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Abstract

Background and Objective: Detailed characterization of bio-physical resourcesin agricultural landscapes and documenting locally used
soil fertility management practices is required for developing site-specific management scenarios in the study area. In view of this, a study
was conducted to characterize the landscape features and related biophysical settings and to identify the local soil fertility management
practicesin the agricultural lands of Farta, Fogera and Gondar Zuria districts in Northwestern Ethiopia. Materials and Methods: The survey
methodology used was spatially stratified grid sampling technique more skewed to agricultural lands. Semi-structured questionnaire was
used to collect the required data at the field level. Soil samples collected from 0-20 cm depth were prepared and analyzed in the
laboratory following standard procedures. For agro-ecological zone classification altitude measurement results (n = 549) and 10 years
(2005-2014) mean monthly rainfall data were used. For data analysis and descriptive statistics, one-way ANOVA and DMR tests (p<0.05)
were employed. Results: The high variability in major landforms resulted in the formation of five different agro-ecologies in a
comparatively small (3385.17 km?) geographic area. Differences in slope gradient classes significantly affected the selected soil properties.
Thus, clay, pH, cation exchange capacity, exchangeable calcium, magnesium, extractable manganese, zinc, iron and copper generally
showed a decreasing trend with increasing slope gradient. Six soil types, identified based on soil color, occupy the majority (72%) of the
study area and were found to be uniformly deficient in nitrogen, phosphorus, sulfur and boron. Mineral fertilizer was identified as the
widely used (84%) type of fertilizer as compared to farmyard manure. Nonetheless, the application rate of mineral fertilizers remained
aslowas 36.5 kgha™' Nand 13.2 kg ha~" P. Conclusion: In general, to conserve the biophysical resources and improve the fertility status
of soils in the study area on a sustainable basis, the use of appropriate soil and water conservation practices, site-specific and balanced
mineral fertilizer application and amelioration activities are recommended.
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INTRODUCTION

Being dominantly subsistence in nature, the agriculture
sector in Ethiopia relies to a greater extent on availability of
suitable land, moisture, climatic resources and many other
inputs. The well-being of the biophysical environment,
throughits obviousinfluence on the agriculture sector, affects
the well-being of those whose livelihood depends on
farming'.

Ethiopia’s location in the tropics coupled with impressive
altitudinal variations within a short distance allows the country
to enjoy both temperate and tropical climates, which give rise
to wealth of biophysical resources?. Similarly, the great
variability of Ethiopian highlands gives rise to the formation of
different physical landscapes which are in turn the causes for
the variations in soil parent materials, agro ecological zones,
flora and fauna®®. Therefore, the success of agricultural
production in the Ethiopian highlands is strongly influenced
by these unique topographic settings and the underlying
biophysical features®.

In such physiographical heterogeneous Ethiopian
highlands which have been extremely disturbed by human
interferences, uneven spatial and temporal distributions of
agricultural potentials are expected’®. The implication of such
heterogeneity is that within a given change in landscape
positions and land use types, it is likely that the direction and
magnitude of soil properties will also be changed. In relation
to this, a decreasing trend in soil pH after the grass land was
converted to different plantation forests in the Arsi highlands
of Ethiopia has been documented®. In a similar study in
Southern Ethiopia, higher values of soil pH, EC, available P,
exchangeable K and Ca, extractable Zn and PBS under enset
(Ensete ventricosum) fields as compared to the grassland and
maize fields were reported'.

In other studies conducted in Northern and Southern
Ethiopia, variability in measured soil properties were also
reported to have beenrelated to observed differences in slope
gradient classes and similar altitudinal changes''3. In a very
recent landscape characterization study conducted in Wolaita,
significant variability in soil properties with respect to varying
physiographic categories was recorded™. In this similar study,
higher values of available P, exchangeable K and extractable
micro nutrients (B, Cu, Fe and Zn) were recorded in soils on flat
than on steep slope categories. Generally, many study results
revealed that the amount and distribution of most nutrient
elements were found to be higher on flat slope categories
than steeper slopes' .

Different soil fertility management practices being
implemented by the majority of local farmers were found to
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be not comparable to the prevailing spatial and temporal
variability in soil fertility status and to the required land
management practices. The identified reasons for the
observed under-management of agricultural lands were,
among others, farmers’ wealth ranking, high fertilizer costs
and low credit availability'™ . Similarly, the importance of
secured land tenure systems for promoting intensive soil
fertility management has been highlighted' . From among
the most common traditional soil fertility management
practices, crop rotation has wider applicability in majority of
the areas in Ethiopia™'?, On the other hand, fallowing and
crop residue management were identified as the least
implemented practices in many parts of the country mainly
due to increased population pressure and related
fragmentation of farmlands'#'721-2, Moreover, the soil fertility
replenishment roles of constructed physical structures were
also documented by many authors+%.

Severe land degradation has been one of the problems
observed in the highlands of Amhara region of Ethiopia,
including the current study districts (Farta, Fogeraand Gondar
Zuria)®®. Moreover, ever increasing population pressures in
these districts?*3° and the resultant demand for additional
cultivable land has further exacerbated the problem. However,
due to recent collaborative soil conservation works between
local communities, regional government and other partner
organizations, it was possible to avert further degradation at
least from the conserved lands**?%3!. Nevertheless, land
degradation is still noticeable in most parts of the Ethiopian
highlands®2 as it is in the study area. Desta et a/?® emphasized
that solving soil degradation problems demands adequate
quantitative information that indicates the magnitude and
direction of the problems before embarking on developing
likely management scenarios. Nevertheless, such types of data
are mostly lacking in many parts of the country including the
study area. As indicated by many authors Deressa et a/*,
Yu etal"™ and Chamberlin and Emily®, lack of such information
on the highly varying biophysical characteristics has been
hindering technological diffusion and their subsequent
adoptions across large areas of the country.

The main reason suggested for poor adoption and
dissemination of technologies was the blanket and
non-customized nature of the released technologies that did
not consider the observed variability in biophysical settings532,
For developing site-specific technologies that are effective
with greater impact, it is imperative to have site-specific
landscape information generated through detailed
characterization of biophysical resources.

