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Soil Characterization and Management of Acid Soils for Faba bean (Vicia 

faba L.) Production in Yikalo Watershed, Northwestern Highlands of 

Ethiopia 
 

 

 

ABSTRACT 

 

The morphological, physical and chemical properties of soils in Lay Gayint district have 

never been studied and scientifically classified to provide soil resource information. Besides, 

the area receives high amount of annual rainfall, and the soils develop acidity which is a 

critical issue requiring urgent attention in most highlands of Ethiopia due to its impact on 

crop production and productivity. Therefore, characterization and classification of soils in 

Yikalo subwatershed of Lay Gayint district could provide soil resource information. 

Furthermore, application of organic and inorganic amendments could effectively reduce soil 

acidity, and improve soil fertility. Four experiments were conducted in the field, laboratory 

and greenhouse conditions. Soil survey and characterization covered an area of 2294 ha 

divided into four slope positions, namely: upper, middle, lower and toe slope positions. 

Representative soil pedons were opened from each slope position and described on genetic 

horizon basis in the field for their morphological characteristics and analyzed in the 

laboratory for physical and chemical soil properties. The results revealed the presence of 

variations in the selected morphological properties within a pedon and along the topographic 

positions. Soils differed in reaction from 4.57 to 6.42. On the surface horizons of the soil 

pedons, OC (organic carbon) content ranged from 0.90 to 5.60%, TN (total nitrogen) varied 

from 0.34 to 0.14%, available P content varied from 0.21 to 3.25 mg kg
-1

,and exchangeable 

acidity ranged from 0.17 to 3.65 cmolc kg
-1

 soil. There was no consistent trend for CEC and 

PBS with soil depth and topographic positions. The soils in Yikalo Subwatershed were 

classified as Hyperdystric Cambisols (Humic), Haplic Alisols (Humic), Cambic Umbrisols 

(Colluvic), Haplic Luvisols (Epidystric), and Pellic Vertisols (Mesotrophic). The incubation 

and pot experiments were arranged in a completely randomized design (CRD) with three 

replications. The treatments comprised sole and systematically combined applications of lime, 

mineral P, compost, and FYM. The result indicated that various treatment combinations 

raised the soil pH significantly at the 40 days of incubation. All the treatments showed 

increased P availability with increasing time of incubation. Maximum available P was 

observed at the 60 days of incubation due to application of  8 t FYM ha
-1

 + 30 kg P ha
-1

 + 5 t 

lime ha
-1

 followed by 8 t compost ha
-1

 + 30 kg P ha
-1

 + 5 t lime ha
-1

. Exchangeable acidity 

and Al
3+

 were reduced significantly (P < 0.001) at the 40 and 60 days of incubation with the 

application of 30 kg P ha
-1 

+ 10 t lime ha
-1

 followed by 4 t FYM or compost ha
-1

 + 15 kg P ha
-

1 
+ 10 t lime ha

-1
. The highest exchangeable Ca

2+
 was obtained at 20 days of incubation with 



 

xviii 

 

the application of 30 kg P ha
-1

 + 10 t lime ha
-1

 followed by 4 t ha
-1

 FYM + 15 kg P ha
-1

 + 10 t 

lime ha
-1

. Sole addition of 10 t lime ha
-1

 increased ECEC from 17.59 to 22.09 cmolc kg
-1

 at the 

40 days of incubation. Combined applications of 30 kg P ha
-1 

+ 10 t lime ha
-1

 followed by 4 t 

FYM ha
-1 

+ 15 kg P ha
-1 

+ 10 t lime ha
-1

 improved ECEC of the soil from 17.59 to  23.95 and 

22.97 cmolc kg
-1

, respectively at the 40 days of incubation. Application of 8 t FYM ha
-1 

+ 30 

kg P ha
-1

 + 5 t lime ha
-1

 produced significantly (P < 0.001) the highest plant height, number 

of branches and leaves per plant, shoot dry weight, tissue N and P contents and uptakes of 

faba bean, and soil N and P after harvest. Significant increases in nodule number and nodule 

dry weight were obtained due to the application of 4 t FYM ha
-1

 +15 kg P ha
-1

 + 10 t lime ha
-

1
. In the field, the treatments tested in the greenhouse were verified for their effect on the yield 

and yield attributes of faba bean. Combined application of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t 

lime ha
-1

 increased plant height, number of leaves and branches per plant, pod length, 

biological and straw yields. Grain per pod, grain yield and thousand grain weight were 

increased due to the application of 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 7.2 t lime ha
-1

. This 

treatment resulted in 102% grain yield advantage over the control. The next higher grain 

yield was obtained from the application of 4 t FYM ha
-1 

+15 kg P ha
-1 

+ 3.6 t lime ha
-1

. 

Among the sole treatments applied separately, 8 t FYM ha
-1 

was superior in all parameters 

considered followed by 7.2 t lime ha
-1

. The roles of lime and FYM in correcting soil acidity, 

and the utilization of P were the principal contributions in improving the growth and yield of 

faba bean. Therefore, soil management practices such as integrated application of 4 t FYM 

ha
-1 

+ 15 kg P ha
-1 

+ 3.6 t lime ha
-1

 could be suggested as effective amendment to improve the 

yield of faba bean in strongly acid soils while maintaining soil fertility. 

 Key words: soil classification, soil acidity, organic amendment, inoculation, Lay Gayint



 

1. GENERAL INTRODUCTION AND DESCRIPTION OF THE  

STUDY AREA 

 

1.1. INTRODUCTION 

 

The agriculture sector plays a central role in the life and livelihood of most Ethiopians, where 

about 12 million smallholder farming households account for an estimated 95 percent of 

agricultural production and 85 percent of all employment (FAO, 2014). However, soil nutrient 

depletion, deforestation, overgrazing, expansion of cropland and unsustainable use of natural 

resources has contributed to land degradation, and consequently to low crop and livestock 

productivity (Descheemaeker et al., 2011). Soil degradation and nutrient depletion have 

gradually become serious threat to agricultural production in the highlands of Ethiopia (Fasil and 

Charles, 2009). In reversing the situation of declining in soil fertility and nutrient depletion, a 

systematic study of soils in relation to landscape is highly essential. 

  

Several attempts have been made on soil characterization and mapping in different areas of the 

country, and results on soil properties, potentials and limitations have been indicated. More 

recently, soil fertility maps for fertilizer recommendations in various regions of the country have 

been prepared by the Ethiopian Soil Information System (EthioSIS). However, due to the large 

land mass, landform complexity, and soil variability, the existing maps could not provide 

sufficient soil information for the country. Modern agriculture requires precise information on 

bio-physical and climatic resources for sustainable land use planning. The properties of soils are 

the basic attributes that directly influence the soil response to any specified use (Meena et al., 

2014). 

 

Soil acidity is a critical constraint to crop production in many parts of the world (Mullen et al., 

2006). Acid soils are found dominantly in South and North America, Asia and Africa. They 

occupy about 40% of the total arable land area in the world (Kisinyo et al., 2014). Acid soils 

occur widely covering more than 41% of the total cultivated land of Ethiopia (Schlede, 1989).  
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Soil acidity and soil fertility decline are forms of soil degradation adversely affecting sustainable 

crop production in Ethiopian highlands, where the rainfall intensity is high and crop cultivation 

has occurred with reduced manure application and removal of crop residue (Achalu et al., 2012b; 

Abreha et al., 2013). Recent studies have also indicated that soil acidity affects large areas of the 

cultivated lands in different parts of Ethiopia (Wassie and Shiferaw, 2009; Asmare and Yli-

Halla, 2016). Most acid soils have been found to be low in fertility, with poor chemical and 

biological properties. Strongly acid soil is associated with Al, H, Fe, and Mn toxicities to plant 

roots in the soil solutions and deficiencies of the available P, Mo, Ca, Mg, and K (Kisinyo et al., 

2014). In addition, beneficial activities of some microorganism species are reduced by soil 

acidity (Fageria and Baligar, 2003). In Ethiopia, soil acidity is one of the major limiting factors 

on productivity and long-term sustainability of faba bean (Getachew and Rezene, 2006), soya 

bean (Workneh et al., 2013), wheat (Abreha et al., 2013; Mekonnen et al., 2014) and barley 

(Achalu et al., 2012a). Thus, it requires urgent attention in most highlands of Ethiopia due to its 

impact on crop production and soil productivity (Tessema et al., 2012). 

 

Phosphorus is an essential nutrient for both plants and animals. Of all nutrients, shortage of P has 

the biggest impact on legumes which generally rely on nitrogen (N) fixation for N nutrition 

(Tang et al., 2001). Severe P deficiency markedly impaired both host plant growth and symbiotic 

dinitrogen fixation and that symbiotic dinitrogen fixation has a higher P requirement for optimal 

functioning than either host plant growth or nitrate assimilation (Israel, 1987). Phosphorus 

deficiency in crop plants is a widespread problem in various parts of Ethiopia, especially in acid 

soils (Mekonnen et al., 2014; Asmare et al., 2015a). The inherent low P content of the parent 

material, high weathering intensity, long-term anthropogenic mismanagement through imbalance 

between nutrient inputs and exports, and P loss by soil erosion could attribute to soil P deficiency 

(Fairhurst et al., 1999). The high P fixation capacity of many of the acid soils leads to the rapid 

conversion of applied P via sorption and precipitation reactions to sparingly soluble-P to 

insoluble-P reaction products and poses a serious problem for P nutrition of crops (von 

Wandruszka, 2006).  

 

Improving P availability is possible through the combined use of animal manures, plant residues, 

and green manures with mineral P fertilizers in low-P acid soils (Toor, 2009; Opala et al., 2012). 
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Organic materials supplement P and increase the efficiency of applied fertilizer P by chelating 

soil Fe and Al by organic acids released upon decomposition (von Wandruszka, 2006). 

Negatively charged, high-molecular-weight, humic polymers can form strong bonds with metal 

hydrous oxide surfaces through both electrostatic bonding (anion exchange) and specific 

adsorption i.e. ligand exchange. The presence of humic acid and fulvic acid on soil and oxide 

surfaces restricts subsequent P adsorption (Mokolobate and Haynes, 2002). 

 

Conventionally, soil acidity is corrected by large applications of calcitic or dolomitic lime. 

However, in many developing countries, where resource-poor farmers carry out semi- 

subsistence agriculture, the unavailability and/or high cost of lime effectively prevent its use 

(Opala et al., 2012). Under such conditions, alternative means of managing soil acidity need to 

be developed (Mokolobate and Haynes, 2002). Therefore, the use of locally available and 

cheaper sources of P fertilizers and liming agents such as manure and other organic residues is 

indispensible to supplement the mineral fertilizer and the lime to be used (Asmare et al., 2015b). 

In the last 10 to 15 years, there has been a massive campaign to demonstrate the beneficial effect 

of liming in ameliorating soil acidity on several crops and locations on farmers‟ field and 

encouraging results have been obtained (Abreha  et al., 2013; Mekonnen et al., 2014; Asmare et 

al., 2015b). But its cost and availability are the main limitation for its wider use (Wasie and 

Shiferaw, 2009). Moreover, studies on the correct doze, time of application and its combined 

effect with organic and inorganic inputs with different crops are inadequate in acid soils of 

Ethiopian highlands. 

 

Addition of manure and compost to acid soils is potentially a practicable low input strategy for 

increasing soil pH, decreasing concentrations of Al, reducing lime requirements (Mokolobate 

and Haynes, 2002; Wong and Swift, 2003; Opala et al., 2012; Ermias et al., 2013). Integrated 

application of farm yard manure (FYM) and lime have significantly and positively improved the 

yield of wheat (Mekonnen et al., 2014). Combined application of FYM with chemical fertilizers 

increased the level of soil N and available P in the soil (Tilahun et al., 2013). 

 

The productivity of food legumes is constrained by low soil pH and the subsequent low P 

availability (Getachew and Rezene, 2006). Among the major factors attributed to low faba bean 
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(Vicia faba L.) production is the declining of soil fertility, particularly soil acidity in the 

highlands of Ethiopia. The crop management practices of the farmers do not fully address the 

nutrient requirement of the crop. In many of the rural sites, the majority of the farmers 

mistakenly thought that pulses did not need chemical fertilizers. Despite faba bean is classified 

as N fixing legume plant, effective root growth and nodule formation is restricted in acid soils 

where the availability of the essential plant nutrients like P and Ca are deficient. Therefore, to 

maximize the yield per unit area of the crop, maintaining the optimum pH range of the soil and 

improving the soil nutrient content calls for perpetual research and extension.   

 

Yikalo subwatershed is characterized by high altitude land forms with complex slope positions 

which result in large variations in soil types. Although crop productition is a the major source of 

their livelihhod, the soils have not been characterized and classified that can indicate the 

potentials and limitations for sustainable land management. Limite use of compost, crop rotation, 

limited application of mineral fertilizers are some of the practices used by farmers to improve 

soil fertility. On the other hand, soil acidity, nutrient depleteion, erosion, and mismanagement 

have exposed the land to svere degradation. Consequently, productivity decline in crops has 

threatened the food and nutrition security of the community in the study area, which led the rural 

farmers to external food aid. In order to use the limited land resources more efficiently, site-

specific management recommendations based on site-specific information are very much 

required. Therefore, there is a need to characterize, and classify and map their geographical 

distribution in the study area. Furthermore, it was designed to evaluate the effects of organic and 

inorganic amendments on soil nutrient dynamics and crop growth. Such a local analysis is 

necessary to estimate nutrient storage in cultivated ecosystems. Hence, this research was 

proposed with the general objective to investigate the soil morphological, physical, and chemical 

properties, and further examine the potential of soils for the growth, yield and nodulation of faba 

bean treated with organic and inorganic amendments in Lay Gayint district, Northwestern 

highlands of Ethiopia.  
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The specific objectives of the study were: 

 To characterize the morphological, physical and chemical properties of soils, and classify 

and map the soils of Yikalo subwatershed 

 To determine the effects of sole and combined applications of lime, mineral P, FYM, and 

compost on selected chemical properties of acid soils of Lay Gayint district after 20, 40, 

and 60 days of incubation under greenhouse conditions (Experiment 2) 

 To investigate under greenhouse conditions, the effects of lime, mineral P, FYM, 

compost and Rhizobium on the growth, nodulation and nutrient uptake of faba bean 

(Vicia faba L.) in acid soil of Lay Gayint district (Experiment 3) 

 To evaluate under field condition, the effects of lime, mineral P, FYM, compost, and 

Rhizobium on the growth, yield and yield components of  faba bean (Vicia faba L.) 

grown in acid soils of Lay Gayint district (Experiment 4) 
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1.2. GENERAL DESCRIPTION OF THE STUDY AREA 

 

1.2.1. Location and Topography 

 

The study was conducted at Lay Gayint district of South Gondar Zone of the Amhara National 

Regional State (ANRS), Ethiopia (Figure 1.1). It is one of the districts of the ANRS where food 

and nutrition insecurity is a chronic problem for the majority of the rural population. It is located 

at about 175 km from Bahir Dar, the capital of the ANRS, in the northeast direction, along the 

Woreta-Woldia highway.  

 

 

Figure 1.1. Location map of the study area: (a) ANRS in Ethiopia (b) Lay Gayint district in ANRS (c) Yikalo sub- 

watershed in Lay Gayint district (d) Drainage lines in Yikalo sub-watershed.  
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The topography of the district is mostly characterized by a chain of mountains, hills, and valleys 

extending from Tekeze Gorge (1500 m a.s.l.) to the summit of Guna Mountain (4235 m a.s.l.). It 

is characterized by plain (10%), undulating (70%), mountainous (15%), and gorge and valley 

(5%) topographic features. The major land use patterns of the study area comprise of cultivated 

land (44%), grazing land (14%), forest/bush land (5%), water body (2%), infrastructure and 

settlement (6%), and unproductive land (29%) (Addisu and Menberu, 2015).  

 

1.2.2. Agro-ecology and Climate 

 

Agro-ecologically, the district is divided into four elevation and temperature zones, namely: 

lowland (kolla) (12.5%), midland (woina-dega) (39.42%), highland (dega) (45.39%), and wurch 

(very cold or alpine) (2.71%). Based on a 20 years climate data (1997-2016) obtained from the 

Ethiopian National Meteorological Service Agency (ENMSA, 2017), Lay Gayint district 

receives a mean annual rainfall of 1020 mm. The main rainy season, which represents the long 

rainy season (meher), occurs between June and September, while the small rainy season (belg) 

occurs between March and May. The mean minimum and maximum air temperatures of the 

district are 6.9 and 21.9 ⁰C, respectively (Figure 1.2). The coldest month is November, while the 

warmest month is February. Deforestation, overgrazing, poor quality soil, lack of compatible soil 

and water conservation measures, and erratic rainfall have contributed to the prevalence of 

drought in the district (Addisu and Menberu, 2015). 

 

 

Figure 1.2. Mean monthly rainfall and mean monthly maximum and minimum temperatures (1997-2016) of Lay 

Gayint district. 
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1.2.3. Geology and Soils 

 

Yikalo sub-catchment is part of the Guna volcanic massif, which is one of the huge volcanic 

centers in the northwestern Ethiopian plateau. It is found between Seimen and Choke Miocene- 

Pliocene shield volcanoes, east of Lake Tana. The stratigraphy of Guna includes trap basalt, 

rhyolite lava flow, and pyroclastic flow deposits erupted during Cenozoic Tertiary period in the 

Pliocene (Adise, 2006). Based on the general soil survey of FAO (1981), the soils in Lay Gayint 

district include Cambisols, Luvisols, Leptosols and Regosols.  

 

1.2.4. Land Use/ Farming System and Vegetation Cover  

 

Most of the people in the district are engaged in mixed crop-livestock agriculture. Crop 

production is entirely rain-fed, except in some very specific and small areas where vegetables are 

grown using traditional small-scale irrigation. The most commonly produced crops in the study 

area are annual crops such as Triticum aestivum L., Eragrostis tef (Zuccagni), Zea mays L., 

Sorghum bicolor L., Hordeum vulgare L., Cicer arietinum L., Vicia faba L., Phaseolus 

vulgaris L., and Solanum tuberosum L. The natural vegetation in the study area consists of some 

tree species that are remnants of a once dense evergreen forest occurring on slopes and sparse 

grass complex in various spots. Juniperus procera, Olea africana and Hajenia abyssinica are the 

dominant species. 

 

Traditionally, farmers around the study area maintain the fertility status of the soil through 

applications of compost, farmyard manure (FYM) and crop rotation practices. They also add 

inorganic fertilizers such as urea, diammonium phosphate (DAP), and blended fertilizers have 

been introduced recently. Soil and water conservation activities, though inadequate in quality and 

area coverage, soil bund, stone bund, checkdams, and hillside terraces could be mentioned. The 

agricultural activity in the area is not productive enough because of the recurrent natural 

calamities. Natural resources are deteriorating and soil erosion is marked by the presence of 

expanding gullies. Rapid population growth has resulted in shrinking the farmland sizes and 

grazing lands. Land degradation, moisture shortage, ground and surface water depletion, 

increasing infertility of soil and natural hazards like drought, landslide, incidence of crop pests 
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and weed and livestock diseases, coupled with cultural and attitudinal factors are among the 

major problems in the study area. All these, in turn, have made the district one of the food and 

nutrition insecure areas of the ANRS (Addisu and Menberu, 2015). 
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2. CHARACTERIZATION AND CLASSIFICATION OF SOILS OF 

YIKALO SUBWATERSHED IN LAY GAYINT DISTRICT, 

NORTHWESTERN HIGHLANDS OF ETHIOPIA 
 



 

Characterization and Classification of Soils of Yikalo Subwatershed in Lay 

Gayint District, Northwestern Highlands of Ethiopia 
 

 

 

ABSTRACT 

 

Soil resource information is vital for sound land use planning and sustainable fertility 

management. This study was carried out with the objective of characterizing and classifying soils 

of Yikalo Subwatershed at Lay Gayint district, Northwestern Ethiopia. Representative soil 

pedons were opened along topographic positions and described on genetic horizon basis in the 

field for their morphological characteristics and analyzed in the laboratory for selected physical 

and chemical soil properties. The soils were classified following the IUSS Working Group WRB 

(2014). The results revealed the presence of variations in the selected morphological properties 

within a pedon and along the topographic positions. Soils differed in pH from 4.57 to 6.42. On 

the surface horizons of the soil pedons, OC (organic carbon) content ranged from 0.90 to 5.60%, 

TN (total nitrogen) varied from 0.34 to 0.14%, available P content varied from 0.21 to 3.25 mg 

kg
-1

,and exchangeable acidity ranged from 0.17 soil to 3.65 cmolc kg
-1

 soil. Soil OC and TN 

showed a decresing pattern along the topographic positions except in pedon 4. There was no 

consistent trend for CEC and PBS with soil depth and topographic positions. The soils in Yikalo 

Subwatershed were classified as Hyperdystric Cambisols (Humic), Haplic Alisols (Humic), 

Cambic Umbrisols (Colluvic), Haplic Luvisols (Epidystric), and Pellic Vertisols (Mesotrophic). 

Soil management practices such as application of lime, FYM or compost, along with optimum 

rates of N, P, and K containing inorganic fertilizers should be applied to reduce the level of soil 

acidity, and improve the fertility level of the soils for better crop production and productivity. 

 

Key words: slope positions, soil classification, pedon, morphological characterstics, soil map 
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2.1. INTRODUCTION 

 

Soil is slowly renewable dynamic natural resource that determines the ultimate sustainability of 

any agricultural system. Water movement, water quality, land use, and vegetation productivity 

all have relationships with soil. Soils provide food, fodder and fuel for meeting the basic human 

and animal needs (Schoonover and Crim, 2015). However, due to the increasing rate of 

population demanding food, the nutrients have been depleted and the productive capacity of soils 

has diminished through changes in soil characteristics. This demands systematic evaluation of 

soil resources with respect to their extent, distribution, characteristics, and use potential, which is 

very important for developing an effective land use system for augmenting agricultural 

production on a sustainable basis (Pulakeshi et al., 2014). 

 

The main task of soil classification is to reflect real diversity of soils to make decisions about 

adequate or sustainable land use. An in-depth study of the soil characteristics and classification 

will provide baseline information on the physical, chemical, and mineralogical properties of the 

soil for precision agriculture, land use planning, and management (Ukut et al., 2014). 

Classification of soils is also useful to facilitate technology transfer and information exchange 

among soil scientists, decision makers, planners, researchers, and agricultural extension advisors 

(Mohammed and Solomon, 2010).  

 

The process of developing a soil map forces one to understand the fundamentals of soils, how 

they were formed, occur across the landscape or the globe, and how they might respond to use 

and management. Soil mapping also aims to unravel deficiencies in our understanding of soil 

properties and processes both in time and space (Hartemink et al., 2012). Hence, the Ethiopian 

Soil Information System (EthioSIS) led by the Ethiopian government has recently developed soil 

fertility map for fertilizer recommendations in various regions of the country and, in 

collaboration with capacity building for scaling up of evidence based best practices in 

agricultural production in Ethiopia (CASCAPE) project, has published soil maps in selected 

thirty districts of the country. Major soil types identified in five districts of the Amhara region 

include Luvisols, Nitisols, Leptosols and Vertisols (Mekonnen, 2015). The existing few soil 

maps in the country are dominantly smaller scale maps of scattered areas with limited analytical 
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data, which could not help for necessary interpretations and making site-specific land use 

decisions. Thus, it is imperative to undertake detailed soil survey and mapping for a better 

understanding of soil resources so that soil patterns and distribution could be predicted and 

mapped more precisely. 

 

One of the critical constraints hampering agriculture in Ethiopia is unavailability of site-specific 

information on soil and land characteristics. Adequate information on soil and land 

characteristics is required for maintaining soil productivity and realization of land use planning. 

In view of this, soil characterization and classification has been carried out across different parts 

of Ethiopia (Wakene and Heluf, 2003; Mulugeta and Sheleme, 2010; Teshome et al., 2016) in 

the western and southern part of Ethiopia. Most of the studies reported depletion of cation 

exchange capacity (CEC), organic carbon (OC), and total nitrogen (TN) (Ashenafi et al., 2010; 

Teshome et al., 2016). Available soil phosphorus (P) was found to be deficient in most soils of 

cultivated lands (Mekonnen, 2015; Asmare et al., 2015).  

 

More recently, variations of soil properties such as TN, organic matter (OM), and CEC with 

topographic positions and soil depth in some areas of north and south Wollo of the Amhara 

region have been reported (Nahusenay et al., 2014; Alem et al., 2015). Different soil units such 

as Acrisols, Cambisols, Fluvisols, Leptosols, Luvisols, Nitisols, Vertisols and Umbrisols with 

various qualifiers have been identified in the country (Mulugeta and Sheleme, 2010; Teshome et 

al., 2016; Nahusenay et al., 2014).  However, the studies are limited as compared to the large 

land mass, landform complexity, and soil variability of the country. This necessitates 

characterization and classification of soils at a larger scale to produce meaningful soil maps for 

soil management.    

 

The alarming increase in population in the highlands of Ethiopia is putting persistent pressure on 

land resources, leading to the removal of soils on slopes and tilling soil without proper soil 

management practices put in place. This has serious management implications, because the more 

intensively cultivated upland soils deteriorate rapidly due to erosion and fertility depletion.  

Investigation of the relationship between landscape and soil properties enhances the effort to 

improve the fertility and productivity of land. Hence, topography based soil studies play a 
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significant role in the process that dictates the distribution and use of soils on the landscape (Esu 

et al., 2008). It is widely reported that topography affects soil types and properties at a watershed 

level (Sheleme, 2011).  

 

Undulating topography and large variations in slope are the characteristic features of Yikalo 

subwatershed which result in large variations in soil formation. The soils have not been 

characterized and classified for sound land management at Lay Gayint district where agriculture 

has been widely practiced for supporting their livelihood. Farmers continue to use the land with 

limited input to improve soil fertility. Moreover, the prevailing land use system and management 

interventions are not supported with information that shows the potentials and constraints of soil 

resources. On the other hand, land degradation due to the use of incompatible land management 

practices has continued unabated.  

 

As a consequence, the production and productivity of the smallholder farmers‟ subsistence 

farming is declining from time to time. Given the population size, which is increasing from time 

to time at a rate that is not commensurate with the carrying capacity of the land resources in the 

study area, there is no opportunity for extensification. In order to use the limited land resources 

more efficiently, site-specific management recommendations based on site-specific information 

are very much required. Therefore, there is a dire need to characterize soils to pinpoint their 

constraints and potentials, and classify and map to depict their geographical distribution in the 

study area. This study was therefore, initiated to characterize the morphological, physical and 

chemical properties of soils, and classify and map the soils of Yikalo subwatershed.  
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2.2. MATERIALS AND METHODS 

 

2.2.1. Soil Survey     

 

Before the start of the study, physical observation with the help of 1:50000 topographic maps, 

obtained from the Ethiopian Mapping Agency, were conducted and general soil site information 

was recorded. The boundaries of the watershed were determined from the 30 m-resolution digital 

elevation model (DEM), and the soil mapping units were determined based on slope positions, 

and after taking 115 auger pit observation points. Accordingly, four mapping units namely: 

Upper-slope, Middle-slope, Lower-slope, and Toe-slope were identified along the landscape 

(Figure 2.1). The free survey method described by Dent and Young (1981) was followed. The 

depth of auger points was 0-20 and 20-40 cm. The hand held GPS (global positioning system) 

was used to record location of the pits, augers, and the boundaries of the different mapping units. 

 

 

 Figure 2.1. Slope positions and pedon points in Yikalo subwatershed. 
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2.2.2. Soil Pedon Description, Sampling, and Sample Preparation   

 

The middle and lower slope positions, each consisted of two representative pedons. The upper 

and toe slope positions, each had one representative pedon (Figure 2.1). These representative soil 

pedons were opened and described in situ (Tables 2.1 and 2.2). For each identified mapping unit, 

1 m width x 2 m length x 2 m depth pit was opened for soil morphological examination and soil 

sample collection for laboratory analysis. After clearing away loose debris from pit face, color, 

texture, consistence, structure, plant rooting patterns, and other soil features were examined to 

determine which horizons are present and at what depth their boundaries occur. A soil 

description was then done using a standard format developed following the Guidelines for Soil 

Description (FAO, 2006a).  

 

Both disturbed and undisturbed soil samples were collected from each genetic horizon. Soil color 

was determined using the Revised Munsell Soil Color Chart (Munsell Soil Color Chart, 1994). 

Soil structure was described in terms of the sequence: grade, size, and type (shape) of aggregates 

whereas horizon boundaries were described in terms of depth, distinctness, and topography. The 

soil consistence was identified at dry, moist and wet moisture conditions. Core samples were 

collected at different points across each horizon for determination of bulk density. A cylindrical 

metal core with volume of 100 cm
3
 was pressed into the soil until it is completely filled. The soil 

was trimmed at both ends with a knife and covered with a cap, labeled and packed in box.  

