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Against the backdrop of the unexpected COVID-19 epidemic, governments 
are facing significant challenges in mobilizing food resources, particularly 
fresh products. It is inevitable that there will be  intermittent shortages of 
food during the pandemic. As a result, home food gardening has gained 
considerable attention from city residents and policymakers in modern cities. 
This is due to its potential to provide food during humanitarian emergencies 
and lockdown. Moreover, home food gardening is increasingly becoming a 
popular recreational activity in many countries, offering therapeutic benefits 
such as fostering social bonds through knowledge-sharing and fruit-sharing, 
improving mental and psychological well-being, promoting outdoor physical 
exercise, and strengthening the connection between humans and nature. This 
review provides a comprehensive summary of the latest advancements in home 
food gardening, including cultivated species, devices, technologies, and current 
issues. It also proposes perspectives based on current researches to serve as a 
reference for future research and development.
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1 Introduction

The 21st century is characterized by rapid urbanization (Lal, 2020). While urban 
development brings benefits, it also poses certain challenges. At present, agricultural 
production ability is becoming increasingly vulnerable due to diminishing availability of 
productive land in a majority of highly urbanized regions in China over the past two to three 
decades (Li et al., 2023). It is projected that by 2030, two-thirds of the world’s population 
(about 5 billion people) will be  living in urban areas, and this proportion is expected to 
increase to approximately 68% (about 6.7 billion people) by 2050 (Lal, 2020; Richardson and 
Arlotta, 2022). Fresh products, which refer to unprocessed or minimally processed fruits and 
vegetables, play a crucial role in human diets as they are rich in dietary fibers, essential 
minerals, and vitamins (Romero et al., 2022; Zhang et al., 2023). With the ongoing urbanization 
and unprecedented demographic pressure in cities, the availability of fresh products in urban 
areas heavily relies on peri-urban and adjacent rural areas, as well as external supply chains. 
This trend is observed globally (Zasada et al., 2019; Diehl et al., 2020; Dorr et al., 2023; Li 
et al., 2023).
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Home food gardening (HFG), also known as residential food 
gardening or household food gardening, involves creating small-scale 
farms and growing edible or medicinal plants with some decorative 
value in private residential backyards, front yards, balconies, kitchen 
windowsills, bay windows, patios, terraces, rooftops, and other 
marginal lands next to a dwellings. Actually, HFG is a kind of small-
scale farming implemented within the urban areas or rural areas, and 
its products are mainly used for self-consumption rather than for 
profit. Additionally, there is a cross relationship between HFG and 
indoor farming, because HFG can be carried out indoors (e.g., kitchen 
windowsills, and bay windows) or in open spaces (e.g., backyards, and 
rooftops) (Ghosh, 2014; Degefa et al., 2021; Mullins et al., 2021; Hong 
and Zimmerer, 2022; Richardson and Arlotta, 2022; Baliki et al., 2023; 
Cruz et al., 2023; Ma et al., 2023; Ezzeddin et al., 2024).

In the early colonial periods of the New World, carrying out HFG to 
supply the home diet was a requisite of life for most colonizers (Burgin, 
2015). Even today, in developing countries like Bangladesh, Cambodia, 
Indonesia, Rwanda, Sri Lanka, and Tanzania, the availability of daily food 
per capita is below international health standards, HFG is still of great 
necessity (Thamilini et al., 2019; Baliki et al., 2022; Depenbusch et al., 
2022; Ichinose et al., 2023; Issahaku et al., 2023; Suwardi et al., 2023).

Against the background of global city densification as well as 
geopolitical tensions currently, HFG has the latent capacity to be an 
effectual nature-based solution for mitigating food security issues (Lal, 
2020; Li et al., 2023).

The COVID-19 pandemic is one global public health emergency 
that poses mass hospitalization and the death of countless people 
(Marques et al., 2021; Wu et al., 2022). Since the outbreak of COVID-19, 
in an attempt to effectively suppress the dissemination of the highly 
contagious coronavirus, on a global scale, most governments have 
implemented strict epidemic prevention policies, for instance, imposing 
longstanding mobility restrictions and social distancing measures 
(Erokhin and Gao, 2020; Laborde et al., 2020; Basu et al., 2021; Cerda 
et al., 2022; Godrich et al., 2022; Turnšek et al., 2022). However, these 
containment countermeasures have had a significant impact on the 
social life of citizens, causing a great deal of discomfort. Furthermore, 
they have exposed the fragility of food supply chains and highlighted the 
shortcomings of long food mileage in urban and urbanizing areas, 
thereby profoundly derailing civic sustenance availability worldwide 
(Erokhin and Gao, 2020; Laborde et al., 2020; Basu et al., 2021; Cerda 
et al., 2022; Godrich et al., 2022; Turnšek et al., 2022). Especially in 
populous cities, the availability of fresh and nutritious vegetables has 
become a major concern for urban inhabitants, especially those 
belonging to marginalized and mid- to low-income populations 
(Theodorou et al., 2021; Baliki et al., 2023; Ma et al., 2023). The precarious 
or totally disrupted food supply chains caused huge panic among urban 
denizens, stimulating them to empty municipal grocery stores or 
supermarket shelves in proximity (Cattivelli, 2022). Consequently, fresh 
food supplies frequently fell short of meeting local demands, which in 
turn led to triggering price boom and worsened the challenges of 
unequal access and distribution of fresh products among vulnerable 
groups amid the strain of the COVID-19 pandemic (Cattivelli, 2022).

The unexpected epidemic brought HFG to the public’s attention 
(Music et al., 2022). Numerous urban residents and policymakers 

are deeply aware of the significance and necessity of self-sufficiency 
of inexpensive sources of high quality and nutritious produce in 
closed urban residential areas for emergencies (Aditya and Zakiah, 
2022; Cattivelli, 2022; Turnšek et al., 2022; Baliki et al., 2023; Perez-
Lugones et  al., 2023). Within this crisis, peoples’ interest and 
participation in HFG that is lack of focus prior to the COVID-19 
pandemic has substantially enhanced, making HFG are becoming 
trendy on residential compounds and apartment blocks in many 
countries or territories like China, American, Indonesia, Canada, 
Slovenia, Norway, Estonia, Switzerland, Iceland and others (Mullins 
et al., 2021; Aditya and Zakiah, 2022; Kim et al., 2022; Music et al., 
2022; Turnšek et  al., 2022; Ma et  al., 2023; Perez-Lugones et  al., 
2023). A survey showed that 17.4% of respondents in Canada and 
the United  States started carrying out HFG in 2020 during 
COVID-19 pandemic (Mullins et  al., 2021). Another study in 
Europe revealed that an approximately 10% increase in HFG during 
COVID-19 pandemic in the sample population (Turnšek et  al., 
2022). As a result, there has been an exponential increase (in some 
cases up to 450%) in the demand for gardening products related to 
HFG, including seeds, pots, trowels, pruning shears, trellis, yellow 
sticky traps, sprinklers, garden gloves, fertilizers, and substrates 
(Mullins et  al., 2021). Additionally, sales of handbooks on this 
subject have also seen a significant boost (Mullins et  al., 2021). 
Notably, a significant portion of these escalating orders came from 
novices on gardening, interestingly, mainly Millennials, while the 
remaining portion has been from growers with revival in interest in 
HFG (Mullins et al., 2021).

In actuality, HFG effectively reduces “food miles”, decreases the 
demand for logistics processes, conserves more fossil fuels, lowers 
transportation emissions, minimizes perishable food losses during 
transportation, contributes to a partial improvement of food 
sovereignty, and tackles starvation and malnutrition caused by delays 
in long-distance fresh products transportation owing to a pandemic 
and other forms of traffic congestion or major disruption (Richardson 
and Arlotta, 2022; Li et al., 2023; Ma et al., 2023).

In addition to serving as a means of self-provisioning food during 
initial pandemic-related home confinement or other similar special 
periods (such as wars and geological disasters), HFG also holds 
significant social relevance (Larder et al., 2014). Participating in HFG 
enables urban dwellers to forge stronger social connections with their 
neighbors, thereby increasing the cohesion of gated communities. This 
is achieved through the distribution or bartering of excess homegrown 
fresh food. Additionally, individuals engaging in HFG experience 
direct pleasure and find relief from mental or psychological health 
problems through the cultivation process (Machida, 2019; Diekmann 
et al., 2020; Corley et al., 2021; Mullins et al., 2021; Cerda et al., 2022; 
Sia et al., 2022, 2023). In reality, HFG has an irreplaceable role in 
horticultural therapy. Engaging in HFG, for instance, can effectively 
alleviate loneliness, bolster mental resilience, and cultivate tranquility 
to reduce the incidence of depression and anxiety for the elderly who 
adore horticulture but lost their arable patches in emigration or urban 
sprawl, as well as substantial contemporary young white-collar 
workers with extremely fast-paced lives and chronically high-pressure 
jobs but do not have access to affordable pastime in densely populated 
metropolitan areas (Abass et al., 2018; Burgin, 2018).

Gaining delight and achieving sense of accomplishment via 
growing horticultural crops for aesthetic purposes, helping parents 
educate their children about agricultural production and bridge the 

Abbreviations: Bt, Bacillus thuringiensis; EM, effective microorganism; HFG, home 

food gardening; IoT, internet of things; WBEEP, whole-body edible and elite plant.
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gap between kids and nature, as well as harvesting edible horticultural 
crops for domestic consumption are the prime motivator to 
engagement in HFG before, during, and after the COVID-19 
pandemic (Taylor et  al., 2017; Diekmann et  al., 2020; Lal, 2020; 
Chalmin-Pui et al., 2021; Perez-Lugones et al., 2023). A varied and 
colorful home garden decorated with various vegetables and fruits 
may be turning into a common sight in the future (Santos et al., 2022). 
In addition, from an ecological perspective, HFG can lessen the 
impact of heat islands, ameliorate residential microclimate, as well as 
contribute to conservation and maintenance of diversity of plants with 
local characteristics (Furlan et al., 2017; Saroinsong et al., 2021; Hong 
and Zimmerer, 2022; Patel et  al., 2022; Humaida et  al., 2023; 
Korpelainen, 2023; Visvanathan et al., 2023).

The primary focus of this review is to gather and discuss the most 
recent reports on the developments and problems related to HFG 
found in the scientific literature. It also suggests viewpoints based on 
the state of the field in order to serve as a guide for future HFG 
research and development.

2 Advances

2.1 Cultivated species for HFG

In comparison to seeds grown in farmlands, seeds grown in home 
gardens should exhibit greater in variety, be easier to cultivate, adapt 
well to residential environments (e.g., tolerate urban heat), wrapped 
in smaller packages, and not require large spaces (Richardson and 
Arlotta, 2022; Cruz et al., 2023). Urban farmers who are disconnected 
from the land often turn to the Internet for advice on cultivating 
plants. As a result, many content creators and Internet celebrities who 
are knowledgeable about HFG (HFG-savvy) share their extensive 
experience and suggestions through various social media platforms 
such as YouTube, Bilibili, TikTok, RED, Twitter, and Facebook. These 
HFG-related works cover a wide range of edible plants, including root 
vegetables and crops (e.g., onion, turnip, radish, potato, sweet potato, 
carrot, and ginger), liana and fruit vegetables (e.g., melon, watermelon, 
cucumber, tomato, eggplant, chili pepper, and Japanese pumpkin), 
leafy vegetables (e.g., basil, rosemary, thyme, coriander, romaine 
lettuce, spinach, water spinach, cabbage, savoy, kale, garlic seedling, 
spring onion, Chinese chive, and scallion), sprouts (e.g., mung bean 
sprout, soybean sprout, pea sprout, and broccoli sprout), berry fruits 
(e.g., strawberry, blueberry, and raspberry), and citrus fruits (e.g., 
kumquat and lemon).

Additionally, the selection of HFG varieties depends on climates, 
seasons, available spaces and other conditions (Baliki et al., 2023; Cruz 
et al., 2023). For instance, some heat-tolerant vegetables like water 
spinach (Ipomoea aquatica Forssk.) (Khosa et al., 2023), and okra 
(Abelmoschus esculentus L.) (Khan et  al., 2022), can be  cultivated 
during summer. During winter, hardy vegetables like spinach 
(Spinacia oleracea L.) (Yoon et al., 2017), and Chinese chive (Allium 
tuberosum Rottl. ex Spr.) (Wang et al., 2024) can be selected. In places 
with insufficient lighting, such as low-rise balconies, poor-light-
tolerant vegetables such as Chinese chive (Allium tuberosum Rottl. ex 
Spr.) (Wang et al., 2024), and various sprouts are more appropriate for 
HFG (Le et al., 2021).

More than 100 edible plant taxa from 25 families which is suitable 
for HFG were identified previously (Taylor et al., 2017; Boneta et al., 

2019; Thamilini et al., 2019; Suwardi et al., 2023). In the following text, 
we will provide detailed introductions for a selected subset of these plants.

2.1.1 Potato
Potato (Solanum tuberosum L.) is considered one of the ideal 

staple foods for HFG due to its numerous merits. These include: (1) 
high harvest index, (2) high tuber production, (3) starchy tubers 
providing ample nourishment, (4) uncomplicated cultivation 
requirements, (5) adaptability to environmental stresses and low soil 
fertility, (6) relatively long shelf life, (7) simple food processing 
demands, and (8) asexual propagation through tubers for steady 
nutritional component regeneration (Wiersema and Booth, 1987; 
Coffin et al., 1993; Boivin et al., 2020; Devaux et al., 2021; Liu et al., 
2021). Domestic potted potatoes are shown in Figure 1.

Potato is an important food security crop and has long been 
regarded as a “super food” (Devaux et al., 2021). In the science fiction 
film “The Martian”, the protagonist, an astronaut and botanist played by 
Matt Damon, grows potatoes to survive on Mars. This fictional scenario 
is now becoming a potential reality. Chinese scientists have been 
dedicated to biotechnological advancements in space agriculture and 
have proposed the Whole-Body Edible and Elite Plant (WBEEP) strategy 
for potato improvement. This strategy aims to address the inherent 
problem of toxic solanine in potato plants, specifically in the aerial 
portions such as stems, leaves, and berries, which are currently inedible 
(Liu et al., 2021). On the basis of genetic modification that can block the 
biosynthesis of solanine, the WBEEP-potatoes, whose whole bodies are 
edible, might be created in the future and subsequently applied in HFG.