The study area is continued to be affected by land
degradation. On the other hand, the human population is
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growing at an increasing rate. This may create a pressure on
marginal lands unless intensification is practiced as a viable
option. Intensification to be effective, site-specificinformation
based site-specific recommendation is mandatory. However,
landscape information and related biophysical data, which can
indicate site-specific agricultural potentials and limitations, is
not yet available in the study area. Data concerning the
current soil fertility management practices implemented in
the study sites are not also well documented. Moreover, the
blanket fertilizer recommendation in use is not paying
anymore. This study was therefore, conducted to characterize
thelandscape features and related biophysical settings and to
identify the currently implemented soil fertility management
practices in the agricultural lands of Farta, Fogera and Gondar
Zuria districts, in northwestern Ethiopia.

MATERIALS AND METHODS

Description of the study area: The study area is situated in
Farta, Fogera and Gondar Zuria districts of the Amhara
national regional state, Ethiopia (Fig. 1). With a total estimated
area of 3385.17 km? 3, the study area is situated within
geographic coordinates ranging from 11°41-12°40'N to
37°26'-38°15'E. Altitudinal variability in the study area ranges

from 1762-4035 meters above sea level (m.a.s.l). The 10 years
(2005-2014) mean annual rainfallamountis 1295 mm and the
rainfall pattern is mono-modal, extending from May to
October (Fig. 2). The annual minimum and maximum
temperatures are 12 and 25°C, respectively and the
annual mean temperature is 19°C (NWRMS, personal
communication).

Survey methodology and data collection: Sampling point
selection, soil sampling and data collection were performed
following the Ethiopian Soil Information System (EthioSIS)
protocol®. Equilateral sampling grid points (pre-defined
sampling points) with 3 by 2 km sampling intervals were
overlaid on specific district maps using Arc GIS Version 10
software. The combined district shape files and pre-defined
sampling points were later converted to KML file for their
import to Google Earth. After importing to Google Earth just
by zooming in, different land uses were identified and
classified. The pre-defined sampling points falling on
agriculturally important land use types (cultivated lands and
potential arable lands) were selected as important points for
data and soil sample collection activities. In general, the survey
methodology used was spatially stratified grid sampling
technique more skewed to agricultural lands. For data

@ 320000 340000 360000 380000 400000 420000
1 L L 1 1 1
g | |8
g ) g
§ «  Sampling points §
/%/‘ Gondar Zuria s
4 a
| Fogera
(@) o
Farta
« Debre T. town 9
3 E55 Gondar town 3
8 _ L (=]
3 3
g4 L 8
& S
§ 3
£ | 8
g g
- —
0 510 20 km
T T T T T T
320000 340000 360000 380000 400000 420000

Fig. 1(a-b): Geographicallocation of the study districts and pre-defined sampling points, (a) Amharain Ethiopia, (b) Study districts
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Fig. 2: Ten years (2005-2014) mean monthly maximum and
monthly minimum temperatures and monthly

precipitation of the study area
Source: NWRMS (North West Region Meteorological Service)

collection a semi-structured questionnaire (both in digital and
hard copy formats) was used. Biophysical characterization of
the study area was performed by conducting individual
interviews with local farmers and also through personal
observations. In addition, secondary data such as: Area of land
under cultivation, fertilizer distribution and use history,
cultivated crops and their productivity, were also collected
from respective zonal and district agricultural offices.

Soil sample collection, preparation and analysis: In thefield,
pre-defined sampling points were navigated and the centers
of the sub-plots were determined using a tablet uploaded by
an application called Locus free (with GPS, altimeter and
compass readings). From each pre-defined sampling point, a
composite soil sample was collected from 9 sub-points: From
the center of sub plots and from other eight equidistant points
(15 m) encircling the central sub plot in crisscross manner.
Generally, a total of 470 composite surface soil samples
(0-20 c¢m soil depth) were collected from Farta, Fogera and
Gondar Zuria districts. The collected soil samples were air
dried and ground using mortarand pestle and passed through
a2 mm sieve at Bahir Dar Soil Testing Laboratory, in Ethiopia.

Soil analysis included the following parameters which
were performed in three different laboratories: pH
(Gondar Soil Testing Laboratory, Ethiopia); organic carbon
(0Q), total nitrogen (TN), cation exchange capacity (CEC) and
particle size distribution at the National Soil Testing center, in
Addis Ababa, Ethiopia; available P, available S, extractable
micronutrients (Fe, Mn, Zn, Cu and B) and exchangeable Ca,
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Mg, K, Na at Altic B.V., Dronten, The Netherlands. Soil pH was
measured in the supernatant suspension of 1:2 soil and
distilled water mixture by using a pH meter®, For the
determination of soil OC, TN and CEC, mid infra-red (MIR)
spectral analysis technique was employed. Particle size
distribution analysis was performed by using laser scattering
particle size distribution analyzer (model HORIBA-Partica,
LA-950V2). Mehlich [1I¥” multi nutrient extraction procedure
was used to extract the following nutrient elements: Available
P, available S, exchangeable cations (Ca, Mg, K and Na) and
extractable micronutrients (Fe, Mn, Zn, Cu and B). The
concentrations of each Mehlich Il extracted macro and
micronutrients were later determined by ICP-OES.

Agro-ecological zone classification: For agro-ecological
zone classification, a methodology proposed by Hurni*® was
employed. Altitude measurement results (n = 549) and
10years (2005-2014) mean monthly rainfall data were used to
delineate the study area in to different agro-ecological zones.

Data analysis: Some field data and related laboratory analysis
results were subjected to descriptive statistics analysis.
Analysis of variance (one-way ANOVA) was employed to
determine the presence of significant differences between
measured parameters. For means with significant (p<0.05)
differences, mean comparison was performed using the
Duncan’s multiple range test (DMRT). For data analysis,
computer programs such as Microsoft Office Excel 2007
version 12 and Statistical Package for Social Science version 20
(SPSS*) were used.

RESULTS AND DISCUSSION

Topographic characteristics of the study area: Following
food and agriculture organization (FAO)* landform
classifications, a total of six major landforms: Level plain,
undulating plain, medium grade hill, medium grade mountain,
high grade hill and high grade mountain, were identified in
the study area (Fig. 3).

