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1. Introduction
1.1. Background
Declining soil fertility has continued to be a major constraint to food production in many parts of the
tropical region. Low soil fertility in the tropics has been attributed to the low inherent soil fertility, loss of
nutrients through erosion and crop harvests and little or no addition of external inputs in the form of
organic or inorganic fertilizers (Mureithi et al., 2000). This soil fertility depletion in the tropics including
Ethiopia is because of continuous cropping with nutrient exploitations and losses to the environment via
leaching, gaseous loss and erosion (van Beek et al. 2016; 2009).
Soil fertility decline has been an important issue of national concern quite for some times in Ethiopia,
where the agricultural sector often represents as much as 50% of gross domestic product (GDP). Soil
fertility and crop management is an important component of sustainable development and poverty
reduction of the Government of Ethiopia. Soil fertility management is not only an agronomic issue, but it
is also strongly related to economic and social issues. Poor farmers are typically risk-averse, and crop
failures are common due to drought. Temporal and spatial variability of rainfall results in high risks for
farmers. Intensive cultivation of farmlands due to limited availability of arable land with low external
inputs has led to a significant decline in soil fertility, resulting in low agricultural productivity, which is
the main cause of poverty and food insecurity.
Soil productivity is dependent upon soil physical, chemical and biological characteristics. Continuous
cultivation of arable land without adding nutrient inputs results in degraded soils, accelerated soil
erosion, depletion of soil nutrient reserves, reduced soil organic matter content, loss of soil physical
structure, and reduced crop productivity. The continuous removal of biomass (i.e., grain and crop
residues) together with nutrient losses via leaching and erosion from crop land without adequate
nutrient replenishment can rapidly deplete the soil nutrient reserves and jeopardize the sustainability of
agricultural production. Nutrient balances (i.e., input minus removal) are negative for many farming
systems in sub-Saharan Africa (Stoorvogel and Smaling, 1990). Countries in East and Central Africa
including Ethiopia have higher annual rate of nutrient depletion (i.e., > 40 kg N ha-1 and > 30 kg K2O
ha-1).
Soil degradation and depletion of soil nutrients are among the major factors threatening sustainable
cereal production in the Ethiopian highlands. However, although knowledge on soil fertility status plays a
vital role in enhancing production and productivity of the agricultural sector on sustainable basis, little
information is available in Southern parts of Tigray. Hence, Mekelle University CASCAPE project has
been involved in generating information on soil fertility and nutrient status of the Sothern Zone of the
region.
As part of this effort, in 2012 and 2014 CASCAPE project has conducted a survey using Monitoring for
Quality Assessment (MonQI) tool to assess the soil nutrient balance in the southern zone of the region.
The survey result indicates that partial nutrient balance at field level was negative for nitrogen and
potassium, and positive for phosphorus. The annual balance was -3.0 kg N ha-1, +4.7 kg P ha-1 and -2.5
kg K ha-1. The nutrient balance of the southern Tigray gives strong warning on the status of soil fertility
and nutrient management of the area. Moreover, in 2013 and 2014 soil survey was conducted to assess
the nutrient status of the agricultural soils in Sothern zone of Tigray. The result depicted that the
nutrient content of the zone is generally low. Most of the soil nutrient level was below critical level
except for phosphorus. The amount of organic amendment applied into the soil is insufficient to offset
nutrient losses. Among others, loss of soil organic matter (SOM) in area of low input agriculture is one of
the challenges. If the nutrient depletion and land degradation continue at the current rates, farmers will
be unable to grow enough food crops for the ever increasing population in the area.
To solve the soil fertility and plant nutrition problems in southern zone of Tigray, Mekelle University
CASCAPE Project along with its partners in the region have conducted various survey and experiments
during the period of 2012 to 2019, which includes characterization of agricultural soils, MonQI survey for
nutrient balance, use of inoculants, use of gypsum amendment, use of compost, farm yard manure
(FYM) (Slurry) and soil-crop based fertilizer rate development and others on major crops grown in the
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southern zone of Tigray This document was prepared based on the experiences and lessons learned
during the implementation of the project activities. Therefore, this document is intended to share
experiences and lessons that the project has generated over the last 9 years to its stakeholders in the
region and beyond. We believe the document will provide information on soil nutrient status and
management practices and serve as reference to the extension system and other actors who involve in
soil fertility management in Southern zone of Tigray.

1.2. Description of southern zone of Tigray
Southern Zone of Tigray region has five woredas: namely Raya Alamata and Raya Azebo which are
located in the lowland agro-ecology, and Alaje, Enda-Mehoni and Ofla woredas located in the highland.
Southern Tigray Zone is one of the six zones of the Tigray Region. The capital town of Southern Tigray
zone, Maichew, is located at a distance of 660 kms north of Addis Ababa and 120 kms south of Mekele,
the capital town of the region. The southern zone of Tigray is geographically located at 12015’and
13041’north latitude and 380 59’and 390 54’east longitude, at an altitudinal range of 930–3925 masl. It
shares common border with south eastern Tigray zone in the north, Amhara regional state from the
south and west, Afar Regional state from the east. This zone is dominated by two major agro-ecologies
(lowlands and highlands) and two minor agro-ecologies (mid-altitudes and Peak Mountains).
According to the traditional agro ecological classification, this zone is categorized as high land (degua),
middle land (weina degua) and lowland (kola). However, according to the classification of the
Department of Natural Resources Management and Regulatory Department of Ministry of Agriculture,
this zone is classified under the dry land agro-ecologies of tepid to cool sub-moist plains and mountains
and plateau (SM2-5) (MoA,1988).
However, according to the study conducted in 2009 by Tigray Agricultural Research Institute (TARI) and
Alamata agricultural research centre (AARC), the agro-ecology of this zone is classified as SM1-2a, SM25a and SM3 which include the following areas.
▪
▪
▪

SM1-2a represents the lowland (include Alamata and Raya Azebo Woredas)
SM2-5a represent the highland (includes Ofla, Endamehonii and Alaje Woredas)
SM3 represents the Peak Mountains of Alaje, Emba-Debar, Tsibet and Adimesno.

Figure 1: Location map of the southern zone of the Tigray region
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Rainfall
Based on the long-term meteorological data rainfall in southern zone of Tigray has generally a bimodal
characteristic where Kiremt (summer: June to September) rain is preceded by a small rainy season
called Belg (spring: February to May). Average annual rainfall varies from 582.2 mm in Mehoni to 983.4
mm in Ofla. The highland areas (Endamehoni and Ofla) located to the North and West receives more
rainfall than the lowland areas (Raya Alamata, Raya Azebo) located to South and East. Sometimes more
than 1000 mm of annual rainfall was recorded in the highlands districts.
Kiremt rainfall contributes for a larger share of the mean annual rainfall; roughly 56% at area level.
Contribution of Belg rainfall on the other hand ranges from 26% in the highlands to 35% in the lowland
areas. Generally, share of Kiremt rainfall to the total annual rainfall is a bit larger in the highland areas,
and Belg’s is larger in the lowlands than the highlands. Although all the areas are mainly dependent on
the main rainy season for their economic activities, Belg rainfall is also significant for planting long-cycle
crops (Maize and Sorghum) particularly in the lowlands.

Temperature
The mean annual monthly temperature of Maichew station representing the highland areas (Alaje,
Endamehoni and Ofla woredas) ranges between 8 and 25oC. The lowland woredas (Raya Alamata and
Raya Azebo) have a mean monthly temperature that ranges between 14 to 30oC. In Raya Alamata and
Raya Azebo woredas the lowest temperature occurs during January (11.5oC) and the highest
temperature in June (35oC). On the highland areas of this zone, however, the minimum and maximum
temperatures are 5.5 and 29.6oC in January and June, respectively. Mean annual minimum and
maximum temperature is 8 and 25oC respectively.

Water resources
The major water sources used for agricultural production in the southern Tigray is rainfall, surface water
and ground water.
a. Rainfall
The area is characterized by bimodal rainfall pattern with a short rainy season (Belg) from February to
April and a long rainy season (Kirmet) from June to September with a peak in August.
b. Surface water resources
The surface water resources in the lowland area are mainly depend on natural streams and perennial
rivers, which originate from the highland areas and flow basically West to East direction within the
valley. The annual total surface water resources generated from the upland catchment is estimated at
about 114 million cubic meter (Unpublished Feasibility study report of Raya Valley).
Moreover, several potential water sources for irrigation are available in the highland areas of south
Tigray like Lake Hashenge, rivers, groundwater sources and springs which require further investigation
and spring development projects.
c. Groundwater resources
According to the Raya valley feasibility study report, ground water resources are believed to be the huge
water resource in the Raya Valley area.

1.3. Soil types of Southern zone
In 2013/14, Mekelle University CASCAPE project has conducted soil survey in this zone. The purpose of
the survey was to properly understand soils resources and nutrient status of agricultural soils in the zone
in order to support more nuanced soil fertility management decisions by government and farmers.
Accordingly soil profile descriptions were organized using soil-landscape relationship and subsequently
site specific and functional soil information was generated and documented. The characteristics of the
major soil types at zonal and woreda level were synthesized as follows.
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1.3.1. Soils of Southern zone of Tigray in general
Regosols and Leptosols dominate the hill and mountain slopes of the dissected upland plateau of the
study area. Cambisols are found on foot slopes of the mountains while Vertisols are dominantly found on
the valley bottom. Fluvisols, on the other hand, are found near the confined gorges and areas
surrounding Lake Hashenge. In the eastern escarpment part, the soils are mostly developed under semiarid condition where the weathering process is slow which resulted in development of shallow soils.
Consequently Leptosols are dominant on steep slopes, whereas the graben valley is dominated by
Vertisols and Cambisols (buried Vertisols). Fluvisols are also found near the braided rivers in the graben
(rift) valley. As indicated on Table 1, of these soils, Leptosols, Vertisols and Cambisols covers 69.07%,
27.72 % and 3.07%, respectively. Figure 1 shows major soil types in Southern Zone of Tigray.

Figure 2: Major soil types in Southern Tigray

Table 1: Descriptive statistics of soil types of southern Tigray
ID

Soil type

Area (ha)

Area (%)

1

Cambisols

14110.9

3.07

2

Fluvisols

404.86

0.09

3

Leptosols

317700.8

69.07

4

Vertisols

127502.2

27.72

Wetland

282.99

0.06

460001.75

100

Total
1.3.2. Soils of Alaje woreda

Based on the soil survey of the four Kebelles in Alaje Woreda, Cambisols, Fluvisols, Leptosols, Vertisols
and Regosols are the major soils that exist in the area. Of these soils Leptosols, Cambisols and Vertisols
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are the dominant soils covering 86.22%, 8.42%and 5.36% of the surveyed Kebeles respectively (Table
2).
Table 2: Descriptive statistics of soil types of Alaje woreda
ID

Soil type

Area (ha)

Area (%)

1

Cambisols

6518.12

8.42

2

Leptosols

66755.94

86.22

3

Vertisols

4152.54

5.36

Total

77426.6

100

Physical properties
In terms of soil physical properties, the soils have high clay content and are well structured soils.
Organic matter content of the soils varies between very low to low and often declines with depth. Low
organic matter and shallow depth may constrain water-holding capacity of the soil, which have
implication on agricultural productivity.