 

The soil samples collected from the study area were bagged, labeled and transported to the 

laboratory for preparation and analysis of selected soil properties following standard laboratory 

procedures. In preparation for laboratory analysis, the soil samples were air dried, crushed, and 

made to pass through a 2 mm sieve size for the analysis of soil pH, texture, available P, 

exchangeable bases, exchangeable acidity, and CEC, whereas, for analysis of OC and total N, 

samples were made to pass through 0.5 mm sieve size. 
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2.2.3. Analysis of Soil Physical and Chemical Properties 

 

Soil texture was determined using the Bouyoucos hydrometer method (Day, 1965). Bulk density 

(BD) was determined from the weight of undisturbed (core) soil samples, which were first 

weighed at field moisture content and then dried in an oven at 105
 o
C to constant weight (Baruah 

and Barthakur, 1997). The bulk density was calculated from the mass of oven dry soil and the 

volume of the core. The average soil particle density (PD) (2.65 g cm
-3

) was used for estimating 

total porosity.  

 

The moisture content at field capacity (FC) and permanent wilting point (PWP) was measured at 

the soil water potentials of -1/3 and -15 bars, respectively, using the pressure plate apparatus 

technique (Richards, 1965). The results were converted into volume percent (Vol %) by 

multiplying the gravimetric water content with the ratio of soil bulk density to the density of 

water. The available water content (AWC) was obtained by subtracting water content at FC from 

PWP and finally converted to mm/ m of soil depth by multiplying it by 1000. 

 

The pH of the soil was measured potentiometrically in the supernatant suspension of a 1:2.5 soil 

to water ratio using a pH meter as described by Chopra and Kanwar (1976). Organic carbon was 

determined using the wet oxidation method (Walkley and Black, 1934) whereby the carbon was 

oxidized under standard conditions with potassium dichromate in sulfuric acid solution. Total N 

was determined by the micro-Kjeldahl method (Jackson, 1967) while available P was extracted 

using the sodium bicarbonate solution following the procedure described by Olsen et al. (1954).  

 

The exchangeable bases (Ca
2+

, Mg
2+

, K
+
, and Na

+
) in the soil were extracted with 1 M 

ammonium acetate (NH4OAc) solution at pH 7.0 (Jackson, 1967). Exchangeable Ca
2+

 and Mg
2+

 

in the leachate were determined by atomic absorption spectrophotometer, while exchangeable K
+
 

and Na
+
 were determined by flame photometry (Rowell, 1994). The potential cation exchange 

capacity (CEC) of the soil was determined from the NH4
+
 saturated samples that were 

subsequently replaced by K
+
 using KCl solution. The excess salt was removed by washing with 

ethanol and the ammonium that was displaced by K
+
 was measured using the micro-Kjeldahl 

procedure (Chapman, 1965) and reported as CEC. Total exchangeable acidity was determined by 
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saturating the soil samples with 1 M KCl solution and was titrated with 0.02 M NaOH as 

described by Rowell (1994). From the same extract, exchangeable Al
3+

 in the soil samples was 

determined by application of 1 M NaF, which forms a complex with Al
3+

 and releases NaOH and 

then NaOH was back titrated with a standard solution of 0.02 M HCl (Sahlemedhin and Taye, 

2000). Cation exchange capacity due to the clay fraction (CECclay) was estimated by subtracting 

the value of CEC associated with the percent of OM from the value of soil (CECsoil) assuming 

OC has a cation exchange capacity of 200 cmolc kg
-1

 (Yerima, 1993) as: 

 

CECclay = [CECsoil – (OM x 200)] / %clay 

 

2.2.4. Soil Classification and Mapping  

 

Based on the morphological characteristics and the laboratory analysis, the soils of the study area 

were classified based on IUSS Working Group WRB (2014). The geographic coordinates of each 

soil observation and the boundaries of each mapping unit were recorded in the field using GPS. 

Later, soil map was prepared by employing Arc GIS 10 (Geographic Information System). The 

auger points and identified map units coordinates were recorded in excel spread sheet, and later 

displayed in Arc map. Based on soil-landscape relations, soil depth and texture, soil boundaries 

were identified in each topographic positions, and the coordinates were recorded with GPS. The 

respective map units were later polygonized and their area was determined. Each polygon was 

labeled with the classified taxononomic soil unit.  
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2.3. RESULTS AND DISCUSSION 

 

2.3.1. Morphological Properties 

 

          2.3.1.1. Soil color 

 

The soil color (moist) in the surface layers varied from very dark (2.5 YR 2/1) in Pedon 1 to dull 

reddish brown (2.5 YR 4/3) in Pedon 2. Similarly, the subsurface color (moist) changed from 

grayish red (2.5 YR 3/1) in Pedon 2 to brown (7.5 YR 3/4) in Pedon 4 (Tables 2.1and 2.2). Upon 

dry condition, the soil color showed an increasing change in the unit of value and chroma in most 

of the pedons. The variation in color change among the pedons and within a pedon could be 

attributed to difference in OM content, parent material, and drainage conditions (Buol et al., 

2011; Nahusenay et al., 2014; Alem et al., 2015).  

 

Table 2.1. Selected site characteristics of representative soil pedons  

 
Pedon  Location (UTM) Altitude 

(m) 

Slope 

(%) 

Slope 

position 

Drainage 

class  

Erosion / 

deposition 

Parent 

material  

Land use  

Latitude       Longitude  

1 1298509 418572 3596 45 Upper 

slope 

Well 

drained 

Sheet and 

rill erosion 

Basalt Annual 

field 

cropping/ 

barely/ 

2 1298954 419888 3318 20 Middle 

slope 

Well 

drained 

Sheet  Basalt Annual 

field 

cropping/ 

wheat/ 

3 1300063 420744 3268 12 Middle 

slope 

Well 

drained 

Sheet  Basalt  Natural 

 forest 

4 1299895 422253 3174   8 Lower 

slope 

Moderately  

drained 

Deposition  Colluvium 

from Basalt 

fragments  

Grazing  

5 1300117 421692 3173   2 Toe 

slope 

Weakly 

drained 

Deposition Colluvium 

from Basalt 
fragments  

Annual 

field 
cropping/ 

potato/ 

6 1298413 421195 3227   6 Lower 

slope 

Weakly  

drained  

Deposition  Colluvium 

from Basalt 

fragments  

Annual 

field 

cropping/ 

potato/ 
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2.3.1.2. Soil structure and consistence 

 

The structure of all pedons in the surface soils were weak, fine, granular, gradually changing in 

the subsurface from weak to moderate, medium angular blocky in Pedon 4 to strong, medium, 

angular and sub-angular blocky in Pedon 6 (Table 2.2). Similar results were reported by 

(Teshome et al., 2016; Mesfin et al., 2017) who found granular soil structure in the surface 

horizons that changed to angular and sub-angular structure in the subsurface pedons. The 

presence of OM in the surface soil might be attributed to the formation of granular type of soil 

structure. Pressure faces on soil matrix due to micro-swelling, the low level of OM, reduction in 

abundance of plant roots and higher clay in subsurface may be mentioned as reasons for the 

formation of blocky structure (Sheleme, 2011; Teshome et al., 2016; Mesfin et al., 2017).  

 

The dry consistence varied from slightly hard to very hard, whereas the moist consistence varied 

from friable to firm. On the other hand, the wet consistence ranged from slightly sticky/slightly 

plastic in the surface layers to very sticky/very plastic in the subsurface soil layers (Table 2.2). 

The very friable and friable consistence observed in the surface soils of the pedons could be 

attributed to the higher OM content (Table 2.4). In consent with this finding, the contribution of 

OM in modifying soil consistence was pointed out by Mulugeta and Sheleme (2010). Ashenafi et 

al. (2010) also reported that the friable consistence of the soils show workability of the soils at 

appropriate moisture content. In contrast, the sticky, very sticky, plastic and very plastic 

consistences show the presence of high clay content, and difficulty to till (Abay et al., 2015). The 

presence of very sticky and very plastic consistence could be indicative of the presence of 

smectitic clays in the soils (Ashenafi et al., 2010). 

 

2.3.1.3. Soil depth and horizon boundaries 

 

Based on soil depth class described by Broderson (2000), all the pedons are very deep (> 150 

cm) except Pedon 1, which was moderately deep (50-100 cm) and limited by massive basalt. The 

colluvial deposits in the middle and lower slope positions, clay accumulation, and the in situ 

weathering process could influence the formation of very deep soils. For any given soil, the 

greater the rooting depth, the larger will be the quantity of soil water available to the crop. This is 
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particularly important for annual crops as they have less time to develop deep and extensive 

rooting systems than perennial crops (Shaxson and Barber, 2003). 

 

The lower boundaries of surface horizons in Pedons 1 and 2 were abrupt and smooth that 

changed into clear and smooth, and clear and wavy, respectively in the subsurface horizons. This 

could be due to repeated anthropogenic influence like plowing the land for crop production 

(Alem et al., 2015).   

 
Table 2.2. Selected morphological characteristics of soil pedon 

Depth 
(cm)   

Horizon  Color Structure grade 
/size/ type/   

Consistence 
Dry/moist/wet  

Root 
abundance 
/size  

Boundary 
distinct/ 
topography/ 

  Dry Moist  Dry  Moist  Wet    

Pedon 1 (Upper slope)  

0-20 A  2.5 YR 2/2 2.5 YR 2/1 WE,FI,GR SHA FR SST, SPL C, F A, S 
20-60 B  2.5 YR 3/2 2.5 YR 2/1 MO, ME, SB HA FR SST, NPL F,VF C, S 

Pedon 2 (Middle slope)  

0-20 Ap 2.5 YR5/3 2.5 YR4/3 WE, FM, GR SHA FR SST, SPL F, VF A, S 
20-100 Bt1 2.5YR 4/2  2.5YR 3/1 WE, ME, SB SHA,  FR SST, SPL V, VF C, W 
100-125 Bt2 2.5YR 5/2 2.5YR 3/1 MO, ME, SB HA FI SST, SPL V, VF C, B 
125-190+ C 2.5YR 5/2 2.5YR 4/3 ST, MC, SB VA FI SST, SPL N ------ 

Pedon 3 (Middle slope)   

0-20 A 7.5YR 4/3 7.5YR 3/2 WE, FI, GR SHA FR SST, SPL C, C G, W 
20-105 Bt1 7.5YR 4/4 7.5YR 3/4 MO, FM, GR SHA FR ST, NPL F, M C, S 

105-135 Bt2 7.5YR 4/3 7.5YR 4/3 MO, FM, AB HA FI ST, SP F, F G, B 
135-210+ C 7.5YR 4/3 7.5YR 3/3 ST, ME, SB HA FI SST, NPL V, VF ------ 

Pedon 4 (Lower slope)  

0-20 Ap 7.5YR 2/3 7.5YR 3/2 WE, FI, GR SHA FR SST, SPL C, C G, W 
20-95 Bt1 7.5YR 4/4 7.5YR 3/4 MO, FM, GR SHA FR ST, NPL F, M C, S 
95-180 Bt2 7.5YR 4/3 7.5YR 4/3 MO, FM, AB HA FI ST, SP F, F G, B 
180-225+ C 7.5YR 4/3 7.5YR 3/3 ST, ME, SB VHA FI SST, NPL V, VF ------ 

Pedon 5 (Toe slope)   

0-20 A 2.5YR 5/4 2.5YR 4/3 WE, FI, GR SHA FR SST, PL C, F D, S 
20-50 B 2.5 YR 5/3 2.5 YR4/2 WM, ME, AB  HA FI ST, VPL F, F C, S 
50-110 C 2.5YR 5/1  2.5YR 4/1  MO, ME, AB VHA FI ST, VPL N  ------ 

Pedon 6 (Lower slope) 

0-20 A 10YR 3/2 10YR 3/2 WE, FI, GR SHA FR SST, SPL C, F G, W 
20-45 B 10 YR 4/2 10YR 3/1 WM, ME, AB HA FI ST, PL F, VF G, W 
45-95 BC 7.5 YR 3/1 7.5 YR3/1 MO, ME, AS VHA FI ST, PL F, VF D, W 
95-165+ C 7.5 YR  4/1 7.5 YR4/1 ST, ME, AS VHA VFI VST, VPL N  ------ 

Notes: Structure: WE = weak, MO = moderate, ST= strong, WM = weak to moderate, FI = fine, FM=fine medium, ME = 
medium, MC=medium and coarse, AB = angular blocky, AS = angular and sub-angular blocky, SB = sub-angular blocky, GR = 
granular, Horizon Boundary: A = abrupt, C = clear, D=diffuse, G = gradual S = smooth, W = wavy, B = broken. Consistence: 
SHA = slightly hard, HA = hard, VHA = very hard, FR = friable, VFR = very friable, FI = firm, SST = slightly sticky, ST = 

sticky, VST = very sticky, NPL = non-plastic, SPL = slightly plastic, PL = plastic, VPL = very plastic. Root abundance: 
C=common, F=few, V=very few, N=none. Root size: C=coarse, M=medium, F=fine, VF=very fine (FAO, 2006).  

 

Pedons 3 and 4 had gradual and wavy lower boundaries of surface horizons grading to clear and 

smooth in the subsurface horizons as these lands are under forest and grazing land uses, where 
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there is no soil mixing by plowing, gradual transformation, homogenization, or 

erosional/depositional processes (Ande, 2010). Pedon 6 showed gradual and wavy boundary with 

less horizon differentiation due to pedoturbation, high clay content, pronounced changes in water 

content resulting in deep, wide cracks in the dry seasons, and very plastic and sticky soil 

consistence during wet conditions.  

 

2.3.2. Soil Physical Properties 

 

            2.3.2.1. Soil particle size distribution 

 

The distribution of sand and silt particles in most of the studied pedons did not show any 

consistent trend along the soil depth and topographic position (Table 2.3). However, the clay 

content observed in the B horizons of all the pedons was higher than the clay content of the 

surface horizons. Lack of definite trend in sand and silt separates along the topographic position 

might be due to the dominance of erosion and accumulation in influencing the pedogenic 

processes (Alem et al., 2015), whereas irregular trend with depth, might be due to variation in 

weathering of parent material  (Sekhar et al., 2014). The clay content of surface horizons in 

pedons showed increasing pattern from the upper to the toe slope positions, except Pedon 2 in 

the middle slope. This could be attributed to the removal of finer particles from the upper slope, 

and subsequent deposition in the lower and toe slope positions. 

 

The general increase in clay content with depth might be attributed to the vertical translocation 

of clay through the processes of lessivage and illuviation. Higher clay content in the B horizon of 

soils as a result of illuviation, predominant in situ pedogenetic formation of clay in the subsoil, 

and destruction of clay in the surface horizon, have been reported (Chukwu, 2013; Teshome et 

al., 2016; Mesfin et al., 2017). Except in Pedons 3 and 5, the silt content showed a decreasing 

pattern from the surface to the subsurface soil layers. The textural class of the surface layers 

varies from silt loam to clay, while that of the subsurface layers in all the pedons is clay. In line 

with this result, Mohammed and Solomon (2010), reported that soils, located in the shoulder and 

back slope positions, with steep slopes, are exposed to erosion where finer particles could be 

removed from the surface, hence resulting in lower content of surface clay.  
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The decreasing trend of silt indicates that slope is the dominant factor influencing the movement 

and silt to clay transformation along the topographic position. The silt/clay ratios displayed 

irregular value with depth of the soil pedons. High silt/clay ratio was observed in Pedon 1, 

indicating that the soils at upper slope position are at young stage of development. Lawal et al. 

(2013) studied soil pedons in Nigeria and found average silt/clay ratio of 0.26, 0.30, and 0.52 in 

the studied pedons, and concluded that the soils are relatively young. Similar results were 

reported in other studies of Ethiopian soils (Yakob et al., 2014). 

 

Table 2.3. Selected physical characteristics of soil pedons in the study area  

 
Depth 

(cm)   

Horizon Particle size analysis 

(%) 

Textural 

Class 

Si/C BD 

(g cm-3) 

Porosity 

(%) 

FC 

(%V/V) 

PWP 

(%V/V) 

AWC 

(mm m-1) 

 sand silt clay 

 Pedon 1 (Upper slope) 

0-20 A 28.7 48.6 22.7 Silt loam 2.1 0.92 65 28.5 20.2 83 

20-60 B 32.7 44.6 22.7 Silt loam 2.0    1.16 56 38.3 30.2 81 

 Pedon 2 (Middle slope)   

0-20 Ap 16.7 36.6 46.7 Clay 0.8 1.07 60 40.7 34.2 65 

20-100 Bt1 0.7 36.6 62.7 Clay 0.6 1.44 45 59.0 48.9 101 

100-125 Bt2 26.7 28.6 44.7 Clay 0.6 1.47 45 48.5 38.2 103 

125-190+ C 12.7 24.6 62.7 Clay 0.8 1.49 44 58.1 46.2 119 

 Pedon 3 (Middle slope) 

0-20 A 36.7 32.6 30.7 Clayloam 0.4 1.07 60 32.1 21.4 107 

20-105 Bt1 18.7 28.6 52.7 Clay 1.1 1.33 50 37.2 27.9 93 

105-135 Bt2 16.7 14.6 68.7 Clay 0.5 1.45 45 52.2 40.6 116 
135-210+ C 14.7 22.6 62.7 Clay 0.2 1.59 40 49.3 38.2 111 

 Pedon 4 (Lowerslope) 

0-20 Ap 28.7 30.6 40.7 Clay 0.4 0.89 66 34.7 19.6 151 

20-95 Bt1 16.7 24.6 58.7 Clay 0.8 1.14 57 49.0 43.3 57 

95-180 Bt2 16.7 20.6 62.7 Clay 0.4 1.42 46 64.8 53.3 115 

180-225+ C 32.7 18.6 48.7 Clay 0.3 1.44 46 46.9 42.6 43 

 Pedon 5 (Toe slope)   

0-20 A 28.7 22.6 48.7 Clay 0.4 1.25 53 46.3 40.0 63 

20-50 B 22.7 10.6 66.7 Clay 0.5 1.43 46 58.6 48.6 100 

50-110+ C 38.7   12.6   48.7      Clay 0.2 1.45      45 52.2 42.1 101 

 Pedon 6 (Lower slope) 

0-20 A 14.7 16.6 68.7 Clay 0.3 1.17 56 39.8 25.8 140 

20-45 B 14.7 14.6 70.7 Clay 0.2 1.43 46 55.8 45.8 100 

45-95 BC 10.7 12.6 76.7 Clay 0.2 1.43 46 58.6 52.9 57 

95-165+ C 10.7 8.6 80.7 Clay 0.2 1.50 43 67.5 58.5 90 

 

2.3.2.2. Bulk density and porosity 

 

The bulk density varied from 0.89 to 1.25 g cm
-3

 on the surface, and from 1.14 to 1.59 g cm
-3

 in 

the subsurface horizons of the soil pedons (Table 2.3). Relatively lower bulk density values (< 1 
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g cm
-3

) in the surface horizons of Pedons 1 and 4 could be related to the structural aggregation of 

the soils as a result of relatively high OM content. The bulk density in soils, irrespective of 

landforms, increased with depth which might be due to weight of the overlying soil and the 

relatively low amount of OM in the subsurface soil layers. Similarly, Pravin et al. (2013) 

reported increase in bulk density with pedon depth, due to changes in OM content, porosity, and 

compaction. The critical value of bulk density for plant growth at which root penetration is likely 

to be severely restricted is 1.4 g cm
-3

 for clay soils (Hazelton and Murphy, 2007). Following this 

critical value, the bulk density values of the surface horizons in the crop lands were in the 

favorable range.  

 

In contrast, the total porosity decreased along the horizons of all soil pedons in the watershed 

(Table 2.3). However, it did not show clear trend with topographic positions. Total porosity 

ranged from 53% in Pedon 5 to 66% in Pedon 4 of the surface soil horizons. On the other hand, it 

varied from 40% in Pedon 3 to 57% in Pedon 4 of the subsurface soil horizons (Table 2.3). 

According to Brady and Weil (2008), the ideal porosity value for healthy root growth is > 50%. 

Thus, porosity values of the recognized pedons in the surface layers are in the acceptable range 

for crop production. The total porosity decreased along the horizons of all soil pedons in the 

watershed. The higher values of porosity in the surface layer might be due to the presence of 

roots that penetrate the soil, and better OM content, which improves structural aggregation. The 

porosity of subsurface soil may be naturally low, or may have been reduced by compaction and 

prolonged cultivation practices that have disrupted or destroyed pore spaces causing a zone of 

low permeability at the base of the tilled layer (Shaxson and Barber, 2003). Similarly, Yakob et 

al. (2014) and Pravin et al. (2013) reported decrease in total porosity with depth due to reduced 

plant roots, OM content, and compaction.  

 

2.3.2.3. Soil water retention characteristics 

 

Except in Pedons 1 and 6 where it increased with soil depth, water retention at FC and PWP did 

not show any consistent pattern with soil depth (Table 2.3). Also, the retention at both points did 

not vary consistently along the topographic positions albeit relatively higher values for each were 

recorded in the toe slope position where the clay content is also high at the surface layer. 
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Available water content varied from 63 mm m
-1

 in Pedon 5 to 151 mm m
-1

 in Pedon 4 of the 

surface soil horizons, and from 43 mm m
-1

 in Pedon 4 to 119 mm m
-1

 in Pedon 2 of the 

subsurface soil horizons. In soil Pedons 2 and 5, AWC increased with depth. similar report 

(Nagaraju and Gajbhiye, 2014) indicated the positive relationship between clay content and the 

amount of water retained at -33 and -1500 kPa.  

 

The high amount of water at both FC and PWP in some of the soils with high clay content, thus 

resulting in small AWC might be due to the fact that water is held so tightly in the micropores 

that the plants cannot access it (Easton and Bock, 2016). Likewise, Nahusenay et al. (2014) also 

reported that the relatively high water retention capacity of the soils at both suctions showed the 

weakly drained conditions of soils with high clay content. According to Mclntyre (1974) rating 

of AWC, the AWC of the soils varies from low (<100 mm m
-1

) to medium (100-200 mm m
-1

). 

The irregular trend of AWC with depth in some of the pedons might be due to the eluviations 

and illuviation of finer fractions in different horizons (Sekhar et al., 2014). Pedons with higher 

values of AWC enable plants to withstand drought for longer periods (Yakob et al., 2014). 

 

2.3.3. Soil Chemical Properties 

 

             2.3.3.1. Soil pH and exchangeable acidity 

 

The pH (H2O) values increased along soil depth in Pedons 1, 2, 3 and 6 (Table 2.4). In Pedons 4 

and 5, consistent increase in pH with depth was observed except slight decrease at the bottom 

layers. Similarly, the pH of the surface layer soils did not show any systemic variation along the 

topographic positions although relatively higher values were recorded in soils of Pedons 3 and 6. 

Following the pH rating suggested by Hazelton and Murphy (2007), the pH of the soils was 

within the range of very strongly acid (4.5-5.0)  in Pedon 4 of the surface layer to slightly acid 

(6.1-6.5) in the bottom layer of Pedon 6. The increased pH values with soil depth might be due to 

less H
+
 ions released from low OM decomposition, which is caused by decreased OM content 

with depth (Abay and Sheleme, 2012). Furthermore, the increase with soil depth might be related 

to the increase in some of the basic cations with soil depth. The low pH in most of the pedons 

could be due to the high rainfall in the study area that activates leaching and continuous removal 
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of bases from the soil surface. Several researchers in different parts of Ethiopia reported various 

values of pH for acid soils (Mulugeta and Sheleme, 2010; Asmare et al., 2015).  

 

Strong soil acidity is associated with Al, H, Fe, Mn toxicities to plant roots in the soil solutions 

and deficiencies of the available P, Mo, Ca, Mg and K (Kisinyo et al., 2014). Among biological 

properties, activities of beneficial microorganisms such as decomposition of organic matter, 

nutrient mineralization, immobilization, uptake, and utilization by plants are adversely affected 

by soil acidity, and consequently affects crop yields (Fageria and Baligar, 2008). 

 

The exchangeable acidity decreased with depth in all the pedons except in the bottom layers of 

Pedons 2 and 5. The values of exchangeable acidity decreased with increased pH in the soil 

pedons studied regardless of the landform in the watershed. Baquy et al. (2017) suggested that 

the critical level of exchangeable Al
3+

 concentration ranged from 0.56-1.72 cmolc kg
-1

 depending 

on the type of crops and soils. The exchangeable Al
3+

 values of the surface horizons of cultivated 

lands (Pedons 1 and 4) are within this range to influence crop growth adversely.  

 

Similar to this finding, toxic concentrations of exchangeable acidity and Al
3+

 on surface soils of 

cultivated lands were reported by Asmare et al. (2015) in Farta district. Such occurrence of 

exchangeable acidity and Al
3+

 in the watershed might be due to the high amount of rainfall and 

subsequent leaching of cations such as Ca, Mg, and K, crop removal of bases, and release of H
+
, 

continuous use of acid forming mineral fertilizer sources such as urea and diammonium 

phosphate ((NH4)2HPO4), which produce H
+
 through oxidation of ammonium ion (NH4

+
) to 

nitrate ion (NO3
-
) (Wild, 2003). The addition of H

+
 causes reduced pH and the buffering capacity 

of the soils. As soil pH decreases, Al is solubilized and the proportion of phytotoxic Al
3+

 ions 

increases in the soil solution (Samac and Mesfin, 2003).   

 

2.3.3.2. Organic carbon, total N, and C: N ratio 

 

Topographic position, and elevation of the soils affected the spatial variability of OC and TN 

(Table 2.4). Considering the depth of the pedon, OC and TN showed a decreasing pattern. 

Relatively higher values were recorded in the upper slope positions of the surface horizons of all 
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the soil pedons. The OC of the surface layer soils ranged from 0.90% in the lower slope position 

(Pedon 6) to 5.60% in the freshly cultivated Pedon 1 of the upper slope position (Table 2.4). As 

per the rating criteria set by Tekalign (1991), the OC contents of surface soil horizons in Yikalo 

subwatershed were in the range of high (> 3.3%) to low (0.5-1.5%) category.  

 

The high level of OC in the surface horizon of Pedon 4 could be due to biomass turnover of grass 

on the grazing land. The studied soils were located in an elevation of above 3000 m that might 

favor lower rate of decomposition and a relatively higher accumulation of OC in the upper slope 

positions. Abayneh et al. (2006) pointed out that soils located at elevations higher than 1850 m, 

the relatively lower temperatures may facilitate the organic C accumulation. However, the 

observed low OC content in some of the pedons could be ascribed to the complete removal of 

crop residues, and reduced input of organic amendments such as FYM and compost to these 

cultivated lands. Moreover, repeated tillage of the land might favor the mineralization of OC in 

the lower and toe slope positions. In line with this, variable distribution in OC content of soils in 

different areas of the country was reported by different researchers (Ashenafi et al., 2010; Daniel 

and Tefera, 2016). 

 

Total N varied from 0.34% in the upper slope to 0.14% in the foot slope position of the surface 

horizons. The TN content of the surface horizons was higher as compared to the subsurface  soil 

horizons and it followed similar pattern with that of OC in all the studied pedons implying that 

there is a strong relation between OC with TN in the soil system. In agreement with this result, 

Meysner et al. (2006) indicated that as much as 93 to 97% of the total N in soils is closely 

associated with OC. Based on the rating of total N set by Tekalign (1991), the total N contents of 

the surface layers of Pedons 1, 2, 3, and 4 were rated as high (> 0.25%), while it was medium 

(0.12 and 0.25%) in Pedons 5 and 6. The high total N content in the surface layers indicates that 

the soils of the study area have the potential in N to support proper growth and development of 

crops. The medium total N content in Pedons 5 and 6 might be due to weakly drained condition, 

which slows down mineralization.  However, the site must be fertilized with external N inputs 

for sustainable production as N is dynamic and prone to leaching and volatilization loses. Similar 

to the current finding, high total N was found in Arsi highlands (Mohammed and Solomon, 
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2010) whereas, low to medium in total N was reported in Delbo Wegene watershed, Wolaita 

zone (Ashenafi et al., 2010). 

 

The carbon-to-nitrogen ratio (C: N) demonstrates a systematic variation with depth for some of 

the studied pedons (Pedons 1, 4, and 5), suggesting the existence of similar conditions of 

mineralization in the recognized horizons. The high C: N ratio (16.54) was observed for the 

surface horizon of Pedon 1, which has low temperature at the highest elevation. The C: N ratio 

for Pedon 1 was higher than the ideal 10, indicating the slower decomposition rate of OM and 

organic N by the soil microbial activity (Ge et al., 2013). In general, a C: N ratio of about 10:1 

suggests relatively better decomposition rate, serving as index of improved N availability to 

plants and possibilities to incorporate crop residues to the soil without having any adverse effect 

of nitrogen immobilization (Mohammed and Solomon, 2010). 

