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ABSTRACT

Soil nutrient depletion has been the greatest concern for decades for Ethiopian agriculture. The
most important soil physico-chemical properties are below the critical level to support crop
growth. Inappropriate crop and soil management practices are the causes for soil depletion.
Overlaying of synthetic fertilizer, removal of crop residue, continuous cropping and low level of
organic manure use are the deep-rooted challenges of the agro-ecosystem of the highlands of
Ethiopia. Hence experiments were initiated with the aim of investigation of the effect of long-
term organic fertilizer application and sound rotation pattern on the productivity of crops and soil
quality parameters. Four levels of organic treatments and five levels of crop rotations were
arranged factorially and laid out in Randomized Complete Block Design (RCBD) with four
replications. The organic treatments include V1 = 0 t/ha farmyard manure (FYM); V2 = 2.5 t/ha
fresh sesbania biomass (FSB); V3 = 5 t/ha FYM and V4 = 5 t/ha FYM + 2.5 t/ha FSB. Whereas
the crop rotations were R1 = wheat-clover-potato; R2 = clover-wheat under sown lupine-potato;
R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine-wheat and
R5 = lupine-potato under sown lupine-wheat. The rotation pattern of wheat-faba bean-potato and
1 t/ha FYM was also used as farmers practice without the factorial combination. Data of plant
height and grain yield of wheat; marketable and unmarketable yield of potato and fresh and dry
biomass yield of clover were recorded to measure the agronomic performance of each crop. In
addition, the cation exchange capacity (CEC), soil reaction (pH), total nitrogen (N), available
phosphorus (P), soil organic carbon (SOC) and bulk density of experimental soil were analyzed
and recorded following the standard methods before commencing and at the end of the
experiment. The data were subjected to analysis of variance (ANOVA) using General Linear
Model (GLM) procedures. The experimental results showed that the types of preceding crops
and the levels of organic treatments were greatly influenced the performance of each crop and
physico-chemical properties of experimental soil. The productivity of potato, wheat and clover
showed incredible variation in response to the variation of the organic treatments and crop
rotation patterns. The yield of potato, wheat and clover were increased three to four times in
response to sound rotation pattern and organic treatments compared to respective untreated

check. Similarly, the organic carbon, cation exchange capacity, total nitrogen, phosphorus,

Al



potassium, pH and bulk density of experimental soil were markedly improved in response to
organic matter application and crop rotations. In general, maximum crop vyield and
soil quality improvement obtained at maximum level of organic treatments and sound rotation
pattern. Hence it could be concluded that organic matter applications of 5 t/ha FYM + 2.5 t/ha
FSB and respective sound rotation pattern of each crop be viewed an alternative soil fertility

management options at Awi climatic and soil conditions.
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CHAPTER 1. GENERAL INTRODUCTION AND METHODOLOGY

1.1 Background and Justification

Ethiopia is the second most populous country in Africa after Nigeria and its economy relays
largely upon agriculture. The country is well known by having wide ranges of altitude from 110
m below sea level of Dalol Depression in Afar Region to 4533 meter above sea level . of Semen
Mountains in Amhara Region (UNICEF, 2016). Due to its high altitude variations, the country
encompasses all kinds of climate, namely topical in lowlands, sub-trgpical in medium highlands
and temperate in the highlands, and thereby the country is endowed with all kinds of crops,

animals and forest trees.

Agriculture is the main stay to Ethiopian population. The sector accounts 46.3% of the nation's
Gross Domestic Product (GDP) and 83.9 % of exports. about 80% of the labor force engaged in
the sector and remains a key source of economic growth (GTP, 2016). The country is endowed
with a wider climatic and soil conditions that support growing of multiples of crop types.
According to CSA (2016) different kinds of cereals, pulses, oil, horticulture and industrial crops
are grown in the country. Cereals, pulses and oil crops cover about 95% of the total area of
production (CSA, 2016). Cereals alone cover 75 % of the total area and out of which tef covers
the largest area followed by maize, sorghum, wheat and barley, respectively. However, the
productivity of these major food crops is very low, much below that of Sub-Saharan and world
averages (GTP, 2016).

Although agriculture is the engine of economic growth of the country, the sector is highly
constrained by multiples of factors such as a scarce and scant knowledge of improved practices,
poor soil fertility management, luck of improved seeds, lack of irrigation facilities and limited
capacity to respond to environmental shock (Tamene Lakew et al., 2017). In addition, social
factors such as persistent conflicts, the absence of strong institutions, ineffective policies, lack of
incentives for professional workers, prevalence of diseases and insect pests, and inappropriate
input and output markets are the causes for slow growth of the sector (Asenso and Jemaneh,
2014).



Currently, soil-related challenges become the fundamental problems for Ethiopian agriculture
and are of a major reason for slow growth of food production. According to Elias Eyasu (2002),
over 50 percent of the crop lands of the Ethiopian highlands are in an advanced stage of soil
degradation and make crop production unsustainable. A continuous exploitative cropping, severe
form of soil erosion, high levels of nutrient mining and poor soil fertilization efficiency are
verified as the main causes of poor soil productivity and lower average yield across each crop
(Elias Eyasu, 2002). Recent estimates using satellite imagery showed that problematic soil
hotspots cover about 23% of the land area of the country (Yihnew Gebreselassie et al., 2016). In
the meantime, the average current soil loss rate is horrific and laying between 42 to 100 tons per
hectare per year. Similarly, estimated soil nutrient losses for the highlands of Ethiopia are high,
exceeding 122 kg N ha* yr?, 13 kg P ha™ yr'and 82 kg K ha™ yr* (Amare Haileslassie et al.,
2005). This leads to the decline of crop productivity between 0.2 and 1.8 percent per year (Hurni,
1993). Furthermore, Sutcliffe (2003) noted that if soil erosion in Ethiopia continues at current
rates, over 6 million hectares of additional pasture and cropping land might become out of
production by 2020. Similarly, about 40-75% of the world’s agricultural land’s productivity
reduced due to land degradation (IFPRI, 2000).

Such a high level of soil degradation markedly influences the key soil properties that directly
support the productivity of cultivated land. The biological, chemical and physical properties of
soils are the three major types of soil quality indexes affected by improper crop and soil
mismanagement practices. Of which, the biological properties of soils are the key properties that
limit plant growth and productivity as the result of their degradation. According to Solomon
Abate (1994), biological soil degradation is the process that leads to a decline of soil organic
matter through mineralization, while by and large nothing is returned back to the soil as source
of organic matter. Under normal condition, the majority of organic matter is concentrating near
the soil surface in the form of decaying leaves and stems (Eswaran et al., 1999). Soil and crop
mismanagement on the topsoil results in a rapid decrease in soil organic matter levels and
therefore causes a loss of food for soil microorganisms (Bezuayehu Tefera et al., 2003). Once the

organic matter layer is depleted, the structural stability as well as the chemical and physical



properties of soils deteriorated seriously, which in turn results in the depletion of nutrients and
diminishing soil productivity and ultimately crop yields. In addition, the declining of soil organic
matter has a far-reaching effect on the important soil nutrients. According to Solomon (1994),
the availability of nitrogen and phosphorous is largely dependent on the organic matter content
of the soil, and nutrient contents of soils can be dropped from 20% to 7% in less than three years

of continuous cultivation and poor soil fertility management strategies.

The second most important component of soil properties that determine soil and crop
productivity is the soil chemical properties. The chemical properties of the soil directly influence
the availability and quantity of plant nutrients that support crop growth. Crop and soil
management directly influence the chemical properties of the soil, and unwise use of farm
resources leads to acidification, leaching, salinization, a decrease in cation retention capacity and
fertility depletion that limit most the productivity of agricultural lands. According to FAO,
(2015), soil chemical properties are severely deteriorated in large areas of Sub-Sahara Africa
(SSA) due to erosion, leaching, removal of crop-residues and cow dung, and continuous
cultivation of the land without adequate fertilization. According to Stoorvogel and Smaling
(1990), the highlands of Ethiopia has lost about 41 kg of N/ha from agricultural lands between
1982 and 1992. Furthermore, by the year 2000 other studies reported that nitrogen deficiencies in
the Ethiopian highlands account over 100 kg/ha per year (Steinfeld, 1998). Similarly, Kejela
Kuma (1992) found that the loss of nutrients from the eroded soil in a 100 ha catchment area of
Anjeni was about 210 kg N, 680 kg P and 160 kg organic matter per hectare per year. The pH of
the soil as one of the chemical properties of the soil has also big effect on soil and crop
productivity. Gete Zeleke (2015) found that 40% of Ethiopian cultivated land classified as
strongly acidic with the pH range of 4.5-5.5. Soils with a low pH can fix nutrients such as P, Mo
and Ca and making unavailable to plants. On the contrary, however, high soil acidity enhances
the solubility and availability of Cu, Mn and Al up to the level of toxicity for crops and animal
feeds (Yohanis Tadesses, 1992).

Soil physical properties are the third most important properties of the soil that determine crop

growth and productivity. It largely determines the soil's water and air supplying capacity to plant



(Sahrawat and Pathak, 2010). Inappropriate crop and soil management distract the physical
properties of the soil, and leads to sealing, compaction and induce reduction in aeration and
water permeability within the soil system. According to Bezuayehu Tefera (2003), the reduction
in water and air circulation in the soil system ultimately reduces crop productivity. Low level of
organic matter is one of the prominent factors contributing to lowering the physical properties of
the soil. Hence, organic amendment definitely has been utilized for decades to improve the

physical properties of cultivated land (Bezuayehu Tefera, 2003).

In general, the condition of chemical, biological and physical properties of the soil is an indicator
for the suitability of the soil for plant growth and development. The definition of soil fertility is
relatively complex and be defined to these perspectives. According to Abbott (2007), soil
fertility is the capacity of the soil to provide the physical, biological and chemical needs of the
plant for the growth, productivity, reproduction and quality. Similarly, Brady and Weil (1999)
defined as the quality of a soil that enables to provide essential chemical elements in quantities
and proportions for the growth of specified plants. In other ways, fertile soil has an abundance of
plant nutrients including nitrogen, phosphorus and potassium, an abundance of minerals
including zinc, manganese, boron, iron, sulfur, cobalt, copper, magnesium, molybdenum, and
chlorine and an abundance of organic matter. In addition, fertile soil has a pH ranging from 5.5

to 6.2 and good drainage. It is also the component of overall soil productivity.

However, nutrient depletion is alarmingly increasing in dimension in every corner of the country
due to lack of sustainable soil fertility management. According to Mahmud et al., (2005), about
9.6% of the total area of the country was not able to sustain crop production. On top of this,
approximately 41% of the total farmland of the country is acidic, of which nearly one third faces
the problem of aluminum toxicity (EATA, 2013). The direct cost of this soil fertility depletion
was estimated to be 3-7% of agricultural GDP (Berry et al., 2003). Even though the extent of this
problem varies spatially depending on variation in geology, relief, ecology, rainfall, land use, soil
types and population density the problem is exceptionally severe in the highlands of the country,

where 88% of human and 77% of the total livestock population is concentrated (Teklu Ejra,



2005). This in turn, threatens the agricultural sector and the livelihoods of millions of rural
households (Mitiku Haile et al., 2007).

An obvious strategy to tackle the fertility challenges of the country is increasing the scale and
extent of fertilizer use from different sources (Tamene Lake et al., 2017). However, the
soundness of soil fertility measures is under question in the country. The chemical form of soil
fertilization has stereotypically believed an answer to nutrient deficient soils (Tamene Lake et
al., 2017). Of course, inorganic fertilizers are the major method of replenishing soil fertility and
boosting crop performance in Sub-Saharan Africa in the past decades (FAO, 2004). Increasing
the inputs of inorganic nutrients has played a major role in increasing the supply of food to a
continually growing world population in the past. However, an extensive use of inorganic
fertilizer leads exhaustion of arable land in Ethiopia. According to Adugnaw (2014) over
application of inorganic fertilizers causes inefficient use, large losses and imbalances of nutrients
in the cultivated lands. Moreover, sole use of chemical fertilizers is causing deterioration in soil
physico-chemical and biological properties as well as costly for smallholder farmers. It also leads
to environmental contamination in a number of areas in the developed world. On the other hand,
insufficient application of nutrients have contributed to soil fertility depletion in the developing
countries (Goulding et al., 2008).

Hence, sustainable soil fertility management argued fundamentally important to maintain high
level of soil quality and sustain crop productivity. The systems of sustainable soil fertility
management unquestionably improve the quality of deteriorated soil to better suit for crop
growth. The concept of sustainable farming viewed in different perspectives for many years.
According to Dsouza et al. (1993), sustainable agriculture can be broadly defined as an
agricultural system involving a combination of sustainable production practices in conjunction
with the discontinuation or the reduced use of production practices that are potentially harmful to
the environment. More specifically, the Food and Agricultural Organization argues that
sustainable agriculture conserves resources and it is environmentally non-degrading, technically

appropriate and economically and socially acceptable (FAO, 2008). In practice, sustainable



agriculture uses fewer external off-farm inputs and employs locally available natural organic

manure more efficiently (Lee, 1987).

According to Willekens et al. ( 2014), the most universal methods of sustainable soil fertilization
for sustainable increase of crop production and productivity are the use of crop rotations,
adoption cover crops, maintaining crop residues and rely on organic soil fertility amendments
such as animal and green manure. This are collectively called organic fertilizer. According to
Kumar et al., (2004), organic fertilizer comprises a variety of plant and animal derived products
including animal manures and human wastes, green manure, wood ashes, garden kitchen refuse,
tree litter, crop residues and others. Theoretically, any organic material can be used as fertilizer,
but some are less suitable than others. For instance, wood, corns talks, large masses of wet
material, weed with seeds and diseased plants are not generally suitable for amendment (Lal,
2009). Similarly, manure from carnivores is not suitable for composting as it contains dangerous
pathogens (Palm et al., 2001). However, manure from bats, sheep, ducks, pigs, goats, cows,
pigeons and any other vegetarian animals is the best materials used as source of organic
fertilizer. It contains large amounts of carbon, nutrient and beneficial microbes. Indeed, special

care requires on the utilization of organic materials for soil amendment.

Furthermore, organic fertilizers/manures have also special benefit in drought striking regions. It
improves the water holding capacity of the soil and reduces the risk of drought damages caused
by erratic distribution of rainfall. In sandy soils, manure acts as a sponge to retain water in the
soil that would otherwise drain down below the reach of plant roots. In this way, compost helps
to protect the plant against drought. In the clay soil, also compost helps to add porosity to the
soil. This helps the soil to drain more easily, so that it does not stay waterlogged and does not dry
out into a brick like substance (Ashraf et al., 2004).

There are also conditions at which manures are less helpful for soil amendments. The freshness
and immaturity of organic material are the most important consideration in manure management.
Firstly, the undecomposed fresh manure contains organic acids that can burn the tender roots of

young plants, overheat a compost pile and killing off earthworms and friendly bacteria (Dalzell



et al., 1997). Secondly, immature composts have its own demand for nutrients to break down the
biomass and the compost microorganisms may immobilize nutrients and starve the soil. Nutrient
immobilization is specifically high when compost made from raw materials containing a very
high C:N ratio

Generally, the quality of farm yard manure (FYM) depends on animal type, feed source and
handling techniques of the manure (Elias Eyasu, 2002). Certain tools used to measure the
qualities of organic amendments that are ready for application. According to Ge et al., (2013) the
ratio of carbon to nitrogen is important parameter to determine the quality of your compost. A
C:N ration of below 20:1 considered as good compost. The other important quality parameter is
the level of important soil nutrients available in a given farmyard manure. Composts are dilute
sources of N, P and K compared to inorganic fertilizer and may not be possible to prepare

enough compost to meet all the nutrient needs of the crop.

On average, well decomposed manure must contains at least 0.5 percent N, 0.2 percent P,Os and

Admiring the multitude functions, manures of different sources are among a well-established
nutrient and land management practices undertaken by smallholders of Ethiopia for centuries
(Ketema Mengistu and Bauer, 2011). This locally called “Fig” in Awi Administrative Zone.
“Fig” is the oldest and most widely practiced means of nutrient replenishment in the study areas
in particular. Furthermore, manures of such source were the only ways of improving soil fertility
before the advent of chemical fertilizer. Similarly, farmyard manure is the most important source
of an organic amendment in Awi Zone. The farming community uses farmyard manure ever
since the time of immemorial. Nutrient replenishing of the cultivated land is their priority and

rising of their productivity.

Hence, redirecting the conventional ways of soil fertility management using inorganic fertilizers
to organic fertilizer is highly essential to uphold the agriculture sector of the country in a

sustainable manner. In this regard, the role farmyard manure has a far-reaching effect in
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Ethiopian soil fertility management owing to the availability of significantly larger size of cattle
and other animals in the country. It is a guarantee for smallholder farmers who suffered with ever
escalating price of inorganic fertilizer and for amending degraded farmland. It is also a blessing
in restoring the soil properties of the degraded land. Several research reports underline the
importance of farmyard in restoring problematic soils. According to Karazija et al. (2015),
farmyard manure enables to modifying the physical, chemical and biological properties of the
soil of cultivated lands into the better ones which are of more suitable to crop production.
Physically, functions well in enhancing aggregate stability, and thereby improving soil structure,
porosity and water-holding capacity, as well as, reducing soil bulk density (Mutegi, 2012).
Stability of aggregates prevents surface sealing and soil erosion, improves water infiltration, and
enhances water holding capacity (Martinez-Blanco et al., 2013). Soil porosity is important for
root proliferation, gas exchange and water retention and movement. Moreover, FYM improves
the retention of plant nutrients and increases the soil biodiversity (Lal, 2009). The chemical
properties of the soil are the second important parameter improved up on farmyard manure.
FYM checks pH; improve EC and nutrient supply of the soil. Organic inputs also enhance CEC
particularly in sandy soils and reduce Al toxicity and P-fixation in strongly acid soils with oxide

mineralogy (Negassa Wakene et al., 2007).

The biological properties of the soil improved through organic soil fertilization. Soil organic
matte (SOM) stimulates the activities of macro fauna and microorganisms in the soil, which in
turn contribute to the nutrient release. The biological properties of soils usually respond more
rapidly to the changing soil conditions than either the chemical or physical properties
(Korwaljow and Mazzarino, 2007). Enzymatic activities, microbial biomass and rate of CO,
releases markedly improved through organic amendment. Soil enzymatic activities have been
used as indicators of soil fertility, while they are the reflections of soil properties improvement
(Corstanje et al., 2007). Furthermore, soil enzyme and microbial biomass, especially in
combination with an activity parameter such as CO, production rate, are very sensitive to both
natural and anthropogenic disturbances and show a quick response to the induced changes
(Hernandez et al., 2007). Greater soil enzyme activities and larger microbial biomass were also

reported following the application of green manure and crop residue (Wale et al., 2005).



Research has shown that FYM application greatly increased soil microbial biomass and soil
enzyme activities, while inorganic fertilizers had relatively less effect (Chu et al., 2007). In a
long-term field trial, Mando et al., (2005) found that the application of liquid pig manure
increased activities of soil urease, acid phosphates and alkaline phosphates. Greater soil enzyme
activities and larger microbial biomass were also reported following the application of green

manure and crop residue (Bohme et al., 2005).

Apart from soil properties improvement, farmyard manure are widely known in improving the
yield of many garden and field crops. According to Karazija et al. (2015), application of
farmyard manure at 40 t/ha significantly increased the tuber yield of potato (40 t/ha) by four
folds over the yield (10.5 t/ha) on the unfertilized control. Similarly, Ali and Al-Juthery ( 2015)
reported that application of well prepared organic fertilizer at the optimal rate of 20 t/ha gave an
equivalent tuber yield of potato as that of 100% mineral fertilizer. In addition, Sayed, et al.
(2014) indicated that organic production of potato using 23.8 t/ha of compost could be an
alternative to the conventional production with commercial inorganic fertilizers without
significant reduction in yield and quality. Furthermore, Zha et al., (2015) reported that long-term
organic manure fertilization at the rate of 10 t/ha attributed to elevating wheat grain yield to 4.58
t/ha as compared to 2.02 t/ha grain yield obtained from unfertilized control. Similarly, Der et al.,
(2013) showed that organic manure increased grain yield of wheat by 23.2% over that of
unfertilized treatment. Besides, Muhammad et al. (2008) showed that application of organic
manure increased the wheat yield by 105 % over the control. All other growth parameters such
as plant height, number of tillers, spike length, straw yield, grain yield and thousand grain weight

of wheat grown after incorporation of manure into the soil were statistically different from that

The other important source of organic fertilizer is green manure (GM). Growing of green manure
as a part of a crop rotation is an important source of organic soil fertilization. GM improves the
general properties of the soil and ultimately the yield of crops. According to Diver (1999) green
manures are plants grown to accumulate nutrients for the main crop. Certain principles should

follow on the use of green manure for soil fertilization. Firstly, a given green manure hold
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maximum biomass accumulation with good balance of carbon and nitrogen at flowering stage,
and incorporating it into the soil at this stage releases nutrients quickly within a short period of
time (Eyhorn, 2004). The gap between digging of the green manure and planting of the next crop
is the other important consideration during manure amendment. Shorter gap prevents nutrient
leaching before taken up by the crop (HDRA, 1998). Similarly Eyhorn, (2004) showed that

plowing of manure should not be longer than 2 to 3 weeks before planting.

Legumes applied as green manure remains as an important source of nitrogen in many crop
production systems (Janzen and Radder, 1989; Becker et al., 1995). It does not only serve as a
direct source of plant available nitrogen but also have a great potential for increasing the
availability of soil nitrogen to subsequent crop plants (Ashraf et al., 2004). Legumes also known
to increase the mineralization of soil native nitrogen, which might be an important mechanism,
through which green manures enhance soil productivity (Fox et al., 1990). Similarly, Caporali et
al. (2004) reported that the amount of nitrogen contributed by the green manure depending upon
the species and the weather trend that determine vigor and duration of the green manure growth

cycle.

Apart to soil improvement, GM in pure stand or in undersown culture of a crop rotation
improved the yields of ranges of crops and ameliorating soil physical properties of the cultivated
lands (Malihe et al. (2015). According to Eugenija et al. (2014), the greatest tuber yield of potato
potato plants grown in plots following common vetch and faba bean produced 12.7% and 15 %
more tuber yield, respectively, over that of potato grown after winter wheat. Stefano et al. (2010)
indicated that clover green manure and farmyard manure substantially increased the total yield
by 22.5% and 25.1%, respectively, over the untreated control. In addition, the effect of including

legume in the rotation system in improving wheat yield is quite tremendous. According to fTaIgre

but this effect went up to 135 percent in drier years. In line with these reports, Dayegamiye et al.
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(2015) demonstrated that legumes have significantly increased yields of wheat by 35 percent.
Ali and Abbas (2015) showed that legumes as preceding crop had significantly elevated grain
yield (5.1 t/ha) compared to wheat-wheat (3.18 t/ha) rotation systems. Furthermore, ]Hayat and

succeeding wheat by 18% over non-legume sorghum.

Meanwhile, multiple organic fertilizers sources are wildly available in the highlands of Awi
Zone. Dung from higher animals (cattle, sheep, horse, donkey and mule) and litter from chicken
are available with the significant amount in quantity. Crop residues and shrubs of green manure
(tree lucerne, clover and sesbania) also found in a measurable amount. However, the organic
materials are miss-utilized and caste arbitrarily undermining their wider importance in the
agricultural sector. Furthermore, continuous cereal cropping system dominating the area without
integration of legume crops in the rotation system which is further dwindling the physico-
chemical properties of cultivated lands. Hence, re-directing current trends of inorganic soil
fertility management systems to organic soil fertility management strategies is absolutely
essential in the highlands of Awi Zone. In addition, there is no consolidated information
available regarding the effect of manure of different sources on soil quality parameters in the
study district. The effect on physico-chemical and biological properties of the soil; ultimately on
yield growth of many crops are not widely recognized. Instead, growers heavily depend on
chemical soil fertilization which is not widely acknowledged on the sustainability and cost-
benefit ratio. Hence, the objective of the study was to evaluate the effect of long-term application
of organic fertilizer and sound rotation pattern on productivities of crops and soil quality

parameters needed for crop growth.
1.2 Hypothesis

Long-term application of farmyard manure and legume-based crop rotation improves soil

physico-chemical properties and crop productivity sustainably.
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1.3 Objectives

1.3.1 General objective

The aim of the study was to generate pertinent information on the influences of organic
manuring and crop rotation inputs on productivities of different crops and on some soil
properties, which could be useful alternative to commercial fertility management systems. The
overall goal is thus to promote organic soil fertilization among smallholders in the highlands of
Awi-Zone. In general, this research is looking at how the different components of organic
fertilization could benefit smallholder farmers in improving food security, profitability and

sustainability.

1.3.2 Specific objectives

o To evaluate the effect of manuring and crop rotation on potato productivity

o To assess the effect of organic treatments and crop rotation on growth and yield of bread
wheat

o To estimate the growth and biomass yield response of clover to the preceding crop and
organic treatment

¢ To investigate the effec of long-term organic soil fertilization and crop rotation on soil

physico-chemical properties

1.4 Organization of the Dissertation

The dissertation is organized in the manuscript format that contains six different Chapters. The
first Chapter addresses the general introduction followed by four research Chapters organized as
complete publishable papers. The last and sixth chapter dwells the summary, conclusion,
recommendations and suggestions for future studies. The chapters briefly overviewed as the

follows.
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Chapter 1 introduces the theoretical details of the subject of the study as well as the general
methodology. The introduction part focuses on discussing the extent of nutrient depletion in the
high lands of Ethiopia due to unsustainable soil fertility management and others. Furthermore,
the benefits of organic soil fertilization in replenishing of the degraded soil and the improvement
achieved on the productivities of crops also presented. The biological, chemical and physical
impact of organic material in the arable lands is widely discussed. It also shows how organic
fertilization needs to be adapted to local conditions. Possible challenges such as improper
management of organic manure clearly explained. The methods followed and site descriptions

for experimentation properly mentioned in this chapter.

Chapter 2 provides a description of the effects of manuring and crop rotation system on the tuber
yield of potato in the highlands of Ethiopia. The effect of repeated application of manures and

the effects of preceding crop examined on the potato plant.

Chapter 3 presents the influence of different sources of manure on growth and yield of bread

wheat in the highlands of Ethiopia.

Chapter 4 describes the growth and biomass yield response of clover to the preceding crop and

organic treatment in the highlands of Awi Administrative Zone, Ethiopia.

Chapter 5 underlines the effect of three-year organic soil fertilization and crop rotation on soil

physico-chemical properties in the highlands of Ethiopia.
Chapter 6 presents the summary, conclusion and recommendations for future research works.

The summary of results of each chapter is clearly discussed and present conclusion regarding the

study as a whole, the implications of this research and some suggestions for future studies.
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1.5 General Materials and Methods

1.5.1 Description of the study area

The present study was carried out both on station and on-farm in Gusha Shinkurta rural village of
Ambhara region from 2013 to 2015. Geographically, Gusha Shinkurta is located in northwestern
Ethiopia in the ranges of 11°91' to 11°92' N latitude and 28°61' to 28°87'-E longitude. The
altitude of the area ranges from 2451 to 2537 meters above sea level (masl)‘with a slope of 2.6 to

3.7% (Figure 1.1).