According to the survey results, 74.1,19.5 and 6.4% of the
agricultural lands in Fogera district are found in the plain, hilly
and mountainous landforms, respectively. In Farta district,
both level landforms and major landforms representing sloppy
category have almost equal area coverage (42 and 41%,
respectively). Besides that, from the total arable agricultural
lands found in Farta district, about 17% are found in
ecologically fragile steep landforms (with slope gradient
greaterthan 30%). This findingisin agreement with the report
of Gedamu-Gobena??, who indicated 26% steep landform
coverage from the total estimated area in Farta district.
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Fig. 3: Percent distribution of agricultural lands on different

land forms

Where LP, UP, MGH, MGM, HGH, HGM represent level plain, undulating
plain, medium grade hill, medium grade mountain, high grade hill and
high grade mountain land forms respectively

Steep land cultivation and further encroachment to these
landforms is a major concern in Farta and Gondar Zuria
districts. The identified steep landforms are mostly dominated
by untreated and shallow soils (locally called Chincha and
Borebor) which are being used for the cultivation of common
crops growing in the study area. Consequently, these
landforms require either making land use change decision to
withdraw them from agricultural activities or put in place well
designed physical and biological soil and water conservation
measures. With regard to conservation structures, it was also
observed that massive rehabilitation works are being
implemented in the study area on some selected watersheds
solely through mass mobilization. As a result, some highly
degraded areas have started to revive after just 1 or 2 years of
area enclosure.

Similar encroachment and steep slope cultivation
activities were also noted in a study conducted in Northern
Ethiopia®**!. Moreover, the observation related to massive
rehabilitation work in the study area is in harmony with the
findings of some authors Desta et a/?®, Desta et al?*,
Bishaw?* and WFP?», who reported that further soil
degradation in Ethiopia was averted at least from
conserved lands. Nevertheless, the intervention scale is not
comparable to the longstanding problems these areas
have?32 although during the past decade, it was possible to
rehabilitate about 20 million ha of degraded land at national
level (Tekalign Mamo, personal communication).

Plot level slope measurement results (n =470) reveal that
the majority of the agricultural lands (about 59%) are
categorized under gently sloping and sloping slope categories
(2-10% slope). In addition, agricultural lands having steep
slope gradient classes (30-60% slope) are found to be 10%. In
general, about 24% of the agricultural lands are found to lieon
slope gradient classes which are marginally suitable (14%) and
not suitable (10%) for common agricultural activities
(slope>15%) unless appropriate conservation measures are
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employed. The results clearly indicate the pressure the
increasing population is putting on the marginal lands that are
prone to degradation. Further, this expansion of agriculture
into the marginal lands with no adequate conservation and/
or management scenarios put in place could be one of the
prime causes of the heinous land degradation observed in the
study areas.

Agro-ecology of the study area: The observed variability in
major land forms gave rise to the formation of different
agro-ecological zones in the study area. Following the
methodology proposed by Hurni®, the study area is classified
into five major agro-ecological zones namely High Wurch
(extremely cool highland), Wet Wurch (cool highland), Moist
Dega (humid highland), Wet Woynadega (cool sub-humid
highland) and Moist Woynadega (sub-humid highland). The
altitude requirement to classify an area under one of these
three major AEZ names (Wurch, Dega and Woynadega) is,
greater than 3200, 2300-3200 and 1500-2300 m.a.s.l,
respectively. Similarly, qualifiers (like Wet and Moist) are
assigned based on the quantity of precipitation an area is
receiving (>1400 and 900-1400 mm, respectively).

Among theidentified agro-ecological zones, three zones,
Moist Dega, Wet Woynadega and Moist Woynadega comprise
about 98.5% of the agricultural lands, five out of the six
identified soil types and almost all crops grown in the study
area. Conversely, some agro-ecological zones like High Wurch
in Farta district and Moist Dega in Fogera district have very
small area coverage (0.5% each), which makes their
representation on the AEZ map of the respective district
difficult (Fig. 4).

In general, the number and area coverage of the
identified AEZsin the study area are found to be different from
what has been reported by different authors. Chamberlin and
Emilys tried to put all the identified 11 AEZs on the map of
Ethiopia from which the study area was only represented by
two AEZs (Moist Woynadega and Moist Dega). On another AEZ
map type of the country, which included a total of 33
elaborated agro-ecological zones, the majority of the study
area was represented by one agro-ecology (Tepid moist mid
highland (M3)) as compared to a small portion of land which
was represented by cool moist mid highland (M4)*2,

Apart from this, the indicated agro-ecological
classification for Gondar Zuria district was in agreement with
the finding by Berhe® who reported the prominence of Moist
Woynadega agro-ecological zone in the district followed by
very small area as Moist Dega. On the other hand, unlike the
current finding, Gedamu-Gobena? has only identified 2 purely
traditional (Dega and Woynadega) agro-ecological zones in
Farta district.
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Fig. 4: Major agro-ecological zones identified in the study area

In general, in this study, the possibility of getting more
AEZs in a comparatively small geographic area was observed
when the observation scale is changed to large. However,
small number of meteorological stations (only seven in the
study districts having a total area of 3385.17 km?), which could
not produce site-specific precipitation data, was considered as
a limitation for precisely delineating the different AEZs.
Therefore, to better match crops with agro-ecology and devise
coping mechanisms for the observed more frequent and
extreme climate variability, additional meteorological stations
should be established and the current small scale AEZ maps of
the country reassessed.

Variation of selected soil properties with topographic
features: In order to evaluate whether a change in slope
gradients have any relationship with soil fertility status, soil
samples collected from different slope gradient classes were
analyzed and their results were also compared. The ANOVA
results for most of the soil properties showed a significant
difference (p<0.01) among different slope gradient classes
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(Table 1). However, there was no significant difference
(p>0.05) between different slope gradient classes and the
measured organic C, available P, exchangeable K and
extractable B values. Generally, as the slope gradient
increased, decreasing trend was observed for clay content, pH,
exchangeable Ca?* and Mg?*, CEC, available S and extractable
micronutrients (Mn, Zn, Fe and Cu). On the other hand, as the
slope gradient increased, sand, silt and total N contents also
increased.