2.1.2 Tomato
Tomato (Solanum lycopersicum L.), a staple of Italian and Latino 

cuisines, enriched with essential nutrients and bioactive antioxidant 
compounds, has become a worldwide vegetable (or fruit, as some 
insist) (Perveen et al., 2015). Statistically, in the United States, among 
all HFG vegetables, tomato is the most popular one (Cruz et al., 2023). 
Non-miniature tomatoes with indeterminate growth characteristics 
require the application of plant growth regulators (e.g., paclobutrazo) 
to achieve compact potted plants for HFG (Melo et al., 2018; Cruz and 
Gómez, 2022). In comparison to non-miniature counterparts, dwarf 
or miniature tomatoes (Figure 2) have smaller plant canopy diameters, 
shorter internodes, and pedicels. These features offer several 
advantages, including strong resistance to lodging damage, suitability 
for diminutive space, and the absence of pruning requirements, which 
are crucial for HFG (Melo et al., 2018; Zhao et al., 2023). Several dwarf 
and semi-dwarf tomato varieties with well-proportioned plant 
architectures and eaten fruits, such as “Micro Gold” (Zhao et  al., 
2023), “Micro Tom” (Ke et al., 2022), “Red Robin” (Richardson and 
Arlotta, 2022), “Sweet ‘n’ Neat” (Richardson and Arlotta, 2022), 
“Terenzo” (Richardson and Arlotta, 2022), “Tiny Tim” (Richardson 
and Arlotta, 2022), and “Tumbler” (Richardson and Arlotta, 2022), 
have been developed as HFG tomato varieties. In addition, a study 
demonstrated that “Terenzo” and “Tumbler” achieve the highest yield, 
while “Micro Tom” is the least productive variety among six dwarf 
tomato cultivars, including “Micro Tom”, “Red Robin”, “Sweet ‘n’ Neat”, 
“Terenzo”, “Tiny Tim”, and “Tumbler” (Richardson and Arlotta, 2022).

2.1.3 Leafy vegetables
Leafy vegetables have a short growth cycle and are essential 

sources of required vitamins and minerals for human beings (Yoon 

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org


Xu et al. 10.3389/fsufs.2024.1391732

Frontiers in Sustainable Food Systems 04 frontiersin.org

et  al., 2017). Figure  3 illustrates the abundant options of leafy 
vegetables used for HFG. As a layperson-friendly vegetable, romaine 
lettuce (Lactuca sativa L. var. longifolia) grows fast and can easily 
be  cultivated in human settlements using soil culture, substrate 
culture, or hydroponics (Majid et al., 2021; Noh and Jeong, 2021). A 
handful of leafy vegetables used for spices are also suitable for HFG, 
for instance, basil (Ocimum basilicum L.) and rosemary (Rosmarinus 
officinalis L.) (Aditya and Zakiah, 2022; Kim et al., 2022). Basil, also 
referred to as “more precious than gold” or “nine-storey tower” in 
China, is the main ingredient of Chinese cuisine such as Three Cup 
Chicken and Italian Pesto sauce (Tanzilli et al., 2023), and rosemary is 
routinely used for shish kebabs and beef steaks.

2.1.4 Sprouts
Sprouts (i.e., microgreens), a novel class of edible veggies 

harvested and consumed at an immature stage (Teng et al., 2023). As 
shown in Figure 4, with small plant sizes, sprouts are advantageous 
when planted in tiny balcony, kitchen windowsill or other compact 
places because of their better spatial efficiency (Teng et al., 2023). 
Additionally, sprouts are non-polluting green foods produced directly 
from seeds, have no intricate cultivation demands, and can be grown 
in soil or hydroponically in both light and dark environments (Reed 
et al., 2018; Le et al., 2021; Xiao et al., 2022). Healthwise, as functional 
edibles with anti-oxidant powerhouse credited with preventing some 
diseases, sprouts deliver richer nutrition than seeds, since they contain 
high levels of carbohydrates, dietary fibers, amino acids and health-
beneficial metabolites like polyphenols (Zhang et al., 2022; Nolasco 
et  al., 2023; Suathong et  al., 2024; Zhao et  al., 2024). Moreover, 
nutrient-rich food sprouts have been found to grow faster and can 
be harvested earlier compared to other vegetables. This quality makes 
them particularly valuable during times of major disruptions in the 

fresh product supply chain, as they effectively ensure the intake of 
required vitamins (Reed et  al., 2018; Zhang et  al., 2022). Hence, 
sprouts have captured more attention from HFG hobbyists with health 
consciousness (Supapvanich et al., 2019; Gilbert et al., 2023).

Traditional legume seed sprouts, such as pea sprouts (Pisum 
sativum L.), are widely consumed and highly popular in various 
regions around the world. They are particularly favored in Southwest 
China, including Sichuan Province and Guizhou Province, as well as 
in several Asian countries like Japan, Korea, and Thailand. This 
popularity can be attributed to their desirable qualities, including 
crispness, tenderness, fresh fragrance, and significant nutritional value 
(Lin et al., 2023; Suathong et al., 2024). In recent years, plentiful novel 
sprouts with functions differed from legume seed sprouts are 
emerging, such as the broccoli sprouts rich in glucosinolates and 
sulforaphane (Guo et  al., 2016), the coriander sprouts rich in 
phylloquinone and tocopherols (Rajan et al., 2019), and the rapeseed 
sprouts rich in glucosinolates and selenium (Xiao et al., 2022), the 
presence of these sprouts greatly expands the choices for HFG, and 
provides urbanite with more comprehensive nutrition.

2.1.5 Strawberry
Fruits are an important component of the human daily diet, but 

HFG fruits available are obviously few compared with vegetables. 
Strawberry (Fragaria × ananassa Duch.), a perennial herb, cultivated 
worldwide due to the vibrant color, fragrant flavor, succulence, 
distinctive sweetness, high nutritional value (e.g., rich in minerals, 
vitamins, anthocyanins, carotenoids, and polyphenols) and health 
benefits, is ideally suited for HFG owing to their small size and 
relatively lower light requirements (Tulipani et al., 2011; Battino et al., 
2021; Hardigan et al., 2021; Martín-Pizarro et al., 2021; Wang et al., 
2022; Avendaño-Abarca et al., 2023; Zheng et al., 2023; Liu et al., 

FIGURE 1

Domestic potted potatoes.
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2024). Domestic potted strawberry cultivation is shown in 
Figures  5A,B. The trend of HFG opens a novel dimension to 
strawberry cultivation (Olbricht et al., 2014). Besides common white-
flowered strawberries, there are also red-flowered and pink-flowered 
varieties that have been developed through distant hybridization 
(Fragaria × Potentilla), which have gained popularity among urban 
gardeners for their use in landscaping and potted viewing (Ding et al., 
2019; Liu et al., 2021). A pink-flowered strawberry cultivar is shown 
in Figures 5C,D. As eye catchers, the red-flowered and pink-flowered 
strawberries with unique flower morphological characteristics (e.g., 
semi-double flowers in succession), diverse petal colors (i.e., covers 
the whole red series, flower colors range from light pink to deep red), 
relatively long florescence, strong ability to reproduce, edible and 
ornamental values are “add flowers to the brocade” for HFG, 
commanding a markedly higher selling price and economic value 
distinguished from common white-flowered strawberry varieties (Xue 
et al., 2016; Ding et al., 2019; Xue et al., 2019; Guan et al., 2023). 
Actually, there is an immense market potential for ornamental 
strawberries in the post-epidemic era (Guan et al., 2023).

With a history of over 60 year efforts in modern ornamental 
strawberry breeding, breeders have successfully developed a broad 
assortment of pink-flowered and red-flowered strawberry cultivars 

with independent intellectual property rights (Mabberley, 2002; 
Khanizadeh et al., 2010; Xue et al., 2015; Ding et al., 2019; Bentvelsen 
and Vange, 2021; Yue et al., 2022; Guan et al., 2023). For instance, ABZ 
Seeds, a Dutch breeding company dedicated to the development of F1 
hybrid seed-propagated strawberry cultivars, has delved into 
ornamental strawberry breeding and released a series of superior 
ornamental strawberry varieties full of aesthetic morphological 
attributes, such as “Summer Breeze Cherry Blossom”, “Summer Breeze 
Rose”, “Gasana” and “Toscana” in the market (Bentvelsen and Bouw, 
2006; Bentvelsen and Vange, 2021). Table 1 provides an overview of 
the some institutions involved in ornamental strawberry breeding and 
the varieties they have developed.

2.2 Devices available for HFG

Actually, some kind of cultivation points, such as precise or 
appropriate fertilization, irrigation, temperature and light 
managements, are hard to novices of HFG. Thus, inexperienced urban 
gardeners require suitable equipment that is not difficult to utilize. 
Some novice-friendly cultivation systems, which can automatically 
and continuously adjust environmental conditions, including 

FIGURE 2

Domestic potted dwarf tomatoes.
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FIGURE 3

Leafy vegetables cultivated in residences.

FIGURE 4

Self-production of sprouts at home.
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photoperiod, light intensity, humidity, temperature, soil moisture level 
and nutrient solution irrigation. These systems help minimize 
environmental fluctuations and achieve precise control over the plant 
growth environment (Kim et  al., 2022). Currently, there are four 
cultivation patterns of HFG, including soil culture, substrate culture, 
hydroponics, and aquaponics (Kyaw and Ng, 2017; Suárez-Cáceres 
et al., 2021; Richardson and Arlotta, 2022). In fact, almost all HFG 
plants can be grown in the soil and substrate. Some plants suitable for 
hydroponics at home and their cultivation points are shown in Table 2 
(Baras, 2018). Plants suitable for hydroponic cultivation are also 
suitable for aquaponics.

2.2.1 Light supplementation equipment
Plant growth and development are significantly influenced by 

light since it has an impact on the energy metabolism of plants. 
Insufficient exposure to light during plant growth hinders carbon 
dioxide (CO2) absorption and assimilation, which lowers 
photosynthetic efficiency and impacts agricultural productivity (Deng 
and Deng, 2018). However, a typical issue in HFG is inadequate 
lighting, especially on low-rise balconies where low-intensity scattered 
light is the norm, thus light supplementation is very important. 
Traditional light supplementation devices are considerably power-
consuming. Daylight harvesting is a technique extensively utilized in 
protected agriculture, which can effectively modulate supplemental 
lighting been based upon sunlight (Bhuiyan and van Iersel, 2021). 
Some individuals interested in new things opt for high-end automated 
machines equipped with advanced features such as plant lighting 
devices with daylight harvesting capabilities. These devices have an 
intelligent adjustable light function that emits supplemental light 

based on photosynthetic active radiation. They are particularly useful 
for HFG plants that are typically deprived of sunlight in balconies or 
other areas. For instance, a novel micro indoor smart hydroponics 
system, named Adpatalight, utilizes Internet of Things (IoT) 
technology. This system harvests ambient light by utilizing an 
inexpensive AS7265x IoT sensor to measure photosynthetic active 
radiation, resulting in a significant reduction in energy consumption 
(Stevens et al., 2022).

2.2.2 Substrate cultivation system
Soil-based HFG may pose a contamination risk due to urban soil, 

besides, low fertility, low organic matter, decreased activity and 
diversity of soil organisms, as well as high concentrations of stones, 
gravels, and artifacts are frequently found in urban soils. These 
elements may have a detrimental effect on horticultural crop 
productivity, rendering urban soils unsuitable for HFG, therefore, 
utilizing inert and clean substrates is an effective solution (Ercilla-
Montserrat et  al., 2018; Izquierdo-Díaz et  al., 2023). Spanish 
researchers found that the output of a open-air rooftop soilless home 
food garden based on perlite bag culture, can achieve a high degree of 
self-provisioning for a two-member household (Boneta et al., 2019). 
Now in China, there are some substrate-based vertical system used for 
HFG, two of them are shown in Figure 6.

2.2.3 Hydroponic systems
The discrepancy between hydroponics and traditional cultivation 

is that hydroponics has no demand for plowing field and weeding, 
also, it can reduce even eliminate the application of pesticides, making 
HFG more feasible and convenient in urban settings where space is 

FIGURE 5

Domestic potted strawberries (A) and (B), a pink-flowered strawberry cultivar (C) and (D).
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limited (Solis-Toapanta et al., 2020; Noh and Jeong, 2021). In actuality, 
hydroponic systems include aeroponics, wick watering, DWC (Deep 
Water Culture), DFT (Deep Flow Technique), NFT (Nutrient Film 
Technique), and more. The wick watering system is the most basic and 
low-maintenance of all the hydroponic systems. Because of this, it 
works well for small plants like lettuces and strawberries and is 
therefore more appropriate for HFG. Furthermore, hydroponics 
combined with a vertical system can achieve higher yield of leafy 

vegetable production in a compact space (Rajan et al., 2019), two 
hydroponic systems are shown in Figure 7. In a recent development, 
Malaysian scientists have introduced a smart hydroponic system 
called SMART GROW, which utilizes Internet of Things (IoT) 
technology. This system offers several advantages, including minimal 
space requirement, cost-effectiveness, automated water level 
regulation, and the ability to cultivate various edible plants at home 
(Shin et al., 2024).

TABLE 1 Some breeding institutions of ornamental strawberry and their bred varieties.

Breeding institutions Varieties References

ABZ Seeds

Florian

Bentvelsen and Vange (2021)

Frisan

Gasana

Merlan

Pikan

Red Ruby (i.e., Feanor)

Roman

Ruby Ann

Summer Breeze Cherry Blossom

Summer Breeze Rose

Tarpan

Toscana

Tristan

Agriculture and Agri-Food Canada, Horticulture Research and 

Development Center

Rosalyne
Khanizadeh et al. (2010)

Roseberry

Jiangsu Academy of Agricultural Sciences
Zijin Fenyu

Guan et al. (2023)
Zijinhong

Shenyang Agricultural University

Fenyun Yue et al. (2022)

Pink Beauty

Ding et al. (2019)Pink Princess

Pretty Beauty

Red Rose Xue et al. (2015)

Sijihong
Guan et al. (2023)

Xiaotaohong

University College London Pink Panda (i.e., Frel) Mabberley (2002)

TABLE 2 Some plants suitable for hydroponics at home and their cultivation points.

Plants Optimum temperature (°C) Optimum pH of 
nutrient solution

Optimum electrical 
conductivity of nutrient 

solution (ms/cm)Germination Nutrient solution Air

Basil 18–24 21–24 21–27 5.5–6.0 1.8–2.3

Capsicum 24–27 18–21 24 5.5–5.8 1.4–1.8

Kale 24–30 15–24 15–33 5.5–6.5 1.2–2.3

Lettuce 15–21 18–21 18–24 5.5–6.0 1.8–2.3

Spinach 7–18 10–21 18–24 5.5–6.0 0.7–2.3

Strawberry 21 15–21 15–27 5.5–6.0 0.8–1.2

Tomato 24–27 18–24 15–24 5.5–6.0 1.2–2.5
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2.2.4 Aquaponics equipment
Aquaponics, considered as a bio-integrated system mimicking a 

complex ecosystem, is composed of beneficial bacteria (e.g., 
heterotrophic bacteria and nitrifying bacteria), recirculating 
aquaculture and hydroponic cultivation (Wongkiew et al., 2017). This 
environmentally friendly system utilizes the nitrogen in aquaculture 
effluent as nutrients for hydroponic plant growth. At the same time, 
the plants purify the water, creating a suitable environment for the 
culture of aquatic animals such as pearl gourami (Trichogaster leerii), 
carp (Cyprinus carpio), tilapia (Oreochromis mossambicus), catfish 
(Clarias gariepinus), and shrimp (Litopenaeus vannamei). By 
combining these elements, aquaponics effectively addresses the 
individual limitations of each component (Makhdom et al., 2017; 
Wongkiew et  al., 2017; Pineda-Pineda et  al., 2018; Goddek and 
Keesman, 2020; León-Cañedo et al., 2023). Aquaponics has gained 
rapid development and wide application in home food production due 
to its high resource utilization rate, absence of chemical fertilizers and 

antibiotics, low consumption, high efficiency, and sustainability (Kyaw 
and Ng, 2017; Wongkiew et al., 2017; Li et al., 2018; Suárez-Cáceres 
et al., 2021). A study has shown that aquaponics can provide equal or 
higher nutrient content for lettuce compared to traditional 
hydroponics. Additionally, the highest lettuce yield was achieved when 
treating with 120% of the recommended fish diet (Pineda-Pineda 
et al., 2018).