Chemical properties
Chemically, Vertisols are inherently fertile but due to poor soil management, the fertility is declining over
time. Accordingly, the soil has low to medium nitrogen content, low OC, very high available P content,
very high CEC (> 40 cmol (+)/kg). Higher CEC shows high nutrient reserve which can be available to
plant in future. Soil pH of the Vertisols is moderately alkaline which may limit availability of some
nutrients. Similarly Cambisols have low nitrogen content, low OC, moderate to high available P and high
CEC. It has clay to sandy clay loam texture and neutral to moderately alkaline soil pH. Clay content is
higher on the top and decline with depth.

Figure 3: Major soils types in Alaje woreda
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1.3.3. Soils of Endamehonii woreda
Table 3 below shows soils types and their areal coverage in Endamehoni. Leptosols, Vertisols and
Cambisols are major soils available in the woreda that cover about 93.19%, 6.53% and 0.29%,
respectively. On sloping land with medium-gradient hilly cultivated areas, Vertisols with dark color when
moist and dark grey when dry are found extensively. On the other hand, on steep land with highgradient Mountains, Leptosols are commonly found (Figure 4).

Table 3: Descriptive statistics of soil types of Endamehonii woreda
ID

Soil type

Area (ha)

Area (%)

1

Cambisols

183.97

0.29

2

Leptosols

59636.42

93.19

3

Vertisols
Total

4176.24
63996.63

6.53
100

Physical properties
The physical properties of the Vertisols and Cambisols soils are good as they are well structured with low
to medium soil organic content and thick soil depth. Organic matter content is higher on surface of the
soils and decline with depth. This shows that the current management practices used by farmers seems
to have contributed to maintain organic matter content of top soil although the rate is insufficient given
the limited resources and higher competition of organic manure for domestic energy sources.

Chemical properties
Vertisols are chemically fertile and are favourable for agriculture. The total nitrogen content is rated
mostly as medium with some exceptions (low and high). Available P is generally high while CEC is high
to very high implying that the soil is potentially fertile. However there could be nutrient imbalance due
to high pH content in some cases. In case of Cambisols, it has low to medium nitrogen content and OC
content, moderate to high available P and CEC. The soil has neutral soil pH. Except for Cu,
micronutrients are deficient in both soils (S, Zn, and Fe).
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Figure 4: Major soils types in Endamoheni woreda

1.3.4. Soils of Ofla woreda
Fluvisols, Leptosols, Vertisols and Cambisols are the dominant soils in Ofla woreda. Large area is
covered by Leptosols (93.49%) followed by Vertisols (5.53%), and Cambisols (0.53%), all together
accounts 99.55% of the total area (Table 4). Calcaric Fluvisols are widely available around Lake
Hashenge, covering 0.2% of the total area of the woreda.
Vertisols, Cambisols and Fluvisols are the major soil types identified in the cultivated area in Ofla
woreda. Vertisols in Ofla are characterized by very deep, black soil, well structured, well drained, clayey
with no clear pattern along soil depth. The Cambisols are dark brown, very deep, well drained, well
structured, sandy clay loam on top and clay (clay loam) on subsoil but with no clear trend. Figure 5
shows major soils found in Ofla woreda.
Table 4: Descriptive statistics of soil types of Ofla woreda
ID

Soil type

Area (ha)

Area (%)

0

Wetland

282.99

0.26

1

Cambisols

575.82

0.53

2

Fluvisols

217.37

0.2

3

Leptosols

102255.21

93.49

4

Vertisols

6050

5.53

Total

109381.38

100

Physical properties
Dry Vertisols have a very hard consistence; and they are very plastic and sticky when wet. This has
physical limitation including workability and root growth. Under optimum condition, these soils have
good structure and well drained. Cambisols have medium textured with good structural stability, a high
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porosity, and good water holding capacity and good internal drainage and as such have no major
physical limitation.

Chemical properties
Both Vertisols and Cambisols of the area have deep soils with corresponding low and very low organic
matter content. Organic matter content declines with depth in both soil types. Fluvisols are soft and
unripe, have medium N and OC content, low bearing capacity, low to medium hydraulic characteristics.
Such soils pose problems for agricultural use and require drainage. Except for Cu, all the soils are
deficient in micronutrients (Fe, Zn and S) and are worst at Hugunberda Kebele.
All the three soils have medium to high nitrogen content, P content and CEC, which makes the soils to
be chemically fertile. Fertility is higher on Vertisols and decline with the order of Vertisols, Fluvisols and
Cambisols. pH of the top soils are neutral except for Fluvial soils where moderately alkaline pH value
was recorded. Higher pH on Fluvisols may create nutrient imbalance and drainage is also another
problem on this soil.

Figure 5: Major soil types in Ofla woreda

1.3.5. Soils of Raya Alamata
Cultivated lands in Alamata woreda are located in level plain land and bottom lands having slope < 10%.
The dominant soils in the cultivated land of Raya Alamata woreda are Leptosols, Fluvisols, Vertisols, and
Cambisol. Leptosols and Vertisols are found extensively in farmland of the study area. Both soils have
developed from unconsolidated sediments of fluvial or colluvial basalt-derived material. The soils are
deep, moderate to well drained, and have black and dark brown color, clay, clay loam or silt clay texture
with irregular clay distribution within soil depth. Table 5, indicates that Leptosols, Vertisols, Cambisols
and Fluvisols are the major soil types found at Alamata woreda. Each of these soils covered 55.92%,
4.63%, 2.29% and 0.16% area, respectively.
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Table 5: Descriptive statistics of soil types of Raya Alamata
ID

Soil type

Area (ha)

Area (%)

1

Cambisols

1598.17

2.29

2

Fluvisols

113.79

0.16

3

Leptosols

39067.59

55.92

4

Vertisols

29082.8

41.63

69862.35

100

Total

Physical properties
The physical properties of the soils are characterized by good structure with thick soil depth. The soils
have low organic matter content associated with low organic matter inputs and high degree of
mineralization. They have good soil workability and infiltration. Water holding capacity of the soils is
generally good but actual availability of soil moisture is low due to high evaporation and low amount of
rainfall in the area.

Chemical properties
The soils are generally fertile and suitable for agriculture. Total nitrogen content is medium in the top
soil (plough layer) and declines with depth (to low content). Available P and CEC are rated as high. Soil
pH of the soil is largely moderately to strong alkaline and this may have effect on nutrient availability. In
all soils except for Cu, which is optimum rate, other micro nutrients are deficient (S, Zn, Fe), and the
deficiency of micronutrients is higher in Cambisols compared to Fluvisols and Vertisols.

Figure 6: Major soil types in Raya Alamata woreda
1.3.6. Soils of Raya Azebo
Vertisols are the dominant soil in cultivated land of Raya Azebo woreda. Vertisols are moderately well
drained, very deep, to very dark brown when moist and dark grayish brown when dry, angular and sub
angular structured, clay texture soils with a general increase in clay content from top to sub-soils.
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Higher clay content on lower horizon shows translocation of clay from the surface to the depth of
illumination.
Cambisols, Fluvisols, Leptosols and Vertisols are the major soils available in the woreda. Vertisols covers
60.32% of the area, and is the dominant soil. Leptosols is the second dominant soils covering 35.87% of
the area. With 3.76% area coverage, Cambisols is the third important soils in the area. Figure 7 shows
spatial distribution of major soils in Raya Azebo woreda.
Table 6: Descriptive statistics of soil types of Raya Azebo woreda
ID

Soil type

Area (ha)

Area (%)

1

Cambisols

5234.82

3.76

2

Fluvisols

73.69

0.05

3

Leptosols

49985.57

35.87

4

Vertisols

84040.66

60.32

Total

139334.74

100

Physical properties
The physical properties of the soils are generally good as they are well structured and deep soil. They
have good drainage condition with deep ground water. Infiltration rate and water holding capacity of the
soils are generally good. However the soil physical properties may have some degree of limitation
especially workability when it is dry especially on Vertisols. Organic matter content of the soils is rated
as low to medium, and decline with depth.

Chemical properties
These soils have favorable chemical properties except for alkalinity in all Kebeles and high exchangeable
sodium percentage at Kara Adishabo Kebele. The soils have medium to high total nutrient content. But
in some cases very high rate was recorded. Available P is mostly high except in Kara Adishabo where
medium rate was recorded. CEC value is rated as high to very high showing the overall potential fertility
of the soil. pH of the soils is moderate to strong alkaline, and this will have effect on nutrient availability.
Both soils have low micronutrient contents except Cu in Vertisols.
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Figure 7: Major soils distribution in Raya Azebo woreda

1.3.7. Formation, properties and use of the major soils identified in the Southern Tigray
Vertisols
Vertisols are soils having 30% or more clay in all horizons to a depth of at least 50 cm and develops
cracks from the soil surface downward. The soil is formed from weathering of parent materials and /or
transport of alluvium/colluviums materials. It is developed from sediments that are finely textured and
contain a high proportion of smecitie clay, or products of rock weathering that have these
characteristics. The soil usually exists on depression and level to undulating area. Alternate swelling and
shrinking of the expanding clay produces deep cracks during dry season. In many areas, a ‘gilgai’ microrelief occurs. The soil is characterized by poor workability, both in wet and dry condition, due to fine
textured and poor internal drainage.

Leptosols
Leptosols are soils which have less than 30 cm deep depth with continuous hard rock or highly
calcareous material or a continuous cemented layer within 30 cm of the surface. They are weakly
developed, shallow soil derived from various kinds of rock, or unconsolidated materials with less than
20% fine earth. They occur mostly at high or medium altitude and with strongly dissected topography.
Leptosols are found in all climate zones, in particular in areas with a high rate of erosion. Mostly
Leptosols have thin A-horizon and are unattractive for arable cropping. They also have limited potential
for tree crop production or extensive grazing. Leptosols are best kept under forest.

Cambisols
Cambisols are mineral soils in which soil formation is conditioned by limited age. Soils were
differentiated through changes in colour, structure, and/or texture. They have medium and fine-textured
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materials derived from a wide range of rock, mostly in colluvial and alluvial deposits. Cambisols are
moderately developed soils characterized by slight or moderate weathering of the parent material and
by absence of appreciable quantities of illuviated clay, organic matter, aluminum and/or iron
compounds. It occurs in level to mountain terrain and is used for variety of agricultural uses. In steep
land, it mainly used as grazing land and/or for forestry.

Fluvisols
Fluvisols are soils develop in alluvial deposits, mostly from recent, medium and fine-textured lacustrine
or marine deposits. Fluvisols are commonly occurred in areas that are periodically flooded. The soils
show evidence of stratification and weak structure. Gleying is common in the lower part of the profile.
Fluvisols are used for a wide range of crops, or for grazing. Flood control, drainage and/or irrigation are
normally required.