The first observed trend could be related to the loss of
clay and the above listed nutrient elements from the upper
slope positions through erosion and their subsequent
deposition at the lower slope positions. The indicated
comparative increase in the quantity of clay and basic cations
could also be the reason for the high CEC and pH values in
soils of lower slope gradient classes. On the other hand,
significantly higher total N contents on soils with higher slope
gradientclasses (moderately steep and steep slopes) than soils
with lower slope gradient classes might be related to the
abundance of grazing lands on the former slope classes.
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Table 1: Variation of selected soil properties with slope gradients in the study area
Slope gradient classes (%)

Analyzed parameters Range <2 2-5 5-10 10-15 15-30 30-60 Sig. F

Sand (%) 12.86-64.2 24.43 26.14 31.72 34.44 36.39 36.36 28.79 0.000
Silt (%) 21.88-62.3 31.02 33.01 35.13 35.86 35.80 36.59 8.37 0.000
Clay (%) 4.38 - 65.1 44.55 40.84 33.15 29.70 27.81 27.03 28.84 0.000
pH (H,0) 1:2 4.9-79 6.41 6.49 6.14 6.17 6.18 6.29 8.873 0.000
0C (%) 0-5.53 1.53 1.71 1.98 1.81 1.89 1.99 1.429 0.214
TN (%) 0-0.51 0.12 0.15 0.19 0.18 0.19 0.20 5.358 0.000
Av.P (mg kg™ 1-150 11.29 15.18 20.89 22.85 23.96 22.00 2227 0.051
Exc. K (cmol kg™ 0.1-2.9 0.99 0.98 0.95 0.96 0.94 0.91 0.175 0.972
Exc. Ca (cmol kg™") 2.9-756 28.41 28.92 20.42 20.82 20.74 20.45 14.583 0.000
Exc. Mg(cmol, kg~") 0.9-25.1 12.97 11.93 7.98 7.80 8.23 8.19 16.393 0.000
Av.S (mg kg™) 1-52 12.29 12.00 11.50 9.58 10.07 8.96 3.788 0.002
Ext. Fe (mg kg™") 38-613 21418 226.49 193.55 161.52 155.87 146.99 12.896 0.000
Ext. Mn (mg kg™") 16-301 150.67 149.43 132.60 104.58 85.26 70.60 25.148 0.000
Ext. Cu (mg kg™") 0.3-9.7 5.05 3.88 2.84 234 2.09 2.07 33.24 0.000
Ext. B (mg kg™) 0-0.79 0.27 0.27 0.26 0.22 0.23 0.23 1.836 0.104
Ext. Zn (mg kg™") 0.4-39.3 2.64 236 273 2.09 1.77 1.61 3.112 0.009
CEC (cmol kg™ 13-99.8 54.39 47.99 37.09 37.84 38.37 39.49 13.723 0.000

Exc. and Ext.: Exchangeable and extractable elements, respectively

4000 7 elements (TN, available P, available S and extractable B).
3500 Max. Alt Similarly, optimum (K, Ca, Fe and Cu) and high to very high
3000 l (Mg and CECQ) nutrient quantities were identified in all slope
:_oé_\ 25004 )} A Med. Alt classes regardless of slope gradient differences. The listed soil
% 2000 - l A l L L L _ physicochemical properties observed in each slope gradient
3 A Mim. Alt classes are found to be similar to the properties observed in
£ 1500
< 1000 the identified six soil types in the study area.
5007 Crop adaptability to altitudinal variability: The agricultural
0 T 1 ! lands in the study area are characterized by rugged
é&ng’f@b@@&é&@%&g ’\é f‘é’é Qé‘oo&\ & topographyand witf?lhighlyvariable altitudinal vaIqu ranging

< from 1762 m.a.s.l in Fogera district to 3704 m.a.s.l in Farta
Crop types district (Fig. 5). Among the three districts studied, agriculture
is being practiced in a wide range of altitudes in Farta district
(1901-3704). Gedamu-Gobena??> and SGFEDD?** also reported
that the altitude in Farta district varied between
1900-4035 m.a.s.l.
Although the agricultural lands seem to have been
expanded to the high-lying areas as well, the majority (71.4%)
are concentrated in the 1700-2300 m.a.s. altitudes. It is only

Fig. 5: Distribution of crop types across different altitudes in
the study area

The results of this study are in agreement with the
findings of some researchers Bezabih et a/*, Selassie et a/?’;
and Fanuel, who reported that the quantity of clay, pH,

exchangeable Ca**, Mg?* and K* and CEC were found to be
higher on lower slope gradients than on the medium and
upper slope gradient classes. Similarly, the increase in sand
and silt content with the slope gradient was also reported in
a study conducted in northwestern Ethiopia?’. However, the
indicated trend for total N was different from what has been
documented by some other researchers? 44,

According to critical levels outlined for Ethiopian soils®,
most slope gradient classes are characterized by clay-loam
textured soils, with moderately acidic soil reaction and with
observed deficiency (low to very low) of some nutrient

about 28.6% of the agricultural lands that are distributed
above 2300 m.as.l. These differences in altitude where
agriculture, particularly crop production is practiced provide
the opportunity for farmers to produce a wide range of crops.
In other words, the difference in altitude has resulted in
different agro-ecologies that are suitable for a variety of crops.

The most widely cultivated crops in the study area are:
Teff (Eragrostis tef Zuc. Trotter), finger millet (£leusine
coracana L.), maize (Zea mays L.), barley (Hordeum vulgare),
sorghum (Sorghum biocolor L.), rice (Oryza sativa L), triticale
(X Triticosecale wittmack), niger seed (Guizotia abyssinica),
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Table 2: Major local soil naming approaches used in the study area

District distribution

Farta Fogera Gondar Zuria Study area

Number of Percent Number of Percent Number of Percent Number of Percent
Approaches samples coverage samples coverage samples coverage samples coverage
Color based names 96 61 144 79 104 76 344 72
Other soil property related names 61 39 38 21 32 24 131 28
Total 157 100 182 100 136 100 475 100

grass pea (Lathyrus sativus), bread wheat ( 7riticum aestivum),
chick pea (Cicer arietinum), potato (Solanum tuberosum)
and faba bean (Vicia faba). Different researchers,
Gedamu-Gobena? and Belayneh’ also reported the
predominance of similar crops in the study area. From the
listed crops types, rice and triticale are mostly grown in the
lower (1760-1890 m.a.s.l) and upper (2625-3467 m.a.s.l)
altitudes, respectively as compared to the remaining crops
which require comparatively wider altitudinal ranges for their
growth and development (Fig. 5). The observed altitude
requirement for triticale is in agreement with findings by
Minale et a/* and Gedamu-Gobena?.