A smart aquaponics system has been designed and developed by 
scientists in Singapore for HFG. The system is primarily used for 
producing water spinach and raising tilapia (Kyaw and Ng, 2017). 
Equipped with various sensors, actuators, microcontrollers, and 
microprocessors, the system is able to monitor and regulate water 
quality, light intensity, and aquatic animal feed (Kyaw and Ng, 2017). 
If any abnormal system state is detected by the sensors, the user will 
automatically receive early warnings from the system, and the 
actuators will rectify the abnormal conditions without any human 
intervention (Kyaw and Ng, 2017). The dispensing of aquatic animal 

FIGURE 6

Two vertical substrate-based systems used for leafy vegetables.

FIGURE 7

Two vertical hydroponic systems used for leafy vegetables.
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feed is done according to the user’s preset timings (Kyaw and Ng, 
2017). The extent of self-provisioning in aquaponic systems is heavily 
dependent on their size. In the past, achieving a high degree of self-
sufficiency from a small-scale aquaponic system was considered 
nearly impossible due to space constraints and limited productivity. 
However, recent advancements have led to significant progress in this 
area. Researchers in Spain have successfully developed two micro-
scale domestic aquaponic systems, which consist of a 4.56 m2 cropping 
area and a 1 m3 fish tank. Excitingly, the results of their study 
demonstrated that these home-based aquaponic systems can annually 
produce 62 kg of tilapia and 352 kg of 22 different agricultural 
products, including tomatoes, peppers, melons, pumpkins, 
cucumbers, basil, broccoli, cabbage, Chinese cabbage, onions, chard, 
and lettuce (Suárez-Cáceres et al., 2021). The output can provide self-
sufficiency along with dietary diversity for a four-member household 
throughout the year (Suárez-Cáceres et al., 2021). Compared to other 
cultivation patterns like the rooftop system mentioned earlier, 
aquaponics is more likely to have higher productive efficiency in 
supporting self-provisioning (Boneta et al., 2019).

2.2.5 Sprouts production devices
Paper-based sprout garden is a system suitable for home-grown 

sprout production, it is based on a piece of absorbent paper with 
watering at regular intervals and can harvest after 10 to15 days of 
growth given the optimum environments. At present, there are 
multifarious grow plates and racks available for picking on the basis 
of spatial layout of residence (Li et al., 2023). Additionally, for those 
new to sprout cultivation, user-friendly microgreen growth kits like 
the one introduced by Hamama, Inc. are also recommended options 
(Teng et al., 2023).

2.3 Technologies available for HFG

2.3.1 Hydroponic technologies
The constituents of the nutrient solution have a significant 

impact on the yield and quality of hydroponic crops. Ssamchoo 
(Brassica lee ssp. namai cv. Ssamchoo) is a vegetable commonly used 
in Ssam, a Korean specialty food. However, cultivating Ssamchoo 
hydroponically poses challenges due to its sensitivity to the 
composition and concentration of the nutrient solution (Noh and 
Jeong, 2022). A research reported that nutrient solution (the ratio 
of NO3

− to NH4
+ to urea is 50: 25: 25) combined with silicon 

(10.7 mmol L−1) is suitable for planting Ssamchoo in a household 
hydroponic system. This optimized nutrient solution not only 
allows for achieving the highest yield but also effectively mitigates 
the harmful effects of ammonium on Ssamchoo (Noh and 
Jeong, 2022).

2.3.2 Ordinary home composting and black 
soldier fly larvae-based composting technologies

High-quality soils are often not readily available in urban 
residential areas. In addition, soilless substrates used for HFG typically 
lack sufficient nutrients. Therefore, it is essential to enhance soil 
fertility and functionality by applying some fertilizers, such as 
chemical fertilizers, homemade composts or commercial organic 
fertilizers (Lal, 2020; Shrestha et  al., 2020; Dorr et  al., 2023). For 
cutbacks in expense of chemical fertilizers and organic composts used 

for HFG, many urban gardeners opt to prepare small-scale home 
composts themselves (Gao et al., 2022). Biodegradable kitchen waste, 
such as meat or fish scraps, and urban green waste, such as fallen 
leaves and chopped grasses, can be transformed into valuable assets 
through the production of home-made composts. This practice aligns 
with the principles of a circular economy and sustainable agriculture 
(Storino et al., 2016; Hou et al., 2024).

Effective Microorganism (EM), originated from Japan, is one of 
the useful additives for composting (Fan et  al., 2018). A research 
revealed that the practice of home-scale composting inoculated with 
the activated EM, is able to significantly reduce the smelly odor during 
the decomposition, promote humification of raw composting 
materials, as well as increase the decomposition rate of fat (Fan et al., 
2018). In another study, it was found that regular urban gardeners 
were able to effectively compost kitchen waste indoors by adding EM 
and lime at a rate of 1% of the wet weight of the feedstock. This 
homemade compost also led to improved seed germination for most 
families (Gao et al., 2022). Bacillus thuringiensis (Bt) is a pathogen 
with potent pesticidal activity (Jurat-Fuentes et  al., 2021). More 
recently, Spanish researchers have presented an approach to produce 
Bt-enriched home-scale compost through an uncomplicated 
procedure and low-input process (Ballardo et al., 2020). The efficiency 
of home composting also need to be focused on. A study demonstrated 
that a period of 12 to 15 months may be suitable for the development 
of home composting (Tatàno et al., 2015). However, another research 
reported that it only takes 21 days to convert food wastes to composts 
just with minor alkalinity (Margaritis et al., 2023). The discrepancy 
between these two studies could be  attributed to the varied 
additives used.

Actually, compare to time-consuming composting, there is a more 
efficient approach to kitchen waste treatment—black soldier fly larvae-
based composting (Nguyen et al., 2015). Black soldier fly (Hermetia 
illucens L.) is an insect commonly utilized for the bio-conversion of 
kitchen waste. Its larvae efficiently convert various organic wastes into 
nutritious insect proteins and fats, while also reducing the content of 
antibiotics and decreasing the abundance of resistance genes 
commonly found in ordinary home-produced composts (Liu et al., 
2017; Cai et al., 2018; Liu et al., 2020). As a fat-rich and protein-rich 
feed source, black soldier fly larvae can be used for feeding aquatic 
animals if small-scale aquaponic systems are already equipped in the 
residence (Qiu et al., 2023).

2.3.3 Light and temperature management 
technology

Regulating photoperiod and temperature can be beneficial for 
urban gardeners in effectively controlling the growth and harvest time 
of HFG plants. According to Korean scientists, for romaine lettuce 
(Lacteal sativa L. var. longifolia), a temperature setting of 25/18°C 
together with a photoperiod of 14 h were the most suitable for 
hastened growth. On the other hand, a temperature of 20/15°C 
combined with an 18 h photoperiod was deemed suitable for delayed 
growth (Noh and Jeong, 2021).

2.3.4 Domestic sprouts production technology
While it is advisable to minimize the use of chemical agents, it is 

crucial to apply them judiciously in order to achieve high yields and 
ensure the safety of harvested produce in HFG systems (Gilbert et al., 
2023). For instance, employing safe chemicals such as dilute domestic 
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bleach (0.6% sodium hypochlorite) and freshly generated hypochlorous 
acid (800 ppm chlorine) for seed disinfestation practices can effectively 
suppress seed-borne bacterial and fungal infections, thereby 
preventing food contamination (Ding et al., 2013; Gilbert et al., 2023).

3 Current issues

3.1 Space constraints

Actually, a substantial private backyard is an ideal place to 
implement HFG. However, with urban consolidation, more lands are 
being occupied, leading to a reduction or elimination of backyards. 
Consequently, the available space suitable for HFG has significantly 
decreased (Burgin, 2018). Deficiency of enough space outdoors has 
become the main barrier to implement home composting, thus, HFG 
are transferring indoors (Deng and Deng, 2018; Kunszabó et al., 2022; 
Cruz et al., 2023). Nonetheless, owing to the dramatically enhanced 
density of housing, along with the urban space is at a premium in 
megacities, a great deal of housing estate developers presently are apt 
to omit home gardening areas, mainly residential balconies and 
terraces. Instead, they allocate more space for other public landscapes 
like lawns for exercise and street trees, or for car-parking bays in new 
housing schemes, consequently potential spaces for HFG is more 
compact than some existing old residential quarters, and in some 
cases, there may be  no space available at all (Burgin, 2018; 
Chalmin-Pui et  al., 2021). A more demise of the spaces for HFG 
occurred worldwide, as a consequence, HFG is considered a luxury in 
particular in several megacities nowadays, as well as most often the 
purview of the “upper class” rather than the “middle class” and 
“working class”, simultaneously, making plant architecture that has 
excellent adaptability in a small volume space become the most ideal 
plant architecture and highest priority breeding objective for HFG 
(Burgin, 2018; Cruz et al., 2023; Ma et al., 2023). Besides, the demand 
of wall-type cultivation infrastructure used for HFG is also increasing 
because of space constraints.

3.2 Underlying harms for buildings

When implementing HFG, the construction of balconies and 
terraces in most buildings poses new challenges in terms of building 
loading capacity, leak proof systems, waterproofing, and drainage. 
This is mainly because these areas were not originally designed to 
accommodate the necessary supporting infrastructures for HFG. In 
other words, the planning field was previously unaware of the specific 
requirements of HFG (Burgin, 2018). In addition, there is a risk of soil 
and substrate leakage from planting containers, which can potentially 
cause blockages in residential drainage pipes.

3.3 Lack of government policy support

The initiatives for urban HFG have been predominantly driven by 
governments. Many countries, such as Australia, are addressing the 
lack of space for HFG with the support of governmental agencies 
(Burgin, 2018). However, in developing countries, government policy 

support for HFG is rare. Interestingly, in Australia, certain local 
governments like Canberra, Brisbane, and Perth, are even permitting 
adjacent household owners to use street areas for HFG, which is hard 
to imagine and achieve elsewhere (Burgin, 2018). Actually, soil-based 
or substrate-based HFG heavily relies on compost-derived nutrients, 
with meat scraps being a crucial feedstock for homemade compost. 
However, it is important to note that in certain European countries, 
composting meat waste is prohibited due to regulations such as the 
Animal By-Products regulation (Storino et al., 2016).

3.4 Labor- and time-intensive procedures

Without a doubt, some HFG practices are labor-and time-intensive. 
These include pruning, weed removal, replacing soil, and providing 
ongoing care for HFG crops over their whole life cycle. For some 
leisurely people who embrace HFG and can allocate adequate time to 
tend to plants, like retired elderly people in good physical condition, it 
provides gentle exercise together with joy. However, for others who find 
it difficult to take time away from their regular housework or work, such 
as exhausted working mothers who wear two hats, HFG can be a source 
of real torture (Perez-Lugones et  al., 2023). Obviously, it is not a 
consideration of busy people unless some of ones are obsessed with HFG.

3.5 Relatively high input costs

Throughout history, the main motivation for low-income home 
gardeners to grow agricultural products instead of purchasing in the 
market, increases substantially in times of economic crisis or situations 
with economic downturn (Burgin, 2018; Perez-Lugones et al., 2023). 
But more recently, a number of cases are against the original intention. 
Some newly designed devices used for HFG is costly with low 
efficiency. For example, micro indoor smart hydroponics systems 
designed by a research team consisting of scientists from 
United Arab Emirates and Australia, have the apparently prohibitive 
costs in power consumption and equipment expense (Stevens 
et al., 2022).

3.6 Deficiency of planting experience

In general, urban horticultural neophytes do not have much 
knowledge that how to carry out HFG in an appropriate approach 
(Oberholtzer et  al., 2014; Kunszabó et  al., 2022). Novice home 
gardeners frequently encounter issues such as root maceration due to 
excessive irrigation, seedling burn caused by overfertilization, and 
phytotoxicity resulting from improper pesticide and fungicide 
concentrations. Despite their efforts to learn various planting 
techniques, urban gardeners still face significant knowledge gaps. 
Certain crops, like tomatoes and eggplants, require complex pruning 
throughout their growth period to avoid a tangle of branches and 
leaves and to ensure optimal fruit yield (Srinivasan and Huang, 2009; 
Appolloni et al., 2023; Wang et al., 2023). While young city dwellers 
have relatively easy access to planting experience and techniques, the 
elderly, especially those without electronic equipment or proficiency 
in its use, struggle to obtain planting knowledge.
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3.7 Unguaranteed seed quality, vanishing 
heirlooms, and scarcity of cultivar selection 
information

Contemporarily, a switch from a preference for inedible 
ornamental plants to fruit seedlings and vegetable seeds has occurred 
among urbanite (Perez-Lugones et  al., 2023). However, there is a 
shortage of specialized varieties for HFG, which hinders its widespread 
adoption and application (Sykes et al., 2021). Mystery boxes are much 
the rage today in China. In the context of HFG upsurge, mystery seed 
boxes or blind seed boxes (i.e., randomly selected different seed 
varieties that are mixed in a package) have gripped consumers, 
becoming one of the bestsellers on e-commerce platforms due to the 
pleasure surprise. As shown in Figure 8, mystery box tomato fruits 
exhibit different phenotypes. However, there is a considerably obvious 
downside to mystery seed boxes purchased from some online stores. 
The pedigrees of these seeds are typically unknown, and they may 
consist of segregating individuals or hybrids. As a result, the taste, 
yield, tolerance against environmental stresses, and resistance to 
pathogens and pests cannot be guaranteed (Ma et al., 2023). Actually, 
there are two main reasons hindering the development of the seed 
industry for HFG, one significant constraint is that parts of the urban 
residents lean toward getting access to the seeds free of cost, and 
another is that the market size of HFG plants is not big enough (i.e., 
on small-scale) to give impetus to the research and development of 
HFG species (Ma et al., 2023).

