waste lands not worthy of management.
Households were motivated to utilise wetlands due to the readily available moisture that
was mainly used agriculture for agricultural activities for food and income generation.
Increased human population was also highlighted as one of the key drivers to wetland
use as households were left with no option except to exploit the resources at their dis-
posal. Research findings indicated that local people obtained provisioning and cultural
services from the wetlands. It is well known that wetlands provide several services to the
surrounding community. Research results demonstrate that ward 6 community obtain
several provisioning services from wetlands which include, water, food, timber, fire-
wood. They pointed out that they obtain medical plants from wetlands but at a minimal
scale. Household respondents revealed that, there were also some cultural services they
obtain from wetland but at a minimal scale. Cultural services obtained by the commu-
nity include, cultural heritage, spiritual enrichment, recreation, ecotourism and educa-
tion and research services. These cultural services were now obtained at a minimal scale
due to anthropogenic activities taking place in wetlands. This shows that wetlands have
been contributing towards the attainment of Sustainable Development Goals 1and 2 on
poverty reduction and zero hunger through sustainable activities within the wetland.

The findings further demonstrate that although wetland have contributed to
human livelihoods immensely, human activities such as crop production and livestock
grazing have a significant bearing on the provision of good s and services derived.
Household indicated that human use activities have a wide range of impacts such as
wetland sedimentation, food insecurity, and soil erosion, alteration of hydrological and
biological processes of wetland and habitat loss. Households revealed that although
they were obtaining some of the provisioning and cultural services from wetlands, the
rate is continuously declining, meaning that they are obtaining them at a minimal scale.
This was because these wetlands were being used unsustainably hence their depletion.
Therefore, in light of this, the Environmental Management Agency and Epworth Local
Board should come up with an integrated land use planning approach which is the
best way forward in addressing issues that have a hand with human activities and their
impact on wetland provisioning and cultural services. This strategy will go a long way
towards tackling wetland fragmentation and degradation. Since community partici-
pation and stakeholder involvement is key towards the success of any programme,
residents surrounding wetlands in Epworth should be educated and encouraged more
to engage themselves in practicing Indigenous Knowledge System (IKS) practices for
example in steady of using modified fertilisers for improving pH of the soil, it is wise
to use inorganic fertilisers such as cow dung or manure etc. Residents surrounding
wetland ecosystems should be included in decision making systems which is a good
way forward since it reduces conflicts in managing these wetlands.
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Abstract

Urban farming is a simple concept yet significantly impacts food security and
food sovereignty for urban households. Indonesian context defined urban farming
as cultivation practices, including food crops, vegetables, fruits, herbs, medicinal
and ornamental plants, with some combination of fishes and poultry in urban areas,
namely home yard, office yard, school garden, communal garden, and many more.
This chapter aims to discuss five main topics related to the urban farming movement
in Indonesia: (1) The dynamic of yard utilization and food provision policy; (2) The
importance of urban farming in society; (3) Community perception and involve-
ment in urban farming; (4) The impact of the pandemic on household food security
and food supply chains; (5) Government strategy to sustain participatory urban
farming. The sustainability of urban farming still requires government assistance
and intervention, and private involvement through corporate social responsibility.
The government must support infrastructure both in terms of policy and physical
implementation to facilitate the establishment of a network of business partnerships
between producer farmers and various market actors in a market chain to step up the
era of urban farming industrialization.

Keywords: participatory gardening, home gardening, community garden, urban
farming, food security, food sovereignty

1. Introduction

Food security and sustainable agriculture are among the critical issues and
priorities in the planning and development in Indonesia. This is in accordance with
the global commitments contained in the Sustainable Development Goals (SDGs) to
encourage the implementation of sustainable development. One of the 17 the strategy
in the SDGs is to end hunger, achieving food security and improved nutrition, and
proclaimed sustainable agriculture [1].

69 IntechOpen



Urban Horticulture — Sustainable Gardening in Cities

The increase in the number of urban population marked by urbanization has
become a global issue that requires a comprehensive solution because its impact is
related to various aspects of development. Some Frequent challenges and problems
that appear among them are not balanced numbers, distribution and population
composition, declining environmental quality due to reduced open land/green space,
and adequate food availability and quality for city dwellers. One solution that needs to
be developed to cope with the problem is urban farming.

Urban farming is a subset of urban agriculture that focuses on income-making
agricultural activity. It can be either community farms (driven by social aims) or
commercial farms (motivated by profit) and hence can be run as nonprofits or
for-profits [2]. Another author characterized urban farming succinctly as food
production within cities [3]. In Malaysia, urban farming is described as the practice
of planting, processing, and distributing agricultural products in cities and adjacent
areas [4]. The same definition is applied in the Indonesian context. Likewise, in this
review, urban farming is not seen as an industry but as cultivation practice, includ-
ing food crops, vegetables, fruits, herbs, and medicinal and ornamental plants in
urban areas.

The urban farming movement in Indonesia is promoted to achieve food secu-
rity and food sovereignty. Food sovereignty is defined as “local people’s right to
govern their own food systems, including markets, ecological resources, food
cultures, and production methodologies.” [5]. Food sovereignty is a continuous
process in which required adjustments are sought in order to achieve food security
[6-8]. It goes beyond the emphasis on food security by giving growers authority
[9]. Because of the alleged importance of food sovereignty to self-sufficiency and
food security, various nations have enacted legislation to protect this right [10].
Indonesia is one of 10 countries whose constitutions have recognized food sover-
eignty [11].

2. Dynamics of yard utilization and food provision policy

One of the Indonesian Government’s efforts to achieve household food security
is to make food available and accessible at the family level by utilizing yard land.
Yard utilization offers a solution to anticipate the high rate of rice demand due to
population growth through food diversification [12]. The national yard land area is
around 10.3 million ha or 14% of the total agricultural land area. If this can be opti-
mally utilized, it will be an enormous potential as one of the providers of nutritious
and economically valuable food sources. A yard is a piece of land around the house,
whether in front, on the side, or behind the house [13]. The utilization of the home
yard is crucial because numerous benefits can be taken. The re-establishment of the
yard utilization program in Indonesia with a variety of crop, livestock, and fish com-
modities is expected to make the food and nutritional needs of household members
accessible and affordable.

Through the Ministry of Agriculture, the Government of Indonesia issued vari-
ous policies related to the importance of food diversification through the optimiza-
tion of yard land to increase community participation in improving food security
and food sovereignty at the household level. Some implemented programs are
explained below.
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2.1 Sustainable food home area model/model kawasan rumah pangan lestari
(MKRPL)

The Sustainable Food Home Area Model (MKRPL) is an implementation of the
food security program by the Indonesian Agency for Agricultural Research and
Development which was started in 2010. Food security program through optimiza-
tion of environmentally friendly yard land to meet families’ food and nutritional
needs. Through MKRPL, public awareness to provide food for families was sown. It
is designated as a pilot project to make the home yard productive. Development of
MKRPL throughout Indonesia to support food sovereignty and food diversification by
involving community participation in rural and urban areas [14].

The concept of m-KRPL/KRPL development is designed in a concentrated area to
facilitate management and assistance and provide economic value for the community
because it can produce marketable food products. Meanwhile, the sustainable concept
is designed with the development of a Village Seedling Garden or communal nursery
(Figure 1) to supply the needs of KRPL members and communities interested in
optimizing yard land and supporting the sustainability of activities [12]. The limited
land in urban yards can be addressed by cultivation techniques, namely vertical plant-
ing designs, pots, and vines with pergolas—a selection of plants that can be consumed
by the family (edible plants). The use of household yards is quite effective with the
participation of the community in designing the productive yard [15]. However, some
urban residentials in big cities have no space yard for gardening, for this case, a com-
munal/community garden can be a solution. The residents are still able to collaborate
in maintaining a garden within shared open spaces (Figure 2a and b).

The Indonesian Agency for Agricultural Research and Development further devel-
oped the KRPL model in 994 regions from 2011 to 2013 throughout Indonesia. The
KRPL model by the Central Food Security Agency since 2013 replicates KRPL into
P2KP activities in five thousand villages throughout Indonesia. The KRPL program
is an effort by the Government through the Ministry of Agriculture to improve food

Figure 1.
A communal nursery in Jakarta.
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Figure 2.
Collaborative work in communal garden (a) seedling preparation (b) maintaining the plants until harvest time.

security and family nutrition. The KRPL program is identical to a similar program
called the home garden program developed in many countries worldwide. For exam-
ple, in Bangladesh, home garden programs can improve food security and reduce
malnutrition while reducing poverty in rural areas of Bangladesh [16].

The basic principles of KRPL program development are (i) Utilization of
environmentally friendly yards designed for food security and independence; (ii)
Diversification of food based on local resources; (iii) Conservation of food genetic
resources (plants, livestock, fish); (iv) Maintaining its sustainability through village
seed gardens; and (v) Increasing income and community welfare [12].

Although KRPL has been successfully implemented in several regions in
Indonesia, however, only a small percentage of Indonesian plan their yards as a food
function or grow crops that can meet family food [15]. This condition shows that
some people still do not realize the importance of the role of the yard in supporting
household’s food sovereignty. To optimize the yard utilization, community involve-
ment or people participation needs to be improved, and assistance from relevant
agencies for an ongoing basis.

2.2 Sustainable food yard/pekarangan pangan lestari (P2L)

The KRPL program changed its name to the Sustainable Food Yard program in
2020 to expand beneficiaries and use of yard land. The P2L program is conducted
to optimize the use of land yard as a source of family food, supporting government
programs in handling priority areas for stunting intervention and handling priori-
ties for vulnerable areas of food insecurity, or strengthening food security areas.
This activity is conducted through unproductive yards, bare land, vacant land, the
land around houses/residential buildings/public facilities, and other environments
with clear ownership boundaries, such as dormitories, Islamic boarding schools,
flats, houses of worship, and others. The goals and objectives of P2L activities are:
(1) To increase the availability, accessibility, and utilization of food for households
following the needs of diverse, nutritionally balanced, and safe food (B2SA), (2)
To increase household income through the provision of market-oriented food.

To achieve these two goals, P2L activities are carried out through an approach to
sustainable agriculture development, local wisdom, community engagement, and
marketing-oriented [17]. P2L activities help to meet the food needs of families dur-
ing the current outbreak of COVID-19 [18].

72



Perspective Chapter: How Important is Urban Farming in Indonesia to Support Food Sovereignty?
DOIT: http://dx.doi.org/10.5772/intechopen.1001601

2.3 Sustainable food torch/obor pangan lestari (OPAL)

The Sustainable Food Torch (OPAL) promotes food diversity to fulfill community
nutrition through a pilot use of office yard land in 2019. OPAL is a pilot tool for the
community in the use of the yard as a source of food and nutrition. This program
is conducted within the scope of the Ministry of Agriculture, the Provincial and
Regency/City Offices, which organize government affairs in agriculture and/or food
to utilize the land around the office area by planting various carbohydrate source
commodities, proteins, vitamins, and minerals.

The COVID-19 pandemic has moved the government and the publica lot in
increasing the knowledge and skills of urban people about the importance of plant
cultivation in urban and suburban areas, to meet the food needs of families during
the COVID-19 pandemic. Displaying the model of yard utilization in front of the
office complex has attracted visitors and guests to visit and replicate (Figure 3a), and
become designated outdoor activity and education for young students (Figure 3b).

As stated by Handoyo et al. [19], community service activities through the intro-
duction of aquaponics technology can make a positive contribution to urban society.
Indicators of success include increased community involvement to participate in
vegetable farming with catfish to harvest. Furthermore, the community has benefited
from the results of catfish cultivation with an aquaponics system in one cycle amid
the COVID-19 pandemic conditions [19]. During the COVID-19 pandemic, the
number of locations and community participation in agricultural activities increased,
this can be seen from the increase in urban people who grow their vegetables on the
vacant lands around the yards [20].

One of the supporting technologies for urban farming during the COVID-19 pan-
demic that has developed in urban communities is Budikdamber (Fish breeding in a
bucket with vegetables on the top) as seen in Figure 4. Budikdamber often integrates
catfish and water spinach, or celery. Budikdamber is a development of aquaponics
technology, which enables us to cultivate plants and fish on limited lands because this
technology does not cut off large areas of land. Budikdamber is quite simple to create
and maintain, inexpensive, water-saving, and the results can be enjoyed in a relatively
short period of time [21]. Aside from Budikdamber, fish breeding can be conducted in
the ditch in front of the housing complex (Figure 5).

Figure 3.
OPAL at the office yard (a) display of vertiminaponic and wallcaponic (b) Group of young students learn about
aquaponic.
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Figure 4.
Integration of catfish breeding and water spinach cultivation in a bucket (Budikdamber).

Figure 5.
Tilapia fish breeding in a ditch of housing complex.

3. The importance of urban farming

The importance of urban farming can be viewed from economic, ecological,
social, esthetic, educational, and tourism aspects. The benefits of economic aspects
include stimulus to strengthen the local economy, increase people’s income and
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Figure 6.
Happy faces during harvest time.

Figure 7.
Urban farming in Jakarta.

reduce poverty. If the city community is able to meet their own food needs, more of
the city people’s money will be used for other interests such as health, education, and
housing [22].

When viewed from an ecological aspect, the development of urban agriculture
can provide benefits, such as conservation of soil and water resources, improving air
quality, creating a healthy microclimate, providing beauty, offers solutions for climate
change adaptation.

The social benefits obtained from urban agriculture are increasing food supplies,
improving the nutrition of the urban poor, improving public health, reducing unem-
ployment, and reducing social conflicts [22]. Moreover, there is a satisfaction and a
pride feeling when we can harvest what we have sown from our yard (Figure 6).

The value of health, education, and tourism is obtained from the presence of
increased green open space, more CO,-absorbing areas, improving air quality. Green
open spaces become a place to gather, socialize, and recreation and education [23]. For
example, in such a big city like Jakarta, the existence of communal garden becomes a
place for socializing and spending time for leisure (Figure7).

4. Community perception and involvement in urban farming

The emergence of the COVID-19 pandemic caused many changes in all sectors,
and one of them was agriculture. The increase in urban farming enthusiasm in urban
communities arises because of working from home and at the same time to survive in
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large-scale social restrictions implemented in each province and regency/city which
narrows the space for movement. With the free time due to work from home and the
availability of yard land even though the land is limited, land that was previously less
productive can be used as agricultural land to produce household food needs effi-
ciently but healthily [24].

Urban farming is growing along with the increasing interest of people who are
influenced by internal conditions requiring activities that can reduce stress and
boredom during social restrictions [25]. This urban farming activity is a tool to reduce
the negative effects of social isolation due to COVID-19 on a person’s emotions and
provide positive benefits for food security and dietary quality by increasing fruit and
vegetable intake [12]. Most urban farmers feel positive benefits especially psychologi-
cal benefits [26]. In the environmental aspect, urban farming activities can reduce
urban heat islands and air pollution. Regarding nutrition, urban farming activities
can improve the food security of households/communities that are food insecure by
meeting their intake needs and reducing costs for vegetables or fresh foodstuffs.

During the COVID-19 Pandemic, it has encouraged urban residents to be more
active in agricultural activities. Just like the city community in Yogyakarta formed
a passionfruit garden during the COVID-19 outbreak in Indonesia. Along with the
COVID-19 pandemic, residents became enthusiastic about joining urban farming
activities. Agricultural activities in urban areas are a distribution of hobbies and
spending free time, where the average urban community are workers and retirees.
The COVID-19 pandemic has forced people to stay at home in an effort to stop the
widespread spread of the virus, so as to fill the time by cultivating crops, especially
vegetables and fruits [27]. The interest of urban people to grow vegetables increased
due to the difficulty of the food supply chain, especially from conventional agricul-
ture produced by rural farmers to be marketed in cities. With the use of yard land,
community access to food is easier because each sub-district has a vegetable garden
that is covered in groups/communities.

The results showed that urban gardening community activity is driven by the desire
to reduce household costs, easily get daily food needs, preserve the environment,
healthier products, increase income, and fill time free. Urban farming is conducted in
various places, such as yards, neighborhoods around houses, and rooftops. To sup-
port the principle of reduce, reuse, and recycle (3R) in urban farming, we can make
compost in sacks, buckets, drums, used paint buckets, and others. Plants are grown in
mineral water bottles, cans, used buckets, pipes, plastic oil packaging, and others [28].

People’s interest in urban farming considers aspects of social, environmental, and
economic benefits. One example of an area with a high interest in urban farming is
Cirebon City. The cultivation of vegetable crops has been carried out with a verti-
culture system, both verticulture on a vertical and horizontal household scale which
contributes to improving household welfare [29].

The social benefit aspect of urban farming was in the highest rank according to
the survey results in Pekanbaru City with a score (3.34) and the lowest score is on
economic benefits (2.94). Furthermore, respondents’ interest in continuing urban
farming was at high criteria (51.96%) and remarkably high (13.73). Meanwhile, the
perception of the community in Gresik Regency is that urban farming has a positive
impact on the environment. Most households (80%) state that urban farming is an
appropriate effort in environmental management that pays more attention to sustain-
able agriculture [30].

