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Like many other countries in Sub-Saharan Africa (SSA), Uganda faces a remarkable soil nutrient deficit in
farmland soils. In order to cope with this deficit, many authors suggest increasing the recycling of hitherto
unused nutrient sources from human excrement and urban municipal solid waste (MSW). However, a
quantification of the potential of these nutrient sources to overcome soil nutrient deficits in Uganda has
not been carried out so far. This research paper presents a case study calculating the soil nutrient balance
for nitrogen (N), phosphorus (P), and potassium (K), as well as the potential of hitherto unused human
excrement and urban MSW to decrease soil nutrient deficits in agricultural land by applying the method
of material flow analysis (MFA) in Busia District (Uganda). Results show a high soil nutrient deficit of
agricultural soils in the district, with values of —33kgNha~!, ~6kgPha, and —41kgKha~'. The
potential to reduce these negative balances is negligible for hitherto unused urban MSW (1-3%), but
higher for human excrement (17-60%). The low potential of urban MSW as well as the hygienic problems
associated with human excrement (particularly feces) means that other measures such as soil
conservation and mineral fertilizer application should not be ignored in the effort to increase agricultural
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productivity. This is not only valid for Busia District, but also for other regions in SSA.

© 2015 Elsevier B.V. All rights reserved.

1. Introduction

Contemporary societies in Sub-Saharan Africa (SSA) have the
highest population growth rates in the world (World Bank, 2013).
At the same time, agricultural soil nutrient deficits of nitrogen (N),
phosphorus (P), and potassium (K) in many countries of the region
impair their ability to feed their growing population (Sheldrick and
Lingard, 2004). Among the countries in SSA, Uganda occupies a
special position, having the third highest population growth (3.3%
per year) together with high nutrient depletion in agricultural soils
(Stoorvogel and Smaling, 1990; Sheldrick and Lingard, 2004; World
Bank, 2013). This is also highlighted by local studies carried out in
Uganda (Wortmann and Kaizzi, 1998; Bekunda and Manzi, 2003;
Nkonya et al., 2005). However, Uganda is also one of the countries
where a number of initiatives aim to reduce the soil nutrient deficit

* Corresponding author. Tel.: +43 1 58801 22653.
E-mail addresses: jakob.lederer@tuwien.ac.at (J. Lederer),
jkarungi@caes.mak.ac.ug (J. Karungi), ogwafa@caes.mak.ac.ug (F. Ogwang).
T Tel.: +256 712 804 179.
2 Tel.: +256 752 658 273.

http://dx.doi.org/10.1016/j.agee.2015.03.024
0167-8809/© 2015 Elsevier B.V. All rights reserved.

and thereby increase the crop yield by hitherto widely unused
nutrient sources from organic municipal solid wastes (MSW) from
urban areas or human excreta. For instance, the long-term
ambitions on recycling human excrement by means of so-called
ecological sanitation systems are internationally recognized
(Tumwebaze et al., 2011; Dagerskog et al., 2013). Another activity
that is seen to be a role model for other countries in SSA is the first
country-wide small-scale composting program under the clean
development mechanism (CDM) scheme, which not only aims to
reduce greenhouse gas emissions through composting of organic
MSW from 17 urban areas in Uganda, but also to increase the
agricultural productivity through applying this compost on crop
land (World Bank, 2008). Even though all these activities exist, in
none of the soil nutrient balance studies from Uganda reviewed
have researchers attempted to estimate the quantitative potential
of recycling organic MSW from urban areas as well as human
excrement. Thus, the general aim of this article is to determine the
potential of these two nutrient sources in the case of Uganda.
To do so, not only must the soil nutrient balance be determined,
but other nutrient containing materials flows, particularly solid
wastes and human excrement, must be as well. However, the
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question arises for which area the nutrient balance, nutrient flows
and stocks should be determined. One option is to consider an area
that hosts (1) one of the 17 locations from the CDM composting
program, and (2) human excreta recycling initiatives. Among the
few areas that fulfill these criteria is Busia District in Eastern
Uganda (Obernosterer, 2006; Lederer et al., 2012). Therefore, the
detailed research questions in this article are:

1. What is the soil nutrient balance for the soils of agricultural land
in the case study area of Busia District?

2. What is the quantitative potential of human excrement and
hitherto unused MSW, particularly from urban areas as nutrient
sources for agricultural soils in Busia District?
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In order to answer these research questions, data from a
research project carried out by the authors (Lederer et al., 2012)
and from literature was used.

2. Methods and materials

After briefly describing the study area in Section 2.1, material
flow analysis (MFA), which is a method that goes beyond soil
nutrient balancing on a farm level and is thus suitable for
answering the research question, is presented in Section 2.2. The
data to carry out the MFA is shown in Sections 2.1 and 2.3. Some
information is presented in the Supplementary materials, and the
related tables and figures are indicated by an S (e.g., Table S1).
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Fig. 1. Map of Uganda and situation of Busia District.
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2.1. Background of the study area

Busia District in Eastern Uganda (see Fig. 1) (00°23'N 34°00'E)
has a population of 281,200 inhabitants, of which 17% live in the
only urban area, Busia Municipality, and 83% live in rural areas. The
district land has slopes of generally less than 5% (Roussel, 2012),
and the dominating soil types are medium fertile lixic ferrasols and
petric plinthosols (Ssali, 2001; Obernosterer, 2006) (see Table S1 for
soil properties). Rainfall is bimodal, with 1450 mm per year
(Otim, 2008).
75% of households in the district are agricultural house
holds, and the number of farms in the district is 39,000 (UBoS,
2011). The main crops grown are maize, cassava, beans, sorghum
and sweet potatoes, often in mixed cropped systems, and the
average number of animals per farm is 0.7 cattle, 2.0 goats/sheep,
0.4 pigs, and 11 poultry (UBoS, 2010c,b,b). Poultry usually
scavenges for food, while cows, goats and sheep are fed using
on- and off-farm grazing as well as by crop residues (NEMA, 2004 ).
Application of manure and crop residues to crop land is widely
practiced, while feeding of crop residues to animals, and their
removal and burning is less frequently reported (UBoS, 2010a;
Lederer et al., 2012).

