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Abstract

Rapid urban growth, together with an increase in urban food demand and rural-urban food flows, effectively
transfer the urban footprint to the surrounding cities. In Uganda, where fast urban growth is evident, data on
the resultant foodprint is sparse. To bridge this gap in knowledge, this paper quantitatively analyses the flows
of the rural-urban cooking banana (matooke) to Kampala, Uganda, and the embedded land and nutrient foot-
prints. Food freight surveys involving interviews with food truck drivers and field measurements were used
to obtain data on quantities of banana flow to ten purposively sampled city markets. The results confirm that
88.5% of Kampala’s banana inflows are sourced from the Ankole sub-region. Disaggregation of the flows
by season revealed a 52% fall in banana supplies to the city during the wet season. The calculated annual
land footprint associated with the city’s banana inflows was 15,268 hectares. The hot spots for NPK nutrient
mining are in the Ankole region, including mean daily losses of 362.29+29.13Kg (K), 104.66+8.42Kg (N)
and 4.03+0.32Kg(P). The ANOVA results exhibited significant differences (P<0.05) in the cooking banana
land and nutrient footprints between the source regions and concerning the dry and wet seasons, except for
the Rwenzori, Kigezi, and Bunyoro sub-regions pertaining to the land footprint and Buganda, Tooro, and
Bunyoro as regards the nutrient footprint. These results emphasise the intense rural nutrient mining that is
associated with urban food consumption. Thus, to guarantee sustainable matooke production, there is a need
to establish waste diversion strategies that enable nutrient recycling back to rural farms.

Keywords: Urban Footprints; Urban Foodshed; Land Footprint; Nutrient Footprint.

1. Introduction

Humankind has become a predominantly urban species over the past few decades, as the world
has experienced a process of rapid urbanisation. In 1950, only 30% of the world’s population was
urban, however currently, the majority of people, approximately 55% of the world’s population,
resides in urban settlements. This percentage is projected to grow to 70% by 2050 (FAO, 2019).
Africa is the world’s fastest urbanising continent. Between 1950 and 2015, the continent’s urban
population increased by roughly 2000%, from 27 million to 567 million people (Heinrigs, 2020).
By 2050, roughly 56% of Africans will live in urban settlements (Vearey, Luginaah & Shilla,
2019).

This unprecedented growth in the global urban population has brought with it a rise in urban food
demand and a reduction in urban agricultural land (FAO, 2021). This leaves cities with limited
spaces intended for food production (de Bruin et al., 2021). Essentially, contemporary cities pro-
duce only a fraction of the food they consume (Hemerijckx et al., 2023), making them immensely
dependent on complex, large-scale food supply chains that originate from distant places outside
city boundaries (Karg et al., 2022; Zou, 2019; Benis, 2018). This external sourcing of food effec-
tively transfers the environmental load associated with urban food consumption to the food source
regions (Stelwagen et al., 2021). Hence, this conceals the negative effects that arise from people’s
dietary choices (Bosire, 2016), thereby creating a metabolic rift between urban food consumers
and their food source regions (Goldstein, Birkved & Fernandez, 2017). To city dwellers, food has
become abstract, produced out there in the hinterlands and imported into the city. Extremely few
people have any concrete knowledge of the origins of their food, how it reaches the city, and the
associated environmental load (Vanham, 2017). Currently, given that the bulk of the global po-
pulation reside in cities, documenting how much and what food enters cities and the attendant
footprint is fundamental to achieve urban sustainability (Guibrunet & Sanchez, 2023).

To illustrate the environmental pressure associated with urban dependence on external food
sources, the urban footprint is employed (Goldstein, 2017). Quantification of the urban footprint
entails the application of composite indicators that reflect resource appropriation and the pollution
flows associated with urban food consumption. Included in these are the urban land and nutrient
footprints, which are consumption-based indicators that measure the total amount of land and
nutrients employed domestically and externally to produce the food consumed by the urban po-
pulation. The land and nutrient foodprints are sophisticated indicators that are effective in
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quantifying the extent to which a specified region is dependent on external land resources (Bosire,
2016). Land appropriation regarding urban food production and the attendant nutrient mining
from rural landscapes represents a significant obstacle to achieving sustainable production and
consumption (SDG 12) in both developed and developing nations (Lin et al., 2016).