Barley and potato (1800-3500 m.as.l) and teff
(1800-2800 masl) are some of the major crops that are
adapted to wide ranges of altitudes and AEZs. The observed
altitudinal variability for barley is in harmony with the findings
of Chamberlin and Emily®, who indicated the increase in
importance of barley production with increasing altitude. On
the other hand, different researchers Hurni®*® and Gorfu and
Ahmed* have estimated an altitude of 2300 m.a.s.| as the
extreme altitude for teff growth. However, the current
2800 m.a.s.I finding might be due to an increased adaptability
of teff to the environment which was presumed unfavorable
for its growth.

Local soil classification system: Farmers identified a total of
six major local soil names which are most frequently used in
the study area. The identified local soil names can be broadly
classified into two groups based on the approaches followed
by the local farmers. These are soil color based names (72%)
and names based on other soil properties (28%). From the
listed approaches, the latter one is more connected to the
observed soil fertility limitations and related management
implications (Table 2). The most common color based local soil
names identified in the study area are Keyattie, Walka and
Yeguassa Afer (Yeguassa Tikur Afer). On the other hand,
Chincha, Borebor and Deshen represent soil names classified
based on other soil properties (soil depth, fertility status,
stoniness, workability, etc).
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Majority of the soil types in the study districts (43.4%)
have Keyattie soils (Keyattie in Amharic means reddish)
(Fig. 6). The color of these soils, according to Munsell 4., color
chart, ranged from dark reddish brown (5YR 3/3) to light
brown (7.5YR 6/3) and was rated by the local farmers to have
moderate fertility and adequate soil depth. Walka is another
color related local soil name with estimated area coverage of
29.1% (Fig. 6). Walka and Tikur Afer are being used
interchangeably both to express black colored soils
(Tikur in Amharic language is black). The color of these soils,
according to Munsell,, ranged from very dark gray (7.5YR
3/1) to light brown (7.5YR 6/4). Walka soils are known by their
high fertility status and sufficient soil depths. However, their
sticky natures when wet and related workability problems
were mentioned as major constraints to efficiently use these
soil types in the study area. In this regard, local farmers tried to
further qualify Walka soils based on the level of stickiness they
have by adding different prefixes (Moraha, Chilla, tokka).

Local farmers tried to solve the problems in Walka soil
management by implementing different practices which
include cultivation of their lands during the first few showers
of rain when the soil is in moist condition, by late planting of
crops and by selecting tolerant crop species to waterlogged
conditions. In addition, the extension system has also
introduced the broad bed maker (BBM) technology packages
and ways of making improved broad bed and furrow systems
todrain excess moisture from the field. Similarly, some authors
Alemayehu and Hailemariam* and Wubie* also reported the
recent widespread use of Aybar BBM technology package in
some areas in Ethiopia having similar Walka soil types.

Yeguassa Afer (also called Yeguassa (Yeterara) Tikur Afer)
is another color based local soil name, which is mainly known
by its very dark color and its lower soil bulk density. According
to Munsell,, color chart, the color of this soil type varies
between very dark gray (7.5YR 3/1) to dark gray (7.5YR 4/1).
Moreover, according to observation made, one could also
easily identify Yeguassa afer from other soil types by the
unique sound produced when the land is tapped by foot and
this might be related to its lower soil density. Similar
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Fig. 6: Spatial distribution of local soil types in the study area

observation was reported by WRB>® in that the hollow sound
when tapped is an indication of the presence of highly porous
feralicsub surface horizonin Andosols. Yeguassa Afer has very
small area coverage in the study area (0.6%) and it is found in
Farta district at the higher peaks of mount Guna.

Borebor, Chincha and Deshen are types of local soil
names given by the farmers to express other dominant soil
properties irrespective of their colors. Hence, local farmers
distinguish Borebor soils from the other soil types by their
comparatively lower fertility status and limited soil depths.
Borebor soils have 7.2% area coverage and are found widely
distributed in different topographic positions of the study
area. In some places of the study area Borebor soils are also
known by the name Ferefer or Nechatie (which means
whitish). Similarly, Chincha (also called Gotagot) is a widely
used local soil name in the study area which is characterized
by the presence and dominance of small to medium sized
stones and rock outcrops. Moreover, shallower soil depth and
poor fertility levels were also reported to characterize these
soil types. Chincha accounts for about 17.5% of the soils of
study area from which majority (about 50%) is found in Farta
district. Normally, the presence of stones demonstrates the
higher degree of land degradation in the area. The other local
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soil name in this group is Deshen, which is the result of
continuous depositions of alluvial sediments for the last many
years. Deshen is the most preferred soil type in the study area
duetoits comparatively higher fertility level, good workability
and sufficient soil depth. The study area coverage by Deshen
is about 2.3% and it is found mainly in Fogera and Gondar
Zuria districts. Periodical flooding of Rib River and Lake Tana
might be the reason for the formation of Deshen soils in the
area.

The study result in Farta district was in agreement with
Gedamu-Gobena?, who identified predominating four local
soil names (Walka, Keyattie, Borebor (Nechatie) and Chincha).
However, in this study one more local soil name. Yeguassa
Afer, was also identified.