2.2. Material flow analysis (MFA)

2.2.1. Theoretical background

MFA is a method that has been widely applied for questions of
nutrient management beyond the farm level (Brunner and
Rechberger, 2004). Having a clearly defined methodology and
terminology (highlighted in italics), MFA aims to calculate and
illustrate the mass flows of materials such as tradable goods G (e.g.,
fertilizer) and chemical substances S (e.g., N, P, K), through a defined
and usually open system. Material in MFA is the umbrella term
used for goods and substances. MFA systems under investigation
can be private production units (e.g., farms), natural-geographic
units (e.g., water sheds), or administrative-political units (e.g.,
districts, countries), and the unit under investigation constitutes
the spatial boundary of the system. The temporal boundary of the
system is the time period in which the unit is investigated, usually
one year. Within the system, the material flows (1) given in mass
per time unit (e.g., kgyr~') run through processes of transport,
transformation, and stock change. Flows into the system and from
the system are termed as import and export flows, and flows into a
process and from a process are termed input and output flows. For
both, processes and systems, the law of conservation of mass is
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Fig. 2. MFA model for nutrient flows in Busia District in 2010.
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applied. Two formulae are usually used in MFA, exemplified for a
single process having a number of input flows, output flows, as well
as a stock change (A stock). The first is the mass balance formula,
which is defined as

k. 1 . .
21‘:1 minput,i = Ejzj moutput.j + Mstorage (1 )

k. . . . .
where 2, Minpue; 1S the total mass of k input material flows M pye,

[ . . .
EH Mouepurj is the total mass of [ output material flows M ourpue, and

Mistorage 1S the mass of the material flow per time unit from or to a
stock located in a process per time unit. Examples for stocks are
materials stored in landfills or soils, and stock changes in a process
are positive if the input is higher than the output (e.g., landfills) or
negative if outputs are higher than the inputs (e.g., erosion from
soils). The second formula used is the transfer formula, defined as

moutputj (2)

TG = Ek
i=1 minput.i

where TC; is the mass transfer coefficient for an output flow j,

Moutput j 1S the mass of the output flow j, and 2:(:1 Minpye,; 1S the total
mass of k input flows 1. The same formulae are applied for
entire systems, except that the terminology changes (import and
export instead of input and output flow).

In the usual procedure of MFA for a substance under investigation,
(1) the material flows of goods containing the substance, (2) the
concentration of the substance in each of these material flows of
goods, and (3) by multiplying both, the material flows of the
substance are determined. In some cases, it is sufficient to merely
calculate the material flow of the substance (e.g., N volatilized).

Beside primary data, data usually used for MFA are statistics
from private and public organizations (e.g., production statistics),
secondary data from literature (e.g., substance concentration in
products), as well as estimations by experts. All of these data are
usually subject to uncertainty. In MFA, various approaches have
been used to consider data uncertainty (Laner et al., 2014). In this
article, the traditional approach of Gauss error propagation for
independent variables is applied (Cencic et al., 2012). Given an
arithmetic mean value (MW) x and a standard deviation (SD) o
calculated from the data set available, the relative standard
uncertainty (RSU) u,; for a value i is defined as the SD in percent of
the mean value (see Eq. (3))
Uy :%x 100% 3)

1

Under the assumption that the variables are independent from
each other, the total RSU u, for a mass flow is calculated as follows:

=ty = fu2 upp? + U (4)
The result is then expressed as
X+u, (5)

where X is the mean value of the flow, and +u, is the RSU in percent
of the mean value. To give an example for the calculation
procedure: if the amount of N in annual crop production of an
area is desired, the mean value of the yield is multiplied by the
concentration of N in the crop. The residual u, is calculated by the
u,; of yield (u,1), and concentration (u,5) according to Eq. (4).

2.2.2. Examples of MFA in nutrient management

Numerous MFA studies on nutrient management of N and P in
political-administrative areas (cities, districts, countries) have been
carried out, particularly in Europe, the US, and Asia. However, only a
few studies have been undertaken in SSA. Moreover, no MFA for K has
been published for an international readership (Chen and Graedel,

2012).Belevi(2002) and Meinzinger and Otterpohl (2009) presented
studies for N and P for urban areas in Ghana (Kumasi) and Ethiopia
(Arba Minch). Other examples investigated the N and P flows on a
national level, for instance in Finland and Austria (Antikainen et al.,
2005; Egleetal.,2014), oreven on aworldwide scale (Liu et al.,2008).

2.2.3. MFA as used in this work

The spatial boundary of the system investigated in this article
was defined by the political-administrative boundary of Busia
District, and the temporal boundary is the year 2010. Water bodies
were excluded in the calculation. The MFA model for the
calculation is shown in Fig. 2.

This model contains all processes (PR), nutrient-containing
material flows (F), as well as stock changes in processes (A stock)
to perform the calculation. For some more complex processes,
installing so-called subsystems containing subprocesses was
necessary in order to perform the calculation, highlighted in light
grey in Fig. 2 (PR1, PR2, PR4, and PR5). The calculation of mean
values and uncertainties (SD) of material flows and transfer
coefficients was first carried out on excel sheets based on the
literature and our own data (Lederer et al., 2012), and the
intermediate results were inserted into the MFA model created
with the software STAN (Cencic and Rechberger, 2008; Cencic et al.,
2012). The uncertainties were first calculated in numerical values
for the flow of goods and concentrations, and then converted into
percent of the mean value as shown in Eq. 3 in order to calculate the
total RSU of the flow of substances (see Eq. 4). Afterwards, they were
again converted into numerical values, which was required to insert
them into the STAN model. In the text, uncertainties are generally
given as numerical values, while in the MFA figures, they are shown
in percent of the mean value. STAN (1) calculated the material flows,
stock sizes and stock changes not known, and (2) recalculated the
figures inserted (data reconciliation), which was necessary due to
the uncertainties. The algorithm for the data reconciliation is
described in detail in Appendix A in Fellner et al. (2011).

2.3. Data for MFA calculation

2.3.1. Land use data

Busia has a crop land area of major crops of 24,608 ha
(UBoS, 2010b). As this data only considered selected major crops,
a survey among 50 farmers was carried out, leading to a total crop
land area of 37,700 ha (see Table S2). Data on the size of total
agricultural land, pasture, forest, bush, and grass land, as well as
built-up area, was taken from UBoS (2010c; UBoS, 2010c. By
subtracting pasture and crop land from the total agricultural land,
the size of the fallow land was calculated, shown in Table 1. In the
subsequent sections, the term agricultural land subsumes cropland,
pasture, and fallow, and the term other land subsumes bush and
grassland, forests, and built-up areas.

2.3.2. Process PR1: agricultural land
Fig. 3 shows the model for the process agricultural land (PR1),
which has a subsystem that contains the subprocesses of cropland,

Table 1
Land use in Busia District after UBoS (2010b,c; 2011).

Land use Area in (ha) Area in (hafarm™!)