Currently, the COVID-19 pandemic has begun to slow down, but the conditions
felt by the community because of the COVID-19 pandemic are still being felt and are
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likely to still be felt for a long time, especially in developing countries. According to
Roubik et al. [31] the disruption caused by the COVID-19 pandemic has affected the
poor and other marginalized groups, especially those with low purchasing power.
The existence of this phenomenon needs to be conducted to mitigate the impact of
the pandemic on the entire food system, improve food security, and avoid potential
shortages of food. The role of the government in this matter is very necessary to
maintain domestic food security after the COVID-19 pandemic. Stimulus is needed
in the agricultural sector in the hope of increasing crop production [32]. In addition,
strategies that can be implemented to encourage the development of urban horticul-
ture include the provision of technical innovation, organizational innovation, and
policy and institutional support [33].

5. The impact of the pandemic on household food security and food
supply chains

Food security is a condition of fulfilling sufficient food for the community, both
in quantity and quality, at affordable prices. There are three important aspects in food
security, as the aspect of food availability or production, the distribution aspect, and
the consumption aspect. If food is available but the distribution is disrupted, it will
affect community food security, and this happened at the beginning of COVID-19.
Social restriction resulted in food distribution being constrained to consumers. Due
to the COVID-19 pandemic, the distribution of food was constrained, so the supply
of food was reduced, thus threatening people’s food security [34, 35]. Many countries
have problems in producing food during a pandemic, one of which is due to limited
manpower, so the harvest was not optimal [36, 37].

In urban areas, limited land for agricultural development causes most of the food
ingredients to be imported from outside the city. Urban areas are highly dependent on
food-producing areas, which are located outside cities. However, so far, the urban com-
munity’s food supply has always been fulfilled, supplied from outside the city and within
the city itself. In urban areas, agricultural production is conducted on limited lands owned
by the community itself, developers, and the government that have not been utilized.

The social restriction has opened opportunities for companies engaged in online
sales, such as: SayurBox and Etanee, SayurBox offers 15 types of vegetables to consum-
ers and Etanee offers 95 types of vegetables and 28 types of fruit [38, 39]. Vegetables
that are in high demand in the market are shallots, garlic, potatoes, peeled sweet corn,
and several types of leafy vegetables. However, online sales are still limited to urban
and buffer zones (Jakarta, Bogor, Depok, Tangerang, Bekasi, and Bandung).

According to the World Bank [40], the COVID-19 pandemic can cause disrup-
tions to the distribution and production of agricultural products, which are also food
products for people’s needs. COVID-19 caused labor mobility limitations, changes in
consumer demand, the closure of food manufacturing facilities, limited food trade
regulations, and financial constraints in the food supply chain [41]. The food supply
chain was disrupted in countries that imposed a lockdown system to suppress the
spread of COVID-19 [42-45]. The lockdown in the city has raised awareness of how
crucial it is for residents to have access to food [46]. Movement restrictions, includ-
ing restrictions on the movement of (agricultural and other) labor and supplies, are
likely to disrupt food production as well as food-related logistics and service, posing a
challenge to the system’s ability to provide enough affordable and nutritious food for
everyone [47].
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The social restriction has caused many stalls and stores to close and has limited
access points for food from agricultural areas’ production centers to urban areas. This
circumstance causes agricultural production upstream and may cause food prices to
fall, immediately affecting farmers, ranchers, and fishers [48]. On the other hand, a
lockdown can cause a decrease in food stocks and increase prices due to delays in food
distribution [43]. People tend to do stockpiling on food during the lockdown period,
increasing the demand for food. In early days of the pandemic, panic buying had
caused the run out of food stock in the market.

For example, fulfilling the Special Capital Region of Jakarta Province’s food
demands is a barometer of national food needs. Because Jakarta is the national capital
and the most populous province in Indonesia, with a population of 10,609,700 people
(the sixth biggest province in Indonesia) [49], this population directly affects the high
demand for food and competition for the use of land resources. Food requirements in
Jakarta still depend heavily on food imports from other regions [50].

Jakarta Province engages in inter-regional commerce to address food demands. This
business activity creates a distribution network in Jakarta that links food producers
with end users and is remarketed to other regions [51]. Food availability depends on
the condition of distribution facilities, transportation, and other infrastructure, which
will also impact the stability of food prices in Jakarta. Due to transportation issues
caused by social restrictions in Jakarta Province, some products, ingredients, or food
raw materials are either unavailable or challenging to get. A robust logistical system is
required to overcome the long-distance barrier by providing adequate infrastructure
(roads, ports) and a modern cold chain system for perishable commodities [48].

Two aspects that can change the food supply chain’s long-term effects during and
after the pandemic are expanding the online grocery delivery market and customers’
preference for “local” food supply chains [52]. In the face of the COVID outbreak,
70% of customers in the United States reduced their food shopping frequency and
chose online marketing [53]. People’s behavior on internet purchasing has shifted
because of COVID-19. During the epidemic, they believed internet purchasing
platforms were advantageous and provided convenient access to food and other com-
modities [54]. Online agricultural commodities marketing platforms may help farm-
ers market their crops. Although the proportion of local farmers using the internet
doubled at the start of the 2020 pandemic, only a select few producers and consumers
may be able to take advantage of online sales due to the high costs of running online
stores or the lack of a reliable internet connection [55].

Due to limited access to imported food, people pick local products as alternatives
for necessary food. Local agriculture needs to focus on producing nutritious food
like vegetable and fruit products. Moreover, as stated by Schreiber et al. [55], local
farmers’ adaptability and redundancy helped to maintain the local food chain during
the outbreak of a worldwide epidemic. Urban farming is an excellent effort for the
movement toward food sovereignty. There is a necessity to promote reflexive con-
sumption by including urban gardeners in urban consumer organizations and to link
urban consumers with local producers [56].

6. Government strategy to sustain participatory urban farming

The pandemic gives an important lesson that food availability is the main thing
in maintaining food security. During the lockdown, the government encouraged
people to stay at home and conduct useful activities at home. Initially, the government
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encouraged urban farming activities, especially for low-income people where food
costs sometimes soared beyond other needs. However, this has changed along with
the impact caused by the pandemic. Difficult access to food during the lockdown
caused the food system to be disrupted from upstream to downstream and at the
same time the availability of local food was not sufficient for the food needs of the
local community. The supply of nutritious food is reduced, resulting in fears of food
insecurity in the community.

Currently, urban farming is focused on food crops to meet food needs in times
of crisis such as a pandemic. Programs related to urban farming activities to the
community to foster farmer groups so that they can be adopted and diffused to the
surrounding community. The program is designed in dense neighborhoods that do
not have large areas of land and then utilized by farming vegetables, fruits, and fam-
ily medicinal plants, in addition to making ends meet, expected to bring additional
income to the family [18].

To encourage community participation in urban farming, the government pro-
vides capital assistance in the form of assistance, in the form of vegetable seeds, liquid
organic fertilizers, and planting media as well as assistance from local extension
workers in the form of technical guidance and motivation. Programs implemented
such as Kawasan Rumah Pangan Lestari (KRPL), Lorong Garden (Longgar), One
Village One Variety (OVOV), P2KP, and urban farming activities by NGOs such as
Jakarta Gardening, Kebun Kumara, Kebun Ide, Sendalu Permaculture, YPBB Bandung,
Makassar gardening, and many more groups of people who are concerned about
urban farming.

The involvement of the private sector in the form of Corporate Social
Responsibility (CSR) is important to sustain the program in society. CSR is defined
as the commitment of the business world to contribute to support the economic
development process between companies in the local community and the wider
community to improve living standards. Development companies that have enjoyed
the benefits of the process of transferring paddy fields, and yards into residential
areas, and business centers should contribute to the empowerment of local communi-
ties. The role of CSR in urban agriculture can be through the concept of developing
conservation agriculture, and organic farming in urban agriculture. In addition,
CSR can be in the form of financial support for training for farmers, development of
superior agricultural land products, pilot plots, and purchase of tools and machinery
for agricultural production facilities [57].

For instance, the engagement of PT. Indonesia Power Semarang in urban horti-
culture by building a greenhouse for farmer groups in Kemijen, Semarang City [58].
Based on the results of the Pertamina Company’s CSR program report, replacing
hydroponics that initially used Polyvinyl chloride (PVC) pipes into floating rafts with
used styrofoam is considered effective and can improve people’s welfare in Mariana
Village, Palembang [59]. Strategies that can be implemented to encourage the devel-
opment of urban horticulture include the provision of technical innovation, organi-
zational innovation, and policy and institutional support [33].

7. Conclusion

The importance of urban farming should have encouraged the participation of
people in the program. Though the success stories and benefits of urban farming
have been admitted, the sustainability of the urban farming movement still requires
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government assistance and intervention, and private involvement through CSR.
The government must support infrastructure both in terms of policy and physical
implementation to facilitate the establishment of a network of business partner-
ships between producer farmers and various market actors in a market chain until
these agricultural products reach the consumer level. This is required to step up
into commercialization and industrialization of urban farming rather than only
self-sufficiency.
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Chapter 5

Therapeutic Impact of Engagement
in Green Spaces

Kasey Stepansky, Theresa Delbert and Janet C. Bucey

Abstract

Active engagement in green spaces has been shown to improve physical, mental,
and social well-being. Blending the topics of forest bathing, therapeutic sensory
gardens, and nature meditations, this chapter will unpack the therapeutic effects of
active and passive engagement in green spaces. Frequent exposure to and engagement
in green spaces has been found to decrease feelings of anxiety, social isolation, and
stress levels. Spending time in green spaces can promote restoration and offer recov-
ery from daily stressors. With the perspectives of the authors’ expertise in holistic
health as occupational therapy practitioners, the chapter will present how the influ-
ence of usage and dosage of green spaces affect stress, social isolation, and a sense
of well-being to facilitate occupational balance (flow). This chapter will report how
green spaces have been assessed in the current evidence and the questions that remain
regarding the impact on personal, group, and population well-being.

Keywords: green space engagement, therapeutic impact, dosage, occupational balance,
well-being

1. Introduction

A growing number of researchers [1-3], mental health advocates [4, 5], and
media outlets [6, 7] support engagement within nature and green spaces to promote
well-being. The purpose of this chapter is to explore the evidence on the therapeutic
impact of engagement in green spaces and supplement the review of the evidence
with the authors’ experiences piloting a therapeutic sensory garden intervention to
support the well-being of university students.

As occupational therapists, the authors consider well-being within the context of
a person’s ability to engage in activities that are meaningful to them. Participating in
activities that are meaningful can enhance a person’s physical, mental, and social life.
Occupational therapy training is holistic in bridging science and art by adapting, creating,
and modifying activities to optimally support the person within their environment [8].
From the inception of occupational therapy as a profession in 1917, its founders viewed
people as inextricably tied to their environment [9]. From this holistic lens of a person
within their environment, the profession connects deeply with the impact of green space
on individuals’ well-being. Records of occupational therapists using gardening as a thera-
peutic intervention are recorded as far back as 1932. The natural environment has been a
context for meaningful engagement in activity, production, and socialization [10].
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A common concept within occupational therapy is occupational balance. The
occupational therapy practice framework defines occupational balance as “the
proportion of time spent in productive, restorative, and leisure occupations” (p. 12)
[8]. Occupational balance is an outcome of health and wellness that ensures that
the demands of different activities meet the needs of the individual [8, 11]. In 2021,
the definition of occupational balance has expanded outside of a Western paradigm
utilizing influences from Chinese culture to address humanity’s need for harmony
[12]. This philosophy on occupational balance follows the traditional Chinese belief
that each human ultimately has the goal of being in unity with nature [13]. Eriksson
et al. [14] investigated the impact of using therapeutic gardening to promote
occupational balance. The described themes experienced by participants included
being absorbed in the present and accepting self as connections to the protective
environment of the therapeutic garden [14]. These findings intersect with the basis
for this chapter by describing what, how, and why of green space as a means for
therapeutic impact.

This chapter is meant to further the discussion of the therapeutic utilization
of green space by using references within and outside of the occupational therapy
discipline. Intentional questions will be threaded throughout the chapter related to
what makes green space therapeutic.

* What defines green space? What has been studied and how does it differ
depending on locality, type, and seasonal use?

* How can green space be used therapeutically? What are the intentional means of
intervening within green space?

* Why do we use green space? What are the outcomes and impacts of the green
space on well-being?

2. Typology of green spaces that impact well-being

Green space has been defined as public ground covered primarily by grass,
trees, plants and other vegetation that is open and accessible. The openness of this
land allows for recreation and provides places to view and experience nature [15].
Natural green spaces have been connected to small urban parks and larger wilder-
ness areas such as protected national parks or nature preserves [1]. Additional
descriptions have included gardens, outdoors, eco-roofs, green infrastructure,
wilderness, greenery, and forests [2, 3, 16]. There is no universally agreed defini-
tion of green space, and in order to collect evidence, more specific delineation of
spaces can assist with comparing impacts of green space on wellbeing [2]. Providing
greater detailed descriptions with photographs, maps, and written overviews to
the type of green space can provide more comparable reviews of impact of green
space on well-being [2].

The design of green space for therapeutic purposes needs to have components for
pathogenesis and salutogenesis. Pathogenesis design focuses on prevention or man-
agement of disease, while salutogenesis looks to create and enhance optimal health
[17]. Considerations for both purposes are vital to the design and list environmental
qualities to include considerations of access, orientation to the space, richness in
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species, serenity for reflection, and opportunities for social connection [17]. The
natural environment is restorative when it is immersive and engaging in order to
remove the individual from their typical context and everyday stressors to allow for
an experience of escape [3]. Further, with Kaplan and Kaplan’s “Attention Restoration
Theory”, green spaces are intrinsically therapeutic due to the decreased cognitive and
attentional demand compared to other environments [3, 17, 18].

Green spaces have been defined by different types/green infrastructures with
similar benefits to well-being. The definitions and delineations of these spaces have
overlapping characteristics which can further conversations about what is integral to
the space to maximize therapeutic benefit.

2.1 Garden green spaces

Gardens are a common green space utilized for active engagement in nature.
Types of gardens could be individual domestic gardens, community gardens, heal-
ing gardens, and therapeutic sensory gardens. Defining characteristics of a garden
include planned space for physical movements, cultivation, enjoyment of display,
and closeness to nature [19]. Gardens are planned spaces that should address the
publics’ accessibility, aesthetic value, maintenance, and safety through appropri-
ate design [19]. Therapeutic gardens, as defined by the American Horticulture
Therapy Association, are “A garden designed for use as a component of a treat-
ment, rehabilitation, or vocational program” (p. 3) [20]. Expanding on therapeutic
gardens, therapeutic sensory gardens provide an environment tailored to engage
all of the individuals’ senses including sight, taste, smell, touch, hearing, and body
movement [21].

Gardens as a therapeutic green space have been used in China since the year
717 AD when the first public hospital was created with green settings located in the
form of courtyards. Chinese monks would care for individuals with illnesses and dis-
abilities in more remote rural settings where the natural surroundings were consid-
ered part of the palliative care [22]. Western counties have histories of use of healing
gardens as part of hospital settings since the 1800s, however in the early 20th century
during the industrial revolution many green spaces were removed from health care
facilities due to increases in high-rise building designs. The revival of healing gardens
within healthcare settings in the West did not return until the 1990s [22].

2.2 Urban mixed green spaces

Within urban spaces, the types and settings of green spaces connected to sup-
porting mental health include urban forests, neighborhood green space, parks, and
eco roofs [23, 24]. Urban planners often consider multiple factors when designing
the space including environmental factors (improving air quality, absorbing noise/
creating soothing soundscapes, visual stimulation, mitigating heat), space for activity
(physical and social), and intentional design for social cohesion (fostering social
capital, neighborhood satisfaction, sense of security, belongingness to space) [23, 25].
Indicators have found based on mental health needs that communities prefer green
spaces with moderate vegetation complexity and a tree canopy over a simple open
space of grass [23]. Urban green spaces must also consider potential environmental
determinants to the use of the space including accessibility, quality and condition of
features, and feelings of safety within the environment [26].
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Green Space Design of a University Therapeutic Sensory Garden

Key

Apple Tree
Wind Spinner
Hogelkultur
Banch Swing
Picnic Table

Bamboa Chime

v T P03

Hammock Swing

The above design graphic illustrates the design planning of a University Therapeutic Sensory Garden. The
authors had access to build the garden space within a 388-acre LEED Platinum certified, sustainable
campus that provides elements of both green spaces described as gardens and rural wilderness. The
campus is within rolling woodlands, fields, and closely connected to an organic farm. With the
components of design known to be connected to well-being including serenity, engagement in individuals’
senses, removal from outside distractions (sense of escape), sustainable lushness of vegetation choice, the
design of the space was a collective effort between the researchers, invested stakeholders, and the campus
community [30].

Figure 1.
Case study: green space design [30].