 

2.3.3.3. Available P 

 

Available P contents did not show consistency across the slope positions and soil depth (Table 

2.4). Available P contents varied from 0.77 mg kg
-1

 in the surface horizons of Pedon 1 in the 

upper slope to 19.47 mg kg
-1

 in the subsurface horizon of the middle slope positions. Based on 

the rating of available P suggested by Jones (2003), the available P content of the soils in the 

surface horizons of all the pedons was in the range of low (6-10 mg kg
-1

) to very low (1-5 mg kg
-

1
) rating. Phosphorus deficiency in Ethiopian soils is well documented in various research works 

(Asmare et al., 2015; Daniel and Tefera, 2016; Mesfin et al., 2017).  

 

On top of the inherent low occurrence of P, its availability is limited by strongly acid 

characteristics of the soils in the study environment. As discussed above, the soils in some of the 

pedons were found to have low pH, and appreciable content of exchangeable Al
3+

, which might 

cause P deficiency through its fixation and precipitation as Al bound P. In acid soils, crystalline 

and noncrystalline oxides and hydroxides and ionic forms of Fe and Al are considered to be the 

main adsorbents of phosphate (Tsado et al., 2012). Consequently, only about 10-25% of the 

applied P fertilizer is normally taken up by the crop (Keerthisinghe et al., 2001).  
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Morover, strongly acid soils often have low levels of available P and also contain large quantities 

of Al and Fe hydrous oxides, and therefore have the ability to adsorb large amounts of added P. 

For these reasons, on one hand, large quantities of P fertilizers often required for optimum crop 

production (Haynes and Mokolobate, 2001). On the other hand, application of lime is suggested 

to increase the pH, and reduce Al and Mn toxicity and P fixation (Fageria and Baligar, 2003). 

However, the high cost of fertilizers and lime, and unsustainable crop production necessitates the 

use of locally available low cost organic sources such as organic residues, compost, and FYM 

with mineral fertilizers in a synergistic manner for sustainable production and to maintain soil 

health (Acharya, 2002). 

 

2.3.3.4. Cation exchange capacity and exchangeable bases 

 

The CEC of the soils in all the pedons did not show any regular pattern with either soil depth or 

topographic positions (Table 2.4). On the other hand, it somehow followed the trend of the clay 

content particularly in the soils of the lower and toe slopes. The higher values of CEC in the 

upper slope could be attributed to the recent land use change from virgin to cultivation that 

implied better OC content and less nutrient depletion through crop removal, whereas that in 

Pedon 6 of the lower slope position might be due to the deposition of various cation-rich 

materials.  

 

According to Landon (1991), the CEC of the soils in the watershed qualifies for the high and 

very high signifying that the soils have better nutrient reserve. Asmare et al. (2015) reported 

medium to high CEC in acid soil of neighboring district, where the dominant mineralogy of the 

soils was kaolinite. The authors suggested that the presence of considerable amount of smectite 

in the soils might have contributed to the relatively higher CEC values as is observed in this 

study. Similarly, medium to high CEC was also indicated in acid soils (Ashenafi et al., 2010; 

Sheleme, 2011).  

 

The principal cations occupying the exchange site were in the order of Ca
2+

 > Mg
2+

 > K
+
 > Na

+
. 

The concentration of Ca
2+

 increased consistently with depth of the soil pedons. The highest value 

(29.42 cmolc kg
-1

) was recorded in the bottom layer of Pedon 6 and the lowest (6.68 cmol c kg
-1

) 
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was in Pedon 1. Considering the effect of topographic positions, the content of Ca
2+

 increased 

from the upper slope to the toe slope except Pedon 3 of the middle slope and Pedon 4 of the foot 

slope positions. The consistent accumulation of Ca
2+

 with depth could be ascribed to the leaching 

by high amount of rainfall in the area. Supporting to this finding, other authors (Ashenafi, et al., 

2010; Nahusenay et al., 2014) indicated that accumulation of exchangeable Ca
2+

 with depth 

could be due to leaching from the overlying horizons. The trend of Ca
2+

 on the surface horizons 

across the landscape may be due to the lateral movement of the ion from the upper slope to the 

toe slope (Lawal et al., 2013). According to FAO (2006b) rating of exchangeable Ca
2+

, the soils 

were in the medium to very high range. Exchangeable Mg
2+

 contents varied from 3.38 cmol c kg
-

1
 in Pedon 1 to 10.9 cmol c kg

-1
 in Pedon 3 of the surface horizons and 0.5 cmol c kg

-1
 in Pedon 2 

to 10.3 cmol c kg
-1

 of Pedon 6. Higher Mg content was observed in the middle slope of Pedon 3 

and the lower slope of Pedon 6. Generally, the Mg
2+

 content was rated as high to very high in the 

exchange site of the soil pedons (FAO, 2006b).   

 

Exchangeable K
+
 varied from low to very low in all the pedons and was not consistent with 

depth. Though soils were rich in CEC, they were deficient in K
+
, which is one of the major 

elements limiting crop production in the area. The exchangeable K
+
 content was below the 

critical level of 0.38 cmol c kg
-1

 (Landon, 1991). The result was in agreement with the findings of 

Wondwosen and Sheleme (2011) who reported K deficiency in Alfisols. Therefore, K 

fertilization is required to enhance crop production in the study area, where K removal takes 

place through crop harvest.  

 

Exchangeable Na
+ 

is well below the permissible limit of exchangeable sodium percentage (ESP) 

throughout the pedons of the studied soils (Table 2.4). The variation was irregular with depth of 

the pedons.  

 

The percent base saturation increased with depth in Pedons 1, 4, and 6, while it was inconsistent 

in the other pedons, and topographic positions (Table 2.4). Percent base saturation of surface soil 

horizons ranged from 19% in Pedon 1 to 63% in Pedon 5. In the subsurface soils, PBS ranged 

from 24% in the B horizon of Pedon 1 to 84% in the bottom layer of Pedon 2. The higher values 
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in some of the subsurface horizons marked the accumulation of soluble bases due to rainfall 

prevailing in the watershed and the composition of the parent material.  

 

According to the rating described by Hazelton and Murphy (2007), Pedon 1 in the upper slope 

and Pedon 4 in the lower slop positions were very low (<20%) and low (20-40%), respectively in 

PBS, whereas soils represented by Pedon 5 in the toe slope position were high in PBS. The 

higher values of per cent base saturation observed is due to higher amount of exchangeable Ca
2+

 

ions occupying the exchange sites on the colloidal sites (Sekhar et al., 2014). Soils of Pedons 2, 

3, and 6, on the other hand, were within the range of medium PBS (40-60%). The variation 

observed in PBS indicates the degree of leaching which was used as diagnostic character for 

classifying soils (Meena et al., 2014). Furthermore, the low PBS of the soils might indicate the 

leaching of bases due to the high rainfall in the study area. These situations may result in low and 

unbalanced availability of exchangeable bases for plants to be taken up.  

 

The CEC/clay ratios are also greater for the surface than the subsoil horizons of some of the 

studied pedons (Pedons 1, 2, and 3). High CEC/ clay ratio was recorded for Pedon 1, which is 

found at the upper slope of the watershed. The CEC to clay fraction can be used as an indication 

of type of clay mineralogy (Buol et al., 2011). Accordingly, most of the horizons of Pedons 4, 5, 

and 6 are expected to have smectite group clay minerals (60-100 cmolc kg
-1

).  

.  
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       Table 2.4. Selected chemical characteristics of soil pedons in the study area 

 
Depth  

(cm)   

Horizon  pH 

(H2O) 

  

TN 

(%) 

  

OC 

(%) 

  

Av.P 

(mg kg-1) 

C/N  

  

Exchangeable bases and CEC 

cmolc kg-1 soil 

CEC/Clay 

cmolc kg-1  

 

BS 

(%) 

Ex 

Acidity 

cmolc kg-1  

Ex Al
3+

  
cmolc 

kg-1   Ca
2+

  Mg
2+

 K
+
 Na

+
 CEC 

 Pedon 1 (Upper slope) 

0-20 A 5.24 0.34 5.60 0.77 16.54 6.68 3.38 0.05 - 53.44 150.20 19 1.60 0.69 

20-60 B 5.43 0.25 3.56 0.77 14.21 6.93 4.14 0.05 - 46.57 151.00 24 1.57 0.67 

 Pedon 2 (Middle slope)   

0-20 Ap 5.3 0.29 2.93 3.25 10.25 12.17 7.95 0.07 - 38.26 60.25  53 0.58 0.26 

20-100 Bt1 5.48 0.25 2.77 0.75 10.86 13.52 0.51 0.09 - 42.48 52.52 33 0.45 0.21 
100-125 Bt2 5.89 0.10 1.03 0.30 9.87 14.54 1.10 0.21 - 29.06 57.01 55 0.23 - 

125-190+ C 6.02 0.06 0.13 1.65 2.27 17.50 7.78 0.07 - 30.32 47.64 84 0.33 - 

 Pedon 3 (Middle slope)   

0-20 A 5.46 0.26 2.09 0.66 7.98 9.21 10.90 0.12 - 37.79 99.56 54 0.46 0.25 

20-105 Bt1 5.81 0.17 1.19 5.33 7.00 9.72 6.93 0.26 - 34.75 58.17 48 0.23 - 

105-135 Bt2 5.82 0.06 0.05 19.47 0.86 10.90 3.47 0.12 - 35.35 51.17 41 0.18 - 

135-210+ C 6.00 0.05 0.30 15.99 5.65 19.44 0.59 0.05 - 38.78 60.15 52 0.10 - 

 Pedon 4 (Lower slope) 

0-20 Ap 4.57 0.33 3.51 2.20 9.98 7.78 7.52 0.09 - 42.54 74.73 36 3.65 1.93 

20-95 Bt1 5.13 0.21 1.53 0.96 7.28 12.26 3.72 0.12 - 40.98 60.82 39 2.90 1.16 

95-180 Bt2 6.24 0.09 0.54 1.97 6.09 14.71 7.52 0.14 - 51.27 78.79 44 0.27 - 

180-225+ C 5.98 0.03 0.01 0.96 0.33 17.08 9.89 0.12 - 44.77 91.83 60 0.07 - 

 Pedon 5 (Toe slope) 

0-20 A 5.18 0.15 1.51 2.70 10.26 13.19 9.38 0.12 - 36.02 63.26 63 0.17 - 

20-50 B 6.13 0.06 0.57 3.62 9.71 15.38 3.47 0.07 - 42.82 61.25 44 0.08 - 

50-110+ C 6.08 0.01 0.01 1.13 0.84 15.55 7.69 0.09 - 37.32 76.52 63 0.11 - 

 Pedon 6 (Lower slope) 

0-20 A 5.40 0.14 0.90 0.21 6.58 18.51 9.55 0.16 - 51.40 70.30 55 0.57 0 0.25 

20-45 B 5.57 0.06 0.43 2.08 6.74 20.46 10.31 0.09 - 54.14 74.44 57 0.19 - 

45-95 BC 5.86 0.05 0.08 4.49 1.65 24.85 9.13 0.05 - 52.80 68.46 65 0.06 - 

95-165+ C 6.42 0.04 0.03 0.98 0.67 29.42 7.19 0.12 - 54.10 66.91 68 0.05 - 
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2.3.4. Soil Classification  

 

Pedon 1 is limited in depth, loam in soil texture and granular in structure. The soil was recently 

cultivated, high in OC but low in PBS. The subsurface horizon has pedogenetic transformation of 

the rock, indicating that the soil pedon was developed through subsurface soil formation 

following initiation of structure and color change. These attributes of the pedon qualify the 

diagnostic criteria for cambic subsurface horizon. Furthermore, the pedon has a base saturation 

of less than 50% between 20 and 50 cm of the soil surface, which qualifies for hyperdystric 

principal qualifier. In addition to this, the presence of more than 1% OC to a depth of 50 cm 

from the mineral soil surface indicates the soil to have humic supplementary qualifier. Based on 

the diagnostic horizon and the qualifiers identified, the soil is classified as Hyperdystric 

Cambisols (Humic) (IUSS Working Group WRB, 2014). This soil covers 471 ha in the 

watershed (Figure 2.1).  

 

Pedons 2 and 3 are characterized by subsurface horizons with higher clay content than the 

overlying horizon. The textural differentiation may be caused by an illuvial accumulation of 

clay. This characteristic may indicate the development of argic subsurface horizon in these 

pedons. Additionally, the argic subsurface horizons in Pedons 2 and 3 are characterized by CEC 

of ≥ 24 cmolc kg
-1

 clay throughout or to a depth of 50 cm of its upper limit, and having a base 

saturation, calculated on the sum of exchangeable bases plus exchangeable Al of < 50% in the 

major part between 50 and 100 cm from the mineral soil. The leaching of base cations 

particularly exchangeable Ca
2+

 was also observed owing to the humid environment in these 

pedons. Hence, these soils meet the definition of Alisols soil unit. Since no other principal 

qualifier can express the soil unit, haplic is prefixed, while for the presence of more than 1% OC 

to a depth of 50 cm from the mineral soil surface, humic is suffixed to classify the soil as Haplic 

Alisols (Humic), with an area coverage of 660 ha (Figure 2.1). 

 

Pedon 4 was dug in the lower slope position of the grazing land. Soils in this pedon have weak 

fine granular structure on the surface, high OC with dark brown color, and a base saturation of < 

50% on a weighted average, throughout the entire thickness of the horizon with acidic reaction, 

thus qualifying as umbric A horizon (IUSS-WRB, 2014). The horizon has significant 
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accumulation of OC in the mineral surface soil and a low base saturation within the first 100 cm. 

This pedon was therefore, recognized to meet the criteria for Umbrisols at reference soil level. 

The subsurface horizon shows some evidence of pedogenetic alteration, and higher clay content 

than the bottom layer. The pedogenetic alteration is identified from the overlying mineral 

horizon, which is richer in OM and therefore have a darker colour, indicating cambic as a 

principal qualifier. Due to the accumulation of colluvic materials which has been transported as a 

result of erosional wash or soil creep in the slope positions, the supplementary qualifier colluvic 

is added as a suffix, and hence the soil is classified as Cambic Umbrisols (Colluvic), covering 

116 ha of land (Figure 2.1). 

 

Pedon 5 was opened on the cultivated land at the toe slope position, where there is higher clay 

content in the subsoil than in the topsoil. The movement and build up of clay formed argic 

subsoil horizon. Soils with high activity clays throughout the argic horizon and a high base 

saturation in the 50-100 cm depth satisfy the definition of Luvisols as a reference soil group. 

These characteristics entirely defined the soil without the requirement of other principal qualifier 

and thus haplic was prefixed. However, the presence of a base saturation of less than 50% 

between 20 to 50 cm from the surface makes the use of epidystric supplementary qualifier to 

classify the soil as Haplic Luvisols (Epidystric), which covers 607 ha (Figure 2.1).  

 

Pedon 6 was excavated in the lower slope position where the pedon was developed with 

weathered and deposited sediments with large proportion of clay. The soil in the subsurface is 

rich in clay content exceeding 30% throughout the pedon; hard to very hard during dry, and 

sticky and plastic consistence during wet conditions that shrink and swell alternatively to form 

deep cracks and slickensides in the surface and subsurface horizons to meet the criteria for vertic 

subsurface diagnostic horizon. A vertic horizon starting from ≤ 100 cm from the soil surface, 

clay content higher than 30% between the soil surface and the vertic horizon throughout, and 

shrink-swell cracks that start at the soil surface meets the requirements of Vertisols. Vertisols 

having in the upper 30 cm of the soil a Munsell colour value of ≤ 3 and a chroma of ≤ 2, both 

moist are prefixed by pellic principal qualifier. Moreover, according to IUSS-WRB (2014), soils 

having a base saturation of < 75% at a depth of 20 cm from the soil surface were defined with 
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mesotrophic supplementary qualifier. Therefore, this soil was identified as Pellic Vertisols 

(Mesotrophic), and covers an area of 440 ha (Figure 2.1).  

 

 

Figure 2.1. Soil map of the study area. 
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2.4. CONCLUSION 

 

Adequate information on soil and land characteristics is required for maintaining soil 

productivity and realization of land use planning. Therefore, soil characterization, classification 

and mapping of soils were conducted at subwatershed level of the Guna Mountain in Lay Gayint 

district. The morphological, physical and chemical characteristics of the soils showed variation 

along the topographic positions and soil depth. The soils represented by pedon 1 in the upper 

slope position were relatively shallow whereas the pedons in the middle and lower slope 

positions were very deep. The clay content in the B horizons of all pedons was higher as 

compared to the surface horizons. Soil formation in most of the pedons is characterized by clay 

illuviation from the surface to the subsurface soil horizons. Soils differed from very strongly acid 

to slightly acid in reaction, deficient in available P, OC, and exchangeable K
+
 in most of the 

cultivated lands. The exchangeable Al
3+

 values of the surface horizons of cultivated lands 

(Pedons 1 and 4) are with the range that may influence crop growth adversely. Based on the 

studied morphological, physical and chemical parameters, Hyperdystric Cambisols (Humic), 

Haplic Alisols (Humic), Cambic Umbrisols (Colluvic), Haplic Luvisols (Epidystric), and Pellic 

Vertisols (Mesotrophic) were the identified soil types in Yikalo subwatershed of Lay Gayint 

district. 

 

In general the soil characteristics and pedon development of Yikalo subwatershed is affected by 

topographic positions, and soil depth. Thus, excess water in the areas dominated by Vertisols 

should be drained during rainy season. In addition to this, application of optimum rates of FYM, 

compost, biofertilizers, and lime integrated with inorganic fertilizers containing N, P and K may 

help to reduce the level of soil acidity, and improve the fertility level of the soils for better crop 

production and productivity.  
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3.  EFFECTS OF LIME, MINERAL P, FARMYARD MANURE, AND 

COMPOST ON SELECTED CHEMICAL PROPERTIES OF ACID SOILS 

IN LAY GAYINT DISTRICT, NORTHWESTERN HIGHLANDS OF 

ETHIOPIA 



 

Effects of Lime, Mineral P, Farmyard Manure, and Compost on Selected 

Chemical Properties of Acid Soils in Lay Gayint District, Northwestern 

Highlands of Ethiopia 

 

 

 

ABSTRACT 

 
Soil acidity is a critical issue requiring urgent attention in most highlands of Ethiopia due to its 

impact on crop production and productivity. Thus, a greenhouse experiment was conducted to 

evaluate the effects of sole and combined applications of lime, mineral P, FYM, and compost on 

selected chemical properties of acid soils of Lay Gayint district under greenhouse conditions in 

Amhara Agricultural Research Institute in 2015 cropping season. Treatments (lime, mineral P, 

FYM, and compost) were applied in sole and combination to acid soils collected from cultivated 

lands, and arranged in a completely randomized design (CRD) in three replications. After 

application, the soils were incubated for 20, 40, and 60 days to evaluate the effects of the applied 

treatments on selected soil chemical properties. The result indicated that treatment combinations 

raised the soil pH significantly at the 40 days of incubation. All the treatments showed increased 

P availability with increasing time of incubation. Maximum available P was observed at the 60 

days of incubation due to application of  8 t FYM ha
-1

 + 30 kg P ha
-1

 + 5 t lime ha
-1

 followed by 

8 t compost ha
-1

 + 30 kg P ha
-1

 + 5 t lime ha
-1

. Exchangeable acidity and Al
3+

 were reduced 

significantly at the 40 and 60 days of incubation with the application of 30 kg P ha
-1 

+ 10 t lime 

ha
-1

 followed by 4 t FYM or compost ha
-1

 + 15 kg P ha
-1 

+ 10 t lime ha
-1

. The highest 

exchangeable Ca
2+

 was obtained at 20 days of incubation with the application of 30 kg P ha
-1

 + 

10 t lime ha
-1

 followed by 4 t ha
-1

 FYM + 15 kg P ha
-1

 + 10 t lime ha
-1

. Sole addition of 10 t lime 

ha
-1

 increased ECEC from 17.59 to 22.09 cmolc kg
-1

 at the 40 days of incubation. Likewise, 

combined applications of 30 kg P ha
-1 

+ 10 t lime ha
-1

 followed by 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 

10 t lime ha
-1

 improved ECEC of the soil from 17.59 to  23.95 and 22.97 cmolc kg
-1

, respectively 

at the 40 days of incubation. Therefore, integrated applications of organic and inorganic 

amendments were found to be more effective in reducing soil acidity and Al
3+

 concentration 

while increasing the fertility of the soil. 

 
Keywords: soil pH, exchangeable acidity, cation ratio, organic amendment, incubation, lime  
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3.1. INTRODUCTION 

 

Soil acidity covers a significant part of at least 48 developing countries located mainly in tropical 

areas, being more frequent in Oxisols and Ultisols in South America and in Oxisols in Africa 

(Narro et al., 2001). Soil acidity is a critical issue requiring urgent attention in most highlands of 

Ethiopia due to its impact on crop production and productivity (Tessema et al., 2012). Recent 

studies have also indicated that soil acidity affects large areas of the cultivated lands in different 

parts of Ethiopia (Wassie and Shiferaw, 2009; Asmare and Yli-Halla, 2016).  

 

Most acid soils have been found to be low in fertility, with poor chemical and biological 

properties. Strongly acid soil is associated with Al, H, Fe, and Mn toxicities to plant roots in the 

soil solutions and deficiencies of the available P, Mo, Ca, Mg, and K (Kisinyo et al., 2014). 

Aluminum toxicity primarily affects the root apex (Mossor-Pietraszewska, 2001). Exposure to Al 

causes stunting of the primary root and inhibition of lateral root formation (Samac and Mesfin, 

2003). The result of restricted root system is impaired nutrient and water uptake, making the 

plant more susceptible to drought stress (Wang et al., 2006; Miyasaka et al., 2007).  

 

Among biological properties, activities of beneficial microorganisms are affected by adverse soil 

acidity, since in normal soils, these microbes might have profound effects on decomposition of 

organic matter, nutrient mineralization, immobilization, uptake, and utilization by plants and 

consequently affect crop yields (Fageria and Baligar, 2008). Where management strategies have 

not been put in place, crop yields are critically limited under such conditions.  

 

Several practices have been recommended to reclaim acidity and upgrade the productivity of 

strongly acid soils. These include the cultivation of acid tolerant plants, covering the surface with 

non-acid soil, the use of organic fertilizers, and liming. Of these practices, liming and the 

application of organic fertilizers are generally considered to be the best measures, because their 

effects are more persistent (Chen et al., 2001). However, the high cost of fertilizers and lime, and 

unsustainable crop production calls for the use of locally available low cost organic sources such 

as manures, green manures, and biofertilizers along with inorganics in a synergistic manner for 

sustainable production and to maintain soil health (Acharya, 2002). Lime in the form of calcium 
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carbonate or dolomite is applied to acid soils to increase the pH, Ca concentration, CEC and base 

saturation, and to minimize Al and Mn toxicity and P fixation (Fageria and Baligar, 2003; 

Fageria and Stone, 2004; Caires et al., 2006; Ano and Ubochi, 2007). Another research indicated 

that liming can increase, decrease, or have no effect on P availability (Curtin and Syers, 2001). 

However, recent studies (Crawford et al., 2008; Osundwa et al., 2013; Asmare and Yli-Hall, 

2016) indicated a significant increase in Olsen P due to liming of acid soils. To get maximum 

benefits from liming or for improving crop yields, liming materials should be applied before 

sowing of crops and thoroughly mixed into the soil to enhance its reaction with soil exchange 

acidity (Fageria and Baligar, 2008). 

 

Addition of manure and compost to acid soils is potentially a feasible approach for increasing 

soil pH, decreasing concentrations of Al, and reducing lime requirements (Mokolobate and 

Haynes, 2002; Wong and Swift, 2003; Crawford et al., 2008; Opala et al., 2012; Ermias et al., 

2013). Enhancing P availability is possible through the combined use of animal manures, plant 

residues, and green manures with mineral P fertilizers in low-P acid soils (Toor, 2009; Opala et 

al., 2012). Organic materials supplement P and increase the efficiency of applied fertilizer P by 

chelating soil Fe and Al by organic acids released upon decomposition (von Wandruszka, 2006). 

Numerous studies reported that application of organic matter (OM) like compost and manures 

provide nutrients and improve the physical properties of soil (Chiu et al., 2006; Dauda et al., 

2005). The role of compost as a complimentary amendment for improving soil aggregation, 

increasing microbial biomass, improving moisture holding capacity, raising CEC and pH of soil 

has been recognized (Valarini et al., 2009; Martínez-Blanco et al., 2013).  

 

Although all these mentioned organic and inorganic amendments have significant contribution to 

reduce soil acidity and improve soil fertility and nutrient transfer, farming in the highlands of 

Ethiopia is characterized by low agricultural productivity as compared with developed countries 

due to progressive soil fertility decline over the years and inadequate applications of 

amendments.  

 

Some researchers have reported the effect of different rates of lime, FYM, wood ash, and P 

application on selected soil chemical properties (Achalu et al., 2012; Mekonnen et al., 2014; 
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Asmare and Yli-Halla, 2016). However, the amount and the time of separate or combined 

applications of lime, manure, compost and inorganic fertilizers applied to the soil and the 

chemical effects observed are not sufficiently investigated in different areas of Ethiopia.  

 

Land productivity decline as a result of soil acidity and fertility depletion is a major problem 

facing smallholder farmers of Lay Gayint and other similar areas of the region. This decline 

primarily results from a continuous cultivation and crop removal of nutrients, leaching of ions 

due to high amount of rainfall, and low OM use.  

 

Improved soil fertility and acidity management through the use of integrated organic and 

inorganic amendments enables efficient use of the inputs applied and increase agricultural 

productivity. However, manure or compost is used mostly on small plots that are located around 

the household‟s residence and the quantity of amendments and the time of application is not 

research based. Hence, this study was proposed with the objective of determining the effects of 

lime, mineral P, FYM and compost on selected soil chemical properties at different periods of 

incubation of cultivated acid soils at Lay Gayint district, in northwestern highlands of Ethiopia. 
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3.2. MATERIALS AND METHODS 

 

3.2.1. Soil Sampling and Samples Preparation 

 

Six cultivated lands from the high rainfall area in Yikalo watershed were selected. Eight surface 

soil sub- samples (0-20 cm depth) from each land were collected using auger and bulked to make 

one composite soil sample for soil pH determination in the field. Based on field soil pH test, 

strongly acid soils with pH < 5 were collected from 3 cultivated lands and bulked to make one 

composite sample for laboratory analysis. The surface soil samples collected from the study area 

were bagged, labeled and transported to the laboratory for preparation and analysis of selected 

soil physicochemical properties. Similarly, bulk soil samples from these fields were collected 

using spade for greenhouse incubation experiment. Undisturbed soil samples were collected from 

the cultivated lands for determination of bulk density. A cylindrical metal core with volume of 

100 cm
3
 was pressed into the soil until it is completely filled. The soil was trimmed at both ends 

with a knife and covered with a cap, labeled and packed in box. 

 

The soil samples were air dried, crushed and made to pass through a 2 mm sieve size for analysis 

of soil pH, texture, available P, exchangeable bases, exchangeable acidity and Al
3+

, and CEC 

whereas, for analysis of organic carbon (OC) and total N, samples were made to pass through 0.5 

mm sieve size. The composite soil samples were analyzed based on standard laboratory 

procedures as described under section 2.2.3. 

 

3.2.2. Determination of Soil Physical and Chemical Properties 

 

Soil texture was determined using the Bouyoucos hydrometer method (Day, 1965). Bulk density 

(BD) was determined on the undisturbed soil sample using the core method, in which the 

samples were dried in an oven set at 105
 o

C to constant weight (Baruah and Barthakur, 1997). 

The oven dried weight was divided by the volume of the soil core to get the bulk density value.  