Agricultural land Cropland 53,300 37,666 1.40 1.00
Pasture 6,500 0.17
Fallow 9,134 0.23

Bush and grassland 6,210

Forest 7,370

Built-up areas 3,300

Wetlands and water bodies 5,760

Total 75,940
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Fig. 3. MFA model for the subsystem in the process PR1 agricultural land.

fallow and pasture (PR1.1), distribution of eroded soils (PR1.2) and
distribution of crop residues (PR1.3), as well as collection of animal
fodder (PR1.4) from crop residues, but also from pasture and fallow.

Major input flows into the process are mineral fertilizer (F1im1),
N-fixation (F1im2), atmospheric deposition (F1im3), organic MSW to
cropland (F5.1), and manure (F2.1). Major output flows are erosion
and leaching to hydrosphere (F1.1 and F1.2), plant products harvested
(F1.3), gaseous emissions of N (F1.4), erosion sediment to other land
(F1.5), crop residues disposed of to other land (F1.6), and animal
fodder from crop residues & on-farm grazing (F1.7). In the
subsystem, there is a stock of nutrients in the subprocess,
cultivated cropland, as well some internal flows (total erosion
F1i1; fodder from fallow & pasture F1i2; total crop residues F1i3; crop
residues as mulch F1i4; crop residues as fodder F1i5). The calculation
of the process agricultural land is comparable to soil nutrient
balancing as described, for instance, by Van den Bosch et al. (1998)
(see Table S3).

Mineral fertilizer (F1im1) was calculated based on average
consumption for Uganda according to FAO (2013) and a survey
carried out among fertilizer dealers in Busia. The resulting values
were inserted in the STAN model (see Table S4).

Biological N-fixation (F1im2) per hectare of crop (beans, peas,
soybeans, groundnuts, rice, and pasture and fallow) was calculated
based on data from Stoorvogel and Smaling (1990), Wortmann and
Kaizzi (1998), Brady and Weil (1999) and Lesschen et al. (2007) and
multiplied by the area per crop (see Table S5).

Atmospheric deposition (F1im3) was calculated based on per
hectare deposition values according to Stoorvogel and Smaling
(1990), Wortmann and Kaizzi (1998), Scheren et al. (2000), Nkonya
et al. (2005) and Tamatamah et al. (2005) multiplied by the total
agricultural land in Busia (see Table S6).

The calculation of inputs organic MSW to cropland (F5.1) and
animal manure (F2.1) is shown in the appropriate Sections (Animal
husbandry, 2.3.3; Food consumption, 2.3.6).

Usually, the most relevant output flow are plant products (F1.3).
UBoS (2010b) presents data on crop production area and yields for
selected crops in Busia District. For other crops not considered by
UBoS, primary data was collected in a survey (Lederer et al., 2012)
(see Table S2). The result (total yield per crop in Busia District) was
multiplied by the average concentration for each plant product,
based on USDA (2011), Stadlmayer et al. (2012), Stoorvogel and

Smaling (1990), Smaling et al. (1993), Lentner et al. (1981), and
Wortmann and Kaizzi (1998) (see Table S7).

The total erosion from agricultural land (F1i1) was calculated by
using the Universal Soil Loss Equation (USLE), which is, according
to Wischmeier (1978), defined as

A=KgxRxSxLxCxPg (6)

The soil erodability factor Kr was calculated based on
values from Wortmann and Kaizzi (1998), Henao and Baanante
(1999), Smaling et al. (1993), and Jiang (2013), the rainfall factor R
based on Wortmann and Kaizzi (1998), UNEP (1987), and a rainfall
of 1450 mmyr~! (Otim, 2008). The slope gradient S was calculated
based on GIS data, resulting in 15% of area with a slope gradient of
0%, 70% of area with a slope gradient of 5%, and 15% of area with a
slope gradient of 10% (Jarvis et al., 2008). The slope length L was
estimated to be 1004+ 50 m as plots are usually smaller than 1 ha
and fenced with natural barriers. In calculating the cropped factor
C, three land use types within the agricultural land were
distinguished: mixed cropping (9040ha), sole cropping
(28,626 ha), and pasture and fallow (15,634 ha). The distribution
of mixed and sole cropping was estimated based on a question-
naire survey with 50 farmers Lederer et al. (2012) and UBoS (2003).
The C factor for these land use types was calculated according to
Smaling et al. (1993), Wortmann and Kaizzi (1998), and Henao and
Baanante (1999). Pg (erosion management factor) was determined
at 1.0+ 0 for no erosion management (30% of crop land),
0.15 +£0.07 for mulching (70% of crop land), and 0.25+0.21 for
fallow and pasture (Wortmann and Kaizzi, 1998; Henao and
Baanante, 1999; Lederer et al, 2012). The USLE -calculation
yields the total soil loss, which was multiplied by the nutrient
content in the upper 20 cm of soils (Lederer et al., 2012; Wortmann
and Kaizzi, 1998), and an enrichment factor (based on Lesschen
et al., 2007; Stoorvogel and Smaling, 1990; Wortmann and Kaizzi,
1998) (see Tables S8 and S9). The soil loss through erosion was
assumed to divert to wetlands, rivers, and lakes (80%; F1.1), and
other land (20%; F1.5), an assumption derived from Ruecker et al.
(2008).

Leaching losses of N and K from agricultural land to the
hydrosphere (F1.2) were calculated by applying the empirical
formulae of Stoorvogel and Smaling (1990):
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N:F1.2
= 2.3+ (0.0021 + 0.007 x F) x R + 0.3 x (Flim1 + F2.1)
— 0.1 x (F1.3 + Fli2 + Fli3) 7)

K:F1.2
= 0.5+ (0.0011 +0.002 x F) x R+ 0.5 x (Flim1 + F2.1)
— 0.1 x (F1.3 + Fli2 + Fli3) (8)

where F is the soil fertility class (moderate, 2.0+ 0.5), R is the
annual average rainfall (1450 mm), Flim1 is the application of
mineral fertilizer, F2.1 is manure to agricultural land, and F1.3, F1i3,
F1i2 is the total uptake of N and K by plant products (24 +18 kg
Nha~lyr! and 14+7kgKha='yr!), total crop residues (13 +3
kgNha'yr' and 19+11kgKha 'yr '), and fallow and pasture
plants (40 +18kgNha~lyr! and 46+27kgKha~'yr~!) (deter-
mined according to Stoorvogel and Smaling (1990), Wortmann and
Kaizzi (1998), Mubiru and Coyne (2009) and Johansson (2013) (see
Tables S10 and S11).

