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EFFECTS OF RHIZOBIUM INOCULATION, VERMICOMPOST AND INOGANIC 

FERTILIZER APPLICATION ON GROWTH AND YIELD OF FABA BEAN (Vicia faba 

L.) AT BASONA WERENA DISTRICT NORTH SHEWA ZONE, CETRAL ETHIOPIA 

By 

Aemiro Birhanu (BSc.), Wollo University, Ethiopia. 

Advisors: Wondwosen Tena (PhD.), Debre Berhan University, Ethiopia. 
                Gezahagn Degfea (PhD.), Debre Berhan University, Ethiopia. 

ABSTRACT 

Faba bean (Vicia faba L.) is one of the major leguminous crops grown in the world. The national 

average faba bean yield is very low compared to its potential yield in Ethiopia because of low 

soil fertility. A pot experiment was conducted to evaluate the response of faba bean to rhizobium 

inoculation, vermicompost application and blended NPSB fertilizer rates at Debre Berhan Uni-

versity from December to May, 2019/2020. A factorial combination of 2 levels of rhizobium (in-

oculated and uninoculated), 4 levels of vermicompost (0, 3, 6 and 9 t/ha) and 3 levels of mineral 

blended NPSB fertilizer (0, 60, and 120 kg/ha) were laid in completely randomized design (CRD) 

with three replications. The soil analysis result revealed that there was a clay textural class of 

soil, moderate bulk density (1.43cm
3
/g), moderate acidic (pH 5.6), low levels of (organic matter 

(1.72 %), total N (0.115%), available P(8.89mg/kg) and available S (7.2 mg/kg)); a high levels 

of (CEC (30.45 Cmol (+)/kg, Ex. Ca (19.72 Cmol(+)/kg soil, Ex. Mg (7.93 Cmol(+)/kg soil and  

Ex. K (1.21Cmol(+)/kg) and   a medium levels of Ex. Na (0.68Cmol(+)/kg.  Analysis of variance 

showed that nodulation, yield and yield components and nutrient uptake of N, P and S were sig-

nificantly affected by the treatments. The highest nodule number (NN) (101.8) and nodule dry 

weight (NDW) (193.4 mg) were obtained at 6 t/ha application of vermicompost, however, both 

NN and NDW reduced by 47% as compared  to 9 t/ha verimicopost  application. Rhizobium in-

oculation increased the mean both NN and NDW by 35% over uninoculated. The highest number 

of nodules per plant (94.4) was recorded by the NPSB rate of 60 kg/ha while the lowest number 

(74) was at the control.  The remaining investigated traits (pod number, straw yiled and grain 

yield) significantly increased by integrated use of Rhizobium inoculation, vermicompost and 

blended NPSB fertilizer application. The highest grain yield (80.1 g/pot), number of pod per 

plant (28.67) and straw yield (125.86 g/pot) were obtained from combined application of 6 t/ha 

vermicompost and 60 kg/ha NPSB fertilizer along with rhizobium inoculation. In this study, Rhi-

zobium inoculation significantly improves the total N, P and S uptake by 20.4%, 15.5% and 

27.1% over the control treatment, respectively. Therefore, integrated application of rhizobia in-

oculation, 6 t/ha vermicompost and 60 kg/ha blended NPSB fertilizer rate application is recom-

mended to boost the productivity of faba bean in the study area. However, the experiment was 

conducted in green house only for one season, therefore repeating the trial on filed, at different 

seasons would be important to draw sound recommendation.      

 

Keywords:  Faba bean; Blended fertilizer, NPSB, Rhizobium, Vermicompost.
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1. INTRODUCTION 

Faba bean (Vicia faba L.) is one of the most globally important legume crops and it ranks the 

fourth food legume in production after peas, chickpea and lentil (Kaur et al., 2014). It is a major 

grain legume widely cultivated in many countries for food and feed purposes (Sillero et al., 

2010). Due to its multiple uses, high nutritional value, and ability to grow over a wide range of 

climatic and soil conditions, cultivation of faba bean is suitable for sustainable agriculture in 

many marginal areas (Nadal et al., 2003). Food legumes cover about 12.61% of the area under 

crop production in Ethiopia and contribute to nearly 9.73% of total annual crops production 

(CSA, 2018). Faba bean production ranks the first among the most important pulse crops in 

Ethiopia and it occupies about 3.45 % (437,106.04 ha) of under the pulse crops, with the total 

production of 3.01 % (921, 761.535 t) and average yield of 2.109 t/ha (CSA, 2018). 

The national average faba bean yield is very low compared to its potential yield. This is due to 

limited of adapted high yielding cultivar, damage of pest, and inadequate agronomic manage-

ment practices, nutrient imbalance and insufficient indigenous or commercial Rhizobium strain 

of faba bean.  Minting of soil fertility and use of plant nutrient in balance amount is one of key 

components increase crop production and productivity (EthioSIS, 2016). Hence handling of soil 

fertility is crucial for successful faba bean productivity. According to Wassie and Tekalign 

(2013) most Ethiopian soil are poor in nitrogen (N), phosphors (P), and  sulfur (S) content in ad-

dition those soil frequent cultivated with cereal generally low population or absent in nitrogen 

fixing bacteria (Rhizobia species) which contributed to low of faba bean yield. Therefore it is 

mandatory to evaluate the use of organic and in organic fertilization with Rhizobium inoculation 

which may be usefull to improve the productivity of faba bean.   

Faba bean is important crop used as a break crop in cereal rotation to improve the soil fertililty 

(Cazzato et al., 2012). Soil fertility management as a sustainable rotation crop in the cereal based 

cropping system of Ethiopian highlands as it fixes substantial amount of atmospheric N. It is also 

a good source of cash for farmers and it generates foreign currency to the country (Mussa et al., 

2008). The fresh and dry seeds of faba bean are used for human consumption; they are highly 

nutritious because they have a high protein content (up to 35% in dry seeds), and are a good 

source of many nutrients, such as K, Ca, Mg, Fe, and Zn (Lizarazo et al., 2015; Longobardi et 
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al., 2015; Neme et al., 2015).  Yet, faba bean gives many advantages in terms of domestic food 

security, generates foreign currency to the country and soil fertility restoration, its production is 

constrained by poor soil fertility, frost, and poor cultural practices (poor or no fertilizer applica-

tion) (Mussa et al., 2008) and water logging, drought or soil moisture limitation (Mohamad, 

2010) contribute to the low productivity of the crop. 

Adequate fertilization is important to attain the potential yield of faba bean.  Vermicompost is 

effective organic fertilizers that have an organic nutrition role and increase plant growth (Simsek, 

2011). The application of vermicompost is a sustainable technology capable that improves plants 

growth and yield (Castillo et al., 2010). Applications of vermicompost singly or in combination 

with other organic fertilizer have been proved effective to enhance growth and yield of various 

plants like faba bean, soybean and other crops and yield of them increased (Javed, 2013).  

Among the required nutrients for plant growth, nitrogen (N) is number one element that is re-

quired in large amount. Inoculation of the legume seed with active nitrogen-fixing bacteria 

strains has a significant role in the increase of the legume yield (Bezabih, 2018). Pulse crops can 

fix quantities of N to eliminate the need for N fertilizer inputs (Walley et al., 2007). More pre-

cisely, faba bean can fix up to 150-300 kg N/ ha in a growing season (Singh et al., 2012).  

Phosphorus is considered as one of the necessary elements for the complete function of plants 

especially for blooming and seed setting as well as contribution to growth of roots of faba bean 

(Alderfasi and Alghamdi, 2010). It is required in relatively large amounts by legumes; in addi-

tion to promoting the growth of the host legume, it has specific roles in N fixation, nodule initia-

tion, nodule number, growth and development (Sara et al., 2013). On the other hand, phosphorus 

deficiency reduces N fixation due to decreased nodule formation and reduced nodule sizes and 

finally affecting the yield and grain quality and quantity (Sadeghipour and Abbasi, 2012). 

Several studies have been done on the effect of Rhizobium inoculation and mineral fertilization 

on yield, yield components, nodulation and N fixation of legumes (Amanuel et al., 2000; Asgelil, 

2000; Shibru and Mitiku, 2000; Ayneabeba et al., 2001; Habtegebrial and Yohannes et al., 

2014). Yet, no study has been done on effect of Rhizobium inoculation , vermicompost and inor-

ganic fertilizer application on nodulation, growth, nutrient uptake and yield of faba bean (Vi-

ciaFaba L.), at Basona Werena district North Shewa Zone, Central highlands of Ethiopia. In 
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adition to this, the successfulness of rhizobia inoculation is highly site-specific and depends on a 

multitude of interaction, including environmental, soil, and biological factors (Lira Junior et al., 

2005; Anteneh and Abere, 2017). Therefore, it is important to establish and quantify the influ-

ence of vermicompost, inorganic fertilizer application and Rhizobium inoculation on nodulation, 

nutrient uptake, yield and growth in such legumes.  

Therefore, the objective of this study were 

 To determine the effect of Rhizobium inoculation, vermicompost and inorganic fertilizer 

application (NPSB belended fertilizer) on nodulation, nutrient uptake, yield and yield 

components of faba Bean (Vicia faba L.) under green house condition. 

  To evaluate the interaction effect of vermicompost, inorganic fertilizer application, and 

Rhizobium inoculation on nodulation, nutrient uptake, yield and yield components of faba 

Bean (Vicia faba L.). 
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2. LITERATURE REVIEW 

2.1. Origin and Distribution of Faba Bean  

Faba bean (Vicia faba L.), is one of the most important cool season legume crop and it is be-

lieved to have been originated in present-day Central Asia (Singh et al., 2013). The species 

spread from the Mediterranean region to Europe and then through Eurasia and to the part of other 

world. Extensive cultivation occurs in all of these regions particularly in China (Street et al., 

2008). Chinese used faba bean for food almost 5,000 years ago, and they were cultivated by the 

Egyptians 3,000 years ago, by the Hebrews in Biblical times, and a little later by the Greeks and 

Romans (Singh and Bhatt, 2012) also secondary centers of diversity are postulated in Afghani-

stan and Ethiopia (Hajjar and Hodgkin , 2007).  

2.2. Botanical and Morphological Description of Faba bean  

Faba bean (Vicia faba L.) is an annual diploid with 12 chromosomes and genome of 13,000 Mb 

(Ellwood et al. 2008).  It is a member of genus Vicia, subfamily Papilonaceae, family Fabaceae, 

(Street et al., 2008). Based on distinct botanical or morphological features and molecular diversi-

ty analysis, faba beans are commonly classified into three major groups: (1) major with large 

seeds, (2) minor with small seeds, and (3) equina with medium seeds (Pietrzak et al., 2016). It is 

coarse, upright, hollow, and unbranched stem from the base, and grows between 0.1 and 2 m tall 

(Heuzé et al., 2016). The leaves are alternate, pinnate and consist of 2 to 6 leaflets each up to 

8cm long. Unlike most other members of the genus, it is without tendrils or with rudimentary 

tendrils for climbing. The plant flowers profusely but only a small portion of the flowers produce 

pods (Singh et al., 2013).  

The flowers have a typically papilionaceous structure and are grouped in inflorescences; they are 

either pure white or with diffuse anthocyanin pigmentation on all petals, while black spots are 

often present on the wing petals (Heuzé et al., 2016). Seeds, which vary considerably in size, are 

oblong to broadly oval with a prominent hilum at the end; their color can be yellow, green, 

brown, black, or violet, and sometimes seeds are spotted (Duc et al., 2015). Faba bean plants fea-

ture a robust taproot with frequent lateral root branching from the top of the taproot; N-fixing 

nodules containing rhizobia occur on both the tap and lateral roots. Root traits of European ac-



 
  

5 

 

cessions very profoundly (Zhao et al., 2017), and are largely influenced by the tillage regime 

(Munoz-Romero et al., 2011).  

Faba bean is generally considered day-neutral, while some accessions require long-day condi-

tions to flower. However, thermal time is the most important contributor to flowering progress in 

faba bean, with approximately 830–1000°days above 0°C being required; winter faba bean geno-

types require vernalization (Patrick and Stoddard, 2010). For northern European cropping sys-

tems, Bodner et al. (2018) have reported results of 650°days and 0°C base temperature before 

flowering; this potentially reflects a photoperiodic sensitivity toward long-day conditions in faba 

bean. In other study, Cao et al. (2017) found that several potential regulators are implicated in 

the vernalization process in faba bean. Faba bean is a self-pollinated plant with significant levels 

of cross-pollination (Suso et al., 1996; Chen, 2009). The main pollinating insects are honeybees 

(Apis spp.) and bumblebees (Bombus sp.); the benefits of insect pollination for yield have been 

well documented (Cunningham and Le Feuvre, 2013; Bishop et al., 2016). 

2.3. Ecological Requirements of Faba bean 

 Faba bean cannot only be grown on diver’s agro-climatic conditions successfully, but it can also 

be produced on residual soil moisture, relatively more tolerant to biotic and abiotic stress, with 

minimum input (Singh and Bhatt, 2012).   In Ethiopia, Faba bean widely produced at an altitude 

of between 1800 and 3000 around Degan and woinedega of the country. If an altitude is below 

1800 m.a.s.l. it could be affected by drought and disease, if it is above 3000m it could be affected 

by chilling injury and decrease the yield potential (Amare et al., 2018). The optimum tempera-

ture for crop growth is 15-20°C, particularly during the reproductive stages of flower and pod 

development. Faba bean tolerance of frost is better compared to other grain legumes. Faba bean 

flowers will abort if temperatures exceed 27°C and are also particularly sensitive to hot, dry con-

ditions during the pod setting period (Maqbool et al. 2010). However faba bean germplasm is 

also grouped into spring and winter types, according to frost tolerance, delimiting target climatic 

zone, and sowing time, and according to the ability to adapt to oceanic or continental (i.e., 

drought-prone) climates (Flores et al., 2013). 

Faba bean tolerates any soil type which grows best in rich loams and the crop is bested suited to 

red-brown soils, black earth, grey clays, and alluvial loams. Also it favors types of soil with pH 

ranging from neutral to alkaline (pH of 7.0 to 9.0). If soil pH is less than 5.0 the adjustment of 
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lime is recommended. Deep loams are the primary choice of soils.  Faba bean has relatively shal-

low roots, thus the crop may suffer from drought stress in soils that dry quickly. It seems to be 

tolerant to short period of water-logging (Hillette et al., 2015). They are considered to be the 

least drought-resistant of legume crops; however, cultivars with high water use efficiency have 

been developed at ICARDA (Subash and Priya, 2012). According to Singh et al. (2013) reporet-

ded that, depending upon the cultivars and climatic conditions; Faba beans are slow to emerge 

and take 10 to 20 days, seeds must be in constant contact with moisture until seedlings are well 

established, it take  time from seeding to harvest ranges from 80 to 120 days. Faba beans should 

be grown in rotation in the same field to avoid a build-up of soil-borne diseases, their susceptibil-

ity to diseases which are common in rapeseed and sunflower limit their place in a crop rotation 

with other specialty crops. 

2.4. Economic Importance of Faba bean  

Faba beans are high-yield crop, both economic and ecologic role, is very important; they contain 

up to 35% of crude protein, approximately 50% of carbohydrate and no more than 15% of crude 

lipid (Proskina L, et al., 2016). It is an important source of protein supplement for the majority of 

the population, and incorporated in various popular Ethiopian dishes (Asfaw et al., 1994). Ac-

cording to Asnakech et al, (2016) small seed size faba beans were preferred for household con-

sumption for its good test of ‘Shero’ (a sauce for ‘Enjera’) and ‘Siljo’, a national dish made from 

faba bean flour. On the other hand, large-seeded faba beans were preferred for its high yield and 

market demand for the preparation of traditional food such as Nifro (boiled), ‘Ashuke’ (roasted 

and soaked) and ‘Endushdush’ (sprouted and roasted). It is tightly coupled with every aspect of 

Ethiopian life. It is mainly used as an alternative to peas to prepare flour called shiro, which is 

used to make shiro wot (a stew almost ubiquitous in Ethiopian dishes). In addition, consumers 

also utilized the large-seeded faba bean for making ‘Enjera' (flatbread used as a staple food in 

Ethiopia) by mixing it with other cereals like wheat, barley or sorghum. It was also used for 

making Ful (dish of cooked and mashed faba beans prepared with oil, chopped onion garlic, and 

tomato), a popular breakfast in towns of Ethiopia (Asnakech et al., 2016). 

Faba bean is responds to and changes its environment by altering on-site soil fertility, microcli-

mate, and co-habitats of wild flora and fauna (Saidi. et al., 2014) and is an excellent crop for sus-

tainable agriculture because of its unique ability to fix atmospheric N symbiotically which is 
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heavily depends on sufficient populations of effective rhizobia (Siczek et al., 2016). It is plays a 

great role in biological N fixation, especially rhizobia-legumes symbiosis, is one of the alterna-

tive solutions and the promising technologies which play an important role in reducing the con-

sumption of chemical N-fertilizers, increasing soil fertility, decreasing the production cost, and 

eliminating the undesirable pollution impact of chemical fertilizers in the environment (Livija et 

al., 2017). It can also reduce the levels of soil born disease when it grows as a break crop (Mat-

thews and Marcellos, 2003). 

The key agronomic and economic advantage provided by faba bean and other legumes in crop 

rotation is BNF (Kopke and Nemecek, 2010). The N benefit provided for subsequent crops is 

often high; a review by Jensen et al. (2010) has demonstrated substantial savings (up to 100-200 

kg/ha N) in the amount of N fertilizer required for subsequent crops. Thus, the inclusion of faba 

bean in crop rotation reduces the need for inorganic N fertilizer, and consequently reduces 

CO2 emissions (Jensen et al., 2012). Other benefits provided by faba bean in rotation systems 

include improvement to soil physical properties, maintenance of soil fertility, and disruption of 

pest and disease cycles (Stoddard et al., 2010; Adekiya et al., 2017). Faba bean is usually en-

gaged as a break crop in cereal production. When rotated with cereals, it has proven to be benefi-

cial in increasing the yield and seed protein content of successive cereal crops (Zou et al., 2015). 

Nevertheless, there are some environmental risks, such as increases in N leaching or N2O emis-

sions, associated with the use of faba bean in crop rotation; these risks can however be limited 

through appropriate rotation system design (Huth et al., 2010). 

2.5. Faba Bean Production and Its’ Challenges in Ethiopia 

In Ethiopia production of grain legumes by volume has been increased by 71.92% for the dura-

tion of nearly 20 years and with a growth rate of 3.78% per annum (Erana, 2019). Participation 

of farmers in cultivation of legumes in the country has been increased nearly by two fold from 

4.5 to 8.5 million farmers for the last 20 years (Atnaf et al., 2015). Faba bean (Vicia faba L.) is 

an important highland legume crop of Ethiopia, which covered 3.45% (about 437,106.04 hec-

tares), of the grain crop area. The production obtained from faba beans 3.01% (about 

9,217,615.35 quintals) of the grain production at nationals level (CSA, 2018). It is the most es-

sential pulse crop in Ethiopia in terms of area coverage, production volume, and source of pro-

tein and as crop rotation improving soil fertility (CSA, 2018).  Though increased production of 

https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B97
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B81
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B82
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B177
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B7
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B197
https://www.frontiersin.org/articles/10.3389/fpls.2018.01115/full#B80
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1722353
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faba bean would be expected to increase farm household income and contribute to greater house-

hold food security, the production and productivity of faba bean including orther legumes in 

Ethiopia is below potential due to different reasons.  