2.3 Rural wilderness green space

The key features of rural wilderness spaces associated with improvements in
well-being are less structured and defined as compared to garden and urban green
spaces where planning leads to more descriptive outlines/graphics and examples.
Studies looking at the impact of wilderness on wellbeing have labeled the space
as broadly as unfamiliar outdoor wilderness settings [27] to increased specificity
related to classes of the natural land cover including: woodland, farmland, grass-
land, mountain, bog, coastal with either freshwater or saltwater [28]. Skdrbdck et al.
further defined rural environmental qualities for well-being to include the following
characteristics: serene (limited sound, natural view), wild (plants self sown/old
paths), lush (richness in species), spacious (removed, enabling feelings of escape)
(Figure 1) [29].

3. Therapeutic interventions in green space
Green space and nature-related interventions are utilized to improve a sense of
well-being across therapeutic and healthcare disciplines. What is included in the

nature experience/activity varies depending on discipline and active ingredients
of the intervention [1, 3]. Context, population, and culture can influence how and
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when nature based interventions are used [3]. Four types of green space therapeutic
interventions are addressed in this section: Horticultural Therapy, sensory gardens,
nature meditations, and forest bathing.

3.1 Horticulture therapy

Of particular historic interest and predominance in nature-based interventions
is Horticulture Therapy. Horticultural Therapy is a defined discipline supported by
associations in countries all over the world including Canada, Taiwan, Australia, Peru
and the UK [31]. As a therapy, it is known to have roots in psychiatry and occupa-
tional therapy particularly following WWII, as patients demonstrated significant
improvement in mental health utilizing task engagement with plants and nature to
address designated treatment goals [32]. The occupation of horticulture was con-
sidered therapeutic in the early 20th century primarily due to the ability of medical
patients to be outside of the sterility of a medical institution, and also a means for
raising funds by selling produce and flowers [33]. Horticulture therapy developed
into an independent discipline in the latter half of the 20th century [32]. Horticulture
could be a beloved past time steeped in familial ties, cultural relevance, and cherished
memories or depending on the person could bring fear and apprehension due to lack
of knowledge and experience [33]. Meaning and emotional attachment placed on
gardening could vary however common themes for populations that have experienced
benefits to their well-being through this therapeutic medium include:

1. The beauty of the natural environment intrigues, relaxes, and provides an
opportunity for reflection on life concerns.

2.The cultivation of nature is intrinsic to supporting the natural world and the
planet’s life.

3. Nurturing and attending to the growth of plants can create a feeling of relationship
and closeness.

4. Sharing experiences with others in the gardening space supports community
building [1, 3, 10, 21].

3.2 Mindfulness in nature

Green space meditation and mindfulness interventions demonstrate positive
changes in physical, psychological and pro-social behaviors [34, 35] and are regularly
used in treatment of mental health challenges and illnesses. More recent connections
in literature report that when mindfulness meditation practices utilize green spaces
or nature support, that the positive impact is greater for addressing mental health
issues such as depression, rumination, and stress [34]. These meditation practices
in green space can be described as introspective awareness or external focus on the
present moment. The primary effort of these practices are to connect with the present
moment, and reduce the cognitive state of a wandering mind or mindlessness [35].
The cognitive engagement strategies utilize nature as the foreground and an active
ingredient for mindful practices [36]. Connectedness to nature is an integral com-
ponent of meditation practices. As an individual increases the prominence of nature
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memories the impact of connectedness is lengthened for an individual’s sense of well-
being [34-36]. The individual in the meditative state feels a part of a larger universal
state of being as a partner too and member of the natural world [36]. The connection
of mindfulness within the green spaces have also been linked to person, group, and
population valuation of pro-environmentalism [36].

3.3 Forest bathing

Originating in theory from Eastern cultures, forest bathing (Shinrin-yoku) is
walking and breathing in nature to elicit positive psychological and physiological
benefits [37]. Forest bathing involves individuals walking slowly within forested
nature spaces with a focus on breathing methods and heightened awareness of the
natural environment around the individual [37]. The Forest Agency of Japan initi-
ated this wellness initiative in 1982, identifying forest bathing to combat stress and
reduced attention caused by fatigue. Since then Japan has been the leader in research-
ing and defining forest bathing as effective for youth and adults in reducing anger,
fatigue, depression, confusion and improving positive emotion [37-39]. Further
investigations such as a study in Eastern Europe, suggest that winter forest bathing
when the leaves are off the trees is also effective in positive emotions, restoration
and vitalization [40]. Some reports have been able to identify the significant dif-
ference in urban walking to forest walking, giving support to the need for forest
bathing for the increasingly urbanized population and for use in public health [39].

“Active ingredients” in the University Therapeutic Sensory Garden

Therapeutic Sensory Garden Elements.

Senses Sensory elements included in the Therapeutic Sensory Garden
Sight: This included an array of colors throughout the garden by
Visual incorporating the following:

e Trees, plants, and hiigelkultur garden beds (apple trees,
salvia, lamongrass, mums, butterfly bushes, gaura,
goldenrod, Helen's flower, blue iobelia, tickseed sunflower,
and hummingbird mint)

+ Solar powered lights

= Wind spinner

Sound: This included sounds of:
Auditory » Water trickling from fountain
# Birds chirping
+ Insects flying around
Touch: + Lamb’s ear and sage
Tactile « Water within the fountain

= Course texture of the mulch
« Rough rigid feeling of the tickseed sunflower

Taste: * Apples
Gustatory + Mint Leaves
« Lavender
« Thyme
Smell: « Lavender
Olfactory + Hummingbird Mint
+ Thyme
Movement: + Swing
Vestibular + Open area to walk, run, dance, climb trees, ete.

Engaging in sensory experiences offered in the outdoor garden that is located in the orchard of a 388-
acre university farm resulted in positive emotions, connectedness and sensory responsiveness. The
participants in this case study visited the therapeutic sensory garden one hour per week for 5 weeks
[30].

Figure 2.
Case study: active ingredients [30].
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Overall, however, the length, duration, and types of activities, in use in forest
bathing are still being determined as well as the most impacted populations for this
nature-based intervention [37-40].

3.4 Sensory modulation in a nature space

Green spaces inherently provide sensory experiences including visual stimuli,
variety of touch, movement, sounds and smells. Walking on the ground provides
gravitational pull that is countered by muscles and joint sensory adaptations. A
person’s ability to take in sensory stimuli and process it optimally for adaptation
with sensory integration theory is termed sensory modulation [41]. This relies on
an active engagement of the person within the environment of stimuli and assumes
that an individual will seek out a variety of stimuli for the duration needed in
order to achieve a sense of well-being from successful sensory modulation [30].
Options to engage in sensory modulation are intrinsically designed within thera-
peutic sensory gardens with populations having the ability to modulate their
sense of emotional and physical well-being by choosing to engage in different
sensory experiences that are available and easily accessed sensory choices [19, 42].
Figure 2 highlights active ingredients of the designed sensory garden created by
the authors.

4, Therapeutic outcomes: Impact of engagement

Green space engagement provides a variety of outcomes for individuals, groups,
and populations. Evidence demonstrating the effects of nature on psychological or
physiological health and well-being includes longitudinal studies, experimental stud-
ies, observational studies, controlled laboratory studies, and studies done in nature
itself. Outcomes from time spent in nature have come from self-reports, psychological
measures or assessments, and the assessment of biomarkers or measurable physical
substances (such as blood pressure or temperature).

4.1 Passive/active engagement

Nature can serve as the context, or the background in passive engagement. In
this way, passive engagement refers to being in, or simply experiencing nature [43].
This can include listening to birds, smelling flowers, feeling sunshine, or looking at a
landscape. Positive health outcomes can be felt from passive engagement [44-48]. Of
particular interest, passive engagement does not always have to be in nature for posi-
tive effects to be felt. For instance, passively viewing or hearing images and sounds of
nature can have a positive impact on one’s psychological and physiological health [48].
Viewing nature from a window can result in fewer workplace ailments and higher job
satisfaction overall [47].

Nature can also be a partner, a collaborative means or ends. This type of active
engagement refers to doing in nature [43]. Active engagement may involve partici-
pation in activities such as exercising, socializing, gardening (including weeding,
sowing, harvesting, picking flowers, etc.), or tending to animal life such as birds. It is
a holistic process of both mind and body with intentional use of natural space [30].
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Environmental quality

Description

Active

Passive

Joyful and meaningful
activities

Engagement in enjoyable, preferred, or needed
activities within nature. It can include active
engagement such as physical activities, exercise,
gardening, and social activities. It can also include
passive engagement such as relaxing, reading, enjoying
ameal, or contemplative walking.

X

X

Contact with
surrounding life

Observing nature and what is happening in nature; a
passive viewing of one’s environment.

Social opportunities

Socializing with others or socializing with nature
itself. It can include active gatherings, meetings, and
interacting with others and nature. It can also involve
more passively being by oneself, even when with
others.

Culture and connection
to the past

Areas that demonstrate human culture, or
environmental elements that may spark personal or
societal memories.

Symbolism/reflection

Spark a connection or symbolism between life and
nature; passive observing of nature and seeing it asa
metaphor for something in one’s own life.

Prospect

Well-maintained or groomed green spaces. Can offer
opportunities for active or passive engagement as the
space itself can be inviting and provide an environment
for one to engage the way they need.

Space

The environment allows for the feeling of calm,
tranquility, and rest that can transport one to another
world.

Rich in species

Refers to the types and numbers of different plants
or animals within the ecosystem. Can provide a
backdrop for passive engagement of viewing and
observing.

Sensual pleasures of
nature

The active engagement within a natural space, can
involve all senses such as seeing, feeling, hearing,
smelling, tasting, and moving.

Seasons changing in
nature

Identification of changes in nature with each season.
This might involve passive engagement such as
admiring the changing colors of the leaves, or active
engagement such as jumping in a pile of leaves.

Serene

Areas with calming elements that can provide
opportunity for quiet, relaxation, or calm. This can
include passive engagement such as listening to a
soothing stream.

Wild nature

Areas in nature that are not groomed, maintained, or

developed.

Refuge

Areas in nature that offer seclusion, space to be safe
and alone.

Table 1.
Active and passive engagement based on Bengtsson and Grahn list of environmental qualities [17].

Positive health outcomes can be felt from active engagement in nature [1, 49-54].
Bengtsson and Grahn identified qualities of the environment that can offer vary-
ing degrees of active and/or passive engagement opportunities. Table 1 provides an
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overview of the environmental qualities and identifies whether the qualities align
with active or passive engagement [17].

Typically healing gardens are associated with more passive natural experiences,
while horticultural therapy is representative of active engagement [55]. Both active
and passive engagement can exist within the same space. For instance, healthcare
gardens describe garden environments that provide both passive and active engage-
ment opportunities within nature [17]. Grahn’s triangle of supporting environments
provides a model for understanding active and passive engagement with the envi-
ronment based on a continuum of well-being [17]. This model posits more passive
types of interaction (contemplation, passive experiences of nature) occur when
one’s sense of well-being is low, and more active and outward-directed engagement
(active experience with or in nature) occurs when one’s sense of well-being is high.
A similar mechanism of action can be seen within sensory modulation wherein the
way an individual engages with the environment (the types of activities or stimuli
sought) depends on their sensory needs driven by the need for a sense of well-being
[41, 56]. The type of active or passive interaction with nature that occurs impacts
outcomes [1].

4.2 Dosage

Since 1982, clinicians in Japan have been prescribing time outdoors for health
benefits [54]. In Finland, government funded research in 2005 resulted in rec-
ommendations of five hours a month being the lowest amount of time needed
outdoors to result in health benefits from nature [57]. New Zealand was the first
country to begin using the term green prescription to describe healthcare provid-
ers prescribing time outdoors to patients. The Green Prescription Active Families
survey in 2018 reported 89% of participants who received a green prescription
noticed positive health changes, including needing less medication [58]. Healthcare
providers in Europe and North America have also been prescribing time outdoors
to improve physical and/or mental health [59]. Healthy Parks Healthy People is
a movement that started in Australia and is now worldwide that encourages the
exploration of parks and nature for health benefits. Rakow and Ibes identified
other similar programs including Park Rx, Nature Rx, Walk with a Doc, Campus
Nature Rx, and Nature as Medicine that are used to provide exposure to nature
as a way to impact physical and mental health positively [59]. Despite all of these
global trends towards time spent in nature, less is known about the specific impact
that nature exposure has on health given the duration and frequency of nature
engagement.

Studies have sought to investigate the relationship between health outcomes
(through subjective assessment such as self-report measures or through objec-
tive data such as assessment of biomarkers like blood pressure, heart rate, stress
hormone level) and the duration of time spent in nature [52, 60, 61]. A duration
of 20-30 minutes in nature three times a week has been found to be most effective
for providing physiological and psychological benefits [52, 59]. Interestingly, the
duration of 20-30 minutes may represent a point of saturation, as additional time
spent in nature beyond 30 minutes still has benefits but those resulted at a reduced
rate [52]. Smaller increments of 1 and 5-minute green “microbreaks” within a
greenspace on campus also resulted in stress relief among college students [60].
Other research suggests that health benefits have been seen from people spending
two hours a week in nature, whether time was continuous or accumulated across

93



Urban Horticulture — Sustainable Gardening in Cities

the week [62]. These benefits were found regardless of personal characteristics
such as age, gender, medical conditions, ethnicity, or socio-economic status. White
and colleagues also observed that benefits peaked at 200-300 minutes per week
with no additional health gains seen after that point [62]. Overall, an adaptive
management approach may be beneficial as it allows individuals to change the
amount of time and duration spent outdoors while still reaping the benefits of
being in nature [52].

4.3 Outcomes related to stress, social isolation, and wellbeing

There is considerable evidence supporting the positive benefits of natural
environments on health and well-being, though benefits may vary depending
on personal factors such as culture, gender, age, and socioeconomic status and
environmental factors such as the location of residence. How each individual
receives, and processes sensory information also affects the type of differentiating
results. A summary of current evidence outlining the various types of psychologi-
cal health benefits related to stress, social isolation, and well-being is provided in
Table 2.

4.4 Physiological outcomes

There are currently limited standardized measures and assessments that reflect
assessment of the influence of green spaces on health outcomes [43]. Development
in this area is needed to support a robust understanding of the specific features and
dosage within outdoor spaces that can result in positive health benefits. Nonetheless,
data in the form of biomarkers, self-report measures, observation, or second-hand
reporting are utilized to understand the overall health benefits of nature exposure.
For example, patients post-surgery in a hospital room with a window view of nature
recovered faster and used less pain medication compared to patients post-surgery
without window views of nature [94].

While there are variations in research related to dosage (the amount of time
spent in nature), the specific type of nature engagement (active or passive), and
the exact form that nature takes (wilderness, well-maintained garden, nature
view through a window, etc.), current evidence supports many physiological
benefits from nature exposure. Table 3 provides a list of evidence that resulted
in physiological benefits. Figure 3 illustrates the outcomes from the authors’ case
study.

OQutcomes related to stress Decreased stress [50, 52, 63-67]
Decreased anxiety [53, 54, 68-70]
Decreased depression [25, 51, 53, 69, 71-77]
Decrease in mental distress [78,79]

Outcomes related to social Sense of belonging/positive social interaction [21, 64, 80-86]

isolation Greater happiness or life satisfaction [44, 49, 71, 87-89)]

Outcomes related to wellbeing Emotional wellbeing [1, 68, 90-93]

Table 2.

Evidence supporting nature exposure health benefits related to stress, social isolation, and wellbeing.
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Outcomes related to the nervous system Increased cognitive functioning [1,95]
Increased memory and attention [1,96]
Improved sleep [43,78,97]
Improved pain control [98-100]

Outcomes related to circulatory system Reduced blood pressure [101-104]

Global physical outcomes Improvements post-surgery [45, 94]

Table 3.

Evidence supporting nature exposure physiological health benefits.

Utilization of Garden by Study Participants.

Participant 1 Participant 2

Collective Hours Spent in Garden 3-4 5+

Number of Visits to Garden 3—4 5-6

Primary Scnses Utilized Vestibular/ Vestibular/
Movement Movement
Visual Visual
Olfactory Olfactory

Top 3 Preferred Sensory Garden Wooden Park Wooden Park

Components Swing Swing

Garden Lights Wind Spinner
Lavender Plant Mint Plant

sensory garden [30].

Participants completed a survey that assessed for usage and dosage of the therapeutic sensory garden.
They also engaged in individual semi-structured interviews to assess to perceived quality of life themes
and understand engagement in the therapeutic garden space. The chart above outlines how each
participant utilized the garden, including the number of hours spent in the space and the preferred
sensory components they utilized.
components, the location of the garden, and time allocated to the garden based on individual
schedules/availability were variable components that impacted the utilization of the garden. Student
perceptions on quality of life was identified through three themes: 1) connectedness, 2) positive
emotional responses and 3) active engagement sensory responses. Participants indicate that quality of
life was enhanced by feeling connected when being in the garden. Participants reported emotional
responses associated positively with quality of life immediately following participation in the therapeutic

The results from the interviews indicated that the sensory

Active
Engagement

Responses
13

Connectedness

Positive Emotional Response
30

Student
Perceptions
of Quality
of Life

Figure 3.
Case study: outcomes [30].