Regosols
Regosols are unconsolidated materials, exclusive of materials that are coarse-textured. The parent
material is finely grained unconsolidated weathering material. It develops under all climatic zones, both
at low and high altitudes; mostly in land of level to rolling topography. Profile development is minimal as
a consequence of young age and/or slow soil formation. Land use and management vary widely, from
irrigated farming to grazing.

1.4. Soil nutrient status of Southern zone of Tigray
In 2013/14 soil survey was conducted in Southern Zone of Tigray. In this study, 29 soil profiles and 89
soil auger description were conducted in five woredas of Southern Zone. In addition, legacy soil data of
150 samples from CASCAPE project was also used in the study.
In 2013 soil samples were collected and analysed for pH, OC, TN, available P, available K and CEC at
Tigray national soil laboratory, Mekelle; whereas in 2014, the soil samples were subjected to analysis of
additional parameters like micronutrients (Zn, Cu, Mn, Fe and S), BS and EC. The laboratory analysis
was conducted at Water work design and supervision enterprise, Addis Ababa soil fertility laboratory.
The soils were characterized and classified based on interpretation of the field and lab results.
The current nutrient content of soils in southern Zone of Tigray is generally low. The amount of organic
amendment applied into the soil is insufficient to offset nutrient losses. Among others, loss of SOM in
area of low input agriculture is one of the challenges. If the nutrient depletion and land degradation
continue at the current rates, farmers will be unable to grow enough food for the ever increasing
population in the area. The major nutrient status is described as follows.

Organic carbon
The organic carbon content of the sampled soils (n=179) ranged between 0.58 to 3.1%, with mean
value of 1.54%. The lowest value was found at Endamehoni (Mekan Kebele) and Ofla (Menkere), and
the highest at Raya Alamata (Tumuga Kebele). The difference were statistically different (p< 5%).
Organic carbon content was found low in 83% of the samples and the remaining 17% samples had
moderate organic carbon content. This result implies that the soil of the Southern Zone is characterized
by low organic carbon content. This low soil organic carbon is the central for soil fertility depletion
because it affects soil physical properties, nutrient cycle and moisture retention. This low organic carbon
is attributed to the deforestations, frequent tillage and poor crop residue managements in the farm lands
as well as the climate change such as increasing temperature that accelerates SOC mineralization
especially in arid and semi-arid regions

Nitrogen
Nitrogen content of the sampled soils (n=179) varied between 0.05 to 0.40%, with mean value of
0.16% (Table 7). Both the extreme low and high values were found at Menkere and Hashenge Kebeles
respectively, all from Ofla Woreda. Unlike to that of organic carbon content, nitrogen content didn’t show
statistically difference among the five Woredas of the southern Tigray. Considering the rating suggested
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by Barber (1994) and Landon (1991), 85.5% of the soil samples have low nitrogen content, 12.8% had
medium nitrogen content and the remaining 1.7% samples were in the high category.

C/N ratio
The C/N ratio (n=179) ranges from 3.53 to 27.3 with mean value of 10.3. On the basis of the ratings
suggested by Landon (1991), 55.8% of the samples were found under low to very low category, 35.8
under medium category and 8.4% under high to very high category. The result shows that the majority
of the sampled soils had low carbon nitrogen ratio which implies that the soils were exposed to higher
degree of soil organic matter mineralization and nitrogen release. The lowland woredas have lower C/N
ratio than the highlands because of the high temperature in the lowland and associated higher rate of
organic carbon decomposition to release N. Contrary to this, higher C/N ratio in the highland is
associated with the relatively cool climate that slow down organic carbon decomposition.

Available Phosphorus
The available phosphorus content of the sampled soils (n=179) varied between 3.91 to 97.24 mg/kg
with mean value of 34.44 mg/kg. The lowest value was found at Raya Alamata and the highest at Raya
Azebo Woreda. The difference among the Woreda was significant as shown in the ANOVA result (Table
7), and available P in Raya Azebo was higher than what was found in Alaje and Endamehoni but not
different from Ofla and Raya Alamata. On the basis of the limits suggested by Barber (1994), few of the
soil samples (4.5%) were low (<10 mg/kg of P) in available P status, the majority (47.5%) of the soil
samples were under high category (20-40 mg/kg) followed by very high category (29%; >40 mg/kg)).
Only 19% of the samples were under medium category (10-20mg/kg). In general the cultivated soils of
southern zone have higher available P sufficient for crop production. However, responses to P fertilizers
are variable but usually lower in Vertisols of basaltic origin (Jones et al., 1973). Availability of P can be
also affected by the higher pH of the soils, amount and type of clay, and quantity of other essential
nutrients.

CEC and exchangeable cations
The cation exchange capacity (CEC) of the soils (n= 29) varied between 33.7 to 59.2 meq/100g soil with
mean value of 44.3 meq/100g soil (Table 8). The lowest value was found in Raya Alamata while the
higher value in Raya Azebo. However, no statistical difference was observed among the CEC values of
the Woredas. Considering the critical limits suggested by Landon (1991), most of the soils (65.5%) have
very high CEC content (>40 meq/100g of soil) and the remaining 34.5 % were in the category of high
(20-40 meq/100g of soil).
The soils under the five Woredas showed significantly different in exchangeable K content, with higher
mean K value being high in Raya Azebo and Alaje, and lower in Ofla. Soils of Alaje and Raya Azebo have
significantly higher exchangeable K than soils of Ofla and Endamehoni but not different from Raya
Alamata. Taking the critical limits of 0.4 meq/100g of soil as suggested by FAO (2006), all soils have far
high above the limit (Table 8).
Exchangeable Ca+2 and Mg+2content show insignificant difference among the soils of the five Woredas.
In terms of exchangeable Na+1, soils in Alaje and Endamehoni were richer than soils in Ofla, Raya
Alamata and Raya Azebo, but showed significant difference only with soils of Raya Alamata where lower
Na+1 content was recorded. The average content of the above cations in each Woreda was higher than
the critical limits suggested by FAO (2006).
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Table 7: Nutrient level of major soil properties in Southern Tigray

Table 8: Nutrient level of Cations, CEC, BS and other soil properties in Southern Tigray

Available S
As indicated on Table 8, status of available S in the sampled soils (n=29) ranges between 4.5 to 11.50
mg/kg; the lowest in Raya Azebo (Tao Kebele) and the highest in Alaje (Teka Kebele). However, no
statistical difference was observed among the S content of the soils in the five Woredas. Following the
critical levels limits used by MoA and ATA (2014), most of the soil samples (93.1%) were found under
very low (<10mg/kg) range and the remaining 6.9% were under low range. This implies that the soils of
Southern Tigray are deficient in S.

Micronutrients
The critical levels for plant available micronutrients are < 1.5 mg/kg for Zn; <1 mg/kg for Cu; <
80mg/kg for Fe (MoA and ATA, 2014) and < 20 mg/kg for Mn (Jones et al., 1973). Given these ranges,
all the soils (n=29) are poor for Zn, Fe, Mn. Unlike to these micronutrients, high Cu was found in all
sampled soils (Table 9). This implies that crops grown in the area are suffering from deficiency of
micronutrients except to that of Cu. The alkaline soil condition as well as the low level of organic matter
seems unfavourable for the availability of most micronutrients in the area.
Table 9: Nutrient levels of micronutrients in Southern Tigray
Micronutrients
Zn (mg/kg soil)
Mn (mg/kg soil)
Cu (mg/kg soil)
Fe (mg/kg soil)

Alaje (n=7)
0.13-0.65
3.83-25.36
0.93-3.17
6.86-39.20

Endamehoni (n=6)
0.12-0.64
5.43-14.16
0.80-4.47
7.7-18.32

Ofla (n=5)
0.00-1.27
1.86-25.25
0.53-3.92
5.6-43.23

Raya Alamata (n=5)
0.10-0.28
3.73-11.41
1.1-2.52
1.08-9.56
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Raya Azebo (n=6)
0.12-0.43
4.51-7.64
0.66-2.11
1.44-6.24

Crictical Levels
<1.5
<20
<1.0
<80

References
MoA and ATA, 2014
Jones et al., 1973
MoA and ATA, 2014
MoA and ATA, 2014
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1.5. Soil Nutrient balances (NPK) in the Southern Tigray
In 2012 and 2014 Mekelle University CASCAPE project has carried out MonQI survey to monitor the farm
nutrient balanced in five targeted woredas of the zone. Nutrient balance is a measurement of physical
difference (surplus/deficit) between nutrient inputs into, and outputs from, an agricultural system (van
den Bosch et al., 1998). Assessing the changes in environmental quality and sustainable use of the soil
helps to establish linkages between agricultural nutrient uses. A negative nutrient balance indicates that
“nutrient losses/uptake” exceeds nutrient inputs while a positive nutrient balance indicates the opposite.
This soil nutrient balance estimation is also important for soil fertility monitoring and nutrient use
optimization and to provide valuable indicators for sustainable soil fertility management by linking
nutrient balances and soil nutrient stocks.
Plant growth is the result of a complex process whereby the plant synthesizes solar energy, water and
nutrients from the soil. Soil supplies 13 essential plant nutrients. It is a major source of nutrients needed
by plants for growth. The three major nutrients are nitrogen, phosphorus and potassium. Together they
make up the trio known as NPK. For this purpose, CASCAPE project considers NPK flows as indicator of
agricultural field nutrient balances. Partial nutrient balances was calculated as inflows (mineral and
organic fertilizer applied) minus out flows which includes crop harvest products (grain yield and straw),
expressed as a partial nutrient balance of a unit = Σ (IN 1 + IN 2) – Σ (OUT 1 + OUT 2).
Results of the nutrient balance at zone level indicate that nutrient balance was negative for nitrogen and
potassium, and positive for phosphorus. It was -3.0 kg/ha /year, 4.7 kg/ha/year and -2.5 kg/ha/year for
nitrogen, phosphorus and potassium, respectively. The magnitude of nutrient balance varies among
woredas (Figure 8). Potassium balance was positive in all woredas while positive balance of nitrogen was
observed in Alaje and Endamehoni only. Small but positive K was also recorded in Alaje, Raya Alamata
and Raya Azebo. Apart to this, a negative nitrogen balance was recorded in Ofla, Raya Alamata and
Raya Azebo. This has implication on optimization of fertilizer use and management. In area where
nutrient balance is negative more fertilizer are required to offset the balance while in area where there is
a positive balance the current fertilizer recommendation should be revised taking into account the
nutrient available and potential supply of the soils. Details of partial balance for each nutrient are given
below.

Nurteint balance (Kg/ha/yr)

20.00
15.00
10.00
N_BAL

5.00

P_BAL
0.00
Alaje

E.Mehoni

Ofla

R.Alamata

R.Azebo

Zone Avg

K_BAL

-5.00
-10.00
-15.00

Woreda

Figure 8: Partial nutrient balance of southern zone of Tigray in 2012 and 2014

Nitrogen partial balance
It was positive for Alaje and Endamehonii woredas while negative for the remaining three woredas. For
Alaje and Endamehoni the nitrogen balance was estimated as 17.15 and 4.75 kg per hectare per year,
respectively. This indicated that imported nutrients to the farms are higher than exported through
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harvests. . On the other hand, the annual N balance for Ofla, Raya Alamata and Raya Azebo was -9.45, 10.58 and -11.05 kg/ha/year, respectively. By and large, higher magnitude of the negative balance was
observed in the lowland woredas. This showed exported nutrient through harvests is higher than inputs.

