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Abstract

We examined diversity in soil fertility management and resultant agro-ecosystem 
sustainability in barley-enset and cereals-pulse farming systems of the central highlands 
of Ethiopia. Galessa and Gare watersheds were selected as study sites. A questionnaire 
covering key aspects of resource holding and soil fertility management practices was 
used to collect information from stratified and randomly selected farm households. We 
applied Geographic Information System (GIS/ARCVIEW) to map the land use. Triplicate 
soil samples of each five sub-samples (0-30 cm) were collected from every land-use 
type in the watersheds and the data were subjected to statistical analysis. We calculated 
partial and full nutrients balance (N, P and K for the 2002/2003 cropping season) and 
nutrients stocks were connected to flows to visualise system sustainability. Our results 
showed intra- and inter-farming systems soil fertility gradients. Soil fertility gradients, 
difference in farming systems, land-uses and resources endowment levels had apparent 
impacts on the magnitude of nutrient fluxes and stocks. Management related N and K 
fluxes were more negative in the cereals-pulse system (-28 kg N ha-1 yr-1 and -34 kg K 
ha-1 yr-1) than in the barley-enset system (-6 kg N ha-1 yr-1 and -14 kg K ha-1 yr-1) while P 
fluxes were almost neutral or slightly positive. Within the barley-enset system, a strong 
redistribution of N, P and K took place from the meadows and cereals (negative balance) 
to enset (positive balances). Although in the cereals-pulse system, N, P and K were 
redistributed from meadows, small cereals and pulses to maize, the latter still showed a 
negative nutrient balance. 
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1. Introduction

Inherent soil fertility gradients can arise 
from differences in underlying geology, 
geomorphology and other soil forming 
processes (Brady and Weil 2002). Those 
properties determine the capacity of soil 
for different production activities, e.g. 
different farming systems and land uses 
(Lamers and Feil 1995). A given soil series 
cannot be considered to have a static set of 
characteristics. Different farming systems 
and land uses, induced by inherent soil 
fertility, can influence soil properties. 
Studies distinguish soil genoform and soil 
phenoform in this respect. The former is 
a genetically defined soil series while the 
latter indicates differences in a certain 
genoform as a result of different farming 
system and land use history (Pulleman 
et al. 2000, Emmerling and Udelhoven 
2002). 

Differences in farming systems and land 
uses can alter nutrient input and output 
fluxes in soil and vegetation. This can 
change soil fertility, which in turn affects 
biomass production and human decisions 
on land management (Priess et al. 
2001). Smallholder farmers in barley-
enset and cereal-pulses farming systems 
in the central highlands of Ethiopia are 
undertaking spatially arranged diverse 
land-use practices. One of the underlying 
assumptions is that different land uses 
and associated soil fertility managements 
can influence soil nutrient fluxes and 
stocks and improve agro-ecosystem 
sustainability. However, for this concern to 
be justified, such an assumption has to be 
made on the basis of empirical evidence. 
Identifying the role of soil fertility and 
management diversity in the sustainability 
of an agro-ecosystem has implications for 
optimised land-use and soil management 
planning (Stoorvogel 1993). 

The objectives of this study are: 

I) to investigate soil fertility gradients, 
associated management diversity and its 
impacts on agro-ecosystem sustainability 

as related to nutrients stocks and fluxes; 

II) to examine the effects of resources 
endowment levels on farm households’ 
perception of soil fertility management 
and magnitude of nutrient balances. 

2. Materials and methods

2.1. Case study sites

2.1.1. Physical settings

Galessa and Gare watersheds belong to 
the western escarpment of the Rift Valley 
and the landmass of the Central Highlands 
of Ethiopia (Figure 1). Traditionally, the 
Galessa watershed is classified as ‘Dega’ 
(cool highlands) and the Gare watershed as 
‘Woyna-dega’ (warm to cool mid highlands) 
climatic zone (FAO/UNDP 1984). Elevation 
ranges of 2320-2620m at Gare and 2880-
3095m at Galessa characterise the study 
sites. 

70% of the total surface area of the 
Galessa watershed is covered by flat to 
rolling topography (0-16% slope). Hilly 
(16-30% slope) and steeply dissected 
(>30% slope) topography covers 24% and 
6% of the total area, respectively. 
Gare has 55% flat to rolling, 24.39% hilly 
and 21% steeply dissected topographic 
units.

