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African countries are urbanizing at a rapid rate. Research on urban agriculture may be key
to ensuring urban food and soil security. This study aimed to evaluate pathways for
integrated soil fertility management using a mixed methods approach to consider both
social perspectives and soil quality in the city of Mwanza, Tanzania. The social component
of urban agriculture was explored using semi-structured interviews with urban farmers
(n=34), through judgement and snowball sampling. Qualitative analyses showed that
urban farmers range in age and gender, as well as in experiences and cultivation practices,
though all use hand tools. Farmers reported reliance on rainy seasons for cultivating.
However, farmers also raised concerns about a changing climate and unpredictability of
rain, which impacts crop productivity. Most interviewed farmers (82%) would like to
improve their soils, and many use manure as an amendment stating that animal manure is
the best way to improve soil. Additionally, most urban farmers (62%) have not tried any
form of food waste compost but responded positively to try it if they had access and were
taught how to use it. For the second aspect of this study a field trial was conducted to
evaluate and compare the effects of organic and inorganic amendments on soil quality and
crop productivity over the short-term. The results from the field trial determined that
organic amendments (poultry manure and food waste compost) improved soil water
holding capacity by 14 to 19% and enhanced microbial biomass 1.7 to 4 times compared
to treatments with inorganic nitrogen fertilizer. Crop productivity with organic amendments
was comparable to that in treatments with nitrogen fertilizer. We conclude that urban
agriculture is an integral aspect of Mwanza City, and the application of organic
amendments improves urban soil quality compared to the application of inorganic
fertilizer, which has implications for urban soil security, land use planning, and food
sovereignty in developing countries.

Keywords: urban farmers, sustainable agriculture, organic amendments, nutrient management, soil quality,
soil management
org June 2022 | Volume 2 | Article 9056641

https://www.frontiersin.org/articles/10.3389/fsoil.2022.905664/full
https://www.frontiersin.org/articles/10.3389/fsoil.2022.905664/full
https://www.frontiersin.org/articles/10.3389/fsoil.2022.905664/full
https://www.frontiersin.org/articles/10.3389/fsoil.2022.905664/full
https://www.frontiersin.org/journals/soil-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/soil-science#articles
http://creativecommons.org/licenses/by/4.0/
mailto:shefaza.esmail@uwaterloo.ca
https://doi.org/10.3389/fsoil.2022.905664
https://www.frontiersin.org/journals/soil-science#editorial-board
https://www.frontiersin.org/journals/soil-science#editorial-board
https://doi.org/10.3389/fsoil.2022.905664
https://www.frontiersin.org/journals/soil-science
http://crossmark.crossref.org/dialog/?doi=10.3389/fsoil.2022.905664&domain=pdf&date_stamp=2022-06-30


Esmail and Oelbermann Urban Agriculture in Mwanza, Tanzania
1 INTRODUCTION

It is expected that by 2030 almost 5 billion people will be living in
urban areas (1). The global food demand in 2050 is expected to
be driven by population and income growth, as well as rapid
urbanization (2). Currently, Africa is urbanizing at 3.4% per year
from both natural population growth and rural-to-urban
migration, which is faster than any other continent (3).
Agriculture, including subsistence farming, is a significant
source of income for a majority of the African population (4),
and a substantial share of income for the urban poor (5).
Historically, food production required the conversion of
natural landscapes to agricultural use, a change that results in
the release of atmospheric carbon and depletion of soil organic
carbon (SOC) (6). Additionally, land-use conversion and
increased intensity of land-use, due to population pressure, is
strongly linked to soil degradation, including soil erosion and
nutrient depletion (7). Since most soils in Africa are inherently
low in fertility due to their age and lack of volcanic rejuvenation
(8), they are highly erodible and strongly weathered with low
water holding capacity and nutrient availability (9). Therefore,
crop productivity in many parts of Africa is primarily limited by
nutrients (10).

Moreover, nutrients in African soils continue to be depleted
annually through cultivation (11). For example, nitrogen (N)
losses in sub-Saharan Africa (SSA) occur at a rate of 22 kg N ha-1

per year (12), which is equivalent to US$4 billion worth of
fertilizer (13). However, the average fertilizer use in SSA is
only about 8 to 9 kg ha-1 per year, which is insufficient to
maintain crop productivity (8, 14). Barriers to fertilizer use in
SSA include cost, absence of economic incentives, and lack of
information on how to use fertilizers appropriately (13, 15, 16).
Nonetheless, many African governments argue that the most
practical solution to replenishing nutrients is increasing the use
of inorganic fertilizers (13), which can be advantageous for
promoting crop yield due to the high solubility that helps
plants take up nutrients (17). However, inorganic nitrogen
fertilization may not always improve the negative nutrient
balance in soil if nutrients are continually lost via leaching and
crop uptake (18). Additionally, the use of fertilizers in
agricultural systems effectively bypasses the biological processes
that help sustain long-term crop productivity (19).

While agriculture in Africa is generally considered a rural
activity, it also has a long-standing indigenous tradition in
urban areas (20). De Bon et al. (21) found that urban agriculture
in SSA is a risk-sharing strategy and is also of cultural and
traditional significance. In Dar es Salaam, Tanzania, Sawio (22)
found that urban agriculture plays a key role in urban household
survival in all social groups, including the socially marginal,
because it supplements daily food expenses. Further, Zezza and
Tasciotti (5) determined a positive correlation between active
engagement in urban agriculture and greater dietary diversity
for urban households.

Urban agriculture in SSA encounters similar constraints as
rural agriculture, which includes a high cost or lack of fertilizers
(4) and water availability in rain-fed environments (10). Low
moisture availability in urban agricultural soil also contributes to
Frontiers in Soil Science | www.frontiersin.org 2
lower fertility (8), which is prevalent during phases of drought
(23). However, urban agriculture can also augment
environmental problems. For example, in Mwanza, Tanzania,
policy makers recognized the contribution of urban agriculture
to land degradation through vegetation clearing and runoff from
fertilizer and animal waste leading to lake pollution (24).

Enhancing agricultural productivity while reducing the
environmental impact of agriculture in urban SSA will require
proactive and informed urban planning policies (20, 21, 25, 26).
However, there is a lack of critical information about urban areas
and the urbanization process (27), especially urban agriculture
(28). White and Hamm (29) argue that urban agriculture needs
to be understood as an integrated dimension of urban food
systems, that incorporates socio-ecological processes.
Additionally, since over 50% of the generated municipal solid
waste in developing countries is organic in nature (30–33), there
is a potential to initiate urban nutrient cycling by transferring
nutrients and carbon stored within organic food wastes into the
soil for crop cultivation. With rapid urbanization in SSA, this is
particularly relevant for urban agriculture since urban waste
management is a key factor that influences the sustainable
development of urban areas (34). However, agricultural
management practices implemented by urban farmers
ultimately affect soil fertility and impact the surrounding
natural and built environments. Therefore, the forces driving
urban agriculture in developing countries, including SSA, must
be evaluated from the point of view of urban farmers. Further
research is also required on how organic waste produced in
urban centers can maintain or enhance soil fertility for urban
crop productivity.

While urban agriculture is practiced by 800 million people
worldwide, including 29 million households in Africa (34), urban
agriculture received little attention in the literature until 2008
(28) despite its significance in developing countries (35). Our
goal was to understand the role of urban agriculture as it pertains
to urban farmers and amendment application for urban soil
management and crop productivity in Mwanza, Tanzania, a
rapidly growing city in east Africa. To do this, we evaluated
the driving and constraining factors of urban farmers to
determine the current state of urban agricultural management
practices and the perceived risks of urban farming. We also
evaluated the impact of different soil amendment types on soil
quality and crop productivity in an urban context. Our aim was
to compare advantages and disadvantages between amendments
from organic wastes and fertilizers on urban farms. Our research
contributes to a current knowledge gap on urban agriculture in
developing countries and it enhances our understanding of the
challenges and opportunities of urban agriculture and its
contribution to soil security and food sovereignty.
2 MATERIAL AND METHODS

2.1 Study Site
The research was conducted in Mwanza City (Figure 1) located
within the Nyamagana district of Mwanza Region on the
June 2022 | Volume 2 | Article 905664
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southern shore of Lake Victoria in Northwest Tanzania (36).
Mwanza region experiences a bimodal rainfall pattern. The short
rainy season (kivuli) between October and December, averages
500 to 800 mm rainfall (36, 37) and the long rainy season
(masika) between March and May, averages 1000 to 1400 mm
rainfall (36–38). The mean temperatures range from 15.4°C to
18.6°C in the cool (rainy) seasons and 25.7°C to 30.2°C in the hot
(dry) seasons (36).

Mwanza is located 1140 m above sea level and is characterized
by well-drained sandy loam soil generated from coarse grained
cretaceous rock (39). Over 390,000 households engage in
agriculture in Mwanza region, averaging 16 agricultural
households per square km, with over 55% of households only
cultivating crops (37). Nyamagana district was excluded from the
last completed agriculture census for Mwanza Region published
in 2012 due to the urban nature of the district (37). The
Nyamagana district is composed of six rural and twelve urban
wards (36), this study focused on seven of the twelve
urban wards.

Fruits and vegetables grown in the region include tomatoes
(Solanum lycopersicum L.), okra (Abelmoschus esculentus L.),
onions (Allium cepa L.), amaranths (Amaranthus var.), cabbage
(Brassica oleracea var. capitata L.), spinach (Spinacia oleracea
L.), and chillies (Capsicum annuum L.) (37). While there is no
distinct difference in the crops grown in the short versus the long
rainy season, larger areas are planted, and more households
engage in cultivation during the short rainy season than the long
rainy season (37).

2.2 Interviews With Urban Farmers
In-depth, semi-structured interviews were conducted with urban
farmers in Mwanza’s city center from January to February 2018
using a combination of judgement sampling and snowball
sampling; methods used by Flynn (24) in a similar study in
Mwanza, Tanzania. We used judgment sampling rather than
probability sampling because 1) a sampling framework (e.g., list
of urban dwellers practicing urban agriculture) was not available;
Frontiers in Soil Science | www.frontiersin.org 3
and 2) to deliberately select participants based on criteria best
suited to answering the research question which pertained to
urban farmers. These criteria were 1) geographical location to
ensure inclusion of the various wards within Mwanza City
(Table 1); and 2) indication of urban cultivation.