Stations
®  Buahit
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4 Enjer

%  Zoble

EThiopia

Figure 1.1: Location map of the study site

The temperature of the area is cool with average night and day temperature of 10.2°C and
22.4°C, respectively. Its average mean annual rainfall is 2491.9 mm with mono-modal system,

extended from March to the end of October while the peak is in July and August (Figure 1.2).
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Figure 1.2: Average monthly rainfall and minimum and maximum temperatures of the study area
from 2006 t02015

However, rainfall during these months is erratic in distribution. The soil of the area is low in
nutrient contents. According to Yihenew (2002), the dominant soil category is Acrisols with soil
pH of 4.81, total N of 0.03 %, organic carbon of 3.5% and C: N of 9.5.

The farming system of the area is characterized by mixed type of farming system. Both crop
production and livestock managements are integrally conducted side by side. Potato, wheat,
barley, maize, field pea and faba bean are the dominant crops grown and accounts 90 % of the
cultivated area. Whereas, cattle, sheep, horse, mule and poultry husbandry are dominantly found
in the study zone (ANRS-BoFED, 2006). Physiographical, plateaus, mountains, hills, plains and
valleys characterize the area. The average farmland holding of a household is as small as 0.7 ha
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with fragmented distribution. Availability of small land size leads to intensive and continuous

cultivation in arable lands and consequently aggravate to resource degradation.

1.5.2 Planting materials

Wheat and potato are the two most important crops in Awi Administrative Zone. Both cover over
70% of the arable lands (ANRS-BoFED, 2006). Recently released varieties of Belete and Tay of
potato and wheat, respectively, were used as a planting material for the study. Both verities were
selected on the bases of their importance. The two varieties are capable of sustained high yields,
easy to manage, highly adaptable and resistant to major pests and:diseases. In addition, clover,
one of the most important wildly grown fodder crop was alse.used for the study. Clover can

serve both as a green manure and as animal feed to the locality.

1.5.3 General treatments, design and procedures

The experiment generally followed a mother-baby trial set up approach whereby one big full set
of a trial was placed at on-station.<Similarly, additional four on-farm sites were selected at
individual farmers’ site and used each site as replication. The purpose of such arrangements of

experimental setup was to capture the variability of treatment effects at the different location.

Six levels of rotation pattern and four levels of organic fertilizer were factorial combined as 5 X
4 factorial experiments.:The rotation treatments consists of R1 = wheat-clover-potato; R2 =
clover -wheat under sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat under sown
lupine- potato under sown lupine-wheat; R5 = lupine-potato under sown lupine-wheat and R6 =
wheat- faba bean-potato as farmers practice. The organic treatments consists of V1 = 0 t/ha
farmyards manure (FYM); V2 = 2.5 t/h fresh Sesbania biomass (FSB); V3 = 5 t/ha FYM; and
V4 =5 t/lha:EYM + 2.5 t/ha FSB. The design of an experiment was Randomized Complete Block
Design (RCBD) with four replications. Well-fermented FYM were applied to the soil two weeks

prior to planting whereas, the green manures applied on experimental site at 50% flowering.

16



The size of the plots were 3 X 3 meter width and length, respectively. The distance between plots
and replications were 50 cm and 1 m, respectively. Seed potatoes were planted at the spacing of
30 cm and 70 cm between plants and rows, respectively. Similarly, lupine was sowed with the
spacing of 20 cm between plants and 40 cm between rows where faba bean was sowed with 10 X
40 cm between plants and rows, respectively. Diller planting were employed for clover and

wheat with row spacing of 20 cm.

1.5.4 Agronomic and soil data collections and analysis

The data of plant height and grain yield of wheat; marketable and unmarketable yield of potato
and fresh and dry biomass yield of clover were collected and analyzed using standard measuring
techniques. In addition, important physico-chemical properties of experimental soils including
cation exchange capacity (CEC), soil reaction (pH), total nitrogen (N), avialable posphorus (P),
soil organic carbon (SOC) and bulk density were collected and analyzed in the soil laboratory of
Adet Agricultural Research Center following their respective standard methods and procedures.
The data were further subjected to analysis of variance (ANOVA) using general linear model
(GLM) procedures SAS version 9.1 (SAS Institute, 2002). Whenever there were statistical
differences between treatments for a parameter, further mean separation were done using the
Least Significant Difference (LSD) test at 1% or 5% level of significance depending on the

ANOVA results. Homogeneity test also performed before combined over locations.
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CHAPTER 2. THE EFFECTS OF ORGANIC MANURE AND CROP
ROTATION ON POTATO (Solanum tuberosum L.) TUBER YIELD IN
THE HIGHLANDS OF AWI ZONE

ABSTRACT
Lack of sustainable soil fertility management is a critical challenge in the highlands of Awi
Zone. Moreover, important physico-chemical properties of the soil are below the critical level to
support crop growth. Hence, a study conducted with the aim of improving the yield of potato
through organic treatments and sound crop rotation system. Two rotation systems and four levels
of organic treatments were factorially arranged and laid out in RCBD with four replications. The
organic treatments were V1 = 0 t/ha farmyards manure (FYM); V2 = 2.5 t/h fresh Sesbania green
manure (FSB); V3 =5 t/ha FYM; and V4 = 5 t/ha FYM + 2.5 t/ha FSB applied in fixed plots for
three years. Indeed, the rotation systems were varied from year to year to estimate the changes in
potato tuber yields due to the differences in crop rotation systems. In the second year R1 = wheat
under sown lupine-potato and R2 = lupine-potato were the rotation patterns whereas R3 = wheat-
clover- potato and R, = clover-wheat under sown lupine-potato were the rotations in the third
year. The rotation pattern wheat-faba bean-potato and 1t/ha FYM was also used as farmers
practice without factorial combination. Tuber yields of potato were showed increasing trend over
the period of the three years. Among all, the highest total potato tuber yield (35.15 t/ha) was
obtained at the combined application of 5 t/ha FYM + 2.5 t/ha FSB and wheat-clover-potato
rotation system in the third year. This treatment combination were increased the total potato
tuber yield by 140% and 41% over that of the first and the second years and recommended as

ecologically sound option in improving the productivity of potato.

Keywords: Hropping system, farmyard manure, green manure, sustainable soil management

2.1 Introduction

The highlands of Ethiopia account only 44% of the total area of the country, although 90% of the
human and 75% of the livestock population of the country is found in these highlands
(Mohammed Gedefaw and Teshome Soromessa, 2015). The unbalanced livestock and human

population pressure resulted in severe land degradation and soil nutrient depletion that has
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attributed to low agricultural productivity (Amare Haileslasie et al., 2006). Similarly, in the
highlands of Awi Zone exploitative conventional agricultural practices such as continuous
cropping with the entire removal of crop residues, abandoning of fallowing, reduced use of
manure and crop rotation are further impoverishing soil resources of the region (Yazie Chanie,
residues for the household energy source is also partly responsible for the declining of soil

fertility in the highlands of Awi Zone.

Potato (Solanum tuberosum L.) is a very important crop in the highlands of Awi Zone. It has
been widely renowned for improving the livelihood of smallholder farmers and sustains their
food security at the household level (Glidermacher et al., 2009). However, the average national
productivity of potato (11.07 t/ha) remains stagnant which is far below that of the world’s
average productivity of 17.67 t/ha (FAOSTAT, 2013). Lack of sustainable soil fertility
management is partly responsible for the lower productivity of potato in the country in general
and in Awi Zone in particular (Tilahune Amedie et al., 2007; Glidermacher et al., 2009; Hirpa
Adane et al., 2010).

Attempts to optimize sustainable nutrient supply in potato fields need diverse approaches of
using organic inputs (Najme et al., 2013). Focusing on utilizing organic inputs are the key
solution to reverse the declining trend of soil fertility, environmental threat and ultimately
improve the profitability and the yield quality of potato (Goffart and Olivier, 2008). In cultivated
lands, the primary organic input sources are the in-situ maintenance of crop residues and addition
of farmyard manure to the soil. Another potential source of organic fertilizer in the present study
area is using green manure such as clover and lupine under sown with cereals or grown in pure
stands in the rotation system. The important soil quality parameters such as the organic matter of
the soil, soil nutrients, soil aeration and water holding capacity would be improved that in turn
make the crop production more sustainable (Ndayegamiye et al., 2017). Hence, complementing
of organic fertilizers with sound crop rotation systems would make the cropping systems more

sustainable over the use of synthetic fertilizers.
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Several research results underscore the importance of adding organic fertilizer in improving the
yield of potato. Malihe et al. (2015) showed that application of farmyard manure at 40 t/ha
significantly increased the tuber yield of potato (40 t/ha) by four folds over the yield (10.5 t/ha)
on the unfertilized control. Similarly, Nooruldeen and Hiawe (2015) reported that application of
well-prepared organic fertilizer at the optimal rate (20 t/ha) gave an equivalent tuber yield of
potato to that of 100% mineral fertilizer. In addition, Sayed et al. (2014) indicated that organic
production of potato using 23.8 t/ha of compost could be an alternative to the conventional

production with commercial organic fertilizers without significant reduction in yield and quality.

Like that of farmyard manure, green manure in pure stand or in under sown culture improved the
tuber yield of potato by improving the fertility and ameliorating soil physical properties of the
cultivated lands (Malihe et al., 2015). Eugenija et al. (2014) reported that the greatest tuber yield
of potato obtained after clover than barley rotation system. Similarly, Malihe et al. (2015) found
that potato plants grown in plots following common vetch and faba bean produced 12.7% and
15.0% more tuber yield, respectively, compared with that of winter wheat. Stefano et al. (2010)
also reported that the clover green manure and farmyard manure substantially increased the total

yield by 22.5% and 25.1%, respectively, over the untreated control.

In the same way, farmyard manures and green manure crops are widely available in Awi
Administrative Zone. Clover, lupine and sesbania have long been grown for years and can easily
used as green manure for potato production. Due to their very deep root penetration nature, high
root biomass and ability to fix nitrogen biologically, inclusion of clovers in crop rotation
schemes can play a great role in improving the properties of soils (Ruser et al., 2008). In low
input cropping systems in general, using organic fertilizers and sound crop rotation system may
remarkably be improving crop productivity including potato on a more sustainable way.
However, due to lack of awareness and intensive promotion of mineral fertilizer by extension
system, the organic sources of fertilizers are not properly functioning in Awi Zone. Organic
fertilizers commonly used for other purposes such as fuel wood and plastering of houses than as
source of nutrients. In addition, mono and continuous cropping are the dominant cropping
systems in the study area, which further diminish the fertility status of this area. In general,

farmers of the locality have little experience in cultivating potato using their own farm resources.



They rather rely on commercial sources of fertilizer, which has a bearing on the sustainability of

potato production.

In view of these backgrounds, the present study was initiated to assess the potential of organic
treatments and sound crop rotation system for improving the productivity of potato in the

highlands of Awi Agro-Ecological Zone.

2.2 Materials and Methods

2.2.1 Descriptions of the study area

The present study was carried out both on-station and on-farm in Gusha Shinkurta rural village
of Guagusa District, Awi Zone from 2013 to 2015. The detail biophysical characteristics of the

area described in chapter I, sub-sub section 1.5.1.

2.2.2. Experimental treatments and design

The treatment set up for the experiment was varied from year to year to estimate the change in

potato tuber yield of each year. Thus, in the first year potato was planted with four different



levels of organic treatments (V1= 0 t/ha FYM; V2 = 2.5 t/ha FSB; V3 =5t/ha FYMand V4 =5
t/ha FYM + 25 t/ha FSB) in a randomized complete block design (RCBD) with four
replications. In the second year, factorial combinations of four level organic treatments (V1 =0
t/ha FYM; V2 = 2.5 t/ha FSB; V3 = 5 t/ha FYM and V4 = 5 t/ha FYM + 2.5 t/ha (FSB) and two
rotation systems (R1 = wheat under sown lupine-potato and R2 = lupine-potato) were laid out in
a completely randomized block design (RCBD) with four replications. In the third year, four
different levels of organic treatments (V1 = 0 t/ha FYM; V2 = 2.5 t/ha FSB; V3 =5 t/ha FYM
and V4 =5 t/ha FYM + 2.5 t/ha FSB) and two rotations (R3 = wheat-clover-potato and R4 =
clover-wheat under sown lupine-potato) were laid out in the same design and replications
indicated above. The rotation pattern wheat-faba bean-potato and 1t/ha FYM was also used as

farmers practice without factorial combination.

The gross size of the experimental plots was 3 x 3 m (9 m?) with net harvesting plot area of 1.6 x
2.4 m (3.84 m?). Adjacent plots within replications were separated with 0.5 m wide paths, while
the spacing between adjacent replications was 1 m. Sesbania branches and leaves were cut and
chopped before incorporated into the soil. As per the treatments and the design, fresh Sesbania
green manure and farmyard manure were uniformly broadcasted on the surface of the plots and
incorporated immediately within 20 cm soil depth two weeks before planting. Clover as well as
under sown lupine in wheat and potato plots were also chopped and incorporated into the soil at
their 50% flowering growth stages. Seed tubers of recently released potato variety “Belete” were
used with recommended inter-row and intra-row spacing of 70 x 30 cm, respectively, (Bikila
kassahun et al., 2014)

2.2.3. Data collection and analysis

Data of marketable, unmarketable and total tuber yields of potato were collected following their
respective standard methods and procedures. The data were further subjected to analysis of
variance (ANOVA) using General Linear Model (GLM) procedures of SAS version 9.1 (SAS,
2002). For parameters whose ANOVA results showed significant differences between
treatments, mean separation was done using Least Significant Difference (LSD) test at their

respective level of error. Homogeneity test also performed before combined over locations.



2.3 Result and Discussion

Potato tuber yield was varied significantly (P<0.01) in response to the main effects of organic
treatments and crop rotation systems. Similarly, it was significantly influenced by the interaction

of organic treatment and crop rotation in each site and in combined over sites from 2013-2015.

Organic treatments were significantly (P<0.05) affected the potato tuber yield in 2013 (Table
2.1). The highest marketable and total potato tuber yields were recorded at 5 t/ha FYM + 2.5 t/ha
FSM at both sites and in combined over sites. The marketable tuber yield (14.32 t/ha) was
maximum on station plots. Similarly, application of 5 t/hha FYM + 2.5 t’ha FSM showed
maximum marketable yield of 14.09 t/ha and 14.20 t/ha at on-farm conditions and in combined
over the sites, respectively (Table 2.1). The marketable tuber yield in the station is a bit higher
than that of on-farm condition due to the variation in initial soil conditions. In addition, the total
tuber yields of potato were increased with the same scenario as the marketable yield. FYM at 5
t/ha + 2.5 t/ha FSM was showed the highest total potato tuber yield (14.69 t/ha) on the station.

Similarly, the total tuber yields of 14.49 and 14.59 t/ha were also superior at on-farm and in



combined over sites, respectively. Following this treatment, FYM at 5 t/ha showed better potato
tuber yield with 11.32 t/ha at on-station; 13.49 t/ha at on-farm and 12.04 t/ha in combined over
sites. The unfertilized control showed the minimum total potato tuber yield of 4.26, 6.71 and
5.49 t/ha at the station, on-farm and in combined over sites, respectively. The total tuber yield at

a combination of manure increased by 165% compared to that of the unfertilized control.

The increase in potato tuber yield at 5 t/ha FYM + 2.5 t’ha FSM was due to the availability of
more concentration of soil nutrients at the maximum level of organic treatments. The
combination of manure contained the greatest quantity of 121, 40.5 and 73 t/ha of NPK,
respectively, of soil nutrients compared to the lower levels (Appendix Table 1). The lowest yield
on unfertilized control showed that the initial soil conditions were poorer to achieve modest

potato tuber yield in Gusha soil conditions (Table 2.1).

Similarly, the increasing level of organics treatments and crop residue were measurably
increased the marketable and total tuber yield of potato in 2014 (Table 2.1). Thus, application of
5t/ha FYM + 2.5 t/ha FSM resulted in the highest marketable tuber yield of 22.4, 24.4 and 23.36
t/ha at the station, on farm and in combined over sites, respectively. Like ways, the highest total
potato tuber yields of 23.5 t/ha at station; 25.5 t/ha at on-farm and 24.52 t/ha in combined over
sites were recorded at 5 t/ha of FYM + 2.5 t/ha FSB. Following this treatment, FYM at 5 t/ha
that have 60, 33 and 50 t/ha of NPK, respectively, showed greater total potato tuber yield of
22.60 t/ha at station; 23.30 t/ha at on-farm and 22.92 t/ha in combined over sites. The unfertilized
control showed the lowest total tuber yield of 11.2, 10.8 and 10.8 t/ha potatoes at station, on-

farm and in combined over sites, respectively.

Furthermore, the variation in levels of organic treatments significantly (P<0.05) affected the
tuber yield of potato at both sites and in combined over sites in 2015. Farmyard manure at 5 t/ha
+ 2.5 t/ha of FSB demonstrated the highest marketable tuber yield (29.52 t/ha) at the station.
Similarly, the marketable yield of 29.64 t/ha was the greatest at on-farm conditions. The
markatable yield (29.57 t/ha) recorded was also highest in combined over sites compared to
other treatments in previous year. The trends of total potato tuber yields were similar to the

marketable yield of potato. Total potato tuber yield of 31.43 t/ha was the largest at the station. In



the same way, the total tuber yield of 31.55 t/ha was the biggest at the on-farm condition.
Similarly, total tuber yield of 31.49 t/ha was the greatest in combined over sites. However, the
unfertilized control showed the minimum marketable tuber yields of 11.9, 12.16 and 12.01 t/ ha

at the station, on-farm and in combined over sites, respectively.



Table 2.1: Main effects of organic treatments on potato tuber yields (t/ha) over sites and years in Gusha Shinkurta Rural Village, Awi

Zone, Northwest Ethiopia

Organic On-station On-farm Over sites combination
Year roatments MTY UMTY TTY MTY UMTY TTY MTY UMTY TTY
V1 3.64° 0.63 4.26° 6.14° 0.58 6.71° 4.89d° 0.60° 5.49°
V2 6.59% 0.15¢ 6.74° 10.34° 0.50 10.84° 8.47° 0.32° 8.79°
2013 V3 10.97° 0.35° 11.32° 13.01° 0.48 13.49°% 11.98° 0.41" 12.40b
V4 14.32° 0.38° 14.69% 14.09% 0.40 14.49% 14.20° 0.39 14.59°%
SL *%* *%* *%* *%* ns *%* *%* *%* *%*
SE (d)+ 0.83 0.06 0.81 0.88 0.04 0.88 1.04 0.08 1.04
CV (%) 1457 13.93 13.47 11.94 141 11.33 15.86 17.71 15.11
V1 9.60° 1.60° 11.20° 8.60° 1.76° 10.4° 9.11¢ 1.69% 10.8°
V2 14.90° 1.80° 16.70° 14.50° 1.86° 16.4° 14.71° 1.83° 16.5°
2014 V3 21.10° 1.50° 22.60° 21.60° 1.73 23.3° 21.30° 1.61° 22.92°
V4 22.40° 1.20° 23.50° 24.40° 1.15° 25.5° 23.36° 1.16° 24.52°
SL * *%* *%* * *%* * *%* *%* *%*
SE (d) + 1.18 0.18 1.22 0.89 0.14 0.92 1.07 0.16 1.12
CV (%) 9.80 16.70 9.30 7.30 12.30 6.90 9.10 14.7 9.60
V1 11.9¢ 2.18° 14.08° 12.16¢ 213 14.27¢ 12.01¢ 2.14° 14.18¢
V2 17.66° 1.96% 19.70° 15.82° 2.02% 17.85° 16.73° 2.01° 18.77°
2015 V3 23.44° 2.03° 25.41° 22.46° 2.01%® 24.47° 22.95° 1.96% 24.94°
V4 29.52° 1.91° 31.43° 29.64° 1.90° 31.55° 29.57° 1.90° 31.49°
SL *%* *%* *%* * *%* *%* * *%* *
SE (d) + 0.09 0.76 0.80 0.09 0.53 0.51 0.10 0.36 0.52
CV (%) 6.73 9.46 5.00 6.38 6.95 3.44 6.76 5.73 7.02

V1=0thaFYM; V2 =25thaFSB; V3=5t/haFYM; V4=5thaFYM + 2.5 t/hha FSB; MTY= marketable tuber yield; UMTY = unmarketable tuber yield; TTY = total

tuber yield; SL = Significant level; ns = non-significant; ** = highly significant at P<0.01; * = significant at P<0.05



In general, the total tuber yields of potato were the highest at the highest level of organic
treatments and the lowest at the lowest level of organic treatments. This was because of the
availability of high amount of soil nutrients from the combination manure. The combination of
manure at 5 t/ha FYM + 2.5 t/ha FSM contains the highest amount of soil nutrients with 121,
40.5 and 73 t/ha of NPK, respectively, than other treatments (Appendix Table 1). Several
research reports supported the importance of organic fertilizer in replenishing the.degraded soil
in potato yield. According to Swadija (2013) the highest total tuber yield of 23.49 t/ha was
obtained by application of 6.5 t/ha of FYM.. Similarly, Amir et al. (2012) argue that the tuber
yield of potato was increased by increasing the level of FYM, but inereasing the application
above 20.9 t/ha did not increase the tuber yield. This is also supported by.Najm et al. (2013) who
showed that potato tuber yields of 20 t/ha were the highest;at 15 t/ha of FYM. Amber et al.
(2011) also showed the yield attributing characters of potato:significantly. augmented by annual
application of organic treatments and showed the highest increasesat higher rate of organic
fertilizer compared to unfertilized control. Furthermore, Amir et al. (2006) also suggested that
maximum tuber yield of 35.34 t/ha was recorded at maximum rates of farmyard manure ( 20
t/ha) whereas amounts of tuber yields of 25 t/ha-were the minimum at the lower rate of FYM at 5
t/ha. Consistent with this suggestion, ‘Stefano et al. (2010) confirmed that potato preceded by

clover showed 35% yield increase than winter wheat.

Unlike the main effect of organic treatment, crop rotation system did not bring about significant
(P<0.05) difference on the marketable and total yield of potato in 2014 (Table 2.2). However,
relatively higher total potato tuber yields of 18.8 t/ha and 18.9 t/ha of potato were recorded when
potato followed after sole lupine (R2) at on-station and on-farm, respectively. The same rotation
system recorded 18.85 t/ha in ccombined over sites. However, the rotation system of potato after
wheat under sowing lupine showed the lowest total tuber yield of 18.2.18.8 and 18.55 t/ha at the
station, on farm and in combined over sites, respectively. A similar scenario was recorded on the
unmarketable yield of potato (Table 2.2). Potato after sole lupine has showed the highest total

tuber yield at both sites and in combined over sites.



Table 2.2: Main effects of crop rotation on potato tuber yields (t/ha) over sites and years in Gusha Shinkurta Rural Village, Awi Zone,
Northwest Ethiopia

Cro On-station On-farm Over sites combination
Year . P MTY UMTY TTY MTY uUMTY TTY MTY uMTY TTY
rotation system
R1 16.69 152 18.2 17.28 1.60 18.80 17.00 1.56 18.55
2014 R2 17.27 153 18.8 17.25 1.65 18.90 17.26 1.59 18.85
SL *x *x **k **k * **k * *x **k
SE (d) + 1.18 0.18 1.22 0.89 0.14 0.92 1.07 0.16 1.12
CV (%) 9.80 16.70 9.30 7.30 12.30 6.90 9.10 14.7 9.60
R3 22.00% 2.03 24.02° 21.81° 2.04 23.81% 21.9° 2.00% 23.91%
2015 R4 19.25" 2.01 21.29° 18.21° 1.99 20.26" 18.73" 2.04° 20.77°
SL * ns **k * ns **k * * *
SL *x *x **k * **k **k * *x *
SE (d) + 0.09 0.76 0.80 0.09 0.53 051 0.10 0.36 0.52
CV (%) 6.73 9.46 5.00 6.38 6.95 3.44 6.76 5.73 7.02

R1 = wheat under sown lupine-potato; R2 = lupine-potato, R3 = wheat-clover-potato; R4 = clover-wheat under sown lupine-potato; MTY = marketable tuber yield;
UMTY =unmarketable tuber yield; TTY = total tuber yield; SL = significance level; ns = non-significant; ** = highly significant at P<0.01; * = significant at P<0.05



However, crop rotation system significantly (P<0.01) influenced the tuber yield of potato in
2015 (Table 2.2). Potato after clover and wheat (R3) showed the highest marketable and total
potato tuber yields than potato after wheat under sown lupine and clover. At the station, the
highest marketable potato tuber yield (22 t/ha) was recorded when potato was after clover and
wheat. Similarly, the marketable yield (21.81 t/ha) recorded at R3 was maximum at on-farm
conditions. Tuber yields in combined over sites showed similar trends as the individual sites
where the marketable yield (21.9 t/ha) was higher than other treatments. However, the lowest
marketable yields of 19.25 18.21 and 18.73 t/ha were recorded when potato was after wheat
under sown lupine and clover (R1) at the station, on-farm and combined over sites, respectively.
Similar scenario was observed on total tuber yield of potato. Potato after clover and wheat
rotation system showed the highest total potato tuber yields of 24.02, 23.81 and 23.91 t/ha at
station, on-farm and combined over location, respectively. However, potato after wheat under
sown lupine and clover (R1) showed the lowest total tuber yields of 21.29, 20.26 and 20.77 t/ha

at station, on-farm and in combined over sites, respectively.

The results indicate that planting of green manure crops especially clover as preceding crop
enhances soil nutrients and improves potato yield tremendously. This is in agreement with the
research results of Malihe et al. (2015) who reported that green manure as preceding crop
improved the tuber yield of potato by improving the fertility and ameliorating soil physical
properties. Similarly, Eugenija et al. (2014) reported that maximum tuber yield of potato was
obtained after clover than barley rotation system. Malihe et al. (2015) also found that potato
plants grown in plots following common vetch and faba bean produced 12.7% and 15.0% more
tuber vyield, respectively, compared with that of winter wheat. Similarly, Stefano et al .(2010)
indicated that clover green manure and farmyard manure substantially increased the total yield
by 22.5% and 25.1%, respectively, over the untreated control. Similarly, Sanderson and Macleod
(1993) reported that tuber yields were the lower following barley than following lupine green

manure.