Rainfall data from Ginchi meteorological 
station (about 12 km south of Gare) shows 
a mean annual rainfall of 1117mm. Both 
study sites have a bimodal rainfall pattern, 
with the main rain season extending from 
June to September and the short rain from 
February to April. 

2.1.2. Farming systems and land-
uses

In the Galessa watershed barley (Hordeum 
vulgare), potato (Solanum tuberosum), 
and enset (Ensete ventricosum) are 
cultivated as major crops. Wheat (Triticum 
durum) and some vegetables like onion 
(Allium cepa) are also cultivated as minor 
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crops. The Gare watershed belongs to the 
cereal-based farming system in which teff 
(Eragrostis tef) covers the major portion of 
the cropping pattern. In addition to barley 
and wheat, maize (Zea mays), checkpea 
(Cicer arietinum) and faba bean (Vicia 
faba) are the main crops.

Fallow (35.69%), cereals (40%), grazing 
(16%), enset and potato (5.8%) comprise 
the different land-uses in the Galessa 
watershed. Practices of temporally 
arranged crops rotation are limited due 
to lack of diverse crop species that can 
tolerate high frost in the area. More than 
92% of the cereal land is covered with 
barley. In the past, Galessa smallholder 
farmers used fallow as a method of soil 
fertility restoration. There were plenty of 
agricultural lands available and parts of 
each field were left fallow for five to seven 
cropping periods. Although fallow periods 
are shortened to one year as a result of 
increasing population, this system is 
currently used to restore soil fertility on 
barley lands, supplemented by some 
inorganic fertiliser inputs. 

There is no fallowing at the Gare watershed. 
Cereals (21.69%), grazing (6.97%) and 
homesteads (2.5%) constitute the major 
agricultural land uses. Forest land (national 
forest priority area), which covers (68%) 
of the Gare watersheds area, is mainly 
located on the hilly and steeply dissected 
topographic units. 

In both watersheds, livestock plays an 
important role in the agricultural production 
systems (e.g. draught power, income, 
manure supply etc). After removing 
harvests and residues, grazing is freely 
accessible to all livestock, including those 
from outside the watersheds. Animals 
leave their droppings while they graze 
the stubbles. In this way, even farmers 
without livestock will benefit. 

2.2. Approaches to data collection

2.2.1. Household survey and farm 
monitoring

We identified 184 farm households in 
Galessa and 24 in the Gare watershed. 
Using indigenous social grouping customs 
(e.g. land size, livestock and oxen 
holdings), we stratified the households 
into three resources endowment levels 
(Table 1). From the sampling frame, we 
randomly selected 50 farm households at 
Galessa and 16 at Gare (stratified random 
sampling). Structured questionnaires 
were used to collect information related 
to resources holding and soil fertility 
management practices for the 2002/2003 
cropping season. We closely examined 
farm activities on five objectively located 
farm households’ plots in each of the 
watersheds.  

2.2.2. Land-use mapping and soil 
sampling

We mapped the land-uses from air photos 
assisted by the Geographic Positioning 
System (GPS). Triplicate soil samples of 
each five sub-samples (0-30 cm) were 
collected from all land-use types at foot, 
mid and upper slope positions prior to 
fertilization. Every sample and sub-sample 
was homogenised, both vertically and 
horizontally. Separately we collected five 
core samples from each land-use type to 
analyze the bulk density of the soil. The 
samples were air dried, lightly grounded 
and sieved through a two-mm sieve. 
Conventional analytical methods were 
employed at the International Livestock 
Research Institute (ILRI). The pH value 
was determined using a pH meter in 
a 1:2.5 soil/water suspension, the 
texture by using the hydrometer method 
(Bouyoucus 1951). Soil organic carbon 
was determined by the Walkley and Black 
Oxidation method (Walkley and Black 
1943). The percentage of soil organic 
matter was calculated by multiplying the 
percentage of organic carbon with the 
factor 1.724. Available P was determined 
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by means of the Bray method (Bray and 
Kurtz 1945), while total N was determined 
through the Kjeldahl digestion, distillation 
and titration method. We determined 
exchangeable K by ammonium acetate 
extraction. Total K was read on an atom 
absorption spectrophotometer. CEC was 
determined by buffer CEC methods at 
pH 7, using ammonium acetate as the 
exchanger cation. Soil nutrient stocks in 
the top 0-30 cm were calculated from soil 
nutrient concentration and bulk density.
Data sets from the socioeconomic survey 
and soil laboratory results were subjected 
to statistical analysis by one-way analysis 
of variance (ANOVA). Tukey’s HSD test 
(DMRT at 0.95 confidences) was used to 
separate means of significantly different 
soil parameters (at the land-use level). The 
Kolmogorov Smirnov two samples (group) 
test at 0.95% confidence was used to test 
significant differences between the soils 
parameters at the farming system level. 
Pearson’s product moment correlations 
were used to relate selected soils and 
nutrient management parameters. All 
statistical analysis was done with the 
software package STATISTICA 6.0.