While a handful of previous studies have documented urban food flows and the accompanying
environmental load (Aleksandrowicz et al., 2016; Anielski, 2010; Billen et al., 2008; Borucke et
al., 2013; Castellani et al., 2017; Fischer et al., 2017; Paitan &Verburg, 2019; De Cunto et al.,
2017; Goldstein, Birkved & Fernandez, 2017; Papangelou, Achten & Mathijs, 2020), most of
these studies have ultimately focused on large cities in the high income, highly industrialised and
data rich countries of the Global North (Guibrunet & Sanchez, 2023). Consequently, cities in the
Global South that are characterised by unique socio-technical conditions are disregarded. Gran-
ting, these foodprint studies employ coarse resolution aggregated data or household survey data
(Schreiber, et al. 2021), these data do not adequately reveal the detailed in-country spatial varia-
tions in the rural-urban food origins and the associated foodprints, specifically in the vast areas of
Africa that are characterised by unique socio-technical conditions. This paucity of comprehensive
fine-scale spatial resolution data, which relates the food consumed in the city to specific source
locations, restricts accurate determination of the urban foodprint. Consequently, the practical uti-
lisation of foodprint analyses concerning urban food planning in developing countries is excep-
tionally challenging (Godar et al., 2015). This basically explains why, despite the convincing link
between food and the environment, and regardless of the fact that the city is the space and place
where demand for food is highest, previously, footprints have received only superficial conside-
ration in regard to urban policy and planning (Wiskerke, 2015).

In Uganda, where rapid urban growth of 5.2% per annum is evident (UBQOS, 2021), the scale of
the rural-urban food flows and deep rooted footprint, have not been systematically investigated.
Notwithstanding that knowledge of the locality of food sources regarding urban food supply is
recognised as central in supporting urban food systems resilience and sustainability (Karg et al.,
2016); to date, no specific study has been conducted to quantify the rural-urban food flows in the
country, the actual geographic areas from which food consumed in the city is sourced and the
embedded environmental load. This gap in knowledge pertaining to urban foodprints in the coun-
try, represents a failed opportunity to address the significant urban environmental pressures asso-
ciated with urban food consumption. With the projected increase in the proportion of the country’s
urban population from the current 27% to 50% by 2050 (UBQOS, 2021), the urban land and nutrient
footprint imposed on food source regions is expected to increase substantially. Hence, in the ab-
sence of the necessary comprehensive urban food planning, this could significantly compromise
food production across the country and threaten urban food sustainability and rural livelihoods.

To mitigate this pending threat, there is need to ascertain the scale of urban food consumption and
the attendant foodprint. In this study, we quantified the rural-urban flows for cooking banana
(Musa spp. AAA-EA), determined the specific food origin regions and analysed the land and NPK
nutrient footprints established in the flows. Cooking banana is a major crop for approximately
57.5% of Ugandans and the most consumed staple food in Central Uganda with per capita con-
sumption of 220-400kg per annum (Calkins, 2021). Similarly, matooke dominates production
among the five key crops in the country with a total annual production of 11.1 million metric
tonnes (MT) and yield of 15.4 MT per hectare (UBOS, 2022). Given the reported strong associa-
tion between banana production and significant losses of nitrogen, phosphorus and potassium
(NPK) nutrients (Kongkijthavorn, 2017; Nalunga et al., 2015; Apanovich & Mazur 2018; Tumu-
himbise et al., 2020), tracing Kampala’s matooke inflows to places of origin is critical in pinpoin-
ting the dominant nutrient mining hotspots in the city’s foodshed. This analysis reveals the poten-
tial food supply bottlenecks and vulnerabilities associated with urban food supplies and could
assist city authorities to plan for urban food sustainability in a more integrated way, with regard
to the level of the city’s dependence on external food sources.

2. Research Methods
2.1. Description of the Study Area

For the purpose of this study, Kampala, Uganda’s capital city, was purposively chosen as a repre-
sentative sample, to highlight the rural-urban food flows and the associated land and nutrient
footprints. The city is located at 0°18’ 49” N and 32° 34’ 52" E, on the northern shores of Lake
Victoria (Figure 1). It is currently composed of five political and administrative divisions, speci-
fically Central, Nakawa, Kawempe, Rubaga, and Makindye, covering a surface area of 189.3 Km?
(Kampala Capital City Authority (KCCA), 2019). However, over time, the city has exponentially
expanded in all directions, notably along major roads and existing towns, forming the Kampala
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Metropolitan Area covering 941.2 Km? (KCCA, 2014). As it is one of the fastest growing African
cities (Hemerijckx et al., 2023), with an annual population growth rate of 4.03% and a current
population of 1.75 million people, Kampala is the country’s economic hub, accounting for roughly
80% the country’s industrial and commercial activities and 65% of national GDP (KCCA, 2014;
KCCA, 2019). If the city’s growth pattern is maintained, Kampala is projected to become a mega
city with a population of more than 10 million people by 2040 (World Bank, 2015). Intrinsically,
Kampala’s rapidly increasing population, coupled with the continuous decrease in agricultural
land due to built-up land expansion, make it a representative sample of the many rapidly growing
cities in Sub-Saharan Africa. Therefore, it is a suitable choice to study the urban foodprint impo-
sed on food source regions, in developing countries.
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Figure 1. Map Illustrating the Location of Sampled Markets in the Five Divisions of Kampala.

2.2. Study Design

A survey design was adopted in this study. Given the lack of secondary data detailing urban food
consumption in the country, the study followed a bottom-up, consumption based approach to
quantify the rural-urban matooke flows for Kampala and the associated land and nutrient foot-
prints. To generate comprehensive data on the food flows, interviews with food truck drivers and
field measurements were employed. This data was subsequently utilised to estimate the land and
nutrient food footprints with respect to cooking banana consumed in the city wherever these im-
pacts occur.