 

The pH of the soil was measured potentiometrically in the supernatant suspension of a 1:2.5 soil 

to water ratio using a pH meter as described by Chopra and Kanwar (1976). Organic carbon was 
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determined using the wet oxidation method (Walkley and Black, 1934) where the carbon was 

oxidized under standard conditions with potassium dichromate (K2Cr2O7) in sulfuric acid 

(H2SO4) solution. Total N was determined by the micro-Kjeldahl method (Jackson, 1967) while 

available P was extracted using the sodium bicarbonate solution (Olsen et al., 1954). The 

exchangeable cations (Ca
2+

, Mg
2+

, K
+
, and Na

+
) were extracted with 1 M ammonium acetate 

(NH4OAc) solution at pH 7.0 (Jackson, 1967). Exchangeable Ca
2+

 and Mg
2+

 in the leachate were 

determined by atomic absorption spectrophotometer (AAS) while exchangeable K
+
 and Na

+
 were 

determined by flame photometry (Rowell, 1994). The potential cation exchange capacity (CEC) 

of the soil was determined from the NH4
+
 saturated samples that were subsequently replaced by 

K
+
 using KCl solution. The excess salt was removed by washing with ethanol and the NH4

+
 that 

was displaced by K
+
 was measured using the micro-Kjeldahl procedure and reported as CEC 

(Chapman, 1965). Total exchangeable acidity was determined by saturating the soil samples with 

1 M KCl solution and was titrated with 0.02 M NaOH (Rowell, 1994). From the same extract, 

exchangeable Al
3+

 in the soil samples was determined by application of 1 M NaF, which forms a 

complex with Al and releases NaOH and then NaOH was back titrated with a standard solution 

of 0.02 M HCl as described by Sahlemedhin and Taye (2000). 

 

3.2.3. Manure, Compost, and Liming Material Analysis, and Lime Requirement    

Determination  

 

The pH of manure and compost samples was measured in water (soil: solution ratio of 1:5) using 

a pH meter with a glass and reference calomel electrode after the suspension was shaken for 30 

minutes and allowed to stand for 1 hrs (John, 2003). Total N content was determined by Kjedahl 

method as described by Jackson (1967). The organic carbon was determined by the wet 

oxidation method through chromic acid digestion (Walkley and Black, 1934). Total P, K, Ca, Mg 

and Fe were determined following the wet digestion with H2O2/H2SO4 (Okalebo et al., 2002). 

Total Ca
2+

 and Mg
2+

 in the leachate were determined by atomic absorption spectrophotometer 

(AAS) while exchangeable K
+
 and Na

+
 were determined by flame photometry (Rowell, 1994). 

Phosphorus was measured as described by Murphy and Riley (1962).  
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The calcium carbonate equivalent (CCE) of the Dejen lime was determined by dissolving a 

graduated amount of lime with excess of standard 0.5 M HCl followed by boiling for 5 minutes. 

The excess acid was back titrated with standard 0.1 M NaOH solution using phenolphthalein as 

an indicator after filtration. From the amount of NaOH used to neutralize the excess acid of the 

blank and the filtrate, the CCE of the lime was calculated (Issam and Antoine, 2007) as: 

 
% CaCO3= [(ml HCl*1 M)-(ml NaOH*0.5 M)] * volume of HCl (100 ml)  *  100       *  100g 

                                                                              volume of filtrate (10 ml)   1000*2     weight of soil g 

 

Lime requirement (LR) of the soil was determined by Shoemaker, McLean and Pratt (SMP) 

single buffer procedure (Shoemaker et al., 1961), where triplicate dry soil samples each 

weighing one kg were thoroughly mixed with 0, 800, 1600, 2400, 3200, 4000 and 4800 mg of 

CaCO3. Each soil sample weighing one kilogram was filled in polyethylene bags and mixed with 

the rate of lime to be tested. Then, the soil was mixed thoroughly and incubated under room 

temperature for a period of 30 days. The soil and the CaCO3 were wetted with distilled water to 

maintain field capacity. Finally, soil samples were collected, dried and ground to pass through a 

2 mm sieve and then the pH was measured. From the relationships between the amounts of 

CaCO3 applied and the corresponding pH values, the level of CaCO3 sufficient to raise the pH of 

the soils to 5.5 was selected as the lime requirement of the soils. 

 

3.2.4. Incubation Study 

 

Based on the pH and the lime requirement (LR), composite soil samples of the acid soils were 

selected for this experiment. The composite soil samples were air dried and passed through a 2 

mm sieve and then placed separately in plastic containers and mixed with the different treatments 

in a laboratory. The treatments were lime, mineral P as triple super phosphate (TSP) fertilizer, 

FYM and compost which were applied separately and in systematic combination at different 

rates (Table 3.1). The rate of compost and manure was determined based on previously reported 

data by Getachew and Chilot (2009). Manure and compost, dried and allowed to pass through a 

0.25 mm sieve, were added. Farmyard manure was collected from Abaregay dairy farm in 

Debretabor. Compost was prepared from wheat straw, manure, green leaves and thin layer of 

topsoil supplied with moisture and aeration conditions. The compost was turned once and kept in 
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the pit for 3 months before the incubation experiment. The matured compost was observed to be 

dark, crumbly, and earthy-smelling substance with acceptable C: N ratio.  

 

Dejen lime was used as a liming material, which is calcitic with moisture content of 1.0562%, 

purity of 0.91 and fineness factor of 0.52 (Mekonnen et al., 2014). Lime which passed through 

50 and 100 mesh size was added based on the LR of the soil. The lime used for the experiments 

was found to have a CCE of 93.8%. A completely randomized design (CRD) was used and 

treatments were replicated three times. The study was conducted in plastic containers with 500 g 

of soil in each plastic container. Lime, mineral P fertilizer, manure and compost were incubated 

for two months in a greenhouse having a temperature 18 
o
C and humidity of 51%.  

 

Table 3.1. List of treatments for incubation study 

 
 Treatments  Descriptions  

Control  

Compost only  

No lime, FYM, P, and compost 

8 t ha
-1

 

 FYM only 8 t ha
-1

 
 P only 30 kg ha

-1
 

 Lime only 10 t ha
-1

 

 P + lime R 30 kg ha
-1 

+ 10 t ha
-1

 
 P + ½ lime 30 kg ha

-1 
+ 5 t ha

-1
 

 Compost + ½ lime  8 t ha
-1 

+ 5 t ha
-1

 

 FYM + ½ lime 8 t ha
-1 

+ 5 t ha
-1

 

 Compost + P + ½ lime 8 t ha 
-1 

+ 30 kg ha
-1 

+ 5 t ha
-1

 
 FYM + P + ½ lime 8 t ha 

-1 
+ 30 kg ha

-1 
+ 5 t ha

-1
 

 ½ compost + ½ P + lime R 4 t ha 
-1 

+ 15 kg ha
-1

 + 10 t ha
-1

 

 ½ FYM + ½ P + lime R 4 t ha 
-1 

+ 15 kg ha
-1

 + 10 t ha
-1

 
 ½ compost + ½ P + ½ lime  4 t ha

-1 
+ 15 kg ha

-1
 + 5 t ha

-1
 

 ½ FYM + ½ P + ½ lime  4 t ha
-1 

+ 15 kg ha
-1

 + 5 t ha
-1

 

 

All pots were subjected to wetting and drying cycles every 3 days during the incubation period. 

Soil samples were drawn at 20, 40  and 60 days of the incubation period and then were air dried 

and sieved through a 2 mm sieve and used for analysis of soil pH, exchangeable acidity, 

exchangeable Al
3+

, exchangeable bases, ECEC and available P. The soil chemical analysis 

procedures outlined under Section 2.3 were employed for the analysis of these parameters. 

Effective cation exchange capacity was determined as the sum of exchangeable Ca
2+

, Mg
2+

, K
+
, 

and exchangeable acidity. 
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3.2.5. Statistical Analysis 

 

The data obtained was subjected to analysis of variance (ANOVA) by using the generalized 

linear model (GLM) procedure of the statistical analysis system (SAS) software package version 

9.1 (SAS, 2004). The Duncan‟s Multiple Range Test (DMRT) was employed to test the 

significant difference between means of treatments at 1% probability level. 
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3.3. RESULTS AND DISCUSSION 

 

3.3.1. Soil Fertility Status Prior to Experiment and Quality of Organic Amendments 

 

Following the USDA (1987) soil textural class triangle, the soil is clay in texture and the clay 

separate is the dominant one (Table 3.2).  The soil bulk density value was below the critical 

value of 1.4 cm
-3

 for a clay texture to restrict root growth (Hazelton and Murphy, 2007). The soil 

was very strongly acid in reaction (Hazelton and Murphy, 2007). The exchangeable soil acidity 

(Al
3+

 + H
+
) was 4.04 cmolc kg

-1 
soil. Under such soil acidity environment, crop growth is 

adversely affected due to the toxicity of Al on plant roots, reduced availability P, and microbial 

activity such as atmospheric N2 fixation, and OM decomposition (Fageria and Baligar, 2008; 

Kisinyo et al., 2014). The available P falls within the low range (6-10 mg kg
-1

) for clay soils 

(Jones, 2003), and therefore, indicates the need for applying supplemental P in these soils.  

 

Exchangeable Ca
2+

 and K
+
 were in the range of medium, while exchangeable Mg

2+
 and Na

+
 were 

in the range of high and low, respectively in the soil (FAO, 2006). The high amount of 

exchangeable Mg
2+

 could be attributed to the presence of Mg bearing minerals in the area, that 

gradually release from the mineral structure. The moderate range of exchangeable K
+
 indicates 

that supplemental K fertilization is required based on the types and varieties of crops grown in 

the area.  

 

The soils at the experimental site had moderate organic C (1.27%) and total N (0.19%) 

(Tekalign, 1991). The result of LR determination indicates that the amount of lime required to 

raise the pH of the soils to the target pH value, which is 5.5, was 10 t CaCO3 ha
-1

. Since the soil 

has high clay content and CEC and thus high buffering capacity, high amount of lime is required 

to alleviate acidity and increase the productivity of acid sensitive crops. 
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Table 3.2. Selected physical and chemical properties of the experimental soil 

 
Parameter Value 

Sand (%) 19 

Silt (%) 36 
Clay (%) 45 

Textural class clay 

Bulk density (g cm
-3

) 1.4 

pH (H2O) 4.93 
Exchangeable Ca

2+
 (cmolc kg

-1
) 9.98 

Exchangeable Mg
2+

 (cmolc kg
-1

) 4.26 

Exchangeable K
+
 (cmolc kg

-1
) 0.45 

Exchangeable Na
+
 (cmolc kg

-1
) 0.38 

Cation exchange capacity (cmolc kg
-1

) 33.7 

Exchangeable acidity (cmolc kg
-1

) 4.04 
Exchangeable Al

3+
 (cmolc kg

-1
) 1.77 

Organic carbon (%) 1.27 

Total nitrogen (%) 0.19 

Olsen P (mg kg
-1

) 5.87 

 

 

The result of analysis of FYM and compost are indicated in Table 3.3. The composting materials 

used such as grass clippings, leaves and wheat straw were rich in C and thus had lower N added 

to the soil. The total C contents were 13.87 and 18.41% with a corresponding C: N ratio of 12.5 

and 20.2 for FYM and compost, respectively favoring net mineralization for nutrients such as N 

and P, and therefore their availability in soil for plant use. The ideal range of C: N in compost is 

15:1-35:1 (FAO, 2015).  

 

Table 3.3. Some chemical characteristics of FYM and compost  

 
Amendment pH-H2O 

(1:5) 

 N C P  Ca K Mg Na  

 ----------------------------(%)---------------------------- 

Farmyard manure 7.6  1.11 13.87 0.31 1.52 1.51 0.72 0.14  
Compost  7.2  0.91 18.41 0.29 1.43 1.63 0.59 0.15  

 

3.3.2. Effects of Organic and Inorganic Amendments on Soil pH and Available P 

 

Soil pH improvement was observed between the 20 and 40 days of incubation after which it 

declined for some of the treatments (Table 3.4). Application of 30 kg P ha
-1 

+ 10 t lime ha
-1

 

followed by 4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

 showed a marked increase in pH at the 

20 and 40 days of incubation and a decrease at 60 days of incubation. The results of the sole 
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application of the treatments indicate that the effect of lime in reducing the level of soil acidity 

was more immediate and considerable as compared with the other treatments (Table 3.4). 

Although increasing the lime rate from 5 to 10 t ha
-1

 in the combination showed a linear increase 

in soil pH, combined application of half FYM or compost with half lime and P could be 

sufficient to improve soil pH to a level where soil acidity is reduced and nutrient availability is 

increased. Similar effect on soil pH after manure or compost applications was reported (Liu and 

Hue, 2001). It has been also suggested that changes in the pH of soils amended with cattle 

manure could be explained by the release of NH3 from organic N mineralization (Escobar and 

Hue, 2008). Another justification could be due to the buffering of carbonates and bicarbonates 

and other compounds, such as organic compounds with carboxyl and phenolic hydroxyl 

functional groups, which consume proton and control the variation of pH in soils and their ability 

of buffering to neutralize soil acidity (Mokolobate and Haynes, 2002; Naramabuye and Haynes, 

2007).  

 

Unlike the gradual change in pH due to FYM or compost application observed in this study, an 

immediate increase in the pH of acid soils after application of fresh cattle manure, and persistent 

increase during 60 days of incubation of soil manure mixtures was reported by Whalen et al. 

(2000). The high initial pH, exchangeable bases, and proton consumption capacity might have 

contributed to the rise in pH of FYM or compost amended soils (Escobar and Hue, 2008).  

 

In the case of lime, the increase in soil moisture causes the dissociation of the carbonates of Ca at 

the end of the reaction and, the release of OH
− 

ions in the solution, which increases soil pH 

(Verde et al., 2013; Moreira et al., 2015). The pH decline after 40 days of incubation could be 

attributed to the H
+
 produced during the conversion of organic N and S to NO3

-
 and SO4

2-
, 

respectively (Samake, 2014). However, under field conditions much nitrate produced would be 

absorbed by growing plants leading to the release of OH
-
 ions that can neutralize soil acidity 

(Heyar and Porter, 1989). 

 

All treatments showed increased P availability consistently with increasing time of incubation. 

However, significantly maximum available P was observed at the 60 days of incubation due to 

application of  8 t FYM ha
-1

 + 30 kg P ha
-1

 + 5 t lime ha
-1

, with an increase of 70%, over the 
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control. On the other hand, sole addition of 30 kg P ha
-1

 increased available P by 52%, over the 

control at the 60 days of incubation. The increased availability of P with time due to application 

of FYM or compost separately or in the combination could be the result of gradual 

mineralization of OM (Opala et al., 2010) and the release of organic acids that bound with Al 

and decrease P fixation (von Wandruszka, 2006). 

 

Table 3.4. Effects of organic and inorganic amendments on soil pH and available P 

 
Treatments  20 days  40 days 60 days 20 days  40 days 60 days 

Soil pH Available P (mg kg
-1

)  

Control  4.85m 4.87lm 4.95lm 5.87l 6.27kl 6.76f-l 
8 t compost ha

-1 
 5.21lm 5.21lm 5.36kl 6.60 jkl 6.79i-l 9.27b-h 

8 t FYM ha
-1 

 5.19lm 5.29klm 5.35klm 6.22 kl 6.54jkl 10.01a-e 

30 kg P ha
-1 

 4.99lm 4.89lm 4.89klm 8.33 d-k 9.19b-h 10.28a-d 

10 t lime ha
-1

  5.99d-h 6.22b-e 6.11c-g 6.19 kl 7.61g-l   9.27b-h 
30 kg P ha

-1 
+ 10 t lime ha

-1
  6.26bcd 6.59a 6.10c-g 10.33 a-d 9.40b-k 10.87a-d 

30 kg P ha
-1 

+ 5 t lime ha
-1

  5.76hij 6.12c-g 5.93e-i 6.82 i-l 7.92e-l 10.12a-e 

8 t compost ha
-1 

+ 5 t lime ha
-1

  5.87g-j 5.91f-i 5.56jk 7.46 h-l 7.69f-l   9.35a-h 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  5.91e-i 6.11c-g 5.89f-i 6.82 i-l 7.29h-l   9.21b-h 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  

5.94e-i 5.95d-i 5.87g-j 7.91 e-l 8.05e-l 11.10ab 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 

t lime ha
-1

  

5.91e-i 5.94e-i 5.79hij 9.45 a-h 10.05a-e 11.52a 

4 t compost ha
-1 

+ 15 kg P ha
-1
 

+ 10 t lime ha
-1

  

6.03c-h 6.32abc 6.03c-h 9.69 a-g 9.84a-f 10.43a-d 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 

10 t lime ha
-1

  

6.43ab 6.48ab 6.19b-f 8.81 c-i 8.91b-i 10.93abc 

4 t compost ha
-1 

+ 15 kg P ha
-1
 

+ 5 t lime ha
-1

 
5.56jk 5.91f-i 5.86g-j 6.72g-l 7.82f-l   8.80c-i 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 

t lime ha
-1

  

5.67ij 5.97d-i 5.75hij 6.23kl 8.66d-j   9.99a-e 

F-test ***               ***             *** ***               ***              *** 

CV (%)  3.32 11.75 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 

coefficient of variation 

 

Net P mineralization would also be expected to occur because FYM had a higher P concentration 

(0.31%) than the critical level of 0.25% required for net P mineralization (Nziguheba et al., 

1998). The presence of humic acid and fulvic acid on soil and oxide surfaces restrict subsequent 

P adsorption (Mokolobate and Haynes, 2002). The observed earlier availability of the highest P 

with lime and P application might be due to the rapid neutralization of soil acidity and increased 

solubility of the applied TSP fertilizer. An increase in the available P content in strongly acid 
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soils after liming was also recorded in other experiments (Özenç and Özenç, 2009; Jaskulska et 

al., 2015). Generally, incubation of all various combinations
 
for 60 days, and incubation of 30 kg 

P ha
-1

 plus 10 t lime ha
-1

 for 20 days could improve the soil available P to the moderate range. 

 

3.3.3. Effects of Organic and Inorganic Amendments on Exchangeable Acidity and Al
3+

  

 

Exchangeable acidity and Al
3+

 were affected significantly (P < 0.001) due to application of 

treatments and over incubation period (Table 3.5). Exchangeable acidity and Al
3+

 were reduced 

to the lowest level with the application of 30 kg P ha
-1 

+ 10 t lime ha
-1 

followed by 4 t FYM or 

compost ha
-1

 + 15 kg P ha
-1 

+ 10 t lime ha
-1

. Statistically, application of 4 t FYM ha
-1 

+ 15 kg P 

ha
-1

 + 5 t lime ha
-1

 was as effective as the above two treatments in reducing exchangeable acidity 

and Al
3+

. Among the sole treatments, application of 10 t lime ha
-1

 reduced exchangeable acidity 

and Al
3+

 significantly over the control (Table 3.5).  

 

Considering the incubation period, application of all treatments consistently reduced 

exchangeable acidity and Al
3+

 with increasing time. The changes were significantly rapid at the 

20 days of incubation with sole application of lime or its combination with FYM, and P. When 

full or half rate of FYM, or compost was combined with half or full rate of lime in the treatment 

combinations, exchangeable Al
3+

 was reduced to the level of non toxicity at the 60 days of 

incubation, indicating that including organic amendments could reduce soil acidity but at a 

relatively slower rate. This might be ascribed to the time taken for complete decomposition of 

the applied OM.  

 

Although both lime and FYM contributed in reducing exchangeable acidity and Al
3+

, the 

changes observed were largely attributed to the applied lime. Because it was shown that, from 

the separate treatment applications, lime was found to be superior in reducing soil acidity. 

Application of lime tends to raise the soil pH and reduce acidity by displacement of H
+
, Fe

2+
, 

Al
3+

,
 
and Mn

4+
 ions from soil adsorption site (The et al., 2006; Osundwa et al., 2013).  

 

Similarly, the presence of CO3
2-

 and OH
- 

anions in lime neutralize the H
+
 released from the 

exchange sites and hydrolyzing Al species to the soil solution (Fageria and Baligar, 2008). 
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Increase in soil pH and exchangeable bases due to liming of acid soils, and the consequent 

reduction in the magnitude of exchangeable acidity and Al
3+

 saturation was reported by Achalu 

et al. (2012) and Osundwa et al. (2013). A significant change in soil pH from 4.6 to values above 

5.6, and exchangeable acidity from 3.00 cmolc kg
-1

 to below 0.35 cmolc kg
-1

 due to application of 

manure was reported (Ano and Ubochi, 2007).  

 

Table 3.5. Effects of organic and inorganic amendments on exchangeable acidity and Al
3+

 

 
Treatments   20 days  40 days 60 days 20 days  40 days 60 days 

Ex acidity (cmolc kg
-1

) Ex Al
3+

 (cmolc kg
-1
) 

Control  4.16a 4.07a 3.95ab 1.78a 1.77a 1.74a 
8 t compost ha

-1 
 3.72b 2.78de 1.31hi 1.57b 1.23c 0.64f 

8 t FYM ha
-1 

 3.27c 2.53e 1.26hi 1.26c 0.82e 0.58fg 

30 kg P ha
-1 

 4.12a 4.04a 3.95ab 1.76a 1.74a 1.73a 

10 t lime ha
-1

  0.66kl 0.26m-p 0.07op 0.16lm 0.03mn 0.00n 
30 kg P ha

-1 
+ 10 t lime ha

-1
  0.63kl 0.38l-o 0.04p 0.17klm 0.05mn 0.00n 

30 kg P ha
-1 

+ 5 t lime ha
-1

  2.95d 1.86g 0.53klm 0.99d 0.65f 0.39hi 

8 t compost ha
-1 

+ 5 t lime ha
-1

  2.76de 1.52h 1.20hi 1.15c 0.35hij 0.15lmn 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  2.15f 1.29hi 0.55klm 0.81e 0.35hij 0.00n 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t 

lime ha
-1
  

1.81g 1.19i 0.80jk 0.63f 0.31ijk 0.16lm 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t 

lime ha
-1
  

1.08ij 0.65kl 0.21nop 0.43hi 0.11lmn 0.00n 

4 t compost ha
-1 

+ 15 kg P ha
-1
 + 10 

t lime ha
-1

  

0.75k 0.15op 0.09op 0.23jkl 0.03mn 0.00n 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t 

lime ha
-1
  

0.50k-n 0.11op 0.08op 0.14lmn 0.00n 0.00n 

4 t compost ha
-1 

+ 15 kg P ha
-1
 + 5 t 

lime ha
-1

 
1.31ij 0.88jk 0.26m-p 0.22jkl 0.05mn 0.00n 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 t 

lime ha
-1
  

1.24ij 0.76k 0.13op 0.16lm 0.03mn 0.00n 

F-test ***             ***            *** ***              ***            *** 

CV (%)  11.15 14.12 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 

coefficient of variation 

 

Another study conducted in acid soil in Kenya reported that application of FYM increased the 

soil pH and reduced the exchangeable acidity and Al
3+

 in the short term, but the inorganic P 

sources did not significantly affect these parameters (Opala et al., 2012). Many studies have 

indicated that addition of OM to acid soils can reduce Al toxicity (Nziguheba et al., 2002; Liasu 

et al., 2008; Asmare and Yli-Halla, 2016). Organic matter reduces Al toxicity and its acidulating 

effect either by chelating or encapsulating the Al
3+ 

(Nyarko, 2012). An increase in soil pH due to 
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manure application apparently results in precipitation of exchangeable and soluble Al
3+

 as 

insoluble Al hydroxides thus reducing the concentration of Al
3+

 in soil solution (Ano and 

Ubochi, 2007). Repsiene and Skuodiene (2010) concluded that alternative organic fertilizers 

were not more effective than FYM in reducing soil acidity.  

 

3.3.4. Effects of Organic and Inorganic Amendments on Exchangeable Bases  

 

Exchangeable Ca
2+

 was significantly (P < 0.001) affected by organic and inorganic treatments 

and incubation period (Table 3.6). However, the effect of treatments on the other exchangeable 

bases was not significant (P > 0.001) (Table 3.6 and 3.7). The highest exchangeable Ca
2+

 was 

obtained at 20 days of incubation with the application of 30 kg P ha
-1

 + 10 t lime ha
-1

 followed 

by 4 t ha
-1

 FYM + 15 kg P ha
-1

 + 10 t lime ha
-1

. Among the sole treatments, lime at the 20 days 

and FYM at the 60 days gave the highest exchangeable Ca
2+

.  

 

Period of incubation did not show consistency for exchangeable Ca
2+

 and Mg
2+

. In most of the 

treatments that have only lime or combinations having lime, exchangeable Ca
2+

 and Mg
2+

 

showed antagonistic relationships. For example, applications of 10 t lime ha
-1

,  30 kg P ha
-1 

+ 10 

t lime ha
-1

, 8 t compost ha
-1 

+ 5 t lime ha
-1

, 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t ha
-1 

lime ha
-1

 

brought about a decrease in exchangeable Ca
2+

 and an increase in exchangeable Mg
2+

 with 

increasing incubation period.  

 

Several researchers (Fageria and Baligar, 2003; Achalu et al., 2012; Kheyrodin and Antoun, 

2012; Verde et al., 2013) reported increased Ca
2+

 and Mg
2+

 as a result of lime and FYM 

applications on acid soils. The increased exchangeable Ca
2+

 could be due to the dissociation of 

lime (Achalu et al., 2012) and the decomposition of OM (Adeleye, 2010). In agreement with this 

result, Rahman et al. (2002) also found increase in exchangeable Ca
2+

 in the soil as a result of 

applied manure either alone or combined with lime and attributed this increase to improvement 

of soil pH, as was observed in this study. 
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Table 3.6. Effects of organic and inorganic amendments on exchangeable Ca
2+

 and Mg
2+

  
 

Treatments  20 

days  

40  

days 

60  

days 

20 

days 

40 

days 

60 

days 

Ex Ca
2+

 (cmolc kg
-1
) Ex Mg

2+
 ( cmolc kg

-1
) 

Control  9.98lm 10.43klm 11.11h-m 4.26 4.11 3.82 
8 t compost ha

-1 
 10.82i-m 11.22g-m 13.16e-l 4.26 4.18 2.97 

8 t FYM ha
-1 

 10.64j-m 10.48klm 13.29d-l 4.87 5.29 3.21 

30 kg P ha
-1 

 9.32m 11.11h-m 11.50f-m 4.81 3.53 3.26 

10 t lime ha
-1

  17.48abc 17.06a-e 15.40b-e 2.15 3.97 4.05 
30 kg P ha

-1 
+ 10 t lime ha

-1
  19.54a 18.69ab 14.11c-k 2.68 4.24 4.58 

30 kg P ha
-1 

+ 5 t lime ha
-1

  14.61c-i 13.50d-l 14.56c-i 2.66 4.87 3.81 

8 t compost ha
-1 

+ 5 t lime ha
-1

  15.83a-e 15.22b-f 14.32c-j 2.73 3.84 4.00 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  16.06a-e 15.01b-g 15.35b-f 2.50 4.13 3.18 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  15.06b-f 14.03c-k 14.85b-h 3.29 3.55 3.55 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

  15.90a-e 14.48c-i 14.22c-k 2.39 5.23 6.50 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 10 t lime ha

-1
  17.53abc 16.64a-e 16.22a-e 3.24 5.23 5.55 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  19.35a 17.85abc 17.14a-d 2.37 4.23 4.92 

4 t compost ha
-1 

+ 15 kg P ha
-1
 + 5 t lime ha

-1
 15.85a-e 14.10c-k 13.23e-l 2.21 3.25 3.55 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 t lime ha
-1
  16.15a-e 15.30b-f 14.40c-j 2.50 3.55 3.67 

F-test ***                ***             *** ns         ns            ns 

CV (%) 13.10 42.37 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 

coefficient of variation 

 

The observed antagonistic relation between exchangeable Ca
2+

 and Mg
2+

 could be due to the 

rapid dissolution of CaCO3 to increase the exchangeable Ca
2+

 that compete with Mg
2+

 to take the 

exchange site whereas the effect of decomposition of FYM or compost gradually improved the 

exchangeable Mg
2+

 with increasing period of incubation from 20 to 60 days. In the same way, 

exchangeable Ca
2+

 can compete with Mg
2+

 for binding sites on soil colloids, increasing the 

likelihood that exchangeable Mg
2+

 will be leached from soils after it has been released from 

exchange sites (Barker and Pilbeam, 2007). 

 

3.3.5. Effects of Organic and Inorganic Amendments on ECEC and Exchangeable Cation 

Ratios  

 

Effective cation exchange capacity was affected significantly (P < 0.001) due to organic and 

inorganic treatment applications (Table 3.8). Sole or combined applications of lime, compost, 

and FYM improved the ECEC of the soil. Considering sole treatment applications compared 

with the control, addition of 10 t lime ha
-1

 increased ECEC from the respective control to 20.82 
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and 22.09 cmolc kg
-1

 at the 20 and 40 days of incubation, respectively. Likewise, combined 

applications of 30 kg P ha
-1 

+ 10 t lime ha
-1

, 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 10 t lime ha
-1

, and 
 
8 t 

FYM ha
-1 

+ 5 t lime ha
-1

 improved ECEC of the soil from 17.59 to  23.95, 22.97, and 20.27 

cmolc kg
-1

, respectively at the 40 days of incubation. At low pH values, Al
3+

 is the predominant 

exchangeable cation on clay minerals. As the pH is raised due to lime application, the Al
3+

 

hydrolyzes, freeing the exchange sites for Ca
2+

, and results in an increase in the ECEC (Fageria, 

and Baligar, 1999). 