5. Conclusion

This chapter reviews what, how, and why engagement in green spaces can be
therapeutic for well-being. The case study threaded throughout this chapter is
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representative of how the impact of engagement in green space can be seen in urban
environments. While the case study was based on an organic farm, the participants
who utilized the space lived in an urban environment. This demonstrates how active
or passive engagement in green space is the desired catalyst for physiological and
psychological well-being. In any setting, garden spaces that are urban or rural can
have positive health benefits. When considering the what, how, and why one must
consider the habits and routines of individuals and populations. Nature provides

a mechanism for health for individuals, groups, and populations that require a
systemic look at how we nurture ourselves and the natural world. Nurturing nature
in an urban context can be an opportunity to support health by routinely optimiz-
ing nature’s benefits. Understanding the science and study of occupational balance
resulting from engagement in green spaces and how that impacts individual and
population health and well-being outcomes may robustly add to the science and
study of urban horticulture.
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experience of the authors. All three authors are heterosexual, white, female, North
Americans from working class families. They have all been trained as occupational
therapists and have their doctoral degrees. They work at a University in Northeastern
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Chapter 6

Urban Vegetation: Anthropogenic
Influences, Public Perceptions,
and Wildlife Implications

Catherine Simpson, Cade Coldren, loana A. Coman,
Caitlyn Cooper-Norris and Gad Perry

Abstract

Urban environments are becoming more common as cities grow and proliferate.
Subsequently, their ecosystem services are becoming increasingly more important
as climate change impacts urban dwellers, their benefits to human psychological and
physical wellbeing are better documented, and biodiversity elsewhere is declining.
However, while urban wildlife have received growing attention in recent decades,
the importance of urban vegetation has mostly been emphasized in narrow literature
niches related to horticulture and landscape architecture. Here, we review literature
on multiple uses of urban horticulture, not solely limited to beautification of personal
space; the importance of urban vegetation to urban wildlife conservation and
sustainability; and how urban vegetation is portrayed in the media.

Keywords: urban vegetation, urban wildlife, classifications, conservation,
sustainability

1. Introduction
1.1 Vegetation classifications based on urban uses

Urbanization has caused the global expansion of human-occupied, artificial,
or non-natural landscapes in the place of natural, native habitats. While land-use
conversion is inevitably associated with the expansion of city boundaries, these
novel landscapes can offer beneficial places not just for humans but also for some
plants and wildlife. Urban landscapes have many forms, functions, and features
which vary based on geographic region and infrastructure. These landscapes
consist of many types of vegetation that impact the environment surrounding
them and humans in different ways [1]. Plant choice, function, maintenance, and
biodiversity create urban landscapes that vary in their sustainability. We begin
our discussion of how vegetation is used in urban environments by classifying
vegetation types into four primary groups: esthetic/ornamental, functional, and
undedicated vegetation.
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1.1.1 Aesthetic/ornamental

Over 2000 genera are currently used as ornamental plants [2], defined by
their appearance and perceived beauty within a landscape, garden, or interior
plant environment and where their primary function is decoration and beauti-
fication. Their popularity and use in various landscapes, climates, and gardens
throughout the world has risen to make the ornamental plant industry worth over
EUR 35.5 billion, a number projected to expand [3]. Ornamental plants are also
a fundamental part of human history, having been grown for thousands of years
worldwide. However, when it comes to esthetic or ornamental use within an urban-
ized landscape, diversity in plant selection is limited. A wide range of plantsin a
garden or landscape may not be practical for homeowners or municipally-managed
properties because of cost or availability. Sourcing large numbers of diverse plants
is also a limitation, as wholesalers and retail nurseries tend to focus on plants that
are popular and profitable [4]. Nurseries also may be limited in plant selection by
vendors that only produce certain plants in large quantities. Yet in recent years, a
growing number of retail and wholesale stores are offering plants that are more
suitable for local environments, climate conditions, and landscape needs. The
development of water-wise, native, and specialty landscape plants such as the
Texas Superstar® or Proven Winners® plants has further supported interest in
species that are better suited to local ecosystems or environments while balancing
esthetic appeal and landscape performance.

1.1.1.1 Landscapes

Ornamental plants shape spaces within a landscape and serve to beautify and
enhance homes, businesses, and larger, privately-owned areas. In home landscapes,
ornamental plants are chosen for their esthetic attributes in relation to a house or
building along with their function within the landscape (i.e. shade, color, wind-
break). The plants selected by homeowners or landscapers are often chosen based on
availability, durability, and cost, rather than ecological or environmental purposes.
Landscapes also range in size from large to small and therefore further influence
plant selection. However, landscape value and esthetics are subjective. For example,
St Hilaire [5] found that landscape preference can be dictated by environment (i.e.,
desert vs. mesic climates), water shortages, expense of water, and length of time
living in a landscape. Because types of landscapes vary widely, such as xeriscape,
prairie scape, formal, English, wild, etc., personal preferences account for many of
the differences across cities, environments, and between urban regions. Cultural or
ethnic background can also account for many landscape preferences. Buijs et al. [6]
showed that cultural differences affected landscape preferences in the Netherlands,
where immigrants had greater preferences for urban landscapes while native Dutch
people gravitated toward wilder settings. In addition to these factors, personal values
can also influence plant choices in landscapes. Selection of native plants, pollinator
friendly plants, or bird attracting plants has been made easier by the breeding, selec-
tion, and marketing of many varieties of landscape plants that cater to these needs.
Figure 1A illustrates common landscape choices found in Lubbock, Texas, USA,
compared to more ecosystem-service centered landscape designs with more native
and wildlife friendly plant choices (Figure 1B-D). The owners of the yard illustrated
in D specifically have pollinators as their management goal. The effort is documented
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Figure 1.

Native vs. non-native urban landscapes. (A) Non-native lawn with few landscape plants, (B) bird friendly
plantings, (C) yard with native plants and natural landscaping, and (D) pollinator garden. Photos courtesy of
Gad Perry (A and B), Kate LeVering (C) and Catherine Galley (D).

at https://www.inaturalist.org/projects/urban-garden. As of January 14, 2023, there
were 734 species documented, including 562 insect species, 56 birds, 48 plants, 38
arachnids, 5 mollusks, 4 mammals, and 2 reptiles. Those responsible for the front (B)
and back (C) yards shown are more focused on native, water-wise vegetation and
habitats attractive to native and urban species as a whole.

1.1.1.2 Public/botanical gardens

In contrast to private landscapes, botanical gardens are mostly available for the
general public to view and enjoy (Figure 2). They can be privately sponsored, funded
through the government, or supported through grant funding or donations. The pri-
mary mission of most botanical gardens is to educate and exhibit plants. More recently,
there has been a shift in the education mission of these gardens to include conserva-
tion, sustainability education, and public exposure [7]. However, this has had both
positive and negative impacts on the organization and operational functionality of
these gardens. Many sustainable practices create significant challenges in implementa-
tion or financial barriers to adoption [7]. For example, pesticides that help horticultur-
ists suppress pest populations have been phased out because of public perceptions and
commitment to sustainable endeavors [7]. Alternatively, increased public adoption
of sustainable practices and education initiatives has increased public awareness of
“green” practices [7, 8]. Botanical gardens have also spearheaded community and
citizen science programs to involve the public in conducting research that contributes
to the mission of sustainability as well as understanding responses to climate change
[8]. They can also provide networking opportunities for scientists, volunteers, bota-
nists, and ecologists that are conducting projects on similar subjects. Fundamentally,
botanical gardens serve a significant role in educating the public about sustainability
and creating environmental awareness through science communication efforts.
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Figure 2.
The Chicago Botanical Garden located in Chicago, Illinois, USA. Photo courtesy of Catherine Simpson.

1.1.1.3 City beautification

Public greenspaces are often used for beautification and as functional recreational
spaces [9]. Green infrastructure components include diverse plant materials, green
spaces, green streets, stormwater runoff systems, permeable pavements, green roofs,
etc. Green spaces like parks, green streets, and street plantings can positively impact
urban ecosystems by reducing temperatures and effects of extreme weather, improv-
ing biodiversity and climate resiliency, and mental well-being of humans [10-12].
Thus, green infrastructure is also an important part of urban sustainability [13] .
Another concept that can influence city beautification is biophilic design, which
emphasizes nature-based systems and design fundamentals to improve sustainability
in built environments [14]. Many cities participate in greening and beautification
efforts. For example, Keep America Beautiful® is a non-profit organization that
partners with communities to build and maintain green spaces (kab.org). To date,
they have 695 affiliates across America that participate in clean-up, beautification,
and other efforts to educate and bring awareness to environmental concerns. Other
communities have taken further steps to improve city beautification by enacting
ordinances for landscaping, maintenance, and plant selection for companies that
build within city limits. Cities like Austin, Texas, USA, require a Sustainable SITES
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Initiative certification for Parks and Recreation Department projects to ensure
projects are sustainable [15]. Furthermore, some cities have planting lists that require
city-maintained areas to select and plant plants that are non-invasive and will not
cause significant damage to surrounding infrastructure [16]. The adoption of such
policies may not only improve city beautification, but also biodiversity, plant health,
and more widespread urban green space adoption [11, 14, 17, 18].

1.1.1.4 Roadways

While the primary purpose of urban streets is transportation of people and
goods, throughways provide space for other public services including exercising,
recreation, shopping, and congregating. As such, transportation officials’ ideas of
proper streetscape composition and management may conflict with city planners’
and residents’ visions of visually appealing streetscapes. Drivers prefer roadsides with
greater amounts of vegetation and increased tree height and density, relative to adja-
cent commercial properties [19]. Pedestrians and cyclists also select routes based on
the amount and type of vegetation present; the presence of large trees and structural
diversity in vegetation especially increases preference [20, 21]. Roadside vegetation is
correlated with slower driving speeds and reductions in drivers’ stress [22]. Roadside
vegetation can serve as hazards, but vehicle crashes into vegetation are less common
in urban areas compared to rural areas due to lower speed limits and more clearly
defined boundaries of urban roads [22, 23].

1.2 Functional

While esthetics can be considered a function of plants on its own, urban plants can
also serve other purposes to the broader environment. Among these uses are ecologi-
cal or conservation, food production, recreation, and roadways/streetscapes.

1.2.1 Ecological or conservation

Though ecological and conservation functions may not be the original intended
function of urban plants, urban vegetation provides critical ecosystem services
including cooling, heat mitigation, air filtration, storm water retention and filtra-
tion, and habitat and food sources for urban wildlife. Urban vegetation contributes
to human health and well-being through therapeutic and calming effects, outdoor
recreation, and reducing exposure to environmental stressors (e.g., ultraviolet radia-
tion, heat exposure, air and water pollution). These benefits are discussed in detail
in the “Quality of Life” subsection of this chapter. Due to increased recognition of
ecosystem services, ecological and conservation purposes have grown in popularity as
intended functions of urban vegetation. Some specific examples of urban vegetation
established for ecological and conservation functions include rain gardens, pollinator
gardens, green roofs, and xeriscaping.

1.2.2 Food production

Community gardens differ from private gardens, landscapes, and largescale food
production systems in being accessible by members of the public and serving as areas
for food production in urban or peri-urban locations [24]. Yet, community gardens
vary widely in their purpose and function. These purposes vary from bringing
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Figure 3.
Heart of Lubbock Community Garden located in Lubbock, Texas, USA. Photo courtesy of Jonah Trevino.

community members together to garden; promoting healthy practices; engaging
children; promoting food security (Figure 3), land conservation or restoration; or
allowing users to connect with nature. Community gardens can help people access
more diverse foods, which aids in social justice causes and reduces undernutrition
caused by calorie dense, nutrient poor diets [25]. Furthermore, Alaimo et al. [26],
Carney et al. [27], and Litt et al. [28] showed that adults who participated in com-
munity gardens significantly increased vegetable and fruit intake. They can also serve
to address conservation and sustainability on a community level [9]. Additionally, the
ecosystem services that community gardens can provide are not limited to humans
alone. They provide habitats for pollinators, beneficial insects, wildlife, and benefit
the environment as well. A recent meta-analysis shows that the quantity of crops (ex.
129-200% yield increases per m”) grown in urban settings can be substantial [29, 30].
Another approach gaining ground in the food production sector is urban vertical
farming (e.g., [31]). Typically using hydroponic or aeroponic techniques, these
high-tech efforts offer the promise of producing food close to urban consumers. Using
reduced footprints and inputs, including reduced water usage, increased yields per
m?, and reduced food miles, they can be quite profitable [32]. However, they still only
produce a narrow variety of foods and require advanced technologies that may not be
suitable for conditions in many developing countries [33].

1.2.3 Recreational

While some may consider community gardens to be recreational space, these
gardens are generally limited to people who enjoy gardening as an activity. However,
recreational uses of plants are not limited only to gardens. Recreational greenspaces
can include parks, sports fields, playgrounds, public seating areas, lots, and other areas
where nature can be experienced [34]. These functional spaces are maintained to fulfill
particular needs within society, such as exercise, etc. The plants selected for the spaces
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Figure 4.

Recreational spaces in Lubbock, Texas, USA. (A) Play avea for children located in a park, (B) park that has
been minimally maintained and has led to prairie dog repopulation, (C) walking trail with limited accessibility
for handicapped persons, and (D) grey fox seen near a building on Texas Tech University campus. Photos A-C
courtesy of Gad Perry, photo D courtesy of Emily Stamm.

that are designated for sports typically are less diverse than those in greenbelts or
natural areas. Grass species dominate sports fields and athletic areas [1] and are more
aggressively maintained than non-sports areas. However, functional spaces may offer a
large, planted area for wildlife and other species to inhabit (Figure 4). For example, an
extensive review by Petrosillo et al. [35] found that while golf courses may negatively
impact water and soil environments, they increase biodiversity and ecosystem ser-
vices, particularly in amphibian, bird, turtle, and bee species. These findings are fur-
ther supported by Tanner and Gange [36] and Guzy et al. [37] who observed increased
biodiversity and species richness near golf courses in urban areas. Other areas that are
designated as recreational may include urban remnant prairies or forests and refer to
patches of space cities use as a natural park but contain minimal built structures. This
increases the likelihood of ecological plant and animal diversity within these spaces,
but also provides opportunities for species to encroach into urbanized areas where they
may not be welcome (Figure 4B and D).

1.3 Undedicated vegetation
1.3.1 Lots

Though these areas do not have a dedicated function, they provide ecosystem
services for urban humans and animals that would not otherwise be provided if
the space was filled with buildings or impervious surfaces. In an early example,
Darlington [38] summarized the flora associated with urban walls, primarily in
the United Kingdom, and the animals that rely on them and help them disperse.
Vacant or abandoned areas comprise about 15% of the land area in cities [39]. These
areas receive little to no maintenance and are dominated by spontaneous vegetation
comprised of a variety of species. Plants occurring in these areas may include remnant
species purposefully planted when the area had a designated function, in addition to
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species that were unintentionally introduced through a variety of abiotic (i.e., wind,
water) or biotic (i.e., endozoochory, epizoochory by animals) dispersal mechanisms.
The vegetative composition and structure in vacant areas is highly influenced by bio-
physical and social factors. In a study of vacant lots in Chicago, for example, species
richness was most affected by the amount of trash in the lot, home ownership around
the lot, proportion of the lot covered by turfgrass, and the proportion of area around
the lot covered by built structures [40].

2. Applications of vegetation in urban environments

Vegetation functionality changes in different urban environments. For exam-
ple, vegetation can serve as pollutant filters, erosion control, stormwater buffers,
as well as spaces for wildlife habitats or human recreation. Often this relies upon
the selection of plants that have particular roles in the ecosystem. Selection of
plants for environmental or water conservation, carbon sequestration, pollutant
mitigation, wildlife attractants, or the improvement of quality of life are some of
the primary roles that plants can play in an urban landscape.

2.1 Sustainable and conservation practices
2.1.1 Native plants

Native plant species have grown in popularity for urban gardens due to a variety
of reasons such as being adapted to local climate conditions and providing critical
habitat and ecosystem services [41-43]. Additionally, native species are increas-
ingly adopted to replace the large amounts of non-native species that have come to
characterize urban vegetation; between 30% and 50% of urban plant species are
non-native [44-46]. Several cities have adopted ordinances mandating that native
plants be used in and around new commercial developments and public landscapes
and promoting management practices that make urban vegetation more hospitable
to wildlife and conducive to natural ecosystem functions [47-49]. Additional details
about the effects of urban vegetation on wildlife are provided elsewhere in this
chapter, particularly in the sections titled “Importance of Vegetation for Urban
Wildlife” and “Case Study.” Native plantings vary in scale; homeowners and busi-
ness owners may dedicate flowerbeds or entire lawn areas to native plants [50, 51].
In contrast to typical turfgrass lawns, native plantings are typically managed as low-
to moderate-intensity, “near-natural” states with little to no fertilizer or irrigation
inputs (Figure 1B and C).