Phosphorus partial balance
The partial phosphorus balance was positive in all woredas of the southern zone. The balance was 15.3,
6.93, 4.24, 0.81 and 0.18 kg/ha /year for Alaje, Endamehonii, Ofla, Raya Alamata and Raya Azebo,
respectively.

Potassium partial balance
K-balance was negative in four of the woredas except for Alaje woreda (+3.51 kg /ha/year) that might
have resulted from improved application of organic fertilizer that contain K fertilizer. With -11.22 kg /ha/
year K balance, the highest K mining was observed in Ofla woreda followed by Endamehonii with balance
of -7.73 kg/ ha/ year. For Raya Alamata and Raya Azebo, the annual K balance was negative 1.33 and
0.44 kg /ha, respectively. This study indicates that there is a continuous K mining of the soil and is
deficient in soils although some studies reported Ethiopian soils are not deficient in K.
Nutrient balances analysis in southern zone of Tigray indicated that N and K are in a declining trend.
This is because nutrients removed through harvests are not adequately replaced. This implied that
farmers in this zone are unsustainably managing their nutrients which caused serious consequences for
nutrient polarization and threat to future food security. Soil fertility management practices and recycling
of organic materials such as crop residue, manure and compost is a potential way out, but requires
farmers’ awareness and alternatives for animal feed and energy because farmers remove crop residue
from farms for animal feed and fuel. Besides, there is a need for socio-economic policies to introduce
effective nutrient management on the farms and to provide other alternatives for soil nutrient
managements.

1.5.1. Sources of soil nutrient and application rate of major crops in the southern zone
Source of Nutrients (NPK)
A MonQI survey conducted in 2012 and 2014 cropping seasons was used to assess the sources of the
fertilizer and rate of fertilizer that farmers apply for major crops. The result of the survey indicated that
the major source of the soil nutrient was chemical fertilizer. Use of organic fertilizer is very limited and
mostly confined to farmlands that are close to home.
As indicated in Table 10, about 79.2% nitrogen source was from the use of chemical fertilizer and the
remaining 20.8 % was from organic fertilizer. Similarly, 89.7% the source of phosphorus was inorganic
fertilizer while only 10.3% come from organic fertilization. Unlike NP the source of potassium was
completely from organic fertilization (Table 11). The use of organic fertilizer is generally low because of
competing use of organic fertilizer such as manure as fuel sources. A study by CASCAPE project on
manure production and consumption shows that in the highland and lowland of southern Tigray the
amount of manure being applied to soils was 13% and 4% of the total production, respectively while the
consumption in the form of manure cake was 71% and 46% respectively. This clearly shows that due to
resources competition for fuel, no sufficient amount of organic sources can be available to the soils.
Table 10: Nitrogen sources of fertilization in the southern zone of Tigray in 2012/14 production year
Woreda
N_IN
N_IN1
N_IN2
Source (%)
(Kg/ha/yr)
(Kg/ha/yr)
(Kg/ha/yr)
Inorganic
Organic
Alaje
54.1
40.9
13.2
75.6
24.4
E.Mehoni

51.2

42.4

8.9

82.7

17.3

Ofla

42.4

35.9

6.5

84.7

15.3

R.Alamata

10.6

8.0

2.6

75.7

24.3

R.Azebo

10.5

7.8

2.7

74.0

26.0

Zone mean

29.1

23.0

6.0

79.2

20.8
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Table 11: P and K sources of fertilization in the southern zone of Tigray in 2012/14 production year
Woreda

P_IN
(Kg/ha
/yr)

P_IN1
(Kg/ha
/yr)

P_IN2
(Kg/ha
/yr)

Alaje

21.4

19.0

E.Mehoni

16.4

14.9

Ofla

14.6

R.Alamata

Source Proportion
(%)
Inorgani
c

Organic

K_IN
(Kg/ha
/yr)

K_IN1
(Kg/ha
/yr)

K_IN2
(Kg/ha
/yr)

2.4

88.7

11.3

15.7

0.0

15.7

1.5

90.5

9.5

6.7

0.0

13.5

1.1

92.7

7.3

3.9

0.0

4.4

3.9

0.5

88.2

11.8

2.8

R.Azebo

2.7

2.4

0.4

86.8

13.2

Zone mean

10.3

9.2

1.1

89.7

10.3

Source Proportion
(%)
Inorgani
c

Organic

6.7

0

100

3.9

0

100

0.0

2.8

0

100

2.6

0.0

2.6

0

100

5.8

0.0

5.8

0

100

Nutrient application rate for different crops
The rate of fertilizer that farmers apply varies with crop types. Results of MonQI study indicates that the
highest fertilizer rate was supplied for vegetables crops than that of field crops. Table 12 shows garlic,
potato and onion received 121.1kg/ha, 80.7 kg/ha and 66.1 kg/ha of nitrogen per season, respectively.
Among the field crops wheat received annually about 63.1 kg N ha-1 followed by barley 40.1 kg N ha-1.
The least fertilizer rate was supplied to sorghum and teff which stands at 9.4 kg N ha-1 and 10.2 kg N
ha-1 per year, respectively.
Table 12: Nutrient application rate of major crops in the southern zone of Tigray
Crop

Annual Nutrient Applied (kg ha-1)

Rank

Garlic

N
121.1

P
23.4

K
49.5

1

Potato (Irish)

80.7

31.5

27.8

2

Onion

66.1

14.6

0.8

3

Wheat

63.1

21.7

10.3

4

Barley

40.1

15.1

5.1

5

Faba bean

29.9

18.3

7.4

6

Maize

26.5

9.4

7.6

7

Teff

10.2

3.6

1.9

8

Sorghum

9.4

2.7

1.5

9

From Table 12, it is clear to understand that farmers have crop preference for the application rate of
nutrient. They apply more to cash crops (vegetables) than the cereal crops. This might be related to the
economic benefit that farmers are getting from the sale of the product.
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2. Integrated soil fertility Management
According to Africa Soil Health Consortium (2012), Integrated Soil Fertility Management (ISFM) is
defined as “A set of soil fertility management practices that necessarily include the use of fertilizer,
organic inputs, and improved germplasm combined with the knowledge on how to adapt these practices
to local conditions, aiming at optimizing agronomic use efficiency of the applied nutrients and improving
crop productivity. All inputs need to be managed following sound agronomic and economic principles.”
Other aspects of soil fertility management can also be included in ISFM programs, such as soil and water
conservation; timing and method of mineral fertilizer application; practices to improve availability,
quality and storage of organic matter; and the maintenance and enhancement of beneficial soil
organisms. In other words, ISFM is not defined in terms of set field practices, but rather characterizes
approaches combining available and locally-relevant technologies in a way that increases the agronomic
efficiency of individual interventions.
The current nutrient content of southern Zone of Tigray is generally low. The amount of organic
amendment applied into the soil is insufficient to offset nutrient losses. Among others, loss of SOM in
area of low input agriculture is one of the challenges. As a single application is insufficient to
compensate the rate of nutrient losses, the implementation of integrated soil fertility management
practices is demanded. Therefore, this document will help in the implementation of the ISFM in the
southern zone of the region and beyond.
In southern zone of the region, various interventions are required to address the soil fertility issues
observed in the area. Positive steps have been made by CASCAPE project in improving soil fertility of
degraded agricultural soils and the scale-up of the practices to wider farmers. Taking the project
experiences and lessons learned, a short description of the practices that the project has been
promoting and the positive impacts observed during the field work is given below.

2.1. Crop rotation
Crop rotation can be defined as growing crops in a planned sequence on the same field. The principle is
to grow annual crops on a different piece of land each year, ensuring that they do not return to the
same spot for at least 2 years. Crop rotation has many agronomic, economics and environmental
benefits. It improves soil structure with higher levels of organic matter and better water provision
resulting in higher yields in the long term (EU DGE, 2012). It creates a more balanced nutrient cycle at
the field level and helps farmers to use fewer inputs to maintain nutrient availability that results in
lowering costs and increasing profit margins. In the past, farmers were using fallowing their land to
restore soil fertility; however, today fallowing is abandoned because of limited availability of arable
lands. Currently, crop rotation mainly legume crop rotation provides available N for the next crop and
ameliorates the nutrient status of the soil. Such rotation improves soil biology; improve soil structure by
enhancing the formation and maintenance of soil aggregates. This is good for improving soil physical
structure because it reduces soil erosion, protects soil organic C from microbial breakdown, increases
water infiltration and air circulation, increase soil aeration and improve soil water-holding capacity
(Lupwayi et al., 2014). Moreover, as legume crops such as faba bean has highest potential to improve
soil fertility management and subsequent wheat yield; farmers have to give priority for faba bean during
crop rotation. Second, the uses of legumes as crop rotation can reduce the demand for application of
inorganic fertilizer as these rotational crops fixes significant amount of atmospheric nitrogen which can
satisfy at least half of N nutrient recommended for wheat.

Highland agroecology
Farmers in the highland woredas are relatively better aware of the importance of crop rotation in
improving soil productivity. However, crop rotations in the zone are dominated by cereal after cereal.
Farmers choose which crops to grow in a rotation based on soil condition and the rainfall pattern. Their
choice of crop rotation is mainly influenced by the need to reduce labor demand for land preparation or
weeding. The major crop rotations practiced by the farmers are:
▪
▪
▪

Faba bean – Wheat- barley
Barley – wheat – barley
Teff – barely/wheat – teff
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▪
Barley – chickpea – Wheat
Crop rotation is perceived by farmers as a means to minimize crop pest damage on subsequent crop.

Lowland agroecology
Although crop rotation is advantageous for soil fertility by decreasing crop pest infestation through
breaking their cycle, this kind of cropping system is very limited in the area mainly due to moisture
limitation. Farmers tend to plant sorghum in succession for many years in sorghum field as it is a stable
food to the area. Very few farmers grow other crops like Teff, chickpea and Dokoko in the rotation with
no definite sequence especially when there is bare land or forced by low rainfall.
To solve the problems, Mekelle University CASCAPE project has conducted various testing and
demonstration trials to maintain legume production in the farming system as well as enhance soil
fertility through fixing nitrogen to the soil. The main crops selected for rotation were faba bean and
chickpea in the highland agroecology. The lessons drawn from the field trials particularly from that of
faba bean are described in the section with sub title “use of ribozium /inoculants” below.