 

Table 3.7. Effects of organic and inorganic amendments on exchangeable K
+
 and Na

+
 

 
Treatments  20   

days  

40 days 60 days 20 days  40 days 60  

days 

Ex K
+
 (cmolc kg

-1
) Ex Na

+
 (cmolc kg

-1
) 

Control  0.50 0.48 0.55 0.38 0.44 0.37 
8 t compost ha

-1 
 0.55 0.50 0.49 0.34 0.49 0.33 

8 t FYM ha
-1 

 0.45 0.53 0.55 0.29 0.42 0.39 

30 kg P ha
-1 

 0.47 0.53 0.54 0.29 0.37 0.39 
10 t lime ha

-1
  0.47 0.54 0.49 0.30 0.45 0.36 

30 kg P ha
-1 

+ 10 t lime ha
-1

  0.49 0.52 0.51 0.30 0.44 0.37 

30 kg P ha
-1 

+ 5 t lime ha
-1

  0.47 0.51 0.57 0.37 0.36 0.43 

8 t compost ha
-1 

+ 5 t lime ha
-1

  0.48 0.51 0.51 0.31 0.35 0.36 
8 t FYM ha

-1 
+ 5 t lime ha

-1
  0.44 0.56 0.54 0.35 0.47 0.36 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  0.49 0.53 0.56 0.39 0.53 0.42 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

  0.55 0.47 0.54 0.32 0.34 0.39 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 10 t lime ha

-1
  0.53 0.53 0.54 0.32 0.39 0.38 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  0.49 0.50 0.53 0.30 0.41 0.36 

4 t compost ha
-1 

+ 15 kg P ha
-1
 + 5 t lime ha

-1
 0.41 0.45 0.51 0.41 0.32 0.38 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 t lime ha
-1
  0.55 0.52 0.54 0.35 0.33 0.36 

F-test ns               ns             ns ns             ns             ns 

CV (%) 11.05 18.32 

CV = coefficient of variation 

 

Moreover, the improvement could also be attributed to the integrated effect of the amendments 

by improving soil pH, microbial activity, and exchangeable bases from FYM and compost 

decomposition. Increased ECEC and nutrient concentrations in acid soils amended with compost 

or manure were observed in Senegal‟s peanut basin (Nathan and Amadou, 2005). Significant 

increases in exchangeable Ca
2+

, Mg
2+

 and ECEC were obtained following the application of 

organic materials (Naramabuye and Hayes, 2007). Similarly, liming acid soil significantly 

increased base saturation and ECEC (Fageria et al., 2014).  
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The effects of separate or combined application of organic and inorganic amendments on the 

ratio of exchangeable Ca/K was significant (P < 0.001), but it was found to be non-significant on 

the ratio of Ca/Mg and Mg/K (Table 3.8). However, it was observed that numerical variations 

exist among the treatments and the incubation periods. Application of 4 t FYM ha
-1 

+ 15 kg P ha
-

1
 + 10 t lime ha

-1
, and 10 t lime ha

-1
 + 30 kg P ha

-1
 increased the ratio of Ca/K from 19.98 to 

40.75 and 40.54, respectively at the 20 days of incubation. The observed increased ratio might be 

due to the availability of Ca from the applied lime. Although statistically non-significant values 

were obtained for Ca/Mg and Mg/K ratios, the nutrient balance is more affected by the 

magnitude of the ratio. The influence of liming on cation ratio has been reported by different 

researchers (Moreira et al., 2011; Fageria et al., 2014). The basic cation ratio philosophy 

promotes that maximum yields can be achieved by creating an ideal ratio of Ca, Mg, and K in the 

soil (Eckert, 1987).   

 

Graham (1959) proposed that for production of annual crops, ratio ranges of 7.1 to 10.8 for 

Ca/Mg, 17.0 to 32.5 for Ca/K, and 2.4 to 3.0 for Mg/K in soils are needed. Accordingly, 

calculated values of Ca/Mg ratio for the applied 30 kg P ha
-1 

+ 5 or 10 t lime ha
-1 

at the 20 days 

incubation, and 8 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 5 t lime ha
-1

at the 40 days incubation were within 

the proposed range. The ratio of Ca/K in most of the separate or combined treatments across the 

incubation periods could be considered as favorable ratio for most crops whereas the Mg/K ratio 

obtained was higher than the proposed values.  

 

Lierop et al. (1979) suggested that onion appears to be able to absorb sufficient Ca and Mg to 

meet its requirement for these nutrients within at least a soil-extracted Ca/Mg range of about 0.5 

to 16, as yield did not seem to be affected by unfavorable Ca/Mg ratios within that range. In 

contrast to the proposed ranges discussed above, Kopittke and Menzies (2007) reviewed that 

examination of data from numerous studies would suggest that, within the ranges commonly 

found in soils, the chemical, physical, and biological fertility of a soil is generally not influenced 

by the ratios of Ca, Mg, and K. However, common bean produced maximum grain yield at pH 

(water) 6.3, Ca/Mg ratio 3.1, Ca/K ratio 22.6, and Mg/K ratio of 6.7 in acid soils treated with 

dolomitic lime and Fe (Fageria et al., 2010). 
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Table 3.8. Effects of organic and inorganic amendments on exchangeable cation ratios and ECEC 

 
Treatments  20 

days  

40 

days 

60 

days 

20  

days  

40 

 days 

60  

days 

20 

days  

40 

days 

60 

days 

20 

days 

40  

days 

60  

days 

Ex Ca/Mg  Ex Ca/K  Ex Mg/K ECEC ( cmolc kg
-1

)     ECEC ( cmolc kg
-1

) 

Control  2.38 3.32 3.37 19.98i 21.69ghi 20.47hi 8.48 8.52 7.01 17.36j 17.59ij 18.30ghi 

8 t compost ha
-1 

 2.55 2.81 4.51 19.67i 22.15f-i 26.51c-i 7.76 8.26 6.09 17.84ghi 18.23ghi 18.38g-j 

8 t FYM ha
-1 

 2.24 1.99 3.41 24.97d-i 19.96i 24.31e-i 11.89 9.99 7.53 18.07ghi 18.51g-j 19.75c-j 

30 kg P ha
-1 

 2.11 3.51 4.15 19.84i 21.09ghi 21.15ghi 10.32 6.71 6.18 17.62ij 18.02ghi 18.04ghi 
10 t lime ha

-1
  11.19 4.31 3.84 38.83ab 31.11a-h 31.54a-g 4.48 7.31 8.37 20.82a-i 22.09a-f 20.42b-j 

30 kg P ha
-1 

+ 10 t lime ha
-1

  10.40 4.55 3.08 40.54a 36.45abc 27.46c-i 5.18 8.41 15.19 23.06ab 23.95a 22.64a-d 

30 kg P ha
-1 

+ 5 t lime ha
-1

  10.29 4.55 3.85 31.18a-h 26.65c-i 25.57c-i 5.67 9.64 6.69 18.24ghi 19.31d-j 19.59d-j 
8 t compost ha

-1 
+ 5 t lime ha

-1
  6.46 3.98 4.23 33.28a-e 29.57b-h 28.41b-i 5.63 7.46 7.90 22.12a-f 19.98b-j 19.54d-j 

8 t FYM ha
-1 

+ 5 t lime ha
-1

  6.48 3.76 6.26 36.27abc 27.08c-i 28.35b-i 5.69 7.40 5.76 19.45d-j 20.27b-j 19.61d-j 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  

4.85 4.40 4.41 30.22a-h 26.54c-i 26.53c-i 6.69 6.83 6.31 19.33d-j 18.72g-j 19.62d-j 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 

5 t lime ha
-1

  

9.08 7.21 4.60 29.18b-h 32.79a-f 26.58c-i 4.24 7.90 6.45 20.25b-h 18.55g-j 18.86f-j 

4 t compost ha
-1 

+ 15 kg P ha
-1

 
+ 10 t lime ha

-1
  

5.61 7.96 3.54 32.92a-f 31.61a-g 30.13a-h 6.07 7.15 9.50 21.69a-g 21.24a-h 22.28a-e 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 

10 t lime ha
-1

  

11.30 4.54 7.44 40.75a 35.90a-d 33.21a-e 4.80 8.29 4.52 22.54a-e 22.97abc 20.42b-j 

4 t compost ha
-1 

+ 15 kg P ha
-1

 

+ 5 t lime ha
-1

 

7.17 4.34 3.73 38.66ab 31.33a-g 25.94c-i 5.41 6.59 7.02 18.88f-j 18.12ghi 17.67ij 

4 t FYM ha
-1 

15 kg P ha
-1
 + 5 

t lime ha
-1

  

6.46 4.31 3.92 29.36b-h 29.42b-h 26.67c-i 4.60 6.91 6.81 19.55d-j 19.70c-j 18.97f-j 

F-test ns         ns        ns ***               ***                *** ns           ns       ns ***                   *** ***      

CV (%)  68.15 19.00 46.13  8.19      

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = coefficient of variation



 

3.4. CONCLUSION 

 

Soil acidity is a critical issue requiring urgent attention in most highlands of Ethiopia due to 

its impact on crop production and productivity. Thus, organic and inorganic amendments 

were tested to evaluate the effects on selected soil chemical properties. Accordingly, all the 

treatments, when applied as a sole or in combination, improved the selected soil properties 

significantly with the exception of few parameters. The treatments, for most of the 

parameters, were more effective when applied in combination than sole. The changes in soil 

properties across treatments varied with incubation period. The gradual mineralization of 

FYM and compost, and the resultant release of carbonates, bicarbonates, and other 

compounds in general, and the rapid dissociation of lime in the combination affect the rate of 

change of soil chemical properties observed in the study. For the sole treatments, lime was 

found to change the selected soil properties more quickly than the FYM and compost. The 

presence of CO3
2-

 and OH
- 
anions in lime neutralize the H

+
 released from the exchange sites 

and hydrolyze Al species to the soil solution. Therefore, combined application of 4 t FYM ha
-

1 
+ 15 kg P ha

-1 
+ 10 t lime ha

-1
 or 8 t FYM ha

-1
 + 30 kg P ha

-1 
+ 5 t lime ha

-1
 could be taken as 

a provisional recommendation for managing soil acidity and improving soil fertility in Lay 

Gayint district. Generally, 40 to 60 days of incubation earlier to planting would allow 

decomposition and chemical reaction of lime, FYM, and compost combinations. 
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4.  EFFECTS OF LIME, MINERAL P, FARMYARD MANURE, 

COMPOST, AND RHIZOBIUM ON THE GROWTH, NODULATION, 

AND NUTRIENT UPTAKE OF FABA BEAN (Vicia faba L.) IN ACID 

SOIL OF LAY GAYINT DISTRICT, NORTHWESTERN HIGHLANDS 

OF ETHIOPIA 



 

Effects of Lime, Mineral P, FYM, Compost, and Rhizobium on the Growth, 

Nodulation, and Nutrient Uptake of Faba Bean (Vicia Faba L.) in Acid Soil of 

Lay Gayint District, Northwestern Highlands of Ethiopia 
 

 

 

 

ABSTRACT 
 

Soil acidity is one of the forms of soil degradation affecting sustainable crop production 

adversely in the Ethiopian highlands. In order to contribute to soil acidity management and 

crop productivity improvement on acid soils, an experiment was conducted to investigate the 

effects of lime, mineral P, FYM, compost, and rhizobium on growth, nodulation and nutrient 

uptake of faba bean (Vicia faba L.) in cultivated acid soil under greenhouse conditions. Twenty 

treatements were tested in isolation as well as suitable combination. The treatments were 

arranged in a completely randomized design with three replications. The results showed that 

application of 8 t FYM ha
-1 

+ 30 kg P ha
-1

 + 5 t lime ha
-1

 produced significantly (P < 0.001) 

highest plant height (58.67 cm), number of branches (13.78) and leaves per plant (37.11), shoot 

dry weight (5.14 g per plant), tissue N (3.83%) and P(0.219) contents and uptakes, highest soil 

N (0.28%) and P (7.61 mg Kg
-1

) after harvest. However, significant increases (P < 0.001) in 

nodule number (153.33) and nodule dry weight(131.33 mg per plant) were obtained due to 

application of 4 t FYM ha
-1

 +15 kg P ha
-1

 + 10 t lime ha
-1

. The increased above ground 

biomass, and nodulation could be due reducing soil acidity, and the supply of N, P, and other 

nutrients in FYM through mineralization. Therefore, combined use of lime, FYM, and P 

fertilizers could improve the growth characteristics, nodulation, and nutrient uptake of faba 

bean in acid soil of Lay Gayint district. However, the treatments should be tested in the field to 

verify the greenhouse results.  
 

Key words: soil acidity, organic amendment, incubation, highlands, pot experiment, inoculation 
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4.1. INTRODUCTION 

 

Acid soils are found dominantly in South and North America, Asia and Africa. They occupy 

about 40% of the total arable land area in the world (Kisinyo et al., 2014). In Ethioipia, acid 

soils are believed to cover more that 41% of the total arable land area (Schlede, 1989). Soil 

acidity and decline in soil fertility are forms of soil degradation adversely affecting sustainable 

crop production in the Ethiopian highlands, where the rainfall intensity is high and crop 

cultivation has occurred with reduced manure application and removal of crop residue (Achalu 

et al., 2012a; Abreha et al., 2013; Asmare et al., 2015a; Endalkachew et al., 2017). In Ethiopia, 

soil acidity is one of the major limiting factors on productivity and long-term sustainability of 

faba bean (Getachew and Rezene, 2006), soyabean (Workneh et al., 2013), wheat (Abreha et 

al., 2013; Mekonnen et al., 2014; Asmare et al., 2015b) and barley (Achalu et al., 2012a).  

 

The causes of soil acidity could be the type of parent materials from which the soil are formed, 

leaching of basic cations such as Ca
2+

, Mg
2+

 and K
+
 and continuous use of acid forming mineral 

fertilizer sources such as urea (CO (NH2)2) and diammonium phosphate ((NH4)2 HPO4) which 

produce hydrogen ion (H
+
) through oxidation of ammonium ion (NH4

+
) to nitrate ion (NO3

-
) 

(Nyarko, 2012). The uptake of nutrients by plants also results in partitioning of acidity into the 

soil (Tang and Rengel, 2003). At pH less than 5.0, toxic levels of Al, H, and sometimes Mn, as 

well as deficiencies of P, Mo, Ca, Mg and K may reduce plant growth on acid soils. In addition, 

beneficial activities of some microorganism species are reduced by soil acidity (Fageria and 

Baligar, 2003).  

 

In acid soils, the growth and multiplication of rhizobium is impaired. This hampers the 

likelihood of successful nodulation during early plant growth, which is when the roots of the 

host plant can be infected (Moor, 2004). The optimum soil pH for different species of 

rhizobium to work is different. For example, rhizobium leguminosarum bv. viciae, 

Sinorhizobium meliloti and Rhizobium leguminosarum bv. trifolii mostly fixed atmospheric 

dinitrogen (N2) when soil pH is around 6.5 (Lapinskasp and Iaulokaitė-Motuzienė, 2006). In 

highly weathered acid soils of tropics and subtropics, P deficiency is a major constraint to crop 

production and P fertilizers need to be applied to obtain optimum plant growth and crop yields 
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(Faye et al., 2006; Farid et al., 2013; Asmare et al., 2015a).  Of all nutrients, shortage of P has 

the biggest impact on legumes which generally rely on atmospheric N2 fixation for N nutrition 

(Tang et al., 2001). Severe P deficiency markedly impaired both host plant growth and 

symbiotic N2 fixation and that symbiotic N2 fixation has a higher P requirement for optimal 

functioning than either host plant growth (Israel, 1987). Poor nodulation of faba bean was 

reported in soils with low pH and P content (Amanuel et al., 2000). Thus P inputs are required 

for sustainable agricultural production in most acid soils of the tropics and subtropics. 

 

Recently more findings have emphasized the significant role of integrated soil fertility 

management involving combinations of microbial inoculants, inorganic and organic fertilizers 

in increasing the productivity and improving soil health and sustainability of environment in the 

long run (Gomaa and Mohamed, 2007; Devi et al., 2013). The use of lime, acid tolerant 

varieties, application of compost or manure were found to be effective in reducing soil acidity, 

and Al toxicity in different areas (Crawford et al., 2008; Endalkachew et al., 2017). 

 

Basically, lime should be applied to soils to create conditions conducive to the production of 

crops at the most favorable economic levels. To achieve such production on acid soils, it is 

necessary to apply sufficient lime to eliminate toxicities of Al and Mn, supply adequate levels 

of Ca and Mg, facilitate the utilization of water, create conditions which maximize the 

availability and uptake of the essential nutrients and the performance of the rhizobium-legume 

association and create conditions which control soil pathogens (Sumner and Yamada, 2002). 

 

Addition of manure and compost to acid soils is potentially a practicable low input strategy for 

increasing soil pH, decreasing concentrations of Al, and reducing lime requirements 

(Mokolobate and Haynes, 2002; Wong and Swift, 2003; Opala et al., 2012; Ermias et al., 2013). 

Integrated application of farm yard manure (FYM) and lime have significantly and positively 

improved the yield of wheat (Mekonnen et al., 2014). Combined application of FYM with 

chemical fertilizers increased the level of soil N and available P in the soil (Tilahun et al., 

2013).  
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The productivity of food legumes is constrained by low soil pH and the subsequent low P 

availability (Getachew and Rezene, 2006). Among the major factors attributed to low faba bean 

(Vicia faba L.) production is the declining of soil fertility, particularly soil acidity in the 

highlands of Ethiopia. Besides soil acidity and fertility decline, frequent disease occurrence, 

parasitic weeds, and lack of high yielding varieties limit the growth of faba bean. Consequently, 

the productivity of the crop revolves around 950 kg ha
-1

 at Lay Gayint district which is below 

the national average of 1300 kg ha
-1

, and the world average of 1700 kg ha
-1

 (Akibode and 

Maredia, 2011).  

 

The study area is characterized by high amount of rainfall and undulating topography, which 

contribute to leaching of ions and surface soil erosion. As a result, the soils of the cultivated 

lands are prone to soil acidity and poor fertility. Most farmers have the experience of adding 

compost and FYM to soils growing cereals, although with rates not well quantified. In addition, 

the crop management practices of the farmers do not fully address the nutrient requirement of 

legume crops such as faba bean. In many of the rural areas, the majority of the farmers presume 

that pulses need little or no amendments. The practice of liming is an emerging technology in 

the country in general and the region in particular to manage soils affected by acidity. However, 

the amount of lime required for various crops, its effect with combination of inorganic and 

organic fertilizers at different locations has not been sufficiently addressed.  

 

Although faba bean is classified as N2 fixing legume plant, effective root growth and nodule 

formation is restricted in acid soils where the availability of the essential plant nutrients like P 

and Ca are deficient. Therefore, to maximize the growth of the crop and increase soil fertility, 

maintaining the optimum pH range of the soil and improving the soil nutrient content call for 

progressive research. Thus, the specific objective of this experiment was to investigate the 

effects of lime, mineral P, FYM, compost, and rhizobium on the growth, nodulation and 

nutrient uptake of faba bean (Vicia faba L.) in cultivated acid soils under greenhouse 

conditions.  
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4.2. MATERIALS AND METHODS 

 

4.2.1 Soil Sampling and Preparation 

 

Six cultivated lands were selected from Yikalo watershed. Eight surface soil sub- samples (0-20 

cm depth) were collected from each land using auger and bulked to make one composite soil 

sample for soil pH determination in the field. Based on field soil pH test, soil samples were also 

collected from strongly acid soils with pH < 5 of three cultivated lands and bulked to make one 

composite sample for laboratory analysis. The surface soil samples collected from the study 

area were bagged, labeled and transported to the laboratory for preparation and analysis of 

selected soil physical and chemical properties. The soil samples were air dried, crushed and 

made to pass through a 2 mm sieve size for analysis of soil pH, texture, available P, 

exchangeable bases, exchangeable acidity and Al
3+

, and CEC whereas, for analysis of organic 

carbon (OC) and total N, samples were made to pass through 0.5 mm sieve size. The composite 

soil samples were analyzed based on standard laboratory procedures. 

 

Similarly, bulk soil samples from these fields were collected using spade for greenhouse 

incubation experiment. Undisturbed soil samples were collected from the cultivated lands for 

determination of bulk density. A cylindrical metal core with volume of 100 cm
3
 was pressed in 

to the soil until it is completely filled. The soil was trimmed at both ends with a knife and 

covered with a cap, labeled and packed in box.  

 

4.2.2. Laboratory Analysis of Soil Physical and Chemical Properties 

 

Soil texture was determined using the Bouyoucos hydrometer method (Day, 1965). Bulk 

density (BD) was determined on the undisturbed soil samples using the core method, in which 

the samples were dried in an oven set at 105
 o

C to constant weight (Baruah and Barthakur, 

1997). The oven dried weight was divided by the volume of the soil core to get the bulk density 

value.  

The pH of the soil was measured potentiometrically in the supernatant suspension of a 1:2.5 soil 

to water ratio using a pH meter as described by (Chopra and Kanwar, 1976). Organic carbon 
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was determined using the wet oxidation method (Walkley and Black, 1934) whereby the carbon 

was oxidized under standard conditions with potassium dichromate (K2Cr2O7) in sulfuric acid 

(H2SO4) solution. Total N was determined by the micro-Kjeldahl method (Jackson, 1967) while 

available P was extracted using the sodium bicarbonate solution (Olsen et al., 1954).  

 

The exchangeable cations (Ca
2+

, Mg
2+

, K
+
 and Na

+
) were extracted with 1 M ammonium 

acetate (NH4OAc) solution at pH 7.0 (Jackson, 1967)]. Exchangeable Ca
2+

 and Mg
2+

 in the 

leachate were determined by atomic absorption spectrophotometer (AAS) while exchangeable 

K
+
 and Na

+
 were determined by flame photometry (Rowell, 1994). The potential cation 

exchange capacity (CEC) of the soil was determined from the NH4
+
 saturated samples that were 

subsequently replaced by K
+
 using KCl solution. The excess salt was removed by washing with 

ethanol and the NH4
+
 that was displaced by K

+
 was measured using the micro-Kjeldahl 

procedure and reported as CEC (Chapman, 1965). Total exchangeable acidity was determined 

by saturating the soil samples with 1 M KCl solution and was titrated with 0.02 M NaOH 

(Rowell, 1994). From the same extract, exchangeable Al
3+

 in the soil samples was determined 

by application of 1 M NaF, which forms a complex with Al and releases NaOH and then NaOH 

was back titrated with a standard solution of 0.02 M HCl as described by (Sahlemedhin and 

Taye, 2000). 

 

4.2.3. Manure, Compost, and Liming Material Analysis, and Lime Requirement     

Determination  

 

The pH of manure and compost samples was measured in water (soil: solution ratio of 1:5) 

using a pH meter with a glass and reference calomel electrode after the suspension was shaken 

for 30 minutes and allowed to stand for 1 hour (John, 2003). Total N content was determined by 

Kjedahl method as described by Jackson (1967). The OC was determined by the wet oxidation 

method through chromic acid digestion (Walkley and Black, 1934).  

 

Total P, K, Ca, Mg and Fe were determined following the wet digestion with H2O2/H2SO4 

(Okalebo et al., 2002). The calcium carbonate equivalent (CCE) of the Dejen lime was 

determined following the procedure of Issam and Antoine (2007). Lime requirement (LR) of the 
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soil was determined by using Shoemaker, McLean and Pratt (SMP) single buffer procedure 

(Shoemaker, 1961). Total Ca, Mg, K and Na were determined by AAS and P was measured as 

described by (Murphy and Riley, 1962).  

 

4.2.4. Incubation Study 

 

Based on the pH and the lime requirement (LR), composite soil samples of the acid soils were 

selected for this experiment. The composite soil samples were air dried, broken into aggregates, 

passed through a 5 mm sieve, and filled to plastic pots having a capacity of 5 kg soil. The 

treatments were lime, mineral P as triple super phosphate (TSP) fertilizer, FYM, compost, and 

rhizobium which were applied separately, and in systematic combination at different rates 

(Table 4.1).  

 

A completely randomized design (CRD) was used, and treatments were replicated three times. 

Farmyard manure and compost, dried and allowed to pass through a 0.25 mm sieve, were 

added. Farmyard manure was collected from Abaregay Dairy Farm in Debretabor. Compost 

was prepared from wheat straw, manure, green leaves and thin layer of topsoil supplied with 

moisture and aeration conditions.  

 

Dejen lime was used as a liming material, which is calcitic with moisture content of 1.0562%, 

purity of 0.91 and fineness factor of 0.52 (Mekonnen et al., 2014). Lime, which passed through 

50 and 100 mesh size, was added based on the LR of the soil. The lime used for the experiment 

was found to have a CCE of 93.8%. Lime, FYM, and compost were incubated for 40 days 

before planting. All pots were subjected to wetting and drying cycles every 3 days during the 

incubation period.  
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Table 4.1. List of treatments for greenhouse pot experiment  

 
 Treatments  Descriptions  

 Control  No lime, FYM, P and compost 

 Compost only  8 t compost ha-1 

 FYM only 8 t FYM ha-1 

 P only 30 kg P ha-1 

 Lime only 10 t ha-1 lime 

 P + Lime R 30 kg P ha-1 + 10 t lime ha-1  

 P + ½ Lime 30 kg P ha-1 + 5 t lime ha-1  

 Compost + ½ Lime  8 t compost ha-1 + 5 t lime ha-1  

 FYM + ½ Lime 8 t FYM ha-1 + 5 t lime ha-1  
 Compost + P + ½ lime 8 t compost ha-1 + 30 kg P ha-1 + 5 t lime ha-1  

 FYM + P + ½ lime 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1  

 ½ compost + ½ P + lime R 4 t compost ha-1 + 15 kg P ha-1 + 10 t lime ha-1  

 ½ FYM + ½ P + lime R 4 t FYM ha-1 + 15 P kg ha-1 + 10 t lime ha-1  

 ½ FYM + ½ P + ½ Lime  4 t ha-1 FYM + 15 P kg ha-1 + 5 t lime ha-1 

 ½ compost + ½ P + ½ Lime 4 t ha-1 compost + 15 P kg ha-1  + 5 t lime ha-1 

 P +  Lime + Rhizobium 30 kg P ha-1 + 10 t lime ha-1 + Rhizobium 

 Compost + P + ½ lime + Rhizobium 8 t ha-1 compost  + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium 

 FYM + P +½ lime + Rhizobium 8 t FYM ha-1 + 30 kg P ha-1 + 5 t lime ha-1 + Rhizobium 

 ½ P +½ FYM + ½ Lime + Rhizobium 15 kg P ha-1 + 4 t FYM ha-1 + 5 t lime ha-1 + Rhizobium 

 Rhizobium only  

 

4.2.5. Pot Experiment 

 

After 40 days of incubation of lime, FYM, and compost, mineral P was placed at 5 cm radius 

and 5 cm depth below the seed at planting. Faba bean (Vicia faba L.) variety Kasech which was 

used as a test crop was collected from the Adet Agricultural Research Center (AARC). 

Rhizobium leguminosarum biovar. viciae strain EAL-110, was used as inoculant. It was 

obtained from the Menagesha Biotech Industry (MBI), Addis Ababa, Ethiopia. Faba bean seeds 

were inoculated at the time of sowing with a powder containing an equivalent of 10
8
 viable 

bacteria cells per gram of powder. Prior to inoculation, the seeds were surface-sterilized. The 

seeds were washed in 70% (v/v) ethanol for 5 min, rinsed with sterilized water, shaken for 5 

min in 30% (v/v) H2O2 which was diluted to 5% content, and rinsed again with sterilized water 

four times (Vincent, 1970). The seeds were soaked overnight in distilled water and made ready 

for inoculation and sowing. Five faba bean seeds were planted for every pot which was later 

thinned to three plants after 10 days of emergence. Each pot was frequently watered to maintain 

moisture, approximately at field capacity during the crop growth period. The crop was kept free 

of weeds by hand picking. The greenhouse experiment was conducted between October and 

December, 2015. 
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4.2.6. Nodulation Assessment   

 

Nodule number and dry weight per plant were assessed from each replication. The root of faba 

bean plant was washed by tap water. Nodules remaining in the soil were picked by hand. 

Nodules attached to each plant root were also removed and separately spread on a sieve for 

some minutes until the water was drained from the surface of the nodule. Finally, the average 

number of nodules plant
-1

 was recorded for each treatment. After the nodules were oven dried to 

65 °C for 48 hrs, the average nodule weight per plant was measured for each treatment as 

described by Delić et al.(2010). The cross-sections of nodules and differences in the colour of 

nodular tissue were used for screening effective and ineffective nodules. The ineffective 

nodules were white to light green inside, while the effective nodules were characteristically 

pinkish brown (Gwata et al., 2003). 