2.1.2 Water conservation and management

Garden and lawn irrigation is estimated to comprise approximately 30% of
residential urban water use in the United States, totaling nearly 30 billion liters per
day [52]. Outdoor water use may be as high as 60% in arid climates [52]. Sustainable
gardening encourages the use of water conservation and adoption of species that
require less water. “Xeriscaping”, “water-smart”, and “water-wise” landscaping are
similar concepts with the common end goal of attractive water-efficient landscapes
[53, 54]. The inclusion of low water-using plants that are tolerant of the regional

climate is a key component, particularly in light of climate change challenges [55].
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As mentioned above, adaptation to local climate and soils is one of the drivers for
adopting native vegetation. Species selection should balance water usage with water
infiltration. A study by Chang et al. [54] reported that xeriscaping, although water
use-efficient, had less infiltration and greater runoff than turf lawns. Ideally species
selected for water-efficient landscaping will require little irrigation while maintaining
moderate to high infiltration rates and low runoff.

2.2 Services plants provide
2.2.1 Climate and pollution mitigation

Due to their large amounts of impermeable surfaces, cities are especially
vulnerable to extreme precipitation flooding events. Impervious surfaces result
in low infiltration and high runoff; subsequently, the potential for flooding and
runoff containing large quantities of chemical and physical hazards increases [56].
Vegetated areas provide critically important permeable surfaces within the largely
impervious urban environment. The replacement of impervious surfaces by vegeta-
tion slows the speed and reduces the total amount of runoff. Zabret and Sraj [57]
calculated that reducing asphalt surfaces in a parking lot by 35.5% through tree
planting would result in a 7-17% reduction in runoff. Additionally, vegetated areas
assist in stormwater treatment and improve water quality through bioretention
processes [58]. Green infrastructure specifically used for stormwater retention and
treatment includes rain gardens, constructed wetlands, bioretention basins, roadside
swales, filter strips, and green roofs [56, 58, 59]. Chinese researchers proposed the
“sponge city” concept in 2013 as a systematic method to retain, slow, and clean water
in urban areas [60]. In 2015, 16 cities were selected to pilot the program; the program
expanded to another 14 cities in 2016. Goals included retaining and reusing 70%
of urban stormwater by 2020 and reusing up to 80% of stormwater by the 2030s.
Though the infrastructure and concepts mentioned in the previous sentences are
specifically deployed to capture and treat stormwater, vegetation in residential yards
and private properties can serve similar functions, though they may be restrained.
Vegetable and herb gardens are not typically thought of in terms of their ability to
retain stormwater or improve runoff water quality. However, Whittinghill et al. [61]
reported that vegetable-producing green roofs had similar water retention capabili-
ties and reduced NO;™ concentrations in runoff as green roofs with Sedum spp., a
succulent ground cover commonly used on green roofs.

Urban vegetation improves air quality by modifying deposition and dispersion
of gaseous molecules and particulate matter. Because plants have a high surface area
to volume ratio, deposition on vegetative material is enhanced relative to smooth,
synthetic surfaces [62]. Vegetative species with hairy, thin, and/or waxy leaves have
increased deposition relative to species without these characteristics [63]. Urban
vegetation alters wind direction and speed, therefore affecting the dispersion pat-
tern and dilution of pollutants. In a review of urban vegetation effects on deposition
and dispersion, Janhill [64] recommended vegetation be shorter and/or closer
to surfaces to allow dilution of emissions by clean air. They also recommended
vegetation be planted close to the source of pollutants to increase deposition, such
as planting vegetative barriers near roadways. Lastly, because polluted air passing
above vegetation is not filtered, vegetative barriers should be porous enough for air
to pass through and deposit pollutants, but solid enough to encourage air to pass
close to the surface.
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2.2.2 Quality of life

The health, well-being, and quality of life benefits of vegetation are extensive.
Urban vegetation plays a critical role in urban residents’ well-being. Integrating
biophilic design principles can reduce energy consumption, lower the urban heat
island effect, and improve human resilience in the face of climate change [11, 14].
Integration of these concepts can also make humans more aware of nature and, asa
result, encourage them to care more about protecting natural spaces [65]. Vegetated
spaces provide the public with cultural ecosystem services, as greenspaces con-
tribute to increases in property value, tourism, improving population mental and
physical health, as well as supporting social cohesion and interactions [10, 66-68].
Urban green spaces have also been linked to reduction of violent crimes, improve-
ment of cognitive development, reduction of noise levels, and other social benefits
[69-73]. These benefits also translate to specialized green spaces such as university
campuses, where McFarland et al., Speake et al., Van Den Bogerd et al., and Trevino
et al. [74-77], among others, have shown that green spaces can improve percep-
tions of the campus, academic performance, and mental health. Frumkin et al.

[78] reviewed many studies on the health benefits of nature contact and reported
better sleep, improved mental health, life satisfaction, social connections, healing,
birth outcomes, child development, pain control, immune function, and general
health as well as reduced aggression, stress, blood pressure, heart failure, obesity,
diabetes, asthma, and mortality. These observations have led to the use of plants

in complementary therapies such as horticultural therapy (registered horticultural
therapist directed horticultural activities with the aim to achieve specific goals within
an established plan or treatment) or therapeutic horticulture (use of horticultural
activities as a therapeutic modality facilitated by registered horticultural therapists
or trained horticulturalists) to improve quality of life for different populations [79].
Therapeutic horticulture can involve different modalities, generally active or pas-
sive interactions with plants. When plants are used as an active tool in therapies,
improvements to physical and mental health have been seen. This can be particularly
useful in vulnerable populations such as children, elderly, military veterans, and the
mentally ill because of the lack of significant, adverse impacts [80-87]. In a study by
Fleming [88], U.S. military veterans reported that ‘veteran to farmers’ programs that
utilized interactions with plants helped alleviate symptoms of Post Traumatic Stress
Disorders (PTSD) while giving participants a source of meaningful work and skills.
These findings have been echoed all over the world and throughout history, from Zen
gardens, to nature assisted therapy programs established after World War I and II
[82]. This further supports the theory that nature and vegetation appeals to humans
on a fundamental level and improves our quality of life.

2.2.3 Wildlife and invertebrate habitats

Vegetation specifically utilized for ecological and conservation functions is the
most conducive to providing habitat for wildlife and pollinators. However, various
studies have documented the benefits of other vegetation classes and functional types
on urban vertebrates and invertebrates. Recreational spaces, botanical gardens, orna-
mental plants, roadway vegetation, community and private gardens, and undedicated
vegetation have all been shown to have positive effects on urban wildlife and inverte-
brates [89-92]. The degree of positive effects and potential negative effects vary with
the specific function and plant species utilized.
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Diverse urban plant assemblages with a greater abundance of plants and high
species richness do not always equate to suitable quality habitat for urban wildlife.
Urbanized environments support increased non-native plant species abundance
and richness [93]. This increase in non-native plant species is primarily driven by
human-mediated trade and transport, whether intentional or unintentional [94].
Effects of alien vegetation on urban wildlife and invertebrates range from positive,
to negative, to negligible [43, 95-97]. Generally, native plant species benefit urban
fauna with benefits (e.g., greater abundance, diversity, occupancy, and richness) to
native animal species attributed more frequently to native than exotic plant species
[43]. Non-native animals tend to benefit more from introduced plant species. Wildlife
responses to plants’ “nativeness” are quite complex though. Requirements for habitat
and food resources vary considerably across species, and urban vegetation’s delivery
of necessary resources is ultimately more important than plant origin [98, 99]. The
success of wildlife in cities depends on species’ ability to acclimate to suboptimal
resources in the urban environment. Additionally, even if an urban space contains
primarily native plant species, native wildlife abundance and richness may be low due
to competition with nonnative biota which are better adapted to the urban surround-
ings. Relationships between urban vegetation and urban wildlife are discussed in
detail under “Importance of Vegetation for Urban Wildlife” below.

2.3 Challenges
2.3.1 Availability or access

While the benefits of green spaces in urban areas are extensive, a major challenge
regarding urban vegetation and green spaces is equitable access and availability for
all communities. In urban centers where availability of green space is already scarce,
preferential distribution has been shown to benefit more affluent communities [17].
Low-income communities have more limited access to green spaces, or lower qual-
ity and less maintained green spaces [67]. This may contribute to socioeconomic
inequality and inequity and can result in poorer health and psychological impacts as
well. Moreover, city planners and horticulturists must be aware that inequitable green
space construction can further marginalize low-income populations and communi-
ties of color. There have been efforts to combat this by installing more green spaces
in communities where there are none, but this may lead to gentrification, resident
displacement, and risk further marginalizing these communities [17]. To avoid “eco-
logical or green gentrification,” developers and city officials must consider the impact
of improvements on property values and focus environmental cleanup and green
development according to community needs rather than applying generic approaches
[17, 18]. These approaches can include community gardens, restoration, or small-scale
sites that are “just green enough” to provide community benefits without displacing
the residents they were originally meant to serve [17]. Additionally, better access to
green spaces can narrow the magnitude of differences between socioeconomic classes
[67]. Access can also refer to accommodation of disabled populations. Health inequal-
ity is an issue of concern in most urban centers, and by addressing access to green
spaces and risks associated with poorly maintained spaces, overall public health can
be improved. Fortunately, laws regarding accommodations for disabled persons such
as wheelchair access, smooth pathways, etc. have become more common. However,
not all public greenspaces are equipped with these modifications due to infrastruc-
ture, expense, and labor limitations. This further supports the need of city officials
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to include adaptations to improve access to green spaces to include a more diverse
population with variable needs.

2.3.2 Adoption and acceptance

Alternative garden and yard designs and adoption of sustainable practices (e.g.,
using native plants, reduced fertilizer, reduced water, locally-sourced materials)
may require fewer external inputs and be more ecologically friendly [55]. However,
these landscapes may be less attractive to traditional landowners than conventional
yards, due to perceived increases in maintenance [100] and personal environmental
attitudes [101]. Additionally, adoption of alternative designs and sustainable practices
may have high costs up front [102, 103], and it may take months to years to see the
benefits [104] whereas homeowners expect fairly immediate and obvious benefits.
If results are slow or ambiguous, people lose interest and support for the practice or
species diminishes. Although people report wanting to increase sustainability and
the associated benefits of vegetated areas in cities, many are less willing to person-
ally adopt certain practices [105, 106]. Other studies have reported that residents are
willing to adopt sustainable practices and alternative garden and yard designs if the
perceived benefits outweigh the costs and any downsides associated. For example,
Helfand et al. [107] reported that consumers were willing to pay more for esthetically
pleasing prairie gardens which provided more ecological benefits than traditional
turf lawns, despite increases in costs associated with the native plantings. Turf
replacement participation is significantly correlated with replacement rebate rates,
owner-occupancy, median income, and residents’ environmental attitudes [101, 108].
Residents who adopt environmentally friendly landscapes can increase adoption in
their neighborhoods; Pincetl et al. [108] reported that 36% of properties with turf
replacement had nearby properties with partially- or fully-replaced landscapes.
Personal preferences may deem some species and maintenance practices as suitable
for aresident’s personal yard, but unsuitable for public green spaces, and vice versa.
For example, dense vegetation around residents’ personal property may provide
them with a sense of privacy, but dense vegetation in public spaces such as parks may
decrease residents’ sense of safety, especially at night [109, 110].

2.3.3 Invasiveness and escape

Non-native plant species are typically more tolerant of the altered microclimates,
hydrology, and soil structure that characterize urban areas. Non-native plants also
experience less pressure from competing vegetation and natural enemies (i.e., pests,
herbivores) in urban environments than natural areas [93]. These characteristics
encourage the spread of introduced species from areas where they were originally
planted. This spread is not limited to the neighboring urban surroundings; urban
vegetation often escapes into outlying rural areas, where it can have negative impacts
on natural vegetation and ecosystem processes.

2.3.4 Negative attributes

There are some concerns that urban green spaces may exacerbate urban residents’
allergies and rhinitis. There are several studies that have shown both improvements
in allergies and negative impacts on allergies [78, 111]. In contrast to desired objec-
tives, urban vegetation can act as a source of pollutants and chemicals into the urban
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environment [56]. Despite being highly pervious, vegetated areas may be sources of
nutrients, herbicides, insecticides, sediments, and fecal bacteria. Fertilizers and pes-
ticides applied to vegetation may runoff or leach out. Since these spaces often provide
recreational opportunities and habitat, deposition of pet and wildlife feces commonly
occurs. Vegetated sites may also serve as secondary sources of contaminants; resus-
pension or leaching may release pollutants originating from other sources [56, 112].
For this reason, it is essential to determine the pollutant loads and/or concentrations
that the structure will receive and the percent reduction to be achieved prior to select-
ing the type of stormwater control measures or green infrastructure to be used and
how it will be arranged in the urban drainage system [113].

Urban vegetation may intercept gaseous pollutants and particulate matter to a high
degree, and vegetation grown on polluted sites may also take in contaminants through
their roots. In turn, urban residents may be exposed to these pollutants when interact-
ing with urban vegetation. Particulate matter may be deposited on edible plant parts,
and/or the particulate matter deposited on foliage or taken up through the roots may
be translocated to fruits and vegetables [114, 115]. Adverse health effects can occur
through ingestion, inhalation, or skin contact with contaminated foods, soil, or non-
food plant matter [78, 116]. Because we tend to focus on the health-positive aspects of
vegetation in urban environments, people may not consider the unintended, poten-
tially harmful effects on their health from urban vegetation.

3. Importance of vegetation for urban wildlife

Awareness of the conservation potential of urban wildlife goes back several
decades [117, 118], with some mentions emerging even earlier (see [119], pp. xi—xii;
2005). Early work has given way to increasingly complex and nuanced research on
urban ecology. Yet conservation-oriented studies of urban vegetation have often
not touched on wildlife to any great extent [120, 121] and vice versa [122, 123]. A
separate thread, reviewed elsewhere in this chapter, has focused on urban vegetation
as a design component concentrating primarily on esthetics and human wellbeing
[124] . Until recently, relatively little of this literature emphasized the importance of
using native species. A third theme, the most recent, has emerged as awareness of the
impacts of global climate change on urban areas has grown and concentrates on the
value that urban vegetation can offer in increasing shade, taking up CO, and other
pollutants, etc. [125]. This discussion, too, has mostly occurred independently of the
other two, with ecosystem services being considered separately from biodiversity and
from human health and esthetic pleasure. Instead, we advocate a One Health-based
approach [126]; for an urban application see [127] that jointly addresses the wellbeing
of wildlife, humans, and the environment (Figure 5).

Ever since the pioneering work of MacArthur and MacArthur [128], ecologists
have been explicitly aware that animal diversity depends on the diversity of plant-
created habitats. Wildlife biologists have adopted an “if you build it they will come”
attitude toward supporting the populations of species they considered desirable via
intentional manipulation of environmental vegetation structure. “In a landscape
planting scheme for wildlife, it is also important to consider vegetation” ([119] p.
102). This is doubly true in urban environments, which by definition provide a struc-
turally simplified habitat with limited and unfamiliar characteristics.

What do we know about the importance of vegetation structure for urban wild-
life? In a series of studies on urban gardens in the United Kingdom, Smith et al. [129]
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Figuress.
One Health-based approach to urban vegetation, wildlife, environment, and humans. Figure courtesy of Gad Perry.

documented urban vegetation and the variation among sites, found that most of the
plant diversity was comprised of non-native species, and concluded that “garden
floras may offer many more resources to wildlife than is implied by their species
composition” [129]. In a separate study from the Central Arizona-Phoenix Long-Term
Ecological Research site in the United States, Lerman and Warren [130] more explic-
itly connected urban plant and bird diversities. They found that that the abundance
of native desert birds increased as native plant landscaping was emplaced and that
racial and economic identity had important bearing on resident access to this biodi-
versity. The greater animal biodiversity associated with native vegetation appears to
be a broad pattern, though non-native plant species also support substantial animal
biodiversity [43].

Studying related issues in Baltimore, Maryland, USA, Rega-Brodsky et al., [131]
surveyed the plant and bird communities in 150 vacant lots and found that the lots
supported biodiversity but did not meet the esthetic preferences of residents, who
preferred lots with more trees that they perceived as “well-maintained.” This type
of vegetation, termed Urban Spontaneous Vegetation (USV) by Riley et al. [132],
sustains urban wildlife and provides residents with a connection with nature and
human physical and mental health benefits. Rega-Brodsky et al. [131] suggested that
planting additional trees in vacant lots can simultaneously address the inclinations
of neighbors while improving habitat for urban birds. However, some of the wildlife
supported by USVs is considered objectionable, whether for esthetic reasons or their
ability to vector human diseases [132].

Birds and pollinators remain the most studied taxa in this context [43], but there
are some studies on other vertebrates. Although vegetation and its structural impor-
tance do not appear in the titles of any of the 40 chapters or 13 case studies presented
in Mitchell et al. [133], there are some reptile and mammal studies [43]. For example,
in a lizard study from Hobart, Tasmania, Australia, Jellinek et al. [134] found that
reptile communities were influenced by vegetation type and structure. Similarly,
while residential gardens in Australia support native mammals and have conservation
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value, the vegetative structure and diversity and their possible influences were not
studied by Van Helden et al. [135, 136]. Likewise, although urban green spaces in
Accra, Ghana, supported some mammal diversity, the importance of specific vegeta-
tive traits was not explored [137]. However, studies of mammals in forest patches

in Durban, South Africa, showed that mammal diversity was positively affected by
vegetative structure in urban forest remnants [138, 139]. The recent review by Brum
et al. [140] did not indicate that the importance of vegetation structure has been of
great interest in the herpetological literature, a definite research gap, and the situation
appears to be similar in the urban mammal literature.