The study received guidance and approval from the University
of Waterloo Office of Research Ethics. In accordance with ethics
requirements, the prospective respondents were provided an
information letter with a brief overview of the research, and a
participation form to request their consent before the interviews
were conducted or recorded. The recorded interviews did not
bear any identifying information to ensure anonymity of
participants. A total of 34 respondents were interviewed in-
person in Kiswahili, Tanzania’s national language. The duration
of the interviews ranged from 20 to 50 minutes, depending on the
length of responses. The interview guide (c.f., Supplementary
Material) consisted of short questions to gather quantitative
demographic information (henceforth referred to as
descriptors) as well as open-ended questions about cultivation
practices, soil fertility, and amendment use.

The interview transcriptions were analysed using Dedoose
software (39). This software enables both quantitative analyses
for respondent descriptors, and qualitative thematic coding for
FIGURE 1 | Map depicting the country of Tanzania where Mwanza is located at the shores of Lake Victoria. The enlarged section to the right shows Mwanza, which
was the focus of this study, including the location of the field site [2°31’24.71”S, 32°53’51.46”E] (Map data ©2022 Google).
TABLE 1 | Mwanza City ward locations with corresponding information on the
land area and the number of hamlets in each ward (Mwanza City Council, 2017;
Mwanza City Council, 2008), and the number of interviews conducted in each
ward.

Ward Land Area
(sq km)

No. of
hamlets

Land Area
(%)

Interviews

Buhongwa 45.0 18 17.6 2
Igogo 23.0 9 9.0 8
Isamilo 13.5 11 5.3 5
Nyamagana 12.5 4 4.9 4
Nyegezi/Butimba 20.9 8 8.2 6
Pamba 2.0 10 0.8 2
Mirongo 2.1 3 0.8 7
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interview content. The emerging themes were divided into six
categories: Personal, Cultivation, Amendments, Soil, Water, and
Pests/Disease. Where relevant, excerpts from interviews are
presented in Kiswahili (original interview language) followed
by an English translation.

2.3 Amendment Field Trial
2.3.1 Agricultural Field Site
A 5m x 5m plot located within the boundary of Mwanza City [2°
31’24.71”S, 32°53’51.46”E] (Figure 1) was used for our field
study. Before our study, the site was used for tomato cultivation.
Most recently the site was used to smolder wood for charcoal
production causing the entire area to be covered with ash. For
our study, the plot was tilled manually to a 15 cm depth using a
hand hoe. Debris, including large stones and large pieces of
charcoal were removed from the plot. Cultivation techniques and
debris removal occurred in accordance with local urban
agricultural practices (40). The 5 m x 5 m plot was divided
into 16 subplots of 1 m x 1 m. The subplots were designated
treatments following a complete randomized design. Treatments
were assigned randomly, and each treatment was replicated three
times (Figure 2). The treatments included poultry manure (PM),
inorganic fertilizer (INF), two types of food waste composts
(FWC-1 and FWC-2) and a control (CTRL).

Food waste compost was obtained from two different sources
including Guavay Company Ltd. in Dar Es Salaam (41). Guavay
produces compost from market waste using windrow
composting. The company retails this compost commercially
Frontiers in Soil Science | www.frontiersin.org 4
(FWC-1). The second type of compost (FWC-2) was generated
by the researcher from urban organic (food) wastes in Mwanza
using a rapid composting method. The composts were analyzed
(c.f., Supplementary Material) at the University of Waterloo to
determine the organic carbon (OC), total nitrogen (TN), and
phosphorus (P) content (Table 2). The poultry manure was
acquired locally from a horticulturalist and the inorganic
fertilizer was purchased from an agricultural supplier
in Mwanza.

2.3.1.1 Rapid Composting Method
The composting experiment was conducted in December 2017
on a rented plot of land within Mwanza City, which is situated at
2°31’24.71”S 32°53’51.46”E (Figure 1). The chosen area was
cleared of debris and a blue tarpaulin was laid on the ground,
covering a total area of 1.22 m by 3.05 m. The tarpaulin was
secured with a border of flat stones. Each pile had square base
dimensions of 0.91 m by 0.91 m, and a height of 38.1 cm to start.

Food wastes were collected from marketplaces, street
restaurants, and street fruit vendors within the urban centre
over three days. The feedstock (raw materials) comprised of
general fruit and vegetable wastes, such as pineapple peels
(Ananas comosus L.), watermelon shells (Citrullus lanatus),
potato peels (Solanum tuberosum L.), plantain skins (Musa
paradisiaca L.), tomatoes (Solanum lycopersicum var.), spinach
(Spinacia oleracea L.), amaranth greens (Amaranthus var.), and
corn husks (Zea mays L.).

The food wastes were coarsely chopped to 2 cm to 4 cm using
a machete, which helps to expedite the composting process (42).
Some components of the fibrous food wastes were difficult to
chop manually, such as dried corn husks and sugar cane residue,
and were left to be greater than 4 cm. On the third day of
collection a sufficient volume was collected for pile construction,
and the food wastes were distributed evenly into three piles. The
wet weight of the feedstock (food waste) in each pile was
measured using a locally available body scale and recorded
when the piles were constructed. The starting weights of the
piles were: 44.3 kg in Pile 1; 43.8 kg in Pile 2; and 44.3 kg in Pile 3.
While the collected wastes may have experienced preliminary
decomposition on the first and second day of waste collection,
the equal distribution between the three piles mitigated the
influence of the effects. The day when the compost piles were
constructed was labelled as Day 1.

The composting experiment was conducted during the rainy
season in Mwanza city. To prevent the piles from getting wet, the
piles were covered with a single, woven polyethylene tarp. The
tarp exterior was blue and water resistant, and the interior was
white. The tarp was propped on stakes set at the corners of the
FIGURE 2 | Complete randomized design arrangement of four treatments
(PM = poultry manure, FWC-1 = commercial marketplace compost from Dar
es Salaam, FWC-2 = food waste compost generated in Mwanza,
INF = inorganic nitrogen fertilizer, and CTRL = control). The treatment
assignments were randomly generated. The X on the schematic represents a
subplot that was not part of the experiment (i.e., no treatment).
TABLE 2 | Comparison of chemical characteristics of the two types of food
waste composts used in this study: compost sourced from Dar es Salaam
(FWC-1) and compost generated in Mwanza (FWC-2).

Compost
Type

OC
(g kg-1)

TN
(g kg-1)

C:N
Ratio

P
(mg P kg-1)

pH NO−
3

(mg N kg-1)
NH+

4

(mg N kg-1)

FWC-1 65.8 4.5 14.5 168.6 9.3 44.24 35.95
FWC-2 41.0 3.1 13.2 148.3 8.3 52.47 243.99
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composting area and secured with stones on the front end to
keep rainwater away from the piles and to prevent the tarp from
flying away in heavy winds. Ventilation, an important
component of the composting process (41, 43–45), was
provided by creating space for airflow between the tarp and
the enclosing net on either side of the area and at the back of the
piles, which was 15 cm away from the white concrete wall. The
piles were always covered with the tarp except when measuring
compost characteristics once per day for 31 days. The compost
piles were exposed to additional ventilation during pile turning
(41, 44).

The compost piles were monitored for three parameters daily:
temperature, pH, and height. Pile height was measured at the
centre of each pile from the bottom to the peak of the pile. Before
the piles were constructed a small, flat stone, 1 cm in height, was
placed at the centre of the square to pinpoint the location once
the square was covered with food waste. At each measurement
for pile height, a long stick was put through the peak of the pile
until it met the stone. A marker was used to mark the depth,
which was then measured using a measuring tape.

The temperature dictated the turning of the piles. When the
temperature dropped to 43.3°C (which was the threshold on the
compost thermometer) or below in the first two weeks, the piles
were turned. The piles were turned manually using rubber gloves
such that the content that was in the middle of the piles was
moved to the outside and the material that was on the outside of
the piles was shifted into the centre of the pile. The temperature,
pH, moisture, and height of the piles were measured again after
the piles were turned. The base dimensions were also measured
after the piles were turned. After the second week, the piles were
turned when there was a decrease in temperature after already
having increased until the temperatures dropped below 26.5°C.
At this point the piles were turned one more time and left to
mature for one week. The piles were monitored and turned again
at the end of the week to ensure no changes had occurred and
were left to continue to mature.

At the end of the process, the resulting compost from each
pile was weighed and sampled. The samples were sieved <2 mm,
air-dried, and sealed in plastic bags in accordance with importing
procedures for transport to Canada. The remainder of the
compost was utilized in the field trial.

2.3.1.2 Amendment Application and Crop Planting
Soil amendments FWC-1 and PM were applied at a rate of 2.5 kg
m-2, whereas FWC-2 was applied at a rate of 1.5 kg m-2. The
application rate for FWC-2 was limited by the amount of
compost that was generated. The organic amendments were
spread out evenly on their designated replicates and mixed
into the top 10 cm of the soil with a hand-hoe one week
before the first soil sampling, which in turn was one week
before the first planting. Amendments were not reapplied
during the field trial.

The two crops selected for the field trial were cabbage
(Brassica oleracea var. Capitata L.) and amaranth greens
(Amaranthus gangeticus L.), both commonly cultivated leafy
green vegetables in Mwanza. Amaranth greens (also called
mchicha in Kiswahili) are especially cultivated for their three-
Frontiers in Soil Science | www.frontiersin.org 5
week maturation period, whereas cabbages can take anywhere
from two to five months before harvest. The seeds for both crops
were purchased from an agricultural supplier in Mwanza. The
crops were co-planted frommid-December 2017 to early January
2018 (first growing period) and from early January to mid-
February 2018 (second growing period). Fertilizer was applied
either at the time of planting or after seedling emergence.
Fertilizer application rate, method and frequency was based on
consultation with the agricultural supplier where the fertilizer
was purchased and from information provided by the Ukiriguru
Agriculture Research Institute (ARI-Ukiriguru) in Mwanza.
During the first planting, fertilizer was placed in the hole with
the amaranth seeds but was applied around the cabbage seedlings
after germination. In the second planting, fertilizer was placed in
the hole with cabbage seeds but was applied around the
amaranth seedlings after germination. The application of the
fertilizer with the seed during planting is indicated by INF*.