 

4.2.7. Plant Growth Parameters, Tissue Sampling and Analysis 

 

Shoot length, number of branches and leaves, and shoot dry weight of faba bean plants were 

measured at 50% flowering. The plants were cut at ground level and the youngest leaves 

(youngest fully emerged leaf and the apical growth of each plant) were collected and separated 

from the rest of the plants for the analysis of N and P concentrations at 50% flowering from 

each treatment. The faba bean leaf samples were washed in sequence, first in detergent solution 

(0.2% liquid detergent), then, in dilute HCl (0.1M HCl solution) and finally, in deionized water. 

The extra moisture was wiped out and the samples were placed in new paper bags and dried to 

70 °C for 48 hrs.  

 

Similarly, the total dry shoot biomass was determined after drying all the harvested above 

ground plant parts of each pot at 70 °C until a constant weight was achieved plus the dried 

weight of the youngest leaves. The dried leaves were ground in a stainless steel grinder, passed 

through a 0.5 mm sieve and weighed. The N and P contents of the tissue samples were 

determined using the wet digestion method, which involves the digestion of the plant tissues 

using various combinations of HNO3, H2SO4 and HClO4 as described by Yirga and Kiros 

(2013). The method used for N analysis was the micro-Kjeldahl procedure (Jackson, 1967), 
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whereas the determination of P was carried out on the digest aliquot by Murphy and Riley 

(1962). The total N and P uptakes were calculated by multiplying the N and P contents in the 

tissue by the above ground dry shoot biomass of each treatment.  

 

4.2.8. Post Harvest Soil Analysis 

 

After faba bean plants were harvested, soil samples from each pot were collected for the 

determination of N and P following the standard laboratory procedure where total N was 

determined by the micro-Kjeldahl method (Jackson, 1967) while available P was extracted 

following the procedure described by Olsen et al. (1954). 

 

4.2.9. Statistical Analysis 

 

The data obtained was subjected to analysis of variance (ANOVA) that is appropriate to CRD 

as described by Gomez and Gomez (1984) with the help of the generalized linear model (GLM) 

procedure of the statistical analysis system (SAS) software package version 9.1 (SAS Institute, 

2004). Duncan‟s Multiple Range Test (DMRT) was employed to test the significant difference 

between means of treatments. 
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4.3. RESULTS AND DISCUSSION 

 

4.3.1. Soil Fertility Status Prior to Experiment and Quality of Organic Amendments 

 

Following the USDA (USDA, 1987) soil textural class triangle, the soil is clay in texture and 

clay is the dominant separate (Table 4.2).  The soil bulk density (1.3 g cm
-3

) was below the 

critical value of 1.4 g cm
-3

 for a clay texture to restrict root growth (Hazelton and Murphy, 

2007). The soil was very strongly acid in reaction (Hazelton and Murphy, 2007). The 

exchangeable soil acidity and exchangeable Al
3+ 

were 4.04 and 1.77 cmolc kg
-1

 soil, 

respectively. The value of exchangeable Al
3+ 

is beyond the critical level (0.56-1.72 cmolc kg
-1 

) 

suggested by Baquy et al. (2017) depending on the type of crops and soils. Under such soil 

acidity environment, crop growth is adversely affected due to the toxicity of Al on plant roots, 

reduced P availability, and microbial activity such as atmospheric N2 fixation, and OM 

decomposition (Kisinyo et al., 2014). The available P falls within the low range (6-10 mg kg
-1

) 

for clay soils (Jones, 2003), and therefore, indicates the need for applying supplemental P in 

these soils. Exchangeable Ca
2+

 and K
+
 were in the range of medium, while exchangeable Mg

2+
 

and Na
+
 were in the range of high and medium, respectively in the soil (FAO, 2006).  

 

Table 4.2. Selected physical and chemical properties of the experimental soil 

 
Parameter Value 

Sand (%) 19 

Silt (%) 36 

Clay (%) 45 

Textural class clay 

Bulk density (g cm
-3

) 1.3 

pH (H2O) 4.93 
Exchangeable Ca2+  (cmolc kg-1) 9.98 

Exchangeable Mg2+ (cmolc kg-1) 4.26 

Exchangeable K+ (cmolc kg-1) 0.45 

Exchangeable Na+ (cmolc kg-1) 0.38 

Cation exchange capacity (cmolc kg-1) 33.7 

Exchangeable acidity (cmolc kg-1) 4.04 

Exchangeable Al (cmolc kg-1) 1.77 

Organic carbon (%) 1.27 

Total nitrogen (%) 0.19 

Olsen P (mg kg-1) 5.87 
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The medium range of exchangeable K
+
 indicates that supplemental K fertilization is required 

based on the types and varieties of crops grown in the area. The CEC of the soil was high as 

rated by FAO (2006). The soils at the experimental site had moderate organic C (1.27%) and 

total N (0.19%) (Tekalign, 1991). The result of LR determination indicates that the amount of 

lime required to raise the pH of the soils to the target pH value, which is 5.5, was 10 t CaCO3 

ha
-1

. Since the soil has high clay content and CEC and thus high buffering capacity, high 

amount of lime was required to alleviate acidity and increase the productivity of acid sensitive 

crops. 

 

The result of analysis of FYM and compost are indicated in Table 4.3. The composting 

materials used such as grass clippings, leaves and wheat straw were rich in C and thus had 

lower N added to the soil. The total C contents were 13.87 and 18.41% with a corresponding C: 

N ratio of 12.5 and 20.2 for FYM and compost, respectively. The ideal range of C: N in 

compost is 15:1-35:1 (FAO, 2015).  

 

Table 4.3. Some chemical characteristics of FYM and compost  

 
Amendment pH-H2O 

(1:5) 

 N C P  Ca K Mg Na C:N 

 ----------------------------(%)---------------------------- 

Farmyard manure 7.6  1.11 13.87 0.31 1.52 1.51 0.72 0.14 12.5 
Compost  7.2  0.91 18.40 0.29 1.43 1.63 0.59 0.15 20.2 

 

4.3.2. Effects of Treatments on Plant Height, Number of Branches and Leaves 

 

Plant height, number of branches and leaves of faba bean were significantly (P < 0.001) 

affected by the treatments (Appendix Table 1). The highest plant height (59.33 cm) was 

obtained in the pot that received 8 t FYM ha
-1 

+ 30 kg P ha
-1

 + 5 t lime ha
-1

 + Rhizobium 

treatment followed by that of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

 (Table 4.4). Sole 

application of 8 t FYM ha
-1 

increased plant height, number of branches and leaves over the 

control, as compared with other sole treatment applications. Application of 8 t FYM ha
-1

 

combined with 30 kg P ha
-1

 and 5 t lime ha
-1

 treated with or without rhizobium inoculation 

produced maximum number of branches and leaves plant
-1

. As compared with application of 

compost in the treatment combinations (8 t compost ha
-1 

+ 5 t lime ha
-1

, 8 t compost ha
-1 

+ 30 kg 
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P ha
-1 

+ 5 t lime ha
-1

, and 4 t compost ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

), application of FYM 

(8 t FYM ha
-1 

+ 5 t lime ha
-1

, 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

, and 4 t FYM ha
-1 

+ 15 

kg P ha
-1

 + 10 t lime ha
-1

) in the combinations significantly improved the growth parameters of 

faba bean. On the other hand, at 30 kg P ha
-1 

application, increasing the lime rate from 5 to 10 t 

ha
-1

 without organic amendment did not bring significant response of plant height, number of 

branches and leaves of faba bean. These results are in agreement with Mekki (2016), who 

indicated that integrated application of organic, inorganic and biofertilizers increased the plant 

height of faba bean in slightly alkaline soils. Another study on acid Nitisols of central Ethiopian 

highlands (Getachew and Chilot, 2009) reported significant increase of faba bean plant height 

and biomass due to combined application of 8 t FYM ha
-1

 with 39 kg P ha
-1

. Similarly, Tadele 

et al. (2016) also indicated combined applications of FYM (4 and 8 t ha
-1

) with increasing rates 

of P from 0 to 60 kg ha
-1

 had positive influence on some of the growth and yield parameters of 

faba bean in southern Ethiopia.  

 

Similar findings reported that applications of P (Togay et al., 2008; Tekle et al., 2016) and 

FYM (Singh, 2005) increased shoot height, number of branches and leaves of various legume 

crops. The observed increase in the vegetative growth of faba bean due to 8 t ha
-1

 FYM in the 

treatment combination might be the supply of N and other nutrients in manure through 

mineralization. Besides, the increase in soil pH, the decrease in exchangeable Al
3+

, application 

of lime, and manure improved soil conditions for microorganism‟s development and activity 

(Verde et al., 2013). As the exchangeable Al
3+

 is reduced, the performance of plant roots are 

enhanced, nutrient uptake would be increased and this would lead to increase in the plant 

growth parameters (Vanlauwe et al., 2015). 

 

Considering sole application of treatments, FYM improved the growth of faba bean as 

compared with the others. This revealed the dual effect of FYM in ameliorating soil acidity and 

providing nutrients for promoting the growth of the crop. The difference observed in the growth 

of faba bean treated either with FYM or compost separately or with other amendments was 

attributed to the higher N and P contents in the FYM as compared with compost.  

Eghball and Power (1999) suggested that 40% of beef cattle feedlot manure N, and 20% of 

compost N were plant available in the first year after application. Heinrich (2009), indicated for 
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dairy solid manures, plant available N after 4-8 weeks of application is estimated to be 10 to 

20% of the total N in manure. These values are in approximate agreement with Oregon State 

University manure N mineralization guidelines suggesting that 15% of the organic N is 

mineralized during the first months after manure application (Sullivan, 2008). Hence, the 

available N following mineralization might be taken up by the plant and improved the 

vegetative growth (Bocchi and Tano, 1994). Moreover, addition of FYM improves soil 

structure and in turn porosity. This allows better root growth and hence better nutrient uptake 

(Otieno et al., 2009). 

 

Table 4.4. Effects of organic and inorganic amendments on the growth of faba bean 

 
Treatments  Plant 

height 

Number of 

branches plant
-1

 

Number of 

leaves plant
-1

 

Shoot dry 

weight (g 

plant
-1

) 
Control  30.67j 6.22g 11.33j 2.74f 

8 t compost ha
-1 

 37.33gh 6.33g 11.66j 2.87f 

8 t FYM ha
-1 

 41.33gh 11.22bc 23.22def 3.68b-f 
30 kg P ha

-1 
 33.67ij 7.78fg 16.22hi 3.40c-f 

10 t lime ha
-1

  41.67fgh 8.00fg 15.78ij 3.05def 

30 kg P ha
-1 

+ 10 t lime ha
-1

  47.33ef 10.11cde 20.78efg 3.90 a-f 
8 t compost ha

-1 
+ 5 t lime ha

-1
  41.33gh 8.89def 19.22fgh 4.17a-e 

8 t FYM ha
-1 

+ 5 t lime ha
-1
  48.33de 9.22def 16.89ghi 3.91a-f 

30 kg P ha
-1 

+ 5 t lime ha
-1

  42.33fg 9.11def 20.33efg 4.47abc 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  48.33de 10.33cd 25.33bcd 4.36 abc 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  58.67a 13.78a 37.11a 5.14a 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  50.00cde 10.78bcd 25.56bcd 4.87ab 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  57.00ab 12.33ab 29.56b 4.61abc 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 5 t lime ha

-1
 53.58a-d 9.29def 25.48bcd 4.55abc 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 t lime ha
-1
  55.67abc 10.89bcd 28.30bc 4.15a-e 

30 kg P ha
-1

 + 10 t ha
-1

 lime +Rhizobium 55.67abc 11.33bc 24.78cde 4.83ab 

8 t ha
-1 

compost + 30 kg ha
-1 

P + 5 t ha
-1

 lime + 
Rhizobium 

51.33b-e 12.44ab 28.44bc 4.19a-e 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 5 t ha
-1

 lime + 

Rhizobium 

59.33a 14.00a 38.67a 4.28a-d 

4 t FYM ha
-1 

+ 15 kg ha
-1 

P + 5 t lime ha
-1
 + 

Rhizobium 

53.67a-d 10.00cde 23.22def 4.82ab 

Rhizobium only  35.67hij 8.22ef 16.44hhi 3.11def 

CV (%) 6.80 10.34 12.21 16.99 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 

coefficient of variation 
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4.3.3. Shoot Dry Weight 

 

Combined applications of organic and inorganic treatments significantly (P < 0.001) affected 

the shoot dry weight of faba bean (Appendix Table 1). Addition of 8 t FYM ha
-1

 and 30 kg P ha
-

1
 combined with 5 t lime ha

-1
 increased the shoot dry weight of faba bean (Table 4.4). In the 

same way, 4 t compost ha
-1

 combined with 15 kg P ha
-1

 and 10 t ha
-1

 lime resulted in significant 

shoot dry weight of faba bean. Rhizobium inoculation of seeds treated with 30 kg P ha
-1

 and 10 

t lime ha
-1

 had the same significant effect of shoot dry weight as the soils received 15 kg P ha
-1

 

and 4 t FYM ha
-1

 in combination with 5 t lime ha
-1

. Among sole treatments applied, FYM was 

better to increase shoot dry weight, though no statistically significant difference was observed 

with others.  

 

The effect of full application of FYM with half rate of lime in improving shoot dry weight was 

equivalently significant with half rate of FYM or compost with full rate of lime. This might be 

ascribed to the liming effect of FYM in raising soil pH, activating microorganisms, and 

releasing ions. Chinthapalli et al. (2015) compared organic and inorganic fertilizers and the 

result indicated that the application of cow dung at 15 t ha
-1

 showed significant growth over the 

inorganic fertilizer urea and potassium chloride in terms of germination percentage, fresh 

weight and dry weight, plant height, shoot length, and root length as well as number of leaves of 

faba bean and pea. The increased biomass of the plant could be partially attributed to the 

nutrient released during decomposition of FYM. Similar findings indicated increased in the 

growth of various crops due to manure application (Sunanda and Mallareddy, 2007; Javaid and 

Mahmood, 2010; Singh et al., 2012). 

 

4.3.4. Nodule number and nodule dry weight 

 

Total nodule number,  effective nodule number, and nodule dry weight per plant were 

significantly (P < 0.001) affected by combined application of treatments (Appendix Table 1 and 

Table 4.5). Farmyard manure was superior to compost, however, their combined application of 

FYM with P and lime was far superior to the individual ones. Application of 4 t FYM ha
-1

 and 

15 kg P ha
-1

 combined with 10 t lime ha
-1

 showed significant increases in nodule number and 
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nodule dry weight. The same effect was observed in soils treated with 30 kg ha
-1

 P with 10 t 

lime ha
-1

 and rhizobium inoculation. This indicated that unlike the above ground growth 

parameter, which increased with increasing FYM from 4 to 8 t ha
-1

, nodulation was reduced 

with increasing rate of FYM in the treatment combinations. Sole treatment of lime improved 

nodulation as compared with either sole treatment of compost, FYM or rhizobium. This could 

be due to favorable conditions like pH  created for stimulating the activity of resident faba bean 

nodulating bacteria.  

 

Table 4.5. Effects of organic and inorganic amendments on the nodulation of faba bean 

 
Treatments  Nodule number  

plant
-1

 

Effective 

Nodule number 

plant
-1

 

Nodule dry weight  

(mg plant
-1

) 

Control  33.00j 11.00g 20.00i 
8 t compost ha

-1 
 53.67hi 17.00fg 37.67h 

8 t FYM ha
-1 

 60.00h 23.33efg 42.67h 

30 kg P ha
-1 

 33.33j 10.33g 31.00hi 
10 t lime ha

-1
  85.00fg 29.00def 67.67fg 

30 kg P ha
-1 

+ 10 t lime ha
-1

  125.67b 43bcd 97.33cd 

8 t compost ha
-1 

+ 5 t lime ha
-1

  59.67h 16.67fg 41.00h 

8 t FYM ha
-1 

+ 5 t lime ha
-1
  104.67cde 34b-e 85.67de 

30 kg P ha
-1 

+ 5 t lime ha
-1

  75.00g 20.33efg 56.00g 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  99.67de 30.00c-f 78.00ef 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1
  116.67bc 50.00ab 92.00de 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  112.67bcd 39.67bcd 91.67de 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t lime ha
-1

  153.33a 59.33a 131.33a 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 5 t lime ha
-1

 74.50g 30.67c-f 55.25g 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 5 t lime ha
-1
  95.67ef 30.67c-f 79.00ef 

30 kg P ha
-1

 + 10 t ha
-1

 lime + Rhizobium 147.00a 49.00ab 111.67b 

8 t ha
-1 

compost + 30 kg ha
-1 

P + 5 t ha
-1

 lime + 

Rhizobium 

126.33b 46.00abc 107.00bc 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 5 t ha
-1

 lime + 

Rhizobium 

122.33b 49.33ab 96.33cd 

15 kg ha
-1 

P + 4 t FYM ha
-1 

+ 5 t lime ha
-1
 + 

Rhizobium 
107.67cde 40.67bcd 84.33ed 

Rhizobium only  43.667ij 12.00g 29.00hi 

CV (%) 8.25 26.47 10.47 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 
coefficient of variation 

 

Rhizobium inoculation alone did not bring significant change in nodulation of faba bean under 

acid soil condition. Nodulation was significantly improved after the soil acidity was reclaimed 

with lime, and where there was P in the treatment combination.  Similar findings were also 
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reported for increased nodules with application of P and lime (Workneh et al., 2013; Yirga and 

Kiros, 2013). Application of FYM leads to increase in nodules production, nodule dry weight, 

dry matter production and seed yields of soybeans, but the production of nodules fall sharply at 

application rates higher than 8 t of FYM (Ganeshamurthy and Sammi, 2000). This effect was 

attributed to the increase in available C content of the soil that created favorable media for 

rhizobium, and the role of FYM in reducing soil acidity and increasing P availability.  

 

The effect of FYM in improving nodulation might also be due to the presence of other vital 

nutrients in FYM essential for both the host plant and microsymbiont (Sagolshemcha et al., 

2011). Besides, different forms of N compounds, such a NO3
-
 and NH4

+
 in FYM might be 

released upon decomposition, which the plants take up readily until the nodules are well 

established. Singh (2005) reviewed that addition of 10 to 15 t FYM ha
-1

 stimulated the growth 

and activity of microorganisms and therefore, increased the number and dry weight of nodules 

in soyabean. Increased number of nodule per plant due to manure application was observed in 

lablab, common bean, green gram (Otieno et al., 2009) and soyabean (Abebe et al., 2013). This 

might be related to the supply of substrate for the growth of microorganisms and maintain in a 

favorable nutritional balance and soil physical properties.  

 

Sulfab et al. (2011) showed either organic manure alone or with rhizobium inoculation plus 20 

kg N ha
-1

 significantly increased groundnuts nodulation. Rafaat et al. (2016) reported that the 

highest value of nodule number (92.6) of faba bean was achieved by 30% manure, followed by 

50% and 10% of manure applications.  

 

Negi et al. (2004) compared FYM, NPK and lime on pea and concluded that significant 

increase in nodule number was achieved due to FYM. These authors also suggested liming 

further increased the nodule number by 401.87 and 433.85% at 110 and 140 days after sowing, 

respectively.  

 

Integrated use of different P sources and rhizobium also increased number of nodules per plant, 

nodule fresh weight and nodule dry weight (Fatima et al., 2007; Zafar et al., 2011). Phosphorus 

is believed to initiate nodule formation, enhance the number of nodule primordial and is 
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essential for the development and functioning of formed nodules (Waluyo et al., 2004; Tagoe et 

al., 2008). Several researchers have reported that P plays significant roles in establishment, 

growth and function of roots and nodules (Shu-Jie et al., 2007; Abbasi et al., 2008; Pramanik et 

al., 2009).  

 

The improvement of nodulation as a result of lime could be due to the reduction of acidity that 

enhanced bacteria proliferation, increased bioavailability of Ca, P, and Mo. Liming increase the 

Ca levels in the soil, which inturn enhance the root penetration into the deeper layers and also 

induced the normal distribution of nodules (Negi et al., 2004). The role of FYM may be to 

increase soil pH, reducing Al toxicity by chelating or encapsulating the Al
3+

 (Nyarko, 2012).  

 

4.3.5. Tissue N and P Contents and Uptakes 

 

Integrated application of organic and inorganic amendments significantly (P < 0.001) affected 

the N and P contents in the tissue of faba bean (Appendix Table 2).  Application of 8 t FYM ha
-

1 
+ 30 kg P ha

-1 
+ 5 t lime ha

-1
 with inoculation of rhizobium demonstrated highest tissue N 

content (3.86%). The same treatment combination without inoculation also showed significant 

N content (3.83%), and N uptake followed by 4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t ha
-1

 lime 

(Table 4.6). Significantly improved N content and uptake was observed due to integrated 

application of treatments over sole treatments and the control.  

 

Plants that received full dose of FYM and P with half rate of lime with inoculation showed N 

accumulation of 71% increase, but the same treatment without inoculation increased tissue N by 

69% over the control. This indicate that there was no improvement in N accumulation in the 

tissue of faba bean plants due to inoculation of rhizobium. Pronounced effect to N uptake was 

observed as a result of reducing soil acidity by application of lime and FYM. In line with this 

finding, Hellal et al. (2014) reported that plots that received FYM treatment gave significantly 

higher N, P and K uptake by faba bean seeds and foliage. Singh (2005), in his review, 

concluded that addition of 10 to 15 t FYM ha
-1

 stimulated the growth and activity of 

microorganisms and therefore, increased growth and development of legume crops. 
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Table 4.6. Effects of organic and inorganic amendments on tissue N and P concentrations and 

uptakes, and post harvest soil N and P 

  
Treatments  Tissue N 

content 

(%) 

N uptake 
(kg ha

-1
) 

Tissue P 
content 

(%) 

P uptake 
 (kg ha

-1
) 

Soil N after 
harvest  

(%) 

Soil P after 
harvest 

(mg kg
-1

) 

Control  2.26f 45.35h 0.114k 2.28g 0.18g 4.27l 

8 t compost ha
-1 

 2.47f 47.67h 0.124jk 2.38g 0.22d 5.38j 
8 t FYM ha

-1 
 2.80e 72.32fgh 0.130j 3.36fg 0.22d 6.09h 

30 kg P ha
-1 

 2.43f 57.74gh 0.155i 3.71efg 0.19fg 4.98k 

10 t lime ha
-1

  2.84e 60.47gh 0.169ghi 3.63efg 0.19fg 6.35efg 
30 kg P ha

-1 
+ 10 t lime ha

-1
  2.90e 78.73efg 0.182d-g 4.99cde 0.23cd 6.37ef 

8 t compost ha
-1 

+ 5 t lime ha
-1

  3.08ed 93.42c-e 0.165hi 4.79def 0.19fg 5.78i 

8 t FYM ha
-1 

+ 5 t lime ha
-1
  3.45bc 94.53c-f 0.1707f-i 4.67def 0.23cd 6.76d 

30 kg P ha
-1 

+ 5 t lime ha
-1

  2.88e 90.31def 0.173e-h 5.41bcd 0.19fg 6.12fgh 
8 t compost ha

-1 
+ 30 kg P ha

-1 

+ 5 t lime ha
-1
  

3.49bc 106.38bcd 0.185c-f 5.66a-d 0.21def 6.41e 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 
t lime ha

-1
  

3.83a 137.81a 0.219a  7.13a  0.28a  7.61a 

4 t compost ha
-1 

+ 15 kg P ha
-1

 

+ 10 t lime ha
-1

  

3.32cd 113.36a-d 0.191bcd 6.52abc 0.23cd 6.16e-h 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 
10 t lime ha

-1
  

3.75ab  108.93bcd 0.193bcd 6.85ab 0.26ab 7.00cd 

4 t compost ha
-1

 + 15 kg P ha
-1
 
 

+ 5 t lime ha
-
 

3.32cd 77.16efg 0.184c-f 4.28 0.21de 6.35efg 

4 t FYM ha
-1 

+
 
15 kg P ha

-1
 
 
+ 5 

t lime ha
-1

  

3.44c 100.28b-e 0.192bcd 5.61a-d 0.22d 6.96cd 

30 kg P ha
-1

 + 10 t ha
-1

 lime + 
Rhizobium 

3.49bc 118.06abc 0.187b-e 6.34abc 0.21de 6.12gh 

8 t ha
-1 

compost + 30 kg ha
-1 

P 

+ 5 t ha
-1
 lime + Rhizobium 

3.49bc 102.53b-e 0.194bcd 5.70a-d 0.22d 7.02c 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 5 
t ha

-1
 lime + Rhizobium 

3.86a 126.56ab  0.203b  6.93ab  0.27ab  7.29b 

4 t FYM ha
-1 

+ 15 kg ha
-1 

P + 5 

t lime ha
-1

 + Rhizobium 

3.37c 115.82a-d 0.199bc 6.01a-d 0.25bc 6.32e-h 

Rhizobium only  2.44f 53.11gh 0.113k 2.46g 0.19fg 4.26l 

CV (%) 5.78 18.28 5.52 18.79 5.84 2.43 

Means within a column followed by the same letter are not significantly different at P ≥ 0.001; CV = 

coefficient of variation 

 

Similarly, in an experiment conducted on common bean, high N level was obtained in the 

biomass of FYM fertilized plants (Mitova and Stancheva, 2013). The highest N content 

obtained in the tissue is in the range of optimum N content (3.8 to 5.0%) of legume crops 

(Barker and Pilbeam, 2007) indicating that combined application of FYM, P and lime could 

improve the growth and N uptake of faba bean. Increasing the level of P significantly increased 
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the N uptake by the plant that could be attributed to the complementary role played by P in the 

N removal by the faba bean (Tekle et al., 2015).   

 

Significant (P < 0.001) tissue P content and uptake was obtained with combined application of 

organic and inorganic treatments (Table 4.6). Application of 8 t FYM ha
-1 

+ 30 kg P ha
-1

 + 5 t 

ha
-1

 lime resulted in the highest P content (0.219%) in the tissue of faba bean. As compared to 

the control, 92% increase in P content was observed due to full rates of FYM and P with half 

rate of lime. Including compost with lime and P also improved significantly P uptake compared 

to the P or lime treatments applied separately or in the combination of lime and P. For example, 

addition of 8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

 + Rhizobium improved P content by 

70% over the control.  

 

The increased P content could be due to the improvement of nodules and N utilization, and 

better vegetative growth as a result of the applied manure. Including P in the treatment 

combination might increase the physiological activity of the roots, consequently increase P 

concentration and uptake by faba bean plant. The decomposition of OM and the resultant 

availability of nutrients in the soil could also increase uptake by the roots of the plant. 

Furthermore, faba bean being N2 fixing crop, it might absorb high amount of P for energy 

expense.  Consistent with this finding, El-kotb (2013) revealed that N, P and K uptake by grain 

and straw were increased significantly by FYM and compost applications. This trend of higher 

uptake of N and P and  in the treatments received FYM could be due to the increased N and P 

availability in soil and the direct uptake of N and P by leaves resulting in higher production of 

chlorophyll, dry matter and higher uptake of macronutrients by the crop (Hellal et al., 2014).  

 

The increased availability of P due to application of FYM or compost could be the result of 

gradual decomposition of OM and the release of organic acids that bound with Al and 

decreased P fixation in acid soil (von Wandruszka, 2006).  

 

Plant uptake of P is enhanced with liming acid soils; an effect often referred to as „„P spring 

effect‟‟ of lime (Bolan et al., 2003). These authors explained that liming could increase plant P 

uptake by decreasing Al, rather than by increasing P availability alone in soils high in 
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exchangeable acidity. This also improves root growth which alleviates Al toxicity by allowing a 

greater volume of soil to be explored (Gitari et al., 2015). The Ca
2+

 in lime displace Al
3+

, Fe
2+

 

and H
+
 ions from the soil sorption sites which causes reduction in soil acidity and P fixation 

thereby increasing P availability, this was reflected in increased shoot P, N, biomass and 

nodulation (Kisinyo et al., 2005). 

  

4.3.6. Post Harvest Soil N and P  

 

The analysis of soil N after the removal of the crop showed that application of full rate of FYM 

and P with half rate of lime and rhizobium inoculation gave significantly (P < 0.001) the highest 

value followed by half rate of FYM and P with full rate of lime (Appendix Table 2). Among 

sole treatments applied, significant post harvest N was obtained in the soil due to application of 

8 t FYM ha
-1

 or 8 t compost ha
-1

, over the control (Table 4.6). Though the crop is N fixer, the 

amount of N recorded in the control and rhizobium only plots was low indicating that soil 

acidity if not managed, could deprive atmospheric N2 fixation. The higher N content observed 

in the combined treatments could be due to the effects of amendments in increasing soil pH; 

supplying food and energy to activate the microorganisms to decompose the added OM.  