The relationship between vegetation structure and animal diversity is not lim-
ited to vertebrates and pollinators. In a multi-taxa study focusing on urban forest
patch size in Basel, Switzerland, Melliger et al. [141] found that arthropod diversity
depended on trophic rank and habitat specificity, with vegetative structural diver-
sity predictive of ant and spider diversity. Plants species richness decreased with
urbanization, but even small urban forests held substantial arthropod biodiversity
[141]. More recently, Mills et al. [142] showed that more vegetatively diverse urban
green spaces also had greater soil microbial diversity. Similarly, Francoeur et al. [143]
reported that urban lawns with greater vertical complexity in Montreal, Canada, had
greater arthropod biodiversity.

Finally, it is important to remember that the relationship between plants and
animals is bi-directional. While urban plants provide essential physical structure and
food for existence and sustenance of wildlife, the ecosystem services that wildlife
provides for urban plants cannot be ignored either. Perhaps most obvious is the role
of pollinators. Cities hold a greater diversity of pollinating insects than do nearby
agricultural areas, especially in areas where hardscapes are uncommon [144, 145]. In
return, those insects help fertilize urban plants and ensure their propagation, a ser-
vice particularly important for urban farms. No less important, urban birds provide
essential dispersal services for fruiting plants [146], just as adding artificial perches
can attract birds and enhance plant dispersal in restoration projects [147].

4. Lubbock, Texas, USA: a case study

Lubbock, Texas, USA (Figure 6), is a medium-sized city, with a population of
approximately 261,000 [148], that is located on the southern Great Plains of North
America (33.5779 °N, 101.8552 °“W). The climate of Lubbock is semi-arid, receiving
an average annual rainfall of 48.6 cm, snowfall of 22.9 cm, and with a mean annual
temperature of 15.8°C [149].

Lubbock provides a unique setting for evaluating the impacts of urban vegetation
on wildlife species. Except for native riparian vegetation found on the eastern edge of
town, most of the urbanization is occurring into areas of either native rangeland or
agricultural fields, most of which are planted primarily in cotton (Gossypium hirsu-
tum). Few trees are found in the native rangeland, with most being honey mesquite
(Prosopis glandulosa). Scattered throughout Lubbock are a series of small, modified
playa lakes, predominantly with permanent water and serving as part of a runoff
control system that also has a role in public recreation. The dominant trees found
naturally along playa edges are cottonwood (Populus deltoides) and black willow
(Salix nigra). Thus, the majority of trees and shrubs found in town are a result of
plantings as urbanization has proceeded over time. Table 1 lists the trees and shrubs
commonly planted in parks and residential areas in the rapidly urbanizing portions of
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Figure 6.
Map of the USA, Texas, and Lubbock.

Lubbock (to the west, the south, and the southwest). Note that these contain a mix of
native and introduced species. Many of the species listed as native to North America

were not historically found in this region.

Several studies have been completed in recent years on the wildlife in Lubbock,
all of which included some aspect of the impact of vegetation on animal distribution,
diversity, richness, or population density. Organismal groups included amphibians
[150], birds (Coldren unpublished data, and Freeman [151]), and mammals [152].
Table 2 lists the major species evaluated in each group, which again include a mix of
native and introduced taxa, as well as some that are native to North America but not
originally found in this region.

Ramesh [150] found that the most important features explaining the presence
of amphibians at lakes in the urban zone were the type and structure of vegetation
adjacent to lakes, as well as the land use matrix and age of development surrounding
the lakes. Lakes with amphibian detections tended to be in areas of more recent devel-
opment and supported greater cover of native emergent and fringing vegetation. This
vegetation provided pollutant filtration, oviposition sites, and refuge from predators.
Lakes in older parts of town were located in parks more heavily managed and mani-
cured (Figure 7), and they supported fewer amphibians. In these parks, emergent
and fringing vegetation were constantly being removed and the surrounding turf-
grass was regularly mowed, reducing their suitability for amphibians. Additionally,
the land use matrix surrounding lakes in older developed areas contained more roads,
more impervious cover, and less vegetated areas. This resulted in reduced rates of
movement between lakes, effectively eliminating the ability of amphibians to recolo-
nize lakes from which they had disappeared.

Two recent studies have been conducted on birds in Lubbock. Freeman [151]
evaluated the effects of human population density, canopy cover, neighborhood age,
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Common name

Scientific name

Native status

American elm

Ulmus americana

Native

Ash Fraxinus sp. Some species native, some
introduced
Bald cypress Taxodium distichum Native
Black walnut Juglans nigra Native
Black willow Salix nigra Native
Cedar elm Ulmus crassifolia Native
Chinese Elm Ulmus parvifolia Introduced
Chinese pistache Pistacia chinensis Introduced
Cottonwood Populus deltoides Native
Crepemyrtle Lagerstroemia sp. Introduced
Desert willow Chilopsis linearis Native
Golden rain tree Koelreuteria paniculata Introduced
Honey locust Gleditsia triacanthos Native
Honey mesquite Prosopis glandulosa Native
Juniper Juniperus sp. Native
Lilac Syringa sp. Introduced
Live oak Quercus virginiana Native
Maple Acer sp. Native
Mulberry Morus sp. Some species native, some
introduced
Pear Pyrus sp. Introduced
Pecan Carya illinoinensis Native
Persimmon Diospyros sp. Some species native, some
introduced
Pine Pinus sp. Native
Red oak Quercus sp. Native
Sophora Sophora sp. Native
Sugar hackberry Celtis laevigata Native
Sumac Rhus sp. Native
Sweet gum Liquidambar styvaciflua Native
Sycamore Platanus occidentalis Native
White oaks Quercus sp. Native
Yaupon Ilex vomitoria Native
Table 1.

Trees and shrubs commonly planted in parks and vesidential areas in Lubbock, Texas, USA.

and distance to the city center in relation to the distribution and richness of three
groups of birds. Exploiter species such as rock pigeons and sparrows are often non-
native and adept at exploiting human-controlled resources. Adapter species such
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Common name

Scientific name

Native status

Ampbhibians

American Bullfrog

Lithobates catesbeiana

Native to North America but not
Texas

Great Plains Narrow-Mouthed Gastrophryne olivacea Native
Toad

Plains Spadefoot Spea bombifrons Native
Spotted Chorus Frog Pseudacris clarkii Native
Texas Toad Anaxyrus speciosus Native
Birds

American Robin Turdus migratorius Native
Barn Swallow Hirundo rustica Native
Blue Jay Cyanocitta cristata Native
Chimney Swift Chaetura pelagica Native
Curve-billed Thrasher Toxostoma curvirostre Native
Eurasian Collared-Dove Streptopelia decaocto Introduced
European Starling Sturnus vulgaris Introduced
Great-tailed Grackle Quiscalus mexicanus Native
House Finch Haemorhous mexicanus Native
House Sparrow Passer domesticus Introduced
Killdeer Charadrius vociferus Native
Mississippi Kite Ictinia mississippiensis Native
Mourning Dove Zenaida macroura Native
Northern Cardinal Cardinalis cardinalis Native
Northern Mockingbird Mimus polyglottos Native
Red-winged Blackbird Agelaius phoeniceus Native
Rock Pigeon Columba livia Introduced
Western Kingbird Tyrannus verticalis Native

White-winged Dove

Zenaida asiatica

Native to Texas but not Lubbock

Mammals
Coyote Canis latrans Native
Domestic Dog Canis familiaris Introduced
Feral Cat Felis catus Introduced
Gray Fox Urocyon cinereoargenteus Native
Raccoon Procyon lotor Native
Red Fox Vulpes vulpes Native to North America but not
Texas
Virginia Opossum Didelphis virginiana Native
Table 2.

Focal wildlife species studied in Lubbock, Texas by Carter [152], Coldren (unpublished data), Freeman [151], and

Ramesh [150].
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Figure7.
Typical vegetative structure in an older park in Lubbock, Texas, USA. Photo courtesy of Cade Coldren.

as great-tailed grackles and American robins are native birds that have adapted to
human-dominated landscapes. Uncommon species such as the curve-billed thrasher
are native species that are not well adapted to urban or suburban settings. The best
predictor of exploiter species presence was neighborhood age, which also served asa
surrogate for a diverse vegetative structure, since plantings mature over time. Human
population density and neighborhood age were found to be the best predictors for
adapter species. Canopy cover was also found to be a good predictor of adapter species
as it was generally accompanied by greater vertical stratification of vegetation, and
therefore supported a greater diversity of birds. The uncommon species were found
on the periphery of town, but also in areas where remnant native vegetation occurred.
Additionally, socioeconomic and educational factors were found to play a role, as
higher education and greater disposable income tended to result in greater vegeta-
tive diversity, and thus greater bird diversity and richness. Overall, it appears that
decisions by individual homeowners regarding plantings in gardens and yards have a
greater impact on birds than city planners do.

In unpublished data, Coldren investigated the distribution and density of native and
non-native bird species in 20 parks across the urbanizing areas of Lubbock. Vegetative
and land use data included in the analyses were tree diversity, mean tree canopy cover,
herbaceous cover, development within a park, water, and several metrics for a 250 m
buffer around each park, including impervious cover, green space, and extent of
residential, commercial, and industrial areas. Cluster analysis revealed three distinct
clusters based on differences in vegetative characteristics. The first cluster included the
older parks with more mature trees and highest tree diversity and mean tree canopy
cover (Figure7). These parks tended to be the closest to the center of town. The second
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cluster was intermediate in terms of tree diversity and mean tree canopy cover, and
these parks tended to be found at a greater distance from the center of town. The last
cluster were the youngest parks, with the lowest tree diversity and mean tree canopy
cover. These parks were the farthest from the center of town and were also in areas

with the highest commercial development and greatest amount of impervious cover.
Avian diversity declined from the first cluster to the second, and was lowest in the third,
although these differences were not statistically significant. Interestingly, density of
individual bird species tended to peak in the park cluster with intermediate tree diver-
sity and mean canopy cover, while it was lowest in the cluster of youngest parks.

Carter [152] installed cameras throughout Lubbock to capture occurrences of
mammals and evaluated various metrics of vegetation and land use within 200 m
of each camera to assess which factors appeared more important in understanding
mammalian distributions across the urban zone. Vegetation and land use metrics
included canopy cover, green space cover, manicured grass, bare soil, anthropogenic
cover, water, total road length, and the distance to the nearest 4-lane road. Carter
[152] found that most of the species captured on camera were not associated with any
of the habitat variables under consideration, although there were exceptions. Coyotes
were seen only on the periphery of town, in areas with some intact native rangeland
vegetation. Raccoons tended to occur in areas with greater canopy cover, as well as
surface water and patches of wetlands. Gray foxes were associated with lower canopy
cover in summer, but not the rest of the year. Feral cats had a positive association with
green space cover in autumn, but negative associations with all vegetative variables
in winter. Additionally, feral cat distribution and density appeared to be tied to food
sources, whether supplied directly by humans or indirectly through the occurrence of
prey species such as rodents and small birds, which tended to be found in areas with
greater vegetative diversity and structure.

Considering the three organismal groups, it appears that wildlife use of urban
areas of Lubbock is more strongly based on the age, structure, and diversity of
vegetation, rather than the presence or absence of individual plant species (Table 1).
The wildlife species found in these studies (Table 2) tend to be generalists and are not
known to be reliant on one or a small suite of plant species. Vegetative age and struc-
ture tend to be a result of diverse plantings, including trees, shrubs, and herbaceous
plants, and the time necessary for them to become mature plants. This appears to be
the strongest requirement for the greatest diversity and use of urban vegetation by
wildlife in this city.

5. Urban plants and their portrayal in the media

Traditionally, urban vegetation is not often covered by the media. Compared to
animals, where more negative or unusual occurrences between wild animals and
humans lead to media coverage spikes [153], urban plants do not seem that newswor-
thy. However, in the past years, especially with COVID-19 lockdowns, climate change
and crisis focus and solution journalism, increasingly more news stories about plants
emerged. These same topics also gained traction in public spheres and public online
spaces. For example, on platforms like TikTok conservation experts are trying to
educate the public, promote conservation and strategic gardening, and offer advice on
what people can do to bring or save native vegetation in their own spaces.

While it is well documented that news media impact public opinions and can
further impact actual policies [154, 155]. The related literature is also scarce—more
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recently a few studies looked at plant pest invasion coverage in the news and social
media [156, 157]; or urban plant foraging attitudes [158].
Generally, plants covered in the media fall into the following categories:

1. Domestic—domestic plants, such as house plants, flower shops/flower markets,
flowers in parks, gardening, edible plants etc.

2. Wild—wild plants such wild vegetation in the city, or wild parks, or forgotten
poorly maintained areas.

3. Useful /utility—how and why plants can be used or help people (e.g., recipes,
cures, prevention medicine, but also helping mental health, or general human
health, etc.).

4. Dangerous/damaging—how and why plants can hurt humans or their environ-
ment (e.g., poisonous, allergies, financial damage such as trees falling over
houses/cars, deaths, etc.).

5. Gray area—species such as cannabis that are somewhat controversial.

We conducted a non-exhaustive analysis of 100 news stories published in 2022.
These news stories were mostly U.S. based and were extracted from repeated searches
in news aggregators such as Google News, Yahoo, etc. Before analysis, we verified that
each story indeed focused on urban related vegetation. Besides ensuring this crite-
rion, stories were not further selected or checked for content until the actual analysis.

Our findings show some positive trends and some concerning ones. The majority
of the analyzed news stories focused on wild urban vegetation and the usefulness or
utility of vegetation (see Figure 8).

Furthermore, compared to wildlife, where our previous analysis [153] showed
media vilified animals and emphasized their dangerous traits, in the context of

u Domestic m Wild ® Useful/utility Dangerous/Damaging M Grey area

Number of Ocurrences

Figure 8.

A breakdown of 100 popular media news stories about wild urban vegetation. These categories were not mutually
exclusive, and some news stories contained more than one angle, so they appear more than once.
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vegetation the majority of the news stories focused on the positive traits of plants
and how they can be useful. These were diverse and solution- or how-to stories about
topics such as:

* The need to integrate more native plants in cities, lawns, and gardens;

* The case for/need for controlling or sometimes even using wild invasive plant
species that thrive in challenging environments;

* Urban revegetation and positive effects on humans; going foraging in the city; etc.

Often these stories were almost militant or activist about the high need to integrate
wild plants and more general wildlife in urban areas in order to mitigate the negative
effects of the climate crisis. We found fewer stories that were focused toward the
negative or damaging attributes of wild plants, about topics such as invasive species
displacing native plants, the need to pay attention when foraging as some plants are
not edible or could even cause severe health damages or death, etc. Finally, compared
to our previous wildlife analysis [153], in this current case, it is also encouraging
that the majority of these news stories about wild urban vegetation used experts
as sources. Experts were quoted, paraphrased, and usually given a good amount of
news space. Taken together these findings suggest there is an increasing interest in
positively covering such topics especially through solution journalism or how-to news
stories and offer a platform for conservation and vegetation experts to share their
knowledge and tips. Scientists should thus take advantage of these opportunities and
continue to better educate the public in regard to how to best use, protect, and revive
wild urban vegetation.

6. Conclusions

In conclusion, urban vegetation is important for humans and wildlife. Not only
does urban vegetation provide ecosystem services such as wildlife habitats, climate
mitigation, and more, but it also promotes human health, beautification, and
psychological benefits. Plants are generally viewed as positive contributions to an
environment, but many factors can affect this perception. Non-native species, water
usage, and adverse associations with safety or health factors can negatively affect
the functionality or services plants provide. There are also issues regarding acces-
sibility, gentrification, and greenwashing that detract from beneficial aspects of
plants. Yet, overall, the positive benefits and services plants provide in urban areas
are widespread and affect humans and animal species. Conservation and education
accomplishments have come a long way but continued efforts will ensure progress is
made on these fronts.
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Abstract

The mechanization of agricultural system, both horizontal and vertical cultivation,
is imperative for judicious application of resources, reduction in drudgery of workforce,
amelioration of productivity and improvement in competitiveness of the produce.
However, the reduction in per capita land availability has triggered a mass migration
towards vertical cultivation system with heavy reliance towards automation, Internet of
Things (IoT) and artificial intelligence. The vertical system of cultivation and protected
cultivation system is essential to overcome the limitations of small land holdings,
particularly in developing countries and combat global climate change. With the result,
the concept of hydroponics, aquaponics, aeroponics is gaining momentum at a rapid
pace. The horizontal and vertical system also demands the preparation of organic fertil-
izer through advanced machinery for bolstering the soil fertility and enhancement in
productivity of agricultural crops.