Similarly, gaseous emissions of N from agricultural land (F1.4)
were calculated according to Stoorvogel and Smaling (1990)
(Eq. (9)):

F1.4 = Base + 2.5 x F + 0.3 x (Flim1 + F2.1) — 0.1
x (F1.3 + Fli2 + Fli3) (9)

Base is the base denitrification (5.0 + 2.0 kg ha~! yr~1). For all other
factor descriptions, see Eq. (7) (see Table S12 for calculation
details).

2.3.3. Process PR2: animal husbandry

The process animal husbandry contains a subsystem with two
subprocesses (animal feeding PR2.1, manure diversion PR 2.2) and
has three input and output flows (see Fig. 4).

First, the total amount of nutrients excreted by the major
animal types in Busia district (cattle, goats/sheep, pigs, and
poultry - flow excretion, F2i1) was determined by multiplying
nutrient generation according to Powell et al. (1994), Wortmann
and Kaizzi (1998), Sheldrick et al., (2003) Lesschen et al. (2007),
Ogejo et al. (2010) and Snijders et al. (2013) by the total animal
number in Busia (26,787 cattle, 76,473 goats and sheep, 14,203
pigs, and 408,490 poultry; UBoS, 2010c) (see Table S14).
Subsequently, several assumptions on the manure diversion were
made: (1) animals are kept in an open stall (boma) in the night
(12h), and taken out for grazing in the day (12 h). The manure
excretion is distributed proportionally to the time the animals
spend at a particular location. (2) Initial calculations showed that
on-farm nutrient sources cannot sustain the number of farm
animals in Busia, thus pasturing was assumed to occur at other

fodder crop résidues & on-

Table 2
Transfer coefficients (TC) for the process manure diversion (PR 2.2).
N P K

1 TC cultivated crop land 0.17 0.18 0.07
2 TC fallow and pasture 0.36 0.36 0.36
3 TC agricultural land (=row 1 +row 2) 0.53 0.54 0.43
4 TC other land 0.47 0.46 0.57
5 Total (=row 3 +row 4) 1.00 1.00 1.00

land (grass land) as well (off-farm grazing). According to the
land distribution in the district, 72% of pasturing is on farm
pasture and fallow land, and 28% on other land. (3) Manure excreted
during pasturing remains on the farm pasture and fallow land
(36% of manure), as well as on other land (PR3; 14% of manure).
(4) 100% of urine excreted at bomas was assumed to be lost to
other land (PR3) (Snijders et al., 2009). The share of nutrients in
urine was calculated according to Snijders et al. (2013) for
cattle and Ogejo et al. (2010) for goats/sheep. (5) 90% Of farmers
collect animal manure (feces) of cattle, goats, sheep, and poultry
from the boma for fertilizing crop land. The residual share
was assumed to be lost to other land (PR3). (6) Of the manure
(feces) collected, liquid storage losses to other land (PR3) from
storage at bomas of 30% for N and 15% for P and K was used
(Snijders et al., 2009). (7) Gaseous losses of N were assumed to
occur from other land (PR3) and agricultural land (PR1) (see
Sections 2.3.2 and 2.3.4).

The residual transfer coefficients of animal manure excreted
(F2i1) are shown in Table 2.

By inserting total excretion figures and the transfer coefficients
into the STAN model, nutrients in manure to agricultural land (F1.2)
and other land (F2.3) are calculated.

The calculation of other flows to and from animal husbandry
were fodder crop residues and on-farm grazing (F1.7), animal
products (F2.2), and organic MSW as fodder (F5.6), shown in
Sections 2.3.2, 2.3.5, and 2.3.6. The residual flow of fodder from off-
farm grazing (F3.1) at other land (PR 3) was calculated by balancing
input and output flows in STAN (F3.1 =F1.7 +F5.6 — F2.2 — F2i1).

2.3.4. Process PR3: other land

The process other land subsumes different land use types, as
shown in Table 1. Input and output flows connected to this process
and already considered in other sections are manure to other land
(F2.3), crop residues (F1.6), erosion to other land (F1.5), human
excrements to other land (F5.4), dumping of organic MSW to other
land (F5.3), and fodder from off-farm grazing (F3.1).

N-fixation (F3im1) is calculated according to Wortmann and
Kaizzi (1998), Giller et al. (1997), and Lesschen et al. (2007)

. 1
animal products

farm i‘razing

F2.2
fodder off-farm :
razin )
gracing PR2.1, animal manllxlreto
feeding agricultural land
" excretion _@_>
organic MSW as PR2.2, :
fodder manure '
diversion
: manure to
' otheti land

Fig. 4. MFA model for the subsystem in process PR2 animal husbandry.
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Fig. 5. MFA model for the subsystem in process PR4 food distribution/market.

(Table S5). N-fixation in forests was not considered. Atmospheric
deposition was calculated as for agricultural land (Section 2.3.2 and
Table S6). Gaseous emissions of N from excretion of farm animals
during off-farm grazing were calculated by applying Eq. (10)
according to Stoorvogel and Smaling (1990):

F1.4=Base+25xF+03 xF23-0.1xUy (10)

The N-uptake by plants (Uy) was assumed to be 40 +18kgNha~!
yr~ L. All other factors are described in Eq. (9), and calculation
details are shown in Table S13.

2.3.5. Process PR4: food distribution/market

The process food distribution/market (PR4) contains a subsystem
for calculation. Food distribution means food distributed by
agricultural households for domestic consumption and sales.
Market means purchasing and selling food to and from both
sources from within and outside the district (see Fig. 5).

The first input into this subsystem (plant products F1.3) has
already been calculated (Section 2.3.2).

Vegetarian food (F4.3) supplied to consumers in Uganda is
471 kg capita_lyr~! (FAO, 2013). To adjust this value to local food
consumption patterns, survey data from the World Food Program
(WFP) on food intake in different regions in Uganda was used
(McKinney, 2009). By determining the deviation of food

___________________________

consumption in the survey region that contains Busia District
(East-Central) from the national mean value, food consumption
adjustment factors for all foods have been determined (Table S15).
These factors were multiplied by the food supply data provided by
the FAO (2013), leading to a total food supply of 510 kg capita™!
yr~!. The uncertainty range is the difference between average
national and adjusted regional data (Table S16). The export of plant
products (F4.1) from Busia was calculated by the subtraction of
vegetarian food supply (F4.3) from plant products produced (F1.3)
for each crop i (F4.1;=F1.3; — F4.3;). A negative result means that no
export but an import of plant products (F4im2) exists. For these
crops, the calculation was the other way round than for the export
calculation (F4im2;=F4.3; — F1.3;, Table S17). Finally, the values
calculated were multiplied by the concentration of nutrients in
food products (Table S7).

