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Effects of Lime, Rhizobium and Nitrogen Fertilizer on Growth, Nodulation, Yield and 

Yield Components of Faba Bean (Vicia faba L.) Varieties on Acidic Soil in Gishe 

District, North Shewa Zone, Ethiopia 
By 

Eshetu Zenebu (BSc.), Bahir Dar University, Ethiopia 

Advisors: Asmare Melese (PhD), Debre Berhan University, Ethiopia 

   Wondwosen Tena (PhD), Debre Berhan University, Ethiopia 
 

ABSTRACT 
Low soil pH and associated poor soil fertility considered to be among the major challenges to 

faba bean production constraint in the highland of Ethiopia. The aim of the study was to 

examine and determine the effects of lime, Rhizobium inoculation and N fertilizer on growth, 

nodulation yield and yield component of two faba bean (Vicia faba L.) in the high land of 

Amhara Regional State Gihse District. Before and after harvesting nine representatives 

composite soil sample were taken at 0-20 cm and selected soil physical and chemical 

properties were determined. The experiment was arranged in randomized complete block 

design with three replications by combined application one level of lime, Rhizobium and N 

fertilizer with two faba bean varieties conducted from June to November in 2016/17 under 

rain fed conditions. The four treatments were: control (none inoculated, fertilized and limed), 

lime (6t ha
-1

) + rhizobium inoculation (LR), lime (6 t L ha
-1)

 + rhizobium inoculation (500gm 

R ha
-1

) + N fertilizer (23kgha
-1)

 (LRN) and rhizobium inoculation (R) and Walki=V1 and Dk-

70=V2 faba bean variety. Per-sowing soil chemical properties at the main cropping season in 

experimental site indicated that soil pH=5.13, exchangeable acidity=0.47 exchangeable Al= 

0.24, exchangeable H=0.23 OC =1.6 total nitrogen =0.097, available P=9.2mgP/kg and 

CEC=15.3, were recorded. This initial result indicated to needed lime requirement of6ton/ha 

one month before sowing to improve the pH value the target >5.6 and comforted for root 

nodulation, growth, yield and yield components. For all experimental plots used 46kg ha
-1

 

basal P2O5 fertilizer uniformly at sowing time. After harvesting the soil analysis result showed 

that 6 t liming markedly decreased exchangeable Al by 0.37cmol/kg, increased soil pH by 0.9 

units and increased available P by 8.27 mg/kg, CEC increased by5.1 cmol/kg. Liming 

increased soil pH and significant (p<0.001) increment of nodule number/plant, number of 

pod/plant and number of seed/pod were increased under LRN, LR, and R treatment. The 

maximum grain yield was 34.13qt /ha and minimum grain yield (28.12qt /ha) was obtained in 

control (no lime, rhizobium inoculated and N fertilizer) treatments, which has26.45, 22.64, 

and 10.75% increments on over the control. Lime application and rhizobium inoculated had 

significant effect on plant height and total biomass. Even though the higher marginal rate of 

return was recorded at sole application (rhizobium inoculated) of, combined application of 

lime (L) and rhizobium (R) are economically feasible to improve faba bean yield and yield 

components on acidic soils of the study area. Therefore, sustainable faba bean production on 

acidic soil in the central highlands of Ethiopia should involve combined applications of lime 

and biological fertilizer. 

Keywords:Lime application, rhizobium bacteria, root nodulation, soil fertility. 
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1. INTRODUCTION 

Faba bean (Vicia faba L.) is an important annual pulse crop grown in the highlands of 

Ethiopia with the altitudinal range of 1800-3000 meter above sea level (masl), where the soil 

and weather are considered to be good for better growth and development of the crops. It 

takes the largest share of the area under pulse production in Ethiopia. Currently, it occupied 

about 443,966.09 hectare of land the total pulse crop production with an annual national 

production amount of 8,389,438.97 tones with an average yield of 1893 kg ha
-1

 hectare (CSA, 

2015). Ethiopia is the first producer of faba bean in Africa and the second in the world next to 

China (Mussa and Gemechu, 2006). 

Faba bean has various characters in the economy of the farming community in Ethiopian 

highlands and serves as source of food, feed and an important and cheap source of protein, 

apart from playing significant role in maintaining soil fertility via crop rotation through 

fixation of atmospheric nitrogen into biologically useful form of NO3
- 
and NH4

+
. 

Soil degradation and nutrient depletion have gradually become serious threat to agricultural 

production in highlands of Ethiopia (Fasil and Charles, 2009). In highlands of Ethiopia, due to 

intensive land use and high population pressure, the land severely degraded, eroded and the 

essential plant nutrient leached by the presence of high rain intensity, erratic rain and the 

nutrient status of most soils is decreasing (Tessema et al., 2012). 

Consequence of acidic soil, poor crop growth and yield reduction of most legume crops are 

affected sustainable crop production adversely in the Ethiopia highland, where the rainfall 

intensity high and crop cultivation occurred without application of manure and removal of 

crop residual (Achalu et al., 2012; Asmare et al., 2014). In Ethiopia, soil acidity is one of the 

major limiting factor on cop productivity and long-term sustainability of faba bean (Getachew 

and Rezene, 2006) and soybean (Workneh et al., 2013). Reversing the situation using 

inorganic fertilizers is very low among resource-poor farmers, for whom it is prohibitively 

costly.  

Soil management in Ethiopia, particularly the soil nutrient management that helps maintains 

soil quality depends on an understanding of how soils respond to agricultural practices over 
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time. However, soil degradation is one of the challenges facing Ethiopian agriculture. One of 

the soil chemical degradation challenging the highland soils of the country is soil acidity 

which can be caused by leaching due to high rainfall and plant uptake of cations, such as 

calcium (Ca
2+

), magnesium (Mg
2+

), and to minor extent the application of acidifying 

fertilizers, such as di-ammonium phosphate(DAP) and urea (Bierman  and  Carl, 2005).  

The increasing trend of soil acidity and exchangeable Al in agricultural soil in Ethiopia 

highlands are attributed to intensive crop cultivation together with high population pressure 

and excessive rainfall that leached considerable amounts of basic cation including calcium 

(Ca), magnesium (Mg), sodium (Na), and potassium (K) (Achalu et al.,2012). Therefore, N 

fixing bacteria low population and Al toxicity often occurred simultaneously in acid soil and 

thought to be responsible for poor crop yield in acid soil.  

Soil acidity affects productivity of the soil through its effect on nutrient availability and 

toxicity by some elements like aluminum (Al) and manganese (Mn).This is because most 

plant nutrients become more limited in supply and few micronutrients become more soluble 

and toxic. These problems are predominantly tuned in humid tropical regions that have been 

highly weathered (Harter, 2002). For example, high level of acidity can cause reduction of 

root growth, poor nodule formation, nutrient availability, and stunted crop growth (Baligar 

and Fageria, 2003). In general, soil acidity affects the biological, chemical and physical 

properties of the soil, which in turn affects the sustainability of crop production.  

Lime should be applied to acidic soil in sufficient amount to create suitable soil condition for 

crop production at the most favorable economic level by increasing the soil pH and adjust soil 

physical, chemical and biological properties (Edmeades and Ridley, 2003). The addition of 

lime in sufficient amount on acidic soil helps to eliminate toxicities of Al and Mn, create 

favorable soil condition, which maximize the availability and uptake of essential plant 

nutrients including basic cation and improving the performance of the rhizobia-legume 

association (Sumner and Yamada, 2002). For example liming increases root length and lateral 

root distribution because of the increase in exchangeable Ca
2+ 

and Mg
2+

 levels and through 

improving the soil structure and aeration in the rhizosphere of legumes. Liming can 

significantly increase yield resulted from the increase in the uptake of P by plants (Buri et al., 



 

 

3 
 

2005; Crawford et al., 2008), great quantity and multiplicity of earthworms (Bishop, 2003), 

and improved organic matter decomposition and nutrient mineralization (Bradford et al., 

2002). The contribution of nitrogen fixing bacteria is key factor to increase the output of 

agricultural system and sustain long-term soil fertility in the highland area. 

Nitrogen is the most essential mineral element that required by plants in great quantities and 

the availability of the elements in soil influence growth and crop yields (Shiri-Janagard et al., 

2012). Efficient capture of nutrients from soil by roots is a critical issue for plants given that 

in many environments, nutrients have poor availability and may be deficient for optimal 

growth (Berkert et al., 2001). Whilst nutrient supply in soil often improved by the application 

fertilizers. Wide range of physic-chemical environmental parameter and seasonal factors and 

biological interactions (Salvagiotti et al., 2008) governs the availability of nutrients.  

Biological Nitrogen fixations (BNF) are becoming more attractive and substitute of inorganic 

fertilizer for resource poor farmers and economically viable, environmental friendly, 

sustainable agricultural practices and nitrogen input (Sharma et al., 2011; Bekere et al., 2012). 

The use of legumes species has great importance because it provide nitrogen to the system 

through N2 fixation and supplied nitrogen without application of inorganic fertilizer. Nitrogen 

fixing bacteria under such situations improve soil N content, in turn increased the yield of 

subsequent crops growing in such cropping system (Keros-Habtegebrial and Singh, 2006). 

However, there is a lack of experimentally tested and approved evidence about the response 

of faba bean to lime application, rhizobium inoculation and N fertilizer in the highlands of 

Amhara Regional State North Shewa Gishe District Korebtit kebele.  

Thus, the objectives of this study were 

 To evaluate the effect of lime, Rhizobium and N fertilizer on growth, nodulation, yield 

and yield  component of faba bean (Vicia faba L.) varieties under field condition 

 To determine the effect of lime, rhizobium inoculation and N fertilizer on selected soil 

physico- chemical properties 

 To assess the economic feasibility of lime, rhizobium and N fertilizer for small scale 

farmers. 
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2. LITERAURE REVIEW 

2.1. Faba Bean Production and Importance in Ethiopia 

Agriculture is the oldest practice in the world including Ethiopia. Ancient farmers started 

selecting wild plant species for their own use leading to the domestication of several 

agricultural crops. Faba bean is crop, which is one of the most vital food legumes standing in 

the world fourth after garden pea, chickpeas and lentil. It is cultivated in the temperate and 

subtropical regions of the world (Torres et al., 2006). The world’s foremost producing 

countries for faba bean are China, Ethiopia, Egypt and the United Kingdom. Ethiopia is the 

leading producer of faba bean in Africa accounting for 56% of the production (FAOSTAT, 

2014). It is one of the majority important cool-season food legumes grown in Ethiopia. 