2.3. Nutrient balance 

We considered five types of major input 
and output fluxes to calculate N, P and K 
balances (Smaling and Fresco 1993, De 
Jager et al. 1998), which we address as 
IN1-5 and OUT1-5 throughout the paper. 
Fluxes, which are directly related to farm 
management, like inorganic fertiliser 
input (IN1), organic fertilisers input (IN2), 
harvested products (OUT1) and residues 
removed (OUT2), were estimated from 
the household survey. Wet deposition 
(IN3) was estimated (in kg ha-1 yr-1) as 
a function of mean annual rainfall, using 
coefficients of 0.14, 0.023 and 0.092 for N, 
P and K, respectively (Smaling and Fresco 
1993). We estimated symbiotic N fixation 
(IN4a), assuming that legumes fix 60% 
of total N uptake symbiotically (Smaling 
and Fresco 1993), while N fixation by 
free-living bacteria (IN4b) was estimated 

using the regression model of FAO (2005). 
As irrigation of crops is not practiced in 
the region, the deposition of nutrients 
from irrigation (IN5a) was zero. Leaching 
(OUT3) and gaseous losses (OUT4) are 
important pathways of nutrient losses 
(Snyder 1995). To estimate the amount 
of N leached, we used the regression 
equation developed by De Willigen (2000), 
which includes the rooting depth of crops, 
annual precipitation (mm), clay content 
(percent), mineral and organic fertiliser N 
(kg N ha-1), mineralization rate (assumed 
1.5% yr-1), the amount of N in soil organic 
matter (kg N ha-1) and N uptake by crops. 
We calculated K leaching as a function 
of the clay content of soils and mean 
annual rainfall (Van den Bosch et al. 1998; 
Smaling and Fresco 1993).

We estimated gaseous losses using the 
regression model developed by FAO 
(2005). The model consists of two parts: 
one regression model for N2O and NOx 
losses through denitrification, and a direct 
loss factor for volatilization of NH3. We 
estimated soil erosion and deposition 
(OUT5 and IN5b) by using the Landscape 
Process Modelling at Multi-Dimensions and 
Scales (LAPSUS: Schoorl et al. 2002).

3. Results and discussions

3.1. Soil fertility gradients and 
associated management diversity

3.1.1. Soil fertility gradients

In addition to inherent soil fertility 
gradients, diverse and long-term 
anthropogenic interventions are important 
sources of soil fertility (small scale). They 
create zones of fertility within and between 
different farming systems (Brady and Weil 
2002). We compared the mean values of 
selected soil fertility indicators (chemical 
properties) between land uses in each of 
the farming systems (Table 2). In barley-
enset system, fallow had a significantly 
higher bulk density, while enset showed 
significantly lower bulk density values. 
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Organic matter is an important source 
of nutrients for plant growth in natural 
and managed ecosystems (Snapp et al. 
1998). Different land-uses and farming 
systems can induce differences in the 
levels of organic matter and thereby act 
as indicators of the variability in attendant 
soil fertility (Pulleman 2000, Whitbread 
et al. 2003). Our results demonstrated a 
mean organic matter value of 6.96% at a 
barley-enset farming system and 5.62% 
at a cereal-pulses farming system. Similar 
trends of organic carbon were observed 
between the two farming systems. 
Aggregation at the farming system level 
suppressed divergences among the land-
uses (Table 2). 

Land-use level comparisons of mean 
values of selected soil fertility indicators 
are given in Table 2. Land-uses closer to 
households (enset, potato and maize) 
had significantly higher mean values of 
pH, organic matter, available P, P stock, 
exchangeable K and CEC. Remarkably, 
maize fields had significantly higher C/N 
ratio.