Like the main effects of organic treatment, the interaction effect of organic treatment and crop
rotation system showed significant (P<0.001) difference on tuber yields of potato in 2014 and
2015 (Table 2.3). The highest marketable and total tuber yield of potato were recorded at the



combination of 5 t/ha of FYM + 2.5 t/ha FSB with potato after sole lupine (R2V4) compared to
all other treatment combinations in 2014. The total tuber yields of 24.2, 25.4 and 24.8 t/ha at on-
station, on-farm and in combined over locations, respectively, were the highest by any standards
compared to other treatment combinations. Marketable yield also showed similar trend to the
total yield of potato (Table 2.3). However, the interaction of unfertilized control and wheat under
sown lupine showed the smallest tuber yield in both sites and in combined over sites. The total
tuber yields of 10, 11 and 10.5 t/ha at station, on-farm and combined over location, respectively,
were lower by any standards. In general, an increase in potato tuber yield due to variation in
cropping system and rate of manure indicted that soil properties improved by the system of soil
fertilization. This was because of the availability of the highest amount of soil nutrients from the
interaction of 5 t/ha of FYM + 2.5 t/ha FSB and due to the fact that potato was after sole lupine
with superior quantity of 179, 50.3 and 99.4 kg/ha of NPK, respectively, than other treatments
(Appendix Table 2).



Table 2.3: Interaction effects of organic treatments and crop rotation on potato tuber yields (t/ha) over sites in Gusha Shinkurta Rural
Village, Awi Zone, and Northwest Ethiopia

Crop Organic On-station On-farm Over sites combination
rotation Treatment MTY UMTY TTY MTY UMTY TTY MTY UMTY TTY
Year system
R1 V1 9.40° 1.60° 11.00° 8.20" 1.60° 10.00° 8.80" 1.60® 10.50¢
V2 14.80° 1.90% 16.60° 14.60° 1.80° 16.40° 14.72° 1.80° 16.50°
V3 20.80° 1.40® 22.30° 21.80° 1.40%® 23.40° 21.40° 1.50° 22.80°
V4 21.60° 1.40° 22.90° 24.40° 1.20° 25.50° 23.00° 1.17° 24.20®
2014 R2 V1 9.70° 1.60° 11.40° 8.90" 1.70° 10.70° 9.30¢ 1.70® 11.00¢
V2 15.00° 1.70° 16.80° 14.40° 1.80° 16.30° 14.70° 1.80° 16.55°
V3 21.20° 1.50% 22.80% 21.30° 1.50° 23.10° 21.30° 1.60% 22.90°
V4 23.00° 1.10° 24.20° 24.30° 1.10° 25.40° 23.60° 1.15° 24.80°
SL **k *x **k *x * **k * *x **k

SE (d) + 1.18 0.18 1.22 0.89 0.14 0.92 1.07 0.16 1.12

CV (%) 9.80 16.70 9.30 7.30 12.30 6.90 9.10 14.7 9.60
R3 V1 12.7° 2.16° 15.07" 13.50¢ 2.06® 15.607 13.29 2.12® 15.31°
V2 18.67° 2.02° 20.70° 16.55° 1.97% 18.52¢ 17.61° 2.04%¢ 19.61¢
V3 23.92" 1.95" 25.87° 23.19° 2.02% 25.22° 23.55° 1.98%¢ 25.53°
2015 V4 32.54° 1.90° 34.45° 34.02% 1.87° 35.90° 33.28° 1.87° 35.15°
R4 V1 10.90° 2.20° 13.10¢ 10.77" 2.14%® 12.95" 10.83" 2.17° 13.02"
V2 16.64° 2.05%¢ 18.70e 15.09" 2.07% 17.17f 15.87" 1.96%¢ 17.92¢
V3 22.97° 1.97* 24.95° 21.72¢ 2.00%° 23.72¢ 22.34¢ 1.98%¢ 24.32°
V4 26.5 1.92" 28.42° 25.28° 1.93" 27.17° 25.88° 1.91™ 27.81°
FP 15/29% 2.10%® 17.40° 12.93¢ 2.12° 16.95 15.06° 2.11%® 17.17¢

SL **k *x **k * *x **k * *x *
SE (d) + 0.09 0.76 0.80 0.09 053 0.51 0.10 0.36 052
CV (%) 6.73 9.46 5.00 6.38 6.95 3.44 6.76 5.73 7.02

R1 = wheat under sown lupine-potato; R2 = lupine-potato; R3 = wheat-clover-potato; R4 = clover-wheat under sown lupine-potato; FP = wheat-fababean-potato;V1= 0
t’hhaFYM; V2 =25 thaFSB; V3 =5 t/ha FYM; V4 =5 tha FYM +2.5 t/ha FSB; MTY = marketable tuber yield; UMTY = unmarketable tuber yield; TTY = total tuber
yield; SL = significance level; ns = non significant; ** = highly significant at P<0.01; * = significant at P<0.05



Similarly, during 2015 growing season, the interaction (M x T) effects of organic treatment and
crop rotation system showed significant (P<0.001) difference on tuber yield of potato (Table
2.3). Maximum marketable and total tuber yield were recorded at the highest levels of organic
treatment and sound crop rotation system and become the minimum on unfertilized control and
less sound rotation systems. The highest marketable potato yield (32.5 t/ha) was recorded at the
interaction effects of 5 t/ha FYM + 2.5 t/ha FSM and potato after clover and wheat at the station.
Incoherent with the station, marketable yield (34.02 t/ha) was also highest at on-farm conditions.
Similarly, the marketable yield (33.28 t/ha) was the peak in combined over sites. Following this
treatment, the interaction effects of 5 t/ha FYM + 2.5 t/ha FSM and potato after wheat under
sown lupine and clover showed the highest marketable yield of 26.5, 25.28 and 25.88 t/ha at the
station, on farm and combined over sites, respectively. However, minimum marketable tuber
yield was recorded on the interaction effects of unfertilized control and potato after wheat under

sown lupine and clover rotation system (Table 2.3).

The total tuber yield of potato also varied with the same trend to the marketable yield of potato.
The highest total potato tuber yield (34.45 t/ha) was recorded at the interaction effects of 5 t/ha
FYM + 2.5 t/ha FSM and potato after clover and wheat (R3V4) in the station. In the same way,
the total tuber yield (35.90 t/ha) recorded was maximum at on-farm conditions. The combined
over sites still showed the highest total tuber yield (35.15 t/ha) compared to other treatment
combinations. Following the above treatment, the interaction effects of 5 t/ha FYM + 2.5 t/ha
FSM and potato after clover and wheat (R4V4) showed greater total potato tuber yield next to
R3V4. The total tuber yields were 28.42, 27.17 and 27.81 t/ha at the station, on-farm and
combined over sites, respectively. However, the interaction effects of unfertilized control and
potato after wheat under sown lupine and clover (R2V1) rotation systems showed the lowest
total tuber yield of 13.1, 12.95 and 13.02 t/ha at the station, on-farm and combined over sites,
respectively. The harvesting of the highest yield at the higher rate of organic treatment and
potato immediately after clover enriched the soil with nitrogen and other nutrients to fulfill the

nutrient demand of the crop (Appendix Table 3).

In general, the yield of potato showed increasing trends in response to organic treatments and

crop rotation system year after year (Figure 2.1). Tuber yields of potatoes were the lowest in the



first year, intermediate in the second and hit the highest in the third year across each treatment.
For example, the maximum level of organic treatment that showed the highest potato tuber yield
across all years produced the lowest potato tuber yield (14.59 t/ha) in the first year. An
intermediate potato tuber yield (24.8 t/ha) when preceded by sole lupine in the second year and
showed maximum potato tuber yield (35.15 t/ha) when integrated with potato after clover and
wheat rotation system in the third year. The yield advantage of the third season increased by

140% and 41% compared with the yield of potato in the first and the second year, respectively.
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V1= 0 t/ha FYM; V2 = 25 t/ha FSB; V3 =5 t/ha FYM; V4 =5 t/ha FYM +2.5 t/ha FSB; R1= wheat under sown lupine-
potato; R2 = lupine-potato, R3 = wheat-clover-potato; R4 = clover-wheat under sown lupine-potato

Figure 2.1: The total tuber yield:trend of potato (t/ha) in response to organic treatments and
rotation system from 2013 to 2015

The appreciable increasing trend of potato yield over the three years arguably generalized due to
the carryover effects of the annual application of organic inputs and residue from rotation
system. This results is in line with Manoj et al. (2013) who reported that long-term organic
treatment either from the preceding crop or FYM improves steadily potato yield over the years
with the lowest at the beginning of project phase and the highest at the end of the fifth year.
Similarly, Fan et al. (2005) showed that long-term additions of organic materials definitely
arrested potato yield declines and improved yield year after year. Furthermore, Amber et al.

(2010) reported that tuber yield of potato significantly increased year after year through



applications of composted dairy manure and proper rotation system. Comparable yield trend also
observed in many of field and garden crops including wheat. Mando et al. (2005) demonstrated
greater grain and straw yields of wheat recorded on long-term manure input than on the
unfertilized control. Similarly, Hatch et al. (2008) in their long-term study demonstrated that
maize straw and grain yield showed the largest increase at the end of long term manure

fertilization.

2.4 Conclusion and Recommendations

The variation in the level of organic manure and crop rotation system and their interaction effects
showed strong influence on tuber yield of potato. Application of different levels of organic
treatments influenced the yield of potato differently. Potato tuber yield was the highest at the

maximum level of organic treatments and the smallest at the lowest level of organic treatments.



Similarly, growing of green manures as a preceding crop substantially improved the yield of
potato. Potato tuber yield was greater when potato was planted after clover and sole lupine than
under sown of them. In addition, the interaction effects of a combination of manure and sound
crop rotation system synergistically improved the tuber yield of potato. Maximum potato tuber
yield was recorded by the combination of 5 t/ha FYM + 2.5 t/ha FSB with wheat-clover-potato
(R3) rotation system. This was certainly due to the high level of soil nutrient replenishing rate at
the maximum level of organic treatments and sound rotation system. Hence, it could be
concluded that even though, separate application of organic treatment and rotation system has a
positive effect on yield performance of potato, their combined use has more beneficial effect in

improving the potato yield.



CHAPTER 3. EFFECTS OF ORGANIC TREATMENTS AND CROP
ROTATION ON GROWTH AND GRAIN YIELD OF WHEAT (Triticum
aestivum L.) IN THE HIGHLANDS OF ETHIOPIA
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Freyer
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Environmental Sciences, Ethiopia, *University of Hohenheim, Germany,
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ABSTRACT
Concerns on soil fertility degradation were resonating for decades in wheat growing highlands of
Ethiopia. Important physico-chemical properties of the soil have been below the critical level to
support crop growth. Thus, an experiment was initiated to improve the productivity of wheat
through organic treatments and crop rotation systems. Four levels of organic treatments and
annually varied crop rotation systems were arranged factorially and laid out in a completely
Randomized Block Design (RCBD) with four replications. The organic treatments were V1= 0
t/ha farmyard manure (FYM); V2 = 2.5 t/ha fresh sesbania biomass (FSB); V3 =5 t/ha FYM and
V4 =5 t/ha FYM + 2.5 t/ha FSB. Indeed, the planting system of wheat varies from year to year
to investigate the change in wheat yield over years. Thus, in the first year, wheat was planted
with different level of organic treatments in under sown lupine (R1) and along with a sole wheat
(R2) treatment. In the second year, wheat was also planted with different levels of organic
treatments only. In the third year, the rotation systems were R3 = potato-clover-wheat; R4 =
wheat under sown lupine-potato under sown lupine-wheat and R5 = lupine-potato under sown
lupine-wheat. Data on plant height, thousand seed weight and grain yield of wheat were recorded
and analyzed using SAS system. The results demonstrated that grain yields of wheat showed
increasing trends over the period of the three years. Among all, the highest grain yield of wheat
(4.48 t/ha) was recorded at the interaction effect of 5 t’ha FYM + 2.5 t/ha FSB and potato-clover-
wheat rotation system in the third year and could be recommended as alternative soil fertility

management system to attain optimum yield in the high lands of Ethiopia.
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3.1 Introduction

Wheat is one of the most important staple crops in Ethiopia. It ranks fourth after tef, maize and
sorghum in area coverage and the third in total production (CSA, 2016). Annually production
reaches 1.63 million hectare with a total production of 4.2 million tons (CSA, 2016). This makes
the country to be the largest wheat producer in Sub-Saharan Africa. However, the productivity of
wheat (1.8 t/ha) have been by far very low from world average yields of 2.5 t/ha (FAOSTAT,
2013). In Ethiopia, under improved production management, grain yield ranges from 3-6 t/ha at
farmers’ field and went up from 5-7 t/ha at research levels (Bekele Hundie et al., 2000). This
indicates the existing gap between potential yield and yield at farmer’s management level. Quite
a lot of production challenges are responsible for the lowest mean national yield of wheat. Poor
agronomic practice, soil fertility depletion, lack of adaptable variety, poor diseases and weed

control measures are responsible for the lower yield of wheat (Schneider and Anderson, 2010).

Among all, depletion of sail fertility emerged as a critical challenge in wheat grown highlands of
Ethiopia (Tanner and Hulluka, 1991). Similarly, Taye Belachew and Yifru Abera (2010)
confirmed that soils of the highlands of Ethiopia were inherently low in cation exchange
capacity, organic matter, pH, total nitrogen and available phosphorus that requires quite
reasonable intervention options. Furthermore, Mulualem Twodros and Yebo Belay (2015)
showed that the extent of soil fertility problem of the country is accepted without question with

low level of micro and macro nutrients, organic matter, CEC and soil reaction.

Long-term organic soil fertility management and sound rotation system resolve the challenges of
poor soil quality and lower yield of wheat for many years in the various part of the world.
According to Moharana et al. (2012) organic manure input unquestionably sustains crop
production, maintaining soil quality and should be involved in the nutrient management of
intensive cropping system. Different research outputs have showed that the long-term organic
amendment definitely improving wheat yield. According to Zha et al. (2015), long-term organic
manure fertilization of 10 t/ha elevated wheat yield to 4.58 t/ha while it was 2.02 t/ha on

unfertilized control. Similarly, Der et al. (2013) showed that organic manure increased grain
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yield of wheat by 23.2%, compared to unfertilized treatment. Besides, Muhammad et al. (2008)
showed that organic manure’s application increased the wheat yield by 105 % relative to the
control. All other growth parameters such as plant height, number of tillers, spike length, straw
yield, grain yield and a thousand grain weights all were statistically different from that of

control.

In addition, the effect of including legume in the rotation system in improving wheat yield is
quite tremendous. According to Talgre et al. (2009) the yield of spring wheat on wheat to wheat
rotation system was only 2.12 t/ha but an extra yield of 1.45 t/ha was recorded after lucerne as a
preceding crop. Similarly, Garofalo et al. (2009) reported that the yield increase of wheat
following faba bean was above 12% but this effect was went up to 135 % in drier years. In line
with these reports, Dayegamiye et al. (2015) demonstrated that legumes have significantly
increased yields of wheat by 35 %. Ali and Abbas (2015) also showed that legumes as preceding
crop had significantly elevated grain yield (5.1 t/ha) from wheat-wheat (3.18 t/ha) rotation
systems. Furthermore, Hayat and Ali (2010) demonstrated that legumes certainly increased the

biomass and grain yield of succeeding wheat by 18% over non-legume sorghum.

Despite, the community of the study locality strongly suffered from reduced level of wheat yield
owing to the low-level soil nutrients. Inorganic fertilizer sources believed stereotypically as a
means to achieve modest yield of wheat in the district. However, over-relaying on inorganic
fertilizers further dwindle the important soil physico-chemical properties and grain yield of
wheat. Only mean wheat yield of 2 t/ha has been recorded in the district using inorganic fertilizer
(CSA, 2007). To fill the gap, numerous alternative techniques can be adapted and integrated at
smallholder farmers’ condition. Organizing sound rotation system that includes legume and
careful use of locally available organic manure could be the best alternatives options at Awi
Administrative Zone. Hence, the objective of the study was to evaluate the effect of organic
manures and sound crop rotation system on the productivity of wheat in the high lands of Awi

Zone of Ethiopia.
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3.2 Materials and Methods

3.2.1 Descriptions of the study area

The present study was carried out both at on-station and on-farm in Gusha Shinkurta rural village
of Guagusa District, Awi Zone from 2013 to 2015. The biophysical characteristics are described

in chapter I, sub-sub section 1.5.1.

3.2.2 Treatments, design and procedures

Four levels of organic treatments and annually varied crop system were arranged factorially and
laid out in a completely Randomized Block Design (RCBD) with four replications. The organic
treatments include V1 = 0 t/ha FYM; V2 = 2.5 t/ha FSB; V3 =5 t/ha FYM and V4 =5 t/ha FYM
+ 2.5 t/ha FSB. Indeed, the planting system of wheat varies from year to year to investigate the
change in wheat yield over years. Thus, in the first year, wheat was planted with different level
of organic treatments in under sown lupine (R1) and sole wheat (R2) forms. In the second year,
wheat also planted with different levels of organic treatments only. In the third year, the rotation
systems include R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown
lupine-wheat and R5 = lupine-potato under sown lupine-wheat. Bread wheat variety “Tay”” was
drilled at seeding rates of 150 kg/ha in 20 cm distant between rows and covered with thin layer
of soil (Dawit Dalga et al., 2014). Gross size of experimental plots was 3 X 3 m (9 m?) with net
plot area of 2.6 X 2.8 m (7.28 m?). Adjacent plots within replications separated with 0.5 m wide
paths, while distance between replications was 1 m. As per the treatments and the design,
manures were uniformly surface broadcasted and then incorporated within 20 cm soil depth two
weeks before planting. The biomasses of clover and lupine were also incorporated into the soil at
their 50% flowering growth stages. Samples of the different sources of manure were taken and

analyzed to determine at least their NPK contents and the results presented in Table 5.2.
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3.2.3 Agronomic data collection and analysis

Data on plant height, thousand seed weight and grain yield of wheat were measured timely
following their respective standard methods and subjected to analysis of variance (ANOVA)
using General Linear Model (GLM) procedures SAS version 9.1 (SAS, 2002). For parameters
whose ANOVA results showed significant differences between treatments, mean separation done
using Least Significant Difference (LSD) test at their respective level of significance used for

analysis of variance. Homogeneity test also performed before combined over locations.
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3.3 Result and Discussion

The main effect of organic treatment and crop rotation system as well as their interaction
significantly (P<0.01) influenced the growth parameter and grain yield of wheat in each site and
combined over sites (Table 3.1;Table 3.2 and Table 3.3).

3.3.1 The effect of organic treatments on wheat

The main effects of organic treatments showed significant difference (P<0.01) on plant height,
thousand-seed weight and grain yield of wheat in 2013. Increasing the level of organic treatment
undoubtedly increased the plant height (PH), thousand-seed weight (TSW) and grain yield (GY)
of wheat (Table 3.1). The greatest PH, TSW and GY of wheat were recorded at the 5 t/ha FYM +
2.5 t/ha FSB (V4) in each site and combined over sites. The tallest PH of 72.5, 67.81 and 69.15
cm were recorded at on-station, on-farm and in combined over sites, respectively. Similarly,
TSW of wheat were the maximum at on-station (39.50 g), on-farm (42.12 g) and in combined
over sites (40.82 g) compared to all other treatments. The grain yields of wheat were also
following similar trend like PH and TSW of wheat. The grain yield of 1.73 t/ha was the
maximum at on-station conditions (Table 3.1). Similarly, the grain yields of 1.41 t/ha was the
greatest at on-farm conditions. Like to the individual sites, the grain yield of 1.59 t/ha was also
the maximum in combined over sites. However, the smallest PH, TSW and GY of wheat
recorded on the unfertilized control (V1). The PH, TSW and GY of wheat of the rest treatments
lay between V4 and V1.

The increment in PH, TSW and GY of wheat in response to increased rates of organic treatments
attributed to the availability of optimum nitrogen, phosphorus and other nutrients for maximum
growth of wheat. As depicted in Appendix Table 4, the nutrients obtained from the highest level

of organic treatment were by far greater compared to the lower levels and unfertilized control.
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Table 3.1: The main effects of organic treatments on the growth and grain yield of wheat over sites and years in Gusha Shinkurta Rural
Village, Awi Zone/Northwest Ethiopia

Organic On-station On-farm Over sites combination
Year trea?mems PH TSW GY PH TSW GY PH TSW GY
(cm) @ (t/ha) (cm) ()] (kg/ha) (cm) ()] (kg/ha)
\Z1 48.12° 32.12° 0.96¢ 40.50° 32.87° 0.74¢ 43311 32.5 0.85°
V2 55.75° 35.75°¢ 1.06° 53.12° 36.12° 1.08° 53.93° 35.93° 1.07°
2013 V3 62.75° 37.62° 1.26° 58.87° 38.75° 1.25° 60.81° 38.18" 1.26°
V4 72.50° 39.50° 1.73¢ 67.81° 42.12° 1.41° 69.15° 40.81° 1.59°
SL * %k * %k ** * *x **k * * *x
SE (d) + 2.96 1.28 58.72 2.66 1.98 22.47 3.17 1.9 40.2
CV (%) 7.5 5 8 6.98 7.41 7.59 8.1 7.3 11.02
V1 60.00° 35.25° 1.71° 52.85° 40.00° 1.53° 56.42° 37.62° 1.62°
V2 71.27° 40.25® 2.52° 62.85¢ 41.25® 2.04° 67.06° 40.75™ 2.28°
2014 V3 78.15% 43.00° 2.97° 70.75° 44.75° 2.65" 74.452 43.87° 2.81°
V4 80.80° 4350° 3.22° 77.07™ 45 50 3.18° 78.93% 44 50 3.20°
SL * %k * %k ** *x *x *x **k * *x
SE (d) + 2.96 1.28 58.72 2.66 1.98 22.47 3.17 1.9 40.2
CV (%) 75 5.0 8.0 6.98 7.41 759 8.1 73 11.02
V1 77.50° 37.92° 1.80° 68.89° 37.29° 1.69° 73.20° 37.61° 1.74°
V2 81.59° 41.48° 2.48° 75.15° 39.66° 2.54° 78.37° 40.58° 2.48°
2015 V3 83.07" 42.48° 3.48° 76.84° 40.91° 3.03 79.96° 41.70° 3.23
V4 87.82° 48.42° 4.27° 83.87% 46.75% 3.67° 85.85°% 47 59 4.00°
SL **k **k **k *x *x **k **k *x *x
SE (d) + 26 1.28 81.89 37 17 1.093 3.62 1.06 68.34
CV (%) 6.61 4.25 4.13 6.78 5.83 5.68 6.7 507 495

V1=0thaFYM;V2=25t/haFSB; V3 =5thaFYM; V4 =5thaFYM +2.5 t/ha FSB; PH = plant height; TSW = thousand seed weight; GY = grain yield; SL =
significant level; ns = non-significant; ** = highly significant at P<0.01 and * = significant at P<0.05
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Similarly, the main effects of organic treatments significantly (P<0.01) influenced the PH, TSW
and GY of wheat in the second year (2014). Increasing the levels of organic treatments was
tremendously increasing the grain yield and other growth parameters of wheat. Maximum grain
yield and other growth parameters of wheat recorded from V4 at both sites and in combined over
sites (Table 3.1). Thus, PH of 80.80 cm was the maximum at station conditions. Similarly, PH of
77.07 cm was the highest at on-farm conditions. Aligned with the sites, the PH of 78.93 cm was
the maximum in combined over sites. Thousand-seed weights were also highest as plant high of
wheat. The highest TSW recorded at V4 in all sites and combined over sites (Table 3.1). Grain
yield of wheat was also acting similarly to the plant height and a thousand-seed weight of wheat.
The GY of 3.22, 3.18 and 3.20 t/ha were the maximum at the station, on-farm and in combined
over sites, respectively. However, the lowest grain yield and other growth parameters of wheat

recorded on unfertilized control.

This attributed to the availability of the highest quantity of soil nutrients from the combination of
manure and previous year carryover effects. The combination of manure contained the greater
quantity of 147.5, 44.4 and 84.5 kg/ha of NPK, respectively, than other treatments (Appendix
Table 5). In addition, FYM at 5 t/ha (V3) showed greater grain yield of wheat following the
combination of manure following (V4). Highest wheat grain yield of 2.97 t/ha was recorded at
station conditions. Unweaving with the station, the wheat grain yield of 2.65 t/ha produced was
relatively higher at on-farm conditions. The grain yield of 2.81 t/ha was also superior in
combined over sites. This owing to the availability of the greater amount of soil nutrients of
82.78, 35.86 and 59.1 kg/ha of NPK' respectively, following V4 (Appendix Table 5). However,
the unfertilized control showed the lowest grain yield of 1.71, 1.53 and 1.62 t/ha, at the station,
on-farm and in combined over sites, respectively. The highest PH, TSW and GY of wheat
observed from V4 were attributable to the continuous supply of high level of soil nutrients

throughout the developmental stages of the crop.

Furthermore, the main effect of organic treatments significant (P<0.01) affected the grain yield
and other growth parameters of wheat in 2015. Grain yield and other growth parameters of wheat

increased as the level of organic treatments increased (Table 3.1). Hence, V4 showed the highest
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level of grain yield as other growth parameters of wheat. Thus, the GY (4.27 t/ha), PH (87.82
cm) and TSW (48.42 g) were the highest at the on-station conditions. Similarly, to the station,
the GY (3.67 t/ha), PH (83.87 cm) and TSW (46.75 g) of wheat were the highest at on-farm
conditions. As to the individual sites, the GY (4.00 t/ha), PH (85.85 cm) and TSW (47.59 g) of
wheat were the highest in combined over sites. However, the unfertilized control demonstrated
the lowest GY (1.74 t/ha), PH (73.20 cm) and TSW (37.61 g) of wheat in combined over sites.

The increase in grain yield and other growth parameters were due to the availability of the
greatest level of soil nutrients of 120.50, 40.5 and 73.0 kg/ha of NPK, respectively. The results
demonstrated that organic manures from either of the sources benefit the wheat plant to stay
without nutrient deficiency throughout the growing period and resulted in enhancing the grain
and biological yield of wheat. The result is consistent with that of Zha et al. (2015) who found
that long-term organic manure fertilization has elevated wheat yield to 4.58 t/ha while it was
2.02 t/ha on unfertilized control. Similarly, Der et al. (2013) showed that organic manure
increased grain yield of wheat by 23.2% compared to unfertilized treatment. In addition,
Muhammad et al. (2008) showed that organic manure at 30 t/ha application resulted 28% more
grains of wheat over control. Hayat and Ali (2010) reported that higher yield of wheat on green
manure is due to the improvement in soil properties and high nitrogen recovery from manures.
Besides, Ram et al. (2014) showed that the highest increase in productivity, grain quality and
nutrient uptake were recorded with the combined application of green and farmyard manure at

4.5 t/ha in rice-wheat cropping system.