Generally, farmers’ local soil naming approaches were
found to base the following major soil properties: Soil color,
soil depth, stoniness, fertility status, texture and workability.
Similarly, farmers living in different geographic locations were
found to follow similar soil properties when classifying their
soils'#?1-351 However, from the listed soil properties, soil color
was found to be the most predominantly used (72%) criterion
in the study area and so is in many different parts of the
country14,17,52,53.
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Table 3: Local soil names and their measured soil properties

Local soil names

Borebor Chincha Deshen Keyattie Walka Yeguassa Afer
Measured parameters (N=34) (N=283) (N=11) (N =206) (N=138) (N=3) F Sig.
Altitude (m.a.s.l) 2306.00 2206.00 1814.00 2159.00 1956.00 3563.00 3035 0.000
Soil depth(cm) 16.70 15.30 20.00 19.30 20.00 20.00 37.49 0.000
Slope (%) 18.90 24.16 391 10.66 448 3233 51.54
Sand (%) 38.06 35.87 25.84 31.77 25.88 48.08 29.21 0.000
Silt (%) 36.24 36.03 38.94 35.22 32.11 38.75 11.92 0.000
Clay (%) 25.70 28.10 35.22 33.01 42.02 13.17 29.75 0.000
Textural class L CL CL CL C L
pH (H,0) 1:2 6.19 6.23 6.57 6.13 6.59 5.58 16.96 0.000
0C (%) 1.58 2.19 1.31 1.96 1.73 4.66 10.65 0.000
TN (%) 0.17 0.21 0.09 0.19 0.16 0.44 14.44 0.000
Av.P(mg kg™) 24.41 19.21 16.67 26.58 14.58 19.67 1.95 0.086
K (cmol . kg™) 0.80 0.93 1.05 1.01 1.01 0.71 1.27 0.275
Ca(cmol.kg™) 19.54 20.22 26.24 20.45 3235 10.28 2991 0.000
Mg (cmol kg™) 7.40 8.22 10.37 8.71 12.21 1.95 13.52 0.000
Mn (mg kg™") 11543 88.14 191.08 119.42 140.88 48 12.68 0.000
Av.S (mg kg™) 9.45 9.61 14.42 12.29 10.20 15.67 5.13 0.000
Cu(mgkg™) 1.78 2.38 373 2.98 3.81 0.97 16.53 0.000
B(mgkg™) 0.24 0.24 0.29 0.25 0.29 0.21 1.98 0.081
Zn (mgkg™) 297 1.92 2.60 2.67 221 2.90 134 0.261
Fe (mg kg™) 155.29 162.39 254.56 198.33 213.66 144.70 5.98 0.000
CEC(cmol kg™) 37.80 37.38 46.91 39.06 46.39 31.28 12.55 0.000

Table 4: Soil types in relation to physiographic attributes, fertilizer use and crop productivity

Fertilizer use (kg ha™")

Crop productivity (tha™")

Altitude Slope e Without With
Soil type (m.a.s.|£SD) (%+SD) DAP Urea fertilizer fertilizer Major grown crops
Borebor 2306+273¢ 19+13° 4752 65.0¢ 0.8¢ 2.6" Teff, barley, wheat, finger-millet, triticale
Chincha 2206+250¢ 24+142 50.72b 44 3 0.9¢ 1.8 Teff, barley, faba bean, maize, wheat
Deshen 1813+37° 4+0.9° 54.0%® 15.7¢ 2.5 2.9 Rice, maize, rye,
Keyattie 2159+334¢b¢ 10£9° 71.5% 67.24 1.2¢ 2.4h Teff, maize, finger millet, barley, sorghum
Walka 1955+£255%® 412° 79.22 76.8¢ 1.0¢ 2.2 Grass pea, teff, rice, sorghum, chickpea
Yeguassa Afer 3563+ 1244 32+15¢ 35.0P 35¢d 1.0¢ 1.7 Barley, triticale, potato

The values with the same letters within a column are not significantly different by DMR test (p<0.05). Where, SD represents standard deviation

As per the ratings for Ethiopian soils (EthioSIS*), all the
identified soil types have moderately acidic pH (5.6-6.5)
and very low to low quantities of some nutrient elements
(TN, Available P, available S and extractable B) (Table 3).
However, despite these similarities, Yeguassa Afer is
found to be different from the remaining soil types by its
altitude requirements (extreme peak altitude), very high
OM (8.03%), high TN (0.44%), low extractable Cu
(0.97 mg kg™") and very low extractable Mn (48 mg kg™
values (Table 3).

With regard to fertilizer use, application of almost similar
(p>0.05) fertilizer types and rates were observed in all soil
types identified (Table 4). Moreover, similar crop productivity
irrespective of soil type differences might be related to the
observed similar plant nutrient deficiencies in all the soil
types which could be among the limitations in exploring the
crop’s yield potential (Table 4). In general, nutrient mining,
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low fertilizer application rates, unbalanced fertilization,
abandonment of fallowing and removal of crop residue could
be some of the reasons for the observed soil fertility problems
in the study area.

In relation to this, some authors Taddesse**, Bishaw?* and
Zelleke et a/*, indicated that land degradation, nutrient
mining, recurrent droughts, variable rainfall and crop pest
damages are the major reasons for the currentlow agricultural
productivity in Ethiopia.

All in all, some similarities were observed between
farmers perceived fertility status of individual soils and the
measured soil properties. Some clear similarities were
reflected on the farmers’ ability to predetermine soil types
with shallower soil depths (Chincha and Borebor), soil types
that are poor in fertility (Yeguassa Afer) and soils with
workability related problems (Walka the most clay rich soil

type).
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Table 5: Local soil names, farmers perceived properties and their WRB equivalent names

Local soil name Fertility status Workability Water holding capacity Soil depth* Soil color WRB** equivalent
Borebor Low Loose Low Shallow Variable Cambisols
Chincha Low Hard Very low Shallow Variable Leptosols
Deshen Very high Intermediate Medium Deep Variable Fluvisols
Keyattie Moderate Intermediate Medium Intermediate Reddish Luvisols
Walka High Hard High Deep Blackish Vertisols
Yeguassa Afer Low Extremely loose High Intermediate Strong black Andosols

*Local farmers estimate soil depths by the degree by which surface soils are penetrated by local plows, **WRB equivalent soil names were assigned based on FAO*,

Belayneh’ and Gebregziabher et a/* reports

Research findings in Tanzania and Ghana also reported
the compatibility of results between farmers perceived fertility
classes and analyzed nutrient status®'>. Moreover, in a study
conducted in Rwanda, Rushemuka et a/*” also indicated
practicability, rationality and user-friendly nature of farmers’
soil knowledge than international classification systems.
However, farmers’ classification was also found to be usually
inconsistent and management oriented®?>® compared to
scientists who focus on diagnostic properties®®, which makes
their direct correlation difficult. In general, the list of locally
identified soil types, their observed major soil properties and
their equivalent reference soil groups names (according to
WRB) are presented below (Table 5).