For animal products and animal based food, a similar
procedure was applied. Nutrients in animal based food (F4.4)
supplied to consumers in Busia District is calculated based on
FAO (2013) and McKinney (2009) (Table S20) and multiplied by
average nutrient concentrations (Table S7). This food was either
produced locally in Busia or imported from other parts of
Uganda. The ratio between import of animal products from other
parts of Uganda (F4im1) and locally produced animal products
(F2.2) was calculated by comparing the per capita animal stock in
Busia to the average value of Uganda (0.10 vs. 0.35 cattle capita!,
0.27 vs. 0.48 goats/sheep capita !, 0.05 vs. 0.10 pigs capita !, 1.45
vs. 1.19 poultrycapita'; see Table S19; after UBoS, 2010c).
Based on this, the import ratio of animal based food consumed
in Busia was determined to be 73% for cattle and milk products,
57% for goats/sheep, and 52% for pork. Though the poultry
production is 20% above the average value in Uganda, no export of
poultry products was considered as nutrient flows have been
found to be negligible. All local fish products (F4im3) consumed
are produced in the district. By multiplying the animal based
food (F4.4) by the import ratio for each animal type, the import
through animal products (F4im1) was calculated (Table S19).
Balancing both flows in STAN yields the animal products (F2.2)
produced in local animal husbandry (F2.2 =F4.4 — F4im1 — F4im3)
(Table S20).

During the distribution of food products at markets, 1334 + 334
tyr~! of market waste is generated (F4.2) (Lederer et al., 2012),
multiplied by the concentrations of nutrients in fresh waste
(5.094+1.25gNkg™!; 1.03+0.48gPkg™!; 9.48+136gKkg™!)
according to Amoding (2007), Tumuhairwe (2011), and Komakech
etal.(2014). The market waste is collected and dumped at the local
dumpsite (PR6).
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Fig. 6. MFA model for the subsystem in process PR5 food consumption.



J. Lederer et al./Agriculture, Ecosystems and Environment 207 (2015) 26-39 33

Table 3

Comparison of major nutrient flows for determination of the soil nutrient balance with selected studies from Uganda in kg ha~! yr~". The values from Wortmann and Kaizzi
refer to three locations in Iganga, Kamuli, and Mpigi District, values from Nkonya to four locations in Sironko, Soroti, Kumi, and Kapchorwa District, and values from Sheldrick

and Lingard to the whole country of Uganda. "-" means that the value was given as zero, while no figure in the cell means that no specific value has was given at all.
This study Wortmann and Kaizzi (1998) Sheldrick and Lingard (2004) Nkonya et al. (2005)
N P K N P K N P K N P K
Inputs
Fli4 Crop residues as mulch 64 14 95 3.6 0.6 4.6
Flim1 Mineral fertilizer 04 01 01 - - - 0.1 - - 7.8 39 0.9
F1im2 N-fixation 9.3 - - 9.6 - - 2.6 - - 169 - -
F1im3 Atmospheric deposition 112 15 37 110 - - 5 - - 16.1 0.8 3.2
F2.1 Manure to agricultural land 8.7 11 73 7.6 2.5 8.6 4.9 1.5 3.5
F5.1 Organic MSW to cropland 27 06 51 0.5 - 0.5 1.5 0.7 0.1
Organic inputs (imported) 1.5 - -
Sedimentation 182 04 13
Input total 39 5 26 29 3 9 18 3 8 61 5
Outputs
F1.1 Erosion to hydrosphere 143 42 196 54 14 54 100 9.9 3.2
F1.5 Erosion to other land 36 1 4.9
F1.2 Leaching to hydrosphere 59 - 7.6 16.0 - - 213 - 0.9
Fl1.4 Gaseous emissions 94 - - 7.5 - - 9.0 - -
F1.3 Plant products 17 23 100 181 1.5 29 28.6 4.4 26.5 54 6.8 60.3
F1.6 Crop residues to other land 18 04 27 46 0.7 9.9 1.2 0.1 1.0
F1.7 Crop residues and on-farm grazing 133 17 12.0
Fli4 Crop residues as mulch 64 14 95
Output total 72 1 66 52 4 44 29 4 27 96 21 65
Balance calculated based on data given -33 -6 -41 -23 -1 -35 -11 -2 -18 -35 -16 -60
Balance as stated in reviewed studies -31 -4 -39 -19 -3 -20 -48 -11 -100

2.3.6. Process PR 5: food consumption

The inputs into this process have already been determined in
the previous section (F4.3 and F4.4; Section 2.3.5), and the outputs
are organic solid waste from food preparation and human excreta
(see Fig. 6).

The amount of organic household waste generated (F5il) is
0.4 +0.1kgcapita—!day~! wet weight (Lederer et al., 2012; Ojok
et al., 2013), resulting in 41,055+10,264tyr . 83% of this is
generated in rural and 17% in urban areas. Rural households divert
80% of organic MSW to cropland (F5.1) and 20% of organic MSW as
fodder for animals (F5.6), while urban households divert 15% of

Import: 32+31% kg/hal/yr

1
atmosphericideposition
agricultutal land

) PR1.1,
manure to cultivated
agricultural land cropland,

8.7+52% fallow, and
— pasture

dStock: -33+53% kg/halyr

organic MSW to cropland (F5.1), 35% of organic MSW other land
(F5.3, PR3), and 50% to waste collection, from where organic
urban MSW is dumped at the local dumpsite (F5.2, PR6) (Lederer
et al., 2012). The nutrient concentration is the same as for market
wastes.

The total amount of nutrients in human excrement (F5i2)
was calculated by subtracting the outputs (F5i1) from the inputs
into the process (F4.3 and F4.4). Due to latrine coverage in Busia
District (UBoS, 2011), this total amounts diverts to 73% to pit
latrines (F5.5), and to 27% to other land by open defecation and
urination (F5.4).

Export: 65+25% kg/halyr
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Fig. 7. MFA for N in Busia District’s agricultural land in the year 2010 in kgha~'yr—".
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2.3.7. Processes PR6 and PR7: dumpsite urban MSW (PR6) and pit
latrines (PR7)

Both processes receive nutrient containing material flows as
inputs, in both processes a stock is built-up, and both have outputs,
mainly leaching of nutrients to the hydrosphere and gaseous N
emissions. As these outputs are not required to answer the
research questions postulated, they are not quantified.