Ethiopia is considered as the secondary center of diversity and one of the nine major agro-

geographical productions regions of faba bean (Asfaw et al., 1994). Giller (2001) reported 

that it is a worthy in protein supplement to cereals and other starchy root and tuber foods in 

the human nutrition.  

Faba bean (Vicia faba L.) is among the most important pulse crop in the highlands and mid-

highlands of Ethiopia. It was the first crop among the pulses grown in the country both in 

terms of area coverage and in terms of volume of annual production. Currently, they occupy 

about 443,107.88 hectares of land with an annual national production of 8,389,438.97 tones 

with an average yield of 1893 kg ha
-1

. Faba bean 3.53 %, of the grain crop area. The 

production obtained from faba beans, haricot beans(white), haricot beans (red) and chick peas 

was 3.10%, 0.75%, 1.15% and 1.70% of the grain production, in that order (CSA, 2015). 

According to CSA (2015), the crop was widely cultivated in potential mid and high altitude 

areas of the country characterized with elevations of 1800-3000 meters above sea level and 

receiving average annual rainfall of 700- 1100 mm.  

They grow in several eco-geographical regions of the country including Arsi and Bale 

highlands, Central highlands of Ethiopia (South-West, West and North Showa), Tigray, North 

and South Wollo, North and South Gondar, East and West part of Gojam, Wollega, Guji 

highlands, Hadiya, Sidama and Gamogofa. Singh et al. (2013) stated that as one of the top 

performing crops under global warming and climate change because of its distinctive 
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capability to excel under most types of climatic situations and broad adaptability to a range of 

soil environments. It also good sources of currency to the farmers and generate foreign 

exchange to the country. In addition, it refills soil fertility as it fix considerable amounts of 

atmospheric nitrogen, thereby notably add to system sustainability in rotation with cereals. 

The crop has a multi-use and is consumed as dry seeds, green vegetable, or as processed food. 

Its products are a rich source of high quality protein in the human diet, while its dry seeds, 

green haulm and dry straw are used as animal nourishes (Sainte, 2011). 

As the faba bean is familiar in Ethiopian feeding culture, the majority of the seed produced 

would be consumed domesticated and only a smaller percentage of the crop is delivered to the 

export market. However, still this small portion of export volume put Ethiopia among one of 

the top broad bean exporting countries of the world (Biruk Bereda, 2009). 

Apart from playing a significant role in soil fertility restoration, crop rotation through fixation 

of atmospheric nitrogen, faba bean is a manifold merits in the economy of the farming 

communities in the highlands of Ethiopia. For example, it serves as a source of food, feed, 

important and cheap source of protein. The seed mostly boiled and used in snack the daily 

food of rural peoples. They also used in the preparation of local dishes such as ‘shirowot ‘and 

‘kikwot’ to be consumed with cereal injera (Desta, 1988). It is also a reliable source of 

income to the farmers and contributes to earn foreign exchange. According to the report of 

ICARDA, (2008) demand is growing, fuelled by rapid population growth, and the gaps of 

between supply and demand continue to increase.  In Ethiopia, the faba bean production is 

primarily rain-fed system. The low-yield potential of the indigenous cultivars is one of the 

most important production constraints. It well known that phosphorous nutrition plays prime 

role in growth and development of roots and nodulation, dry matter production, N fixation, 

and protein synthesis of leguminous crops (Tekle, 2015) even the nutrition for N is meet 

through rhizobial fixation of atmospheric nitrogen. 

2.2. Bio fertilizer for Faba Bean  

An ever-increasing world population requires the need to produce more food in a land, which 

is steadily shrinking, and loose properties in each year. This situation creates significant 

pressure on suitable land already in production and yet requires continuous expansion of food 



 

 

6 
 

producing ecosystems into less fertile areas (Rengel, 2008). Continuous cultivation without 

field fallowing had shown severe deficiency of most major nutrients especially nitrogen 

(Abbasi et al., 2008). The demand for nitrogen in deficient soil normally achieved of chemical 

fertilizers.  

Using of bio fertilizer has a great importance as non-polluting and cost-effective way to 

improve soil fertility through supplying N to different agricultural systems. The symbiotic 

relationship those results in formation of specialized root structure called nodule. Biological N 

fixation by bacteria in legume root nodules is one of widely studied the mechanism by which 

plant benefit from association with interact partner. In rhizobium legumes symbiosis, both 

plants cultivar and rhizobium strain can affect nodulation (Mutch, 2003; Keneni et al., 2012). 

Leguminous plants have the ability of fixing atmospheric N2 through the association with 

rhizobia. The  plants supplies the carbohydrate for bacterial growth while the bacteria fix 

atmospheric N2 into NH4
+
, to convert into amino acids that can  used by the plant to 

synthesize proteins for its growth and development of plants (Russell, 2008). Symbiotic 

association is highly specified relationship between the host plant and bacteria’s. Rhizobium-

legume symbiosis involves the interaction between the plants and the bacteria leading to 

initiation and development of the root nodule, chlorophyll component that promotes 

vegetative growth and green colorations of foliage directly involved in photosynthesis and 

necessary component of vitamins and aids in production and use of carbohydrates and 

influence energy reactions in plants (Sara et al., 2013). 

There is enormous reservoir of atmospheric nitrogen (78%) in the atmosphere. Unfortunately, 

it is not available for organism such as green plants in a usable for (e.g. NO3
-
, NH4

+
) 

(Vitousek et al., 2002; Rees et al., 2005) reported that 3×10
14

 g of nitrogen fixed annually. 

Stability of N2 molecules with triple bond between the nitrogen atoms requires large amount 

of energy to break and thus make it difficult for plants to access for their growth. The amount 

of energy required to break the triple, double, and single bonds of N2 molecule are 225,100, 

and 39 Kcal mol
-1

, respectively (Howard and Rees, 2005). In biogeochemical nitrogen cycle, 

the N2 fixation is the process of converting atmospheric NO2
-
 into NH4

+ 
(Fisher and Newton, 

2002).  
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Most tropical soils experience low nitrogen, which major constraints in crop production 

(Yakubu et al., 2010).In small-scale agriculture which is practiced in most sub-Saharan 

Africa, covers majority of peoples, which chemical fertilizer are unaffordable because of 

increasing prices in each year (Yakubu et al., 2010). Through different cropping system like 

intercropping of cereal crop with legume and crop rotation have found to be an alternative 

source and means of improving soil fertility and boost productivity and income of the farmers 

(Ndakidemi et al., 2006). 

For symbiosis to occur associated with complexes mechanism starting with the mutual 

exchange of diffusible signal molecule (Ndakidemi and Dakora, 2003). Moreover, seed and 

root molecules mainly flavonoids secreted by legume plants can be sensed by some specific 

species of rhizobia (Makoi and Ndakidemi, 2010). In return, flavonoids-oligosaccharides 

known as move up and down factors secreted by rhizobia, which stand as recognizable 

receptors, such as kinas’ of the legumes. 

2.3. Effect of Rhizobium Inoculation for Growth of Legumes 

An ever-increasing world population including Ethiopia requires the need to produce more 

food in a land, which is steadily shrinking, and loose properties in each year. Continuous 

cultivation without field fallowing had shown severe deficiency of most of the major nutrients 

especially N (Abbasi et al., 2008). The demand of N deficiently soil normally achieved by the 

chemical fertilizers. However, the high cost of nitrogen fertilizer and their unavailability at the 

time of requirement are the major constraint responsible for low production (Tairo et al., 

2013). Recently, more researcher finding have emphasizes the importance of developing 

alternative means to meet the demand of nutrients in plants through used beneficial bacteria in 

the ecosystem that are sustainable for agriculture, environmentally friendly and affordable 

together with improved faba bean genotype produced where resistance of  biotic and a biotic 

factors. Planting leguminous like faba beans, soya beans, nuts, and others in between growing 

season and season-to-season cropping systems may benefit the plant and soil by yielding 

nitrogen (Solomon et al., 2012). Mostly nitrogen element naturally present in the soil as 

organic matter (Dashora, 2012). However, N deficiency in plants are due to erosion, run off 

and leaching of nitrate in non-producing soil horizon (Zarei et al., 2011).Some of the most 
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common symptoms of nitrogen deficiency in plants include the yellowing, dropping of leaves 

and poor growth, furthermore delaying flowering and fruiting may also be present. It is a 

major constituent of chlorophyll, the most essential pigment needed for photosynthesis and 

amino acids, the building blocks of proteins. It is found in other bimolecular such as ATP and 

nucleic acids (Wang, 2012).  

Nitrogen is important form any biological compounds that play major role in photosynthetic 

activity. Besides, is part of the enzymes associated with chlorophyll synthesis that reflect 

relative crop nitrogen status and yield level in plants (Hokmalipour et al., 2011), its deficiency 

impairs growth and it constitute one of the major yield limiting factor for crop production 

decline. Nitrogen is highly needed for all enzymatic reactions in plants, also is a major part of 

the chlorophyll molecules and plays a necessary role in photosynthesis and major component 

of several vitamins. Furthermore, in legumes and other leafy vegetables, N improves the 

quality and quantity of dry matter and protein (Uchida, 2000). Green colour in the leaf is 

vanished due to nitrogen deficiency and this may cause the decrease in leaf area and intensity 

of photosynthesis as well .Nitrogen supply has large effect on leaf growth because it increases 

the leaf area of plants and, on that way, it influences on photosynthesis functional (Bojovic et 

al., 2009).  