The major constraints accounting for this low production and productivity are low input usage, 

limited availability of seed and limited familiarity with the variety of existing legumes, and lim-

ited usage of modern agronomic practices, market problems and poor extension services (Tafere 

et al., 2012; Getachew, 2019). Yet, Ethiopia still has different opportunities for enhancing the 

productivity of legumes including varied agro-ecology, diversity of grain legumes, population 

and urbanization trends, increased demand for animal feed and processed foods (Habte et 

al., 2018). The enhanced legume production can create opportunities for local value-added pro-

cessing, stimulate domestic demand, and provide off-farm employment, sources of income, and 

enriched diet for resource-poor and smallholder farmers (Getachew, 2019). 

2.6. Biological Nitrogen Fixation 

Biological nitrogen fixation (BNF) is the process in which nitrogen gas (N2) from the atmos-

phere is incorporated into the tissue of legume plants, with the help of soil microorganisms. 

Plants absorb most of nitrogen in the NH4
+
 and NO3

-
 forms. The crop plants cannot utilize N 

in its elemental form (N2) for their growth and development and hence need conversion to a 

usable form. Only limited numbers of prokaryotes are able to convert the N2 molecule into a 

usable form of N through a process known as biological nitrogen fixation (BNF) (Allito et al., 

2015). Other plants benefit N from nitrogen fixing bacteria when the bacteria die and release 

N to the environment, or when the bacteria live in close association with the plant. 

Leguminous plants are able to fix atmospheric N2 through the association with rhizobia. The 

legume plant supplies the carbohydrate for bacterial growth while the bacteria fix atmospheric 

N2 into NH4
+
, to convert into amino acids that can be used by the plant to synthesize proteins 

for its growth and development (Wondwosen et al., 2017). Symbiotic association is a highly 

specified relationship between the host plant and the bacteria. Rhizobia-legume symbiosis in-

volves the interaction between the plant and the bacteria leading to initiation and development 

of the root nodules. Therefore, symbiotic N fixation is of great importance not only in the 

production of leguminous crops but also in the global N cycle (Makoi et al., 2010). Biological 

N fixation becoming more attractive and economically viable N inputs, substitute of inorganic 

https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1722353
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1722353
https://www.tandfonline.com/doi/full/10.1080/23311932.2020.1722353
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fertilizers of N for resource poor farmers and an environmentally friendly agricultural input 

(Workneh et al., 2012).  

Zahran (2009) described that the ability of many legumes to form associations with bacteria 

that fix atmospheric N (the symbiotic association that improved growth) is thus a big matter 

of ecological and economic interest. In addition, the symbiosis initiated through the legume 

root infection by the rhizobia and formation of root nodules where BNF occurs through the 

action of a bacterial enzyme, called “Nitrogenase” (Masson-Boivin et al., 2009). The nitro-

genase enzyme is a biological catalyst, which is present in the bacteria and mediates the reac-

tion. 

Nutrient uptake by plants depends largely in the amount, concentration and activities in the 

rhizosphere as well as the capacity of the soil to replenish the nutrients in the soil-solution 

(Makoi et al., 2013). In addition, rhizobia inoculation increased the uptake of P, potassium 

(K), calcium (Ca), and magnesium (Mg) in the plant parts attributed to increased soil pH. On 

top of atmospheric N fixation, rhizobia inoculation have been reported to improved plant nu-

trient such as P by mobilizing inorganic and organic P from organic and inorganic sources in 

the soil rhizosphere (Saharan and Nehra, 2011). 

Introduce of superior strains of rhizobia into the soil does not always guarantee a higher BNF 

and consequently increased yield (Graham et al., 2004). The process generally influenced by 

biotic and abiotic factors that affect the survival of the introduced strain, infectivity, and BNF 

efficiency. A rhizobia strain influences the efficiency of N2 fixation, whereby one strain may 

be efficient with one faba bean genotype, but inefficient in symbiosis with another genotype 

(Jensen et al., 2009)  

Environmental factor that negatively influences either the growth of rhizobia or the host plant 

itself has a dramatic impact on symbiotic N2 fixation. It can negatively influence the nodula-

tion process and indirectly affect N fixation, or directly influence plant growth and vigor dur-

ing post nodulation events and so affect the efficient functioning of the nitrogenase enzyme 

complex (Mulissa and Fassil, 2012). During formation and emergence of root hairs, N2 fixa-

tion affected by many factors such as the presence and density of nodulating bacteria in the 

root zone, the physical and chemical properties such as humidity, temperature, salt concentra-

tion in the soil, pH levels and deficiencies of several mineral nutrients (Abdul-Jabbar and 
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Saud, 2012). Thus, a wide diversity of rhizobia strains increases the potential for an optimal 

legume-rhizobia symbiosis and thereby a maximal nitrogen fixation (Lindstrom et al., 2010). 

One of the best biotechnologies for increasing crops yield is biological N fixation, especially rhi-

zobia-legumes symbiosis, one of the alternative solutions and the promising technologies 

whichplay an important role in reducing the consumption of chemical N-fertilizers, increasing 

soil fertility, decreasing the production cost, and eliminating the undesirable pollution impact of 

chemical fertilizers in the environment (Upendra et al., 2013). The inoculation of the legume 

seed material with active N-fixing bacteria strains before sowing has a significant role in the in-

crease of the legume yield (Bezabih, 2018). 

2.7. Coffee pulp and husk as Vermicomposting material 

Coffee-processing industries are causing environmental risks due to extensive disposal of coffee 

pulp, husk and effluents into arable land and surface water (Gezahegn  et al. 2016). The envi-

ronmental impacts of coffee production and processing are vast, with large quantities of solid 

and liquid wastes generated globally (Hue et al. 2006). Over 10 million tons of solid residues are 

generated yearly from the coffee agro-industry worldwide, along with large amount of 

wastewater and cultivation residues (Echeverria and Nuti, 2017). 

Acording to Dzung et al. (2013)) stated that Coffee husk contains some amount of caffeine and 

tannins, which can make it toxic and slow degradation in nature which, resulting the disposal 

problem. However, coffee husk is rich in lignocelluloses materials, which makes it an ideal sub-

strate for microbial processes Pandey et al., 2000). In this regard, the studies of Franca and 

Oliveira (2009) indicated that coffee husk comprised of dry outer skin, pulp and parchment is 

probably the major residue from the handling and processing of coffee; since for every 1kg of 

coffee beans produced, approximately 1 kg of husk is generated during dry processing. Similarly, 

Zoca et al. (2014) reported that since 50% of the harvested coffee is husk, it is important to con-

sider that these by-products can contribute to environmental problems if not disposed of proper-

ly. Thus, there is a need to find alternative uses for these residues. 

The use of organic compost in agriculture is a practice that brings many advantages, avoiding 

environmental contamination and nutrients immobilization, and is a source of organic matter in 

the soil (De Rezende et al., 2012). The treatment of coffee by-products through oxygen-driven 

https://link.springer.com/article/10.1007/s40093-019-0256-8#ref-CR41
https://link.springer.com/article/10.1007/s40093-019-0256-8#ref-CR27
https://link.springer.com/article/10.1007/s40093-019-0256-8#ref-CR16
https://link.springer.com/article/10.1007/s40093-019-0256-8#ref-CR18
https://link.springer.com/article/10.1007/s40093-019-0256-8#ref-CR56
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biological methods would serve a dual purpose, i.e., fertilizer production and environmental pro-

tection (Murthy and Naidu, 2012). In this regard, Gezahg et al. (2016) reported that treatment of 

coffee husk waste by vermcoposting reduces the severe damage that the application of immature 

compost to the soil would cause and allows a complete conservation of the residual energy stored 

in the organic material.  Therefore, coffee husk and coffee pulp have great potential for as ver-

micoposting material. 

Table 1 .Chemical Composition of coffee husk 

Nutrient data % Composition of coffee husk 

Moisture 17.3 

OC 50.8 

PH 5.74 

N 1.27 

P 0.06 

K 2.46 

Ca 0.37 

Mg 0.42 

C/N  ratio 40.02 

Source: Dias et.al 2010 

2.8. Effect of Rhizobium Inoculation, Vermicompost and Inorganic Fertilizer on 

Faba bean  

2.8.1. Effects of Rhizobia inoculation on yield and yield components of faba bean 

Soil is the habitat for prodigious number of living organisms, which include the living, forms 

both visible to the naked eye and on the other hand ones with microscopic dimensions. Among 

these, bacteria play a vital role in a various biochemical processes taking place in the soil and are 

very much beneficial as far as the plant growth and soil properties are concerned (Anonymous, 

2014). Bacteria capable of nodulating and fixing N in association with legumes by forming nod-

ules, meet N requirement of both host plants and rhizobia, the host plants are referred to generi-

cally as rhizobia, and are currently divided into six genera, Allorhizobium, Azorhizobium, Brady-

rhizobium, Mesorhizobium, Rhizobium and Sinorhizobium, with 38-40 species (Ferguson et al., 

2010).  Among all the N2 fixing microorganisms, symbiotic relationships between legumes and 

rhizobia are responsible for the largest contributions of fixed N to farming systems (Unkovich et 

al., 2008). 
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In faba bean, the most common method of inoculation is to apply the culture of Rhizobium spp. 

to seed prior to sowing (Jorrin and Imperial, 2015).  Inoculation of seeds with Rhizobium in-

crease nodulation, nitrogen uptake, seed protein (Tahir et al., 2009). Study by Mohamed and 

Babiker (2012), on the effect of Rhizobium inoculation on faba bean production indicated that 

Rhizobium inoculation increased number of nodules and significantly increased shoot dry weight, 

nodule dry weight, number of pods, nitrogen fixation activity, yield and shoot nitrogen content 

faba bean. Dashadi et al. (2011) also treated faba bean seeds with R. leguminosarum and Azoto-

bacter under greenhouse and reported that number of nodules, nodulation, total nitrogen content, 

relative water content, root dry weight of faba bean improved as a result of inoculation alone and 

co inoculation of Rhizobium and Azotobacter. 

Similarly other study on faba bean revealed that Rhizobium inoculation significantly affected the 

shoot length, dry matter and nodule fresh weights of faba bean when inoculated in various soil 

types (Assefa et al., 2010). Seed inoculation of some native R. leguminosarum bv. Viciae on faba 

bean in the south of Iran indicated that seed yield increased from 35% to 69% due to the inocula-

tion (Khosravi et al., 2001). Different research work revealed that inoculation of faba bean with 

rhizobium inoculation increased the yield by 10-50% (Abere et al., 2009). Wassie et al (2010) 

also reported a yield advantage of 61- 68 and 52 % for faba bean rhizobium inoculated at Bulie 

and Chencha districts of southern Ethiopia, respectively. The work of Rugheim and Abdelgani 

(2012) also showed that there was significant increment in yield, seed moisture, ash, crude fiber 

and crude protein of faba bean by Rhizobium inoculation. In addition Talaat and Abdallah 

(2008) reported that seed inoculation with Rhizobium and/or soil inoculation improved dry 

weight of nodules, plant height, branches and leaves number, shoot dry weight, leaf area, number 

and weight of pods and seeds, seed and straw yield, as well as 100-seed weight of faba bean over 

control treatments.  

In general, Rhizobium inoculation in faba bean is accredited for stimulating growth and is an al-

ternative to the expensive inorganic nitrogen fertilizers (Osman and Elazaziz, 2010; Rugheim 

and Abdelgani, 2012). Inoculation of local or adapted varieties of host plant with effective native 

strains produced similar grain yield than the N fertilized control regardless of number of indige-

nous rhizobial population (Mrabet et al., 2005). The use of appropriate strains of inoculants in 

nitrogen deficient soils may offer an excellent opportunity for improving legume growth and de-

velopment. In addition, native Rhizobium inoculation was more competitive and effective with 
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clover than exotic Rhizobium in soil with previous history of inoculation (Batist et al., 2015). 

Due to faba bean genotypes-Rhizobium isolate specificity (Mytton et al., 1977) and selective in 

forming nodule with some Rhizobiumleguminosarum by viciae genotypes (Jorrin and Imperial, 

2015), selection of locally isolated superior Rhizobium would be essential.  

2.8.2. Effect of Vermicompost Application on yield and yield components of faba bean 

Vermicompost is natural organic substances resulting from the degradation of plant and live-

stock waste by earthworms. This organic material enriched with beneficial microorganisms and 

recover nutrients for plants (Arancon et al. 2012; Canellas et al., 2015; Olivares et al., 2015). 

Application of vermicompost is a sustainable technology capable those improve plants growth 

and yield (Castillo et al., 2010). It had hormones like activity and this induces greater root initia-

tion, increased root biomass, enhanced plant growth and development and alters the morphology 

of plants (Grapelli et al., 1985).  

Addition of vermicompost singly or in combination with other organic fertilizer has been showed 

effective to enhance growth and yield of various legumes plant (Javed, 2013). Wissem et al. 

(2018) reported that the presence of nutrients, humic acid, and probably hormones in Vermicom-

post tea, which may positively affect growth, reproduction, and yield faba bean. This is through 

delivering greater amounts of available C, Mg, Ca, P, and K for the plant (Lim et al., 2015).  

Vermicompost improved all yield parameters of crops like wheat, faba bean, paddy and sugar-

cane (Ansari, 2016). Similarly Anteneh and Abere (2017) stated that vermicompost application 

with the rate of 8 t/ha significant increase in shoot dry weight, shoot length, number of tillers per 

plant, the number of pods per plant and number of seeds per pod of faba bean. Likewise Go-

pinath et al. (2011) revealed that a significant increase in growth and yield of bean and Garden 

Pea by the application of organic fertilizer. Amiri, (2017) reported that vermicompost application 

can improve growth and yiled of legume such as chekpea.  Atiyeh et al. (2001) also reported that 

marigold seedlings grown in a growth medium substituted with 20% pig manure vermicompost. 

Tallini et al. (1991) found that vermicompost stimulating the root growth increasing proliferation 

of root hairs. Applications of vermicompost to field soils have also been reported to increase 

crop growth and yields (Arancon et al., 2004). 
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 In addition to mineral nutrition content of vermicompost, further stimulate plant growth through 

enhancing beneficial microorganisms and the microbial mediated release of phytohormones 

(Frankenberger and Arshad, 1995). Yadav et al. (2014) showed that vermicompost positive ef-

fects on plant growth increase in growth of legums seedlings at the lowest level of vermicompost 

substitution. There was a good evidence that vermicompost promotes growth of plants (Raj-

khowa, 2003).   

Application of vermicompost, probably limited both growth and flowering of faba bean by max-

imum amount of vermicompost application (Wissem et al., 2018),  other study also pointed out 

that the application of vermicompost increased the plant height, Grain and straw yields of faba 

bean and. Also vermicompost was applied with mineral fertilizers increase grain and straw yields 

of soya bean, total number of root nodules in mung bean (Kim, et al., 2015) and green gram 

(Rajkhowa et al., 2003). Fernandez et al., (2010) has also reported the increase in the grain yield 

of beans due to vermicompost was applied. 

Addition of Vermicompost may promote enzymes linked to C and N assimilation pathways, 

which favored increasing nutrient uptake leading probably to higher protein content (Hernandez 

et al., 2015).  Vermicompost not only improve soil fertility it also important as antimicrobial 

compounds such as flavonoids, phenolics and humic acids in the vermicompost may have in-

duced resistance to pathogens in the plants (Saber et al., 2009). According to Cardoza (2011) the 

resistance against the diseases and pests may be influenced more by the microbial flora than the 

chemical compounds in the vermicompost.  

2.8.3. Nitrogen fertilization on yield and yield components of faba bean 

Nitrogen (N) is the key component of protein for human and animal consumption and it required 

for all plants for growth and development (Adler, 2008). Adequate amount of nitrogen in the 

plant cell are essential for the absorption of other nutrients (Brady and Weil, 2002). N is also es-

sential for synthesis of chlorophyll which is essential for capturing energy from sun light during 

photosynthesis (Waraich et al., 2011). Crop yield can be increased by maintaining soil fertility 

and use of sufficient and balanced plant nutrients. Therefore, adequate supply of N is necessary 

to achieve potential yield of faba bean.  
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A deficiency of nitrogen limits cell division, chlorophyll concentration, chloroplast development 

and enzyme activity. Nitrogen deficiency symptoms including general stunting and yellowing of 

the older parts are seen when this nutrient is in low amount in the soil. It is absorbed by plants as 

nitrate (NO3
-
) and ammonium (NH4

+
). Legume cultivation is particularly important in N-poor 

soils, as they can reduce the need for costly inorganic fertilizers. Not only does nitrogen fixation 

enable the growth of legumes in these N-poor soils, it can also indirectly increase soil N levels 

and thus support the growth of other crops grown with the legumes, or subsequent crops (Quinn, 

2009). 

 The majority of the indigenous legumes, including faba beans, nodulate very well with naturally 

occurring rhizobia (Rhizobium leguminosarum bv. viciae) and do not respond to the application 

of nitrogen fertilizer (Salih, 1987). The major cool season grain legumes, faba bean has the high-

est average reliance on N2 fixation for growth estimates of the total amount of N-fixed by faba 

bean are between 327-450 kg/ha. As a result, faba bean is one of the highest N-fixed legumes. 

Numerous studies have demonstrated substantial savings (up to 100-200 kg N/ ha) in the amount 

of N fertilizer required to maximize the yield of crops grown following faba bean (Jensen et al., 

2010). N fixed by nodules can be used by the host plant, becomes accessible to non-fixing plants 

growing in combination with legumes, or immobilized and incorporated in the soil organic mat-

ter (Brady and Weil, 2002).  

Conversely, a report concerning the effect of  N application on the production and symbiotic N 

fixation of legumes show contradictory results, depending on the experimental conditions (Ber-

gareche et al., 1988); still, it is generally accepted that combined N  not only inhibits the nitro-

genase activity but also root infection and nodule development. However, some reports (Leilah, 

1988; Huber et al., 1987 and Hamdi 1982) showed a positive response (increased nodulation and 

nitrogen fixation) to the nitrogen fertilizer application in several legumes when adequate 

amounts of N fertilizer were applied.   

Nitrogen fertilization has also a positive effect on the growth and yield of the faba bean (Labuda, 

2002). flowering time was earlier, the number of plant at emergence, number of pods/plant bio-

logical and grain yield per unit area and, grain and plant N content of faba bean were increased 

by 60 kg/ha nitrogen combined with 40 kg/ha phosphorus applications (Sait Adak  et al., 2016). 

Similarly, combine application of N with P fertilizer significantly increased seed yields of faba 
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bean (Amare et al., 1999). From the field experiments carried out on bean, Behura et al. (2006) 

reported that leaf area index exhibited increasing trend with increasing N level up to 120 kg/ ha.   

According to a report by Bergareche et al. (1988) found that faba bean could tolerate high levels 

of mineral nitrogen, it is known that levels of other nutrients present in the growth medium affect 

availability and uptake of many plants nutrients. Bozorgi et al. (2011) reported that the highest 

yield and yield components of faba bean were obtained by treatment with 30 kg/ha of pure nitro-

gen + nitroxin inoculation.  Faba bean has received relatively little consecration; still nutrients 

such as nitrogen (N), sulfur (S), and phosphorus (P) are key factors in improving the yield of fa-

ba bean; (Ihsanullah et al., 2011). 