Keywords: compaction, urban agriculture, hydroponics, waste, greenhouse

1. Introduction

Agricultural system is believed to have touched ‘tipping point’. The tipping point
theory was promulgated as the system is witnessing significant and catastrophic
transformation [1] due to the limitations induced by emergence of resistant pests
(insects), extreme climatic events, unsustainable land management practices, poor
soil conservation measures, attenuation of soil nutrients and global climate change.
Many intellectuals believe that the expansion of the agricultural system in the last
decade can be attributed to an increase in the production of major crops and cropping
intensity as opposed to the expansion in landmass. The contribution of the expansion
in the land mass can be as low as 10% [2].
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Figure 1.
Mechanization potential in agricultural production system.

The production of the agricultural crop demands the involvement of mechanical
interfaces in the completion of the unit agricultural activities. The mechanization is
preferred owing to its involvement in the precision agriculture, automation, post-
harvest operations, waste management and organic agriculture, Figure 1. The main
objective of farm mechanization is to ensure judicious application of scarce resources,
timeliness of the operations, reduction in the drudgery and lowering of input cost in the
production system. The reduction in the production cost, directly or indirectly, favours
the competitiveness of the produce at local, national and international markets. The
production system involves several operations that must be completed within stipulated
time to thwart losses and protect the crop from the vagaries of climate.

2. Mechanization in horizontal and vertical cultivation system

The mechanization of the agricultural operations is different for horizontal and
vertical pattern of cultivation system. In horizontal system, the mechanical interfaces
are more or less conventional, operated by prime mover (tractor, power tiller, electric
motor, battery) on the levelled ground. In vertical system, most of the systems are
protected within the boundaries or the ambient conditions are controlled to simulate
the natural conditions. In such a case, the mechanization system is entirely different
and demands a systematic approach to balance the mechanization of the horizontal
pattern of cultivation.

2.1 Horizontal cultivation system

It is the process of cultivating a crop on a piece of land with the help of different
unit operations and utilizing the same piece of land for another crop, when the former
is harvested, Figure 2. The horizontal cultivation system is followed across the globe;
however, the shrinkage of the land due to rapid urbanization has questioned the
sustainability of the horticultural cultivation system. The decrease in per capita land
holdings and quantum jump in world population has forced to search for an alternative
model. The prediction of 8.3-10.9 billion global population by 2050 [3, 4] with 90%
restricted within Asia and Africa has alarmed the scientific fraternity with respect to
food security and environmental sustainability. Moreover, there is a steady decline in
the productivity of the crops due to poor soil quality, low nutrient use efficiency, inap-
propriate water management strategies [5] and lack of arable land and freshwater [6].

2.1.1 Seedbed preparation

The seedbed preparation is cumbersome and consumes about 30% of the total
energy in the production system. It involves subsoiling, primary and secondary tillage
machinery. Subsoiling is the process of breaking the hard pan or plough sole formed
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Figure 2.
Steps involved in the crop production system (first step).

after years of cultivation or movement of livestock or transportation machinery. The
stress is usually transmitted by means of soil particles and converges at a single point.
As the process continues, a layer of hard soil is formed that prevents the penetration
of the roots and accumulates the water in the root zone, Figure 3. This process is
known as soil compaction. It is recommended to use subsoiler after every 4-5 years

to break the hard layer or plough sole. The subsoiler is a single-standard plough that
penetrates deep within 45-100 cm or more and breaks the hard pan. It is operated

by the >50 hp. tractor. However, when the hard pan or plough sole is formed within
20-25 cm depth, a chisel plough with many standards can be used. The subsoiling
operation is followed primary tillage. The primary tillage is carried out with mould
board plough and disc plough to reach to a depth of 20 cm. The movement of the
tillage tool generates a triangular wedge that moves forward and causes breakdown of
soil layers. The clods raised from the primary tillage undergo size reduction in second-
ary tillage operation in the range of 8-12 cm by cultivator, rotavator and disc harrow.

2.1.2 Sowing/transplanting

The process of placing the seeds or seedlings in the well-prepared seedbed is
termed as sowing or transplanting. The metering system of the seeder contains a hori-
zontal or vertical disc with grooves on the outer periphery to drop single seed at one
time [7]. In case of transplanting operation, like in paddy or vegetables, a special type
of mat seedling is used and finger-type transplanter picks one seedling at a time and
plants it in the soil. A number of manual, power-operated and self-propelled seeders
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Generation of stress concentrating points in the plough sole.

and transplanters are available for sowing or transplanting of seeds or seedlings at
different rates and planting distances.

2.1.3 Irrigation

The seeds in the seedbed require sufficient moisture to sustain the metabolic activ-
ities and provide feasible conditions for the emergence of the plants. Traditionally,
the irrigation is provided by flooding method; however, it results in wastage of water
and possesses less efficiency. The modern system involves sprinkler and drip irriga-
tion with sophisticated systems to ensure high water use efficiency and less wastage.
The governmental agencies are also thrusting to involve sprinkler and drip irrigation
system to ensure ‘more crop per drop’ Recently, Internet of Things (IOT)-powered i
situ real-time monitoring system has enabled to improve water use efficiency [8].

2.1.4 Weeding

The growth of the plants also results in the growth of unwanted weeds. These
weeds interfere with the growing mechanism of the plants and create a competitive
environment for the assimilation of nutrients, water and fertilizers. The weeds are
removed by chemical methods and mechanical weeders. The mechanical weeders are
manual, power-operated, self-propelled and battery operated, Figure 4.
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Farm machines for horizontal cultivation system.

2.1.5 Harvesting

Harvesting is the process of reaping (cereal crops), plucking (fruit crops), digging
(root crops) by manual or power-operated mechanical harvesters [9]. A power-
operated mechanical harvester or combine comprised of a collection unit, threshing
cylinders, cleaning mechanism, collecting system and chaff blowing unit. The crop
dividers and reel intend to divert the standing crop towards the reciprocating cutter
bar. The harvested crop is fed to the threshing cylinders through a conveying mecha-
nism. The threshed grain passes through the reciprocating screen to separate the
grains from the chaff. The clean grain is collected in the trays placed at the lower side.
The chaff is blown and collected separately. The losses in combine are limited ranging
from 2.5% in pulses and cereals and 4% for soybean.

2.1.6 Threshing

The harvesting operation is followed by threshing, which results in the segrega-
tion of plants and grains/fruits. However, these days, combine is often used as it can
harvest, thresh, clean and collect in single operation. There are five types of threshers
depending on the type of crop and usage: wire loop, spike tooth, syndicator type,
hammer mill type and rasp bar type.
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2.1.7 Post-harvest operations

The post-harvest operations intend to reduce the losses and enhance the shelf life
of the agricultural produce.

2.1.8 Storage

The storage of the agricultural produce is the last step in the chronological process
of production system to preserve and protect the crop for future use.

2.2 Vertical cultivation system

Vertical pattern of cultivation is perceived as the panacea of the ills of horizontal pat-
tern of cultivation. The problems of small size, high labour requirement and demand for
urban land have compelled to shift towards vertical farming system [10]. In this method,
the space is utilized judiciously by creating stepwise layer system of cultivation. The
vertical cultivation system is a vertically stacked layered system, where the grain crops,
vegetables and fruit crops are grown in artificial or mechanically controlled conditions
in cities and urban areas [11]. These vertical farms use a combination of solar panels to
control the lighting system, temperature monitoring system, sensors, air humidity and
maintenance unit to reduce the impact of environmental parameters and lower down the
cost of production, Figure 5. It also uses soilless techniques to grow the plants by supply-
ing the nutrient solution through the root zone of the plants [12]. The vertical cropping
system results in an increase in the productivity of the crop per unit base area. According
to Touliatos et al. [13], the production of lettuce was significantly (13.8 times) higher in
vertical farming in comparison with horizontal cultivation system.

The benefits of the vertical farming system outnumber the benefits of horizontal
farming system, Table 1. However, the main challenge is to reduce the cost and energy
consumption, which is directly or indirectly responsible for increasing the carbon
footprint. The cost can be splitted into capital cost used for fabrication of farm and
operational cost for running the farm on daily basis. When the farm is small, major
costs are incurred on capital costs; when the farm is large, it is tilted towards operating

Sensors <
pH
> Ventilation = Plants
EC
> Water management >
Lighting system >
A 4
Processor » Controller
Figures.

Automated farm production system.
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Type of system Benefits Reference
Vertical farming Higher productivity [13]
Different crops in different layers [6]
Protection from vagaries of climate and natural disasters [6]
Multiple harvest round the year [14]
Reduction in the usage of fossil fuels [6]
Protection of environment from methane emissions [15]
Table 1.

Benefits of vertical farming system.

costs viz. heating, ventilation and air conditioning (HVAC). Banerjee and Adenaeuer
[16] modelled and concluded that the vegetable production in vertical farm requires 14
GWh of power per hectare per annum, which is much higher than 1.75 GWh per hect-
are per annum in horizontal farming [17]. Moreover, the initial fabrication installation
cost of vertical farming system is higher than conventional agricultural setup.

3. Urban agriculture

Urban agriculture is often discussed owing to rising poverty, food shortages and
nutritional deficiency in the urban cities. It can be inferred as mixed system of veg-
etables, fruits, trees and condiments with main thrust on reducing the expenditure
and augmenting the income. The urban agricultural system has the proclivity to supply
8% proteins and 40% calcium intake to poor city dwellers [18]. It is a viable approach
towards reducing the vulnerability, survivability and food security of the urban poor.
Urban agriculture offers multiple benefits (Figure 6), particularly in terms of sustain-
ability, accessibility to green spaces, recreation activities, health benefits, inclination
towards nature, reduction in transportation cost, mitigation of adverse climatic
events, promotion of resource use efficiency and income augmentation [19]. However,
the city lands are often used for activities that produce the highest net income [20].
Accordingly, the preference for the allocation of the land is mostly non-agricultural
activities. The diversion has the inclination to jeopardize food security and augment
poverty levels [21]. The discrimination has pushed the agriculture towards the outer
periphery of the urban areas, a term called peri-urban agriculture [22].

Peri-urban agriculture, implying agricultural setup in the midst of cities and rural
areas, is characterized by poor infrastructure, less human population density and

Food Ecosystem Health benefits Income Employment Social
availability service N augmentation generation accesshility

Figure 6.
Services offered by the urban agriculture.
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Technologies used in urban agriculture.

availability of large areas for agricultural activities [23]. However, the main thrust

of peri-urban agriculture is income generation as the associated farmers are mainly
professionals [24]. The urban agriculture is categorized into three categories depend-
ing on the type of technology used for the cultivation of crops, Figure 7.

The proper composition of physiological and environmental parameters is
indispensable for the growth and development of plants. These parameters include
temperature, light, relative humidity and nutrient availability; presence of moisture
dictates the quality of the plant and productivity of the crop. These parameters are
controlled in hi-tech greenhouses and plant factories [25].

3.1 Hydroponics

The traditional horizontal agricultural system requires soil to grow the crops. In
hydroponics, the crops are grown in natural or artificial substrates (soil free environ-
ment) and the nutrients (micro and macro) are supplied to the root zone of the plants
[26]. The substrates can be organic, inorganic or synthetic [27] with different proper-
ties, Table 2. The commonly used fertilizers in hydroponic system include ammonium
nitrate (NH4NO3), phosphoric acid (H;POy), calcium nitrate { (CaNOs),} and nitric
acid (HNO;). The chemical formulations are sold in three-digit sequence of nitrogen
(N), phosphorus (P) and potassium (K) viz. 8-15-32 implying 8% N, 15% P and 32%
K. It is also important to replenish the water in the nutrient solution continuously to
keep the nutrients appropriate to the growth of the plants. In fact, the nutrient solu-
tion in the tank should be changed, and tank should be cleaned and disinfected after
every 2 to 3 weeks [30]. The system also uses sensors, software, microcontrollers,
mobile applications, web platforms and computing devices to control the climatic
parameters, lighting and irrigation scheduling. The expansion of the hydroponic
system is farfetched and the market is expected to grow at 20.7% CAGR from 2021
to 2028 [31]. Hydroponics is termed as the best alternative for urban and peri-urban
agriculture and a futuristic approach to achieve ‘sustainable cities and communities’
goal of United Nations’ Agenda for Sustainable Development 2030.
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Substrate Properties Reference

Organic * Peat *pH —
* Coconut fibre * Electrical conductivity —
* Sand * Bulk density [28]
* Pumice * Porosity [28]
* Vermiculite

Inorganic * Stonewool » Water holding capacity [29]
* Zeolites * Cation exchange capacity [28]
* Expanded clay
* Perlite

Synthetic * Polystyrene o Cost -

* Polyurethane foam

Table 2.
Substrates used in hydroponics.

The basic structure of the hydroponic system comprises of a perforated tray, reservoir,
pump, delivery tubes, aerator/air pump and lighting system. The selection of the hydro-
ponic systems depends on environmental conditions, cost, type of the crop, level of tech-
nology and acceptability, Figure 8. Hydroponic system results in higher yield and lower
water consumption in lettuce [32] and higher plant survival in strawberries [26]. However,
the energy consumption is much higher [32] and waste water treatment is minimal.

Deep water
culture

Aeroponics Drip system
Hydroponics
Nutrient
Aquaponics film
technique

Ebb and
low

Figure 8.
Types of hydroponic system.
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3.1.1 Deep water culture

The storage tank with nutrient solution contains spaces to place the plants and an
aerator to circulate the oxygen continuously. The roots of the plants are immersed in
the nutrient solution, while the upper half remains outside the tank with the help of
wood, polystyrene or cork bark.

Reservoir Air pump

3.1.2 Drip system

It is similar to deep water culture; however, the nutrient solution is pumped
through a common channel that contains the roots of the plants. The solution is sup-
plied at specific time intervals in controlled flow and the residual solution is bypassed
to the storage tank/reservoir. This method is suitable for specific crops viz. tomato and

pepper.

Channel

Water pump
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3.1.3 Nutrient film technique

This technique relies on supplying the nutrient solution to the roots of the plant
continuously. A number of trays can be placed one above the other to reduce the space
constraints and increase the productivity of crops.

e Water pump

3.1.4 Ebb and low

It is a system in which the plants are kept in a tray filled with nutrient solution.
The nutrient solution is pumped from the tank placed below the tray. The recycling of
water is ensured by the force of gravity.

Timer

Water pump
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3.2 Aquaponics

The aquaponics establishes symbiotic relationship between fish and plant growth.
The sludge of the fish, rich in nutrients, is used as the nutrient medium to support the
growth of the plants. This forms a sustainable ecosystem in which the plants grow on
one side and microbial process of nitrification/denitrification on the other side.

Water pump

3.3 Aeroponics

‘Aero’ means air i.e. the nutrient solution is absorbed by the plant roots in air. In
this method, the nutrient solution is sprayed by means of sprinklers in a common
zone and the roots absorb the nutrients from the air. It is advantageous as the roots get
aerated from the oxygen present in the sprayed solution.
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However, there are certain challenges that must be rectified to ensure the sustain-
ability and viability of hydroponic system. The initial cost of fabrication, installation
and equipment is high. The operator must be skilled with sufficient knowledge of
agriculture, electronics, plant physiology and plant pathology. Moreover, the residual
nutrient solution must be properly disposed as it may pollute the ecosystem.

3.4 Automation in vertical cultivation

Modern technological techniques such as artificial intelligence and machine
learning-based neural network, deep learning, fuzzy logic, big data and Bayesian
network are employed to improve the working performance of the hydroponic
system [33]. Internet of Things (IOT) is believed to have a number of applications
in vertical cultivation system. It integrates different sensors with microcontrollers
and Wi-Fi modules to manage the resources in real time [8]. It helps in reducing
the manual errors and improves the productivity of the crops. The biosensors can
provide real-time data that help in detection of diseases and pests [34] and make
logical decisions [35].

4. Protected cultivation system

The greenhouses are used for raising of crops, mainly to protect them from harsh
climatic conditions and extension of the cultivation season, Figure 9. It integrates
different renewable sources to promote and sustain crop growth [36]. Solar energy
for electricity [36] and drip irrigation for water conservation [37, 38] improves the
economic viability of the greenhouse cultivation system [39]. In fact, greenhouse
irrigation sensor-based automation system is perceived as the effective method to
prevent the wastage of water [40].

It also provides a window of opportunity to cultivate off-season crops. The green-
houses are usually made from plastic, glass or polyethylene to allow the radiations

Solar radiations

NN NN NN\
Ny N N N NN

-~

Light, Temp.
Humidity
sensor

Control
panel

Drip line
Soil
moisture
sensor

Figure 9.
Automated greenhouse structure.
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*Lean to type

+Even and uneven span
Llype

* Ridge and furrow type

= Saw tooth type

= Interloking ridges and
furrow quonset type

= Ground to ground

» Active heating
* Active Cooling

Shape

||
|l

Covering

Construction Material

*Glass glazing
*FRP glazing
* Plain sheet

* UV stabilized LDPE
film

Figure 10.
Types of greenhouses.

to pass through and contribute towards plant growth. The greenhouse can be open,
semi-closed and closed type. In open type, there is no provision to collect and reuse
the drained water. The semi-closed type has small windows with low cooling capacity
and mechanical ventilation system. The semi-closed type reuses the drained nutrient
solution by collecting it in a reservoir that is topped-up with fresh water on regular
basis. In closed type, the water follows a closed loop for collection, distribution,
recycling and re-distribution. The mechanical system is used for cooling and dehu-
midification by air treatment accessories.