 

Liming and rhizobium inoculation playes significant contribution in N fixation thereby 

improving soil N (Otieno et al., 2009). The role of P in increasing soil N could be related with 

improved nodulation and N2-fixation. Other studies (Amanullah et al., 2007; Hellal et al., 2014) 

found increased soil N due to amending soils with FYM. Application of 15 t FYM ha
-1

 

increased the level of soil total N from 0.20 to 0.35% (Tilahun et al., 2013).  

 

Post harvest soil P analysis indicated that application of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime 

ha
-1

 increased soil P significantly (P < 0.001) followed by the same treatment combination plus 

rhizobium inoculation. Comparing sole treatment applications, addition of 10 t lime ha
-1

 showed 

significant post harvest soil P as compared to the control. The increased soil P obtained due to 

combined application of FYM, P and lime could be due to the integrated effect of the treatments 

in reducing soil acidity and exchangeable Al
3+

, and increasing P availability.  
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Many studies have indicated that addition of organic residues to acid soils can reduce Al 

toxicity (hence lowering the lime requirement) and enhance P availability (Nziguheba et al., 

2002; Liasu et al., 2008; Endalkachew et al., 2017). Increasing lime rates increased soil pH and 

exchangeable bases thereby reducing the magnitude of soil acidity, exchangeable acidity and Al 

saturation, and increased availability of P (Achalu et al., 2012b; Osundwa et al., 2013; Asmare 

and Yli-Halla, 2016).  
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4.4. CONCLUSION 

 

Soil acidity and decline in soil fertility are forms of soil degradation adversely affecting 

sustainable crop production in the Ethiopian highlands. Soil acidity management strategies with 

the use of organic and inorganic amendments are believed to be effective. Thus, the effect of 

lime, mineral P, FYM, compost, and rhizobium on the growth, nodulation and nutrient uptake 

of faba bean (Vicia faba L.) on cultivated acid soil was tested under greenhouse conditions.  

 

This finding has shown that sole or combined application of organic and inorganic amendments 

contributed significantly in improving the growth characteristics and nodulation, and nutrient 

upatke of faba bean. More specifically, significant increment in shoot length, number of leaves 

and branches, and shoot dry weight were obtained with 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime 

ha
-1

 with or without rhizobium inoculation. Likewise, improved nutrient contents in the tissue, 

and uptakes were observed with these treatment combinations. Increased nodule number and 

dry weight of faba bean were recorded due to application of 4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 10 t 

lime ha
-1

 followed by 30 kg P ha
-1

 +10 t lime ha
-1

 + Rhizobium. Significant amount of N and P 

were accumulated in the soil after removal of the crop with the addition of 8 t FYM ha
-1 

+ 30 kg 

P ha
-1 

+ 5 t lime ha
-1

. The results indicated that combined use of lime, FYM, and P fertilizers 

could improve the growth characteristics, nodulation and nutrient uptakes of faba bean in acid 

soil of the study site. However, the contribution of rhizobium inoculation was not effective. 

This shows that improving soil pH, and reducing exchangeable acidity and Al
3+

 through 

application of organic and inorganic amendments could stimulate the existing soil rhizobium to 

improve the nodulation and the growth of faba bean.   

 

Therefore, the finding could allow the farmers to utilize the locally available resources such as 

manure and compost integrated with commercially purchased inputs like TSP and lime to grow 

faba bean in acid soils. In addition to savings, the soil fertility could be improved and acidity 

will be reduced. However, various strains of rhizobium in combination with amendments 

should be tested on the crop under such kind of acid soil conditions. Inorder to come up with 

comprehensive recommendation, the effects of amendements used in this study should be tested 

under field condition. 
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5. EFFECTS OF LIME, MINERAL P, FARMYARD MANURE, 

COMPOST, AND RHIZOBIUM ON THE YIELD OF FABA BEAN (Vicia 

faba L.) IN ACID SOIL OF LAY GAYINT DISTRICT, NORTHWESTERN 

HIGHLANDS OF ETHIOPIA 



 

Effects of Lime, Mineral P, Farmyard Manure, Compost, and Rhizobium on 

the Yield of Faba bean (Vicia faba L.) in Acid soil of Lay Gayint District, 

Northwestern Highlands of Ethiopia 
 

 

 

ABSTRACT 
 

Soil acidity with associated low nutrient availability is one of the major constraints to faba 

bean (Vicia faba L.) production on Ethiopian highlands. Integrated use of organic and 

inorganic amendments is believed to reduce soil acidity and improve crop production. 

Therefore, this field experiment was conducted with the objective of evaluating the effects of 

lime, mineral P, farmyard manure (FYM), compost, and rhizobium in acid soil of Lay Gayint 

district, northwestern highlands of Ethiopia in 2016 to 2017 main cropping season. The 

experiment comprised nineteen (sole and combined) treatments arranged in a completely 

randomized block design (RCBD) with three replications. The results indicated that combined 

application of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1

 significantly (P < 0.05) increased 

plant height, number of leaves and branches per plant, pod length, biological and straw 

yields. Grain per pod, grain yield and thousand grain weight were significantly (P < 0.05) 

increased with the application of 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 7.2 t lime ha
-1

. This treatment 

resulted in 102% grain yield advantage over the control. The next higher grain yield 

advantage of 89% was achieved with 4 t FYM ha
-1 

+15 kg P ha
-1 

+ 3.6 t lime ha
-1

. Nodule 

number and nodule dry weight per plant were also improved due to 4 t FYM ha
-1 

+ 15 kg P 

ha
-1 

+ 7.2 t lime ha
-1

 application. Among sole treatments applied separately, 8 t FYM ha
-1 

was 

observed to be superior in all parameters considered followed by 7.2 t lime ha
-1

. The role of 

lime and FYM in correcting soil acidity, and the utilization of P were the principal 

contributions in improving the growth and yield of faba bean. Therefore, combined 

application of 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 3.2 t lime ha
-1

 could be suggested as effective 

amendment to improve the yield of faba bean in strongly acid soils of the study area.However, 

the work should be confirmed with different strains of rhizobia over years.  

 

Key words: Grain yield, lime, organic amendment, biofertilizer, inoculation, mineral P   
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5.1. INTRODUCTION 

 

Faba bean (Vicia faba L.) is an important highland pulse crop of Ethiopia, which covered 

520,519 ha of the cultivated land with annual production of 6,886,670 quintals and a 

productivity of 1323 kg ha
-1

 (CSA, 2008). The crop takes the largest share of the area under 

pulses production. It is a crop of manifold merits in the economy of the farming communities 

in the highlands of Ethiopia and serves as a source of food and feed (Tekle et al., 2016).  It is 

one of the legumes being integrated into the smallholder farming systems to improve soil 

fertility through atmospheric dinitrogen (N2) fixation, and serve as cheap source of protein. 

However, the yield in the country in general and in the study area in particular is still low, 

which is below the world average where faba bean yield is 1700 kg ha
-1

 (Akibode and 

Maredia, 2011). Degife and Kiya (2016) reported that the highest yield of different faba bean 

varieties was around 1028 kg ha
-1

 in acid soils of Chencha district. Several factors account for 

the low productivity of faba bean, of which soil acidity and fertility decline, frequent disease 

occurrence, parasitic weeds and lack of high yielding varieties could be mentioned (Amanuel 

et al., 2000; Getachew and Rezene, 2006). 

 

Soil acidity and associated low nutrient availability is one of the major constraints to faba 

bean (Vicia faba L.) production on Ethiopian highlands. Under such acid soils, severe 

chemical imbalance caused by toxic levels of exchangeable aluminum (Al), manganese (Mn), 

and hydrogen (H) ions coupled with a parallel critical deficiency in available nitrogen (N), 

phosphorus (P), potassium (K), calcium (Ca), magnesium (Mg), zinc (Zn), and molybdenum 

(Mo) limit the growth and production of legumes (Fageria, 2002).  

 

Low diversity of Rhizobium leguminosarum has been reported in acid soils compared to limed 

soils (Andrade et al., 2002; Lapinskas, 2006). Thus limited persistence of rhizobium in the 

soil can depress nodulation and growth of faba bean in acid soils (Ouertatani et al., 2011). 

Similarly, Kellman (2008) reported abundance of rhizobium in soil and on plant roots is 

reduced due to soil acidity which directly inhibited colonization and nodulation. High 

concentration of Al
3+

 inhibits root infection with rhizobium and nodule initiation even in the 

presence of sufficient number of rhizobium (Bationo et al., 2011). 
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Soil acidity, either natural or developed by human activity, has serious negative effects on the 

sustainability of annual crop production in various parts of the world. Soil acidity 

management and crop productivity improvement is therefore important for enhancing food 

provision globally and regionally.  

 

The adoption of management practices involving integrated application of lime and OM of 

animal and plant origin increase the quality of soils, by reducing acidity and improving soil 

chemical and physical properties (Fageria and Baligar 2008), serves as a source of nutrients, 

maintains soil moisture, and neutralizes toxic Al (Souza et al., 2010). Research has shown 

that application of FYM or compost has significant impact on the chemical, physical and 

biological properties of the soil. Most of these effects are due to an increase in soil OM (Liang 

et al., 2011; Bakayoko et al., 2009). Manure is an excellent source of major plant nutrients 

such as N, P and K, and also provides many of the secondary nutrients that plants require. 

Manure also has a liming effect, which neutralizes the acid characteristic of most smallholder 

soils (Nzuma et al., 1998). This could in turn provide favorable conditions for rhizobium 

survival. Changes observed in soil physical properties include increased infiltration (Risse et 

al., 2008), water holding capacity (Liang et al., 2011; Salahin et al., 2011) and reduced 

compaction and erosion (Salahin et al., 2011). The use of composts has been recognized 

generally as an effective means for improving soil aggregation, structure and fertility, 

increasing microbial diversity and populations, improving the moisture-holding capacity of 

soils, increasing the soil cation exchange capacity (CEC) and increasing crop yields (Zink and 

Allen, 1998). The improvement in the nodulation, growth and yield characters of faba bean 

and other legumes from organic amendments have been reported by different researchers 

(Singh, 2005; Chinthapalli et al., 2015; Tadele et al., 2016). 

 

Moreover, application of lime tends to raise the soil pH by displacement of H
+
, Fe

2+
, Al

3+ 
and 

Mn
4+

 ions from soil adsorption site (Onwonga et al., 2010). More than increasing soil pH, it 

also supplies significant amounts of Ca and Mg, depending on the type. Indirect effects of 

lime include increased availability of P, Mo and B, and more favorable conditions for 

microbially mediated reactions such as N2 fixation and nitrification, and in some cases 

improved soil structure (Crawford et al., 2008). Liming significantly influenced all the growth 
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parameters and nodulation of faba bean (Ouertatani et al., 2011). Lime application to common 

bean resulted in 40% greater shoot yield and 18% greater root dry weight and improved 

nodule plant weight by 110% (Buerkert et al., 1990). Liming also increased root growth, 

nodulation, herbage yield and protein content of lucerne (Sing and Rex, 2003).  

 

Phosphorus nutrition plays important role in legumes and symbiotic N2 fixation. The 

formation of seeds and fruits is especially depressed in plants suffering from P deficiency. 

Thus, not only yields but also poor-quality seeds and fruits are obtained from P-deficient soils 

(Fageria, 2009). It has been reported that faba bean requires high P for energy expenditure in 

nodule formation (Kopke and Nemecek, 2010).  

 

Several researchers (Ghizaw et al., 1999; Asgelil, 2000; Getachew et al., 2005; Getachew and 

Rezene, 2006; Getachew and Chilot, 2009; Abebe and Tolera, 2014; Tekle et al., 2016) have 

conducted studies on soil fertility management of faba bean in different areas of Ethiopia. 

Most of the reports revealed significant improvements on the yield of faba bean due to 

chemical fertilizers and manure applications. However, the integrated effects of lime, organic, 

inorganic and biofertilizers on the growth and yield of faba bean remains less investigated.  

 

Farmers in Lay Gayint district have access to FYM and compost, though there is strong 

competition of these organic amendments for fuel. On the other hand, the cost of mineral 

fertilizers and lime is getting high, beyond their purchasing capacity. Therefore, the 

contributions of these locally available amendments integrated with inorganic and 

biofertilizers on faba bean yield need investigation. Consequently, this study aimed at 

evaluating the effects of lime, mineral P, FYM, compost, and Rhizobium legaminosurum and 

their combination on faba bean yields in acid soil of Lay Gayint district, northwestern 

Highlands of Ethiopia. 
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5.2. MATERIALS AND METHODS 

 

5.2.1. Description of the Study Area  

 

The study was conducted at Lay Gayint district of South Gondar Zone of the Amhara 

National Regional State (ANRS), Ethiopia (Figure 1.1). It is located at about 175 km north 

east of Bahir Dar, along the Woreta-Woldia highway. The district lies within the geographical 

grid coordinates of 11°32‟-12°16‟ N and 38°12‟-38°19‟ E, and covers an estimated area of 

1548 km
2
. It is one of the districts of the ANRS where food insecurity is a chronic problem 

for the majority of the rural population. 

 

Altitude of Lay Gayint district varies between 1500 and 4231 meters above sea level (masl). 

The area is characterized by plain (10%), undulating (70%), mountainous (15%) and gorges 

and valleys (5%) topographic features. The major land use patterns of the study area comprise 

cultivated land (44.32%), grazing land (14.31%), forest/bush land (5.26%), water body 

(2.38%) infrastructure and settlement (5.92%), and unproductive land (28.44%). Agro-

ecologically, the district is divided into four elevation and temperature zones, namely: 

lowland (kolla) (12.5%), midland (woina-dega) (39.42%), highland (dega) (45.39%), and 

wurch (very cold or alpine) (2.71%) (Addisu and Menberu, 2015).  

 

Based on a 20 years climate data (1997-2016) obtained from Ethiopian National 

Meteorological Service Agency (ENMSA, 2017), Lay Gayint district receives a mean annual 

rainfall of 1020 mm. The main rainy season occurs between June and September which 

represents the long rainy season (meher) and the small rainy season (belg) occurs between 

March and May. The mean minimum and maximum air temperature of the district are 6.9 and 

21.9 ⁰C, respectively (Figure 1.2).  

 

Geologically, the study area is covered with loosely compacted tuff, boulders tuffs and normal 

light, fine grained tuff, and basalts of varying texture which changes laterally to pyroclasts 

erupted during Cenozoic Tertiary and mid to late Tertiary period in the Pliocene (Adise, 



116 

 

 

2006). The majority of the soils in Lay Gayint district include Cambisols, Luvisols, Leptosols, 

and Regosols (FAO, 1981).  

 

Most of the people in the district are engaged in mixed agriculture (crop cultivation and 

livestock rearing). Crop production is entirely rain-fed, except in very specific and small areas 

where vegetables are cultivated using traditional and small-scale irrigation. The most 

commonly produced crops in the study area are annual crops such as, Triticum aestivum L., 

Eragrostis tef (Zuccagni), Zea mays L., Sorghum bicolor L., Hordeum vulgare L., Cicer 

arietinum L., Vicia faba L., Phaseolus vulgaris L., and Solanum tuberosum L (Addisu and 

Menberu, 2015). 

 

5.2.2. Soil Sampling and Samples Preparation  

 

Surface soil samples of the experimental field at Lay Gayint district, with pH less than 5.5 

measured at field condition using portable pH meter, were collected using auger at 0 to 20 cm 

soil depth. The collected soil samples were bulked to make a composite sample. The soil 

samples were air dried, crushed and made to pass through a 2 mm sieve size for the analysis 

of soil pH, texture, available P, exchangeable bases, exchangeable acidity and CEC whereas, 

for analysis of OC and total N, samples were made to pass through 0.5 mm sieve size.  

 

5.2.3. Determination of Soil Physical and Chemical Properties 

 

Soil texture was determined using Bouyoucos hydrometer method (Day, 1965). Bulk density 

(BD) was determined on the undisturbed soil sample using the core method, in which the 

samples were dried in an oven set at 105 
o
C to constant weight (Baruah and Barthakur, 1997). 

The oven dried weight was divided by the volume of the soil core to get the bulk density 

value. 

 

The pH of the soil was measured potentiometrically in the supernatant suspension of a 1:2.5 

soil to water ratio using a pH meter as described by Chopra and Kanwar (1976). Organic 

carbon was determined using the wet oxidation method (Walkley and Black, 1934) where the 
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carbon was oxidized under standard conditions with potassium dichromate (K2Cr2O7) in 

sulfuric acid (H2SO4) solution. Total N was determined by the Kjeldahl method (Jackson, 

1967) while available P was extracted using the sodium bicarbonate solution following the 

procedure described by Olsen et al. (1954).  

 

The exchangeable cations (Ca, Mg, K and Na) were extracted with 1 M ammonium acetate 

(NH4OAc) solution at pH 7.0 (Jackson, 1967). Exchangeable Ca and Mg in the leachate were 

determined by atomic absorption spectrophotometer (AAS) while exchangeable K and Na 

were determined by flame photometry (Rowell, 1994). The potential cation exchange capacity 

(CEC) of the soil was determined from the NH4
+
 saturated samples that were subsequently 

replaced by K
+
 using KCl solution. The excess salt was removed by washing with ethanol and 

the NH4
+
 that was displaced by K

+
 was measured using the micro-Kjeldahl procedure 

(Chapman, 1965) and reported as CEC. Total exchangeable acidity was determined by 

saturating the soil samples with 1 M KCl solution and was titrated with 0.02 M NaOH as 

described by Rowell (1994). From the same extract, exchangeable Al in the soil samples was 

determined by application of 1 M NaF which formed a complex with Al and released NaOH 

and then NaOH was back titrated with a standard solution of 0.02 M HCl (Sahlemedhin and 

Taye, 2000). 

 

5.2.4. Manure, Compost, and Liming Material Analysis, and Lime Requirement 

Determination   

 

Manure and compost pH was measured in water (soil: solution ratio of 1:5) using a pH meter 

with a glass and reference calomel electrode after the suspensions was shaken for 30 minutes 

and allowed to stand for 1 hour. Total N content was determined by Kjedahl method as 

described by Jackson (1967). The organic carbon was determined by wet oxidation method 

through chromic acid digestion (Walkley and Black, 1934). Total P, K, Ca and Mg were 

determined following wet digestion with H2O2/H2SO4 (Okalebo et al., 2002). Total Ca, Mg, K 

and Na were determined by AAS and P measured as described by Murphy and Riley (1962). 

The calcium carbonate equivalent (CCE) of the Dejen lime was determined by (Issam and 



118 

 

 

Antoine, 2007). Lime requirement (LR) of the soil was determined by Shoemaker, McLean 

and Pratt (SMP) single buffer procedure (Shoemaker, 1961).  

 

5.2.5. Experimental Design Treatments and Procedures  

 

The experiment comprised of 20 treatments tested in the greenhouse of experiment III with 

various combinations of lime, mineral P, FYM compost, and rhizobium (Table 5.1). These 

treatments were assigned to each plot of 2.4 m x 4 m in RCBD with three replications. Gross 

plot size consisted of 12 rows of faba bean spaced at 40 cm of 4 m length. The net plot size 

was 1.6 m x 3.2 m leaving one outer most row on both sides of each plot and 0.4 m row 

length at both ends of rows as borders. The land was plowed two times before planting by 

using oxen drawn implements. Lime (CaCO3), FYM and compost were applied thoroughly 

and evenly distributed to the plots and worked into the soil forty days before sowing the seed 

of faba bean where as P was applied at planting.  

 

Faba bean (Vicia faba L.) variety Kasech which was used as a test crop was collected from 

the Adet Agricultural Research Center (AARC). Rhizobium leguminosarum biovar. viciae 

strain EAL-110, was used as inoculant. It was obtained from the Menagesha Biotech Industry 

(MBI), Addis Ababa, Ethiopia. Faba bean seeds were inoculated at the time of sowing with a 

powder containing an equivalent of 10
8
 viable bacteria cells g powder

-1
. Faba bean seeds were 

sown at a rate of 200 kg ha
-1

 during the mid of June, 2016. The necessary field management 

practices were carried out as per the practices followed by the farming community around the 

area. 

 

5.2.6. Data Collected  

 

At harvest, ten plants were taken at random from the center to estimate: plant height (cm), 

number of branches and leaves per plant, pod length (cm), number of pods per plant, grain per 

pod (g), thousand seeds weight (g). Total above ground biomass yield was determined by 

weighing after complete sun drying at harvest from the net plot of 5.12 m
2
 and converted into 

kilogram per hectare. Grain yield was measured by threshing the dried plants from the net plot 
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area and adjusted to 12.5% seed moisture content and straw yield was determined as the 

difference between the total above ground biomass (straw plus grain) and the grain yield of 

the respective treatments.  

 

Nodule number and dry weight per plant were assessed from each treatment. The root of faba 

bean plant was uprooted using a hand fork, and washed by tap water. Nodules remaining in 

the soil were picked by hand. Nodules attached to each plant root were also removed and 

separately spread on a sieve for some minutes until the water drained from the surface of the 

nodule. Finally, the average number of nodules per plant
 
was recorded for each treatment. 

After the nodules were oven dried to 65 °C for 48 hrs, the average nodule weight per plant 

was measured for each treatment as described by Delić et al.(2010). 

 

Table 5.1. List of treatments for field experiment 

 Treatments  Descriptions  

 Control  No lime, FYM, P, compost, and rhizobium 

 Compost only  8 t compost ha-1 

 FYM only 8 t FYM ha-1 
 P only 30 kg P ha-1 

 Lime only 7.2 t ha-1 lime 

 P + Lime R 30 kg P ha-1 + 7.2 t lime ha-1  

 Compost + ½ Lime  8 t compost ha-1 + 3.6 t lime ha-1  

 FYM + ½ Lime 8 t FYM ha-1 + 3.6 t lime ha-1  

 P + ½ Lime 30 kg P ha-1 + 3.6 t lime ha-1  

 Compost + P + ½ lime 8 t compost ha-1 + 30 kg P ha-1 + 3.6 t lime ha-1  

 FYM + P + ½ lime 8 t FYM ha-1 + 30 kg P ha-1 + 3.6 t lime ha-1  

 ½ compost + ½ P + lime R 4 t compost ha-1 + 15 kg P ha-1 + 7.2 t lime ha-1  

 ½ FYM + ½ P + lime R 4 t FYM ha-1 + 15 kg P ha-1 + 7.2 t lime ha-1  

 ½ compost + ½ P + ½ Lime  4 t ha-1 compost + 15 kg P t P ha-1 + 3.6 t lime ha-1 
 ½ FYM+ ½ P + ½ Lime  4 t ha-1 compost + 15 kg P t P ha-1 + 3.6 t lime ha-1 

 P +  Lime + Rhizobium 30 kg P ha-1 + 7.2 t lime ha-1 + Rhizobium 

 Compost + P + ½ lime + Rhizobium 8 t ha
-1 

compost  + 30 kg P ha
-1 

+ 3.6 t lime ha
-1

 + Rhizobium 

 FYM + P + ½ lime + Rhizobium 8 t FYM ha-1 + 30 kg P ha-1 + 3.6 t lime ha-1 + Rhizobium 

 ½ P + ½ FYM + ½ Lime + Rhizobium 15 kg P ha-1 + 4 t FYM ha-1 + 3.6 t lime ha-1 + Rhizobium 

 Rhizobium only  
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5.2.7. Statistical Analysis 

 

The data obtained was subjected to analysis of variance (ANOVA) that are appropriate to 

experimental design as described by Gomez and Gomez (1984) by using the generalized 

linear model (GLM) procedure of statistical analysis system (SAS) software package version 

9.1 (SAS Institute, 2004). Duncan‟s Multiple Range Test (DMRT) was employed to test the 

significant difference between treatment means. 
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5.3. RESULTS AND DISCUSSION 

 

5.3.1. Soil Fertility Status Prior to Experiment and Quality of Organic Amendments 

 

Following the USDA (USDA, 1987) soil textural class triangle, the soil is clay in texture and 

the clay separate is the dominant one (Table 5.2).  The soil bulk density value was below the 

critical value of 1.4 cm
-3

 for a clay texture to restrict root growth (Hazelton and Murphy, 

2007). The soil was strongly acid in reaction (Hazelton and Murphy, 2007). The exchangeable 

soil acidity and exchangeable Al
3+ 

were 3.84 and 1.52 cmolc kg
-1

 soil, respectively. Baquy et 

al. (2017) suggested that the critical level of exchangeable Al
3+

 concentration ranged from 

0.56-1.72 cmolc kg
-1

 depending on the type of crops and soils. Under such soil acidity 

environment, crop growth is adversely affected due to the toxicity of Al on plant roots, 

reduced availability P, and microbial activity such as atmospheric N2 fixation, and OM 

decomposition (Kisinyo et al., 2014). The available P falls within the low range (6-10 mg kg
-

1
) for clay soils (Jones, 2003), and therefore, indicates the need for applying supplemental P in 

these soils. Exchangeable Ca
2+

 and K
+
 were in the range of medium, while exchangeable 

Mg
2+

 and Na
+
 were in the range of high and low, respectively in the soil (FAO, 2006).  

 

Table 5.2. Selected physical and chemical properties of the experimental soil 

 
Parameter Value 

Sand (%) 22 

Silt (%) 31 
Clay (%) 47 

Textural class clay 

Bulk density (g cm
-3

) 1.25 
pH (H2O) 5.1 

Exchangeable Ca
2+

 (cmolc kg
-1

) 8.18 

Exchangeable Mg
2+

 (cmolc kg
-1

) 3.40 
Exchangeable K

+
 (cmolc kg

-1
) 0.41 

Exchangeable Na
+
 (cmolc kg

-1
) 0.18 

Cation exchange capacity (cmolc kg
-1

) 35.2 

Exchangeable acidity (cmolc kg
-1

) 3.84 
Exchangeable Al

3+
 (cmolc kg

-1
) 1.52 

Organic C (%) 1.41 

Total N (%) 0.11 
Olsen P (mg kg

-1
) 6.24 
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The moderate range of exchangeable K
+
 indicates that supplemental K fertilization is required 

based on the types and varieties of crops grown in the area. The soils at the experimental site 

had low organic C (0.5-1.5%), and medium total N (0.05-0.12%) (Tekalign, 1991). The result 

of LR determination indicates that the amount of lime required to raise the pH of the soils to 

the target pH value, which was 5.5, was 7.2 t CaCO3 ha
-1

. Since the soil has high clay content 

and CEC and thus high buffering capacity, high amount of lime was required to alleviate 

acidity and increase the productivity of acid sensitive crops. Analysis of manure and compost 

is indicated in Table 5.3.  

 

Table 5.3. Some chemical characteristics of FYM and compost  

 
Amendment pH-H2O 

(1:5) 
 N C P  Ca    Mg K Na  

 ----------------------------(%)---------------------------- 

Farmyard manure 7.5  0.98 10.62 0.36 1.47 0.62 1.77 0.11  

Compost  7.4  0.81 16.40 0.32 1.39 0.56 1.70 0.13  

 

5.3.2. Effects of Amendments on Growth Characteristics of Faba Bean 

 

The results of the study indicated that combined application of organic and inorganic 

amendments significantly (P < 0.05) increased plant height, number of branches and leaves 

per plant and pod length over the control and the magnitude varied with treatments (Table 

5.4).  Application of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.2 t lime ha
-1

 showed maximum number 

of branches and leaves per plant, and pod length of faba bean (Table 5.4). Among the sole 

treatments, addition of 8 t FYM ha
-1 

was significantly superior in bringing about improved 

growth parameters of faba bean in acid soil. On the other hand, these growth attributes were 

found to be the lowest with sole P application at 30 kg P ha
-1.  

 

The observed increased growth characteristics of faba bean could be due to the incorporation 

of FYM, which supply favorable chemical, physical, and biological soil environment in the 

growth medium. Endalkachew et al. (2017) indicated that soil pH and exchangeable bases 

were increased, while exchangeable acidity and Al were reduced due to FYM application. The 

release of N through decomposition of FYM augmented with biological N2 fixation by the 

host crop itself favored the growth in height, leaves, and pod length of faba bean. Integration 
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of lime further played significant role in reducing soil acidity and Al toxicity, and thereby 

increasing the availability of the applied P and other nutrients in the soil. The availability of P 

in turn might hasten root growth to explore wider volume of soil and absorb water and 

nutrients that increased the above ground biomass of faba bean. The lowest growth indicated 

with sole P application could be due to P fixation in acid soil.  