2.8.4. Phosphorus fertilization on yield and yield components of faba bean  

Next to N, P is the most important element for adequate grain production. Most of the cultivated 

soils contain a large amount of insoluble phosphates. The requirements of host plants for optimal 

growth and symbiotic dinitrogen fixation processes for P have been assessed by determination of 

nodule development and functioning (Chaudhary et al., 2008).  For legume, nitrogen is more 

useful because it is the main component of amino acid and protein. Like other leguminous crops, 

nitrogen requirement is substantially fulfilled from symbiotic nitrogen fixation through Rhizobi-

um. The nitrogen fixation process is influenced by many factors, and phosphorus (P) availability 

is one of them. Rhizobial activities and nitrogen fixation is depressed without adequate phospho-

rus supply. Phosphorus promotes early root formation and the formation of lateral, fibrous and 

healthy roots, which is important for nodule formation and fixation of atmospheric nitrogen. Ap-

plication of phosphorus had been reported to influence nodulation and N fixation in legume 

crops (Awomi et al., 2012).  

For achieving maximum productivity, the amount and balance of nutrients distribution in faba 

bean root is essential. Phosphorus is an essential and important element that plants need during 

their growth and reproduction stages (Alivi et al., 2014). Phosphorus causes development and 

production of more foliage and roots in shorter time (Malakooti and Sepehr, 2004). According to 

Gifole et al. (2012), apart from the effect of phosphorus in root expansion and branch generation, 

it is also very effective on reproductive and grain filling stages. Phosphorus overuse does not in-

crease the products, but also it is gradually fixed in soil. Its deficiency not only decreases the 

formation of new branches and destroys the flowers; it also causes general weakness of repro-
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ductive parts of plant and other deficiencies within the plant. Studies of Kazemi Posht Masari, 

(2006) also showed that faba bean has a positive reaction to phosphorus. 

Hosseinzadeh (2005) and El-Gizawy et al. (2009) have also found that phosphorus is among the 

important elements needed for growth, nodulation, yield and yield component of faba beans in 

many tropical soils. The yield advantage of faba bean by applying P could be attributed to an in-

crease in the number of productive nodes and number of pods per plant (Yemane and Skjelvg, 

2003).  Similary Yirga et al. (2013) reported that phosphorus fertilization significantly increased 

yield and yield attributes of faba bean plant. Rahman et al. (2007) also observed highest number 

of pods per plant, pod length and pod circumference of french bean with the treatment that re-

ceived P, 60 kg/ha as compared to 0 and P, 40 kg/ha while El-Gizawy and Mehasen (2009) rec-

orded highest plant height, number of branches, 100 seed weight and seed yield per plant of faba 

bean with application of 30 kg/ha.  

 Phophurs application on faba bean increase to higher plant growth characters as well as in-

creased N and P uptake, total yield, and its pods' characters and dry seeds than plants treated with 

the rock phosphate (Rakha et al., 2013). In all cases, linear response of faba bean seed yield to P 

fertilization was obtained. It was also found that response of faba bean seed yield to P applica-

tion was dependent on the residual P fertility level of the soil (Getachew et al., 2003). Therefore 

phosphorus is an essential and important element that plants need during their growth and repro-

duction stagesof faba bean (Alivi et al., 2014).  

 2.8.5. Sulfur and Boron fertilization on yield and yield components of faba bean 

Sulfur is an essential macronutrient in plant growth and development and is one of the nine mac-

ronutrients, required for growth, development, high yield and quality of grain crops production 

(Jensen and Schjorring, 2009). Because of its requirement in large amount recognized as the 

fourth major plant nutrient after N, P and K (Choudhary et al., 2014). It plays an important role 

in formation of S-containing amino acids viz, methionine and cysteine, synthesis of protein and 

oil in seeds (Jamal et al., 2010) and it is also a vital part of the ferredoxin, an iron-sulfur protein 

occurring in the chloroplasts. Ferredoxin has a significant role in nitrogen dioxide (NO2) and sul-

fate (SO4
-2

) reduction, the assimilation of N2 by root nodule bacteria and free living N-fixing soil 

bacteria (Havlin et al., 2007).  
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Sulfur is in the soil continually transformed between organic and inorganic compounds by mi-

crobial action (Islam et al., 2012). Mineralization occurs when sulfate released as a byproduct of 

microbial activity and immobilization results when sulfate incorporated into microbes during 

their growth (Jamal et al., 2010). In well-drained, coarse-textured soils, sulfate leached below the 

root zone especially in high rainfall areas or under irrigation. Sulfate‐S is relatively mobile in 

most soils (similar to nitrate) because it has a double negative charge and is repelled by the nega-

tive charge of the soil, unlike nutrients such as K, Ca, or Mg (Camberato et al., 2012). Sulfate 

levels in the soil solution fluctuate, based on plant uptake, leaching losses, adsorption, immobili-

zation and mineralization (Khalid et al., 2011).   

Sulfur improves nodulation activity (Scherer et al., 2008) and affects growth of leguminous 

plants through its effects on N2-fixation (Varin et al., 2009). It increases nitrogenase activity due 

to higher ferredoxin and ATP concentration in bacteroids of root nodules of legumes (Scherer et 

al., 2008). Ferredoxin has a significant role in nitrate and sulfate reduction and in N assimilation 

in root nodule bacteria (Havlin et al., 2007). So that S fertilizers promoted roots and nodules de-

velopment on legume roots thus modifying root architecture by altering, primary and lateral root 

growth (Scherer et al., 2008). The application of S improved nitrogenase activity, nitrogen fixa-

tion, plant dry matter and quality of soybean grain in S deficient soil (Getachew et al., 2017). 

Both N and S are important components of seed storage proteins and their uptake and mobiliza-

tion from vegetative tissue to seed is important for protein production and amino acid composi-

tion on legumes crops (Sharma et al., 2014).  

Application of S at a rate of 30 kg/ha responded significantly higher grain yields, and N and S 

accumulations of faba bean grains (Habtegebrial et al., 2007).  Increase in yield due to S applica-

tion may be due to the fact that S related to photosynthesis of plants. Sulfur application increased 

rate of photosynthesis due to an increment in protein synthesis and maintenance of high chloro-

phyll content (Patra et al., 2012). Plant height,   number of branches, nodulation, (number of 

nodule and dry weight), and yield attributes (pods/plant and seed yield) of faba bean increased 

significantly with due to S fertilization (Cazzato et al., 2012). The favorable effects of S fertiliza-

tion accelerate the growth processes, which ultimately resulted in increased seed yield and quali-

ty of the crop (Głowacka et al., 2019). 
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Boron is a fundamental micronutrient crucial for the normal growth and development of plants, it 

plays a significant role in the flowering and fertilization process, improving the yield and quality 

of crop produce (Kumar et al., 2018).  Boron is necessary for the normal development of root 

nodules in legumes crop Gupta (2007), horticultural crops need more B than legumes and cereals 

the least, accordingly, the response to B application in crops follows the order of horticultural 

crops > legumes > cereals (Kumar et al., 2018).  Boron fertilization improved plant height, num-

bers of branches per plant, green pod and dried bean seeds and water use efficiency (WUE) of 

faba bean (Ali, 2011).  Beans Requirements for Boron can be considered as low and the recom-

mendation for boron application less than 1 kg/ha B (Mortvedt and Woodruff, 1993) and Faba 

bean plants contain boron in the range of 25-100mg/kg B in dry matter. 

Deficiency of boron can cause reductions in crop yields, impair crop quality, or have both ef-

fects. Some boron deficiency disorders appear to be physiological in nature and occur even when 

boron is in ample supply (Kumar et al., 2018). Boron-deficient faba bean showed low grain 

yield, reduce pod set capacity and damage to the root nodules of faba bean (Ali 2011).  The role 

of boron in seed production is so important that under moderate to severe boron deficiency, 

plants fail to produce functional flowers and may produce no seeds (Mozafar, 1993).  Due to the 

fact application of bleded mineral fertilizers which contain born content has considerable im-

portance to inprove faba bean production.  
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3. MATERIALS AND METHODS 

 3.1. Experimental Site Description  

The pot experiment was conducted from December to May, 2018/2019 under transparent plastic 

shade at Debere Berhan University, situated at 9°41′N and 39°32′E, and at 2088 m.a.s.l. The soil 

was collected from Basona Worena (Wushawushign Kebele), the nearby faba bean grown farm-

ers’ fields. Basona Worena is one of a district in North shewa zone and located at 07
o
56'96''N 

and 39
o
14'69'’E, and 2754 m.a.s.l. (Figure 1).  

According to the ten years (2009-2018) metrological data found from Debre Berhan Agricultural 

research center, the area characterized by a unimodal rainfall pattern that receives mean annual 

rainfall of 951.64mm. The mean monthly maximum and minimum temperatures are 21.46 and 

9.6 ºC, respectively (Figure 2). Clay soils are the dominant soil type in the study area. The crops 

widely grown in the study area include barley, faba bean, wheat, potato and lentil, whereas 

chickpea, grass pea, and others have low area coverage (BOA, 2018).  

Figure 1: Location map of the experimental site  
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Figure 2: The monthly mean rainfall (mm), maximum and minimum temperature (ºC) of the 

study area for ten years (2009-2018) 

3.2. Experimental Treatments, Design and Procedures 

The experiment was done in a factorial combinations of two levels Rhizobium inoculation (inoc-

ulated and uninoculated) four levels of vermicompost (0, 3, 6 and 9 t/ha) and three levels of 

blended NPSB fertilizer (0, 60 and 120, kg/ha) (Table; 2). The treatments were laid out as a 

completely randomized design (CRD) with three replications. 

The soil used for the experiment was clay soil obtained from different points of the farmer field 

and mixed thoroughly before packing into pots. A drainage hole of about 1cm in diameter was 

made in the bottom of each pot. The air-dried soil ten (10) kg/pots were being uniformly packed 

in plastic pots. All the pots were watered with equal amount of water to ensure uniform initial 

conditions for planting and germination.  

Vermicompost applications were rated on a dry-weight basis. Also applied before sowing inorder 

to mix and make composite.   NPSB fertilizers were applied at side of sowing point placement. 

At sowing, faba bean seeds were coated with rhizobia inoculants at a rate of 10 g inoculant/kg 

seeds, using sugar solution (10%) as the adhesive agent for seed (Youseif et al., 2014). The sugar 

slurry was gently mixed with dry seed and then with carrier-based inoculant so that all the seeds 

received a thin coating of the inoculants. The inoculated seed was allowed to air dry before sow-

ing at shed. As a precaution of cross contamination, uninoculated treatments were sown first.  
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Six faba bean seeds were planted for each pot and finally four plants per pot after 10 days of 

emergence maintaied. Three pots were maintained per treatment for yield and yield componet 

data collection and one pot per treatment was uprooted to take nodulation parameters at 50% 

flowrring stage. The actual rates of vermicompost and blended fertilizers (NPSB) were calculat-

ed based on soil weight basis assuming the weight of soil in a hectare at 30 cm depth (Bezabih et 

al., 2018). During the different growth stages of the crop, all the necessary cultural and/or rec-

ommended agronomic management practices were carried out.  
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Table 2. Treatment combination used in experiment 

Treatments  

Number 

Treatments 

combination  

 

 

Treatments description   

T1 R0V0NPSB0 R0= un inoculated, V0=0, NPSB0=0 

 T 2 R0 V0NPSB1 R0= un inoculated, V0=0, NPSB1=60 

T 3 R0 V0NPSB2 R0= un inoculated, V0=0, NPSB2=120 

T 4 R0 V1NPSB0 R0= un inoculated, V1=3, NPSB0=0 

T 5 R0 V1NPSB1 R0= un inoculated, V1=3, NPSB1=60 

T 6 R0 V1NPSB2 R0= un inoculated, V1=3, NPSB2=120 

T 7 R0 V2NPSB0 R0= un inoculated, V2=6, NPSB0=0 

T 8 R0 V2NPSB1 R0= un inoculated, V2=6, NPSB1=60 

T 9 R0 V2NPSB2 R0= un inoculated, V2=6, NPSB2=120 

T 10 R0 V3NPSB0 R0= un inoculated, V3=9, NPSB0=0 

T 11 R0 V3NPSB1 R0= un inoculated, V3=9, NPSB1=60 

T 12 R0 V3NPSB2 R0= un inoculated, V3=9, NPSB2=120 

T 13 R1V0NPSB0 R1= inoculated, V0=0, NPSB0=0 

T 14 R1 V0NPSB1 R1= inoculated, V0=0, NPSB1=60 

T 15 R1 V0NPSB2 R1= inoculated, V0=0, NPSB2=120 

T 16 R1 V1NPSB0 R1=inoculated, V1=3, NPSB0=0 

T 17 R1 V1NPSB1 R1= inoculated, V1=3, NPSB1=60 

T 18 R1 V1NPSB2 R1=inoculated, V1=3, NPSB2=120 

T 19 R1 V2NPSB0 R1=inoculated, V2=6, NPSB0=0 

T 20 R1 V2NPSB1 R1=inoculated, V2=6, NPSB1=60 

T 21 R1 V2NPSB2 R1=inoculated, V2=6, NPSB2=120 

T 22 R1 V3NPSB0 R1=inoculated, V3=9, NPSB0=0 

T 23 R1 V3NPSB1 R1=inoculated, V3=9, NPSB1=60 

T 24 R1 V3NPSB2 R1=inoculated, V3=9, NPSB2=120 

NPSB0=0, NPSB1=60 kg/ha, NPSB2=120 kg/ha, V0=0, V1=3 t/ha, V2=6 t/ha, V3=9 t/ha, R0= Un-

inoculated, and R1=inoculated. 
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3.3. Source of Planting Material and Inoculation     

The experimental materials used for the study were faba bean variety (Moti) that was released by 

Holeta Agricultural Research Center (HARC) of Ethiopian Institute of Agricultural 

Reasearch(EIAR) in 2006 (MOANR, 2016) was used as a test crop. The faba bean selected 

based on numerous advantages that, wide area adaption, and gave largest biomass and grain yield 

it considered as dual purpose legume or based on its market demand and farmer practice. The 

seed were obtained from HARC. Coffee husk vermicompost was obtained from Debere Berhan 

University (Vermicopost as sustainable management option to manage solid organic waste from 

coffee and flower processing industry project) and blended NPSB fertilizer was obtained from 

Debre Brehan Agricultural Research Center (DBARC).  

The Rhizobium strain (FB-1035) which was released by Soil Microbiology Laboratory of HARC 

and was used for seed inoculation of faba bean. This strain has been proven to enhance the nodu-

lation capacity, agronomic, and yield performance of faba bean under wide ecological conditions 

(Abera, et al., 2016). 

3.4. Soil Sampling and Analysis  

One composite soil sample (30 sub sample) was collected with spade from north shewa zone of 

Basona Worena district farmer fields at Wushawushign Kebele from the top 0-30 cm soil depth 

for laboratory analysis. Undisturbed samples, which were used for determination of bulk density, 

were also collected from the same points and depth using core sampler. The disturbed soil sam-

ple was then air-dried, crushed and passed through a 2 mm size sieve for analysis of soil pH, tex-

ture, available P, available S, Exchangeable k, Exchangeable Na, EC, OC, and CEC; whereas for 

organic matter and total nitrogen determinations, the soil sample was passed through 0.5 mm 

sieve. 

Soil particle size distribution was analyzed by the hydrometer method following the procedure 

described by Day (1965) and the soil textural class was determined using the textural triangle of 

USDA system. Soil bulk density was measured from undisturbed soil samples collected using a 

core sampler, which after drying the soil core samples to constant weight in an oven at 105 
o
C as 

per the procedures described by Black (1965). Soil pH and EC were determined from 1:2.5 soils 

to water ratio using a glass electrode attached to a digital pH meter (potentiometer) and EC meter 

(Page, 1982). Organic carbon and total nitrogen were determined by the method of Walkley and 
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Black (1934) and Kjeldhal methods (Jackson, 1973), respectively. Available P was determined 

by the Olsen method using NaHCO3 as extracting solution (Olsen et al., 1954). Available sulfur 

was determined by KH2PO4 extract (Johnson and Fixen, 1990). The CEC and exchangeable ba-

ses (Ca, Mg, K and Na) was measured after saturating the soil with 1N ammonium acetate 

(NH4OAC) and displaying it with 1 N NaOAC (Van Reeuwijk, 1993) and K and Na was read 

using flame photometer (Rowell, 1994).  

3.5. Physico-chemical analysis Vermicompost 

The vermicopost produced by Vermicopost as sustainable management option to manage coffee 

waste from coffee processing industry project was used for this research. pH and electric conduc-

tivity (EC) of the vermicompost was measured with a pH meter (HD8602, Italy) and a conduc-

tivity meter (CC401 ELMERION, Poland). Total Kjeldahl N (TKN) was determined using the 

Kjeldahl method. Total P (TP) was measured using ammonium molybdate method, Total K (TK) 

by flame photometry; and total Ca and Mg by atomic absorption spectrophotometry after digest-

ing the samples with a 2:1 mixture of nitric (HNO3) and per chloric acids (HC1O4) (Williams, 

1984) at Hawassa University. 

3.6. Plant tissue sampling and analysis 

At physiological maturity, four plants were harvested from each pot. The grain and straw sam-

ples were separately air-dried and oven-dried at 70 
0
C to a constant weight, ground to pass 

through a 1mm sieve and saved for tissue analysis of grain and straw N, P and S concentration. 

The grain and straw samples were analyzed for total nitrogen by using wet-oxidation method of 

the modified Kjeldahl method (Bremner and Mulvaney, 1982). Phosphorus in grain and straw 

samples in the digest aliquot obtained though dry ashing was determined colorimetrically by mo-

lybdate and metavanadate method (Wolf, 1982).    

3.7. Data Collection 

3.7.1. Phenological parameters 

Days to 50 % flowering: It was recorded as the number of days required from planting to the 

time when 50% of plants in pots produced at least one flower.  
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Days to physiological maturity: It was recorded as the number of days required from planting 

to the time when 90% of plants showed a gray color in each pot before senescence. 

3.7.2. Nodulation parameters 

Number of nodules per plant- it was determined from four plants, nodules per plant were taken 

as number of nodules per plant during 50% flowering stage. 

Nodule dry weight per plant- After recorded number of nodules from each plant per pots; it 

was measured after drying the collected nodules in an oven with a temperature of 65 °C until a 

constant weight was attained.  

3.7.3. Growth parameters  

Plant height: It was taken as the average height of four plants per pot in each treatment meas-

ured from the soil level in the pot to top of the plants using a ruler at physiological maturity from 

ground to the tip of the main stem and then the mean was recorded as height per plant.  

Number of branches per plant: It was taken as the average number of branches from all plants 

in each treatment counted at physiological maturity.  

3.7.4. Yield and yield components 

Number of pods: It was determined by taking the average number of pods counted in all the 

pots of each treatment at physiological maturity and the means were recorded as the number of 

pods per plant. 

Number of seeds per pod: It was taken by counting the number of seeds from pods taken each 

plant per treatment at harvest and then the total number of seeds was divided by the total number 

of pods to get average number of seeds per pod. Finally, seed yield per plant was taken as the 

average of seeds of all plants per treatment.  

Hundred seed weight: It was counted from the harvested bulk and their weight (g) was recorded 

and adjusted at 10% seed moisture.  

Aboveground dry biomass yield: It was taken at physiological maturity after harvesting plants 

from all pots of the respective treatments close to the ground surface. The harvested plants were 
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oven dried to constant weight at 60 
o
C and weighed using a sensitive balance to determine the 

above ground biomass yield per plant. 