2.2. Organic inputs
In southern zone of Tigray, the common organic inputs used in soil fertility management are farmyard
manure, crop residues, composted plant materials (compost), biological nitrogen fixation and any plant
biomass harvested within or outside the farm. Organic resources have multiple functions in soil, ranging
from their influence on nutrient availability to modification of the soil environment in which plants grow.
Organic inputs derived from plant remains provide most of the essential nutrient elements, but usually
in an insufficient quantity. Because of their richness in carbon, organic resources provide an energy
source for soil microorganisms which drive the various soil biological processes that enhance nutrient
transformation and other quality parameters of soil.
Results of MonQI survey conducted in 2012 and 2014 in Southern zone of the Tigray indicates that the
average annual rate of inorganic fertilizer used by farmers was 20.8 kg N ha-1, 10.3 kg P ha-1 and 5.8 kg
K ha-1 (Table 13). The proportion of organic soil fertilizer being used by farmers compared with chemical
fertilizer was 20.8%, 10.3 % and 100 % for nitrogen, phosphorus and potassium, respectively. This
result explains that the use of organic fertilizer is still low but there is a gradual improvement over time.
Table 13: Proportion of chemical and organic fertilizer used in the southern zone of Tigray in 2012 and
2014 cropping seasons.
Woreda

N_IN
(Kg/ha/yr
)

N_IN2
(Kg/ha/yr)

NProportion
of Organic
fertilization
(%)

P_IN(Kg/
ha/yr)

P_IN2(Kg/
ha/yr)

K_IN(
Kg/h
a/yr)

K_IN2
(Kg/ha/yr
)

K Proportion
of Organic
fertilization
(%)

2.4

PProportio
n of
Organic
fertilizatio
n (%)
11.3

Alaje

54.1

13.2

24.4

21.4

15.7

15.7

100.0

E.Mehoni

51.2

8.9

17.3

16.4

1.5

9.4

6.7

6.7

100.0

Ofla

42.4

6.5

R.Alamata

10.6

2.6

15.3

14.6

1.1

7.3

3.9

3.9

100.0

24.3

4.4

0.5

11.8

2.8

2.8

100.0

R.Azebo

10.5

2.7

26.0

2.7

0.4

13.1

2.6

2.6

100.0

Zone avg

29.1

6.0

20.8

10.3

1.1

10.3

5.8

5.8

100.0

2.2.1. Crop residue
Crop residues are an important source of organic matter that can be returned to soil for nutrient
recycling, and to improve soil physical, chemical and biological properties. Crop residues include the
above-ground biomass of plants remaining in the field after grains, tubers and other products have been
collected. It is a way of directly recycling nutrients into the soil taken by the plants from the soil earlier.
The straw of major crop in the southern Tigray is collected for animal feed and /or used for fuel and
construction (e.g. straw of sorghum). Few farmers in the zone use crop residues to maintain soil fertility.
All crop residues are cut at ground level, and the straw is stored as fodder for livestock. The limited
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amount of crop residue left after harvest is also grazed during dry season. Farmers should be
encouraged to leave certain amount of crop residue in the field to serve as sources of organic matter.
This effort must be supported with zero grazing practices and immediate ploughing of the fields after
harvest.
Returning crop residue to soil, in contrast to its removal or burning, has been shown to increase the
organic matter content of topsoil in many long-term field experiments, especially where N was also
applied and rainfall was >500 mm (Alvarez 2005; Chan et al. 2003)
Growing chickpea as rely cropping is well recognized practice in the highland woredas. This practice
requires immediate ploughing of the farms. For instance, farmers in Endamehoni woreda plough their
farm land immediately after harvest to plant chickpea (Fig. 9) and the practices give double advantage
through incorporation of the straw to soil as well as use of the residual moisture for the successor crop.
The chickpea also improves soil nitrogen for subsequent crop through fixing the atmospheric nitrogen.

Figure 9: Incorporating crops residue by ploughing immediately after harvest
This experience should be scaled up to similar agroecology as the practice improves the soil fertility and
increase crop productivity through the use of double cropping. In addition, the practices also increases
land use efficiency.

2.2.2. Farmyard manure (slurry/liquid manure)
Organic manures supply plant nutrients including micronutrients. Organic manures improve physical
properties of the soil, water holding capacity, hydraulic conductivity, and infiltration capacity of the soil.
The local name of manure is “Dukie” and could be cattle, sheep, goat and equine dung. Manure is first
broadcasted on the farmland and mixed into the soil during tillage. Farmers put manure from goats,
sheep, cattle, and equines in order of preference. The application of manure to the field by farmers is,
however, limited due to limited availability of dung owing to the relatively small number of livestock per
household; animal dung is often used as source of fuel; transportation of dung is laborious and
expensive, especially in the case of fields that are far from the homestead. Some innovative farmer’s
collect mostly cattle manure around homesteads under shed in the dry season until it gets decayed.
From the month of May, they transport the FYM using donkeys and cart to the farms and distribute by
ploughing before planting. There are some farmers who use about 80 quintals of FYM per hectare. FYM is
mainly used for wheat, sorghum and vegetable farms. This manure is important not only for one season
crop production but contributes as nutrient sources for more than one cropping seasons.
Not much attention, however, has been paid by farmers and development agents to increase the use of
animal manure. There are some model farmers who apply manure to their crops to improve productivity.
Demonstrating proper application of manure on farmlands would be one of the solutions to reducing
moisture stress and enhancing soil fertility. Manure has the capacity to hold 5-7% of its weight. In arid
and semiarid environment use of manure can increase moisture availability. But manure is a source of
nitrous oxide (N2O) which is one of the greenhouse gases that contribute to global warming. Therefore
manure management is important to improve soil fertility while reducing emission of gases.
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The lowland farmers have limited culture of applying organic fertilizer to their field. The reasons for not
using manure/compost are lack of knowledge, and most of the farmers assume that their soil is fertile.
Unlike the lowlanders, farmers of highland areas apply relatively more manure. Some farmers apply the
manure before ploughing and incorporate it when ploughing; others incorporate it during the second
ploughing.
In 2012 Mekelle University CASCAPE project monitored manure production and use of 16 farmers in
lowland and highland woredas. Results shows that farmers in the highlands applied about 265 kg
DM/ha/year as organic amendments while farmers in lowland apply about 83 kg DM/ha/year. In both
locations, the organic amendments consisted primarily of farmyard manure (FYM), which was applied by
50% and 44% of the interviewed farmers in the highlands and lowlands, respectively. Yet the amount of
manure which was used as organic amendment was only 13% and 4% of the annual production in
highland and lowland woredas, respectively.

Figure 10: Bio- slurry demonstration on wheat at Hashenge kebele, Ofla woreda.
In 2013 Mekelle University CASCAPE project has conducted demonstration trial to evaluate the effect of
use of slurry on crop productivity and the trial was conducted in Ofla woreda, Hashenge kebele. Wheat
was used as test crop and slurry was applied at a rate of 5.0 ton per hectare. For the purpose of
comparison half of the farmland was treated with the slurry while the remaining was left untreated. The
result indicates that the farm fields which received bio-slurry gave 5.75 t/ha grain yield while the
untreated farms gave average yield of 4.33 t/ha. Grain yield from the treated farms exceeded that of
the untreated farms by 1.42 t/ha while biomass yield exceeds by 3.0 t/ha.
Nowadays, there are many farmers in Southern zone of Tigray who use biogas but the by-product is not
efficiently used for soil fertility management. So, there is a need to encourage farmers to use the
resource for improving soil fertility and increase crop productivity. The extension system should give
emphasis on the use of slurry in areas where there is access for the resource.

2.2.3. Compost
Results of PRA survey conducted in the Southern zone indicate that there are some innovative farmers
who prepare and use compost to fertilize their farmlands. The material used for the preparation of
compost is mostly cattle manure, weeds, litter and other wastes and accumulate around homesteads
under shed in the dry season until it gets decayed. From the month of May, they transport it using
donkeys and cart to the farms and distribute by ploughing the land before planting. There are some
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farmers who use about 60 quintals of compost per hectare. Compost is mainly used for wheat, sorghum
and vegetable farms.
As there are two common methods of compost preparation (heap and pit methods) most of the farmers
are using the heap method for its less labour demanding than the pit. Even though both methods are
possible for the preparation of compost, based on the agro-ecological setting of the zone, Mekelle
University CASCAPE project recommends the pit method of compost preparation for the lowland as
environmental factors such as moisture and temperature can have effect on the quality of the compost.
Application of fertilizers either as organic or a combination of both organic-inorganic along with improved
agronomic management increased yield compared with that of farmers practices. Results of CASCAPE
field trials on integrated soil fertility management shows that farmers got higher wheat grain yield when
they use NP chemical fertilizer along with compost with 50-50% ratio. Wheat grain yield from NP
chemical fertilizer (50 kg DAP/NPS per hectare) combined with compost (2.5t/ha) yielded 35.9 qt/ha of
wheat grain while from the control plot about 25.18 qt/ha of yield was obtained. The relative yield
increase was 44.3%. However, when only compost with a rate of 5t/ha was used about 32.5 qt/ha of
wheat grain yield was obtained and this was about 30.2% relative yield increase over the control plot
but lesser than the yield obtained from plots treated with 50:50 organic and inorganic fertilizer
application.

Figure 11: Farmers training on compost preparation in Ofla woreda, Southern Tigray.
Similarly, results of CASCAPE trial on the effect of compost on faba bean yield shows that when compost
was used at a rate of 2.5 t/ha (50% of the recommended rate) combined with 50% recommended
chemical fertilizer rate (50kg NPS/ha) about 3.4 t/ha of faba bean grain yield was obtained while from
the control plots 2.65 t/ha of grain yield was obtained. The yield increase was 28.1% over the control.
This could be due to moisture conservation as well as nutrient supplied roles of the compost. Compost
treated plots retained better moisture when the rainfall was low which might have enhanced nutrient
availability and use efficiency by the crop. Crop grown on such circumstances resist wilting for about 1-2
weeks compared to plots treated with chemical fertilizer alone. In addition, weed intensity and pest and
disease infestation was lesser in the composted plot. The combined effect was reflected through
increasing yield. Economic analysis on the performance of the treatments on yield of wheat was
analysed using partial analysis. Result also shows that 50-50% organic –inorganic combination gave
higher marginal rate of return (MRR = 295%) than the minimum acceptable rate of return by farmers
(100%).
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Figure 12: Female headed household preparing compost to fertilize her farmland, Sothern Tigray.
Thus, Mekelle University CASCAPE project recommends farmers to apply organic and inorganic fertilizer
in combination at a rate of 50:50. The recommendation plays a critical role in both short-term nutrient
availability and longer-term soil organic matter maintenance and sustainability of crop productivity in
most smallholder farming systems in the Southern Tigray.