2.3.8. Functional unit and expression of results

To compare the results to existing soil nutrient balance studies,
the calculated flow and A stock values for the process agricultural
land are divided by the agricultural land (53,310 ha), and shown in
kgha'yr~'. For the overall system, the results for flows and A
stocks are shown in tyr—'. An overview of all input values into the
STAN model is shown in Table S21.

3. Results
3.1. Agricultural soil nutrient balance in Busia District in 2010

The soil nutrient balance in Busia District’s agricultural soils has
been determined to be negative for all three nutrients investigated
(see Table 3, Section 4.1.1). Fig. 7 shows the flows for N.

The soil nutrient deficit is —33 kgha~'yr~'. The largest inputs
into the process are atmospheric deposition (Fim3) and manure to
agricultural land (F2.1), followed by N-fixation (F1im2) and crop
residues applied (F1i4). Organic MSW to cropland (F5.1) and mineral
fertilizer (F1im1) do not contribute much to the result. The largest
output flows are total erosion (F1i1), plant products (F1.3) and fodder
from crop residues and on-farm grazing (F1.7). Other relevant
outputs are environmental flows of leaching (F1.4) and gaseous
emissions (F1.2). Crop residues to other land (F1.6) are of lower
relevance.

Flows of P are smaller than N, and so is the soil nutrient deficit
(see Fig. 8). The most relevant input flows are manure to agricultural
land and atmospheric deposition (F2.1 and Flim3), while other
inputs (organic MSW to cropland, F5.1, and mineral fertilizer, F1im1)
are smaller. Total erosion (F1i1) is by far the most important output,
followed by fodder from crop residues and on-farm grazing (F1.7),
while removal of crop residues to other land is not that relevant
(F1.6).

Import: 3.3+25% kg/halyr

dStock: -6.2+76%

The deficit is higher for K than for N (see Fig. 9). Small inputs are
challenged by much bigger outputs, particularly through total
erosion (F1i1) and harvesting of plant products (F1.3), as well as
fodder from crop residues and on-farm grazing (F1.7). Removal of
crop residues to other land (F1.6) is not that relevant.

3.2. Nutrient flows in Busia District in 2010

Busia annually imports 2,000tN, 190tP, and 640tK, and
exports 2,200tN, 280tP, and 1,600tK, meaning that the total
stock of these substances in the soils of the district decreases every
year. The results are exemplified for N in Fig. 10.

The largest imports of N into the system are atmospheric
deposition and N-fixation, while the import of plant products is
somewhat smaller. The by far largest export occurs through erosion
from agricultural land to the hydrosphere, followed by gaseous
emissions, export of plant products, and leaching to hydrosphere. The
large stock decrease in agricultural land is in contrast a significant
stock build-up in pit latrines and other land. The stock build-up in
the dumpsite is negligible.

For P, as well as for K, the system is dominated by erosion to
hydrosphere, which counts for 220tPyr~' (80% of P-export) and
1,000tKyr—! (60% of K-export). Leaching to hydrosphere is the
second largest export flow of K (400 tyr—'), but not relevant for P.
Export of plant products is of a much smaller size (56tyr~! for P;
180tyr~! for K). For inputs, the P-system primarily depends on
atmospheric deposition (82 tyr~' on agricultural land and 21 tyr~!
on other land), followed by the import of plant products (61 tyr—').It
is the other way round for K. The largest stock-build up for K and P
occurs in other land (+870tyr~! for K; +150tyr~"! for P) followed
by pit latrines (+260 tyr—! for K; +88 tyr~! for P). As is the case for
N, the stock build-up in the dumpsite is negligible (+44 t yr—! for K;
+5tyr~! for P) (see Figs. S1 and S2 for the MFA system, and
Table S22 for a summary of all flows).

3.3. Nutrient flows of MSW and human excreta
Market waste (F4.2) contains 7tyr~! of N, 1.4tyr~! of P, and
13tyr~! of K, while organic MSW total (F5i1) contains 214 tyr~! of

N, 43 tyr—!' of P, and 389 tyr—! of K. Altogether, solid wastes contain
221tyr 1 of N, 45tyr~ ' of P,and 402 tyr—! of K.17% of these are not
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Fig. 8. MFA for P in Busia District’s agricultural land in the year 2010 in kgha'yr .
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utilized in agriculture and disposed of at the dumpsite (PR6) and
other land (PR3). 70% are utilized on crop land (F5.1) and 13% as
fodder for animals (F5.6), indicating a relatively high recycling rate
of 83%. The 17% of waste actually dumped is generated in urban
areas, and parts of this will be directed to crop land through the
CDM composting program of the World Bank (2008). However, the
quantitative potential of these to reduce the annual soil nutrient
deficit in agricultural land is only 1-3%.

Nutrients generated from human excrement were calculated at
rates of 1040tyr—! of N, 121tyr ! of P, and 360tyr—! of K. No
utilization in agriculture has been found, and the theoretical
potential of human excrement to overcome the soil nutrient deficit
is much higher (60% for N, 37% for P, and 17% for K).

4. Discussion

Like other studies in Uganda, the soil nutrient balance has been
determined to be negative in this work. As the comparability to
these studies is limited due to different approaches and system
boundaries used, the discussion focuses first on the single flows in
the system.

4.1. Soil nutrient balance

4.1.1. Selected material flows of soil nutrient balance studies in Uganda

This study unveiled lower levels of mineral fertilizer application
than Nkonya et al. (2005), but similar ones as Wortmann and Kaizzi
(1998) and Sheldrick and Lingard (2004). Due to the use of two
data sources, the values determined in this study are relatively
certain. N-fixation was lower in this study than in Nkonya et al.
(2005), which might be due to different assumptions on acreages
and fixation rates of N-fixing legumes. N-fixation by Wortmann
and Kaizzi is similar to this study, which is likely due to similar
fixation rates and acreage of pulses.

Atmospheric deposition in this study is about the mean value of
other studies for N, but higher for P and K. Wortmann and Kaizzi
did not assume any P and K deposition, while Nkonya et al. values
are similar for K and half as much for P. This is particularly relevant
for P as atmospheric deposition was determined to be the second
biggest input flow. Though large uncertainties exist, a review of
studies from SSA suggest that a value of zero would be too low
(Scheren et al., 2000).