Grain Yield: after harvested plants from all pots of the respective treatments and for above-

ground dry biomass were threshed to determine grain yield and the grain yield was adjusted to 

the moisture content of 10%.   

Straw Yield: It was calculated by subtracting the grain yield from the corresponding above 

ground biomass yield.  

Harvest Index: Harvest index per pot was recorded as the ratio of the grain yield to the yield of 

the aboveground dry biomass. 

3.8. Estimation of Nutrient Uptake (N, P and S) 

Nutrient uptake: Nitrogen, phosphors and sulfur uptake by grain and straw were determined 

from the nitrogen, phosphors and sulfur content of the respective part after multiplying the grain 

yield and straw yield, respectively. Total nitrogen, phosphors and sulfur uptake were calculated 

by adding nitrogen, phosphors and sulfur uptake of grain and straw. The following empirical 

formula is used to determine the nutrient uptake. 

NU (kg/ha) = Gy orSy (kg/ha) *NC 
100 

Where:  

Nu-Nutrient uptake by Grain or Straw             

  GY- Grain yield             

  SY- Straw yield 

Nc- Nutrient concentration  

3.9. Statistical Data Analysis 

Data were subjected to three-way analysis of variance using SAS (Statistical Analysis System) 

version 9.4 programs (SAS, 2012). Comparisons among the treatment means were done using 

Duncan’s Multiple Range Test (DMRT) as outline by Gomez and Gomez (1984).  
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4. RESULTS AND DISCUSSION 

4.1. Soil Analysis  

The physico-chemical analysis of the experimental soil was presented in Table 3. The laboratory 

analysis revealed that the particle size distribution in the soil was 18% sand, 34% silt, and 48% 

clay at the experimental site. Hence, the soil texture of the experimental sites was clay. The rela-

tively high clay contents are important to hold residual moisture, which can minimize water 

stress for the crop. High clay content meets one criterion of Vertisols (clay > 30%) (Asmare et 

al., 2015). The bulk density of the soil was 1.4 gm/cm
3
, which approach the ideal value (1.10 

g/cm3) for clayey soils for good plant growth (USDA, 2008).  

Soil pH is an important parameter which measures hydrogen ion concentration in the soil to indi-

cate its acidic and alkaline nature of the soil. The soil pH (H2O) was 5.6 (Table 3) which the soil 

pH was under moderately acidic soil condition (Tekalign, 1991).  

With respect to the organic matter (OM) content rating established by Tekalign (1991), the soil 

had very low OM content (Table 3). The reasons for the very low content of OM could be inten-

sive cultivation of the land and the total removal of crop residues for animal feed. Moreover, no 

practice of organic fertilizers addition, such as animal manure and green manure that would have 

contributed to the soil OM pool in the study area. Similarly, Fassil and Charles (2009) and Kiflu 

and Sheleme (2013) reported that the Vertisols of Ethiopia had low soil OM content.  

The total N content of soil (0.115) was rated as low (Tekalign, 1991). Total nitrogen found as 

one of the limited plant nutrients in the study site. The observed N deficiency could be because 

of the low input of plant residues, N rich organic materials like manure and compost in cereal-

based farming systems. As the area receives high rainfall, the N washed out because of runoff 

problem can be another reason for the decline of total N in cropped fields. Other cause of the low 

level of total N might be attributed to its low level of OM content of the study area. According to 

Olsen et al. (1954), the available P was rated as low (Table 3). Low content of available P is a 

common characteristic of most of the soils in Ethiopia (Asmare et al., 2015). The available S 

content is 7.2 mg/kg, which is under the low level based on the rating of Lewis (1999). The find-

ing is in line with Nziguheba et al. (2006) who reported that 94% of total S in surface soils of 

Ethiopia was found as part OM that provides the major non-leachable reserve of sulfur.  
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Table 3. Selected Physico-chemical properties of the experimental soil before sowing 

Property Value Rating Reference 

Depth (cm) 0-30  
  

Physical property   
  

Sand (%)  18 
  

Silt (%)  34 
  

Clay (%) 48 
  

Textural class Clay 
  

Bulk density (g /cm
3
)  1.42 Moderate 

 

Chemical Property 

pH (1:2.5 H2O)  5.6 Moderate Acidic Tekalign, 1991 

Organic Matter (%) 1.72 Low Tekalign, 1991 

Organic carbon (%) 1.00 Low Tekalign, 1991 

Total N (%) 0.115 Low Tekalign, 1991 

Available P(mg/kg) 8.89 low Olsen et al., 1954 

Available S (mg/kg)  7.2 low Lewis 1999 

CEC (cmol(+)/kg 30.45 High 
Hazelton and 

Murphy, 2007 

Exchangeable Base (Cmol(+)/kg soil 

Ex. Ca (Cmol(+)/kg soil 19.72 High FAO, 2006 

Ex. Mg (Cmol(+)/kg soil 7.93  High FAO, 2006 

Ex. K (Cmol(+)/kg soil 1.21 High FAO, 2006 

Ex. Na (Cmol(+)/kg soil 0.68 Medium FAO, 2006 

Ex= Exchangeable  
   

According to the rating developed by Hazelton and Murphy (2007), the soils of the experimental 

site had high CEC (Table 3). The high value of CEC is mainly due to the high clay content of the 

experimental site. Although the OM content of the site is low, the amount and type of clay might 

have been very important in contributing to CEC values. Moreover, the high CEC values imply 
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that the soil has high buffering capacity against induced chemical changes. These surfaces can 

attract or adsorb many cations.  

Rendering to the rating of Hazelton and Murphy, (2007) the result of the soil analysis indicated 

that the experimental soil were high exchangeable Ca
+2

, Mg
+2

 K
+1

and medium exchangeable 

Na
+1

, 19.72 Cmol (+)/kg, 7.93 Cmol (+)/kg, 1.21 Cmol (+)/kg and 0.68 Cmol (+)/kg of the ex-

changeable base respectively. This might be due to the parent material from which the soils have 

been developed. This finding was in line with Hillette et al. (2015) who reported that high con-

tents of exchangeable Ca and Mg were present due to the soil parent materials primarily released 

divalent cations in higher concentration and are retained for longer periods by the soil colloidal 

particles.  

 4.2. Selected Physico-chemical Properties of the Experimental Vermicompost 

The laboratory analysis shown that pH was neutral (7.3), neutral pH of vermicompost might be 

credited by the secretion of NH4
+
 ions that reduce the pool of H

+
 ions Haimi et al. (1987). The 

activity of calciferous glands in earthworms containing carbonic anhydrase which catalyzes the 

fixation of CO2 as CaCO3 thereby was preventing the fall in low pH (Loh, et al., 2005). Similarly 

this Optimum range of pH for most agricultural crops were between 5.5 and 7.5 due to this fact 

the current experimental vermicompost had suitable pH range for most crop production including 

faba bean.   

The laboratory analysis revealed that the total organic carbon of the experimental vermicompost 

was (9%), which was low presented in (Table 4). This organic carbon might be lost as carbon 

dioxide through microbial respiration and mineralization of organic matter causing increase in 

total N. Part of the carbon in the decomposed residue released as CO2 and a part was assimilated 

by the microbial biomass (Cabrera et al., 2005).  Microorganisms used the carbon as a source 

of energy decomposed the OM. Despite laboratory analysis shown that the total experimental 

vermicompost organic matter value was high (21.9 %) presented (Table 4). 

The N and P contents were also found to be high (Table 4). The TN content of vermicompost 

was 3%. The increased tendency of N in the vermicomposts produced by the earthworm in the 

present study agreed with the findings of earlier reports (Bouche et al., 1997; Azarmi et al., 

2008).  The enhancement of N in vermicompost was probably due to mineralization of the organ-
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ic matter containing proteins as reported by Lamichhane, (2017) and conversion of ammonium-

nitrogen into nitrate Suthar et al. (2009). Earthworms can boost the nitrogen levels of the sub-

strate during digestion in their gut adding their nitrogenous excretory products, mucus, body flu-

id, enzymes, and even through the decaying dead tissues of worms in vermicomposting subsys-

tem (Suthar et al., 2007). Similarly laboratory analysis shown the available of P value was rec-

orded (550 ppm) therefore; the available of P was higher in the experimental vermicompost. Due 

to the fact the enhanced P level in vermicompost suggests phosphorous mineralization during the 

process. Also worms during vermicomposting converted the insoluble P into soluble forms with 

the help of P-solubilizing microorganisms through phosphatases present in the gut, making it 

more available to plants (Padmavathiamma et al., 2008).  

Table 4. Selected Physico-chemical properties of the experimental vermicompost 

 

 

The EC value (6570 µs/cm) of the experimental vermicompost lied in the high range, in-

creased trend of EC showed enhancement of exchangeable soluble salts in vermicompost. In the 

same way the vermicompost had 34763 ppm, 37.8 cmol (+)/kg, 12.2 cmol (+)/kg and 8.0 cmol 

(+)/kg exchangeable K
+1

, exchangeable Ca
+2

, Mg
+2

 and Na
+1

 respectively according to the rating 

of FAO (2006) high exchangeable Ca
+2

, Mg
+2

 and Na
+1

, contents in the vermicompost might be 

attributed to alleviate leaching by improved the valuable plant nutrients in the soil.    

Property Value 

pH 7.3 

EC (µs/cm) 6570.0 

Ca 
+2

 cmol(+)/kg  37.8 

Mg
+2

  cmol(+)/kg 12.2 

Na
+1

 cmol(+)/kg 8.0 

%TN 3.0 

%OM 21.9  

%OC 9.0 

Total P (ppm) 550.0 

Total K (ppm) 34763.0 
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4.3. Effect of Rhizobium Inoculation, Vermicompost Application and NPSB fertiliza-

tions on Nodulation of Faba bean 

4.3.1. Number of nodules per plant 

The analysis of variance showed that number of nodules per plant were significantly (P<0.001) 

affected by the main effect of Rhizobium inoculation, vermicompost application and NPSB ferti-

lizer rates.While the interaction effects were not significant on this parameter of the plant (Ap-

pendix Table 6). 

The highest number of nodule (100.8) was recorded from the Rhizobium inoculation while the 

lowest number of nodule (65.4) was recorded from uninoculated treatment (Table 5). Hence, 

Rhizobium inoculation resulted in increased number of nodules per plant compared to un-

inoculated treatment, which could be due to the fact that nitrogenase enzyme present in an inocu-

lant which introduced through infection causes nodule formation and rhizobacteria are competent 

bacteria in the rhizosphere that are able to multiply and colonize plant roots at all stages of plant 

growth. In line with this result,  Dereje et al. (2015) reported that Rhizobial inoculations signifi-

cantly  increased  number  of  nodules  per  plant and  symbiotic effectiveness  as  compared  to  

the  control  treatments. Similarly, Yohannes et al. (2014) also showed that Rhizobium inocula-

tion significantly increased faba bean nodule numbers over uninoculated treatments. 

In this experiment vermicompost application significantly affected the nodule numbers per plant 

and the maximum nodule numbers (101.8) was recorded from 6 t/ha vermicompost application. 

This improvement of nodulation could be due to the fact that vermicompost contains various key 

nutrients counting macronutrients and micronutrients which were necessary for nodule initiation 

and growth that led to increase nodule numbers. 

The minimum number of nodule (53.94) was recoded from 9 t/ha vermicompost (Table 5). This 

is due to the effect of nodulation gradually reduced when vermicompost application beyond 6 

t/ha. This might be vermicompost contains relatively large amounts of N immediately available 

for plant uptake that might reduced the nodule initiation and development.  Anteneh and Abere 

(2017) also reported a similar result as a significant reduction of nodule number and dry weight 

at 8 t/ha vermicompost application of faba bean.  
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Table 5. Nodule numbers, nodule dry weight and shoot dry weight per plant of faba bean as af-

fected by the main effects of Rhizobium inoculation, vermicompost application and NPSB ferti-

lizer rates 

Treatment 
Number of Nodules  

per plant 

Nodules dry weight  

per plant(mg) 

Shoot dry weight per 

plant(g) 

Inoculation 
   

Without 65.4
b
 124.3

b
 6.5

b
 

With 100.8
a
 191.4

a
 8.0

a
 

P value *** *** *** 

V (t/ha) 
   

0 82.7
c
 157.1

c
 6.1

d
 

3 93.4
b
 178.5

b
 6.7

c
 

6 101.8
a
 193.4

a
 7.7

b
 

9 53.9
d
 102.5

d
 8.6

a
 

P value *** *** *** 

NPSB (kg/ha) 
   

0 74.0
c
 140.5

c
 6.8

c
 

60 94.4
a
 179.4

a
 7.2

 b
 

120 80.9
b
 153.7

b
 7.8

 a
 

P value *** *** *** 

 CV (%) 13.8 13.8 5.7 

Main effect means within a column followed by the different letters are significantly different 

from each other at P ≤ 0.001= ***, CV= Coefficient of variation and V= vermicompost 

With respect to the effect of NPSB rates, the highest number of nodules per plant (94.4) was rec-

orded by the NPSB rate of 60 kg/ha while the lowest number (74) was at the control (Table 5). 

The increased in the number of nodules with NPSB rate might be due to the application of NPSB 

fertilizer rate which increased nodulation activities of root on faba bean. Numerous finding had 

reported that application of P along with Rhizobium inoculant influenced nodulation and N fixa-

tion of legume crops (Saini et al., 2004).   Similar  findings  indicate  that  higher  rates  of phos-

phorus  in  fertiizer  might  enhance  nitrogen  fixing capacity  in the  nodule  (Getachew  and  

Rezene,  2006).  Yoseph (2011) also reported that application of phosphorus and Rhizobium in-

oculation had positive effect on nodulation of common bean. In agreement with the result, 

Amare et al. (2014) recorded the highest (31.85) significant values for number of nodules per 

plant of common bean as a result of the application of 20 kg/ha P2O5 in Southern Ethiopia. Fur-

thermore, Donald (2016) reported a significant increase in nodule numbers in soybean varieties 

by 40-50 % as a result of inorganic P fertilizer application in different districts of Malawi. 

Nosheen and Shafique (2006) also reported significant increase in nodulation of chickpea as a 
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result of P application. Poor nodulation and poor plant vigor have been observed in soil low in 

extractable P (Amijee and Giller, 1998). The mean number of nodule and active nodule signifi-

cantly increased with the application of soly up to 20kg/ha S but beyond the 20 S kg/ha, the 

mean nodule production a plateau and did not increase further (Ganes hhamurthy and reddy, 

2001).  

4.3.2. Nodule dry weight per plant 

The results of the analysis of variance shown that nodule dry weight per plant was significantly 

(P<0.001) affected by main effect Rhizobium inoculation, vermicompost application and NPSB 

fertilizer rate while their interaction was not significant (Appendix Table 6).   

The highest nodule dry weight (191.4 mg/plant) was recorded on pots with inoculation while the 

lowest number (124.3mg/plant) was from uninoculated treatment (Table 5). In line with this re-

sult Zerihun and Fassil (2011) reported that rhizobial inoculated faba bean plants accumulated a 

greater nodule dry weight than the control treatments. Other researchers also reported that, sig-

nificant responses of nodule dry weight to Rhizobium strain inoculation in faba bean were report-

ed (Wassie et al., 2010; Dereje et al., 2015). Similarly, Yohannes et al. (2014) reported that Rhi-

zobium inoculation increased nodule dry weight in faba bean. Concurrent with the results of this 

study, Dashadi et al. (2011); Osman and Elaziz (2010); Abdel-Aziz and Badr El-Din (2015) re-

ported that Rhizobium inoculation significantly increased nodule dry weight as compared to the 

control treatments.  

In this experiment vermicompost application was significantly affected on nodules dry weight 

per plant. The maximum (101.8 mg) nodules weight was recorded from 6 t/ha vermicompost ap-

plication while minimum nodule dray weight (54 mg) was recoded from (9 t/ha) vermicompost 

(Table 5).  This improvement of nodulation could be due to the fact that vermicompost contains 

various key nutrients counting macronutrients and micronutrients necessitate for nodule initiation 

and growth (Al-Chammaa et al., 2014). Yet, the effect of inoculation gradually reduced when 

vermicompost application beyond 6 t/ ha. This might be due to the fact that vermicompost con-

tains relatively large amounts of N immediately available for plant uptake (Datta et al., 2011) 

which may reduce the nodule initiation and development (Clayton et al., 2004). 
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Application of 60 kg/ha NPSB rate resulted in the highest nodule dry weight which was signifi-

cantly higher than the nodule dry weights obtained in response to applying the fertilizer at the 

rate120 kg/ha and control treatment. The increase in nodule dry weight with the application of 60 

kg/ha NPSB rates was 21.68 and 14.32% higher than that nodule dry weight obtained at zero and 

120 kg/ha. in contrast, other researchers stated increases in nodule dry weight with increase in 

the rate of application of mineral fertilizer (Osman and Elaziz, 2010; Yirga and Kiros, 2013; Yo-

hannes et al., 2014).   

4.3.3. Shoot dry weight per plant 

The results of the analysis of variance shown that shoot dray weight per plant was significantly 

(P<0.001) affected by main effect Rhizobium inoculation, vermicompost application and NPSB 

fertilizer rate while their interaction was not significant (Appendix Table 6).   

The highest mean value (8.0 g) of shoot dry weight was obtained from the inoculated while the 

lowest value (6.5 g) was recorded from uninoculated (Table 5). The fact that bacterial treated 

plants accumulated a shoot dry weight greater than the control plants indicated inoculation im-

proved the growth of plants.This might be due to the fact that Rhizobia inoculants have increased 

uptake of nutrients such as N through the BNF thereby improving N availability to plants (Nda-

kidemi et al., 2011). In line with Anteneh (2012) reported a higher shoot dry weight from rhizo-

bia inoculated faba bean plants than that of control plants. Similarly Anshu and Gupta (2014) 

reported that Rhizobium increased accumulated shoot dry weight higher than the control plants in 

the presence of indigenous rhizobial population which implied the superiority of the rhizobial 

inoculants to the native soil rhizobia. 

The highest mean value of shoot dry weight (8.6) was obtained from application of vermicom-

post at 9 t/ha which resulted in 29.06% increase over the control treatment (Table 5). This data 

found that mean value of shoot dray weight exhibited increasing trend with increased rates of 

vermicompost application. The highest mean value of shoot dry weight (7.8) was obtained from 

application of NPSB at 120 kg/ha which resulted in 12.08% increase over the control treatment 

(Table 5).  The increase in shoot dry weight due to  increasing fertilizer rates which increased  

shoot dry weight indicates  that  applying  by  increasing  doses  of  chemical  fertilizer, particu-

larly nitrogen, might increase vegetative growth  of the  crop resulting in  higher shoot dry 

weight that  might lead  to  increasing shoot dry weight (Adem, 2006; Murat et al., 2009).  In line 
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with this Hussain et al. (2011) reported that application of S 30 kg/ha on soybean plants in-

creased dry matter yield by 26% compared to the control. 

4.4. Effect of Rhizobium Inoculation, Vermicompost Application and NPSB fertilizations 

on Phenological and growth Parameters of Faba bean  

4.4.1. Days to 50 % flowering 

Number of days to 50% flowering was highly significant (P< 0.001) by the main effects of Rhi-

zobium inoculation and significantly influenced (P< 0.05) by vermicompost application. While 

the main effects of NPSB rate and all the interaction effects were not significant on this parame-

ter (Appendix Table.6).  