2.2.1. Sample Design

Given the significance of mass in environmental footprint analysis, cooking banana, a non-seaso-
nal crop that is cultivated in a wide range of ecological zones, was purposively selected for study.
The choice of this food type was based on the fact that it is the most consumed staple food Central
Uganda with a per capita consumption of 255 kilograms (fresh weight) per person per year
(FEWS-NET, 2017). As a vital source of carbohydrates, vitamins A, B6 and C, together with
nutrient K all year round, the cooking banana is a key component in both urban food security and
agricultural sustainability throughout the country (Dotto, Matemu & Ndakidemi, 2018). It is also
the most cultivated crop countywide, grown by 75% of all Ugandan farmers (Tumuhimbise et al.,
2020), with an annual production rate of 6.5 million metric tons (UBOS 2020). The dominance
of matooke over other staple foods in Uganda makes it an appropriate choice as regards analysing
the urban foodprint.
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To quantify the city’s cooking banana inflows, ten main food markets amounting to 52% of the
grade one markets in Kampala were purposively chosen, with two markets selected from each of
the five city divisions. These included Kalerwe and Mpererwe markets in Kawempe division,
Busega and Kasubi in Lubaga, St. Balikudembe and Nakasero in Central, Kibuye and Ggaba in
Makindye, in addition to Nakawa and Banda in the Nakawa divisions (Figure 1). The selection of
only main markets in this study was established to avoid the double counting that would arise
owing to food transfers from the large to smaller markets within the city. Each truck driver deli-
vering matooke to the selected markets for the two months formed the study sample. A total of
1703 truck drivers were interviewed.

2.3. Quantification of the Rural-Urban Flows of Cooking Banana

To quantify Kampala’s cooking banana inflows, food freight surveys were conducted at the 10
purposively sampled city food markets. Data on quantities of rural-urban matooke flows and
source regions was collected from the matooke truck drivers delivering food to the markets for a
period of two months, specifically July and October 2021. The choice of these two months repre-
senting data collection was meant to obtain variations in urban food supplies between the peak
and lean seasons. The reported cooking banana supply peak seasons in Uganda are June to August,
and December to February which is the period directly after the harvest, while the lean season is
March to May and September to November (FEWS-NET, 2017). The total amount of matooke
inflows from a specific region was ascertained by multiplying the average weight for a bunch or
bag of matooke by the total number of matooke bunches and bags delivered to the sampled city
markets for a period of two months. To ensure the accuracy of the information provided, data
pertaining to quantities of matooke flows was collected in local units of measurement familiar to
the truck drivers, specifically bunches and/or bags of matooke. These were subsequently con-
verted to standard metric units of quantity (kilograms and metric tonnes), based on the field mea-
surements that were completed using a platform digital weighing scale, model-A12, with a maxi-
mum capacity of 300 kilograms (Plate 1). The result was then extrapolated over a period of one
year to denote the annual matooke inflows into Kampala. The total quantity of matooke food
flows to Kampala was therefore ascertained as Equation 1.

Pi = (Sm x Aw) 1)
Where :
Pi . is the total quantity of the matooke inflows from a specified region in metric tons (MT)
Sm :is the number of bunches/bags of cooking banana delivered to the sampled markets in
two months.
Aw . is the average weight of a bunch or bag of cooking banana in kilograms. The results were

then converted to metric tons (MT).

Figure 2. Researcher Taking Measurements of Matooke Bunches and Bags at Nakawa Market in Kampala.
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2.4. Quantification of the Land Footprint Associated with the Rural-Urban Flows
of Cooking Banana

Cropland footprint is calculated based on food crop supply and yields of the region of origin (de
Ruiter et al., 2017). Essentially, for the purpose of this study, the land footprint for the matooke
inflows to Kampala, was calculated as the area of land required to produce the given quantity of
matooke flows. This was achieved by dividing the quantity of matooke flows by the local region
yields for the crop. The equation (Equation 2) was adopted from Borucke et al. (2013) and em-
ployed in this study.

EONE

Where :
LF . isthe total land required to produce a specified amount of matooke flows
Pi . is the consumed amount of each food type i in tons per year, which in this case is the esti-
mated amount of the rural-urban matooke flows from a specified region.
Yw,i : isthe yield for food type i (matooke) in metric tonnes per hectare.

In this study, regional yields as opposed to national or globally standardised yields were exploited.
These were extracted from the Uganda Annual Agricultural Survey, 2018 (UBOS, 2020). To en-
sure accurate estimation of the land footprint for Kampala, yields for the specific food source sub-
regions were utilised. This is primarily for the reason that yields or land intensities vary widely
across regions, even within the same country.