Deviations from other studies exist for animal manure, but
different degrees in detail of illustration and system boundaries
make a comparison difficult. Nkonya et al., for instance, draw their
system boundary along the farm and don't visualize internal flows.
For Wortmann and Kaizzi, it was possible to follow the
determination of the amount of nutrients supplied to cropland
and fallow. Results are similar for P and K, but a little bit lower for
N, which can be explained by a different system boundary, as
Wortmann and Kaizzi assume that gaseous losses of N happen in
the boma, and not at the field, as in this study. The animal manure
nutrient supply as determined by Sheldrick and Lingard is much
lower, which is mainly due to their assumptions that excretion
during pasturing is counted as loss. Considering this, the share of
manure nutrients applied to crops is similar in this (7-18%) and
their study (15-20%).

Results given by Nkonya et al. further suggest that sedimenta-
tion is a large input flow, particularly in valley plains. This flow has
not been considered in this study as eroded soil was assumed to be
transported to other land or to water bodies and wetlands.
Therefore, future research should focus more on soil erosion and
redistribution as soil erosion is one of the largest outputs in soil
nutrient balance studies. Cobo et al. (2010) also suggest using other
approaches than the frequently used USLE equation.

The low output of crop residues removed in this study highly
agrees with Nkonya et al., while the high input of crop residues to
agricultural land is in contradiction to Sheldrick and Lingard. No
explanation can be given therefore, except the different spatial and
temporal system boundaries and, subsequently, a different crop
residues management. Therefore, it would be worthy to further
investigate whether farmers in Uganda have increasingly adopted
mulching and other crop residue management measures in order
to maintain their soil's fertility. This is of particular relevance for
NGOs and Government Initiatives to assess the success of their soil
conservation programs.

In all studies, the largest output flow from agricultural land was
plant products. Values in this study are comparable to Wortmann
and Kaizzi, higher than those of Sheldrick and Lingard, but much
lower than those by Nkonya et al. As more details are not given by
the latter, it is difficult to explain the differences although the
comparatively low yields in Busia District are a reasonable
explanation (UBoS, 2010b). Erosion values determined in this
study are generally higher than for Wortmann and Kaizzi due to the
higher soil loss rates determined (7.0 vs. 2.3-4.4tha~!'yr~') and
the higher nutrient enrichment factor used (1.9-2.2 vs. 1.5). For a
comparison to other studies we lack the detailed information, but
it must be mentioned that some erosion studies in Uganda found
much higher soil loss rates than in this study (Ssali, 2001;
Jiang, 2013).

Leaching, which is another major output flow of N and K in this
study, is only relevant for N in the other studies. Therefore, gaseous
emissions of N are in the same range for all studies. The transfer of
crop residues is assumed to be a relatively small flow in both this
and Nkonya's study, but larger in Wortmann and Kaizzi. Again, this
could be the sign of a change in crop management, but more
information is needed to support this suspicion.

By comparing the size of flows of this to other studies, it
becomes clear that all of them deal with uncertain data. However,
these uncertainties are rarely discussed even though in studies by
other authors like Lesschen et al. (2007) or Oenema et al. (2003)
these amount to up to 200% RSU (see Section 4.3.3).

4.1.2. District wide soil nutrient balance studies

The spatial system boundary used in this study allows a
comparison to the studies of Smaling et al. (1993) of Kisii District
(Western Kenya) and Bekunda and Manzi (2003) of Kabale District
(Uganda).

The aggregated nutrient losses in Kisii were much higher
than in this study for N (112 vs. 33kgha~'yr~') and K (70 vs.
41kgha 'yr '), but half the size for P (3 vs. 6kgha 'yr ).
The reasons are the higher average yields and higher erosion
rates through steeper slopes in Kisii. The result of K was
furthermore influenced by a higher share of crops removed
from crop land in Kisii than in Busia, while the relatively low deficit
for P is explained by relatively high mineral fertilizer application
rates.

To compare the results from this study to the partial
nutrient balance of Kabale by Bekunda and Manzi (2003),
environmental flows were left unconsidered. The resulting deficits
in this study were much higher than in Kabale (-20 vs.
—15kgNha'yr!; —3 vs. +1.2kgPha 'yr '; —10 vs. —6.3kgK
ha~'yr~!), which is due to the higher application of mineral
fertilizer in Kabale. What the comparison of both results also show
is that Kabale is a net exporter of food and thus nutrients
(944tNyr~!; 167tPyr~'; 822tKyr '), while Busia is a net
importer (200tNyr~!; 50tPyr~'; 180 tKyr~!; fish is not counted
in this comparison). In other words, districts with a low
agricultural productivity like Busia depend on areas with higher
productivity such as Kabale.
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4.2. MFA and the potential of wastes to overcome soil nutrient deficits

4.2.1. MFA to support nutrient management in SSA

Great hopes have been raised to close nutrient cycles by
recycling nutrients from human excrement and MSW to
agricultural land. This study showed that these hopes have to
be put into perspective under the given system boundaries,
even though MFA examples from other areas in SSA reach
different conclusions (Belevi, 2002; Meinzinger and Otterpohl,
2009). The main reason therefore is the spatial MFA system
boundary. Both Belevi (2002) and Meinzinger and Otterpohl
(2009) draw their boundary along the borders of cities (Kumasi in
Ghana; Arba Minch in Ethiopia), which are primarily consumers
of food imported from outside the city. With this system
boundary selected and the consequential net-import of food
and nutrients, it is clear that the wastes from the city are
sufficient to serve as a relevant nutrient source for urban
agriculture in the cities. Meinzinger and Otterpohl, for instance,
state that only 33% of human urine collected would replace
all mineral fertilizer consumed in the city of Arba Minch.
However, if the hinterland that produces most of the food
consumed by the urban populations in Kumasi and Arba Minch
had been considered, the conclusions of the authors might have
been different.

Even though this study considered the hinterland of an
urban area, the question remains as far as how the results are
applicable to other areas in Uganda and beyond. First, other
studies suggest that many areas in Uganda and countries in
SSA face similar problems of negative soil nutrient budgets
(e.g., Sheldrick and Lingard, 2004; Nkonya et al., 2005). Second,
similar ambitions for MSW and human excrement recycling
exist in other areas in Uganda and SSA (e.g., Cofie et al., 2009;
Dagerskog et al, 2013; Andersson, 2014). These examples
suggest that applying MFA in other areas in Uganda and SSA
countries would be useful to answer similar research questions. In
the case of Uganda, it is even possible to scale the results of
this study since under a given recycling of rural household waste,
the potential of unused MSW to improve soil fertility is
determined by the share of urban population. The share of
urban population in Busia and most other districts as well as the
whole country is, according to UBoS (2011), similar (15-20%), and
results of calculations for other districts or the whole country will
not be too different from this case study. In the case of the
SSA-region, population distributions among districts and coun-
tries vary widely, and the urban population share is 37%
(World Bank, 2013). A comparison with other MFA case studies
from SSA countries and districts considering a nutrient consuming
urban population and the hinterland required to feed them
would be interesting, not only due to different rural-urban
population distributions, but also due to different recycling
practices, such as in parts of West Africa (i.e. Mali) where
larger quantities of urban MSW is recycled in agriculture
(Wilson et al., 2012).