In order to achieve commercialization, the majority of seeds 
available for sale are hybrid seeds. These seeds are unable to produce 
viable seeds in the second generation due to the presence of multiple 
divergent characteristics in the fruits, such as varied colors, shapes, 
sizes, flavors, and textures (Osmani et al., 2023). Therefore, growers 
are required to purchase new seeds every year, particularly in regions 

with well-established formal seed systems (Osmani et al., 2023). In 
contrast, heirloom varieties can be  preserved by seed owners for 
generations (Jordan, 2007). It is worth noting that while hybrid seeds 
are often favored for their resistance and productivity, there are some 
heirlooms that are widely grown and sold and are considered to have 
superior flavor compared to commercial hybrid varieties (Joseph et al., 
2017; Tieman et al., 2017). From the perspective of some relatively 
nonwealthy or needy amateur gardeners apt to cut the cost of seeds 
and preserve seeds themselves, heirlooms can be excellent choices, 
albeit this may slightly dampen the breeding enthusiasm of some 
breeders. However, every coin has two sides, indeed, those heirloom 
varieties bearing a wide diversity of colors, shapes, resistances, flavors 
and other traits can be utilized by breeders targeting to improve crop 
properties, such as flavor, mouthfeel, appearance and other 
organoleptic traits (Jordan, 2007; Joseph et al., 2017). Nowadays, in 
several European countries, Australia and North America, heirloom 
varieties are ordinarily sold in the market, but in China, they are 
vanishing gradually (Joseph et al., 2017; Burgin, 2018; Constantino 
et  al., 2022). Consequently, now there is before agriculture 
professionals an imperative than previously in collection, preservation, 
and resurgence of precious heirlooms for posterity. In addition to 
official efforts, a non-governmental team in China called Seed Hunter 
is dedicated to reviving heirlooms. In aggregate, more efforts are 
required for the preservation and utilization of heirlooms.

As is known to all, in different geographical settings, regionally-
appropriate plants are varied. As a result, knowledge based on research 
on regionally-specific varieties is extremely valuable and may serve as 
a reliable source of reference for novices in HFG when they come to 
choosing and caring for plants (Sykes et al., 2021). However, regional 
performance assessment data of HFG plants are now extremely rare 
due to the high cost of experiments but lack of relevant financing and 
a scarcity of researchers in the unheeded field (Sykes et al., 2021).

FIGURE 8

Collection of mystery box tomato fruits (primarily cherry tomatoes).
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3.8 Weak light and changing weather 
conditions

Photosynthesis is vital for plants, the stronger the light, within a 
certain range of light intensity, the higher the photosynthesis rate (Deng 
and Deng, 2018). However, poor light is a common hurdle in HFG, 
particularly on low-rise balconies where low-intensity scattered light 
predominates. This makes many crops less productive, including 
tomatoes, which need a much higher daily light integral than most leafy 
vegetables (Burgin, 2018). Compact pepper and tomato cultivars are 
widely used for HFG, however, research has shown that indoor UV 
radiation deficiency typically causes compact pepper cultivars to become 
susceptible to intumescence, significantly lowering the aesthetic value of 
pepper seedlings (Cruz et al., 2023; Suarez et al., 2023). Climate change 
has caused extreme weather to occasionally affect protected fields, not 
to mention HFG sites without shelter. Typhoons, frosts, hailstorms, and 
heat injuries have become commonplace, making it difficult for HFG to 
operate outdoors and ultimately leading to a failure to improve food 
self-provisioning (Du Toit et al., 2022; Darge et al., 2023).

3.9 Annoying pests, phytopathogens, and 
birds

Pests, phytopathogens and birds exact a toll on HFG (Scott et al., 
2004; Depenbusch et al., 2022). For instance, vegetables and fruits, 

especially with vibrant color, like tomatoes and strawberries grown in 
the open-air balconies and terraces without application of insect-proof 
screens, are frequently eaten by birds (Figure 9). Furthermore, pests 
like western flower thrips, aphids, spider mites, and leaf miners, as well 
as phytopathogens like Botrytis cinerea and Alternaria solani, can 
cause frustration for horticultural beginners (Perez-Lugones et al., 
2023). The heavy soil and the relatively high cost of commercial 
substrate make many urban growers reluctant to replace them, leading 
to obstacles in continuous cropping unless comprehensive disinfection 
and appropriate crop rotation are implemented.

3.10 Poor quality of urban soils

In situations where space is no allotment, urban gardeners may 
resort to creating small-scale gardens like roof gardens, and 
implementing HFG with domestic cultivated containers (Burgin, 
2018; Baliki et al., 2023). But urban individuals usually have no soil in 
their homes. Due to budget constraints, most of them are inclined to 
collect soil adjacent to residential dwellings. The proliferation of HFG 
is a contributing factor to paying close attention to urban soil quality 
by part of citizens. Urban soils are often characterized by compaction, 
low fertility, limited organic matter, reduced activity and diversity of 
soil organisms, and high levels of stones, gravels, and artifacts. These 
factors can negatively impact the productivity of horticultural crops, 
making urban soils unsuitable for home food production (Lal, 2020).

FIGURE 9

Tomatoes and strawberries pecked by birds.
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3.11 Health risks, even life dangers

Sometime, HFG may result in some disease dissemination, for 
example, Australian scientists revealed that toxigenic Clostridium 
difficile present in the home garden environment (e.g., soil, compost, 
and manure) contributes to the C. difficile infection in the community, 
which may lead to diarrhea, and even severely result in death 
(Shivaperumal et al., 2020).

Ventilation can result in heat losses, especially on cold days (Tien 
et al., 2021). During winter, people often reduce the frequency of 
ventilation to maintain ambient temperature, particularly at night. 
However, indoor farming plants serve as effective air purifiers during 
the day, releasing oxygen and reducing air pollutants such as 
formaldehyde, toluene, and benzene from new furniture and 
household decorations. It is important to note that these plants also 
produce CO2 at night (Deng and Deng, 2018; Kumar et al., 2023).
Without or lack of periodic ventilation, combined with CO2 generated 
by human respiration, CO2 will accumulate soon in indoor space. 
Evidence showed that elevated concentration CO2 in human-residing 
environment may result in attention deficit, fatigue, and drowsiness 
(Wyon, 2004). Indeed, as a crassulacean acid metabolism plant, aloe 
(Aloe vera L.) is one of ideal indoor HFG plants, which can 
continuously absorb CO2 during the night (Winter et al., 2005).

As widely acknowledged, falling objects pose a significant threat, 
with severe cases even leading to fatalities (Grivna et al., 2015). In 
adverse weather conditions such as typhoons, potted plants lacking 
adequate stabilization are prone to toppling and causing potential  
hazards.

Urban soils in industrialized cities can contain high levels of 
contaminants, such as heavy metals and organic pollutants (e.g., 
petroleum hydrocarbons, antibiotics, microplastics), which can 
be emitted from sources like automotive exhaust. These contaminants 
have the potential to accumulate in the human body when 
consuming food grown in polluted soils, leading to various side 
effects, including carcinogenic risks (Gao et al., 2015; Manucharova 
et al., 2021; Nematollahi et al., 2022; Zhu et al., 2023; Lange et al., 
2024). While food contamination from polluted urban soil can 
be  addressed through the adoption of substrate culture or 
hydroponics, it is important to note that toxic heavy metals present 
in the atmosphere of densely populated areas may pose a threat to 
the safety of home-grown food (Izquierdo-Díaz et  al., 2023). 
Fortunately, theses toxic heavy metal particles primarily adhering to 
the leaf surface and that their absorption into the plant tissue is 
limited. Consequently, it is strongly advised to wash vegetables 
produced in urban gardens in order to minimize the possibility of 
ingesting toxins that may be adhered to surfaces (Izquierdo-Díaz 
et al., 2023).

Sprout production involves the seed germination process, which 
requires warm and moist conditions. However, these ideal conditions 
also create an optimal habitat for pathogens such as Salmonella and 
E. coli O157:H7 to proliferate. As a result, household sprout 
production is vulnerable to microbial contamination, which can lead 
to a certain probability of food poisoning and even pose a risk to life 
(Gilbert et al., 2023).

Nitrate is a main source of nitrogen for crops (Buoso et al., 2021). 
Excessive fertilization is a prevalent problem in HFG due to the lack of 
experience among urban inhabitants. In hydroponics, when the nutrient 
solution contains an excess of nitrate ions beyond the requirements of 
the crops, leafy species have the potential to accumulate excessive 

amounts of nitrate ions (Bian et al., 2020). However, high nitrate content 
in edible portions of crop plants renders harm to people who consume 
them (Bian et al., 2020). Ironically, the original motivation of several 
urbanite for carrying out HFG is the ongoing scare that arose from food 
contamination (Boneta et al., 2019).

While home composting markedly reduces the costs associated 
with collecting, transporting, and treating kitchen waste, and the use 
of home-produced compost for soil and substrate amendment is 
effective, it is important to consider some drawbacks. Urban growers 
often face issues with foul odors and nauseous leachate during the 
composting process. Additionally, homemade composts may contain 
heavy metals and various substances that contribute to antimicrobial 
resistance, posing risks to human health (Vázquez and Soto, 2017; 
Kohli et al., 2022; Kunszabó et al., 2022; Hou et al., 2024).

3.12 Water eutrophication

From an ecological perspective, the application of domestic 
composts often results in an excessive amount of phosphorus being 
applied, surpassing the nutrient requirements of plants. This can lead 
to the potential loss of phosphorus through leachate and runoff, 
ultimately causing water eutrophication (Small et al., 2019; Shrestha 
et al., 2020).

4 Future perspectives

Historically, the practice of supplementing domestic meals with 
agricultural products from HFG has “waxed and waned”. In the post-
epidemic era, the importance of HFG to support the household food 
self-sufficiency would have diminished in some countries or territories. 
HFG is no longer solely focused on food self-provisioning, it now 
encompasses various functions such as decoration, recreation, therapy, 
socialization, and education. Consequently, there continues to be a 
growing market and increased popularity of HFG, evident both in the 
media and real-life scenarios. However, it is important to acknowledge 
that there are still numerous unresolved issues that need to be addressed.

At present, one of the main obstacles to implementing HFG is the 
limited space available in residential areas or adjacent to living spaces, 
due to the increasing trend towards smaller allotments. For the 
encroachment on HFG spaces as well as omission of HFG spaces by 
property development, spaces available for HFG should be embedded in 
housing estates along with other system in building planning design, 
which requires valid government policy development. Besides, other 
HFG-related government policy support should be  introduced and 
implemented. In addition, more cultivation facilities that can effectively 
improve space utilization efficiency should be studied and promoted in 
the future, such as various wall-type cultivation systems.

In order to cut down HFG expenses, smart devices can 
be equipped with multiple solar panels to harness solar energy and 
power the entire intelligent system. Additionally, it is crucial to 
continuously promote the development of low-cost equipment with 
highly efficient traits.

Some evidence has shown that addressing the lack of planting 
experience and techniques can be relatively easy through hands-on 
training in garden management. Therefore, neighborhood committees 
of residential compounds, apartments, and townhouses can consider 
inviting agricultural experts to give lectures for HFG greenhorns. 
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Besides, breeders could contribute to the welfare of citizens by 
donating various seeds during public activities. In addition to 
providing offline instruction, providing more expert online HFG 
platforms for exchanging problems and answers may be an efficient 
way to deal with the issue of insufficient planting experience, because 
online platforms can break the restrict of time and space.

The breeding of HFG special cultivars requires collaboration 
between breeders and the full utilization of existing plant resources. This 
is done to diversify horticultural plant genetic resources and 
continuously enhance the variety of plant species available for residential 
lots. This provides people with a wider range of colorful and diverse 
options to appreciate and consume. Similar to cultivation in space, the 
ideal crops for HFG should be able to provide much sustenance with 
minimal fertilizer inputs. Therefore, the WBEEP approach should 
be implemented on other plants, not just limited to potatoes.

In addition to utilization of insect-proof screens, urban gardeners 
can implement HFG in closed or semi-closed systems to successfully 
prevent losses in the face of horticultural products being pecked by 
birds and bitten by pests. Although carrying out HFG in closed 
systems or semi-closed systems may encounter the challenge of poor 
light, growers can use supplementary lighting equipment to mitigate 
this problem.

In aquaponics, the level of dissolved oxygen and nitrate 
concentration in water should be monitored by some sensors in real 
time to ensure the development of aquatic animals, and achieve safe 
home-grown vegetables with low nitrate content, because food safety 
issues should always be a key concern at all times.

Hygienic issues associated with HFG, such as operation involved 
in household composting, should be brought into sharp focus. Against 
the background of HFG boom, developing safe, affordable along with 
high-efficiency commercialized domestic composters and their 
accessories (e.g., compost accelerators compatible with the attributes 
of various types of waste) are of great importance and necessity.

5 Conclusion

As alluded to above, throughout human history, HFG has played a 
crucial role in self-provisioning, particularly during economic 
downturns and food shortages caused by emergencies. In an uncertain 
future marked by war, plague, oil embargo, climate change, and other 
catastrophic events, HFG is seen as a sustainable and viable approach to 
ensuring nutrition security. As citizens increasingly recognize the 
importance of HFG in the 21st century, it is expected to become 
integrated into their daily lives. Certainly, now HFG is not a silver bullet 
to cope with urban hunger yet, there are challenges and opportunities 
that need to be explored and developed further in the field of HFG.

Author contributions

JX: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Resources, Visualization, Writing – 
original draft, Writing – review & editing. TLin: Project administration, 
Visualization, Writing – review & editing. YW: Project administration, 
Visualization, Writing – review & editing. WJ: Conceptualization, 
Writing – review & editing. QL: Visualization, Writing – review & 
editing. TLu: Writing – review & editing. YX: Formal analysis, Writing 
– review & editing. JJ: Conceptualization, Funding acquisition, 
Supervision, Writing – review & editing. HY: Conceptualization, 
Funding acquisition, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research, authorship, and/or publication of this article. This work was 
financially supported by Beijing Leisure Agriculture Innovation 
Consortium (BAIC09-2024), and Major Science and Technology 
Project of Zhejiang Province for New Agricultural (Fruit) Varieties 
Breeding (2021C02066-7-2).

Acknowledgments

The authors would like to thank Lin Chai, Heng Wang, Yumeng 
Zhang, Cuifang Zhu, Xiaowei Zhu, and Jia Zhang for their 
helpful assistance.

Conflict of interest

YX was employed by Taizhou Urban and Rural Planning Design 
Institute Co. Ltd.