3.1.2. Diversity of soil fertility 
management

Soil fertility management is not static. 
Practices are being continually modified 
as conditions change in space and 
time (Boesen and Hansen 2001). A 
typical phenomenon is the movement 
from extensive to intensive soil fertility 
management when population pressure 
increases and land becomes scarce. 
Another example of changing soil fertility 
management practices is the still relatively 
recent shift from fertility management 
using natural means to synthetic fertiliser 
when conditions are favorable (Fournier, 
1989). Farmers’ soil fertility management 
practices are also strongly influenced by 
topo-sequences and variation in soil types 
(Chuma et al. 2000, Wezel et al. 2002). 
Each soil fertility management strategy 
needs specific conditions and farmers 
combine those specific practices that are 

the best suitable for them (Lamers and Feil 
1995). Hence, farmers in the two study 
sites carry out different farming system 
and types of soil management due to soil 
fertility gradients and differences in other 
plant growth parameters (e.g. climate, soil 
physical and biological properties).

One year of fallowing (barley fields) and 
intensive management of homestead plots 
are the two basic soil fertility management 
practices for the barley-enset farming 
system. There is no planting of N fixing 
legume crops and there are no practices of 
crop rotation like in those farm households 
that use the cereal-pulses farming system. 
Farm households at barley-enset farming 
system have a significantly higher (DMRT at 
P<0.05) mean total land holding (2.21ha) 
and livestock (6.15TLU) compared to the 
cereal-pulses farming system and this is 
connected to soil fertility management. 
For example, relations between livestock 
holding (in TLU) and the land size of 
sample farm households are positive. The 
number of TLU and manure application 
also has positive correlations. Additionally, 
fallow land is used as animal grazing area 
during the months of peak feed shortage 
(July-September) and animal droppings on 
fallow plots are incorporated into the soil. 
But separate comparisons of mean soil 
properties (pH, organic matter, available 
P, total N, total P, total K, exchangeable 
K and CEC) between fallow and cereal 
lands at barley-enset farming system 
showed no significant differences (DMRT 
at P<0.05). Legume crops planting, crop 
rotation and diversification (more than 10 
crops) at cereal-pulses farming system 
can be a compensation for less organic 
and inorganic fertiliser application and 
abandoned fallowing practices. 

Sample farm households in both farming 
systems do not incorporate residues into 
the soil. Residues like maize stock are 
sources of household energy (cereals-
pulses farming system), while fine size 
residues (teff, wheat, barley) are used as 
animal feed with priority given to lactating 
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cows, oxen and calves. In barley-enset 
farming system, enset leaves are a source 
of animal feed in years of an extended dry 
season. However, it is often incorporated 
into the soil. Of the sample households, 
more than 90% acknowledged the 
importance of erosion in both study areas. 
Practically, however, only cut-off drains 
and cultivation across the contour were 
indigenous soil conservation methods. 
The mean values of organic and inorganic 
fertiliser inputs by farm households in the 
two farming systems were compared. The 
results indicated that farm households in 
the barley-enset farming system apply 
a significantly higher quantity of both 
inorganic and organic fertilisers. Within 
the farming system (at micro level), crop 
nutrient requirement and its economic and 
cultural position determine the priority. 
For example, crops like maize (at the 
cereals-pulses farming system) and enset 
and potato (at the barley-enset farming 
system) require considerable nutrient 
inputs and hence are grown closer to 
residences where they can be managed 
intensively.

3.2. Differently resource endowed 
farm households: perception of soil 
fertility management

It is commonly assumed that poor 
farmers are victims of the vicious circle 
of ‘low income - low input - soil fertility 
depletion - low yield - low income’. In 
this study, of the interviewed (n=24) 
resource-poor farm households only 16% 
used inorganic fertilisers. About 86% of 
resource-rich (n=15) and 85% of medium 
class (n=27) sample farm households 
in both farming systems used inorganic 
fertilisers. Application of manure as a 
way of soil fertility improvement showed 
similar trend between different groups. 
Only 20.8% of the sample resource-poor 
farm households were using manure. 
Remarkably, 91.8% of resource-poor 
farmers applied household wastes to 
their farm plots. Of the interviewed farm 
households, 93% of resource-rich, 92% of 

medium and 95% of resource-poor farmers 
replied that they had to face the problem 
of declining soil fertility on their field 
plots. Management technologies involving 
large size of land, livestock and financial 
resources were dominantly used by 
medium and resource-rich farmers in both 
study areas (this includes, for instance, 
the application of manure, inorganic 
fertiliser, and crop diversification). Similar 
trends of fertility management perception 
across socioeconomic groups in Tanzanian 
Semi-Arid agriculture have been reported 
(Boesen and Hansen 2001). 