Traditional soil fertility management practices and fertilizer
use

Crop rotation: Most farmers (95%) in the study area
implement different crop rotation practices that are perceived
to be suitable for their specific agro-climatic and crop
conditions. The following three specific areas having their own
unique crop rotation sequences were identified: Fogera plain
(rice-grass pea), Vertisol dominating area of Gondar Zuria
(teff-sorghum-chickpea (or grass pea)) and the extreme
highland areas of Farta (triticale-potato-barley or
triticale-potato). In  the remaining majority areas,
depending on altitudinal variations and related crop
preferences, the following crop rotation sequences are
widely used: Teff-wheat-barley-faba bean (or field pea),
teff-wheat (barley)-finger millet-chickpea, barley (early
maturing)-chickpea (relay cropped)-wheat (teff).

Crop rotation is the main agricultural practice
implemented in the study area not only asa means toimprove
the soil fertility of agricultural lands but also to protect
potential weed and pest infestation problems. Similarly,
Megersa®, Karltun et a/'’, Fanuel™ and FAO® reported soil
productivity improvement and pest control roles of crop
rotations. However, in the extreme highlands of Farta district,
it was observed that barley native to the area is now being
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replaced by triticale most probably due to soil acidity and
disease problems’® and also suspected soil fertility decline
since triticale is known to thrive well under poor soil fertility
conditions?2. Another problem observed inimplementing crop
rotation especially in some high altitude areas of the study
area was the failure of faba bean (field pea) to grow as a sole
crop. The farmers’ solution in this regard was to implement
mixed cropping practices just by sowing faba bean together
with other cereals. The probable reason for lequme crop
failure could be the soil acidity problems in the area”® and
suspected plant diseases like chocolate spot (district experts,
personal communication). In relation to this, similar crop
rotation practices without legume component were also
identified in Beseku, Southern Ethiopia, however, the reason
in this case was bean thievery directly from the field"’.

Fallowing: From about 470 sampling points surveyed, only
12 points (2.4%) were identified as fallow lands. Fallowing is
not considered as the alternative soil fertility replenishment
mechanism mainly due to high population pressure and
related scarcity and fragmentation of farm lands in the study
area. The observed abandonment of fallowing was also
reported in similar studies conducted in different parts of the
Country14,17,21»23,32'

From the identified 12 fallow lands, the majority (67%)
were found on hilly and steep topographic features whose
measured slope gradient are greater than 16%. Moreover,
from those fallow lands which were found in gently sloping
categories, some plots were let to fallow not only due to
fertility problems but also other socio-economic problems like
poverty, ill health and lack of ownership (land, which has been
distributed to organized youths) (Example, in Fogera district).
Therefore, agricultural plots of the study area which were let
to fallow were either highly degraded soils or there existed
other socioeconomic reasons hindering their proper use. In
thisregard, Pound and Jonfa?! and Fanuel™also indicated that
lack of oxen and ill health were among the likely reasons for a
farm to lie fallow in Wolaita, Southern Ethiopia.
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Table 6: Application rates of inorganic fertilizers in the study area (2012-2015)

Fertilizer use (kg ha™")

Total cultivated lands

Fertilized fields

Applied fertilizer

Applied fertilizer

Applied nutrient elements

Cropping
season DAP Urea NPS DAP Urea NPS N P S
2012/13 13 123 - 21.0 228 - 140 42 -
2013/14 16.5 205 - 31.0 384 - 232 6.2 -
2014/15 18.2 26.0 04 34.1 49,1 0.8 29.0 6.9 0.1
2015/16 9.4 284 12,0 176 533 226 322 55 29
100007 Stugé/ site Similarly, the amount of inorganic fertilizer applied on a
B Gondar Zuria . . .
S goood — Fogera hectare basis also showed an increasing trend when
= o—>» Fart i i
g o calculated both for total cultivated land in the study area and
6000 - . . .
g based on specific plots which were actually sown using
g 4000 - inorganic fertilizers (fertilized fields) (Table 6). For example,
N s 3 .
= when urea use was calculated based on fertilized fields, it has
$ 2000
. increased from the recent 22.8 kg ha=' in 2012/13 to the
0 -1 i
3 T8 © o 8§ Q|2 T8 © 3 T8 © current 53.3 kg ha™". The recent decrease in the rate of DAP
6 2 Z|d > 21ada > |40 2 = application was compensated by the distribution and
2012/13 2013/14 2014/15 2015/16 . . .
- application of the newly introduced NPS fertilizer.
Fertilizer types

Fig. 7: Fertilizer types and their district base distributions
(2012-2015)

Inorganic fertilizer use: Inorganic fertilizer is a more widely
used (84%) input than organic fertilizer which accounts for
only 16% of the fertilizer users. Until recently, di-ammonium
phosphate (DAP) and urea were the only inorganic fertilizers
which have been used in the study area. However, since the
last 2 years, the use of blended or compound NPS fertilizers
has become operational as aresult of the recent revision made
following the digital soil fertility mapping initiative being
conducted in the country. In addition, at about the same time,
the country has switched to the use of granular urea
abandoning, the long used prilled urea.

Information obtained from North and South Gondar
zone agricultural development offices indicates a general
increase ininorganic fertilizer distribution and use in the study
area (Fig. 7). Following this, DAP use was increased from
1853 t in 2012/13 cropping season to 2777 t in 2014/15.
However, observed decrease in the quantity of DAP used in
2015/16 cropping season (1435 t) was related to the
introduction of new NPS fertilizer, which is supposed to
replace further distribution and use of DAP in the country.
Thus, the use of NPS fertilizer in the study area was
increased from 63 tin 2014/15 to 1840 tin 2015/16 cropping
season.
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Hence, NPS fertilizer showed a sharp increase from its
limited use (0.8 kg ha™) in its first year distribution in Fogera
district to its better use (22.6 kg ha™") in all the three districts.
This is not without reason. During the past 4 years, many
districts in the country were addressed through massive new
fertilizer demonstrations in which farmers were encouraged to
use the new NPS based compound or blended fertilizers
against DAP and compare the yield differences. Since the
differences and yield advantages from the new fertilizers were
very apparent, farmers did not wait to request the new
fertilizers and discontinue using DAP (Tekalign Mamo,
personal communication).