The remaining authors declare that the research was conducted in 
the absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher's note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

References
Abass, K., Adanu, S. K., and Agyemang, S. (2018). Peri-urbanisation and loss of arable 

land in Kumasi Metropolis in three decades: evidence from remote sensing image 
analysis. Land Use Policy 72, 470–479. doi: 10.1016/j.landusepol.2018.01.013

Aditya, R. B., and Zakiah, A. (2022). Practical reflection and benefits of making a food 
garden at home during Covid-19 pandemic. Int. J. Food Stud. 11, 85–97. doi: 10.7455/
ijfs/11.1.2022.a8

Appolloni, E., Paucek, I., Pennisi, G., Manfrini, L., Gabarrell, X., Gianquinto, G., et al. 
(2023). Winter greenhouse tomato cultivation: matching leaf pruning and supplementary 
lighting for improved yield and precocity. Agronomy 13:671. doi: 10.3390/agronomy 
13030671

Avendaño-Abarca, V. H., Alvarado-Camarillo, D., Valdez-Aguilar, L. A., 
Sánchez-Ortíz, E. A., González-Fuentes, J. A., and Cartmill, A. D. (2023). Response of 
strawberry to the substitution of blue light by green light in an indoor vertical farming 
system. Agronomy 13:99. doi: 10.3390/agronomy13010099

Baliki, G., Schreinemachers, P., Brück, T., and Uddin, N. M. (2022). Impacts of a home 
garden intervention in Bangladesh after one, three and six years. Agric. Food Secur. 11, 
1–9. doi: 10.1186/s40066-022-00388-z

Baliki, G., Weiffen, D., Moiles, G., and Brück, T. (2023). Home garden interventions 
in crisis and emergency settings. Front. Sustain. Food Syst. 7:1138558. doi: 10.3389/
fsufs.2023.1138558

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.landusepol.2018.01.013
https://doi.org/10.7455/ijfs/11.1.2022.a8
https://doi.org/10.7455/ijfs/11.1.2022.a8
https://doi.org/10.3390/agronomy13030671
https://doi.org/10.3390/agronomy13030671
https://doi.org/10.3390/agronomy13010099
https://doi.org/10.1186/s40066-022-00388-z
https://doi.org/10.3389/fsufs.2023.1138558
https://doi.org/10.3389/fsufs.2023.1138558


Xu et al. 10.3389/fsufs.2024.1391732

Frontiers in Sustainable Food Systems 16 frontiersin.org

Ballardo, C., Vargas-García, M. D. C., Sánchez, A., Barrena, R., and Artola, A. (2020). 
Adding value to home compost: biopesticide properties through Bacillus thuringiensis 
inoculation. Waste Manag. 106, 32–43. doi: 10.1016/j.wasman.2020.03.003

Baras, T. (2018). DIY hydrpponic gardens. Cool springs: 401 second avenue north, suite 
310, Minneapolis, MN 55401 USA

Basu, M., Das Gupta, R., Kumar, P., and Dhyani, S. (2021). Home gardens moderate 
the relationship between Covid-19-induced stay-at-home orders and mental distress: a 
case study with urban residents of India. Environ. Res. Commun. 3:105002. doi: 
10.1088/2515-7620/ac2ab2

Battino, M., Giampieri, F., Cianciosi, D., Ansary, J., Chen, X., Zhang, D., et al. (2021). 
The roles of strawberry and honey phytochemicals on human health: a possible clue on 
the molecular mechanisms involved in the prevention of oxidative stress and 
inflammation. Phytomedicine 86:153170. doi: 10.1016/j.phymed.2020.153170

Bentvelsen, G., and Bouw, B. (2006). Breeding ornamental strawberries. Acta Hortic. 
708, 455–458. doi: 10.17660/ActaHortic.2006.708.80

Bentvelsen, G., and Vange, A. V. D. (2021). Advances in F1 hybrid day-neutral 
strawberry breeding at ABZ seeds, Andijk, the Netherlands. Acta Hortic. 1305, 241–246. 
doi: 10.17660/ActaHortic.2021.1309.35

Bhuiyan, R., and van Iersel, M. W. (2021). Only extreme fluctuations in light levels 
reduce lettuce growth under sole source lighting. Front. Plant Sci. 12:619973. doi: 
10.3389/fpls.2021.619973

Bian, Z., Wang, Y., Zhang, X., Li, T., Grundy, S., Yang, Q., et al. (2020). A review of 
environment effects on nitrate accumulation in leafy vegetables grown in controlled 
environments. Food Secur. 9:732. doi: 10.3390/foods9060732

Boivin, M., Bourdeau, N., Barnabé, S., and Desgagné-Penix, I. (2020). Sprout 
suppressive molecules effective on potato (Solanum tuberosum) tubers during storage: 
a review. Am. J. Potato Res. 97, 451–463. doi: 10.1007/s12230-020-09794-0

Boneta, A., Rufí-Salís, M., Ercilla-Montserrat, M., Gabarrell, X., and Rieradevall, J. 
(2019). Agronomic and environmental assessment of a polyculture rooftop soilless 
urban home garden in a Mediterranean city. Front. Plant Sci. 10:341. doi: 10.3389/
fpls.2019.00341

Buoso, S., Tomasi, N., Said-Pullicino, D., Arkoun, M., Yvin, J., Pinton, R., et al. (2021). 
Characterization of physiological and molecular responses of Zea mays seedlings to 
different urea-ammonium ratios. Plant Physiol. Biochem. 162, 613–623. doi: 10.1016/j.
plaphy.2021.03.037

Burgin, S. (2015). Why the difference in the recreational hunting ethic between 
Australians and north Americans? An opinion with emphasis on furbearers. Int. J. 
Environ. Stud. 72, 770–783. doi: 10.1080/00207233.2015.1077592

Burgin, S. (2018). Back to the future? Urban backyards and food self-sufficiency. Land 
Use Policy 78, 29–35. doi: 10.1016/j.landusepol.2018.06.012

Cai, M., Ma, S., Hu, R., Tomberlin, J. K., Yu, C., Huang, Y., et al. (2018). Systematic 
characterization and proposed pathway of tetracycline degradation in solid waste 
treatment by Hermetia illucens with intestinal microbiota. Environ. Pollut. 242, 634–642. 
doi: 10.1016/j.envpol.2018.06.105

Cattivelli, V. (2022). The contribution of urban garden cultivation to food self-
sufficiency in areas at risk of food desertification during the Covid-19 pandemic. Land 
Use Policy 120:106215. doi: 10.1016/j.landusepol.2022.106215

Cerda, C., Guenat, S., Egerer, M., and Fischer, L. K. (2022). Home food gardening: 
benefits and barriers during the COVID-19 pandemic in Santiago, Chile. Frontiers in 
Sustainable Food Systems 6:841386. doi: 10.3389/fsufs.2022.841386

Chalmin-Pui, L. S., Griffiths, A., Roe, J., Heaton, T., and Cameron, R. (2021). Why 
garden?—attitudes and the perceived health benefits of home gardening. Cities 
112:103118. doi: 10.1016/j.cities.2021.103118

Coffin, R., Keenan, M. K., Lynch, D., McKeown, A., Wilson, J., Nelson, G. A., et al. 
(1993). Banana: a yellow-fleshed fingerling type potato for home garden production. 
Am. Potato J. 70, 1–5. doi: 10.1007/BF02848642

Constantino, L. V., Shimizu, G. D., Macera, R., Fukuji, A. S. S., Zeffa, D. M., Koltun, A., 
et al. (2022). Genetic diversity and selection of heirloom tomato accessions based on the 
physical and biochemical fruit-related traits. Bragantia 81:e1422. doi: 
10.1590/1678-4499.20210193

Corley, J., Okely, J. A., Taylor, A. M., Page, D., Welstead, M., Skarabela, B., et al. 
(2021). Home garden use during COVID-19: associations with physical and mental 
wellbeing in older adults. J. Environ. Psychol. 73:101545. doi: 10.1016/j.
jenvp.2020.101545

Cruz, S., and Gómez, C. (2022). Effects of daily light integral on compact tomato 
plants grown for indoor gardening. Agronomy 12:1704. doi: 10.3390/agronomy12071704

Cruz, S., van Santen, E., and Gómez, C. (2023). Evaluation of compact pepper 
cultivars for container gardening indoors under light-emitting diodes and in a 
greenhouse under sunlight. HortTechnology 33, 317–324. doi: 10.21273/
HORTTECH05194-23

Darge, A., Haji, J., Beyene, F., and Ketema, M. (2023). Smallholder farmers’ climate 
change adaptation strategies in the ethiopian rift valley: the case of home garden 
agroforestry systems in the Gedeo zone. Sustain. For. 15:8997. doi: 10.3390/su15118997

Degefa, B., Albedwawi, A. M. M., and Alazeezib, M. S. (2021). The study of the 
practice of growing food at home in the UAE: role in household food security & 

wellbeing and implication for the development of urban agriculture. Emirates J. Food 
Agric. 33, 465–474. doi: 10.9755/ejfa.2021.v33.i6.2712

Deng, L., and Deng, Q. (2018). The basic roles of indoor plants in human health and 
comfort. Environ. Sci. Pollut. Res. Int. 25, 36087–36101. doi: 10.1007/s11356-018-3554-1

Depenbusch, L., Schreinemachers, P., Brown, S., and Roothaert, R. (2022). Impact and 
distributional effects of a home garden and nutrition intervention in Cambodia. Food 
Secur. 14, 865–881. doi: 10.1007/s12571-021-01235-y

Devaux, A., Goffart, J., Kromann, P., Andrade-Piedra, J., Polar, V., and Hareau, G. 
(2021). The potato of the future: opportunities and challenges in sustainable Agri-food 
systems. Potato Res. 64, 681–720. doi: 10.1007/s11540-021-09501-4

Diehl, J. A., Sweeney, E., Wong, B., Sia, C. S., Yao, H., and Prabhudesai, M. (2020). 
Feeding cities: Singapore’s approach to land use planning for urban agriculture. Glob. 
Food Sec. 26:100377. doi: 10.1016/j.gfs.2020.100377

Diekmann, L. O., Gray, L. C., and Thai, C. L. (2020). More than food: the social 
benefits of localized urban food systems. Front. Sustain. Food Syst. 4:534219. doi: 
10.3389/fsufs.2020.534219

Ding, H., Fu, T. J., and Smith, M. A. (2013). Microbial contamination in sprouts: how 
effective is seed disinfection treatment? J. Food Sci. 78, R495–R501. doi: 
10.1111/1750-3841.12064

Ding, Y., Xue, L., Guo, R., Luo, G., Song, Y., and Lei, J. J. (2019). De novo assembled 
transcriptome analysis and identification of genic SSR markers in red-flowered 
strawberry. Biochem. Genet. 57, 607–622. doi: 10.1007/s10528-019-09912-6

Dorr, E., Hawes, J. K., Goldstein, B., Fargue-Lelièvre, A., Fox-Kämper, R., 
Specht, K., et al. (2023). Food production and resource use of urban farms and 
gardens: a five-country study. Agron. Sustain. Dev. 43:18. doi: 10.1007/
s13593-022-00859-4

Du Toit, M. J., Rendón, O., Cologna, V., Cilliers, S. S., and Dallimer, M. (2022). Why 
home gardens fail in enhancing food security and dietary diversity. Front. Ecol. Evol. 
10:804523. doi: 10.3389/fevo.2022.804523

Ercilla-Montserrat, M., Muñoz, P., Montero, J. I., Gabarrell, X., and Rieradevall, J. 
(2018). A study on air quality and heavy metals content of urban food produced in a 
Mediterranean city (Barcelona). J. Clean. Prod. 195, 385–395. doi: 10.1016/j.
jclepro.2018.05.183

Erokhin, V., and Gao, T. (2020). Impacts of COVID-19 on trade and economic aspects 
of food security: evidence from 45 developing countries. Int. J. Environ. Res. Public 
Health 17:5775. doi: 10.3390/ijerph17165775

Ezzeddin, N., Kalantari, N., Abdollahi, M., Amiri, P., Amini, B., and Zayeri, F. (2024). 
Outcomes of a homestead food production program on nutritional knowledge, dietary 
diversity, food security and empowerment of rural women in Tehran province. Iran. 
BMC Public Health 24:118. doi: 10.1186/s12889-024-17658-z

Fan, Y. V., Lee, C. T., Klemeš, J. J., Chua, L. S., Sarmidi, M. R., and Leow, C. W. (2018). 
Evaluation of effective microorganisms on home scale organic waste composting. J. 
Environ. Manag. 216, 41–48. doi: 10.1016/j.jenvman.2017.04.019

Furlan, V., Pochettino, M. L., and Hilgert, N. I. (2017). Management of fruit species 
in urban home gardens of Argentina Atlantic forest as an influence for landscape 
domestication. Front. Plant Sci. 8:1690. doi: 10.3389/fpls.2017.01690

Gao, L., Shi, Y., Li, W., Liu, J., and Cai, Y. (2015). Occurrence and distribution of 
antibiotics in urban soil in Beijing and Shanghai, China. Environ. Sci. Pollut. Res. 22, 
11360–11371. doi: 10.1007/s11356-015-4230-3

Gao, X., Yang, F., Yan, Z., Zhao, J., Li, S., Nghiem, L., et al. (2022). Humification and 
maturation of kitchen waste during indoor composting by individual households. Sci. 
Total Environ. 814:152509. doi: 10.1016/j.scitotenv.2021.152509

Ghosh, S. (2014). Measuring sustainability performance of local food production in 
home gardens. Local Environ. 19, 33–55. doi: 10.1080/13549839.2012.716412

Gilbert, G. S., Diaz, A., and Bregoff, H. A. (2023). Seed disinfestation practices to 
control seed-borne fungi and bacteria in home production of sprouts. Food Secur. 
12:747. doi: 10.3390/foods12040747

Goddek, S., and Keesman, K. J. (2020). Improving nutrient and water use efficiencies 
in multi-loop aquaponics systems. Aquac. Int. 28, 2481–2490. doi: 10.1007/
s10499-020-00600-6

Godrich, S. L., Lo, J., Kent, K., Macau, F., and Devine, A. (2022). A mixed-methods 
study to determine the impact of COVID-19 on food security, food access and supply 
in regional Australia for consumers and food supply stakeholders. Nutr. J. 21:17. doi: 
10.1186/s12937-022-00770-4

Grivna, M., Eid, H. O., and Abu-Zidan, F. M. (2015). Injuries from falling objects in 
the United  Arab  Emirates. Int. J. Inj. Control Saf. Promot. 22, 68–74. doi: 
10.1080/17457300.2013.863784

Guan, L., Wilson, Z. A., Zhao, M., Qiao, Y., Wu, E., Wang, Q., et al. (2023). New 
germplasm for breeding: pink-flowered and white-fruited strawberry. HortScience 58, 
1005–1009. doi: 10.21273/HORTSCI17047-22

Guo, L., Yang, R., Zhou, Y., and Gu, Z. (2016). Heat and hypoxia stresses enhance the 
accumulation of aliphatic glucosinolates and sulforaphane in broccoli sprouts. Eur. Food 
Res. Technol. 242, 107–116. doi: 10.1007/s00217-015-2522-y

Hardigan, M. A., Lorant, A., Pincot, D. D. A., Feldmann, M. J., Famula, R. A., 
Acharya, C. B., et al. (2021). Unraveling the complex hybrid ancestry and domestication 