Our intention was to primarily use rainfall for crop growth
with limited supplementary irrigation on days with no rain.
However, the city did not experience a strong rainy period in
December 2017, instead the city experienced brief, heavy rains in
January 2018.

2.3.1.3 Soil Sampling and Crop Growth
Soil samples were taken from two depths: 0 - 10 cm (D1) and 10 -
20 cm (D2) and at two points in time. Composite soil samples
were collected using a soil auger (5 cm diameter) from three
individual points randomly selected in a ‘V’ shaped design for each
treatment replicate. Edge effects were minimized with a 10 cm
border within the edge of each subplot designated to be no-
planting and no-sampling zones. The first soil samples were
collected one week before planting in early December 2017 (T1),
which was one week after organic amendments (PM, FWC-1, and
FWC-2) were applied. The second set of soil samples were
collected mid-harvest in late January 2018 (T2). Bulk density
sampling was conducted by a soil technician from ARI-Ukiriguru
at only one point in time, halfway between T1 soil sampling and
T2 soil sampling. The soil samples were transported to the soil
laboratory at ARI-Ukiriguru where they were analysed for soil
texture, bulk density, pH, soil organic carbon (SOC), total nitrogen
(TN), available phosphorus (P), electrical conductivity (EC), and
cation exchange capacity (CEC). Due to the limited testing
capabilities at ARI-Ukiriguru, soils were analyzed for water
holding capacity (WHC), ammonium (NH+

4 ), nitrate (NO−
3 ),

and soil microbial biomass carbon (SMB-C) at the University of
Waterloo (c.f. Supplementary Material). During the field trial,
heights (cm) of each plant were measured from soil level to the
base of the highest leaf using a measuring tape every day for one
week after germination. Subsequent measurements were taken
every other day until harvest.

2.4 Statistical Analysis
Soil physical, chemical, and biological parameters were analysed
for statistical significance (p<0.05) using a three-way factorial
(time, treatment, and depth) analysis of variance (ANOVA) in
SPSS software (46). The exceptions were soil texture, which was
analyzed with a two-way ANOVA, and bulk density with a one-
June 2022 | Volume 2 | Article 905664
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way ANOVA. The data were checked for normality using the
Shapiro-Wilk test, though the ANOVA model has been found to
be robust against normality assumption violations (47). The data
were also checked for homogeneity using Levene’s Test and in
cases where the homogeneity assumption was not met, the data
were transformed using either a natural logarithm or inverse
square root function to satisfy the homogeneity requirement.
Statistical significances with respect to treatment were further
investigated using post hoc tests (Tukey HSD and LSD) to
compare estimated marginal means between treatment groups.

Plant heights were compiled and analyzed for statistical
significance in crop growth with respect to time and treatment
using repeated measures ANOVA in SPSS software (46). The
main assumption for repeated measures ANOVA is sphericity
(homogeneity-of-variance-of-differences), which is determined
using Mauchly’s test. Where the sphericity assumption was not
met, the Lower-bound test and associated adjusted degrees of
freedom were used. Homogeneity of data sets were confirmed
using Levene’s Test and estimated marginal means were
compared with Tukey HSD post hoc tests.
3 RESULTS

3.1 Urban Farmers
Of the 34 interviewed respondents, 19 identified as female (56%)
and 15 as male (44%). The ages ranged from 20 to 73 years old,
with a relatively uniform distribution across age ranges
(Figure 3). Respondents’ education level ranged from no
formal education to completion of university (Figure 3), with
highest peaks at Standard 7 (41% respondents) and Form 4 (29%
respondents). In the Tanzanian education system, Standard 1 - 7
is primary school, with national exams set for passing Standards
4 and 7. Forms 1 - 4 make up the first phase of secondary school,
which leads to the Forms 5 and 6 (i.e., the last phase of secondary
school), upon completion of the Form 4 examination. More
males reported completing Standard 7 as the highest level of
formal education, whereas more females reported completing
Form 4.

The education level of interviewed respondents was
compared to upbringing locations, which was reported either
as village (rural area) or city (urban area). Of the 34 respondents,
8 reported growing up in the city whereas 26 reported having
been brought up in village districts (rural areas). Growing up in
villages did not mean complete lack of education, as 46% of
respondents from rural areas reported completing primary
education and 27% completed the first phase of secondary
school (Figure 4). There were also several respondents from
both city and village upbringings that received little to no
formal schooling.

Many interview respondents (59%) said they began growing
crops in the city over 10 years ago, 58% of whom reported
learning to grow crops as children with their families. Many
respondents (64%) reported growing up in families of farmers
and were taught by their parents or other members of their
family. Fewer females (47%) than males (87%) reported coming
Frontiers in Soil Science | www.frontiersin.org 6
from families of farmers, and most of these females were over 45
years old. Approximately 41% of respondents began growing
crops in the city less than ten years ago, 64% of whom began
growing crops in the last five years from the time of this study
(2018), of which a majority (89%) were female. The respondents
who had not grown up in families of farmers reported learning
due to circumstances or by observation of other farms either in
the city or in rural areas (Table 3).

3.1.1 Motivations and Constraints
Reasons for growing crops varied and some farmers expressed
more than one reason, which included food for subsistence
(44%), food to consume and sell, especially that which is
surplus (29%), strictly to sell (15%), to help with children’s
schooling (24%), for tradition (21%), and for enjoyment/
exercise (18%). While many respondents reported producing
crops either alone or with one other person, most of them
reported having 4 to 6 members in their households. For 65%
of respondents, farming was not their only source of income.
Either they or their spouse had a primary occupation and urban
farming was a supplementary source of livelihood. However, for
35% of the respondents, farming was their only source of income
and livelihood.

One of the major constraints in urban areas is land
availability. While all interviewed participants had urban
farms, 15 respondents reported having more than one farm, 8
of whom said the other farm was in a rural vicinity. The sizes and
tenure of the urban farms varied (Figure 4). The farm sizes
varied from less than 0.10 ha to 2.43 ha, though most of the farm
sizes were at 0.10 ha (41%), less than 0.1 ha (24%), and 0.2 ha
(21%). The tenure of the cultivated lands also varied; 47%
FIGURE 3 | Distribution of urban farmers’ age (top) and education level
(bottom) corresponding to their gender. Standard 7 (primary school)
completion was reported by more males than females, but Form 4
(secondary school) completion was reported by more females than males.
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respondents reported owning the land, 12% reported renting,
while the other 41% reported borrowing the land, of which 43%
borrowed land belonging to the government. While respondents
did not regard land availability and land tenure as a challenge for
urban agriculture, they did consider it a restriction to increasing
crop production. Goals for their farm also varied among
respondents, though most were related to land acquisition,
such as wanting to own land (19%), wanting more land area
(22%), and being able to grow more crops (28%). Other goals
included making money (6%), continuing to provide food for the
family (6%), owning farm animals (6%), improving the farm
(3%), using store-bought fertilizer (3%), and leaving other work
(3%). There were also respondents who reported having no goals
(31%), of whom 20% stated the space was not their own to
have goals.

In addition to crop cultivation, 22% of respondents reported
practicing animal husbandry, predominantly with chickens and
ducks, although two respondents also reported keeping goats and
pigs. While challenges related to urban agriculture varied among
respondents, three major recurring themes were pests (31%),
lack of soil amendments or pesticides (22%), and water
availability (including dependence on rain) (31%). Other
challenges included manual labour (13%), market price
variability (9%), lack of money (6%), and lack of support (6%).
Frontiers in Soil Science | www.frontiersin.org 7
Some respondents (9%) reported no challenges, stating that it
was work to which they had become accustomed.

3.1.2 Cultivation Practices
3.1.2.1 Tools, Frequency, and Weather Reliance for
Cultivation
Regarding tools, all (100%) of the respondents reported the use
of hand tools, such as a jembe (hand-hoe), panga (machete
knife), and rake, of which jembe is the primary tool for
cultivation and preparing the soil manually. The jembe is also
a symbol of the farmers’ identity. One of the respondents stated
that she could not leave farming and would die alongside her
jembe when the time comes (Table 3).

Frequency of growing crops was dependent on water sources
available to, and accessible by, each urban farmer. There was
generally an even divide between respondents cultivating
continuously throughout the year (53%) and respondents
cultivating only with the rainfall seasons, twice a year (47%).
Respondents categorize cultivation in Mwanza as ‘kilimo cha
kufuata msimu’ (rain-dependent agriculture) and ‘kilimo
mwagiliaji’ (irrigated agriculture). Similarly, cultivated crops
are also categorized either as ‘mazao wa msimu’ (seasonal
crops), which are primarily grown during the rain seasons, and
‘mazao mwagiliaji’ (irrigated crops) or ‘mazao bila msimu’
(crops with no seasons).

Many respondents (66%) reported relying on weather
predictability for cultivation. Most (68%) also reported reliance
on rainwater as the primary source of irrigation for growing
seasonal crops. A small portion (26%) of these respondents
reported having access to another source of water to
supplement lack of rain or enable growing crops during the
dry ‘kiangazi’ seasons, such as spring water (9%) and municipal
water supply (6%). Respondents that did not rely on rain seasons
at all relied instead on nearby water sources such as municipal
water (9%), rivers (9%), the lake (6%), and wells (6%).