Huang and Erickson, (2007) treated pea and lentil seeds with rhizobium leguminosarum biova  

strain and reported that shoot/root growth and nodulation of pea improved as result of 

rhizoibal inoculation furthermore, grain yield of pea was significant improved. Legume plants 

particularly faba bean are unique for their ability to fix nitrogen from atmosphere by 

symbiotic relationship with rhizobium bacteria (Coskan and Dogan, 2011). Rhizobia require a 

plant host; therefore, they cannot independent fix nitrogen. These bacteria are located around 

root hair and fix atmospheric nitrogen using particularly enzymatic called nitrogenous. When 

this mutuality symbiosis established, rhizobia use plant resources for their own reproduction 

whereas fixed atmospheric nitrogen used to meet nitrogen requirement of both itself and the 

host plants. Supply of nitrogen through biological nitrogen fixation has ecological and 

economic benefits (Ndakidemi et al., 2006). 
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Benefits of rhizobia inoculation well not defined, especially in developing countries, perhaps 

technology transfers lagged behind concerning that knowledge in most African farmers 

(Okeene et al., 2001). With the worldwide emphasis on sustainable agricultural systems, 

increase in grain legume production such as faba bean and soybean comes mostly from 

supplementing the crops with phosphorus in deficient environment and through use of 

rhizobial inoculants rather than the uses of inorganic nitrogen fertilizer. Economically benefits 

of rhizobium inoculated and phosphorus-supplementation in legumes production of grain-

legumes is increasing significantly due to their vast use in different situations including 

human food, animal feed as well as foreign exchange income for farmers. Considering the 

increasing needs for human consumption of plant products and the economic constraints of 

applying fertilizer in legumes, there is a greater role for grain legumes in cropping systems, 

especially in regions where affordability of fertilizer is difficult (Ndakidemi et al., 2006). 

2.4. Soil Acidity 

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

al., 2006). Soil acidity and associated low nutrient availability is one of the constraints to faba 

bean production on the acidic soils, mainly Nitisols or Oxisols, of Ethiopian highlands. Acid 

soils occur widely in Ethiopian highlands, where the rainfall intensity is high and crop 

cultivation has occurred for many years (Taye and Hofner, 1993). The fertility status of these 

soils is very low in terms of reserves of nutrients available to plants, due to removal of 

nutrients in the harvested products and losses through erosion and leaching. The pH of the 

soils is less than 5.5 and, as a result, yields of faba bean as well as other crops grown in the 

highlands is very low compared with other faba bean growing soils of the country. In addition 

to the lack of proper cultural practices, the low yields could be attributed mainly to the 

deficiency of nutrients and low soil pH. 

The main crops raised by farmers on acidic soils are barley, wheat, teff, rapeseed, faba bean 

and field pea. Faba bean is one of the most important pulse crops widely grown by small-scale 

farmers under rain fed conditions in highlands Ethiopia. Soil reaction is the condition of soil 

acidity (low pH) or alkalinity (high pH). Although there are plants that thrive in acid or 

alkaline media, most crops perform best in a very slightly acidic soil (e.g. pH 6.5- 6.8). 
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Values of pH less than 5.5 may lead to Al toxicity, unavailability of P (due to fixation) and 

some of the soil micronutrients (Mn, Zn, and Cu) reduced biological activity (Gachene and 

Gathiru, 2003).Acid soils often contain soluble forms of Al and Mn. As soil acidity increases, 

soluble Al and Mn increase to toxic levels. Al toxicity restricts root growth and phosphorous 

uptake Al and Mn toxicity often reduce the yield of crops grown on acid soils.  

2.4.1. Causes of Soil Acidity 

The main cause of soil acidity could be combination of natural and anthropogenic processes 

including weathering and leaching of cations, OM decomposition, using acid forming 

fertilizer such as DAPand urea fertilizer,acid rain and removal of crop residues. The parent 

rocks or soil material from which soils were formed the main provenance for both essential 

and non-essential plant nutrient elements influx the soil. Some of macro elements such as Ca, 

Mg, Na and K leached out from the soil through soil erosion due to high rainfall intensity and 

from the soil surface resulting in the accumulation of Al and Mn.  Soil acidity rises through 

continuous using of acid forming mineral fertilizers, which produce hydrogen ion (H
+
) 

through oxidation of ammonium ion (NH4
+
) to nitrate ion (NO3

-
) (Nyarko, 2012). 

The carbon dioxide (CO2) produced by decaying organic matter (OM) reacts with water in the 

soil to form a weak acid called carbonic acid. It developed when CO2 in the atmosphere reacts 

with rain to form acidic rain naturally. Several organic acids produced by decaying OM, but 

they are also weak acids. Like rainfall, the contribution to acidic soil development by 

decaying OM is generally very small, and it would only be the accumulated effects of many 

years. 

The uptake of nutrients by plants results in partitioning of acidity into the soil and alkalinity 

into the plant (Tang and Rengel, 2003). Crops  absorb basic cation, such as Ca
+2

, Mg
+2

, K
+
  

and  also NH4
+
 from  the  soil  solution  for their nutrition. Consequently, there is a release of 

H
+
 from the plants in order for electrical balance to be established, particularly when plants 

absorb nutrient in the form of NH4
+
. The release of these H

+ 
has an acidulating effect in the 

soil. When these crops are subsequently harvested from the field, or washed away via surface 

runoff, this basic cation which are responsible for counteracting the acidity developed by 

other processes are lost and the net effect is increased acidity. 
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2.4.2. Amendment of Acidic Soils 

The crop management practices of the farmers are not full addressing the nutrient requirement 

of the crops, Despite faba bean is classified as N fixing legume plants growth, effective root 

nodule formation is restricted in acidic soils would be the availability of the essential plant 

nutrients like P and Ca are deficient. Among the major factor attributed to low faba bean 

production, declining of soil fertility, increase soil acidity in the high land of Ethiopia and 

affect crop production on such soils is seriously constrained proper soil management practices 

particular area in growing season. Soil acidity could be make improvements by growing acid 

tolerant crops and pastures, reducing the leaching of micro- and micro-nutrients, minimizing 

removal of crop residue, and manure. The rates of limestone required to neutralize the 

acidification caused by removal of produced are given managing soil acidity by different 

liming materials (Conyers et al., 2003). 

Lime should be applied to acidic soil in sufficient amount to create suitable soil condition for 

crop production at the most favorable economic level by increasing the soil pH and adjust soil 

physical, chemical and biological properties (Edmeades and Ridley, 2003). In addition of lime 

in sufficient amount on acidic soil helps to eliminate toxicities of Al and Mn, create favorable 

soil condition, which maximize the availability and uptake of essential plant nutrients 

including basic cation and improving the performance of the rhizobia-legume association 

(Sumner and Yamada, 2002). For example liming increases root length and lateral root 

distribution because of the increase in exchangeable Ca
2+ 

and Mg
2+

 levels and through 

improving the soil structure and aeration in the rhizosphere of legumes. The application of 

lime reduces soil acidity which reduces soluble Al and Mn to nontoxic level (Yihenew, 

2002).Liming can significantly increase yield resulted from the increase in the uptake of P by 

plants (Buri et al., 2005; Crawford et al., 2008), great quantity and multiplicity of earthworms 

(Bishop, 2003), and improved organic matter decomposition and nutrient mineralization 

(Bradford et al., 2002). The contribution of nitrogen fixing bacteria is key factor to increase 

the output of agricultural system and sustain long-term soil fertility in the highland of 

Ethiopia. 
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2.4.3. Effects of Lime on Acidic Soil 

Basically, lime is applied to acidic soil to create conditions to produces of crops at the most 

favorable economic levels, lime is a known mesh size calcium oxide (CaO), includes the 

oxides, hydroxides, carbonates and silicates. As a result, the materials commonly used for 

liming (or reclamation of acid soil) for agricultural purposes, some of them are calcium 

carbonate, or dolomitic limestone would be liming neutralizes both the active acidity and the 

reserve acidity. As active acidity neutralized by lime, exchangeable acidity released into the 

soil solution, maintaining the active acidity or the pH (Asnakew et al., 1991). 

The ability of soil to resist changes in pH is called buffering capacity and is largely due to the 

reserve acidity. More lime is required to neutralize acidity in a highly buffered soil than in a 

less-buffered soil. Responses to applied lime will occur at rates ranging from 0.5 to 4 ton/ha. 

Normal application rates of lime 1–2 ton/ha on a soil of pH 4.8 can raise the soil pH by 0.6–

1.0 units. This pH will gradually decline over the next 10 years. Applying lime at 3–4 ton/ha 

can raise the pH from 4.8 to 6.3. This pH gradually declines over a 12-year period, but the 

liming effect may still be present after this (Desta, 1987). Lime quality is best described by 

fineness (particle size) and neutralizing value. effective lime is at increasing on-farm 

production depends on the starting pH of the soil, the level of Al or Mn, or both, in the soil, 

the production system being used, the fineness of the lime and it neutralizing value, and the 

amount of rainfall received since lime application (Mekonnen et al., 2005). 

On acidic soils to achieve production by applying sufficient amount of lime requirement(LR) 

that utilization of water, create condition, which maximize the availability and uptake of the 

essential nutrients and performance of rhizobia-legume association and create conditions to 

control soil pathogen (Sumner and Yamada, 2002). Different researchers reported about 

reclamation of acidic soil by lime application is an effective and dominant practice through 

raising soil pH and reducing acidity-related constraints to improve crop yields (Fageria and 

Baligar, 2008; Achalu et al., 2012; Abreham et  al., 2013; Osundwa et  al., 2013; Asmare, 

2014). For example, the application of sufficient amount of lime tends to raise the soil pH by 

displacement of H
+
, Fe

2+
, Al

3+ 
and Mn

4+
 ions from soil adsorption site (Osundwa et al., 2013).  
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Increasing liming rates to increased soil pH and exchangeable bases there by reducing the 

magnitude of soil acidity, exchangeable acidity and Al saturation (Achalu et al., 2012; 

Osundwa  et al., 2013).In addition to increasing soil pH, it supplies significant amounts of Ca 

and Mg, depending on the type of liming materials. Indirect effects of lime include increased 

availability P, Mo and B, and more favorable conditions for microbial mediated reactions, 

such as N fixation and nitrification, and in some cases improved soil structure (Crawford et 

al., 2008). 