2.2.4. Rhizobuim/Inoculants
Rhizobium is a species of bacteria. It is the most common symbiotic nitrogen fixer in the world. These
bacteria aid plants by providing them with a constant source of easy-to-metabolize nitrogen at the root
level.
Most farmers don’t not use chemical fertilizers to boost productivity of legume crop, even when planted
in farmlands with poor in soil fertility. Use of inoculants can increase the productivity of legumes and the
technology is low cost and environmentally sound. Mekelle University CASCAPE project has conducted
trials in Alaje, Endamehoni and Ofla to investigate the effect of inoculant on the yield of faba bean and
its successor crops. The trial was conducted for three successive cropping seasons starting 2012, 2013
and 2014. The objective was to increase the productivity of faba bean through integrated soil fertility
management practices (combined use of Rhizobium, chemical and organic fertilizer) and increase the
coverage of legumes (introduce different varieties) in the farming systems.
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Figure 13: Onsite training of farmers on the use of inoculants (A) and performance of inoculated faba
bean (B) in the southern zone of Tigray
The result of the trials conducted in 2012 indicated that yield and nodulation rate of faba bean was
higher in the inoculated farmers’ fields than the non-inoculated fields. In this study, the amount of
nitrogen fixed by the inoculated faba bean went up to 202 kg N/ha/year. This is three to four times
higher than what the recommended N containing fertilizers supply to cereal crops (i.e., 64-46 kg NP205/ha). Generally higher yield response to rhizobium inoculation was obtained in locations where the
soil has medium nitrogen content.
The mean grain yield from the inoculated plots was 2890 kg/ha while the mean grain yield from the noninoculated plot was 2290 kg/ha. A mean yield difference of 600 kg/ha was found between inoculated and
non-inoculated farms. Similarly, biomass mean yield of the inoculated plots was higher than the noninoculated plots. Nodulation count was carried out to evaluate the difference between the inoculated and
non-inoculated farms. To this effect the nodulation count varies from 85 to 335 (mean 172) for
inoculated and from 47 to 175 (mean100) for the non-inoculated farms. In 2013, the trial was repeated
but DAP was added to the trial as a starter. The aim was to evaluate the combined effect of the
inoculants and DAP. Result shows that a yield difference of 600 kg/ha was found between inoculated and
non-inoculated farms. But when compared over years there was 330 kg/ha yield increment in 2013 over
2012 and this could be related to the addition of 50 kg/ha of DAP and the favourable rainfall condition.
Therefore, from the research results we recommend to use inoculant at a rate of 500gm per hectare
combined with 50% DAP. The practice can boost the productivity of legume by 6qt/ha.

2.3. Land preparation
In Southern Tigray various forms of land preparation operations have been practiced for long time. Land
preparation is a mechanical manipulation of the soil with tools and implements in order to create
favourable soil conditions for better seed germination and subsequent growth of crops.

Lowland Agro-ecology
•

•

Rain-fed crops: Farmers use oxen to plough their land. In the lowland woredas farmers grow
sorghum, maize and teff during the rainfall season while in the highland woredas farmers often
planted barley and wheat. For the cereals most farmers ploughed their land 3-4 times. In some
case they till their land more than 4 times to grow fine rooted crops such as teff.
Irrigated crops: Sorghum and maize are major crops grown in irrigated land. Land preparation
for planting sorghum and maize using irrigation water began in December and planting takes
place in January/ February. Ploughing frequency is often the same as rain-fed condition. Land
preparation and planting for vegetable crops, on the other hand, takes place any time. For
planting Onion, Tomato, Pepper, Cabbages, Sweet Potato, farmers ploughed their land 3-4
times.
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Highland Agro-ecology
The tillage frequency in the highland agro-ecology appears to be higher than the lowland agroecology.
The traditional land preparation in the highland agro-ecology is done by oxen. Land for sorghum, maize,
tef, wheat and barley is tilled 4 to 5 times beginning in October and ending in April and planting is
performed in April/ May. For pulse crops: faba bean, field peas, lentils and dekoko, land is tilled only 2 to
3 times. Similarly for vegetables (Onion, tomato and garlic) ploughing is done 3 to 4 times.

2.4. Row planting
The current low yield levels can be attributed to different production constraints such as susceptibility to
lodging, moisture stress, and poor pre-and post-harvest agronomic management practices. It has been
argued that more efficient agronomic management could double the yield of crop plants. One of the
improved agronomic practices is use of row planting method. Currently, majority of the farmers practice
broadcast sowing method. This practice, however, causes high incidence of lodging, reduced plant
growth and yield. The traditional planting method, which is broadcasting by hand, uses higher seeding
rate and this decreases yield because of uneven distribution of the seeds which makes hand weeding
and hoeing difficult. Moreover, it increases competition with weeds and this in turn leads to decreasing
in crop growth and tillering. In general, this practice reduces yields because of the uneven distribution of
the seeds, higher competition between plants for inputs (water, light and nutrients), and causes
difficultly for weeding once the plants have matured.
In 2013 cropping season Mekelle University CASCAPE project has conducted a study on the yield
performance of wheat under different planting methods (Figure 14). The trial involved were wheat
planted with row planting method and with broadcasting planting method. The result indicates that
wheat yield obtained from plots planted with row planting method and broad casting method were 7.08
t/ha and 5.67 t/ha, respectively. This indicated that there was 24.8% yield increase with the use of row
planting method over the use of broadcast method. This implies that use of row planting contributes for
increasing crop yield. However, row planting is very labour intensive and adoption is difficult for labour
constrained households which are unable to invest more person-hours of labour in crop production.

Figure 14: Row plating of wheat in Endamohoni woreda, Southern Tigray
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2.5. In situ soil moisture harvesting
2.5.1. Ridging and Tie ridging
Ridging and tied ridging involves making ridges and furrows, then tying or damming furrows with small
mounds to increase the surface water storage and avoid runoff. The tie act as a barrier for the rain
water movement and increases contact time available for infiltration thus enhances the availability of soil
moisture to the crops. Tie-ridging is developing ridges with 20-30 cm depth and commonly spaced 75
cm apart, either before, during or after planting. Crops like sorghum and maize can be sown on the
ridge or furrows. The furrows can be tied at intervals of 2 or more meters, depending on field conditions,
to prevent runoff in the furrows.
In-situ water harvesting technique like tie-ridging is one of the practices in sorghum production areas of
dry lands to improve sorghum production. The most important constraint of sorghum production in
lowland woredas of Southern Tigray is water stress. In this particular areas soil water deficits during
crop establishment and during grain fill were recognized as major constraints. In the study areas, the
nature of rainfall is erratic which results in water logging at the crop development stage especially
for Vertisols during high rainfall season. All these need appropriate water management techniques.
Periodic low soil moisture due to erratic and poorly distributed rainfall, severe soil erosion and high
runoff loss are the prominent causes for the low agricultural productivity in the highlands woredas.
In 2013 and 2014, Mekelle University CASCAPE project validated the yield effect of tie ridger plus row
planting method on wheat. The validation trials were implemented in the highland woredas of southern
Tigray and the practices were compared with tie-ridge with broadcasting planting method and
broadcasting planting method alone. The result indicated that use of improved tie-ridger and row
planting method increase wheat yield. Accordingly, in 2013 cropping season 7.08 t/ha grain yield and
14.09 t/ha biomass yield was obtained from the improved practices while from the plots treated with tieridge planted with broadcasted method 5.7 t/ha grain yield and 11.8 t/ha biomass yield was obtained.
With the use of tie ridger and row planting, a grain yield advantage of 23 qt/ha was found. Similarly
about 29qt/ha additional biomass yield was obtained from the use of the improved practices. This is the
result of the combined effect of moisture harvested in the furrows and in the rows that favour in creating
more space to hold water in the soil. Yet, use of the tie-ridger under broadcasted method performed
better than the use of broadcasted method without tie-ridge. In 2014 cropping season, 4.3 t/ha grain
yield and 9.5 t/ha biomass yield was obtained and the yield difference might be due to soil moisture
content being conserved by the tie-ridge structure. In 2012 and 2014, similar participatory validation
trials were also conducted in the lowland agroecology on sorghum and teff crops. The result indicated
that there was an increase in grain yield on plots treated with tie ridger. Accordingly, compared with
yield obtained from the conventional practice a yield increase by 100% and 12.5% was found for
sorghum and teff, respectively.
The conventional farm practise (broadcasting without tie-ridge) showed the lowest performance and this
might be resulted from the higher density of crops which increase competition for water and absence of
structures to harvest rain water.
The beneficial effects of tillage such as tied-ridging on crop yield vary due to differences in amount and
distribution of rainfall, soil type, slope, landscape position, crop type, time of ridging, and the
condition where rainfall events to result in significant runoff. Tied-ridging increased sorghum grain yield
by more than 40% and soil moisture by more than 25% compared to the traditional tillage practice in
northern Ethiopia (Gebreyesus et al., 2006).
Studies also showed that lack of greater response to applied N and P fertilizer in Ethiopia was probably
due to soil water deficit which is the major yield-limiting factor and profitable crop response to applied
nutrients depends on soil water availability (Tewodros et al., 2009).
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2.5.2 Traditional in-situ soil moisture conservation practices
Lowland agro-ecology
Farmers of Raya Alamata and Raya Azebo have recognized that the amount of rainfall usually received in
the area is not sufficient to sustain sorghum (sorghum is traditionally the major crop in the area) growth
and development until maturity. As a result, farmers have developed a traditional soil moisture
conservation practices. In both locations, farmers utilize three traditional soil moisture conservation
practices;
▪
▪
▪

DIRIDARO: narrow furrows made by a local Maresha at the final ploughing time when the land
preparation is intended to prepare a seed bed or make the soil to suit for planting
SHILSHALO: is making furrows to conserve soil moisture and thinning of densely populated
plants when the crop attains knee height. This is usually done for sorghum and maize.
DUGA: is a structure made in the farm land where crops are grown and is designed to capture
flood water. Flood water from the high land is directed to spread to the crops in the farm land.
This soil moisture conservation method is practiced only in Alamata area. This method of
moisture conservation also conserves nutrients coming along with the flood. However, farmers
in Mehoni area also divert and spread flood water to the farmland, but do not make a structure
like DUGA.

Highland agro-ecology
According to the PRA survey conducted in 2012, the highland farmers frequently encounters water stress
of varying intensity particularly at anthesis and grain filling periods during the month of September.
Despite the problem, farming communities in the area hardly use traditional soil moisture conservation
practices like Diridera and Shilshalo which are widely used for sorghum and maize production in the
lowland areas.