3.1.2.2 Crops Grown, Source of Seeds, and Fate of Harvest
Maize (Zea mays L.) is the primary crop grown during the
rainfall seasons, and the main source of maize seeds is from
agricultural suppliers in the city. While some respondents
reported growing solely maize, other respondents reported co-
planting maize with other crops such as potatoes (Solanum
tuberosum L.), beans (Phaseolus vulgaris L.), or peanuts
(Arachis hypogaea L.) where the crops would alternate in each
cultivated row. Rice (Oryza glaberrima S.) is also grown in rainy
seasons. Respondents reported growing cassava (Manihot
esculenta C.), taro (Colocasia esculenta L.), sugar cane
(Saccharum officinarum L.), okra (Abelmoschus esculentus L.),
and onions (Allium cepa L.), which do not fall in either seasonal
or irrigated category of crops, most likely because they are
perennial tropical plants.

Short duration crops include greens, also called ‘mboga
mboga’, such as spinach (Spinacia oleracea L.), amaranth
greens (Amaranthus gangeticus L.), collard greens (Brassica
oleracea var. Viridis), cabbage (Brassica oleracea var. Capitata
L.), Chinese cabbage (Brassica rapa L.), and tomatoes (Solanum
FIGURE 4 | (Top) Distribution of urban farmers’ education level in relation to
their upbringing location. More respondents reported upbringing in the village
districts than city upbringing and a majority reported completing some form of
formal education. (Bottom) Distribution of urban farm tenure corresponding to
the urban farm size. Most urban farms are owned, though many urban farms
are also borrowed. Farm sizes vary with ownership, though most farms are
0.2 ha or less for both owned and borrowed farms.
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lycopersicum L.). These crops need to be watered regularly, which
is why they are also referred to as ‘mazao mwagiliaji’ and they
consist mostly of greens that are ready for harvest within a short
period, which are referred to as ‘mazao wa muda mfupi’. Some
respondents (14%) who produced crops via continuous
cultivation, also reported rotating crops after harvest.

When asked about sources of seeds, agricultural suppliers in
the city of Mwanza were reported to be the main resource since
they offer a variety of seeds, including hybrid maize seeds. Most
urban farmers lacked awareness of the type of seed cultivar (e.g.,
hybrid seeds), while other urban farmers preferred to obtain
seeds from rural farms, whose seeds can be used for future
plantings (e.g., non-hybrid seeds). Many of the respondents also
reported that management for pests and diseases was necessary
especially due to a recent fall armyworm, Spodoptera frugiperda,
Frontiers in Soil Science | www.frontiersin.org 8
infestation affecting maize crops across Tanzania (48). While
respondents discussed the use of pesticides purchased at
agricultural supply shops, some respondents also reported
using home-based remedies, such as the use of ash, though the
effectiveness of ash was contested among the respondents. One
respondent reported using a tobacco-based remedy passed on in
his family.

With regards to the harvest, 35% of respondents reported
using the harvest for food only, 15% reported growing to sell
only, and 50% reported using the harvest for food and to sell, of
which 41% reported selling only a little or that which was in
surplus. One respondent reported checking market prices first
before making the decision of either selling the crops or using
them for food (Table 3). The respondents that grew maize and
cassava also reported making flour out of the crops for better
TABLE 3 | Excerpts from interviews that express urban farmers’ motivations, constraints, and cultivation practices with respect to urban agriculture in Mwanza.

Theme Interview Excerpt (Kiswahili) English Translation

Sources of
cultivation
knowledge

nimejifunza mwenyewe, nikua naangalia na nikaanza kufanya (Interview 4)
maisha, maisha tunayoishi ndovi fundisha, kama inatakiwa nilima hili nipata
kula (Interview 18)
mimi kujifunza kulima, najifunza kwa bibi. bibi alikua akienda shamba na mimi
namfuata na jaribu jaribu (Interview 20)

I taught myself, I saw others do it and I started to do it (Interview 4)
livelihood, livelihood taught me to farm; if I want to eat, I must cultivate
(Interview 18)
I learned it from my grandmother. She would go to the farm, and I
would follow and try it (Interview 20)

Agriculture as
culture and
reason for
being

kwa kweli hatuna sisi kilimo, hii ni kama lakshari ya mtu tu, yaani unaona
ardhi imekaa idle [sic.], laafu unakuwa na interesti [sic.] labda niwekea kama
mboga (Interview 11)
kwa sababu kilimo ni hutua wa mgongo, bila kilimo hakuna mtu yoyote
anaweza (Interview 29)
katika maisha mwana damu wanahitaji kula, sasa bila kula haujafanikika
chochote kwa hiyo tunafanya hivyo ilituwezewa kupata chakula kwa sababu
pesa tulio nayo ni ndogo hai toshi kunenda kununa chakula kila wakati
(Interview 30)
sasa niwaa che kulima, sikusoma. wengine wanambugia kusoma anaajiliwa
kwa kazi. sasa mimi mama sikusoma, yaani mimi nitakufaa na jembe langu
hivi [puts jembe beside her into the ground] (Interview 34)

Truthfully, we don’t have agriculture, this is just the tendency of a
person, you see the land sitting idle, so you take an interest, maybe put
in some vegetables (Interview 11)
Because agriculture is the backbone, without agriculture not a person
can breathe (Interview 29)
For livelihood people need to eat, without food nothing can be achieved
so we have to have access to food, because the money we have isn’t
enough to buy food all the time (Interview 30)
Now to leave farming, I haven’t studied. Others have gone to school;
they can get work. I haven’t gone to school, so me, I’ll die with my
hand-hoe like this [puts hand-hoe beside her into the ground] (Interview
34)

Cultivation
practices
(planting)

kwa mwaka, ukilima mazao ya muda mrefu, unalima kama mara mbili, sikua
mazao ya muda mfupi unaweza ukalima mara nne, ukichanganya na niliadi
katika siku za kiangazi, kwa hiyo maji iko karibu unakua na mwagilia
(Interview 13)
kwa mfano hapo mimi nililima tu nilitifua na mkono, nikatoa majani
nitatengeneza vizuri, nikachukua jembe nikakata mashimo, nikitupia mbegu
yangu ya mahindi (Interview 15)
kwa mfano msimu mwezi wa kumi napanda, navuna mwezi wa kwanza,
naandaa shamba kwa mfano sasa hivi naamaisha aandaa, ikinyesha mwezi
wa pili napanda navuna mwezi wa tano (Interview 26)

Per year, if you grow crops of long duration, you will cultivate two times,
but if the crops are short duration, you can cultivate four times; if you
mix, you get food during kiangazi (dry period), that’s why if water is
available nearby, we water the plants (Interview 13)
For example, here I started, I tilled by hand, I removed the grass, I
made it look good, I took the hand-hoe, I cut holes, and I put in my
maize seeds (Interview 15)
For example, I plant in October, I harvest in January. I prepare the farm,
like for example now I have already prepared the farm, once it starts
raining in February, I will plant and harvest in April (Interview 26)

Cultivation
practices
(crops)

uchanga niko - mahindi hili nayapandikiza na mazao mengine kuna vyakula
ambayo vinaendana na mahindi kama viazi, karanga, maharage; sasa hivi
ndoo nilivia pandikizana na mahindi nilipandikiza maharage (Interview 13)
unaweza ukaamua kuchanganya mahindi na maharage ndani lakini unaweza
ukapata maharage mahindi unakosa, unaweza kupata wote, inategemea
kama mvua zinanyesha (Interview 17)
mi napanda mahindi tu (Interview 23)

[It’s] mixed - maize is planted with other food crops that are compatible
with maize like potatoes, peanuts, beans; right now, I’ve planted maize
with beans (Interview 13)
You can decide to mix maize with beans in between, you can get
beans and lose maize, or you can get all of it, it depends on whether
the rains fall (Interview 17)
I only plant maize (Interview 23)

Harvest (end
use
decisions)

kama nalima labda nimelima spinach [sic.] mboga za majani, tunatumia tuna
tuumizia nyumbani na kama ikizidi unaweza kuuza kidogo; sasa mimi na asili
ya kulima, asili yangu mimi, nikiona udongo nasikia nataka kulima (Interview
6)
kwa mfano kama mboga mboga, unaota nyingi unaauza, kwa sababu kwa
mfano unakuta mboga imekua kwa wakati moja, ukwezi kukula kwa wakati
moja, kwa hiyo lazima utakula kidogo, nyingi utapeleka sokoni (Interview 15)
mimi kisha vuna cha kwanza ni naangalia kwanza bei imekaa vipi, naweza
nikaauza, au naweza nyingine nikabaki kwa ajili ya familia yangu wakatumia
(Interview 23)

For example, I grow spinach, leafy greens, we use it at home and if
there’s leftover, we can sell a little; now me, I am from the real farming,
it’s my nature, if I see soil, I feel the want to farm” (Interview 6)
For example, leafy greens, you grow a lot you sell, because if you find
they all are harvest-ready at the same time you cannot eat them all at
once, that’s why you eat some and the rest you take to the market
(Interview 15)
Once I’ve harvested, I first check where the prices are at, I could sell, or
I could keep for the family to use (Interview 23)
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storage and continued food availability for the family beyond
the harvest.

3.1.3 Perspectives on Soil Fertility and Soil
Amendments
While perceptions of cultivated soil varied, with some respondents
stating that the soil is good and some saying it is not doing so well,
most of the respondents (82%) would like to improve their soils.
Respondents recognized soil depletion through anthropomorphic
statements, such as ‘imechoka udongo’, which means that the soil
is tired or ‘ache ipumzikwe’, which means to let it rest, or
‘amechakachaka’, which means it has worn out. Two different
ways to gauge soil fertility were reported by respondents: look
(colour) and feel (texture) of the soil (38%), and plant growth
(44%). One respondent reported having her soil tested and was
awaiting results. Some respondents (16%) did not report any
means of gauging soil fertility. Respondents reported noticing
changes in soil over time as is expressed in the excerpt in Table 4.

