Internatlonal Journal of Hortlculture and Food Science 2025; 7(2): 105-108

Internatlonal Journal of Hortlculture and Food SC|ence

E-ISSN: 2663-1067
P-ISSN: 2663-1075

NAAS Rating: 4.74
www.hortijournal.com
IJHFS 2025; 7(2): 105-108
Received: 16-12-2024
Accepted: 20-01-2025

Ahmad Razak

Department of Soil and
Environmental Sciences,
Kuala Lumpur Graduate
School of Bioagricultural
Studies, Kuala Lumpur, Kuala
Lumpur, Malaysia

Nurul Aisyah

Department of Soil and
Environmental Sciences,
Kuala Lumpur Graduate
School of Bioagricultural
Studies, Kuala Lumpur, Kuala
Lumpur, Malaysia

Mohd Hafiz

Department of Soil and
Environmental Sciences,
Kuala Lumpur Graduate
School of Bioagricultural
Studies, Kuala Lumpur, Kuala
Lumpur, Malaysia

Corresponding Author:

Ahmad Razak

Department of Soil and
Environmental Sciences,
Kuala Lumpur Graduate
School of Bioagricultural
Studies, Kuala Lumpur, Kuala
Lumpur, Malaysia

Developing urban horticulture of spinach in the
Southern African bushveld

Ahmad Razak, Nurul Aisyah and Mohd Hafiz

DOI: https://www.doi.org/10.33545/26631067.2025.v7.i2b.568

Abstract

Urban horticulture is expanding rapidly in tropical cities, but reliable data on leafy vegetable
performance across different urban growing spaces remain scarce. This research evaluated spinach
(Spinacia oleracea L.) productivity, nutritional quality, and economic viability across four urban
cultivation settings (rooftop gardens, balcony containers, community plots, and backyard raised beds)
in Kuala Lumpur, Malaysia, from January 2022 to December 2022. A total of 320 planting units were
monitored across 16 sites. Community plots produced the highest mean fresh biomass at 187.4 g per
plant, followed by backyard beds (162.8 g), rooftop gardens (141.3 g), and balcony containers (118.6
g). Light intensity was the strongest predictor of biomass production (r = 0.79, p<0.01). Leaf iron
content ranged from 2.7 to 4.1 mg per 100 g fresh weight, with backyard beds producing the most
nutrient-dense leaves. Economic analysis indicated that community plots generated the best return on
investment at 2.43, while balcony containers had the lowest at 1.18. These results support targeted
extension advice matching spinach growing methods to specific urban spaces.

Keywords: Mycorrhiza, genetic diversity, dietary fiber, volatile profile, conservation agriculture, urban
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Introduction

The contrast between a bustling tropical city and the image of a productive vegetable garden
may seem wide, but urban food production is no longer a fringe activity. Across Southeast
Asia, rapid urbanisation has concentrated over 60% of the population in cities, creating food
supply chains that are long, energy-intensive, and vulnerable to disruption [, Growing fresh
vegetables within the urban boundary shortens these chains and gives city residents direct
control over food quality.

Spinach is well suited to urban cultivation because of its short growth cycle (30-45 days
from sowing to harvest), compact habit, and high nutritional value, particularly in iron,
vitamins A and C, and dietary fibre ?. In tropical lowland cities like Kuala Lumpur,
however, spinach faces challenges including high ambient temperatures, irregular sunlight
penetration between buildings, and limited soil volume in containers and raised beds 3.
Previous research on urban vegetable production in Southeast Asia has focused mainly on
leafy greens grown in hydroponic systems [, which require capital investment and technical
knowledge that many urban households lack. Soil-based and container-based methods are
more accessible but their comparative performance across different urban micro-
environments has not been systematically assessed. Rooftop gardens receive maximum
sunlight but experience high wind and temperature extremes; balcony containers offer
convenience but limited root volume and shade from adjacent buildings; community plots
provide larger soil volumes but may suffer from soil contamination; and backyard beds
combine soil depth with moderate microclimatic protection [,

This research set out to quantify spinach performance across these four urban growing
settings in Kuala Lumpur, measuring yield, nutritional quality, resource use, and economic
returns to inform practical guidance for urban growers.

Material and Methods

Material

Spinach seeds of the Bloomsdale Long Standing cultivar were sourced from a certified seed
company in Kuala Lumpur. Growing media consisted of commercial potting mix (for
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containers and raised beds) and existing garden soil (for
community plots), both amended with vermicompost at 20%
volume. Containers were 30-litre plastic grow bags for
balcony settings and 80-litre wooden planter boxes for
rooftop installations. Community plots used in-ground beds
1.2 m wide and 6 m long. Backyard raised beds measured
1.2 x 2.4 m and were 30 cm deep, filled with potting mix.
Slow-release fertiliser (14-14-14 NPK) was applied at
planting and liquid seaweed extract was applied fortnightly
as foliar feed. The research was based at the Kuala Lumpur
Graduate School of Bioagricultural Studies, with satellite

sites distributed across four residential districts of the city
[6]