2.6. Chemical fertilizers and amendment
Fertilizer is a material that contains at least one of the plant nutrients in chemical form that, when
applied to the soil, is soluble in the soil solution phase and ‘available’ for plant roots. Some fertilizers
such as urea, potassium chloride (KCl), diammonium phosphate (DAP) and NPS are completely soluble
in water, whilst others such as rock phosphate and gypsum are partly soluble and release nutrients
slowly over several months or years.
Since the introduction of “Sasakawa Global 2000” program, farmers are using urea and di-ammonium
phosphate (DAP) chemical fertilizers. The previous recommended application rates were 100 kg DAP and
100 kg Urea per hectare, but since 2016 there has been use of NPS blended with Zinc and/or Boron and
urea. The rates are 100 kg NPS/ha and 100 kg Urea/ha.
In the lowlands, there is limited use of fertilizer in rain-fed areas. Farmers in the lowland areas believe
that fertilizers have a burning effect to their crops particularly when used during low moisture condition
which is the case in the many part of the lowland kebeles. Moreover, they believe that fertility of their
soil is good to grow enough food crops. Nevertheless, study by CASCAPE project show that soils of
southern Tigray have nutrient deficiencies as reported in Tables 7, 8, and 9 of this document. The
response of crops to fertilizer application in the dry areas is generally low compared to areas which have
optimum soil moisture. However, application of fertilizers have shown an increase in grain yield and
nutrient use efficiency when they are supported by soil moisture technologies like tied-ridges. In the
case of highland, farmers have recognized the benefits of applying fertilizer to their soils.
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Figure 15: Blended fertilizer trial in Simret kebele, Endamehonii woreda

2.6.1. Chemical fertilizer rate
The use of chemical fertilizer is quite limited despite Government efforts to encourage the adoption of
modern agricultural system and intensive agricultural practices (MoARD, 2010). According to the 2014
CASCAPE’s study on drivers for adoption that covered four regions (including Tigray) and 30 high
agricultural potential woredas , farmers on average apply 95, 66, 59 and 44 kg ha-1 DAP and 88, 55, 43
and 27 kg ha-1 urea for maize, wheat, teff and barley respectively (Tewodros et al., 2016). Hence,
farmers in Ethiopia apply inadequate quantities of plant nutrients for most crops but some farmers apply
excess amount of plant nutrients and organic manure to some crops such as Khat. Site specific nutrient
management approaches can correct nutrient deficiencies and avoid inadequate or/and excess
application, which could lead to minimize environmental pollution. Hence, site specific fertilizer
application together with appropriate method of fertilizer application is favourable for environmental
protection and farmer’s economy. Practice of site specific fertilizer recommendation optimizes the crop
production and minimizes the nutrient losses from soil (Ferguson et al., 2002).
In the lowland woredas of Southern Tigray, fertilizer application in both rain-fed and irrigated lands is
generally low. Yet, in both agro-ecology farmers apply blanket recommendations of 100 kg NPS/ha at
planting and 100 kg Urea/ha half at planting and half after 30 days of planting.
Di-ammonium phosphate (DAP) and urea were the only chemical fertilizers that were supplied to
farmers with initial understanding that nitrogen and phosphorus are the major limiting nutrients in the
Ethiopian soils. Recently, evidence has become available that K and micro-nutrients are insufficiently
available and are limiting crop production in many parts of the country. Moreover, DAP and Urea are
acidifying the soil. Therefore, there is a need for testing new chemical fertilizers, revising fertilizer rates,
application of organic and inorganic sources in combination or single. From 2012 to 2019, Mekelle
University CASCAPE project has been conducting validation and demonstration trials in the southern
zone of Tigray on how to improve the soil fertility of arable lands through introducing different soil
fertility management practices. The major research activities tested in the project sites were revising
and testing new soil-crop based fertilizer recommendation rate developed using Quantitative Evaluation
of Fertility of the Tropical Soils (QUEFTS) and validation of blend fertilizer rate application.
Soil crop based and blended fertilizer application
In 2013 and 2014, Mekelle University CASCAPE project carried out testing and validation trials to
develop soil-crop based fertilizer recommendation (NPK) rates (Figure 16). The soil-crop based fertilizer
recommendation rate was determined using QUEFTS toolbox and this rate was compared against
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national recommendation and farmers practices. The rate varies among crop and soil types. The
estimated rates, for example, for wheat and teff in three woredas were:
E/Mokoni: Wheat N84P20K0, Teff N73P33K3
Raya Azebo: Wheat N161P27K30, Teff N137P32K56
Ofla: Wheat N130P28K0, Teff N117P33K7
The average yield responses obtained in the two cropping season (2013 and 2014) shows that yield of
the tested crops was higher in plots treated with soil crop based fertilizer rate (QUEFTS) than the
national recommendation and farmers practice. The mean wheat grain yield was 6.4 t/ha, 5.2 t/ha and
4.1 t/ha for soil crop based recommendation, national recommendation and farmer’s practice,
respectively. The use of soil crop based fertilizer recommendation rate has increased wheat grain yields
by 23.3% and 56.4% over the national fertilizer rate and farmers practice. Similarly, in 2013 the soil
crop based fertilizer recommendation gave higher Teff grain yield. Accordingly, 3.8 t/ha, 2.6 t/ha and
2.1 t/ha yield of teff was obtained from the application of soil-crop based fertilizer recommendation rate,
national fertilizer recommendation and control, respectively. Soil-crop based fertilizer recommendation
rate increases teff yield by 13% and 59% over national fertilizer recommendation and farmers practice,
respectively.
In Endamehoni woreda, the soil-crop based fertilizer rate (QUEFTS rate) was found worth recommending
compare to the blanket recommendation rate for the reason that with less level of investment (Birr
2613/ha) compared with blanket recommendation (Birr 2618), QUEFTS recommendation rate brings an
additional grain yield of 1100 kg of wheat per ha. Similarly, for the trial conducted in Ofla still application
of SCBF (soil-crop based fertilizer recommendation) remains best treatment with High MRR (1015%).
Due to similar recommendation domains in all trial locations, application of fertilizer at QUEFTS
recommendation rate is selected as a best treatment with higher MRR and net benefit compared with
blanket recommendation rate. In 2014, the MRR for the soil-crop based fertilizer application in
Endamehoni and Ofla were 2144% and 841% respectively, all much higher than the minimum
acceptable level by farmers (100%). Similar result was found from the 2013 trials. Hence, we
recommend the extension system to opt for soil-crop based fertilizer application by moving away from
the blanket recommendation. At least the extension system in study kebeles of Southern Zone of Tigray
should encourage farmers to use the new fertilizer rate which has shown remarkable results compared
with the existing extension recommendation.

Figure 16: Fertilizer rate validation trials in Ofla Woreda in 2013 production season
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Blended fertilizer trial
In 2017 and 2018, Mekelle University CASCAPE project tested two blend formula using NPS as base
fertilizer on two soil types in two Kebeles of Endamehoni woredas. The blend fertilizer trial involves Zinc
blend (14% N, 23% P2O5, 8.2% S, and 1.2% Zn) and Zinc-boron blend (14% N, 21% P2O5, 15% K2O,
6.5% S, 1.3% Zn and 0.5% B) with different rate of application (50,100,150,200,300 kg/ha) and 100
kg/ha urea. The test crop was wheat and the trial was implemented on Vertisol and Cambisol. Fig 17
shows response of wheat to different blend fertilizer rate in Mekan Kebele, Endamehoni woreda.

Figure 17: Response of wheat to different blended fertilizer trial at seed setting (Left) and maturity
(right) on Cambic Vertisols soil
The result of the 2018 trial shows that the yield of wheat tends to increase as the rate of the blend
fertilizer increases from 50 kg per ha to 300 kg per ha. Plots treated with highest fertilize rate (300 kg
NPSZnB/ha plus 100 kg urea/ha) gave highest wheat grain yield (i.e.5.8 t/ha) while plots treated with
the lowest fertilizer rate (50 kg NPSZB/ha plus 100 kg urea/ha), it gave low wheat grain yield
(i.e.3.26t/ha). However, the result is not consistent over the years and places.
For more efficiency and better impact, fertilizer use must be combined with a broad spectrum of
complementary practices, such as soil conservation, moisture conservation, recycling of crop residue,
livestock management, and use of organic fertilizers.

2.6.2. Soil amendments
Use of Gypsum to improve soil property
Application of gypsum increases water-use efficiency of crops by improving water infiltration rates,
improved hydraulic conductivity of soil, increase water storage in the soil - all lead to deeper rooting and
better water-use efficiency. Application of gypsum decreased soil bulk density and increased total
porosity. The most effective methods were those of gypsum being added on the surface soil or mixed
with soil. Hydraulic conductivity increased by gypsum application particularly, when gypsum was applied
on the soil surface (Abbas et al, 2004).
In 2013 and 2014 Mekelle University CASCAPE project has conducted trials on the use of different rates
of gypsum on wheat and faba bean, respectively. The trial aims to evaluate yield response of wheat and
faba bean in Endamehonii woreda as influenced by improvement in water use efficiency of the crops.
Results of the 2013 trial indicate that about 7.36 t/ha of wheat grain was found from the use of 3.0 ton
of gypsum per hectare. This was the best treatment with the highest rate of MRR (195%), which is
greater than the minimum acceptable rate of return (100%). The relative yield advantage of the gypsum
treatment was about 33.8 % (1.85 t/ha) when compared with the control (no gypsum).
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Figure 18: On farm application of gypsum (A) and Wheat performance treated with gypsum (B) in 2013.
As gypsum has long lasting effect on the soil (up to 5 years), the trial was repeated in 2014 on the same
field but planted with faba bean. The trial aims to evaluate the residual effect of gypsum on faba bean
production. The yield response was similar with that of 2013. On the plots treated with gypsum at a rate
of 3 t/ha, 43.4 kg/ha of faba bean yield was obtained while on the plots where no gypsum was applied
35.4 t/ha yield was found. The plot treated with the 3.0 ton of gypsum gave additional grain of 7.95 ton
per hectare which is a relative increase of 22.4 % over the untreated field.
One reason for the increase in crop yield on plots treated with gypsum was related with the increase in
soil moisture. Soil moisture data collected from the trials shows that plots treated with higher amount of
gypsum had relatively higher soil moisture content during dough growth stage of wheat (Table 14). At
dough stage the moisture content was 15.5% in the top soil and 14.6% in subsoil. The soil moisture
stored in the soil extends early maturity of wheat by two weeks.

Table 14: Effect of gypsum application on soil moisture content (%) in Mekan kebele, Endamehoni
woreda in 2013.
Treatment Mean soil moisture content (%) at different soil depth and crop growth stage
Vegetative
Heading
Dough
After Harvest
(25 days later)
0-15 cm
15-30cm 0-15 cm 15-30cm 0-15 cm 15-30cm 0-15 cm 15-30cm
T1 (0t/ha)
17.41
19.24
11.22
14.64
13.98
12.11b
8.90 9.73
T2 (1 t/ha)
19.20
19.54
10.06
12.88
13.75
11.71b
8.80 9.75
T3 (2 t/ha)
18.86
20.53
10.30
11.69
14.15
12.42b
9.88 10.94
T4 (3 t/ha)
18.22
19.63
10.72
12.74
15.50
14.64
10.30 11.32
T5 (5 t/ha)
18.53
20.41
11.79
14.44
14.54
13.37
9.50 13.24
The quantity of gypsum required for the amendment is a bit higher and this might not be feasible for
farmers to apply once. Alternatively, farmers can apply the 3 tons over five years. Other than this, use
of gypsum to amend black soil is beneficial to improve the soil structure and water use efficiency.
Moreover it has also effect in neutralizing soil reaction having higher pH and supply plant nutrients like
calcium and sulphur. Therefore when resources are available and moisture is a limiting factor use of
gypsum has a beneficial role in improving yield through improve moisture availability and use efficiency
as well as improving soil pH. We recommend the regional extension system to recognize the beneficial
roles of gypsum in soil amendment and include it in the regional extension system.
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Figure 19: Field day visit on gypsum trial in FTC of Mekan kebele, Endmehoni woreda, 2014.