Rhizobium inoculation significantly influenced the days required to reach 50% flowering in faba 

bean. Inoculated treatments had taken relatively longer days (57.29) to reach 50% flowering than 

uninoculated treatments (55.46 days) (Table 6). The possible reason for delayed flowering with 

the Rhizobium inoculation might be due to the fact that inoculant improved nitrogen fixation and 

thus increasing N uptake by plants and resulted a prolonged time for vegetative growth of faba 

bean thus led to delay flowering time. This result is in agreement with the finding of Tairo and 

Ndakidemi (2013) who reported that inoculation resulted in late flowering relative to the control 

in soybean both under greenhouse and field conditions. 

Vermicompost application had significance effect on day to 50% flowering, which resulted a 

prolonged time require when the amount of vermicompost applications rates increased.  Hence, 

vermicompost rate at 9 t/ha had taken relatively longer days to reach 50% flowering than the 

other treatments, whereas compare to the control it delayed by 3.5% to reach 50% flowering 

(Table 6). This might be due to vermicompost application which contained a greater amount of 

available N, Mg, Ca, P, Kand other nutrients which improved the vegetative growth of plants 

(Lim et al., 2015). 
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Table 6. Days to 50 % flowering, 90 % physiological maturity, Plant height and Number of 

branches per plant of faba bean as influenced by the main effects of Rhizobium inoculation, 

NPSB fertilizer rates and vermicompost application. 

Treatments 
Days to 50% 

flowering 

Days to 90% physi-

ological maturity 

Plant height 

(cm) 

Number of branch-

es per plant 

Inoculation 

With 57.3
a
 135.6

a
 112.8

a
 2.0

a
 

without 55.5
b
 134.3

b
 104.8

b
 1.6

b
 

P value *** ** *** *** 

V rate (t/ha) 

0 55.4
c
 131.9

c
 99.5

c
 1.3

c
 

3 56.0
cb

 132.7
c
 100.6

c
 1.4

c
 

6 56.7
ab

 136.5
b
 112.8

b
 2.0

b
 

9 57.4
a
 138.5

a
 122.4

a
 2.4

a
 

P value ** *** *** *** 

NPSB rate (kg/ha) 

0 55.8
 ns

 134.0
b
 104.05

b
 1.6

c
 

60 56.4
ns

 134.7
b
 105.2

b
 1.8

b
 

120 56.9
 ns

 136.0
a
 117.3

a
 2.0

a
 

P value NS *** *** *** 

CV (%) 2.9 1.2 5.4 16.8 

Means within a columns followed by the different letter(s) are significantly different from each 

other at P > 0.05; NS= non-significant; ** = significant at P ≤ 0.01; *** = significant at P ≤ 

0.001. CV= Coefficient of variation, V= vermicompost 

4.4.2. Days to 90% physiological maturity   

Number of days to 90 % physiological maturity was highly significantly (P<0.001) affected by 

the main effects of Rhizobium inoculation, vermicompost application and NPSB fertilizer rates 

while their interaction was non-significant (Appendix Table 6).  

Physiological maturity of faba bean was delayed as result of inoculation with Rhizobium inocu-

lant as compared to uninoculated (control) treatments. The delayed in 90 % physiological maturi-

ty of faba bean might be due to the fact that the N fixed by seed inoculation with the appropriate 

Rhizobium strain might have promoted vegetative growth of the crop, which let to delayed vege-
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tative growth because of boosting plant growth-promoting enzymes, hormones and auxins, main-

taining and improving nitrogen levels through N fixation. This result is comparable with the re-

sult of Tesfaye (2015) who reported that Rhizobium inoculation enabled soybean plants to dis-

play better growth and hence increased days to maturity. This result is in agreement with Abebe 

and Tolera (2014); Kiros et al. (2015) reported that Rhizobium inoculation significantly required 

a longer days to reach maximum physiological maturity. 

Days to physiological maturity was significantly delayed with the application of vermicompost 

rate at 6 t/ha and at 9 t/ha compare to zero and 3 t/ha vermicompost application rate. However, 

there was no significant difference between 6 and 9 t/ha application of vermicompost. Similarly, 

no significant difference was found between control and 3 t/ha vermicompost (Table 6). Days to 

physiological maturity was delayed significantly as a result of highest level vermicompost rate (9 

t/ha) compared to control treatment. Vermicompost rates, the longest (138.5) and the shortest 

(131.9) days to 90 % physiological maturity were obtained at the highest vermicompost applica-

tion rate (9 t/ha) and at the control treatment, respectively (Table 6).  

This might be due to the fact that vermicompost positively influenced the activation of enzymes 

and chlorophyll synthesis as well as increased carbohydrate metabolism which improved vegeta-

tive growth of faba bean rather than early maturity. Atiyeh (2002) also reported a similar finding 

with the current experiment who stated  that the growth responses of plants from vermicompost 

appears more like ‘hormone-induced activity’ associated with the high levels of humic acids and 

humates in vermicompost rather than boosted by high levels of plant-available nutrients. This 

was also indicated by Canellas (2002) who found that humic acids isolated from vermicompost 

improved root elongation and formation of lateral roots in maize roots. Similarly, Pramanik 

(2007) reported that humic acids enhanced ‘nutrient uptake’ by the plants by increasing the per-

meability of root cell membrane, stimulating root growth and increasing propagation of ‘root 

hairs’ which results a delay in physiological maturity of plant.   

The application of NPSB fertilizer rates significantly affected the days required to reach 90 % 

physiological maturity in faba bean. The increment of NPSB rates from zero to 120 kg/ha of 

NPSB increased the number of days required to reach 90 % physiological maturity from 134.04 

days to 136.00 days (Table 6).The prolonged maturity days might have been caused by the en-

couraged vegetative growth due to enhanced supply of nitrogen and phosphorus through blended 
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fertilizer use. The present result is in line with Nebret and Nigussie (2017) who stated that in-

creased in nitrogen application rate from 0 to 46 kg/ha N led to a significant increase in the num-

ber of days required for reaching 90 % physiological maturity from 87.9 to 89.9 days. This is in 

contrary with findings by Marschner (2002) stated that P could decrease the days to 90 % phys-

iological maturity by controlling some important enzyme reactions that involve in hastening crop 

maturity. Similarly Gifole et al, (2011) also stated that phosphorus use at high level reduced the 

days to 90% physiological maturity in common bean. 

4.4.3. Plant height  

The plant height was significantly (p<0.001) affected by the main effects of Rhizobia inocula-

tion, vermicompost application and NPSB fertilizer rates, while their interaction had no signifi-

cant effect on this parameter (Appendix Table 7).  

In this experiment, Rhizobium inoculation result a taller plant height which was higher by 7.09 % 

than those in uninoculated pots.  Hence the highest plant height (112.8 cm) and the lowest one 

(104.8) were recorded from inoculated and uninoculated treatments, respectively (Table 6). In 

line with this result, Wassie et al. (2010) reported that inoculation improved faba bean plant 

height up to 25 % and 39 % at Chencha and Bulie wereda of Southern Ethiopia, respectively as 

compared with control. El-Gizawy and Mehasen (2009) also reported that Rhizobium inoculation 

helped faba bean to enriched growth. The difference on plant height on behalf of inoculation was 

probably due to N fixation encouraged by strains which play vital roles of the vegetative growth 

of faba bean plants. The high availability of nutrients, especially nitrogen, stimulates growth and 

increase the length of internodes through increased plant height. The plant height as a result of 

the use of bio fertilizers also increased due to better root development and uptake of water and 

nutrients and the production of growth hormones known as gibberellin acid and auxins (Nazeri et 

al., 2012).  

The results obtained in this study revealed that vermicompost application increased growth pa-

rameters and therefore yield and yield components. The highest plant height was recorded from 

application of 9 t/ha of vermicompost which was significantly higher by 18.7 % than the unferti-

lized (control) treatment (Table 6). This stimulation of growth might result from water soluble 

bioactive molecules like phytohormones, humic and fulvic acids, minerals, amino acids or mi-

crobial metabolites present in vermicompost (Arancon et al. 2012; Baldotto, 2014). In line with 
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this result, Amiri et al. (2017) who reported that application of vermicompost increases the plant 

height on legumes crop.  

The highest plant height was obtained from application of 120 kg/ha of NPSB fertilizer rate 

which was significantly higher as compare to the other treatments. The tallest plant height (117.3 

cm) and the shortest plant height (104.04)   were recorded at NPSB rate of 120 kg/ha and on pots 

with control treatment, respectively (Table 6). The significant increase in plant height by applica-

tion of NPSB fertilizer rate might be ascribed to the increased readily availability of N, P, S and 

B in the soil for uptake by plant roots, which might be due to sufficiently enhanced vegetative 

growth through increasing cell division and elongation. Nitrogen is primary (macro) nutrient 

which play most important roles in legumes for the formation of amino acids which is the build-

ing blocks of protein. It’s also important for cell division and vital for plant growth.  P also en-

hanced meristematic cell activities and early root growth leading to more absorption of other nu-

trients from deeper layers of soil that ultimately resulte an increased in terms of plant height 

(Makoi et al., 2013). More over S is recognized as fourth major plant nutrient along with N, P, 

K, per-forms many important functions in the plant and plays an important role in improving 

plant growth; yield and quality of pulses (Patra et al., 2012). Similarly Rahimizadeh et al. (2007) 

reported that B application is importance for good yield and better utilization of nutrient, which 

attributed to the role of micronutrients in improving plant height.  

 4.4.4. Number of branches per plant  

The main effects of Rhizobium inoculation, NPSB rate and vermicompost application was highly 

significant (P<0.001) on the number of branches per plant, while the interaction effect was no 

significant (Appendix Table 7). 

Rhizobium inoculation significantly increasesd number of branches as compared to without inoc-

ulation which showed in Table 6.  It might be due to the fact that Rhizobium inoculation improve 

the vegetative growth of plants under higher N by BNF availability and the fact that faba bean 

produces most of its branches during the early vegetative growth period when there was high soil 

nitrogen or effective nodulation. This result is also supported by the findings of Mfilinge et al. 

(2014) who showed that inoculation of chickpea with Rhizobium in field and in the glass house 

highly improved the amount of primary branches per plant. 
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The main effects of vermicompost application significantly affected the number of branches per 

plant (Table 6). The data showed that the highest value branches were obtained with application 

of vermicompost with 9 t/ha while the lowest value was obtained from the control treatment. The 

increased number of branches might be  as a result of vermicompost application which contained 

most nutrients in plant-available forms such as ‘nitrates’ (NO3
-
), phosphates (PO4

-
), ‘soluble’ po-

tassium (K
+
), and magnesium (Mg

2+
) and calcium’ (Ca

2+
) (Edwards 2006). Vermicompost had a 

large particulate surface area that provides many micro-sites for microbial activities and for the 

strong retention of nutrients (Arancon, 2006).  

The highest numbers of branches were recorded at 120 kg/ha of NPSB fertilizer rates while the 

lowest numbers were at control levels, respectively (Table 6). The possible reason for the highest 

number of branches per plant at 120 kg/ha of NPSB might be due to the fact that legume crops 

require Na and P  for best synergetic potential and there was a strict relationship between phos-

phorus levels and interdependent with legume crops. Lowest branches were recorded at the con-

trol, as compared to 120 kg/ha of NPSB. Similarly, on the least rates of NPSB (60 kg/ha) lowest 

(1.8) number of branches was recorded as compared to maximum rates of NPSB (120kg/ha). 

The increment in number of branches per plant might be due to the status of P and S, in NPSB 

fertilizer to help plant roots development and enhanced atmospheric nitrogen fixation, which 

promoted development of the vegetative parts which includes branches (Hayat et al., 2010). This 

also had symbiotic effect of N, P, S and B for the utilization of high quantities of nutrients 

through their well-developed root system and nodules formation, which might have resulted in 

better vegetative growth.  Furthermore, S was essential in the regulation of metabolic and enzy-

matic processes as a result to enhance vegetative growth of the crops (Singh et al., 2011). This 

result is in line with Habtamu et al. (2017) also stated the maximum number of branches per 

plant due to use of recommended rate of NP fertilizer (46 kg/ ha of P2O5 and 41 kg/ha of N).  

Additionally, Yadav (2011) reported that the maximum number of branches were obtained at the 

highest level of P (60 kg P/ha) along with S (20 kg S/ha) in cluster bean. 
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4.5. Effect of Rhizobium Inoculation, Vermicompost Application and NPSB fertiliza-

tions on Yield and Yield Components of Faba bean 

4.5.1. Number of pods per plant  

The main effect of (Rhizobium inoculation, vermicopost application and NPSB fertilizer rates) 

the two way interaction effects (of vermicopost with NPSB fertilizer rate) and three way interac-

tion effects (of Rhizobium inoculation, vermicopost application and NPSB fertilizer rates) 

showed a significant effect on the number of pods per plant, while the other interaction effect 

was non-significant on this parameter (Appendix Table 7). 

Table 7. Number of pod per plant of faba bean as influenced by the interaction effects of rhizbi-

um inoculation, vermicopost and NPSB rates  

  NPSB rate (kg/ha)  

Inoculation V rate (t/ha) 0 60 120  

With 

0 11.250
kl

 12.67
ijk

 18.16
def 

 

3 11.58
jkl

 14
hi

 19.083
cd

  

6 19.083
cd

 28.67
a
 21.917

bc
  

9 22.833
b
 23.50

b
 22.83

b
  

Without 

0 10.3
l
 11.58

jkl
 13.92

hij
  

3 10.8
kl
 13.58

ij
 14.83

ghi
  

6 15.25
gh

 15.33
gh

 17.16
def

  

9 17.16
def

 17.92
def

 18.58
de

  

P values of the interaction effect 

Rxv Ns 

RxF Ns 

VxF ** 

RxVxF *** 

CV 10.7 

Means in the table followed by the different letter(s) are significantly different to each other at P > 0.05; 

ns = non-significant; ** = significant at P ≤ 0.01; *** = significant at P ≤ 0.001; CV= Coefficient of vari-

ation, R = Rhizobium, V= Vermicompost, F= NPSB rates 

In this experiment the highest number of pods per plant (28.67) was obtained from the interac-

tion effect of Rhizobium inoculation with application of vermicompost (6 t/ha) and NPSB rate of 

60kg/ha while the lowest pod number per plant (10.3) was at control treatment (Table 7). The 

pods number improvement with inoculation, vermicopost and NPSB application might be due to 

the contribution of inoculation, mineral and organic fertilizer to each other in order to reach the 
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state of optimal nutritional balance suitable for the growth and development of the plant because 

they equipped the plant with the necessary nutrients. As a result integrated application of ver-

micopost with mineral bended NPSB fertilizer rate was not adequate enough to increase number 

of pod per plant without combination of rhizobia. This is in line with the observation of Makinde 

et al. (2001) and Daramola et al. (2006), they reported that availability of adequate nutrients 

could improve crop growth and yield parameters. Similarly Mekki (2016) reported that number 

of pods per plant was increased by applying chemical fertilizer, biofertilizer and organic fertilizer 

which produced the highest pods per plant. 

4.5.2. Number of seeds per pod  

The analysis of variance revealed that number of seeds per pod was significantly (P<0.05) af-

fected by main effect of Rhizobium inoculation while other main effects and interaction effect 

were not significant (Appendix Table 7).  

Table 8. Number of pod per plant and number of seeds per pod of faba bean as influenced by the 

main effect of Rhizobium inoculation, vermicopost and NPSB fertilizer rate 

Treatment Number of seeds  per pod Number of pod  per plant 

 Inoculation 
  

With 2.8
a
 18.6a 

Without 2.7
b
 14.7

b
 

P value * *** 

V (t/ha) 
  

0 2.71 13
c
 

3 2.78 14
c
 

6 2.82 19.1
b
 

9 2.83 21
a
 

P value ns *** 

NPSB (kg/ha) 
  

0 2.76 14.8
c
 

60 2.78 16.9
b
 

120 2.67 18.3
a
 

P value ns *** 

 CV (%) 6.4 10.6 
Means within a columns followed by the same letter(s) are not significantly different to each other while  

means within different letter(s) are significantly different from each other at P > 0.05; ns = non-

significant; *** = significant at P ≤ 0.001; * = significant at P ≤ 0.05; CV= Coefficient of variation 

Significant variation of the number of grains per pod was recorded with Rhizobia inoculant than 

un-inoculated (Table 8). The higher (2.8) and the lower (2.7) number of grains per pod were rec-



 
  

44 

 

orded at inoculant and without inoculant, respectively. This could be because of inoculation pro-

vides an sufficient amount of N for plant and N caused well-developed root system having high-

er nitrogen-fixing ability bring about in better growth, improvement of plants and greater change 

of photosynthesis towards sink (Singh et al., 2018. On the contrary, Abebe and Tolera (2014) 

revealed that number of seed per pod of faba bean was not significantly affected due to Rhizobi-

um inoculation. This is due to the fact that the number of seeds per plant is mainly under genetic 

control can be little affected by the environmental factors (Gemechu et al., 2006).  

4.5.3. Above ground dry biomass  

The main effect of (Rhizobium inoculation, vermicopost application and NPSB fertilizer rates) 

and the two way interaction effects (of vermicopost with NPSB fertilizer rate) showed a signifi-

cant effect on above ground dry biomass yield of faba bean, while the other interaction effect was 

non-significant on this parameter (Appendix Table 8). 

The highest above ground dry biomass (148.86 g/pot) was recorded from the Rhizobium inocula-

tion while the lowest above ground dry biomass (127. 86) was recorded from without Rhizobium 

inoculation (Table 9). In agreement with this result, Malik et al. (2006) also reported that nitro-

gen fixation by Rhizobium hastened the vegetative growth; it improved the yield components of 

soybean which are the possible reason for substantial increase for above ground dry biomass.  

The significantly higher above ground dry biomass induced by Rhizobium inoculation might be 

due to the presence of high N derived from biological nitrogen fixation leading to high biomass 

formation. Also it might be due to increasing up take of nutrients due to Rhizobium inoculation. 

In agreement with this result, Biswas et al. (2000) reported that rhizobial inoculants may also 

induce an increased number of roots hairs and lateral roots thereby favoring nutrient uptake by 

exploration of a greater soil volume. Similarly, Asad et al. (2004) reported that inoculation of 

mung bean with selected strain of Rhizobium resulted in significant increment of the dry matter 

production over uninoculated one 



 
  

45 

 

 

Table 9. Above ground dry biomass, Hundred seed weight, Grain yield, Straw yield, and Harvest 

index of faba bean as influenced by the main effect of Rhizobium inoculation, NPSB rate and 

vermicompost application 

Treatment 

Above ground dry 

biomass yield 

(g/pot) 

Hundred seed 

weight(g) 

Grain yield 

(g/pot) 

Straw yield 

(g/pot) 

Harvest In-

dex 

Inoculation      

With 148.6
a
 71.9

a
 48.9

b
 91.5

a
 38.6

b
 

with out 127.9
b
 68.5

b
 57.4

a
 79.0

b
 38.0

a
 

 P value  *** *** *** *** ** 

V( t/ha)      

0 106.7
c
 65.8

d
 40.1

c
 66.6

c
 37.5

c
 

3 108.0
c
 67.9

c
 40.7

c
 67.3

c
 37.6

c
 

6 158.5
b
 72.2

b
 61.1

b
 97.5

b
 38.5

b
 

9 180.2
a
 75.0

a
 70.6

a
 113.8

a
 39.2

a
 

P value *** *** *** *** ** 

NPSB,(kg/ha) 

0 120.1
c
 67.9

c
 45.7

c
 74.4

c
 37.8

c
 

60 132.7
b
 70.2

b
 51.0

b
 81.7

b
 38.1

b
 

120 162.3
a
 72.6

a
 62.7

a
 99.6

a
 38.6

a
 

P value *** *** *** *** ** 

CV (%) 7.3 3.8 7.2 7 1.35 

Means within a columns followed by the different letter(s) are significantly different from each other at 

** = significant at P ≤ 0.01; *** = significant at P ≤ 0.001. CV= Coefficient of variation, 

V=vermicompost. 