In general, plant height, thousand-seed weight and grain yield of wheat were showed an
increasing trend from year to year. The yield and growth parameters of wheat were the lowest in
2013, intermediate in 2014 and placed the highest in 2015. The highest level of yield increment
was recorded at V4 which were 1.59, 3.20 and 4.00 in 2013, 2014 and 2015, respectively, in
combined over locations. The yield advantage of the third season were increased by 101.25%

and 25% compared with the yield of wheat in the first and the second year, respectively.
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3.3.2 The effect of rotation on wheat

The main effect of cropping patterns significant (P<0.01) affected the PH, TSW and GY of
wheat at both sites and in combined over sites in 2013. PH, TSW and GY of wheat were greater
in sole wheat (R1) than wheat under-sowing lupine (R2) planting pattern (Table 3.2). R1 was
showing the highest PH (60.56 cm) at the station. Similar to the station, PH (56.84 cm) and (58.7
cm) were the highest at on-farm and in combined over sites, respectively. Similar to PH, the
highest GY demonstrated in R1 than R2. The GY of 1.32, 1.16 and 1.24 t/ha were the highest at
the station, on-farm in combined over sites, respectively. However, the GY of wheat in R2 of
1.19, 1.09 and 1.14 t/ha at the station, on-farm and in combined over sites, respectively, were the
minimum compared to its contestant. A thousand-seed weight of wheat was also highest as other
growth parameters in each site and combined over sites (Table 3.2). TSW of wheat were the
highest at R1 than R2 planting pattern. The increased in PH, TSW and GY of wheat at R1 were
that a competition for farm resource among plants was definitely lower on sole lupine than in
under sown forms. The present finding supported by the results of Prasad and power (1991) who
reported competition for light water and nutrients was severe in mixed crop communities than

sole crops.
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Table 3.2: Main effects of crop rotation on the growth and grain yield of wheat over sites and years in Gusha Shinkurta Rural Village, Awi
Zone/Northwest Ethiopia

On-station On-farm Over sites combination
; PH TSW GY PH TSW GY PH TSW GY
Year Rotations
(cm) (@ (t/ha) (cm) (@ (kg/ha) (cm) ()] (kg/ha)
R1 60.56 2 37 .00° 1.32° 56.84% 38.192 1.16° 58.70° 37.59° 1.24°
2013 R2 57.50° 35.50° 119 53.313° 36.75" 1.09 55.40 " 36.12° 1.14b
SL *x *x *x * *x *x * * **k
SE (d) + 2.96 1.28 58.72 2.66 1.98 22.47 3.17 1.9 40.2
CV (%) 7.5 5 8 6.98 7.41 7.59 8.1 73 11.02
R3 84.65a 44.00° 3.26° 79.21° 42.81° 3.02° 81.93° 43.41° 3.14%
2015 R4 80.33b 41.44° 2.73° 74.40° 39.93° 251° 77.37° 40.69° 2.62°
R5 72.50¢c 42.28° 2.99° 74.95° 40.71° 2.66" 78.73° 41.50° 2.83°
SL *x *x *x **k *x *x ** **k **k
SE (d).+ 26 1.28 81.89 37 1.7 1.093 3.62 1.06 68.34
CV (%) 6.61 4.25 413 6.78 5.83 5.68 6.7 507 495

R1 = sole wheat; R2 = wheat under sown lupine; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine lupine-wheat; R5 = lupine-potato
under sown lupine-wheat; PH = plant height; TSW = thousand seed weight; GY = grain yield; SL = significance level; ns = non-significant; ** = highly significant at
P<0.01; * = significant at P>0.05
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Similarly, the variation in crop rotation systems (T) significantly (P<0.05) influenced the grain
yield and other growth parameters of wheat in 2015. The highest grain yield and other growth
parameters of wheat were recorded at potato-clover-wheat (R3) (Table 3.2). Thus, R3 has shown
the highest GY (3.26 t/ha) at station conditions. In the same way to the station, the GY of 3.02
and 3.14 t/ha were the highest at on-farm and in combined over sites, respectively. Plant heights
of wheat were also showed similar fashion like the grain yield of wheat. The PH of 84.65, 79.21
and 81.93 cm were also the tall est at station, on-farm and in combined over sites, respectively, at
R3. In the same way, TSW and PH were also the highest at R3. This is because of the harvesting
of an additional level of soil nutrients from preceding crop. Wheat after clover and potato (R3)
offer additional soil nutrients of 149.22, 38 and 73 kg/ha of NPK, respectively. However, the
lowest grain yield and other growth parameters of wheat was recorded at wheat after potato
under sown lupine and wheat under sown lupine rotation patterns (R4). The difference in grain
yield and other growth parameters between rotations patterns were showed that the influence of
the rotation patterns was greater to bring significant change on wheat grain yields. This is
particularly true when clover immediately after wheat. Clover was providing additional nutrient

benefits to the succeeding crop.

Several studies showed that wheat planted following sole legume significantly increased the
grain yield and all other crop growth parameters of wheat. According to Talgre et al. (2009) the
yield of spring wheat was greater by 1.45 t/ha when preceded by clover than rotated by cereals.
Similarly, Dayegamiye and Tran (2001) were demonstrated the greater wheat yield and N
nutrition from clover green manure. Furthermore, Garofalo et al. (2009) reported that the yield
increase of wheat when following a faba bean crop was on average 12%, but this effect was
amplified in drier years up to 135%. Besides, Ali et al. (2015) showed that clover as preceding
crop showed the greater grain yield (5.10 t/ha) than the yield (3.18 t/ha) on unfertilized control.
Studies also showed that legumes with and without P fertilization increased the biomass and
grain yield of succeeding wheat with an increase of 18% over non-legume sorghum (Hayat and
Ali, 2010). In addition, Babulicova (2016) showed that the significantly higher grain yield of
winter wheat was recorded after preceding crop of field pea (6.18 t/ha) by comparison with

winter barley as preceding crop (5.19 t/ha).
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3.3.3 The effects of rotation and organic treatments on wheat

The interaction effects of organic treatments and cropping systems significantly (P<0.01)
influenced the PH, TSW and GY of wheat in 2013. The highest grain yields and other growth
parameters were recorded at the interaction effects of maximum level of organic treatments and
sole wheat (R1V4). However, the interaction effects of the unfertilized control and wheat under-
sowing lupine (R2V1) cropping pattern were the lowest level of grain yield and other growth
parameters. Thus, R1V4 showed the maximum GY, PH and TSW in each site and in combined
over sites. The GY (1.85 t/ha), PH (73.00 cm) and TSW (40.50 g) were the maximum at the on-
station. Similar to the station, the GY (1.55 t/ha), PH (72.12 c¢cm) and TSW (43.25 g) were the
greatest at on-farm conditions (Table 3.3). As to the individual sites, maximum GY (1.68 t/ha),
PH (72.56 cm) and TSW (41.87 g) were the maximum in combined over sites. However, the
lowest GY (0.82 t/ha), PH (43.87 cm) and TSW (32.12 g) were recorded on the interaction
effects of unfertilized control and sole wheat in combined over sites. The sudden reduction in
GY, PH and TSW of wheat were due to the intense competition of wheat and lupine for farm
resources in mixed communities. The present finding supported by the results of Prasad and
power (1991) competition for light, water and nutrients were severe in mixed crop communities

than sole crops.

The interaction of organic treatment and crop rotation pattern also significantly influenced the
grain yield and other growth parameters of wheat in 2015 (Table 3.3). Grain yield and other
growth parameters of wheat were the highest at the interaction effects of the maximum level of
organic treatments and sound rotation patterns. Thus, the highest grain yield and other growth
parameters of wheat were recorded at the interaction effect of FYM at 5 t/ha + 2.5 t/ha FSB and
potato-clover-wheat (R3V4) compared to other treatments. The GY (4.83 t/ha), PH (92.52 cm)
and TSW (52.12 g) were the highest at the station. In a similar way, the GY (4.14 t/ha), PH
(92.67 cm) and TSW (52.00 g) were the highest at on-farm conditions. As its sites, the highest
GY (4.48 t/ha), GY (91.60 cm) and TSW (52.06 g) were maximum in combined over sites.
Following this treatment, the interaction of FYM at 5 t/ha + 2.5 t/ha FSB and lupine-potato

under-sowing lupine-wheat have shown greater grain yield, plant height and a thousand seed
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weight in each site and in combined over sites (Table 3.3). However, the lowest wheat grain
yield, plant height and a thousand-seed weight were recorded at the interaction effect of the
unfertilized control and wheat under sown lupine-potato under sown lupine-wheat in combined

over location.
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Table 3.3: Interaction effects of organic treatments and crop rotation system on the growth and grain yield of wheat over sites and years in
Gusha Shinkurta Rural Village, Awi Zone/Northwest Ethiopia

Rotations Organic On-station On-farm Over sites combination
treatments
PH TSW GY PH TSW GY PH TSW GY
Year (cm) @ (kg/ha) (cm) @ (kg/ha) (cm) @ (kg/ha)
R1 V1 48.75T 32.75% 0.96° 40.75° 33.00° 0.80% 44757 32.87% 0.98"
V2 56.00% 36.75™ 1.14° 54.50% 38.00™ 1.09° 55.25d° 37.00™ 1.11°
V3 64.50% 38.00® 1.32¢ 60.00™ 40.25® 1.26° 62.25h° 38.75° 1.29¢
V4 73.00° 40502 1.85°% 72.12° 4325 1552 72.56° 41.87° 1.68°
2014 R2 V1 47.50" 31.50" 0.95° 40.25° 32.75¢ 0.69° 4387" 32.12° 0.82"
V2 53.50% 34.75% 0.99¢ 51.75 37.00™ 1.07° 52.62° 36.87™ 1.03¢
V3 61.00 * 37.25™ 1.21% 57.75™ 39.50% 1.24° 59.37% 37.62 1.23%
V4 68.00% 38.50® 1.61° 63.50° 41.00® 1.37° 65.75° 39.75® 1.49°
SL *x **k **k *x *x *x *x * *x
SE (d).+ 2.96 1.28 58.72 2.66 1.98 22.47 3.17 1.9 40.2
CV (%) 75 5.0 8.0 6.98 7.41 759 8.1 73 11.02
R3 V1 79.92% 39.15% 1.97" 70.27™ 37.75% 201" 75.10% 38.45% 1.99'
V2 82.17" 41.62% 2.65 75.35% 40.00%%® 2.77% 78.76° 40.81° 2.769
V3 84.00° 43.12° 3.61° 78.55™ 41.50™ 3.15° 81.27° 42.31° 3.38¢
2015 V4 92.52% 52.12% 483° 92.67° 52.00° 4147 91.60° 52.06° 4.48°
R4 V1 74.17° 36.07" 1.54' 68.17¢ 36.50° 1.46' 71.17° 36.28° 1.50'
V2 80.50™ 41.40% 2.25¢ 75.00™ 39.25% 2.29¢ 77.75™ 40.32% 2.27'
V3 82.25™ 42.05° 3.26° 75.75" 4050 2.91% 79.00° 41.27° 3.08"
V4 84.42° 46.25" 3.87° 78.67™ 4350 3.39° 81.55" 44 .87° 3.63°
R5 V1 82.10™ 38.55" 1.89" 68.22¢ 37.62% 1.60' 73.32% 38.08° 1.74
V2 82.97™ 41.42% 2.38¢ 75.10° 39.75% 2.55' 78.60" 40.58% 247"
V3 84.42° 42.27° 3.41° 76.22° 40.75% 3.03" 79.60° 4151° 3.22°
V4 86.52% 46.90° 4.28" 80.27° 44.75" 347" 83.40° 45.82° 3.88°
SL *x **k **k *x *x *x *x **k *x
SE (d) + 2.6 1.28 81.89 37 17 1.093 362 1.06 68.34
CV (%) 6.61 4.25 413 6.78 5.83 5.68 6.7 5.07 495

R1 = sole wheat; R2 = wheat under sown lupine; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine-wheat; R5 = lupine-potato under
sown lupine-wheat; V1 =0 t/ha FYM; V2 =2.5 t/ha FSB; V3 =5 t/ha FYM; V4 = 5 ttha FYM +2.5 t/ha FSB, PH = plant height; TSW = thousand seed weight; GY = grain
yield; SL = significance level; ns = non significant; ** = highly significant at P<0.01; * = significant at P<0.05
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The increment in grain yield and other growth parameters of wheat in response to interaction
effects of organic treatment and crop rotation may be the synergism of the components in
providing optimum nitrogen, phosphorus and other soil properties, which led to high grain yield
and other growth parameters of wheat. For example, FYM at 5 t/ha + 2.5 t/ha FSB and wheat
after clover and potato showed the greatest level of soil nutrient compared to other treatment
combinations (Appendix Table 6). Study showed that the higher wheat grain yields harvested

following legume manures.

The result is consistent with results of Babulicova, (2016) who showed that thousand grain
weight of wheat were significantly influenced by levels of organic treatment and higher (51.2 g)
when preceded by legume than after preceding crop of winter barley (48.6 g). Besides, Nawab
and Ali (2006) has showed that the highest biological (9.43 t/ha) and grain yields (3.19 t/ha)
were produced by wheat fallowing mung beam. Similarly, Hayat and Ali (2010) demonstrated
that maximum wheat grain yield of 9.97 t/ha was observed in the plots which were previously
under legume and increase by 31% over non-legume sorghum. In additions, Babulicova, (2016)
showed that significantly higher grain yield of winter wheat was observed after field pea (8.38
t/ha) in comparison to winter barley (7.29 t/ha). Farmyard manure also markedly improved the
yield and other growth parameters of wheat owing to its rich nutrient content. According to Ram
et al. (2014) the highest increase in productivity, grain quality and nutrient uptake was recorded
with the combined application of green and farmyard manure at 4.5 t/ha organic farming of the
rice-wheat cropping system. Similarly, Zaghloul (2010) showed that plant height and a thousand
seed weight of wheat were increased with the use organic matter application. In addition,
Muhammad et al. (2008) also noted that organic manure’s application increased the wheat yield

by 105 % relative to the control.

Submitted to Pakistan Journal of Agriculture Sciences 51



3.4 Conclusion and Recommendations

The type of preceding crop and the levels of organic treatment showed the greatest influence on
grain yield and other growth parameters of wheat. The main effect of organic treatment
significantly affects the grain yield and other growth parameters of wheat with the highest yield
at the highest level of organic treatments and low at the unfertilized control. In addition, the main
effect of crop rotation system significantly affects the grain yield and other growth parameter of
wheat. Grain yields were the highest when wheat was immediately after clover and being low
when wheat was after other crops. Finally, the interaction of organic treatment and crop rotation
system were significantly influenced the grain yield and other growth parameters of wheat.

Grain yield and other growth parameters of wheat were the highest at the interactions of
maximum level of organic treatments and sound rotation systems. Thus, the highest grain yield
(4.48 t/ha) was recorded at the interaction effect of FYM at 5 t/ha + 2.5 t/ha FSB and potato-
clover-wheat compared to other treatments. However, the lowest grain yield (1.50 t/ha) recorded
at the interaction effect of the unfertilized control and wheat under sown lupine-potato under
sown lupine-wheat. Hence it could be concluded that although individual effect is useful in
increasing the grain yield of wheat, it is advisable to use the interaction effects of FYM at 5 t/ha
+ 2.5 t/ha FSB and potato-clover-wheat rotation system to achieve optimum yield of wheat in the

study area.
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CHAPTER 4. GROWTH AND BIOMASS YIELD RESPONSE OF CLOVER
(Trifolium decorum L.) TO PRECEDING CROP AND ORGANIC
TREATMENT IN THE HIGHLANDS OF AWI MINISTRATIVE ZONE

Agegnehu Shibabaw!, Getachew Alemayehu?, Enyew Adgo?, Folkard Asch®and Bernhard
Freyer

!Adet Agricultural Research Center, “Bahir Dar University, College of Agriculture and
Environmental Sciences, Ethiopia, 3University of Hohenheim, Germany,
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ABSTRACT

Low soil fertility status is a dominant challenge in Ethiopian agriculture for decades. Organic
amendment from different sources could help to rebuild the soil fertility status of the country.
Hence, an experiment was conducted to evaluate the outcome of organic treatment and preceding
crops on growth and biomass yield of clover. Four levels of organic treatments (V1= 0 t/ha
FYM; V2 =5t/ha FYM; V3 = 2.5 t/ha FSB and V4 = 5 t/ha FYM + 2.5 t/ha FSB) and two levels
of crop rotation patterns (R1 = wheat-clover and R, = potato-clover) were factorially arranged
and laid out in a randomized complete block design (RCBD) with four replications. Plant
heights, number of tillers per plant number of nodules per plant, root biomass per plant and
above ground biomass of clover were recorded and analyzed using SAS system. The overall
experimental results showed crop rotation as well as the interaction with organic treatments were
not significantly influenced the biomass yield of clover. Whereas the main effect of organic
treatments were significantly influenced the growth and biomass yield of clover. The highest
total dry biomass (5.6 t/ha) of clover was recorded at 5 ttha FYM + 25 t/ha FSB. The
unfertilized control gave the lowest mean dry biomass (3.06 t/ha) of clover compared to all other
treatments. Thus 5 t/ha FYM + 2.5 t/ha FSB could be recommended for better biomass yield of

clover.

Keywords: crop rotation, succeeding crop, farmyard manure, ecological farming
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4.1 Introduction

Declining of soil fertility and food security status are recurrent problems in Sub-Saharan Africa.
Continuous cultivation without or limited application of organic inputs into the soil and
conventional rotation system are the causes of soil fertility and productivity decline (Zingore,
2011). In addition, limited incorporation of organic matter inputs into soil during the past 50
years has led to a deterioration in soil structure and health (Carl et al., 2007). Hence, proper
application of organic matter into the soil advised to enhance soil fertility, which increases crop

productivity.

Organic matter amendments are essential for the sustainability of long-term productivity of
agroecosystems through improving the physical, chemical and biological properties of the soil.
Organic amendment improves soil nutrients level, soil water holding capacity, soil reaction (pH),
movement of water and air, activities of soil microbes, soils tilth, root growth and penetration of

crops, all of which ultimately improve the productivity of crop (Scotti, 2015).

The effect of organic matter application on growth and yield of legume crops and forages were
reported by several researchers. For instance, application of farmyard manure at 7.5 t/ha
produced a higher dry pod yield (3510 kg/ha) of faba bean as compared to the applications of
recommended dose of NPK fertilizers that gave 2970 kg/ha dry pod yield (Sulfab, 2010).
Similarly, Yolcu et al. (2010) reported that cattle manure at 40 t/ha gave higher yield, quality and
mineral content of common vetch compared to the control. Hellal and Zewainy (2014) showed
that organic fertilizer application in combination with bio-fertilizers not only improved the yield,
nutrient availability and uptake of faba bean markedly, but also improved maize productivity in
the succeeding season more stable than the application of mineral fertilizer. Sulfab (2010)
recommended that application of organic fertilizers at 15 t/ha with Rhizobium seed inoculation
significantly increased groundnut pod and hay yields over the control. Tarkalson et al. (1998)
recommended that application of manure at 10 t/ha would facilitate mycorrhizal colonization in
dry bean roots, which might in turn improve the availability of phosphorous and its uptake by

plants. Konthoujam et al. (2013) identified that the number of nodules per plant influenced
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significantly by the different combination of organic materials and Rhizobium inoculants.
Generally, recent studies showed that organic matter applications give tremendous yield

advantage on ranges of tropical and temperate crops.

In addition, to organic matter application, preceding crops have widely been recognized as an
important alternative method in improving the potential yield of the succeeding crops. According
to Angus et al. (2001), Dalal and Mayer (1990) the yield of wheat increased by an average of 40
to 50 % following pulses as preceding crops. Kumar and Hiremath (2015) reported that 39%
yield increment in maize was recorded using chickpea as a preceding crop. Similarly, Armstrong
et al. (1999) also reported that grain protein and yield of sorghum increased by up to 5% and

70%, respectively, following mung bean as a preceding crop.

This article examined the impact of different organic amendments and of preceding crops on the
biomass yield of clover (Trifolium decorum) in the climatic and soil conditions of the highland
area of Awi Administrative Zone. The research aimed to assess the contribution of clover to
solve the key challenges of agriculture in many agro-ecological zones of Sub-Saharan Africa.
Clover provides high quality and quantity feed, restoration of soil fertility due to the
improvement in carbon sequestration, deep root penetration, high root biomass and its ability to
fix nitrogen biologically. However, due to poor agronomic management practices and improper
soil management system, biomass yield of clover varies considerably from region to region.
Farmers of the locality have little experience in cultivating clover with the use of organic inputs.
They rather grow clover in their pastureland and between farmlands as a source of feed and
green manure. In view of these, the present study initiated to determine the effect of a preceding
crop and different level and type of organic matter applications on growth parameters and

biomass yield of clover in the highlands of Awi Administrative Zone.
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4.2 Materials and Methods

4.2.1 Descriptions of the study area

The present study was carried out both at on-station and on-farm in Gusha Shinkurta rural village
of Guagusa District, Awi Zone from 2013 to 2015. The biophysical characteristics are described

in chapter I, sub-sub section 1.5.1.

4.2.2 Treatments and design

Four levels of organic treatment and two levels of proceeding crop factorially were arranged in
randomized complete block design (RCBD) with four replications. The organic matter treatments
include V1= 0 t/ha farmyard manure; V2 = 5 t/ha farmyard manure; V3 = 2.5 t/ha fresh sesbania
biomass and V4 = 5 t/ha farmyard manure + 2.5 t/ha fresh sesbania biomass. The rotation
patterns include R; = wheat-clover and R, = potato-clover. Manure was uniformly surface
broadcasted and then incorporated within 20 cm soil depth two weeks before planting. The size
of the plot was 3 X 3 m with a net plot size of 2.6 X 2.8 m. The distance between plots and
replications was 50 and 100 cm, respectively. The seed of the most adaptive Ethiopian clover
(Trifolium decorum) with seed rate 3 kg/ha was used with drill planting and row spacing of 20

cm.

4.2.3 Agronomic data collection and analysis

The growth and biomass yield parameters of clover (Trifolium decorum) such as plant height,
number of nodules, number of tillers, root and above ground biomass of clover were measured
and recorded regularly. The root and above ground biomass of clover were recorded after dried
with 75 °C for 24 hours in an oven. The data subjected to analysis of variance (ANOVA) using
General Linear Model (GLM) procedures, SAS version 9.1. Means of data separated using the

Least Significant Difference (LSD) test at 5% level of significance.
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4.3 Results and Discussion

4.3.1 Growth parameter and biomass yield improvement

The overall combined experimental results indicated that the main effect of preceding crops
(factor B) and the interaction effects of organic matter application and preceding crop (AXB) did
not show any significant effect on the growth and biomass yield of clover. Nor did plant height,
number of tillers, number of nodules, dry root and shoot biomass show significant variation in
response to the variation of either the preceding crop or their interactions with organic
treatments. A similar trend was followed in all other parameters except in the interaction (A X B)
effects of the root and shoot biomass at station condition. However, the main effect of organic
matter applications (factor A) showed a significant effect on the growth and biomass yield of
clover at both sites and combined over sites. Statistically, significant differences observed among
these treatments with respect to all the parameters measured. Generally, application of 5 t/ha
FYM + 2.5 t/ha FSB was found superior in almost all parameters measured after 5 t/ha FYM, 2.5
t/ha FSB and the unfertilized control. The control showed the lowest in all the growth parameters

and biomass yield compared to all other treatments (Table 4.1; Table 4.2 and Table 4.3)

4.3.2 Growth parameter

Plant height (PH) was not significantly affected by preceding crops and their interaction with
organic matter application in all sites and the combined over sites. However, statistically
significant (P<0.01) plant height was recorded in response to the main effect of different levels
of organic matter application. The tallest plant height of 57.05 and 51.00 cm was recorded by the
application of 5 t’ha FYM + 2.5 t/ha FSB at station and on-farm conditions, respectively. The
unfertilized control showed the shortest plant height of 39.25 and 37.38 cm at station and on-
farm conditions, respectively. The combined over sites data also showed that the tallest plants
height (54.02 cm) was recorded at 5 t/ha FYM + 2.5 t/ha FSB compared to all other treatments
(Table 4.3). The increases in plant height attributed to increased level of nutrients, organic

carbon and microbial activity from mixed sources of organic treatments. This is in agreement
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with the findings of Adeoye et al. (2011) such that combination of green and FYM resulted in
better plant height than the unfertilized control did. Malligawad (2010) also noted that
application of manure brought about significantly better plant height of fodder than unfertilized

control did.

Like plant height, number of tillers (TN) per plant not significantly affected by the preceding
crops and their interaction with organic matter application. However, statistically significant
responses were recorded in response to different levels of organic treatments at both sites and the
combinations over sites. Application of FYM at 5 t/ha + FSB 2.5 t/ha were showed superior
numbers of tillers per plant of 4.5 and 4.6 at station and on-farm conditions, respectively than all
other treatments did. Consequently, the lowest mean numbers of tillers were recorded on
unfertilized control. The combined over site data also showed that FYM at 5 t/ha + FSB 2.5 t/ha
gave superior number of tillers (4.57) than the rest of treatments. Following this treatment, 5 t/ha
FYM also demonstrated greater number of tillers per plant (4) in combined over sites (Table
4.3). The unfertilized control provided the least number of tillers per plant (1.94) compared with
the rest of treatments. This is due to the improvements of soil physical and chemical properties
up on the use of organic treatments. The current result has parallels information with the
previous study of Bilal (2000) in that application of FYM increased the number of tillers of
motto grass over control. Yolcu et al. (2011) also suggested that the combination of manure at
40 t/ha gave higher tiller number, biomass yield, quality and mineral content of common vetch
compared to the control. Sulfab (2013) reported that application of organic fertilizers at 15 t/ha

significantly increased the tillering capacity and hay yields of groundnut over the control.

4.3.3 Number of nodules

The number of nodules (NN) was not significantly affected by the preceding crops and their
interaction with organic matter application. However, statistically significant (P<0.01) difference
was recorded in response to the main effect of the different levels of organic matter application
(Table 4.1; Table 4.2 and Table 4.3). Application of 5 ttha FYM + 2.5 t/ha FSB led to

significantly greater effective number of nodule per plant of 28 and 28.25 at station and on-farm
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conditions, respectively. Similarly, the combined over site data showed that the highest number
of nodule per plant (28.13) was recorded from the combined application of 5 t/ha FYM + 2.5 t/ha
FSB. Following this treatment, 5 t/ha of FYM showed more number of nodule (27.01) following
the highest level of organic treatment. The lowest number of nodules per plant (20.3) recorded
by untreated checks (Table 4.3). FSB at 2.5 t/ha lead to an intermediate number of nodules per
plant (21.82) which slightly higher compared to the unfertilized control.