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.wasman.2020.03.003
https://doi.org/10.1088/2515-7620/ac2ab2
https://doi.org/10.1016/j.phymed.2020.153170
https://doi.org/10.17660/ActaHortic.2006.708.80
https://doi.org/10.17660/ActaHortic.2021.1309.35
https://doi.org/10.3389/fpls.2021.619973
https://doi.org/10.3390/foods9060732
https://doi.org/10.1007/s12230-020-09794-0
https://doi.org/10.3389/fpls.2019.00341
https://doi.org/10.3389/fpls.2019.00341
https://doi.org/10.1016/j.plaphy.2021.03.037
https://doi.org/10.1016/j.plaphy.2021.03.037
https://doi.org/10.1080/00207233.2015.1077592
https://doi.org/10.1016/j.landusepol.2018.06.012
https://doi.org/10.1016/j.envpol.2018.06.105
https://doi.org/10.1016/j.landusepol.2022.106215
https://doi.org/10.3389/fsufs.2022.841386
https://doi.org/10.1016/j.cities.2021.103118
https://doi.org/10.1007/BF02848642
https://doi.org/10.1590/1678-4499.20210193
https://doi.org/10.1016/j.jenvp.2020.101545
https://doi.org/10.1016/j.jenvp.2020.101545
https://doi.org/10.3390/agronomy12071704
https://doi.org/10.21273/HORTTECH05194-23
https://doi.org/10.21273/HORTTECH05194-23
https://doi.org/10.3390/su15118997
https://doi.org/10.9755/ejfa.2021.v33.i6.2712
https://doi.org/10.1007/s11356-018-3554-1
https://doi.org/10.1007/s12571-021-01235-y
https://doi.org/10.1007/s11540-021-09501-4
https://doi.org/10.1016/j.gfs.2020.100377
https://doi.org/10.3389/fsufs.2020.534219
https://doi.org/10.1111/1750-3841.12064
https://doi.org/10.1007/s10528-019-09912-6
https://doi.org/10.1007/s13593-022-00859-4
https://doi.org/10.1007/s13593-022-00859-4
https://doi.org/10.3389/fevo.2022.804523
https://doi.org/10.1016/j.jclepro.2018.05.183
https://doi.org/10.1016/j.jclepro.2018.05.183
https://doi.org/10.3390/ijerph17165775
https://doi.org/10.1186/s12889-024-17658-z
https://doi.org/10.1016/j.jenvman.2017.04.019
https://doi.org/10.3389/fpls.2017.01690
https://doi.org/10.1007/s11356-015-4230-3
https://doi.org/10.1016/j.scitotenv.2021.152509
https://doi.org/10.1080/13549839.2012.716412
https://doi.org/10.3390/foods12040747
https://doi.org/10.1007/s10499-020-00600-6
https://doi.org/10.1007/s10499-020-00600-6
https://doi.org/10.1186/s12937-022-00770-4
https://doi.org/10.1080/17457300.2013.863784
https://doi.org/10.21273/HORTSCI17047-22
https://doi.org/10.1007/s00217-015-2522-y


Xu et al. 10.3389/fsufs.2024.1391732

Frontiers in Sustainable Food Systems 17 frontiersin.org

history of cultivated strawberry. Mol. Biol. Evol. 38, 2285–2305. doi: 10.1093/molbev/
msab024

Hong, Y., and Zimmerer, K. S. (2022). Useful plants from the wild to home 
gardens: An analysis of home garden ethnobotany in contexts of habitat conversion 
and land use change in jeju, South Korea. J. Ethnobiol. 42, 1–21. doi: 10.2993/ 
0278-0771-42.3.6

Hou, J., Lam, K. L., Chiu, Y. T., Kwong, K. Y., Lau, H. L., Marafa, L. M., et al. (2024). 
Urban green waste bulking agent is the major source of antimicrobial resistance genes 
persisted in home compost, not animal manure. Environ. Res. 242:117713. doi: 10.1016/j.
envres.2023.117713

Humaida, N., Saputra, M. H., Sutomo, , and Hadiyan, Y. (2023). Urban gardening for 
mitigating heat island effect. IOP Conf. Series 1133:12048. doi: 
10.1088/1755-1315/1133/1/012048

Ichinose, Y., Nishigaki, T., Shibata, M., Kilasara, M., Shinjo, H., and Funakawa, S. 
(2023). Carbon and nutrient budgets of the Chagga home garden system in the 
Kilimanjaro highlands, Tanzania. Soil Use Manag. 39, 1155–1171. doi: 10.1111/
sum.12923

Issahaku, G., Kornher, L., Saiful Islam, A. H. M., and Abdul-Rahaman, A. (2023). 
Heterogeneous impacts of home-gardening on household food and nutrition security 
in Rwanda. Food Secur. 15, 731–750. doi: 10.1007/s12571-023-01344-w

Izquierdo-Díaz, M., Hansen, V., Barrio-Parra, F., De Miguel, E., You, Y., and Magidl, J. 
(2023). Assessment of lettuces grown in urban areas for human consumption and as 
bioindicators of atmospheric pollution. Ecotoxicol. Environ. Saf. 256:114883. doi: 
10.1016/j.ecoenv.2023.114883

Jordan, J. A. (2007). The heirloom tomato as cultural object: investigating taste and 
space. Sociol. Rural. 47, 20–41. doi: 10.1111/j.1467-9523.2007.00424.x

Joseph, H., Nink, E., McCarthy, A., Messer, E., and Cash, S. B. (2017). The heirloom 
tomato is in. Does it matter how it tastes? Food, Cult. Soc. 20, 257–280. doi: 
10.1080/15528014.2017.1305828

Jurat-Fuentes, J. L., Heckel, D. G., and Ferré, J. (2021). Mechanisms of resistance to 
insecticidal proteins from Bacillus thuringiensis. Annu. Rev. Entomol. 66, 121–140. doi: 
10.1146/annurev-ento-052620-073348

Ke, X., Yoshida, H., Hikosaka, S., and Goto, E. (2022). Optimization of photosynthetic 
photon flux density and light quality for increasing radiation-use efficiency in dwarf 
tomato under LED light at the vegetative growth stage. Plan. Theory 11:121. doi: 10.3390/
plants11010121

Khan, M. W., Hussain, Z., and Farooq, M. (2022). Maintenance of tissue water status, 
osmoregulation, and antioxidant defence system improves heat tolerance in okra 
genotypes with contrast heat tolerance. J. Soil Sci. Plant Nutr. 22, 4273–4281. doi: 
10.1007/s42729-022-01026-0

Khanizadeh, S., Deschênes, M., and Dubé, C. (2010). Roseberry strawberry. 
HortScience 45, 1545–1546. doi: 10.21273/HORTSCI.45.10.1545

Khosa, Q., Zaman, Q. U., An, T., Ashraf, K., Abbasi, A., Nazir, S., et al. (2023). Silicon-
mediated improvement of biomass yield and physio-biochemical attributes in heat-
stressed spinach (Spinacia oleracea). Crop Pasture Sci. 74, 230–243. doi: 10.1071/
CP22192

Kim, J. G., Jeong, W., Park, S., and Yang, M. (2022). Development of a fuzzy logic-
controlled system for home cultivation of sweet basil. Front. Plant Sci. 13:999106. doi: 
10.3389/fpls.2022.999106

Kohli, A., Guénon, R., Jean-Soro, L., and Vidal-Beaudet, L. (2022). Home and 
community composts in Nantes city (France): quality and safety regarding trace metals 
and metalloids. Environ. Monit. Assess. 194:649. doi: 10.1007/s10661-022-10251-0

Korpelainen, H. (2023). The role of home gardens in promoting biodiversity and food 
security. Plan. Theory 12:2473. doi: 10.3390/plants12132473

Kumar, R., Verma, V., Thakur, M., Singh, G., and Bhargava, B. (2023). A systematic 
review on mitigation of common indoor air pollutants using plant-based methods: a 
phytoremediation approach. Air Qual. Atmos. Health 16, 1501–1527. doi: 10.1007/
s11869-023-01326-z

Kunszabó, A., Szakos, D., Dorkó, A., Farkas, C., and Kasza, G. (2022). Household food 
waste composting habits and behaviours in Hungary: a segmentation study. Sustain. 
Chem. Pharm. 30:100839. doi: 10.1016/j.scp.2022.100839

Kyaw, T. Y., and Ng, A. K. (2017). Smart aquaponics system for urban farming. Energy 
Procedia 143, 342–347. doi: 10.1016/j.egypro.2017.12.694

Laborde, D., Martin, W., Swinnen, J., and Vos, R. (2020). COVID-19 risks to global 
food security. Science 369, 500–502. doi: 10.1126/science.abc4765

Lal, R. (2020). Home gardening and urban agriculture for advancing food and 
nutritional security in response to the COVID-19 pandemic. Food Secur. 12, 871–876. 
doi: 10.1007/s12571-020-01058-3

Lange, C. N., Freire, B. M., Monteiro, L. R., de Jesus, T. A., Dos Reis, R. A., 
Nakazato, G., et al. (2024). Multiple potentially toxic elements in urban gardens from a 
Brazilian industrialized city. Environ. Geochem. Health 46:36. doi: 10.1007/
s10653-023-01808-0

Larder, N., Lyons, K., and Woolcock, G. (2014). Enacting food sovereignty: values and 
meanings in the act of domestic food production in urban Australia. Local Environ. 19, 
56–76. doi: 10.1080/13549839.2012.716409

Le, L., Gong, X., An, Q., Xiang, D., Zou, L., Peng, L., et al. (2021). Quinoa sprouts as 
potential vegetable source: nutrient composition and functional contents of different 
quinoa sprout varieties. Food Chem. 357:129752. doi: 10.1016/j.foodchem.2021.129752

León-Cañedo, J. A., Alarcón-Silvas, S. G., Fierro-Sañudo, J. F., Rodríguez-Montes De 
Oca, G. A., Fregoso-López, M. G., and Páez-Osuna, F. (2023). Mercury in basil (Ocimum 
basilicum) grown simultaneously with shrimp (Litopenaeus vannamei) by aquaponics. 
J. Food Compos. Anal. 115:104929. doi: 10.1016/j.jfca.2022.104929

Li, C., Lee, C. T., Gao, Y., Hashim, H., Zhang, X., Wu, W., et al. (2018). Prospect of 
aquaponics for the sustainable development of food production in urban. Chem. Eng. 
Trans. 63, 475–480. doi: 10.3303/CET1863080

Li, Q., Yu, Z., Li, M., Zhang, G., Lu, T., Li, Y., et al. (2023). Urban vegetable production 
in Beijing, China: current progress, sustainability, and challenges. Front. Sustain. Food 
Syst. 7:1191561. doi: 10.3389/fsufs.2023.1191561

Lin, Y., Zhou, C., Li, D., Wu, Y., Dong, Q., Jia, Y., et al. (2023). Integrated non-targeted 
and targeted metabolomics analysis reveals the mechanism of inhibiting lignification 
and optimizing the quality of pea sprouts by combined application of nano-selenium 
and lentinans. J. Sci. Food Agric. 103, 5096–5107. doi: 10.1002/jsfa.12579

Liu, X., Chen, X., Wang, H., Yang, Q., Ur Rehman, K., Li, W., et al. (2017). Dynamic 
changes of nutrient composition throughout the entire life cycle of black soldier fly. PLoS 
One 12:e182601:e0182601. doi: 10.1371/journal.pone.0182601

Liu, J., Wang, J., Wang, M., Zhao, J., Zheng, Y., Zhang, T., et al. (2021). Genome-wide 
analysis of the R2R3-MYB gene family in fragaria × ananassa and its function 
identification during anthocyanins biosynthesis in pink-flowered strawberry. Front. 
Plant Sci. 12:702160. doi: 10.3389/fpls.2021.702160

Liu, Y., Xie, G., Yang, Q., and Ren, M. (2021). Biotechnological development of 
plants for space agriculture. Nat. Commun. 12:5998. doi: 10.1038/
s41467-021-26238-3

Liu, C., Yao, H., Chapman, S. J., Su, J., and Wang, C. (2020). Changes in gut bacterial 
communities and the incidence of antibiotic resistance genes during degradation of 
antibiotics by black soldier fly larvae. Environ. Int. 142:105834. doi: 10.1016/j.
envint.2020.105834

Liu, M., Zhang, F., Xiao, J., Liu, B., Cespedes, C. L., and Meng, X. (2024). The M/G 
ratio of alginate oligosaccharides: the key to enhance the coloration of strawberries. 
Carbohydr. Polym. 323:121422. doi: 10.1016/j.carbpol.2023.121422

Ma, K., Yuan, Y., and Fang, C. (2023). Mainstreaming production and nutrient 
resilience of vegetable crops in megacities: pre-breeding for terrace cultivation. Front. 
Plant Sci. 14:1237099. doi: 10.3389/fpls.2023.1237099

Mabberley, D. J. (2002). Potentilla and Fragaria (Rosaceae) reunited. Telopea 9, 
793–801. doi: 10.7751/telopea20024018

Machida, D. (2019). Relationship between community or home gardening and health 
of the elderly: a web-based cross-sectional survey in Japan. Int. J. Environ. Res. Public 
Health 16:1389. doi: 10.3390/ijerph16081389

Majid, M., Khan, J. N., Ahmad Shah, Q. M., Masoodi, K. Z., Afroza, B., and Parvaze, S. 
(2021). Evaluation of hydroponic systems for the cultivation of lettuce (Lactuca sativa 
L., Var. Longifolia) and comparison with protected soil-based cultivation. Agric. Water 
Manag. 245:106572. doi: 10.1016/j.agwat.2020.106572

Makhdom, S., Shekarabi, S. P. H., and Shamsaie Mehrgan, M. (2017). Biological 
nutrient recovery from culturing of pearl gourami (Trichogaster leerii) by cherry tomato 
(Solanum lycopersicum) in aquaponic system. Environ. Sci. Pollut. Res. 24, 20634–20640. 
doi: 10.1007/s11356-017-9702-1

Manucharova, N. A., Bolshakova, M. A., Babich, T. L., Tourova, T. P., Semenova, E. M., 
Yanovich, A. S., et al. (2021). Microbial degraders of petroleum and polycyclic aromatic 
hydrocarbons from sod-Podzolic soil. Microbiology 90, 743–753. doi: 10.1134/
S0026261721060096

Margaritis, M., Dimos, V., Malamis, D., and Loizidou, M. (2023). An experimental 
investigation of the composting process in an innovative home composting system: the 
influence of additives. Cleaner Mater. 8:100185. doi: 10.1016/j.clema.2023.100185

Marques, P., Silva, A. S., Quaresma, Y., Manna, L. R., de Magalhães Neto, N., and 
Mazzoni, R. (2021). Home gardens can be more important than other urban green 
infrastructure for mental well-being during COVID-19 pandemics. Urban For. Urban 
Green. 64:127268. doi: 10.1016/j.ufug.2021.127268

Martín-Pizarro, C., Vallarino, J. G., Osorio, S., Meco, V., Urrutia, M., Pillet, J., et al. 
(2021). The NAC transcription factor FaRIF controls fruit ripening in strawberry. Plant 
Cell 33, 1574–1593. doi: 10.1093/plcell/koab070

Melo, R. A. C., Jorge, M. H., Botrel, N., and Boiteux, L. S. (2018). Effect of a novel 
hydrogel amendment and seedling plugs volume on the quality of ornamentalminiature 
tomato. Adv. Hortic. Sci. 32, 535–540. doi: 10.13128/ahs-22474

Mullins, L., Charlebois, S., Finch, E., and Music, J. (2021). Home food gardening in 
Canada in response to the COVID-19 pandemic. Sustain. For. 13:3056. doi: 10.3390/
su13063056

Music, J., Mullins, L., Charlebois, S., Large, C., and Mayhew, K. (2022). Seeds and the 
city: a review of municipal home food gardening programs in Canada in response to the 
COVID-19 pandemic. Human. Soc. Sci. Commun. 9:273. doi: 10.1057/
s41599-022-01301-6