In this experiment the highest above ground dry biomass (188.02g/pot) was obtained in the pots 

received combination of 60 kg/ha NPSB rate with 9 t/ha vermicompost which was statistically at 

par with combined application of120 kg/ha NPSB rate with 9 t/ha vermicompost. The lowest 

above ground dry biomass 84.09 g/pot was recorded in the control treatment (Table 10). 

This increment in dry matter yield with application of NPSB fertilizer and vermicompost might 

be due to vermicompost had higher mineral nutrients like Mg, Ca, P, and K (Lim, et al., 2015) 

and the direct supply of N, P, S and B could have increased the number of branches per plant, 

and leaf area which in turn increased photosynthetic area and number of pods per plant thereby 

dry matter accumulation. Parthasarathi, (2002) has also reported that the combined application 

of' inorganic and organic manures significantly enhanced the above ground dry biomass and 

yield of soybean as compared to the sole application of either of them. Jyabal and Kvpvsvamy 
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(2000) reported that tests on bean plants increased use of vermicomposting positive and signifi-

cant effects on plant dry weight, root to shoot ratio, the number of flowers per plant and an in-

crease in nitrogen, phosphorus and potassium in the soil, which improved dry matter accumula-

tion of faba bean.   

In agreement with this result, Mohammed et al, (2016) reported that the dry matter production of 

beans increased significantly with the applications of compost combined with NPK fertilizer. 

Likewise, Getachew et al (2019) highest above ground dry biomass of groundnut (6.91 t/ha) was 

obtained in the plot received combination of 23:46 N: P2O5 kg/ha with 5.0 t/ha Vermicompost. 

The lowest above ground dry biomass yield (3.53 t/ha) was recorded in the control treatment .  

Table 10. Above ground dry biomasses yield (g/pot) and Grain yield (g/pot) of faba bean as in-

fluenced by the interaction effect of NPSB rates with vermicompost application. 

Treatments 
Above ground dry biomass(g/pot) Grain yield (g/pot) 

NPSB rate (kg/ha) NPSB rate (kg/ha) 

V rates (t/ha) 0 60 120 0 60 120 

0 84.09
f
 88.81

e
 141.00

d
 31.24

e
 33.17

e
 53.62

d
 

3 90.33
e
 93.87

e
 146.02

d
 33.66

e
 35.11

e
 55.72

d
 

6 136.43
d
 159.98

c
 179.23

ab
 52.17

d
 61.51

c
 69.49

ab
 

9 169.73
bc

 188.02
a
 182.84

a
 65.86

bc
 74.05

a
 71.98

a
 

P values   

V x F *** * 

CV (%) 7.1 7.2 

Interaction means within a columns followed by the different letter(s) are significantly different 

from each other at P > 0.05; ns = non-significant; *** = significant at P ≤ 0.001, ** significant at 

P ≤ 0.01; CV= Coefficient of variation, V= Vermicompost rates. 

4.5.4. Hundred Seed Weight  

The analysis of variance shown that hundred grain weight was highly significantly (P<0.001) 

affected by main effect of Rhizobium inoculation, vermicompost applications and NPSB rate 

while their interaction was not significant (Appendix Table 7). 
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Inoculated treatments achieved significant increases in hundred seed weight (71.6 g) compared 

to un-inoculated treatments (68.5g), (Table 9) which could be due to the symbiotic relationship 

between Rhizobium and faba bean plants, which results in fixation of atmospheric nitrogen into 

the roots and translocation of amino acids to the shoots, thus leading to increased seed size and 

content of grain protein. Inoculants play an important role in improving growth and assimilates 

accumulations thereby increase the reproductive performance of the plants, which led to large 

grain production (Tarekegn, 2011).  

In line with this result, Bezabih (2018) reported that rhizobium inoculation increased 100 gain 

weight of faba bean by 11.44%, compared to uninoculated treatment.  Similarly Solomon et al. 

(2012) also reported that BradyRhizobium japonicum inoculation highly increased 1000 grain 

weight of soybean. The other study on lentil also indicated that 100-grain weight was significant-

ly higher in inoculated treatments in the pot experiment than that of un-inoculated (control) 

treatment (Wondwosen et al., 2016). Lamptey et al. (2014) also reported that positive effects of 

rhizobium inoculation on yield of various leguminous crops.   

The highest 100 grain weight (75.03 g/pot) was recorded at vermicompost applications rate of 9 

t/ha while the lowest 100 gain weight (65.78g/pot) was recorded which pots without vermicom-

post application (control treatment) (Table 9). The variation in grain weight might be due to the 

fact that vermicompost possessed higher and more soluble form of major nutrients such as N, P, 

K, Ca, S and Mg (Reddy, 2004). Hundred grain weights was directly influenced by the photosyn-

thetic material after it is pollinated, the plant material of current photosynthesis or remobilization 

can be stored in the stems, leaves or pods are provided (Ahmadi and Bahrani .2009).  Akbari et 

al., (2009) also repoted that with an increased grains  weight during grain filling period had been 

accounted for and can show the effect of photosynthetic bacteria, enhancing plant growth by in-

creasing the amount of material stored in the grain filling period. The use of vermicomposting, 

the biological nitrogen, and root, optimal absorption of water and nutrients and produce some 

vitamins increases followed by qualitative and quantitative growth of the plant and thereby 

strengthen weight gain would be determined for hundred seeds weight (Kumar et al. 2005). 

This study shown that, the highest 100 seed weight (72.60 g/pot) was recorded at NPSB rate of 

120 kg/ha while the lowest 100 seed weight (67.9 g) was recorded which pots without NPSB ap-

plication(control treatment) (Table 9).  It might be due to the fact that N, P, S, and B improves 
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grain weights in crop plants and decreases seed infertility (Fageria et al, 2006). Hundred seed 

weight is an essential yield component which expresses the magnitude of grain development 

which ultimately reflects on the final output of crops (Tesfaye, 2015). In line with this result,  

Getachew and Rezene (2006) reported that significant increases in hundred grain weight of faba 

bean in response to application of mineral phosphorus over the control treatment. Abdulkadir et 

al. (2014) reported that phosphorous fertilized crop when compared with the control give more 

pods per plant which were better filled with heavier grain and this translated to higher grain 

yield. Nebret (2017) reported that increasing S rate from 0 kg/ha to 20 kg/ha increased 100 seed 

weight from 35.7 g to 36.8 g of bean.  

4.5.5. Grain yield  

Analysis of variance showed that the main effect of (Rhizobium inoculation, vermicopost appli-

cation and NPSB fertilizer rates) the two way interaction effects (of vermicopost with NPSB fer-

tilizer rate) and three way interaction effects (of Rhizobium inoculation, vermicopost application 

and NPSB fertilizer rates) showed a significant effect on grain yield of faba bean, while the other 

interaction effect was non-significant on this parameter (Appendix Table 8). 

In this study, integrated application of rhizobia inoculation, vermicompost and NPSB fertilizer 

application gave the highest grain yield of faba bean. Hence, the highest mean grain yields 

(80.12 g/pot) obtained from combination of rhizobium inoculation, vermcompost rate of 6 t/ha 

and NPSB rate of 60 kg/ha and the lowest was recorded at control treatment (28.6 g/pot) (Table 

11), as compare to the control there was a 64.3 % yield increamnet at this rate. The yield im-

provements with inoculation, vermicompost apicaton and NPSB ferilazer might be due to the 

availability of necessary nutrients from direct application of inoculation, vermicompost apicaton 

and NPSB ferilazer that might have resulted in improvements of the yield related traits that con-

tributed to the increment of grain yield. This finding is similar with that of Ezekiel-Adewoyin et 

al. (2017) who reported that use of compost combined with inorganic fertilizer (P2O5, 30kg/ha ) 

and  B. japonicum inoculum increases soybean grain. Similarly, Mekki (2016) also reported that 

applying of chemical fertilizer, biofertilizer and organic fertilizer as one treatment increased the 

yield treiat of faba bean crops.  
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Table 11. Grain yield (g/pot) of faba bean as influenced by the three way interaction effect of 

rhizobium inoculation, vermicompost application and NPSB rates. 

  NPSB rate (kg/ha)  

Inoculation V rate (t/ha) 0 60 120  

With 

0 32.53
hi

 37.36
h
 56.4

ef
  

3 37.03
h
 38.65

h
 58.61

e
  

6 57.0
ef
 80.12

a
 70.76

bc
  

9 69.5
bc

 74.2
ab

 73.75
ab

  

Without 

0 28.6
i
 28.9

i
 50.8

fg
  

3 29.95
i
 33.53

hi
 52.8

fg
  

6 47.3
g
 55.4

ef
 65.54

cd
  

9 59.58
de

 66.30
c
 67.95

bc
  

P values of the interaction effect 

Rxv Ns 

RxF Ns 

VxF ** 

RxVxF *** 

CV 7.1 

Interaction means within a columns followed by the different letter(s) are significantly different from each 

other at P > 0.05; ns = non-significant; **= significant at P ≤ 0.01***= significant at P ≤ 0.001; CV= Co-
efficient of variation, F= NPSB rate, R= Rhizobium inoculant.  

4.5.6. Straw yield  

The analysis of variance showed that the main effects of (Rhizobium inoculation, vermicompost 

application and NPSB rate) and their three-way interaction (of Rhizobium inoculation, ver-

micopost application and NPSB fertilizer rates) showed significantly (p < 0.001) affected the 

straw yield. While, all the two-way interaction effects were non-significant (Appendix Table 8). 

The straw yield was affected significantly by the interaction effect of inoculant with vermicom-

post and NPSB application (Table 12).  Higher straw yield (125.86g/pot) was obtained from in-

tegrated use of rhizobia inoculation with 6 t/ha vermicompost and 60 kg/ha NPSB rate while the 

lowest straw yield (55.07) was obtained at control treatment.   

This might be probably due to stimulated biological activities in the presence of balanced nutri-

ent supply (Zafar, 2003). This implies that application of rhizobia with balanced both organic 

and inorganic fertilizers responded better to increase faba bean straw yield as compared to other 

treatment combinations. This result is in line with Getachew et al. (2003) who revealed that 
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farmyard manure and chemical fertilizer had a highly significant effect on plant height, number 

of pods per plant, total straw and seed yield of faba bean. This condition is quite important that 

by increasing straw yield without affecting the grain yield, farmers in the highlands of Ethiopia 

could be benefited as to alleviate food and animal feed security problems (Africa Rising, 2014 

and Woldeyesus et al., 2004). 

Table 12. Straw yield (g/pot) of faba bean as influenced by the three way interaction effect of 

rhizobium inoculation, vermicompost application and NPSB rates 

  NPSB rate (kg/ha)  

Inoculation V rate (t/ha) 0 60 120  

With 

0 55.07
j
 61.7

i
 91.52

f
  

3 62.5
i
 64.9

i
 94.6

e
  

6 91.3
f
 125.86

a
 115.4

ab
  

9 112.96
b 

118.4
ab 

116.25
ab 

 

Without 

0 48
j
 48.8

j
 83.2

g
  

3 50.62
j
 55.8

ij
 85.9

fg
  

6 77.17
h
 89

f
 105.46

cd
  

9 94.8
e
 104.09

cd
 112.46

b
  

P values of the interaction effects 

Rxv Ns 

RxF Ns 

VxF Ns 

RxVxF *** 

CV 7 

Interaction means within a columns followed by the different letter(s) are significantly different from each 
other at P > 0.05; ns = non-significant; ***= significant at P ≤ 0.001; CV= Coefficient of variation, F= 

NPSB rate, R= Rhizobium inoculant. 

4.5.7. Harvest index 

The analysis of variance showed that harvest index was significantly (p<0.01) influenced by the 

main effect of Rhizobium inoculation, vermicompost application and NPSB rates while all the 

interaction effects were not significant (Appendix Table 8).  

In this experiment, the highest harvest index was recorded from Rhizobium inoculated (38.6) 

treatment while the lowest 38.0 harvest index was obtain by without Rhizobium inoculated (Ta-

ble 9). The highest mean harvest index also implies higher partitioning of the dry matter into 

seed. In similarity to this, Tesfaye (2015) reported that inoculation significantly increased harvest 

index in soybean plant.  Significant difference was observed due to application of vermicopost in 

https://europepmc.org/article/pmc/pmc6559151#bib0005
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which 9 t/ha resulted in the highest mean harvest index (39.2) and the  lowest mean harvest index 

(37.5)  was recorded at control treatment, which was in statistical parity with 3 t/ha vermicom-

post application. The increment in harvest index might have been mainly due to availability of 

vital macro nutrient to the plant, which improved the harvest index of faba bean. 

 The highest (38.6) harvest indexes was recorded by the application of NPSB 120 kg/ha while 

the lowest (37.8) harvest index was obtained from control treatment (Table 9). The highest har-

vest index by increased rate of NPSB application might be due to the fact that highest biological 

yield coupled with the highest uptake of N, P, S and B as a result that nutrient translocated higher 

photosynthetic product to the seed than the straw ultimately increases grain yield. This result is 

in agreement with that of Endrias et al. (2017) also reported a significant increase of harvest in-

dex with the application of NPS rates on common bean. Similarly; Ashoori (2014) who reported 

that mineral P fertilizes had a significant effect on harvest index of faba bean.  

4.6. Effect of Rhizobium Inoculation, Vermicompost and NPSB rates on N, P and S 

concentration and Uptake of Faba bean 

4.6.1. Nitrogen concentration in grain and straw of faba bean  

The results showed that main effect of Rhizobium inoculation and vermicompost application had 

highly significant effect on nitrogen concentration in grain and straw of faba bean while NPSB 

fertilizer rate and their interaction effects were non-significant (Appendix Table 9).  

In this experiment, Rhizobium inoculated pots had maximum N concentration in the grain 

(3.60%) and straw (1.51%) as compared to uninoculated pots (Table 13). The higher grain and 

straw N concentration in the inoculated one might be due to the application of Rhizobium inocu-

lation since, inoculation further increased seed and straw yield and nutrient concentrations. This 

result was in agreement with the study by Talaat and Abdallah (2008) who indicated that rhizo-

bia inoculation improve N concentration inoculated treatments showed a significant increment in 

grain N concentration of faba bean. Likewise, Mehana and Abdul Wahid (2002) explained that 

Rhizobium inoculation significantly improved grain and straw N concentration.  

With respect to the effect of vermicompost application, the maximum grain (3.75%) and straw 

(1.54%) N concentrations per pot were recorded at vermicompost rate of 9 t/ha
 
while the mini-

mum grain (3.24%) and straw (1.40%) N concentrations were recorded on control treatments 
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(Table 13). This might be due to the fact that vermicompost of coffee husk residue contained ad-

ditives/organic amendments contain higher total N and low C: N ration (<20) and would release 

organic N making it available to plant as reported by Gezahegn et al. (2016) which resulted an 

increased the grain and straw N concentration per pot. 

4.6.2. Nitrogen uptake in grain and straw of faba bean 

The results of the analysis of variance revealed that Nitrogen accumulations in grain and straw 

was significantly (P<0.001) affected by Rhizobium inoculation, NPSB fertilizer rate and ver-

micopost application while their interaction was not significant on this parameter (Appendix Ta-

ble 10). 

Table 13. Main effects of Rhizobium Inoculation, vermicompost application and NPSB fertilizers 

rate on nitrogen concentration (%), nitrogen up take in straw and grain and total uptake (g/pot) of 

faba bean.   

Treatment  
     N Concentration (%) N uptake (g/pot) 

Total N uptake 

(g/pot) 

Grain  Straw Grain Straw   

Inoculation            

With out 3.35b 1.39b 1.68
b
 1.11

b
 2.79

b
 

With 3.60a 1.51a 2.10
a
 1.40

a
 3.504

a
 

 P value *** ** *** *** *** 

V rate (t/ha) 

0 3.24b 1.40c 1.331
c
 0.929

c
 2.268

c
 

3 3.31b 1.38bc 1.372
c
 0.937

c
 2.300

c
 

6 3.60a 1.48ab 2.214
b
 1.456

b
 3.671

b
 

9 3.75a 1.54a 2.65
a
 1.697

a
 4.353

a
 

P value *** ** *** *** *** 

NPSB ate (kg/ha) 

0 3.34
b
 1.398 1.572

c
 1.060

c
 2.634

c
 

60 3.44
b
 1.484 1.814

b
 1.236

b
 3.049

b
 

120 3.643
a
 1.466 2.293

a
 1.468

a
 3.761

a
 

P value **  NS *** *** *** 

CV% 7.69 9.8 7.22 7.67 7.2 

Means within the same columns followed by the same letter (s) are not significantly different at 

5% level of significance; NS= not significantly; ** = significant at P ≤ 0.01; *** = significant at 

P ≤ 0.001; CV= Coefficient of variation, V= vermicompost  

In this experiment, inoculated treatments showed a significant increment in grain and straw N 

accumulation of faba bean. Grain (2.10 g/pot) and straw (1.40 g/pot) with inoculant and grain 

(1.68 g/pot) and straw (1.11 g/pot) N accumulation without inoculant) were recorded respective-
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ly (Table 13), which could be due to the synergetic relationship between Rhizobium and faba 

bean plants, that results in fixation of atmospheric N into the roots and translocation of amino 

acids to the shoots, thus leading to increased grain and straw N accumulation in faba bean. 

The nitrogen accumulation of faba bean in grains and straw were significantly affected by ver-

micompost application (Table 13). The accumulation of N in grains and straw were significantly 

increased when the application of vermicompost rates were increased, the maximum (2.65 and 

1.697g/pot) and the minimum (1.331 and 0.93 g/pot) grain and straw N accumulation were ob-

tained at 9 t/ha of vermicompost rate and on pots without vermicompost application, respective-

ly. The significant increment tendency of N accumulation might be due to vermicompost contain 

large amounts of an inorganic and organic form of nitrogen (N) which is immediately available 

for plant uptake (Lazcano et al., 2013).  

The nitrogen accumulation of faba bean in grains and straw were significantly affected by NPSB 

rate (Table 13). The accumulatio of N in grains and straw were significantly increased when the 

application of NPSB rates were increased, the maximum (2.293 and 1.468 g/pot) and the mini-

mum (1.572 and 1.06 g/pot) grain and straw N accumulation were obtained at 120 kg/ha of 

NPSB rate and on pots without NPSB application, respectively. The significant increment ten-

dency of N accumulation might be due to direct application of N which may possibly increased 

concentration of N in soil solution with increased NPSB rate. 

4.6.3. Total nitrogen uptake (TNU) of faba bean  

The analysis of variance shown that the main effect of Rhizobium inoculation, NPSB rate, ver-

micompost application was highly significant (P<0.01) on total nitrogen uptake of faba bean. 

While other interaction were not significant (Appendix Table 10).  