The highest number of nodule per plant was due to the increased level of phosphorous and other
soil nutrients upon the use of organic amendments. This is in line with previous reports of
Madukwe et al. (2008) in that organic manure positively influenced the nodulation of the cowpea
varieties. Consequently, poultry manure gave the highest number of nodules per plant (15.9)
which was significantly different from the mean values of 12.2 and 10.3 nodules per plant
observed from cow dung-treated plots and untreated plots, respectively. Abebe Zerihun et al.
(2011) reported that greater number of nodules of cowpea recorded upon the use of integrated
soil fertility management than the unfertilized control. According to Otieno et al. (2009)
application of manure improved the nodulation number per plant of cowpea in the short rainy
seasons. Tarkalson et al. (1998) suggested that application of manure to subsoils would facilitate
myecorrhizal colonization in dry bean roots grown compared with untreated control. Konthoujam
et al. (2013) also found out that the number of nodules per plant was influenced significantly by
the different combination of organic materials and that nodulation increased depending on the

type of organic amendments.
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Table 4.1: Station growth and biomass performance of clover in response to the main and interaction effects of the preceding crops and
organic matter applications in the highland of Guagusa District, Awi Administrative Zone, Ethiopia in 2014

Treatment Plant No. of tiller No. of nodules Root dry Shoot dry
height per plant per plant biomass biomass
(cm) (mg per plant) (t/ha)
Preceding crop
Wheat 48.66 3.38 24.19 225.75 4.54
Potato 46.5 3.19 24.75 216.15 4.34
SL ns ns ns ns ns
Organic treatment
0t/ha OM 39.25° 2.00° 20.88° 152.13° 3.09°
5 tha FYM 48.52° 3.63° 27.25° 245.06° 4.92°
2.5 tha FSB 4551° 3.00° 21.75% 176.51° 353"
5thaFYM + 25 t/ha FSB 57.05% 4.50° 28.00% 310.10° 6.22°
SL *%* *%x ** *%x *%x

Preceding crop*organic treatment

Wheat 0 t/haOM 41.24° 2.00° 19.00° 153.18"7 3.13°
5 tha FYM 47.88" 3.75° 28.00° 243.75° 4.90°
2.5 tha FSB 46.08° 3.00° 21.25° 171.99° 3.43°
5 tha FYM + 2.5 tha FSB 59.43% 4.75° 28.50° 334.08° 6.70°

Potato 0 t/ha OM 37.25¢ 2.00° 22.75¢ 151.08° 3.05
5 tha FYM 49.16" 3.50° 26.50° 246.36° 493
2.5 tha FSB 44.93° 3.00° 22.25° 181.03° 3.62°
5 tha FYM + 2.5 tha FSB 54.67° 4.25° 27.50° 286.12° 5.74°
SL **k **k *x * *
SE+ 2.46 0.28 1.19 9.30 0.19
CV (%) 10.37 17.16 9.66 8.42 8.56

OM = organic matter; FYM = farmyard manure; FSB = chopped fresh sesbania biomass; SL = significance level; ** = highly significant at P<0.01; * = significant at
P<0.05; ns = not significant at P>0.05; CV = coefficient of variation; SL= significant level
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Table 4.2: On-farm growth and biomass performance of clover in response to the main and interaction effects of the preceding crops and
organic matter applications in the highlands of Guagusa district Awi Administrative Zone, Ethiopia in 2014

Plant No. of tiller No. of Root dry Shoot dry
Treatments height per plant nodules per biomass biomass
(cm) plan (mg per plant) (t/ha)
Preceding crop
Wheat 44.04 3.50 23.50° 196.60 3.93
Potato 44.95 3.38 24.88° 199.06 3.99
SL ns ns * ns ns
Organic treatment
0t/h OM 37.38" 1.88° 19.88° 150.03° 3.02°
5thaFYM 49.27° 4.38° 26.75° 222.55" 4.45%
2.5 thaFSB 40.33" 2.88° 21.88" 169.67° 3.39°
5t/haFYM + 25 t/ha FSB 51.00% 463" 28.25° 249.09° 4.99°
SL ** *%x *%x ** *%x
Preceding crop*organic treatment
Wheat 0 t/ha OM 37.25° 2.00° 22.75° 151.08° 3.05°
5 t/ha FYM 49.16° 3.50° 26.50° 246.36" 4.93°
2.5thaFSB 44.93° 3.00° 22.25° 181.03° 3.62°
5t/haFYM + 2.5 tha FSB 57.05% 4.25% 27.50° 286.12° 5.74%
Potato 0 tha OM 39.75° 1.75° 20.25° 144.28° 2.91°
5 t/ha FYM 48.46° 4.00° 27.75° 230.03° 4.60°
2.5thaFSB 39.58° 3.00° 22.00° 166.06° 3.32°
5t/haFYM + 2.5 tha FSB 52.00% 4.75% 29.50° 255.89° 5.12%
SL * * *%x ** *
SE+ 3.00 0.31 62 9.08 0.18
CV (%) 13.46 17.72 5.17 9.18 9.34

OM = organic matter; FYM = farmyard manure; FSB = chopped fresh sesbania biomass; SL = significance level ** = highly significant at P<0.01; * = significant at
P<0.05; ns = not significant at P>0.05; CV = coefficient of variation; SL= significant level

Published in Ethiopia J. Sci. & Technol 10(3): 151- 164 61



Table 4.3: Combined station and on-farm growth performance of clover in response to the main and interaction effects of the preceding

crops and organic matter applications in the highland of Guagusa district Awi Administrative Zone, Ethiopia in 2014

Treatments Plant No. of No. of Root dry Shoot dry
height tiller nodules biomass biomass
(cm) per plant per plant (mg plant) (t/ha)
Location
Station 47.602 3.28 24.47 220.95; 4.442
g)Ln-farm 44.49 3.44 24.19 197.83 3.96
* ns ns *%* *%*
Precedina crop
Wheat 46.35 344 2384 211.17 4.24
gotato 45,72 3.28 24.81 207.6 4.16
L ns ns Ns ns ns
Oraanic treatment
0 t/ha OM 38.312 1.94° 20.38° 151.08° 3.06°
5t/haFYM 48.89c 4.00; 27'012 233.80c 4.68c
2.5 t/haFSB 42.92 2.94 21.82 173.09 3.46
5tha FYM + 2.5t/ ha FSB 54.02° 457% 28.13° 279.59° 5.60°
SL *%* *%* *%* *%* *%*
Preceding crop*organic treatment
Wheat 0 t/ha OM 39.24° 2.00¢ 20.85° 152.13¢ 3.09¢
5t/ha FYM 48.52;b 3.622 27.252’ 245.405 4.915
2.5 t/haFSB 455 3.00 21.75 176.54 3.52
5t/haFYM + 2.5t/ ha FSB 57.05° 45% 27.25° 310.12% 6.22°
Potato 0 t/ha OM 38.50° 1.88¢ 21.50° 147.28° 2.98¢
5 tha FYM 48.812 3.752 27.132’ 238.192 4.762
2.5 t/haFSB 42.26 3.00 22.13 173.54 3.47
5tha FYM + 2.5t/ ha FSB 53.332 4502 28.50% 271.00° 5.43%
Sia. difference * *x * *x *x
SE+ 1.91 0.21 0.71 8.27 0.17
CV (%) 11.73 17.86 8.26 11.18 11.19

OM = organic matter; FYM = farmyard manure; FSB = chopped fresh sesbania biomass; SL = significance level; ** = highly significant at P<0.01; * = significant at
P<0.05; ns = not significant at P>0.05; CV = coefficient of variation; SL= significant level
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4.3.4 Shoot and root dry biomass

Unlike other growth parameters, the shoot and root dry biomass of clover showed significant
difference due to the interaction effects of organic matter application and preceding crop at
station conditions (Table 4.2). The highest shoot and root dry biomass of 6.7 t/ha and 334.08 mg
per plant of clover, respectively was recorded using 5 t/ha FYM + 2.5 t/ha FSB and clover
following wheat (Table 4.3). The lowest shoot and dry root biomass of 3.05 t/ha and 151.08 mg
per plant, respectively, was recorded when clover was preceded by potato and by the addition of
0 t/ha of FYM. This might due to the larger amount of wheat biomass returned to the soil in
previous years. However, the combined over site data showed that the shoot and dry root
biomass of clover significantly varied in response only to the different level of organic treatment.
The highest shoot and dry root biomass of 5.6 t/ha and 279.59 mg per plant, respectively of
clover were recorded at 5 t/ha FYM + 2.5 t/ha FSB in combined over sites. FYM at 5 t/ha
showed shoot and root biomass of 4.68 t/ha and 233.80 mg/plant of, respectively, following the
highest level. The lowest shoot and root dry biomass (3.06 t/ha and 151.08 mg per plant,
respectively) were recorded on the untreated check (Table 4.3). FSB at 2.5 t/ha showed slightly
higher dry shoot and root biomass of 3.46 t/ha and 233 mg per plant, respectively, compared to
the control. The increase in biomass yield of clover was due to the increases of soil nutrient at

higher rate of organic treatment.

The result is in agreement with previous studies that application of combinations of different
manures sources improves the biomass yield of several crops. Farhad and Saleem (2009)
observed that combinations of manure that holds 3 t/ha of cow manure and 2 t/ha of chicken
manure significantly increased the dry weight of cowpea. Singh and Sinha (2001) identified that
fresh and dry biomass yield of menthol mint increased by 23.4 % with green manure.
Malligawad (2010) noted that application of organic manure significantly yielded higher fodder
dry matter of 9.3 t/ha than the untreated control (7.1 t/ha).
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4.3.5 Correlations

Correlation analysis also made between agronomic traits of clover (Table 4.4). Shoot dry
biomass yield showed positive and significant correlation with plant height (r = 0.75**), number
of nodules per plant (r = 0.78**), root biomass (r = 0.99**) and the number of tillers per plant (r
= 0.75**). These results confirmed that growth parameters such as plant height, root dry weight,
the number of nodules and tillers are best indicators to estimate total biomass production of
clover. Strong correlation between nodule number and shoot dry biomass magnifies the
contribution of bacterial association for better dry matter accumulation in legume species. The
higher root dry matter also helps the plant to acquire ample nutrient and water for better biomass
production. However, there is weak and none significant correlation between days to 50 %
flowering (r = 0.07) and stand count (r = 0.23). The probable reason may be less number of stand

count might compensated by an increase in number of tiller.

Table 4.4: Correlation coefficients between agronomic parameters of clover

Growth PH TN NN RDW SDBY
parameter

PH 1 0.60* 0.64* 0.75* 0.75*
TN 1 0.72* 0.76* 0.75*
NN 1 0.78** 0.78**
RDW 1 0.99**
DBY 1

PH = plant height; TN = tiller number; NN = number of nodules; RDW = root dry weight; SDBY = shoot dry biomass
yield; ** = highly significant at P<0.01 and * = significant at P<0.05.

The study summarized that plant height, the number of nodules per plant, root dry weight and
tiller number per plant were the most important variables considered to estimate the biomass

yield of clover in Guagusa District Administrative Zone.
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4.4 Conclusion and Recommendations

The variation in levels of organic treatments showed significant effect on the biomass yield of
clover. Only the main effect of organic treatment significantly affected the biomass yield of
clover. Biomass yield was highest at the highest level of organic treatment, intermediate at
intermediate level of organic treatment and low on unfertilized control. Thus the highest total dry
biomass (5.60 t/ha) clovers was recorded at 5 t/ha FYM + 2.5 t/ha FSB whereas the unfertilized
control showed the lowest mean dry biomass (3.06 t/ha) of clover compared to all other
treatments. FYM at 5 t/ha showed shoot biomass (4.68 t/ha) of clover following the highest level
of treatments. In addition, plant height and the number of modules per plant and of tillers per
plant were highest at the highest level of organic treatment. In general, the result demonstrated
that the combination of manure improved the biomass yield of clover without reduction in yield
potential. Maximum vyield achieved by application of high level of organic treatment. The
finding also solves the challenges of over relying of the community on synthetic fertilizer.
Growers experience escalating price, diminishing farm returns, soil acidity and water quality
deterioration upon heavy use of synthetic fertilizer for decades. However, tending to organic soil
amendment solves the challenges of synthetic fertilizer that farmers currently face. Organic
fertilizer is less costly, environmentally less hazardous and more profitable compared to
synthetic fertilizer. Hence, the results of this study suggest that combination of manure, FYM at
5 t/ha + FSB at 2.5 t/ha could be recommended for better biomass yield of clover for Awi

Administrative Zone and other similar agro-ecological areas.
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ABSTRACT

Soil fertility degradation is the critical challenge in the cultivated lands of Ethiopia. Low level of
organic carbon, soil nutrients, soil reaction and porosity are the dominant soil related problems
in the region. Thus, an experiment was initiated with the objective of testing the effects of
repeated application of organic soil amemneds along with crop rotation patterns on physico-
chemical properties of the soil. Four levels of organic treatments and five levels of rotation
pattern were factorially combined and laid in a randomized complet block design (RCBD) with
four replications. The organic treatments were: V1 = 0 t/ha FYM; V2 = 2.5 t/ha FSB; V3 =5 t/ha
FYM and V4 = 5 t/ha FYM + 2.5 t h™: FSB. Tested rotation patterns were: R1 = wheat-clover-
potato; R2 = clover-wheat under sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat
under sown lupine-potato under sown lupine-wheat and R5 = lupine-potato under sown lupine-
wheat. The rotation pattern wheat-faba bean-potato and 1 t/ha FYM was also used as farmers
practice without factorial combination. The experimental result showed that the interaction
effects of 5 t/ha FYM + 2.5 t/ha FSB and wheat-clover-potato rotation system (R1V4) were
markedly influenced the physico-chemical properties of soil with the highest level of organic
carbon (2.26%), cation exchange capacity (25.28 cmol (+) kg™ soil), total nitrogen (0.28%),
phosphorus (15.85 ppm), potassium (0.81 cmol (+) kg™ soil) and pH (6.17) and the lowest level
of bulk density (1.11 g/cm®) and could be recommended as a sustainable soil soil quality

improvement needed to sustain crop productivity.

Keywords: soil quality parameter,organic soil fertilization, sustainable agiculture
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5.1 Introduction

Depletion of soil nutrients is the leading causes of food insecurity in Sub-Saharan Africa
including Ethiopia (FAO, 2015). Majorities of cultivated lands have poor soil quality parameters
due to continuous cultivation, a low level of replenishing rate of the organic residue, mono-
cropping and irrational use of commercial soil fertilization (Jastrow et al. 2007). Quite a large
number of research reports adequately addressed the issues poor soil quality of the region.
According to Meseret Muchie et al. (2015) continuous cultivation leads to nutrient depletion,
high bulk density, low pH and soil organic carbon in the highlands of Ethiopia. Similarly,
Habtamu Eyasu et al. (2014) also confirmed that over-relying on chemical soil fertilization and
continuous cropping system negatively altered the physico-chemical properties of cultivated land

and brings a low level of N, P, S, CEC and porosity.

Similarly, in northwestern Ethiopia, soil nutrient depletion is a critical challenge due to crop
harvest, leaching and low inputs applied to the soil (ATA, 2013). Many research outputs raised
their concern about soil health issues of agricultural lands of the region. Yihinew Gebresselasie
(2015) showed that low level of nitrogen (0.12%), organic matter (2.57%), CEC (26.08 cmol (+)
kg™ of soil and available phosphorus (6.18 ppm) were recorded in most cropping lands of
northeast Ethiopia. In addition, Taye Belachew and Yifru Abera (2010) have indicated that
cropping land has shown high bulk density, low total porosity, pH and organic carbon (OC) than
any other land use types. Furthermore, Yihenew Gebresselasie (2002) more specifically has
reported that low level of soil pH (4.81), nitrogen (0.03%) and available phosphorus (9.5 ppm) in
highlands of Awi Zone.

However, long-term organic soil fertilization and sound rotation pattern could solve the poor soil
quality status of the arable lands. Organic soil fertilization profoundly improves the physico-
chemical and biological properties of arable lands and the yield of crops. Major properties such
as soil aeration, structure, water holding capacity, nutrient availability and microbial ecology
were widely enhanced through organic amendment (Carl and Rosen, 2007). A Similar result also
reported by Fondere et al. (2015) that long-term organic soil amendment substantially increase

soil quality needed for optimum crop production. In addition, Manna et al. (2005) showed that



the higher value of microbial population, dehydrogenate activity, organic carbon, available
nitrogen (N), phosphorus (P), potassium (K) and lower bulk density were observed at farmyard
manure applied equivalently to 120 kg N/ha. Furthermore, Tamos et al. (2015) reported in his
long-term studies that farmyard manure leads to an increase in exchange capacity and leads to a
decrease in soil bulk density. The outhor has also confirmed that the humus content in soil was
enhanced by 0.50% at 30 t/ha farmyard manure with every 5 years of application and with
leguminous crops. Finally, Johann and Ulrich (2004) have shown that plots which received either
prepared or non-prepared FYM at 30 t/ha per yearhad significantly increased soil pH, P, K

concentrations and other soil biological properties.

In the someway, use of sound crop rotation has many agronomic, economic and environmental
benefits like organic soil amendment. Appropriate crop rotation improves organic matter, soil
structure, soil nutrients, grain yields and profitability in the long run. According to Dhull et al.
(2005) soil organic matter and soil nutrients increased using three-year rotation by including
clover in the rotation system. In addition, microbial biomass C and dehydrogenises activity was
the highest in a millet-clover rotation system and was the lowest in millet-wheat conditions
(Dhull et al., 2005). Similarly, Ryan and Masri (2007) concluded that rotation of wheat has
significantly influenced mean soil organic matter level, the order being fallow with lowest and
wheat-vetch-potato recording the highest. Similarly, Rosen and Allan (2007) in his cropping
system study confirmed that cropping systems that contained alfalfa had the highest soil nutrients
and SOC stocks, whereas the continuous corn cropping system had the lowest nutrient levels.
Furthermore, Mahdi (2005) summarized the long-term impact of different crop rotations on soil
nutrients and concluded higher rate of soil nutrient decline observed on continuous corn

compared to corn-clover-oat rotations.

Meanwhile, multiple sources of organic fertilizers are wildly available in the highlands of Awi
Zone. Dung from higher animals (cattle, sheep, horse, donkey and mule) and litter from chicken
are available with the significant amount in quantity. Crop residues and shrubs of green manure
(lucerne, clover and sesbania) also found in a measurable amount. However, the organic
materials are miss-utilized and caste arbitrarily undermining their wider importance in the

agricultural sector. Furthermore, continuous cereal cropping system is dominating the area



without integration of legume crops in the rotation system which further is dwindling the
physico-chemical properties of cultivated lands. Hence, re-directing the current trends of
inorganic soil fertility management systems to organic soil fertility management strategies is
absolutely essential in the highlands of Awi Zone. In addition, there is no consolidated
information available regarding the effect of organic fertilizer and sound rotation pattern on soil
quality parameters in the study district. The effect on physico-chemical and biological properties
of the soil; ultimately on yield growth of many crops are not widely recognized. Instead, growers
heavily depend on chemical soil fertilization which is not widely acknowledged on the
sustainability of the environment and cost-benefit ratio. Hence, the objective of the study was to
evaluate the effect of long-term application of organic fertilizer and sound rotation pattern on soil

quality parameters needed for crop growth.

5.2 Materials and Methods

5.2.1 Description of the study area



The present studies were carried out both at on-station and on-farm in Gusha Shinkurta rural
village of Guagusa District, Awi Zone from 2013 to 2015. The biophysical characteristics

described in chapter I, sub-sub section 1.5.1.
5.2.2 Treatments, design and procedures

Both on station and on-farms expement were stablished at Awi Adminestrative Zone. Five
rotation patterns and four levels of organic treatments were factorial combined and laid.out in a
randomized complet block design (RCBD) with four replications. The rotation patterns were: R1
= wheat-clover-potato; R2 = clover-wheat under sown lupine-potato; R3.= potato-clover-wheat;
R4 = wheat under sown lupine-potato under sown lupine-wheat; R5 = lupine-potato under sown
lupine-wheat. The organic treatments were: V1= 0 t/ha FYM; V2 = 2.5 t/ha FSB; V3 = 5 t/ha
FYM; V4 =5 t/ha FYM + 2.5 t/ha FSB. The rotation pattern wheat-faba bean-potato and 1t/ha
FYM was also used as farmers practice without:factorial combination. Manure was uniformly
surface broadcasted and then incorporated within.20-cm soil depth two weeks before planting.
The potatoes were planted with a spacing of:30 X 70 cm between plants and rows, respectively,
and wheat was drilled at seeding rates of 150 kg/ha in 20 cm distant between rows. Similarly, the
seeds of clovers were drilled at seeding rates of 3 kg/ha in 20 cm distant between rows and
lupine were planted with_the spacing of 20 and 40 cm between plants and rows, respectively.
Gross sizes of experimental plots. were 3 X 3 m (9 m?). Adjacent plots within replications were
separated with 0.5 m wide paths, while the distance between replications was 1 meter. The
biomasses of clover and lupine were also incorporated into the soil at their 50% flowering

growth stages.

5.2.3 Methods of soil analysis

The soil sample was taken at plow depth (0-20 cm) using an auger as discribed in chapter I,
subsection 1.6.4. It was subjected to drying, grinding, mixing, partitioning and sieving before
went to physico-chemical analysis. The physical and chemical properties of the soil were

analyzed using different methods. Particle size distribution was determined in hydrometer



method (Bouyoucos, 1962). Soil pH was measured using a digital pH meter in a 1:2.5 soil-water
suspension. Organic carbon (OC) was determined by wet digestion method (Walkley, 1934).
Determination of total N of the soil was carried out through Kjeldahl digestion method (Black
and Allison, 1965). Available phosphorus was determined by calorimetrically using Olsen’s
method (Olsen et al., 1954). Exchangeable potassium was determined by flame photometer as
described by (McLean, 1965). CEC were determined using amonium acetate method and the
bulk density of the soil was determined by weighting oven dried soil (at 105 °C for 24 hrs)
dividend by the core volume (98.123 cm®) and the result of initial soil analysis is depicted in
Table 5.1.

Table 5.1: Initial physico-chemical properties of the experimental soil before planting

Soil parameters On-station On-farm Means Category
Total nitrogen% 0.13 0.11 0.12 low
Available P (ppm) 9.54 8.64 8.64 low
Exc. K cmol(+) kg™ soil 0.68 0.67 0.68 low
Organic carbon (%) 1.30 1.25 1.26 low
Organic matter (%) 2.25 221 2.23 low
pH (H,0) 5.36 5.15 5.19 moderate
CEC cmol(+) kg™ soil 16.10 15.52 15.64 moderate
Bulk density g/cm® 1.36 137 1.37 compacted
Sand 27.00 29.50 29.00

Clay 38.00 36.25 36.60

Silt 35.00 34.25 34.40

Textural class Clay-loam Clay-loam Clay-loam

CEC = cation exchange capacity; P = phosphorus; K = potassium; ppm = part per million and pH = potential of
hydrogen

5.2.4 Manure preparation and chemical concentrations

Farmyard manures were produced with mixtures of fresh cow dung (55%), sheep (35%),
chicken waste (5%) and tree lucerne(5%) as bedding material. At maturity the organic manure
was analyzed for the nutrient concentration by collecting composite samples of all depths of top,

middle and base of the pit and the result is depicted in Table 5.2

Table 5.2: Chemical composition of different manure sources



Manure type pH CEC oC OM N P K

mol(+) kg™ soil) (%) ) () (%) *)
Farmyard manure 7.44 44.2 16.31 28.12 120 0.65 11
Sesbania (Sesbania sesban) - - - - 242 032 091
Lupine (lupine alba) - - - - 195 031 0.88
Clover (Trifolium decoriom) - - - - 217 043 0.89

Key: CEC = cation exchange capacity; N = nitrogen; P = phosphorus; K = potassium; pH = potential of hydrogen; OM =
organic matter and OC= organic carbon

5.2.5 Data collection and analysis

Soil samples were taken from 0-20 cm depth of soil and analyzed for soil quality parameters.
Important physico-chemical properties such as the bulk density (BD), organic carbon (OC), soail
reaction (pH), cation exchange capacity (CEC) and NPK were analyzed at the end of the third
year. Data were subjected to analysis of variance (ANOVA) using General Linear Model (GLM)
procedures SAS version 9.1 (SAS, 2002). Means of data were separated using the Least

Significant Difference (LSD) test at 5% level of significance.

5.3 Result and Discussion

5.3.1 Soil improvement

The main effects, as well as the interaction effects of crop rotation system and long-term organic
treatments significantly (P<0.01) influenced the physico-chemical properties of the experimental
soil at both sites and in combined over sites. The soil organic carbon (OC), cation exchange
capacity (CEC), total nitrogen (N), phosphorus (P) and potassium (K) were significantly

(P<0.01) influenced by the main and interaction effects of crop rotation system (T) and organic



treatment (M) while the bulk density (BD) and soil reaction (pH) showed significant effect by

the main effects of organic treatments and the interaction effect with crop rotation system.

5.3.2 Effects of crop rotation on soil physico-chemical properties

The main effect of crop rotation system showed significant (P<0.01) difference on the physico-
chemical quantity of the experimental soil. The OC, CEC, N, P and K were significantly affected
by the system of crop rotation, while BD and pH of the soil didn’t showed any significant
(P<0.05) change in response to the type of crop rotation. The highest levels of OC, CEC, N, P
and K were recorded at wheat-clover-potato (R1) rotation system at both site and in combined
over sites without a statistical difference to clover-wheat under sown lupine-potato (R2) rotation
system. Maximum nutrient concentration of 2.19 % OC, 24.66 cmol (+) kg™ soil CEC, 0.24% N,
15.98 ppm P and 0.92 cmol (+) kg™ soil K were recorded at on-station. Similarly, 1.94% OC,
21.76 cmol (+) kg™ soil CEC, 0.19% N, 14.53 ppm P and 0.75 cmol (+) kg™ soil K were the
highest at on-farm conditions. In the same way, 2.07% OC, 23.21 cmol (+) kg™ soil CEC, 0.21%
N, 15.26 ppm P and 0.84 cmol (+) kg™ soil K were the maximum in combined over sites. Clover-
wheat under sown lupine-potato (R2) rotation system was providing better soil nutrient level
closely following the highest manure rates. However, the lowest level of 1.72% OC, 21.24 cmol
(+) kg soil of CEC, 0.17% N, 14.03 ppm P and 0.72 cmol (+) kg™ soil K were recorded at
wheat under sown lupine-potato under sown lupine-wheat (R4) rotation system in combined over
sites (Table 5.3, Table 5.4 and Table 5.5). The OC, CEC and N, P and K were higher in R1 by
36.5%, 35.8%, 41.66%, 62.38% and 16%, respectively, from R4 rotation systems. In addition,
R1 was greater by 64.28% OC, 48.40% CEC, 75%N, 76.62% P, 23.52% k, 14.06% pH from the
initial soil physico-chemical properties. The better levels of physico-chemical properties on R1
were owing to the incorporation of the maximum amount of biomass over the three years
(Appendix 1). When legume crops are regularly part of a rotation system, their residues increase
soil organic matter. The result is in accordance to Perez-brandan et al. (2014) who showed that
OC, N, Pand K were, respectively, higher by 144%, 121%, 56% and 178% in soybean rotation
than mono-cropping systems. Similarly, Campbelll et al. (1991) have shown that inclusion of
legume in the rotation system improves OC, N and C: N ration of experimental soil.

Furthermore, Muthoni and Kabira (2010) showed soybean-maize rotation exhibited the highest



amounts of OC, total N, P, K, Mg, Ca and water holding capacity increased by the rotation.
Similar,studies also showed that percent total nitrogen was adequate for potato production at

soybean rotation system over cereal rotation system (Yusuf et al., 2009).