2.4.4. Effect of Soil Acidity on Growth, Nodulation and Nutrient Availability on Legume 

Acidic soil shows detrimental effects on plant growth by affecting nutrient availability in 

plant and plant development. Two fundamental factors associated with acid soil infertility, 

nutrient deficiencies such as P, Ca and Mg, and the presence of toxic substances, such as 

soluble Al and Mn. In the soil, plants absorbed nutrients mainly soluble forms. Under acidic 

soil condition, some of the vital nutrients such as made unavailable forms. In the soil solution 

plants uptake the abundance of elements, such as Al and Mn. Primarily, soil acidity affects 

plant growth from soluble Al in the soil solution are increased acidity via Al hydrolysis and 

reduced root propagation and function (Wang et al., 2006; Nyarko, 2012). Al and other toxic 

elements concentration result in remains by, brittle roots with thickened root tips and laterals 

and an overall reduction in fine branching of the root. This reduces the ability of plants to 

extract water and other nutrients in the soil (Wang et al., 2006). Phosphorus can first adsorb 

on the surface of clay minerals and Fe/Al oxides by forming various complexes. Clay 

minerals and Fe/Al oxides have large specific surface areas, which provide large number of 

adsorption sites. The adsorption of soil P enhanced with increasing ionic strength with further 

reactions, P may occluded in Na no pores that frequently occur in Fe/Al oxides, and thereby 

become unavailable to plants (Arai  and Sparks, 2007). 

The acidity of soil affects the activity of rhizobium, reducing populations and decline 

biological nitrogen fixation. This reduces the likelihood of successful nodulation during early 

plant growth, which is when the roots of the host plant can be infected (Moor, 2004). A 

number of components are essential for successful nodulations and efficient N fixation in 

different circumstances each of these factors could be the most acid sensitive and be 
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responsible for reduced legume production. These include growth and survival of rhizobia, 

nodule formation and nodule function of host plant growth. As with rhizobia population size, 

soil pH is also driving factor determining rhizobia diversity, where low diversity of 

Rhizobium leguminosarum bovias strain had been reported in acidic soil compared to limed 

soils (Andrade, 2002; Lipinski, 2006). 
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3. MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted in Korebtit kebele of Gishe district during 2016 main cropping 

season on farmer’s field. The district is located in North Shewa Zone of Amhara National 

Regional State (ANRS). It is far 243 km from Debre Berhan town. The district is lies between 

30
0
 and 37

0
N latitude and 27

0
 and 34

0
E longitude, and covers an estimated area of 1337.46 

km
2
 with its population number about 72,180 (Figure1). Altitude of the district varies between 

1800 and 4012masl. The highest point in the Zone North Shewa is Mount Abuye Meda 

(locally called Astiegoma) and its height measured 4012 masl and found in this district at 

north-eastern parts from the district town Rabel. In terms of topography’s of the district’s5% 

of the total area is plain, 15% occupied by valley, while rugged and mountainous lands cover 

for 50 and 30%, respectively. Agro-ecologically classified as dega (43 %), woina-dega (36%), 

kolla (16.2%) and wurch (4.8%). 

 

Figure 1. Location map of the study site 

https://en.wikipedia.org/wiki/Mount_Abuye_Meda
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The mean minimum and maximum temperature is 5.8
0
C, and 22.6

0
C, respectively. The 

rainfall pattern is uni-modal, stretching from mid of June to September. The annual rainfall 

erratically and distributed varies from 600 to 1600 mm. In terms of land use pattern, an 

estimated 24% of the area is cultivated and planted with annual and perennial crops, while 

area under grazing and browsing(19%), forests and shrubs (8% ) settlements(0.6%) and 

wastelands(17%).The rural households engaged farming system (Crop-livestock); barely 

(Hordeum distichum L.), wheat (Triticum aestivum L.), teff (Eragrostis tef), faba bean (Vicia 

faba L.), pea (Pisum sativum L.), and lintel (Lens culinaris Medik.) dominant crop while 

chickpeas (Cicera rietinum L.) and sorghum (Sorghum biocolor L.) crops are grown well. 

However, the natural vegetation cover and the overall ecosystem disturbances have greatly 

expanded due to mismanagement and illegal exploitation of the resource base (ICRA, 2001). 

At present time, the district is one of the districts in North Shewa Zone with food insecurity. 

Because of the proportion of cultivated land and population pressure are not much. 

In the district land degradation, high population pressure, intensive cultivation, over grazing, 

high rain intensity, erratic rainfall, drought, shrinking farm size, declining soil fertility, 

increase soil acidity, lack of disease resistant varieties, low crop management practices. Most 

of the farmers in the district have been used inorganic chemical fertilizers like DAP and urea 

for increasing crop production especially for cereal crop. Beside those activities decreasing 

soil fertility, increasing soil acidity, affect the rhizobium bacteria major problems in that. Due 

to the effect faba bean and other legume crop production in the district are decreasing time to 

time and most farm land without production Woreda Office of Agriculture and Rural 

Development (WOARD, 2012).  

3.2. Soil Sampling and Preparation 

Before the beginning of the study, general site information was recorded. Soil samples were 

randomly taken from the experimental site before sowing at a depth of 0-20 cm using an 

auger (20 subsamples) and the subsamples were mixed thoroughly to produce l kg of 

representative composite sample. After harvesting, 8 composite soil samples were collected 

from each treatment. The collected soil samples were bagged, labeled and transported to soil 

laboratory for determinate of selected soil physico-chemical properties following standard soil 
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laboratory procedures. The soil samples were air dried, crushed and made to passed through 2 

mm sieve size were determined soil texture, pH, available P, exchangeable acidity, 

exchangeable Al, exchangeable H and cation exchangeable capacity (CEC), whereas organic 

carbon (OC%) and total nitrogen (TN%) analysis, soil samples were passed through 0.5 mm 

sieve size. 

3.3. Analysis of Physico-Chemical Properties of Soil 

The collected soil samples were analyzed in Debre Berhan Agricultural Research Center 

(DBARC) Soil Laboratory following standard laboratory procedure as outlined by 

Sahlemedhin and Taye (2000). The texture of soil was analyzed by Bouyoucos hydrometer 

method (Day, 1965). The pH of the soil was measured potentiometric ally using a digital pH-

meter in the supernatant suspension of 1:2.5 soil-water ratios using pH meter as described by 

Chopra and Kanwar (1976). Organic carbon (OC %) was determined by using the wet 

oxidation method (Walkley and Black, 1934), where the carbon oxidized under standard 

condition with potassium dichromate (K2Cr2O7) in sulfuric acid (H2SO2) solution. Total 

nitrogen (TN %) 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 cation exchange capacity (CEC) of the soil was determined from the 

NH4
+
 saturated samples that subsequently replaced by K

+
 using KCl solution. The excess salt 

removed by washed with ethanol and theNH4
+
 that was displacing by M

e
asured using the 

micro-Kjeldahl procedure (Chapman, 1965). Total exchangeable acidity was determined by 

saturating the soil samples with 1MKCl solution and titrated with 0.02M NaOH as described 

by Rowell (1994). From the same extract, exchangeable Al in the soil samples were 

determined by application of 1MNaF that formed a complex with Al and release NaOH and 

then NaOH were back titrated with a standard solution of 0.02M HCl.  

3.4. Experimental Design and Treatments 

The field experiment was conducted from June to November in 2016/17 under rain fed 

conditions in Korebtit kebele of Gishe district on faba bean growing areas. The field 

experiment was arranged in randomized complete block design (RCBD)with two faba bean 

varieties and four treatments in factorial combination with three replications. The four 
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treatments were: control (none inoculated, fertilized and limed), lime (6ton/ha) +rhizobium 

inoculation (LR), lime (6t ha
-1

) + rhizobium inoculation (strain ELA110) + N fertilizer 

(23kgha
-1

) (LRN) and rhizobium inoculation (R).The size of each experimental plot was 4 m 

× 2 m =8 m
2
.The total number ofplots were24, in each experimental plots side 0.2 m were left 

for border effects of the plots. The net area of each experimental plot was 5.76 m
2
; spacing 

between plants, rows, plots and blocks was 0.2, 0.4, 0.5 and 1 m, respectively. For this 

treatment, two test crop seeds were collected (V1=Walki and V2=DK-70faba bean varieties) 

from DBARC. For all treatments, 46kg P2O5/ha in the form of triple super phosphate was 

applied to each plots uniformly at sowing time. Rhizobium leguminosarum by biovias strain 

500gm ha
-1 

(EAL110) were obtained from the National Soil Testing Center Microbiology 

Unit (Addis Ababa), Ethiopia. Before sowing, the two test crop seeds were soaked overnight 

in distilled water, 10% sugar solution and prepared to sowing seeds were inoculated with 

rhizobia inoculants strains just before planting and kept in shade to maintain the viability of 

the cells and seeds were air-dried in the shade for 15 minutes and sown within an hour 

(Somasegaran  and Hoben, 1985). Inoculated seeds were planted first to protect contamination 

of the treatments each plot.  

Table1.Treatments and treatment combinations used in the study   

 

3.5. Field Operations and Crop Management 

The experiment field was prepared according to the farmers’ conventional ploughing in 20-

25cm depth two times and prepared very well before time of planting. Four rows were 

prepared in each plot on 40 cm spacing between rows and 20 cm left in each experimental 

plot sides to protected border effect. Nitrogen fertilizer was applied in the rows as per 

Treatment                             Treatment description 

1  Walki variety(V1 ) (control) 

2  DK-70  variety (V 2)  (control) 

3  Lime + R strain ( EAL- 110)  +  V1 (LRV1) 

4  Lime +R strain  ( EAL- 110 )+ V2 (LRV2) 

5  Lime+ N fertilizer + R  strain( EAL -110) + V1 (LRNV1) 

6  Lime +N fertilizer +R strain(EAL- 110 ) + V2 (LRNV2) 

7  R strain ( EAL- 110 ) +V2 (RV1) 

8  R strain ( EAL -110 ) +V1    (RV2) 
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treatment and mixed with soil just at the time of planting. The two prepared varieties’ were 

inoculated with rhizobium strain (EAL 110) and non-inoculated seeds were planted 20 cm 

spacing between plants. Planting was carried out on 8 July 2016 the two seeds of each 

genotype were planted per hill at a depth of 4–6 cm using similar spacing’s (40 cm × 20 cm) 

between row and plants respectively, non- inoculated seed was plantedfirst to avoid seed 

contamination. Thinning practices was carried out two weeks after germination to maintain 

one plant/hill. 