The mean values of inorganic fertilisers 
(DAP and UREA) and organic fertilisers 
(manure and household waste) input 
by differently resource endowed farm 
households (Figure 2, 3 and 4) were 
compared. The results showed statistically 
significant differences between resource-
rich, medium and resource-poor farm 
households for inorganic fertiliser and 
manure application. Resource-rich 
households applied significantly higher 
quantity of inorganic and organic fertiliser 
when compared to resource-poor and 
medium classes of both study sites. We 
observed no significant differences for 
the mean values of the application of 
household waste across the different 
socioeconomic groups. 

Our results suggest that soil fertility man-
agement technologies that need only land 
and labor are used equally, despite socio-
economic differences. Examples of such 
fertility management systems include the 
application of household waste; fallowing; 
cultivating across contour to decrease soil 
erosion; spatially locating and synchroniz-
ing land use with affordable management 
systems. All resource endowment groups 
are aware of soil fertility management 
technologies coming from outside, or de-
veloped within the community. In practice, 
they are often unable to translate those 
into action, mainly due to insufficient re-
sources and thus remain victims of soil 
nutrient depletion.
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3.3. Is agro-ecosystem sustainability 
threatened? A nutrient balances 
perspective

3.3.1 Nutrient balances

Nutrient balance can be regarded as an 
indicator of sustainability with respect to 
soil fertility, although interpretation must 
be done with caution (Whitbread et al. 
2003, Nambiar et al. 2001, Bouma 2002). 
To achieve such objective balances, 
one has to take into consideration the 
soil nutrient stocks in order to allow an 
estimation of the percentage of stock that 
is used annually to offset the negative 
balance (Van den Bosch et al. 1998). 

Input/output ratios can also be used to 
describe whether the ecosystem system 
is accrediting, at a steady state or 
impoverished (Khanna 1992). Moreover, 
partial nutrient balance (IN1 + IN2.1+ IN2.2) 
– (OUT1 + OUT2) should never be used 
directly to draw conclusions of sustainability 
of land-use systems (Dechert 2003).

We calculated full and partial nutrient 
balances at farming system and at crop 
levels (Table 3 and 4). The results indicated 
a considerable accumulation contrasting 
with a slight depletion of P in barley-enset 
versus cereal-pulses farming systems. The 
latter also had negative N and K balances, 
i.e. a five-fold higher depletion rate of N 
and a two-fold higher depletion of K than 
the barley-enset farming system. 

The partial (management related) nutrient 
balances revealed that in barley-enset 
farming P was enriched, while N and K 
revealed slightly negative balances. In 
cereals-pulses-based farming, partial 
balances for N and K were clearly 
negative. Within farming systems large 
differences between land-use types can be 
observed. Balances of N and P in barley-
pulses farming system were positive for 
major land-uses with the exception of 
oats, potatoes and meadows. On meadow 
(barley-enset farming) the full nutrient 
balance was less negative than the partial 

nutrient balance, a finding that can be 
explained by the sedimentation of eroded 
material at the foot slopes, where the 
meadow is located.

3.3.2. Stocks and flux rates

Potato, enset and meadow land uses (in 
barley-enset farming) had the highest 
stocks of N, followed by maize (in cereal-
pulses farming systems, see Table 4). P 
stocks on potato, enset and maize fields 
were higher than on all other plots. The 
lowest mean P stock was recorded on 
teff land (1.2 Mg ha-1) while the highest 
was found on potato land (5.21 Mg ha-

1). The highest mean value of K stock 
was measured on fallow land, followed 
by enset and potato. Annual K depletion 
relative to its stock was small in both 
farming systems.