However, BD and pH were not significantly (P<0.05) influenced by the main effects of the
rotation system. But, relatively lower BD and higher pH was recorded at R1 rotation system like
other soil properties. The lowest BD of 1.13 g/cm® and the highest pH of 5.98 were recorded at
on-station conditions. Similarly, BD of 1.21 g/cm® and pH of 5.87 were the minimum and the
highest at on-farm conditions. Like the individual sites, the bulk density of 1.17g/cm® and 5.92 of
pH were the minimum and the highest in combined over sites. However, the highest bulk density
and the lowest soil reaction were recorded at R4 at both sites and in combined over sites (Table
5.3; Table 5.4 and Table 5.5). The relative reduction in the values of bulk density is due to the
improvement of total soil porosity up on the organic amendment. This is in agreement with Perez
et al. (2014) who reported pH was slightly greater on legume rotation but not significantly
affected by the different rotation pattern. Yusuf et al. (2009) also reported that cropping
sequence has slightly changed soil pH and BD of the soil. This might be due to the amount of

biomass may not be sufficient enough to bring significant change to pH and BD of the soil.

Table 5.3: On-station physico-chemical properties of the soil in response to the main and interaction
effects of the preceding crops and organic matter applications

Treatments BD oC CEC N P K pH
(glem? (%) cmol (+) (%) (ppm) cmol (+)
kg™ soil) kg™ soil)
Rotation
R1 1.13 2.19° 24.66% 0.24a 15.98° 0.92? 5.98
R2 1.16 2.14° 24.37° 0.22b 15.52° 0.90° 5.90
R3 1.15 1.94° 22.45° 0.20° 14.74° 0.81° 5.91
R4 1.20 1.85° 21.83° 0.19° 14.27° 0.78° 5.85
R5 1.16 1.89° 22.27° 0.20° 14.47° 0.79° 5.88
Sig. difference ns * * * * * ns
Organic treatments
V1 1.25° 1.63° 20.74° 0.13¢ 13.94° 0.75° 5.64°
V2 1.19° 1.97° 22.68° 0.17° 14.67° 0.82° 5.83°
V3 1.15° 2.13° 23.63" 0.25° 15.45° 0.82° 5.98°
V4 1.05° 2.28° 25.39% 0.27° 16.85° 0.97° 6.15°
Slg difference *%x *k *%x *%x *%x * *k
Rotations Organic
treatment
R1 VI 1229 167 21560 017 14.00' 0.83%% 5.65°

V2 1.17°% 224"  2455®  020°  15.60™®"  (.88%°% 5 .gq%cd



V3 114"  2.37® 25.62% 0.25° 16.98° 0.93%¢%  ,09%°
V4 1.02" 2.50° 26.90% 0.33° 17.35° 1.05° 6.237
R2 V1 1.24%¢ 1.60° 21.43%"  0.14°" 13.88" 0.81%*" 5.60™
V2 1.18%c%® 223"  24.32%¢ 0.20%  15.13%ccet 0.88%*¢ 5.80™¢
V3 1.16™%" 226%™ 2534%® 0.24° 15.96%¢% 0.92°%" 6.09%°

V4 1.07°"  2.49* 26.41% 0.28° 17.13° 1.01%® 6.13%
R3 V1 1.26%° 167" 2038 0.13%" 12.80%" 0.72 5.72%
V2 1.18%c®  1.84° 21.56*"  0.16% 14.33% 0.75% 5.82"¢
V3 1.13%%" 206  23.03™%*  0.25% 14.94%" 0.79% 5,95
V4 1.03%" 220%™  24.83%"  Q27™ 16.90% 1.01%® 6.17%
R4 V1 1.29° 1.61" 20.03" 0.10' 11.98' 0.69" 5.58°
V2 1.24%c¢ 1.72" 2147 0.14™ 14.12°" 0.80%" 5.81™¢
V3 1.16°%® 197"  21.62" 0.25° 14.60%" 0.74°% 5.87%¢
V4 1.12%% 2109 24.20%¢  0.26™ 16.40°¢ 0.880c¢ 6.13%
R5 V1 1.27® 1.62" 20.33° 0.12" 12.33" 0.71 5.67°

V2 1.20%¢ 1,82 21.54%"  0.16°" 14.20°" 0.81%" 5.82"¢

V3 1.13%"%  202® 2256  0.25° 14.86% 0.78""  5.91%

V4 104 212  24.65%° 026" 16.50%¢ 0.95%¢ 6.13%

FP 1,pabcd 1.77% 21.25° 0.16° 148 0.88% 5.68¢
*%x *%x *%x

SL **k *% **k *%
SE + 0.05 0.1 1.19 0.01 1.09 0.53 0.16
CV% 6.19 7.73 7.25 8.1 7.54 10.77 4.01

Means followed with the same letter are not significantly different; R1= wheat-clover-potato; R2 = clover-wheat under
sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine-wheat; R5 =
lupine-potato under sown lupine-wheat; FP = wheat-fababean-potato; V1 =0 t/ha: V2 =2.5 t/ha FSB; V3 =5 t/ha FYM;
V4 =5t/haFYM + 2.5 t/ha FSB;SL=significance level ** = highly significant at P<0.01; * = significant at P<0.05; ns = not
significant at P>0.05; CV = coefficient of variation; SE = standard error; BD = bulk density; OC = organic carbon; TN =
total nitrogen; CEC = cation exchange capacity; P = phosphorous; pH = power of hydrogen; K = potassium

5.3.3 Effects of organic treatments on soil physico-chemical properties

Like the crop rotation system, the main effect organic treatment showed significant (P< 0.01)
effect on the physico-chemical quantity of the experimental soil. Generally, increasing the rates
of farmyard manure decreased BD and increases OC, CEC, N, P, K and pH of experimental soil
at both sites and in combined over the site (Table 5.3; Table 5.4 and Table 5.5).

Over the period of three-year, application of 5 t/ha FYM + 2.5 t/ha FSB (V1) was observed the
lowest levels of bulk density and the highest levels OC and CEC, N,P,K and pH at both sites and
in combined over sites. Hence 2.28% OC, 25.39 cmol (+) kg™ of soil CEC, 0.27% N, 16.85 ppm
P, 0.97 cmol (+) kg™ of soil K and 6.15 pH were the highest at station condition. Similarly,
2.09% OC, 24.33 CEC cmol (+) kg™ of soil, 0.23% nitrogen, 16.31 ppm phosphorus, 0.80 cmol
(+) kg™ of soil potassium and 6.00 of pH were the highest at on-farm condition. Like the
individual sites, 2.18% OC , 24.86 cmol (+) kg'1 of soil CEC, 0.25% N, 16.58 ppm P,0.88 cmol

(+) kg™ of soil K and 6.07 pH were the highest in combined over sites. Farmyard manure at 5



t/ha (V2) has shown better soil nutrient level following V4. In contrast, the lowest 1.51% OC,
19.66 cmol (+) kg™ of soil CEC, 0.12% N, 12.36 ppm P, 0.70 cmol (+) kg™ of soil K and 5.53
pH were recorded on unfertilized control (V1) in combined over sites. The OC, CEC and N, P
and K were higher in V4 by 44.37%, 26.44%, 108.33%, 33.81%, 25.71% and 4.83%,
respectively, from V1. In addition, R1 was greater by 73.01% OC, 58.95% CEC, 108.33% N,
91.89% P 29.41% k, 16.95% pH from initial soil physico-chemical properties. The highest levels
of physico-chemical quantity on R1 were owing to the harvesting of the maximum amount of

biomass over the three years (Appendix Table 7).

The increased in chemical quantity is due to the increase of organic matter at the higher rate of
organic treatment. Organic matter is widely proven as a store house of different soil nutrients.
The study is in accordance to Manna et al. (2005) who showed the higher value of organic
carbon, available nitrogen, phosphorus, potassium and lower bulk density at farmyard manure
equivalent to 120 kg N/ha compared to the lower levels. Similarly, Fonderer et al. (2015b)
reported annual organic soil amendment increase soil quality needed for optimum crop
production. Furthermore, Johann and Ulrich (2004) showed that plots which received either
prepared or non-prepared FYM at 30 t/haper yearhad significantly increased soil pH, P and K

concentrations and altered earthworm’s population.

Meanwhile, the main effect of organic treatment showed a significant difference in bulk density
of experimental soil. The bulk density (BD) was showing positive and opposite effect to the level
of organic treatments. The bulk densities of the experimental soil were drastically reduced as the
level of organic treatment increased and the vice versa. Hence the lowest bulk densities of 1.05,
1.12 and 1.08, respectively, was recorded at-stations, on-farm and in combined over sites at V4.
However, the highest bulk of 1.25, 1.31 and 1.28 were recorded, respectively, at-station, on-farm
and in combined over sites at V1. The bulk densities at V4 were reduced by 15.62%, 21.16%,
respectively, from V1 and initial soil conditions. The bulk densities of the rest of treatments were
located between the maximum level of organic treatments and the unfertilized control. In
general, BD was negatively associated with the levels of soil OM. This reduction in the values of

bulk density is due to the improvement of total soil porosity up on the organic amendment. The



result is in line with Hunt and Gilkes (1992) who showed the highest rate of manure amendment

decreases the bulk density by 0.19 g/cm® form unfertilized control.

Table 5.4: On-farm physico-chemical properties of the soil in response to the main and interaction
effects of the preceding crops and organic matter applications

Treatments BD oC CEC N P K pH
(gfem® (%) cmol (+) kg™t (%) (ppm)  cmol (+) kg™t
soil soil
Rotations
R1 1.21 1.94° 21.76 0.19° 14.53 0.75° 5.87
R2 1.22 1.88° 21.34 0.17° 13.97 0.73° 5.79
R3 1.19 1.69° 20.96 0.18 14.19 0.70° 5.76
R4 1.23 1.59° 20.65 0.16° 13.78 0.67° 5.65
R5 1.21 1.64° 20.80 0.17° 13.98 0.68" 5.70
Sig. difference ns * ns * ns * ns
Organic
V1 131*  1.39° 18.57° 0.11°  11.78° 0.64° 5.41°
V2 1.23° 1.65° 20.28° 0.15°  13.82° 0.66° 5.71°
V3 1.19° 1.87° 21.22° 0.21°  14.45° 0.73° 5.89%
V4 1.12°  2.09° 2433 023  16.31° 0.80° 6.00°
Slg difference *%x *%x *%x *k *k *%x
Rotations Organic
treatments
R1 V1 130°  1.51% 19.98° 0.12"  12.85° 0.69°%" 5.50°
V2 1.25%° 1,84 20.20°" 0.17%  14.35" 0.72°¢® 5.68%c®
V3 119 2.07® 21.60%¢ 0.21°  15.10% 0.79® 6.05%
V4 111% 2267 25.28% 0.26°  15.85® 0.81° 6.17°
R2 V1 131%  1.45° 19.28° 0.12"  12.58" 0.68%" 5.45°
V2 1.23%c0  1.84°%%* 20.18° 0.18%  13.41% 0.70% 5.75%¢0e
V3 1.22%¢  2,05%° 21.24°*¢ 0.18f°  14.53™* 0.75%¢ 5.93%°
V4 1149 217® 24.65% 0.21%®  15.35% 0.80° 6.05%
R3 V1 132%  1.40° 17.95' 0.12"  11.63" 0.62" 5.42%
V2 1.19%¢  1.49" 20.43° 0.14"  14.08%" 0.66°" 5.75%¢0e

V3 1.18™¢  1.82* 21.27°¢ 0.23™¢ 14,24 0.72 5.85%¢¢



V4 1.09°  2.06™ 24.20% 0.24*  16.85° 0.81° 6.05%

R4 V1 1.34*  1.289 17.80f 0100 1075 0.60° 5.33°
V2 1.25%  1.449 20.22° 0.13h"  13.46*" 0.62" 5.63%*
V3 119" 1.68°" 20.93% 0.20°"  14.19% 0.68%" 5.80%cc®
V4 1.14* 1,98 23.65%¢ 0.23""  16.73% 0.77*¢ 5.85%¢¢

R5 V1 132%  1.34¢ 17.87° 0.11i  11.12% 0.61% 5.42°%¢
V2 1.23% 1489 20.39°f 0.13"  13.80°f 0.62% 5.70%cd
V3 1.18™  178% 21.06°* 0.22%%  14,230ccet 0.71°c 5.82%c¢
V4 112 2.00° 23.88%° 0.24"  16.78 0.79® 5.90%°
FP 1.19°  1.7¢° 20.06% 0.15> 14.68*™ 0.86" 5.65%
SL *%x *%x *%x *k *k *%x *%x
SE + 0.06 0.12 1.39 0.01 1.09 1.01 0.21
CV%  6.99 8.63 8.36 7.46 8.04 6.99 4.94

Means followed with the same letter are not significantly different; R1 = wheat-clover-potato; R2 = clover-wheat under
sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine-wheat; R5 =
lupine-potato under sown lupine-wheat; FP = wheat-fababean-potato;V1 = V1 = 0 t/ha; V2 = 2.5 t/ha FSB; V3 =5 t/ha
FYM; V4 =5 t/ha FYM + 2.5 t/ha FSB; SL=significance level ** = highly significant at P<0.01; * = significant at P<0.05;
ns = not significant at P>0.05; CV = coefficient of variation; SE = standard error; BD = bulk density; OC = organic
carbon; TN = total nitrogen; CEC = cation exchange capacity; P = phosphorous; pH = power of hydrogen; K = potassium

5.3.4 The interaction effects of rotation and organic treatment on soil physico-chemical
properties

The interaction effects of organic treatment and crop rotation system were showed significant
(P<0.001) difference on the physico-chemical quantity of the experimental soil. The OC, CEC,

N, P, K, BD and pH were markedly varied in response to treatment combinations.

The OC, CEC and pH of the soil were significantly (P< 0.01) influenced by the interaction
effects of organic treatment and crop rotation system. The interaction effects of the maximum
organic treatment and sound crop rotation system were showed the highest level of OC, CEC and
pH of the soil. Hence, the highest level of OC, CEC and pH of the soil were recorded from R1V4
at both sites and in combined over sites. The 2.5% OC, 26.90 cmol (+) kg™ of soil CEC and 6.23
of pH were the maximum at on-station. Similarly, 2.26% OC and 25.28 cmol (+) kg™ of soil
CEC and 6.17 of pH were the highest at on-farm condition. In the same way, 2.38% OC and
26.09 cmol (+) kg™ of soil CEC and 6.20 of pH were the highest in combined over sites. The
treatment combination of R2V4 showed greater OC, CEC and pH closely following R1V4.
However, the lowest level of 1.61% OC, 20.03 cmol (+) kg™* of soil CEC and 5.58 pH and were
recorded on R4V1 treatment combinations (Table 5.2 ). The OC, CEC and N, P and K, pH were
higher in R1V4 by 65.27%, 37.96%, 190%, 46.12% and 45.31%, 13.76, respectively, from R4V1
rotation systems. In addition, R1V4 was greater by 88.88% OC, 66.81% CEC, 141.66%N,
92.12% P 36.76% k, 19.46% pH from initial soil physico-chemical properties. The highest levels



of physico-chemical quantity on R1V4 were due to the incorporation of the maximum amount of
biomass over the three years (Table 5.5). The concentration achieved at the maximum rates of
manure of 2.38% OC, 6.14 of pH and 25.81cmol (+) kg™ of soil CEC categorized as moderate
levels (Murphy, 1968a).

In general, increasing the rates of farmyard manure increased the levels of OM, pH and CEC of
the experimental soil. This was due to the increase in soil organic matter accumulation in the
experimental soil as the result of three-year application of organic manure, above and below
ground organic residues accumulated over the years. When cover crops are regularly part of a
rotation, their residues increase soil organic matter (Perez-brandan et al., 2014). The result is in
agreement with Trevor et al. (2015) who reported that long-term compost amended soils had a
positively influenced the SOC, CEC and pH of the soil than unfertilized control and inorganic
soil fertilization. The outhor has also confirmed that the humus content in soil was enhanced by
0.50% at 30 t/ha farmyard manure with every 5 years of application and with leguminous crops
than on field without legumes and without farmyard manure. Similarly, Kuz and Mina (2011)
showed that fertilization with farmyard manure leads to an increase in exchange capacity,

increases soil pH and improve the organic carbon level of the soil.



Table 5.5: Combined on-station and on-farm physico-chemical properties of the soil in response to
the main and interaction effects of the crop rotation and organic matter applications

Treatments BD oC CEC N P K pH
@em® (%) cmol (+) kg™ (%) (ppm) cmol (+) kg™t
soil soil
Rotations
R1 1.17 2.07° 23.21° 0.21% | 15.26° 0.84? 5.92?
R2 1.19 2.01° 22.86% 0.19°  14.74® 0.82° 5.85%
R3 1.17 1.82° 21.70% 0.19° . 14.47® 0.75° 5.84%®
R4 1.22 1.72° 21.24™ 0.17c  14.03" 0.72° 5.75°
R5 1.19 1.77" 21.53" 0.18%: 14.23° 0.74° 5.79°
Sig. difference ns * * * * * *x
Organic treatment
V1 1.28° 1.51¢ 19.66° 0.12%  12.39° 0.70° 5.53°
V2 1.21° 1.80° 21.49° 0.16°  14.25° 0.74° 5.78°
V3 1.17° 2.00° 22.43° 023" 1496 0.78° 5.93°
V4 1.08° 2.18° 24.86° 0.25°  16.58° 0.88? 6.07°
Slg difference *%x *x *%x *x *%x * *%x
Rotations Organic
treatments
R1 V1 26%°% 159" 20.77™ 0.14™  13.43" 76° 5.58""
V2 1.21°cef 1 2 ogbed 22.38%M0 0.19° 14.98% 0.80Pccef 5.86°%
V3 1.17%9" , 2.22% 23.61%" 0.23%"  16.04*¢ 0.86*° 6.07%¢
V4 1.06' 2.38% 26.09° 0.29*  16.60° 0.93%°¢ 6.20%
R2 V1 27 1509 20.35™ 0.13"  1323" 0.75%" 553"
V2 1.19%0  2.16® 23.29¢f0 0.21"  15.24 0.83%ce® 6.01%c%
V3 1.20%%" 2,04 22.25™¢ 0.19¢?  14.27* 0.79"c" 5.78c""
V4 1.10Y 2.33 2553 0.25  16.24* 0.90* 6.09%°
R3 V1 1.29™ 153" 19.16" 0.13" 12.21 0.67" 557"
V2 1.19%f"  1.67¢ 20.99%" 0.15"  14.20% 0.70%" 5.78°%%f0
V3 115" 1.94°% 22.15°%"" 0.24%  14.59% 0.75%"" 5.90°%¢ce
V4 1.06' 2.13" 2451 0.26°  16.88° 0.91* 6.11%
R4 V1 1.322 1.44' 18.91! 0.10  11.36' 0.64" 5.45%
V2 1.25%0%f 1 5goN 20.85'%" 0.13'"  13.79°% 0.70™" 5.72"®
V3 118" 1.82" 21.28%" 0.22°"  14.40%" 0.71°%%0" 5.84%°
V4 1139 2.04% 23.93% 0.24*  16.56* 0.82 5.99°%cce
R5 V1 1.29% 148" 19.10" 0.12% 1173 0.65" 5.54"9
V2 1.220f 1 g5 20.96"° 0.14"  14.00%f 0.71°" 5.76°"
V3 1.16""  1.90° 21.81"" 0.23°®  14.54%" 0.75%" 5.86"
FP 1.2" 1.7 20.7" 0.12%  14.74™ 0.87™ 55"




V4 1.08"  2.06™ 24.26*¢ 0.25®  16.64° 0.87%° 6.01™%
SL *%x *%x *%x *%x *%x *%x *%x
SE + 0.05 0.10 1.21 0.01 0.80 0.05 0.18
CV% | 662 7.94 7.78 7.75 7.82 8.64 4.48

Means followed with the same letter are not significantly different; R1 = wheat-clover-potato; R2 = clover-wheat under
sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato under sown lupine-wheat; R5 =
lupine-potato under sown lupine-wheat; FP= wheat-fababean-potato; V1 = 0 t/ha; V2 =2.5 t/ha FSB; V3 =5 t/ha FYM;
V4 =5 t/ha FYM + 2.5 t/ha FSB; SL= significance level ** = highly significant at P<0.01; * = significant at P<0.05; ns =
not significant at P>0.05; CV = coefficient of variation; SE = standard error: BD = bulk density; OC = organic carbon;
TN = total nitrogen; CEC = cation exchange capacity; P = phosphorous; pH = power of hydrogen; K = potassium

In the meantime, the interaction effects of organic treatment and crop rotation system
significantly influenced the concentration of NPK content of the experimental soil. The highest
level NPK concentration was recorded at the interaction effect of the maximum level of the
organic treatment and sound rotation system. Then the highest levels of NPK concentration were
recorded at R1V4. The 0.30% N, 17.24 ppm P and 1.03 cmol (+) kg™ of soil K were the
maximum at on-station. Similar trends was observed at on-farm conditions with the highest
nutrient levels of 0.23% N, 15.60 ppm P and 0.81 cmol (+) kg™ soil K compared to other
treatments. As to the individual sites, nutrients concentration of 0.27% N, 16.42 ppm P and 0.92
cmol (+) kg™t of soil K were the highest in combined over sites. The interaction effect of
farmyard manure at 5 t/ha + 2.5 t/ha FSB and clover-wheat under sown lupine-potato provides
better soil nutrient level closely following the highest manure rates. In contrast, R4V1 showed
the lowest level of 0.14% N, 13.33 ppm P and 0.75 cmol (+) kg™ of soil K in combined over
sites. Slight improvment obtained in NPK concentration compared to the concentration on initial
soils. There is an improvement by 2% N, 6.49 ppm P and 0.07cmol (+) kg™ of soil K compared

to the initial soil conditions.

This is due to the effect of previous improved management practice employed on the
experimental soil. Generally, after three-years of application, the highest rates of manure and
sound rotation system provide an optimum concentration of N, P and K levels for plant growth
(Appendix Table 7). This result is in agreement with Fula et al. (2015) who reported the long-
term application of manure substantially increased plant nutrients and ultimately improves crop
productivity. In addition, Johann and Ulrich (2004) showed that higher available nitrogen (N),
phosphorus (P) and potassium (K) observed in farmyard manure applied equivalently to 120 kg

/ha N for subsequent years. Furthermore, Manna et al. (2005) showed that plots which receive



manure at 30 t/ha per year annually significantly increased soil nitrogen, phosphorus and

potassium concentrations.

The bulk densities of the experimental soil showed a statistically significant variation on the
interaction effects of organic treatment and crop rotation system. In general, the bulk density of
experimental soil was lower at the interaction effects of maximum level of organic treatment and
sound rotation system and higher on unfertilized control and less sound crop rotation system.
Therefore, the lowest level of BD was recorded from R1V4 at both sites and in combined over
sites. The BD of 1.12 and 1.11 g/cm3 were the lowest at on-station and on-farm conditions,
respectively. Likewise, the bulk density of 1.08 g/cm® was the lowest in combined over sites.
The treatment R2V4 was showed lower BD after the R1V4. However, the interaction effects of
unfertilized control and wheat under sown lupine-potato under sown lupine-wheat rotation
system (R4V1) showed the highest bulk density of 1.29, 1.34 and 1.32 g/cm?® at station, on-farm
and in combined over sites, respectively. Generally, soils having low-level of bulk density
exhibit favorable soil physical conditions and create a suitable condition for crop growth. The
result is in line with the study of Hunt and Gilkes (1992) that the bulk density (1.08 g/cm®)
recorded at highest rates of manure amendment was low and satisfactory for crop growth. This
reduction in the values of bulk density is due to dilution effect organic components in lowering

bulk density.

The current result is similar to Manna et al. (2005) who noted the lowest bulk density was
observed when manure applied equivalently to 120 kg/ha of Nitrogen. Similarly, Tamos et al.
(2015) reported that long-term organic soil fertilization leads to a decrease in soil bulk density
compared to unfertilized control. Furthermore, Ronky and Mishra (2009) confirmed that organic
manure decreases soil bulk density by 12.6% compared with unfertilized control. Similarly, Kuz
and Mina (2011) showed that fertilization with farmyard manure leads to a decrease of soil bulk
density and farmyard manure at 20 t/ha resulted in the lowest soil bulk density of 1.19 g/cm?
compared to control. In addition, Manna et al. (2005) indicated the lower bulk densities were

observed in farmyard manure applied equivalently to 120 kg/ha nitrogen.



5.4 Conclusion and Recommendations

The variation in the level of organic manure and the type of crop rotation system and their
interaction effects influenced the physico-chemical properties of experimental soil. Application
of different level of organic treatments influenced the physico-chemical properties of
experimental soil. Physico-chemical properties of experimental soil were the highest at the
maximum level of organic treatments and the smallest at the lower level of organic treatments.
Similarly, crop rotation system could substantially improve the physico-chemical properties of
experimental soil. Physico-chemical properties of experimental soil were greater at potato-
clover-wheat than other rotation systems. In addition, the interaction effects of a combination of
manure and sound crop rotation system synergistically improved physico-chemical properties of
experimental soil. Maximum physico-chemical properties of experimental soil were recorded at
the interaction effects of 5 t/ha FYM + 2.5 t/ha FSB and potato-clover-wheat compared to other
treatments combinations. This was certainly due to the high level of soil nutrient replenishing
rate on the maximum level of organic treatments and sound rotation system. Hence, it could be
concluded that even though the separate application of organic treatment and crop rotation
system have a positive effect on physico-chemical properties of experimental soil their combined

use has more beneficial effect in improving physico-chemical properties of experimental soil



CHAPTER 6. GENERAL SUMMARY, CONCLUSION,
RECOMMENDATIONS AND FUTURE RESEARCHCH DIRECTIONS

Inorganic soil amendment has been exercised for long years in the highlands of Ethiopia. The
terrible incident appears due to over relaying of inorganic fertilizer and disregard to the
beneficial effects of organic fertilizer. The disadvantage of synthetic fertilizer outweighs the
advantages and lead to acidity, nutrients depletion, soil compaction, ground and surface water
contamination, hardpan and salt formed in the upper layer of cultivated land of Ethiopia. Hence,
changing the conventional systems to sustainable soil fertility management essentially appears
important to maintain a high level of soil quality and sustain crop productivity. In this regard,
selecting organic manure from an inorganic form of soil fertilization could bring sustainability in
the agriculture sector. Organic fertilizers contribute a lot to sustain crop production through the
beneficial effects of physical, chemical and biological properties of the soil. It improves soil
aggregation, soil nutrient level, water retention and reduces soil compaction. However, the
organic matter level of the soil controlled by the balance between additions of plant and animal
biomasses and losses by decomposition. Both additions and losses directly affected by
management practices on a given cultivated land. For example, addition of farmyard and green
manure maintain soil organic matter content while burning of farmyard manure and crop residue

reduces the organic matter of the soil.