The polyhouse’s are categorized (Figure 10) on the basis of shape, utility, con-
struction and covering material [41]. The cost of the construction is an essential
parameter of the poly house. Accordingly, it is categorized into low-cost green house,
medium-cost green house and high-cost green house.

5. Waste management

Urban agriculture relies on utilizing plant residues and kitchen waste for produc-
tion of bio-fertilizer [42]. The wastes can be converted into compost or vermicompost
for round-the-year agricultural production activities. However, the space is the limit-
ing factor in the urban areas [43]. The involvement of low-cost smart vermicompost-
ing bin with automatic watering and mixing system can help to transform the wastes
into fortified vermicompost [44]. A single large space can also be devoted towards the
preparation of compost through windrow composting [45]. In windrow composting,
the degradable materials are laid in the form of long windrows, microbial culture is
added to increase degradation rate and mixed at regular intervals (Figure 11) with the
help of windrow turner [45].
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Figure 11.
A tractor-operated windrow turner in working mode [45].

6. Conclusion

The shrinkage of the land and increased wages has compelled to shift towards
mechanization in both horizontal and vertical cultivation systems. The mechanical
systems are undergoing a transformation towards automation to reduce the manual
errors and improve their efficiencies. On the other hand, the vertical mechanical
systems and automations might witness a reduction in the installation, operational
and maintenance cost for higher adoptability among the stakeholders. The success of
the mechanical farming systems might be directly linked with the security, sustain-
ability and environmental viability of the world in near future.
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Chapter 8

Landscaping Promoting
Sustainable Comfort in Cities

Fernanda Da Concei¢ido Moveira and Eglerson Duarte

Abstract

The landscaping in cities provides, continuously, people with high visual,
emotional and physical performance with access to different plant morphological
architectures, leaves, trunks, flowers, fruits and seed colors. The shadows caused
by the leaves of the trees allows a comfortable atmosphere with the temperature
reduction, air humidity increase and environment aromatization of gardens, parks
and streets by the volatile organic compound emission by leaves, stems and flowers.
The combinations of these environmental factors improve the plant, animal and
Homo sapiens development. The plant architectural distribution in high-slope
areas minimizes problems such as flood sand landslides in urban centers, being an
economically viable and sustainable alternative for heritage preservation, the physical
structure soil and optimization of water flow. The landscaping of cities is the perfect
setting for meeting people, recording videos and photos for personal archives, social
media, developing personal and business marketing projects and network.

Keywords: garden, healthy life, urban projects, architecture, nature preservation

1. Introduction

The sustainable landscaping is the balance between the beauty of urban space and
the preservation of nature. Projects with sustainability use techniques to build the
beauty of the scenery efficiently using natural and artificial resources with practices
that minimize the use of substances harmful to health and the environment [1].

The sustainable gardens provide a comfortable environment with a pleasant
climate, thermal stability, soil covered with plants and high air quality. Sustainable
landscaping makes it possible to increase the longevity of people’ lives as it allows
interaction with a healthy natural environment, ideal for leisure, sports, relaxation
and stress relief [2]. One of the goals of sustainability in landscaping is to contribute
to people’s awareness of the importance of preserving nature [3].

Urbanization is the development of cities, the construction of houses, buildings,
condominiums, hospitals, schools, universities, parks, streets, avenues and viaducts,
basic sanitation and electricity networks. This development occurs with population
growth in a given location, improving the structure of small towns and large urban
centers. In planning the landscaping project, solutions must be sought for social,
economic and nature destruction problems in large urban centers and also in small
towns where there is no awareness of the importance of preserving nature [3, 4].
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The sustainable landscaping has, socially, the green area as a place of education
for people by creating spaces integrating buildings and plants. Culturally, sustainable
landscaping projects aim to preserve heritage by expressing the local natural memory,
harmoniously integrating the green area with the original characteristics of existing
buildings, native vegetation, mineral resources and works of art [5].

Economically, sustainable landscaping selects materials with a high quality
standard certified by international quality standards for the construction of concrete
structures, lighting, water drainage networks and decoration. The selected plants can
be native and plants adapted to the climate of the place where the sustainable land-
scaping project will be built and cultivated [3].

Developing sustainable landscaping projects, planting and building gardens,
educating and encouraging the use of plants in homes, streets and parks is a noble
mission and helps to keep nature alive, green and blooming in cities. Small gardens
can be built in public spaces, as many cities have urban voids that could be used as
spaces for living together and contemplating the fauna and flora of the region [6, 7].

In large urban centers, the huge surface of concrete and asphalt in the hot season
release heat and increase the temperature. To reduce the effects of this event, ecologi-
cal roofs known as the green roof are built, which is a covering of plants in buildings
with waterproofing and cultivation techniques, being built by a team of qualified
professionals. Green roofs have gained more and more space in urbanization projects
in large cities, where the square meter of land generally has a high financial value [2].

On the green roofs, several species of plants are cultivated with a high capacity for
shading and cooling the atmosphere, reducing the temperature and increasing the rela-
tive humidity of the air, promoting thermal comfort and beauty to be contemplated,
being seen from the air, by pedestrians, cyclists and passengers by car and bus [8].

In buildings with a green roof, the internal temperature of the apartments and
collective spaces is pleasant and there is energy savings with less use of air condition-
ing, increasing sustainability in the landscaping. Plants provide oxygen, make the
environment more humid and attenuate noise, reducing the need for investment in
acoustic insulation [4].

Vertical gardens optimize space when there is a reduction in the horizontal surface
available for garden construction. In vertical garden projects, vases, green roofs must
be positioned and cultivated in spaces with incidence of light, radiation, ventilation
and water drainage system for irrigation of plants. Shady spaces can be ornamented
with plants that are more efficient in using light [2].

For the garden to remain beautiful and healthy, periodic maintenance is necessary
using techniques of fertilization, irrigation, pest control, pruning and removal of
invasive plants. Sustainable practices reduce the use of irrigation, pesticides, fertil-
izers and conserve the soil by preventing erosion and sedimentation. In landscaping
projects with artificial lakes, water filters must be constantly maintained to ensure
water quality [3].

The heating of the real estate market in recent years and the growing desire of
people to live surrounded by quality properties designed to meet expectations and
environmental requirements. Landscapers, real estate developers, construction
companies and public bodies have preferred the use of large native trees due to the
rapid appreciation that these compositions bring to the urban environment and
because they are efficient in restoring the balance of the local ecosystem [9]. The offer
of sustainable gardening and landscaping services has increased and companies have
specialized in sustainability to offer customers innovative and sophisticated landscap-
ing projects, always aiming to promote people’s well-being [7].
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2. Tree shadows

Trees provide shade to the environment, beautify, refresh, offer shelter to animals
(Figure1). In urban landscaping to plant trees there is the process of planning space,
tree species, maintenance, tree height and root depth [6].

The trees have several important functions such as producing, such as fruits,
flowers, shade and good thermal sensation under their large branches and leaves
(Figure 2). Fast growing shade trees are preferred in urban landscaping. There are
several species of trees that grow quickly and provide excellent shade, such as the
Brunfelsia uniflora, Tibouchina granulosa, and Commiphora myrrha [3].

Figure 1.
Trees in sustainable landscaping and walkways.

Figure 2.
Avrchitecture of squares with trees for people to live together.
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2.1 Comfortable atmosphere

In landscaping, flowers enchant us mainly for their vibrant colors and natural
scent (Figure 3). The flowers of the plants exude a pleasant scent. The scent of the
flowers serves to attract the sense of smell and bring the attractant closer to the flow-
ers. The evolutionary target of these attractive resources to people and the perfume
and cosmetics industry is not the human being. Bees, butterflies and flies are the
target that flowers want to reach with the scent for noble reasons. These animals are
the main pollinators of plants. When they land from flower to flower, they spread the
pollen and ensure the fertilization of flowers in other places, increasing the genetic
variability of the plants. There are also other forms of pollination, such as wind and
water, but animals are the most important agents. They also benefit from this contact
with flowers, since they can feed on their nectar [3, 10].

Bees are attracted to blue and yellow flowers. This is due to the fact that these
animals see ultraviolet light. In addition, they prefer flowers that smell like ferment-
ing food [1].

Figure 3.
Garden with vibrantly colored flowers.

Figure 4.
Butterfly pollinating the flower.

162



Landscaping Promoting Sustainable Comfort in Cities
DOI: http://dx.doi.org/10.5772/intechopen.1000867

The showy flowers usually attract birds, as they have great eyesight. The odor of
these plants, however, is not strong, since birds do not have a keen sense of smell.
Another characteristic of the flowers visited by birds is the large amount of nectar
found in them, thus ensuring adequate nutrition for the animal [3].

Flowers pollinated by butterflies are also showy, usually red, yellow and blue
(Figure 4). In addition, these flowers make their nectar accessible (Figures 5 and 6)
only to some species that have a long mouthparts [3]. Flowers with the smell of ripe
fruit and little coloration are normally pollinated by bats. As these animals have
nocturnal habits, the color of the flowers would not be a form of attraction. Flowers
pollinated by beetles are also less showy and usually white [3].

Plants are sessile organisms and to compensate for their immobility, they have
developed several mechanisms of interaction with the environment, including the
release of volatile organic compounds into the soil and atmosphere from roots, fruits,
flowers and leaves. The carbon fixed by plants is emitted back into the atmosphere

Figure 5.
Bees pollinating the flowers.

Figure 6.
Bird visiting the flowers.
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in the form of volatile organic compounds. These emissions by vegetation play a
fundamental role in the chemistry of the atmosphere, mainly in the aroma of the
atmosphere [11].

The effect of absorbing the aroma in the human organism is fast, causing the body
to respond both physically and in the deepest energies and emotions. The sense of
smell is the most refined of the senses, guaranteeing the profound effect of aroma-
therapy, because when you feel a specific smell, it immediately awakens your emo-
tions. Therefore, aromas are able to balance health, increase the feeling of happiness
and awareness. Flowers have a higher vibration than we do, as they have no mental
capacity. When a person comes into contact with a flower or a plant, their energy
vibration also rises, favoring the maintenance and restoration of health [1].

3. Enhancement of comfort for high performance life development
with sustainable landscaping

The combination of environmental factors optimizes the development of plant
and animal life and homo sapiens species. The connection of knowledge in architec-
ture and design with research in biology, sociology and the interest of people, com-
panies and government give rise to natural landscapes in urban spaces (Figures 7-13)
with a meaning of spontaneous social interaction and a dream of an open heritage for
the pleasant experience in the community that is essential for human health [12].

Figure7.
Large urban center square with sustainable landscaping project.

Figure 8.
Sustainable landscaping design in parks within large cities.
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Figure 9.

Sustainable landscaping project for urban condominiums.

Figure 10.
Young people practicing physical activity in a park with sustainable landscaping.

Figure 11.
Vertical gavden design in modernized urban centers.

The green roof favors the region’s biome as it is home to wild animals that can
make the neighborhood more pleasant and beautiful (Figure 14). The green roof
reduces the temperature at the top of a building by up to 5°C, in addition to minimiz-
ing the heat islands in cities. It is one of the alternatives to save money, as the captured
rainwater can be used to clean environments, gardening and also in the bathroom, in
toilets. When treated, filtered and purified, this water can be made potable, stored
and sold. The consumption of water captured on green roofs is a benefit for everyone
because there is a decrease in the consumption of drinking water [13].
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Figure 12.
Sustainable landscaping project for urban vesidence.

Figure 13.
Sustainable gavden for homes.

Figure 14.
Green roof in sustainable landscaping projects.

The construction of green roofs reduces flooding on streets and avenues, as the
detention basin on the roofs makes it possible to reduce flooding in large cities, where
there are few green areas and a lot of paved area, making it difficult for water to flow
in the rainy season [14].
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Landscaping is rich in sensory stimuli, as nature has its constant and unpredict-
able movements. They are the ones that involve our senses and contribute to well-
being. The backyard design in the landscaping brings the connection with nature ina
mentally and physically restorative space and with the availability of fresh and natural
fruits available for naturally healthy eating. A natural refuge that envelops our senses
and from which it is possible to observe the surroundings, but from a protected posi-
tion, far from the hustle and bustle of the city [10].

4. Landscaping architecture

Sustainable architecture means planning including organic and conscious actions in
the external space of houses, buildings and buildings, resulting in sustainable landscaping
(Figure 15). The daily practice of professionals and offices with a focus on sustainability
in landscaping projects must have the natural resources to balance the environment in
urban areas and in spaces of common use (Figures 16 and 17). Sustainable architecture
projects beautiful, pleasant, spacious, harmonious scenarios (Figures 18-22) to allow
a functional routine and total respect for nature and inhabitants [10].

The distribution of plants in an architectural way in areas of high declivity
minimizes problems such as floods and landslides in urban centers, being one of the
economically viable and sustainable alternatives for heritage preservation in cities [15].

4.1 The oriental garden in sustainable landscaping

The oriental garden is a powerful source of tranquility and serenity in the modern
world. Oriental design is perfect for creating interiors and exteriors that stand out for

Figure 15.
Building with innovative architectural design and vertical garden.
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Figure 16.
Balcony of building with innovative architectural design and vertical gayden.

Figure 17.
Ground floor gavden of building with innovative architectural design and vertical garden.

the feeling of peace, balance and contemplation capable of stimulating and transmit-
ting (Figure 23). In this type of garden, the choice and arrangement of resources are
carried out with care and the elements have their role and function in the composition
of the landscape [6].

Oriental gardens are based on balance with the good use of natural elements,
excellence in landscaping and in the choice of accessories. Contemplating the oriental
gardens is like living and a private oasis dedicated to recharging energies. The assem-
bly of the oriental garden can be carried out by specialized companies. The oriental
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Figure 18.
Sustainable landscaping project with innovative architecture.

Figure 19.
Landscaping project in buildings with innovative architecture design.
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Figure 20.
Sustainable landscaping project for the interior of large.

Figure 21.
Sustainable landscaping project developed for the Amazon office complex.

garden is the reproduction of some elements of the planet and its natural resources.
The stones represent the mountains and islands, the sand can be associated with
the passage of time, while the paths and passages refer to the journey of life itself. The
garden is inspired by the culture of the East, symbolism is the striking aspect in the
design of the oriental garden. The presence of the water element is of fundamental
importance in the design of oriental gardens and is associated with calming feelings
and mental relaxation and appears in the form of fountains, amphorae, lakes, wells
and waterfalls. The lakes characteristic of oriental gardens play an important role in
meditation [6].

Bridges carry symbolism and esthetic appeal in the composition of oriental gar-
dens and can be used for better use of space and also for contemplation. Stone laying
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Figure 22.
Vertical forest design using modern engineering techniques.

Figure 23.
Natural elements of the oriental garden in sustainable landscaping projects.

is considered an art form in Asia and can be used to highlight the flower bed, plants
and water features. Stones also help to direct the focal point in oriental gardens. The
selection of decorative stones of varying sizes helps to reproduce the natural environ-
ment in the garden and promote relaxation and mental tranquility [6, 16].

Trees are especially important, providing shade and exploration of vertical space
in the eastern garden. Japanese maple is one of the species traditionally found in
oriental gardens. The choice of plants is based on the color, fragrance and texture of
the species. Lilies, Nandina domestica and peonies are some of the popular choices in
this type of landscape. Bamboo is the traditional plant of the oriental garden, being
used in the construction of gates, flowerbeds, fountains and other accessories [3, 17].
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5. Preservation of the physical structure of the soil

The sustainable landscaping reduces damage to residential, commercial and public
buildings. Erosion caused by rainfall results in property degradation. Nutrient loss,
soil compaction, and reduced biodiversity of soil organisms can severely limit land-
scaping vitality. Sedimentation caused by erosion increases turbidity levels, which
degrades aquatic habitats, and the accumulation of sediments in water channels can
reduce flow capacity, causing flooding that floods streets and houses. The design
of landscaping architecture (Figure 24) optimizes rainwater runoff and makes it
sustainable to invest in landscaping projects in areas with problems in the physical
structure of the soil [1].

Figure 24.
Preservation of the physical structure of the soil with cover of plants distributed in the design of the square.

6. Conclusions

Sustainable landscaping makes it possible to reuse rainwater for irrigation of
plants, the cultivation of native species in cities, soil conservation, energy and water
savings, thermal comfort and esthetics for residential, commercial, public and
corporate developments.

Cities with sustainable landscaping projects have a decrease in temperature, an
increase in relative humidity, an oxygenated atmosphere, noise filtering and more
water available for use. Sustainable gardens educate people to care for nature and to
live in high natural performance.
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