Inoculated treatments revealed a significant increment on total N uptake of faba bean (3.504
 

g/pot) and (2.79 g/pot) were recorded with inoculant and without inoculant respectively (Table 

13); which could be due to the symbiotic relationship between Rhizobium and faba bean plants, 

that results in fixation of atmospheric N into the roots and translocation of amino acids to the 

shoots, thus leading to increased grain and straw N accumulation in faba bean.  In agreement 

with the results of this experiment, Tahir et al. (2009) found increased nitrogen accumulation in 

soybean grain, straw and their total by 9, 22 and 76% over the control as result of Rhizobium in-



 
  

54 

 

oculation. Tesfaye (2015) also reported that grain, straw and total nitrogen accumulation in-

creased by 147, 97 and 130% over control as result of SB6 B1 BradyRhizobium strain inocula-

tion in soybean. In similar manner Taye (2006) also reported Rhizobium leguminosarum signifi-

cant effect on grain, straw and total nitrogen accumulation in field pea.   

With respect of vermicopost a significant increase in total plant N uptake by increasing rates of 

vermicompost application (Table 13). The maximum (4.353 g/pot) and the minimum (2.268 

g/pot) TNU was recorded at 9 t/ha vermicompost and on pots without vermicopost application 

respectively.  

This might be due to the fact that vermicompost contain large amounts of inorganic and organic 

form of N which is immediately available for plant uptake (Lazcano et al., 2013). Also ver-

micompost improving microbial activities and abundance (Zhang et al., 2012); which enhanced 

inoculant performance to nodule formation stimulate N fixation and increase the availability of N 

for faba bean plants that results increased the uptake of N by straw and grain that ultimately in-

creased total N uptake faba bean. Their beneficial effects were mainly attributed to the enhance-

ment of N fixation through root growth and soil property improvements besides being a source of 

P and other nutrients that are essential for N2-fixation process (Divito and Sadras, 2014). Similar 

findings were previously indicated by Parry, et al (2008) who reported that applying organic fer-

tilizer significantly increased N concentrations in cowpea and total N accumulation in soybean, 

respectively. 

The maximum of TNU (3.761 g/pot) and minimum TNU (2.634 g/pot) was observed from the 

NPSB rate of 120 kg/ha and on pots without NPSB rate respectively (Table 13).  This might have 

been by direct application of N, P,S, and B mainly significant role of increased the concentration 

of N in soil which uptakes by faba bean plant causing more available N consequently resulting in 

higher accumulation of nitrogen in plant tissue. Similarly, Tekle and Walelign (2014) reported 

that phosphorus fertilization significantly affected grain nitrogen N accumulation and total nitro-

gen accumulation in soybean.  

4.6.4. Phosphors concentration in grain and straw of faba bean   

The main effects of Rhizobium inoculation, NPSB rate and vermicompost applications were sig-

nificant on phosphors concentration in grain of faba bean, while the interaction effects were non-
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significant. Besides that the main effects of Rhizobium inoculation, mineral blended fertilizer 

rate, vermicompost applications and their interaction had no significant (P>0.05) effect on phos-

phors concentration in straw of faba bean (Appendix Table 11). 

Table 14.  Main effects of Rhizobium Inoculation, vermicompost and NPSB fertilizer rates appli-

cation on Phosphors concentration (%), Phosphors up take in straw and grain and total uptake 

(g/pot) of faba bean 

Treatment  
P concentration (%) P uptake (g/ pot) 

Total P uptake (g/pot) 
Grain Straw Grain Straw 

Inoculation  

With out 0.299
b
 0.108 0.150

b
 0.085

b
 0.234

b
 

With 0.316
a
 0.102 0.184

a
 0.093

a
 0.277

a
 

 P value   ** NS *** * *** 

V (t/ha) 

0 0.28
d
 0.104 0.12

d
 0.068

d
 0.172

d
 

3 0.296
c
 0.107 0.131

c
 0.071

c
 0.190

c
 

6 0.318
b
 0.104 0.195

b
 0.102

b
 0.296

b
 

9 0.336
a
 0.106 0.238

a
 0.116

a
 0.353

a
 

P value *** NS *** *** *** 

NPSB (kg/ha) 

0 0.33
c
 0.105 0.141

c
 0.074

c
 0.218

c
 

60 0.357
b
 0.105 0.16

b
 0.085

b
 0.244

b
 

120 0.367
a
 0.106 0.200

a
 0.105

a
 0.34

a
 

P value * NS *** *** *** 

CV% 6.14 13.35 8.15 17.1 8.12 
Means within a columns followed by the different letter are significantly different from each other at P > 
0.05; ns = non-significant; * = significant at P ≤ 0.05; ** = significant at P ≤ 0.01; *** = significant at P ≤ 

0.001; CV= Coefficient of variation, V= vermicompost, R= elite Rhizobium inoculation. 

 

In this experiment, inoculated treatments showed a significant increment in grain P concentration 

of faba bean. Grain (3.16 g/pot) with inoculant and grain (2.99 g/pot) P concentration without 

inoculant) were recorded respectively (Table 14). Rhizobium inoculation might be enhanced bio-

logical nitrogen fixation and solubilization of insoluble phosphate that increase the uptake of P 

by plants and the vegetative as well as reproductive growth improvement which ultimately af-

fects the grain P concentration beside grain yield of faba bean. This is in agreement with Mehana 

and Abdul Wahid (2002) who reported that Rhizobium inoculant significantly increased faba 

bean grain phosphorus concentration respectively. Yet Demissea et al (2016) reported that Rhi-

zobium inoculation had no significant effect on grain P concentration of faba bean.  
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Concerning vermicompost application, the maximum grain (0.36%) P concentrations per pot 

were recorded at vermicompost rate of 9 t/ha
 
while the minimum grain (2.84%) P concentrations 

were recorded on control treatments (Table 14). This might be due to the fact that vermicompost 

contained higher mineral nutrients including N, P and S which is immediately available for plant 

uptake which resulted an increased the grain P concentration. This finding is in concur with Par-

ry et al. (2008) who found that applying manure had significantly increase P concentrations in 

cowpea. 

With respect to NPSB rate; the level of grain concentration of P significantly increased as levels 

of NPSB rate increased. The highest (0.367 %) P concentration was obtained at NPSB rate 120 

kg/ha. However the lowest (0.339 %) P concentration was recorded with no NPSB application, 

which was statistically similar with the application of 60 kg/ha NPSB. This is ascribed applica-

tion of 60 kg/ha NPSB fertilizer no response for grain concentration of P on this probe.  The sig-

nificant increment trend of grain P concentration might be due to better application of NPSB in 

soil solution which resulted in increasing intake of the P from the soil solution and consequently 

increased the concentration of P in grain. 

4.6.5. Phosphors uptake in grain and straw of faba bean  

The main effects of Rhizobium inoculation, NPSB rate and vermicompost applications were sig-

nificant on phosphors uptake in grain and straw of faba bean, while the interaction effects were 

non-significant on this parameter (Appendix Table 11). 

In this experiment Rhizobium inoculant was significantly affected the grain and straw P uptake 

on faba bean. The maximum (0.184
 
g/pot), (0.093 g/pot) and the minimum (0.150g/pot), 

(0.085g/pot) grain and straw PU were recorded from inoculated and pots without inoculated 

treatment respectively (Table 14). Rhizobia inoculation increment in the grain and straw P uptake 

might be due to microbial diversity and structure, potentially enhancing plant growth-promoting 

rhizobacteria. Rhizobial inoculation (with R. leguminosarum) enhanced phosphate solubilization 

(Yadav et al., 2014). 

In this experiment the application of vermicompost application significantly affected the grain 

and straw P uptake on faba bean (Table 14). The maximum (0.238
 
g/pot), (0.116 g/pot)

 
and the 

minimum (0.12 g/pot), (0.068 g/pot) grain and straw P uptake were recorded at 9 t/ha vermicom-
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post application rate, respectively. Thus increment in the grain and straw P uptake might also be 

due to composted organic materials enhanced fertilizer use efficiency by releasing surfeit nutri-

ents slowly and thus enhanced nutrient uptake efficacy besides reducing losses, particularly of P. 

Also vermicompost applications rate was ability to solubilize insoluble phosphate by phospho-

rous mineralization, making it more readily available P to plants. This may be attributed to the 

improvement of soil physical properties by organic nutrient sources in addition to contributing to 

nutrient availability (Laila and Ali, 2011). This result is in line with Anteneh et al (2016) who 

reported that vermicompost application had significant effect on grain and straw P uptake of faba 

bean.   

At the application NPSB at the rate of 120 kg/ha was obtained maximum grain and straw P up-

take (2.0 g/pot) and (0.105 g/pot) respectively while control treatment was obtained minimum 

(0.141 g/pot) and (0.079 g/pot) grain and straw P uptake  was recorded (Table 14). Nutrient up-

take increased significantly with the increasing rates of fertilization which was due to luxuriant 

crop growth, high dry matter production, yield and yield attributes, resulted in increased uptake 

of nutrients. These findings are also supported by Shubhashree et al., (2011) in French bean. 

4.6.6. Total phosphorus uptake 

Total P uptake of faba bean was significantly (P<0.001) affected by the main effect of elite Rhi-

zobium inoculant, NPSB rate and vermicompost application. Though, interaction effect on total P 

uptake was not significant effects on this parameter (Appendix Table 11). 

In this experiment Rhizobium inoculant was significantly affected the total P uptake on faba 

bean. The maximum (0.277
 
g/pot) and the minimum (0.234 g/pot) TPU were recorded from in-

oculated and on pots without inoculated treatment respectively (Table 14). This might have been 

mainly due to significant higher increase of P uptake of plants treated with microbial inocula-

tions suggest that a positive interaction exists between N and P uptake, root colonization, and 

growth promotion. Several researchers reported an increase in P uptake of legume plants inocu-

lated with rhizobial strains over uninoculated.  

The higher increase in of N and P uptake of plants treated with microbial inoculations suggest 

that a positive interaction exists between N and P uptake, root colonization, and growth promo-

tion. The increased P absorption by plants might be due to a solubilizing effect of acidic exudates 
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produced by the microbes prominently present in the rhizosphere and effective Rhizobium iso-

lates (Elkoca et al., 2010 et al., 2014). This is in agreement with the results of Desta et al. (2015) 

who reported that application of effective rhizobial on faba bean (Vicia faba L.) improved grain 

yield and total P uptakes. Similarly inoculation of chickpea (C. arietinum L.) seeds with R. le-

guminosarum (Cicer sp.) gave a significant increase in grain yield and uptake of N and P in grain 

over uninoculated control (Yadav and Verma, 2014).  

Vermicopost application rate was significantly affected the total P uptake on faba bean. The 

maximum (0.353 g/pot) and the minimum (0.182 g/pot) TPU were recorded from 9 t/ha ver-

micopost application rate and on pots which had no vermicopost application respectively (Table 

14). The advantageous effect of vermicompost application on nutrient content in faba bean crop 

appears to be due to enhanced nutrient levels both in the root zone and plant system. The in-

creased availability of these nutrients in the root zone fixed with increased metabolic activity at 

cellular levels might have increased nutrient uptake and their accumulation in the vegetative 

plants. Enhanced metabolism to better translocation of these nutrient to reproductive organs of 

the crop and ultimately improved the content in seed and straw. Increased uptake of P appears to 

be due to the fact that uptake of nutrient is product of biomass and its nutrient content. These re-

sults are in close conformity with those of Khan et al. (2017). Significant increase in P uptake 

(Table 14) due to application of vermicompost at 9 t/ha recorded under investigation. 

Mineral blended fertilizers application rate was significantly affected the TPU of faba bean. The 

maximum (0.34
 
g/pot) and the minimum (0.218 g/pot) TPU were obtained from 120 kg/ha and 

control treatment respectively (Table 14).   

Increasing NPSB application rates increased P uptake by the grains and the combined uptake by 

faba bean grain and straw. Nasreen and Farid (2003) also, confirmed that the application of dif-

ferent nutrients caused significant increase in nutrient uptake by pea. This result was in concur-

rence with the finding of El-Gizawy and Mehasen (2009) who reported that mineral fertilization 

application increased the phosphorus uptake in faba bean by 63.7% compared to nil inorganic 

fertilizer treatment. The increase in grain and total phosphorus uptake might have been mainly 

due to availability of phosphorus to the plant as phosphorus application rate increased in the soil 

which in turn increased phosphorus content of plant tissues. Similarly, Birhan (2006) and Gifole 

et al. (2011) also reported that phosphorus uptake increased with application of phosphorus in 
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haricot bean crop. Boundanga et al. (2014) also reported that phosphorus contents of faba bean 

were associated with the soil phosphorus availability. 

4.6.7. Sulfur concentration in grain and straw of faba bean  

The main effects of Rhizobium inoculant, NPSB rate and vermicompost application were highly 

significant (P<0.001) on sulphur concentration in grain and straw of faba bean while the interac-

tion effect was non-significant (Appendix Table 12). 

In this experiment, inoculated treatments showed a significant increment in grain S concentration 

of faba bean. Grain (0.309%), straw (0.267%) with inoculant and grain (0.278%), straw (0.21%) 

S concentration without inoculant) were recorded respectively (Table 15). These Rhizobium in-

oculations enhanced significantly S concentration of grain and straw of faba bean in this experi-

ment.  The increase in seed nutrients concentration was correlated with the enhancement of N2 

fixation due to S concentration increased in straw and grain of faba bean when applied Rhizobi-

um inoculation. 

With respect to vermicompost application maximum S concentration in grain (0.363%), straw 

(0.316%) with 9 t/ha vermicompost and the minimum in grain (0.239%), straw (0.167%) were 

recorded at control treatment.  The significant increments of S concentration might be due to the 

fact that vermicompost contains higher amount of humic acid content and biologically active 

substances such as plant growth regulators (Parthasarathi et al., 2006). This may increase con-

centration of S in grain and straw of faba bean with increasing vermicompost rate. 

Concerning NPSB rates, the maximum grain (0.318%), straw (0.266%) S concentrations per pot 

were recorded at vermicompost rate of 120 kg/ha
 
while the minimum grain (0.274), straw (0.218) 

S concentrations were recorded on control treatments (Table 15). This might be due to the fact 

that mineral blended fertilizer contained higher mineral nutrients including S, which is immedi-

ately available for plant uptake; this resulted an increased the grain and straw S concentration per 

pot. 
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Table15.  Main effects of Rhizobium Inoculation, vermicompost application and NPSB fertilizers 

rate on sulfur concentration (%), sulfur up take in straw and grain and total uptake (g/pot) of faba 

bean.  

Treatment  
Sulfur concentration (%) Sulfur accumulation(g/pot) 

Total Sulfur 

uptake 

Grain Straw Grain Straw (g/ pot)  

Inoculation    

With out 0.278b 0.21b 0.145b 0.180b 0.322b 

With 0.309a 0.267a 0.184a 0.258a 0.442a 

P value *** *** *** *** *** 

V (t/ ha)   

0 0.239c 0.167c 0.100c 0.116c 0.212d 

3 0.254c 0.196c 0.105c 0.138c 0.243c 

6 0.318b 0.276b 0.197b 0.273b 0.468b 

9 0.363a 0.316a 0.256a 0.348a 0.604a 

P value *** *** *** *** *** 

NPSB rate (kg/ha)   

0 0.274b 0.218b 0.132c 0.174c 0.305c 

60 0.288b 0.231b 0.158b 0.209b 0.366b 

120 0.318
a
 0.266a 0.203a 0.273a 0.475a 

P value *** **  ***  *** *** 

CV% 8.3 18.46 10.61 17.29 11.26 

Means within a columns followed by the different letter are significantly different from each other at P > 

0.05; ns = non-significant; ** = significant at P ≤ 0.01; *** = significant at P ≤ 0.001; CV= Coefficient of 

variation, V= vermicompost 

4.6.8. Sulfur uptake in grain and straw of faba bean  

The main effect of NPSB rate, Rhizobium inoculation and vermicompost applications were high-

ly significant effect on sulfur uptake in grain and straw of faba bean while the interaction effect 

was non-significant (Appendix Table 12). 

In this experiment Rhizobium inoculation increased S uptake by the grains and the combined up-

take by faba bean grain and straw. Thus, the highest S uptake by grain (0.184 g/pot), straw (0.25 

g/pot) and total uptake (0.442 g/pot) and lowest S uptake by grain (0.145 g/pot), straw( 0.180 

g/pot) and total uptake( 0.322 g/pot) were found when with inoculant and without inoculant re-

spectively (Table 15). In agreement with this result, Zerihun et al. (2017) reported that the S up-

takes in soybean grain and straw were increased significantly with inoculation of Rhizobium 

strains individually as well as in combination with S fertilization.   
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With respect to vermicompost applications rates S uptake by the grains, straw and the combined 

uptake by faba bean grain and straw. Thus, the highest S uptake by grain (0.256 g/pot), straw 

(0.34 g/pot) and total uptake (0.60 g/pot) and lowest S uptake by grain (0.1 g/pot), straw( 0.116 

g/pot) and total uptake( 0.212 g/pot) were found when 9 t/ha vermicompost rates and at control 

treatments (no vermicompost application) respectively.  

This might be due to the fact that the available S in soil increased and its absorption by the plant 

also improves with the addition of vermicompost. Furthermore, it might be due to the fact that 

compost can stimulate plant growth, root development and thus nutrient uptake (Walker and 

Bernal, 2008). In agreement with this result, Zerihun et al. (2017) reported that the S uptakes in 

soybean grain, straw and total were increased significantly with vermicompost application of 

Rhizobium strains individually as well as in combination with S fertilization. 

Concerning the main effects of NPSB application rates increased S uptake by the grains and the 

combined uptake by faba bean grain and straw. Thus, the highest S uptake by grain (0.203 g/pot), 

straw (0.273 g/pot) and total uptake (0.475 g/pot) and lowest S uptake by grain (0.132 g/pot), 

straw( 0.174 g/pot) and total uptake( 0.305 g/pot) were found when 120 kg/ha NPSB rates and at 

control treatments  respectively. Similarly, Gifole et al. (2011) also reported that Sulfur uptake 

increased with application of Sulfur in common bean crop. Boundanga et al. (2014) also reported 

that Sulfur contents of faba bean were associated with the soil Sulfur availability. 
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5. SUMMARY, CONCLUSIONS AND RECOMMENDATION 

In most tropical soils including Ethiopia, N, P, S and B are the major limited nutrients for crop 

production. Low soil fertility status and reduced biological nitrogen fixation are some of the ma-

jor constraints limiting faba bean yield in the study area. Ensuring a well-balanced supply of rhi-

zobium inoculation, vermicompost and blended NPSB fertilizer to the faba bean crop resulted in 

higher grain yield through improving nodule activities and nitrogen fixation. Limited research 

has been done on the response of rhizobium inoculation, vermicompost and inorganic fertilizer 

application on nodulation, yield and yield component of faba bean. Therefore, this study was ini-

tiated to evaluate the response of rhizobium inoculation, vermicompost and inorganic fertilizer 

application on nodulation, growth, nutrient uptake, yield of faba bean. Factorial combinations of 

two levels of inoculation (rhizobium inoculation and un-inoculation), four levels vermicompost 

(0, 3, 6 and 9 t/ha) and three levels of NPSB (0, 60 and 120 kg/ha) in CRD design with three rep-

lications were used. 

Composite soil sample (30 sub sample) was collected from the top 0-30 cm soil depth.  The soil 

analysis result indicated that the textural class of the experimental soil was clay and bulk density 

of the soil was moderate (1.42cm
3
/g). The pH of the soil was moderately acidic (pH 5.6), high in 

CEC (30.45Cmol (+)/kg), low in OM and OC content with value of 1.72% and 1% respectively. 