2.7. Agro-forestry
Agroforestry, the integration of trees and shrubs with annual crops production, is an age old
management system practiced by farmers to provide shade, a steady supply of food and/or income
throughout the year, arrest degradation and maintain soil fertility, diversify income sources, increase
and stabilize income, enhance use efficiency of soil nutrients, water and radiation, and provide regular
employment.
Agroforestry in Southern Tigray is commonly practiced around homestead. Farmers plant different trees
and fruits around homestead. They also plant live fencing and trees on farmlands. The common species
used for agroforestry practices are: Papaya, cactus, Mango, Avocado, Acacia spp, and Gesho.
Since 2012, Mekelle University CASCAPE project has been effectively working in the testing and scaling
of improved papaya variety (Maradol) as part of the farming system in the lowland and midland areas of
the Southern Tigray (Figure 20). The testing involves use of improved and local papaya variety. The trial
was initially held in Raya Azebo woreda,Tsigea Kebele. The improved variety (Maradol) gave higher fruit
yield compared to the local variety. On average the yield from the improved yield was 126.5 kg/plant
while the yield from the local variety was 54.78 kg/plant. Net benefit of the improved papaya and local
were 708,005 Birr/ha and 28,498 Birr/ha, respectively. Currently, many farmers are being benefited
with the production of papaya in their farmland and homesteads. The intervention is becoming source of
diversification of agricultural product, creating alternative market and increase income of the farming
households. Now a day, the improved variety is spread throughout the region and Tigray is producing
higher volume of fruit and is market within and outside the region including Addis Ababa.
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Figure 20: Papaya as integral part of the farming system in Tisgea Kebele, Raya Azebo
Thus, we recommend farmers to plant improved papaya around their homesteads and on-farm
integrated with other agricultural crops to improve their nutritional status, enhance their income, and
increase diversity of production of the household.

2.8. Soil conservation
The topographic setting of the highland area is as one of the reasons for the accelerated soil erosion.
The upper catchment of the area holds the most highland parts of the region that receives better rain
fall amount every year. Both of these conditions combined with deforestation leads to sever soil erosion.
Soil erosion is one of the prominent problems that triggered low agricultural production. Literatures have
also reported that 5.1 to 127.8 kg N ha-1, 1.1 to 26.5 kg P ha-1 and 3.5 to 80.9 kg K ha-1 were lost from
farmlands via erosion (van Beek et al., 2016; Assefa 2014; Haileslassie, 2005).
Unlike the highland, in the lowland agroecology sediment deposition and gully formation are the major
soil erosion problems to farmlands. In the past few year vast arable lands which have been more fertile
and productive is covered by sand and boulders and became out of use for agriculture. There are deep
gullies dissecting the arable land and widening every year, and this has reduced the total arable land
occupation of individual farmers.
To reverse the soil erosion problem in the zone, soil conservation practices have been undertaken for
more than 20 years at community and individual bases. The common soil conservation and water
harvesting practices implemented to minimize soil erosion and accumulate soil moisture are: stone
bund, soil bund, check dams, trench, retention ditches, percolation tanks, grass strip on farm land, and
contour farming. In addition, micro basin structures such as half-moon, eye brow and hillside terrace
have been constructed in the upper catchments. Plantation of different trees has been carried out on the
upper uncultivated catchment. There are also agronomic measures like making of ridges, contour
ploughing and stabilizing of farm boundaries. The benefits of the soil erosion controlling measures are
increasing the vegetation cover of the hillsides. Moreover, in the lowland areas spate diversion to arable
lands is the common practice by farmers. The purpose of spate diversion is to minimize the moisture
deficiency of crops mostly for maize and sorghum.
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Figure 21: Farmers implementing soil and water conservation practices in Ofla woreda, Southern zone of
the Tigray
The soil and water conservation measures implemented in various part of Tigray have brought positive
effect on reducing soil loss and increase crop yield. A study by Jan Nyssen et al., (2007) shows that with
the introduction soil bund on farmlands, soil loss has reduced by 34% while yield increases by 53%.
There are many empirical evidences which prove that watershed management in Tigray has brought
higher economic and environmental benefits. Integrated soil fertility management must be perceived
and implemented as part and parcel of integrated watershed management.

3. Use of improved crop varieties and crop protection
The purpose of soil fertility management is obtaining maximum yield from the crops we grow. If so,
farmers have to use improved varieties combined with integrated soil fertility management practices.
Most of the time improved varieties give more yield than the local varieties. Therefore, farmers in
southern Tigray are advised to use improved varieties of the crops they are growing. The following table
shows the improved varieties of the main crops growing in southern Tigray.
Table 15: List of some of the improved varieties
S,N
Crops
Improved Varieties
1

Wheat

Wane, Kingbird, Mekelle-4, Hidase, Ogolcho

2

Barley (food)

Illala 01, Illala 02, Robera, Adena, Wolelay, Walker

3

Barley (Malt)

IBONI 174, EH1847, Fanaka, Sabini, Holker

4

Teff

Quncho, Dagm, Kora, Worekiyu, Boset

5

Faba bean

Numan, Ashebeka, Hashenge, Dide’a, Gora

6

Chickpea

Habru, Teketay, Ejere, Naotoli, Dalota

7

Pea

Bursa, Billalo, Haranna, Teshale
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S,N

Crops

Improved Varieties

8

Potato

Belete, Awash, Gudanie, Jelly, Laura

9

Garlic

Bora, Bishoftu. Tseday, Qoricho, Kuriftu

10

Onion

Sirius, Regent, Malbec, Russet F1, Ada F1, Adama red

11

Tomato

Emerald F1, Monica, Tesha, Momtanz, Chibli, Gelilea

12

Pepper

Melka dera, Melka Oli, Sahem, Saidah, Serenade

Source: MoANR (2016)

Other interventions
To maximize nutrient use efficiency and improve the productivity of the crops growing in southern
Tigray, the integrated soil fertility management system should include the following agronomic practices.

Proper spacing (seed rate)
Most of the farmers in southern Tigray plant their crops by broadcasting. As a result, they use higher
seed rates than the recommended. Higher seed rates result in high plant density. High plant density in
turn induces competition for nutrients, moisture and light between the plants and results in low yield.
So, farmers in southern Tigray are recommended to plant their crops in rows and to use optimum seed
rate, which is one of the most important factors in crop production. The recommended seed rates of the
major crops growing in southern Tigray are put in the following Table.
Table 16: Seed rate and spacing of the major crops growing in Southern Tigray
Crop
Seed
rate Spacing (cm)
Reference
(kg/ha)
Between Rows
Between plants
Wheat

150

30

-

EIAR, 2007

Barley (food)

125

30

-

CASCAPE

Barley (Malt)

100

30

-

CASCAPE

Teff

25-30

-

EIAR, 2007

Sorghum

8-10

60-75

15-20

EIAR, 2007

Faba bean

175-200

40

5

EIAR, 2007

Chickpea

80-140

25-40

15-30

Onwueme et al., 1991

Pea

150

30

10-15

Potato

1800-2000

60

30

EIAR, 2007

Garlic

800-1200

30

10

EIAR, 2007

Onion

3.5-4

30

10

EIAR, 2007

Tomato

0.3-0.38

100

30

Van Antwerpen et al.,
2009

Pepper

0.6

60-75

35-45

Rice et al., 1990

Weed management
Maintaining soil fertility only does not guarantee for high yield unless combined with other agronomic
practices like weed, insect pest and disease management. Weeds are the most important production
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limiting factors in Southern zone of Tigray (Figure, 22). Weeds compete with crops for moisture,
nutrients and sunlight. Besides, weeds serve as alternate hosts for pathogens that attack the crops. As a
result, weeds cause high quantity and quality loss of agricultural produces in this area. Therefore, weed
control should be given due attention along with the integrated soil fertility management systems
recommended to the area.
Weeds should be controlled by integrating all the available weed control practices in the area. These
practices include proper seedbed preparation, hand weeding, hoeing and inter cultivation, crop rotation
and using herbicides. Well, when controlling the weeds, the critical period of weed competition should be
clearly known. The critical period for weed competition is the period when the crops are most susceptible
to weed infestation. Manual weeding provides more space for the plant and facilitates infiltration.
Different crops have different critical periods for weeds. Generally, crops should be free from weed
competition during the first quarter of their life. Weeds competition following this period may not have
significant effect on the yield of the crops.

Figure 22: Chickpea infested with weeds

Insect pests
Insect pests are also another important production limiting agents in Southern Tigray. There are several
field and storage pests attacking different crops in the area. Some of the main field insect pests
prevalent in the area include barley shoot fly, aphids, grasshopper and cutworms (on wheat); barley
shoot fly, aphids, grasshopper and cricket (on barley); shoot fly, grasshopper and crickets (on teff);
stalk borer, sorghum chaffer, aphids and bollworm (on sorghum); African bollworm, aphids and
cutworms (on faba bean); pod borer. Adzuki bean beetle, and cutworms (on chickpea); aphids and
African bollworm (on pea); potato tuber moth and aphids (on potato); thrips and bulb mites (on garlic);
thirps (on onion); African bollworm and cutworms (on tomato) and; African bollworm and fruit fly (on
pepper). Farmers should control the insect pests to increase the production and productivity of the crops
growing in this area.
IPM (integrated pest management) is recommended to control the insect pests in southern Tigray. IPM
focuses on long term prevention of pests or their damage through a combination of techniques such as
cultural practices, use of resistant varieties and biological control. The cultural practices that can be
applied in southern Tigray are crop rotation, field sanitation, adjusting planting time, using resistant
varieties and providing optimum nutrients. When applying IPM, pesticides are applied when the pest
infestation reaches economic threshold level and when they are the last resort. In such condition
chemicals should be used with maximum caution to minimize risks to humans and the environment.

Diseases
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The crop disease prevalent in southern Tigray are rust (on wheat); smut (on barley and sorghum);
chocolate spot (on faba bean); wilt, root rot ans Ascochyta blight (on chickpea); Ascochyta blight and
powdery mildew (on pea); late blight and bacterial wilt (potato); rust and root rot (on garlic); downy
mildew and purple blotch (on onion); blight, Septoria leaf spot and bacterial wilt (on tomato) and;
bacterial blight, bacterial leaf spot, wilt, root rot powdery mildew and pod bleaching (on pepper). The
control measures for the mentioned crop diseases include crop rotation, field sanitation, use of resistant
varieties and chemicals. Therefore, farmers should control the crop diseases by integrating several
appropriate control measures. Plant diseases can be reduced by agronomic managements such as crop
rotation, proper ploughing, time of planting and proper and timely weed control. In the absence of
appropriate crop protection measures and other improved agronomic practices, exercising soil fertility
measures alone may not meet the intended goal, which is increasing production and productivity.
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