Furthermore, conducted field level survey results
indicated that from about 279 respondents interviewed,
only 55% of them were inorganic fertilizer users. The
remaining 45% of the respondents did not use inorganic
fertilizers. Suggested reasons for not using inorganic fertilizer
were, soaring fertilizer costs, extreme poverty to afford
purchasing costs, fear of addiction of their farm lands to
applied fertilizers, topographic considerations and
crop type selection. Similarly, according to some authors
Gedamu-Gobena??, Yu et al’®, Belachew and Abera®,
Tesfaye et al'®and Fanuel', wealth of individual farmers, crop
specialization, high fertilizer costs, low credit availability and
untimely delivery of mineral fertilizers were also reported as a
major constraints for the observed low to non inorganic
fertilizer use.
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Table 7: Farmers estimated mean fertilizer application rates per crop types
Fertilizer application rates (kg ha=")

Crop type N P

Teff 38.0 12.2
Wheat 38.0 14.2
Rice 49.0 16.2
Maize 41.0 14.4
Finger millet 24.0 10.9
Triticale 30.5 9.6
Barley 35.0 15.1
Mean 36.50 13.2

Inorganic fertilizer use in the study area was found to be
crop specific. Hence, teff, barley, wheat, maize, triticale, rice,
finger millet and to some extent sorghum are the major crop
types which are cultivated using variable rates of inorganic
fertilizers. With regard to fertilizer application rates, farmers
estimated application rates ranged from 20-100 kg ha=' DAP
and/or urea fertilizers. The commonly used blanket
recommendation, which is 100 kg ha=' DAP and 100 kg ha™!
urea, is still in use in the study area. The probable reason for
not getting information about NPS fertilizer at the plot level
might be related to the accustomed color based identification
of fertilizers by farmers (might have similar color with previous
fertilizers) or weak on spot extension services in popularizing
it. In general, irrespective of their knowledge about blanket
recommendation, local farmers’ mineral fertilizer application
rates are generally lower than the indicated blanket
recommendations (Table 7).

Relatively higher fertilizer rate (49 kg ha—" N and
16.2 kg ha=' P) was applied for rice crop (Table 7).
However, the applied N rate was lower than the blanket
recommendation (64 kg ha=" N and 20 kg ha=" P ) and also
from the suggested area specific fertilizer recommendation
(60 kg ha=" N and 13.2 kg ha=! P)®". Similarly, mineral fertilizer
applied for wheat was not only lower than the blanket
recommendation but also much lower than the recently
identified 72 kg ha=' N and 25 kg ha™' P application
rates on highland vertisols of Ethiopia®. However, with
regard to triticale fertilizer use, there is some similarity
between what Gedamu-Gobena?? estimated (38 kg ha™' N
and 11.8 kg ha=' P) and the current survey results
(30.5 kg ha="Nand 9.6 kg ha~' P) though, both are below the
recommended blanket rates. Generally, based on the farmers’
estimate, 37 kg ha=" N and 13.2 kg ha=" P and based on zonal
agricultural offices recent estimate, 32.2 kg ha™' N and
5.5 kg ha=! P average fertilizer rates were used for major cereal
crops growing in the study area.

In terms of crop productivity, the calculated average
productivity for non-fertilized major cereal crops growing in
the study area was 1.2 t ha=". By applying variable rates of
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mineral fertilizers, cereal productivity was found to increase by
1.1tandreached 2.3tha™", whichis a similar productivity with
the nationally estimated 2.32 t ha™" %. Thus, as indicated by
Rockstrom et a/®, there is untapped potential for possible
yield increase in the study area, if site specific and balanced
fertilization strategies are implemented.

Organic fertilizer use in the form of farm-yard manure
(FYM) was limited only at the homesteads to grow crops like
maize, potato, barley and triticale. From the listed crop types,
majority of the FYM (84%) was applied to maize and potato,
which are the most commonly cultivated crops at the
homesteads. Similar house refuse and manure use for
homestead garden crops was also reported as a usual practice
implemented by farmers in South Western Ethiopia and
Kenya'®*. On the other hand, when measured in terms of
application rates, the applied FYM amounts varied from
0.4-1.6 tha=' where 0.92 t ha='is an average application rate.
The applied FYM amount is very small as compared to the
recently estimated 3.3 t ha™' average application rate in
southern Ethiopia®. This low application rates were related to
the diversified use FYM is giving to the local community,
which include among others, its use as major house fuel
source, income source by selling manure cakes and its role in
house plastering activities. The results of this study were in
agreement with the finding of different researchers
Gedamu-Gobena?, Belayneh’ and Zelleke et a/>, who
reported thatanimal dungis universally used as fuel source for
the rural community and also used as a source of additional
income. Generally, very low application rates and highly
fragmented application times were the major drawbacks
observed in organic fertilizer usein the study area. With regard
to application time, FYM application in the study area was not
aoneoccasion activity, rather applications were subdivided in
to a number of occasions which are basically dependent on
the availability of enough materials.

Itis very likely that fertilizer use by farmers will increase in
the next few years due to the current initiative of customizing
fertilizers by crop and area based on the national soil fertility
mapping and new fertilizer demonstrations being carried out
in the country.

CONCLUSION

The abundance and distribution of major landforms
are found to cause variability in altitude (1762-3704 m.a.s.l),
agro-ecology (five AEZs than usually reported two), soils
(six local soil types) and related variability in the growth of
different crop types. On the other hand, similar plant nutrient
(N, P, S and B) deficiencies, some crop pest related problems
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and cultivation of ecologically fragile steep landforms were
identified as key problems in the study area. Mineral fertilizer
use was not only low by the quantity applied but also poor in
the number of nutrients it is composed of, both of which
negatively influenced the potential crop productivity.
Therefore, appropriate soil conservation measures, site specific
and balanced mineral fertilizer application and pest control
activities are recommended.

SIGNIFICANCE STATEMENTS

This study discovered the possibility of getting more
agro-ecological zones when the scale of the study is changed
toalarge scale.In other words, the observed higher variability
in altitude has resulted in different agro-ecologies that are
suitable for the growth of a variety of crops. This study will
help the researcher to uncover the critical areas which are
unsuitable for agricultural activities and areas with extreme
plant nutrients deficiencies that many researchers were not
able to explore. Thus, the government may come up with a
new land-use policy prohibiting the indiscriminate and
unsustainable use of agricultural lands.
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