Annual depletion of N stocks was strong 
under meadows and pulses in cereals-
pulse farming, while N accumulated 
on enset plots (0.22% of N stock). But 
when aggregated at farming system /
watershed level, the annual N-depletion 
was small (0.12% in barley and 0.71% in 
cereal-pulse farming system). It is widely 
accepted that only a small part of soil 
organic N is actively cycling, and total N is 
therefore not a good measure of ‘available’ 
N stocks. A better estimate of N stock 
that may become available for agriculture 
may be the amount of N lost following 
cultivation, which is generally about 30% 
(Davidson and Ackerman 1993). In view 
of this argument, it is clear that the agro-
ecosystem’s sustainability is questionable. 
This is in agreement with earlier studies, 
which suggest that more than 1% removal 
or enrichment of the N stock indicate an 
unsustainable agro-ecosystem (Hilhorst et 
al. 2000).

4. Conclusions

In view of these arguments the agro-
ecosystem’s sustainability has to be 
questioned. This is in agreement with 
earlier studies, which suggest that more 
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than 1% removal or enrichment of the 
N stock indicate an unsustainable agro-
ecosystem (Hilhorst et al. 2000). It is 
high time to search for alternative energy 
sources instead of using crop residues 
and manure as energy sources. Equally 
important are issues of erosion which are 
the major driver of nutrient balance in 
both study areas. Personal observations 
during this study suggest strong potential 
of agroforestry practices in the area to 
relieve this tension. This is observation is 
attested by the work of Mekonnen. 
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Figure 1: Location and land-use of the study areas.
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Table 1: Characteristics of resources endowment groups in the two farming systems, 
central highlands of Ethiopia. 

Farming systems Wealth
classes

Samples
size

Land
holding (ha)

Livestock
(TLU)

Oxen
(TLU)

Barley-enset system Rich 10 3.3 12.3 2.4

Medium 20 2.3 6.7 1.5

Poor 20 1.6 2.3 0.5

Cereals-pulses system Rich 5 2.3 6.2 1.4

Medium 7 1.6 3.5 1

Poor 4 1.3 2.5 0.5

TLU = Tropical Livestock Unit; Conversion factor: cattle=0.7, horses=1, mules=0.7, sheep=0.1 and goats=0.1
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Table 2: Comparison of mean soil parameters (0-30cm) under different land uses (central 
highlands of Ethiopia)

Soil parameters Farming systems

Barley Based Enset Farming Teff Based Cereals Farming

Fallow Enset Potato Cereals Grazing Cereals Maize Grazing

Bulk density (grcm3-1) 1.16c 0.83b 0.99a 1.03a 0.97a 0.94b 1.11a 1.04b

Clay (%) 35.38a 29.38ab 26.72b 34.72a 26.72b 50.72a 34.72a 44.05a

Sand (%) 16.66b 20.66b 27.33a 26.00a 36.00a 20.66a 26.00a 23.33a

Silt (%) 47.94a 49.94a 45.94a 39.28a 37.28a 28.61a 39.28a 32.61a

pH 5.08a 5.86b 5.88b 4.91a 5.10a 5.81a 6.36a 5.94a

Organic matter (%) 5.67a 7.08ab 7.65ab 5.31a 9.50b 4.31a 7.42b 5.14a

Organic C (%) 3.29 4.10 4.43 2.92 5.27 2.50 4.30 2.98

Total N (%) 0.31a 0.39a 0.42a 0.29a 0.58b 0.21a 0.35b 0.25ab

C:N 10.58 a 10.40a 10.32a 9.95a 9.13a 11.84a 12.19a 11.67a

N stock (t ha-1) 9.82a 12.56ab 13.41ab 9.51a 15.56b 5.51a 10.46a 8.15a

Available P (ppm) 0.42a 8.60b 13.51c 0.49a 0.85a 5.93a 37.23b 3.55a

Total P (ppm) 748a 1347ab 1682b 674.99a 789.55a 481.97a 1341.8a 480.40a

P stock (t ha-1) 2.34a 4.25b 5.21b 2.31a 2.14a 1.20a 3.80b 1.52a

CEC (cmolc kg-1) 27.04ac 36.07b 33.67ab 24.35c 32.00abc 36.95 38.11 39.82

Exchangeable K (cmolc kg-1) 0.95a 4.12b 5.23b 0.40a 0.35a 0.82a 4.41b 0.87a

Total K (cmolc kg-1) 32.61a 31.77a 31.84a 29.29ab 25.89b 25.47ab 31.84a 21.72b

K stock (t ha-1) 48.02a 47.04a 37.51a 44.21a 33.29a 30.80a 44.13a 32.69a

Mean soil parameters under different land uses are compared only within each farming system; the comparison is 
based on one-way ANOVA (Duncan´s Multiple Range Test (DMRT) and 0.95 confidence. Means followed by the same 
letter are not significantly different. 