 

Table 5.4. Effects of rhizobium, organic and inorganic amendments on growth parameters  

 
Treatments  Plant  

Height (cm) 
Number of  
branches plant

-1
 

Number of 
leaves plant

-1
 

Pod  
Length(cm) 

Control  44.2ij 8.1f 24.8f 3.1m 

8 t compost ha
-1 

 44.2ij 10.6ef 51.0e 4.2j 

8 t FYM ha
-1 

 75.7c-f 13.5cde 62.5b-e 4.2j 
30 kg P ha

-1 
 33.7j 7.3f 18.5f 3.5l 

7.2 t lime ha
-1
  41.6fgh 12.7de 59.5de 3.8k 

30 kg P ha
-1 

+ 7.2 t lime ha
-1

  59.9f-h 15.2bcd 66.4a-e 5.5g 
8 t compost ha

-1 
+ 3.6 t lime ha

-1
  74.3c-f 15.5a-d 69.1a-d 5.0i 

8 t FYM ha
-1 

+ 3.6 t lime ha
-1

  80.8cd 16.8abc 78.5abc 6.4c 

30 kg P ha
-1 

+ 3.6 t lime ha
-1

  64.5d-h 15.8a-d 71.5a-d 5.6f 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1
  77.4cde 17.6abc 77.0a-d 5.6f 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1

  99.8a 19.5a 84.6a 7.0a 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 7.2 t lime ha
-1

  72.8c-g 15.2bcd 70.5a-d 5.6f 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 7.2 t lime ha
-1

  70.5c-g 17.9ab 73.2a-d 6.0e 
4 t FYM ha

-1 
+ 15 kg P ha

-1
 + 3.6 t lime ha

-
 74.8c-f 16.3a-d 75.0a-d 6.2d 

4 t compost ha
-1 

+15 kg P ha
-1

 +  3.6 t lime ha
-1

  84.0bc 17.1abc 78.7abc 6.6b 

30 kg P ha
-1

 + 7.2 t ha
-1

 lime + Rhizobium 79.0cde 17.0abc 75.9a-d 6.0e 
8 t ha

-1 
compost + 30 kg ha

-1 
P + 3.6 t ha

-1
 lime 

+ Rhizobium 

75.1c-f 17.9ab 80.4ab 5.4h 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 3.6 t ha
-1

 lime + 

Rhizobium 

96.0ab 17.4abc 79.7abc 6.6b 

15 kg ha
-1 

P + 4 t FYM ha
-1 

+ 3.6 t lime ha
-1

 + 

Rhizobium 

57.5ghi 16.0a-d 70.5a-d 5.4h 

Rhizobium only  54.1hi 14.6bcd 61.8cde 3.1m 

CV (%) 12.7 13.5 13.8 0.9 

Means within a column followed by the same letter are not significantly different at P ≥ 0.05; CV = 

coefficient of variation 

 

 Getachew and Chilot (2009) reported increase in plant height of faba bean due to FYM and P 

application at Holetta. In the same way, number of branches and leaves of faba bean were 

increased due to combination of FYM and rhizobium (Mohamed and Gomaa, 2005; Singh, 

2005). Consistent with this finding, Chinthapalli et al. (2015) indicated that application of 

cow dung at 15 t ha
-1

 showed significant growth over the inorganic fertilizer urea and 
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potassium chloride in terms of germination percentage, fresh weight and dry weight, plant 

height, shoot length, root length as well as number of leaves in faba Bean (Vicia faba L.) and 

pea plants at Arbaminch. 

 

5.3.3. Effects of Amendments on Yield Characteristics of Faba Bean 

 

The yield parameters such as grain per pod, grain yield, straw yield, biological yield, and 

thousand grain weight were found to be significantly (P < 0.05) influenced with the 

application of combined organic and inorganic treatments (Appendix Table 3). Application of 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1

 increased number of pod per plant from 3.4 to 

9.2, straw yield from 1037 to 2904 kg ha
-1

, and biological yield from 1910 to 4431 kg ha
-1

 

(Table 5.5). The other treatment having 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 7.2 t lime ha
-1

 increased 

grain per pod from 2.0 to 3.6, grain yield from 873 to 1769 kg ha
-1

, and thousand grain weight 

from 357 to 650 g. This combination marked 102% grain yield advantage over the control. 

The result implied that reducing the rates of FYM and P by half and increasing the rate of 

lime from half to full in the treatment combinations caused the highest grain yield increase 

over the control. The next higher grain yield of 89% was achieved with 4 t FYM ha
-1 

+ 15 kg 

P ha
-1

 + 3.6 t lime ha
-1

.  

 

With regard to sole treatment applications, 8 t FYM ha
-1 

applied to the soil improved the yield 

traits, while lower yields were obtained from sole P. The effect of 8 t FYM ha
-1 

+ 30 kg P ha
-1

 

+ 3.6 t lime ha
-1 

to show increased growth in height, branches and leaves was not reflected in 

the grain yield of the crop. Although more number of pods per plant were observed, the seeds 

filled in the pod were less in number and weight indicating that application of  4 t FYM ha
-1 

 

combined with 15 kg P ha
-1

 were sufficient to give better grain yield provided that the soil is 

limed with 3.6 t lime ha
-1

. Among sole treatments applied, FYM was significantly higher in 

grain yield (Table 5.). 

 

The importance of P nutrition in increasing dry matter production was noticed in soils treated 

with lime and FYM. Getachew and Chilot (2009) revealed that FYM and P fertilizer had a 

highly significant effect on plant height, number of pods per plant, total biomass and seed 
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yield of faba bean in acid soil. A similar result was reported by Getachew et al. (2005) 

indicating that number of seeds per pod and thousand seed weight also significantly 

responded to FYM and P fertilizer applications. Likewise, Mekki (2016) reported that pods 

and seed yields per plant were increased significantly with applying chemical + biofertilizer + 

organic as one treatment which produced the highest pods and seed yields per plant of faba 

bean.  

 

Table 5.5. Effects of rhizobium, organic and inorganic amendments on yield parameters  

 
Treatments  Pod per 

plant 

Grain per 

pod 

TBY 

( kg ha
-1

) 

Grain yield  

(kg ha
-1
) 

Straw yield  

(kg ha
-1

) 

TSW 

 (g) 

Control  3.4gh 2.0c 1910f 873i 1037de 357h 
8 t compost ha

-1 
 4.2e-h 2.0c 2653ef 985gh 1668cd 437fgh 

8 t FYM ha
-1 

 4.6e-h 2.3bc 3072de 1223fgh 1849bcd 515c-f 

30 kg P ha
-1 

 2.6h 1.0d 1770f 843i 927e 402gh 

7.2 t lime ha
-1
  4.1fgh 2.3bc 2930de 1153efg 1777cd 465efg 

30 kg P ha
-1 

+ 7.2 t lime ha
-1

  7.2a-d 3.3ab 3492a-d 1457b-e 2035bc 562a-d 

8 t compost ha
-1 

+ 3.6 t lime ha
-1

  5.7d-g 3.0abc 3170cde 1447 b-e 1723bcd 502def 

8 t FYM ha
-1 

+ 3.6 t lime ha
-1

  8.4abc 3.0abc 3651a-d 1384cde 2267abc 543b-e 
30 kg P ha

-1 
+ 3.6 t lime ha

-1
  4.4e-h 3.3ab 3290 b-e 1283def 2007bc 507def 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 

3.6 t lime ha
-1
  

7.7a-d 3.0abc 3597a-d 1402cde 2195abc 562a-d 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 

t lime ha
-1

  

9.2a 3.0abc 4431a 1625abc  2904a 631ab 

4 t compost ha
-1 

+ 15 kg P ha
-1

 + 

7.2 t lime ha
-1
  

8.6abc 3.0abc 3439b-e 1404cde 2035bc 563a-d 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 

7.2 t lime ha
-1
  

8.1a-d 3.6a 4088abc 1769a 2319abc 650a 

4 t FYM ha
-1 

+15 kg P ha
-1 

 + 3.6 
t lime ha

-1
 

8.9ab 3.6a 3860a-d 1648ab 2212abc 642a 

4 t compost ha
-1 

+15 kg P ha
-1

 +  

3.6 t lime ha
-1
  

8.9ab 3.0abc 3162cde 1421b-e 1741bcd 561a-d 

30 kg P ha
-1

 + 7.2 t ha
-1

 lime + 
Rhizobium 

6.6b-e 3.3ab 3375b-e 1418 b-e 1957bc 584a-d 

8 t ha
-1 

compost + 30 kg ha
-1 

P + 

3.6 t ha
-1
 lime + Rhizobium 

7.3a-d 3.3ab 3404b-e 1386cde 2018bc 603abc 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 

3.6 t ha
-1
 lime + Rhizobium 

8.7ab 3.3ab 4165ab 1526bcd 2540ab 619ab 

4 t FYM ha
-1 

+15 kg ha
-1 

P  + 3.6 
t lime ha

-1
 + Rhizobium 

4.3e-h 3.3ab 3375 b-e 1421b-e 1954cd 590a-d 

Rhizobium only  3.6gh 2.3bc 2641ef 1044ghi 1597cde 431fgh 

CV (%) 20.6 19.4 15.5 9.4 21.1 8.6 

Means within a column followed by the same letter are not significantly different at P ≥ 0.05; CV = 
coefficient of variation; TBY= total biological yield; TSW= thousand seed weight 
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Manisha et al. (2007) revealed that the integrated application of organic wastes and chemical 

fertilizer in conjunction with lime significantly improved the yield and quality of peanut. 

Application of FYM was superior to NPK application, while further liming showed the 

maximum increase in plant height, pod length and pod number per plant of pea in acid soil 

over the control (Negi et al., 2004).  Combined application of rhizobium inoculation, 15 t 

FYM ha
-1

, 20 kg N ha
-1 

and 23 P kg ha
-1 

resulted in significant increment in shoot and root dry 

weights, pod and straw yields of groundnuts (Sulfab et al., 2011).  

 

The decomposition and the resultant nutrient release from FYM, the increase in soil pH due to 

lime together with P nutrition contributed for the increase in grain, straw and biological yields 

of faba bean.  Hellal et al. (2014) explained that these increases in yield and its components as 

a result of application of the FYM may be attributed to the release of micro and macro 

nutrients, which might enhance the activity of photosynthesis and protein synthesis in the 

leaves that in turn reflected positively on faba bean yield attributes. The significant effect of P 

with FYM may be due to the fact that organic anions and hydroxy acids liberated during 

organic matter decay have immobilized Fe and Al through complexation or chelation and 

thereby prevented phosphate ions from reacting with Fe and Al (Venkatesh et al., 2002).  

 

Jasim and Mhanna (2014) also mentioned in their study that the amount of nutrients released 

from degrading the OM increase cells activity and size. These inturn increase the components 

of yield such as pod number, and seeds per pod and thus seed yield of faba bean.  

 

The growth and yield responses to adding lime in the combination are attributed to the 

decrease in exchangeable Al
3+

 content and to an increase exchangeable Ca
2+

, and stimulated P 

nutrition and increased the P content in the tissue of faba bean (Ouertatani et al., 2011). In the 

same way, Ayodele and Shittu (2014) suggested that manure enhanced maize response to lime 

and fertilizer application through the improvement in soil pH, available P and exchangeable 

Ca and Mg, and reduction in Al, Fe and Mn. The presence of P in the combination could 

contribute for the growth and yield increase. These increase in yield may be due to the 

physiological role of P on the meristematic activity of plant tissues and consequently 

increasing plant growth. Phosphorus also functions as a part of enzyme system, having a vital 
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role the synthesis of other foods from carbohydrate (Ahmed and El-Abagy, 2007). The lack of 

significant yield response due to inoculation is attributed mainly to the presence of native 

effective strains of rhizobium in the soil, which could be activated when pH is improved 

(Damascene, 2014). The lower yield obtained due to only P may be attributed to the acidity of 

the soil that renders P unavailable through P fixation. 

 

5.3.4. Effects of Amendments on Nodule Characteristics of Faba Bean 

 

Nodule number and nodule dry weight were significantly (P < 0.05) affected with the 

application of organic and inorganic treatments over the control. The highest nodule number 

and dry weight per plant were obtained from the application of 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 

7.2 t lime ha
-1

 (Table 5.6). Considering sole treatment application, maximum number of 

nodules and nodule dry weight per plant were recorded due to the application of 8 t FYM ha
-1

, 

followed by 7.2 t lime ha
-1

 while the lowest was from sole P.  

 

In consent to the present finding, additional studies indicated that nodule number and weight 

of various legumes were increased due to combined P and FYM applications (Ganeshamurthy 

and Reddy, 2000; Tagoe et al., 2008; Otieno et al., 2009). The plants which were not 

inoculated with rhizobium, but treated with FYM, lime and P formed nodules with a higher 

number as compared with plants inoculated and received the same treatment. This could also 

be verified by comparing the results from sole rhizobium inoculation and sole lime 

application. The result showed that the soil contained indigenous rhizobium that could be 

activated and effective in nodule formation when the soil pH is corrected, and P is 

supplemented without inoculation.  

 

Lopetinsky et al. (2014) reported that uninoculated and inoculated faba bean plants nodulated 

equally well in clay loam soils with a pH of 6.2, suggesting the presence of adequate 

populations of effective indigenous Rhizobium leguminosarum bv. viciae for nodulation of 

untreated plants. 
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Table 5.6. Effects of rhizobium, organic and inorganic amendments on nodule characteristics 

of faba bean 

 

Treatments  Nodule dry weight 

(mg plant
-1
) 

Nodule number  

plant
-1

 

Control  21h 34g 
8 t compost ha

-1 
 34gh 44f 

8 t FYM ha
-1 

 45fg 58e 

30 kg P ha
-1 

 20i 31g 

7.2 t lime ha
-1
  44fg 58e 

30 kg P ha
-1 

+ 7.2 t lime ha
-1

  63c 81bc 

8 t compost ha
-1 

+ 3.6 t lime ha
-1

  47ef 64de 

8 t FYM ha
-1 

+ 3.6 t lime ha
-1

  58cde 73cd 
30 kg P ha

-1 
+ 3.6 t lime ha

-1
  49def 64de 

8 t compost ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1
  69abc 82bc 

8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t lime ha
-1

  67bc 84bc 
4 t compost ha

-1 
+ 15 kg P ha

-1
 + 7.2 t lime ha

-1
  64c 77bc 

4 t FYM ha
-1 

+ 15 kg P ha
-1

 + 7.2 t lime ha
-1

  80a 95a 

15 kg P ha
-1

 + 4 t FYM ha
-1 

+ 3.6 t lime ha
-1

  78ab 88ab 

15 kg P ha
-1

 + 4 t compost ha
-1 

+ 3.6 t lime ha
-1

 60bcd 75c 
30 kg P ha

-1
 + 7.2 t ha

-1
 lime +Rhizobium 64c 78bc 

8 t ha
-1 

compost + 30 kg ha
-1 

P + 3.6 t ha
-1

 lime + Rhizobium 65c 78bc 

8 t ha
-1 

FYM + 30 kg P ha
-1

 + 3.6 t ha
-1

 lime + Rhizobium 71abc 87ab 
15 kg ha

-1 
P + 4 t FYM ha

-1 
+ 3.6 t lime ha

-1
 + Rhizobium 61c 82bc 

Rhizobium only  29hi 40fg 

CV (%) 12.5 8.6 

Means within a column followed by the same letter are not significantly different at P ≥ 0.05; CV = 
coefficient of variation 

 

Liming reduces Al
3+

 and H
+ 

ions as it reacts with water leading to the production of OH
-
 ions, 

which react with Al
3+

 and H
+
 in the acid soil to form Al (OH)3 and H2O. The precipitation of 

Al
3+

 by lime causes the pH to increase, enhances microbial activity and nutrient availability 

(Onwonga et al., 2008). Mineral P which is readily available is involved in the high rates of 

energy transfer that must take place in nodule formation. Besides, P promotes the 

development of extensive root systems and nodule development. The addition of FYM 

supplies food for microorganism that increse their population and enhance N2 fixation 

(Crawford et al., 2008). Zengeni et al. (2006) also indicated that indigenous rhizobium 

numbers is increased with manure application, which serve as a source of C and provide a 

favorable environment for bacterial multiplication 
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5.4. CONCLUSION 

 

The production and productivity of faba bean is constrained due to soil fertility decline and 

soil acidity,  among other factors. In order to investigate the growth and yield of the crop, 

field experiment was conducted with separate and combined application of lime, mineral P, 

FYM, compost, and rhizobium on acid soil of Lay Gayint district. The growth and yield 

parameters were significantly increased due to combined treatments applied and  sole FYM.  

 

The highest values in plant height, number of branches and leaves per plant, pod number per 

plant, straw and total biological yields were obtained from the application of 8 t FYM ha
-1 

+ 

30 kg P ha
-1 

+ 3.6 t lime ha
-1

. However, 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 3.6 t lime ha
-1 

caused 

significant increase in grain per pod, grain yield and thousand seeds weight. This combination 

markedly improved nodule number and nodule dry weight per plant. The contribution of lime 

in reducing soil acidity, food and energy derived from FYM, and the role of P in nodule 

formation and overall growth of faba bean were the important effects observed from the 

combination of treatments.  

 

Generally, 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 3.6 t lime ha
-1 

could be recommended provisionally 

to reduce soil acidity and improve the productivity of faba bean in the study area. However, 

the experiment should be repeated over years including varius strains of rhzobia isolated for 

acid soils.  
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6. GENERAL SUMMARY AND CONCLUSIONS 

 

In the highlands of Ethiopia, due to intensive land use and high population pressure, the land 

is severely degraded, eroded and the nutrient status of most soils is decreasing, leading to 

diminished productive capacity of soils through changes in soil characteristics. Soil 

degradation and nutrient depletion have gradually become serious threats to agricultural 

production in these areas. Soil acidity and soil fertility decline are forms of soil degradation 

adversely affecting sustainable crop production in the Ethiopian highlands, where the rainfall 

intensity is high and crop cultivation takes place with reduced manure application and 

removal of crop residue. The occurrence of soil acidity has caused the deficiencies of 

nutrients such as P, N, Mo, and Ca with toxicities of Al, Fe and Mn. Among the major factors 

attributed to low faba bean (Vicia faba L.) production is the declining of soil fertility, 

particularly increase in soil acidity in the highlands of Ethiopia. 

 

Sustainable soil fertility and acidity management calls for the availability of soil information 

in a micro catchment level containing morphological, physical and chemical attributes of 

soils. However, soil characterization and classification works, which have been done so far, 

are limited relative to the large land mass, land form complexity and soil variability of the 

country. Therefore, this research was proposed with the general objective to investigate the 

soil physical and chemical properties and further examine the potential of soils for growth, 

yield and nodulation of faba bean under application of organic and inorganic amendments in 

Yikalo watershed, Northwestern Ethiopia.  

 

This study generally consisted of four experiments. The first experiment was done to 

characterize, classify and map soils of Yikalo subwatershed. The second experiment involved 

evaluating the effects of application of lime, mineral P, FYM, and compost application on 

selected soil chemical properties at different period of incubation of acid soils collected at 

different sites based on their pH values (pH ≤ 5.5). The third experiment dealt with the effects 

of these treatments plus rhizobium on the growth, nodulation, and N and P uptake of faba 

bean under greenhouse condition. The fourth experiment was conducted to evaluate the 

effects of these treatments on the yield of faba bean under the field conditions. 
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Yikalo subwatershed in Lay Gayint district of the Amhara Region was selected for soil 

characterization and classification. The subwatershed was delineated from digital elevation 

model and the map units were identified in the field for pedon description. Six pedons were 

opened based on slope positions. The morphological, physical and chemical characteristics of 

the soils showed variation along the topographic positions. All the pedons were very deep, 

except Pedon 1, which was moderately deep. Horizons were also well developed in the upland 

pedons. Horizon boundary in Pedons 1, and 2 were abrupt and smooth on the surface that 

changed into clear and smooth, and clear and wavy, respectively in the subsoil horizons. 

Pedon 3, and 4 had gradual and wavy surface boundary grading to clear and smooth in the 

subsurface horizons. 

 

The particle size showed inconsistency with depth. However, the clay content observed in the 

B horizons of all pedons was higher as compared to the surface horizons. In general, the soil 

textural class of Pedons 2, 3, 4, 5 and 6 was obtained as clay whereas clay loam is the soil 

textural class of surface horizon in Pedon 3. The clay content of surface horizons in all pedons 

showed increasing pattern from the upper to the toe slope positions. The soils had no problem 

of compaction and root restriction. 

 

Soils differed in reaction from very strongly acid to slightly acid. The exchangeable acidity 

decreased with depth in all the pedons except Pedon 5. The soils had medium to high total N, 

low to high OC, low available P, high to very high CEC, medium to very high exchangeable 

Ca, low to very high exchangeable Mg, and very low to low exchangeable K. Based on the 

studied morphological, physical and chemical parameters, Hyperdystric Cambisols (Humic), 

Haplic Alisols (Humic), Cambic Umbrisols (Colluvic), Haplic Luvisols (Epidystric), and 

Pellic Vertisols (Mesotrophic) were the identified soil types in Yikalo subwatershed. 

  

The greenhouse and field experiments were conducted on strongly acid soil having clay 

texture and low P but with a relatively higher CEC. The soil requires high amount of lime to 

attain optimum pH for crop production. Therefore, the treatment was designed to include 

locally available organic materials which could complement lime and provide additional 

physical, chemical and biological benefit to the health of the soil. As a result, the soil 
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collected in the field based on pH was incubated with lime, mineral P, FYM, and compost 

with separate and selected combinations for 20, 40 and 60 days. All the treatments, when 

applied as a sole or in combination, improved the selected soil properties significantly with 

the exception of few parameters. The treatments, for most of the parameters, were more 

effective when applied in combination than sole. The changes in soil properties across 

treatments varied with incubation period. The gradual mineralization of FYM and compost, 

and the resultant release of carbonates, bicarbonates, and other compounds in general, and the 

rapid dissociation of lime in the combination affect the rate of change of soil chemical 

properties observed in the study. For the sole treatments, lime was found to change the 

selected soil properties more quickly than the FYM and compost. The presence of CO3
2-

 and 

OH
- 

anions in lime neutralize the H
+
 released from the exchange sites and hydrolyze Al 

species to the soil solution. 

 

Therefore, combined application of 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 10 t lime ha
-1

 or 8 t FYM 

ha
-1

 + 30 kg P ha
-1 

+ 5 t lime ha
-1

 could be taken as a provisional recommendation for 

managing soil acidity and improving soil fertility in Lay Gayint district. Generally, 40 to 60 

days of incubation earlier to planting would allow decomposition and chemical reaction of 

lime, FYM, and compost combinations with the soil and improve soil properties. 

 

The treatments used for incubation plus rhizobium were tested for the growth and nodulation 

response of faba bean in the greenhouse. Significant increment in shoot length, number of 

leaves and branches, and shoot dry weight were obtained with 8t ha
-1 

FYM, 30 kg ha
-1 

P and 

5t ha
-1

 lime with or without rhizobium inoculation. Likewise, improved nutrient contents in 

the tissue and uptakes were observed with these treatment combinations. Increased nodule 

number and dry weight of faba bean were recorded due to application of 4 t FYM ha
-1 

+ 15 kg 

P ha
-1

 + 10 t lime ha
-1

. Significant amount of N and P was accumulated in the soil after 

removal of the crop with the addition of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 5 t lime ha
-1

. The 

results indicated that combined use of lime, FYM and P fertilizers could improve the growth 

characteristics, nodulation and nutrient uptakes of faba bean in acid soil of the study site. 

However, the contribution of rhizobium inoculation was not effective. This showed that 
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improving soil pH and application of organic and inorganic amendments could stimulate the 

existing soil rhizobium to improve the nodulation and the growth of faba bean.   

 

The last experiment was conducted in the field to evaluate the performance of the crop for the 

designed treatments in the greenhouse. The growth and yield characters were significantly 

increased due to the treatments applied except sole mineral P. The highest values in plant 

height, number of branches and leaves per plant, pod number per plant, straw and total 

biological yields were obtained from the application of 8 t FYM ha
-1 

+ 30 kg P ha
-1 

+ 3.6 t 

lime ha
-1

. However, 4 t FYM ha
-1 

+ 15 kg P ha
-1 

+ 3.6 t lime ha
-1 

caused significant increase in 

grain per pod, grain yield and thousand seeds weight. This combination markedly improved 

nodule number and nodule dry weight per plant. The contribution of lime in reducing soil 

acidity, food and energy derived from FYM, and the role of P in nodule formation and overall 

growth of faba bean were the important effects observed from the combination of treatments.  

 

In general the soil characteristics and pedon development of Yikalo subwatershed is affected 

by topographic positions. Therefore, the finding could allow the farmers to utilize the locally 

available resources such as manure and compost integrated with commercially purchased 

amendments like P and lime to grow faba bean in acid soil.  

 

However, in order to make a comprehensive recommendation and conclusion the following 

areas of research are left to be taken as future outlook. 

 

 The watershed needs to have a research based participatory land use planning to 

maximize its potential use while managing the existing land degradation problem in 

the area. 

 The effect of various composting materials, rates and method of composting on soil 

properties, growth and yield of crops should be determined to manage acid soils. 

 Characterization and isolation of the indigenous rhizobium on acid soil of faba bean 

growing areas should be conducted and effective rhizobium strain should be drawn to 

evaluate the yield of the crop.  
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 Rate of mineralization of the different organic sources and the effects and mechanisms 

of the various organic molecule fractions on soil acidity management could be another 

area of research. 

 The economic response of various crops for organic sources relative to inorganic 

amendments should be considered to increase the rate of adoption of the 

recommendation. 
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Appendix Table 1. Mean square estimates of growth and nodule parameters of faba bean in 

the greenhouse experiment 

 
Parameter  Treatment 

(19) 
Error  
(38) 

F Value Significance CV (%) 

Plant height (cm) 224.92*** 10.04 22.41 0.001 6.80 

Number of branches plant
-1

 14.88*** 1.06 14.06 0.001 10.34 

Number of leaves plant
-1

 166.49*** 7.58 21.95 0.001 12.21 
Shoot  dry weight (g plant

-1
) 1.55*** 0.47 3.30 0.001 16.99 

Total nodule number 4110.99*** 58.09 70.77 0.001 8.25 

Effective nodule number 12334.25*** 72.58 9.44 0.001 26.48 
Nodule dry weight (mg plant

-1
) 1.55 0.46 3.30 0.001 16.99 

Number in parentheses = degrees of freedom; CV = coefficient of variation; *** = significant at P ≤ 

0.001 

 

Appendix Table 2. Mean square estimates of tissue faba bean N and P concentrations and 

uptakes, and post harvest soil N and P in the greenhouse experiment 

 
Parameter  Treatment Error F Value Significance CV (%) 

Tissue N content (%) 0.76*** 0.03 23.17 0.001 5.78 
N uptake (kg ha

-1
) 2338.71*** 275.12 8.50 0.001 18.28 

Tissue P content (%) 0.002*** 0.00 32.54 0.001 5.52 

P uptake (kg ha
-1

) 7.58*** 0.87 8.68 0.001 18.79 
Soil N after harvest (%) 0.002*** 0.00 16.27 0.001 5.84 

Soil P after harvest (%) 0.33*** 0.01 39.48 0.001 4.95 

Number in parentheses = degrees of freedom; CV = coefficient of variation; *** = significant at P ≤ 

0.001 
 

Appendix Table 3. Mean square estimates of growth and nodule, yield parameters of faba 

bean in the field experiment 

 
Parameter  Treatment (19) Error (40) F Value Significance CV 

(%) 

Plant height (cm) 887.77*** 79.93 11.11 0.001 12.71 

Number of branches plant
-1

 32.79*** 4.41 7.43 0.001 13.50 
Number of leaves plant

-1
 906.37*** 84.85 10.68 0.001 13.85 

Pod length (cm) 4.00*** 0.02 1996 0.001 0.86 

Nodule number 1076.59*** 35.12 30.66 0.001 8.58 
Nodule dry weight (mg plant

-1
) 932.85*** 47.10 19.81 0.001 12.52 

Pod per plant 13.37*** 1.66 8.04 0.001 20.56 

Grain per pod 1.30*** 0.31 4.11 0.001 19.40 
Total biomass yield (kg ha

-1
) 1355768.65*** 257331.32 5.27 0.001 15.49 

Grain yield (kg ha
-1

) 186392.77*** 15881.25 11.74 0.001 9.43 

Straw yield (kg ha
-1

) 613228.16*** 167011.47 3.67 0.001 21.08 

Thousand seed weight 20682.06*** 2157.1257 9.59 0.001 8.65 

Number in parentheses = degrees of freedom; CV = coefficient of variation; *** = significant at P ≤ 

0.001 

 