2.5. Quantification of the Nutrient Footprint Associated with the Rural-Urban
Flows of Cooking Banana

In this study, the three main nutrients, specifically nitrogen, potassium and phosphorous were
chosen. The choice of NPK nutrients is based on the fact that they are reported to be the most
susceptible to mining via banana extraction from the field (Dotto, Matemu & Ndakidemi, 2018).
The nutrient footprint which is the total quantity of nutrients embedded in the rural-urban matooke
flows was then ascertained by multiplying the amount of nutrients extracted from the farm per
unit of fresh cooking banana, as shown in Equation 3.

n .
Thutrient= Zi (Qn * QI ) 3
Where :
Thutrien : is the total quantity of nutrients imbedded matooke flows from a specified region in tons.
Qn . is the quantity of matooke from a specific region delivered to the sampled markets over a
period of two months
Qi . is the quantity of nutrient embedded in a unit quantity of matooke. In this study, the nutrient

concentrations embedded in a unit of matooke are adopted from the study undertaken by
Kongkijthavorn (2017). To be exact, for every 1 metric ton of harvested cooking banana,
2.6 kilograms of nitrogen, 9 kilograms of potassium and 0.1 kilograms of phosphorus are
lost from the system.

2.6. Data Analysis

QGIS was used to develop food flow maps illustrating the spatial variations in the cooking banana
flows from the different source regions of Uganda. This provided an understanding of hotspots in
terms of which specific areas of the city’s hinterland are associated with the largest food withdra-
wals. Data collected was analysed using R software version 4.2.2, for statistical analysis of va-
riance (ANOVA). The one-way ANOVA was run to test whether there were significant diffe-
rences in the land and nutrient footprints among the different food source regions.

3. Results and Discussion

This section presents the results of the cooking banana-related land and nutrient footprint. In the
following, we initially present the quantified rural-urban food flows for Kampala (in metric tons)
and the embedded land footprint. Next, the nutrient footprint associated with the food flows is
reported. Lastly, we discuss the implications of the quantified urban land and nutrient footprints
for sustainable urban food planning.

3.1. The Rural-Urban Flows of Cooking Banana
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One of the objectives of this study was to quantify the rural-urban flows in relation to cooking
banana consumed in Kampala. Essentially, data on the regional and seasonal distribution of the
banana flows to Kampala is presented in 3.1.1 and 3.1.2.

3.1.1. Quantification of the Regional Cooking Banana Flows to Kampala

Kampala consumes considerable quantities of cooked banana. The mean daily cooking banana
inflows to the city amounts to 323.06 metric tons, equivalent to 117,917 metric tons annually.
Data on the regional sources of the city’s banana food supplies (Table 1), reveals that roughly
88.5% of the banana inflows into the city markets originate from Western Uganda, 76.4% of
which is from the Ankole sub-region. The Rwenzori, Tooro and Bunyoro regions contributed only
12.1% of matooke supplies to Kampala. Notwithstanding its close proximity to Kampala, only
11.5% of matooke inflows produced by Central Uganda. Thus, Kampala is considerably depen-
dent on its distant rural countryside of Western Uganda for its supplies of fresh cooking banana.

Table 1. Regional Distribution of Cooking Banana (Matooke) Flows to Kampala

Total Matooke Mean Daily Matooke Flows Percentage of

Region of Origin ~ Sub-Region of Origin Flows (MT) (Meanse) Sd Total Elows
Western Uganda — apkole 14,831.65 239.22+12.64 99.5 76.39
Bunyoro 43.67 4.37+0.8 2.54 0.22
Kigezi 234.70 6.18+0.67 4.12 121
Rwenzori 351.14 8.56+1.02 6.56 1.81
Tooro 1,725.96 28.7742.13 16.53 8.89
Central Uganda Buganda 2,229.54 35.96+3.82 30.09 11.48
Total 19,416.66 323.06 100.00

The ANOVA results (Figure 2) confirm that there were significant differences between the re-
gions of Ankole and Buganda Tooro in the quantities of matooke supplied to Kampala. No signi-
ficant differences were observed among the Rwenzori, Kigezi and Bunyoro sub-regions.
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Figure 3. Regional Variations in Cooking Banana Supplies to Kampala

Disaggregation of the cooking banana flows per source district, demonstrates that Kampala’s ba-
nana supplies are sourced from a combined total of 39 districts in Western and Central Uganda
(Figure 4). Nonetheless, despite the diversified distribution of the city’s banana source districts, a
disproportionately large amount of cooking banana flows to the city originates from a handful of
districts in Western Uganda. In actual fact, 65% of the total cooking banana supplies to Kampala
are from the three districts of Isingiro (27.8%), Mbarara (23.4%) and Ntungamo (13.8%), in the
Ankole sub-region, Western Uganda. Gomba district, Central Uganda’s largest supplier of coo-
king banana to Kampala only accounts for 7.2% of inflows. This is despite the fact that the region
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is traditionally recognised as being ecologically more suitable for banana production than much
of Western Uganda. This substantial reliance by Kampala on Western Uganda concerning its ba-
nana cooking supplies implies the transfer of the accompanying land and nutrient footprints to
these distant hinterlands in the countryside.
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Figure 4. Quantities of Cooking Banana Flows to Kampala from the Source Districts.