All other management practices were also applied uniformly as per site recommendation. Like 

weeding management practice was done two times properly by hand pulling and hoeing; the 

chocolate spot and rust diseases were observed and managed using a fungicide Mancozeb 

80WP, at the rate of 2.5 kg/ha at weekly interval 2 times as foliar spray. Supplementary 

irrigation was applied to minimize the moisture deficient. Finally, harvesting was done 

November 8-16/2017 depend on 90% physiological maturity and subjected to sun drying 

standardize the seed moisture content to 12%.  

3.6. Agronomic Data Collections 

A number of crop related data ranging from crop phonological characters through yield 

components to actual yield parameter were considered in this study.  

Day to 50% seed emergence: Days to 50% seed emergence were recorded as the number of 

days from the date of planting to the date when 50% of the seedling in a plot emerged above 

the ground.  

Days to flowering:  Days to flowering were recorded as the number of days from the date of 

plant to the date on which 50% of the plants in a plot produced at least one flower.  

Days to physiological maturity:  Days to physiological maturity were recorded as the 

number of days from planting to 90% of the plants in the plot matured. The yellowness and 

drying of leaves were used as indication of physiological maturity. 

Nodulation data: Four plants were sampled randomly from the first rows of each plot at mid 

flowering. The whole plant was carefully uprooted using shovel so as to obtain intact roots 

and undisturbed soil for nodulation parameters. The undisturbed soil samples were wrapped in 

pot where the soil was washed from the roots using gently running tap water over a metal 
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sieve. Nodules from roots were removed carefully. The total numbers of nodules were 

counted and the average value of four plants was recorded as number of nodules per plant. To 

determine nodule volume, collected nodules were immersed in previously measured volume 

of water in a measuring cylinder. The volume of water displaced by the nodules obtained 

from the four plants was recorded and the average was considered as nodule volume per plant. 

Finally, nodule dry weight were measured and expressed in gram per plant where each plant 

nodules were dried in oven to 65 °C for 48 hrs, for each treatment. 

Plant height (cm): From two central rows of each experimental plot, the heights of four 

randomly taken plants were measured at physiological maturity from the ground to top of the 

plant and the means were recorded as plant height. 

Number of effective tiller (branches): The average number of branches emerged directly 

from the main shoot was counted from four randomly taken plants at physiological maturity 

and the average number of primary branches reported as number of primary branch per plant.  

Number of pods per plant: Number of pods was counted on four randomly taken plants 

from the net plot area at harvest and the means were recorded as number of total pods per 

plant. 

Number of seeds per pod: Total numbers of pods from four randomly taken plants were 

threshed and seeds were counted and total numbers of seeds were divided by total number of 

pods to compute average number of seeds per pod.  

Hundred grain weights (g): Hundred grain weights was recorded by weighing 100 randomly 

taken grains from the harvested yield using a sensitive balance and the weight was adjusted to 

12% seed moisture content.   

Above ground total biomass (g plant
-1

): At physiological maturity, four plants from the 

central 2 rows were randomly taken close to the ground surface. The plant samples were oven 

dried at 70
o
C for 24 hrs. Then after the dried samples were weighted by using sensitive 

balance and the average of the sample weight was taken as above ground dry biomass per 

plant.  

Grain yield (kg ha
-1

): At harvest maturity, whole plants from the central 2 rows of net plot 

size 2 m x 1 m (2 m
2
) were manually harvested. The seed yield was adjusted to moisture level 

of 10%.  Finally, yield per plot was converted to ha basis and reported as kilogram per 

hectare.   
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3.7. Post-Harvested Soil Sampling, Preparation and Analysis 

Eight representative composite soil samples were collected after harvesting from the three 

replications of each treatment to produced one composite soil sample. After preparation of the 

collected soil samples, exchangeable acidity, exchangeable Al, total N, available P, CEC and 

pH were analyzed following standard laboratory procedures as described in section 3.3. 

3.8. Statistical Analyses 

The data was subjected to analysis variance (ANOVA).The data were analyzed using GLM 

(Generalized Linear Model) with the help of SAS software packages version 9.4 (SAS 

Institution, 2012). Comparisons among the treatment means with significant difference for 

measured and scored characters were made using Duncan's Multiple Range Test (DMRT)at 

5% levels of significance. Correlation of some selected parameters was conducted using 

Pearson’s correlation coefficient (SAS version 9.4) 

3.9. Economic Analysis 

The mean grain yield for the lime, rhizobium and mineral N fertilizer treatments combinations 

were subjected to distinct economic analysis using the procedure recommended by CIMMYT 

(1988). Economic optimum yield levels were identified using preliminary partial budgeting 

and dominance analysis. For the partial budget, analysis post-harvest agronomic data were 

used and also account for percentage loss due to harvesting date and mechanism, storage, 

transport, etc. This was done by reducing the total yield by the recommended level of 10%, 

and arriving at the net yield. Then to determine the gross benefit by multiplying net yield by 

the field price market price adjusted for any costs related to storage, transportation. Then all 

costs and benefits of each treatment were calculated separately to arrive at the net benefits of 

each treatment. This was helped to researcher identify treatments with highest benefit for 

application of lime. Net benefits and costs that vary between the treatments and between the 

test faba bean varieties were used to calculate marginal rate of return to investment capital as 

to move from a less expensive to a more expensive treatment (CIMMYT, 1988; 

Habtemariam, 1998).  
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Economic analysis was carried considering only the purchasing cost of inputs as farmers 

normally use family labor to process, transport and apply lime and fertilizers to crop fields. 

Moreover, sensitivity analysis was made to see the sensitivity of the recommended rate when 

subjected to input and output price changes. 
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4. RESULTS AND DISCUSSION 

4.1. Soil Physical and Chemical Properties of the Study Site 

The results of initial soil physical and chemical properties were presented in Table 2. 

According to the soil particle size analysis result, the soil had 46% clay, 34% silt and 20% 

sand therefore the texture is classified as clayey in soil textural class. The soil pH in water 

was 5.13 indicating that the soil was strongly acidic in reaction (Hazelton and Murphy, 2007). 

The soil exchangeable acidity (Al
3+

 + H
+
) and exchangeable Al

3+
 was 0.47cmolckg

-1
 and 

0.24cmolckg
-1

, respectively. These result indicate that applications of lime for the amendment 

of soil acidity and increasing the availability of essential macro nutrients is very important to 

increase the yield of faba bean on acidic soil in the high land of Ethiopia. 

Table 2. Soil physical and chemical properties of the experimental site 

Parameters Value 

Sand ( % ) 20 

Silt ( % ) 34 

Clay  ( % ) 46 

Textural class Clay 

Soil pH ( H2O ) 5.13 

Organic carbon (%) 1.06 

Total N (%) 0.097 

Available P ( mg kg
-1 

) 7.2 

Exchangeable acidity (cmolckg
-1

) 0.47 

Exchangeable Al ( cmolckg
-1

) 0.24 

Exchangeable H ( cmolckg ) 0.23 

Cation  Exchangeable Capacity ( cmolckg
-1 

) 15.3 

The soil available P was 7.2 mg kg
-1

, which was classified as low range for clayey soil 

(Hazelton and Murphy, 2007), and therefore, indicated the need for supplemental P in this 

soil. Therefore, indicated the need for supplementary P in the soils. The cation exchange 

capacity (CEC) of this soil was 15.3 cmolc kg
-1

, indicating that the soil has low buffering 

capacity and low nutrient resource. 

The organic carbon and total N contents of the soil in the study site was 1.06% and total 

0.097%, respectively. This indicates that the soil had low organic carbon content and very low 

N content (Tekalign, 1991). The use of starter inorganic N fertilizer is very important to 
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facilitate the N fixation by rhizobium. On top of this, the use of organic fertilizer is very 

important to the study site to increase the organic matter content of the soil. 

4.2. Effect of Lime, Rhizobium and Nitrogen Fertilizer on Growth, Nodulation, 

Yield and Yield Components of Faba Bean 

The results of the different agronomic parameters of the treatments and the two test crops 

were shown in Tables 3, 4 and 5. 

4.2.1. Growth parameter 

Days of 50% seed emergency; the effect of combined application of lime (L), rhizobium 

strain (R)and urea had significant (p<0.05)effect on days to 50% seed emergency (Table 

3).After 14 days the highest germination percentage (91.28 %) was obtained by the combined 

application of lime (6 t L ha
-1

) + rhizobium strain (500g R ha
-1 

) + N fertilizer (23kg N ha
-1

) 

and  the lower 50% seed emergency was recorded in the control treatment (no lime, 

rhizobium inoculated and N fertilized).Other combine treatments did not show significant 

difference on germination percentage. Between the two varieties days of 50% seed emergence 

showed high and significant (p<0.001) difference (Table3).The days to 50% emergence for 

Walki and DK-70 varieties were 92.14 and 86.65, respectively. According to Endalkachew 

(1992), most of the time germination of seeds depends on stored food than an external 

nutrient. 

Days to 50% flowering; Days to 50% flowering had no significant effect (p>0.05) in all 

combined application of lime, rhizobium inoculation and N fertilizer treatment. However, the 

two varieties showed significant (p<0.001) difference in days to 50% flowering (Table 3).  

The days to 50% flowering for Walki and DK-70 varieties were 70 and 66, respectively. This 

result indicated that under rain fed conditions DK-70 genotypes tend to flower earlier than 

Walki cultivars. Therefore, to complete life cycle early and escape any probable drought after 

a thesis, DK-70 is a desirable trait. But in this current experiment observed 90% days to 

physiological maturity not showed significant effect.  
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Table 3.Effect of lime (L), rhizobium inoculation(R) and N fertilizer application on Days to 

50% seed emergency per plot (GP), 50% flowering date (50% FD) and effective tiller number 

(ETN/plant), plant height (PH) and 90% Maturity days (DM) 

 
Treatment GP (%) 50% FD (day) PH (cm) 90% DM (day) ETN /p 

Treatment (T) 

LRN 91.28
a
 66.58

a
 101.3

a
 116.0

b
 4.79

a
 

LR 89.68
ab

 69.67
a
 88.73

b
 121.6

a
 4.50

a
 

R 88.89
ab

 66.83
a
 87.27

b
 113.2

b
 3.79

b
 

Control 87.63
b
 67.33

a
 65.21

c
 122.0

a
 2.79

c
 

Variety (V) 

Walki 92.14
a
 69.71

a
 89.90

a
 119.42

a
 4.11

a
 

DK-70 86.61
b
 65.50

b
 81.38

b
 117.00

a
 3.90

a
 

Treatment(T) ns ns *    * ** 
Variety(V) *** ** ** ns ns 
T*V ns ns  ns   * ns 
CV (%) 2.28 3.54 3.6 3.13 10.59 

Mean values followed by the same letters in each treatment showed not significantly different 

at p<0.05; CV =coefficient of variation *, **, *** and ns indicate significant difference at 

probability levels of 0.05, 0.01, 0.001and on-significant difference, respectively. 