The choices regarding amendments varied; some use a variety
of amendments, some stand firm with their preferred choice, and
some even use none. Across all the urban farmers that were
interviewed, the use of manure was a common practice, with cow
manure as the most popular choice used by 53% of respondents,
followed by poultry manure (38%), goat manure (9%), rabbit
manure (3%), and pig manure (3%). Other inputs used by urban
farmers included inorganic fertilizers bought from agricultural
Frontiers in Soil Science | www.frontiersin.org 9
suppliers (38%), crop residue (29%), and waste compost (9%).
Respondents who used a variety of amendments demonstrated
an understanding of the role the differing amendments can play,
with some working to establish crops while others helping crops
grow and fruit. Some respondents explained the manure
equivalency to store-bought fertilizer (excerpts in Table 4). For
manure source, some respondents reported using manure from
the animals they kept, some asked neighbours or others in the
city that keep animals, and others reported travelling to rural
vicinities to get the manure. The frequency of amendment use
(manures or inorganic fertilizers), varied among respondents.
However, it appeared that manure was generally applied in
anticipation of the rainy season. The type and frequency of
amendment use also varied year to year with the situation of
each respondent.

Respondents recognized the need to improve soil fertility, and
several (32%) stated animal manure as the best way to do so.
However, some respondents stated that the soil needed fertilizer
(9%) or more water (9%). When asked about their opinion of using
composted food waste as a soil amendment, 77% of respondents
responded positively even though 63% of them had not yet tried any
form of food waste-based compost. Some respondents (23%)
expressed scepticism regarding compost from food waste, whereas
some respondents already made their own composts from kitchen/
food wastes. Respondents who reported using leaves on their farm
did not initially offer that information when asked about
TABLE 4 | Excerpts from interviews that express the perspectives of soil fertility and use of amendments among urban farmers in Mwanza, Tanzania.

Theme Interview Excerpt (Kiswahili) Interview Excerpt (English Translation)

Using texture as
soil quality
measure

mabadiliko ya udongo nimeona, udongo naona inakua kama wa laaini kama wa poda poda,
umekosa kama nguvu vile, ukipanda kitu kinakufa (Interview 14)

I’ve seen changes with soil, the soil I’m seeing has
become softer like powder, it lacks strength, when
you grow plants on it, the plants die (Interview 14)

Knowledge and
use of soil
amendments
(both organic
and inorganic)

hii na hii [referring to two compost samples] vinarutubisha, inafanya mimea inarutubika, hii na
hii [referring to poultry manure and urea samples] vinazalisha (Interview 12)
kuna aina mbili za mbolea, unaweza kuweka mbolea kupandia, laafu bada ukaweka mbolea ya
kuuzia (Interview 23)
viminya ikisha tumia samadi, samadi naweka ile ya kupandia, inamana inapokoa inamaliza ata
weeki mbili najua kabisa waamaisha shika chini, kuenda kwa tatu naweka mbolea ya kuuzia
dukani (Interview 21)

This and this [referring to two compost samples]
they nourish, they make plants healthy, this and this
[referring to poultry manure and urea samples], they
promote growth (Interview 12)
There are two types of fertilizer, you can put fertilizer
for planting and then for growing (Interview 23)
I put the manure for planting, it gets integrated and
in two weeks I know that the manure has fully taken
hold in the soil, then the third week I put the store-
bought fertilizer for growing (Interview 21)

Use of leaves
and organic
matter

huaga tunapanda mahindi na mihogo, sasa mihogo inatakiwa ukisha toa mahindi, inamana
yale si anakosa nguvu yanaanguka kwa hiyo unakuana paalilia humo humo unavyopandishika
kwa hiyo yanaozea humo yanakua mbolea, mabua maanake (Interview 30)

We plant maize and cassava, now cassava, once
you’ve removed the maize, it’s like it loses strength
and starts to fall, so you put it [the maize stalks]
back where you grew it so that it decomposes and
becomes fertilizer (Interview 30)

Ways to
improve soil
quality

kama mtalaam naishauri, nafanya [boresha udongo] (Interview 11)
mbolea ya chakula ni nzuri sana kwa mfano hapa, hapa kipindi ambayo silimi, namwaga
chakula machafu uchafu ule, namwaga namwaga, namwaga uko shambani (Interview 15)
yaani unaweza kwa badilisha kwa mbolea, unaweza ukatumia mbolea ya ng’ombe au ya kuku
unaona. kwa mfano ukitumia mbolea ya ng’ombe kidogo na unaweza ukaboresha udongo
kwa mbolea ya ng’ombe, kama ukipata mbolea ilio iva kabisa kabisa, acha yale mavi ya
ng’ombe mabichi mabichi hapana, imekua kama udongo kama udongo myeusi ukiweka ndio
inakua safi (Interview 31)

If I can get the right advise, I would [improve soil]
(Interview 11)
Amendment from food is very good, for example,
here in this area that I don’t cultivate, I dump food
waste and dust and dirt, and then I put it on my
farm (Interview 15)
You can change [the soil] with amendment, you can
use cow manure or poultry manure you see. For
example, cow manure can improve soil, if you can
get the manure matured completely, not the wet
kind no, it should be like soil, like black soil, if you
put that it will be good (Interview 31)
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amendment use. The practice of using crop residue, such as leaves of
maize and cassava crops, appears to be a habitual aspect of farm
preparation, and is considered to work as a fertilizer for the soil. It is
also used as a strategy for intercropped plants where residues of
harvested crops, such as maize, are returned to the soil for crops still
growing, such as cassava (excerpt in Table 4).
3.2 Field Trial
3.2.1 Soil Characteristics
The soil texture of all samples, regardless of depth, was sandy
loam, averaging at 72% sand, 14% silt, and 13% clay. There were
no significant differences in bulk density among treatments. The
mean bulk density was 1.48 g cm-3.

There were no combined interaction effects between any of
the factors (time*treatment, time*depth, treatment*depth, or
Frontiers in Soil Science | www.frontiersin.org 10
time*treatment*depth) for any of the soil physical, chemical,
and biological parameters, though there were significant changes
in parameters with respect to time, depth, and treatment
(Table 5). From time T1 (Dec 2017) to time T2 (Jan 2018),
there were significant increases in SOC (p=0.001), C:N ratio
(p=0.009), and pH (p<0.001), i.e., the soil became more alkaline
with time (Table 7). There was also a significant increase in CEC
(p=0.024) between T1 (9.32 cmol kg-1) and T2 (11.40 cmol kg-1).
With respect to depth, WHC (p=0.028), SOC (p=0.014), TN
(p=0.001), available P (p<0.001), NH+

4 (p<0.001), and SMB-C
(p=0.014) were significantly greater within the 0-10 cm depth
than the 10-20 cm depth.

There were statistically significant differences with respect to
treatment in WHC, pH, SOC, available P,NO−

3 , and SMB-C. The
WHC was significantly greater in FWC-1 (p=0.002), FWC-2
(p=0.026), and PM (p=0.001) treatments compared to the INF
TABLE 5 | Summary of statistical significance of soil physical, chemical, and biological parameters using factorial analysis of variance (ANOVA) for time, treatment, and
depth factors.

Parameter Time Depth Treatment

Physical
Bulk density (g cm-3) n.a. n.a. n.s.
WHC (%) n.a. F (1,40) = 5.181

p = 0.028
F (4,40) = 5.970

p = 0.001
Chemical
pH F (1,40) = 110.506

p < 0.001
n.s. F (4,40) = 8.565

p < 0.001
1SOC (g kg-1) F (1,40) = 11.702

p = 0.001
F (1,40) = 6.652

p = 0.014
F (4,40) = 3.059

p = 0.027
TN (g kg-1) n.s. F (1,40) = 13.446

p = 0.001
n.s.

C:N Ratio F (1,40) = 7.425
p = 0.009

n.s. n.s.

Available P
(mg P kg-1)

n.s. F (1,40) = 14.506
p < 0.001

F (4,40) = 4.277
p = 0.006

1CEC (cmol kg-1) F (1,36) = 5.581
p = 0.024

n.s. n.s.

2EC (dS m-1) n.s. n.s. n.s.
1Nitrate (NO−

3 )
(mg N kg-1)

n.s. n.s. F (4,40) = 4.639
p = 0.004

Ammonium (NH+
4)

(mg N kg-1)
n.s. F (1,40) = 773.713

p < 0.001
n.s.

Biological
1SMB-C (µg g-1) n.s. F (1,36) =6.717

p = 0.014
F( 4,36) = 8.545

p < 0.001
June 2022 | Volume 2
Threshold for statistical significance is p<0.05 (n.s. = not significant, n.a. = not available). There were no significant interaction effects. Data transformed to satisfy homogeneity assumption
are denoted by 1natural logarithm and 2inverse square root.
TABLE 6 | Physical properties of the soils – soil texture (sand-silt-clay), mean bulk density, and water holding capacity (WHC) – with respect to amendment treatment
(food waste composts FWC-1 and FWC-2), poultry manure (PM), inorganic nitrogen fertilizer (INF), and control (CTRL).

Treatment Sand-Silt-Clay (%) Bulk Density (g cm-3) WHC1 (%)

FWC-1 72-14-14 1.42 (0.08) 33 (0.91) a

FWC-2 72-15-13 1.38 (0.26) 33 (1.07) a

PM 75-14-11 1.49 (0.04) 32 (0.85) a

INF 73-13-14 1.69 (0.07) 28 (0.94) b

CTRL 72-14-14 1.38 (0.04) 31 (0.67) ab
| Art
1Values with different letters (a,b,c) in the same column indicate a significant (p<0.05) difference between treatments. Values with the same letters indicate no significant (p>0.05) difference
between treatments. Standard error for mean values is presented in parentheses.
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treatments (Table 6). We found that soils with PM were
significantly more acidic (p<0.001) compared to the other
treatments, including the control, by a value of 0.3 and that
SOC in FWC-1 and PM treatments were significantly greater
(p<0.05) compared to INF and the control (Table 7). Available
soil P was greatest (p=0.006) in the treatment with PM and
lowest in the treatment with INF. However, available P was not
significantly different between the organic amendments and the
control (Table 7). Soil nitrate (NO−

3 ) was significantly lower in
the INF-treated soils than in FWC-2 (p=0.004) and PM
(p=0.032) treatments (Table 8). Soil microbial biomass C was
significantly greater in PM (p<0.001) and FWC-2 (p=0.005)
compared to INF and control treatments (Table 8).
Frontiers in Soil Science | www.frontiersin.org 11
3.2.2 Crop Growth
In the first growing period, amaranth seeds germinated two days
after planting for all treatments, except INF*, where fertilizer was
applied with the seeds at time of planting. Germination in INF*
treatments was delayed to 6 - 8 days after planting. The amaranth
experienced defoliation, due to high wind speeds (≥20 km/h)
prevalent at 3, 6, and 7 days after planting. The plants regained
their growth and grew significantly (p=0.047) from 8 to 16 days
after planting and were harvested 22 days after planting when
growth had stagnated. Growth under control and FWC-2
treatments exceeded (p<0.05) that in PM, FWC-1, and INF*
treatments (Figure 5). Cabbage seeds germinated in all
treatments 7 days after planting in the first growing period,
and fertilizer was applied around the cabbage seedlings in the
INF treatment replicates 14 days after planting. Cabbages were
harvested 55 days after planting; cabbage heights from 51 to 55
days after planting were significantly greater (p<0.05) than 15 to
43 days after planting. Growth under FWC-1 and INF
treatments was significantly greater (p<0.05) than growth
under PM treatments but was comparable to growth under
FWC-2 and control (Figure 5).