3.1.2. Seasonal Variations in the Rural-urban Cooking Banana Flows

Kampala’s cooking banana supplies significantly fluctuates depending on the season. Generally,
banana supplies to Kampala plummeted by 52% during the wet-lean season (Table 2). Of the
quantified total matooke inflows to the city, 13,089.06 MT (67%) were supplied in the dry-peak
season (June-August), while the wet-lean season (September to November), accounted for
6,327.61 MT (33%). The central region registered the largest reduction in the rural-urban cooking
banana flows between the dry and wet season (71.5%), followed by the Ankole sub-region
(51.4%). Kigezi registered the lowest reduction in regard to inflows (7.8%). In Bunyoro however,
a slight increase in the banana flows of 24.8%, was noted during the wet season.

Table 2. Seasonal Variations in Cooking Banana Flows to Kampala.

Sub-Region of Origin Season Total Quantity of Matooke Flows Mean *se Eﬂ:ﬁg;age
Ankole Dry 9,982.97 322.03+£9.01a

Wet 4,848.68 156.41+3.87¢e 51.43
Buganda Dry 1,734.71 55.96+3.88b

Wet 494.83 15.96+1.13f 71.47
Tooro Dry 1,011.55 33.72+2.42¢

Wet 714.42 23.81+1.61f 29.37
Rwenzori Dry 218.32 11.49+1.18cd

Wet 132.82 6.04+0.67¢ 39.16
Kigezi Dry 122.08 6.78+0.88dg

Wet 112.62 5.63%0.40g 7.75
Bunyoro Dry 19.43 4.860.60dg

Wet 24.24 4.04+0.96g 24.76
Total Dry 13,089.06

Wet 6,327.61 51.66
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ANOVA was run to determine whether there were significant variations in cooking banana flows
to Kampala between the wet and dry seasons. The results (Figure 3), explain that there were si-
gnificant differences in banana supplies between the dry and wet seasons in the sub-regions of
Ankole, Buganda, Tooro and Rwenzori (Figure 5). These regions registered significant reductions
in banana supplies in the dry season. Additionally, Matooke flows to Kampala from the sub-re-
gions of Kigezi and Bunyoro did not significantly differ with season.

300+

200+
Season

Dry
Wet

100+

Average Matooke Quantities (MT)

e

AMKOLE BUGAMDA TOORO RWEMNZORI KIGEZI BUMNYORO
Region

Figure 5. Seasonal Variations in Cooking Banana Flows

These seasonal variations in matooke inflows to Kampala during the dry and wet seasons are
confirmed by the FEWS-NET (2017). This details a general reduction in matooke production
throughout the country during the wet season from September-November and March-May. Con-
versely, this is followed by surplus production in the dry season from June-August and December-
February. This decrease in urban matooke supplies in the wet season can be attributed to the re-
ported poor accessibility owing to the muddy roads in the rural countryside and the growth cycle
of the cooking banana crop.

Table 3. The Land Footprint Associated with the Rural-Urban Matooke Flows

Sub-region Season Total Footprint (Ha) Annual Footprint (Ha)  Mean *se sd
Ankole Dry 623.9355 7117.5 19.5+0.98d 5.54
Wet 302.4078 3562.4 9.76+0.33a 1.86
Buganda Dry 141.0333 1660.75 4.55+0.45e 2.48
Wet 40.40691 4745 1.340.13b 0.74
Tooro Dry 71.74101 872.35 2.39+0.24f 1.33
Wet 50.66781 616.85 1.69+0.16b 0.88
Rwenzori Dry 15.48386 295.65 0.81+0.12fg 0.54
Wet 9.419862 156.95 0.43+0.06¢ 0.3
Kigezi Dry 7.630077 153.3 0.42+0.08g 0.34
Wet 7.03898 127.75 0.35+0.03c 0.15
Bunyoro Dry 1.378111 124.1 0.34+0.07g 0.14
Wet 1.718858 105.85 0.29+0.09c 0.21
Total 1,272.86 15,267.95
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Land Footprint (Ha)
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157

3.2. The Land Footprint Associated with the Rural-Urban Matooke Flows

The total amount of cropland used domestically to produce Kampala’s matooke supplies was cal-
culated based on the total banana flows per region and the attendant crop yields in each region
(Table 3). The calculated total matooke land footprint required to supply the 10 sampled markets
in Kampala was 1,272.86 hectares, converting to an annual land footprint of 15,268 hectares. The
Ankole sub-region situated in Western Uganda, with a land footprint of 926.3 hectares, accounts
for 72.8% of the total matooke land footprint for Kampala. Only 181.4 hectares (14%) of the city’s
matooke land footprint is from the central region of Buganda.

The ANOVA results (Figure 6) revealed significant differences in the matooke land footprint
among the source regions except for Rwenzori, Kigezi and Bunyoro. Essentially, the cooking
banana land footprint for Kampala is concentrated in the rural countryside of Western Uganda
which controls the city’s matooke food supplies. These findings relate to Nalunga et al. (2015),
who note that, due to the geographic shift as regards cooking banana production from Central
Uganda, roughly 65% of land devoted to cooking banana production in the country is currently
located in Western and South Western Uganda.