Methods

The research was conducted from January to December
2022 at 16 sites across Kuala Lumpur, coordinated by the
Kuala Lumpur Graduate School of Bioagricultural Studies.
Four growing settings were evaluated: rooftop gardens (4
sites), balcony containers (4 sites), community plots (4
sites), and backyard raised beds (4 sites). Each site hosted
20 planting units (individual containers or 1-square-metre
bed sections), giving 80 units per setting and 320 total.
Spinach was sown directly at 15 x 10 cm spacing and
thinned to one plant per station at the two-leaf stage. Three
successive crops were grown per year (January-March,

Results
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May-July, September-November). At harvest (35-40 days
after sowing), whole-plant fresh weight was recorded. Leaf
samples were analysed for iron, vitamin C, and total dietary
fibre content at the university's food science laboratory.
Light intensity was measured weekly at canopy level using a
quantum sensor. Soil temperature, air temperature, and
relative humidity were logged at each site. Economic
analysis calculated the ratio of gross revenue (using Kuala
Lumpur wet market prices) to total input costs. ANOVA
was performed in SPSS v28 with Duncan's multiple range
test at p<0.05 [,

Field experimental design

Sites were selected using stratified random sampling to
represent the range of building heights and orientations
found in Kuala Lumpur's residential zones. Within each
setting type, the four sites were distributed across different
districts (Cheras, Petaling Jaya, Ampang, and Kepong) to
capture spatial variation in microclimate and soil quality. At
each site, planting units were arranged in a completely
randomised design. Guard plants surrounded each
experimental unit to reduce edge effects. Irrigation was
standardised at 5 mm per day delivered by drip emitters for
all settings except community plots, which received
overhead sprinkler irrigation at the same daily volume [,

Table 1: Mean spinach fresh biomass (g/plant), leaf iron content (mg/100 g FW), and economic return on investment by urban growing

setting
Setting Biomass (g) Iron (mg/100g) ROI
Rooftop 141.3 34 1.87
Balcony 118.6 2.7 1.18
Community 187.4 3.8 2.43
Backyard 162.8 4.1 2.11

Growing setting significantly affected spinach biomass (F =
19.4, p<0.001). Community plots produced the highest
mean fresh weight at 187.4 g per plant, 57.9% more than
balcony containers at 118.6 g (Table 1). Backyard raised

beds and rooftop gardens were intermediate. Leaf iron
content was highest in backyard beds (4.1 mg per 100 g),
likely reflecting the nutrient-rich potting mix and moderate
soil temperatures.

Backyard
bed

Rooftop
garden

Community

plot

Balcony
container

Fig 1: Proportional distribution of total spinach biomass production across urban growing settings
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Light intensity was the single best predictor of biomass.
Across all settings, mean daily light levels ranged from 280
micromoles per square metre per second on shaded

https://www.hortijournal.com

balconies to 720 on open rooftops. The correlation between
light and biomass was positive and strong (r = 0.79, p<0.01,
Figure 2).
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Fig 2: Relationship between mean daily light intensity and spinach fresh biomass across all planting units and settings

Table 2: Mean environmental parameters by growing setting
during the main growing period (January-March 2022)

them the preferred option where land access is available.
Backyard raised beds produced the most nutritious leaves
and a solid economic return, and are well suited to

households with modest garden space. Rooftop gardens are

viable but require heat-mitigation strategies to prevent

bolting. Balcony containers, though the most accessible

Parameter Rooftop | Balcony Community
Light (umol/m2/s) 718 284 612
Max air temp (C) 36.8 33.4 34.9
Soil temp (C) 31.2 28.7 29.4
Discussion

Community plots outperformed other settings primarily
because they offered the best combination of adequate light,
deep soil volume, and moderate microclimate. The larger
root zone in ground-level beds allowed greater water and
nutrient uptake, which translated directly into higher
biomass ). Balcony containers, constrained to 30 litres of
growing medium and often shaded by adjacent structures,
produced the lowest yields, confirming that root volume and
light are the two main limiting factors for urban spinach.
Rooftop gardens had the highest light levels but also the
highest temperatures, which likely triggered premature
bolting in some plants during the March crop cycle. Spinach
is a cool-season crop that bolts under long days and high
temperatures [, and rooftop conditions in tropical Kuala
Lumpur push both limits. Shade cloth or reflective mulch
could help moderate rooftop heat stress 191,

The finding that backyard raised beds produced the most
iron-dense leaves (4.1 mg per 100 g) was unexpected, since
iron content is usually more strongly linked to soil
chemistry than to growing environment ', One explanation
is that the fresh potting mix used in backyard beds had a
higher available iron fraction than the weathered soils of
community plots. If confirmed, this would argue for
periodic media replacement in urban growing systems to
maintain nutritional quality.

Conclusion

This research demonstrated that spinach can be grown
productively across diverse urban settings in tropical Kuala
Lumpur, but performance varies widely. Community plots
offered the highest yield and best economic return, making

option for apartment dwellers, gave the lowest returns and
may be better suited to more heat-tolerant leafy crops.
Extension programmes should tailor their advice to the
specific growing space available to each urban household.
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