 

Plant Height: Plant height was significantly (p<0.001) affected by the treatments (Table 4). 

At 90% plant physiological maturity days, the longest plant height (101.33cm) was obtained 

in the combined application of lime (6t L ha
-1

) + rhizobium inoculated+ N (23 kg N ha
-1

) and 

the lowest plant height (65.21 cm) was recorded in the control. Application of lime (6t L ha
-1

) 

+ rhizobium inoculation, and rhizobium inoculation did not have significant difference in 

plant height but they had higher plant height compared to the control. The LRN, LR and R 

treatments increased the plant height by55.39%, 36.05% and33.83%over the control 

treatment, respectively. 

The positive response of the combined treatment could be attributed to better root growth due 

to soil acidity amendment by lime (6t ha
-1

) and change the pH value from 5.13 to 6.03. 

Considerable increase in plant height was attained with an increase in lime application rates. 

The seed inoculated with rhizobium strain increased the number of rhizobium bacteria and 

atmospheric N fixation activity which in turn increases the crop growth. Application of N 

fertilizer results in taller plant in comparison with non-fertilized treatment. Similar to the 

current results, Gemechu et al. (2006) and Rashid et al. (2007) indicated that plant height was 
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increased with increasing of N fertilization. This might be related to the effect of nitrogen, 

which promotes vegetative growth as other growth factors are in conjunction. 

 

The two faba bean varieties had significant (p<0.001) difference on plant height. The 

maximum plant height was recorded in Walki compared to DK-70 (Table 3). These results 

line with Keneni et al. (2012) who reported that the Ethiopian and introduced legume 

germplasm were high in genetic diversity for both symbiotic and agronomic characters. 

However, the interaction effect of variety (V) with treatment (T) has no significant (p> 0.05) 

difference. 

Days to 90% maturity: Days to 90%physiological maturity had significant (p<0.05) 

difference in the treatment (Table 3). However, there is no significant difference between the 

varieties. Faba bean has indeterminate growth habit in that it flowering phases depending up 

on the soil moisture. This result is agreement with the findings of Gemechu et al. (2006) 

whore ported days to maturity of faba bean genotypes ranged from 130-143 days. 

4.2.2. Nodulation Test 

Number of nodules per plant: nodules number per plant showed significant (p<0.001) 

difference by the treatments (Table 4). At 50% flowering day, the highest number of nodules 

per plant (87.25) was obtained in the LRN treatment, followed by LR treatment (80.71) and 

rhizobium strain (64.75) which have 71.65%, 58.78%, and 27.39% increments over the 

control, respectively.  

The positive response of the LRN treatments could be attributed to better root growth due to 

lime application. This is due to the favorable pH conditions that increase the activity and 

number of resident faba bean modulating bacteria and inoculation with rhizobium which can 

increase the N fixation activity. Application of N and basal P2O5 fertilizer- facilitated better 

absorption of soil moisture and nutrient resulting in taller plant in comparison with non-

fertilized treatment. These results were in line with Gemechu et al. (2006), and Birhanu and 

Pant (2012) who reported that faba bean inoculation with rhizobium strain gave higher nodule 

number, nodule dry weight, and biological yield compared to non-inoculated plants under rain 

-fed condition. 
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Between the variety number of nodule per plants had significant (p<0.001) difference (Table 

4).The higher nodule number per plant (73.33) was obtained in Walki (V1) and 68.44 Dk-70 

(V2) varieties. These result indicated that compared to DK-70, Walki had better resistance to 

soil acidity. Both genotypes had in nodulation and atmospheric nitrogen fixation which is 

greater significance for meeting the nitrogen requirement of the crop. These results line with 

Keneni et al. (2012) who stated that the Ethiopian and introduced legume germplasm were 

high in genetic diversity for both symbiotic and agronomic characters. The interaction effect 

of varieties with treatment showed significant (p<0.01) difference. 

 Nodule Volume/Plant: Nodule volume per plant was significantly (p<0.001) affected by the 

treatments (Table 4). At 50% days to flowering, the highest nodule volume per plant (0.76 ml) 

was obtained in the combined application of lime (6t L ha
-1

) + rhizobium inoculated + N (23 

kg N ha
-1

) and the lowest nodule volume (0.38 ml) was recorded in the control. Applications 

of lime (6t L ha
-1

) + rhizobium inoculation, and rhizobium inoculation had 0.65 ml and 0.55 

ml nodule volume per plant, respectively. The LRN, LR and R treatments increased the 

nodule volume per plant by 100%, 71.5% and 44.74% over the control treatment, 

respectively. However, nodule volume per plant didn’t show significant (p>0.05) difference 

between the varieties and the interaction of varieties with treatments. 

Nodule dry weight/Plant: Weight of dry nodule per plant was significantly (p<0.001) 

affected by the treatments (Table 4). The highest nodule dry weight per plant(0.34gm plt
-1

) 

was obtained in the combined application of lime (6t L ha
-1

) + rhizobium inoculated (500gm 

R ha
-1

) followed by the combined application of lime (6t L ha
-1

) + rhizobium inoculated 

(500gm R ha
-1

) +N fertilizer (23kg N ha
-1

) (0.31gm plt
-1 

), rhizobium inoculated (0.22gm plt
-1

) 

and the control (0.19 gm plt
-1

). The LR, LRN and R had 78.95%, 63.16% and 15.79% nodule 

dry weight per plant increment over the control treatment, respectively. This result assured 

that nodule dry weight depends on the size of the nodule per plant but not on the total number 

of nodules. The number and dry weight of nodules decrease considerably by the applications 

of nitrogen (Thies et al., 1991; Otieno et al., 2009). The two faba bean varieties had 

significant (p<0.001) effect on nodule dry weight per plant (Table 4). The higher nodule dry 

weight (0.28 gm. plt
-1

) was recorded in Walki variety. 
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Table 4. Effect of lime, rhizobium inoculation and N fertilizer and faba bane Root parameters 

application NNPlt
-1 

= nodule number, NVPlt
-1 

= nodule volume per plant, NDWPlt
-1

= nodule 

dry weight, TRL = taproot length and TRDW = dry weight per plants  

 

Treatment                    NNPlt
-1 

NVPlt
-1                     

NDWPlt
-1               

TRL                TRDW 

Treatment(T) 

LRN 87.25
a
 0.76

a
 0.31

b
 19.40

a
 2.01

a
 

LR 80.70
b
 0.65

b
 0.34

a
 19.50

a
 1.87

a
 

R 64.75
c
 0.55

c
 0.22

c
 17.54

b
 1.32

b
 

Control 50.83
d
 0.38

d
 0.19

d
 15.52

c
 1.20

b
 

Variety(V) 

Walki (V1 ) 73.33
a
 0.60

a
 0.28

a
 18.61

a
 1.64

a
 

DK-70 (V2) 68.44
b
 0.57

a
 0.25

b
 17.34

b
 1.56

a
 

Treatment(T) *** ** *** *** ** 

Variety(V) ** ns * ** ns 

T*V * ns ns ns ns 

CV (%) 3.81 6.89 8.48 5.42 9.94 

Mean values followed by the same letters in each treatment showed not significantly different 

at p<0.05; CV =coefficient of variation *, **, *** and ns indicate significant difference at 

probability levels of 0.05, 0.01, 0.001 and non-significant difference, respectively. 

4.2.3. Taproot length and root dry weight 

Length of taproot and root dry weight per plants were significantly (p<0.001) affected by the 

treatments (Table 4). The combined application of lime (6t L ha
-1

) + rhizobium inoculated 

(500gm R ha
-1

) and the combined application of lime (6t L ha
-1

) + rhizobium inoculated 

(500gm R ha
-1

) + N fertilizer (23kg N ha
-1

) gave the higher tap root length and root dry 

weight compared to the  sole application of rhizobium and the control. This is due lime has an 

effect on reducing soil acidity which creates a favorable condition for  the root to grow freely 

for searching of different nutrients which are essential for the growth of the crop. The two 

verities had significant (p<0.01) effect on taproot length but not root dry weight(Table 4). 

4.2.4. Yield and Yield components 

Pod number per plant: Number of pod per plant was significantly (p<0.001) affected by the 

treatments (Table 4). The combined application of lime (6t L ha
-1

) + rhizobium inoculated 

(500gm R ha
-1

) and the combined application of lime (6t L ha
-1

) + rhizobium inoculated 

(500gm R ha
-1

) + N fertilizer (23kg N ha
-1

) gave the higher nodule number per plant 

compared to the sole application of rhizobium and the control. 
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The LRN, LR and R treatments had 26.45, 22.64 and 10.75% increments in number of pods 

per plant over the control, respectively. Ali et al. (2003) reported that inoculation of seed has 

an effect in increasing the number of pod per plant. 

The two faba bean varieties had no significant effect  on the number of pod per plant but the 

interactions effect of variety with treatment showed significant (p<0.01) difference. 

 Seed Number per Pod: Number of seed per pod had significant (p<0.001) difference 

treatments (Table 5). The highest seed number per pod (2.68) was recorded in the combined 

application of lime (6 tha
-1

 ) + rhizobium inoculation (500gm R ha
-1

) +N fertilizer (23 kg N 

ha
-1

) followed the combined application of  lime (6tha
-1

) + rhizobium inoculation (500gm ha
-

1
) (2.62), rhizobium inoculation (2.57) and the control (2.5). The LRN, LR and R treatments 

had 7.2, 4.8 and 2.8% increment in seed number per pod over the control, respectively. 