Season

[ o
- Wet

I

AMKOLE BUGAMDA TOORO RWEMNZORI KIGEZI BUMYORO
Region

Figure 6. Regional and Seasonal Variations in the Matooke Land footprint for Kampala

3.3. The Nutrient Footprint Imbedded in the Rural-urban Matooke Flows to Kam-
pala

To ascertain the scale of the rural farm nutrient losses associated with rural-urban matooke flows
to Kampala, the nitrogen, phosphorous and potassium (NPK) nutrients incorporated in the banana
flows were quantified and analysed (Table 4). From the results, potassium is the largest nutrient
embedded in the banana flows to the city with calculated mean daily losses of 232.38+15.5Kg.
This is followed by nitrogen (67.13+4.5Kg) and phosphorous (2.58+0.2Kg).

Table 4. Mean NPK Nutrient Losses embedded in the Rural-urban Cooking Banana Flows

Nutrient Mean tse Sd min max

N 67.13+4.49 104.28 1.75 739.77
P 2.58+0.17 4.01 0.07 28.45

K 232.38+15.55 360.99 6.07 2560.74

The hot spots concerning the NPK nutrient mining associated with the cooking banana supplies
to Kampala are in the Ankole sub-region with mean daily losses of 362.29+29.13Kg (K),
104.66+8.42Kg (N) and 4.03+0.32Kg (P), respectively. This was followed by Buganda, Tooro,
Rwenzori, Kigezi and Bunyoro. The least nutrient losses were in the sub-regions of Bunyoro and
Kigezi (Figure 7).
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Figure 7. Regional Nitrogen (N) Phosphorus (P) and Potassium (K) Nutrient Flows.

There are significant differences in NPK nutrient losses among the regional sources of banana
consumed in Kampala, except between the sub-regions of Buganda and Tooro, as well as Bunyoro
and Kigezi (Table 5 & Figure 7). Thus, the hotspots for nutrient losses associated with Kampala
cooking banana consumption are located in Western Uganda.

Table 5. Quantity of Nutrients Embedded in Matooke Flows (Kgs)

Nutrients Region Quantity of Mean *se sd

N Ankole 26,897.81 104.66+8.42d 134.91
Buganda 5,186.54 37.86+4.61c 53.93
Tooro 2,890.51 36.59+3.37¢c 29.94
Rwenzori 683.71 26.3+3.78b 19.26
Bunyoro 85.71 10.71+1.81a 5.12
Kigezi 439.82 13.74+1.8% 10.71

P Ankole 1,034.53 4.03+0.32d 5.19
Buganda 199.48 1.46+0.18c¢ 2.07
Tooro 111.17 1.41+0.13c 1.15
Rwenzori 26.3 1.01+0.15b 0.74
Bunyoro 3.3 0.41+0.07a 0.2
Kigezi 16.92 0.53+0.07a 0.41

K Ankole 93,107.82 362.29+29.13d 466.99
Buganda 17,953.42 131.05+15.95¢ 186.69
Tooro 10,005.61 126.65+11.66¢ 103.65
Rwenzori 2,366.70 91.03+13.08b 66.68
Bunyoro 296.69 37.09+6.26a 17.71
Kigezi 1522.46 47.58+6.55a 37.06
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These results are consistent with the findings obtained by Nalunga et al. (2015) and Apanovich
& Mazur (2018) who assert that nitrogen and potassium are lost in large quantities through banana
harvesting and export from production areas. Given that the return of dead leaf, dead pseudo stems
and banana peels is essential for the maintenance of nutrient levels within the banana cropping
system, banana export from rural areas to urban centres increases nutrient mining. This results in
a continuous loss of nutrients from the farms that accumulate in pools in cities, from which recy-
cling back to the rural farms is scarcely viable. Kongkijthavorn (2017) reports that 26 kg of nitro-
gen and 90 kg of potassium are depleted from the soil with every 10 Mg ha-1 yield of banana.
According, this export of nutrient resources from rural landscape soils to feed increasing urban
populations, represents a significant obstacle to achieving sustainable food production. Irrespec-
tive of the insufficient levels of on-farm fertiliser application, these rural-urban nutrient flows are
liable to exacerbate the already low and decreasing banana yields in the main producing areas
(Tumuhimbise et al., 2020).

400
300
™ MNutrients
=,
= K
£ 200 1
= M~
(=]
(=]
L P

1

100 ]
1
. . ]
o - - - - . I mm
AMNKOLE  BUGANDA TOORO RWENZORI  KIGEZI BUNYORO
Region

Figure 8. Regional Variations in NPK Nutrient Flows.