Thus experiments were initiated with the objective of improving the productivity of different
crops and the physico-chemical properties of experimental soil through long-term organic
treatments in combination with sound rotation pattern. The field experiments conducted in
various locations under several cropping systems in Gusha Shinkurta village, Awi
Administrative Zone. All experiments were conducted according to an agreed protocol, but the
design allowed flexibility to adjust treatments and management practices. Data of plant height
and grain yield of wheat; marketable and unmarketable yield of potato and fresh and dry biomass
yield of clover were recorded to measure the agronomic performance of each crop. In addition,
the cation exchange capacity (CEC), soil reaction (pH), total nitrogen (N), avialable posphorus
(P), soil organic carbon (SOC) and bulk density of experimental soil were analyzed and recorded
following the standard methods before commencing and at the end of the experiment. The data

was subjected to analysis of variance (ANOVA) using General Linear Model (GLM) procedures
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SAS version 9.1 (SAS Institute, 2002). The means of the data were separated using the Least

Significant Difference (LSD) test at 5% level of significance.

The experimental results showed that the type of preceding crop and the levels of organic
treatments greatly influenced the performance of each crop and properties of experimental soil.
The productivity of potato, wheat and clover showed incredible variation to the variation of the
level farmyard manure and crop rotation pattern. The yield of potato, wheat and clover were
increased three to four times in response to sound rotation pattern and organic treatments

compared with respective untreated soil and less sound rotation pattern as follows:

1. The tuber yields of potato showed increasing trend over the period of the three years with the
lowest in the first year, intermediate in the second year and being the highest in the third year
across all treatments. In the first year, maximum potato tuber yield (14.59 t/ha) was recorded at 5
t/ha FYM + 2.5 t/ha FSB, while the lowest tuber yield of 5.4 t/ha was recorded on unfertilized
control plots. In the second year, the highest total tuber yield of 24.8 t/ha was recorded at the
interaction of 5 t/ha FYM + 2.5 t/ha FSB and potato after sole lupine, while the lowest potato
tuber yield (10.5 t/ha) was recorded at the interaction of unfertilized control and potato followed
after wheat under sown lupine. In the third year, the highest total tuber yield (35.15 t/ha) was
obtained at the interaction of 5 t/ha FYM + 2.5 t/ha FSB and clover-wheat-potato rotation and
the lowest tuber yield (13.02 t/ha) was recorded at the interaction of unfertilized control and
wheat under sown lupine-clover-potato rotation. Application of 5 t/ha FYM + 2.5 t/ha FSB to
potato plots in the third year after clover and wheat attributed to increase tuber yield by 69% and
41% over that of the first and the second years, respectively. In other words, annual application
of the maximum rate of farmyard manure and the longest length of rotation with sound rotation
pattern gave the maximum potato tuber yield. Hence, application of 5 t/ha FYM + 2.5 t/ha FSB
and potato-clover-wheat rotation would be recommended as ecologically sound alternative
option to the inorganic soil fertility management system to improve the productivity of potato in

the studied area.

2. Similarly, the grain yields of wheat showed increasing trend over the period of the three years

with the lowest in the first year, intermediate in the second year and being the highest in the
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third year across all treatments. In the first year, the highest grain yield (1.68 t/ha) was recorded
at 5t/ha FYM + 2.5 t/ha FSB and sole lupine. Similarly, the highest grain yield (3.20 t/ha) was
recorded at 5 t/ha FYM + 2.5 t/ha FSB and rotation system sole lupine-wheat in the second
year. In the third year, the highest grain yield (4.48 t/ha) was recorded at 5 t/ha FYM + 2.5 t/ha
FSB and wheat followed by clover and potato. However, the lowest grain yield and other
growth parameters recorded on unfertilized control and unsound rotation patterns. The
increment in grain yield and other growth parameters of wheat is due to the ability of the
systems in providing optimum nitrogen, phosphorus and other nutrients. Hence, 5 t/ha FYM +
2.5 t/ha FSB and potato-clover-wheat rotation pattern could be recommended to achieve

optimum yield and profitability of wheat in the high lands of Ethiopia.

3. Furthermore, the biomass yield of clover showed variation in response to treatments. The main
effects of preceding crop and the interaction effects of preceding crop and organic matter
application did not have a significant effect in most of the growth parameter except the root and
shoot dry biomass at on-station conditions. However, the main effect of applications of organic
matter applications showed a significant effect on the growth parameters and biomass yield of
clover. Statistically significant differences were observed among treatments with respect to all
the parameters measured. Plant height, number of nodules, number of tillers, root and shoot
biomass of clover were varied in response to organic matter applications. Generally, application
of 5 t/ha of FYM combined with 2.5 t/ha of FSB was found superior in almost all parameters
measured followed by FYM at 5 t/ha, FSB at 2.5 t/ha and the unfertilized control. The highest
total dry biomass of clover (5.6 t/ha) was recorded on FYM at 5 t’ha combined with FSB at 2.5
t/ha followed by FYM at 5 t/ha (4.68 t/ha). The unfertilized control showed the lowest mean dry
biomass (3.06 t/ha) of clover compared to all other treatments. FYM at 5 t/ha combined with
FSB at 2.5 t/ha showed as much as 86.6% biomass yield advantage over the unfertilized control.
Thus, it is advisable to use the FYM at 5 t/ha combined with FSB at 2.5 t/ha for better biomass
yield of clover. In addition, correlation within agronomic traits of clover indicated that dry
biomass demonstrated positive and significant correlation with plant height, the number of
nodule, root and shoot plant biomasses and the number of tillers. In contrast, weak correlations

exist for days of 50% flowering and to the stand count of clover.
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4. Finally, the variation in crop rotation and organic treatments showed different effects on the
physico-chemical property of experimental soil. Thus, the main effects as well as the interaction
effects of organic treatment and crop rotation system significantly (P< 0.01) influenced the
physico-chemical properties of the soil at both sites and in combined over sites. Among all, the
interaction effects of wheat-clover-potato rotation pattern and 5 t/ha FYM + 2.5 t/ha FSB
markedly influenced the physico-chemical properties of soil. The organic carbon (2.26%), cation
exchange capacity (25.28 cmol (+) kg-1 soil), total nitrogen (0.28%), phosphorus (15.85 ppm),
potassium (0.81 cmol (+) kg-1 soil) and pH (6.17) were the highest compared to other
treatments. Similarly, the lowest level of bulk density (1.11 g/cm3) recorded at this treatment
combination. This is because of the incorporation of more crop residue from the system of soil
fertilization. Hence, the interaction effects of wheat-clover-potato rotation system and 5 t/ha
FYM + 2.5 t/ha FSB recommended for improve soil quality parameters needed to sustain crop

productivity.

Generaly, this serious of experiment provides useful information for producers and users about the
use of manure in the agriculture sector. Manure not only provide nutrient for plant growth and
development but also a beneficial effect on soil properties. These results were a good example to
encourage farmers to use farmyard manure and green manure instead of inorganic soil
amendments. However, the research has also generated a number of questions which could be

addressed in the future to optimize the use of manure for agriculture purposes.

1. In this research, only a few types of manure were used for the study. However, it is well known
that manure effect on crop yield and soil properties varies with the source material used.
Therefore, it would be important to conduct a similar experiment with manure from different
sources.

2. The field experiment was conducted only for three years. Thus, the more longer-term experiment
should be established to obtain concrete information on the effects of manure and crop rotation

on crop Yyield and soil properties.
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. Farmers have recognized the importance of organic inputs on crop yield since ancient times,.

However, the demand of manure for other purposes is very strong. The farming community use

farmyard manure for plastering local house and energy source. This practice highly aggravated

the negative nutrient balance in the agricultural fields. Hence, further study must be suggested
on alternative energy sources and house making systems.

. The way of handling organic matter is full of difficalties in the highlands of Awi Zone. Pits and
heaps of manure are not well technically fit with scientific standards. The collected manures
subjecteed to open sunshine and rainfall that volatilize nitrogen and wash out nutrients. Hence,
strong intervention in the teaching of the local community must be suggested.

. The experimental plan was not able to give the maximum yield of potato, wheat and clover.
Hence some revisions should be done on levels of farmyard manure.

. The calendar of sowing date of green manure should be revisited in order to allow adequate time
span to have adequate time between incorporation and planting of the main crop.

. Finally, selection of different types of green manure that better fit with the agro-ecosystem of

the district could be an intervention in the future for better soil and yield improvement.

88



REFERENCES

Aailkha S. and Aulakh B. 2010. Integrated nutrient management for sustainable crop
production, improving crop quality and soil health and minimizing environmental
pollution. presented at the 2010 1*" world congress of sail science, soil solutions for a
changing world, 1- 6 August 2010, Publishid on DVD.

Abbott L.K. and Murphy D. V. 2007. What is soil biological fertility: A key to sustainable land
use in agriculture. 2" edition, Kluwer Acadamic publisher, London: 9-15.

Abebe Zerihun, Sharma J., Dechasa N. and Kanampiu F. 2013. The'effect.of integrated organic
and inorganic fertilizer rates on performances of soybean and maize component crops of
a soybean/maize mixture at Bako,Western Ethiop. Afr. J. Agric. Res. 8:3921-3929.

Adane Herpa, Meuwissen Mola, Tesfaye Agajie, Lommen, W., Lansink A. and Tari, A. 2010.
Analysis of seed potato systems in Ethiopia. Am. Potato J. 78: 537-552.

Adeoye P., Adebayo S. and Musa J. 2011. Growth and yield,response of cowpea to poultry and
cattle manure as amendments on sandy loam soil:plot. J. Agric. Res. 6: 218-221.

Adesodun J., Adeyemi E. and Oyegoke C. 2007. Distribution of nutrient elements within water-
stable aggregates of two tropical agro-ecological soils under different land uses. Soil and
Tillage Re. 92: 190-197.

Adugnaw Birhanu 2014. Environmental degradation and management in Ethiopian Highlands:
review of lessons learned. Int. J. Plant Prot. 2: 24-34.

Ali N. S. and Al-juthery H. W. 2015. The combined effect of different fertilizer sources and
irrigation method on potato and water productivities under Iragi conditions of agriculture.
Int J Recent Sci Res. 6: 556-557.

Ali W., Jan A. and Abbas A. 2015. Residual effect of preceding legumes and nitrogen levels on

subsequent maize. Internatrnational Journal of Agr and Agricultural Res. 7: 78-85.
Amare Haileslaseuie, Joerg E. and Priess A. (2005). Assessment of soil nutrient depletion and

its spatial variability on smallholders' mixed farming systems in Ethiopia using partial

versus full nutrient balances. Agri ecos and enva 108:1-16

89



Amare Haileslaseuie, Joerg E. and Priess A. 2006. Smallholders’ soil fertility management in
the central highlands of Ethiopia: Implications for nutrient stocks, balances and
sustainability of agro-ecosystems. Nutr Cycl Agroecosys 75:135-146.

Amber D., Olsen L. and Anna M. 2010. Residual effects of fresh and composted dairy manure
application on potato tuber yield. Am Potato J. 88: 324-332.

Amir A., Mohammad R., Haj S., Faezeh F., Mohammad T. and Alireza R. 2012. Effect of
integrated nutrient management of nitrogen fertilizer and cattle manure on leaf
chlorophyll and tuber yield of potato. Commun Soil Sci Plant Anal. 43: 912-923.

Angus J., Kirkegaard J. and Peoples M. 2001. Rotation sequence and phase: research on crop
and pasture systems. In Poceedings 10th Australian Agronomy Conference: 2245-2251,
Australian, Melbourne.

ANRS 2006. Amhara Region Bureau of Finance and Economic Development Annual Statistical
Bulletin. Handbook No.20, Bahir Dar, Ethiopia.

Armstrong R., Cocker K., Johnson S., Walsh K., Miller G., Kuskopf B., Standley J. and Probert
E. 1999. Legume and opportunity cropping systems in central Queensland: Legume
growth, nitrogen fixation and water use: Aust J Agric Res. 50: 909 - 924.

Asenso K. and Jemaneh S. 2012. Increasing agricultural productivity and enhancing food
security in Africa: new challenges and opportunities. Concept note for an international
conference:5-6.

Ashraf M., Mahmood T.A. and Qumar. R. M. 2004. Comparative effects of applying
leguminous and non-leguminous green manures and inorganic N on biomass yield and
nitrogen uptake in flooded rice. Biol Fertil Soils 40:147-152.

ATA 2013, Status of soil resources in Ethiopia and priorities for sustainable management: Gsp
for eastern and southern Africa. March 25-27, Nairobi, Kenya.

Babulicova M. 2016. Enhancing of winter wheat productivity by the introduction of field pea
inta:.crop rotation. J Agric Sci. 62: 101-110.

Bekabil U. T. 2014. Review of challenges and prospects of agricultural production and
productivity in Ethiopia. Int. j. nat. sci. 4: 70-77.

Bekele Hundie, Verkuijl H., Mwangi W. and Tanner D. 2000. Adoption of improved wheat
technologies in Adaba and Dodola Woredas of the Bale highlands, Ethiopia. Proceedings

90



of the Tenth Regional Wheat Workshop for Eastern Central and Southern Africa
University of Stellenbosch, South Africa, Addis Ababa, Ethiopia.

Belachew Taye and Abera Yifru 2010. Assessment of soil fertility status with Depth in Wheat
Growing Highlands of Southeast Ethiopia. World Journal of Agricultural Sciences, 6:
525-531.

Berhanu Agumas 2008. Soil acidity problems and comparison of lime requirement
determination methods in different land uses systems: The case of Fagetalekoma Woreda,
Awi Zone.MSc thesis, Adiss Abeba Universty: 84 .

Berry L., Olson J. and Campbell D. 2003. Assessing the extent, cost and impact of land
degradation at the national level: findings and lessons learned from seven pilot case
studies. Report commissioned by Global Mechanism of the United Nations Convention to
Combat Desertification, Adiss Abeba,Ethiopa, pp:25-30.

Bezuayehu Tefera, Gezahegn Ayele, Yigezu Atnafe, Mala A. and Poid D. 2003. Nature and
causes of land degradation in the Oromiya Region : A review Nature and causes of land
degradation in the Oromiya Region: A review, Nairobi, Kenya :24-27.

Bilal Q., Muhammad Y. and Sajjad A. 2000:Effect of varying levels of nitrogen and farmyard
manure application on tillering and height'of mott grass. Int J Agric Biol. 2: 21-23.

Bikila A, Derbew Belew and Adugna Debela, 2014. Effect of inter and intra row spacing on
potato (solanum¢ tuberosum ). Seed and ware tuber seedling emergence and
establishment at Bako, Western Ethiopia. Journal of Agronomy, 13: 127-130.

Black C. and Alisen L::1965. Methods of soil analysis, soils effect of variations in digestion
conditions.and ingrganic soil constituents.

Bohme L., Langer U. and Bohme F. 2005. Microbial biomass, enzyme activities and microbial
community structure in two European long-term field experiments. Agric. Ecosyst.
Environ.109: 27-32.

Bouyoucos A. 1962. Hydrometer method improved for making particle size analysis of soils.
Agron. J. 54: 464-465.

Briggle L. and Curtis B.1987. Wheat worlwide. In E.G. Heyne, ed. Wheat and wheat
improvement (2nd ed. Ag).

91



Campbelll C., Zentnerl R. and Lafond G. 1991. Effect of crop rotations and cultural ptactices
on soil organic matter, miciobial biomass and respiration in a thin black chernozem. Can
J Soil Sci 95: 177-186.

Caporali F., Campiglia E., May R. and Pohor D. (2004). Maize performances as influenced by
winter cover crop green manuring. Ital. J. Agron. 8: 37-45.

Carl J. Rosen Deborah L. A. 2007. Exploring the benefits of organic nutrient sources for crop
production and soil quality. Horttechnology 17: 422-430.

Chu H. Y., Lin X. G., Fujii T., Morimoto S., Yagi K., H., Jan. L.D. and Zhang J. B. 2007. Soil
microbial biomass,dehydrogenase activity, bacterial community structure in response to
long-term fertilizer management. Biol. Fertil. Soils 39: 2971-2976.

Corstanje R., Reddy K.R., Prenger J.P., Newman S. and Ogram A. 2007. Soil microbial eco-
physiological response to nutrient enrichment in a sub-tropical wetland. Ecol. Indic 7:
277-289.

CSA 2016. The Federal Democratic Republic of Ethiopia Central Statistical Agency. Report on
area and production of major. Statistical Bulletin 584: 121.

CSA 2007. Agricultural sample survey: Report on area and production for major crops. Addis
Ababa, Ethiopia.

Dalal R. and Mayer J. 1990. Long-term trends in fertility of soils under continuous cultivation
and cereal cropping in southern Queensland: available nitrogen indices and their
relationships to crop yield'and n uptake. Aust. J. Soil Res 12: 563-575.

Dalzell H. W., Biddle K. R and Kat T. 1997. Compost production and use in tropical and sub-
tropical environments. FAO Soils Bulletin 56: 117- 118.

Dawit Dalga , JJ Sharma and Tamado Tana 2014.Growth and yield of bread wheat (Triticum
aestivum 1.) as influenced by row spacing and weeding frequency in Southern Ethiopia .
Sciatica Agriculture: 40-55.

Der T. B., Ozturk A., Bulut S., Yildiz N., Murat M. and Lue K. G. 2012. Verimi effects of
organic manures and non-chemical weed control on wheat : Plant growth and grain yield.
Turk J Agric For.90:442-445,

92



Der T., Ozturk A., Bulut S., Yildiz N., Murat M. and Lu K. 2012. Effects of organic manures
and non-chemical weed control on wheat : plant growth and grain yield. J Agric Sci.6: 9-
20

Dhull S., Goyal K. and Macan M. 2005. Crop rotation effects on soil organic matier and soil
microbial properties. Agric. J. India 39: 128-132.

Dhull S., Goyal K.K. and Malc. C. M. 2005. Crop rotation effects on soil organic matier and
soil microbial properties. Indian J. Agric. Res 39: 128-132.

Diacono M. and Montemurro F. 2010. Long-term effects of organic amendments on soil
fertility. A review. Agron Sustain Dev. 30: 401-422.

Diver S., Kait. G. and Ball H. 1999. Organic tomato production: National agriculture
sustainable survice. Austria,VVenna :235.

Dsouza G., Cyphers D. and Phipps T. 1993. Factors affecting the adoption of sustainable
agricultural practices. Agric Resour Econ Rev. 22:159-165.

EATA 2013. Status of soil resources in Ethiopia and priorities for sustainable management.
GSP for Eastern and Southern Africa, 25-27 March 2013, Nairobi, Kenya.

Elias Eyasu 2002. Farmers’ perceptions of soil fertility change and management. ISD and SOS
Sahel International. EDM Printing Press. Addis Ababa, Ethiopia.

El-sayed S. F., Hassan H. A., EI-mogy M. M. and Abdel-wahab A. 2014. Growth, yield and
nutrient concentration of potato plants grown under organic and conventional fertilizer
systems. American-Eurasian J. Agric. and Environ. 14: 636-643.

EMA 2013. National meteorological agency meteorological data and climatology directorate.
Annual climate bulletin for the year 2013, Adiss Abeba, Ethiopa.

Eswaran H., Reich P., Beinroth F. and Padmanabhan E. 1999. Major land ressource stresses in
relation to sustainable agriculture in Asia. Food and Fertilizer Technology Center: 1-11.

Eugenija B.;;Almantas R., Rita A., Audrius K., Zita M., Danuta R., Jelena T. and Liudmila T.
2014 Effects of ecological farming systems: five year crop rotations on crop productivity
and properties of haplic luvisol. J Food Agric Environ 4: 1137 - 1142,

Eyhorn F., Hull. M. and Woo. G. 2004. Training manual for organic agriculture in the tropics.
Theory, transparencies and didactic approach. Auganda, Campala

Eyob Belay. 2015. Integrated soil fertility management for better crop production in Ethiopia.

93



J Soil Sci. 10: 1-16.

Fan T., Stewart B., Yong W., Junjie L. and Guangye Z. 2005. Long-term fertilization effects on
grain vyield, water-use efficiency and soil fertility in the dryland of Loess Plateau in
China. Agric. Ecosyst Environ. 106:313-329.

FAO 2004. Fertilizer development in support to the comprehensive africa agriculture, South
Africa, 1-5 March.

FAO 2013. Towards sustainable agriculture and rural development in the Ethiopian Highlands.
Proceedings of the Technical Workshop on Improving the Natural Resources Base and
Rural Well-being, 25-27 November 2013.

FAO 2015. Status of the world’s soil resources: main report food and agriculture organization of
the united nations and intergovernmental technical panel on'sgils. Rome, Italy.

FAOSTAT 2013. Agricultural data provisional and production.indices. FAO, Italy.

FAOSTAT 2013. The agricultural production domain. covers, -quantity produced, producer
price, area harvested and yield per hectare. Rome, Italy.

Farhad W., Saleem M., Cheema C. and Hammad M.2009. Effect of poultry manure levels on
the productivity of spring maize. J. Anim. Plant Sci. 19: 122-125.

FDRE 2016. Growth and Transformation Plan 1l of Ethiopia.

Fobriot M. Stauffer Y. Goubard L. Vieubl A. R. and Sabiit H. 2015. Multi-criteria indices to
evaluate the effects of repeated organic amendment applications on soil quality
parameters.International symposium on organic matter management and compost use in
horticulture 6:20-24.

Fondere Mg Stauffer Y. Goubard L. and Vieubl A. 2015. Multi-criteria indices to evaluate the
effects of repeated organic amendment applications on soil quality parameters.
International symposium on organic matter management and compost use in horticulture:
20-24;

Garofalo PyzPaolo E and Rinaldi M. 2009. Durum wheat in rotation with faba bean: long-term
simulation case study. Crop Pasture Sci. 60: 240-250.

Gebreselassie Sahil, Kirui O. K. and Mirzabaev A. 2016. Economics of land degradation and
improvement: global assessment for sustainable development.springer international
publishing 10: 401-430.

94



Gete Zeleke 2015. Fertilizer and soil fertility potential in ethiopia: constraints and opportunities
for enhancing the system.International Food Research Institute. Addis Abebe, Ethiopia

Geu S., Xu H., Jie M. and Jiang Y. 2013. Characteristics of soil organic carbon, total nitrogen
and C:N ratio in chinese apple orchards. J. Soil Sci. 3: 213-217.

Gildemacher P., Kaguongo W., Ortiz O., Tesfaye Amogne and Woldegiorgis Gebrie 2009.
Improving potato production in Kenya, Uganda and Ethiopia: A system diagnosis. Potato
Res.52: 173-205.

Goffart J and Olivier M. 2008. Potato crop nitrogen status assessment to improve:nitrogen
fertilization management and efficiency: past-present-future, Potato Res 51: 355-383.

Goulding K., Jarvis S., and Woo A. 2008. Optimizing nutrient management for farm systems.
Phil. Trans. R. Soc.363: 667-680.

Habtamu A. Heluf G. Bobe B. and Enyew A. 2014. Fertility status of soils under different land
uses at Wujiraba Watershed, northwestern Highlands.of Ethiopia. Agriculture, Forestry
and Fisheries 3: 410-419.

Hanegraaf M.C., Hoffland E., Kuikman P. J. and Brussaard L. 2009. Trends in soil organic
matter contents in dutch grasslands and maize fields on sandy soils. Eur J Soil Sci, 60:
213-222.

Hatch D., Sacco D., Bertora C. and Grignani C. 2008. Changes in chemical and biochemical
soil properties induced:by 1lyear repeated additions of different organic materials in
maize-based forage systems. Soil Biol Biochem. 40: 608-615.

Hayat R. and Ali=S. 2010. Nitragen fixation of legumes and yield of wheat under legumes-
wheat rotation in pothwar 42: 2317-2326.

Hazelton P. and. Murphy B. 2007. Interpreting soil test results: what do all the numbers mean.
CSIRO Publishing, Printed in Australia by Ligare.

Hellal. F., Zewainy R., Khalil A. and Ragab M. 2014. Effect of organic and bio-fertilizer
aanagement practices on nutrient availability and uptake by faba bean- maize sequence.
Am. Eurasian J. Sustain. Agric. 8: 35-42.

Hernandez D., Fernandez J.M. Plaza C. and Polo A. 2007. Water-soluble organic matter and
biological activity of a degraded soil amended with pig slurry. Sci. Total Environ 307:
101-103.

95



Hunt N. and Gilkes R. 1992. Farm monitoring handbook: A practical down-to-earth manual
for farmers and other land users. University of Western Australia, Nedlands Land
Management Society.

Hurni H. 1993. Land degradation, famines and resource scenarios in Ethiopia. World Soil
Erosion and Conservation :27-62

IFPRI 2000. Global study reveals new warning signals: degraded agricultural lands threaten
world’s food production capacity. IFPRI News Release, 21 may2000.

Johann G. and Ulrich K. 2000. Effects of traditional and biodynamic farmyard manure
amendment on yields, soil chemical, biochemical and biological properties in a long-term
field experiment. Journal of Bio Fertile Soils 40: 222-229.

Karazija T., Cosic T., Lazarevic B., Horvat T., Petek M., Palcic I. and Jerbic N. 2015. Effect of
organic fertilizers on soil chemical properties on vineyard calcareous soil. Agriculturae
Conspectus Scientificus 80: 79-84.

Karlen D.L., Mausbach M. J., Doran J. W., Cline R. G., Harris R. F. and Schuman G. E. 1997.
Soil quality: A concept definition and framework for evaluation. Soil Sci Soc Am J. 61:
4-10.

Kejela K. 1992. Assessing soil degradation with emphasis on soil productivity in the Anjeni
area, Gojam. Institute of Agricultural Research, Addis Ababa, Ethiopia:78-91.

Ketema M. and Bauer S. 2011. Determinants of manure and fertilizer applications in eastern
highlands of Ethiopia. Int J Agr Sci 50: 237-252.

Konthoujam N.=Tensubam B., Herojit S., Athokpam N. and Diana S. 2013. Influence of
inorganic, biological and organic manures on nodulation and yield of soybean and soil
properties. Aust. J. Crop Sci. 7:1407-1415.

Kowaljow E. and Mazzarino M. 2007. Soil restoration in semiarid Patagonia: Chemical and
biological response to different compost quality. Soil Biol. Biochem 39: 1580-1588.
Kumar Ruzand Hiremath S. 2015. Residual effects of maize hybrids, plant population and

fertility levels on performance of chickpea in maize-chickpea cropping sequence.
Karnataka Journal of Agricultural Sciences 28: 482-485.
Kumar S. G.. 2004. Municipal solid waste management in Indian urban centres: an approach for

betterment. In urban development debates in the new millennium. Atlantic Publishers,

96



New Delhi: 100-111.

Kuz G. and Mina B. 2011. Effect of organic manures on agronomic and economic performance
of garden pea and on soil properties. Agric. J. India 81: 236-9.

Lal R. 2009. Challenges and opportunities in soil organic matter research. Eur J Soil Sci,
60:158-169.

Lee L. K. 1987. Farm chemicals and groundwater quality. Agricultural outlook. Washington,
D.C., September 1987: 18-20.

Leroy B., Bommele L., Reheul D., Moens M. and Neve S. (2007). The application of
vegetable, fruit and garden waste compost in addition to cattle slurry in a silage maize
monoculture: Effects on soil fauna and yield. Eur J Soil Biol. 43: 91-100.