The increase in number of seed per pod with increasing lime and P rates on acidic soils is 

highly likely related to the increase in soil fertility and reduction of the toxic concentration of 

Al and Mn. Liming might have reduced the detrimental effect of soil acidity on plant growth 

due to high concentration of H and Al ions in the acid soils. Reduce P fixation and increase 

activities orthophosphate, nitrate and sulfate anions with soil organic matter content and their 

availability to plant roots might be hampered by acidifying ions (Birhanu et al., 2012). 

The higher nodulation due to inoculation resulted in higher nitrogen fixation by rhizobium 

and eventually the number of pods per plant which bring about higher grain yields as a whole 

(Onduru et al., 2008; Singh et al.,2011). In other studies, Ibrahim et al. (2011) reported 

increased yield and yield component of soybean by inoculating the seeds with specific strain 

of rhizobia. 

The two varieties had significant (p<0.001) effect on the number of seed per pod showed. The 

result on number of seed per pod between the two varieties showed that Walki variety 

increased the number of seeds per pod by 4.65% compared to DK-70 variety.  

Hundred Grain Weight: Hundred grains weight measured at 12% moisture content showed 

significant (p<0.001) difference by the treatments (Table 5).The maximum hundred grain 

weight (49.8gm) was recorded in the combined application of lime (6t ha
-1

)+ Rhizobium 
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inoculated (500gm R ha
-1

) +N fertilizer(23 kg N ha
-1

) followed by the combined application 

of lime (6 tha
-1

) + rhizobium inoculated (500 gm R ha
-1

) (49.2 gm), the rhizobium inoculated 

(48.97) and the control (45.27).These results are in line with Kyei-Boahen et al. (2005) who 

reported that soil generally increased seed yield over the non-inoculated control but the 

magnitude varied over different seasons depending on the prevailing climatic condition. 

The two faba bean varieties had significant (p<0.05) difference on hundred seed/grain weight 

(Table 5).The higher hundred seed weight (49.21gm) resulted was recorded in Walki 

compared  to DK-70 faba bean variety (47.40 gm.). 

Total Biomass (kg/ha): Total above ground biomass was significant (p<0.001) affected by 

the treatments (Table 5). The maximum total biomass (9424.2kg/ha) was recorded in 

combined application of lime (6t ha
-1

) + rhizobium inoculated (500 gm R ha
-1

) + N fertilizer 

(23kg N ha
-1

) followed by the combined application of lime(6 tha
-1

) + rhizobium inoculated 

(500 gm R ha
-1

) (8796.3 kg/ha ),rhizobium inoculated (8141.9 kg/ha)and the control (7008 

kg/ha). The LRN, LR and R had 34.48, 25.52 and 16.18% increment in total above ground bio 

mass over the control treatment. Similar to the current results Birhanu and Pant (2012) 

reported that faba bean inoculation with rhizobium, gave higher nodule number, nodule dry 

weight, and biological yield compared to non- inoculated plants under rain-fed condition. 

The two faba bean verities had significant (p<0.001) effect on total biomass (Table5).The 

higher total biomass (8469 kg/ha) was recorded in Walki compared toDK-70 (8218.6 k/ha).  

Grain Yield (kg/ha):Grain yield was significantly (p<0.001) affected by the treatments 

(Table 5).The highest grain yield(34.13qt/ha)was obtained in the combined application of 

lime (6t ha
-1

) + rhizobium inoculated (500 gm. ha
-1

) + N fertilizer (23kg ha
-1

), followed by the 

combined application of lime (6tha
-1

) + rhizobium inoculation (33.6 qt/ha), rhizobium 

inoculated (29.76qt/ha) and the control (28.2 qt/ha). The LRN, LR and R had 21.4, 19.47 and 

5.9% increment in grain yield over the control treatment.  

The two faba bean varieties had significant p<0.001) effect on grain yield (Table 5).The 

higher grain yield was recorded in Walki (32.116 qt/ha) compared to DK-70 (30.69 qt/ha). 
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Table 5. Effect of lime incubation, rhizobium inoculation and N fertilizer application on number of 

branch (NB), number of pod/ plant (NPP), seed number/pod (SP),total biomass (TBM), 100-grain 

weight (HGW) and grain yield (GY) of  faba bean varieties. 

 

Treatments 

 

NPP SN TBM 100 GW GY 

Plt
-1

 Pod
-1

 kg ha
-1

 (gm) kg ha
-1

 

Treatments (T) 

LRN 29.88
a
 2.68

a
 9424.2

a
 49.80

a
 3413.8

a
 

LR 28.98
a
 2.62

b
 8796.3

b
 49.18

a
 3359.0

a
 

R 26.17
b
 2.57

c
 8141.9

c
 48.97

a
 2976.6

b
 

Control 23.63
c
 2.50

d
 7008.0

d
 45.27

b
 2811.7

c
 

Variety(V) 

Walki 26.95
a
 2.64

a
 8469.0

a
 49.21

a
 3211.6

a
 

DK-70 27.38
a
 2.54

b
 8218.6

b
 47.40

b
 3069.0

b
 

Treatment(T) *** *** *** *** *** 

Variety(V) ns *** *** * *** 

T*V ** ns ns ns * 

CV (%) 4.94 1.42 13.6 3.25 24 

Mean values followed by the same letters in each treatment showed not significantly different 

at p<0.05; CV = coefficient of variation *, **, ***, ns indicate significant difference at 

probability levels of 0.05, 0.01, 0.001 and non-significant difference, respectively. 

 

4.2.5. Associations within Agronomic and Yield Parameters 

The magnitude and the direction of the association of agronomic and yield parameters as 

expressed by correlation coefficients (r) is indicated in Table 6. For instance, among the 

agronomic and yield components of faba bean, grain yield was directly and highly 

significantly correlated with number of pod per plant (r=0.78**), seed number per pod (r= 

0.82**), total biomass yield (r=0.90**),hundred grain weight (r= 0.62*) and number of tillers 

(r=0.62*).The association of grain yield with yield component in this experiment agrees with 

Shiferaw (2014) who reported that growth, nodule and yield parameter correlated each other. 
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Table 6.Associations within Agronomic Parameter 

Agronomic 

data 

GP FD NNP NVP NDP ETN PNP SNP TR RDW PH MD HGW TBM G

Y 

GP -               

FD 0.41
*
 -              

NNP 0.50* 0.19
ns

 -             

NVP 0.35
ns

 0.12
ns

 0.89** -            

NDP 0.44* 0.34
ns

 0.85** 0.78** -           

ETN 0.43* 0.20
ns

 0.89*** 0.82*** 0.84*** -          

PNP 0.30
ns

 -0.09
ns

 0.83*** 0.81*** 0.68*** 0.72*** -         

SNP 0.75** 0.32
ns

 0.82*** 0.76*** 0.73*** 0.74*** 0.62** -        

TR 0.58** 0.33
ns

 0.86*** 0.80*** 0.80*** 0.79*** 0.70*** 0.79*** -       

RDW 0.34
ns

 0.33
ns

 0.90*** 0.82*** 0.85** 0.81*** 0.74*** 0.71*** 0.75** -      

PH 0.54** 0.17
ns

 0.87*** 0.91*** 0.73*** 0.84*** 0.7*** 0.86*** 0.8*** 0.71** -     

MD 0.23** 0.36
ns

 -0.06
ns

 -0.18
ns

 0.1
ns

 -0.09
ns

 0.05
ns

 0.1* 0.1** 0.06
ns

 -0.2
ns

 -    

HGW 0.52** 0.22
ns

 0.61** 0.66** 0.56*** 0.6* 0.51* 0.74*** 0.7*** 0.5* 0.7** -0.14
ns

 -   

TBM 0.46* 0.07
ns

 0.96*** 0.95*** 0.82*** 0.88*** 0.81*** 0.82*** 0.9*** 0.83** 0.9** -0.19
ns

 0.69* -  

GY 0.53** 0.27
ns

 0.93*** 0.87*** 0.85*** 0.81*** 0.78*** 0.82*** 0.8*** 0.81** 0.9** 0.14
ns

 0.6** 0.9*** - 

Notes: GP =50 % seed emergency day, FD= days 50% flowering, ETN= effective tiller number, PH= plant height, MD= 90% 

Maturity days, NNP= nodule number, NV= nodule volume, NDW= nodule dry weight, TRL = taproot length , RDW =  root dry 

weight, branch (NB), NPP= number of pod / plant , SNP= seed number /pod pod,  TBM= total biomass, HGW= 100-grain weight  and 

GY =grain yield /ha of  faba bean  varieties. 
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4.3. Effects of treatments on soil chemical properties and their association  

The pH, exchangeable acidity, exchangeable Al, available P, OC, total N and CEC as affected 

by the application of lime, rhizobium and nitrogen are shown in Table 6. Application of lime 

increased the pH from 5.13 to 6.03, and decreased exchangeable acidity from 0.37 to0.02. 

This is due to the fact that the Ca
2+

 and Mg
2+

 in the lime replace H
+
 and Al

3+
 on the exchange 

site and anions such as OH- and CO3
2-

 neutralize the H
+
 ion released from the exchange site 

and hydrolyzed Al species in the soil solution (Nkana et al., 2002; Asmare, 2014). 

Application of lime has also an effect in increasing the available P content of the soil. This 

may be due the reduction of the Al content which is responsible for P fixation in the soil. 

Application of lime with strain and nitrogen fertilizer increased the N content of the soil. 

Lime application increases the activity of microorganisms which in turn increases the fixation 

of atmospheric nitrogen and increase the soil N content. The application of N fertilizer has 

significant effect in this study which increases also the activity of the microorganism by 

providing easily available N to them because the initial soil N content is very low. On top of 

this, the OC content of the soil show some increment because the lime increased the growth of 

lateral and tap roots which are source of carbon to the soil (Table 5).  