3.2. Discussion

3.4.1. The Spatial and Temporal Variations in Cooking Banana Supplies to Kam-
pala

The majority of the city’s matooke inflows are predominantly sourced from three distal districts,
specifically Isingiro, Mbarara and Ntungamo. Notwithstanding that Central Uganda where Kam-
pala is located, is traditionally considered more ecologically suitable for banana production in
contrast to much of Western Uganda (Nalunga et al., 2015), the region contributes only a very
small proportion of the city’s banana supplies. The dominance of Kampala’s cooking banana sup-
plies by Western Uganda is consistent with the findings obtained by previous studies that point to
a persistent decline in matooke yields in the traditional matooke growing region of Central
Uganda since the 1960s (Wairegi et al., 2010). This decline in yields coupled with an increased
urban food demand due to a rapidly growing urban population generated a geographic shift in
relation to cooking banana production, to Western and South Western Uganda (Kongkijthavorn,
2017; Tumuhimbise et al., 2020). Nonetheless, the concentration of the city’s cooking banana
sources in a handful of districts is a threat to sustainable urban food supplies. Shocks in anyone
of these three district implies severe banana shortages in the city. Basically, it is vital to emphasise
and support intensified cooking banana production in the city’s surrounding districts to ensure
more diversified banana supply chains that could safeguard Kampala against food supply shocks.
Diversified food sources enhance systems resilience given place based risk factors as climate
change and fertility decline.

On account of the distant origins of cooking bananas, Kampala’s residents and planning authori-
ties are unable to establish where the bananas frequently consumed in the city originate from and
their associated environmental load. This external food sourcing disconnects the city dwellers
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from their food producing regions and protects them from the environmental consequences that
arise from their dietary choices (Goldstein, Birkved & Fernandez, 2017) and complicates efforts
to spearhead sustainable food consumption production. This partly explains why foodprints are
conspicuously missing in Kampala’s land use planning. This is a threat to urban food sustainabil-
ity. Per se, it is essential for urban food planning to incorporate the intrinsic relationships among
stakeholders in the city and its distal connected food source regions. According to de Bruin, food
from local and regional sources as well as strong connections between the city and its hinterland
are perceived to be key in supporting resilience and the sustainability of the urban food system.
The emphasis should be on the city-region food system as a holistic and integrative planning
framework comprising the urban and its entire foodshed.

The distant countryside sources that dominate Kampala’s cooking banana supply chains suggest
that the bananas travel over extensive distances by trucks to reach the urban consumers. Previous
studies reveal that food transportation and the associated food miles consume large quantities of
fossil fuel, thereby releasing greenhouse gases that contribute to global climate change. Thus, as
part of their sustainability agenda, authorities in Kampala need to promote matooke production in
the city’s surrounding hinterland as a way to reduce the distance matooke is transported to reach
consumers. Similarly, it is necessary to encourage investment in more efficient transportation
systems, primarily railways that are better suited to transporting the bulky fresh matooke bunches
and bags.

3.4.2. The Seasonal Variations in Cooking Banana Supplies to Kampala

The seasonal variations in cooking banana supplies to Kampala reveal a supply deficit during the
wet season. A previous study by Nalunga et al. (2015) observed a decrease of practically 50% in
banana supplies to Kampala during the wet (lean) season. This arises from the fact that the bananas
that are delivered to the city in fresh form, have an exceedingly short shelf life under room tem-
perature. Basically, the surplus from the increased supply during the dry-peak season cannot be
stored for sale during the wet-lean supply season. This deficit in the banana flows is predomi-
nantly responsible for the reported persistent hikes in cooking banana food prices during the wet
season (FEWS-NET, 2017). Assert that during the cool rainy off-peak season, cooking banana
becomes less perishable due to the slow ripening rate. The prolonged banana ripening process
enables farmers to retain the bananas for a longer duration, thereby selling them at higher prices
in contrast to the lean supply season. Consequently, the wholesalers and market vendors also in-
crease matooke prices to compensate for the increased trading costs when supplies are lower.
Conversely, Lee (2023) contends that this seasonality in cooking banana supplies also generates
a minor shift in market power in favour of the farmers during the lean wet season and the whole
sellers during the peak supply dry season.

Intrinsically, to stabilise the supply and price of urban banana cooking, there is an urgent need to
invest in banana processing into more durable products. Given that banana flows to Kampala from
Bunyoro region marginally increased during the lean season, this region presents an alternative
for increased cooking banana supplies during this period of scarcity.

3.4.3. The Land and Nutrient Footprints Embedded in Cooking Banana Flows to
Kampala

From the results, it is evident that a disproportionate size of Kampala’s cooking banana land foot-
print is located in its distant hinterland in Western Uganda. This is consistent with the findings of
Ochola et al. (2022) who note that since 1958, roughly 60% of the national increase in banana
cultivation has been in Western Uganda. The concentration of the city’s matooke land footprint
in Western Uganda implies the conversion of land previously allocated to the cultivation of tradi-
tional staples and grazing. Given that bananas in this region are grown as a monocrop, the con-
version of grazing pasture land to banana production has implications for soil fertility.