In the second growing period, amaranth seeds germinated 3
days after planting for all treatments. The amaranth growth was
significantly rapid (p<0.05) from 18 to 32 days after planting at
which point the plants were harvested. Amaranth growth under
PM treatments significantly exceeded (p<0.05) other treatments.
While amaranth growth under FWC-1, INF, and control
TABLE 8 | Mean values for soil nitrate and microbial biomass-carbon at 0 -
20 cm depth for all treatments (food waste composts FWC-1 and FWC-2),
poultry manure (PM), inorganic nitrogen fertilizer (INF), and control (CTRL). Values
with different letters (a,b,c) in the same column indicate a significant (p<0.05)
difference between treatments.

Treatment NO−
3 (mg kg-1) SMB-C (µg g-1)

FWC-1 49.8 (10.3) ab 915.74 (154.7) ab

FWC-2 82.5 (18.9) a 464.24 (141.2) bc

PM 53.2 (9.7) ab 1099.44 (178.0) a

INF 24.0 (5.4) b 266.44 (52.6) c

CTRL 41.4 (13.4) ab 353.33 (125.9) c
Values with different letters (a,b,c) in the same column indicate a significant (p<0.05)
difference between treatments.
TABLE 7 | Mean values of soil organic carbon, total nitrogen, carbon-to-nitrogen ratio, available phosphorus, and pH at time T1 (Dec 2017) and time T2 (Jan 2018) in
the upper (0-10 cm) and lower (10-20 cm) depths for all treatments (food waste composts FWC-1 and FWC-2), poultry manure (PM), inorganic nitrogen fertilizer (INF),
and control (CTRL).

SOC (g kg-1) TN (g kg-1) C:N Ratio Av P (mg P kg-1) pH (KCl)

T1 † † †

0 – 10 cm ‡ ‡ ‡

PM 10.5 (1.0) ab 2.2 (0.1) 4.91 (0.65) 103.53 (4.60) a 7.38 (0.05) a

FWC-1 12.8 (2.2) ab 2.3 (0.3) 5.59 (0.89) 74.61 (27.34) ab 7.79 (0.01) b

FWC-2 8.6 (1.2) b 2.3 (0.4) 3.19 (0.49) 82.21 (15.14) ab 7.88 (0.10) b

INF 9.7 (3.2) c 1.8 (0.4) 6.51 (2.76) 33.73 (12.55) b 7.75 (0.01) b

CTRL 6.2 (2.1) c 1.8 (0.05) 3.83 (0.94) 74.41 (29.13) ab 7.78 (0.10) b

10 – 20 cm ‡ ‡ ‡

PM 8.8 (2.9) ab 1.6 (0.5) 5.85 (1.96) 57.73 (29.91) a 7.49 (0.09) a

FWC-1 9.3 (1.7) ab 1.6 (0.3) 6.12 (1.06) 61.22 (16.33) ab 7.71 (0.02) b

FWC-2 8.6 (3.7) b 1.6 (0.4) 5.23 (1.32) 34.72 (1.16) ab 7.74 (0.05) b

INF 5.0 (1.1) c 1.4 (0.4) 3.60 (0.26) 24.05 (12.58) b 7.71 (0.02) b

CTRL 6.0 (1.6) c 0.9 (0.3) 6.86 (1.93) 44.33 (5.19) ab 7.72 (0.07) b

T2 † † †

0 – 10 cm ‡ ‡ ‡

PM 22.1 (2.7) ab 2.3 (0.3) 9.47 (0.53) 99.38 (15.72) a 7.01 (0.11) a

FWC-1 23.5 (3.1) ab 2.6 (0.4) 9.05 (0.1) 69.45 (8.07) ab 7.59 (0.20) b

FWC-2 21.0 (2.6) b 2.4 (0.6) 9.68 (1.52) 81.66 (28.53) ab 7.73 (0.15) b

INF 15.1 (6.7) c 2.4 (0.7) 6.06 (1.12) 51.73 (9.94) b 7.59 (0.06) b

CTRL 18.1 (7.8) c 2.2 (0.3) 7.47 (2.35) 68.49 (15.3) ab 7.77 (0.02) b

10 – 20 cm ‡ ‡ ‡

PM 19.1 (5.6) ab 01.6 (0.4) 15.20 (7.45) 79.04 (12.05) a 7.38 (0.04) a

FWC-1 19.0 (7.7) ab 2.0 (0.3) 10.82 (5.63) 43.03 (20.83) ab 7.53 (0.06) b

FWC-2 12.4 (5.0) b 1.5 (0.5) 7.63 (0.7) 42.41 (19.17) ab 7.52 (0.04) b

INF 11.1 (7.1) c 1.8 (0.4) 4.95 (2.43) 32.20 (8.61) b 7.55 (0.02) b

CTRL 5.9 (2.2) c 1.3 (0.5) 6.69 (4.34) 27.31 (9.63) ab 7.60 (0.03) b
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treatments was comparable, they significantly exceeded (p<0.05)
growth under FWC-2 treatments (Figure 6). Cabbage seeds in
the second growing period germinated in all treatments at 5 days
after planting, except INF* treatments where only one cabbage
seed germinated at 13 days after planting, out of all three
replicates. Growth in INF* treatment, therefore, was excluded
from the statistical analyses. Cabbage heights differed
significantly (p<0.05) from 21 to 32 days after planting.
Cabbage growth under FWC-1, PM, and control treatments
was comparable (no significant differences), though growth
under PM treatments significantly exceeded (p<0.05) that in
FWC-2 treatments (Figure 6). The weather conditions (rain days
and daily temperature ranges) as well as the effects of treatment
on amaranth and cabbage growth are summarized in Table 9.
4 DISCUSSION

4.1 Urban Farmers in Mwanza: Sources of
Knowledge and Motivations
The interviews with farmers illustrated that urban agriculture is a
core activity in Mwanza, Tanzania and does not show signs of
Frontiers in Soil Science | www.frontiersin.org 12
declining, which reflects the notion that urban agriculture has a
long-standing indigenous tradition in Africa (20).

Most of the interviewed participants were engaged in urban
agriculture for over ten years, which is similar to other studies
that showed agriculture is practiced by established urban
residents and not limited to recent rural migrants (22, 24, 49).
Most who engaged in urban agriculture learned their farming
practices from a young age through knowledge transfer from
family members, consistent with observations by Prain et al. (50)
in Kampala where farmers involved children as early as age 8.
Furthermore, Sawio (22) found that most urban farmers within
Dar es Salaam were born in agriculturally rich regions bordering
the city. However, Prain et al. (50) and Sawio (22) did not
evaluate how and when knowledge of cultivation was passed on
to the respondents who now practice urban agriculture. We
found that urban farmers predominantly acquired cultivation
knowledge from family members, but some also learned through
observation and trial and error. We did not find evidence of
formal education received by urban farmers, directly or
indirectly, for agricultural practices, though there is transfer of
knowledge from agricultural suppliers, where seeds, fertilizers,
and pesticides can be bought. Therefore, our study contributed to
the literature by further illuminating sources of urban farmers’
FIGURE 5 | (Top) Growth of amaranth greens for the first planting is shown
from 8 to 14 days after planting. The growth in FWC-2 treatments exceeds
that of growth in PM and control treatments, which in turn exceed the growth
in FWC-1 and INF* treatments. (Bottom) Growth of cabbage for the first
growing period is shown from 15 to 55 days after planting. The growth in INF
treatments is followed closely by growth in FWC-1 treatments, until 43 days
after planting at which point growth in INF treatments exceeds that of other
treatments. Cabbage growth in FWC-2 and PM treatments follows similar
trends and exceed growth in CTRL treatments.
FIGURE 6 | (Top) Growth of amaranth greens for the second planting from 8
to 32 days after planting. From 24 to 32 days after planting, growth in PM
treatments exceeds other treatments, growth in FWC-1, CTRL, and INF are
similar and exceed growth in FWC-2 treatment. (Bottom) Growth of cabbage
for the second planting is shown from 7 to 27 days after planting. The growth
in all treatments follows closely with one another until 21 days after planting at
which point growth in PM, FWC-1, and CTRL treatments exceeds that of
FWC-2 treatments. Cabbage growth INF* treatments is shown without
standard error bars because only one seed germinated (excluded from
statistical analysis).
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cultivation knowledge and presents the groundwork to further
explore networks of knowledge transfer.