Nematollahi, M. J., Keshavarzi, B., Mohit, F., Moore, F., and Busquets, R. (2022). 
Microplastic occurrence in urban and industrial soils of Ahvaz metropolis: a city with a 

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1093/molbev/msab024
https://doi.org/10.1093/molbev/msab024
https://doi.org/10.2993/0278-0771-42.3.6
https://doi.org/10.2993/0278-0771-42.3.6
https://doi.org/10.1016/j.envres.2023.117713
https://doi.org/10.1016/j.envres.2023.117713
https://doi.org/10.1088/1755-1315/1133/1/012048
https://doi.org/10.1111/sum.12923
https://doi.org/10.1111/sum.12923
https://doi.org/10.1007/s12571-023-01344-w
https://doi.org/10.1016/j.ecoenv.2023.114883
https://doi.org/10.1111/j.1467-9523.2007.00424.x
https://doi.org/10.1080/15528014.2017.1305828
https://doi.org/10.1146/annurev-ento-052620-073348
https://doi.org/10.3390/plants11010121
https://doi.org/10.3390/plants11010121
https://doi.org/10.1007/s42729-022-01026-0
https://doi.org/10.21273/HORTSCI.45.10.1545
https://doi.org/10.1071/CP22192
https://doi.org/10.1071/CP22192
https://doi.org/10.3389/fpls.2022.999106
https://doi.org/10.1007/s10661-022-10251-0
https://doi.org/10.3390/plants12132473
https://doi.org/10.1007/s11869-023-01326-z
https://doi.org/10.1007/s11869-023-01326-z
https://doi.org/10.1016/j.scp.2022.100839
https://doi.org/10.1016/j.egypro.2017.12.694
https://doi.org/10.1126/science.abc4765
https://doi.org/10.1007/s12571-020-01058-3
https://doi.org/10.1007/s10653-023-01808-0
https://doi.org/10.1007/s10653-023-01808-0
https://doi.org/10.1080/13549839.2012.716409
https://doi.org/10.1016/j.foodchem.2021.129752
https://doi.org/10.1016/j.jfca.2022.104929
https://doi.org/10.3303/CET1863080
https://doi.org/10.3389/fsufs.2023.1191561
https://doi.org/10.1002/jsfa.12579
https://doi.org/10.1371/journal.pone.0182601
https://doi.org/10.3389/fpls.2021.702160
https://doi.org/10.1038/s41467-021-26238-3
https://doi.org/10.1038/s41467-021-26238-3
https://doi.org/10.1016/j.envint.2020.105834
https://doi.org/10.1016/j.envint.2020.105834
https://doi.org/10.1016/j.carbpol.2023.121422
https://doi.org/10.3389/fpls.2023.1237099
https://doi.org/10.7751/telopea20024018
https://doi.org/10.3390/ijerph16081389
https://doi.org/10.1016/j.agwat.2020.106572
https://doi.org/10.1007/s11356-017-9702-1
https://doi.org/10.1134/S0026261721060096
https://doi.org/10.1134/S0026261721060096
https://doi.org/10.1016/j.clema.2023.100185
https://doi.org/10.1016/j.ufug.2021.127268
https://doi.org/10.1093/plcell/koab070
https://doi.org/10.13128/ahs-22474
https://doi.org/10.3390/su13063056
https://doi.org/10.3390/su13063056
https://doi.org/10.1057/s41599-022-01301-6
https://doi.org/10.1057/s41599-022-01301-6


Xu et al. 10.3389/fsufs.2024.1391732

Frontiers in Sustainable Food Systems 18 frontiersin.org

sustained record of air pollution. Sci. Total Environ. 819:152051. doi: 10.1016/j.
scitotenv.2021.152051

Nguyen, T. T. X., Tomberlin, J. K., and Vanlaerhoven, S. (2015). Ability of black soldier 
fly (Diptera: Stratiomyidae) larvae to recycle food waste. Environ. Entomol. 44, 406–410. 
doi: 10.1093/ee/nvv002

Noh, K., and Jeong, B. R. (2021). Optimizing temperature and photoperiod in a home 
cultivation system to program normal, delayed, and hastened growth and development 
modes for leafy oak-leaf and romaine lettuces. Sustain. For. 13:10879. doi: 10.3390/
su131910879

Noh, K., and Jeong, B. R. (2022). Silicon supplementation alleviates adverse effects of 
ammonium on ssamchoo grown in home cultivation system. Plan. Theory 11:2882. doi: 
10.3390/plants11212882

Nolasco, E., Krassovskaya, I., Hong, K., Hansen, K., Alvarez, S., Obata, T., et al. (2023). 
Sprouting alters metabolite and peptide contents in the gastrointestinal digest of soybean 
and enhances in-vitro anti-inflammatory activity. J. Funct. Foods 109:105780. doi: 
10.1016/j.jff.2023.105780

Oberholtzer, L., Dimitri, C., and Pressman, A. (2014). Urban agriculture in the 
United States: characteristics, challenges, and technical assistance needs. J. Ext. 52:28. 
doi: 10.34068/joe.52.06.28

Olbricht, K., Pohlheim, F., Eppendorfer, A., Vogt, F., and Rietze, E. (2014). Strawberries 
as balcony fruit. Acta Hortic. 1049, 215–218. doi: 10.17660/ActaHortic.2014.1049.22

Osmani, J., Davidson, M. T., Tevlin, S., and Pérez, H. E. (2023). Producing high-quality 
seeds of an heirloom cabbage in different crop management systems. HortScience 58, 
811–818. doi: 10.21273/HORTSCI17173-23

Patel, S. K., Sharma, A., Singh, R., Tiwari, A. K., and Singh, G. S. (2022). Diversity and 
distribution of traditional home gardens along different disturbances in a dry tropical 
region, India. Front. Forests Global Change 5:822320. doi: 10.3389/ffgc.2022.822320

Perez-Lugones, D., Campbell, C. G., and Gómez, C. (2023). Using citizen science to 
evaluate home gardeners’ experiences with compact tomato plants. HortTechnology 33, 
578–586. doi: 10.21273/HORTTECH05312-23

Perveen, R., Suleria, H. A. R., Anjum, F. M., Butt, M. S., Pasha, I., and Ahmad, S. 
(2015). Tomato (Solanum lycopersicum) carotenoids and lycopenes chemistry; 
metabolism, absorption, nutrition, and allied health claims—a comprehensive review. 
Crit. Rev. Food Sci. Nutr. 55, 919–929. doi: 10.1080/10408398.2012.657809

Pineda-Pineda, J., Valdez-Zamora, A., Miranda-Velázquez, I., Rodríguez-Pérez, J. E., 
Ramírez-Arias, J. A., and Lozano-Toledano, A. (2018). Yield of two cultivars of lettuce 
(Lactuca sativa L.) in hydroponic and aquaponic systems. Acta Hortic. 1227, 347–354. 
doi: 10.17660/ActaHortic.2018.1227.43

Qiu, J., Luo, C., Ren, L., Li, W., Dai, T., Wang, G., et al. (2023). Black soldier fly larvae 
replace traditional iced trash fish diet to enhance the delicious flavor of Chinese mitten 
crab (Eriocheir sinensis). Front. Mar. Sci. 9:1089421. doi: 10.3389/fmars.2022.1089421

Rajan, P., Lada, R. R., and MacDonald, M. T. (2019). Advancement in indoor vertical 
farming for microgreen production. Am. J. Plant Sci. 10, 1397–1408. doi: 10.4236/
ajps.2019.108100

Reed, E., Ferreira, C. M., Bell, R., Brown, E. W., Zheng, J., and Schaffner, D. W. (2018). 
Plant-microbe and abiotic factors influencing salmonella survival and growth on alfalfa 
sprouts and swiss chard microgreens. Appl. Environ. Microbiol. 84, e2814–e2817. doi: 
10.1128/AEM.02814-17

Richardson, M. L., and Arlotta, C. G. (2022). Producing cherry tomatoes in urban 
agriculture. Horticulturae 8:274. doi: 10.3390/horticulturae8040274

Romero, J., Albertos, I., Díez-Méndez, A., and Poveda, J. (2022). Control of 
postharvest diseases in berries through edible coatings and bacterial probiotics. Sci. 
Hortic. 304:111326. doi: 10.1016/j.scienta.2022.111326

Santos, M., Moreira, H., Cabral, J. A., Gabriel, R., Teixeira, A., Bastos, R., et al. (2022). 
Contribution of home gardens to sustainable development: perspectives from a 
supported opinion essay. Int. J. Environ. Res. Public Health 19:13715. doi: 10.3390/
ijerph192013715

Saroinsong, F. B., Ismail, Y., Gravitiani, E., and Sumantra, K. (2021). Utilization of 
home gardens as a community empowerment-based edible landscape to combat 
stunting. IOP Conf. Series 940:012093. doi: 10.1088/1755-1315/940/1/012093

Scott, I. M., Jensen, H., Nicol, R., Lesage, L., Bradbury, R., Sánchez-Vindas, P., et al. 
(2004). Efficacy of piper (Piperaceae) extracts for control of common home and garden 
insect pests. J. Econ. Entomol. 97, 1390–1403. doi: 10.1093/jee/97.4.1390

Shin, K. K. Y., Ping, T. P., Ling, M. G. B., Chee Jiun, C., and Bolhassan, N. A. B. (2024). 
SMART GROW—low-cost automated hydroponic system for urban farming. 
HardwareX 17:e498:e00498. doi: 10.1016/j.ohx.2023.e00498

Shivaperumal, N., Chang, B. J., Riley, T. V., Elkins, C. A., and Elkins, C. A. (2020). 
High prevalence of clostridium difficile in home gardens in western Australia. Appl. 
Environ. Microbiol. 87:1. doi: 10.1128/AEM.01572-20

Shrestha, P., Small, G. E., and Kay, A. (2020). Quantifying nutrient recovery efficiency 
and loss from compost-based urban agriculture. PLoS One 15:e230996:e0230996. doi: 
10.1371/journal.pone.0230996

Sia, A., Tan, P. Y., and Er, K. B. H. (2023). The contributions of urban horticulture to 
cities’ liveability and resilience: insights from Singapore. Plants People Planet 5, 828–841. 
doi: 10.1002/ppp3.10377

Sia, A., Tan, P. Y., Wong, J. C. M., Araib, S., Ang, W. F., and Er, K. B. H. (2022). The 
impact of gardening on mental resilience in times of stress: a case study during the 
COVID-19 pandemic in Singapore. Urban For. Urban Green. 68:127448. doi: 10.1016/j.
ufug.2021.127448

Small, G., Shrestha, P., Metson, G. S., Polsky, K., Jimenez, I., and Kay, A. (2019). Excess 
phosphorus from compost applications in urban gardens creates potential pollution 
hotspots. Environ. Res. Commun. 1:91007. doi: 10.1088/2515-7620/ab3b8c

Solis-Toapanta, E., Fisher, P. R., and Gómez, C. (2020). Effects of nutrient solution 
management and environment on tomato in small-scale hydroponics. HortTechnology 
30, 697–705. doi: 10.21273/HORTTECH04685-20

Srinivasan, R., and Huang, C. (2009). The effect of simulated borer infested shoot 
pruning on yield parameters of eggplant. J. Asia Pac. Entomol. 12, 41–43. doi: 10.1016/j.
aspen.2008.10.001

Stevens, D. J., Murray, D., Diepeveen, D., and Toohey, D. (2022). Adaptalight: An 
inexpensive PAR sensor system for daylight harvesting in a micro indoor smart 
hydroponic system. Horticulturae 8:105. doi: 10.3390/horticulturae8020105

Storino, F., Arizmendiarrieta, J. S., Irigoyen, I., Muro, J., and Aparicio-Tejo, P. M. 
(2016). Meat waste as feedstock for home composting: effects on the process and quality 
of compost. Waste Manag. 56, 53–62. doi: 10.1016/j.wasman.2016.07.004

Suarez, E., Agrawal, P., Izzo, L. G., and Gómez, C. (2023). Intumescence response by 
tomato plants grown in a greenhouse or indoors using two types of soilless culture 
systems. HortScience 58, 1550–1559. doi: 10.21273/HORTSCI17415-23

Suárez-Cáceres, G. P., Lobillo-Eguíbar, J., Fernández-Cabanás, V. M., 
Quevedo-Ruiz, F. J., and Pérez-Urrestarazu, L. (2021). Polyculture 
production of vegetables and red hybrid tilapia for self-consumption by means of micro-
scale aquaponic systems. Aquac. Eng. 95:102181. doi: 10.1016/j.aquaeng.2021. 
102181

Suathong, W., Ongkunaruk, P., and Trevanich, S. (2024). The shelf life and quality of 
green pea (Pisum sativum) sprouts during storage at different refrigerated temperatures 
and durations of indirect-sunlight exposure. Postharvest Biol. Technol. 207:112590. doi: 
10.1016/j.postharvbio.2023.112590

Supapvanich, S., Anan, W., and Chimsonthorn, V. (2019). Efficiency of combinative 
salicylic acid and chitosan preharvest-treatment on antioxidant and phytochemicals of 
ready to eat daikon sprouts during storage. Food Chem. 284, 8–15. doi: 10.1016/j.
foodchem.2019.01.100

Suwardi, A. B., Navia, Z. I., Mubarak, A., and Mardudi, M. (2023). Diversity of home 
garden plants and their contribution to promoting sustainable livelihoods for local 
communities living near Serbajadi protected forest in Aceh Timur region, Indonesia. 
Biol. Agric. Hortic. 39, 170–182. doi: 10.1080/01448765.2023.2182233

Sykes, V. R., Bumgarner, N. R., Keadle, S. B., Wilson, A., and Palacios, F. (2021). 
Citizen science in vegetable garden cultivar evaluation in Tennessee. Horticulturae 7:422. 
doi: 10.3390/horticulturae7110422

Tanzilli, D., D Alessandro, A., Tamelli, S., Durante, C., Cocchi, M., and Strani, L. 
(2023). A feasibility study towards the on-line quality assessment of pesto sauce 
production by NIR and chemometrics. Food Secur. 12:1679. doi: 10.3390/foods12081679

Tatàno, F., Pagliaro, G., Di Giovanni, P., Floriani, E., and Mangani, F. (2015). Biowaste 
home composting: experimental process monitoring and quality control. Waste Manag. 
38, 72–85. doi: 10.1016/j.wasman.2014.12.011

Taylor, J. R., Lovell, S. T., Wortman, S. E., and Chan, M. (2017). Ecosystem services 
and tradeoffs in the home food gardens of African American, Chinese-origin and 
Mexican-origin households in Chicago, IL. Renew. Agric. Food Syst. 32, 69–86. doi: 
10.1017/S174217051600003X

Teng, Z., Luo, Y., Pearlstein, D. J., Wheeler, R. M., Johnson, C. M., Wang, Q., et al. 
(2023). Microgreens for home, commercial, and space farming: a comprehensive update 
of the most recent developments. Annu. Rev. Food Sci. Technol. 14, 539–562. doi: 
10.1146/annurev-food-060721-024636