The continuous rural-urban cooking banana flows to Kampala result in significant nutrient mining
from rural farmlands. Previous studies have determined that nutrient depletion is a significant
problem that is responsible for the reduction in banana yields. The continuous harvesting of ba-
nanas and their transportation to urban markets, results in the net removal of nutrients from banana
stands. Moreover, the constant NPK nutrient mining and depletion associated with the rural-urban
matooke flows is a threat to the sustainability of banana production in the source regions. The
nutrients lost on the rural farmlands finish up in pools in the city from which recycling back to
the rural farms is unviable. The nutrient mining, notwithstanding the current insufficient levels of
on-farm fertiliser application in the country, is likely to exacerbate the already low and diminis-
hing yields in the country’s main banana producing areas and threaten urban food security (Tu-
muhimbise et al., 2020). In this regard notes that declining soil fertility is the foremost constraint
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to agricultural production and hence a significant cause of food insecurity in Uganda. Thus, to
ensure sustainable matooke production for urban food security, there is a need to engineer waste
diversion strategies that enable nutrient recycling back to rural farm lands. This could include
deliberate investment in value-addition processes in the banana source regions with the aim of
ensuring that banana waste is re tained in production areas and recycled back to the farms.

In addition, the immense loss of NPK nutrients through the rural-urban cooking banana flows
indicates that soils need to be constantly replenished with nutrients to ensure sustained production.
Seeing as inadequate supply and the high cost of fertilisers are acknowledged to be significant
bottlenecks to fertiliser uptake by farmers in Uganda, it is vital to develop more economically
feasible fertiliser recommendations that target the main nutrient deficiencies. The development of
these recommendations requires tools to identify plant nutrient imbalances. The nutrient norms
currently in existence for the diagnosis of nutrient imbalance in AAA-EA cultivars (cooking ba-
nanas), were based on data that was limited to the Kagera region in Northwest Tanzania and may
not be applicable to Uganda. Following his nutrient balance calculations based on measurements
on Ugandan cooking banana farms, Kongkijthavorn (2017) proposes a ratio of 1 N: 2.1-2.5 K
fertilisers to offset nutrient losses that arise from banana harvesting and transportation off the
farm. Nonetheless, according to Wairegi, this use of external nutrient inputs is only profitable in
areas with promising farm gate prices. Specifically, those close to the city and with a robust crop
response, may not necessarily be profitable in distant locations or those places with relatively poor
fertiliser response, such as Eastern Uganda.

4. Conclusion

This study quantified the rural-urban flows of cooking banana to Kampala and the land and nu-
trient footprints represented in the flows. There is a noted concentration of the city’s cooking
banana supplies in a handful of districts in Western Uganda. This places the sustainability of
banana supplies to the city at considerable risk, particularly concerning the occurrence of any
environmental shocks that could compromise production in Western Uganda. Through its conti-
nuous extraction of cooking bananas from remote rural farmlands, Kampala imposes a significant
land and nutrient footprint on its food source locations in the countryside, far beyond its adminis-
trative boundaries. The resultant land use conversions and nutrient depletion caused by nutrient
mining on rural farms are a serious challenge to achieving sustainable food production and urban
food provisioning and production. One strategy exploited to mitigate nutrient mining is recycling
banana waste back to the farms from which food is sourced.

Kampala is substantially dependent on its distant rural hinterland for banana food supplies. Per
se, management of the city’s foodshed as regards food sustainability will require capitalising upon
connectivity across the rural-urban continuum. This requires deliberate institutional and go-
vernance mechanisms to coordinate the designing and implementation of policies beyond urban
sectoral and administrative boundaries. Thus, policies associated with urban agrifood systems,
should enable the incorporation of local, regional and national agrifood system stakeholders in a
bottom-up planning approach pertaining to sustainability.

As mentioned, Kampala experiences an acute shortage of banana supplies for cooking during the
wet season. This is primarily because of the fresh nature and short shelf life of the rural-urban
banana supplies. This shortage of banana supplies explains the sharp increase in cooking banana
market prices during this season, which makes matooke unaffordable for the poor urban house-
holds. As such, it is necessary for city planning authorities to encourage diversified cooking ba-
nana production including urban and peri-urban banana farming to reduce the banana supply chain
and the processing of the bananas into durable products. These would drastically reduce the cost
of marketing the bananas and thus minimise shortages and price hikes during the lean supply
season.

The urban foodprint analysis conducted in this study features the regions that are crucial for coo-
king banana production as hotspots regarding the urban footprint. These findings when combined
with data on constraints and threats to agricultural production in the food source regions is va-
luable in assessing the city’s level of vulnerability to external shocks including climate change
and nutrient depletion related shocks. This is fundamental for designing appropriate interventions
for resilient urban food systems with a focus on the most significant urban food supply regions.
Sufficient knowledge of the scale of the urban foodprint can support urban planners to devise
strategies to increase food sourced from local producers within the greater Kampala Metropolitan
area.

In this study, with a specific focus on the environmental consequences associated with rural-urban
food flows, we exploited data collected from urban markets to quantify the urban foodprint for
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in the country should consider incorporating food sourced from household farms and supermar-
kets in urban foodprint calculations.
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