Several interviewed residents were brought up in the city of
Mwanza and began practicing urban agriculture within the last
ten years. Our study determined that those who began
agriculture in the last five years were female. According to
Sawio (22), women tend to practice urban agriculture more
frequently than men in Dar es Salaam. Other studies also
support that mostly women are responsible for cultivating
urban agriculture plots (51, 52). Bryld (53) posits that women
dominate urban agriculture because the closeness of cultivated
plots to the home allows for agricultural activities to fit easily into
women’s daily work routines, and that men generally regard
agriculture as a marginal activity rather than a serious
occupation (53). However, our study found that urban
agriculture in Mwanza was not limited to a specific gender or
age group, with both males and females amply represented
among the respondents, with ages ranging from 20 to 73 years
Frontiers in Soil Science | www.frontiersin.org 13
old. While the proximity of the plot to home may enable women
to engage more easily in urban agriculture, not all women
cultivated plots that were close to home. Several women in this
study indicated having more than one farm plot, at least one of
which was in a rural vicinity. Additionally, our results do not
concur with the argument that men regard urban agriculture as a
marginal activity. Both men and women interviewed in this
study regarded urban agriculture as a means for livelihood and a
way to give life to idle land. This research does support that
cultivation is not the only source of livelihood for most
households and is used to supplement household income as is
the case for much of the Global South (54). Therefore, gender
variance in urban agriculture may be the result of economic well-
being of individual households, and the city overall, rather than
the proximity of land or the attitudes toward urban agriculture.

The reasons for engaging in urban agriculture varied among
urban farmers, though sustenance was the main thread. De Bon
et al. (21) determined that urban agriculture is a source of food
for urban dwellers, primarily for self-consumption. However,
with increasing land pressure, selling crops has become the
preferred alternative. We found that home consumption was
preferred over selling, although some of the respondents also
reported cultivating solely to sell. As Howorth (55) concluded,
the role of urban agriculture for food production is gaining
importance, especially since urban agriculture is a means of
employment for a significant proportion of the urban
population. As urban growth and pressures on land continue,
the fate of urban harvest can be expected to tend strongly toward
market options (21).

4.2 Cultivation Practices and Constraints
Urban farming in Mwanza was practiced using manual labour
and hand tools, also observed by Prain et al. (50) in Uganda.
Hand tools are also commonly used in rural agriculture (56, 57).
The hand hoe, specifically, is also a multipurpose tool in
Sudanese (57) and Ghanaian (58) agriculture. Makki et al. (57)
found that women often use ill-suited hand tools designed for
men, but they would rather stop farming than spend resources
on tools whose durability they doubt.

One of the major constraints in urban areas is the availability
of land for cultivation. There are different terms in the literature
for the different agricultural land spaces in urban environments.
Flynn (24) described urban cultivated plots as either a kitchen
garden, garden, squatter garden, or farm. This is consistent with
some of the comments by the respondents who insisted that what
they had was a bustani, garden, not a shamba, a farm. This is
most likely due to the smaller size of agriculture operations in
urban areas. The urban farm sizes in Mwanza were
predominantly 0.2 ha or less, with a majority equal to or less
than 0.1 ha, which is consistent with the findings of Prain et al.
(50) in urban Bukesa, a district in Kampala, Uganda, where plots
of more than 0.1 ha were scarce. However, the major goal of
interviewed urban farmers was to increase crop production,
ideally through more land space. Land constraints, therefore,
intensify the need to improve soil fertility for continued
food production.
TABLE 9 | Summary of the weather conditions and treatment effects within the
two growing periods for amaranth and cabbage plants over the number of days
after planting.

First Planting Second Planting

Amaranth
Growing Period (days) 22 32
Rain Days 9 14
Rain Frequency
0 - 15 DAP Infrequent Moderate
16 - 23 DAP Frequent Frequent
24 - 32 DAP n.a Infrequent
Temperature (min - max)
0 - 15 DAP 19 - 30°C 18 - 27°C
16 - 23 DAP 18 - 26°C 18 - 27°C
24 - 32 DAP n.a. 18 - 31°C
Treatment Effect on Growth1 CTRL, FWC-2 a PM a

PM b CTRL, INF, FWC-1 b

FWC-1 c FWC-2 c

INF* d

Cabbage
Growing Period (days) 55 32
Rain Days 21 17
Rain Frequency
0 - 15 DAP Infrequent Frequent
16 - 23 DAP Frequent Frequent
24 - 36 DAP Frequent Infrequent
37 - 55 DAP Infrequent n.a.
Temperature (min - max range)
0 - 15 DAP 18 - 30°C 18 - 27°C
16 - 23 DAP 18 - 26°C 18 - 27°C
24 - 36 DAP 18 - 27°C 18 - 31°C
37 - 55 DAP 18 - 31°C n.a.
Treatment Effect on Growth1 FWC-1, INF a PM a

FWC-2, CTRL ab CTRL, FWC-1 ab

PM b FWC-2 b

INF* c
1Different letters in the same column indicate a significant difference (p < 0.05) between
treatments [food waste composts FWC-1 and FWC-2, poultry manure (PM), inorganic
nitrogen fertilizer (INF), and control (CTRL)]. Values with different letters (a,b,c) in the same
column indicate a significant (p<0.05) difference between treatments.
Rain frequency is defined as infrequent ≤1/3 of the days), moderate (between 1/3 and 2/3
of the days), and frequent (≥2/3 of the days). The use of n.a. (not applicable) indicates that
the growing season had ended.
June 2022 | Volume 2 | Article 905664

https://www.frontiersin.org/journals/soil-science
http://www.frontiersin.org/
https://www.frontiersin.org/journals/soil-science#articles


Esmail and Oelbermann Urban Agriculture in Mwanza, Tanzania
4.3 Soil Perspectives and Improvement
We found that most interviewed farmers want to improve their
soil fertility, and most believed manure application was the best
way to do so. A similar philosophy was observed by Solomon et al.
(59) in Ghana and Liberia where smallholder farmers transformed
highly weathered tropical soils to fertile soil that was high in
organic matter by intentionally adding organic amendments.

We also found that urban farmers in Mwanza recognize the
ability of organic wastes to increase soil fertility, from the use of
crop residues to generating compost from kitchen/food wastes.
This is in addition to the animal manure, which are also organic
wastes. According to Kimaro (60), investments in organic
amendments take a long time before paying back, and so may
be impractical for farmers who lack clear land tenure systems.
However, this study demonstrated in a short-term field trial that
organic amendments are comparable to, and in some cases
outperform, nitrogen fertilizer use in urban agriculture.

Mwanza Region, and most of the Western Zone of Tanzania,
are characterised by sandy loam soils known to have low WHC
(38). The typical bulk density of sandy loam soils is 1.51 g cm-3

(61), which is close to the average bulk density of 1.48 g cm-3 at
our study site. The addition of organic amendments at the study
site improved soil water retention, increased SOC, and enhanced
microbial abundance in the sandy loam urban soils of Mwanza
City. The WHC was higher by 14 - 19% in soils treated with
organic amendments than with nitrogen fertilizer. The increase
in WHC is attributed to the presence of soil organic matter
content (60, 62). In other studies, the addition of organic
amendments such as compost reportedly increased soil water
capacity by as little as 14% and as much as 35% (63, 64).

Soils treated with organic amendments in our study had SOC
values similar to those reported for Tanzanian soil, whereas SOC
of the control soil (9.1 g kg-1) was lower than that reported in the
literature (65–67). For example, the research by Sugihara (66)
reported 12.4 g kg-1 SOC for Tanzanian soils without any
amendments, which is similar to the SOC in the soil amended
with FWC-1 at time T1 in this study, and the research by
Ndakidemi (65) reported values around 22 g kg-1 SOC, which
is similar to the SOC in the soil amended by PM, FWC-1, and
FWC-2 at time T2 in this study (Table 7). This indicates that
Mwanza’s urban soils are inherently lower in SOC, due to their
sandy texture but that can be remedied with organic
amendments. Long-term studies found that the addition of
organic amendments increased SOC with time (63, 68–70),
and that the sustained increase of SOC in soil was dependent
on the nature of the organic amendment (69). In this study we
did not see a significant difference between treatments, likely due
to the short-term (1.5 months) nature of our study.

Total N, CEC, EC, and NO−
3 values from our study are also

comparable to other soil studies in Tanzania (65–67). For
example, Ndakidemi (65) reported total N values between 0.7
to 2.7 g kg-1 in Tanzanian soils and the results in this study
ranged from 0.9 g kg-1 (CTRL) to 2.6 g kg-1 (FWC-1). Our results
were also similar to those reported by El-Sharkawi (71) on a
loamy soil amended with urea fertilizer (1.9 g kg-1) and organic
Frontiers in Soil Science | www.frontiersin.org 14
treatments (2.1 g kg-1 for rice straw-manure compost and 2.2 g
kg-1 for sludge treatment) over a 2-year study period. Notably,
our results demonstrated increased TN within 1.5 months
compared to 2 years (71). Values of soil NH+

4 in our study
were greater compared to those reported in other studies on
Tanzanian soils (66, 72), which is attributed to increased N-
mineralization caused by greater soil microbial activity and
microbial biomass in our study (73).

The pH of the non-amended control soils at the field site was
also greater than that reported for Tanzanian soils (65). For
example, pH ranged from 4.9 to 7.5 among three different studies
on Tanzanian soils (60, 65, 66) whereas the soil this study had a
pH of 7.7 (CTRL). The higher pH levels at the site can be
explained by the presence of wood ash prior to the field trial from
the previous use of wood smouldering on the land. Ashes are
strongly alkaline (64) and composts produced with wood ash
have a higher liming potential (74), similar to the liming
potential of biochar, which has been shown to increase the pH
of highly weathered tropical soils (73). Soil pH in PM-amended
soils was significantly lower because manure is generally more
acidic than food or green waste composts (43, 75).

The soils around Mwanza region are of volcanic origin
leading to a high soil P content, but low P availability due to
the inherently low soil pH (28). The higher available P observed
in all treatments in our study was the result of a higher pH in the
soil (64). Due to their alkalinity, ash and charcoal (biochar)
increase soil pH which enhances plant available P (76, 77).