4.2.2. The potential and challenges of organic MSW from urban areas

The recycling of their own organic waste is widely practiced
among Busia's farmers, which is beneficial for the intended
increase of recycling urban organic MSW through the CDM
composting program, as farmers already have some experience
with waste utilization on agricultural land (World Bank, 2008).
Though its contribution to reduce soil nutrient deficits is
negligible, it can of course be meaningful from a waste
management perspective since farmer's demand and a
presumed willingness to pay for organic MSW compost can help
to increase waste collection rates and decreases MSW manage-
ment costs (Lederer et al., 2012). However, attention should be

paid to the compost quality. While the content of heavy metals in
all sampled composts in Uganda is comparatively low
(Tumuhairwe, 2011), a survey with farmers who used this
compost found low compost quality with lots of extraneous
materials, such as injection needles or broken glass (Lederer et al.,
2012).

4.2.3. The potential and challenges of human excrement

Human excrement recycling has a high potential to reduce
soil nutrient deficits, and Uganda is seen as a pioneer in this
field in SSA. However, most initiatives are small scale and
progress seems to be slow. The explanations are manifold, and
range from hygienic hazards of feces handling to costs for
sanitation facilities and a lack of collection chains (Tumwebaze
et al., 2011; Katukizaet al., 2012). These and other problems
call for a revision of current sanitation and nutrient recycling
strategies. As the fears of potential users of human excrement
are not based on irrational cultural taboos, but on tangible
hygienic concerns, the first possibility would be to exclusively
focus on nutrients in relatively hygienic urine only (Andersson,
2014). However, if done so, there is still some demand
for research concerning, for instance, suitability of soils for urine
fertilization (Dagerskog et al., 2013; Andersson, 2014). The
second option is to shift the focus from currently targeted
poor urban households to rural farmers, which would not
require the same extensive collection, transport, and treatment
system.

4.3. Methodological aspects of MFA in nutrient management

Authors have critically discussed questions of methodology and
usefulness of soil nutrient balancing (Cobo et al., 2010), and the
same should be done for MFA.

4.3.1. MFA and soil nutrient balances

MFA follows the same basic principles as soil nutrient
balancing, and from this point of view the added value of
MFA is only the illustration and calculation (including
uncertainties) by STAN. Yet the strength of MFA is that it
allows the consideration of flows and processes beyond the
usual system boundary of soil nutrient balances, which is
relevant to show and quantify farm-external nutrient resources
available. Furthermore, some flows are simply treated as in- and
outflows in farm balances, like off-farm grazing or animal
manure losses. Where these flows come from or go to and how
they affect other compartments in the environment is often
not considered. The flexible system boundary in MFA allows a
further investigation of the impact of these flows. For instance, if
there is an input through off-farm grazing, it is relevant where it
is taking place since land is limited, and by balancing nutrient
flows in Busia District it has been found that much more land
than indicated by UBoS (2011) is used for agricultural
purposes. Similarly, manure excretion during grazing, whether
on pastures (on-farm) or non-agricultural grass land (off-farm),
has to be treated differently than manure losses to unproductive
soils. This and other unproductive nutrient stocks, like
latrines, are local nutrient sources readily available, and their
potential can be clearly shown by MFA. MFA should thus not be
seen as an alternative, but as an addition to soil nutrient
balancing.

4.3.2. The temporal systems boundary

Another issue of concern in MFA and soil nutrient balancing
is the temporal system boundary. The dynamics and sometimes
abrupt changes in natural and anthropogenic systems can only
be considered if the time span of investigation is long enough.
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For instance, the average growth of cattle population in Busia is
around 10% p.a. (UBoS, 2003, 2010c). The temporal boundary of
one year, as used in this but also other studies, is definitely too
short to cover such dynamics. Nevertheless, this study should be
considered as the first of several steps, to be followed by a
dynamic long-term MFA model. An example for such a step wise
approach is the one-year MFA of P flows in Austria by Egle et al.
(2014), which was used by Zoboli et al. (2014) to develop their
dynamic P-MFA modelled for a time span of 20 years. Zoboli and
colleagues point out the relevance of the one-year model to
establish the system understanding required for the dynamic 20
years model.

4.3.3. Dealing with uncertain data

Another issue of general concern is the consideration of
uncertainties. In soil nutrient balances, as well as in MFA, the
debate has been ongoing for years, particularly in two directions.
The first concerns the assessment and classification of data sources
for MFA due to their quality, and the second concerns modelling
uncertain data, for instance by means of Monte Carlo simulations
(Hedbrant and Sérme, 2001; Oenema et al., 2003; Lesschen et al.,
2007; Egle et al., 2014; Laner et al., 2014). The approach used in this
study, assuming normally distributed datasets, is clearly unsatis-
factory. However, as with the time span considered, this work
should be seen as a first step, followed by, for instance, another
model that classifies uncertainties and aims to model different
variations of distributions.

5. Conclusions

The MFA for nutrients performed for Busia District in
Uganda showed a negative soil nutrient balance in agricultural
land, and thereby confirms the results of other studies carried
out in the country. Though the uncertainties associated with the
determination of nutrient flows are remarkable, calling for
more research on their nature and size in order to better
understand and probably reduce them, the results show that
recycling of hitherto unused MSW has a much lower quantitative
potential than the recycling of human excrement to reduce
soil nutrient deficits. What counts for both nutrient sources is
that their utilization should not be in contradiction to other
societal objectives, particularly protection of human health.
That this point is more relevant for human excrements is shown
by the fact that they are not used by farmers. In light of the various
initiatives existing to increase the utilization of human
excrement, a stepwise approach that first focuses on the
collection and utilization of less hazardous urine rather than
feces, as well as a focus on rural rather than urban areas, might be
more successful than the current recycle all approach favored
by so-called ecological sanitation. Even though this will only
direct a smaller amount of nutrients to agricultural land, which
means that other measures to increase agricultural productivity
(e.g., erosion control, mineral fertilizer, crop rotation) should not
be ignored, it can at least contribute to improved food security for
a growing population, not only in Uganda, but also in most
countries of SSA.
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