The association of selected soil chemical properties as expressed by correlation coefficients 

(r) computed between each other. As indicated by the correlation coefficient values, apparent 

interrelationships with soil chemical properties were observed. For example, among the soil 

chemical properties pH was highly and negatively correlated with exchangeable Al (r=-

0.89**) and exchangeable acidity (r=-0.87**) (Table 7). 
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Table 7. Soils physico-chemical properties in the experimental field after post-harvesting 

Treatment pH OC TN Ex. Ac Ex. Al Ex.H Av.P CEC 

Con 5.13 1.06 0.097 0.37 0.14 0.23 13.01 15.3 

V1 5.22 1.04 0.101 0.22 0.21 0.01 23.59 16.75 

V2 5.32 1.10 0.099 0.37 0.22 0.02 22.43 17.8 

SV1 5.21 1.15 0.108 0.47 0.21 0.26 24.68 16.4 

SV2 5.37 1.07 0.102 0.37 0.15 0.22 21.36 17 

LSV1 6.03 1.21 0.113 0.07 0 0.07 26.62 26.5 

LSV2 5.99 1.26 0.116 0.06 0 0.06 31.66 19.8 

LSV1N 5.89 1.26 0.119 0.02 0 0.02 27.66 18.8 

LSV2N 5.81 1.39 0.123 0.07 0 0.07 28.37 20.4 

Mean 5.55 1.17 0.11 0.22 0.1 0.11 24.5 18.4 

 OC=organic carbon, TN=total N (%), Ex. Ac=Exchangeable acidity, Ex.Al= Exchangeable 

aluminum; Ex.H= Exchangeable hydrogen; Av.P= available P, CEC =Cation exchange 

capacity 

 

Table 8.Associations within soil chemical properties 

Parameters Ph OC TN Ex. Ac Ex. Al Ex.H Av.P 

pH -       

OC 0.21 -      

TN 0.59 0.62 -     

Ex. Ac -0.87** 0.57 -0.51 -    

Ex. Al -0.89** -0.12 -0.66 0.088** -   

Ex.H -0.504 0.31 -0.014 0.69
* 0.33 -  

Av.P 0.47 -0.53 0.25 -0.54 -0.22 0.64 - 

Ex.Ac=exchangeable acidity, Ex. Al=Exchangeable aluminum, Ex. H=Exchangeable 

hydrogen, TN= total nitrogen  

 

4.4. Economic Analysis 

Net present value (NPV) negative in RLN and LR treatment in sole application (rhizobium 

inoculated) was positive treatments including the control in the study area Table 9. In all 

treatments the net benefits analysis of lime, rhizobium strain and N fertilizer  application 

showed that a positive value leading to rejection of null hypothesis (Ho) that lime 

technologies were less cost efficient to enhance soil fertility, crop yields and finally 

livelihoods within short time(Appendix Table  ). Accordingly these results suggested that all 

treatments at Gishe District were economically feasible as the net benefit values (NBV) and 

were greater than zero (NBV>0). The maximum (46192) and minimum (38884 birr birr) NBV 

was obtained from, inoculated seed with rhizobium strain was recorded positive, 6ton lime/ha 
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with rhizobium  and,6ton lime/ha with rhizobium inoculated seed and N fertilizer application 

were negative and the other levels of lime rate was not positive response as compare to 

control. The maximum Marginal rate of return (MRR) (46192 birr) (6.05%) was recorded at 

rhizobium inoculated seed with 500 gm/ha as compare to control. The result was inconformity 

with the findings of Birhanu et al. (2012) and Shiferaw (2014). 

Table 9.Partial budget analysis for the mean grain yield of faba bean 

Treat. Mean 

grain yield 

kg/ha 

Adjusted 

yield 

kg/ha  

(10% ) 

Gross 

benefit 

birr/ha 

Lime R 

 

N 

 

Seed 

 cost 

TVC Net  

benefit 

MRR 

% 

 

LRN  3414 3072.6 55307 13500 30 750 2000 16280 39027  

LR  3359 3023 54414 13500 30 0 2000 15530 38884 - 

R   2977 2679 48222      0 30 0 2000 2030 46192 6.05 

C 2812 2531 45558  0 0 2000 2000 43558 - 

V1 3212 2892 52038     0 0 0 2000 2000 50038 1.05 

V2 3069 2762 49718    0 0 0 2000 2000 49517  

TVC= Total Variable Cost, MRR% =Marginal Rate of Return as compared to control 

LRN= lime, rhizobium inoculated N fertilizer, LR= lime and rhizobium inoculated, R= 

rhizobium inoculated, C=control treatment, V1=Walki and V2= DK-70 faba bean varieties
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5. CONCLUSIONS AND RECOMMENDATIONS 

The soil of the study is a clayey in texture with strongly acidic, moderate available P and 

CEC. The results of LR values to raise the pH of the soil to the target pH values of >5.5 were 

used 6 ton/ha. Therefore, the study area need high amount lime to improve the acidity 

problem and increase the productivity of acid sensitive crops like faba bean. The results 

showed that there were significant changes in soil pH and exchangeable Al as the result of 

lime amendment. Applications of 6ton lime /ha significantly decreased the exchangeable Al to 

the minimum level, and raised soil pH close to the optimum pH required for faba bean 

production. From the two faba bean varieties used in this experiment, Walki variety is better 

than DK-70.  

Among the agronomic and yield parameter of faba bean combined application of rhizobium 

(500 gm/ha), starter N fertilizer (23 kg ha
-1

) with 6ton lime/ha
-1

gave the highest grain yield. 

Application the recommended limerate with rhizobium strain gave comparable grain and total 

above ground biomass yields with LRN application. Hence, it is economically feasible to 

improve faba bean yield and yield components on acidic soils of the study area by combined 

use of lime, rhizobium strain and mineral N fertilizer. Therefore, soil test based lime 

application can be used for the sustainable production of on acidic soils in Ethiopia. Due to 

budget constraints, this research work focused on one cropping season, therefore future studies 

should focus on evaluation on residual effect of lime and rhizobium bacteria number in the soil 

for the next crop which can tell as the long term economic benefit of liming on acidic soil.  To 

reduce the high amount of lime required to decrease soil acidity, increase P availability and 

improve the productivity of acid sensitive crops, additional researches should be conducted by 

integrating  lime with organic and in organic fertilizers. On top of this, lime must be 

complimented with balanced plant nutrients in order to get adequate faba bean yield in the 

study area. 
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7. APPENDIX 

Appendix Table 1. Classification of soil reaction based on pH (H2O) 

Soil reaction class        pH (1:2.5 H2O) 

Very strongly acid        < 4.5 

Strongly acid         4.5-5.2 

Moderately acid        5.3-5.9 

Slightly acid         6.0-6.6 

Neutral          6.7-7.3 

Moderately alkaline        7.4-8.0 

Strongly alkaline        > 8.0 

Source: Tekalign (1991) 

 

Appendix Table 2.Soil organic carbon (OC) rating  

 Rating      OC (%)  OM (%) 

Very low     0.50   < 0.86 

Low      0.5-1.5   0.86-2.59 

Medium/moderate    1.5 - 3.0  2.59-5.17 

High      > 3.00   > 5.17 

Sources: Tekalign (1991). 

 

Appendix Table 3.Total nitrogen content 
Rating/ class  TN (%) 

Very  low < 0.10 

Low  0.10 – 0.15 

Medium/moderate  0.15 – 0.25 

High >  0.25 

Source:  Havlin   et al. (1999) 

 

Appendix Table 4.Rating for available P of soils 

 Rating          P (ppm) 

Low          0-5 

Medium         5-10  

High          >10 

Sources: Hazelton and Murphy (2007) 

 

Appendix Table5.Rating for cation exchange capacity (CEC) of soils 

Rating          CEC cmolckg
-1

 

Very low          < 6 

Low           6–12 

Moderate          12–25 

High            25–40 

Very high          > 40 
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Source: Hazelton and Murphy (2007) 

Appendix Table 6: Mean square values of ANOVA for agronomic parameters, as affected by 

effects of lime, rhizobium and N fertilizer for faba bean on acidic soil 
Source of variation                                                          DF  GP FD PH  DM              ETNP 

Replication  2 13.87 6.88 18.1 4.29 0.09 
Treatments  3 13.98 * 11.93 1351.9*** 113.26* 4.1*** 
Variety 1 183.87*** 106.3*** 450.63*** 35 0.28 
Variety*treatment 3 2.27 16.54 11.56 113.7* 0.06 
Error  14 4.17 5.71 7.17 18.1 0.8 

DF= degree of freedom, GP=Days to 50% seed emergency, FD =Days to 50% flowering, 

MD=90% physiological maturity, PH =plant height, ETNP=effective tiller number per 

number, ns-non significant.*, **, ***, indicate significant difference at probability levels of 

5%. 

 

Appendix Table 7: Mean square values of ANOVA for agronomic parameters, as affected by 

effects of lime, rhizobium and N fertilizer for faba bean on acidic soil 
Source of variation   DF NNPP NVP NDWP  TRL                               TRDW 
Replication  2 42.63* 0.01** 0.001 0.18 0.1* 
Treatments  3 1608*** 0.16*** 0.03** 21.15*** 0.97*** 
Variety 1 143.8*** 0.004 0.006*** 9.22** 0.4 
Variety*treatment 3 49.8** 0.0005 0.0008 1.28 0.2 
Error  14 7.29 0.002 0.0005 0.95 0.03 

DF= degree of freedom, NNPP= nodule number per plant, NVP=nodule volume per plant, 

NDWP= nodule dry weight per plant, TRL=taproot length and TRDW=taproot dry weight, ns-

non significant.*, **, ***, indicate significant difference at probability levels of 5%. 

 

Appendix Table 8: Mean square values of ANOVA for, agronomic parameters, as affected by 

effects of lime, rhizobium and N fertilizer for faba bean on acidic soil 
Source of variation  DF PNPP S NPP HGW  TBM GY 

Replication  2 0.72ns 0.02
ns

 7.8
ns

 130.4
ns

 2.65
ns

 
Treatments  3 48.33*** 0.037*** 25.4*** 63904*** 5148.52*** 
Variety 1 1.1** 0.52*** 19.6* 3262.5*** 1219.8*** 

Variety*treatment 3 13.1ns 0.0002
ns

 1.7
ns

 93.6
ns

 277.91* 

Error  14 1.8 0.001 2.46 128.2 56.6 

DF= degree of freedom, NPP=number of pod per plant, SPP= seed number per pod, TBM= 

total biomass, HGW= 100-grain weight and GY=grain yield of faba bean varieties, ns-non 

significant.*, **, ***, indicate significant difference at probability levels of 5%. 
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