According to the literature, the input of organic amendments
to agricultural soil increases soil microbial activity and the soil
microbial biomass SMB-C (66, 68, 69, 72, 74, 78). Our study
additionally showed that organic amendment treatments had a
significantly greater SMB-C than the fertilizer treatments,
suggesting that urban soils of Mwanza benefited from the
addition of organic amendments. Furthermore, soil SMB-C
content in our study was greater compared to that of other
studies (66, 68). For example, values of SMB-C reported for
sandy loam soils in India ranged from 120.5 µg C g-1 in control
soil to 167.2 µg C g-1 in soils treated with leaves and compost
(68). However, the values for SMB-C in our study are
comparable to studies where soil and compost had been mixed
with wood ash. Gay-des Combes et al. (64) reported 1000 µg C g-
1 in compost-treated sandy loam soils and 1200 µg C g-1 in soils
treated with a combination of compost and ash. While compost
and ash treatments respectively increased SMB-C in sandy clay
loam soil, compost-plus-ash treatments had lower SMB-C (769
µg C g-1) than compost-only treatments (929 µg C g-1) (74).
Furthermore, the soil microbial biomass was likely influenced by
the presence of charcoal and ash in our study. For example, Jien
et al. (73) found that the soil microbial community increased
when charcoal (biochar) was added to the soil, due to an increase
in soil pH which enhanced the activity of the microbial
community and the decomposition of organic matter.
Therefore, organic amendments, such as composts from food
waste, improve soil quality similarly to poultry manure and
enhance soil fertility more than inorganic fertilizer application.
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4.4 Factors Affecting Crop Growth: Water
Availability and Amendment Application
Water availability was the driving factor for interviewed farmers
in deciding cultivation frequency, which we divided into three
categories: 1) reliance of rain for cultivation, corresponding to
bimodal rainy seasons and seasonal (twice-a-year) cultivation of
rice or maize (monocrop or intercropped with cassava, beans, or
peanuts); 2) production of seasonal crops during the rainy season
combined with irrigation from an accessible water source during
the dry season to grow short duration vegetables (mboga mboga);
and 3) continuous water access resulting in continuous
cultivation and allowing for year-round fruits and vegetable
production. The variety of crops chosen and planted by the
urban farmers in the latter two cultivation choices constitute
mixed farming systems (76).

We found that urban farmers in Mwanza determined soil
fertility primarily through the ability of plants to grow in the soil,
though some also used soil colour and texture as indicators.
Additionally, while most urban farmers relied primarily on
manure to amend their soil, some used inorganic fertilizers to
increase crop growth. Poultry manure is often favoured as a type
of manure in tropical countries because of its high P content (17).

For amaranth crops, growth under PM treatment was
comparable to control and food waste compost in the first
growing period but outperformed all other treatments in the
second growing period. Akanbi and Togun (77) found higher
amaranth yields with compost made from maize stover and
poultry manure compared to fertilizer. Studies on the impact of
food waste (compost) amendments on amaranth growth are
limited. For example, Aynehband et al. (79) found no significant
differences between amaranth grown under only fertilizer or
fertilizer combined with compost treatment, but found
significant differences in amaranth height and stem diameter
under combined fertilizer and vermicompost treatment
compared to non-amended soil (79). In our study, amaranth
growth under food waste compost was comparable to inorganic
fertilizer treatments.

Cabbage growth under INF treatment did significantly better
in the first growing period whereas growth under PM treatment
was better in the second growing period. However, cabbage
growth under FWC-1 was comparable to both inorganic
fertilizer in the first growing period and to PM amendment in
the second growing period, which demonstrates the stability and
consistency of food waste composts in enabling plant growth.
Shrestha et al. (80) found that cabbage yields under rain and
supplementary irrigation were 26% greater in soils amended with
fertilizer, manure, or municipal composts than soils without any
amendments. In our study, we advance the recommendation to
favour food waste composts over fertilizer or poultry manure as
amendments for cabbage growth.

One of the barriers to the use of fertilizer in SSA is the lack of
information on how to use fertilizers appropriately (16). Our
study supported this statement as the conflicting instructions
received for fertilizer application negatively impacted crop
germination and crop growth. Applying urea fertilizer with the
seeds during planting proved to be the incorrect method as is
Frontiers in Soil Science | www.frontiersin.org 15
indicated by the delayed and lack of germination in both
amaranth (first planting) and cabbages (second planting).
Incorrect fertilizer application had a greater effect on cabbage
than amaranth seed germination. Nitrogen fertilizer is highly
soluble (17), and the lack of rain at the beginning of the first
growing period compared to the abundance of rain at the
beginning of the second growing period may have contributed
to the suppressed cabbage seed germination. The inorganic N
released from the fertilizer in the soil would result in acidic
conditions, which are known to hinder cabbage germination and
growth (81).

Crop growth under food waste compost was comparable to
fertilizer treatment. According to Orsini et al. (76) fruit and
vegetable crops have a much higher yield in African countries
compared to other food crops, such as grains. However, shifting
to fruit and vegetable production from predominantly seasonal
cultivation of maize or rice will require access to water for
irrigation. Based on our study, compost application will
increase soil water holding capacity. The addition of organic
amendments will increase crop yield due to improved soil water
retention (78).

Admittedly, growth in one of the food waste composts (FWC-
2) treatments was consistently lower in the second growing
period for both crops, which is attributed to the lower initial
application rate (1.5 kg m-2). According to Bass et al. (78),
compost is generally not stable over medium to long-term
timescales, and so regular reapplication is required over
extended periods for significant SOC improvements.
Additionally, most African countries do not have standards for
the application of manure or compost to land, which makes it
difficult to monitor nutrient addition and provide guidelines for
organic matter (30). Based on the performance of FWC-1 in our
study, the application rate of 2.5 kg m-2 for food waste compost is
deemed sufficient for amaranth and cabbage growth and was
shown to be stable for a short-term (1.5 month) duration. We
recognize, though, that further research is needed to evaluate
efficacy of application rates without the influence of wood ash,
under differing cropping systems, durations, and watering
regimens (e.g., rain-fed versus irrigation).

Uncertainties are increasingly growing concerns for
smallholder farmers, such as changing weather patterns that
affect predictability of rainy seasons. Nonetheless, our study
advances that the use of organic amendments for urban
agriculture over the use of inorganic fertilizers may be one of
the pathways toward increasing soil security, decreasing
vulnerability related to water availability, and increasing
crop productivity.

4.5 Study Limitations and
Recommendations for Further Research
The soil in this study had wood ash present due to previous land
use, which should be taken into consideration for future uses of
this study. The presence of wood ash at the site prior to the field
experiment had a pronounced effect on the pH of the soil, as well
as the available P and SMB-C contents of the soil. Gay-des
Combes (64) found that compost and ashes were complementary
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fertilizing pathways that promote soil fertility through positive
effects on soil moisture, pH, organic matter, and microbial
activity. Therefore, future studies could also explore the
potential for organic amendments blended with wood ash for
improving crop productivity in tropical acidic soils.

There are some limitations to wider applicability of this
research. This research is based on one study location and the
results may be dependent on the characteristics of the study area.
More robust sampling from different regions to gather regional
perspectives and a large sample size is needed to validate findings
at a national level. Additionally, a more comprehensive
understanding of urban agriculture is needed from perspectives
of other relevant stakeholders, such as the Ministry of
Agriculture and city planners. Future research should also
examine the complex dynamics of urban agriculture, including
the interface between urban/rural agriculture, market
opportunities and networks for urban agricultural producers,
as well as intrinsic and extrinsic factors of agricultural
production within urban environments. Further assessments of
other urban soil types are also required for the soil parameters
presented in this study as well as additional soil parameters, such
as soil porosity and available/total potassium.

Future studies should also examine the nutritional elements
and contaminants in the crops grown in urban agriculture,
specifically in cabbage and amaranth greens under differing
amendment applications. Links between urban agriculture and
heavy metal content in food have been documented in the
literature as has the potential for soil-borne pathogens due to
contact with contaminated water or animal manure (82).
Therefore, more in-depth public health assessments are also
recommended to evaluate the impacts of organic amendment,
specifically manure, application in urbanized areas.
5 CONCLUSIONS

This study adds to the currently limited literature on urban
agriculture in developing countries and enhances our
understanding of the challenges and opportunities presented
by urban agriculture. Agriculture in Mwanza engages urban
farmers of all skill levels, from adept experts with inherited
and tested knowledge of cultivation to recent novices learning by
trial and error. Constraints to cultivation include constricted
space for crop growth, reliance on rainy seasons for crop
irrigation, and declining soil fertility without adequate access
to, and availability of, amendments to meet cultivation needs.
Urban farmers recognize the need for improving soil fertility to
increase crop productivity. Urban farmers tend toward using
organic amendments such as manure or crop residue to
replenish cultivated soil. This presents an opportunity for
rapidly urbanizing cities to create nutrient cycles between
growing urban organic (food) wastes and urban agriculture.
The outcomes of the study demonstrate that urban agriculture
is a strong presence in Mwanza City, which is an indicator of
urban agriculture in rapidly urbanizing cities in sub-Saharan
Africa in general. The presence of urban agriculture is expected
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to continue as people who cultivate urban land do so not only for
subsistence and income, but also for enjoyment and tradition. To
further identify the benefits of urban agriculture to food security
and to prepare for mitigation of environmental impacts from
cultivation practices, urban agriculture should be given legal
consideration and be integrated in urban land use and zoning
policies locally and nationally.

The assessments of the effects of varying soil treatments
(organic and inorganic) on urban soil quality and crop growth
demonstrated that the application of organic amendments
improves urban soil quality compared to the application of
fertilizer. Soils amended with poultry manure and composts
had higher soil water holding capacity and increased soil
microbial biomass (carbon), which can be used as indicators
for short duration field trials. Additionally, crop growth under
compost treatments was comparable to crop growth in fertilized
soils and soils without amendments. Crop growth performed
best with poultry manure treatments under frequent rain
conditions. It was also found that improper use of fertilizer can
significantly delay germination and crop growth. Therefore, the
study concludes that the use of only fertilizers to improve crop
yield should be discouraged, particularly in urban agriculture.
Instead, use of organic amendments, such as composts from food
waste or manure, should be encouraged. However, future
research is required to evaluate standards for compost and
manure application rates on urban agricultural soils in
Tanzania, especially pertaining to soil quality, crop nutrition,
and human health in urbanized areas.
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