Lupway L. and Girma A. 2010. Nutrient content of cattle manure,from small scale farms and
experimental stations of ethiopian. Agric. J. India:78: 57-63.

Madukwe D., Christo I. and Onuh M. 2008. Effects of'organic manure and cowpea varieties on
the chemical properties of the soil and root hedulation. Sci world J. Journal 3: 43-46.

Mahdi M., K. and Xi Y. (2005). Tillage and crop residue effects on soil carbon and carbon
dioxide emission in corn-soybean rotations. Published in J. Environ 34: 437-445.

Mahmud Y., Alemu M., Menale K. and Pender J. (2005). Cost of land degradation in Ethiopia:
A critical review of past studies. Addis Ababa: Environmental Economics Policy Forum
for Ethiopia.

Malihe M., Mohammad F., Alireza K., Mohsen N. and Mehdi T. 2015. Farmyard manure
application:of potato with three level of nitrogen fertilizer. Intl J Farm & Alli Sci. 4: 536-
540.

Malligawad, L. 2010. Effect of organics on the productivity of groundnut and its residual effects
on.succeeding. safflower under rain-fed farming situations. In:19th World Congress Of
Soil Science, Soil Solutions For A Changing World, Australia. Published on DVD.

Mando A., Ouattara B., Sédogo M., Stroosnijder L., Ouattara K., Brussaard L. and Vanlauwe
B. 2005. Long-term effect of tillage and manure application on soil organic fractions and
crop performance under Sudano-Sahelian conditions. Soil Tillage Res 80: 95-101.

.Manna M. Swarup A., Wanjari R., Ravankar H., Mishra B.,... Saha M. 2005. Long-term

effect of fertilizer and manure application on soil organic carbon storage, soil quality and

97



yield sustainability under sub-humid and semi-Arid tropical India. Field Crops Res., 93:
264-280.

Manoj K., Baishya L., Ghosh M. and Ghosh V. 2013. Effects of organic manures, chemical
fertilizers and bio-fertilizers on growth and productivity of rain fed potato in the eastern
himalayas. J Plant Nutr Soil Sci. 36: 1065-1082.

Martinez J., Lazcano C., Christensen T. H., Munoz P., Rieradevall J., Mgller J., ... Boldrin A.
2013. Compost benefits for agriculture evaluated by life cycle assessment. Agron Sustain
Dev. 33: 721-732.

Mclea E. (1965). Methods of Soil Analysis: McGraw-Hill, New York.

Meseret Muchie, Addis Kokeb and Eyayu Molla 2015. Assessing:the physico-chemical
properties of soil under different land use types. Ethiopia Agriculture and Environt and
Toxicology: 55-62.

Mitiku Haile., Herweg K. and Stillhardt B. 2007. Sustainable land management: a new approach
to soil and water conservation in Ethiopia. Land resources management and
environmental protection, Department of Mekelle University, Ethiopia and North-South
University of Bern, Switzerland.

Mohammed Gedefaw and Teshome,Soromessa‘2015. Land degradation and its impact in the
highlands of Ethiopia: Case study in.Kutaber Wereda, South Wollo, Ethiopia. Global
Journal of Agriculture and Agricultural Sciences 3:288-294.

Moharana P, Sharma B., Biswas D, Dwivedi B. and Singh R. 2012. Long-term effect of nutrient
management..on soil fertility and soil organic carbon pools under a 6-year-old pearl
millet-wheat cropping:system in an Inceptisol of subtropical India. Field Crops Res., 136:
32-41.

Muhammad I., Anwar I. and Eya E. 2008. Response of wheat growth and yield to various levels
of compost and organic manure. Pak. J. Biotechnol. 40: 2135-2141.

Mulualem:Tewodros and Yebo Belay 2015. Review on integrated soil fertility management for
better crop production in Ethiopia. Sky Journal of Agricultural Research, 4: 21- 32

Murphy H. 1968a. A report on fertility status and other data on some soils of ethiopia. Collage

of Agriculture Hsiu, Experimental Station Bulletin.

98



Murphy H. 1968b. In report on fertility status on some soils of Ethiopia. Advances in Plants
and Agriculture Research 4:7-14

Mutegi E. M. 2012. Complementary effects of organic and mineral fertilizers on maize
production in the smallholder farms of Meru South District of Kenya. Agric. Sci. 3: 221-
229.

Muthoni J. and Kabira J. 2010. Effects of crop rotation on soil macronutrient content and pH in
potato producing areas in kenya : case study of KARI Tigoni Station. J. Soil Sci. Environ.
Manage. 1: 227-233.

Najm A., Reza M., Seyed H. and Darzi M. 2013. Influence of nitrogen fertilizer and cattle
manure on the vegetative growth and tuber production of potato. Int. J. agric.5: 147-154.

Najm A., Haj M. and Fazeli R. 2010. Effect of utilization organic and inorganic nitrogen
fertilizer sources on potato shoots, dry matter, leaf areadndex and plant height at middle
stage of growth. Int. J. Inno. Sci. Res., 8: 25-31.

Naresh R., Purushottam K. and Sue S. 2013. Effects of integrated plant nutrient management
(IPNM) practices on the sustainability of maize-based farming systems in Western Uttar
Pradesh. International Journal of Research in Biomedicine and Biotechnology 3: 5-10.,
3(5).

Nawab K. and Ali A. 2006. Response of wheat to farm yard manure, potassium and zinc under
rainfed cropping patterns. Middle East J Sci Res 1: 1-9.

Nayegamiye A., Whalen J. K., Tremblay G., Nyiraneza J., Grenier M., Drapeau A. and
Bipfubusa M. 2015. The benefits of legume crops on corn and wheat yield, nitrogen
nutrition and soil properties improvement. Agron J. 107: 1653.

Ndayegamiye A. and Tran T. 2001. Effects of green manures on soil organic matter and wheat
yields:and N nutrition. Can J Soil Sci L 81: 371-382.

Ndayegamiye A.; Nyiraneza J., Grenier M., Bipfubusa M. and Drapeau A. 2017. The benefits
of crop rotation including cereals and green manures on potato yield and nitrogen
nutrition and soil properties. Advanced Crop Science 5: 279-291.

Negassa W., Gebrekidan H. and Friesen D. K. 2005. Integrated use of farmyard manure and NP
fertilizers for maize on farmers’ fields. J Agr Rural Dev Trop. 106: 131-141.

Negassa W., Getaneh F., Deressa A. and Dinsa B. 2007. Integrated use of organic and inorganic

99



fertilizers for maize production. Int. J. Agric. Res. Innov. Technol, 30: 20-30.

Olsen S. and Cole C. 1954. Estimation of available phosphorus in soils by extraction with
sodium bicarbonate. Washington , USDA.. sodium bicarbonate. Washington , USDA.

Otieno P., Muthomi G., Chemining W. and Nderitu J. 2009. Effect of rhizobia inoculation,
farmyard manure and nitrogen fertilizer on nodulation and yield of food grain legumes.
Int J Biol Sci T. 4: 326-332.

Palm C. A., Gachengo C. N., Delve R. J., Cadisch G. and Gille K. E. 2001. Organic inputs for
soil fertility management in tropical agroecosystems: Application of an organic resource
database. Agric. Ecosyst Environ. 83:27-42.

Pender J., Gebremehedhin S. B. and Sue E. 2001. Strategies for sustainable development in
ethiopian highlands. Am. J. Agric. Econ 5:231-1240.

Perez C., Huidobro J., Conforto C., Griimberg B., Hilton"S., ...\VVargas S.2014. The Effect
of crop sequences on soil microbial, chemical and physical indicators and its relationship
with soybean sudden death syndrome. Span.iJ. Agric.res. 12: 252-264.

Prasad R. and Power J. 1991. Crop residue management in mixed cropping system. Adv Soil
Sci, 15: 205-251.

Raina P. J. and Amuid. S. K. 1991. Land degradation mapping by remote sensing in the arid
region of India.Soil Use Manag. 7: 47-52.

Ram M, Davari M. and Sharma S. 2014. Direct, residual and cumulative effects of organic
manures and biofertilizers on yields, NPK update, gain quality and economics of wheat
under organic farming of rice-wheat cropping system. J. Organ Sysm. 9: 16-30.

Ronky L. and Mishra'S. and Vaca. K. 2009. Effect of organic residue management on soil
hydro-physical characteristics and rice yield in Eastern Himalayan Region. Journal of
Sustainable*Agriculture 33: 161-176.

Rosegrant M.W. and Ringler C. 1997. World food market into the 21% century: environmental
and resource constraints and policies. Aust J Agric Resour Econ.10: 401-428.

Ruser C., Mogia M., Dahi L. and Allan D. 2007. Exploring the benefits of organic nutrient
sources for crop production and soil quality. Hort Technology Jounal of Assah 14:24-31.

Ryan J., Masri H., Say M. and Poll H. 2007. Implications of cereal-based crop rotations,

nitrogen fertilization and stubble grazing on soil organic matter in a mediterranean type

100



environment. Turk J Agric 32: 289-297.

Sahrawat K., Wani S., Pathak P., and Rute T. 2010. Managing natural resources of watersheds
in the semi-arid tropics for improved soil and water quality: A review. Agricultural Water
Management. A Review. Agr Water Manage 97:375-381.

Sankaranarayanan K. 2003. Nutrient potential of organic sources for soil fertility management
in organic cotton production, Central Institute of Cotton Research 5: 1-6.

SAS 2002. Statistical software analysis using the SAS System. Cary, NC, SAS lnstitute Inc.

Sathish A., Govinda V., Chandrappa H. and Nail K. 2011. Long term effect of integrated use
of organic and inorganic fertilizers on productivity, soil fertility and uptake of nutrients in
rice and maize cropping system. J Soil Sci. 2: 84-88.

Sayed F., Hassien A., Muhamed M. and Ahimed A. 2014. Growth, yield and nutrient
concentration of potato plants. Am Eurasian J Agric Environ Sci. 7: 36-43.

Schneider K. and Anderson L. 2010. Yield gap and.productivity potential in Ethiopian
agriculture: staple grains and pulses. EvansiSchool Policy Analysis and Research 98: 1-
24.

Scotti R., Bonanomi G., Scelza R.; Zoina*A. and ©Rao M. 2015. Organic amendments as
sustainable tool to recovery:fertility in intensive agricultural systems. J. Soil Sci. Plant
Nutr. 15: 333-352.

Silva D. J., Bassoi L. H., Rocha M. G., Silva A. O. and Deon M. D. 2016. Organic and nitrogen
fertilization of soil under grapevine: effects on soil chemical properties and nitrate
concentration. Revista Brasileira Ciencia Do Solo: 1-11.

Singh B. and Sinha S. 2001. Effect of integrated nutrient management on a typical haplaquant
on yield and nutrient availability in a rice-wheat cropping system. Aust J Agric Res. 52:
607.

Solomon Abate 1994. Land use dynamics, soil degradation and potential for sustainable use in
Metu area, Illubabor Region, Ethiopia. University of Berne, Switzerland: 135.

Sombrero A. and Debenito A. 2010. Carbon accumulation in soil:ten-year study of conservation
tillage and crop rotation in a semi-arid area of Castile-Leon, Spain. Soil Tillage Res |
107: 64-70.

101



Stefano C., Corrado C., Daniele A., Paolo B. and Fite M. 2010. Interactions between green
manure and amendment type and rate; effects on organic potato and soil mineral nitrogen
dynamic. J Food Agric Environ 8: 537-543.

Steinfeld H., Hule. C. and Bura. H. 1998. Livestock and the environment issues and options.
Agriculture and the environment perspectives on sustainable rural development. The
World Bank, Washington, DC, USA: 283-301.

Stoorvoge J.J. and Smaling E. M. 1990. Assessment of soil nutrient depletion in Sub-Sahara
Africa. Winand Staring Ctricipus, Wageningen, 4:28.

Sulfab H. 2010. Effect of organics on the productivity of groundnut.and:its residual effects on
succeeding safflower under rain-fed farming situations. In: 19th World.Congress of Soil
Science, Soil Solutions for a Changing World, Australia. Published on DVD.

Sulfab H. 2013. Effect of bio-organic fertilizers on soil fertility and yield of groundnut in
malakal area, republic of south sudan. Nat. Resour For.3: 14-19.

Tadesse Tsegaye 1991. Soil, Plant, Water, Fertilizer, Animal Manure And Compost Analysis.
Addis Ababa, Ethiopia.

Talgre L., Lauringson E., Roostalu H. and ‘Astover A. 2009. The effects of green manures on
yields and yield quality of spring wheat. J'Agron Crop Sci. 7: 125-132.

Tamene L., Amede T., Kihara J., Tibebe D. and Schulz S. 2017. A review of soil fertility
management and crop response to fertilizer application in Ethiopia: towards development
of site- and context-specifc fertilizer recommendation. CIAT Publication No. 443, Addis
Abeba,Ethiopia.

Tamos D.,<Elsen. H. and Vandendriessche R. 2015. Impact of long term compost amendment
on soil fertility, soil organic matter distribution and nitrogen mineralization. International
symposium*on organic matter management and compost use in horticulture: Murcia
,Spain.61:20-24.

Tanner Dgand Hulluka M. 1991.Wheat research in Ethiopia:historical perspective. Institute of
Agricultural Research and International Maize and Wheat Improvement Cente: 240-230.

Tarkalson D., Jolley D., Robbins C. and Terry E. 1998. Mycorrhizal colonization and nutrient
uptake of dry bean in manure and compost manure-treated subsoil and untreated topsoil
and subsoil. Journal of Plant Nutrition 21: 120.

102



Taye Belachew and Yifru Abera. 2010. Assessment of soil fertility status with depth in wheat
growing highlands of Southeastern Ethiopia. World Journal of Agricultural Sciences
6:525-531.

Tde C., Elsen H. and Vandendriessche R. 2015. Impact of long term compost amendment on
soil fertility, soil organic matter distribution and nitrogen mineralization. international
symposium on organic matter management and compost use in horticulture 8: 20-24.

Teklu E. 2005. Land preparation methods and soil quality of vertisol area in the central
highlands of Ethiopia. Stuttgart, Universitat Hohenheim.

Thomopoulos P., Bilalis D., Konstantas A. and Efthimiadou A. 2008. The effect of gren manure
on root development and cotton yield under Mediterranean conditions, 16" IFOAM
organic world congress, cultivating the future based on science, organic crop
productionl: 211-214.

Tilahune Amedie, Edris Guta and Takele Belay 2007. Reversing the degradation of arable land
in Ethiopian highlands. Managing African Seil, London, UK.

UNICEF, 2016. Briefing note on Ethiopian country profile.

Van Haute J. 2014. Evaluation of the effects of compost on soil properties, performance and
yield of maize and beans in Kenya: 1-87.

Vos J. 1999. Split nitrogen application in potato: effects on accumulation and dry matter in the
crop and on the soil nitrogen budget. J Agric Sci., Cambridge 133: 263-274.

Walkley A. and Black C. 1934. Examination of degtjareff method for determining soil organic
matter and-a.proposed madification of the chromic acid titration method. J. Soil Sci. 37:
29-38.

Willekens K., Vandecasteele B., Buchan D. and Neve S. 2014. Soil quality is positively
affected by reduced tillage and compost in an intensive vegetable cropping system. Appl
Soil Ecol;: 61-71.

Yazie Chanie 2009. Characterization of potato production, marketing and utilization in
Northwestern Amhara Region. Annual Statistical Bulletin, Bahir Dar, Ethiopia.

Yihenew Gebresilassie 2002. Selected chemical and physical characteristics of soils of adet
agricultural research center and its testing sites. Ethiopia Journal of Neutral Resource
4:203-2086.

103



Yihnew Gebresilassie. 2015. The effects of land use types, management practices and slope
classes on selected soil physico-chemical properties In Zikre Watershed: Environmental
Systems Research 5: 0-6.

Yohanis T. 1992. Management of acid soils in Assosa and Wellega region. Proceedings in
natural resource management for conservation and development. Institute of Agricultural
Research, Addis Ababa, Ethiopia: 68-73.

Yolcu H., Gunes A., Dasci M., Turan M. and Serin Y. 2011. The effects of solid, liquid and
combined cattle manure applications on the yield, quality and mineral contents of
common vetch and barley intercropping mixture. Aust J Sci. 5: 1730-173.

Yusuf A. Abaidoo R. lwuafor E. Olufajo E. and Sanginga N. 2009. Rotation.effects of grain
legumes and fallow on maize yield and chemical properties:of an alfisol in the Nigerian
savanna. Agric Ecosyst Environ,129:325-331

Zaghloul M. 2010. Response of wheat to different rates and ratios of organic residues on yield

and chemical composition under two types of soil. Am. J. Sci. 6: 858-864.

Zha Y., Wu X., Gong F., Xu M, Zhang H., Chen L."and Cai D. 2015. Long-term organic and
inorganic fertilizations enhanced basic soil preductivity in a fluvo-aquic soil. J Integr
Agr. 14: 2477-2489

Zingore S. 2011. Maize productivity and response to fertilizer use as affected by soil fertility
variability, manure application- and cropping system:reilance of agriculture system
againest crisiseilance  of ‘agriculture system againest crisis. Information Agriculture

Conference;duly; 12-16.

104



APPENDIXES

Appendix Table 1: The nutrient levels applied in the form of organic matter for potato in 2013

Treatment Manure (t/ha) Nutrient (kg/ha)

N P K
0thaFYM (V1) 0.00 0.00 0.00 0.00
2.5thaFSB (V2) 2.50 60.50 8.00 23.00
5thaFYM (V3) 5.00 60.00 32.50 50.00
5tha FYM + 2.5 tha FSB (V4) 7.50 121.00 40.50 73.00

FYM = farmyard manure; FSB = fresh sesbania biomass; N = nitrogen; P = phosphorus; K = potassium

Appendix Table 2: Nutrient levels applied in the form of organic matter for potato in 2014

TRT LB Nutrient FYM Nutrient Total nutrient
(thha) LB (kg/ha) (t/ha) FYM (kg/ha)
(kg/ha)
N P K N P K N P K

R1V1 3.00 58.50 9.30 26.40 0.00 0.00 0.00 0.00 58.50 9.30 26.40
R1V2 3.00 58.50 9.30 26.40 2.50 60.50 8.00 23.00 119.00 17.30 49.40
R1V3 3.00 58.50 9.30 26.40 5.00 60.00 33.0 50.00 118.50 4230 76.40
R1V4 3.00 58.50 9.30 26.40 7.50 1205 410 73.00 179.00 50.30 99.40
R2v1 3.00 58.50 9.30 26.40 0.00 0.00 0.00 0.00 58.50 9.30 26.40
R2v2 3.00 58.50 9.30 26.40 2.50 60.50 8.00 23.00 119.00 17.30 49.40
R2Vv3 3.00 58.50 9.30 26.40 5.00 60.00 33.00 50.00 118.50 4230 76.40
R2v4 3.00 58.50 9.30 26.40 7.50 120.50 41.00 73.00 179.00 50.30 99.40

TRT = treatment; V1=0 t’ha FYM; V2 =5 t/ha FYM; V3 = 25 t/ha FSB; V4 =5 t/ha FYM +2.5 t/ha FSB; R1= wheat US lupine; R2 = lupine; LB = lupine biomass; N =
nitrogen; P = phosphorus and K = potassium
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Appendix Table 3: Nutrient levels applied in the form of organic matter for potato in 2015

TRT Green Nutrient LB/CB FYM Nutrient FYM Total nutrients
Manure (kg/ha) (t/ha) (kg/ha) (kg/ha)
(t/ha)
LB CB N P K N P K N P K
R3V1 0.00 2.90 62.93 12.47 25.81 0.00 0.00 0.00 0.00 62.93 12.40 25.81
R3V2 0.00 3.40 73.78 14.62 30.26 2.50 60.50 8.00 23.000 134.208 22.62 53.26
R3V3 0.00 4.70 101.99 20.21 41.83 5.00 60.00 3250 50.00 161.99 52.71 91.83
R3V4 0.00 5.40 117.18 23.22 48.06 7.50 121.00 40.50 73.00 238.18 63.72 121.01
R4V1 0.79 0.00 15.40 2.449 6.95 0.00 0.00 0.00 0.00 15.40 2.44 6.952
R4V2 0.85 0.00 16.57 2.635 7.48 2.50 60.50 8.00 23.00 77.07 10.63 30.48
R4V3 1.15 0.00 22.42 3.565 10.12 5.00 60.00 3250 50.00 82.42 36.06 60.12
R4V4 1.29 0.00 25.15 3.999 11.352 7.50 121.00 40.50 73.00 146.15 44.49 84.35

TRT = treatment; V1= 0 t/ha FYM; V2 =5 t/ha FYM; V3 = 2.5 t/ha FSB; V4 = 5 t/ha FYM +2.5 t/ha FSB; R3 = wheat-clover-potato; R4 = clover-wheat under sown
lupine-potato; LB = lupine biomass; CB = clover biomass; FYM = farmyard manure; N = nitrogen; P = phosphorus; K = potassium

Appendix Table 4: Nutrient levels applied in the form of organic matter for wheat in 2013

Organic treatment FYM Nutrient (kg/ha)

(t/ha) N P K
0 tha FYM (V1) - - - -
2.5 thaFSB (V2) 2.50 60.50 8.00 23.00
5thaFYM (V3) 5.00 60.00 32.50 50.00
5 tha FYM + 2.5 tha FSB (V4) 7.50 120.50 40.50 73.00

FYM = farmyard manure; FSB = fresh sesbania biomass; N = nitrogen; P = phosphorus; K = potassium
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Appendix Table 5: Nutrient levels applied in the form of organic matter for wheat in 2014

Treatment Clover Nutrient from FYM Nutrient from Total nutrient
(t/ha) Clover (kg/ha) (t/ha) FYM (kg/ha) (kg/ha)
N P K N P K N P K
V1 0.63 13.70 2.00 510 - - - - 13.70 2.00 510
V2 091 19.76 2.90 8.30 2.50 60.50 8.00 23.00 80.26 10.9 313
V3 1.05 22.78 3.36 9.10 5.00 60.00 3250 50.00 82.78 35.86 59.1
V4 123 26.75 3.90 11.50 7.50 120.50 4050 73.00 147.25 44.4 84.5

V1 =0 thha FYM; V2 = 2.5 t/ha FSB; V3 =5 t/ha FYM; V4 = 5 ttha FYM + 2.5 FSB; FYM = farmyard manure; FSB = fresh sesbania biomass; N = nitrogen; P =
Phosphorus; K = potassium

Appendix Table 6: Nutrient levels applied in the form organic matter for wheat'in 2015

Treatment GM Nutrient from LB/CB FYM Nutrient from FYM Sum of nutrients
combinations (t/ha) (kg/ha) (t/ha) (kg/ha) (kg/ha)

LB CB N P K N P K N P K
Rivl - 2.900 62.93 12.47 25.81 - - - - 62.90 12.50 25.80
R1v2 - 3.40 73.78 14.62 30.26 2.50 60.50 8.00 23.000 134.30 22.60 53.30
R1v3 - 4.70 101.99 20.21 41.83 5.00 60.00 32.50 50.00 162.00 52.70 91.80
R1v4 - 5.40 117.18 23.22 48.06 7.50 120.50 41.00 73.00 237.70 64.20 121.10
R2V1 0.809 - 17.355 27.59 7.92 0.00 - - - 17.40 27.60 7.90
R2v2 1.18 - 23.01 36.58 10.50 2.50 60.50 8.00 23.00 83.50 44.60 33.50
R2v3 1.63 - 31.785 50.53 14,51 5.00 60.00 32.50 50.00 91.80 83.00 64.50
R2v4 2.24 - 43.68 69.44 19.94 7.50 120.50 40.50 73.00 164.20 110.40 92.90
R3v1 1.18 - 23.01 36.58 10.50 0.00 - - - 23.00 36.60 10.50
R3v2 1.24 - 24.18 38.44 11.04 2.50 60.50 8.00 23.00 84.70 46.40 34.00
R3v3 1.79 - 34.90 55.49 15.93 5.00 60.00 32.50 50.00 94.90 88.00 65.90
R3v4 2.25 - 43.87 69.75 20.03 7.50 120.50 41.00 73.00 164.40 110.80 93.00

R1 = Potato-clover-wheat; R2 = wheat under sown lupine-potato under sown lupine-wheat; R3 = lupine-potato under sown lupine -wheat; V1 = without any addition;
V2=25FSB; V3=5thaFYM; V4=5thaFYM + 2.5 FSB; FYM = farmyard manure; GM = green manure; LB = lupine biomass; CB= clover biomass; N = nitrogen;
P =Phosphorus; K = potassium

107



Appendix Table 7: The total sum of organic matter harvested from the preceding crop and FYM from 2013-2015 in t/ha on both wheat
and potato field

year | year |1 year |11

TC FYM FYM CB LB WB FYM CB LB WB B

R1V1 - - - - 1.23 - 3.14 - - 437
R1V2 2.50 2.50 - - 151 2.50 4.46 - - 13.47
R1V3 5.00 5.00 - - 1.73 5.00 4.6 - - 21.33
R1V4 7.50 7.50 - - 2.62 7.50 5.76 - - 30.88
R2V1 - - 0.61 - - - - 0.79 1.37 277
R2V2 2.50 2.50 0.95 - - 2.50 - 0.85 2.8 12.10
R2V3 5.00 5.00 1.08 - - 5.00 - 1.15 4.45 21.78
R2V4 7.50 7.50 1.18 - - 7.50 - 1.29 5.13 30.10
R3V1 - - - - - - 2.96 - - 2.90
R3V2 2.50 2.50 - - - 2.50 3.47 - - 10.9
R3V3 5.00 5.00 - - - 5.00 4.76 - - 19.70
R3V4 7.50 7.50 - - - 7.50 5.42 - - 27.9
R4V1 - - - 2.00 0.74 - - 0.89 - 3.63
R4V2 2.50 2.50 - 2.00 0.91 2.50 - 1.18 - 11.59
R4V3 5.00 5.00 - 2.00 1.13 5.00 - 1.63 - 19.76
R4V4 7.50 7.50 - 2.00 1.14 7.50 - 2.24 - 27.88
R5V1 - - - 3.00 - - - 1.18 - 418
R5V2 2.50 2.50 - 3.00 - 2.50 - 1.24 - 11.74
R5V3 5.00 5.00 - 3.00 - 5.00 - 1.79 - 19.79
R5V4 7.50 7.50 - 3.00 - 7.50 - 2.25 - 27.75

TC = treatment combination; R1= wheat-clover-potato; R2'= clover-wheat under sown lupine-potato; R3 = potato-clover-wheat; R4 = wheat under sown lupine-potato
under sown lupine-wheat; R5= lupine-potato under sown lupine=wheat. V1= 0 t/ha: V2 = 2.5 ttha FSB; V3 = 5 ttha FYM; V4 = 5 tha FYM + 2.5 t/ha FSB; LB = lupine
biomass; CB = clover biomass; WB = wheat biomass; TB = total biomass; FYM = farmyard manure
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