Thamilini, J., Wekumbura, C., Mohotti, A. J., Kumara, A. P., Kudagammana, S. T., 
Silva, K. D. R. R., et al. (2019). Organized homegardens contribute to micronutrient 
intakes and dietary diversity of rural households in Sri Lanka. Frontiers in Sustainable 
Food Systems 3:94. doi: 10.3389/fsufs.2019.00094

Theodorou, A., Panno, A., Carrus, G., Carbone, G. A., Massullo, C., and Imperatori, C. 
(2021). Stay home, stay safe, stay green: the role of gardening activities on mental health 
during the Covid-19 home confinement. Urban For. Urban Green. 61:127091. doi: 
10.1016/j.ufug.2021.127091

Tieman, D., Zhu, G., Resende, M. F. R., Lin, T., Nguyen, C., Bies, D., et al. (2017). A 
chemical genetic roadmap to improved tomato flavor. Science 355, 391–394. doi: 
10.1126/science.aal1556

Tien, P. W., Wei, S., Liu, T., Calautit, J., Darkwa, J., and Wood, C. (2021). A 
deep learning approach towards the detection and recognition of opening of windows 
for effective management of building ventilation heat losses and reducing space 
heating demand. Renew. Energy 177, 603–625. doi: 10.1016/j.renene.2021. 
05.155

Tulipani, S., Alvarez-Suarez, J. M., Busco, F., Bompadre, S., Quiles, J. L., Mezzetti, B., 
et al. (2011). Strawberry consumption improves plasma antioxidant status and 
erythrocyte resistance to oxidative haemolysis in humans. Food Chem. 128, 180–186. 
doi: 10.1016/j.foodchem.2011.03.025

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.1016/j.scitotenv.2021.152051
https://doi.org/10.1016/j.scitotenv.2021.152051
https://doi.org/10.1093/ee/nvv002
https://doi.org/10.3390/su131910879
https://doi.org/10.3390/su131910879
https://doi.org/10.3390/plants11212882
https://doi.org/10.1016/j.jff.2023.105780
https://doi.org/10.34068/joe.52.06.28
https://doi.org/10.17660/ActaHortic.2014.1049.22
https://doi.org/10.21273/HORTSCI17173-23
https://doi.org/10.3389/ffgc.2022.822320
https://doi.org/10.21273/HORTTECH05312-23
https://doi.org/10.1080/10408398.2012.657809
https://doi.org/10.17660/ActaHortic.2018.1227.43
https://doi.org/10.3389/fmars.2022.1089421
https://doi.org/10.4236/ajps.2019.108100
https://doi.org/10.4236/ajps.2019.108100
https://doi.org/10.1128/AEM.02814-17
https://doi.org/10.3390/horticulturae8040274
https://doi.org/10.1016/j.scienta.2022.111326
https://doi.org/10.3390/ijerph192013715
https://doi.org/10.3390/ijerph192013715
https://doi.org/10.1088/1755-1315/940/1/012093
https://doi.org/10.1093/jee/97.4.1390
https://doi.org/10.1016/j.ohx.2023.e00498
https://doi.org/10.1128/AEM.01572-20
https://doi.org/10.1371/journal.pone.0230996
https://doi.org/10.1002/ppp3.10377
https://doi.org/10.1016/j.ufug.2021.127448
https://doi.org/10.1016/j.ufug.2021.127448
https://doi.org/10.1088/2515-7620/ab3b8c
https://doi.org/10.21273/HORTTECH04685-20
https://doi.org/10.1016/j.aspen.2008.10.001
https://doi.org/10.1016/j.aspen.2008.10.001
https://doi.org/10.3390/horticulturae8020105
https://doi.org/10.1016/j.wasman.2016.07.004
https://doi.org/10.21273/HORTSCI17415-23
https://doi.org/10.1016/j.aquaeng.2021.102181
https://doi.org/10.1016/j.aquaeng.2021.102181
https://doi.org/10.1016/j.postharvbio.2023.112590
https://doi.org/10.1016/j.foodchem.2019.01.100
https://doi.org/10.1016/j.foodchem.2019.01.100
https://doi.org/10.1080/01448765.2023.2182233
https://doi.org/10.3390/horticulturae7110422
https://doi.org/10.3390/foods12081679
https://doi.org/10.1016/j.wasman.2014.12.011
https://doi.org/10.1017/S174217051600003X
https://doi.org/10.1146/annurev-food-060721-024636
https://doi.org/10.3389/fsufs.2019.00094
https://doi.org/10.1016/j.ufug.2021.127091
https://doi.org/10.1126/science.aal1556
https://doi.org/10.1016/j.renene.2021.05.155
https://doi.org/10.1016/j.renene.2021.05.155
https://doi.org/10.1016/j.foodchem.2011.03.025


Xu et al. 10.3389/fsufs.2024.1391732

Frontiers in Sustainable Food Systems 19 frontiersin.org

Turnšek, M., Gangenes Skar, S., Piirman, M., Thorarinsdottir, R. I., Bavec, M., and 
Junge, R. (2022). Home gardening and food security concerns during the COVID-19 
pandemic. Horticulturae 8:778. doi: 10.3390/horticulturae8090778

Vázquez, M. A., and Soto, M. (2017). The efficiency of home composting 
programmes and compost quality. Waste Manag. 64, 39–50. doi: 10.1016/j.
wasman.2017.03.022

Visvanathan, G., Patil, K., Suryawanshi, Y., and Chumchu, P. (2023). Sensor based 
dataset to assess the impact of urban heat island effect mitigation and indoor thermal 
comfort via terrace gardens. Data Brief 49:109431. doi: 10.1016/j.dib.2023.109431

Wang, S., Shi, M., Zhang, Y., Pan, Z., Xie, X., Zhang, L., et al. (2022). The R2R3-MYB 
transcription factor FaMYB63 participates in regulation of eugenol production in 
strawberry. Plant Physiol. 188, 2146–2165. doi: 10.1093/plphys/kiac014

Wang, C., Zhang, J., Li, J., Xie, J., and Chai, Q. (2024). Exogenous methyl jasmonate 
regulates endogenous hormone synthesis of soilless cultivated Chinese chive to promote 
growth physiology and photosynthesis. Sci. Hortic. 327:112861. doi: 10.1016/j.
scienta.2024.112861

Wang, X., Zhang, M., Wang, X., Yang, D., and Zhang, X. (2023). Synergistic regulation 
of the growth and fruit quality of cherry tomato by remaining fruit spikes and number 
of interspike leaves after pruning. Sci. Hortic. 322:112458. doi: 10.1016/j.
scienta.2023.112458

Wiersema, S. G., and Booth, R. H. (1987). A potential family food production system 
for warm climates based on potato production from true seed in home gardens and 
simple processing. Agric. Syst. 23, 95–105. doi: 10.1016/0308-521X(87)90088-6

Winter, K., Aranda, J., and Holtum, J. A. M. (2005). Carbon isotope composition and 
water-use efficiency in plants with crassulacean acid metabolism. Funct. Plant Biol. 32, 
381–388. doi: 10.1071/FP04123

Wongkiew, S., Hu, Z., Chandran, K., Lee, J. W., and Khanal, S. K. (2017). Nitrogen 
transformations in aquaponic systems: a review. Aquac. Eng. 76, 9–19. doi: 10.1016/j.
aquaeng.2017.01.004

Wu, C., Chou, L., Huang, H., and Tu, H. (2022). Perceived COVID-19-related stress 
drives home gardening intentions and improves human health in Taiwan. Urban For. 
Urban Green. 78:127770. doi: 10.1016/j.ufug.2022.127770

Wyon, D. P. (2004). The effects of indoor air quality on performance and productivity. 
Indoor Air 14, 92–101. doi: 10.1111/j.1600-0668.2004.00278.x

Xiao, Z., Pan, Y., Wang, C., Li, X., Lu, Y., Tian, Z., et al. (2022). Multi-functional 
development and utilization of rapeseed: comprehensive analysis of the nutritional value 
of rapeseed sprouts. Food Secur. 11:778. doi: 10.3390/foods11060778

Xue, L., Dai, H., and Lei, J. (2015). Creating high polyploidy pink-flowered strawberries 
with improved cold tolerance. Euphytica 206, 417–426. doi: 10.1007/s10681-015-1499-8

Xue, L., Wang, Z., Zhang, W., Li, Y., Wang, J., and Lei, J. (2016). Flower pigment 
inheritance and anthocyanin characterization of hybrids from pink-flowered and white-
flowered strawberry. Sci. Hortic. 200, 143–150. doi: 10.1016/j.scienta.2016.01.020

Xue, L., Wang, J., Zhao, J., Zheng, Y., Wang, H., Wu, X., et al. (2019). Study on cyanidin 
metabolism in petals of pink-flowered strawberry based on transcriptome 
sequencing and metabolite analysis. BMC Plant Biol. 19:423. doi: 10.1186/
s12870-019-2048-8

Yoon, Y., Kuppusamy, S., Cho, K. M., Kim, P. J., Kwack, Y., and Lee, Y. (2017). Influence 
of cold stress on contents of soluble sugars, vitamin C and free amino acids including 
gamma-aminobutyric acid (GABA) in spinach (Spinacia oleracea). Food Chem. 215, 
185–192. doi: 10.1016/j.foodchem.2016.07.167

Yue, J., Liu, Z., Zhao, C., Zhao, J., Zheng, Y., Zhang, H., et al. (2022). Comparative 
transcriptome analysis uncovers the regulatory roles of MicroRNAs involved in petal 
color change of pink-flowered strawberry. Front. Plant Sci. 13:854508. doi: 10.3389/
fpls.2022.854508

Zasada, I., Schmutz, U., Wascher, D., Kneafsey, M., Corsi, S., Mazzocchi, C., et al. 
(2019). Food beyond the city – Analysing foodsheds and self-sufficiency for different 
food system scenarios in European metropolitan regions. City Cult. Soc. 16, 25–35. doi: 
10.1016/j.ccs.2017.06.002

Zhang, S., Guo, X., Li, J., Zhang, Y., Yang, Y., Zheng, W., et al. (2022). Effects of light-
emitting diode spectral combinations on growth and quality of pea sprouts under long 
photoperiod. Front. Plant Sci. 13:978462. doi: 10.3389/fpls.2022.978462

Zhang, Y., Zhang, W., Wu, W., Farag, M. A., Wang, L., Xiao, S., et al. (2023). Critical 
assessment of the delivery methods of chemical and natural postharvest preservatives 
for fruits and vegetables: a review. Crit. Rev. Food Sci. Nutr. 1-23, 1–23. doi: 
10.1080/10408398.2023.2289071

Zhao, T., Nie, J., Yan, X., and Xue, W. (2024). Identifying the critical LED light 
condition for optimum yield and flavonoid of pea sprouts. Sci. Hortic. 327:112801. doi: 
10.1016/j.scienta.2023.112801

Zhao, X., Zhang, K., Zhang, H., Bi, M., He, Y., Cui, Y., et al. (2023). Tomato short 
internodes and pedicels encode an LRR receptor-like serine/threonine-protein kinase 
ERECTA regulating stem elongation through modulating gibberellin metabolism. Front. 
Plant Sci. 14:1283489. doi: 10.3389/fpls.2023.1283489

Zheng, Z., Zhang, Y., Gao, Y., Shen, Y., and Huang, Y. (2023). GRAS family 
transcription factor FaSCL8 regulates FaVPT1 expression mediating phosphate 
accumulation and strawberry fruit ripening. Fruit Res. 3:15. doi: 10.48130/
FruRes-2023-0015

Zhu, Y., Gu, H., Li, H., Lam, S. S., Verma, M., Ng, H. S., et al. (2023). Phytoremediation 
of contaminants in urban soils: a review. Environ. Chem. Lett. 22, 355–371. doi: 10.1007/
s10311-023-01663-6

https://doi.org/10.3389/fsufs.2024.1391732
https://www.frontiersin.org/journals/sustainable-food-systems
https://www.frontiersin.org
https://doi.org/10.3390/horticulturae8090778
https://doi.org/10.1016/j.wasman.2017.03.022
https://doi.org/10.1016/j.wasman.2017.03.022
https://doi.org/10.1016/j.dib.2023.109431
https://doi.org/10.1093/plphys/kiac014
https://doi.org/10.1016/j.scienta.2024.112861
https://doi.org/10.1016/j.scienta.2024.112861
https://doi.org/10.1016/j.scienta.2023.112458
https://doi.org/10.1016/j.scienta.2023.112458
https://doi.org/10.1016/0308-521X(87)90088-6
https://doi.org/10.1071/FP04123
https://doi.org/10.1016/j.aquaeng.2017.01.004
https://doi.org/10.1016/j.aquaeng.2017.01.004
https://doi.org/10.1016/j.ufug.2022.127770
https://doi.org/10.1111/j.1600-0668.2004.00278.x
https://doi.org/10.3390/foods11060778
https://doi.org/10.1007/s10681-015-1499-8
https://doi.org/10.1016/j.scienta.2016.01.020
https://doi.org/10.1186/s12870-019-2048-8
https://doi.org/10.1186/s12870-019-2048-8
https://doi.org/10.1016/j.foodchem.2016.07.167
https://doi.org/10.3389/fpls.2022.854508
https://doi.org/10.3389/fpls.2022.854508
https://doi.org/10.1016/j.ccs.2017.06.002
https://doi.org/10.3389/fpls.2022.978462
https://doi.org/10.1080/10408398.2023.2289071
https://doi.org/10.1016/j.scienta.2023.112801
https://doi.org/10.3389/fpls.2023.1283489
https://doi.org/10.48130/FruRes-2023-0015
https://doi.org/10.48130/FruRes-2023-0015
https://doi.org/10.1007/s10311-023-01663-6
https://doi.org/10.1007/s10311-023-01663-6

	Home food gardening in modern cities: advances, issues, and future perspectives
	1 Introduction
	2 Advances
	2.1 Cultivated species for HFG
	2.1.1 Potato
	2.1.2 Tomato
	2.1.3 Leafy vegetables
	2.1.4 Sprouts
	2.1.5 Strawberry
	2.2 Devices available for HFG
	2.2.1 Light supplementation equipment
	2.2.2 Substrate cultivation system
	2.2.3 Hydroponic systems
	2.2.4 Aquaponics equipment
	2.2.5 Sprouts production devices
	2.3 Technologies available for HFG
	2.3.1 Hydroponic technologies
	2.3.2 Ordinary home composting and black soldier fly larvae-based composting technologies
	2.3.3 Light and temperature management technology
	2.3.4 Domestic sprouts production technology

	3 Current issues
	3.1 Space constraints
	3.2 Underlying harms for buildings
	3.3 Lack of government policy support
	3.4 Labor- and time-intensive procedures
	3.5 Relatively high input costs
	3.6 Deficiency of planting experience
	3.7 Unguaranteed seed quality, vanishing heirlooms, and scarcity of cultivar selection information
	3.8 Weak light and changing weather conditions
	3.9 Annoying pests, phytopathogens, and birds
	3.10 Poor quality of urban soils
	3.11 Health risks, even life dangers
	3.12 Water eutrophication

	4 Future perspectives
	5 Conclusion
	Author contributions

	References