In this study, the total nitrogen contents and available phosphorus were low (0.115% and 8.89 

mg/kg), respectively. Sulfur content of the soil was also 7.2 mg/kg, which was deficient for crop 

production. The content of OM and OC were 1.72% and 1% respectively. This indicated that the 

soil had low OM and OC which were deficient for crop production. The study area of the soil 

had a high exchangeable Ca
2+

, Mg
2+

, and K
+
, 19.72cmol(+)/kg, 7.93cmol(+)/kg, 1.21cmol(+)/kg  

respectively. However, Na was medium level. Based on this result, N, P, S and OM had been 

considered as the nutrients to be corrected by applying appropriate rate of vermicompost and 

blended NPSB fertilizer along with Rhizobium inoculation. 

A significant variation was observed due to rhizobium inoculation for all growth and yield relat-

ed parameters. Rhizobium inoculation significantly increased nodulation parameters and yield 

and yield related traits of faba bean. In this study it increased the number of nodule per plant, 

nodule dry weight per plant, shot dray weight, primary branch per plant, plant height, and seeds 
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per pod, pod number, above ground dry biomass, hundred seed weight, grain yield, and straw 

yield by 35, 35, 35, 20, 7.2, 3.6, 20.96, 13.9, 4.7, 14.8, and 13.6% over uninoculated treatment 

respectively.   

The main effect due to vermicompost application significantly influenced number of nodules, 

nodule dry weight, shot dray weight, number of primary branches, days to 50% flowering, days 

to 90% maturity, plant height, and number of pods per plant, above ground dry biomass, hundred 

seed weight, grain yield and straw yield. However, numbers of seeds per pod was not significant-

ly affected by vermicompost application. The highest result of faba bean nodulation parameters 

were recorded at vermicompost rate of 6 t/ha which resulted in maximum nodule number (101.8) 

and nodule dry weight (193.4 mg). It increased number of nodule per plant and nodule dry 

weight per plant by 18.8% of both parameters over the control treatment. Whereas vermicompost 

rate of 9 t/ha maximize primary branches per plant (2.4), Shoot dray weight per plant (8.6 g), 

plant height (122.4cm), pod number per plant (18.6),  above ground biomass yield (180.2g/pot), 

hundred seed weight (75.0), grain yield (70.6 g/pot) and straw yield (109.6g), resulted in about 

45.8%, 29%, 18.7%, 38%, 40.78%, 12.3%, 43.2%, and 39.2% increments over control treatment 

respectively. 

Similarly, blended NPSB fertilizer significantly influenced number of nodules, nodule dry 

weight, number of primary branches, days to 90 % maturity, plant height, above ground dry bi-

omass, number of pods per plant, harvest index, hundred seed weight and grain yield. Yet, days 

to 50% flowering and number of seeds per pod were not significantly affected by different NPSB 

fertilizer rates. The maximum result of faba bean 

At rate of 60 kg/ha of NPSB fertilizer the highest nodule number (94.4) and nodule dry weight 

(179.4 mg) were recorded. It increased number of nodule and nodule dry weight per plant by 

21.6 % of both parameters over the control one. Whereas at NPSB rate of 120 kg/ha maximum 

primary branch per plant (2), Shoot dray weight per plant (7.8g), plant height, pod number per 

plant(21), above ground dray biomass yield (162.3g), hundred seed weight (72.6), grain yield 

and straw yield (99.6g) were recorded. As compared to the control treatment it increased in about 

20%, 7.8%, 11.3%, 19%, 26%, 6.4%, 27%, and 25% over control treatment respectively. Moreo-

ver, the three way interaction between rhizobium inoculation, vermicompost application and 
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NPSB fertilizer rate significantly affect number of pod per plant, grain yield and straw yield by 

64%, 64.3 % and 61% over control treatment respectively. 

In this study, rhizobium inoculation significantly improves the grain, straw and total nitrogen up-

take by 20.1, 20.7 and 20.4% over the control treatment respectively; similarly it also improves 

the grain, straw and total phosphors uptake by 18.7, 8.6 and 15.5 % over the control treatment 

respectively. In addition to this it also improves grain, straw and total sulfur uptake by 21.2, 30.2 

and 27.1% respectively over the control treatment.  

The highest grain nitrogen uptake, straw nitrogen uptake, total nitrogen uptake, grain phosphorus 

uptake, straw phosphorus uptake, total phosphorus uptake, grain sulfur uptake, straw sulfur up-

take and  total sulfur uptake were recorded at vermicompost rate of 9 t/ha. In this experiment, 

vermicompost application significantly increased the grain nitrogen, straw nitrogen and total ni-

trogen uptake by 49.8, 45.4 and 47.9 % over the control treatment respectively.  It also improves 

the grain, straw and total phosphorus uptake by 49.6, 41.4 and 48.4% over the control treatment 

respectively. Moreover, uptake of sulfur in grain, straw and total sulfur in this study increased by 

60.9, 66.7 and 64.9% over the control treatment respectively. 

The maximum grain nitrogen uptake, straw nitrogen uptake, total nitrogen uptake, grain phos-

phorus uptake, straw phosphorus uptake, total phosphorus uptake; grain sulfur uptake and  total 

sulfur uptake were recorded at NPSB fertilizer rate of 120 kg/ha. It increased the grain, straw and 

total nitrogen uptake by 31.4, 27.8 and 29.9 % over the control treatment respectively. It also in-

creased the grain, straw and total phosphorus uptake by 29.5, 24.8 and 35.9% over the control 

treatment respectively. Similarly, it also improved the grain, straw and total sulfur uptake by 35, 

36.3 and 35.5% over the control treatment respectively.  

This finding could create awareness as integrated application of vermicompost produced from 

coffee husk, blended NPSB fertilizer and rhizobium inoculation helps to enhance crop productiv-

ity and improve soil fertility. Therefore it is recommended that using integrated application of 

Rhizobium inoculation, with 6 t/ha vermicopost and 60kg/ha NPSB fertilizer application increase 

nodulation, growth, nutrient uptake and yield of the faba bean production in the study area.  

However, since the experiment was conducted at green house, so the experiment has to be re-

peated on field condition to make a conclusive recommendation. 
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7. APPENDICES TABLE 

Appendix 1. Mean monthly rain fall and mean temperature (
0
C) from 2018 to 2019 Basona 

Werena District. 

 Metrological Data  

 

Month 

 

Rain fall(mm) 

Maximum temperature 
0
C 

Minimum temperature 
0
C 

January 35.3 22.4 8.4 

February 128.7 23.9 9.6 

March 557.7 24.2 10.6 

April 615.7 23.3 11 

May 683.9 23.5 11.2 

June 877.8 23.5 11 

July 3703.2 19.1 10.7 

August 3769.3 18 10.5 

September 714.9 19.7 10.2 

October 137.7 19.3 7.5 

November 106.9 19.6 8.7 

December 88.6 21 8.2 

Mean 
951.64 21.46 9.8 

 Source: National Meteorological Agency, Debre Berhan Agricultural Research Centre 

Appendix 2. Soil pH (H2O) rating and bulk density  

pH
a
 Rating Bulk Densi-

ty(gm/cm
3
)

b
 

Rating 

<4.5 Very strong acid <1.0 Very low 

4.5-5.2 Strong acid 1.0-1.3 Low 

5.3-5.9 Moderately acid 1.3-1.6 Moderate 

6.0-6.6 Slightly acid 1.6-1.9 High 

6.7-7.3 Neutral >1.9 Very high 

7.4-8.4 Moderately alkaline   

>8.0 Strongly alkaline   

Source: Tekaligne Mamo (1991)
a
 and  Hunt and Gilkes (1992)

b
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Appendix 3. Rating for OM and TN Source: Tekalign Mamo (1999) 

                               Source: Tekalign Mamo (1999)  

Appendix 4. Rating for available phosphors and sulphur  

P(mg/kg) Rating S(mg/kg) Rating 

<0.5 Very low <10 Deficient 

5-9 Low 10-20 Medium 

10-17 Moderate >20 Sufficient 

18-25 High   

>25 Very high    

Source: Olsen et al. (1954) a and (Lewis 1996) Hariram and Dwivedi (1994) b 

Appendix 5. Rating for cation exchange capacity and exchangeable base 

CEC Ca
2+

 Mg
2+

 K
+
 Na

+
 Rating 

Cmol(+)/kg 

<6 <2 <0.3 <0.2 <0.1 Very low 

6.0-12.0 2.0-5.0 0.3-1.0 0.2-0. 0.1-0.3 Low 

12.0-15.0 5.0-10.0 1.0-3.0 0.3-0.6 0.3-0.7 Medium 

25.0-24.0 10.0-20 3.0-8.0 0.6-1.2 0.7-2.0 High 

>40 >20.0 >8.0 >1.2 >2.0 Very high 

Source: Hazelton and Murphy (2007) 

 

OM% TN % Rating 

<0.86 <0.05 Very low 

0.86-2.59 0.05-1.25 Low 

2.59-5.17 0.12-0.25 Medium 

>5.17 >0.25 High 
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Appendix Table 6. Mean squares of ANOVA for yield components of faba bean as affected by 

Rhizobium inoculation, vermicompost and NPSB rate 

Source 
Mean squares  

DF NN NDW SDW DF DPM    

R 1 22472.00*** 81123.9*** 42.30*** 60.5*** 31.34*** 

V 3 7900.16*** 28519.60*** 21.15*** 13.38** 174.98*** 

F 2 2599.04*** 9382.5*** 5.50*** 6.84
ns

 23.90*** 

R*V 3 2478.85
ns

 8948.65
ns

 0.71
ns

 0.92
ns

 0.73
ns

 
 

R*F 2 65.54
ns

 236.60
ns

 0.0044
ns

 0.03
ns

 0.52
ns

 
 

V*F 6 955.48
ns

 3449.30
ns

 0.80
ns

 0.97
ns

 3.45
ns

 
 

R*V*F 6 52.28
ns

 188.73949
ns

 0.104
ns

 0.07
ns

 0.41
ns

 
 

Error 48 132.38 477.9239 0.1705542 2.73 2.55 
 

 CV (%)    13.8  13.8 5.7 2.9 1.2   

* Significant at p ≤ 0.05; ** significant at p ≤ 0.01; *** significant at p ≤ 0.001; ns= non-

significant at p > 0.05. Df= degree of freedom, V= vermicompost, F= NPSB, R= Rhizobium in-

oculant, NN= Nodule number, NDW= Nodule dry Weight, SDW= Shoot dry Weight, DPM= 

Day to 90% Physiological Maturity. 

Appendix Table.7 Mean squares of ANOVA for yield components of faba bean as affected by 

Rhizobium inoculation, vermicompost and NPSB rate 

Source 
Mean squares  

DF PH NBP PNP NSP HSW   

R 1 1153.04*** 1.92*** 205.03*** 0.140
*
 204.761*** 

 

V 3 2121.90*** 4.99*** 226.22*** 0.058
ns

 313.489*** 
 

F 2 1289.98*** 0.94** 76.14*** 0.015
ns

 134.222*** 
 

R*V 3 37.06
ns

 0.06
ns

 3.18ns 0.0012
ns

 0.432
ns

 
 

R*F 2 4.63
ns

 0.03
ns

 4.51
ns

 0.00117
ns

 0.446
ns

 
 

V*F 6 8.02
ns

 0.08
ns

 10.22** 0.00195
ns

 9.785
ns

 
 

R*V*F 6 17.66
ns

 0.034
ns

 13.46** 0.0009
ns

 2.528
ns

 
 

Error 48 34.76 0.09 3.06 0.031 6.988 
 

CV (%)    5.4 16.8 10.7 6.4 3.8   

* Significant at p ≤ 0.05; ** significant at p ≤ 0.01; *** significant at p ≤ 0.001; ns= non-significant at p > 

0.05. Df= Degree of freedom, V= Vermicompost, F=fertilizer, R= Rhizobium inoculant, PH= Plant 

Height, NBP= Number of Branch per plant, PNP= Pod number per Plant, NSP= number of seed per pod, 
HSW = hundred seed weight, CV= Coefficient Variation  

 



 
  

101 

 

Appendix Table 8. Mean squares of ANOVA for yield components of faba bean as affected by 

Rhizobium inoculation, vermicompost and NPSB fertilizer rate 

Source Mean squares 

DF GY(g/pot) BY(g/pot) SY(g/pot) HI 

R 1 1299.820*** 7936.740*** 2812.875*** 1.422*** 

V 3 4154.567*** 24489.013*** 8474.358*** 11.137*** 

F 2 1812.297*** 11232.676*** 4022.401**** 3.228*** 

R*V 3 8.2004
ns

 267.704
ns

 85.426
ns

 0.138
ns

 

R*F 2 15.449
ns

 97.352
ns

 35.790
ns

 0.060
ns

 

V*F 6 51.590*  1334.570*** 16.74
ns

 0.201
ns

 

R*V*F 6 200.974*** 47.907
ns

 5002.794** 0.030
ns

 

Error 48 14.705 99.084 37.935 0.075 

CV (%)    7.2 7.2 7.2 0.7 

at P > 0.05; ns = non-significant; * Significant at p ≤ 0.05; ** significant at p ≤ 0.01; *** significant at p 

≤ 0.001; ns= non-significant at p > 0.05. Df = Degree Of Freedom, V= Vermicompost, F= fertilizer, R= 

Rhizobium inoculant, GY= Grain Yield, BY= Biomass Yield, SY= Straw Yield, HI= Harvest Index,  

Appendix 9. Mean square of ANOVA for grain and straw concentration (%) of N, P and S, in 

faba bean as affected by Rhizobium inoculation, vermicompost and NPSB fertilizer rate 

Source 
Mean squares      

DF GYPC (%)  SYPC (%) GYNC (%) SYNC (%) GYSC (%) SYSC (%) 

R 1 0.0053045** 0.000767
ns

 1.15014*** 0.2392** 0.0167*** 0.0584*** 

V 3 0.010618*** 0.0000532
ns

 1.05186*** 0.106** 0.0597*** 0.0861*** 

F 2 0.001428* 0.0000426
ns

 0.557** 0.0484
ns

 0.0123*** 0.0150** 

R*V 3 0.0005546
 ns

 0.0002334
ns

 0.06089
 ns

 0.00645
 ns

 0.000135
 ns

 0.00049
 ns

 

R*F 2 0.0002746
 ns

 0.0000128
ns

 0.09194
 ns

 0.00862
 ns

 0.00051
 ns

 0.00041
 ns

 

V*F 12 0.0001279
 ns

 0.000053
ns

 0.09067
 ns

 0.00594
 ns

 0.000967
 ns

 0.00095
 ns

 

R*V*F 6 0.0012348
 ns

 0.000355
ns

 0.08387
 ns

 0.07132
 ns

 0.0246
 ns

 0.00041
 ns

 

Error 48 0.0003552 0.0001968 0.07156 0.0201653 0.0005926 0.0019375 

CV (%)    6.14 13.3 7.7 9.8 8.3 18.5 

At P > 0.05; ns = non-significant; * Significant at p ≤ 0.05; ** significant at p ≤ 0.01; *** significant at p 

≤ 0.001; Df = Degree Of Freedom, V= Vermicompost, F= NPSB fertilizer, R= Rhizobium inoculant, 

GYPC=grain phosphorus concentration, SYPC= straw phosphourus concentration, GYNC= grain nitro-
gen concentration, SYNC= straw nitrogen concentration, GYSC= grain sulfur concentration, SYSC= 

straw sulfur concentration  
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Appendix 10. Mean square of ANOVA for grain, straw and total N, up take of faba bean as af-

fected by Rhizobium inoculation, vermicompost and NPSB fertilizer rate 

Source 
Mean squares  

DF GYNU(g/pot) SYNU(g/pot) TNU(g/pot)   

R 1 3.15423*** 1.56645*** 9.13781***   

V 3 7.63556*** 2.65868*** 19.30483*** 
 

F 2 3.23042*** 1.00452*** 7.79743*** 
 

R*V 3 0.08811
ns

 0.06028
 ns

 0.28625
 ns

 
 

R*F 2 0.04707
 ns

 0.00633
 ns

 0.07531
 ns

 
 

V*F 12 0.22515
 ns

 0.07466
 ns

 0.54883
 ns

 

 R*V*F 6 0.26432
 ns

 0.01266
 ns

 0.06213
 ns

 
 

Error 48 0.03829 0.02302 0.08150   

CV (%)    10.3 12.1 9.1   

At P > 0.05; ns = non-significant; *** significant at p ≤ 0.001; Df= Degree Of Freedom, V= Vermicom-

post, F= NPSB fertilazer, R= Rhizobium inoculant, GYNU = grain nitrogen uptake, SYNU= straw ni-

trogen uptake, TNU= total   nitrogen uptake.  

 Appendix 11. Mean square of ANOVA for grain, straw and total P, up take of faba bean as af-

fected by Rhizobium inoculation, vermicompost and NPSB fertilizer rate 

Source 
Mean squares  

DF GYPU(g/pot)  SYPU(g/pot) TPU(g/pot)   

R 1 0.021013*** 0.001168* 0.03423472***   

V 3 0.063238*** 0.009746*** 0.12533843*** 
 

F 2 0.021476*** 0.004406*** 0.04665417*** 
 

R*V 3 0.001016
ns

 0.000450
 ns

 0.00273472
 ns

 
 

R*F 2 0.000338
 ns

 0.000156
 ns

 0.0006514
 ns

 
 

V*F 12 0.002061
 ns

 0.000311
 ns

 0.0017713
 ns

 

 R*V*F 6 0.0010051
 ns

 0.000182
 ns

 0.00130278
 ns

 
 

Error 48 0.00019 0.0002333 0.00043056   

CV (%)    8.15 17.1 8.1   

** Significant at p ≤ 0.01; *** significant at p ≤ 0.001; ns= non-significant at p > 0.05. Df= Degree of 

Freedom, V= Vermicompost, F= NPSB fertilazer, R= Rhizobium inoculant, GYPU = grain phosphorus 

uptake, SYPU= straw phosphorus uptake, TPU= total   phosphorus uptake. 
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Appendix 12. Mean square of ANOVA for grain, straw and total S, up take of faba bean as af-

fected by Rhizobium inoculation, vermicompost and NPSB fertilizer rate 

Source 
Mean squares 

DF GYSU(g/pot) SYSU(g/pot) TSU(g/pot)   

R 1 0.0280*** 0.10889*** 0.261606***   

V 3 0.1024*** 0.22010*** 0.630854*** 
 

F 2 0.0312*** 0.05962** 0.176985*** 
 

R*V 3 0.0014
ns

 0.00223
ns

 0.006639
ns

 
 

R*F 2 0.0003
ns

 0.00037
ns

 0.000960
ns

 
 

V*F 12 0.0041
ns

 0.00024
ns

 0.001919
ns

 

 R*V*F 6 0.0019
ns

 0.00310
ns

 0.009335
ns

 
 

Error 48 0.0003 0.00143 0.001849   

CV (%) 
 

10.6 17.3 11.3   

ns = non-significant at p > 0.05. ** Significant at p ≤ 0.01; *** significant at p ≤ 0.001; D f = Degree of 

Freedom, V= Vermicompost, F= NPSB fertilazer, R= Rhizobium inoculant, GYSU = grain sulfur uptake, 

SYSU= straw sulfur uptake, TSU= total   sulfur uptake.  

 

 