a)

Figure 2: DAP and Urea applied by sample farm households under different wealth groups 
in (a) barley-enset and (b) cereals-pulse farming systems (Tukey’s HSD test at 0.95 
confidence intervals; n= sample size; a and b indicate significantly different means).
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a) 					       b)

Figure 3: Manure applied by sample farm households under different wealth groups in (a) 
barley-enset and (b) cereals-pulse farming systems (Tukey’s HSD test at 0.95 confidence 
intervals; n= sample size; a, b and c indicate significantly different means).
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Figure 4. Household waste applied by sample farm households under different wealth 
groups in (a) barley-enset and (b) cereals-pulse farming systems (Tukey’s HSD test at 0.95 
confidence intervals; n= sample size a, b and c indicate significantly different means).
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Table  3: Partial nutrient balances at land use level in enset and teff basded farming 
systems, central highland of Ethiopia (kg ha-1 yr-1).

Table 4: Nutrient stocks and fluxes in enset and teff based farming systems, central 
highlands of Ethiopia.

Flow and stocks Barley-enset system Cereal-pulse system

Cereals Potato Enset Fallow Meadow All All Cereals Pulses Maize Meadow

N-stock
(Mg ha-1)

9.5 13.4 12.6 9.5 15.6 11.4 6.6 5.5 5.5 10.5 8.2

N-flow
(kg ha-1 yr-1)

-10.0 -23.0 +28.0 -19.0 0.0 -12.0 -52.0 -38.0 -60.0 -43.0 -92.0

N-flow (% of 
stock yr-1)

0.1 0.2 0.2 0.2 0.0 0.1 0.8 0.7 1.1 0.4 1.1

P-stock
(Mg ha-1)

2.3 5.2 4.3 2.3 2.1 3.0 1.6 1.2 1.2 3.8 1.5

P-flow
(kg ha-1 yr-1)

+34.0 -2.0 +20.0 -1.0 +2 +12.0 -3.0 +2.0 -10.0 -15.0 -10.0

P-flow (% of 
stock yr-1)

1.5 0.0 0.5 0.0 0.1 0.4 0.2 0.3 0.8 0.4 0.7

K-stock
(Mg ha-1)

44.2 47.8 47.6 48.0 33.3 44.2 33.0 30.8 30.8 44.1 32.7

K-flow
(kg ha-1 yr-1)

-43.0 -82.0 -20.0 -27.0 +52.0 -20.0 -87.0 -69.0 -112 -142 -110

K-flow (% of 
stock yr-1)

0.1 0.2 0.0 0.1 0.2 0.1 0.3 0.2 0.4 0.3 0.3

Table �. Partial nutrient balances at land use level in enset and teff based farming 
systems, central highland of Ethiopia (kg ha-1 yr –1). 
 

Farming systems Land uses IN1+IN2 OUT1+OUT2 Balances 
  N P K N P K N P K 

Barley 2� �2 �� 1� � �� � �� -�1 
Wheat �2 �0 �� �0 11 �� �� �� 12 
Oat 0 0 0 � � � -� -� -� 
Potato 11� 1� 12� 11� 12 1�0 -1 1 -11 
Enset 1�� �2 1�� �� 1� 1�� �� 1� 1� 
Fallow �0 12 �� �2 � �� -2 2 1� 
Meadow �1 � �� �1 1� �� -�1 -� -�� 

 
 
 
Barley-enset 

Enset system �� 22 �� �0 10 �� -� 11 -1� 
Barley 1 � 0 �0 1� �� -2� -1� -�� 
Wheat � � 0 1� � 1� -21 0 -2� 
Teff � 11 0 1� � 11 -� � -11 
Pulses 0 0 0 �1 � �1 -�1 -� -�1 
Vetch 0 0 0 �� 10 �1 -�� -10 -�0 
Meadow �1 1� �� �1 1� �0 -�0 -� -�� 
Maize 1� 1� 1� 2� 1� �0 -11 -10 -�1 

 
 
 
Cereal-pulses 

Teff system 1� � � �� � �1 -2� -1 -�� 
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